
INFORMATION TO USERS

This manuscript has been reproduced tram the microfilm muter. UMI films

the text direetly trom the original or copy submitted. Thus, sorne thesis and

dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quallty of th.. reproduction 1. depend.nt upon the quallty of the

copy .ubmitted. Broken or indistinct print. coIored or pool' quality illustrations

and photographs, print bleedthrough, substandard margina. and improper

alignment can adverlely affect reproduction.

ln the unlikely event that the author did nat send UMI a complete manuscript

and thera are missing P8ges, the.. will be noted. Also, if unauthorized

copyright material had ta De removed, a note will indieat8 the deletion.

Oversize materiala (e.g., maps. drawings, chartl) are reproduced by

sectioning the original, begiming at the upper Ieft-hand comer and continJing

tram 18ft ta right in squal sections with small everlaps.

Photographs induded in the original manuscript have been reproduced

xerographically in this copy. Higher quality 8- x 9" black and white

photographie prints are available for any photographs or illustrations appearing

in this copy for an RcIitional charge. Contad UMI directly to order.

Bell & HoweIllnfannation and Leaming
300 Nor1h ZHb ROIId. AnnArbor, MI 48108-1348 USA

800-521-0800





KNOWLEDGE-BASED OPl1MIZATION OF MINERAL
GRINDING CIRCUITS

Akbar Farzanegan

Department of Mining and Metallurgical Engineering
McGill University
Montreal, Canada

August, 1998

A thesis submitted to the Faculty of Graduate Studies and Research
in partial fulfilment of the requirements for the degree of

Doctor of Philosophy

CAkbar Farzanegan, 1998



National Library
of Canada

Acquisitions and
Bibliographie Services

395 Wellington Street
Ottawa ON K1 A 0N4
Canada

Bibliothèque nationale
du Canada

Acquisitions et
services bibliographiques

395. rue Wellington
Ottawa ON K1A ON4
Canada

Your" Va',. ,.lérenœ

The author bas granted a non­
exclusive licence allowing the
National Library ofCanada to
reproduce, loan, distribute or seO
copies of this thesis in microfonn,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may he printed or otherwise
reproduced without the author's
permission.

L'auteur a accordé une licence non
exclusive permettant à la
Bibliothèque nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de cette thèse sous
la forme de microfiche/film, de
reproduction sur papier ou sur fonnat
électronique.

L'auteur conserve la propriété du
droit d'auteur qui protège cette thèse.
Ni la thèse ni des extraits substantiels
de celle-ci ne doivent être imprimés
ou autrement reproduits sans son
autorisation.

0-612-50158-2



ABSTRACTO

The perfonnance of minerai grinding circuits strongly affects downstream

processes sucb as flotation and cyanidation, and grinding is oiten the single most

expensive unit operation. Hence, optimization efforts must he made 00 a regular buis

to maintain and improve its teebnical and ecooomic efficiency. The focus of this tl1esis,

off-line optimization of grinding circuits, is based 00 the matbematical modelling of

pracess uDÎts such as ball mills and bydrocyclones.

To complete an optimization task, a minerai process engineer must possess skills

and knowledge pertaining to the different stages involved in sucb effott, avallable

software tools and interpretation of results. A prototype knowledge-based system,

Grinding CrrcuilS Optimization Supervisor (GCOS), bas been developed in CLIPS (C

Language Integrated Production System) to assist a noo-expert minerai process engineer

to do off-Une optimization studies.

Due [0 the importance of the correct estimation of back-calculated mill selection

function in grinding optimization studies, a spline curve titting algorithm bas been used

to improve their quality. The linkage of the algorithms for the selection functiOD

estimation, spline curve fitting, selection func~on scaling for different ball sizes and

single ball mill simulation bas provided a useful 1001, Munerical Grinding Optimization

Tools in C (NGOTC) for circuit analysis and grinding media size optimization. The

smoothed estimated or scaled selection functions can be used subsequently in Bail MiUing

CU'Cuits S"unulator (BMCS) to perform full circuit simulations.

Data from a number of minerai processing plants including Agnico Eagle (La

Ronde Division), Les Mine Selbaie, Les Mines Casa Berardi, Lupin Mine, Dome Mine



and LDuvicoun Mine were used to develop and test NGOTC, BMCS and acOS. The

results of data analysis and circuit simulations of some of these plants are presented, and

the impact of some suggested actions is given and discussed.
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RESUME·

L'efficacité d'un circuit de broyage se répercute souvent sur le procédé aval,

comme la flottation ou la cyanuration; le broyage lui-même représente souvent le procédé

miDéralurgique unitaire le plus coûteux. Il est donc normal de chercher à maintenir et

même améliorer cette efficacité sur une base régulière. Cette thèse présente un outil

permettant de le faire en discontinu, à l'aide d'un modèle des circuits de broyage

comprenant comme procédés unitaires broyeurs à boulets et hydrocyclones.

Un ingénieur minéralurgiste chargé d'optimiser un circuit de broyage doit être

doté d'un cenain savoir et savoir-faire couvrant toutes les étapes d'une telle démarche,

l'acquisition de donnée, la simulation et les logiciels disponibles, et l'interprétation des

résultats. Nous avons mis au point un système à base de connaissance, "Grinding

Cm:uits Optimisation Supervisor" (GCOS), rédigé en CLIPS (C Language Integrated

Production System), pour aider l'ingénieur non-spécialiste dans son travail d'optimisation

en discontinu.

Vu l' imponance de bien estimer la valeur de la fooction de sélection de broyeurs

industriels pour fms d'optimisation, nous avons développé un algorithme de lissage de

telles courbes par fooction spline. L'intégration des algorithmes d'estimation de la

fonction de sélection, de lissage par spline, d'ajustement de la fonction de sélection en

fonction de la dimension des boulets d'ajout, et de simulation d'un broyeur à boulets

unitaire a produit un outil de travail permettant l'optimisation l'analyse de circuit et

l'optimisation de taille des boulets d'ajout, le logiciel NGOTC (Munerical Grinding

Optimization Taols in C). Les fonctions de sélection obtenues, estimées directement de

données d'opération ou ajustées pour une taille différente de boulets, peuvent ensuite être

utilisées par le logiciel BMCS (BalI Mtlling CIrCuits Samulator) pour simuler dans circuits



de broyage complets.

Nous avons utilisé, pour développer et vérifier les logiciels NGOTC, BMCS et

GeOS, une base de données provenant d'Agnico-Eagle (Division Laronde), les Mines

Selbaie, les Mines Casa Berardi, Lupin Mine, Dome Mine et Louvicoun Mine. Nous

présentons l'analyse d'une partie de ces données et de certaines simulations. Puisque

certaines recommandations de GCOS ont été mises en place, nous en présentons et

discutons l'impact.
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CHAPTER 1"

INTRODUCTION

1.1 Background
The optimization of minerai grinding circuits using steady-state simulators is an

established methodology in both theory and practice. Mineral processors are increasingly

using computer simulations to assess the effect of changing critical process variables such

as fresb feed tlow rate, % solids, grinding media size and ore grindability on the circuit

performance. Although current minerai processing simulators, panicularly those

constNcted for comminution, incorporate the necessary mathematical models of

processing units, their routine use by practising engineers faces severa! burdles such as

the complexity of concepts on whicb models are based and developed and the difficult

use of various software tools required for building process models and subsequent

simulations. In general, Knowledge-Based Systems (KBSs) bave been used to remove

such obstacles in computer-aided design and optimization systems by providing a better

tool to communicate with the system users.

The development of mathematical models and simulation structures of grinding

circuits bas been an active research area in the field of minerai processing over the past

three decades [Napier-Muno and Lynch 1992]. A number ofmodels bave been reponed

in the literature which can represent ball mills in open circuits and predict their grinding

performance adequately. These models are weil capable of simulating the effect of

changes in the most critical operating variables 50ch as feed size distribution and rate.

Nevenheless, one of the limitations of the current ball mill simulators [Morrelll990] is

their inability to take inlO the consideration the effect of ball size, whicb is very

1
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important in plant optimization. Earlier simulators at McGill also lacked this capability.

Recent applications ofKBSs for furtber optimization of mineraI processing plants

bave proved tbeir merits in acbieving increased productivity [Herbst et al. 1989; Ranis

and Meecb, 1990; Herbst et al. 1995]. IDevitably, more industrial plants will use tbis

teebnology to implement automatic monitoring and control systems. KBSs bave been

used at the optimization level of the bierarcby of control systems. Generally spealdng,

the increased productivity acbieved by KBSs, even when they are applied to the

best-operated plants, stems from tbeir capability in solving problems that cannot he

addressed appropriately by the traditional computer programmjng techniques.

Theoretically, a combination of KBSs and computer simulation technologies must provide

a more powerful tool for optimization studies.

1.2 Optimization of Grinding Circuits
Idea11y, the software used for griDding circuit optimization must provide tools

critical to model building and simulation such as those for mass balanciDg, parametric

estimation, process unit modelling and full circuit simulation. Simulation-based

optimization of grinding circuits primarily requires building mathematical models of ail

the processing units involved. Then, the models are linked together in an appropriate

simulation structure wbich must be capable of predicting the effect of circuit

configuration and operating conditions on the metallurgica1 performance. Obviously, the

software becomes more complex by introducing additional [0015 for increased

capabüities. To get the most benefits, the end users, i.e. process engineers, have to

leam bow to use this software effectively.

An overview of the modelliDg of imponant pracess units in rme grinding circuits,

for example bail mills and hydrocyclones, and the main aspects involved in a full

grinding circuit simulation is given in the following sectiODS.
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1.2.1 ModelUng of BaU MiIIs

Bali mills are normally used for fme grinding. The most imponant design and

operating parameters of baU mills are shawn in Figure 1.1.

MiD
-length
- diameter
-speed

Feed
- tlow rate
- % soüds
- size distribution

Grinding MecUa
• ball diameter
- bail material

Liner
- profile design
- material

Dlscharge
- size distribution

Ore
• griDdability
- specific gravity
- composition

Figure 1.1 Major desip and operatiol parameters of baU miUs

Rittinger, Kick and Bond developed equations referred to as the "Iawsn of

grinding which relate energy and size reduction [Kelly and Sponiswood 1982]. The third

law, Bond's, is an empirica1 relationship often used for designing ball mills and analysing

grinding performance. As an extension to the Bond work index analysis, McIvor et al.

[1990] proposed an approacb ca1Ied functioual performance analysis wbich uses circuit

size and classification data to improve the performance of ball milling circuits.

Nevertheless, for the last tbirty years, many researcbers bave worked on the
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modelling of ball mills based on the principles of Population Balance Modelling (PBM)

theory. These models are mostly referred to by the name of developers or the nature of

models. Knowledge about these models cao he found in scientific journals on mineral

processing and related fields. From a software engineering point of view, a grindiDg

optimization software should ideally include more than one model for ball mills. This

is of course a great help in off-line optimization studies as there is a possibility tbat tbe

investigator is unaware of the already developed models and the circumstanees under

which tbese models could he applied.

1.2.2 ModelUng of Hydrocyclones

Hydrocyclones are used tQ classify solid particles into rme and coarse products

based on a cut size. These devices are normally operated in closed circuit with ball mills

and their perfonnance significandy affects the overall grinding circuit efficiency;

therefore, their modelling must he considered as an integral part of simulation studies.

Figure 1.2 shows the most critical design and oPerating parameters of hydrocycloue

classifiers. The performance of hydrocyclones depends on parameters sucb as ore

composition, cyclone geometry and operating conditions (e.g. feed rate and % solids).

PUtt [1976] and Lynch and Rao [1975] have developed empirical models of

hydracyclones which have been used successfully in industrial simulation.

1.2.3 Simulation of Grinding Circuits

Industrial closed-circuit grinding operations consist of ball mill and hydracyclone

units configured based on various tlowsheet designs such as those shown in Figure 1.3.

The circuit operation totally depends on performance of individual pracess units. To

study a grinding circuit as a single system, a steady-state simulator may be used to

predict circuit performance under various configurations and operating conditions.

Circuit simulation needs the linking of matbematical counterpans of proœssing units

using information about the materia! streaIDS tbat conœct the units in the circuit [Mowd,

Sbacham and Rosen 1975]. Sequential simulation is oue of the methods used for
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tlowsheet analysis. In these simulators, an iterative procedure is used to solve recycle

streams [Richardson, Cales and White 1981].

Geometry
• Oc : cyclone diameter
• Di : inIel diameter
• Do : overtlow dîameler
• Du : UDderflow diameter
• b: ftee beigbt between

vonex fiDder and apex

Feed
• ftow rare
• size distribution
• ~ solids
• ore composition
• ore specific gravity
• pressure
• rbeological propenies

•

r-=;...__.~ Overi1ow

- Oow rate
- size disttibution
• CI solids

h

UnderRow
• tlow rate
· siu disttibution
- ~ solids
• discharge regime

Figure 1.2 Major desian and operatinl parameten 01 bydrocydones

1.3 KBSs
Although accurate models of process uoits are fundamental to building successful

grinding simulation and optimization toels, they would have no real use if they could not

he incorporated in computer programs developed based on the standard software

engineering practices. In reality, engineering problem solvÏDg sttategies require the

ability to process bath numeric and symbolic knowledge. Artificiallntelligence (AI) bas

maiDly attempted to enable computers 10 process symbolic knowledge in addition to tbeir
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Fipre 1.3 Typical configuradoDS of bail miWbydrocydone circuits



Cbapter 1 Introduction 7

traditional capability to pracess numerical data. In recent years, KBSs bave been

successfully applied to many real world problems in different fields.

1.3.1 Concepts of KBSs

KBSs are inteUigent computer programs tbat use knowledge and infereoce

procedures to solve problems that are difficult enough to require significant human

expertise for their solutions [Barr and Feigenbaum 1981]. Unlike conventional computer

simulation systems tbat model a physical pracess, a KBS models a human expert. In

other words. a KBS models the problem solving capability of a human expert.

1.3.2 Structure of KBSs

A simple structure of lœSs bas been shown in Figure 1.4. The complexity of the

system architecture depends on the application. A full-fledged KBS may bave other

components such as natural language understanding, an explanation facility, and a

knowledge acquisition tool.

The knowledge base of a KBS is a repository of domain knowledge in different

fonns such as facts, frames (objects) and roles. lœSs are often classified according to

their dominant knowledge representation scheme such as Rule-Based Systems (RBSs) and

Frame-Based Systems (FBS). Rule-based representation is considered as one of the best

available means for codifying the problem-solving know-how of human experts [Hayes­

Roth 1985]. In many domains, however, frames are needed to represent knowledge

about objects. A frame [Filees and Kebler 1985] provides a Stnlctured representation of

an object or a class of objects. The attributes and bebavioral properties of an abject are

represented as slots and methods in the related frame.

The inference engine models the process of human reasoning [Durkin 1994]. Its

main purpose is fmding matches between facts in the working memory and the domain

knowledge in the knowledge base to draw new conclusions about the problem. A
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glossary of KBSs is provided in Appendix A.

Ruman
Espert

1
EDlÏJleer

KBS
r--- Workinl Memory

Cue/inrerreel faets --
and conclusions

Flcts fJ- -!- 1 - Inference-- .. Enaine- ..
dvice Il

~

Knowledae Base
Domain knowledle ------ raets, rules, frames

o ~

Knowlecl e - ........--_..........•._.----

A

User

Figure 1.4 A typical structure of knowledge-based systems

1.3.3 Development Tools of KBSs

Developers can use numerical-oriented languages sueh as FORTRAN and

PASCAL, or symbol-manipulation languages sueh as USP and PROlOG to implement

KBSs projects [Waterman 1986]. Also, knowledge engineering languages, e.g., shells,

and general-purpose tools whieb bave a ready-made inference engine and support specifie

knowledge representation metbods, offer many facilities for building KBSs. Wbile

programming languages provide more tlexibility for designing KBSs, sheDs and geœral-
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purpose tools bave many advantages which may gready reduce development time and

cost.

Knowledge engïneers are faced with the critical decision of selecting the Most

suitable KBS development tool for project implementation, wbich requires mucb

information about the knowledge structure of the problem domain. For this reason,

knowledge engineers must perfonn a task analysis which helps to specify the necessary

features of the KBS tool required. More details about lœSs development tools cao be

found elsewhere [Hayes-Roth, Waterman and Lenat 1983; Waterman 1986].

CLIPS (C Language IDtegrated Production System) was selected as the KBS

development tool in this project. Altbough CLIPS lacks some of the features of

iDdustrial lœSs, it is cunently used for research projects by universities. The relevant

aspects of CLIPS will be discussed in Sections 3.7.1 and 6.4.1.

1.4 Knowledge Engineering of Grinding Optimization

In grinding optimization, a mineral processor perfonns a nomber of general

engineering tasles such as synthesis, analysis, interpretatioD, diagnosis, monitoring and

control. KBSs bave been used ta solve these kiDd of problems. Regardless of their

internaI architecture, lœSs use both qualitative (heuristic or sballow knowledge) and

quantitative (equation or Dumerica1-oriented or deep knowledge) methods to accomplish

tasks involved in optimization problems [Reuter and Van Deventer 1992].

Figure 1.5 shows various stages of a grinding circuit OptimizatiOD study. A study

is statted by defining the problem and setting optimization objectives. Then, a plant

survey is designed to get samples from various streams and colleet aU required

information such as plant design specification and operating conditions. The samples

must be analyzed to determine their panicle size distributions and % solids. A mass

balanœ is normally performed to adjust sile distributions and % solids data. Next, the
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parameters of the selected grinding and classification models are estimated. The model

predictions tben will he validated by comparing them witb the measured data. If models

are validated, tbey will be used for circuit simulations.

A knowledge-based system is designed to guide a novice process engineer to do

each stage.

Sample Analysis

YES

Parameters Estimation

Simulation

Figure 1.5 Various steps iD minerai pindiq circuits optimizadOD
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The present research bas been primarily focused on the use of lœSs for the off­

line optimization of grinding circuits rather than th~ on-line monitoring and control

applications. Figure 1.6 shows bow KBSs can he integrated with the grinding analysis

and simulation tools at various levels of complexity. Whlle currently available level-1

grinding simulation packages, such as SPOC [Laguitton 1985], JKSimMet [Napier-Muœ

and Lynch 1992] and USIM PAC [Durance et al. 1993], bave made remarkable

contributions to off-Hne optimization of minerai processing plants, systems which

integrate these conventional software and KBSs should provide more coherent problem

solving tools.

Simulation-based grinding optimization requires special software tools developed

for parametric estimation and subsequent simulations (level 1). Optimization can also

be guid~d by a KBS; in simple packages, the analysis and simulation software are not

explicitly United to the KBS Oevel 2). The various programs should be linked under a

single interface and capable of interacting with each other (level 3). At the next level,

the system would be equipped wim a natura! language processor capable of

communicating in natural language. The present research work is mainly oriented

towards applications at level 3.

1.5 Scope of the Research

The thesis is focused on grinding circuit optimization based on the concepts of

PBM and KBSs. In terms of implementation of these concepts, a series of computer

programs was developed, using procedural and rule-based languages, which can he used

to solve off-line grinding optimization problems. The fllSt program, M1merical Grinding

Optimization Tools in C (NGOTC), is a package of severa! software modules written in

C, and is used for estimating selection function parameters and optimizing bail sile. The

second program. Bail Mtlling Cll'Cuits Simulator (BMCS), is a sequential-modular

simulator used to calculate the performance of ball millIhydrocyclone circuits. The tbird

program, Grinding ClfCuits Optimization Supervisor (GCOS), was developed usiDg
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CLIPS ta assist a novice minerai process engineer to complete a grinding optimization

task by giving appropriate advice during eacb step .o( the exercise. Severa! industrial

planl investigations were perfonned as a means of knowledge acquisition for developing

aDd testiDg GCOS, NGOTC and BMCS. In addition, a number of iDdusttial griDding

circuits will he studied whose data were also used in testing the developed software.

Levet 4

b
••t

Levet 3 a
8
Ela•
~
a..

Level2 ~•
!
~-

Levetl

GriDdma KDowledge- Natural
AulYliI and ~ BIIed LulUageSimaladoll
Tooli System 'rocalma

Griadiaa AaalYIÎI
Kaowledge-

ad Simulatioa Tools Bued
Syltem

GriadiDl AallYliI ud Simuladoa Tooii

Kaowledge-Bued Syltem

GrindiDI AallYlil ad SilDulatioa Tooii

Flpre 1.6 The intearadonof pindiDl analysis and simuiadoD tools witb knowledp­

based systems

1.6 Contributions to Original Knowledge
This research is multidisciplinary in nature, as il includes concepts of minerai

grinding optimization and knowledge-based systems. The tbesis targets the concepts of

computer-aidai grinding optimizatioD and how tbese concepts cao be accommodated
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effectively witbin software structures. The development of mathematical models of

pracess units, wbich is the fundamental part o( çoostructing griDding simulation

programs, bas been discussed elsewbere [Mular 1972] and is not addressed in tbis tbesis.

Neither will problems which inherently belong to the pure artificial intelligence and

knowledge·based systems fields.

The most imponant contribution is a coupling between KBSs and conventional

griDding optimization tools, wbich will he used to demoDStrate and study how the

qualitative problem solving ability of grinding human expens can be incorporated in the

present simulation packages. Il should be noted tbat expen systems developcd 50 far

bave not approached the model building process itself and off-line steady-state simulation

as demonstrated in this thesis. Indeed, they bave been implemented for both off·line and

on·line applications from a plant monitoring and control point of view ramer tban a belp

for off-line optimization studies.

The other contribution made is adding a new tool for ball size optimization within

an integrated grinding optimization environment which includes selection fuDction

estimation and bail mill simulation functionalities. The ball sile optimization software

bas been developed by the integration of severa! algorithms: selection fonction

estimation, Morrell's scaling procedure, spline curve fitting and bail mill simulation.

ln summary, the following contributions are claimed bave been made to minenl

processing field as a result of this thesis research:

1. applying KBSs approach to automate or computerize problem salviog

knowledge or expertise used in optimization of minerai grinding circuits

2. development of a rule-based system to supervise the grindiDg optimization

process

3. development ofa program to smooth the estimated indusuial mill selection
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functions using a spline curve fitting algorithm

4. development of the source code to op.timize grinding media size using

MorreU's selection function scaling procedure and its integration with the

selection function estimation and ball mill simulation programs

S. doing case studies bath to expand the database and evaluate developed

programs

1.7 Claims of Originality

1. identification of types of knowledge required for off-line optimization of

grinding process from a knowledge engineering point of view

2. development of a knowledge base, acos, using CLIPS which

incorporates the formalized grinding optimization knowledge in form of

rules and frames to function as a front end of the simulation packages,

NGOTC and BMCS

3. development of NGOTC as an integrated software for grinding

optimization stuclies wbich allows mill selection functions to be estimated

for cunently used ball size and then scaled if a new malee-up or top ball

sile used.

4. integration of a spline curve fitting algoritbm in NGOTC which permits

the use of the standard deviations associated with sile-by-sile selection

function data when multiple sets of estimated selection function are

available. This allows more accurate estimations or predictions of

selection functions to he made.

5. development of a new sequential-modular simulation package, BMCS,

which is capable of predicting performance of circuits without any

restrictions on circuit tlowsheet complexity in tenns of number of ball

mills, hydrocyclones and streams

6. design of an integrated software for griDding circuits modelling and

steady-state simulation supervised by a knowledge-based system approach
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1.8 OrganizatioD of the Thesis

15

The thesis is presented in two volumes. Volume 1 is the main text wbich

documents various aspects of the thesis. Volume 2 contains the source codes of the tbree

computer programs developed by the candidate. The fmt volume is divided into eight

cbapters. An introduction is given in Cbapter 1. The theory and practice of miDeral

grinding optimization will he reviewed in Cbapter 2. 1ben, the underlying concepts of

KBSs and their applications in industtial grinding operations will he explaiDed in

Cbapter 3. A detailed description of NGOTC, BMCS and GCOS programs and tbeir

applications in a number of optimization studies are given in Chapters 4, S and 6,

respectively. The results of tesling acos using information obtained from the indusuial

plant data analyses will he presented in Chapter 7. The thesis will he summarized and

concluded in Cbapter 8. The second volume is divided into tbree sections which include

the source codes of NOOTC, BMCS and GCOS.



CHAPTER'2

OPTIMIZATION OF MINERAL GRINDING

CIRCUITS

2.1 Introduction
In this cbapter some theoretical aspects of grinding optimization will he discussed.

Before attempting to apply a Knowledge-Based Systems (KBS) approach to the grinding

optimization domain, the underlying theories should he weU understood. Most of the

mathematical equations described in next sections to model ball mills and hydrocyclones

have been used to develop Munerical Grinding Optimization Toois in C (NGOTC) and

Bali Mllliog CllCuits S'1Dlulator (BMCS) software. In practice, application of

mathematical unit models in process analysis and simulation requires a good engineering

judgement which can be effectively automated by KBSs presented in Chapter 3.

A wet industrial grinding circuit consists of grinding and classification units

configured according to a specifie arrangement. Mathematical modelling of ball mills

and hydrocyclone classifiers bas allowed the study of bail milling circuits onder various

configurations and operating conditions, whicb significandy affect grinding performance.

For example, using lWo-stage classification instead of single-stage would result in more

efficient operation in terms of increased energy savings and reduced overgrinding

[Dahlstrom and Kant 1988, 1992]. Operating variables such as the fresb feed rate, the

circulating laad and slurry density are also important factors tbat govem the optimal

bebaviour of grinding circuits and CID he studied by unit pracess modelling and circuit

simulation.

16
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The mathematical modelling of griDding as a breakage process bas evolved around

two centtal points of view: (1) an energy-based modelling approach wbich considers

eœrgy input and its relatiooship ta size reduction and (2) a Population Balance ModelliDg

(PSM) approach which considers the priDciple of population conservation· to describe

breakage.

Optimization techniques target improving plant performance through hetter

utilization of energy and equipment. In plant operation, optimization leads to better

yields of valuable products (or reduced yields of contaminants), reduced energy and

reagent consumption, higher production rates, and fewer shUtdOWDS. In this thesis,

optimization generally refers to any attempt to improve a grindiDg circuit design and

operation, though the result is not guaranreed to he the hest possible (optimal) state of

the circuit design or operation. OptimizatiOD cao he effected by applying off-Une (circuit

analysis and simulations) or on-line (manual or automatic control strategies) techniques.

Optimization can he limited to a particular segment of a plant, local optimization; or il

CID he plant-wide, global optimization. The main focus of this thesis is off-Hne

optimization investigations, applied either separately to breakage and classification

processes as sub-systems of the underlying grinding circuit or bath as a whole system.

2.2 Energy-Based Modelling

Early attempts to model commjoutiOD process were based on the empirical

relationsbips between energy and size reduction. Rittinger, Kick and Bond formulated

equations referred to as "lawsU of grinding [Kelly and Spottiswood 1982] based on

experimental observations.

Rittinger's equation relates the breakage energy required to produce a specified

amount of fresh surface per unit of mass:

-wbat aetUa11y is considered to be conscrved is particles t mass ratber than their number (or population).
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(2.1)

where E is specific energy, K a proportionality constant, Xi particle sile before breakage

and Xo particle size after breakage. Kick proposed the following equation wbich relates

specifie energy to change in size of panieles:

E=K~::) (2.2)

Bond bas also developed a relationship between specifie energy and size reduction

after perfonning a significant amount of test work. His equation is as follows:

(2.3)

Bond's equation has been used widely for sizing crushers, rod and bail mills.

A generalized differential fonn of the grinding laws has been given by Walker et

al. [1937]:

tUdE = -C-
.x"

(2.4)

where C and n are constants. Rittinger, Kick and Bond's equations can be obtained by

integration of Eq. 2.4 with n equal to 2, 1 and 1.S over panicle size limits.

Although the Bond equation bas been used extensively for sizing comminution
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units [Austin 1973; Herbst, Grandy and Fuerstenau 1973; Hodouin, Bérobé and EvereU

1978] t it laeD the ability for taking ioto account the individual mecbanisms of griDding

such as the breakage kinetics of individual size classes and the efficiency of

classification. The Bond law bas been used for optimization purposes tbat will he

explained in Section 2.S.1.

2.3 Population Balance Modelling

This approach bas received a lot of attention over the past three decades and bas

been applied not only to circuit design, but aIso circuit analysis, optimization and control.

These models are phenomenological, Le. the values of model parameters or constants

must he determined experimentally [Herbst and Mutar 1979].

A number of population balance models bave been published for both bateh and

continuous grinding with various degrees of complexity. Laplante, Finch and dei Villar

[1987] bave discussed applications of simplified models for the simulation of closed

grinding circuits. Wbat will DOW he presented are concepts common to nearly ail PBM

effons. A lime continuous, size-discrete description and notation will he used.

%.3.1 The Breakale Fonction

Wben a single brittle panicle breaks into smaller pieces, a range of panicle sizes

will he produced. Conceptually, the breakage fonction, or more exactly the breakage

distribution function, is a mathematical description of distribution of fragments into a

number of size classes. A particle is considered completely broken if ail produced

fragments leave the original particle size class and appear in smaller size classes. For

panial breakage the most common approach is to consider that material remaining in the

original (parent) size class unbroken, and that which repons to finer size classes broken.

Kelly and Spottiswood [1990] defmed the breakage distribution function as the average

size distribution resulting from the fracture of a single particle.
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A number of methods bave been proposed to estimate the breakage functiOD.

Herbst and Fuerstenau [1968] have devised a laboratory method to determine the

breakage function. The method is based on the concept of zero arder production of fme

sizes duriDg grinding and the foUowing relationship between the selection and breakage

parameten which is u~ to detennine the breakage function values:

j=l 10 i-l (2.S)

where Bij is the cumulative breakage function, Fj is the rmes production rate of sile class

i and Sj is the selection function of size class j (the parent class).

The values of breakage function for each size class obtained fram laboratory tests

can be fitted with the following equation [Austin, Klimpel and lucide 1984]:

(2.6)

where +j , 'Y and ~ are parameters of the model and are material dependent. When the

breakage function is independent of the initial panicle size, it can be normalized in

reSPect to the initial panicle sile, and is said to be nonnalizable. The cumulative

breakage function data are often presented by plots such as those shawn in Figure 2.1.

In normalized fonn, the breakage function vs. panicle size curves for various top or

parent size classes coïncide.

2.3.2 The Selection Function

The selection function or specifie rate of breakage is a measure of grindiDg

process kinetics. In other words, it is an indication of how fast the material breaks.

There is ample experimental evidence that bateh grinding of brittle and hamogeoeous
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materials foUows a ftrSt order kinetics [Klimpel and Austin 1970]:

dm~t)
dt = -S,m,(t) (2.7)

where lI1ï(t) is the mass of rnaterial in size class i at time l, Si is the rate CODStant or

selection function for size class i. The grinding kinetics data are usually presented by

the selection function vs. panicle size curves, Figure 2.2. The corves cao assume

various shapes such as straight and parabolic lines. The selection function values will

he dimensionless if a normaJized (dimensionless) time is used in Eq. 2.7.

10000100 1000
Particle Size (pm)

....................................................................................~ .
............... ,., "' .

I· .. ·· .. ' .. ··.. · .. · .. · ~:::·~ :: :: .. : :.::: ":1

t.. :·: '.' .: ~~~.~;~ .. ~..:.. <::::.::::-: : :..:\:.:: ':.:: :.

:·:··::·········rE{:: ~ :.. :.:::·: :.:......... ~.!

10 , .

J
'1
111

10.1 -t---- ...;-.- ..........-+--__t--+-1--l

10

Flpre 2.2 Typical representadon of pindinl (breakage) kinetics data

2.3.3 Residence Time Distribution

ln continuous grinding, there is a material ftow tbrough the mil!. To model tbese
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types of grinding mills, this tlow must be described mamemaûcally. The Residence Tune

Distribution (RTD) is a statistical tool wbich allows the evaluation of material transpott

and mixing phenomena in a reactor vessel [Marchand, Hodouin and Everell 1980].

The procedure to determine the RTD of an indusnial grinding mill is to tint

perform a tracer test and men fit an RTD model to the measured response. Figure 2.3

shows tbree types of RTD curves. The f1I'5t and second corves represent (WO ideal cases,

i.e plug tlow and perfectly mixed systems. The third curve represents real mixiDg

systems which is considered as a combination of the fmt two idea1 cases. There are a

number of amngements of plug Oow and perfectly mixed systems reponed in the

literature wbich can closely fit various experimental RTD data [Bazin and Hodouin

1988].

t 't
t t

(a) ideal plug flow systems (b) ideal perfectIy mixed systems

Figure 2.3 Typical residence lime distribution (RTD) cunes

t
t

(c) real systems

Weiler [1980] bas proposed a model which assumes a mill as a series of tanks:

one plug tlow, lWO small perfect mixers and a large perfect mixer unit. The model is:
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( )[ t-"t (t-"t) ( t-'t } (t-'t )] 'tJ(t) = ~ -.:..-.:etexp ----1!. -œ exp -~ +œ exp -~ ,CI::~ (2.8)
'f, 'f, 't.. t.. 'f, 'f, 'f,

where 'Tpc ,T, and 'TI are the mean retention times of the plug flow t small perfect mixers

and the large perfect mixer, respectively. The best estimates of Tpc ,Ts and TI can he

determined by fitting Eq. 2.8 to the measured curve using a numerical optimization tool.

Another commonly used model considers a mill as a series of one plug tlow unit

and severa! Perfect mixers:

t-'f
II R(t-'tpt)R-lexp -1I--!l

t
f(t) = ----.-.....---

t"(1I-1)1

(2.9>

where n is the number of perfect mixers and T is the total Mean retention time of perfect

mixers.

In simulation of continuous mills, the dimensionless form of a residence time

distribution is combined with a bateh comminution model to calculate the panicle size

distribution of the mi11 discharge. For a more complete treabDent of the subject of

residence time distribution, the reader is referred to the works by Austin, Luckie and

Ateya [1971]; Weiler [1980]; and Marchand, Hadouio and Everell [1980].

2.3.4 Batch GrindiDg Mode'

Bateh grinding can he modelled based on the concepts of breakage fonction and

selection function defmed in Sections 2.3.1 and 2.3.2. In a bateh mill, ail partîcles are

subjected to the grinding process for the same grinding tîme. Assuming tbat grinding is
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a rate process and follows a first arder kinetics, the size-discretized differential form of

the bateh griDding equation cm be obtaiDed by a ~$ balance for the i·tb sile interval

al lime tas below [Austin 1971]:

(2.10)

Writing Bq. 2.10 for D size class yields a system of equations which can he represented

by the following single mattix equation:

dia
- = (B-I)SIll
dt

(2.11)

Assuming that there are no two equal selection functions, Eq. 2.11 can be solved ta

obtain the product sile distribution as a function of time:

where

lIl(l) = Texp(-St) T-1m(O) (2.12)

l =1/

and

.,.-1 _
JII -

o
1

o
-1

s}
;-1

-ETIlT,jl
t·t
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i=j

i>j

i<j
i=j

i>j
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2.3.5 Continuous Grinding Mode.

Continuous grinding can be modeled by taking into consideration the residence

tilDe distribution of the soUd phase. The steady-state product size distribution of a

continuous mill in open circuit is the weighted average of the sile distributions produced

by bateh grinding (Eq. 2.12) for different limes corresponding to the panicles residence

time distribution [Spring, Larsen and Mular 1985]:

(2.13)

where lDt.ç and mi.b are the retained mass corresponding to sile class i al time t for

continuous and bateh grinding, respectively and f(t) is the residence time distribution.

By coosidering Weiler'5 model [1980] as a fit to the measured RTD, the product sile

distribution of a continuous grinding unit can he obtained:

(2.14)

where:

Md and Mf: column matrices representing product and feed size distributions

T and 'il: lower triangular matrices defined in Eq. 2.12

1: identity matrix

S: a diagonal matrix representing the selection function

Bq. 2.14 is based on severa! implicit assumptions 50ch as the ones used to derive

Eq. 2.10 and (1) residence time distributions for different panicle sizes are identica1, (2)

the breakage and selection fonctions are constant as particles move tbrough the mill, and

(3) no internai classification takes place.
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2.4 ModelUng of Hydrocyclones

27

A hydrocyclone is a classification device which separates solid particles based on

their settling bebaviour in the suspending liquid. The settling velocity mainly depends

on the size, density, shape of the particles and the rheologica1 propenies of the feed

slurry, which change in the cyclone. Wben particles have the same density and shape,

for example in homogenous ores, their separation is based exclusively on their size.

PUtt [1976] published bis original model of hydrocyclone c1assifiers based on a

significant amount of experimental data. The model describes the operation of

hydrocyclones using four empirical equations. The main indicators of hydrocyclone

performance are the corrected cut size, flow split between overt1ow and undertlow t

separation sbarpness and pressure drop. These parameters are calculated in tenns of the

operating and design variables of the hydrocyclone.

Lynch and Rao [1975] also proposed similar equations to model hydrocycloDeS

wbich have been widely used in commercial grinding circuit simulators. They worked

on the concept of reduced efficiency curves that can be convened into the corrected and

acmal efficiency curves by predicting dsoc and R,. A number of tests and scale..up

procedures bave been recommended by Lynch and Rao [1975] to use their model for

hydrocyclone design purposes.

As PUtt's model bas been used in mis thesis to develop the Bali Milling CIrCUits

Simulator (BMCS) t a review of this model is presented bere. The reader is referred to

Lynch and Rao [1975], Lynch et al. [1977] for a discussion of Lynch and Rao's

hydrocyclone model.

2.4.1 Classification Performance Carves

The operatiooal performance of a cyclone can be illusuated by plotting the size­

by-size recovery of soUds to the cyclone undertlow versus a cbaracteristic panicle size
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as shown in Figure 2.4. The data points are obtained by sampling the streams arouod

the cyclone and perfonning particle size analysis .te.sts on each of the samples. A

partition curve (also called selectivity or Tromp curve) is a grapbical representation of

a mathematical model tbat adequately tits the experimental points and cbaracterim

cyclone performance in terms of cut sile, the recovery of fluid to the cyclone underflow

and the sbarpness of separation.

100 .----------~--..,.': //
~ i~

60 i: -_.~.;{
30 ....~~ .1"....
20 .,.'

" daa....' 1 ~10 .........
Owa.:;;~----_ ........_---"

Particle Size ..

Fipre 2.4 Usual classification performance cunes

For process analysis and simulation, PUtt [1976] bas given the followÎDg

relationship:

(2.15)
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where:

~: recovery of solids to cyclone unde~ow for size class i

R,: recovery of fluid ta cyclone undertlow

Xi: cbaraeteristic particle size for sile class i

~: corrected eut sile

m: separation sbarpness
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The three parameters of PHu's mode1, Rt, ~ and m, are indications of

classification performance and cm he eslimated by non-linear least-square fit. The

corrected cut sile or~ is the size al whicb a panicle bas equal probability to repon to

either cyclone overflow or undertlow streams of the bydrocyclone by true classification.

The corrected cut size is related ta the hydrocyclone geometrical variables as below:

(2.16)

where:

oc:: internai diameter of cyclone at the bonom of vonex fmder in centimeters

Di: internaI diameter of cyclone inlet in centÎlDeters

Do: internaI diameter of cyclone overflow or vortex fmder in eentimeters

Du: internai diameter of cyclone undertlow or apex in centimeters

h: free vortex hight of cyclone in centimeters

Q: volumetrie flow rate of slurry feed ta the cyclone in liters per minute

cP: volumetrie fraction of solids in the feed slurry in per cent

Ps and p: density of saUd and liquid in grams per cubic centimeters

The corrected dso is a more fondamental parameter tban the uncorrected one, as

il is a measure of the true classification, rather tban its combination with the shon
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eircuiting.
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The tlow Split is the ratio of volumetrie undertlow rate to volumetrie overtlow

rate and ean he calculated using the followÏDg regression equation:

s = 1.9(0./0.)'.3111o"'(o~ +D:)O.36exp(0.0054+)
JtI:JAD 1.11

~

(2.17)

where S is the tlow split (dimensionless) and H the pressure drop across the cyclone

expressed in tenns of the head of feed slurry in meters.

The sharpness of separation, m, indicates how well the cyclone separates rme and

coarse particles. This parameter is calcu1ated by the following regression equation:

(

1 )0,15
m = l.94 4 -1.58 S~l) D~" (2.18)

A cyclone with a value of m over 3 is considered to bave a sharp classification.

A value of m less than 2 represents poor classification [pUtt 1976]. Separation sharpness

bas been represented also by another tenn called "probable error" wbich is defmed as

[pUtt, Finch and Flintoff 1980]:

(2.19)

wbere

Ep: probable error
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d,!c and ~c:: corrected particle siles baving probabilities equal ta 75 per cent and 25

per cent ta repon ta cyclone underflow, respectively

Imperfection is the ratio of the probable error to the cut size, dsOc, and is also a

measure of cyclone inefficiency:

(2.20)

wbere 1 is the imperfection (dimensionless). The normal value of imperfection is in the

range of 0.2 ta 0.8 and it is approximately related ta the sbarpness of separation

parameter, m, of Plitt's model by:

1 = 0.77
m

3.5 > m > 1.1 (%.21)

The pressure drop is another parameter which must he known in arder to design

the pumping system for a given capaeity or ta determine the eapaeity for existing

cyclones [pHtt 1976]. It is also needed to ealculate tlow split.

(2.22)

where P is pressure drop in kPa. The pressure drop is not a erilical parameter in process

analysis. Nevenheless, for simulation purposes it is required to compute the value of S.

Recovery of tluid ta the cyclone underflow (or bypass), ~, is calculated by:
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-l--R,.
~ = (1+8) 100

l-.i..
100
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(2.23)

Rs is the recovery of feed solids to cyclone undertlow which can he calculated by:

R = ERpa,
1 Em

i

where Dl; is amount of feed solids in size class i.

(2.24)

Equations 2.15, 2.23 and 2.24 show tbat calculation of Rr is an iterative pracess

as R. itself is a fonction of Rr. Plitt, Conil and Broussaud [1990] bave proposed a new

procedure wbich simplifies calculation of Rr by eliminating the iterative solution.

PUtt's hydrocyclone model bas applications in pracess analysis, simulation, design

and on-line size analysis [Flintoff, PUtt and Turak 1987]. In pracess analysis, samples

are taken from the cyclone feed, underflow and overtlow streams. After determining the

size distribution of each sample and knowing operating data such as feed rate and percent

soUds, Plitt's model can be fitted to the data, to evaluate cyclone performance.

In simulation, Plitt's model cao be used to predict the sile distribution of the

undertlow and overtlow streams and tlow rates based on the geometry of the cyclone and

Ceed tlow rate to the cyclone.

%.4.% OperadDI Constraints

Implicidy, Plitt's Madel (Eqs. 2.16, 2.17, 2.18 and 2.22) assumes that any

cyclone operates under the spray discbarge (normal) regime. Consequendy, the model

cannot be readily used te simulate cyclone oPeration onder rope discharge regime. Rope
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discbarge is caused by overloading the apex orifice. The modelling of cyclone

performance under roping is of importance since tbere is a tendency among the plant

operators to ND cyclones al boundary conditions near to roPe discbarge.

PUtt, FliDlOff and Neale [1986] and PHtt, Flintoff and Stuffco [1987] investigated

the operation of hydrocyclones under conditions tbat cause rope discbarge from the apex.

They found tbal roping occurs al a cenain fraction of solids in the UDdertlow discbarge

which depends on many factors such as slurry rheology, cyclone geometry, operating

conditions and feed cbaracteristics. Experimental results obtaiDed by PUtt, Flintoff and

Stuffco [1987] indicate tbal ttansition of cyclone operation from spray to rope discbarge

occurs with an increase in the cut size (dsoJ and little change in the sbarpness of

operation. The following empirical relationship bas been used [Flintoff, PUtt and

Turak 1987] in SPOC· to determine the critical value of volumetrie solids concentration

in the undertlow:

L,. = LII20 + 0.2(.-20)

where

Lu: critical volumetrie solids concentration al which roping occurs

lu2o: volumetrie solids concentration at q, equal to 20 per cent

cP: volumetrie solids eoncentrate in the feed

(2.25)

If rope discharge conditions are deteeted, when Lu predicted by the cyclone model

is greater than or equal to the Lu caleulated by Eq. 2.25, the performance of the cyclone

will be predicted by the modification of model parameters or stnlcture.

Though they are Dot discussed here, tbere are other operatiDg coostraints that must

·S"lIDulaœd Processinl of Ore and Coal. a simulation package developed by CANMET. Canada
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he considered in hydrocyclone modelling and simulation such as cyclone blockage and

cyclone capacity. More details can he found in Pli~, .Flintoff and Neale [1986].

2.5 Methodologies of Grinding OptimizatioD

According to the literature. grinding optimization methodologies have been

CODStantly under evolution since the introduction of comminution laws by Rittinger, Kick

and Bond. Conceming the grinding process itself, the early approaches were based on

the energy-based models of size reductioD. Later on, new methods were developed using

PBM which is founded on one of the fltSt principles of physics. Le., conservation of

mass.

2.5.1 Operating Work Index Optimization

The concept of plant work index or operating work index, Wio, and its comparisoD

with the laboratory (standard) work index, Wi • to indicate grinding operation efticiency

bave been discussed by several workers [Bond 1952, Rowland 1973 and Levin 1992].

To evaluate grinding performance using the operating work index, Bond grindability tests

should he nln on a sample taken from the Mill feed. The operating conditions at the time

of sampling must be recarded for calculating the operating wark index.

The published values of WJWi for a number of ball mills in single-stage or

rod/ball circuits are in the range of 0.89 ta 1.16 and 0.78 to 1.29, respectively [Rowland

1973]. Therefore, depending on the value of WiolWif the performance of an industrial

mill could he worse or better than the average performance of the mills observed by

Bond. Grinding efficiency improvements can he measured by using Wio as a

perfonnance index.

2.5.2 Funcdonal Performance OptimizadoD

Mclvor et al. [1990] bave presented an analytical approach for functional

performance of grinding based on the concepts of the Bond work index and operatiDg
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work index. It bas been proposed tbat the overall performance of a ball mill-classifier

circuit can he defmed by the quantification of the _c~assification system and ball min

breakage efficiencies, Figure 2.5. To measure the efficiency of the classification system

or fines removal system, a coarse soUds inventory is used whicb represents the fraction

of the mill volume effectively used for grioding of coarse panicles.

Overall GrindiDg
Circuit Emdency

Classification Breakage

Desip and OperatiDg Variables

Flpre 1.5 The concept of functional performance analysis of grindiDg process

[Mclvor et al. 1990]

Despite presenting new concepts, this approach still includes the limitations of

Bond's method and lacks the capabilities of PBM. For example, the population balance

modelling of the grinding process permits constructing accurate predictive models of ball

mills wbich cao be used to simuJate the particle size distribution of a ball mill discbarge

or to determine the size-by-size grioding kinetics wbich indicates the process performance

and can he used for grinding media size optimization.

2.5.3 Simulation-Based Optimization

Computer simulation is a powerful taol for designing new grinding circuits, and
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the study, evaluation and optimization of existing plants [Laguitton 1982]. Hodouin,

Bérubé and Everell (1978] have i1lustrated the use of.~tbematical simulation techniques

for design purposes. Different approacbes for simulation and sca1e-up of wet ball milli.

bave been discussed by several rescarcbers (Herbst and Fuerstenau 1980, Austin and

Weller 1982]. Steady-state simulators bave been used for pracess analysis and off-liœ

circuit design and optimization [Laguitton et al. 1984]. Dynamic simulators have been

useful in on-lîne optimization ofgrinding circuits for designing effective control strategies

[Herbst, Alba, Pate and Oblad 1988]. USIM-PAC (Durance et al. 1993] and JKSimMet

[Napier-Munn and Lynch 1992] are among the commercial software which are capable

of simulating a wide range of unit operations including grinding circuits.

Steady-state simulators for off-line studies of grinding circuits are based on the

population balance models of grinding and empirical models of classification units.

Although the development of process unit models which are the building blacks of any

circuit simulator, is a fundamental step, these models should he linked appropriately in

a simulation structure. At McGill University 1 A number of models bave been developed,

and most are not widely used; for example, Del Villar and Laplante [1985] developed

programs in BASIC to simulate open and closed circuit ball milling.

Grinding simulators can he used to study the effect of circuit configuration or

operating conditions on the circuit capacity or product specifications. For instance, a

circuit simulation can be used ta compare the grinding efticiencies of series vs. panllel

bail mill installations or the performances of a two-stage classification vs. a single stage

classification. Herbst, Schena and Fu [1989] have discussed the structure of a grinding

simulator and its use in tlowsheeting.

2.6 Behaviour of Individual Minerais in Grinding Circuits

Incomplex ores (multi-component) tbat include individual minerais havÎDg vlrious

grindabilities and densities, the study of minerai perfonnances in size reduction and
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classification environments helps in better understanding of the pracess and any furtber

optimization. The bebaviour of minerais in ~. size reduction process cao be

cbaracterized in terms of tbeir grinding kiœtics (selection fonction). In classification,

the bebaviour of each mineraI can be illustrated by its classification performance curve.

2.6.1 Mineral Size Reduction Kinetics

It is well aceepted tbat minerais in a multi-component material exhibit individual

behaviours both in grinding and classification [Finch and Matwijenko 1977, Fincb and

Ramirez~Castro 1981]. In relation ta grinding, the study of breakage kinetics on a

component basis (mineraI by minerai) explains process performance in more detail;

bowever, it requires more effort due to size-by-size minerai assays.

The swdy of gold behaviour, for example, demonstrates the effects of individual

minerai properties on the overaU plant performance. Banisi, Laplante and Marois [1991]

bave investigated the bebaviour of gold in the grinding circuit of Hemlo Mines Ltd.

They found tbat the gold selection fuDction is mucb lower tban that of silica, due ta the

malleability of gold panicles. It also reports preferentially ta the cyclone undertlow

owing to its density. The slow grinding kinetics and propensity to repon ta the cyclone

coarse product of gold increase its circulating load.

2.6.2 Mineral Classification Performance Curves

Tbere are a number of reponed cases [Finch and Matwijenka 1977, Laplante and

Finch 1984] of measured classification panition curves that do not have the usual smooth

shape, but exhibit a plateau or dip in intermediate size range as sbown in Figure 2.6.

The averall curve for the ore can be calculated mathematically as the weighted

SUDl of the component curves in respect ta their fraction in each size interval [Laplante

and Finch 1984]. The plateau is amplified in secondary cyclones, wbose feed is largely

comprised of coarse lights and rme heavies. RecognizÏDg the conditions causing unusual
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hydrocyclone partition curves prevents tlaws in interpretation of plant data and also

misleading predictioDS obtaiDed by applying a siDgl~-componeDt model wbile a two­

compooent madel must be used.

100
AR .'
~ - heavy and fine.··
80 - eomponent /
70 - 1 overaU ore

60- 1
50- 1
:: .../
20 - .~..... • upt and coarse

L ~ -· companent
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Particle Size •

ftgure 2.6 Unusual dassiftcadon performance cune wIth a plateau at lntermedlate

particle sizes

2.7 Grinding Media Size
The size ofgrinding media bas a considerable effect on the efficiency and capacity

of tumbling grinding mills [Bond 1958]. Bond bas given empirica1 equations to calculate

the optimal size of grinding media that should be added regularly to rad and hall mills.

The equation ta calculate the sile of make-up balls is:

(
Po )O.5( S w: )OJ'd - 10 « 1.- -
K l00C DOJ, ..

(2.26)
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where FIO is 80% passing size of the make-up feed in micrometers, K is the wet griDding

constant, SI is the specifie gravity of ore, W j is the .B~nd work index in kiloWatt hours

per shan ton, Cs is the fraction of critical speed and Dm is the mill diameter in meter.

Azzaroni (1981] bas also proposed the following relationship to estimate make-up

ball size:

(F. )0.3 (W:)O.4
d = S.8 80 1

Il (ND",}O.25

where N is mill speed in rpm.

The following formulae have been quoted by Lowrison, 1974:

1

d" = K(feed .riœ)1

(2.27)

(2.28)

(2.29)

(2.30)

It is weil known tbat a spectrum of ball sizes is established in a mill after grinding

for a period of time due to the wear of balls and continuai addition of larger ball siles

[Bond 19S8]. However, the choice of the mixture of ball sizes to he used in a ball mill

is a difficult question [Austin. Shoji and lucide 1976]. Grinding effieiency is directiy

affected by the equilibrium mix of balls. The optimum mixture of balls is best determined

by an accurate mill simulation [Austin, Klimpel and Luckie 1984].
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The newer approach to select grinding media size is based on grinding kinetics

evaluation [Concba, Magne and Austin 1992; Cooper. et al. 1993; Staples, Cooper and

Grant 1997]. Grinding kinetics, represented by selection function or specific rate of

breakage, is strongly linked with the equüibrium mix of balls. The effect of usiDg a

certain grinding media sile on grinding kinetics can he investigated either by cbansing

media size in real miU or by performing computer simulations.

Assuming two major types of fracture mecbanisms (impact and attrition)

prevailing in a bail mill, Morrell [1990] bas develaPed procedure ta predict selection

function values for a new ball size, byestimating selection functian values for the current

ball size. When coupled with a spline curve fitting algorithm, Morrell's scaling

procedure provides a useful 1001 for studying the effect of grinding media size on

grinding kinetics. Additionally, this tool can be integrated with a ball mill simulator to

investigate the effect of bail size on fmal product size distribution.



CHAPTERo3

KNOWLEDGE-BASED SYSTEMS THEORY AND

APPLICATIONS

3.1 Introduction
In the previous chapter, some aspects of grinding optimization theory were

discussed from a minerai processing point of view. In this cbapter, an overview of

concepts of Knowledge-Based Systems (lœSs) or Expert Systems (ES) will he given, with

examples related to the grinding domain. KBSs bave their roots in Artificial Intelligence

(AI) and many theories discussed in AI are indeed fundamental to KBSs. A discussion

of AI fundamentals is left to other references [Barr and Feigenbaum 1981, Genesereth

and Nilsson 1987], only the general concepts of KBSs required to understand these

systems will he explained bere. Applications of KBSs in engineering bave been discussed

in Rychener 1988, Dym and Levitt 1991 and Balachandran 1993.

3.2 The Concept of Knowledge

Knowledge bas been defmed as the understanding of a subject area [Durkin 1994].

Coyne et al. [1990] bave defmed knowledge as statements for mapping between facts.

In practice, solving engineering problems requires applyiDg different types of knowledge

as shawn in Table 3.1. [Dym and Levitt 1991, Durkin 1994]. Some of these are of

critical imponance and will he explained in this chapter.

In AI, knowledge bas been divided into deep knowledge and surface knowledge

types [Dym 1985]. Deep knowledge refers to reasoning from basic principles. Surface

knowledge refers to reasoning just based on beuristic, experiential knowledge coming

41
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from solving many problems - Le. experience.

Table 3.1 Types 01 problem-solVÜII kDowledge [Durldn 1994]

Type EDmple

42

Declarative Knowledge

Procedural Knowledge

Meta-Knowledge

Heuristic Knowledge

Structural Knowledge

Concepts, objects, facts

Rules, sttategies, agendas, procedures

Knowledge about knowledge

Rules of thumb

Rule sets, concept relationsbips, concept to object
relationships

3.3 Engineering Tasks

KBSs are built to perform or solve a range of tasks such as interpretation,

diagnosis, monitoring, prediction, planning and design (Stefik et al. 1983]. Tbese

categories are explained in Table 3.2.

In AI, engineering wks have been rougbly categorized as analysis (derivation)

problems such as interpretation, diagnosis and monitoring; and synthesis (formation)

problerns such as planning and design [Dym and Levitt 1991]. Whether a problem is of

analysis or synthesis type is of significant importance. The size of the solution space and

the required search effon are tightly linked to nature of the problem and impose

limitations on the choice of inferencing method [Dym 1985].

3.4 Representation of Knowledge
A number of techniques bave been devised to represent domain knowledge; for

insumce propositionallogic, predicate calculus, production rules, semantic networks and

frames.
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Table 3.2 Tasks tha. KBSs can perform [Hayes-Roth, Waterman and Lenat 1983]

Category Task

Interpretation Inferring situation description from data

Prediction Inferring likely consequences of given situations

Diagnosis Inferring system malfunCtiODS from observations

Design Configuring objects under constraint

Planning Designing actions

Monitoring Comparing observations to plan vulnerabilities

Debugging Prescribing remedies for malfunctions

Repaîr Executing a plan to administer a prescribed remedy

Instruction Diagnosing, debugging, and repairing student behaviour

Conuol Goveming system bebaviour to meet specifications

3.4.1 Fsets

In addition ta referring to declarative knowledge, facts also refer ta the knowledge

structures which are used to represent this type of knowledge. In other words, facts are

structures to assen correct data or information into the working memory (or facts base)

about the problem at band. Faets assened in the faet base originate from a number of

resources 50eh as the user, data bases, spreadsheets, sensors, other programs and

inference by the KBS itself. The following examples show some ways to represent facts:

(ballmill diameler 2.5)
(circulaling-load high)
(ballmill producl fine)
(cyclone cut-site 75)

Object-Atuibute-Value (O-A-V) triplets are widely used to describe one asPeCt of a



Cbapter 3 Know1edle-Based Systems Theory and AppUcatiODS 44

physical or conceptual abject. For example, the foUowing patterns derme some facts (or

knowledge) about abjects in a grinding circuit:

(ballmill discharge-type overflow)
(hydrocyclone pressure-drop high)
(liner wear-condition Low)

Obviously, more tban one of Q-A-V triplet is normally needed ta describe all

attributes of an abject. If simple structures and O-A-V triplets are inadequate ta

represent domain knowledge, owing to the complexity of the abject, frames can he used.

Frame representation will he discussed in Section 3.4.3.

3.4.2 Rules

Rules are IF...THEN knowledge structures tbat relate some known information,

antecedents or premises, ta other information that can he concluded or referred to be

known, consequents or conclusions. The chunks of knowledge contained in nde

statements are mainly heuristics (mies of thumb) or simplifications that effectively limit

the search space for rmding solutions [Watennan 1986]. Consider the following

examples:

IF bail mill model does not predict praduct size weIl
THEN modify model parameters or model structure

IF the selection function vs. panicle size CUlVe is strongly parahoUc
THEN bail size is too small

IF shon clrcuiting of water to cyclone underflow is high
THEN add more warer to the circuit or decrease the apex diameter ofthe cyclone

Rules can use other types of knowledge structures on their left hand side (LHS)

and right hand side (RHS). These structures basica11y describe faets or declarative

knowledge about the prablem or procedural knowledge ta perform a specifie functioD.
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Rules can represent various knowledge types such as interpretation, diagnosis and

design wbich are closely linked to the problem solving paradigm [Durkin 1994]. The

structure of information contained in LHS of a mie varies from very simple patterns to

very complex objects.

3.4.3 Frames
Minsky [1975] proposed frames as data structures that can accommodate

stereotypical knowledge about physical or conceptual abjects. A frame describes an

abject by its attributes (declarative knowledge) and bebaviour (procedural knowledge).

A frame (also cal1ed a schema or abject) bas a name, a number of slots to describe

properties of the abject, and fillers (Boolean, symbolic or numeric values) ta fIU the

frame slots:

framename
slot filler
slot filler
slot Jiller

Facets are also used in frames ta provide additional control on an attribute's value

such as constraints.

In a FBS, a class frame is used to represent a set of abjects tbat share the sante

propenies. Ta refer to a specific abject, an instance frame is made using the abject class

frame. For instance, Figures 3.1 and 3.2 show simple class and instance frames for ball

mills and a specifie bail mill, respectively. A FBS is established by defming a bierarchy

of abject classes. A frame in the hierarchy can inherit proPenies from an upper-level

class (single inheritance) or from a number of upper-Ievel classes (multiple inheritanee).

Figure 3.3 shows an example of a hierarchy for objects used in comminution circuits.

The implementation of a frame-based expert system is highly tool-dependent and is

limited by capabilities offered by the shell.
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hale .... BALLMILL

properties ,lot (attribute) Iller (vllue)
length unknown
interna! diameler unknown
rœdiasize unkncnwl
media consumptiOl1 unknown
liner WEB!' condition unknown
liner wear unknown

_tbod. GrindFeedMaterial

Figure 3.1 A class frame representÎDl bail miUs as objects in a pindinl circuit

frime .... b........l

ca.s BALLMILL

properties slot (attribute) (tiller) value
length 3.048 m
internai diameter 2.743 m
mediasize 100 mm
media conswnptiOll 2.5 kgft
liner wear condition high
liner wear O.021kwt........ GrindFeedMaterial
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Figure 3.2 An instance frame representinl a specifie bail miU in a pindinl circuit
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3.5 Inference Techniques

The inference engines of lœSs are designed"based 00 three reasoning methods:

(1) deductioo or reasoning from a known principle to an UDknown (2) abduction or

reasoning from a conclusion to premises (3) induction or reasoning from particular faets

or individual cases to general conclusions. While the f11'51 method is a sound mIe of

inference, the last two are unsound rules of inference (not logically correct). Most KBSs

bave deductive inference engines. KBSs with inductive inference engines are also

avaüable. The details of these reasoning methods have been discussed in Genesereth and

NUsson 1987.

DlAPHRAOM
DISCHAROE

OVERFLOW
DlSCHARGE

MULTICOMPARTMENT

Figure 3.3 A bierarchy of COmminudoD objects

The inference engines of Rule-Based Systems (RBSs) flDd satisfied mies, creaœ

a prioritized list of !hem in an agenda and then execute them [Giamtano and Riley
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1989]. RBSs use (wo main control strategies or inferencing methods, forward cbaining

and backward chaining [Turban 1988]. The inference. engine is designed to use one or

both of these reasoning strategies to fmd matebing or satisfied rules. The type of project

significandy affects the cboice of inference engine; for instance, wbile diagnostic

problems are solved better with backward cbaining; prognosis, monitoring and conttol

problems can he solved bener by forward cbaining. In the following sections the two

control strategies, Le. the forward and backward cbaining methods, which are extensively

used in RBSs to automate deductive reasoning are explained.

3.5.1 Forward Chaiuing

Forward chaining is a control strategy that allows a RBS to inter new faets from

given facts. Figure 3.4 shows bow the reasoning pracess is staned from the initial facts,

F and G, and is ended by concluding the fmai fact, C. A rule is selected for execution

wben its premises are satisfied. AlI satisfied roles are placed ioto the execution list

(agenda) based on a conflict resolution scbeme. Recursively, after a rule is executed,

its conclusions might match the premises of other rules causing them to he fll'ed by the

inference engine. This type of inference suits applications that are inherently dala-driven

such as design, simulation. monitoring and control.

3.5.2 Backward ChainiDg

Backward chaining control strategy tries to prove a nypothesis (conclusion) by

fmding supporting evidence in the facts base (Fig. 3.5). Backward cbaining is a goal­

driven reasoning method and is suitable when the relationships between facts are well

known. The backward chaining method bas been applied successfully to diagnosis and

classification problems.

3.6 Uncertainty Management
In many cases, there are uncertainties associated with information (evidence),

rules or bath that affect the problem soIvÏDg process; reasoning under these circumstaDCeS
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RlILES

FAcrs
ftDaI racts

Figure 3.4 Fonvard chaininl inference method (Coyne et al. 1990]

goal 1]
i

If [!J and [!] men~............
If~ aDd ŒI tben~ ••••~••••~••••

initial rads

RULES

FACIS

Figure 3.5 Backward dtaininl iDference method (Coyne et al. 1990]
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requires uncertainty baDdliDg capabilities by the KBS or expert system. Different

methods bave been proposed to cope with uncenainty such as Bayes's theory, Dempster­

Sbafer's theory of evidence, cenainty factors and fuzzy logic [GiamtaDO and Riley

1989]. Among these the last two are most frequendy used and will he discussed here.

3.6.1 Certainty Factors

A simple approach to handle uncenainty is based on certainty theory [Shortliffe

and Buchanan 1975]. A Certainty Factor (CF) is a number assigned to a statement (a

piece of evidence or a rule) and represents the degree of belief in tbat statement. CF is

a bounded value as follows:

-1 s CF si

A certainty value of -1 means defmitely false, 0 unknown and 1 defmitely true.

The propagation of cenainty factors in a KBS bas been discussed at length in Durkin

1994, Giarratano and Riley 1989 and Gonzalez and Dankel 1993. Briefly, a KBS

detennines the degree of belief of a hypothesis (derived conclusion) by combining

cenainty factors associated with facts (evidence) and mies.

CF(JlIE) :: CF(E) .CF(RULE) Jor si,.,le prenaise TUla

IF El A E1 A.•.THEN H CF(RULE) for multiple pre1llùt COlljllnctivt ruks
CF(HlEI A E" 1\...) =min (CF(El)} *CF(RULE)

IF El V E2 V..•71IEN H CF(RULE) for multipk premUt disju1lCliw ruks
CF(HlE1 V~ V...) = max (CF(EL)} *CF(RULE)

The certainty model is simple to implement and is acceptable in many
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applications; however. it lacts a strong statistical basis and relies basically on an expert's

or user' s judgemental belief conceming rules and facts.

3.6.2 Fuzzy Logic

Anomer approach is based on the theory of fuzzy sets and fuzzy logic [ladeh

1965]. Fuzzy sets can represent imprecise concepts (e.g. coarse, heavy. high) tbat are

commonly used by human beings to solve a problem. A membership function (or value)

allows to map a quantitatively described concept ta a fuzzy set.

For example, the sbarpness of separation of a hydrocyclone in a grinding circuit

is an imprecise concept. Obviously, tbis performance indicator can be estimated

numerically and represented by a nomber; however, whetber it is undesirable, desirable

or highly desirable depends on engineering judgment. Using fuzzy sets, and based on

a grinding expert's knowledge, tbree sets can he defmed as UNDESIRABLE,

DESIRABLE and HIGHLY DESIRABLE (Fig. 3.6).

Fuzzy roles, once fuzzy sets are defined, are used in KBSs to reason and make

decision based on imprecise concepts. The following rule recommends to increase the

number of operating cyclones to increase separation sbarpness:

IF separation sharpness is Low and
recovery offluid to cyclone underflow is Low

THEN put more cyclones in operation

One of the advantages of fuzzy logic is tbat it allows for uncenainty with data,

which can he desirable in Many cases. However, in developing any fuzzy KBSs,

defming fuzzy sets and memhership functions remains as a serious stumbling block to he

overcome by the knowledge engineer and domain expen.
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DESIRABLE

0"'"'----...............--0&--....-...11.....--__

o 0.5 1.0 1.5 2.5 2.5 3.0

Separation sharpness (dimensionless)

1.0 UNDESIRABLE

....
al:=
J
.... 0.5o

t

Figure 3.6 Fuzzy sets for a bydrocyclone separation sharpness

Applications of fuzzy set theory and fuzzy logic in minerai processing, with

reference to monitoring and control SystelDS, have been discussed al length elsewbere

[Harris and Meech 1987; Meech 1992; Inoue and Okaya 1993; Beale, Prisbrey and

Demuth 1994]. Fuzzy reasoning in design bas been discussed by Coyne et al., 1990.

3.7 Knowledge Engineering Tools

A knowledge engineering tool is a programming environment tbat allows easier

development of a knowledge-based system or expen system. Development tools are

primarily assessed in terms of their capabilities for knowledge representatian, inferencing

and knowledge acquisition. Bence. there is a wide range of KBSs tools available wbich

varies from simple shells ta hybrid systems.

KBSs tools are built using programming languages which are either problem­

oriented such as FORTRAN, C and PASCAL or symbol-manipulation languages such
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as USP and PROlOG. The reader is refened to [Waterman 1986] for a detailed review

of expert system tools.

3.7.1 C Language Integrated Production System (CLIPS)

To consttuct the Grinding CU'CUits Optimization Supervisor (GCOS), CUPS

version 6.0 was selected as the shell and development tool. CLIPS is primarily a

forward-chaining rule-based system, developed in C by NASA [Donneli 1994]; however,

it allows for Object Oriented Programming (OOP). CLIPS Object-Oriented Language

(COOL) supports the creation of classes with multiple inheritance, instances. message

passing consttUcts, and query system [STB 1993, DonneI11994].

CUPS bas a number of constructs to derme rules or classes using a speciaIized

syntax. However, patterns and pattern templates can have free fonnats. There are pre­

defmed functions in CLIPS tbat can he used ta perform an action, either al command line

or inside mies. CUPS aIso bas a Truth Maintenance System (TMS) through the use of

logical dependencies. The truth maintenance capability of CLIPS allows its inference

engine to retract automatically any fact that loses its logical support [Donnell 1994].

3.8 On-Line App6cations of KBSs

KBSs have been applied to grinding and flotation circuits since late eighties; they

are mostly known as expen systems [Meech 1990, Bearman and Milne 1992]. Table 3.3

lists expen systems installed in a number of grinding circuits ta monitor and control their

operations.

Though these systems have wgeted operational problems that could he solved on­

line, tbey are not radically different from off-Une systems that address problems that need

to be solved off-Hne. While on-line systems can he nm in eitber closed loop (Withoul

plant 0Pe0tor's interventions) or open-loop just as a consultative or recommendation
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system. tbeir main difference with off-line optimization systems is the type of problems

that they can solve. For this reason an overview of these projects is presented bere.

Table 3.3 Expert systems appUed to minerai pindlnl dreuits

Site Clmdttype Tuk Oevelopment Refermee

tooI

Dame Mine, Ontario, rod mill/ball control Comdale/C Ellen and

Canada Benford

1994

Wabush Mine, aucogenous/spiral monitoring Comdale/C McDermon

Labrador. Canada and control ec al. 1992

Les Mines Selbaie. semi-autogenous on-line Comdale/C Perry and

Quebec. Canada grinding (SAG) opdmization Hall 1994

Brenda Mines Ltd.• rod mill/ball mill control Superintendenl SpriDg and

Canada Edwards

1989

Kiruna LKAB secondary grinding, control NIA Samskog et

Concentrators• pebble mills al. 1995

Sweden

Mexicana de Cobre. primary ball control NIA Herbsl ec al.

La Caridad Unit, millslhydrocyclones 1995

Sonora. Mexico

3.8.1 Brenda Mines Ltd.

A real tinte expert system was implemented by Brenda Process Tecbnology

[Spring and Edwards 1989] to control one of their rad milllball mill grinding circuits.

SUPERINTENDENT, written in Pascal, was used as the expert system sheD and is based
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on a supportive control package called ONSPEC; bath were supplied by the Heuristics

Inc. Brenda developed and encoded the knowledge base, GRINDX, wbich contains rules

to conttol the #2 grinding circuit.

The main goal of mis project was ta introduce expert systems ta minerai

processing plants and to explore if they cauld acbieve the performance af traditional

supervisary contrai systems. When l11nning on-Hne, Superintendent cauld cake

supervisory cantrol actions (manipulating PID set points, issuing messages, ete.)

accarding to the mies in GRINDX. The system was found to perfoon as weil as the

conventional supervisory control system.

3.8.2 Les Mines Selbaie

An expert system was added to the automatic control system in May 1992 [perry

and Hall 1994] to optimize the Al closed grinding circuit by manipulating the set-points

of existing PI controlloops. The knowledge base containing (fuzzy) control NIes is run

under the Comda1e/C sheD. The operating expenise, extracted from interviews with

plant control persannel, was represented by 188 rules and 69 fuzzy sets.

Figure 3.7 illustrates the structure of the knowledge base and its execution cycle.

The knowledge base bas four sets of rules: (1) to validate the measured data (2) to verity

consistency of the measured and inferred data (3) to identify process prablems (4) to

correct identified problems by cbanging related set-points. In each cycle, the system

applies rules sequentially to identify and solve seven problems: SAG (Senti Autogenous

Grinding) mill overloading, SAG mill under utilization, SAG mill feed rate instability,

SAG mill bail addition, screen overloading, flotation feed sile off specification and

flotation feed rate density off specification. The system was reported to create increases

in throughput and reductioDS in steel consumption.
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Valkladoa

Check clara lO be used
If invalid replace or discard

Verification

Verity data to be used
Inter any unmeasured values or
check consisœncy of data
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IdeatIIIeadoa

Use nùes ta identify operational problems

Correction

Tab appropriate corrective action

Figure 3.7 Expert control system at Les Mines Selbaie [perry and Hall 1994]

3.8.3 Wabusb Mine

The expen system was developed jointly by Wabusb Mines and Comda1e

Technologies to improve spiral recovery and mill productivity by monitoring and control

of No. 4 autogenous mill and spiral circuits [McDermon et al. 1992]. The system was

designed (1) to monitor mill power draw and regulate mill feed rate, (2) improve cQnttol

over the spiral density and feed rate, (3) improve control over the rougber and cleaœr

wash water, (4) reduce the frequency of pumps plugging and (5) to allow easy

modifications to test various operating strategies.
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The system was developed using the Comdale/C shell. The knowledge base

included 76 mIes, 3S fuzzy sets to recognize process. states, 19 fuzzy sets for control

actions, 25 fuzzy sets to identify trends and 24 variables monitored for time variation.

The mies and fuzzy sets embody the operating and control expertise of Wabush Mine

personnel. A sample rule which uses fuzzy sets looks like:

IF mill power draw ;s high and lrending upward fast and
recirculating density is not 100 high and not trending upward and
recirculating sump Levet is too high and trending upward

THEN reduce mill feed water by small amount

The knowledge base was tested al each stage of project development. These tests

included (1) an off-line evaiuation by developers at Comdale's office, (2) an on-Hne

evaluation in monitoring capacity at plant site and (3) a fmal on-line evaluation in

controUing capacity at plant site. The system was reported to produce a 20% higher

production performance when compared to the performance of the other five parallel mill

Unes. The other reponed benefits included reduced process dOWD-time caused by

plugged pumps and improved quality of spiral concentrate.

3.8.4 Dome Mine

An expen system was developed by Comdale Technologies witb the objective of

increasing circuit tonnage [Eggen and BeDford 1994]. The grinding circuit knowledge

base was wrinen using the Comdale/C expen system shell to supervise the Distributed

Control System (DeS). The knowledge base consisted of simple rules with an Q-A-V

structure to represent process information and also fuzzy mies to implement a fuzzy logic

control scheme.

The system wu evaluated on-line by mill operators and was accepted because of

a discernable increase in tonnage [Eglert and Benford 1994]. This was achieved despite

claims tbat circuit operation bad aJready been optimized.
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3.8.5 Kiruna LKAB Concentrators

Samskog et al. [1995] bave discussed implementation of a Model-Based Expert

Control System (MBEC) in the Kinma LKAB coocentrators, Sweden. MBEC systems

bave been installed for dynamic optimization of the tbree old pebble mi11 circuits aDd the

new concentrator.

Figure 3.8 shows the software structure of pebble mill MBEC system at the KAI

old Kiruna concentrator. The expert system maintains the proportion of <44 #dD in

hydrocyclone overflow within very narrow limits. It also controls the volumetrie feed

rate to hydrocyelones based on a process model or mies.

IBM
PS/2

_ - _ _ .

--,

1

urements -

............... .
,r

- Kalman- FDterPredk:doas
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Model --
••--
U

;; Expert
CoaCroI

..._........j•..._....................

Set poiDts

Operator IapulS

Flpre 3.8 Pebble MiD MBEC system at KAt old KiruDa conœntrator (SIIDSkOl

et al. 1995)
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The control system for the new Kiruna plant consists of modelling and expertise

modules (Fig. 3.9). The modelling module include$ dynamic process models wbich

continuously calculate and predict the state of the process. The expertise module

includes sets of mies which use information generated by the modelling module.

Use or Store Fresb Pebble mill
> 100 mm Feed rate Power Setpoint

SeqJoint

RccommeDded Process
Feed rate Stale

Mode
STL, QPP

Model

U
Kalman FUter

.......- Measurements

~...... KF weighting
factors

Figure 3.9 MBEC system at Kiruna new plant (Samskog et al. 1995]

3.8.6 Mexicana de Cobre

As reported by Herbst et al. [1995], Mexicana de Cobre in Sonora, Mexico, is

one of the minerai processing plants close to acbieving a plantwide control and overall

plant optimization (i.e. simultaneous manipulation of ail significant variables acmss the

whole plant) tbrough implementation of a knowledge-based supervisory control system
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(Fig. 3.10). The purpose of the plantwide coordination strategy is ta maximize the plant

production by optimizing througbput, recovery and .concentrate grade.

COIdrOI System

- Crushing-

"GriDding

"- Flowion-

- • DeS- 1 ..
System
Opdmizer

~ 1

KDowledge
Base

U

lIIpIds
- 1
-1 Esûmalor

Fipre 3.10 Know1edle-based control system at Mexican La Cobre [Herbst et al.

1995]

The coottol strategy utilizes knowledge and information tbat originate from a

variety of resources: (1) heuristics based 00 practice of the best operator, (2) process

models to estimate variables that cannat be measured on-Hne and (3) neural networks for

processes tbat cannot he modeled accurately because of their inhereot complexity.

3.9 Off·Line AppUcatioDS of OSs

There are a few commercial computer programs wbich bave been developed for

off-line study of grinding circuits' design, analysis and optimization (Table 3.4).
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These programs are a suit of mathematical models of pracess units (phenomenological

or empirical) which allow steady..state or dynamic simll1ation of most industrial circuits.

They bave various capabilities in terms of availability of models, accuracy of models,

parametric estimation, user interface, ete. Nevenheless, none ofthem bas been reported

yet to bave integrated KBSs components.

Table 3.4 Mineral processiDl simulation software

Simulator Organization Reference

JKSimMet JKMRC (Australia) Napier..Munn and Lynch 1992,
Wiseman and Richardson 1991

USIM..PAC DROM (France) Durance et al. 1993

MICROSlM Univ. of Witwatersrand Cilliers and King 1987
(South Africa)

MetSim Proware (USA) Cbarleswonh 1998

Utah..MODSIM Univ. of Utah (USA) Herbst, Schena and Fu 1989

MOOSIM Univ. of Witwatersrand Ford and King 1984
(South Africa)

DYNAFRAO Univ. of Laval (Canada) Dubé and Hodouin 1982

SPOC CANMET (Canada) Laguitton 1985

Researchers possessing adequate knowledge in minerai processing modelling and

simulation bave successfully used tbese types of computer programs to improve the

design and operation of industrial grinding circuits. However, plant metallurgists and

pracess engineers with less theoretical background in pracess modelling and simulation

might fmd it difficult to use these computer programs effectively and on a routine basis.

Modelling and simulation is a multi..stage and complicated activity whicb demaDds a

broad theoretical knowledge and computer skills. Most of the software tools used in

modeUing and simulation practice provide solely numerical algoritbms. either in a single

package or separate pieces, to do various computations, but they usually fail to provide
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the adequaœ problem solving knowledge which is required to use them. This type of

problem solvÎDg knowledge is mosdy non-numeriçal and can be integrated into

conventioDal simulators usiDg lŒSs.

3.10 Sllmmary

Tbeoretica1ly, KBSs are the best currently available tools to model bum.n

problem solving expertise. KBSs provide tools to represent and manipulate types of

knowledge used by a human expert to solve complex real world problems. KBSs applied

to monitor and control grinding circuits bave been proved to be able to increase

productivity. These systems bave been able to improve circuit operation by addressing

problems tbat inberendy belong to the subject of on-Hue optimization. In this thesis,

however, the KBS approach is applied to cases wbich must be solved off-line. These

problems include fundamental aspects concemiDg a grinding circuit such as its layout and

its optimal steady-state. The installation of an on..line monitoring and controlling system

is considered as the next optimization step. The scope of tbis worlc is limited to the main

aspects of off..line grinding optimization, namely grinding kinetics and classification

perfonnance. To develop a KBS as a tool to assist one in off-lïne grinding optimization

studies. it is crucial to clarify the problem solving knowledge used by a human expen

flISt. In Chapter 4, cases of industrial grinding circuit optimization done during this

project to acquire and develop the knowledge base wiU be discussed.



CHAPTER"4

NUMERICAL· GRINDING OPTIMIZATION

TOOLS IN C (NGOTC)

4.1 Introduction
The off-line steady-state optimization of minerai grinding circuits requires the use

of special computer programs at each stage of the optimization pracess. For example,

these programs are essential to perform material balance calculations, estimations of

parameters of various models and process simulatioDS. The M1merical Grinding

Optimization Taols in C (NGOTC) provides sorne of these tools. This program currendy

contains routines to estimate the selection function of continuous wet-grinding ball mills,

scale an estimated selection function according to ball size and simulate continuous wel­

grinding ball mills. Other tools tbat might he needed in off-line optimization studies and

are Dot pan of the current version of NGOTC are algorithms to determine the breakage

function and residence tilDe distribution. The l'BREAK" and "RTDOPEN" programs

written in TBASIC and BASIC, respectively, are being used al McGill University to

detennine these parameters [Laplante 1996].

In this chaptert the main algorithms of NGOTC and their applications in severa!

studies of industrial grinding circuits will he explained. The NGOTC can be effectively

used for grinding pracess analysis, modeUing and optimization. The optimization of

grinding medium sizc (nonnally balls and slugs/truncatcd cones) uses all three modules.

Theoretical aspects of the algoritbms will he discussed as weU.

• The term 'numericalt is empbasizing the numerical nature of thesc programst in conuasl wim symbolic
ones.

63
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AIl grinding eircuit simulation programs rely on various mathematica1 models ta

predict the performance of the various units under .specifie operating coDditions. The

general form of dlese models must be reDdered specifie ta a real pracess by replaciDg

model parameters by tbeir numerical values. Although significant progress is being made

in estimating these parameters from fundamental principles, the most common approach

still relies on back-ealeulation of these parameters from sampling of full cirtuits

[Rajamani and Herbst 1984]. Parametric estimation and model validation are required

pre-simulation stages. A simulation package must normally provide tools to facilitate

these stages.

4.2 The Structure of NGOTC

4.2.1 Modules

Figure 4.1 is a simple diagram of the NGOTC internal structure. A modular

system was designed which eased program development and reduced effons for future

maintenance and extension. The NGOTC package bas been implemented as a C multi­

file project. AlI source code flles (flles with COI extension) are separate modules tbat

must be compiled before liDking to other compiled (objective) flles. Alter linking the

objective files, a single executable flle is produced wbich can be nm under MS-DOS

environment.

Modules which provide utility functioos, spline curve fitting, graphies and

memory management are geoeral algoritbms, wbi1e selection fuŒtion estimation,

selection function scaling and single ball mill simulator are specialized algorithms. The

former modules provide functiODS or sub-routines tbat are called by the latter modules.

4.2.2 User Interface and Data EDtry

The NGOTC bas a textual user interface wbich includes data cnUy and output

screeos. The data CID be read from existing text flles as weil. In case of an incorrect

input, an error message will be displayed. The output cao be sent 10 a printer or saved
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..

10 a text (ASCm ftle. The selection function estimation module provides the grapbical

representations of the mill feed and discbarge sile distribution data. The selection

functiOD scaling module euables the user to see a grapbical represemation of the estimated

selection function. The ball mill simulator module also enables the user to see the feed

size distribution and selection fuDction data graphica1ly.

-
UtiUty

~ =. Selection Fonction~ -- Estimadon -FuDctiODS -

~SpUne Curve -FlttiDI --- Selection FuDction- ScaliDI-...
Graphies

~
-- SlDgle BalI MiDMemory - ..- SlmulatorManagement --

I1pre 4.1 SlmpUfted structure of NGOTC

4.3 ModeWng of Selecdon Fonction Data

ModeUing of selection fuDction data means the titting of a mathemaûcal ftmction

to selection function elements determiDed experimentally or back-caJculated from a set

of mi1l data. Often a single polynomial fuDction or multiple polynomials is used to fit

the selection function data points. Multiple polynomials are alsa known as spline
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functiODS.
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The quality of the estimated selection function cao he upgraded by fittiDg

polynomials or spline functiODS siŒe they can remove cxisting noise originating from

many contributing sources. A spline curve fittiDg algoritbm was used in NGOTC as pan

of the scaling procedure.

4.3.1 Polynomial FunCtiOD Models

Power functioDS can olten fit the estimated selection fonctiODS of grinding mills

[Spring, Larsen and Mular 1985]:

ID(S~=ID(SI)+~ ~) (4.1)

ID(S)=ID(St)+S1~)+1~~)r

ID(SJ=ID(sI)+~~)+1~~)r+S{~~)r

(4.2)

(4.3)

(4.4)

where Si is the selection function value for size class i and SI' S2' S3 and 54 are CODStants,

Xi is the geometric Mean sile of sile fraction i; Xo is the reference sile and is equa1 to

1 mm.

The above functions bave been used in the FINDBS module of the SPOC software

to estimate selection fuDctions [Laguitton et al. 1985]. To choose the model which

optimally estimates the selection function is often a matter of trial and error. The

objective fuŒtion is normally the criterion used ta select the best model. A model tbat

geueutes the minimum value of the objective fuDction is considered the best ODe. Tbe
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objective function is defmed as the sum of the squared differences between the measured

and simulated size distributions for the circuit product or all streams.

4.3.2 SpUne Function Models

In many cases, il bas been observed tbat the estimated mill selection fuDctioDS

using a sequential interval-by-interval method show no obvious trend and are scaaered.

In tbese cases the selection function cannat be modeUed by a single polynomial fonction

satisfactorily, and the use of spline fonctions to model data piecewise is preferred.

Rather than simple polynomial functions, spline fonctions have been used by a

nomber of investigators [Whiten 1971, Whiten 1972, MorreU 1990] to fit selection

function data sets. A spline regression is less likely to impose an inappropriate form or

relationship onto data. The spline curve titting algoritbm developed by Dierclct wu

originally in FORTRAN, which was converted to C to he integrated to other modules of

the NGOTC. This algorithm bas more tlexibility tban other models to fit Most estimated

mi1l selection functiODS. The theory of spline fuDctiODS is discussed in De Boar 1972,

Cox 1972 and Wbiten 1971. The algorithm developed by Dierclex bas been brietly

explained in Appendix B.1.

This algoritbm allows titting a smooth spline curve to diserete selection functiOD

data. When mere are severa! selection function data sets, the average selection functioD

cao be used. In 50ch cases, a standard deviation can he associated to each selection

function element that will he used for a weighted curve fitting. The degree of

smootbness of the curve is controUed by the smootbness factor which is set by the user.

However, there is a compromise between the goodness of the fit and smoothness of the

curve.
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4.4 Estimation of Selection Functions
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The selection function parameter, in size--<1iscretized Si or coDtinuous S(x) forms,

cm he estimated for iDdustrial or laboratory mills. The selection fuDction of iodusUial

mills, running in continuous wet or dry mode, can be detel'lDined indirecdy from feed

and discbarge size disttibution and operating data using back-calculation methods. In the

laboratory, the selection fuDction of test mills can he detel'lDined direcdy by performing

one-size fraction grinding experïments or back-calculated. Although general spreadsbeet

software 50ch as Excel· or Quattro Prot can be used for numerical calculations with a

bigher tlexibility, a dedicated program is more desirable for very complex calcuiatioDS.

The accuracy of calculated panicle size distributions and other predictions made

by a grinding circuit simulator is higbly dependent on the accuracy or quality of

parametric estimations used to calibrate the mathematical unit models used. Renee, it

is critical to detennine the selection function of an industrial grinding mill as accurately

as possible in order ta obtain reliable simulation results.

4.4.1 Back-Calculadon from Continuous Mill Data

The selection function estimation module of the NGOTC consists of an algoritbm

to back-calculate a set or a vector of selection fonction clements based on a set of input

data. The selection function elements are back-calculated by trial and errer using a bi­

section search procedure. The selection function elements are back-ea1culated

sequentially, i.e. fml the selection function element for the top size elass is determiDed,

then using this estimated value, the selection fonction of the second size elass will be

estimated. The core of the algoritbm is in fact a single bail mill simulator which

produces product size distributions. The criterion to stop the iteration process is the

difference between the measured and predicted mass of the cunent sile class, wbich must

·Excel is a u&de mark of Microsoft iŒorporauon

tQuauro Pro is a ttade mut of BorlaDd incorpontion
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he within a tolerance interval set by the user.
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The estimated selection fonction elements, then, caB he used as input 10 other

modules -- Le. the selection fuDction scaling and single ball mill simulator.

4.4.2 Analysis of Selection FuncdoDS

The selection function of tumbling ball mills bas been studied by a number of

researcbers [Verma and Rajamani 1995]. The shape of the selection function vs. particle

size curve is of critica1 imponance in mi1l performance analysis, which cm indicate

potential problems regarding griDding media inefticiency. In addition to griDding media

other grinding environment parameters sucb as mill lining can affect grinding kiDetics

seriously.

In this thesis. ooly the effect of ball sile was studied irrespective of the effects

caused by other variables such as the state of milllining and mill size. This means tbat

for a given mill and ore. the effect of ball size on griDding kinetics can he studied by

estimating the selection function and determination of any abnormai breakage. The plot

of the selection function vs. particle size data is often a straigbt or curved Une. Due to

the strong relationsbip between the grinding kinetics and grinding media size, the shape

of the selection function vs. particle sile curve is used as an indicator of grinding media

efficiency.

4.5 BaU Size Selecdon

The sile of balls used as the grinding medium strongly affects comminution

performance [Austin. Shoji and Lucide 1976] and its optimal selection can improve mill

performance and operation costs [Dunn 1989]. A single make-up sile or a multiple

make-up sile is used in cbarging practices wbich are often based on a media ratioDing

investigation [McIvor 1997]. The fmal decision to use a cenain ball size is usuaIly taken

by ttia1 aod error [Wills 1997] and based on economic consideratioDS. Tbere bave been
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attempts 10 find the optimal ball mixture [Austin and Klimpel 1985; Vermeuien 1986;

Concba, Magne and Austin 1992]. The idea of using a grinding simulator capable of

taking iDto account ball sile effects on mill performance bas been suggested by some

researcben.

Grinding kinetics, represented quantitatively by the selection fuŒtion, bas been

used as a performance indicator to investigate the effect of a change in media shape or

site on grinding efticiency [Herbst and Lo 1989; Cooper et al. 1993; Cooper, Bazin and

Grant 1994; Staples, Cooper and Grant 1997]. To realize a change in grinding

performance due to a change in media sbape or size, these researcben basal their

investigation on changes to selection fuDctions after making a real change of media shape

or sÎ2e. This approach however is more tedious and costly tban a simulation approach.

Since simulation is cheaper and faster tban experimental approach, one objective

of this work was to Ùltegrate ail the necessary tools in one demonstration package. The

liDkage of Morrell's scaling procedure to selection fuDction estimation and ball mill

simulation algoritbms makes tbis possible.

4.S.1 OveraD Selection Fonction for aaUs Mixture

The size-by-size selection functiOD elements estimated by the NGOTC are in fact

the weighted average of selection fuDction elements for vlrious ball sizes. In other

words, they are overall selection fuoction values for a given mixture of ball sizes.

Theoretically it can be written [Austin, Shoji and Lucide 1976]:

(4.5)

wbere Si is the weigbted average selection function of size class i, SUt is the selection

function of size class i witb bail size k aDd lOt is tbe weigbting factor whicb is fractional
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mass of ball sile k.
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4.5.2 Selection Function ScaIiDI AccordlDa to BaU Size

Tbe selection function as a general Madel parameœr is significandy dependent on

mill design and operatiDg variables. For example, milI speed, mill diameter, ball size

and particle sile affect the selection fuDctiOD. Their effects are normally represented by

empirical relationships wben optimizing existing mills, however, one of the most

important parameters tbat must be considered and used is ball size since other parameters

such as design variables (mUl diameter, liner design) are oot easüy changed.

Tbe scaling procedure [MoneU 1990, Monell and Man 1997] to predict the

selectioo fuŒtion of a mill due to a change in ball sile is based 00 the assumption tbat

two main size reduction mecbanisms simuitaneously take place in a mill, i.e impact aDd

attrition breakages.

The amount of brokeo material due 10 these breakage mechanisms mainly depeDds

on the ball mass and the surface area available. In tum, ball mass and surface area are

directly and indirectly proportional ta bail diameter as below:

(4.6)

(4.7)

wbere dt, is grinding ball diameter.

The impact breakage is affected by bath ball mass and surface area [MoneU aDd

Man 1997] and therefore by combining proportionalities 4.6 and 4.7 it can he written:
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Impact breakage oc db1 (4.8)

Attrition breakage is considered to be affected only by ball surface area,

therefore:

Attrition breakage oc db- 1 (4.9)

Impact and attrition breakages oecur below and above of a certain partiele size

which is defined as:

(4.10)

where xm is the panicle size (nun) at which the selection function is maximum and K is

the proponionality factor (lImm) between 10.3 and O.7xl0·] [Austin, Shoji and Luckie

1976]. The K factor depends on ore hardness and grindability, with higher values for

softer material. db is in mm,

In arder to scale from a large to small ball size. the following relationships can

he written:

(4.11)

(4.12)

where

Si,s and Si.l: selection functions of size class i for small and large ball sizes
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db.• and db•l: diameters of small and large balls

xm•s and xm•l : panicle sizes corresponding to the m,aximum selection functions
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Sïnce there is no theoretical relationsbip to directly scale selection function

elements at particle sizes between xm•• and xm•• ' these selection function elements are

determined by evaluating the fitted spline function at these panicle sizes. Their accuracy

dePends mainly on the reliability of the spline curve, which decreases with increasing the

interval between xm•s and Xm.l' Sînce particle sizes corresponding to maximum grinding

kinetics are related to hypotbetical and curreot ball sizes, therefore, these selection

functions are more accurate wben the hypothetical ball sile is close to the current one.

The accuracy of Mill product sile distributions predicted using this procedure bas

been verified [Morrell 1990] for a limited number of industrial cases which showed a

good agreement between predicted size distributions and measured ones for two of tbree

case studies performed.

Figure 4.2 illustrates the selection function scaling algorithm proposed by

Morrell. This algoritlun was implemented in C and integrated with the selection funcùon

estimation module.

4.6 Industrial AppUcations

NGOTC was tested and validated in a number of process analysis and simulation

studies of industrial wet grinding operations. A number of plant data sets were collected

from existing grinding circuits to investigate grinding kinetics and optimize ball sile.

Furthennore, these data were used to verify the reliability of NGOTC computations and

to develop the Bali Mtlling Cllcuits S1Dlulator (BMCS) program and the knowledge base

of Grinding CIrCuits Optimization SUpervisor (GCOS). The BMCS and GCOS programs

will he explained in Cbapters 5 and 6.
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I.CUf [I ..:ur new

2
~max.curl = K * d cur.,
X[max.newl = K * d new
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~o YES

s = S . • (d d )[î.newl rl.eurl .:ur new

..
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i l.newJ l.eur :1t:W .:ur·

Figure ~.2 The selection fonction scaling algoritbm as implemented in NGOTC
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4.6.1 Agnico-Eagle, La Ronde Division

The Agnico-Eagle, La Ronde Division (AELRD) plant is located in Cadillac.

Québec, and treats approximately 71 tlh of a gold and copper ore [Laplante et al. 1995].

The AELRD plant bas two identical grinding lines consisting of single stage ball mil1s

fed by fmely crushed ore and operated in closed circuits with cyclopaks and Knelson

Concentrators (KC) unîts. Currently, two cyclopaks. each consisting of five 2S cm (10")

cyclones. are being used, having replaced two single 46 cm (18") hydrocyclones. Sorne

difficulties with classification have been reported after using cyclopaks instead of

individual but larger cyclones.

The sampling program included (WO sampling rons perfonned on July 13 1996.

The slurry samples were taken from various streams of both grinding Hnes to study

grinding kinetics and cyclopak performances. To ensure a high quality sampling

campaign. ail sampling cutters were first cleaned and examined to detect leales, damage

or incorrect design. A composite sample of twelve increments of slurry was extracted

from each pre-identified stream over a two-hour period, once it had been escablished

from the control room and discussions with operators that both circuits were in steady

state.

Figure 4.3 shows the simplified flowsheet of both grinding circuits. At the time

of sampling, the ball mills were being fed with the ore coming from shaft No. 2 and

three cyclones out of five were in operation. A blend of balls with different sizes. 75 %

76 mm and 2S % 38 mm. was being charged to bail mil1 of Line 1 as make-up media,

and had been for at least two months to reach equilibrium. A make-up charge of balls

with the same size (100% 76 mm) was used for ball mill of Line 2. The values of fresh

feed rate. circulating load, density of cyclopak feed and amperage for the sampling

period were read and recorded every 10 minutes from the monitoring terminal located

in the control room; the average values were then used in data analysis.



Cbapter 4 Numerical Grinding OptimizadoD Tools in C (NGOTC) 76

,.......r----~M=:::JCydopak

Fresb Feed - ............

Screea Ovenize

Figure 4.3 SimpliDed nowsbeet of AELRD grinding circuits and sampling points

The raw data were ftrSt adjusted using the NORBAL3 software [Spring 1992].

The adjusted data which confonn to the mass conservation law are considered to

represent the plant stale better than raw data and therefore are used in process analysis.

The result of mass balancing is given in Appendix B.2. Since the ponion of the Knelson

Concentrator feed whieh repons to eoneentrate stream was relatively small, it was

assumed that Knelson œil and feed (or sereen undersize) streams had the same tlow rate

and panicle sile distribution. This makes it possible to represent the circuit in a nodal

fonn suitable for mass balancing in which the pre-concentration screen and Knelson

Concentrator units are considered as a single unit (Fig. 4.4). The adjusted data were

then used to evaluate the grinding kinetics of the ball miUs and the classification

perfonnances of the cyclopaks.

The adjusted panicle size distributions of fresh feed to baU mill, cyelopak

undertlow, sereen oversize and ball mill discharge were used to study grinding kinetics
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(for bath lines). As the rmal feed to each ball mill is a mixture of three separate

streams. their tlow rates and panicle size distributions were used to calculate the size

distribution of the combined feed to each bail mil!.

Ker

r--IIr'---......-e:=:ICydopak

Fn*feed - ..........

Screea OvenUe

Figure 4.4 The pre-concentration screen and KC unit are considered as a single

black for mass balancing

The selection function was back-ealculated using the NGOTC [Farzanegan,

Laplante and Lawtber 1997] for both mills using assumed dimensionless or normalized

parameters of Weller's RTD wbich yield a total mean retention time of unity for milil.

The impact of using assumed RTD parameters instead of measured ones bas been found

insignificant if estimates are consistent and iDversely proponional to dry feed rate

[Laplante, Fincb and dei Villar 1987 and Laplante et al. 1995]. In order to compare

grinding kinetics of the (wo mills, the dimensionless RTD parameters of mill 2 were

obtained using RTD parameters of mill 1 as the reference set [Laplante and Redstone

1984]:
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where:
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(4.13)

Qrc:f.: the reference feed rate at which RTD parameters (Tp(, T~ and TI)

were measured

Qsim.: the current feed rate which is simulated

T·pf' T·, and T-I : RTD parameters corresponding to the current feed rate

The results of the selection function estimation using NGOTC are given in

Appendix B.3. Figure 4.5 shows the selection function vs. panicle size curves for both

bail mills. The obvious noise at the coarse end of the curves is attributed to the

unreliability of screen analysis data regarding very low mass in these size classes, Le.

less than l %. The problem of poorly estimated selection functions for coarse size classes

bas been also observed by Klimpel and Austin [1984]. The curves indicate that both

lines have almost the same grinding kinetics without the presence of a desired hump.

With this situation the top bail size does not necessarily need to he changed. However,

the use of a flner blend charge (50% 75 mm and 50% 38 mm) was proposed. and has

since been implemented.

Detailed evaluation of grinding kinetics (i.e. unit performance) should not detract

one from overall considerations. The efficiency of the AELRD grinding circuit will

always be limited in its present design, in that single stage grinding limits the judicious

matching of ball size [0 the desired product size. This is why Agnico-Eagle should

consider as a priorily the modification of the present tlowsheet in the expanded plant,

preferably to SAG - bail milling. This would result in the ability to use tiner baUs for

the energy-intensive bail milling step, thereby increasing grinding efficiency significandy.

The present work bas shown that using a bail mix cannot fully correct the loss of

efficiency associated to single stage grinding.
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Figure 4.5 Breakage kinetics for both bail miUs of AELRD plant (July 13 1996

survey)

4.6.2 Les Mines Selbaie

us Mines Selbaie (LMS) is located about 80 km nonh of Joutel in Québec

province. The mill produces copper and zinc concentrates and treats approximately 8000

tld of ore in (wo separate grinding lines. Al and B. The results of grinding kinetics

analysis of circuit B using data from [wo surveys, conducted on July 15 1996 and

February 9 1998. will be discussed here.

Figure 4.6 shows circuit B which includes a rod mill (2.22 m x 3.37 m), a ball

mill (3.07 m x 3.92 m) and a tricone mill (2.87 x 3.23 m) configured in a series. The

rod mill discharge is fU'St comminuted in the ball mill circuit. The ball mill circuit
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product men goes to the tricone circuit for funher grinding. The ball mill and tricone

mill are closed with primary and secondary cyclopaksconsisting of 51 cm (20") and 38

cm (15") diameter cyclones. In the ball mill, 38 mm (1.5") balls are used as grinding

media. In the tricone mill, 25 mm (1 If) slugs are used. The make-up ball charge

pracùce for the ball mill, however, had been subject to modificaùoDS to fmd the optimum

media sile. A mix of 50% 25 mm (lIt) and 50% 50 mm (2") balls was being used at

the time of February 9 1998 survey.

Fnsb Feed

Figure 4.6 Simplified nowsbeet of the piDdiDg circuit 8 of LMS and sampUog

points

The July 15 1996 sampling campaign was performed by the principal thesis

supervisor, candidate and plant personnel. Eigbt composite siurry samples, twelve

increments over a two-hour period, were taken from various streams and sized from

11180 #lm (2 mesb) to 2S pm (500 mesh). The February 9 1998 survey data was
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supplied by LMS plant.

The size distribution data were adjusted with NORBAL3 [Spring 1992] before

using them in various circuit analyses. The result of mass balancing is given in

Appendix 8.4. NGOTC was then used to estimate the selection fonction for both surveys

(Appendix B.S). Figure 4.7 shows the selection function vs. particle size curve which

bas a strong hump (strongly parabolic) interpreted as the inadequacy of the grinding

media to break the largest ore panicles. The estimated selection function for February

9 1998 survey which was perfonned after using the mixed charge, bas shawn an obvious

decrease in grinding kinetics for the smaller sizes.
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Flpre 4.7 Breakage kinedcs of tbe bail mill of piDdinI circuit B, LMS
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Figure 4.8 shows the estimated selection function for the tricone mill for the July

15 1996 and Febroary 9 1998 surveys. In this case while the selection function data

shows an increasing trend, it is highly noisy. The sudden increase of grinding kinetics

for Febroary 9 1998 survey at a particle size around 300 #Lm is due ta the erratic size

distribution data of the coarsest size c1ass of tricone mill discharge stream.
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Figure 4.8 Breakage kinetics of the tricone mill of grinding circuit B, LMS

4.6.3 Echo Bay Mine, Lupin

Lupin Mine, operated by Echo Bay Mines, is located at Nonhwest Territories of

Canada. The mill treats 2300 tld of gold ore. Figure 4.9 shows the circuit

configuration. The discharge of a single rad min is fed to a secondary grinding circuit
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consisting of (wo long ball mills (referred to as tube mil1s by mill metallurgists) operated

in closed circuit with (WO cyclopak units. Each cyclopak is an assembly of four 38 cm

(15") cyclones. The grinding media of ball mills is a mixture of 38, 50 and 64 mm (l.S,

2 and 2.5") balls.

RMD

Water

Cyclopak 1

Cyclopak 2

CUF2

COFt

CUFl

COF2

Product

Figure 4.9 SimpHtied nowsbeet of the Lupin grinding circuit and sampling points

Three sets of raw data were supplied to investigate the perfonnance of grinding

and classification operations. Ali size distribution data were rust adjusted (Appendix

8.6). The adjusted size distribution data were then used to estimate selection functions

(ApPendix. B.7). Figure 4.10 shows selection function vs. panicles size curves for the

tbree data sets. The typical breakage fonction and RTD Mean retention tintes were used

to determine selection functiODS. The shape of all curves shows a maximum; grinding
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kinetics falls off after this maximum and indicates non-optimal choice of grinding ball

sile. The estimated selection functions were used for ~imulations using BMCS which is

explained in Chapter S.

i-Jan. 30 1996 ~Mar. 11996 -'Mar.311996:

Figure 4.10 Breakage kinetics of Lupin ball miIIs

4.6.4 Louvicourt Mine

The Louvicoun mine is located al Val d'Or, Québec. Its mill processes

approximately 4000 tld of a complex sulphide ore containing chalcopyrite, sphalerite and

pyrite [MacPhail. Racine and Cousins 1997]. The ore has an average grade of 3.8%

copper, 1.75% zinc, 15% iron and 0.7 g/t silver. The grinding operation comprises a

SAG mill closed with a vibrating screen (outside the scopc of mis study), a primary ball
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mill closed with one 12-hydrocyclone cyclopak and (Wo regrind ball mills, bath closed

circuit with one 8-hydrocyclone cyclopak. The ~egrind circuits are pan of the

downstream copper and zinc flotation circuits. A survey was performed around the

primary ball Mill and regrind circuits on February 25 1997.

The perfonnance of primary ball mill circuit was evaluated by doing a number

of steady-state simulations using the BMCS (in terms of grind fmeness and grinding

capacity). The NGOTe was used to back-calculate selection function parameter for

circuit analysis and subsequent simulations.

For primary bail milling circuit, representative samples were taken from various

streams around the bail mill and cyclopak by Louvicoun Mill personnel. Figure 4.11

shows the circuit configuration and sampling locations. The panicle size distributions

of samples from the vibrating screen undert10w (undersize or fine product of the screen),

bail Mill discharge, cyclopak overtlow and undertlow streams were detennined and

provided by plant personnel. A series of screens (with a Tyler geometrical progression

of ...{2) was used that adequately covers a particles size range from 25 ~m to 12500 ~m.

The raw panicle size distribution data were adjusted using the NORBAL3

(Appendix B.8). A mill capacity of 4300 tld was used to calculate flow rates.

Adjusunents to size fractions were minimal, as would he eXPected from a sound sampling

campaign completed at steady state. The adjusted data were then used to study grinding

kinetics.

The adjusted panicle size distributions of CUF and BMD samples were used for

estimating the selection function of the primary baIl mill. Size-by-size grinding kinetics

IS represented by a selection function element (also known as specitic breakage rate or

more accurately breakage rate constant) which is back-calculated based on a mathematical

model of grinding process. NGOle was used to compute selection function elements
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for ail size classes (Appendix B.9).

Flotation

86

SAG Mill, BR-301

Bali Mill

Figure 4.11 Simplified nowsbeet of tbe Louvicourt baH miU/cyclopak grinding

circuit and sampUng points

Figure 4.12 shows the selection function vs. partiele size curve, whicb confmns

the existence of a moderate hump at the coarse end. This eliminates existing doubt about

the selection function values of the first (WO size classes reponed by Lacombe based on

October 10, 1995. This result might mie out funher decreases in ball size recommended

in a previous repon. However. if aehieving a higher tonnage or rmer product is sought,

a smaJler ball size can be tested. The use of a smaller bail sile might increase grinding

tonnage due to higher grinding kinetics for fmer sizes taking into account that around

4.43% of the circulating load bas a panicle size greater tban tbat of the hump (a very
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low percentage). For this rcason. the effect of changing ball sile from 38 mm (1.5") to

25 mm (1") on the selection function was investigated using the bail size optimization

module of NGOTC. The output of this module can·be found in Appendix B.lO.
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Figure 4.12 Breakage kinetics of the primary bail mill, Louvicourt plant

Figure 4.13 shows dimensionless estimaled and scaled selection functions. The

lines are the cubic spline fits. The curve fined to the scaled selection functions (when

using a hypoÙ1etical baIl sile of 2S mm (1 ft» shows that grinding kinetics will he

decreased for panicle sizes greater than 300 ~m. However, grinding kinetics will he

increased for panicles smaller than 300 ~m. A plant test is required to confmn whether

the iocreased grinding kineùcs for rmer size classes is wonh the decrease in breakage

rate constant for the coarser size classes. after making the ball size change. Decreasing
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screen opening sile would minimjze the risk of oversize overload in the mill and increase

the benefit of smaller grinding balls.

1 • Eitimated SFs. 1.5" bail size Cl Scaled SFs. 1" bail size i
1 - Fit to Est. SFs. 1.5" bail size . - Fit to scaled SFs. 1" bail size 1

Figure 4.13 Estimated and scaled selection fonctions of the primary baU miU,

Louvicourt plant

To evaluate the performance of the copper regrind circuit, slurry samples were

taken from various streams on February 2S 1997. The samples were analyzed [0

detennine their panicle size distributions using a Tyler series of sieves from 150 ~m (100

mesh) down to 20 ~m (635 mesh). A simplified tlowsheet of the copper regrind circuit

including sampling locations is shown in Figure 4.14. The product of the primary ball

mili/cyclopak circuit is fcd to the copper flotation section wbich includes a closed regrind

circuit. A mixture of cleaner feed, cleaner scavenger concentrate constitutes the fresh

feed to the copper regrind circuit. The combined tailings of rougher and cleaner tlotation
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ceUs will be treated downstream in the zinc flotation circuit.

89

CuClarFeed

CuClnrScvrConc

Cydopak

aall Mill

Figure 4.14 Simplified Oowsbeet of the Cu regrind circuit and sampUog poiDts,

Louvicourt plant

The measured particle sile disuibutions of slurry samples from cleaner scavenger

concenttate. eleaner feed, bail mill discharge, cyclopak undertlow and overflow streams

were adjusted before funher analysis (Appendix 8.11). The balanced size distributions

of cyclopak undertlow and ball mill (BR-321) discharge were used as input into NGOTC

[0 back-ealculate the selection function (Appendix a.12). Figure 4.15 shows the

selection function vs. panicle sile curve. The geometric Mean of the lower and upper

limits of each sile class was used as characteristic panicle sae. The curve indicaœs a

decrease in grinding kinetics for the ftrst size class. The amount of mass in mis size

class is too low (2.15 %) to justify using larger grinding media, and even suggests mat

smaller balls or slugs could he used to produce armer mill discbarge.
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Figure 4.15 Breakage kinetics of the Cu regrind baU mill, Louvicourt plant

For zinc regrind circuit, samples taken on February 25 1997 were analyzed ta

detennine their sile distributions using a Tyler series of sieves from 150 #Lm (100 mesh)

down to 20 #Lm (635 mesh). Norbal3 [Spring 1992] was tben used to adjust these data

and generate an estimate of the circulating load (Appendix B.13). Figure 4.16 shows the

circuit tlowsbeet. The zinc regrind circuit is a part of zinc tlotation circuit which treats

the combined tailings of rougher and cleaner copper flotation. A mixture of rougher,

scavenger and cleaner concentrates makes the fresh feed of the regrind circuit.

The circulating load was estimated al 285 %, which is significandy higher tban

tbat of reported for previous sampling campaigns [Lafontaine 1996]. The balanced size

distribution data of the cyclopak undertlow and ball mill discbarge were used to estimate



Cbapter 4 Numerical Grinding OptimizatioD Tools in C (NGOTC) 91

size-by-size selection function values (Appendix 8.14). Figure 4.17 shows the selection

function vs. panicle size curve and clearly indicates a decrease in grinding kinetics for

panicle sizes larger man 60 #Lm. The size distribution of cyclopak undertlow (regrind

ball mill feed) indicates mat ooly 3.41 % of mass repons to the frrst two sile classes.

This implies no need to use larger grinding media size, and suggests that a smaller

grinding medium could he used to grind fmer.

ZDRgbr8cvrConc

ZoClnrSCvrConc

BaU Mill

Figure 4.16 SimpUlied nowsbeet of tbe Zn regrind circuit and sampling points,

Louvicourt plant
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Figure 4.17 Breakage kinetics of the Zn regrind bail mill~ Louvicourt plant

4.7 Reliabilitv of Back-Calculated Selection Functions..
The reliability of an estimated mill selection function depends on the back­

calculation method itself and the accuracy of particle size distribution data. Since the

interval-by-interyal search algorithm tinds selection function elements sequentially by

starting from the tùp-size class, the error then will be propagated to nner size classes.

In search methods which use functional fanus of the selection function and minimize a

defined objective function to find the besr selection function elements. the error however

will be distributed over selection function elements.

The magnitude of error associated with each selection function element can be
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calculated if there are more than one data set available. The most significant errors are

attributed ta the plant sampling. Ta minimize sampling errors. it is imponant that the

circuit be near ta steady state and samples as representative as possible. While screening

ta detennine particle size distributions of various samples is a reproducible process,

errors can be easily introduced if sieves are defective (apertUres are blocked or the mesh

ruptured). Performing wet screening before dry screening cao significantly reduce the

error associated with very tine material. Because the spline curve titting algorithm of

NGOTC uses the standard deviation of each selection function element as a weighting

factor, it provides a tool for more accurate ~stimation of the selection function.

4.8 Summary

NGOTC was used ta estimate selection funetions of several industrial mills. The

first benefit of estirnating these selection funetions was their use as a diagnostic tool for

mill performance analysis. Reliability of the program as J process analysis and

modelling tool was demonstraled. The diverse applications of NGOTC made it possible

to verify the eredibility of ilS computations and predictions. The selection functions

obtained by using estimation or scaliog modules cao be used contïdently for modelling

and simulation purposes.

The procedure to scale a rnill selection function has been verified in a number of

cases by Morrell [1990]. The incorporation of this procedure in NGOTC and its

integration with other modules provided a mol for bail size optimization srudies.



CHAPTER5

HALL MILLING CIRCUITS SIMULATOR (BMCS)

S.l Introduction

ln this chapter details of BaU Milling Circuits Simulator (BMCS) will be

presented. This program allows one (0 simulate bail milling circuits consisting of ball

mill and hydrocyclone units. Previous work at McGill University [dei Villar and

Laplante 1985] includes a series of programs wrinen in Applesoft BASIC such as

RTDOPEN and RTDCLOSE to estimate parameters of Residence Tune Distribution

(RTD) models. PSD to simulate bail mills. SELFUNC to estimate selection functions and

GRINDSIM to simulate closed grinding circuits. In this chapter various aspects of

developing and testing of BMCS. which is paniy based on GRINDSIM. but written in

the more efficient C language, will he discussed.

Steady-state simulation is increasingly used by minerai processors ta design.

analyze and optimize various grinding circuits [Austin. Luckie and Wightman 1975;

Herbst and Fuerstenau 1980; Hodouin. McMullen and Evere11 1980; Finch and Ramirez­

Castro 1981; dei Villar et al. 1985]. For example, grinding simulators have been used

to evaluate process perfonnance under various circuit designs. series vs. parallel grinding

[dei Villar et al. 1985] or two stage vs. single stage classification [Dahlstrom and Kam

1988], and operating conditions, slurry densities [Laplante and Redstone 1984] t ball size

[Hanley et al. 1983] or to tind the optimum steady-state parameters which meet a

required metallurgical performance. The current version of BMCS can be readily used

ta simulate steady-state circuit performance. given the tlow rate. % solids and panicle

size distribution of new (fresh) feed and the tlow rate of water additions to the circuit.

94
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additions ta the circuit. However, finding the optimum operating conditions ta meet a

desired circuit perfonnance requires manual search by the user.

S.2 Program Structure

The modular structure of BMCS involves several executable sub-programs that

are mn and accessed by the main program "BMCS.EXE" during a simulation trial. This

simulation structure provides a high level of flexibility and economy of programming

[Austin. Klimpel and Lucide 1984] and needs a minimum of computer memory

requirements. In addition. very complex circuits. which inc1ude multi-stage grinding and

classification systems. can be simulated.

Figure 5.1 shows the various steps of a simulation run. A pre-defined circuit is

ftrst selected for simulation. Then the program reads the basic data, Le. a connectivity

matrix and the number of nodes and streams in the circuit nodal representation and stans

ta compute sequentially the output of each node by calling the related sub-program or

module. The sub-programs contain general mathematical models of physical process

abjects which are components of typical ball milling circuits (bail mills. hydrocyclones)

and functions which simulate junction. split and convergence blocks. Simulation data

liles must be created by the user ta provide the required information for simulator

calibration and execution.

S.3 Mathematical Models

The current version of BMCS contains (WO modules for the simulation of bail mill

and hydracyclone units. The implemented model structures are inflexible, i.e. source

code changes are required to modify them. The other modules are JUNCTION. SPUT.

CONVERGE, FIXCLASS which are necessary to constroct simulation models of closed

grinding circuits. Ali modules are explained in the next sections.
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Figure S.l SimpHfied Oowcbart of a BMCS simulation run
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5.3.1 BaU Mill
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The classical time-continuous, size-discrete population balance model of tumbling

ball mills was implemented in C using Be+ + 3.1 compiler. A number of researchers

contributed to the introduction of this model [Epstein 1947 and 1948, Sedlatsebek and

Bass 1953, Broadbent and Callcan 1956] whicb was later evolved and validated by

Gaudin and Melay, 1962. The model predicts the overall size distribution of ore as a

single-component solids phase. Multi-component models have been also developed

[Finch and Ramirez-Castro 1981, Weller et al. 1988] which can predict the performance

of individual components given size-by-size assay information, but this was deemed

unnecessary here because of the focus of the investigation.

The bail Mill model requires values for its breakage function, selection function

and residence lime distribution. The breakage function should be that used to generate

the selection function vector with NGOTC. The selection function parameters are

estimated using NGOTC from data originaÙDg from the circuit to he simulated, operating

at steady state and as close as possible to the conditions ta he simulated. The residence

time distribution model used is that of Weiler [1980). Since the classical bail mill model

is generally not numerically sensitive ta the RTD parameters and breakage function. it

was decided that improvements on the parametric estimation approach of dei Villar

[1985] was unnecessary.

The source code developed by the author was tested using real plant data with

more focus on the verification of computations. The bail mill executable program is

called by the main module of BMCS software and cannat he mn separately.

5.3.2 Hydrocyclone

The original version of Plin's hydrocyclone model [1976] was implemented in C

to simulate hydrocyclones. The model can simulate the operation of a hydrocyclone

under the normal discbarge regime. Extensive use of Plin's model bas shawn its
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capability to predict hydrocyclone performances to a fmt approximaùon [Napier-Munn

et al. 1996] with no need of plant constants. The. accuracy of predictions can be

augmented by applying constant correction factors to original equations for the corrected

eut size, d5Qc, the separation sharpness, m, the pressure drop, Pt and the volume tlow

split, S.

5.3.3 Fixed Classiftcation

In this module classification is simply defmed by pre-set mass split coefficients

for each size into the fme and coarse sUeams~ rather than using a mathematical unit

model to derive those coefficients. The classification coefficients for each size class, Ci'

can be estimated from plant tests and must be supplied as input by the user. This module

could be used for an approximate representation of screen units. The program calculates

size distributions of oversize and undersize streams based on the feed size distribution

and the classification coefficients.

5.3.4 Jonction

ln a grinding circuit, there are points where two or more streams mix together

and form a single stream. These junetions or mixing points could he eitber real or

coneeptual. For example, in closed grinding circuits a ball mill unit may be fed with a

fresh feed and circulating load. In simulation, these (wo streams should he combined to

produce a single ball mill feed stream, although in reality the two streams could he added

separately to the ball mill and combine only in the mill itself. The junction module

calculates the solids tlow rate, density and panicle size distribution of the combined

stream using those of each input stream.

5.3.5 Split

At a split point, a single stream is simply split indiscriminately iota two or more

streams. In a closed ball mill/hydrocyclone grinding circuit, for example. pan of the

hydrocyclone underflow stream might he bled for gravity separation and the rest remmed
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to a ball mill for funher grinding.

99

Ta simulate a split point or node, it is assumed that there is no change in

propenies of the stream, namely size distribution and %solids of the stream. However,

the flow rate of each output stream is calculated as a percent of input stream which must

be defmed by the user. The computations made by the split module were aIso checked

and verified.

S.3.6 Convergence

The presence of recycle streams in a grinding circuit makes its simulation more

complicated due to the iterative calculations required ta calculate the flow rate, % solids

and panicle size distribution of recycle sueams. Conceptually, each recycle stream maps

ta a convergence black in the nodal representation of the circuit being simulated. A

convergence black is in fact a pseudo-module [Richardson. Coles and White 1981] to

solve recycle sets.

ln this module, the successive substitution approach was implemented to test the

convergence of a recycle stream. The panicle size distribution and solids flow rate of

a recycle stream are set to their initial guess value, zero mass in each size class at the

flrSt iteration. The computed values of one iteration are used as initial guesses for the

next iteration. After each computation cycle, the solids flow rate of the recycle stream

computed in the current and previous iterations are tested for convergence (the difference

between the two values must he within a tolerance range set by the user). Another

approach develaped by Wegstein (1958] remarkably accelerates convergence iteratioDS.

However, because of the relative simplicity of the convergence problem in grinding

circuits it was decided to use the simpler successive substitution approach.

5.4 Simulation of Closed BaD Milling Circuits

The simulation of a closed ball milling circuit is possible by mathematical models
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of panicipating process uoits and their linking by an executive or main simulation

Stnlcture. Sïnce a grinding circuit is indeed a system consttucted of interacting sub­

systems or units such as ball mills and hydrocyclones~ perfonning circuit simulations is

required to optimize operation correctly. Therefore, the fmal impact of cbanging a sub­

system design or operating parameter (e.g. grinding balls size, fresh feed rate,

hydrocyclone apex or vortex diameters) on a full circuit or system can he investigated

by such simulations.

Westerherg et al. [1979] have discussed various approaches of process

flowsheeting systems. Basically, either the sequential-modular or equation-solving

approach is used to construct process simulators or tlowsheeting systems. In equation­

solving simulators the full circuit is defmed as a system of equations that are solved

simultaneously. In sequential-modular simulators, computations are done sequentia1ly

according to a calculation path (or computational arder) based on nodal representation

of the circuit.

The sequential-modular approach was chosen to the develop simulation structure

due to its ease of implementation and low complexity. In conuast~ the equation-solving

approach can be exuemely complex and requites more computer resources.

5.4.1 Simulation Input Data

Practically, a user must colleet a large amount of infonnation to he able to

simulate a real grinding circuit. This involves gathering infonnation conceming circuit

flowsheet. selection and breakage fonctions to customize a bail mill model to each bail

mill unit and geometrical specification and adjusting factors to customize PHtt's model

to each hydrocyclone unît.

In BMCS. circuit tlowsheets are described by connectivity matrices which must

he placed into a text fde named "CONMAT.UB". The connectivity matrix of a circuit
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in faet determines the caleulation path for the simulator and must be defmed by the user

(a number of circuit tlowsheets have been already pre-defmed and ineluded in

"CONMAT.LIB"). The other information must be given in an input text flle prepared

according to a certain fonnat and named with the correct extension.

5.4.2 Simulation Output

The purpose of using the simulator is to calculate the steady-state panicle size

distribution, solids tlow rate and % solids of all streams under certain operating

conditions deseribed by the tlow rate of solids fed to the circuit, % solids and water

addition t10w rates. While simulations are performed in a forward direction, from a pre­

defmed set of input parameters to a set of output parameters considered as perfonnance

space, various simulation trials can be done to fmd a set of input parameters which

produces a desired circuit performance such as fmeness of grind or production capacity.

s.s Simulation of Lupin Mine Grinding Circuit

The ball milling circuit of the Lupin Mine, operated by Echo Bay Mines, consists

of two parallel tube bail mills (2.4 m x 7.3 m (8' x 24'» fed by the underflow streams

of two cyclopaks which are also operated in paraUel (Fig. 4.9). The circuit was

simulated under the same operating conditions of the sampling campaign of March 31

1996 (solids teed rate 95 t1h) so that a eomparison of predicted and measured size

distribution could he made. The details of circuit modelling and simulation are explained

below.

5.S.1 ModelUng BaU MilIs

The dimensionless (normalized) selection function was estimated from data of

sampling campaign of March 1 1996. using the same nonnalizable ore breakage function

and dimensionless RTD parameters used to back-calculate selection function. The

breakage function and RTD parameters were assumed ratber tban estimated direcdy from

laboratory and plant tests.
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5.5.2 Modelling Classification

The accuracy of predictions made by the cyclone module was tested by using data

sets from three full grinding circuit surveys performed on January 30 1996, March 1

1996 and March 31 1996. These data had been used perviously to estimate the mill

selection functions (see Section 4.6.3). The main purpose of testing was ta verify

computations performed by the cyclone module and to demonstrate whether or not

calibrating Plin's model could generate more accurale predictions.

The data set obtained from the March 1 1996 grinding survey was selected ta

calibrate Plitt's model. Figure 5.2 shows predicted and measured panicle size

distributions of cyelopaks overflow and underflow streams. Agreement between

predicted and measured size distributions was found to be reasonable for the undertlow

stream over the full panicle size range, but the overtlow distributions clearly differ

signifieantly. A similar problem was found with the January 30 and March 31 1996 data

sets (Appendix C.I). Calibration factors were calculated using following relationships:

CF = dsoc• lUG.IMNtI

~ dsOc• pr.~,.

CF = m"""«1
na mpmliaitlll

(5.1)

(5.2)

(5.3)

where CFd5<k' CFm and CFRf are calibration factors for the corrected eut size. separation

sharpness and recovery of tluid to hydrocyclone underfiow, respectively. The factors

were men used to adjust equations 2.16, 2.18 and 2.23.

BMCS was then used to simulate cyclopaks perfonnance under (WO different

operating conditions. The simulation results are given in Appendix C.2. The flow rate,
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% solids and size distribution of the cyclopak feed were calculated using adjusted

cyclopak: overtlow and underflow data. Figures 5.3 .s~ows predicted and measured sile

distributions of cyclopaks overtlow and undertlow streams for the January 30 1996

survey. Plitt's Madel predictions are remarlcably improved. A similar improvement was

also observed for the other test data set, March 31 1996, as weil as the data set used to

estimate the calibration factors, Marcb 1 1996 (Appendix C.3). Tbese simulations also

verified the predictions made by the cyclone module of BMCS simulator and the

imponance of cyclone model calibration to specific applications before simulation.
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Figure 5.2 Predicted and measured size distributions of cyclopaks overftow and

underRow streams, Lupin Mine (March 11996 survey)
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Fipre 5.3 Comparison of pred1eted and measured size distributions 01 cydopaks

overftow and underftow streams after PUtt's model callbration, Lupin Mine (Jan.

30 1996 suney)

Table S.l ComparisoD of predieted and measured PUtt's model parameters

January 30, 1996 Marcb 31, 1996

Meas. Pred.· Pred. t Meas. Pred.· Pred. t

dsocCPm) 51.54 118 58 56.45 112 55

m 1.24 2.21 1.37 1.38 2.22 1.37

Il, 0.23 0.34 0.19 0.23 0.32 0.18

• and t designate predictions before and after model calibration, respecùvely.
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Table 5.1 compares PUtt's model parameters obtained from measured data and

simulations.

S.S.3 Circuit Simulation

After calibratiDg the bail mill and hydrocyclone models, circuit simulations were

performed to test the simulator accuracy in predicting the size distributions of various

streams.

The size distributions of various streams predicted by the simulator using the same

feed size distribution and tlow rate of March 31 1996 data set are compared to the

measured size distributions in Figure 5.4. Table 5.2 gives the predicted and measured

tlow rates and % soUds of various streams. It is concluded that the circuit performance

can he simulated with an error normally lower than 10%. There are Many sources that

can contribute to the discrepancy between the simulated and measured performances such

as inberent difficulties involved Ù1 the calibration of bail Mill and hydrocyclone models

due to sampling errors and estimating model parameters. Differentiai minerai behaviour

also contributes to the lack of it, but to a lesser extent than for massive sulphide ores.

5.6 Simulation of Louvicourt Mine Grinding Circuit

BMCS was used to simulate the performance of the baIl mill cyclopak circuit of

the Louvicoun plant under various ball sizes and hydrocyclones aPex diameters, to

investigate the effect of these parameters on the circuit energy efficiency and product

fineness. A detailed study of classification had to he undenaken in order [0 interpret

correcdy subsequent simulation results. The study included an investigation of the

individual mineral responses to classification.

S.6.1 ModeIHnl the BaU MiD

ln this case, only one bail mül unit. 5.0 m x 7.3 m (16.5' x 24'), had to he

modeUed. The mill selection function was estimated based on February 2S 1997 survey
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Figure 5.4 Comparison of predicted aod measured size distributions of various

streams, Lupin Mine (March 31 1996 suney)

Table 5.2 Comparison of predicted and measured now rates and % soUcis, Lupin

Mine

CF COF CUF

Pred. Meas. Pred. Meas. Pred. Meas.

Dow rate (t/b) 355 363 95 95 260 267

soUds (%) 57.1 53.1 30.5 27.7 83.9 78.7
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and was smootbed with a cubic spline fonction to calibrate the simulator when 38 mm

(1.5") grinding balls are used. The same ore bre~ge function and RTD parameters

assumed to estimate the selection function. To predict the circuit performance when the

ball mill is charged with 2S mm (1 te) grinding balls, the simulator was calibrated using

the smoothed, scaled selection function (sec Fig. 4.13).

5.6.2 Modelling Classification

A cyclopak of twelve 38 cm (15") hydrocyclones is operated in closed circuit with

the ball mill unit (BR-301). Previous work indicated tbat there is a plateau in the

classification performance curve [Lacombe 1995, Farzanegan and Laplante 1997a]. This

was attributed to the multi-component nature of the ore and studied in detail [Farzanegan

and Laplante 1997b]. To assess the classification performance of the major minerais,

chalcopyrite, sphalerite, pyrite and non-sulphides gangue (NSG), individual size classes

were analyzed for metal content, using samples extracted on Febroary 25 1997. To

estimate the size-by-size recovery of individual minerais to the cyclopak undertlow, the

balanced sile distribution and solids tlow rate of the overt1ow and undertlow samples

were used. The sile distribution of the cyclopak feed was calculated from the size

distribution of the overtlow and undertlow streams. The raw data were adjusted using

NORBAL3 [Spring 1992] and were given in Appendix B.8.

The rough percentages of minerais that constitute the Louvicoun ore are given in

Table 5.3. Due to the low amount of pyrrhotite, magnetite, ilmenite and galena, they

were ignored when size-by-size minerai contents were calculated. The acmal amount of

each minerai fed to the circuit at sampling time was calculated based on the metal content

of each minerai (Table 5.3).

The content of chalcopyrite, spbalerite and pyrite was calculated from the metal

assays using the following relationsbips (assuming that NSG minerais contain no iron):
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Table 5.3 Mineralogical composition of Louvicourt ore
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MiDerai Formula Specific Metal Content Percent

Gravity ('II)

Cbalcopyrite CuFeS2 4.1-4.3 Cu-34.6% 9-13

Spbalerite znS 3.94.1 Zn-60.6%, Fe- 3-6

6.5%

Pyrite FeS2 5.0 Fe46.7% 22-55

Pyrrbotite Fe~Sy 4.6 Fe-61.S%· 1-3

Magnetite FeOF~O) 5.2,4.5-5.0 Fe-72.4% 1-2

and i1menite Feri03 Ti-31.6%

Galena PbS 7.4-7.6 Pb-86.6% <1

SWca and Si02 2.65-2.66,2.7 - 20-64

carbonate CaCo)

·variable

mi.cbaIcopyri&e = xi.ciO.346

lIl;.sphalcrite = xi.ziO.606

mi,pyrilc =(Xi.Fe-0.3*mi,chaIcopyrice-0.06S*mi.sPhalcriJ/0.467

wbere Ill; and Xi are the content of the specified minerai and metal in size class i,

respectively. The content of NSG minerais. then. was calculated by:
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The panition curves of the various minerais were then fitted to PUtt's model

[1976], and are shown in Figure S.S. The goodness of fit for sphalerite and pyrite was

much better than that of other minerais. The low goodness of fit for chalcopyrite and

NSG minerais was linked to the errors of the Metal assays for the pan fraction. More

specifically, the 4.15% Cu of the cyclopak underflow -25 #Lm fraction is significant1y

above tbat of slightly coarser sile classes. If indeed inaccurate, this analysis would bave

caused the high recovery to the cyclopak underfiow for chalcopyrite and low recovery

for NSG (which is what was observed).
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Figure 5.5 Individual classification performance cunes of the primary cyclopak,

Louvicourt plant

Rr was calculated from %soUds data and then was used to fit Plitt's model to the

measured individual partition data points. The besl fit was found using the non-linear
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optimization tool of Quattro Pro· software with a search for two unknown parameters,

namely m and <!sOc. Tables 5.4 and S.S show cyclop~ operating conditions and Plitt's

model parameters estimated for individual components and ore. The separation

sbarpnesses of chalcopyrite and sphalerite, equal ta 2.13 and 2.51, respectively, are

higher than that of ore, 1.38.

The individual mineral-by-mineral perfonnance curves explain the plateau in the

overall curve for the ore. Chalcopyrite and sphalerite show almost the same

classification behaviour due to their very similar specifie gravities. Pyrite and NSG

minerais show different classification behaviours due to their different specifie gravities.

For a more detailed discussion, the reader is referred to Laplante and Finch 1984.

These curves conflID1 that the plateau is due to minerai density effects and tbat

classification sharpness is much better than that of the overal1ore would suggests, and

imply that sphalerite and chalcopyrite are well liberated from pyrite and NSG, as the

performance curves are clearly different. The classification sharpness of pyrite is poor,

1.49, but could well he due to the presence of iron in NSG minerais.

The individual minerai partition curves confmn that the classification performance

of primary cyclopak is highly affected by the multi-component nature of the ore. This

implies that Plitt's model cannot be used accurately to fit or simulate ore classification

data. Even though Plitt' s mode1 cannot model the classification of overall ore

effectively, the sampling and modelling exercise can still yield informative data.

The circulating load is high, 362%, clearly above the "ideal" of 250%, % solids

of the cyclopak undertlow is low, 74%, below the ideal grinding % salids ofhigh density

ores, 75-79% (possibly more, Laplante and Redstone 1984) and shan circuiting to the

•Quattro Pro is a ttademarlt of Borland Inœmational
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Table 5.4 Primary cyclopak operating conditions, Louvicourt plant (Feb. 25 1997

survey)

SoUcis Dow rate SoUcis content Water Dow rate

(t/b) (") (tlb)

COF 176 38.2 286

CUF 639 74.3 222

CF 815 61.7 508

Table S.S Plitt's model parameters estimated for individual minerais and ore,

Louvicourt plant (Feb. 2S 1997 survey)

Chalcopyrite Spbalerite Pyrite NSG Ore

R, 0.44 0.44 0.44 0.44 0.44

m 2.13 2.51 1.49 2.34 1.38

d. (pm) 43 44 26 123 38

Lack of fit 70.07 6.81 11.71 336.81 197.98
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CUF is bigh, 44%: aIl these problems can he corrected by decreasing apex diameters.

5.6.3 Primary Circuit SimulatioDS

To test the recommendation of a smaller ball sile, 25 mm (1 "), and a smaller

apex diameter, 57 mm (2.25"), BMCS was used to simulate the circuit performance

under the proposed modifications. Although simulations were perfonned under some

uncenainties regarding Madel calibration (i.e. the unusual cyclone performance corve),

the predicted trends can still guide funher optimization decisions.

To build a simulation model of the circuit, unit models were calibrated using data

from the Detober 10 1995 survey. The calibration factors of Plitt's mode1 were

calculated using relationships 5.1, 5.2 and 5.3. It must he emphasized that the use of

Plitt's equations to model classification performance is subject to interpretation due to the

existing plateau in the uncorrected partition curve. Since Plitt's model assumes that the

hydrocyclone feed consists of a single solids phase, il cannot mode1 50ch plateaus

precisely. For the purpose of this research il was decided not to pursue individual

minerai treabDent, which would have complicated signiticantly the simulator's source

code.

After parameters of simulation models were estimated, the sîmuJator was tested

by comparing its predictions witb the measured data obtained from the survey perfonned

on February 25 1997. The outputs of the sîmuJator for the October 10 1995 survey (data

set used for estimating the selection function parameter) and February 25 1997 survey

(data set used for testing the simulation Madel) are given in Appendix C.4. Figure 5.6

shows predicted and measured sile distributions of cyclopak overtlow stream for the

February 2S 1997 survey. The predicted mass of material passing a specified size is

lower tban the corresponding values measured. Nevertheless, the simulator was used to

investigate trends rather than produce absolute estimates. The inability of simulator to

generate more accurate predictions stems from a number of sources panicularly its fallure
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to simulate classification behaviour of non-homogeneous ore.
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The calibrated simulator was used to perform a number of simulation trials.

These include trials to predict circuit performance using 25 mm (1") bail size instead of

current baU size 38 mm (1.5 ") and changing bydrocyclones apex diameter to 57 mm

(2.25"). Ball size bas a significant effect on the % ·75 ~m of the cyclopak overtlow but

none on the circulating load and short circuiting value (Table 5.6). Decreasing the apex

diameter, da, does bring both the circulating laad and short-eircuiting dOWD.

Presumably, the benefit of decreasing da can be increased if the circulating load is

brought back up to its original value, either by (a) adding more water to the grindîng

loop, (h) operating with fewer hydrocyclones or (c) cbanging vortex fmder diameter. A

simulation was also Performed to study circuit performance when both modifications are

applied at the same lime. The outputs of simulator can he found in Appendix C.5. As

the fmeness of the circuit product (Cu flotation feed) is of more interest, its predicted

size distribution under the proposed modifications is shown in Figure 5.7. The effect of

ball size is much more significant than tbat of apex diameter at 30 ~m, but as shown in

Table 5.6, a smaller apex diameter can yield a primary cyclone overtlow with a larger

- 75 #Lm content.

That the decrease in apex diameter can reduce the mass of +75 "m fraction in

the primary cyclopak overtlow without increasing the amount of -30 #lm significandy is

interesting. In applications where overgrinding can he a problem (Le. flotation with a

libration mesh above 30 #lm but not significantty above 75 Ilm), this is clearly desirable.

In applications where maximum "grind" is the target (Le. panicle surface produced),

such as grinding of pelletization feeds, increased grinding capacity via a bener choice of

ball size or grinding density is the bener option.

To estimate the iocrease in circuit capacity when 2S mm (1 ") balls are used, with

producing a size distribution close to tbat of 38 mm (1.5") balls, tbree simulation runs
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were performed with 5, 10 and 20 percent increase in current feed tlow rate (Appendix

C.6). Figure 5.8 compares the panicle sile distributions of circuit product (cyclopak

overtlow) for aH simulations. It can be concluded mat an increase of at least 20«1 in

circuit capacity can be achieved using 2S mm (1") balls without a decrease in the current

fmeness of grind.

Table 5.6 Predictions of percent passing 75 ",m. circulatingload (CL) and recovery

of nuid to cyclone underOow (R,) under various operating conditions

Make-Up Bail Sïze

Apex Dlameter 38 mm (1.5") 2S mm (1 If)

~ -75 pm CL Rt -75 ~m CL Kr
(%) (tlh) (%) (%) (lib) (%)

70 mm (2.7Sn) 76 712 41 81 712 41

57 mm (2.25") 79 461 27 83 456 27

The results of classification performance study presented in this repon must be

considered cautiously as the measured panition curve indicates the existence of minerai

phases with different settling velocities which cannat be readily modeled by Plin's model.

The best estimated value of separation sharpness (by optimal fit of Plitt's Model) was

equal to 0.83 and in reality will be higher when minerais are considered individually.

An accurate assessment of classification performance requires size..by..size assays of

minerais present in ore.

Despite some uncertainty associated with the predictions of the calihrated

simulatorst the results are still very useful for comparing circuit perfonnance under

different conditions. The predicted trends are very clear. and suggest substantial
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improvements if both grinding kinetics (ball size) and classification performance (shon­

circuiting) are improved.
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Figure S.8 Comparison of simulated partide size distributions of circuit product

UDder various feed rates, Louvicourt plant

The uncertainty associated with the bebaviour of coarser particles in the ball mi11

cao he significantly reduced by using smaller openings on the SAG discharge screen.

A reduction from 4 to 2 mm is suggested as existing screen performance is very goad

and the reduction rate of 2: 1 corresponds to the reduction ratio of the peak size of the

selection function when reducing baU size from 38 mm to 2S mm (Fig. 4.13). Sînce

simulations were perfonned without removal of the +2 mm fraction, the rmer feed

would also improve in circuit perfonnance - Le. and increase of 5% in the - 7S ~m %

passing of the circuit product. Another safety factor would he the ability to increase
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circulating laad back to the historieal level of 350%.
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The simulation with scaled selection functians for 25 mm (1 ") balls resulted in

armer produet. However, there was no signifieant changes in bydrocyclone operation.

The simulation of hydrocyclones with a smaller apex diameter showed a lower water

recovery ta the undertlow and a higher separation sharpness, equal to 27% and 0.76,

respectively, compared with those predicted for hydrocyclones with current apex

diameter. It also showed a large decrease in circulating load.

At the time of writing a number of modifications, recammended follawed this

research, had been made:

reducing the SAG miU discharge screen openings from 4 mm ta 2 mm

using a make-up bail charge consisting of 50% 32 mm (1.25") and 50%

2S mm (lI') balls instead of 100% 38 mm (1.5 11 )

reducing the apex diameters of primary hydrocyclones from 70 mm

(2.75 1
') to 57 mm (2.25 1

')

The change of make-up ball size took place at the end of May 1998 and bas been

reponed causing PIk) ta decrease from 51 pm ta 47 ~m. This is in line with the

simulation results considering the fact tbat simulations performed were based on the

selection function predicted if a make-up ball sile of 100% III baJls had been used. This

means that even a fmer grind can be resulted if 111 balls are used. However. the use of

a single make-up charge of 25 mm (1 ") balls bas been avoided by the plant operators due

ta their higher costs when compared with that of bigger balls.

The change to hydrocyclone's apex diameters was implemented at the end of July

1998 and was reported bas caused a decrease in the Pso of the cyclopak overflow stream

but not as significant as that of ball size change. This is very interesting as the lesser
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effect of apex diameter change on the product fmeness had been predicted by the

simulator (see Fig. 5.7).

5.7 SlImmary

The BMCS was developed and tested as the core of a series of tools for the off­

line steady-state optimization of minerai ball milling circuits. The current version of

BMCS is capable of simulating grinding circuits consisting of ball mill and hydracyclone

urots. Ali modules were tested using data from various industrial plants and were proven

to give reliable results.

The simulation of the Lupin and Louvicoun Mines grinding circuits demonstrated

how the simulator must be calibrated and used to represent or approximate real plant

perfonnances. Using the Lupin classification data, the cyclone module of BMCS was

tested and proven ta produce accurate predictions panicularly when it was calibrated to

measured classification parameters. The performance of primary classification al the

Louvicourt Mine could not he precisely simulated by the cyclone module due ta the

multi-component nature of ore. However, circuit simulations performed to predict

possible trends in case of changes ta bail size and cyclone apex diameters, taking ioto

account the uncenainties involved due to inadequate modelling of classification pracess.

A step forward in use of pracess simulators to analyze and optimize grinding

circuits is incorporation of symbolic-oriented metallurgical knowledge required to build

simulation models and interpret results. This can be achieved by use of rule-based

system programming which will he explained in Cbapter 6.



CHAPTER"'

GRINDING CIRCUITS OPTIMIZATION

SUPERVISOR (GCOS)

6.1 Introduction
To optimize the design and operation of a mineraI grinding circuit. a minerai

process engineer bas to he knowledgable of theoreticai aspects of the underlying

processes and computer-based tools required to complete the optimization task al band.

[n Most off-line optimization exercises, steady-state circuit simulation packages are used

as primary (ools to investigate proposed new operating conditions or circuit designs or

[0 search for promising ones. Therefore , one must learn how to use programs such as

mass balancing, parameter estimation and simulation.

In this chapter the development of Grinding CIrCuits Optimization SUpervisor

(acOS) will he explained. While Munerical Grinding Optimization Tools in C

(NGOTC) and Bali Milling Circuits Simulator (BMCS) programs, described in Chapters

4 and S, provide sorne basic lools, they cannot assisl a pracess engineer in making

decisions required in various steps of an off-line optimization study. Hence, a program

capable of helping one to make decisions or interpret various information couid he

useful. The progress in artificial intelligence, particularly in Knowledge-Based Systems

(lŒSs), bas allowed development of computer programs that can achieve this goal.

GCOS in fact attempts to computerize the problem solving expenise often used in the

off-line optimization of minerai grinding circuits. The basic concepts of KBSs were

introduced in Chapter 3. The inference engine of CLIPS wbich contrais the execution

of the GCOS knowledge base bas been discussed elsewbere [STB 1993]. In this cbapter,

119
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domain-specifie aspects of GCOS and its implementation are presented.
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Expert systems have found many applications in minerai processing panicularly

in the monitoring and control of comminution and notation circuits [Bradford 1991,

Yncbausti and Hales 1992, Reuter and Van Deventer 1992]. Tbese systems are designed

to he used in off-Une or on-line mode as depicted in Figure 6.1. In the off-Hne mode.

the user provides the input to the system and must analyze its output. In the on-line

mode, these systems are configured in open or closed loaps [Leiviski 1991]. Open-loop

systems receive measurement data from sensors and advise pracess operator to take the

appropriate control actions. In other words, the control loop is closed by the human

operator. In on-line closed-loop systems, the expen system implements actions on itself

without human intervention.

The GCOS knowledge base ruos off-Hne and requires the user to input data. The

problems addressed by the knowledge base are not necessarily related to process

monitoring and control.

6.2 The Structure of GCOS
Figure 6.2 shows a simplified view of the GCOS knowledge base which consists

of several modules or partitions. The modular design was considered due to the

increased level of control tbat is provided by such stmctures to execute various mie sets.

The modules can he classified into genenl and specific categories. The general modules,

Le. TEMPLATE, QUERY and FUNCTIONS, provide the primary structural blocks of

the knowledge base. The specifie modules derme the grinding optimization domain and

capture the expen knowledge.

6.2.1 General Modules

The TEMPLATES module defines the basic template facts wbich are used in

mies. Ali templates were made exponable to other modules by setting the expon S101
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CONTROL SYSTEM ...-.....

PROCESS

EXPERT SYSTEM

PROCESS

EXPERT SYSTEM

(a) Off-line mode (b) On-line open-loop advisory system

PROCESS

EXPERT SYSTEM

PROCESS

EXPERT SYSTEM

(c) On·line closed-loop systems

Figure 6.1 Various appUcatioDS of expert systems
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of the defmodule construct which dermes the TEMPLATES module.
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The QUERY module asles all relevant questions whose answers are needed al cach

stage of the information processing. It impons all templates and functiODS defiDed in

TEMPLATES and FUNCnON modules and allows exporting its constructs to other

modules. The query rules are triggered when a parameter (numerie or non-numeric) is

not bound to a specifie value and its "question" non-ordered faet still exists in the

knowledge base. For example, the following rule has been written to query the user

about non-numeric (symbolie) parameters:

(defrule QUERY::ask-non-num~ric-question
?[ <- (qu~stion (parameter ?the-param~ter)

(module ?the-modul~)

(thl-question ?the-question)
(precuTSors)
(already-as/cl!d FALSE)
(hflp ?the-htlp))

(param~ter (name cu"ent-module) (value ?lhe-module))
(nonnumparam (nanae ?th~-parameltr) (menu $?the-fMnu»

=>
(modify ?f (already-as/ced TRUE)
(assen (user-respons~ ?the-parameter

(ask-non-numeric ?Ih~-question ?lhe-help $?the-menu))

The FUNCTIONS module dermes functions used in other modules. The most

important functions are those designed to query the user to assign values to numeric or

non-numeric parameters. Two separate functions "ask-numeric" and "ask-non-numeric"

were defmed to ask questions regarding nomeric and non-numeric parameters,

respectively. These functions are called from the right hand side (RHS) of query rules

defmed in the QUERY module.

The knowledge base execution is staned by focusing on the MAIN module whicb

welcomes the user and men causes the focus of the knowledge base to move onte the

INITIAUZAnON module. This module tben will set the current module on one of the

expenise modules, i.e. BALLMILL, HYDROCYCLONE, CIRCUIT or MODSIM,
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depending on the user choice.
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6.2.2 Expertise Modules

The expertise modules were designed to cover problems penammg to the

optimization of minerai grinding circuits. The BALLMILL module includes various sets

of rules for the optimization of ball size and other operating conditions. The

HYDROCYCLONE module contains rules which are used to improve classification

efficiency through optimizing a number of eritical parameters such as water recovery to

the cyclone undertlow and separation sharpness. The MOnSIM module assists the user

in building the unit operation models and simulating circuits. The modelling pan of this

module helps the user to estimate selection function parameters, in order to analyze the

grinding kineties and model bail mills. The simulation section of this module uses

frames to represent unit operations. The rules ftrSt verify that ail requirements to stan

a simulation session are satisfied. A simulation trial is then performed by a set of rules.

The unit operations involved in a circuit tlowsheet are simulated by sending a message

to the related object.

6.3 Knowledge Acquisition

A systematic approach was taken to gather various types of optimization

knowledge applied to industrial grinding circuits. A major part of this knowledge was

obtained from working on a number of real plant optimization cases including Agnico

Eagle, La Ronde Division, Les Mine Selbaie, Lupin Mine and Louvicourt Mine.

Moreover t the existing grinding literature was consulted to extract additional knowledge.

The knowledge-base was developed incrementally by adding new rules to each module

after preliminary prototyping. This was possible due to the modularity of the knowledge

base and its relatively small size.

6.3.1 Knowledge Types

An experienced minerai processor who docs an optimization study uses many
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kinds of knawledge ta fmally come up with recommendatians that can improve the

operation. The knowledge or expertise applied .by the minerai processor can he

categorized as tbat of diagnosis, interpretation, trouble-shooting or optimization. The

mies contained in GCOS embody some of this knowledge types particularly

interpretation, diagnostic and optimization. Many rules encoded in GCOS are universai

and can he applied ta any grinding process; athers are very specifie to the software

developed in this thesis.

6.3.2 ConOicting knowledge

During the literature survey and the development ofGCOS, conflicting knowledge

were noticed and if possible they were resolved. For example, Bond and Azzaroni have

proposed roles of thumb relationships to predict make-up or top bail sizes. Using the

same data, however, Azzaroni's equation predicts a size much larger than that predicted

by Bond's. In such cases, GCOS informs the user of both predictions. Since ail Nies

of GCOS bad to he encoded and placed in the knowledge base manually, the consistency

of implemented rules were considered during their development. This was possible a1so

due to the relatively small size of the current knowledge base.

6.4 GCOS Implementation

Sînce cups was selected as the shell, the knowledge-base was implemented

according to the CUPS special syntax in order to derme facts, rules and frames.

However, the mies coostructing the expertise modules were fmt expressed in English

language regardless of the selected knowledge-base sheU and then gradually encoded iota

the knowledge base using CLIPS syntax. The various role sets were incrementally built

by swdying various grinding circuit cases and existing literature.

6.4.1 Knowledge-Base SheD and Development Tool

The Imowledge elicited from expens and Iiterature was fonnalized in the farOl of

facts, mies, objects and functioos. GCOS is in fact a knowledge base strongly dependant
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on the pattern matehing ability of CUPS, due to the extensive use of complicated

patterns in the left hand side (LHS) of mIes. Pattern connectives and wildcards, field

constraints. mathematical operators and test features bave been used in mies.

6.4.2 Knowledle-Representation

The knowledge was basically represented by the ordered faets. non-ordered or

template facts, mies and frames (objects). The external executable programs are called

from the RHS of mies.

There are constructs in CUPS which are used to defme mies and classes

(frames). A mie or frame defmed in the knowledge base can he very simple or complex.

In CliPS, a mie is defined by the defrule construct (STB 1993]:

(deftule < rule-nome> [< commenl >1
[ <declaralion >!
<condiliona/-element> * .. UlS
=>
<<<U~>* .. ~S

Rules can have more than one conditional element or action. They can also have

a single deelaration pattern to define a specifie propeny sueh as the prioriey of firing a

rule over the other rules in the agenda.

To derme a class frame, the defclass construct provided by Q.lPS Object

OrientedLanguage (COOL) must he used. The general syntax ofa class frame in CUPS

is as follows:

(de/class <name > [<comment>!
(;s-a <sllperclass-nanre> +)

[<role>!
1<pallem-malch-role>}
<slol> •
<handler-docllmenlalion > *)

<role> .o.o= (role concrtte 1 absrraCl)
<panem-match-role> .o:= (pattern-match reaClivt 1 non-reaClÏve)
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<slol> ::= (slol <name> <facet>·) 1
(s;lIgle-slol <1ItJIM> <facet>·) 1
("ullnslol <1UJme > <facel>·)

<hturdler..(/oClllMntalÏon > ::= (message-handler <1ltJ1M > [<handler-rype>J)

127

A class frame can inherit propenies and bebaviours from one or more pre-defmed

superclasses. The new propenies and behaviours are directIy dermed thraugh various

slots and message handlers. Facets allow various propenies such as default value, access

type or constraint attributes to he defmed for each slot.

6.5 GCOS Knowledge Modules

The GCos knowledge base consists of four modules to coyer various domain

aceas: (1) BALLMILL to optimize the performance of baIl mill units, (2)

HYDROCYCLONE to optimize the performance of hydrocyclone classification units, (3)

CIRCUIT to propose alternative circuit configurations and (4) MOnSIM to model and

simulate full grinding circuits. These modules are discussed below.

6.5.1 Bali MiUs

This knowledge module involves facts and rules to describe bail mills and

improves the breakage process taking place inside bail mill grinding units. One of the

Most impottant parameters is grinding media size. Evaluating grinding kineties is eritical

to investigate the efficiency of grinding mills in breaking panicles.

Various parameters must he considered during optimization. Table 6.1 shows a

listing of parameters or anributes dermed in the ball Mill module which are used for

decision-making. During the execution of the knowledge base, all parameters will be

fmally bound to specifie values wbich are then considered as known facts. The value of

a parameter is eimer given by the user as an initial fact (evidence) or inferred from other

previously known facts a:; an intennediate or fmal facto
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Table 6.1 Important design and operatinl parameten deftned iD Bail Mill module

olGCOS

Parameter Type Unit Derivation CoDStraIDt

Discharie type Symbolic - Initial- Overfiow,

diaphragm

MiD length Numeric m. Initial < = 9 m.

MiD diameter Numeric m. Initial <= 6m.

Laboratory work

index Numeric kWhlt Initial >0

Operating work

index Numeric kWhlt Initial >0

Critical speed Numeric rpm Intermediate > 0

Media type Symbolic - BalI, slug

Make-up baU size Numeric mm. Initial >0

Liner wear rate Numeric kg/kWh Initial > 0

Bail wear rate Numeric kg/kWh Initial >0

Energy

consomption Symbolic - Intermediate GoOO, ok, bad

Operation mode Symbolic - Initial Wet. dry

Circuit type Symbolîc - Initial Open. closed

•An initial derivation requires the user to provide the value of the parameœr. while for intennediate ones the

system will infer the value of the parameter from known parameters.
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Ali parameters defmed in the knowledge base are constrained to specified bounds

or values. Numerical parameters may have lower .and/or upper numerical bounds.

These boundaries fill the min and max slo15 of the fact template Il numparam" defmed for

numerical parameters.

(deftempiau numparam
(Slol name)
(SIOI min (de/ault ?) (type NUMBER))
(SIOI max (defauit ?) (type NUMBER)))

(deftemplate nonnumparam
(SIOI name)
(mullislol values)
(mullislol menu)
(SIOI conllert))

In the case ofnon-numerical parameters, they are constrained to specified multiple

symbolic values defined in knowledge base. All constraint infonnation is passed to the

query functions to validate the input data.

The infonnation obtained following a grinding survey contains very useful facts

in the sense that they can be used to inter new information which allows process

identification, analysis, diagnostic and optimization. In the bail min module of GeOS,

a number of rules were developed based on the heuristic used in the interpretation of ball

mill facts (see Appendix D.1). Tbese included:

estimation of the malee-up or top ball sile using the Bond and Azzaroni

empirical relationships

determination of the energy efficiency based on laboratory and operating

work indices

identification of the excessive liner wear condition

identification of the excessive ball wear condition
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In practice a single objective or a combination thereof can be pursued during an

optimization exercise. An objective is set by quc;rying the user and binding the

appropriate value to the optimization-objective parameter. The optimization-objective

parameter bas been used as a conditional element in the LHS of allmles and depending

on its value, a mie set is selected and applied to the optimization problem. Given a

specific optimization objective. the system identifies the potential areas that can he

improved using available process information obtained from grinding surveys.

6.S.2 Hydrocyclones

This module consists of roles to analyze the performance of classification systems

based on the information obtained from a sampling campaign. Sînce hydrocyclones are

often used to close the grinding circuit, most mies refer specifically to this type of

classifier.

The roles defmed by this module contain heuristic knowledge on how

hydrocyclone variables can be changed to achieve a desired goal (see Appendix 0.2).

Most often the number of operating cyclones, the apex diameter. the vonex fmder

diameter are used to modify hydrocyclone operation and performance. Though

hydrocyclone diameter and inclination are also imponant parameters, they cannot he as

easily used for optimization purposes. Table 6.2 sbows some of the parameters

considered in the hydrocyclone module.

The objective of hydrocyclone (classification) optimization could be chosen as one

of the following:

achieving the correct product size and/or density (% solids)

improving classification efficiency

increasing capacity
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Table 6.2 Important parameters defined in bydrocydone knowledge source

131

Parameter Type Unit Derivation Constraint

Number of operating Numeric - Initial >0

cyclones

Cyclone pressure Numeric kPa Initial >0

Feed Dow rate Numeric t/h Initial >0

CUF density (% soUcis) Numeric % Initial 0-100

Correc:ted eut size, Dsoe Numeric ",m Initial >0

Separation sbarpness, m Numeric - Initial >0

Water split, Kr Numeric % Initial 0-100

Undertlow discharle Symbolic - Initial Spray,

type semi-rope,

rope

Classification Symbolic - Initial Single

arrangement stage,

multi-stage

Ore constitution Symbolic - Initial Single

species,

multi-

spccies
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Figure 6.3 shows a role-based decision tree tbat was designed as a part of the

HYDROCYCLONE module. Sïnce the ineffic.ie~y problems of hydrocyclones

operations bave been well recognized, they can he solved by a number of corrective

actions which must he decided based on the performance indicators and the optimization

objectives. In Figure 6.3, the leaf nodes represent various conclusions that can he

derived tbrough a series of questions about parameters wbicb are sequentially related to

each other.

6.5.3 C:irc~ts

The CIRCUITS module involves roles tbat apply to a grinding circuit as a single

system. Various circuit designs can he found in industrial plants. Grinding circuit

design in terms of equipment and configuration bas evolved from very simple circuits to

more complex ones. The selection of the right equipment and tlowsheet for a oew plant

is normally based 00 past experience. Funhennore, Many existing plants fmd their

equipment constrained to meet new demands 5uch as higher capacity or rmer grind.

Therefore, drastic modifications to an existing plant design could he expected when

current equipment and configuration cannot meet operation objectives.

The cules helps a user consider altemate circuit configurations (see Appendix

D.3). Ali parameters defmed in tbis module (except circuit configuration) are symbolic

ones and their values are derived by querying the user. The symbolic paramettrs having

a 'yes t or 'no' value are listed below:

product size distribution coarseness

product sile distribution width

overgrinding problem

sharp classification required

ball mill density

fresh feed contains rmes
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Have you filted Plitt's modello
the classification data '1

•

Have you optimised the
fit?

Have you gOllhe measurcd raw data such as
the cyclone overflowt cyclone undertlow size
distributions, tlow rales, de. '1

Have yoo oblained a positive Rr '1

r········_·······~· .
• 1! Optimise fil !• •
• 1• •
• 1• •...-.- ~

, .
: :
• 1· :: Fil Plill's model to data :
• •· .• •: :_ .

i········································~

i Perfonn a circuit survey to i
: collcct required classification :
: data :
• •• •• •.•..........•.••...•.•••.................•

•.........................................•• •• •
: check goodness of fit bath :
i quantitalively aoo qualitalively i
: (visually) :
• •• •· .•..............•••••........_..•.........~

Is the oplinlised fit salisfactory?
,............................•••..........................•
1 •: Calculate R.ç from Ille cyclone overtlow :
: and underOo'w solids tlow rates and % solids :
: and estimate d SOc and m :• •• •
1 •
1 •~••.........................•••.••.......•••••............:

Figure 6.3 The rule-based decisioo tree implemented as a part of HYDROCYCWNE module
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Doel there exisi a hump or plateau in
the measurc:d classification curve?

•

Do thcre exist heavy and light
miDerals in the ore?

15 lbere a fish book at the fine
end of classification curvc?

.......~ _...........•.·•·Individual behaviour study i
••·•••..........................•.•

Did you mass balance
the raw classification
data?

...................................•
• •. .
: Try a fish book model such :
: as one by Finch (1983) :

t•.••••.•....•.•................•.:

Did you mass balance
dle raw classification
dm?

.....................•
• •· .• •i Repeat sampling i· .· .• ••..............•.....•

~ - ~

• •• •
: Do mass balance before fining :
: Plitl's model ID the data :
~ ....•.•.. __ :

•••••.•........•......· .· .• •i Repcat sampling i· .· .• •..-_.................•

~.......•.••••._ ~

• •
: Do mass balance before fining :
: Plitt's mode. ID Ibe data :
~.~••••......._...........•...__...:

Figure 6.3 The rule-INRd dedsioo tree implemented _ a part of HYDROCYCWNE module (continued)



Cbapter fi Grinding Circuits OptimizaûoD Supervisor (GCOS)

fresh feed contains coarse

higher capacity required

rmer grind required
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6.5.4 ModelUng and Simulation

This module. MODSIM. involves rules conceming modelling and simulation tasb

(see Appendix D.4). Simulation exercise can be divided into more detailed stages

including pre-simulation. simulation and post-simulation. The mathematical modelling

of unit operations. or simply modelling, is in fact the pre-simulation stage which is very

critical in building a grinding circuit simulator. Usually verified models already exist

(off-the-shelf models) and ooly parametric estimation is required. However, when such

models are unavailable, they must be developed from scratch. Parametric estimation is

also a tool for unit performance analysis. For example, in the ball mill model. the

selection function is a measure of grinding kinetics effieieney or in Plittt 5 mode1 m

indicates how sharply a hydrocyclone separates panicles above and under the eut size.

Parameters involved in modelling and simulation tasles have been identified and

represented by a simple fact template called "parameter". Depending on ilS type. a

parameter can assume either a numencal or a non-numerieal value. The value of a

parameter is found by rules or simply asking the user. Parameter facts are mostly used

in LHS of rules ta establish other facts or fmal conclusions. For example, parameters

such as the shape of selection function vs. panicle size curve. goodness of fit and noise

associaled with measured data have been represented in GCOS as symbolic data.

6.5.4.1 Modelling

The two models for ball mill and hydrocyclone uoits must he calibrated by the

user. The modelling module lets the user estimate the selection function or predict

selection function values in the case of a ball diameter change.
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The following parameters must he known in arder to fit the baIl mill and Plitt's

hydrocyclone models ta a specifie circuit:

breakage (distribution) function

selection function

residence time distribution (RTD)

cyclone geometry

Plin's model calibration (adjusting) factors

The rules defmed in modelling section of MODSIM guides a user in parametric

estimation of the selection function and model fitting pracess. For Plitt's model the

performance indexes and calibration factors must he estimated off-line (e.g. with a

commercial spreadsheet).

6.5.4.2 Simulation

Agrinding circuit simulator is a valuable tool to a minerai pracessor to investigate

the effect of design and operating parameters on relevant performance parameters in a

noise-free environment. However. there are many ways for a user to initiate a simulator

search for a desired solution. Depending on the objective of a swdy, roles can guide the

user ta narrow the search space, and in fact guide simulation trials.

The system first checks if the user bas done ail the necessary steps or not. The

simulalor will be activated if all infonnation seems 10 be available. The mies

implemented in this module provide linkage ta BMCS. The system can give some

general recommendations regarding simulation trials.

The simulation section of the MOOSIM panition comprises of the rules thal guide

the user to simulate a grinding circuit. The circuit abjects are first created. The

simulation of each node is men perfonned by sending a message to the corresponding
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object. There are five rules that are circularly fired to perform iterations to reach the

steady-stale.

The purpose of performing simulations is to search for better design and operating

states and engineering judgement is very critical to evaluate the results. One should he

aware of practical limitations when performing this evaluation. A number of mies were

developed to ensure simulation results are acceptable from both technical and practical

perspectives.

6.6 Frame-Based Simulation
The frame-based or object-oriented approach was used to represent grinding and

classification devices and then to simulate a full grinding circuit by sending messages to

these abjects to process their input stream. The use of Object-Oriented Programming

(OOP) in developing minerai processing simulation and control software has been

discussed by Reuter and van Deventer [1992], Ynchausti and Hales (1992] and Sastry and

Sudhir [1995]. There are various types of comminution devices used in industry

including crushers and grinding unîts. Also, for size classification various devices such

as screeos, screw classifiers and hydrocyclones are used.

In a frame-based system, two mechanisms can be used to manipulate the

knowledge contained in the frames, Le. pattern matching rules and object

communication. Using the former approach, after defming BALLMILL as a class, we

need only one role to calculate the sile distribution of ail instances of that class:

IF bail mill f~td data is a'Vailab/~

bail mill mod~l is dejin~d

THEN calculat~ ballmill output siz~ distribution

In the second approach, however, a message is sent to each instance of the BALLMILL

class:
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IF bail mill feea data ;s available
bail the mill model ;s defin«i

mEN SendMessage(ballmilll. CalculateOulpulSize)
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After rule execution, a message is sent to ballmilll to generate the ball mill output

size distribution. It is assumed that we have already defmed a procedure attached to the

class frame BALLMILL which intercepts the message and calculates the sizc distribution

of the product accordingly. In this example, the message was sent from the RHS of a

mie. Messages can be sent also from an object (defmed in its class frame) to another

abject.

The frames defmed in GCOS include a hierarchy of object classes for

comminution and classification devices. Only the BALLMILL and HYDROCYCLONE

frames will he explained here. These abjects are called as corresponding modules to do

their function as explained in Chapter 5.

6.6.1 COMMINUTION

The hierarchy of comminution objects shown in Figure 6.4 was implemented by

using the defclass construct of COOL. The defmed classes however caver one type of

comminution device (see Fig. 3.3) used in fine grinding, due to the limited scope of the

thesis. The ooly concrete frame class is OVERFLOW-DISCHARGE..BALLMILL which

is used for creating instances of bail mills. A concrete frame pennits instantiation of

abjects.

(defclass COMMINUTION·UNa' (is·a USER)
(role abslracl)
(slol manufaclllrer-name)
(slol idemijicalion-number)
(slol inslallalion-year)
(Slol eleetrical-power)
(slol capacity)
(slol nel-id (creale-accessor read-write))
(slol node (creale-accessnr read-wrile)))

(defclass TUMBUNG-MIU (is-a COMMINU170N-UNm
(role abslraet)
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(sial tenglh)
(sial diameler))

(defclass BAJLMIU (is-a TUMBUNG-MIU)
(rolt tlbstract)
(siOI mtdia-rype)
(sial mtdia-size)
(mtssage-handler grinti))

(defmessage-htmdler IlAlLMIU. grindO
(system ballmill.exe))

(defclass OVERFLOW-DISCHARGE-BAUMllL (is-a BAUMIIL)
(role concrete)
(pattern-match reactive))
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The message handler grindO has been defined to cali the BALLMILL program

in response to the message sent to the created instances of OVERFLOW-DISCHARGE­

BALLMILL abject. As a user-defined class COMMINUTION...UNIT directly inherits

a number of functions defmed in USER such as the system message handlers for

initialization and deletion actions. The USER is a pre-defined class of COOL. The

other classes. such as BALLMILLt inherit these functions indirectly.

6.6.2 HYDROCYCLONE

Hydrocyclones are special classification devices that are widely used in industrial

grinding plants. The hydrocyclone frame has slots to represent knowledge that is

significant such as separation sbarpness, eut size, and pressure. The message handler

'classify' simulates the classification operation of a hydrocyclone.

(defclass HYDROCYCLONE (is-a USER)
(role cancrere)
(slol manufacrurtr-name)
(S/Ol idenlijicalion-number)
(siOI inslallalion-ytar)
(slol separarion-sharpness)
(slol cul-sizt)
(slol prtssure-drop)
(Slol net-id (creatt-accessor read-write))
(slol node (creatt-Qcctssor read-wrilt))
(patltrn-match rtQClivt))
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(dtfm~ssage-handler HYDROCYCLONE classify()
(system cyclone.ae))
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In practice there are cenain steps prior to the steady-state simulation of a grinding

circuit. A model of the circuit must he built and validated. The GeOS mle-based

system bas a number of cules that check if the user bas done this step or not. If not, the

GeOS gives the user an appropriate recommendation. Once aU the infonnation is

available, the GCOS runs the pre-simulation program.

Based 00 the selected circuit, instances of different objects that represent each

node in the circuit are constructed. The required instances are made after tiring the

foUowing mie:

(defruie creale-instances
(circuil number ?cirno)
(circuit ?cimo ?node ?noderype ?id)

=>
(if (eq ?nad~rype L) th~n (nroU-instanc~ (sym-cat "BAILMIU-" ?id) of

OVERFLOW-DISCHARGE-BAlLMIU (nade ?node) (net-id ?id»))
(if (~q ?nodetyp~ Z) lhen (moJœ-instanct (sym-car "HYDROCYCLONE-" ?id) of

HYDROCYCLONE (node ?node) (net-id ?id»)
(if (eq ?nodetype 3) then (l1IDke-instance (sym-cat IfJUNCfION- ft ?id) of

JUNC170N (node ?node) (net-id ?id»)
(if (eq ?noderype 4) then (fIUIke-instance (sym-cat "SPUT-" ?id) ofSPLIT (node

?node) (net-id ?id»)
(if (eq ?noderype 5) Ihen (nuzJce-;nstance (sym-cat IfFlXC/..ASS- " ?id) of

FIXCLASS (nade ?node) (n~t-id ?id»))
(if (eq ?noderype LOO) then (l'I'IQ/œ-inslance (sym-cal "CONVERGENCE-" ?id)

of CONVERGENCE (nod~ ?node) (nel*id ?id))))

Ali object classes have slots for the Dode number and ilS network identification number.

The followiog rule checks whether a calculation pass (or an iteration cycle) is

completed or DOt. When the current oode is not the last node. the fact defming the

current Dode is updated to specify the next Dode to he processed. If the current node is

the last one, a new fact is asserted to trigger the mie which then checks convergence and
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simulation status.
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If convergence is not reacbed within the tolerance given by the user, then another

iteration will be started.

(dq,ule check-convergence
?/1 <- (check convergence)
?f2 <. (cu",nl-;teralion ?iter)

=>
(retracl ?fl ?f2)
(system simconl.exe)
(open simslQt.ut sim 1f,1f)

(bind ?status (read sim))
(if (eq ?stalus comp/eled) then (QSserr (simulation completed)) (system
repgen.exe)
else (assen (cU"enr-ileralion = (+ ?iler 1))))
(close sim))

When the rule 'check-convergence' is flIed, the matching facts fl and f2 are

retracted from the knowledge base by the retract commando Then the simulation status

is read from the 'simstat.lst' file. Whether or not the steady state is reached is indicated

by the convergence abjects. If the simulation is completed, a report is generated and

displayed; otherwise, a new current-iteration fact is assened into the knowledge base

which triggers another rule to stan the next simulation iteratioo.

6.7 Summary

The implementation of GCOS demonsttated the effectiveness of rule-based

systems to represent (symbolic or textual) grinding optimization knowledge and tberefore

their capability to improve the user interface of these types of software in terms of

assisting the user in making decisions during off-line optimization practices.

The conclusions drawn by GCOS assist a process engineer to have a better

understanding of the process and make optimization decisioDS. Using process knowledge

expressed in the fonn of simple facts and mies, GCOS quickly inters ail possible new
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information that helps identify operation problems in terms of energy utilization, metal

consumption due to liner and/or ball wear and appropriate malee-up ball size. The

required data by GCOS are very basic and are nonnally collected during a grinding

survey.

The classification rules generate recommendations regarding how to increase or

decrease classification cut size, reduce the recovery of fluid (water) to cyclone underflow

and increase separation sharpness. When no classification objective is set by the user,

the system tries to establish one by asking the user a series of questions related to data

analysis and classification efficiency parameters.

Rules defmed in the knowledge base of acos are either general such as those for

recommending an advice for improving a grinding circuit operation or very specifie such

as thase for performing parametrie estimation or simulation by executing extemal

programs, NGOTC and BMCS. The testing of acos will he presented in Cbapter 8.



CHAPTER7

TESTING OF GRINDING CIRCUITS

OPTIMIZATION SUPERVISOR

7.1 Introduction
The performance of a Knawledge-Based System (KBS) must be assessed by its

testing using various data sets, preferably realistic ones. A knowledge base, even with

a small number of rules, can generate unexpected perfonnance if it is not tested for error

detection and removal. In role-based systems, hawever, debugging differs from that of

traditional computer programs concepmally and practically. For example, a knowledge

base must be checked for removing redundant, conflicting, subsumed, circular and

unnecessary rules in order ta he consistent and efficient [Gonzalez and Dankel 1993).

The knawledge base must he also checked for dead-end, missing and unreachable roles.

Comprehensive knowledge base testing includes two parts, Le. verification and

validation. [n verification the knowledge base is examined to be right in terms of its

consistency and completeness. In validation the knowledge base is examined ta he

adequate in terms ofaddressing specified domain problems by providing correct answers.

Therefore, a KBS may be verified, but not validated. A system must be first verified in

arder to be validated.

Grinding Circuits Optimization Supervisor (GCOS), explained in Chapter 6, was

tested using a number of prepared analysis and optimization cases of real grinding

circuits. In this chapter example ruos of GCOS using these data are presented. The aim

of the testing was to make sure that GCOS perfarms correctly as expected by the system

design. For example, focusing on the relevant module, firing of relevant mIes, asking

143
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questions when they are necessary and unredundant and providing context sensitive help

are among the issues that were considered during syslem testing.

7.2 Testing GCOS

Ali modules of GCOS have been tested using various data. Sïnce it was

impractical to present all test rons, some of them are given below as examples. These

example roos demonstrate how a novice user can use GCOS as a consulting system and

also show how the system responds to the user input. The user input and system output

in consultation sessions were saved into a text file using the "dribble-on" command of

CUPS (C Language Integrated Production System).

7.2.1 Agnico Eagle, La Ronde Division

The selection function estimation results for the two bail mills were discussed in

Section 4.6.1. Table 7.1 shows general circuit design and operating data.

Table 7.1 Design and operating data of baU milling circuits (AELRD)

Circuit type

Grinding operation mode
Discharge mechanism
Diameter inside liners (m)
Length inside liners (m)
Mill speed (%CS)

Bali top size (mm)
Bali material
Ore specifie gravity
Laboratory work index (kWhlt)
Operating work index (kWhlt)
Fso (pm)

Installed motor power (kW)
Power draw (kW)

Closed
Wet
Overtlow

=3.5
=5.2
NIA
76
Steel
NIA
NIA
NIA
=212
NIA
NIA



Cbapter 7 Testing of GrindiDg Circuits Optimizatioo Supervisor 145

The (wo grinding Hnes have the same design and are operated similarly. The

shape of the selection function vs. particle size curv~s show a tinear trend witbout a

hump. This situation MaY indicate that grinding balls are tao large. This information

was used to test a set of roles regarding the selection function shape and ball size. The

consultation sessions are provided in below-:

••••••••••••••••••••••••••••••••••••••••••••••••••••
• GriacUaa Clrcu'ts Optlmlzation Supenrlsor (GCOS) •
·AquRl~ •
• McGill Unlven'ty •
• MIaiD& and MetaUurgica1 Engineering Department •
• M1aeral Processq Group •
••••••••••••••••••••••••••••••••••••••••••••••••••••

GCOS Is a knowledge-based expert system to asslst
a IDmeral proc:essIlII enl'neer to optilnlze a bail
nUlUag drcuit. The system wUl ask a series of
questions to reaeb a cond.ion or a number of
conclusions.

Pleue press any key to continue ."

GCOS> Pleue choose one of the follo"'OI topies?
l bail mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> l

GCOS> Wbat is your optintization objective?
1 increase throughput or grind fmeness
D decrease operating costs
U unknown
==>i

GCOS> What shape does the selection fundion vs. partide size curve have?
L linear
SH straight Hne with a smalt hump al coarse end
LU large bump
==>1

GCOS> What mode of arindina opention is used?
W wet
o dry
==> w

GCOS> What material are balls made or!

-In ail consultation sessions providcd. questions were made boldo The text of tide screen was omitted in
next ones for brevity.
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S steel
1 silica
==> s

GCOS> WUt make-up bail size is used (in millimeters)?
==> 76

GCOS> Pleue enter the interaal dlameter of the mUI. measured 'oside the liner (iD meten)?
==> 3.5

GCOS> Wbat type of dlscbarae meebanlsm does tbe mill bave?
o overtlow
D diapbragm
==> 0

GCOS> What circuit type is used?
o open
C closed
==> c

GCOS> At wbat speed is the mill ruDDing (in rpm)?
==> u

GCOS> Cao tbe bail mill teed let mucb c:oaner? (yIn)
==> y

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
No conclusion was found.
Please press any key to continue ...

The cumnl consultation session is terminated.
Would you Uke to start a new session? (YIn)

==> y

GCOS > Plesse c:hoose one of the following topies?
1 bail mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 1

GCOS> What is your optimization objective?
[ increase throughput or grind fmeness
D deaease operating costs
U unknown
==>i

GCOS> WUt shape does the selection function vs. panide size curve bave?
L linear
S8 straighl line with a small hump al come end
LU large hump
==>1

GCOS> Wbat mode of grindlDI operation is used?
W weI
o dry
==> w

GCOS> Wbat material are balls made of?
S steel
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1 silica
==>5

GCOS> What make-up bail size is used (ID mUlimeters)?
==> 76

GCOS> Please eDter the iDternai diameter 01 the mill. measured ioside the liDer (iD meten)?
==> 3.5

GCOS> What type of dlscharge mechanism does the mill have?
o overflow
D diaptU'agm
==> 0

GCOS> What cireuit type is used?
o open
C closed
==> c

GCOS> At what speed is the mill runniog (iD rpm)?
==> u

GCOS> CaD the bail Mill reed get much coaner? (yID)

==> n
GCOS> Was ball size increased in the past to improve througbput or grind? (yIn)

==> n
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

CONCLUSIONS
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

Decrease make·up or top ball size by 13 mm (0.5 inch). This
can be achieved using a blend of make·up balls. Test the
effect of this change by NGOTC before real plant exercise.

==>
The current consultation session is terminated.
Would you like to star! a new session? (yln)

==> n
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Figures 7.1 and 7.2 show the classification performance eurves ealculated based

on the same data sets for Lines 1 and 2, respectively. To fit the mode1, Rf was

calculated using measured percent solids and two other parameters, dsOt and m, were

estimated using the optimizer tool of the Quattro Pro· software (a non-lïnear optimization

package which uses the Newton or conjugate method to minimize the value of a target

eeU. The wget cell in this case is the sum of the squared of the difference between

actual and calculated recoveries). The blocks of the spreadsheet file containing the

results of the last iteratioD for bath lines are given in Appendices E.l and E.2. It should

•Quaaro Pro is a uademark of Borland International
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Figure 7.1 Classification performance curve of the cyclopak of Line l, AELRD

(July 13 1996 survey)
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Figure 7.2 Classification performance cu"e of the cyclopak of Line 1, AELRD

(July 13 1996 survey)
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he noted tbat Kr could not he estimated by this method, as there were too few data points

below the cut-size.

~, 50%and 43% for grinding lines 1 and 2 respectively, is too high and indicates

a situation far from optimal conditions. The estimated value of m for Line 1 is equal to

1.32, which is very low; showing a poor sharpness of separation. For Line 2, the value

of m is equal to 2.73, which is considered acceptable. However, there is uncenainty

regarding the d,Oc and m values. because relatively few points are used in the calculation

of the sum of square and all are above the cut-size. Funher, there is a distinctive hump

in both performance curves which is probably associated with the transition from fme

sulphides to coarse silicates in the cyclone feed (with increasing particle size).

As a result, il is not certain that classification sbarpness needs improvement.

Rather, it is the decrease of shon-circuiting whicb is the most imponant corrective

action, by the decreasing of the apex diameter. One would suggest tbat the undertlow

density of the individual cyclones he cbecked and that the apex of the most dilute ones

he cbanged for smaller ones. This should assist in decreasing circulating load

significantly, which in mm will benefit residence lime in the mills.

A number of consultation sessions were made using the infonnation conceming

classification:

GCOS> PI.. choose one or the rOUOwiDI topies?
1 ball mill
2 hydrocyclooe
3 circuit
4 modelling and simulation
==> 2

GCOS> Mat Is your dassifieadoa objective?
1 iocrease eut size. dSO
D decrease dSO
R reduce water rec:overy lO the cyclone undertlow. Rf
S increase separation sbarpoess. m
U unknown
==> u
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GCOS> Have you ntted PlIU's model to the classlDcation data? (yIn)
==> y

GCOS> Have you optimized the nt? (yln)
==> y

GCOS> Have you obtained a positive RI? (yIn)
==> n

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

*•••******••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached ta the following conclusions:

Il is recommended to use a wider screening sile range in
next circuit survey sa that Rf can he estimated when model
tining is optimized.

==>
When the fit is optimized. the fmal values of estimated
parameters. Rf. dSOc and m must he positive. If note this
cao be due to incomplete sile dishibution information
of cyclone streams for fine sile classes. To solve this
problem. Rf can he ca1culated from cyclone overtlow
and underflow soUds tlow rate and percent solids information.
Theo, the other two parameters cao be estimated using the
optimization tool.

==>
The current consultation session is terminated.
Would you IlIle to stan a new session? (yIn)

==> y

GCOS> Please cboose one 01 the rollowlna topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 2

GCOS> WUt is your clauiDcalioD objective?
1 increase cut size, dSO
D decrease clSO
R reduce water recovery to the cyclone underflow, Rf
S increase separation sharpness. m
U unknown
== > r

*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••*•••••••••••••••••••
The system reached to the following conclusions:

Water recovery to the cyclone undertlow, Rf, cao be reduced by
using larger vonex fineler diameter. It is recommended to use the
BMCS to assess the impact of this change on full circuit
performance.

==>

ISO
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Water recovery to the cyclone underflow, Rf, can be reduced by
using smaller apex diameter. It is recommended to use the BMCS to
assess the impact of this change on full circuit performance.

==>
The current consultation session is tenninated.
Would you Ilke to start a ne" session? (yIn)

==> y

GCOS> Plesse choose one of the followinl topies?
1 ball mill
2 bydrocyclone
3 circuit
4 modelling and simulation
==> 2

GCOS> Mat ls your classification objective?
[ increase eut size, dSO
D decrease dSO
R reduce water recovery to the cyclone underflow, Rf
S increase separation sharpness, m
U unknown
==> s

••••••••••••••••••••••••••••••••••••••••••••••••••*••••••••*••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

ln case of excessively high feed solids concentration or high
slimes concentrations, it is recommended to dilute the feed to
reduce the viscosity of the fluide This can be led to improved
separation sbarpness.

==>
The PHu's separation sharpness can be increased by modifications
mat decrease water recovery to the cyclone underflow or shon
circuiting. The separaiion sharpness can be improved by adding
the number of operating hydrocyclones or increasing pressure drop if
il is too low.

==>
The cumnl consultation session is terminated.
Would you like to stut a ne" session? (yIn)

==> n
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The above examples show sorne of the conclusions that are offered by

CLASSIFICATION module. One of the problems addressed in the knowledge base is

how to correctly fit Plitt's model to the measured classification data. For example,

having a negative Re parameter after optimizing the fit is a problem for which the

knowledge base can offer a solution. More examples related to testing other sets of rules

in this module will he given in Sections 7.2.4 and 7.2.5.
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7.2.2 Les Mines Selbaie
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The selection function analysis of Les Mines Selbaie case was discussed in Section

4.6.2. Table 7.2lists sorne of the imponant design and operating data of circuit B. The

shapes of the selection function vs. partiele size curves for the baIl mill and tricone mill

were given in Figures 4.7 and 4.8.

Table 7.2 Design and operatiol data of the circuit B (Les Mines

Selbaie)

Parameter

Circuit type

Grinding operation mode

Discharge mechanism
Diameter inside liners (m)

Length inside liners (m)

Mill speed (%CS)

Bali top size (mm)

Ball material
Ore specific gravity
Laboratory work index (kWhlt)

Operating work index

F80 (#Lm)

Installed motor power (kW)

Power draw (kW)

Bali mill

Closed
Wet

Overtlow

=3.07
=3.92
76

38

Steel
2.9
15.00

11.59

=1058

NIA

=563

Tricone mill

Closed
Wet

Overtlow

=2.87
=3.23

73

25 (slugs)

Steel

2.9
15.00

12.29

=153
NIA

=354

The following is the example mn made by using the infonnation given in Table

7.2 and the selection function estimation results (see Fig. 4.7).

GCOS> Please choose one of the followtnl topies?
1 ball mil1
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 1
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GCOS> Wbat is your optimization objec:tlve?
1 increase throughput or grind fineness
D decrease operalîng costs
U unknown
==>i

GCOS> Wbat sbape does the selection fuactioD vs. partiele size cun'e have?
L linear
5H straight line with a small hump at coarse end
LH large hump
==> th

GCOS> Wbat mode of grindiDg operation is used?
W wei
D dry
==> w

GCOS> Wbat material are balls made of?
5 steel
1 silica
==>5

GCOS> Wbat make-up bail size is used (in millimeters)?
==> 38

GCOS > Pleue enter the internai diameter of tbe mill, measured ioside the liner (in mden)?
==> 3.07

GCOS> Wbat type of disc:harge mechanism doa the mill have?
o overtlow
D diaphragm
==> 0

GCOS> What circuit type is used?
o open
C closed
==>c

GCOS > At what speed is the mill runniog (in rpm)?
== > 18

GCOS> What is the value of laboratory Bond Work index (in kWh/t)?
==> 15

GCOS> Pleue enter clIO of the bail mill reed (in microns)?
== > 1058

GCOS> Mat spednc aravity does ore have (in g per cubic au)?
== > 2.9

GCOS> WUt percent of the bail mill discbarge has a size lafler than that of hump'?
==> 12

GCOS> Enter the maximum selection function value?
==> 1

GCOS> Enter the top size dass selection fUBction?
==> 0.03

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reacbed to the following conclusions:

The recommended make·up or top ball sile for single sile
redlarge is:
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S1.44 mm (based on Azzaroni's relationship)
25.25 mm (based on Bond's relationship)

==>
The corrent consultation session is terminated.
Would you lIke 10 start a new session? (yIn)

==> n
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Since only 12% (less than 20%) of the baIl miU discharge has a size larger than

that of hump, using a larger bail sile was not recommended by the system, despite the

pronounced hump shown in Figure 4.7. The system, however, bas given the malee-up

ball sizes calculated using Azzaronî and Bond rclationships. That used in the mill is

intermediate, 38 mm.

The following two sections of the example run focus on testing the modelling

mies regarding the validity of the bail mUI and tricone mill estimated selection functions,

respectively.

GCOS> P1ease cboose one 01 the lollowinl topies?
1 bail mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 4

GCOS> What task do you want to do?
M modelling
S simulation
==> m

GCOS> Wllat type 01 study are you doiol now?
P preliminary
o detailed
==> p

GCOS> Have you determined paraDleters 01 Weller's modellhat desc:ribe nsidence time
distribution (KTD) 01 solid material nowinl throuab the mm? (yln)

==> y
GCOS> Is the breakale lunetion 01 the ore avatlable? (yln)

==> y
GCOS> Bave you estima'ed the value 01 selection fUDCdoD lor eacb size dass? (yIn)

==> y
GCOS> Does the selection lunction vs. pardcle size show a dear trend? (yIn)

==> y
GCOS> Is tbere noise in the selection lunetion vs. parti&~le sia data? (YIn)

==> n
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

The estimated selection function seems to be valida
Normally. if selection function vs. panicle sile curve
bas a clear trend and tbere is no signifiant noise in
data panicuIarly at coarse size classes, il indicares a
reliable estimated selection function.

==>
The currenl consultation session is terminated.
Would you like to start a new session? (yIn)

==> n
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The estimated selection functions for the tricone mill show increasing trends, but

they exhibit a high level of noise at coarse size classes. These IWO parameters, trend and

noise, can help to indicate the validity of the estimated selection function. The below

example mo shows the system conclusion in such cases.

GCOS> Please choose one 01 the lollowiDI topia?
1 ball mill
2 bydrocyclone
3 circuit
4 modelling and simulation
==> 4

GCOS> What task do you want to do?
M modelling
S simulation
==> m

GCOS> What type or saudy are you dolnl now?
P preliminary
D detailed
==> p

GCOS> Have you determiDed panmeten 01 Weller's model tbat describe residence time
distribution (RTD) 01 salid material nowinl throulb the mill? (yIn)

==> y
GCOS> Is tbe breakale funetion 01 the ore available? (yIn)

==> y
GCOS> Have you miDIateci the value 01 selection runetion ror eacb size class? (yIn)

==>y
GCOS> Dues the selection rUDetion vs. particle size sbow a clear trend? (yIn)

==> y
GCOS> Is thue noise ia tbe selection functioa vs. particle size data? (yIn)

==> y
GCOS> Dues tbe noise exist iD the top size classes? (yln)

==> y
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•••••••••••••*••••••••••••••••*••••••••••••*••••••••••••••••••••
CONCLUSIONS

••*••••••••••••••••••••••••••••••••••*••••••••*.**•••~•••••••••*
The system reached to the following conclusions:

The estimated selection functioD is vaUd for fme size
classes. However. for the top size classes. the selection
function values may be uncenain and erratic due to screening
erren. if there is very littie mass in top sile classes.

==>
The current consultation session is terminaled.
Would you IIke to stan a new session? (yIn)

==> n

Table 7.3 Design and operatiDI data of baU miU circuit (Lupin Mine)
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Circuit type

Grinding operation mode

Discharge mechanism
Diameter inside liners (m)

Length inside liners (m)

Mill speed (%CS)

Bali top sile (mm)

Bali material
Ore specifie gravity
Laboratory Work Index (kWhlt)

Operating work index (kWhJt)

Fao (pm)

Installed motor power (kW)

Power drawn (kW)

Closed
Wet

Overtlow

=2.44

=7.32
NIA
51

Steel

NIA
15.40

NIA
=850
NIA
513

7.2.3 Echo Bay Mine, Lupin

Table 7.3 shows the information about the bail mill circuit at Lupin. In this case,

only the selection function estimation results were used in testing. The following

consultation session was made using data given in Table 7.3 and the selection function

estimation results shawn in Figure 4.10.
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GCOS> Please cboose one 01 the lollowinl topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 1

GCOS> What il your optfmization objective?
1 increase throughput or grind fmeness
D decrease operating costs
U unknown
==> i

GCOS> Wbat shape does the selection runction vs. pantele size curve bave?
L linear
S8 straight line with a small bump at coarse end
LH large hump
==> sh

GCOS> Wbat lDode 01 lrindlng opention is used?
W weI
o dry
==> w

GCOS> Wbat materia. are balls made of?
S steel
1 silica
==>s

GCOS> Wbat make-up baU slze is used (ln miUlmeten)?
== > 51

GCOS> Please enter the Internai dJameter 01 the mill, meaured loslde the liner (in meten)?
== > 2.44

GCOS> Wbat type 01 dlscbal'le mechanJsm does the mill bave?
o overt1ow
o diaphragm
==> 0

GCOS> Wbat circuit type is used?
o open
C closed
==> c

GCOS> At "bat speed is the mill runninl (In rpm)?
==> u

•••••••••••••••••••••••••••••••••••••••••••••••••••••*••••••••••
CONCLUSIONS

*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

There is no serious necd to change the makc-up ball size.
However. the impact of any change to the make-up ball sile
can only be indicated by simulation.

==>
The current consultation session is terminated.
Wouid you Uke to start a new session? (yIn)

==> n
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In the above example ruD, after a series of questions the system concluded that

the ball size does not need ta he changed. The query process was tenninated as saon as

the last question was answered unknown.

7.2.4 Louvicourt Mine

Table 7.4 shows the information about the primary ball mill circuit.

Table 7.4 Design and operating data of tbe primary bail mill circuit

(Louvicourt Mine)

Circuit type

Grinding operation mode

Discbarge mechanism
Diameter inside liners (m)

Length inside liners (m)

Mill speed (%CS)

Bail top size (mm)

Ballmaterial

Ore specifie gravity

Laboratory work index (kWhlt)

Operating work index (kWhlt)

FIIO (pm)

Installed motor power (kW)

Power draw (kW)

Closed

Wet

Overtlow

=5.00
=7.30
NIA

76

Steel

NIA
NIA

NIA

NIA

=2980
=2700

The example run in this case demonstrates how the system responded to the

classification infonnation of Louvicoun Mine:

GCOS> P1ease choose one or tbe rollowtna topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 2
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GCOS> What is your classillcation objective?
1 inCfease cut size. dSO
D decrease dSO
R reduce water recovery to the cyclone underflow. Rf
S increase separation sharpne5s. m
U unknown
==> u

GCOS> Have you ntted Plltt's model to the classincation data? (yIn)
==> y

GCOS> Have you optimized the nt? (y/a)
==> y

GCOS> Have you obtained a positive RI? (yln)
==> y

GCOS> Is tbe optlmized nt satisfactory? (y/n/u)
==> n

GCOS> Dots tbe partition curve have a bump or plateau in intennediate size range? (yln)
==> y

GCOS> Dots tbe cyclone feed contain sipineant heavy and IIgbt minerai pbases? (yln)
==> y

*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

Individual minerai classification behaviour is
the possible cause of the lack of fit. The Plitt
hydrocyclone model cm ooly be used for trending.

==>
The current consultation session is terminated.
Would you Iike to start a new session? (yIn)

==> n
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Besides the individual minerai classification behaviour. the fish hook phenomenon

can also cause the unsatisfactory fit of Plitt' 5 model. This problem was observed in none

of the slUdied cases. Nevenheless, there are mies in the knowledge base which address

this problem (sec Appendix D.2).

The following session shows the system conclusions when the classification

performance information for a single mineraI, chalcopyrite, is input:

GCOS> Pleue cboose one of the follo"'l11 topies?
1 bail mill
2 hydrocyclone
3 circuit
4 modeUing and simulation
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==> 2
GCOS::> Wbat is your classification objective?

1 increase cut size. dSO
o dec:rease dSO
R reduce waler recovery to the cyclone undertlow t Rf
S increase separation sharpness. m
U unknown
==> u

GCOS> Have you OUed Plftt's model to the classification data? (yIn)
==> y

GCOS> Have you optimized the flt? (yIn)
==> y

GCOS> Have you obtained a positive RI? (yID)

==> Y
GCOS> Is the opllmized flt satisfactory? (y/Dlu)

==> y
GCOS> What is the estimated value of the water recovery to the cyclone underOow (in %)?

==> 44
GCOS> Mat is the estimated value or the separation sharpness?

== > 2.13
•••••••••••••••••••••••••••••••••••••••••••*••••••••••••••••••••

CONCLUSIONS
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached (0 the following conclusions:

The efficiency of the cyclone operation in lenns of
the amount of water recovered la the cyclone underfiow
is poor. It is recommended (0 reducc water recovery
(0 the cyclone undertlow.

==>
- The cyclone separation sharpness is nonnaI.
==>

The current consultation session is terminated.
Would you Ilke to start a new session? (yIn)

==> n
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The system further consulted for fmding the ways to reduce water recovery to the

cyclone underflow:

GCOS> Plesse choose one of the followiol topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 2

GCOS> What Is your classiDcation objective?
1 increase cut size. dSO
D decrease dSO
R reduœ Waler recovery to the cyclone undertlow. Rf
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S increase separation sbarpness, m
U unknown
==> r

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

Water recovery to the cyclone undcrtlow. Rf, can be reduced by
usÎDg larger vonex fmder diameter. Il is recolDlDended to use the
BMCS ta assess the impact of this change on full circuit
performance.

==>
Water recovery to the cyclone underflow. Rf, can he reduced by
using smaller apex diameter. Il is recommended to use the BMCS ta
assess the impact of this change on full circuit performance.

==>
The cumnt consultation session is terminated.
WouJd you IIke to start a new session? (YIn)

==> n
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The above example illustrates how the present set of rules may give a choice of

course of action. This could he eventually resolved by adding rules. For example t

decreasing Rf cao he achieved by increasing the vortex fmder diameter or decreasing

apex diameter. The f1I'St action will aIso decrease circulating load significantly, as will

the second to a lesser extent. If the circulating load is already lowt neither actions are

advisable. Rather, decreasing both apex and vortex finder diameters or adding more

water to the grinding circuit would acbieve the objective of increased circulating load and

decreased Rf'

The above discussion is highly relevant ta the Louvicourt Mine case. As

recommended by BMCS, smaIler balls were added to the bail mill t and resulted in a fmer

grind. However t when apex diameters were reduced to lower Rr, the drop of circuJating

load from 280% to 200% caused the grind to coarsen to its original value. Clearly a

new set of roies must he enacted to simultaneously adjust Rr and the circulating load to

desirable values.
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7.2.5 Dome Mine

Dome Mine, one of the Placer Dome Inc. operation sites, is located at Timmins,

Ontario. The mill treats approximately 10600 t/d of gold ore, although recendy

throughput bas averaged above 13000 tld. The comminution process includes crushing

and grinding. Grinding consists of circuits A and B. Qnly B circuit grinding surveys

were used for the testing which is presented here.. It must be noted that the Dame Mine

is an independent case from those used to develop the knowledge base.

The B circuit bas a nominal capacity of 10000 tld and consists of single stage

ball milling and cycloning. A cyclopak of 10 38 cm (15") hydrocyclones is used for

sizing of the bail Mill discharge. A ponion of the cyclopak underfiow is bled and then

is concentrated by a Knelson Concentrator (KC) unit. Two data sets from (WO surveys

performed on September 23 and November 18 of 1997 were supplied for circuit analysis.

The November 18 1997 data set, however, was nOl used in the analysis due to the erratic

size distribution data.

The raw data includes the laboratory work index of the ore fed ta the circuit,

panicle size distributions and % solids of samples of various streams. The assessment

of grinding kinetics and classification performance was considered in data analysis. In

the mass balaneing of raw data, the KC unit was ignored due to the relatively small mass

of material which is processed.

Table 7.S lists the infonnation about the circuit B. The GCOS was consulted

after the selection function had been estimated and ploned vs. particle size. The raw data

were first mass balanced using NORBAL3 (Spring 1992], see Appendix E.3. Theo, the

balanced data were used ta estimate the ball min selection function and cyclopak

classification perfonnance (Appendix E.4). Figure 7.3 shows the selection function vs.

partiele size curve. The data exhibits a clear and increasing trend between 212 and 1800

~m and then a Doisy decreasing trend above Sooo #Lm.
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Table 7.5 Design and operatiog data of the circuit B (Dome Mine)
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Circuit type

Grinding operation mode

Discbarge mecbanism

Diameter inside liners (m)
Length inside liners (m)

Mill speed (%CS)

Bali top size (mm)

Bali material
Ore specific gravity
Laboratory work index (kWhlt)
Operating work index (kWhlt)

Fao (#lm)

Installed moter power (kW)

Power draw (kW)

Closed

Wet
Overtlow

NIA

NIA

NIA

76

Steel
2.8

12.8
NIA
NIA
NIA
NIA

Figure 7.4 shows the measured and corrected classification perfonnance curves.

The classification efficiency indicated by PUtt's model to the measured data shows a poor

performance in tenns of separation sharpness. The infonnation obtained from selection

function estimation and classification performance analysis was used in a consultation

session with acos as below:

GCOS> P1ease choose one of the following topies?
1 ball miU
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 1

GCOS> Wbt is your optlmization objective?
[ increase througbput or grind fmeness
o decrease operating cost!
U unknown
==>i
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Figure 7.3 Grinding kinetics of the circuit 8 bail mill, Dome Mine (September 23
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GCOS> WUt shape does the selection function vs. partiele size curve bave?
L linear
SU straighl Une with a small bump at coarse end
LH large bump
==> b

acos HELP
,-------

Please look al the shape of selection funetion vs. panicle
size curve and then choose one.

Vou can quit any time by typing quit. bye or system. If
you do not know the answer just type <unknown > or <u> .

Please press any key to continue ...

GCOS> WUt shape does tbe selection fonction vs. paniele size curve have?
L linear
SU straigbt line with a small bump at come end
LH large hump
==> sh

GCOS> What mode of grindiDg operation is used?
W weI
o dry
==> w

GCOS> WUt material are balls made or?
S steel
1 silica
==> 5

GCOS> What make-up bail size is used (in millimeten)?
==> 76

GCOS> Pleue enter the intemal diameter of tbe mill, measured ioside the liner (in meten)?
==> u

GCOS> WUt type of dlscbaJ1e mecbaaism does the mill bave?
o overtlow
D diapbragm
==> 0

GCOS> What circuit type is used?
o open
C closed
==> c

•••••••••••••••••••••••••••••••••••••••••••••*••*•••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
No conclusion was found.
Please press any key to continue ...

The currenl consultation session is terminatcd.
Would you Uke to start a nel' session? (y/a)

==> y
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GCOS> PI.. clloose oae of the follo'"l11 topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modeUing and simulation
==> 2

GCOS> Wbt il your classincatlon objective?
1 increase eut sile. dSO
D decrease <ISO
R reduce water recovery to the cyclone underflow. Rf
S increase separation sharpness. m
U unknown
==> u

GCOS> Have you ntted PlIU's model to tbe classincation data? (yIn)
==> y

GCOS> Have you opdmized tbe nt? (yIn)
==> y

GCOS> Have you obUiaed a positive Kr! (y/a)
==> y

GCOS> Is tbe optJmized nt satisfadory? (y/n/u)
==> y

GCOS> Mat is tbe estlmated value of tbe water recovery to the cyclone underftow (in %)?
==> 33

GCOS> Wbat Is tbe estlmated ,alue or the sepantion sbarpness?
== > 1.46

GCOS> Boes the partition corve bave a bump or plateau in intermedlate size ranle? (y/a)
==> D

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

The efficiency of the cyclone operation in terms of
the amount of water recovered to the cyclone undertlow
is reasonable.

==>
The cyclone separation sharpness is poor.

==>
The c:urrent consultation session is tenninated.
Would you like to stan a aew session? (yIn)

==> n

GCOS> Please choose one of the follo,"nl topies?
1 ball mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 4

GeOS> WIaat t8Ik cio you waat to do?
M modelling
S simulation

166
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==> m
GCOS> Wbat type of study are you dolnl now?

P preliminary
D detailed
==> p

GCOS> Have you determiaed panmeten of Weller's model tbat desc:ribe residence tilDe
distribution (RTD) 01 solid material nowinl throulh the mill? (yln)

==> n
GCOS> Is the breakage fonction of the ore avail.ble? (yIn)

==> n
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

CONCLUSIONS
•••••••••••••••••••••••••••••••••••••••••••••••••*•••••••••••••*
The system reached to the following conclusions:

It is recommended to use typical values for Weller's
model paramelen such as tau PF =0.1, tau SPM =0. 1 and
tau LPM=O.7 al a standard ball mill feed rate.

==>
Although the actual RTD paramelen are unavailable,
it is still possible to estimate the selection function
usÎDg typica1 values. For a detailed srudy. tlowever, you
may need to measure RTD.

==>
Although the acrual ore breakage function is unavailable,
it is still possible to estimate the selection function usÎDg
lypical ore breakage funCtioDS. For a detailed study,
however, you may need to measure the breakage function.

==>
It is recommended to use the breakage function of a similar
ore for a preliminary work. For very accurate simulations, you
would better off to detennine the breakage function of the ore
usÎDg representative samples of the ore.

==>
The current consultation session is terminated.
Would you like to start a new session? (yIn)

==> y

GCOS> Please choose one 01 the 101l0wi0l toples?
1 bail mill
2 hydrocyclone
3 circuit
4 modelling and simulation
==> 4

GCOS> What t85k do you waat to do?
M modelling
S simulation
==> m

GCOS> What type of study are you doing DOW?

P preliminary
D detailed
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==> d
GCOS> Bave you determûaed panIIIeten 01 Wellerts modet tbat desaibe nsIdeace tilDe

dlltrtbutloa (RTD) ol.Ud matertal ftoWÜII throu&b the mJU? (y/a)
=-> y

GCOS> Il the breakale fuacdoa of the ore avaUable? (y/a)
•• > y

GCOS> Bave YOU ."'ted the value 01 selection lunctfoa for eacla sIze duI? (y/a)--> y
GeOS> Does tbe selection fuDetfoa vs. partfcle size show. cl... tread? (yIn)--> y
GCOS> Is abere noise la the selection funaloa vs. pudcle slze data? (y/a)

=-> y
GCOS> Does the noise eUt la the top slze c....1 (y/a)

==> y
GCOS> Wblcb methocl dld you use to estImate the mDl selecdoa luaetioa1

S seqUCDtial interval-by-interval search
F use of functional forms of selection functions
==> s

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
CONCLUSIONS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The system reached to the following conclusions:

The estimated selection function is valid for fine sia
classes. However, for the top size classes, the selection
function values may be uac:enain and erratic due to screening
error, if there is very linle mus in top size classes.

==>
AJ Ibis is a detailed sNdy, it is recommended to use other
selection function estimation methods as weil. For example,
(1) use more than one cIaIa set (2) methods based on assumed
functional fonDS of selection functions cao be used. The best
selection function vector then caB be round by the analysis
of raults from vlrious methods.

==>
The cumOI consultation session is terminaCed.
Would you Olle to start a new "a? (yIn)

==> n
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7.3 Summary

The example runs of GCOS using information from a number of real grinding

circuit case studies partially demonstrated how it could offer a novice minerai processor

conclusions or recommendatioDS to optimize the circuit performance. Nevenheless, if

one wants to explore ail situations covered by the knowledge base, one needs to present

more cases with different parameter values. Therefore, a diverse base of test cases must
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he used to check the knowledge base performance. While this bas been done during the

system development. it was Dot fully presented in tIlîs. ebapter for briefness.

The example runs demoDSttate how the system queries the user to coUeet the

relevant information ta reach eODClusioDS. When in doubt on how to answer a specifie

question, the user cau access the eontext sensitive belp wbich bas been designed as an

integrated part of the query module. The mIe tbat triggers the help function is ftred

whenever the user answers a question by typïng help or <h> . The help string

eorresponding to the question asked is provided by the help slot of the related question

facto

The example nIDS presented in this chapter demoDStrate the functionality of seme

of the rules encoded in GCOS. The correct ftring of rules tbat cause the execution of

extemal programs sucb as NGOTC (Munerical Grinding Optimization Taols in C) and

BMCS (Bali K111ing Carcuits S"unulator) for parametric estimation and simulation, bas

also been tested and verified. Although the current knowledge base was fully verified

and validated under the limited &Cope of the thesis, it CID he deepened and broadened in

future work to address domain problems for more details and to a larger extent.



CHAPTER"S

SUMMARY AND CONCLUSIONS

8.1 Summary

Mineral processors have to conduct off-Une optimization studies on a regular basis

in order to keep the plant performance as high as possible. There are many design and

operatîng parameters which must he considered in circuit optimization such as the

process flowsbeet, the grinding medium sile and the fresh feed tlow rate. Il is weU

recognized tbat off-Hne optimization is a complex task which includes various stages 50ch

as plant sampling, mass baJancing of raw data, parametric estimation and simulation.

ln this thesis the theoreticaJ aspects and industrial applications of ooly some of these tasks

50ch as the selection function parameter estimation and its prediction based on the ball

sile, classification performance analysis and circuit simulations were considered and

discussed in detail. The other aspects sueb as sampling and mass baJancing theories were

overlooked due to the limited scope of the thesis.

ln most off-line optimization cases, a number of computer programs 50ch as those

developed for mass balancing, parametric estimation and simulation must he used. In

order to complete an optimization study, one inevitably bas lO he knowledgeable about

the various optimization methodologies and required tools. In order to assist a mineraI

processor in the optimization process, a knowledge-based system was developed which

provides expenise extracted from experienced people and resources.

The thesis was mainly focused on the following aceas:

170
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1. developing a ruJe, frame based system to supervise grinding circuit

optimization studies

2. developing a tool to scale mill selection fuDctions given the mill selection

function vector estimated for the current ball sile

3. developing a sequential-modular program to simulate ball milling circuits.

4. integration of various numerical programs via a knowledge-based system

approach

The use of an integrated representation of mies and frames for the circuit

simulation was demonstrated. The frames were used to represent circuit objects wbich

are more consistent with real grinding circuits. There are tasks tbat must he done before

and after any simulation nial that can he computerized tbrough the rule-based

programming. It must he stressed that testing is an integral part of developing computer

programs. The plant work was required for both verification and validation of the

software. The real optimization studies served various purposes sucb as knowledge

acquisition, verification and validation.

8.2 Conclusions
The following conclusions can be drawn from this research work:

1. While not one of the direct objectives of this thesis, the use of simulation

approach in off-line grinding optimization was shown to he a very useful

approach to investigate alternative modifications to a plant practice.

2. The case studies showed tbat successful modelling and simulation depends

on how knowledgeable the user is in the field and how skilful helshe is in

using these tools.

3. Rule based system programming can he effectively used to guide the

optimization processes.



Cbapter 8 SUMMARY AND CONCLUSIONS 172

4. Frames or objects are very usefui representation tools to develop an

optimization knowledge-base.

S. Integration of mIes and frames and numerical procedures can provide a

single computational environment.

6. The calibration of a simulator is a very critical step in optimization

process, which requires a lot of effort. Perbaps due to the difficulty of

the calibration procedure, simulators are not being used on a regular basis

by minerai processors to optimize industrial circuits.

7. acos (Grinding CIrCuits Optimization Supervisor) is an interpretation.

diagnostic and optimization NIe and frame based system tbat inters critical

facts. The modular knowledge base provides ball milling, classification,

modelling and simulation. Each module uses simple facts and template

facts to represent knowledge about imponant parameters or attributes tbat

derme the state of design and operating conditions. In the simulation

module, an object-oriented approach was taken to represent proœss

abjects by frames or objects. The simulation is donc using messages sent

by objects via mies tbat govem the simulation process.

8. The contribution of GeOS to grinding simulation lies in its ability ta

accommodate optimization knowledge in a very effective way using facts,

abjects and rules. In other wards, many rules in the knowledge base are

heuristic used by minerai processors to evaluate circuit operation and ta

make changes to operation to meet a specific goal. This type of program

can remove difficulties that have prevented extensive use of grinding

simulators by plant metallurgists. Previously 50ch tools bave been used

ooly by developers and researchers.

9. The rules do different wks sucb as interpretation. diagnosis and

optimization.
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8.3 Future Work

173

The knowledge base developed here can he implemented more effcctively usÎDg

more powerful commercial sheUs that provide knowledge acquisition tools and grapbical

user interfaces. Some of the conclusions or recommendatioDS offered by the cunent

knowledge base are very general wbicb can he made more specific or accurate by

defming new parameters and tuJe sets. Also, the other aspects of off-Une grinding

circuits optimization such as plant sampling and mass balancing must he eventually

covered by future knowledge-based systems.

Most benefits of the knowledge-based systems however will he realised when they

are fully integrated into the conventional grinding simulation software packages. To

accomplish this task, mucb work remains to he donc - mainly the formalization of

engineering knowledge so tbat it cao he readily programmed into the computer software.

Rule-based formalization of various minerai processing knowledge such as grinding and

notation is a required step to develop successful (commercial) software.
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APPENDIXA

GLOSSARY OF KNOWLEDGE·BASED SYSTEMS

Agenda A prioritized list of mies created by the inference engine, whose patterns are
satÏSfied by facts in working memory

ADtec:edent A condition in if part (Ieft band side) of a NIe

AUribute A panicular aspect of an object

Backward cbaininl An inference strategy in mle-based systems tbat begins with a
hypothesis and tries to prove it to be true by proving the premises of a rule that
conuins the hypothesis as its conclusion

CardiDality A facet in frame-based systems tbat restricts the number of values a SIOl
can have

CIass A collection of objects tbat sbare common propenies

Conftict resolutioD Technique of resolving the problem of multiple matches in a
rule-based system during inferencing. When more than one rule can he ftred during a
cycle, a conflict arises and a decision must be made on which rule will allowed to (Ife

Consequent A conclusion or a number of conclusions in then pan (right band side)
of a rule

Consistency A property of a system of mies where ail deductions are logically in
agreement

Declarative knowledle Descriptive or factual knowledge

Deep knowledle The basic knowledge tbat cornes from fint principles or physica1
laws of the domain

Domain The area wbich a knowledge-based system is designed to solve problems
related to tbat specifie area
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Domain expert A person who possesses the skill and knowledge to solve a specifie
problem in a manuer superior man others

Expert system A computer program designed to model the problem-solving
bebaviour of a human expert

Facet Extended knowledge about a frame's property, 5uch as its type, rake or wbat
procedures to execute if the value is needed or changed

Forward cbainiol An inference strategy in mle-based systems where conclusions are
drawn by (mt looking at the facts or data on the problem

Frame A knowledge representation method that associates an abject with a collection
of features. Bach feature or attribute is stored in a slot with a corresponding attribute
value, or method for acquiring the value

Frame-based systems A system which uses frame as the main data stnlcture to
represent the damain knowledge

Granularity The level of detail of knowledge in a rule or frame

Heuristic searcb A searcb metbod tbat uses heuristic to guide search pracess

Hewistic Knowledge, often expressed as a rule of tbumb, tbat guides the search
process

Hybrid system An expert system that uses various types of knowledge structures to
represent domain knowledge

Inference The process of deriving new information tram known information

Instance A specific abject from a class of objects

Knowledle A collection of faets, rules, and concepts used in reasoning pracess

Knowleclle base A pan of a knowledge-based system which contains the domain
knowledge

Knowledp-based systems system whose performance depends on encoded
knowledge

Meta-knowledle Knowledge about knowledge

Metbod is a fonction tbat defines a bebaviour of an abject
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ObJect A pbysica1 or CODCeptual being that bas a collection of related attributes tbat
describe it

Premise A condition on left band side of a mie

Problem space A tree or grapb containing nodes and braocbes used for searcbing for
a solution ta a given problem. The oodes represent possible problem states and the
branches possible patbs between states

Problem solviDl The process of seeking a soltion to a given problem

Production system A model of buman problem solving wbere problem situations
contained in the sbott-term memory are combined with productions in the long-term
memory to infer new information

Rule A knowledge representation method consisted of one or more premises and
conclusions expressed in IF ...mEN...

Rule of tumb A rule based on good judgment, gained from experience rather than
farst principal. Often called sballow knowledge

Ruie-blSed systems A computer program tbat processes problem-sPeCific
information contaiDed in the warking memory with a set of rules contaiDed in the
knowledge base, usÎDg an inference engine to iDfer new information

Sballow knowledge knowledge based on good judgment ratber than tirst principles.
Often called a beuristic

Slot A component of a frame. Describes a panicular aUribute or relationsbip of the
frame

Symbol An a1phanumeric pattern tbat represents some abject cbaracteristic of event
of a problem

SymboUc proarammiDI Manipulating symbols that represent objects and their
relationships

Uncertainty The level of belief in a given fact either given by the user of an expen
system or derived by the system
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SPLINE CURVE l'TetING

The problem of curve or data fitting is rlDding a function which matches a set

of observed, measured or simulated values at a set of given points. In interpolation,

the smoothing function must exacdy match the given values at any point, while in the

least·square, due to the errors or noise in the given values, the smootbing functiOD is

not required to match the given values exacdy.

x

Flpre A.t A spUne cune nUed to a Dumber of data points

A spline corve is composed of segments of normal polynomial curves fitted

between spline knots, Figure A.l. A knot is a point at wbich two segments of a

spline curve are joined together, smoothly. The shape assumed by the spline between

(wo adjacent mots depends on the degree of spline curve. Normally, a third degree
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(c:ubic) polynomial curve is used. The smoothness of a curve means being free from

or proceeding without abrupt curves, bends, etc. and. can be described mathematically

using derivatives.

SpUne Function in One Variable

Considering the stricdy increasing sequence of real numbers:

The function s(x) is defmed as a spline of degree k on (a,b] with knots Àt, i=1,2,3,

.. ,g, if it satisfies the following conditions:

In each interval [Xi' Xi+d, i=O, 1, 2, ... , g, s(x) is given by some polynomial

of degree k or less.

s(x) and its derivatives of orders l, 2, 3, ... , k·l are continuous everywhere in

[a,b].

If the below additional knots are considered:

1_t =1_t +1="'=).-1 ==a

6=1'+2=.•. =l,+t=).,.*+1

tben the spline can he represented by a linear combination of B-splines as below:

1

.s(%)= E C,M'''.l(x)
i--t

wbere CiS are constant coefficients and Mt.k+l(X) are B-splines. B-splines are more

convenient representation in terms of numerical computations baving the foUowing
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propeny:

M'~+l(%)=O

192

SpUne Function Determination

Given the function values fq at the points Xq, q= 1,2,3, ... , ml, Xq < Xq+ l,

the spline functiOD, s(x) is detennined by the following approximation criterion:

Minimize the objective function:

under the constraint:

while

S is a non-negative constant which is called the smoothing factor. S sets the

smootbness of the spline curve and can vary between zero and infinity.

SpUne Function Evaluation

Tao smaU value of S results in overfitting and too large S values results in an

underfitting of the data [Dirckx 1982]. In exueme cases, the algoritbms renuns the

least-square polynomial for very large S and interpolating spline for S=0. The

graphica1 interface of NGOTC (Mamerical Grinding Optimization Tools in C) alIows
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the user ta visually examine the fit before accepting it as satisfactory.

193

The Advantages of SpUne FunctiODS
The most importaDt advIDtages of using spline functions to fit data can be

enumerated as foUows, Wbiten [1971]:

Spline fuŒtioDS provide a means of fmding an adequate fit when tbere

is no indication of panicular anaIytic forme

The smootbed data by spline fit can help indicating an analytical fonn

in further data analysis.

The fit is local, Le. the bebaviour of spline curve of a specified

segment bas little effect on the spline curve for segments few lcnots

away.

A piecewise cubic spline function can he rapidly evaluated.
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0.5
0.5

Il
Adj. Il

-0.1
0.1
0.1
0.1

-0.0
-0.1
-0.1
-0.1
-0.1
-0.0
0.0
0.1

-0.0
0.0

-0.0

Heu

3.00
3.70
5.40
4.70
6.60
6.30
6.90
9.30
8.90
7.30
6.30
5.30
3.70
3.20
2.40

BIll)

Cale

2.70
4.09
5,80
5.00
6.43
6.02
6.60
l.g6
8.67
7.13
6.30
5.49
3.64
3.29
2.34

SD.

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Adj.

-0.3
0.4
0.4
0.3

-0.2
-0.3
-0.3
-0.3
-0.2
-0.2
0.0
0.2

-0.1
0.1

-0.1

CUl'l 11 CO"1
Siz. ..... Cale ID. 1 Aclj. 11 Mau Cale SD. 1 Adj.

4 11888
6 ..SH
1 amSB

10 ..SH
14.8B

2.80
5.90
9.10
8.30
9.50

3.10
5.51
1.70
8.00
g.67

0.5
0.5
0.5
0.5
0.5

0.3 Il
-0.4 Il
-0.4 Il
-0.3 Il
0.2 Il

0.00
0.00
0.00
0.00
0.10

0.00
-0.00
-0.00
-0.00
0.08

0.1
0.1
0.1
0.1
0.1

0.0
-0.0
-0.0
-0.0
-0.0



e 20 ...SB 8.00 8.28 0.5 0.3 Il 0.10 0.08 0.1 -0.0 208
28 MlSR 8.10 8.40 0.5 0.3 Il 0.10 0.13 0.1 0.0
358SB 9.90 10.24 0.5 0.3 Il 0.90 1.17 0.5 0.3
50 MlSB 8.50 8.73 0.5 0.2 Il 3.60 4.00 0.5 0.4 1
65 ...SR 6.10 6.27 O.S 0.2 Il 7.40 6.64 O.S -0.8*1

100 MlSB 4.60 4.60 0.5 -0.0 Il 10.00 9.66 0.5 -0.3 1
140 _SI 3.60 3.41 O.S -0.2 Il 10.20 10.87 0.5 0.7*1
200 ..... 2.20 2.26 O.S 0.1 Il 8.60 7.74 0.5 -0.9*1
270 ..... 1.S0 1.71 0.5 -0.1 Il 8.60 8.63 0.5 0.0 1
400 ..... 1.20 1.26 0.5 0.1 Il 6.30 6.01 0.5 -0.3 1

CUl'2 Il T&"iconeD
liz. ..... C&lc 5D . Adj. Il *aa Cale 1 5D. 1 Adj.

4 ....B 0.00 0.00 0.1 0.0 0.00 -0.00 0.1 -0.0
6 "'SR 0.00 -0.00 0.1 -0.0 0.00 0.00 0.1 0.0
8 1111. 0.00 -0.00 0.1 -0.0 0.00 0.00 0.1 0.0

10 DSR 0.00 -0.00 0.1 -0.0 0.00 0.00 0.1 0.0
14 JalSH 0.10 0.11 0.1 0.0 0.00 -0.00 0.1 -0.0
20 8SH 0.10 0.11 0.1 0.0 0.00 -0.00 0.1 -0.0
28 NlSH 0.30 0.23 0.2 -0.1 0.00 0.01 0.1 0.0
35 "SR 2.00 1.85 0.5 -0.2 0.00 0.00 0.1 0.0
50 "IR 6.50 6.28 0.5 -0.2 0.00 0.00 0.1 0.0 1
65 ...SR 13.60 14.11 0.5 0.5* 6.30 5.79 0.5 -0.5*1

100 MlIB 17.10 17.31 0.5 0.2 7.60 7.39 0.5 -0.2 1
140l&SB 12.90 12.44 0.5 -0.5 6.50 6.96 0.5 0.5 1
200 _8H 9.60 10.16 0.5 0.6* 14.40 13.84 0.5 -0.6*1
270 I&SR 8.40 8.37 0.5 -0.0 11.50 11.53 0.5 0.0 1
400 DSR 4.90 5.09 0.5 0.2 8.40 8.21 0.5 -0.2 1

COl'2
Biz. *aa cal.c 5D. Adj.

4 MlSB 0.00 0.00 0.1 0.0
6 "SR 0.00 -0.00 0.1 -0.0
8 "SB 0.00 -0.00 0.1 -0.0

la MlSB 0.00 -0.00 0.1 -0.0
14 ..SH 0.00 0.01 0.1 0.0
20 ..SH 0.00 0.01 0.1 0.0
28 ..SH 0.00 -0.01 0.1 -0.0
35 "SR 0.00 -0.00 0.1 -0.0
50 ..8H 0.00 -0.00 0.1 -0.0 1
65 MlSI 0.80 1.34 0.4 0.5*1

100 ...SI 3.00 3.34 0.5 0.3 1
140 "SB 8.10 7.38 0.5 -0.7*1
200 "'SH 9.20 10.08 0.5 0.9*1
270 ...11 10.70 10.65 0.5 -0.1 1
400 "IH 1.70 8.00 0.5 0.3 1



Appendix B.5 Selection Fonction Estimation Resolts of LMS
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*************************************
Sel.ection i'UDctiOIl Estimïltion RasuJ.ts
*************************************

Le. H1De. SeJ.:b&1e, ball 1IIill, July 15, 1996
Date: 12/8/1996
Tau Pluq Flow - 0.10 Tau SIU.1.l PH - 0.10 Tau L~CJ8 PH • 0.10

Br.~qe l'UDction Natzu
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09
0.19 0.44 0.00
0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05
0.09 0.19 0.44 0.00

-------1-------------1--------1-------------1-------------1--------------1
CLASS 1 SEIEVE SIZE 1 iUD 1 MIAS. PROD. 1 CALC. PROD. 1 SELEc. FUMe. 1

-------1-------------1--------1------------- -------------1--------------1
1 1 11180 1 0.02 1 0.02 0.02 1 0.0000 1
2 1 1905 1 0.58 1 0.56 0.56 1 0.0354 1
3 5590 1 0.54 1 0.50 0.50 1 0.0957 [
4 3953 1 2.55 1 2.35 2.35 1 0.0939 1
5 2'795 1 4.82 1 3.98 3.98 1 0.2273 1
6 19'76 [ 6.80 t 5.10 5.10 1 0.3940 1
7 1398 1 5.99 1 4.21 4.21 1 0.6356 1
8 988 16.8'7 1 4.73 4.73 1 0.7548 1
9 699 1 5.70 1 4.10 4.10 1 0.9258 1

10 494 1 5.91 1 4.59 4.59 1 0.8160 1
11 349 1 7.54 1 6.36 6.36 1 0.6103 1
12 24'7 1 7.82 1 7.08 7.08 1 0.5868 1
13 175 1 8.55 1 8.35 8. 35 1 0 . 4508 1
14 124 l '7.64 1 8.36 8.36 1 0.3344 1
15 8'7 1 6.26 l '7.54 7.54 1 0.2350 [

------- -------------1--------1------------- -------------1--------------[
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*************************************
Selection FuDCtiOD Sat:.iJaatioD Resulta
*************************************

LIU, b~ m:i.ll, Feb. 9, 98
Date: 5/10/1998
Tau Pluq F10w - 0.10 Tau S..u. PH- 0.10 Tau L~CJ8 PH- 0.70

~ermlce feed flow rate - 301.1 t/h
eurrent feed f10w rate - 307.1 t/h

Breùagw l'uDct:ioD Natriz
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09
0.19 0.44 0.00
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05
0.09 0.19 0.44 0.00

------- -------------1--------1-------------1-------------1--------------1
CLUS SalEVE SIZE 1 l'DI) 1 IŒAS. PaOn. 1CALC. PBOD. 1 SELEe. FOlfC. 1------- ------------- -------- ---_.._........-..-- ------------- -----_... __ .......---

1 4750 3.10 2.10 2.70 0.1431
2 3359 5.51 4.09 4.09 0.3609
3 2315 8.70 5.80 5.80 0.5689
4 1619 8.00 s.oo 5.00 0.8730
5 1188 9.67 6.43 6.43 0.8751
6 840 8.28 6.02 6.02 0.9137
7 594 8.40 6.60 6.60 0.9214
8 420 10.24 8.96 8.96 0.6792
9 297 8.13 8.67 8.67 0.5989

la 210 6.21 7.13 7.13 0.5663
11 148 4.60 6.30 6.30 0.4107
12 105 3.41 5.49 5.49 0.2257
13 74 2.26 3.64 3.64 0.2635
14 52 1.71 3.29 3.29 0.0493

1 15 1 37 1 1.26 2.34 2.34 0.0400

1-------1-------------1-------- ------------- ------------- --------------



••••••••••••••••••••••••••••*•••••**.
Selection i'wlction SstiJaat.101l Resulta
•••••••••*•••••••••••••••••••••••••••

LM8, b&1.l 1IIill., Ref. July 96, Feb. 9, 98
D~te: 5/10/1998
T~u P.luq l'low - a.10 Tau SIMll PK· a.10 Tau Lilrg8 PK = 0.70

~ezeDce feed f10w rate - 418.1 t/b
current feed tlow rate - 307.1 t/h

Br.ûa~ i'uDction tktru
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
O.OS 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 O.OS 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 O.OS 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.09
0.19 0.44 0.00
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.05
0.09 0.19 0.44 0.00

212

1-------
1 CUSS

1-------
1
2
3
4
5
6
7
8
9

la
11
12
13
14
15

SSIEVE SIZE

4750
3359
2375
1679
1188

840
594
420
291
210
148
105

74
52
31

3.10
5.51
8.70
8.00
9.67
8.28
8.40

10.24
8.13
6.21
4.60
3.41
2.26
1.71
1.26

-------------1------------- --------------1
IŒAS. PllOD. 1 CALe. PROD. SSLEC. FUNC. 1

-------------1------------- --------------1
2.10 1 2.70 0.1051 1
4.09 1 4.09 0.2651 1
5. BO 1 5.80 0.4178
5.00 1 5.00 0.6412
6.43 1 6.43 0.6427
6.02 1 6.02 0.1151
6.60 1 6.60 0.6768
8.96 1 B.96 0.4989
8.67 1 8.67 0.4399
7.13 1 7.13 0.4159
6.30 1 6.30 0.3017
S.49 1 5.49 0.1658
3.64 1 3.64 0.1935
3.29 1 3.29 0.0362
2.34 1 2.34 1 0.0294

-------------1-------------1--------------



*************************************
SeJ.ecUoll Function Estimation Resulta
*************************************

LHS, Tricon. SI', July 96
D~t.: 5/11/1998
T~u Pluq Flow - 0.00 Tau smaJ..l PM - 0.10 Tau Larga PM - 0 . 70

Rat.ranc. ~eed ~low r~~ - 56.7 t/h
CUrrent ~eed tlow rate - 56.7 t/h

Break~ge 'FUDction Matri.z
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 O.OS 0.09 0.19 0.44 0.00

213

-------1------------- --------1------------- -------------1--------------1
CLASS 1 SEIEVE SIZE i'BBJ) 1 IŒAS. P1\OD. CALe. PRaD. 1 SELEC. FUlfC. 1

-------1------------- --------1------------- -------------1--------------1
1 1 1180 0.06 1 0.01 0.01 1 2.6650 1
2 1 834 0.01 1 0.01 0.01 1 1.9524 1
3 1 590 0.06 1 0.01 0.01 1 3.7829 1
4 1 417 0.32 1 0.19 0.19 1 0.7651 1
5 1 295 1.10 1 0.38 0.38 1 1.5423 1
6 1 209 5.67 1 2.23 2.23 1 1.2991 1
7 1 148 13.89 1 5.11 5.11 1 1.5363 1
8 1 104 19.09 1 8.91 8.91 1 1.4042 1

-------1------------- --------1------------- -------------1--------------1



**.*.******************••***.*•••••••
Selectton FunctiOD Estimation Re.~ts

**•••*••*••••••••••**••••*••••••••*••

LHB, TricoDe 8F, Feb. 98, Ref. July 1996
Date: 5/11/1998
Tau Pluq Flow. 0.00 Tau SJUJ.J. PH - 0.10 Tau Large PH - 0 . 70

Rar.renc. feed fJ.ow rate - 56. 6 t/h
current feed flow rate - 51.6 t/h

Breakaqe FunCtioD Miltr:lz
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.05 0.09 0.19 0.44 0.00

------- -------------1-------- ------------- ------------- --------------1
CLUS 8EIEVE SIZE t FEBI) HEAS. PROD. CALC. PROD. SBLEC. FUHC. 1------- -------------1-------- ------------- ------------- --------------1

1 417 1 2.30 0.01 0.01 12.4148 1
2 295 1 6.28 0.01 0.01 20.1900 1
3 208 1 14.11. 5.79 5.79 1.3525 1
4 147 1 17.31 7.39 7.39 1.5653 1
5 104 1 12.44 6.96 6.96 1.7213 1
6 74 110.16 13.84 13.84 0.5453 1
7 52 1 8.37 11.53 11..53 0.4778 1
8 37 1 5.09 8.21 8.21 0.4515 1

------- -------------1-------- ------------~ ------------- --------------1
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Appendix B.6 Mass Balancing Resolts of Lupin





-- 150 ...B 56.63 56.65 0.5 0.0 Il 90.55 90.54 0.5 -0.0 217
200 "SB 42.58 42.43 0.5 -0.1 Il 79.70 79.75 0.5 0.1
210 Yl:IR 31.30 31.01 0.5 -0.3 Il 66.40 66.50 0.5 0.1
400 ..18 22.78 22.46 0.5 -0.3 Il 52.45 52.56 0.5 0.1





150 III••
200 •••
270 ....
COO •••

56.63
.2.58
31.30
22.78

56.88
42.76
31 ....
22.92

0.5
0.5
0.5
0.5

0.3 1189.15
0.2 Il 77.90
0.1 Il 64."0
0.1 Il 50.60

89.0.
77.83
6•• 34
50.54

0.5
0.5
0.5
0.5

-0.1
-0.1
-0.1
-0.1

219





e 50 "SB 66.64 66.12 0.5 -0.5*11 87.08 87.30 0.5 0.2 221
70 ..8B 57.34 56.70 0.5 -0.6*11 78.10 19.04 0.5 0.3

100 88B 44.15 43.75 0.5 -0.4 Il 66.48 66.50 0.5 0.0
150 Hl8B 30.71 30.30 0.5 -0.4 Il 52.15 52.03 0.5 -0.1 1
200 Ml8B 19.30 19.40 0.5 0.1 Il 39.48 38.90 0.5 -0.6*1
270.8B 12.23 12.56 0.5 0.3 Il 29.28 28.58 0.5 -0.7*1
40088B 7.79 8.20 O.S 0.4 Il 21.38 20.66 O.S -0.7*'
SOO.8B S.30 5.52 O.S 0.2 Il 15.30 14.70 0.5 -0.6*1

cor
Sia. ..... Cala SD . Adj.

6 ..8B 100.0 100.0 0.0 0.0
8 ..8B 100.0 100.0 0.0 0.0

10 ..8H 100.0 100.0 0.0 0.0
14 Hl8H 100.0 100.0 0.0 0.0
20 ..8B 100.0 100.0 0.0 0.0
28 Hl8B 100.0 100.0 0.0 -0.0
35 1S8B 99.90 99.90 0.1 -0.0
50 "SB 99.80 99.79 0.1 -0.0
70 ISSB 99.05 98.84 0.5 -0.2

100.8B 96.00 95.86 0.5 -0.1
150 Ma8B 89.20 89.06 0.5 -0.1
200 1S8H 78.70 78.73 0.5 0.0
270 HlSR 65.05 65.11 O.S 0.1
400 .SR 50.85 50.99 0.5 0.1
500 MESR 38.20 38.28 0.5 0.1



Appendix B.7 Selection Fonction Estimation Resolts of Lupin
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•••••••••••••••••••••••••••••••••••••
Sel.ecuoD FuDctiOD Estimation Results
•••••••••••••••••••••••••••••••••••••

Lupin Operation, sur'VIIY JUl. 30/96
Date: 8131/1998
Tau Pluq Flow - 0.10 Tau SIIa.1J. PH - a.10 Tau Larqe PH - 0.70

~erac. feecl f~ov rate - 100. a t/h
carrent feed flow rate - 100.0 t/h

BnaJtacpl FuDCtiOD H&trix
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.0.1 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09
0.19 0.44 0.00

1------- -------_.._--- -------~ -------------1------------- --------------1
1CLASS SIEVE SIn J'DI) HRAS. PRaD. 1CALe. PRaD. SBLEC. roxC. 1
1------- --_.._...------- ---~..,--- -------------1------------- --------------1 1 3360 2.83 1.18 1 1.18 1.0180
1 2 2380 3.16 0.34 1 0.34 4.7181
1 3 1683 4.11 0.24 1 0.24 8.0812
1 4 1190 4.74 0.29 1 0.29 8.8867
1 5 841 3.85 0.48 1 0.48 7.4194
1 6 595 3.53 0.96 1 0.96 5.1212
1 7 421 4.30 2.28 1 2.28 2.8287
1 8 298 6.46 4.67 1 4.67 1.&092
1 9 210 8.29 7.13 1 7.13 1.0838
1 la 149 12.04 11.58 1 11.58 0.6422
1 11 105 13.21 14.15 1 14.15 0.4340
1 12 74 11.65 14.23 1 14.23 0.2732
1 13 53 8.03 11.42 1 11.42 0.1564
1 14 37 4.86 8.56 1 8.50 0.0000
1------- ------------- -------- -------------1------------- --------------



*************************************
Selection FuDction E.~tion Re.~ts

**********************.****.*********

Lupin Operation, survey Mar. 1/96
Date: 8/31/1998
Tau P~uCJ i'J.ow - 0.10 Tau sma.ll. PH - 0.10 Tau Large PH - 0 . 70

Raf.renC8 feed fJ.ow rate - 100.0 ~/h

eurrent feed f~ow rate - 100.0 t/h

Bnakage FuDction lfa.trix
0.00
0.4" 0.00
0.19 0.44 0.00
0.09 0.19 0.4" 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09
0.19 0.44 0.00
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------- -------------1-------- ------------- -------------1--------------1
CLASS SIEVE SIlE 1 lUI) HEU. PROD. CALC. PJ.OD. 1 SELEe. roNC. 1

------- ------------- -----_..- ---------...........~ -------------1--------------1
1 3360 4.11 1.17 1.17 1 1. 6806 1
2 2380 3.80 0.35 0.35 1 5.7459 1
3 1683 4.30 0.16 0.16 1 12.1031 1
4 1190 4.78 0.15 0.15 1 14.3849 1
5 841 3.94 0.41 0.41 1 8.4174 1
6 595 3.69 0.90 0.90 1 5.6399 1
7 421 4.49 2.29 2.29 1 3.0494 1
8 298 6.73 4.75 4.75 1 1.7486 1
9 210 8.36 7.29 7.29 1 1.1628 1

10 1..9 9.78 8.69 8.69 1 0.9952 1
11 105 14.94 16.96 16.96 1 0.3636 1
12 74 10.92 14.12 14.12 1 0.2723 1
13 53 7.29 11.32 11.32 1 0.1271 1
14 37 4.40 8.52 8.12 1 0.0000 1

------- ------------- -------- ------------- -------------1--------------1



e 225
********************••******.********
stüecUon FuDction Eati.maUon Reaulta
****.******.******••••*.*.*••***.***.

Lupi.D Operation, survey ~. 31/96
Date: 8/30/1998
Tau P1uq F10w - 0.10 Tau sJU11 PM =- 0.10 Tau La.rge PH - 0.70

Reference feed f~ow rate - 100. 0 t/h
Current feed f~ow rate - 100.0 t/h

Breakage i"UDCUoD Hatru
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.03 O.OS 0.09 0.19 0.44
0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19
0.44 0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09
0.19 0.44 0.00

1-------1------------- --------1-------------
1 CLASS 1 SIEVE SIlE lUI) 1 NIAS. PllOD.

1-------1------------- --------1-------------
1 1 1 2380 5.86 1 1.48
1 2 1 1683 3.74 1 0.34
1 3 1 1190 4.69 1 0.63
1 4 1 841 4.01 1 0.80
1 5 1 595 3 . 71 1 1. 31
1 6 1 421 4.87 1 2. 87
1 7 1 298 7.00 1 5.27
1 8 1 210 9.42 [ 8.26
[ 9 1 149 12.95 1 12.54
1 la 1 105 13.45 1 14.47
1 11 1 74 10.90 1 13.13
1 12 1 53 6. 84 1 10 . 32
1 13 1 37 4.36 1 7.92
1 14 1 26 2.68 1 5.96

1-------1------------- --------1-------------

CALe. PItOD.

1.48
0.34
0.63
0.80
1.31
2.87
5.27
8.26

12.54
14.47
13.13
10.32

7.67
4.79

--------------1
SBLEe. l'UNe. 1

1.8865
6.7293
5.5160
5.3844
4.0762
2.2824
1.3876
0.9023
0.5624
0.3890
0.2882
0.1367
0.0000
0.0000
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Louvico\U:t Mine, Grindinq Circuit Survey, BaJ.l Nill anel Primazy Cyclopa

---~------~~--------------------~-------~~-------~~-------~-~----~-----

Resielual sua of square.: 12.31187 Final Resu~ts

Ab.olut. Solids Pulp Ma•• l'lowrate
Stre.. Flowrat. Mea. 1 Cale 1 S.D. 1 Adjust-- .. a • =z

1 SerUI' 176.44 180.0 176.4 20.0 -3.6
2 BYe 639.39 630.0 639.4 65.0 9.4
3 COI' 176.44 176.4
4 cor 639.39 639.4

1 Relative Sol:i.ds
Stream 1 Flowrate

=-=-- • - e • N -
l ScrUF 100.00
2 &MD 362.39
3 COI' 100.00
4 cor 362.39

Fraet:i.onal Size Distribution Data

-------------~~----------~-------

SerUI' Il &ND
Size twa. Cale SD. 1 Mj. Il Me•• 1 Cale sc. 1 Adj.

==--==-=-~..~ • ....... • .. •••••• • •••••• • .....-====:

6 MESH 1.63 1.68 0.5 0.0 0.28 0.30 0.2 0.0
8 MESH 2.30 2.32 0.5 0.0 0.38 0.39 0.2 0.0

la MESH 2.43 2.43 0.5 0.0 0.50 0.50 0.3 0.0
14 MESH 3.14 3.14 0.5 -0.0 0.61 0.61 0.3 -0.0
20 MESH 3.62 3.64 0.5 0.0 0.33 0.34 0.2 0.0
28 MESH 4.43 4.44 0.5 0.0 0.55 0.56 0.3 0.0
35 MESH 6.07 6.0B 0.5 0.0 0.88 0.92 0.4 0.0
50 MESH 6.09 6.13 0.5 0.0 1.35 1.48 0.5 0.1
65 MESH 6.B8 6.92 0.5 0.0 3.03 3.16 0.5 0.1

100 MESH 7.18 7.19 0.5 0.0 5.39 5.43 0.5 0.0
150 MESH 6.80 6.80 0.5 -0.0 7.73 7.73 0.5 -0.0
200 MESH 6.86 6.70 0.5 -0.2 15.35 14.77 0.5 -0.6*
270 MESH 6.04 6.31 0.5 0.3 15.82 16.81 0.5 1.0*
400 MElH 5.71 5.76 0.5 0.1 15.83 16.02 0.5 0.2
500 MESH 4.05 4.07 0.5 0.0 6.99 7.05 0.5 0.1

COI' Il cor
Size Heas 1 Cale SO. 1 Adj. Il Mea. Cale 1 SD. 1 Adj.

---=-= •• .•.. •••• N N • • • ... ..
6 MESH 0.00 -0.00 0.1 -0.0 Il 0.90 0.76 0.5 -0.1
8 MESH 0.00 -0.00 0.1 -0.0 Il 1.09 1.03 0.5 -0.1

10 MESH 0.00 -0.00 0.1 -0.0 Il 1.18 1.17 0.5 -0.0
14 MESH 0.00 0.00 0.1 0.0 Il 1.46 1.47 0.5 0.0
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-- 20 MESH 0.06 0.06 0.1 -0.0 Il 1.40 1.33 0.5 -0.1 228
28 MESH 0.01 0.01 0.1 -0.0 Il 1.81 1.78 0.5 -0.0
35 MESH 0.03 0.03 0.1 -0.0 Il 2.63 2.59 0.5 -0.0
50 MESH 0.04 0.04 0.1 -0.0 Il 3.29 3.16 0.5 -0.1
65 MESH 0.15 0.15 0.1 -0.0 Il 5.16 5.03 0.5 -0.1

100 MESH 1.49 1.48 0.5 -0.0 Il 7.04 7.00 0.5 -0.0
150 HESH 3.48 3.48 0.5 0.0 Il 8.64 8.64 0.5 0.0 1

200 MESH 5.58 5.74 0.5 0.2 Il 14.45 15.03 0.5 0.6*1
270 MESH 7.49 7.22 0.5 -0.3 Il 11.56 16.51 0.5 -1.0*1
400 MESH 11.60 11.55 0.5 -0.1 Il 14.62 14.43 0.5 -0.2 1
500 MESH 10.10 10.08 0.5 -0.0 Il 5.46 5.40 0.5 -0.1 1
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e
••••••• ****************** •••••• **** ••
Selection Function Estimation Results
*•••••*.* •• *•• *•••••••••••****** ••***

e •
Louvicourt H1ne, Ball M1ll, Feb. 25, 97
Date: 4/25/1997
Tau Plug Flow = 0.10 Tau Small PH = 0.10 Tau Large PM = 0.70

Breakage Function Matrix
0.00
O..... 0.00
0.19 0.44 0.00
0.09 0.19 0.4" 0.00
0.05 0.09 0.19 0.44 0.00
0.03 0.05 0.09 0.19 0.44 0.00
0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.02 0.02 0.03 0.03 0.05 0.09 0.19 0."4 0.00
0.02 0.02 0.02 0.03 0.03 O.OS 0.09 0.19 O."" 0.00
0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.44 0.00
0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0."4 0.00
0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.4" 0.00
0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.09 0.19 0.4" 0.00

CLASS 1 SEIEVE SIZE 1 FEED 1 MEAS. PROD. 1 CALC. PROD. 1 SELEC. FUNC. 1
------------------------------------------------------ .._------------------

1 1 3350 1 0.76 1 0.30 1 0.30 1 1.0413
2 1 2369 1 1.03 1 0.39 1 0.39 1 1."4"4
3 1 1675 1 1.17 1 0.50 1 0.50 1 1.5695
4 1 1184 1 1.47 1 0.61 1 0.61 1 1.7614
S 1 837 1 1.33 1 0.34 1 0.34 1 3.4604
6 1 592 1 1.78 1 0.56 1 0.56 1 2.8361
7 1 419 1 2.59 1 0.92 1 0.92 1 2.4023
8 1 296 1 3.16 1 1.48 1 1.48 1 1.9129
9 1 209 1 5.03 1 3.16 1 3.16 1 1.1637

10 1 148 1 7.00 1 5.43 1 5.43 1 0.7651 1 N
CM
0



-- ---
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*•••••••••••••••••••••••••••••••*••••••••••••••••••••••

Ball Size Op~~zatian Praqram Data
•••••••••••••••••••••••••••••••••••••••••••••••••••* •• -

Lauvicaurt Mine, Ball Mill, reb. 25, 97
Da~e: 4/27/1997
Current ball _iz. = 38.00 mm.
New ball siz. • 25.40 mm.
lt = 0.000440 (1/,...)

-----~~---------------~-----~~~---~~------~~~~----------------~---------~--
ICLASSISCREEN SIZEIPARTICLE SIZEIEST.SEL.FONC. 1 Sm.DEV. ISCALED SEL.FONC.I

-----~~---~~---~~-------------------~-------~~~~------"..- ------~--------~
1 3350 3984 1.0413 1.0000 0.4653
2 2369 2817 1.4444 1.0000 0.6454
3 1675 1992 1.5695 1.0000 0.7012
4 1184 1409 1.7614 1.0000 0.7870
5 837 996 3.4604 1.0000 1.5461
6 592 704 2.8361 1.0000 1.2611
7 419 498 2.4023 1.0000 0.0001
8 296 352 1.9129 1.0000 0.0001
9 209 249 1.1637 1.0000 1.7410

la 148 176 0.7651 1.0000 1.1446
11 105 124 0.5322 1.0000 0.7962
12 74 88 0.2540 1.0000 0.3800
13 52 62 0.1913 1.0000 0.2862
14 37 44 0.1112 1.0000 0.1663
15 26 31 0.1441 1.0000 0.2155

------------~----------~-------~--------~~------------------------------~--

.•.....•....•.......•.•••........•.•.........••...._...
Ba11 Size Optimiza~ion Proqram Resulta

•••••••••••*••••••••••••••••_•••••••••••••••••••••• **.*
We~ghted SSR for the first curve: 0.125143
We~ghted SSR for the second curve: 0.162549

-------------------~~-----~------~~---------~~~~~------~~--------~------~
ICLASSISCREEN SIZEIPARTICLE SIZEICALC.EST.SEL.FUNC. ICALC.SCALED SEL.FONC.

-----~----~----~----------------------~~~~~--------~--~--------~------~~-
1
2
3
4
5
6
7
8
9

10
11
12
13
14
lS

3350
2369
1675
1184

837
592
419
296
209
148
105

74
52
37
26

3984
2817
1992
10609

996
704
498
352
249
176
124

88
62
406
31

0.8165
1.4599
2.1424
2.6359
2.7783
2.5629
2.1140
1.5929
1.1204
0.7514
0.4910
0.3193
0.2112
0.1452
0.1059

0.3997
0.6096
0.8504
1.0887
1.2832
1.3969
1.4090
1.3213
1.1554
0.9454
0.1261
0.5251
0.3588
0.2323
0.1431

~-----~--~--~~----~-----~~-----~-~~------~--~~~-----~~--~~-------------~-
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COI'

Siz. ..... Cale SD • Adj.

100 HaSH 0.00 0.00 0.1 0.0
150 HaSR 0.03 0.03 0.1 0.0
200 "SR 0.09 0.09 0.1 0.0
2"70 ImSR 0.25 0.27 0.2 0.0
cao "SH 0.C9 o.•, 0.3 -0.0
500 "SH 2.31 2.15 0.5 -0.2
635 .SH 3.69 3.97 0.5 0.3



Appendix 8.12 Selection FunctioD Estimation Results of Cu Regrind
Circuit of Louvicourt Mine



.*•••••••••••••••••••*.*••••*••••••*.
S.~.c~ion runc~Oft B.tima~oft ".ult•
•***•••••••••••••••••••***••**••****.

LM, Cu zeq%incl ci~cW.t, l'B. 25,97
Da~.: 6/15/1997
Tau PluCJ Flow. O. 10 Tau Small PH· O. 10 Tau Lazve PK - O. 70

B~akap l'menon Hatrix
0.00
0.44 0.00
0.19 0.44 0.00
0.09 0.19 0.44 0.00
0.05 0.09 0.19 0.44 0.00
0.04 0.05 0.09 0.19 0.44 0.00

-~~~~~----~~----~---------~------~-~-----~~-~---~----~~---~-~~------~
ICLISS tSEIEVE SIZE 1 FEID IMaAS. PReD. ICALC. PRaD. 1sELle. FDHC. 1
I--~---t--------~--~I-------I-~--~~------I-~~--~-~---~I----------~~~~

238

1
2
3
4
5
6

106
75
53
37
26
19

1 2.15
1 4.44
1 9.85
11t.87
122.82
113.96

0.78
1.07
2.87
5.27

12.88
10.t6

0.78
1.07
2.87
5.27

12.88
10.46

1.2882
2.3322
2.1077
1.978.
1.204.
1.338.

-------~-----------------------------------~~-------~----~------~----



Appendix B.13 Mass Balancing Results of Zn Regrind Circuit of
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Re.idual sua o~ squazes: 3.902023 rinal ...ult.

St:zeam
Ab.olute Solida

rlo~a~

Pulp Ma•• rlowrateHe.. 1 Cale 1 S.D. 1 Adjust

1 atlhrSCVJ:Cc
2 C1D%Sc:vzCo
3 Fn.hl'eed
4 BMD
5 CtJI'
6 cor

St:zeam

1 RcJbrSCftCo
2 ClnrCone
4 BMD
5 cor
6 cor

100. 00
16.05

330.51
330.51
116.05

Relat:i.'W Solida
rlowra~

100.00
16.05

330.51
330.51
116.05

100.0
20.0

200.0

100.0
16.0

330.5
330.5
116.0

0.0
20.0

200.0

0.0
-4.0

130.5

Fraetional Siz. Di.~ribution Data

Siz.
RqhrSevzCo

Me.. Cale 1 SD.
Il ClnrCone

Adj. 11 -.... Cale 1 SD. Adj •
:aaaw1n· _ _ _._._ ~w.I _ __ ~_ ..

•

100 MESH
150 MESH
200 Ml:SH
270 HESH
400 Ml:SH
SOO HESH
635 HESH

Siz.

100 KESH
150 Ml:SH
200 HESH
270 KESH
400 KESH
500 Hl:SH
635 MlSH

0.00
1.00
1.79
7.02

10.40
12.55
8.74

0.00
1.17
1.52
3.16
6.80

17.48
12.07

0.00
0.97
1.81
6.87

10.t5
12.53
8.83

BIG)

Cale

0.00
1.08
1.59
2.65
6.96

17.40
12.38

0.1
0.5
0.5
0.5
0.5
0.5
0.5

SD.

0.1
0.5
0.5
0.5
0.5
0.5
0.5

0.0 Il
-0.0 Il
0.0 Il

-0.2 Il
0.0 Il

-0.0 II
0.1 Il

Il
Adj. Il

0.0 Il
-0.1 Il
0.1 Il

-0.5-11
0.2 Il

-0.1 Il
0.3 Il

0.00
0.04
0.40
0.81
0.71
2.87
2.69

.....
0.00
1.29
2.10
4.0C
9.95

19.95
13.57

0.00
0.04
0.40
0.79
0.71
2.87
2.71

CUI'
C.le

0.00
1.38
2.03
C.SS
9.19

20.03
13.26

0.1
0.1
0.2
0.4
0.4
0.5
0.5

SD •

0.1
0.5
0.5
0.5
0.5
0.5
0.5

0.0
-0.0
0.0

-0.0
0.0

-0.0
0.0

Adj.

0.0
0.1

-0.1 1
0.5*1

-0.2 1
0.1 1

-0.3 1



lit
cor 241

Si•• ..... Cale SD. Adj .

100 _SB 0.00 0.00 0.1 0.0
150 HaB 0.01 0.01 0.1 0.0
200 _SR 0.34 0.34 0.2 -0.0
270 aSR 0.57 0.64 0.3 0.1
400 "SR 1.11 1.05 0.5 -0.1
500 "SR 3.70 3.73 0.5 0.0
635 MZSR 5.60 5.4g 0.5 -0.1



Appendix 8.14 Selection Fonction Estimation Results of Zn Regrind
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•••••••••••••••••••••••••••••••••••••
S.lec~on PunctiOft Batimation a.aults
•••••••••••••••••••••••••••••••••••••

~, Zinc ci~cui~, r~. 25, 97
Dat:e: 6/15/1997
Tau Pluq F1ow. o. 10 'l'au small PH = 0 . 10 Tau La.:qe PH - 0 •70

l'unct:ion Hat~ix

0.00
0.44
0.19
0.09
0.05

BJ:eakaqe
0.00
0.44
0.19
0.09
0.05
0.04

0.00
0.44
0.19
0.09

0.00
0.44
0.19

0.00
0.44 0.00

1 CLASS 1 S: .IEYE SIlE 1 ra:D 1 MZAS. PROD. 1 CALe. naD. 1 SBLEC. l'UNe. 1
--------1-------------1--------1-------------1-------------1---------------
1 1 1 106 1 1.38 1 1.01 1 1.01 1 0 .2607 1
1 2 1 15 1 2.03 1 1.59 1 1.59 1 0.3313 1
1 3 1 53 1 4.55 1 2.65 1 2.65 1 0.7119 1
1 4 1 38 1 9.79 1 6.96 1 6.96 1 0.5157 1
1 5 1 25 1 20.03 1 17.40 1 17.40 1 0.2612 1
1 6 1 20 1 13.26 1 12.38 1 12.38 1 0.3161 1
~~----~~~----~----~~---~-~~~-~-------~~-~------------~~~~---~---~---~------



AppeDdix C.I Predicted and Measured Size Distribution of Cyclopak
Overtlow and Underftow Streams of Lupin Mine



Jan. 30 1996 data set
(no calibration)

~ 100 ..---------=~ ..... .......t_e___._-____,

~

f:
= 40

1 20 ·~·=~=7-~~~~:·~·=:·~~~·~:~~~···········::·~:·-::-:·::..~:.:::.:::.:.
U 0 T----+--+--+-+-+-+++t---+---+-+-+-+-+++i---+--~_+_+_t_++l

10 100 1000 10000
Screen Sïze (pm)

... COF, model prediction -e- COF,model fit

.... CUF, model prediction --e- CUF, model fit

Mar. 31 1996 data set
(no calibration)
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100 1000
Sereen Size (pm)

... COF, model prediction -e- COF,modellit

.... CUF, model precUction -e- CUF, model It

10000



Appendix C.2 Simulation Results of Cyclopaks at Lupin
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***** BAJ.L MIr..LDIG CIBCUITS SDaJLATIOR noGRAM Wii'UT *****

-----~-~~--~-~~~~~-~~-~~-~--------------~-----~--~~-~~~~~------------------
[no.DCT-nTL&]

Sjaü&t:.iOIl o~ Lupin cy'c1opak data, JaD. 30, 1996, Circmit '2
)JO CALIBMnOll

[....-ST1UWl8]
1
1 320.15 53.01 283.79

2.09
2.32
3.03
3.S
2.84
2.61
3.18
4.79
6.28
g.55
11.40
11.42

9.39
7.24
20.36

3360
2380
1680
1190

841
595
420
297
210
149
105
74
53
37
25

[KRORH-SIZ8-DIST.RIBUTIOBS]
15
1
1
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

[C!'CLOltAk-l]
38.1
9.525
10.16
6.98
119.38
3.2
4
1 1
100

1 1 1

1 2 1 1 -2 -3

SoUda, ~aeIl~ SoUcia UId ••~



S'ŒUII HO. STAUM __ SOLma (t/h) ...OLml WM'D.(t/h) 248

1
2
3

320.150
114.144
206.006

53.010
3.7.170
67.110

283.790
186.450

17.340

CLU8 IIU CYCI' cor

-----------~------
1 3360 2.09 0.00 3.25
2 2380 2.32 0.00 3.61
3 1680 3.03 0.00 4.11
4 1190 3.50 0.00 5.44
5 841 2.84 0.00 4.41
6 595 2.61 0.00 4.06
7 420 3.18 0.00 4.14
8 297 4.79 0.04 1.42
9 210 6.28 0.97 9.22

10 14g 9.55 5.51 11.79
11 105 11.40 12.31 10.90
12 14 11.42 16.45 8.63
13 53 9.39 15.38 6.07
14 37 7.24 12.65 4.24
15 25 20.36 36.69 11.31

CTCIDPAK-1

d50c • 118 la
1 • 31.650 k»a
1 • 0.130
• • 2.210

Rf • 0.340
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***** BALL MILLD18 CIBCtnTS SDlUI.ATIOH PItOGRUI OUT»UT *****

SjaüaUOD Data

[no.DC'f-'n'l'L&]
.1a11aUoD of LupiD Cfalopak clau, JaD. 30, 1996, CiEaa:lt '2
WITB CALXBMTIOlf

[....-.TDAIII)
1
l 320.15 53.01 283.19

2.09
2.32
3.03
3.5
2.801
2.61
3.18
01.71
6.28
1.55
11.40
11.42

t.39
1.24
20.36

3360
2380
1680
1190

8011
595
420
297
210
149
lOS
701
S3
37
25

[KHORR-SIZE-DISTR%BUTIOH8]
15
1
1
1
2
3
4
5
6
1
8
9

10
11
12
13
14
15

[CYCIDI'AIt-l ]
38.1
9.525
10.16
6.18
111.38
3.2
4
.437 1
100

1 .56 .S94

1 2 1 1 -2 -3

~~~-~---~---~~~-~-~----~--~~~----------~~-~~~-----~~---~---~~-~-~--------~-



SD&AM 110. STlUWI &lai SOLIDI (t/h) 'SOLIDI 1IA1'mt(t/h)
2~O

1
2
3

C!'CI'
co..
CUI"

320.150
70.7'76

249.3'74

53.010
23.220
83.360

283.790
234.020

49.'770

Size D1.~t1oD8

CLABS SIU C!'CI' co.. CUI'

------------------
1 3360 2.09 0.00 2.68
2 2380 2.32 0.00 2.98
3 1680 3.03 0.00 3.89
4 1190 3.50 0.00 4.49
5 841 2.84 0.00 3.65
6 595 2.61 0.00 3.35
'7 420 3.18 0.00 4.08
8 29'7 4.79 0.04 6.14
9 210 6.28 0.38 7.95

la 149 9.55 2.30 11.61
11 105 11.40 6.82 12. '70
12 74 11.42 12.31 11.17
13 53 9.39 14.62 7.91
14 37 7.24 14.59 5.16
15 25 20.36 48.94 12.25

CYCL01»AK-l

dSOc • 52 pa
1» • 36.650 Ua
S • 0.730
•• 1.240

Itf • 0.180



251

••••• BILL JaLLIlIG CIBCUITS SDIOLATIOIf nDGIlW oUtPUT •••••

I~atloll Data

[noacT-TITIZ]
11aalat.ioD of Lupill ayc.lopak claU., Kaz. 1, 199', CUca:Lt '2
110 CALIBPATIOB

[DOID1-STDIII8]
1
1 304.83 53.64 263.56

2.9
2.68
3.03
3.37
2.18
2.6
3.20
4.82
6.23
1.47
12.77
11.01

9.12
7.17
20.85

3360
2380
1680
1190

841
595
420
297
210
149
105
74
53
37
25

[1BDRR-SIZE-DIS~~OR8]

15
1
1
1
2
3
4
5
6
7
8
g

10
11
12
13
14
15

[CYCLOIIAK-l]
38.1
9.525
10.16
6.98
119.38
3.2
4
1 1
100

1 1 1

1 2 1 1 -2 -3



s'bDII BO. STBUM DB SOLmI (t/h) t80LXDI ~(t/h) 252

1
2
3

304.830
110.091
194.739

53.640
39.190
67.740

263.560
170.840

92.720

CLUS SID COI' CUI'

~~~~~~~~~~~~~~----

1 3360 2.90 0.00 4.54
2 2380 2.68 0.00 4.20
3 1680 3.03 0.00 4.74
4 1190 3.37 0.00 5.28
5 841 2.78 0.00 4.35
6 595 2.60 0.00 4.07
7 420 3.20 0.00 5.01
8 297 4.82 0.08 7.50
g 210 6.23 1.25 9.04

10 149 7.47 4.81 8.98
11 105 12.77 14.28 11.92
12 74 11.01 15.88 8.26
13 53 9.12 14.74 5.94
14 37 7.17 12.27 4.28
15 25 20.85 36.68 11.90

CYCLOPAlt-l

dSOc - 125 •
ta - 33.280 klt.
S - 0.750
• • 2.210

Br • 0.350



253

••••• BALL MILLDIG CIBCUI'fS SDlULATIOlI PROGIl.W 01J'1'1'UT •••••

St.a1atioll Data

[DOaCT-UTLa)
S~&tioll of Lupin CJ'clopak data, If&r. 1, 1916, C1rau1t '2
lUTH CALIBItATIOR

[JQfOIIIf-S'1'UAM8 ]
1
1 304.83 53.6. 263.56

2.1
2.68
3.03
3.37
2.78
2.6
3.20
4.82
6.23
7.47
12. '7
11.01

9.12
7.17
20.85

3360
2380
1680
1190

841
595
420
217
210
141
105
74
53
37
25

[KRORR-SIZE-DISTRIBUTIOHS]
15
1
1
1
2
3..
5
6
7
8
9

10
11
12
13
14
15

[C!'CLO~AK-l]

38.1
1.525
10.16
6.98
111.38
3.2
4
.437 1
100

1 .56 .594

1 2 1 1 -2 -3

loUd8, ~~ loUda ad .a~



STJU&AK RO. STBDII DB SOLm8(~/h) 'S0LIn8 1IA1'D.(~/h) 254

1
2
3

cro
COI'
CUI'

30".830
61.'785

235.0"5

53.6"0
2.....20
83.160

263.560
215.160

47.600

SIZZ cor

~-~~----~~~~~-~-~~

1 3360 2.10 0.00 3.76
2 2380 2.68 0.00 3."8
3 1680 3.03 0.00 3.13
4 1110 3.3'7 0.00 4.3'7
5 8..1 2.'78 0.00 3.61
6 515 2.60 0.00 3.37
7 420 3.20 0.00 4.15
8 217 4.82 0.05 6.24
1 210 6.23 0."8 7.14

10 1..1 7.47 2.05 1.08
11 105 12.77 8.11 14.14
12 74 11.01 12.18 10.66
13 53 1.12 1".20 1.61
loi 37 1.11 1".20 5.08
15 25 20.85 48.68 12.51

CYCLOStAK-l

clSOc - 55 pa
St - 33.280 kJla
S - 0.'750
• - 1.240

U - 0.180



255
**••• BALI. IIILLDIG CI1'CUITS lDaJ!ATIOB noca..:w OU't»UT •••••

S~at:ioll Dab

-~-~~~~~~--~~~~~~~~-_.-~~--~-------~~--------------------------------------
[no.DCT-TITLK)

lt.u.lat:Loll of Lupin c:yalopak clata, 1Iar. 31, 1996, Ci%aui.t .2
110 CALIDUIOB

[....-S1'DAM8)
1
1 362.67 53.11 320.2

o
4.32
2.1'
3.4'
2.96
2.74
3.62
S.19
7.20
10.33
11.71
10.75
8.6
6.94
5.31
14.11

3360
2380
1680
1190

841
595
420
297
210
149
105
74
53
37
25
13

[KllOIDJ-SID-DISTlUBUTIOBS)
16
1
1
1
2
3..
5
6
7
8
9

10
11
12
13
loi
15
16

[CYCLOItAK-l)
38.1
9.525
10.16
6.98
119.38
3.2
4
1 1
100

1 1 1

1 2 1 1 -2 -]

loJJ.d8, hEaeDi: So11cla aIMl ..~



S'1'1œAH HO. S'1'BUK DIS SOLms (t:/h) 'SOLma 1IATD (t:/h)
2S6

1
2
3

<:rel'
COI'
CUI'

362.670
125.788
236.882

53.110
36.690
69.6'70

320.200
217.070
103.130

Siz. Dia1:rilnlt:iou

CLAIS SIa CO"

----~~~~~~~~~-~~~~

1 3360 0.00 0.00 0.00
2 2380 4.32 0.00 6.61
3 1680 2.76 0.00 4.23
4 1190 3.46 0.00 5.30
5 841 2.96 0.00 4.53
6 595 2.14 0.00 4.1t
7 420 3.62 0.00 5.54
8 291 5.19 0.03 7.93
9 210 1.20 0.81 10.56

10 14t 10.33 5.50 12.8t
11 105 11.11 12.58 11.25
12 7. 10.75 15.'5 1.t'
13 53 8.60 14.14 5.3.
14 31 6.'4 12.18 3.8.
15 25 5.31 10.12 2.15
16 13 1•• 11 21.42 1.04

cS50a • 112 lia
1 • 45.690 Ua
S • 0.6'0
•• 2.220

Rf • 0.320



257

*.*.* BALI. IIIILLDU CIBCUI'rS SIKOLA'rIotl nDGRq OU'ftIUT *•••*

St.Ilat.ioD Da1:a

[noacT-TI~]

S~at.ioD O~ I.upiD ayc1.opaJt clata, Mar. 31, 1996, CUc:nl1t .2
111ft CALIBRATI01I

(lCBOIIlI-S'l'DAKS]
1
1 362.67 53.11 320.2

o
4.32
2.16
3.46
2.9'
2.1.
3.62
5.19
1.20
10.33
11.11
10.75
8.6
6.'.
5.31
1•• 11

3360
2380
1680
1190

841
59S
420
297
210
149
105
14
S3
31
25
13

[DORlI-SID-DISDIBUTIOlfS]
16
1
1
1
2
3
4
5
6
1
8
9

10
11
12
13
14
15
16

(crCLOPAK-l]
38.1
9.525
10.16
6.98
119.38
3.2..
.43'7 1
100

1 .56 .514

1 2 1 1 -2 -3

SoUcia, IIezOeDt SoUcIa aad ..~



S'fBUM RO. STBUH DIIII SOLIDS(t/b) 'SOLInS DTDCt/b)
258

1
2
3

~CJ'

COI'
CUI'

362.670
80.337

282.333

53.110
23.100
84.240

320.200
267.380
52.820

SIa CYCJl cor

--~------~-~~~----
1 3360 0.00 0.00 0.00
2 2380 4.32 0.00 5.55
3 1680 2.76 0.00 3.55
4 1110 3.46 0.00 4.44
5 841 2.16 0.00 3.80
6 SIS 2.74 0.00 3.52
'7 420 3.62 0.00 4.65
8 217 5.11 0.03 6.66
9 210 7.20 0.34 9.15

la Itl 10.33 2.14 12.66
11 105 11.71 6.41 13.22
12 14 10.75 11.04 10.67
13 53 8.60 13.07 7.33
14 31 6.1. 13.88 4.96
15 25 5.31 12.82 3.17
16 13 14.11 40.27 6.67

dSOc - 41 •
P - 45.610 lePa
S - 0.610
• - 1.240
~ - 0.160



Appendix C.3 Improved Predictions of Cyclopaks Overtlow and Undertlow
at Lupin Mine



Mar 311996 data set
(after calibration)

~ 100 ~-------.:=o::::oIiii ...-t""'~~~I'------,

~
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.1 80

! 60

i 40 .
(1

120

U 0 +---+---+--~t-oo+-+-1+----+---+--+-+-+++-*"--+----+--+-+-+-+-+-+-1

10 100 1000 1()()()()
Screen Size (,lm)

--- COF, model prediction~ COF,model fit
...... CUF, model prediction -e- CUF, model fit
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Appendix C.4 Circuit Simulation Results of Louvicourt Mine
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••••• BALL MILLING CIllCtnTS SIMULATION PllOGBAM OU'fPU'f •••••

Siallauoll Cat:a

[PIlOt1EC'1'-TITLI:]
LouvicoU%1: Mill'. Grillcü,lle) CircW.t., SillaJ.aUoll usille) Oct.. 10, 95 data ••t..
Circuit Type: "

[lQiOWN-S'rIŒAMS ]

2
1 217.36 41.4
200

[KHOWR-SIZE-CIS~BUTIOHS]

16

307.7
BO

1
1
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

3984
2807
2022
1403
1011
714
505
357
252
178
126
B9
63
45
30
15

4.03
2.54
2.80
3.69
4.40
4.77
5.59
5.71
7.35
6.39
6.15
6.34
5.60
2.65
2.61
29.38

[BAT THT1.L-l]
10.6292
4.1295
2.6330
3.0827
2.8999
2.8324
2.2264
2.0337
1.4206
1.0444
0.6199
0.3950
0.2866
0.4083
0.3936



orr 263

0.0000
0.4380 0.0000
0.1920 0.4360 0.0000
0.0860 0.1750 0.4050 0.0000
0.0530 0.0940 0.1920 0.4080 0.0000
0.0340 0.0540 0.0950 0.1790 0.3830 0.0000
0.0280 0.0400 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.06"0 0.1060 0.1880 0.3770 0.0000
0.0200 0.0260 0.0350 0.0490 0.0740 0.1180 0.2110 0.3980 0.0000
0.0170 0.0210 0.0280 0.0370 0.0520 0.0760 0.1230 0.2100 0.4080

0.0000
0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0.4220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380

0.2470 0.4890 0.0000
0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850

0.1380 0.2470 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000
0.0080 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-l]
38.1
9.525
7.62
6.98
119.38
3.55
10
1 1 1 1 1
100

[COHVI:JlGE-l ]
0.01

1 3
2 2
3 1
4 100

1
1
1
1

1 1000
o 0
o 0
o 0

-1 0 0 0
1 -2 -3 0
o 0 1 -1
o 0 0 1

1
o
o

-1

Solicla, "ZceD~ Sol:i.cIa uu:l ••~

S'ftœAII HO. S'l'lœAll.... SOUDS (~/h)



---------~---------------~~~--~~--~~-----------------~-~----~~-~~---~~~~-
1 IT 217.360 41.400 3.07.700
3 CI' 940.116 52.910 836.590
4 COI' 217.305 35.920 - 387.730
5 COI' 722.811 61.690 448.860
6 BMD 722.811 61.690 448.860

~~--~----------~----~----------~~------~-~--~--~--------~-------~--~~-~-------
-_-._~----_...-~

Size Di.èr1bu~oD.

CLUS SIa 1'1' CI' cor CUI' BMD

~~---~~--~-~------~~--~~-~----------~---~--~---------~--~~~~-~--~~------~~~~-~

..._-------------
l 3984 4.03 0.94 0.00 1.22 0.01
2 2807 2.54 0.70 0.00 0.91 0.15
3 2022 2.80 0.97 0.00 1.26 0.42.. 1403 3.69 1.21 0.00 1.57 0.46
5 1011 4.40 1.52 0.00 1.98 0.65
6 714 4.77 1.72 0.00 2.24 0.80
7 505 5.59 2.34 0.00 3.04 1.36
8 357 5.71 2.66 0.00 3.46 1.74
9 252 7.35 4.31 0.01 5.60 3.40

10 178 6.39 5.59 0.26 7.19 5.35
11 126 6.15 8.89 2.14 10.92 9.71
12 89 6.34 12.82 7.80 14.33 14.77
13 63 5.60 12.73 13.02 12.64 14.88
14 45 2.65 7.42 10.12 6.61 8.85
15 30 2.61 6.25 10.29 5.04 7.35
16 15 29.38 29.93 56.37 21.98 30.09

------~~---~-------~-----------------------------~-~~--------~---~--~~-------

~-----------------------------------------------~-----~-~-----~~--~------~-~-

CYCLOPAlt-l

clSOc • 64 pa
P • 62.760 Ua
S • 1.450
• • 1.660

H • 0.540
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._._- BALI. MILLmG CIRetn'rS SIXOLATIOR PIlOGBAM OU'rPUT *••-.

S~aüoll Data

---~-~------------------------~---~------------~-~-----------~-~~~--~~~--~-
[PROJI:CT-TITLI:]

Louvicourt Hi!.!.'. GziDd.:i.Dq C1ZC1Ùt, teaüDq .imalatoz uainq l'eb. 25, 97 da"
••t.

Circui~ Type: '6
[DfOWN-S'l'BDHS1

2
l 176.44 49.47
2 0 0

180.22
80

1.68
2.32
2.43
3.14
3.64
4.44
6.08
6.13
6.92
7.19
6.80
6.70
6.31
5.76
4.07
26.39

3984
2807
2022
1403
1011
714
505
357
252
178
126
89
63
45
30
15

[DfOWH-SIZE-DISTR1BUTIONSl
16
l
l
1
2
3
4
5
6
"7
8
9
10
11
12
13
14
15
16

[MT,UCILL-l]
0.8165
1.4599
2.1424
2.6359
2.7783
2.5629
2.1140
1.5929
1.1204
0.7514
0.4910
0.3193
0.2112
0.1452
0.1059



e 266
OIT

0.0000
0.4380 0.0000
0.1920 0.4360 0.0000
0.0860 0.1750 0.4050 0.0000
0.0530 0.0940 0.1920 0.4080 0.0000
0.0340 0.0540 0.0950 0.1190 0.3830 0.0000
0.0280 0.0400 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.0640 0.1010 0.1880 0.3770 0.0000
0.0200 0.0210 0.0350 0.0490 0.0740 0.1180 0.2110 0.39ao 0.0000
0.0170 0.0210 0.0280 0.0370 0.0520 0.0760 0.1230 0.2100 0.40&0

0.0000
0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0.4220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380

0.2410 0.4890 0.0000
0.0120 0.0130 0.0110 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850

0.1380 0.2470 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000
0.00110 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-1]
38.1
9.525
7.62
6.98
119.38
3.55
la
0.274 1
100

[COHVDGE-l ]
0.01

1 0.355 0.759

1 3
2 2
3 1
4 100

1
1
1
1

1 1000 -1 0 0
o 0 1 -2 -3
o a 0 0 1
o a 0 0 0

o 1
o 0

-1 a
1 -1

So1:i.da, "zceJl~ So1icla uui .ag~



e S'rIœAH HO. S'mUM HAIŒ SOLZDS(1:/b) tSOLIDS 1fAftIl (1:/b) 267
~~~------~--~~-------~~~~~--~-----------------~-~~--~~---------~~------------

1 IT 176."40 49.470 180.220
3 CI' 888.818 66.710 4"3.470
4 COI' 176.383 40."00 2&0.230
5 COI' 712.435 79.540 183.240
6 BIG) 712.435 79.540 183.240

--~-~----------~~~------------------~------------~--~~--~---------------~~~~--

.-.------------
Sia. Di.~1bution.

CLUS SIZE IT CI' COI' CUI' &MD

--~-~--~--------~~---~--------------~-~---~--------~-~-------~~--~~~----------

~--------------
1 3984 1.68 0.66 0.00 0.82 0."1
2 2807 2.32 0.77 0.00 0.96 0.39
3 2022 2."3 0.76 0.00 0.95 0.35
4 1403 3.14 0.91 0.01 1.13 0.36
5 1011 3.6" 1.08 0.0" 1.34 0.44
6 714 .....4 1.36 0.10 1.67 0.60
7 505 6.08 2.04 0.27 2.48 1.0"
8 357 6.13 2.56 0.56 3.05 1.68
9 252 6.92 3.79 1.27 ".41 3.02

10 178 7.19 5.51 2.61 6.23 5.09
11 126 6.80 7.59 4.75 8.29 7.78
12 89 6.70 10.59 8.37 11.14 11.55
13 63 6.31 12.14 11.60 12.27 13.58
14 "S S.76 11.91 13.25 11.58 13.43
15 30 ".07 9.50 12.26 8.82 10.85
16 15 26.39 28.82 ..... 86 24.85 29.42

---------------------~-------------------------------~-------------------~---

CYCLOPAlt-l

dSOc • 42 1D
P • 44.500 leP.
S • 1.760
• • 0.570

U • 0.410



Appendix C.S Simulation of Proposed Modifications, Louvicourt Mine
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•••** BALI. MILLIHG CIRCUX'fS SIMULATION PROGRAM OtnPO'r .**••

S:i.mII1aUOIl Dau

[nc.mC'f-'rX'lU]
Louvicourt Mi~~'. Gzindill9 Cizcuit, PnclicUons with 1" baJ.~•.
Circuit Type: '6

[D01IIf-SftUMS]
2
1 176.44 49.47
200

180.22
80

1.68
2.32
2."3
3.14
3.64
4 .....
6.08
&.13
&.92
7.19
&.80
&.70
&.31
5.76
".07
2&.39

3984
2807
2022
1403
1011
714
505
357
252
178
126
89
63
45
30
15

[1QfONH-SlZE-DIS~BUTIOHS]

16
1
1
1
2
3
4
5
6
7
8
9
la
11
12
13
14
lS
16

[BALtlaLL-l ]
0.3997
0.&096
0.850"
1.0887
1.2832
1.3969
1.4090
1.3213
1.155"
0.9"5"
0.7261
0.5251
0.3588
0.2323
0.1"31



e OIT 270

0.0000
0.4380 0.0000
0.1920 0.4360 0.0000
0.0860 0.1150 0.4050 0.0000
0.0530 0.0940 0.1920 0.4080 0.0000
0.0340 0.0540 0.0950 0.1790 0.3830 0.0000
0.0280 0.0400 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.0640 0.1060 0.1880 0.3710 0.0000
0.0200 0.0260 0.0350 0.0490 0.0140 0.1180 0.2110 0.3980 0.0000
0.0110 0.0210 0.0280 0.0310 0.0520 0.0160 0.1230 0.2100 0.4080

0.0000
0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0.4220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380

0.2470 0.4890 0.0000
0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850

0.1380 0.2470 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000
0.0080 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-l)
38.1
9.525
7.62
6.98
119.38
3.55
10
0.274 1 1 0.355 0.759
100

[ CONVZRGE-l)
0.01

----~---~-~~----~~~-~-~----~-------~---~---~-~~~----~--~~~-----~---------~~-~

~-~~----~------~~-----------~--------~----------~---------~------------------

1 3
2 2
3 1
4 100

1
1
1
1

1 1000 -1 0 a
o 0 1 -2 -3
o 0 a a 1
o 0 0 0 0

o 1
a 0

-1 a
1 -1

~--~-------~--------~--------~~------------------~------------------------~-~
Solida, hzceD~ Soli.da and Wat.z

S'm&AII HO. SftUII .. SOLIDS(~/h) 'SOLIDS ~(~/h)



1 ri' 176.440 49.470 180.220
3 CI' 888.226 66.690 443.550.. COI' 176.374 40.400 260.220
5 CUI' 711.852 79.520 183.330
6 BIG) 711.852 79.520 183.330

---~~~~-~~-~~-----~-~-~~---~-~--~---~-~--~---~---~~-------------~~-~~~--~~--~~

-------~-----...-
Siz. Di.~iba~on.

CLASS SIU IT cr COI' CUI' &MD

-------~----------------------------------------------------------~-----------

------------~---
1 3984 1.68 1.07 0.00 1.34 0.93
2 2807 2.32 1.34 0.00 1.67 1.10
3 2022 2.43 1.32 0.01 1.65 1.05.. 1403 3.14 1.47 0.02 1.83 1.06
5 1011 3.64 1.64 o.os 2.03 1.14
6 714 4.44 1.91 0.14 2.35 1.28
7 505 6.08 2.57 0.34 3.12 1.70
8 357 6.13 2.89 0.63 3 .•5 2.09
9 252 6.92 3.72 1.24 4.33 2.93

10 178 7.19 4.68 2.21 5.29 4.06
11 126 6.80 5.81 3.63 6.35 5.57
12 89 6.70 7.92 6.25 8.33 8.22
13 63 6.31 . 9.80 9.35 9.91 10.67
14 45 5.76 11.09 12.32 10.79 12.42
lS 30 4.07 10.38 13.38 9.64 11.95
16 15 26.39 32.37 50.32 27.92 33.84

----~---~-~~~~--~-------~-----------------------~~~--------~-------~-~---~-~-

~-----~-------~-------------~-~~---~--------~-------------~----~----~--------

CYCLOPA!t-l

dSOc • 42 pa
P • 44.460 d.
1 • 1.760
•• 0.570
~ • 0.410



272

***** BALI. YILLDfG CIIlCUITS SIMULATION PaCKJaAH OUTPUT *****

SiauJ,ation Da"

[l'RO.:rEC'r-TITLE]
LouvicoUZ'1: Hill'. GriDdinq Ci.rcui~, ~.tiJl9 .iJaW.ator uai.nCJ amaller apex.
Circ:ui~ Type: • 6

[KN01lN-STRDIIS ]
2
1 176.44 49.47
200

180.22
80

1.68
2.32
2.43
3.14
3.64
4.4t
6.08
6.13
6.92
7.19
6.80
6.70
6.31
5.76
4.07
26.39

3984
2807
2022
1403
1011
714
SOS
357
252
178
126
89
63
45
30
lS

[KN01lN-SIZB-DIS~BOTIONSl

16
1
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

[BAIcLKtLL-l]
0.8165
1.4599
2.1424
2.6359
2.7783
2.5629
2.1140
1.5929
1.1204
0.7514
0.4910
0.3193
0.2112
0.1452
0.1059



OIT 273

0.0000
0.C380 0.0000
0.1920 0.C360 0.0000
0.0860 0.1750 O.COSO 0.0000
0.Q530 0.09CO 0.1920 0.C080 0.0000
0.03CO 0.05CO 0.0950 0.1790 0.3830 0.0000
0.0280 O.OCOO 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.OC30 0.06CO 0.1060 0.1880 0.3'10 0.0000
0.0200 0.0260 0.0350 0.OC90 O.O'CO 0.1180 0.2110 0.3980 0.0000
0.0170 0.0210 0.0280 0.0370 0.0520 0.0750 0.1230 0.2100 0.4080

0.0000
0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0.4220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.OC20 0.0580 0.0850 0.1380

0.2470 0.4890 0.0000
0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850

0.1380 0.2470 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.04.20 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000
0.0080 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.OS50 0.13S0 0.2470 0.C890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-l ]
38.1
9.525
7.62
5.715
119.38
3.55
10
0.274 1 1 0.355 0.759
100

[COIIYDGI:-l ]
0.01

1 3
2 2
3 1
4 100

1
1
1
1

1 1000 -1
001
000
000

a
-2
o
o

o 0 1
-3 0 0

1 -1 0
o 1 -1

Solj.cIa, hzceD~ SoUda and ••~~



STJœAM HO. S'fRZAK NMŒ SOLIDS(1:/h) t.OLIOS ~(t/h) 274
~~--~~~------~--~-~~-~-~~-~---~--~------~------~~~-~~~~~~-----~---~--~~~~----

1 IT 176 ....0 .9 ...70 180.220
3 CI' 637.026 '''.100 356.760
4 cor 176."08 40.400 260.230
5 CUI' .60.618 82.670 96.530
6 JIll) .'0.618 82.670 !J6.530

~~--~~---~---~-----------~-~-~~------~---~~-~~~----~-------~--~----~----------------- .._------
S~z. Di.~iba~on.

CLASS SIU: IT Cl' cor CUI' BIG)

-~---~---------~--------------~-----------------~--~-------~-~-~---~----~-----

-~......_----------
1 398 .. 1.68 0.73 0.00 1.01 0.37
2 2807 2.32 0.89 0.00 1.23 0.34
3 2022 2 .•3 0.8!J 0.00 1.23 0.30.. 1.03 3.1" 1.09 0.00 1.51 0.30
5 1011 3.6" 1.28 0.00 1.77 0.37
6 714 ".44 1.61 0.01 2.22 0.52
7 sos 6.0e 2.3. o.oe 3.21 0.91
8 35'7 6.13 2.83 0.25 3.82 1.56
9 252 6.92 4.05 0.77 5.31 2.!J5

10 178 7.19 5.76 1.95 7.22 5.21
11 126 6.80 7.86 •. 16 9.28 8.27
12 89 6.70 10.!J2 8.15 11.98 12.5.
13 63 6.31 12.37 12.00 12.51 1•. 69
1 .. 45 5.76 11.88 1•• 0 .. 11.05 1•. 22
15 30 •. 0'7 9.23 13.05 7.77 11.20
16 15 26.39 26.27 .5.54 18.89 26.22

~--~~--~~~---~---~-------------~----~----------~------~--------------------~~

----------------------~~----~-~---------------------------~------------------

CYCLO'Ait-l

dSOc • 46 la
•• 29.760 Je».
S • 0.920
•• 0.760

R:f • 0.270



275
........... ULL MILLDIG CIRCUITS SIMULATION nocmAH otrrl'U'r .......

S~auon Data

~~~---~-~~-----~--~~-~-----~~---~-~--~--------------------------~~---------
(noacT-TITI.I:]

Louvicaaz't Kill. 1. Gzincling Ci.Z"c:ui~ , l'~c'tion. wi~ 1" baJ.1.
and ..-11.%~ cli...~z (2.25").
Cizcui~ Type: '6

[IQIQ1IR- S'rJtUHS1
2
1 176.44 49.47
2 0 0

180.22
80

1.68
2.32
2.43
3.14
3.64
4.44
6.08
6.13
6.92
7.19
6.80
6.70
6.31
5.76
4.07
26.39

3984
2807
2022
1403
1011
714
505
357
252
178
126
89
63
45
30
lS

[IQIOWH-SIZE-DIS~BUTIONS]

16
l
l
l
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

[MT tMTLL-l]
0.3997
0.6096
0.8504
1.0887
1.2832
1.3969
1.4090
1.3213
1.1554
0.9454
0.7261
0.5251
0.3588
0.2323
0.1431



276
OIT

0.0000
0.4380 0.0000
0.1920 0.4360 0.0000
0.08&0 0.1750 0.4050 0.0000
0.0530 0.0140 0.1920 0."080 0.0000
0.03"0 0.05"0 0.0950 0.1790 0.3830 0.0000
0.0280 0.0400 0.0630 0.10S0 0.1980 0.3920 0.0000
0.0220 0.0300 0.0"30 0.0'''0 0.1060 0.1880 0.3770 0.0000
0.0200 0.0260 0.0350 0.0490 0.0740 0.1180 0.2110 0.3980 0.0000
0.0170 0.0210 0.0280 0.0370 0.0520 0.07&0 0.1230 0.2100 0.4080

0.0000
0.01"0 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0."220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380

0.2470 0.4890 0.0000
0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850

0.1380 0.24'0 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0"20 0.0580

0.0850 0.1380 0.2"70 0.4890 0.0000
0.0080 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2"70 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCIDPAlt-1 ]
38.1
9.525
7.62
5.715
119.38
3.55
la
0.2'" 1
100

[CotfYDQE-l )
0.01

1 0.355 0.759

~-~---~-------~-~-------~-~~---------------~---~---------~--~---~~~-~--~~--~~
Connectivity Mat~ix

-----~---~---------~--~~--~~-~~~~~-~~~-~---~-----~-----~--~---~-----------~--

l 3
2 2
3 1
4 100

1
1
1
1

1 1000
o 0
o 0
a 0

-1 0 a
1 -2 -3
001
000

o 1
o 0

-1 0
1 -1

---------~~~~~-~--------~-~-~---~-~~-~---~--~--~-~----~-~--------~-~------~-~
loli.cIa, l'ezeeat Soli. ADel W.taz



sTU:AK NO. STItZAM HAIŒ SOUDS (t:/h) 'SOLIDS NA~(t:/h) 277
~--~------~-~-------~~---------------~~--~~---------~--~----------------~----

1 ri' 176.440 49.470 180.220
3 cr 632.777 63.900 357.540
4 cor 176.408 40.400 260.230
5 CUI' 456.369 82.420 97.310
6 &MD 456.369 82.420 97.310

----------~-----------~-~----------------------~-~-------------~-----------------_..~-------
Siz. Diat:z1but:iona

CLASS SIa ft cr cor CUI' &MD

------------~---------------------~~-~----------------~-~---------------------
--------~.-..-,----

1 3984 1.68 1.11 0.00 1.54 0.89
2 2807 2.32 1.40 0.00 1.94 1.04
3 2022 2."3 1.39 0.00 1.93 0.99
4 1 ..03 3.1. 1.59 0.00 2.20 0.99
5 1011 3.6" 1.78 0.00 2.47 1.06
6 714 ...... 2.10 0.02 2.90 1.19
7 505 6.08 2.8" 0.09 3.90 1.59
8 357 6.13 3.15 0.27 ".26 2.00
9 252 6.92 ".01 0.73 5.28 2.88

10 178 7.19 4.98 1.64 6.27 ".12
11 126 6.80 6.09 3.15 7.23 5.81
12 89 6.70 8.19 5.99 9.04 8.77
13 63 6.31 10.02 9.56 10.20 11.46
14 "5 5.76 11.17 13.00 10.46 13.26
lS 30 ".07 10.19 1".21 8.64 12.56
16 15 26.39 30.00 51.37 21.74 31.39

-----------------------~----~--~~-~----------~~--~-------------~-~----------~

----------------~-------~----------~-~---~-------------~~--~~---------~------

CYCLOPAlt-1

clSOc • 46 1UIL
P • 29.510 U.
S • 0.120
•• 0.760

Rf • 0.270



Appendlx C.6 The Effect of Proposed ModiftcadoDS on Circuit Capacity,
Louvicourt Mine



279

***** BALL MILLING CIRCUITS SDmLA~IOH PROGRAH OO'rPU'l' **..**

limalation Da~

[na.D~-~ITI.I:]

Louvicour1: M:i.11'. G~iJlCÜ.Jl9 Cizcui.1:, P~Ct:ioD. wi1:h 1" balla.
~c1: OD cizcW.1: cap.ci1:y

Cizcui~ Tn-: '6
[lQfOWN-STBEAHS1

2
1 185.262 49.47
2 0 0

189.231
80

1.68
2.32
2.43
3.14
3.64
4.4"
6.08
6.13
6.92
7.19
6.80
6.70
6.31
5.76
4.07
26.39

3984
2807
2022
1403
1011
714
S05
357
252
178
126
89
63
4S
30
15

[lQfOWH-SIZZ-DISTR2BUTIONS]
16
1
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

[UT JMTLL-l]
0.3997
0.6096
0.8504
1.0887
1.2832
1.3969
1.4090
1.3213
1.1554
0.9454
0.7261
0.5251
0.3588
0.2323
0.1431



280
OIT

0.0000
0.e380 0.0000
0.1920 0.e360 0.0000
0.0860 0.1750 0.e050 0.0000
0.0530 0.0geO 0.1920 0.e080 0.0000
0.03eO 0.05eO 0.0950 0.1790 0.3830 0.0000
0.0280 o.oeoo 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.0640 0.1060 0.1880 0.37"70 0.0000
0.0200 0.0260 0.0350 0.0490 0.0740 0.1180 0.2110 0.3980 0.0000
0.0170 0.0210 0.0280 0.0370 0.0520 0.0760 0.1230 0.2100 0.4080

0.0000
0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160

0.4220 0.0000
0.0130 0.0160 0.0200 0.0250 0.0320 0.Oe20 0.OS80 0.0850 0.1380

0.2470 0.e890 0.0000
0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.Oe20 0.0580 0.0850

0.1380 0.2e70 0.4890 0.0000
0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.Oe20 0.0580

0.0850 0.1380 0.2470 0."890 0.0000
o.ooeo 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580

0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-1 ]
38.1
9.525
7.62
6.98
119.38
3.55
10
0.274 1 1 0.355 0.759
100

[COMYDCII-1 ]
0.01

Co.m.cUv1~ Mauix

1 3
2 2
3 1
4 100

1
1
1
1

1 1000 -1
001
000
000

o 0 0 1
-2 -3 0 0
o 1 -1 0
o a 1 -1

Soli., "ECeD~ Solj,. aDd ••te~



STJœAM NO. S'rJœAM NMa: SOLmS (~/h) 'SOLIDS WA~(~/h) 281

1 IT 185.262 49.470 189.230
3 cr 928.627 67.100 455.280
4 cor 185.188 40.750 269.230
5 CUI' 743.439 79.980 186.050
6 BIG) 743.439 79.980 186.050

----------------~~-~~~~--~~~------~--------~----~~---------------~~-~~------~-
----~---_.._--

Sia. Di.~ibutioD.

CLASS SIR ri' cr cor CUI' &MD

---~-~--~----~-----~------~--------~-----~~--------------------~--~~~~--------

.._----~--------
1 3984 1.68 1.10 0.00 1.37 0.96
2 2807 2.32 1.38 0.00 1.72 1.15
3 2022 2.43 1.37 0.01 1.71 1.10
4 1403 3.14 1.52 0.02 1.89 1.12
5 1011 3.64 1.69 0.06 2.10 1.21
6 714 4.44 1.97 0.14 2.42 1.35
7 505 6.08 2.65 0.36 3.22 1.79
8 357 6.13 2.98 0.67 3.56 2.20
9 252 6.92 3.84 1.31 4.47 3.07

10 178 7.19 4.83 2.32 5.45 4.24
11 126 6.80 5.98 3.80 6.52 5.77
12 89 6.70 8.09 6.48 8.49 8.44
13 63 6.31 9.90 9.58 9.98 10.80
14 45 5.76 11.06 12.45 10.71 12.38
lS 30 4.07 10.19 13.30 9.42 11.72
16 lS 26.39 31.43 49.40 26.95 32.68

~----~~-~-~~~-~----~----~-~~---------~----~---------------------------~~-----

--~------------~----------~~---~----------------~~~--~--~----~~----~--------~

CYCLOPAlt-l

dSOc • 42 pm
P • 47.760 kil.
S • 1.730
•• 0.570

RE • 0.410



282

***** BALL KILLING CIRetJ1'fS SDlUI.ATIOH PRO" OUTPU'! *****

S~aUOD Dab

[OCrD:CT-TI'!LJ:]
LouvicoU%1: Mill'. Gzinc:linq Cizcui.1:, Pzedicuon. wi1:h 1" ball•.
Illpac1: on cizcui1: capaci1:1'
Cizcui1: Type: '6

[KH01IH-S'!IœAMS]
2
1 19t.l t9.47
200

198.26
80

1.68
2.32
2.43
3.14
3.64
t.t4
6.08
6.13
6.92
7.19
6.80
6.70
6.31
S.76
4.07
26.39

398t
2807
2022
1403
1011
714
505
3S7
2S2
178
126
89
63
tS
30
1S

[KHQWH-SIZE-DISTRXSUTIOHS]
16
1
1
1
2
3
4
5
6
7
8
9
10
11
12
13
lt
15
16

[BAT TH'tLL-l]
0.3997
0.6096
0.8504
1.0887
1.2832
1.3969
1.4090
1.3213
1.1S54
0.1454
0.7261
0.5251
0.3588
0.2323
0.1431



283
on

0.0000
0.4380 0.0000
0.1920 Q.4360 0.0000
0.0860 0.1750 0.4050 0.0000
0.0530 0.0940 0.1920 0.4080 0.0000
0.0340 0.0540 0.0950 0.1790 0.3830 0.0000
0.0280 0.0400 0.0630 0.10S0 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.0640 0.1060 0.1880 0~3770 0.0000
0.0200 0.0260 0.0350 0.0490 0.0740 0.1180 0.2110 0.3980 0.0000

0.0170 0.0210 0.0280 0.0370 0.0520 0.0760 0.1230 0.2100 0.4080
0.0000

0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160
0.4220 0.0000

0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380
0.2470 0.4890 0.0000

0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850
0.1380 0.2470 0.4890 0.0000

0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580
O. G850 0.1380 0.2470 0.4890 0.0000

0.0080 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580
0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-1 ]
38.i
9.525
7.62
6.98
119.38
3.55
10
0.274 1
100

[COII'VDGZ-1 ]
0.01

1 0.355 0.759

CODDeCu.vi~Kauix

1 3
2 2
3 1
4 100

1
1
1
1

1 1000 -1 0
o a 1 -2
a 0 0 0
000 0

o 0
-3 0

1 -1
o 1

1
o
o

-1

Soli.da, "~C8D~ Solicla &ad ••~



S'!1ŒAM HO. STIŒAH HAIS SOLIDS (1:/b) 'SOLIDS RA~(1:/h) 284
~~-~~------~------~--~-~-------~---------~----~-----~----~------~~-----------

1 IT 194.100 49.470 198.260
3 CI' 969.080 67.4eo 466.940.. COI' 194.156 41.100 278.220
5 CUI' 774.924 80.420 188.720
6 BHD 774.924 80.420 188.720

-~---~--------~----~~-~-~-~-~--------~---------~--~~---------~---~~-~-------~-

-------------
Size Di.tribu1:ion.

CLASS SIa Fr cr cor cor BIG)

-----------------------~-~~--------------------~~~~--~-------~----------------

---------------
1 3984 1.68 1.16 0.00 1.45 1.03
2 2807 2.32 1.44 0.00 1.80 1.22
3 2022 2.43 1.41 0.01 1.76 1.16
4 1403 3.14 1.57 0.02 1.96 1.18
5 1011 3.64 1.74 0.06 2.16 1.27
6 714 4.44 2.02 0.15 2.49 1.42
7 505 6.08 2.73 0.38 3.32 1.89
8 357 6.13 3.07 0.71 3.66 2.30
9 252 6.92 3.95 1.38 4.60 3.21

10 178 7.19 4.97 2.43 5.61 4.42
11 126 6.80 6.14 3.96 6.69 5.98
12 89 6.70 8.25 6.70 8.64 8.65
13 63 6.31 10.00 9.79 10.05 10.93
14 45 5.76 11.01 12.54 10.63 12.34
15 30 4.07 10.00 13.19 9.20 11.49
16 lS 26.39 30.48 48.38 26.00 31.49

-----------------------~----~------------------~-~-~---~---------------------

CYCLOPU-l

cl50c • 42 pm
P • 51.150 leP.
S • 1.710
•• 0.570

U • 0.400



285
••••• BALI. HIId.DlCJ CIllCtTI'fS SIMULATION PROcmAH OUTPO'r •••••

Simul.UOIl Cau

[noJZCT-TITLZ]
Louvicouz1: Nil.l. 1. CJz~1lCli1UJ Cizocui1: , Pzedict:iolla wi1:h 1 n ball.•.
IIIp&c1: 011 cizoc:ui t cap.ci1:1'
Circuit ~: '6

[DfOtlN-STBBAHS ]
2
1 211.728 49.47
2 a 0

216.27
80

1.68
2.32
2.e3
3.14
3.64
4.44
6.01
6.13
6.92
7.19
6.80
6.70
6.31
5.76
4.07
26.39

3984
2807
2022
1403
1011
714
505
357
252
178
126
89
63
45
30
15

[DfOWH-SIz&-DIS~~OHS]

16
1
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

[MT.THTLI.-l]
0.3997
0.6096
0.1504
1.0887
1.2832
1.3969
1.4090
1.3213
1.1554
0.ge54
0.7261
0.5251
0.3588
0.2323
0.1431



286
on

0.0000
0.4310 0.0000
0.1920 0.4360 0.0000
0.0860 0.1750 0.4050 0.0000
0.0530 0.0940 0.1920 0.4080 0.0000
0.0340 0.0540 0.0950 0.1790 0.3830 0.0000
0.0210 0.0400 0.0630 0.1050 0.1980 0.3920 0.0000
0.0220 0.0300 0.0430 0.0640 0.1060 0.1880 0.3770 0.0000
0.0200 0.0260 0.0350 0.0490 0.0740 0.1180 0.2110 0.3980 0.0000

0.0170 0.0210 0.0280 0.0370 0.0520 0.07'0 0.1230 0.2100 0.4080
0.0000

0.0140 0.0170 0.0220 0.0280 0.0380 0.0520 0.0770 0.1220 0.2160
\).4220 0.0000

0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580 0.0850 0.1380
0.2470 0.4890 0.0000

0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.OS80 0.0850
0.1380 0.2470 0.4890 0.0000

0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580
0.0850 0.1380 0.2470 0.4890 0.0000

0.0010 0.0110 0.0120 0.0130 0.0160 0.0200 0.0250 0.0320 0.0420 0.0580
0.0850 0.1380 0.2470 0.4890 0.0000

711.88 0.1 0.1 0.7

[CYCLOPAlt-1 ]
38.1
9.525
7.62
6.98
119.38
3.55
la
0.274 1
100

[CONVDGE-l ]
0.01

1 0.355 0.759

1 3
2 2
3 1
.. 100

1
1
1
1

1 1000 -1
001
000
000

o a
-2 -3
o 1
o 0

o 1
o 0

-1 a
1 -1

------~~--~~-~~-~-~-~~~--~--~~~---~--~-----~--~~----------~----~---~~-~~~~--~
SoUcia, hzceD1: Soli.da aDà ••~~
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---------------~-~--------------~---~----p-~--~-------~----------~--~-----~--

1 IT 211.128 ..... 49.410 21fi. 210
3 CI' 1050.344 68.190 489.810
4 COI' 211.&64 41.670 296.210
5 CUI' 838.680 81.250 193.600
& &MD 838.680 81.250 193.&00

----~-~-~---~-~-~-~-~~-~~---~~~~----------------~~--------~-~----~------------
-~~..~~~-~ ....~~.-.

Size Di.~~~OD.

CLASS SIU FI' CI' cor CUI' BIG)

------~-~-----------------------~-~------------------~---~---------------~~-~~

------------~---
1 3984 1.&8 1.24 0.00 1.55 1.13
2 2801 2.32 1.55 0.00 1.94 1.35
3 2022 2.43 1.50 0.01 1.88 1.28
4 1403 3.14 1.67 0.03 2.08 1.30
5 1011 3.64 1.85 0.07 2.30 1.40
6 114 4.44 2.14 0.11 2.64 1.56
7 505 6.08 2.88 0.42 3.50 2.07
8 351 6.13 3.25 0.78 3.87 2.52
9 252 &.J2 4.17 1.51 4.84 3.48

la 178 7.19 5.23 2.65 5.88 4.74
11 126 6.80 6.42 4.28 6.J6 6.33
12 89 6.70 8.54 7.14 1.89 9.00
13 63 6.31 10.14 10.21 10.12 11.11
14 45 5.76 10.91 12.74 10.45 12.21
15 30 4.07 9.63 13.01 8.78 11.03
16 15 26.39 28.85 46.82 24.31 29.47

-----------------------------------------------------~~-~~-~---~----------~--

CYCLOPU-l

c1S0c • 43 pa
II • 58.240 kP.
S • 1.670
•• 0.570

U • 0.400
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AppeDcUx 0.1 BALLMILL Module Rules

BALLMILL MODULE

OptimlzadoD objective: to increase tbroupput or pind fineness

289

IF the mill diameter is Dm m
THEN

the critical-speed is equal to:

42.3

{D.
(rpm)

IF the percent of critical speed is greater tban or equal to 82%
THEN

the mill speed is apparendy too bigh (above 82%)

IF the percent of critical speed is less than or equal to 65%
THEN

the mill speed is apparendy too low (below 65 %)

IF steel balls are used and
the operation mode is wet and
the discbarge mecbanism is overtlow

TBEN .
the wet grinding CODStant is equal to 350

IF steel balls are used and
the operation mode is wet and
the discbarge mecbanism is diaphragm

THEN
the wet grinding constant is equal to 330

IF steel balls are used and
the operation mode is dry and
the discbarge mccbanism is diaphragm

THEN
the wet grinding constant is equal 10 335

IF silica balls are used and
the operation mode is wet aad
the discbarge mecbanism is diapbragm



(mm)
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mEN
the wet grinding constant is equal to 170

IF silica balls are used and
the operation mode is dry and
the discbarge mechanism is diapbragm

mEN
the wet grinding constant is equal to 175

IF the mill diameter is Dm m and
the percent of critical speed is Cs % and
the laboratory work index is Wj kWh/t and
the feed 80% passing size is Fao pm and
the ore specifie gravity is SI and
the wet grindiDg constant is K

mEN
the Bond make-up ball size is equal to:

(F_)O.J( S,~ )0.33 <_)
K C DO",, .

IF the mill diameter is Dm m
the mill speed is N rpm
the laboratory work index is Wi kWhlt
the feed 80% passing sile is equal to Fao pm

mEN
the Azzaroni make-up hall size is equal to:

5.8 (F.t~ (W,)Oo4
(ND.)O""

IF the optimization objective is ta iDcrease tbroughput or grind rmeness and
the selection fuoction curve is a straight liDe
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THEN
the ball sile is tao large and must be reduced, if it was not iDcreased in the past
due other teasOos.

IF tbI: optimization objective is ta iŒrease througbput or grind tiœness and
die selection fuDction curve bas a large hump

mEN
the percent of the bail mill discbarge baviDg a size larger tban
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that of hump, the maximum selection function value and the top size class
selection fonction must be considered to determine if the ball size must he
increased.

IF the optimization objective is to increase throughput or grind fmeness and
the selection function curve bas a large hump and
the percent of discbarge material coarser tban hump particle size is greater tban
or equal to 20% and
the top sile selection fuDction is less tban 0.2 of hump selection function

THEN
the ball size is too small and must be increased, if it was not decreased in the past
to for other reasODS.

IF the optimization objective is to increase throughput or grind fmeness and
the sele=tion fonction curve bas a small bump

THEN
the ball size is near optimum

IF the ball size is too large and
the make-up ball size is greater than or equal to 38 mm (1.5") and
the ball size was Rot increased in the past-

THEN
decrease the make-up or top ball sile by 13 mm (0.5"). Test the effect
of tbis change by NGOT~ befote the real plant exercise.

IF the ball sile is too large and
the make-up ball size is less tban 38 mm (1.5 n) and
the ball size was oot iDcreased in the past

TBEN
decrease make-up or top ball size by 6 mm (0.25"). This can be achieved using
a blend of make-up balls. Test the effect of tbis change by NOOTC before the
real plant exercÎSe.

IF the optimization objective is ta increase tbrougbput or grind fineness and
the ball sile is tao smaIl and
the mate-up baU size is less tban 51 mm (2") and
the ball size was DOt decreased in the put

THEN
iDcrease mate-op or top ball size by 13 mm (O.S"). Test the effect

-ro avoid unnecessary oscillations in mate-up bail size
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of this change by NGOTC before the real plant exercise.

IF the optimization objective is ta increase throughput grind fmeness and
the ball sile is too small and
the make-up ball size is greater tban or equal 51 mm (2") and
the ball size was not decreased in the past

THEN
increase make-up or top ball sile by 2S mm (1 "). Test the effect
of tbis change with NGOTC belore the real plant exercise.

IF the optimization objective is ta increase throughput or grind fmeness and
the ball size is too small and
the ball size was decreased in the past

THEN
it seems that the make-up ball sile is too small.
Sînce ball size was recently decreased, it is likely
tbat the optimum ball size is between the previaus
and existing one.
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IF the optimization objective is to increase tbrougbput or grind fineness and
the ball sile is too large and
the ball size was increased in the past

THEN
it seems that the make-up ball sile is too large. However, since there bas been
an attempt to increase the ball size befare, decreasing it again is not likely to
improve grinding efficiency, unless feed ta the mill bas become rmer or softer

OpdmjUtiOD objective: to decrease operatiDl costs

IF the optimization objective is to decrease aperating costs and
the mill liner condition bas not been checked

THEN
check the liner COnditiOD.

IF the aptimization objective is ta decrease operating costs and
the operation mode is wet aDd
the liner wear is greater tban or equal 10 0.044 kglkWh

THEN
il seems tbat liner weu is tao bigb for tbis operation. 1bis needs ta he checked,
any way.
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IF the optimization objective is ta decrease operating costs and
the operation mode is dry and
the liner wear is greater tban or equal to 0.006 kglkWh

THEN"
it seems tbat liner wear is too high for this operation. This needs to be checked,
any way.

IF the optirnjzation objective is ta decrease operating costs and
the operating work index ta the laboratory work index ratio is between 0.8 and
LOS

THEN
the energy consumption is goad

IF the optimization objective is to decrease operating costs and
the operating work index ta the laboratory work index ratio is between 1.OS and
1.2

THEN
the energy consumption is ok

IF the optimization objective is to decrease operating costs and
the operating work index to the laboratory work index ratio is greater than 1.2

THEN
the energy consumption is bad

IF the optimization objective is to decrease operating costs and
the energy consumption is good

THEN
the grinding performance, in terms of energy consumptiOD,
seems very good.

IF the optimization objective is to decrease operating costs and
the energy consumption is bad

THEN
the grinding performance, in terms of energy cOnsumptiOD,
seems DOl goad. You may œed 10 optimize operation in this
respect.

IF the optimization objective is to decrease-operatiDg-costs and
the energy consumption ok

TBEN
tbe grinding performance, in terms of energy consumption,
seems 10 be oay.

IF tbe Iaboratory work iDdex is UDknown
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the operating work index is unknown
THEN

the laboratory and operating work indices are recommended to he detennined.

IF the optimization objective is ta decrease operating costs and
the mill diameter is Dm m and
the charge to roof distance is H m

THEN
the mill..filling is equal ta:

113 - 12ft•..!!. (1)
D.

IF the optimizatioD objective is to decrease operating costs and
the discbarge mecbanism is overtlow and
the milI filling is greater than or equal to 45%

THEN
the mill fùling seems ta he high and must be cbecked. You might
he loosing balls at discbarge due ta the bigh mill fl1ling.

IF the OptimizatiOD objective is to decrease operating costs and
the discbarge mecbanism is overtlow and
the mill ftlling is less tban or equal to 30%

THEN
the mill ftlling seems to he low and must be checked.

IF the optimization objective is unknown
TBEN

baving clear plant optimizatiOD objectives is imponant
siDce it affects decisioDS about plant operating cbanges
and guides OptimizadOD process.
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HYDROCYCLONE MODULE
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IF the classification objective is to increase cut size
TBEN

the cut size cao be iDcreased by reducing the apex diameter of the cyclone(s).
However, it is rec:ommended to use the BMCS to assess the impact of using a
smaller apex on the classification and fun circuit performance.

The cut size can be increased by iDstalling luger cyclones. This option, however,
is only practical at the design stage. For an cxisting circuit, the BMCS can he
used to assess the impact of using larger cyclones on the classification and full
circuit performance.

The cut size cao be increased by increasing the inclination of cyclones to the
vertical to 45 degrees or more. This option is normaUy practical ooly at the
design stage, and when the nomber of cyclones is small.

Increasing the vonex tinder diameter cao increase the eut size. The BMCS
program tan be used to assess the impact of usÎDg a larger vortex rmder diameter
on the circuit performance.

IF the classification objective is ta decrease cut size
the nomber of operating cyclones is greater tban 1

THEN
the eut size can be reduced by switehing off a cyclone at constant total feed fiow
rate. It is recommended ta use the BMCS to assess the impact of this change on
the full circuit performance.

IF the classification objective is to decrease cut size
TBEN

the cut size can be reduced by diluting the feed slurry. It is recommended to use
the BMCS to assess the impact of this change on the full circuit performance.

IF the classification objective is to reduce water recovery and
the number of operating cyclones is greater tban 3 and
the pressure drop is tao low

THEN
the water recovery to the cyclone undertlow, R" cm be reduced by switehing off
one cyclone at cODStaDt total feed tlow rate. It is recommended to use the BMCS
10 assess the impact of tbis change on full circuit perfonnance.

IF die classification objective is ta reduœ the water recovery
TBBN

the water recovery to the cyclone UDdertlow, ~t cm be reduced by using smal1er
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apex diameter. It is recommended to use the BMCS to assess the impact of tbis
change on full circuit performance.

IF the classification objective is to reduce water recovery and
the cut size is too low and
the circulating load is too bigh

THEN
the water recovery te the cyclone undertlow, R" can he reduced by using larger
vortex fmder diameter. It is recommended to use the BMCS to assess the impact
of this change on full circuit performance.

IF the classification objective is to increase the separation sharpness
THEN

the separation sharpness can he increased by modifications tbat decrease water
rec:overy to the cyclone undertlow or short circuiting~

IF the classification objective is ta increase the separation sharpness
THEN

in case of excessively high feed solids concentration or high slimes
concentrations, it is recommended to dilute the feed to reduce the viscosity of the
tluid. This cm be led to improved separation sharpness.

IF the classification data is available
THEN

use a spreadsheet software such as QuattroProe or Excelt ta fit Plitt's model to
data.

IF the classification data is not available
THEN

do a circuit survey aroUDd the cyclone(s).

IF Plitt's model was titted ta the classification data and
PUtt's model fit was not optimjzed

THEN
the fit must be oprimized using a non-linear optimization tool. Spreadsheet
softwares normally include tbis fuDction.

IF PUtt's mode! was titted and
the fit was optimized and

eQuattroPro is a trademark of Bodaud International

fExcel is a trademark of Microsoft company
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Rr was not positive
THEN

when the fit is optimized, the final values of estimated parameters, ~t dsoc and
ln must be positive. ~ and m normally are. If Rr is not positive, tbis cm be
due ta incomplete size distribution information of cyclone stteams for rme size
classes. To solve this problem, Rr can be calculated from cyclone overfiow and
underflow solids ftow rate and percent solids information. Then, the other two
parameters can be estimated usiDg the optimization too1.

IF PUtt's model was fitted and
the fit was optimized and
R., was not positive

THEN
It is recommended to use a wider screening size range in next circuit survey so
tbat Rf cao he estimated when model fitting is optimized.

IF Plitt's model was fitted and
the fit was optimiwl and
the Kt wu positive and
the user does Dot know if the optimal fit was satisfactory or Dot

THEN
ta check if the optimal fit is satisfactory or not, you can examine the goodness of
fit (or the lack of fit) criterion and also visually evaluate how close is the fitted
curve to the measured data. R, from the circulating load, cyclone undertlow,
overfiowand % soUds should be close to Rr fitted.

IF PUtt's model was fitted and
the fit wu optirnized and
the Kt was positive and
the optimized fit is not satisfactory and
mere is a hump or plateau in the classification curve and
the ore consislS of significant heavy and light phases

THEN
the individual minerai classification bebaviour is the cause of lack-of·fit. The
grindiDg model cao ooly be used for predicting trends.

IF PUtt'5 model was tiued and
the fit wu optimized and
the Rr wu positive and
the optimized fit is not satisfactory and
mere is a hump or plateau in the clusification curve and
mere is no sipificant beavy and light pbases and
tbe data wu mass balanced
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TBEN
It is recommended to repeat the sampling.

IF PUtt's model was fitted and
the fit was optimjzed and
the R, was positive mi
the optimized fit is not satisfactory and
there is a hump or plateau in the classification curve and
there is no significant heavy and light phases and
the data was not mass balanced

TBEN
It is recommended to do mass baIancing before data analysis.

IF PUtt's model was fitted and
the fit was optimized and
the R, was positive and
the optimized fit is not satisfactory and
there exist no hump or plateau in the classification curve and
there exist no fish book at rme end of the classification curve and
the data was mass balanced
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THEN
it is recommended to check the validity of data used for the analysis. It might be
necessary to redo sampling tests to obtain reliable classification data.

IF Plitt's model was fitted and
the fit was optimized and
the R, was positive and
the optimjRd fit is not satisfactory and
there exist no hump or plateau in the classification curve and
there exist no fisb hook at fine end of the classification curve and
the data was Dot mass balanced

THEN
It is recommended to do mass balancing before data analysis.

IF PUtt's model was fitted and
the fit wu optimized and
the R, wu positive aud
the optimized fit is DOt satisfactory aDd
there exist no bump or plateau in me middle of me classification curve aDd
tbere exist a tisb book
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THEN
it is recommended to use a flSh hook model such as the one proposed by Finch
[1983].

IF the water recovery to the cyclone undertlow is ~ and
the Il, is greater tban SO%

THEN
the efticiency of the cyclone operation in terms of the amount of water recovered
to the cyclone undertlow is very poor. It is recommended to significantly reduce
water recovery to the cyclone uodertlow.

IF the water recovery ta the cyclone undertlow is ~ and
the R, is less than or equal ta SO% and is greater tban 40%

THEN
the efficiency of the cyclone operation in terms of the amount of water recovered
to the cyclone undertlow is poor. It is recommended to reduce water recovery
to the cyclone undertlow.

IF the water recovery to the cyclone undertlow is ~ and
the R, is less tban or equal to 40% and is greater than 30%

THEN
the efficiency of the cyclone operation in terms of the amount of water recovered
to the cyclone undertlow is reasonable.

IF the water recovery to the cyclone UDdertlow is ~ and
the Kr is less tban or equal ta 30% and is greater tban 20%

THEN
the efficiency of the cyclone operation in terms of the amount of water recovered
to the cyclone undcrtlow is goad.

IF the water recovery ta the cyclone UDdertlow is ~ and
the Kr is less tban or equal ta 20% and is greater than or equal to 10%

THEN
the amount of water recovered te the cyclone UDdert10w is too low. The cyclone
operation may be subjected ta undertlow roping. This CID be checked visually.

IF the water recovery to the cyclone UDdertlow is R, and
the Kr is less tban lOCI

THEN
the amount of water recovered ta the cyclone UDdertlow is exttemely low. This
is very unusual with normal cycloDe operatioDS, aad is normally achievable oDly
witb an undertlow valve for produciDg a prodUCl for cODveyiDg or stockpiling. We
recoDUDelld tbal you cbeck the reliability of the data
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IF the separation sbarpness (m) is greater man or equal to 3
THEN

the cyclone separation sharpness is excellent.

IF the separation sbarpness (m) is less than or equal to 2 and
hydrocyclones are primary

THEN
the cyclone separation sbarpness is poor.

IF the separation sbarpness (m) is between 2 and 3
THEN

the cyclone separation sharpness is normal.

IF the separation sbarpness is poor and
there are significant.beavy and light phases

THEN
the separation sbarpness is poor because of heavy and light phases

301
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CIRCUIT MODULE

IF circuit tlowsheet number 1 is used and
the ball mill discbarge size distribution is too coarse and
closed circuit grinding CID he used

THEN
circuits S and 6 are proposed

IF circuit flowsheet number 1 is used and
the ball mill discharge size distribution is tao wide and
closed circuit grinding CID he used

THEN
circuits S and 6 are proposed

IF circuit tlowsheet number 1 is used and
a higher capacity or a finer grind is required and
closed circuit grinding can be used

THEN
circuits S and 6 are proposed

IF circuit tlowsheet number 1 is used and
circuits S and 6 are proposed and
the ball mill discbarge density is too low and
the density control is a problem

THEN
circuit 6 is proposed as the alternative ta the current circuit.

IF circuit tlowsheet number 1 is used and
circuits S and 6 are proposed and
the fresh feed is coarse and
the fresh feed contains few fines

THEN
circuit S is proposed as the alternative ta the current circuit.

IF circuit tlowsheet number 1 is used and
circuits S and 6 are proposed and
the fresh feed is not couse and
the fresh feed contains significant tiDes

THEN
circuit 6 is proposed as an alternative ta the current circuit.

IF circuit flowsbeet number 1 is used and
a closed circuit griDdiDg caDDOt be used and
a high bail mi1l discbarge density is required and

303
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closed circuit grinding cannot be used
THEN

it is recommended to consider adding grinding aids to the circuit.

IF circuit tlowsheet number 1 is used and
a bigh ball mill discbarge temperature is required

THEN
it is recommended to consider adding grinding aids te the circuit.
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IF circuit tlowsheet number S is used and
fresh feed contains significant fines and
a very sbarp classification is not required

THEN
circuit 6 is proposed as an alternative to the current circuit. Smce the fresb feed
is very rme a pre-classification configuration is preferred.

IF circuit tlowsheet number S is used and
a very sbarp classification is required and
overgrinding is not a problem and
coarse material is not a problem in downstream process

THEN
circuits 7, 8, and 9 are proposed as alternatives to the current circuit.

IF circuit tlowsheet number S is used and
a very sbarp classification is required and
overgrinding is a problem

THEN
circuits 7, 8, and 9 are proposed as alternatives to the current circuit. However,
due to the overgrinding problem circuit Il is preferred.

IF circuit tlowsheet number S is used and
a very sbarp classification is required and
coarse material is a problem in the dOWDStteam pracess

THEN
circuits 7, 8, and 9 are proposed as alternatives te the current circuit. However,
to minirnize coarse material content in circuit product, circuit 7 is preferred.

IF circuit flowsheet number 6 is used aDd
a very sbarp classification is DOt required and
the fresh feed contaîDs significant ovenize

THEN
ciIalit S is proposed as an alternative to the curreDt circuit.

IF circuit tlowsheet number 6 is uscd and
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a very sharp classification is required and
overgrinding is not a problem

THEN
circuits 7 and 8 are proposed as alternative to the corrent circuit.
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IF circuit tlowsbeet number 6 is used and
a very sharp classification is required and
overgrinding is a problem

THEN
circuits 7 and 8 are proposed as alternative to the current circuit. However, due
ta the overgrinding problem, circuit 8 would be preferred.

IF circuit tlowsheet number 7 is used and
overgrinding is a problem and
the fresh feed does not contains significant fines

THEN
circuit 8 is proposed as an alternative to the cunent circuit to solve the over
grinding problem.

IF circuit tlowsbeet number 7 is used and
the ball mi11 density is too lowand
the secondary cyclone undertlow density is low

THEN
circuit 8 is proposed as an alternative to the cunent circuit to solve the density
problems.

IF circuit tlowsheet number 7 is used and
the primary cyclone efficiency is low and
the primary cyclone feed density is high

THEN
circuit 8 is proposed as an alternative 10 the current circuit to solve primary
classification efficiency and density problems.

IF circuit tlowsbeet number 7 is used and
the fresb feed contains significant fines and
overgrinding is a problem

THEN
circuit Il is proposed as an alternative ta the current circuit.

IF a circuit tlowsheet other tban 1, .s, 6, 7 and 8 is used
THEN

currendy, there are DO mies in the knowledge base tbat cao be appüed to the
selected circuit.
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MODSIM MODULE

Task: modelUng
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IF the task ta do is modelling and
the breakage fonction is Dot known and
the study is at a prelimioary phase

THEN
it is recommended to use the breakage function of a similar ore for a
preliminary work. For very accurate simulations, you would be better off to
determine the breakage fonction of the ore using a representative sample.

IF the task to do is modelling and
the breakage function is not known and
the study is at a preJiminary phase

THEN
although the actual ore breakage function is unavailable, it is still possible ta
estimate the selection function using lypical ore breakage functiODS. For a
detailed study, however, you may need to determine the breakage functioD.

IF the tuk to do is modelling and
the RTD model parameters are not known and
the study is at a prellminary phase

THEN
although the actual RTD parameters are unavailable, it is still possible to estimate
the selection function using typica1 values. For a detailed study, however, you
may need to measure RTD.

IF the tuk to do is modelling and
the breakage function is not known and
the study is at a detaüed phase

THEN
il is recommended to determine the breakage function of the ore using
representative samples of the ore.

IF the task 10 do is modelling and
the selection function is not known and
the data set is oot mass balanced

THEN
il is recommended 10 use mass balaoced data for selection function estimation.
You must use mus balance software ta tint adjust raw data.

IF the task 10 do is modelling and
the breakage fuDctiOD is Imown and



Appendïx D.4 MODSIM Module Rules 308

the RTD model parameten are known and
the data set is mass blIanced and
the selection function is not known

TBEN
the NGOTC program must he nm to back-ea1cu1ate the selection function based
on the available data set. The user, however, must be familiar with the program
and can consult NGOTC manual for assistance.

IF the task to do is modelling and
the RTD model parameten are not known and
the study is at a prelimjnary phase

TBEN
il is recommended to use typical values for Weller's model parameters such as
tau PF=O.l, tau SPM=O.l and tau LPM=O.7 at a ~dard ball mill feed rate.

IF the task to do is modelling and
the RTD model parameten are not knawn and
the study is at a detailed pbase

THEN
it is recommended to do plant tracer tests to determine RTD model parameters.

IF NGOTC must be run
THEN

make a ca1l to operating system to nm ngote.exe

IF the task ta do is modeUing and
the selection function does not show a clear trend

THEN
the estimated selection function may not he valide Normally, a selection fonction
vs. panicle size curve shows a linear trend at fme size range followed by a
non-linear trend at come siles. It is recommended ta check the validity of the
selection functiOD before using it for the circuit simulations.

IF the task ta do is modelling and
the selection fonction shows a clear trend and
the selection function does not show noise

mEN
the estimated S':lectiOD function seems to he valide Normally, if the selection
function vs. particle size curve bas a cleu treDd aDd tbere is no signifi.cant noise
in data particularly for coaner sile classes it indicaœs a reliable estimate of the
selection fuDction.

IF the task 10 do is modelling and
the selection fuDctiOD shows a clear trend aDd
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the selection function is noisy and
the level of noise is pronounced in top size classes

THEN
the estimated selection function is valid for fille size classes. However, for the
top size classes, the selection function values may be uncertain and erratic due
to screening errors, if there is very little mass in top sile classes.

IF the task ta do is modelling and
the selection function shows a trend and
the selection fonction shows noise and
the noise is not al top sile classes

THEN
if the noise level is low and distributed over the full sile range, the estimated
selection function is still valide However, for simulation purposes, it is better to
smooth the selection function values by the spline curve fitting algorithme

IF the task to do is modelling and
the selection function was estimated by sequential interval-by- interval search and
the study is al a detailed phase

THEN
as this is a detailed study, il is recommended ta use other selection function
estimation methods as weil. For example, (1) use more than one data sets (2)
methods based on assumed functional forms of selection functions cao he used.
The best selection fonction vector then can be found by the analysis of resuIts
from various methods.

IF the task to do is modeUing and
the selection fonction was estimated using functional fonDS and
the study is al a detailed phase

THEN
as tbis is a detailed study, it is recommended ta use other selection function
methods as welle For example, (1) use more tban one data set (2) sequential
interval-by-interval search method cm he used. The best selection function
vector then cm he found by the analysis of results from various metbods.

Task: simulation

IF modelling bas not been donc
THEN

you oeed to build a model of the circuit by cahbrating and validatiDg BMCS
simulator. In tbe modelliDg &tep, various model parameten (breakage fuDctiOD,

selection fuDctiOD, RTD, cyclooe(s) geometry and caltbration factors) must be
estimated.
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IF modelling bas been done
MEN

the BMCS program can he 1UD now to simulate the grinding circuit. Il is
expected thal the user he familiar with the program and he able to prepare the
correct data file.

IF the calibration and validation of BMCS have not been done and
the two data sets are not available

THEN
to build a griDding circuit model al least two data sets are needed. One data set
(trom a detailed circuit survey) is required for the estimation of unit model
parameters and another one (independent data set) is needed to validate (test) the
model built based on the tirst data set. It is recommended that plant sampling
campaigns to he done for calibrating and validating the BMCS simulator.

IF the calibrating and validating of BMCS bave not been done and
two data sets are available and
the selection function is not known

THEN
the NGOTC program must be nID to back-ealculate selection function based on
an available data set. The usert however, must he familiar with the program.
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e e
C........ Cane. Uae Il

•
..... .. ,..) Gee .......) COI""".) CUI' '''ret.) CP(....) Aee.lItec. (.) CaIe.IIec. (.) ID

6 Ji!O 3914 0.00 0.11 0.10 99.94 100.00 0.00

• 2360 2101 0.00 0.21 0.19 99.98 100.00 0.00
10 1100 2022 0.00 0.19 0.17 99.94 100.00 0.00
14 1110 140J 0.00 0.45 0.41 99.99 100.00 0.00
20 150 1011 0.06 0.45 0.41 98.S9 100.00 1.98
30 600 114 0.09 0.10 0.64 91.67 100.00 1.11
40 415 !OS 0.19 1.26 1.16 98.46 100.00 2.31
50 300 351 0.39 2.94 2.10 91.63 100.00 1.11
70 212 252 1.21 S.13 4.11 97.47 100.00 6.40
100 ISO 11. 4.32 Il.17 Il.16 96.14 99.98 13.22
150 106 126 6.83 17.22 16.24 96.0l 99.M» 12.'1
200 " 19 9.01 22.47 21.20 95.96 97.65 2.16
210 '3 63 10.58 1'.92 1'.42 93.52 92.73 0.61
400 38 4' 13.21 9.16 10.11 11.68 15.53 4.63
500 25 30 13.10 4.04 4.96 73.71 75.42 2.92

-500 ....
IDIII 100.00 100.00 8.'1 51.43

.COI'..... 35.0111II .. .....COJ' 11.24 ...... 124.01 111I 11I- 0.50
œ ...... 3J'.60 ilia ....... CUF 19.11 423.14 11II
c...... 370.62 ilia

G1c: 19.05 AftRMr RepolI
.-; 1.32 SoIUIIon cele ......... FI....
a: 0.50 AgnicxLEegIe:B82 382.28 51.43
SI: 51.43

v.......Celle ..... fIuI
Agnk:o_Eagle:B88..B89 45.00 28.05
Agnico_Eagle:B80..B80 2.50 1.32

w....
N
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e •
CI8sIIJIaItImI Cane. LIDe ft

•
....., c........l co.........) awA'''''') CI',......) AdllalIIec. ,. CaIc.IIec.'''' SB

6 3350 3914 0.00 0.12 0.11 99.94 100.00 0.00
1 2. 2101 0.00 0.11 0.10 99.19 100.00 O.OS
10 1100 20n 0.00 0.•5 0.14 99.11 100.00 0.02
14 1110 1403 0.00 0.41 0.31 99.98 100.00 0.00
20 150 1011 0.01 0.3. 0.34 99.63 100.00 0.14
JO 600 '714 0.02 0.61 0.54 99.5. 100.00 0.11
40 425 50S 0.10 1.11 1.05 98.93 100.00 1.15
50 300 SS7 0.41 2.53 2.29 97.60 100.00 5.77
70 212 m 1.34 4.63 4.26 96.42 100.00 12.12
100 150 11. 3.63 Il.29 10.42 96.03 100.00 15.13
150 106 126 5.1S 11.92 16.55 95.98 100.00 16.16
200 15 19 14.52 25.44 24.20 93.11 ".93 45.59
270 53 63 Il.35 16.75 16.13 92.00 95.66 13.43
400 31 45 13.65 9.06 9.51 13.79 79.16 15.41
SOO 2S :JO 17.71 2.95 4.64 56.31 59.19 7.90

·SOO IDIII.... 100.00 100.00 90.71 IM.41

• CDI'..... 34.'71" ....... 00. n.14 ..... 150.31 ilia 1It- 0.43
aJI' ..... %70.91" ........ aJI' 15.50 351.14 ilia
(7..... .,.10 .... S9.00 An-. Report
.-: 2.'73 8011.... C8II ........ FIMI
Rf 0.43 AgnlcrL&IIe:B187 238.78 134.41
II: 1:14.41

V....... ceHe· ........ F.....
AlnIccL&IIe:B184..B184 45.00 31.00
AgniecLEagIe:B185..B185 2.50 2.73

w......
~
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20 .... 0.62 0.10 0.3 0.1 317
28 .... 1.g1 2.03 0.5 0.1
35 .... 3.g1 4.01 0.5 0.1

·48 ..1. 6.55 6.10 0.5 0.2
'5 .... 8.36 8.41 0.5 0.1

100 .... 8.33 8.33 0.5 0.0
150 ..1. 1.12 1.01 0.5 -0.0
200 .... 5.18 5.18 0.5 0.0
210.1. t.43 4.10 0.5 0.3
400 .... t.48 4.11 0.5 -0.3
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*****.**••••••••****••***.*••**••****
atiacUoll IUDctlOIl ••t1JIatlOIl ".ul~.
*••**.**********************.******.*

Placer D~ 1I:lll, a-s»~. 23, 1997
Date: 8/21/1998
Tau Pluq 1'10". 0 .10 Tau SIIa1l al. 0.10 Tau~ RI. o. 70

R8fueDCe f" flow rate • 100. a t/h
~~ ftllld flov rate • 100. a ~Ih
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0.02
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0.00
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0.02

0.05

0.09

0.03

0.00
0.44
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0.02

0.03

0.02

0.02

0.05

0.03

0.00
0.44
0.19
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0.01

0.02

0.02

0.02

0.03

0.03

0.00
0.44
0.19
0.09
0.05

0.01

0.01
0.00

0.02

0.02

0.03

0.02

0.00
0.44
0.19
0.09
0.05
0.03

0.01
0.00
0.01
0.44

0.02

0.01

0.02

0.02

0.00
0.44
0.19
0.09
0.05
0.03

. 0.03

0.01

0.01
0.00
0.01
0.44
0.00
0.19

0.02

0.02

0.00
0.44
0.19
0.09
0.05
0.03
0.03
0.02

0.01
0.00
0.01
0.44
0.00
O.lg
0.00
0.09

0.01

0.02

0.00
0.44
0.19
0.09
0.05
0.03
0.03
0.02
0.02

0.01
0.00
0.01
0.44
0.00
0.19
0.00
0.09
0.00
0.05

0.01

0.00
0.44
0.19
0.09
O.OS
0.03
0.03
0.02
0.02
0.02

0.01
0.00
0.01
0.44
0.00
0.19
0.00
0.09
0.00
0.05
0.00
0.03

0.00
0.44
0.19
0.09
O.OS
0.03
0.03
0.02
0.02
0.02
0.01

Bzeakaqe l''uDaUoll If&triz
0.00
0.44
0.19
0.09
o.os
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.00
0.01
0.44
0.00
0.19
0.00
0.09
0.00
o.os
0.00
0.03
0.00
0.03

1-------1-------------1--------1-------------1-------------1--------------1CLAIS 1a.mu SIa 1 J'DI) 1DU. naD. 1CALC. DOD. 1 aa..c. l'OIfc.

1
2
3
4
5,
7
8
9

10
11
12
13
loi
15
II
17
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12700
8980
1350
4490
3175
2245
1587
U23
794
5'1
397
281
198
140

"70
50
35

7.24
1.28
S.35
5.48
5.08
5.48
4.'0
5.g5
1.41
1.48
'.14
5.9'
5.03
3.2'
2.28
1.71
1.50
1.00

0.87
3.54
1.46
1.30
2.08
2.50
2.51
3."
4.73
'.01
7.U
7.'5
7.58
'.02
4.'2
3.'3
3.08
2.35

0.87
3.54
1.4'
1.30
2.08
2.50
2.51
3."
4.73
6.01
7.11
7.'5
7.58
6.02
4.'2
3.'3
3.08
2.35

3.3419
1.2857
3.4254
4.4245
3.2"8
3.0851
3.2390
2.4374
1.9'30
1.4880
1.1389
0.8'13
0.138'
0.5720
0.5721
0.5933
0.5104
0.6'31
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,- ogole.cOl .,
linclude <stdïo.h>
IiDclude <stdlib.h>
liDdude <ftoat.h >
liDdude <como.h>
liDc1ude <string.h>
linclude <alloc.h>
IiDclude <paphics.h >
IiDclude "global.h"

ldefiDe EPS (DBL_EPSILON-IOO)

void PrintText(int x,inly,~ text,ÏDt forgcolor);
void ShowImroScreen(void);
void ShowMainMenu(void);
iDt EsrimateSeJectionFUDCtioD(Void);
iDt SimulateGrindingCircuit(void);
iDt OptimizeBallSize(void);
iDt ~realeVectorlnt(1ong DI,loDg Db);
void FreeVectorIm(int *v,IODI ni,long Db);
void FreeV~rD(double ·v,lonl m,loDg Db);
void FreeMatrixD(double ·~loJII nrl,loDg nrh,loDg ncl,long ncb);
double ·*CreaœMattixDOoq m,long nrb,long ncl,long nch);
double ·CreaœVc:etorD(1oDI nI,IODI Db);
void InitializeGraphics(void);
void TermiJweGrapbics(void);

double *pcrWrkSpc,*pttTempDoubleAmy;
boal normalisableBreakageFUDClion-TRUE;
boal normBreakFuocEst-TRUE;
char projectTide(81J - "UDtided project";
char projectTideEst(81] - "umided project";
iDt sizeC1assNumSelecFuncEst,sizeClassNumBa1ISzOpt,sizeC1assNumSimGrCir;
char savescr(4096];
double *screeaSize,*ptrScreeaSizeEst;
double *discbargeSizeDistribudoD,*ptrDiscbargeMeasuredEst,*pttDischargeCalcEst;
double -feedSizeDistribudon,*pttFecdEst;
double *selectiOnFUDCÛOO,*ptrSelec:tionfUDCtionEst;
double ·*brakaaeFWlCÛOD,**pttBreakFUllCEst;
double *ptrTauPFSimOrCir,*ptrTauLPMSimGrCir,*ptrTauSPMSimGrCir,

*pttRefMülFeedRaleSimGrCir,*puCurMillFeedRaleSimOrCir;
double *ptrTauPF5elecPUllCEst,*pttTauLPM5e1ecFuncEst,

*pIrTauSPMSelecPuœEII,*pttRefMillPeedRareSFEst,
*paCurMi1IFeedRaleSFEst;

double *CÜII.-*l, -*tiDv.*.tdiq.--ua.;
double *pcrDÏII,-*pUT,-*pttTiDv,**pttTcIiaa,**pttTraDI;
int .... iwrt·t'u_ '
double *ptrPotKDou,*pUPoIKDoul,*ptrP0sKn0u2,*ptt_wrk.*ptt_c,*ptt_cl,

*ptt_c2,*ptt_w,*ptt_wl,*ptt_w2;
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double *pttParticle5ize,*ptrXseries,~ttSelecFUDC, *ptrCurSelecFuuc,*ptrNewSelecFunc,
~trFtdSelecFUIIC, *pttFtdCurSelecFunc.~trFtdNewselecFunc;

double curBallDia,*PttCurBallDia;
double ncwBallDia,*ptrNewBa1lDia;
c:bar projectTideBallSzOpt(8S];
char logX[4].logY(4);

iDt main(void){
iDl ijJumper,key-'$';
in! sizeClassNumbers;,.
show the current staek size
(

printf(·ne staet length is %u\n" ,_stkIen);
getehÛ;

}.,
ptrWrkSpc=CreateVeaorD(l, 116);
fOr(i-l;i< =-116;i+ +) ptrWrkSpc(i]-O.O;
ptrTempDoubleAmy -CreaceVectorD(1 ,MAXSIZECLASSNO);
screcnSize-CreaœVectorD(I.MAXSIZECLASSNO);
feedSizeDistribution-CrealCVectorD(l,MAXSIZECLASSNO);
discbarge5izeDisuibutioa-CmueVectorD(l.MAXSIZECLASSNO);
selectioDfUDCtiOD-CreateVeaorD(1 ,MAXSIZECLASSNO);
breakagefunctiOD-CreaœMattixD(1 ,MAXSIZECLASSNO,1,MAXSIZECLASSNO);
pttTauPFSimGlCir-(double·) malloc(sïzeof(double»;
ptrTausPMSimGrCir=(double·) malloc(sizeof(double»;
pttTauLPMSimGrCir-(double*) malloc(sizeof(double»;
pttRetMillFeedRaleSimGrCir-(double*) malloc(sizeof(double»;
pttCurMillFeedRaleSimGrCir-(double*) malloc(sizcof(double»;
diag =-CreaœVeaorD(1 ,MAXSIZECLASSNO);
t-CrealeMlIrixD(II~:4_XS17ECLASSNO,l,MAXSIZECLASSNO);

dnv=-CreaœMaIrlxD(I,MAXSIZECLASSNO, I,MAXSIZECLASSNO);
tdiag .CrealeMIlrlxD(1 ,MAXSIZECLASSNO,1,MAXSIZECLASSNO);
ttaIlI-CreateMattixD(l ,MAXSIZECLASSNO,1,MAXSIZECLASSNO);
for(i -1;i< -MAXSIZECLASSNO;i+ +){

pttTempDoubleAmy[i] -0.0;
scœeaSize[i] -0.0;
fccdSiz.eDistributioa[i] -00.00;
selectioaFUllCtion(i] - EPS;
discblqeSizeDistributioD[i] -0.00;
diaI[i] -0.00;
for(j:a 1;j< -MAXSIZECLASSNO;j+ +){

breakaaeFunctioa(i][j) -0.00;
t(i][n-O.O;
tiDv[i][Jl-0.0;
rdiq[i][Jl-0.0;
trIIII[iUn-O.O;

}
}
sizeClaaNumSimGlCir-8;
*pcrTIUPFSimGlCir-O.l;
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~~auSPMSimGrCir=O.l;
~uTauLPMSimGrCir-O.7;
~trRetMillFeedRalcSimGrCir= 100.0;
~ttCurMillFeedRalcSimGrCir~ 100.0;
pttSc:reeDSizeEst-CreaœVectorD(1 tMAXSIZECLASSNO);
ptrFeedEst-CreaœVedOrD(l tMAXSIZECLASSNO);
pttDischarleMeasuredEst=-CreateVectorD(l tMAXSIZECLASSNO);
pttDischarIeCalcEst-CreaœVectorD(l tMAXSIZECLASSNO);
ptrBreakFuncEat=CrealeMattixD(l,MAXSIZECLASSNO,l,MAXSIZECLASSNO);
ptrSelectionPunctionEst-CreateVectorD(l ,MAXSIZECLASSNO);
pttDiq=CrateVectorD(l tMAXSlZECLASSNO);
pttT~CreaœMauixD(l ,MAXSIZECLASSNOt1tMAXSIZECLASSNO);
pttTiDv-CrateMauixD(l ,MAXSIZECLASSNO, 1,MAXSIZECLASSNO);
ptrTdiag~CrealeMattixD( l ,MAXSIZECLASSNO, l ,MAXSIZECLASSNO);
pttTrans-CrealCManixD(ltMAXSIZECLASSNO,l,MAXSIZECLASSNO);

for(i =l;i< ==MAXSIZECLASSNO;i++){
pttScreenSizeEst[i] ;oo.0סס0-
ptrFeedEst[i] =00.00;
ptrDischargeMeasuredEst[i] sOO.OO;
ptrDischargeCaJcEst[i] -0.0;·
pttSclectionFunctionEst[i] =- EPS;
ptrDiq[i]-O.O;
for(j =1:j < =- MAXSIZECLASSNOj + +){

pttBreakFuncEst[i]fj] -0.00;
ptrT[i][j]-O.O;
ptrTiDv[i]fj] -0.0;
puTdiq[i)fj] -0.0;
ptrTrus[i]lJl-O.O;

}
}
ptrTauPFSe1ecFuncEsta (double-) maUoc(sïzeof(double»;
ptrTauSPMSelccFuncEst-(double-) maIloc(sïzeof(double»;
pttTauLPMSelecFuncEst-(double-) malloc(sizeof(double»;
ptrRetMillFeedRalcSFEst =- (double-) malloc(sïzeof(double»;
paCurMillFeedRalcSFEst-(double-) malloc(sizeof(double»;
sizeClulNumSelecFuucEst-8;
4IpttTauPFSelecFUDCEst-0.1;
tpaTauSPMSelecFuocEst -0.1;
4IpttTauLPMSelecFuncEst-0.7;
~RefMillFeedRalcSFEst-100.0;

IJpaCurMillFeedRalcSFEst-100.0;

ptrSmcDSizeBallSzOpt-CraaeVectorD(O,19);
puSelecFUDCIaIlSzOpt-CraleVectorD(O,19);
puPanicleSize-CreaœVeaorD(O,19);
puXleria-CraleVectorD(O,19);
paCurSelccFuac-CraœVecrorD(O,19);
pttNewSelecFUIIC-CreaœVeaorD(O,19);
pttFtdCurSe1ecFuac-CreaœVecrorD(O,19);
puFtdNewSelecFUIIC-CœareVectorD(O,19);
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ptrSrandardDevBallSzOptsCreateVec:torD(O, 19);
ptr_wl :aCreareVectorD(O,19);
ptt_w2:aCreareVectorD(O,19);
pttPoaKnotsl-CreaaeVectorD(0,19);
ptrPosKDots2-CreaœVectorD(O,19);
ptt_cl-CreaœVectorD(0,26);
ptr_c2 -CreaœVectorD(0.26);
ptt_wrksCreaœVectorD(O,7(4);
ptrJwrk-CrealeVec:tormt(0,26);
sucpy(projectTideBallSzOpt."Untided project");
strtpyOogX,"N-);
suepy(1ogY,"N-);
curBal1Dia-l5.4;
newBal1Dia:a25.4;
for(i=O;i < =19;i+ +)(

ptrScteeDSizeBal1SzOpt(i] =-0.0;
ptrPanicleSize(i] =-0.0:
ptrXseries[i] -0.0;
ptrSelecFuncBallSzOpt(i] =-0.0;
ptrStaDdardDevBallSzOpl[i] =-1.0:

}
for(i-O;i< -19;i++){

pttPosKnotsl[i] -0.0;
pttPosKnots2[i] =0.0;
ptt_wl[i]:a 1.0;
ptt_w2[i] sl.0;

}
for(i -O;i < -26;i++){

pIr_cl[i] -0.0;
ptt_c2[i] -0.0;
pttJwrk[i] -0.0;

}
for(i-O;i< -714;i++) ptr_wrk[i] =0.0;
SbowImroScreeDO;
SbowMaiDMenuO;
for(;;){

key-SecchO;
switeh(key){

cale 'E':
cale 'e':
Estim"eSelectionFUDCtionO;
SbowMaiDMenuO;
break;

eue 'B':
eue 'b':
SimuilleGriDdiD&CircuitO;
SbowMliDMeau();
brak;
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case 's':
OprimiuBallSize();
SbowMaiDMenuQ:
break;

}
FreeVectorD(ptrTempDoubleArray, I,MAXSIZECLASSNO);
Fn:eVectorD(pttWrkSpc,1,116);
FreeVectorD(pttFeedEst, I,MAXSIZECLASSNO);
FreeVectorD(pttDisdw'gcMeasuredEst, l ,MAXSIZECLASSNO);
Fn:eVectorD(feedSizeDistribulÏoD,l,MAXSIZECLASSNO);
FreeVectorD(disclwleSizeDisttibution, l ,MAXSIZECLASSNO);
FreeVectorD(ptrDischargeCalcEst,I,MAXSIZECLASSNO);
FreeVectorD(ptrSclectionFunctionEst, I,MAXSIZECLASSNO);
Fn:eVectorD(selectionFunctioD, l ,MAXSIZECLASSNO);
Fn:eVectorD(diag,l.MAXSIZECLASSNO);
FreeVectorD(ptrDiag,l,MAXSIZECLASSNO);
FreeMattixD(t, l ,MAXSIZECLASSNO,1,MAXSIZECLASSNO);
FreeMattixD(tinv, l ,MAXSIZECLASSNO.l ,MAXSIZECLASSNO);
FreeMattixD(tdiag, l ,MAXSIZECLASSNO,1.MAXSIZECLASSNO);
FreeMattixD(traDs, l ,MAXSIZECLASSNO, 1.MAXSIZECLASSNO);
FreeMIlrixD(pttT, l,MAXSIZECLASSNO,l ,MAXSIZECLASSNO);
FreeMIlrixD(plrTinv, l ,MAXSIZECLASSNO, l ,MAXSIZECLASSNO);
FreeMattixD(ptrTdiq,1 ,MAXSIZECLASSNO,1,MAXSIZECLASSNO);
FreeMauixD(ptrTrans, I,MAXSIZECLASSNO.l,MAXSIZECLASSNO);
FreeMauixD(breakqcFUDdioD, l ,MAXSIZECLASSNO, I.MAXSIZECLASSNO);
FreeMattixD(ptrBreakFUllCEst, l ,MAXSIZECLASSNO, I,MAXSIZECLASSNO);
FreeVectorD(ptrScreeaSizeBaUSzOpt,O.19);
FreeVectorD(ptrSelecFUllCBallSzOpt,0,19);
FreeVcetorD(ptrPartic1eSize,O,19);
FreeVectorD(ptrXseries,O, 19);
FreeVectorD(ptrCurSelecFunc,O,19);
FreeVectorD(pUNewSelecFuuc,O,19);
FreeVectorD(ptrFtdCurSelecFuac,O,19);
FreeVectorD(ptrFtdNewSelecFunc,O,19);
FreeVectorD(ptt_wl,O,19);
FreeVectorD(ptt_w2.0,19);
FreeVectorD(ptr_cl ,0,26);
FreeVectorD(ptr_c2,O.26);
FreeVectorD(pttPosKaotsl ,0,19);
FreeVectorD(pttPodCDou2.0,19);
FreeVeecorD(ptrSlllldardDevBallSzOpt.O,19);
FreeVectorD(ptt_wrk.O,714);
FreeVectorlDt(pttJwrt,O.26l;
clncr();
reaam 0:
}
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'* esufprg.cOl *'mt OctSelecFuncEstDataPgl(void);
mt GctSelecFuocEstDataPg2(void);
int GetSelecFwx:EstDataPg3(void);
int GetSelecFuncEstDataPg4(void);
int GetSelecFUDCEstDalaPgS(void);
mt GetSelecFuncEstDalaPg6(void);

int EsrimateSelectionFunction(void){
int next= 1;

for(;;){
switeh(DCxt){

case 1:
aext-GetSelecFuncEstDataPglQ; '* gening the general information *'
break;

case 2:
next-GetSelecFuncEstDataPg20; '* getting the rad and discharge size *{

break;

case 3:
next-GetSelecFuncEstDataPaJO; 1* geniDg the breakage function *{

break;

case 4:
next-GelSelecFuncEstDalaPg40; 1* geuing the breakage function continuai *'
break;

case s:
next-GetSelecFuncEstDataPgSO; '* getting RTD model parameters *{
break;

eue 6:
DeXt-GetSelecFuncEstDataPg6(); {* getting search seUing5 .,
break;

eue 'Q':
eue 'q':
break;

}
if(neu- --(000) break;

}
retunl 0;
}
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'* ret_sied.cOl *'
linclude <dir.h>
linclude <stdio.h>
IiDclude <stdlib.h>
linclude <coDio.b>
linclude <dos.h>
IiDclude <striDg.h>
linclude "global.b"

void PrintTexl(int X,iDl y,char* text,int fOfgcolor);
inl HandleEndOtFUe(void);
char *GelStriDgAt(int x,inl y,inl mulon);
int GetFUeNames(char *ptrExt>;

int OpenSelecFuncEstimarionFUe(void){
FILE *streamPtr;
char dataFUeName[128];
char *pttString;
char *DewPatb;
int i,j;
int swus=O;
int.keya'S';
char suing[lS];
char *FormalErrPrompt:=
"D fil #. •• , n......_ Ir... • "ata e lOrmallS mcorrect. rLAa any -7 10 connnue ... ;

gotoxy(l ,24);
rexccolor(YELLOW);
cprintf("Please enter file name? If);
lotoxy(42,24);
reXlCOlor(LIGHTGRAY);
cpriDlf( .(type > to change current directory)·);
clreolO;
texteolor(YELLOW);
ptrSlriDl-0etS1riD8At(25,24,15);
if(pttStriDl[O] la -' > '){

IOIOJtY(1,24);
rexteolor(YELLOW);
cpriDtf("P1ease emer DeW directory: "};
c:lreolO;
texICOlor(UGHTGRAY);
oewPadl-Get$ttiqAt(29,24,54);
if(cbcür(aewPalh)! -OH

IOCOJtY(l,24);
tuICOlor(LIGHTRED);
if(sttlea(aewPatb)< -30)

cpriDtf("eamx cbaDp to [~s]. Pras IDY Dy to contiDue •.• " ,newPalh);

cpriDaf("CaDDot cbaDp tG an directory. Press any Dy tG CODlinue ••• ");
clreolO;
pu:hO;
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mum2;
}
else{

mush(SUÜD);
OetFUeNamesCwsfdW);
l°toxy(l,24);
texteolor(YELLOW);
cpriDtf("Please enter file oame? ");
texteolor(YELLOW);
ptrString-GecStringAt(2S,24,15);

}
}
strepy(dataFileName,pttStriDg);
if(strlen(dataFileName) <=8) stteal(dalaFUeName, Il .sfdW

);

if«sueamPtr=fopen«CODSt char-) dataFileName, "t"»= =NULLH
gotoxy(l,24);
textcolor(UGHTRED);
cprintf(WCan't open file! press any Dy to continue ... ");
clreolQ;
letehQ;
retum 2;

}
else{
,- radiDg one string for the project tide -,

wbile«(kcy =-gete(sueamPtr»! =-EOF){
if(key:s =- '\n'II key=- z' 'II key=- ='\t' Il te)' ==' .') continue;
else{

fscek(sueamPtr,ftell(sueamPtr)-l,SEEK_SET);
flets{projectTideEst,80,streamPtt);
projcetTideEst(strlen(projectTideEst)-l] ='\0';
break;

}
}
if(key:a =- EOF){

HllldleEDdOtFileQ;
retUI'D 2;

}
,- radina sizeClusNumben -,
stalUS-O;
wbile«key-Sete(sueamPtr»t-EOF.tA stahIS< 1) {

if(key- - '\n'IIDy- -' 'IIkey- - '\t' IlDy - -' ,') cominue;
else{

t.k(sueamPtt,ftelI(sueamPtr)-l,SEEK_SET);
stIIUI-fscaDf(sueamPtr, Il Id- ,AsizeClMSNumSelecFuncEst);
if(1tIIUI <1){

PriIltTaI(l,24,FoI'IDIIErrPrompt,UGHTRED);
clreolQ;
JClChO;
reNI'Il2;



Appencllx F Numerical Grinding OpdmizatiOD Tools in C (NGOTC) 328

}'* eod of while *'
if(key:a ~EOF}{

HaDdIeEndOfFileQ;
reaun 2;

}'* radiol the rest of file Le. sieveseries, feed sile,
selection timdion *'
for(i -l;i< -sizeClassNumSelecFuncEst;i+ +)(

statUS-O;
key- 'S';
wbile«key=gete(streamPtr»! =EOf&&status <3){

if(key- =- '\n'II kcy==' 'II key =- ='\t' Il key = =':) continue;
tSeek(stteamPtr,fteU(streamPtt)-l ,SEEK_SET);
swus-fscanf(streamPtr, "Cllf Cllf %1(" ,pUSCreenSizeEst+i,ptrFeedEst+i,

. puDisclwgeMeasuralEst+i);
if(statUS<3){

PriDtText(l,24,FormatErrPrompt,UGHTRED);
clreolQ;
getehQ;
retum 2;

}
} 1* end of while *'
if(key- -EOF){

HaDdIeEndOtFile();
retum 2:

}

}'* end of for *''* readiDl the rest of daIa file i.e. breakage funetion values
and test for normalisability *'
wbüe«(key-gete<sueamPtt»l-EOF>{

if(key- -'\n'Il te)' - -' 'IIDy- - '\t'IIkey:ll :8' , ') continue;
fscet(saeamPtr,fteU(suamPtr)-l,SEEK_SET);
fscanf(suamPtr, -CI.· ,strina);
if(stl'ÏDI(O]t - 'Y'&&striDg[O]t - 'y'&&striDg(O)! =- 'N'&&striDg(O]! - '0')(

PriDtText(l,24,FormatErrPrompt,UGHTRED);
clreolQ:
gecchO:
mumO;

}
else break;

}
if(kcy =- -EOF){

HaadleEDdOtFile();
mum2;

}
if(suina[O] =- • 'Y· Il sttiDa[O] - - 'y'){

DOrm8JakFlIDCEst-TRUE;
far(i -I;i< -sizeC1IaNumSelecFuacEst;i++)(

SIIIUI .0;
key_·S·;
wbile«key-pfC(streamPtt»)I-EOFÜSWUI< IH
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if(kcy= = '\n' llkey= =' 'Ilkey= ='\t' Ilkey= =', ') continue;
fseek(streamPtr,fteU(streamPtr)-l,SEEK_SET);
StalUS ==fscanf(streamPtr, •~Ir ,&pttBreakFuncEst[i][1D;
if(status< l){

PriDtText( l ,24,FormatErrPrompt,UOHTRED);
c1leo10;
getehO;
mum2;

}
} 1* eDd of while *'
if(key==-EOF}{

HandleEndOtFile();
retum 2;

}
} 1* end of for *'
for(i=-l;i < =-sizeClassNumSelec:funcEst;i+ +)

for(j =-1;j < == sizeClassNumSelec:FuncEst;j++)
if«i <j) Il (i= =-j»

pttBreakfuncEst[i][j] =0;
else if(j > 1)

pttBreakfuncEst[i][j] =ptrBreakfuncEst[i-l][j-1];
}
else if(suiDg[O] =- :II 'N'II sttÎDl[O] - • 'n'){

normBreakFuncEst - FALSE;
fOr(i-l;i < .sizeC1assNumSelecFuncEst;i+ +)

for(j -1;j < =-sizeClusNumSelecFuncEst;j + +)(
if(i<j){

ptrBreakFuncEstli](j] =0;
continue;

}
stalUI-O;
while«(key.gete(streamPtr»! - EOF&&swus< l){

if(key-·'\n'Ilkeya=' '1 lkey=-'\t'Ilkey==',')
cominue;

fseek(streamPtr. ftell(streamPtt).. l ,SEEIC_SEn;
stalUS-fscaDf(streamPtr, •~ If" ,&ptrBreakFuncEst[i](j]);
if(staNI< l){

clrscr();
PrintText(l,24,FomwErrProIDpI,UGHTRED);
c1reolO;
letebO;
retum 2;

}
} ,. end of wbüe *'
if(key- -EOF}{

HlDdleEDdOfFUeQ;
mum2;

}}'* eDd of for *'
},•__ti.... .. *'&-. JDeIIl relIIlUoo ua. ...



Appendlx F Numerical Grindina Opdmiution Tools in C (NGOTC) 330

StalUS=-=0;
key-'S';
whüe«key~getC(streamPtt»1=EOF&&status <S){

if(key· • '\n'II te)' - =-' 'II kcy. ='\1' 11Dy== ',') continue;
f.t(streamPtt.fteU(streamPtt)-l,SEEK_SET);
stalUS-fscaDf(streamPtr,"lIlt %lf %lt Cllf Cllt" ,pttTauPFSelecFuncEst,

ptrTauSPMSelecFuncEst,ptrTauLPMSelecFuncEst.

ptrRefMillFeedRateSFEst,ptrCurMillFeedRateSFEst):
if(sWUl<S){

PriDtText(1.24,FormatErrPrompt,UGHTRED);
clreolO;
gelChO:
retUnl2;

}
}

}
if(fclose(streamPtr)! =O){

gocoxy(1.24);
texteolor(UGHTRED);
cpriDcf("can't close file! Press any key to continue .•.\n\r");
clreoIQ;
texteolor(UGHTGRAY);
geu:bQ;
retum 2;

}
gOloxy(l,24);
teXtCOlor(YELLOW);
cprimf("Daaa traDlfered successfully, press any key to continue ... ");
clreolO;
teXteolor(LIGHTGRAY);
aelChO;
retum 0;
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'* sfestdpl.COl *'
liDclude <stdio.h>
IiDclude <stdlib.b>
liDclude <coDio.b>
IiDclude <string.h>
liDclude <dos.b >
IiDclude "global.h Il

IiDclude "getS.h"

ldefinc promptEndPos 47

extem ml savescr(4096];

iDt OetFileNames(cbar *ptrExt);
void PrinlText(inl X,iDl y, char* ten,iDl foracolor);
void PrintErrMsg(void);
ml OpenSelecFuncEstimalionFile(void);

ml GetSelecFuncEstDalaPgl(void){
ml Dy,status,retVal;
iDt ij;
0001 doue=FAUE;
inl *addresa;
char *striq;
char *prompt."Open <0> Change <C> NeXl<N> Quil <Q> ==>";
char isBreakageNormalisable(6];
if(normBreakFwx:Est)

strepy«char*)isBreakageNormalisable,"yes If);

else
sm:pY«cbar*)isBreakageNormaiisable, "DO");

c:1nc:r();
PrintText(lO,4, "GeœrallDformation for selection Function Estimation",
WHITE);
gotoxy(3,6);
cprimfeProjcet ride SI- ,projectTideEst);
lotoxy(3,7);
cprimf("Size cl.. Dumbers CJdlt,sizeClaaNumSelecFuucEst);
l°toxy(3,8);
cprintf("Normalisable breakage ~s" ,ilBreakageNormalisable);
gotoXY(l,24);
texteolor(YELLOW);
cpriDtf(prompt);
tateolor(UGHTGRAY);
wIille(!doae){

Uy-.elCbO;
switeb(key){

eue '0':
eue '0':
paat(l,l,80.25,savac:r);
CielfUeNama("sfdlt

);

OpeaSeIecFUllCEariIDlriODFile();
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puttext(1, 1,BO,2j,savesc:r);
texteolor(UGHTGRAY);
l°toxy(3',6);
cprintf("~I" ,projectTideEst);
clreoIQ;
l°toxy(3',7);
cpriDtf("~d" ,sizeC1auNumSelecFuncEst);
l°toxy(3',8);
cpriDtf(·~s",isBreakqeNormalisable);
l°toxy(1,24);
texteolor(YELLOW);
cpriDtf(prompt);
cIreolQ;
texteolor(UGHTGRAY);
break;

case 'C':
case 'c':
gotoxy(35,6);'* cunor al 35,6 -,
mush(stdiD);
if«key:agelChO)! • ESC){

UDgeteb(key);
if(key! - '\r') clreolO;
slriDg-aeaSttiDgAt(35,6,45);
if(sttiDg(O]:Ia :8 '\O'){

cprintf("!Js" ,projce:tTideEst);
cInolO;
lotoxy(35,7);

}
else{

sttepy(projectTideEsI,string);
IOlOxy(3S,6);
cpriDIf("Ss" ,projectTideEst);
clreolO;
IOlOxy(3',7);

}
}
e1Je{

IOCOxy(PromptEadPos,24);
break;

}'* cunor _ 3',' -,
fDUIb(stdïD);
if«key-plCbO)!· ESC}{

uaprcb(Uy);
IddIeu-AIizeC1aIINumSelecFUDCEst;
SCIIUI-O;
wbi1e(!doae){

SUÎDI-0etSUiqAr(35,7,5);

if<1UiDI[O] • • '\O'){
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cpriDtf(It" ld lt
• *address);

cpriDtf(It It);
gotoxy(3S.8);
break;

}
swus-sscaDf(string, It"d" .address);
if(status:s:s IH

if(·address> MAXSIZECLASSNO II*address< I){
PrintErrMsgQ;
PrintText(1.24,prompl,YELLOW);
gOloxy(3S,7);
cprintf(" It);
gOloxy(3S.7);
done:a FAUE;

}
else{

gOloxy(3S.7);
cprinlf("" Id",*address);
cprinlf(" ");
goloxy(3S,8);
break;

}
else{

PriDtErrMsgQ;
IOIOxy(1,24);
texteolor(YELLOW);
cpriDtf(prompl):
textcolor(UOHTGRAy);
gotoxy(3S,7);
c:priDtf(" ");
IOIOxy(3S,7);

}
}

}
else{

IOlOxy(promptEadPos,24);
break;

}

'* cunor al 35,8 *'
ffluab(SUÜD);
if((by-aeu:bO)I-ESC}{

uuptdl(key);.
if(byl- '\r') c1reolO;

IUiDI(O] - '\0';
wbüe(suiDl[O]! - 'Y'&astriDl(O]1- 'y'IcbrinI(O]! =- 'N'&.bttÎDI(O]! - 'u'){

SUiq-oastriDaAt(35,8,6);
if(1UÏDI(O] • - '\O'){

cpriDtf(. ~I· ,ïsBratqeNormaliHble);
clnolO;
poxy(pmPDp'EndPol,24);
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break;
}
else{

if(strinl(O] =- ~ 'Y'II strÎDI[O]:a :II 'y'll sttinglO] := :II 'N'Il string[O]=='D'l{
if(striDl[O] = =- 'Y'll string(O] =- =- 'y')

strepy«œar-)isBreakageNormalisable,"ya");
else

strepy«œar-)isBreakageNormalisable,"no");
gotoxy(35,8);
cpriDtf(" Cls" ,isBreakageNormalisable);
clreolQ;
if(strinllO] := ='Y'II string[O] - =: 'y'){

DOrmBreakFuncEst=TRUE;

for(i -1 ;i< =sizeClassNumSelccFuncEst;i++)(

for(j ~ l;j < =sizeClassNumSelccFunc:Estti++)

pttBreakFuncEst[i+1]li+1] =-pttBreakFuncEst[ilUl;
}

}
else normBreakFuocEst::l:FALSE;
gotoxy(promptEndPos,24);
break;

} ,. end of wbile .,
eIIe{

PrimTeu(l ,24, "P1ease answer by ya or
DO!" ,UGHTRED);

c1IeolQ;
delay(700);
PrintTextU,24,prompt,YELLOW);

}
}

}
eIse{

IOIOxy(promptEudPos,24);
break;

}
break;

CIII 'N':
CIIe 'D':
IIlVal-2;
doDe-TRUE;
brak;

elle 'Q':
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case 'q':
retVal--lOOO;
doDe-TRUE;
break;} '* end of switeh .,} '* end of wbile *'

retum retVal;
}
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'* sfestdp2.cOl *'
Iinclude <stdio.h>
linclude <stcllib.h>
IiDclude <coDio.h>
linclude <dos.h>
IiDclude <stting.b>
linclude <matb.h>
linclude <float.h >
linclude Ifglobal.h Il

linclude "gelS.h"

ldefine EPS (DBL_EPSILON*l00)
ldefine EQ(x.y) (fabs«x)-(y» < =fabs«x)+(y»*EPS)
ldefine LE(x,y) «x) <(y) Il EQ(x,y»
ldefine GE(x,y) «y)< (x) Il EQ(x,y»
ldefine LT(x,y) (!GE(x,y»
ldefine GT(x,y) (!LE(x,y»

exœm char savescr(4096];
extem double ~trTempDoubleAaay;

336

void IDitializeGraphics(void);
void TermiDateGraphics(void);
void PrintText(im x.int y,char* tcxt,int forgcolor);
void GetColOfDua(iDt row,w column,iDt noSzClasses,w* xOfColumn.Ptr,

int llWÙen,char* formatStr,char* formatSttLeftJus,
double minAllowedRange,double

maxA11owedRangc,
double *templnputPtr);

iDt PlotScaaerDig(double ·xOauVec,doublc *yDaaaVec,ÏDt m,
char* tide.char* xLab,cJw'$ yLab);

enUID plonype{SIZEDIST-1,SELECTIONFUNC=-2,BREAKAGEFUNC =3};
CDUID plonype plotType;

iDt OeISelecFuncEstDallPl2(void){
extem iDt GraphMode;
extem operaIioDlDDde mode;
boal done-PALSE;
cbar *formatStt;
cbIr ·foI'lDllSttLeftJus;
cbar .addressCbar(20];

iDt i.DOSzCluses.Uy,mVaI;
double miDAIIowedRqe.muAlIowedRaDle;
double sum;

iDt row-4;
iDt co11llDD;
iDl xOfCoIUlDll(3] - {20.40.60};
iDtlllldea;
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im- xOfColUlDDPtr;
double -œmplnputPtt;

char ~rompt a

"Chanae <C> Previous <P> Next <N> Grapb <G> Quit <Q> == > ";
mode-SELECTIONFUNCEST;
xOfCoIUlDDPtr-cbOfColumn[O]-l;
clncr();
PrintText(5, l, "Feed Sile And Discharge Size Daia for Selection Function Estimation",WHITE);
gotoxy(1.3);
cprlntf("Size Clau No. ");
gotoxy(xOfColumnPtt(l] ,3);
cprlntf("sereen Size (pm)");
goroxy(xOfColumnPtt(2],3);
cprlntf("Feed Size (II)");
gotoxy(xOfColumnPtt(3],3);
cprintf(tlDischarge Sile <11)");
gotoxy(S,4);
noSzC1asses :=IsizeClwNumSelecFuncEst;
foni -l;i< -noSzC1asses;i+ +)(

gotoxy(S,i+3);
cpriDtf(tI S2d· ,il;
gotoxy(xOfColumnPtt[1],i+3);
cpriDtf(" S 10.01t'" ,ptrScœeDSizeEst[i]);
gotoxy(xOfColumnPtr(2],i+3);
cpriDtf(" S 10.21t'" ,ptrFeedEst[i]);
gotoxy(xOfColumnPtt[3],i+3);
cpriDtf(" CI 10.21t'",ptrDischargeMeasuredEst(i]);

}
PrintTeXl(1 ,24,prompt,YELLOW);
while(!done){

te)' -geu:bO;
switeb(key){

eue 'C':
eue 'c':
column-l;
mala-lS;
formatStr- "CI 10.011";
fOlDlllStrLeftJus _. CI-IO.Olt" ;
miDA1IowcdRaqe-O;
muAlIowcdRaqe-lcI4;
templDputPtr-ptrScreeDSizeEst;

GctCoIOfData(row,column,DOSzC1I11CS,xOtColumnPtr,muleo,formllSlr,foI"DWSIrLeftlus,

lIIiDA1IowedRaDp,muAllowedRaDp,templDputPtt);
c:oIUlllll-2;
mal.-IS;
fonDIISIr- •-'10.21f";
fonDaISIrLcftlUl-· S-10.2lr;
lIIiDAllowedRaDp-O:
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muAllowedRange-100;
templDputPtt-pttFeedEst;

GetCoIOmlla(row,column,noSzCIasses,xOfColumnPtr,maxlen,formatStr,forDWStrLeftJus,

miDAIIowedRange,muAllowalRanle,œmpInputPtt);
column-3;
mulen-15;
formatStta "110.211";
formatSttLeftJus - "~ -10.21f";
minAIIowedRaDge-O;
muAllowedRaDge= 100;
templDputPtr-ptrDisdwleMeasuredEst;

GetColomata(row,column,noSzC1uses,xOfColumnPtr,maxlen,formatStr, formatStrLeftJus,

miDAIIowedRange,muAllowedRange,templnputPtr);
gOlOxy(64,24);
break;

eue 'P':
case 'p':
raVal-l;
done-TRUE;
break;

case 'N':
case 'n':

sum-O;
forO-l;i< -DOSzClasses;i++)

sum-sum+ptrFeedEst[i];
if(GT(1UID, lOO»{

geaext(l, 10,80, 14,savescr);

PriDlTm(2,11," .-.------------------------

",WHITE);

CODliDue .••
PriDtTut(2, 12,· 1. The total mus in feed exceedI 1001. Press any key to

·,WHITE);

PriDlTm(2,13,· '......-----------------------

•,WHITE);
_seu:unonype<-NOCURSOR);
pICh();
pcoxy(20,10);
puaeu(1.10,80,14.savescr);
_lIU:UIIOrtypeLNORMALCURSOR);
IOCO&y(64.24);
bIeIk;
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}
sum-O;
for(i -l;i< -noSzClasses;i+ +)

sum-sum+ptrDischargeMeasuredEst(i];
ü(GT(SUID,lOOn{

getIeXI(l,10,80,14,savescr);

PriDtText(2,ll," r-I-----------------------

",WHITE);
PrintText(2,12," 1 The total mus in discbarge exceeds 1()() CI. Press any

key ta continue ... ",WHITE);

PriDtText(2,13," L-'-----------------------

• ,WHITE);
_seteursonype(_NOCURSOR);
getehO;
gOloxy(20,10);
puttext{l,10,80,14,savescr);
_seteursonype(_NORMALCURSOR);
gotoxy(64,24);
break;

}
retVal-3;
doue-TRUE;
break;

case 'G':
case '.':
geaext(1, l,80,25,Slvescr);
IDitializeGrapbicsO;
plotType-SIZEDIST;
sum-O;
for(i-l;i < -DOSzClasses;i+ +)(

sum-sum+ptrFeedEst(i];
puTempDoubleAmy[i] -l00-sum;

}
PlotSca!terDig(ptrScrecnSizeEst,ptrTempDoubleArray,noSzCluscs,

"Meuured Feed Size
Distribution","Particle Size,ldD",

lelChO;
sum-O:
for(i -1;1< -DOSzClauea;i++){

sum-sum+pcrDischargeMeasuredEIt(i]:
pcrTempDoubleArray(q -lOG-sum;

}
PlOCScIIterDil~izeEst,pttTempDoubleAmy,DOSzClaues,

"MeIIUIed DÎlClWJe Size
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lecchO;
TerminaleGraphicsO;
puttœ(1,l 180,25,savescr);
gotoxy(64,24);
break;

eue 'Q':
eue 'ql:
retVal~-l000;

done=TRUE;
break;

}
}
retum retVal;
}
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/. sfestdp3.COl ./
linclude <stdio.h>
linclude <stdlib.h>
IiDclude <conio.h>
linclude <dos.h>
liDc1ude <malh.h>
IiDclude <float.h >
Iinclude "global.h"
IiDclude "gets.h"

ldefiDe EPS (DBL_EPSILON·l00)
ldefiDe EQ(x,y) (fabs«x)-(y» < ~fabs«x)+(y»*EPS)

ldefiDe LE(x,y) «x)< (y) Il EQ(x,y»
ldefiDe GE(x,y) «y) < (x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
ldefiœ GT(x,y) (!LE(x,y»

ldefiDe promptEndPos SI

extem char savescr(4096];

void PriDtErrMSI(void);
void PrintText(infx,ÏDt y,cbar* teXl,iDt forgcolor);
mt CheckSumOfColumns(double **matrixPtr,boal bfNormFlag,int jIterNum.

mt ilterNUID,int endPos);

ml GctSelcc:FUDCEslDataPg3(void){
boal doue-FALSE;
boal canUseArraysValues-TRUE;
int mWt,retVaI;
int row-4;
ml column-O;
ml xOfColumn;
ml muJen-12;
char *forDWStr;
double addreuFloat;
double sum;
int staNS-O;
char *strÎIII;
char buffer[lO);
int iJ,key;

char *prompt-
"Chalp <C> Previous <P> NUl <N> Quit<Q> -->";

clncr();
PriDlTat(10, l,"Breabp FUDCÛOIl Dili for Selecùoa FUllCtion Estimation" ,WII1TE);
Ü(oorm8œakFUDCEst)

PriDtTat(1,3, ·NormaIisable breakap fuDctioa" ,GREEN);
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for(i=l;i< =sizeClaslNumSelecFuncEst;i+ +)
for(j-I;j < -10;j+ +)

if(i> -j){
xOrcolumn-l +(j-l)*S;
gOlOxy(xO«:olumn.i+3);
cpriDtf(It Cl6.4f' ,ptrBreakFuncEst[i](j]);

}
gotoxy(1.24);
teXteolor(YELLOW);
cpriDtf(prompt);
texteolor(UGHTGRAY);
while(!doDe){

te)' -letebO;
switeb(by){

case 'C':
case 'e':
IOIOXY(1.7);
if(sizeCJassNumSelecFuncEst < =10) maxIt=sizeClassNumSelecFuncEst;
e1se maxlt~ 10;
fOr(column-1;column< =-max.lt;column++){

mulen-9;
fomwSu- "Cl6.4f";
xOfColumn-l +(column-l) * 8;
gOlOxy(xOfColumn,(column-l)+5);
for(row -column+4;row<sizeClassNumSelecFuncEst+4;row+ +)(

Dy-letchO;
if(tey - - ESC){

gOloxy(promptEndPos,24);
break:
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}
UDleICb(key);
putdl(key);
doae-FALSE;
canUseArraysValues -TRUE;
stabII-O;
wbile(!done){

strÎDl-OcISIriDiAt(xOfCoIUIDD,row,muien);
if(suiq[O]- - '\0'UccaDUseArraysValues){

lotoxy(xOfColumn,row);
cpriDtf(fol'lllllStt,pttBreakFwxEst(row-3](columoJ);
it(row<sizeClauNumSelecFuacEst+3)

IOlOxy(xOfColumn,row+1);
break;

}

stIbII-lICIDf(striq, It~l" ,A(pcrBratFUDCEat[IOW-3][columa));
if(SIIIUI- -IAlcplrBratFuacEst(row-3)[columa) < -1..

pcrBnakFuacEst[row-3][columa] > -Ol{
JOlO&y(xOfColuma,JOW);
c:priDIf(fonDllStr,pttBratFuacEs1(row-3](column));
pcoxy(xOfColuma.JOW+ 1);
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if(normBreakFuncEst}{

fOr(i =-l;i < -sizeClassNumSelecFUDCEst-row+3;i+ +){

puBreakFuncEst(row-3+i][column+i]-pUBreakFuncEst[row-3](column);
if(i< a9){

lotoxy(l +i*S,row+i);

cprintf(formarStr,ptrBreakFuncEst[row-3][column»;
}

}
gotoxy(xOfColumn,row+ 1);

}
break;

}
else{

PrimErrMsIO;
lotOXY(1,24);
textcolor(YELLOW);
cprimf{prolDpt);
texteolor(UGHTGRAY);
lotOxy(xOtt:olumn,row);
cpriDtf(" If};
gotoxy(xOfColumn,row);
done a FALSE;
caoUseArraysValues=FAUE;

}
}}'* end of for row *'

if(key- - ESC)
break;

if(normBreakFunc:Est)
break;}'* end of for colUIIIDI *'

lotoxy(PromptEDdPos,24);
break;

case 'p':
elle 'p':
retVal-2;
doae-TRUE;
break;

eue 'N':
CMI 'Il':

if(~NumSelecFUllCEst>lO){
ïf(CheckSumOfCoIUlllDl(pU'BreakFUDCEst.DOrmBreakFUDCEat,

lO,sizeClauNumSelecFuacEst.
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retVal-4;
doDe-nUE;
break;

}
else{ do.-FALSE;

break;
}

}
else{

if(CheckSumOfColumns(puBreakFuncEst.normBreakFuncEst.

sizeC1assNumSelecFuncEst.

sizeC1assNumSe1ecFuncEst.
promptEndPos)= =O){

raVal-S;
doue-TRUE;
break;

}
else{

do.-FALSE;
break;

}

case 'Q':
case 'ql:
mVal-·lOOO;
doae-mUE;
break;

}
}
retum raVaI;
}

ÎDl CheckSumOfColUlllDl(double ·*maUixPtt,bool btNormFlq,iDt jlterNum,
iDt iIlerNum,iDt eudPos){

iDt iJ;
double sum;

if(btNormFlaa){
sum-O;
forO -1;i< -iIIerNum;i++)

mm-SUID+1IIIIIid'Ir(i)(1];
ïf(GT(sum,1»(

paat(1,10,10,14,savacr);

PriIIlTat(2,ll,· ,...----------------------

.,WH1TE);
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PrintText(2, 12," 1 The sum of bf values in any column must he < = 1. Press any
Dy ... .. ,WHITE);

PrlntText(2,13,• L..'----------------------_

•,WHITE);
_seteunortypeLNOCURSOR);
getehÛ;
gotoxy(20.10);
puttext(l,lO,SO,14,savescr);
_seu:unortypeCNORMALCURSOR);
gotoxy(eDdPos,24);
retum 1;

}
}
else{

for(j =1;j < sjlterNum;j ++){
sum-O;
for(i-l;i < -i1terNum;i+ +)

sum-sum+ mattixPtr(i](j];
if(GT(SUID,l»{

geuext(1,10,80,15,savescr);

PriDtText(2,11." -1-----------------------

",WHITE);

Press any Iœy ...
PriDtText(2,12,• 1

",WHITE);
The sum of bf values iD any column must be < = 1.

PrintText(2,13,· ,-'-----------------------

•,WHITE);
_seu:urIOrtypeCNOCURSOR);
letebO;
lotoxy(20,lO);
puaext(1,10,80,l5,s&vescr);
_seICUnOrtypeCNORMALCURSOR);
lotOxy(eudPoI,24);
retUI1l 1;

}
}

}
remm 0;
}
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'* sfestdp4.cOl *'
liDcIude <stdïo.h>
IiDclude <stdlib.h>
liDcIude <como.h>
IiDclude <dos.h>
Iinclude <striDa.h>
liDclude <math.h >
IiDclude < floal.h >
IiDclude -global.h­
NiDcludc •gecs.h·

'defiDe EPS <DBL_EPSILON*lOO)
'define EQ(x,y) (fabs«x).(y» < -fabs«x) +(y»*EPS)
'defiDe LE(x.y) «x)<(y) Il EQ(x,y»
'defiDe GE(x,y) «y)<(x) Il EQ(x,y»
'define LT(x,y) (!GE(x,y»
ldetiDe GT(x,y) (tLE(x,y»

'defiDe promptEDdPos S1
ldefiDe ruw14 14
ldefiDe ruw15 ruw14+1

extem cbar savescr{4096];

void PrintText(iDt x,iDt y,cbar* text,int fOfgcolof);
void PrintErrMsg(void);
iDt ChectSumReslColumna(double **mattixPtr.ÏIlt jIterNum,

iDl illerNum,ÏDt endPos);

im GelSelecFUDCEsIDIIIPg4(void){
bool doDe- FALSE;
boal caaUseAmysVaiues-TRUE;
iDt ij.key;
chat *fol'lDllStt;
iDt raVIl;
iDt row-row14;
iDt column-O;
iDt xotColUIDD;
iDt mulea-12;
double adcIresIFlOll;
iDt ItIbII-O;
char ·miDl;
char plOmpc[81];
cbar buffer(10);
double sum;

if(DOrIIIBreakFUllCEst) sacpy(prompt,
-PIeviouI <P> NUI <N> Quit<Q> •• >-);
elle sucpy<prompt,
-CbIqe <C> PmiouI <P> Neu <N> Quit<Q> -->-);
clncr();
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PriDtText(5,l, "Breakage Function Daia for Selection Function Estimation (continued)" ,WHITE);
if(normBreakFUllCEst)
PriDtText(1,3, "Normalisable breakage function" ,GREEN);
else
PrintText(l ,3, "NOD-normalisable breakage function" ,GREEN);
for(i - II ;i < -sizeClassNumSelecFuncEst;i++)

for(j -11;j < -sizeC1I11NumSelecFuncEst;j + +)
if(i> -j){

xotColumn-l +(j-l1)·8:
gotoxy(xOfColumn,(i-ll) +fOW14);
cpriDtf(" "6.4",ptrBreakFuncEst[i]1]]);

gotoxy(I,24);
talCOlor(YELLOW>;
cpriDtf(prompt);
talCOlor(UGHTGRAY);
wbüe(!done){

te)'=getehO;
switeh(key){
case 'C':
case 'c':
if(normBreakFunc:Est) break;
for(c:olumn-Il ;column< - sizeClassNumSelecFUDcEst;column++){

mu1eo-9;
fomwSu-" "6.41":
xOfColumo-1 +(column-ll )·8;
lotoxy(xOfColumn,row15+column-ll);
for(row =-row15+COIWDD-ll ;row <=sizeClusNumSelec:FuncEst+3;row++){

key -getebO;
if(kcy- - ESC){

if(DOrmBreakFuncEst) gotoxy(38,24);
elae IOlOxy(promptEndPos,24);
break:

}
UDIClcIl(key);
pulCh(key);
doDe-FALSE;
canUseArraysValues-TRUE;
SIllUl-O;
wbüe(!doae){

SIriDI-<ielSlriDaAt(xOfColumn,lOw,ma1eu);
if(strÎDI(O)- - '\0'IcAcaDUseAmysValucs){

1000xy(xOfColuam.row);
cpriDlf(formllSu,pcrBreakFuœEst(row-3)[column]);
if(row < -sizeClaaNumSclecFuocEst+3)

poxy(xOfCoIUIDD,lOw+ 1);

}
SUIUI-lICIIIf(scriDI...~lf" ,A(pcrBrakFuacElt(row-3][coluam»);
if(1tIIUI- -1Al&pttBrakFUDCEst[IOW-3][columa] < -lM

pcrBnakFuacEll(row-3)(colUlllll) > -O){
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gotoxy(xOfColumn,row);
cprintf(formatStr,ptrBreakFuncEst[row-3][column]);
IOlOxy(xOfColumn,row+1);
break;

}
else{

PriDtErrMsIO:
lotOxy(1 ,24);
texteolor(YELLOW);
cpriDlf(prompt);
texteolor(UGHTORAY);
l°toxy(xOfColUIDD,row);
cprintfe ");
IOlOxy(xOfColumn,row):
done- FALSE;
canUseAmysValues=FALSE;

}
}

}
if(key - - ESC) break:

}
it{normBreakFuncEst)

gOlOxy(38,24);
else IOlOxy(promptEndPos,24):

break;

case 'p':
case 'p':
mVal-3;
doue-TRUE;
break;

case 'N':
case 'n':
if(!DOrmBreakfUDCEat){

if(CheckSumRestCoIUlDlll(ptrBreakFUDCEst,sizeC1aasNumSelecFuncEst,

sizeCJaaNumSelecFuucEst,

retVal-5;
doDe-TRUE;
break;

}
e1Ie{

doae-FALSE;
bIak;

}
}
e1Jc{
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break;
}

case 'Q':
case 'q':
mVala-lOOO;
doue-TRUE;
break;

} '* eud of switeh *'} '* end of while *'
remm retVal;
}

int CheckSumRestColumns(double **maIrixPtr,int jIterNum,
int iIterNUDI,int endPos){

int iJ;
double sum;

for(j =Il;j < =jlterNum;j++){
sumaO;
for(i -l;i< • i1terNum;i++)

sum-sum+DWrixPtt(i][j);
if(Ci1r(SUID,l»{

genext(l,10,80,lS,savescr);

PriDtText(2,ll,· i~----------------------

",WHITE);
PrinlText(2, 12,• 1 1be sum of bf values in any column must be < =- 1. Press any

te)' ..• " ,WHITE);

PriIIlText(2,13." 'L.- _

• ,WHITE);
_sercunortypeLNOCURSOR);
letehO;
IOCOxy(20,10);
puuut(l,10,80,15,savescr);
_selCUnOnype(_NORMALCURSOR);
l°toxy(eadPoI,24);
retum 1;

}
}
retum 0;
}
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'* sfestdp~.COl *'
IiDclude <conio.b >
IiDc:lude -pobal.b·

void PriDtText(int x,int y, char* text,int forgcolor);
iDE GetRtdIDfo(double *ptrTauPF,double *ptrTauSPM,double *pttTauLPM,

double *pttRefMi1lFeedRate,double *pttCurMilIFeedRate);

int GetSelecFUDCEstDataPgSO{
bool doue=FALSE;
iDE key,retVaI;
char scrTide(81] a

-Residence Time Distribution Data for Selection Function EstimationIl;
char ~rompt :a

IIChaDle <C> Previous <P> Next <N> Quit <Q> ==>11;

clrscr();
lotOxy(l,24);
rmcolor(YELLOW);
cprïDtf(prompt);
textCOlor(UGHTORAY);
PrïntTelt(S,4,scrTide,WH1TE);
lotoxy(3,6);
cprimf(-Rcference tau of plug flow: '.3f" ,*ptrTauPFSelecFuncEst);
l°toxy(3,7};
cpriDtf(-Refeœace tau of sma1l perfec:t mien: '.31",*ptrTauSPMSelecFuncEst);
lotoxy(3,S);
cprimfCWReference tau of large perfec:t mixer: '.3(" ,*pttTauLPMSelecFuncEst);
lotoxy(3,9);
cpriDtf(-Refereuce feed rate (tJh): '.31",*ptrRetMillFeedRaleSFEst);
gotoxy(3,10);
cprïDtf(-CumDt feed raie (tIh): '.3f" ,*pUCurMUlFeedRateSFEst);
gotoxy(52,24);
whüe(!cioue){

Uy-letebO;
switeh(key){
case 'C':
ClIC 'e':
GelRtdlDfo(pttTauPFSelecFuucEst,ptrTIUSPMSelecFUllCEst,

pttTauLPMSelecFUIlÇEst,ptrRetMillfeedRaleSFEst,
pUCurMillFeedRaleSFEst);

IOlOxy(52,24);
break;

ClIC 'P':
ClIC 'p':
if(sizeC1-.NumSelccFuacEst> 10) mVal-4;
elle _Val-];
doae-TRUE;
lm:Ik;
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case 'N':
case 'n':
retVaI-6;
doue-TRUE;
break;

eue 'Q':
case 'q':
retVal=--I000;
done=TRUE;
break;

}
}
rerum retVaI;
}



Appendix F Numerical GrfndiDl Opdmil8dOD Tools in C (NGOTC) 352

'* sfestdp6.cOl *'
liDc1ude <stdîo.h>
IiDclude <std11b.h>
IiDclude <coDio.h>
liDclude <S1riDI.h>
IiDclude <dos.h>
liDcIude <math.h>
IiDclude <flaac.h >
IiDclude "global.h"
#includc "gcts.h"

ldefiDe EPS (DBL_EPSILON*lOO)
ldefiDe EQ(x,y) (fabs«x)-(y»< .fabs«x)+(y»*EPS)
ldefiDe LE(x,y) «x) <(y) Il EQ(x,y»
ldefiDe GE(x,y) «y) < (x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
IdefiDe GT(x,y) (!LE(x,y»

ldefiDe promptEDdPos 67

extem char savescr(4096];

ml WriteToScreenEst(void);
ml DoSearch(double* pttMinPossibleSf,double* pttMuPossibleSf,double* pttPrecision);
void PriDtText(iDt x,iDt y,cbar* teXl,ÏDI fOl'lcolor);
void PriDtErrMSI(void);
int SaveSelecFuocEstPrIDlII(void);
int ComputeSelectionFuncûon(double *pttLowerScbL im,double *pttUpperScbl jm,

double *pttPrecision);

iDt OetSeIceFuncEstDaraPl6(void){
cbar *sttiDl;
c:bar strinaft80];
char prompt(ll]-
"CbaDle <C> PreviOUI <P> Save daIa <5> Run <R> Quit <Q> _. > ":
int iJ,row,Dy,SWUI,retVaI;
int DdiI,dec,sÎp;
BOIl miDA1IowedValue -0.0;
double *Iddrea;
SlIÙC double lowerSearcbLimil-O,upperSearcbLimit-UlO,precision-O.OOOl;
boal doae-FALSE;
boal canUseCurValue-TRUE;

c1ncr();
PriDtTat<5,4,
"SaIdl Specificalion Du for Selection FUDCtion Esdmarion",WRITE);
&OIOxy(3,6);
cprïDtf("Lower limit of sean:h S ....Of" ,1owerSeIrcbLimit);
IOIOxy(3,7);
cpriDtf(·Upper limit of searcb ~ ....Of",upper5aRbLimit);
1010&)'(3,1);
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cprimf(-Desired precision
l°toxy(1,24);
texteolor(YELLOW);
cpriDtf(prompt);
tUtcolor(LIGHTGRAY);
while(!done){

Dy -letebO;
switeb(key){

case 'C':
case 'c':
lotoxy(32,6);
for<row-6;row <9;row+ +){

switeb(row){
case 6:
addras-&1owerSearchLimit;
miDAlloweclValue-O;
break;

case 7:
addras -&upperSearcbLimit;
miDAllowedValue-l;
break;

eue 8:
addras-&precision;
miDAllowedValue-O;
break;

}
te)' -.elChO;
if(key- - ESC}{

IOtoxy(promptEndPos,24);
break;

}
uqetch(key);
puu:b(key);
doDe-FALSE;
canUseCurValue-TRUE;
SWUI-O;
wbile(!doae)(

IlriDI[Ol-'\O' ;
SIliq-CieISUiqAI(32,row,14);
if(SIriD&[O]. ·'\0'ü canuseCurValue){

IOCOxy(32,lOw+1);
bIak;

}
S1IlUI -SICIDf(suiq. -Slf" ,addras);
if(....·l ü GE(.....,miDAUowedValue»{

locoay(32,1OW);
sprimf(1IriD&f.-~.9f" , ·Iddresa);
cprimf(-S.-,S1riqf);
cIœolO;
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l0toxy(32.row+ 1);
done - TRUE;

}
else{

PriDlErrMSIO;
l°toxy(l.24);
œxu:olor(YELLOW);
cpriDtf(prompt);
cIreolO;
texteolor(UGHTGRAY);
l°toxy(32,row);
clreolO;
IOIOxy(32.fOW);
done • FALSE;
canuseCurValue = FALSE;

}
}

}
IOIOxy(promptEDdPos,24);
done- FALSE;
break;

case 'p':
case 'p':
retVaI-5;
done-TRUE;
break;

case 'S':
case 's':
SaveSelccFuncEstPraData();
lotoxy(1.24);
taICOlor(YELLOW);
cprimf(prompt);
taICOlor(LIGHTGRAY);
break;

eue 'R':
eue 'r':
if(!GT(upperSearchLimil,lowerSearcbLimit»{

paat(l,lO,80,14.savescr);

PrimTIII(9,ll,· ,..,----------------------
-----------------.." •,WHITE);

PriIIlTat(9.12.· 1 Upper limit of saICh lDUIt be paœr tbaD Ille lower
limit 1 .,WHITE);

PriDtTIII(9.13,· ...' ----------------------
•,WHITE);
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l°toxy(20,10);
puttext(l,10,80,14,savescr);
_seICUnOrtypeCNORMALCURSOR);
lotOxy(PromptEDdPos,24);
doue-FALSE;
break;

}
retVal-ComputeSelectiooFUDCtion(8dowerSearchLimit,&upperSearchLimit,

&precision);
donea TRUE;
break;

case 'Q':
case 'q':
retVaI=--lOOO;
done-TRUE;
break;
}

}
retum retVal;
}
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'* savesfpd.cO1 *'
IiDclude <stdio.h>
liDdude <coDio.h>
liDc1ude <striq.h>
IiDclude "global.h"

iDt SaveSelccFuncEstPrgDara(void){
iDt i.j; .
FILE *outputSueamPtt;
char ch;
char fileuame(128);

gotoxy( l ,24);
texteolor(YELLOW);
cprintf("Save u: If);
clreolQ;
texteolor(UGHTGRAY);
seant("" 128s" ,filename);
streaI(ftIcuame,".sfd");
if«outputSueamPtt-fopcD(tileuame,"w"»- :.NULL){

gOlOxy(I.24);
texteolor(UGHTRED);
cpriDlf("Can't creat output file! Press any key to continue");
texteolor(UGHTGRAY);
getebQ;
retum 1;

}
fprintf(oulputSueamPtt, "\0~s\n" ,projectTideEst);
fprlntf(outputSueamPtt, "~d\n" ,sïzeClassNumSelecFuncEst);
for(i = l;i< -sizeCl_NumSelecFuncEst;i++)

fprimf(outputStteamPtr,"~IO.Olf 16.2f 16.2t\n".ptrScreeDSi2eEst(i],
pttFeedEst(i],ptrDischargeMeasuredEst(i]};

Ü(DOrmBreakFuncEst){
fpriDlf(outputStteamPtr, "yes\o.);
for(i-l;i< .sizeClauNumSelecFuncEst;i++)
fpriDlf(OUtpUtStteamPtr, "I6.4t\n" .ptrBreakfuncEst(i][I]);

}
else{

fpriDtf(owputStreamPtt, "110\0·);
for(i -1 ;1 < ·sizeClauNumSelecFUDCEst;i++)

for(j -I;j < -sizeClaINumSelecFuncEat;j++)(
if(i - -j) fprimf(OUIpWStreamPtt. "0.0000 \0");
elle if(i>j) fprùltf(omputStramPtt,"~6.4f ",
pcrBrakFuacEst[i][j»;

}
}
fpriDlf(OUIpUtStreImPIr,"~3.2f ~3.2f S3.2f S3.2f S3.2f\n" ,-,uTauPFSelecFUllCEst,

41p1rTauSPMSelecFuacEst,~1ULPM5elecFUIICEIt,
*ptrRefMil1FeedRaSFEIt,*pIrCurMillPeedRateSFEst);

if(fclOle(ouqnnStreamPtt)! .O){
IOlOXJ(l,24);
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c:priDtfeError in closing output file! Press any Dy to continue");
gerchQ;
retunl 1;

}
retum 0;
}
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'* sfestrull.cOl .,
IiŒlude <conio.h>
liDclude <dos.h>
lindude Ifglobal.h"

void PrintText(int x,int y,char* text,iDt fOl'lcolor);
int DoSearch(double· const ptrMinPossibleSf,double· coast ptrMaxPossible5f,

double· coast ptrPrecision);
int WrtToFileResuitEst(void);
int WnToPmResultEst(void);

int CompweSelectionFunction(double *pttLowerSchLim,double *ptrUpperSchLim,
double *ptrPrecision){

bool done:zFALSE;
char promptO="Print <P> save result <S> Export <E> Back <B> Quit <Q> If;
int i,key,retVaI;

DoSearch(ptrLowerSchLim,pttUpperSchLim,ptrPrecision);
PrintText( l ,24,prompt,YELLOW);
clreoIO;
while(!doDe){

Dy =-getehO;
switeh(key){

eue 'S':
case 's':
WrtToFileResultEstO;
PriDtText( l ,24,prompt,YaLOW):
clRoIO;
break;

case 'E':
case 'e':
sizeC1auNumSimGrCir-sizeClusNumSelecFuncEst;
sizeCluaNumBalISzOpt-sizeClassNumSe1ecFuncEst;
for(i -1;i< -sizeClauNumSe1ecFUDCEst;i++){

screenSize(i] -ptrScreeDSizeEst(i];
pttScreeDSizeBa1lSzOpc(i-l1-ptrScreenSizeEst[i);

}
for(i -1;i< -sizeClassNumSe1ecFUllCEst;i++){
. selecûonFUDCtiOD(i] -pttSe1ectioDFUDCtionEst(i];'* pIrSeIec:FUDdIaIISzOpt SlInS wim 0 iadex .,

pcrSelccFUDCBaI1SzOpt(i-l) -pIrSeIectionFUDCtioDEst[i];
}
PriDlTGt(l,24,"Selection fuDctiOD values were exponed...",YELLOW);
c1IeolO;
deIay(700);
PriDtTeu(l ,24,prompc,YELLOW);
clnolO;
bIak;

c.e 'P':
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case 'p':
WnToPmResultEstO;
PrimText(l,24, -The output wu sent ta the priDter... ·,YELLOW);
c1œolQ;
delay(700);
PrimText(1,24,prompt,YELLOW);
clreolQ;
gotoxy(64,24);
break;

case 'B':
case 'b':
retVaI-l;
donc-TRUE;
break;

eue 'Q':
case 'q':
retVaI--lOOO;
done-TRUE;
break;

}
retum retVal;
}
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'* dosearch.cOl *'
liDdude <como.h>
liDc1ude <malb.h>
IiDclude <do•.h>
liDclude <tloll.h>
liDclude -global.h-

IclefiDc EPS (DBL EPSILON*lOO)
IdefiDe EQ(x,y) (fibs«x)-(Y» < =-fabs«x)+(Y»*EPS)
ldefiDe LE(x,y) «x)<(y) Il EQ(x,y»
IcletiDe GE(x,y) «y)< (x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
IclefiDe GT(x,y) (!LE(x,y»

void PrintTexl(inl x,inl y,char* text,inl forgc:olor);
inl TrySf(inl start,iDt end);

inl DoSearcb(double* pttMinPossible5f,double* pttMaxPossibleSf,
double· pU'PrecisiuD){

inl i,j,k,stan;
inl curline;
strud date today;
0001 doue=- FALSE;
0001 uaeQuestionMark=FALSE;
inl curSizeClus-l;
double currentSrchLowLim;
double currentSrchUpLim;
char *1DI1SmallUpSchLim -
-Upper search limit is low! Pras any key to continue ..• -;
char *msaLarleLowScbl im a

-Low« search limit ia bi&b! Press any keyto CODlinue .•• -;

c1ncr();
IOlOxy(17,3);
tœbacklfOund(UGHTRED);
tœeolor(WHlTE);
cpriDtf(- -);
IOlOxy(l7,4);
cprintf(- Selection FUDCtiOD Estimalioa Dua -);
IOlOxy(l7,5);
cprimf(- -);
cprimf(-\r\Jl-);
tœblcqrouDd(BLACK);
tœeolor(LIGHTGRAY);
cprind'{projeclTitleEll);
IOCOxy(l,7);
ICIdIIe(1UUCl due-) bJeIay);
cprimf(-DIIe: tJelltJelltJd-,today.da_IIIOD,today.da_clay,roday.da,.,...);
..xy(t,.);
cprïmf(-TIIl Plua Flow • tJ .2f Till SIDIII PM • S .2f Tau Lqe PM • 1.2,.,

-,uT1IIPF5elecFUllCEst,*pIrTIIISPMSelecFuacEa,*paTIULPMSe1ecFUDCEst);
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gotoxy(1,9);
cpriDtf("Reference feed tlow raie =- ~'.1f tIh \r\n",*ptrRetMillFeedRateSFEst);
cprimf("Cumn1 feed tlow raie =- ~5 .lf tIh \r\n\r\n" ,~trCurMi11FeedRaleSFEst);
cprimf("Breakqe FUDCtion MaIrix\r\n");
if(sizeClusNumSelccFuncEst < -10)

for(i -1;i< -si.zeClassNumSelecFuocEst;i+ +)
for(j -1;j < -sizeClassNumSelecFuacEst;j++){

if(i- -j) cpriDtf("O.OOOO\r\n");
e1se if(i >j) cprintf(" Cl6.4f Il ,pttBreakFuncEstU](j]);

}
else{

for(i-l;i < -IO;i+ +)
fOr(j-I;j < -10;j++){

if(i - -n cpriDtf("O.OOOO\r\n");
e1se if(i >j) c:prind(" '6.4f ",ptrBreakFuncEst[i](j]);

}
gotoxy( l ,24);

. texteolor(YELLOW);
cprintf("Press any te)' to continue ...•);
c1reolO;
teXtCOlor(UGHTGRAY);
getehQ;
c1ncr();
gotoxy(l,l);
for(i -11;i< -sizeC1assNumSelecFuncEst;i++)

for(j -ll;j < asizeClassNumSelecFuncEst;j + +){
if(i- -j) cpriDtf("O.OO\r\D");
else if(i >j) cprimf(" Cl6.4f ",pttBreakFUŒEst(i](j»;

}
}
l0toxy(l ,24);
tœeolor(YELLOW);
cprimf("PresI aoy Dy to continue ... ");
clreolO;
taU:Olor(LIGHTGRAY);
gadlO;
c1ncr();
IOCOxy(17,l);
textbIcqroUDd(UGHTRED);
tœeolor(WlllTE);
cprimf(" ");
IOCOxy(l7,2);
cpriDlf(" Selection FUlldion Estimation 011I (CoD'd) ");
IOlOxy(l7,3);
cprimf(" ");
IOIOxy(I,4);
IatbàpouDd(8LACK);
rateolor(UGHTGRAY);
cpriDIf("\
i
--, \r\D\
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1 CLASS 1 SIEVE SIZE 1 FEED MUS. PRaD. 1\r\n\
1 1 1
~ \r\n");
if(sizeClassNumSelecFuncEst< -16){
for(i -l;i< -sizeC1usNumSelecFUDCEst;i+ + )
cprintf(" l "5d 1 ~lO.Olf l "6.2f 1~ lO.2f 1\l\n",
i,ptrScreenSizeEst(i] ,pttFeedEst(i] ,pttDiJcbIqeMeasuredEst(i]);
cprintf(",

1

~");

}
else{
for(ï-l;i < -16;i++)
cprintf(" l "5d 1 ~ IO.Olf l "6.2f 1 ~ lO.2f 1\r\n" t

i,ptrScreenSizeEst[i] ,ptrFeedEst[i] ,ptrDischargeMeasuredEst(i]);
cprintf('"

!

---..J ");

PrintText(1.24, "Press any key to continue ... ",YELLOW);
clreolQ;
getehQ;
clrscr();
gotoxy(l7, 1);
textbackgroUDd(UGHTRED);
teucolor(WHITE);
cprimfe ");
gotoxy(17,2);
cprintf(" Selection Function Estimalion Daia (Con'd) ");
gotoxy(17,3);
cprintf(" If};
l0toxy(1 t 4);
texlblCkgroUDd(BLACK);
teXtCOlor(LIGHTGRAY};
cpriJUf("\

j

---, \r\n\
1 CLASS 1 SŒVE SIZE 1 FEED 1 MEAS. PRaD. 1 \r\n\
1 1 1
~\r\n");

for(i -17;i< -sizeClusNumSelecFuœ:Est;i++)
cprintf(" l "5d 1 ~ IO.Olf 1 16.2f 1 S lO.2f 1\r\D",
i,ptrScreeDSizcEst(i) ,pttFeedEst[i],pcrDiJcbIqeMeasuredEst(i);
cpriDlf("\,
---J a);

}
PrintText(l ,24, "Press .Y Dy to be&in me imerval-by-iDlcrYal sardl ... "t YELLOW);
cIrcolO;
Ieu:bQ;
clrscr();
IOIOxy(17,11);
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textbackground(UGHTRED);
teXtCOlor(WHITE);
cprimf(- -);
gOloxy(17,12);
cprinlf(- Selection FUDCtion Estimation Search -);
l0toxy(l7,13);
cprimf(- -);
tutbackgroUDd(BLACK);
PrintText(l,24. -Press any Dy to continue ... - .YELLOW);
clreolQ;
getehü;
c1rscr();
tuteolor(LIGHTGRAY);
cprintf(-\

i
1 CLASS 1 SIEVE SIZE
1\r\n\
1

1 i \r\n\
FEED MEAS. PROD. 1 CALC. PROD. SELEC. FUNC.

--+I--------I--------------tl \l\n-);
,. outer while .,
while(!done){

if(curSizeClass>sizeClassNumSelecFuncEst){
dODe-TRUE;
CODtiDue;

}
start -curSizeC1au;'* bUDIÎDI the selection fuDction in an appropriate searcb interVal
c:hcck for the appropriale upper search limit al the belÎDiDI of seardl
calculatiDl produet widl the max. possible selee. fuDc. (upper limât) .,
ptrSe1ectionFUDCÛonEst[curSizeCllII) - ~IrMuPossibleSf;

TrySf(sun,curSizeClw+ 1);
if(GT(ptrDiIcbar&eCalcEst(curSizeCllII)·pttDischaraeMeasuredEst[curSizeC1ass)

•-,uPreciaion»{
PriDlText(1.24.msISmallUpSchl im,UGHTRED);
clrmlO;
lelCbQ:
reNIIll;

},* check for the appropriale lOVier sean:b limit al the bqioiDl of search .,
if(EQ(*puMinPouible5f,O» *pttMinPolSible5f- EPS;

ptrSe1ecùonFUDCIioaEst[curSizeCJ_I-*puMinPosaible5r;
TrySf(sun,c:urSizcCIua+1);'* if widl sf sel to lower limil, we CIDDOt pœnte required IDIII .,
if(LT(pIrDiIdIIr&eCalcEst(curSizeC1aII]­

pcrDilcblqeMaauredEIl(curSizeClMs],{*pttPrecisiOD»){'* if we are DOt Il die epailOD limil ,et, decraIe lower limil *'
if(GT(*puMiDPoIIible5f,EPS){

PriIIITaI(l,24,lIIIaLarPLowSchI jm,UGHTRED);
c1IeolO;
leâ();
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retunl 1;
}'* if we are al the epsüon limit, set Sf-epsilon, go to œxt size class *'
e1sc if(EQ(*ptrMinPossibleSf,EPS»{

if(!useQuestionMark)
cpriDtf(
• 1ClSd 1~ 10.Olf 1~6.2f 1~ 10.2f 1 Cl10.2f

curSizeC1ass,pttScreenSizeEst[curSizeC1ass),
pttFeedEst[œrSizeClass] ,
ptrDischargeMeasuredEst[curSizeClass) ,
ptrDischargeCaicEst[curSizeCllSs],
ptrSe1ectionFunctioDEst(curSizcClus));
eIse
cprintf(
• 1 f,5d 1 ~ 10.Olf 1 Cl6.2f 1 Cl10.2f 1 ~ 10.2f

l "15.6f? 1\r\n·,
curSizeClass,ptrSc:reenSizeEst[cUrsizeC1ass] ,
ptrFeedEst[curSizeC1ass] ,
ptrDiscbar&eMeasuredEst(curSizeClass),
ptrDiscbar&eCaicEat(curSizeClass],
ptrSelectionFUDCtioDEst(curSizeClass));
curliDe-whereyO;
if(!useQuesûonMark)
PriDtText(1,24,
·Unreliable estimaœ by setting SF ta epsilon (symbol x).

Press any key •••• ,UGHTRED);
elle
PriDtText(1,24,
·Unreliable estimaœ by seuiDg SF ta epsilon (symbol 1).

Press any key ... ·,UGHTRED);
c1leolQ;
letehO;
IOCOxy(l,carline);
useQuesUonMart-TRUE;
curSizeC1aII+ +;
CODdDue;

}
}'* ft have (Wo bouDdria lDd sf is somewhere between the two boUDdries *''* New, semb by biJection, der hUlll *'
cunemSIdILowLim-"PtrMiDPouible5f;
cunemSà~Um-~~ib~~

pttSeIectioDFUDCIionEat(c:arSizeCIMs] -

(c:urreDISIdILowLim+cumIlISn:hUpÜID)I2.0;

'* iJIDer wbile *'wbüe(TRUE){
TrySf(ItIft,curSizeCIMs+1);
if(LT(<:UmIIISrdlUpLim-cumDlSrdlLowLim,EPS»{

if(tuaeQuadoaMlrt)
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1~ lS.6f-v 1\r\n",

l '11S.6f? 1\r\n",

}

cpriDtf(
" l 'ISel 1~ lO.OIf l 'I6.2f 1" IO.2f l 'IIO.2f

curSizeC1uI,pttScreenSïzeEst[curSizeClass],
ptrFeedEst(curSizeClus],
ptrDischargeMeasuredEst(curSizeClass],
ptrDisc:hargeCalcEst[curSizeClass],
pUSelectionFunctionEst[curSizeClass»;

cprinlf(
" l 'I5d l '110.0If l "6.2f 1"IO.2f 1" lO.2f

curSizeClass,pttScreenSizeEst[curSizeClass],
ptrFeedEst(curSizeClass]•
ptrDiscbargeMeasuredEst[curSizeClass]•
ptrDiscbargeCalcEst(curSizeClass] ,
pUSelec:tioDFUllCtÎonEst[curSizeC1ass»;
break;

if(LT(pttDischargeCalcEst[curSizeC1us),pttDischargeMeasuredEst(curSizeClass]»

cummSrchUpUm=(currentSrcbLowUm+curremSrcbUpUm)I2;
else curreDtSrchLowLim-(currentSrchLowLim+currentSrchUpUm)/2;

ptrSelectionFunctionEst[curSizeClasa)-(c:urrentSrchLowLim+currentSrchUpLim)/2;
}
c:urSizeClau+ +;

}
cpriDtf("\,
_ ......... .....' If);

retum 0;
}
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'* trysf.dU *'
IiDclude <conio.b>
IiDclude <malh.h>
IiŒlude <assert.h>
IiDclude <ftoal.h >
liDcIude -g1obal.h-

'detiDe EPS (DBL_EPSILON*lOO)
'defiDe EQ(x,y) (fabs«x)-(y» < afabs«x)+(y»*EPS)
ldefiDe LE(x,y) «x)< (y) Il EQ(x,y»
'defiDe GE(x,y) «y) «x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
ldefiDe GT(x,y) (!LE(x,y»

inl TrySf(inl const stan, int coust end){
inl iJ~k;

void PriDtText(iDt X,inl y,char· œxt,int forgcolor);
double cauPF,tauSPM,IaULPM;
double mn;

'* calc:u1a1e RTD parameters correspoDdiDg to the curreDl fecel raie *'
assen(~UCurMillFeedRaœSFEst > =- EPS);
mn-*pttTauPFSelecFuncEst+2**ptrTauSPMSelecFuncEst+~trTauLPMselecFUDCEst;

assen (mrt> -EPS);
tauPF-(~ttTauPFSelecFUDCEstImn)*(*pttRefMillFeedRaœSFEstl(*pttCurMillFeedRalesFEst»;

tauSPM -(*pttTIUSPMSelecFuncEstlmn)*(*ptrRetMillFeedRaœSFEst/(*pUCurMillFeedRaleSFEst»;
tauLPM·(*pttTauLPMSelecFUllCEatlmn)*(~ttRetMillFeedRateSFEst/(*pUCurMillFeedRaœSFEst»;'* calculadon of the -ptrDiag- lDII1ix *'
assert(ptrSelectionFUDCtionEst[start] > - EPS);
for(i-stan;i <eod;i+ +){

double WPF-ap(·ptrSelec:tionFUDdionEsl[i]~F);

double WS-1 +pttSeICdionFUDCtionEsl[i]*tauSPM;
double WL-I +pttSelec:tionFUDCtionEst[i]*tauLPM;
usen(WL! -0);
IIICft(WSI -0);
pttDiq(i] - WPF'(WL*pow(WS,2»;

}'* calculadoD of the paT lDIIrix *'
(or(i-stan;i <eDd;i+ +)

for(j -I;j <ead;j ++)(
if(i <j) puT[illJl-O.O;
elle if(i- aj)

puT[illJl-puSelCdionFUDCtionEstfil;
e1Ie{

double SUM-0.0;
for(k-l;k < i;k++)('* SOM sbouId be a1Wayl poaitive *'

SUM-SUM+pcr8reakFuac&t[i][k]*

pcrSeIectionFUIICtioDEst(k)*pIrT[k]Ul;
}
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if(ptt5elcetionFUDCtionEst[i] - =ptrSelectionFUDCtionEst[j])

ptrSelectionFunctioDEst[i] -ptrSelectiooFUlldionEst[i]~.999999;
pttT[i](j] - SUM/(PtrSelectionFUDCtiooEst(i] -

pttSe1ectiODFunctioDEst(j]);
}

}'* calculalion of the ptrTinv mattix *'
for(i -start;i < eml;i++)

for(j -1;j <endti++)(
if(i <j) ptrTiDv(i](j] :.0.0;
if(i:. :.j)

pttTinv[i](j] -l/ptrSelectionFunctionEst[j];
if(i>j){

double SUMI-O.O;
for(k-l;k <i;k+ +)

SUMI-SUMI +ptrT[i][k]*pttTinv(k](j];
ptrTinv[i][j] --SUMl/pttSelectionFunctionEst[i];

}
}'* ca1cu1aIion of the ptrT *pttDiq *'

for(i :.stan;i<eDd;i++)
for(j -l;j <endti ++) ptrTdia&[i](j] .ptrT[i](j]*pttDiag(j];'* calculation of the mi11 ttlDSfOrmaliOD DWrix *'

for(i -stan;i<eDd;i++)
for(j -l;j <endti ++){

double 50M2:.0.0;
for(k-l;k<eDd;k++) SUM2:.SUM2+ptrTdiq[i][k)*pttTinv[k)[J1;
puTraDI[i]~1-SUM2:

}
,. ca1culation of tbe bail mill disclwge *'
for(i -surt;i<eud;i++){

double SUM3 -0.0;
for(j -l;j <eDd;j++) SUM3 -SUM3 +ptrTraDI(i)[j)*pttFecdEstfJ1:
auert(SUM3 > -0);
pttDilcbaqecaJcEst(i] -SUM3;

}
retunl 0;
}
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,. wnfsf.cOl *'
linclude <Sldio.h>
liDdude <como.h>
liDclude <striq.h>
liDdude <do.oh>
IiJK:lude "g1obal.b"

ÎIlI WrtToFileResultEst(void}{
short iJ;
FILE *OulpUtStream:
char ch;
char ·fileDaJDe;
struet date loday;

golOxy( l ,24);
clreolQ;
textcolor(YELLOW);
c:priDtf("Save as: ");
texteolor(LIGHTGRAY);
scanf(· CI 128s",filename);
if«OutputStteamafopen(ftleDllDe, "w"»:1 -=NULL){

IOlOxy(1,24);
texteolor(LIGHTRED);
c:priDtf("CaD't creat output file! Press any key to continue·);
tœeolor(LIGHTGRAY);
lelCbO;
retU1'D 1;

}
fprintf(OutputStream. .\0\

•••••••••••••••••••••••••••••••••••••\8\

SelectioD FUDCIion Estimadon Rau11S\n\
•••••••••••••••••••••••••••••••••••••\n\n.);

fprintf(OutputSIIeaIIl,projectTItleEst);
fpriDtf(OutputSueam, "\o.);
geIdaIe(11nM:t date-) Idoday);
fpriDtf(OuIpUtSUeam, ·DIIe: Sdl~d1-Jd\n" ,toeIay.da_DIOD.today.da_day,tocIay.daJear);
fpriDtf(OuapUlStreIID, ·Tau Plui Flow - S5.2f Tau Small PM - S5.2f Tau Larae PM •
S5.2f\n\n", .

*pCrTIIIPFSelecFUDCEat,*ptrTauSPMSe1ecFUllCEst,*pIrTauLPMSelecFUDCEst);
fprintf(OurputStream, "RefereDce feed ttow l'lie • S5.1f tJh \Il",~illFeedRateSFEIt);
fpriDtf(OurputStream. "Curreœ f-a flow raie • S5.1f tJb \Il'o",*paCurMülFeedRateSFEIt);
fpriDlf(OutpUlStreIID, ·Sreakap FUDCtion Mauix \Il");
for(i-l;i< -sizeC1lllNumSelecFuDcEat;i++)

for(j -l;j < .sâzeClulNumSelecFWIC&l;j++){
if(i.-j)

fpriD1f(0UIputSueIIIl."0.00 \Il");
elle if(i>j)

fpriDIf(OuIputSaeIm."~.2f ",pcrBrakFuacElt[i](Jl);

368
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i i i \0\
1 CLASS 1 SIEVE SIZE FEED MEAS.·PROD. 1 CALC. PRaD. 1 SELEC. FUNC.
1 \8\
1 1

1 1 1\n.);
forO-l;i< - sizeClaslNumSelccFUDCEst;i++)

fpriDlf(OutputStream," 1 ~5d 1 ft IO.Of 1 ft6.2f 1 ft lO.2f 1 ft IO.2f 1 ft IO.4f
1 \0- ,i,

pttSc:reeDSizeEst(i],ptrFeedEst(i],ptrDilcbargeMeaswedEst(i],
pttDischargcCa1cEst[i] ,ptrSclcctionFunctionEst[i]);
fprïntf(OutputStream,
-\

_........_------_........_-------....."..);

'* close the file *'
if(fclose(OUtpuIStream)! -OH

gotoxy(1,24):
cprintfeEnor in closing oUlput file! Press any key [0 continue·);
getehO:
retuI'D 1;

}
returD 0;
}
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,. wnprbsf.cOl .,
linclude <stdio.b>
liDdude <dos.h>
linclude ·pobal.h·

iDt WnToPmResuJtEst(void){
shon iJ;
struet daIe today;
fprïDtf(stdpm, .\n\n\r\n"

· ·····································'r\n·
Selection FUDdion Estimation Results\r\n·
•••••••••••••••••••••••••••••••••••••~\n.);

fprintf(stdpm,projectTIdeEst);
fprintf(stdpm, .\r\n.);
getdale(sttuet claie·) cltoday);
fprlntf(stdpm,"DaIe: ~dI~dlSd\r\n·,today.da_lDOD,today.da_day,loday.daJear);

fprmtf(stdpm, ·Tau Plui Flow - ~ .2f Tau sman PM - ~ .2t Tau Large PM :K ~ .2t\r\n\r\n· 1

~trTauPFSclccFUDCEst,~trTauSPMSelccFUDCEst,*ptrTauLPMSelecFuncEst);
fprmtf(stdpm, ·Reference feed tlow ralC :a ~5.1f tIb \r\n. ,*ptrRetMiUFeedRaleSFEst);
fprlntf(stdpm, ·CurreDt feed tlow rare =- ~S.1f tIh \r\n\r\n., ~ttCurMillFeedRaleSFEst);
fprmtf(stdpm, ·Breakage FUDCtion Matrix \r\n.);
far(i -l;i< =sizeClassNumSelecFuncEst;i++)

for(j -1 ti < -sizeC1usNumSe1ccFuncEst;j++)(
if(i- -j) fpriDtf(stdpm:O.OO \r\n.);
elle if(i>j)

fprin1f(stdpm, •~ .2f ",ptrBreakFuncEst[i](j);
}

fprmtf(ltdpm, .\r\n\
-----------------\r\n\
1CLASS 1SŒVE SIZE 1 FEED 1MEAS. PROD. 1CALC. PROD. 1SELEC. FUNC. 1\r\n\
1-1 1-1 1 1 l\r\n·);
for(i -1;i< -sizeCluaNumSelecFUDCEst;i++)

fprimf(l1dpm, ·1 ~5d 1S 10.Of 1ft6.2f 1S lO.2t 1S 10.2t 1S 10.4f 1\r\n. ,i,
ptrScrecnSizeEst(i] ,ptrFeedEst(i] ,puDilcbaqeMeaauredEst(i],
ptrDilcbaqeCaicEst[il ,ptrSelcetioDFUDCtionEst(i]);

fpriDtf(stdpm,.,
1-1 1-1------ ---I");
fpriDlf(stelpm,·'f");
retum 0;
}
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,- simgrcir.cOl -,
ÎDt GetSimCircuitOataPll(void);
ÎDt GctSimCircuitOataPl2(void);
ÎDt OetSimCircuitDataPl3(void);
int GerSimCircuitOllIPa4(void);
int GetSimCircuitDataPa5(void);
ÎDt SimullleGrindiDgRun(void);

ÎDt SimuialeGriDdinaCircuitO{
int DeXt-l;

for(;;){
switeh(DeXt){

case 1:
next-GetSimCircuitDataPgl0;
break;

eue 2:
aext -GecSimCircuitDaaaPg20;
break:

case 3:
oat a OelSimCircuitDaraPg30;
break;

case 4:
DUt a GetSimCircuilDuaPg4();
break;

eues:
DUt-GecSimCircuitDllaPa50;
break:

eue 6:
DUt-SimulaleGriDdiDaRUDO;
break;

elle 'Q':
elle 'q':
break;

}
if(neu--·lOOO) break;

}
retunl 0;
}
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'* retJDd.cOl *'
NiDdude <stdio.h>
liDdude <stdlib.h >
IiDclude <coDio.h>
liDclude <do••h>
liŒlude <strinl.h>
IiDclude <dir.h>
IiDclude Ilpobal.h·

void PrintText(int x,ÏDt ylcbar- text,ÏDt forgcolor);
int HaDdIeEDdOfFUe(void);
char *GetStriDgAt(iDt x,im y,int mulen);
int GetFUeNames(cbar *ptrExO;

int OpenGrindingSimulationFile(void){
FILE *streamPtt;
char dalaFiieName(128];
char *newPadl;
int iJ;
int stahIS-0;
inl key=-'S';
char striDg(lS];
char 41ptrStriDg:
char *FormatErrPrompt-
"Dm file format is iDcomct! Press any te)' to CODtinUC ••• ";

gOlOxy(1,24);
teltCOlor(YELLOW);
cpriDtf(
"P1eue enter file ume? ");
gOlOxy(42,24);
texteolor(UGHTGRAY);
cpriDlf{ "(type> to cbange c:urrent directoryt);
clnolÛ:
texteolor(YELLOW);
pttStriD&-GetStrïDiAl(25,24,l5);

if(ptrSttiq[Q) - -' > 'H
IOIOxy(l,24);
tuteolor(YELLOW);
cpriDtf("Pleue emer œw diRctory: ");
c1JeolQ;
tuteolor(LIGHTORAY);
aewPadl-OetSuiDaAt(29,24,54);
if(cbdir(aewPllb)! .O){

IOCOxy(l,24);
ruteolOl(LlGHTRED);
if(suleD(aewPllb)<- 30)
cpriD1f("C1DDo1 cbaD&e tG [~.). Preu IllY Dy ta CODIiDue •••• ,œwPllll);
elle
cpriDIf(·CaDaat cbaDp tG 11ft' cIirecIory. Pral my Dy tG conrinue ...");
c1IeolO;
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gelCbO;
mum2;

}
elJe{

mush(stdïD);
GelFUeNames(ltgsdlt);
gotoxy( l ,24);
textcolor(YELLOW);
cpriDtf(
"Please enter file name? "):
texccolor(YELLOW);
pttStriDl-GetSttiniAl(25,24,15);

}
}
sttepy(dataFileName,pttStrina):
if(strlen(dalaFUeName) < -8) stteal(dalaFUeName,".pd");
if«sueamPtr-fopeu«CODSt char*) dataFUeName, "rlt»_ -NULLH

aotoxy(l,24); .
texteolor(UGHTRED);
cpriDlf("Can't open file! press any Dy la continue ... ");
clreolO;
aetehü;
retUm 2;

}
e1se{'* readinl one strinl for project ûde *'

while«key -&eIC(streamPlr»! • EOF){
if(key- • '\Il' Ilkey - -' , IlDy • • '\t' Ilkey. -' ,') continue;
else{

fseek(streamPtr,ftell(streamPlr)-1 ,SEEK_SEn;
fgeu(projectTide,BO,streamPlr);
projectTide[strleo(projectTide)-l] • '\0';
break;

}
}
if(key- - EOF){

HmdleEDdOfFUe();
remm 2;

}'* radial sizeC1_Numben *'
stalUI-O;

while«(key- leac(streamPIr»! - EOF&&swus < 1) {
ïf(key··'\D'IIUy··' '1Ikey··'\t'lltey··',')CODliDue;
e1Je(

fseek(streamPtr,fteU(streamPIr)-l ,SEEK_SET);
stIlUI.fJcIDf(streamPIr,•"dit,cbizlClaINumSimGrCir);
if(1tIIUI < I){

PriIIlTeu(l,24,FoI'IDIIErrPrompt,UGHTRED);
c:1rIoIQ:
1etebO;
reaua2;
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}

}
if(key a - EOF>{

HllldleEndOtFUe();
mum2;

}'* readiDg the rat of file Le. sieveSeries, feed size, selection function *'
for(i-l;i < ·sizeC1usNumSimGrCir;i+ +)(

stalUs=-O:
key_ 'S';
while«key-1ete(sueamPtt»! • EOFet&scarus <3){

if(by--'\n'Ilkey--' '1Ikey--'\t'llkey=--',')CODtinue;
fseet(sueamPlr,ftell(streamPtt)-l ,SEEK SET);
status-f'scanf(streamPtr, "~lf Cllf ~lf' ,Screensize+i,

feedSizeDistributiOD+i,
selectionFUDCtioD+il;

if(stalUS <3){
PrintText(l,24,FormatErrPrompt,UGHTRED):
clreoIQ;
letebQ;
raum 2;

}
if(key- -EOF){

HlDdleEDdOfFUe();
retUI'D 2;

}
}'* readiDl the rat of clara file i.e. breakqe fuDction values

lDd test for normaJisability *'
while«key-1elC(sueamPtt»! • EOF){

if(key--'\n'llkey·-' '1 lkey-·'\t'Ilkey--',')contïnue;
r.t(saeamPtt,ftell(suamPb')-l ,SEEK_SET);
fscIDf(saeamPtt, ·~I· ,suiDa);
if(IUÎIII[O],·'Y'üsUÏDl[O]'-'y'IcAsuiq[O]!.'N'eÜSlriDl[O]!.'n'){

PriIIlTat(l,24,rormacErrPrompt,UGHTRED);
c1reolQ;
lelCbQ;
rerum 0;

}
elle break;

}
if(key- -EOF){

1IJnd1eEndOtFUe();
reaam2;

}
if(1Uiq(O] - - 'Y'II sttÎDI[O] _ • 'y'){

aormaIillbleBreatapFUIICdoD-TRUE;
for(i-l;i < -m.ea-NumSimGrCir;i++)(

.....0;
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kcys'S';
wbi1e«(kcy.gete(streamPtt»! sEOF&&swus< l){

if(kcy =- - '\n'II key - ==' , Il te)' == ~ '\t' Il key =- -' .'> continue;
fseek(sueamPtr,ftell(streamPtt)-l,SEEK_SET);
StalUS-ticaDf(streamPtt, •CI If" ,cibreakageFUDdion[i][1]);

if(stIlUI<1){
PriDtText(l,24,FormatErrPrompt,UGHTRED);
clreoIO;
aetehQ;
retorD 2;

}
}
if(key- - EOF){

HaodIeEDdOfFile();
retum 2;

}
}
for(i -l;i< - sizeClassNumSimGrCir;i++)

for(j -1;j < -sizeC1_NumSimGrCir;j + +)
ü«i<j)II(i--j»

breakaaeFUDCtioD[i]fj] ==0;
elle if(j > 1)
brakqeFUDCtion(i](j) =breakageFUDCtion(i-l)(j-l];

}
else if(striDl(O) - • 'N'II SUÎDI(O] - - 'n')(

normalisableBreakaleFUDCtioD=- FALSE;
for(i -1;i< -sizeCluaNumSimGrCir;i++)

for(j -1;j < .sizeC1usNumSimGrCir;j + +){
if(i<j){

bratqeFUDCÛon(i]lJl-O;
CODIiDue;

}
SIIlUI-O;
while«(key-1ete<suamPtr»! • EOFÜItalUI< l){

if(by.-'\n'11key- .' '11key· ."t·llkey··..') coDûnue;
r.t(streamPtt,ftell(stteamPlr)-1,SEEK_SET);
ltIIUI-fscIIlf(streIIDPtr,-Sir .cibreakageFUDCtion(i](Jl);

if(stalUS< l){
c1ncr():
PrimTW(l,24,FormllErrPrompt,UGHTRED);
c1JeolO:
.elCbO:
recum 2;

}
}
if(key- • EOF){

RllldleEDdOfFl1e();
rebIID 2;
}

}
}
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'* rading mean reœntion times••• *'
5WUS=-0;
key-'S';
wbüe«key -gete(sueamPtr»! =EOF&&swus<3){

if(key--'\n'Ilkey--' '1Ikey==-'\t'llkey--',')continue;
fseek(streamPtt.ftell(sueamPtr)-l.SEEK SET);
status=-fscanf(streamPtr,"~If Cllf Iif Iif 1 If" ,ptrTauPFSimGrCir.

pttTauSPMSimGrCir.ptrTauLPMSimOrCir.

pttRetMillFeedRaleSimGrCir.pttCurMillFeedRateSimGrCir);
ïf(swus <3){

PrimText(1.24,FormatErrPrompt,UGHTRED);
clreolO;
letchO;
rewm2;

}
}

}
if(fclose(streamPtr)! =O){

gotoXY(l .24);
texteolor(LIGHTRED);
cprintf("CaD't close file! Press any key to continue ...\n\r");
teXlCOlor(UGHTGRAY};
gelChO;
mum2;

}
gotoxy( l ,24);
texteolor(YELLOW);
cprinlf("DIII ttansfered sucœssfully, press any te)' to continue ... ");
clreolO;
texteolor(UGHTGRAY};
gelChO;
retum 0;
}
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'* simpdpl.all *'
liœlude <stdîo.h>
Iiœlude <stdhb.h>
Iiœlude <coDio.h>
IiDclude <saiDl.h>
IiDclude <dos.h>
IiDclude ·&lobal.h·
#iDclude ·leIS.b·

Ndefine promptEndPos 42

extem int savescr(];

iDt CietFUeNames(char *ptrExt);
void PriDtText(int l.int y.char* teXt.int forgcolor);
void PriDtErrMsg(void);
ÏDI OpenGriDdiDgSimulatioaFUe(void);

ÎDl OetSimCircuitDalaPgl(void){
·int key,sWUI.mVal;
iDt iJ;
0001 clone-FALSE;
int ·address;
char -strinl:
char *prompt-"OpeD <0> Change <C> Nexl<N> Quit <Q> ~. >";
char isBreakageNormalisable(6];

if(normalisableBreakageFUDCtion)
sacpy«char*)isBreakageNormalisable. "yes");

else

clncr();
PrimTat(lO.4. "GeDerallnformadOD for GriDdinl Circuit SimuialiOD·,WHlTE);
aocoxy(3.6l;
cprilUf(·Project tille ~s· ,projectTide);
IOCOxy(3.7);
cpriDtf(-Size cl. aumben ~d· .sizeClusNumSimGrCir);
IOIOxy(3,8);
cpriDtf(·Normalisable breakqe ~s- ,isBrataaeNormallsable);
loroxy(l.24);
teXtCOlor(YELLOW);
cpriDtf{prompl);
c1IeolQ;
texlCOlor(LIGHTGRAY);
wbile(!doDe)(

Uy-.eccb();
switdl(tey)(

CIte '0':
CIII '0':

paeUO.l.80.25.savescr);
GclFDeNames(·pd-);
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OpenGriDdïnlSimulanonFileo;
puttat(1, 1,80,25.savescr);
texteolor(LIGHTGRAY);
l0toxy(35,6);
cpriDtf(-~•• ,projectTide);
clreolO:
lotoxy(35,7);
cprimf(-~d· .sizeC1assNumSimGrCir);
lotoxy(35,S);
cprintf(- ~s· .isBreakageNormaiisable);
lotoxy(l,24);
textcolor(YELLOW);
cprimf(prompt);
clreolO:
tRlCOlor(UGHTGRAY);
break;

case 'C':
case 'c':
l°toxy(35.6);
1* cunor al 35,6 .,
mush(stdïD);
if«key -letehO)! - ESC){

UDlccdl(key);
if(key! • '\r') clreolÛ;
strlna-GetStriDlAt(35,6,45);
if(striDa[O) - - '\O'){

cpriDlf(· "s·,projcetTide);
c1reolQ;
JOIOX)'(35,7);

}
else{

sucpy(projectTide,striDa);
IOCOxy(35,6);
cpriDIf(-"s·,projcetTide);
cIreolQ;
IOlOxy(35,7);

}
else{

lotoxy(PrompcEDdPoa.24);
break;

}'* cunor al 35.7 *'
ftlUlb(IICÜD);
if((tey-,-O)! .ESC){

uqeccb(Uy);
......AIizeClmNumSimGrCir;
stIIUI·O;
whi1e(lcIoaI){

IIfÏDI-GctSIriqAt(35.7,.5);
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if(string(O]. ='\O'l{
cpriDtf(W ~ldw, .address);
clreolO;
l0toxy(35,8);
break;

}
SWUS-sacanf(strinl,·~dw ,address);
if(stal1lS - -tH

if(·address>MAX5lZECLASSNO ll·address< l){
PrintErrMsgO:
PrintText(l ,24,prompt,YELLOW);
l°toxy(35,7);
clreoIO:
gotollY(3S,7);
doue-FALSE;

}
else{

gotoxy(35,7);
cprimf(W~ ldW,.address);
clreoIO;
lotoxy(3S,8);
break;

}
else{

PrinlErrMSIO:
IOlOxy(1,24);
texteolor(YELLOW);
cpriDtf(prompt);
cIreolO;
texteolor(LIGHTGRAY);
IOlOxy(35,7);
clreolO;
IOlOxy(35,7);

}
}

}
else(

IOIOK)'(promplEDdPol,24);
break;

}'* c:unor Il 35,8 .,
fflusb(stdïn);
if«key-lefdlO)! -ESC){

uqeICb(key);
if(key! -'\r') c1nolO:
SUÎDI[OJ - '\0';
wbüe(striq(O]I-'Y'ÜIUiDI[O)I- 'y'ÜlttÎDI[OJI- 'N'ü

SUÏDllO]!-'D'){
striq-GetStriD&At<35,.,6);.
if(1UÏDI(O] - - '\O'){
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cprintf("~s" ,isBreakageNormalïsable);
clreolû;
lotoxy(promptEndPos,24);
break;

}
else{

if(strinl[O] - • 'Y' Il strÎJlg(O] :a :a 'y' Il string(O]::I: ='N'II
stl'ÏDl[Oj - - 'n'){
if(string(O]. =- 'Y' Il string(O] = = 'y'}

strepy«char*)isBreakageNormalisable, "yes"};

strepy«cJw-)isBreakageNormalisable, "no");
gotoxy(3S,8);
cprintf(" ~s" ,ïsBreakageNormalïsable);
clreolQ;
îf(striDg(O)== 'Y' Il sttin.(O]:a ='y'H

normalisableBreakageFunction=!RUE;

forO=l;i< =sizeClassNumSimGrCir;i+ +)

for(j :a 1;j < =sizeClassNumSimGrCir;j++)

breakageFunction(i+1](j +1] • breakageFUDCtion(i][j];
}
else

normalisableBreakageFUDCtion=FALSE;
IOCOxy(PromptEudPos,24);
break;

}
else{

PrintText(1,24, "Please aaswCf by yes or
no!" ,UGHTRED);

clreolQ;
delay(700);
PrintText(l ,24,prompt,YELLOW);

}
}

}
}
else{

lotoX)l(PromptEDdPol,24);
break;

}
brak;

case 'N':
CIte 'D':
recVal-2;
doae-TRUS;
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break;

case 'Q':
case 'q':
retVal-·1OOO;
doue-TRUE;
break;
}

}
retum raVaI:
}
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'* simpdp2.cOl *'
lindude <stdio.h>
linclude <stdlib.h>
IiDclude <como.b>
liDc1ude <dos.h>
liDclude <striDl.h>
liDdude <matb.h>
IiDclude < floll.h >
Iinclude •globa1.h·
#include -gets.h-

'defiDe EPS (DBL_EPSD.ON*l00)
ldefiDe EQ(x,y) (fabs«x)-(y»< =-fabs«x) +(y»*EPS)
,defiDe LE(x,y) «x) < (y) Il EQ(x,y»
,defiDe GE(x,y) «y)<(x) Il EQ(x,y»
,defiDe LT(x,y) (!GE(x,y»
,defiDe GT(x,y) (!LE(x,y»

extenl char savescr(4096];
exœm double *ptrTempDoubleArray;
eltenl mUID plonype plotType;

ÎDI PlotScanerDig(double *xOalaVec,double *yD..Vec,ÎDt m,
char* tide,cJw- xLab,c:Jw- yLab);

void PriDlRemiDder(void);
void GetColOfData(ïnt row,int COlumn,inlIlOSzClasses,int xOfCoIUJDD[] ,int mulen,

cJwo- formatStt,char* formalStrLeftJus,
double minAI1owedRaage,double

maxAllowedRanae,
double *tempInpulPtt);

void IDitializeGraphics(void);
void TerminaleGrapbics(void);
void PriDtTW(int x,int y,char* text,ÎDI forgcolor>;

enum plottype{SIZEDIST-l ,SELECl'JONFUNC-2,BREAKAGEfUNC-3};
openIiOlllDOde made;

ÏDl GetSimCirc:uilDalaPl2(void){
cbIr *fonDllSlr;
char *fonDllStrLefrJUI;
cbIr *addraICbar(20];
extenl iDl GnpbMode;
iDt i,aoSzC1aIIes,key,mVal;
boal doDe-PALSE;
double miDAllowedRaD.e,muAI1owedRaD.e.sum;
ÎIIl row-4;
ÎIIl column;
ÏDlxOfCoIUlllll(3] -{20,40,60};
ÏDl ma1ea;
ÏDl* xOfCoIUlllDlV;
double *temp1DpulPlr;
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char ~rompt=-
·Change <C> Previous <P> Next<N> Grapb<G> Quit<Q> == >.;
modez51MULATIaN;
xOfColumnPtr=-bOfColumn(O)-l;
c1rscr();
PriDtText(l4,1,"Feed Sile And Selection Function Data for Simulation· ,WHITE);
gotoxy(1,3);
cprintf("Sïze Clau No.•);
gotoxy(xOtColumn.Ptr[l) ,3);
cprintf("Screen 5izc (~).);

gOloxy(xOtColumn.Ptr[2),3);
cprlntf("Fccd Sïze (li)·);
gotoxy(xOfColumn.Ptr[3) ,3);
cpriDtf(·SelectioD FUDCtioD·);
gotoxy(5,4);
noSzClasscs=sizeCIusNumSimGrCir;
for(i:::a 1;i < =noSzC1asses;i++){

gOloxy(5,i+3);
cprintf(·~2d· .i);
gotoxy(xOfColumnPtr(1) ,i+3);
cpriDtf(· CliO.0If" ,screenSile(i»;
gOloxy(xOfColumnPtr(2],i+3);
cpriDtf(·~ 10.21f",feedSizeDistribution(i]);
gotoxy(xOfColumnPtr(3] ,i+3);
cpriDtfc- CIlS .61f" ,selectionFunction[i]);

}
PriDtText( l ,24,prompt,YELLOW);
clreolO;
whüe(!doae){

key-ptcbO;
switeb(key){

case 'C':
case 'c':
columo-l;
malen-lS;
formaIStr- •CliO.Olf";
formllStrLeftJus- "CI-IO.Oll";
miDAllowedRaqe-O;

. muAlIowedRaDle-2S0000;
templDputPtt-screenSize;
OetCoIOfDara(row,column,noSzC1asses,xOfColumnPtr,muleu,formalStt,

formuSlrLcftJus,miDAllowedRanle,muAl1owedRange,
templnputPtr);

coluam-2;
mal.-15;
forDlllStt-"~ 10.211";
forDlllSttLeftJua- "~-lO.21f";
millAUowedRaqe-O;
lIIIKAlIowedRaap-lOO;
remplDputPtt-feedSizeDisuibulicm:
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GetCoIOfData(row,column,noSzClasses,xOfColumnPtr,maxlen,formatStr,

formatStrLeftJus,miDAllowedRaDIC,muAllowedRaDle,
templnputPtt);

column-3;
mulco-15;
fol'lDllStt- •4115.61,.;
fonDllStrLeftJus- •CI-15.61f" ;
miDAl1owedRange-EPS;
muAlIowedRanle-99999999;
templnputPtr=selectionFUŒtioD;
GetColOfDlII(row,column,noSzClasses,xOfColumnPtr,maxIen,fomwStr,

fOl1lWSttLeftJus,mblAllowedRange,muAllowedRange,
templnputPtt);

l0toxy(53 ,24);
break;

case 'G':
case 'II:
leaext(1,1180,2S,savescr);
IDitializeGnphicaO;
plotType-SELECTlONFUNC;
PlotScaaerDil(smenSïze,selectionFUDCtion,noSzClasses,

·SCICdion fUDCtion Data", "Panicle Sile,

"SCICdion fUDCtiOD.);
leccbO;
plotType-SIZEDIST;
sum-O;
for(i -l;i< -sizeClassNumSimGrCir;i+ +)(

sum-sum+fecdSizcDistribulion[i];
pttTempDoubleArray[i] -lOO-sum;

}
PIOCScaaerDil(smenSize,pttTempDoubleArray,noSzClasses,

"Meuured Feed Sïze Distribution",

leccbO;
TermiDlleGrapbics();
puaut(l, l ,80,2S,savescr);
IOCOsy(53,24);
break:

CIIe 'pt:
case 'p':
retVIl-l;
doae-TR.Ui;
brak;
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case 'N':
case 'n':
sum-O;
for(i-l;i< -noSzC1uses;i++)

sum-sum+feedSizeDistribution(i];
if(GT(sum,lOO»{

geuat(l,lO,BO,14,savescr);

PrintText(2,11,· -l-----------------------

-,WHITE);

continue ...
PrintText(2, 12, • 1 The total mus in feed exceeds 100%. Press any key to

•,WHITE);

PrintText(2, 13, - ,'------------------------

•,WHITE);
_seteunonyp'e(_NOCURSOR);
geu:hQ;
gotoxy(20, la);
pURat(1,10,SO,14,savescr);
_seteurIOrtype(_NORMALCURSOR);
gotoxy(53,24);
break;

}
mVal-3;
done-TRUE;
break;

case 'Q':
eue 'q':
retVal-·lOOO;
done-TRUE;
break;

}
}
retUnl retVal;
}
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,. simpdp3.cOl .,
IiDclude <stdio.b >
IiDclude <stdlib.h>
liDclude <coDio.h>
lindude <do•.h>
IiDclude "global.h"
IiDclude "SeIS.h"

ldefiDe promptEndPos 4S

void PrintText(int x,inl y,cbar* text,int forgcolor);
void PrintErrMsg(void);
iDt CheckSumOfColumns(double ·*mattixPtr,bool btNormFlag,

inl jlterNum,inl iIterNum,inl endPos);

iDt GelSimCircuitDataPg3(void){
bool doue=FALSE;
bool canUseArraysValues-TRUE;
iDt maxJt,mVaI;
iDt row-4;
iDl column-O;
ml xOfColumn;
int maxlen-12;
char ·formatStr;
double addressFloal;
int stalUS-0;
char ~triDl;

char buffer(lO];
iDt ij,key;
char ~rompt-"ChaDle <C> Previous <P> Next <N> Quit<Q> .- > ";

c1ncr();
PrintText(lO',l,"Breaka&e FUDCtioo Du for Grindin& Circuit SimulationIl ,WHITE);
if(normaiisableBœakqeFUDCtion)

PrintText(1,3, IlNormaUsable bœakqe fulxtïon",GREEN);
else

PrintText(1,3."Non-oormaUsable breataae ftmctioo",GREEN);
for(i-l;i < -sizeC1usNumSimGrCir;i++)

for(j -l;j< -IO;j++)(
if(i> -j){

lotColuma-l +(j-I) • 8;
1000xy(xOfCoIUlDll .i+3);
cpriDtf(.S6.4r,breakaaeFUllCtioo(i](j»;

}
}

1000xy(1,24);
tateolor(YELLOW);
cpriDIf(prompt);
cIreolO;
rutcolor(UGBTORAY);
wbile(!doDe){
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Dy a getcllO:
switeb(key){

eue 'Ct:
case te': gotoxy(l,7);
if(sizeClallNumSimGrCir< a 10) mult a sizeClassNumSimGrCir;
else mult-IO;
for(column=1:column<. maxlt;column+ +){

mulen-9;
formaaSu- Il 1,6.4f":
xOfColumn-l +(column-l) • 8:
gotoxy(xOft:olumn ,(column-l)+S);
fOr(row-column+4 ;row < sizeClassNumSimGrCir+4 ;row+ +){

key-getebO;
if(keya =-ESC){

gOloxy<promptEndPos,24);
break:

}
unlacb(kcy);
pulCh(key);
doaeaFALSE;
canUseAmysValues=TRUE;
SIIlUI-O:
while(!done){

SUÏDg-GetSUingAt(xOtO>lumn,row,maxlen);
if(strÎDg(O] :a =- '\0'&lccaDUseAmysValues){

gOlOxy(xOfColumn,row);

cprintf(formalSu,breakageFunc:tïon(row-3][column]);
if(row <sizeClassNumSimGrCir+3)

IOlOxy(xOfColumn,row+ 1);
break;

}

stalUI-SlCalÛ(sttÎDg,"~lf" ,&<breaka&eFUDCtioD(row-3][column]»;
if(SUIUS- .lübreakageFUDCtion[row-3][column) < =-1&&

brelka&eFUlldion(row-3][column] > .OH
lotoxy(xOfColumo,row);

cpriJuf(formllSu,breakageFUDCÛoD(row-3][column»;
lotoxy(xOfColumn.row+1);
if(lIOrmalilableBreakageFUDCIion){

for(i-l;i< .sizeClUiNumSimGrCir-row+3;i++){

breabpFunaion(row-3 +i][coIUJDD+i] -breakqeFUllCÛoD(row-3](column];
if(i< -9){

1000lY(1 +i*S.row+i);

cpriDd"(fol'lllllStr.blabpFUDCtiOD[row-3][column]);
}

}
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gotoxy(xOfColumn,row+1);
}
break;

}
else{

PriotErrMJIO:
gotoxy(1,24);
tateolor(YELLOW);
cprimf(prompt);
textcolor(UGHTGRAy):
gotoxy(xOfColumn,row);
cpriDtfe -);
gotoxy(xO~lumn,row);

donc- FALSE;
canUseArraysVaiues=FALSE;

}
}

}
if(key - =ESC)
break;
if(normalisableBreakageFunctioD)
break;

}
l°toxy(PromptEDdPos,24);
break;

case 'P':
case 'p':
retVaI-2;
doDe-TRUE;
break;

case 'N':
case 'n':
if(sizeClauNumSimGrCir> lO){

if(Cbec:kSumOfColumns(breakageFUDCtioll,normaiisableBreakageFUDCtioD,

lO,sizeClassNumSimGrCir,

promptEadPos) - -OH
retVala4;
doDe-TRUE;
breIk;

}
eIIC{

doDe-FALSE;
brat;

}
}
eIIe{



Appendfs F Numericai GriDdIDg OptimlzatiOD Tools in C (NGOTC) 389

sizeCJasaNumSimGrCir,

sizeClassNumSimGrCir,

promptEudPos>- ~O){
raVaI-5;
done-TRUE;
break;

}
else{

done =- FALSE;
break;

}
}

case 'Q':
case 'q':
retVal-·1OOO;
doDe-TRUE;
break;
}

}
reNI'Il raVal;
}
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,. simardp4·COI .,
linclude <stdio.b>
lincl\lde <stdlib.h>
IiDclude <coDÎo.h>
linclude <dos.h >
linclude <strin•.h >
liDclude Ifglobal.h­
IiDclude -gets.b lt

#definc promptEndPos ~2

ldefiDe row14 14
ldefiDe rowlS row14+ 1

void PrintText(iDt x,iDt y,char· text,int forgcolor);
void PrintErrMsg(void);
int CheckSumRestColumns(double ··manixPtr,int jlterNum,

int ilterNum,ÏDt endPos);

int GetSimCircuitDalaPg4(void){
0001 done-FAUE;
0001 canUseArraysValues-TRUE;
int retVal;
int row-row14;
int coluam-0;
im xOt'Column;
im maxlen-12;
char *formatStt;
double addressFloal;
int swus-O;
char *striq;
cIlar prompt[81];
char buffer[lO);
iDt i,j,key;

if(normalisableBreakageFUDCIion) strepy(prompt,
ltPrevi.ous <P> Nat <N> Quit <Q> •• > _);
else sucpy(prompt,
-Chlap <C> PreviOUI <P> Nat <N> Quit <Q> - - > It);
c1ncr(); .
PrintText(5, l, ItBreakage FUDCtion 0111 for GriDdiDl Circuit Simulation (CODIinued)-,WH1TE);
if(normaiiaableBreakqeFUDCdon)

PriDtTat(1,3, ItNormalilable brataae fuDction- ,GREEN);
else

PriDtTat(l ,3. -NoD-DOrmalisable brataae function-,GREEN);
for(i -ll;i< • sizeCllIINumSimGrCir;i++)

for(j -11;j < -sizeClallNumSimGrCirJ++)
if(i> -j){

xOfColumn-l +(j-ll)·S;
aocoay(xOtCoIUlllll,(i-ll)+row14);
cpriDd'(1t~6.4'" .brabpFUDCIiOD(i]ID>;

}

390
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gOlOxy(1.24);
texteolor(YELLOW);
cprimf(prompl);
textcolor(UGHTGRAY);
whüe(!done){

te)' • getehO;
switeb(key){

case 'C':
case 'c':
if(DOrmalisableBreaka&eFUDCtion) break;
for(column=Il;column< =sizeClassNumSimGrCir;column++)(

mulen=9;
fomwStr s "Cl6.4f";
xOfColumn-l +(colUIDD-ll)·S;
gOloxy(xOfColumn,rowlS +column·ll);
for(row - row IS +colUIDD-ll ;row< =sizeClassNumSimGrCir+3;row++){

key -geldlO;
if(key- =ESC){

if(normalisableBreaka&eFunetioD) gotoxy(39.24);
else lotOxy(PromptEndPos,24);
break;

}
uoleteb(key);
pulCh(key);
doDe-FALSE;
canUseAmysValues-nUE;
stIIUI-O;
while(!doDe){

suiDl-OetStrïngAt(xOfColumn,row,maxlen);
if(striDg(O]. • '\0'Ic&canUseArraysValues){

IOIOX)'(xOfColumn,row);

cprimf(formalStr,breaka&eFUŒtioD(row·3][coIUIDD»;
it(mw< -siz.eClassNumSïmGrCir+3)

1000xy(xOfColumn,row+1);
break;

}

SIIIUI-SSClDf(sttiDl, "CIl,. ,&(breakaaeFUDdion[row-3][column));
if(stllUS- -lübœaka&eFuaœOD(row-3][column) < -lM

brabaeFUllCÛon(row-])[column) > -Olt
1000xy(xOfColumn,row);

cprimf(formllSar,brakqeFUDCdOD(row-3](coIUIDD»;
IOCOxy(xOfColumn,row+1);
break;

}
eIIe{

PriIIIErrMsIO;
1CJCO&y(1,24);
IatCOlor(YELLOW);
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cprintf(prompt);
texteolor(UGHTGRAY);
gotoxy(xOft:oIUIDD,row);
cprintf(- .);
gotoxy(xOfCoIUIDD,lOw);
doue- FALSE;
canUseArraysValues~FALSE;

}
}

}
if(key· • ESC) break;

}
if(normalisableBreataaeFunction)

gOlOxy(39,24);
else gocoxy(promptEndPos,24);
break;

eue 'pl:
case 'pt:
raVal-3;
donc-TRUE;
break;

eue 'N':
case 'D':
if(!normalisableBreakageFUDCtioD){

if(CheckSumRestColumos(breakageFUDdioD,sizeC1assNumSimGrCir,

sizeClassNumSimGrCir,promplEDdPos) • =-O){
raVal-5;
doae-TRUE;
brak;

}
else{

doDe- FALSE;
break;

}
}
e1Ie{

l'elVal-5;
doDe-TRUE;
brak;

}

ClIC 'QI:
CIIe I q':
recVI1-·UJOO;
doae-TRUE;
bIeIt;
}

}
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returD retVal;
}
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'* simgrdpS.cOl *'
IiDclude <CODio.h>
liDclude -g1obal.h-

void PriDtText(iDt x,iDt y,cbar* text,iDt Corgcolor);
iDt OetRtdlnfo(double *ptrTauPF•double *ptrTauSPM,double *ptrTauLPM,

double *pttRefMillFeedRaœ,double *pttCurMillFeedRate);
iDt SaveGrCirSimData(void);

iDl GelSimCircuitDalaPg5(void){
0001 dooe=FALSE;
iDt lœy,retVal;
char scrTide[)~
-Residence Time Distribution Data Cor Grinding Circuit Simulation-;
char *prompt=
-ChaDae <C> Previous <P> Save daIa <5> Run <R> Quit <Q> :a ~ >-;
clrscrO;
gOlOxy(l,24);
texteolor(YELLOW);
cpriDtf(prompt);
clRoIQ;
texteolor(UGHTGRAY);
PrintText(5,4,scrTide.WHITE);
gotoxy(3,6);
cprintf(-Refereuœ tau of plu. tlow: CI .Je-,*ptrTauPFSimGrCir);
gOlOxy(3,7);
cpriDtf(-ReCereuce tau of small perfect mixen: CI .Je-,*puTauSPMSimGrCir);
gotoxy(3,S);
cprùUfC-Reference tau of large perfect mixer: CI .3,.. •*ptrTauLPMSimGrCir);
gotoxy(3,9);
cpriDtfC-Refereuœ Ceed rue (tIb): CI.3'" ,*puRefMillFeedRateSimGrCir);
lotoxy(3,lO);
cpriDtfeCurrent Ceed raie (tIh): ~ .3,.. ,*ptrCurMillPeedRateSimGrCir);
IOCOxy(59,24);
wbile(!dooe){

te, -aelChO;
switeh(key){

eue 'C':
eue 'c':
GecRldlDfo(ptrTauPFSimGrCir,pttTauSPMSimGlCir,

puTauLPMSimGrCir,puRetMillFeedRaleSimGrCir,
puCurMillfcedRaleSimGrCir);

1010&)'(59,24);
break;

cae 'P':
cae 'p':
if(sizeCIMINumSimGrCir> 10) retVal-4;
elle retVal-3;
doDe-TRUE;
break;
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case '5':
case 's':
SaveGrCirSimData();
IO!oxy(l,24);
texteolor(YELLOW);
cprintf(prompt);
clreolQ;
texteolor(UGHTGRAY);
break;

eue 'R.':
eue 'r':
retVal-6;
done =-nUE;
break;

case 'Q':
eue 'q':
retVaI~-lOOO:

done-nUE;
break;

}
}
retum retVal;
}
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'* savegspd.cOl *'
linclude <stdio.h>
liDclude <conio.h>
IiDclude <strinl.h>
liDclude •global.h·

iDt saveGrCirSimDara(void){
iDt iJ;
FILE *oulputStreamPtr;
char ch;
char tilename[128];

gotoxy(l,24);
clreolO:
texteolor(YELLOW);
cprlntf(·Save as: .);
textCOlor(LIGHTGRAY);
scanf(·~128s·,filename);
streal(fiIename,· .asd.);
if«outputStreamPtr-fopen(filename, ·w·»=- -NULL){

gotoX}'(1,24);
texteolor(LIGHTRED);
cpriDtf(·em't creal oUtput file! Pral any key to continue·);
teDCOlor(LIGHTGRAY);
getehO;
mum 1;

}
,. write daIa ta the file *'
fprïntf(OUlputStreamPtr, •Cls\n·,projectTitlc);
fprintf(oUlpUtStramPtt, •Cld\nI' ,sizeClassNumSimGrCir);
for(i -l;i< -sizeClassNumSimGrCir ;i++)

fprintf(oulputSueamPIr, •ClIO.Of Cl6.2f ClI0.4t\n· ,screenSize(il.
feedSizeDistribution(i] .sclectionFUDCtion(i]);

if(DOrmalisableBreaka&eFUllCtion){
fpriJUf(outputSueamPIr, ·yes\n·);
for(i - l;i< -sizeClUiNumSimGrCir;i++)

fpriDlf(oulpUtStreamPtr. •~6.4f \n. ,breaka&eFUDdion[i][l»;
}
else{

fpriDtf(outpUtStreamPtr, "DO\n");
for(i -l;i< -sizeCl_NumSimOrCir;i+ +)

for(j -l;j < -sizeC1auNumSimGrCir-j + +)(
if(i- -j) f'priDtf(0UIpUtSaamPIr."0.0000 \n");
elle if(i>J1

fpriDlf(oucpuaSueamPIr. "~6.4f •,breaka&eFuDction(ilü]);
}

}
fprinIf(OUIputSueamPtt,· Cl3.2f ~3.2f Cl3.2f Cl3.2f Cl3.2t\n·,~auPFSimGrCir,

*pttTIUSPMSimGrCir,*pttTauLPMSimGrCir.....fMWPeedRaœSimGrCir.
*paCurMillFeedRaœSimGrCir);

,. close die file .,



Appendix F Numerical GrindiJII OptimizatiOD Tools in C (NGOTC) 397

ü«(close(outputSbeaIDPtr)! ~O){
gotoxy(1.24);
cprilUf("Error in closing output file! Ptess any key to continue");
getehO;
retum 1;

}
retum 0;
}
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,. simpnm.cOl .,

IiDclude <dos.h>
IiDclude <conio.b>
linclude "global.h"

void PriJUText(iDt x,iDt y,cbar* text,int Corgcolor);
iDl BallMill(void);
iDl WriteToScreen(void);
iDl WriteToPriDter(void);
inl WriteToFlle(void);

iDl SimulaleGriDdingRun(void){
bool done=FALSE;
char key;
char *prompt-"Print<P> Save result <5> Back <B> Quit <Q> ";
iDt retVal;

BallMillO;
WriteToScreenO;
gotoxy(l,24);
texteolor(YELLOW);
cpriJUf(prompt);
clreolO;
texteolor(LIGHTGRAY);
wbile(!done){

key-gacbO;
switeh(key){

case 'P':
case 'p':
WriteToPrimer();
PriDtText(1 ,24, "priDting output ... ",
clreolQ;
delay(700);
PriDtText(l ,24,prompl,YELLOW);
clreolQ;
gotoxy(37,24);
texteolor(LIGHTGRAY);
break;

ClIO 'S':
elle 's':
WriIeToFUe();
PriDtTUI(l,24, "SlVÏJII oUlpUt ••• " ,
IOCOxy(l,24);
tuteolor(Y!LLOW);
cpriDlf(prompc);
cIreolQ;
rau:olor(LIGHTORAY);
break;

YELLOW);

YELLOW);
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case 'b':
retVal-l;
done-TRUE;
break;

case 'Q':
case 'q':
retVal-·lOOO;
done-TRUE;
break;

}
}
retunI raVaI;
}
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'* bmsÏID.cO1 */
linclude <stdio.h>
IiDclude <mam.h>
IiDclude < flo••b>
IiDclude <assen.h>
IiDclude <como.h>
IiDclude •global.b·

'defiDe EPS (DBL_EPSILON*l00)
ldefiDe EQ(x,y) (fabs«x)-(y» < -fabs«x)+(y»*EPS)
ldefiDe LE(x,y) «x) <(y) Il EQ(x,y»
'cIefiDe GE(x,y) «y)< (x) Il EQ(x,y»
IciefiDe LT(x,y) (!GE(x,y»
Iclefine GT(x,y) (!LE(x,y»

void ShowMat(double ·*matPtr,int rows,int cols);
void ShowVec(double *vecPtt,int rows);

ml BaI1Mi1I(void){
int i,j,x;
double tauPF.tau5PM,tauLPM.mn;
double WPF,WS,WL;
double x;

assel1(*PttCurMillFeedRateSimGrCir>0.0);
for(i -1;i < -sizeClassNumSimGrCir;i+ +)

aaert(se1ecûonFUDCtioD(i] >0.0);
mn-*ptrTauPFSimOrCir+2**pttTauSPMSimGrCir+*pttTauLPMSimGrCir;
asaen(lDft> • EPS);
tauPF-(*PttTauPFSimGrCir/mn)*(*pttRefMillFeedRaleSimOrCir/(*pUCurMillFccdRaleSimGrCir»;
IaUSPM - (*PttTauSPMSimGrCir/mn)*(*ptrRefMillFeedRateSimGrCir/(*pttCurMillFeedRateSimGrCir)
);
tauLPM-(*PtrTauLPMSimGrCir/mn)*(*pttRefMillFccdRaleSimGrCir/(*pUCurMillFeedRateSimGrCir
»;'* calculatiDa the t DWrix *'
forO -1;i< -sizeClallNumSimGrCir;i+ +)

forO -l;j < -sizeClusNumSimGrCir;j + +)(
if(i <j) t(i](j] -0.0;
if(i - - j) t(i][Jl-selecûonFUDCtioD(j];
if(i>j)(

double sum-O.O;
for(k-l;k<i;k+ +)

sum-sum+braka&eFUDCliOD(i)[k)*selectïoDfUDCtioa[k)*t(k) rJ1;
if(EQ(selecdODfUDCtiOD(i],selectionFUllClioD{j»)

selecliODfUDCÛOD(i] -selecûollFUllCtiOD(i]*O.99999;
t(i][j)-sum/{selec:ûoDFUllCtioa(i]-se1ecûo11FUDCtioD(j);

}
}'* calcu1lrinl me dnv lDIIrix *'

for(i -1;i< -si2JeCJ.lNumSimGrCir;i++)
forO -l;j < -sizeCluINumSimGrCifoJ + +){
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if(i <j) tinv[i][j] =0.0;
if(i - • j) tiDv[i][j] -lIselectionFunction(j];
if(i>j){

double sum=-O.O;
for(k-l;k< i;k++)

sum-sum+t[i)[k]*tinv[k](j];
tinv(i](j] - -sumlselec:donFunetion[i];

}
}

/* calculaliDg the diag matrix ./
ror(i -l;i< -sizeClassNumSimGrCir;i+ +)(

WPF -exp(-selectionFunction(i)*tauPF);
WS-1 +selectionFUDCtion(i]*tauSPM;
WL::z 1+seleclionFUDCtion(i)*tauLPM;
diag[i] -WPF/(WL*pow(WS,2»;

}'* calculaûng the t * diag *'
ror(i=l;i < -sizeC1assNumSimGrCir;i++)(

for(j alti < =sizeClassNumSimGrCirti ++)
tdiaI(i](j)-t(i][j]*diag(j);

}'* calculaliDg the mill traDsfOrmaliOD mattix *'
ror(i -I;i< =sizeClassNumSimGrCir;i+ +)

for(j -l;j < -sizeClassNumSimGrCir:j++)(
double sum-O.O;
for(k-l;k < -siz.eClassNumSimGrCir;k+ +)

sum-sum+uüag[i)[k]*tiDv(k][j] ;
tnDS(i](j) -sum;

}'* calcullliDl the ball mill dïscharge .,
(or(i -l;i< - sizeClassNumSimGrCir;i+ +)(

double sum-O; .
for(j -1;j < -sizeCluaNumSimGrCir;j++)

sum-sum+ttaDS(i][j)*feedSizeDistribution(j);
disdlarIe5izeDimibution(i) -sum;

}
retum 0;
}

voici ShowMII(double ·*malPtr,int rows,int cols){
int iJ;

clncr();
forO-l;i< -rows;i++)(

IOCOxy(l,i);
far(j -1;j< -coll;j++) printf(-~6.2f - .JDIlPIr(illJl);

}
plChO;
}

void ShowVec:(double *vec:PIr,iDt rows){
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iDl i;

clncr();
for(i-l:i< zrowl;i+ +)(

lotoxy(l,i);
priDIf(- CS6.2f -,vecPtt(i]};

}

}
aetehQ:
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1· wnprDSl.cOl .,
lindude <stdio.h>
IiDclude <dos.h>
lindude "global.h"

int WriteToPriDler(void){
ml i,j;
struet da&e today;

fprlDtf(stdprn, "\r\n\r\n\n"
" ••••••••••••••••·..·············V\n"

Simulation Remlts \r\n"
································V\n\n");

fpriDtf(stdprn,projectTide);
fprlDtf(stdprn, ·V\nll);
getdate(struet daIe·) &today);
fprlDtf(stdpm,
"Date: Cld/CldICId\r\n.. ,today.da_mon,today.da_day,today.daJear);
fprlntf(srdpm,

"Tau PIUI Flow =~.2f Tau Small PM =%.2fTau Large PM = %.2f\r\n\r\n",
*pttTauPFSimGrCir,*ptrtIUSPMSimGrCir,*pttTauLPMSimGrCir)~

fprlntf(srdpm, "ReferenCe feed flow rate =- SS.lf tIh v\n",*pttRetMillFeedRaleSimGrCir);
fprlntf(stdpm, "Cunent feed Oow rate - ClS.lf t/h \r\n\r\n",*pUCurMillFeedRateSimGrCir);
fprintf(sulpm, "Breakage FUDCtion Mattix \r\n");
for(i-l;i < -sizeClassNumSimGrCir;i+ +)

for(j -l;j < -sizcClassNumSimGrCir;j++){
if(i- -j) fprlntf(stdpm, "0.0000 \r\n");
else if(i>j)

fpriDtf(srdpm, "Cl6.4f ",breakageFUDCtion[i](j»;
}

fprilltf(scdpm, "V\n\

--------------\r\n\
1CLASS 1SIEVE SIZE 1 FEED 1 PRODUcr 1SELEC. FUNC. 1\r\n\
1-1 1--1 1 I\r\u");
for(i-l;i < -sizeClISINumSimGrCir;i+ +)

fprlmf(stclpm,
" 1SSd 1S 10.Of 1Cl6.2f 1S IO.2f 1S lO.4f 1\r\a" ,i,
screeuSizc(i],feedSizeDistribution(i],discbaqeSizeDisuibution[i],
selectiooFUDdion(i]);
fpriDlf(stclpm,.
"\
1-1" 1--1--- ---,1");
fpriDtf(stdpm, "\f");
ret1II'Il 0;
}
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,. wnfsim&.COl .,
IiDcludc <sUlio.h>
linclude <conio.b>
liDc1udc <striq.h>
IiDcludc <do•.h >
liDc1ude -pobal.h"

iDt WriteToFUe(void){
shon ij;
FILE ·OurputStream;
char ch;
char ·fi1eoame;
struet claie today;

l°toxy(1,24);
c1reolQ;
tmeolor(YELLOW);
cprintf("Save as: ");
texteolor(UGHTGRAy);
sCant("~ 1281" ,filename);
ïf«OutpulSueam-fopen(fileuame ,"\V"»- aNULL){

10IOxy(l,24);
teXlCOlor(UGHTRED);
cprintf(wCa,n't creal output file! Press any key to continue");
texteolor(UGHTGRAY);
gecchO;
retUI'D 1;

}
,. write daIa ta the tUe .,
fprintf(OutputStream, .\0\

••••••••••••••••••\0\

SïmladOD Resulta \0\
••••••••••••••••••\0\0.);

fprintf(OutpUlStteam,projectTide);
fpriDlf«()utpUlS~,·\n");

leIdaœ«suuct daIe-) &today);
fpriDlf(OutputSlraID,
"DIIe: ~d1~d1~d\n",today.cIa_mDD,today.da_day,today.daJCIr);
fprind'(OuaputStream,

"Tau Plu. Flow • c.lS.2f Till Small PM • ~5.2fTau Larae PM - ~5.2f\n\n",

*pCrTIUPFSimGrCir,*pIrTauSPMSimGlCir,*pttTauLPMSimGrCir);
fpriDIf(OuIput$tteIIIl, "RefereDce feed Dow flle • ~5.1f lib \0",*pIrRefMillPeedRaleSimGrCir);
fpriDlf(OutputSlrelm, "eumm fad flow nie • ~5.1f tIh \Il\D" ,*pUCurMillP.otaleSimGlCir);
fprïlllf(OuaputSlIaID, "Brakqe FUDCIioD MIIrix \0");
for(1 -1;1<• sizeClUiNumSimGrCir;i++)

forO -1;j < -sizeClMlNumSimGrCir;j++)(
if(i··j) fprintf(OuqJuISUam,"0.0000 \o.);
elle if(l>j)
f'priaIf(~"S6.4f ",bJeabpFUIICÛOIl(i)Dl};
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i i \n\
1 CLASS 1 SœVE SIZE 1 FEED 1 PRODUCT 1 SELEC. FUNC. 1 \Il\
1 1 1 1

1 1 \n");
forO -l;i< - sizeC1usNumSimGrCir;i++)

fprintf(OutputStream.
" 1 CJ5d 1 CI lO.Of 1 16.2f IIIO.2f 1 f,lO.4f 1\0" .i.
screeuSize[i] .feedSizeDistnbutiOD[i],discbargeSizeDisttibution[i].
seicetionFunction{i]);
fpriDtf(OUtputStream,
"\ ' i-----------_.....' ");'* close che tUe .,
ü(fclose(OutputStream)! =-O){

IOlOxy(l,24);
c:priDtf("Error in,closÎDg output tUe! Press any key to continue");
letebO;
retum 1;

}
retum 0;
}
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,. wrtsenl·cOl .,
liDclude <stdio.h>
liDclude <stdlib.h>
IiDclude <conio.h>
IiDclude <dol.h >
IiDclude "&Iobal.h"

int WriteToScreen(void){
int ij~

char ch;
struet <laie today;

c:1ncrO;
gotoxy(22,3);
textbackground(UGHTGREEN);
textcolor(WHITE);
c:printf(" Il);
gotoxy(22,4);
c:priDtfC" SimuialioD Data If);
gotoxy(22,5);
c:priDtf(" ");
lUtbackgroUDd(BLACK);
lUtCOlor(UGHTGRAY);
gotoxy(l,7);
cpriDtf(projec:tTide);
cpriDtf("\r\n");
lelclale(SUUCt date·) &today);
cprlntf("D.: SdlSdlSd\r\D",today.da_DIOD,lOday.da_day,today.daJear);
cprimf("Tau Plui Flow • S .2f Tau Small PM - S .2f Tau Large PM • S .2t\r\n" ,

~IUPFSimGrCir,*pttTauSPMSimGrCir,*ptrTauLPMSimGrCir);
cprlntf("Referenc:e feed flow rate - S5.1ftlh \r\olf.~ttRetMWFeedRaleSimGrCir);

c:primf("eumm feed Oow nue =- S5.1ftlh \r\o\r\n",~UCurMillFeedRaleSimGrCir);

gotoxy(1,24);
tulCQlor(YELLOW);
cprùUf("Presa aoy te)' ta comiDue .•• ");
c:lreolO:
tuICOlor(LIGHTGRAY);
aetehû;
clncr(j;
JOtoxy(l,1);
cprimf("Breab&e FUllCCiOD MIIrix \r\D");
far(i -1;i< -sizeClulHumSimGrCir;i++)(

if(i--8){
10001Y(1,24);
tateolor(YELLOW);
cpriDIf(·Preu ID)' Dy to CODIiaue ••• ");
c1JeolO;
rarcolor(LlOHTGRAY):
pICb();
cIncr();

}
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for(j -1;j < -sizeClassNumSimGrCir;j+ +){
if(i - - j) cprinlf(-O.OO\r\na);
cise if(i >j) cprintf(- ~6.4f • ,breakqeFunctioD[i](B);
}

}
l°toxy(1,24);
œxceolor(YELLOW);
cpriDtfePress any key to continue .•. a);
clreolO;
texteolor(UGHTORAY);
getchO;
clnc:r();
l°toxy(22,II);
textbactground(LIGHTOREEN);
textcolor(WHITE);
cprintf(- -);
gotoxy(22,12);
cprintf(a Simulation Data (CoDt'd) a);
gotoxy(22,13);
cprintf(- a);
texlbactground(BLACK);
texceolor(LIGHTGRAY);
l°toxy(1.24);
textCOlor(YELLOW);
cprintf(aPress any key to continue ..• a);
clreolQ;
texCCOlor(UGHTGRAY);
gClchO:
clnc:r();
cpriDtf(a\r\n\

---------.1 \r\n\
1 CLASS 1 SIEVE SIZE 1 FEED SELECI'ION FUNCI'ION 1\l\n\

1 1 1 1
------.....-041 \r\Q-);
(or(i-1;i< - sizeClaslNumSimGrCir;i+ +)

cpriDtf(
- 1 S5d 1~ IO.Of 1 16.2f 1~ 15.4f 1\r\Q- ,i,
screenSize[i] ,feedSizeDistnDution(i] ,selcetionFUDClion(i]);
cpriDd'(
-\
!

---------, a);
cprimtr\r\na);
IOCOxy(l,24);
tateolor(YELLOW);
cpriDtf(aPreu any Dy to coDliDue •.•a);
clreolO;
texteolor(LIGHTGRAY);
Ieu:bO;
dncr();
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gOloxy(22,ll);
textblCkpoUDd(UGHTGREEN);
teltCOlor(WHITE);
cprintf(- ");
lotoxy(22,12);
cpriDtf(- Simulation Resulta .);
gotoxy(22,13);
cpriDtf(- .);
textbackpound(BLACK);
texlCOlor(LlGHTGRAY);
gOloxy(l,24);
teXtCOlor(YELLOW);
cprmtf(-Press my Dy tG continue ...•);
clreolO;
texteolor(UOHTGRAY);
getehO;
c1rscr();
c:printf(·'r\D\

i i ~~\

1 CLASS 1 SIEVE SilE 1 FEED 1 PRODUCT 1 SELECTION FUNCTION 1 \r\D\
1 1 1 1

1 1\r~.);
for(i-l;i < -sizeC1assNumSimGrCir;i+ +)

c:prinlf(
• 1 CJSd 1 S lO.OIf 1 S6.2f 1 CllO.2f 1 S lS.4f 1 \r\n"i,
screeaSize[i] ,feedSizeDistribution[i] ,dischargeSizeDistribution[i),
selectionFUDCtion[i»;
c:printf(
'"

!
_~ --,i ");

c:priDtf(·\r\Jl.);
mumO;
}
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'* baUsize.c:Ol *'
liDdude <madI.h>
IiDclude <stdio.h>
IiDclude <coDÏo.h>
Iinclude <sttiDJ.h>
liDclude -&1obal.b-

extem char savescr(4096];
extem mUID operationmode mode;

int ShowBa1lSizeOptMenu(void);
inl BalISizeOptD8laPgl(void);
int BaIlSizeOptDaraPg2(void);
inl BallSizeOptDaraPg3(void);
inl BallSizeOptRun(void);
inl BallSizeOpdielp(void);
double *CreateVectorD(1oDI nI,loDg ah);
void FreeVectorD(double "'.loDI nI,IODI Db);

extem char projectTitleBalISzOpl[85];
int *pttK,kl,la,~ttJopl,41ptt_oesl,*Ptt_Il,*ptr_Ill.*ptt_02,*pttJwrIt,*ptrJet;
extem iDt *pttJwrt: .
extaD double *pttPosKnocs,*ptrPosKDOcsl,*pttPosKnolS2,~tt_wrk,*ptt_c,*ptt_cl,

~_c2,*ptt_w,*ptt_\VI,*ptt_w2;
extem double *pttPanicle5ize,*ptrXseries,*ptrSe1ecFunc,*puCurSelecFunc,*pttNcwSelecFunc,

~FtdSelecFUDC, *ptrFtdCurSelecFunc,*ptrFtdNewSelecFunç;
double *pttXb,*puXe,*ptrIDiS,*ptrIDiSl,*ptrlniS2,*perS,*pttDifS.

*ptrDifSl,*ptrDifS2,*ptt_Cp,*ptt_Cpl,*ptr_Cp2;
extem double curBallDia,*pUCurBallDia:
exterD double newBal1Dia,*pttNew8aUDia;
double *pttScreeDSizeBallSzOpl,*ptrSelecFuncBallSzOpl,

*ptrSCaDdardDevBaUSzOpI;
double *ptrFaetorK;
double *ptt_fin_s,*ptrJiD_sl,*ptr_fin_s2;
iDl k,iopt,m,nat,Dl ,D2,lwrk,ier;
double xb,xe,iDiS,iDiSl,iDiS2,s,fiD_sI,fiD_s2,difS,difSl,difS2,faaorK,tpl,

fp2;

int OptimizeBallSize(void){
int i,lIUt;
0001 doDe;

ptrK-&k;pttJopt-ctiopt;
ptt_DelI-ebat;ptt_DI-al;ptr_D2-IaI2;
ptrJwrk-A1wrk;pcrjcr-4tier;pttXb-Asb;puXe-au;pcrlDiS~AiDiS;pttS-As;
ptt_fiD_sl-&fiD_sl;pttJin_s2-AfiD_s2;puDifS-AdifS;
ptrFlCIOrK-&factorfC;pIr_fpl-cltp1;ptt_tp2 -Mp2;

,. defauIt vII...,
*pcrJopI-O;
kt-];
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1a-3;
*ptrK=3;
iDîSl-O.O;
iDîS2-0.0;
*ptrlDiS-0.0;
difSl-O.OO1;
dit52-0.001;
*ptrDits-0.001;
*pttFadOrK=-4.4e-04;
*pu_DeSt=27;
*pttJwrt-71S;
Deu-l;
for(;;){

switeh(next){
case 1:
next- BallSizeOptDataPg10:
break;

case 2:
oeil - BalISizeOpd>ataPg20;
break;

case 3:
next- BallSizeOptDataPg30:
braie;

case 4:
DeXt-BallSizeOptRunO;
break;

case 'Q':
case 'q':
break;

}
if(nat- -·1000) break;

}
returD 0;
}

410
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'* ret_bsod.cOl *'
IiDclude <dir.h>
IiDclude <stdïo.h>
IiDclude <stdllb.h>
IiDclude <como.h>
IiDclude <dos.h>
IiDclude <strÎDg.h>
IiDclude -g1obal.h-

mem double *puPaniclcSize;
extem double curBallDia,newBallDia;
eXlem char logX[4],logY[4];

iDt HaadleEndOtFile(void);
void PrintText(int x,inl y,char- text.int forgcolor};
char *GetSttingAt(iot x,inl y,int maxlen);
mt GetFUeNames(cbar *ptrExt};

ml Open8allSzOptDataFile(void){
FlLE ·streamPtr;
char dalaFUeName(l28];
char 4lptrStrÎDg,*newPath;
iDt iJ;
int stalUSsa;
int key-'S';
char strÎDg[l5);
char ·FormatErrPrompt-
-Data file fomw is incorrect! Press any Dy to continue ... -;

gotoxy(l,24);
texteolor(YELLOW);
cprind"(-Please enter file Dame? -);
l°toxy(42,24);
texteolor(UGHTGRAY);
cpriDtf( -(type > to chaIlge current directory)-);
clreolQ;
texICOlor(YELLOW);
pttStrinl-OCtStriDgAt(2S.24,15);
if(pttSlrinI[O] • • 1 > ')(

l0toxy(1.24);
tatcolor(YELLOW);
cpriDlf(
-Plelle eDIer DeW dinctory: -);
clœolO;
tateolor(UOHTGRAY);
uewPllb -GetSlrïqA1(29,24,54);
if(cbdir(aewPalh)! .O){

1000xy(1,24);
teUCOlor(LIGHTRED);
if(l1rleD(œwPalh)< -30)

cpriDlf(wCIDDol dIIDp ta [~s). Press ID)' Dy to CODtinue ••• -,œwPalb);
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else
cprinlf("Cannot change to new directory. Press any key to continue ... ");

c:IreoIO;
getehO;
reNrD -1; Il this cause exit to c:alling module, i.e. clara page one

}
Œush(stdiD);
GetFileNames("bsd");
gotoXY(l,24);
texteolor(YELLOW);
cprintf("Pleasc enter file name? ");
texlCOlor(YELLOW);
ptrString-OetStringAt(25,24,15);

}
stn:py(dalaFileName,ptrSlring);
if(sttlen(d8IaFïleName)< ~8) streat(dataFileName." .bsd");
if«sueamPtt-fopen«const ctw-) dataFUeName,"r"»: =NULL){

gotoxy(l,24);
textcolor(LIGHTRED);
cprinlf("Can't open file! press any key to continue ... ");
c:lnoIÜ;
gete:hÛ;
remm -1;

}'* startiDg to rad file alter opeDÎDg input file
readiDg one string for project title *'

while«key z gete(stteamPtt»! - EOF){
if(key- - '\n'IIkey_.' , II key_. '\t' likey- =-',') continue;
else(

fscet(streamPtr,ftell(streamPtr)-l ,SEEK_SET);
flets(projectTitleBallSzOpt.SO,streamPtt);
projcetTideBallSzOpt(sttlen(projectTideBallSzOpt)-l] - '\0' ;
break;

}
}
if(key- - EOF}{

HlDdleEDdOfFUe();
retum -1;

}'* radinl sizeClassNumben *'
stahII-O;
wblle«(by-Iete(streamPtr»! -EOF Ü staIUS< l){

if(key- • '\Il' 11key- -' '1 1key- ·'\t' Ilkcy- -'.') collÛllue;
else{

r-t(luamPIr,fteU(streamPtr)-l ,SEEK_SET);
stItUI-fJcaaf(saeamPIr. "Sd" .AsizeClallNumBaUSzOpt);
if(StIIUI< l){

PrimTat(l,24.FormllErrProIDpl,UGHTRED);
cIreolO:
....0:
reIUrIl -1;

412
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}
}

}
if(key - - EOFl{

HandleEndOŒile();
reNm -1;

}
statua-a; .
while«(key- geu:(stteamPtt)}! - EOF&&status <2){

if(key - - '\n'IIkey • .' 'II key =- =- '\1' Ilkey = .. ' ,') continue;
fseek(stteamPtr,fteU(streamPtr)-l,SEEK_SET);
stanlS-fscanf(streamPtr, ·~lf "Ir .&curBallDia,&newBallDia);
if(staNS <2){

PrintText(1,24,FormalErrPrompt,UGHTRED);
clreolQ;
getehQ:
retunl -1;

}
if(key= = EOF){

HandleEndOtFile();
returIl -1;

413

}
for(i = l;i< asizeC1assNumBallSzOpt;i+ +){

StalUS-O;
while«(key-gete(streamPtr»I-EOF&&ItalUS <4){

if(key--'\n' likey--' 'ilkey--'\t'Ilkey--':> continue;
fseek(meamPtt,fteU(streamPtr)-1,SEEK_SET);
staIUS-fscanf(stteamPtr, -%lf ~lf Cllf ~lr,

ptrSaecnSizeBallSzOpt+i-t ,ptrPanicleSize+i-t,
pttSelecFuncBalISzOpt+i-I,
ptt5taDdardDevBallSzOpt+i-I);

if(.WU! <4){
PrimTelt(1,24,FomwErrPrompt,UGHTRED);
clRoIO;
plChO;
rebInl -1;

}
}
if(kcy. • EOF>{

HllldleEDdOtFUe();
retunl -1;

}
}
stIIUI-O;
wbi1e«(key-.ete(sueamPlr»! -EOFÜItIbII <4){

if(lœy. • '\n'II key- -' 'IlDy. - '\t'IIDy- -' ,'> CODIÎIWe;
t'seek(sueamPlr,ftell(suamPIr)-l,SEEK_SET);
lIIIUI-fleaDf(sueamPlr, ·Slf Sd Slf Sir,puPlCIOrK,paK,pcrlDiS,pttDiIS};
if(....<4)(

PriDtTat(I,24,FonDllErrPrompt,UGHTRED);
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clreoIQ;
lelCbQ;
returD -1;

}
}
if(key - -EOF){

HaadleEndOfFUeQ;
rerum -1;

}

'* readina logX *'
wbüe«key =-getc(streamPtr»! =EOF){

if(key:ll - '\n'II te)'==-' 'II key =- := '\t' Il key==- ',') continue;
fseek(sueamPtt.fteU(streamPtr)-I,SEEK_SET);
flets(lOgX,4,streamPtr);
logX[3] - '\0':
break;

}
if(key • =EOF){

HandleEndOfFUeQ;
retUrIl -1;

}
'* readiDllolY */
whüc«key-letc(StreamPtr»t =-EOF){

ü(key- .'\n' Iitey- -' '1Itey= :a'\t'lltey=·' "") continue;
fseek(sueamPtt,fteU(streamPtt)-1 ,SEEK_SET);
flets(logY,4,streamPtr);
logX(3] - '\0';
break;

}
if(key =- :=EOF){

HlDdleEndOtFUeQ;
retum -1;

}
if(fclose(streamPtt)t -OH

101Oxy(l ,24);
tœeolor(UGHTRED);
cprilUfeCID't close filet Pras IllY Dy to cominue ...\o\r-);
tœc:olor(UGHTGRAY);
letehO;
reaam -1;

}
IOlOly(l,24);
tœeolor(YELLOW);
cprimf(·DIIa trlDlfered succesaful1y, press IDY Dy 10 coalinue ... -);
ckeolO;
tateolor(LIGHTGRAY);
aetellO;
recum 0;
}
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'* bsopdpl.COl *'
linclude <stdïo.h>
IiDclude < como.h>
IiDclude <mada.h>
IiDclude <Ooat.h>
Iiaclude <sttiDl.h>
linclude Il&lobal.h"

ldefine MAXOPI'NO 6
IdefiDe MINOPTNO 1
Idefine.ESC 27

ldefine EPS (DBL_EPSILON*l00)
ldefiDe EQ(x,y) (fabs«x)-(y» < =fabs«x)+(y»*EPS)
Idefine LE(x,y) «x)<(y) II EQ(x,y»
lde6De GE(x,y) «y)«x) II EQ(x,y»
ldefiDe LT(x.y) (!GE(x,y»
IciefiDe GT(x,y) (!LE(x,y»

extem iDt saVescr(4096];
exœm 0001 isSeconclGraph;
exlerD inl *ptrK,kl,k2;
extem double *pttFaetorK;
extem double *puXb,*puXe,*ptrIDiS,iniSl,iniS2,*pttS,*ptrDifS,

difSl ,difS2,~tt_fp, ~tt_fpl,*ptt_fp2;
exterD char logX(4J,logY[4];

void PriDtText(iDt X,iDl Y,cJw4 text,int Corgcolor);
char ·OetSlriDgAt(int x,inl y,int mulen);
iDt GetFUeNames(char *pttExt);
iDt OpenBallSzOptDataFUe(void);

iDt Ba1lSizcOptDlIIPll(void){
exterD int· pttjopt;
boal doue;
char *pttLoaX.*pttLoIY,·suinl;
iDt raVal.ke)' .0pcioD,stanlS.mulen;

pttLoaX-strupr(lo&X);
PULoIY-scruPr(l°IY);
c1ncr();
PriDlTeu(20.1, "BaIl Size Opdmiprjon ProIfllD Options",WHITE);
PriDtText(3,3, "Monel's scaliq procedure",WHITE);
lotoK)'(8,4);
priDlf("1. K (l/mm) CIf" ,*pIrFlClOrIC);
PriDtTeD(3,6, "SpliDe curve fiuiDl·,WH1TE);
1OCOK)'(8,7);
priDlf(·2. SpliDe depec of me tint curve CId",t!);
10I0K)'(8,8);
priDIf("3. SpliDe depee of die second curve CId· ,Ja);
1OIOX)'(8,9);
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priDtf("4. Initial smoothing factor Slf".*l'trIDiS);
lotoxy(l,lO);
priJUf("'. IDcrememldecrement of smooChinI factor Slf",*pttDifS);
PriDtText(3, 12,"Grapb x and y scales" ,WHITE);
lotoxy(I.13);
priDd'("6. Logaritmic particle size values Ilc",ptrLogX(O]);
l°toxy(8,14);
primf("7. Logaritmic selection fuŒtion values Ilc" .pttLogY[O]);
l°toxy(l,24);
doue-FALSE;
maxlen-20;
wbile(!done){

PriDtText(3,24:Open <0> ChaDge <C> Ncxt<N> Quit <Q> == >
".YELLOW);

c1reolO;
key -letebO;
switeh(key){

case 'Q':
eue '0':
lettext(l, l ,80.25.savescr);
GetFUeNames("bsd");
Open8allSzOptDataFUe();
puttext(l, 1.80.25.savescr);
texteolor(UGHTGRAY);
lotoxy(5'.4);
cpriDtf("~f" •~trFaetorK);
c1IeolO;
lotoxy(55.7);
cpriDtf(" ~d· ,kIl;
clreolO;
l°toxy(55,8);
cpriDtf(""d" .Ja);
c1IeolO;
lotoxy(55.9);
cprimf("" f" ,~trIDiS);
c:lreoIO;
IOCOly(55,10);
cpriDtf(""f" ,*ptrDitS);
clreolO;
IOCOly(55,13);
perLa&"-strupr(1oaX);
cprintf(""c" ,puLogX(O»;
clreolO;
IOCOxy(55,14);
pcrLoIY-smapr(lolY);
cpriDd'("~c" ,pcrLoIY[O»; .
cRedO;
IOIOly(3,24);
texteolor(YELLOW);
cprimf("OpeIl <0> ChIDp <C> Nat<N> Quit <Q> -- >");
clreolO;



Appendh F Numerical GrindiDg OpdmizadoD Tools in C (NGOTC) 417

texteolor(LIGHTORAY);
break;

eue 'C':
eue 'c':
status-O;
option-O;
wbüe«sWUS!-I)&&«option> MAXOPTNO) Il (option<MINOPTNO»){

PriDtText(3,24, "Selection: ",UGHTGRAY);
clreol0;
S1lÏDg-GelStringAl(14,24,maxlen);
swus=sscanf(striDg, "CId" ,&option);

}
switeb(option){

case 1:
SllNS-O;
wbüe(swus! :s 111 LE(*ptrFadorK,O»{

PriDtText(3,24, "K factor: ",UGHTGRAY);
clreolÛ;
strinl-GetStringAl(13,24,mulen);
staNs-sscanf(sUÏDg, "Cllt" ,ptrFaetorK};

}
lotoxy(5' ,4);
clœolO;
priDtf(·~If", *puFactorK);
break;

case 2:
swus-o;
wbüe(swus!=lliid < 11lld >5){

PriDtTcxt(3,24, "Spline depee of the fint'curve: ",UGHTGRAY);
clœolÛ:
strÎD.-GetStringAl(37,24,maxlen);
stalUl-sscanf(strinl, •Cid· ,&kl);

}
l°toxy(5',7);
c1reolQ;
priDtfC"Sd",kl);
break;

case 3:
SIIlUI-O;
wbüe(StaIUS! -III k2 <111 k2 >5){

PriDtTm(3,24,•Spline depee of the second curve:
•,UGHTGRAY);

c1JeolO:
striq-GelStriJlIAt(38,24,mulen);
IUlUI-SICIDf(ItriDI,"~d· ,ak2);

}
aoroxy(55,8);
cIreolO;
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priDtf( ..-fld" .Ja);
break;

eue 4:
StIlUS-O;
Wbüe(SWUl! -111 LT(~ttIniS,O»{

PrinlText(3,24, •Initial smoothinl factor: •,UGHTGRAY);
clreolO;
striDl-GetStriDgAt(29,24,maxlen);
slalUI-sscani(sttiDl, ·~lf" ,pttIniS);

}
lotoxy(55,9);
clreolQ;
printf(" fil!", *ptrIDiS);
break;

case 5:
SIatUS~O;

whüe(StalUSl -111 LT(~trDifS,O»{
PrUuText(3,24, ·1DcmDentldecremenl of smoothing factor:

•.UGHTGRAY);
c1reolO;
sttiD& -stn1pr(GetStrlDgAl(44,24,maxlen»;
slIlUS-sscanf(striDl," fil!" .ptrDifS);

}
IOlOxy(55.10);
clreolO;
priDtfe CIIf" ,*pttDifS);
break;

case 6:
PriDtText(3,24. ·Use lOlaritms of panicle size values (sIn): ",UGHTGRAY);
clreolQ;
SUÎIl.-SUUPr(OetStrlDiAl(48,24,mulen»;
SICaDf(sttiDl,·~s" ,loaX);
while(1oaX[O]! - 'y'üloaX[O]! - 'Y'ülogX[O)! =- 'N'&&IogX[O)! - 'n'){

PriDtTut(3,24, ·Use IOlaritml of panic1e size values (sIn):
",UGHTGRAY);

c1reolO;
IttÙII-Strupr(GetSttiDgAl(48,24,mulen»;
SlClllf(striDl,"Ils" .lolX);

}
aocoxy(55,13);
clreolO:
priJl1f(.Sc· ,loaX[O));
break;

CMl7:
PrïDtTat(3,24, ·Use loprillDl of selection ftmcticm values (yIn):

",UGHTGRAY);
c1IeolO:
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striDg-strupr(OetStrinlAt(S3,24,maxlen»;
sscanf(suiq, •~s Il ,lOIY);
whüe(1ogY[Q]!~ 'y'&&doIY[O]! - 'V'

&ldolY(O]I- 'N'&&logV[O)! - 'u'l{
PriDtTat(3,24. •Use logarltms of selectioo functioo values (yIn):

•,UGHTGRAY);
cIreolQ;
string-strupr(GetSttiDgAt(S3,24,mulen»;
sscaDf(string, Il ~S" ,lOIY);

}
gOlOxy(S5,14);
clreolQ;
priDtf(I~C" ,logY[O»;
break;

}
break;

eue 'N':
eue '0':
retVal-2;
done-TRUE;
break:

case 'Q':
case 'q':
retVal--1OOO;
done-TRUE;
break;
}

}
reIUI'Il retVal:
}

'* CblDIÛlI seniDp duriDl c:urve fittiDg *'a SctPInmODLiDe(bI isSecoDdGraph){
wem iDt* ptrJopc;
bool doue;
cIw* SUin.;
a mVaI,key,opùon,stahII,mulen;

c1ncr():
PrimText(20,1, ·BaIl Sizc OptimizaIioa Proaram OptioDS",WH1TE):
PriDlTw(25,3, "SpliDe Curve Fiuiq Opdo." ,WHITE):
PrimTat(3,6, ·Spliae curve fittiDl",WHn'E):
IOIOxy(I,7):
prllllf("l. SpliDe dqree Sd-,*ptrK):
aocoxy(I,I):
primf(1I2. IDilialllllOOcbiDI factor tllf",*ptt1aiS);
IOIOxy(I,9):
primfe3. IaeremeDlldecrellliiil of SIIIOOdûD& fIcIor SIl",~ifS);
1000xy(l,24);
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douesFALSE;
maxlens20;
wbile(!done){

PrlDtText(3,24,-Chanae <C> Back <8> sa> ",YELLOW);
clreoIO;
Dy-acecbO;
switeh(key){

case 'C':
case 'c':
statua-O;
option-O;
wbile«stalUS! == l)&&«option>MAXOPTNO) Il (option<MINOPTNO»){

PriDtText(3,24, "Selection: •,UGHTGRAY);
clreolO;
strinlaGel8triniAt(14,24,maxlen);
SWUIa sscanf(sttiDl, •CId· ,&option);

}
swilcb(option){

eue 1:
SWUS-O;
Wbüe(SWUl! -111 *ptrK<111 ~ttK>S){

PriDtText(3 t24,"SpliDe dqree: •,UGHTGRAY);
cIreolO;
striDI-GctStriDgAl(lB,24,mulen);
suma-sscanf(sttinl,"~d- ,ptrK};

}
IOIOxy(55,7);
clreolO;
priDd'(-~d- ,~K);
break;

cue2:
stamI-O;
wbüe(stalUI! -111"ttIDiS<O){

PrùltTat(3,24,"Initial smoolhiDl factor: ",UGHTGRAY);
clreolO:
slriD&-GetStriniAl(29,24,mulen);
stIIUI-SlClDf(striDl,"~Ir ,pttlDiS);

}
JOcoxy(55,B);
c1reolO;
priDd(-~lf" ,~IDiS);
break;
cue 3:
SIIlUI-O;
wbile(ltItUIt -lll-saDifS<O){

PrïDtTœ(3,24, -1Dcr..udecremeal of smoodûIll fIaor:
-,UGHTGRAY);

cIIeolO:
saiD&-CieISIriqAl(44,24,maleD);
SIIIUI-IICIDf(Ib'iDI••~lf" ,perDUS);



Ap~dix F Numerical Grindlng OptimizatiOD Tools in C (NGOTC) 421

}
IOIOxy(",9);
clreolO;
primf(-~lr.*pttDifS);
break:

}
break;

case 'B':
case 'b':
if(isSecondGraph){

k2-*pttK;
iDiS2.*ptrIDi5;
difS2 - *ptrDitS;

}
else{

kl:s*pttK;
iDï51-*pttfDiS;
dits1-*ptrDifS;

}
retVal--l000;
done-TRUE;
break;

}
}
retU1'II recVal;
}
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'* bsopdp2.cOl *'
liDclude < stdîo.h>
IiDclude <conio.h>
IiDclude < striDl.h>
liDcIude < mam.h>
liDclude < Ooal.h>
IiDclude "global.h lt

ldefiDe MAXOPTNO 6
#define MINOPTNO 1
ldefiDe ESC 27

ldefiDe EPS (D8L_EPSn.oN*100)
ldefiDe EQ(x,y) (fabs«x)-(y»< -fabs«x)+(y»*EPS)
ldefine LE(x,y) «x) <(y) II EQ(x,y»
ldefiDe GE(x,y) «y) «x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
ldeftne GT(x,y) (!LE(x,y»

ldefiDe promptEndPos S2

œem char savescr(4096];
euem double cur8al1Dia.*PttCur8a1lDia;
extem double newBallDia.*ptrNewBallDia;

void PrintText(iDt x,ml y,char- text,inl forlcolor);
void PriDtErrMII(void);
char *OetStriDgAt(iDt x,int y,int muJen);

iDl 8aIISizeOptDataPg2(void){
atem ml· ioptPtt;
boot doue;
cbat' string;
iDt raVaI,Dy ,optiOD,Sratus,lOW;
double *addressFloat;
iDt ·lddreulnt;
char *prompt-"ChaDle <C> PreviOUI <P > Nat <N > Quit < Q> - =- > ";

puCurBaIlDia-&curBallDia;
puNew8a11Dia-auewBa1lDia;
if(sizeCl_NnmBalISzOpt--O) sizeClallNumBalISzOpt-S;
c1ncr();
PriDtTaI(20,l,"BaIl Sïze OpdmizatiOD ProIJ'llD DIIa".WH1TE);
IOlOxy(2,4);
priDtf(" Project tide "s".projectTideBl1lSzOpt);
IOCOxy(2,6);
priDtf(" Sim cl... numben "d".sizeCl..NumBaI1SzOpt);
IOIOxy(2,1);
priDtf(" CumDt cIiameter of bail. "-3.1r",*pUCurBaIlDia);
IOCOxy(2,10);
priDlf(" New dillDeler of ba1II S-3.U-,*pIrNewBl1lDia);
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gotoxy(1,24);
clone s FALSE;
wbi1e(!done){

PrintText(2,24,prompt,YEUOW);
c1reolQ:
key-getehO:
switeb(key){

case 'C':
case 'c':
gotoxy(J4,4);
,- cunor lU 34,4 *'
fflUlh(stdin);
if«keysgeccbO)! -ESC){

unleteb(key);
if(key! .'\r') clreolO;
striDg-GctSttïn8At(34,4,45);
if(strinl[O] - - '\O'){

cpriDtf(W ~s· ,projectTideBallSzOpt);
clreolO:
gotoxy(34,6);

}
else{

stn:py(projectTideBaUSzOpt,striDl);
gotoxy(34,4);
c:prîDtfC' ~s· ,projectTideBallSzOpt);
clreolO;
gotoxy(34,6);

}
}
else{

lotOxy(PromptEDdPos,24);
break;

}
,- cunor al 34,6 -,
Musb(SUÜD);
if«key -aelChO)! =-ESC){

UDleIdl(key);
addresslDt-&sizeClassNumBalISzOpl;
stINI-O;
wbüe(ldoae){

suiD&-GelSlriDlAt(34.6,.5);
if(suiDl[O] _ - '\O'){

cpriDlfC-~ld·, ·lddresslnl);
clreolO;
lotoay(34,8);
brak;

}
ltIIUI -IICIDf(SIriq,.~d· ,lddressllll);
if(ltIIUI- -I){

if(·addIeuIDl>MAXSIZECLASSNO11-1ddIasInt< IH
PrïDlErrMJIO:
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PrintText(2,24,prompt.YELLOW);
IOlOxy(34,6);
clreolO;
IOlOxy(34,6);
doue-FALSE;

}
else{

IOlOxy(34,6);
cpriDCf(· S Id- ,·addressInt);
c1reolO:
IOlOxy(34.8);
break:

}
}
else{

PrimErrMSIO;
IOIOxy(2,24);
texteOlor(YELLOW);
çpriDtf(prompt);
clreolO;
tateolor(UGHTGRAY);
lotoxy(34.6);
dreolO:
loroxy(34.6);

}
}

}
else{

IOlOly(PromptEndPos.24);
break;

}'* cunor Il 34,8 *'
ffJush{stdID):
if«key-I=o)r• ESC){

unpICb(kcy);
1ddIaaF1000-pUCurBallDia;
stINI-O;
wbüe(rdooe){

suiDl-OetStriDlAt(34,8,10);
if(IUÏ!II(Ol- - '\O'){

cpriDtf(-~-3.lf· ,·IddraaFloac);
clreolO;
pcoxy(34,10);
break;

}
IIIIUI-SlClDf(saiq,-SI,. ,addralFloac);
if(1IIIUI- -l}{

if(LE(*IddraIFlOlt,O»{
PrildnMIIO:
PriDlTat(2,24,pIOIDpI,YELLOW);
JOIO&J(34,.);
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clreolO;
gotoxy(34,S);
doae-FALSE;

}
etse{

l°toxy(34,B);
cpriDtf("~-3 .lf"•*addressFloal);
clreolO;
lotoxy(34.10);
break;

}
}
e1se{

PrintErrMsgO;
IOlOxy(2.24);
texteolor(YELLOW);
cpriDtf(prompt);
clreolO;
texteolor(UGHTGRAy);
aotoxy(34.S);
clreol();
gOlOxy(34,S);

}

}
else{

l°toxy(PromptEndPos,24);
break;

}

'* cunor al 34,10 *'
mUlll(stdïn);
if«key -1eu:b0)! - ESC){

1ID1eu:b(key);
addreuFloat-pcrNewBallDia;
stIIUI-O;
whüe(!doae){

saiDl-OeIStriDaAt(34,10,10);
if(lUÎIlllO] - • '\G'){

cpriDtf("S-3.lf·,*addressFloat);
clreolO;
IOCOxy(PromptEndPos,24);
break;

}
SIINI-SICIIlf(IUÏDI."~l" ,addressFlOll);
if(staaII- -n{

if(LE(*IddraIF101&.O»{
PriDtErrMlIO;
PriDlTat(2,24,prompt.YEU..OW);
IOIOxy(34,10);
c1JIoI();
JOIOxy(34,10);
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doue:a FALSE;
}
else{

IOlOxy(34,10);
cpriDtf(- ft-3.if" ,*addressFloal);
c1reolQ;
IOlOX)'(promptEndPos,24);
brait;

}
}
else{

PrintErrMsIO;
IOlOxy(2,24);
texteolor(YELLOW);
cprintf(prompt);
clreolQ;
teXtCOlor(UGHTGRAY);
IOlOxy(34,IO);
clreolO;
IOlOxy(34,IO);

}
}

}
else{

IOlOxy(promplEndPos,24);
break;

}
break;

case 'P':
case 'pt:
retVal-l;
dooc-TRUE;
break;

eue 'N':
case 'D':
if(sizeC1assNumBaUSzOpl- -OH

leuat(1,10,80,15,savescr);

426

PrintText(2,11,· .-.----------------------

• ,WHITE);

Preu Ill' kcy •••

PriDtTat(2,12,• 1
•,WHITE);

5ïze cial DUIDbcrs must be pearer tbaIl O.

PrintTeD(2,13.· ...' ----------------------

•,WHITE);
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gOlOxy(20,10);
puttext(1,10,80,15,savescr);
_scteunortypcCNORMALCURSOR);
gotoxy(promptEndPos,24);
cloue-FALSE;
break;

}
if(LE(*pttCurBa11Dia,O»{

gelteX1(1, 10,80,15,savescr);

427

PrintText(2,11," '-j----------------------

",WHITE);
PriDtTw(2,12," 1

ZCfO. Press any key ••. " ,WHITE);
GrindiDg ball diameter must be greaœr tban

PriDtText(2,13,",~----------------------

",WHITE);
_seteunortypcCNOCURSOR);
lerdlO;
l0toxy(20, 10);
puttext(l,10,80,1.5,savesc:r);
_seteunortypcCNORMALCURSOR);
IOCOxy(PromptEodPos.24);
doue-FALSE;
brak;

}
if(LE(*ptrNewBallDia,O»{

lenext(1.10.SO.15.savescr);

PrintTexl(2.11," "'1----------------------

",WHITE);
PriDtTat(2, 12," 1

zero. Pral my key ••. ",WHITE);
GriDdiDl baU diameter must be areaœr tban

PriDtTat(2,13," ...' ----------------------

" WH1TE)., ,
_seICUnOrtypcCNOCURSOR);
letebO;
pHOxy(20,10);
puItUt(1, 10,80,l'.savescr);
_IIlCUrIOftYPeCNORMALCURSOR);
IOIOxy(promptEDdPol,24);
doDe-FALSE;
brat;
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break;

case 'Q':
case 'q':
recVal--lOOO;
doDe-nUE;
break;

}
}

retum retVal;
}

428
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'* bsopdp3.cOl *'
#include <stdio.h>
#iDclude <como.h>
IiDclude <ftOll.h >
IiDclude <lDIIb.h >
IiDclude "&1obal.h"

ldefiDe EPS (DBL_EPSILON*UlO)
ldefiDe EQ(x,y) (fabs«x)-(y» < -fabs«x) +(y»*EPS)
Ndcfiae LE(x,y) «x) < Cy) Il EQ(x,y»
ldefiDe GE(x,y) «y)<(x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
ldefiDe GT(x,y) (!LE(x,y»

ldefiDe FORTH_ROOT_OF_2 1.1892071
extem char savescr(4096];
extem double *ptrXb,*ptrXe,*ptr_w1;
extem double *ptrPanicleSize,*ptrXseries,*ptrCurSelecFunc:
void GetColOIDlla(int row,int COIUDlD,ÏDI noSzClasses,int* xOfColumnPtr.

iDt muJen,cbar* formalStr,œar- formatStrLeftJus,
double miDAllowedRaDge,double

m.uA1lowedRaDge,
double *templDpuIPtr);

void PriDtText(inl X,iDl y,char* text,ÏDI forgcolor);
char *OelStriqAl(im x,iDt y,int muten);
double FindMu(double* vector,inl D);
double FiDdMin(double* vector,ÎDl n);
im SaveBaUSzOptDlla(void);

inl BallSizeOpd)ataPz](void){
extem boa! mode;
boa! done;
inl stalUI,retVal;
char *suin,;
char *fomwstt;
char *forDWSuLeftJus;
char *1ddraICbar(20);
inl i,key;
double miDAlIowedRanle,muAllowedRaDle;
iDt row-4;
iDt column;
iDl xOfColumn(4) - {8,27,44,62};
iDl lDU1eD;
iDt* xOfCo!WIIDPtr;
double *temp1llputPtr;

dIIr ~rompc-
"CIIDp <C> PrevîOUl <P> save cilla <5> Run <R> Quit <Q> _. > ";
mode-BALLSIZEOPT;
xOfColumnPtr-IaOfColumD(O]-l ;
c1ncr();
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PriDtText(l2, l, "Selection FUDdion Dm for BalI Sïze Optimization Program",
WHITE);

l°toxy(1,3);
cpriDtf("Ctus");
gOIOX)'(xOfColumnPtr(l],3);
cpriDtf("SCreeD Sïze (pm)");
gOlOxy(xOfColumnPtr(2),3);
cpriDtf("Panicle Sïze");
l0toxy(xOfColumnPtr(3],3);
cpriDlf("Selec. FunctioD");
gotoxy(xOfCoIWlUlPtr[4),J);
cprlntf("Standard Deviation");
lotoxy(5,4);
for(i-l:i < =sizeClauNumBallSzOpt;i++){

gotoxy(3,i+3);
cpriDtf("~2d" .i);
gotoxy(xOfColumnPtr(1),i+3);
cpriDtf("" IO.Of" .ptrScreenSizeBaiISzOpt(i-l]);
gOloxy(xOtt:olUlDDPtt(2] ,i+ 3);
cpriDtf("" IO.Of" .ptrParticle5ize(i-l»;
gotoxy(xOfColumnPtr(3],i+ 3);
cpriDlf(" Cll'.6f" .ptrSelecFuncBallSzOpt[i-l»;
gotoxy(xOfColumnPtr(4],i+3);
cprlntf(" CIlS.6f" ,ptrSWJdardDevBa1lSzOpt(i-l»:

}
doue-FALSE;
wbile(!done){

PrimText(2,24,prompt,YELLOW);
Dy -getebO;
switeh(kcy){

case 'C':
case 'c':
columa-l;
muleo-15;
formllStr- "ClIO.Olt";
formllSIrLeftJus-" CI-lO.Olf";
miDAUowcd.RaDp-O;
muAlIowedRaDge-Ie6;
œmplDputPrr-puScreeDSizeBIllSzOpt-l;
OetCoIOIDlII(row,column,siDCl..NumBaUSzOpt,xOfCoIUlDDPtt,muteDt

(ormatStr,formalSuLeftJus,miDA1lowedRaDge,muAllowedRaDp,
œmplDputPtr);

PriDtTœ(2,24,"Set panic1e sizes 10 po-meaDl? (yIn) ",YELlDW);
c1JeolO;
wblle(fdoae){

s1riq-GelSlriD&At{41,24,4);
if(IUiq(O] • _ 'Y'lllUiDl(O] __ 'y'){

(or(i-l;i< -sizeCluINumBallkOpt;i++)(
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pcrPartîclc5ize[i-l]=-ptrScreenSizeBallSzOpt(i-l]*FORTH_ROOT_OF_2;
gotoxy(xOfColumnPtr(2].i+3);
cprintf(" Il 10.0f",pcrPanicleSize[i-l]);

}
doneaTRUE;

}
else if(striq(O] - .'N'II strina(Ol == 'D') done=-TRUE;
l°toxy(41.24);
clreoIÛ;

}
dooe-FALSE;
PriDtText(2.24.prompt.YELLOW);
clreolQ;
column-2;
mulen-15;
formalStt-" CI, 10.0If";
formalSttLeftJus =- "Il -10.Olt";
minAlIowedRaDge=O;
muAllowedRangc=le6;
templDputPtr-pcrPaniclcSize-l;
GetColOmlla(row,column,sizeClassNumBal1SzOpt.xOrcolumnPtr•mwen,

formatStr,formalSttLeftJus.miDAllowcdRanIC.muAllowedRange.
templnpulPtr);

column-3;
mulen-15;
formalStt-"C1, 10.41f";
formalSttLeftJus-" II-10.41f";
minAlIowedRanle- EPS;
muAllowedRaDlc-le6;
templDputPtt-pttSelecFuncBalISzOpt·l;
OetCoIOfDlII(row.column.sizeC1usNumBal1SzOpt.xOfColumnPtr.

mulen.fonDllStr.forDWStrLeftJus.minAllowedRaDle.
muAllowedRange,templnputPtt);

column-4;
maxlm-15;
formaIStt - "~ 15.411" ;
formllSttLeftJUI-"~-15.41f";

miDAlIowedRaDlc-EPS;
muAIIowedRaDlc-le3;
templDpulPtt-pttSIIDdardDevBallSzOpt-l;
OetColOfDlII(row,columa,sizeC1usNumBal1SzOpt,xOfColumnPtr.

mulCll,fonDllStr,fol"lDllSlrLeftJUI.miDAllowedRaqe,
maAI1owedRaqe.œmplDputPtt);

bnIk;

c.- 'P':
CMe 'p':
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retVal-2;
doDe-TRUE;
brait;

case 'S':
ClIC 's':
SaveBallSzOptDlIa();
retVal-3;
doue-TIlUE;
break;

case 'R':
case 'r':
doue-TIlUE;
for(i -I;i<- sizcClassNumBallSzOpt;i++){

if(LE(ptrScreenSizeBaUSzOpl(i-l] ,O»{
letteX1(l, 10,SO, IS,savescr);

PrimText(l,ll,· r-j----------------------

-----------------., •,WHITE);
PrlDtTW(I,12,• 1 A screen size caDDOl be set to zero or

aelative 1·,WHITE);

PriDtTexl(B,13,· ,'------------------------
--------------, .,WH1TE);

_seICUrSOrtypeLNOCURSOR);
lachO;
IOlOxy(20,10);
punat(1,10,80,15,savescr);
_seIaUSOnypeLNORMALCURSOR);

·IOlOxy(41,24);
doae-FALSE;
break;

}
if(LE(plrPanicleSizc(i-lJ.O»{

leaat(l,10,80, l',savescr);

PriIIlTw(I,11,· ~i----------------------
---------------., .,WH1TE);

PriDtTat(8,12,· 1 A panicle size CIDDOt be set to zero or
aeplive 1·.WHITE);

PriDlTat(I,13,· ...' ----------------------
---------------', •,WHITE);

_-=unonypeLNOCURSOR);
pfCIl();
10l0]lJ(20,10);
puatal(l ,10.80,15,savacr);
_~NORMALCURSOR);

IOCO]lJ(41,24);
doDe-FALSE;
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break;
}
if(LE(ptrSelecFuncBallSzOpt(i-l] ,EPS»{

leuext(l,10,80,15,savescr);

PriDtText(8,11,· ,....-----------------------
------------------....." •,WHITE);

PrintText(8, 12," 1 A selection fuDction cannot be set to zero or
negative 1·,WHITE);

PriDtText(8,13,· ,-'-----------------------
•,WHITE);

_seICUrSOnype(_NOCURSOR);
letdlQ;
IOlOxy(20,10);
PUltext(1, 10,80,15,savescr);
_seICUrSOrtypeLNORMALCURSOR);
IOlOxy(41 ,24);
doDe- FAUE;
break;

}
if(done) retVaI-4;
break;

case 'Q':
case 'q':
retVal--lOOO;
doue-TRUE;
break;

}
for(i -l;i< -sizeClusNumBallSzOpt;i++){'* indu 0 <-> iDda 10 *'

ptrXJeries(i-l) -plrScreeDSizeBallSzOpt(sizeClusNumBaIlSzOpt-i)*
FORTH_ROOT_OF_2;

pUCurSelecFUDC[i-1] -ptrSelecFuacBaUSzOpt(sizeC1usNumBallSzOpt-i];
}

*pttXb-pcrXseries[O];
*pttXe-ptrXseries(sizeC1asNumBaUSzOpt-ll;
for(i-l;i < -sizeClassNumBaUSzOpt;i+ +) ptr_wl(i-ll-1/ptrSlaDdardDevBal1SzOpt(i-11:
}
recum mVaI;
}
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'* blOplrUll.COl *'
linc1ude <madI.h>
IiDclude <ftoat.h >
IiDclude <stdio.h>
liDclude <como.h>
IiDclude <aIloc.h>
liDc1ude <strÎDl.h>
liDdude <graphics.h>
IiDclude <dos.h >
linclude "global.h"

#defiDe EPS (DBL_EPSILON*l00)
#defiDe EQ(x,y) (fabs({x)-(y»< -fabs({x)+(y»*EPS)
#defiDe LE(x,y) «x) <(y) Il EQ(x,y»
#defiDe GE(x,y) «y)«x) Il EQ(x,y»
#defiDe LT(x,y) (!GE(x,y»
#defiDe GT(x,y) (!LE(x,y»

int ShowBallSizeOplMenu(void);
void CalcNewSclecFunc(void);
euem iDl GraphMode; '* The Graphies mode value *'
extem enum operationmode mode;
exlem double *pttPosKnots,*ptrPosKnotsl,*pttPosKnolS2,*ptt_wrt,

*ptt_c,*ptt_cl,*ptt_c:2,*ptt_w,*ptr_wl,*ptr_w2;
exœm double *pttXseries,*pttSelecFuuc,*ptlCurSelecFuac,*ptrNewSelecFunc,

*pttFtdSe1ecFunc,*ptrFtdCurSelecFunc,*ptrFtdNewSelecFunc;
exterll iDI *ptrK,kl ,k2,*pttJopt,*Ptt_DaI,*Ptt_D,*ptt_DI,*ptt_D2,*pttJwrk,

*pttJet,*pttJwrk;

exterD double ~Xb, *pttXe,*pttIniS,iniSl,iniS2,*ptrS,*pttDifS,
ditS1,ditS2,*ptt_fp,*ptt_fpl,*ptt_fp2;

extenl double c:urBallDia,*pUCurBallDia;
extem double uewBal1Dia,*pttNew8allDia;

extem double *ptrScrcenSizeBaUSzOpt,*pttSelecFUDCBallSzOpt,
*ptrSIIDdaIdDevBallSzOpt;

extem double *ptrFaetorK;
extem char loaX(4];
extem char IOIY(4];
extenI double *ptt_fin_s,*ptt_fin_si,*ptt_fin_52;

im 5etPanmODLiDe(b1 isSecoDdGnpb);
void IDitializeOrlpbics(void);
void TermiDlleGnpbk:I(voicl);
void PriDtText(iDt I,ÎDI y,cbar' tell,iDt foqcolor):
im PlOCSCIIIerDil(double xDIlaVec(],cIouble yDIlaVecO,UDliped 10lIl Ill,

cbar* tide,cbar* 1Lab,cbar* yLlb);
im Plot<inpb(double (ItpttFUIIC) (double *ptt_lCo),double ..double b,

dIIr* dde,cbar' xLab,cbar' yLlb);
im PlOlGnpbBodl(double (-fPlr) (double- x),double a,double b,cbar' dde,
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cbar* xLab,~ yLab);
void splev_(double ·t,int ~,double ·c_,int ·k,double ·x,double ."

iDt ~,ÎDt ·ier);
iDt WrtToScrBallSzOptOutput(void);
iDt WnToPmBal1SzOptOutput(void);
int WnToFUeBallSzOptOutput(void);
double Function(double ~tt_xCo);

typedef double (~trFunc) (double ~tr_xCo);

ptrFuuc ptt_fx;
double xOfMaxCur5elecFunc,xOtMaxNew5elecFunc,*ptt_xOfMaxSelecFunc;
char *ptnGrTide,*ptnXaxis,*ptrsYaxis;
bool isSccoDdGraph;

ÎDt BallSizeOptRun(void){
char *prompt- ·Print<P> Save result <S> Expon < E> Back < B> Quit < Q > ";
iDt i,key,retVa1;
double xDot,dx,y,ySmiFunc,yBigFunc;
0001 doue;

'* calculatiDl new selectioD funCtiODS usina Morrel1's approadl- *'
CalcNewSelecFuncO;'* DOW, settiDl up graphics to manually fit splines to bath current

and DeW selectioD functiODS *'
pttsGrTide={char *) malloc(Bl);
ptnXaxïs-{cbar .) malloc{Bl);
ptnYuis-{cbar *) malloc(Bl);
,. tint fittiDl a spline curve to the curreDt (kDown) selection function .,
stn:py(ptnGrTide, ·Spline Curve FiUiDg To The Koown Selection Func:tion DataIf);
strepy(ptnXaxïs, •Particle Sile, X");
strepy(ptnYaxis, •selection Function, S·);
ifOogX[O) =- - 'Y'lllogX(O]:II :a 'y'){

for(i-l;i< -sizeCl&UNumBallSzOpt;i++)
ptrXleries[i-l] -lollO(pttXseries[i-l]);

xOfMuCurSelecFuac-lollO(xOfMuCurSelecFunc);
xOtMuNewSelecFuac-lollO(xOfMuNewSelecFunc);
*pttXb-lollO(*pttXb);
*pttXe-IOllo(lfpuXe);
lUCpy(ptnXaxïs, ·Panicle Sïze, 10100-);

}
irOoIY[O] - - 'Y'llloIY[O]. • 'y'){

for(i -1;i< -sizeClUiNumBa1ISzOpt;i++)(
puCurSelecFunc(i-I) -IOIIO(ptrCurSelecFunc(i-I»;
pttNewSelecFuac[i-l) -IOIIO(pttNewSelecFUDC(i-1J);

}
sucpy(ptnYuis, -Selection FUDCtiOD, 101(5)-);
}
ptt_lx-FUDCtiOD;
IDidllizeGnpbics();
perK-alti;
ptrlDiS -ctiDiS1;
pcrDifS-AdifSl;
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ptrSe1ecFuuc-pttCurSelecFunc:
pttFUlSelecFUDC.ptrFtdCurSclecFUŒ:
ptr_w-ptr_wl;
ptrPosKooIS-ptrPosKnotsl;
ptr_D-ptr_Dl;
ptr_c-ptt_cl;
ptr_Cp-par_Cpl;
pu_fin_s-par_fin_si;
ptt_xOfMuSelecFunc-IcxOfMuCurSelecFunc;
isSccoDdGraph- FALSE;
doue-FALSE;
while(!done){

mVal-PlotGraph(ptr_fx.*pttXb.~trXe.ptnGrTidetPttsXaxis,ptrsYaxis);

if(retVal- -0) done-TRUE;
else{

restorecrtmode();
SetPanmOnLine(isSecondGraph);
setaraphmode(GraphMode):
ptrK-&kl;
ptrlniS aAîDiS1;
puDifS -&ditS1;

}
}'* reset spline fittina options to default values *'
pttK-W;
pulniS-&iDiS2;
pttDifS-AdifS2;
pttSelecFunc-pttNewSelecFunc;
puFUlSelecFUDC.pttFtdNewSelecFunc;
ptr_w.ptr_w2;
ptrPosKooIS-ptrPosKnots2;
pIr_D-par_D2;
ptr_C-par_c2;
ptr_fp-par_fp2;
ptrJiD_s-ptr_fiD_s2;
ptt_xOfMuSelecFuac-bOfMuNewSelecFuac;
saçpy(pusGrTide, -SpliDe Curie FittiDl To 1be SCaled SelectioD FUDCtiOD DIlI-);
iaSecoDdGnph-TRUE;
doDe-FALSE;
while(!doDe){

retVal-P1otGnpb(pIr_fx,"PaXb,~Xe,ptnGrTide,pttsXaxis,ptrsYuis);
if(retVal- -0) done-TRUE;
e1Je{

reIIOrecrtmode();
5etPInmOD1JIIe(iaSecoDdGrapb);
-anPbmode(GnpbMode);
perK-AJa;
plrlDiS-AiDiS2;
pcrDifS.adifS2;

}
}
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strepy(pttsGrTide, tfFined SpliDe CUrves To Selection FUDCtionstf);
PlotQraphBotb(ptr_fx.~trXb,~trXe,pttsGrTide,ptrsXWs,ptrsYWs);
TermiDaleGraphicsQ;
WnToScrBall5zOptOutputO;
l°toxy(1,24);
texICOlor(YELLOW);
cprimf(prompt};
clreoIO:
telteolor(UGHTGRAY);
doue-FALSE;
while(!done){

key-getehO;
switch(key){

case 'pt:
case 'p':
WnToPmBallSzOptOutpUlO;
PriDtText(1,24, -1be output wu sent to the printer... -,
c1JeolO;
delay(700);
gOloxy(I,24);
texteolor(YELLOW);
cprintf(prompC);
clnolO:
texteolor(UGHTGRAy);
break;

case '5':
case 's':
WnToFUeBallSzOptOutpUIO;
l°toxy(l,24);
taICOlor(YELLOW);
cprimf(prompt);
c1JeolO;
texlCOlor(LIGHTGRAy);
break;

YEUOW);

ClIC 'E':
ClIC 'e':
sizeCI_NumSimGrCir-sizeC)usNumBaUSzOpc;
for(i -1;i< -sizeC1M1NumBallSzOpc;i++)

screeaSize(iJ -puScReaSizeBallSzOpc(i-l];
if(lOlY(O) - - 'Y'llloIY[OJ • - 'y')

for(i-l;i< -sizeClalNumBaUSzOpc;i++)
puFtdNewSe1ecFuac[i-l)-pow(IO,pttFldNewSelecFunc[i-l»;

for(i -1;i< -sizeCIMINWD8al1S1Opt;i++)
selecdonFUDCdoD(i) -puFtdNewSelecFuDc(sizeC1uaNumBallSIOpt-i);

PrimTUl(l,24.
-CaJal',,", selecûoD ftmcdona were aponed, ptaI ay kcy 10 comiDue ••• •,
YELLOW);
cIreolO;
1eICbO:
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PrintText( l,24,prompt,YELLOW);
clreolQ;
texteolor(UGHTORAY);
break;

case 'B':
case 'b':
retVal-l;
doue-TRUE;
break;

case 'Q':
case 'q':
retVal--1OOO;
doue-TRUE;
break:

}
}
free(ptnGrTide);
free(ptnXWs);
free(ptnYuis);
return retVal;
}

double Funetion(double *ptr_xCo){
int oneOnly;

double yCo=-=O.O;
oneODly-l;
splev_(puPosKnou,ptr_D,ptt_c,puK,pu_xCo,&yCo,&oneOn1y,pttjer);
retuI'Il yCo;
}

void calcNew5eIe.:Func(void){
iDt i;

xOfMuCurSelecFunc-*pttFaetorK·curBallDia·curBallDia·lOOO;
xOfMaxNewSelecFunc~*ptrFaetorK*newBallDia*œwBalIDia·lOOO;
if(GT(curBallDia,œwBallDia»{

for(i-l;i< -sizeClusNumBaUSzOpt;i+ +)
if(LE(pttXseries(i-l] ,xotMMNewSelecFUDC»{

pttNew5ele.:fuœ(i-l]-puCurSclecfUDC(i-l)·(curBallDiainewBaUDia);
ptt_w2[i-l] -ptt_w1(i-1);

}
elle if(GE(puXseries[i-l] ,xOfMaxCurSelecFuuc»{

pttNewSelecFuac(i-l] -paCurSelecFUDC[i-l)·

(aewBal1DillcurBaUDia);
ptt_w2(i-1) -ptt_w1[i-1);
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}
else{

pttNewSelecFunc[i-l] =-2*EPS:
ptt_w2[i-l]- EPS;

}
}

if(LT{curBallDia,newBallDia»{
far(i -l;i< =-sizeClassNumBaUSzOpt;i+ +)

if(GE(pttXseries(i-l] ,xOtMaxNewSe1ecFunc»{
ptrNewSelecFuuc(i-l]=ptrCur5elecFunc(i-l]*

(newBallDiaicurBallDia)*

(newBallDiaicurBallDia);
pU'_w2(i.. l] =ptt_wl[i-l];

}
else if(LE(pttXseries(i-lJ ,xOtMaxCurSelecFunc»{

pttNewSelecFunc(i-l] =ptrCurSelecFunc(i-l]·

(curBaUDialnewBallDia);

}
else{

pttNewSe1ecFUDC(i-l] =2*EPS;
ptt_w2[i-l] a EPS;

}
}

if(EQ(curBallDia,newBa11Dia)){
far(i al;i < =sizeClassNumBallSZOpl;i++)

pttNewSelecFunc(i-l] =ptrCurSelec:Func[i-I];
ptr_w2 a ptt_wl;
}
}
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'* savebsod.cOl .,
IiDelude <stdio.h>
IiDclude <CODio.h>
liDcIude <strÎDl.h>
IiDclude "g1obal.b"

extem double *ptrParticleSize;
exte1'Il double curBallDia,newBallDia;
extenl char 10gX[4],logY[4];

int SAveBallSzOptDaIa(void){
shan ij;
FILE *outputStreamPtr;
char ch;
char *ftlename;

gOlOxy(l,24);
clreolO;
texlCOlor(YELLOW);
cprintfeSave as: ");
texteolor(LIGHTGRAY);
seant(·" 1281",filename);
SUtaI(ftlename,".bsd");
ïf«oUlputStreamPtr=-fopen(filename,"w"»==NULL){

1010xy(1,24);
texteolor(LIGHTRED);
cpriDtf("Can't creai output file! Press any te)' to continue");
texteolor(UGHTGRAY);
gelChO;
retuI'Il 0;

}
fprintf(oulputStreamPtr, "~s\n Il ,projectTideBallSzOpt);
fpriDlf(outputStreamPtr, ""d\n",sizeC1assNumBaUSzOpt);
fprinlf(outpUtStreamPtr, "~5.lf ~5.1f\n" ,curBallDia,aewBallDia);
for(i -l;i< -sizeC1assNumBaIISzOpt;i+ +)

fprintf(outputStteamPtr, ""10.If ~ IO.lf ~ IO.6f ~ IO.6t\n",
puSCreenSizeBalISzOpt[i-l],ptrPanicle5ize(i-l),
pcrSe1ecFUllCBa1lSzOpt[i-I) ,pttSraDdardDevBalISzOpl[i-l]);

fpriDtf(outputStreamPtr, "~ IO.6f ~d S 10.6f S IO.6t\n" ,*pttFlICIOrK,
*ptrK,*ptr1DiS.*pttDifS);

fprimf(oucputStreamPtr. ·~c SC·,loaX[OJ,loIY[O»;
if(fclose(outpulSueamPIr)! -O){

lotoxy(l,24);
c:primf("Enor iD closiq output file! Press any Dy ta continue·);
pechO;
reNnll;

}
retunl 0;
}

440
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,. wnse:rb••cOl .,
IiDclude <sulio.h>
IiDclude < stdbb.b>
liDcIude <coDio.h>
IiDclude <do•.h>
IiDclude <math.b >
IiDclude < tloat.b>
IiDclude "g1obal.h"

IdetiDe EPS (DBL_EPSILON·lOO)
ldetiDe EQ(x,y) (fabs«x).(J» < -fabs«x)+(y»·EPS)
ldefiœ LE(x,y) «x) <(y) Il EQ(x,y»
ldefine GE(x,y) «y) «x) Il EQ(x.y»
ldefiœ LT(x,y) (tGE(x,y»
ldetiDe GT(x,y) (tLE(x,y»

extem char logX(4),logY(4];
extem double curBallDia;
extem double aewBa1lDia;
extem double *ptrXseries,*pttSelecFunc,*pttCurSelccFunc,*ptrNewSelecFunc,

*ptrFtdCurSelecFunc,*pttFtdNewSelecFunc;
extem double xOfMaxCurSelecFunc.xOfMaxNewSelecFUDC,·pttXb,*ptrXe;
œem double *ptr_fpl,*ptr_fp2;

iDt WrtToSCrBallSzOptOUtput(void){
iDt iJ;
char ch;
suw:t date today;

if(1ogXlO) =- a 'Y' IllogX[O) a - 'y'){
for(i -l;i< -si.zeClassNumBallSzOpt;i+ +)

ptrXseries(i..l] -pow(lO,ptrXseries(i-l));
xOfMuCurSelecFunc-pow(lO,xOtMuCurSelecFunc);
~ttXb-pow(lO,*pttXb);
~Xe-pow(lO,*pttXe);

}
ifOoIY(O)- • 'Y' IlloIY[O) - - 'y'H

forO -1;i< -si.zeClusNumBaUSzOpl;i++){
puCurSelecFuac[i-l] -pow(lO,ptrCurSelecFUIIC(i-l));
puNewSelecFuoc(i-l)-pow(lO,pttNewSeIec:FUIIC[i-l));
puFtdCurSelecFUDC[i-l)-pow(lO.pttFtdCurSelecFuac[i-l));
pttFldNewSelecFUDC(i-l) -pow(lO,puFtdNcwSelecFuac(i-l]);

}
IOfMuNewSclecFunc-pow(IO,IOfMuNewSclecFuac);

}
clncr();
IOIOX)'(15,1);
teUbIckpouDd(LIGHTGREEN);
teDCOlor(WHITE};
cprüuf(-
JOCO&y(l5.2);
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cprintf(" Selection Function ScaliDg Results ");
gocoXY(l5,3);
cpriDlf(" ");
textbackpoUDd(BLACK);
textcolor(UGHTGRAY);
gocoxy(l,4);
cpriDtf(projectTitleBallSzOpt);
gotoxy(l.~);

getdaœ(strUCt cIaIe*) &Ioday);
cprintf("Date: ~d1~dICld\r\D".today.da_mon,Ioday.da_day.today.daJear);
cprintf("Current ball size =~ .Zf IDID.\r\D" .curBallDia);
cpriDtf("New ball size = CI.zr 1DID.\r\D".aewBallDia);
cpriDtf("K • lIf (l/mm.)\r\n",~trFaetorK);
gotoxy(l ,24);
texteolor(YELLOW>;
cprintf("Press any ter 10 continue ... ");
clreolO;
telteOlor(UGHTGRAY);
lelchQ;
c1ncr();
10101)'(15,1);
teXtb8ckgroUDd(UGHTGREEN);
teltCOlor(WHlTE);
cpriDtf(" ");
10IOxy(15,2);
teltCOlor(WH1TE);
cpriDtf(" Selection FunctiOD Scalinl Results. CoDt'd ");
lotol)'(l~,3);

cpriDtf(" ");
tatbackaroUDd(BLACK);
tate:olor(UGHTGRAY);
l°toxy(1,4);
cpriDtf("\

i
i 1 jU\D\

1CLASS 1SCREEN SIZE 1PARTICLE SIZE 1EST.SEL.FUNC. 1 STD.DEV. 1SCALEO
SEL.FUNC. 1\r\n\
1 1 1

1 1 1\r\D");
rOr(i -1;i< -sizeC1asaNUmBaIlSzOpt;i++)

çpriDtf(" 1 ~4cl 1 ~lO.Of 1 ~lO.Of 1 S12.4f 1 ~9.4f 1 S15.4f t \r\n",i,
pl1'ScreeDSi2daI1kOpc(i-ll,pttXseries(sizcClIIINumBallSzOpt-i],
puCurSelecFuœ(sizeCl.NumBalISzOpt-i],
pcrStaadanIDeY8Il1SzOpl(i-1l,
pcrNewSelecFUDC(lizeClMINumBaIlSlOpt-i]);

-_....._-----""'-------------', ");
cpriDIf("\r\Jl");
"XY(1,24);
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texteolor(YELLOW);
cprlntf(-Press any key ta continue ... -);
clreolQ;
texteolor(UOHTORAY);

1=0;
c1rscr();
gotoxy(l5,1);
textbackground(UGHTOREEN);
teXteolor(WHlTE);
cpriDtfe ");
gotoxy(l5,2);
cprlntfe Spline Curve Fitting Results -);
gOloxy(l5,3);
cpriDtf(- -);
gOloxy(l,4);
teJlbackground(BLACK);
texlcolor(LIOHTGRAY);
cpriDtf(-Weigilled SSR for the fint curve: f,f \r\n-.*ptt_fpl);
cpriDtf(-Weighted SSR for the second curve: Clf \r\n- ,*ptr_fp2);
gotoxy(l,24);
texteolor(YELLOW);
cprlntf(-Press any key to continue ... -);
c1RoIQ;
texteolor(UGHTGRAY);
getchQ;
clrKrO;
gOloxy(l5,l);
textbackgroUDd(UGHTOREEN);
texteolor(WHITE);
cpriDlfc- -);
l°toxy(15,2);
teXtCOlor(WHITE);
cprintf(- Spline Curve FittiDl RcsulIS. Conl'd -);
l°toxy(15,3);
cpriDt1(- -);
teX1bllckIfOUDd<BLACK);
texteolor(LIGHTGRAY);
IOlOxy(1,4);
cprimf(-'

i

i i~'
1CLASS 1SCREEN 51ZE 1PARTICLE SIZE 1CALC.EST.SEL.FUNC. 1CALC.SCALEO

SEL.FUMe. 1\r\n\
1 1 1

l , \r\n-);
for(i -l;i< -sizeClauNumBaUSzOpc;i++)

if(GT(ptrFtdCurSclecFuac(IizeCluINumBa1ISzOpt-i].le9)ü
LT(pCrFldNewSelecfuac(lizeCl-.NumBIJISzOpt-il.Ie9»

cpriDtf(-'
1 ~4cl 1 ~8.0f 1~ IO.Of 1 ••••••••••••••• 1~ 15.4f 1\Na- ,i,

~ize8I11SzOpc[i·l).pcrXseries(sizeCt.lNlImBalISzOpt.i1.
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pttFtdNewSelc:cFunc(sizeClassNumBalISzOpt-i]);
else if(LT(pttFtdCurSelc:cFunc[sizeC1assNumBallSzOpt-i), le9)ü

GT(pttFUlNewSelecFunc(sizeClassNumBallSZOpt-i].1e9»
c:priDlfe\

l "4d 1 18.Of 1 CliO.Of 1 ftlS.4f 1 1 \r\n",i,
ptrScreeDSizeBa1lSzOpt(i-l),ptrXseries(siz.eCluaNumBallSzOpt-i),
pttFtdCurSelecFUI1C(sizeC1asaNumBallSzOpt-i]);

else if(GT(pttFtclCurSelecFUDC[sizeC1assNumBallSzOpt-i],le9)ü
GT(ptrFtdNew5elecFunc{sizeClasaNumBallSzOpt-ij,le9»

c:priDtf("'
114d 1!.B.Of 1 CltO.Of 1 •••••••••••••• 1 •••••••••••••••• 1\r\n" ,i,

ptrScreeDSizeBallSzOpt(i-lj,ptrXseries[sizeC1asaNumBa1lSzOpl-i]);

else
c:primf("\

114d 1 !.8.0f 1 ft lO.Of 1 ft lS.4f 1 ft lS.4f 1\r\n" ,i,
pttScreenSizeBallSzOpt[i-11.ptrXseries[sizeClassNumBallSzOpt-i),
ptrFtdCurSelecFunc[sizeClassNumBallSzOpl-il,
ptrFtdNewSelecFunc[sizeClassNumBalISzOpt-i]);

cpriDtf(
"\

----_........_---------------, ");
cprintf("\r\n");
if(1ogX(O) =- 'Y' II1oaX(O) =- - 'y 'l{

for(i-1;i < -sizeCJUlNumBalISzOpt;i+ +)
pttXseries[i-1] alOllO(ptrXseries(i-l]);

xOfMuCurSelecFUDC-lollO(xOfMuCurSelecFunc);
*ptrXb-IOllO(*ptrXb);
~Xe-IOllO(*ptrXe);

}
if(loIY[O) - • 'Y'llloIY[O] - - 'y'l{

farO -1;i< -sizeC1asaNumBallSzOpt;i++){
pttCurSelecFuuc(i-l) -IOllO(pttCurSelecFuuc(i-l));
puNewSelecFm:(i-lj-lollO(ptrNewSelecFuac(i-l);
pcrFtdCurSelecFuac[i-l] -lOllO(ptrFtdCurSelecFUDC[i-l]);
ptrFtdNewSelecFUDC[i-l]-lollO(ptrFtdNewSelecFUDC[i-l]);

}
xOfMuNewSelecFUDC-lollO(xOfM~ewSelecFUDC);

}
remmO;
}
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,. wnpmbs.cOl *'
Iinclude <stdio.h>
IiDclude <do••h >
linclude < lDIIh.h>
IiDclude -g1obal.h-

extem char logX[4],logY[4];
extenl double curBalIDia;
extem double newBallDia;
extml double *ptrXserics,*ptrSelecFunc,*ptrCurSelecFuoc,*ptrNewSelecFunc,

*ptrFtdCurSelec:Func,*puFtdNewSelecFunc;
extem double xOfMaxCurSelecFunc.xOtMaxNewSelec:Func,*ptrXb,*pttXe;
extem double *ptt_Cpl,*ptt_Cp2;

inl WnToPmBaUSzOptOutpUI{Void);

inl WnTo~allSzOptOutpUl{Void){
int iJ;
char ch;
struet dale loday;

üOogX[O) ==- 'Y' IllogX[O] =- 'y'){
for(ï-l;i < -sizeC1assNumBallSzOpt;i+ +)

ptrXseries[i-l] -pow(IO,ptrXseries[ï-l));
xOfMaxCurSelecFunc-pow(IO.xOtMuCurSelecFunc);
*paXb-pow(lO,*puXb);
~trXe-pow(lO, *ptrXe);

}
ifOolY[O] - =- 'Y' IllolYIO] =- a 'y'H

forO -1;i< .sizeClassNumBallSzOpt;i++)(
pUCurSelecFunc:(i-l] -pow(IO,pUCurSelecFunc:[i-l»;
puNewSelccFUŒ(i-l) -pow(lO,ptrNewSelecFUIIC(i-l]);
puFtclCurSelecFUIIC(i-l] -pow(IO,puFIdCurSelccFunc(i-l);
puFldNewSelccFunc(i-l)-pow(IO,pcrFtdNewSclecFUDC[i-l]);

}
xOfMuNewSelccFUDC-pow(IO,xOfMuNewSelecFunc);

}
fpriIIIf(stdpm, -\r\n\r\n.
- ~.);

fpriDtf(stdpm,

- Selection FUDdion SCaIiDI Resulu \r\n-);
fpriDtf(stdpm,
- ~.);

fpriDtf(stdpm,projectTideBallSzOpt);
fpriDlf(ltdpm••\r\Jl-);
ptdaIc(suuet cIIIe*) Atoday);
fpriDlf(SIdpm, -Olle: SdlSdlSd\r\n- .loday.da_lDOn,today.da_day,today.daJ'ear};
fpriDIf(stdp~ -eumm bill size • S.2f 1IIIIL\r\o· ,cur8allDia);
(priDtf(Itdp~ -New bail size - S.2f mm.\r\D-,DlWBaIlDia);
fpriDIf(ltdpm, -K • If (1I1D1D.)\r\n- ,*puFICIOrK);
(priDtf(ltdpm, -\
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-----------------\r\n\
ICLASS1 SCREEN SIZEIPARTICLE SIZEIEST.SEL.FUNC.I STO.DEV. ISCALED
SEL.FUNC.I \r\n\
-----------------\r\n");
for(i -l;i< -sizeClusNumBalISzOpl;i++)

fprùUf(ltdpm,
1t114cl 1ft lO.Of IllO.Of 1Cft l2.4f 1Cft9.4f 1Cft l5.4f 1\r\n" ,i,
pttSc:reeDSizeBallSzOpl(i-l] ,pttXseries(sizeClassNumBalISzOpt-i],
pttCurSelecFunc(siz.eClusNumBalISzOpt-i] ,
pttStaDdardDevBallSzOpl(i-l],
pttNewSelecFunc(sizeClassNumBaIlSzOpt-i]);
fprlDtf(sulpm,.,
-----------------\r\Q");

•••••••••••••••••••••••••••••••••••••••••••••\r\Q.);
fprintf(sulpm,
•
fprlDtf(stdpm,
" Spline Curve FiniDg Resu1ts \r\n");
fpriDtf(stdpm,
• •••••••••••••••••••••••••••••••••••••••••••••\r\Q.);

fprintf(stdpm, "Weighœd SSR for the tirst curve: Cftf \r\n.,*ptr_fpl);
fprlntf(stdpm, "Weighœd SSR for the second curve: CftC \r\n",*ptt_fp2);
fprintf(stdpm. "\
-----------------\r\n\
1CLASS 1SCREEN SIZE 1PARTICLE SIZE 1CALC.EST.SEL.FUNC.I CALC.SCALED
SEL.FUNC.I \r\n\
-----------------\r\n");
for(i -1 ;i < - sizeClusNumBallSzOpt;i++)

fpriJltf(sulpm, "114cl 118.0f 1Cft lO.Of 1115.4f 1Cft l5.4f 1\r\nlt ,i,
ptrScreeDSizcBalISzOpt(i-l),pttXseries(sizeC1assNwnBa11SzOpt-i],
ptrFtdCurSelccFUDC(sizeC1U1NumBaUSzOpt-i],
parFtdNewSelccFunc(sizeClusNumBalISzOpt-i]);

fprlntf(stdpm•.\
-----------------\r\D");
fprlDtf(sUlpm, "\r\n\r\n");
(priDtf(stdpm. "UW);
ifOoaX[O) - - 'Y'llloaXIO)- - 'y'){

forO -l;i< -sizeC1auNumBallSzOpt;i++)
pttXserïes[i-l) a: IOIIO(pttXseries[i-l»;

xOfMaCurSelecFunc-lollO(IOfMaxCurSelecFunc);
*pttXb-1oI10(*ptrXb);
*pUXe -loIIO(*pttXe);

}
if(10IY(O] - - IV' IlloIYIO)- - 'y'l{

farO -l;i< -sizeClalNumBaUSzOpt;i++)(
pcrCurSelecFUDC(i-l) -lollO(pCrCurSe1ecFuuc[i-l]);
pttNewSelccFuac(i-l) -IOllO(pttNewSelecFUDC(i-l]);
pcrFtdOuSelccFUIIC(i-l)-loIIO(puFIdCurSelecfUllC(i-l»;
puFtdNewSelecFWIC[i-l)-IOllO(pcrFtclNewSelecFUDC[i-l»;

}
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xOfMuNewSelecFunc =loglO(xOfMuNew8elecFunc);
}
retum 0;
}
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/* wnfbso.cOl *'
'liDc:lude <Sldio.b >
linclude <como.b>
IiDclude <do••b >
IiDclude <striDl.h>
IiDclude <lDIlb.b>
linclude "global.b"

extem char logX[4],loIY[4];
extem double curBallDia;
exœm double newBallDia;
exterD double *pttXseries,*ptrSelecFunc,*ptrCurSelecFunc,*pttNew5elecFunc,

~FtdCurSelccFUDC, *pttFtdNewSelecFunc;
exterD double xOtMaxCur5elecFunc,xOfMaxNew5elecFunc,*ptrXb,*puXe;
extem double *ptt_fp l,*ptt_fp2;

iDt WnToFUeBallSzOptOutput(void);

im WnToFUeBallSzOptOUtput(void){
shan iJ;
FlLE *OutputStream;
char ch;
SUUd claie today;
char *filename;

lotOxy(l ,24);
clreolO;
tatcolor(YELLOW);
cprïDtf("Save Il: ");

talCOlor(UGHTGRAY);
scanf("~ 128.",ftleaame);
if«OutputSueam-fopen(filename,"w"»- -NULL){

lotoxy(1,24);
texteolor(UGHTRED);
cpriDd'("Caa't CIal output filel Press IllY te)' tG COIlÛIIue ••• ");
texICOlor(UGHTORAY);
ICIdlQ:
retunl 1;

}'* wrile SOlDe daIa tg the me *'
if(loaX[O) - • 'Y' IlloaX[O) • • 'y'l{

for(i-l;i < -siaC1asINumBallSzOpt;i+ +)
puXseries[i-l] -pow(lO,pttXseries[i-l»;

xOfMuCurSelecFuac-pow(lO,xOfMuCurSelccFUIIC);
*pUXb-pow(lO,*pUXb);
*pUXe-pow(lO,*pUXe);

}
ifOoaY[O) - -'Y'lllo,Y[O]_. 'y'){

for(i-I;i< -sizeClMlNumBaUSzOpc;i+ +)(
paCurSelccFUDC(i-I] -pow(lO,paCurSelecFUDC(i-l]);
pcrNewSclecFUIIC(i.. l]-pow(lO,pcrNewSelecPUDC(i-l]);
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ptrFtdCurSelecFunc(i-l] =-pow(lO,pttFtdCurSelecFunc(i-l]);
ptrFtdNewSelecFunc(i-l]-pow(lO,puFtdNewSelecFunc[i-l]);

}
xOfMuNewSelccFunc:-pow(IO,xOfMaxNewSelec:Fuœ);

}
fprintf(OutputStteam, "\n\n"
" •••••••••••••••••••••••••••••••••••••••••••••••••••••••\n");
fprintf(OulputStteam,
" Selection Function Scaling Results \n");
fpriDtf(OutputSueam,
• ••••••••••••••••••••••••••••••••••••••••••••••••••••••-\nit);
fprintf(OutputStream,projectTiüeBallSzOpl);
fpriDtf(OutputStream, "\0");
letdaIc(struet date·) Idoday);
fprimf(OutputS~"Dale: %dI%dI%d\n" ,today.da_alOn,today.da_day,today.daj'ear);
fprintf(OutputSuam, "Current ball size • CI.2f mm.\n" ,curBallDia);
fprintf(OutputStream, "New ball siz.e - ".2f mm. \0" ,newBallDia);
fprintf(OutputStream, "K • %f (lImm.)\Q",*pttFaetorK);
fprintf(OutputStteam, .,

------------------\0\
ICLASSISCREEN SIZEIPARTICLE SIZEIEST.SEL.FUNC.I STD.DEV. ISCALED
SEL.FUNC.I \0\
------------------\0");
for(i -l;i< :asizeC1assNumBalISZOpt;i++)

fpriDtf(OutputStream, "1 Cl4d 1"10.0f \ ClIO.Of '"12.4f 1Cl9.4f \ "IS.4f 1\nIt ,i,
ptrScreenSizeBallSzOpl[i-l],pttXseries(sizeClassNumBaIlSzOpt-ij,
puCurSelccFunc:(sizeClassNumBallSzOpt-i],
ptrSlIDdardDcvBallSzOpt[i-ll,
pttNewSelecFuoc[sizeC1assNumBaUSzOpt-i));

fpriDlf(OutputStteam,
'"
------------------\n");

\0");SpliDe Curve FiniDg Results

fpriDtf(OutputStteam, "\n\n"
" •••••••••••••••••••••••••••••••••••••••••••••••••••••••\n");

fpriDtf(OutputStream,
"
fpriDtf(outpUtStteam.
" ••••••••••••••••••••••••••••••••••••••••••••••••••••••*\0");

fpriDtf(OutpUlSrream, ·Wei_1ed SSR for the tint curve: Clf \0" ,*ptr_fpl);
fpriDtf(OutputSaream, ·Weiahtecl SSR for the second c:urve: Clf \n.,*ptr_fp2);
fprimf(OutputSttam, .,
------------------\0\
\CLASS1SCREEN SIZEI PARTICLE SIZE1CALC.EST.SEL.FUNC.\CALC.SCALED
SEL.PUNC.I \0\
------------------\0-);
for(i-l;i< -sizeClaaNumBaUSzOpt;i+ +)

fpriDtf(OuqnltStteam, '" ~4cl 1Sa.Of 1~ lO.Of '-I15.4f 1••5.4f 1\n. ,i,
pcrScIIeDSizeBalISzOpt[i-ll,pttXleria(sizeC1uINum8dlSzOpl-il,
pttFtelCUrSeJecFuac[sizeClMlNum"IISzOpc-i),
pcrFldNewSelecFuac[IizeCI_NllmBtllSzOpc-i]);
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----------------\11-);
ü(logXlO]- -'Y' IllolX(O]- - 'y'l{

forO-l;i< -sizeClassNumBallSzOpt;i+ +)
ptrXseries(i-l]-loglO(ptrXseries[i-l));

xOfMaxCurSelecFUDC-loglO(xOfMaxCurSclecFunc);
"PtrXb-loglO(*ptrXb);
"PtrXe-loglO(*ptrXe);

}
ifOogY{O]= :la 'Y'lllogY[O] =='y'){

for(i-l;i < :asizeClassNumBallSzOpt;i++){
pUCurSelecFunc(i-l] =lollO(pUCurSelecFunc(i-l));
ptrNewSclecFunc(i-l]-lollO(puNewSelecFuoc[i-l]);
pttFtdCurSclecFunc(i-l] =loglO(ptrFtdCurSelecFunc[i-l»;
puFtdNewSelecFunc[i-l] =log10(ptrFtdNewSclecFunc[i-l»;

}
xOfMaxNewSelecFunc::l loglO(xOtMaxNewSelecFunc);

}
,. close the file .,
if(fclose(OUtputStream)! =O){

l°toxy(I,24);
cpriDlf(-Enor in closing output file! Press any te)' to continue-);
geteh();
retum 1;

}
retun1 0;
}
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'* geatd.COl *'­
IiDclude <stdio.h>
IiDclude <std1ib.h>
IiDclude <CODio.h>
liDclude <striDg.h>
IiŒlude <do••h>
linclude "global.h"
liDclude "Iets.h"

void PrimErrMsg(void);

iDt OetRtdInfo(double *pttTauPF.double *pttTauSPM.double ~ttTauLPM,

double *pttRetMiIlFeedRaIe,double *pUCurMillFeedRaIe)
{
iDt i,row,te)',swus,retVal;
boat doue - FALSE;
bool canUseCurValuc-TRUE;
const 001t minAllowedValuc=O.O;
double *address;
char ·string;

gotoxy(4S,6);
row-6;
for(row-6;row < 11 ;row+ +)(

switdl(row){
ClIC 6:
address -pttTauPF;
break;

eue 7:
address-pttTauSPM;
break;

ClIC 8:
addna-ptrTauLPM;
break;

cue 9:
address -pttRefMillFeedRaIe;
break;

cue 10:
addreII-puCurMillFeedRaIe;
breIk;

}
.....(key);
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puteh(key);
doae-FAUE;
canuseCurVaiue=-TRUE;
stanIS-O;
while(!done){

strina-GetStrinaAt(45,row,18);
if(strÎDa[O]~ == '\0'&&canuseCurValue){

gotoxy(4S,row);
cpriDtfe~.3f" t ·address);
cprintf(" -);
gOIOXY(4S ,row+ 1);
break;

}
switdl(row){

case 6:
swus =sscanf(string, "~If' .ptrTauPF);
address = ptrTauPF;
break;

case 7:
status-sscanf(strlnl, "~If',ptrTauSPM};
address -ptrTauSPM;
break;

case 8:
status:llsscanf(strlng, "~If' ,ptrTauLPM);
address =ptrTauLPM;
break:

case 9:
swus-sscanf(string, "~1f" ,pttRetMillFeedRaœ);
address .pttRetMiIlFeedRate;
break;

case 10:
swus-sscanf(sttiq, "~lf",ptrCurMülFeedRaœ);
address .pttCurMilIFeedRaIe;
break;

}
if(swua- -lü-addras> -minAllowedValue){

IOlOxy(45,row);
cprintf("~ .3t",·1ddraI);
cpriDlf(" If);
IOlOxy(45,row+ l};
doDe-TRUE;

}
elsc{

PrintErrMSIO;
IOlOxy(45,row);
cprimf(" If);
IOlOxy(45,row);
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doneaFALSE;
canuseCurValue- FALSE;

}
}

}
reaun 0;
}



,- The Gnpbics deYice driver

'* The Graphies made value *''* Repons aD)' papbîcs erron *'
,- AIpect ratio of a pixel on the screm·''* Used ID rad palette iDfo .,
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'* graphies.COI -,
IiDclude <graphics.h>
IiDclude <dos.h>
IiDclude <matb.h> .
liDcIude < tloat.b>
IiDclude <como.h>
liDcIude <stdio.b>
IiDclude <stcllib.h>
liDcIude <stdarg.h>
IiDc:lude <striDg.h>
IiDclude "global.h"

ldetiDe EPS (DBL_EPSILON-lOO)
ldefiDe EQ(x,y) (fabs«x)-(Y» < =fabs«x) +(y»*EPS)
ldefiDe LE(x,y) «x) <(y) Il EQ(x,y»
ldefiDe GE(x,y) «y) <(x) Il EQ(x,y»
ldeftDe LT(x,y) (!GE(x,y»
IdefiDe GT(x,y) (tLE(x,y»

emm double *pttWrkSpc;
exlem char -logX;
extem cbar ·logY;
extem iDt sizeClassNumBaI1SzOpt;
extem inl *pttK,kl.k2,*pttjopt,~tt_nest,*ptt_Q,*ptt_Dl,*ptt_D2,*ptrJwrk,

*pttJer,*pttJwrk;
extem double *PtrPosKnolS,*ptrPosKootsl,*ptrPosKnots2,*ptt_wrk.*ptt_c,

*ptt_cl,*ptt_c2,*ptt_w,fptr_wl.*ptt_w2;
emm double *ptrXseries,*pttSelecFunc.*ptrCurSelecFunc.*pttNewSelecFunc,

*pttFUlSelecFuuc.*pttFtdCurSelecFunc,*ptrFulNew5elecFunc;
extem double *pttXb,*pttXe.*ptrIDiS,*pUS,*pttDifS.*ptt_Cp1.*ptr_fp2;
exterD double curBallDia,*puCurBallDia;
exterD double newBallDia,*pttNewBal1Dia;
extem double *puScœenSizcBallSzOpt.*PtrSclecFUDCBallSzOpt,

*pUSIalldardDevBallSzOpl;
œem double *pttFaetorK;
extem double *ptt_fin_s."Ptt_fln_51,*ptt_fin_52;
extem ÏDI iopt.m.DeSt.nl,D2,lwrk.ier;
œcm double xb,xe,iDiS,s,fin_si ,fin_s2,difS,faetorK,fpl ,fp2;
extem double xOfMuCurSelecFuac,xOfMuNewSelecFuoc.~_xOfMuSelecFunc;
œem bool isSecoDdGrapb;
iDl GnpbDriver;
iDt GnpbMode;
iDt ErrorCode;
double AspectRaûo;
suua palettetype palette;

iDl DfuScr,yMuScr;
iDt xGrad.yGnd,xDivNo,yDivNo;
iDt 1eftX,leftY,riplX.riptY;
iDl ~C(639],yC[479];
double wftMrk.xRi&JdMrk,yDownMrk,yUpMrt,xDiv,yDiv,xScale,yScale,xDot;
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emun plottype{SIZEDIST-l.SELECTlONFUNC-2.BREAKAGEFUNC~3};

emm enum ploltype plotType;
emm int ~ttK, ~ttJOPI,~tr_Dell,*ptt_D.*ptt_lwrk,~ttJer,*ptt_iwrk;
extem double *puXb,~ttXe,~trS,*ptt_fp;
extenl double *ptt_wl,*ptt_w2,*ptt_wrk;

'III uses the followinl interfaces III'
void curfit_(iDtlll iOPI,ÏDtlll m,double· x,double· y,double· 'N,double· m,
double· xe,wlll t,double· s,int* DelI,W* D,double- t,double· c_,
double· Cp,double* wrk,int* lwrk,int* iwrk,int* ier);
double *CreateVectorDOoDI nI,IODI Db);
void FreeVectorD(double *v.JoDI nI,IODI Db);
void Locate(double *u,unsigned 10DI D,double x,uasipcd 10DI .j);
double FiDdMin(const double *vector,w D);
double FiDdMax(const double *vector.int D);

'* provides interfaces *'
iDt PlotScatterDig(double lllxOalaVec,double *yDacaVec,inl m,

cbar* üde,cbar* xLab,cbar- yLab);
int PlolGraph(double (*PtrFUDC) (double *ptt_xCo),double a,double b.

œar- tide,char* xLab.~ yLab);
int PlotGraphBoth(double (*tPtt) <double- x),double a,double b.char* tide,

char* xLab.cbar* yLab);
void SetPlotPane(char* xLab.char* yLab);
void IDitializeGraphics(void);
void TermiDaleGrapbics(void);
double FiDdDiv(double xMin,double xMax);
void SetGrapbWiDdow(cbar *tide);
void chaDletextstyle(ïnt font,int dircctiOD,int charsize);
int IPrintf(ÏDt ·xloc,ÏDt *yloc,char *!mt•.•.);
void GndX(voicl);
void ADolYaxGnd(void);
void GndY(void);
void ADotXuGnd(voicl);
void DrawSymbols(coosl double *xOIlaVec,CODSl double *yDaVec,iDt ml;
void ADocaIeScaUerDiqram(void);
void ADocaleOrlPh(voicl);
void ADocaleOnpbBoth(void):
void UpdIIeS(double *ptr_S,double *ptr_fp);

'* fuDction tG plot a scaner diqram-'
int PlocScaaerDil(double *xOaaaVec,double *yDIllVec.iDlm,

char ·tide.cbar ·xLab,char *yLab){
iDt i;
double xMin.xMu.yMiD,yMu;
suua viewpomype vp:

lMaScr-ptJDIDO;
yMuScr-.etlllaYO;'* __ viewpon der leniDI xMlIScr md yMuSer *'
SetGnpbWiDdow{tide);
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getviewseltings(&vp);
leftX=-vp.left+(iDt) (O.2·xMuSa);
leitY=vp.top+(iDt) (O.08~MuScr);
riptX-vp.riPt.(int) (O.IS*xMaxScr);
rigblY-vp.bonom.(iDO (O.20~MuScr);

5ecPIotPane(lLab,yLab);'* xDllaVec stans !rom l,i.e with a unit offset *'
xMin-FiDdMin(xDaraVec,m);
xMu-PiDdMax(xDataVec,m);
yMin=FindMin(yDalaVec,m);
yMu-PiodMu(yDataVec,m);
lDiv - FindDiv(xMin,xMax);
if(GE(xMin,O» xLeftMrk=-«loog) (xMiDllDiv»· xDiv;
else xLeftMrk-(OODg) (xMinlxDiv)-l)·xDiv;
if(GE(xMu,O» xRightMrk=r«long) (xMaxlxDiv)+ l)*xDiv;
else xRightMrk-(OODg) (xMaxlxDiv»*xDiv;
if(plotType! =SIZEDIST){

yDiv-FiDdDiv(yMin,yMax);
if(GE(yMin,O» yDownMrk=-«10°1> (yMinlyDiv»~Div;

else yDownMrk=«(1oDI) (yMinlyDiv)·l)~Div;
if(GE(yMax,O» yUpMrk=(OODg) (yMaxlyDiv)+ l)~Div;

else yUpMrk=«]oog) (yMaxlyDiv»·yDiv;
}
else{

yUpMrk-lOO.OO;
yDownMrk-O.OO;
yDiv-IO.O;

}
lDivNo -(int) «xRiptMrk-d..eftMrk)'xDiv);
yDivNo -(int) «yUpMrk-yDownMrk)/yDiv);
lScaIe:ll«rigbtX-leftX)/(lRïghtMrt-xLeftMrk»;
yScaie-«riptY-leitY)/(yUpMrk-yDownMrk»;
sediDestyle(SOLID_UNE, l,NORM_WlDT8);
GndXO;
AnotXuGradO;
sedïDestyle(DASHED_UNE, l ,NORM_W1DTH);
GradYO:
ADotYaxGradO:
ADotaœScanerDiaaramO;
setfillstyle(l,WHlTE):
DrawSymboIs(xDIlaVec,yDataVec,m);
reauD 0;
}

'* fuDctiOD to plot spline c:urves finecl to selection ftmcdODI *'
iDt PlotOnpb(double (*pttFuac) (double *pIr_xCo),double a,double b,

cbar' tide,cbat' xLab,cJlar4I yLab){
ÎDl i,Dy,mult;
double y,ySml,yBi.,ySmlDlla,yBilDlla,ySmlFuac,yBiaFuac,ySmlFUDCZeroS,

yBiafuaeZeroS,ySmiFuacHuae5,yBiafUDCllu.eS;
double xMiD,xMu,cIx;
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SUUCt viewpomype vp;

1M1IScr-letmauO;
yMuScr-letDlDYO;
'* seuiDl viewpon after letting xMuSCr and yMax5cr .,
5etGraphWiDdow(tide): '* the big red rectaDlie .,
getviewsettiDgs(Avp);
leftX-vp.left+(iDt) (O.15*xMuScr);
leftY-vp.top+(iDt) (O.08~Maxscr);
rightX=vp.right-(int) (O.l·xMaxsa);
rightY.vp.bottom-(iDt) (0.25*yMIXSc:r);
SetP10lPane(xLab,yLab);
AnollteGraphO;
lMiD~a:

lMaxab:
xDiv- FindDiv(xMin,xMax);
if(GE(xMiD,O» xLeftMrk:sOODg) (xMinlxDiv)* xDiv;
else xLeftMrk-«loDg) (xMinlxDiv)-l)*xDiv;
if(GE(xMax,O» xRiptMrka(OODI) (xMaxlxDiv)+ l)*xDiv;
else xRigbtMrt-OODI) (xMw'xDiv)*xOiv;
lScale-(rigbtX-leftX)/(double) (xRightMrk-xLeftMrk);
mult -(int) «(b*x5cale)-(a*xSCale»I2);
xDivNo-(inl) «xRigbtMrk-xLeftMrk)/xDiv);
dx-2*(l/xScale);
setliDestyle(SOUD_UNE, l ,NORM_W1DTH);
GradXO;
ADoIXaxGradO;'* xDllaVec SIanS from l, Le. with a unit offset *'
ySmiData- FiDdMiD(ptrSelecFunc-l ,sizeClassNumBallSzOpt);
yBigDD=- FiDdMu(ptrSelecFunc-l ,sizeC1assNumBallSzOpt);
ySmlData-ySmlData-(O.05~SmlDara);

yBigDlIa-yBigDara+(O.05*yBiaDlIa);'* calculaûDl Min and Max of curve wim zero S *'
*pUS-O.O;
curfitJpttJopt,lcsizeC1assNumBaUSzOpt,pttXseries,

ptr5e1ecFunc,ptt_w,pcrXb,pcrXe,pttK,pttS,ptt_Delt,

ptt_D.ptrPosKnolS,ptt_c,ptt_fp,ptr_wrk.pttJwrk,pttJwrt,
pcrJer);

lDot-a;
ySmiFuncZeroS ~yBiaFUIICZeroS -0.0;
for(i-l;i< -maxlt;i++){

y-(*pttFuac)(laDot);
if(LT(y,ySmlfUDCZeroS» ySmlFuacZeros-y;
if(GT(y,yBiaFUllCZeroS» yBigFuncZeroS-y;
1Doc+-dK;

}'* calcullliD, MiD aad Mu of curve wim bUle S -,
*perS-1OOOOOOOOOO;
curfic_(pIrjopc,IcsizeC1_NumBalISzOpl,pttXleries,

pcrSe1ecFUDC,ptt_w,pcrXbllpttXe,lpcrK.pcrS,per_aelt,
ptt_D,puPoaKaoa,pcr_c,pcr_t'p,per_wrt,pIrJwrt"pcrJwrk"
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pttJer);
xJ)ot-a;
ySmlfuncHuleS =yBigFuncHuleS =0.0;
for(i-l;i< -maxIt;i++){

y -(*PtrFunc)(laDot);
if(LT(Y,ySmlFUDeHugeS» ySmlfuncHugeS=y;
if(GT(y,yBilfUDCllugeS» yBigFuacHugeS ~y;

xDot+-dx;
}
ïf(LT(ySmlFUJlÇZero5-ySmlFuncHugeS,-EPS» ySmlFUI1C=ySmlFuncZeros;
else ySmlfunc-ySmlFuncHugeS;
if(GT(yBigFuncZcroS-yBigFunc:HugeS,EPS» yBigFunc=yBigFuncZeroS;
else yBigFunc=-yBiaFuncHugeS;
if(LT(ySmiFunc-ySmlData,·EPS» ySmI.ySmlFuuc;
else ySml-ySmlDlIa;
if(GT(yBigFunc-yBigData,EPS» yBig =yBigFunc;
elle yBig-yBiiDara;
yDivaFindDiv(ySmI,yBig);
if(GE(ySml,O» yDownMrk=(long) (ySml/yDiv)*yDiv;
else yDownMrk-«(1ong) (ySmI/yDiv)-l)*yDiv;
if(GE(yBig,O» yUpMrt-«(lonl) (yBiglyDiv)+l)~Div;

else yUpMrk-Oong) (yBiilyDiv)*yDiv;
yDivNo=-(yUpMrt-yDownMrt)/yDiv;
ySca1e-(rigbtY-leftY)/(yUpMrt-yDownMrlc);
sedinestyle(DASHED_LINE,l ,NORM_WlDTH);
GndYO; .
ADotYu.GradO;
setUDestyle(SOLID_LINE,l ,NORM_WIDTH);
if(isSecoDdGraph) seteolor(UGHTRED);
elle sacolor(YELLOW);
if(LT«(~tr_xOfMUSelecFUDC·lLeftMrt)·xScaIe),(ri&btX·leftX»ü

GT«(4Iptr_xOtMaxSelccFuuc-xLeftMrk)·XSCale),0»
liDe(leftX+(*Ptr_xOfMaxSelecFuac-lLeftMrk)·xScaIe,rigbtY,

leftX+(~tr_xOfMuselecFunc-d.eftMrk)*xScaIe,lefty);
if(isSecoDdGrapb) setfillstyle(l ,UGHTRED);
elle setfilIstyle(I,YELLOW);'* drawiq selection fuDction clara point••. USl''''CS a unit offset ./
DrawSymbols(ptrXseries-l,ptrSelecFunc-l.sizeClusNumBallSzOpt);'* a curve wbeD s-O is ploned al Ille be&îDiD1 of manual curve fittiq·'
~trS.*ptrInïS;
curftt_(pttJopt,&sizeClassNumBaUSzOpt,pttXseries,

ptrSclecFunc,ptr_W,pttXb.ptrXe,pcrK,puS,ptt_nest,
ptr_D,ptrPosKDots,ptl_c,ptr_fp,plr_wrk,ptrJwrk,pIr_iwrk,
ptrJer);

sediDatyle(SOUD_UNE.l,I);
if(iISecoadGnph) seteolor(LIGHTRED);
elle seICOlor(YELLOW);
xDot-a;
y-(*ptrFuac) (1aDot);
xC(O) -leftX+(ÎDl) «a-:d..eftMrk)·lScale);
yC(O) -rilbtY-(im)«y-yDownMrk)*yScale);
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moveto(xC[Ol,yC[O);
for(i-l;i < -maxIl;i+ +){

y-(*pttFuac) (1aDot);
xC(i]-leftX+ (int) «xDol·xLeftMrk)*xSca1e);
yC[i]-ripuY.(int) ((y-yDownMrk)*yScale);
if(yC(i] >leftY&&yC[i] <riplY) linao(xC[il,yC[i]);
else moveto(xC(il,yC(i);
xDol+-dx;

}
GradXÛ;'* updatiDl smootinl factor on the screen *'
UpdateS(ptrS,ptt_Cp);'* loop for fittiDl a spline curve ta data by chanlÎDl smootbinl factor, s .,
wbüe«(kcy=-gelchQ)l-O){

if<key- s'\r'){
*ptt_fin_s=-*ptrS;
break;

}
else if(key=--'C'llkey--'c') retum 1;

,. gcneral pointen are used Il aliu names for different sets of daIa like
ptt_w for ptt_wl and ptt_w2..•·'
else if(key= .'i'llkey- -'r){

*perS+ -(double) *pttDit'S;

curfil_(Ptr_iOPI,&sizeClusNumBaUSzOpt,ptrXseries,

ptrSe1ecFunc,ptr_w,ptrXb,ptrXe,ptrK,pttS,ptt_Dai,

ptt_D,pttPosKnots,ptt_c,ptt_fp,ptt_wrk,ptt_lwrk,
pttJwrk.pttJer);

}.
else if(key--'d'Ilkey--'D'){

if(LT(~trS,EPS»*ptrS-O;
else *ptrS--<double) *pttDifS;

curtit_(ptrJopt,ltsizeClusNum8alISzOpI,ptrXseries,

pttSelecFUDC,ptr_w,pttXb,ptrXe,ptrK,pUS.

ptt_DeSt,ptt_D,pttPosKnots,ptt_c,ptt_fp,

ptt_m,pttJwrk,ptt_iwrk,ptrJet);
}
else COIldDue;

,- cIraWÙJI fitted spliDe *'
moveto(xC[O),yC[O»;
seICOlor(BLACK);
saliaeuyle(SOLID UNE,1,1);
for(i -l;i< -maxliîi++)

if(yC[q>leftYüyC(i] <ri&btYüyC(i-1] >leftYüyC(i-l] <ripaY}
liDero(xC(i],yC(i]);
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else
movClO(xC(i] .yc(i]);

,. after erasing the previous cune. destroyed pans
must be reslOred *'
SelPlotPaDe(xLab.yLab);
sediDestyle(DASHED_UNE.l.NORM_WlDTH);
GradYO;
ADotYaxGradO;
setliDestyle(SOLID_UNE.l.NORM_WlDTH);
if(isSecondOraph) seteolor(UOHTRED);
else seteolor(YELLOW);
if(LT«(~tr_xOtMaxSelecFUDC-xLeftMrk)*xSca1e).(rigbtX.leftX)ü

GT«(~tr_xOtMaxselecFUDC·xLeftMrk)*xScaIe).O»

liDe(1eftX+(*Ptt_xOfMax5elecFunc-xLeftMrk)·xScale.rigbtY.leftX+
(*Ptt_xOfMuSelecFunc-xLeftMrk)*xScaIe.lefty);

if(isSecondOraph) setfUlstyle(l.UGHTRED);
else setfillstyle(1.YELLOW);
,. drawing daIa poinu... assumes a unit offset *'
DrawSymbols(pttXseries·l,ptrSelecFunç-l.sizcClassNumBalISzOpt);
setlinestyle(SOLID_UNE.l,I);
if(isSecondGraph) sacolor(UGHTRED);
else seteolor(YELLOW);
,. DOW. the DeW c:urve is ploued usmg the spline
fuDction retumed by curtit based on new smoothiDg factor *'
xDotaa;
ya(~trFunc) (&txDot);
xC(O] -leftX+(iDt) «a-xLcftMrk)*xSc:ale);
yC(O) -riptY--(inl)«y-yDownMrk)~Scale);

moVelo(xC(O] ,yC(O]);
for(i -l;i< - mult;i++){

y-(~ttFUDC) (bDc)l);
xC[i] -leftX+ (int) «xDol-xLeftMrk)·xSc:ale);
yC(i] -rightY-(int) «y-yDownMrk)~Scale);
if(yC[i] > leftY&&yC[i] <riPIYüyC(i-l] > leftY&cIqC(i-l] <riplY)

liDClo(xC(i],yC[i]);
elle

DlDveto(xC[i] ,yC(iJ);
xDot+-cb;

}
OradXO;'* updaIiDl smooÛDg factor on the screen .,
UpdateS(pcr5,pcr_Cp);

}'* evalUIIÜII fuDaioa (flncd or calcullled selection
fuDcûoDI) for eacb sia clau *'
for(i-l;i < -sizeCl_NumBalISzOpt;i+ +)

pttFCdSelecFUDC[i-l] -y -(*PU'FUIIC) (pCrXseries+ï-l);
IlIUm 0;
}

iDt PlotGnpbBoCb(double (~FUŒ) (doub~ x),double ..double b,eur- tide,
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char* xLab,œar- yLab){
iDt i,key,maxlt;
double y,ySml,yBig,ySmlDaca,yBigData,ySmlFUDC,yBigFunc,ySmlFuncl,

yBiaFUDCl,ySmlFunc2,yBigFUDC2;
double xMiD,xMu,dx; .
suw:t viewpomype vp;

xMuScr-getmaDO;
yMUScr-geunaxyO;
,. sm viewpon .,
SetGrapbWindow(title);
getviewsenings(&Yp);
leftX-vp.left+(int) (O.lS*xMUSCr);
leftY-vp.lOp+(int) (O.08*yMaxScr);
rightXavp.right-(int) (O.l*xMaxScr);
rightYavp.bonom-{int) (O.2*yMuSc:r);
SetPlotPaDe(xLab,yLab);
ADoweGraphBothQ;
xMiD-a;
xMu-b;
xDiv -FiDdDiv(xMin,xMu);
if(GE(xMiD,O» xLcftMrk- (long) (xMinlxDiv)*xDiv;
else xI.cftMrk-«loDg) (xMinlxDiv)-l)*xDiv;
if(GE(xMax,O» xRightMrk a (Oong) (xMaxlxDiv)+ l)*xDiv;
else xRightMrk-(10DI) (xMaxlxDiv)*XOiv;
xScale -(rightX-leftX)/(double)(xRïptMrk-xLeftMrk);
maxlt-(iDt) (b*xScale)-(iDt) (a*xScale);
xDivNo-(int) «xRiptMrk-xLeftMrk)/XOiv);
dx -l/xScale;
setüDcstyle(SOUD_UNE, l ,NORM_W1DTH);
GndXO;
AnotXaxGradO;
1* xDaVec starts !rom 1, Le. witb a unit offset *'
ySmlDua- FiDdMin(ptt5elecFuncBaIlSzOpt-1,sizeCIU1NumBalISzOpt);
yBiaDua-FiDdMax(ptr5elecFuocBaUSzOpt-l ,SizeC1U1NumBallSzOpt);
ySmlDua-ySmlData-{O.05*ySmlDua);
yBiaDua-yBiaData+(O.05-'BiIDara);
ptrPolKDots-pttPosKDots1;
perK-Ml;
ptt_u-pu_ul;
pu_c-ptt_cl;
1Doc-a;
ySmlFUDCl-yBi8FUDCl-O.O;
for(i -1;i< -muIt;i++){

y-(*pIrFuœXbDoc);
if(LT(y,ySmlFUDCl» ySmlFuncl-y;
if(GT(y,yBi8Funcl» yBiaFuncl-y;
xDot+-dx;
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ptt_D• ptt_02;
ptt_c-ptt_c2:
xDot-a;
ySmlFUDC2.yBiIFunc2=0.0;
for(i-l;i < -mult;i+ +){

y-(~ttFUDC)(laDot);
if(LT(y,ySmlFUDC2» ySmlFunc2=y;
if(GT(y,yBigFUDC2» yBigFunc2 .y;
xDot +- dx;

}
if(LT(ySmlFunc l-ySmlFunc:2,-EPS» ySmlFunc=ySmlFunc1;
elle ySmlfunc =ySmlfunc2;
if(GT(yBiaFunc l-yBigfunc:2,EPS» yBigFunc::zyBigFuncl;
elle yBiaFunc=yBiVunc2;
if(LT(ySmlData-ySmlFunc, -EPS» ySml =ySmlDaIa;
else if(GT(ysmlDua-ySmlFuuc,EPS» ysml =ysmlfunc;
else ySmI=ySmlDaaa::zySmiFunc;
if(GT(yBiaDaIa-yBigFunc,EPS)) yBig -yBigDaaa;
else if(LT(yBigDaIa-yBigFunc,-EPS» yBig -yBigFunc;
else yBig =yBigDua::zyBigFunc;

yDiv - FiDdDiv(ySmI,yBig);
if(GE(ySml,O» yDoWDMrk=(1ong) (ySmllyDiv)~Div;
else yDownMrk-«(lODg) (ySmllyDiv)-1)4IyDiv;
if(GE(yBig,O» yUpMrk-<Oong) (yBiglyDiv)+ l)~Div;

else yUpMrk-(long) (yBiglyDiv)·yDiv;
yDivNo-(yUpMrk-yDoWDMrk)/yDiv;
y5cale-(rigbtY-leftY)/(yUpMrk-yDownMrt);
set1iDestyle(DAsHED_UNE, l ,NORM_WlDTH);
GradYO;
ADotYaxGradO;
set1iDcstyle(SOUD_UNE, l ,NORM_WlDTH);
seccolor(YELLOW);
if(LT«(xotMaxCurSelecFunc-xLeftMrk)*xScale),(riabtX-leftX)Ü

GT«(xOtMaxCurSelecFunc-wftMrk)*xScale),0»
liDc(1eftX+(xOfMaxCurSelecFUIIC-xLeftMrk)·xScale,riptY,

leftX+(xOtMuCurSelecFuoc-xLeftMrk)*xScale,leftY);
,. plottiDl the fint selec:teel curve ·1
pttPosKnocs -pttPosKnOlS1:
pttK-ül;
ptt_D-ptt_Dl;
ptr_c·ptt_cl;
sediIlstyle(l,YEll.OW);'* clrawiDl daIa poÏDIS••• assumes a UDit offset *1
DnwSymbola(pttXserics-l ,pUCurSelecFUIIC-l ,sizeClusNumBallSzOpt);
seteolor(YELLOW);
setlinatyle(SOUD_UNE,1,1);
xDoc-a;
Y-(*ptrFUIIC) (bDot);
xC(O] -leftX+(iDI;) «a-wftMrk)*xScaIe);
yC(O) -rilbty-(iDI;)«y-yDownMrt)4IySca1e);
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moveto(xC[O],yC[O]);
for(i-l;i< - maxll;i++)(

y-(*PttFUDC) (1aDot);
xC[i] -leftX+ (inl) «xDOI..xLeftMrt)*XScale);
yC[i] -rilbtY..(inl) «y..yDownMrk)*yScale);
liDeIo(xC(i] ,yC[i);
xDot+-dx;

}'* ploniol die second selected curve .,
setlinestyle(SOLID_LINE,l,NORM_WIDTH);
seteolor(UGHTRED);
if(LT«(xOtMaxNewSelecFunc-xLeftMrk)*xScale),(riptX-leftX)ü

GT«(xOfMaxNewSclecFunc-xLeftMrk)*xScale),0»
liDe(1eftX+(xOfMaxNewSelecFunc-xLeftMrk)*xScale,ripIY,

leftX+(xOtMaxNewSelecFunc-xLeftMrk)*xSWe,leftY);
ptrPosKoots ·pttPosKnolS2;
pttK-&k2;
ptr_o-plr_n2;
ptr_c-ptr_c2;
setfiUstyle(l,UGHTRED);'* clrawiDl data points... assumes a unit offset .,
DrawSymbols(ptrXseries-1.ptrNewSelecFunc-l,sizeClassNumBalISzOpt);
seteolor(UGHTRED);
sediDestyle(SOUD_LINE, 1,1);
d)ol-a;
y-(*PttFunc) (cbDcn);
xC(O] -leftX+(inl) «a..xLeftMrk)*xScale);
yC(O] -rigbtY-(iDt)«y..yDownMrk)*yScale);
moveto(xC(O],yC[O»;
for(i-l;i< -maxlt;i++}{

y-(*PttFunc) (laDot);
xC[i] -leftX+ (inl) «xDol..xLeftMrk)*xScale);
yC[i] -riptY-(inl) «y..yDownMrk)*yScale);
liDeto(xC(i] ,yC[i]);
d)ot+-dx;

}'* lettiDl the user to see plotted cunes .,
letehO;
rerumO;
}

'* iDitializes the Il'IPbics system and repons any mon which occured *'
void IDitia1izeOnpbics(void){
ÎIIl XIIp,yup; '* Uscd 10 rad the aspect rado*'

reaisterblidriver(EOAVGA_driver);
rqislerbPfom(SIDIIerif_font);
rqisIerb&ifoDl(smaIl_fODt);

GnpbDrïver-DETECf; '* RequeIl lUIO-deIecdon *'
iDitlflPb(AOnpbDriver,AOrapllModc,••);
ErrOICode-IfIPbraulIO; '* Rad rauli of iDilializllion*'
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if(ErrorCode! =grOk){ '* Error occ:ured during init *'
printf(" Graphies System Enor: ~s\n" ,grapberrormsg(ErrorCode»;
dclay(lOO);
exit(l);

}

getpalette(&palette); '* Read the palette from board *'
gaaspectralio(&xasp,&.yasp); '* read the hardware aspect *'
AspectRabo-(double)xasp'(double)yasp; '* Gel com:ctioD factor *'
}

void TerminateGraphics(void){
cleardeviceQ;
closegraphO;
}

void SetGraphWiDdow(char *title){
strw:t viewpomype vp;

cleardeviœ(); '* Clear graphics screen *'
seteolor(UGHTCYAN); '* set current calor to white *'
setViewpon(O,O,xMaxScr,yMax5a,l); '* Open pan to full screen *'
cbaDgelextstyle(SMALL_FONT,HORlZ_DIR,O);
~ize(4,3,4,3);

settextjustify(CENTER_TEXT•CENTER_TEXT);
ouueaxy(xMaxScr'2,lS,tide);
'* draWI a solid single line around the current viewpon*'
seteolor(RED);
setliDestyle(SOLID_UNE,a.3);
getvicwscttings(&.vp);
rectaDate(O,O,vp.ript-vp.left,vp.bonom-vp.top);
}

void cbanletextstyle(inl fODI,ml direction,inl cbanize)(
inl EnorCode;

seuexutyle(foDI,direc:tiOD,charsize);

ErrorCode-II'IPhresu1IQ; '* check result *'
if(ErrorCode! -pOk){ '* if error occ:ured *'

c1oleanphO:
priDlf(" Graphies System Error: ~I\n" ,l!'IPbenormsl(ErrorCode»;
dclay(IOO);
exit(l);
}

}'* used lib PRINTF except the oUlpUt is sent ta lbe screen in lfIPhics
made Il die specifiecl co-ordiDare *'

iDt IPriDtf(int *x1oc,iDt *)tloc,char *fmI,•..){
vaJill aqptt; {* ArpaDt liIt poiDter *'
cbar su(140]; '* 8uffer tG build stÎIII iDIo *'
iDt CIU; '* Result of SPRINTF for mum *'

464



Appendix F Numerical Grindlng OpdmizadoD Tools in C (NGOTC) 465

va_sWt(argptt.fmt);
cm • vspriDlf(stf,fim,argptr);
outtextxy(*xloc,*)tlac,su);
VI_eDd(argptr};
retum(cot);
}

/* lnitialize va_ functiODS */
/* priDu sering ta buffer *'
/* SeDd string in J1'IPbics mode *'
1* Close va_ fuDctiODl *'
/* RetUm the coDvenioD COUDt */

'* fuDctiOD ta set plot pane */
void SetPlotPane(char* xLab,char- yLab){
struet viewporttype vp;

getviewsenings(&vp);
sediDestyle(SOLID_UNE,1.2);
seteolor(WHITE);
rectangle(letiX,leftY,rightX,rightY};

cbangeœxtstyle(SMALL_FONT,HORIZ_DIR,O);
setuserebanïze(4,2,4,1);
settextjustify(CENTER_TEXT,TOP_TEXT);
seICOlor(YELLOW);
outtemy«rilluX·leftX)12+leftX,rigbtY+25,xLab);

cbanletextstyle(SMALL_fONT,VERT_DIR,O);
setuserebanize(4,2,4,2);
settelljustify(CENTER_TEXT•CENTER_TEXT);
outtemy(vp.left+20,(rigbtY·leftY}I2+leftY,yLab);
}

'* fundiOD to find x and y divisions *'
double FindDiv(double MinNum,double MaxNum){
double divlO;
double div;
iDl iJ;
UDSiped 10DI· index;

j-l;
for(i ...14;i< lS;i+ +)(

ptrWrkSpcUl -pow10(i)*1;
j++;
pcrWrkSpcUl -pow10(i)*2;
j++;
pttWrkSpc(Jl-powlO(i)*S;
j++;
pttWrtSpcr.n-pow10(i)*S;
j++;

}
if(EQ(MaxN~MinNWD»{

if(MiDNum- -0.0) MiDNum .- 0.05;
eIJe MiDNum-MiDNum-MiDNum*O.05;
if(MuNum- -0.0) MuNum + - 0.05;
eIse MuNum-MuNum+MuNum4JQ.05;
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}
divlO-(MuNum-MinNum)/lO;
Loc:aIe(ptrWrkSpc, 116,divlO,index>;
div -ptrWrkSpc:[*index+1];
renam div;
}

'* fuDctiOD to graduaœ x axis *'
void GradX(void){
ÎDt i;

setcolor(WHITE);
for(i-l;i < =xDivNo;i+ +){

if(righlX > leftX+(iDt) (i*(xDiv*xScale») '* these are nvo intelen *'
line(leftX+(iDt) (i*(xDiv*xScale»,rigbtY,

leftX+(int) (i*(xDiv*xScaIe»,rigbIYeS);
}
}

'* fuDction tG anotale x graduate *'
void AnotXaxGrad(void){
char buffer[] - Ilformat string Il :

inl i;
double gradslndieator;

chaDgetextstyle(SMALL_FONT,HORIZ_CIR,O);
setusen:hanize(5 ,4,S ,4);
SCUCXtjustify(CENTER_TEXT,TOP_TEXn;
yOnd-rigbtY+S;
for(i-l;i < -xDivNo+2;i-i+2){

xOrad-leftX+(int) «i-l)*xOiv*x5ca1e);
aradsladieator-xLeftMrk+(i-l)*xOiv;
if«xDiv< -l)ü(xDiv>O.l»
strepy(buffer, Il C5 .nr);
eIse if«xDiv < -O.l)ü(xOiv >0.01»
sucpy(buffer,IIC1.21f');
eIJc if«xDiv < -O.Ol)Ü(xDiv >0.0(1»
sm:py(buffer, Il CI.31f');
else if«xDiv < -O.OOI)ü(xDiv >0.0001»
sucpy(buffer... C5 .41f');
eIJc if«xDiv < -O.OOOl)ü(xOiv >0.00001»
sucpy(buffer. Il~ .'11");
cise if«xDiv< -0.00001»
sm:py(buffer, 1I~.le");
elle if «xLeftMrt< - -10000) Il (xLeftMrk > - (0000»
sucpy(buffer,IIC1.1e");
elle
sucpy(buffer, Il CI.21f');
if(xRiaJuMrk-lfIdIlDdicllOr > - 0)
piDlf(tbGI'Id,AyGrad,buffer.lfIdIlDdicMOr);
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'* function to graduate y axis *'
void GndY(void){
iDt i;
seteolor(WHITE);
for(i-l;i< -yDivNo;i++){

if(rightY> leftY+ (int) (i*(yDiv*yScale») /* these are two iDtegers */
liDe(leftX.leftY+(int) O*(yDiv*yScale»,

rlghtX,le!tY+(int) i*(yDiv*yScale»;
}
}

'* function to anotate y graduates *1
void AnotYaxGrad(void){
im i;
char buffer(] - "format string";
double gradslDdicaror;

cbanleteXtstyle(SMALL_fONT,HORlZ_DIR,O);
setUSeIclwsize(S,4,5,4);
settextjustify(RIGHT_TEXT,CENTER_TEXT);
xGrad-leftX-2;
farO -1;i< -yDivNo+2;i+ +)(

yGrad-rigbtY-(int) «i-l)*yDiv*yScale);
gradslDdicalor-yDownMrk+(i-l)*yDiv;

if«yDiv < -l)&&(yDiv >0.1»
stttpy(buffer, • " .1f");
else if«yDiv < =0.1) &&(yDiv>O.OI»
sucpy(buffer, ." .2{,,);
e1se if«yDiv < =O.OI)&&(yDiv >0.001»
strepy(buffer, "".3f");
else if«yDiv < -O.OOI)&&(yDiv >0.0001»
sttepy(buffer, •".4{");
else if«yDiv < -O.OOOl)ü(yDiv «OO1סס.0<
sucpy(buffer, "CI.5{,,);
else if«yDiv < «oo1סס.0-

strepy(buffer, .. CI .1eil);
else if«yDownMrk >= 1000) Il (yDownMrk< --1000»
stn:py(buffcr, • " .OC.);
else
scrtpy(buffcr, • CI .2f");
if(yUpMrk-gradslDdicalor > - 0)
IPrimf(cbGnd,AyGnd.buffer,IfId8IndiCllOr);

}
}

,. fuDcliOD tG clraw symbols al XVs */
void DrawSymbo1s(CODSt double *lDacaVec,coDSl double· yDllaVec,iDl m){
iDt i;
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int xP,yP;

for(i-l;i< :zm;i++){
xP:z«xDacaVec[i]-xLeftMrk)*xScalc)+leftX;
yP-«yUpMrk-yDuaVec[i»*yScalc)+lcfty;
if(LT«(yUpMrk-yDataVec(i])*YScale),(rightY-lefty» &le
GT«(yUpMrk-yDataVec(i])*yScalc),O»{

moveto«int) xP,(int) yP);
bar(gctxO-2,getyO-2,gmO+2,getyO+2);

}
}

void AnolalcScanerDiagram(void){
int cbarW,charH;
struet vicwpomype vp;

getViewseniDgs(&vp);
chaDletextstyle(SMALL_FONT,HORIZ_DIR,O);
semsercbanize(7 ,S,7,5);
seawjustify(RIGHT_TEXT,BOïl'OM_TEXT);
charW-teXtWidtb("M");
cbarH -texthcigbt("H");
SCICOlor(YELLOW);
ounexay(xMaxScr-charW-2,yMaxScr-charH,"Press any kcy to continue•.. ");
} .

void AnotalcGraph(void){
int cbarW,charH;
SU'UCt vicwpomype vp;

468

aetViewseninIS(&VP);
seICOlor(WH1TE);
cbaDlelatStyle(SMALL_FONT,HORIZ_DIR,O);
selUlCfCbanize(7 ,S,7,5);
scuextjusûfy(LEFT_TEXT,BOTl'OM_TEXT>;
cbarW.textwidtb("M");
cbarH -tœbeigbt("H");
ouaextxy(charW,yMuScr...S*charH, ·Smoodlinl factor - - > ");
outtatxy(charW,yMuScr-4*cbarH,·Sum of Sq. Residual :a - > .);
seICOlor(UGHTGRAY);
0UIteItxy(charW,yMaxSCr-3*charH,"Press <1> or <D> la iDcrease or decrease smoothiDl factor");
ouuatxy(charW,yMuScr...2*charH,"Press <C> tg chanlc splille curve fiaiDloptious·);
ICICOlor(YELLOW);
cbarW-textwidtb("PresI <Enter> tg select tbe c:urvc·);
ouuatxy(xMuScr-charW-2.yMaxSCr-cbarH.·PIea <EllIer> 10 select me curve");
}

void AIIoweGnphBotb(void){
im cbarW,charH;
SUUCl viewpomype vp;
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getvîewsettiDgs(&vp);
seteolor(YELLOW);
cbaDgetutstyle(SMALL_FONT,HORIZ_DIR,O);
setuserebarsize(7,5,7 ,S);
senextjustify(RIGHT_TEXT,BOTTOM_TEXT);
cbarW -textwidtbC·M·);
cbarH atextheight("H.);
ouaextxy(xMUScr-charW-2,yMax5cr-charH,·Press my key to continue•..•);
}

void UpdaleS(double ~tt_S,double ~tt_fp){

char ·SIr;
int charW,cbarH;
int x,y;

setcolor(WHITE);
cJtangeIeXtstyle(SMALL_FONT,HORlZ_DIR,O);
setUSmbarsize(7;5,7,S);
settextjustify(LEFT_TEXT,SOTTOM_TEXT);
charW =-lextwidtb("M");
charH -lextbeight("H·);
sedillstyle(l,BLACK);
x-charW+textwidtb("Sum of Sq. Residual • =- > ");
y.yMuScr-S·charH;
bu(x,y-charH,x+ x,y +cbarH);
gpriDtf(b,cly, "'If",~U'_S);
y·yMuScr4*charH;
gpriDtf(la,cly, "~ f" ,*ptt_fp);
}
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Il splfit.cO1
linc:lude < math.h>
IiDclude <stdîo.h>
IiDclude <scdlib.h>

void c:urfil_(int· iOPI,int- m,double- x,double· y,double- w,double- xb,
double- xe,inl· t,double· s,int- nat,iDt· n,double- t,double· c_,
double· fp,double· wrt,ÏDl· lwrt,int· iwrk,int· ier);

double ·CreateVectorD(1ong nI.long oh);
void FreeVedOrD(double ·V.IODI Di,long Db);
void c:urfil_(int ·iOPl,int ·m,double ·x,double *y,double ·w,
double ·xb,double ·xe,int -t,double -s,int -nal,iDl *n,double *t,
double ·c_,double ·fp,double ·wrt,int -Iwrk,inl ·iwrk,int -ier);
void fpback_(double ·a,double *z_,int *n,int ·t,double ·c_,int *nest):
void fpbspl_(double ·t,inl ·n,inl ·t,double ·X,inl -l,double *h-->:
void fpchec_(double ·X,inl *m,double ·l,int *n,inl ·t,inl *ier);
void fpcurf_(ïnl *iopt,double ·x,double *y,double *w,int ·m,double ·xb,double ·xe,
int ·t,double ·S,inl *nest,double ·tol,inl *IDUÏI,iDt ·tl,int ·k2,int -n,
double ·t,double ·c_,double -fp,double ·fpint,double *z_,double ·I,double -b,
double ·I,double • q,inl *nrdala,int *ier);
void fpdisc_(double -t,int ·n.inl *k2,double *b.int *DaI):
void fpgivs_(double *piv,double *ww,double -cos_,double ·sm-->:
void fplœot_(double *X,inl *m,double ·t,int *n,double ·fpml,
iDl *nrdala,int *mint.int *De5t,inl *istan);
double fprati_(double *pl,double -n,double *p2,double ·tl,double *p3,double *fJ);
void fprota_(double ·COS_,double ·sin_.double -.,double ·b);
void splev_(double ·l,int *n,double -c_,int -t,double ·x,double *y,
inl *m,int -ier);
smic iDt c_1 =-1;
Il .
void curfit_(int* iopt,int- m,double· x,double- y,double- w,double· xb,
double· xe,int· t,double- s,inl· nat,w· n,double* l,double- c •
double- fp,double* m,int* Iwrt,ÏDt* iwrk,int* ier){ -'* System leœrued locals *'

inl i_l;
iDt i;

'* Loca1 vuiables *'
statie int DIDÎD.i_,j ,IIIIIiI,kl ,k2,lwest,ia,ib,il;
stalie int iq,iz;
stalie int ifp;
Stltie double toi;

,* Paramcter adjustmeDIS *'
-w;
-y;
-x;
-iwrk;
~-;

-t;
-wrk;
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'* Funetion Body *'
maxit~20;

lOI =0.001;'* befon startinl computations a data check is made. if the iDpul data

*''* are invalid,coDttol is immcdiately repassed to the cal1iDl propam.

*' *ier=-IO;
if(*k< =0 II *k>S){

goto UO:
}
kl :=-*k+ L;
Ia-kl + L;
if(*iopt<-L Il *iOpl> n{

golO UO;
}
nmin=2*kl;
if(-m<kl Il -nest<nmin){

goto UO;
}
lwest=·m*kl +*nest ·(·k*3 +7);
if(-lwrlt < lwesl){

goto uo;
}
if(*xb>x[l] II *xe<x(-m] Il w(l]<-O.O){

loto Uo;
}
i l-·m·- '
for(i_-2;i_< -i_l;++i-->{

if(x[i_-l] > =-x[i-lll w(i.-l < -o.O){
l0lO UO;

}

'* LlO: *'
}
if(*iopt> -OH

lOto uo;
}
ïf(*n<nmin Il ~>·nest){

loto L50;
}
j-*n;
i_I-kl;
for(i_-l;i_< =i_l; + +i->{

t[i-l.*xb;
t(j].*U;
-j;

,. 1.20: .,
}
~~(~(l].mn.~(l].D.k.jer);

if(*icr !- OH
aoto LSO;
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} else {
1010 LAO:

}
L30:

if(*s <O.O){
loto L50;

}
ifC*s==O.O && *nest<*m+kl){

loto 1...50;
}
*ier=O;

1* we panitiOD the working space and determine the spline approximation..,
1AO:

ifp= 1;
iz= ifp+*nest;
ia=iz+*nest;
ib = ia+*nat*kl;
ig-ib+*nest*k2;
iq - il+ *nest*k2;
fpcurf_(iopt,&x(1],&y[l],b(1].m,xb,xe,k,s.BCSt.&tol.&mWt.&

kl.&k2,n.&t(I],&c_[I],fp.&wrk(ifp),&wrk(iz).&wrk(ia),&
wrk(ib].&wrk(ial.&wrk(iq).&iwrk(l],ier);

uo: ;

} 1* curfit_ *1
Il .
void fpbKk_(double* a.double- z_,int* D,int* k,double· c_,int* nest){'* System generated locals ·1

inl a_diml,a_offsel.i_l,i_2;

'* Local variables *1
swic inl i_,j.l,m,i1:
stalie double store;
swic iDl kl;

'* Parameter adjustments .,
-c .
-'

-z_;
a_diml - *nesl;
a_o«set-a_diml +1;
a -- a offset·- ,

1* Function Body *'
kl-*k-l;
c_(*n] -z_[·o) , a[*n+a_diml];
i_-*'D-l;
if(i_--Ol{

1010 L30;
}
i_l-*n;



Appendis F Numerical Grinding OpdmizatioD Tools in C (NGOTC) 473

for(j=2;j< =i_l;++j){
store~z_li--l;
il-kl;
if(j < -kl){

}
m-i_;
i 2-il;
for(1-1;1< =i_2;++I){

++m;
store -= c_[m)·a(i_ +(1+ l)·a_diml];

,. LLO: .,
}
c_[i--l-store' a(i_+a_diml];
-i_;

,. L20: .,
}

ua· .. ,

void fpbspl_(double· t,int· D,int· t,double· l,int· l,double- b->{'* System generatcd locals .,
ml Î_l,i_2;

,. Local variables .,
stalic double f;
swic inl i_,j;
sWic double bh[5];
stalic inlli,lj;
stalie double one;

'* Parametcr adjUStmeDlS ·f
-1;
-b .
-'

'* FUDCtion Body ·f
one -1.0;
b_[l]=one;
i_l ~*k;
for(j -1;j < =i_l;++j){

i_2-j;
for(i_-l;i_< =i_2;++i-->{

bb[i_-l] -h_li.-J;
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f=hb[i_-1] '(t(li]·I(1j]);
h_li.-J + =- f ·(t(li)...·x);
h_[i_+1]-f ·(-x-t[lj);

,. Uo: -,
}

}

}'* fpbspl_ .,

void fpchcc_(doublc· x,int* m,double- t,int· n,inl- k,int· icr){'* System generated locals .,
ml i_l;

'* Local variables .,
statie int i_,j,l,kl,k2;
statie double tj,t!;
stalie inl nkl,nk2,nk3;

'* Parameter adjUStmeDts .,
-x;
-t;

,- Functïon Body·'
kl-·k+l:
k2-kl+l;
okl =·n-Id ;
nk2=nkl+l;
·ier-IO;'* cbeck condition no 1 .,
if(okl <kl 11 okl > ·m){

loto L80;
}'* cbect condition no 2 .,
j-*D;
i l··k-_ '
for(i_-l;i_< =-i_l:++i->{

if(I(i.-1 >t(i_+1]){
lolo LaO;

}
if(t(j] <t[j-l]){

loto 1.80;
}
-j;

{. L20: *'
}

,. cbeck coDdition no 3 -,
i_l-ma;
for(i_-k2;i_< -i_l:++tJ{

if(l(i-l< -t(i_-l]){
1010 LlO;

}
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}
,- check condition no 4 .,

if(x[l] <t[kl] Il x(·ml >t(nk2]){
loto L80;

}'* cbect condition no S .,
if(x[l] > =t[k2] Il x[·ml < =-t[nltl]){

goto L80;
}
i_=l;
1=k2;
nkJankl-l;
if(nk3<2){

goto L70;
}
i 1=nk3;
fOr(j =2;j < =i_l; ++j){

li -tU];
++1;
d-t(1];

tAO:
++i_;
if(i_> =·m){

goto L80;
}
if(x[i--1 < =tj){

goto tAO;
}
if(x[i--1 > =d){

gala L80:

L70:

L80....

void fpcurf_(iDt- iopt,double- x.double- y,double* w,iDt- m,double* m,
double- u,iDt- t,double* s,inl- nest,double- tol.iDt* mail,
iDt* Id,ml* k2.im- D,double- t,double- c_,double- fp,double* fpim,
doubl~ z_,double* l,double· b.double* I,double* q,ÏDl- nrdIra,iDt* ier){

,. System leneraœd locala .,
iDt a_diml,a_offsel,b_diml,b_offset,._diml.l_offset.&t.diml.

CI...offiet,i_l,i_2,i_3,i_4,i_5;
double r_l;

,- Local variables *'
SlIlÎc double balf;
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stalic inl nmin,iter,nmax;
stalie double fpms,term,pinv,h_[7];
stalie inl i_,j,l;
stalic double p,fpold,fpan,fl,a,tJ;
stalie inl il,il;
stalie double store;
statie inl i3.k3;
stalie double pl,p2,p3;
stalie inl lO.nplus.nrinl,n8;
statie inl it;
stalie double m,wi,xi,yi;
stalie double fpO;
stalie inl mkl.nlel;
stalie double acc:,one,cos_,sÎD_;
stalie inl new_;
stalie double piv;
stalie inl iehl,ich3;
stalie double conl,con4.con9;
stalie inl Dpll;

'* Parameter adjustmeDts .,
-w;
-y;
-x;
-nrdata;
-z_;
-fpint;
--c_;
-(;
CLdîml z·m;
CLoffset~'Ldiml+1;
q -=CLoffset;
a_diml = -nesl;
a_offset=a_dîm1+1;
a -= a_offset;
&_diml =·Dat;
&_offset-I_diml +1;
& -.. 1_offset;
b diml ~*nest;
b:offset~b_diml+1;
b -- b_offset;

'* FUDCtioD Body *'
ODe-1.0;
conl -0.1;
con9-0.9;
con4-0.04;
balf~0.5;

,- pm 1: dcterminalion of the number of kDocs lDd Ibcir position c
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,. determiDe nmin.tbe number of knots for polynomial approximation.•,
DIDÏIl=·kl*2 ;
if(·iopt <O){

loto L60;
} .

,. calculllion of ace.the absolute toleranœ for the root of f(p)as.•,
acç=·tol··s;

,. determiDe nmax,the number of mots for spline interpolation.•,
nmax=·m+·kl;
if(·s>O.O){

lOto lAS;
}

,. if S~Ots(x) is an interpolatinl spline••,
,. test wbether the required stonle space exceeds the available ODe••,

*n=nmax;
if(nmax> ·nest){

lOto lA20;
}

,. fiDd the position of the interior mots in case of incerpolation••,
LlO:

mkl··m··ld;
it(mkl = =O){

goto L60;
}
k3=*k 12;
i_=*t2;
j=k3+2;
if(k3*2==·k){

goto UO;
}
i 1=-mkl;
for(l= 1;1 < =i_l; ++l){

tri--1-xlJl;
++i .

-'++j;
'.1.20: .,

}
lOto L60;

L30:
i l~mkl;

for(l-I;l < ~i_l; ++l){
t(i-l -(x(j] +x[j·l])·half;
++i .

-~
++j;

,. tAO: *'
}
lOto L60;.

1.45:
if(*iopt. -OH

I~ L50;
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}
if(*n= =nmin){

goto LSO;
}
fpO=fpint(*n);
fpold-fpint(*n-l) ;
nplus=nrdata(*n);
if(fpO >*s){

loto L60;
}

uo:
-n=nmin;
fpold=O.O;
nplus=O;
nnWa(1] =*m-2;

,- main loop for me different sets of mots. m is a save upper bound */
,- for me number of triais. *'
L60:

i_l=*m;
for(iter= l;iter< =Î_l; + +iter){

if(-n- =nmin){
*ier=-2;

}
,- find Drint.me Bomber of mot intervals. *'

Drint - *n-nmin+1;
,- find me position of the adclitional knots which are needed for *'
,- die b-spliDe representation of s(x). *'

Dkl-*n·*kl;
i_-*n;
i 2-*kl'
for(j -l;j ~ =i_2; + +j){

tÜ] ·*xb;
t(i--l :1: ·xe;

,- L70: -,
}

-fp-O.O;
,- iDida1ize the observation matrix a.•,

i 2-Dld;
forO_-l;i_<=i_2; + +i'->{

z_li--l-O.O;
i 3-·kl-
for(j -1;j ~ -i_3;++j){

a(i_+j-a_diml]-O.O;
,- LlO: -,

}
I--Id;
i 3-*111;
for(il-l:it< -i_3;+ +it}{

478



Appendlx F Numerical Grlnclinl OptimigdOD Tools in C (NGOTC) 479

/* feteb the current data point x(it).y(it). */
xi=x[it);
wi=w[it];
yi=y[it]*wi;'* search for Dot interval tel) < =r: xi < t(1+1). *'

w:
if(xi<tO+l] Il l:z=nkl){

goto L90;
}
++1;
goto LSS;'* evaluate the(k+ 1) non-zero b-splines at xi and store them in

q. *'
L90:

fpbspljcit(1),D.k,&xi,8d,h->;
i_2=*kl;
for(i_=l;i_< ~i_2;++i->{

q[it+i_*ct.dim1]=h_[i_-l];
h_li_-l] *= wi;

'* L9S: *' }'* rowe the new row of the observation matrix iDto triangle. *'
j =1·*kl;
i_2=*kl;
for(i_=l;i_< =i_2; + +i->{

++j;
piv=h_li_-l];
if(piv= =O.O){

goto LIIO;
}'* calculate the parameten of the givens traDSformalioD. *'
fpgivsJ&piv,&a{j +a_diml),&cos_,luin'->;'* traIISfOrmatioDS to right band side. *'
fprota_(&cos_,Asin_,clyi,Icz_[j]);
if{i_a=- ·klH

lOto L120;
}
i2-l;
i3-i_+1;
i 4-*kl'
fonil-i3;il < -i_4;+ +il){

++i2;'* ttlDSfOrmatiODS to left hand sicle. *'
fplOla_(&cos_,&lm_,ab_lil-ll.aao+i2*a_diml])

'* LlOO: *'
}

LIIO:

}'* add coDlribution of this row to me sum of squares of raidual
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*''* ri&ht haDd sides. *'
L120:'* Computing 200 power *1

r_l =yi;
.fp + = r_l*r_l;

'* Ll30: *'
}
if(*ier- =-2){

}
fpint[*n] = fpO;
fpint[*n-l] =-fpold;
nrdaIa(*n) =nplus;'* backward substitution to obtain the b-spline coefficients. *'
fpback_(&a(a_offsetJ,eb_l IJ,&nkl.kl ,"'=_[l],DeSt);

'* test whether the approximation sïnf(x) is an aœeptable solution.

*' if(*iopt<OH
golo IA4O;

}
fpms.*fp-*s;
if(fabs(fpms) <acc){

golo L440;
}'* if f(p=inf)<s accepl the choice of knots. *'
if(fpms <O.OH

golo L250;
}'* if o-n.max,sinf(x) is an interpolating spline. *'
if(*n- -nmax){

goto L430;
}'* iDcreIIe the oumber of knots. *''* Ü 0-nat we cannat increase dle oumber of molS because of *''* the st0rlle capacity limitation. *'
ü(-n- - *nest){

1010 L420;
}

1* deœrmiDe the oumber of mots oplus we are I0Îlll to Idd. *'
if(*ier -= -OH

goto Ll40;
}
nplus-l;
*ier-O;
lOto Ll50;

Ll40:
npll.nplus~;

m- nplus:
if(fpold.*fp >aa:){

npll =m*fplDl/(fpold-*fp);
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}

'* COmpulinl MIN *''* COmputinl MAX *'
i_4-npll,i_S=nplus/2,i_4=max(i_4,i_S);
i_3 -nplus*2,i_2 =max(i_4,1);
oplus-min(i_3.i_2);

LI50:
fpold-*fp;'* compute the sum«w(i)*(y(i)-s(x(i»»**2) for each knot inlerVal

*''* t(j +k) < =x(i) < =t(j +k+ 1) and store it in fpînl(j)j =- l,2, ...nrinl

.*' (pan =0.0;
i -1·- '1-*t2;
DeW_=O;
i 3=*m·
for(it-l ;it < =i_3; + +it){

if(x[it] < t(1] II 1>ntl){
goto Ll60;

}
new =1·- '
++1;

Ll60:
term=O.O;
10=1-*1c2:
i 2.*kl·- ,
for(j =l;j < =i_2; + +j){

++10;
term +=c_(10]*q[it+j *CLdiml];

'* L170: *'
}'* ComputiDl 2nd power *'
r_l-w[it] *(term-y[it»;
term-r_l*r_I;
(pan + - tenD;
if(new_ - -Ol{

lOto Ll80;
}
store. term*baIf;
fpint(i-l-fpart-store;
++i .

-'
!pan-Slore;
new_sOt

LI80:

}
fpiDt(Drint] -(pan;
i_3-aplU1;
for(l-I;l< -i_3;++I){

'* Md a DeW bot. *'
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fpknot_(&x[l),m,&t[ll.n,&fpinl[l],&nrdala(l) ,&nrint,nest,&
c_l);'* if n-DIIIaX we locale the mots as for interpolation. *'

if(*n==DJDaX){
gala LlO:

}'* test whetber wc cannot funher increase the number of Imots.

*' if(*D z =*ncst){
gota 1..200;

}'* LI90: .,
}'* relWt the computations with the new set of knou. *'

1.200:

}'* test whetber the leut-squares kth degree polynomial il a solution *''* of our approximation problem. *'
L250:

if(*ier= =-2){
gOlo IA4O;

}

'* part 2: determiDation of the smoodtiDl spliDe sp(x). c

'* evaluate the discontinuity jump of the Iah derivative of the *''* b-spliDes al the mots t(1),lak+2, •..o-k-l aDd store in b. *'
fpdisc_(&t(l) ,n,k2,&blb_offset) ,nest);'* initial value for p. *'
pl =0.0:
fi =fpO-*s;
p3=- one;
D=fpms;
p-O.O:
i_l=okl;
for(i_ =1;i_< =i_l:++i->{

p +- a(i_+a_diml);

'* L255: *' }
m =-(clouble) okl;
p-m' p;
ichl-a;
icb3-0;
DI -*n-nmin;'* iCenlÏon procas ta fiDd the root of f(P)-I. *'
i_l-·malic;
fOr(iœr-l;iter< -i_l;++iter}{'* die rowl of matrix b widl weipt IIp ue roIIICd iDIo tbe *''* triaquIariscd ObservaliOD lIWrix a wbicb il stond iD a. *'

pmv-one 1 p;
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i 3~nkl;

for(i_ = l;i_< =i_3; + +i->{
c_li-l=z_[i-l;
g[i_+*Jc2*g_diml]-O.O;
i 2=*kl;
for(j=l;j < =i_2;++j){

g(i_+j*g_diml] =a{i_+j*a_diml];
'* L260: */

}
i 2=n8;
for(it=l;it<=i 2;++il){'* die row of matrix b is rowed inlo triangle by giveas traIISfo

rmalion *'
i 3.*k2;
for(i_=l;i_< -i_3;++i'->{

h_[i_-l]=b(it+i_*b_diml]*pinv;'* 1270: */
}
yi=O.O;
i_3=nkl;
for(j =il;j < ~i_3;+ +j){

piv=h_(O];
/* calculaœ the parameters of the givens transformation. */

fpgivs_(&piv.&g(j+I_dimll,&cos_.&sin'->:'* transformations ta right band side. *'
fprota_{&cos_.&sin_,&yi,&c_(j]);
if0:1 =nkt){

goto L300;
}
i2=*kl;
if(j >n8){

}
i_4=i2;
for(i_-l;i_< -i_4; + +i->{

/* trIIIIfOrmaliODS to lcft band side. *'
U-i_+1;
fprota_{&cos_,.biD_,Idl_[il-ll.A.Ü+U*I_diml]).
h [i -1) -b [il-l];-- -'* 1.280: *'

'* 1.290: *' }
L3OO:

}
,. blckward substitution to obtaiD the b-spliDe coefficieDII. *'

fpbKk_<&alJ_offset],Ac:_(ll.lcDkl,k2.Ac-lll...);
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'* compuwion of f(p). *'
*fp-O.O;
1·*k2;
i_2-*m;
for(il= l;it < =i_2; ++it){

if(x[il] < t[1] Il 1>nltl){
goto L310;

}
++1;

UIO:
10=1·*k2;
term=O.O;
i_3=·kl:
for(j=l;j < =i_3;+ +j){

++10;
term + = c_(10)*q[il+j*CLdiml];

'* L320: *'
}'* COmpUÛDg 2nd power *'
r_1 =w[it] ·(term-y[it]);
*fp += r_l*r_l;

'* L330: *'
}'* test whether the approximation sp(x) is an acceptable solution. *'
fpms-*fp_·s;
if(fabs(fpms) < acc){

goto L440;
}'* test whether the maximal number of iteratioDS is reacbed. *'
if(iter= = *maxit){

golo L4OO;
}'* carry out one more step of the itention process. *'
p2-p;
a-fpms;
if(ich3 != OH

goto L340;
}
if(f2-fJ >aœ){

goto L335;
}'* our iDibal choicc of p is too large. *'
p3-p2;
a-a;
p *. caD4;
if(p< .pl){

}
JOCO L360;

1.335:
if(tl<O.O){
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icb3= 1:
}

L340:
if(icbl != OH

golo usa;
}
if(fi-f2 >acc){

goto L34S;
}

1* our initial choice of p i5 [00 small *'
pl =-p2;
fl=-f2;
p I~ 0004;
ü(p3<O.O){

gOlo L360;
}
if(p> =p3){

P=p2*oool +p3*con9;
}
l0lo L360;

1.345:
ü(f2>O.O){

icb1=-1;
}'* test whetber the iteratioo process proœeds as theoreticaUy *'

'* expected. *'Uso:
if(t2> =0 II f2 < =f.3}{

golO lAIO;
}'* find the DeW value for p. *'
p-fprati_{&pl ,&n ,ltp2,&f'.Z,8tp3,&f3);

L360:

}'* error codes and messages. *'
lAOO:

*ier-3;
lOlO lA4Q;

lAIO:
*ier=2;
lOto L440;

L420:
*ier-l;
lOto lA4O;

L430:
·ier--l;
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'* System generated locals *'
inl b_diml,b_offset,i_l,i_2,i_3;

'* Local variables *'
stalie double prod,h_l12];
stalie iDl i_j,k,l,nrint,kl;
stalie double an;
stalie inl ik,jk,lj ,lk,lp,Dkl ;
swie double fac;
sWic inl Imk;

'* Parameter adjUStmeDlS *'
-t;
b_diml =*Deat;
b_offset=b_diml + 1;
b -= b_offset;

'* FunctiOD Body *'
kl =*k2·1;
k=kl-l;
okl =*n-kl;
nrint=okl·k;
an =(double) nrinl;
fac=an I(l[okl +1]·t(kl»;
i_l =nkl;
for(l=*Ic2;l < =i_l;+ +I){

Imk-l-kl;
i 2 z kl;
for(j z l;j < =i_2; ++j){

ik=j+kl;
Ij=l+j;
lk=lj-*k2;
h_0·1] = t[l]-t[1k]:
h_lik-l] -t[l]-t(lj]:

'* LlO: *'
}
lp-Imk;
i 2-*k2-
for(j-l;j ~ =i_2;+ +j){

jk=j;
prod-h_[j-l];
i_3-k;
for(i_-1;i_< -i_3;++i-->{

++jk;
procl-prod*b.Jjk-l]*flC;

}
lk-lp+kl;
b[lmk+j*b_climl] -(t(lk)-t[1p»' prad;
++lp;
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}

'* LAO: *'
}'* fpdisc- *'
void fppvs_{double* piv,double* wwtdouble* COI_,double· siD->{

,. System genemed locals *'
double r_l;,* Loca1 variables *'
swic double stofetdd.one;

one=1.0:
store = fabs(*Piv);
if(store> = *ww){

1· Computing 2nd power *'
f_l-*ww 1 ·piv;
dd-store*sqn(one+f_l*r_l);

}
if(slore < ·ww){'* Computing 2nd power *'

r_l-*piv 1 ·ww;
dd-*ww*sqn(one+f_l*r_l);

}
·cos_=*ww 1 dd;
*sÏD_= *piv , dd;
*ww=dd;

void fplmol_(double* x.ÏDt* m,double'" t,inl· n,double· fpinl,int* nrdaIa.
inl· DriDt,inl· nest,ÏDt* istart){'* System generated locals .,

iDt i_l;

'* Local variables *'
stalie ÎDI next,j,k,ihalf;
stalic double fpmu;
stalie: ml mlXpt;
stade: double am,an;
swic ÎDI li ,jk,jbegin,mubca.numberJpoim,JIl'X;

,. Parameter adjusUDelllS *'
-~;

-ardaIa;
-fpmt;
-t;

'* FUDCtion Body *'
k -(*n-*nriIll-l)' 2;

,. SeII'CIl for knot interVal t(number+t) < -x<-1(IlUIIIber+t+1) wbae *'

487
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/* fpint(number) is maximal on the condition mat nrdata(number) *''* DOt equals zero.. *'
fpmax=O.O;
jbegin=*istan;
i_l =*nrint;
for(j=l;j < =i_l; ++j){

jpoint=nrdala(j];
if(fpmax> =fpint[j] II jpoint== =O){

goto LlO;
}
fpmu == fpintUJ;
number==j;
maxpt ==jpoint;
maxbeg=jbegin;

LlO:
jbegin=jbegin+jpoint+ 1;

'* 120: *' }'* let coïncide the new knot tCnumber+k+ 1) with a daIa point x(nrx) *''* inside the old mot interval t(number+k) < =x < =t(number+k+ 1). *'
ihalf=maxpt , 2+ 1;
orx=maxbeg+ihalf;
next==number+ 1;
if(next> *nrint){

lOto LAO;
}'* adjust the different parameters. */
i_l =*nrint;
for(j=next;j < =i_l; + +j){

.ü -DUt+*nrint·j;
fpinllli + 1] =fpintfjj];
JUdaIaüj + 1] =nrdata(jj1;
jt-jj+k;
l[jt+ 1] =t(jk];

'* 1.30: *' }
LAO:

nrdata(number) = ihalf-l ;
nrda!a(next) =maxpt·iba1f;
am=maxpt;
an=nrdata(number];
fpint(Dumber) =fpmu*an 1am;
an-nrdaIa(next];
fpinl(ocu]=fpmax*an 1am;
jt-next+k;
tUt]-x(nrx];
++(*n);
++(*nrint);
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double fprati_(double* pl,double· n,double· p2,double* a.double- p3,double- fJ){
'* System generated locals *'
double l'et_val;

'* Local variables *'
static double p.hl ,h2,b3;

if(*p3 >O.O){
loto LlO;

}
,- value of p in case p3 =inflnity. *'

P =(~l *(*fl·*f3)*·fl·*p2 *(*fl·*f3)**fi) 1«*fi·*f2)·*
f3);

goto L20;
'* value of p in case p3 ... = infinity. *1
LlO:

hl =*0 *(*f2.*f3);
h2 = *f2 *(*O·*fI);
b3=*f3 *(*f1.*f2);
p=-(double)(*pI**p2·h3+*p2**p3*hl +*p3**p1*b2)/(*

pl*hl + *p2*b2+*p3*h3);'* adjust the value of pl,fl ,p3 and f3 such tbal fi >0 and f3 <O. *'
120:

if(*a <O.OH
lOto L30;

}
*pl =*p2;
*n :a.f2;
goto L40;

L30:
*p3=*p2;
*f3=*f2;

L40:
ret_val=p;
retum ret_val;

void fprota_(double* cos_,double- sÎD_,double- a,double- b){
stalic double stor1.saor2;

storl a*a;
stor2 a *b;
*b.*cos *SUlr2+*sÎD *storl .- -'
·a=·cos_*storl·*sÎD_·Slor2;

}'* fproca_ *{

void splcv_(double* t,int* n,double- c_,iDt* t,double- x,double- y,
iDt*ID,ÙIl* iu){

,. System generated local. *'
mt Î_l.i_2;
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'* Local variables *'
static double h_[6];
static int Î_,j,I,kl,l1;
static double tb;
static int 11;
static double te,sp;
extem 1* Subroutine *1 void fpbspl_O:
static int nt1;
staric double arg;

'* Parameter adjusunents *{
-c_;
-t;
-y;
-x;

1* Function Body *'
·ier= 10;
if«i_l =*m-l) <O){

lOto LlOO;
} else if(i_l ==O){

lOto L30;
} eise {

gOlo LlO;
}

LlO:
i l=*m;
for(i_=2;i_< =i_l; ++i->{

if(x(i--3 <x[i_-l]){
gOlo LlOO;

}
{- Uo: -{

1.30:
*ier=-O;

,- fetch lb aDd te,the boundaries of the approximation ÎDœrval. -,
kl=-k+l;
ntl =-D-Icl;
tb=l[kl];
te-t[nkl + 1];
l=kl;
11=1+1;

,- main loop for the differenl points. -{
i_l=*m;
for(i_-l;i_< =-i_l;++i->{

,- ferdl a DeW x-value arg.•,
ara·xli--l;
if(aq<lb){ /lIb i.e. t beliD

arg -lb; lIœ i.e. 1 eDd
}
if(..>te){
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arg=te:
}'* seardl for mot ÏDterval t(l) < =arg< t(1+ 1) *'

IAO:
if(arl <t[ll] Il 1= =nkl){

goto LSO:
}
laU;
U-l+l;
lOto L40;'* evaluaœ the non-zero b-splines al arg. *'

LSO:
fpbspl_(&t[l]90tkt&argt&lth-->:'* tiDd the value of s(x) al x=arg.•,
sp-O.O;
Ual-kl;
i 2a ld;
for(j=l;j < =i_2;++j){

++11;
sp += C_[11]*h_[j-l];

'* L60: *'}
Yli--l=sp;

'* L80: *'
LlOO: ;
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'* menUl.cOl *'
liDc1ude <sulio.h >
IiDclude <stdlib.h >
liDdude <como.h>

iDt ShowMainMenu(void){
clrscr();
l°toxy(l.5);
textcolor(WHlTE);
cprintf(" MAIN MENU\r\n\r\n");
rextcolor(LIGHTGRAY);
rextblCkpound(BLACK);
cpriDtf(- E Estimate a mill selection function\r\n");
c:priDtf(· S Sca1e an estimaled mill selection fuDctïon\r\n");
c:priDtf(· a Simulate a ball mill in aD open circuit\r\n-);
c:priDtf(· Q Quit\r\n\r\n");
gotoxy(l ,24);
texteolor(YELLOW);
c:priDtf(" Please enter your choice: ");
texteolor(LIGHTGRAY);
retum 0;
}
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'* inttolCf,a)l *'
liDclude <sulio.h >
IiDclude <stdlib.h>
liDclude <conio.h>
liDclude <graphics.h >
IiDclude <dos.h>

iDt ShowlDtroScreen(void){
inl i;

clncr();
l0toxy(1,5);
priDtf(- Numerical Grinding Optimization Tools in C (NOOTC), MAY 1998\n-);
priDtf(- McGill University\n-);
priDtf(- Depanment of Mining and Metallurgical EngineeriDg\n-);
priDtf(- Mineral Processing Group\n-);
printf(- Developer: Akbar Farzaucgan\n-);
priDtf(- Supervisor: Prof. André R. Laplanle\n\n\n-);
priDtf(- \o\n-);
priDtf(- \0-);
printf(- \n-);
priDtf(- \0-);
priDtf(- \0-);
printf(- \0\0-);
priDtf(- Please press any key to continue ... -);
gelChO;
rerum 0;
}
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'* utility.cOl *'
IiDclude <stdio.h>
IiDclude <stdlib.h >
IiDclude <conio.h >
IiDclude <math.h >
Ii.Dclude <string.h >
IiDclude <dir.h >
IiDclude -Ieu.h"
linclude -global.h"

extem char savescr[4096];
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inl GetFUeNames(c:har *ptrExt);
void PriDtText(int x.iDl y.char* teu.inl forgc:olor);
inl HandleEndOtFile(void);
char ~tringAt(inl x,int y,int maxlen);
void GetColOtDala(int row,int c:olumn.int DoSzClasses,ÎDt* xOfColumnPtr,

int mulen,char* fonnalStr,char* formatStrLeftJus,
do~le miDAllowedRaDgc,double

muAUowedRange,
double *templnputPtr);

void PrintErrMsg(void);
double FiDdMax(coDSt double* vec:tor,int n);
double FiDdMin(CODSt double· veclor,inl 0);
void LocaIe(double ·xx,unsigned lonl n,double x,uosiped lonl *j);
inl Checklnpul(int column,double input,double miD,double max);

void PriotText(int x,inl y,char* text,ÏDt forgcolor){
l°toxy(x,y);
textcolor(forlcolor);
cpriJllf(text);
textcolor(UGHTGRAY);
}

char *OeIStringAt(int x,inl y,int maxlen){
staIic char buffer[MAXLEN];

buffer(O]-mulen-2;
10001)'(x,y);
reNnl sttdup(ClclS(buffer»;
}

void GetColOfDara(int row,int column,ÎDt noSzCluses,ÎD1· 100001umnPtr,
iDt mWm,cbar- formalStr,char- fomwSttLefIJus.
double miDAllowedRaDae,double

lIIUAlIowedRanle,
double *temp1DputPtr){

iDt Cbecklnpul(int column.double input,double miD,double mu);
eDUID boat doaea FALSE:
eDUID boat canUseArraysValues=TRUE;
iDt à,key;



AppencUx F Numerical Grinding OptimizadoD Tools in C (NGOTC) 495

int stalUS -0;
char ·sUÏDa;

for(row -4;row <noSzClasses +4;row++)(
_seteursortype(_NOCURSOR);
lotoxy(xOfColumnPtr[column],row);
if(column> 3) clreol():
else printf(· ");
lotoxy(xOfColumnPtr(column) ,row);
priDtf(formatStrLeftJus,templnputPtr(row-3]);
gotoxy(xOfColumnPtr(column] ,row);
_scteursortype(_NORMALCURSOR);
tey a getehO;
if(key :a =ESC){

_seteunonype(_NOCURSOR);
gotoxy(xOfColumnPtr[column) ,row);
printf(" ");
gotoxy(xOfColumnPtt[column),row);
cprintf(formatStr,templnputPtr(row-3]);
break;

}
UDgetch(key);
puteh(key);
done=FALSE:
sutus-O;
wbile(!done){

_seteursonype(_NORMALCURSOR);
string =GetStriDgAt(xOfCoIUlDD.Ptt{column],row,max1en);
if(string[O] =='\0'&&canUscAmysValues){

gotoxy(xOfCoIUlDD.Ptt{column),row);
printf(" ");
gotoxy(xOfCoIUlDD.Ptt{column),row);
cprintf(forDWStr,leIDplDputPu(row-3]);
_setcursonypeLNOCURSOR);
done=TRUE;
continue;

}
status =sscanf(striDa, "ti If" ,AtemplDputPlr[row-3]);
if(stalUS==l){

if(CheckInpul(column,œmplDpucPlr(row-3],minA1IowedRanle,
muAllowedRaqe» dODe-TRUE;

elsc{
PrintErrMSIO;
lotoay(xOfCoIUllllLPlr(column],row);
priDtf(· .);
doDe-FALSE;
cmUseArraysVaI..- FALSE;

}
if(!done) colUinue;
_setcunonypeLNOCURSOR);
IOIOxy(xOfCoIUllllLPlr(columa].row);
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printf(" ");
gotoxy(xOfColumnPtr(column] ,row);
cprintf(fomwStr.tempInputPtr(row..3]);
if(column- =l&&row~ =-4)

for(i =S;i < =noSzClasses+3;i++){
templDputPtr(i..3] -templDputPtt[i-4]/(double) sqn(2);
gotoxy(xOfColumnPtr(column),i);
priDlf(" .);
gotoxy(xOfColumnPtr(column],i);
cprintf(formalStr,templnputPtr(i..3J);

}
canUseArraysValues=TRUE;
continue;

}
eJse{

ftlusb(stdin);
string[O] ='\0';
PrintErrMsgO;
_setcursonypeCNOCURSOR);
gotoxy(xOfColumnPtr(column) ,row);
printf(" .);
done=FALSE;
canUseAmysValues=FAUE;

}
_seICUnOrtype(_NORMALCURSOR);
}

void PriDtErrMsg(void){
cbar savescr(810];

aetleXt(l, 10,80,14,savescr);
PriDtText(l6,11,· r-j-----------------------

---------...." •,WHITE);
PriDtText(l6,12,· 1 Incorrect input, press any te)' 10 continue... 1 • ,WHITE);
PriDtText(l6,13," ,-'-----------------------
-----------, ••WHITE);
_seteUnOrtypeCNOCURSOR);
lelCbO;
IOlOJy(20, (0);
puttexl(l,10,SO,14,savescr);
_seu:unonype(_NORMALCURSOR);
}

double FiDdMU(CODSt double· vec:tor,ÎIlt o){
/* IllUlDÏDl a unit offset for v .,
double mu-vector[1];
ÎDl iœr:

for(i.-l;ircr< =n;iter+ +)
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muamu(max,vector[iter»;
retunllDU;
}

double FiDdMin(const double* vector,int n){
Il UlUlllÏDI a unit offset
double min-vector[l);
iDt iter;

for(iter-l;iter< =n;iter+ +)
min.min(min,vector[iter]);
retUm min;
}

void Locaœ(double *xx.unsigned long n.double x.unsiped long *j){
UDSiped long jU,jm,j 1;
inl ascnd;.

jl a O;
jua n+l;
ascnd-(u(n] >xx[l));
whüe(ju-j1> 1){

jm=(ju+jl) > > 1;
if(x> u(jm) = =ascnd) jl ~jm;
else ju=jm;

}
·j-jl;
}

iJU ClcckInput(int column,double input,double miD.double max){
int mValue-l; .

if(iDput<minll input> mu) retValue-O;
retUnl retValue;
}

inl HllldleEndOfFile(voidH
char key;

c1ncr();
10IOxy(l.24);
cemolor(UGHTRED);
cpriDtf(·Unexpec:ted EOf before readiDl all cilla! Press ID)' Dy to continue ... -);
tateolor(UGHTGRAY);
plCbO;
reaam 0;
}

iDt OetFUeNames(cbar *pttExt){
muet ftblk flblk;
cbIr fil..-(128] =- ••. ";
cbar *pIrCurDir;
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int doDe,coUDter;

pttCurDir-letewd(NULL,MAXPATH);
if(ptrCurDir=- == NULL){

clncrQ;
PriDtText(5,3, "Error reading current workin. dïrectory- ,UGHTGRAY);

}
stttaI(meuame,puExt);
clncrQ;
l°toxy(lO,2);
texlCOlor(WHITE) ;
cprimf(-Data files (%5) in current directory "s\n" ,filename,pttCurDir);
texlCOlor(UGHTGRAY);
donc-findfint(filenamc;&ftblk,O);
gotoxy(1,4);
coumer-l;
whüe(!done){

if(countcr < = 20)
l0toxy( 1.coUDter+3);
else if(countcr < =40) gOloxy(21,COUDter-20+3);
else if(coUDter< =60) gotoxy(41,coUDter-40+3);
else if(counter< =80) gotoxy(61,counter-60+3);
else break;
cpriDtf(" "s" .ftblk. ff_name);
clone- findncxt(&ftblk);
COUDter+ +;

}
retum 0;
}
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'* memmaDge.c */
liJIclude <stdio.h>
Iinclude <stdlib.h>
ldefiDe NR_END 1
ldefiDe PREE_ARG char""

typedef sttuet{
double 1:

} ballmill;

typedef struct {
double De; 1* insidc diameter of the cyclone *'
double Di; 1* inside diameter of the cyclone inIet *'
double Do: 1* inside diameter of the cyclone overt1ow or vonex fiDder */
double Du; /* inside diameœr of the cyclone undertlowor apex orifice ./
double h; 1* free vonex height of the cyclone *'

} cyclone;

bal1mill *CreateVectorBM(1ong nI,long oh);
void FreeVectorBM(ballmill *v,long nl.long Db);
cyclone *CreateVectorCYC(1ong nI,long Db);
void FreeVec:torCYC(cyclone ·v,long nI,loDg Db);
void FaralError(char errorText(]);
int *CreaaeVectorlnt(1ong nI.long Db);
void FreeVectorlnt(int ·v,long nJ,long oh);
00. *CreateVec:tor(long o1.long Db):
void FreeVector(float *v.long nJ.long ah);
double *CrealeVec:torD(1ong nI.Jong Db);
void FreeVectorD(double *v,long nI.loDI ob):
iDl **CreateMatrixlnt(1ong orl,long nrb,long ncl.lonl nch);
void FreeMatrixlnt(int **m,long orl.long nrb,loDI ncl.loDI DCh);
Ooat **CreateMatnx(1ong ort.long nrb,loDllICl,loDI ncb);
void FreeMaaix(tloat ·*m.long nrl,lang nrb.lonl ocl,loDl DCh);
double **CreateMattixD(lODg nrl.long nrb,lODI nd.IODg DCh);
void FreeManixD(double **m.loDI orl,loDI m,lODg acl,loDI ncb);

baUmill*CreateVectorBM(1ong nI,long nh){
baUmill *\f;

v-(ba1lmi11*) malloc«size_O «nb-ni+1+NR_END)*sizcof(ballmill»);
if(!v)

FatalError(-Memory allocation faiJure iD CraœVectorBMO-);
remm v-a1+NR_END:
)

voiel FreeVectorBM(ballmill *V,IODg o1.loDI nb){
fJee((FREE_ARG) (v+nl-NR_END»;
)

cydone *CreareVectorCYCOong 01.10DI nh){
cydone *v;

499
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v=(cyclone .) malloc({size_[) «nb-ni +1+NR_END)*sizeof(cyclone»);
if(tv)

FalalError("Memory allocation fallure in CreateVectorCYCO");
reaun v-n1+NR END;
} -
void FreeVectorCYC(cyclone *v".long nI.long nb){
free«FREE ARG) (v+nl-NR END»;
} - -

inl *CreateVectorlnt(long ntlong nhl{
int *v;

v=(int *) malloc«size_t) «nh-nl+ 1+NR_END)·sizeof(int»);
if(!v)

FatalError("Memory allocation failure in CreateVectorlntO");
retW1l v-nl+NR END;
} -

void FreeVcctorlnt(int ·v,long nI,long nh){
free«FREE_ARG) (v +nl-NR_END»;
}

flolt *CreateVector(long nI.long nh){
flolt *v;

v~(floll .) malloc«size_t) «nh-nI +1+NR_END)*sizcof(Ooat»);
if(!v)

FatalError("Memory allocation fallure in CreaœVectorQ");
retW1l v-nl+NR_END;
}

void FreeVector(tloat ·v,long ni.long nb){
free«FREE_ARG) (v +nl-NR_END»;
}

double ·CreateVectorD(long nl,long nhl{
double *v;

v-(double .) mallOC«SÎZe_l) «nh-n1+ 1+NR_END)*sizeof(double»);
if(!v)

FIIalError(ltMemory allocation Cailme in CreaœVectorOO-);
retunl v-Dl+NR_END:
}

void FreeVectorD(double ·v.long nI,lODg ml{
fIee (FIlEE_ARG) (v+n1-NR_END»;
}

iDt **CrareMatrixlnt(1ong url.long DIb,lona DCl,lODI DCh){
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long i,j,nrow ~nrh-nrl+ l ,neol=nch..ncl+ 1;
ÎDI *-m;

'* aUocaœ pointers to rows *1
m-(iDt .*) malloc«size_t) «nrow+NR_END) *sizeof(int·»);
if (!m)

FataiError("Memory allocation fallure 1 in CreateMattixO");
m+-NR_END;
m--arl;
1* al10C11e rows and set pointers to tbem *1
m[nrl)-(iDt *) malloc«sÎZe_t) «nrow*ncol+NR_END)·sizeof(int»);
if(!m(arI])

Fala1Error("Memory allocation fallure 2 in CrealeMattixO");
m[nrl)+ -NR_END;
m[nrl)·-ncl;
for(i -Drl+1;i < =nrh;i++)

m(i] =m(i.. l)+ncol;'* recum pointer to array of pointers to rows *'
retunl m;
}

void FreeMattixlnt(int ··m,long orl,long nrh,loDg nel,loDg nch){
free«FREE_ARG) (m(nrl] +ncl..NR_END»;
free«FREE ARG) (m+nrl-NR END»;
} - -

flolt **CreateMattix(1ong orl.long orb,long nel,loDI nch){
10Dg ij,nrow=nrh-nrl + l ,neol =nch..nel+ 1;
flou **Dl;

'* allocate pointers to raws ·1
m-(floll *.) maIloc«size t)«nrow+NR END) ·sizeof(OOll*»);
if(tm) --

FIIalError("Memory allocation fallure 1 in CreueMIlrixO");
m+-NR_END:
m·-url;'* aIlocaœ rows and set pointers ta them *'
m(nrI) -(float .) malloc«sïze_0 «nrow*ncol+ NR_END)·sizeof(float»);
if(tm[Dd])

PIII1Error("Memory allocation fallure 1 in CreaœMIlrixO");
m(nrI1+ -NR_END;
m(nrI)--acl;
far(i -nd+ l;i< -nrh;i++)

m(i] ~m(i-ll+ncol;'* reaam pointer to array of pointers ta roWI *'
retunl ID;
}

void FreeMlIrix(Ooll ··m,loDg nrl,lODI arb,lODIIICI,loq acb){
free(FREE_ARG) (m(nrl) +ncl-NR_ENO»;
free(FREE_ARG) (m+nrl-NR_END»;
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}

double *-ereateMattixD(long nrl,long nrh,long ncl,loDg DCh){
10lIl ij,nrowaorh-nrl+ l ,ncal = Dcb-ncl+1;
double **Dl;

'* 1110C11e pointers to rows *1
m-(double **) malIoc«size_t) «nrow+NR_END) *sïzeof(double·»);
if(fm)

Fa1alError("Memory allocation (allure 1 in CrealeMatrixDOOf);
m+-NR_END;
me_url;
,. aIlocaœ rows and set pointers to mem -,
m(nrl]-(double *) malloc«size_t) «nrow*ncoI+NR_END)*sïzeof(double»);
if(fm(orl])

Fa1alError("Memory allocation failure 2 in CreaœManixDO II
);

m(nrl]+ -NR_END;
m(nrI]--ncl;
for(ianrl+ l;i < =nrb;i+ +}
m{i]-m(i-l] +ncol;'* mum pointer to array of pointers to rows *'
reNm m;
}

void FreeMatrixD(double ·-m,loug nrl,long nrh,loDg acl,loug nch){
fne«FREE_ARG) (m(nrl] +ncl-NR_END»;
fne«FREE ARG) (m+nrl-NR END»;
} - -

void FaraIError(char errorText[]){
fprimf(stderr, l~s\n",errorText);
fpriDlf(sulerr, "exit ...\n ll

);

exil(EXIT FAlLURE);
} -
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'* DIOCC.h .,
euem UDligned _stk1en = 8192;

int AcquireDara (void);
int SaveData(void);
int BaUMill(void);
inl SbowMainMenu(void);
inl SimulaleCircuit(void);
inl HeipMaiDMenu(void);
int WriceToScreen(void);
int WriteToFile(void);
int WriteToPrinter(void);
int GetDaraFromUser(void);
int ExitProgram(void);
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'*getl.h *'
ldefiDe MAXLEN 7 '* Maximum string sile (+3) : 4 cbanden cao be entered

al keyboard *'
cbar *OetStringAt(int X, mt Y, inl maxlen);
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,- global.h *1

IdeftDe ESC 27
ldefiue MAXSIZECLASSNO 20

typedef eaUDl 0001 {FALSE =0,TRUE= l} 0001;
typedef enum operationmode{SELECTIONFUNCEST:a l,SIMULAnON:a2,BALLSIZEOPT=3}

operatioomode;

extem char projectTitle[81];
exrem double *screenSize;
extem double *feedSizeDistribution;
extem double *selectionFunction;
extem double *dischargeSizeDistribution;
extem 0001 normalisableBreakageFunction;
extem double **breakageFunction;
extem double ·diag;
extem double ··t;
extem double ·*tinv;
extem double ··tmag;
extem double *·trans;

extem ml sizeClassNumSimGrCir;
extem double *ptrTauPFSimGrCir;
eltem double *ptrTauLPMSimGrCir;
extem double *ptrTauSPMSimGrCir;
extem double *ptrRefMillFeedRateSimGrCir;
extcm double *ptrCurMillFeedRaœSimGrCir;
eltem char *projcctTiûePtr;
extem bool *normalisableBreakageFunctionPtr;
extem bool savedData;

extem char projectTitleEst(];
extem bool normBreakFuncEst;
extem iDt sizeClassNumSelecFuncEst;
extem double *ptrSCreenSizeEst;
extem double *ptrFeedEst;
exœm double *pttDischargeMeasuredEst;
extem double *pttDischargeCaicEst;
aterD double **ptrBreakFuncEst;
exœm double *ptrSelectionFunCtÎonEst;
exœm double *ptrTauPFSelecFuncEst;
extem double *ptrTauLPMSelecFuncEst;
extem double *ptrTauSPMSClecFuncEst;
extem double *ptrRetMillFeedRaleSFEst;
eIterD double ~MillFeedRateSFEst;
euem double *pttDia&:
extem double -*ptrT;
atenl double **ptrTiDv;
atenl double **ptrTdiag;
mena double **ptrTnms;
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extem double *ptrFactorK,*ptrIDiS, *ptrDifS;
exlml iDt *ptrK;
ex1em char projectTitleBaUSzOpt();
extenl iDt sizeClassNumBallSzOpl;
extem double *pttScreenSizeBallSzOpl;
extenl double *ptrSelecFuncBallSzOpl;
extenl double *ptrStandardDevBallSzOpl;
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'* bmcs.c *'
linclude <stdlib.h>
IiDclude <stdio.h>
IiDclude <conio.h>
IiDclude <string.h>
liDclude <dos.h>
IiDclude <math.h>
linclude <proœss.h >

'* code for various pbysical and conceptual unit! in the circuits */
'define BM_UNIT_CODE 1
'define RCYe_UNIT_CODE 2
'defiDe JUNC_NODE_CODE 3
'defiDeSPUIT_NODE_CODE 4
'defiDe FIXCLASS_NODE_CODE S
IdefiDe CNVRG_BLOCK_CODE 100

'* CODlWlts *'
ldefine EPS 0.000001
ldefine mo l ,. water density as dcfault for suspendinl tluid deDsity .,
ldefine mu l '* waler viscosity as default for suspendinl liquid viscosity *'
typedefenum bool {FALSE=O,TRUE=l} bool;

int *CrealeVectorlDt(1oDI nI,long Db);
void FreeVectorlnt(int ·vtlonl nI,lODI oh);
int **CrealeMauixlnt(loDI orl,long orb,long ocl,loDI nch);
void FreeMatrixlnt(int ··m,long orl,long orb,lonl ncl,long nch);
inl ReadCircuitSpec:(int ·cirNo);
iDt ReadNumsOtNodesStrms(int cirNo,inl ·nodeNums,int *streamNums);
iDt ReadSimulatioDStatUS(int ·curNodeNumPtt,ÏDt cnvrsNodeNums,bool ·convergence,inl
·complterPtr);
iDl UpdaleSimulalionSwus(int curNodeNum,inl cnvrgNodeNums,bool ·coDverlence,ÎDt compIler);
iDt ReadConnectivityMattix(inl ·*conMatPtt,int cirNo);
iDl ReadSueamMattix(iDt streamNums,double ·*sumMalPtt);
iDl ReadSueamsSizeDist(double *·sumSizeMatPtt,inl sizeClusNums,ÎDt streamNums);
iDt UpdaleStrmSizeMaI(double ··sttmSizeMatPtr,inl sizeClasaNums,int streamNums);
iDl ReadCycloneNums(int ··conMatPtr,int nodeNums,int *cycPackNums);
inl OetFUeNames(char *pttExt);
iDl SelectlnputFUe(char ·dFUeName,cbar ·extPtr);
iDt ReadlDputFUe(char *dFUeName);
iDl CreaaelDputFile(cbar ·dFUeName);
iDl CreateSimuStatusFile(int cnvrgNodeNums);
iDt CreaœStrmsMatFUe(void);
iDt CreateStrmlSizcMacFile(void);
iDt ClUleCycPanmFUe(ÏDt cycPackNums);
iDl WriteReport(void);
iDt ChcckIfExeCanPr(void);
cbIr ~aAl(iJUx.int y,inl maxlen);

ÎDt main(){
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char str(32],dFüeName(lS] ,extPtt(4], ·strPtr;
int ··conMatPtr;
iDt ij,iter,curNodeNum;
int cirNo,nodeNums,stteamNums;
iDl cycPackNums,cnvrgNodeNums;
iDl raVaI;
1001 iDt t;
bool clone;
bool ·cnvrgVecPtr;

clrscrQ;
gotoxy(1,5);
priDtf(" BALL MILLING CIRCUITS SIMULATOR (BMCS), MAY 1998\n");
prind'(" McGill Univenity\n");
priDtf(" Cept. of Mining and Metal1urgical Engineering\n");
printf(" Mineral Processing Group\n");
printf(" Developer: Akbar Farzanegan\n");
printf(" Supervisor: Prof. André R. Laplante\n\n\n");
printf(" STEP 1 \n\n");
printf(" At tbis step a circuit tlowsheet must he selccted by the user. \B");
priJuf(" The number of the selected circuit is passed to the simulator \B");
priDtf(" wbich identifies the circuit in a teu file aamcd 'conmat.lib'. \n");
printfe This tile must he in the same directory tIw the 'blDCS.ee' \n");
printf(Il file exîsts.\n\n");
priDd'(Il Please press any key to continue ... ");
getehQ;
system("circuits.cxe");
ReadCircuicSpec(&cirNo);
if(cirNo=- =-1411 cirNo=- = 1511cirNo= =-1911 cirNo= =20){

clrscr();
gotoxy(l,S);
printf(" This program cannot be used to simulate the selected\n");
printf(" circuit. Only circuits dw include ball mills or/and\n ll

);

printf(" hydrocyclones CID be simulated.\n\n");
priDtf(" Exit BMCS to DOS ... ");
locoXY(1,24);
wt(EXlT_FAlLURE);

}
else if(cirNo> -21Ic&cirNo< -48){

c1rscr();
gotoxy(l,5);
printf(" This propam caanol he uscd ta simulaae the selceted\n"):
priDlf(" circuit. OoIy circuits tbal iDc:lude baU mills or/lDd\n");
prinlf(" hydroqtcloDa CID he simulaœd.\n\n");
printf(" Exit BMCS to DOS ...");
IOlOKY(l,24);
exil(EXlT_FAlLURE);

}
eIse if(cirNo- -SOI lcirNo--Sll IcirNo--55){

c1rscr();
IOIOKY(1,.5);
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To simulate the selected circuit, a data file must be created\n");
widl the extension cllil and saved under the same directory thal\n");
'bmcs.exe' file exists. The data file format must be consistent \n");
widl the circuit discription given in the 'conmat.lib' file. \n\n");
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printf(" This program cannot be used to simulate the selected\n");
printf(" circuit. Only circuits that include ball mills or/and\n");
printf(" hydrocyclones cao be simulated.\n\n");
printf(" Exit BMCS to DOS .•. ");
gOloxy(1,24);
exit(EXIT_FAlLURE);

}'* rad number of nodes and streams from the selected circuit connectivity
maaix */

ReadNumsOtNodesStrms(cirNo.&tnodeNums.&streamNums};
c1ncr(};
gotoxy(l ,5);
printf("
printf("
priDtfe
priDtfe
priDtf("

priDtf(" Do you want the edit.cam program to be run to create\n");
printf(" a aew data file or modify an existing one (yIn)? ");
strPtrsGctStriDgAt(S4,13,4);
whüe(strPtr(O]!:I: 'y'&&strPtr(O]! ='Y'&&strPtr(O]!:I: 'N'&&strPtr(O]! ='o'l{

gotoxy(S4,13);
clreolO:
strPtr=GetStringAt(S4,13.4);

}
if(sttPtt(O] = = 'Y' Il strPtr(O] = ='y')

system("edit.cam lb UDtitled.c#'");'* mate extension string *1
S~(extPtr,IC");

itoa(cirNo,stt, 10);
Strell(extPtr,stt);
,. rad data file prepared by the user ········.cllII .,
1* cœaœ initial files .,
mVal-l;
whüe(retVall-O){

GctFUeNames(extPtr);
SelecdDputFile(dFileName.extPtr);
raVai ~CreatelnputFUe(dFi1eName);

}
CrealeSttmsMalFüe();
CraaeSttmsSizeMatFUe();'* alIocaœ euct memory nceded for readiDa connectivity mattix *'
conMatPtt~CreateMalrixJnt( l ,nodeNums, l ,sueamNums+3);
for(i -l;i< -nodcNums;i+ +)

far(j -1;j < -sueamNums+3;j + +)
conMatPtt(i]("-O.OO;

RadCoDDeCtivityMaIrix(coaMlIPtr,cirNo);
covqNocIcNuma-O;
for(i-l;i< -DOCIeNums;i+ +)

if(coaMalPtt[i][2]--CNVRG_BLOCK_CODE>cavqNodeNuma++;
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CreaœSimuStatusFUe(cnvrgNodeNums);
c:nvrgVecPtt=(bool *) CreaœVectorlnt(l,covrgNodeNums);
(or(i a l;i< =cnvrgNodeNums;i+ + )

cnvrgVecPtt(i] =0;
ReadSimulationSwus(&curNodeNum,cnvrgNodeNums,cnvrgVecPlr,&iter);
ReadCycloaeNums(conMatPtr,nodeNums,&cycPackNums):
CreateCycParamFUe(cycPackNums);
c1ncr();
10IOxy(l,5);
prlntf(" PLEASE WAIT... -);
gOloxy(l,7);
printf(" ITERATION "):
gOlOxy(S8,24);
printf("(Press Ctrl+C to quit)");
doae:.FALSE;
wbi1e(!donc){

gotoXY(lS,7);
printf(" %3d" liter);

for(i= l;i< =nodeNums;i++){
switch(conMacPtr(il[2]){

case BM_UNIT_CODE:
gotoxy(l,9);
clreolO:
printf(" running ballmill.exe ");
syscem(·ballmill.exc"):
ChecklŒxeCanProceedO:
break;

case RCYC_UNIT_COCE:
gotoxy(l,9);
clreolO:
priDtf(· numiDg cyclone.exe ");
system(·cyclone.cxc");
ChecklŒxeCanProceedO;
break;

case JUNC_NOCE_CODE:
gOloxy(1,9);
clreolO;
priDtf(" nmDÎDg junctiOD.cxe ");
system("jUDCtiOD.CXC");
ChecklfExcCanProcO;
break;

eue SPLIT_NODE_CODE:
aolOxy(l,9);
cln:olO;
primf(· nmDÏDI split.exe ");
sysœm(" split.eu·);
ChectltExeCaDPrO;
break;
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case FIXCLASS_NODE_CODE:
gotoxy(l,9);
clreolû;
printf(" runniDg tixclass.exe ");
systeme" tixclass.exe");
CheckIfExecanProceedü;
break;

case CNVRG_BLOCK_CODE:
gOlOxy(1,9);
clreolû;
printf(" running converge.eu ... 11);
system(·converge.exc·);
ChecklŒxecanProceedO;
break;

}
if(cnvrgNodeNums==0) break; ,. if there is no convergence node, go out of whilc loop .,
clse{

ReadSimulalionStatus(&curNodcNum,cnvrgNodeNums,cnvrgVecPtt.&iter);
forCi = l;i< =cnvrgNodcNums;i+ +)

if(cnvrgVccPtt(i]) donc=TRUE;
elsc{

done=FALSE;
break; ,. if encounter the tint non-CODverged black do Dot check others,

go out of for loop .,
}

}
iter++;
UpdaœSimulationStatus(curNodeNum,CDvrgNodeNums,cnvrgVecPU',iter);
}
WriteReponO;
,- clar Ctrl+C remindcr .,
l0toxy(l ,24);
clreolO;
,- iDform the user t1W simulation bas been completecl .,
gotoxy(l,12);
primf(· STEP 3 \D\D");
printf(" The simulation wu completed. The output file bas been saved\n·);
printf(· under me oame 'bmcs.out' .\n\n");
priDtf(" Do you waat ta see the file (yIn)? ");

strPtr-GetStriDaAt(40,17,4);
wbile(strPtt[O]! - 'y'&&sttPu{O}!='Y'&lcsttPtt(O)! - 'N'üstrPtt(O]! la 'n'H

IOlOxy(40,l7);
cIRoIO;
mPtraGetStrlniAt(40,17,4);

}
if(strPu(0l la a 'Y' Il suPtt[O] la .'y') sySlelD("edit.com lb bmcs.oul");
c1ncr();
IOtoxy(l,.5);
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printf(- Exit to DOS ... ");
for(t -1;t< =4000000;t++) ;
clncr();
retUm 0;
}

512
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'* circuits.cOl *'
typedefenum bool {FALSE=OtTRUE~l} bool;
lifdef _ TINY_
lerror BGIDEMO will Qot nm in the tiny mode!.
lendit

IiDclude <dos.h>
fiDclude <mam.b>
IiDclude <conio.b>
linclude <stdio.h>
linclude <stdlib.b>
linclude <stdarg.h>
linc:lude <striDg.h>

IiDclude <graphies.b >

513

ldefine MAXLEN 20
lderme TRUE 1
ldefine FALSE 0
ldefiDe PI 3.14159
ldefine ON 1
ldefine OFF 0

Idefine NFONTS Il

ldefine ESC 27

ldefine MILL_LENGTH SO
ldefiDe MILL_DIAMETER 3S
ldefine CYC_TOP_H 12
ldefiDe CYC_DIAMETER 24
ldefine CYC_H 40

ldefine H_SPC 55
ldefine SMALL_H_SPC 15
ldefiDe V_SPC 90
ldefiDe SMALL_V_SPC 20

'defiDe ArrowW 6
ldefiDe ArrowL 8

'* Define SOUle handy CODStanl5 *''* Define somc handy constants *''* Define a value for PI *''* Define some handy CODStants *''* Detine ,some handy CODStants *'

char *Fonts(NFONTS]:I:{
"DefaultFom", "TriplexFontlt

t "SmallFom",
"SauSerifFoDt","OodlicFoDl", ItSCriptFODt" t "Simplexfont". "TriplexSc:riptFODt" ,
"ComplexFoDt","EuropeanFont","801dFont"

};

cbIr *LiDcSlyles(] - {
"SoüdLD", "DoltedLn", "Centerl.ll", ··Daball n", "UserBitLn"

};
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char *FillStyles(] ={
·EmptyFill·, ·SolidFill" "LineFill" , "LtSlasbFill",
•SlasbFW", "BkSlashFill". "LtSkSlashFill", "HatehFill" ,
·XHatehFill", "lnterleaveFill" •·WideDotFill", "CloseDotFill"

};
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iDt GraphDriver;
iDt GraphMode;
double AspectRalio;
inl MDX,MuY;
mt MuColon;
iDl ErrorCode;
strUCt palettetype palette;

'* The Graphies device driver *''* The Graphies mode value *'
'* Aspect ratio of a pixel on the screen*'
/* The maximum resolution of the screen */'* The maximum /1 of colon available ./'* Repons any graphics erron .,'* Used to read palette iDfo *'

'* FUDdion prototypes .,
void IDitialize(void);
void DisplayCircuits(void);
void MainWindow(char *beader);
void SwusLine(char -msg>:
void DrawBorder(void);
void c:bangelextstyle(inl font,inl direction,inl charsize);
int gprintf(int *x1oc,inl *yloc,char ·fmt, ... );

void DrawPrimaryMilI(int x,inl y,int d,inl 1);
void DrawBallMiII(int x,inl y,inl d,inl 1);
void DrawCyc:loae(inl x,inl y,int d,int l,int hl;
void DrawScreen(int xl,inl yI,iBl ,a,iBl y2,inl 13,int y3);
void DrawCrusher(inl x,inl y);
void RiptArroW(inl x,ml y);
void RightArrowW(inl x,inl y);
void LeftArrow(int x,inl y);
void UpArrowW(inl x,inl y);
void UpArrow(iIll x,inl y);
void DownArrow(int x,inl y);
void DownArrowW(int x,iIll y);

iDl LoIdCircuics(ïnt ·cuNo);
void DrawF1owsheetl(void);
void DrawAowsheet2(void);
void DrawFlowsbeet3(void);
void DrawFlowshcet4(void);
void DrawFlowshcet5(int x,inl y);
void DrawFlowsheet6(ml lPnt,int yPnt);
void DrawFlowsheet7(inl lPnl,int yPnt);
void DrawFlowsbeet8(inl lPnt,iDt yPnI):
void DrawFlowsheet9(inl lPnt,iDt yPnt):
void DrawFlowsbeetlO(iDl xPIll,iDl yPDt);
void DrawFlowsbeetll(iDt xPDt,iDt yPat);
void DrawFlOWlbeet12(iDt xPDt,iDt yPm);
void DrawF1oWlbeet13(iDt xPIlt,iDt yPm);
voici DrawF1owsbeell4(iDt xPIll,iDt yPm);
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void DrawFlowsheetlS(int xPnt.int yPnt);
void DrawFlowsheetl6(int xPnt.int yPnt);
void DrawFlowsheet17(int xPnt.ÏDt yPnt);
void DrawFlowsheet18(int xPnt.int yPnt);
void DrawFlowsbeet19(int xPnt.int yPnt);
void DrawF1owsbeet2O(int xPnt.inl yPot);
void DrawFlowsheet21(int xPnl.int yPnt);
void DrawF1owsbeet22(int xPnt.int yPnt);
void DrawFlowsbee123(inl xPnt,int yPnt);
void DrawF1owsheet24(int xPnt,int yPut);
void DrawF1owsbeet2S(int xPnt,int yPot);
void DrawF1owsheet26(int xPnt.int yPot);
void DrawF1owsbcet27(int xPnt.int yPnt);
void DrawF1owsheet28(int xPnt.int yPnl);
void DrawF1owshee129(int xPnt.int yPot);
void DrawF1owsheet30(int xPnt.int yPot);
void DrawFlowsheel31(int xPnt.int yPnt);
void DrawFtowsbeel32(int xPnt.int yPnt);
void DrawF1owsheel33(int xPnt.int yPut);
void DrawF1owsheet34(int xPnt.int yPot);
void DrawF1owsbeel3S(int xPnt.int yPot);
void DrawF1owsbeel36(int xPnt.int yPot);
void DrawFlowsheel37(int xPnt.ÎDt yPot);
void DrawFlowsheel38(int xPnl,int yPot);
void DrawFlowsheel39(int xPnt,int yPnt);
void DrawFlowsbeet40(int xPnt.ÎDt yPoI);
void OnwFlowsbeet41(inl xPnt.int yPnt);
void DrawFlowsbeet42(inl xPnl.int yPot);
void DrawAowsheet43(int xPnt.ÎDt yPnt);
void DrawFlowsheet44(int xPnt.int yPot);
void DrawAowsheet4S(int xPnt,int yPot);
void DrawF1owsheet46(int xPnt,int yPot);
void DrawFlowsheet47(inl xPnt,int yPm);
void DrawFlowsbeet48(int xPnt,iDl yPot);
void DrawF1owsheeI49(inl xPm.int yPnt);
void DrawF1owsheetSO(int xPnt,ÎDt yPot);
void DrawF1owsheetSl(int xPnt.int yPm);
void DrawF1owsheetS2(int xPnt.int yPnt);
void DrawFlowsheed3(iDt xPnt.int yPnt);
void DnwF1owsheetS4(int xPnt,int yPDt);
void DrawF1owsheetSS(iDt xPnt.int yPDt);
void DrawF1owsheel56(int xPnt,int yPm);
im WnOutputFUe(int cirNo);
cbar ·OetSttinaAt(int x,inl y.int mulcn);

iDt maiD(){
iDt cirNo;

SIS

1Didalize();
LoadCimliCS(&cirNo);
WrtOutputFile(cirNo);

'* set system ÎDto Graphies mode
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closegrapbO;
retum 0;
}

'* Retum the system to teXl mode *'
'* INITIALIZE: Initializes the graphies system and reports

any erron which occured. *'
void IDitialize(void){
iDt UIp,yasp; '* Used to read the aspect ratio·'

registerbgidriver(EGAVGA_driver);
registerbgifoDt(sansserif_foot);
registerbgifoDt(small_foot);
GraphDriver=DETECT; '* Request auUHleteetioo *'
iDitgraph(&GrapbDriver,&GraphMode," ");
ErrorCode=grapbresultO; ,. Rad result of initia1izatioo*'
if(ErrorCode! = grOk){ '* Error occured during init *'

printf(" Graphies System Error: ~s\n" ,grapherrormsg(ErrorCode»;
wt(1);

}
getpalette(&paleue); '* Read the palette from board *'
MaxColors=geunaxcolor() + 1; '* Read maximum number of colon*'
MaxX-geunaxxQ;
MaxY=getmaxyO; '* Rad sile of screen *'
gewpectratio(lwsp,&yasp); '* read the hardware aspect *'
AspectRatïo=(double)xasp '(double)yasp; '* Gel correction factor *'
}

'* CIRCLEDEMO: Displaya random pattern of circles on the screen *''* until the user says enough. *'
iDl LoadCircuiu(int *cirNo>{
char str[S],*strPtr;
inl cb,key;
IODa i;

boal doDe - FALSE;
MainWiDdow("GRlNDING CIRCUIT FLOW5HEETS");
StalUSLiDe("Previous <P> NUI <N> GaTo <G> Escape <Esc>");

·cirNo-l;
if(*cïrNo=- -1)

DrawF1owsheetlO:

wbile(!doDe){
Dy -aelChO;
if(kcy. - ESC){

c1osepaphO;
l°toKY(l,5};
priDtf(" Pleue CIller the circuit number. If die circuit tloWlbeet CIIIDOt\n");
primf(" be fOUlld IIDOIII die pre-defiDed ODeS, you bave tG -pl a 1lUIIIber\n");
priDIf(" co your cin:uit paIer tbID die number of die lIIt predefiDed \Il");
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}
else

Dumber? ");

printf(" Oowsheet and must alsa add its connectivity mattix with the correct \n");
printf(" format to the 'commat.lib' file.\n\n·);
printf(" Circuit number? ");

strPtr=CietStringAt(21,11,5);
*cirNo::aO;
whlle«(sscanf(strPtr, Il Cli· ,cirNo»!=1) Il (*cirNo< l){

gotoxy(21 ,1 1);
clreolQ;
suPtr=GetStringAt(21,ll,S);

}
clrscr();
gotoxy(1,5);
printf(" Do you want to retum to circuits screens to change the circuit\n");
printf(" number selected (yIn)? .);
strPtr-GetStringAt(28,6,4);
while(suPtr[O]! - 'y'&&suPtr[O]! = 'Y'&&sttPtr[O]! ='N'&&sttPtr(O]! = 'n'){

gotoxy(28,6);
clreolQ;
sttPtr=GetStringAt(28,6,4);

}
if(strPtr(O] = = tN' Il sttPtr(O) =- := 'n'){

done=TRUE;
clrscr();
break;

}
1Ditia1ize();
MaiDWindow("0RINDING CIRCUIT FLOW5HEETS");
SwusLine("Previous <P> Next <N> GoTo <0> Escape <Esc> ");
·cirNo-l;
DrawF1owsheetlQ;

if«*cirNo> 1) &&(key := ::a'P' Il key := ='p'»
(*cirNo)-;

else if«-cirNo <56) ü(key- s'N' II key • =- 'n'»
(·cirNo)++;

else if(key- .'0' Il key - -'l'H
closqnpbQ;
l°toxy(l.5);
priDtf(" Please enter the circuit

sttPtt-OetStringAt(38.5.5);
·cirNo-O;

wblle«(SICIDf(strPtt, "Si".cirNo»! -1) Il (·cirNo< 1»{
IOIOxy(38,5);
clreolO;

strPtr-OeIStriDgAt(38,5.5);
}
if("cirNo>56){
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representalion of the entered circuit number does\n");

exit!" •*cirNo);

to conÛDue ... ");

MainWindow("GRINDING CIRCUIT FLOWSHEETS");

<P> Next <N> GoTo <0> Escape <Esc>");

}
else{

MainWindow("GRlNDING CIRCUIT FLOWSHEETS");

<P> Next <N> GoTo <0> Escape <Esc>");

}
else continue;

switeh(*cirNo)(
case 1:
DrawAowsbeetl0;
break;

case 2:
DrawFlowsheeao:
break;

case 3:
DrawAowsbeet30;
break;

case 4:
DmvF1owsheet40;
break;

case 5:
DrawFJowsbeet5(MuXJ2-SO,MuY/2·50);
break;

case 6:
DrawF1owsbeet6(MuXI2,MuY12);
break;
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gotoxy(l,5);
c1reolO:
priDtf(.. The graphica1

priDtf(.. Dot

gotoxy(1.9);
printf(lt Press any key

gelChQ;
InitializeO;

StatusLine("Previous

*cirNo=l;

InitializeO;

SWUSLme("Previous
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case 7:
DrawAowsheet7(MaxXJ2-S0,MaxY/2-S0);
break;

case 8:
DrawF1owsheet8(MaxXI2...S0,MaxY/2..50);
break:

case 9:
DrawAowsheet9(MaxXJ2-S0,MaxYI2-S0);
break;

case 10:
DrawFlowsheet10<MuXI2-S0,MaxY/2-50);
break;

case 11:
DrawFlowsheetll(MaxXJ2·S0,MaxY/2-40);
break;

case 12:
DrawFlowsheet12<MaxXJ2-S0,MaxY/2-40);
break;

case 13:
DrawAowsheet13(MuXI2+ 100,MaxYI2·S0);
break;

case 14:
DrawFlowsheetI4(MaxXI2+ lSO,MaxY/2-S0);
break;

case 1S:
DrawAowsheetlS(MaxXJ2+ ISO,MaxY/2·S0);
break;

case 16:
DrawAowsheetl6(MuXI2+25,MuY/2-25);
break;

case 17:
DrawAowsheet17<MuX/2+25,MuY12...25);
break;

case 18:
DnwFlowsheetl8(MuXJ2+25,MuY/2-25);
break;

case 19:
DnwF1owsbeetl9(MuX/2+25,MuY/2-25);
break;

SI9
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case 20:
DrawFlowsheet20(MaxXl2+25,MaxY/2-25);
break;

case 21:
DrawFlowsheet2l(MaxX12 +2S•MuY/2-25);
break;

case 22:
DrawFlowsheet22(MaxXJ2+15.MaxY/2-2S);
break;

case 23:
DrawFlowsheet23(MaxXl2 +15,MaxY/2-25);
break;

case 24:
DrawFlowsheet24(MaxXl2+25.MuY/2-25);
break;

case 15:
DrawFlowsheet2S(MaxXl2 + 12S,MaxY12-25);
break;

case 26:
DrawF1owsbeet26(MuX/2+ iSO.MaxY/2 A SO);
break;

case 27:
DrawFlowsheet27(MaxX12+ ISO,MaxY/2-50);
break;

case 28:
DrawAowsheet28(MaxX12+25,MuY/2-25);
break;

case 29:
DrawFlowsheet29(MaxX12+2S,MuY/2-25);
break;

case 30:
DrawAowsbeet30(MaxXJ2+2S.MuY/2-25);
break;

case 31:
DrawF1owsheet31(MuX/2+25.MuY/2-25);
break;

case 32:
DrawF1owsheet32(MuXJ2+25,MuYI2-25);
break;
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case 33:
DrawF1owsheet33(MaxXl2+25,Maxyn-25);
break;

case 34:
DrawF1owsbeet34(MaxX12 + 25,MuYn-25);
break;

case 3S:
DrawFlowsheet3S(MaxXJ2+2S,MaxY/2·25);
break;

case 36:
DrawFlowsheet36(MuX/2 + 25,MaxY/2-15);
break;

case 37:
DrawAowsheet37(MaxXJ2+ 12S,MaxY/2-25);
break;

case 38:
DrawAowsheet38(MaxX12+ lSO,MaxY12-50);
break;

case 39:
DrawFiowsheet39(MaxX12 + IS0,MaxY12-50);
break;

case 40:
DrawFtowsheet40(MaxXI2+lS,MaxYI2-15);
break;

case 41:
DrawFlowsheet41(MaxX/2+2S,MaxY/2-2S);
break;

case 42:
DrawF1owsheet42(MaxXI2+25,MaxYI2-2S);
break;

case 43:
DrawAowsheet43(MaxX12+ 2S,MuY12-2S);
break;

case 44:
DrawFlowsbeet44(MaxXI2+25,MaxYI2-2S);
break;

case 4S:
DrawFiowsbcet4S(MuXJ2+2S,MaxYI2-2S);
break;
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case 46:
DrawFlowsheet46(MaxXl2+2S,MuY12-25);
break;

case 47:
DrawFlowsheet47(MaxX12+2S,MuY/2-25);
break;

case 48:
DrawAowsheet48(MaxXI2+2S,MaxYI2-2S);
break;

case 49:
DrawFlowsheet49(MuX/2+ lSO,MaxYI2-50);
break;

case ~:
DrawFlowsheetSO(MaxXI2+ 17S,MaxY/2-S0);
break;

case 51:
DrawFlowsheetS1(MaxXl2 + 175,MaxY/2-50);
break;

case 52:
DrawFlowsheetS2(MaxXJ2+75,MaxY/2-SO);
break;

case 53:
DrawF1owsheetS3(MaxX12 + 75,MuY/2-50);
break;

case 54:
DrawF1owsheetS4(MaxXJ2+ lOO,MaxY/2-SO);
break;

case SS:
DrawFlowsheet5S(MuXI2+ lOO,MaxY/2-SO);
break;

case 56:
DrawF1owsheelS6(MuX12+ lOO,MaxY/2-50);
break;
}

}
retUm 0;
}

void DrawBa1lMi1I(iDt ]t,int y,int d,iDt IH
ÎIIt i;
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rectangle(x-II2-(l1S).(1I7) ,y-d/2,x-lI2.(1IS),y+d12);
rectaD&1e(x-II2.(1/S),y-dJ2-(dlS),x-l/2.y+ dI2+ (diS));
rectaDgle(x-U2,y-d12,x+U2,y +dl2);
rectaD&1e(x+lI2,y4'4.x+lJ2+1I10,y+dl4);
for(i-l; i< -11; i++)

Mle(x-U2+(i*4).y+dI2-3,2);
chanletextstyle(DEFAULT_FONT,HORlZ_DIR,O);
seuextjustify(CENTER_TEXT,TOP_TEXn;
setUSerdwsize(6,1,6,1);
ounextxy(x-lO,y-2, "BM");
}

void DrawPrimaryMill(inl x,inl y,inl d,inl l){
inl i;

rectaD&1e(x-1I2-(l/S).(II7),y-dl2,x-112-(IIS) ,y+d12);
rectallgle(x-1I2-(l/S),y-dJ2.(dl5),x-ll2,y+dl2+(dl5»;
rectaDgle(x-112,y-d12,X+112,y +<112);
rectaD&1e(x +II2,y-d/4,x +112 +1I10,y +dl4);
moveto(x-l/2+2,y+dl2-4);
for(i=-l;i< =12;i++){

ÜJICtO(IetJtO + 2,getyO +2);
ÜJICtO(IetJtO+2,gClYO-2);

}
1IIOveto(x-lJ2+2,y+dI2-7);
for(i-l;i < =12;i+ +)(

liDeto<JeaO+2,getyO+2);
liDeto(JeaO+2,getyO-2);

}
cbanleteXUtyle(DEFAULT_fONT,HORlZ_DIR,O);
seuextjustify(CENTER_TEXT,TOP_TEXT);
semaercbarsize(6,l ,6, 1);
ouuexuy(x-6,y-2, "PM");
}

void DrawCyclone(int x,inl y,int d,int I,ÏDI b){
reaaqle(x-U2,y-dJ2,x+112,y+d12);
liDe(x-1J2,y+dI2,x,y+h);
liDe(x,y+h,x+112,y+d12);
cbaD&eteXUtyle<DEFAULT_FONT,HORIZ_DIR,O);
scuextjustif)'(CENTER_TEXT,TOP_TEXT);
semaercbarstze(6,l,6,1);
ouuemy(x-S,y-3,"C");
}

void DrawScreen(inl xl,int yi ,int Ja,im y2,iDt x3,int y3){
moveto(xl,yl);
sediDcslyle(DASHED_UNE,O,I);
1iDeIo(12,y2);
sediDcslyle(SOLID_UNE,O,1);
1iDeIo(x3,y3);

S23
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lineto(xl ,y1);
}

void DnwCrusher(inl x,inl y){
iDt xl.yl.x2.y2.x3,y3,x4,y4,xS,yS;
iDt x6,y6,x7.y7,x8.Y8,x9.y9,xlO,ylO,xll,yll;

xl-x-o.6*SMALL_H_SPC;
yI-y;
x2-xl +O.lS*SMALL_H_SPC;
y2-yl +O.6*SMALL_V_SPC;
x3 -x2-o.8~*SMALL_H_SPC:
y3-y2+0.9*SMALL_V_SPC;
x4-x3+2*(xl +«x-xl)/2)-x3);
y4-y3:
xS-x2+2*(xl +«x-xl)/2)-x2);
y5-y2;

x6-x3-o.1S*SMALL_H_SPC;
y6-y3;
x7=tx6;
y7.yl +O.2*SMALL_V_SPC;
x8 -x2-o.4*SMALL_H_SPC;
y8-y2;

x9 =tx4+0.IS*SMALL_H_SPC;
y9-y4;
xl0-x9;
ylO-y+O.2*SMALL_V_SPC;
xl1-xS+O.4·SMALL_H_SPC;
y11-yS;

movelO(x,y);
lineto(xl,yl);
lineto(x2,y2) :
liDeIo(x3,y3);
liDeIo(x4,y4);
lineto(x5,yS);
liDelo(x,y);

movelO(x6,y6);
lineto(x7,y7);
lineto(x8,y8);
lineto(x6,y6);

IDOvelO(x9,19);
lineto(xl0,ylO);
lineto(xl1,y11);
lineto(x9,19);
}
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void RightArrow(int x,inl y){'* our polygon array *1
inl poly[6];

lineto(x,y);
poly[O) =x; 1* lst vertex *1
poly(l)-y;
poly[2]-x-ArrowL; 1* 200 *1
poly[3] =y-ArrowW12;
1* 3th venex. tillpoly automatically closes Ihe polygone *1
poly(4] =x-ArrowL; 1* 3rd *1
poly(S] =y+ArrowW/2;'* dnw a ti11ed polygon *'
fillpoly(3,poly);
}

void RightArrowW(int l,iDl y){'* our polygon array *'
int poly(6];

setlinestyle(DASHED_LINE,O,l);
llneto(x,y);
poly(O) :ax; '* Ist vertex *'
poly(l]=y;
poly(2) =x-ArrowL; '* 2nd *'
poly[3] =y-ArrowW12;'* 3th venex. tillpoly automalically closes the polygone *'
poly[4] =x-ArrowL; 1* 3rd *'
poly(S] -y+ArrowW'2;'* clraw a fillcd polygon *'
fillpoly(3,poly);
setliDestyle(SOUD_UNE,O,l);
}

void LeftArrow(int x,inl Y>{'* our polygon array *'
int poly(6];

liDcto(x,y);

poly[O) -x; '* Ist vertex *'
poly[l]-y;
poly[2]-x+ArrowL; '* 2Dd *'
poly(3]-y+ArrowW12;'* 3th venex. rillpolyautomatically closes me polygone *'
poly[4]-x+ArrowL; '* 3rd *1
poly(5] -y-ArrowW12;'* draw a fiUed polYlon *'
ftlIpoly(3,poly);
}

void UpAnow(int x,iDl y){
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'* our polygon may *'
int poly[6];

liDeIo(x,y);

poly[O) -x; '* ht venex *'
poly(l)-y;
poly(2)-x-ArrowWI2; '* 2nd *'
poly(3) -y+ ArrowL;'* 3th venex. filIpoly automalica11y closes the polygoD. *'
poly[4]-x+AaowWI2; '* 3rd */
poly[5] -y+ An'owL;'* draw a filled polygon *'
fillpoly(3,poly);
}

void UpArrowW(int X.ÏDI y){'* our polygon anay *'
inl poly(6);

sedincstyle(DASHED_LINE,O, 1);
llDelo(x,y);

poly[O) - x; '* lst venex *'
poly[l]-y;
poly[2] -x-ArrowWI2; '* 2nd *'
poly[3].y + ArrowL;'* 3th venex. fillpoly aUlomatically closes the polYlon. *'
poly[4]-x+ArrowW'2; '* 3rd *'
polY[SI-y+ArrowL;'* clraw a filled polygon *'
tillpoly(3,poly);
sediDestyle(SOUD_UNE,O,I);
}

void DownArrow(ïnt x,iDt y){

'* our ,oIYIOO array *'
iDt poly[6];
liDeIo(x,y);

poly(O] .x; '* lst venex *'
poly(l]-y;
poly(2]-x+ArrowWI2; '* 2nd *'
poly[3] -y-ArrowL;'* 311l vertex. fillpoly automalically closes the polYlon. *'
poly(4] -x-ArrowWI2; '* 3rd *'
poly(5] -y-ArrowL;'* clraw a filled polYlon *'
fillpoly(3,poly);
}

void DowoAnowW(ÏIU x,int y){

'* our polYIOO array *'
iDt poly(6];
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setliDestyle(DASHED_LINE,O, 1);
lineto(x,y);
poly[O] -x; /* lst venex */
poly[l]-y;
poly(2)=x+ArrowWI2; /* 2nd */
poly(3) -y-ArrowL;'* 3th venex. fillpoly automatically closes the polygoD. */
poly[4]-x-ArrowWI2; /* 3rd */
poly[~.y-ArrowL;
/* draw a filled polygon ./
fillpoly(3,poly);
sediDestyle(SOLID_LINE,O, 1);
}

MAINWINDOW: Establish the main wiDdow for the demo and set *'
a viewpon for the demo code. */

*'
,­,-
'*void MainWindow(char *header)(
iDl heighl;

cleardeviœ(); '* Clear graphies screen *'
seccolor(UGHTCYAN); '* set cumnl color to white */
setViewpon(O,O,MaxX,MuY,I); '* Open pon to full screen */

heipt='*textheigbt("HIt); /* Ga basic text height *'
cbanletextstyle(DEFAULT_FONT,HORIZ_DIR,O);
senextjustify(CENTER_TEXT,TOP_TEXT);
serusereJwsize(6, l ,6,1);
ounemy(MaxXJ2-100,25,header);
SCICOlor(WHlTE);
setViewpon(O,beigbt+4,MaxX,MuY-(heigbt+4),I);
DrawBorder(};
setViewpon(l,heigbt+S,MaxX-l,MuY-(heipt+5),1);
}

/* STATU5L1NE: Display a staIUS line al the boltom of the sc:reen. *'
void SlalusLiDe(char *msg){
inl hei&bt;
setViewpon(O,O,MaxX,MuY,l); '* Open pon to full amen . *'
chlDptextstyle(DEFAULT_FONT,HORlZ_DIR.,O);
seaatjUllify(LEFT_TEXT,TOP_TEXT);
setulelCb8ni1.e(6,4,6,4);
sediDatyle(SOUD_UNE,Q,NORM_WlDTH);
sediIIJlyle(EMPTY_FILL,O);

beilbt-5*tutheipt("H"); ,- DeœmiDe cumnl heipl *'
bar(O,MuY-(hei&ht+4),MuX,MaxY);
œnmlle(O,MuY-(I1eipt+4),MuX,MuY);
seu:olor(YELLOW); '* Set" c:umIIl color to white *'
outIatI.y(5,MuY-(heipt-lO),msa);
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DRAWBORDER: Draw a solid single liDe around the current

viewpon. *'

seteolor(WHITE); '* Set current color to white
setvîewponO.height+5.MaxX-l.MaxY-(heigbt+ 5).1);
}

'*
*'

void DrawBorder(void){
strw:t viewpomype vp;

setœlor(MaxColon-l); ;* Set current color to white *;
sediDestyle(SOUD_UNE.O,NORM_W1DTH);
getviewsettings(&vp);
rectaDgle(O.Q.vp.right-vp.left,vp.bouom-vp.top);
}

'* CHANGETEXTSTYLE: similar ta settextstyle,but chec:ks for *''* errors that might occur whil loading the fODt file. *'
void changetextstyle(int fODt,int directiOD,iDt charsize){
iDl ErrorCode;

graphresultO; '* cleu mor code *'
setteXtStyle(fonl,direction,chanïze);
ErrorCode-graphresultO; '* check result -,

if(ErrorCode! -grOk){ '* if error occured -,
closegraphQ:
printf(- Graphies System &ror: Is\n-,IDpherrormsg(ErrorCode»;
exit(l);

}
}

'* GPRlNTF: Used lite PRINTF exccpt the output is sem tG the -,
,- screen in graphies mode al the specified co-ordiDale. -,
inl IPrintf(iDt -xloc,iDt *yloc,char *fmt, ...){
vaJiIl argptr; '* ArpmeDI list pointer *'
char str(140]; ,- Buffet 10 build stina inlo -,

int COl; '* Result of SPRINTF for retum *'
,- Initialize VI_ fuoctiODS *'

cm- vspriDtf(str,fmI,argptr);
ouaauy(*doc,*yloc,str);
*)tloc +- texdlei&bt(-H·) + 2;

VI_ead(argptr);
returD(CDt);
}

iDl WrtOutpUIFüe(ÏDt cirNo){
FILE *outpuISaeamPtr;

'* open output file *'

'* prinls striDl to buffet -,'* Sad striDl iD araPbics mode *''* Advaace to DeU liDe *'
'* Close VI_ ftmctions *''* Rerum tbe conversion coUDl *'
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if(!(oulputStreamPtr=fopen("circuit.spc","w"»)
printf("cannol creat output file! Press any key 10 exit program");

else
fprintf(OUlputStreamPtr, ""d If .cirNo);

'* close file *'
fclose(outputStreamPtr);
reIUrD(-l);
}

char *ûclSlrlngAl(int X,inl y,int max.len){
static char buffer[MAXLEN];

buffer{O] =-maxIen-2;
gotoxy(x,y);
retum sudup(cgets(buffer»;
}
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,. fuDcsl.c:Ol .,
IiDclude <como.b >
IiDclude <stdïo.b>
IiDclude <sldlib.b>
IiDclude <grapbics.b >

'defiDe MILL_LENGTH 50
ldefiDe MILL_DIAMETER 35
ldefiDe CYC_TOP_H 12
IdefiDe CYC_DIAMETER 24
ldefine CYC_H 40

'defiDe H_SPC 55
ldefiDe SMALL_H_SPC 15
ldefiDe V_SPC 90
ldefiDe SMALL_V_SPC 20

530

extem inl MuX,MaxY; ,. The muimum resolution of the scœen .,

void changetextstyle(iDl fODl,inl directioD,ÎDl cbarsize);

void DrawPrimaryMill(inl x,inl y,inl d,iDI 1);
void DrawBa11MiU(int x,inl y,int d,int 1);
void DrawCyclone(int x,inl y,inl d,inl l,inl h);
void DrawScreen(inl xl,inl yl,inl x2,inl y2,inl x3,inl y3);
void DrawCrusher(inl x,inl y);
void RiptArroW(inl X,iDl y);
void RiptArrowW(iDl x,inl y);
void LeftArroW(iDl x,ÏDl y);
void UpArrowW(int x,inl y);
void UpArrow(iDl l,inl y);
void DownArrow(ÎDl l,inl y);
void DownArrowW(inl l,inl y);

void DrawAowshectl(void){
,. SM, a siDgle bail mill in open circuit .,
iDl mi1lX,millY,mill_lX;
iDI mLoffset;

clearviewpono;
sctfi11style(l ,WHITE);
millX-MaxXI2;
IDillY-MuYI2-I00;

mLoffset-(MILL_LENGTHI2)+<MILL_LENGTH/5)+(M1LL_LENGTHm;
,. Draw frah feed .,
movelO(millX-mLoffset-H_SPC,millY);
Ripwrow(mi1IX-mLoffset,mülY);
DrawBaUMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
,. mi11 cliscbaqe .,
IIIOvelO(millX+ (MILL_LENGTHJ2)+(MILL_LENGTHllO),millY);
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RiplArrow(getxQ+H_SPC,getyO);
cbaDlelextstyle(SMALL_FONT,HORlZ_DIR,S);
ounuuy(MaxXI2-20,MaxY'2+ 100,"CiR:uït 1");
}

void DrawFiowsheet2(void){'* C, a single c:lassificalioD unit in open circuit *'
int c:ycX,c:ycY;
mt mLoffset;
ml xl,yl,x2,y2,x3,y3;

clearviewponQ;
setftIlstyle(l,WHITE);
cyc:X -MaxXI2;
cyc:Y-MaxYI2-100;
DrawCyclone(c:ycX,c:ycY,2*CYC_TOP_H,2*CYC_DIAMETER,2*CYC_8);

'* CF *'moveto(c:ycX-eYC_DIAMETER-H_SPC,c:yc:Y);
RipcArrow(c:ycX-CYC_DIAMETER,getyQ);

'* COf *'IDOveto(cycX,c:ycY-CYC_TOP_H);
liDeIo(geaO,cycY-CVC_TOP_H-SMALL_V_SPC);
RiptArrow(geaO+H_SPC,getyQ);

'* CUF *'moveto(cycX,c:yc:Y+2*CYC_H);
DownArrow(geaO,getyO+2.S*SMALL_V_SPC);
chaDgeœxtstyle(SMALL_FONT,HORIZ_DIR,S);
ouatextxy(MaxXJ2-20,MaxY12+100,"Cîmlit 2.);
}

void DrawF1owsbeet3(void){

'* aJUNCI10N DOde *'
int x.y;
int polyl[6],poly2[6];

setliDestyle(SOUD_UNE,O,l);
c1earviewponQ;
scdiUItyle(l ,WHITE);
x-MuXI2;
y-MuYI2-100;
moveto(x-2*H_SPC,y);
RiplAnow(x,y);
moveto(x-H_SPC,y-V_SPC);
IiDeIo(x,y);

polyl[O] • x; '* Ist venex *'
polyl[l] - y;
polyl(2) - polyl[Q]-2: '* 2Dd *'
poly1(3) - polyl[l]-lQ;'* 31b VerIex. ftlIpoly automatically doses die polYIGD. *'
polyl(4) • polyl[Q]-7; '* 3rd *'
polyl(5] - polyl[l)-8;
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'* draw a tilled polygon *' _
fillpoly(3 ,poly1);
moveto(x-H_SPC,y+V_SPC);
liDeto(x.y);
poly2[O) = x; '* lst venex *'
poly2[l] :a y;
poly2[2] - poly2[O]-7; '* 2nd *'
poly2(3] :a poly2(l] +8;'* 3th verteX. fillpoly automaticaUy closes the polygone *'
poly2(4] =- poly2[O]-2; '* 3rd *'
poly2(5] =- poly2[l] + 10;'* draw a tilled polygon *'
fillpoly(3 ,poly2);
RightArrow(x+2.S*H_SPC,y);
changeœxtscyle(SMALL_fONT,HORIZ_DIR.8);
outteltty(MaxXl2-20,MaxYI2+ 100, ·Circuit 3");
}

void DrawFlowsheel4(void){

'* a SPLIT node *'ml x,y;
ml polyl[6].poly2[6];

scillDestyle(SOLID_LINE,O, 1);
clearviewponO;
setfillstyle(l t WHITE);
x-MaxXI2;
y-MuYI2-IOO;
moveto(x-2.5*H_SPC.y);
RiPtArrow(x.y);
liDelo(x+H_SPC,y-V_Spc);
,olyl[O] - geaO; '* lst vertex *'
polyl[l] - getyO;
polyl[2] - polyl[O]-8; '* 2nd *'
polyl[]] • polyl[l]+7:,* 3th venex. ftllpoly aUlOuwically closes the polYlon. *'
polyl[4] - polyl[O]-2; '* 3rd *'
polyl[5] - polyl[l]+lO;'* draw a filled polYlon *'
filIpoly(3 ,poly1);
movelO(x.y);
liDeto(x+H_SPC.y+V_Spc};
pol12(O] - getxO; '* lst vertex *'
poly2[1} - IClYO;
,0112(2] - poly2(O)-8; '* 2Dd -,
,0112(3] - poly2[l]-7;'* 3th verteX. rl1lpoly autolDllical1y closes tbe polYIOD. *'
,0112[4] - poly2[O]-2; '* 3rd *'
,0112[5] - poly2[l]-IO;'* draw a ftlled polYlon *'
ftlIpoly(3.poly2);
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movelo(X,y);
RiptArrow(x+2*H_sPC,y);
chaDleleXUtyle(SMALL_FONT,HORlZ_DIR,8);
ouuemy(MaxXJ2-20,MaxY12+ 100, -Circuit 4-);

l

void DnwF1owsheetS(int xPnt,int yPnt}{'* BM-e, a bail mill with classification *'
int cycX,cycY,millX.millY;
mt mLoffsel;

clearviewponQ;
millX -xPnt;
millY=yPnt;
mLoffset=(MILL_LENGTH/2)+(MILL_LENGTH'5)+<MILL_LENGTH/7);
IDOveto(millX-mLoffset-H_SPC-SMALL_H_SPC,millY);
RiptArrow(millX-mLoffset-SMALL_H_SPC,millY);
RighlArrow(millX-mLoffset.millY);

'* Walef addition *'
moveto(millX-mLoffset-SMALL_H_SPC.milIY-V_SPC);
DownArrowW<&eaO,millY);
DrawBallMill(millX.millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXT);
ounemy(millX+7,millY-2, -1 ");
cycX=millX+(MILL_LENGTH'2)+(MILL_LENGTHIlO)+H_SPC;
cycY=millY-V_SPC;
DnwCyclone(cycX.cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
/* BMD·> CF *'
moveto(miIlX+(MILL_LENGTH/2)+(MILL_LENGTH/IO),millY);
liDelo(getxO +SMALL_H_SPC,letyO);
liDelo(getxO.letyO-V_SPC);
RiptArrow(cycX-(CYC_DIAMETERI2),lelYO);

'* COF *'moveIO(cycX,cycY-CYC_TOP_RI2);
liDelo(getxO.aetyO-SMALL_V_SPC);
RiptArrow{JeaO + H_SPC.letyO);

/* CUF *'
IIIOVeto(cycX,cycY+CYC_H);
liDelo(geaO.letYO+V_SPC);
liDeto(miUX-mLoffset·SMALL_H_SPC••et)'O);
UpAnow(&euO.millY);
cbaDletexlStYle(SMALL_FONT.HORlZ_DIR,8);
ouuemy(MuXI2-20,MaxYI2+100. ·Circuit5-);
}

void DrawFlowsbeet6(iDt xPnt.int yPot){'* lM-Re, a bail mill wim reversed cl..ifieation *'
ÎDl cycX,cycY,millX.millY;

clarviewponQ;
sedillItyle(1.WHITE);
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millX:aIxPnt +40;
millY =yPnt-40;
cycX-millX-(M1LL_LENGTH/2)-(MILL_LENGTHIS)-(MILL_LENGTH/7)-H_SPC;
cycY=-millY-V_sPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

1· COf *'
IDOveto(cycX,cycY-CYC_TOP_8/2);
UDeto<IeuO,cycY-(CYC_TOP_HI2)-SMALL_V_SPC);
RiptArrow(getxO+H_SPC,letyü);
DrawBa11Mill(millX,millY,MILL_DIAMETER,lYlILL_LENGTH);'* CUf -> BMF *1
IDOveto(cycX,cycY +CYC_H);
liDeto(cycX,millY);
RigbtArrow(millX-(MILL_LENGTH/2)-(MILL_LENGTHlS)-(MILL_LENGTHJ7),millY);

'* BMD -> CF *'
IIIOveto(millX+(MILL_LENGTHI2) + (MILL_LENGTH/IO),millY);
liDeto(millX+(MILL_LENGTHI2)+(MILL_LENGTHI10)+SMALL_H_SPC.millY);
Uneto(geuO,getyO+V_SPC'2);
liDeto(cycX-CYC_DIAMETERl2-2*SMALL_H_SPC,getyO);
UpArrow(getx(),cycY);
IIIOveto(geaO-H_SPC,cycY);
RigbtArrow(geaO + H_SPC,cycY);
IIIOVeto<&etxO,cycY-V_SPC);
DownArrowW(getx(),cycY);
RigbtArrow(cycX-CYC_DIAMETERI2,cycY);
changetexUtyle(SMALL_FONT,HORlZ_DIR,8);
ounextty(MuXI2-20,MaxY'2+100, -Circuit 6-);
}

void DrawF1owsheet7(int xPnt,ÎDt yPnl){
1* IM-T5FC, a bail min widl (wo stage fille classification *'
iDl cy~cycY ,millX,millY,cyc21nX,cyc2InY;
iDl mLoffset,mRoffset;

clearviewponO;
sedilIstyle(l,WHITE);
millX-xPDt;
mLoffseta (MILL_LENGTHI2)+<MILL_LENGTH'S)+<MD..L_LENGTHm;
millY.yPnI;'* FF, fresh feed .,
moveto(millX·mLoffset-H_SPC,millY);
RiptArrow(millX-mLoffset-SMALL_H_SPC,millY);
RiptArrow(millX-mLoffset,millY);'* wuer adcIitiOD .,
moveto(miUX-mLoffset-SMALL_H_Spc,miI1Y-v_Spc);
DowaArmwW<&eaO,millY);
DrawBa1lMill{millX,millY,MILL DIAMETER.,MILL LENGTH);
seaatjuaIify(LEFT_TEXT,TOP_TExn; -
ouaatxy(millX+7,millY-2, If1If);
cycX-millX+(Mn.L_LENGTHI2)+(MILL_LENGntllO)+H_SPC;
cycY-miIlY-V_SPC;
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DrawCyclone(cycX.cycY.CYC_TOP_H.CYC_DIAMETER,CYC_H);
/* BMD -> CF *'
moveto(miUX+(MILL_LENGTH/2)+(MILL_LENGTH/IO),millY);
ÜDeIO(JeaQ +SMALL_H_SPC,gctyQ);
liDcUJ<IeaQ,gctyQ-V_SPC);
RiptArrow(cycX-(CYC_DIAMETERl2),getyO);
/* COF *'
moveto(cycX,cycY-CYC_TOP_H/2);
lîneto(geuQ,getyQ-SMALL_V_SPC);
RightArroW(gclXO + H_SPC,gety();
cyc21nX =getx();
cyc2InY=gety();'* CUF */
moveto(cycX,cycY +CYC_H);
liDelo(geaQ.gety()+V_SPC);
lineto(millX-(MILL_LENGTH/2)-(MILL_LENGTH/S)-(MILL_LENGTH/7)-SMALL_H_SPC.getyQ);
UpArrow(gcaQ,MillY);
/* C2 */
DrawCyclone(cyc21nX+CYC_DIAMETER/2,cyc2InY.CYC_TOP_H.CYC_DIAMETER.CYC_H);

'* COf2 *'moveto(cyc21nX +CYC_DIAMETERl2,cyc2InY-CYC_TOP_HI2);
1iDeto(geuQ,getyO.-8MALL_V_SPC);
RiplArrow(geuO+H_SPC,getyO);'* CUF2 */
moveto(cyc21nX +CYC_DIAMETERJ2,cyc2InY+CYC_H);
liDeto(geaO,getyQ+V_SPC);
LeftArrow(cycX.getyO);
cbaDgctextstyle(SMALL_fONT•HORlZ_DIR,8);
ounextxy(MaxX12-20,MaxY/2+ 100."Circuit ,-);
}

void DrawFlowsheet8(int xPnt,inl yPnt){'* BM-TSMC, a ball mill wilb two stage medium classification *'
iDl cycX,cycY,milIX,millY,cyc2lnX,cyc2InY;
iDl mLoffset;

clearviewponO;
setfilIJeyle(1,WHITE);
millX-xPnt;
miIlY-yPm;
mLoffset-(MILL_LENOTHI2)+(MILL_LENGTH/5)+(MILL_LENGTH/7);

'* FF *1
movelO(millX-mLoffset-H_SPC,millY);
RiptArrow(millX..mLoffsel-5MALL_H_SPC,millY);
RiptArrow(millX-mLoffset,millY);

'* Waier addition *'
movelO(millX-mL.offset-SMALL_H_SPC,millY-V_SPC};
DownAnowW<&eaO,miUY);
DnwBaUMüI(millX,millY,MILL_DIAMETER,MILL_LENGTH);
seueujUltify(LEFT_TEXT,TOP_TEXT);
ouuemy{milIX+7,millY-2, -1-);
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cycle=millX+(MILL_LENGTHJ2)+(MILL_LENGTH/IO)+H_SPC;
cycY=millY·v_sPC;
DnwCyclonc(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
1* BMD·> CF *'
moveto(millX+(MILL_LENGTH/2)+(MILL_LENGTH/IO),millY);
lîDeto{JetxO+SMALL_H_SPC,gelYO);
liœto{JeaO,gelYO·V_SPC);
RigbtArrow(cycX-(CYC_DIAMETERI2),gctyO);

'* COF *'moveto(cycX,cycY-CYC_TOP_HI2);
lîDeto{JetxO,getyO-SMALL_V_SPC);
RigbtArrow(getXO + H_SPC,getyO);
cyc2lnX-getxO;
cyc21nY=getyO;

'* CUF *'moveto(cycX,cycY+CYC_H);
lineto(geaO,gctyO+V_SPC);
lineto(milIX-mLoffset-SMALL_H_SPC,gety{);
UpArroW(gClXO,millY);

1* C2 *'
DrawCyclone(cyc2InX +CYC DIAMETERI2,cyc2lnY,CYC TOP H,CYC DIAMETER,CYC H);,* COF2 *' - - - - -
moveto(cyc2InX +CYC_DIAMETER/2,cyc21nY-CYC_TOP_H/2);
liDeto(getxQ,gctyO·SMALL_V_SPC);
RigbtArrow(geaO+H_SPC,getyO);

'* CUF2 *'moveto(cyc2lnX+CYC_DIAMETER/2,cyc2InY+CYC_8);
liDeto(geaQ,gelYO+V_SPC/2);
liDeto(cycX..cYC_DIAMETERI2-SMALL_H_SPC,getyQ);
UpArrow(getXO,CYcY);
c:baDletextstyle(SMALL_FONT,HORlZ_DIR,S);
outtexUy(MuXI2-20,MaxY12+100,"Circuit S");
}

void DrawFlowsheet9(int xPnt,iDt yPnt){'* BM-TSCC, a ball mill wim two stage come classification *'
ÎDl cycX,cycY,millX,millY,cyc2lnX,cyc2InY;
ÎDl mLDffset;

clearviewportO:
setfi1lstyle(1,WHITE);
millX-xPnt;
millY-yPnt;
mLoffset-(MILL_LENGTIlI2)+(MILL_LENGTHJ5)+(MILL_LENGTHm:

'* pp *'moveto(millX-mLoffset-H_SPC,milly);
RiptAnow(millX-mLoffset-SMALL_H_SPC,millY);
RiptArrow(millX-mLoffset,millY);

'* Wiler addition *'
IDOveto(miIlX-mLoffset-SMALL_H_SPC,millY-V_Spc);
DowaAnowW<&.etxO.millY);
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DnwBallMill(millX,millY,MILL DIAMETER,MILL LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXT>; -
outtextxy(millX+7,millY-2, "1 ");
cycX=-millX+ (MILL_LENGTH/2)+(MILL_LENGTH/IO) +H_SPC;
cycY=-millY-V_SPC; .
DnwCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETERtCYC_H);

'* BMD -> Cf *'
moveto(millX+(MILL_LENGTH/2)+(MILL_LENGTH'lO),millY);
liDeto(getxO+SMALL_H_SPC.getyO);
lincto(getxO,gctyQ-V_SPC);
RightArrow(cycX-(CYC_DIAMETERJ2).gety(»;

'* COF *'moveto(cycXtcycY-CYC_TOP_H/2);
liDeto(JetxO.getyO-SMALL_V_SPC);
RigbtArrow(getxO +H_SPC,getyO);
cyc21nX= getxO;
cyc2InY=cycY+CYC_H +2.5*SMALL_V_SPC;'* CUF *1
moVelo(CYcX.cycY +CYC_H);
lineto(JetxO.cyc2InY);
RigbtArrow(cyc2lnX,cyc2lnY);
1* C2 *1
DnwCyclone(cyc2lnX +CYC_DIAMETERJ2.cyc2IDY.CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'moveto(cyc21nX+CYC_DIAMETERJ2.cyc2InY-CYC_TOP_H/2);
liDeto(JetxO.gety()-SMALL_V_SPC);
lineto(cycX-CYC_DIAMETER/2-SMALL_H_SPC,getyO>;
UpArrow(getxO.cycY):

'* CUf2 *'moveto(cyc21nX +CYC_DIAMETERI2.cyc2InY+CYC_H);
liDeto(JetxO.getyO+V_SPC/2);
lineIo(millX-mLoffset-SMALL_H_SPC,letyO);
UpArrow(getxO.mi11Y);
chaDletextstyle(SMALL_FONT.HORIZ_DlRt 8);
ounexay(MaxXI2-20.MaxYI2+ 100,"Circuit 9");
}

void DnwFlowsheetlO(int xPnt.int yPnt){'* BM·RTSFC. a ball mi11 with revened two stage fine classification *'
ml cycX.cycY.millX,millY,cyc21nX.cyc2InY;
iDl mRoffset;

clearviewponQ:
setfi1lstyle(1 ,WHITE);
milIX-xPnt;
millY-yPnI;
Draw8lllMil1(millX.millY,MILL_DIAMETER,MILL_LENGTH);
seuextjusûfy(LEFT_TEXT,TOP_TEXT);
ouuemy(millX+7,millY-2, "1-);
cycX-millX+(MILL_LENGTH12) +(MILL_LENGTH/I0)+H_SPC;
cycV-millY-V_SPC;
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DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER~CYC_ 8);
moveto(millX+(MILL_LENGTHI2)+ (M1LL_LENGTH/IO).millY);
liDeto<&ecxO +SMALL_H_SPC.getyO);
UpArrow{JetxO.gety()-V_SPC);.
movelO(getxO,getyO-V_SPC);
DownArrowW{JclXO,getyO+V_SPC);
movelO(geaO-H_SPC,getyO);
RigbtArrow(geaQ + H_SPC,getyQ);
RigbtArrow(cycX-(CYC_DIAMETERI2),c:ycY);
,. caF·/
moveto(cycX.cycY-CYC_TOP_H/2);
liDeto{JecxQ,getyO-SMALL_V_SPC);
RigbtArrow(geaO+H_SPC,getyO);
cyc21nX- gelXQ;
cyc21Dy =getyO;

'* CUF *'moveto(c:ycX,cycY+CYC_H);
lineto{JelXQ,getyO+V_SPC);
liDeIo(millX-(MILL_LENGTH/2)-(MILL_LENGTH/S)-(MILL_LENGTHm-SMALL_H_SPC,getyQ);
liDeIo(getxQ,millY);
RigbtArrow(gelXQ+SMALL_H_SPC,gety(»;

'* C2 *'DrawCyclone(cyc2InX+CYC_DIAMETERI2,cyc2IDY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'
moveto(cyc21nX+CYC_DIAMETERJ2,cyc2IDV-CYC_TOP_HI2);
lîneto(geaQ,getyO-SMALL_V_SPC);
RigbtArrow(gelXO + H_SPC,gety(»;

'* CUF2 *'moveto(cyc21nX +CYC_DIAMETERJ2,cyc2InY+CYC_Hl;
lineto{JeaQ,getyQ+ V_SPC);
LeftAnow(cycX,gctyO);
changetextstyle(SMALL_FONT,HORlZ_DIR,8);
outtextxy(MaxXI2-20,MaxY12+ 100, ·Circuit 10");
}

void DrawFlowshectll(int xPnt,int yPDt){
/* BM-RTSMC, a ball mill wim IWO stIIe medium clusifteatioD *'
iDl cycX,cycY,millX,millY,c:yc2lDX,cyc21DV;
iDl mLoffset;

cleuviewponü;
setfillstyle(l.WHITE);
mil1X-lPnt;
millY·yPnt;
mLoffsel-(MILL_LENGTHI2)+(MILL_LENGTH/5)+(MILL_LENGTHm;
DrawBallMill(millX,millY,MILL_DIAMETER.,MILL_LENGTH);
seautjUltify(LEFT_TEXT,TOP_TEXT);
outtemy(mi1lX+7,millV-2,"1");
cycX-mi11X+(MILL_LENGTHI2)+<MILL_LENGTH/IO)+H_SPC;
c:ycY-millY-V_SPC;
DrawCyclone(cycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_H>;
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'* BMD -> CF·'
IIJOveto(millX+(MILL_LENGTHI2)+(MILL_LENGTH'lO),millY);
liDeto(cycX-(CYC_DIAMETERI2)-SMALL_H_SPC,geryO);
UpArrow(geaO.getyO-V_SPC);
RigbtArrow(c:ycX-(CYC_DIAMETERI2),getyO);'* water addition .,
IDOveto(cycX-(CYC_DIAMETERJ2)-SMALL_H_SPC,getyO-V_SPC);
DownArrowW(geao,cycY);

'* FF *'IDOveto{JetxQ-H_SPC,cycY);
RigbtArrow(geaO+H_SPC,cycY);

'* COf *'IIJOveto(cycX,cycY-CYC_TOP_H/2);
ÜDelO(JeaO.getyO-SMALL_V_SPC);
RigbtArrow(geaO+H_SPC,getyO);
cyc2InX.geaO;
cyc21nY=getyO;

'* CUF *'IDOveco(cycX,cycY +CYC_H);
linelo(geaO,getyO+V_SPC);
liaeto(millX-mLoffset-SMALL_H_SPC,getyO);
linelo(geaO,millY);
RigbtArrow(millX-mLoffset,getyO);'* C2 .,
DrawCyclone(cyc2InX+CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'IDOvelO(cyc2InX+CYC_DIAMETERJ2,cyc2InY-CYC_TOP_H/2);
lineco{JeaO,getyO-SMALL_V_SPC);
RipcArrow(getxO+H_SPC,letyO);

'* CUF2 *'DIOvelo(cyc2InX +CYC_DIAMETERI2.cyc2InY+CYC_H);
liDeto{JeaO,getyO+V_SPCI2);
LeMnow(cycX-CYC_DIAMETERI2-5MALL_H_SPC.letyO);
chaDleœxtstyle(SMALL_FONT.HORlZ_DIR,S);
ouuemy(MuX/2-20.MaxYI2+ 100,"Cirtuit Il'');
}

void DrawAowsheet12(inc xPnt.int yPnt){'* BM-RTSCC, a ball mill wim two stIIe couse classification *'
iDt cycX,cycY,millX.millY,cyc2InX,cyc21ny;
iDt mLoffset;

clearviewponO;
sediIlstyle(1.WHITE);
milIX -lPDt;
millY-yPllt:
mLofflet-(MILL_LENGTHJ2)+(M1LL_LENGTHl5)+(MILL_LENGTHJ7);
DrawBal1Mill(millX.millY,MILL_DIAMETER,MILL_LENGTH);
seuatjUltify(LEFT_TEXT,TOP_TEXT);
outtatxy(millX+7,millY-2. "1");
cycX-millX+(MILL_LENGTHI2)+(MILL_LENGTHJ10)+H_SPC;
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cycY-mll1Y-V_SPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER.CYC_H);
/* BMD -> CF */
IDOveto(millX+(MlLL_LENGTHI2)+(MILL_LENGTH/IO).milly);
lineIo(cyc:X·(CYC_DIAMETERJ2)-SMALL_H_SPC,millY);
UpArrow(getxO,cycY);
RigbtAnow(c:ycX-(CYC_DIAMETER12),cycY};
/* wacer addition *'
moVelo(c:ycX-(CYC_DIAMETERJ2)-SMALL_H_SPC,cycY-V_SPC);
DownArrowW(getxO,cycY);
/* pp */
moveto(getxO-H_SPC,cycY);
RigbtArrow(getxQ + H_SPC,c:ycY);

/* COF *'
movelo(cycX,cycY·CYC_TOP_8/2);
liDelo{JetxO,gety()..SMALL_V_SPC);
RigblArrow(getxO+ H_SPC,getyO);
cyc21nX- getxO;
cyc2lDY-cycY+CYC_H+2.S*SMALL_V_SPC;
/* CUF */
lDOVelo(c:ycX,cycY+CYC_H};
liDao(getxO,cyc21nY);
RightAnow(c:yc2InX,cyc2InY);
/* C2 */
DrawCyclone(cyc21nX +CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

/* COF2 *'
movelo(cyc21nX +CYC_DlAMETERI2.cyc2InY.cYC_TOP_H/2);
liDao{JetxO,getyQ..SMALL_V_SPC);
LeftArrow(cycX..CYC_DIAMETERJ2-5MALL_H_SPC,getyO);

'* CUF2 *'IDOveto(c:yc2InX +CYC_oIAMETER12,cyc21nY+CYC_8);
liDeto(getxO,getyQ+V_SPCI2);
liDeto(millX-mLoffset-SMALL_H_SPC,getyO);
liDelo{JeaO.mi11Y);
RiabtAnow(millX-mLoffset,millY);
cbaDleleXtstyle(SMALL_fONT,HORlZ_DIR,8);
ounuuy(MuXI2-20,MuYI2+ 100,-Circuit 12-};
}

void DrawF1owsbeetI3(inl xPm,int yPnt){'* BM-BM-e: bail mill in reversed closcd cin:uit *'
iDt cycX,cycY,millX,millY,mill_IX;
iDt mLotrsel;

c1euviewpono;
sedi1Istylc(1,WHITE);
millX -lPDt;
miIlY.yPm;
mLoftiet-(MILL_LENGTH/2)+(MILL_LENGTHJ5)+(MILL_LENGTIIJ7);
cycX-miUX..mLoffsct-H_SPC;
cycY-millY..V_SPC;
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mill_1X=cycX-CYC_DIAMETERl2-2*H_SPC;

'* FF to BMI *'
moveto(mill_lX-mLoffset-H_SPC,millY);
RiglUArrow(getxO+H_SPC-SMALL_H_SPCtmillY);
RightArrow(mill_lX-mLoffsettmillY);'* waœr addition */
moveto(mill_lX-mLoffset-5MALL_H_SPC,millY+V_SPC);
UpArrowW(geaO,millY);

'* BMI *'DrawBallMil1(mill_1X,millY,MILL_DIAMETER,MILL_LENGTH);
seneujustify(LEFT_TEXTt TOP_TEXT);
outtextxy(mill_1X+7,millY-2, "1 ");
DnwCycloDe(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF *'moveto(cycX,cycY-CYC_TOP_H/2);
liDelo(getxO,cycY-(CYC_TOP_H/2)-SMALL_V_SPC);
RiptArrow(getxO+H_SPC,getyü);

'* BMDI to CF *'
moveto(mill_lX+(MILL_LENGTH/2)+(MILL_LENGTH/I0),millY);
RilbtArrow(cyéX-CYC_DIAMETERJ2-SMALL_H_SPC,millY);
lineto(getxO,CYcY);
RigbtAnow(cycX-CYC_DIAMETERI2,cycY);

'* BM2 *'DrawBallMill(mi1lX,millY,MILL_DIAMETER,MILL_LENGTH);
scuextjustify(LEFT_TEXT,TOP_TEXT);
ouuextxy(millX+7·,millY-2, "2");

'* CUF -> BMF *'
moveto(cycX,cycY +CYC_H);
linelo(cycX,millY);
RightArrow(millX-(MILL_LENGTHJ2)-(MILL_LENGTH/S)-(MILL_LENGTHm,millY);

'* BMD -> Cf *'
moveto(millX+(MILL_LENGTH/2)+(MILL_LENGTH/IO),millY);
lïneto(mülX+(MILL LENGTHI2)+(MILL LENGTHJI0)+SMALL H SPC,millY);
liDeIo(JetxO,letyQ+V_SPC); - - -
liDeIo(cycX-CYC_DIAMETERI2-SMALL_H_SPC,letyO);
UpAnow<&eaO,millY);
cbaDletexlStyle(SMALL_FONT,HORIZ_DIR,8);
seuextjuslify(CENTER_TEXT,TOP_TEXT);
outtextxy(MaxXJ2-20,MaxY'2+ 100,"Circuit 13");
}

void DrawF1owshcetI4(int xPnt,ÎDt yPDl){
1* BM-Scr-e: a baU mill wim screen and classification *'
iDl cycX,cycY,millX,millY,mill_IX;
iDl mLoffsel;
iDl xl,yl ,12,y2,x3,y3;

c1eamewponO;
sedilIstyle(l,WHITE);
milIX-xPnt;
mil1Y·yPm;
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mLoffset= (MILL_LENGTHI2)+ (MILL_LENGTH/S)+(MILL_LENGTHI7);
cycX-millX-mLoffset-H_SPC;
cycY-millY-V_sPC;
DrawCyclone(cycX,cycY,CYC_TOP_H.CYC_DIAMETER,CYC_H);

'* COF *'moVelo(CYcX,cycY-CYC_TOP_H/2);
lineIo(JettQ,cycY-{CYC_TOP_H/2)-SMALL_V_SPC);
RighlArrow(getx()+H_SPC.getyO);
mill_lX-cycX-CYC_DIAMETERJ2-2*H_SPC;'* fresh fee<! to the fust BM *'
moveto(mill_lX-mLoffset-H_SPC.millY);
RightArrow(getxO+H_SPC-SMALL_H_SPC,millY);

'* Vialer addition *'
IDOveco(mill_lX-mLoffset-SMALL_"_SPC,millY+V_Spc);
UpAnowW(getxO,millY);

'* BMI *'DrawBallMill{mil1_1X,millY.MILL_DIAMETER,MILL_LENGTH);
settexljustify(LEFT_TEXT.TOP_TEXT);
ounextxy(mill_lX+7,millY-2, "1 If);
IDOveto(mill_lX+(MILL_LENGTH12) +(MILL_LENGTH/IO),millY);
RiptArrow(getxO +SMALL_H_SPC,millY);
xl-gaO;
yl-getyO;
x2=xl +2*SMALL_H_SPC;
y2.yl + l.S*SMALL_V_SPC;
x3 =x2-SMALL_"_SPC;
y3=-y2+0.S*SMALL_V_SPC;
DrawSc:reen(xl,yl.x2.y2.x3,y3);
moveto(x3.y3);
RiplArrow(cycX-CYC_DIAMETER/2-SMALL_"_SPC,y3);
moveto(x2,y2);
liDeto(x2,y2-V_SPC);
liDelo(mill_lX-mLoffset-SMALL_H_SPC,getyO);
DoWDArrow(getxQ,millY):
RiptAnow(mill_lX-mLoffset,millY);

'* BM2 *'DrawBallMill(millX.millY,MILL_DIAMETER,MILL_LENGTH);
secteltjustify(LEFT_TEXT,TOP_TEXT);
outteUly(millX+7,millY-2, "2If);'* CODDCCt cyclone undertlow to miU fecel *'
moveto(cycX,cycY+CYC_H);
llDeIo(cycX,millY);
RiabtAnow(milIX-(MILL_LENGTH/2)-(MILL_LENGTH/S)-(M1LL_LENGTHm,millY);
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTHI10),millY);
liDeIo(millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+SMALL_H_SPC,millY);
liDeIo{JeaQ,letyQ+V_SPC);
liDeIo(cycX-CYC_DIAMETERJ2-SMALL_H_SPC,letyO);
UpAnow{JetxO.y3);
liDeto<lerxO,cycy);
RiptArrow(cycX-CVC_DIAMETERI2,çycY);
c:bIDpta1style(SMALL_FONT,HORlZ_DIR,I);
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senextjustify(CENTER_TEXT,TOP_TEXT);
outtextxy(MaxXl2-20,MaxY12 +100,•Circuit 14");
}

void DrawAowsheetlS(int xPnt,int yPnt){
1* BM.scr.cr-C: a baU mill, screen, crusher and clusifieatioD *1
iDt cycX,cycY,millX.miIlY,mill_lX:
iDt mLoffset;
iDt xl,yl,x2,y2,x3,y3:

clearviewpono;
setfillstyle(l,WHITE):
mi11X-xPnt;
millY=yPnt:
mLoffsel=(MILL_LENGTH/2)+(MILL_LENGTH/S)+(MILL_LENGTHI7);
cycX-mi1IX-mLoffset-H_SPC;
cycY=mi11Y-V_SPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF *'moVelo(cycX,cycY-CYC_TOP_8/2):
liDeto(getxO,CYcY-(CYC_TOP_H/2)-5MALL_V_SPC);
RigbtArrow(getxO + H_SPC,getyO);
mill_lX=cycX-CYC_DIAMETER/2-2*H_SPC;
/* FF to BMl *'
moveto(mill_lX-mLoffset-H_SPC,millY);
RigbtArrow(getxO+H_SPC-SMALL_H_SPC,millY);'* WIIer addition *'
moveto(mill_1X-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpAnowW(getxO,mi11Y);'* BMI *1
DrawBaUMill(mill_1X,millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
outtextxy(mill_lX+7.mîUY-2, "lit);'* BMDl -> CF ·f
moveto(mill_1X+(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
Ri&btArrow(getxO +SMALL_H_SPC,millY);
xl-letxO;
yl-gelyO;
12-xl +2*SMALL_H_SPC;
y2-yl +1.5*SMALL_V_SPC;
13-12-SMALL_H_SPC:
y3-y2+0.5·SMALL_V_SPC;
DrawScrecn(xl,y l ,x2,y2,13,y3);
movelO(13,y3):
RiabtArrow(cycX-CYC_DIAMETERJ2-5MALL_H_SPC,y3);
movelO(l2,y2);
liDao(12,y2-1.5·V_SPC);
LeftAnow(mill_lX,letyO);
DrawCrusber<mill_lX,getyQ>;
movelO(mill_lX-o.3*SMALL_H_SPC,y2-1.5·V_SPC+(1.5·SMALL_V_SPC»;
UneIo<JeuO,getyO+5MALL_V_SPC);
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liDelo(mill_lX-mLoffset-SMALL_H_SPC,getyQ);
DownArrow(getxO,millY);
RiptArrow(mill_1X-mLoffset,millY>;
,. BM2·'
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
seueujustify(LEFT TEXT,TOP TEXT);- -
outtextxy(millX+7,millY-2, "2");
,. CUF -> BMF *'
moveto(cycX,cycY+CYC_H);
lineto(cycX,mi11Y);
RigbtArrow(millX-(MILL_LENGTH/2)-(MILL_LENGTH/5)-(MILL_LENGTH/7),millY);
,. BMD -> BMF *'
moveto(millX + (MILL_LENGTH/2) +(MILL_LENGTH/IO),millY);
liDeto(millX+(MILL_LENGTHI2)+<MILL_LENGTH/IO)+SMALL_H_SPC,millY);
liœIo{JeaO,getyO+V_SPC);
liDeto(cycX-CYC_DIAMETERl2-SMALL_H_SPC,getyO>;
UpArrow(getx(),y3);
liDeto(geaQ,cycY);
RiptArrow(cycX-CYC_DIAMETERI2,cycY);
cbaDgetextstyle(SMALL_FONT,HORIZ_DIR,S);
seuextjustify(CENTER_TEXT,TOP_TEXT);
ounmxy(MaxXl2-20,MaxYI2+ 100, "Circuit 15");
}

void DrawFlowsheet16(iDt xPnt,int yPnt){
,. BM-BM-TSfC *'
int cycX,cycY,millX,millY,cyc21nX,cyc2InY,müt1X;
iDt mLoffset,mRoffset;

clearviewportO;
setfillstyle( l,WHITE);
mi11X.xPot;
mLoffset·(MILL_LENGTHI2)+(MILL_LENGTH/~)+(MILL_LENGTHn);

millY.yPnt;
mill_lX-millX-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH/lO);
,. FF .,
moveto(mill_lX-mLoffset-H_SPC.millY);
RipcArrow(mill_lX-mLoffset-SMALL_H_SPC.millY);
RipcArrow(mill_lX-mLoffset.millY);'* wller addition *{
IDOveto(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DowIIArrowW{JeaQ,millY);
DrawBallMill(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH>;
seueujusûfy(LEFT_TEXT.TOP_TEXn;
0UIIemy(mill_1X+7,millY-2. "1 ");
{* BMID to BM2F .,
moveIO(mi11X-mLoffset-H_SPC.millY);
RiPtAnow(millX-mLoffset.millY);
DrawBallMill(mi1IX.miIlY.MILL_DlAMETER.MILL_LENGTH);
seuatjusûfy(LEFT_TEXT.TOP_1'EXT);
OUltUUy(millX+7,millY-2. -2");
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cycX =mi11X + (MILL_LENGTHJ2) +(MILL_LENGTHJ10)+H_SPC;
cycY~millY-V SPC;
DrawCyclone(cYcX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
J* BMD -> CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTHIlO),millY);
liDeto(getxO +SMALL_H_SPC,getyO);
liDeto(getxO,getyO-V_SPC);
RiptArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COF *'moveto(cycX,cycY-CYC_TOP_RI2);
liDeIo(getxO,getyO-SMALL_V_SPC);
RiptArrow(getxO + H_SPC,getyO);
cyc21nX~getxO;
cyc2InY~getyO;

'* CUF *'movelO(cycX,cycY+CYC_H);
lineto(geaO,gety()+V_SPC);
lïœto(millX-(MILL_LENGTH/2)-(MILL_LENGTH/5).(MILL_LENGTHm-SMALL_H_SPC,getyO);
UpArrow(getxO,JUillY);
DrawCyclone(cyc2InX+CYC DIAMETERJ2,cyc2InY,CYC TOP H,CYC DIAMETER,CYC H);- ~ - - -'* COF2 *'moveto(cyc21nX+CYC_DIAMETERJ2,cyc2InY-CYC_TOP_HJ2);
liDelo(geaO,getyO-SMALL_V_SPC);
RigbtArrow(getxO + H_SPC,getyO);

'* CUF2 *'movao(cyc2InX+ CYC_DIAMETERJ2,cyc2InY+CYC_H);
liDelo<&eu(),gety()+V_SPC);
LeftArrow(cycX,getyO);
chaDgaexutyle(SMALL_FONT,HORlZ_DIR,8);
outtWxy(MaxXJ2-20,MaxY'2+ 100, "Circuil16");
}

void DrawF1owsheetl7(int xPnt,ÏDt yPnt){'* BM-BM-TSMC *'
im cycX,cycY,millX,millY,cyc2InX,cyc2lnY,mill_IX;
im mLoffset;

clearviewponO;
setfil1style(l,WHITE);
milIX:I:xPnt;
millY~yPnt;

mLoffset-(M1LL LENGTHI2)+(MILL LENGTH/5)+(M1LL LENGTHI7);
miI1_1X-millX-nii...offset-H_SPC-(MILL__LENGTHI2).(MILL_LENGTH/lO);

'* pp *'moveto(mill 1X-mLoffset-H SPC,miUY);
RiabtArroW{mill_lX-mLoffsit.SMALL_H_SPC,millY};
RiabtArrow(mill_lX·mLoffset,millY);

'* WIIer addition *'
. IIIOvelO(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DownArrowW{JetxO,millY);
Draw8lllMill(mill_lX,millY,MILL_DIAMETER,MJLL_LENGTH);
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settextjustify(LEFT_TEXT,TOP_TEXT);
ouuextxy(mill_lX+7,miUY-2," l ");

'* SMID to BM2F *'
moveto(millX-mLoffset-H_SPC,millY);
RiptArrow(miIlX-mLoffset,millY);
DrawBallMill(millX,milIY,MILL DIAMETER,MILL LENGTH);
senextjustify(LEFT_TEXT,TOP_TExT); -
ounextxy(milIX+7,millY-2, "2");
cycX-milIX+(MILL_LENGTH'2)+(MILL_LENGTH'lO)+H_SPC;
cycY-millY-V_SPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* BMD·> Cf *'
moveto(millX +(MILL_LENGTHI2)+(MILL_LENGTHIlO),millY);
lineto(gelXO+SMALL_H_SPC,getyO);
liDeto(getxQ.gety()-V_SPC);
RigbtArrow(cycX-(CYC_DIAMETERI2),getyO);

'* COF *'moveto(cycX,cycY-CYC_TOP_8/2);
Iineto(gelXO,gety()-SMALL_V_SPC);
RiptArrow(gelX()+H_SPC,getyO);
cyc21nX=getxQ;
cyc2InY=gety();

'* CUF *'moveto(cycX,cycY+CYC_H);
lineto(gelXQ,getyO + V_SPC);
lineto(millX-mLoffset-SMALL_H_SPC.getyO);
UpArrow(getxO•mil1Y);

'* C2 *'DrawCyclone(cyc21nX+CYC_DIAMETERI2,cyc2InY.CYC_TOP_H,CYC_DIAMETER,CYC_H);'* COf2 .,
moveto(cyc21nX +CYC_DIAMETER12,cyc2InY.cvC_TOP_812);
lineto(getxQ,gety()-SMALL_V_SPC);
RigbtArrow(getxO+H_SPC.getyO);'* CUf2 .,
moveto(cyc21nX+CYC_0IAMETER12,cyc2InY+CYC_H);
Iineto(JetxO.getyO+V_SPCI2);
UDeto(çycX-CYC_DIAMETERI2-5MALL_H_SPC,lelYO);
UpArrow{JetxQ,cycy);
cblDaetextstyle(SMALL_FONT,HORlZ_DIR,8);
ounextxy(MaxXJ2-20,MaxY12 + 100, ·Circuit 17");
}

void DrawFlowsheetl8(ïnt xPnt,iDt yPDI){
,. DM-IM-TSCC .,
iDt cycX,cycY.mi11X,millY•c:yc21nX,cyc21DY.mill_IX;
iDl mLoffsct;

c1euviewponü:
sedilIstyle(1.WHITE);
milIX-xPnt;
millY-yPnt;
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mLoffset=(MILL_LENGTH/2)+(MILL_LENGTH'S)+(MILL_LENGTHI7);
mill_lX=millX-mLoffset-H_SPC-(MILL_LENGTHI2)-<MILL_LENGTH/lO);

'* FF *'moveto(mill_lX-mLoffset-H_SPC,millY);
RigbtArrow(mill_lX-mLoffset-SMALL_H_SPC,milIY);
RilhtArrow(mill_lX-mLoffset,millY);'* w&ter addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DoWDArrowW(gelXO,millY);
DrawBal1Mill(mill_lX.mi11Y,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT TEXT.TOP TEXT);
outtextxy(mill_lX +7•millY-2,"f");'* BMID to BM2F *'
moveto(millX-mLoffset-H_SPC,millY);
RightArrow(millX-mLoffset,millY);
DrawBallMi1l(millX.millY,MILL_DIAMETER,MILL_LENGTH);
senextjustify(LEFT TEXT,TOP TEXT);- -ouaexuy(millX+7,MillY-2. "2");
cycX=millX +(MILL_LENGTH/2)+(MILL_LENGTH/IO)+H_SPC;
cycY:zmi11Y-V_SFC;
DrawCyclone(cycX.cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* BMD -> CF *,
IDOveto(millX +(MILL_LENGTH/2) +(MILL_LENGTH/IO),millY);
liDeto(getxO+SMALL_H_SPC,getyO);
liDeto(gelXO,getyO-V_SPC);
RightArroW(cycX-(CYC_DIAMETERn),getyO);

/* COF *'
IDOveto(cycX,cycY-CYC_TOP_H'2);
1iDeto(getxO,getyO-SMALL_V_SPC);
RiptArrow(getxO +H_SPC,getyO);
cyc2InX =-getxO;
cyc2InY=cycY +CYC_H +2.S*SMALL_V_SPC;

'* CUf *'moveto(cycX,cycY +CYC_H);
liDeto{JetxO,cyc21nY);
RiptArrow(cyc2lnX,cyc2InY);

'* C2 *'DrawCyclone(cyc2InX +CYC_DIAMETERn,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'moveto(cyc21nX+CYC_0IAMETER12,c:yc2InY-CVC_TOP_RI2);
liœlo(getxO,getyO-SMALL_V_SPC);
liDeto(cycX-CYC_DIAMETERI2-5MALL_H_SPC,letyO);
UpArrow(getxO,cycY);

'* CUF2 *'moveto(c:yc21nX +CYC_oIAMETER12,c:yc2InY+CYC_8);
liDeto{JeuQ,letyO+V_SPCI2);
liDeto(millX-mLoffset-SMALL_H_SPC,lelyO);
UpArrow(geaQ,millY);
chaqeœxtstyle(SMALL_fONT,HORlZ_DIR,8);
ouaemy(MuXI2-20,MuYI2+ 100,·CircuilI8-);
}
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void DrawFlowsheet19(int xPnt,int yPnt){
,. BM-Scr-BM-TSfC ./
iDt cycX,cycY.millX,millY.cyc2InX,c:yc2InY,mill_lX;
ÎDl mLoffset,mRoffset;
ÎDl xl,yl,x2,y2,x3,y3.x4.y4,D,y5;

clearviewponO;
setfillstyle(1.WHITE);
milIX=xPnt;
mLoffset:a (MILL_LENGTHI2)+(MILL_LENGTH'5)+(MILL_LENGTHn);
millY =yPnt;
mill_lX=millX-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH/lO)-2*SMALL_H_SPC;
,- FF·'
moveto(mill_lX-mLoffset-H_SPC,millY);
RighlArrow(mill_1X-mLoffset-SMALL_H_SPC,millY);
RightArrow(mill_lX-mLoffset,millY);
,. water addition .,
movelo(mill_lX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(gctxO,millY);
DrawBallMUl(mill_lX.millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
ounextxy(mill_1X+7,millY-2, "1");
movelo(mill_lX+(MILL_LENGTH/2)+(MILL_LENGTHIlO).milIY);
RigbcArrow(getx()+SMALL_H_SPC,millY);
xl-getxO;
yl-getyO;
12-xl +2*SMALL_H_SPC;
y2-yl +I.S*SMALL_V_SPC;
xJ -x2-SMALL_H_SPC;
y3-y2+0.5·SMALL_V_SPC;
DrawScreen(x l,y l ,x2,y2,x),y3);
moveto(x2,y2);
liDelo(x2,y2-V_SPC);
liœto(mill_lX-mLoffset-SMALL_H_SPC,Iet)'O);
DownArrow(getxO,millY);
DrawBallMill(mîllX,mîIlY,MILL_DIAMETER,MILL_LENGTH);
settatjustify(LEFT_TEXT.TOP_TEXT);
OUltUlXy(millX +7,millY-2, "2");
c:ycX-millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+H_SPC;
c:ycY-millY-V_SPC;
moveIO(x3 ,y3);
liDeto(x3+2*SMALL_H_SPC,y3);
UDeIo{JeaO,cycY);
Ri_lArrow(millX+(MILL_LENGTHI2)+(MILL_LENGTHllO)+SMALL_H_SPC.cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H.CYC_DIAMETER,CYC_H>;

'* BMD -> CF *'
moveIo(millX+(MILL_LENGTHI2)+ (MILL_LENGTH/IO),millY);
liDeIo{JelXO +SMALL_H_SPC.letyO);
UpAnow{JetxO,lety()-V_SPC);
RiplArrow(cycX-(CYC_DIAMETERI2),ptyO);
'*COF */
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IDOveto(cycX.cyCY-CYC_TOP_H'2);
liDeIo(getXO,getyQ-SMALL_V_SPC);
RigbtArrow(getxO + H_SPC,getyO);
cyc21DX =getxO;
c:yc21nY=getyO;

'* CUf *'IDOveto(cycX,cycY+CYC_H);
liDelo(getxO,getyO + V_SPC);
liDcto(millX-(MILL_LENGTHI2)-(MILL_LENGTII'S)-(MILL_LENGTHm-SMALL_H_SPC,getyO);
liDeto(getxO,millY);
RigbtArrow(getx() + SMALL_H_SPC,getyO);
DrawCyclone(cyc21nX +CYC_DIAMETER/2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'IDOveto(cyc21nX+CYC_DIAMETERJ2,cyc2InY-CYC_TOP_HI2);
liDeto(getx() ,getyO..SMALL_V_SPC);
RigbtArrow(getxO +H_SPC,getyO);

'* CUF2 *'
moveto(cyc21nX +CYC_DIAMETERl2,c:yc2InY +CYC_H);
liDeto(getx(),getyO + V_SPC);
LeftArrow(cycX.getyO);
changetextstyle(SMALL_FONT,HORIZ_DIR,8);
ounextxy(MaxX'2-20,MaxY'2+ 100. ·Circuit 19");
}

void DrawFlowsbeet20(int xPnt,int yPDt){
{* BM"SCr-BM·STMe *'
iDl cycX.cycY,millX,millY,cyc2InX,cyc2IDY,mill_lX;
inl mLoffset.mRoffset;
iDI xl,yl,x2,y2.x3,y3,x4,y4,D,yS;

clearviewportO;
sediIlstyle(1.WHITE):
millX.xPnt;
mLoffset=<MILL_LENGTHI2)+(MILL_LENGTHlS)+(MILL_LENGTH17);
millY·yPnt;
mill_lX=lDillX-mLoffset-H_SPC-(MILL_LENGTHJ2)-(MILL_LENGTH/lO)-2*SMALL_H_SPC;

'* FF *'moveto(mill_lX-mLoffset-H_SPC,millY);
RiptArrow(mill_lX-mLoffset-8MALL_H_SPC,millY);
RiptArrow(mill_lX-mLoffset,millY);

'* waœr addition *'
IIIOveto(mill_1X-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(geuO,millY};
Draw8allMill{mill_lX.mi11Y.MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
ouuemy(mill_lX+7,millY-2,·1·);
moveto(mill_1X+{MILL_LENGTHI2)+{MILL_LENGTH/IO),mi11Y);
RilbtArrow(getx()+SMALL_H_SPC,millY);
xl-lelXO;
yl-letyO;
l2-x1 +2*SMALL_H_SPC;



Appendix G BaU MlUinIl Circuits Simulator (BMCS) ssa

y2 =y 1+ 1.S*SMALL_v_sPC;
x3 -x2·SMALL_H_SPC;
y3-y2+0.S·SMALL_V_SPC;
DnwScreen(xl,y l,x2,y2,x3,y3);
moveto(x2,y2);
liDeto(x2,y2·V_SPC);
linelO(mill_1X·mLoffset-SMALL_H_SPC,getyO);
DownArrow(getxO,millY);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
outtextxy(milLX +7.millY-2, "2");
cycX=mi1LX+(MILL_LENGTH/2)+(MILL_LENGTH/lO)+H_SPC;
cycY=millY-V SPC;
moveto(xJ,y3);
liDeto(x3 +2·SMALL_H_SPC.y3);
liDeto(getx(),cycY);
RightArrow(cycX.CYC_DIAMETERI2-SMALL_H_SPC,cycY);
DnwCyclone(cycX.cycY.CYC_TOP_H,CYC_DIAMETER:CYC_H);
1* BMD·> CF */
moveto(milLX +(MILL_LENGTH/2)+(MILL_LENGTH/IO),milly);
RightArrow(cycX-(CYC_DIAMETER/2)-SMALL_H_SPC,letyO);
UpArrow(getxO.cycY);
RigbtArrow(cycX-(CYC_DIAMETERI2),getyO);

1* COF *'
moveto(cycX,cycY-CYC_TOP_H/2);
lineto(getxO.getyO-SMALL_V_SPC);
Ri&htArrow(geuO +H_SPC,letyO);
cyc21nX=geuO;
cyc2InY=getyO;
1· CUF *'
moVelo(cycX.cycY +CYC_H);
liDeto{JeuO.getyO+V_Spc);
liDeto(milLX-(MILL_LENGTHI2)-(MILL_LENGTHIS).(MILL_LENGTHn)-SMALL_H_SPC,letyQ);
liDeto<&etxO,millY);
RightArrow(getxO +SMALL_H_SPC,letyO);

1* C2 *'
DrawCyclone(cyc2InX +CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* con *'movelo(cyc2InX+CYC_DIAMETERI2,cyc2InV-CVC_TOP_HI2);
liDelo(geuQ,getyO-SMALL_v_SPC);
RiptArrow(getxO +H_SPC,letyO);

'* CUF2 *'IIIOveto(cyc2InX+CYC_DIAMETER/2,cyc2InY+CYC_H>;
liDeto<&euQ,millY);
LeftArrow(cycX-eYC_DIAMETERI2-SMALL_H_SPC,ptyO);
cblDietextstylc(SMALL_FONT,HORlZ_DIR,S);
OUltemy(MuX/2-20,MaxYI2+100,·Circuit20W

);

}

void DrawAowsheet21(int xPnt,ÏDI yPnI){'* BM-Scf-BM-TSCC *'
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im cycX,cycY,millX,millY,cyc2InX,cyc2InY,mill_lX;
int mLoffset;
im xl,yl,x2,y2,x3,y3,x4,y4,xS,yS;

clearviewponQ;
scdillstyle( l,WHITE);
miIlX=xPnt;
millY=yPnt; .
mLoffset=(MILL_LENGTH/2)+(MILL_LENGTH/5)+(MILL_LENGTHI7);
mill_lX=millX~mLoffset-H_SPC·(MILL_LENGTH/2)-(MILL_LENGTH/lO) ..2*SMALL_H_SPC;

'* FF *'movelo(mill_lX-mLoffse[~H_SPC,JDÜIY);
RigbtArrow(mill_lX~mLoffset~SMALL_H_SPC,millY);

Ri&btArrow(mill_lX~mLoffset,millY);'* water addition *1
movelo(mill_1X~mLoffset~SMALL_H_SPC,millY +V_Spc);
UpArrowW(getxO,millY);
DrawBallMi1I(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_1'EXT);
ounextxy(mill_lX +7,millY~2, "1 le);
moveto(mill_lX + (MILL_LENGTHJ2)+(MILL_LENGTHIlO),millY);
RigblArrow(getxO +SMALL_H_SPC,millY);
xl :zgea();
yl-gety();
x2=xl +2*SMALL_H_SPC;
y2-yl + 1.S*SMALL_V_SPC;
x3=x2-SMALL_H_SPC;
y3=y2+0.S*SMALL_V_SPC;
DrawScreen(xl,y l,x2,y2,x3,y3);
moveto(x2,y2);
liDeto(x2,y2-V_SPC);
liDeto(mill_lX-mLoffset-SMALL_H_SPC,aeryQ);
DownArrow(getxO,miIlY);
DrawBallMi1I(millX,miUY,MILL_DIAMETER,MILL_LENOTH);
settextjustify(LEFT_TEXT,TOP_TEXT);
ounextty(millX+7,millY-2, "2 le);
cycX-millX+(MILL_LENGTH/2)+(MILL_LENGTH/IO)+H_SPC;
cycY-millY-V_SPC;
IDOvelO(xJ,y3);
liDeto(x3+Z*SMALL_H_SPC,y3);
1iDeto(&etxO,CYcY);
RiplAnow(cycX-CYC_DIAMETERJ2..sMALL_H_SPC,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETERtCYC_H);
J* COF *'
movelO(cycXtcycY-CYC_TOP_HI2);
1iDeto(&eaO,getyO..SMALL_V_SPC);
Ri&blAnow(getxO+H_SPC,letyO);
c:yc2JDX-Ietx();
c:yc2lDY-cycY+CYC_H +2.S·SMALL_V_SPC;

'* BMD -> CF *'
movelO(millX +(MILL_LENGTHI2)+(MILL_LENGTHllO),millY);
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liDeto(cycX-CYC_DIAMETERJ2~SMALL_H_SPC,millY);

UpArrow(gelXO,cyc2InY-CYC_TOP_H/2~SMALL_ V_sPC);

'* CUF *'moVelo(cycx,cycY +CYC_H);
liDelo(getxO,cyc21nY);
RigbtArrow(cyc2InX,cyc21nY);

'* C2 *'DrawCyclone(cyc21nX +CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DlAMETER,CYC_H);

'* COf2 *'movelo(cyc21nX+CYC_DIAMETERl2,cyc2InY-CYC_TOP_HJ2);
lineto(getxO,getyO~SMALL_ V_SPC);
LeftAnow(cycX-CYC_DIAMETERJ2-SMALL_H_SPC,getyO);
UpArrow(gelXO.cycY);
RightArrow(cycX-(CYC_DlAMETERJ2),get)'O);

'* CUF2 *'moveto(cyc21nX +CYC_DIAMETERI2,cyc2InY+CYC_H);
liDeto(getxO,gety()+V_SPC/2);
liDeto(millX-mLoffset~SMALL_H_SPC,getyO);

liDelo(getxO,millY);
RightArrow(millX-mLoffset.mil1Y):
changetextstyle{SMALL_FONT,HORIZ_DIR,8);
ounextxy{MaxXl2-20,MaxY/2+ 100,"Circuit 21 If);
}

void DrawFlowsheet22{int xPnt,iDt yPDt){'* BM~SCr-Cr-BM~ TSFC *'
iDt cycX,cycY,millX,millY.cyc21nX,cyc2InY,mill_lX;
inl mLoffset.mRoffset;
int xl.yl.x2.y2,x3,y3,x4,y4,x5,yS;

clearviewponO:
sedillstyleO.WHITE):
millX- xPut;
mLoffset=(MILL_LENGTHI2)+(MILL_LENGTHl5)+(MD..L_LENGTHn);
milIY.yPnt;
mill_IX=millX-mLoffset-H_SPC-(MILL_LENGTHJ2)-(MILL_LENGTHIlO)-2.SMALL_H_SPC;

,* FF *'
moveto(miIl_1X-mLoffset~H _SPC,mUIY);
RiabtArrow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RiabtArrow(miU_lX-mLoffset,mi11Y);'* WIIer addition *'
movelO(mill lX-mLoffset-SMALL H SPC,millY+V SPC);
UpArrowW(jetxO.millY); - - -
Draw8allMiU(mill_lX.millY,MILL_DIAMETER,MILL_LENGTH);
seaextjustify(LEFT_TEXT.TOP_TEXT);
outtexuy(mill_lX+7,millY-2, -1-);
IIIDveto(mill_lX+(MILL_LENGTHI2)+(MILL_LENGTHI10),millY);
RiptArrow<&eaO +SMALL_H_SPC,millY);
xl-lelXO;
yl-letyO;
l2-xl +2*SMALL_H_SPC;
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e.

y2=y1 + l.S*SMALL_v _SPC;
x3 =-x2-5MALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DrawSc:reen(xl,y1,x2,y2,û,y3);
IIIOveto(x2,y2);
liDeIo(x2,y2-1.S*V_SPC);
LeftArrow(mill_lX,getyO);
DrawCrusherCmill_lX,gctyO);
IIIOveto(miltlX-o.3*SMALL_H_SPC,y2-l.S*V_SPC+(l.S*SMALL_v_SPC»;
lineto(getxO,getyO +SMALL_V_SPC);
lineto(mill_1X-mLoffset-SMALL_H_SPC,gctyO);
DownArrow(gctx(},milly);

DrawBallMilI(mil1X,millY.MlLL_DIAMETER,MD..L_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXn;
outtextxy(millX+7,millY-2, "2el);
cycX =-millX+(MILL_LENGTH'2)+(MILL_LENGTHI10)+H_SPC;
cycY=-millY·V SPC;
moveto(x),y3);
liDeto(x3 +2*SMALL_H_SPC,y3};
liDeto(getxO,cycY);
RightArrow(millX+(MILL_LENGTH/2)+<MILL_LENGTH/10)+SMALL_H_SPC,C)'cY);
DnwCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* BMD -> CF *'
moveto(millX+(MILL_LENGTH'2) +(MILL_LENGTHI10),millY);
liDeto(getxO+SMALL_H_SPC,getyO);
UpAnow(gctxO,getyO-V_SPC);
RigbtArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COf *'moveto(cycX,cycY-CYC_TOP_H/2);
liDeto(gctxO,getyO-SMALL_V_SPC);
RightArrow(getx() + H_SPC,getyO);
cyc21DX =getxO;
cyc2InY=getyO;

'* CUF *'IDOveto(cycX,cycY+CYC_H);
liDeto(getxO,getyO+V_SPC);
liDeIo(millX-(MILL_LENGTHI2)-(MILL_LENGTH/S}-(MILL_LENGTHm-SMALL_H_SPC,getyQ);
UDcIo<JetxO,miUY);
RiptArrow(getx()+SMALL_H_SPC"etyO);

1* C2 *'
DrawCyclone(cyc2InX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H>;
/* COF2 *'
IDOveto(cyc21nX+CYC_o lAMETERJ2,cyc2InY-evC_TOP_HI2);
liDelo{JcttQ,getyO-5MALL_V_SPC);
RiaJltArrow(gctxO+H_SPC,getyO);

'* CUF2 *'lDOVeIO(cyc2InX+CYC_DIAMETERJ2,cyc2InY+CYC_H);
liDeto(letxO,getyO+V_SPC};
LeftArrow(cycX,getyO);
cblD&eœxtstyle(SMALL_FONT,HORlZ_DIR,8);
outtemy(MuXI2-20,MaxY12+100,·Circuit22-);
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void DrawFtowshee123(int xPnt,inl yPnt){'* BM..Su-er-BM-TSMC */
int cycX,cycY.millX,millY,cyc2InX,cyc2InY,mill_lX;
int mLoffset,mRoffset;
iDt xl,yl,x2.y2,x3,y3.x4,y4.é,yS;

c1earviewpon();
setfillstyle(l.WHITE);
millX:IIxPnt;
mLoffsel=(MILL_LENGTH/2)+(MILL_LENGTHl5)+(MILL_LENGTHI7);
millY =yPnI;
mm lX=millX-mLoffset-H SPC-(MILL LENGTHl2)-(M1LL LENGTH'lO)-2*SMALL H SPC;'* Fi: *' - - - - -
moveto(mill_lX-mLoffset-H_SPC,millY);
RigbtArrow(mill_lX-mLoffsel-SMALL_H_SPC,miIlY);
RiptArrow(mill_lX-mLoffset.millY);'* wat addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(getx(),miUY);
DrawBallMilI(mill_lX,millY.MILL_DIAMETER,MILL_LENGTH);
seuexljUSlify(LEFT_TEXT.TOP_TEXn;
oulteXtty(mill_lX+7,millY-2, "1 ");
moveto(mill_lX +(MILL_LENGTH/2) +(MILL_LENGTH/IO),millY);
RigbtArrow(getxO +SMALL_H_SPC,mi1IY);
xl sgctxO;
yl-getyO;
a-xl +2*SMALL_H_SPC;
y2=yl +1.S*SMALL_v_SPC;
13 s12-SMALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DrawScreen(xl,yl.x2,y2.x3.y3);
moveto(x2,y2);
liDeIo{x2,y2-1."*V_SPC);
UftArrow(mill_lX.gcty(» ;
DrawCrusher(mill_lX,gety(»:
IDOveto(mill_lX-o.3*SMALL_H_SPC,y2-1..5*V_SPC+(l.S*SMALL_v_SPC»;
liDelo(getxO.gcty()+SMALL_V_SPC);
lincIo(mill_lX-mLoffset-SMALL_H_SPC,letyO>;
DoWDArrow(leaO.millY):
DrawBa1IMi11(millX,millY,MILL_DIAMETER,MILL_LENGTH>;
settextjustify(LEFT_TEXT.TOP_1'EXT);
ouuextty(millX+7.millY-2, -2-);
cycX-mi1lX + (MILL_LENGTHI2)+<MILL_LENGTHllO)+H_SPC;
cycY-millY-V_SPC;
IDOVeto(xJ ,y3);
liDelo(x) +2*SMALL_H_SPC.y3);
UDeto<aetxQ,cycY);
RiprArrow(cycX-CYC_DIAMETERJ2-5MALL_H_SPC,cycY);
DrawCyclooe(cycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_8);
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'* COF *'moveto(cycX.cycY-CYC_TOP_HI2);
lineto(gelXO.getyO-SMALL_V_SPC);
RigbtArrow(getxO+ H_SPC.getyO);
cyc21nX=gelXO;
cyc2InY=getyO;'* BMD -> CF *1
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTHIlO),millY);
RigbtArrow(cycX·CYC_DlAMETER/2-SMALL_H_SPC,getyO);

'* CUF */
moVelo(cycX,cycY +CYC_H);
lineto(gelXO.getyO+V_SPC);
lineto(millX·(MILL_LENGTH'2)-<MILL_LENGTH/5)-(MILL_LENGTHm-SMALL_H_SPC.getyO);
lineto(gelXO,mlllY);
RightArrow(gelX()+SMALL_H_SPC,getyO);

'* C2 *'DrawCyclone(cyc2InX +CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
1* COF2 *' .
moveto(cyc2InX+CYC_DIAMETERl2,cyc2InY-CYC_TOP_HI2);
lineto(getxO,getyO-SMALL_V_SPC);
RiptArrow(getxO+H_SPC.getyO);

'* CUF2 *'moveto(cyc21nX +CYC_DIAMETERI2,cyc2InY+CYC_H);
liDeto(getxO.millY);
LeftArrow(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyQ);
UpArrow(getxO.cycY);
RightArrow(cycX·CYC_DIAMETERJ2,cycY);
cbaDgetextstyle(SMALL_FONT.HORlZ_DIR,8);
outtextxy(MaxXJ2-20,MaxY12+100,"Circuit 23-);
}

void DrawF1owsbeet24(int xPnt,ÏDt yPnt){'* BM-Scr·Cr·BM-TSCC *'
mt cycX,cycY.millX.millY,cyc21nX,cyc2InY,miU_lX;
mt mLoffset;
iDt xl,yl,x2,y2,x),yJ.x4,y4.xS,yS;

clearviewportO;
sedillstyle( l,WHITE);
mil1X:zxPnt;
millY·yPnt;
mLDffset=(MILL_LENGTH/2}+(MILL_LENGTH/5)+(MILL_LENGTHm;
mi1l_1X=-=millX-mLoffset-H_SPC-<MILL_LENGTHI2)-(MILL_LENGTH/lO)-2*SMALL_H_SPC;
/* FF *'
moveco(mill_lX-mLoffset-H_SPC,millY);
RilblArrow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RiablArrow(mill_1X-mLoffset,millY);
,- WU addition -,
IDOvelO(mill_lX-mLoffset-SMALL_H_SPCtmillY+V_Spc);
UpArrowW(getxO,millY);
DrawBallMill(milt1X.millY,MILL_DIAMETER,MILL_LENGTH);



Appendix G Bali Milling Circuits Slmulator (BMCS)

seuextjuslify(LEFT_TEXT,TOP_TEXT);
outlextxy(mill_lX+7.millY-2," 1");
IDOvelo(mill_IX+(MILL_LENGTHI2)+(MILL_LENGTH/10),millY);
RightArrow(gctxO +SMALL_H_SPC,millY);
xl=getxO;
ylagety();
12=xl +2*SMALL_H_SPC;
y2=yl + l.S*SMAll_V_SPC:
x3 -x2-SMALL_H_SPC;
y3-y2+0.S·SMALL_V_SPC;
DrawScreen(xl,y l,û,y2.x3.y3);
moveto(x2,y2);
liDeto(x2,y2-l.S*V_SPC);
LeftArrow(milt IX,getyO);
DrawCrushcr(mill IX,gctyO);
movelO(mill_IX-o:3*SMALL_H_SPC,y2-l.S*V_SPC+(I.S*SMALL_V_SPC»;
lineto(getx() ,gctyO+SMALL_V_SPC);
liDeto(mill_lX~mLoffsct-SMALL_H_SPC.getyO);

DownArrow(gctxO,millY);
DrawBallMil1(millX,millY.MILL_DlAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXn;
outtextxy(millX+.7,miIlY-2. "2");
cycX=mïllX+(MILL_LENGTHI2) +(MILL_LENGTHI10) +H_SPC;
cycY=millY-V_SPC;
moveto(x) ,y3);
liDeto(x3 +2*SMALL_H_SPC,y3);
liDeto(getxO,cycy);
Ri&htArrow(cycX~CYC_DIAMETER12-SMALL_H_SPC.C)'cY);
DrawCyclonc(cycX.cycY.CYC_TOP_H,CYC_DIAMETER.CYC_Hl;

'* COF *'
1DOveto(cycX,cycY~CYC_TOP _H/2);
liDeto(gctx() ,gcty()-SMALL_V_SPC);
RiptArrow(gctxO +H_SPC,getyO);
cyc2lDX:I:gctxO;
cyc2IDY=cycY+CYC_H+2.S·SMALL_V_SPC;
1* BMD -> CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO).mil1Y);
liDeto<cycX-CYC_DIAMETERl2-SMALL_H_SPC,letyO);
UpArrow(gelX(),cyc2Iny -CYC_TOP_HI2-SMALL_V_SPC);

'* CUF *'moVelo(CYcX.cycY +CYC_H);
lineto(getxO,cyc2InY);
RiplArrow(cyc2InX.cyc2InY);

,- C2 *'
DrawCyc:lone(cyc2InX+CYC_DIAMETER/2.c:yc2InY.CYC_TOP_R.CYC_DIAMETER.CYC_H>;
,- COF2 *'
moveto(cyc21nX+CYC_DIAMETERl2,cyc2IoY-evC_TOP_RI2);
lineto(gmO,lctyO-SMALL_V_SPC);
LeftArrow(c:ycX-CYC_DIAMETERI2-SMALL_H_SPC,ptyO);
UpArroW(gclXO.cycY);
RiptArrow(c:ycX-CYC_DIAMETERI2,cycY);
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'* CUF2 */
moveto(cyc2InX +CYC_DIAMETERJ2,cyc2InY+CYC_H);
linelo(geaO,getyO+V_SPC/2);
lineto(millX·mLoffset-SMALL_H_SPC,getyO);
linelo(gea(},millY):
RiptArrow(millX·mLoffset.millY);
chanletextstyle(SMALL_FONT,HORlZ_DIR,8);
ounextxy(MaxX/2-20,MaxY/2 +100,"Circuit 24");
}
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'* funcs2.cOl *'
IiDclude <conio.h >
linclude <stdio.h >
linclude < std1ib.h >
Iinclude <graphics.h >

ldefinc MILL_LENGTH 50
ldefinc MILL_DIAMETER 35
ldefiDe eYC_TOp_H L2
ldefine CYC_DlAMETER 24
ldefine CYC_H 40

ldefine H_SPC 55
ldefiDe SMALL_H_SPC 15
ldefine V_SPC 90
ldefine SMALL_V_SPC 20

extem inl MaxX,MaxY: '-1be maximum resolution of the screen *'
void changetextstyle(inl font,inl direction,inl chanize);
void DrawPrimaryMiII(int x,inl y,int d,inl 1);
void DrawBallMilI(int x,int y,inl d,inll);
void DrawCyclone(int x,int y,int d,inl l,inl h);
void DrawScreen(int xl,int yl,int x2,int y2,ÏDI x3,inl y3);
void DrawCrusher(int x,inl y);
void RightArrow(int x,int y);
void RightArrowW(int x,int y);
void LeftArrow(int x,int y);
void UpArrowW(int x,ÎDt y);
void UpArrow(int x,inl y);
void DownArrow(int x,int y);
void DownArrowW(int x,int y);

void DrawAowsheet2S(int XPnI,ÎDI yPnt)
{
,. PM-SM-RC *'
inl cycX,cycY,millX,millY,mill_IX;
im mLoffsel;

clearvicwponO;
sedUlstylc( l,WHITE):
mi1IX-xPnt;
millY.yPnI;
c:ycX-millX·(MILL_LENGTHI2)-(MILL_LENGTH'5>-<MILL_LENGTHm-H_SPC;
c:ycY-millY-V_SPC;
mill_IX=cycX.cYC_DIAMETERJ2-1.5*H_SPC-(MlLL_LENGTHJ2HMILL_LENGTH/IO);
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTHl5)+(MILL_LENGTHJ7);

'* FF *'moveIO(mill_IX·mLoffset-H_SPC,millY);
RiprArrow(mill_lX-mLoffset,millY);
DrawPrimaryMi1l(mill_lX,mi1lY,MILL_DIAMETER,MILL_LENGTH};'* PMD .,
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moveto(mill_lX+(MILL_LENGTHI2)+(MILL_LENGTHI10),millY);
liDeIo(gelXO +SMALL_H_SPC,millY);
liDeto(gelXO,cycY);
liDeto(gelXO+SMALL_H_SPC,cycY);
moveto(cycX-CYC_DIAMETER/2-H_SPC,cycY);
RiptArrow(cycX-CYC_DlAMETERJ2-SMALL_H_SPC,getyO);
RiptArrow(cycX-CYC_DlAMETERI2,getyO);
moveto(cycX.cYC_DIAMETER/2-SMALL_H_SPC,getyO-V_SPC);
DownArrowW(getxO,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER.CYC_H);
1* COF·'
IDOveto(cycX,cycY·CYC_TOP_812);
lineto(gelXO,CYcY-(CYC_TOP_H/2)-SMALL_V_SPC);
RightArrow(geuO + H_SPC,getyO);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
/* CUF -> BMF ./
moveto(cycX,cycY +CYC_H);
lineto(cycX,mi11Y);
RigluArrow(millX-(MILL_LENGTH/2)-(MILL_LENGTH/S)-(MILL_LENGTHI7),millY);
1* BMD -> CF "'"
moveto(millX+(MILL_LENGTH/2)+(MILL_LENGTHI10),millY);
lineto(millX+(MILL_LENGTH/2)+(MILL_LENGTHI10)+SMALL_H_SPC,millY);
lineto(gelXO,getyO +V_SPC/2);
liDeto(cycX-CYC_DIAMETERl2-SMALL_9_SPC,getyO);
UpArrow(getxO.cycy);
changetextstyle(SMALL_FONT,HORIZ_DIR,8);
outtextxy(MaxXl2-20,MaxY12+100,"Circuit 25");
}

void DrawFlowsheet26(int xPnt,int yPnt){
/* PM-Scr-BM-RC */
int cycX,cycY,millX,miIlY•mill_lX;
int mLoffset;
int xl,yl,x2.y2,x3,y3;

clearviewpono;
setfillstyle( l,WHITE);
milIX =xPnt;
miIlY-yPDt;
mLoffsct=(MILL_LENGTH/2)+<MILL_LENGTH/5)+<M1LL_LENGTHm;
cycX-mil1X-mLoffset-H_SPC;
cycY-mi11Y-V_SPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_Hl;
/. COF *'
moveto(cycX,cycY-CYC_TOP_812);
liDeto(Jcuo,cycY·(CYC_TOP_H/2)-SMALL_V_SPC);
RiptArrow(geaO +H_SPC,gctyO);
miIl_IX-cycX.cYC_DIAMETERI2-2*H_SPC;
,. FF *'
movelO(mill_1X-mLoffset·H_SPC,millY);
RiptArrow(gcuO +H_SPC·SMALL_H_SPC,millY);
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1* water addition */
movelo(mill_IX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(geaO,millY);

/* BMI *'
DrawPrimaryMill(mïll_lX.millY.MILL_DIAMETER,MILL_LENGTH);
1· BMI to CF */
moveto(mill IX +(MILL LENGTH/2)+(MILL LENGTH/IO),millY);
RigbtArrow(getxO +SMALL_8_SPC,millY); -
xl~letxO;

yi =gety();
x2=xl +2*SMALL_H_SPC;
y2=yl + l.S*SMALL_V_SPC;
x3~x2-SMALL_H_SPC;
y3=y2+0.S*SMALL_V_SPC;
DrawSaeen(x l,y 1.x2,y2,x3 ,y3);
moveto(x3 ,y3);
RightArrow(cycX-CYC_DIAMETERl2-SMALL_H_SPC,y3);
IDOveto(x2,y2);
lînelo(x2.y2-V_SPC):
lineto(mill_lX-mLoffset-SMALL_H_SPC,getyO);
DownArrow(getxO,Milly);
RightAnow(mill_IX-mLoffset,millY);

1· BM2 *'
DrawBalIMill(mîllX,millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXn;
OUlteXtxy(milIX +7,millY-2. "I"};
1· CUF to BMF *'
moVelo(cycX,cycY +CYC_H);
llDeto(cycX,millY);
RiptArrow(millX-(MILL_LENGTHI2)-(MILL_LENGTH/5)-(MILL_LENGTHm.millY);
1· BMD -> CF *'
movelo(milLX +(MILL_LENGTH/2)+(MILL_LENGTH/IO),millY);
liDelo(milLX +(MILL LENGTH/2)+(MILL LENGTH/IO)+SMALL H SPC,millY);
liDeIo(getxO,gety()+V_SPC); - - -
liDeIo(cycX-CYC_DIAMETERJ2·SMALL_H_SPC,letyQ);
UpArrow(getx(),y3);
linelo(getxO,cycY);
RialllArrow(cycX-CYC_DIAMETERI2.cycY);
cbangetextstyle(SMALL_fONT,HORIZ_Dm,8);
seaextjustify(CENTER_TEXT,TOP_TEXT);
ouuextxy(MaxX/2-20,MaxY/2+100,"Circuit 26");
}

void DrawAowsbee127(inl xPnt,iDt yPDI){
1. PM-Scr-Cr-BM-RC *'
iDt cycX,cycY,millX,millY,mill_lX;
iDt mLoffset;
iDt xl,yl,x2,y2,x3,y3;

clearviewponQ;
scdillstyle(1,WHITE);
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millX=-xPnt;
millY·yPnt;
mLoffset=-(MILL_LENGTH/2)+(MILL_LENGTH/S)+(MD..L_LENGTHn);
cycX=millX-mLoffset-H_sPC;
cycY-millY-Y_SPC;
DrawCyclone(c:ycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
1· COF *'
moveto(cycX,cycY-CYC_TOP_HI2);
lineto(JettO,CYcY-(CYC_TOP_H'2)-SMALL_V_SPC);
RighlArrow(gelXO+H_SPC,getyO);
mill_lX=cycX-CYC_DIAMETERJ2-2·H_SPC;
,. FF *'
moveto(mill lX-mLoffset-H SPC,millY);
RigluArrow{geuO+H_SPC-SMALL_H_SPC,millY);

'* WIIer addition *'
moveto(miU_IX-mLoffset-SMALL_H_SPC,millY+V_Spc);
UpArrowW(getxQ,millY);
,. BMI *'
DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);'* BMI tG CF .,
moveto(mill_lX+(M1LL_LENGTHI2)+(MILL_LENOTHIIO),milly);
RightArrow(getXO +SMALL_H_SPC,mlllY);
xl-gettO:
yl-gelYO;
12=-xl +2*SMALL_H_SPC;
y2=yl +l.S*SMALL_V_SPC;
13-I2-SMALL_H_SPC;
y3=-y2+0.S*SMALL_Y_SPC:
DrawSmen(xl ,y1,x2,y2,x3,y3);
moveto(x),y3);
RightArrow(cycX-CYC_DIAMETERJ2-5MALL_8_SPC,y3);
moveto(x2,y2);
liDeto(x2,y2-1.'s·V_SPC):
LeftArrow(miU_IX,getyO):
DrawCrusber(mill_lX,gelYO);
moveto(mill_1X-o.3*SMALL_H_SPC,y2-1.5·V_SPC+(1.5*SMALL_V_SPC»;
liDeto(&etxO,getyO+SMALL_V_Spc);
liœto(mill_lX-mLoffset-SMALL_H_SPC,letyO);
DownArrow{JeaO,mlllY);
RiptArrow(mill_IX-mLoffset,millY);

'* BM2 *'Dnw8al1Mi1I(miIlX,millY,MILL_DIAMETER,MILL_LENOTH);
seneltjUllify(LEF1'_TEXT,TOP_TEXT);
outtemy(millX+7,mi1IY-2, -1-);

'* CtJf tG BMF *'
IDOVeto(cycX,cycY+CYC_H);
liDeto(cycX,millY);
RiaJ1tAnow(millX-{MILL_LENGTHI2)-(MILL_LENGTH/5)-{MILL_LENGTHI7},millY};'* BMD to CF *1
moveto(lIIiUX+(MILL LENGTHI2)+(MILL LENGTH/IO),millY);
liœto(miI1X+(MILL_LENGTHI2)+<MILL_LENGTHlI0)+SMALL_H_SPC.millY);
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liDeta(geaQ,getyO+V_SPC);
lïneto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow(geaQ,y3);
üneto<JetxQ.cycY);
RightArrow(cycX-CYC_DIAMETERI2,cycY);
chaogeIeXtstyle(SMALL_fONT,HORIZ_DIR,8);
settextjustify(CENTER_TEXT,TOP_TEXT);
ounexuy(MaxXI2-20,MaxY12+ 100,"Circuit 27");
}

void DrawFlowsbeet28(int xPnt,ÏDt yPnt){'* PM-BM-TSfC .,
int cycX,cycY,millX,millY,cyc2InX,cyc21nY,mill_IX;
int mLoffset,mRoffset;

clearviewponO;
setfillstyle(I,WHITE); .
millX=xPnt;
mLoffset=(MILL_LENGTH'2) +(MILL_LENGTH'S)+(MILL_LENGTH/7);
millY=yPnt;
mill_IX =-=mil1X-mLoffset-H_SPC-(MILL_LENGTH/2)-(MILL_LENGTHI10);

1* pp *'
moveto(mill_lX-mLoffset-H_SPC,millY);
RightArrow(mill_1X-mLoffset-SMALL_H_SPC,miIIY);
RightArrow(mill_lX-mLoffset,millY);

'* waler addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DownArrowW(geaQ,millY);
DrawPrimaryMill(mill_1X,millY,MILL_DIAMETER,MILL_LENGTH);
1* BMlD to BM2F *'
moveto(mil1X-mLoffset-H_SPC,millY);
RigbtArrow(millX-mLoffset,mlllY);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustiCy(LEFT_TEXT,TOP_TEXn;
ouUextXy(millX+7,millY-2, "1·);
cycX-mi1lX+(MILL_LENGTHI2)+(MILL_LENGTH/lO)+H_SPC;
cycY-millY-V_SPC;
DrawCyclooe(cycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* BMD ta Cf *'
moveto(milIX+(MILL_LENGTHI2)+(MILL_LENGTHIlO),miIlY);
liDeto(JeaO+SMALL_H_SPC,letyO);
lineIO(aeaO,getyO...V_SPC);
RiptArrow(cycX-(CYC_DIAMETERI2),letyO);

'* COF *'moveto(cycX,cycY-evC_TOP_M);
liDeto{Jeao,letyO-SMALL_V_Spc);
RigblArrow{JeaO+H_SPC,letyO);
cyc21DX-.cO;
cyc2IDY-.etyO;
1* CUF *'
moveto(cycX,cycY+CYC_H);
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lineto(getxO,getyO + V_SPC);
liDeto(millX-(MILL_LENGTHI2)-(MILL_LENGTH/5)-(MILL_LENGTHI7)-SMALL_R_SPC,getyO);
UpArrow(getxO,millY);

1* c2 *'
DrawCyclone(c:yc21nX+CYC_DIAMETERJ2,c:yc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'moveto(c:yc21DX +CYC_DIAMETERI2,c:yc2Iny -CYC_TOP_RI2);
lineto(JetxO,getyO-SMALL_V_SPC);
RightArrow(getxO +H_SPC,getyO);

'* CUF2 *' ·moveto(c:yc2IDX+CYC_DIAMETERl2,c:yc2InY +CYC_H);
lineto(JetJtO,getyO +V_SPC);
LeftArrow(c:ycX,getyO);
cbangetextstyle(SMALL_FONT,HORlZ_DIR,S);
ounextxy(MaxXJ2-20,MaxYI2+ 100,"Circuit 28");
}

void DrawFlowsheet29(inl xPnl,inl yPnt){'* PM-BM-TSMC *'
inl cycX,cyc:Y,millX,miIlY,cyc2lnX,cyc:21nY,mill_IX;
inl mLoffset;

clearviewponO;
setfillstyle(1,WHITE);
millX -xPnt;
millY=yPnl;
mLoffset-(MILL_LENGTHJ2)+(MILL_LENGTH/S)+(MILL_LENGTH/7);
mill_lX=millX-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH/lO);

'* FF *'moveto(mill_lX-mLoffset-H_SPC,miIlY);
RigbtArrow(mill_lX-mLoffset-sMALL_H_SPC,millY);
RigbtAnow(miltlX-mLoffset,millY);

'* waœr addition *'
moveto(mill_lX-mLoffset..sMALL_H_SPC,millY-V_Spc);
DownArrowW(geaQ,miIlY);
DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER,MD..L_LENGTH);'* BMID to BM2F *'
moveto(millX-mLoffset-H_SPC,millY);
RiahtArrow(millX-mLoffset,miIlY);
DrawBa1lMill(milIX,millY,MJLL_DIAMETER,MILL_LENGTH);
seaeujustify(LEFT TEXT,TOP TEXT);
ouuutxy(millX+7:OUUY-2,"1");
cycX-millX+(MILL_LENGTHJ2)+(MILL_LBNGTH/IO)+H_SPC;
cyc:Y-millY-V_SPC;
DnwCycloDC(c:ycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
,. BMD 10 CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTH/I0),milly);
UDelo<&etxO +SMALL_H_SPC,letyO);
liDeIo{JetxO,letyO·V_SPC);
RigbrAnow(cycX-(CYC_DIAMETERI2),letyO);
,. COF *'
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moveto(cycX,cycY.cvC_TOP_HI2);
lineto(getxO,getyO-SMALL_V_SPC);
RightArrow(getxO + H_SPC,getyO);
cyc2lDX::KgetxO;
cyc2InY- getyO;

'* CUF *'moveto(cycX,cycY+CYC_H);
liDeto(getxO,getyQ+V_SPC);
liDeto(mi1IX-mLoffset-SMALL_H_SPC,getyO);
UpArrow(getxO,millY);

'* c2 *'DrawCyclone(cyc2InX+CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* COF2 .,
moveto(cyc21nX+CYC_DIAMETERJ2,cyc2InY-CYC_TOP_HJ2};
lineto(getxO,getyO-SMALL_V_Spc);
RightArrow(getxO+H_SPC,getyO);

'* CUF2 *'moveto(cyc2InX+CYC_DlAMETERI2,cyc21nY+CYC_H);
liDeto(getxO,getyQ+V_SPCI2);
lineto(cycX-CYC_DlAMETERI2-SMALL_H_Spc,getyO);
UpArrow{JetxO,CYcY);
chaDgeœxtstyle(SMALL_FONT,HORlZ_DIR,8);
ounexay(MaxXI2-20,MaxY12+100, -Cirœit 29-};
}

void DrawF1owsheet30(int xPnt,int yPnt){'* PM-BM-TSCC *'
im cycX,cycY,millX,millY.cyc2lnX,cyc2InY.mill_lX;
iDt mLoffset;

c1earviewportQ;
setfi1lstyle(1,WHITE);
milIX-xPnt;
millY.yPnt;
mLoffset-(MILL_LENGTH'2)+(MILL_LENGTHlS)+{MILL_LENGTH/7);
mill_lX-milIX-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH'10);

'* pp *'moveto(mill lX·mLoffset-H SPC,millY);
RiabtArrow<DwI_1X.mLoffsét..sMALL_H_SPC,millY);
RightArrow(mil1_1X·mLoffset,miI1Y);

'* WIIer additioD *'
moveto(mill_lX.mLoffset-SMAU._H_SPC,millY-V_Spc};
DownArrowW(gemO,mi1lY);
DrawPrimuyMiI1(mill_1X,millY,MILL_DIAMETER,MILL_LENGTH);'* BMID to BM2F *'
IIIDvelO(miIIX-mLoffset-H_SPC,millY);
RiahtAn'ow(millX-mLoffset,millY);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENG11I);
seuœjuscify(LEFT_TEXT,TOP_TEXT);
ouaemy(miUX+7,millY-2, -1-);
cycX-miUX+{MILL_LENGTHJ2)+{MILL_LENGTHlIO)+H_SPC;
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c:ycY-millY-V_sPC;
DrawCyclone(cycX,c:ycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* BMD to CF .,
IDOveto(millX+(MILL_LENGTHI2)+(MILL_LENGTHllO),millY);
liDeto(gettQ+SMALL_H_SPC,getyO);
1ïDeto(gettQ,getyO-V_SPC);
RigbtArrow(cycX-(CYC_DIAMETERI2),getyQ);
/* COF·'
IDOveto(cycX,cycY-CYC_TOP_H/2);
lincto(getxO,getyO-SMALL_V_SPC);
RigbtArrow(getxQ+H_SPC,getyO);
c:yc2InX·getxO;
c:yc2InYacycY+CYC_H+2.S·SMALL_V_SPC;
/* CUF·'
moveto(cycX,cycY+CYC_H);
linelo(getxQ,cyc2InY);
RigbtArrow(c:yc21nX,cyc2InY);
/* c2 .,
DrawCyclone(cyc2lnX+CYC DIAMETER/2,cyc2InY,CYC TOP H,CYC DIAMETER.CYC H);'* COf2 ., - - - - -
moveto(cyc2InX+CYC_DIAMETERI2,cyc2InY-CYC_TOP_HI2);
liDeto{JeaO,getyO-SMALL_V_SPC);
linelo(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO>;
UpArrow(getxO,cycY);'* CUF2 .,

.moveto(cyc2InX+CYC_DIAMETER/2,cyc2InY+CYC_8);
liDeto(getxO,getyO+V_SPCI2);
liDeto(millX-mLoffset-SMALL_H_SPC,getyO);
UpArrow(getxO,millY);
cbanleteXtstyle(SMALL_FONT,HORlZ_DIR,8);
ounextxy(MuXI2-20,MaxY/2+ 100,"Circuit 30");
}

void DrawFlowsheet31(iDt xPnt,iDt yPnt){'* PM-Scr-BM-RTSfC .,
iDt cycX,cycY,millX.mil1Y,cyc2lnX,cyc21nY,mill_IX:
iDt mLoffset,mRoffset;
iDt xl,yl,x2,y2,x3,y3,x4.y4,xS,yS:
clearviewportQ;
scdillJtyle(l,WHITE);
milIX-xPm;
mLoffset-(MILL LENGTH/2)+(MILL LENGTHl5)+(MILL LENGTHm;
~~~ - - -
miIl lX-milIX-mLoffset-H SPC-(MILL LENGTHI2)-(MILL LENGTH/IO)-2*SMALL H SPC;'* Fi: *' - - - --
moveto(mill_lX-mLoffset-H_SPC,millY);
RiptAnow(mill_lX-mLott'set-SMALL_H_SPC,miIlY);
RiPlAnow(mill_lX-mLoffset,millY);

'* Wiler addition *'
IIIOVeto(mill lX-mLotrset-SMALL H SPC,mi11Y+V SPC);
upAnowwCieuQ,millY); - - -
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DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH};
moveto(mill_lX+<MILL_LENGTHI2)+(MILL_LENGTH'lO),millY);
RightArrow(getxO+SMALL_H_SPC,millY);
xl-gettO;
yI-lelyO;
x2-xl +2*SMALL H spc·- - ,
12-yl + l.S*SMALL_V_SPC;
x3 -x2-SMALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DrawScreen(xl.yt ,x2,y2,x3,y3);
moveto(x2,y2);
liDeto(x2,y2-V_SPC);
liDeto(mill lX-mLoffset-5MALL H SPC,getyO);
DoWDArrow(getxO,milri); - -
DrawBalIMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXT);
outtextxy(millX+7,millY-2, -1-);
cycX-millX+<MILL LENGTHI2)+(MILL LENGTH'lO)+H SPC;
cyc:Y-millY-V_SPC;- - -
moveto(x3,y3);
lineto(x3 +2*SMALL_H_SPC,y3);
liDelo(getxO,CYcY);
RighlArrow(millX+<MILL_LENGTH/2)+(MILL_LENGTH'lO)+SMALL_H_SPC,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* BMD to CF *'
moVelo(millX+(MILL_LENGTHI2)+(MILL_LENGTHllO),mlllY);
lïneto(getxO+SMALL_H_SPC,getyO);
UpArrow(getxO,getyO-V_SPC);
RightArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COF *'moveto(c:ycX,cycY-CYC_TOP_RI2);
lîDeto(getxO,getyO-SMALL_V_SPC);
RightArrow(getxO+H_SPC,getyO);
c:yc21DX-lettO;
c:yc2InY-getyO;'* CUF·'
moveto(c:ycX,cycY+CYC_8);
liDeto(getxO,getyO+V_SPC);
liDeto(miUX-(MILL_LENGTH/2)-(MILL_LENGTHlS)-(MD..L_LENGTHm-SMALL_H_SPC,getyO);
liDeto(getxO,millY);
Ri&htArrow(getxO +SMALL_H_SPC,get)'O);

'* c2 *'DrawCycloœ(cyc2InX+CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(cyc21nX+CYC_DIAMETERI2,cyc2InY-evc_TOP_M);
liDeto(getxO,getyO-SMALL_V_Spc);
RiptAnow(getxQ+8_SPC,.et)'O);

'* CUF2 */
moveto(cyc21nX+CYC_DIAMETERI2,cyc2InY+CYC_8);
1iDeto(gelX(),IetyQ+V_SPC);
LeftAnow(cycX,lecyO);
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cbaDletextstyle(SMALL_fONT.HORIZ_DIR.S);
outtextty(MaxX/2-20.MuY12+100. ·Circuit 31·);
}

void DrawFlowsheet32(int xPnt,int yPnt){'* PM-&:r-BM-RTSMC *'
iDt c:ycX,cycY.millX,millY,cyc21nX,c:yc2InY,mill_IX;
ml mLoffset.mRoffset;
iDt xl,yl.x2,y2.x3.y3 ,x4,y4,x5,y5;

clearviewponQ;
sedilbtyle(1.WHITE);
millX=-xPut;
mLoffsel-(MILL_LENGTHI2)+<MILL_LENGTHJS)+(MD..L_LENGTHl7);
millY-yPnt;
mill_1X=m.i11X-mLoffset-H_SPC-(MlLL_LENGTH/2)-(Mn.L_LENGTH/I0)-2*SMALL_H_SPC;

/* FF *'
moveto(mill_lX-mLoffset-H_SPC,millY);
RigbtArrow(mill_lX-mLoffset-SMALL_H_SPC.millY);
RigbtArrow(mill_lX-mLoffset,millY);'* willer addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC.millY+V_SPC);
UpArrowW(getxQ,millY);
DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER,MIU_LENGTH);
moveto(mill_lX+(MILL_LENGTHI2)+(MILL_LENGTHlI0),millY);
RigbtArrow(gctxQ +SMALL_H_SPC,millY);
xl=ICUO;
yl-ICtyO;
a-xl +2*SMALL_H_SPC;
y2=yl +1.5*SMALL_V_SPC;
13-x2-8MALL_H_SPC;
y3-y2+0.'*SMALL_V_SPC;
DrawScreen(xl ,y l ,x2,y2,x3,y3);
moveto(x2,y2);
liDeto(x2,y2-V_SPC);
liœIo(mill_1X-mLoffset-SMALL_H_SPC,lelYO);
DoWDArrow(gcaQ.millY);
DrawBallMill(millX,millY.MILL_DlAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
outtaay(millX+7,millY-2, -1 .);
cycX-miUX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+H_SPC;
cycY-miI1Y-V_SPC;
moveto(x3,y3);
liœIo(x] +2*SMALL_H_SPC,y3);
ÜDCIO(JeaQ,c:ycY);
RiPtArrow(cycX-CVC_DIAMETERI2-8MALL_H_SPC,c:ycY);
DrawCyc1cme(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_Hl;
,- BMD co CF .,
lDOVeIO(millX+ (MILL LENGTHI2)+(MILL LENGTHlIO),miIlY);
RiPtArrow(cycX-(cvë_DIAMETERI2}SMALL_H_SPC,letYO);
UpArrow(&euQ,cycY);
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RightArrow(cycX-(CYC_DIAMETERl2),getyO);

'* COF *'OlOveto(cyCX,cycY-CYC_TOP_HJ2);
liDeto<&etxO,getyO-SMALL_V_SPC);
RiptArrow(gettO+H_SPC,getyO);
cye2lDX-gettO;
cyc2InY-getyO;
'* CUF */
IDOvcto(cycX,cycY+CYC_H);
tïneco(gecxO,getyO+V_Spc);
lineto(millX-{MlLL_LENGTHI2)-(MILL_LENGTHlS)-(MILL_LENGTHI7)-SMALL_H_SPC,getyO);
liDeto(geaO,millY);
RightArrow(geaO +SMALL_H_SPC,getyO);

'* c2 *'DrawCyclone(cyc21nX+CYC_DIAMETER/2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'movelo(cyc21nX+CYC_DIAMETERJ2,cyc21nY-eYC_TOP_8/2);
linelo(getxO,getyQ..SMALL_V_SPC):
RightArrow(getxO+H_SPC,gctyO);

'* CUF2 *'IDOveto(cyc21nX+CYC_DIAMETER/2,cyc2InY+CYC_H);
linelo(geaO,millY);
LeftArrow(cycX-CYC_DIAMETERJ2-SMALL_H_SPC,getyO);
changetextstyle(SMALL_FONT,HORlZ_DIR,8);
ounextxy(MuXI2-20,MaxYI2+ 100, ·Cin:uit32");
}

void DrawFlowsbeet33(int xPnt,iDt yPnt){'* PM..Scr-BM-STSC: two stage come *'
int cycX,cycY,millX,millY,cyc2lDX,cyc2lnY,mill_IX;
int mLoffset;
im xl,yl,x2,y2,x3,y3,x4,y4,XS,yS;

clearviewponO;
sedi11style( l,WHITE);
millX-xPnt;
millY.yPnt;
mLoffset-(M1LL LENGTHI2)+(MILL LENGTH/S)+(MILL LENGTHm;
mi11 lX-millX-nÏLoffset-H SPC..(MILL- LENGTHI2)-(MILL 'i.ENGTH'lO)-2*SMALL H Spc·- - - - -~ .'* pp *'IDOveto(miU_lX-mLoffset-H_SPC,millY);
RiprArrow(mill_lX-mLoffsa-SMALL_H_SPC,millY);
RiprArrow(mill_IX-mLoffset,millY);'* WIIef addition .,
IDOVeltl(mütIX-mLoffset..SMALL_H_SPC,millY+V_Spc);
UpArrowW(getxO,millY);
DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
movelO(miIl_IX+ (MILL_LENGTHJ2)+(MILL_LENGTHllO),millY);
RiprArrow(getxQ +SMALL_H_SPC,millY);
xl-IaO;
yl-ptyO;
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x2-~1 +2·SMALL_H_SPC;
y2-yl+l.S*SMALL_V_sPC;
x3 -12-SMALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DrawSCreen(~l,y l ,12,y2,x3,y3);
movelO(~,y2);

liDeto(x2,y2-V_SPC);
liDeIo(mill_1X-mLoffsct-SMALL_H_SPC,getyO);
DownArrow(geaO,millY);
DrawBa1lMill(millX,millY,MlLL_DIAMETER,MILL_LENGTH);
senextjustify(LEFT_TEXT,TOP_TEXT);
ounextxy(millX+7,millY-2, "1");
cycX -millX+ (MILL_LENGTHI2) + (MILL_LENGTH/IO)+ H_SPC;
cyc:Y=millY-V_SPC;
moveto(x3 ,y3);
liDeIo(x3+2*SMALL_H_SPC,y3);
liDeto{JetXO,cyc:Y);
RightArrow(cycX-CYC_DIAMETERI2-SMALL_"_SPC,cycY);
DrawCyc:looe(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

1* COF *'
moveto(cycX,cycY·CYC_TOP_H/2);
lineto(getxO,getyO-SMALL_V_SPC);
RigbtArrow(getxO+H_SPC,getyO);
cyc21nX- gettO;
cyc2InY-cycY+CYC_H+2.S*SMALL_V_SPC;
1* BMD to CD */
movelo(millX +(M1LL LENGTHI2)+(MILL LENGTH/IO),millY);
liDeIO(CYc:X-CYC DIAMETERI2-SMALL HSPC,millY);- - -UpArrow(geaQ,cyc2InY-CYC_TOP_HI2-SMALL_V_SPC);

'* CUF *'movelO(c:ycX,cycY+CYC_8);
liDeIo{JettO,cyc2lnY);
RiptArrow(cyc2lnX,cyc21nY);

1* c2 *'
DrawCyclone(cyc2InX+CYC_DIAMETERI2,cyc:2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'movelO(cyc21nX+CYC_DIAMETERI2,cyc2InY-CYC_TOP_RI2);
lÏDCIO(JetxO,letyO-SMALL_V_SPC);
LeftArrow{c:ycX-CYC_DIAMBTERJ2..SMALL_H_SPC,letyO);
UpArrow{JeuO,cycY);
RiahtArrow(c:ycX..(CYC_DIAMETERI2),letyO);

'* CUf2 *'IDOvelo(c:yc21nX +CYC_DIAMETERI2,cyc:2InY+CYC_H);
liDeIo{JeaO.&etyO+V_SPCI2);
linelo(millX..mLoffset-SMALL_H_SPC,letyQ);
liDeIo(paO.millY);
Ri&btArrow(mïUX-mLoffset,millY);
cblD&elaUtY1c(SMALL_FONT,HORIZ_DIR,8);
ouuemy(MuXI2-20,Mu.Y12+100.·Circuit 33");
}
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void DrawF1owsheet34(inl xPnl,int yPnl){
,. PM-scr-er-BM-RTSFC ./
int cycX,cycY,millX,millY,cyc2InX,cyc2InY,mill_IX;
im mlDffset,mRoffset;
int xl,yl,x2,y2,x3,y3,x4,y4,XS.yS;

clearviewportO;
sediUstyle(l.WHITE);
millX s xPnt;
mLoffset=(MILL_LENGTH/2)+ (MILL_LENG1'HIS) +(MILL_LENGTHn);
millYzyPnl;
mill_lX=millX-mLoffset-H_SPC-(MD..L_LENGTH/2)-(MD..L_LENGTH/lO)-2*SMALL_H_SPC;
,. FF·'
aDOveto(mill_lX-mLoffset-H_SPC.millY);
RigbtArrow(mill_lX-mLoffset-SMALL_H_SPC,millY>;
RigbtArrow(mill_lX-mLoffset,millY);
,. waœr addition .,
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(getxO.millY);
DrawPrimaryMill(mill_lX,millY,MD..L_DIAMETER,MILL_LENGTH);
moveto(milI_lX+<MnL_LENGTH/2)+(MILL_LENGTHllO),millY);
RigbtArrow(getxO +SMALL_H_SPC.millY);
xl=-letxO;
yl=letyO:
xl-xl +2·SMALL_H_SPC;
y2=yl + l.,S*SMALL_V_SPC;
x3 sl2-5MALL_H_SPC;
y3=y2+0.S·SMALL_V_SPC;
DrawScreen(xl ,y l ,X2,Y2,X3,Y3);
IDOveto(x2,y2);
liDeto(:c2,y2-1.S·V_SPC);
LeftArrow(mill_lX,getyO);
DrawCrusher(mill_1X,letyO);
movelO(mill_1X-O.3*SMALL_H_SPC,y2-l.S*V_SPC+(l.S·SMALL_V_SPC»;
lîDeto(JetxO.letyOTSMALL_V_Spc);
liDeto(mill_1X-mLoffset-SMALL_H_SPC.letyQ);
DownArrow(getxQ,mlllY);
DrawBallMill(mlllX,millY,MILL_DIAMETER,MILL_LENGTH};
senextjustify(LEFT_TEXT,TOP_TEXT);
ouuemy(millX+7,millY-2,"1");
cycXs mil1X +(MILL_LENGTHJ2)+(MILL_LENGTHllO)+H_SPC;
cycY-millY-V_SPC;
moveco(x3,y3);
liDeIo(x3+2*SMALL_H_SPC,y3);
liœto(JeaO,C:YcY);
RipuArrow(millX+(MlLL_LENGTHI2)+ (MlLL_LENGTH/IO)+SMALL_H_SPC,cycY);
DrawCyc1oDC(c:ycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_H};
,. BMD -> CF *1
movelO(mülX+ (MlLL_LENGTHJ2)+ (MILL_LENGTHllO),mülY);
liDeto(pa()+SMALL_H_SPC,plyO);
UpAnow(geaO,ptyO-V_Spc);
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RightArrow(cycX·(CYC_DIAMETERI2),getyO);
/. COF·/
moveto(cycX,cycY..cYC_TOP_8'2);
liDeto{JetxO,getyO-SMALL_V_SPC);
RightArrow(gettO+H_SPC,getyO);
c:yc21DX-seao;
c:yc2Iny -get)'O;
,. CUF·'
moveto(cycX,cycY+CYC_H);
lineto(getxO,getyQ+V_SPC);
lineto(millX-(MILL_LENGTH/2)-(MD..L_LENGTHlS}-(MILL_LENGTHJ7)-SMALL_H_SPC,getyO);
lineto{JeuO,millY);
RightArrow(getxO+SMALL_H_SPC,getyO);
,. c2 .,

DrawCyclone(cyc2IoX+CYC DIAMETERJ2,cyc2InY,CYC TOP H,CYC DIAMETER.CYC H);
,. COF2 *' - - - - -
IDOveto(cyc2InX+CYC_DIAMETER/2,cyc2InY-evC_TOP_812);
lïneto(geaO,getyO..SMALL_V_SPC);
RiptArrow(getxO+H_SPC,getyQ);

'* CUF2 *'moveto(cyc2InX +CYC_DIAMETERJ2,cyc2InY+CYC_H);
lineto(geaQ,getyO+V_SPC);
LeftArrow(cycX,getyO);
chaDgelextstyle(SMALL_FONT,HORIZ_CIR,8);
outteXtxy(MaxXl2-20,MaxYI2+ 100, "Circuit 34");
}

void DrawFlowsheet3S(int xPnt,int yPnt){'* PM-5cr-Cr-BM..RTSMC *'
inl cycX,cycY,millX,millY,cyc2lDX,cyc21nY,mill_IX;
iDt mLoffset,mRoffset; .
int xl,yl,x2,y2,x3,y3,x4,y4,xS,yS;

c1earviewpono;
setfilIstyle(l,WH1TE);
millX-xPnt;
mLoffset-(MILL_LENGTH12)+(MD..L_LENGTH/S}+(MILL_LENGmm;
millY-yPnt;
mill_IX-millX..mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH/IO)..2·SMALL_H_SPC;'* FF .,
moveto(mill lX-mLoffset..H SPC,mi1lY);
Ri&htArrow(mill_lX-mLotrsët.sMALL_H_SPC,millY);
RipcAnow(mill_lX..mLoffset,millY);
,. Wiler addition .,
moveto(mill_IX..mLoffset-sMALL_H_SPC,millY+V_Spc);
UpAmnvW{Jeuo.millY);
DrawPrimaryMill(mill IX,millY,MILL DIAMETER,MILL LENGTH);- - -movelO(mill IX+ (MILL LENGTHJ2)+(MILL LENGTH/IO),mi11Y);
RîIblAftowCieuO+SMAÏ.L_H_SPC,miIlY); -
xl-aeuO;
yl-.elYO;
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x2=xl+2*SMALL H spc·- - ,
y2=-yl + I.S*SMALL_V_spc;
x3 -x2-SMALL_H_SPC;
y3=-y2+0.S*SMALL_V_spc;
DrawScreen(xl,yl ,x2,y2,x3,y3);
IIIOveto(l2,y2);
1incIo(x2,y2·I.S*V_SPC);
LeftArrow(mlltlX,getyO);
DrawCrusher(mill_1X,getyO);
moveto(miltlX-G.3*SMALL_H_SPC.y2-1.S*V_SPC+(l.S·SMALL_V_SPC»;
lineto(getxQ,getyO+SMALL_V_SPC);
lineto(mill_lX-mLoffset·SMALL_H_SPC,getyO);
DownArrow(geaQ,millY);
DrawBaUMill(millX,millY,MILL DIAMETER,MD..L LENGTH);
settextjustify(LEFT_TEXT,TOP_TExn: -
outtextxy(millX+7,millY.2, Ifl If);
cycX=millX+(M1LL_LENGTHI2)+(MILL_LENGTHI10)+H_SPC;
cycY=millY-V_SPC;
IDOveto(xJ,y3);
lineto(x3+2*SMALL_H_SPC,y3);
1iDelo(getxQ,cycY);
RightArrow(cycX-CYC_DIAMETERJ2-SMALL_H_SPC,çycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF *'IDOveto(cycX,cycY-eyC_TOP_8/2);
lineto(getxO,getyO-SMALL_V_SPC};
RightArrow(getxO +H_SPC,getyO);
cyc21DX=getxO;
cyc21Dy a getyO;

'* BMD to CF *'
IIIOveto(millX+(MILL_LENGTH/2)+(MILL_LENGTHIlO),millY);
RightArrow(cycX-CYC_DIAMETERl2-SMALL_"_SPC,getyO);

'* CUF *'IIIOVeto(cycX,cycY+CYC_8);
lineto<&etxO,getyO+V_SPC);
lineto(millX-(MILL_LENGTHI2)-(MILL_LENGTHlS)oo(MlLL_LENGTH/7)-SMALL_H_SPC,getyO);
lîDeto(&euO.millY);
RightArrow(&eaO +SMALL_H_SPC,gelyO);
,. c2 *'
DrawCyclone(cyc2IDX+CYC_DIAMETEItJ2,çyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* COF2 .,
moveto(cyc21nX +CYC_DIAMETERI2.cyc2InY-CYC_TOP_H/2);
lineto<&etxO,getyO-SMALL_V_Spc);
RightArrow(getxO+H_SPC,Iet>'O);
1* CUF2 *'
movelO(cyc2InX+CYC_DIAMETERI2,cyc2IDY+CYC_H>;
liDeto{JCUO,millY);
LeftArrow(cycX-CVC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow{JeaQ,cycY);
RilbtArrow(cycX-eYC_DIAMETERI2.cycY);
cbaqeœmtyle<SMALL_FONT.HORlZ_DIR.8);
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ounextxy(MaxXl2-20,MaxYI2+ 100, ·Circuit 35-);
}

void DrawFlowsheet36(~t xPnt,ÏDt yPnt){'* PM-scr-er-BM-RTSCC .,
int cycX,cyeY,millX,millY,cye2InX,c:ye21nY,mill_lX;
int mLoffset;
int xl ,y l ,x2,y2,x) ,y3 ,x4,y4,x5,yS;

tlearviewponQ;
setfillstyle(l,WHITE);
millX-xPnt;
millY·yPot;
mLDffset=(MILL_LENGTHI2)+(MILL_LENGTH/S)+(MILL_LENGTHn);
mill_IX=millX-mLoffset-H_SPC-<MILL_LENGTH'2)-(MILL_LENGTH/IO)..2*SMALL_H_SPC;

'* FF *'moveto(mill_IX-mLoffset-H_SPC,millY);
RightArrow(mill_lX-mLoffsct-SMALL_H_SPC,millY);
RightArrow(mill_lX-mLoffset,millY);'* water addition *{
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY+V_Spc);
UpArrowW(geaO,millY);
DrawPrimaryMi11(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
moveto(mill_lX+ (MILL_LENGTHI2)+(MILL_LENOTH/IO),mi11Y);
RightArrow(getxO +SMALL_H_SPC,mi1lY);
xl-getxO;
yl-getyO;
x2 -xl +2*SMALL_H_SPC;
12=-yl + l.S*SMALL_V_SPC;
x3 -x2-5MALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DrawScreen(xl ,y1,x2,y2,x),y3);
moveto(x2,y2);
lineto(x2,y2-1.S*V_SPC);
LeftArrow(mill_lX,getyO);
DrawCrusber(mill_lX,letyO);
moveto(mill_lX-o.3*SMALL_H_SPC,y2-1.S*V_SPC+{1.S*SMALL_V_SPC»;
lineto(geaO,getyO+SMALL_V_Spc);
liDeIo(mill_lX..mLoffsct-5MALL_H_SPC,letyO);
DoWDArrow(getxO,miIlY);
DrawBallMill(millX,mi1lY,MILL DIAMETER,MILL LENGTH);
senextjustify(LEFT_TEXT,TOP_TExn; -
outteUXy(millX+7,millY-2, -2-);
c:ycX-miIlX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+H_SPC;
eycY-miI1Y-V_SPC;
IDDveao(IJ,y3);
liDeIo(x3+2*SMALL_H_SPC.y3);
Uœco<&eaO.cyey);
RiptArrow(cycX-eYC_DIAMETERJ2-SMALL_H_SPC.eyeY);
DnwCycloac(cycX,cyeY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'

'* COP *'
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moveto(cycXtcyeY-CVC_TOP_H/2);
liDcto(getxOtgetyO-SMALL_V_spc);
RightArrow(getxO+H_SPC,getyO);
cyc21DX-gettO;
cyc2InY-cyeY+CYC_H+2.S*SMALL_V_SPC;

'* BMD to CF *'
IDOveto(millX+(MILL_LENOTHl2)+(MD..L_LENGTHI lO),millY);
liDeto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow(getxQ,cye21ny ·CYC_TOP_HJ2-SMALL_V_SPC);

'* CUF *'moveto(cycX,cyeY+CYC_H};
liDeIo(getxO,cyc21nY);
RightArrow(cyc2InX,cyc2lnY);

'* c2 *'DrawCyelone(cyc2InX+CYC_DIAMETER/2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

/* COF2 *'
moveto(cyc21nX +CYC_DIAMETERJ2,cyc21nY-CYC_TOP_RI2);
lineto(getxOtgetyO-SMALL_V_SPC); .
LeftArrow(cycX-CVC_DIAMETERI2·SMALL_H_SPC,getyO);
UpArrow(geaO,cyeY);
RightArrow(cyeX-CVC_DIAMETERI2tcyeY);

1* CUF2 *'
moveto(cyc21nX +CYC_DIAMETERl2,cyc2InY +CYC_H);
lineto(geaO,getyQ+V_SPCI2);
lineto(millX-mLoffset-SMALL_H_SPC,getyQ);
lineIO(getxQ,millY);
RightArrow(millX-mLoffsel,millY);
changetextstyle(SMALL_FONT,HORIZ_DIR,8};
outtextxy(MaxXI2-20,MaxYn.+100,"Circuit 36");
}

S74



Appendix G Bail MiIliDI Circuits Simulator (BMCS)

'* funcs3.cOl *'
Iinclude <conio.h>
lindude <stdio.h>
linc1ude <stdlib.h>
linclude <graphics.h>

ldefiDe MILL_LENGTH SO
IdefiDe MILL_DIAMETER. 3~
ldefiDe CYC_TOP_H 12
ldefiDe CYC_DIAMETER 24
ldefine CYC_H 40

ldefiDe H_SPC 55
ldefine SMALt_H_SPC 15
ldetine V_SPC 90
ldefine SMALL_V_SPC 20

extem inl MaxX,MaxY; '* The maximum resolutioD of the screen .,
void changetextslyle(inl font,inl direction,inl charsize);
void DrawPrimaryMill(int x,int y,int d,inll);
void DrawBa1lMill(int x,int y,int d,inll);
void DrawCyclone(inl x,inl y,inl d,inr l,inl h);
void DrawScreen(inl xl,inl yl,iDl x2,inl y2,ÎDl x3,int y3);
void DrawCrusher(iDt X,iDl y);
void RigblArrow(int x,int y);
void Ri&hlArrowW(inl x,im y);
void LeftArroW(inl x,inl y);
void UpArrowW(inl x,int y);
void UpArrow(int X,iDl y);
void DownArrow(inl x,inl y);
void DownArrowW(inl x,inl y);

void DrawFlowsheet37(int xPnl,int yPnt){'* PM-BM·RC·RePM, a poniOD of CUF retums to the primary mill *'
int cycX.cycY,millX.mil1Y,mill_IX;
int mLoffset;

clearviewponO;
sedi1lstyle(l,WHITE);
millX-xPnl;
millY-yPnt;
cycX-millX-(MILL_LENGTHI2)-(MILL_LENGTHlS}-(MaL_LENGTHm-H_SPC;
cycY-miI1Y-V_SPC;
mill_lX-cycX-eYC_DIAMETERJ2-1.S*H_SPC-(MILL_LENGTHJ2)-(MILL_LENGTH/lO);
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTHJS)+(MILL_LENGTHm;'* pp */
IDOveto(mill_IX·mLoffset-H_SPC,millY);
RiPtAnow(mill_lX-mLoffset,miUY);
DnwPrimlryMill(miD_lX.millY,MILL_DIAMETER,MILL_LENGTH);
,. PMD *'
IIIOveto(mill_lX+(MILL_LENGTHI2)+(MILL_LENGTHI10),millY);
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liDeto{JetxQ +SMALL_8_SPC,millY);
lineto(JetxQ,cycY);
lineto(getxQ+SMALL 8 SPC,cycY);
moveto(cycX-CYC_DIAMETERI2-H_SPC,cycY);
RigbtArrow(cycX-CYC_DIAMETER/2-SMALL_"_SPC,getyQ);
RigbtArrow(cycX-CVC_DIAMETERI2,getyQ);
moveto(cycX-CYC_DIAMETERJ2-SMALL_H_SPC,getyQ-V_SPC);
DownArrowW{JetxQ,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_",CYC_DIAMETER,CYC_H);'* COF .,
lDOVeto(cycX,cycY-CYC TOP "12);
lineto(getxQ,cycY-(CYC:TOP:HI2)-SMALL_V_SPC);
RigbtArrow(getxO + H_SPC,getyQ);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);

'* CUF -> BMF *'
moveto(cycX,cycY+CYC_H>;
lineto(c:ycX,cycY+CYC_"+O.7S*SMALL_V_SPC);
liDeto(c:ycX,millY};
RightArrow(millX-(MILL LENGTH/2)-(M1LL LENGTH/S)-(MILL LENGTH/7) ,millY);- - -moveto(cycX,cycY+CYC_H +O.7S*SMALL_V_SPC);
lineto(mill_IX-mLoffset-SMALL_H_SPC,.etyQ);
DownArrow(getxQ,millY);'* BMD ta CF .,
movelo(millX+(MILL_LENGTH/2)+(MILL_LENGTH/lO),millY);
lineto(lDillX+(MILL_LENGTH/2)+(MILL_LENGTH/IO)+SMALL_H_SPC,millY);
liDeto(getxO,getyO + V_SPCI2);
lineto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow(getxO,cycy);
cbaDgetextstyle(SMALL_FONT,HORIZ_DIR,8);
outtextxy(MaxXI2-20,MaxYI2+ 100,-Circuit 37-);
}

void DrawFlowsheel38(int xPnl,int yPnt){'* PM·Scr..BM·RC-RePM·'
im cycX,cycY,millX,millY,mill_IX;
im mLoffset;
inl xl,yl,x2,y2,x3,y3;

clearviewponO;
sedilIJtyle( l ,WHITE);
millX-xPm;
millY.yPnt;
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTH/S) +(MILL_LENGTHI7);
cycX -mil1X..mLoffiet-H_SPC;
cycY-millY-V_SPC;
DrawCyc1one(cycX,cycY,CYC_TOP_B,CYC_DIAMETER,CYC_8);'* COF */
movClO(cycX,C)'cY-eYC_TOP_HI2);
liDeIo{JeaO.cycY-(CYC_TOP_HJ2>-SMALL_V_Spc);
RiptAnow{JcaO+H_SPC,IClYO>;
mill_lX-cycX-eYC_DIAMETERI2-2*R_SPC;
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,. FF·'
IDOveto(mill_lX-mLoffset-H_sPC,millY);
RightAnow(getxO + H_SPC.sMALL_H_SPC,millY);
,. water additiOD. *'
IDOveto(mill_lX-mLoffset-8MALL_H_SPC,millY+V_Spc);
UpArrowW(geOtO,millY);
,. BMI *'
DrawPrimaryMil1(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
,. BMD 10 c·,
moveto(mill_lX+(MD..L_LENGTHI2)+(MILL_LENGTHllO),milly);
RightArrow(geOtO +SMALL_8_SPC,mülY);
xl =getxO;
yi :::agetyO;
:a~xl +2·SMALL_H_SPC;
y2 ~yl+1.S·SMALL_V_SPC;
x3 -x2-SMALL_H_SPC;
y3~y2+0.S·SMALL_V_SPC;
DrawScreen(xl ,y l ,x2,y2,x3,y3);
moveto(x3 ,y3);
RigbtArrow(cycX-CYC_DIAMETER/2-SMALL_H_SPC,y3);
IDOveto(x2,y2);
UpArrow(x2,c:ycY+CYC_H+O.7S*SMALL_V_SPC);
lineto(mill_IX-mLoffset-SMALL_H_SPC,getyQ);
DownArrow(getxO,millY);
RiabtArrow(mill_lX-mLoffset,millY);
,. 8M2 *'
DrawBal1Mlll(mlllX,millY,MILL DIAMETER,MILL LENGTH);
settextjustify(LEFT_TEXT,TOP_TExT); -
outtexUy(millX+7,millY-2, "1");
,. CUF to BMF *1
IDOveto(cycX,cycY+CYC H);
liDeto(cycX,cycY+CYC H+0.7S*SMALL V SPC);
liDeto(cycX,millY); - - -
RiabtArrow(millX-(MILL_LENGTHI2)-(MILL_LENGTH/S)-(MILL_LENGTHI7),millY);
moveto(cycX,cycY+CYC H+O.7S*SMALL V SPC);
LeftAnow(x2,getyQ); - - -
moveto(millX +(MILL_LENGTHI2)+(MILL_LENGTH/I0),millY);
lineto(millX+ (MILL LENGTHI2)+(M1LL LENGTH/IO)+SMALL H SPC,millY);
liDeto{JeDtO,letyO+V_SPC); - - -
liDeto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow{JetxO,y3);
liDeto{JeDtO,CYcY);
RiptAnow(cycX-eYC_DIAMETERI2,cycY);
chaDaetemtyle(SMALL_FONT,HORlZ_DIR,8);
seueujUltify(CENTER_TEXT,TOP_TEXT);
outlUuy(MuXI2-20,MaxYI2+100,·Circuit 38");
}

void DrawFlowsheet39(iDt xPnl,iDI yPDt){'* PM-5cr-er-BM-RC-RePM *'
ÎDl cycX,cycY.millX,millY,mill_IX;
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iDt mLoffset;
inl xl,yl,x2,y2,x3,y3;

clearviewportQ;
setfillstyle(1.WHITE);
mi11X-lPnt;
IDillY zyPnt;
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTHIS)+(MILL_LENGTHn);
cycX-millX-mLoffset-H SPC;
cycY=millY·V_SPC: -
DrawCyclone(cycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF *'moveto(cycX,cycY-CYC_TOP_HI2);
lineto(letxO,CYcY-(CYC_TOP_HI2)-SMALL_V_SPC);
RiptAnow(getxO+H_SPC,get)'O);
mill_1X=cycX-CYC_DIAMETERI2-2*H_SPC;

'* FF *1
moveto(mill lX-mLoffset-H SPC,millY);
RiptAnow(jetxQ+ H_SPC-SMALL_H_SPC,millY);

'* water addition *'
moVelo(mill lX-mLoffset-SMALL H SPC,millY+V SPC);
UpArrowW(ieaO,millY); - - -

'* BMI *'DrawPrimaryMill(mill_1X,millY,MILL_DIAMETER,MILL_LENGTH);
moveto(mill_1X+(MILL_LENGTHJ2) +(MILL_LENGTH/IO),millY);
RiptArrow(getxO +SMALL_H_SPC,millY);
xl=geao;
yl=getyO;
x2=xl +2·SMALL_H_SPC;
y2=yl +1.S*SMALL_V_SPC;
x3 =x2-5MALL_H_SPC;
y3 =y2+0.S*SMALL_V_SPC;
DrawScreen(xl ,f l ,x2,y2,x3,y3);
moveto(x] ,y3);
RiptArrow(cycX-CYC_DIAMETERI2-5MALL_H_SPC,y3);
moveto(x2,y2);
1iDeto{x2,y2-1.S·V_Spc);
LeftArrow(mill lX,y2...1.S·V SPC);- -DrawCrusber(mill_lX,letyO);
movelO(mill lX-Q.3·SMALL H SPC,y2-l.S·V SPC+(l.S·SMALL V SPC);- - - - - -DownArrow(getxO,c:ycY+CYC_H+O.7S·SMALL_V_SPC};
liDeco(mill_lX-mLoffset...sMALL_H_SPC,Iet)'O);
DownArrow<&etxO,millY);
RiptAnow(miU_IX...m1.Dffset,millY);
DrawBal1Mi1l(millX,millY,MILL_DIAMETER,MILL_LENGTH};
seuatjustify(LEFT_TEXT,TOP_TEXT);
ouneIlXy(milIX+7,millY...2, -1-);'* cup ... > BMF *1
moveto(cycX,cycY+CYC_8);
liœIo(cycX,cycY+CYC_H+O.75*SMALL_V_Spc);
liœIo(cycX,mi1lY);
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RiptArrow(millX.(Mn.L_LENGTH/2)-(MlLL_LENGTHIS)-(MILL_LENGTHI7),millY);
moveto(cycX,cycY+CYC_H+O.7S*SMALL_V_spc);
LettArrow(mill_lX-o.3*SMALL_H_SPC.getyO);

'* BMD tG CF *'
moveto(mi11X+(MILL_LENGTHI2) +(MILL_LENGTH/lO),millY);
liDeto(millX+(MILL_LENGTHI2)+(MILL_LENGTHllO)+SMALL_H_SPC,millY);
liDeto(getxO,getyO+V_SPC};
liDeto(cycX-CYC_DIAMETERI2-5MALL_H_SPC,getyO);
UpAnow(getxQ,y3>;
lineto(getxO,CYcY);
RigbtArrow(cycX-CYC_DIAMETER/2.cycY);
chaDgetextstyle(SMALL_FONT,HORlZ_DIR,8);
seuextjustify(CENTER_TEXT,TOP_TEXn;
outtexay(MaxXI2-20,MaxY12+ 100,"Circuit39");
}

void DrawFlowsheet40(inl xPDt,int yPnt){'* PM-BM-TSfC-RePM *'
inl cycX,cycY,milIX.millY,cyc2lnX.cyc21nY,mill_IX;
inl mLoffset,mRoffset;

clearviewponQ;
setfiUstyle(1,WHITE);
mi1lX~xPnt;

mLoffset-(MD..L_LENGTHJ2)+(MlLL_LENGTH/S)+(MILL_LENGTH/7);
millY.yPnt;
mill_IX-millX-mJ..A)ffsct-H_SPC-(MILL_LENGTHI2)-(MlLL_LENGTH/IO);

'* FP *'moveto(mill lX-mLoffset-H SPC,milIY);
Ri&htArrow(mill_lX-mLoffsët-SMALL_H_SPC,millY);
RiptArrow(mill_lX-mLoffset,millY);
,. water addition *'
moveto(mill_lX-mLoffset-5MALL_H_SPC,millY+V_SPC);
UpArrowW(geaO,millY);
DrawPrimaryMi11(miltlX,milIY,MlLL_DIAMETER,MILL_LENGTH);'* BMID to BM2F *'
moveto(millX-mLoffset-H_SPC,millY);
RiptArrow(millX-mLoffset,millY);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
seaatjUlCify(LEFT_TEXT,TOP_TEXT);
outtemy(millX+7,millY-2,"1");
cycX-mi11X+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+H_SPC;
cycY-millY·V_SPC;
DrawCyc1oae(cycX,cycY,CYC_TOP_H.CYC_DIAMETER,CYC_H);

'* BMD tG CF *'
IIIOveto(miI1X+(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
liDeta(aecxQ+SMALL_H_SPC.pl)'O);
liDeta(aeuQ,lelJo-V_SPC);
RiaJltAnow(cycX-(CYC_DIAMETERI2).aetyO);'* COF·'
moveto(cycX.cycY-CYC_TOP_HI2);
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liDeto{JetxO.getyO-SMALL_V_sPC); -
RightArrow(getxO+H_SPC,getyO);
cyc21nX=getxO;
cyc2InY -getyO;

'* CUF *'moveto(çycX.çycY+cyc_H);
liDeto(c:ycX,çycY+CYC_H+O.7S*SMALL_V_sPC);
lineto{JetxO.getyO+V_sPC);
lineto(milIX-<MILL_LENGTH'2)-(MILL_LENGTH'S)-(MILL_LENGTHI7)..SMALL_H_SPC.getyO);
UpAaow(getxO.inillY);
lDOveto(çycX,cycY+CYC_H +O.7S*SMALL_V_SPC);
liDelo(mill_lX-mLoffset-5MALL_H_SPC,getyO);
DownArrow(getxQ,millY);

'* C2 *'DrawCyclooe(cyc21JÎX+CYC_DIAMETERl2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(c:yc21DX +CYC_DIAMETERJ2.cyc21nY-CYC_TOP_HI2);
lineto(getxO.getyO..SMALL_V_SPC);
RightArrow(getxQ+H_SPC,getyO);

'* CUF2 *'IDOveto(çyc21DX +CYC_DIAMETERJ2,cyc2InY+CYC_H);
lineto(geaO,getyO+V_SPC);
LeftArrow(cycX.getyO);
chaDgelextstyle(SMALL_FONT,HORlZ_DIR,8);
ounexay(MaxXl2-20.MaxYI2+100."Circuit 40");
}

void DrawF1owsheet41(int xPnt,int yPnt){'* PM-BM-TSMC-RePM *'
iDl cycX,c:ycY,millX,millY,cyc2InX,cyc21nY.mill_1X;
inl mLoffset;

c1earviewpono:
sedillstyle(l.WHITE);
miIIX -xPDt;
miIlY-yPnt;
mLoffset-(MILL_LENGTHJ2)+(MILL_LENGTH'S)+(MILL_LENGTHm;
mill_lX-millX-mLoffset..H_SPC-{MILL_LENGTHI2)-(MILL_LENGTH/IO);

'* FF *'. moveto(mill_lX-mLoffset-H_SPC.mi1lY);
RiabtAnow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RiabtArrow(mill_1X-mLoffset,millY);

'* Wiler addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC.millY+V_SPC);
UpArrowW(geaO,millY);
DrawPrimlryMill(miU_IX,millY,MILL_DIAMETER.MILL_LENGTH);

'* BMID tG BM2F *'
moveto(millX-mLoffset-H_SPC.miIlY);
RiJbtAnow(millX-mLoffset,miIlY);
DrawBal1Mi1l(millX,miIlY.MILL DIAMETER,MILL LENGTH);
seuatjUltify(LEFT_TEXT,TOP_iExT); -
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outtextxy(millX+7.millY-2. "1 If);
cycX-mülX+(MlLL LENGnt'2)+(M1LL LENGTHlI0)+H SPC;
cycY~millY-V_SPC;- - -
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER.CYC_H);

'* BMD tG CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTHIlO),mlllY);
liDeto(JetxO+SMALL_"_SPC,getyO);
liDcto{JettO,letyO-V_Spc);
RightArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COF·'
moveto(cycX,cycY-CYC_TOP_HJ2);
liDeto(geaO,getyO-SMALL_V_SPC);
RightArrow(geaO+H_SPC,getyO);
cyc2InX=gettO;
cyc21DY=gayO;

'* CUF *'moveto(cycX,cycY+CYC_8);
liDeto(cycX,cycY+CYC_H+O.7S*SMALL_V_SPC);
lineto(geaO,getyO+V_Spc);
lineto(mülX-mLoffset-SMALL_H_SPC,getyO);
UpArrow(geaO,millY);
moveto(cycX,cycY+CYC_H +O.7S*SMALL_V_SPC);
lineto(mill_1X-mLoffset-SMALL_H_SPC,getyO);
DownArrow{JetxO,millY);

'* C2 *'DrawCyclone(cyc2IDX+CYC_DIAMETER/2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(cyc2InX+CYC_DIAMETERI2,cyc2IDY-CYC_TOP_H/2);
linelo{JeaO,getyO-SMALL_V_SPC);
RightArrow{JeaO+H_SPC,getyO);,* CUF2·'
moveto(çyc21DX+CYC_DIAMETERI2,cyc2IDY+CYC_8);
lîneto{JetxO,letyO+O.7S·V_Spc);
lineto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow(getxO,CYcY};
chaDletextstyle(SMALL_fONT,HORIZ_DIR,S);
outtexay(MaxXI1-20,MuYI2+100, "Cîrcuit41 If);
}

void DrawAowsheet42(inl xPnl,iDt yPnt){'* PM-BM-TSCC-RePM *'
iDl cycX,cycY,millX,millY,cyc21nX,cyc2IDY,mill_1X;
inl mLoffset;

c1earvicwportO;
sediI1Ityle(l,WHITE);
miI1X-d'Dl;
millY-yPDI;
mLoffsel-(MILL_LENGTHJ2)+(MILL_LENGTHlS)+(MILL_LENGTHJ7);
miIl_IX-mi11X-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH/IO);'* pp.,
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moveto{mill_lX-mLoffset-H_SPC,millY);
RigblArrow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RightArrow(mill_lX-mLoffset,millY);'* WIJer addition .,
moveto(miIl_IX-mLoffset-5MALL_H_SPC,millY-V_SPC);
DoWDArrowW{JetxO,millY);
DrawPrimaryMill(mill_lX,millY,MILL_DIAMETER.MILL_LENGTH);
,. BMID ta BM2F .,
moveto(millX-mLoffset-H_SPC,millY);
RightArrow(millX-mLoffset.millY);
DrawBallMill(millX,millY.MILL_DIAMETER.MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
ounemy(millX+7,millY-2, -1 .);
cycX -millX+ (MILL_LENGTHI2) +(MILL_LENGTH/I0)+H_SPC;
cycY-millY-V_SPC;
DrawCyclone(cycX,cycY.CYC_TOP_H,CYC_DIAMETER,CYC_H);'* BND to CF·'
moveto(millX+(Mll..L_LENGTHI2)+(MILL_LENGTH/10),millY);
liDeto(getxO+SMALL_H_SPC,letyO);
ÜDeto(getxO,letyO-V_SPC);
RigbtArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COF *'moveto(cycX,cycY-CYC_TOP_H/2);
liDeto(getxO.getyO-SMALL_V_SPC);
RigbtArrow{JetxO+H_SPC,letyO);
cyc2JnX =-geaO;
cyc2InY-cyc:Y+CYC_H+2.5.SMALL_V_SPC;

'* CUF·'
moveto(cyc:X,cyc:Y+CYC_H);
lineto{JetxO,cyc2InY);
RigbtArrow(cyc:2lnX,cyc21nY);'* C2 .,
DrawCyclone(cyc:2InX+CYC_DIAMETER/2,cyc:2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(c:yc:2JnX+CYC_DIAMETERI2,c:yc:21nY-CYC_TOP_HI2);
lineto{JetxO.Iet'YO-SMALL_V_Spc);
lineto(c:yc:X-CYC_DIAMETERJ2-SMALL_H_SPC,lelYO);
UpArrow{JetxO,CYc:Y);'* ct1F2.,
moveto(c:yc21DX +CYC_DIAMETERI2,c:yc2InY+CYC_8);
lineto(cyc:2InX+CYC_DIAMETER/2,c:yc2InY+CYC_H+0.7S·SMALL_V_Spc);
liDeto{JetxO.letyQ+V_SPCJ2);
lineto(millX-mLoffset-sMALL_H_SPC,letyO);
UpArrow{JetxO.millY);
moveto(c:yc:2InX+CYC_DIAMETERI2,c:yc2InY+CYC_H +0.7S·SMALL_V_SPC);
lineto(mill_1X-mLoffset-5MALL_H_SPC,aetYO);
UpArrow{JetxO,millY);
c:haD&etemtyle(SMALL_FONT,HORa_DIR.S);
ouueIUy(MuXJ2-20,MaxYI2+100,·Cin:uit42-);
}
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void DrawFlowsheet43(int xPnt.iDt yPnt){'* PM.&r-BM-TSFC-RePM *'
ml cycX,cycY,millX,millY,cyc2lnX,cyc2InY,mill_IX;
iDt mLoffset,mRoffset;
iDt xl.y1,x2,y2,x),y3.x4,y4,xS,yS;

clearviewportQ;
setfillstyle(l,WHITE);
millX =-xPnt;
millY =yPnt;
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTHJS)+(MILL_LENGTH/7);
mill_IX=millX-mLoffset-H_SPC-(MILL_LENGTHI2)-(MILL_LENGTH'lO)-2*SMALL_H_SPC;
cycX=millX+(MILL_LENGTH/2)+(MILL_LENGTH/IO)+H_SPC;
cycY=millY-Y_SPC;

'* FF *J
IDOveto(mill_lX-mLoffset-H_SPC,millY);
RightArrow(miltlX-mLoffset...SMALL_H_SPC,mlllY);
RightArrow(mill_lX-mLoffset,millY);'* warer addition */
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpArrowW(getxQ,millY);
DrawPrimaryMill(mill_lX,millY,MlLL_DIAMETER.MILL_LENGTH);
moveto(mill_lX+(MILL_LENGTHI2)+ (MILL_LENGTH/IO),millY);
RightArrow(getxO +SMALL_H_SPC,millY);
xl~geaO;

yl=getyQ;
x2-xl +2*SMALL_H_SPC;
y2 =yl +I.S*SMALL_y _SPC;
x3 =x2-SMALL_H_SPC;
y3 ·y2+0.S*SMALL_V_SPC;
DrawScreeD(xl ,yi ,x2,y2,x3,y3);
moveto(x2,y2);
UpArrow(x2,cycY+CYC_H +0.75*SMALL_V_SPC);
liDeto(mill_lX-mLoffset-SMALL_H_SPC,getyO);
DowoArrow(&eaO.millY):
DrawBalIMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXT);
ouatemy(mi1lX+7,millY-2, -1-);
movelO(x3,yl);
liDeIo(x3 +2*SMALL_H_SPC,y3);
liDeto{JeaO,CYcY);
RipcArrow(miIlX+(MILL_LENGTHI2)+(MD.L_LENGTHllO)+SMALL_H_SPC,cycY);
DrawCycloae(cycX,cycY,CYC_TOP_H,CYC_DlAMETER,CYC_H):

'* BMD to CF *'
moveto(miUX+(MILL_LENGTHI2)+(MILL_LENGTHllO),millY);
liDeIo(pUO+SMALL_H_SPC,letyO);
UpAnow(JectO,getyO-V_Spc);
RiprArrow(cycX-(CYC_DIAMETERJ2),getyO):

'* CCF *'movelO(cycX,cycY-eYC_TOP_RI2);
liDeIo(pUO.aayQ-5MALL_V_Spc);
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RightAnow(getxO+H_sPC,getyO);
cyc21DXagetxO;
cyc2InYaletyO;

'* CUf *'moveto(cycX,cycY+CYC_H);
liDeto(cycX,c:ycY+CYC_H+O.7S*SMALL_V_SPC);
liDeto(JelXO,getyO+v_SPC);
liDeto(miUX-(MILL_LENGTHJ2)--(MILL_LENGTH'S)-(MILL_LENGTHI7)-SMALL_H_SPC,gctyO);
liDeto(geaO,millY);
RightArrow(geaO +SMALL_H_SPC,getyO);
IDOVeto(cycX,cycY+CYC_H +O.7S*SMALL_v_SPC);
LeftArrow(l2,gctyO);'* C2 .,
DrawCyclone(cyc2InX+CYC DIAMETERI2,cyc2InY,CYC TOP H,CYC DIAMETER,CYC H);- - - - -'* COf2 *'IDOveto(cyc21DX +CYC_DIAMETERI2,cyc21nY-CYC_TOP_8'2);
lïneto(geaO,gctyO-SMALL_V_SPC);
RigbtAnow(gctxO +H_SPC,gctyO);

'* CUF2 *'IDOVelo(cyc2lDX+CYC_DIAMETERI2,cyc2InY+CYC_H);
lineto(geaO,gctyO+V_SPC);
LeftArrow(cycX,gctyO);
changctextstylc(SMALL_FONT,HORlZ_DIR,8);
ounemy(MaxXJ2-20,MaxYI2+100,·Circuît43·);
}

void DrawFlowsbeet44(iDt xPnl,iDt yPnl){'* PM-5crOBM-TSMC-RcPM *1
inl cycX,cycY,millX,millY,cyc2InX,cyc2InY,mill IX;
iDt mLoffset,mRoffset; -
int xl,yl,x2,y2,x3,y3,x4,y4,xS,yS;

clearviewpono;
sctfiI1stylc(1,WH1TE);
millX-xPnt;
mLoffset-(MILL_LENGTHI2)+(MILL_LENGTH'S) +(MILL_LENGTH'7);
miIlY-yPnt;
miIl lX-millX-mLoffset-H SPC-(MILL LENGTHI2)-(M1LL LENGTH/IO)-2*SMALL H SPC;
cyci-mi11X+(MlLL LENGTHI2)+(MIÏL LENGTH/IO)+H SPC; - -
cycY-mlllY-V_SPC;- - -'* pp.,
IDOvelO(mill_IX-mLoffset-H_SPC,millY};
RiahtAnow(mill_lX-mLoffset-5MALL_H_SPC,millY);
RipcArrow(mill_lX-mLoffset,millY);'* water addition .,
moveto(mill_lX-mLoftiet-5MALL_H_SPC,millY+V_SPC);
UpArrowW{JetxO,millY);
DrawPrimlryMill(mill lX,miIlY,MILL DIAMETER,MILL LENGTH);
moveIO(mill IX+(MILL LENGTBJ2)+(MILL LENGTH/iO),millY);
Ripwrow(jeuO+SMAiL_H_SPC.mi1lY); -
xl-puO;
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yl-gelYO;
x2=xl +2*SMALL_H_SPC;
y2-y1+ I.S*SMALL_V_SPC;
13 -x2.sMALL_H_SPC;
y3=y2+0.S*SMALL_V_SPC;
DrawSCreen(xl ,y l ,x2,y2,x3,y3);
moveto(x2,y2);
UpArrow(x2,cycY+CYC_H +0.7S*SMALL_V_SPC);
lineto(mill_lX-mLoffset-SMALL_H_SPC,getyO);
DownArrow(getxQ,millY);
DrawBallMill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXT);
outtextxy(mil1X+7,millY-2, -1-);
moveto(x3,y3);
lineto(x3+2*SMALL_H_SPC,y3);
liDeto(getxO,cycY);
RightArrow(millX+(M1LL_LENGTHJ2)+(MD..L_LENGTH/IO)+SMALL_H_SPC,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_Hl;
'* BMD tG CF */
movcto(miIlX+(M1LL_LENGTHI2)+(MILL_LENGTH/IO),millY);
lineto(geaO +SMALL_8_SPC,getyO);
UpArrow{JaxQ,getyO-V_SPC);
RightArrow(cycX-(CYC_DIAMETERI2),getyO);'* COF */
moveto(cycX,cycY-Cye_TOP_812);
liDeto(geaQ,getyO-SMALL_V_SPC);
RightArrow(getxO + H_SPe,gelfO);
cyc2InX:IgaxO; .
cyc2InY-getyO;

'* CUf *'movelO(cycX,cyc:Y+CYC_Hl;
lineto(c:ycX,cycY+CYC_H +O.7S·SMALL_V_Spc);
lineto(getxO,actyO+V_SPC);
lineto(millX-(MILL_LENGTHI2)-(MILL_LENGTH/S)-(MILL_LENGTH/7)-SMALL_H_SPC,getyO);
liDeto(geaO.millY);
RightArrow(gcuO +SMALL_H_SPC,getyO);
moveto(cycX,cycY+CYC_H+O.7S*SMALL_V_SPC);
LeftArrow(:I2,Iet)'O);

'* C2 *'DrawCyclone(cyc2IDX+CYC DIAMETERJ2,cyc2InY,CYC TOP H.CYC DIAMETER,CYC 8);'* con ., - - - - -
moveto(cyc2IDX+CYC_DIAMETERI2,c:yc2InY-CYC_TOP_812);
liDeto(getxO,getyO-SMALL_V_Spc);
RiptArrow<&etxO+H_SPC,aet)'O);
,. CUF2·'
movelO(cyc2InX+CYC_DIAMETERI2,cyc2InY+CYC_H);
liDeto(getxO,letyO+V_Spc);
lineto(cycX-CVC_DIAMETERJ2.sMALL_H_SPC.&etyO>;
UpAnow<&ettO.cycy);
c:hIII&elelUtyfe(SMALL_FONT,HORlZ_DIR,8);
ounemy(MaxXl2-20,MuYI2+100,·Circuit44");
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}

void DrawF1owsheet4S(int xPnt.iDt yPnt){'* PM-5cr-BM-TSCC-RePM *'
iDt cycX.cycY.millX.mi1lY.cyc2lnX.cyc2InY.müt1X;
int mLoffset;
int xl.yl.x2,y2,x),y3,x4,y4,XS,yS;

clearviewponQ;
sedillstyle(l,WHITE);
miIlX -xPnt;
millY-yPDt;
mLoffset-(MILL LENGTH/2)+(MILL LENGTH/S)+(MILL LENGTHI7);
mill_IX-millX-nÏLoffset-H_SPC-<MILL_LENGTH'2)-(Mn.L_LENGTH'lO)-2*SMALL_H_SPC;

'* FF *'IDOveto(mill_IX-mLoffset-H_SPC,millY);
RightArrow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RiptArrow(mill_lX-mLoffset,millY);

'* waaer addition *'
moveto(mill_IX-mLot!set-SMALL_H_SPC,millY+V_SPC);
UpArrowW(getxO,millY);
DrawPrimaryMill(mütlX,millY,MaL_DIAMETER,MILL_LENGTH);
movetO<mill_IX+(MILL_LENGTHI2) +(MILL_LENGTHJIO),millY);
RightArrow(getxO+SMALL_H_SPC,millY);
xl=getxO;
yl-Sel)'O;
x2-xl+2*SMALL H SPC·- - 'y2-yl + l.S*SMALL_V_SPC;
x3 -x2-$MALL_H_SPC;
y3-y2+0.S*SMALL_V_SPC;
DnwScreen(xl.y1,x2,y2,x3,y3);
IDOveto(x2.y2);
liDeIo(x2,y2-V_Spc);
liDeIo(mill_1X-mLoffset-SMALL_H_SPC,getyO);
DoWDArrow(getxO.miUY>;
DrawBa11Mi11(millX.millY,MILL_DIAMETER.MILL_LENGTH);
seuextjustify(LEFl'_TEXT,TOP_TEXT);
ouaeuxy(mil1X+7,millY-2."1·);
cyCX:-millX+(MILL_LENGTHJ2)+(MILL_LENGTH/IO)+H_SPC;
cycY-millY-V_SPC;
moveto(x3.y3);
liDeIo(x3+2*SMALL_H_SPC,y3);
liDeto(aetxO,cycY);
RiptArrow(millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+SMALL_H_SPC,cycY);
DrawCyc1oae(cycX.cycY,CYC_TOP_H.CYC_DIAMETER.CYC_H>;'* BMD CO CF .,
movelO(millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
liDeto(aeu()+SMALL_H_SPC.lelYO);
UpAnow<&eaO.letyo-V_Spc);
RiplAnow(cycX-(CYC_DIAMETERJ2).Iet)'O);

'* COP *'
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moveto(cycX,cycY-CYC_TOP_H/2);
liDcIo{JettO,getyO-SMALL_V_Spc);
RipcArrow(gctxO+H_SPC,getyO);
cyc21DX-getxO;
cyc2InY-cycY+CYC_H+2.S*SMALL_V_SPC;

'* CUF *'moveto(cycX,cycY+CYC_H);
liDcIo{JettO.cyc2InY);
RighcArrow(cyc2lnX,cyc21nY);

'* C2 *'DrawCyclone(cyc2InX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(cyc2InX+CYC DIAMETERI2,cyc21ny -CYC TOP HI2);
1iDcto{JettO,getyO-sMAu_V_SPC); - -
lineto(cycX..cYC_DIAMETER/2-SMALL_H_SPC,getyO);
UpArrow{JeaO.cycY);

'* CUF2 *'moveto(cyc21DX+CYC_DIAMETERI2,cyc2Jny +CYC_8);
lincto(cyc2IDX+CYC_DIAMETERI2,cyc2InY+CYC_H+O.7S*SMALL_V_SPC);
1iDcto{JeaO.getyO+V_SPCI2);
liDeto(millX-mLoffsct-SMALL_H_SPC,getyO);
liDcto(gettO.mi1lY);
RiptArrow(millX-mLoffset.millY);
moveco(cyc2InX+CYC_DIAMETERI2.cyc2InY+CYC_H +O.7S*SMALL_V_SPC);
LeftArrow(milI_IX-mLoffsel-5MALL_H_SPC,getyO);
chaDgetextstyle(SMALL_FONT,HORlZ_DIR,8);
outtextxy(MaxXJ2-20,MuYI2+ 100,"Circuit 45");
}

void DrawFlowsheet46(im xPnt,int yPnt){'* PM-scr..cr-BM-TSFC-RePM *'
iDt cycX,cycY,millX,millY,cyc2lDX.cyc2InY,mill_IX;
int mLofl'set,mRoffset;
int xI,yl,I2,y2,x3,y3.x4,y4,xS,yS;

clearvicwponO;
sedUlstyle(I,WHITE);
millX-xPDt;
mLotrset-(MILL_LENGTHJ2)+(MILL_LENGTH/5)+(MILL_LENGTH17);
milIY.yPnt;
mi1l IX-millX-mLoffsct-H SPC-(MIU.. LENGTHI2)-(MILL LENGTHlIO)-2*SMALL H SPC;'* FF *( - - - - -

moveto(mill_lX-mLoffset-H_SPC.millY);
RighcArrow(mill_lX-mLoffset-SMALL_H_SPC,mi1lY);
RiPtArrow(mill_lX-mLoffsec.millY);
,. WIIer IdditiOD *'
moveco(mill lX-mLoffset-SMALL H SPC,millY+V SPC);
UpArrowW(jeaO.mi1lY); - - -
DrawPrimaryMill(miU_IX,miIIY.MILL_DIAMETER..MILL_LENGTH);
moveco(mill lX+(MILL LENGTHI2)+(MILL LENGTHllO).millY);
RighcArrow(ieuO+SMAÏ.L_H_SPC.millY); -
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xl=letxO;
yl=-letyO;
x2-xl +2*SMALL_H_SPC;
y2-yl + 1.5*SMALL_v_sPC;
x3-x2-8MALL_"_SPC;
y3-y2+0.5*SMALL_v _SPC;
DrawScreen(xl ,y l ,x2.y2,x3,y3);
moveto(x2,y2);
liœto(x2,y2-1.S*V_SPC);
LeftArrow(mill_lX,getyQ);
DrawCrusher(mill_lX,letyO);
moveto(mill_lX-o.3*SMALL_H_SPC,y2-l.S*V_SPC+(l.S*SMALL_V_SPC»;
liDeIO<&eaQ,getyO+SMALL_V_SPC);
liDelO(mill_lX-mLoffset-SMALL_H_SPC,getyO);
DoWDArrow(geaO,millY);
DrawBal1Mill(millX,millY,MILL_DIAMETER,MILL_LENGTH);
senextjustify(LEFT_TEX!,TOP_TEXT); .
outtextxy(millX+7,millY-2, If 1If);
cycX-mlllX +(MILL_LENGTHI2)+(MILL_LENGTH'lO)+H_SPC;
cycY=millY-V_SPC;
moveto(x3,y3);
liDeto(x3 +2*SMALL_H_SPC,y3);
lineto(geaO,cycY);
RightArrow(millX+(M1LL_LENGTH/2)+<MILL_LENGTH/IO)+SMALL_H_SPC,cycY);
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_8);

'* BMD to CF *'
moveto(millX+(M1LL_LENGTH'2)+(M1LL_LENGTH/IO),mi11Y);
lineto{JetxO+SMALL_H_SPC,getyO);
UpArrow{JetXO,getyO-V_Spc);
RightArrow(cycX-(CYC_DIAMETERI2),getyO);

'* COF *'moveto(cycX,cycY-eYC_TOP_HI2);
1iDelO{JeaQ,getyO-SMALL_V_SPC);
RiptArrow(JetxO+H_SPC,getyO);
cye2lDX-geaO:
cyc2IDY-Set>'O:

'* CUF *'maveto(cycX,cycY+CYC_H);
liDeto(cycX,cycY+CYC_H+0.7S*SMALL_V_SPC);
1iDelO{JeaO,letyO+V_Spc);
liDelo(mi1lX-<MILL_LENGnll2)-(MILL_LENGTH'S}-(MILL_LENGTHm-SMALL_H_SPC,getyO);
liDelo{JeaO,millY);
RiptArrow{JeaO+SMALL_H_SPC,Iet)'O);
IDOVeto(cycX,cycY+CYC_H+0.7S*SMALL_V_SPC);
LcftArrow(mill_lX-mLoffset-sMALL_H_SPC,letyO);
,. C2 .,
DrawCycloœ(cyc2InX+CYC_DIAMBTBRI2,cyc2IDY,CYC_TO'_H,CYC_DIAMETER,CYC_H);'* COF2·,
IIIOveto(cyc21DX+CYC_DIAMETERJ2,cyc2IDY-evC_TOP_812);
lîDeIo(&eaO,lety().SMALL_V_Spc);
RiptArrow(JettO+H_SPC,letyO);
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,. CUF2·1
moveto(cyc2IaX+CYC_DIAMETERJ2,cyc2InY+CYC_H);
lineIo(aetxO.getyO+V_SPC);
LeftArrow(cycX,getyO);
chaqetextstyle(SMALL fONT.HORIZ OIR,S);- -outtexay(MuXJ2-20,MaxYI2+ 100, -Circuit 46");
}

void OrawF1owsheet47(int xPnt,ÏDt yPnt){
,. PM-scr..cr-BM-TSMC-RePM .{
iDt cycX,cycY,millX,millY,cyc2InX,CYc2InY,mill_lX;
iDt mLoffset,mRoffset;
iDt xl,yl.x2,y2.x3,y3.x4,y4,xS,yS;

clearviewpottO;
setfillstyle(l,WHITE);
mi11X zxPnt;
mLoffset=<MILL_LENGTHI2)+<MILL_LENGTHIS)+(MD..L_LENGTHI7);
millY=yPnt;
mill_IX=millX-mLoffset-H_SPC-(MILL_LENGTH/2)-(MILL_LENGTHIlO)-2·SMALL_H_SPC;
,. FF .,
IDOveto(mill_IX-mLoffset-H_S.-c,millY);
RightArrow(mill_lX-mLoffset~MALL_H_SPC,millY);
RightArrow(mill_1X-mLoffset,millY);
,. waœr addition .,
moveto(mill_1X-mLoffset-SMALL_H_SPC,millY+V_Spc);
UpArrowW(getxO,millY);
DrawPrimaryMil1(mill_lX,millY.MILL_DIAMETER.MILL_LENGTH);
moveto(mill_lX+(MILL_LENGTH/2) +(MILL_LENGTH/IO),millY);
RightArrow(getxO +SMALL_H_SPC,millY);
xI-.caO;
yI-SelyO;
l2-xl +2·SMALL_H_SPC;
y2=yl +1.5·SMALL_V_SPC;
x3 ::ax2-S~_H_SPC;
y3-y2+0.5·SMALL_V_SPC;
DrawScreen(xl ,y1.x2,y2,x3,y3);
IDOveto(x2,y2);
liDeIo(l2,y2-I.S·V_SPC);
LeftArrow(milI_IX.letyO);
DrawCrusher(mill_lX,letyO);
moveco{miIl_IX-o.3*SMALL_H_SPC,y2-l.S*V_SPC+(l.S*SMALL_V_SPC»;
liDeIo(JettO,letyO+SMALL_V_SPC);
liDeIo(mill_lX-mLoffict-SMALL_H_SPC,letyO);
DownArrow{JetxO,millY);
DrawBallMil1(miI1X,millY.MILL_DIAMETER.MILL_LEHGTH>;
ICUeDjUltify(LEFT_TEXT,TOP_TEXT);
outtemy(milIX+7.millY-2, -1-);
cycX-mi11X+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+ H_SPC;
cycY-millY-V_SPC;
moveco(z3,y3);

S89



Appendix G Bali MiIIIng Circuits Simulator (BMCS) S90

lineto{x3 +2*SMALL_H_SPC,y3);
lineto{JetxO.cycY);
RigbtArrow(millX+ <MILL_LENGTHI2)+ <MILL_LENGTH'l0)+SMALL_H_SPC,cycY);
DrawCyclone(cycX,cycY.CYC_TOP_H,CYC_DIAMETER.CYC_H);

'* BMD to CF *'
moveto(millX+(MILL_LENGTHI2)+(Mn.L_LENGTHllO).millY);
liDeto{JettO+SMALL_H_SPC.get)'O);
Up~w(getxO,getyO-V _SPC);
RigbtArrow(cycX-(CYC_DIAMETERJ2),getyO);

'* COF *'
moveto(cycX.cycY-CYC_TOP_"'2);
lineto{JetxO,getyO-SMALL_V_SPC);
RightArrow(getxO+ H_SPC,getyO);
cyc2InX=geaO;
cye2lDy ~getyO;

'* CUF *'moveto(cycX,cycY+CYC_H);
lineto(cycX,cycY+CYC_H+O.7S*SMALL_V_SPC);
lineto(geaO,getyO + V_SPC);
lineto{millX-(MILL_LENGTHI2)-(MILL_LENGTH'S)-(MILL_LENGTH'7)-SMALL_H_SPC.getyO);
lineto(&ettO,millY);
RigbtArrow(getxO +SMALL_"_SPC,getyO);
moveto(cycX,cycY+CYC_H+O.7S*SMALL_V_SPC);
LeftArrow(mill_lX-mLoffset-SMALL_H_SPC,getyO);

'* C2 *'DrawCyclone(cyc2InX+CYC_DIAMETERI2.cyc2InY,CYC_TOP_H.CYC_DIAMETER,CYC_H);

'* COf2 *'moveto(cyc2InX +CYC_DIAMETER/2.cyc2InY-CYC_TOP_H/2);
lineto{JetxO.getyO-SMALL_V_SPC);
RigbtArrow(getxO+H_SPC,getyQ);

1* CUf2 *'
moveto(cyc21nX+CYC_CIAMETERJ2,cyc2InY+CYC_H);
liDeco{JeuO.getyO+V_SPC);
lineto(cycX-eYC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow(getxO,CYcY);
chaD&eleXtstyle(SMALL_fONT,HORIZ_CIR,8);
ounexay(MuXJ2-20,MaxY12+100,•Circuit 47·);
}

void DnwFlowsheet48(int xPnt,iDl yPnt){'* PM-scr-Cr-BM-RePM *'
int cycX,cycY,millX.miUY,cyc2IDX,cyc21DY,mill_IX;
mt mLoffset;
int xl ,yl ,x2,y2,x3,y3,x4,y4,x5 ,yS;

cJearviewponO;
sedi1IItyle(l,WH1TE);
millX-xPnt;
millY-yPnt;
mLoffset-(MILL LENGTHJ2)+(MILL LENGTHl5)+(MILL LENGTH/7);
mill_IX-mil1X-nÏi.offset-H_SPC-(MILC_LENGTHI2)-(MILL].ENGTHllO)-2*SMALL_H_SPC;
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'* FP *'moveto(mill lX-mLoffset-H SPC.millY);
RightArrow(imn_lX-mLoffsët-5MALL_H_SPC.millY);
RightArrow(mill_lX-mLoffset,millY);

'* water addition *'
moveto(mill lX-mLoffset-SMALL H SPC.millY+ V SPC);
UpArrowWCietto.millY); - - -
DrawPrimaryMill(mill lX,millY.MILL DIAMETER.MILL LENGTH);
moveto(mill_1X+(MIll_LENGTHI2)+(MD..L_LENGTHlio),millY);
RightArrow(getx() +SMALL_H_SPC.millY);
xl=geuO;
yl=getyO;
x2=xl +2*SMALL H spc·- - .
y2-yl +1.'s*SMALL_V_SPC;
x3=x2-SMALL H spc·- - .
y3=y2+0.,S*SMALL_V_SPC;
DrawSmen(xl,y l,x2,y2,x3 .y3);
movelo(x2,y2);
lineIO(x2,y2-1.S*V_SPC);
LeftArrow(mi11_1X,getyO);
DrawCrusher(mill_lX,getyO);
IDOveto(mill_1X-o.3*SMALL_H_SPC,y2-l.S*V_SPC+(I.S*SMALL_V_SPC»;
linelO(gettO,getyO+SMALL_V_SPC);
liDelo(mill_1X-mLoffset-5MALL_H_SPC,getyO>;
DownArrow{JetxO,miI1Y);
DrawBallMil1(millX,millY,MILL_DIAMETER.MILL_LENGTH);
senextjustify(LEFT_TEXT.TOP_TEXT);
ounextxy(millX+7,millY-2,"2");
cycX-mi1lX+(MILL_LENGTH/2)+(MILL_LENGTHI10)+H_SPC;
cycY-millY-V_SPC;
IDOveto(x) ,yJ);
lineto(x]+2·SMALL_H_SPC,y3);
liDelo(getXO.cycY);
RightArrow(millX+<M1LL_LENGTHI2)+<MILL_LENGTHI10)+SMALL_H_SPC,cycY);
DrawCyclooe(cycX,c:ycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
,. BMD to CF *'
IDOveto(millX+(MILL LENGTHI2)+(MILL LENGTHJIO),mlllY);
liDelo(getXO+SMALL:H_SPC,getyO); -
UpAnow<&eao,&etyO·V_Spc);
RiPtArmw(cycX-(CYC_DIAMETERI2),letyO);'* CCF·'
moveto(cycX.cycY-CYC_TOP_HI2);
liDelo{JetXO.letyO·SMALL_V_Spc);
RiptArroW<&ClXO+H_SPC,geryO);
cyc2lDX-aeaO;
cyc2IaY-cycY+CYC H+2.S.SMALL V SPC;'* CUF·' - - -
IDOvelO(cycX,cycY+CYC_H);
liDelo(getXO.cyc21nY);
RiptArrow(cyc2InX,cyc21nY);

'* C2 *'
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DrawCyclone<cyc2InX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
,. COF2 *'
movelO(cyc2InX +CYC DIAMETERJ2,cyc2lnY-CVC TOP H'2);
lineco{JetxO,getyO-SMm_V_Spc); - -
liDeIo(cycX-CVC_DIAMETaJ2-5MALL_H_SPC,letyO);
UpArrow(getxO,C)'cY);
,. CUF2 *'
moveto(cyc2InX+CYC_DIAMETERJ2,cyc2InY+CYC_H);
lineto(cyc2InX+CYC DIAMETERJ2,cyc21nY+CYC H+0.7S·SMALL V SPC);
lineto(getxO,getyO+V_SPCI2); - - -
liDeto(millX-mLoffset-SMALL_H_SPC,letyO);
lineto(&etxO,millY);
RigbtA1'row(millX-mLoffset,millY);
IDOvelO(cyc2InX+CYC DIAMETER/2,cyc21ny +CYC H+0.7S·SMALL V SPC);
LeftArrow(mi11_1X-mJAffset-SMALL_H_SPC,getyO); - - -
changetextstyle(SMALL_FONT,HORlZ_DIR,S);
ounexuy(MaxXl2-20,MaxY/2+100, ·Circuit4SW

);

}
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'* fuDcs4.cOl *'
liDdude <conio.h>
IiDclude <stdïo.b>
IiDclude <stdlib.h>
liDdude <graphics.h>

ldefine MILL_LENGTH 50
ldetiDe MILL_DIAMETER 3S
ldefineCYC_TOP_H 12
ldefine CYC_DIAMETER 24
Ndefine CYC_H 40

ldefine H_SPC SS
ldefine SMALL_H_SPC 15
ldefine V SPC 90
ldefine sMALL_V_SPC 20

593

extem int MDX,MuY; '* The maximum resolution of the screen *'
void changeœxtstyle(int fODt,inl direction,int cbarsize);

void DrawPrimaryMill(int X,iDl y,int d,inl 1);
void DrawBallMll1(ïnt x,int y,int d,int 1);
void DrawCyclone(iDt x,int y,int d,iDt l,int hl;
void DrawScreen(int xl,inl yl,int x2,int y2,iDt x3,int y3);
void DrawCrusher(int x,int y);
void RigbtArrow(int x,int y);
void RigbtArrowW(int x,inl y);
void LeftArrow(int x,int y);
void UpArrowW(int X,iDl y};
void UpArroW(inl x,int y);
void DowDArroW(inl x,inl y);
void DownArrowW(int x,inl y);

void DrawF1owsbeeI49(int xPnt,iDt yPnt){'* BM-BM-BM-RC *'
iDl cycX,cycY,millX,millY,mill_lX,milt2X;
iDl mLoffset;
clearviewponQ;

sedillstylc(l,WHITE);
mi1lX-lPnt+40;
millY.yPDt;
mLoffset-(MILL LENGTHI2)+(MILL LENGTIIIS) +(MILL LENGTHm;
cycX-miIlX-mLofrset-H_SPC; - -
cycY-miUY-V_SPC;
DrawCyc1cme(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);
,- COF *'
IIIOveto(cycX,cycY-eYC_TOP_H/2);
IiDeIo(JeaO,cycY-(cye_TOP_HI2)-8MALL_V_SPC);
RiprArrow{Jeao+H_SPC,ptyO);
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mill_2X-cycX-eYC_DIAMETERJ2-2*H_SPC;
mi1I_IX-mill_2X-mLoffset-(MILL_LENGTH/2)-(MILL_LENGTH/IO)-H_SPC;
'* FF */
IDOveto(mill_lX-mLoffset-H_sPC,millY);
RiptArrow{JetxO+H_SPC-SMALL_H_SPC,milIY);
RightArrow(mill_lX-mLoffset,millY);'* waœr addition */
IDOvelo(mill_lX-mLoffset-8MALL_H_SPC,millY+V_SPC);
UpArrowW(geaO,millY);
/* BMI *:
DrawBallMill(mill_lX,millY,MILL_DIAMETER.MILL_LENGTH);
settextjustify(LEfï_TEXT,TOP_TEXT);
outtextxy(mill_lX+7,millY-2. "1 ");

'* BM2 *'DrawBa1lMill(mill_2X,millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEfï_TEXT,TOP_TEX1j;
outtcxtxy(mill_2X+7,millY-2. "2");'* BMI->8M2 *'
IDOveto(mill_lX+(M1LL_LENGTHJ2)+(MILL_LENGTH/IO),millY);
RiptArrow(mill_2X-mLoffset,millY);'* BMID -> CF .,
IDOveto(mill_2X+(MILL_LENGTH/2)+(MILL_LENGTHIlO),millY);
RiptArrow(cycX-eYC_DIAMETERJ2-5MALL_H_SPC,millY);
IÛletO(JetxO.cycY);
RightArrow(cycX-CYC_DIAMETERJ2.cycY);
,. BM3 *'
DrawBaUMill(millX,millY'MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEfï_TEXT,TOP_TEXT);
outtextxy(millX+7,mil1Y-2, "3");
,. CUF -> BMF *'
IDOVeto(cycX.cycY+CYC_H>;
liDeto(c:ycX,millY);
RiptArrow(millX-(MILL LENGTHI2)-(MILL LENGTH/S)-(MILL LENGTHI7),millY);'* BMD -> CF ., - - -
IDOvelo(miUX +(MILL_LENGTHI2)+(MILL_LENGTHI10).millY);
liDeto(miUX+(MILL LENGTHI2)+(M1LL LENGTH/IO)+SMALL H SPC,millY);
ÜDeIO(JeaO,lctyO+V_Spc); - - -
liDeto(c:ycX-CYC_DIAMETERJ2-SMALL_H_SPC,gctyO);
UpArrow(acaO,millY);
chaqerextstylc(SMALL_FONT.HORlZ_DIR.8);
secteajustify(CENTER_TEXT.TOP_TEXT);
outtextxy(MuXI2-20,MuYI2+100,"Ciralit49");
}

void DrawF1o~ÏlU xPDt,ÏlU yPnt){'* BM-BM.scr-BM-RC *'
im cycX.c:ycY,millX.miUY,mill_1X,IDilt2X;
iDl mLoffset;
iDl xl.yl.I2,y2,x3.y3;

cleuviewpono;
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setfillstyle( l,WHITE);
millX=xPnt;
millY=yPnt;
mLoffset=(M1LL_LENGTH'2)+<MILL_LENGTHIS)+<MILL_LENGTHI7);
cycX =millX-mLoffset-H SPC;
cycY-milIY-V_SPC;
DrawCydoae(cycX,cycY,CYC_TOP_R,CYC_DIAMETER,CYC_H);

'* COF *'moveto(cycX,CYcY-CYC_TOP_RI2);
lineto(getxO,cycY-(CYC_TOP_HI2)-SMALL_V_SPC);
RightArrow{JeaQ +H_SPC,getyO);
mill_2X=cycX-CYC_DIAMETERI2-2*H_SPC;
mill_lX=mill_2X-mLoffset-(MILL_LENGTH/2)-(MILL_LENGTH'lO)-H_SPC;

'* 8MI *'DrawBallMi1I(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXT,TOP_TEXT);
ounexay(mill_lX+7,millY-2, ·1·);

'* pp *'moveto(mill_lX-mLoffset-H_SPC,millY};
RightArrow(geaQ+H_SPC-SMALL_H_SPC,millY);
1* wller addition *'
moveto(mill_lX-mLoffset-5MALL_H_SPC,millY+ V_SPC);
UpArrowW{JeaQ,millY);
RightArrow{mill_IX-mLoffset,millY};

1* 8M2 *'
DrawBallMi1I(mill_2X,millY,MILL_DIAMETER,MILL_LENGTH);
senextjustify(LEFT_TEXT,TOP_TEXn;
ounextxy(milt2X+7,millY-2,"2·);
1* BMI->BM2.{
IDOveto(mill_lX+(MILL_LENGTHI2)+(M1LL_LENGTH/IO),millY);
RigbtArrow{mill_2X-mLoffset-SMALL_H_SPC,millY};
RigbtArrow{milI_2X-mLoffset,millY);
'* BMD2 to CF *{
moveto(mill_2X+(M1LL_LENGTHI2)+ (MILL_LENGTH/IO),mi1lY);
RigbtArrow{JetxO +SMALL_H_SPC,millY);
xl-getxÜ;
yi :8getyO;
x2-xl +2*SMALL_H_SPC;
y2·YI+l.'s*SMALL_V_SPC;
x3 =x2-5MALL_H_SPC;
y3 =-y2+0.'s*SMALL_V_SPC;
DrawScreen(xl ,y l ,x2,y2,x3,y3);
IIIOvelO(x3 ,y3);
RigbtArrow(cycX-CYC_DIAMETERI2-SMALL_H_SPC,y3);
moveto(x2,y2);
liDeto(l2,y2-V_Spc);
liDeIo(miIl_2X-mLoftiec-5.'dAlJ.._H_SPC,gelYO);
DoWDArrow<aeaO,millY);
RigbtArrow(mill_2X-mLoffset,millY);

/* 8M2 *'
DrawBa1lMill(mil1X,mülY,MILL_DIAMETER,MILL_LEHGTH};
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settextjustify(LEFT_TEXT,TOP_1'EXT);
ouuexuy(millX+7,millY-2, -3-);

'* CUF ...> BMF *'
moveto(cycX,cycY+CYC_H);
liDeIo(cycX,millY);
RigbtArrow(millX..(MILL_LENGTHI2)-(MILL_LENGTHlS)-(MILL_LENGTHI7).millY);

'* BMD -> CF *'
moveto(milIX+(M1LL_LENGTHl2)+(MILL_LENGTH/IO),mi1lY);
lineto(millX+(MILL_LENGTIfI2)+ (MILL_LENG1lI110)+SMALL_H_SPC,millY);
lineto(getxO,getyQ -+- V_SPC);
liDeto(cycX-CYC_DIAMETERI2-SMALL_H_SPC,getyQ);
UpArrow<&etxO,y3);
liDeto(getxO.CYcY);
RigbtArrow(cycX-CYC_DIAMETER/2,cycY);
changeIeXUtyle(SMALL_FONT,HORlZ_DIR,8);
settextjustify(CENTER_TEXT,TOP_TEXT);
ouuextxy(MaxXI2-20,MaxY12+100, "Circuit 50-);
}

void DrawF1owsheetSl(int xPnt,int yPnt){'* BM-BM-Scr-Cr-BM-RC *'
iDt cycX,cycY.millX,millY.mi1I_IX,mi1I_2X;
iDt mLoffset;
int xl ,yI ,x2.y2,x3.y3;

clearviewponQ;
sedillslyle(I,WHITE);
millX =-xPnt;
millY-yPm;
mLotüel-(MILL_LENGTH'2)+(MD..L_LENGTHIS)+(MILL_LENGTHI7);
cycX-milIX.m.Loffset-H_SPC;
cycY-millY-V_SPC;
DrawCycloae(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COF *'moveto(cycX,cycY-evC_TOP_RI2);
liDeIo{JetxO.cycY-(CYC_TOP_RI2)-SMALL_V_Spc);
RipcArrow{JeaO+H_SPC,letyO);
mill_2X-cycX...cYC_DIAMETERJ2-2*H_SPC;
mill_IX-mill_2X-mLoffset-(MILL_LENGTHJ2)-(MILL_LENGTHlI0)-H_SPC;

1* BMl *'
DnwBaUMill(mill IX.millY.MILL DIAMETER.MILL LENGTH);
settextjUS1ify(LEFf_TEXT,TOP_TËXT); -
outtemy(mill_lX+7,millY·2, -1-);

'* pp *'movelO(mill_lX-mLoffset-H_SPC,millY);
RiptArrow{JeaO+H_SPC-sMALL_H_SPC,millY);

'* WIIeI' addition *'
moveto(mill_lX·mLoffset-SMALL_H_SPC,mi11Y+V_Spc);
UpAnowW{JeaO,miIlY);
RiptArrow<miD_IX-mLoffset,millY);'* IMI .,

596



Appenclb G BaD MiUiDI Circuits Simulator (BMCS)

DrawBallMi1l(mill_2X,millY,MILL_DIAMETER,MILL_LENGTH);
seuextjustify(LEFT_TEXTt TOP_TEXT);
ounexay(mill_2X+',millY..2 t "2");'* BM.... >BM2 *'
IDOveto(mill_lX+(MILL_LENGTHl2)+(MILL_LENGTH'lO)tmillY);
RiptArrow(mill_2X-mLoffset-5MALL_H_SPC,millY);
RiabtArrow(mill_2X-mLoffset,millY);

'* BMDl -> CF *'
moveto(mill_2X+(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
RightArrow(gettQ +SMALL_H_SPCtmillY);
xl=geuQ;
yl=getyQ;
x2=xl +2*SMALL_H_SPC;
y2-yl + l.,*SMALL_V_SPC;
x3 =12-5MALL_H_SPC;
y3 =-y2+O.,*SMALL_V_SPC;
DrawScreen(xl tyl,x2,y2,x3 ty3);
IDOveto(x3,y3);
RiptArrow(c:ycX-CYC_DIAMETERJ2-SMALL_H_SPCt y3);
moveto(x2,y2);
lineto(x2,y2-1.S*V_SPC);
LeftAnow(miIl_2X,gayO);
DrawCrusher(mill_2X,getyO);
moveto(mill_2X-Q.3*SMALL_H_SPC,y2.. l.S*V_SPC+(l.S*SMALL_V_SPC»;
lineto{JeIXO.getyO+SMALL_V_Spc);
lineto(mill_2X..mLoffset-SMALL_H_SPC,getyQ);
DownArrow(geIXO,millY);
RiabtArrow(mill_2X-mLoffset,millY);

'* BM2 *'DrawBallMill(miUX,millY,MILL_DIAMETER,MILL_LENGTH};
seueujustify(LEFT_TEXT,TOP_TEXT);
outtextxy(millX+7tmiUY-2,"3");'* CUF .> BMF *1
moveto(cycX,c:ycY+CYC_H);
lineto(cycX,millY);
RiabtArrow(millX-(MILL_LENGTHJ2)-(MILL_LENGTH/5)-(MILL_LENGTHJ7),millY);

'* lM» -> CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
liDeto(miUX+(MILL LENGTHI2) +(MILL LENGTH'IO)+SMALL H SPC,millY);
linao{JetxO,getyO+V_SPC); - - -
liDeto(cycX-CVC_DIAMETERI2-SMALL_H_SPC,getyO);
UpArrow{JeaO,y3);
lineto(aetxO,C)'cY);
RiptArrow(c:ycX-eYC_DIAMETERI2,cycY);
cbaaplatstyle(SMALL_fONT,HORlZ_DDt,I);
seaeujUllify(CENTER._TEXT,TOP_TEXT);
ounexuy(MuXJ2-20,MuY12+100, ·CircuitSl·);
}

void DrawF1owsbeet52(iDt xPm,iDt yPm){'* BM-8M-SM-TSFC *' -
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mt cycX,cycY,millX,millY,cyc2InX,cyc21nY,mill lX,mill 2X;
mt mLoffset,mRoffset; - -

598

clearviewponO:
setfillstyle(1,WHITE);
mi1IX -xPnl;
miIlY-yPnt;
mLoffset =-(MILL_LENGTHI2)+(MILL_LENGTHlS)+(MILL_LENGTHJ7);
mill_2X-millX-mLoffset-H_SPC-<MILL_LENGTHJ2)-(MILL_LENGTH/IO);
mill IX-mUl 2X-mLoffset-(Mn.L LENGTHI2)-(MILL LENGTH'lO)-H SPC;
DrawBallMill(Dun_lX,millY,MILL:DIAMETER,MILLj.ENGTH); -
seuextjustify(LEFT_TEXT,TOP_TEXn;
ounemy(mill_lX+7,millY-2, "1 tt);

'* FF *1
IDOveto(mill_lX-mLoffset-H_SPC,millY);
RightArrow(mill_lX-mLoffsct-SMALL_8_SPC,millY);
RightArrow(mill_lX-mLoffset,millY);

'* water addition *'
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DownArrowW<&etxQ,millY);
DrawBallMill(miIl_2X,millY,MILL_DIAMETER,MILL_LENGTH);
seumjustify(LEPT_TEXT,TOP_TEXT);
ounemy(mill_2X+7,millY-2, "2 tt);

'* BMl->BM2 *'
moveto(mill_lX+(MILL_LENGTHI2)+ (MILL_LENGTH/IO),millY);
RightArrow(mill_2X-mLoffset,mi11Y);'* BMID to BM2F *'
moveto(millX-mLoffsct-H_SPC,miIlY);
RightArrow(mil1X-mLoffset,millY);
DrawBallMill(miIlX,millY,MILL_DIAMETER,MILL_LENGTH);
scaextjustïfy(LEFT_TEXT,TOP_TEXT);
ouuemy(millX+7,millY-2, tt3 If);
cycX-millX+(MILL_LENGTHI2)+(MILL_LENGTH/IO)+H_SPC;
cyc:Y-millY-V_SPC;
DrawCycloae(cyc:X,cycY,CYC_TOP_H,CYC_DIAMETER.,CYC_H);

'* BMD -> Cf *'
moveto(mi11X+(MILL LENGTHI2)+(MILL LENGTHllO),millY);
llDeto<&etxO+SMALL:H_SPC,letyO); -
liDeto{JetxO,letyO-V_Spc);
RiJbtAnow(cycX-(CYC_DIAMETERI2),Iet)'O);

'* COf *'movClO(cycX,cycY-evC_TOP_RI2);
liDeto{JetxO,letyO-SMALL_V_Spc);
RilbtArrow<aeaO+H_SPC,letyO);
cyc:2JnX-IGO:
cyc2InY-letyO;

'* CUF *'IIIOvClO(cycX,cycY+CYC_Hl;
liDeto(aetxO,aetYO+V_SPC);
liDIIo(millX-(MJLL_LENGTHI2)-(MJLL_LENGTHJ5)-(MILL_LENG1'HJ7)-sMALL_8_SPC,letyO);
UpArmw{JeaO,mülY);
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'* C2 *'DrawCyclone(cyc2InX+CYC_DIAMETERI2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* COf2 *'IDOveto(cyc21nX+CYC DIAMETERI2,cyc2InY-CYC TOP 812);
lineto(geaO,getyO..sMALL_V_SPC); - -
RiptArrow(getxO+H_SPC,&elYO);

'* CUf2 *'IDOveto(cyc21nX+CYC_DIAMETERJ2,cyc2InY+CYC_H);
liDeto(leaQ,getyQ+V_SPC);
LeftArrow(cycX,getyO);
chaDgelextstyle(SMALL_FONT,HORIZ_DIR,8);
outtextxy(MuXJ2-20,MaxYI2+ 100, "CircuitS2");
}

void DrawFlowsheetS3(iDt xPnt,ÏDt yPnt){'* SM-8M-BM-TSMC *'
int cycX,cycY,millX,millY,cyc2InX,cyc21nY,mill_IX,mill_2X;
inl mLoffset,mRoffset;

clearviewponO:
settillstyle(1,WHITE);
mi1IX-xPnt;
mLoffset-(MILL_LENGTHI2)+(MlLL_LENGTH/5)+(M1LL_LENGTHm;
millY-yPnt;
milI_2X-millX-mLoffset-H_SPC-(MILL_LENGTH'2)-(MILL_LENGTH/IO);
milI_IX=mill_2X-mLoffset-(MILL_LENGTH/2)-(MILL_LENGTH/IO)-H_SPC;
DrawBaUMi11(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
settWjustify(LEFT_TEXT,TOP_TEXT);
ouuemy(mill_1X+7,millY-2,"1");

/* FF *'
moVelo(mill lX-mLoffset-H SPC,millY);
RiptAnoW(mîll_lX-mLoffsët-SMALL_H_SPC,millY);
RighlArrow(mill_lX-mLoffset,millY);

'* waœr addition *'
IDOveco(mill_lX-mLoffset-SMALL_H_SPC,millY-V_SPC);
DoWDArrowW{JeaO,miIlY);
DrawBaUMW(mill_2X,millY,MILL_DIAMETER,MILL_LENGTH);
seuutjUltify(LEFT_TEXT,TOP_TEXT);
ouuemy(mill_2X+7.millY-2,"2");

'* BMl->BM2 *'
IDOveto(miIl_IX+<MILL_LENGTHI2)+(MILL_LENGTH'lO),millY);
RiptArrow(mill_2X-mLoffset,millY);

'* BMID ta BM2F *'
moveto(milIX-mLoffset-H SPC,millY);
RiptArrow(mil1X-mLoff.,millY);
DrawBa1lMi11(miIlX,millY,MILL_DIAMETER,MILL_LENGTH);
seueujUllify(LEFT_TEXT,TOP_TEXT);
ounemy(millX+7,miIlY-2, ·3·);
cycX-millX+(MILL_LENGTHJ2)+(MILL_LENGTHI10)+H_SPC;
cycY-miIlY.V_SPC;
DrawCycloae(c:ycX,C)'cY,CYC_TOP_H,CYC_DIAMETER.CYC_H>;
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'* BMD -> CF *'
moveto(millX+(MILL_LENGTHI2)+(MILL_LENGTH/I0),millY);
liDeto{JeuO+SMALL_H_SPC,getyO);
liDeto{JeaO,letyO-V_SPC);
RightArrow(cycX-(CYC_DIAMETERI2),letyO);

'* COF *'moveto(cycX,cycy.cvC_TOP_HI2);
liDeto{J~O,letyO-SMALL _V_SPC);
RightArrow(geaO +H_SPC,letyO);
cyc2IDX- gettO;
cyc21ny -getyO;

'* CUF *'moveto(cycX,cycY+CYC_H);
liDeto{JetxO,getyO+V_SPC);
lineIo(millX-<MILL_LENGTHJ2)-<MILL_LENGTH/S)-(MD..L_LENGTHm-SMALL_H_SPC,getyO);
UpAnow{JetxO,millY);
1* C2 *1
DnwCyclone(cyc2InX+CYC_DIAMETERI2,cyc2InY,CYC_TOP_",CYC_DIAMETER,CYC_H);

'* COF2 *'moveto(cyc2InX+CYC_DIAMETERJ2,cyc2InY-CYC_TOP_"/2);
liDeto{JetxO,letyO-SMALL_V_Spc);
RightArrow(getxO+H_SPC,letyO);

'* CUF2 *'moveto(cyc21DX +CYC_DIAMETERJ2,CYc2InY+CYC_8);
liDeto{JetxO,letyO+O.7S*V_SPC);
liDeto(cycX-CYC_DIAMETERI2-5MALL_H_SPC,getyO);
UpArrow(geaO,CYcy);
chanletextltY1e(SMALL_fONT,HORlZ_DIR,S);
ouaaay(MuXI2-20,MaxYI2+100,"CircuitS3");
}

void DrawF1owsheel54(int xPnt,int yPnt){'* BM-BM-BM-TSCC *'
int cycX,cycY,millX,millY,cyc2InX,cyc2InY,mill_1X,mill_2X;
iDl mLoffset;

c1earviewponO;
sedillstyle(l ,WHITE);

lDi1IX- xPDI;
millY-yPm;
mLoffset-(MILL LENGTHI2)+(MILL LENGTHJ5)+(MILL LENGTHm;
miD_2X-millX..nÏi..otrset..H_SPC-{MILL:LENGTHI2)-(MILL_Ï.ENGTH'lO);
mi1I lX-mill 2X-mLoftiet-(MILL LENGTHJ2)-(MILL LENGnl/lO)-H SPC;
D1'aWBaI1Mi1l(ÜüU_IX,millY,MILL:DIAMETER,MILL:LENGTH); -
seueujUldfy(LEFT_TEXT,TOP_TEXT);
ounauy(mill_lX+7,millY-2, 111 11

);

'* pp *'moveto(miIl lX-mLoffJet·H SPC,miIlY};
RiprAnow<mill_lX-mLotraëc.sMALL_H_SPC,millY>;
RiprAnow{mill_lX-mLoffset,millY};
,. WIIer additiOD .,
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moveto(mill_1X..mLoffset-8MALL_H_SPC,mi1lY-V_SPC);
DoWDArrowW{JetxO,millY);
DrawBa1lMUl(mill 2X,miUY,MILL DIAMETER,MILL LENGTII);
seuutjustify(LEFf_TEXT,TOP_TËXT); -
ouuemy(mill_2X+7,millY-2,"2-);

'* BM1->BM2 *'
moveto(mill_1X+(Mn.L_LENGTHI2)+(MILL_LENGTH/IO),millY);
RiptAnow(mill_2X·mLoffset,millY);'* BMID to 8M2F *'
IDOveto(millX·mLoffset..H SPC.millY);
RighlAnow(millX-mLoffsd,millY);
DrawBallMill(millX,millY,MILL_DIAMETER.MILL_LENGTH);
senextjustify(LEFT_TEXT,TOP_TEXT);
outtemy(millX+7,millY-2, "3 If);
cycX~millX+(MILL_LENGTHI2)+(MILL_LENGTH'10)+H_SPC;

cycY-mi11Y·V_SPC;
DrawCyclone(cycX,cycY,CYC_TOP_H,CYC_DIAMETER,CYC_H);

'* BMD -> CF *'
IDOveto(millX +(MILL_LENGTHI2)+(MILL_LENGTH/IO),millY);
lineIo(geaO +SMALL_H_SPC,letyO);
lineto(geaO,letyO-V_SPC);
RightAnow(cycX-(CYC_DIAMETERI2),getyO);

'* COf *'moveto(cycX,cycY-CYC_TOP_812);
liœto{JeaO,getyO-8MALL_V_SPC);
RightArrow{JeaO +H_SPC,getyO);
cyc21nX~letxO;

cyc2InY-cycY+CYC_H+2.S*SMALL_V_SPC;

'* CUf *'moveto(cycX,cycY+CYC_H);
liDcIo(paO,cyc2IDY);
RiplAnow(c:yc2IDX,cyc21nY);

'* C2 *'DrawCyclone(c:yc2IDX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER.CYC_H);

'* COf2 *'moveto(c:yc21DX +CYC_D1AMETERf2,cyc2InY-CYC_TOP_8/2);
linelo<leaO,letyO-SMALL_V_SPC);
liDeIo(cycX-CYC_DIAMETERJ2-sMALL_H_SPC,lelYO);
UpAftow<JeUO,cycY);

'* CUP2 *'moveto(cyc2IDX+CYC_D1AMETERf2,cyc2InY+CYC_H};
liœto{JeaO,letyO+V_SPC12);
liDelo(miUX-mLoffset-sMALL_H_SPC,letyO);
UpArrow{JeUO,millY);
cbqeratstyle(SMALL_fONT,HORlZ_DIR,8);
ouuemy(MuXJ2-20.MuYI2+100,-Ciraait54If);
}

void DrawF1owsbeel55(iDt xPm,ÎIIl yPnt){'* BM-BM-5cr-BM-TSFC *'
ÎDl cycX,cycY,millX,mil1Y,cyc2lDX,cyc2IDY,mill_lX,mill_2X;
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int mLoffset,mRoffset;
int xl,yl,x2,y2,x3,y3,x4,y4,!5,y';

c1earviewponQ;
sedilIstyle(l,WHITE);
miIlX- xPnt;
millY-yPm;
mLoffset-(MILL_LENGTH/2)+{MILL_LENGTHIS)+(MD..L_LENGTHn);
mill_2X-milIX-mLoffset-H_SPC..(MILL_LENGTHI2)-(MILL_LENGTH/IO)-2·SMALL_H_SPC;
mill_IX=mill_2X-mLoffset-{MILL_LENGTHI2)-(MILL_LENGTHIlO)-H_SPC:
DnwBaUMi1l(mill_lX,millY,MILL_DIAMETER,MILL_LENGTH);
senextjustify(LEFT_TEXT,TOP_TEXT);
ou~(~_lX+7,DIillY-2,·1·);,. FF·'
moveto(mill_lX-mLoffset-H_SPC,milIY');
RightArrow(mill_lX-mLoffset-SMALL_H_SPC,millY);
RightArrow(mill_lX-mLoffset,millY);

. ,- water addition -,
moveto(mill_lX-mLoffset-SMALL_H_SPC,millY+V_SPC);
UpAnowW(geuO.millY);
DnwBallMill(mill_2X.millY,MILL_DIAMETER,MILL_LENGTH);
settextjustify(LEFT_TEXT,TOP_TEXn;
ouaexay(mill_2X+7,millY-2, 8 2·);
,- BMl->BM2 -,
moveto(mill_lX+<MILL_LENGTHJ2)+(MILL_LENGTH/IO),milIY);
RighlArrow(mill_2X-mLoffset,millY}; .
moveto(mill_2X+<M1LL_LENGTHI2)+<MILL_LENGTH/IO),millY};
RightArrow(getxO +SMALL_H_SPC,millY);
xl-gGO;
yl-getyO;
x2-xl +2·SMALL_H_SPC;
y2-yl + l.S·SMALL_V_SPC;
l3 -x2-5MALL_H_SPC;
y3 -y2+0.S·SMALL_V_SPC;
DrawScreen(xl ,y1.x2,y2,x3,y3);
IDOveto(x2.y2);
lineto(x2,y2-V_Spc);
liDeto(mill_lX-mLoffset-SMALL_H_SPC,letyO};
DownArrow{JeaO,millY);
DrawBaUMnJ(miI1X,mi11Y.MILL DIAMETER,MILL LENGTH);
settextjustify(LEFT_TEXT,TOP_Ï'EXT); -
outtaay(miUX+7,miIlY-2, -3-);
cycX-miIlX+(MILL_LENGTHI2)+(MILL_LENGTHllO)+H_SPC;
cyc:Y-millY-V_SPC;
IIIOveto(x3 ,y3);
liDeIo(x3+2·SMALL_H_SPC,y3);
1iDeIo{Jea().C:YC:Y);
RiprArrow(milIX+(MILL_LENGTHJ2)+(MILL_LENGTHI10)+SMALL_H_SPC.cyc:Y);
DrawCydoDe(c:ycX.cyc:Y,CYC_TOP_H,CYC_DIAMETER,CYC_H);
,. BMD -> CF-'
IIIOveIO(miIIX +(MILL_LENGTHJ2)+(MILL_LENGTHlIO),miIlY);
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liDeto{JeaO+SMALL_H_sPC,getyO);
UpArrow{JetxQ,getyO-v_spc);
RigbtArro..,,(cycX-(CYC_DIAMETERJ2).getyO);
1* COF */
movelO(cyc:X,cycy..cyc_TOP_812);
liDeto<&eaO,get)'O-5MALL_V_Spc);
RiplArro""(geuO+H_SPC.getyO);
cyc21DX~BettO;
cyc21Dy -getyO;

'* CUf *'movelO(cyc:X,cycY+CYC_H);
liDeto{JeaO,getyO+V_SPC);
liDeIo(millX-(MJLL_LENGTHI2)-(MILL_LENGTH/s)-<MILL_LENGTH17)-SMALL_H_SPC,getyO);
liDero{JeaO,mïllY);
RigbtArro""{JeaO+SMALL_H_SPC,getyO);

'* C2 *'DnwCyclone(cyc21nX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETER,CYC_H);'* COF2 */
movelO(cyc21nX +CYC_DIAMETERJ2,cyc21ny .cYC_TOP_H/2);
liDeIo(JetxQ,getyO-SMALL_V_S'O;
RiplArrow{JeaO+ H_SPC,getyO);'* CUF2 */
movelO(cyc2InX+CYC_DIAMETERJ2,cyc2InY+CYC_8);
liDeto<geaO,getyO+V_SPC);
LeftArroW(cycX,letyO);
chanletextstyle(SMALL_FONT,HORlZ_DIR,S);
outtexay(MaxXI2-20,MaxY/2+ 100,"CiR:uitSS");
}

void DrawF1owsheel56(iDt xPm,int yPnt){
int cycllDX,cycllnY.c:yc2InX,cyc2InY,mill_lX,milI_ly ,mill_2X,mill_2Y;
int mLoffset,mRoffset;

clearviewponO;
sediIlslyle(1,WHITE);
milI IX-mill 2X-xPnt;
mm-ly -yPm;
mLifflet-(MILL_LENGTHI2)+(MILL_LENGTH/S)+(MILL_LENGTHm;
miO_2Y-mill_lY+O.75*V_SPC:
cycllDX-cyc2InX-mill_lX-4*R_SPC;
CYCllDY-mill_ly-o.75*V_SPC;
cyc2IDY-cyclIDY-V_SPC;
DrawBallMill(mill lX,mill 1Y,MILL DIAMETER,MILL LENGTH);
senatjUl1ify(LEFf_TEXT,ToP_TEri); -
ouataay(milI_IX+7.miU_lY-2,"1");
DrawBallMill(1IIill 2X,milI 2Y,MILL DIAMETER,MILL LENGTH);
seuatjua1ify(LEFf_TEXT,top_TEri); -
ouaauy(mill_2X+7.milI_2Y-2,"2");
DrawCyc1oœ(cycllnX+CYC_DIAMETERJ2,cycIIDY,CYC_TOP_R,CYC_DIAMETEIl,CYC_H);
DrawCyc1oDe(çyc2IDX+CYC_DIAMETERJ2,cyc2InY,CYC_TOP_H,CYC_DIAMETEIl,CYC_H);
moveco(40,miII_2Y+O.5*V_Spc);



Appeadix G Bali MilliDg Circuits Simulator (BMCS) .

RightArrow(cyc1InX-eYC_DIAMETERI2..sMALL_H_SPC,getyO);
IIIOvelO(JetxO,getyO+O.S·V_SPC);
UpAnowW(geuO,gety04l.S·V_Spc);
liDeto{JetxO,cyc21DY);
RightArrow(cyc2InX,cyc2InY);
IDOvelo(c:ycllnX-eYC_DIAMETERI2-SMALL_H_SPC,cycllnY);
RightArrow(cycl1nX,cycl1DY);
,. COFI .,
movelo(cycllDX+CYC_DIAMETER/2,cyc1InY-CYC_TOP_HI2);
lineto(getxQ,getyO-o.7S·SMALL_V_SPC);
lineto(getxO+4·H_SPC,getyO);
UpArrow<gettO,cyc2InY-CYC_TOP_H/2..().S·SMALL_V_SPC);
,. COf2 .,
IDOvelO(c:yc21nX +CYC_DIAMETERI2,cyc2InY-CYC_TOP_H/2);
lincto(gettO,getyO..().S·SMALL_V_Spc);
RightAnow(geaO+4·H_SPC,getyO);
RightArrow(gettO+H_SPC,getyO);
1· CUFI .,
moveIO(cycllnX +CYC_DIAMETERI2.cyclInY+CYC_H);
lineto(getxO.mill_2Y+5);
RightAnow(mill_2X-mLoffsel,mill_2Y+5);
movelO(cycl1DX +CYC_DlAMETERI2,mill_lY+S};
RightArrow(mill_lX-mLoffset,mill_1Y+S};
,. CUF2 .,
movelO(cyc21DX +CYC_DlAMETERI2,cyc2lnY+CYC_H);
liDeto{JeaO.letyO+O.7S*SMALL_V_SPC);
ÜDetO(JeaO+2*H_SPC,getyO);
lineto(getxO.mill_2Y-S};
RightArrow(mill_2X-mLoffset,gelYO);
IIIOvelO(c:yc2InX+CYC DlAMETERI2+2*H SPC,mill IY-S);
RigbtAnoW(mill_lx-mLoffset,gelYO); - -

'* BMDl *'moveto(mill lX+(M1LL LENGTH/2)+(MILL LENGTH'IO),mill IY);
lineto(getxO+2*SMALL:H_SPC,gel)'O); - -
DoWllArrow{JeaO,mill_2Y);'* BMD2·'
moYeIO(miU 2X+(M1LL LENGTHI2)+(M1LL LENGTH/IO),mill 2Y);
RightArrow(jeaO+2*sMALL_H_SPC,getyO);- -
ÜDetO(JetxO,letyO +O.SO*V_Spc);
LeftArrow(cycllnX-eYC_DIAMETERJ2-5MALL_H_Spc,getyO);
dlaDpcexUtyle(SMALL_fONT.HORlZ_CIR,a);
outtatxy(MuXJ2-20.MuYI2+100,"Circuit 56");
}
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'* ballmill.c:Ol *'
#include < stdlib.h>
IiDclude <stdio.h>
Iinclude <sttiDl.h>
liDclude <math.h>
liDclude < floal.h >
Iinclude <como.h>
Iinclude <assen.h>

'* CODStants *'
NdefiDe STRMMATCOLS 4
NdefiDe rho l '* water deDsity as default for suspending fiuid density *'
Ndefine mu l '* waœr viscosity as default for suspending liquid viscosity *'
NdefiDe EPS (DBL_EPSILON*l00)
Ndefine EQ(x,y) (fabs«x)-(y» < =-fabs«x)+(y»*EPS)
NdefiDe LE(x,y) «x)<(y) Il EQ(x,y»
Ndefine GE(x,y) «y) «x) Il EQ(x,y»
ldefine LT(x,y) (!GE(x,y»
Ndefine GT(x,y) (!LE(x,y»

'* code for various pbysica1 and conceptual UDits in the circuiu *'
NdetiDe lM_UNIT_CODE 1
Ndefine HCYC_UNIT_CODE 2
Ndefine JUNC_NODE_CODE 3
ldefineSPLIT_NODE_CODE 4
NdefiDe FlXCLASS_NODE_CODE S
NdetiDe CNVRG_BLOCK_CODE 100

typedef mUID bool {FALSE-O,TRUE-1} boal;

typedef suuct{
double *sf;
char bFnormalizabilityF1ag[S];
double **bf;
double referenceFeedRate;
double refereDCCTauPF;
double refereDœTIUSPM;
double refereaceTauLPM;

} ballmiU;

ÏDl *CraœVedOrlnt(1ool ni, long ab);
voici FreeVectorlnt(iDt .." 10111 ni, 10Dg Db);
double *CreaœVecrorDOoDI ni, 10111 Db);
voici FreeVcaorD(double "v, IODI Dl, 1001 ah);
ÏDl "CraœMatrixIDl(lOlll Dd, 10nlorb, 10lIl Del, IODI DCh);
voici FreeMlIrixInl(iDt -*m, IODI arl, 1001 urb, IOlllllCl, 1001 DCb);
double ·*CraœMIUW)OOlll nrl, 10DI Drh, IODa ncl, loq DCb);
void FreeMlIrixD(double -*m, 10111 M, 10lIl orb, IOD' œl, 1001 Ddl);

ÏDl RadCircuitSpec(ÎIIl *cirNo);
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inl lleadNumsOfNodesStrms(inl clrNo,ÏDI *nodeNums,ÏDI ·stteamNums);
iDl ReadSizeClassNums(im ·sizcClassNums);
iDt ReadSimulatioDStahII(int ·curNodeNumPtr,int cnvrgNodeNums,bool ·convergence,int
·complterPlr);
iDl UpdaleSimuiatiouStalUS(int curNodeNum,iDt cnvrgNodeNums,bool ·convergence,iDt complter);
iat RadCoDDedivityMauh(iDt ··coaMatPtt,ÎDl cirNo);
iDt RadStreamManix(int streamNums,double ··strmMatPtt);
iat UpdaleStreamMatrix(inl stteamNUIDI,double ··strmMatPtt);
iDt ReadStreamlSizeDisl(double ··sttmSizeMIlPtr,ÏDt sizeClassNums,int stteamNums);
inl UpdateStrmSizeMat(double ··strmSizeMatPtr,int sizeClassNums,int streamNums);
inl ReIdBa1lMillInputData(im ··conMatPtr,ml curNodeNum,int sizeClassNums,ballmill *b);
inl PiDdBallMillStreamslDdex(ÏDI stteamNums,iot curNodeNum,iDt ··conMatPtr,iDt *bmF,int ·bmD);
iDt HlDdlelDcorrectData(char -su);

iDt maiD(void){
char str(l60];
iDl ··conMatPtr;
iDl iJ ,t,irer;
iDt sizeClauNums,curNodeNum;
ml cirNO,DOdeNums,streamNums;
ml BMFsttmlndeX,BMDstrIDIDdex;
iDt cnvqNocIeNums;
double ··strmSizeMalPIr,-*sumMlIPtr;
double *diq,**t, ·*tinv,**tdïag,**tr8Ds;
double tauPF,tauSPM,tauLPM,mn:
double WPF,WS,WL;
double sum,suml,sum2,sum3,sum4;
ballmill b;
ballmill ·bmPtt;
bool *covrgVecPtr;

bmPtr-4b;
,. rad leueral data .,
ReadCimlitSpcc(&cirNo);
ReadNumsOfNodesSttms(cirNo,lœodeNums,&stteamNums);
ReadSizeC1assNums(cbizeC1assNums);'* check data .,
if(iter<2)(

if(sizeCllSINums <2)(
str[O) - '\0';
ItreII(I1r,·CaDDot accept size class numben las tban two. Il

.. 'This mipt bappen bccause of iDcorrect clara or file\o·

.. fol'Dlll. PJase cbeck daIa file for possible erron. Il);
HaadlelDcomctDlII(ltt);

}
}'* aUOCIII euct memory oeeded for radia. coDDeCÛvity mattix -,
coDMIIPIr-CreareMllrWlU(l ,DOdeNums,l.saamNums+3);
for(i-l;i< -DOdeNuma;i++)

tor(j -l;j < -sueamNuma+3;j + +)
CODMllPIr(illJl-0.00;
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ReadCoDDeCtivityMattix(conMaIPtr.cirNo);
cnvraNodeNums-0;
fOr(i-l;i< -oodeNums;i++)

if(conMatPtr(i][2]- -CNVRG_BLOCK_CODE) cnvrgNodeNums+ +;
cnvraVecPtr-(bool *) CreaieVectorlDt(l,cnvrgNodeNums);

for(i -1;i< -cnvrgNodeNums;i++)
cnvrzVccPtr(i] -0;

ReadSimuiatioDStatus(&curNodeNum,cnvrgNodeNums,cnvrgVecPtr,&citer);
1* aI1oca1e exact memory needed for reading streams information *'
strmMatPtr-CreateMattixD(l ,streamNums,1,STRMMATCOLS);
for(i -l;i< - streamNums;i+ + )

for(j -1;j < -STRMMATCOLS;j ++)
strmMaIPtt(i][j] =-0.00;

ReadStreamMatrlx(streamNums,sumMalPtr);
1* aI1oca1e exact memory needed for reading size distributious;

iDclucliDg pan fraction *'
strmSizeMatPtr-CreaœMattixD(l ,sizeClassNums, l ,streamNums+2);
for(i =-l;i < - sizeClassNums;i+ + )

for(j -1;j < - streamNums+2;j + +)
strmSizeMlIPtr(i)[j] -0.00:

ReadStteamsSizeDist(strmSizeMalPtt,sizeClassNums,streamNums);

'* cbeck dala *'if(iter<2){
for(i:::a l;i < -sizeClassNums;i+ +)

for(j -3;j < -sueamNums+2;j + +)
if(LT(sttmSizeMaIPtt(i](j).0) Il GT(strmSizeMatPtr(i]U], l00»{

str(O] - '\0';
Streal(str."Cannot acœpt a percent mass less than zero or greaœr\n"

• tbaD 100. This mighl bappen because of
incorrect daIa or file\n"

f:JJ7

• format. Please check data file for possible
mon.");

HandlelDcorrectDala(stt);
}

}
bmPtr->sf-CreaœVectorD(I,sizcClusNums-l);

'* iDidalize sf vector *'
for(i -1;i< -sizeClassNums-l;i+ +)

bmPtt- >sf(i] -0.0;
bmPtr->bf-CreateMauixD(l,sizcClUiNums-l,l,sizeClasaNums-l);

'* iDitialize bf lDIUix *'
for(i-l;i< -sizeCluaNums-l;i++)

for(j -1;j < -sizeClaaNums-l;j++)
bmPlr->bf[i][j] -0.0;

FiDdBaIlMilISuama1ncJa(saamNums,curNodeNum,conMalPtr,.tBMFstrmlDdex.OMDsmn1ndex);
Rcad8a11MiI1IDplll(coDMatPIr.c:urNodcNum.sizeClaslNums,bmPtr);'* cbect cIala .,
if(iter<2){

su(O] - '\0';
,. cbeck sf valua *'
for(i-l;i< -aiJ&CluaNuma-I;i++)
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if(LE(bmPtr- >stlil,O»{
StŒal(str, "CaDnot accept a selection fuDction value less than or \n"

" equal ta zero. This might happen because of incorrect data\n Il

" or file format. Please check data file for possible erron. ");
HandleIDcorrectData(str);

}'* check for equal sf values *'
for(i-2;i < .sizeClassNums-l;i+ +)

if(EQ(bmPtr-:> sf(iJ.bmPlr-:> stti-l)){
streaI(str. "Cannot accep! (Wo equal consecutive selection ~.mction values.\n"

" Please correct daIa file by introducing a smal1 change in
one\n"

" of the selection function values. If);
HandleIncorrectData(str);

}'* check bf nonnalil.lbility f1ag *'
if(sm:mp(bmPtr· :>bFnormalizabilityPlag,"ON")! zO &&

stremp(bmPtr-> bFnormalizabilityF1ag, "OFF")! =O){
Streal(str,"Breakage function normalizability aag must be either\n"

" ON or OFF. This might bappen because of incorrect\n"
" daIa or file formai. Please check data file for \n"
" pollible mors. ");

HandleIncorrectData(stt);
}'* check iDdividual bf values *'
ror(i -1;i< -sizeClassNUIDI-l;i+ +){

for(j -1 ~ < -sizcC1assNums-l;j++)
if(LT(bmPtr->bf[i][il.O) Il GT(bmPtr.:>bf[i][jJ.l»{

stŒaI(ltr, "Cmnot acœpt a breakage function value less tban zero
or\n"

" graœr than 1. 'Ibis might happen because of incorrect data

" or file format. Pleue check dala file for possible errors. ");
HandlelDcorrectData(str);

)
}'* cbect sum of bf values *'
(orO -1~< -sizeClassNUIDI-l;j + +)(

sum-O;
(or(i-1;i< -sizeCJauNums-l;i++)

sum-sum+bmPtt-:> bf(i]Ü);
if(OT(sum.l»(

streIt(SU.·ne sum of breakage fuDction values for each column CIDDOt he

• parer Iban 1. 'Ibis miam bIppeD because of iDcomct \nIl

• data or file ConDal. Pleae cbeck data file for possible\D·
" mors.·);

HIlld1elDconectDlII(stt);
)

}

'* cbect RTD re1Ired values *'
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if(LE(bmPtr· > referenceFeedRale,O»{
Streal(Slr,"Cannot accept a reference feed rate less thao or equal ta zero.\n"

• 'Ibis might bappen because of incorrect daIa or file\n"
" format. Please check data file for possible erron. ");

HlDdIelDcorrectData(str);
}
if(LT(bmPtr->referenceTauPF,O) Il LT(bmPtt·>referenceTauSPM,O) Il

LT(bmPtr-> referenceTauLPM,O»{
streal(str, "Cannot accept negative reference mean reteDtion times.\n"

" This might happen because of incorrect data or rùe\n"
" format. Please check data file for possible errors. ");

HaudleJncomctData(slr);
}
if(LE(sttmMalPtr(BMFsttmIndex][2] ,O»{

Streal(str, "Caunot accept a bail mill feed rate less man zero.\n"
" 'Ibis might happen because of incorrect data or file\n lt

" format. Please check data file for possible erron. lt);
HandlelDcorrectData(str);

}
}
1* aIlocatiDl exact memory for ail mattices */
diq-CreateVectorD(1,sizeClassNums-l);
t =CreaœMattixD(1,sizeClasaNums-l, l ,sizeClassNums-l);
tinv=CreaceMattixD( l ,sizeC1assNums-l,1,sizeClassNums-l);
tdiq =-CreaœMattixD(l ,sizeClassNums-l, l ,sizeClassNums-l);
trms-CreateMattixD(l,sizeClassNums-l,l,sizeClassNums-l);
for(i-l;i< -sizeClassNums-l;i++){

dill[i] -0.00;
faro -l;j < -sizeClIS1Nums-l~ + +)(

t[i](j] -0.0;
tinv(i)[n-O.O;
tdia&[i](j] -0.0;
traDI(i][j] -0.0;

}
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}
1* calcul_ taus *1
mn-bmPtr.. >refereaceTauPF+(2*bmPlr->refereoœTauSPM)+bmPtr.. >refereoœTauLPM;
usen(GT(mn,O»; .
tauPF-(bmPtr-> refereDœFeedRaIeIsumMatPtt[BMFstrmlDdex][2])*(bmPtt-> referenceTauPF/mn);
tauSPM -(bmPIr- >refereDœFeedRalelsumMatPtt[BMFmmIDdex][2])*(bmPtr->referenceTauSPM/mn
);
tauLPM-(bmPtr-> refereaceFeedRalelmmMalPtr(BMFstrmlDdex][2])-(bmPtr· >referenœTauLPM/mr
t);'* calcul. me "cIiq. lDIlrix *'
for(i-l;i< -sizeC1auNums-l;i++){

WPF -ap(-bmPlr->s1[i]*tauPF);
WS-1 +bmPtt->sf[i)*tauSPM;
WL-l +bmPtr->sf(i]~M;
diaI[il·WPF/(WL~w(WSt2»;

}'* calcu1alioa of die t lIIIIrix *'
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for(i -l;i< -sizeClassNums-l;i++)
for(j -l;j < -sizeClassNums-l;j+ +)

if(i <j) t(i][j] -0.0;
else if(i =- =-j) t(i][j] =-bmPtr->sm];

else{
sum-O.O;
for(k-l;k <i;k+ +)

sum-sum+bmPtr->btli][k)*bmPtr->sf(k)*t(k][j];
if(EQ(bmPtr- >sf(i],bmPtr->sf(j]»

bmPtr- >stti] =bmPtr->sf[i]*0.999999;
t(i)(j] =sumI(bmPtr- >sf(i]-bmPtr- > sf(j]);

}'* calculatioD of the tiDv mattix *'
for(i-l;i < -sizeClassNums-l;i++)

for(j -l;j< -sizeClassNums-l;j++){
if(i <j) tiDv(i](j] -0;
if(i- -j)

tiDv(i](j] = IlbmPtr- >stli];
if(i>j){

suml-O;
for(k-I;k<i;k+ +) suml =suml +t(i](k]*tinv(k](j);

tiDv(i][il =--sum1IbmPtr- >sf(i];
}

}
'* calculatioD of the t * diag *'
for(i= l;i < ~sizeClassNums-l;i+ +)

for(j -l;j < -sizeClassNuma-l;j+ +) tdiag(i][j] =t(i][j]*diag[j);'* calculatioD of rhe mill trIDIfOrmaliOD mattix *'
for(i -l;i< -sizeClIIINums-l;i+ +)

forO -l;j < -sizeClassNums-l ;j++)(
sum2-0;
for(k-l;k< - sizeClassNums-l;k+ +) sum2=sum2 +uüaa(i][k)*tinv[kUH;
tnIII(i][j] -sum2;

}'* calc:uladon of the baU mill discbarle *'
for(i-l;i < -sizeClauNums-l;i++){

sum3-0;
for(j -I;j < -sizeClusNums-l;j ++)

sum3 -sum3 +ttans(i)[j)*sumsizeMllPufj][BMFstrmlndex+2];
sttmSizeM8lPu(i][BMDstrmlDdex+2] :II sum3;

}
sum4-0;
for(i-l;i < -sizeClauNums-l;i+ +) sum4-sum4+strmSïzeMatPtt(i][BMDsumlDdex+2];
sUDISizeMllPtt(sizeCluaNuma)[BMDsumIDdex+2] -1OQ-sum4;
SUlllMalPU(BMDstrmIDdex][2] -SlrlllMMPtr(BMFSInDIDda)[2];
sumMalPtr(BMDsumIDda][3] -sumMatPlr(BMFSInDIDdcx)[3);
sumMalPtr(BMDSInDIDdcx][4] -sumMatPlr(BMfstrmlDdex][4];
if(c:urNodeNum<DOdeNuma) curNodeNum+ +;
elle curNodeNum-l;
UpdaeSUamMattïx(streamNums,sumMlIPtr);
UpdMeSmDSïzeMlI(stnDSizeMIdIIr,sizeCIMINums,saamNuma);
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UpdateSimulationStatus(curNodeNum.cnvrgNodeNums.cnvrgVecPtt,iter);
FœeMattixIDt(c:oDMaIPIr, l ,nodeNums, l ,stteamNums+3); .
FreeMattixD(strmMaIPtt.l ,streamNums, l ,STRMMATCOLS);
FœeMattixD(strmSizeMIlPtr, l ,sizeClassNums,1.streamNums+2);
mumO;
}

611

int FindBallMillStreamslndex(int streamNums,int curNodeNum,int *·conMatPtr,int *bmF,int *bmD){
inl j;
for(j =4;j < =streamNums+3;j ++)

if(coDMatPtr(curNodeNum)[j] == =- +1) *bmF=j-3;
else if(conMllPtt{curNodeNum]Ul == =·1) ·bmD=j-3; '* ·1 is BMD stream code *'

returD 0;
}



'* cut size *''* recovery of wuer to cyclone UDderflow *''* sharpaca of separation *'
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'* cyclone.cOl *'
linclude <stdlib.h >
linclude <stdio.h >
Iinclude <strinl.h>
IiDclude <madl.h>
Iinclude < float.h >
#include <conio.h>
IiDclude <assert.h>

'* code for various physica1 and concèptual units in the circuits .,
ldefine BM_UNIT_CODE 1
ldefine RCYC_UNIT_CODE 2
ldefiDe JUNe_NODE_CODE 3
Idefine SPUT_NODE_CODE 4
Idefine FlXCLASS_NODE_CODE S
ldefine CNVRG_BLOCK_CODE 100

'* constants *'
ldefine STRMMATCOLS 4
ldefiDe rho l '* Waler density as default for suspending ftuid deDsity *'
ldefiDe mu l '* waœr viscosity as default for suspending liquid viscosity *'
ldefiDe EPS (DBL_EPSILON*100)
ldetine EQ(x,y) (fabs«x)-(y»< =fabs«x) +(y»*EPS)
ldetine LE(x,y) «x) < (y) Il EQ(x,y»
ldetiDe GE(x,y) «y) < (1) Il EQ(x,y»
Idefine LT(x,y) (!GE(x,y»
ldefiDe GT(x,y) (!LE(x,y»

typedefenum boal (FALSE-O,TRUE=-l} boal;

typedef struet{
double De; '* iDside diameter of the cyclone *'
double Di; 1* iDside diameIer of the cyclone iDlet *'
double Do; '* inside cIiameter of the cyclone overtlow or vortex finder *'
double Du; '* ÎDlide diamecer of the cyclone UDderflowor apex orifice *'
double h; '* fiee vonex hei&bt of me cyclone *'

} cyclo.;

typedef struet{
double d50;
double Rf:
double m;

} cycpanm;

iDt *CraaeVectorlDl(lODI m,lODl Db);
void FneVectorJm(iDt *v,IODI m,IODl Db);
double *CreaœVectorD(loq DI,loDl Db);
void FneVectorD(double *v,10111 m,loDI Db);
iDt *-erallMIUWaIOoq Drl,IOlll Ddl,loDI Dc1,101ll Dell);
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void FreeMauixInc(int ··m,long orl,loDg nrh,long ncl,long nch);
double ··CreateMIlrixDOong nrl,long orh,loDg nel.long nch);
void FreeMaIrixD(doublc ·*m,loDg nrl,long nrh,long nel,long nch);

iDt ReadCircuitSpec(iDt ·cirNo);
int ReadNumaOtNodesStrms(int cirNo.iDt *nodeNums,int *streamNums);
int ReadSizeC1usNums(int ·sïzeClusNums);
int ReadSimulalioD8wus(int *curNodeNumPtr,ÎDt cnvrgNodeNums.bool *convergcnce,int
·complterPtr);
int UpdateSimuIationStatus(int curNodeNum.int cnvrgNodeNums,bool ·convergence,int compiler);
inl ReadConnectivityMattix(int ··conMatPtt.ÎDl cirNo);
inl ReadStreamMacrix{int streamNums,double ··strmMatPtr);
int UpdateStreamMattix(inl streamNums,double ··sttmMatPtr);
int ReadStreamsSizeDist(double ··StrmSizeMatPtr,inl sizeClassNums,int streamNums);
inl UpdateStrmSizeMat(double ··sttmSizeMalPtr,inl sizeClassNums.int streamNums);
int FindCyCStreamslndex(ÎDI streamNums,int curNodeNum,ÎDt ··conMatPtr,inl *cF,int *cOF,int
*cUF);
inl ReadCyclDpulData(int *·conMllPtr,int curNodeNum,cycloDC *c,double *rhosPtr,

inl ·cycNums,double
*dSOCorrFaetorPtr,double *pCorrFaetorPtr,

double ·sCorrFactorPtr,double
*mCorrFaetorPtr,

double ·RfCorrFaetorPtr.int ·maxIter);
int ReadCycloneNums(inl ··conMatPtr,int nodeNums,int ·cycPakNuma);
int CœateCycPanmFUe(iDt cycPakNums);
int ReadCycParams(double ··cycParamMatPtt,int cycPakNums);
int WriteCycParams(double ··cycParamMatPtr,int cycPakNums);
mt HandlclncomctDlla(cbar ·m);

ml mainO{
FILE ·simSwusFilePtr;
char stt(l60);
mt iter;
mt ·.conMaIPtr;
inl cirNo,DOCIeNums,streamNums;
inl si%eC1assNums,curNodeNum;
inl iJ.r,iterCoum,multer;
inl cycPakNums,cycNums;
mt cFsamlDdex,cOFstrmIDdex,cUFstn:nIDdex;
inl covraNodeNums;
double sum;
double ·*samSiz.eMIlPIr,•..ttmMlIPtr,·.cycParamMIIPtt;
double *SbySioIidlCUP.·SbySsoliclsCOF;
double sumSolicIsCOF;
double cFliquidTODDIIe,cFsolidaToDllllo;
double Q; ,. volumeuic flow rare of cycloae feed slurry .,
double pbi; ,. volumetrie Cncdon of solids iD tbe fcecl slurry .,
double phil;'· mas fncdon soUcis in the feed slurry .,
double S; ,. volumeuic duny split between COF aod Cup·,
double P; ,. preaure drop IICIOII a bydroc:ycloae .,
double R; ,. praaure drop apreued iD bead of feed slurry .,
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double Rv; '* 1'eC. of feecl volume to the underflow product *'
double Ra; '* Re. of fcecl solides ta the UDdertlow produet *'
double mos; '* solid deDsity and liquid density, respectively *'
double rhop; '* soUd deDsity of pulp *'
double R1Old,RtNew;
double Lu,Lu20.Lum;
double cUFsolids.cUFwaler,cUFperSolids,cOFsolids.cOFwaœr,cOFperSolids;
double d5OCorrFaetor.pCorrFaetor.sCorrFaaor,mCorrFactor.RfCorrFactor;
c:ycloDe c;
cycparam cp:
boal done,*cnvrgVecPtr;

c.DczO;
c.Di=O;
c.Do=O;
c.Du~O;

c.h-O;
mos=-O;
c:ycNuma.0;
muller-O;
ReadCircuitSpec(&cirNo);
ReadNumsOtNodesSums(cirNo,&nodeNums,&streamNums);
ReadSizeCl..Numa(&SïzeClassNums);'* alIocaIe memory for 'Nork space *'
SbySsoüdsCUP-CreaœVectorD(l,sizeC1assNums);
SbySsolidsCOf-CrealeVectorD(1.sizeCIusNums);
forO -1 ;i< -sïzeClassNums;i+ +){

SbySsoUdsCUP(i] =0.00;
SbySsolldsCOF[i] -0.00;

}'* alIOCale exact memory needcd for radina coDDeCtivity awrix *'
coDMaIPtt-CreaœMaaixIDI(1.DOdeNums.l ,streamNums+3);
for(i -l;i< -nodeNums;i++)

faro-la < -sueamNums+3ti++)
cooMaIPU[i]lJl-O.OO;

ReadCcmnectivityMIIrix(CODMIIPtt.cirNo);
cnvqNodeNums-O;
forOalti< -DOdeNums;i++)

if(ccmMlIPtt(i](2]. -CNVRG_BLOCK_CODE)
amaNodeNuma+ +;

cnvraVecPtt-(boo1 *) CreaœVectorllU(l.cnvraNodeNums);
forO-I;i < -cnVfINodeNuma;i++)

CIMIVecPu(i] -0;
RadSimulalicmStIbII(AcurNodeNum,œvqNodeNums,œvraVecPtt,&liter);
,. alIOCIIe euct memory DCCdcd for radioa sueams iDformalioo *'
sumMatPtr-ClelleMaaixD(1,saamNuma, l ,STRMMATCOLS);
for(i-l;i< -saeamNuma;i++)

for(j -1;j < -STRMMATCOLSti++)
sumMalPlr(illJl-O.OO;

ReadSlreamMIIrlx(saeamNums,strmMllPIr);
ReadSïzeCl-.NUIDI(AaizeC1auNUIDI);
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'* aIIoca1e exact memory needed for reading size distributions .,
strmSizeMaIPtr-CreateMauixD(1 ,sizeClassNums, l,streamNums+2);
for(i -1;i< ==sizeClassNums;i + +)

for(j-lti < -stœamNuma+2;j + +)
strmSizeMatPtr[i][j] -0.00;

ReadStreamsSizeDist(strmSizeMatPtr,sizeClassNums,streamNums);
RcadCycloneNums(conMatPtr,nodeNums,&cycPakNums);'* a11OC11e exact memory for readiDg cyclone parameters *'
cycParamMatPtr-CreateMattixD(l ,cycPakNums, l ,6};
ror(i = l;i < =cycPakNums;i+ +)

for(j -1 ti < • 6;j++)
cycParamMatPtr(i][j] =0.0;

RcadCycParams(cycParamMatPtr,cycPakNums);
r=l;
for(i-l;i< =nodeNums;i++)

if(conMatPtt(i][2] == =- HCYC_UNIT_CODE){
cycParamMatPtr(r][1] =conMatPtr(i][3];
r++;
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}
FiDdCycStreamslndex(streamNums,curNodeNum,conMatPtr,&cFstnnlndex,&cOFstrmlndex.&cUFstrml
odex);
ReadCyclnputDala(conMatPtr,curNodeNum,&C,&rbos,&cycNums,&d5OCorrFaetor,

&pCorrFaetor,&sCorrFaetor,&mCorrFaetor,&RfCorrFactor,&max1ter);'* check data .,
if(iter<2){
str(O]- '\0';
if(lJB(c.I)c,O»{

streat(str, "CauDal acœpt cyclone diameter leu tbaD or equal ta zero. \n"
" 'Ibis might happen because of incorrect data or file\n"
• format. Please check data file for possible erron.");

HandlelncomctDaIa(str);
}
if(lJB(c.Di,O»{

streat(m, ·Cannot accept cyclone inlet diamcter leu than or equal to \nIt
• zero. 1bis migbt happen because of incorrect data or \nIt
.. file fOrmai. Please check data file for possible errors. lt);

Handlclncorrec:tDaIa(su);
}
if(lJB(c.Do,O»{

Stteal(str, ·Cannot accept cyclone vortex tiDdcr diameter less thaD or \n.
" equalto zero. 1bis milbt happen because of incorrect \nIt
• dira or file format. Please check data me for possible\n"
• erron.•);

HllldlclDcomctDlII(su);
}
if(LE(c.Du,0»{

strell(str,"CaDDot accept apex diameIer leu lhaD or equal 10 zero.\n"
.. This mipt happeD because of incorrect daIa or file\n Il

• fonDll. Pleaae cbeck daIa file for possible crrors.");
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}
if(LE(c.h,O»{

stttal(str, "Cannot acccpt cyclone free vortex height leu than or \n"
" equal tG zero. This might happen because of incorrect\n"
" daIa or file format. Please cbeck data file for\n"
" possible mon.");

HandlelDcorredDaIa(stt);
}
if(LE(rhos,O»{

stteat(str, "Cannat accept salid density less man or equal to zero. \n"
" This might happen because of incorrect data or file\o"
" format. Please check data file for possible errors. ");

HandlelncorrectDlla(str);
}
if(cycNums< -O){

stteat(str, "Calmot accept cyclone numbers of a cyclop~ less than 1.\n"
" This might happen because of incorrect dara or f1le\n"
" format. Please check data file for possible errors. ");

HaadlelDcomctDaIa(str);
}
ïf(LE(dSOCorrFactor,O) II LE(pCorrFaetor,O) Il LE(sCorrFaetor,O) Il LE(mCorrFaetor,O)

Il ~rrFldOr,O»{
sucaI(str, "CaDDot Keept any adjUltinI factor leu thaD or equal to\n"

" zero. 'Ibis might happen because of incorrect data or\o"
file format. Please check data file for possible erron. ");

HaDdlelncorrectDaIa(str);
}
if(multer< -Ol{

StteaI(stt, "Cannat accept muimum number of iteratioDS less than or \nIt
" equal to zero. This might bappen because of incorrect \n"
" data or file format. Please check dala file for possible\n"
" erron.");

HaadleIncorrectDala(str);
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}
}
'* Beain calc:ulanoDS *'
cFliquidTODDIIe-strmMalPtr(cFIU1DIIIdexJ(41/cycNums;
cFsolidaToDDap-sttmMlIPIr[cPSUlDIDdexll21/cycNuma;
phi-IOO*(c:FsolidlTOIIDIpIrhoI)/«cFUquidTonnaaeJrho)+(cFsoUdsToDDlleJrboS»;
rbop-(pbiIlOO*rho.)+(I-phillOO)*rbo;
Q-cFsolïdsToDDale-IOOO/(rhop*fJO);

'* Calcu1ate d50 *'cp.d50-(50.5*pow(c.Dc,O.46)*pow(c.Di,O.6)*pow(c.Do,1.21)*
ap(O.063*pbi»/(pow(c.Du,O.71)*pow(c.b,O.38)*pow(Q.O.4S)~w«rhos.rho),O.S»;

cp.d50-d5OCorrFlCIOr*cp.dSO;
,. Calcu111e P iD kilo paala *'
P-(l.88lfpow(Q,1.78)*ap(O.0055~bi»/(pow(c.Dc,O.37)~w(c.Di,O.94)*

pow(c.h,O.28)*pow«c.0u*c.Du+c.Do*c.Do)tO.87);
P-pCorrFICIOr*p;'* coDveniDl P froID kilo pIICI1 tG meœr of pulp *'
H-Pl(rbap*9.8066);
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,. calculaœ S dimeDsionless *'
S=(1.9*pow(c.Dulc.Do,3.31)*pow(c.h,O.S4)*pow«c.Du·c.Du+c.Do*c.Do).0.36)*

exp(O.OO54*phi»/(pow(H,0.24)*pow(c.Dc,1.11»;
S-sCorrFaetor*S;
,. calculaœ Rs and Rf usÏD. iterative method *'
Rv -Sl(1 +5);

,. ca1cuWe m *'
cp.m= 1.94*exp(-1.5S·Rv)*pow«pow(c.Dc,2)·c.blQ),0.1S);
cp.mamCorrFaetor*cp.m;'* bcgin iterations to calculace Rf -,
IUOld-l;
RfNew-O.OOOOI;
for(iterCoUDt -1 ;iterCoUDt< -muIter;iterCount++){

'* step 1: calc:ulaœ sum of the rec. of soUcis to CUF for each size class *'
for(i-l;i< -sizeClassNums;i++)

SbySsoUclsCUF(i] =cFsolidsTonnagc*(sttmSïzeMatPtt[i)[cFstrmIndex+ 2]'100)*

(RfNew+(I-RtNcw)·(I.exp<-G.693*pow«strmSizeMatPtr(i][2]'cp.dSO),cp.m»»;
sum-O;
for(i -I;i < -sizeClassNums;i+ +) sum=sum+SbySsolidsCUF[i];
for(i -I;i< -sizeClassNums;i+ +)

sttmSizeMalPtr(i][cUFstrmIndex+2] =lOO·SbySsoUdsCUF[i]/sum;
,. seep 2: calc:ulate as, total leC. of feed solicls to CUF .,
Ra =sumlcFsolidsToonage;'* calculate Rf dimeDsionless *'
RfNew -(Rv-(Rs*pbillOO»/( l-phi/lOO);
if(EQ(RfNew,RfOld»{

cp.Rf.RfNew;
sumSolldsCOF-cFsoIidsToDDage-sum;
farO-l;i< -sizeC1assNums;i++){
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SbySsolid1COF[i]-(cFsolidsTo~(strmSizeMatPtr[i][cFstrmIndex+2]'I00)-

SbySsolidsCUF(i]);
if(fIba(SbySsolidsCOF[i]) < -EPS) Sby5s0lidsCOF[i] =0.00;
strmSizeMatPtr[i](cOFstrmlDdex+2] - lOO*SbySlOlidsCOF[i]'sumSolldsCOF;

}
break;

}
if(itelCouDt- -muIter){

c1ncr();
aocoxy(l.S);
priDlf(- Rope discharae condition milbt aist or the maximum number ot\nlt

);

priDlf(- ileraliODS to calculale Rf is tao low. The simuialOr currently\n lt
);

priDlf(- CIDDOt prediet cyclooe perfoDDIDCC UIIder rope discbarge operatiDl\nIt
);

priDlf(- CODdiIiODl. DDfile must be madified ta pmeDl dûs SitualiOD.\nIt
);

priDlf(- Fint II)' to use • very Iaqe ma,;mum iterllion 1lUIDber. l'ben. it\nlt);
primf(- tbe siCuldOD pcnisU, you bave to cbeck otber SimulaliOD dala\n-);
priDtf(- such U peIœDllOlidIlIId cycloae leomeuy.\n\n\n");
if(!{IÎm$tIlUlFUePlr-fopea(-simIaI.lJt-, -w-»){

prïDd(-CaDDoc opeIl die file IÎIDItIt.IJt-);
ait(EXIT_FAlLURE);
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}
fpriDtf(simSIatUSFUePtr, -exil-);
fclosc(simStatusFUePtr);
primf(- Please press any key lo exit-);
aercbQ;
œt{EXIT_FAlLURE);

}
Rrold=RfNew;
}
cp.Rf~RfCorrFaetor*cp.Rf;
1* calculaœ CUF stream soUeIs, %solids and waler for each cyclone .,
cUFsolids- Rs·cFsolidsToJUllle;
cUFwaœr-cp.Rtt'cFliquidToDDage;
cUFperSolids-lOO·cUFsolids/(cUFsolids+cUFwaler);
1* calculaœ COF stream soUcis, %solids and Waler *'
cOFsolids=cFsolidsToDDage-cUFsolids;
cOFwaler~(lacp.Rf)·cFliquidToDDage;

cOFperSolids=l()()·cOFsolids/(cOFsolids +cOFwater);
'* calcullle CUF stream soliels, %solids and water */
sttmMaIPU{cUFsmnIndex][2] -cUFsolids*cycNums;
sttmMatPtt(cUFsttmlDdex)[4] -cUFwaœr-cycNums;
strmMatPtr(cUFsumlndex][3] -cUFperSolids;'* calculale COF sueam solids, ~solids and water *'
strmMaIPtr[COFsumlDdex](2)-COFsolids*cycNums;
strmMatPtr(COFsmnlndex][4] -COFwaœr-cycNums;
strmMatPtr(cOFsum1ndex][3] -COFperSolids;
for(i -l;i< -cycPakNums;i++)

if(cycParamMalPtr(i](1] • .conMatPtt(curNodeNum][3]){
cycPuamMalPtt[i](2] -cp.dSO;
cycPuamMalPtt[i)[3] - P;
cycPuamMalPtt[i][4] -8;
cycPuamMatPtt(i][S] -cp.m;
cycPuamMllPtr(i][6] ~cp.Rf;

}
if(curNodeNum< nodeNums) curNodeNum++;
else curNodeNum-l;

'* updaIe files *'UpdaleStteamMattix(streamNums,SU1DMaIPtr);
UpdaleSum5izeMaI(sttmSïzeMIlPtr,sizeCluaNums,sueamNums);
UpdaleSimuialioDStalUS(curNodeNum,cnvrgNodeNums.cnvqVecPtr,iter);
WriteCycParams(cycPuamMIlPIr.cycPakNums);'* Cree allOClleCl memary blockl .,
FreeVectorD(SbySlolidsCUF.1.sizeCluaNums);
FreeVectorD(SbySlolidsCOF.1.sizeClauNums);
FreeMaIrWDI(coaMlIPIr, l,oodeNuma.l.sueamNums+3);
FneMattixD(sumMatPIr, l,sueamNUIDI.l,STRMMATCOLS);
FreeMlttixD(strmSizeMatPtr.l,sizeClauNums.l.streamNums+2);
mumO;
}

iDt FiDdCycSueamslDdex(ÏDt sueamNums,ÏDt curNodeNum.iDl "cooMlIPtt.
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ml *cF,int ·cOFtint *cUF){
intj;

for(j =4ti < ~stteamNums+3ti ++)
if(coaMaIPtt(c:urNodeNum)[j] a:ll +1) *cF=j-3;
elle if(cooMatPtr(c:urNodeNum)(j) a --2) *COF~j-3: '* ·2 is COF stream code *'
else if(conMalPtt(curNodeNum)(j] = =-3} *cUF=j-3; '* -3 is CUF stream code *'

rerum 0:
}
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1* jUDdiOD.cOl *'
lindude <stdïo.h>
liDdude <srdlib.h>
liDclucie <SUÏDI.h>
liDducie < matb.h >
liDc1ude <Ooat.h >
ldefiDe STRMMATCOLS 4
ldefiDe PULP_STRM_CODE 1
IdetiDe CYCLONE_STRM_OF -2
#dctine CYCLONE STRM UF -3
ldefine WATER_sfRM_CODE 1000

'* code for various pbysical aDd conceptual units iD the circuits *'
ldefiDe SM_UNIT_CODE 1
ldetiDe HCYC_UNIT_CODE 2
ldefiDe JUNC_NODE_CODE 3
ldefiDeSPurr_NODE_CODE 4
ldefiDe FlXCLASS_NODE_CODE S
ldefiDe CNVRG_SLOCK_CODE 100

ldefiDe EPS (DBL_EPSD..ON*l00)
ldefiDe EQ(x,y) (fabs«x)-(y»< -fabs«x)+(y».EPS)
ldefiDe LE(x,y) «x)<(Y) Il EQ(x,y»
ldefiDe GE(x,y) «y)«x) Il EQ(x,y»
ldefiDe LT(x,y) (!GE(x,y»
ldefiDe GT(x,y) (!LE(x,y»

typedefenum boal {FALSE-O,TRUE=l} boal;

iDt *CreaœVectorImOoDI DI,loDB Db);
double *CreaœVectorDOoDI DI,loDI Db);
void FreeVectorD(double -V,loDI DI,loDg oh);
iDt **CraleMatrixlDtOODI ml,loDI orh,loDg ncl,loDg nch);
void FreeMauixIDt(iDt **m,IODa nrI,IOlll m,long ncl,loDI DCh);
double ·*CraceMauixD(1ong DrI,loDl orh,loDg Del,loDI DCh);
void FreeMauixD(double **m,IODl Drl,lolll nrh,IODI Del,loDg DCh);

iDt ReldCimlitSpec(iDt *clrNo);
iDt ReadNumsOfNodesStrms(ïnt cirNo,w *nodeNums,ÎIlt *streamNums);
iDt ReldSizeC1assNums(iDt *sizeClusNums);
iDl ReldSimulllionSWUI(iDt *curNodeNumPtr,int cnvrgNodeNums,
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~mplterPtt);

iDl UpdaleSimulalioaStatus(iDt curNodcNUDl,ÏDl c:DYflNocIeNUIIII,
bool *collvergence,iDt

iler);
iDI RadCoDDectivityMIttix(iDl·"coDMatPtr,iDl cïrNo);
iDI1le1dSC1eamMaUi(iDt I1IeIIIINUIDI,double ·-.rmMIlPIr);
im UpcllreSbeamMatriDt saamNUIDI,cIouble ··strmMllPIr);
ÎD1 ReldSllallllSizeDist(double **sttmSizeMaIPtr,im sizeClusNUIDI,

iDt suamNums):
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iDt UpdaleStrmSizeMat(double ·*strmSizeMatPtr.int sizeClassNums,
int streamNums);

iDt FiDdNumslDputSmnJunction(int stteamNums,int curNodeNum,
int

·*coDMatPIr,inl *nodeInputNums);
int CheckWatAddStrmExist(iDt sueamNums,ÎDt curNodeNum,ÎDt ··cooMatPtr.

0001 ·existWatAdd);
int FiDdJUDdionPntStreamslDdex(int streamNums.int curNodeNUID,int ··conMatPtr.

int
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*nodelnputIndexes,inl ·nodeWalInputIndex,

*nodeOutputlDdex,int ·nodelDputNums);
int HandlelDcorrectData(char ·SIr);

iDl maiIlO{
char SU(160];
inl ·*conMatPtr;
inl iJ ,k,iter;
iDt sizeClasaNUIDS,curNodeNum;
int cirNo,DOdeNums,stteamNums;
int "uodelDpudndexes, DOdelnputNums;
iDt nodeWadnpudndex,nodeOutptulndex;
int cuvqNodeNums;
double ·*strmSizeMatPtr, ··sumMatPtr;
double sum,massOfSoUclslDPulps,massOtwaterInPulps,lotalMassOfPulp;
bool existWatAdd;
bool ·cnvraVecPtr;

ReadCilcuilSpec(IccirNo);
ReadNUIDIOtNodesSttms(cirNo,8modeNums,&stteamNums);
ReadSizeClasINums(&sizeClasaNums);
1* al10care exact memory aeedcd for rading coanectivity matrix *'
conMad'tt-CreaœMatrixlnl(I,nodeNums,l,streamNums+3);
for(i -1;i< -nodeNums;i++ )

for(j -1 ti < -streamNums+3;j++)
coaMatPtt(i][j) -0.00;

ReadConaeclivityMIIrix(conMllPtt,cirNo);
œvqNodeNUIDI-O;
for(i-l;i < -IlOdeNums;i+ +)

if(collMlIPtt(i][2] z -CNVRG_BLOCK_CODE) cnvrgNodeNums+ +;
cnvqVecPtt-(bool .) CreaœVectorlnl(1,cuvraNodeNums);

for(i -1;i< -œvraNodeNums;i++)
=vraVecPIr(i] -0;

ReadSimulaâoDSlllul(AcurNodeNum.cnvqNodeNuma,cawIVecPtt,ctilel');'* aUOCIIe exact memory œeded for readiD& streImI information .,
sumMaIPIr-CreaceMaIrixD(l.saamNuma.l ,STRMMATCOLS);
for(i -1;i< -suamNuma;i+ +)

for(j -1;j< -STRMMATCOLS;j + +)
sumMalPtt(i]Ul-O.OO;

RadSllellllMllrD(sueamNUIDI,sumMalPIr);'* cbect da .,

int



Appendlx G Bali MiUin& Circuits Simulator (BMCS) 622

if(iter<2){
for(i -l;i< ~stteamNums;i+ +)

for(j -2j < -STRMMATCOLS;j + +)
if(LT(strmMatPtr(i][j] ,0»{

stt(0] - '\0' ;
SU'CII(str, "Caanot accept negative ftow rates or percent solids."

" This might happen because of incorrect data
or file\n"

" format. Please check data flle for possible
erron. ");

HandlelncorrectDlla(str);
}

}
/* allocare exact memory needed for reading size distributions */
stmlSizeMatPtr=CreaœMaaixD(1,sizeClassNums, l ,streamNums+2);
for(i m l;i < :1sizeClassNums;i+ +)

for(j -l;j < :1streamNums+2;j++)
strmSiaMatPtt(i][j] -0.00;

ReadSueamsSizeDist(sttmSizeMatPtr,sizeClassNums,stteamNums);'* check data -,
if(iter<2)

farO -l;i< :IIsizeClusNums;i+ + )
for(j-3j< -streamNums+2;j++)

if(LT(strmSizeMIIPtt(i](j] ,0) Il GT(strmSizeMatPtr[i]Ul, l00»{
m(O]:m'\O';
streal(m,"Cannot accept a percent mus leu tban zero or greater

tban 100");
HandlelncorrectOata(str);

}
FmdNumslDputStrmJUDCÛon(streamNUIDI,curNodeNum,conMatPtr,lalodelnputNums);
DOdeInplJllDdexcs-CrealeVedorlnt(l ,DOdelnputNums);
FiDdJunctionPDtScreamslndex(streamNums,curNodeNum,conMatPtr,nodelnputIndexes,

bodeWadDpudndex,&DodeOucputIndex,
IœodelnputNums);

massOfSolidslDPulps-O.O;
for(i -l;i< -DOdelDpulNums;i+ +)

DIIIIOfSolidsJnPu1ps-musOfSolidslnPulps+sumMalPIr(nodeInpudndexes(i]][2] ;
for(i -l;i< -sizeClMlNums;i++){

sum-O;
for(j -1;j < -DOdelDputNUDII;j + +)

SUID-sum+stnDSizeMaIPtr(i][nodelDput1ndexes[j) +2]*sttmMatPtr[DodelnputlDdexes(j])[2] ;
strmSizeMaIPIr(i)(DOdeOulpUlIadex+2] -sumlmaaOfSolidslnPulps;

}'* calcul_ output solida, Ssolida, WIJer *'
strmM1IPtr(DOCIcOulpudDdu][2] -maaOfSolldslnPulps;
IIIIIIOfWllerlDPulpa-0;
for(i-l;i< -DOdelDputNums;i++)

lDIIIOfWaœrlDPulps-masaOtWarerlnPulp.+sumMacPtr(nodelnputlJldexcs(i]][4];
emtWIlAdd-FALSE;
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Chec:kWatAddStnnExist(stteamNums,curNodeNum,conMatPtr,&existWatAdd);
if(exiatWalAdd)

totalMassOfPulp -mauOfSolidslDPulps+massOfWaterlnPulps+
sttmMllPtr(nodeWatlnputlndex](4];

else tocalMassOfPulpamassOfSolidsInPulps+massotwarerInPulps;
strmMllPu(DOdeOutputlDdex](3] -lOO*massOfSolidslnPulps/totalMassOfPulp;
if(existWalAdd)

strmMatPtt(nodeOutputlndex][4] =massOtwaœrInPu1ps+

strmMatPtr{nodeWatInputIndex][4];
else strmMalPtr(nodeOUlputlndexl[4] -massOtwarerlnPuJps;
if(c:urNodeNum<DOdeNums) curNodeNum+ +;
else curNodeNum-1;

'* updaIe files *'UpdaceStteamMauix(streamNums,strmMalPtt);
UpdaceSttmSizeMII(sttmSizeMIlPtt,sizeClassNums,streamNums);
UpdaceSimu1ationStalUI(curNodeNUlD.cnvrgNodeNums,cnvrgVecPtr,iter);'* free alIocaœd memory blacks *'
FreeMllrixInt(conMalPtr, l,nodeNums,l,streamNums+3);
FreeMaIrixD(strmMalPIr, l,streamNums,l,STRMMATeOLS);
FreeMllrixD(strmSizeMatPtt,1 ,sizeClassNums,1,sueamNums+2);
retunl 0;
}

FiDdNumslDputStrmlunctiOD(int streamNums,int curNodeNum,
int *·conMatPtr,int

*nodelDputNums){
iDt iJ;

i-I;
for(j -4ti < -streamNums+3ti++)

if(conMalPlr(curNodeNum][j] a =- +1) i+ +;
~odelDputNumsai·l;
mumO;
}

CheckWuAddSU1DExist(im streamNums,iDt curNodeNum,ÎDt ··conMatPtr,
boal *exislWatAdd){

iDl j;

for(j a4ti < -streamNums+3ti+ +)
if(conMlIPIr(curNodeNum](j]. -WATER_STRM_CODE) *existWatAdd=TRUE;

retunl 0;
}

iDt

~,iDt *IIOdeIDputNUIDI)(
iDl iJ;
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i=l;
for(j -4; j < -streamNums+3; j + +){

if(conMatPIr(curNodeNum)(j]:a a + 1){
DOdelnputlDdexes(i] =j·3;
i++;

}
elle if(conMatPtr[curNocIeNum]Ü]-=WATER_STRM_CODE) ~WatlnputJndex=j..3:
else if(conMatPtr[curNocIeNum)[j]- ··1) *nodeOutpudDdex=j·3:

}
-nodeInputNums = i-l;
retum 0;
}
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,. split.âJl .,
linclude <stdio.h>
linclude <stdlib.b >
linclude <sttiDa.h>
liDcIudc <matb.b>
linclude <ftoal.h >

ldefiDe STRMMATCOLS 4
ldefine PULP_STRM_CODE 1
ldefine CYCLONE_STRM_OF -2
ldefiDe CYCLONE_STRM_UF -3
ldefine WATER_STRM_CODE 1000

, .. code for various pbysical aad coaœptual UDits in the circuits .,
ldefine BM_UNlT_CODE 1
ldetine RCYC_UNIT_CODE 2
ldefine JUNC_NODE_CODE 3
ldefineSPurr_NODE_CODE 4
ldetine FlXCLASS_NODE_CODE S
ldetiDe CNVRG_BLOCK_CODE 100

ldefiDe EPS (DBL_EPSILON*.OO)
ldetiDe EQ(x,Y) (fabs«x)-(y» < -fabs«x)+(y»·EPS)
ldefine LE(x,y) «x) <(y) Il EQ(x,y»
ldetine GE(x,y) «y) < (x) Il EQ(x,y»
ldetine LT(x,y) (!GE(x,y»
ldetine GT(x,y) (!LE(x,y»

typedef enum bool {FALSE-O,TRUE= I} 0001;

int ·CreaœVectorlnt(1oDI m,IoDI ab);
double ·CreaœVectorD(1oDI DI,loDI Db);
void FreeVectorD(double *v,lODI DI,loDI ab);
iDt ··CraœMattWnt(1oq Drl,IOD1 arb,lODI DcI,loq acb);
void FreeMlIrixIm(iDt ·*111,10111 m,IODI nrh,loDI DCl,loDI DCh);
double "-erareMlbixD(1oDI m,loDI m,loDI ucl,lolll Ddl);
void FreeMlIrixD(double *"m,loq m,loDI nrh,lODI acl,lODI nch);
ÎDt ReadCm:wtSpec(iDt *cirNo);
ÎDt ReadNumaOfNocIesSlnDs(ïDt cirNo,im *nodeNums,ùu ·streamNums);
iDt R-'SïzeCl.Nums(int ·si7.eClallNuma);
ÎDt ReldSimulllionStaIUS(iDt *curNodeNumPIr,iDt cnvtaNodeNums,

boal ·coDvergenœ,ÏDt
"complterPtr);
ÎDt UpdaleSimulldODStarus(iDt curNodeNum,ÎDt cnvraNodeNums,

compiler);
iDt ReadCoDllCdivityMauix(iIlI ··coaMllPtr,int cirNo);
im RadSlreamMIIrix(ÏDt saeamNUIDI,double ·*strmMIIPtr);
iDt UpdaleSaamMlIrix(int saeamNUDII, double ..·sumMatPtt);
iDt RadSaeamlSizeDiIt(double ·*strmSizeMaIPtt,ÎDl sizeC1IaNUIDI,

iDt streamNuma):
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int UpdaleStrmSizeMaI(double ··strmSizeMatPtr,int sizeClassNums,int streamNums);
iDt ReadSplitOutputNums(int ··conMatPtr,iDt curNodeNum,int ·splitOutputNums);
int ReadSplitInputDara(int ··conMaaPtr,int curNodeNum,double ··splitMatPtr);
inl FiDdNumsOutputaSplitter(int streamNums,int curNodeNum,ÏDt ··conMatPtr,int ·spÜlOutputNums);
ict FindSplilStrmslndex{int streamNums.int curNodeNum.int ··conMatPtr.

int ·splitOutputlndexes,int
·spüdDputlndex);
int HandlelŒorrectData(char ·str);

inl mainO{
char str(160];
inl ··coaMalPtr;
int i,j.r,iter;
int sizeC1assNums,curNodeNum;
int cirNo,DOdeNums.stteamNums;
int splidDputlndex.splitOutputNums;
int ·splitOutputlDdexes;
iDl cnvrgNodeNums;
double ··sumsizcMalPtr, ··strmMatPtr, ··splitMatPtr;
double sum,massOfSolidslnPulps,massOtWaaerInPulps,totalMassOfPulp;
0001 doae,*cnvrgVecPtt;

ReadCimlilSpec:{&cirNo);
ReadNumaOfNodesStrms(cirNo,bodeNums.&streamNums);
,. allocaœ exact memory nceded for readiog coDDeCtivity matrix .,
conMaIPtt-CreateMatrixlDt(l ,nodeNums.l ,stteamNums+3);
for(i -I;i< -nodeNums;i+ +)

fOr(j-l;j < -sueamNums+3;j+ +)
coDMIIPtr(i)[j) aO.00;

ReadConnectivityMauix(conMatPtt,wNo);
cnvraNodeNums-0;
for(i -I;i< -DOdeNums;i+ +)
~amMaI~Q~)--CNVRG_BLOCK_COD~

cnYTgNodeNuma++;
cnvraVecPIr-(boo1 *) CreareVectorlnt(l.cnvrgNodeNums);

for(i-I;i < -cnvqNodeNums;i++)
cnvraVecPtr(i] -0;

ReadSimulalionStaIUS(IccurNodeNum,cnvrgNodeNums,cnVlgVecPtr,&iler);
,. a110Clle exact memory needed for reading sueams information .,
strmMatPtt-CrealeMatrixD(1 ,streamNums, l ,STRMMATCOLS);
for(i -l;i< -sueamNums;i++)

for(j:al;j < -STRMMATCOU;j++)
sumMlIPtt(i][j] -0.00;

ReldSaeamMlIrix(sueamNuma,sumMalPtt);

'* cbect data *'if(iter<2){
for(i -l;i< -suamNUIDI;i++)

for(j -2;j< -STRMMATCOLS;j++)
if(LT(sumMllPtt(i]fj) ,O}){

Slr(O] - -\0';
sm:at(str.wCmaot aa:ept ..mve Oow rues or perœot solids. •
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incorrect daIa or file\n·

.. 'Ibis might happen because of

format. Pleue check data file for
poaible mon.•);

HandlelncomctDala(str);
}

}
ReadSizeClassNums(&sizeClassNums);'* aIIocare euet memory necded for readiDg size distributions .,
strmSizeMatPtr-CreateMatrixDO,sizecIassNums,l,streamNums+2);
farO-I;i< -sizeC1assNums;i+ +)

for(j -I;j < -streamNums+2;j++)
sttmSizeMatPtr(i][j] =0.00;

ReadStreamsSizeDist(strmSizeMalPtr,sïzeClassNums,streamNums);
ReadSplitOutputNums(conMalPtr,curNodeNum,&splitOutputNums);
splitMatPtr-CreateMatrixD( l ,splitOutputNums,1,2);
for(i= l;i < -splitOurputNums;i+ +)

for(j-I;j < -2;j++)
splitMatPtr{i](j] =0.00;

ReadSplitlnputDlla(conMatPtt,curNodeNum,splitMatPtr);
if(iter<2){

sum-O;
for(i -l;i< =splitOutputNums;i++)

sum.sum+splitMatPtr(i)[2];
if(IEQ(sum,l00n{

str(O] - '\0';
streal(str, "The sum of spJittiDg factors for a split node must be\n It

" equal 10 100. This might happen because of
incomct\n"

" data or file format. Pleue check data file
fonn"

" possible errors. ");
HandlelDcorrectDaIa(str);

}
}
FiDdNumaOutpuUSpliaer(sueamNums,curNodeNum.conMatPtr,cbplitOutputNums);
spUtOutputlDdexes-CreaaeVeccorlm(l,spUlOutpUlNums);

forO -l;i< -spUtOulputNums;i++)
splitOutpudDdaes(i] -0;'* fiDd CODveqeDCe point stramI iDdaes *'

FindSplitSttmalDda(streamNums.curNodeNum,conMllPtr,splitOutpudndexes,&splitlnputlndex);'* calc:u111e spliaer oUlpUl streIIIII vuiables *'
for(i -l;i< -splitOutputNums;i++)(

for(r-l;r< -splitOutputNums;r+ +)
if(splitOutputlDdaes(i] - -splitMllPtt(r][1])break;

sumMaIPIr{splitOucputIDdexes(i]][2] -sttmMllPIr(spüdnpudDdex][2)*

splitMlIPtr(r)[2]/IOO;
sumMllPtr(splitOucpudndexes[i]][4] =-strmMllPIr(splitlDputIndex][4]·

spUlMllPtr(r)[2)/lOO;
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if(GT(strmMatPtr(splitOutputIndees(i]][2],0»
strmMatPtr(splitOutputfndees(i)][3] = lOO*strmMatPtr(splitOutputlndexes[i]][2]1

(sumMatPtt(splitOUtputlDdexes[i])[2]+

sumMatPtr(splitOUtputlDdcxes(i]][4]);
elsc strmMatPIr[splitOutputIndcxes[i]][3] =0.0;
for(r-l;r< -sizeClusNums;r+ +)

sttmSizeMatPtr(r](splltOUtputlndexes(i) +2] =strmSizeMatPtr[r][splitlnputIndex+2];
}
if(curNodcNum<nodeNums) curNodeNum+ +;
e1se c:urNodeNum-1;

'* updaIe files *'UpdatcStreamManix(streamNums,strmMatPIr);
UpdaleStrmSizeMal(strmSizeMatPtr,sizeClassNums,streamNums);
UpdaleSimuialionSwus(c:urNocIeNum,cnVfgNodcNums,cnvrgVecPtr,iter);
1· &ee POÎDters *'
FreeMatrixlnt{conMatPtr, l ,nodeNums t 1,sueamNums+ 3);
FreeMalrixD(strmMatPtr,1,streamNumst1tSTRMMAreOLS);
FreeMalrixD(strmSizeMIIPtr,l tsizcC1assNUlDlt 1tstreamNums+2);
retUnl 0;
}

FindNumsOUtputsSplitter(iDl sueamNums,int curNodeNum,int ··conMatPtr,
mt ·splitOutputNumsH

int i,j;

i-l;
for(j -4ti < -sueamNums+3ti + +)

if(conMatPtt(curNodcNumUJl :la --1) i + +;
·splitOutputNums- i·l ;
retUnl 0;
}

int FiDdSpliCStrmslDdex(im streamNUlDltint c:urNodeNum,im··conMlIPtt,
int ·splitOUtputlDdexes,int

·splitlDpudDdcx){
int iJ;
i-l;
for(j -4ti < -sueamNuma+3;j++ )(

if(conMatPtr(curNocIcNum)[j) - --1){
splitOutputlDdaes(i] -j-3;
i++;

}
eIsc if(coDMIlPtr(c:urNodeNum)lJl- - + 1) ·splitlDpudadex-j-3;

}
reaun 0;
}
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'* tixclaas.dH *'
linclude <stdlib.h>
liDdude <stdio.h>
IiŒlude <striDI.h>
liDdude <mam.h>
liDc1ude < tloat.h>
linclude <como.h>
liDdude <assert.h>

'* code for various physical and conceptual units in the circuits ..,
ldefiDe BM_UNIT_CODE 1
ldefiDe HCYC_UNIT_CODE 2
IdefiDe JUNC NODE CODE 3
ldefiDe SPLIT-:'NODE-:'CODE 4
ldefiDe FlXCLASS_NODE_CODE S
ldefine CNVRG_BLOCK_CODE 100

'* CODSlaDts *'
ldefiDe STRMMATCOLS 4

ldefiDe EPS (DBL_EPSILON*I00)
ldefiDe EQ(x,y) (fabs«x)-(y»< .fabs«x)+(y»*EPS)
ldefine LE(x,y) «x)< (y) Il EQ(x.y»
ldefiDe GE(x.y) «y) < (x) Il EQ(x.y»
ldefiDe LT(x.y) (!GE(x,y»
ldefiDe GT(x.y) (!LE(x.y»

typedef mUID boal {FALSE.0.TRUE-1} boal;

iDt *Creaœvectorlm(loal DI.loDI oh);
void FreeVectorlnl(int *v ,1001 01,1001 Db);
Roat *CreaœVector(loDI 01,JoDl ob);
void FreeVector(tloll *v,1001 nI,lODI Db);
double *CreaaeVeclOrD(loDI oI,loDi oh);
void FreeVeaorD(double *v,IODI 01,1001 ah);
ÎDl **OateMauixIDt(lODI m,IODI nrb,loq nel,loDI nch);
void FreeMIlrixlDI(iDl hm,lODI url,loDI nrh,IoDI ncI,IoDI Ddl);
double *·CreaœMaauD(lODI ml,IODI am.loDI nel.loDg DCh);
void FreeMattixD(double **m,lODI url,loDI orb,loDI ncl,loDI nch);

ÎDI RadCircuîlSpec(inI *cirNo);
ÎDI RadNUIDIOfNodesSlnlll(iDl cirNo,ÏDl *DodeNums,ÎIIl *stteamNums);
ÎDI ReldSizeClMsNUIIII(iDt *sizeC1..Nums);
ÎDI RadSimulationSlalul(ÎDl ~NodeNumPtt,ÎD1 cnvqNocIeNums,

boat ·coDverpace,ÎDt
*compIIerPtr):
ÎDt UpdaleSimulaIioaStaIUI(iDI curNodeNum,im cnvraNodeNums,bool *coDvergeaœ,iDt compIler);
ÎDI RadCoaœcdvityMmïx(iDl**coDMa&Ptr,iat cirNo);
iDt RadSllamMllrix(iD1 saamNua,double ··SIrJDMIdItr);
ÎDt UpdaleStramMllrix(im saeamNUIDI,double ··sumMatPIr);
ÎDl ReldSbamsSizeDist(double **sUmSizeMalPtt,
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ÎD1 sizeClassNums.int
streamNums);
iDt UpdaleStrmSizeMat(double ··sttmSizeMatPtr,int sizeClassNums.

int streamNums);
int FiDdCluaifierSuamslndex(ÎDl sueamNums,ÎDl curNodeNum,int ··conMatPtr.

inl ·sF,int ·sOF,int
·sUF);
inl ReadClassifterlnputDua(iDt ··conMatPtt,int curNodeNum,int sizeClassNums.

fioat ·cPtr,floal ·watSplit);
int HandlelncorrectData(char *!tr);

iDt mainO{
FILE ·simSwusFUePtt;
char str(160];
inl ··coDMIlPtr;
int cirNo,nocIeNums,sueamNums;
int sizeClauNums,curNodeNum:
inl ij,iter;
iDt sFstrmIndex,sOFstrmIndex,sUFstrmlndex;
inl cnvqNodeNums;
double sum;
double ··sumsizeMllPtt,··samMatPtt;
double ·SbySaolidsScrOF,·SbySiolldsScrUF;
double sumSolidsScrUF;
double sFliquidToDDllc,sFsolidsToDDage;
double RIGI; '* rec. of feed solides to the underflow produa *'
double sUFsolids,sUFwaœr,sUFperSolids,sOFsolids,sOFwater,sOFperSolids;
001t .ope;
OOIt walSplil;
bool doDe.*cnvrgVecPtr;

ReadCircuitSpec(IccirNo);
ReadNumsOfNodesStrmI(c:irNo,IalodeNums,&streamNums);
RadSizeClaIINUJDI(AsizeC1assNums);
,. allOClle memory .,
SbySiolidsSclOF-CreaœVectorD(I,sizeClusNums);
SbySiolidlSc:rUF-CraœVectorD(1,sizeCl..Nums);
rar(i-I;i< -sizeClassNums;i++)(

SbySlolidlScrOF(i) -0.00;
SbySiolidsScrUF(i] -0.00;

}'* allOCIIe euct memory œedecl for radina coœectivity mattix .,
conMad'Ir-CreaaeMlIrixIDI(I,nodeNums, l,streamNums+3);
rar(i-l;i< -DOdeNums;i+ +)

for(j -1~ < -suamNums+3;j++)
c:oaMIIPtt[i][n-O.OO;

ReldCoDDeClivityMIlrix(c:oDMatPtt,cïrNo);
CDvqNodeNums-O;
for(i-l;i< -nocIeNUIIII;i++)

if(coaMllPIr(i][2] - -CNVRG BLOCK CODE)
CDvqNodeNuma+ +;- -
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cnvrgVecPtr=-(bool *) CreateVectorlnt(l,cnvrgNodcNums);
for(i -1 ;i< -cnvrgNodeNums;i+ + )

cnvqVecPtr(i] =0;
ReadSimulatioDSwus(Iu:urNodeNum,cnvrgNodeNums,cnvrgVecPtr,lciter);'* alIOCIIe eu;t memory oeeded for readiDg streams information *'
sumMatPtr-CrealeMllrixD(l ,stteamNums, l ,STRMMATCOLS);
for(i-I;i < -stteamNums;i+ +)

for(j -1;j < -STRMMATCOLS;j+ +)
strmMatPtr(i][j] -0.00;

ReadStreamMatrix(sueamNums,strmMatPtr);'* alIocare exact memory needecl for readiDg size distributions *'
strmSizeMatPtr-CrealeMatrïxD(1,sizeClassNums, l ,stteamNums +2);
for(i -I;i< -sizeClassNums;i++)

for(j -1;j < -sueamNums+2;j + +)
strmSizeMatPtt[i][j] =0.00;

ReadStreamsSizeDist(sttmSizeMalPtt.sizeClassNums.streamNums);
FiDdClassifierStreamslDdex(stteamNums,curNodeNum,conMatPtr,
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&sFstrmlndex.ebOFstrmlndex,&sUFstrmlndex);'* alIocate memory to read ovenize panition coefficients *'
ope-CreateVector(1.sizeClassNums);
,. iDitialize c vector .,
for(i-l;i < .sizeClassNums;i+ +) opc[i) -0.0;
ReadClasaifterlnputD8Ia(conMuPtt,curNodeNum,sizeClassNUIDS.opc,&twatSplit);
,. chedt daIa *'
if(iter<2){

str(O] - '\0';
for(i -I;i< -sizeC1assNums;i++)

if(LT(opc(i] ,0) IlGT(opc:(i], l00»{
streat(stt. -Cannot accept an ovenize panition coefficient less than zero or\n Il

" areater tban 100. This might bappen because of incorrect
daIa\n-

• or file format. Pleue check data tUe for possible errars. ");
HllldlelDcorrectData(stt);

}
if(LT(watSplit.O) IlGT(watSplit, 100»{

SUCIl(stt. "CaDnot accept a Waler split factor leu tbaD zero or greater\n Il

• tbaD 100. This mipt happen because of incorrect dala or\n"
• me format. PIe. cbeck data file for possible erron. ");

HlDdlelDcomctDlla(str);
}

}'* beIÏJl calculllioas ·1
sFliquiclToanaae-strmMllPIr(sFsumIDdex)[4] ;
sFsoUdaTODDIIe-strmMlIPtr(sFSUIIIIDdu][2];
for(i -1;i< -sizeClulNuma;i++)(

SbySsolidlScrOF(i] .sFsoIidsToDDlle*

(SUlllSizeMlIPtr(i](sFstrmIDdex+2]/lOO>"'(i)/l00;
SbySsoIicllScrUF(i) ••FsoUdlTODDIIe*

(lUIDSizeMllPtt(i][sFsttmlDdex+2]1100)-
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SbySsolidsScrOF(i] ;
}
sum-O;
for(i -1;i< -sizeClusNums;i+ +) mm=-sum+ SbySsolidsScrOF(i] ;
suiDSolidsScrUF-sFsoUdsTODDIIe-sum;
farO -1;i< -sizeC1uaNums;i++){

strmSizeMatPtr(i][sOFsttmlndex+2] = lOO·SbySsolidsSaOF(i]'sum;
sttmSizeMatPtr(i][sUFsttmlDdex+2] -100·SbySsolidsScrUF[i]'sumSolidsScrUF;

}
1* ste;) 2: calculate Rsol, total l'eC. of feed solids te SOF *'
Rsol-sumlsFsolidsToDDage;'* calcu1a1e SCF stream soUds, ~solids and water for ead1 cyclone .,
sOFsolids=-Rsol·sFsoüdsToDDage;
sOFwarer-wllSplit·sFliquidTonuageJl00;
sOFperSolidl-100·s0Fsolidsl(sOFsolids+sOFwater);,* calcu1aœ SUF sueam solids, ~solids and water .,
sUFsolids-sFsolidsTODDIIe-sOFsolids;
sUFwaœr-(lOO-watSplit)*sFliquidToDlllleilOO;
sUFperSolids-lOO*sUFsolids/(sUFsolids+sUFwaler);
sumMalPtr(sOFsumIadex](2] -sOFsolids;
strmMatPtr(sOFstrmlDdex)(4] =sOFwaœr;
strmMalPtr[sOFstrmlDdex)[3] -sOFperSolids;
strmMllPtt[sUFsUlDlDdex](2] -sUFsolids;
strmMatPtt[sUFstrmlndex][4] -sUFwaœr;
strmMatPtt[sUFsmnIndex][3] -sUFperSolids;
if(curNodeNum<nodeNums) curNodeNum+ +;
else curNocIeNum-1;'* updale files .,
UpdateStreamMlIrix(streamNums,strmMlIPtt);
Update5crmsizeMal(strmSizeMalPtt,sizeClassNums,stteamNums);
UpdateSimuialiODSIIbII(curNodeNum,œvraNodeNums,œvraVecPtr,iter);'* free allocaœd memory blocb *'
FreeVecIOrD(SbySsoIidsSclOF,1,sizeClassNums);
FreeVecIOrD(SbySaolidsScrUF,1,sizeClassNums);
FreeMllrixlnl(coaMlIPIr, l ,nodeNuma, l,sueamNums+3);
FreeMIIrixD(sttmMllPtr, l ,suamNums, l,STRMMAreOLS);
FreeMauixD(sttmSizeMaIPU', l ,sizeClasaNums,l,stteamNums+2);
FreeVecIOr(opc,1,sizeClassNuma);
mumO;
}

a FiDdClassifierStteamslndex(ÏDl sueamNums,ÎDI curNodeNum,int ··conMalPtt,
inl ·sF,int ·sOF,int

·sUF){
aj;
ror(j -4;j < -sueamNums+3;j++)

ïf(coaMlIPIr(curNodeNum)(,Il- - +1) *sF-j-3;
eIse if(coaMllPIr(curNodeNum)(j]---1) "sOF=-j-3; '* -2 ÏI $OF sueam code *'
elle if(CODMllPIr(curNodeNum)(j)-.-3) "UP-j-3; '* ·3 ÏI SUF suam code *'

remmO;
}
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1* converge.cOl *'
IiDclude <stdïo.h:>
liDclude <stdlib.h>
IiDclude <strÎlll.h>
liDclude <lDIIb.h>
IiDclude <flo•.h>

'clcfiDe STRMMATCOLS 4
'defiDe PULP_STRM_CODE 1
ldetinc CYCLONE_STRM_OP -2
ldefiDe CYCLONE_STRM_UF -3
ldefiDe WATER_STRM_CODE 1000

1* code for vuious pbysical and conceprual units in the circuits *'
ldefiDe HM_UNIT_CODE 1
'define RCYC_UNIT_CODE 2
ldefiDe JUNC NODE CODE 3
ldefiDe SPUT:'NODE:'CODE 4
ldefiDe FlXCLASS_NODE_CODE S
ldefiDe CNVRG_BLOCK_CODE 100

ldefiDe EPS (DBL_EPSILON*lOO)
ldefiDe EQ(x.y) (fabs«x)-(y» < -fabs«x)+(y»*EPS)
ldefine LE(x,y) «x) < (y) II EQ(x,y»
'defiDe GE(x,y) «y) <(x) II EQ(x,y»
'defiDe LT(x,y) (tGE(x,y»
'defiDe GT(x,y) (tLE(x,y»

typedef.enum bool {FALSE-O,TRUS-l} boal;

iDt *CreaceVectormt(1oDI nl,loq oh);
double *CreareVectorD(1oDI DI,loDB Db);
void FreeVedOrD(double *v,IODI DI,loDI ob);
iDe *-eraœMattixIm(1oDI orl,IODI Drh,loDI ocl,loDI DCh);
void FreeMauixIDl(iDt --m,loDl orl,loDI orb,loDS DCI,loDI nch);
double **CraœMauixDOODI nrl,loDlIUb,loDl IICI,loDI ncb);
void FreeMIIrixD(cIouble -*m,IODI nrl,loui nrh,IODI ncl,loDI DCb);

iDt ReadCircuitSpec(ïnt *cirNo);
iDt ReldNumsOfNodesSllml(iDt cirNo,ÎDt -uodeNums,ÎDt *sueamNums);
iJU RadSizeC1uINUIIII(iIll ·sizeClUiNums);
int RadSimulaliODSWUI{iDt- curNodeNumPtt,inl cnvrgNodeNums,bool ·coDveraence,ÏDt
*complœrPlr);
iDt UpdlœSimuladoaSlalUl(iDt curNodeNum,int cnvqNodeNums,bool ·conveqence,iDt complter);
ÎDl ReldCoaDectivityMIlrix(ÏDl*~nMlIPtr,iDl cïrNo);
iDl RadSbamMIUix(iDt sueamNuma,double *·sumMlIPIr);
iDl UpdlœStreamMlIrix(iIll sueamNUIIII,double **sumMlIPtt);
iJU RadSUamlSizeDiIt(double **sIrmSïzeMatPtr,iDt sizeClMlNums,iDt streamNums);
iDl UpdlleSlrmSimMaI(cIouble **sIrmSizeMIIPtr,iDt sizeClaIsNums,iDt sueamNuma);
iDl RadConverplDputDlII(iDl ··coaMaIPIr,iDt curNodeNum,double *tolenaœ);
iDlF_iDtsaeamNUIDI,iDt curNodeNum,iDt··CODMaIPtt,iDt
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~1npuIIDdeK,int *DodeOutpudDdex);
iDt HllldlelDcorrectDara(char ·str);

iDt maiDO{
char stt(l60);
iDt ··conMllPtr;
iDt iJ.k,iter;
iDt sizeC1assNums.curNodeNum;
iDt cirNo.DOdeNuma,streamNums;
int nodelDputlndex.nodeOutpUtIndex:
iDt cnvqNodeNuma;
double ··sttmSizeMatPtr,··sttmMatPtr;
double sum,DIIIIOfSofidaInPulps,massOfWacerlnPulps.totalMassOfPulp;
double toleraDCe,muDif;
boal ~vrIVecPtr;

ReadCircuitSpec:(IccirNo);
ReadNumsOtNodesSttmI(cirNo,&nodcNums,lcstreamNums);
ReadSizeCl.Nums(Itsiz.eClusNums);
,. allocaœ exact memory lICCded for radina coDDeCtivity mattix *'
conMaaPtt-CreaœMlUWnt(l ,nodeNums, l ,streamNums+3);
ror(i::l l;i< -nodeNums;i++)

for(j -1 ti < -streaD1Nums+ 3ti + +}
ccmMllPtt(i][j] -0.00;

ReadCoDDCCtivityMattix(coDMIIPtt,cirNo);
CDvraNodeNums-O;
for(i-l;i < -oodeNums;i++)

if(conMlIPIr(i][2] - -CNVRG_BLOCK_CODE)
cavqNodeNums+ +;

CDvrgVecPtt-(bool .) CreaaeVcetormt(l,CDVl'INodeNums};
for(i -l;i< -covqNodeNums;i++)

CIlvqVecPlr(il-O;
ReadSimulllionStatus(&curNodeNum,CDvrgNodeNums.CDvrgVecPtr.&iter);
,. aUocate eua memDry Daded for radin. stteams information·'
samMlIPIr-CreaaeMIIrixD(l ,strawNUiill, l ,STRMMArCOLS);
for(i-l;i < -stramNWDI;i++)

for(j -l;j < -STRMMATCOLS;j++)
samMllPtt(illJl-O.OO;

ReldStramMIIrix(saamNuma,strmMllPtt);
,. aUocate euct memory aeeded for radin. size distributions .,
sttmSizeMIIPtr-CraœMllrixD(l.sizeCluaNums, l ,sueamNums+2);
for(i-l;i< -sizeCl.Numa;i++)

for(j -1;j <-saamNUIIII+2;j++)
lUlD5izeMlIPIr[illJl-O.OO;

RadSaeamlSizeDiat(lInDSizeMllPtt,IiIeCIuINuma,sueamNuma);
_lII(coaMlIPIr,curNodeNum..ldolenace);
if(iter<2){

if(LT(tolenace,EPS»(
IU(O)- '\0';
lUCll(ar,-Ta CODveqe _ IDY CODveraeace DOde, a tolenaœ value \o-

• peaIer dIaD epailoD is nquind. 'Ibis miabt
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happen\n"

635

" bccause of incorrect dala or file format. Please \n"
" check data file for possible erron. -);

HmdlelncomctData(str);
}

}'* fiDd convergence poinl sueams indexes .,
FiDdCoDvergePntSttmslndex(stteamNums,curNodeNum,conMatPtr,8modeInputIndex,&node<lutputInde
x);
;* begin to test if convergence bas bc:en reachcd or Dot *;
muDif.sumMalPtr(nodeOutputlndex][2]*tolerance/lOO;
if(LE(strmMatPtr(nodeJDputIndex][2]-strmMatPtr(nocieOutputlndex)[2] .maxDit)

cnvrgVecPtr(conMatPtt(curNodcNum](3]] =TRUE;
sttmMatPtt(nodeOulpudndex](2] =sumMatPtr[nodeInputlndex][2];
strmMatPtt(nodeOulputlDdex](3]=strmMatPtr[nodeInputlndex][3];
strmMatPtt(nodeOulputlDdex](4] :1sumMatPtr[nodelnputIndex](4];
forO z l;i < ~sizeClusNums;i++) .

sb'IDSizeMalPtr(i](nodeOutpudDdex+2] =strmSizcMatPtr(i][nodelnputIndex+21;
ïf(curNodeNum<nodeNums) curNodeNum+ +;
eise c:urNodeNum-1 ;

'* updare files *'
UpdaleStreamMaIrlx(streamNums,strmMatPtr);
UpdaleStrmSizeMat(strmSizeMIlPtt,sizeClassNums,streamNums);
UpdaleSimulationStatus(curNodeNum,cnvrgNodeNums,cnvrgVecPtr,iler);

'* free poiJuen *'FreeMattixJnt(conMatPtt,1.DodeNums, l ,streamNums+3);
FreeMattixD(strmMatPtt, l ,stteamNums,1,STRMMATCOLS);
FreeMaIrixD(strmSizeMatPtr, l ,sizeC1assNums, l ,streamNums+2);
retum 0;
}

inl FiDdConvergePmStrmslndex(ÏDt streamNums,ÏDI curNodeNum.
inl

inl
*nodeOutpudadex){
imj;

ror(j.4~< -sueamNUIIII+3:j++)
if(conMalPtr(curNodeNum](j) =- =- +1) *nodelnputlndex:sj-3;
e1se if(coDMlIPIr(curNodeNum][j)- --1) *nodeOutpudndex-j-3;

retunl 0;
}
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
• GriDdinl Cin:uiu OptimizaliOD Supervisor (GCOS) •
• By •

• Akbar Farzmelan •
• Aupast 1998 •
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

TEMPLATES MODULE
·33=~aa=_aa ••_a_. ==_=========================,

(defmodule TEMPLATES (expon ?ALL»

(deftemplale Dumparam
(slOl aame)
(slOl min (default -1.1e4932) (type NUMBER»
(slOl max (default +1.1e4932) (type NUMBER»)

(deftempille DODDumpanID

(slOI name)
(multillot values)
(mullislot menu)
(slOl CODven»

(deftempille parameter
(slOI I111III)

(mullislol value)
(slOI e:enaiDty (default 100.0»)

(deftemplaœ CODClusioD-text
(sial lext»

(deftemplaœ conclusiOD-suiDI
(sial SUiq)
(slOI"l)
(slot 11)2»

;__•••••••••__••••••••_._aaa••••__•••__••a===_===
••••••••••••••••••••••

FtSNCI'IONS MODULE
;_••••••••••• - ••••••••••••••••• a __••••••••==.====
••••••••••••••••••••••
(defmodule FUNCI10NS (apon 1AU»

(cieffUDcdoD PUNcnONS: :ya-or-ao-p(1quesûOD)
(biDd 1K bop)
(wbile (1Dd (DCCI 1. y)(aeq 1. a»

(".. cil)
(primoul t cdf crlf crlf 1queaioD)
(biDd 11 (l0WCIIe (aym-al (rad)))
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(if (eq 'lx y) men TRUE else FALSE»

(deffuDction proccssbelp(1help)
(system c1s)
(priDtout t crlf crlf crlf
"

---------------")
(priDtout t crlf ?help)
(printoUl t cdC criC "

You CID quit any û.me by typinl quit, bye or system. If
you do DOt Imow the lIIIWet JUIl type <unknown> or < u>.

Pleue press any te)' to cootinue .•. ")
(system pressey»

(deffuDction post(?text)
(system c1s)
(printout t crlf crlf crlf ?text crlf)
(priDtout t crlf • Pleue press any key to continue ... ")
(system presskey»

(deffuDction ask-nUDJerlc(?quesdon ?help ?min ?max)
(system cIl)
(priDtout t crIf criC crlf crlf crlf crlf crlf cri!
" GeOS> It ?question)
(biDd ?anawer (rad»
(if (leemep ?aaswer) dlen (biDcl ?aoswer Oowcase ?aDSwer»)
(if (or (eq ?answer b)(eq ?lDIWer help)(eq ?lDSWet .?"»
then (processhelp ?help»
(if (or (eq ?lDIWer u)(eq ?lDIWer unknown» then (retum UDknown»
(while (or (DOC (numberp ?answer» « ?aDlWer ?min) (> ?answcr ?mu) ) do
(if (or (eq ?answer q)(eq ?mswer quit)(eq ?answer bye)(eq ?aaswer system»

lbeD (set-cumm-module RESET)(fOCUl RESEn(break»
(system cla)
(primout t crlf cr1f crlf crlf crlf crlf crlf crlf
" acOS> " ?question)
(billd?awer (rad»
(if (leemep ?aswer) then (biDd ?lDIWer Oowcase ?answer»)
(if (or (eq ?lIIIWer b)(eq ?_er help)(eq ?auwer "?"»

dIeD (procalbe1p ?beIp»
(if (or (eq ?lIIIWer q)(eq ?1DIWet quit)(eq ?auwer bye)(eq ?awer system»

lbeD (.-cumm-moduIe RESET)(focua RESET)(break»
(if (or (eq ?mawer uXeq ?1DIWet UDkDowD» tben (retunl UDkDown»)
(returD ?1IIIwer»

(deffuacdoD ut-IIDIl-IlUllllric(1qualiOD ?beIp S?meau)
(sysrem cil)
(priDIout t crIf cdf crlf crlf crlf crIf crlf crlf
" GCOS> • ?qœIÛOD)
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(bm ?answer (rad»
(if (lexemep ?aaswer) theD (biDd ?answu (lowcase ?auswu»)
(if (or (eq ?answer h)(eq ?answer help)(eq ?aaswer .?»

tbeD (procetsbelp 1belp»
(if (or (eq ?answer u)(eq ?aaswer unknown» thm (retum unknown»
(while (DOt(memberS ?answer ?menu» do
(if (or (eq ?answer q)(eq ?answer quit)(eq ?answer bye)(eq ?answer system»

men (set-current-module RESET)(focus RESET)(break»
(system c1s)
(printout t crlf crlf crlf crIf crlf crIf crIf crIf
" acOS> • ?question)
(biDd ?answer (rad»
(if (or (eq ?aoswer h)(eq ?answer help)(eq ?aaswer "?)

men (processhelp ?help»
(if (or (eq ?aoswer q)(eq ?answer quit)(eq ?answer bye)(eq ?answer system»

then (set-current-module RESET)(focus RESET)(break»
(if (or (eq ?answer u)(eq ?answer unknown» Iben (retum unImown»)
(retum ?answer»

(deffuDctiOD check-simulatioD-stahlS(?iDput-tile)
(open ?iDput-tUe ste "r")
(bm ?Simu1atiOD-S1IIUI (rad sre»
(close sre)
(retum ?simulation-stalUS»
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;=_~a= •• _ ••• _ •• _ •••=_==.=========================
QUERY MODULE

;-_•••- •••- •••••••• __••••••__•••_._==============

(defmodule QUERY (impoft TEMPLATES ?ALL)(impon FUNCTIONS ?ALL)(expon ?ALL»

(deftemplate QUERY::question
(dOl parameter (default ?NONE»
(slot module (default ?NONE»
(dot tbe-question (default ?NONE»
(multillot precunon (deflult ?DERIVE»
(slot l1œIdy-ukecl (default FALSE)
(slot help (default ?NONE»)

(defru1e QUERY::uk-Dumeric..questioD
?f <- (question (pIrameIer ?tbe-parameœr)

(module ?tbe-module)
(tbe-quation ?tbe-quesdoD)
(pncunon)
(aIrady-1Ibd FALSE)
(beIp ?tbe-belp»

(pInmeœr (IllIDe curreDt-module)(vaiue ?the-module»
(D1IIDpIlIIIl (IllIDe ?1be-parameter) (min ?min) (mu ?mu»

->
(modify ?f (aIrady-1Iked TRUE»



Appendls H GrindIDl Circuits OpdmjzatioD Supervisor (GCOS)

(assert (parameter (Dame ?the-parameter)
(value (ast-Dumeric ?the-quesdon ?tbe-help ?min ?max»»)

(defrule QUERY: :ask-non-numeric-questioD
?f <- (question (parameter ?the-paramecer)

(module ?tbe-module)
(tbe-question ?tbe-questiOD)
(prec:unon)
(already-ukecl FALSE)
(belp 7the-help»

(parameler (Dame c:urrent-module)(value ?tbe-module»
(nODDumpllllD (name ?the-parameter)(menu $?the-menu»

=->
(modify ?f (aiready-askcd TRUE»
(assert (user-respoose ?tbe-parameter

(ask-DOD-DUlDerÏC ?the-question ?the-help S?the-menu»»

(defruJe QUERY::prec:unor-is-sadsfied
1f <- (question (already-asked PALSE)

(precunors ?aame is ?value S?rat»
(parameter (Dame ?DaJDe) (value ?value»

=>
(if (eq (nth 1 ?rest) and)
then (modify ?f (precunon (restS ?rest»)
else (modify?f (preausors ?rest»»

(defrule QUERY: :pRCUI'SOr-is-not-satisfied
?f <- (question (already-askcd FALSE)

(precunon ?Dame is-oot ?value $?rest»
(pIrameœr (aame ?DIIDe)(value -?value»

=>
(if (eq (DIb 1 ?rest) and)
then (modify?f (prec:unon (restS ?l'est»)
else (modify ?f (precunon ?rat»»
(defrule QUERY: :Set-NonNumPanm-Eo-Unknown
?f <- (user-respoosc ?Dame UDkDowa)
(DODDllmpanm (name?Dame»
->
(rettaet ?t)
(assen (panmeler (IllIDe ?DaJDe) (value unkDown»»

(defrule QUERY::convert
?f <- (user-rapoDII ?Dame ?xA-UDknown)
(DODDumparIID (name 11111De)(values S?values)(menu S?tbe-meau)(CODvert yes»
->
(rettICt ?f)
(aaen (pIrameœr (IllIDe ?IIIme) (value (ndIS (member$ 11 $?die-menu) ?values»»)

(defrule QUERY::DO-COIlvert
?f <. (user-1eIpOIIIe 1IIIme ?x)
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(DODDumparam (name ?name)(values S?values)(menu S?the..menU)(CODven no»
->
(retract ?t)
(assen (panmeter (IllIDe ?Dame) (value 1x»»

640

Pleue press anJ key to CODtinue .•• If)

;-------------_._----------=-~==-================
=--------------------=~====~=MAIN MODULE

;--------------------============================----------------------------------------------------------
(defmodule MAIN (apon ?ALL»

(defrule MAIN::welcome
->
(bind ?text

••••••••••••••••••••••••••••••••••••••••••••••••••••
• GriDdiDl Circuits OptimizatioD Supervisor (OCOS) •

• August 1998 •
• McGill Univenity •
• Mininlllld Mecallurpca1 EngiDeering Department •
• MiDenI ProcesaiDl Group ••••••••••••••••••••••••••••••••••••••••••••••••••••
acos is a knowledge-bued expen system ta assist
a miDenl processiDg eugineer to optimize a bail
milliDg circuit. 1be system will ut a series of
questiODl lO reach a conclusion or a number of
conclusioDl.")

(syscem cls)
(printout t crlf crlf crlf ?teU)
(printoul t crlf crlf

Il

(system presskey»

(defrule MAIN::start
->
(set-facl-duplicalion TRUE)
(focus INlTIALIZATION»

;---_ _ _-_ _-------_._-_..-_.__ _---.._-._--
INlTIALIZATlON MODULE; _.._ _--------------=--.__ _ _ .

(defmoclule lN1TIALIZAT10N (import MAIN deftemplare initial-fact)
(impon TEMPLATES ?ALL)
(impolt QUERY ?ALL»

(deffacu INlTIALIZAT10N: :iDitial-1IIIe
(JIODDIIIDPIDID (DIIIIe curRIII..lDOduIe)

(val.. QUERY INlTIALIZATION BALLMILL HYDROCYCLONE MODSIM
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CONCLUSION RESET»

(DODDumpuam (DaIlle coosultation-topic:)
(values BALLMILL HYDROCYCLONE CIRCUIT MOD51M)
(meDU 1 234)

(convert yes»

(question (parameter consulwion-topic:)
(module INITIALIZATION)
(the-question

"Please choase one of the folloWÏDI topies?

1 bail mi1l
2 bydrocyc1one
3 cin:uit
4 mocIelliDl al simulalion

(help
acos CID usiat you iD off-line optimizalion of ball mills,

clauific:atiODl, and full griDdiDg circuits. Also. it guides
a DOvice eaJiDeer iD modelliDl and simulation of a baU millJ
hydrocyc1oae circuit. Pleue choose ODe of the options by
typiq conespcmdiDl menu item. Il))

(parameler (JUUDe current-module)(value INITIAUZATION»)

(defrule focusooOo-selccœd-moduie
(panmeter (ame coosultatioa-copic) (value ?e:t& - UDkDown»
->
(Illert (parameIer (IllIDe c:uneDt-module)(value ?et»)
(rocus ?et»

(defnde rocusooOD-query-mociule
.>
(rocus QUERY»

(defrule .o-coocJUSiOD
(panmeter (ame consultation-copie> (value unknown»
.>
(1IIaI {CODClUliOil-1Ut (tat
• • Tbe syltelll CI1IDOt proceed witbout seuiDl a CODlulIatiOD

tapie. -»)
(rocus CONCLUSION»
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; _-_._-_ .
••••••••••••••••••••••••••

BALL MILL MODULE
; __._ .
••••••••••••••••••••••••••
(defIIIodule 8ALLMILL (iIIIpon MAIN deftemplale iDidIl·fact)
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(impon TEMPLATES ?ALL)
(impon QUERY ?ALL»

(deffacts BALLMILL::lDitial-faets

(numparaID (name mill-filliD&)<minO)(max 1(0»
(numparaID (name cbarge-to-roof-distaDcc)(min O)(max 10»
(DumparaID <oame liDer-wear){miD 0»
(DumpUIID (name Wi-l)(min 0»
(numparam (namc Wi-o)(min 0»
(numparam (name mill-speed)(min 0»
(DumparIID (DaIlle perœDteafoodiscbarge-coarser-dlan-hump-panicle-size)(min 0»
(numparam (Dame bump-selectioa-function)(mîn 0»
(numparam (Dame top-size-selectioD-functioD)(min 0»
(Dumparam (name mill-diameter)(min O)(max 7»
(Dumparam (name FBO)(min 0»
(numparam (Dame ore-specific-gravity)(min 0»
(Dumparam (oame make-up-ball-size)(min 0»

(nonnumparam
(name oprimiulion-objective)

(values increase-tbrougbput-or-grind-fineness decrease-operaling-costs unknown)
(menu id u)

(coDven yes»

(nonnumparam
(IllIDe operation-mode)

(values wet dry)
(menu w d)

(CODven yes»

(DODDUlDpUIID
(IllIDe dischar&e-mechanism)
(values overflow diaphrapa)
(menu 0 d)
(coDven ya»

(DOmwmpanID
(DIIDI balls-lDIIeriaI)

(values steel silic:a)
(meau si)

(convert ya»

(DODlWmpafIID
(DIIDI mill-liDer-condidOD-checUd)
(values yes no)
(lDeIIuy D)
(COIlven yea»

(1IOIIDWDpIrIIIl
(IllIDe bII1-mill-fecd..cID-pt-œaner)
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(values yes DO)
(mcnu y n)
(cœven yes»

(noDDumparam
(ume circuit-type)
(values open closed)
(menu 0 c)
(CODVen yes»

(DODDumparam
(uame selectioa-fundioa.curve-sbape)

(values is-a-stnight-line bas-a-small-bump bas-a-large-bump)
(menu 1 sb lb)

(coaven yes»

(DODDumparam
(Dame baU-size-iDcreased-in-past)
(values yes DO)
(mcnu y n)
(collven yes»

(DODDumparam
(Dame baU-size..decreased-in-past)
(values yes no)
(IDeDU y a)

(coaven yes»

(question (parameter oplimization-objective)
(module BALLMILL)
(tbe-questiOD

-Whal il your optimizaIiOD objective?

1 iDcreIM tbroupput or JriDd fineDess
D decraIe operadDa COlIS

U UDkDowD

--> .)

643

•
(bel,

It il impodlDt co es1Iblisb a clar objective for d1e
opIimizIIiOD eurciIe. A defiDed objective direcu clecisiOD
lDIkiDI reprdiJII cbaDla which lIIUIt he illide iD circuit
openâOD 10 acbieve dIIl objective.

P1e11e DOle dIat If chere are IDOre IbID ODe bail mill iD your
piDdiDa circuit. dleD Jou bave to coasider one bail mi1l al a
lime••»)

..............................................................................." ,." ..
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;;; START > optimizalion objective: iDcrease-throughput-or-grind-fi.neDess.............................................................................
'""'"'' '" """"" ".,.,'"',."tt 't"" tt .... , t ••• , .,., •••••"." t ,,, ••

(defrule BALLMJLL: :load-iDcrease-throupput-or-grind-fiDcness-fadS
(panmeter (aame optimizatioo-objective)(value increase-throughput-or-grind-fiDcness»
->
(assen

(question (paramerer circuit-type)
(module BALLMILL)
(the-question

"WhaI cin:uit type is used?

o open
C closed

644

"
(help

'Ibis iDfol"lDllion is used ta derive omer fldS. "»
(question (parameter discharBe-mec:bauism)

(module BALLMILL)
(dle-question

"What type of cliscbaqe mee:bauism does the mill bave?

o overf1ow
D diaphnpn

(help
This iDfOrmatiOD is œeded tG find the value of wet

griDdiq CODItaDt wbich is used in Boad's make-up ball
Uze relatioDSbip••»

(questiOD (paramerer miU-cüameter)
(module BALLMW.,)
(tIle-questiOD
·Pl.. emer die inIemaI diameIer of the miIl, masured

iDlide che liDer (in meten)?

"
(belp

The imemI1 dimeIer lIIIIIt be lIIeUUIId ÎDlide the millliDer
aad lIIUIt be pVCD in 1DCtCn."»

(quesdOD (paramerer lIIIb-up-ball-lize)
<module BALLMW.,)

(tbe-cpItion "WhIl JIIIke.up baI1size is used (in millimerers)?

._> ")
(beIp" .»
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(question (parameter balls-material)
(module BALLMILL)
(the-questiOD

-WbalIDllerial are bal1I made ot!

S steel
1 sillca

(help
This information is needed to tiDd the value of wet

griDdiDl CODStant which is uscd in BoDd's make-up ball
size relaliooship. "»

(question (parameter operation-mode)
(module BALLMILL)
(the-question

"Wbat mode of pindiDl operation is used?

W wet

Ddry

(help
This information is needed to fiDd the value of wet

griDdiDl CODStaDt wbich is used iD Bond's make..up ball
size relllioasbip.-»

(question (parameter selec:tion-fuŒtjoD-c:urve-shape)
(modWe BALLMILL)
(the.questiOD

"Wlw shape does the selection function vs. panicle size
curve bave?

L liDar
SR SUlipt liDe wilh a smalI bump al come end
Ut larphump

••> .)
(help

Pl.,. look al die sbape of selection ftuK:tion vs. panic1e
sÎZe c:urve ad lbeD choose ODe••»)

(focua QUERY»

(defrule BALLMILL: :compwe-critical..speecl
(pInmeIer (IllIDe miI1.diameter)(value ?dia»
(tell (numberp ?dia»
->
(biad ?cs (1 42.3 (lqft ?dia»)
{1IIal (pInmeIer (IllIDe critical-speed) (value ?ca»»
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(defrule BALLMILL: :compute-percent-of-eS
(panmeœr (Dame critical-speal)(value ?cs»
(panmerer (IllIDe mill-spccd)(value ?ms»
(test (numberp ?ms»
z>
(biDd ?l'Ilio (. (1 ?ms ?cs) 100»
(assen (paruneter (DaIlle perœDl-of..mtical-speed)(value ?ratio»»

(defrule BALLMILL::check-mill-speed
(parameter (Dame percem-of-critical-speed){value ?pcs»
->
(if (>. ?pel 82) then
(assen (conclusion-tex! (teU
- - ne miU speed is apparendy too high (above 82% of

critical speecI). -»»
(if ( < - ?pel 65) then
(assen (conclusion-CCXI (tut
- - The mi11 speed is apparendy too low (below 65~ of

critical speecI). -»»)
(defrule BALLMILL::assume-steel-balls
(panmeœr (oame baUs-IDIIeriaI)(value unlmown»
->
(assen (parameter (name balls-material)(value steel»»

(defnale BALLMILL::assume-wet-operalion
(panmerer (IllIDe operalion-mode)(value unImown»
->
(assen (parameter (aame operaIion-mode)(vaiue wet»»

(defrule BALLMILL::assume-overftow-discbarge
(panmerer (Dame disc:har&e-mecbanism)(value unknown»
->
(auert (parameœr (Dame discbaqe-lIII!dIanism)(value overtlow»»

(defnale BALLMILL: :Boad-baI1-size-aol-euct-a
(pmmeter (IllIDe baUJ-awerial)(vaiue uaknowo»
(parameler (IllIDe BoDd-make-up-baIl-size)(value ?x»
->
(assen (CODCIUliOD-tex! (IUt
- - The bail size calcu1l1ed usiq Boad's equatïon wu based

on die llSUlDpÛoD tbal steel baIls are uscd Il griDdiDl
mcdîum.-»»

(defrule BALLMILL::BoDd-bal1..ize-aot-euct-b
(panmerer (IllIDe openIioD-mode)(vl1ue UDkIIown»
(panmerer (IllIDe BoDd-Illlke-up-ball-size)(vl1ue ?x»
->
(.-rt (coacIUlioD-taI (Ial
• - Tbe bail size calc"l.red UliDl BoDd's equation wu buecl

on die 1llUlllpli0D tbII the openIÎOIl mode is wei. -»»
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(defrule BALLMILL::Bond-ball-size-not-exact-c
(parameter (name discharge-mecbanism)(value UDkDown»
(parametef (DaIlle Bond-make-up-ball-sïze)(value ?x»
->
(assen (coaclusioa-tut (text
" - ne bail sïze calcu1aled usinl Bond's equatîoa wu based

oa the assumptiOD tbal aD overtlow discharge mecbanism
is used. "»»

(dcfrule BALLMILL: :Kl-steel-wct-overflow
(parameter (name baUs-malerial)(value steel»
(parameter (name operadoa-mode)(value weI»
(parameter (name discharge-mecbanism)(value overtlow»
->
(assen (parameter (Dame BoDd-K)(value 350»»

(defrule BALLMJLL::K2-steel-wet--diaphragm
(parameœr (name balls-maIerlal)(value steel»
(parameœr (name operadoa-mode)(value weI»
(parameter (Dame discharge-mecbanism)(value diaphrqm»
->
(usert (paramerer (Dame BoDd-IC)(vaiue 330»»

(defrule BALLMJLL::K3-steel-dry--diaphragm
(paramaer (Dame balIs-DWerial)(vaiue steel»
(parameter (name operatioa-mode)(value dry»
(parameter (name discharge-mecbanism)(value diapbragm»
=->
(aasen (parameœr (Dame BoDd-IC)(value 335»»

(defrule BALLMILL::K'-'sUica-wet-diaphragm
(parameter (name balls-maœrial)(value sUica»
(parameler (Dame operation-mode)(value wet»
(paramcter (IllIDe discharge-mecbanism){value diapbragm»
->
(assen (panmeIer (IllIDe BoDd-K)(value 170»»

(defrule BALLMILL::K5-sWca-dry-diaphrqm
(parameter (DaIlle baUs-awerial){value sWca»
(parameter (name operation-mode)(value dry»
(parameœr (name discharge-rncc:hanim)(value diaphrqm»
->
(auert (parameIer (Dame BoDd-K)(value 175»»

(defrule BALLMILL::auen-mill-speed-quation
(parameter (Dame mill-diamecer)(value -UDkDown»
->
(1IICrt

(quesdoD (panmeCer mill-speed)
(1DOCIule BALLMILL)
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(Ibe-question •At ",bal speed is the mill nmniDg (in rpm)?

(he1p
Plase give the mi1l speed in rowiODS per minute. rpm.

1be mill speed is needed to compute the percent of critical
speed. "»)

(focus QUERY»

(defrule BALLMILL::query-Wi-l
<parameter (name mill-speed)(value - uoknown»
~>

(assert
(question (paraJDerer Wi-I)

(module BALLMILL)
(tJle.question "What is the value of laboratory Bond Work index

(iD kWblt)?

(belp
ptase enter the value of wort index (Wi) determiDed in the

labontory. Proper diapolÛc is gready assisted by comparing
opendDa aDd laboraaory wort indices."»)

(focus QUERY»

(defrule BALLMILL::query-FSO
<parameter (name Wi..l)(value -unknown»
a>
(assen
(question (parameter FSO)

(module BALLMILL)
(tbe-question

"Pleue enœr d80 of the bail mill fecd (in microns)?

(help
1be feed sile iDdicaœd by d80 is needed to calcuille

baU sîze."»)
(focua QUERY»

(defrule BALLMILL::aaert-ore..specific-aravity-questioD
(pInmeIer (IllIDe F80)(value - UDkDown»
->
(Illat
(quadoll (puameœr ore-specific..pavity)

(module BALLMILL)
(dIe-question

"WbIt specifie IfIVÏly does ore bave
(iD 1 per cubie cm)?
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(help
The specifie gravily of ore is oeeded 10 calculate

baU size. "»)
(focua QUER.Y»

(defrule BALLMILL::prediet-BoDd-baIl-size
(parameter (IllIDe mill-diameter)(value ?Dm»
(parameter (IllIDe perceut-of-critica1-specd)(value ?PCS»
(parameter (IllIDe Wi-l)(value ?Wi»
(parameter (ume F80)(value 1FRO»
(parameter (name ore-spccific-gravity)(value ?SI»
(parameter (name Bond-K) (value ?K»
(test (and (numberp ?F80)(numberp ?Sg)(numberp ?K)(numberp ?Wi)(numberp ?Dm»)
->
(biDd ?bs (. 25.4 (sqn (1 ?F8O ?K»(•• (1 (. ?Sg ?Wi) (. ?pcs (sqn (. 3.281 ?Dm»» 0.33»)
(assen (parameter (Dame Bond-make-up-baU-size) (value ?bs»»
(defrule' BALLMILL::prediet-Azzaroni-ball-size
(parameter (Dame mill-diameœr)(value ?Dm»
(parameler (name mill-speed)(value ?N»
(parameter (Dame Wi-l)(value ?Wi»
(parameter (Dame FSO)(value ?FBO»
(test (aDd (numberp ?F80)(numberp ?Wi)(numberp ?Dm)(numberp ?N»)
=>
(biDd ?bs (* 6.3 (1 (* (*. ?FBO 0.29)(·* ?Wi 0.4) ) (•• (·?N ?Dm) 0.25»»
(assen (parameter (IllIDe Azzaroni-mate-up-ball-size) (value ?bs»»

(defrule BALLMILL::recolDlDCDd-makeup-ball-size
(puameter (name Azzaroni-make-up-ball-siz.e)(value ?abs»
(parameIer (Dame Bond-make-up-ball-size)(value ?bbs»
->
(auen (conclusion-striDl (sttiq
'~n

- ne recommended make..up or top ball size for single size
recbarp is:

~7.2f mm (bucd on Azzaroni's relalioDSbip)
~7.2f mm (bucd on BoDel', relalionsbip)")

(1lI1 ?abs)
(q2 ?bbl»»

(defrule BALLMILL::1IICrt-ball-miU-feecl-quesûon
(parameIer (DaIlle opûmizalion-objective)(value iJJcreasc..dlroupput-or-IriDd-6 neness»
(parameIer (IllIDe selection-fuDction-curve-sbape)(value is-a-suaipt-liDe»
.>
(1SIeft (questiOD (parameœr baIl-lDill-feed-caD-let-coarser)

(module BALLMILL)
(~OD

"cm die bail mil1 feed &et mudl coaner? (yIn)

--> ")
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(help
" If tbeIe is a pouibility that the mill feed becomes

coanert decleasiDl the current ball size !DaY cause
problem. "»)

(focus QUERY»

(defrule BALLMILL::baII-size-too-laqe
(parameter (IllIDe optimizllion-objective)(value iDcreue-thIoupput-or-griDd-fiDeness»
(parameter (name selection-func:tion-curve-shape)(value is-a-straigbt-line»
{parameter (name ball-mill-feed~-iet..warser)(va1ue no»
~>

(assen (parameter (aame ball-size-largeness) (value too-large»
(question (parameler ball-size-iDcreased-in-put)

(module BALLMILL)
(the-questiOD

"Wu bail size iDcreased in the put 10

improve throupput or griDd? ~/D)

(bclp
" If bail size had beeD iDcreased before, decreasiDg il again may

cause UDDeCasary oscillations iD make-up bail size. "»)
(focus QUERY»

(defrule BALLMILL: :aaen-selecûon-fuDdioD-questïoDS
(parameter (aame opûmizalion-objective)(value iDcrease-dIroupput-or-pind-fineness»
(parameœr (Dame se1ection-fuDctïon-curve-sbape)(vaiue bas-a-larle-hump»
~>

(assen
(question (parameIer percent-of-discbarJe-coarser-than-hump-panicle-size)

(module BALLMILL)
(the-qucsdon

"What perceIlt of the bail mi1l discharBe bal a size
laraer IbID tbat of bump1

650

"
(help

Wbal tbere is a large hump iD the selection fuDction vs. paniele
size curve, dleD a decision to use biller bal1s aIso depeDds on wbelher
or DOl tbere il a 11lI' portion of lDIIerial widl a panicle size
coaner dIID Ibal of correspolldiq ta mujmllm selection fuDctiOD. "»

(quesdon (parImeIer bump-selection-fuDaion)
(module BALLMILL)

(pœcunon perœal-of-dilcblrp~-IhID-bump-panide-sizeis-DOt uakDown)
(tbe-quesûoD

"Enter the muimum selection fuŒdon value?

Il

(belp
11ûI iDfonDllioa ÎI œeded to cbIncIrize the bump
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largeness."»
(question (puameter top-size-selection-fuDction)

(module BALLMILL)
(prec:unon b~selection-function is-not unknown)

(tbe-qucstion
"Emer the top size cl_ selection funçtion?

(belp
.. This il information is needed to characterize the

hump larseness. "»)
(focus QUERY»

(defrule BALLMILL::ball-size-lOO-smaU
(parameter (IllIDe optimizalion-objective)(value iDcrease-througbput-or-grind-fineness»
(parameter (Dame selection-function-curve-shape)(value has-a-large-hump»
(parameter (Dame perceDt-of-discbarge-coaner-thaD-hump-panicle-size)(value ?per-coarse»
(parameter (Dame bump-selecdon..fuDction)(vaiue ?hsf»
(parameter (Dame top-size..selecdon-fuDction)(vaiue ?tssf»
(test (and (numberp ?hsf)(numberp ?tssO(numberp ?per-coarse»)
(test (>. 1per-coane 20»
(test « 'hasf (* 0.2 ?baf»)
=>
(assen (parameter (IllIDe ball-size-1araeness) (value too--small»
(question (parameter ball-size-decreasecl-iD-put)

(module BALLMILL)
(the..quation

·Wu ball size decreascd iD che put tG improve
duoupput or JriDd? (yIn)

._> ")
(help

If ball size bad been dccreased iD the put before, iDcreasing
it apiD may cause UDDeCeSlary oscillations iD make-up ball size. If»~)

(focus QUERY»

(defrule BALLMILL::ball-size-aear-opdmum
(parllDetel' (IllIDe opûmizaIion-objective)(value iDcrease-tbrougbput-or-grind-fineness»
(parameter (IllIDe selec:lioD-fuDcdon-curve.shape)(value bas-a-sma1l-hump»
->
(assen (parameIer (IllIDe ball·size) (value nar-optimum»»

(deftule BALLMILL::ball·size-oo·œed-co-cbaD&e
{pInmeIer (IllIDe opcimizIIiOD-objeclive)(value iDcrease-duoupPut-or-lfiDd-fiDeDesl»
{pInmeIer (IllIDe baIl-lize)(value IItIl'-opÙJDUID»
->
(1IIeft (coacJuaioIl-eat (rat
.. - 1bere il DO seriouI ueed to clllaae tbe JIIIte.up bail size.

However, die impICt of IAY cbaDp tG die mIke-up bail size
CID oaIy be jndieated by simulltioD."»»
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(defrule BALLMILL::decrease..ball-size-13-miIlimeten
(parameœr (Dame baIl-size-laraeness)(value too-large»
(parame!er (Dame make-up-ball.size)(value 1mbl»
(panmeœr (ume baIl-size-iDcreased-in-past)(value no»
(telt (Dumberp 1mbs»
(test (> - 1mb. 38»
->
(assen (coDClusion-1eXt (text
Il _ Decreasc make-up or top ball size by 13 mm (0.5 inch). This

cao be achieved usinl a bleDd of make-up balls. Test the
effect of tbis cbaDle by NGOTC beforc real plant exercise. "»»

(defrule BALLMILL::decrease..ball-size-6-millimeters
(parameler (ume ball-size-largeoess)(value too-Iarge»
{paramelef (ume make.up-baU-size)(vaiue 1mbs»
(panmeter (ume ball-size-iDcreased-iD-past)(value no»
(test (Dumberp 1mbs»
(test « ?mbs 38»
=->
(assen (conclusion-1eXt (text
If _Decrease make-up or top ball size by 6 mm (0.25 inch). Test

the effect of dûs cbaDle by NOOTC before real plant exercise. If»»
(defrule BALLMILL: :iDctease-ball-size-13-mi1limeten
(parameœr (oame optimizalion-objective)(value iDcrease-throughput-or-grind-tineness»
(parameter (ume ball-size-1araeness)(value loo-small»
(panmeœr (ume müe-up-baU-size)(vaiue 1mbs»
(parameter (DaIlle ball-size-decœued-in-past)(value no»
(test (numberp ?mbs»
(test « 1mb. 51»
->
(assen (coaclusion-text (tut
If _lDaeue make-up or top bail sim by 13 mm (0.5 ÏDd1). Test

dle effect of tbis cbaDle by NCiOTC before real plant exercÎSe. If»»
(defrule BALLMILL::iDcreue-ball-size-25-miIlimeten
(panmeœr (DIIIIe optimiZIIion-objccûve)(value iDcrease-tbroughput-or-BriDd-fiDeDess»
(panmeœr (IllIDe baIl"Iize.1Il'leœll)(value too-small»
(pInmerer (IllIDe make-up-baII-sïze)(value 1mbs»
(pmmeter (liliiii baIl-sïze-decreucd-iD..pIIt)(value DO»
(test (numberp ?mba»
(tat (> - ?mbI 51»
->
(assen (coacIUlioD-tat (text

• - lDaeue lDIkHp or top bail size by 25 mm (1 iDcb). Test
dle effecl of dùI cbaqe widl NGOTC before rai pla eurcile.•»»

(defrule BALLMILL::decIiled-s1Udy--ba11~iHOOoosmall
(pInaIeœr (DIIIIe opdmiaIiOD.objecdveXvalue iDctease-dIroulbput-or..piDd-fiDeDeSS»
(pInaIeœr (IllIDe bIll"'ize-1IrpœII)(value IOCHIIIIU»
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(parameœr (Dame ball·size-decreased-in-PU1)(value yes»
-> .
(assen (CODdusioD·Cexl (text
- - Il scems thaI the mate-up ball size is too small.

SiDœ ball size wu receDdy decreascd. it is likely
tbat the optimum bail size is belWeeD the previous
aud existinl ODe. -»»

(defrule BALLMILL::derailcd-study-ball-size-is-too-large
(parameter (Dame opûmizatioDooObjective)(vaiue iDcrease·throughputooOr-grind-fineDess»
(parameter (Dame ball-size-Iargenesa)(value too-large»
(parameler (aame baU-size-iDcreasecl-in-pasl)(vaiue yes»
=>
(assen (conclusioD-leU (text
- - Il scems thallhe mate-up ball size is tao large.

However. siDce d1ere bas been an anempt to iDcrease
the ball sia before. decrusÛll il apiD is not
ükely 10 improve griDding efficieocy. UDless feed
tG the miIl haI become fiDer or softer. -»»

................................... Ill " ••••••••......... ,', , , ,.." ,.,., ,', , "" , .
;;; END > optimization objective: increase·throupput-or·grind-tineness............................ .- .." ".,.. ,'" ,.,,,.,"'".,.,.." ".,..,., ,., "" ..
................................................................................................................" ,',., ,, ,,,.,.,, ,,.,.,.,', ".,",.,..".,.,', , .
;;; START > optimizadOD objective: decrease-operarlng-CGsts....................................................................................... " .
.. " ."" ""., , Il ,., t ".,.",. t""'" ".,." ,., , ,., ••
(defrule BALLMILL::load-decrease-operalinI-cost-faets
(paramelel' (name optimizalioDooObjective) (value decrease-operatiDg-costs»
->
(assen

(questiOD (parameIer miIl-filling)
(module BALLMD..L)
(dle-queltiOD

-Wbal perceol8Ie of the min volume is fillcd wim
Ille total charle?

653

-
••> -)

(belp
1be mi1l ftlliDa bal ID optimum rape. -»

(question (pIrImeter miIl-dilmerer)
(module BALLMILL)
(die-questioD

-Whil ia die miIl di.lJlll!f.er, iDside liDen (iD meœn)?

--> .)
(beIp

11liI il requind co calcu1lre mi1l filliq.•)
(precunon miIl-fil1iD& il UDkDowD»
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(question (panmeter cbarae-to-roof-distaDc:e)
(module BALLMILL)
(the-question

"What ÎI the cIiI1IDœ between the char&e surface
aad mm roof. iDlide liners (in meters)?

(help
" Thil is requirecl to calcu1a1e mill fillinl. ")
(precunon mill-tiIliDl is UDknown and mill-diameter is-Dot unknown»

(question (parameter discharle-mecbanj1m)
(module BALLMILL)
(the-question

"What type of dischar&e mecbanism does the mill have?

o overflow.
D diaphragm

(belp
'Ibis information is used ta derive other facts.•»

(question (parameter operation-mode)
(module BALLMILL)
(thc-quation

"What mode of IfÎDCÜDl operation is used?

W wet
Delly

654

"
(belp

This information is usecl to derive other facts.·»

(question (parameter liner-wear)
(module BALLMILL)
(dIe-question "Wbal ÎI the avenae value of liner wear raie

(iD qJkWh)?

"
(belp

The abaormalliDer wear raie iDdicaœs iDeffic:ient Jrindinl
coDditioUl. "»

(question (pInmeIer Wî-I)
(lDOduIe BALLMILL)
(dIe-quadoD -wbIl ÎI die value of laboratory BoDel Wort iDda

(iD kWblt)?
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(belp
Please enter the value of Wi determiDed in the laboratory. ")

(question (parameter Wi-o)
(module BALLMILL)
(tbe-question "Wbat is the value of operaâDg Work index

(iD kWh/t)?

(beIp
Please enter the value of Wi measured in the plant. "»

(question (panmeIer mill-lineraeoDdition-cbecked)
(module BALLMD..L)
(tbe-question

"Have you checked che millliDer condition? (yIn)

(belp
The liuer CODditiOD cm affect the trIDIfer of energy from sheU

ta balla which mm break large particles inco smaller ones.
Therefore, tbis paramcter will affect griDding raie and energy
COIIIUIDptioD iD bail mill piDdiDl and must be optimizcd. "»)

(focus QUERY»

(defrule BALLMILL::chcck-liDer
(parameœr (name optimizalion-objective) (value decrease-operaliDg-costs»
(panmeler (DaIlle mill-liDer-eoDdition.œecked)(value no»
:a>
(assert (coacluaion-œxt (tat " - Check the liner condition. "»»
(defrule BALLMILL::wet-liDer-wear
(panmeler (aame opûmiZIIion-objective)(vaiue decrease-openling-eosts»
(panmeter (aame opera1ion-modc)(value wet»
(panmcIer (IllIDe liDcr..wear)(value ?lv»
(test (numberp ?lv»
->
(if (> -?Iv 0.044) dIen
(aaen (coDdUlion-teU (tat
.. - It .... tbIlliDer wear il cao bip for dUs operation.

nia aeeds co be cbecked, Ill)' way. "»»)
(defrule BALLMJLL: :dry-liDer-wear
(panmeter (IllIDe opcimiZIIioD-objcclive)(vllue decreue-openâDI-costs»
(panmeter (ume operadon-mode)(vaIue dry»
(panmeter (ume Uœr..wear)(value ?Iv»
(tell (1IUIIIberp ?Iv»
->
(if (>. ?Iv 0.006) dia
(11IIII {coadUlioD-tat (tell

655



Appeadix B Grlndlng Circuits OptimizatiOD Supervisor (GCOS)

- Il seems tbat liner wear is too bigh for this operation.
1bis ueeds to be cbecked. any way. -»»)

(defn1le BALLMILL::mergy-CODSUlllption
(parameter (IllIDe optimizationooObjective)(vaiue decreaseooOperaliDg.œsts»
(parameIer (ume WiooO)(vaiue ?WiooO»
(parameIer (IllIDe Wi-l)(value ?Wi-l)
(test (aDd (numberp ?WiooO) (numberp ?Wi-l))
=->
(biDd ?EPI (1 ?Wi-o ?Wi-1)
(if (and (> ?EPI 0.8)( < =- ?EPI LOS» lben
(assen (parImeter (name eneraY-COOSumptiOD) (value good))
(if (and (> ?EPI 1.0~)( < =- ?EPI 1.2» lben
(auen (puameœr (DaIlle eDergy-coosumption)(value ok»»
(if (> ?EPI 1.2) then
(assen (puameter (aame euergy-consumptiOD)(value bad»»)

Cdefn1le BALLMILL::usen-energy-CODJUJDPtion-good
(parameter (name optimizationooObjec:tive)(value decrease-operaliDg-costs»
(parameœr (Dame energy-consumptïon)(value good»
=>
Cassen (cooclusion-teXt (texl

- The IfÙKÜDl performance. in terms of eneraY consumptiOD.
sceDII very .ood.-»»

(defrule BALLMJLL::auet-eœtgy-CODSWDption-bad
(parameter (name optimizatioDooObjective)(value decrease-operaliDg-cosu»
(parameler (name energy-consumption)(value bad»
=->
(usert (coaclusion-teXt (tex!
- - The IfÎDCÜDl performance. in terms of enerlY consumptioD.

seeDII DOllood. Vou may aeed to optimize operation in this
respect. SipifiCIDl ïmplOvemems are possible in tbis
silUldoD. -»»

(defrule BALLMILL::usen-eaerlY-ccmsumptïon-ok
(panmeter (IllIDe opdmizarioDooObjective)(value decrease-operating-costs»
(parameter (IllIDe eueraY<OIIIUIJIPtÎOD)(vaiue ok»
=->
(1IIeIt (conclUliOD-tut (tut
- - Tbe lfÎDdÎDI performaaœ, iD termI of eDCI'IY CODlUlDptiOD.

secDII tG be oUy. Modest ÏIIIpIOVemeDIS are possible in
tbiI siluIIiOD by pracesa optimizaliOD efforts. -»»

(defrule BALLMILL;:delermiDe-labonIoIy-WI
(parameIer (IllIDe oprimiD'ion-objective)(vaiue~-cosIS»
(parameIer (ume Wi-I)(VIl.. UDkDowD1u»
->
(1IICrt (CODC1U1ioo-tat (tat • - 1be 1abonlOry Wi must be deœrmiDed. -»»
(defrule BALLMILL::cIeIermiJIe.ope-WI
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(parameter (aame optimizalioa-objective)(value decrease-operatiDg-costs»
(parameter (Dame Wi-o)(value unknown 1u» .
~>

(assen (coaclusioD-text (teX! " - The operaIÏDl Wlmust be determined. "»»
{defrule BALLMILL::compute-mill-filling
(parameter (Dame optimizalioD-objective)(vaiue decrease-operating-costs»
(parameter (name mill--diameter)(value ?D»
(parameter (name charge·to-roof-dïstaDce)(value 18)
(test (aad (numberp ?D) (numberp ?8))
z>
(assen (panmeter (IllIDe mill-filling) (value (- 113 (* (1 ?8 ?D) 126»»»

(defrule BALLMILL::over-chargc
(parameter (Dame optimizalion-objective)(value decrease-operating-costs»
(parameter (aame discbarge-mecbanism)(value ovcrtlow»
(parameter (Dame mill-ftlling)(value?v»
(test (numberp ?v»
(test (> ~ ?v 45»
~>

(assen (coDClusioD-œxt (tat
" - Mill filliDg scems to be higb aad must be chccked. You might

be loolmg baIls al discbarge due to the higb mill miiDI. "»»
{defrule BALLMILL::UDder-dlaqc
{parameter (DaIlle optimizalioD-objective)(vaiue decrease-operatmg-coslS»
(parameter (name discharge-mecblDism)(vaiue overflow»
(parameter (DaIlle mill-ftlliDl)(vaiue ?v»
(test (numberp ?v»
(test ( < a ?v JO»
->
(assen (CODClusioD-text (tat
" - Mill filliDg scems to be low aDd must be checked. "»»

................................................................................................................................................................., .
;;; END > optimizlliOD objective: decreaIe-operatiDl.coSlS.............................................................................................................................................., ,." .., ,'" ,

.....................................................................................
,.".""."""'''"."''''"..."''"."'".,''',..",.,,,,.,,......,'',,..
;;; START > optimizIIion objective: UDIalown., , , " " " , , .
""""''''''''''''''''''"'''' Il••••11''•• '.,, .... ,''''' ••••11''••• '',, •• ,.
(defrule BALLMILL::opdmizaIioD-objecûve-UDImown
(pmmcfcr (DIIDe opdmizaIÏon-objecùve)(value UDkDown»
->
(1IIert (CODdUlioD-text (tell
" - Ravina dear plant optimizldoD objectives is imponaot

silice il affects deciliODI about pllDt operaûnl chailles
lIId pideI optimimiml procell. "»»

................................................................................•,,'"".""",..,,,.,,"",.u.'"''..,,,...,'"',..,,",."'"."",.""'
;;; END > oprimizMÏoll objecdve: UDkDowIl
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.............................................................................
" n •• ,., .,.,.,."""'" "" ,.,., ••• n ......"" Il ••••••• It •••••• , ••11. 1 Il.,

(defrule l0-query
=>
(focus QUERY»

(defrule lo-conclusioD
->
(focus CONCLUSION)
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.~----_._.-._._--=--=~===========================•

HYDROCYCLONE MODULE
'-.--_•••_••••_._••_.-==-========================1

(defmodule HYDROCYCLONE (import MAIN deftemplace initial-fact)
(impon TEMPLATES ?ALL)
(ïmpon QUERY ?ALL»

(deffacu HYDROCYCLONE::iuitial-facts

(DODDumparaDl

(IllIDe c1uaiftcalioD-objective)
(values iDc:rease-alt-size dccrease..alt-size reducc-walCr-recovery

mcrea.-separaliOD-sharpoess UDknown)
(meou i d r s u)

(coDven ya»

(DODDumparaID

(IllIDe Plin-model-fit-done)
(values ya no)
(mau y D)
(CODVen ya»

(DODDumparaDl

(IllIDe Plia-modcl-fit-optimized)
(values ya DO)
(meDU Y D)
(CODven ya»

(DODDumparIID

(IllIDe positive-Rf)
(values yes 110)
(meuu y D)

(cooven ya»

(DOIIDIIIIIpIrII
(liliiii Jldlfaaory-apdmal-fit)
(vil.. Y. 110)
<meauYD)

(COOVeft ya»
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(DODDumparaID
(Dame c:lasiftcaûoD-cWa-balanœd)
(values yes no)
(menu y D)

(CODVen ya»

(nonnumparam
(Dame hump-or-pllleaU-exists)

(values yes no)
(menu y D)
(CODven yes»

(DODDumparam
(name hump-or-plaleau-exists-in-double-c:heck)

(values yes no)
(menu y n)
(CODven yes»

{DODDumparam
(name beavy-Iïgbt-phales)

(values yes no)
(menu y D)
(conven yes»

(DODDumparam
(oame heavy-ligbt-phases-in-double-c:hec:k)

(values ya no)
(menu y n)
(CODven yes»

(noMltmparam
(name fiIh-boot-exists)

(values ya no)
(IDeIlU y D)
(CODven ya»

(DODDumparIIIl

(DIIIIe c:1aaificalioD-data-available)
(vllua yes no)
(DIIIlU y D)
(CODven ya»

(DOIIDumparIID

(IllIDe c:l_ifiCllion-SMae)
(vII.. primary secoDdlly)

(..... ps)
(CODVen ya»
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(values too-low normal too-high)
(meau 1n h)

(convert yes»

(numparam (Dame number-of-instal1ed.q-clones) (min 1»
(numparIID (Dame number-of-operating-cyclones) (min 1»
(numparam (Dame Rt)(min O)(mu 100»
(numparam (Dame m)(mïD 0»
(question (parameter classificarlon-objective)

(module HYDROCYCLONE)
(tbe-question

"Wbat is your classificalion objective?

1 iDcrease cut size, dSO
o decrase dSO
R reduce wuer recovery to the cyclone undertlow, Rf
S iDcrease separation sharpness, m
U unkDpwn
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Il

(help
A pre-defiDcd objective direds decision makiDg regarding

chailles whicb probably cao be made in circuit operation to
achieve dW objective. "»)

(defrule iDcrease-eut-size
(parameter (name c1U1ifieation-objective)(vaiue increase-cut-size»
=->
(assen (collduaion-tat (tat
" .. Tbe CUl size CID he iDcreMed by redUCÛll the apex diameter

of the cycloDe(s). However, il ia recommcmcled ta use the
BMCS tG lIIeSS the implCt of Ulml a smaller apex OD the

c1..iflcaboD lDd full circuit performance. "»

Il

"

..

(CODClusion-text (tut
- The CUl size CID he iDcreaIed by iDatalliDglaraer cyclones.
1biI option, however, ÎI ooly pnctical al the design sille.
For ID UÎltiDI cin:uit, che BMCS CID he UIeCl 10 assess the
impIct of usina Iaraer cyclones on the clauificatioD and
full cift:uit performance. "»

(c:oac1USiOD-cext (rext
- 1be CUl size CID he iDcreued by iDcrellina die iDclÎDIIÎoD of

cyclOllll 10 die venicallO 45 depecs or more. Thil option
il DDrmaIly pnr:dcal ODIy • die daip SIlle, lDd wben the
DUIIIber of c:ycIOIIII il SDIIIl."»

(coaclUlÏOll-reu (leU
- lDcraIiDI tbe yana fiDder di".. CID iDaaIe tbe CUl size•
1be BMCS PfOIDID CID he UIId tG ..... me impKt of UIÎIII a
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larger vonex fiDder cIiameter on the circuit performance. -»
(coaclusion-text (tut

- DecreuiDl WIIer addition rare CID iDc:rease eut sÎZe. 'Ibis is very
lood if too mudl water gues ta downstream. -»»

(defrule load-decrease-cut-sÎ2e-faets
(parameler (Dame classification-objective)(value dccrease-cut-size»
->
(assert

(question (parameter number-of-operatîng-cyclones)
(module HYDROCYCLONE)
(dIe-question

-How many CYCIODeS are beiDg operated?

(help
The number of operaûDg bydrocyclones CID be changecl ta

optimize classification efficieucy. -»)
(focus QUERY»

(defrule decrease-cut-size-by-fewer.çyclones
(parameler (Dame clalsifieation-objective)(value dccrease-cut-si%e»
(parameœr (Dame Dumber-of-operatiq-cycloaes)(value?Doc»
(test (Dumberp ?noc:»
(test (> ?Doc 1)
:a>
(assert (conclusion-teXl (tell
- .. 1be eut size CID be reduced by switehiDg off a cyclone al

CODItIDt tolll feed Oow raie. It il recommencted ta use the
BMCS to lIIeSI die impact of dUs cbaDle on the ti1ll circuit

performance. -»»
(defrule decrease-cut-size-by-dilulCd-fecd
(parameler (ume clusificadon-objective)(value dccrease-cut-size»
->
(assert (conclusion-lat (Ielt
- - Tbe eut IDe CID be reduc:cd by düutiDl the fcecl slurry. It

il recomwnefed tG use the BMCS tG aasesa the impact of tbis
cbIIIp OB die ftI1l circuit perfonDlDœ.-»»

(defrule 10ld-reduce-.Rf
(panmeœr (IllIDe clusifiCllion-objective)(value reduce-Rt)
->
(aaen

(questioD (panmeœr preuuœ-drop)
(module HYDROCYCLONE)
(1be-queItioD

-II die pressure drop level?
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L too low
NDOrmai
H too hip

(help
Pressure drop is one of the important parameten to decide

whed1er or Dot the number of operating hydrocyclones can be
cbanled. -»)

(focus QUERY»

(defrule reduœ-waœr-recovery-by-fewer.cyclones
(parameter (IllIDe clasificalioD-objce:tive)(vaiue reduce-Waler-recovery»
(parameter (DaIlle number-of-operaûDa-cyclones)(vaiue ?noc»
(parameter (Dame prasure-drop)(value too-low»
(test (numberp ?Doc»
(test (> ?Doc 3»
=->
(assen (conclusion-Iext (text
• - Waœr recovery to the cyclone UDderflow, Rf, can be reduced by

switebiDl off a cyclone al CODStaDl total feed flow flle. Il
is recommencted tG use the BMCS to assess the impact of this cbaDle
on full circuit performance.-»»

(defrule reduœ-wuer-recovery-by-smaller-apex
(parameter (IllIDe clauificalion-objective)(value reduce-waler-recovery»
a>
(assen (conclusion-lext (text
• • Waœr recovery to the cyclone UDderfIow, Rf, can be reduœd by

Uliq smaIler IPU diaIœter. Il is recommended ta use the BMCS to
.... die impIct of dûs cbaqe OD full circuit performance••»»

(defrule reduce-warer-recovery-by-laqer-vortex-fiDder
(parameter (aame c1MlificaliOD-objective)(vaiue reduœ-waœr·recovery»
->
(1IIeIt (coDCIUlioD-IeXl (tat
- • W.. nlCOvery ta the cyclooe UDdert1ow, Rf, cm he reduccd by

UlÎIII Jaracr vortex fiDder diaIœter. Il is recommended to use the
BMCS to UICII die implCl of dliI cbaqe on full circuit
~~.-»»

(defrule mcre--separIIioD-sbarpaesa-by-redUCÜII-Rf
(parameter (IllIDe claslificadon-objective)(value mcre-.seplnlion-sbarpness»
->
(Illeft (COIIC1U1iOll-tat (tat
• • 1'be Plitt'. sepIIIIÎOIl sbarpaesa CID be iDcrased by lDOdificalioDS

tbII decraIe .1Ier œcovery ta tbe cycloae UDdcrflow or short
cilcuiliq. The sepIIIIÎOD sbIrpaeu CID he improved by addiDI
die lIUIIIber of operIIÏJII bydlocydo-. or ÎDCIaIiDI preuure drop if
it il 100 low.-»»
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(defrule iDcreaIe-separadoo-sbarpnesa-by-diluting-feed
(parameœr (oame clauifieatioo-objective)(value increase-separadon-sbarpoes5»
->
(assen (coDdusioD-œu (tut
" - ID case of exceuively bigh feed solids coucemratioo or high

slimeI coucemratioDl, it is recommended tG dilu1e the feed tG
reduœ die viIcosity of the fluide 11lis cao be led to improved
separaâOD sbarpaess. "»»

(defrule c1uaifteation-objective-UDknown
(parameter (JUUDe clauifieatioD-objective)(value uoJmown»
=>
(assen

(question (parameter Plin-model-fit-dGne)
(module HYDROCYCLONE)
(tbe-question

"Have you fitted Plin'. model to the c1usifieatioD
data? (yIn)

(belp
By tittinl Plitt'. model to the meuured data, classification

performaaœ indices sucb as Rf, d50c and m CID be dctermiDed. If»~

(quatÏOD (parameler Plin-model-fit-optimized)
(module HYDROCYCLONE)
(precunon PUtt-model-fit-clone is ya)
(tbe-question

"Have you optimized the fit? (yln)

••> ")
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"
(belp

Plia', mocIellDUll be opûmllly fit tG the meuured dala, so
thal the lact of fit il mjnimiud and the model parameten are
die bat estimales. The fit optim j7Mion cm be done usÎDg the
oprimizadOD taol available iD commercial software. "»

(question (parameler poaiûve-Rf)
(module HYDROCYCLONE)

(prec:unon Plia-model-fit-optimized is yes)
(Ibe-quadon

"Have you obWDed • positive Rf'1 (yIn)

••> e)

"
(beIp

To be lNIIIinaful.1be three parameœn of PUa', model,
i.e. cI5Oc, m lDd Rf ..... be poIitive. Tbe ftnt two
puameœn will be oormally positive after oprimjzi0l
die fit.·U



Appenclb B Grindlq Circuits OpdmigtiOD Supenisor (GCOS)

(question (parameter salisfactory-optimal-fit)
(module HYDROCYCLONE)

(precunon politive-Rf is ya)
(lbe-question

"Is the optimi7.cd fit satisfaetory? (y/DIu)

(belp
Plin's model may DOl satisfaetorily fil the measured data

even wbeD the fit optimized."»
(question (paraJDeter classificalion-dala-balanced)

(module HYDROCYCLONE)
(precunon heavy-Iight-pbases is no)

(the-question
"Did you masa balaaœ the raw classification dala? (yIn)

(belp
It is almost a slaDdard procedure 10 mass balance

data befoœ usina them for process analysis. "»
(questiOD (parameter classifieation-data-balanced)

(module HYDROCYCLONE)
(precunon fish-hoot-exislS is no)

(tbe-question
"Did you masa balance the raw classification data? (yIn)
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Il

(beIp
Il is almost a slaDdard proceduœ 10 mass balance

cilla befoœ usÏDI tbem for process anaIysis. "»
(questiOD (parImeIer bump-or-plaleau-exists)

(module HYDROCYCLONE)
(precunon Sllisfactory-opdmal-fit is DO)

(1be-quaûoD
"Doel rbe partition curve bave a hump or plateau in

iDtermediaœ sia ranle? (yIn)

(belp
1biI UDUIUI1 partition curves CID be obscrved due ta

tbe iDdividualllliœnl c1M1ific:a1ioD bebaviour. "»
(question (parImeIer beavy-li&ht-pbllcs)

(lIIOduIe HYDROCYCLONE)
(pncunon bump-or-plaleau-exists il ya)

(1be-queItioD
"Doel die cycloae W CODIIÎD sipifir.aul
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heavy md U&l1t minerai phases? (yIn)
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Il

(help
The presence of these phases causes panitioo curves with

UDusual sbapes wbich CIDDOt he fined by Plin's model.
PUtt's model assumes siDgle-mioeral ores. "»

(question (panmeter ftsb-hook-exists)
(module HYDROCYCLONE)

(precunon hump-or-plaœau-exists is no)
(the-quesdon

"1s there a fisb hook al fine end of the
partition curve? (yln)

--> ")
(help

The tiJb book problem is observed in SODle panitioo curves
wbich caDDOl be fitted by Plin's mode!. "»

(questiOD (parameter classiftcalioo-dala-avallable)
(module HYDROCYCLONE)
(prec:unon PUU-model-fit-done is no)
(tbe-question

"1s clallificalion da available? (yIn)

--> ")
Il

(help
At l_t one set of c1&uificalion clara is neœssary tG

cbaracterize Ille cyclone performance. 'lbe clara set must
iDcJude Dow raIeS, ~ soUcis aod particle sia disaibudon
of cycloœ UDderflow and overOow streaIDS. "»

(question (panmeter clusiftcalion-suae)
(module HYDROCYCLONE)
(tbe-question

"Wbat clusification sllle is Ibis?

p primlry
S secoDduy

"
(help

In SOlDe pllDll a two-stlle clasifiCllion amnlemeDt ÎI
used. The rem tG a secoIIdIry cycloae hII a lIIrIOWer
m.e cliJttibutiOD tbID dIIl of a primlry cyclm.; beace,
die clelllity of iDdividuai miDeraII bal a proDOUDCed effect
GD die clalifiClÛOll."»

(quadoa (pIramcter Rf)
(module HYDROCYCLONE)
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(precunon salisfaetory-oprimal-fit is yes)
(tbe-questiOD

"Wba1 is the estimalcd value of the waœr recovery to
the cycloDe UDdert10w (iD ")?

(help
The willer recovery to cyclone UDderflow is an

iDdicalior of shortooCircuiting or by-pass of solids. ")

(question (parameter m)
(module HYDROCYCLONE)
(precunon salisfaetory.aptimal-fit is yes)
(the-qucstioD

"Wba1 is the estimaled value of the separation sharpness?

(belp
The sepll'lliOD sharpoess is an important iDdicalor of

cyclone efticieocy. "»)
(focus QUERY»

(defrule fit-Plitt-model
(parameter (IllIDe classifieatioDoodaIa·avaïlable)(value yes»
a>
(assen (coaclusioD-teu (teu
Il _ Use a speadsbeet software such as QuanroPro or Excel

to fit Plitt'. model to dala. "»»
(defrule do-sampliD&
(parameœr (ume classificatioD-daIa-available)(value no»
a>
(assert (coacIUlioD-text (teu
Il • Do a circuit survey around the cyclooe(s). Il))))

(defrule optimize-PUtt-model-fit
(paramecer (ume Pliu-model-fit-opcimized)(value no»
->
(assert (conclusion-leu (lat
" • Tbe fit lIIUIt be opliDliml Ulm. a non-lùlear OptimizatiOD toot.

SpradIbeet softwares lIOIDIIlly iDclude tbis fuDaiOD. "»»
(defrule Delllive-Rf-parameter
(panmeœr (ume posinve-Rf)(value DO»
->
(assert (coDdusion-eat (lat
" - WbeD die fit il optimized, tbe fiDal values of estimlled

pmmeren, Rf, d50c lad mllllllt be positive. If DOt, dliI
CID be due to iDc:omplece sia distribution infol'lDllÎOn
of cyclcme sueama for fille size cl..... To solve dûs
problem. Rf CID be calc:ullled fiom cyc10ae overflow
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and UDdert10w solicls Dow rate and percent soUds infOrmatiOD.
1ben. d1e other (wo parameten CID be estimated using the
opdmizadon 1001. "»))

(defrule Delative-Rf-parameœr-2
(parameter (IllIDe positive-Rf)(value 00»
->
(assen (conclusion-teu (IUt
" • It is recommencftd to use a wieler screeninl size ranle in

DCXl cilœit survcy so chat Rf CID be estimaled when model
fittiDl is optimized••»»

(defrule satisfaetory-optimal-fit
(parameter (Dame satisfaetory-optimal-fit)(value unknown»
=>
(assen (conclusion-teX! (tat
• - To check if d1e opcimal fit is salisfadOry or DOt, you

CID examine d1e loodness of fit (or the lack of fit)
criteriOD and also visually evaluale how close is the fitted
curve ta the meaaured data. AllO, the waler recovery to cyclone
UDderflow calcu1a1ecl from ciJcullliDlload, cyclone underftow
lad overflow Oow l'lIeS and ~ solids should be close to the
walU recovery to cyclone UDdcrfIow tiaed••»»

(deCrule balanœ-classificalion-dala
(parameter (Dame classificalion-dala-balanced)(value no»
=>
(assen (coœlusion-teJt (text
" • It is recoJDJDeDded to use balanccd daIa for classification

data aaalysÎI. A beuer loodDess of fit may be obcaiDed using
balaaced daIa••»»

(deCrule iDdi"idual-minerals-bebaviour
(panmeter (ume beavy-Ul1lt-phases)(value ya»
-> .
(aaert (COadusiOD-teU (tat
" - IDdividual miDeral c1usificalioD bebaviour is

the poaible cause of the lack of fit. The Plia
hydrocyc1one model CID ODIy be UICd for tleDdiDl. il»»

(defrule repeIl-sampliDl
(pIruœœr (ume cllllifiCllioD-dala-balaDccd)(value ya»
->
(Ulert (CODC1U1iOD-tat (tat
" - Il ia recom"'ftlded ta cbeck the validity of dira used for

the aualYIÎI. Il mipl be "'Iary to redo sampliDl
teItI ta obcaia re1iable clMlifiCllioD cilla••»»

(defrule UY-fiIIl-hoot-model
(pInmeIer (__ fiIb·baok-ailtlXval..ya»
->
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(assen (conclusion..text (tut
" .. It il recollUDellded ta use a fish hook model such Il one

proposcd by FiDch [1983] tG fit dûs clusificalion daIa
set. "»»

(defrule Rf..very..poor
(panmeler (name Rf)(value ?Rf»
(test (1lUIDberp ?Rf)
(test (> ?Rf SO»
=->
(assen (conclusion..text (text
" .. The efticieucy of the cyclone operation in terms of

the amoUDt of WIIer recoveœd ta the cyclone undertlow
is very poor. It is recommcndcd ta sipificandy reduœ
WIIer recovery ta the cyclone undertlow. "»»

(defrule Rf-poor
(panmeler (name Rt)(value ?Rf»
(test (numberp ?Rf»
(test (aad (> ?Rf 40) ( < =- ?Rf SO»)
=->
(assen (coDClusion..text (tut
" - ne efficienc:y of the cyclone operation in tenu of

the amount of water recoveœd ta the cyclone undertlow
is poor. It ÎI rccomrneMed tG rcduœ Waler recovery
ta the cycloDe UDdert1ow. It»»

(defmle Rf-reasonable
(panmeler (name Rf)(value ?Rf»
(test (numberp ?Rf»
(test (aDd (> ?Rf 30) ( < • ?Rf 40»)
=->
(assen (CODClusion..text (tat
" .. ne efficieacy of the cyclone openlion in terms of

die IIIIOUDl of WIIer recovered to the cyclone UDderOow
is reuonable."»»

(defrule Rf·JOOd
(panmeIer (IllIDe Rf)(value ?Rf)
(test (1lUIIIbeIp ?Rf»
(tat (II1II (> ?Rf 20) « • ?Rf 30»)
->
(aacn (CODClUliOD-Iat (rat
" .. 1'be efficieacy of Ille cyclone operation iD rerms of

die lIDOUDl of "'11er recovered to the cyclODe UDderflow
ia poeI."»»

(defnale Rf.aear-to-rope
(panmeIer (IllIDe Rf)(vl1ue ?Rf»
(tell (DUIDberp ?Rf»
(tell (II1II (> - ?Rf 10)«. ?Rf 20»)
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~>

(auert (coDclusion-text (text
" - 'lbe amount of water recovered to the cyclone UDderflow

ÎI too low. The cyclone operation may be subjected 10

UDderflow ropin.. Thil CID be checked visually. "»»
(deflule Rf-abnormal
(parameler (IllIDe Rf)(value ?Rf»
(telt (numberp ?Rt)
(lest « ?Rf la»
=->
(assen {conclusion-leu (leU
" - The amount of water recovered 10 the cyclone underflow

is exuemely low. Thil is very unusual wim normal
cyclo. OperadODl, aod is normally achievable only wim
an UDdertlow valve for produciog a produet for conveying or
stoekpiliDl. We recolDIIIeDd that you check the reliability of
the daIa"»»

(defNle m-exceUem
(parameter (name m)(value ?m»
(test (numberp ?m»
(test (> - ?m 3»
=->
(assen (parametet (name scparation-sharpaess)(value cxceUent»»

(defrule ss~Uem
(parameœr (name separation-sharpnesl)(value excellent»
=>
(assen (concluaion-text (ccxt
" - ne cyclone sepuadon sharpDesa is excellent."»»
(defrule ID-poor
(parameter (IllIDe m)(value ?m»
(test (numberp ?m)
(test ( < • ?m 2»
->
(1IIeIt (parImeIer (IllIDe sepmtion-sIlarpness)(value poor»»

(defru1e sepltllion-sbarpaeu-poor
(parameœr (DaIlle separalÏOD-sharpDas}(value poor»
->
(1IIaI (CODCIU1ioD-ta1 (tat
" - The cycloDe sepanâon sharpaess is poor."»
(quation (pKamcœr hump-or-pll1e1U-exiIIs-in-double-check)

(module HYDROCYCLONE)
(tbe-questioD

"Doel die partition c:urve bave a hump or plareau in
iDrermedWe slze ranp? (yIn)
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(belp
1bis unusua1 partition curves cao he observed due to

tbe iDdividuai miœral classification bebaviour. -»
(question (parameter heavy-ügbt-pbases-in-double-cbeck)

(module HYDROCYCLONE)
(precunors hump-or-plateau-exists-iD-double-chect is ya)

(tbe-quesUOD
-Doel the cyclone reed coDllin significam heavy

and lipt miœral pbases? (yIn)

(belp
The presence of mese pbases causes panition curva with

a sepllllion sbarpDas of ore lower than that of iDdividual
miDenls. -»)

(focus QUERY»

(defrule separation-sbarpnesa-due-to-poor-heavy-ligbt-phases
(parameler (IllIDe separalion-sbarpness)(value poor»
(parameler (aame hump-or-plaœau-exists-iD-double-d1eck)(value yes»
(panmeœr (IllIDe beavy-Ugbt-phases-in-double..cbeck)(value ya»
->
(usen (conclusion-leU (text
- - 1be cyc10ue sepanlion sbarpaess is poor because of

heavy and liabt phases. -»»
(defrule m-lIOrmal
(parameler (IllIDe m)(value ?m»
(test (1IUDIberp ?m»
(telt (mel « ?m 3)( > ?m 2»)
.>
(1IIel'l (cooclusion-telt (text
- - 1be cyclone separation sharpness is normal. -»»
(defrule aG-qUe1Y
.>
(focu QUERY»

(defrule JO-CODC1U1iOD
.>
(focu CONCLUSION»
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(impon TEMPLATES ?ALL)(impon QUERY ?ALL»

(defrule CIRCUIT::inilial-faets
(circuit DUIDber 1).
a>
(assen

(nollDUlDplfllD
(ume closed-circuit-piDdiDg-is-possible)
(values ya 110)

(menu y a)
(coaven yes»

(nonnumparam
(name ball-mill-discharae-deDsity-too-low)

(values yes no)
(menu y a)
(coDven yes»

(nonnumpanm
(Dame deDsity-eGDtrol-is-a-problem)

(values yes no)
(menu y D)
(CODven yes»

(DOnnumpanm
(DaIlle ball-mill-discharae-size-too<oane)

(values yes DO)
(menu y D)
(conven yes»

(DODDumparIID

(ume baU-mill-discharae-size-too-wide)
(values ya DO)
(menu y a)
(coaven yes»

(DODDumparIID
(DaIlle fresh-feed-coane)
(values ya DO)
(meau y D)
(conveft yes»

(DODIlUDIpIrIID
(DaIlle frah-feed-CODllÏDl-few-fiDes)

(val yaDO)
( ya)
(coaven yes»
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(values ya no)
(menu y n)
(conven yes»

(DODDWDpanm
(IllIDe bip-ball-mill-dischar&e-temperature-required)

(values yes no)
(meou y n)
(conven yes»

(DODDUlDpanID
(DIIDIl hiper~acity-or-finer-grind-required)

(values yes DO)
(menu y n)
(conven ya»

(question (parameter ball-mill-disdwge-density-too-low)
(module CIRCUIT)
(tbe-questiOD

"Is the baU mill discharle deDsity tao low? (yIn)

--> ")
(help

... "»
(question (parameter dcDsity-conttol-is-a-problem)

(module CIRCUIT)
(precunon ball-mill-disdwge-deDsity-too-low is yes)

(dle-question
"Is the dcDIity control a problem? (yln)

(belp
... "»

(quatiOD (parameIer hip-baU-mill-dischar&e-deDsity-required)
(module CIRCUIT)
(dle-quati0D

"Should the baU mi11 dÎldllrle deDlity be
• hip. pouible? (y/D)

--> .)
(hcIp

...•»
(quaûoD (pIruDeœr bi&b-ball-mill-discbaqe..cemperalUœ-required)

(module CIRCUIT)
(pncunon bip-ball..mW-dilcllarp-deality..œquiJed is-aot yes>

(dIe-quadoD
.Sbou1d die bill mi1l dilcblqe leIDpeDlUIe be

• bip • pOII"ble1 (yIn)
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"
(help... If»

(question (parameter ball-mill~e-size·too-coane)
(module ClRCUm
(dJe.questiOD

"Is the bail mi11 dischaqe size distribution
tao couse? (yIn)

"
(help

A clusifier sucb as a hydrocyclone cm be used ta mum
panicles camer tbaD a desired size ta the mill. If»

(question (parameter ball-mill~e-size·too-wide)
(moclule CIRCurn

(precunors ball-mill-discharge-sïze-too-coarse is-no! yes)
(tbe-questiOD

"Is the ball mi11 dischaqe sile distribution
tao 'Nide? (yIn)

(help
A classifier such .. a hydrocyclone cm be used to uarrow

the size distribution of the IfÎDCÜIll circuit produet. If»
(question (parameter hilber-capacity.ar-fiDer-piDd-required)

(module CIRCurn
(precunors ball-mill-discbarle-size-too-wide ÎS-DOt yes)

(the..question
"Is ahi'" caplCity or a fiDer pinel aeeded? (yIn)

(help
A cloud piDdÎDJ circuit caa procas a hiper tOllDlle or

plOduce a fiDer &riDd in complrison witb a bail mill in an
open cimût. If»»

(defrule nm-eircuill
(panmcIer (DaIlle cumDt-lDOdule)(vaiue CIRCUIn)
->
(system cin:uill.exe)
(open circuit.spc cir "r")
(Illert (cin:uit DUD1ber (rad cir»)
(close cir»

(defruJe dOled-dJœit-1fÏDdÏDI
(cin:uit D1IIIIber 1)
->
(1IIeIt
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(question (parameter closcd-cin:uit-griDding-is-possible)
(module CIRCurn
(lhe-question

-em closed ciJcuit Jrindinl be uscd? (yIn)

(help
- ... -»)
(focus QUERY»

(defrule bmd-too-eoarse
(circuit number 1)
(parameler (ume ba11-mill-disclwae-sïze-lao<oatse)(value yes»
(parameler (ume closeci-cimlit-griDdina-is-possible)(value yes»
=>
(assen (parameter (Dame proposed-circuits) (value S6»»
(defrule bmd-loo-wide
(circuit Dumber 1)
'(parameler (ume ball-mill-discbaqe-sïze-coo-wide)(value yes»
(parameIer (name closed-cimût-griDdiDa-is-possible)(value yes»
=>
(assen (panmeter (IllIDe proposed-cin:uits) (value S 6))

(defrule needed-hiper-caplCity-or-fiDer-pind
(circuit Dumber 1)
(parameter (ume hiper-capacity-or-tiDer-grind-required)(value yes»
(parameœr (name closed-circuit-griDdiDl-is-possible)(value yes»
=>
(assen (parameœr (name proposcd-cin:uits) (value S6»»
(defrule CIRCUIT: :query-about-feed
(parameœr (IllIDe proposed-circuits) (value 5 6»
->
(assen
(question (parameter frah-feed-coane)

(module ClRCurn
(Ibe-quesdon

-la the fresh fecd tao come? (yIn)

(help
....»

(question (parameIer fIah-feed-comaiDs-few-fiDes)
(module CIRCUIT)
(Ibe-quadoa

-Does me fnsh feed CODIain few tiDa? (y/D>

(beIp
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" .•• lt»)
(focus QUERY»

(defrule bmd-density-too-low
(circuit number 1)
?f <- (pIraIœIer (name proposed-cimlits) (value S 6»
(pIraIœIer (uame baIl-mill-discharge-deDsity-too-low)(value yes»
(parameler (aame deDsity-<:ODtrol-is-a-problem)(value yes»
->
(retraet ?f)
(wen (conclusion-text (text
" - Circuit 6 is proposed as an altemalive ta the

c:umDt circuit. "»»
(defrule coDlider-cilcuit-5
(circuit number 1)
?f <- (pIrImeIer (Dame proposed-circuits) (value 5 6»
(pIraIœIer (uame fresb-feed-come)(value ya»
(parameter (Dame fresh-feed-CODtaiDs-few-fines)(value yes»
->
(rettaet ?f)
(assen (conclusion-text (text
" - Circuit 5 is proposed as an altemalive ta the
~ cilcuit."»»

(defrule fresb-feed-not-coane
(circuit number 1)
?f <- (panmeIer (name proposed-cimlits) (value 5 6»
(parameter (IllIDe fresb-feed-coane)(value no»
(parameter (Dame fresb-feed-contaiDs-few-fines)(value no»
->
(mnct ?f)
(assen (coadusioD-text (tat
" - Circuit 6 is proposed .. aD altemalive ta the
~ circ:uit."»»

(defrule hip-density-bmd-requiJecl
(ciraait llUDIber 1)
(panmeIer (IllIDe hip-baIl-mi11-di1c1w&e-deDsity-required)(vaiue yes»
(panmeIer (IllIDe closed-circuit-piDdiDa-is-poSlible)(value DO»
->
(auen (COIIClusion-tal (tat
" - (t il reconuœnded tG CODIider addiq IfÙlCÜDl aids ta

die cin:uit."»»
(defru1e hip-cemp-bmd-required
(cin:ui11lUlDber 1)
(pIraIœIer (IllIDe bi&b-baIl-mi11-diJcbarp-~requiJecl)(value yes»
->
(.-rl (CODCIUliOD.fat (tat
" - It il recom"'l'Mled tG COIIIider lddiDI IriDdiDllidI tG
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(defrule load-cirS-facts
(cirtuit number S)
->
(usert

(DOnnumparaDl
(DIDIC fresh-feed-CODtaiDs-significant-fiDes)

(values yes no)
(menu y n)
(conven yes»

(nonnumparam
(DIDIC very-sbarp-classificalion-required)

(values yes no)
(menu y n)
(CODven yes»

(nonnumpuam
(DaIlle overgrinding-is-a-problem)

(values yes no)
(menu y n)
(CODven yes»

(nODDllmpuam
(name coarse-lDIIerial-is-a-problem)

(values yes DO)
(menu y n)
(CODven yes»

(question (parameter fresb-feed-contaiDs-sipificant-tiDes)
(module CIRCUIT)

(precunon very..sbaqKllSlificatioD-requïred ÎS-DOt yes)
(dIe-quesùoD

-Dacs tbe ftab fecel comain sipificaDt fines? (yIn)

676

-
(heIp

...-»
(question (pIrameter very-lbarp-c1aIIificalioD"requiJed)

(maclulc cmcum
(dle-quesû0D

-la il required ta bave a very sbarp elasificalioD? ~/D)

-
(belp

...-»
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(module ClRcurn ­
(tbe-quatiOD

"II there aaotber circuit ruDDÎDl in parallel? (yIn)

677

"
(belp

... -»
(question (paramcter larae-reduction-ra!io)

(module CIRcum
(the-quesÛOD

"la the redUdioo ratio larle? (yIn)

"
(fIelp

...-»
--> If)

(question (parameler oveqrindiDg-is-a-problem)
(module clRcum
(dle-qucstiOD

"la over piDdÎDg a problem? (y10)

(help
...-»

(question (parameter coane-material-is..a·problem)
(module CIRcum

(precurson overpiJldiDa·is·a-problem is-OOI yes)
(dle~OD

"Ale thcre couse JDIIeriaIs iD circuit procluCl
c:reatiDI mewlurpeal problems? (yIn)

--> .)
(beIp

...-»»
(defrule '-10-6
(cimùl number 5)
(puImeIer (IllIDe fiesh·feed-œDllÎlll-sipifiClllt·ftDes)(value ya»
(puImeIer (IllIDe very.Ibarp-cIuaifiaIOIl.required)(value no»
->
(1IIIft (CODCluaion-eat (tat
• • Cin:uit 6 ia propoMd • ID a1lerD11ive 10 the

c:uneat cilœic. SiDce die freIb feed il vfIIY fiœ
a pre-duaificalioD confipnlion ia pret'ered.-»»

(defrule , ...7·8·9
(cUcuit number 5)
(parImeIer (name very-sblrp-c:1Mlifl.required)(valuc yes»
(pIIIIIIIIIr (11IIIII oveqriDdiq-il+pmblem)(vaiue DO»
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(parameter (DaJDe coane-material-is-a-problem)(value no»
z>
(assen (conclusion-text (text
" - Circuits 7, 8, aDd 9 are proposed as alternatives to the
~c~t."»»

(defrule 5-co-7-8-9-over-griDd
(circuit number 5)
(parameter (ume very-sbarp-clllliticalioD-requïred)(value yes»
(parameter (name overgrinding-is-a-problem)(value yes»
=>
(assert (conclusion-text (text
" - Circuits 7, 8, aad 9 are proposed as alternatives to the

currem circuit. However. due to the over grinding problem
circuit 11 is prefened. "»»

(defrule S-1O-7-8-9-couse
(cin:uit Dumber S)
(parameter (name very-sharp-e:lassificatioD-required)(value yes»
(parameter (name coane-material-is-a-problem)(value yes»
=->
(assen (conclusioD-text (tut
" .. Circuiu " 8. aad 9 are proposed as altemalives ta the

curreDl circuit. However. due to baVÎDg come awerial
in drcuit product. circuit 7 is preferred. "»»

(defrule usen-circuit+questiODS
(cin:uit Dumber 6)
->
(assen

(DODDumplrllD
(Dame f'resh-feed-comaiDs-significant-oversize)

(values yes DO)
(meau y D)
(coDven yes»

(DODDumpUIID
{DIIDI overpiDdinl-is-a-problem>

(values yes DO)
(meDU Y D)
(cœven yes»

(DOIIDUIDpaI'IID
(ume very·sbarp-cJ..ificalioa-nquired.)

(val.. Y. DO)
(.... yo)
(CODven yes»

(quaùoD. (pInmeter overpiDdinl-is·..problem)
(module CIRCUIT)
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(precunors very-sharp-cl.iftcalion-requïred is yes)
(tbe-question

"Ia over JriDdinI a problem? r;/n)

(beIp
..."»

(question (parameter f'resh-feed-COnWns-significam-ovenize)
(module CIRCUm

(precunon very-sharp-classificalion-required is-DOl yes)
(tbe-question

"Does the fresh feed comain significant ovmize? (yIn)

(help

... "»
(question (parameter very-sharp-classificaûon-requïred)

(module CIRCurn
(~on

"Ia it required to bave a very sIwp c1usifieation1 {:JIn}

(he1p
" ... "»)
(focus QUERY»

(defrule 6-t0-5
(circuit Dumber 6)
(parameœr (name very-sharp-c1assificaûOD-required)(value no»
(pUllllCler (name fresh-feed-comaiDs-sipificant-ovmize)(vaiue yes»
->
(assen (coDduaion-œu (rai
" - CiJeuit S is pIOpOIed • ID alremaûve ta the
~ cbncuit."»»

(defrule 6-DO-OverariDdiDl
(cimait DWDber 6)
(parameœr (Dame very-sharp-c1assification-requiled)(value yes»
(parameœr (Dame overpiDdiq-il-a-problem)(value no»
->
(1IIaI (coDdusioD-teIt (lat
" - Cilcuils 7 lIId 8 are propolCd u allemalive to die

cumDl circuit."»»
(dcfru1e 6-ovcqriDdiDa
(circuil DUIIIbcr 6)
(pIrImIIer (Dame very-sblrp-dUlifiCltioa-requiled)(value yes»
(pIrImIIer (IllIDe overpiDdiq-iI+problem)(vllue ya»
->

679



Appeadlx B Grindinl Circuits OptimizatioD Supervisor (GCOS)

(assen (coaclusian-text (text
- - Circuiu 7 and 8 are proposed as a1temacive la the

curreDt circuit. Hawever. dut ta the over griDdiD&
problem, circuit 8 would be pœferred. -»»

(defnlle usen-circuit-7-questioDS
(circuit nomber 7)
->
(usen

{UODDumparam
(name fresh-feed-CODtaiDs..significant-fines)

(values ya no)
(menu y a)
(convert ya»

(nonnumparam
(DIDIC overgrinding-is-a-problem)

(values ya no)
(menu y a)
(coovcn yes»

(DOnnumparaDl
(IllIDe secondary-cyclooe..UDderflow-density..is-low)

(values ya no)
(menu y a)
(convert yes»

(DODDumparaDl
(IllIDe ball-mill-dcDsity-is..too-low)

(values ya no)
(menu y n)
(conven ya»

(DOnnumpanm
(IllIDe prlmary-eyc1one-fced-deDsity-is-bigb)

(values ya DO)
(menu y D)
(COIlvert yes»

(DODDUIIIpIlIID
(IIIIDI prlmary-qcloae-efficieac:y·iJ..low)

(vl1ues yes DO)
(menu y D)
(CODvert ya»

(queadoa (parameter prlmary-eyclOllHfficieacy-ïs-low)
(module CIRCUIT)
(tbe-quesûoD

-la die primary cycloae clUfiClliOD eflicieacy 10'111 (yIn)
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=-> .)
(help

....»
(question (parameter primary..çyclooc-fecd-deDsity-is-bigh)

(module CIRCurn
(precunors primary..çyclooc-efficiency-is-low is yes)

(dle-quesdon
"ts the primary cyclone feed deDsity bigh? (y/a)

=-> .)
(help

... It»
(questioa (parameter over&riJJding-is-a-problem)

(module CIRCurn
(dle-qUestiOD

"15 over grinding a problem? (yIn)

681

"
(help

...It»
=-> .)

(question (parameter fresh-feed-coataiDs-significant-fines)
(module CIRCurn

(precursors overpindiDg-is-a-problem is yes)
(dle-questiOD

"Does the fIesh fecel coDIIiD sipificaDt fines? (yIn)

It (help
....»

(quesùOD (parameter secondary..çyclone-uudertlow-density-is-low)
(module CIRCUIT)

(preeursors baIl-mill-deDsity-is-too-low is yes)
(dIe-question

·Ia che secoDdary cyclone UDderflow dellsity low? (yla)

--> .)
(belp

... It»
(question (panmeter ball-mill-deDsity-is-too-low)

(module cntcurn
(dIe-question

·11 die bail mill denlity lOG Iow? (yIn)

•
(heIp

...•)))
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(Cocus QUERY»

(defmle 7to8
(circuit llUIDber 7)
(parameter (name overgriDdinl~is-a-problem)(value ya»
(parameter (Dame fresh-feed-CODtaiDs-significam-fines)(value no»
->
(wen (conclusion-tex! (text
• - Cimlit 8 is proposed as an alternative 10 the

current circuit 10 solve the over grinding problem. "»»
(defrule 7t08x
(circuit number 7)
(panmeter (name ball-mill-deosity-is-too-low)(value yes»
(parameter (Dame secondary-cyclone-UDdertlow-density-ïs-low)(value yes»
->
(assert (coDClusion-lext (teu
• - Circuit 8 is proposcd as an altemalive 10 the

c:umnt circuit 10 solve the deDsity problems.•»»
(defrule 7to1u
(circuit number 7)

(parameter (name primary-cyclone-efficiency-is-low)(value ya»
(parameter (namc primary-cyclone-feed-density-is-hïgb)(value ya»
->
(assert (CODClusion-text (text
• - Circuit 8 is proposed as aD altemalive to the

c:umnt circuit to solve primary classification
efficieucy and deDsity problems."»»

(defnlle 71011
(circuit numbcr 7)
(parameter (Dame fresh-feed<ODtaiDs-significant-fines)(value ya»
(parameter (Dame overgriDdinl..is-a-problem)(value ya»
->
(aaen (coac1usion-text (text
• - Cin:uit 11 is proposed as an a1lemative ta the

curreDt circuit. "»»
(defrule defauit-conc1usioD
(circuit number ?x&-lA-5&-6&-7&-8)
->
(Illert (coaclusion-text (tat
" - Currently. tbere are DO ndes iD the kDowlqe base

dIIl CID he appUed ta the selected circuit.•»»
(clefrule lo-queIy
->
(focUI QUERY»
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(defrule go-conclusion
->
(focus CONCLUSION)

683

;------_._----------------=-===~=================

---_.._----_._-----------..-MOnSIM MODULE

;---=--=_.._-----==-====---======================
(defmodule MODSIM (impon MAIN deCtemplate initial-fKt)

(import TEMPLATES ?ALL)
(import QUERY ?ALL»

(clefcWs COMMINUnON-UNIT (is-a USER)
(role absttICl)
(s10l manufaaurer-oame)
(s10li~aWo~Dwmbu)

(slOI iDstaIlalion-year)
(s10l elecuical-power)
(s10l capacily)
(slOl Del-id (creale-accessor read-write»
(slot DOde (create-accessor read-write»)

(clefclUi TUMBLING-MILL (is-a COMMINUnON-UN1T)
(role abstraet)
(s10l leaam)
(s10l cliamccer»

(clefcl.. BALLMILL (is-a TUMBLING-MILL)
(role abstract)
(siOl media-type)
(slOl media-size)
(mesuae-bandler griDd»

(defmes'lle-haDdler BALLMD..L grindO
(syl1Clll baUmill.ue»

(defclm OVERFLOW-DISCHARGE-BALLMILL (is-. BALLMILL)
(role coacrete)
(panem-1DIIeh reaaive»

(etete... HYDROCYCLONE (is-. USER)
(role coacreœ)
(IICK lDIDUfIcturer-name)
(IICK idemificalion-DWDber)
(siCK jnst.llllioD-Yeu)

(sial ...·id (Cfelle-lCCeIIOf rad·write»
(sloc DOde (create-acceaor rad·write»
(paaem·1IIItCh reaaive»

(defmaup-baDdler HYDROCYCLONE cœaifyO
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(system cyclone.eu»

(defclass JUNcnON (is-a USER)
(role conaeœ)
(paUem-maach reactive)
(Ilot Del-id (create-acceuor read-write»
(Ilot DOde (creaIe-aa:essor read-write»
(mesuae-handler combine»

(dcfmes11Ie-bandIer lUNCflON combinc()
(system junction.exe»

(defclass SPUT (is-a USER)
(role concme)
(paUem-DWd1 reactive)
(Ilot act-id (creale-KeeSSOr read-write»
(slot DOde (create-accesaor read-write»)

(defmaI1Ie-handler SPUT spUtO
(system split.eu»

(defclass FlXCLASS (is-. USER)
(role c:oaaeœ)
(p8ltem-malCh reactive)
(Ilot Del-id (creale-accessor read-write»
(slot DOde (create-accessor read-write»)

(dcfmesl..e-bandler FlXCLASS fbc1asaO
(system fixclasa.eu»

(defclau CONVERGENCE (is-a USER)
(role coacreœ)
(paUem-1DIICh reactive)
(Ilot Del-id (creace-lCCeSIOr rad-Mite»
(slot DOde (creale-aœeuor rad-write»)

(defmeI...e-baDdler CONVERGENCE CODverleQ
(syllem converle.eu»

(deffads MOD51M::iDidai-ticts
(DODIlUIIIpUIID

(ume task-to-do)
(values modelliD' simulalioa)
(1IIeDU ms)
(COIIvert ya»

(.-uœ (panmeIer 1IIk-co-do)
(module MODSIM)
(lbe-quesûon

·WbIlIilt do yOU WIDI to do?
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M model1iDa
S simulation

685

.. (help
Modelling and simulation are two different tasks. To simulate

any cin:uit t a vaUd model of the cimlit must be bullt tirst. "»)

." " " ".".""" "." "." """" "",,.,, ,, ..
1"'It tlttt .t. 1 It " t.t t" t. t. t •••• It" Itt •• It t ••••• Il' '" It't It ,., 1 1 1 III "'"

;;; START > wk-lO-do: modelling
" .. """."." ".. "."" "." " "." " " "" .. "" .. "."""." ",,.,, .
• Il ""'" l "'t,""""t. ,t It""",., tt t, t. tt •• " ••"""".".,,,,.,,.,,, 1

(defmle load-modelliDg-parameten
(parameler (oame wk-to-do) (value modelliDg»
->
(assen

(noanumparam
(ume study-phase)
(values preliminary detailed)
(menu p d)
(conven yes»

(nODDumparam
(name one-data-set-available)
(values yes no)
(menu y D)
(coDven yes»

(DODDumparIDl
(name dara-set-balanœd)
(values yes no)
(menu y n)
(conven yes»

(DOIIDUIIJPII1Dl
(IllIDe breaka&e-fuŒtion-lalown)
(values yes 110)
(menu y D)
(conven ya»

{DOIIDUJIIPIDID
(IllIDe selection-fuDction-lmown)
(values yes 110)
(menu y n)
(convert yes»

{DOIIDUIIJPII1Dl
(IllIDe selection-fuIIcûoD..,mmarion-medlod)
(values scquemial-iDrerval-by-iDlerval fuD:tioDal-form-bued-search)
(1DIDIl s f)
(convert yes»
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(nonnumparam
(name nd-Iœown)
(values yes no)
(menu y n)
(conven ya»

(DODDumparam
(name Plitt-adjusl-faeton)
(values yes no)
(menu y n)
(conven yes»

(DODDumparam
(ume mn-nl0te)
(values yes no)
(menu y n)
(conven ya»

(DODIlUIIIpUlDl

(ume ruit..rtdbodl)
(values yes DO)
(menu y n)
(conven ya»

(DODDUlDpUlDl

(ume selection-function-sbows-trend)
(values ya no)
(menu y n)
(conven ya»

(IIODDUJIIPUIDl
(IllIDe selectïon-fuDction-shows-noïse)
(values ya no)
(menu y n)
(CODVen ya»

(DOIIDUJIIPII'UD
(1IIIIIIe DOise-in-lOp-lize-c1uses)
(VIlues ya no)
(menu y D)
(CODVen ya»

(question (parameœr braka&e-fuDctiOll-laIowo)
(module MODSIM)
(dle-queslion

-II die brakale fuDaioD of che ore available? (y/a)
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-
(be1p

Tbe bleaka&e fUDcûoD is ID on-depeDdem parameœr of bail mill
c1MIicIl mode!. It lDOIt be laIoWD iD order to fil model tG rai
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(question (parameter scIection-function-lmown)
(module MOOSIM)
(precunors breaka&e-fuDction-known is yes and rtd-Imown is yes)
(tbe-question

-Have you estimated the value of selection function
for each size clus? (yln)

687

-
--> ")

(help
Seledion function is required by the BMCS simubuor for ead1 ball

mill UDit which exists in the circuit and must be given in the data
file prepared by the user. 'Ibis parameter can be determined by
nmniD& NGOTC program. "»

(question (parameter nd-Imown)
(module MOOSIM)
(tbe-question

-Have you determiDed parameœrs of WeUer's model
thal describe raideDce lime distribution (RTD) of
saUd malerial tloWÏDg through the mill? (yln)

"
(help

1b.ree parameten of Weller's modcl,Le. tau plug flow,
IIU sma1l perfect mixer aDd tau large perfcet mixers are
required to fit bail miU mode1.-»

(question (paraJDeter one-dala-set-available)
(module MOOSIM)
(Ibe-question

-11 there Il least one griDdiDl data set available to estimale
the selection fuDction(s)? (yIn)

-
--> -)

(belp
At lait one JfÏDdiDI daIa set il œeded tG estimale a

mi1l selection fundiOD. ")

(pnlcunon nd-ImoWD is ya lad brataae-fuDctioD-lmown is yes aDd
selec:tioll-fuDdioD-lmown is DO»

(quadOD (parameter daIa-set-balaDCed)
(module MOOSIM)
(lbe-question

-Have you already balmeed cIaIa? (yIn)

--> -)
•

(belp
It il beUer tG use hllmeed daIa tG eslimale mill selection

fuactiODl••)
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(precunors onc-dara-set-available is yes»

(question (parametcr sNdy-phase)
(module MODSIM)
(the..questiOD

-What type of sNdy are you doing DOw?

P prelimiDary
o detailed

688

-
(help

If the study is in a prelimiDary slalet SOlDe iDfOrmatiOD œeded
for modclling tut cao be assumed. If a detai.led study is
exœrsisedt more acc:uraIe information migbt be needed. "»

(question (parameter selection-functioD-shows-treDd)
(module MODSIM)
(the-questioD

-Dacs the selection function vs. panicle size show
a clear tteDd? (yIn)

(help
If)

(precurson selection-functioD-known is yes»

(question (parametcr selection-fuDction-shows-noise)
(module MODSIM)
(Ibe-question

·11 dIere noise iD the selection fuDctiOD vs. panicle
size daIa? (yIn)

(belp
.)

(precunon seleenon-ftmctioD-mows-treDd is yes»

(question (parameter aoile-ÎIl-top-lize-c:luaes)
(module MODSIM)
(Ibe-question

"Does tbe noise exist iD the top size classes? (yIn)

••> If)
(belp

-)
(pncunon selectioD-ftmction-iboWl-aoÎle ia ya»

(quatioD (paramcter selec:doa-fUIK:âoIl-arimMion-medaod)
(module MODSIM)
(tbe-questioD
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"Wbich method did you use CO estimalc the mill
selediOD function?

S scqueDIial iDrerval-by-iDterval seardl
F use of funcûooal forma of selection functiODS

(help
Il)

(precunors selection-fùDdion-lmown is yes and study-pbase is detailed»)
(focus QUERY)

(defrule use-typica1...bf
(panmeler (name tasIt-co-do) (value modeUinl»
(panmeIer (name breakaie-fuDction-known)(value no»
(parameIer (Dame study-pbase) (value preliminary»
=>
(assen (conc1usion-text (tut

- It il recommended to use the breakage function of a similar
ore for a pre1imiDary 'Nort. For very accuraœ simulations, you
would bener off ta determiDe the breakage fuDaion of the ore
usiq répreseDWive samples of the ore. "»»

(defrule œ.rough-sf-bf
(paramecer (name task-to-do) (value modelliDl»
(parllllller (name breakage-function-Iœown)(value no»
(paramcœr (DaIlle study-phue) (value preliminary»
->
(1SICrt (COŒlusion-texl (text
Il _ Althougb the aaual ore breakage fuDCtion is unavailable,

il il SIill possible ta esûmaIe the selection fuDction using
typical ore breakqe fuDaiODl. For a deIailed study,
however. you may need ta measure the breakage functiOD. "»»

(defrule do-rough-sf...nd
(paramecer (Dame wk-to-do) (value modellinl»
(panmeIer (name nd-Imown)(value no»
(panmeœr (Dame study-pllaM) (value preliminary»
->
{..-n (coaclusion-text (leU
• ... Allbough die acaW RTD panmeœn are UDlvailable,

il ÎI sâ1l possible tG estimIIe tbe selection fuDction
UIÎDI typical valua. For a cIeIaiIed SIUdy, Ilowever. you
ilia)' aeed tG meuure RID.•»»

(defrule do-bf-tests
(panmefer (IllIDe taIk-to-do) (value modelliD'»
(panmeIer (name breakqe-fuDctioD-kDown)(value DO»
(pIrImefer (IllIDe study-pllaM) (value detailed»
->
(.... (coaclusioD-texl (lat
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- [1 is recommendcd to determine the breakage function
of the ore usinl representative samples of the ore and
labomory procedures. -»»

(defrule do-mass-balance
(panmeter (name task-lO-do) (value modelling»
(panmeter (name selection-fuDction-lœown)(value no»
(parameœr (name dala-set-balanced)(value no»
->
(assert (conc:lusion-text (text
- - [t is recommencfed tG use mass balanccd daIa for selection

fuŒtion estimation. Vou must use a mass balance software
tG fim adjust raw daIa. -»»

(defrule post-to-do-sf
(parameter (oame task-lO-do) (value modelliDl»
(panmeler (name breaka&e-fuDction-lmown)(value yes»
(panmeler (name nd-Imown)(value ya»
(panmeter (name daIa-set-baianced)(value ya»
(panmeter (name selecûon-function-Imown)(value DO»
->
(post
- - The NGOTC program must be rua to back-calculale the selection

function based on the available data sel. The user, however t

must be familiar to use the program.-)

(assert (ut-to-run Dgote»)

(defrule use-rypica1-nd
(parameter (name task-to-do) (value modeUiDgl)
(parameter (Dame nd-Imowa)(value DO»
(parameœr (name study-phase) (value prelimiDary»
->
(assert (coDClusion-text (tex!
- - It ia recommended to use typical values for WeUer's

model parameœn such. tau PF-O.I, tau SPM-O.llIId
tau LPM-O.7 Il a stIDdard baU mill feed raie. -»»

(defrule do-mar-test
(parameœr (oame task-to-do) (value modeUiDl»
(parameœr (name nd-Imown)(value DO»
(panmeter (ume study-pbue)(value deIailecl»
->
(Illert (coDClusion-tut (tut
• - Il ÎI recommended to do plllU tnœr tests to dctamiDe

RTD mode! parameœn.-»»
(dcfrule DIote
(llk-co-nm Diote)
->
(auert
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(qucstioa (parameter nm-ol0te)
(module MODSIM)
(the-questiOD

"Would YOU lite the NooTe program to be rua? ~/D)

(heIp
" If YOU answer yes, GCOC will aucoDWically stan the NGOTC

propam for you. "»)
(focus QUERY»

(defrule nm-Dgotc-prognm
(parameler (Dame nID-Diote) (value ya»
a>
(system Dl0te.eu»

(defrule check-sf
(parameter (name task-to-do) (value modellinl»
(parameœr (Dame selection-function-sbows-treDd) (value DO»
->
(assen (coaclusion-œu (tut
" - 1'be estimaIed selection fuDction may DOt be valU!.

Normally, a selection flmctiOD vs. panicle size c:urve
shows a linear treDd Il fine si.ze ranle followeci by a
aon..liDear treIId Il come sizes. It is recommeruled to
check the validity of the selection fuDctioo before
UIÎIII it for the cm:uit simuladous. "»»

(defrule sf-ok
(puameIer (IllIDe task-lCHIo) (value modelliDl»
(puameIer (DaIlle selec:tion-fuDction-shows-treDd) (value ya»
(puameIer (Dame selec:tion-tUDcdon-sbows-noise) (value no»
->
(assen (conclusion-text (tat
" .. Tbe estimaICd selection fuŒtioo _ms ta be valide

Normally, if selection fuDclion VI. panide size curve
bal • clar treIlclllld tbae il DO sipifiCIDI DOise iD
dira pIIticu1arly Il come size c1ItIes, il indiClleS a
relilble estimDd selectioa fuDl:lion. "»»

(defnlle cbeck-SCI'CCIIiD&
(puameIer (Dame tIIk..co-do> (value model1iq)
(parImeIer (name se1ec:tiOD-fuocIion-sbows-aead) (value yes»
(pIrImeœr (Dame' se1ectiOD-fuDclion-sbows..aoile) (value yes»
(parametIr (Dame ooile-iD-cop-size-c1auel)(value ya»
->
(.... (coaduaion-tat (rat
• .. 1'be estimaICd selection fuœtioa il valicl for fille size

cIaues. However, for Ibe top size clIaa, die seIecIion
fuDaioD values IDIY be UIICedIÎIlIIId emIic due 10 saeeDÎDl
enon, if tbere il very Utde IIMI iD top size c1uIa."»»
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(defrule smaIl-screeninl-errors
(panmeœr (Dame wk-lCHIo) (value modelliDg)
(p1l'llDlter (Dame selection-fuDctjon-shows-treDd) (value ya»
(panmeter (Dame selection-fuŒtioD-sbows-noÏJe) (value yes»
(panmeœr (name noise-in-lop-size-duses)(value no»
->
(assen (cooclusion-text (leU
.. - If die noise level is low aud distributed over the full

sia sile raDie, the estimaIed selection t\mction is still
valid. However, for SimularlOD purposes, it is bener to
smooth me selection fuDctjon values by the spline curve
fiUinI algoridun••»»

(defrule use-fuDctional-forma
(panmeœr (oame Wk·lo-do) (value modelliDl»
(pUllllClCr (Dame selecdon-function-eltimaûon-method) (value sequential-ïnterval-by-interval»
(panmerer (Dame study-phase)(value c;Ietailed»
->
(assen (conclusion-text (teU
Il _ As tbis is a deIailed study, it is recomrnended to use other

selection fuDction estimation med10ds • weil. For example,
(1) use more thm one daIa sel (2) metbods based on assumed
fuŒtioDal forma of selection fuDctiODS CID he used. The best
selection function vedor then CID be found by the analysis
of raults from vlrious methods."»»

{defnale use-sequeotial-iDlerval-by-imerval
(panmeœr (ome wk-to-do) (value modeUiDg»
(parameIer (Dame seleclion-fuDction-esûmalion-method) (value functional-form-based..search»
(parameIer (ume study-pbase)(value deIai1ed»
->
(assen (coDCIusion-text (leU
Il _ As this is a derailed study, il is recommeaded 10 use other

selection func:tion estimation medaods u weil. For eumple,
(1) use more thm of daIa set (2) sequeatial ÏDterval-by-
imcrval search method cao he uscd. The best selection function
VeClOr then CID he foUDd by the lDIlysis of results from various
medlods."»»

..................................................................................""""..""..,'",..,,tI"..,",.." '" ..,'..,,",,,.,,.,,",,,.,,.,,"'"
;;; END > task-lO-cio: modelliDa.............................................................................
,ft""',.,.,""',., '" "~ft,"""'" "",.,""""' ••,"'".. ,".,.,,' ""

.............................................................................
"''''''""ft""""'''' ft,'" l ,ft'" ft ft.,.,,,,,,,,,,, ,,,.,,,.,"""",.,
;;; START > taIk-bMIo: SimulaliOD......................, .
"" ..,',.,.,"""',.,,"n,n, '''''' tI' ,.".,""" ..,.,,'"" '''''''' , .. "

(defrule MOD51M::lOld-simuIIÛOD-parIIIIIICIS
(pII'ImeIer (IllIDe taIk-co-do) (value ,i.dlÙOD»

->
(auert
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(noDDumparam
(oame moc1elling-done)
(values ya no)
(menu y D)
(conven yes»

(ooDftnmp't'lID
(aame user-dalafile)
(values ya no)
(menu y n)
(CODven yes»

(OODDumparam
(IllIDe nm-bmcs)
(values ya no)
(menu y 0)

(conven ya»

(question (parameter modeUiDg-done)
(module MODSIM)
(Ihe-question

-Have you already doue the modeUiDa step1 (y/D)

(help
- The BMCS simulalOf must be calibrated and tested belore it can

be used for any circuit simulaliOD. -»)
(focus QUERY»

{defrule modelling-tirst
(panmeœr (oame modeUina-doDe)(value no»
->
(post
- Vou oecd lO build a model of your circuit by calibratiol

BMCS simulator. In modeUing step, vuious model parameters
liliiii be estimated. -)

(auert (modelliDa fint»)

(defrule do-modeUiDg
(modelliDl first)
->
(1IIeIt
(IIODDUmpU'IIIl

(DIIDe sbift-lO-mocieUiDI>
(values ya DO)
(menu y D)
(collven yes»

(qualiOD (panmeIer sbift-co-"'Odellina)
(module MODSIM)
(tbe-questiOll
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·Would you lite to shift Cocus to modeUing? (yIn)

(heIp
If you want ta do modeUiDI tait answer yeso "»)

(focus QUERY»

(clefrule go-modeUing
1f <- (parameter (Dame task-to-do) (value simulation»
(parameter (name shift-to-modelliDg)(value yes»
->
(rettaet 1f)
(assen (parameter (name task-to-do) (value modelling»»

(clefrule cIo-simuIation
(paramecer (1WDe modelliDg-doDe)(value yes»
->
(post
• The BMCS program CID be nID DOW ta simulate the grinding circuit.

It is expected that the user be familiar with the program and be
able ta prepare the correct data file. ")

(uscrt (ast-to-mn bmes»)

(ciefrule bmcs
(ask-to-run bmcs)
=>
(a1Seft
(question (parameter mn-bmcs)

(module MOCSIM)
(the-question

·Wouid you lite to stan a simulation trial? (yIn)

(belp
OCOC will automaticaUy stan a pre-simulation program in case of

a yes IDSwer••»)
(rocus QUERY»

(clefrule nm-presim
(pmmeIer (Dame nm-bmes)(value yes»
->
(system presim.exe)
(open cin:uit.spc i ·r-)
(biDd ?cinpc (Rad i»
(cloae il
(if (eq ?cinpc wt)

dIeD
(priDIoul t crlf crlf crIf
• This circuit CIIIIIOt be ,imnl"ed wilb die c:urreDt version of BMCS••)
(prÎIIIOUl t crIf crlf - PI... preu IJJY Dy tG CODdDue ••• -)
(aystIID presskey)
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else
(if (eq (check-simulalion-swus simseat.lst) exit)

tben (assen (simulation stalUl exit»
else Ooad-facu cirfaet.lib)

(assen (praim doDe»»)
(defrule let-cirno-convnodenum
?fl <- (presim doue)
->
(retratt ?ft)
(open ciralit.spc i "r")
(open cvq.1st cvrg "r")
(bÏlld ?cimo (read i»
(biDd ?convrgnodenums (read cvra»
(close i)
(close cvq)
(usert (circuit number ?cimo»
(assert (convergnodenums ?convrgnodenums»
(assen (c:urrent-iteration 1)
(printout t crlf crlf crlf crlf crlf»
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(defrule aeaœ-iDstanees
(circuit lllIDlber ?cimo)
(circuit ?cimo ?node ?DOdetype ?id)
->
(if (eq ?nodetype 1) then (make-instaDce (sym-eat "BALLMILL-" ?id) of
OVERFLOW-DISCHARGE-8ALLMILL (node ?node) (net-id ?id»)
(if (eq ?DOdctype 2) men (make-iDsWlCe (sym-eat "HYDROCYCLONE-" ?id) of HYDROCYCLONE
(DOde ?Dode) (net-id ?id»)
(if (eq 1Dodetype 3) theD (make-insWlCe (sym-eat "JUNcnON-" ?id) of JUNCTION (node ?node)
(Del-id ?id»)
(if (eq ?Dodel)'pe 4) theD (make-instaDœ (sym-eat "SPLIT-" ?id) of SPUT (DOde ?Dode) (net-id ?id»)
(if (eq '1Dodetype 5) men (make-iDstaDœ (sym-eat "FlXCLASS-" ?id) of FlXCLASS (DOde ?node)
(Del-id ?id»)
(if (eq '1Dodetype 1(0) then (mate-instance (sym-eat "CONVERGENCE-" ?id) of CONVERGENCE
(DOde ?Dode) (net-id ?id»»

(defrule do-iteratioD
(c:urreDl-iteralioD 1iter)
(DOt (simu1llion completed»
->
(priDlout t crlf " lTERAnON " ?iacr)
(Illert (cumDt-DOde 1»)

(defru1e call-nocle-obj-l
(cumIII-aodc 1DOde)
101 <. (objCCl (il-a OVERPLOW-DISCHARGE-BALLMILL)(DOde?Dode»
->
(sead (hwenee-DaIIIe ?01) piIId)
.(if (eq (cbeck-simulaàOll-IIIIUIIÎIIIItII.lst) ait) thea

(auen (simu'lIion lIIlUI ait»
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else (assen (nen Dode»»
(defrule call-Dode..obj-2
(cunem·oode ?Dode)
?01 <- (object (is-a HYDROCYCLONE)(node ?node»
->
(sad (iDstance-name 101) classify)
(if (eq (check-simulation-staNs simllal.lst) exit) then

(usen (simulation stahII exit»
eJse (assen (next node»»

(defrule call-node..obj-3
(curreDt-Dode ?node)
?01 <- (object (is-a JUNCTlON)(node ?node»
=>
(sad (iDstanœ-name ?01) combine)
(if (eq (check-simulation-swus simltal.lst) exit) then

(assen (simulation swu exit»
else (assen (oext Dode»»
(defrule call-node-obj-4
(curreDl-DOde ?node)
101 <- (object (is-a SPLIT)(node ?Dode»
->
(seDd (iDstance-oame ?o1) split)
(if (eq (chec:k-simulatiOD-SWUS simslal.lst) exit) then

(assen (simulation swus exit»
else (assen (oext node»»
(defrule call-node-obj-S
(cuneDt..DOde ?node)
101 <- (object (is-a CONVERGENCE)(DOde?node»
->
(sad (instance-name 101) convqe)
(if (eq (check-simulation-stalUIIÎIDItat.Ist) exit) men

(assen (simuladon staIUS exit»
elle (uaert (next node»»
(defrule aext-oode
1fi <- (c:urrent-DOde ?Dode)
(circuit number ?cimo)
(circuit ?cima numbef-of-DOCIes?D)
(DUt DOde)

->
(œII'ICl m)
(if« ?Dode ?n) men (assen (c:urrent-aode -(+ ?Dode 1») elle (assen (check converlence»»

(defrule check-conveqeaœ
?fi <.. (check conveqeaœ)
?t2 <.. (current..iteralion 1i1er)
->
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(retnet ?fi ?fl)
(system simcont.exe)
(open simsw.lst sim "r·)
(biDd ?StalUS (read sim»
(if (eq ?swus compleœd) thm (assen (simulation completed» (system repgen.exe)
else (Illert (current-itenlion -(+ ?iter 1»»

(close sim»

(defrule simulation-stop
(simulation status exit)
->
(assen (conclusion-text (text
• - The simulation data file must be conected before tryÎDg again. "»»
(defrule do-sampling
(panmeler (name calibradon-done)(value no»
(parameœr (name two-dala-sets)(value no»
->
(assen (conclusion-text (text
• - To bulld a grinding cin:uit model al leut (WO daIa sets

are needed. One data set is required for the estimation
of unit model panmeten and anotber one is needed to
validate the model bullt bued on the fint data set. It
is recommended dW plaDt sampling campaigns to be donc
for calibration of the BMCS simulllOr. If»»

(defrule estiDwe-selectiOD-ftmction
(parameler (name calibndoD-doae)(vaiue no»
(panmeIer (name two-dala-seu)(vaiue yes»
(parameler (name selectioD-functioD) (value DO»

->
(post
• 1be NOOTe proaram must be nID ta bact..calculale selection

ftmction basal on aD available daIa set. 1be user, however,
lIlUIt be familiar co use the propam••)

(usert (ask-to-run nlote»)

(deflule no-circuit-dala
(cunem-Dode ?node)
(cin:uit number ?cimo)
(DOl (cimlit ?cimo ?node ?Dode-type ?id»
(DOl (DOdenums ?cimo ?nodermms»
->
(poIt
• Tbe facts relardiq selecled circuit wu DOt fOUDd in the

kDowledge bue. PI.. lIIeIt die required flClS prior to
10Id lmowledae bile.·»

•••••••••••••• 8 III •••

"""''''''''''''"""""'""" ,., , , " .." ,,""
;;; END > task-uMlo: .inn"MiOD..............................................................................
"" .",..... tilt 1"""" Il ,.". " ...... 1"' " .... , ",..,.,",. Il ....1''' •• '
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(defrule go-query
->
(focus QUERY»

(defnale gG-COnclusion
->
(rocus CONCLUSION)

698

--------------------------------------------------------
CONCLUSION MODULE

:-------==-_••__._-------~==-====================
(defmodule CONCLUSION (impon MAIN deftemplale initial..fact)

(împon TEMPLATES ?ALL»

(defftmction CONCLUSION: :priDlbeader()
(system cls)
(printout t crlf •................................................................

CONCLUSIONS
••••••••••••••••••••••••••••••••••••••••••••••••••••••···········crUO)

(defru1e CONCLUSION::chect
(DOt(rached-conc1usion yes»
(or (coaclusion..text (t9t ?text»(conclusion..string (string ?suing»)
->
(auert (reached-conclusioD yea»)

(defruIe header
(rached-conclusion ya)
->
(prinrbeader)
(pI'ÏDlOUlI " The system readled to the foUoWÏDI conclusions:" crlf)
(usert (prinl conclusions»)

(defrule CONCLUSION::priDt..tat
(priDl CODClusioas)
(COIIeIUlion..tat (teu?lat»
->
(priDIout t crlf crlf ?teu crlf)

(priDIout t crlf • • - > .)
(system presskey»

(defruIe CONCLUSION: :priDt-striq
(priDl CODClusioas)
(coac1uIion-strinl (SUÎDl11UiJq) (UlI 1ql) (aq1 ?aq2»
->
(forma t ?striJll ?ara1 ?q2)
(primout t crlf • - - > .)
(system presskcy»
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(defrule no-conclusion·beader
(DOl(reached.conclusion ya»
~>

(priDtbeacler)
(priDlout t crIf " No conclusion wu round. ")
(prinlout t crIf crlf" Please press my te)' to continue ... ")
(system presskey»

(defrule go-RESET
->
(focus RESET»

699

;~••••=~=_••- ••=••_••_~•••~==._=.================
••_.=.===••_.-••••••~-.=

RESET MODULE

-_..__..._--...._...----
(defmodule RESET (ïmpon MAIN deftemplaœ initial·faet)

(impon TEMPLATES ?ALL)
(impon FUNCI'IONS deffunction yes-or·no-p)
(impon QUERY ?ALL»

(defrule RESET: :reset·and-clear
->
(if (yes~r-DO-p " The current CODSUltatiOD session is terminared.

Would you lite to stan a aew session? (yIn)

••> ")
dia (raet) else (exit»)


