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• ABSTRACT 

ln this thesis a software environment for the Compute~-Aided Design (CAO) 

of multivariable control systems is specified. The main requirements for the CAD 

package was portability and user friendliness. This was achieved by incorporating 

software engineering techniques which determine how software should be specified. 

, designed, implernented and documented. In addition, an examination of the target 

user and the design procedure was performed. 

:\ portion of the package was implemented in order to validate the design spec­

lfiçations The sc ope of the implementation effort was lirnited to the develQpment of 

the necessary software tools and a system identification module. 

The result of the specification is a standardization of the struc~ure of the C AD 

environment. This has several advantages such as increased maintainability. ~xpand­

ability and reli ab ilit y, and in addition, eliminates redundant software d~velopment 
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design tasks but m addition. provide~ an environ ment whereby complex control algo­

rith~ are made avatlable to the user unfamtliar with the many software details 4. 

To accomplish this, several fields of study must be drawn from: computer SCience, 

software engineermg, applied mathematics and control system engmeering. 

\ 

Presently, the development of CAD systemsJor control a'pplicatlons has followed 

the bottom-up philosophy. What thls Implies is that the emphasls IS on the deve 1-

opment of algorithms and the assoclated computational subroutines. Therefore. the 

development of the CAD system involves first assembling a set of computational sub­

~ouitnes and, subsequently constructing a user interaction to contam them. Se~eral 
problems arise from this type of development. First, the computational software if 

not developed with integration in mind, will be difficult to incorporate in a package, 

smce the data structures may be tnCOnslstent. Secondly. the user Interface may be 

difficult to use, smce It has been designed to satlsfy the needs of the computatlonal 

software instead of the user's needs. Thirdly, thls type of development leads to re­

dundant development of many functions which are needed througho.ut the package. . , 

In ad,dition. mamtenance and expansion of such a system IS quite difficult smce they 
-

usually do not have 4 ufuform structure. 
, , 

As a result, the mam objective, of this' thesis IS to speci~y ,~ software envlron­

ment for the compu te"r-alded' design ~nd analysis of multiv~flablè cODtro'l ~ysierris. 

ln addition. the package should hav~ th~ followmg features: portabiltty,'expa~dabtl-. 

liy, reliability and user friendliness. This' is" acco.mplished by incorpor~tmg .sQftware 
-

engineering concepts and techniques which detèrmme how the software should be 

sp-ecifled, designed, implemented 'aIld documentecl.. Furthermor~, an examination of 

the target user and the design task is required, since the success of the user interface 
\. i '\. ; ,," ~ ... ' 

depends on these features·. . 

The thesis is divided as follows: Chapter 2 exammes the. use of CAD for control ., , 

applications an~ 'in addition. a set of general package specifications are presented. , 
Chapter 3 is' <l;n oyerview of the genèral design issues of a CAD system, fo; control. 
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In chapter 4. the package specificatIons are deta,iled .. \ descriptIon of Yiodule One is 
1 

provided in Chapter 5. Chapter 6 provides a sample interactive sessIon. Conclusions 

are provided in Chapter 7. Finally, Appendix A contains the documentation of the 

software tools developed during this project. 

~otation: Throughout this thesis this style of type is used to indicate 

software code. 

'. ' 
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, ., 
This cannot work because the number of equations is missing, and thereJore we 

need; 

CALL solve ( A , X • B • N ) 

Sorne of the shortcorning of this second design are; , • / 

l. The matrix A must be destroyed; otherwise there is no working space for 

the subroutine solve to use . 

2. The user is not warned if A' is singular or if the subroutine solve failed. 

3. The dimensions of the Fortran arrays for A, X, B are not given 

, " 

~ 4., If there are two systems of equations Ax 1 = b1 and AX2 = bz with the 

same matrix, then A IS factored twice. 

5. The computation of A ~ 1 is not efficient because, of the lack of storage 

space. 

, 
Although this is a. simple design, it lacks fiexibility, error recovery and has Fdr-

tran language problems . 

, 1...,....,. 

The followni.g design h~ fewer Shortcomi~' 

CALL solve ( A. X • B. ~ .. l , J. . M. Ml ) 

J 
' where 

~ 

l is the ~umber of rows of A,B • 

'1 
J is the number of columns' of A 

and the rows 'of X , 
-

K is the numb-ér of columns of X,B 
'" 

M is a switch to compute A- 1 

Ml is ftag for the singularity of A 

o 

/ 

", 

, 
.. 
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After deciding what level of flexibility to offer to the user the third question is 

whether to provide an interactIve shell The advantage of the shell IS that it would 

eJiminate for the user the wa'lteful and Ipdiou<, task of constructlng a call1ng program 

whenever he wants to solve a spt of equatiom Therefore an interactive shell is budt 

around the computaI JOnal software and will contain th(' Global DimensIons of the 
\. 
variables ( a Fortran requIren\('nt ), tl1(' IIlteradion or prompts for the data values, 

the control data (i.e whE,ther to complltf' the Inverse' of A ) <lnd error detertlon. 

The error detectJon ensures that the mput data i~ of at Ipast the right type ( mteger, 

rea), character, range.. ) wlllch would of COllrse abnormally termInate the progrdm 

and must be avoided at ail rosts -\n ell.arnple of sueh il. program i~ ~hown below; 

Pregram InterfaceEquatlonSolver 

Declara tions 

Prompts User f or A. B. N. M ... 

CALL solve ( A. X . B. N . I • J • K. M. Ml ) 

IF (Ml lIE 0) THEN 

Prlnt out result 

ELSE 

Pnnt errer message 
\, 

\ 

ENDIF 

END <, 

This example ddnonstrates the tradeoff between developmg powerfu 1 software 

and software which is easy to use. The more flexlbiiity the user IS allowt>d the more 

powerful the software, howevcr, this also !f>ads to software which is difficult to use 

for someone who wants tü solve a simple problem. 



Therefore the most important elements for the development of an InteractIVe 

shell are the problem definitlOn and th~ subsequent interpretation of this defimtion 

into specdic set of objectives. 

It was decidcd that the mam objectIve of this project woulcl be to concentrate 

on the interactive shell instead of the computational software, taking advantage of 

the extensive computational resources embodied in available software librafles, sllch 

as LINPACK [6], EISPACK [ït, and RICPACK ([8i,~91). Ali this software 15 avat/­

able commercially. The important characteristlcs of control computatIon which are 

relevant to an interactive interface shell are, 

1. large data sets 

2. heavy computatlOnal load 

3. require" user 'declsions' or expertize 

'4. large input/output reqUlrements 

In terms of computational software, the objective is ta use existing software 

libraries, and therefore IIttle diSCUSSion 15 necessary If algorithms and computatlOnal 

software were to be designed in. house, a quality management system would have ta 

be designed and implemented to ensure reliability of the software. 

2.2 Survey of Existing Control CAD packages 

In thls section, a survey of the development and use of computer packages !fi 

the field of control and systems engineering is presented. The earliest development 

of computer aided control software was inltiated by educational institutions in necd 

of teachmg and research tools [101. The indus trial sector with the need for the hlgher 

productivity offered by a control computer aided design package was the second mo­

tivating force for development and by 1980 a great many packages had been deslgned 

and were in use by industry_ 



10 

it allows the user to define his own macro commands. However. the added Aexlbility 

adds complexity to the problem of error detection. 

Most existing packages although designed for the expert user are structured as 

a compromise between these interfaces. where for example a C /L is used but the 

arguments of the command are prompted for. See Table 2.1 for a brief Iist of existing 

CAD packages and their features. 

NAME SCOPE INTERFACE LANGUAGE APPLICATION 

CLADP Analysis and Q/A Fortran IV industry / 
Design of Multivariable academic 
Control Systems 

MATRIXx Control design, CIL Fortran 77 industry / 
System Identification, academic 
data analysis and 
Simulation 

ASTROM y,lodelling, CIL Fortran mdustry;' 
Identification, academlc 
Analysis, 
Simulation and 
Design of MIMa 

4- Systems 

UMIST Analysls, Design Q/A Fortran industry / 
and Simulation of academic 
MIMO Systems 

TABLE 2.1 

In brief, the diversity of Control CAD software is great, where the distinguishing 

factors are capability and structure. As a result of the large number of packages there 

exists a great overlap of software and duplication of effort by many institutions. The 

recently published Oak Ridge National Laboratory (ORNL) report [81 cites these 

reasons as the mam motivators for constructing a standard control systems package 

and assembling software from diverse sources. 
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2.3 General Specifications 

The mam objective of the Control CAO package is to create an environment for 

the analysis and design of multivartable control systems. After an analysis of eXlsting 

CAO packages and the preliminary requirerp.ents of the Control CAD package the 

following design goals were adopted; 

1. Package must be developed 50 that it can be used easily, efficiently and 

confidently by an occasional user, and 

2. Allow the user to fully deploy his intuition, ski Il and experif:'nce while making 

use of powerful computational tools. 

The second step in the design procedure was to dertve a set of specifie package 

guidelines whlch would be used in the actual development stage In the early stages of 

development it was decided that the main characteristics of the CAO package should , 

be portability, expandahility, reliability and user friendliness. After examining these 

eharacteristics the following design guidelines were drafted; 

1. Portability: Package should he as portable as possible (written ln For· 

tran 77). 

2. Modular Software: Facilitates changes, extensions, and allows others tü 

easily understand the structure of the package. 

3. Expandability: The package should allow fiexihility in',adding new algo-

rithms, relevent software and modifications to existing software. 

4. Error Detection: Complete error detection should be provided to avoid 

frustration and loss of time for the user. Every level of the package should 
t .i#", 

employ error detection routines and return to the user the source of the 

error. 
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Chapter 3 

\ 

GENERAL DESIGN ISSUES 

In the first stages of development an attempt was made to identify the many 

issues which would influence the design and implementation of the CAD package. 

In this chapter sorne of the general design issues are presented. The nrst section 

will examine the problem of portability and discuss ways to reduce the effect of non­

portable segments. The question of user friendliness and interaction is discussed m 

the second section and m addition the error detection problem is exammed. The 

third section deals with the software design methodology, and furthermore. a list of 

guidelines for proper documentation is induded. 

3.1 Portability 

A program is sald to be portable if it can be transported from one computer to 

another with relatively little effort. Portability Îs thus of key importance III software 

development. This is of course true in the development of the Control CAD package 

because of the varied environments under which the package is expected to operate. 

It is therefore the dut y of the designer ta devise ways to allow programs written for 

one computer to run on another. 

As a first step in the study of portability let us examine how the application 

software mteracts with the programming environment. ln Figure 3.1 the program­

rning environment is shown to be comprised of several indep~ndent layers, forming 

a hierarchical structure, where each level cornrnunicates to the \ayers direcdy he\ow. 



L-t 

APPLI CA TI ON 

LANGUAGE 

OPERATlNG 
SYSTEM 

Fig 3.1 

The highest layer is the application program which is dependent on the language 

layer. which in turn 15 dependent on the operating system services layer. 

-, 

Although portability entalls many programming details, a limited directed discuSSlOn 

of its effects on the package is undertaken. The approach chosen follows the preVIOllS 

discussion and hence this section is divided into the following areas; 

1. prograrnming language 

2. operatmg system services 

In addition a brief overVlew of the special problems related ta the portability of 

graphical software i5 presented. 

, .. 

-----------------------------.... 
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3.1.1 Programming Language 

Fortran was the natural chOlce for the programming language~lven the charac­

teristics of control problems and this selection has been recently substantlated by the 

recommendations of the ORN'L report ~8]. However, two problems of por-tabdity still 

exist. The first problem 15 the current standard of the Fortran language is Fortran 

77 which IS no more than a common subset and many installations offer language 

extensions, sorne of whlch are widely used, Therefore non-standard construc tlOns 

must be aVOlded since they will run on different machines with dlfferent effects. 

The second problem wlth respect to portabtlity is the operating system depen­

dent features of Fortran ï7 14!. These features are most evident when dealing with 

Fortran Input-Output commands. Therefore we shall liinit ourselves to the operat­

ing system dependent features which affect ,the ImplementatIOn of Fortran ii l' 0 

commands. What this means IS that the deSigner need not concern himself \VIth the 

eXistence of a particular LlO command since this is weil documented the Amencan 

~ational Standards Institute ( ANSI ) standard. However, the problern that the 

designer must address is the one of how the 0/ S handles the speclfic Fortran i7 l' 0 

" features . , 

The first feature of the operating system whlch affects the Implementation of. 

Fortran 7i 110 commands is the dirçctory structure used by the 0 . S. In order to 
! 

minimize the effect of vafled directory structures on portabdlty, the directory struc-

ture of several operatmg systems are examined. Vnder the U~IX operatmg system 

the directory structure is tree-like and files are specified by pathnames. This ap­

proach is similar under the VMS (Digital Equipment Corp.) operating system where 

the directory structure is again tree-like but of course the descriptors are not the 

same. These two systems are cornpletely different from sorne IBM operatmg systems 

where there tS no tree structure and the reference to files is completely different. For 

example if a Fortran file 'filename' was to be stored under these different systems the 

three references would look like; 
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3.1.2 Operating System Services 

The operating system offers a wide variety of services and these <l;Fe available 

through the use of system calls resident in application programs. These servIces 

include input-output, error recovery and other general services (e.g random number 

generator) . 

In general to ensure portability the direct usage of operating system calls Ifi 

application programs would have to be disallowed. However in" sorne cases where 

features cannot be otherwise Implemented, their Iimited use has to be accommodated. 

To examine this issue let us examine two important areas of 0/5 services.; run 

time error recovery and Input-Output. As specified in Section 2.3 the package should 

employ error detection and return to the user the source of the error What this means 

is that the package should be equipped with run tune error recovery facdities. A fun 

time errar is praduced when an abnarmal event is detected by the processor. for " 

example, a floating point exception. On most operating systems the default action 

is to clean up and abort, however the programmer may on sorne operating systems 

write an alternative error handling routine. However, as a result of the inabdity 

of Fortran 77 to trap or recover from run time errors, the use of operat~ng system 

services for this purpose is necessary. In addition, it must be remembered that not 

only is the errar recovery procedure non-portable but the cause of the error 15 machine 

dependent. For example, a floating point exception error can be caused by a ftoating 
, 

point overflow which is dependent on the word length of the machine. 

Unfortunately, the use of system services for érror recovery introduces a non­

portable portion and the problem is how to minimize its effects on the overall porta­

bility of the CAD package. The solution used was to segment the non-portable system 

calls by the creation of dummy subroutines. That is, within the package whenever 

error recovery is needed a cali is made to a dummy subroutine which in turn contams 

the system calI. This ensures that the cal! to the error recovery procedure would 
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not have to modlfied but only the contents of the dummy subroutine. This solution 

not only segI1)ents the non-portable èode but in additIon minlmizes the effect on the 

overall package. 

The second 015 service to be considered is rio. Again as stared in Section 2.3 the 

requirement. is ta eliminate from the user the duties of file management. However III 

this case, although Fortran IS not capable of performmg aU the necessary functlOns 

that are required, the use of system services cannot be allowed. The solution in 

this case is to use the full capabilitles of Fortran 110 and in addition leave certain 

functions ( such as the printing and purging of files) as the responsibility of the 

user. This eliminates the' nee,d for ,system cal\s within the code. The justIfication 

for this solution is that the usage of rio system caUs would further complicate the 

portaoility of the package because of the different direetory structures. Therefore 

because of the large problems which would be caused wlth respect to portability the' 

usage of system calIs for the purpose of 110 must be disallowed. 

3.1.3 Graphies 

Graphies has been an integral part of control theory as witnessed by the many 

c1assical techniques such as Nyquist , Frequency Response, and Root Locus plots. 

Graphical output has always given the control engineer the mtuitive information 

some,times lost in extensive numerical solutions. Therefore it IS realized that computer 

graphies can be a useful and powerful aid in the deSIgn of control systems. However 

graphies represents the greatest barner to portability because of the present lack 

of standardization. In this section we will examine graphies as a special kind of 

application program and its related portability problems. As in ail other cases where 

one deals with portability problems the goal is to isola te the non-portable segments 

from the portable ones. In order to accomplish this an examination of the structure 

of graphies software is undertaken. 

In most situations the structure of the graphies software resembles Figure 3.2 

The CAD shell caIls the graphies shell whieh in turn caIls graphies prImitives resident 
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in the support software. The CAD and gtaphiçs shell are part of ehe application layer 

as discussed previously. The supporting software is a collection of these primitives 

such as -MOVE ( X , Y) . which has the effe~t of rnoving the cursor from Its present 

position to the position (X . Y). These graphies primitives transmit. through the 

use of an operating system interface ta the graphics devicè. the control characters 

coptaining the graphIes information. 

" 
. APPLICATION 

GRAPH I CS SHELL 

SUPPORTING SOFTWARE 

GR~PHICS DEVIeE 

Fig 3.2 

Deviee and O/S dependencies are the two features which results in graphies soft­

ware being non-portable. Deviee dependency is clear: certain support software was 

designed to support certain graphies devices. For example, PLOT 10 was designed to 

1 

• J 

... 



20 

support a series of Tektronix terminaIs and only those or others which emulate this 

series of terminais will funetÎon properly. Furthermore. most support systems use 

different syntax for thetr graphies primitives. On the other hand 0/ S dependency 

is a result of the connection between the support software and the graphies devlce, 

which in most cases is accomplished through an OIS interface. As an example under 

the UNIX system the writing to a devtce is synonymous to writing ta a speCial file. 

However, under the VMS operating system the link between graphIes primitives and 

the graphies device entails the use of system calls to asslgn the output channel. 

Two approaches for localizmg these non-portable segments were suggested. The 

first solution was to adopt a CKS ( Graphies Kernel System) [15! standard which 

is described in Figure 3.3. The principle of the G KS solution is that the support 

software IS deviee mdependent and portable. This sol,ution is struetured in layers 

where the graphies shell calls the device independent support software. [n turn. the 

support software calls a devlCe driver. Finally, through the use of an OIS interface. 

the control sequence (graphies information) is transmitted to the graphies device. 

Hence, the GKS solution entails using specifie drivers for specifie devices and different 

interfaces for different operating systems, 

Another approach and the one which was decided upon. is based on the assump-. 
tion that a small set of graphies primitives would be adequate to support the graphies 

requirements of the CAD package. The solution is to use generic names fqr the prim-
/1 

itives and in this way make calls to dummy subroutines which contams the cali to 

the associated primitive in the resident support software. For example. if the dummy 

subroutine PLOTTO (X,Y) was created, then this subroutine would simply cali the 

PLOT 10 subroutine DRAWA (X,Y). As a result, throughout the application layer 

the routine PLOTTO would be referenced instead of DRAWA. Therefore with this 

solution, the support software would have to be substituted for a device of a different 

class by modifying the calls within the dummy subroutines. Of course, this metbod 

, 
-
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1 
GRAPH 1 CS SHELL , 

,II 

1 SUPPORT l NG SOFTWARE J ' 

, 

, 

1 1 
DEVICE DEVIeE DEVICE 

DRIVER 1 DRIVER ~ DRIVER 3 

Fig 3.3 

still forces the designer to create an operating system interface for each system. ,This 

solution is shown in Figure 3.4. 

Throughout this section several problerns related to portability were examined. 

The overall strategy in this respect is: 

1. limited use of non-portable features ( except when Fortran 77 is unable to ac­

complish desired feature) 
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user attnbutes such as education. CAD expenence and how fr'equenel}" the system 

wIll be used by the target user The fo\lowtng speCifications were used to descrtbe 

the.,arget user for the CAD package 

1. The user is a control engmeer wlth a cleu understandtng of the theoretlcal 

formulations of the features mcluded in· the package. 

2. The user has little CAD expertence 

3. The user will be an occaslonal user of the CAD facilities 

3.2.2 Interface Dialog 

The mam problcm with respect to mterface dialog is complex input reqUlrements 

and unmformatlve output In thls section a brief diSCUSSIOn of the factors which 

mfluence the mterface dialog are examined and sorne of the assoclaLed deSIgn decislons 

are presented. This presentatIOn is broken mto three areas; type of interface, input 

and output requlrements. 

As dlscussed previously, two cornmonly used interfaces are, the Questlon-Answer 

( QI A ) and the Command Language ( CIL). A feature of the QI A type dialog 

is a hierarchical ordered menu structure whlch guides the user through the deSign 

procedure. Unfortunately. this mterface can ovcrdetermme the sequence of tasks as 

shown In Figure 3.5 In thls schernc, the progressIOn from optIon X to optIOn Y 

invo\ves the traversal of the whole tree. On the other hand a C / L system allows for 

easy movement wlthm the system. but of course is hard to use by the novice user. 

The cholce of Jhich type of interface to employ depends strongly on the user profile 

and therefore the Q! A dialog was chosen for the package. 

The second are a to be exarnined is interactive Input requirements. There are 

two types of input data, data ta be manlpulated and pararneters to control program 

! 
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MAIN NE NU 

l l 1 
••• 

OPTION 1 OPTION 2 OPTION 3 

r 1 l l 
x • • • ••• y 

) , 

Fig 3.5 

operations. One way to slrnpIify things 1S to set certain control parameters to preas­

signed default values. This is especially useful for parameters or data which usually 

take on certain values, or only used in exeeptional cases The abdity to rnodify these 

parameters must exist if the user wants an unusual value. [n the mteractive envI­

ronrnent of the CAD package the user is given considerable help by the program 

to input a serIes of parameters and/or data values. This heIp is in the form of a 

series of eues or messages whlch ensures that ail input required is provlded and IS In 

the correct order Equally important, lt also provldes a framework for mput error 

detectlOn where each entry is ehecked and corrections can be asked for if an error is 

detected. 

At present most CAD packages allow user interaction via keyboard commands. 

An alternative, because of the recent popularity of the light pen and the mouse, is 

to use mput graphies for manipulatmg the program fiow and perhaps for problern 

description input Graphical input offers an alternative to typing commands to de­

termmeprogram action. The user needs ta be able to choose any of the many actIOns 
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that are appropnate and valid at a glven tlme ln the program. G raphlCally, these 

possible actions may be dlsplayed as menus or light buttons on the display The user 

then merely pomts at the desired action, rather th an typing the analogous command 

on the keyboard. In addition, graphical Input can be used for problem definltion such 

as system descriptions (block diagram mterconnectJon) and perhaps to do graphical 

deSIgn hy mput constraint functlons. However. because of the hardware dependence 

of such devlces this feature would add greatly to the portability problem. Therefore, 

the use of input graphies for the CAD package was not consldered. 

A. discussion of the output requirements of the CAD package 15 the third area 

of interest wlth respect to the interface dialog. Several specifications were used to 

deseribe the output requirements. The first of these is what kind of output 15 required. 

The type rcfcrs to the form of the actual output, for example text, graphical. or 

machme readable. The second is what is the quallty of the oùtput and this refers 

to factors such as permanence, availability and convenience. Within the package ail 

possible output was examIned in this context. 

One of the major problems designers of CAD systems are faeed with is the high 

volume of output. Several techniques for reducing the quantity of output were used 

and are listed below; 

- exarnmatlOIl of what data is really needed 

- refine the problern :50 that t.he output expresses more concisely what tS 

needed 

- remove intermediate output inserted at an earlier stage to aid development 

examine formats of numerical output to determine whether the precision 

provlded for is required 

- only output a summary 

Another problem specifie to output is display capacity. Display capacity is lim­

ited, which lmplies that when the output is greater t.han the capacity of the termInal 



is expected by the software to be an IDteger and the user responds wlth a character 

'The user at this pomt must be wafned that he has entered the wrong type of value 

and a chance for hlm ta reenter the data is glven. 

Semantic error detectlOn on the other hand involves analyzing the data ta see 

if what the user has asked ta do makes sense. In sorne cases this IS not difficult but 

the order of complexlty qUlckly TIses if absolute rellabdlty IS deslred. One critenon 

which can be used is to ensure that the system never crashes. This cntenon although 

valid wouJd not mform the user as ta the reliabllity of the answers whlch 'have been 
( 

computed. Semantic error detection (mednmg of the informatIon) canl bc broken 

into three classes of detection , limits, flow and computatIOn al , The limlts are the 

easlest to enforce and deal with computational limits such as number of iteration . 
of a partlcular procedure. For example ID a generaltzed least squares IdentIfication 

scheme the nurnber of IteratIOn of the IdentificatIOn algonthm would be prompted 

from the user. This is a case where a hard limlt can be set by the software ta dlsallow 

relatively large number of iteratlons. The flow error detectlon checks whether ~he 

right sequences of thmgs have been done in the right order. T~e thlrd type of error 

detection is computat.ional su ch as smgulanty checks of matnces. 

The idea of error detection and recovery, which Implies that the program recover 

from errors by interpreting what the user meant from the incorrect Input ln lts 

context, rnakes consIderable demands from the program Thereforf' III an Interactive 

environrnent the bcst possIble way IS to stop cùch tlme an error 15 detected and glve 

the user the opportunity of reelltering that Item or set of items immediately. ThiS 

creates a cycle, where the user 

/ 
VAL/DATES 

ENTERS 

" CORRECTS 

This can be performed in an IF statement which tests for exarnple that a nurnber 15 

positive: the aJgorithm for handling correct data can then become the THE~ clause 
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while production of a diagnostic becomes the task of the ELSE clause. There are 

howevet cases where the input checking is nearly as complex as the algonthm to be 

perforrned and therefore should be included in the algonthm 

In summary, the. quality of the CAD system an Its receptlveness by users hinges 

on the quality of the user profile. Therefore If an attempt is made to encompass tao 

large a set of users the system becomes useless for everyone. In addition. programmers 

should make the minimum of assumptions about data commg from a user. Here lt 

must be remembered that the type clause is also a hidden assumption w hlCh a user 

may be able to violate ( eg alphanumenc characters!fi a numeric field). Furthermore, 

the error messages should be as comprehensible and helpful as possible. The type of 

error should be repor~ed and th~ offending ltem(s) ldentified. 

3.3 Software Design Methodology 

Another of the mam objectives 15 to produce a package which IS easlly modified 

and maintained. The ease of performing modificatIOns and maintenance depends 

~n the (1) structure of the design and (2) the standards of documentation. In this 

section these two areas will be examined. 

3.3.1 Structure of Design 

The mam objective of thlS proJC'ct IS ta deSign a flexible mteractive C.\.D pack­

age" that would Interface to a variety of linear tlme Invanant multivanable control 

software. Therefore, the mterface can be used to not only implement c:ommonly used 

desIgn and analysis methods, but in addition to irrlplement current techTIlques and 

even algorithrns which might be developed in the future This results Ln a require­

ment that the package be extremely flexible 50 that new procedures can easily be 

accomodated. 

One approach to accomplish the task of creatmg reliable and flexible software lS 

to use the structured desIgn approach. Structured design IS a method whereby the 
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1. How to use the program 

2. S tate of the Project 

3. Overall Specifications 

4. Models used to subdivide the program 

5. Computatlonal requirements ( storage and time ) 

6. Flow of Control and Flow of Data through the program 

1. Detaded Description of Data 

8. Meanlllg of the error messages 

9. Performance Evaluation 

In addition, computatlonal software should include the followmg; 

1. Proper explanation of algorlthm 

2. References for Theory 

3. N umerical Stability and Robustness of subroutine 

1 
4. Sample graphical output and recommendations for package graphies 

These standards must be strIetly adhered to, If a reliable and maintainable paek-

age is to be constructed. 
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Chapter 4 

PACKAGE SPECIFICATIONS 

In this chapter, the design and specifications of the CAD package are presented. 

The chapter 1S divided as follows: The first section provldes a description of the 

functional structure of the package. The importance of the functlOnal structure is 

it can be regarded as how the user perce ives the structure of the package. The sec­

ond section presents the software structure. The software tools whlch were reqU1red 

and implemented for the package are presented in the thlrd section. The fourth sec­

tion outline~ the resource requirements for the CAD package and Identifies possible 

hardware configurations. 

4.1 Functional Structure 

The first step in the deSIgn of the package was to decompose It into a set of 

modules. A reqU1rement for this was that the decomposltlOn should lead. in a loglcal 

manner, ta a package structure which would resemble the control system deSIgn 

procedure, as close!y as possible. This requirement was enforced ta en5ure that 

the package could be easily understood and used by control engineers. In order to 

accomplish this, a model for the design procedure was required, and the result i5 

shown in Figure 4.1. This model represents the procedure as a sequence of functions 

with cyclical iterations in going from measured input-output data to a performance 

analysis of the plant and' the controll~r. 
) 

This model allowed for the decomposition of the package into four distinct modules. 

These are; 
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8THlT j 

) 

MODULE ONE 

STMT 1 J. 

MODULE IWO 

THREE 

'--------;--il--- .TMT S 

.. 

) 

Fig 4.2 

This structure allows the u er ta enter the package at three possible entry points. 

These are based on what type f apriori information the user has of the plant and/or 

the controller. The requirme ts for these entry points are: 

1. Plant Input-Ouq>u 

2. Model for the Pla 

... 3. Model for thé Co troller 

.. 



\ 

where each of these refers to the entry number shown III Figure 4.2. 
\ 
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In addition severallteratlve paths have been defined to allow the user to modify 

options and system data until a satlsfactory result IS achieved. Furthermor:e, a short­

cU,t path has been defined, so that the user can manually enter both the plant and a 

controller and execute a performance analysis on both. 

4.2 Software Structure 

This section describes the software structure of the package. Because of the user 

interface design decisions reached in Chapter 3 the package has been configured in a 

tree structure with a hierarchieal menu system. This configuration IS shown in Figure 

4.3. 

From figure 4.3 lt can be seen that the software has been dlvided into five levels 

and each of these has' been given a specifie duties and responslbilities. A list of the 

levels along with their asslgned responsibilities is given below. 

LEVEL 

Overhead 

Module 

Submodule 

Compu tational 
Overhead 

·RESPQNSIBILITY 

Global Declarations 
Package InitlalizatlOn 
Imtialization of Error Routines 
File Handling 
Module Selection 

Provide Choice of Operations . 
Ensure Entry Requirement IS Fulfilled 

Prompts for ail Common Elements 
Provide SubchOlees 

Prompts for Specifie Aigonthm Information 
Cali Computational Routine 
Display Results (Numencal and Graphical) 
Set up Appropriate Values for Computationjll Routine 

ComputatlOnal Performs Computation 

By enforeing these preassigned responsibdities on each of the levels the under­

standing of the package structure 15 slmplified by ensuring uniformity on any partic­

ular level. 

, -, / 

/ 
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are data structures whlch contam the information regarding the realizatlon of the 

plant and/or controller Data files are files which contain large data sets which 

can be externally provlded (e.g measured lllput-output data) or generated by the 

modules. 

Along wlth the creation of these data structures is a need for standardizatlon of 

data transfers between modules Therefore, gUldelmes were speclfied and are listed 

below: 

1. Package initialization data IS available ta the modules through named cornmon 

blocks. 

2. System descnption data structures are declared in the overhead program ( which 

serves as the Fortran main program) and passed down ta the corresponding 

modules (wherever necessary) as subroutme arguments 

3. Data files are read into the package and must have a predefined format or may 

be generated by the package. 

These gUldelmes must be adhered to ensure conslstency and software which can 

be easily modified. 

To implement the package five intermodule data ~tructures have been defined 

and a.re shown in Figure 4.4 These are: 

1. Input-Output Data File 

2. Discrete Time Transfer Function 

3. Continuous/ Dlscrete Time State Space realization of the Plant 

4. Continuo us 1 Discrete Time State Space realization of the plant and the Controller 

5. Simulation Data File 

l, 

Figure 4.4 shows which of these structures must be available to particular mod­

ules. (An assumption that has been made IS that aIl procedures in .\lodule Three 

'Controller Synthesis' can be implemented using the state space realizatlon of the 

plant.) 

/ 
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DJICMTI TUS: ~ FUlCTJOtI 

HO OULE TWO 

HODULE THREE 

MODULE FOUR 

Fig 4 .• 

4.2.2 InternaI FUe Structure 

One of the main features of the package is its tnteractive nature, which implies 

at the terminal (alphanumenc or graphies) is the primary output device. However. 

t ere is a need for a more permanent record of the desIgn results and thls is accom­

pl hed through the use of files. (Note: These files are distinct from the previously 

de ned data files.) 

"',: 

\ 



, usersavefile m3 

usersavefile.m4 

usersavefile dry 

usersavefiJe pm' 

storage for Module 3 

storage for Module 4 

dlary file 

prmt file 
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The first five of these files are \lsed mternally by the package for storage and 

restarting of procedures The diary file IS used to record the design procedure, The 

print file IS used to record the result.s dlsplayed on the termInai, and therefore serves 

as the permanent r~cord of the design results. On any subsequent design seSSIOn, the 

user has the cholce of restartmg a prevlOUS session (by SH!lply selectmg h IS previous 

filename) or startmg a new session. 

The advantage of thl,) implementation 15 It remforces the prevlously stated porta­

bility objective by respecting the design declslOns stated ln Chapter 3. In addition. 

it IS easy to use because a large portIOn of the mternal file structure IS transparent 

to the user. 

4.3 Software Tools 

Once the package structure was specified, an attempt was made to Identify sorne 

of the software tools which woulcl be necessary The approach adopted was to consider 

the software tools as general-purpose functions. which are defined as functlons which 

are requlred repeatedly by the modules '1 , such as dcvlct> Interfaces. output functlOns 

and user mterfaces As·a result of thls approach the construction of the package IS 

reduced to simply usmg a combinatlOn of appropnate general-purpose functlOns and 

necessary special purpose functions. ThIs approach has the advantage of ensuring 

uniformity from the user's vlCwpoint and reduces redundant developrnent of slmdar 

funetions. In addition, changes to general-purpose functlOns can be made without 

affectmg other parts of the system and development of the package 15 facditated. 

However, a drawback is the development of the overall package cannot proceed until 

development of these functlOns IS complete. 
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In this section sorne of the software tools which were ldentdied and developed 

for the package are examined. These include user interface routines. graphICs. error 

detectlOn and help facilitles. Ail of these are used extensively and form the core of 

the package. 

4.3.1 User Interface 

The first of the general-purpose functions Identified were for the purpose of 

user interaction and the development of these was broken into two categories; mput 

prompts and output formatting functions. In the case of input prompt functions. it 

was realized that four routines would be needed and these are: 

1. Yesno 

2. Prompt 

3. Menudr ive 

4. Readmatrix 

The yesno routine prompts the user for a yes/'no response to a 5pecified ques­

tion. The prompt routme prompts the user for a variable of a specified type (double 

precision. real, mteger or character) to a speCified questIOn. The menudrive dis­

plays a menu of speclfied cholces and prompts the user for hls deslred selection The 

readmatr~x routme prompts the user for the values of each entry ln a matnx of 

specified size and type. 

Extreme care was exerclsed in the design of these routines with respect to syn­

tactic error detection. Therefore ail of these routines check tpat the right type of 

data has been supplied by the user. If an error is de~cted an appropnate error 

message is displayed and the user 15 given the opportunIty to reenter hlS response 

This feature was one of the motivators for creating generaJ purpose prompt mg rou­

tines mstead of implementmg them directly in the code wherever necessary. This 

-
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-~-------~ 
apPToadî reduces redundancy ID the code but of course execution IS slower because 

--------------~ of the subroutine calI. ThIs drawback was consldered, but It was felt that speed was 

\ 

a relatlvely ummportant I~sue when dealing with user interaction. 

The second category of user interface routines are output formatting functlOns. 

The followmg three functions were created; 

1. PmatrlX 

2. Modpmatrix 

3. Integerbox 

The pmatrix routine displays matrices. In order to handle large matrices this 

routine displays the matrix as several submatnces. The modpmatrix is slmilar but 

allows for ~peclal characters to be mserted in speclfied entries in the matnx (This 

is u5ed ta mdlcate that an element of a matnx was not calculated.) Integerbox 

displays mteger variables !Tl tabular form. 

Acce5s to ail of the user mterface rOlltines 15 through Fortran subroutine calls. 

4.3.2 Graphies 

As discussed in Chapter 3, graphies is one of the maJor elements in a suceessful 

CAD package. ThiS subsection presents the requlrements and capabilities of the 

graphics uttlity. 

:\ prellmmary step m the deSign of the graphies utllIty was ta deter'mme whlch 

features would be require~. It was realized that the graphlcs utiiity would have 

to have the capabtlity of plotting such functions as, Bode (Magnitude and Phase), 

Nichols , Nyquist and Time Functions. 

Therefore. several interactive graphicai operators wou Id be requ.Lred. These are: 

1. Overlaying 

2. Windowmg 

3. Zooming 
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one for the graphies display and the second for the interactive dialog wlth the user 

(alphanumenc termmal). The followmg menu appears on the alphanumenc termmal 

after the first default screen is displayed. 

1. Go to the preVlOUS default Screen 

2. Return ta the default Screen 

3. Go to the next default Screen 

4. Create a screen 

5. Alter a graph on the present Screen 
l 

6. Zoom ln on plot from the present screen 

7. Overlay plot on present window 

8. Status Summary 

9. Stop (Graphies SessIOn) 

The first three of these commands allows the user to easily move between default 

screens. The 'create a screen' command allows the user ta select up to four plots and 

display lhem on a slngle screen. The 'alter' command provldes the user wlth the 

ability to interaetlvely modlfy the range of the axes, labels and the Oflg1O of any plot 

on the present screen. The 'zoom' command takes the speCified plot and displays 

it on the full screen. The user can overlay several plots on the same set of axes by 

selectmg the 'overlay' commando The 'status summary' command provldes the user 

with mformatlon, such as the total number of plots. the number of screen and overlay 

informat ion. 

The graphies utdity, because of its size and eomplexlty, was itself designed using 

the approach of general-purpose functions. The prevlOusly desenbed interface rou­

tines were used ta provlde the user wlth interactive dialog ta rnanipulate the display. 

In addition. several graphieal general-purpose functions were created such as axiS 

plottmg and labellmg 



Portabdity was achleved by the approach presented in Chapter 3 Tektronix 

Plot 10 was used as the graphical support software and an operatmg system de­

pendent Interface was created. These two features wou Id have to be modified if an 

alterna.te operating system and graphies device were used. 

4.3.3 Error Detection and Recovery 

The thlrd software tool and a general reqUlrernent of the package is run-tlme er'ror 

detection and recovery This utdity increases the user's confidence III the system and 

contributes to user fflendlin('ss 

In general an error detectlon and recovery uttlity must attempt to perform as 

m~ny of the following features as possible. 

- advise user that an aflth mette error has occurred 

- advise of where the error has occurred 

- inform of what caused the error 

- set up the appropnate conditions 50 that execution can continue 

The tirst of these features 15 performed by the operatrng system when executing 

th~ default error handling routine. However, as one tnes to replace the default action 

by a more comprehenSive ('rror handler (increasing reliabdity) the cornplexlty qUlckly 

nses 

To deSign this uttllty lt was deClded 1,0 div Ide the problern into deslgning two 

hand~s, one for anthmetlC errors and another for mput-output errors The general 

scheme with' regards to arithrnetlc errors is to mfûrm the operatmg system that 

an alternate handler exists and therefore upon detectlOn of an error thlS routine 

should be executed. The preliminary objective of the utdity was to provlde global 

errûr detectlOn and reeovery for all anthrnetlc errors. However. it was realized that 

because the recovery procedure IS 50 c10sely related ta speCifie algonthrns, global 

re(:overy could not be achieved Therefore, It was deCided to construct two types 
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pointer from the source menu and opens a speclfied filé which contains the relevant 

help text. The text IS then displayed on the termmal. 

The advantage of thls implementatlon is chat the help text can be easily modified ,. 
since they are not in the program code but in special files. This allows for the simple 

mamtenance of the help facility. 

Throughout this section the software tools which were constructed for the pack­

age ar'e descnbed. The documentation for aIl these routines specifymg the exact 

format can be found in Appendix A. 

4.4 Cornputational Software 

This section describes the computational software which wou Id be required ta 

implement an operational package. This is speclfied by first presenting a list of 

proposed featnres. Secondly, a list of software libraries presently available. 

4.4.1 Proposed Features 

Module One Identification 

DIgItal Filtering 

Statistical Analysis 

Least Squares IdentIficatIOn Aigorithm 

Maximum Likelihood 

Cramer Rao 

Residuals and Model Output 

Module Two Models and Realizations 
Model Conversions . / 

Matrix Fraction Description ~ State Space Description 

Î 

State Contmuous Time 

Observability and Controllability 

Balanced Realizations 

Model Entry jModification 

Poles and Zeros 

Model Reduction 

Sta~e Sampled Data 

.. 



Module Three ontrol1er Synthesis 
Stace Ft!e back 

Pole Placement (Discrete and Continuous) 
Line r Quadratic (Dtscrete and Continuous) 

H= slgn ' l ' 

Filtering and Loop Transfer Recovery 
ous to Discrete Conversion of Quadratic Criterion 

Module Fo r Performance Analysis 
Root ocus (any parame ter ) , 

)[yqu/st 
Tim Responses: deterrninistic / stochastic 
Bod Plot) 

Complementary Sensitivity 
Sensitlvi ty 
Open Loop 
Closed Loop 
MaxiMin Singular Values 

V. riance Analysis 
ontroller Entry/Modification 

4.4.2 S ftware Libraries 

4i 

/ 

.\. 

The!follOWing is . a list of software subroutines which are required to implement 
1 

the pro~osed features of the package. This list was constructed From the recommen-! j • 

dations/of the ORNL report [8]. 

l.i Linpack This is a software library used to solve linear equations and the 
i 

linear fleast squares problem. lt not necessary to irrclude the whole package. and 

there~bre a subset whj~h would be adequate for the package is pres~nted. 

DECO 
GEFA 
GESL 
GEDI 

POCO 
POFA 

DPOSL 
DPODI 

} 

} 
1, 

.','" .... 

Solve Ax = b, estimate conditIon, 
A -l, detA for general A 

Solve Ax = b, estimate condition, 
A-l, detA for A = AT > 0 

-'---, 

1 

·1 
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DHQRORT } 

DCBAL 
DCORTH 
DCOMQR 
DCOMQR2 
DCBABK2 
DTREDI 
DTQLRAT 
DTRED2 
DTQL2 

DMINFIT 
DSVD 

DQZHES 
DQZIT 
DQZVAL 
DQZVEC 

} 
} 

} 

Ylodification to HQ R2 to compute 
real Schur form (tratngular) 

Eigen values and eigenvectors of 
A E c nxn 

Eigenvalues and elgenvectors of 
A = AT E R n /- n 

Compute singular value decomposition 
of A and/or solve linear least sq. problern 

Real generalized eigenvalues and/or 
elgenvectors 

4. Miscellaneous La u b Software 

DFRMG 
ZHECO 
ZHEFA 
ZHESL 
DeLl 
ZLINRM 
DHETR 
HQR3 
EXCHNG 
QRSTEP 
SPLIT 

4.5 Resources 

} 

Double precision frequency response software 
given A,B,C compute G(z) = C(z[ - A)-lB 
zE C 

arder real Schur form 

49 
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In this section an estimate of the resourc'èS"required is presented with the aim 

of determining the hardware needed to support the package. To examine this issue 

two characteristics of control computation were examined; mernory requirements and 

computational loa.d. 

-
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, 
~emory requ 1 rement estlmates were prepared for the package and are listed 

below (m bytes). 

Module ~ame Fixed Overhead Small Problem Large Problem 
Module 0 200,000 

, 
nia nia 

~lodule 1 100,000 200.000 600.000 

y!odule 2 100,000 200.000 600.000 

Module 3 100,000 200.000 600.000 

Module 4 100,000 200.000 600.000 

Graphits Shell 160,000 nia nIa 

Plot Ten 26,000 .. ~ nia nia 

Eispack (subset) 81,000 nia nia 

Lmpack 6,500 nia n,a 

0/ S Math Library \ 10,000 nia n;'a 

Totais 943.500 800.000 2,900,000 

(ni a - not applicable, small problem -2 inputs 2 outputs. large problern - 8 inputs 

8 outputs), Therefore. the total memory needed varies from L 8 ~egabytes to 4.0 

Megabytes depending on the size of the problem. 

Because of the decision to concentrate on the mteractIve shell. computational 

mformatlon for the algonthms was not mvestlgated and of course would be highly 

dependent on the algoflthms chosen. However. the computatlonal load must be 

considered in Implementation. especlally if the package is to be Implemented in an 

environment where computational resources are scarce. This IS of great importance 

if the ihteractlve nature of the package \S to be preserved. 

Based on this. two possible h1'rdware configurations are presented. depending 
-' 

on the environment chosen If the package is to be used in a multl-user multi-tasking 

environment. a. configuration similar ta the developmental enVlronment owould be 

adequate. The environment cooslsted of: 
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Chapter 5 

• MODULE ONE 

In this chapter Module One, the identification module is described. The ap­

proach adopted within this chapter is similar to the one used in Chapter 4 and 

therefore, the chapter is divided as follows: The first section presents an overview 

of Module One by examinîng the functional and software structure. The remaming 

four sections discuss in detai! the structure of each of the submodules. 

5.1 Overview of Module One À, 

5.1.1 Functional Struc.ture 

\ 
The first step in the design of Module One was to decompose the mo~le 50 

that the structure would resemble the identification procedure. To accomplish this a 

model for the procedure was created and is shown in Figure 5.1. 

The model represents the procedure as a sequence of functions, using as input 

the input-output data and producing as the output a discrete-time mode!. From this 

model it was decided to decompose the identification module into four submodules: 

1. Digital Filtering 1 

2. Statistical Analysis 
\ 

3. Parameter Estimation \ 
4. Input-Output Plots 
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INPUT-OUTPUT PLOTS 

FILTERING 

PARAMETER ESTIMATION 

STATISTICS 

Fig 5.1 

The second step in specifying the module is to define the functional interconnec­

tion structure. This refers to how the user perceives the structure of the module(i.e. 

the interconnection of the submodules). To define thlS an analysis of the tasks re­

quired to complete an identification procedure was undertaken and the resulting 

interconnection structure is shown in Figure 5.2. 

This structure allows the user to enter the module at one point and the associated 

entry requirement is a data file. In addition, the structure includes several iterative 

paths to en..,ble the user to modify certain parameters until a satisfactory result is 

achieved. A.nother path 'enables the user to tilter the rneasured input-output data ~ 
and ta subsequently perform the parameter estimation procedure on the filtered 

data. Several additional paths have a}so been defined to allow the user to apply the 
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As described previously, each of the five software levels has certain assigned respon­

sibilities. Let us now examine how these translate into specifie features which must 

be included at each level of Module One. At the module level, the features which 

must be performed are: 

1. Prompt for name of data file 

2. Read input-output data from data file and store in an appropriate array 

3. Provide entry ta submodules and make available the input-output data 

A ftow diagram of the module level, demonstrating these features, is shown in 

Figure 5.4. 

In order to detai! the responsibilities of the submodules we must first examine the 

input/output requirements of the computationallevels. In Figure 5.5 a block diagram 

representation of the computational levels is illustrated. The input, as shown, is 

composed of data and option parameters and the output is the result of the particular 

algorithm. In general, it is the responsibility of the submodule level to prompt the 

user for all data not produced by previous computations (i.e. the output of one 

\ 
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procedure becomes the input to another procedure) and a11 option parameters. The 

specifie responsibilities for each submodule are discussed later in this chaptet. 

The next element in the specification of the software structure is to de termine which 

internaI data structures would be required at the module level. The input to the 
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1 

U I - is the 1 th input of the system 

YI - is the l th output of the system 

n - is the number of inputs of the system 

m - is the number of outputs of the system 

is the number of data points 

The output of Module One lS a discrete-time multivariable transfer function of 

the farm: 

Ay:: Bu + Cr. 

"" • where A, Band C are matrices whose entries are polynomials in the delay' oper-

ator. The main goal of this module is to identify the parameters of these polynomials 

a.nd these results are stored in three arrays shown below: 

. A ::::: B= 

where 

and 

R= 
( 

rI.l 

r2,1 

r~,l 

bl,n. 
C= 

b:.J 

rm.2 

C 1,1 

C1,2 

Cl,m 

Cm,m 
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(S'" 
St,2 

s',n ) -----------1 

52,1 S2,2 S2,n 

s= 

Sm,t Sm,2 Sm,n 

('''' 
t 1,2 '.,~ ) , 

t 2 1 t 2,2 tZ,rn 
T =0 .. 

tm,l t m ,2 trn,m 

5.2 Digital FiltE!ring 

The first sllbmodllle performs vaflOUS filtering operations on each input and 

output data set and the submodule accepts three types of data as input, original, 

filteT(~d and resldual 

filters' 

1. Low Pass 

In addition, supports the following types of the submodule 

) 
2. High Pass 

3. Band Pass \ 
4. Band Stop 

5. Trend Removal 

Furtherrnore, the filters can be specified in three ways: 

1. Default Case (eg. lOth order Chebyshev) 

2. Speclfy Order 

3. SpeClfy Ripple Characteristics 

To contam the abave option parameters an array fil tercontrol was defined 

and has the following farm: 

fI 
h 

filtercontrol h 
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where each fl IS a vector of dimension (n i m) and where each each of these 

vectors con tains the followmg: ,1 

fi - Filter Selection 

h Sampling Frequency 

/3 - Cutoff Frequency for Low /High Pass Filters 

f4 - Lower Cutoff Frequency for Band PassjStop Filters 

f5 - Upper Cutoff Frequency for Band PassjStop Filters 

fe Pass Band Ripple , 

h - Stop Band Attenuation 

f8 - Stop Band Transition Bandwidth 

19 Order of Filters 

__________ It is the responslbihty of the submodule to provide adequate interaction in arder 

i .. ,-

to fiB the filtercontrol array. 

The results of this submodule are placed in an array filtered dimensioned 

(n + m,l) . This array has the same form as original and is shown below: 

fYl (l) 

fYm (1)) 
IYm (2) 

fYm(l) 

A fiow diagram of this submodule is illustrated in Figure 5.6. 

5.3 Statistical AnalY"sis 
• 

The second submodule perforrns statistical calculations on each input and output 

data set of the original or filtered data and/or each residual data set. The features 

which are supported inc\ude: 



---j 
Oc 1 r 

'. 

\ 
- ' 

MODULE ONE / 

CHorCE OF DATA SET 

PROMPT FOR FIL TERS 

EXECUTE FILTERING 

YES 
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Similarly. two other arrays were created: 

covarcontroloo 

covarcontrolio 

of dimension (m. m 1 whlCh controls the covanance operation 

between outputs. 

of dImensIon (n. m) whlCh controls the covariance operation 
, Itqt 

bet"'een InPuts and outputs 
.., 

The results of IhlS submod ule are ston~d iD a set of arrays The first of these 

store the results of the mean. vanance and standard de\ latlOn computations 

.. an 15 a vector of dImenSIOn n - mJ 

variance 15 a vector of dimenSIOn n - m) 

standev IS a vector of dImenSIOn : n - ml 

In addItIon. the followmg three arrays are used to ~tore the result5 of the cd\'art-

ance cakulatlons 

covarlanceil 

covarianc.oo 

covarlancelO 

of dImenSion ln. ni whlch stores LtH',results of the co\anance 

calculatlon between mputs. (le the (I.Ji tn element 15 the 

covanance between the 1 th mput and the J th Input) 

of dimensIon (m. m) \\ hich stores the results of the covan-

. ance calculatlOn between outputs 

of dimension (l'l. m: whlch stores the results of the covariance 

calculatlOn between Inputs and outputs 

Furthermore. an anay was created to ~tore the results of the dlscrete founer 

transform 

dtt IS an ana.r of dimension 1 L. n - ml 

A fiow diagram of thlS submodule IS dlustrated m Figure 5.-; 

5.4 Parame ter Estimation 

ThiS submodule performs pa.ram~ter estimation and U5e5 as mput the Origina.l 

or filtered input-output data sets 17 The submodule in addition. bas the followmg 

features: 
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1. Least Squares or \laxJmum Llkelthood .-\.Igorithrns 

2. Speclfy \Iodel Order by Speclfying Order of each Polynomial 
-, 

3. Speclfy Startmg Sample Pomt for Estimation 

4. ~ultivanable Dela} s 

5. ComputatIOn of Resldual 

6. Computation of \10del Output (t'he output of the identified model when the 

same mput data set IS applied) 

1. Computation of Akaike Information CriterIa 

In order to Implement this submodule. the aèJtlity to modify the previous!y de­

fine<! R. 5 and T matrices must eXlst This allows 'the user to select the order of 

each polynomial of the mode! to De Identdled In addition. an arra:- delay was cre­

ated to store the delays of each Input which effect each output. and has the followmg 

Corm. 
~ 

C" 
d t ,2 

d"m) d2,1 d 2 •2 d2•m 
delay = 

,'-

d'l.1 d'l,2 d'l,rn 

whére 

dt,] - is the delay from the J th input to the ) th output. 

To store the results of the Identification procedure several arrays are used. First. 

the parameters of the model are placed ID the prevlously defined A. B and 0. 

matrices. The results of the re~l1dua.1 computatIon are stored ln the following array: 

C(l) T:z(l) 
rm(l) ) 

1'" Tl (2) T2 (2) rrn (2) 
r •• idual = 

rd1) T2 (1) rrn(l) 

, .... 

.' 'rJ't __ _ 
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The result of the model output computation are stored in an array of the following 

form: 

(

mdl) 
md2} 

modelout = m,(l) 

mm(l) ) 
mm(2) 

'mm(l) 

A.fiow diagram of this 5ubmodule is illustrated in Figure S.8a,b. 

\ 

( 

-
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\, 
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.. 
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\ YES 
• \ 

>----~2 

YES 

NO 

RETURN TO MODULE ONE 

Fig S.8b 

5.5 Input-Output Plots } 

This submodule allow5 the user to dÎ!play the input:..output data directly from 

the main menu of Module One. Te,submodule uses as input the original anay 

and subsequently dUs the graphies u~i1ity, 

-, " 
, 

, . 
" 

..... If 

.. 
" 

, 
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(') 

3) FILTERED DATA 
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o 
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MOOI MENU (Ident.flcatlon) 

1) FIL TER 

2) STATISTICS \ 3) PARAMETER ESTIMATION 

4) INPUT-OUTPUT PLOTS 

5) BACK TO MAIN MENU 
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DATA SELECTION MENU 
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you .. i5n ta calculate tne vARIANCE of outOut 2 
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Statiatical Rout,ne. 

Calculat Ion ot Mean - Inputs 
1 
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\ ,. a 

2· 0 
p,... ••• enter for 

0"00 
0"00 

the ne.t pal;je 

Do 
Il 
Do 
y 

Calculat'on of Mean - Outputs 
1 •....••.........•.....................•••......•..•••.••................ 

•••••••• 
•••••••• 

pre •• enter for the ne.t pal;je 

Calculat'on of Variance-lnputs 
1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1· 0 f 
2· 0 

pre •• enter fa,... 

d"OO 
d"OO 

the ne.t 

Calculation of VARIANCE - Output. 
1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1* •••••••• 
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6.2 User Save Files 

Print File 
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_______ ~~~_~~ ____ l ___ ~_~~ ________ ~_~! ________ :_~J-
Delay Matrl. 

2/ 
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The A polynomial 
1 

estlmate. 
2 3 
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/
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2* 

The B polynomial estlmates 
2 3 
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d+OO 
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O. 

The B polynomial 

" 

Ci+OO 
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Ci+OO 

estlmates 
5 

o 
o 
O. 

•••••••• 
d+OO 
d+OO 
d+OO 

................•........................................... ~ .....••.•.. 
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1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••• 
•••••••• 

Calculatian of Standard Deviation -Inputs 
1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
o. 
o 

0+00 
d+OO 

Calculatto, of Standard Deviation -Outputs 
1 ..... ~ ..................................•..........•.. ......•........... 

•••••••• 
•••••••• 

_aaa_=:=== END OF STATISTICAL RESULTS ======~======== 
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•••••••••••• u •• r.d/th •• la.dry 
HELP 
IDENTIFICATION 
INPUT-OUTPUT PLOTS 
STOP 
FILTER 
ORIGINAL OATA 
O.fau 1 t C ••• 

LOW PASS FIL TER 
L05w PASS FILTER 
LOW PASS FILTER 
LOW PASS FIL TER 
PARAMETER ~STIMATION 
FILTEREO 10 DATA 
LEAST SQUARES 
STAn snq 
FILTEREO 
BACK TO MAIN MENU 
QUIT 

l 
1 

( 

--

1 
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Two aspects of this work may t>e considered for future research. The first of these 

involves completing a working prototype of the package as specified. This would 

involve assembling existing cornputational software and incorporating in into the 

structure and developing software which is not available. In addition, an interactive 

shell would have to be designed and implernented. The second is the extension of the· 

present package to include other modules which woulcl perform additlOnal features. 

An example of one is to design and implement an input graphies facility to build 

systems From block diagrams and compute the c10sed loop transfer function. This 

could be viewed as a preliminary st'ep to Module Two, which expects a single transfer . 

function for the plant. 

/ 

/ 
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c--------------:.--_1---------------------------------------------.. ----
C--------------McG 1 II -.YN1V!RS 1 TV-CONTAOL-CAO--PACKAGE-----------------C---------------------------------------------------------------------
MODuL! NAM!: y •• no 

,C--------------------- - - ----- --- -- ---- - - ---- - - -------- ~---- --- --------.. 
CALLING S!OlJfNC!1 CAL:L y •• no ( m •••• g •• rnul t. dl.play. k.yDoard ) 

c---------------------------------------------------------------------
PURPOSE: 

Th-I. aubroutln. 1. a y •• /no prompt.r. It dl.play •• m •••• ;. provld.d 
by th. calling pro;ram and th.n prompta th. ua.r tor'. Y •• or • no 
r •• pon ••. 

c--------------------------------------------------------------------­
C-----------------------------------------~---------------------------

C---------------------------------------------------------------------
C CALLED SUBROUTI N!S l ' 

C---------------------------------------------------------------------
, 

C----~----------------------·-----------------------------------------C Co.ION BLOCKS. C-----------------------------------------..r---------------------------\ . 
C---------------------------------------------------------------------C IMPORTANT VARIA8LES.PARAMETERS 
CHAAACT!AtSO _ .. ag. Thl. atrlng 1. dl.pl.y.d b.for. th. 

u •• r 1 a prompt.d for a y •• or • no 
LOGICAL. ,. •• ul t If th. u •• ,. Inputa • Y .... > 

r •• ult • .TRU!. If th. u •• ,. Input. a 
no aa> r •• u 1 t • • FALSE • 

INT!G!R diaplay tn. uni t nulllb.r of th. d.vlc. th.t 
tni. routine ha. to .rlt. to. 

k.yl)oa,.,CI Th. un 1 t nulllb.r of tn. CI.vic. tnat 
th1. rOutine ha. to r.aCl t,.om, 

C---------------------------------------------------------------------
C COMPUTING PAINCIPLE.METHOO.ALGOAITHM C----------"1--- -------""-----------------------------------------------
c---------------------------------------------------------------------C RIFERENCES : • . 
C-----------,--- -------------------------------------------------------
c---------------------------------------------------------------------
C Co.ENTS : 

C----------------------------------------------------------------~----

c---- - - ----------------- ----- - - -'-- - --- - - --- -- ---- ----- - - --- --- - - ---- --
C AUTHOR.OATE CREATEO : Micha.1 T.sal.r ana eabak Oan.$h,..d 

Jul y 1984 , 

C---------------------------------------------------------------------' 
c------------------~--------------------------------------------------
C UPDATES : 
C---------------------------------------------------------------------
c~--- - - - ------ ----------------- - ---- ------------ - ----- - -- -- --- - -- -- ---
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C--------------McG11 I-UHIVERSITV-CONTRO~-CAD--PACKAGE--------~--------

C-----------------------------------~---------------------------------

MODUL! NAME: PROMPT 

C---------------------------------------------------------------------
CA~~ING S!QUENCE. CA~~ prompt ( autoO. typa. m •••• g •• àb'P. 

< aac lma 1. _ho 1 a. ' 
.trlne, alaplay. ~.yDoara ) 

C------------------------------------------------------------.-------
PURPcrl!: 
Th1 •• ubroutln. p,.ompt. th. u.ar t'or an Int.aar. r •• I. 
aoub -p"acl.lon. 0" atrlng varlabl.. It t,.I •• te ,..aCl tn. varlabl. 
_Ith th •• pp,.oprl.t. form.t. If .n arror la .ncount.,..O tn.n th.-u.ar 
la prOlllpt.d .liIaln. untl' th. format la .atl.flad. 

C------------------------------------------~-------------------------­
C---------------------------------------------------------------------

" ~ C---------- ------------------------------------------------------ -----' 
C CALLED SUBROUnNES: ' , C------- -. --_____________________ .'. _____________ ./IJ- _________ - - --""'------

C---------------------------------------------------------------------
C COMMON 8~OCKS. 1 

C------------~-------------------·-----------------------------.------

c---------------------------------------------------------------------C IMPORtANT \lARIAI~ES. PARAMETERS : 
.. LOGICAL a",toO upon a.tactlPOf • <CR> _ 1 thOut .n 
~ .ntry th. '" 1. ,..-prompt.a If 

autoO • • 'AL • If .ùtoO •. TRUE, 

typa 

maa •• g. 

db" 

Rf AL d.~lmal 

INTEGER _hol. 

CHARACTER-SO It,.'ng 

) , 

than th. ua.,. la .ak.d "Do yo", _t ah to 
Chang. th. vartabl. 7" tf th. ana_.r 
to thl. la 'y.,' th.n th. ua.r la 
r.prompt.d. ,If 'no' th.n no r.ao t • 
• ~.Cut.d an~ th",. th. varl.bl. thst 
la auppoaed to b. ,. •• 0 by th. routtn. 
ia not r.ad. 
rh. typ. of vart.bl. that la o •• tr.a 
typ.. 'Int' _.~ Int.g.r 
·".al' •• > ".al 
'abl' •• > doubl. p,..c •• lon 
If type a non. of th. 3 abav' .ntrl •• 
a_> chara9t.,. .t,.lng 
Thla chara~t.r It,.'nlil 1. dlaplay.a 
b.fo,.. th. u •• r 1. p,.Oll\Pt.d for an 
.ntry. ~ 
tf a do",bl. pr.CIslon numb.r 11 ta b. 
r •• d in tn." th. ,..ault of th. r.ad 
la ,..turn.d to th. call1nl; routine by 
'dblp'. 
1 l' a Rf AL numb.,. la ta b. r •• d 1 n 
th.~ tha ,..ault of th. r.ad 1. 
,.."",,.n.d to thl C.II'ng routln. ay 
'''.cima 1 '. 
If an INTEGER numb." 1. ta b. r.ad ln 
th.n th. ,. •• ult of th. r •• a la 
raturnn ta th. c.llln" "Out ina by 
·_nol.' , 
If a CHAAACTER STRING t. to b. r.aa ln 
th.n th. ,..ault of th. r.sa la 
,..tu,.n.d ta th. cal l '~g "out in. b)' 
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r 

... 

INTEG!R dl.p lav 

k'yboa"d 

'at,.lng' . 
Th. unit nume.,. of th. d.vlc. tMat 
thla routln. haa t4 wrlt. to 
Th. ~nlt nume.r 8f th. d.vlc. that 
thi. routln. haa ta ,..ad'",.om, 

c----------------~-----------------------------·----------------------
1 -!. 

C-------------------~--------------~---------------------------------. 
~-~~~~~!:~~-~~:~~:~::~~:!~~~~~:~~~:!~~_:_------------~---_:_-------
C--------~------------------------------------------------------------C REIIERI!NCI!S 
,C---.. ---------------,----------------------------------------;1"---------
C---------------------------------------------------------~----------C COMMENTS : 
C--------------------------~------------------------------------~-----

C----------------------------~----------------------------------~-----C AUTHOR.OATE CREATED : Mlcha.l T •• al.,. and aab.k D.~ •• h,.ad 
July li8 .. 

C---------------------------------------------------------------------
C---------------------------------------------------------------------C UPDATES : 
C-----------------------------------.---------~--- .. -----.-----~--------. 
c---------------------------~--------------~-------------------------C--------------McGtl I-U~IVERSITV-CONTRO~-CAD--PACKAGI!-----------------
C---------------------~-----------------------------------------------
MOOULI! NAME: manudr1v. 

, D 

C----~-------------------------~------~-------------------------------CALLING SI!QUENCE: CAL~ m.nudrlv. ( m •••• g •• n.m •• tt'M', 
.nt,.,I •• , eo"""and. 

~;;o;;;-----------~---------------:::::::~-::::::::~-::::::-~-"------
Thta aubrOut1n. tak •• a maxtmum of 9 eharaet.,. It,.lng.; whtch Should 
b. p"ovlC1.d ta 1t by th. cal (Ing "outln •• cr.at ••• m.nu by dhplaying 
th.1ft ln manu format (placlng nurnb.r. In f,.ont of th.m). Th. ", •• r 1. 
th.n ask.eI.to anta,. th. numb.r eorr •• pondlng ta hl. Choie •. Both th. 
nûmb." of h1. choie. and th. ch.ract.,. at,.tng tnat h. choa. ar. th.n 
p •••• d on to th. c.llln; ,.out tn •. 

c-------------------------------·------·-----------------------------­
C-------------------------------~-------------------------------------

c---------------------------------~-------·----------------~----------'C CALLED SUBROUTINES: p,.OduC. . 

C----.. ----------------------------------------------------------------
~-~~;;~~-;~~~~;:-;-J_-------:---.---------------------~--------------
C------------------ ------------------------------------------------f 

c---------------------------------------------------------------------C IMPORTANT VARIABLES, PARAMETERS : . 
CHARACt~R·80 ~.s •• g. Tnt •• trlng i. dl.pl.v.a 01"0,.. th. 

ul.r Il .sk.d ta choos. on. of th. 
mIn", .ntrl.a, 
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J: 
~ . , 

" , 

CHARACTIR* 40 
INTI!GI!R 

INTIGIR" 

C'1ARACTIR,III"O 
tNTIGER 

nllIII 
."t,.ia. 

.. 

Hlm. (.nt,.'.I) 

co"""and 
dllptay 

klyboa,.CI 

.. 
'0 

Th. nam. of tha m.n~. 
The numb'~ of antri.. to the men~ 
(max 1). 
Th. Intr.' •• to th. m_nu .houlCl b. 
_torld" in ~h'l vIctor .nd th.n p •••• d 
onto th. rout' na. • • 
1. thl numb.,. co,.r •• pond'n8 to th~>/,l 
manu 1tlm that .a. ChO •• n by thl ü;.r. 
On output co_nCl • ita",. ( choic:. ).­
Th.,utfit tt"'.lr of thl CI.y1c.',t"at. 
thia, ro~t1n. h •• to .,.u. to • , 
Th. unit nUftlbar of tna CI.v'c. that 
thi. t'out1". na. to ,.aaCI '''0'''. 

c------------------------------------------------------------------~--, 

c--------·------------------·------------------------------------*----
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C COMPUTINQ PRI~ClPLI!:.aTHOO.ALGORnHM 1 _ ~(\ 
C-·---------·---~·---------------------------------~----~~------------, '" , 

c--------:----------------------------~-----~-----------~~------------C RlfllRINCIS 
c-------------------------------------------------------~---------.---

c--~---------------------------~------------~-------------------~-~---C CQMMINTS: -
C--_-----·--------------------------------------J-------------------~-
c--------~------------------------------------------------------------e AUTHOR.OAT! CR!AT!D : M'cha.t T ••• tlr and aaoak Oan •• n,.ad 
> July 18'. C------~ ______________________ w _______________________ ----------~-----

c-------------.:..--.. -·---------------.... -----OIJ
-----------------------------

C UPDATU 1 " • • 

C-------~-·------~------------~---------~---------~------------------~ ~ 

,Ii/J 

1 
1 . 

1 

" 

.. "'" 
'-.-
,~ 

, 
·t 
'f? 

"' 
" 
~ 

1. ~;, ;! 
f:. 
,," ,-

~ ;;.. 
~ 

i ,!l . , . 
:1 
ft 
t ., .. 
'i§,' 
Ji ." 



t 

'". 

ô 

.... 
• r 

c-----------·-·-~---··-~------------~-------·----------------~----~---
~::::::::::::::~~~~~~:~~!~~~~!:~:~~~~~~~:~~~::~~~~~~!:::::::::::::::3i 
c----·------------~---------------------------·-~----·----------------
MODULE NAM!. INUGItR-IIOX . • 
C---------~-~--------------------·----------------~----------.-------
CAL.L.ING SeQUENCe 1 CALL 1 n t eg,,,bo li cna".1 em. numDlrl. 

numtllr3. 
numtllrll , 
numbl,..1 em • 

nul'lltl.,.2. 
numb.,. ... 
n",mb."II, 
dieplay ) 

C-------------------------------------------------------------------PURPOSEI ~ 

Thi •• ub"outlnl tak •• 1"" 6 dlff."."t 
'or~~ for th. purpo'l of di.pl.ying 

1nt.o.r. and put. tn.m ln a box 
data to th. ualr du,,1ng program 

, ( •• ~utlon. -
1 

c---------------------------------------------------------------+----­
C---~----------7------------------------------------------------------

c------------------------------------------·--------------------------C CALLED SUIROUTINESI 

C---------------------------------7-----------------------------------
c---·-------·----------~------------~----------------·-------~--------C COMMON BL.OCKS. 10 

C----·----------~---·~--------------------------------------~-.-----~­" 

c--------~----~-------------------------------------------------------C IMPORTAN~ VARIAIL!5,PARAM!T!RS 1 , , . 
INT!G!R nUlllb.",-e 

nunlbe"ll.m 

dt.play 

CHARACT!R.' ,/ Char~llm (e) 

Th •••• ". th.,e numb.r. tha' tn. 
prag"a .... , Il put 'nto • bail format. 
la th. total numaer of 'tema ~o b. 
put 1nto a Dax format 
o < numb.".I.m < e 
The unit nulilD.,. a •• 01>1.t.d w Ith the 
diapl.y on tn. t.rm'nal. 
Th'. t. a cha,.act.r array tnat on the 
input cont.l,". t"e ",.olnO for •• en 
numa.r. Th1. cnaractlr-.t,,'n; la 
p,..l"tad abov' th. numb." ln th. box 
to d •• C""be 1t. 

c----~---·-------------------------~-----------------·----------------

c------------·-----~--------------------------------------------------C COMPUTING PRlNCIPL.e.MeTHOD.ALGORITHM 1 

c-----------------------------~------------------------.--------------
'l'ri •• 'nt.g.". a,..e put 'nta • victor of dl .... ".ion e ( coall'd boa ). 
The ., ... "ta of the 2 vlctora 'boll' •• nd 'ch.,..I.m' arl p,..'ntld oui 
.tth va"iaDl. for_tine ta allo. 'or th. ca •• of havfne f ... er tnan 
integ.". to prlnt out. . ' , 

c------------·-------------------~----~--------------------------1----C RE,PENCES ; . / 

c--------------------~-----~-----------------------------------%t---~-
c--------------------------------------------------------------t----~-
g-~~!~;~_!_--------~-----~---------------------------~----~-_:_:_-

"'- ... _.-.. --~--'-..,.._._-------""'--""':'---.... .,.----..::;';..--------------:-"--_ ..... _---
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c----~------------------------~--·--~-----~~·------·------------------C AUTHOA,OATI C~.ATIO 1 .1k. T ••• l.~ 
. A\Igua, 1 .... 

C---·--------~--~----------------------------------··--------~-------
c-------------------·------~----·-----------·---------~--------~------C UPOATIS 
C--------------------------------------~--~-------------.------.---.-~ 

.. ' 

.' 
.1 

,-

'. 
,~ .',: ~1Il" j 

.",t-' 

" 
" 

:z p 

" 

, 

" 

-1 

,. 
\' 

,.' 

" 

1.1 

" f 

, , 

" -

'. 
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~ 
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~ 
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~ 
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c------------.----~---------------.--___ L _____________ --~--------~-~-~ 
c .... ----.. --------Mcli 1 1 -U"IVIIt$tTV-CONTROL~AD--P"'CK"GI----:------------
C------------------------------------------~--------------------------
MOD~LI-NAMI, .IA~TItI~ ~ 
c-----·-------------------------------------------------------.-------o 
CALLING StQUtNCI. 

C~LL ~aadMat~1. ( typ •• 
1 ~aad1~,. 
, rtaldlanth. 
l , 'lIIIIt~tll, 
1 dt.play. 
1 yppe~an, •• 

----J:lf'O...,tlll8 .. , , 
ha.d.",Ia" 
dMatr1ll. 
n,.o •• 
"eybH,.ct. 
,.anl.f'al 

t 1 t la, 
f ,.mt, , 
1'II1II t r1 •• 
nco l, 
1 o •• ,.ange, 

c-----------------------------------------------,----------7--------
PUItPOSIlI 

Th1 •• Ybrout1n •• 111 r.aCl tn a ma~rtll. dtaplay 'or tha u •• ,. th • .. tr._ thet ha ha. juat .nta,.ad. and a.ka ff h. ~anta to co,.,..ct any 
.I ..... nt. Th •• ~1ttIItO of' 'tn. ",at,.il1 onto th •• c".an 11 don. by 
anot"." .ub,.byt1n. C~l1.d PMATRIX. • 

c--------------------------------------~-----------------------~-----­
C-------------------------p----~-------------------------------------. 

_c-----~----------·--------------------------·-------------------------.C CALLaD .,SU.ROUTINES 1 c:onv.,.t, P,.ompt. pmat"h, db Ip.trh 

C----------------------------------------------------------------.. ---
c--~--.-----------------~-----------------------------_J ______ ~-_____ _ 

-, C CO-ON BLOCKS, l , 

~ C------~---------"'\..--j------------,..----'!'------------------------------.-
~\ 

C----------------------~-------·-------------------------------------~ , C IMPORTANT VARIABLIS, PARAMI!!T!RS 1 

INTIGII dlapl.y Th. un1t nulllba,. 0' 
k.yboarCl Th. unit numb." of 

th. output t.,.m! nal 
th. Input ta"",ina' 
of' th. mat,.lx to 

LDGICAL 

• 

n,.ow Th. "ulllbè,. al "0 •• 

ncol 

1 o •• ,.an"., 
upparan". 

,.a"ga1'la, 

" .. da,..' la, 

ha.cHng 

typa 

b. ,..aa 1n.r 
Th. nu.ba,. 0' COlumna.of th. mat,.l. 
to b. ,..ad 1n. 
Th. option of ,. •• trlct1ng tn. input 
to a ,iv.n ,.ang. la .vailabl. 
101ll.,..ng. i. th. 10 •• ,. I1mlt of th.-
1nput. & upp.,..n,e ta tna upp." 11mit 
of th. Inputt. 
If yOI.l ",.nt to ,. •• tr'ct th. Inpl.lt to 

,a ë.,.t.1n ,..",e -,.ang.fl.,,· mu.t b. 
~~to .TRU!: • 
~f .~.cial •• t 0' in.t,.uctions a'-. 
to b. ~.n b.ro,.. prompt'n" tha ua.,. 
n.ad.,.fJeg - .TRU!. ( th. 
In.t,.uctIOn lt •• ,f .houlCl be ato,..d 

r. _ ya,.la 1. that will be diaplay.d_ 
ln h •• da,.*, -

aft.,.. eve 4-0 P,.ompts (only if 
h.ad.,.flao .TRUE.) -it uaually. 
conta in •• a\ .at 0' apacial 
1 nst ,.ucti on~, 
Tha type of ~,.1. that 1. to b. ,..ad 
ln. ia. type. "I/lnt' 1 1nt.g.r mat,..111 

\ 

•. to b. ".ad • '''~'' 0,. :dbIP' maa" 

'\ .., 
\ 

~.------------~----~~~----------~.~~'*.~--.-~~----------~--~-----~-----------~~-----------~--~ 
. ' ',' ,- , 
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'. 

CHARACTI!"-SO 

CHAR.CTIA-Sa 
CMARACTI!R-l0 

INTIGIR 
RIAL 
REAL-' 

tU-'. 
'rtllt 

f t.l dl .ntn 

-. /' 

r •• 1 and d~ubl. pr.clalan matrlcl •• 
ra.p.cH val y. 
l.c~ tlMe tna u •• r t. prompt.d for an 
.ntry tht ..... ag. t. d'aplayad.~ 
Tn. titI. of tha _trh. "­
Tn. 'ormat that vo~ .'ah t~a .I.m.nta 
of tha .etrt. to D. pra •• nt.à ln 
ta. 'rmt a '1'0', or 'Dl1.8', or 
'~'1."', " •. 3' 
Tha nu~ar of character apaca. that 
aach al.Ment ,. gOlna ta taka upon 
'armat.à dtaplav. 'I.'àl.nt~ 1 • 
dapandant on "rmt' ln tha 'ollo.lng 
manna,. '0,. th ••• ampla., ft.ldl.nt~ 
• "OX'. '11)('. '1 IX', 
and '08X' r •• pactlv.ly 

I .... trh( nro., nco 1 ) 
rmatrl.( nro •• ncol ) 
dMatrh ( nro_ •• ncol ) 

d.p.ndlng on what typa of a mat,.t. 
you ar. r.aàlng tn t~a r •• ult will gO 
Into th. approprlat. matrt. 

lnt.,.,. .a> lmatrt • 
" •• 1 •• > rmatrt. 

doubla pr.et.lon •• > àmetrl. 
tha u •• ,. muat k.ap 'n mina tnat 'n 
not to confu •• tha paallng of a,.ray. 
to a lubroutlna and "atr'.v'n, the. 
ail th,.a. metrlcl •• ~t b. àacl."ad 
ln tna calI ln, P,.og rail , .yen If t"ay 
ar. not ua.à ( lugg.at the u. t ng 
of acratch array. ). 

~. 

C---------------------------------------------------------------.-----
c---------------------------------------------------~-----------------C COMPUTIHG PRJHCIPLI!,M!THOO,ALGOAJTHM 1 

C~------~-----.-------------------------------------------------------

c----------------------------------------------------·-----~----------C RI!'I!R!HC!S 1 

G--------------------------------------------------------------------~ 
c-----------------------·--~------------------------------------------C C~EHTS : 0 

C-----~----------------·_-----------------------------------~---------
c-------~-------------------------------------~-----------------~~----C AUTHOR,DATE CREATI!O : Mlc".al T.a.I.,. and aabak Dan •• h,..d 

J~ly l'S" . 
C--------.---------------------------~------...,.--------------------------

c-----------------------------~--~---------------------------~--------C UPDAT!S : 

c---------------------------------------·----------------------------­
C-----~-----------------·-----------~---------------------------~-----
c-----~~-----------~--------·---~--------------------------~----------C;--~---~--~---MCGtlr-UNI~!RSITY-èOHTRO~-CAD--PACKAGE-----------------
c--... ---------------.,. - ... ------- ------ ... ~ ----------------_ .. --- - --------.. _-
MODULE NAM!, ~ATRIX ,_. . 

C-------------------------------------------------------------T-------. " 

,CAI:.&:JHG SlQU!MCE: CAL.L. p""trh ( mat,.h. nrD •.• ncol. 'mt. f1alttlantn. 
-: " t'~lta. " •• dfl.". ~.trlltypa.· dtaplay,' ,. 

97 

f' _______ ~~ ___ ~~_'--- _________ ~ ____________ ~ ______________ ~ __ ~ __ .~~M_ 

L. 
~ ",.)oF< , 



( 

, . 
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t fi 
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c-------------------------------------------------------.-------------PURPOSI!, 
fi ,f. 

Th1. aub,.out1n. p,.1nt. out a ,..al 0" 1nta".,. mat,., •• 1th a .paè'f'.d 
'O,._W,.ov1daa by th. calI ln" "outln.. It p,.ovld •• tit Ilng, latllln" 
and t~ work., Th. "outln. can b. u •• d alon. or \n co~Junctlon .Ith 
th. ,..ad .. t,.l. rOutln.. In th ••• cond ca •• th. pro"raMmer .hould 
only w~""y about th. pa •• paramet.r. to th. ,. •• d_trl. routln •. 

c--------------------------------------------------------~-----------­
C---------------------------------------------·-~-------------------~-

c-----------------------------------------------------:---------------C CALLI!O SU8AOUTIN!S: y •• no. prompt 
C---------------------------------~-----------------------------------
C--------------------------------------------~--------~-----~-------; 
C COMMaN BLOCKS, 1 

C--------------------------------------~--------------~----.-----~----d l , 

C---------------------------------------------------------------------C IMPORTANT VARIABLES •• PARAMITERS 1 

RlAL matr1. ( nro., ncol ) 

INTEGlR 

CHARACT!R·,0 

CHARACTER· .. 

CHARACTIR·eo 
LOGICAL 

INTEG!R 

nrow 

"COl 

flllt 

fi.1 cU .nth 

tH 'a' 
.... dfl •• 

mat,..type 

dhplay 
keyboard 

Th. INTIGlR 0" REAL matr1. to D. 
p,.'nt.d out. 
Th. numb.r 0' ,.0 •• of th. matria to 
b. p,.lnt.a. 
Th. numb.r of cOlumn. 0' th. mat,.l. 
to tI. p,.int.d. 
Th. 'ormat that y~u .1.h th •• l.mant. 0' th. matri. to b. pr ••• nt.a ln 
t •• frlllt. '110', or ·017.S·, 0,. 

",1 ... •• "8.3' . 
Th. numb.r of cha"act.r .pac.. that 
.ach .l ... n~ t. gOI"" to tak. upon 
format.d di.play. f1.i.I.nth la 
d.p.nda"t on "rmt' in th. 'ollOwing 
mannar 'or th. e.ampl .; '1.'dl.ntn • 
'10X', '17X', '11X', -
a"d '06X' ~ •• P.ct1v.ly 
The titI. 0' th. mat,.I •. 
e.cau •• thi. "ou~ln. can D. u •• d ln 
eonjunctlon .ith th. r.admet .. l. 
routine 1t ha. aoma '.atu" •• tna, .r. 
me.nt to b. u •• d .1th that routln •• 
If r.ad','.g - • TRUl. th.n 
thO •• faatu,. ••• ,. •••• cut.d. 
G.n.,.ally .h.n u.ln" tht. routln. Dy 
it •• " •• t ,..ad'Iao.- .'ALS! 
Th. type of __ tri. to b. p,.1nt.d o~t 

matrxtyp •• 'int' •• > Int ••• r 
matrxtyp. - ·".al' •• > ,..al 

Tn. untt n~.r of th. output t.rminal 
Th. unit numb." of th. Input t.rm,n.l. 

c-----'--------J--------------,-------------------------------------~---
" 

C-------------------------------------~--------------------------.----C CQMPUTING PRINCIPLI,.lT~D.ALGORITHM : ~, 

c--------------~------------------·------·----------------------------

c-.---------------------------------~---------------------~-----------t R!'~R!NC!S : 0 

c---------------------------------------------------------------------

1; 
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c-------------------.. ---------~--------------------------------------.,. 
COIMII!NTS 1 

It ahould be noted tn.t tni. routine ,. onl~ deaigned for the 
pr1nting of 'nteger .nd re.l .. tric1e •• Ho.ever 'f vou .ould ltka to 
prlnt • doubla-preci.'on ~trt. vou .hould u.e the db'~trt. routine 
.n1en 'a t"e e.act .... thtng excapt that the .. tri. ta dacl.red a. a 
double-preC1.'on matri •• 

c---------~-----------------------------------------------------------
~ C---------~-----------------------------·-----------------------------C AUTHOR.DAT! CREATED : Mtchael Ta •• lar and a.bak Dan.ahrad 

July ,,, .. 

(~ C------------------------------------------------~--------------------

- ! C-----------------------------------------------------------~--------­
~ ~-~~~:~~-:---------r-----------------~-------------------------------

c----------------------------------~----------------------------------C--------------McG11 I-UNIV!RSITV-CONTROL-CAD--PACKAG!----------------: 
C-----------------------------------------------~---------------------

, >. 

\ 
, 

·99 . 

/ 
/ 

J 

L 
> 



(' 

. , 

" . ~ 

\ 

, 

~ 
" 

, .. 
~ 

( 
~; 

," iÎ 1 

.f 1 

1 '. 

-

" 

/. 
9) 100 

.. 
1 { 

/"'--~ 

'"'-. 
c---~-------~---------------------------------~----------------------e--------------McGlI1-UNlVERSITV-CONTAOL-C~D--PACKAGE-----------------

e---------------·------------------------------~--------------------
MODULE NAME: th. GRAPMICS SHELL fi 1. 

e------------------------=------------------------------.-------------e CALLING SEQUENCE: 
e Th .... a,.. t.o simila,. v.r.ion. ot tha 
e g,.aphica .h.l'!.f (aa wall a •• ubs.f> fl1 •• 
e Th. on. ioeatad 1" th. dlr.cto,.y lu ... /nonv'at)CDntr-ol1/g,.aphica 
C haa t~. ca"ing a.quenc., 
e CALL GR'" PHSHELL ( A. adata rnatr-ll1 
e &. ma. na, 
e &. Cont,.ofmatrlJ1. 

adi .... n., ona of A 
-u •• r auppl i.d contr-ol 
matrh I! C 

e 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
é 
c 
c 
C 
e 

&. 
•• &. 

me.nc. 
d.a 1 ,..~ubb 1 ... 

*dimen.ions ot'Controlmatrll1 
.po.itlv. -->bubbl.sort data 
nagatlve -->dQ not .. 

The na. Cand itnprov.d) v.rsion of th. grapMc. sh.ll 
,.Outine. locat.d 'In lu.r/nonvl.lIcont,..oll/g,..pnic./cnan" ••• ha. 
thl. calling •• qu.nc.: 

.CALL GRAPHSHELL( A. 
ma. na. 
Cont ,.olmatr 1_ • 

-d*ta mat r f Il 
-dimenliona of' A 
-u.a,. Iupp 1 l.d cont ro 1 
_trh 

lIIC,nc, -dimenll ona l,of Cont,.o lmat .. , Il 

-po.itiv. -->bubbl.aort data d •• i ,.abubb 1 •• 
, / 

& 1 ab. 'orus.r. 
n.gatlv. -->do not .. 

-A charact.,.·20 a,..,.ay 
of .h. lab.l.iz • 

C • 
c 
e 

&. 
&. 

.. 
lab.lalza. 
d •• t ,..o.n laba 1 ) 

-df .. nllon of lab.lofus.,. 
.positlv. -->u •• u.a,. 
auppli." lab.l •. 
nagatlv. -->u •• aefault 
lab .... 

c--·-------------------------------------------------------------------PURPOSE: Thl. f11a contain. lnteractiv. routin •• to b. u •• d in 
conjunctton wUn th. g .. aphlcs ut1llty routin •• loc.ted ln . , 
th. fil •• SUIS.I' • MAIN." &. POf.f . 

C--------------------7------~------------------------------------------

e----------------------------------------------------------------------C COMMON BLOCKS. : NONE 
ç--------------------------------------------------------~-------------

c----------------------------------------------------------------------C IMPORTAHT VARIABLES.PARAMETERS : Th. followlng a,.. a II.ting of 
C th. varlabl.s used .1t,,'n th •• ul)routin.s' that compo •• 
e th. GAAPHICS_SMELL.I' f11. :: •• a> 

C REAL-': 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A:, l'hi. Is th. data matrh who •• c:olu~. contain 
th. data points. 

Controlfllat,.h: This 1. th. mat,." that th. ua.,. 
supplie •. It u.ually haa only a"ound 5 "0 ••• 

ôe.,,..b\Jbbl.: Tnt. 's an input fl.g. If ft ta positive 
than tn. data points .111 ba bubbl •• ort.d ; if 
d •• ir.bubbl. ,. na"ativ •• bubbl •• orting .ill 
b. aurpr •••• t1. 

Control: Tht. ,. th. int.rnally uS.d contrOI-matr1x. 
Ctrl: This t •• working control-matrill. It is .vantua' Iy 

.ant to th. r-outin. GAAPH which Inta,.p,...ta It 
and plots a sc,. •• n full of Slrapha. .. 

Ct,.12: This i. a UlrlPo,\Y, matrh t"at uaually holds 

, 
J \ 
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~;'------------
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.. 

c 1 
C 
C 
C 
C 
C 

!' 

... 
C ~NTEGER; 
C ) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
ç 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C LOGICAL: 

'C 
C 
. C 
C CHAR-SO.: 
C 
C 
C CHAR-40: 
C 
C 
C CHAR-15: 
C 
C , 
C CHAR-4: 
C 
C ------------

'101 

the contents of Ctrl when it is bel"g redlmensioned. 
ratrnerror: An internally l,Jsed fla"'. If posltlve, then 

an error was encountered 
xmod.: This is a flag that Indicates' the format of the 

graphs on the sc raen . , 
Asdf: This is a 5-5 array containing aIl the possible 

screen coordinates that a sereen of plots could have. 
4.4 is really enough for this matru. 

ma , na : These are the dimensions of the data matri" •• A. 
mcm , nem: The.e are the dimensions of the user suppJlad 

control-rnatri", Controlmatrix. 
mc , nc: These are the dimensions of the lnternally used 

control-matri", Control. Note that ( ne := ncm ). 
nctrl: This is the number of columns of the abbrevlated 

contra l-matri", Ctrl. Note that i t has mc rows. 
nscreens: The total number of screens. 
nwindows: The total number of windows (or plo,ts (or graphs». 
nextra: The number of windows on the last screen. 
screennumber: The present screen's number. 
Ipolnt: This ls an integer vector of size nc. It is a pointer 

to, the columns of the matrix Control. giv'lng 
an indication as to the location of each of the 
plots. For example if Ipoint = (1,3,5.6) thi. 
would mean that the information concernlng the 
first window starts on column 1 (naturally') and 
the control info for the second plot starts at 
column 3, the third plot at column 5 and finally the\ 
info for the fourth plot starts at co 1 umn 6 Note 
that from this, one an deduce that windo .. one has 
(3-1) or 2 graphs on lt and simailarlly "lndow;j 
contalns (5-3)=2 funelons and the thlrd windo" 
contalns only one funetion. TQ.~ last plot contains 
(ne - 6 ) + 1 plo t s on ; t • 

~
NING Il l'! "': It 1 s important te note that 

, vector has nothing .. hatsoever to do with 
,th "'lnteger vector of the same name that is found 
withln the files ftIAIN.f and SUBS.F. The are COMPLETELY 
indepenc;lent. 

windows: The number of windows on the present screen. 
plotl,plot2 : Temporary variables used in the OVERLAV routines. 
column: a temporary column pointer. 
newctrl (sometimes also called newnctrl): This i5 the 

new value that nctrl assumes whenever extra columns 
are added onto Ctrl. 

naugctrl: The amount nctrl should be augmented by , or in 
other .. ords, the number of extra columns that are 
to be added onto Ctr 1. 

abort: A flag indlcating that a subroutine was aborted. 
addmore: A flag used in the CREATESCREEN routlnes lndlcating 

that the user 10 i shes to add more w1ndows . 
result,aut\10: Used by Bob's interactive utility routlnes. 
message: Used by the ut 1 1 ; ty rout 1 nes 
Label(4) : A set of labels for up to four plots on a .. indow 

that is eventually sent ta the GRAPH rOutine. 
name, 
i tem(20) , 
command : Used by the interactive utillty routines. 
Labellist(5) : A set of elementary labels for each of the 

five different types of graphs that thlS package 
Is capable of plotting. 

~ype: Used by the utility routines. 

\ 
C 
C 
C 

The followlng are variables that are used by the ne.l" graphies 
that are located ·in lusr/nonvl 5 i Icontro 1 I/graphics/changes 

rOutines . 
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C REAL-B XMINMAX(2,1000) . This 15 a COMMON block array 
C • that l, used ln th. FINDMAX subroutlna 
C It k.ap. track of th. min'. and ma.', 
e of tha columna of tha data matrl., A, 

• e .0 that thay do not hava to be 
e recalculated over and ovar agaln 
e de.lreownlabel If thls flag 1. po.ltlve, than tha 
e graphies program will u •• the labals 
e that the uaer .upplle. for the flr.t 
e "\ "label.lza" plot •. 
e CHARACTER-20: labelofu.er· Thl. 1 •• charactar array of .Ize 
e "label.IEa", contalnlng tha.labals 
C that tha u.er da.lra. for the flrst 
C "label.IEa" plot •. 
e INTEGER: labalalze: The numbar of labals ln tha cnaractar 
C array Labalofu.ar. (I.a. It Is 
e tha dlm~.lon of Labalofu.er) 
e---------------------------------------~------------- _______________ _ 

J 

C----------------------------------------_____________________________ _ 
r 

C AUTHOR,DATE eREATED : Vasu lyengar & Ajlt Nilakantan : Summar 1984 • e---------------------------------------______________________________ _ 
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