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RESUvE 

pq,ur programrres de graphi~. 

b 

Ce rrodule de 20 bits-, concu en se basant sur la 

tamil te des l\.C2900. Ce micro-ord inateur est carpl€'terœnt 
, ' 

~ , 

micro-prograrmble af in de perrœttre a cer talnes trai tr:rrents 

princitifs de graphiques d'etre irrplent's en microcodes. 

Une description detaillee des circuits et des 

progranœs utilises est suivie par une explication de la 

technique d'epuration service. Ensuite, l'evaluation de la 

perf?rrmins du systerœ est decrite a la fin du rn:rroire. 
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, 'is" thesis v~escribe a Miero-ccrrputer rrodule that 

b' '.has been designed .to provide-efficient pr<;>eessing of graphies 

programs • 

The design of thi s rrodule is based on the M:2900 

bipolar bi t sllee mieroprocessor fami Iy and has a w0rd length 
., 

o f 2 0 --b-i t s • The ~Micr-o-C9mputer 1s completely 

micro-prograniRb le to allow cer tain graphies premi t ives to be 

irrplarented in mieroeode. 

The arclTi teetur~, hardware impIeœntat10n and 

software aspects of the microc~uter are deser ibed in detai 1 

in the various chapters. The debugging technique and 

" perforrrance evaluation of the systan are aiso presented. 
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CHAPTER 1 

INTRODUGTION 

Psychologists believe that 80% of our information is 

established via visual contact. It 1s not surprising, therefore, that 

over the last three decades, a lof- ~f effort has been put in the field 

of computer graphies' 

Currently an ex periment , on color graphies animation is 

under w,ay at the, Electrical Engineering Department of McGlll 

University. The main objective of tnis research is to construct a 

system c~pable of supporting color computer graphks animation in 

real time. This machine has been named GRADS ( an acronym for 

Graphies Real time animation Display System). 

The aim of this research is to design a mierocomputer, .. 
based on the Motorola M2900 bit slice mieroprocessor chips, that 

will be operated in parallel with two other microprocessor on the 

G RA DS~ This microcomputer is the most powerful engine of the 

system as far as speed and arithmetic operations are concerned • 

This report explains the components and functions ~f this 

microcomputer system • 
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., 
Chapter Il describes the history and the future trends in 

-
computers, displaysf microcomputer and computer graphies. 

,. 

Chapter III introduces the architecture of the GRADS and 

presents its essential black diagrams • 

• 
Chapter IV thmugh VII contain the detailed information 

about the actual design of 2900 mierocomputer hardware. 

Chapter VIII presents the c,?nfiguration, procedures for 
.) 

testing and software ta debug the hardware • 

Chapter IX presents the performance and results 

l' 
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CHAPTER II 

HISTORY AND FUTURE TREND 

OF COMPUTER 

INTRODUCTION 

From as early as 500 (B.C) up to 1945, a variety of 

computational aids such as the Abacus and the slide ruie were 

invented, which simplified but did not replace manual 

computation(32). 

The ENIAC invented in 1911 5, was, the first operational 

electronics computer which opened a new world of computation to 

the ~uman beings(32). Following that, the invention of the tqmsistor 

in late 19lt9, by Bell Teleph~e Laboratories accelerated the speed 

of research in thlS area • 

' .. 
The first TTL chips \Vere introduced by Texas Tnstruments 

l, 

in 1961_ and since then the development of rc's has progressed 

through small scale mtegration (551), medium scale integration (MSO 

and large scale IntegratlOn (L5I)(l4). 

Intel 4004 was the first comr;nerclally available 

,microprocessor, introduced in 1971, and it proved to be the starting 

3 
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point of the microprocessor revolution, the effect of which can be 

seen today. Systems such as the Motorola Mc2900, 68000, Zilog 

280 and the Intel 80 86 indicate the diversity of the microprocessor 

families of today(62). 

. COMPUTER GRAPHICS 
.. 

In the early ,50's, communication between man and the , 
o 

computing machine was one of the major problems. 'Professor 

Neuman pioneered in using a CRT for communicating with the 

machine, and later in 1951, the WHIRLWINDI project (20) at MIT 

beca!!1e the first system which introduced the concept of computer 

graphies. From that time on, computer graphics systems have been 

intensely studied by a multitude of people for weIl over three 

" decades. The goal of thiS ongoing research is to create an 

interactive machine which is fleXible enough to calculate any 

complex image in three dimensional world and display it on the 

screen. An ideal graphies machine should be able to compute and 

display high resolutlOn color images at a speed high enough to avoid' 

'flicker' and should allow for the participation of the user by 

alléwing real time interaction. 

" 
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INTERACTIVE GRAPHICS 

'Sketchpad' was the first interactl ve graphies system which 

ntroducedwëby Sutheland at MIT(19). This terminal was based 

on a predetermined table of options which made possible it for the 

user to select them in arder ta commUnLcate with the system. 

Later on, the CRT displays, in conjuction wlth a key-board, 

became the' mos! cam mon interactive media between man and~the 

machine(3.~). 

CRT Displays 

Cathode-Ray tube (CRT) has long been the only choice for graphies 

disQ!ay because of color, br 19htness , reliability, and low cast. It, 

however, suffers from fllcker, high volume, heavy weight and its 

cumbersome and fragile nature. 

The CRT function by virtue of a focused electron beam 

or tnree focused electron beams ( color CR T's) which stlmulate 

phosphorecent coating on the screen to emlt visible light(l6). 

Each stimulated area on the screen emlts light for about 

0.2 sec, sa for havmg a contmuous bright point with a constant 

5 
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emissive lntenslty, thlS point must be stlmulated repeatedly, higher 

than a certam rate, otherwise the Vlewer w;ll see a blJnkln~ pOlnt. 

ThIS effect is known as 'fllcker' and to avold that- each. set of 

pomts must be repeated at ,nlnlmum rate of 25 tlmes Isec. 

The creation of a picture .on the CRT can be achieved 

-
in two different ways : 

1: Raster scanmng 

2: Random Positioning 

In raster scanning, ail the eleme'nts of the picture, known 

( as pixels, are scanned periodicaly ln horizontal lmes and r?::;ard!ess 

of eXlsting picture informatIOn on the _CRT . A. coilectlOn of such 

ho rt zo ntal scan lmes are needed ta scan ail the pOlnLS on a CR T 

screen. ThIS IS known as a palr of frames. In random posltlOnmg the 

beam wtll travel randomly. Random POSItIOn presents flner Images 

ln black and whIte CRT's, as drawtng stralght ltnes or contmuous 

curves are possible; Raster scannmg IS prefered for lower cast 

,slmplicity and for color applicatIOns (33). 

ALTERNATIVE DISPU\ y 5YSTE \\5 

The Ided of a flat Dlsplay, that can be hun~ on the wall 
( 

or carned ln the pocket,ls an extremely at~actlve obJectlve(t+2). 

(, 



On the waS toward this ultimate goal, active \Vork has been done 

recently ln developing fiat panel displays such as : 

1: Light Emlttmg Diods (LED) Displays(60). 

2: Plasma Displays(44). 

3: Liquid Crystal Dlsplays(49). 

4: Electr'olummesent displays. 

The invention of the blue LED (9) has made possible the 

use of LED's ,\5 the basIc luminescent elements in an array ferme 

Liquid Crystal and LED's are likly to be the material of choice for 

(- a new generation of flat displays positionned directl y cn top of 

memory arrays. 
. 

ThIs si mplifies life and construction and It 

-
ellminates the need for the refresh cycles. 

, 
Although the above mentlOned proJects have lInl{roved thetr 

commercial feaslbilitles, the CRT remains the preferred dlsplay 
t ... 

deVlce currently and ln the near future. 

1 ANIMATION 

In order to generate a feeling of con,tlnUOUS motion, the 
1 .. 

plcture of each movmg object should be displayed at least 25 tlmes 

per second such that each frame proJects 1ts new posItIOn. If each 

7 
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frame conslsts of an array of 512 by 512 pixels per color bit, the 

'. task of animation reqUlres the updatinlS of over SIX hundred thousand 

pixels every 1/30th of a 'second. This data flow 15 roughl y 

equivalent ta 10 mllllOn color words per second. 

Such computational and data flow reqUlrements generate 

the demand far an' extremely fast and powerful computer to achleve 

animation . This has ImpeIled researches ta explore the pos51bility 

01 using more 5uperior processm~ concepts llke paralfel processing 

" 

and plpellmng for use ln animation :syster;( (61). 
, 

PARALLEL PROCESSORS 

Al though, the very tas t mlcrocomputer IS avallable today 

which could implement each InstructIOn ln less than 100 nsec, but 

the throughput oT one rmcroproèessor will not be sufflclent for' an 

Interactive real tlme color graphlcs dlsp!ay. The bcst way of 

cO,mmg over thls prob!em 15 uSln~ mu! tlple mlcroproc<:ssor whlch is 

worklng in parallel, and aIl together wlll partlclpate ta performe 

each frame (4-,8). 
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PIPELINE ARCHITECTURE 

One of the severav- ways to have a hlgher throulShput in 

a system 15 plpelme architecture. In thls method, lil<e in the 

assembly Unes, sever al operators are used eacn after the other to 

manipulate the instructIOns. 50 in each stage the Instruction will 

be decomposed to anothet level. 

TWO AND THREE- DIMENSION AL PICTURE . 

The display of three DlmenslOnal pictures is much more 

difficult than that of two Dlmensional Il}1ages. This is due ta 

frequent requ~rement, snowlng a perspective Vlew of a 3D object on 

the 2Q screen as weIl as the elimInation of hldden surfaces . Till 

now, much effort has been spent on slmplificatlOn of the algolthmes 

for t!tese types of calculatlOns (3). 

\ 

TRUE Tl-IREE DIMEN5IONAL prCTURE 

Recently a new electnc::llly ltght sWltchlng Lenz LLZt ( 

Lead Lunthanum Zirconate t1tandte ) has b'éen developed (l0). Now 

If the odd and even frames are calculated from two sltghtly 

dtfferent reference pOints tnd if the screen IS vlewed through a pair 

9 
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of LLZt glasses, and if Voltage pulses synchromzed \Vi th the &Wlay 

-of the odd and even }ields darken the left and n~ht lenses 

alternatively, as the result, the viewer sees a true 3-dimenslOnal 

images. 

COMPUTER GRAPHICS APPLICATIONS .Q 

By increasing the power of microprocessors and 

decreasing the cost of powerful systems, computer· graphics has , 
alr~ady found its way into different applications. In general, .thelr 

applications can be categorized ln six major areas (33). 

Management InformatlOn 

Scientific GraphIes 

Command and Control 

Image Processing 

DesIgn 

Entertalnment 

Real time applicatlOns 
~I 

FUTURE :rREND OF COMPUTER GRAPHICS 

The cost of real time two and three dimensional graphies 

la 
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systems is still very high (14). U ntll recentl y no slznificant VLSI 

development ln the special purpose domam has been made. 

Currentely,however, several major research teams are attempting to 

develop custom VLSI graphics systems. In the near future, 

therefore, hlghly compact computer graphies and animation system 

are likely ta be wldely avallabJe. 
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CHAPTER III 

THE SYSTEM ARCHITECTURE OF GRADS 

INTRODUCTION 

As mentioned in the previous chapter, currently a computer . 
graphies system is under construction at the Electrical Engineering 

\ 

Department of McGill university. This system has been named 

GRADS (an acronyrn for Graphies Real tlme Animation Display 

System). Slnce realization of such a system requires tremendous 

amounts of data flow and enormous amount of computational 'power, 

concepts of parallel processmg and pipelining have been used in this 

design. the GRAD5 can perform 'paraUel processing with the aid of 

a bank of independent microcomputers, and concurrent data flow by 

means of O1ultiple busses and DMA machines. This chapter will 

briefly present the GRADS features, structure, and s'ubmodules. 

GRADS, FEATURES 

The complete operation of the G~ADS 1s programmable. 

for color or black and white operation, as well as for low resolution 

12 
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( 256 X 256 ) or high resolution ( 512 X 512 ). 

In order to preserve a constant background, the 
, ' 

programmer is able to change the mode of operation fro~ " Opaque 

" to "transparent ". In Opaque mode, the oid frame contents will 

be replaced by t~e new one, but in transparent mode the new 

irûormation of each pixel .will be logicaly "OR"ed with the oid one. 

GRADS STRUCTURE AND OPERATION,. 

Figure 3-1 represents the organization of the GRADS A 

variety of user programmes can be execyted,on the hast computer 

system by processing the user interaction )m-d resulting the display 

of compounding animated ~lmages. These resulting images will appear 

at the output of the host computer in a high and compact format 

as a series of Macro-instructions such as polygons or Unes. ThiS' 

information will then be broken down ta N groups and will be 

submited to N paralleled microcomputer modules for translation into 

graphie controler instructions. The GRAPHIe CONTROLER unit will '" 

read the computed data buffers- from each microcomputer module 

and process them to generate and store pixel information into the 

video memories. The resulting, intensity and color information of 

the pixel is thus stored at the required address in the frame buffer 

for display. J 
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"HOST COMPUTER 

It has been decided to use a commercial computer to 
, 

cpntrol the GRADS. This computer can have access to the GRADS 

through the Host Computer Interface. Because of Îts suitability for 

development of software applications and aV~:lÎlability In the computer 

graphies laboratory,...DEC VAX 11/780 and Cromemco Z80 have been 

chosen as the Host Computers. The flrst will be used to execute 

the application programmes while the' second will be used for 

debugging and maintenance. 

DEC VAX li/780 

The Dec VAX 11/780 is powerful enough ta generate the 

macroiœtructions at th~ required rate. Its architecture is\ based on 

a 32 bit word length, efficient memor1 management and v,irtual 

memor)'- operations. It is aIso a priority-scheduled, event- driven 

system. The assigned priority and activities of the processes in the 

system determine the ,level of service they need. It is supported 

with 2 MK bytes of memory two 300 MB disc drive and one 

magnetie tape as secondary storages (18). 

ln the architecture' of this machine two busses can be 

realized, the MASSBUS and the UNIBUS. The GRADS has access 

to it through the UNIBUS. 
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CROMEMCO Z80 

This is a microcomputer consisting of a Z80 CPU based 

, on the 5100 BUS architecture and contalning 64K bytes of memory, 

two floppy disc drives and one CRT terminal. In addition, two 

Cromemco PIOS boards each containing 8 parallel input output ports, 

- -are available (15). 

. -

As mentioned -before this is not a powerful m'achine and 

can not' generate complex animation at the required rate. It is only 

used to generat~ some static ,9r very slow motion pictures for 

maintenance purposes. 

GRADS SUBMODULES 

Figure 3-2 presents a furtner break down of GRADS intu 
<If 

its submodules which will be èxplained in the following s~ctions • 

. HOST COMPUTER INTERFACE (' HCI ) --., 

The Hel module links to three internaI busses (CPU, 

MICRO. GRAPHIeS CONTROLER) and both external busses(UNIBUS, 

5100)(46). The services provided by the HCI include : 

16 

~. P,,_'- f" 



. - - -. - ~ ~ -- .. ~ ~~ ... _-~ - -~ .... _---~-~- - -

( 

1( UNI BU s 
HOST COMPUT~,R --

\ INTER FACE 7 

> S-100 BUS 

t1 
CPU BUS 

. Y- i 
2900 8086 2-8000 

l"IICRO- MICRO- MICRO-
COMPUTER CCI-TPUTER COMFUTER 

( J 1 1 1 , 

MICRO BUS 
. 

GRAPHIeS 
H' 

CONTROLER BUS. 

- , GRAPHIeS 
-

CONTROLER 

..., , 
VIJEO VIJEO BUS' 

MEMORY 
, 

~ 

T.V. 
SEQ. :.v. 

-

Figure 3-2 GRADS submodu1e 
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a: transferring data (by DMA). 
;. 

b: Interrupt routing. 

c: Control and status word transfers. 

TRANSFERRING DATA 

The HCI is equiped with a DMA (Direct Memory Access) 

machine and is able to provide a path from the Host Computers to 

the internaI modules and vice ~vérsa. Data can also be transfered t 

by the DMA machme from any microcomputer module to another. 

For the inltiallzation, it allows downloadmg of microcode and 

programmes to the microcomputers and to Graphies Controler. l 

INTERRUPT ROUTING 

The HCI provides interrupt servicing from elther of the 

Host c.omputer5 to the GRADS modules or vice versa. Concurrent 

requests are taken care of through arbitratlOn. 
o 

CONTROL AND STATUS WORD TRANSFERS 

The HCI i5 also capable of providing a path from. the 

Host Computer ta the GRADS modules for reading/writmg from or 

to their status registers. The CONTROL reglsters are used to 

regulate the operation of the mlcroprocessor modules from the host 

computer whlle the ST A TUS reglsters are used for sync,hronJzatlon 

and scheduling. 
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MICROCOMPUTER MODULES 
., 

The array of microcomputer modules forms the second 

processing level in the GRADS system. These microcomputers are 

modular in nature and can be dynamicaly programmed by the Host 

computer to performe various processing functions. A total of four 

such units 1S envisaged for the full operatlOn of the GRADS . 

Currently four microcompliter modules have been designed based on 

the Motorola Mc2900, 68000, Intel 8086 , Zilog Z8000 

microprocessors. The same m1crolnstructions can be processed by 

these different miCrocomputers for evaluation(5,55,61,27). 

The first microcomputer module was deslgned around the 

Me2900 bit-sUce mieroprocessor and constitutes the most powerful 

microcomputer of the (GRADS). The design of this mlcrocomputer 

is the topie of this thesis and will be discussed in greater detail in 
1-

\ 
the subsecquent sectIons. 

The second, which is based on the Intel 8086, is a 16 bIt 

machine and is capable of provlding a dIrect address of up to' 64K, 

but, in segmentes i t may address up "to 1 M Bytes of memory. This 

unit with its powerful instruction set, 16 bit arithmet1c capability, -
and 8 MHZ dock, can support low resolutlOn (256*256) displays on 

the GRADS. 
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The -third micro-computer is deslgned wlth zllog Z8000. It 

is aIso a 16 bit machine and provides a direct address up to 8 M 

Bytes. In cortlunction with a memory management unit 1t can 

address up ta 48M Bytes of memory. A builtin refresh mechamsme 

simplifIes its use -.vith memones. 

THE GRAPHICS CONTROLER 

The GRAPHICS CONTROLER performes the last level of 

processing in the GRADS. It is a speClél-l purpose DMA machine that 

provides for downloading of processed data from the microcomputers 

and for translating this processed data lOto actual pixel information. 

1t then stores this pixel information" ln the frame buffers in the 

video memory planes of the frame buffer(l2). 

The GRAPHICS CONtROLER also arbitrates the use of 

the V ideo Bus by t he TV sequencer. 

Figure 3-3 shows an example of the information processed 

by the GRAPHICS CONTROLER. The tirst word of each block, 

wruch is command word, 1s saved in the command register to control 

the system durmg the block DMA. Four such command modes are 

avallable namely : Solld Area Mode, Shading Area \Aode, Point Mode 

and Read Back ~ode. The first 1S useful for painting any area on 
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Figure 3-3 Point mode data block 
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the screan In a chosen uniform color, the second wIll serve ta paInt 

the chosen area wlth a shaded color, the th1rd can create individual 
\ 

p:)1nts with the same color and the last one 1S used for maintenance 

/ servicing. 

1 n arder ta maintam a fllcker free TV display dur ing the 

~aphiCS controler DMA transactlOns, a constante f10w of information 

tO\ the sequencer must be maintamed-by giving it the highest pnority 

on\ the video bus. 
\ 

VIDEO MEMORY PLANES 

T 0 support the constant refrashing rate reqUl'red by the 

CRT, the pixel inf~mation must be ~aved in a buffer to be read 

out contifluously to the CRT. Several 64K-bit vlde~ memory planes 

are assigned for this purpose. One 64K-bit memory plane can 

provlde one bit .informatIOn per pixel for 256 X 256 resolution. The 

512 X 512 resolution reqUlres four tlmes as much memory. 

Wntmg of Information in each memory plane can be done 

by over writmg ( Opaque Mode ) or by 'OR'mg the new mformation 

vJlth the old one ( Transparent Mode). SpecIal hardware circUltry 

is used on the video memory planes to implement these two modes 

as speClefIed in the "Mode bit" of the COMMAND WORD. 

22 

/ 



t 

( 

THE T.V. SEQUENCER 

The T. V. seq~encer is responsible for the synchronization 

and the continuous refreshing of the image on the RGB color TV 

monitor. 

5hift registers are used to serialize words read on the 

frame buffer video memory planes. This seri al data is fed to DI A 

convertors which' generate the appropriate analog levels for -the CRT. 

A programmable dock can be operated at 12.6 or 6.3 MHZ 

to control the flow of the signaIs for high or Iow resolutions 

dlsplays. 
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CHAPTER IV 

, 
o 

OVERVIEW OF'1 THE 2900 MICRO-COMPUTER 

---

INTRODUCTION 

\ 

As mentioned previously, this micro computer\ design is 

"-based on the motorala M2900 microprocessor families. It 'the J 

fastest and most powerful o~ the GRADS parallel mlcroprocessorà,J 

The significant feature of this module is that lt can' perform a 

read-modify-wrl te instructIOn ln one dock cycle. FIgure 4--1 

presents the overall configuratlOn of this module which will be 

~ 
detailed 10 the following paragraphs. 

\ " 

THE 2900 MICROCOMPUTER MAIN COMPONENTS 

In order to obtam a 20 bIt ward Slze, the CPU plane has 

been constructed using five 1vt2901 bit slice mlcroprocessor chips. 

This module also incorporates thrèe \12909 sequencers units for 

addressmg 4K bytes microcode m~mory. More than a 100 bit long 

24 , 
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Figure 4-1 Architecture of the 2900 Mkrocomputer 
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microcode word would be required horizontally to microcode any of 

the designed functions in one instruction. The length of the word 
1 

has actually been minlmized to fort y bits by dividing the instructions 

into for classes., 

The microcode Memory is constructed, using very fast' 

" access time RAM chips (82511). It is addresS'able by the CPU and 

the HCI. The Hel has read and write access fo the memory' while ' 

the CPU can only read bom it. 

The Local Memory CO!1s!i;ts of lK by one bit schottky 

memory chips (21L02) to gi've a total of 4K words of 20 bits. Three 

bidlrectionaJ ports make it possible for the CPU, the HCI and the 

GRAPHICS CONTROLER to access to itO). 

In the }ollowing sections the specifications of the 2900 , 
family chips used in this microcot;Tlputer are explained. 

, 
MC2901 - FOUR BIT TTL 'MICROPROCESSOR SUCE. 

The MC2901 bit-slice microproces-sor is a four bit machine 

which can be cascaded to obtain _a microprocessor wlth a longer 

word size. Since it is microprogrammable it can be made to 

emulate any digItal computing machine by prepalring the appropriate 

microinstructions. 

, ' , 
o 
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Figure t.,.-2 presents the archi tecture of the MC2901 

microprocesso(. It can be seen that it has two address ports which 

can °simultaneously access any two of the 16 RA'M 'registers, eight 

arithmet'lc and logical func~io[\s of t'NO operands selected from 

inde pendent sources can be evaluat~,d at· very high ~peeds of 

approximately 110 nsec. These operands can be derived from five 
# 

source ports. and 203 cam binations o,f the source pairs can be 

lobtained by the variation of nine control inputs. The,se nine control 
/, 

• inputs are diyided into three functional groups namely, the ALU 

source 'operands, the ALU
o 
function and the ALU destination register. 

The ALU results c:an be delivered at the output bus after each 

ALU operation or they may be .saved in the internaI registers 

through a shiftmg path. Thi~ shiftmg path can keep the result" ' 

'unchanged or can operate ta shift 1t in elther direction (X2 or :2). 

- , 
Four status flags : ca~ry, overflow, Zero anq MSB high are 

outputted after each ALU operation on the separate pins. ' 'The eN 

in conjunction of the carry generate "CG) and carry propagate (P) can 

be fed to a MC29G2 LOOK AHEAD CARRY GENERA TOR chip when 

several microprocessors are in. parallel. 
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MC 2909 MICROPROGRAM SEQUENCER' 

The MC 2909 microprogramme sequencer is designed to 

address microinstruction memory sequencially or branch randomly as 
1 

programmed at its inputs. Figure 4--3 presents its architecture and 

as can be seen, it contains one address registers and a four deep 

stad< file which can be used for implementing subroutine caUs. The 

output address J.s four bits long and several of the'Se chips can be 

cascaded to address a longer m~croinstruction memory. The "D" 

input of the chip is used to implement an absolute jump to a chosen 

location while the zero input is used to initialize the 

microprogramme execution from address zero. 

, 1 

MC 2902 LOOK AHEAD CARRY GENERATOR 

The MC2902 look ahead carry generator has four paires of 

g~nerate and propagate inputs and is able to generate the carry 

output for up to four parallel microprocessors. The generate and 

propagate outputs of this chips are used to cascade several of them 

for a longer word machine. 

'. 
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CHAPTER V 

MICROCODE ME MORY 

INTRODUCTION 

Most images are created from simple elements like point, 

line, polygon, etc.... The mlcropro,cessor module is used to expand 

such macroinstructions downloaded from the hast computer into 

GRflPHlCS CONTROLER instructions placed in an output buffer in 

the local memory. For highest efficiency, these are executed as 

microcoded subroutines executed using the parameters speclfied in 

the local memory. For example the drow line macro Instruction caUs 

a micro-routine where 
, \ 

XI,Y 1 and X2,Y2, the st~rting and ending 

addresses respectively are the transferred parameters. 

f"-s mentioned before the Microcode instruction lenght was 

to designed to be 40 bits and the mlcrocode sequencer addressing 

de MemorylséMIDrgie are cJl.O b e 1+ K . Thus the the Mlcroco 

bi ts long, but the board presently constructed has only lK words 

,capacity. This capacity can be increased up to 4K if it is 

necessa~y. 

- The M icrocode Memory has two individual ports, one 

bidirectional and the other unidirectidnal. The HCl uses tne 
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white the bidirectional port for loading and verifylng the microcode 

CPU is al10wed "read only accessIt through the unidirectional port. 

MICROCODE MEMOR y DESIGN 

Microcode Memory consist of four major parts shown in 

Figure 5-1. 

Control Circuit ' 

Receiver/ Drivers 

Address Buffers 

RAMs .-e:-. 

ln additiOl'\-j seve;ar éon~rols and busses <:tre interconnected. 

" Four control signaIs come from the HCI. The function of 

these signaIs wHl now be explained. 

\, 

DIR _ HCI_ TO RAM H: A high level in this Une, opens the 

data flow from the Microcode bus t6 the RAMs. A 10w level on 

this Une reverses the data flow. 

the HCI address and CPU address respectlvely. 

WRITEL: THIS low pulse sent by the Hel causes 4-0 bits 
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Figure 5-1 Microcode Memory conflguration 
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uv 
of data presented at the HCI port ta be saved in the RA Ms at the 

set address. This line remams ineffective whe'1 It HCl_PORT_L It is 

high. 

CPU ADD OUT' ENABLE L: P. low level on this Une 

enables drivers to output the cru address ta the "CPU ADDRESS 

TO HCI" bus. This 1S useful for the tracmg mode software which 

Îs explained, in chapter 8. 

THE CONTROL CIRCUIT 
/" 

~: ..... 

The control circuit is shown in Figure 5-2. 

Two LEDs are ass1gned ta show the flow direction. This 

helps ln the hardware debugglng and maintenance modes. 

Dl : OFF, when the flow directlOn 1S from bus to RAM. 

D2 : OFF, current "CPU ADD TO HCI" buffer is 

-t:ristated off. 

RECEIVER / DRIVERS 

The rece1ver/driver umt consists of ten 8T26 chips each 

carrying 4 Imes of data ( Figure 5-3 ). The two Hnes governing the 
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DlR HCl TO RAM H 

Hel PORT L ~ 
C>------------~ï~ 
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TRANCRECElVER ENABLE 
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'------.;;.;.;:.,:.- - -- -

::>0-- -----

RAM WRITE 
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D CPU ADD OUT ENABLE L 

Figure 5-2 Control cirCUIt of the Microcode Memory 
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selection of information flow "TREAD l=I" smd " T WRITE L" 
o 

are driven in parallel by the control output, which is the mverted fi 

DIR HCI TO RAM H" signal. A low at these Unes dictates a 

flow from the CPU bus on to the inputs of the RAMs, and a hlgh 

causes a flow from the outputs of the RAMs to the. CPU bus. 

These chips invert as they transmit or receive data 

because data presènted by the HCI is lnverted. 

As shown in Figure 5-1, no drivers are assigned to the 

"2900 CPU" bus because this bus is private between CPU and the 

Microcode RAM and each output of the RAM is driving only one 

input on the CPU cardo 

ADDRESS BUFFERS 

Tœ address buffers consist of three groups of buffers, of 

which one group is invertlng (8T96) and two groups nomnvertlOg 

(3T95) (Figure 5-4). In each group, two parallel drivers are used for 

each signal in arder ta meet the fan out requirements. 

buffer 4 

occurs in 

The invertmg buffer lines carry 10 HCI address Iines and 

wn te signaIs. 

the(C1o 
The inversion corrects a prior inversion that 
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One of the noninverting groups presents the copy of the 

current CPU addresses to~ HCI when needed. This request occurs 

during tracing and simulation tests. The last noninverting group 

cardes the current CPU addresses to the Micro-code RAMs. 

RANDOM ACCESS MEMOR y 

Tœ memory portion of the circuit consists of 40 schottky 

RAM 1024Xl bit chips (82511) shown in Figure 5-5. They are 

divided in two groups, each carrying the same address but driven by 

different drivers. 

Each input to these fort y RAM, chips is fed from a driver 

coming from the HCI while each RAM output is connected to the 

''2900 CPU" bus as weil as the input of the driver going to the HCI. 

As shown ln Figure 5-2, four buffers are used to meet the 

fanout requirements of te "Write Enable" inputs of these fort y chips. 

MOSES OF OPERATION 

\,) 

Mictocode Memory has three distinct modes of operations 

namely DMA write, DMA read and CPU read. 
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ln the DMA write mode, the HCI sends 40 bits of data 

to the CPU bus and presents the mlcrocode memory with 10 bits of 

address as well. Bath the data and the address appear inverted. 
~ 

After inltlating the write cycle, the "\VRITEJ:}I pulse is generated. 

•. Figure 5-6,a shows the timing diagram for this mode. On the 

trail~ing edge of this pulse, the data which 1s presente~ at the input 

of the RAM's is written into the RAMis at the address location. 
\. 

ln the read mode, the HCI receives 40 bits of data via 

the CP U bus. This data will cQrrespond ta the location whose 

address is presented by the HCI along the 10 address inputs' of the 

RA Ms. Iï; this case the control signals shown in Figure 5-6,b " are 

'. initiated by the HCI and are sent to the Microcode Memory. In this 

mode the same data is also presented ta the CPU, but the CPU 

does not use it. 

In the Read CPU mode, the CPU of the microcomputer 

presents the Microcode Memory with 10 bits of address and receives 

40 bits of data. In this case ali the contraIs, Il DIR HCI TO 

RAM H ", If \VRITE L" and Il Hel PORT L Il, must he maintalned 

high by the HCI. 
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CHAPTER VI 

LOCAL MEMORY 

INTRODUCTION : 

The Local Memory is used to implement two buffers. The .~ 

Ha fUIs the first one with the macroinstructions. The GRAPHICS 

CONTROLLER reads the second one once it is " filled by the 'CPt] 

( with processed the data. 

Sasically the Local Memory design has three bidirectional 

ports and ITas relatively complicated control logic because of the 

arbitration requirement associated with Microbus, HCI and CPU 
r 

po~ listed in decreasing priority. 

, . 
- 0 • 
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In order to syncronize the Memory cycles, alogie "Hand Shaking" 

circUit is inc1uded. 

Since the 'Memory Address Register' (MAR) of the CPU 

(will be explained in Chapter VII) 1s 12 bits long, the CPU 1s able 

to 'address a maximum of -4K words of local Memory, each word 

being 20 bits long. 

LOCAL MEMORY DESIGN 

The Local Memou Consists of five major parts: 
1 

Control Circuit 

Data Receiverl Drivers 

Address Buffers 

Synchronizer 

RA Ms 

In additlOn t_o thesé-parts, severa1 other controls and busses 
---~ 

~ ar~ alsôSfio~-in Figure 6-1 

Five control signaIs i3-re connected to the Local Memory. 

The func~ion of each signal 1s expla1ned as follows: 
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MICROBUS GRANT , L: This signal is provided by the 

Local Memory arbitrator, located on the CPU board. It is active 

low and it results from a Micro bus request which has the highest 

priority. 

Ha GRANT L: This signal is also provided by the Local 

Memory arbitrator. It is active low and it results from an Hel 

request, which has the second priority. 

CPU GRANT H: This is the lowest priority signal provided 

by the Local Memory arbitrator. It results from a CPU request. 

The above three signaIs enable the appropriate address 

drivers to Local Memory. 

Hel READ L: This signal is provided by the HCI ta 

regulate the HCI data port direction. Logic low will cause a read 

from Local Memory to HCI. 

MICROBUS RE AD L: This signal is provlded by the 

GRAPHIeS CONTROLER ta regulate the MICROBUS DATA port 

dir,ection. LoglC low will 'cause a read from Local Memory ta the' 

MICROBUS. 

If aU the five signaIs mentioned above are high then the 

1.j.6 
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'CPU will be able ta read from the local Memory • 

THE CONTROL CIRCUIT 

The major chips in this drc,uit are the multiplexer and the 

two decoders. These three unitS, in conjul1Çtion wlth sorne lnverters 

and drivers, take care of sWltching the three data and address 

busses. The output of the multiplexer is also used to enable the 

wnte pulse provided by the synchronizer ( Figure 6-2). 

The two decoders are fed by the sàme signal but only one 

of them is enabled by the multiplexer output at a time. The flrst € 

decoder enables the buffers ta the RAM input. The second, enables 

buffers to the OA T A busses. This circuit guarantees that only one 

buffer 1s enabled at a time. 

TlYee diodes 01,02 and 03 are provided to display buffer 

transmission to the HCI,MICROBUS and CPUBUS respectively. 

DATA RECEIVERSI DRIVERS 

The Local Memory has three identical bidirectional ports. 

Except for the CPU DA TA port, 
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the test are inverted in order to correct the polarlty of the data. 

Each port consists of 40 dn vers which are coupled ln pairs ln arder 

to have 20 bit bidirectional ports (Flg~re 6-3). 

ADDRESS BUFFERS 

Ji One of the three groups of addr.esses must be presented 

at the RAMIs address inputs according ta the result of the 

arbitration (Figure 6-4), The nand gate enables the CPU ADD Imes 
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when none of the other address buffers are selected. 
\, 

RAMis 

Tœ Local Memory '.lias designd, using &0 chips of fK bit 

static RAMs (21 L02). These RAMs are grouped in four rows, in 

order to realize 4K words of memory. Each group has 20 chips to 

create a, 20 bit long (Figure 6-5). 

Each RAM chip has only 10 address inputs. In order to 

be able to address 4K bytes, the two most significant bits of the 

address buffers are connected to one selector. With- -the four 

outputs of this selector, one of the RAM groups can be chosen by 

enabling their "e;" input. 

The 'wri te enable' (WE) of aIl the chips can be shorted 

-together for the "WEil will be effective only ln the selected memory 

bank. In practice, however, it was found desirable to use one more 

selector to direct separate Wrl te pulses to each bank selected. This 

divides the load by four and helps to improve the noise and fanout 

problems. 

( 
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SYNCHRONIZER 

Tre Local Memory can be accesS'ed by three systems with 

different speed. ln order to handle this operation, the Synchronize 

has been inc1uded in the Local Memory (Figure 6-6). This circuit 

consists of two timers and one flip flop to regulate a "hand-shakjnglt 

IX"otocol between the Local Memory and the external devices. The 

fust timer hs used to adjust the address setup time and the second 

one is used to adjust the writing or reading time. The flip flop is 

used for generating the done status pulse. 

In the next few paragraphes operation of this circuit will 

be explained. The Local Memory arbltrator, by grantmg any request, 

pulls down the "CHIP ENABLE Lit line. This signal triggers the 

first timer and releases the fhp flop. ' This first timer inter val is 

used for address decoding, bank selection at7ld memory address setup 
. 

time (Figure 6-7), The trailing edge of the flrst tlmer pulse triggers 

a second tlmer. The second timer pulse is used to generate a 

memory write pulse during rrremory write transactions only. The 

trailmg edge of the second pulse docks the flip flop to set the 

"memory status done" pulse which is sent to the arbitrator. This 

pulse resets the arbltrator and therefore the "CHIP ENABLE Lit 

is removed after a certain gating delay. For the read mode, valid 

_ ,--da ta can be read at the leading edge of the." memory done status" 

pulse. The protocol requires that the request ta the Local Memory 
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arbitrator be removed to tlisas~ert chip ena~ L. This results the 

"Memory Dçne Status" before the next cycle.' 

( 
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CHAPTER VII 

THE M2900 CPU 

" 

\. INTRODUCTION 

As mentioned before, several microcomputers will 

participate in breaking down the macroinstructions into lower level 

irJormation. The M2900 is' one of these microcompllters. The CPU 

of this Unit is based on the M290Q micropracessor famlly. Ta make 

the unit as powerful as possible, severa! ather circuits have been 

added to this unit. A 16 bIt by 16 bit multiplIer and the external 

registers are the examples of the extra hârdware features. 

The CPU can com~unlCÇ1te with the local Memory and the 

Microcode Memory, thraugh individual and private ·buses, and with 

the ather CPU's and the HCI through the CPU BUS. Thus, the CPU 

has three ports, one unidirectlOnal to read trom the Microcode 

M emory and two bidirectional ports to communicate with the HCI 

and the Local Memory. A group of 14 wires are assigned ta 

transfer the status of the CPU to the HCI. 

Tre Local Mem'ory Arbitrator is included on this board to 

arbltrate the access requests of the GRAPHICS CONTROLLER, HCI 
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and the CPU -wi th the Local memory ln case of simultaneous 

requests. 

In the rest of this chapter a detailed description of the 

hardware making up the M2900 CPU board is presented. This design 

15 broken up into seven distinct sections: 

1- Central processor 

2- Sequencer and branch controis 

3- InternaI, external registers and the 

multiplier 

'4- Register contraIs and interrupts 

5- Status 

6- Local arbitrator 
"-

7- Microword register or Pipelin~ 

Figure 7-1 shows these sections and their int~rnal and 

external connections. 

CENTRAL PRO CESS OR 

The Central Processlng unit (CPU) consists of five MC 
\ 

2901, ~ bit-slice microprdcessor chips of the 2900 family, connected 

in parallel in arder ta obtain a twenty bit processor ( Figure 7-2 ). 
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Two MC2902, carry look ahead, chips are used to provlde 

" the carry generatlon and propagation networl< b~tween the 

processors. Each 2902 gets its inputs from the 'G' (carry generator), 

the 'pl ( Carry propagator ) and the 'CN' carry outputs of the 2901 

and outputs its signal from 'CN+X'. AU five processor chips are 

doc\<e{f synchronously. The carry presented to the next chip is not 

corrected immediately aiter the dock pulse, but setteles after a 
, 

delay and the correction ripples through to the last sUce. 

The controL inputs of these five chips ,as well as the 

registers addresses 'A' and 'B' are ail paralleled. For this reason all 

- - -live chips react as a single 20 bit processor. 

The 2901 contains 17 internaI registers which are similar in 

function and pur pose. The 2901 microprocessor has the capability 

of shifting or rotatmg-the data which is to be st2Sed in any of its 

registers. These special functions can be accomplished by presenting 

different combination of signais at the pinS labelled 'QO', 'Q3', 

'RA MO' and 'RAM3' of the 2901. In order to have a flexible system, 

two multipJexors (74253) a~e used to select different paths between 

these pins. The selection of the multiplexor paths is done under 

software control through microcode Instruction bits)& and 19 (MI 

1 S;MI 19). 

The status register (25LS09) is used to save the flags 
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gener ated by the processor. The clocking of this rwster can be 

enabled or disabled by bit 25 of the microinstruction. The outputs 

of this status register can be read into and subsequently restored 

from the 2901 microprocessor. 

The other microinstruction bits which are relevant to the 

ALU section of the microprocessor module are: 
~ /-

-" 

- Bits 0-2 are used to select the origin of the 

ALU source operands. 

- Bits 3-5 are used to select the ALU functron 

ta he performed. 

" Bits 6-7 are used to select the destination' 

of the result. 

- Bit 8 is used ta shift the stored result of 

an operation. 

Bits 9-12 are used to select the 'A' address 

to the 2901. 

- Bits 13-16 are used to select the 'B' address 

to the 2901. 
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Bits 6,7 and 8 are controll~'-- by bits 17 or 25 of the 

microinstruction (Figure 7-3). If one of these bits is low, then 'NOP' 

be~omes high, generating a high, low and low in lines I6, 17 and 18 

respectively. This code means "do nothing" for the mi'croprocessor. 

This 1s useful durmg the conditional branch (bit 25 1S low) status 

update (bit 17 L) which will be explained later. 

SEQUENCER AND BRANCH CONTROL 

A very important part of the microcomputer is the 

sequencer and branch control. By carefully designing this part, the 

executlOn time of the system has been decreased. This part can be 

divided into three main sub-modules, each moçiule aSsigned to a 
{ 

spedfic function. These modules are: Sequencer, cond1tional branch 
, 

controller and tracer. 

\ 
SEQUENCER 

Tre sequencer consists of three 2909 chips, paralleled in 

order to obtain a microcode addressing space of 4-K -words ( Figure 

7-4). This means that mest, 12 bits are needed te address any 

-microinstruction in the Microcode Memory. Since only IIK words of 

Microcode Memory are avadable at present, only 10 of the 12 

sequencer bi ts are used. 

64 

, ' 



r 

\ 

'J 
1 
i 

------------------------------------------------~----

iIlI6 
fr---_-I I6 

l'II 7 / 

r----~I7 

MC2901 

1118 
1--------1 18 

'---------- MI17 
~ _________________ MI25 

Figure 7-3 NOP c~rcuit 

65 

! 

1 

J 



r 
1 

C]'\ 
C]'\ 'Tl .... 

(]Q 
c .., 
(1) 

""-J 
1 

"'" 
C/l 
(1) 

.!:I 
c 
(1) 
:J 
(') 
(1) ., 

--( 

n 
'1:1 .. " 

FROM MICRO_D~1~STRUCT7i;PIPLINEI " "\ : ') , 

BRAND ADD-jN 7 d 12 ,,~ ) 1 ... "\ 1 Il " " 
INSTRUCTION 1 HEp. U 1 U 1 J.. 1 ~ [,f" 'FROM 

c~ d),) 

MI 9 / 0 

10 So~PoP~ '1:1 
SI . 

Il 0 
F~ () 

12 H 
CIJ n 

13 RE n 
H 

ERO ADD :ïif(o n 
G 

OE H or- f-:l 

} 
nf-:l 

~~ 
....:lO· 
;:OH 
O~ 

.r' q 
(n 

, 

§
So::O ~ pt:J 

PtJSlIlPCf b 
S1 1 ""'1 

Fi ~ 

;:0 n t:::J 

1

5" '1:10 

:==========~ :~~ H/f'Or 'vJ b 
7 

FI! (=5 

C,,", N eJJ N 
-\0 _ \.D 
RE 0 R6 0 

j, l 'U--
;:0 

ISo 

1---1P"i.lSIt!POP 

() t:::J 
'l:1 -1-1 

CJ 
f-J 
t-J 

r------iS1 

!---IF! ~ 

t=l~ 
\0 \.D 

OR-<. OR. DR. 

N 
\0 
o 
tO 

~1Rù ugo Z~O 

a & ~ 
Yo Yl V Ro-OR3 Y'1Y1- éJR4-~ . Yl YII {1flz-c~11 

..L . 1 ! 
- V

V l-~~ l 
- - -

v 

~ ~ 
TO f"lICROCODE rr.Ei":ORY 
ADD BUS 

-----

~ 

L - ~ PFifHiiSi"M se =r,p 



r 

( 

The sequencer achieves 

12 bits of direct address input(DO-D11). 

12 bits of internaI register address input(RO-Rl1) 

stack of four 12 bit words. 

The sequencer has the followi~g capabilities for branchmg: 

The microprogramme can branch to any address by 

presenting that address on the 'D'inputs. The twelve 

microcode address bits are located at bits MIO-MI S,MI 14, 

MI 15 and MI, 16 in tffe microinstruction word. 

During execution of graphies programmes, the 

macroinst·ruetions are loaded fram the Local Memory into the 

Macroinstruction Register (MIR) which ln turn feeds the 'R' 

inputs of the sequencer, for brapching to the appropr!ate 

microcoded routines. The address register is loadèd when the 

'RE' input i5 enabled. The address reglster can be selected 

using bits MI 9 - MI 13 of the microinstruction. 

\'} 
The sequencer ls able to 5tack up to four microinstruction 

adresses on its internaI stack, so that the programme can have 

subroutine eapabilities ( care must be taken since no more than 

four addresses are pu'shed into the stack at any one time ). 

67 



,. '1 \. 

f. 

! 
t 

..,.. 

p 

" 

.A combination of bits MI 9, MIlO and MI 11 are used to push 

and pop addresses. 

The rest of the sequel}ce ~peration is explained as foll-ows: 

- Setting microinstr:uction bit 13 increments the microcode 

programme address counter for the programme to continue 
, \ 

sequentially. On the other hand, if this bit is Iowa test and 

branch instruction can be repeated untill the test satisfted. 

- The 'zero' input provided on the 2909 chip cle(rs the 

microprogramme counter ta zero. This input can be çontrolled 

from the host copmputer through the control register or 

manually usin~ a push button. 

~ 
CONDITIONAL BRA,NCH CIRCUIT 

This consists of a 16 input selector (74150) and five two 

~nput nor gates (Figure 7-5). Bits MI 9-13 are used to programme 

the branches, are passed mdividually through these fiye nor gates! 

The second inputs of these five gates are driven .by the output of 

the selector. Bits MI 21-24 are _connected to the A,B,Ç and 'D 
\(\ 

select codes by whiéh the branch conditlOn can be 'chosen. Anytime 

the branch condition is met, the output of the selector goes low 

which unblocks the nor gates and allows the appropriate branch to 

occur. 
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This selector 1s disabled by hardware if the trace circuit 1s in 

operation. The Trace- mode is explained in the next section. 

TRACER 

While debu~ging a microprogramme 1t may be helpful to 

dump the 2900 CPU registers .after executing each microinstruction. 

This tracing facility was Incorporated to help testing the combined 

performance of both the microcode software and the 2900 hardware 

system. It is implemented using microcoded subroutines for copying 

, " the 2900 system register contents mto a local memory buffer after 

. 
1 
1 • 
1 

~ 

.the execution of each microcode instruction. It aIso uses sorne 

hardware circuits to force the 2900 CPU sequencer to imp1ement 

subroutine caUs to the above mentioned routines. This trace 

fUllctÏon may be triggered manually or through a control signal sent 

from the host computer system. 

(1 

The tracer consists mainly of one counter (74161), two dock 

synchronizers (74120), three 'D' flip flops, two dip switches and 

severaJ gates (Figure 7-6). 

\ 

Figure 7-7 presents the complete timing diagram of this 

circui t. The tracer's functlon can be illustrated as follow: By 

setting the 'TRACE L' to low, the tirst flip flop (TRFF) captures 

it and 'Cl output of this flip flop resets the 'eN' input to the 

sequencer which force the sequencer to repeat the same address. 
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With the next clock pulse, the current instruction, which was loaded 

Into the pipeline, is êxe}uted and at. the same time, the most 
1 

significant bit of the ç(nj~ter is set synch~nously by the output of 

the firS! flip flop.' T~ 'Qd' output of the ~ter freeze' the dock 

pulses of the m1croprocessors and of the sequencer. At the same 

time the condition for the push is composed by the logic circuit on 
" 

the sequencer control inputs. Once everything is frozen on the' 

microcomputer, the trace requester is able to read the 

current address of the sequencer which is communicated to the 

requester by setting " READ ADD H ". Theo the r~quester, after 

reading the address, may iss~e the "READ ADD DONE L " , 

which sets the 'Qc' of the counter. 'Qc' releases the seq~encer 

clock through the clock synchronizer, and sets the 'zero' input of 

the sequencer to clear the microprQgramme counter. By the next 

clock pulse the counter jumps to the countmg mode and the 

sequencer output address becofT)es zero. Since the control inputs 

are in the push state the old address is pushed into the stack. 

From this state until the time the counter arrives at the "1111" 

state, the CPU receives only. one clock pulse which causes it to 

execute the instruction corresponding ta pushed address. In the 

mean time the sequencer r~ceives three, additional pulses which 

cause the zero initialy saved in the programme counter and the 

address set by the dip switches ta enter from the "OR" input of the 

sequencer. The sequencer is set by the hardware-- to continue. 

Obviously this address 1s "OR"ed with the programme counter address 
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which was cleared, and is saved in the sequencer 'programme 

counter. In the last dock pulse,' the instruction corresponding to 

this switched address, and it is forced by the tracer circuit into the 
r 

- sequencer, is fetched into the pipeline. After this, everything 

returns to normal except that the system executes the trace 

subroutine which starts at the address set by the dip switches. At 

the end of this subroutine, one statement sets the "status 3" high-,--

The Host Computer scans looking for "Status 3" tUgh which means 

that aIl the r~gister's contents have been transferred to the local 

memory. The CPU's and the sequencer's docks, are frozen by , 

"sratus 3" and the 2900 CPU waits. The Host Computer then reads 

a11 _registers from 'the Local Memory and at the end issues a " 

CLEAR L "which, resets all the flip flops and the counter of the 

tracer circuit. However, the programme counter still contains the 

end address of the trace subroutine. At thls stage a return 

statement causes the stack address to be popped which restores the 

return address to the main programme. Therefore, care must be 

taken to include the " set statu~ 3," and " Return " statement At 

the end of the trace subroutine. 

The 8 most significants of the startlng address for the trace 

subroutine can b~ chosen using the eight DIP switches, the four, least 

significant bits are fixed to zero. 

Keeping "TRACE L" low, aIl the time, would cause 
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execution of one instruction followed by the execution of the trace 

routine. This repeats as long as the" TRACE !--" is not removed. 

\ 

INTERNAL REGISTER, EXTERNAL REGISTER AND MULTIPLIER 

There are 17 internaI registers available on the 2901 ALU. 
, 

One of these is referenced as the 'Q register. The others, are 
, 

accessed through the 'A' and 'B' address ports, and are called "RAM", 

registers. Our miërocomputer containes, in addition. to the above 

internaI registers, a number lof external registers, sorne of them used 

as general purpose registers while others are dedicated to a 

particular task. The external reglsters and their functions are 

explained in the following! sections (Figure 7-8). 

GENERAL PURPOSE REGISTERS 

A set of sixteen 20 bit word registers, buitt up from five 

AM27S03 chips are used as general pur pose ,reglsters. A careful 

study of the MC2901 tables shows tpat one of the two ALU 

operands has to come ei ther from an internaI or the 'q register. 

, For this reason, only one operand in an ALU Trans'action can come 

" from an. external register, and since there is onl y one set of direct 

data inputs on the MC2901, Therefore the 'A' and lb' address fields 

are sufficient to address' the internaI and external registers. In the 
~ 

processor design, address field 'B' has been used to select one of thd) 
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e xt ernal 'reglsterS. Bits MI 13-16 defin~ this 'B' field wbile bit MI 

26 1s used to " wr1te enable " the external reg1sters and bit MI 27 

is used for the' chip selection of the external registers. The reasons 

favounng use of the 'B' addres are : 

- Tre availablity of ALU functions associated with the direct 

inputs require the 'A' field to specify internaI registers. 

- The only way that the external registers can participate in 

any ALU function 1s thrqugh the direct inputs. 50 if- the 'B' 

group of address Unes are used ta select the external register 

othen any combination of one internaI and one external register 

can be processed. 

The input of these external registers are connected 

directely té the 2901 output Y BUS but their outputs are passed 

through the tristate buffers and connectedt. to the Il DATA IN " 

(Microprocessor input), in or der to tristate them off when ever they 

are not required. 

SPECIAL PURPOSE REGISTERS 

~ ... 
Three other reglsters called MAR ,( Memory Address 

Register ), MDR ( Memory Data Regis,ter ) and MIR ( Memory 

Instruction Reglster ) ,are used ta directly access the Local Memory. 
<, 
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- Since the MAR is only twel ve bits long, it is connected 

to the twelve least significant lines of the microprocessor "y BUS 

" It is used to address any location in Local Memory. 

, 
The MOR aIso gets its inputs frotr the" Y BUS ". It 

1 

contains the data that is to be stored in the :location addressed by 

the MAR. / 

The MI R is used to hold the instructions read from the 

Local Memory location addressed by the MAR and presented to the 

DATA IN Ijnes of the 2901 CPY, for executing the correspondlng 

microcodeçf routines. 

MULTIPLIER 

Since the MC 290.1 can not perform~-hardware 

multiplication, a multiplier, the MPY-16A, is induded in the system: 
" 

To perform multiplication:, the two .operands ,are first stored in the 

'X' and 'Y' registers. which are included in the multiplier. The 16 

LSB bits and 4- of the 16 MSB of the, pro~uct are then stored in the 

MUltiplier Register (MUR). 

The CONTROL REGISTER, The function of this register is 

7& 1 

,1 

1 

1 



r 

to store the different controls coming from the inside as well 

as outsipe the microprocessor. Sixteen least significant bits 

are recel ved from the host cOf!lputer and the four most 

signiflcant bits are recei ved in order to save the four flags of 

the 2901 microprocessor (overflow, sign, FO, F19). Table 7-1 
.' 

shows the bit assignment of the CONTROL REGISTER. 

CPU STATUS OUTPUT REGISTER, this reglst~r is used-by 

the host computer system in synchronizing the operation of the 

microprocessor array. The function of these bits are presented 

in Table 7-2 

HCI DATA AND ADDRESS REGISTERS, The DMA 
f ~ 

operation to be performed by the HCl systems can also be 

,engaged by the 2900 mic:roprocessor system. This involves 

loading the five " Hel MACHINE REGISTERs" shown in Table 

,7-3. Each register i5 loaded by specifying the "HCI MACHINE 

REGISTER" to be loaded in the "Hel ADDRESS REGISTERII 

and wri ting the desired content into the "HCI DATA 

REGISTERII . 

THE LOAD CONSTANT BUFFER, this is used to allow 

microprogrammer to load arbitrary CDnstant into 2901 cpu 

through the IIDATA IN" lines as defmed in the microcode 

instruction field. 
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BIT NAME OF THE SIGNAL 

o 
1 
2 
3 
4 
5 
6 
7 
& 
9 

10' 
11 
12 
13 
111-
15 

Microbus Error Intr.(GRAPH. CONT.) 
Microbus DMA Done INTR.(GRAPH. CONT.) 
HCI DMA Done (HCI) 
Unibus Intr. (HCl) 
5100 INTR. (HCl) 
HCI Machine Grant' INTR. (HCl) 
Reset System 
Reset 
NMI (Hel) 

Input BuHer 1 Full (HCI) 
Input Buffer 2 Full (Hel) 

Table 7-1 CONTROL REGJSTER 
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BIT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

NAME OF THE SIGNAL 

Not used 
Interrupt to Unibus 
Hel Machine Request 
Not used 
Interrupt ~? 5100 

Microbus Error 
Input Buffer 1 Acknowledge 
Input Buffer 2 Acknowledge 

Table 7-2CPU Status Register 
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REGISTE?. 1 

, 

SCUaCE ADDrŒSS 
~ 

15 0 

REC}'IS'T'ZR 2 

,DEST DJATICN " ADDRESS 

1 

15 0 
.1 

REGIS'T'ER 3 

( DESTINATION ADD. SOURCE ADD~ 

22 16 23 16 

15 8 7 0 

REGISTER 4 , 
1 

Wo:m COUN'l' 

15 0 

" 
ci REGI~'I'Sq 5' 1 , 

# * 
PACK AND DESTINA- SOURCE 
IU:--JPACK CODE TION r.ODE CODE 

1--- , 
15 14 13 '8 7 4 3 0 

~ 
~OT USED # START 1)HA 

Table 7-3 Hel Machine register 

, , 82 



'," 

, . ' 

i < 

i 

,~ \ f 

The commmunication of data through the above registers 

and busses is controlled through microcode softw.;lre and "REGISTER 

CONTROL Il hardware which will be .disbussed in the next section. 
. " 

REGISTER CONTROtS 

_/ 
( 

This section describes most <;>f tbe controis applied to each 

, individual element on the CPU cardo - Th~ design of such controis 

is difficult, since it should not lead to any hardwar~ conflÎcts for 
1 

aU possible cOfl1binations of the microwords. 

These controls are presented in two major Jparts according 
-1 

to the engaged functions being internaI or external to the 2900 

" 
microprocepsor module. 

" 

INTERNAL FUNCTION CONTROLS 

AIl these control registers are accessible by software ft 

·through the bits Ml 13-16,MI 21-"25 and MI 28 of, the Microword. ' 
J . 

Except for bits' MI 13-16, which are used to address the 16 external 

general purpose, registers, the rest are assigned -to control their 

inputs, outputs ,and write enables. Table]-4 shows the se1ect'ion 

and figure 7-9 gives the synthesB 'of the "INTERNAL FUNCTION 

CONTRatS". 
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MI 21 

0 
", 

. \ 0 

0 , 

0 

( 1 

1 

1 

1 

( 

l" .. • 

MI 24=Low 

MI 22 

0 

0 

1 

1 

0 

0 

1 

______ -'-' ~1 ~ 

, , 

MI 25=High MI 28=Low , 
" 

1 
1 

Mr23 Action 

0 MOR ENABLE L 
., 

1 

1 MAR ENABLE L . 

0 CLOCK FLAG RE'G L 
'-

1 READ FLAG REG L 

0 CLK Y REG OF MULT 

1 CLK X REG OF MULT 

0 CLK MUL T OUT REG L 
-

" 
1 '1 ENABLE MUL TI OUT REG L 

. 1 . 
" 

TABLE 7-4 INTERNAL FUNCTION CONTROL SELECTION 

, .. 
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( Figure 7-9 Int~rnal Function Control circuit 
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The three-to:.eight line decoder (74-5138) used in this 

circuit, guarantees an absence of bus cÎ:mtention between these 

reglsters. 

EXTERNAL fUN CTION CONTROLS 

One 745138, decoder is used' tq control the registers 
! . 

,associated with the Hel. These controls are programmable through 

bits MI 21-23,MI 25,MI 28 and !vU 29. Table 7-5 shows the selection 

,and Figure 7-10 presents the logic circuit. "HCI DATA AND 

ADDRESS REGISTER" are enabled upon receiving the Hel DMA 

grant. This permits to define DMA transactions param~ters which 

to be carried out by the Hel, 

The ·MC 2901 microproc<;5sor has no ïnterrupt inputs. 50, 
/ 

as 5'uch, it can not be interrupted. However, the programme can 

search for the status and interrupt the main programme in case of 

sl,Ich a request •. This 1s done by the 16 )nput selector which has 

been al~eady discussed in the previous sections. The input lIE14" of 

this selector represent the general purpose interrupt input. This 

interrupt sch'eme 15 shawn in greater details in figure 7-11. As it 

Ïs shawn, severa! status bits are "OR"ed together ta compose the 

generat pur pose inter • One three input mùltiplexor is aIso used 

ta programme a part of the status. Table 7-6 gives the selections. 

Three JK fHp flops are assigned to latch overflow, Micro Bus 

86 

--

\ 
\ 

lb 

1., 

1 
1 

, , 

\ 

, L-
I 
1 

'1 

1 



f" 
1 

." 

(--

SYSTEM CLOCK. ._-

. 
MI25 -

J 
, 

1 
MI28 

, , -, '"l . 
MI29 • 

~ • 
c CLOCK HeI ADD REG.T. "1 

~2A G2B GIl< 

MI23 A YI CT.()CK HeI DATA REG.L 

.. Y2 DHA RUS COFN,'l' REG. EN L 

Y3 r.PU STATUS o Vrp PTI'T' REG. 

Y4 
'MI22 B Y5 . 

" ----- ~ 

Y6 
J 

\ 
. , 

~ 

Y7 
v 

MI21 C 
\ 

"'-

Figure 7-10 Ex ernaJ Function Control circuit 
1 

~7 



, 
• ( 

~ 
.~ 
, 
f 
~ 

r.. 

~ 
l 
r 

1 l, 

MI. LW • OW':I 

", 
G 

d ""r 
.' 

( 

( 

1 

. ~-'-----"7- --"-" -- -- -)'~ ~' ~~~_. __ . ! 
, " . . '"" 

. "'" . . "" ~, 

~: '~ . 

o . \. 
".~!:~ 

.~ 

:r /.f 

" . MI "25=High MI 28=Low MJ 29=Low .. 
. , 

Ml;l MI 22 MI 23 Action 

0 0 0 DMA BUS SOURCE ADD REG EN L 
~ 

0 0 1 DMA, BUS DEST ADD REG EN L 
. 

. 

0 l 0 _DMA BUS COUNT REG ENABLE L 

0 1 1 DMA BUS CONT WaRD REG EN L . 
1 0 0 " not used 

1 
l' a 1 not used 

{ . 
1 0 not used , .\ 1 1 1 not ùsed '\, 

. '< . ";. 

TABLE 7-; EXTERNAL FUNCTION CONTROLS SELECTION 
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Figure 7-11 Intrrupt circui t / 
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:.: MI 21 

0 

0 

0 

0 

1 

1 

, 

b. 

( 

" 
1 

,0 
\ 

\, 

MI 25=HIGH MI 28=LOW MI 30=Low. . . 

MI 22 Ml 23 Action 1 

- ... 
0 0 ·not used .' . 
0 J . 5100 ALU INTR -, 

1 0 ) SEQUENCER' REG ENABLE ~ . , 
r 1 CLEAR FRAME' INDEX PULSE FF L 

0 0 CLEAR MICRO BUS DONE FF L 
, 

0 1 CLEAR OVER FF L , . -
, 

.. -
TABLe 7-6 INTERRUPT SELECTION 
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Done ,and frame Index pul~e 

Microbus bone 'Js aIso used to 

, 
1 
l' ~ Stgnals• 
1 

cl~lar the 
\ 

\ -

STATUS 
~ 

~ , 

. .. 

• 

An inverted' coPY' of the 

Micro Bus DMA ReCl.uest. 
:_~ , 

-. 

Two. hardware. statu~ registers 

S~chCOnizing operation with Locall1MemOry and 

are reserved' fJr 

another is ~ed fJr 

hardware' tracing fadlity. i. 

-
STATUS 0 Local Memory address register full 

. 
STATUS 1 Direction to Local Memory . , 

;( .. \ . 
Status 2 Tracing cycle done 

~ 

1 

Figure 7-12 shows the implementation of one sample 
.' 

register. The dock pulse to them ca"n be enabled thrf>ugh bit MI 

17 of· the microword. Bit MI 16 of the microword is used, through 

some Iogic, to set or reset these registers. These registers can aIso 

be c1eared through their asynchronous clear inputs. The "LOCAL 

• 

MEMOR y REQUEST STATUS" can be set by the' microcode 

~struction loading the memory address register and be reset directly/ 

by the hardware mémory done pulse. The "TRACE STATÙS", will • 

be set by the microcoded so~tware after ail the register contents 

have been copied out to the Local Memory. After retrieving and 
~~ ~ 

tftspIaying the regist,er, content, the externaI tracing 'programme will 
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clear the "TRACE STATUS REGISTER" ta end the trace cycle and " : resume the execution of the microcode programme •. 
1 

" 
.. 

LOCAL MEMORY ARBITRATOR 

The Local Memory. of the microprocessor is connected to 

three différent parts of the GRADS system: 

The Graphies Coniroller . 

The Host Computer Interface 

The M2900 Microproçessor 
\ 
\ 

Sinee the Local Memory is a shared reso\ce. an 

ar~trator is needed ta grant access, to the Local Memory to \ane of 

the thr:ee possible parts of the GRADS. The Arbitrator' de~ign is 

based on a 7lf148 priority encoder and giv~s highest priority of ~age 
to .the Graphies Conttoler followed by the Host Computer anJ\the 

CI.'U ( Figure 7-13). 

Inputs 4,2 and 1 of ~he 74-148 are usèd for priority 
1 ., 

selection- with input 4 having the highest prior,i.ty and input.l the 

. !owest ~iori ty • .;\fter granting any requ~~ts the inputs of this chip 

aré bl~cked by using the 7410 nand gates: ~ach gr'anted req~est '1 

causes a low level at tRe 'GS' output which starts the transmlss\on 
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Figure 7,-13 Local Memory Arbitrator 
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/ëycle in the local Memory. At the end of this, cycle the j"equest 
, -~ 

is reset by'the memory status pulse generated by the ;J..ocal Memory. , 

The removal of a reqijest at 7454 chip {trlggers the input of a 

74121omonostable, to apply a narrow pulse (40 ns) to the "El" input 

of ~he...74I48. DlJ1;ing this 40n5 ~l outputs of thl 74148 go high. 

At the end of the pulse any pending requests at the inputs of the 

74148 will generate a néw' grant cycle ( If no' requests are pending, 
., . 

ail outputs will stay·.in the idl'e position). 

'The application of a manual reset to the system at any '-

time causes, the arbitrator to reset. 

PIPELINE 

As mentioned earlier, one of the ways to mlnimize the 
o 

execution of a programme time is to pipeline the 'programme 

instruction; in other words prepare the 'instruction ahead of time. 

In this dysign, a one word deep pipeline ha~ been chosen. This 

pipeline is basically a 40 bits long register which works. as, ,follows 

: at every clock pulse a new address is presented to the microcode 

memory ànd, af~er a certain delay ( memQry access time ) the 

appropriate mlcroinstruction stabilizes at the inputs of· the pipeline. 

On the next cloc~ :tjjlse this instruction is e~ecuted w,hen it is. 

presented to at the inputs of the processor. 'During that same dock 
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,p~r~oW, th~ next micrcinstru~+i~ is prepared for loadlng into the 
f ':..~ ~ 

pipelin~ It can be seen that, with the pipeline, the .instruction 

fetchijlg time can be .omitt~ from the instruction execution time 

-,allowing.the pro'cessor to'run at a higher sPeed. The pipeline is 

constructed from 7 units 74-5174- chips • .. 

MICROWORD 

, -
ln this section, the Micr-oinstruction and its bit . -

~ ,;;;; ... 
assignments are explainèd brie~ly. 

-:' 

" • f 

The. mJ.crocode instructions can bè subdivJded into four 

forrri'at5: 

-. 
Load Constant Format 

Sranch Format 
Q 

Status Cali Format .. 
ALl) E'ormat' 

'. 

, 
.... 

• 

Any instructiçm is implemented using one 40 bit micrpcode 

. word. However, the bits of the Microword are assigned to different 

functions in each of the four different formats. The format is 

speàfied using MI 17,25 and 28. Tables 7-7,8,9,10 show the detailes 

of the bit assignment of .each format. 
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C 
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,i 

BIT NAME 

o . 

1 1 ALU sour ce.-eperan d 
2, ~ 

3 

1 4 ALU function 
5 
6 

1 
ALU destination 

7 
8 
9 
10 
11 Constant field 5 
12 
13 r 0 
14 Destfnation rég address. ( B field) 
15

1 

16 1:1 

17 1 
18 . ] 

C 19 .. Constant field 4 
20 '" 21 

1 
-. 

22 Constant Held 3 -Ii' 

23 
24 X 
25 1 .. 26 X 
27 C~nstant field 2 
28 '" 1 
29 . 
30 , 
31 

.\ 32 \( 
33 
34 Constant field 1 
35, 

v 

36 
37 

oC 

--. 38 I~ " -
39 X ) 

? ' 

~ 

Table 7-7 LOAD CONSTANT FORMAT 

( 
0 
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( 

1 
" 

• 

( 

". 

• 1 

BIT 

o 
1 
2 
3 
Il 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
JIJ 
35 
36 
37 
38 
39 

1 

1 
X 
X 
X 

1 
o 
X 
X 
o 
X 
X 
X 
X 
X 
X 
je 
X 
X 
X 
X 

NAME 

Microcode Memory 
-- Page offset 

Branch address sources 

'OR 11 ' input to sequencer 
To enable micro-programme counter 
incrimenting (SEQ Cin) , < 

Microcode Memory page address 
(8 page of 512 words) 

16 branch condition selection 

.. 

Table 7-8 BRANCH FORMAT 
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, """ 
( 1 

1 , 
l 

BIT NA ME 

~,J 
0 Local Mem9ry ADD REG full 
1 Direction to Local Memory 

~.:: \ - 2 Tracing cycle done 
3 
It 

..-' 

5 ., 
6 
7 11 status flags (nM used) 
8 

" 
9 
10 
11 'Il< 

12 ~, 

13 ,,' 

r<- lit 
15 X 
16 Status set q: .. ow) aAd clear (High) 
17 0 
18 X 

C 19 X 
, 20 X 

21 X r 
22 X 
23 X 
24 , , X 
25 1 
26 X 
Z1 X 
28 0 
29 X 
30 X 
31 X 
32 ' X 
33 X 

~~~{~~J,-, le :~ )r""u 
"31t X 
35, X " 

36 X "' 
37 ·X 
38" X "~ 

39 " X 

Table 7-9 STATUS-UPDATE FORMAT 
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, , 

! 
1 

1 (! '" 
t ' 
i 
! 
; BIT NAME 1Il 

./..-- 0' 

1 1 ALU source operand 

" 2 
3 

1 
1 

4 ALU function / 
5 
6 

1 
1 

7 ALU destination 
8 
9 -1 10 
11 A field address ( internal reg. only) 
12 
13 

1 
14 
15 B field address internal and external reg. ~ 

16 
17 1 
18 
19 Shift multiplexer control 
20 ALU Carry in ( -High ) 
21 , 

22 Selection of multipléxers controlêd 
Externat R~gisters 

23 
24 'To enable t.he Ext. Reg. Muitiplexers L 
25 1 
26 External reg. read (High) and write(Low). 
27 To enable external reg (High) or MIR (Low) 

,,,28 0 
29 To enable th~ Hel Reg. multiplexer 
30 To enable the Status Reg. multiplexer 
31 X 
32 X 
33 X 
34 X (x= DONT CARE) 

.. 1- 35 'X 
36 X 

'\ 37 X 
38 X 
39 X 

: ... ~~. , 
<J" 

Table 7- 10 ALU FORMAT 
( , 
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· CYCLE TIME OF CPU MODULE 

The most important parameter in an)! microcômputer is 

the cycle time requirement of the CPU. This cycle. time lirnit~the­

dock rate of the ·system. As mentioned earlier, the GRADS ,system 

requires very high performance 50 it is important that all cycle 
, 

smuId be made as short as possible. Figure 7-14 shows the timing 

diagram for the worst case on the M2900 Microcomputer system.' 

/" the worst case cycle time is ca1culated to be: 

6 (40 ns pipeline setting)+(80 ns G,P propa'gation)+ 

(38 ns carry 10okaheads)+(55 ns ALU setting 

(22 ns external shift mt.lttiplexer setting )+ 
! 

(30 -ns clock low pulse )= 258 liS 

Therefore maximum system dock frequency is estimated 

to he 3.87 MHZ. 
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Figure 7-14 2900 Microcomputer timing diagram 
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This chapter has briefly reviewed the logic designe of 
, 

the main subsystems of the 2900 microprocessor modu~e. The 

original schematics related to this' chapter are on file at the 

Department of Electrical Engineering, McGill University • 
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CHAPTER VIII 

HARDWARE REALIZATION, TEST AND DEBUGING 

\ - , 
INTRODUCTION 

,~ 

~ 

Traditional approaches to testing of digital systems are 

becoming increasingly inadequate, specially. when applied to more 
, --

complex circuits which consist of severa! LSI and VLSI components. 

(1 

General purpose, Miero-computers, due to their low priee 

and a vailability, are' becomming an attractive alternative. for tne 

testing, debugging and validation of complex digital systems. 

A Cromemco 280 micro-computer has been used for 
• 

,debugging of the hardware described in ,this thesis. The following 

section discribes the test s,et up and the software which was·used 

for the validation. 

,.. , 

HARDWARE REALIZATION 

The MC2900 miero-computer module has been constructed 
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from ad total of 320 IC chips mounted on three separate boards. 
( 

These three ~\)ards are, the Microcode Memory, the Local Memory, 

and~~ CPU. A total of seven card slot spaces in the GRAIS 1 r~ck 

assembly have been reserved for these three boar.ds. Three slots , 

are for the permanent operation and three slots are reserved for 

testing. The seventh one has been allocated for placing a special 

test board which 1s c~nnected to the programmable 1/0 ports o~ the 

Z80 test Micro-computer. 

t ' 

'TEST TOOLS 

\...,/"" 

• The following tools have been used to' debug the ,hardware: 

- Cromemco m~cro-computer with Z80 CPU 

32 K bytes of RAM type memory 

T wo PI08 boards 

~azeltine 1500 CRT terminal 

- Two &" floppy dise drivers" 

100 MHZ oscillscope 

Digital logic analyzer 

- Cromemco Z80 system software incluqing 

coas operating system, Editor, assembler,. , . 
/ 

debugger , ••• 
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TEST SET UP " AND PROCEDURE 
. , 

Testing of 'C{)mplèX digital circuits is not an. easy task. 

It becomes mùch easier if each unit can be tested separately and 

then integrated into' the final system. For this reason a total ôf 

four test setups ha've been implemented. These setups are as 

follows: 

Microcode Memory test setup 

Local Memory test set up 

CPU test set up 
.. 1 

1 

micro compùter module test set up 

1 

MICROCODE' MEMOR y TEST SETUP AND PROCEDURE 

ne Microcode Memory has been debugged with the help 

of the Cromemco 280 microcomputer ( Figure 8-1). By inserting 

the board ioto the test slot and plugging in the appropriate PI08 

cables, the Cromemco system can simulate reading and writing trom 

or to the Microcode Memory, with the help of a special programme 

called 1\ MICMEM ". Two buffer in the microcomputer's memory 

are assigned for this fest. By typing "W" on the terminal a copy 

of the tirst buffer is written into the Microcode Memory. By 

typing the "R", the Microcode Mem?ry contents are read back HltO 
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MIr;tOCODF 
MEMORY 
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• • A'DD. CC~~. DATA 

~ 10 , 5 ,/ 40 

PI08 

( 

CROMEMCO 
280 

Figure 8-1 Microcode Memory test setup 
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diferences are detected?, the MiFrocode ~emory ca~ be assumed, to 

function properly. In case of errors a special repeat mode of the 

Il MICMEM Il prôgramr:ne can' be used. This ~an then be exercised 

by looping the 'Wl \and 'R' functions continuously repeat the memory , , 

oper;ation at one location to permit tracing the circuit waveforms 

using a oscilloscope. Figure 8-2 shows the" MICMEM Il programme 

flowchart. 
\ 'li 

\ 

THE LOCAL MEMOR y T~ST SETUP AND PROCEDURE 

An 'approach similar to the testing of the Microcode 

Memory has been used to debug the Local Memory. AH three 

'bidirectional ports were shorted togêther and driven from the same 
, 

Hnes ( Figure 8-3). The corresponding test programme is called 

"LOCTST ". This programme ressembles the " MICMEM " 

programme in ~unction and implementation. One slot in the GRADS 

rack is reserved for thls test. This board may be tested anytime 
1. 

'. 
by plugging in th~ Local Memory at the test siot and e~ecuting the 

" LOCTST " programme. 

CPU TEST SETUP AND PROCEDl,JRE 
,\ 

Ta test the CPU is a relative~y more complex fask. Fol' 

this t€;st, the Cromemco microcomputer, two PIOS boards, an 
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oscilpscope and the digital analyzer have to be used. The test 

configuration is given in figure 8-2. The programme wr~tten to' test 

the GPU, simulates the Microcode Mem,9ry using a buHer in the 
o _" 

Cromemco's 'memory. With the heLp of this' programme, called ", 
t i 

. CPUTEST", any microwords can be saved in the simulated microcode 

,buffer. Through interactive commands,. the CPU sequencer can be 
~ . 

, 0 

set to ze~o or any other arbltraf'y address and then started to 

1 
execute the rrlicrowords in -a ' singloe step , or 'Run' mode. The 

options available 'in 'CPUTEST' are: 

, 

M = To display a menu of commands on the CRT 

terminal. 

L = T 0 load microcode into buffer 

R = To reset thft 2900 CPU ( Zero add to Ram). 

G (CR) = to run the programme 
Il 

. Gs (CR) ,_ ~o single step a programme 

p To print 

T = trace 

ç = Return to' CO~S 

These commands can be explained as follows 

M: By hitting 'M' the abc),V~ rrenu wiH be di spI ayed. 
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L:. Hitting 'L' will invoke the'loader and "L>" will be 

.displayed. A four digi~ address and len digits of data can be typed 

in. These two g(OUPS ar'e separated automatically and if the digits 

ar~ not ~exadedmal, the programme displays the" ILLEGAL HEX 

"message. By typing -a 'space' the next buffer address is displayed 

and now ~ typing ten digit of the data would suffice. By hitting the 

n Return", key, the system ,goes back to ready state to accep~, any 

-commands listed in the menu. 

1 

R: Typing character "R" will force the cJu sequencer 

to zero address. 

G: Typing .. character "G" and then "Return" will cause 
1 

the programme to run in" the following manner: 

a: Reading the sequencer 

b: S~pplying the micr,owor corresponding to this 

addres§ at the input of 
/ ' 

c 'sending ~ne-cl()ck pulse to the CPU , 

d: Displayin'g t~e address followed by the micro­

" instruction. 

and the CPU output at the CRT 

f: Repeating the p,bove f.or each new address offered 

by the sequencer v 

ID 

, . 

• ~ ~ :;:" .;~ ,'r,...Q ~ "'_'" 
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.r Gs: Typing "GS" and then "Return" will cause execution 

of steps a,b,c,and d. The programme will then look for char acter 

"S" and "Return" in or.der to proceed. In case of "S" the above 
.. 

cycle will he repeated for the new addres5 and in case of a 

''Return'', the programme will be ready ta accept any commands of 

the menu. 

P : Typing 'P' will cause a print out on the CRT of the 

address and" microirstruction for each being executed. =-

T : Hitting character "T" will generate the sequence of 

pulses which are needed to tést the 'hardware execution of the 

"TRAŒ ~LL" (- mentioned in Chapter VII). The register content 

are not displaye.d by this test programme. 

C : Tlis character will stop the execution of IfCPUTST" 
1 

programme and, the control will return to the CO~S monitor 

.JX"0gramme. 

, 
This progr,amme uses the interrupt fâcility of the_ Cromemco 

1 

Z80. Figure 8-; shows the flowchar.t of the "CPUTSTfI programme. 

TEST OF THE 2900 MICROCOMPUTER 

" 
With the help of the above mentioned programmes, aU -thn;e 

It,t ù, .... ,.11' 

-1l4 
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boards w.ere successfuly debugged, but individualy. They have now .. 
been grouped together in their permanent slots. For testing the 

microcomputer module, as a whole, a very sophisticated 

programme(36) has been written. This programme, with the help of 

Cromemco microcomputer and through two PI08 boards, has been 

used to test the combined operation ·of the CPU, Microcode and 
, 

Local Memory modules., This test programme supports the testing 
1 - ~ • 

and debugging of the M2900 microcomputer module including the 

microcoding software. 

o Figure 8~ gives the test setup configuration for the testlng 

of the integrated module. 
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Figure &-6 2900 Microcomputer test setup 
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CH~PTER IX 
" 

PERFQR~NCE EVALUATION OF THE 2900 MICROCOMPUTER 

MODUlE 

'1 The 2900 microcomputer moqule design will be reviewed 

in this chapter. Comparison between the projected performance and 

the actœI figures are also presented. 

The most important parameter, which is of the utmost . 
importance in aU the GRADS submodules, as weIl as the 

.microcomputer modules, is the " Cycle time ". This time should he 

decr~ased in order to have a higher rate at which polygons and/or 

vectors can be animated. 

The initial objective of t11e 2900 microcomputer module 

was a cycle time of liO ns, but experience has shown that this rate 

can not he reached, although, the microprocessor chip' atone has a 

minimum cycle time of 1I0 ns. 

The worst case cycle time for the 2900 microcomputer 

module has been calculated for the case where the CPU reads from 

the external register and writes the result in the same set. This 

time was estimated to be 258 nsedchap5" VU) 
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Reading and writing from or to the Local vMemory is not 

considerèd in the above cycle time since it5 operatron should be 

pipelined by properly microcoded programmes. 

The concept of using four diff erent fields for tl:le­

Microwords and thus dimihishing Us length has been successful. 

Except for sorne ·restrictions on the. programming, thl5 concept rias 

not !lad any degrading ~ff~ct on the operating speed of the system. 

~ . 
Tre external registers have increased the workmg area for 

the programmer 'an~ have considerably reduced, the time for saving 

and retrievlng inter'mediate results. 

The external.multiplier has increased the arithmetic power 

of the system. After loading the argum,ents, the pr-oduct can be 

c, read ,Put on the next instruction. 

The "tracer" has proved to be a very good tool for the 

programmer of thls micro-computer module. With the help of the 

. \ 
'tracer, the .Microcode can be single stepped and the executlon of 

.each instruction observed • 

5ince t'he debugglng of all other submodules in the GRADS 

is not yet corn pleted, performance' of this module has not been 

. ceyaluated in the integrated environment. Howeve~, the module itself 
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has been tested with the help of a microcode tracing programme, 

(36) and sorne simple routines have been executed on it. The proper 
• 1 

execution of
l 

each routine has been observecl by the "TRACER". 

The microcode programming of the operating system and 

gr aphles instructions for the 2900 microcomputer module are belng 

_completed as a separate thesis project. 

.' . 
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DISCUSSION 

Currently the evolution in the 1 electronics and computer 

fields is very rapid.. The availability of new LSI components 

- ............. :::-t-. ..... ~I,; ~~ ,+-.... 1 dramatically influences a hardware dèsio~f ol5'solete in few 

v . 

yeats. This can be seen in the present implementation which could .' . 

benefit from the following improvments. 

Faster ~d ~Iarger stotic ~A~ ~iPS suc~tel 21#3, r 

available for the Microcode Memory. "~."c~ ~\\ . 

"" . j 

The MC2901 microproc.ssor can now he replaced bY~ 

are now 

enhanced version, the MC 2903. Using thls micr<)pfocessor, , the 

General Purpose External Register implementation can offer the 

sam e capability as .its Internai ~egisters with the addition. of 

external two port RAM (AM29705). This RAM can be adclr,essed 

with the same, address fields as the InternaI r~gisters. This new 
., 

~onfiguration can substantially re.duce the Cycle Time. 

Tte average ,execution time of the microcomputer can be 

improved'-using a programmable dock generator such as the Am2925. 

Since. the execution cycle of .. all the instructions are not equal, they 

can be di~ided into a number of categories, each category running 

wi th a f!1aximum different cJocking frequency and optimized dut Y 
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The complicated logic~cuits\ for the control 'input lines 
~if~ " 

of the sequencer could be reallzed 'by high speed ROMs with greater 

slmplificity a faster exe,cution tiroes.' In addition, the mi,crocode 

instruètion format fields cout.c:t-be easily reorganized to correct the 

present fra.gmentati(m, which resulted as thls prototype wa'S 

,redesigned and debugged. 

\ 

"" ---' 
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GR!\DS ( an acronym for th~ Graphies Real-time Animation Display 
c 

system ) has been discribed. This system is currentely under the 

design and construction at the Electrical Engineering Department of 

McGill University. 

The architecture of the GRADS presented with ,specifie 

referencë té its use of pipelining and parallel processing. 

Two host çomputer are cho~en ta s!:JVe the system. The 

DEC VAX 11/780 îs, intende,d! for the" exec':lt!o~of specifie 

applications, while the Cromemco Z80, ~Cl sma1l€r dedicated 

Microcomputer is ~edG for !!Iainfenance or test ·purposes. 

Thé~~main objective of this research was ~the design" and " 

prototypping' "of the 2900 f..;1icrocomputer module. The 2900 

MiCÎ',ocomputér module 15 constructed on ,thr~e separate planes; the 
'"~. l' 

Microcode, The Local Memory and the CPU plan~. 

li3 

, , 

, 
,; 
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1re Microcode Memory is used to effic;iently programme 

graphiès subrol-ltines required in the animated display of' colored 

,images. 

" . 
1re Local Memory implements two separate buffetS, one , . " 

" for r~cei ving high lèvel instruction~ provided by the host corn puter 
b 

and the other for storing' the Graphies Controler instructions 

generated by the 2900 CPU mO'dule. This Local Mt!mory design 
1 

incorporates three poils to accomodate the GRADS architecture. 
, l 

The hardware f unction an~ design of the 2900 

Microcomputer has been explained in detail. 
~ 

1 

A cpllection of test pr<?gr~mes wer.e 'irevelopecl for the 
. , 

irxividual debugging of the 'Microcode, Local Memory'and CPU cards. 
l '. 

The testing procedure and the programm,e have been outlineéf • 

. ' 
, . 

The 2900 Microcomputer module has ~n successfully , " 

_ '. inte,grated and tested 'lJSing a ~~crocoèle tracin~ progr~me. 
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The performance of this' 2900 Microcomputer design was 
"'t..'!t,.)f':'~ -:r-

ar~yzed' and its 'maximum c10cking rate estabUsheti. SI:Iggestion were 

made for improving tl:\e overall d~sign. 

'This module will ~oon be operated in the integrated 

GRADS 'environment as most of the systems are now operationai. 

'-oJ 

• 
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