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CEAPTER CUF

The physicel charescteristic

vutlined in teble 1.1.

TABLE 1.1

Bi=e of byte

- Bige of word

Srige of memory

Taximu number of instructions
Inztruction fofmat |
Lato poth width

Tordber system

Turter of dalta registers

The leyout of the front pa

rev ¢f lights aleng

2t 9l times.
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LIreetly bonecth

rece Lhese sui“ches are
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the rigl

select the address

& of these

s of 4Yhe PRIMATIVE COMPUTER are .

1€ tits

1 byte (16 hits)

Leof bytes
1€
Fixed length, sirgle address

Einary (2's complemcrn® sritkmetic) -

cne sccumuletor

nel is showr in figvre 1,1,
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At 211 times the next rou of lichts disploy the contents of

memcry at the location pointed to by the eddress on the first row
of lights. In the lozd moce the switches belowu these lights
select the dazta to be written at the address specified. These

:switches also remazin inactive in the run meode.
"The push button on the right of these suitches czuses the
dotc or the suitehes to be stored =t the locetiorn shoun on the

top rov of lights.

The suitck on the bottor left hand correr is used for pouer
_ p

and the light above it indicetes the power is on. ESince the pover
aif.

Tre start button is loceated nex® to the poter swuitel, Yhan

pressed the corputer will begin exccvrting the program =% lecatien

OO0, The light sbove the start suitcbr was intended for displaying

L

the eomputer stetis (run stshe or hal® state), This light is currently

&

LINEC

=

sindel bhes oyol Yo be conshructed,

(3

ive rs cxteornsl circuitry vouvls be reguirad or the clock herrd
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“The leftmost black herdled switel was irtended to be used in

the sortrolling of ile eloclh., Tt uculd plzeo thre cleek in step mece

#r iv run mede. Yhen the clock hes been built this switeh couléd ke

reprinected to it by the wires ties into the front panel wviring..

There are two medes in this cemputer, lecod end run. These

modes .are controlled by the right most black handled switch;’When

it is in the doun position the éomputer‘is ir run mode ready to execute 

L

i

£ program. If the suitech is in either the center cor top position the
computcer is in the load mede. Vhen it is ir the load rode programs '

may be lcoded or medified.

‘TheAlight or the bcttoh right hand corncf of the pahel displsys
e stctus of the aceumulator or the fourth cleock .phese. Vher inAone'
of “the otrer three phases it indicetes vhether the memery buffer eq&ais‘ B
zerc. Yhen lit there i$ something cther then zero in the acévmﬁl%tor |
oY memcry buffer., The 113%5 dircctly to the left of this indiC?toS

s recvmulotor cverflew vhen 1it,

PYTETIAL CCOHMNECTIONS

o oeorder to use the primztive computer the folleuing externel

rgreationes must be rmode:
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Connect the four terminels marked P, F2, P2, and PU to the ocutput

[

of tho the four phesce eleck. (fec fppordiy L)

.

Connect the leads marked ACL apd £CC' te the externsl flip flop as

shovn in Appondix F.

Lonnect the lead marked PUD to the delay.portion of_phase four on

the clock.

Tonrect the forty pin connectors to the memory herrds. The arrowv

©on the ceonrectors indicates pin forty, while the memory bosrds

hzve pins one end tuo wmerked,

Tennect the b:ttehy and grecund to F and G respeetively on thre

terminazl strip. The battery is five volts.

urr the power corn ¢nd the displey should be 1it. You shouvld put

the cowputer in the losd mede ond store 2 balt instruction ot loest-

Fon zere., Then reset the progrer counter.  Yhen switelod heel to thao

&L

ren omede the coriputer should ge to the halt state,

~ LOATING A PROCRAY

There ire tiyo storcze  formets used
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In this forﬁ:t tve dota is stored with the lou order bhit in location

- one and the high order bit in location sixteen. The instruction for-

mat is of the fornm:

In this formet the opcode is stored in bit loestions ore to four and

the rédrezs is stored in bit locztions five to sixteen.

Te rur Lhe rprogrem place the ccomputer in the run mede ond press

s
2
“
4
ck
k1
-
-
o]
o]
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~~
-4
(@)
=3
£}
ve
or
Py

1@ stert button rmust be held in until

the fivst cxcoution of phose tuvo hes heen completed))

T+ yrs found kelpful to stere zero ot locaticn ONC and stert

the presrew 2 lacotion N0, This vonrld telp to identify the halt

Soprasopt thore lLeve been orly scven instructicrs ipplemented.
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They are found in table 1.7

NEMONTC CCPE  ACTTION

LDA cCCl Load Accumuletor from the address speéifie& ir the
| eddress field. o
STA CC10 Store Accumulator in the address Spécified iﬁ the
| | address field | | |
ATD €100  Adcd the contents of the memcry location'specified_
to the accunulator.

. TUp* r101 Subtract tre conternts of the nemory loeation

157

| » specified from the &ccouvmulator.

?'! ,Jﬁ? ' €110 Jump to.the instructicr st the loecztion giver in the
/ address field,
| TiE 0111 French to the instruction ot the leecetion given in
the eddress fielﬁ if}flé centents of the eccumul ztor
is not rqual *to zere.
LT 1000 Palt the cxceution of insfructiohs-end reset the pro-
fram counter to zerc. | :
Tr o other inétructicns-arc repnar té NCP,
¥ oo .
| ’ fiiffj ﬁir errlpé rvatio ?c%n~7y s the ?'° “O"r’1m0rt of *the porlcnfs
- ¥ the V:hr! ter. e helieve *thit this is due te ¢ ehenge in the specif-
L Teetiars wftor our documertetior vose relecsed. ' :

e
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CFAPTER TVC
This ehzpter is broken down intc four sectiors. The first three
describe the individual boards that mzke vp the computer while the

fourth:givcs'a general overview of tha'uholé computer,
271 PRCGRAM CCUNTER AND MEMORY ADDRESCS RCARD.

Refer to figure 2.1 for the relztiorship bebween the components

thet mre to be described here.

The firs* bleek is composad of threc four bit multiplexers
Wich selcact the memory address fror the memory address register
dwring the the run mode and the front panel switches during the load

g e..

-

Yaxt are three four bit Yzt cles uvhieh are use to store the sddress

wf the next instruction or the sddress of the data to be used in this

imstruction. These latchas ceomprise the memory sddress register.

Telleuving the memery addrecs rerister is three four btit mpelti-

gloxers which rre wse to cclect thoe zddress from the procorar ccunter

_ahile in the feteh sequence end frer the memery buffer during thre.

)

cxeceurion scquonce.
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- BRei4 FRONT FANEL 12 BIT MUTIPLEXOR SELECTS 1MARR  OR ) TC MEMLRY ASQRESS m&.“

FRONT PANEL SWITCHES FOR (eAoInG FROGRAMS

A2
N

12 BIT  MemMeRy APoRESS  REGISTER

75
FEoM pmiEMCRY ouiPul BUFFER .
§ : 12 BT MULTIPLEXOR . SELECTS
- N
& e MEMORY OUTPUT  BUFFER  FOR  FETCHING  DATA
i OR ~ PROKRAM COUNTER  FoR  FETCIING  TNSIRVCTION
Ay
1% BIT PROGRAM  COUNTER
o ————— ht
v CAN BE lCADED FRcM MEMORY OWTFUT BUFFER FeR  JuMpP

PROGRAM  CCUNTER AwD MEMCRY AMRESS BOARD .
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The progresm counter is made up of three four tit binery counters

et

vhich may be clecred or losded with 2 verluc. VYormel execution czuses
these counters count on these cne. Yhen 2 brznchk instructior is

~executed they are lcaded from the memory buffer.

The chip lsyout and the wiring cdiagram for this board sre found

in Lppendix C.
2. ACCUMULATCR AND MEMCRY OUTPUT EUFFER BCAREL.

Refer to figure 2.2 for the relstionship betveen the components

I3

ihgt zre to be described here.

Tri-state buffers form the sixteen bit memory output buffer. The

input of this buffer is selected by the four bit multip]exers from
tte Front penel suitches (load mode) end fron the accumulator (run

rmote) .

Four cesceded four bit ALU function senerztors form z sixteen
kit accumuletor uith the ~id of a look ahezd cerry generator. This
ceegumtilator is used to perform the zrithmetic computatiors requested

bty the progrem that mey be running.

Tha elip leyout and the viring dizgram for this hoord zre found

s
2

in lAprondix C.
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MULTIPLEXOR  SELECTS ALU FOR  PROGRAM MODE

CR FRONT PANEL  FOR LOADING
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2.3 COI'TRCL UETYCRE RCAPL.

‘Refer to figure 2.2 for the relaﬁionship’bctween_the components

tbat arc to be described here.

The control network‘board contains the mehory input»bﬁffer,
;opcaée register, led drivers, and the decodef 2long with the hecess-
#ry logic required to ccntfol‘the differrt sbctiqns-of the ccmputér;
The wmemory input buffer is made up of four bit Yztehes wbose input
comes from the memory. The opcede register is 2 fcu? hit 1ét¢h which'
gots its input from the low order four bits of the memory input recister,

The Yled drivers are hex inverters uvsed to drive the leds.

Tre boolezn expressions representing the control sigrals end

~

thedr cdestinctions are summarized in fable 2.1 .

Tre chip layout snd the viring disgrem for this beerd sre found

2.4 CTYERVIEY CF THE CCY¥PUTER AS A WITLE.

Fefar to the block dizgrzm in figure 2.0 uhile reoding this

-

soction.,
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&L four phise cloek is vsed to control the cperation of this

cemputer.,

PHASE CUE:

Th

D

progren counter is incremented and the memory buffer is leceded
from the ccrntents of merory pointed “c by the memory address register,
This lcads the instruction vhile setting the progrem counter to point

tothe next instruvction.

PUASE TWC:

The memory address rerister is loaded from bits five to sixteen
Y G

oo
th

of tre memory buffer with %4he eddress of the deta to be used in th]

lozded from bits one to four of

fde
4]

instrvetion. The opcode register

T the memory buffer vwhich contsin thc opcode of the instruction to

be excocuted. This opecede is then deccoded by the four to sixteen

)

‘te control sicnals are set up to execute the

rocder end the appropil

o
P

n
fas
3
p

inetruction., If the ins ‘etion is = JMP or a» PHNE with the conterts

")

oT the iccumulrtor ret ecurl to zero the program ccunter is losded
LUith fr: sddress cortiéined in bits five to sixteen of tho rerory

buffer.

FUATT TURTE:

e )
-t
o
]

The drte in the reccoumud is stored in the locetion referenced

B
1
¥
z
~y
D)
A
E
.
oy
)
o,
T

r-ss register or

M

¢ is retrieved fror rerory de-

pendins er “ro o oinstruction th

P
jab}
f‘f
[
.

teing executed,

1
1
i
\
r
!
i
1
;
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PHASE FOUR:

The zccumulctor operctions cre performed and the state of the.

.accumulator is stored in the externzl flip flop. The memery address

register is lccded from the progrem ccuhter.uith ﬁhé 2ddress of the

next instruction.:
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CHAPTER THFTL

“This chapter is divided into tve sections, crarnges mede in the

e x’é"\ nv‘ »
aﬁeslép end protlems encountered in 211 stages of this project.

CHAYNGES:

A two phase clock with separate feteh and execute cycles was
:o?igimally proposéd. However we found it was much eesier to impli-
memt = four phase elock with hazrd wired feteh 2nd execution Sequences.
“Thus “the first two phases of the clock cause the feteh séqhehce

vhile the lzst two phases perform the execution eycle. This required

-

less eircuvitry ss there would no lcnger be 2 need to force a feteh
instructior.. The hardware required for control ves much simpler

witl 2 four phese clock as the pheses of the cleek could be used

+to cortrol some of the sections directly.

Crginclly sixteen instructions vere to be inmplermented Fovever due
to lict of “ime, seven were zetualy conpleted. & list of these cen be
found in eclapher one. The remzining nine instructions vere mepped to

RS P i«

YOPS so s te simplify the logic to control the rcorrulztor.

Vire wreap vas chosen over pre-printed beerds s tre boards eveil-

. #fle could told mere circuitery then the pre-printed ores. fHlso,

ragire wrip lennds itselfl to ezsy modificetion.  Ye found this was zn
fadia -~ "? y'.—v'\f-_ EEYEET < . - s v - )
asset os bl oripginsl viring had to he medilied <ue *o the unaveilebilty
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The front pznel thet uvas used is a medified version of that - : , o

as8cribed in the original’propoéal. T is‘uas dene %o simpiify the
loading end inspection of irstructiors. The oﬁtliue presented in

i@koy Johnéon's book,,DIGITﬁL CCMPUTFR CRGIVIZATICH, cal]ed'for the data
lights to display the contenté of the accumulator rather thzn the data
bus. It was felt that displaying tke data bus would meke loading
Ppresrems and displéying memory simpler. The need fof the LDA and
Ei?f%mttons»kas eliminated and @& simpie STA buttor was fcund to

be sufficient.

The wait irdicztor light was decmed unrccessary zs it uas the ' |
wpposite of the compute light., The stop suiteh wes not installed
but mzy be 2t 2 leter date if so desired.

L
4

he 2rror light wes to indicete that the pregrem ccunter ked cver-
Tlowed. Since the.counters autometicelly reset t¢ zero 2nd tke speed
©f the clock uas toc grect in free running rode to causc,ncticable

dindicstion, we deemed this light unrescessory. We decided to use it to

disyliay the stotus of the scecumulsbtor cn phese four s & debugging aid.

We could rct obtair @ proper selector switeh mrking it necessary

Lo moe tvo sepsrote teoggle suitches to contrel the reode of the compuber,

The first suitel o PR ey . ok - - - $
The -1rs§ Suitel corntrels tre clecel (sce chepter orc), while the second




o

-

n

sl -

controls the mode of the computer..

JPROCBLEMS:

The parts needed for construction of the computer were ordered in
early Lovember, houever, some cf ther c¢id nct arrive uvntil mid Vareh.

He knew we would be pressed for time if the project was to be completed,

e had to order subsitutes for some of the parts zs the ones we had

ordered wvere not aveilable. This resulted in the rewiring cf most of the

bozrds.

There were two mein problems in dchugging the cormputer after it

Lad been corstructed. We found that there was not crough of a

betueen each clock phase to prevent the overlep of centrecl sigr

=1

€

<
~

deley

-

The delcy between phase four and phese orne of the clock was vseé te

comtrc) the address rultiplexers. : ' . L

Insufficent doecumentatiorn for the acecumulator icdfto much
tine in'designing the cxterrsl logic ‘o centrol its operation.
tre ortrut of the esccumulestor was 6nly aveil~ble on the fourth
cf the clock an externel [-type flip flop urs needed to retain

statns of the zccumvlestor until needed.

vosted
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SUGGESTICKS FOR FUTURE PRCJECTS:

It is noped that the folleouing suggestions will be of value for

#uture projects.

"

)

1) Construction of the mermory beards.
Q)VAEnnstruction.of é pover Supply.

3) Tonstruction cf a four phase.clock.

1Y) -Impliméntation of t?e‘remaining instrugtions;
)  %n input output package.

CopLUs I,

We fournd this project very interesting end educstionsl. Pouvrver, it

vas mueh oo lerge an undertaking for even twe students.




B T

A

§r
e

»
r

L PPENDT




p2

P3

Signal

Genecrater

Pt

(£

O

1

1

x

O

£

4D




W
3V

LEPPEYDIY P




Q

D

q— 40

AOD

P'f-—;-fc‘4




{

L

A

(2

-27~




qaL5157 °
ls;..\_n-ow

8its Aeid

445187 .

Multplerer
by 58

aHLsI5T
muttipletar

grbs 1=y

7475
Quad Aotk
8ty a1

7475 *
Quad Latch
[ X2

74LS IS T
Multiplecer

by oI

.

7475
Quad Lakh

8t -y

TFS157 .
Multipleser

Bids 5-8

7¢4L51 60
$ 8+ cewnter
fibs N =IA

74157 .
mutbiplexer

Bits j-5

74L5160 d
$Git Counder
8ié3 3-8

7445160 .
18/ Counter
ity g-o

PROGRAM

COUNTERA

AND MEMOARY ADDRESS BOARD

R

—

i
N

-




T T R T A

o 3 7 2
0. ;
= = g9 - g Q : * M
e - ¢ [~ r R TPy : * Fla
|
— 1 by =i 1 ===
1 O 1 j 1l 11
[} L) ¥ o 70 1 a » s [4
2915157 795157 7983157
U L AL Hf te e s2 ke L A5 6 in oy .....
il oo | O O DR ad ~ |
I i S s & il ol S O
1 f =2 T
e 5 L
e M .| . »..P.unl.nm__
1 | I AR : )
LI LN RN A ] P4 P s 6 7y
995 7978
W frie Y
IR 0 i g ey
; B O iy Eoy
£ . -
vy
PO 2 NS :
O ‘ ﬁnl'l'u — _
! ; == _mnm..MpLTf._ { [ WA=t
T [ T ) DT
) ) 7 % ) o O 1] Yvs 679
7983157 PeLsifT nevIisy
IR} J.L_n . [} QR R S ] 6 0t e 1s pa oy te ¥
LT T 0 g o e o e ST Ee
g o 1S ; .
i C +
3 1] " ”
7 ' 7| 4
_:_ + d i ¢
' |
; ] = -+ e
- - P = e =
T LT 1 |1, 11
2 3 ¢ M R v 7 2 —\ 21 % §
— THLS 1w ~ Tetsié60 1St
RN A 13 K te w1y v s Y wkw.v_u-
5 T 4 :
T T s
Pt o e e
o S o e — =3 + =T
| o
g !
T T et Sty .3...1.:..,.!&»...._ 2047 T8 MBS P 1 0 1o § 3 §5 % 32

PROGRAM

C OQUNTER AND MEMORY ADDRESS BoaRP




(3]

rE

kil

i P I BRI . gt R s v et i . e P8 e e fasan gy fea, e e s et e e

The counters em for tha progron

from 7THLS1EQ o 7THLS 193, Felowv is

connections,
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TCR CCOUITERS.
counter Lad to bte etvenged -

2 teble showing the rewiring

CLFARL
CLOoCY
A-input
B-input
C-input
E-input
Tie FICH
GRCUNT
LCAD

"o ceonnection
D-ouvtput
C-output
R-output
A-cutput
CAFRY COUT
Vec
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