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S e c t i o n I -4§ystem D e s c r i p t i o n

A .  G e n e r a l

The bas ic , s tand alone, m i c r o ‐p r o c e s s o r sys tem compr ises t h e f o l l o w ‑

i n g p h y s i c a l u n i t s a s i l l u s t r a t e d o n t h e t i t l e page:

1 .  M i c r o - p r o c e s s o r

2 .  D i s p l a y

3. Card Reader and Punch

4 .  Sw i t ch  box

T h i s sys tem s a t i s fi e s a number o f a p p l i c a t i o n s such a s game p l a y i n g and

classroom use . I t c a n be r e a d i l y expanded v i a a d d i t i o n o f pe r iphe ra l

devices and memory. P o t e n t i a l a p p l i c a t i o n s f o r expanded systems i n c l u d e

t e s t o r s , monitors, i n t e l l i g e n t terminals, con t ro l l e r s , o f f l i n e data

p rocess ing devices, music synthes izers , e t c .

A l l l o g i c c i r c u i t s u t i l i z e standard 7400 s e r i e s TTL c h i p s . ( R e f e r

to manufacturers' l i t e r a t u r e f o r c i r c u i t d e t a i l s . ) The sys tem as shown

r e q u i r e s about 100 w a t t s ( i n c l u d i n g 6 0 w a t t s f o r t h e d i s p l a y ) . Sys tem

we igh t i s a b o u t 3 0 pounds ( i n c l u d i n g 1 0 f o r d i s p l a y ) .

A s y s t e m b l o c k d iagram is shown in F i g u r e 1. The system compr ises

t h e  f o l l o w i n g :

M - Mamory (64K b y t e s maximum)

R - R e g i s t e r A r r a y (l6‐l6 b i t r e g i s t e r s )

F - F u n c t i o n u n i t ( b i n a r y add, sub t rac t , l o g i c a l , s h i f t )

C  -  C o n t r o l

E - E x t e r n a l i n t e r f a c e

D -  Ex te rna l  dev i ce .



These functional u n i t s a r e connected v i a an 8 b i t (byte) b u s as

shown. These u n i t s a r e descr ibed b r i e fl y below and in more d e t a i l in

subsequent s e c t i o n s .

B .  B a s i c  M i c r o - p r o c e s s o r

T h i s p h y s i c a l u n i t c o n t a i n s t h e l o g i c c i r c u i t s f o r i n s t r u c t i o n i n t e r ‑

p r e t a t i o n and execution, power supp l i es , i n p u t - o u t p u t i n t e r f a c e c i r c u i t s ,

1024 b y t e s o f memory, and a n o p e r a t o r c o n t r o l pane l . I t a l s o inc ludes

16 swi tches f o r da ta and/or program e n t r y in "Hex" fo rmat .

Memory capacity c a n be expanded to 64K b y t e s maximum. Word l e n g t h is
8 b i t s . Two machine cycles o f 1 .6 u s minimum a r e requ i red p e r i n s t r u c t i o n .

Maximum i n s t r u c t i o n execu t ion r a t e i s 300K ops/sec. A d i r e c t memory access

channel p e r m i t s independent, asynchronous input /output up to 200K bytes/sec.

A n e x t e r n a l p rog ram i n t e r r u p t l i n e i s a l s o p r o v i d e d .

F i g u r e 2 shows t h e da ta fl o w paths w i t h i n t h e m i c r o - p r o c e s s o r. ( D e t a i l e d

l o g i c w i l l be found in S e c t i o n I V . ) R e g i s t e r naming, and memory address ing

convent ions a r e descr ibed below.

Rfl, R1 r e p r e s e n t an addressable a r r a y of s i x t e e n 1 6 - b i t R r e g i s t e r s .

R 6 i s t h e l e a s t s i g n i fi c a n t R r e g i s t e r b y t e and R 1 i s t h e m o s t s i g n i fi c a n t

R r e g i s t e r b y t e . X , P, and N a r e t h r e e 4 ‐ b i t r e g i s t e r s . The c o n t e n t s o f

X/P/N s p e c i f y one o f t h e 1 6 R r e g i s t e r s . R(N) i s used here t o denote t h e

R r e g i s t e r s p e c i fi e d b y t h e 4 b i t s conta ined i n t h e N r e g i s t e r . R0(N)

s p e c i fi e s t h e low o r d e r 8 b i t s ( b y t e ) o f t h e R r e g i s t e r se lec ted b y N .

R1(N) s p e c i fi e s t h e h i g h o r d e r b y t e o f a n R r e g i s t e r . The c o n t e n t s o f a

s p e c i fi e d R r e g i s t e r ( 2 by tes ) c a n b e t r a n s f e r r e d t o A and C r e g i s t e r s .

The 16 b i t s in A a r e used to address M. The 16 b i t s in C can be incremented

or decremented by ” l " and w r i t t e n back i n t o R.



M(R(N)) refers to a one b y t e memory l o c a t i o n addressed by t h e c o n t e n t s

o f R ( N ) . T h i s i n d i r e c t address ing sys tem is b a s i c to t h e s i m p l i c i t y and

g e n e r a l i t y  o f  t h e  p r o c e s s o r .

D i s a n 8 b i t d a t a r e g i s t e r which has o n e b i t r i g h t s h i f t b u i l t i n .

F i s a n 8 b i t l o g i c network f o r p e r f o r m i n g b i n a r y add, subt ract , l o g i c a l and

o r , and e x c l u s i v e o r o n t w o 8 - b i t operands. One o f t h e operands i s t h e bus

b y t e and t h e o t h e r i s t h e c o n t e n t s o f D .

I i s a 4 b i t ( d i g i t ) i n s t r u c t i o n r e g i s t e r . 4 b i t o p e r a t i o n codes a r e

p laced i n t h i s r e g i s t e r and decoded t o c o n t r o l i n s t r u c t i o n execu t ion .

B y t e s can b e read o n t o t h e bus f r o m any o f t h e r e g i s t e r s , memory, o r

e x t e r n a l i n t e r f a c e s . A bus b y t e can, i n t u r n , b e t r a n s f e r r e d t o a r e g i s t e r ,

memory, o r e x t e r n a l i n t e r f a c e .

M o s t o f t h e R r e g i s t e r s a r e ava i lab le f o r u s e a s da ta r e g i s t e r s , address

r e g i s t e r s , o r p rog ram c o u n t e r s . However, i f a p p l i c a t i o n s r e q u i r i n g e x t e r n a l

i n t e r r u p t s o r c y c l e s t e a l i n g a r e a n t i c i p a t e d , R(fl ) , R ( l ) , and R(Z) should b e

reserved f o r these f u n c t i o n s . D e t a i l e d o p e r a t i o n o f t he b a s i c m i c r o - p r o c e s s o r

i s b e s t desc r ibed i n t e r m s o f i t s i n s t r u c t i o n s e t . T h i s d e s c r i p t i o n w i l l b e

found i n s e c t i o n I I .

C .  D i s p l a y

The d i s p l a y provided compr ises a conven t iona l X - Y- Z scope . Two d i s p l a y

o p t i o n s can be programselected. E i t h e r a 32x32 or 16x64 m a t r i x o f d o t s

c a n be presented f o r v i e w i n g . These t w o 1024 d o t ( o r b i t ) p a t t e r n s r e q u i r e

128 b y t e s o f memory reserved as a d i s p l a y a rea . In t h e 32x32 d o t mode t h e

memory by tes would be d isp layed as shown in fi g u r e 3 . (Memory addresses a r e

in hex f o r m a t . ) ” 1 " b i t s a r e d isp layed as dots, "fl" b i t s as no d o t s .

P ic tu res , l e t t e r s , o r numbers can a l l be d isp layed as p a t t e r n s o f b i t s in a

memory d i s p l a y a r e a . O p t i o n a l u s e o f t h e 16x64 d o t m a t r i x o p t i o n p e r m i t s 4

l i n e s o f u p t o 1 0 c h a r a c t e r s p e r l i n e i n a 5x7 d o t fo rmat .



F i g u r e 4 p rov ides a c o n v e n i e n t worksheet o n which t o l a y o u t 32x32 b i t

d i s p l a y p a t t e r n s . D e t a i l e d d i s p l a y programming w i l l be d iscussed in

s e c t i o n s I I and V.

The scope used was a hea th model 10-17, 3 " u t i l i t y model. On ly one

m i n o r m o d i fi c a t i o n i s r e q u i r e d . The i n p u t t o t h e r e t r a c e b l a n k i n g a m p l i fi e r

is d isconnected f rom t h e i n t e r n a l sweep g e n e r a t o r and brought o u t to a f r o n t

pane l j a c k . T h i s a m p l i fi e r i s d r i v e n d i r e c t l y f r o m 5 v o l t TTL l o g i c t o

e f f e c t Z - a x i s modulat ion.

D.  Card Reader

T h i s u n i t was const ruc ted to read one 3"x5" punched c a r d at a t i m e .

The cards a r e manually dropped i n t o a t o p s l o t and r e a d p h o t o e l e c t r i c a l l y

w h i l e f a l l i n g . The ca rds f a l l i n t o a hopper and m a i n t a i n t h e i r o rde r when

removed. T h i s t y p e o f reader p rov ides an extremely inexpens i ve means f o r

p r o g r a m and paramete r l o a d i n g . I t i s p a r t i c u l a r l y a t t r a c t i v e f o r s h o r t

p rograms.

The card format i s i l l u s t r a t e d i n F i g u r e 5 . The card i s divided i n t o

t w o t r a c k s (A&B). Only one track a t a t ime i s read . The "A" track i s read

by dropp ing t h e card in t h e reader w i t h t h e "A" a r r o w down as shown. The

c a r d i s t h e n tu rned around f o r t h e "B" t r a c k to be read .

Each s i d e ( o r t r a c k ) c a n c o n t a i n u p t o 1 2 b y t e s . Each b y t e i s w r i t t e n

a s t w o hex d i g i t s i n t h e a p p r o p r i a t e column o f boxes i n t h e c e n t e r o f t h e

card. The ”B” t r a c k o f t h e c a r d shown c o n t a i n s t h e punched codes f o r a l l

1 6 h e x d i g i t s ( fl - F ) . Holes a r e punched a t t h e i n t e r s e c t i o n s o f t h e h o r i z o n t a l

and v e r t i c a l l i n e s . The r o w o f 5 h o l e p o s i t i o n s o p p o s i t e each w r i t t e n hex

d i g i t i s punched w i t h i t s b i n a r y r e p r e s e n t a t i o n ( h o l e punched for ” 1 " , n o

h o l e f o r ” fl " ) . A p a r i t y b i t (P) is t hen punched to make t h e sum of t h e ho les

( 1 ' s ) i n each r o w odd. Blank rows a r e i g n o r e d .



Cards a r e r ead one hex d i g i t ( h o l e row) a t a t i m e w h i l e f a l l i n g . A

p a r i t y e r r o r s e t s an e r r o r l i g h t on t he reader.

A manual ca rd punch i s a l s o p rov i ded . I t compr ises a ca rd gu ide and chad

ca t che r. F i v e ho les a r e p rov i ded l abe l ed P, 8 , 4 , 2 , l . The hex d i g i t r ow

l i n e i s a l i g n e d w i t h a mark o n the punch and a s t y l u s i s i n s e r t e d i n t o each

ho le in which " 1 " is desi red.

E . Sw i t ch Box

A n a u x i l i a r y "yes-no" sw i t c h box has been p rov i ded t o f a c i l i t a t e s i m p l i fi e d

i n t e r a c t i o n w i t h t he sys tem by unsoph i s t i ca t ed use r s . These tw o switches can

be sensed by t he p rog ram .

S e c t i o n I I - Order Code

A . P rocess i ng I n s t r u c t i o n s

The operation of t he mic ro -p rocessor i s b e s t descr ibed in t e rms o f i t s

i n s t r u c t i o n s e t which i s shown i n t h e m i c r o - i n s t r u c t i o n summary ( fi g u r e 6 ) .

A one b y t e i n s t r u c t i o n fo rmat i s used. Two machine cyc les a r e requ i red

p e r i n s t r u c t i o n . The fi r s t machine cyc le causes a n 8 - b i t i n s t r u c t i o n t o b e

fe t ched f r om M and p laced in t he I and N r e g i s t e r s [M(R(P))»I,N]. Th i s is

accomplished by g a t i n g t h e c o n t e n t s of P to s e l e c t R. R(P) is then gated

to A and C. Whi le w a i t i n g f o r t h e M(R(P)) b y t e access t ime, C is incremented

b y l and rep laces t h e o r i g i n a l c o n t e n t s o f R (P ) . The mos t s i g n i fi c a n t d i g i t

(4 b i t s ) of M(R(P)) is gated to I v i a t h e bus. The LSD of M(R(P)) is ga ted

t o N . A t t h e end o f t h e i n s t r u c t i o n f e t c h machine cyc le , I and N c o n t a i n

t h e 8 b i t i n s t r u c t i o n o r i g i n a l l y addressed b y the p rog ram c o u n t e r [R(P)]

and t h e p rog ram c o u n t e r has been incremented by 1 so t h a t i t now p o i n t s to

t he n e x t i n s t r u c t i o n b y t e i n sequence.



A t t h i s p o i n t i t should b e noted t h a t any o f the 16R r e g i s t e r s c o u l d

b e used a s t h e program c o u n t e r . M u l t i p l e program c o u n t e r s a r e f a c i l i t a t e d .

The n e x t machine c y c l e always e x e c u t e s t h e i n s t r u c t i o n conta ined i n

I and N . The execu t ion o f t h e da ta h a n d l i n g and branch i n s t r u c t i o n s a r e

descr ibed below (12 denotes t h a t t h e d i g i t in I has t h e value of 2 ) :

11

I2

I4

IS

I8

I9

IA

IB

IC

ID

IE

R(N)+l‐~R(N)
The 1 6 b i t s i n t h e R r e g i s t e r s p e c i fi e d b y t h e c u r r e n t d i g i t
in  N is  incremented.

R(N)-l»R(N)
The 16 b i t s of R(N) a r e decremented by l.

M(R(N))‐‐D,R(N)+l-.R(N)
The M b y t e addressed by R(N) is read f r o m M and placed in D.
R(N) is incremented by l.

D»M(R(N))
The b y t e in D is w r i t t e n to t h e M b y t e l o c a t i o n addressed
by R(N).

R9)(N)->D
The l e a s t s i g n i fi c a n t b y t e o f R(N) i s p laced i n D .

R1(N)»D
The m o s t s i g n i fi c a n t by te o f R(N) i s p laced i n D .

D~R¢(N) '
The b y t e i n D rep laces t h e l e a s t s i g n i fi c a n t b y t e o f R (N) .

D»R1(N)
The b y t e i n D rep laces the m o s t s i g n i fi c a n t b y t e o f R (N) .

'DMWN)
The l e a s t s i g n i fi c a n t 4 b i t s ( d i g i t ) i n D rep laces t h e l e a s t
s i g n i fi c a n t d i g i t o f R(N) .

N»P
The 4 b i t d i g i t i n N i s p laced i n P. T h i s e f f e c t i v e l y changes
t h e c u r r e n t program c o u n t e r and c o n s t i t u t e s a branch.

N»X
The 4 b i t d i g i t in N is p laced in X.



I F - Pe r fo rm f u n c t i o n s p e c i fi e d b y d i g i t i n N :
N¢ - M(R(X))»D
Nl - M(R(X)) "OR" D»D
N2 - M(R(X)) "AND" D»D
N3 - M(R(X)) ”EXCL.OR" D»D
N4 - (MR(X)) + D»D [BIN.ADD,FINAL CARRY»DF]
N5 - M(R(X)) - D»D [BIN.SUBT.,FINAL CARRYaDF]
N6 - SHIFT D RIGHT 1 B I T [LSB»DF]

N o t e t h a t a fl a g b i t (DF) i s p r o v i d e d . Th i s fl a g c a n b e
t e s t e d b y t h e f o l l o w i n g branch i n s t r u c t i o n .

I 3 - C o n d i t i o n a l branch
N s p e c i fi e s t h e cond i t i on t o b e tes ted.
N fl - u n c o n d i t i o n a l branch
N l - b y t e i n D n o t a l l z e r o s
N 2 - b y t e i n D a l l z e r o s
N3 - D fl a g (DF) equals 1
N 4 - e x t e r n a l fl a g 1 s e t
N 5 - e x t e r n a l fl a g 2 s e t
N 6 - e x t e r n a l fl a g 3 s e t
N 7 - e x t e r n a l fl a g 4 s e t

The l a s t f o u r t e s t s w i l l b e discussed w i t h I/O device i n s t r u c t i o n s . I f

t he c o n d i t i o n s p e c i fi e d b y N e x i s t s t h e M b y t e f o l l o w i n g t h e I 3 i n s t r u c t i o n

i s read f r o m M and rep laces t h e l e a s t s i g n i fi c a n t b y t e o f R ( P ) . Th is p e r m i t s

d i r e c t b ranch ing w i t h i n a 256 b y t e m i n i - p a g e . I f t he s p e c i fi e d t e s t c o n d i t i o n

i s n o t p r e s e n t t h e M b y t e f o l l o w i n g I 3 i s skipped and t h e n e x t i n s t r u c t i o n

in sequence w i l l be fe tched.

B .  I n p u t - O u t p u t  I n s t r u c t i o n s

1. Yes-No Swi tches

The "yes " s w i t c h causes e x t e r n a l fl a g 3 t o b e s e t . The "no"

s w i t c h s e t s e x t e r n a l fl a g 4 . These fl a g s a r e t e s t e d b y the 1 3 i n s t r u c t i o n

descr ibed above. A n I 6 I n s t r u c t i o n w i t h N=3 r e s e t s b o t h fl a g s (3&4) .

2 . Hex S w i t c h Panel

16 hex d i g i t sw i tches a r e p rov ided ( fl - F ) . B y t e s c a n be e n t e r e d

by t w o s w i t c h depressions p e r b y t e . The l e a s t s i g n i fi c a n t d i g i t is en te red



fi r s t fo l l owed b y the leftmost o r mos t significant d i g i t . I n s t r u c t i o n s a r e

provided to pe rm i t severa l sw i tch i n p u t modes.

The fi r s t sw i tch mode comprises sens ing a b y t e ready fl a g and subsequent ly

e x e c u t i n g ani n p u t instruction to w r i t e t h e i n p u t b y t e i n t o amemory l oca t i on .

Th i s mode o f ope r a t i o n fi r s t r equ i r e s s e l e c t i o n o f t he swi tch pane l . An I 6

i n s t r u c t i o n w i t h N=l always causes s e l e c t i o n o f a n i n p u t o r o u t p u t dev ice .

The b y t e contained in M(R(X)) s pe c i fi e s the device to be selected. If

M(R(X)) con ta i ns $1 t he hex swi tch panel is se lected. (R(X)+l is performed

b y t h i s i n s t r u c t i o n . ) Fo l l ow i ng se l e c t i o n o f the sw i tch panel i t mu s t b e

s e t to l of 2 poss ib le modes of ope ra t i on (programmed or d i r e c t ) . The

swi tch panel remains se lec ted u n t i l ano ther 16 w i t h N= l and (MR(X))#1 is

executed.

The sw i t ch panel is s e t to t h e "programmed" mode by an 16 i n s t r u c t i o n

w i t h N=2 and M(R(X))=0. (R(X)+ l is a l s o performed.)

F rom t h i s p o i n t o n t he swi tch panel i n t e r f a c e l o g i c i s ac t i va ted u n t i l

r e s e t b y a n I 6 i n s t r u c t i o n w i t h N=2 and M(R(X))#¢l ( sw i t c h panel mus t b e

se l e c t e d ) .

While a c t i v e the switch l o g i c causes ex te rna l fl a g 1 to be s e t a f t e r

each p a i r o f d i g i t s i s entered, i n d i c a t i n g t h a t a b y t e i s ready t o b e s to red

i n memory. A n I 3 i n s t r u c t i o n w i t h N=4 should b e used t o t e s t t h i s c o n d i t i o n

p e r i o d i c a l l y i n t h e program. When the fl a g i s s e t , a n 1 6 i n s t r u c t i o n w i t h

N=8 w i l l cause t h e i n p u t b y t e to be s to red at M(R(X)). R(X) is unmodified.

N o t e t h a t t h e sw i t ch panel mus t be selected p r i o r to t e s t i n g i t s fl a g or

a t t emp t i n g t o s t o r e a n i n p u t b y t e . When operating i n t h i s mode fl a g sens i ng

and by t e s t o r a g e should be programmed t o o c cu r a t a f a s t e r r a t e t han an t i c i p a t e d

manual d i g i t e n t r y . ' The b y t e s t o r a g e i n s t r u c t i o n r e s e t s ex te rna l fl a g 1 .



The s w i t c h panel ( a f t e r s e l e c t i o n ) c a n o p t i o n a l l y b e placed i n t h e

" d i r e c t " mode b y e x e c u t i n g a n I 6 i n s t r u c t i o n w i t h N=2 and M(R(X))=¢2. I n

t h i s mode o f o p e r a t i o n each p a i r o f s w i t c h entered d i g i t s w i l l b e a u t o m a t i c a l l y

s to red a t M(R(¢)). R(¢) w i l l be au tomat i ca l l y incremented by 1 f o l l o w i n g

s t o r a g e o f each i n p u t b y t e . I n p u t b y t e storage w i l l o c c u r even i f t h e

s e i t c h pane l is no longer selected. R(¢) should i n i t i a l l y c o n t a i n t h e

memory address of the fi r s t b y t e to be stored.

when t h e sw i t ch panel i s used the card reader should be o f f ( o r

d i s c o n n e c t e d ) .

3. Card Reader

The c a r d reader shares t h e sw i t ch pane l i n t e r f a c e c i r c u i t s .

When the c a r d reade r is " o n " each hex d i g i t punched on a c a r d is t r e a t e d

a s a d i g i t entered v i a t h e swi tch p a n e l . S e l e c t i o n and b y t e e n t r y i s

programmed as descr ibed above f o r t h e swi tch pane l .

A ready l i g h t o n t h e c a r d reader i n d i c a t e s t h a t t h e program i s ready

to r e c e i v e c a r d d a t a . In t h e "program" mode fl a g sens ing and b y t e s t o r a g e

i n s t r u c t i o n s m u s t b e programmed t o o c c u r a t a h i g h e r r a t e t h a n card d i g i t s .

Assuming l ms/card d i g i t should be sa fe w i t h t h i s r e a d e r.

A n e r r o r l i g h t o n t h e reader i n d i c a t e s a ca rd d i g i t p a r i t y e r r o r .

R e s t a r t i n g the e n t i r e reader o p e r a t i o n i s requ i red . Tu r n i n g t h e reader

o f f momentar i ly w i l l r e s e t t h e e r r o r i n d i c a t o r .

E i t h e r t h e ca rd reader/switch pane l can be used f o r i n i t i a l p rogram

l o a d i n g . Th i s t y p e o f o p e r a t i o n i s discussed i n s e c t i o n I I I .

4 .  D i s p l a y

The d i s p l a y is always operated in t h e ” d i r e c t ” mode ( c y c l e

s t e a l i n g ) and a l s o u t i l i z e s t h e program i n t e r r u p t f a c i l i t y o f t h e m i c r o ‑

processor o
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To a c t i v a t e t he d i s p l a y, the f o l l o w i n g program s t e p s a r e r e q u i r e d .

F i r s t t h e display mus t b e se lec ted b y a n I 6 i n s t r u c t i o n w i t h N=1

and M(R(X))=¢2 (R(X) is incremented by 1 ) . Ne x t t h e d i s p l a y is a c t i v a t e d

by an I6 i n s t r u c t i o n w i t h N=2 and M(R(X))=¢l/¢2(R(X)+l is pe r f o rmed ) . If

M(R(X))=fll a 32x32 b i t d i s p l a y r e su l t s . If M(R(X))=02 t h e d i s p l a y format

w i l l be 16x32 b i t s .

As soon as the d i s p l a y is act ivated, t he d i s p l a y i n t e r f a c e c i r c u i t s

cause memory by tes to be read f r om memory as needed. A l l b i t s of each

by t e a r e d isp layed as shown in F i g u r e 3 . The d i r e c t memory access c i r c u i t s

a re used by t h e d i s p l a y i n t e r f a ce . Each b y t e i s read au tomat i ca l l y f r om

M(R(¢)) and R(¢) incremented by one. The d i s p l a y s t e a l s 128x60 or 7680

machine cyc les p e r second t o ma i n t a i n a 1024 b i t r e f r e s h r a t e o f 6 0

r e f r e s h cycles/sec. A machine c y c l e t ime of 1.603 r e s u l t s in a t o t a l

a v a i l a b i l i t y o f o v e r 600,000 machine cyc les p e r second. D i s p l a y c y c l e

s t e a l i n g r e s u l t s in degrad ing per formance by l e s s t han 2%. (Degradat ion

would be 7680/200,000 or l e s s than 4%f o r a 50s machine c y c l e . )

The 128 b y t e memory a r e a to be d isp layed mus t be defined by R(0 ) . The

d i s p l a y c i r c u i t s cause a prog ram i n t e r r u p t 6 0 t imes p e r second ( a f t e r

d i sp l a y i ng by t e number 128 ) . Th i s p r o g r am i n t e r r u p t always causes an

automat ic t r a n s f e r o f c o n t r o l t o t h e i n s t r u c t i o n addressed b y R ( l ) ( P i s

au toma t i ca l l y s e t t o 1 ) . An i n t e r r u p t r o u t i n e addressed by R ( l ) should

b e prov ided which i n i t i a l i z e s R(¢) t o the address o f t h e fi r s t b y t e o f a

128 b y t e memory d i s p l a y area.

Two add i t i o n a l a c t i o n s o c cu r when an i n t e r r u p t occurs . ‘The c o n t e n t s

o f X and P a r e placed i n T, and X i s s e t t o 2 . I n s t r u c t i o n I 7 i s p rov i ded

t o f a c i l i t a t e r e t u r n i n g t o normal p r o ce s s i n g f o l l o w i n g i n t e r r u p t . I 7 w i t h

N=8 causes T t o b e s t o r e d a t M(R(X)) . Th is i n s t r u c t i o n pe rm i t s t h e
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i n t e r r u p t e d va lues o f X&P t o b e saved. I 7 w i t h N=8 causes M(R(X)) t o

b e p laced i n X&P e f f e c t i n g a r e t u r n a f t e r - i n t e r r u p t . T h i s i n s t r u c t i o n

a l so causes R ( X ) + l and a n i n t e r r u p t mask ( IM) t o b e r e s e t . I M i s always

s e t b y a n i n t e r r u p t . I M i n h i b i t s i n t e r r u p t s and m u s t b e reset b y a dummy

I 7 i n s t r u c t i o n when t h e d isp lay i s i n i t i a l l y ac t i va ted .

Examples of i n t e r r u p t programming p rov ided in S e c t i o n V w i l l c l a r i f y

t h e above.

S e c t i o n I I I - O p e r a t i n g Procedures

The o p e r a t o r c o n t r o l pane l i s shown i n F i g u r e 7 ( a c t u a l s i z e ) . "X"

i n d i c a t e s a l i g h t , " T " a t o g g l e switch, and "M" a momentary c o n t a c t

push button. A l l square switches a r e momentary c o n t a c t t y p e s .

A . Normal O p e r a t i o n

1 .  Power  On

A l l t o g g l e switches should be o f f . P r e s s i n g t h e power s w i t c h

t u r n s o n t h e p r o c e s s o r and i n t e r f a c e c i r c u i t s . I f t h e d i sp l ay i s t o b e

used i t shou ld a l s o be tu rned on. (D isp lay, card reader, and yes -no sw i tch

box a r e connected v i a p lugs a t back o f m ic ro ‐p rocesso r. )

A f t e r power on, p r e s s S P ( s t o p ) and C L ( c l e a r ) . S P (s top ) and I D ( i d l e )

l i g h t s shou ld b e o n .

The S P s w i t c h t u r n s o f f t h e p r o c e s s o r c lock . The S T sw i t ch t u r n s t h e

p r o c e s s o r c l o c k o n . The C L s w i t c h s e t s fl i n 1 , ¢ i n N , and ¢fl¢¢ i n R ( ¢ ) .

I t a l s o r e s e t s v a r i o u s c o n t r o l and i n t e r f a c e c i r c u i t s .

The S P l i g h t i s o f f when t h e c l o c k i s r u n n i n g . The I D l i g h t i s o n

whenever I c o n t a i n s fl (an i d l e i n s t r u c t i o n ) .
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2 . I n i t i a l Program Load

a . Load Sw i t c h O f f

b . C lea r (CL) - Load sw i t ch mu s t be o f f

c . S t a r t (ST)

d . Load Sw i t c h On.’

B y t e s can now be en t e r ed and automat ica l l y s t o r ed in memory s t a r t i n g

a t l oca t i on flflflfl. To e n t e r by tes v i a the sw i t ch p a n e l depress the desi red

hex d i g i t sw i t ch f o r t he l e a s t s i g n i fi c a n t d i g i t o f t h e by t e t o b e en te red

fol lowed b y the sw i t ch f o r t h e mos t s i g n i fi c a n t d i g i t .

Upon en t e r i n g the most s i g n i fi c a n t d i g i t t he f u l l b y t e w i l l b e s t o red

i n memory. By tes w i l l be s t o red sequen t i a l l y s t a r t i n g a t memory l oca t i on

flflflfl. The c e n t e r t op l i g h t s w i l l d i sp l ay the 8 b i t s o f each b y t e en te red

as they appear in memory. The ca rd reader should be o f f when us i ng the

hex sw i t c h p a n e l .

If desired, the c a r d reader may be tu r ned on and by t e s c a n be ente red

sequen t i a l l y f rom cards. I f t he ca rd reader e r r o r l i g h t comes on, s t eps

a -d should be r e p e a t e d and loading res ta r t ed . Tu r n " l oad " o f f and p r e s s

SPa f t e r comp le t i on of loading f rom switches/reader.

3. Load Memory Address Check

The address o f the memory b y t e fo l low ing the l a s t b y t e en te red

can be checked as fol lows:

a . S top (SP)

b. MN on

c. S e t bus se lec t switches to Vlflfl". L i g h t s ¢-7 w i l l show

the mos t significant b y t e of the l a s t memory b y t e s t o r a g e

address p l u s one.

d. S e t bus se lec t switches to "fllfl". L i g h t s flL7 w i l l d isp lay

l e a s t s i g n i fi c a n t b y t e o f memory address.

e. MNo f f , bus se lec t switches o f f ( fl flfl ) .
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4 . Program I n i t i a t i o n

a . ’ A l l t o g g l e swi tches o f f

b .  C L  ( c l e a r )

c .  S T  ( s t a r t )

A t t h i s p o i n t t h e c l o c k i s r u n n i n g and a n i d l e i n s t r u c t i o n i s be ing

executed. P=¢ so t h a t R(fl) is t h e i n i t i a l program c o u n t e r. P ress ing RS
(resume) w i l l cause. the c y c l i n g i d l e i n s t r u c t i o n t o b e te rmina ted and t h e

i n s t r u c t i o n i n memory loca t i on flflfll t o b e fe tched and executed. The

p rog ram ( s t a r t i n g a t l o c a t i o n ¢¢¢l) has now been i n i t i a t e d . Normal

i n s t r u c t i o n fe t ch ing and execu t i on w i l l p roceed u n t i l stopped b y p r e s s i n g

t h e S P s w i t c h o r a n i d l e i n s t r u c t i o n i s executed.

No te t h a t a n i d l e i n s t r u c t i o n i n a program w i l l cause t h e p r o c e s s o r

t o i d l e o n l y i f n o e x t e r n a l devices a r e s t e a l i n g memory c y c l e s o r caus ing

i n t e r r u p t s .

The SP sw i t ch causes the c lock to s t o p c lean l y a t t h e end o f t h e

c u r r e n t machine c y c l e . Subsequently p r e s s i n g t h e ST s w i t c h w i l l cause

resumpt ion o f program e x e c u t i o n w i t h no e r r o r .

5. Reading Memory

B y t e s c a n b e read s e q u e n t i a l l y f r o m memory a t any t i m e f o r

checking p u r p o s e s . The procedure i s a s fol lows:

a .  S P  ( s t o p )

b .  C L  ( c l e a r )

c .  S T  ( S t a r t )

d .  Read  on

The b y t e l i g h t s 9-7 w i l l now be d isp lay ing t h e b y t e in memory

l o c a t i o n flflflfl. Each t i m e t h e R S s w i t c h i s p ressed a memory address

c o u n t e r w i l l be incremented by one, and t h e n e x t memory b y t e d isp layed.
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N o t e t h a t in b o t h t h e l oad and read modes R(fl) is used as t h e memory

address c o u n t e r . R(¢) i s s e t t o flflflfl b y the C L sw i t ch . I t i s poss ib l e

t o s t a r t a load/read o p e r a t i o n a t any memory l o c a t i o n b y p r e s e t t i n g R(¢ ) .

T h i s w i l l be d i scussed under t e s t p rocedu res .

B. Te s t Procedures

1 . S e t t i n g R e g i s t e r s

Any R r e g i s t e r can b e s e t t o any va lue a s fo l l ows :

a. SP, CL, MN on

b. s e t R s e l e c t switches to number of r e g i s t e r to be s e t .

(lb-F)

c . R1/R¢ o n t o s e l e c t b y t e o f r e g i s t e r t o b e s e t

d . S e t swi tches ¢-7 to b i t p a t t e r n to be p laced in se lec ted

r e g i s t e r  b y t e

e . P r e s s W Rt o w r i t e b i t p a t t e r n i n t o se lec ted r e g i s t e r .

f . B i t sw i tches o f f , R1 and R¢ o f f

g . S e t bus SEL swi tches to ”lflfl" to d i s p l a y b y t e 1 of

r e g i s t e r j u s t s e t o r t o "$10" f o r b y t e fl .

The above procedure c a n be used to p r e s e t R(¢) to any s t a r t i n g address

p r i o r t o load/read o p e r a t i o n s d iscussed p r e v i o u s l y. The p r e v i o u s procedures

a r e m o d i fi e d s o t h a t f o l l o w i n g CL, R(D) i s s e t t o t h e des i red s t a r t i n g

address.

2 . S e t t i n g Memory B y t e s

Any memory b y t e c a n b e s e t a s f o l l o w s :

a. SP, CL, MNon

b. S e t R(fl) equal to address of memory b y t e to be w r i t t e n

c. S e t swi tches 0-7 to b i t p a t t e r n to be p laced in memory

d . P r e s s W Mt o s t o r e b i t p a t t e r n i n memory
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e. B i t swi tches o f f

f . S e t bus s e l e c t swi tches to "¢¢1" to d i s p l a y memory b y t e

j u s t s t o r e d .

3 .  M isce l l aneous

The r e p e a t sw i t ch p e r m i t s repeated execu t i on o f a s i n g l e machine

c y c l e .

The MC s w i t c h p e r m i t s one machine cyc le to be executed p e r ST

depress ion .

The w i n sw i t ch p e r m i t s s e t t i n g A b i t swi tch p a t t e r n i n t o I and N . The

CM s w i t c h p e r m i t s c l e a r i n g memory. The memory c l e a r procedure i s :

a. SP, CL, MN on

b. B i t sw i tch 4 on

c . P r e s s i n g w i n w r i t e s 4 i n t o I and fl i n t o X .

d . M No f f , RPT o n .

e . P r e s s i n g S T causes repeated execu t i on o f a n 1 4 i n s t r u c t i o n .

T h i s cont inuously sequences th rough a l l memory l o c a t i o n s in

a read mode. B r i e fl y t u r n i n g C Mo n w i l l r e s u l t i n a l l

memory l o c a t i o n s b e i n g s e t t o fl” .
A v a r i e t y o f o t h e r manual o p e r a t i o n s a r e p o s s i b l e . The b i t switches

and l i g h t s a r e connected t o t h e b y t e bus f o r fl e x i b i l i t y . The d e t a i l e d

l o g i c i n S e c t i o n I V should b e examined t o determine f e a s i b i l i t y o f any

d e s i r e d manual o p e r a t i o n . The f o l l o w i n g b r i e fl y rev iews t h e m a j o r

f u n c t i o n s o f a l l switches and l i g h t s :
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ST ‐ S t a r t Time Pulses (SP l i g h t o f f ) .

SP - S top Time Pulses

RS - Resume execu t i on f o l l ow ing i d l e (causes R(¢)+l)

CL - C lear to i d l e s ta te , s t o p TP's, s e t R(fl), N, P. to fl

READ - M(R(¢))‐~ Bus, R(¢)+1 ( i f SP l i g h t o f f )

LOAD - Permi ts card/switch load

fl-7 Lights. - Bus S t a t u s

¢-7 Swi tches - S e t Bus to " 1 " ( i f MN)

MN

R1

R9)

PX

WIN

WP

WR

WM

Enable Manual o p e r a t i o n s (MN l i g h t on)

I n h i b i t R 0 RD/WR

I n h i b i t R 1 RD/WR

‘P&X » 7

Bus»I,N

Bus~P

Bus»R¢/Rl of selected R

Bus»M(A)

R Se l e c t - Se lec to r R»A

Bus Select :

””9 - E/fl-7 Switches»Bus

¢¢1 - M»Bus

fllfl - A¢»Bus

fi l l - T»Bus

lflfl - Al»Bus

l fl l ‐ N~Bus

11¢ - D»Bus

l l l - "fifllflflflfll"~Bus
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RPT - Repeat Machine Cyc le

MC . - One machine cyc l e at a t i m e

CM - W r i t e M

S P L i g h t ‐ TP's o f f

I D L i g h t I d l e

MNL i g h t ‐ MNsw i t c h o n

NB L i g h t - Ready f o r n e x t i n p u t b y t e (when hex sw i t ch pane l

a c t i v e )

Power - ACon/off

S e c t i o n I V - De t a i l e d L o g i c

L o g i c ‐ l t h rough l og i c - 19 show the d e t a i l e d l o g i c des ign o f t he m i c r o ‑

p rocesso r s ys t em . Table I shows t h e number o f ch ips used i n t he des i gn .

Three power supplies a r e p r o v i ded as shown in F i g u r e 8. A l l c i r c u i t s

we r e mounted on cards as shown in F i g u r e s 9-14. F i gu res 15-18 p r o v i d e

sample t im i n g f o r se lec ted l o g i c .

L o g i c - l and l o g i c - 2 i l l u s t r a t e t he c o n t r o l pane l sw i t c h w i r i n g . The

1 6 hex swi tches a r e shown o n l o g i c - l 4 w i t h t h e i r i n t e r f a c e l o g i c .

A word about conven t i ons - L o g i c symbols have bo t h a ca rd l o c a t i o n

(SE1, XC6, e t c . ) and a ch i p t y p e (7400, 74121, e t c . ) . P i n numbers a r e

a l s o p r o v i d e d . M u l t i p l e w i r e buses a r e i n d i c a t e d b y s l a s h marks.

Log i c - 3 shows the memory. I t compr ises 32-256 b i t f u l l y decoded,

s t a t i c r am c h i p s . Outpu ts , i n p u t s , and addresses, a r e connected d i r e c t l y

t o f o rm a 1024 b y t e memory bank. The l e a s t s i g n i fi c a n t 8 b i t s o f a n address

s e l e c t a b y t e l o c a t i o n w i t h i n a c h i p . The n e x t t w o b i t s a r e decoded t o

s e l e c t one o f 4 g roups o f 8 c h i p s . Memory access mus t b e l e s s t han 800ns

t o achieve a 1.60s machine c y c l e . O p e r a t i o n o f t he memory mere ly compr ises
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comprises app l y i n g address l e v e l s . A f t e r t h e access t i m e the addressed

b y t e appears as DC leve l s on the memory o u t p u t l i n e s . Read i s n o n des t r uc t i ve .

W r i t i n g is performed by app l y i n g address and w r i t e da ta f o l l owed

by a w r i t e pu l se (MWR).

Log ic -4 ,5 ,6 show t he d e t a i l s o f t h e processor d a t a fl o w paths as

i nd i ca t ed i n F i g u r e 2 .

L o g i c - 9 shows t h e t im e pulse ge n e r a t o r wh ich con t r o l s t i m i n g o f

a l l o p e r a t i o n s . 8 t ime pu lses a r e prov ided a s shown by t h e t i m i n g

d iagram. E i g h t lOOns t ime pulses separated by lOOns would y i e l d t h e

minimum machine c y c l e o f 1.6Hs. I n o r d e r t o ma i n t a i n the requ i red d i s p l a y

r e f r e s h cyc l e t h e t ime pu lse o s c i l l a t o r should n o t b e ad jus ted t o cause

machine cyc les o v e r 5H8.

A machine cyc l e comprises 8 t ime pu l s e s . There a r e f o u r d i f f e r e n t

t y p e s of machine c y c l e s . These f o u r t y p e s a r e defined by t he two b i t

r e g i s t e r (YB4) shown i n l o g i c - 1 0 . The 4 pos s i b l e s t a t e s o f t h i s r e g i s t e r

a c t i v a t e 4 l i n e s 8%, 31, 32, and 33. These l e v e l s define one o f f o u r

t y p e s of machine cyc les at any g i v e n t ime.

I n normal ope r a t i o n on ly $0 and 31 t ypes o f machine cyc les oc cu r.

3%defines a n i n s t r u c t i o n f e t c h machine c y c l e . S ¢ i s combined w i t h t ime

pulses t o cause a new i n s t r u c t i o n t o b e fe t ched f r om memory and p laced i n

t h e I and N r e g i s t e r s . 3 1 f o l l ows S ¢ and a c t i v a t e s t h e i n s t r u c t i o n

decoder ( l o g i c - 1 0 ) . One o f 1 6 i n s t r u c t i o n l i n e s ( I fl - I F ) i s ac t i va ted

depending o n t he i n s t r u c t i o n code i n I . Th i s l i n e i s combined w i t h t h e

t ime pu lses t o cause t h e spe c i fi ed i n s t r u c t i o n f u n c t i o n t o b e executed.
L o g i c l l , 12, and 13 p rov i de t he p rope r da ta pa t h c o n t r o l s i gna l s as a

f u n c t i o n o f t h e t y p e o f machine cyc l e and i n s t r u c t i o n .
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Normal ly t h e sequence Sfl-Sl-Sfl-Sl... is repeated c a u s i n g a l t e r n a t i n g

i n s t r u c t i o n f e t c h and e x e c u t e c y c l e s . The c i r c u i t s shown i n l o g i c ‐ 7

p e r m i t t h i s Sfl-Sl sequence to be modified. E x t e r n a l in/out r e q u e s t l i n e s

a r e p r o v i d e d f o r d i r e c t memory access b y a n e x t e r n a l device. A c t i v a t i o n

o f e i t h e r l i n e causes a n 3 2 machine c y c l e t o b e i n s e r t e d a s fol lows,

Sfl-Sl-Sfl-Sl-SZ-Sfl...
F o r a n i n p u t r e q u e s t , 8 2 causes R(¢) t o address t h e memory and s t o r e s

an i n p u t b y t e at t h e addressed loca t ion . R(¢) is incremented by 1 so

t h a t a sequence o f i n p u t b y t e s w i l l b e s t o r e d i n s e q u e n t i a l memory locat ions.

F o r a n o u t p u t r e q u e s t , 3 2 fe tches t h e b y t e a t M(R(¢)) and p laces i t o n

t h e o u t p u t bus . R(¢) is a g a i n incremented by 1.

A prog ram i n t e r r u p t l i n e i s a l s o p r o v i d e d ( l o g i c - 7 ) . A c t i v a t i n g

t h i s l i n e causes an S3 c y c l e to o c c u r a f t e r t h e n e x t 81 c y c l e . SB causes

S and P to be p laced in T. P is t h e n s e t to l and X to 2. Resumpt ion

o f t h e normal Sfl-Sl sequence w i l l t h e n r e s u l t i n e x e c u t i o n o f a n i n t e r r u p t

rou t i ne  spec i fied  by  R (1 ) .

L o g i c - 8 shows the c i r c u i t s used b y t h e I 6 i n s t r u c t i o n f o r s e l e c t i n g

s p e c i fi c I /O devices. T h i s l o g i c i s r e a d i l y expanded t o p e r m i t s e l e c t i o n

o f a d d i t i o n a l devices.

L o g i c - l 4 and 1 5 i l l u s t r a t e t h e hex s w i t c h i n t e r f a c e . A c o u n t e r ( VA l )

con t inuous ly scans the 16 sw i tches v i a a decoder (V09). Depress ion o f a

s w i t c h s e t s VDl, s t o p p i n g t h e c o u n t e r a t i t s b i n a r y e q u i v a l e n t . The

c o u n t e r d i g i t i s p laced i n 4 b i t r e g i s t e r VAfl ( l o g i c - 1 5 ) and s w i t c h

scann ing i s resumed a f t e r a p p r o p r i a t e bounce e l im ina t i on delays (VEfl and

VD” ) .
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A second sw i t ch depression a g a i n s t ops t h e c o u n t e r at the sw i t c h

c o u n t . Th i s time, however, t h e p r o c e s s o r i s n o t i fi e d t h a t a n i n p u t b y t e

i s ready v i a e i t h e r t h e EFI bus o r i n p u t r e q u e s t bus. A f t e r t h e b y t e

i s t r ans f e r r ed t o the processor, sw i tch scann ing i s resumed.

L o g i c 16 shows t he c a r d reader in te r face . The ca rd reade r con ta ins

s i x photosensors ( l , 2 , 4 , 8 , P and C ) . Sensors l , 2 , 4 , 8 , and P p r o v i d e

o u t p u t s t o t h e i n t e r f a c e i n d i c a t i n g t he p r e sence o f da ta holes. The C

photosensor mon i to rs t h e c e n t e r o f the ca rd in which ho les a r e neve r

punches. The C l i n e i nd i c a t e s the p resence o f a ca rd and i s used t o b l ank

the ho l e sense l i n e when n o ca rd i s p r e s e n t . Top and bo t t om ca r d notches

i n s u r e i n t e g r i t y o f the C sense l i n e .

Each row o f ca rd ho les read r e p r e s e n t s one hex d i g i t . These a r e

handled in t h e same manner as hex sw i t c h depressions. The f o u r b i t c a r d

d i g i t is compared w i t h t he c o n t e n t s of t he scanning r e g i s t e r (VAl-Logic 1 4 ) .

A match g e n e r a t e s a s e t X s i g n a l s t opp i ng VA l a t t he h o l e p a t t e r n j u s t

read. Th i s d i g i t i s t r a n s f e r r ed t o r e g i s t e r VA¢ as be f o r e and scanning

resumed. B y t e accumulation, p r o c e s s o r no t i fi ca t i on , and t r a n s f e r a r e

handled a s b e f o r e b y t he sw i t c h i n t e r f a c e c i r c u i t s .

The ca r d reader l o g i c a l s o inc ludes d i g i t p a r i t y checking. The reader

on sw i t ch d i sab l e s bounce supp ress i on delays i n t h e hex sw i t c h l o g i c .

Sw i t c h e n t r y should n o t be a t tempted w i t h the reader sw i t c h on. E r r o r s

w i l l r e s u l t .

L o g i c - l 7 and 1 8 show the d i sp lay i n t e r f a c e l o g i c . I t i s be s t under ‑

stood by re f e r ence t o t he t im i n g shown in F i g u r e s 17 and 18. A 12 b i t

c o u n t e r i s p r o v i d e d (Afl-AS, Bfl-BS i n l o g i c - 1 8 ) . Y and X ramp g e n e r a t o r s

p r o v i d e a d i sp l ay r a s t e r synchronized to 605: The c o u n t e r t r i g g e r i n g r a t e

p r o v i d e s t he t i m i n g shown. B y t e s a r e reques ted f r om t he p r o c e s s o r a t
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t h e t imes shown. A l l b y t e s f o r a 32 ( o r 64) b i t l i n e a r e requested and

s t o r e d i n ZAl ( l o g i c ‐17 ) p r i o r t o each l i n e sweep (X ramp). Du r i n g t h e

l i n e sweep 4 b i t s a t a t ime a r e fe t ched f r om A21 and t he i n d i v i d u a l b i t s

used to modulate the beam at t h e p r o p e r b i t t imes . At t h e end of t h e

32nd l i n e SWeep a program i n t e r r u p t reques t i s genera ted .

The p r o c e s s o r i n t e r r u p t p rog ram i s respons ib le f o r i n i t i a l i z i n g t he

d i s p l a y address r e g i s t e r R ( 0 ) .

Log ic -19 shows t h e i n t e r f a c e c i r c u i t s f o r t he a u x i l i a r y "yes-no"

sw i t c h box. P ress ing a sw i t ch s e t s t h e app r op r i a t e fl a g . The prog ram i s

respons i b l e f o r sens ing and r e s e t t i n g t he fl a g s a t a p p r o p r i a t e t imes.

One a d d i t i o n a l f e a t u r e i s i n c l uded i n t he s y s t em . Th i s i s a n aud io

mon i t o r c i r c u i t to which an ex te rna l speaker may be connected V i a t h e

mon i t o r p l u g . B i t fl of input/output by t es s e t and r e s e t the RC1 l a t c h .

S e c t i o n V - Sample Programs

The examples presented in t h i s s e c t i o n were se lec ted to c l a r i f y t h e

o p e r a t i o n o f t h e sys t em . Examples o f i n p u t - o u t p u t modes and i n t e r r u p t

p r o c e s s i n g a r e p r o v i d ed . A l l examples a r e i n machine language. The

cod i ng f o rm was designed f o r u se w i t h t h i s o rde r code and sy s t em . Each

sheet p rov ides space f o r 4 8 by t e s o r i n s t r u c t i o n s . A f t e r coding, ca rd

numbers c an be added and cards prepared d i r e c t l y f r om t h e cod ing form.

Each 12 b y t e ca rd t r a c e i s numbered sepa ra t e l y.

The ” S " column can be used t o name spec i fi ed memory l o ca t i o n s (sub ‑

r o u t i n e e n t r y p o i n t s , t a b l e base addresses, e t c . ) . The "P" column

f a c i l i t a t e s keep ing t r a c k o f t h e r e g i s t e r be i ng used a s t h e P c o u n t e r f o r

each s e c t i o n o f code. The "X " column can b e used t o i n d i c a t e which r e g i s t e r
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has been ass igned to X. The "M" column should c o n t a i n consecut ive memory

addresses. The (M) column r e p r e s e n t s t h e c o n t e n t s of each memory locat ion .

Th i s column r e p r e s e n t s t h e sequence o f b y t e s t o b e p l a ced i n memory. The

l a s t two columns f a c i l i t a t e s e l f documentation of programs.

Program SA-deduce is shown in F i g u r e 19 and the f o l l ow i n g two cod ing

sheets. Deduce i l l u s t r a t e s the u s e o f t h e se i t ches and uses t h e 8 bus

b i t l i g h t s a s o u t p u t . The p l a ye r fi r s t l oads t h e p rog ram s t a r t i n g a t

M(¢¢0¢) as descr ibed in S e c t i o n I I I . He then chooses one of the 8 l i g h t s

( ¢ - 7 ) . P r e s s i n g C l , ST, and R S i n sequence i n i t i a t e s t h e p rog ram. F i r s t ,

t h e l i g h t p a t t e r n " l l l lflflflfl" is d isp layed . The p l a y e r responds by en t e r i n g

¢ fl v i a t h e hex sw i t c h pane l i f h i s chosen l i g h t i s o f f and "11 " i f i t ' s o n .

The program d i sp l a y s two more p a t t e r n s o f l i g h t s , w a i t i n g f o r a p l a ye r

sw i t c h response f o l l ow i ng each p a t t e r n . A f t e r t h e l a s t ( t h i r d ) p l a ye r

response t h e program deduces the chosen l i g h t , t u r n s i t on, and s t o p s .

A CL-ST-RS sequence p e rm i t s t h e game to be repea ted .

The p rog ram requ i r e s on l y 7 ¢ b y t e s . Th i s i s r e l a t i v e l y good memory

u t i l i z a t i o n s i n c e o n l y 1 8 average ( 4 by t e ) 360 t y p e machine i n s t r u c t i o n s

cou l d be p r o v i d e d i n t h e same memory space.

The p rog ram fl ow a s shown i n F i g u r e 1 9 i s s t r a i g h t f o r w a r d . The

s e c t i o n o f code M l p a r t i a l l y i n i t i a l i z e s r e g i s t e r s . S i n ce R(fl) w i l l b e

subsequently r e qu i r e d as a hex sw i t ch i n p u t b y t e s t o r age p o i n t e r t h e p rog ram

c o u n t e r i s changed t o R(5 ) l eav ing R(fl) f r e e . I n i t i a l i z a t i o n i s resumed

at M2. The hex swi tches a r e se lec ted and s e t to t h e d i r e c t mode. As

discussed p rev i ous l y, t he d i r e c t mode causes an au toma t i cmemory s t o r e

cyc l e ( a t M(R(¢))) to o c c u r f o r each b y t e en t e r ed (2 hex d i g i t s ) .
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The i d l e i n s t r u c t i o n ( I ¢ ) a t M 3 h a l t s t h e p rog ram u n t i l a n i n p u t

b y t e stOrage cyc l e occu r s . Fo l l ow ing t h e s t o l e n i n p u t b y t e s t o r a g e cyc l e ,

t he i n s t r u c t i o n f o l l o w i n g i d l e i s fe tched and executed. S i n ce R(¢) i s

au toma t i ca l l y incremented du r i n g each i n p u t b y t e s t o r a g e cyc le i t m u s t be

decremented to point to t h e by t e j u s t entered. An i d l e i n s t r u c t i o n

always causes M(R(N)) t o b e p laced o n the b y t e bus . The i d l e i n s t r u c t i o n

here, causes M(R(1)) t o b e p laced on t h e bus . The 8 bus l i g h t s t h e r e f o r e

d i s p l a y t h e c o n t e n t s o f M(R(1)) f o r t h e d u r a t i o n o f t h e i d l e i n s t r u c t i o n .

In t h i s manner the 3 b i t p a t t e r n s at MAa r e d isp layed sequent ia l ly as

r equ i r ed .

The s t o r a g e o f an i n p u t b y t e causes p rog ram resumpt ion ( a f t e r i d l e )

and the newly en te red b y t e at IA is tested. F rom t h e responses to t h e 3

l i g h t p a t t e r n s t h e number of t he chosen l i g h t is r e a d i l y determined. Th i s

is converted to a s i n g l e l i g h t p a t t e r n v i a t a b l e MT. The u s e of an 10

t y p e o f i n s t r u c t i o n t o pe r fo rm t h i s t a b l e l o o k u p i s i l l u s t r a t e d i n

program segment M7.

Deduce r equ i r e s 6 ca rd t racks and is completely contained on 3

cards.

I t shou ld be aga i n no t ed t h a t wh i l e programs a r e normal ly loaded

s t a r t i n g a t M(Dflflfl), normal i n i t i a t i o n (CL-ST-RS sequence) always sk ips

M(flflflfl). P rog ram exe cu t i o n t h e r e f o r e beg ins a t M(flflfl l ) l e a v i n g M(¢¢¢¢)

f r e e to be used in any manner desi red.

The n e x t sample program (SB-d isp lay ) i l l u s t r a t e s t h e u s e o f t h e scope

‘ d i s p l a y and program i n t e r r u p t . Th i s program i s shown i n F i g u r e 2 0 w i t h

d e t a i l e d cod ing o n t h e f o l l o w i n g t w o sheets . I t r equ i r es 2¢8 by tes o f

memory, 128 of which a r e requ i red as d i s p l a y r e f r e s h s t o r a g e . The program

i t s e l f r e qu i r e s on l y 8¢ bytes .and c a n be conta ined on 3.5 cards .
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128 by tes (1024 b i t s ) of memory a r e displayed in a 32x32 b i t format

on t he scope. M(fll¢fl-¢17F) is used as t he a rea of memory d isp layed.

F i g u r e 3 illustrates the layou t of the 128 by t es onthe d i sp lay CRT.

The program i s loaded s t a r t i n g a t M(¢¢¢¢). I t i s i n i t i a t e d a t M(¢¢¢l)

by a CL-ST‐RS sw i t ch sequence. The d isp lay w i l l be b lank at t h i s p o i n t .

The o p e r a t o r may now cause any p a t t e r n o f dots des i red to be d isp layed .

F i r s t two hex d i g i t s a re en te r ed ( v i a hex switches/card reade r ) spec i f y i ng

a displayed b y t e address. The 2 d i g i t addresses of t h e displayed by t e s

a r e shown i n F i g u r e 3 . (F igure 4 p r o v i d e s a conv ien t form f o r l a y i n g o u t

desi red 32x32 disp lay p a t t e r n s ) . A second b y t e i s then entered r e p r e s e n t ‑

i n g t he a c t u a l 8 b i t p a t t e r n t o be displayed a t the p rev i ous l y en t e r ed

address. Th i s second s e t of 8 b i t s w i l l immediately appear on t h e d isp lay

screen. Repeating t h e above pe rm i t s c o n s t r u c t i o n o f any d o t p a t t e r n o n

the d isp lay screen.

Code M1,M2 i n i t i a l i z e s r e g i s t e r s and s e t s a 1 b i t c o u n t e r (K) t o

fl . K s p e c i fi e s whether a n i n p u t b y t e s p e c i fi e s a d isp lay address o r a n

8 - b i t d isp lay p a t t e r n . D isp lay re f r esh r equ i r e s R(fl) f o r c y c l e s t e a l i n g

and R ( l ) and R(2) f o r p r og ram i n t e r r u p t . M l code therefore changes t he

program c o u n t e r f r om R(fl) t o R(3) and resumes i n i t i a l i z a t i o n a t M2.

The Cl loop i n i t i a l l y c lears t he memory area to be disp layed. M3

ind icates the use the I 6 t y p e o f i n s t r u c t i o n t o a c t i v a t e t he d i sp l ay

in te r face . From t h i s p o i n t on, t h e d isp lay i n t e r f a ce w i l l au tomat i ca l l y

s t e a l memory c y c l e s - t o r e t r i e v e memory by t es fOr d i sp lay re f resh . R(fl)

i s used f o r t h i s pu r pose . D isp lay g e n e r a t e d program i n t e r r u p t s a re a l s o

r equ i r e d to r e s e t R(fl) to the beginning of t h e memory d i sp l a y a r ea a f t e r

128 by t e s have been refreshed. Th i s p rog ram i n t e r r u p t w i l l be i g n o r e d
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u n t i l t h e i n t e r r u p t mask ( I M ) i s r e s e t . I M i s always s e t when t h e machine

i s cleared. I M r e s e t i s per fo rmed b y a dummy "7%" i n s t r u c t i o n i n M3.

N o t e t h a t P and X a r e s e t b y t h i s i n s t r u c t i o n s o t h a t c a r e f u l u s e o f t h i s

i n s t r u c t i o n i s r e q u i r e d .

A f t e r activation of t h e o u t p u t d i sp lay, the hex switch/reader i n p u t

channel i s selected. N o t e tha t , once i n i t i a t e d , o u t p u t d i s p l a y o p e r a t i o n

is independent of e x t e r n a l channel selection. The i n p u t channel is now

s e t to t h e program mode and EF l is mon i to red in loop M4 to determine when

A i n p u t b y t e i s ava i l ab le to be stored. The s t o r e d i n p u t b y t e i s then

used to modi fy R(A) or A disp layed b y t e aCM(R(S)) depending on the value

of K. I n p u t monitoring is t h e n resumed u n t i l a new i n p u t b y t e .

S i n c e the o u t p u t d i s p l a y causes program i n t e r r u p t s a n i n t e r r u p t

r o u t i n e i s provided (11-12-13) . Th is r o u t i n e i s au tomat i ca l l y en te red

when a n i n t e r r u p t occurs. P i s s e t t o l and X t o 2 b y the i n t e r r u p t .

I n s t r u c t i o n "78 " i n 11 s t o r e s X and P values o f t h e i n t e r r u p t e d p r o g r a m

which a r e con ta ined i n T. I n s t r u c t i o n "7%" i n I 3 r e s t o r e s the o r i g i n a l

v a l u e s o f X and P thereby e f f e c t i n g r e t u r n t o the i n t e r r u p t e d r o u t i n e .

T h i s i n s t r u c t i o n a l s o r e s e t s t h e i n t e r r u p t mask which i s s e t each t i m e

a n i n t e r r u p t occurs.

A s i d e b e n e fi t r e s u l t i n g f rom t h e simple machine s t r u c t u r e i s t h e

a b i l i t y t o s t o r e i t s s t a t e i n two b y t e s (D, X , and P ) .

Because o f t h e l i m i t e d i n s t r u c t i o n s e t , ex tens i ve u s e o f subrout ines

i s a n t i c i p a t e d . T h i s i s n o t i l l u s t r a t e d i n t h e above examples. The

machine s t r u c t u r e f a c i l i t a t e s branch and l i n k func t ions . One method i s

described below. F o r example, the f o l l o w i n g r e g i s t e r convent ions m igh t

be established:
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R(3 ) - Ma in p rog ram c o u n t e r (flflAfl)

R(4) - C a l l routine p o i n t e r ( fl l fl l )

R(S) ‐ Subrout ine program c o u n t e r (flZXX)

I f ( ) r e p r e s e n t s i n i t i a l R (3 ) , R(4) , and R(S) c o n t e n t s w i t h R(3) p o i n t ‑

i n g to a subrout ine c a l l instruct ion, t hen the f o l l ow i ng i l l u s t r a t e s one

p o s s i b l e c a l l and r e t u r n sequence:

Ma i n Program (P3)

M L o c a t i o n Con ten t s I n s t r u c t i o n Comments

¢¢A¢ D 4 4»P Jump t o c a l l r o u t i n e
¢¢A1 , 2¢ --- Subroutine i d e n t i fi e r
¢¢A2 P1 --- Parameter 1

C a l l Rou t ine (P4)

M Loca t i o n Con ten t s I n s t r u c t i o n Comments

¢l¢¢ D3 3+P Re t u r n t o ma i n p r o
$101 43 M(R(3))»D, P u t subroutine

' R ( 3 ) + l
¢1¢2 A 5 D»R¢(5) I d e n t i fi e r i n R(5 )
¢1¢3 D5 5»P Jump to subrout ine
£01104 3‘0 ¢¢~R¢(P) Go to mm
931(05 mu --- --‑

Subrou t ine (P5)

M Loca t i o n Con ten t s I n s t r u c t i o n Comments

$22!!) 43 M(R(3))‐»D, Get P1 f rom M (MAz)
R(3 )+1

¢232 D 4 4»P R e t u r n t o M (fl l fl4 )
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Us ing the above system requ i res on l y two program by tes to c a l l a

subrout ine. These two b y t e s can then be fo l l owed by as many one b y t e

subrou t ine paramete rs as requ i red . I t should be noted t h a t t he use o f one

by t e i n s t r u c t i o n s pe rm i t s a c a l l i n g r o u t i n e o f on l y s i x b y t e s . Other

sub rou t i ne c a l l i n g techniques could, o f course, be used.

The above sys tem a l s o solves t h e problem of b ranch ing between 256

by t e m i n i - p ages . One subrout ine can be a "go t o " subrou t ine . A "go t o "

f u n c t i o n would t hen be spec i fied as fo l l ows :

DN, GT, xx, YY.

Th is f o u r b y t e sequence would e n t e r a c a l l r o u t i n e spe c i fi ed b y R(N)

which i n t u r n se l e c t s t h e "go t o " sub r ou t i n e spec i fi ed by "GT". The

"go t o " sub rou t i ne would p lace "XX" and "¥Y" i n t o t h e o r i g i n a l program

co u n t e r and r e t u r n t o t h i s "go t o " address ( v i a the c a l l r o u t i n e a s above ) .

I n t h i s manner a branch t o any memory l o c a t i o n would on l y requ i r e f o u r b y t e s .

I t i s adv isab le to s e t up sub- rou t ine c a l l i n g convent ions whenever

t he program exceeds 256 b y t e s .
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32x32 DISPLA Y

D! D! D! [M Di 0‘?
7 M 5 ] ?

DO
3LZI'|¢ 7|c|s1~r

D¢
a l z w 7]c{§1+ 3 l z [ l j ¢ 7lc|5[4 ”11»de

_,

EXAH'LC: $
. 9 0 : \l u8:7“2.” 0F BYTE AT H Lac/khan 2A

Fiat/RE '5
m/
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f
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CARD FORMAT

F! GORE 5’



BASIC MlCROPRUCESSDR- ORDER CODE SUMMARY

E l l IDLE [ 1 E ] N ‐ r P

[ I f ] R(N)+1 [ : N j N - r X

[ E l l R(N)-1 L E E ] N(R(><>)+o

m(R(N))+D,R(N)+1 M(R(><))/P+D
B E ! P+m(R(N)) M(R(X))&P+D

RD(N)+D [ E l f ] m(R(x))@D+D
ESE] R1(N)+D [ E 3 ] m(R(X))p1US D+D

D~>RD(N) IYI(R(X))minus D+D

D+R1(N) SHIFT D RICHT DNE BIT

L T J ] DD‐>RUD(N) SPARE

E 3 ] RESET EES 6cEF4,R(X)+1 INPUT BYTE‐+m(R(X))

T‐>m(R(X)) m(R(X))+XP,R(x)+I1,RESET Im

Y->RU(P) UNCDNDITIDNAL BRANCH

m Y-‐vRD(P) IF D;[U

[ I T ‐ T E E Y ‐yRD(P) IF D=U

m Y‐+RD(P) IF DF=1

m Y-+RU(P) IF EF1=1 (INPUT BYTE READY)

Y ‐>R0(P) IF EF2=1

m Y ‐ rRD(P) IF EF3=1 (YES SNITCH)

Y ‐ rRD(P) IF EF4=1 (ND SNITCH)

& N(R(x))= SELECT INPUT (CARD/SNITCH),R(X)+1
at m(R(><))= SET SELECT INPUT TD PRDCRAN NDDE,R(x)+1

8: WI(R(X))= SET SELECT INPUT TU DIRECT mDDE,R(x)+1

C E ] & m(F"(><))= SELECT DUTPUT (DISPLAY),R(X)+1

& m(R(X))

& m(R(X))

= SET SELECT DUTPUT TD 32x32 NDDE,R(X)+1

= SET SELECT DUTPUT TD 16x64 NUDE,R(X)+1

FIGURE (9 W
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CHIP TYPE M p T’OT

7 ‘ IOO 4x2 . mwo ‐ - 2‘1 I2. 36
7 4 0 : I n : NMID ( o . c . ) ‐ 3 e 9
7 9 0 2 ‘ I x z N o n - ‐ 6 ‘1‘- I o
M 0 9 Hzx INVCRI ’ - 8 6 . I I I
7‘I08- W2 AND ' ‐ 3 I ‘I
7‘IIO‘ 3 x3 NAND -- 7. 5’ I1
7920‘ a n ! NI'IND- ‐‐ ‘-I I. 5'
792.1 3x3 NOR ‐ . 1 _. z
7‘I30‘ ng MIND ‐ I ‐ ' I
7474 2 D FF -- z ‘I 6
7475‘ .., LATLH -- 9 ‐ 9
7%86 QVKD szcLUSII/fi 0R -‐ ‐‐ I I
W I N / 8 2 2 ; 9 o n R A M - ‐ ‘1‘ I - r
7%‘23- ‘t BIT ( J R . ‐- I ‘1‘ 5
7495" ‘I BIT L/R SHIFT -- '2. I- 3
7990 S B IT REG. - ‐ - 7... Z
7‘I I2I o u t snor ‐- 3 I0 I3
7*II5'I 6 BIT stLELT. ‐‐ 9 I I0
“WWI I '1‘ To I 6 D i c o o g . I I I z
Hu ’ y l nwooa - 3 9 8 anon: . ‐ ' - 2 . 1 L I
7 4 : 7 5 QUAD D FF ‐ - 3 ‐ 3
7‘ I I80 PARITI’ LHECKER. -‐ - I I
7 ‘ I I8 I I-I Bur ALU' - 2 ‐ z
7‘II93- H BIT +/ ‐ COUNTER - I-I ‐ ‘1‘
5:5. 257» I } . 251. 511' HENDRY 3'1. I -‐ ‐‑

3 3 I 0 0 6 3 I 99

TABLE I
51 ’ 5 s z cm P COUNT

07W 12/7/71
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