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DS- l DI SPL Y SYSTEM 

INT IW DlJCTI O ~: 

Th is doer mc n t dcs c r i.b e s a p rop os c d modu l ar gr aphic/ a l l h anumc r i,c d i s p l.ay 

s ys t em c o n t aining a 51 2 x 512 l i ne , 60 l i n e pe r i nc h p l a s ma d i sp l ay/ 

memor y p i ne l a nd a mi nipro c es s or . It is i n t ende d to c ombine the advant 

age s of d i pl ay memo r y a nd loca l p roc e s s Ln g p owe r to opera t e in t h r e e 

ge ne r a l modes a s f o ll ows : 

1.	 As . an "i n telli g e n t t e r mi n a l " op crn t Lng on data r e c eived from the 

Ne t work o r a loc a l host t o pe r f o n n tex t ed iting , ·p i ctu r e proces sing, 

e t c . 

2 .	 As a p a s s ive t e n llin a l i n whi c h t he mi n i -p r oc essor trans l ates e xist 

i n g d is p Lrry lists, c ommand s t ring s an d data structur e s for s to r a ge 

t ube t e rm i n a l.s o r o th e r d evice s i nto t h e p roper fo r m t o op e rate the 

p Lacma d i s pl a y. I n pa rticul a r , a s o Etwa re modu le f or simul at ion o f 

t he AIWS 100A i s prov ided . 

3.	 As a n o f f -l i ne s y s t cm , whe rc the p roce s s o r is o pera t e d a s a stand 

alone min i - c o~put er f o r debugg ing, ed it i ng , a nd gene ral displ ay \....o rk , 

Th e	 DS-l c ons ists o f a d isp l ay modu le , a p rocessor modul e, a nd ke yboa r d 

( s e e Fieure 1). The d i s p l a y mod u l e is a DIGIVlT E.@ disp l ay/memor y uni t, 

model 512 - 60, p r od uc e d by O~ c n s- Illinoi s, Inc., conta i n i ng t h e pl a s ma 

p a nel and a s s o c i ated drLv e circui.try. Th e proces s o r module was s pc c La l Ly 

de s igned an d built f o r t he DS-l ap p lication by the Raytheon Company. 

A modern is enc l osed i.n t h e p roc cs s o r module, a n d is de scribed in l a ter 

s ections. An a l t e r n a t i v e RS 232 i l1t e r f ace i s also avai l a b le for c onn e c

tion to a TIP or t ele t y pe c ompat i b l e s ys t em . 
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I n a d d i t i o n t o the d i s p lay mod u l e and t h e p r oc es s or, the DS-1 h as 

•• mo u c m f o r , !.1 t: ~ l t r ans rai s s i.ou , an As c i i ke y boar d , and a n I / O Ln t e r f a c c t o 

s u ppo r t numc r ou s c x t c r n a l de v i c e s . The me c h a n i c a l de s i g n o f t h e DS-I 

l2;;; jl L ; Si;, 0 S i: ~xi i i Li t y , s o t.i.a t b o h the ke yb o a rd and d i s p l a y modu le c a n 

he nr i~n tcd i i 1~ ~ p e ndentl y f the p r oc e s s o r mo du l e . 

SoI tw a r o wi l l be s u pp l Lc d Hi t h the DS-l, for s u c h f u nctions as 

t cx t; c d i.t i nj; , v cc t o r g cu c r a t Lon , d a t a man agumc n t and variou s i.t» routin e . 

'I'iio DS- I i s in t e n d ed pr inc i pally t o operat e as a n on··line t.c rm i.n a l ; 

t h e o f £- 1 Ln c .nodc i s u s ed f o r p r o g r ammi ng and d ata preparation chore s wh i c h 

~o no t r e qu i r e acce s s t o t h e 110st c ompu t er. In des c r i bin g system opera t ion, 

there fore , o[ f - l in~ , o p c r a t io n s a r c s i mp ly a sub s e t of on-lin e operations in 

wh i c h the onl y I / O f unc ti.ou s are loc al. 

Th e p r o c e s s o r modu l e has a l6-bit data bus s structure for i nput/ 

ou t p u t . Up t o 1 6 input a n d 1 6 output dev i c e s c a n b e support e d , e ach wi.th a 

s e n s e i np u t l i ne , wh i.ch ma y h e t e s t ed to see whe t her I/O serv i c e is r equested 

by a p a r t i c u lar d e v i c e . 

The r/o op e r a t i ons are ac c omplished by "direct" i.nput/output 

i n struct i ons, a s pe c i a l fe a t ure of t he 700 series machines d e ve l o p e d at the 

Rayth e on Cornp any , A single instruc t i on , ( DI N for i nput, DOT for output) 

ena bl e s t h e ~ xte rna l device add r e s see! b y the instruction to a c c e p t the data 

l,re s c n t ly in t h e a cc umu l a t o r ( DOT) o r to n :a nsmit . d a ta to the accumulator 

un;n ove r r hc d a t a b u s s . 

Th e pl a sma di s pl a y X a n d Y add r e s s reg isters are s e e n as ou t put 

d e: v i cc s by t~ e p r o c e s sor; t he othe r ba sic. output d evice is t h e modem. Th e 

~~ (; yb () a r d a rid Lnp u t mo dem a r c t h e b asic input d e vic e s, i n addi tion to the 

o p t i o n a l c a s s c t t c tap e s y s t.c m [or program loa ding. Th e s e d ev i c e s , a n d the 

Ln t c r I a c Ln g o f o t h c r perip h e r al s a r e d c s c r i.b cd i n l ate r se c t i on s . 

F i gure 2 is a b loc k d i agr a m of the b a sic DS - l con figuration, 

c rnph .. s Lz Lng t h e' 1 /.O s t r u c t u r e , The p rin c i pal rol e of the p r oces s o r mod u l e 

i s in t he r e s t r u ctu r ing o f i np u t d a t a t o a n a p p r op ri a t e output f o r m, e i t he r 

r 1'O ;\1 mod em- t o -dis p lay (c ompu t e r t o op e r a tor) or k cyboard-to - mo de m ( opera tor 

t o c omp u t c r ) . Such proc e s s i n g con s i st s .o f h nn d l Ln g communic a t ion cho r e s , 
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s :::-1.: ,: .:. .: d s :': ;-, e :~ raa n i.pu La t Lou , c h a r a c te l' supp r e ss i o n o r t r a ns La t i.c n , v e ctor 

C () ::S~Tt: ':: ::::.O : l ~ :'O ; l ,~ 01 ( i) o i rl t: ::J. t :1 or cun vc c t c r e c u c d c d l i ne d r Hin!.; c oaua.inc s , 

.. :: c d ,..~ ..1 s r r c a m p r o t oc o I and mJ.!1 .... g cmc n t , so t.ha t the input/ o rt pu t cha r a c t er 

:5 t ;..·c ;:;-,: ovc r :': ;h~ ;::0 , .2::1 o r c h a nn c I r cma i u s c omp a t Lb l.c \... i t h the hos t c ompu t e r , 

:i: i l c t h e ~eyb 0 ~r d i np u t s and d i s pl ay ou t pu t s a rc b eing e f f ec t i v ely a nd 

'.i';: ' r e a I s i gni f i c ance o f t h c DS - l as a 11m ... d i s p l ay t c rm i na l stems from 

Be cau s e of its Lnhc r c n t mc rno r y 

3 ~ C sc i~~ :': ~ v c cras e cap a b i l ity, it c a n b addressed a synchron ously, r equires 

:: ,J :; ;) -, ..: : .:.1 : " l : L' f rcs h" or ac c es s to bu f f er memo r y , and is Lnd i s t Lngu i.s ha b Lc 

: 1",' ;:; a :l :'" o t.hc r ou t pu r me dium, s u c h a s t a pe , e t c . Seen [rom the operator's 

po i.n ; "~ v i cw , i t has v c ry des i r a b l e h U: I<1.n f a c tors , suc h <IS high contra st 

':-.:l G " c r i sp" l i n e d i.mcns Lons , no jit ter, fli cker o r distortion and the 

cap o."Ji l i t y [O ~ rear p r o j cct i o l1 of pictorial or tabular data f r om slides 

or mi.c r o f i c hc , f or e x amp l e . 

Bo t.h the d i s play mod u l e and t h e proc es sor module a r c dc s c r Lbe d in 

datai l in s ub s ~ qu e nt s ections, as lrell as the me c h a n i c a l c on s t r uct ion, 

e 0: ::..-;-.~ i1i.c a t i O :l Ln t.c r Ea c cs , k e yboa r d , a n 1 t h e sys t e m s oftware . 



I'j,) 
" l:c: uS - l d i s p La y modu l c i s an 0-1'10 n $-111in'o i:; DIG I VUI:: ' d i s p Luy / mcrnory 

uu i t ~· :\) .:i c l 51. 2 - GO. It c o n Lrr i.n s t he p Las rna p a n e l , d rive electronics , and d i.s p Lay 

l u ~~ i c . J.· j h: : ; l~ :: ltt"~ ,~ a s s c mb Li.c s arc dcs c r Lb c d in. the f o l Low iug p n r ag r a ph s . 

" ") . , . .. .. 
I ; \. \ .. 1• 

Th.; DI(;lV n:;-..i) d is p La y/mc rno r y p a n e l (or p La sma pa n c L) is .:I matrix 

,: :,~v i c ..::- . 1 :: i.~ ; c o ns r r uc t.c d f r o:n t .....ro p i.cccn o f J~" p l.a t e g La s s , up o n which v cry 

~in c s o lJ cl ~ ct ~o l~ lin e s arc d~po~ i t cd . The s e elec t r od e s a r c ~ l c n compl e t e ly 

c ovc r c .i hy ,. d i c Lc c t r Lc f ilm . Th e s e two plates a r e then sc a led toge t h e r wi.ch 

~ 1'>'P 0 ~ : 1 ;~ , : \ ..' t'aous~ ndtil s o f a n i n c h b c t woc n the m, a n d wi uh t h eir e l ectrode 

'j.'i1::' S " s a n dwi c h" i s t h e n b aked o ut a nd pumped down t o high vacuum, 

b ac kfill n ~ with a Z~ s mi xture consist i n g l a r g ely of Neon, a n d s c a led off. 

Th e 3 d 'itio ~ o f f l ex i l 1 6 ribb on c a ble conn e c tors com- l e t e s the f a b r i c ation 

o f t h e pa n c l . The dev i c e i.s fl at , r oughly::;" thick, a n d v i r t u a l l y t rans

'~ ' ; , e pa n c l i.s op or a t cd in s uch a Huy t h a t ' any l.o c a t Lo n (i. . e ., a n y 

x,y Ln t o r 'sc c t Lon ) may b e i nd ivi d u ally tu rne d "on" or "0 ££" as a s ou r ce of 

v i.s Lb l.c l i [;:,t . Fu r t.h e r , such a location h a s a " memo r y" a n d is sus t ained in 

L:~ C "on" or " o f f" s t a t;c u n t i l a n ew s e lec t i on signal cha n g es it. 

An AC v o l t a g c i s app l i e d b c twc en a l l x and a l l y .e l e c t r o d e s in 

p a r a l l c L , s o " : 1 ~ :: a n AC s i gnal Lc s s t han t he b r e akd own p o t c n t La l i s applied 

ac r o s s ::;:e g "s .J. ~ a I I :.::i.:ae s , This i s c all e d t h e s u s t ain ing volta ge, V ylhen
S'
 

a s i ng lc x , )' p o i n t i s to be a d d r s s e d , a v olta g e puLs c , V , is a ppl ied to the
 
p 

;;,) ;J :'- ;j ~~ i. ~ :: c x a r.d y l ines , s u c h t h a t the to t a l add res sin ~ ~lta se a t their 

wiii ch c xcc cd s t il e b r c akdown p o t e n t ial o f t.h e gas, init i a t i ng A. discharge . 

Sin c e the e lect r ode s a r c covered b y a d ie l e c tric , n o dischar ge 

cu r r c n ; C .:1 ; l ::~ mv i .. t h e c x cc r n a l circuit. Ra t h e r , t h e i ons and e l e c tro ns 

p rod u c e d by :: i1 ~ di s c h a r g e are: c a r ri e d b y the ai' p l i c d f ield a n d a r c d e posited 

~s s t or~ d char~~ on t h e d i e l e c t r i c s u r f a ceD , u n ti l tbe r e s u l t a n t n e t f ie l d is 

:1 " ;~rl y ;:c r o , qu cnc i ing to d i s c h a rgc a f t e r ab ou t one mi.c r o s e c ond , k; the AC 
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a b i as '-' I t: ~ : :>~ , ~Gd i.n ~ t o t h c s u u .a Ln i.ng s i g n a I a nd p r o duc i n g a n e w d i.s cha r g c ,
 

~\-; l i .: : : r c s c i t s i;l s t o :... c d ch~l r '-> ~ c nus i.n g a n o t hc r d Ls c h a r g c on t h nex t; hal f
 

cyc i c , c cc . Tilt;s , O : lC~ a d d r c s s c d , a sin Lc x ,y l o c a t i on con t i nu e s to
 

p r oc uc e ;; GiS C ' l .:J. r-(~ ~ t w.ic e i n c v c r y s u s t a i.n c r p e r i o d , o r a bou t; 100 t h ousan d
 

ti~,IC :'; ;"h ' l" s c c o. id , ;;;<:.:<..:r<1ll )' , t h i s a p pc a r s a s a c on t Lm.ou s g Low t:o t h e e y e .
 

:\ S'''; :; :'- .:J. i n ..::= c: l o c a t i o n ma y b e t u r-n ed off b y dd rcs s Ln g i n such a Ha y t hat the
 

-.~ ~ .... 
L. l l t .., L; t o r e t u r n t o ze r o . Thus , a l o c at ion , o r " c ell",~ 

~.l '::'Y be t.urn c d a l l o r o ff i n a b is tab l e , r a n d om acc c s s manne r . 

The p La s rna i i s p l a y h a s a numbc r of ex tremel y u s efu l vi sual 

Its t r' a ns p a 'rc ncy p e rmits t.h e u se o f rea r - p r o jec t ed d ata 

i:r o ~.l r.ri. c r o f i.Lrn , colo r s Li.clc s , ma p s , f o rm s , c t c , , to b e " mix e d" wi t.h the dynamic, 

Co~pu ;: 0 r SC i1~raccd da ta t o b e d i s p lay e d (c h a r a c t e r s, p l o t s , gra ph i c s, e t c . ) 

I n .:1 \~ \ii ::: i ' ;1 :: 0 t il e h Lgl : b r i gh t.n c s s o f the g a s di scha r g e , t h e c on tras t r atio i s 

ex t r c .uc l.y h i.gh , 11lC p anc L us e d i n t he mod e l 51 2 - 60 h a s 512 x 512 l i nes a t 

60 Li u c s p e r Luc h . 1111. 5 h igh r e so lu t i o n ..m el l a r g e s ize a l lows h i gh l y 

1.· ~ .J. d ::.. bl e · i1 .:;rac t ~ ;:" s an d graphics t o be mi.x ed , wi t hout disto r t i on o r jitter 

o f t.h c cla ta • Do t ma t r i x c ha r a c t.e r s r c e s p e c i ally a t t r ac tive, s i n c e the 

" cio t s " o f trw d i s ch u r gc s i. t e s h ave v e ry c Le 11 , c r isp d i rncu s i.o n s . 

A s igil. i f i can t s y s t e m c h a r a c t e r i s tic o f t he pl a s ma d i s p l a y 

~art rix i s i t s ran dom c c e s s me mor y prop e r t y. Unlik e stor a ge t u b e d i sp lays, 

i~ :-.;.::.y . b 0 s c Lc c t i.vc ly c r a s e d as wc l l, a s wr itte n , cha n g ing a si.n g l e point, 

curve , o r c lra r cc t c r '.J:' t h out a ltering the c on tents o f o t he r loc a t i ons on the 

qU~;l :j t ie s of t e x t , t i me his t o r i es o f me a s u r e d d a t a , or complex 

c a~ be sto red i n d e f i n ite ly withou t a c o r e i mage o r r e f resh 

allows ~o r e e f ficien t u se o f t h e proc e s s or a n d s i mpler d a ta 

man a g c mc n t \;i t i: in C O::1 u t e x memory . 

' 11':': 51 2- 60 p a n e l u s e d i n t h e DS - I a p p lic a t ion wi l l h a v e a n a ct i v e 

;"'1',, ' o f ' :; , :J x 8 . 5 111(:1 \.: :; , c on t a Ln Ln g 5 l 2 :c 51 2 line s . The r e wi l l b e: a n 

:l ( ! L i[ iO il ~ ~ I~ l i l1 ~ pc r i p!lc r a l bo r de r a r ound the ad dre s sabl e a rea to provi de 

c ond iti on Ln..; o f t ~1C di s ch a r g e s i t e s , 

:he b ack o f t h e pan e l wi l l b e f r o s t e d with an opt i c a l ly d i f fu s i ng 

:1 ~l r fa '02 su i ::i1l.J l c Lor t h ·2 'p ro j c c t Lon o f op t ical i ma g e" . A cir c u l a rl y - p ol a r i z i ng 

nc u t r~ l d~ ns i t y ~~ l tc r wi th an ti- g l a r e c o a ting wi l l be prov i d e d on t h e fro n t 

o f t h e c1 i.;;): :IY. '':''h c b r i g h t nc s s a 1d c on t r a st wi ll be suf f ic i e n t f o r u sc i n a 
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Tl~ d r i ve c l c c "r on ics fo r the d i s p l ay module
 

-..: i ll ~h~ t lic ~ ;:C ;, d ;I :r d Owc ns e Lll.Ln o Ls ci r c u its r e quire d to o perate a 5 12 x 512
 

k~~e ?a~c l ~ s ?nrt of ou r Xod c l 512 - 60 s~ 1 1 d ~rd di s p l a y u n i t . They c onsi s t of
 

a pp ro p r i a t c s ::.a :: t~ ( " on" 0:: " o f f") af t e r r cmov a l o f t h e a dd res s ing signal.
 

:-.:1,j pui. :; ,:-i ;- ;;li l~ S c i r c u i. t;s f o r th e g e n e r a t i o n a nd app r o p riate mi.x i.ng o f
 

add r e s s i n g pu l s c s at t hc s e l ec ted p anel s i t e s .
 

Tile s u s t a i n c r wi l. ], o pera te Hi. h a bas ic period of 20 mi cro s e c onds . 

~li:: l:. 3 pe~~ vo l t ~gc of n' p r oxirna te l y 130 volts. Exa c t volta g e l e v el s. i re que n c y 

arid , :tiv e sh ....,? t: a r c ad j us t c d for optimal perf o r ma n c e subject t o power sup p ly 

con s t r ~ ints an d d a t a ra t e r e qu i r e ments. 

J'h e addre ss c i rc u i ts are multiplexe d to r e d uc e the nu mb e r o f activ e 

c i rc c i cs r c qu ircd an d cmp l oy a n on - l i n e a r mi x i n g sch e me for line s e l e c t i on • 

.:. p u l s e o r 1 00 v o l t.s is appl ied "lith t h c prop e r t i me ph a se to a c h i eve writ ing 

and e r a s i n g . ~h c pu l s e is d i s a hled in a l l but the s el e c t e d l i n e pa ir. 

I' r ..rvLs i on is a l s o " ad c [o r bu l k e ras u r e i n wh i.ch t h e e n tire panel is 

c r a s cc i ~, (; \ ,-0 s us t a i nc r p e r i ods , A p owc r s upp l y of h i gh density design will 

?rov::.Gc: ::il C ncc c s s a r y s us tail i n g , ad d r e s sing and l og ic level vol t a ges. The 

(\csi0:-. Hill cmp l oy high -fre qu e n c y Lnve r t o r s a nd SWitching reg ula tion for 

8axi~~ . ef f i c i e n cy aI d r e du c e d s i ze. I t requires about 250 wa tts, and will 

be house d inside the proc e ss o r module. 

TIle: log i c i.nc l uded i a the dis p lay module p r o 'id c s t h e timing and 

COl-. ::r01 rc qu ircd f or t h e sus t a ining gene r ator and t h e address p u ls e s , and 

a ls o ; l~- ()'J : ~(~:i ~hc Log i,c l e vel Ln t c r f a c c t o the p roc e s sor modu le. Th e 

(' l/l ll p ;I I: 'j[,] , :. JC c ou t a t n.. L n inc,- ti.l: acld rus s P01:t:; XO- X 
B 

;; : 1<1 ·y o ···.. ,:. wh i c l : : ' lll:~: l Ly , i n ;t!J:;o l"lI t c b Lna r y c odc L:I 11 ~ x , y Lu t c r nu c t Lou .....h Lc h 
\J 

1 S to b~ .:1 J d r · s s ~ I. Th e se: a dd r e s s e s a r e a c c e p t e d wh e n g i ve n .1. wr i t c comma n d 

or ;:"'''1 e r as c C0;;:;:1<. n d by t h e c on tro l lines H or E, re s p e c tively. Th e s e i nputs 

r.iu s t; ;1::' 1 Dt: h c l d s ce ady u n t i l ac c c p t anc c o f the data and compl e ti on of the 

O ; )l.: l" ."! ~- l \.) n h ; l: ; b e e n Ln d Lc r. r cd by t h e sta t us l i ne , a l o gic l evel outpu t f rom the 

c i sp l.:.:.y .n i . t; , An a ddi tional con t r o l l i n e , B, is u s ed in conjunct i on '''ith t h e 

;.: 1 ~. :1 \' t.o c aus .:1 b 11k c r a s u r c o f t h e e n t ire sc r ccn , 
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.. . i c :-:0 c l 512-60 d i s p La y u n i t p ...opo s cd in t h i s doc umen t i s a t t h e 

si.n ~ l e p o 1.n · c :lch 20 

~; / S ~" 0 : , JS . r...'hi s p c rm i t s v c t o r s t o be d r a wn a t 110 r e t han 800 inc hes I s e c on d . 

,-, : , ar ~, ..:: :.: ..:: ;.- s i :1 a x7 d OL: r.; ;::.:r i x c ar b e wr it t c n at e rate o f abou t 1l,00 char a c ters 

A p a~a ll c l a ti J ~c s s t yp e d i sp lay u nit i s pres ently b e i ng dev cloped 

.. ~
." ~ This mo du 'l c , when a v c Ll a b Lc , wi.LL be c ompa t i b l e wi t h t h e 

:::S- l ' Y :; L: ~' ;:l \.,i :.:1 .-.0 ;::odifi c .:l t i on to t h e p r oc c s s o r r equir e d . Th Ls d Ls pLa y 

',,' :'11 a c ': ;'-C S$ l. ~) l i ne s i .n p ara l Le L, wh i c h wi l l a l low mor e t h a n 6) 000 cha r a c t e r s 

pe r s e c on d to be d i s p l a y c , or a comple te pa ge t o be gener t e d in .330 s econds . 
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i ::io ....::;l:.: i o ;: , ,(;. :.: .:;, ~1 , 1 J L"lstruc t ions a nd r c gu l a t Lng t he f l.o w of i n f o r ma t i on 

In a t yp i c a L opc r u t i.on , t h e p r oc c s s o'r c alls up inpu t c omma nds
 

: :-0 ::: t hc r.:O ':': ~' ::l and t hc k c y b o a r d an d gene r a t e s instruction s to t h e di s pl a y
 

:::odu l c d r i.vc r c ircui try to p roduc e t h e re qu ired ch a r ac t e r s , v ec t o r s, o r
 

Ln s t r u c t i ons and da t a a r e s t ored in 16 bit wcr ds , Ari t hme t i c
 

f unc zLous a r c p e r f o rrnc d i n 2' s c omp l ement fo rm. The ba s i.c ma ch i n e c yc l e time
 

i s 1. 6 micr o s econds .
 

Tha ma j or f u n c t ional u n i t s o f t h e proc es s or a r e.: ( Figu r es 3 & 4) 

o ~: c;:Lory Add r c s s Reg Ls te r 

o P ro G r~T< Count0 r 

o I n s truc t ion Reg is ter 

o Accul:1ulator 

o Instruct i on P r ocessing Synch roni zer 

o 'I' c rm'ina l. I /O Circuitr y 

U l ,J . ~ 
" ...., 

. 
... -

• • 
,,' ; r c b r i e f l y d e s c r i be d ne x t . 

An op c r a t Lori n L memo r y o f 20!f8 - 16 bi t wo r ds plus a bootstr ap 

:::C::::Oi:"J' o f 6/. - 1 6 b i t wo r ds a r c provi d ed. The 20 48 wo r d memory i s a Ra ndom 

:\ c ':::r e :' $ ~':cwo ry ( R/ Ii'l) an d i s used to sto r e the chara c ter genera t or , the vec tor 

Z; , ::-. .;:;:-;~ ;: o r , a nd the e d i ting prog r ams needed to p rovi d e. t he spe c i f i c ope r a t i onal 

::- l ~ ,~ ;; jr,~ ; :~0a ;: s o f t he t~~J ina l. Us i ng t he Rt\}l type memor y p r ov i d e s t h e f l exi b i l i t y 
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.' 

t o .i l t c r i n s t ruc . L o n r o u t Lnc s and t o t a i l o r t h e t e rmin al fo r t he a pp l i c a t i on . ' 

,S i nc 0 t t i ua l u s e s R!~'! , a n opt i o nal p r o g r am i ng d v ice ( a mag net i c l ic cr.n L o a d 

t3p ' (; ~ S s c t : 0 rc a J; wri t ~ r e co r de r ) i s p r opose d so t h a t t h e op e r a t i ona l p r og ram 

c a l h , ' }o adc d \,.11 2n t h c t e r mi n a l i s t.u r ncd on . 

The RX;-i si ze i s s u f f .i.c Lc n t t o permi t s t o r a ge of 128 characters , a 

v e e t o r gune r a t Lo: r ou tine and an ins t r uc t i o n sc t . 

Til ' b oo t s t r a p m0mor y i s provide d f or s t o rin g a terminal start up 

p rogr an t ha ; puts t he t o r n Lna l i.n a sta t e f o r read i ng i.nstruc t i on d a t a into 

i t :. opcra t i.ou n l mcmo r y f r om e xterna l sour c e s . Re a d On ly Ne mory ( ROM) devi c e s 

are use d [or the bo o t s t r a p memo r y . Bo t h the RAM a n t h e ROl l men arie s a r c 

~3dc u p en -ire l y o f MOS . 

Th e mcmory addres s r e g i s t e r (HA) i s a t~lel v e bit r e g i s ter tha t 

c an be loa d e d wi t h t h e p r og r am c oun t e r o r the a dd rc s s portion o f the memory 

da ta . 

? ro g r ft.~'i ()u n t c r 

The Program Coun t e r (PC) is a 12 Lit coun ter-register that can be 

l03 d a d wi t h t h e addre s s p o r t i on o f the i n struction r egister. 

1::1s t r uct j on R~ gis tcr 

Th e I n s truc t i on Re g is te r (IH) i s a 16 b i t regis ter of whi ch II bits 

c onta i n t h e ins t r uct i oa and 12 b i t s the da t a assoc i a ted with the i n s t r u c t i on . 

'I'h i.s c a n b e loaded wi t.h a 16 h i t mcmory wo r d , 

Til l: Acc umul a t o r ( /I.e) ir: a 16 b i t 511 ' [ I.: register that can be loaded 

\vitll t he c onten ts of the prog r am c oun t r, the da t a i npu ts , or the arithmetic 

unit . 

'j ')
J -<. 



'i'hc I ns t ruc t i on P 'roc c s s i ng Sy n ch r oni ze r c on t r ol s t h e timi n g a n d 

c a t a iI ow i a c i c p r oc c s s o r , Cl o c ke d by it s own o s c i l l a to r , t h e IPS c a l l s 

u p .in s t ruc t Lori s f r om the memory wh i.c h then dict a t es t he seque n c e to be 

10 11owc d . 

To r mia a I T/ 0 Ci. rl ·' li t r y 

Th e p r o c c s s o r c ommu u Lc a t es y;ith the o t h e r c l ements o f the t e rm i nal 

eith e r direct ly on t h e I /O bus or via o n e o f t h r e e devi c e c ont r ollers. Th e 

c o n t ro ll e r s a r c r e u i r ed t o mak e the I / O de v ice s compat ib le wi t h the proc ess or . 

S I; p .:n· <..l tL"~ c on t r o l.Lc r s a r c p r ov i d e d f o r Key b o ard , Di sp l ay Module and Se r i al 

I/O d c2 v i c e s . 

The I / O 'Bu s i n c l u d e s: 

o .	 1.6 Pa r a l l el I np u t Da t a Lines 

o	 16 Pa r a l lel Ou t p u t Data Line s 

o	 4 L i ne s f o r s e l e c t i n g t h e I/O dev i ce to commun icate 
with' the p r o c e s s o r 

o	 If L i ne s fo r s pe c i f y i ng t h e functio n to be pe r f orme d 

o	 16 sens e l i ne s f o r mon i t o r i ng the s ta tus o f e acb I/O 
de v i c e 

o	 2 s t r o b e l i n e s to i n i t i ete the transfe r of d a t a to and 
from the r/o de v i ce s 

o	 1 sys t em c l o c k l ine 

Each o f t hese l i n es a r e ava i lable at the r/o Bu s Connector. TIle lines r e 

q u ired by c2 ac h c o r-:. t r oll e r v a r i e s \-l i t h t h e functi on performed by the controller 

(Fi c; u r c 4 ) . Th r e e ports a r e provide d \-l i t h the Serial I/O Channel Con troller, 

t wo as y nchr onou s a nd one s y n chr onous . TIle latte r is for u sc with an o p t ional 

c a s s e t t e t ap e r e c o r de r t h a t can be ei the r s u pplied as an op tio n wi t h the 

t e r mi l a l o r purc h a s e d at a later date . The t wo a s ynch r onous por t s a r e f or i n ter 

f a c c wi t h a t c l c t.yp cwr i t o r mo d e 1 (not s up p l i e d ) a n d a te lephone modem t hat 

i s s u pp l i e d w i r h tile t.c rnu. i a l , D'i r'c c t conne c tion wi. t h a d a t; proc e s s i ng 

ma c h Ln c can be a c com p l ished a t t.h e I/O b us conn e ctor. 

Th e p r o c cs s o r p r ov Ld c s a s ing le l evel in t e rrupt t h a t c a use s the 

p rocc s sor t o transfer cont r o l t o a d e s i g nate d s ub -ip r og r a m wh i l e a ut oma t i.cal l y 

s t o r i.ug t.lic c o n t c n t s o f al l p p r op r a it;c r e g i s t e r s a n d the -r c t.u r n linka ge . Th e 

mus k a ud uuu.m k Ln s t ruc t i . u s caus e t h e i.nterrupt l ine to b e g a t e d acc o r d i n g 



tn The Las t; i n s t r uc t i on ( I nte r r up t Re turn )
 

r~'"t t,r e'~ t he' . p r o g r am c ounter , c c iu l a t o r a n d ovc r f l oi .. i nd icato r t o t h e
 

T'hc d e s Lr -, t e rm .inaL opc rn t i on s , tha t i s , t h e l ogic al c ap a b i l i t i e s 

a f t he d i 5 ~ 1 ~y t~~~ inal wil l be imp lemented in so f t wa r e . Th i s a pp o a c h 

o r ov i dc s a d c g r c e o f f ] c x i.b i l. Lt .y a nd v e r s at i lity t o t h e t e r minal' s ed i ting 

I n t h e .La t t.e r a r e a , t h e g cn cra t Lon a n d disp l ay 

OI c h n r ac t c r s , s ymbo l.s , a n d g r a ph i cs a r e l i mi t ed i n v a r ie ty only by the res olu tio n 

( 60 o t s p e r i n c h ) and the s i ze (8 - 1 / 2" x 8 -] / 2") o f t h e d isp l ay scre e n . Th e 

zl c x i b l,c na t u r c o f t hi s a p pro a c h i s e nhan c ed by t h e exp a nd a b i l.Lt y of t he 

::l2;;:o r 1' t o t< · ( 3 2:" opt i onal ) . 

Th e s o f.twar e is d i vid e d i n to t wo s c gmc n t s : ( 1) s e r v i c i ng r outin e s 

f o r . t he i n pu t mod em, t h e ou tpu t modem, the k e y hoar d a nd the d i s p l a y modu l e 

an d ( 2), sp~ ci f i c f Ui c t i on r outin e s f or line ge ne r a t i o n , edit i n g , p o i n t 

ge . era t ion a nd h a r a c t cr ge n e r a t i on . 

Ty p i c a l s o f t wa r e p r oc e ss i ng s tar t s 'vi t h t h e prog r am in a n i d le 

l.oop c hc c k i .n g t l L: Lnprt; s ense l i n e . ~111 . n a h it is ' r e a dy in the mod em, the 

s e ns e l i ne g oes t rue , t h e proces s or s k i p s a nd t h e prog r am inputs t h e b i t. 

'..' ile s e ns e l i ne i s re se t. Th e program c oun ts t.he bit, s ave s i t and re t u r ns to 

nn Ldlc l oop vza i t Lng f r subse quen t bi ts . A.<:, e a c h bit is i nput, it i s stor ed 

i n p r op e r s c qu c n c c , hTh e n a wo r d is e n t i re l y i n memory , i t is mov e d to a n o the r 

~x~ ; ..o ry l oc a t i o n whc r e it c an b e de c oded . Th e p rogr am res e ts t h e i nput, count s 

fo r t h e: n cx c word , a n d t . an s fe ~ s t t.h e t a s k r ou t i ne wh i.ch a n a l y z e s t 12 

c omrnand a id dc t e rru.nc s wh i c h s e gme n t o f the p r o gram i s to pe r f o rm t he 

f U:1 c t i o ll . 

fo r t his c as e , a s sume t h a t the p r os r am was i nst r uct e d t o p l o t a 

c har a c rc r . The p r og r arn C O I1lPUt L~ S a t .a b l e i nd e x from the v a l ue o f the 

c ha r a c t c r c o dc , Th e t a b l e con tai n s a c ompa c ted i mag e o f t he dots rep r e s e n t i ng 

::h..: cil a r ~ctcr . Th ..; i ma ge is unp a c ked f r om t h e t nb1.e i nto a t empora r y hold 

a r c a . Thc n , s t a r t i ng a t t h e t o p l e ft c orn e r , the p r o gram ou tp u t s the 

c oo r dina t e s ari d the on e or ze r o v alu e o f t h e Lmagc , Th e nex t: po i nt i s o u tpu t 

i.n t uc next Lowor Y po s i t ion . The p r oces s is r e peate d nt i l 11+ b i t s h a ve 

o u t p u t r c (o nc c o Lusm ) . The p r og r um r e s e t s t he Y coo r d i n a t e to t h e o r i gina l 

Y an d f.nc r -. « ic n t : ; t.h c X. '1110 IH.:}: t co l mil Ls o u t pu t t he a wn no the f i r s t . 



","he ll n i ne c o l urms h a v c '.' e n ou t put, t h e p r og r a m re t u r n s to t h e idle l oop . 

. u s t r uc t i o n s and d a t a a r e in t h e f o rm of 16 bit words , Ar i t hme t i c 

f tllk ;: io ; 1 ~; : i ~- ,' po r i o rruc d i n ~ I S c omp l c mc rr t f orm. Th e f o l l.o wLn g wo r d fo rm a t s 

3 1'e app l.Lc a b l c : 

0 1 3 4 1.5 

[i] O? Add r e s s e 
0 1 15 

Addr c s s Da t a 
Addres sill 

0 1 15 

[I] Data 

TIle i nstruc t i on fo rrna t; prov ide s 1 bit to indicate indirect addr e ss ing , 

3 bit s f o r t h e o pera tions cod e (OP) ;lnd 12 b i ts for the add r e s s . Th e address 

d a t a f o rrna t c n t a i.n s 15 b i t s of a d d r e s s a n d 1. bit f o r ind i c ating indirec t 

add r e s s i ng . Th e da t a wo r d f o rma t i nc ludes 1 sign b it a nd 15 bits f o r da t a . 

Lozj c a l con t rol o f d ata f l ow in the display proce ssor is c entered 

abo u t the ac c uaruLa t o r reg i s t er, v;i t h t h e majority of the operations i nv o l v i n g 

ei ther th" r.10VCl.lc n t o f d a t a thru this register, the manipulation of da t a in 

i t, or t Il.:: s e ns i.ng o f da t a c ond i tions involvi ng the accumulator. The 19 processor 

o pc r at i on s represen t 6 t yp e s o f i nstructions: 

o Da t a ;·rov cmc n t (Thr ou gh the ac c umul a tor) 

o Logica l opc r a t i.ons ( on a c c umul a tor c onte n t s) 

o Condi t i on Check i ng 

o I nput/Ou t pu t
 

a J ur.1P Co n t r o l
 

o I n dex i.n g 

r:ac h o f rhc s o Lns t ruc t Lon t yp e s arc b riefly d i.s cus s a d ne x t. Refer t o 

l ' ;lp cmd i x I fo r a c ompl e t e de s c r ij t ion of t h e instruction s et . 

Da t a l :ovc.. cn t; Ln s t r uc t.Lon s - CLA, LDA, AD D, STC 

'I'hc s e f o u r i ns t r uc t ena b le t h c a t o r to be cl e a r e d or toL o ns : i c umu L n 

1> <.: JL' a_~!.. ' d wi t h da t a ; l' f ::e c t the addi ti on of a wor d to t h e a c cumul ator's 
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c on t c n t s ; a n d enab le t h e nc c umu La t o r conten t s to h e s t o r ed in me mo r y . 

Log i.c a I One r a t i o 1S- :\ND, CHP , RAL , SAL 

Til ...':" : [c ;,~· ~. n _: L Luctio .l ~ : c nn b Lc n wo r d in memo r y to be Log Lc a l Ly 

" .1.;1 c d" ' 0 t ile a c c umu La t o r ; p r ur i t. the 2 ' s c ompl c mc it; o f the a c cumu l a t o r I s 

c o n t c u t s ::0 b ..., f o rmcd ; cnab l.c a l e f t r o tation o f: t h e a ccumu l a tor contents , 

a n d pe rm i t a l e f t sh ift of t h e" a c c umu l a t o r I s con t en t s t o b e ma d e . 

Co n d i t i.o n C ie ckLn g - SAZ , SNZ ; SAC, SNA, S NO 

Th ·s", f i vt.: i n s t r u ction s al laH f o r v ari ou s cond i tion chC'ck s. SAl 

ari d s:\z P C 1~l i t 'h e a c c umuLa t o r t o h e c1 c c kcd fo r z e r o o r non- z e r o c on t e n t s. 

:\ . an d S~A c n a b L a n y bi t p os i tion i n t h e a c cumu l a t o r to b e che c k e d fo r a 

1 o r 0 s e t t i ng . 5 .'0 p r ov i d e s a c h e ck f or ac e .ul a t or ove r f Low, 

Inpu t /Ou t pu t - 55 , DI N, DOT 

Th e SS ins truc t i on provi d e s a mean s of dc t e rm i.n i.n g whe t he r 

dcv Lc cs vrhi , h Ln t c r f a c e , .-ith t h e p r oces s o r ( c. g ., mod em, d is p l a y module) a r e 

r ea -y fo r d a t a tra:lsfe rs . Ac t ual t r a n s fe r of d a t a occur s t hrough the 

acc umu l a t o r , OI1 l! wo r d a t a time . Dli T c aus c s o ne 1 6 - lJi t wo r d to b e t r n s f erre d 

f r om a il e x ec rna I devi c e t o the acc umu l a tor. DOT initiates t h e tran s f e r of 

on e l a - b it Ha r d f rom t h e acc.umu l a t o r t o a n e xte rnal devi c c. The p a r t icular 

d~ i c e DI~ or DOT a dd res s i s ind i c a t e d b y the va l uc in the de v i c e addr cDs 

f i e l d o f t Il.::.: i nstr u c t i on ; t he inst r u c tion s e nab l e con t r o l l e r r / o wi t h a 

v a r i e t y o f p e r i.pbc r a l u u i t s , 

.Jumn COl t ro l JHP, J SR 

Th o s e Ln s t r u c t Lons prov i d e t h e means f or alter i ng t1 e I Low o f 

? ::-o g r Li::l Lo g i.c , j ;,u) is a u nc ond i t ional t ran s f e r of cont r o l t o a des i gna ted 

J S P 'ovi dc s a s uh r ou t i nc c a p abi l ity t o t h e pro gr a m. The 

c x c c u t Lon o f . J C'R i n s t ructio n i nv olv e s s a v ing t h e re t urn a d d ress to t h e' jump 

a t n cicsignatc d loc a t i on . By d e s i.g n a t ing t h e sto r e f o r t h e r etu r n add r e s s 

a s not be i ng i n l ine wi.t. h exe c u t ed c ode , the pro gr am wh Lc h i s i.n e x e c u tio n 

c a n ~ .: ~ h c l d i n r ead o n l y memo r y . 

I nJ e x ing - lAS 



Th (~S L~ I ns truc t i o n s p r ov i.d c an Ln d e x i.ug f ac il i ty to t he orde r code. 

Th c j r:. dex i;l ~; oc c u r s i n r h c 1lI~i 110 ry l oc a t i on s pc c i.f i c d i n the ;trlcl r ess f i e l d 

o f t :h: L. ·...::.; Ln-i c r uc r i o n ; t.hu s , mul t i ple Ln d c x Lng Ls i pos s Lb Le • 

Tile abov e Lns t ruc t i.on t y pe s p r ov i de a fundnmc nt.a l. but gene r a l 

;Hobr;:;:::::i llS c a p ab i Li.t y , 1 ~ bas i c symbo lic assembl y ] <1 11b ua ge 1135 been bu i l t 

abou t; t h i s Ln s t r uc t i.on se t an i :; us c d to rr i t e p r ogr ams wh i.ch do character, 

po i.u t , aud 1inc; i :>p l ay . Th e s e programs h av e b e e n a s s embl ed wi t h an 

a s s cnbl c r p r og r arn; t h e: a s s .1.10 ] e r i s wr i t t c n i n FORT Rl~ l anguage . 

The d i s p Lay t e r mi n a l i f: supplie d ' -lith a modem for interfacing the 

~ / O c on ur o l l.c r wi.t .h a t e Lc ph o u c line . Th e modem op e r a t cs asynchron ously 

t h rough . OJ, ,; of t h e thrc L~ I/O cont r o l l e r p orts ( Figu r e 5). It is an FSK 

unit t ha t ope rates a t d a t a r a t e s f r om 0 t o 1800 bps i n a fo'ur wire full 

duplex mode and f rom 0 t o 1200 bp s in a h a lf-dupl e x mode . In the f ou r 

\~ i l'C fu l l- du p l ex mode , bo th the local and r e mote moderns operate fully 

i nd e pe nde n tl y. A da ta tra nsfe r s equenc e may b e o rigin a t ed from either modem 

ti t a ny t Irne b y a c tiv at i ng th Reque s t To Send sign a l. The data transfer 

s e que nce i s te r minated by d r opping the RTS s i gnal a t t h e originating modem. 

1n t h e hal f-d u ple x mod e , the mod cm opera t e s with any da t a fonna t. Selection 

l.c t wccn t ransm i t an d receive mo dem identity is determined by the status of 

the Reque st To Send s i gn a l f r om the proces sor. 

Th e modem may bo us c d over a dial - up ne t wo rk us i ng the half-duplex 

mode . Operat ion i n t h i s mrn1ne r r e quire s t h e usc of the November, 1968, Data 

i.cces s i\ rra n ~:.: ~ment , nurnbc r F-57951 , s u pplie d by the Be l l System. In this 

o~0rat i nc mod~ , ~ dat a cal l i s o r i g i nated by the phon e set associated with 

t he Da t a Acces s Ar r a n cmc n t , At the r emo t e loca tion, t h e call is manu a l l y 

ans wc r cd an d t h e da ta key on t h e ph one s et i s pl a c ed i n t h e data p o s ition. 

A mu l t i modc keyb oa r d wi t h stand a r d L\SCI I cha r a c t e r-to - key 

as s i.gn rne n t;s is propo s e d. The keyboard includes c ode s f or upper and lower 

cas e al phan~~ rics 3n d s pecial f un c t i on keys an d c ode s f o r editing operation s . 
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:·lE C1 IAXlC.\ L CO:\S lD ERATIO~~ S 

'j'1ll"! D5 -1 c on s :i. s ts o f thre e ~ep arat ~ sel f - c ont a i n ed s ub - u n its : 

t;10 di s p l a y ruo u l e , the. p r o c c s ' 0 1' modu le and t h e keybo a r d , 

f) j~ \ ' :" Cd~l ] c - Th e Di s p l a y Nodu l e wi ll con t a i n the p l a sma pane l 

and r . c~ d r i -c r c Lc c t r o n i.c s , I t s overa l l s i z e Hill be 14" \-1 x 14" II x 6}z" D, 

.:1:1d wi I L wc i.gh a p p r ox i.mn t c Ly 25 po unds . An 8-1/2" x 8- 1/ 2" v i.cw l.n g area 

HIl l be p r ov ided . 

I nt e r c on n e c t i ons to this unit \ViII be prOVided at the r e a r of t h e 

P r oc e ss o r ~lo tluh~ - Th e p r ocess o r e nc l os u r e wi l l. conta i n c i rcuit 

b oar d .:1~; ~.kmh.1 Los , three s cp a r a t.e powe r s u p p Li c s , and a c asset t e t a p e record e r. 

(o p t Lou c l ) . 'l'hc 0 rl~ r al l size o f this unit: wiLl, be a pp r ox i ma t ely 20" W x 

6-1/ 2" II x 26" D a n d \.,ri l l we i.gh a pp r ox imate l y 60 poun d s .. 

I n put/Output c o nnec t o r s wi ll ' be p rov i ded a t the rear of t h e 

e n c Lo s urc to a c como a t e the u nits wi.th which it must interface . 

.8:Y.bo a r d - Th i s u n i t wi l.L provi d e a f u l l a l.ph a numer Lc k e yboa r d 

hous e d in a d e sk top e nc l o s u re a p p r ox i ma t e ly 15" W x 3" Ii x 7" D. Th e uni t 

,·, ill i.n c l u de : 

o	 Th e en t i r e di s pl ayab le ch a r a cter set in the stand a r d 
ASCII l ayout. 

o	 Sp e c i a l Function k eys for e d i t i n g and r/o control. 

Ke yboa rd op e r a tion i s s i mil a r in to u c h cha r a cte ristics to a n 

e lec t r i c t yp c wr i te l' a n d suitab l fo r u s e by an i n expe ri.e n c ed opera tor. 

L.- , 



AP PENDIX I
 

Th l2 f o l I owi.n g i nstruc t i ons a r e p rovided: 

'j'i10 c x cc u t Lo u time fo r instruc tions hav i n g i nd irect a ddr e s sing 

(op t i on a l v i t h i ns truct i on raa rkcd'<) re qui r e s one cyc l e f o r e ach i ndi r ec t l ev e l . 

o 1 2 3 4 15 
o oLDA,A,I Load ~ 'lor cl [IJ O A'-------, 

Th i s infi t ruc tion loa ds t h e coute u t s of add res s A into t he accumul a t or. 

Th e p rcv i.ous con t e n t s a r e lost. The p r ogr am counter is indexed by 1. 

Time = 1 cycl e ?': 

o 1 2 3 lj . 15 

J rT , A, I, J LUnp 0e-o o 1---I..- A J 

This ins t ruction c a u s e s p r ogr am c on t r o l t o be t r ansfer r e d to the 

a ddrC 35 A. The contents of the a c cumul ato r a r c not a l t e r e d . 

Ti.me = 1 cycl ew 

0 1 2 3 fI- lS 

JSR,A,I, Jump c< Save IT] 0 1 1 A 
Return 

Th i s ins truc.t ion store s the pre s ent address plus 1 at the locati.on 

speci f i e d hy the contents o f memor y loc a t i on A a n d transfers p rog r am control 

to loc a t i on ,\+1. The a ccumul a : 0 1' is clea r ed. 

Time = 3 cyc l.e sv 

o 1 2 3 4 15 

Add o 1 0[ A _ 

Th i s i.ns t ruc t i.on a d ds t h e conten t s of memory at location A to the 

a c c umu l a t o r; 11w ove r f l o w i n d i c a tor i s set to the cpp rop r i ate s ta t e and 

r emains s e t until the n ext: ADD,IAS , or eLA i nstruction. is proc e s sed . 

Time = 2 cyclc s* 



0 1 2 3 L1 I S 

i\Xn,A , I J\il d [2] 1 0 0 L A 

'l' i c i ns truc tion ~n ds l og ical ly t h e c onten t s o f ' t he a ccumul a tor with 

--... .nc .la t. a s t orcd ':'i. t Lo ..i t . i.on A. The r e s ul t i s s to r cd i n t he accumul a t or . 

Time ~ 2 cycl c s* 

o 1 3 !~ 15 
STs\" ,I S 't o r c [TIl o 1 A 

Accur:lul a to r 

Thi s in s t r uc t i on s t or"' :; t h e con t en t G o f t he accumul ator i n memor y 

Locat i on A. 
:~:. :lI e = 2 c y c l csw 

0 ] 2 3 4 15 
L\5 , A, I Tndcx & Sk i p [I] 1 1 0 A 

• J: 
I I

Ze r o 

ThL i nst r uc t i on r e ads the con t en t s of memor y l oc at ion A and adds 

1 t o i t. Th e r e s ul t s a r e then s t or e d back i.n loc a tion A of 't he memor y . If 

r h e r es u l t o f the ad dition is zero (Le., an ov e r Fl.ow gon e r a tied ) t he nex t 

Lns t ruc t Lon is skipped. Ot hc rwLs e , the next i nst ruc t i on i s execut ed. The 

accumulu. t or c on t a i ns t h e con t ents of A pl us 1 . 

Time ~ 3 cycles* 

~.L 

o 1 2 3 5 6 7 8 11 12 
SAL , N Sh i f t Accumu  o 1 1 1 o o o o n ' ,1l a t or Le f t 

This instruct ion s h ift s the c onten ts o f the a ccumulator l e f t by n 

bi ts , the l e a st significant bits be c o:ne ze ro. 

Time == 1 e yeLev 

o 1 2 6 8 11 12 15 
~~. , ~ Rota te Acc umu  1 1 1 o n ["- ----.;.,1 

l a tor l e f t 

This i nstruc tion r ota t es t h e c on t en ::s o f t he ac cumul a t or l e ft by n , . 
bits . The most sign ific ant bi t be come s the i niti a l l eas t s ign ific an t b i t . 

Time :.~ 1 cycLc» 

o 1. 2 3 5 6 7 8 15 

liLT , Hal t o 1 1. 1 1 o o 1- - -----'----- --'----- - _ J 
Th i s instruct i on caus es program execution to s t op . Us ed pr i mar i ly 

f or deb ugging pu r pos .s , dep r ession o f t he RUN bu t t on or SI NGLE CYCLE bu tton 

c au ses con t i.nue d execution e ithe r con t i nuous or on e cycl e r e s pec tively. 

Time = 1 cycl e* 

-
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15 



o 1 2 3 5 6 7 8 15 

SAZ Skip Accumul ator 0 1 1 1 o 1 o 0 [ _
1


Zer o
 

'l'h i s i ns t ruc t i.on cau s e the next Lna t ruc t i.on ·t o be skipped i f t he 

a C C \L~u la tor i s zero . 

Ti.me .- 1 cycle* 

0 1 2 3 4 5 6 7 8	 15 

S" 
l' ~7	 Skip AccumuLa t o r 11 1 1 J. 0 1 0 0
 

Xon- Ze r o
 

Th is i ns t r ucti on caus e s t he nex t i ns t ruct i on t o be s k i pped if the 

ac cumul a t or is non- zc r o v-

Ti me - 1 cyc l e» 

0 1 2 3 l~ 5 6 7 8 n 1 2 15 

SI\C, B Sk i p Accumul a t or 1 1 1 1 0 1 13li 10	 ~ J 
Th i s ins t ruc t ion causes the next i nstruct ion to be s kippe d if 

bi t number B i s one (1). The mos t significant bi t is ze r o a nd the l eas t 

~ign i fi cant i s 15. 
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t o t h e criphcral d evic e. This p uls e is used by t he "dev i c e to s t o r e t h e 

on t cn t s of the S :tll1 d.:ln l I / O Bus s . The dcv i Addr e ss and Func t i.on data in 

t rnn srai t t cd s i mu'l .au c us \,' ith da t a . 

Time r: 1 cyc Lov 

0 1 2 3 f~ 5 6 7 8 11 12 15 

0 llJ: "OJ rJ) I:'~ Il.:l t.:l I npu t 1 1 1. 0 Add Func. 

Th is Lns t ruct i.on c a us e s the devi ce a dr e s s and func tion d a t a 

t o be tra:l ";:li··t c d.:ls in t he DOT instruction . Upon de t ec t ion o f t h i s a ddr e s s , 

lunc tio DATA Inpu t S t r obe (DI S) , t h e d ev i ce gate s i ts data on t o t he 

St an da r d I / O Bu s s . TI1C de a c tivia t i on o f t h e Da a Input St r ob e i ndi c a t es that 

the d a ta has bee n r e c e i v e d and s to red . 

Tim e :::: 1 eye Lew 

0 1 2 3 4 5 6 7 8 9 10 11 13 

nm I n t e r r u t Retur n LO_~=U 1 1 1 1 a u 0 L 

Th is i n s t ruc t i.on c aus es t h e Pr ograrn Coun te r , t he Accumul a t o r and the 

Ove r f l ow i nd Lca t or to b e restor e d t o the cond i t ions pr i or to s ervi c i ng t h e 

p r e s en t a c t Lv c l evel. I' ur ame t c r L mus t be s e t t o t h e lev 1 be i ng pr oces s e d 

.' u r cor r c c r e t u r n lin kag e . The i n t e r r up t is r etur ne d t o the idl e s t a t e. Se e 
pa g e s 3-3 an d 3 - 4 . 

Time :::: 4 cyc1e s * 

6 7 8 15 

~HSK Ha s k I n t e r r u p t s I 0 

111is i ns t r uc t ion c auses t h e i n t e r r up t sys tem to be i nhibi t e d 

f r om caus i ng any inte r r u t t o be p r o cc s s e d , Interrup ts wa i t Lng or r e ce i ved 

wh i.Lc in t e r r up t s a r e ma s kc:d wi l l be p r oce s s d whe n they a r c unma s ke d. See 

p ~ z e s 3- 3 and 3-4 . 

Ti me = 1 eye 1e''': 

o i 2 3 4 5 6 7 8 15 

uX:·j Unma sk Int er _ __1. _l_=u~l 1 1 o ...L.._ _ 

rupts 

If} 

0 

15 

01 

i n the 

This i nstruc tio n 

norma l. mann c r , Se c 

c a u s e s 

p ag e s 

t h e 

3 - 3 

i.nterr up t 

and 3-4. 

r i me 

sys t em t o 

1. cyc 1e* 

be pr o c e s s ed 


