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I • I T i ~f l L t I C T  IO~

For ‘“any decades ~~~*n  - a s  ~~~~~~~~~~~~ ~ f ~ r e  o ay w h e n

m a c h i r e s  c o u l d  r e l i e v e  ~ i —  ~~f m i j C ~~ of  ~ is  ~ o r k . In t h i s  e ra

of  comr’u t e r s  an’~ a dv a n c e d  t e c ’~nnl~~~v ,  t r i 5  c re a m  is  now

oecomino a r e a l i t y .  r~~r*recf irq c~~mr~~~ers to o t h er  m a c h i n e s ,

h o w e v e r ,  i~ no~ l uc t  a s i m o l e  ‘ “ a r t e r  of  runniro  a w i r e  f r o m

o re  t o  t h p  o t k e r .  In c r r  f~~r t~~e co~~Out er  t o  be ab l,  to

US C  i t S  ,i r kj r ~’f’ ~~~ 1 y~ it  ~ usr ha v e  so me w a y  to

t r a n s l a t e  i~~~~ s i~~-~a l s  i~~t~~~a ~c r ’~ t h a t  i s  r e c o q r iz e d by t r e

“ac~~ine i t  i s  c c r ’ t r c ~~l i r n.  T h i s  ~c~~~he re  t b p  i n t e r f a c e

c e c o m e s  ~ l 1 i’-o’- r~~ i’ ”f .

.,~~~ 1n~~~ r~~~ce j c  ~~ r~~~p~~~e ‘~~~~ ~ 1
~~ce~ in t~~e a a t a

n~~t~ h e w ~~en t~~.c d~~~j j~~~eç~~ It s  rur~~cse  i s  t o  r e ar ra ng e ,

t r a n s l a t e ,  or c~~a”~~e t he  scee’ i ~~4 ~~is cata t c  ~~e P~~~p

needs ~ f o n e  or ’  r o th  ‘ l e v i r e s . In o t re r  cases t h e i n t e r f a c e

is  used t o  c o nv e r t  ‘l a ta  f~~0m  an an?1Q (, to d i q i t a l  (A/fl ) or

a i~~i t a l  to  a n a l o o  ( f l / A )  ~~~~~~ or b ot h . I n t e r f a c e s  o f  e i t he r

t v c e  r anoe ir’ c r ’ r~~1 e x i t v  f r r  a ~~~ ~S t e ’ J r a t e d  c i r c u i t s  t o

t~~e use o f — i c r o o r o r e c s o r s .  “o c t ,  h o w e v e r ,  f a l l  in b e t w een .

T h i s  t h e s i s  ~iis~~uss e s  t h~ d e S i in arc i C O n s t r u c t i o n  of  an

i n t o r f a r e  i n  t n I S  m i d~~le  class. w e re ,  t h e  C o m p u t e r s  a re  t h e

A o p l i e i  T e c b r ~~l’ *qy ~‘. i ’ r~nrme Co m ru t e r  ( A T ~~~~ ) r r i n ic o m r ut e r  and

t~~e - ‘VS T e c b r i o l o o y  Inc .’ s “.I’~— l r H c r o r r n C e S S o r .  T h e i r  qoal

ic  t O  ø O Or ’~~~~ an:i o r o c e s s  o ij t r ’ u ’~3 f r o— a d io~~t a l l y  ~urahl~

.Ia t k i r ~s J-’ r’ r’s0 ,  ~j T — M i~~.~~

t T~~e c~~~r e r  S v S P e ~~S -~ r r i * i p  a t  r~~~e i r  ~oa~ by

1 )
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d i f f e r e n t  ‘“pars. T h e  ~\ T ~~
(
~ u s e s  a ~ lo s e o  OOp w i t h  the

o~’er~~tor (~~iou~~e l~~
) w r i i l ~~ t ~j ’~— l  ~~~~~~~~~~~~~~~ the ooeraro r

w b j l~~ e x e c u r j r ~Q i~~s oror ,ra r r  (~~i oure i t’) .  I” th e A T 4 C  loon

t h e o c er~~~or ec~~,v ~~l y  C nn * r o l s  a 1 1  c o — ’ I u n i c a t  ion h~~~w e e n  P h e

COm Cut er and receiver. In r~~is way jt i s possibl e to

~ is n l a y  ir F O rrn~~t i ~~r fr~~’~ ~~ ie  r e c e i v e r  on t r ~~ v i d e o  d i s p l ay

at any t j ’ ”C  exc~~or o ’. j rj r q  a s e a m  (see  C h a nt e r  V ) .  It also

orov id e s ouir ~ re 4e rer*ce to the ‘~a t a  to he serf , th e d a t a

l a s t  sent , Cr’ cl l a r ~ ?c r~~c~~~~v~~ri ‘-~a r a .  T~~j~ was i n v a l u a b l e

iu rin c  . o e r J : ; o i r ~c. F r ~~ . — ~~~~~ ~ er i o~~ I i t  i s ~ lgo  rc~~s i o l e  t o

• al i u st  d V ~~~~, 1~~ t~ r~ ~~~~~ ‘r ~ ~~5 n e c e s s a r y  t o  ~ ee t  any

r ” c I j l r h — e ’ ” t .

I ” e ~-~~ ‘~~
j lne r~~~t ~- i - * ~e ’~l y ~ xc h en-~o d , o i l l wor .is ~~~~

t~~~ r e c e i v e r ,  ~~‘~~t ~~~~~~~~~ e x r ~~ ar~~ es  ~~~~~~~~~~~ ~~e t a  f r ’ r  a na lo’ r i

i c t a .  T~~i 3 es -‘c t r r o v i ’~~ ~ 
4ee~T h a c~ l o c~ th at  i rC i JIPS

the oop r.~ to r . f l r ç p  
~‘ e — 1 IJ n , t h e  ~~t -’-

~—~ r,roaram se le ct s an-i

sen’ ls  -l a t e  M Q r c ~5 ~o t h e rc~c n i v e m end o r o c e s s e s  t~~ e a”eloo

-~a t a  r e e e i v e d  u n t il  th e o r o o r a ~r c o ’ ”es  t o  an ena or i~~ h a l t ed

ry Ph e ‘“rpr~~tr ’r . i i r e c~ i r*f orn~~t i o n  i s not a v a i l a b l ,  to

a e t e r — i n e  ..nen ~ r if r~
j
~~ it ,~ 1 woro h as been se’”t or

r e ceiv ed correct I v .

1 1
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Prob lem s encourtereU du rino ~~~ desion ano construction

C)~~ t-~~ i r P € ~r t a C e  anO ~~~~e 1 r  ~o l u t i~~n~ er’ shOwn in Table I.

- In t h i 5  i m S t . ~~~Ce  s i lr*a l  l e v e l  c o m o a t a b i l i t y  w a s  nOt a

pr o b l e m  oec~~uce t h e I/ U  f r o m  t t * e r ec e iv e r ,  the interf ace,

and t rte two Ccm oLt er S were a l l  IlL ica ic leve ls and,

• tber e~~o re,  m a t ch ed. I t is b~~? i eved th at Phes~ orob le ns ar e

a ty~~iC~~l l i s t  t h a t  nay be en~~~unte r ~~d wh en i n t e r f a c i n g .

‘I
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PR1~BLEM °OLUIIPN

1. Noise on the A TA C I/Cl 1. Use o # Scho ttk y c i r c u i t s

lines, reduced or e l i m inated the

noise .

2. Different clock rates 2. AT A C; co nvert ed p a r allel

of  the  com outers and the outputs into seri a l form.

receiver, dnd d i f ’e re n t ~< I ~~— l ;  used i nte rrupt l,r,es

data wora leroth s. to slave the KI~~— l to tne

rece ive r ’s ci oc~~.

*

3. T i ’ ” i n c  3 , I d e n ti f i , d  r e c e i v A r

ne r io l s  ~ y t h e ~o n i t o r  C l c r <

o u t o ut .  J h 1 5  nrovi deo a pui~~~

w h i ch S i n n a l ed  s t a b l e  de ’ a.

41. Ino u t t i r r o  d a t a  to  tIr e L~. Or,eri c o l l e c t o r  b u f fe rs

~~~A C .  were used to sink t h e  re o u i re o

current for oroper cata tr ans fer ,

p

5. Sw i t c h i n c  ~ ePween the 6. M r j lr j c ,le x ers a rc  bu ffers

AT A C an d the ~ I~~— l . were used f~~ swit ch betwee ’”

the two comn uter s .

• T a b l e  I

D rob lem s and So l u t i o n s

I
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• TI. T~~E R~ CFI VEP

T h e  ~~ t~~irr s j ’ r ’ n 5~~n 1~iJ~~~~~~Q ( - ~J~I i s  a n hF r e c e i v e r

aesi~~ned ~or u s e  in the Sco ~ h? t o  3fl 1.- Hz hand . Its

• adve n t  aces i~~r ls ,~~~ P , e  ab i  I i t v  Pc l et ec t  and cutou t  bot h  Phe

~~M 
~nd FT J~ siom a l s w r ’ 4 ) e  s im u l e ar eo ’j slv m a i n t a i m i n a  ~

s o r ’ e r a t e nu to ut  ~~‘ c i o h t  se l~~c t a h l e  a e t e c t i on  modes.  0ption s

~~ m e  oc-eret ’- r i”C l~~’i~t ~j i t f e re n t IF ba ru awid ths,
.

v a r i ab le ~~ o ’r— , c-~~ t 1 C b co n P r ol , a.ru a tijn eahle BFO

Ir e o u e n c - i. I b e  1 
~s ~ia i t~~l l v  c n n r r o l 1 e~i cr0 uses a b O— b i t

~or  as ~~~~~~~~ in  F lI re 2. T~~i~ w O r O  c o n t a i n s  t h e

-

- i n f i rm ~~m~~-~r~ nec~~s c e r y  r —  t~~~~~,—,f e r  r~~ . f re c j t j e rcy ,  ie ’eetion

— o ~~ e , IF ~~~
-
~ ,1t - , , F  

~~~~~~~~~~~~~ ~~~ t rC ’~upnCy ,  )
~ ‘l s i gna l

3 t re r~~~t.’ w 0~ l r - t e r r ’ a T  lv  an~ ox e e r n a l  1 - .

J I 1 1  i~~~r’~~ P~~ ~~~ o u i t ~~~~ t~~ f . o m  P~~~e ‘ e c eiv e  are conP r~~l l ed

rv Phe svn c~.r nno~Js , 
r 0 - o t o  T f c  hoa rd . Iri~~s hoara is a riated

t r a ns f er p o i n t  ‘or al l  l i ci t a l c a t a  e x c ha n g e d  w i t h  t h e

F receiver . ~u~~Oe r o~ com t r o l l i ~~es a re meecea to

th e necessary em- 1~ on t h , receiver. Th ree ocl anced inou t

p ai r s arc fo~~r b~~l
~~mce0 ou t ru e l i n e  ~ ai rs, olus a •-~rcund are

p

cjrovider ’ t or ~~~~~~~ r ’ urccso . ~ 1 1  P n r€ p  in out s are rnauir ed

for renot, ope ratio n . T hey are eddress (~~r enable),

a’”l ‘1~~~t~~ i~~ r-~~p . The air iress p a i r  is the most

i — ~~ o r P C r t  f o r  ~~ ~e v °s e~ ~~~. — ast er “~~m ø f f ”  s w i t c h  f~~r

t h , r em e i n ’ l q~~ c ’ t h e I/fl pa ir s . T he outrut s ‘ur n i sh t~~.

p rp ou i rp ~ c l o c k s  ( ‘ m C n ~~ Cr w —~~ m i P O r ) ,  ~~u f r ’ j t  d a t a ,  and ~

)oC ~~l/ r ,nnt ,  ~~t a t j 5 .
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Ir e  ;e t k m n s  lo b nson op erates on a seauential ey~~l~~

l iv ia e a m t 0  four ~~~~~~~ p er iod s aru~ s i x  i c e n t i f i a b l e  m o d e s .

T he per lo as r’oulet e t~~e ~ ift,re nr or ’eration s w h i l e  the

-~oces ascer t a i n  ~~~~~ ~ r 4~~ in of Pro dare. Jan e IT shows the

i n t e r a c t i o n  o f th~ c~~ri~~ds coo mo~~es of t he receiver. Three

of the S i x  noleS are ~ e-~nrv reac and w r i t e  functions ; these

cannot he rern~~t o l v  cont r o )lo l ana , t r , r e f c r e ,  are ~~ no

conce rn ~ere. °f the n e m a i n i n o  thre e , twO are th e rem ote

act ive C~~l ro~~~P~ r~~~s~~ve  mo~~es .  These al low the

-
- 1~~t r c O u C t i -o” nf  ,y t e r r - ~~ 1 i v  ne n er a t e d  late C n:- i prevent ~‘a nual

L 
i n t e r v e n t i o n  1uri~~a - a l l  rut ore of t h e  ‘o u r  p eriod s. ~ anua1

con~~r~~1 i s  ~ va i 1 a~~le i~~ th e r e m a i n i n o  ~~~~~~~~~ loca l .

j n  ~ r-~
p
~ ~o — a r . a - ~° ~~~~ ~~i t a  ~ o r l  ~ o , e m e n t  c o r r e c t l y ,  t h ~~

recei ver ‘j ~~~i
1 1~~~p5 a :~~~~o h j~ or late role arranne~~em t as

shown in  ~~io u r e  3. T~~i c c ,~r~~ l i f i e ~ op e r a t i o n  by fo r ciru a a l l

~a ta ..~~r-i s t° rass tw rou o~ t h i~ node in t -  same a irec t ion ,

recerdl o ss of t h e i r  or i Q in or desire d d e s t i n a t i o n .  Tbp

mu~~P ip le xe r cont r ols t~~ p i n p u t  to th e la t e  node. C~~ntr~~l of

th e m u l t i p l e x e r  an-o , t~~o refp re , tre o r i o i n  ~ f ~he  d a t a  i s

m anaop c rv tk , in te r n a l  mO a,S o f th e re ce iver . T h e

okj~~C P i V ~ ~~4 np r i o o  ore is to loal th e rece iver recister ,

In t~~e l oca l and rem ote oessive —ooes, th e acta wo rd is

Sh l ’t p l  fro-’ P r o  front Panel reciste r, th roug h the

r r u l t j r ’ f o xp r ~ od 4 a m a  np i~~, ir t~ Phe re ceiv er reg is t er . The

di f f e r e n ce  ~ e~~-~°e’” ~~ —s e 
t w O  -‘od~~c is in t h e  a c t i o n  nf thp

-iama nni ~~r to Sr~~ f * i ~~-~. T rue l oca l cne up dat eS th e data

aOr d f r ~~r 
~~~
, f r ~~nt pane l St O n C O C  rogi~~t e S  r u r in o the e a r l y

t
‘7
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p ortion ~ f par io ’l coo . Thi s action is i n h i b i t e d  aur ino the

remote t~assiv ° —o ’~e. In th e rem ote ac ’ive morC e th, da t e

wp rd or icnnates from a r,mot(V device, is sh~~~ted by the

comm a nd C 1O ~~k t b r r u ~or  ~~~~e re~~~te ~~~ b oard , ~~ to ~he

receive r rernster v i a  ~~~ 
,n,l p lex e r and data node,

~~~ f i r s t  Part p f t~~o seccn~ n~~~iod is spent loadi r u n the

d a t a  s h~~~ t e d  d~j r ir o  o e r i o d  o ne into t~~e receiver storage

r e g i s t e r s , D i n -rn P h j 5  t i m e  t h e  c in r ua l st reno th is ucdated

in t~~e r~~C e i v e r  r e n is t e r  rena rd l ess  0 f t t , o mode. T he kF

ua , r ’  ~• / t ’ _ !~~/ ~~ c O n v e r t e r  +~~~~~c~~~ i o r ~~ acco rd ion to ‘ne selected

~~~~~~ In t~~~ l c ~~l mn.1 p ‘ h e  PF -~~~j h~~Pç in t~~~e da~~a w o r d

F a re re~~l acc~l 
k- ,  ~~~ c~~~~#ers~~o~ ci ’ th e ~rcrt p ane l ~F in

- Tb~? 
~~~ r e — o t e  ~e~~~s revers e t~~j5 actio n and

~ c i c d  t — e  Pi- o a i r -’ ‘
~~ /~~~- cO~-~’0 rt,r ~~~~~ t ’ i S  ‘d ata t r~~~.’ ? “~~~ w o r d .

a f t e r  ~r i s is c,~ rr. l e P el, t -e ~ r,r’~ is s” i fteo in a l l  modes

F -out 0 t r e  reCe i ver re d i s t e f . , thr p u n h the ou lt iol, x ,r ari d

~a ta node , and in t o tk e fron t p ane l reci st en . If th e

ad~jress l i n e  ~ro- t~~e 
rem.~~te  lev ice is active ~‘ioh , the data

~ord and ~~~~~ o n i ’ rr  r l ~~c k a r e  a v a i l a h i p  on tk e i r r e sp ective

Ou tOut l i r e  n a i r s .

~er iods tru r e~ a n d  ~otj r i n h i b i t  r rnv e m e nf  ~ f t~’e data
p

~ ‘r d . Pe njo~ t n rp~ upda tes t~~~D f r o n t  pa ne l  pu s h b u t t o n

l i g h t s an~ n ,Jne ri c d is P l a y . Per ip d ‘our i~ th e o n l y  p eri od

1 w n m C ~ crannec ~~ r e ce iver ~~~~~~~ ar~ a1 l nw e ~~. Dur in o t h i s

p er iod c k aro,s ‘ r o n  a r,mO tC rode  ‘0 I~- c a i ,  or f rpn loca 1

; d i r e~~t l v  t o  r e - r o t e  p a s o i v ”  ra n  p n l y  b~ ac cr ,rn nli s~’ed by

depress ion t~~~o a o r r ” r r i ,a t e  ruS~~bu t t ” f l  O~ 
P r o  frori P r are l . t

A

a ~~~~~~~~~~~~~~~~~ - .  ~~~~~ . ..• , - ,.• — -
~ • - -
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c h ange f r o m  )oc~~) ara r e m o t e  nass iv e to r e m o t e  a ctive is

~u t o m a r i c a l l y  drr~e 
~~~~~ 

t~~e 
ro~ l p t o  I/fl ~~~ard whe rever both the

addreSs aru~ trl’,q,r l ine or~ir s are a c t i v e  r i p h  du n i nc, t h i s

p e n i o — ~. th e rem ot e a c t i v e  mo~~~ ir n en i a t e l y rever ts to t~~~

re mo te ~~~~~~ ~o~~e ~~ t r ~e hep inn ina of tre next period

fpu r . th e t ot al cvc~~e t j r r p o f  t~’e rece ive r is 10 .73 msec

(?.5o msec per p eriod ), Tn order to charge moles

succe~~s~~u 1 1 v ,  4 t ~ ~~~v he necessary e it h er tO h o l a in the

p ( J S h C ( )t t O~’ or to h O l d t h e t n i n o e r  ~~o~ j ~doress l i nes hi g h f or

u~ to 7.~~~ — sec ( t ~~~r e e  r e r i~~’~~ ). 1~~i c ercures that th e -mode

chanoe 1e-~~~n1 cic c .r s in ~ er i o d feu r .

•~ l 1  ~~~t p .j ~~5 ~ re ~v a i i~~~- l e  f c  O C r f l C C t O r S  3 1 ,  a’~’d J6

~~~~~o’j r~ J~~j 1 — ç ~~t r j  ~~n ~~~~c’ t~~~~ r~~r~~iv e~~. 31 is Poe

~ i ~~~t~~ 1 T,’~ ~~~~~~~~~~~~~~~~ T~~O O th e r co~~r’ecto rs are a l l  an 310C1

OIJ t r i C - t S .  .;~~ i s  ~ 4~~5 ~~~~~~7 
j~ si oral o~ at least ?0 ~ Hz

han-4~~id t r . A~’ anj F~ ~etec tcr m o r - ito rs are orovided at

con nect or s 1 7  and 3° recpe Ct jv e ’y, J~ ic a pr,detectipn,

~J~~5 ~KH z center •reauencv IF outnu ’ w hose h~~n a w i d t h  is set by

th e f ront can e l . ~ l~a 1 a nced and ur’ha ’arced l i n e  audio and

bo th upper .aru —~ lone r Si~~eh and OUtPU t S are a v a i l a b l e  from the

aopro~~r i a te p in s  at J l Q ~ T’~p b a lan c ed l i n e  Opera tes at a l l

t im e s, Toe jr~~~ l~~ncer’ 1 i n~ is ope r ab le unless headp h ones

are plua oe i  P i n t o  t~~e front ranel . T r ~ 1o ’~,r s i d e b a n o  outPut

is a C t i v e  ~ b er~ t h e r e c e i v e r  is in e j t n e r  T$ ~ pr LS~
d e r e ~~ P j ~ -r r , -o a ,s ,  ann t h e  ~jor~~ r Sioeb a rvl Ou tp U t is act i ve

. jrf rc TS~~, ~~~~~ a- r n  c .. -r o i es .
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III. T~~E C0.1PUTEPS

5,

A f t e r  St u— l y i n d  ~ ne inrut~ a rc  ojtru t s from the receiver,

thr ee choices ~erp a v a i l a b l e  f~~r fu r t h e r  develo pmpnt of ‘he

i nt erface. It co u u l ~~ b~~ desipn e~ ~0 oass th e cloc k pulses on

to the i n t e r r upt  l i n e s  of tk~ comp uter and , there fore, m 3 t c h

th e comput e r ’s t i m in n  ‘-o t h a t  ~~f t h e receiv er. Or, a buffer

cci~~l j  ~ e c o r S t n l C t e  P0 in Pu t the iata s e r i a l l y  at t h e  cloc k

rate o f t o p  com c ,Jter an1 ou tp u t i~ ~~t t o p  c l o c k  rate p1 the

rece iver. T r° ~ h~~rr ~ o~~ice , ~ 1~~c a hu ’fe r ifla arranaem ent,

cou la e~~c~~-r~de .r a a  j r  r~~ra ! l e j  t o  t h e  cOmp ut er and s e r i a l l y

t o  t~~~e re o e ~~ *Ier .

T~~p c ~~,ef r~~c ’ cr  i — ~~~~j pn c i nc i t r e  e s i n r  d e c i s i o n  w a s  the

a v a , ) a p ’ l ) r v -~nd~~~ is t ibu P i o n ~~~ f c o” o ut e r  c O n t r o l and I/ O

~ ire~~, For the f ’r s t  corruter , the p r i m a r y  ob je ctive was to

i o v n s P i o a t e  th~ f p a c i h i l i P ~. of rot rem ote l y tu n in g the

rec e iver anr~ .acrer t i n n  a dat a word in ret u r n .  The

renijin pe ent s fcr thp seror’~ com p uter , th e M(~F Tec h nolog y

Inc. K~~~~~1 g ~e~~e l ess S t n i c ’ . Tt~ O.-~~e c t i v e  w a s  ‘o  tune

t he r ’ceivrr d i n , P a l l v  t~~rOijO b use of ‘hp inter lace. Its

inp ut , ho~~ev,r, ~as t p  ~
ptmp fror a ,

~/D conver t er for

p rocession .
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A , T I-4 E A T A C

the ~ T~~C was o r i n i n a l l y designed to p rovid e Ee ~ se~ vi c.

to a i r c r a f ’ . gu i l t  P 0 —i~~ r p a l — t i m e  a n a l y s i s  p1 sia rals , it

has ver y ~ hn r P c y c l e  t i m e s ,  op t i o n a l  microcode pro ararrm ing,

an-i doub le p recis i on a r i t h m e t i c  as p art of the standard

pack-aCe. A l l  t~~is, corb ine d wi ’h it s larae inst ru c t ion set,

~~ es 
th e A T~~(’ a ~,er~~a t i l e  an-I p ower ful too l . A l f houoh aata

co-~~~ ~e ~ r a r c f e r r ,~~ se r i a l 1 y b y n -r oper or coramm in c, , the

a H i l i t ~ ~ f ~~oe  C 0~~ 1~ ar~~ ou tp u t s i~~ t p e r  b j P ~~ in

oa’- al l el  ~~n r k p P T ~~ (rar- ~ l l e l  ,00 ’Jt /o jtp ut ) l i n e s  proved

Tr, re alv aot anecus. “~ n v  rno rf tb , A TM ’s s i x teen ren iste r s

can ~n p j t f r .~~ P~~~P5 e  l j ~~p~~, ~~ o raer to pr op erl y

tra r~~f~~n t h i S  P I L  b US ‘rust r.e auc rnent ed by an

ad~~ress ~ ro v ,—ie- ~ ~~v 
P~~ e 5 jx t p e r  r~i ’~ of ~ tie “eXt ende d ”

~ r i t h — p t i c  ~ ecisP~~r f A Y ~), ~r .otben nece ssary outo ti t is one

th at in for~’~ t~~~e e x t e r n a l  d evic e wh en t h C  A TA C  is ready for

t~~e tra nsf er . On t~~ e A T - A C t h i s  f un c t i o n  is Provided by the

jnput /Outpu ’ Pem ard (Tr ~~ ) l i n e . kefer ri ra tp t h e  t i m i n a

S i ia o r a~r in Fi r’ uj r p  ‘4 , a n  i nn- ut  Cor rmand i s  i n i t i a t e d  by

p lac in g en add r es s  en t h e  ~~~- k  l j n p ç  arc ~o 1 l c i~~i n a  t h i S

adaress ~~i P h  ~ lo~ pn t h e  T O D .  T hi s  s i o n i f y s  th a t  the e~T.4C

re gi ste r is read y ~ pr  dat a. A ft e r  ~p rrnxi m ~~t e l v  one

m icroseco~~~, the T3~ ~s P1a CP rC h ig h and th e address is

r p ~~p i e j .  ~Ijrjnn t~~~)3 ri cr oçp r ord th e da t a 4n r t h e  t I A C  mu st

b° star 1 e. For an c uP~~~ t C~~’r-m and, ‘he /~~~ and t~~~ PIf l  1i n es

f i r s t  p re s e nt  t~~~ a— ~riress and nata for outp ut . e h p r  the y

73  
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a r e  stab l e , t~~e 
I()~ l i r e 1 5  S°t l-,~~. T he data is then

av a i l a b l e  f~~~r ~ b~~~jt a ‘ri crosec on~~, ~s b ef o r e , Thp ior l i n e

is th en pl acp ’~ n i o r and  th~ ad~ire ss and data are rem oved

f rp— th e j r res ~~ ec i i

F o r’ p o e r a t or  i n t e r a c t i o n  a s e r i a l  A S c I I ,  kS232 I/O po rt

is -31S 0 a v a i l a o l e .  ~ c a t a m e~i i a  ~~l it e  2~~u0 tel e v i s i o n

t e r m i n a l  is conne cted bp r e  P p  p r o v i d e  t h e  operator w i t h  the

neces sar -~ c~~”t rn 1 an~ pr p ’ - r a p mj r - ~~ caca h l i t y cr use of the

AT~~C. ~-v rror~~r p’ o n r ~~ r i n c a~’o u se o f P h o  fAP l i n e s ,  it

~ as r~os si h- i o  ~~ t r~~ n~~~l ~~e eac~ cor -~ -an’~ f~~r t~~e ,— terfa c e .

sin g ~,~~- u j 1 t j ~~ 1e.e r t~-e jn ter 4~~ce bo a r d ,  l otj r o f toe

Ii i~~ a~~a i l~~~ 1e y L~~~
; 5~~~~reS5ec ~o’- c son - a r a te g i n t Q  sixtee n

se r-ate cn~~~ annc. ~~ • n~~ re~~a i r i n r  l j n e ~ an-~ the TO fl

l i n e  ~ere JS~~ d a~~ 3~~~ro P’~ S t~~ i~~~e r t i f y t~~e r e c e iv e r and to

~ i - ~~ j f y st a b l e ~— o t a  (C~~art e r Ill ). T b i 5  arran gem ent

~
-,rcv ide d ~‘ctn t~~e ~ r1egua te i s o l a t i o n  an-~ ~1e x i c 1 e  operation

cie sir o- i . -

~~~, 
T H ~ ~~~~~

th e V J V 1 is at th e ot her eon p-
~ 

P - h e  conou ter sp ectru m

~~i t b  respect Pp th e A T A C .  I t i s ~ mi cr op rocessor aesi gred

around th e ‘SOS Tec k nplo av in c. ser i es “CSo 5Ofl Central

Processor un i t .  Opro l ete on a s~~ra le ~~r 1 ot e d c i r c u i t  board,

t h e ~~I ’- — ~ i s  5 i — ~- r l e  PO  c r e r a t e  a rc  e - a s v  P - o  p r o n r a m . ~‘ h i l e

it s c y c le ~ i -~e iS s l c~~er ~h an t ha t  o f  t h e AT A C , it is s t i l l

‘ruc~ 
f act or tb a th e re cei ve r ar’ ’i m or e t a n  arlenuate to m eet

t -. -

&

- ~~~~ 
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the r eaui r om e r t~~. 5inc ~ th e i nput data came from c o n v e r t e d

an a lon -i- ~ t a s up p l i e d  f r o y  th e rec e ive r ’s F~ IF output (J9)

ani  an e~~t e r r a l  A /u convert e r, th e desion Icr t h i s  no rti on

i
~ f toe i o t o r ~~aCe --a s

I
I

tE n  ~ m o r e  ~ et ~~~i l ed c~~scuss ior p 4 th e ~~~~~~~~~ it s
objectives, rroc ra—s , aol p r e r a t i n - 1  Procedures , see Sian a l

~rouis i r i ’ -’n ar’d~~~~~ -m r’iinn I~~~i n r ,  a ~ icr op r ores sp r , by LT . 0.
-(o SenP- c~rgPr .

? ‘
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I v .  t’-~E I~~T~~RF Ar~

T he in t e r f a c e  ~~~~ i n i t i a l l y  ~e s i q r e i  s~~l el y for the

~~~A C . A nea rs ~ f ~ p r ve r t i o q  four A T A C  words in to one

rece iver wo rd was nee d e d  f i r s t ,  jn o ” o e r  Pc  t e s t  the

p roora ’r, t he comp ut er, and t h e  r e c e i v e r  together. ThC

sim r Hes t —i n -i c’~”aneot —~a~ ~~ a c co ’rcl i s~’ t h i s  conv ers ion and

s t i l l  u 1 1v U ’ i l l 7 e  t o e  c a c a r i l i t i e s  p f toe A T t C  was to

t u i l - O a ~~~~~~~~~~~~~~~~ r~~li c t e r  u s ing O j d b t  p r l l e l — i n , s e r i a l — o u t ,

e i a h t — t - i t  ~ b 4 f ~ r e g is t e r s. A co ntr o l  sect ion was also

necessa ry t~~ n r p ~~~~~r l v  ~
. a o ’ l e  t h i s  t~ i. 

Th e A T~~C ~~~

a~~-gr esse~ -.ere ~accded ~;v t 0 j 5  c~~n t r ~~i Sp~~t i O n  to or v id e

t h~~ b o a l  ccm ~~an~~s 
f gr  t~~e re n i s t e r s  anc to si an al the

receive r ~o j r p ,j t  t h O ~ r,r-i .

The nex t steo ir c on s t r u c t i o n  was al so s i — p i e  in theory .

Since t r i p compu ’e- uses the PTU lines for input as w e l l  as

outp ut, w hat was neeled ~as a conn ec ti on W h i C h  ,~ru 1 cj npt

in t e rfer M 1  t L t hp 
~ ec- t io n al ready b u i l t . Thp ICs coosen to

is ola P - e th e t w o  s e c t i o O S  a r e  r a l l p g  T r i — ~~t atp . These ICs

have a “ rip cu tout ” st a t e in ad di ion to P - h e  n ormal high and

~~~ p + TTL p i r c u i t s .  T hey cou ld not, howeve r , sink or

supp ly p o gs j g h c U r r e n t  P -O d r i v e  the comp uter ~~~ bus. A

S~~i ij t i p r  ~ a s  ‘O~~~~~ by f c l l c w i n a  topse ICs w i t h  open

c n l l e c t c r k u l for s. O~ o n- l v u n  t he y  p ro v i d e  t he  necessiry

- 3 m p l i f i c a P i r o ,  tb ~~y ‘~~i~~ n~~ P -leorale tr i p i s o l a t i o n

~t. 
per f or—anr e p f ~~be  Tn — Sta te s . T h i s  second se ct io r , a l so had

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 _~~~5-~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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a b 11— h i t  r e p i st e r  b u i l t  fr om the sma l l e r  ~ h i f P  r e g i s t e r s .

In t n i s  case , th ough , tb ey were s e r i a l — i n ,  pa r a l l e l — o u t .  In

o rder to re—O v e tk~ .~or— 1 ~ ro - -r ~~~~ r,~
-
~is te r in 51~~t e e n— b i t

s e c t i o n s ,  t h e  ou tn u t s  4 r o m  th e ~ h j f t  reqisters were

connected t o  four~~to— ~~ne u l t i o i e x e r s .  Thø~ p mi j l t i olp xe rs

were Tn —State. .,it h the proper con trol i f  w a s  nossir ie to

sh i f t  th e wor a f rom t he ne ce iv e~ i n t o  t h is reg i st er , and

t r - 3 n S f e r  ~~ to ~~ri0 PL ° ~~~ i n t h e  corre ct seaupoce.

inc rea se- -i c n—nl ~~x i t v  ~n th e co n t r o l  se c t i o n  cam e w i t h

t h i s  1m ~~l eme n t a t i o r . ~ ~~~‘~~o
-
~ AC5 r,POeu t Prpv .n’ trip

c o m p u t e r  IrOn tn~~~s f rr ’oo a w ord ‘j~~~ i l  it  nag been

Cn~~Ple t P l v  s k i ~~ t~S~; i t o  r ” e  r ec i s t e r . i b e r e r i o ’~ t - ~~p clock

out Pu t f r- ~m t b ~ r e c e i v e r  ~~~ us e-i as a re f erence to pro -l i d ,

a nu l se t o  i n f p r— th e C 5 ~m o u t p r  w hen s h i f t i n o  was comp let e.

T h i s  pu ise was P~~c j t j 0 n ø 1  in tr i p  sa m e  t i m e  i n t e r v a l  as

periol t h r pp of t r i ø  receiver. iop a d d i t i o n a l  h p n p f i t  of

id~ n t i f v i o ~g oe r i o- ~ -f our Aa s ob tained. T h i s  m ean t that the

oUtPu t f or P o p  t r j~~r~~ r l i n e  to t he  r ec ei v er C~~u 1~ be Sh o rt er

an-i s t i l l  npp t  t o e  rer’,~j i r ome np to o~~~tjr j n  
~ po r t i o n  o f

opn ipd four.

7 A f t e r  c om p l e t i o n  of ‘hp test in g f or th e ~~AC, an

inter l a ce -~as ‘~esinr ’ea and cnn s t ruc te o fcr th e t~ I M — 1. Th i s

ip Sign was ve ry s i m p l e  t~ i ’r c l em ent , sin ce a l l  the necessary

t i m i r n -  c i r c u i t s  w e re  3 l rp rl y h u i l t  and teste r~. The twO

c o m p u t e r s  ~~~re ~pr t  f r ~~~ int e - f o r r i r i a  w i t h  eac h oth er by

i n s t a l l a t ion p 4 a ari u al 5 w ~~ P - C b . T h i s  S w i t C h  c o n t r o l s  the

• ~~~~~~~~~~~~~~~~~~~~~~~~~ — • -  ‘ - - -
~
t- ~~ -#  #. - - -
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aridness c-~ a “ u l t i p l p x e r  ba t Sep arateS the l i n e s  in the

i nterface comm on to p0th compute rs. The con t r o l section was

w i r e wraoped ra eoer tb 3r r-tac ’d Cr. a p rinted C i r c u i t  hoard

to pr ovide n rp a t C r 4 l a x i b i l i t y ,  ea sie r m aintenance, ari d to

reauce cost .

A T~~ C~~
’
~
T
~~~L ~~~ r~~~~m

.

th e n e a r t  o~ t~~~e i n t o r f a r e  is ~~~ c o n t r o l  sect ion

(~~id u n- ~s 
-
~ ari d o). t~-p rr a i n  purp ose of t h i S  S e c t i o n is to

uecoie and r m j t ’  c~~~~m - ~r°~~ ~~r- j —  t h e  -~r~~ an~ p rov id e toe

rieCe SSri r~ 0 1 C- J 1 ’ 5  P 0  i n P p r f.~ce ~~~~~~ th e rece iv e r .  It alsn

C O O P - a i r S  t r p  e~~r c u i t s  fo r t k~ oppr~~ t i n  ~~f t ri e receive r ~ y

th e ~ j -- ~~ l Ih p re r e i v e r ’s °~~t~~ii ts are d r i v e r  by l i n e

~)rive r5 w h i c h  pno vi~~e comp l e m e n t a r y  tTL l e v e l s .  Th, input s

are aPP li e d  to l i n e  receive r s w b i r h accept P h C SC

cnm olemem t~~rv IT L l ev el s. T h e  in t e r f .Rc e, th er e ’ore, bao to

use these ~~~~~~ r e c ei v e rs  an~~ dr i v e rs Pp pp rcmp a ta o le w i t h

LL ~ t h~ ~at k i m s  Jor’nsr,n .

Th p S~ 5T S-m i t C h  m Ou ri t Pr~ on t~~e frcnt of fhe inte e f~~cp

case selects ‘he comp u ter c o n t r n l h ir.g t he r e c e i v e r . ~ it h

t~~e s,,itch in ~~~~ ~TA ( p c - S it j p n , a h j d h  i5 rlacea on P i n  I

o’ EC — J i  and p i ns I ang V of I 0_ M
~~

i . I C — ! J  is °Ow çpt uo to

t ran sf er t~~ e f~~~l~~~n~ .j p p  t h e  -v~~rpss and dat a outp uts to P h ~~

l i n e  -1r~~v~~ns no J °— ~ L ,  t h e  ‘ricrier comn and Pp cm 2 ~ T C L ,

C l o - ~ ~n l i n e  CC”7 . T bp °L~’ 7  l ’ r ie  f~~np
l etes PhP

A ~~~~~~~~~~~ 
A ~ .. ~
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T~~A ri~ ~~ AC [ringer Commeani

fl I t ( 1 1  ~ e c e i v p r  i~~out wo rd one

D I~ (dl 0eee iv e r inpu t  wnr ’- l  twO

PlC (31 Per~~j v p r  i r ’ c ,t  w o r r4 t hre ,

r~~p r~ i Pec~~jvp r i r i o u i t  ~nrd ouj r

r~~P (‘5 1 S tno  Mo n i t o r  C l o c k

PST [hi Star t ~‘on i t o r  C l ock

A~)fl (71  A T - ~C — ~~~~~~~~~~ on

~~~~~~ t~’1 ~ ece i v ° r  p ut r ~t~~ won~ o’e

(~~! “ece iv er o u tP ut  - o r - u  ~~.-o

~~~~~~~ f ’~’ -~e m e i v 0r o ,Jto ,J P .~ord P - w p

~~~ ( 1 ~~; 1  ~~e r e ~~~~e n  O ’j t mu~ ~~~~ th r e e

C’ V ~~~~e~~v 0n CU~ - OU ’ -~~3r~~ fou r

-~
-
~
y k 1 c~ 1 ~~~~~ )l~ fo r rp -3~~v s i g na l

.~~) F (1 )i 
~ I

? C ~~~~CSS o~ I

Pecei ver tni r iper

- 
~~- CCK < i- ~— l r o m m a — ~ni r l — ~c

CC K7 Contro l I i°e fp r K i m — i  Cprn r r ani  Clock

CCA m mar i o r loc~ f p r  ‘[AL ~m t e r 4CC~

A~~f l A  ~.tA L — -
~oce ive r ~‘ddrp ss

~
L
- hA fl i ) h t ’ 1~~l — Receiver A~~dres5

K Afl  V_ f M - _ i  — Perei ver A~a~1 ress Un

— 
~ ece ’vp r 

..-~-1 ress ~~~$

~ 1, —i T n, uoer’ Comm an r~

( tj—~-’erS in  h r — i c kp P s  ref e r t o  ~ TA C  ~ A P comma n ds )

‘ ah l e T I~
T n r o r f~~ce r omm~~nd l.ic t

32
r 

d

I
A

4 — *-__
~___ ..a_~~ ____ 
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co meanids ‘-o I~~— - - ~. 
Th is TC i s a  OUad [ n i— a t ~~te b u ffer w h i c h

is useg to co n tro l tri o r’e~~t j r i a t i 0 n  of tb p comm and Clock. T h e

S w i t C h  opens ~ u f f e r  pop w h i c h  d irects th e comm and cl o ck to

the MAC. Trip CCK 7 l i ne closes t~uf fe rs twp and four

dis~~h l i r g  the crimean c l ock input  to th e ~‘1’~— 1 .

Th e ‘~- T ~~C cu r p l i n ~ th e cont r o l sect ion w i t r i  six lines .

F i v o  of t~~~eS~~ are t h e  /~~~~~
-
~ ~~i~~~5 ~~~~~~~~~ ang 1 .. IJ Sin O 11 , ~~,

~~~~ C0 ° as a~~d pss l i n e ~ ‘o ~~j r~m 2~J — 2 3  nf J C — P ( . , a f our—

t o — S 1 y ~ -~~ en ) e m u l P i r l e x ~~~ , S i x t e e n  (2 ) uniOu p cp ’rmanus

(T ,~b I e  j
~~i~ A °r° ma~~e CvCi i3 I~- l p .  Th~ $ i x t~~ l i n e , t he I•) ,~

a~~ ’~ ~~ P ,, ere .  -~~~e~~ ~~ or - r a o l es for the

:ie~~ u l r , n I e x e - . i ’— t i c  - .~-~ v ~~,r 1 3  ~as -~h I e  to ~~~~~~~~ t o i S

rp cei’i~~n tjr ’ i i j e l y ,  an-i t~~~ 1LJ or~s un~~ 1 t - & ~ a’~c re s se s  a nd

- a ta A ore sr ahl ~~ be f o r n  r- -~s s ino CCnOCOd . th p n L at h TOO

~
n-j x~~~ are T o n ,  I c — n ~ is ric er - a tio m a ? a°a thp c u t o u t

cor resp onding tp ‘he 3~~jrpss pm p i n s  2 0 — 23 1 5  OrCPd lOw .

At ~nv t i n e  th a t c - i t r i p n  or ~ o t e r~~e t~~o ~~P- robe l i n e s  are

h j -~ h , a l l  Ou tp u ts ~ r t — ~
)
~ an’— ~-e ld .hich and np comm ands a r e

generated, rp~~~h~~lp ~~S ~ f t~~ e a c ’ i v i~~y p~ oi rs 20— ?3.

~~ toe n e g i on in g  of ~~~~ ~e cp iv e r  C on tr ol crognam

(Coa oter IV ), th e ~T~~C se~~os crmm ana s to address the

rec e iver (~~)°) an-c t o  open t~~e date fp r tn- p mc~~i t o r  c l o c k

(fl $T). !~~ li pl~~cp~ a low on ni~~ 2 o f TL — E , s e tt i ng the

t l i p — ~~lo p  an-° t m r c i — g  ~~~O O  ~fl)~ l in e hi gh . Th is Hn,

act i v a t e s  t~~a r e c e i v e r ’s h r  ‘r ir~~uab TCs — J J ,  — A , —
~~~~, —C ,

an-i LL , as Je ccr~~~o~ a”ove. T’ e L~~~T con~ aoa is Passed to

-4 - •.__ * -~~~ -.—--- ---—- —~~- — --—- --  A 
-
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pi n 7 ~~ TC— E. 1~~,s seP-s t ri i s f l i p — f l o p  ari d a l l o w s  the

-r o n i t r i r  e l ~~c~ (
~-T) t r i  ~ o i f t  na’a from the receiv e r into the

s t o r a c e  re~~i s t e r  r iU r i nQ  ever~ pp ripo t~~~n of the receiver ’s

cycle. Tri p ‘-C l in e ~c - a l s o  cr~nnecte-j a i r e c t l y  ‘o a t im i n g

c i r c u i t .  Th i s c i r c u i t  p roduces th e pu l s e  aescribed in tne

e a r l y  n-art o f  tri i~ ch ap t e r. the f i r s t  o’ a p air of

mono Starj e~~~U 1 n V i e r 3to r s ,  I C _ 1  (~~iau re 5) is t r i g ap r ed cv

th O f i sk r l o c~ P~~i Se p
~~ -~~~~~. Ic— v o

~j t~~: ’j t 5  a ru lse, i n t e r v a l

,~ 0 f P i m 1~~ -O ~ia -,ra- ~ ~~~~~~~~~~~ 7 ) ,  A~~~1 C b  t n io q e r s  th e secona .

T~~
p s er o  : ‘ s O Ijt p( t, i n t a r v 9 l  P , is co rrected to p i n  1 of

I C — T t ,  a o~~ g~~ t i v C ~~~~~~ - :e  P r ~~~~pe re ~~ , J— ~ f i i p — ’ l o c. I~~is IC i s

0 i r e ~ so P~~ar i t  is po  t h e n~~ t D ij t  ~~f t~~ O Secon-1

u i P i v i r r ~~tn r  an~ reset ~v e i t ~~er t~~o t~~e cu~ pi,t of t h e

f i r s t  1 t i v ’ c ~~~~’~~~r pn ~ ne c o m pa n i  ~~~~ T h e outnu ’ of t h i s

f l i r — f l 0 r ,  o in  ~S,  i s  c - a l l e n  the °LP . Th i s  l ine is

• m u l t i p l e x e g  W i P h  P- - h p 1c’ast s i o n i t i c a n ’ b i t  of th e ou tout

ne~~is t e r ari -~ in vente d ~)V 1C r4 for use by th e A T A C  on l i n e

CII.

The t-~LP 
p
~~l~~p i~~ ad justab l e tb r o u oh v o r i a o l e  resi stors

(tn i °-ers ) r ime an-I Pw r ’ . T r i m m e r  one r o n t r d l S  i n t e r v a l  ~ ari d

t r i m m e r  two i n t e r v a l ~~~. T~~ effec’ , tn i r ’ rror two va r ies the

p o siti o n ~ f t~~e nu lse an-i P r i m m e r  ore i ts  w i d t h . T he

pl~~~ pme nt ~ ro ~,io t~ a e  tb p ~°v to r’rop en op e r at ion of the

i n t e rf a ce. Th e r i j j s e  r , .~~P- rem .~ in in opn ip o th ree. .i l t h ø u ~~h

soac ov e r i ar i n to  c ar ~~o~ f o j r  is a 1 l r i ~~ac le it is not

ap sir ao ie , and ov o v e r l a p  i n f o Per iod two could cause
I-
I .

4 - 
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i n c o r r e c t  o p e r a t i o n . ~ ‘ pr ~~~~~n t ,  t h e  I~l P  puls e i s

c- ror,r--i m ’re’-~ for ev ery O t h e r p e r i o d  P r i n c e .  T h i s  a l l o w s  the

r e c e i v e r  t - p  
~~~~~~~~~~ r p t - p eri 5 a m n ) p 5  t a k e n  by tflp computer.

mo re or lee s t im e  i - s d e s i r e d ,  i- hp p ulse can ~e set in

e’iery, ev e r y  o t her , or .v°rv t n i r - i  cenipo thre e by v ar yin g

t r i m m e r  one . t ne atr r t i r n e  betw een nul~~e~ can be ac hieved by

Chan~~i na the • -~7 ‘iF c-ac-a c i t p r  (i,~~—7 ,R)  t o  one of larger

v a l u e .

han  t r -~~ ~~~ i s r e o - gv i - p  seri —’ a - .qp n~~~, jf loads t h e

inp ut re’~i st er of i - h C  i~ ’te r face - J ” i ng  co~~~anis nI~~, O TR ,

C I C ,  “ I C ,  ~~ng  t k e~~ w — ~~~~~s f o r  a ~~i~ i— on ‘~ -e ~)M l in e . ,~ben

-~L’-~ i ’ ~~~~ ~‘ i ’  i s  a n r ~ i- r i o  ~ I~~C ~~~~~~ c e t m — - a n c i  T~~A .

i ’ - i c  c - — i m  i s  r~~ q r e — ~ rn  s~~ r - j r a’ e r c r ~o s t a r ’ J p

m i I t y v i ~~r~it~-n , I° 7 ,  by —~av o~ ~ u l ’ i o l e x e r  T C — J T . The

t i o i n — r O i r C j i t  PrOv i deS t t i°a°r nu l Se i~~ per~~oo four

~~ i cri chang es th e re c e i v e r ’ s m odp t o  n em o P - e active. It a l s o

sets ~LP 
h~~ d 1—~ ~~ prev ent - a n y  i n t e r a c t i O n  w i t o  tb-c A l A C  u nt i l

t h i q  ~ v n I o  o f th e rece i ve r is compl ete. flu r i n o  tn -c

f o l l o wi n g r~e r i o i  ore , th e rO c P i i , e r sem is P - he comm and clock

to t~~e in r gt r e G i st e r  v i a  ICs ~J t  ar~ ~~~, and inp u ts P - h e

oat w ord t-hnriu- ,h j C 5 •!-J and — LL . ~ panw b i 7 p ,  roe 4T~~C j
~

w a i t i n ~i ~~ r- ~LP t p  ri- c l O w  anairi . ~ b en i t 00cc , th e ATA C

c l oses t h e  ‘C -u .are ~~~~ a CSP cOmm a nd arid lo a d s  f o u r

g i x t e e n — ~~~t . .o r -j s ~.i t h  comm a nds DnA , i) 1’- h , 0c1C, and DOD.

2nce t h e  r e~— e i ~ , e r  -~i- r - -
~ 15 5 t ore ’~ in the A TA C ,  a D S TA com mand

i s  s p o t  to ~pen !~ e ~-‘r o a ’e . ~~~~~~ t h~~ opera tor has f i n i s h e d

e x c u ti c o of th e ~ e ceiv er Co n tr o l p rogram and e x i t s ,  th e A T A C

~ 

• : _~~~ 
- - -a’- - - 

‘-, -
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sends the i m t e r ’ace com m and 5 A D~~ and OSP to turn g ff the

adaness l i n e  ‘C  th e re C o ii ,er and clo se t~’e ~C aa P-e . The

i n t e r f ~~c p i s  ~ ow hac k i n  a stao d— ~~y sta tus.

In ordp r tO spt Un th e i n i t p r f a c e  #pr O p e r a t i on  w i t h  t h e

K I ’ -— l ,  the m p ç et b u t t O n  must ee oushea and the computer

sw i t c h C I a C P C J  jo t i e  ~ I b _ l  rpsi ’ion . Th~ reset button is

urii gue to h.T - 1 —I i n t e r f a c e  op era t i on , aria i s necessar y

because o~ t~~ o j~~ ~~f ‘e  V j ! ~~~~~’ 5 no r—m s k a b l e  i n t e r r u p t .

T h i s  i n t —r r u c t  i s  u s e- i  t0 svr- c~~r C m i ? e  th e ~ I -~ — 1 w i t h i - ri p

re c e j \ J~~r ’ s oom ~’~an -~ rl ric~~. ~~r e5 S 1n g  th e reset b u t t On c 1 aces

3 m om en t~~rv lo , or r ’ i —  ~ of TC— r~~, tr e f u io ’loc tha t

c-’n’ r~~i s  ~r.e r~~o~~~~-J e r ’ s -4’- i re ss  l i — ~~ ‘ nc- -- t~~e 
K j - ~~ 1 . TI i - i c

r~~s-~ ts ~~~~~ ~~li p — + l - ~ n - 3 - u  i r ’ s i J m P s  t~~~~~i- roe- r a n-i d c loc k

O u t p u t  15 ~~~~~~~~~~~ j r - i 1  rer u i r e~~. ‘C~ — f l  ard —~~~~‘ now

t r s 4pr lat a f r - D ’- t h~~ ~‘I ’~~~’ a n -~ r iot ~r.e HA L .  T h e CC K 7

l i ne ~o l l r i ws i - n e  a - i -c ress l i n e  f rom TL K~\ an d gates the

co mm and clo c k  p ff - in- i on at r~~p prop er ti -’e. ~.h en P - h e

i s neaav to send a -~ o rd  t o  t~~~e -e c e i v e r ,  it  w a i t S  for a l ow

on th e ~~~ l ir e . r h i s  1 i n e  is connected ‘o t~~e -mas kah le

in t e r r u p t l i r e . T0~~5 low generates an i n t e r r u p t  arid p laces

t~~e ~~~~~ i~ t h e  ou out oror,ram. Th j~ ro u t i n e  p rov ides

tnia a er ~ ‘jl~~e tcn t he trir ,oer t i m i n c  c i r c u i t  nd put-p uts the

da ta Syrich onouSl v w i t n  th p ene—ano c 1 oc~~. Th e d ifferen ce —

n -p t w p e n  t~~~ ~ T~~C an~ ~< I~’ l  a c t im o s  r i f  th e in t e r f ace is due

to th e c O S i t i o n  ~ f ~~-~ e s w i t c h . T rie only fu n c t i o n  th e

i n t e r f ace serveS is t o  O r c v i ’ .ie re l i h l e  a m s  comp a t i b l e  d ata

t~~ t~~e aomr~~c~r i a te levi ce , w h e t h e r  i is re ce iver pr

~i~7

- -s- •,_~- ~~~~~~~~~~~~~~~~ — . A -~. - -a —.
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j .  k~~~U T / U J T D uT ~r G 1 S l ~~R’

Th ese two r e q i s i - .~rs -a ne use-i f or th e ~ T~~C onl y. Thp

registe rs ~ ene -~~m i nrateci i n p u t  on c-u 5ou t t - v  t h e i r  related

fu n c t i o n  a i t b th e r~~o e i v e r . T h e y  ~e re con structed t o

p nov i o e  ~~~ nec~~s~~a r y , t~~— oord r~ stO rage n~~ i ! p  cO n v e r t i n g

~~~r l  l e l  -ar ’ Sen ~ 1 o at - a ‘~~~m~~ -~r- -~ f o r t h . ~ pt b npgi~~r ers are

Con~-p c t p 1  t o  P r o  r I L  
~~~~~~~ w~~~ r-i t k p — a j o r  o i f f e r e n c e  h.?iri c,

t h - i r — i — 5 ’ - ~a ,- e cor1~~~c t .o m s  - t~~~ ~~~~~~~~~ r -  n a r a l l e l ,  or

c u t O - j i- r’~~ i st er .

r~ -~ i~~~~ jt rO~~i s~~~~m (~~~ 1m U p ~) - s  the e a s i e r  t o

im u l~~~~e n t .  It c~~— e i~~ts o f  
~ i-s~- t ~~— h i t  sh i f t  rec~~si - e ns w i t h

~ - a r a l l el inr’ ca i- an’~ s e r i a l  gu i- nu i- . Tre p a r a l l e l  j n p~~~ co mes

t r dm the ~ T~~C ’~ ~~lfl h i s , ~ b i c h  is gu f~~e red by s ch o t t k v

inv e rt e r s tp reduce noise. I~’e li nes are connected tp i - h e

ICs in  SuCh a wa y ~s t0 bo ~~’4 wor ds in i - g t w O  adj acent s n i f t

rp- l i st e r s s i - r ulta n -e ”u s l v .  T h i s  is o r i s s i b l e  because i - n e  s r i if t

rp -~ i sPer$ .~i l l  ~r il y l a t c h  d a t a in  ~~h er i  th p i r  rp s p p c t iv e  l o a d

l i ne  is l O k .  f
~v 

p rop er C onnection o f  t h e  D T A L T 1 )  l i n e s  to

p in 1 o’ t k p T C~~, ant i c o o r d i n a t i n g  i - h e  comm ands w i t h  the

ia t a ,  t~~e O ’ i t ~ ’u t  re ni - i s t e r  can pe c o m p l e t e l y  ano c o r r e c t l y

f i l l o ’ . i n - e  C~~— - i’~~n 1 cl-’c k ~rnm th e r e cp i up ~ i s cpnnect e~ t o

p i n  ~c r f  eac h o f  t h e e i  lkt r e g i st e r s .  -h pn it  is pr e sent ,

i~~ c 1 or~~s ~~bp  ~~a i-  t h rough tha r e a i s t e r e x i t i n g  t hr o ti q h p i n

If -. o f  I C — ’ I V . f r r~~e h ere, ~ t d O P S  t h r ~~u h P - ne co nt r o l  sect ion

- 
j

~~~~~~~

— 

4—’-*_ . .—~~ --..—~~.~~__ - - _---. — - .  - 0 — -
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at ~~~~~ a n - 1 c -n  t o  tri p receiver .

Ihe Ou tp u ’ renliste r (Figur e ~i)  pe r forms th e reverse

CPer -~P- i cr . i-o~~ev er , in or~~er t o  s e p a r a t e  h i -  j 0i - g ,~ri rn lS  t a t

a re sh ort enouq h to r t h e A T A C ,  t h e  aat~ na s  to be

F m u l t i o l e x e c  ~~~~~~ it cam bp conne ct ed to the PI~ bus. Thp

Tn —S i - a P e  ~ru l r i~~ l o x e r c ,  I r s — I  i- h rouq~ —L and —u thro u ab

— X , an~1 t~’e r e d u i m - ~— h~~i for s , ICs F~ t h r ou m n -  — GG , were used

to rre .,00! ,n te !. -
~~c t i c - n , i t O  t ’e P’~~~LuS -,~ ‘er ~ nOt  ~~

O use.

F be t i r i . ~~~~~ere is -‘o~ -e c r i t i c a l  tb ~~ri in t ’~ i nput rp~~i 5 t p r

svs’.~--i’ . ~ef~~re ~~~~~~~ 
,r .r ~~~~~~~ -~ re -~-—~ c i c l e ‘cr- n 

~~~ o’jtc~~t

ren, is Po, , r h C O’~~
( Si ~“~~~l ‘o t~~~ r e O i 5 t ~~ r ~-, S’cPLe~ 

( n- So )

r b i~ c - r e~1 e-~ f S  ~~~~~ ~~~~~~~~~~ 
i n - - -  r e z -~~~’ — - —‘ — n~~~ P ; cn~~- y da ’a.

~~i i  ~~‘ a  ~~~~~~~~~~~~ - u~~~~i - ’ 1o ~~°r~~ Pa r e  -~ eSc~’d 
i- V c - 5~ - m e e t i n~~

~~~~ r i t s  ~~r - 1 ~ i - -  0,  r~~ 
7 ~~~~ ye 1 v . ~~~~ cc-’- a n-~ s

-are ~~~~~~ t o- ~~~r~~er 
(‘ Y O p-, — i-r~~ , r ’v p r t ~~g) ~nd t~~ e

ou tp u t conne cted to - i l l th e r n t j l t i r -i l p x enc as str obes at pi ns

1 and j
~~. ‘- ner i  t h e - 1T A C rea-o c a ~oru , t n-p ~~~~ b it g  se lect

th e wor d and the strob e pr ~~ du c e 5  i t  a ur in o tha ei cro Sp cgnd

~ -hpn t hp  ~Jr b U S  is a v a i l a r - l e .

V
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~~. T~~E P~ UGP~A~

Th .~ ~ T~~C n r o m r a  ~~s w r i t te n  in  t w O  ea~~or section s a

S y S P P O  m o n i to r  an-I a c o n t r o l .  Tie mo n i t o r  is c a l l e g  the

M a in  Syst em ari a pr ovi d e s the ri~ierator the ~3 h i l i ty to program

t he A TA C  4 rnp t n - e ~-oerat-o r ’s t - e r r y ; i n a l .  Peceiver Control

comm ands t h e i n t e r f a c e  and, th °np fn rp i -hp receiver. Both

— p rogram s w e r e j n i P - i a~~~l~~~~~~ r i t t e r )  o r io n  to  ~ he c on S t r u C t i o n  0 f

the i n P -~~r face , 0: —a °-, — O o 1 f i C~3 t i O n S  ere mace us i om t r i p

~a~~o °v Ste aol l i - S  3 u c r O I J t i n ~~s. •~ft e r i - n a  i n t e r l ace was

~ u~~l t ar- i t e st e -~ anr’ ~ ne ~er-e i v e r  C~~n t r c - l  s e c t i o n  m o d i f i e d

to c~~ r r o C t l v  ~~~ r - t o 1  t b ~ t u~~ i n i -  o f  t k e 0,caiver , ~~~~~~~ con r le tp

rr~~~ r~~-’ ~-as s -~ v~’~~ c m  o ac nr  t - a r -e  ( c ~~~~~~i~~ C). L-re r a i - i O r  o’

t bt.  cc-Tru~~er i s o i scu s se i i n  ~- o r - p r i - j j x  0 and a sam p le run can

r~e ~~~~~~~ in  \nonrOi ~ 
P~~

-~~. r~ L ~~1~! 
c y~~Tr-f

Th e ~ a in ~ v s t e - m  se c t i o n  coris is~~s o f a sm a l l  ~~x e c u t i v e

and a orouo o f int en cori n e ctel s’jri r outl neS (Figure 10). The

e~~pru t i v e  cr n via e s a oa sis for the subroutines when the

re c e iv e r con tr o l nm c cr an is not ni e ing pyp eu tec . I t is the~ p

sur ,noIjtines t~’at co n t r ol t h e inr’ u~ aria ou tp ut to the

op erat or t e r m i n a l . ib p i np u t m r - U P - j o e  i s c a l l e d  ~~~‘M~ an d

t b p ~ u tg t ~i- nO ut i r l e , c - - J T p u t  Ou T Pu T converts c o r r e c t l y —

f o rm a t t e d  com p u t e r  won- is i n t o  ~°CTI ana ~ i s r i l a y s  t h em  or’ th~
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Executive

KEYMR
J

~~~~~~~~~ 

_ _ _

OdTPUT

-
~~~ . ‘ Subroutine Call

~

- 
-
~~ 

Figure tO

ATAC Program Block Diagram
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I .  Cfl~?c~ Comm and s

CO —— c a t 1~ c°~ r 1r’om ~~~~~
a.  r u  ‘ a-I rp ss ’ —— p i sp l a y c  ~ U m em or y loca tions

oca inni n g w i th ‘address ’.

~~. DI ‘ a-~- , r e S s ’ —— d i s r - l a - ~s i - hp C o ntents o l m em ory
loca t i o n  ‘udaress ’.

c. C~ 
‘ad-oress ’ ‘ v a lue ’ —— kap l a c e c  i - n e  c o n t e n t s  o f

m em ory at ‘aadress ’ w i t h
‘v a lu e t .

-
~~~. CS ‘add ress ’ —— -~e g i ri ni n q at ‘a I lress ’, t he

co nt ents of mem ory are reo l acea
w i t h  i - h p valu e s tvoed on P h ~~
lines f o l l o w i n g  the cOmm and.
E x i t  i s  a c c o m p l i s h ed by corrmana
or .

~~~~. —— ~etuj rn s e v e c u t i p ”  to (Gi? E i f in
r s , p i - i e r w j s e  r e t u r n S  to ~~ l l i n g
ro.j i- j n e .

4 -

i T . ,~~o~~~p~~~~ en  -‘t~ ’-l r -~~~m a n -w s

—— ~~~l i s ~~~r e i v e r  C o n t r o l  from toe
e x e c u t ,  v°.

- 
- a .  ) — —  ; e t — u r  — ~

‘dti t i r i e  t~~ inçu t va lues for
u t  en t r y  in t o  Pece i v er.

b~~ 1 —— • )i sria v s S P t — u j p  conrr ~~l a n r d .
c . 2 —— D i sp l a y s  1 a st ci ntrpl wp r -d s e n t  t o

rece iv e r .
-~~~. 3 —— U i s n l a v s  l a s t  cp n t r p i  rec ’ived from

r e c~ i v p r .
0 • — :~ep-d s set—u n con tro l word to receive r .
I . S —— ~ ou t i m p  t o  in n ut scar’ v a r i a b l e s  aria

e~~ecu i-e a scan .
—— u e c p i v p  and t )i sp ia v co n t rol word

- 
f r o m  i- rio r e c ei v e r .

p h~~ 7 ~~x i i -  p rogram anul retu rn to c a l l e r .
i . 0 —— P e i n i t i a l i z e  p rogram as~~~ enter ing .

tanl e IV
-‘  

~r~ c ~ mo r , ra m Cr, rr~,’ar~gs

I

-4-- -~~ ~~~~~~~~~~~~~~~~ -- - - — - .
~~~ - 

- - - - - 
-
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t e r m i n a l .  ~EY ’~~ does t he reverse, and stores the input in a

p u f fe r f g n  u~~e hy the c a l l e r .  ~~~~~~~ ard UII IDUT ~ e re

programme d to accep t an- i  r$ - i e r l a v  r i P l y  unoercase letters,

n u m e r a l s ,  .r, a ~ ~“-~1 I -‘umn,r p f npp - eg symori ls. Bu t ,

oecauce ‘-i f P-he me t r i c i  p p 1n - y~~1 to Convert A~c Ir t o  — a c h i n e

code, i t  w a s  fou r— I P- h - a t 9-ac k t c - - p r  case l e t t e r  .ntere’l from

the keyb gar~ was auto’~a t i c a l ’ y m apped i n t o  i t s  r e s p e c t i v e

u r-upor case t - ..~~~~~. 
T u i s  r e l i e v e s  i - n e  op erator p1 i - h O

rps o~~r’sin i l i t v  ri f u S in G  P - h p ~
- j

~~~t ~~e y~~ -~ pa r t c-f th e ~~~~~~~

c a i t e — ~ C~~P E ,  i s  -~v~~i ?ar ’ e for j 5 e  gv t m p  ncp rat r t disp 1 av

ar / o r  ch~~roo SeCtir ’— . s g~ -~eo- o ry. Jb p f o u r ay ~~~i ! a h i e

c o -.-m n~~s in t b i ~~ 0 C I P i0 ~~~ a n — ’  ~~-~e i r  f ,r’~~ ’i-, -- a-, cl~~ ’’a ve’i

i— t - a r l~~ 
r~ ~~~~ ‘-is t ~- ~~d.- p n  c ot r° n -r anc ~e — °-~orv

i t - c a t  ign~ ,.. i o i  are -~se~ ry t~~e ‘-‘s i n  ~~ c te’-’. ~~~~ c ou l d

- 
- 

r e 3 u l t  1~~ c o ol e t e 0 m~~ c u m o  -
~~~‘ 

P m e  ‘. T- - L ’ s —~~‘-r-rv . . 1 t~~~oUt

~~~Y ’-’u~, ~ U T PUT, an’~ Ct’ , or rou t ines s i m i l i a r  Pp t riem , ji-

nO.j l~
) nave been ,x t r e— e l y  d i f 4 i ~~u 1 t to p e rf o rm any amOu nt p f

toui ~ l,sho ot i n o  or ~o i i f i c a t i D r  p f ~~~~~ 
2erei v p r Contr o l

s°c t ion .

b. n FCF IV~~ Cfl ’ I~~UL

Th is secti on ~ f the s y s t e m  is a br anc h cf t he execu t ive.

Its m a i n  o h j p C t i v e  45 to con t r o 1 both Outp uts aria i np u t s  of

th e i o t e r f a c e  f-c ’— i - n e  ope rat or ’s te rmina l . Io ass i st t h p5 p

ooe ra~~crs w i i -~ 
t i t t l e  exp e r i e n c e  in t h i s  S y s t e m ,  t o e

b e c e i v e r  C o n t r o l  S ecti o n is pou i ppe d ~ i t b  ,,n roep l l c a t e d

‘i5

A:-

~~~~~~~- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ x :,~~: 
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ins t r u c t i o n S  ari c r r ’~c r a e  s a f e g u a r d s .  T hi s produces alm ost

f o ) l p r c’ r f  o r e r a t i o r rut, it ~iries sri at the expense of

oronre’r sir r rui C j t v . r i~~c,,s5ip ri o~ i - h i s  se c t iO n is seoarated

into t~.o ca rts. ~ ir ~~i- a broati desc ri p tion of th e com olet ,

section is IjccuSqpo , f o l l p w p d by a geta j l ed ioeu ec at the t w o

suo rou t in es w h i c h  i n t e r - a c t  w i - r i  i -he i n t e r ’aC,.

u h ~~~ri t h p  Q e c e i v e r  Con trol program is entered , it

o~~r~~on-’- s 4 i v r i  j n o r i - a n t  a c i - i r i n c .  It i n i t i a l i z e s  a l l

,e c e 3 s - a r - ~ f’ ar’s; ~ r a c I -~s ‘~~~e rec ei v e r  an ~~ op ens the ‘~C oa te

s eor i s ann rp c e i v e~ a c — m r l o ? e  receiver wor n ; aria ~ i~~r- l~~ys

th e in 5 i - r . C t i o r .  s’t to  p - h e  ope r at or. ~
4ter t h i s ,  it  c a l l s

~~ r”~ ar-I a i t ~ 
4or ~, r-~—~~arn . .~~en an jr -p ut i s

~e i i v e r c u ~~, ~ rroo r-3 ~ — 0c-~~s ~t s l e ~~~~ l v . I t  i t  is no t 9

~~~~~~ i s  c-a l 1 pc

v-a l i ~ c o m m am -~ i s a p~ 1 -~ e r a l  ~~~~~~~~ zero and e in n t

( Ia t ’ i e  1” ) T h ese  Can u-p seria ra i- el for r-ii S C tJ S sion into

t’— r ee g r -~ucs .  T he  n i c o l a y  crOIjP (l~~ 3l inp uts aria exchanges

i n f o r m a t i p n  w i t h  i-h e C~’p raPcn. rh e re ce iver grouP (~ 4 ô )

c~~rfor’r s “op rati ori s w i t h  i - f r u p r e r pi v o r .  T b p f i n a l  grouc c’~~

-

- co-rmana c ( 78 ~ are use~ tc ’ ex i t cr r e i n i t i a l i , e  the pr ogram .

G roup one n- a s pne in p ut a~~a th roc cii s clay comm a nds. Commai,d

ze ro in structs i - h e  r~cor ator to i n - p u t P - he p aram eters d’sirea .

It Stores t~~ese ~-ar a-ne t er s in “-~~~°ry in the u sc- la y ‘orma t,

as  o r i c o s e l  to c o n t r o l  -~ c--l form at . Ccrmanos one , two , and

tb rp, a l l  ij ~~p i - a y  p~~r a m p i - e r S .  Cr-, o i s r l a y s  th e la st

p aramet er s set— u n ov co— ar-~ zero . T~~~ n i s n l a y s  th e last

p r amet e r q S~~n t t~~ t t p  rocp iv .r . Th ree nis p 1 avs P- h o last - -

-4— -~.. ~~~~~~~~ - —. - - - A - - - - - 
- -

- - - — - 5S 
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word received f r o r , -  i -t ’ e r e c e i v e r .  Comm ands seven arid e i g h t

rra~~e uc group t~’rp -~. Seve n p x i i - s  i - h p i ’ r c n r a m  e n t i r e l y a nn

return s to t h e  ewe cu i - i v e  a f t e r  c i s a t - l i r o  i -hp receiver.

Li ~h t ,  on t e  O i - n c~r h ue - i , retu rns th e ~ rocram to it ~

b , a i n n i n q  as if j i - b ad l u s t roen entered.

T h e  re r ra ir’ i n l  th ree C o m m a r ~nS a r e  ~ h e m e - S i -  I m p o r t a n t .

Group t A O  c omm arios c o n t r o l  i - n p  a c t i o n s  of th e inter - f ace.

Cc-’man’:i f c - u r  C o n v e r t s  t~~e p a r am e t e r s  s~~~ —uc c~ comma rd ze ro

i n t o  cnn~~r—! 
, - r d 4 c-~~~r n a t . It t r e e  c a l l s  th e I/O  suor out in e

;~escripp -:: c el o A , ano Ou t C t I t s  ar~° i n p u t S  d re ceiver word. To

mp r e l y  r e c e i v e  a ~ or -~ f r c ’ —  t be receiver , c o n — a n d  S i x  1 5

uSed . Th P ~,rc”~~~~
- caM ~ 

t - e  ~~~r-~J i -  S .~ r-r ~~ uj t ’ r - e  ~ pl~~ w ac-n th en

C X 1 i-~~ i- C  c c — ~ra r - ~ ~~~~~~~~~~~~~ t O  - ii ~~r l a t ~ t~~~ c~ara-ne te rs r e e e i v e ~~.

LC~~~~~oc3 Y~~v~ s ca r s  a u-~~ r- :-~ C ’ 1r~~ou ,ncips sele ct ea by i - n - p

op erator i— sn an c h 
~~

4 
~ e p e C j f ~~~~~ ~~in n a l  st r e n g t h . ~~l 1

ot h er ~-araret p r s r ema in i - h p sac- e as tho se set—un by co ma nd

- ‘ zero .

~.i t h  i - he e x C ep t i o n  ~ f i - h p  in S ’r t~C P - i g n S  executed w h e n

e n t e r i n g  an .1 e x i t i ng ~ece i ve r L~~n i - r o l , comp l e te contr ol o

th e ir ’ter~~ace and th e rece iv e r is re sident in ap p r o x i m a t e l y

f orty Com~~u j t p r i n s t r u c t i o n s .  t h e se for ty are groucea into

the tw o s ’ic r ot jti n e s ~i 1R ari d ~~IS. hJS sendS words to th e

receive r anci ~~~ rece iv es th em . -‘~J~ l e~~~s i - h p  in f orm a tio n

arid ar1 ciresses to b p  Se n t  ~ 0 th e receive r in t o the computer

r e~~i s t~~~ s. f~~~ aIc~~ecs~~s are tb er m atch ed i- 0  a ~rrd ~ f aata

and ser t P - n  t h p i n t o r f 3ee i r - r u t re g i ster. Tb, rou t ine nOw

wai~~~ ~~~ th e aperop r i . t e  sign a l n p n e r a i -p d  by ~~~~ ah en

I

.- .~~~ .— -— •—---.-- ——- — - - - - . -, -- °~ —- - - — ‘

~~~~~~~~~~~ - -- --- -~~~~~~~~~~~ - - -—--- - —---~~~~- -~~~ - - - - - - -
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t h i s  is re ce ive -’~, a t rigger com ran -n is se nt to load the word

int o this r e c ei v e r. A t ‘n is r-c ’ i ’t th e routine ch ecKs the

v a l u e p f a counter . T n i s  test is to pr event the Comp ute r

eri t p r j ri~ an j m f 4 n - j~~
p I c - O p  i f  , , t h € C  the in terf ace or

re c e i v e r  is not turn ed on . if i -ne i - e~~t i s  u n s a t i s f a c t o r y ,

the rou ’in e p r i n t s :

I ~
- 

~ I ~‘- Ti ~ I uflP

~- l ~~~-~~c- Cr~~C- ~-~F - r E T v r -~ -~‘~i: 1 ’- 1 F u-~~A C E

~~~~~ rev e ”t s t-, orera’or cc-r i- r o T .  I’ i - r e  ‘-est is

s - - i t i s c a r t r r v ,  t~’’~ $ I u~~ r O , l ! i 0 e  at~~ g o ~~1 C a l l v  r o n t i n u j e s  i - p

- 3-’ ~oe d S  a i-~~~r SI - - ‘ ad:~~e5se5 ‘r i’ c- t n - p  compu t er

reG is ers. -~~ re, -~ ~~-° r’ -n a , ’ -  * g r  P - r - e ~~~~ sinna ) i~

oeceSs-a r~ e f ’- r .s a n t ,- a~~ i- i on  ~ s i - a k e n . T rie “C qate is closed

u p on re c ei p t ‘~ f i - h i 5  siqra~~. ~~~~ recei~~.r word

15  t r p n 1oa- ~ec- i nto th e -~T~~C b y ou t p u t t i n g  th e address on

th e XA P  l i n e s  an read in g the data Ori th e PlO l ine s. ahen

tu - e co moi p t e word  i~ reee ive j , ~~ e “C cat~ is opened. 1~t

t n i q  p o i n t  ~t 4~~ neces sary to ‘est for Con -— and s i x .  T b i~~

te st det erm ine s ~~ethe r the cOmp u te r is sending and

r e c e i v i n a  o r -  onl y re c e ivi n g . i f tru e e x e c u t i o n  of poth WJS

3C~i ~
j
~-’ is ‘-p ing o e r t c r ” , t ~ , a comp ar ison r : e t w e p n  i - h e  w o r d

sen t ar”  P f r p  word received is necessary. T h i s  com parison is

s~~i c - p e — 1  j f  t - : e co—ou t e r i~~ gr lv  exee u i-i- ’c , ~‘ J - c  (command s i x ) .

Ire f i r ~~i- t h rep rn ritr o 1 -wo rds sent by ~‘:JS arid rece ived ov

a r e  u s e -  ~o r i - h i s  cn— r t a ris on , w b p n  i t  je p er fp rm erj . jf

4’

I

~~~ - —- -—-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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any w o r o c  d i f f e r ,  i - h e comp ut er return s t o  WJ~ to repeat the

cy c i e u n t i l  ore p f t~~o c o n d i t i o n s  are net • e i t h er t h e  w o r a s

,,atCh or i - h p i J ~ c o u n i - e r  i -e st d i s c u s s e d  e a r l i e r  f a i l s .  I

the w c- rns ‘-atCr , ‘~J P  c o n t i nues on t~ conve rt i - h ,  received

con t ro l w o e~~ s in t o t~ -e ni sr ’ l ay format and then returns to

the c a l l e r .

Ii
‘p

c-I
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v i . PLCO~”~’FN I)4TInNS

l h e c’,-c ten -- as it stand s now i s out a ~pQ inn ing .

~c 1i i tio n s and m o d i ’ i O d t i n n s  f or future work ~ hpul d incl u d e

~~/D ror’~~erte rs or th e receiv er nut p u ts Morse and/or

tp Ie type d ecode rs ari d ~ ru exp an sion p l the comp uter program .

im c l,~~en t a t i o n  of e i t h er of t he f i r s t  two j m p l i p ~ th e t hir d.

Th ere a r e  so—° ope rat o r a ssistan ce Program mo d i 4 i c a t i o r.s

tb ,~t n eca  to bp iale . Tn -n t - k~c- i - b a t  com e i m m e n i a t e l y  to m i n n

are t j )  
~ e t n - o -~ t~~ ap ort t h e scan rou tine fro— n-e

~rer~~tor ’s Conso le , an~~ (?) th e a h i ’ i i - v to en -anne i n d i v i d u a l

Par~~’-e~~erc i n  - j d d i t’ O ’  i- ”  ~~~ s~~t—ur cor’r and a l r e aav l ocat ed

i tr - p ~~~~~~~~~~~~ 
‘- i n i ~~~i r - n  ~~f i - n e  ~~~~~~~ Co nv erters i- r p l i e s  a

p roc -ram in cr ea se tO dp~~gnp an -I ~~rc c ps s  i - b i g  r - ew  d a t a .

~w j tC b i nO rou,~t i n e S  and o r o b a r - l y  some haraware w i l l  be needed

fo r i - h -P decoders. The c a p a b i l i t i e s  of i - h p system are

l i n it ea ~ n l y by i - h p a b i l i t i e s  ~ f th e op erato r and

p rogramm er .

Si,
I—

L -~~~~
-
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v T 1. r rj pJcL u~ Irl ,

4c lc ~n -i a S  t h e  c o — p u t e r  rnni~ i rp s rin l y t h u t  data obtained

frgr i - h p  re ceiv e r ’s wp rd, 1b p in t erf ace is f l e x i b l e  enoug h

t° ~ro vi ~~e rpl~~~r,lp resul ts. ~,t p,h j ç  P i n e  t h e r e  a re  no

.
~c-ow n “bugs ” in e i t h e r i-ri m i n t e r f a c e  or the program . t~oth

h av e bee’-’ t r r - r o u i - -~b l v  t e s t e d  t o  p r o v i d e  i - hp  o p e r a t o r  w i t h  i - h e

0 3t  ~~epe r :ar- l~~ s v s t e ’ ’ r o s s i h l e .

c i
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~PPE ’” D T X  A

I’ TF~~Fti CU .~TN U -~-

A . Rc- .~rd 
1

in t egra ted c i r c u i t  l o c a i - i o n s  (from Top of Ocard) .

~~~~1~~~~~~~~_

T J~ ~~I 
[

~I~IJ i~~~i

I I I -- I [ 1 I r~l;

L ~IIIIi L \-~ I r~~-~ 
_______ -

~

[TI] ~ i t  
‘ I  I

T~~3 1~~J I ~ 1 F L i  
~~~~ T~ I 

-

-: r~~� L~j  I c-J I. 
- 1 L~ii~ r ~ 1

;-
~~i L~_~:::_ I E ~ I L u I  ~~~~~~~

L~ ’ I I - - i i  I IIIIEIII I ~E ]

T c - te g r a t eg C i r c u i t

$ ~i C ‘ F F 1, H
p i r~~ ~‘P~2f’  ?-~P2-~ 7 - J 7 b  ‘ 7’~O~-t 7’io O 7~4157

I -~D l— ~ ~~C ) 1 — ’ ~ ! C — d ’ Z — 3 ~ ~ CC v_ 3 RD?—E D O — u i
2 or or ‘C —1 / C— 3 0O— F~ i — i — 3  T I— ~~2

-~D 1— L  n - D 1 — T  ~C _ 2 / C _ ~~ PD—I c /~—~~/ Y — b ~ F — i l  F—2
rio C — 3  jCC G—5 E — 1 l  I— b

S oc no ~ D 1 F  vCC A A — b  F— 14 nc
t, F— 3 / Y— ~~! ~— — 1  ~ I ’ l — ~ V~~L G — 1 ?  F— ~~
7 GP O GP L.~ ! GPO )~~— 7 GPD GPO

n-c no no ! ~~j— e-~ T— ~3 no
no no or VIC G b  n-c ! ruC

i n - n-c ! ric rio n-c 1 1— 3  nc : r~~
I i nc ~~~~ ! or G— 4 G— 3 F — 1~ nc

- ‘  I’~ 
n~ ~~~

.- ‘to : ~rc : i — i ~ F— ( nc

13 ‘- no or GPo (~~~I 1  r ) O—i- ’-~ GPD
j l J  -~CL ~~ C n-c v r ~:. ‘ v r C  : vcc
~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~ ~~~~~~~~~~ P~)1—Y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
u i ~~~~~~~~~~~~~~~~~~~~~~~ vCC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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T n ’ecrated C i r c u i t

i -~ : L -
~ ~

p i n ’ 7?i’i 7 2 1 4  7?1’~ 7 21 - 4 7’il~~ 1 7’f loa
— I x — 1 5  ~r — l 5 ,J l5~~J — 1 c , v 1c :~~— 1 5 , L , 5 !  ~ — b/ ~-’—? M — 1 3 / N — 2
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S — 3  3— ~~O S — I ?  ~ — 1
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! H — h  : ‘-‘— 5 r -~~l U : ~— 1 ? 1— 10 1 V — 1 O
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c- — i  i : 1J — 1  -; < _ i ü  a — i f l

1? ‘ c - —~~~1 -T~— 1 .
~ —

~~

S— n - ‘~~~ ! I 3 — 1~~ I ‘ U X 1 0
t~z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - i c r  1 vCC
l~~ I r — 1 2 / 1 H  J — i / - ~~ II ~~

— 1 / L — 1 I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
! _ _,rC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5 ; T F
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7 (SI) G h0’
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10 V — ~~~ .—5 ~~~— i i  : —~~
— - -

~ V— 3

i i  I -~- i — i 1  I ~ — I 2  i~~ 1? “ — 1 3  1 ~— 13
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Int e g rated C i r c u i t

U .~ 1 1 Y 1 7 1
p in 7? 1 - l : 72’~4 I 121 0 1 721 ’4  I 556 1 565 1

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ GPO 1
2 1 L— ?/V — ? j.~~/,’~~?’ ‘ i — 2 / Y — 2  a—2 IY— I /Hfr ’— 6 PD I—E 1
3 1 T — ~ 1 1— ’, 1 1— 1 0  1 1—1? 1 h~~—5 I C— i
0 ~ — 3 : ~— s ~ — i O  1 R— 1 2  1 VCC 1 ~CC
5 1 P— ~ P— 5 ! P — 1 ( )  1 P— i? I~iD1C /I1 l HH—1 1

1 t.~3 1 ‘- — 5 1 ~— ! u  “ 1— 12 1 V — °  IHH—2 /Z— 7
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1~v
r
~ 1 G” ,) 
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11  ‘ 1 ‘~~~~~ ‘ 
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~ ~
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Int egrated C i r c u i t
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!nteoratea C i r c u i t
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A PPE~~DTX C

A T A C  P~~~Q G PA V  ~SSF~’BLY

- 
A s se m b l y  of a crooram is d i v i d e d  in to f i v e  p a r t s ;

- w r i t i n g ,  oroduc jru c abco l ute cieck on r~~’~’ 360, conv ersion of

abso Iu t~ ~ec~ i” t’~ L~TA C t~~r’-at , ru r u c hir ~q n-acer tap~~, and

lcal1 r u -~ ~~~~~~~

~~~. •‘~r i t i ’ i ’~ th ø cr .—u cr am .

r ” c c r ~~-~- c  f r’ r ~~~~~~~ : T ~~C -~ j ~~t ro  - .~r 4 t ~~ er- i r  t~’e a s s e m b l y

iannu - ~-~~ -1es c r i ’ - ’ e~ i n  A T A C  1— a r uals V r ’ .—e n ‘no, an-n E ig h t .

- 
1~~~ ‘ ir i5 ’i~~~’ rr- ’o a ’r “ust hc. n l i c e O  ~~r- ca r cus for t rue T E ~’- 1 3b’~

in’  t r u e  f o ’ l 1 ’~~ inn f r u r - r a t :

IA ~~EI 
rpFR ~~TT Gr,~ \/AP IA 6I t C PVM ENI

~~~. Pr ruduc i ne an ~hscIut , deck

rho f i r s t  ste n is t n  la-ad t~~e assembler on’ to th e T~~-~

3r, O f r o ~r m~~Qri e t j c tare. T~~j~~ u s dom e by ex p o u t in o  orooram A

in A~~ ,e’’~jx E. T h i c  t r a n q f~~r s  t h e  crooram ~r~ m tape ~0 disk

and s a v e s  j P  ‘or ore year . U ru c D t h e  a s s e m b l e r  i s  s t o r e d  t h e
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fo l low ing Cards r’l~~rer’ in th e fron t ~ f a proa ram w r i t t e n

f o l l o w i n g  rh~ i~~~s t r t J C t i n n S  in I abovC w i l l  produce an

a b s o l u t e  d e c k  anj  a o r i n t — O t i t  of the crooram .

// 8T4CA S5~-’ JO~ 
(~ 7~

g ,o i o o ,on 5? ) , ’~ C ,-1 A T A C  ASSEI.1,’ ,ITME I
FX FC P0,’- : APSS , ~Fr.I0r I=2?Ok

//STEPLI’~ )P uS” 7?Q .~~T .~C.flNF ,IJ~~~ T :3330,
I I  vOL :SE~~:PI~~K02 ,DT~~P:SF-P
//F1~~6F 0(. I “~~

//FT U 7F C uI ‘_‘ -~~ S”SCUT :P
//~~T~~c~~0j~ fl.~~~ OP .AV F :°y

~~I’:
//FTO~~F 0O i  I’D U’r I T Y5G~~,SFAC F~~(CYL, 1 )
//~~TtjcF r~~1 ~ D u”1T:SY~~)A ,~~i— ACF :(CYL,(7 ,2)),
ii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~/ / F T L f l F~ - 0 1  fl~ ) i T : c Y n -~~,~~~~C F : ( C ,1 L , ( 7 ,7 ) ) ,
/ 1  0C~ : (C ~~~- v l~5,~~I ~cI?F -4?u~~,L-FC1 : ’-1d )
//FT? (”F0~)i ~

‘-i. u~ jT r$’)~~,~~~~CF~~(CYL ,(7 ,?)),
1/ f l C (~~~C~~~~~~S,- 1?E:~~00U ,LPFCt . :cOru )
/ / 3 Y S P - T T PC SV.S ouT:~

~J U 9
~A SSEM

TOT A T~~c

(c-lace w r i t t e r u  cr-,gram here.)

-~ 8 ~ ‘~ F

$ ~ ND

T ” e ahso lu t~ dee~ is i n the fgr~~:

O l 6 0 0 0 i a d b o 3l hc 3 l O c b o 7 I O c c 7 I u o h O 3 U hhd 3?/
/e10i0 00U~ c015a
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Colum n - s fi ve and six 000tain Ph ~~ num(-,er of  word fi e l d s  on

t~’e caru . Ik e ascemb 1 ed OrOoram is 1 ocated i n colum ns

7 — 70~ Toe re m ir u i r - u a t w o  c o l u m n - c  a r e  e a r i t y .

C. Conversi on

ih e & ‘sclute -~er receiv e ’~ from t~’e I a’-’ 3n0 is loaded

i— t o  t~~e P’~-—- I 1 . ~-f t e r ‘- n e  -‘a ’-a from Poe oards is checked,

t he cc’ru vers i a ” c- r—u ar -- (convert ‘ # j 1 ~~~n~~~’~~~
’ ‘ f i le n a m e ’) can ’

re exec ut e-i. u. ° rr ,ara rm- ( in tIt - ’op ni ix F)

0. °un-c~’i~~m~ ~~ e-er T~~~e

j k jq 
~~~~~ ~“ i s ’  t~~~ c~ t r a n -sf er ” e-l t p  the PP P—1 I (~~)

w here a oacer tape Can b~ ou nc~ued. Here, the command to

ounon a tap e is:

c~~t ‘ 4 i l e r u a m e ’ >/ d e v / r u t o

E. Lo a~~in , f f l e ~T~~C

In o rder P~~~ load a t- ee ~h. kS232 connector must be

connectej t ,~ the Paper T,jr’e reader and the reader set to

1200 b-~uja. T he taco is loaded h y f o l l o w i n a  th e in struc ti ons

~ “ A rc -eni ix El.
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u ) r u e r a t o r  in - ru tS are u n d e r l i n e d .

Jr,e r a ’or 01 isola v *Co r”m ents

E X ~~~C 
*F~~ø0~~ t~~~yo  ~~C h O S

+JD~ DKJFJ~~joi~u u  *ont ries oth er than
J D P ~P~~.J FJJ  J~~~J~

EYEC
*F n P r v  ir u~~o C f l R F

t O - i  ) F~~~~ ” (i~.~1(u *L OCd P100 ~Ftj0

0~~JO U Ci
~~~ *roanoed to  0 0 0 0 1

C O F
+ ° - [  -j F’~O
iFj0 u°-5’)
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-i-CS OFI)0 *t ocatio n s O F O fl to ujFQ3

_

+00 *oom ole fj on of ehanae

OFOO 0256
;- OFO1 012~

0F02 oS~~7 
‘

f
+1)0 *F~~jt from COPE

*F n fry i n to  R e c e i v e r

~~ 3 F T _ U 0  tOon t r ol

I :)TSDLAY TF~i TA T j V ~
2:OT~~PL A V C(” T’-uOL
3:u)TSP LA Y PFC~~IVE~
4:EmU F~ T~~-~TA T I ’l E
5: SC A ’- ’
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+2

~~~~~~~~~~~~~~~~~~~~~~~~~~ i:~ii :i ~~ ~~~~~~~~~
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FPEO 550000 n-i
G A I N  ~‘-‘DrE i ’i fl ~~~ -- u I  “-G O
jF ~~ -~~N G ’ -, I f l l I - 4  : P

DETECT ~‘OI’E =
8F0 FRt)~UE ICY 4’-~i ’~00 ~ Z
NE (

~A T ~ :

R EC E1 V t~~ rJ~~f Pt ) l_
+3

i-4 7

(,A~ ‘cic~c ‘U°~uA L ~CC
IF — ID F~-~ :
DET FCT VI PE : A”
bFU FPEQL’F- u O Y ’ : ~4 ç 5f l~~-i -4~~
4F (~~ I~

L SIGNA L ~~1~~E~~~T~i

R E C F 1 V ~~ Ci~~ T~~U L

— FLF I \/~~~.
‘
~ 

‘ ‘‘  T°O t

3T~~PT F P~~fl T i  i7

+ 1  - j f l ) 0~)()
E~~IO ~P E0 T ’i H7

÷ 1 0  0~I 0 00
F R ~ P I - ’-j C R ~ iF- -j T T~ r-~7

+ I i) 00
STP~~E. s r~~e~~G T-l ‘

~

#6 7

~~~~~j N  ~~~~~~~ ~-4°L~~ A C
V i F  P

~ N~~”II’TH : ~
DETECT ~~~~
dFO F PEr~lj!-~CY : ~l55O0 0 HZ

~F G~ T 1
SIG NA L sr~~1NGT’i 7~~

-‘p

~E~~EIvF°  O N T ~~flI+7 *F x i t  from
E~~~EC *~~e r e i v p r  Control
+
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~PPEN1)I ~ E
O0 i-- V F ~~~ (C~ PP 1jG~~A Mc ~0P TH E

), . T h i s  orooram is run on the Ii M_ 3h 0 to transfer the A TAC

assembler iron tac -e A 11— 006 t 0  Disk and stores it there for

one year .

I

/ /  r G PCF ’ -~ J~~ C~ r~’I
// j Y S°’-~’r ~~T On SY S r UT :~
/,SYS,JTI ‘l) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I/CA l fl- i) Y~1 I T : 2 3 1~~~,DS - i = S0 17 2 Q .A T A C . f l r~ E,

/ /  )
~~C~~:r TP~c ,(c U , I 01 ,1u ),,C fl~~T1r,),

1/
/ / T I r A P F  r~u J P 1 T : r d ’ )01 ,,)FFF~~

),r’JS~
):(~~~ c~,OAS5 ),

II I 1 3 , 3 ~ , ,

// f l (L~~’ - ~2 , Hl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
— 

~~~/ V J L $L~~:A T 1 0r,
//3vSr~ 

‘- k

~~ P y
-

-
-

-

/ t

/ / r 3 U I L [ )  ~ A F C  P :1E ,~~Er,ICN ~:1c0w ,
// ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
//SYSPRF--.T 01) SY3rUT:~
//Lfl3PAP( ~)1i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/ /
/ / S Y s Lj F ~ 0,) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I/S~~~L ’-PD j)” fl~~~A~-E 30112Q.A TA C. fl -4F ,
/ / I i T  I 3 ~ 3 0 ,~~/ U L : S :0 1 5 ~ 01 2 ,
/ /
// SP~ CF~:(CYL,C ~~, I ,? ),u-’L3F)
//SYSt ’Tl ~!) uu IIT:n )A ,~~Pf~CE:(TP~~,(I9 ,10),,CU?~:TIG),
/ /  SEP :S (SLMUP,,-

~y sL r r n-~ *

T IO LI L,E ~~~~~~~~~~~~~~~~~p C r~A - ~OE -~~I’~(TH ~~SA Pr)
T -iO L I II)F L j C~Q ’~~y~ A P -SS’~O’)
I iCL :DE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•1- T - ,CL IJuF I~~P-~- ( ~~,-L -’ n ’-~rv~~~i~~ ~ l
T~~SE~~T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T~,5EP 1 ~~T J T ,T’ ,0I JT

T - u SE~~T I~~~P-~’ ,Tr i~~~ID

A

- - -- \
_‘_ -5

-• - • a-.. — -- — - — - - ‘ * -, - ~ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -~---~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -“-~-p
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-5’1

r ’4 s E R T  J~4 E P 5 M , t ~~~~~ - -~’
I~ i S E P F
I~

-
~SEPl 1~-~L0 1R , T i F C - O A ,I H E T U A

r~ st Rr I ’ - I E r o A , T i ~ 0CL
T jSE PT IHb’~Sfl ,Tri F b~ F
l iSEPT IHE JAS
I -,SE°T P4FflS0,T HEU~~[,IHEflST
T N S E P T  I~~Lvp F ,Ip -1 FDVA ,IkEvF~
TNSL RT IkL fl C,I~~~~FD ,jHE V FA ,Tl- i F V PD ,IHEV PP ,T HFVSC
INSEPT IHEVS fl,Th FE ,IHE 0CN ,I HEtJP~
T’~SE~~t I’-~~\ / F C , IH~~v P~~,1 H E ’ ! P G , T H FV 0 o , I H E ’ ! I C
I J S C PT 1dE~~t3~- ,T ~~F I 0 - u ) ,j H E T 0 F ,Iu1F PRT , I h E V l A ,T H F 5Pr~T
I’-,SEPI THE  C,,T p i F E ’~~~, I ~~~E S T 7

I:~SEPT ‘4T~~~1
UvFI ~L-.uY A l
T~~SEP 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T iSEPT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
O v E -~L A Y  ~ 1
T ’~-~E~~T P~~R~~~0,~~~~ S T - -
f l ,F~~L~~Y A l
I~~

_
~~ P T  ~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 S I PI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T~~-~E~~T I 0 1 r - 1 T ,~~C T l V E , ~~T~ i T i ’ -’
I - i S ~~P T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
fl- i F - ‘iLAY ~2
T - -~S E P T  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

t - ,SE PT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I :’i SEPT DT -~ A N,P 1I T A CT ,P A \ IUPM

O~~E~~L-~Y ‘1
T~~SE~~T H(~PPI

-
~T

O v ER LA Y A l
INSE RT LOAO ED
O v E R L -~Y A l
INSERT LI ,~~ 4T~~Y [,St L~
0vFF’L .~Y A~
IN°EPT ~~~~~~~~~~~~~~
PvE kLAY -~URJ~~CT (P~J’.Ifl~~)
I iSEP T O~~J E CT , T - i I I , L T r 3, -~0At 

pH ,PCH~~y ,P~~~riT
INSE RT ~-

4D A TE
I1V FPLA Y ~D I J1 o (PE~~Ifl~-~)
I’iSEPT S~’C !I~-P ,PA ~~E
F~~~T k Y  ~i~~~f : - ~
N A - ~ll. A PSS
/.
I I  ~ /FC P~~’-’:1E~,O ’J~~Y
/ /S YS TNT c-i ) ~ Y~~0H T : A
/ /5Y3V1 1 fl~~ ,.jTSP :c~.,P , l i t  TI 2~- 1 -~ ,‘JUL :SEO °PflO1 3,
/ /

- ~~ / / ~~Y5UT2 
r- -) U’So:(~~F - ,~JA S c ),(J’1T:353 (j,Vr)L:5F1.~:0TSl(()2,

II DS :S0729 .~~TA C . T ..fl ,
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1/
/ /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ /  ,LAc ~FL :-~~l~~):36u
//SYS’113 r’L) L J ’ J T :~~~1SL ) A ,SPA CF : ( TPK , (?0 ,5 ))

//SYSUTL~ 00 U ’~l 1 T : S y S 0A , SPA CF : ( TPl c ,(2U,5))

i/ Sy S I r- -i no *
— 

COPY UI ITl ~D:~~YSUI7 , T ~~DD:SY 5 ’J Tt

t
~
. Th i s on-oora’n Converts th~ I~~~’~’ — 3 o O  a b s o l u t e  leek i n - t o

co rre ct form a t f0r i - ne  A T A C .

m a i n  (a r n ’~~, 
k ar r , v~

m t  ar,c
c~m a r *~~r— ,v (1 ;
( r e cn~~ te~ Cr Ct , 1-~~ -1ex, ~nr,e~~;

i -t s’- c~~r:
j r t  t ” o ry  (731

st ru ct hu f~~r

~ i o~ ii ~~~~~~

~~~~ n l e ’t
ch - ~r ‘nox ’- z,
c~~an - ~OU f’ S ( c l ? 1

~ b,jf~~n, bi j f o t ,  ~on t r l ,  •ootr2;
stch r : 0 70 ;
i~~ (a r a c  ! 3)

~o r i n t f  (“ C a l l i na aroument s ar’ ioeorroct ; ”)
e x i t  (U);

ou fm n- .fl ies : one’-’ (arcv f1~ , f l ;
i f  (t~’ j f m n ’ . f i~i~~ < U)

I on - l o t 4 (“Cannot one~ ~~~~~ arav L I I ) ;
e x i t  (~~fl ;

V 
on - t e l  = ~cbu fi ri .fl-d es;
h (,fot.fTcloS : creat (arov (2), 0 1 7 7) ;
if (hI,f0t. fld e S < U)

(o n - i n - t i  (“Cannot ac-er- ‘- s n” , ~ rnv (7]);
e x i t  ( U ) ;

}

ootr2 ~hu #ot .fld e c
c’Ijtc (src’-r, r , n tr? )
-~h i l e  (crctn ’ >: ) 

~~~ index < 77)
tm o ry (in lex t+ l : (cr ctr :oetc (nru tr l ) )

mn - flO x : —  3 ;
0 ;

ah i le ( jndex < -J ~~~ In d e x  < i d e x )

t
70
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autc (tmp ry (jn -4 e x ++ J , or~t r 7 )
jr I a e x  t 2 ;

~h u 1 e  (c re t r - >: J )

(w h i l e  (jodex ~ index)
(I f  I t m o m y  1)ndex] :

j n- -j ~ ~ + -i- ;

~~l se
r’utc (t~ ’-p ry ( j n - r j e x + l - 3 ,  on-Pr ?);

jn - iex : 0;

~r i l e  (rrr tr >: u ~~ ind Q x : 7?)
tno ry Li n - 1ex+ +~ & c r c t r  oetc (cntrl ));

i n ’ —~~~~ ~~~— 
~- ;

j ( J~~x

ou tc (sPc ’-~r , ori t- r 7 )

f + lijsb (or~tr2 );
c lose (h tj f i o .t l~~n - c);
c l— se u + .4 l ~~e~~)~

C. I” e f~~l l wI r. :~ r~ ro’n~~~~— n a xe ’~~u ’-ec tb,~ r,mn- rjr em above and

co nverts tn - e n - u i - ou t j r - to th e correct cede.

atac ~ 1 ~?- -

1 —r $2 p x i t

my ~2 te-’, r,2
t~- ‘ h 1 ~~~) ”  “ r U LI o- ~] 

“ <ter r ,2 >Pemp l
t r  “ 1~~’1” “ 1 001* )” <t e r r r u l  >temp2
t r “ 1 2 * 1 ”  “ rO n -2~~) “ <t,ro2 > re m p t
t r  “ L~~*1 “ “ I OU  ~* J  “ < t emol > t e ~’ r2
t r  “ ( ( L * J  “ f~~ j 0 — i * J  “ <ter ’, r, 2 > r e m p l
t r  “ [5*1” “ 10’j5* -J “ < t emo l > Pe m o ?
tr “ [6*1” “ IO LJot) ” <tern n-2 >tem r— ’
t r  “ (7*1” “ r0 A 7 +) “ <tomr ’ l >tem o?
t r “ (P  * 1 “ “ ru 1 ii *] “ <p emr ,2 > t o —o 1
t r “ [0*) “ “ ~~1 

“ < t~~mn1 > t e mn a?
tr “ l a * 1  “ “ ru c~~.J “ < t~ mn 2 > i -pm Ol
t r “ (6*1” “1 3! 3*]” <tomn l >f e n p ?
t r  “ (c~~J “ “ ( f )~~~ 4 * )  “ <romo2 > t - m p 1
r n -  “ [d * 1  “ “ r olS ~~) “ < t e r i r l -i -em o2
t r “ r~~ i “ “ tUI ~~*J “ <t e’rc~2 >i-e— ’ol

“ L ’~~1 “ “1057k )” <r e m n l >~~d
rm P emo l te’-o?

1’
7 1

a
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The f o l l o w i n g  proarams are l i s t i n o s  of true i 4 a j n -  Svste’n

ar-a H e c e i v e r  Co n t r o l  p r o a r am s  for the A T A C .  The assemr -ly
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language i- s to the ri-rth t of the a b s o l u t e  l i s t i n g  of toe
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t —ram ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,or-~~ C~0~~ N f ’~~a.
- 4 0

-4u

I-
N
N
--5-’S.—

a

a. a.
ri —

*4 *4 * .  N
* 0 4 a
* a. * a a a. a

— * N 4 ~~ in. a.
* N a. ~ p-4 a. z= 2 ~ -

- - - -- * ~~ * rn. u,amr~a ~~~~~c-.a. a. in..
a. * ~~ * a N a.

* a * 0 Cl~~ ~~~~~~~~~~~~~~~~ N
* ~ . a’~—~c~= a. a a in.o =u a a.

p. * 
j~ * i- a.a.ca,-,

0 * 0 a. 0*’ -~Ca.0 ~
* o~ * 0 a a.v~ pz~~a. 0p.u~C.a a.a
* N * 20 0

* i’ ~ 0 ~.i 0C~~~ a.~~~ ~
- 

- . a. * a i a .  ‘,~rJ)~~0a~~ ~~00
* 0 * 0 Ia.a.~ ~- 0  ZZ in. in.. — 0~~a.~i
* ~~ 4 0 E-’O i-- O O NN  ~-.- 3 •

• a. * p.p.a. ~~~-. uuzzaz a . —~~~• a zau-,aa N 0.i
* 4 ~Ii a.i—.04 ~~~~~~~~~~~~ .-

* ui * a. a.a~-.
* a. * C. a. a. a. a.ins-.. -414

* ~~ * 
p.p..a.~ - ~~~~~~~ —a.u~

* a in2 a.-~ a.C~~-4C
• z • -4uu-~-4=u m~ am.~u, ~~~~~~~~~~~~~~~
* 4 *
* 0 * N
* *
* * a.
0 - * 0

• ~ * 
a.

4 a ..  a. z
* N * a. a. 4 4 4 4  0-
* u-~ * - - -i ~c a. a. a.

• * 4.• * 1-’ a. in. ~ S —
* Cl, * a a a
* * 

— a~~a a a
* a * a. C.a. l~i Cl, - 4 ri 4
* a * .N~~a. a. a.oa.aa.,00 aa.~ a
* a. aa~~a. a.
* * aot~a. N

u000 * ~ .. * cl,* p.
4 4 * .1.1* a.Oa.O i4 — n - s . s .~~~. - —

N 14ui * a. * *N* - s - s  -~ i l , 1 u 4 U~~~~i4_i.-i
-coa.o * ~ * *4*  ~~~~~~~~ *I~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~

* oa* •0* a
a. a. * a . *  *0* 2

- — a * ~.a.* •a.* a. N -~ -~
- ~ - 4 N ~~~~~ * • a.. * * a . a a~~ a.~2.-ia. aXOaa QflaClhCn

a. amn~~~ a • a.a.* * *  o~o~~~oac, •a.. 0.c4p. p.. 000000aEa. 0
a.0a.a. * ~ • • ,a,. ~~~~~~~~a.a. •~~. .Jaain in,

• . 4*  *14*  * 1.4* a.
a 0 N~~* •~ 4* * i4* ‘4

* ~ * •a* .0* a.
4 4 lJ (JQ. *4*

* a. a.a.* *14. * ~~~~ N
•a. ~c *  * in* a a. *w* u a.
*a .  a.,-* *a.. a z tj *a.* a. t~ —

-, * * -4a.e-~14au 14 
a.a.a.a.a.a.a. c_a .. a.

a.
a a a
U ~ mu,m a a

— _

N 0000 0 0
‘Ia. —000 ~~~~~~~~~~~~~~~~~~~~-, 000c_. —a——~~a.aoar-—,-r-

r-aaaLj 0 O — m - -,—a.e l c_20
0 r_a wa.c -,l,~~in.ØU(.4u4,tl*4

a ori~~~4 1.) 0 0000 0000~00
N 0 0 

__ _
-
‘ 

a 0000 0000000000000
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a. ~~~~~~~~O— 0G~-~ N~~~ ~~~l —~~~~~~rl~~’r-- c~~’~ — —~~
-
~~~~~-- -a r-- ~ ~ C —

a. a
1~~~2a
C.. a.

-4U -

N
N
N
‘.4
N
0

a
2
-4a.
a. N

C. C tfl
— ~~

- U a.-. = a
‘.4 in. 0
‘.4 a a_a a.-. a a.
a’. 0 CII
— a. a a a

N O  a. a.
•. a. 2 = in. p.
a. a N- .a CII
a. a. 0 -5 .
—4 c c  a.a. a. i_a

N ala, a
E—’ a Na,in.

N in a a
in a. a. a
a. 0 CC in.-ia. a.

00 4a. ala. a. a.aa.a.w 4
a. a. 0 c_a

a. ..C 4420 a a
a. in. ..4 a —.a f~ a. 4
‘-4 —~ 4 = C 4 a. 0 in. N
O U U N0 C.N N c_a ..a a.
a. c_a p.. CJI NN a.
a a.c.ja. 0 a - 4 a. 0a.U
s) C. -. -_ aCC0C C ~C in U U4444Z - -

Nin
4 44

N a. 0
Il, 0’a a.
a .-  a a.

.4 0’ s14*.N 0,
a. i n _ i  a

N a ua.aa.i. ~~~~ a.
0 2  =

-5 a. or-i 0 a. _i.a N U
— .a. a.oa.oa. N f—a. 0 a.

a ...C . ,  a. a.p~ a. 14 0
a. a. — .4 00 0N 0 ma. .4 a. a
- sO a. ~~s s s U  s s  0 0 ~~*a a.*a 2 0a.c_~a.n., 4-4 0 a. 0 ‘.4 .-00m000

a 0
- a- - a. a. in.

a. a. -~ .a
a. 0,0.0,0, z,4a. -PU a. a. 0,0,0,0,1 .?

a. 0 La. 0000 N a a.4a 44 44 a. 000000a in UUUUCJUU-- 1.4 ua 2222 4-4 _ ia_ i0a U a. aa. a. 4
-
~ a a. a

a. =.4 0 ..l 1.? *4* a. a.
-. U .4 14 * 4-’* u~ .4 .4

U .4 .4 *4* 1.? a. N
a. 0. *0* c_i U 1.4

14 1 4 1 4  N 
a. .c_a a.

44 ‘00400 00 0

‘4 U 0n-4 ‘mr’a.mO 00 0
F-— ~~~~~~~~~~~~~ U~~— —

N NO 00000 00 0

- -~~ ‘0 aO(’4 0000 00.-ON OF— 000000N
- - 

- 0 ~ 00 0000 a.oooo 00 0000000 oooou,~ -oa. ~~- —— 0000 CJ0~~O~~ 0~ - 000000.- 0000u.nno
0 .4 a.(J 0000 aa.a.a.u a.tj 000000ç, QOO0~~~-0

U N a.-* uac_Zin. Ooa*~oa. 4U a.a.o—r-i~~~ ‘0C.? — ‘.4C’1 ’.4’.I r-4’.4 ~~~~~~ If~ M~~ m

~ ; ~
; ;;;; ~~~~ ;~ ;; ;~~;~ ; ;~;~;~

;

t

7”
A:

~ 

i-~~
- _~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
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a.a. a
CC
4 0
0. a.

-4U -

F-N
5-

‘.4
N
o a.a a.

a p..
.4 2
0 1 4 4 4a =
in. 0. 00
a.-. a. oar_a

‘.1 •* * ** **  * * ** ** * * ** * .* ** * ** ** *.* *  CC-- • * * * a.
in * * * * ., a.aa.a.
— * • * a c_a * a

• * * a. = * .4 in
-- * a. * * 4 p. * a a a.a.
a. * a., * 0 * = oaa.a. a.v, —

a. • 2 * * a in * in- a.
a. * alin * • Np. 20 * a. 0-LJ 0a.
14 • a.a. * • 44 442 * a. QI_a4 0-0

* a. * a * 44CC -44 * ain. 44OCIIaa 40
* Na. * C_a * 14 * 4444 4

* a.~~ * F- * C_az * f- 244 =p .r_aa.
0 00 * ~1l 0 = 01- * m a  0a.a.UinNU44
* = * — * in-. - UI_a * — C a
* 1_aC.. * CC * 0 a. * CCin. Ua.’4a,CC—c_-a---—
* CC * 44 CCa. a. * C_aC ONC44CC44N
* -C a * a. * 20- 4444 * a. zan., aa.aa.a.
* a.a * • ~~a. * ina O44inm a. 0.4

- - * Zf-  * a. * 2 a.p.’ * ‘4 N O

* ~ * * a ..i z = *
* .4f- • 0 * a 444 02 * a.a.14
* in * p. * 4 ~ C. .4 *
* a.-4 * ~ * 0 2 44 in*
* 044 • a. * oa. =cn a.*
* a._i * * N Ui_a f-a. 44*
* * * 44 N 44 p.4*
* ~~~N * * 44 aU.~~.N
* 444 * * ini 1.40U
* in • * c_i 44a. 44 .4 CC *
* 04— * * = a.muaa.

- 
- a a * * p. 2*

* a. . • 01.? 40 = a.
* a.a * * a. acj c_i 0*
* a. • * 0 4444 — a.
— a, * * a. 020144444 *f-a • * in. a oa.u,oa ma

.4 * * a. in~~~~4a 0 44*a. * * .4 4. 1/1 444-4 2 14*a.a. * * N a. ala.a.a.a.a. a*.4 * * .4 - -44  mm i-. am a..
in * * ~~ a. - OF-mi_aLp. in* •in*

* ale. * * 20 . C44in *44 *
* p.4 * * 0 = - 444’ip.Za. 0 2* *f-* 0~
* 141 4 * ~~ * .4 044 44 0,0 *4* 0 in aQ

in * 44 014 * * 44 .1 * a 0*44 Of -  0’ * * a U .4 44* * 04*CC *4  c_am * * 0 .4 2* *44*4 * 0 02* 0 * 0 2.4 44 UN .4* * * 0 = 0 0 0
a. *04 c_i 44* 0’ * f-I 0,4 2 — = p.4* * *  00’ 0’ CI 00000 ’
1-4 *4 4  a.Ul f-.* a. * 0 0 •. 1410. a. .in. ala. a. c_i a.a.ala.a.

* 4L1fl* * i_a CC •.2 141CC 4414 0* * 44*-
~ 0 * 2 414* * a. a. 141 Nc_i 20 a* * .3*

- I a * 1 _ a  a.2,~. *2 a. n.~ N a. 1.40 * *0*4 *N V) W * * 2 1 4 . 4  0 0. f-4 111* *4*
— La *141 44044* *14 0 .4 0. 14 = 44* *14*

*a .  a . *  *4 4  0 .4 a. a 0 =a .ui * Na. N
*141 E404f-* 14 * 4 4  a U ‘-4 0 a. 14* *44* a. U a.
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