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1 .0  T E T F C D U C T I O N  

Experience v i t h  t i m e - s h a r i n g  systei?ls h a s  Shown some 

u n s a t i s t a c t o r y  conditions c o n c e r n i n g  t h e  c o m ! n u n i c a t i o n  

b c t w e p n  user and s y s t e n .  This communica t ion  ta t res  p l a c e  V 1 a  

a t e t l ~ t y ~ e  OK d i s p l a y  console i n  t h e  comnand l a n q u a g e  o r  

w h a t e v c r  p roy ra in  t h e  user i s  0 p e r a t i n - j .  T h i s  p a p e r  will n o t  

ccncern i t s e l f  w i t 1 1  t h e  d e s i g n  oZ commann l a n g u a g e s  b u t  

r a t h e r  w i t h  t h e  s o l u t i o n  ot the t o l l o w i n g  pro3lerns: 

A )  Users of tliTI?-Sha.r.Ir4g s y s t e m s  t i n d  that there 

may b e  s e y u . ? n c c s  o t  coa'mandts t h a t  t h p y  t r o q u e n t l y  

enter with l i t t le o r  n o  variation. 'Even more 

a n n o y i n g  t h a n  the repet l . t io?i  nay be t h e  t i n e  

required f o r  t h e  p h y s i c a l  consc)lc to accept t h e  

ccrnmand a n d  p r i n t  ths r e p l y ,  o r ,  more s p r i o u s l y ,  

4 



B )  .I user  m i y  w i s h  t o  e n t e r  a l o n g  serles ot 

rsquir2s hi in  t o  f i t ?  p r e s e n t  a t  the c o n s o l o  Tor a 

much l o n g e r  p e r i o d  o t  tine t h a n  i s  necessary t o  

typc- .  t h e  ~ o ~ ~ i i l a n d s .  ?or  e x a m p l e ,  i t  a user w i s h e s  

tcj a s s e m b l e  or co:iipilc! s e v e r a l  pac;caqes o t  a lar 'ye 

p r o g r d n ,  rather t h a n  i s s u i n g  the szquence o t  

cornman~is t o g c c h c r ,  hf? may have  t o  ~ ( 3 1 %  r o r  each 

c o r n p u t a t i o n  t o  c ~ m p l e t e  b e t o r e  entering the n e x t  

request, t h e r e b y  p n r t l t i o n r n g  h i s  tree t i n s .  

T i m e - s h a r i n g  s y s t ~ ~ a s  have p r o v e d  1 n v a l u n b J . e  tor 

s p f c d y  c o n s t c u c t i o n  a n d  d e b u q g r n g  ot programs h u t  
-. 

t h e r e  a r e  m a n y  p r o q r m s  w h i c h ,  v h c n  c o n p l e t e d ,  

will c o m p u t e  Tor a l o n g  p e r i o d  ot tzmn with no 

n e e d  of  h u m a n  i n t e r a c t L o n ,  Soxe systcns p r o v i d e  a n  

of f - l i ne  m6Je Lor r u n n i n y  thcsc progrdrns b u t  i n  

general t h e  command l a n g u a g e s  a r e  drtrer-nt trout 

t h e  o n l i - n e  command l a n g u r t o a s  and  less adequate .  

C )  T h e r e  are many d 1 3 1 0 g ! 1 ~ ~  w i t h  t h e  c o a p u t o r  

w h i c h  require v e r y  L i t t l e  c reat ive intervqntion b y  

t h p  user,  His presence a t  t h e  c o n s o l e  may h e  
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$.'ha+ is n e e d e d  i n  a t i m e - s h n r i n q  s y s t e T i  is a c o n t i n u u n r  

o f  C a F a b i l i t - i e s  r a r i y i n q  trom p ~ r e  n o n - i n t e r a c t i o n  (re3d 

b a t c h  Frocessing) on t h e  OES hand. t o  h i g h l y  r n t s r a c t i . v e  on 

t h e  o t h c r ,  

2.0 HT'3TORY 

Sonn  worK w h i c h  h a s  hec?n done  i n  t h i s  a r e a  w i l l  now b e  

d c s c r i l - E d .  

Jn a n  e a r l y  e t t o r t ,  s ince s u p e r s e d s f l ,  the SIlS-Y4U 

t i n l e - s h a r i n . j  system a?. Rerlceley provided a system w h i c h  

p ~ e i l ? o - + c l e t y p c  was no  d i i t n r c n t  trom a r e a l  t e l e t y n e ,  a n d  

t h a t .  c h a r a c t e r s  . s e n t  from the rlle were a c t u a l l y  t y p e d  a t  

c h a r a c t e r s  i n  . ;xact ly  t h e  same way a r e a l  t e l e t y p e  wou ic l  

r eac t  i t  t h e  saxie characters were t y p e d  to i t  b y  a user, 

T h c  o u t p u t  respons : - !  to t h i s  i n p u t  at t h e  p s e u d o - t e l e t y p c  was 

. d i v e r t r ?  to the c o n s o l Q  o t  t h e  progranmcr i i s i n g  tha 

f a c i l i t y .  A f i f e  i t i i q h t  contain br2akpoint .5  w h l c h  w o u i d  

cai ise i n t e c r u p t i o n  of t . h c  program. S r c a k p o i n t s  c o u l d  h e  

u n p r e d i c t a b l e  i n t e r v e n t i o n  b y  a h u m a n  v a s  r e q u i r e i l .  T h e  
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p s e u d o - t e l e t y p e ,  t h r o i i g h  h i s  own c o n s o l e ,  a t  t h e s e  p o i n t s  

a n d  t h e n  t y p e  a co:nmaiiri t o  c o n t i n u < ?  s t ? n d i n c j  c h a r a c t e r s  troni 

? h e  2 i l P .  

C T S q ,  t h 2  time-sharing s y s t e r c  t o r  t . h e  f'33 / U Y 4  a t  R I T ,  

made a v a i 1 i b I . e  to i t s  t i s ~ r s  a p r o g r a n  caLled 3 U N C D ? .  T h i s  

is a q a i n  a f a c i l i t y  t o r  s e n d i n g  a c;equenc~? a t  corclmands t o  a 

~ l p s e u d c - t e l e t  y p e " .  A macro r a c i ~ i t y  ( r e c u r s i o n  arid n e s t i r i g  

a l l c w c d )  ~ h i c h  permits a s s i q n i n g  a name to a ser ies  or 

commands 1 s  p r o v i d e d  a s  w e l l  as  3 restricted c o n d i t i o n a l  

f a c i l i . t y .  T h e  c o n d i t i o n a l  T a c i l i t y  is a c t u a l l y  a s p 2 c i a l  

comniancl i n  t h e  t i u i e - s h a r i n g  systeq w h i c h  takes as a n  

n r q u m r n t  a s y i 2 G o l i . c  nana, It t h a  name 1s n o t  the name Ot a n  

e x i s t i n g  tile t h ? n  t h e  RUYJC0: 'I  prograni w i l l  a s k  the user 

w h c t h c r  o r  riot to a b o r t ,  ' P e s t i n 7  i n  this t . tasii io~ p r o v e s  to 

tc. c u m b ~ r s o ~ ~ e  a n d  v e r y  a d  hoc  but. i t  i s  nevcrthelcss t oun?  

t o  hc q u i t e  u s e t u l  f o r  detecting o r r o r s .  

??bile J C L ,  the j o b  c o n t r o l  l a n g u a g e  t o r  t h e  I U f l  J b U ,  1s 

n o t  a t i ~ c - s h a r i n g  command l angr l age  i t :  h a s  a t t a c k e d  

a n a f o q c u s  p r o b l c i i i s  f o r  hat,ch p r o c e s s l n g ,  J C L  a l l o w s  t h e  
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i n t e g e r  assigned t o  t h e  s t e p  a f t e r  i t  h a s  bsPn executed, 

T h e  r c f l i r n  cod2 is a n  e r ror  i n c i i c a t o r  r e t u r n e d  h y  each  

execnt.et-i cc.annnd upor:  term i n a t i o n .  Xe can write a statement 

in ? h e  l a n g ! i a g e  w h i c h  n a k e s  numeric t e s t s  on t h e  m t u r n  

codes  c t  . sgcci t ied p r e v i o u s l y  oxeclitc?d. s t c p s .  T h e  result. ot 

s t a t e m e n t  i n  t h e  p r o g r a n  i s  to h e  b y p a s s e d  or n x e c u t e d .  

3.0 TflF L A N G U A G E  

" h e  aSove t h r e e  s y s t e m s  a r e  a l l  s l m z l a r  in t h a t  t h e y  

e s s e n t i a l l y  p r o v i d o  a faci1i.t.y t o r  sending a linear 

s e q u e n t i a l .  l ist o t  cornrrianrls t o  h e  e x e c u t e d  a s  lt e n t e r e d  

from a c:onsole, The iilacros tgnrc? i n t r o d u c e d  as a l a b o r - s s v a n g  
6 

d e v i c e  a n 3  the c o n d i t ~ i o n q l s  a l lowed  a s i n a l l  anouri t  o t  

c o n t r o l  o v e r  t h e  j o b  b e i n g  execiited. Nn p r o p o s ~  t h a t  a 

l a n g u a g e  w i t h  goto 's ,  t u n c t . ~ - o a s ,  c o n d ~ . t l . o n a l s ,  a n d  

a e n e r a l i z e d  s t r i n g  p a t t e r n  m a t c h i n g  s t n t e m - r ? n t s  is more 

s11it.e.d t o  the t a s k  ok controLLlng i n t e r a c t x v e  p r o c c s s e s .  

T h e  lanquacj-c: s h o u l d  h a v e  t h e  t a c i l i t y  t o  s e n d  a commancl (or 

j u s t  a string of c h a r a c t e r s )  L o  a p s e u d o - t e l c t y p n  a n d  t h e n  

wai t  f o r  t h e  c o a p l e t e  r e s p o n s e  t o  t h i s  i n p u t .  S u b s e q u e n t  
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signi+icart i n p u t  a n d  o u + p u t  r e q u r r c d  by the u s u r  a n d  O D t a i n  

t h e  akcve meiit ioned co:il : innurn. 

a n y  1 a n g u a g c  w i t h  s t r i n g - h a n d l i n g  c a p a b i l i t i e s .  'P he S'3 

f u n c t i c n s  v o u l d  p r o v l d s  c o c p l e t e ,  ~ ~ n i r n u r n  C a p a h i l l t r P s  *ror 

co!vmunir.:ation w i t h  t h e  p s e i i d o - t e l e t y p e ,  T h a t  IS, a Tanction 

will b e  p r o v i d e d  which takes a s  a r q u x e n t  a strinq o t  

t o  he sent t o  t h e  p s e u d o - t e l e t y p e .  O t h e r  2unct .Lon-s  w l l i  h e  

provided to c o l l e c t  t h e  o u t p u t  c h a r a c t P r . 5 ,  W i t h  this 

f a c i l i t y  we c d n  d o  a r S i t ' r a c y  c o m p u t a t ~ o n  t o  g e n e r a t e  

commands ;rnd t h e n  do complex a r i a l p s l s  o t  the r e s p o n s e .  We 

c a n  i v a q i u c  very g r a n d i o s e  a p p l i c a t i o n s  c)fi the racility, 

F o r  e x a r y l c  c o n s L d s r  a program i n  a Iangaa8j.e c o n t a i n i n q  t h e  

\ 

c 

s r l e c i a l  f i lnc t lbr i s  k i h x c h  cor is t ructs  p r o g r a r n s  i n  Some 0 t .hPT  

1 an g u a g F . T h e  co n s t r u c  t e  d p r o  g r 4 i n s  c o u l  d b e  e n t c ?  fed , 
c o ~ ~ i  1 6 - l  %rid e x e c u t e d  o n  t h e  p s e u d o - t c L e t y ? e  a n d  t h c n  

e v a l u i t e d  on t h e  bd: ; i s  o t  t h ( 3 i r  o u t p u t .  !?not-her  a p p i l c a t l o n  

w o u l d  k~ t9 C o n s t r U c F  a n  i n t + = r r a c @  hi? t tdf !en  user  a n d  system 



w i t h  t h e  p seudo-  t e l z t y p e  tl11.1 now b e  l i s t t ? d .  T h e  t u n c t i o n s  

cou ld  be ndci.?il t o  proc isssnr  ot a n y  r e a s o n a n i e  string 

m a n i F u l a t i n g  i a n  J?J i j c ,  l ike S M O R O L ,  TRAC,  or CO3YIIT, o r  even, 

i n  f h p  torm o t  sy;te:n c a l l s ,  to a.sse:ably l a n g u a g e .  The 

s y n t a x  o f  t h e  p r e s e n t e d  T u n c t r o n s  w i l l  n a t u r 3 l l y  depend on 

Fassword  i s  acceptable. l i l u l l  a r g u m e n t s  will cause 

c. 



This tunction of: A O  ar.ju:nent-s cai ises t h e  

w h a t  s t a t e  it 1s i n .  T h e  p s e u d o - t e l e t y p e  IS 

a u t o n a t i c a l l y  l o g q ~ d  o u t  a t  the t e r m i n n Y i o n  ot: t h 2  

~;rcgrdiirl evc’n i f  t h i s  i s  n o t  c x p l i c i t L y  r r y n e s t t = d .  

WATT( ) 

T h i s  f u n c t i o n  of n o  a r g u n e n t s  c a u s e s  a p a u s e  

i n  execution of t h p  c o n t r o l  program i l n t i . 1  t h o  l o b  

on thc! p s e u d o - t z l n t y p e  is i n  a s t a t e  where it can 

d c  n o t h i n g  wit i i o u t  

i t  waits u r i t i l  t h e  

i t s  currerit cotiipl 

c c r t c i e v i n c ~  more i n p u t . .  T h a t  LS, 

p s e u d o - t e l e t y p e  1s done  W i t h  

t a t i o n s .  T h i s  t u r i c t i o n  has a 

n a l l  v a l u e  d n d  ca1ise.c; 311 o u t p u t  o t  the 

l o s t .  T h i s  2 u n c i j r > n  1s necessary t o  q r i a r a n t o c !  

t h a t  all o u t p u t .  trom p a s t  commarigs to t h e  
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t h e  h i g h e s t  1eveF.L of t h e  t i m e - s h a r i n q  systom 

con] rn and co il p u t  8t i o  11 i a nq i i  a J c , 1 n tu r r Q p ti ng a n  y 

t i m e - s h a r i n g  systcrn a 5  a request  t o r  this 

p a r t i c u l 3 r  action,) Then t h e  a rqu rnen t  string i s  

sent as w i t h  the SEFiD t u n c t i o n .  . 
R E C V C I i A F  ( <number> ) 

ev?iluatc.cj to a pos~tivc. i n t e J P r ,  N. T t  collects X 

out.p!~t. cha rac t e r s  t r o n  t h e  p s e u d o - t e l e t y p e  

f-.uuct.ion cd l l ,  wfit.re Y i s  less t h a n  o r  e q u a l  t o  N. 

I t  t.here a r e  l e s s  t h a n  N c h a r a c t e r s  ( b u t  a t  Lc?st 

cn:) t h e n  these c h a r a c t ? c t s  are returricd a s  t he  

v a f n c  of  t h e  f u n c t i o n .  I t  t.herc a r n  N o f  more 

c h a r a c t e r s  of out,put t k c > n  the t i rs t -  N characters 

a r c  r e t u r n e d  as the val i la ,  T-t t h c r c ,  1s no o u t . p U t  

then the t u n c t i o n  t a 1 . 1 ~ .  

c 



F F C V L I h E (  ) 

The p u r p o s e  o t  t!ii.c; r u r i c t i o n  i s  t o  ga ther :  

o u t ~ 3 t  +rom the  p s p u d o - t e l e t y p e  l i n P  Uy Line. The 

t u n c t i o r i  talc:-is no ar?urnar,ts a n d  r e tu rns  a s  i t s  

vaJ.ue the n e x t  l i n e  t r o n  t h e  o r i % p i i t  ox t h e  

FSf?UdO-tC!Lc2tyi)t2.  I'f t h r j r c ?  1s no more o u t . D U t  t h e 1 1  

t h e  t u n c t i o n  t a i l s ,  

ECHO ( < n u m b e r >  ) 

For co i iversa t  ion.xl a p p l i c a t x o n s ,  i t  may be 

d e s i r e a b l e  t o  o c c % s i o n a l l y  r l l lov  t h e  us9r to 

interact d i r e c t l y  w i t h  the p s e u d o - t e l e t y p e  through 
. 

his owIi coI isole ,  9 program t o  d o  t h i s  would 

a )  accept d cha rac t c r  ( o r  characters) tro!n the 
User 
b )  S E E D  the C h d C d c t P r s  t o  t h p  p s c u d o - t e l e t . y p c  
c) g a t h e r  th.7 r e p l y ,  zt a n y ,  w i t h  ItECVCklhH or 
R FC V 1, I TJ E; 
d )  p r x n t  t h e  r e p l y  on t h e  u s e r ' s  c o i ~ s o l e  
e)  go t o  step a. 

o u t p u t  a t  t h e  user's c o n s o l e  - once Tor h i s  t y p i n g  

of t h e  c h a r d c t e r ,  a n d  once a s  p a r t  o r  t h r !  o u t p u t  

c a 1 l r . d  w i t h  n e g a t i v ~  n r c f i i ~ e r i t ,  t u r n s  o f f  t h c  

e c h o i n g  0 2  a1.1 c h a r a c t o r s  i n n u t  t o  the USGT*S 
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c, 

T h p  a ? p c ~ n d z x  c o n t a i n s  a program w h i c h  r ep resen t s  a n  

e x a m p l e  of  the use ot t h e  a b o v e  t i x n c : t i . o n s  ( i n h e d r l e t l .  in a 

S N O R C t 3  l a n g u a g e  processor )  o p p r a t z n g  o n  a h y p o t h e t i c a l  

m ti me- s ha r in f system, T h e  e x a m p l ?  d e i n o n s t r a t n s  a 

s t r a i g h t f c r w a r l  a p p l r c a t  Lon o t  t h e  t a c i  Lity r O E  

consclidatlng a l e n g t h y  conmnnd s e q u c n c 2  i n t o  a s r n q l e  

co~nrnand. r k  also shows how the c o n l i t l o r i a l  t ea t .u res  can b e  

use.? b o t h  t o  c o n t r o l  arLd e v a l u a t e  t h e  n x c c u t i a n  0 2  tha ]oh 

q u c u p  r roccss  c o n t r o l .  pr0gra-n r i l e  m R c s  an:! il s u p e r v i s o r  

Frograr r  t o  s c q u e n t a i l l y  e x e c u t e  proccss  c o n t r o l  ~ o b s  r rum 

thc tiIPc-sStldri!Lg s y s t e ~ t  a n d  c o u l d  t ? x c c i r t e  w i t h  a g r e a t  deal. 

. 0.f c o i t l i t i a n a l  c o n t r o l  O v c r  t h e R s c l v e s .  Tt w o u l d  h c  V e r y  
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time-shacinq s y s t e m  ot t o u r  ~ r i v i l e q w i  r o u t i a e s  t r h l c h  w h e n  

c a l l e d  h y  a s u i t a b i y  au thor rzcr f  program :?oul.i: 
I 

A )  S i o i u l a t e  t h e  i n p u t  0 2  a charactc!r  a t  t h e  

k e y h o a r d  o t  another t e l a type .  (1.e. p u t  a 

c h a r a c t e r  i n t o  t h e  i n p u t  S u t t o r  o t  that t e l e t y p e . )  

€3) S u F p r e s s  t h e  t y p i n g  ot c h a r a c t e r s  put. into t h o  

c u t p u t  b u ‘ r f e r  of: a n o t  h c r  t e l e t y p e .  
-- 

C )  3 ~ a d  characters out o t  t h ~  o u t p u t  b u t t e r  0 2  

an c t h e r  t c l e  t ypc? a 

Tiatlire of: t h o  a l r e a d y  t ? x l s t h n ( j  t 1 - m ~ - s h a r i n g  systen,  a n d  is 

actually s v s  two s c p d r a t c  Jobs - t h e  c o n t r o l l i n q  prograrn 

a n d  t h o  ]oh !)i?zng controllrd. T h i s  m e a n s  t h a t  t w o  s n t - r y  

I 
TI 
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Vct G n l y  is t h i s  13. was?.>? ot a v a L u ? % b l C  s y s t e m  r+=so~lrce,  but 

it a l s o  results i n  a 5 i t t r c u L t  accounting prob lem,  D u r i n g  

process  c c n t r o l ,  tw ice  ar; much L O G I N  t i n e  1 s  c h a r g e d  t n ; l n  is 

a c t u a l l y  spent b y  a iiser a t  a p : iy : ; i ca l  c o n s o l e .  A n o t h e r  

c c n r r l 2 i n t  is t!ia% the rnrlirect a p p r o a c h  ot: u s i n g  teletype 

Duf t e r s  t o r  t h ( 3  comnun ica t ion  oi" commands b e t v e e n  t t i ?  two 

jobs sgems i n s f € i c i e n t  a n d ,  u n c l c a n .  

I n  a niorE! v a r s a t i l c  o ? o r a t i n g  system one  w 0 1 1 l c l  w i s h  t o  

cai isf  t h ?  c o n t r o l l e d  j o b  to e x e c u t e  as a s u b s i d i a r y  o r  

F a r a l l c l  proc;?ss olr t h e  c c n t r o l l i n g  prograin. This 

introduces S O T C  pro31cqs however. It i s  important t h a t  t h e  
. 

con tc rc l . l cd  j o S  execute  e x a c t l y  a s  i t  it were entered trom 3 

s t a n d a r d  consolt?.  In p a r t i c u l a r ,  i t  n u s t  9 a v e  a l l .  t h e  same 

c a p a b i  1itj.e:; ( c .  g .  dmolint: of: w i n o t y ,  n u n i b e r  * o t  rlevices 

c 

a t t a c h a b L n ,  n u i h e r  o r  t i l ~ s  it can simuLtaneously n p e n ,  

e t C ) .  Also, its u n i v e r s e  o t  d z s c o ~ ~ r s c ~  m u s t  b e  r e s t r i c t a d  t o  

only i t s  own c rea t ed  envi ron!nent ,  a n 3  n o t  t h a t  o t  t h e  

c o n t r o l l i n g  procjrniil, F o r  e x a m p l e ,  i f :  i n  t h e  coiirsc OT I ts  

~ 

4 

e t. t ec  t P i ! ,  
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i n s t e a d  of: a t e l e t y p e  o p n r a t i o r l .  PJotzce t h a t :  i t  t h e  

o g e r a t i r l q  sys te ln  perm1t .s  any Operat- ioI ls  : f h l C h  maice 

a s s u F F t i o n s  a b o u t  the n d t u r c  or COifl!1la2rf i n ~ Q t / o u t p u t  (9.r~. 

I I C L E A Q  ?EI,";YPE OUTPUT R U F ' F Z E R i i )  t h e n  t h e s e  r o i l t i n e s  m u s t  

pe r fo rm an equivalent o p e r a t i o n  when e x e c u t s d  b y  a 

c c n  t t c 1 l o  3 j o b .  

'These re , juire:nrnts  t o r  R c l e a n  i r n p l ~ r n ~ n t a t ~ . o n  o t  the 

c o n d i  t i c n a l  c o n v e r s a t i o n a l  co:gaarid processing raciiitres are 

i n  & a c t  q e n e r a l  p r o b l e i i s  0 2  c u r r e n t -  o p c r a t ~ : l q  s y s t ~ x  design. 
-_ 

8 

a u t o m a t e d  h y  t he  usc o t  t;-i.r? l ~ r r g u a g c .  T h e  most- n o t a h l e  



p r o c e s s  c a n  tic1 p u r k o r i a f l d  a u t o + n a t i c 3 l l y  i n  a r \ ? l a t i v e l y  s h o r t  

t i m c  w i t h  110 n u i n ~ n  i n t e r v e n t i o n  r c 3 q u i r + ? d .  

Scw ccrnpleted is t h e  e n : h e d l l i n q  o t  t n c .  t u i i c t r o n s  listed 

above  i n  a n  i m p l e ! 2 e n t a t i o ! 1  or  S N 0 9 0 L 4  a t  S e r K r t l e y .  Tho m u c h  

g r c a t c r  power  i n  t h e  SNOFOT, l d n q i i a q e  h a s  c n a b l c d  m u c h  more 

j o b  c o n t r o i  programs t o  h e  k r c i t t e n ,  

c a n  a d j u s t  t h 3 i r  e x e c u t i o n  i n  a v e r y  tlexihL" q a n n e r  as th e y  

o k s e r v o  t ln~ course o t  t h r ?  j a s  b c l n q  c o n t r o l l e d .  For 

(.i 

examFlp, cnc p c o ~ 3 r a m ~ e r  i n t ~ r e - ) ~ t ~ f [  I T I  a new x n t e r a c t i v e  t ~ x t  

e d i t i n g  CO:'?iiIdIJltl l a n g i l ? g e  h a s  b u x l t  a n  in te r t . acec  W l t h  t h e  

s t a n d , ? , r ?  e d i t o r  on t h e  system to a l l o w  e x p e r i n e n t a t i o n  w i t h  

it. 

5 u t l c r  Lamgson a d v i s e d  t h i s  research trom the 

b e g i n n i n g ,  and w ~ t h  Larry Barnes  h e l g n c i  s p e c i r y  the 

communic3 t i on  f - u : i c t i o n r ;  a n d  their. impLomrntat i .on on t h e  SDS 
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