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Abst rac t  

The performance of a da ta  processing system can only be pro- 

p e r l y  evaluated wi th  reference t o  s p e c i f i c  a r e a s  of a p p l i c a t i o n .  

I n  many of t h e  problems f o r  which it was intended t h e  S t r e t c h  

system outperforms t h e  704 by a f a c t o r  of about 35 t o  one, while 

i n  some a r i t h m e t i c a l  problems t h e  f a c t o r  r i s e s  t o  perhaps 50 and 

i n  c e r t a i n  l o g i c a l  problems drops t o  about f i v e .  I n  a few prob- 

lems which urgent ly  r equ i r e  i t s  l a r g e  s to rage ,  long word-length 

and b u i l t - i n  checking, S t r e t c h  more than meets i t s  design objec- 

t i v e  of outperforming t h e  704 by more than a hundred t o  one. 

t


Most of t h e  shortcomings i n  t h e  l o g i c a l  design of  S t r e t c h  can 

be t r a c e d  t o  poor communication between t h e  planners  and t h e  de- 

s i g n e r s  and t o  s e t t i n g  q u i t e  s p e c i f i c  goa ls  i n  c o n t r a c t s  and 

pub l i c  announcements f o r  what was r e a l l y  a "best  e f f o r t "  develop- 

ment p r o j e c t .  The planners  should have s tayed with t h e  p r o j e c t  

longer .  The t r i a l  programming and s imulat ion e f f o r t s  should have 

been s t a r t e d  sooner,  carr ied.  on longer ,  and taken more s e r i o u s l y .  

Had it no t  been f o r  t h e  p u b l i c i t y  and t h e  competit ion provided by 

t h e  7090 ( i t s e l f  based on S t r e t c h  technology),  S t r e t c h  might w e l l  

have received unqual i f ied  acclaim. 



adams associates 


Contents 

Abs t rac t  ia a a 

In t roduct ion  . . . .. 1.a a I )  ~ ~ 

General C r i t e r i a  f o r  Systems Evaluation . 1 

Evaluat ion of  S t r e t c h  - * - . . 2~ 

Object ives  of P ro jec t  S t r e t c h  . . 6~ 

Comments of t h e  Design o f  S t r e t c h ., . 9 


Conclusions - . - . * * . 

c 

14 



adams associates 

In t roduct ion  

The ob jec t  of  t h i s  r epor t  i s  t o  d i scuss  genera l  c r i t e r i a  f o r  

eva lua t ing  computer systems, apply these  c r i t e r i a  t o  t h e  IBM S t r e t c h  

system, and comment on t h e  ob jec t ives  s e t  and t h e  dec i s ions  made i n  

t h e  development of h a t  system. Sn t h e  prepara t ion  Q f  t h e  r e p o r t ,  
t 

many of t h e  people involved i n  P ro jec t  S t r e t c h  were interviewed and 

a l a r g e  number of w r i t t e n  and verba l  r e p o r t s  were reviewed, Every 

e f f o r t  has  been made t o  eva lua te  f a i r l y  t h e  S t r e t c h  system and t o  

c o r r e l a t e  i t s  u l t ima te  performapcq wi th  the  dgsign dec is ions  on which 

it i s  based. 

* 
General C r i t e r i a  f o r  Systems Evaluation 

The u l t ima te  c r i t e r i o n  i n  t h e  eva lua t ion  of  a da t a  process ing  

system is  t h e  o v e r a l l  c o s t  e n t a i l e d  i n  performing the  work it i s  

t o  do. The p r i n c i p a l  elements i n  t h e  c o s t  a r e :  

1. Prepara t ion  of t h e  program i n i t i a l l y ,  

2 .  P repara t ion  of da t a  f o r  processing.  

3 .  Machine running t ime. 

4. Machine down time (maintenance, r e p a i r ,  re run  t ime) .  

5.  Machine r e n t a l  per  u n i t  t ime. 

O f  t h e s e  f i v e  major elemenes of c o s t ,  a l l  but  t h e  r e n t a l  of t h e  

machine a r e  dependent no t  only on t h e  machine design but  a l s o  on 

both  t h e  na tu re  of t h e  problems t o  be handled and t h e  s k i l l  of  t h e  
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programmers who prepare the  problems f o r  running. Consequently it 

is  poss ib l e  t o  eva lua te  a da ta  processing system accura t e ly  only 

wi th  re ference  t o  t h e  type of problems f o r  which i.t i s  t o  be used 

by a p a r t i c u l a r  customer. 

An approximate eva lua t ion  may be obtained by neg lec t ing  a l l  

f a c t o r s  except t h e  machine running time and the  r e n t a l .  This may 

be j u s t i f i e d  on t h e  grounds t h a t  t he  c o s t  of prepar ing  programs i s  

dependent more on the  ava i l ab le  software than on machine design and 

t h a t  da t a  p repa ra t ion  and down time do not  u sua l ly  d i f f e r  subs tan-  

t i a l l y  from one machine t o  another .  By e s t a b l i s h i n g  a s  a s tandard  

of measurement some reasonable mixture of t y p i c a l  problems, it be-

comes poss ib l e  t o  eva lua te  an 'paverage'? machine running t i m e  and 

thereby ob ta in  a f i g u r e  which is use fu l  a s  a f irst  approximation 

t o  t h e  o v e r a l l  performance of a given system. I n  comparing two 

systems which a r e  l o g i c a l l y  s i m i l a r ,  such a rough "average" f i g u r e  

of  mer i t  w i l l  be much more meaningful than  it w i l l  i n  cornparing 

systems which d i f f e r  g r e a t l y  i n  t h e i r  l o g i c a l  s t r u c t u r e s  and i n  

which t h e  f i g u r e  the re fo re  v a r i e s  g r e a t l y  fP&m one problem t o  

another .  

Evaluat ion o,f S t r e t c h  

In  l i g h t  of t h e  remarks of t h e  previous s e c t i o n ,  no s i n g l e  

q u a n t i t a t i v e  measure of performance has  been sought.  The e f f o r t  

has  been r a t h e r  t o  e s t a b l i s h  a q u a l i t a t i v e  eva lua t ion  by consid- 

e r i n g  many f a c t o r s .  
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While t h e  most important s i n g l e  c r i t e r i o n  i s  speed, no inde-

pendent t e s t s  of r e l a t i v e  speed were run during t h i s  s tudy.  For 

one t h i n g ,  t h e r e  appears t o  be no reason t o  doubt t h e  f i g u r e s  ob- 

t a ined  by IBM and Los Alamos personnel.  Then, t o o ,  t h e  uncereain- 

t i e s  a s  t o  what problem mix should be considered g r e a t l y  exceed 

t h e  unce r t a in ty  i n  t h e  t iming of i nd iv idua l  runs ,  One of  t h e  most 

i n t e r e s t i n g  s e t s  of r e s u l t s  obtained by o the r s  show t h e  fol lowing 

r a t i o s  i n  comparison t o  t h e  704: 

matr ix  m u l t i p l i c a t i o n  33 

Laplqce equat ion 32 

Bengt Carlson loop 37 

polynomial, many terms 52 


I p a r t  of weather p red ic t ion  35 

The "average" might be s a i q  t o  be about 35 times t h e  704 speed. 

The unce r t a in ty  i n  t h i s  f i gu re  i s  c l e a r l y  shown by t h e  f a c t  t h a t  i n  

t h e  eva lua t ion  of a polynomial (and o the r  problems involving a l a r g e  

propor t ion  of f l o a t i n g  poin t  a r i thmet ic )  S t r e t c h  shows performance 

50 t imes t h a t  of t h e  704, while on problems which r equ i r e  cons tan t  

use of branching and do not  involve any apprec iab le  amount of a r i t h -

metic  t h e  f igu re  i s  i n  t h e  v i c i n i t y  of f i v e .  (S t re tch  i s  , a c t u a l l y  

Slower than  t h e  7090 i n  such l o g i c a l  problems a s  b inary  sea rch ) .  

I n  add i t ion  t o  t h e  quest ion of speed, S t r e t c h  o f f e r s  numer- 

ous impressive f e a t u r e s  which a r e  d i f f i c u l t  t o  eva lua te  quan t i t a -  

t i v e l y .  For example: 

t h e  l a r g e  capac i ty  and hiyh speed permit t h e  handl ing 

of problems which could no t ,o the rwise  be solved on 
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any e x i s t i n g  computer -- such problems a s  l a r g e  

hydrodynamical probl ems and extensive s imulat ions 

" which would r equ i r e  months t o  complete on a 7090, 

and l a r g e  da t a  handl ing jobs  l i k e  weather fo re -  

c a s t i n g  where a time deadl ine must be met. The 

number of problems which cannot be handled. on t h e  

7090 i s  not  s u b s t a n t i a l  a t  p resent  bu t  t h i s  i s  

p a r t l y  due t o  t h e  f a c t  t h a t  u n t i l  S t r e t c h  became 

avai lable '  t h e r e  was l i t t l e  po in t  €or  anyone i n  

s tudying problems which would f a l l  i n t o  t h i s  c l a s s .  

t h e  e l abora t e  b u i l t - i n  checking system e l imina te s  

t h e  need f o r  much of t h e  program checking which 

would otherwise be re4ui red  and minimizes t h e  

amount of time l i k e l y  t o  be requi red  i n  rerunning 

i n  t h e  event of a machine f a i l u r e .  To some use r s  

(apparent ly  t o  Carlson a t  Los Alamos, f o r  example) 

t h i s  could be equiva len t  t o  having the  computer 

be twice a s  f a s t  a s  it is .  

t h e  long word-length permi ts  more accura te  r e s u l t s  

t o  be obtained than a r e  normally obtained on t h e  

7090 un le s s  double p rec i s ion  i s  employed. Since 

double p rec i s ion  slows t h e  7090 down s u b s t a n t i a l l y ,  

t h i s  t o o  could e a s i l y  be worth a f a c t o r  of two o r  

more i n  some cases. I n  most o the r  cases  the  r e s u l t s  

obtained from the  S t r e t c h  would have an in t ang ib le  
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added value i n  being more p rec i se  than those  from 

t h e  7090 (although th i s  e x t r a  p rec i s ion  may not  

always be of value) 

t h e  extensive i n s t r u c t i o n  r e p e r t o i r e  and o the r  

l o g i c a l  f e a t u r e s  of S t r e t c h  permit a very substan- 

t i a l  reduct ion i n  t h e  amount of memory requi red  f o r  

many k inds  of programs. This reduct ion  i n  t h e  num- 

b e r  of i n s t r u c t i o n s  i s  a l s o  one of t h e  means by 

which t h e  e f f e c t i v e  speed of t h e  machine was i n -

creased.  On t h e  oTher hand, t h e  attempt t o  make 

t h e  system easy t o  use has  backfired t o  some ex- 

t e n t :  the speed of some of t h e  VFL i n s t r u c t i o n s  

i s  s o  low t h a t  t h e i r  use i s  t o  be avoided; t h e  

index and f l o a t i n g  a r i t hme t i c  must be c a r e f u l l y  

in t e r spe r sed  o r  speed i s  l o s t ;  and t h e  conventional 

(e .g . ,  7090) s i t u a t i o n  i n  which branch and index 

i n s t r u c t i o n s  a r e  very fast  has been completely 

reversed  i n  Stre-t;ch s o  t h a t  new coding techniques 

a r e  requi red  

On balance,  S t r e t c h  c e r t a i n l y  does not  outperform t h e  704 by 

a f a c t o r  of 100  a s  o r i g i n a l l y  pred ic ted .  The f a c t o r  i s ,  however, 

a t  l e a s t  30 and i n  some cases  w i l l  be a s  high a s  50 o r  60.  S t r e t c h  

consequently r ep resen t s  a g i a n t  s t e p  from t h e  technology of t h e  time 

i n  which it was or ig ina l . iy  proposed, 
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The 7090,  making use of a l l  of t h e  c i r c u i t  and core memory 

technology of t h e  S t r e t c h  toge the r  with the  l o g i c  o f  t h e  704 ,  has  

provided such a s t rong  competitor t h a t  a reduct ion  i n  t h e  p r i c e  of 

t h e  S t r e t c h  system has been made i n  an e f f o r t  t o  keep t h e  two sys-  

tems proper ly  cQmpetitive. It  seems l i k e l y ,  however, t h a t  t h e  

p r i c e  reduct ion a c t u a l l y  e s t ab l i shed  was unnecessar i ly  g r e a t  and 

t h a t  S t r e t c h  a t  i t s  new p r i c e  i s  a considerable  bargain f o r  many 

types  of problems. 

Object ives  of Pro jec t  S t r e t c h  

The ob jec t ives  of P ro jec t  S t r e t c h  were broad and ambitious.  
t 


That they  were very n e a r l y  reached is indeed an impressive achieve- 

rnqnt!. That t h e  f i n a l  product of t h e  e f f o r t  has  been t h e  sub jec t  of 

much cri t icism r e s u l t s  from an ambivalence of purpose: d e s p i t e  t h e  

s p e c i f i c  and d e t a i l e d  na tu re  of t h e  Los Alamos and Bureau of Ships 

c o n t r a c t s ,  S t r e t c h  had many of t h e  a spec t s  of a b e s t  e f f o r t  r a t h e r  

than  a product development p r o j e c t .  

Not only were t h e  two c o n t r a c t s  q u i t e  d i s s i m i l a r  i n  t h e i r  re-

quirements,  but  a commercial system was a l s o  p a r t  of t h e  goa l .  There 

was, i n  f a c t ,  q conscious e f f o r t  t o  produce a j ack -o f -a l l - t r ades ,  

without  s u f f i c i e n t  r e a l i z a t i o n  t h a t  it could w e l l  end up a master 

of none. 
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The statement of purpose and t h e  j i  s t i f i c a t i o n  o f fe red  by 

F .  P .  Brooks, Jr., i n  Chapter 2 of the  superb chronic le  of t h e  

S t r e t c h  p r o j e c t  compiled by W. Buchholz ( t o  be published under 

t h e  t i t l e  Planning a Computer System) i s  revea l ing .  

"In add i t ion  t o  being f a s t ,  t h e  S t r e t c h  computer 

was t o  be t r u l y  a genera l  purpose computer, 

, r e a d i l y  appl icable  t o  sc i en t i f i ' c  computing, 

business  da t a  processing,  and var ious  l a r g e  

information processing t a s k s  encountered by 

t h e  m i l i t a r y .  I n  1955-56, when t h e  genera l  

ob jec t ives  of P ro jec t  S t r e t c h  were s e t ,  it was 

apparent t h a t  t h e r e  e x i s t e d  a few a p p l i c a t i o n s  
* 

f o r  a very high performance computer i n  each of 

t hese  a r e a s .  There i s  no quest ion but t h a t  t h e  

computer could have been made a t  l e a s t  twice a s  

f a s t ,  wi th  perhaps no more hardware, were it 

spec ia l i zed  f o r  t h e  performance of one o r  a 

very few s p e c i f i c  computing a lger i thms.  This 

p o s s i b i l i t y  was r e j e c t e d  i n  favor  of a genera l  

purpose computer f o r  four  reasons,  each of which 

would have su f f i ced  : 

1. 	 No prospect ive user  had a l l  of h i s  

. 	 work confined t o  $0 few programs, nor 

could any user be sure  t h a t  h i s  needs 

would no t  change s i g n i f i o a n t l y  during 

t h e  l i f e  of t he  machine." 
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While t h i s  statement i s  incon tes t ab le ,  one can s e r i o u s l y  ques t ion  

t h e  impl ica t ion  t h a t  a powerful genera l  purpose system aimed a t  a 

s p e c i f i c  class of problems would not  f i l l  a need, 

" 2 .  If a computer were designed t o  per- 

form we l l  on t h e  e n t i r e  class of 

problems encountered by any one u s e r ,  

t h e  s h i f t  i n  balance requi red  t o  make 

it r e a d i l y  appl icable  t o  o the r  u se r s  

would be q u i t e  small ." 

Even d is regard ing  t h e  f a c t  t h a t  much of t he  d i f f i c u l t y  i s  wrapped up 

i n  t h e  b i g  t h e  t r u t h  of t h i s  i s  hard ly  se l f - ev iden t .  I f i f , "  

" 3 .  Since t h e r e  e x i s t e d  only a few a p p l i -  
* 

c a t i o n s  i n  each spec ia l i zed  a r e a ,  and. 

s ince  the  development c o s t s  of a com-

p u t e r  of very high performance a r e  

s e v e r a l  t imes t h e  f a b r i c a t i o n  c o s t s ,  

each user  could i n  f a c t  acqui re  a 

genera l  purpose computer, containing 

hardware he d id  not  e s p e c i a l l y  need, 

more cheaply than he could acqui re  a 

machine more p r e c i s e l y  spec ia l i zed  f o r  

h i s  needs." 

I n  most cases  very h ighly  spec ia l i zed  systems a r e  uneconomical as 

s t a t e d ,  bu t  extending t h e  reasoning t o  j u s t i f y  an attempt a t  an 

al l -purpose machine r ep resen t s ,  i n  h inds igh t ,  a s e r ious  underestimate 
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both of t he  market f o r  more spec ia l i zed  l a r g e  systems and of t h e  

c o s t  of inc luding  powerful f e a t u r e s  aimed a t  r a d i c a l l y  d i f f e r e n t  

a r e a s  of app l i ca t ion .  

"4. Since t h e r e  a r e  r e a l  l i m i t a t i o n s  on 

the  s k i l l e d  manpower and o the r  f a c i l i -  

t i e s  a v a i l a b l e  f o r  development e f f o r t s ,  

it would not  have been poss ib l e  t o  de-

velop s e v e r a l  s u b s t a n t i a l l y  d i f f e r e n t  

machines of t h i s  performance c l a s s  a t  

once, whereas it was poss ib l e  t o  meet 

a v a r i e t y  of needs f o r  very high per-  .' 

formance computers with a s i n g l e  machine." 

S t r e t c h  (and expec ia l ly  Harvest), i s  l i t t l e  more than a melding of 

s e v e r a l  s u b s t a n t i a l l y  d i f f e r e n t  machines i n t o  one, which would seem 

on t h e  sur face  t o  be even more d i f f i c u l t  than  designing s e v e r a l  d i f -  

f e r e n t  systems f o r  more r e s t r i c t e d  purposes. 

Comments on t h e  Design of  S t r e t c h  

S t r e t c h  was intended t o  achieve i t s  power through f a s t e r  c i r -

c u i t r y ,  f a s t e r  l o g i c a l  implementation of t h e  b u i l t - i n  a r i t h m e t i c  and 

l o g i c a l  opera t ions ,  mult iplexing on a micro l e v e l  through t h e  exchange 

and look-ahead f e a t u r e s ,  mult iplexing on a macro l e v e l  through t h e  

i n t e r r u p t  f e a t u r e ,  and the  in t roduc t ion  of new i n s t r u c t i o n s  t o  reduce 

t h e  number of s t e p s  requi red  i n  t h e  s o l u t i o n  of common problems. In 
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a d d i t i o n ,  e l abora t e  e r r o r  d e t e c t i n g  and e r r o r  co r rec t ing  techniques 

a r e  used, p r imar i ly  t o  f a c i l i t a t e  maintenance, and t h e  l o g i c  of t h e  

i n s t r u c t i o n  r e p e r t o i r e ,  i n t e r r u p t  f a c i l i t y  and look-ahead scheme 

a r e  a l l  requi red  t o  be foolproof i n  use [the programmer-user is no t  

requi red  t o  adhere t o  any r u l e s  of program syntax merely f o r  con- 

venience of t h e  machine designers) * Each of  t hese  a s p e c t s  of design 

deserves  ind iv idua l  comment here .  

C i r c u i t s  and components: t he  au thors  of t h i s  r e p o r t  a r e  not  

competent t o  eva lua te  c r i t i c a l l y  t h e  design of  t h e  c i r c u i t s  nor t h e  

magnetic core  memories i n  S t r e t c h .  C lea r ly ,  i f  t h e  c i r c u i t s  had been 

f a s t e r ,  t h e  computer would have been f a s t e r  and t h e  o r i g i n a l  objec- 

t i v e s  might very we l l  have been*met. That they  were not  f a s t e r  

apparent ly  r e f l e c t s  over-optimism i n  t h e  o r i g i n a l  s p e c i f i c a t i o n s  

f o r  S t r e t c h  s e t  a t  a time when t r a n s i s t o r s  were s t i l l  a l abora to ry  

c u r i o s i t y .  Evident ly  twenty-nanosecond c i r c u i t r y  was a r e a l  achieve- 

ment; t e n  o r  f i v e  was asking f o r  t o o  much a l l  a t  once. S imi l a r ly ,  

two-microsecond memories were an impressive development; and t h e  slow- 

down i n  c i r c u i t s  and l o g i c  obviated the  need f o r  a half-microsecond 

memory s o  t h a t  d i f f i c u l t i e s  i n  t h a t  a r ea  a r e  not  h ighl ighted .  

Fas t  a r i t h m e t i c  and lqgic:  t h e  speed of the  f l o a t i n g  po in t  

arithmetic u n i t  i s  q u i t e  impressive i n  view of t h e  clock i n t e r v a l  

which is now 0 . 3  microseconds r a t h e r  than t h e  intended 0 . 1  microsec-

onds. The o r i g i n a l  s p e c i f i c a t i o n s  f o r  d i v i s i o n  were set  much t o o  

h igh ,  and t h e  f i n a l  c o s t  of t h e  m u l t i p l i c a t i o n  opera t ion  i s  almost 
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abgurdly high; nonetheless the l o g i c a l  design does much t o  keep S t r e t ch  

within near reach of i t s  goals.  

The var iab le- f ie ld- length  a r i thmet ic ,  on the  o ther  hand, i s  

s t a r t l i n g l y  slow by cont ras t  - s o  much so t h a t  t he  value of having 

the  VFL operat ions a t  a l l  is  somewhat questionable (as discussed be- 

low i n  reference t o  the  "foolproof" design) -

The Branch-on-Bit i n s t ruc t ion  i s  perhaps the  most notor ious of 

a l l .  Intended a s  an u l t r a - f a s t ,  v e r s a t i l e  l o g i c a l  operat ion,  it was 

mechanized a s  a VFL i n s t r u c t i o n  requi r ing  four  data  s torage accesses 

(where usua l ly  one and a t  most two a re  requi red) ,  uses 0 .6  micro-

second VFL data t r a n s f e r s ,  and g e t s  badly entangled with the  look-

ahead f a c i l i t y ,  r e s u l t i n g  i n  thk ludicrous average execution time 

of near ly  15 microseconds i f  the  branch occurs,  So l i t t l e  consider- 

a t i o n  was given t o  the  speed of t h i s  important i n s t r u c t i o n  t h a t  t he  

time it requi res  was not appreciated by anyone u n t i l  January 1 9 6 1  

when the  computer was a c t u a l l y  i n  operation and speed t e s t s  were 

made. So l i t t l e  ana lys i s  of timing was made t h a t  it was not u n t i l  

May 18,  1 9 6 1 ,  t h a t  anyone worked out where a l l  the  time goes i n  the  

performance of t h i s  operation. 

Exchange and look-ahead: the  bas i c  concepts of the  exchange 

and of the  Look-ahead u n i t  both represent  major developments i n  

computer technology and cont r ibu te  might i ly  t o  the  e f fec t iveness  

of S t r e t ch .  Unfortunately,  p r a c t i c a l  d i f f i c u l t i e s  were encountered 
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i n  t h e  design of t h e  Book-ahead u n i t  - due in p a r t  t o  c o n f l i c t  wi th  

t h e  i n t e r r u p t  f e a t u r e  as descr ibed below and i n  p a r t  t o  inadequate 

handling of s t o r e  i n s t r u c t i o n s  - which l i m i t  i ts e f f ec t iveness ;  and 

the  u n i t  i s  perhaps more e l abora t e  and expensive than it needs t o  be. 

I n t e r r u p t  f e a t u r e :  t h e  i n t e r r u p t  f e a t u r e  serves  two d i s t i n c t  

purposes -- it f a c i l i t a t e s  macro-level mul t ip lex ing  and it provides  

a means f o r  dea l ing  wi th  such except ions a s  a r i t h m e t i c  overflow and 

such malfunctions a s  p a r i t y  o r  a r i t hme t i c  e r r o r s ,  For  t h e  second 

purpose,  t h e  des igners  i n s i s t e d  on instantaneous i n t e r r u p t i o n ,  which 

r equ i r e s  recovering from whatever has  a l ready  happened i n  t h e  look-

ahead u n i t ,  even though t h i s  i s  not  a p a r t i c u l a r l y  important f e a t u r e  

a.nd i s  not  even requi red  i n  proyiding f o r  concurrent opera t ion .  The 

tremendous cos t  of t h i s  instantaneous i n t e r r u p t i o n  i n  view of i t s  

c o n f l i c t  wi th  t h e  look-ahead l o g i c  was not  recognized a t  t h e  o u t s e t  

and was not  ac t ed  upon a t  t h e  l a t e r  s t ages  of t h e  design.  

I n s t r u c t i o n  r e p e r t o i r e :  t he  l o g i c a l  power of t h e  i n s t r u c t i o n s  

provided i n  S t r e t c h  a r e  a pleasure t o  behold,  u n t i l  one l e a r n s  t h e  

d e t a i l s  of t h e  opera t ing  t imes.  The th ree -pa r t  index words appre- 

c i a b l y  reduce t h e  number of i n s t r u c t i o n s  requi red  i n  some loops ,  

bu t  unfor tuna te ly  were so  complex t o  implement t h a t  t hey  run r a t h e r  

slowly and may, on balance,  be l e s s  e f f i c i e n t  t han  would a s.impler 

bu t  f a s t e r  indexing s t r u c t u r e .  Provis ion f o r  addresses  of var ious  

l e n g t h s ,  f o r  va r i ab le  by te - s i zes ,  and f o r  full-word i n s t r u c t i o n s  

s t r a d d l i n g  a word boundary a r e  p l eas ing  f e a t u r e s  t o  t h e  u s e r ,  u n t i l  
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t h e  p r i c e  i n  speed and cos t  is examined, The d i f f s c u l t y  aLb seems 

t o  come from s e t t i n g  s p e c i f i c a t i o n s  without regard f o r  speed and 

c o s t ,  then f a i l i n g  t o  modify t h e s e ’ s p e c i f i c a t i o n s  when t h e  e f f e c t  

on speed and c o s t  beeame known. 

Checking: wi th  h inds igh t ,  it seems l i k e l y  t h a t  b u i l t - i n  check-

i n g  and e r ro r -co r rec t ing  f a c i l i t i e s  were overdone; t h e  value i s  

no t  worth t h e  c o s t .  On t h e  o the r  hand, t h e  dec is ion  was probably 

a sound one when it was made s ince  t h e r e  was l i t t l e  assurance t h a t  

so l a r g e  a system could be [fade t o  run a t  a l l  without i t .  And t h e  

checking does reduce machine time used i n  programmed checking and 

l o s t  i n  maintenance, perhaps increas ing  machine e f f e c t i v e n e s s  by 

a s  much a s  a f a c t o r  of two i n  scge cases .  

Foolproof s o p h i s t i c a t i o n :  t h e  combination of v a r i a b l e  f i e l d  

l eng th  a r i t h m e t i c  and a powerful. i n s t r u e t i o n  r e p e r t o i r e  with a r e -

quirement t h a t  t h e  i n s t r u c t i o n  s e t  be complete, symmetrical and 

not  burdened with s p e c i a l  r u l e s  f o r  use d i c t a t e s  excessive com-
* 

p l e x i t y  which r e s u l t s  i n  d e t e r i o r a t i o n  i n  terms of speed and c o s t .  

This i n  t u r n  d e f e a t s  t h e  purpose. Far from avoiding a burden on 

t h e  u s e r ,  it n e c e s s i t a t e s  use of a complex manual [still  i n  pre-

para t ion)  t o  show how t o  mix var ious i n s t r u c t i o n  types  f o r  o p t i -  

mum speed, The VFT, i n s t r u c t i o n s  are intended t o  s impl i fy  da t a  

handl ing and l o g i c a l  opera t ions  such a s  a r i s e  i n  w r i t i n g  compilers 

a s  we l l  a s  i n  business-type problems. Yet D r .  CampbelSss group is  
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f ind ing  it necessary t o  use f loa t ing -po in t  i n s t r u c t i o n s  t o  do f ixed-  

po in t  work because the  VPL opera t ions  a r e  t o o  slow -- a crowning 

i rony .  The b a s i c  problem is  t h a t  exper t  programmers do n o t  r e a l l y  

need e l abora t e  nor  foolproof l o g i c ,  while  novices w i l l  not  make 

e f f e c t i v e  use of i t .  

Conclusions 

The S t r e t c h  system comes reasonably c lose  t o  meeting i t s  goa l s ,  

missing by perhaps a f a c t o r  of t h r e e  when problems weJl s u i t e d  f o r  

t h e  704 o r  7090 a r e  considered,  bu t  doing much b e t t e r  on problems 

which r equ i r e  i t s  l a r g e  s to rage ,  long word-length and b u i l t - i n  
* 

checking. 

The two genera l  problems - l ack  of communication between t h e  

r e p r e s e n t a t i v e s  of t h e  var ious  aspec ts ,  of design,  and t h e  l ack  of 

a s p e c i f i c  goa l  of which a l l  were aware - were c e r t a i n l y  t h e  r o o t  

of whatever d i f f i c u l t y  was encountered i n  P ro jec t  S t r e t c h .  Equally 

c e r t a i n l y ,  t h e  s p e c i f i c a t i o n s  o r i g i n a l l y  given were extremely o p t i -  

mistic.  Even though a development e f f o r t  w i l l  seldom reach g r e a t  

he igh t s  without s e t t i n g  d i s t a n t  goa l s ,  it was inadvisable  t o  an- 

nounce design ob jec t ives  based on conjec tures  of  new technologica l  

achievements a s  conf ident ly  a s  was done i n  t h i s  case.  

Many of t h e  d i f f i c u l t i e s  commented on i n  t h e  preceding sec t ion  

would have been avoided i f  t h e  planners  had s tayed wi th  t h e  design 
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u n t i l  t h e  d e t a i l e d  l o g i c a l  design was complete. Much more sample 

programming should have been done e a r l y  i n  the  game t o  prove t h e  

d e s i r a b i l i t y  of some of t h e  novel f e a t u r e s  of t h e  s p e c i f i c a t i o n s .  

The l i m i t e d  s imulat ion work c a r r i e d  out i n  1958 should have s t a r t e d  

e a r l i e r  and been c a r r i e d  on longer .  The sirnulation r e s u l t s  obtained 

should have had more e f f e c t  on t h e  design than  they  d id .  

I t  seems ev ident  t o  t h e  au thors  t h a t  t h e  genera l  problems en-

countered i n  t h e  design of S t r e t c h  must have been encountered i n  

t h e  design of most o the r  new systems by IBM (as w e l l  a s  by i t s  com-

p e t i t o r s )  and have perhaps been no b e t t e r  solved.  Very probably 

t h e  improvements t h a t  could have been achieved through b e t t e r  com-

munications and b e t t e r  goa l - se t t i ng  i n  t h e  design of systems such 

as t h e  7070 and even t h e  650 might have been j u s t  a s  spec tacu la r  

a s  those which could have been achieved i n  t h e  case of t h e  S t r e t c h .  

I n  t h e  absence of t h e  advance p u b l i c i t y  and t h e  7090 competi t ion,  

t h e  S t r e t c h  might w e l l  have received unqual i f ied  acclaim. 


