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General Electric Company 
Knolls Atomic Ppwer Laboratory 
Schsnectady, New York 

I 
1 

I
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Attention: Dr. Richard Ehrlich, Manager, Advaqcsd DevaJ, Actfvity 
I 

I Gentlemen: 
I 

’ I 
! ’  

To assis t  you in your evaluatim of the IBM $TRETCH CornputakSyutarrn 
far purpoeso of your recommendatiw to Naval Recactarp:, &QC, w e  ax? 
eubmitting this proposal. All pu~chpraand rental prices are spac\d 
quotatfone. In Hew of your stated intarrjste, rental pdaee @re wed 
throughout . 
We recornmead that ra minimum STRETG~Cdmputer be installed at 

&~olleAtomic P o w e r  Laboratory in thra firat quarter of 1961. 

The proposed aystem rentsFfor $136,900 per month includtdg total IBM 
service -- wintcsaance, parts, local s a l e s  service, Applied Science 

,, 

service,  cducatianal service, Applied Programming aide, publieattono. 
The coat of one, ahift of operation of this STRETCH Computer in 1961 
compares favorably with th’e $80-$90,000 per moa* which you are pay-
ing for a multiple shift IBM 704 operation now, in 1959. ’. 

The additional cost for STRETCH in 1961 amounts to an increase of only 
3 percent over the total KAPL.operation8 budget fox 1958-59 fiecal year, ,. 

For theee additional monies, the General Electric Company w i l l  passeas 
a balanced high performance computer syrtem of the most advanced type. 
IBM has epant 4 years of intensive research and development ip produc-
ing the best computer ofwhich IBM engineering and experience Is capable.. 
The STRETCHwhich we recommend has 4 relative speed of 34  times the 
704; the larger system has fo relative speed of 168 times. (See Perforrn- 

1 , ance Section. ) 

The STRETCH Computer w i l l  offer the General Electric Company many 
prime advantagee; 

’1 
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w i l l  	be elashqd, The rdk.ri-

at  per calculation 
esible. Fox a mini tbe Wit Coat W i l l  be 8 b  5 ' 
reent of yo14presda , Far 8 largQroystem, it 

a. 8 pcicant. 
'. I , 

4. 	 It will assist  G.  E. in maintaining B posftlan d leadershkp 'Sn 
nuclear reactor design.' A gain in experfencer knowledge ' a d  I 

results by KAPL scianttPtrP aad engincsers i o  k gain  by $he 
aenaral Electric C o r n h y  in its cmmmerefal relietor devalop-
ment. 	 , ' 

5. 	 STRETCW Computer i s  9 Itleapforward1!in cokputer technology. 
It w i l l  grow with ywr,ne&de. I t  may 0e)rye yeur camputin&.load 
through 196 5.  It"elimipatee the need for intezirn cornputd'lrowith 
theis atfendant expenare of iaotallation, training, and program-. 

6 .  	 C.E.  wi l l  be in a poaition to take batter and immediate advan-
tage of: 

I' d 

c 	 breakthroughs in k31Wledge of the behaviar of atoms 
in their  environment. 

I 	 tapplied rna.tbemlrticr devslopmqnts, 

-	 programs devzalaped by Lo8 Ahmos AlEcC for their 
STRETCH Camgutrr. 

'7. 	 It enhances C. E.  ' 0  competitive poaition in ahact ing  contract 
awards. 
 F 


8. 	 It will extend the creative and productive capacity of acientista 
and engineere nmny fold. In turn, it w i l l  attract these pro-

c' 	 fessional people to the General Electric Company. 

, 
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,i l ,  

3. 	 Programming compatibility, 

4. 	 The answei to their long range w e d s ,  

5.  	 Benefite from the output at two e nd comptitltive ' 

laboratories. r I 

It i e  our belief that the LBM STRETCH ComputQri s  an excellbat 
answer to  your nesdrs of 196102965. . 
The contents of thle proposal are indicated on & ex sheat, Aa 
addendum by Dr. Hadnot will be completed by , The contents ' 
of the whole proposal are proprietary, 

Under appropriate ill pian to Iz1.;6tnu* I ,  

facturr! and del i; This , . , 

delivery c~rnm 

P. B,.Hartard, Brapc 

c 
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HISTORY OF DIGITAL COMPUTING 

n 

High speed dipjtal computing became a reality in 1953 with the delivary 
of the 701 ElectsonAc Data Processing -Machines to many major rciaatdia 
axid engineering argluaizations in the United Stateft. 
new frontisre in digital cornputins by virtue of the speed increase over 

This tool opened 

I 

previous methads. Large problems wtre.golveb by the 701 with a 
huntbed or more fold fncreare i n  *cad rhrltt. theCard PrqrarYh CaLc11-
lator which in i t s  day had repreaentad a giant step over manual methode. I 

c i .  
I 

Though the 701 repressnted a trcmendoue incrcaas in capability over 
previoue methdds, i t  was recognized bry the uaers that subrtantial ;Im* 
provaments in @peed, memory, inputjoutput, -4 in language w a U  Is 
required to solve many of the problerna at hand. 'the Atomic Energy 
Cornrniseios Laboratory, for exwnplc, has problems that would 
require thoueande of hourm to odve. The available machine time thus 
would not permit solution. 

IBM faced! the problem both in te2%~6of am immediate and a long range I 

solution 
t@ glniJrmaximurn utilizqtion of the c,ornpanents that were  well enough 
'developed in 1954 ta permit volume .productionof computlng eyatem s 

The immediate solution was product improvement deaignod 
I 

1 . - Thc 704 and 709,  each w~ththear bwn contribution, have yielded a sub 
etantial improvermerit over the @tab@ of the am% in 1953. ' 

. '  I 
LBM in 1955 had developed the drift junction transistor which operated 
effectively at 81. switching rate of ten megacycle8 per second. It also* 
appeated that these traksistoro could be m a ~ sproduced in sufficient 
volume to justify building large scale systems. The best magnetic , 

core etorags,techniqlurkat thia tjma gave a read/write cycle of .st, . 
microsecondso These factor u plue the demonstrated reliability of 
the solid otats corjlpoaents providod the  bario for the dorrign of a com-
puting eyatem whichWould iapreeent a hundred fold increase in peg-
forrnanee over the 7114. 

A contract war anterid betwe e &oLnxc Energy Commission and 
XBM in 1956 t~ devklop 8 m c  thtbine hundred times the per- W ? 
formance of the 704 had whicb W6qld be delivered in the firstwhalf of 
1960. The project waa callad STRETCH,. , % 
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In the fulflllment of this contract, a machine meeting the mutu;el objec-
t i m e  of both the AEC and lBM has bean developed. Technological 
advance8 euch a s  fast magnetlc core8 with 2 . 0  and 0 . 5  &croeecond 
cycle#, improved intermedtate access srtorage, and high capabllity 
imputloutput devices have simplified tho design task. New conceptls 
of logical organization have beenl d’evcloped which properly exploit 
these new componentsl to yield a high performance raystem. 

The design and fabrication of the system have progreeead on schedule 
with each objective met. The completed ay stem will  be delivered to 
the AEC’s Los Alamos Laboratorlea in May, 1960. 

With the build up in your computing load at KAPL, and your desire to 
obtain more detailed information cbncarning reactor behavior,0i t  was 
felt that P carnputer of the STRETCH magnitude would be of value to 
your laborathry. It would permit throe Dimensional Diffusion, Monte 
Carlo and Transport Theory problarne to BP in more ocQnomically, 

Accordiqgly the  following reporta were made to KAPL co&sraing 
STRETCH. 

, 
August 1958.-” 

Initial presentation on STRETCH Computer Ph;losophy made to a 
group of approximately 15 KAPL EnginqerB. , 

Staptember 1958 

.bpmonstrationaf&RETCH Compwents at Poughkeepsia, pew York 
wpade to Computer Iaforrnatian Grayp. 

8rogresar repart on STRETGW praaented to a grolfp of 17 KAPL Engineers. 
Syateme configoratian, Cmponent Characteristics and are& Pyrchasit 
Pr ices  for entire system given* 

, 



Presqnt&on of Purchase and M4ntenanc.e: Pnces by componentr bn '1 
8 STRE?kW in New Yark City. 

/May1959i 0 

I 
I Presentation of rental prices with varlous 

i posaiblc. 
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The logical orgalviaation of STRETCH is the result ' of experience gahed 
with a large family ofdata irocesaing syr~ternaand b r  b ~ htested 
through simulation on small machima 80 that it laepreaents a rnachhe 
wau ' W w c e d  between computing efficitncy, memory utilization and in-

'Ipf.at/Output capability. The rimulation efforts bava 'pprrnitted the de- , ,  
, 

1 oignerr to eva1Uatle the 8y4Bt0m performance agalnat tapraeentativeI problerna and determine tbe effects of different combinations of over-
lapped memory, of iave rlgpped inpot /output, a)o asithetic  e p t d s ,I t1 The: u8e of tho technique hs'1e.j.t.o a machine 1: & high performaace: 
anti that obtains Q yn utilization of its components. 

! P 

i The word $he of 64 bitB has been choten becauspe iif sevtt'Sa1rceions., 

sfas reference ratlo, 
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the normal and Noisy  Mode cornpu'tation indicate8 the effect of round-
off. 
ing the validity 01 his sulut \on. 

T'his feature is an invaluablc aid t o  the numerical analyst in t e s t -

Multiple precisian drithrrktic is simple on STRETCH because of the 
1arF;e (128bit) accuiriulator. This ,  together w'ith commmda that per.  
mit accumulation to  be tredtcd a6 a double precision quantfty, provjde 
a rapid mean8 of doing multiple precl8ion arithmetic with a minirnum 
of instructions, 

* 

~ 

l 

I 
! 
' 

The sil;e*uf memory h a s  in the past proved a limitatlon to solution 

nicmory, 
262 144 words in step@of 1 6 , 3 8 4  or 32,768 words, 
that niemopy be a multiple of 32,768 except in the! cdriae where only 
16, 384 ia Toquired. 
nificant speed advantages because OX the ability to contain larger 
problcrne. 

~cpe(.dbecause of the Inability to contain many problems in the working 
STKE:TCH offers memory with direct addressing up t o  

It i a  necessary 

The large merilory of STRETCH thus offexe 8Jg-
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The speed of a machine i e  directly related to the effective a c c e s s  time 
for meqnory. 
then the machine becomes memory bound. 

If arithms€jc operations are  faater than tho memory, 
The total prweesjng time 

becomes the uum oi!memory accesses €or instructiono data, and 
input/out?putrefercncea. If rnemoiy speed can be de faster than the 
arithmetic a p e d ,  additional memory time will  be h b l e  to meet the 
requiremeats of instruction and input /output referepcea without penalty 
to the arithmetic speed. 

.I 
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STRETCH hara increased the: memory effective speed by a factor equal 
to the number of memory modules in. the eystem. Thus, a 6 y ~ * c mwith 
6 5 , 5 3 6  word atorage ~ 1 :four  modules may achieve an effective memory 
cycle of up to 0 . 5  microsecond in contraat to the 2 . 0  rnic rosecond cycle 
of a single! module. The speed increarae i c r  achieved ,by pa~allelopera-
tion of the, memory modules B Q  that each is pfoceaeiag a ehpara?a refer-
ence. The technique of distributing m e m o r y  reference* GO that all unita' 
share the load ia  called overlapping, The central prOCe4if8UIg anit r e -
ceives the m e m o r y  word strearn ffdbm the Look 
tnented rate, 

Fast withmati 
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, 
he following srpeede arb y 

0.6 microeecand , 
Floatw Point Add 0.9 microsecond 
F l ~ b h x qPOWMultiply 1.8 rnlcxostwmd ' 

Floating Point 42iv'ida6I 7 .  Q mfcroljacpad 
~ Floating point Store 0 . 5  micqosecopd

' * 
* I 

Separate index arithmetic unit and rugirter storage permit address 
modifications to be c o w u t e d  simultaneously with normal arithmetic. 
Thle parallel operati& ma5tea possible a higher qentral arithmetic 
efficiency thrui has eve* -beforebeen possible, The combined ability 
of the overlapped m e m o r y  t,$?yield data a t  ratea of up to one half 
microsecond and of the index un i tsdability to perform the neceesary 
address modification wi l l  yield efficiencies of the main arithmetic 
unit of up to 90% on iwer loop computations. ThL i o  compared with 
peak efficiencies on prdrvibus machines of 4070. 

An improved inetsuct@n>. .  crd that combine8 . . . functions". into .. * 1 1. several . . . . .. ..,.... . a 
eingle instruction ie a&thQ'; of the w&ys in whioh STRETCH per-
fwmance is improved. I Thb efficiently is demomtrated by the fact 
that a 704 program carr,be recoded for STRETCH with 2070 fewer in-
atructiong, The index ret of commands is a aignificant etep' in re-
ducing the number of houeskesping instructions, Commands sauch a11 
Count Branch and Refif&cdrnbine the function of stepping the index 
register, recognieing the end of a sequence and initialiaing the regis-
ter  for its nex$ sequence. Swap and Rename provide for optimum 
utiliiatiari of the regiate 

The ability to Xruwge by exception is another means of increasing 
rmance.  Ef &e ppobability of occurcsncb i e  lwr for  an event, 
ha program time epent testing for the conaftion is wasted. 

STRETCH ambodies a Colilcspt called Program COntroUed Wtetrupt 
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ha b m m a x y ,  theee features cohtributs to STWTCV'sr high pelformaace 
on probleqa that wU3 be solved by Knwlls  Atmqic Power Laboratory. 

i 

1) 
, directly addressed storage and effective acc6so rater of up to 

Fact Large Capacity Meniory provf8iq up to 262,144 wokbe of 

2,000,000 words per second. 

2) Highest Speed Arithmetic Unit crv@ilioblcin ahy computer aa ' 

represented by Floating Point Mul.tiply in 1.80 microraconda. 

3) High Capability Intermediate k c s r l r  Storage providing data 
trarusfccrs at the rats,of 250,000 'word$ per lrecond md pravidiag 
up to 1,422,707,  916 charactera af Pitorage in multiples of 
44,459,622 characterr. 

I 
I 

4) 

5) 

Ovarfappsrd Computing and hput/Outpat dortaL'transfer. 

Shdltaneous Operation of up to 33 I/o uni ts  providing 0. g w e s  
transfer rate of up to 350,000 words per second. 

'~ 

6 )  Powerful Instruction Set requiring 20% lesra instructionrr per 
program. 
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l o )  

Efficient Logical Organieation permit8 arithmetic unit to 
achieve maximum performance. 

Automatic Error Detection and Correction to inrure maximum 
a m$lability and reliability. 

Program Controlled Interrupt to eliminate prop9mmed teat i  

# 

ipg of low activity functions. 

Jjlte.ger Arif?unetic to izlngrtwe memory utlthation. 
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HIGH SPEED DISK STORAGE 

I 4,194,304 WORDS OR 

CHARACTERS 

‘STORA6€ 
MAXIh4 

262,144 
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UP .TO 32 
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The pr imary  C Q D C B ~ ~of the enviranrnent external to the computes is 
firet  of all, can the computer handle tha given problem? Then, if the 
computer can handle it, the turn-arouncl: t ime is the next concern. Thia, 
is, the t ime from problem inception $0 completion. Then, what w i l l  be ' 
the throukh-put t i m e ?  This i s ,  how fast the computer can process  the 
probl B m. 

< 

The computer t ime per job can bg coneidered in two par ta .  In onepar t ,  
the camputer talk8 t a  the e x t e r n a  environment to receive problem$, 
data, and return the appropriate anawers.  In the other par t ,  the com-
puter talks to various elements within itself to  generate the required 
information, In many cases  this m a y  actually consist of talking to a 
pseudo external environment such a s  intermediate data tapes How-I 

ever ,  this is still under computer control. 

As the s ize  and speed of computers change, the t ime relationships 
between the various par t s  a160 change. With a C P C  calculator,  the 
operator t ime % a s  small in comparison to the computer solution t ime,  
and a's computer costs  were relatively small, the operator t ime 'wsa 
nott a significant par t  af t.he problem cost. As the systems speed in-
creaeed, the operator time became an increasingly important par t  of 
the job coat. Many 704 installations found that an automatic operator 
ipCr8ased their  efficiency up to 40070 over manual systems with a 
correeponding decrease in job costs .  

The following analyrsis rahowa the'relationship between these elements : 
Let 

Ci = cost  per unit'of timq on i t h  computer. 

- 1 
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Ti - job time on i t h  computer. 


Then for computer i to  be dore  ecctnomlcal than computer j 

C i  Ti - "j Tj 

Ti i p  made up of the €&owing elements : 
I 0  , 

ai : > * I camputing time. 

1/0t ime not aaeociated w i t h  computing. I 
~1/0t ime overlapped with computing. 

Idle camputer time spent in operator  s e t  up 
~and decision, I 





thu a. i b. t t di 5 Ti 
1 1 

Equation 1 then reduces to  the following table: 

c x  x '  STRETCH- 2 
c s  
, 

-t bs + d B  compute compute-.-
ax t b, t d x 


as t b ,  t d
S compute I / O  


b, t cx -t d, 

b + c , t . d  
8 S, I / O-.- I 

The f i r s t  table line says that I f  both STRETCH and computer x are 
compute bound, then for S T W T C H  to  be more  economical, the coet 
of x divided by the cost of STRETCH must be grea ter  than or  equal to 
as t bs + ds 

aX t bX t dX 4 

In all of these equations, both some part  of 1/0t ime and operator time 
are present .  These t imes a r e  dependent upon the systems orientation 
while computing time is a function of the problem. A m o r e  expensive 
computing sys tem then ,&List not only have a speed increase to be 
economical but it must alstl provide hardware for a new sys tems orienta- 
tion which would reduce I t 0  and operator t ime.  

One way of reducing 1 / 0  t ime is  to  provide l a rge r  s ize  memor ies  and 
reduce the amount of communication with the external ehvironment. 
STRETCH provides this expansion facility by providing a sectional 
memory with a total storage capacity of grea te r  than a quar te r  of a 
million words. This is room enough for one-half a million instructions,  
o r  four million digits of data. 

In many cases  a la rge  internal memory is economically impractical .  
It i s  more  feasible to provide an external,  l ess  expensive, and slower 
storage medium that does not cripple the machine operation. 



I 

Another w a y  of reducing, t h e  1/0t ime is to  allow the programmer  
complete flexibility to  farrri the data into record lengths w h i c h  are 
appropriate for  his fi le A Hignificant part  of 1 / 0  time can be spent 
in passing over  the gaps  between grouped data. If thi-sr space is of 
the same size a s  the ddt:i, then the effective 1/0rate i s  one-half the 
instantaneoue value. 1)oth the disk and tape units allow for variable 
length grouping. 

In many problems, datd 1s not used in a oequential rndmer. For 
~ 

instance, in  compiling ;r program, the compiler m a y  want to w e  a 
program which is sevthrd records a w a y  from the present reading 
pojnt. On the 704 tapes the  average wait time is over 3 minutee 
while on STRETCH d i s k s  the time is under . 1 of 8 second Problerne 
can now be organised t o  ,>;lowrandom as well as sequential references 
to data. 

As the computer t ime t'or g iven  problem decreaBes, the operator 
time becomes m o r e  irmpvrlant. The importance of this concept was 
brought out wi th  the a ( . v w  ! of the 704. It w a a  then feaRible for the 
computer  to  take under 1 :rlinute to  solve a complicated problem. If 
it then took another rninute for  the operator to eet up for the next 
problem, the  cornput i .g c o t l i  was essentially doubled. Thia problem 
is even inore aggrav.itec1 by the 3dvent of STRETCH. Problems 
which take several hour< of 704 t ime w i l l  take under a minute on 
STRE?CH. Thue, ctpt+rntorH as known on many 704 systems may 
bu completely unacceptablc. on STRETCH eystem. 

The f i r s t  step in  reducing hurnan operator time w a e  in the form of 
automatic operatoru , M o s t  ' 'automatic" operatorn suffer because 
of hardware limitations. W h e n  a program comes to an unexpected 
halt, the operatas  has to dc3c:de what to do'next and then inibiate tho 
action. This  zequires scvcral. seconds, cnought time for STRETCH 
to run many progriwifs. Automatic operators needed extremely in-
telligent human operators to monitor the computer via the coneole 
lights. 

Because of i ts  faet speed: STRETCH cmao t  afford to rely an these 
methods. For instaIict., during the human reaction or button pushing 
t i m e  o f .  J of a eecond, STRETCH would have executed 200,000 in-
otructione ox a h u t  the equivalent of one hour of 650 time, Thb doee 
not take  into account the arnouit of time necessary to make the decision. 
Even  thougb a STRETCH autoniatic operator might have tomake leevaral 
thousa.nd decisions, enough for an extremely complicated and rophisti-
C d \ d d  operator, this would only take a few millisecronds, , 
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P r o g r a m  controlled interrupt ion allows the scheduling of machine 
faci l i t ies  t o  be dependent upon p r o g r a m s  needs instead of ha rdware  
l imitat ions.  Because interrupt ion occur s  at  the cessa t ion  of activity 
of a facility, t he re  is no t ime  wasted in  making job status inqui r ies .  

A s imple  hut ex t remely  flexible supervis ion s y s t e m  could opera te  
as follows. One sect ion of the monitor  would contain a l i e t  of the 
jobs to be completed and thqir  re la t ive p r io r i t i e s .  Another set of 
l i s t s  would exis t  fo r  the machine facil i t ies.  Under each  facil i ty 
such, as r e a d e r ,  p r i n t e r ,  punch, o r  C P U  would be l i s ted  the job 

I present ly  being lrun and the l i s t  of jobs waiting to  use the facility. 
When a job completes  its use of a facil i ty,  it  i n t e r rup t s  and auto- 

I matical ly  notifies the supe rv i so r .  'The type of interrupt ion implies  
the facil i ty which the p r o g r a m  w a s  using and the facil i ty which i t  

I wishes to  use .  The superv isor  w o u l d  examine the l i s t  of thevaca ted  
facil i ty for  the job number and place this number in  the  queue of the 
d e s i r e d  facil i ty.  It would then examine the queue of the vaca tedfac i l i ty ,  ' I 
determine  which job has  the highest p r ior i ty ,  and t r a n s f e r  control of the 
facil i ty to  i t .  The superv isor  would a l so  examine the queue of the re-
quested facility t o  be sure that the la tes t  addition does not have a h i g h e r  
pr ior i ty  than the one using the facil i ty.  If the new one does have the 
higher pr ior i ty ,  i t  would rep lace  the old job. 

This type of supervis ing places  no res t r ic t ion  upon the p r o g r a m m e r  or  
the installation. The only determining factor  is  the  p r io r i ty  ru le  and 
this  can  be establ ished by the insta.llation. The queue could be d e t e r -  
mined by a job shop scheduling type of p r o g r a m  in o r d e r  to  minimize I 

computer  usage. In other  si tuations a job could be given toppr io r i ty  

I 
and proceed  through the computer as though no o ther  p r o g r a m  were  
pre 8 ent.  

\ 

The supe rv i so r  could a l so  be s e t  up to  consider  any reques t  f r o m  the 
console  as having the highest  p r ior i ty .  The human operator could 

I signal the computer to  rush  through a high pr ior i ty  job and ignore 
o ther  jobs that it may  be doing. Because of the ex t remely  fas t  speeds  
of the computer ,  the console opera tor  rea l ly  feels that the computer  
i s  his alone. 

. 

, 




Consu,s debugging becomes an economical mean8 of reducing turn- 
around time w i L hno sscr i f ice  in sys tem computing abil i t ies.  While 
the human ope) ( f n r  is  sitting and thinking, the computer can be run-
ning another pros'rain. While he is pushing the console button, the 
computer could du <Ilengthy program which would not be noticed by 
the operator  Console debugging c m  cut down considerably debugging 
t ime and effort 

As a supervisor  i 7  general in na ture ,  it does not c a r e  what type of 
program it 11 ITIJIU~; It could a s  easily be an aesembly o r  a produc-
tion run.  t'L*Intvrruption signaling the  supervisor  could also be 
ex terndly  gencir2tt-d by a remote dev ice  The supervisor  wouldthen 
answer,  arid t i t . : 'v jce t h e  remote device ,  but would not s e e  any differ- 
ence between th)., request and that of any other computer facility. 
The  remote !' I C  1 1 3 t y  c o u l d  be debugging conr3oles in a ther  room8 or 
tapes hundred*, t i 1  r r t i l e t i  d i s t a n t .  

Many S T R X  [ C I l  inatallations will i c t  -2s a central  computer complex 
and have t:quiprr: i>nt capable of talking to remote locations. These 
remote locdtionl; might contain only input  /output equipment to handle 
information proceasscd by STRETCH. They might be computers  which 
w o d d  handlv c e l  t cin typco  of problems and prepare  data for  convenient 
c o m m u n i c ~ t ~ i m  The! remote facility might a180 be an-c i t h  STRETCH 
other S T R Z T G H  which would a c t  as a backup computer on a leased 
t 1 me bas i 9 .  

A data trnnstrii':*>ion l ink  i d  fundwriental to  the concept of a centralized 
computer corriplex w i t h  retriotc input/output stations.  I f  the station is 
romote f rom the computer by anly a f e w  hundred feet ,  the communi- 
cation link cc inb c ~-1 simple extens ton of the normal  inter-machine 
cables wit}: t h e  , i t  t cndent problems of powering. Cornmanications 
over  greater r l i ~ t . ~ n c e srequire the use  of different facil i t ies and 
technique n 

The cominurtic ition network established by the telephone companies 
i s  the rnosl Lt t t * ' . t c tJve  media available for the rapid t ransmiss ion  of 
data.  It IS ncaki>:s%<qryto recognize t h e  design objective of the tele- 
phone coimprii i ie~~ Their  concern has  i r ,  establishing t h i s  network. 
been t o  e h t  J ~ . I I S ~cisCuit8 adequate for voice and telegraphic com-
munication t h  oughout our country. l'hc resul t  ie that the voice 
quality lint*s 1 f - e  t h e  only type of fa(-ility generally available for 
point to  JIOITI? cotnnluriication Any other type of se rv ice  such as 
high yudlrty c j r  b road  IJ,ind s e rv i c r  would requi re  special  engineering 
with its ttstic>c i;rted l c :~dtirnes and expenses.  



The tlieoretical information capacity of a t r ansmiss ion  l ine as 
expressed  by Shannon is 

where  f i s  the bandwidth in cycles p e r  second and S / N  is the signal 
0 


t o  noise ra t io .  For a bandwidth of 2500 cyc les / second and a signal 
to  noise ra t io  of L O  decibe ls ,  the capacity should be 1 5 , 000 bits p e r  
second. 


Telephone channels d o  not ,idhere to this  formula  because of s eve ra l  
unique charact e r i s t i c s .  The arnpli t ude phase cha ractcAri s t i c s  which 
d o  not affect the intelligibility of speech,  se r ious ly  l imit  the channel 
capacity.  'The effect  is a phase shift  which i s  a function of frequency. 
The second effect i s  i m p u l s e  noise that is induced frorn o ther  channels 
within a cable .  Thrb impu l ses  a r e  DC switching such a s  dialing and 
te le type.  The impulse noise i s  e a s i l y  confused with a da ta  at t heuppe r  
r a t e s .  These f ac to r s ,  together with lo s ses  f r o m  tandem connections,  
r e s t r i c t  thc- maximum data  rat(. to 15q0 of the theoret ical  l imi t .  

The initial work done in data tr,tnsrnission has  been based upon 
s tandard  quality voice circui t8  subject to the r e s t r a i n t s  desc r ibed  
above. The efforts include thc SAGE c ommunication network, the 
digital subse t ,  and work by other  companies including IBM. 

The d i g i t d  subset ,  devcloped by Br l l  Telephone Labora tor ies  is 
designed to  utilize the s tandard  available telephone l ines  at the  
maximum data  r a t e  consistent with a l o w  e r r o r  r a t e .  The subse t  
accepts  a ser ia l ized  DC input and converts  this  to a frequency modu- 
la ted signal for  t r ansmiss ion  over phone l ines .  The receiving t e rmina l  
will convert  the signal to a ser ia l ized  DC output. The subset  i s  capable 
of t ransmi t t ing  d d a  at r;ltes up to 2 ,  000  bits p e r  second. 

IBM has  had extensive expericuce in  data t r ansmiss ion  over  telephone . 
l ines  with i ts  Data Transce ive r .  I 'hc  t r ansce ive r  can t r ansmi t  between 
four se t s  of ca rd  punches a t  a r a t e  of 32 ca rds  p e r  minute.  The check- 
ing c i rcu i t s  have proven effective i n  catching the e r r o r s  inherent  in  
the t r ansmiss ion  medium. k disad.;,wtage in the s y s t e m  has  been the 
need f o r  manual  intervention to  r e t r ansmi t  e r r o r  c a r d s .  



I 

The experience gained has  led us to  e6ta.blish the following c r i t e r i a  
for ;in advanced data t r~ r i s rn i s s ioa  sys tem.  

I .  	 The message  should be checked with an e r r o r  checking code 
uving 3 level high cncugh to insure detection of more  than 
su lg le  bit e r r o r s .  The four out of eight coding sys tems have 
proven qu i t e  adequate on the t ransce iver  and w i l l  be used. 

2.  	 The output of the system should contain only good data. This 
means that if an e r r o r  is detected during a t ransmiss ion ,  it 
should be corrected before being recorded on the output medium. 

3.  	 The terminal equipment should1 be simple in the in te res t  of 
reliability and costs .  

4. 	 The t ransmisalon rate8 should not necessi ta te  special  trano- 
mission facilitee in orde r  t o  insure availability of adequate 
l ines par t icular ly  in the event of rerouting as occasioned by 
line faults 

5. 	 Buffering such a8 cards  or magnetic tape should be used a t  , 
each  terminal  to  avoid complete sys tem dependence on the 
data link. Later  experience w i l l  dictate the feaeibility of 
on-line operation; e .  g. , a remote pr in te r  direct ly  driven 
through a telephone link. 

To meet  these objectives, IBM has developed se r i a l  c a r d  r e a d e r s  
and punches and s low speed magnetic tape which will efficiently 
utilize the capacity of the digital subset.  The equipment w i l l  be 
capable of operating with all  combinations ouch as card  to  ca rd ,  
card  to tape, tape to card,  and tape to  tape.  The efements wi l l  be 
a aer ia l  card  reader-punch capable of punching 45 ca rds  per minute 
and reading up to  180 cards  pe r  minute. The ca rds  will normally 
be considered as  Hollerith though the possibility exis ts  for column 
binary t ransmission a t  a reduced speed. 

The magnetic tape unite wi l l  read and wri te  the s tandard 200 charac-
t e r  p e r  inch magnetic tapes in either binary o r  binary coded decimal 
The unique feature of the tapes is  the ability to read and wr i te  a t  the 
speed of the data l i nk  thus eliminating the need for  buffers as has 
previously been t h e  case .  



Thc: speeds  that may be (Lxpected with this  equipment w i l l  be: 

Ca rd  o r  Tape to  Card  4 5  Cards /Minute 
Card  to  Tape 100 Cards  /Minute 
Tape to Tv3.p~ 125 C h a r a c t e r s  /Second 

The choice of equipment w i l l  be a function of the data  r a t e  and cost  
a s  re la ted  to  urgency. 

Consider  th,it tht output requirement  is fo r  five hour6 of high speed 
priiitirig or  nboiit 30, 000, 000 chdrac t e r s  p e r  day. The a l te rna t ives  
art' to use rn<Ail r ;crvice for 24-hour  response,  2 s e t s  of tape-to-tape 
equipment fur 1 5  hours, 3 s e t s  of CJquipment for 10 hour s ,  4 s e t s  fo r  
7. 5 hour s ,  o r  5 B e t s  for 6 .  0 hour s .  The speed inc rease  i s  a s t e p  
function controlled by the number o f  para l le l  s y s t e m s  required.  

Another approach often considered is the u8e of broader  band c i rcu i t s  
o r  of different modulation techniques thdt achieve bet ter  utilization of 
the available tmnd width. The problems encountered a r e  that special ly  
engineered c i r c u i t s  a s  w e l l  as m o r e  elaborate  t e rmina l  equipment is . 
requi red .  At the prescnt  t ime ,  the  added cost  of higher  per formance  
c i r cu i t ry  does not make this  a m o r e  economical solution than the 
approach outlined using conventional telephone l ines .  

If the need ex is t s  for  very  high data rate t r ansmiss ion  the telephone 
companies can engineer a special  facil i ty A West Coast  a i r c r a f t  
company is obtaining a microwave facil i ty that w i l l  t r ansmi t  magnetic 
tape a t  15,000 cha rac t e r s  p e r  second 

The philosophy of the STRETCH design has  been to provide as flexible 
a machine as possible .  'This allows e a c h  computer  installation to u s e  
the machine a s  they s e e  fit with few if any hardware  r e s t r i c t ions .  Ex-
t r e m e l y  shor t  p rog rams  can be run with the same economical benefits 
that  usually a c c r u e  only f r o m  very  long p rograms .  The installation 
can r u n  p r o g r a m s  sequentially or  simultaneously.  The computer  can 
t a l k  to  any type of device with equal facility or e a s e ,  be they tapee,  
consoles o r  remote  locations.  

1 

The s i ze  and flexibility of STRETCH w i l l  allow it to  handle almost any 
type of problem. Its ex t remely  fast speed reduces the through-put 
t ime.  The facility to do mul t i -programming will reduce  the through- 
put t ime f o r  t h e  en t i re  workload. Console debugging flexible instruc-

1 t ion s e t s p  and powerful coding8 systems, w i l l  reduce turnaround time.. 
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PERFORMANCE 
1 

The p t r forn iance  of a STRETCH flystem cantlot be meaRured only in 
terms of add tinics. A fixed point add of 10 digits can take longer Qn 
STRETCH than 0x1 the 7090. A diik.system wll.1 have a slower interns1 
computing ~pevt l ,w h i l c  t h e  disks a x e  running, than one without diskr. 
Y e t  Borne t e s t  problems are 170 times as b e t  ELA the 7090 or 1700 times 
a8 fast as the 704. A three-dimenaionalnuclear diifueion problem will, 

I 	 run in 1 /4of t h e  tlnie and for the Bame c o s t  8 8  a3two-dirnensionalpro-
I blcm on the 704. This  accomplishment i s  brought about;bcscssuee of ~ 

STRETCH'S faster interrial speed, more powerful Imtruction Bet, aa 
better input/outpu t c,onimmic ation8. I 

I 	 I 

A STRETCH t iming  fiimulator w a s  coded far the 704. The 3 dimension41 
I 

nuclear diffusion yroblram (the eix-neighbor problem) was then coded and 
run on the simulator. The results of this are summarized in the follow-

, 	 ing table along with t h e  reriults for other computers. The times are in 
I 	 microseconds wid are the average expected timaa needed to compute a 
I 	 new flux value a t  a point. The performaace times axe based upon straight- 

forward coding and do not necessarily repredlent the fasteat times posaiblcb, 

Using the Variable Fie ld  length feature, m o r e  floating point data words, 
can be more econarnically packed into 16K of STRETCHmemory than 32K 
of 704 memory, Tfw throughput time for a problem will be greatly re-
duced because there  I H  less  tape to pass and the increase in computing 
time does not matter becauoe it i e  hidden within the input/output time. 

Hand computed time cetiinates'wore mado for a 1. memory box STRETCH
I for afthar a 24 bit (STRETCH"24) or 32 bit (STRETCH-32) floating point
I 
, word. The allocation of the bite to the exponent or fraction part of the 
I word is immaterial. T h e  l h  K of memory could then hold either 44K or 

3 2 K  &t& woxds depending upon which word s i z e  wa13ehoeen. The eco-
nomica of this system make it very attractive. 

The attached graph shows the relative computing epeede for the Monte 
Carlo type of problem as  a function of the number of rnemor; units and 
the type of .input/output equipment, The computing speed beara an in-
verse relationehip to  the disk data tsansfes rate due to the simultaneity 
of memory demaiids which is evident  only at peak data rates, 





- ‘ 

I 

~ 

~ 

I 

I 

~ 

~ 

I 

I 

I 

:. 


I - . 	 , L -, h 3I Y’ 

(MONTE CARZO) 
*,’ 	 3 . f 

I	 t 

JLETCII: 	 S p c  tl of htcrnal Coxnputatiori 
VS. ? ;umber  of Memory UnitsL 

6 
out Qisk ruhning. 

Data F,c s s t  

0 

-20% 
” .  

< ’C x 
I. 

per 
word a t  s a m e  time calculation 
is being donc. i 

1 ’ ‘ I 

- 1 
L 


, 	 For Monte Carlo Branching Prob. 
J&ta & Instructions mixed in 
mcmQry . 

‘ .  
1 

I	 . ( Note: ‘The Monte Carlo is l a r  
&struct ion-acccss  lim 

Q -6070 


. * 

I -7070 

* 
X 

-8070 
1 	 I 1 I 

. # . ’  	 1 L 0 4 0 6 
h m b e r  of 2 )M S e c .  M e m o r y  Units 

I 





I ,l 


('- \ ,
C' 


31 0077 
P r i n t d  in  U.S A. 

S YSTEM E X PANDA E3 I Ll'i'Y 

* I 

STRETCH has been deeigned as an expatidable system. Using 
preaeritly designed and working components, a speed incrraae of 
one order of magnitude can be obtained w i t h o u t  change8 UI program-
ming. A multi-disk, large memory size STRX'rCH w i l l  solve certain 
problem@in 1/10 the time of a haeic type STRETCH. The performance 
chart for the irucXear diffusion problem shows iiperforrnancr gain of 8 .  

As the Exchange channels are general purpose, they  can be uraed to 
talk to any other device. Therefore, it is possible to tit; two STFWTCHJZS 
topther via their Exchangee, There is no reaeon why this could not be a 
remata hookbp. For fahcur  a d 'marc?direct cornmuairat ion between 
aye'tc3m~!,provin'wa is made for  direLtly tying central process* units 
toge tEuj r . 
The adaptability of STEWTCH ;a Mhown by its use in the Harvest syetem. 

ttaat ipJan attachment of equal sige kdded to the STRJ3TCH byetern. 
Tt w a o  STWTCH to  pbrferm routine,operataonsand store d.@a wh$e it 
pefifbtme higher ItWel fUT,CGOhi , :  

* 

The asynthrcsnoue nature BTFCETCH w i 4  allow it to take advantqke of 
m y  new techrulogiczrl de  + Faster memories will 

sign will allow the use of 
Separation of functions ;Is . For instance, t h i  zpultfplkrr unit 

is a aeparate box, With a new development hi methods of multiplication, 
thiar bQxcould be exchanged with another one bringmg the latest tech-
nolagicsl develqxnent to a STRETCH user without the danger of hqvLrzg 
the CQmpletP system obsoleted. 

Advances c a n  also be expected ~nprogramming technology and ayrtems. 
Many concepte an STKETCH are new to the computmg induatry. At the 
outset them facilities w d l  probably not be used to their fullest extent 
because of lack of experience, Ae programmere become accustomed t o '  
the new features and brrgin tQuBe them, there will be a significant 
gain tll compvter efficiency, Similar advances were noticed in the u ~ e  
of 704's. Early machine@were often ueed in a card mode. With in-
creased knowledge of eystomsl arganizatio.n, ,the mode of operatian was 
advanced ta tape and then automatic with gains of 200 - 4QO% in efficiency. 
Obviously, there: w i l l  be sirn*r gains with STRETCH. 

'I
1 
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I PRICE SCHEDULES AND COST INFORWT 
‘ $  

1 

I 

:1 A baaic ’aiatemwould include th Cantral proceeeing wit, ;@,000 voqda
’ of cope 8 t d & g e ,  a tape control unit, 4 tape and the s e t  of c? 

1 ment. The opera is not included since the syrilte
I 
, opevatad without a c ~ y l  For crung”arison, purposes four

) I  
1 are  shawn, 
1 n‘ 

I ‘ , 

i >  ape Systemwith 32K)
1 1 

isk Unit with 3aK)
I 

t isk Unit with.96K) 
I 

1 
1 ‘ The, kbk graph shows th‘c;job coats for the 3 dimensional nuclear 


.problem with the above! configusgtione relative ta the 704. 


1 The value of am inetdlatibg i b  balsed upon the total problem mir and work-
} load, although the $34 cost8 are rtqxaentative of the saving8 of a STRETCH 

ey should not be the only determiaing faatore in a rbyotcm con-

I 
I 
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KELATIVE'COMPGTER COSTS 

NUCIAEAR DIFFl IS!C)N PROBLEM 

(cos-rs~ ~ 9 1 :FOR.STNGLESHIFT 

KELATTVE TO 704 USAGE) 

. 3 0  

19 

.08  

.06 

04 ' * 
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/. Monthly Maintenance Price 
0 - 3 6  moS. 37-72  m08.. 

$2,850 

‘t 
I 
I 

ore Storage Unit 960 

l 
I 
1 
I 

Dhk’Synchronizer Unit 

High Spqed Disk Fjle 

275 

300 

29 5 

335 420 

Opsratar’s Cansole and Control Unit 70 75 so: 
I 





1 P w c h  (250 cpm)' 

1 Punch Control Unit 

1 Console 

A , 550 

. "  1t 400 

3,200 

$45,340 

1 additional channel ( T a u  of 5) 
4 

1,600
T O ,140 

. 
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Chmrnunicat1on Coet Coneide ra t  ion 

A cqmmunication link will consist  of the reading unit and its controI, 
a modulator, a transrnir6io lins, a demodulator, and the recording 
unit with ite control. The Peading and recording; units would be sup-
plied by the computer manufacturer. The modular and demodulatQr 
which a r e  called Digital Subsets would like the telephone lines be pro-
vided by the Telephone Company. 

Area prices that may be used for planning purpoeeo are-

Serial  Card Reader Punch 'and Control $500 pe r  month 
~Slow Speed Tape Terminal $900 pe r  month ~ 

Digital Subset $ 40 per  month 
Line Cost $3.00 per  mile per  month 

Thue a Tape to Tape link for 300 mile's would be: I 

2 Tape Terminals $1800 
2 Digital Subeete $ 80 

300 milee line $ 900 
'-per month 

I 
iI 
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m d  edrvice facilfMr!s 
Uf6Lctutar are of paramount impovtaace to 

q the inrPDallstion of an Q ayatem. 

$ had thq'oppodunity to benefit from th ation acquired 
msbult of the mlrnufacture and installation of wpproximataly 

360 b r g e  sasle ryotcjrna. 
.La , 

xv iaeb  and aaobtance that are available with the'8TRETCH 

i: 

I 

1 

1 

T o  undaflstirntite t4s'value of such sarvitees and %now-howtl is to 

gained +ibi*e tiha early systems were inatatled proves the importance 
of exprrrience on an every day operating basis, 

IBM services arc many. 
pagea, a 

~ $ 2a substitute for eFperience. he knowleage which IBM ha8 

d I 
I "  

Each ie  described briefly in the following 

Y 

. .i 

., ' 





EDUCATIONAL SERVICES 

I 
IBM recognizes its responsibility in providing education to our custom-
ers,  Education 16 a contfnuous process. This is 8 0  because 

I 1 - Our customers have a continuous turnover of people who 
must have various degrees of under8tanding of computers 
to do their assigned jobs. 

I 

j' 
: 

I 

I 

, 

I 

! 

2 - .IBM'e contiauoue flow of new product and pralgramming 
announcement8 demand that we bring our customers up to 
date on impro\ternents and explain fully new concepts which 
are embodied in many ok t h e  new producte, 

LBM educational service ync ludes local Branch office Schools for  Custom-
ere .  Nowhere in Schenectady have we devoted m o r e  time to education 
tha"tl$t KAPL, 

vices: 
Locally we have been priviliged to offer the fallowing educational Her-

t 

\ -

I ' 
I 

1 - Seminars on Machine Computing.
6 Gaminare, conducted an your premises  by local IBM instruc-. 

In 1958, 90 people attended 

tars, 

' ~ 

2 - 784 Programming -
Mi88 Gloria Brruer, Syracu~e,taught the firot pro 
crburses. 

artran Cl.aas -
ng the dymxngr a yaw ago, 60 pqople attbded o 
ortran. An additional class was conducted ,Qn 

Jqlrwry df this yabr. 

4 - Special Fortreur, Glace# -
G. 4 4 8  Ltrsmieux, 10cU mpreaeatative, conducte 
course thie Spring in which he t a q h t  the lateat 
the Tortran language. 

@Id dducatimal services includes epecid4cornputerseminars for  our 
ugsrb. IBM iW host at these 2-5 day geaeions held at one of our Educatio 
Centere in Poughkeepsie, Endicott and $an Jos-e, 

I 
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I These Seminars offer the opportunity f o r  our customers to exchange 
' idea8? concepte, tethnlquce and experiences. U s u a l l y ,  the Seminars 
i a r e  conducted for  specific industries.  For example, recently, meet- 
; ings have been held for the Aircraf t ,  Chemical, Petroleum, and Civil 

deeign engineering and production engineering. P r i o r  to his t ranefer ,  

' I 
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PUBLICATIONS 

IBM eupplsments the cuatamr's library of technical publicatbne with ' 
document8 relating to programs, to techniques, to procedwrss, and to 
systemre 1 

The intelligence derived from thi8 mqterial enablea our  custwners 'to 
better utilize their equipment through greater effidency and effective-
ness of operation. 

The publications arc in many forms and include the following: 

Library Abstracts: A hrief resume of the purpose and 
specifications of the program8 in our library. The corn-
plete program i o  available on xequaet. 

~Programming Bulletins: A description of the Applied 
I 

I Programming developments and improvements. 

i I 

System8 Bulletins : Describes the cdpabilities of kystems, I 
I 

components and special features. 

Applications Bulletins : Describes the solution8 of particular 
problem8 iss relating to an industry or application. 

Technical Bulletins: Describes methadg, techniques and 
special. device8 that represent 5n improved method of 
acb.ieving an objective. 

4 
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PHYSICAL PLANNING AsSISTANCE 
1 . 

' :  

Well. tn advance of installation, 1BM physical pIanning engineers will 
assist you4 They will develop your requirements for electric powex, 
space, air ccmditioning and floor loading, and will adviee:Qn the lay-
out. 

I 

. 8 '  I 

i 
P ! 


! 

I 
I 
I 
I 

I
I 
I 

i
I 
t 








