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August 15, 1957 

SUBJECT: 

Product Planning has been examining the 34x1- 1 report and contrasting 
it with our previous position i. e . ,  an integrated, parallel Sigma sys-
tem with the highest possible performance and a Harvest system with a 
pos sibfe commercial derivative. 

There s e e m s  to be one main argument for and one main argument against ' 

the 3411-1 concept. 

A. 	 Opinions and statements w e r e  made that one integrated 
program (3-in-1) offered substantial savings in develop-
ment, manufacturing, and maintenance. 

B. 	 Opinions and statements were  m a d e  that the portion of 
the 3 - i n 4  system which corresponded to Sigma is more 
costly in hardware and offers lese, in performance. 

Product Planning is trying to find the answers to these questions, and I 
a m  requesting your help. 

I a m  working with the following assumptions, the l[/O units, the exchange, 
the bus, and the memories are common to the 3- in-€ and the two machine 
concept. The main frames of the 3-in-].consist of the elements €5, €3, and , 

S as described. Within the two machine concept the Harvest main frame 
consists of a B and an H while the Sigma main frame is similar to the par-
allel S device but contains most, if not all of the functions of:3 + s. 
Operating with this s e t  of assumptions, could you give some statements as 
to the total costs and estimated savings of the two machine approach and 
the 3-in- 1 approach. 

T o  assist in the determination of any possible performance penalty, L would 
appreciate the following times: 

1. 	 How long is the arithmetic unit interlocked in B (in S )  for 
the operations Load, Add, Multiply, Divide, Store, for both 

W variable field length and floating point? 
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2. 	 What full cycle times are to be assumed for the 
512, 1024, 8192, and 16, 384 word units? 

3. 	 What intermediate time point is to be used during 
the memory cycle to show the start of data trans-
mission to or from the memory register to other 
paAs of the  calculator3 

4. 	 What are bus transmission times? 

5.  	 Wh'en B and 5 are attached, does B still operate 
with only a single instruction overlapped with ex-
ecution or can it take advantage of the S look-ahead 
for all operations 3 

6. 	 What are the times involved in the inetruction and 
indexing mechanism for S or Sigma? 
steps seems to be relevant: 

a. Advance instruction counter 

b. Instruction addrese to memory 

C.  Memory to instruction register 

d, Decode for possible indexing 

e, Index address to memory 

f. Memory to index register 

8. Sndex instruction register 

h. Data address to m e m o r y  

The folfewing 

i. Instmction to look-ahead register 

7 .  	 What are the similar times for B, including the release 
of (h.) above in  relation to the execution of the previous 
instruction in the arithmetic unit. 
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Obviously, w e  intend to use these times to compare programs operating 
on €3 + S against the! same times for pragrams on Sigma. Our investi-
gation wi l l  be on problems similar to the SNC code where computing is 
the-main interest and l / O  and editing a r e  secondary. We would like the 
assistance of Dr. John Cocke since using his program for simulation w i l l  
shorten the investigation time. Could you release him for this effort? 

D. W. Sweeney 

DWS:jcv 

cc:  	 Mr, W. W, Simmons 


Mr, D. W. Pendery 

Mr. B, L. Sarahan 

Mr. J. Cocke 

Mr. E. F. Codd 

Mr. J. E. Griffith ‘H 

Mr. 3. C. Gibson 
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The 3-k.14 ComJnitterrj was formed on May 6, 1957 to study the vaiiousr 
proposals far several advanced salfdl-state cornputerr, if a c m -t . ~ i  

promise solution could be achieved, such that IRM couk develop three 
-machine sylrtama wrth a single integrated engineering program, The 
comxnittee understood & a m  to be the three syetarns required about.1960: 

System--I - This 8y8tr?m&odd satisfy the reqzliram!tnt& Qf those 
zustomtrs who wiU need a machine for ccrrnmerciat 
and k-ttermiediate techdeal problerne. %'his machine 
should be larger aad faster than the present 700 Sariam, 
It 18 presumed ehat Syatem f wQuld~ ~ t f r v c ;  

_q_lc__-..... 

aa the nee 
advance beyond the 705 and 709 SyiternB. and i t s  coot 
would be within a factor of two or throe times the cost 
of those iaysterne, 

System U - This syatem should satisfy the requirestitnts of a. 
I___C_------

contract which presently exists between LIBM and the 
U, S. Atomic Energy Cornmiasion, This system s h d Q  
L ~aerve as~ a large ultra-high rpeed getterd purpoBel ~ 
cc)niputer for scientific and engineeriv applications. 
It is expected that t h i s  system would be sold to those 
customera whose need is for the largeet and hertoot 
syetem obtainable. 

System .I I E  -This hsystem should aatirfy the raquiramentra of a*-I 

contract which ir proposed as a future u;.rdettaking 
between U3M and the Bureau of Shipa, 

Systems I and IX are intended to  become production sy8kerne far ralaass 
to the field. System E;tl is: intended to be applied to the qaacialsad prob-
lems of a eiaglt Largo customer, The majority of the comrrrittee had no 
direct knowledge of theare problsms beyond the problain c:haracteri+tfca 
hatad elsewhem in this report, 

lt had been proposed that the three ~ystemshave mu& rn commcm, and 
that one engineering effort coufd produce a31 three ayrterns if certain 
compromises were allowed, 
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It was the primary goal of the committee to define by June 1, 1957, a 
machine system condating sf four units, 8,R, S, and EL, lsuch that: 

r, 
r 

1. 	 The baaic unit, B, preferably operate alane as a respectable 
computing machine, 

2, 	 f3 + R conatitute a high- performance system suited for advanced 
commarcial data processing and intermediate technic4 computing. 

3 ,  	 €3 + S constitute a syetem eatiofying the requirements of the L O 8  
AIamola contract, 

4. 	 B + H constitute a ayertem aaaentially the same a &t b t  aet forth 
in the Harvelst Preliminary Manuala 

A secondary goal wag to minimhe the equipment and complexity of unit@ 
S ,  €3, and especially R, rubject to the csnlrtrairrtar af rearonahly high 
performance levslo for each eystem, 

From the abcwa statement, it can be Been that: 

I3 + R II Syotsm 	f [Cammstelerl and hztermediata Technicd) 
tr--	 E -+ S a System (Technical) 

B t €i= Syrtsrn WI (BuShips) 

1.2 	A 1p1 rumptions 

The committee agreed at the outeret on a eat of basic a~surnptionswhich 
would underlie tha coneiderations: 

3.. 	 That there will be a C Q ~ O ~bus system intarcorulecting the 
vasiouer c m k a n t  units of a computing s ~ ~ ~ t e ~ n ,  

2, 	 That all u d t r  6hau operate asynchronously with respect t o  
the bus syprtarn. 

3. 	 That the principle of the Excfiangs an& 110 equipmsnt ae 
postulated in tihe 'wriT&stManual and elerewhere l 8  d88irabh. 
(This asaumption refer8 only to  the principle of the Exchange 
and I/Q equipmernt, and doe%not imply acceptance or rejection 
of any postulatud Exchange or I/Q equipment), 

4. 	 That memories of 2 . 0  usecI 0 , 5  UBCC and 0.1  umec cyclsa wi l l  
be available at 64 bite par word, The counting, or-lng, and 
clearing in a e  mtmorkee a m  to  be featurea uaiqua to the 
B t €3 Syrtem. 
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5o That in saeh tryatsrn ccnzftgurada~zprcyoared, them be a 
unique mmrcc of inatmetian coatrsf. 



a. 


b, 


C. 

d, 


e, 


f 

8. 

h. 


i. 



- -  

1 

Y 
. .  

k, 	Mast progsam;rrrerpJart full-time but relativery unsophieticated. 

1. 	 SzPI.tfng B R ~fils maintenance arc gensrsrUy perrfwmed upon l a n g  
records with &art key fislde, 

L,4, 2 Technical 
-.kr 

'yIy* a. The baric data unite are signed numbers which may vary over a wide 
range in precision and a very wide r a n p  ia magdtude, $ox problem 
control, fieids of wrying size cowirting of intcgera and I s g l ~ a tapsrapbr 
are urubUy iatroduced, 

f. 	 The amount of Onformation procearsad at a tima currw&lyranger 
four to  two hundred tfiwaand words, 



, 

h, 	 fndexiag i s  important €QTboth arrayascanning rdatfvar ad-

dressing, erpecially subroutins eewtrol. 


j. 	 8/rudzmaehrs time is used on i~h~rt:N A ~  of many different prob 
hms, These are usually run d y  a few time8 bertwetaa changers 

- which arise ae  experiment# in the method of eolvtng a problem, 

k. 	 Most progxafnnzi3rs are perrt4rne umrcp afthe machine as a 

tool for thsir hvestigationa H Q W ~ V ~ T , 
$herreprc~granarnarcr 
are usually sophisticatad and competent, 







a, A control uait €3 c'oJoRmonto all sryotrtag, 

c .  A contrd usit H required for the Bu%h$gtsSyrtcrn odp, 



a. 


b, 


C. 

I . 

.-I" d, 

8. 

f a  



h, Operations are prsvided to facilitate e d i t h g  and c8rd image * 
ccmvesrion, These incluck a somewhat more general table 
lnak-up than that provided in the 709 togsthcrr wi$h a seattarad 
bit load and store for transposing binary arrays, 

i,, Any memory location in the 5 UB 01: , li us Yn%uzlOrie8 tan 
he used as an index register for single or rnuftLieval Ixrdexing;, 
Certain reatrictiona e e s t  ~n the u m  of 2, 0 usee memory fa? 

indexing, 

Since them proipexlties or fugctians are common t o  all three syrtarnrsr 
they are incorporated in the control unit B 

A look-ahead device capable of rncare thaa single qvsrrla~fe cuwSdar4sd 
desirable for efficient operatioa of the €3 f S system and i a  therefore 
incorporated in S. 

The streamiftg operation8 as derscribed in the Harvest BAarjtuaF were 
allotted to H because it was fwlt they were ini3ufficim&1yapplicabfe 
and too coetly to  be irrchxded fn either:the I3 OT B t S ~systems. 



W 
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2. 3 
vavrw. 

2.3, 1 c 

The B Procetseing Unit will perform arithmetic operatias on variable 
length fields af up to 64 bits, The arithmetic .opsra45ona which can be 
pc rformed are: 

ADD 
ADD TO MEMORY 
COMIPAMZ 
'CrXMrnBH 
DfM3NISH TO MEM0R-X 
DIVIDE 
LOAD 
MULTIPLY 
R O W  
S T O m  
STORE B 

.*.. 
_ L  




the specifled operanil. Tba cauultjll 
operations are: 

LEFT ZEROS 
LEFT ONES I 

ALL ZEROS 
ALLONES 
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2.4 The IB + 5 Processing Unit 
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3.1  Advantagers 

3. 2 Problems 
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3. 3.2 B,+f3 Syutem 
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I 

-1e Conclusions 

Afl of the following conclusions were reached unanfmouely: 

1. It ier porraible to ret forth a workable 3 - In4  ~ygternmeeting 
our goals, with the pomible exception af price. 

2 .  W e  believe that the syatem described herein is 8uch a solution. 

3. The B MacEne h a n  a more sophisticated logical design than 
previousznachinesl, and even i€ it w0re WLt with the same 
componente, it would be more powerful and flerib3.e than 700 
series machinem. 

. 

4. While the B machine is small In the 3 - I n 4  context, it is a 
large and powerful machine in its own right and fer intended 
for advanced amJ--ication8I. 

5. The €3 t H syetem suffer8 little in performance because of 
integration into the 3 - h - 1  ityetem, and duplication of equip-
ment is on the order of 570 of the total B + H central PZQCBOS-
ing unit. 

6. The W;rrveat spatem ia readily separable into a rpeciafieed 
unit X and a general purppae unit B, Lf tihe Jsyrotarn is to be 
built, th is  separation ohodd be preserved. 

7. Integration into the 3-In-1 srystem has caulsad no compromise 
&-the floating point arithmetic speeds of the Sigma ayrlem. 

. 

8 .  htegration into the 3-In-1 system U d t o  the logical and 
variable field arithmetic speeds obtahbJra far the Sigma 
ayetern, If f a ~ t a repe-edle for these operatfona are needed, 
the 3 - I n 4  approach muat be abandoned. 

f 

I 
1 

L 

9. A31 independent sssnfor technical computer could perform 
most of the functions of R t S, and offer the postabi1lZty of 
adding equipment to hcrearPe logical and variable field 
length operation speed. Preliminary inveotigation indicatra 
that such an independent machine-couldbe built with isUghtly 
l e s a  hardware than B t S. Further engineering rtudy would 
be necessary to establish equipment comparison more 
precioely. 

* 
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10, The 3 - I n 4  approach results in a coneiderable reduction of 
engineering effort. Neverthcsles~,the magnitude of the task 
Involved in designing each of the three units €3, S, and H to-
gether with the bus system, memorier, exchange and input-
output units rernaine very eubstantia1. 

The conefusions are intended to sunnmarize the factr dislcfosed by the 
cammittee's study. They do not represent a recommendation of any 
course sf action. t 


G. A. B3aauw 

W. Woleqpky J?y 




