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~ May 9, 1961

Mr. F. J. Cummiskey

International Business Machines Corporation
. 112 East Post Road : o
i  White Plains, New York

T

Dear Mr. Cummiskey:

I am here enclosing a report on my evaluation RS
of the Los Alamos STRETCH machine based upon my = Lo S
. discussions since April 18, 1961, A summary is also
included.

In accordance with your request I will also

- lock and comment on the improvement program asso-

| ciated with STRETCH as soon as it is more definitely

| formulated in the next few weeks. The enclosed report

does not take any part of this proposed improvement .
' program into account.

- If this report does not cover the areas in
| question in sufficient detail, please let me know.

Sincerely,

REM:EB

Enclosure -




|

. | |
; | | SUMMARY
I

|

There ’18 no completely satlsfactory method of evaluatlon and baS1cally
~'there cennot be one. Hovvever, problems do 121l into sfcanderd categories
and usmg these and simulation techmques it is worth trying to get better .
methods of evaluatlon
| Computers have achleved 1mportance because of 1) high speed and
2) the concept of a cgmdltlon transfer or branch instruction. Whlle STRETCI—I
is fast m amthmetlc, the conditional transfer is relatively slow. |
' No; single num;per can be used to compare STRETCH speed to another _

machine:fuhless the. problem type is fairly well specified. STRETCH is a
machme Whose mteunal computing speed is from 0. 8 to about 8 times that
| | of the ’7090 dependm.g upon several factors. With moderately expert pro-
: grammmq dominated in favor of add aua multiply parallel unit instructions,
_‘ the macifliue would average about 6 times the speed of the 7090 (if the word
length and memory capacity are sufficient on a 7090). With really expert
programmmg on such problems STRETCH can be 8 times the speed of the w‘,
7090. On programs which, because of necessfcy or inadequate knowledge of
STRETCH are dominated by logical 1nstruct1ons, STRETCH will be about
the same speed as a 7090. | /

_ The instructions are more general than it is economical to have them
and thlS‘ qenerahty makes the machine slower

Checkmg features are valuable f.or ‘the present reliability of the machme

Based upon initial test resulis only, STRETCH Would not be considered |

”rellable” Wlthout the checkmg circuits and an effort should be made to see |

that the reliability without checking is 1mproved

I.
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It is important to note that the 7090, is an extremely good machine.

: Many of the ST.'RETCH developments, Including the biggest factor in clrcult

speed and the memory, are in STRETCH. By compamson then, it is more

dﬁflcult to show STRETCH as being greatly supemor on non-ordinary in-

- : structlons
| ’ 0 "advanced developmeﬁt" kind of project but had
; he effort to have Harvest, a commercial machine
and S’I‘REETCH all the same general machine added to the' difficulties of
eonstructjing STRETCH and is responsible, in part, for the cost and slow-
ness of S’fI‘RETCI—I on some instructions. Since the arithmetic speeds were
specified,if most effert was placed on these. STRETCH supported the devel-
opinent o;f many novv‘ standard IBM produfets or improvements
The; original plans called for circuits with an average delay of 10
. nanc)seco;fqu per circuit element. Circuit engineere proposed and later pro-
duced eirgcuits with delays of about 20 nanoseconds per element. There
was possibly a misunderstan‘ding by the systems planning group that these
circuits cf:ould be used or that-through further work and better transistors
10 nanosecond circuits could;be obtained. The circuit speeds did not, in
fact, becfome faster and hence there Wasv a gap between the originally pro-
posed speeds and those which could reasonably be obtained
'Thfe part of STRETCH comprising I- Box, Look-Ahead and the controls

connectmg these to other parts of the machine is cons1dered very compli-

cated and more compllcated than is desired for future machmes The
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innovations of standard interface junctions in machines is a desirable kind o

of complicatn.on for machines.
|
Plarmmq groups dld not follow through on the machme after its forma-

\

tive stages and no smgle engineer was ass1gned to STRETCH early enough.

i




| : METHODS OF EVALUATION AND THE STRETCH SY STEM

R. E. Meagher
May 9, 1961

v Introduotion

The STRETCH system has the fastest operatmg arlthmetlc umt Yet

on some otherW1se reasonable programs the STRETCH system would be = .

slower than a 7090 f‘ How does one evaluate a computer like this and how

did it all come aboht? This report discusses these topics. It consists of

two parts The flrst part considers methods of evaluation a.nd exammes the
STRETCI—I system The second part dlSCU.SSGS the development of the STRETCH

sys,tem

PartI

1\/I_ethodsg of Evaluation .

One must understand at the outset that there ‘exists no completely
satlsfactory method of evaluating a computer. Although the individual
steps m;computmg are precise, the field of oomputing is broad and general.
There 1s no "'standard" problem. There isno general purpose machine. If
a definite sequence of steps for a computation is stated, any oomputer could -
be exéim:glned in the light‘ of these, of oourse. However, We do not want this
because we seek always to solve g problem and more than one sequence of
steps W1}11 give a solutlon to the same problem Perhaps an evaluatlon

could be.carried out for a problem or a class of problems -- if we could

- agree on what the class of problems whould be. Evaluating a




B computge_r is somewhat like\evaluating a man's life or like evaluatin’g a
book, It is impossible unless we have some standards a,n;i who is to say
~ What thie sta;ridard‘e are. Iholdno hope, therefore, for a completely satie- ‘
: f.actoryg evaluatingf" "sfnethod but it is worth strivlng for methods which can

be used if the problems are defined.

The method { considering the distrib.utionﬂ of instructions in the

' probler;ns in queegg;on and then finding how long it would take a computer

to execiute these fiv;lstructions is the most widely used method of evaluation,
Ina “b%ale.nced" machine,, in the Von Neumann 'sense, this is certainly a
good rrlfethod. Most of the machines have been fairly similar in the past.
For a (ﬁiven problem and with a good understanding of a machine to select’

the beet instructions, it 1e still a good method, but the evalua,tlen of a ga,ven

machlne may still vary considerably from one problem to the next

Other lj\/lethods of Evaluation | | | ' S

| Ej‘or scientifie problems it is possible, I think, to select about 10
representative problems which form the types most frequently uséd. A:Eter-
a‘machfine is built, a very ieffective evaluation would consist in obeerviné |

the operating times on these same problems with due regard for advanta-

geous}programminq. This is certainly the final kind of proof of a machine?s ‘

|
speed. |
- T'am aware that simulation techniques can be carried out before a -

machine is built to get a measure of its speed. Dr. Harwood Kolsky did .
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- _this, in part, for STRETCH and became aware that there were some

' difficulties. However the seriousness of the difficulties was not recog- -

nized.?» Perhaps this is because the ‘numerial times assigned to,eacfh box \;\fere

‘ nét cor;rect. ‘ | ‘ B : |
 ' Szimulationszg;@zchniques do have 6onsiderable prosgpects and I would S

approvie of work ¢nthem. I would like to cdmpare"simula"cion results with

tests on operatin_“ ;rnachines before appiying them to new designs. v

An Evaluation ofi?TRETCH

| Iiusually thlnk of most problems, émd especially " Scientifici“ problems,"

as con’gaining faizjly short loops of eésentially the following inétruction

o

types:
load 2 register from \memory

add a number to the number in the register

-multiply by another number from memory = .

¢onditional transfer or branch

o (;'L\/Iorev comp_licated mixes including many reqularly used at IBM arte, |
Iam s{xre, better than mine. ) |

‘i‘able I gives a list of the instruction operation times for a few of the '~

fnain ilélstructions in the 7030, the 7090 and the 704 fo;c comparison. These
times \i/vere obtained by running each of the individual instructions 'repeti-
tively 1n STRE_TCH a very large number of tirﬁes. The times are ”ave‘rage“‘"’
(shiftsfand bit distribution affect these times) and also they represent times

when the instruction listed is followed by the same instruction.

T
i
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TABLE T

- Mostly from T. C. Chen

| \g 7030 000 704 A
| Multiply . : o 2.7 usec. 28. 6 usec. i 204 usec.’
- Divide | | ? T 8 to 18 _‘ﬁ 38 . 218
Add B 15 10 s
' Clear and add ,'Qﬁi s 4.4 7,. o4
Store | ;ﬁ“' o 4.8 44 :‘:i;z4
Commor?; branch B 2.5 | | 4.4 : o4
Branch |on zero B 5to7or 44 24 .
. , ; | - . 15 to 22 ' ~
B ,
|
. e

In the caéxse of Stretch these are average numbers except where a ra.ngevis |
~given. |
‘ i
|

The very great importance of the automatic computer has been attributed

to two tf;ings 1) high speed and 2) the "conditional transfer" or "branch"
whlch depends upon the results of some previous calculatlon It should be

" noted mght here that the STRETCH can do arithimetic exceechngly fast, but

| on the second item, branch, STRETCH is actually slower than a 7090 (except
for the simplest branch, namely, eount- on—branch). This is a metter of

| great irrflportance in evaluating STRETCH because the use of branch instruc-

tions has become so common and so accepted as a powerful feature of compu-

ting machines.
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‘ Let us now apply the instruction times to the simple loop I squested,

The results are given in Table II:

TABLE II |

Clear A?d e | 1.3usec. .4. 4 usec. 24 usefc;.‘
Multiplyé | I 204
Store [ A 4.8 e
Count an‘d Branch S 2.5 | ’4;4__ - | 24

| Total 1.3 422 276

Speed rela.tive to 704 24 6.5 o 1

| Factor f;or word length of 60 bits 86/'60 1 1
W‘ord ‘lerilgth adjusted "time" 6. 8 42.2 276
Adjustedi speed relative to 704 40 . 6.5 1 :

i . . . »

In ?table T the simple list using a count-on-branch (the shortest branch
time in STRETCH) shows the STRETCH to be 24 times as fast as the 704,

STRETdH has a word length which is much 1oh_g'er then the 7090 and from a

mathemé,tical viewpoint it is proper to Say that the amount of computing done

is proportional to word length. I have applied this factor as an adj‘ustment.}
Then the STRETCI—I is 40 times the speed of the 704 on this simple 1ist of
1mporta.nt and frequently used instructions in scientific problems Word

length 1s 1mporta.nt bu’c depend upon problem 31ze, it is long enough or it

kg




isn't long' enough for convergence to a correct answer. For “large" problems .

‘the Word length of the 7090 is not enough and double precision steps must be
used Whlch would further show up the advantage of the 7030. Also double-
\precisizon on the 7030, is obtained, except for storage time, in substan-
‘t1ally the same tlme as the single precision 7030 instructions, but pro-
bably th_’LS is requlred So seldom that 1ts value may not be 1mportant

| Now the most important thing to note about Table II is that almost
any other dlstrlbutlon of instructions than the one I have chosen would make
the '708%0 take 1ong'§r’ in comparison to the 7090 and 704. This is because
divisiohs émd branéhes which depend upon the result in the arithmetic unit |
are relatlvely not as fast in STRETCI—I Thus a problem with little arlthmetlc
 but mostly logmal and branching operatlons (even when the branch is usually
not takon) would be slower on STRETCH than on the 7090. Under these falrly
extrem;e conditions, STRETCH would be about 0. 8 times as fast as a ’7090;

Thu_s no single number can serve to compare the STRETCH with another ’

s'ystemg. The comparison is very dependent on the fundamental type of pro-
blem (rfnostly arithmetic or mostly logic) and the programmihg, - With programw-
ming W}lich takes into accoﬁ.rit a knowledge of the machine, and on primarily
large piroblems in arithmetic which can still fit into the 7090 memory, the
STRETECH would be on the average about 6 times as fast as a 7090 (8 times in
some oiases) :or about 40 fimes faster than a 704 (63 times in some cases).

At the other extreme' that is, with programminq which'disfavors STRETCH

or on certam problems Wh1ch use logical orders in the VFIL, use branchlng

I
i
|
|
I




extensively, and where word leng-th is of no importance, STRETCH would be

| | about O.’8 times as fast as a 7090 and about 5 times-as 704. 'Y

i
[

~ Other Factors of Importance
There are many other factors Whlch affect the value o:f a system in
some 1nstances |

i ’ : !

Word lenqth has already been mentioned and has already been taken

into acoou_nt in the above estimates. From a practical stan<r f‘mi., only in
some big problems is the long Word‘length necessary, but here it is neces-

sary an‘d STRETCH has it.

Instructlon repet01re is 1mportant and STRETCH has many combination
»; :1.nstruc;tlons 80 th% the actual number ©f instructions for a given problem s
o W111 be somewhat less than on a 7090 This effeot by itself, will not be a
large ef:Eect but may amount to a 25% reduction in number of mstructlons o
requlred as compared to a 7090. STRETCH also has an extremely ﬂex1b1e
| and oomplete list of instructions. Thls should m some cases make program- W
mmg eas1er but the resultmg program is not necessarily a fast one. Foi-
example the VFL unit contributes to thlS flexibility, but the VFL instructions )
. are slow For a machine for "scientific” problems one wonders Why the VFL
unit is there at all (except for the parts for exponent arithmetic), ‘but it turns
out tha‘g for checking reasons practically all logical instructions have been
designed to use the VIL unit.

v]’:flstruotion sequence affects the speed of the machine. In',many cases

groups of instructions can be carried out in a time less than or more than that




| 1 indicated biy the sum of the corresponding times obtained from Table L.
This indiC%Ltes the necessity of understanding the machine to write goio'd‘
programs %ﬁor it. Ttis quife possible to incorporyate some of these things

as rules 'fe;r a compiler such as FORTRAN, Also, of course, the compiler
could be m’ade to favor the fast 1nstruct10ns This should certainly be done,
but it should be remembered that some people do not wish to rely on a
compiler and do not use them. STRETCH is an extremely complicated
- machine aﬁd fast programs will depend upon a lmowledge of‘ the machine.

This is soinewhat like minimum access programming on a drum machine.

It -ie an unéiesiréble feature to have to contend with. It places a premium
i ’on high quallty programmmg | |

Checkmq :Eeatures are of 1mportance becausge in STRETCH almost

- every machme error is detected and many are corrected.- Thus a user

can feel faﬁirly certain that a result is not in error as far as the machine is

concerned (and may give him a false sense of security mto thinking his pro-
vvgram is OK 1f he gets a result). All progra\ms‘should have mathematical 8
" checks, bgt usually they do not. Problems shouid not need to be rerun for
assurance% of machine results ’but based upon recent tests about 'hal'f of the

‘problems glonger than 45 minutes will show a check error and require re- |
running for that reason. ~ |

Wlthout the checking features and based upon these first few months

of use the STRETCH would not be considered reliable because an error

would occlr about every 3/4 hour. A serious effort should be made by IBM |




to see that the rate of errors, as shown by the checks is reduced Restart

/ .

v procedures now proposed do solve the problem but will have in my opinion | , ' ;
& S

a bad effect on IBM machine reliability reputation.

l\/iemorv capacity in STRETCH in both cores and disks is very large

e 1ndeed This is obviously an 1mportant item to large problems espec1ally
- from a convemence standpomt From a basic standpoint the Von Neumann
versus Teller attitudes on this have never been settled.

put— output features on STRETCH, like the memories, are excellent.

Conclusmns on Evaluation of STRETCH

STRETCH is a machine whose internal computing speed 1s from 0.8 -
to about 8 times that of the 7090. With moderately expert programmmg
dominated in favor of add and multiply parallel arlthmetic unit instructions
‘the machme Would usually be about 6 times the speed of a 7090. On programs |
‘Which because of necessity or inadequate k:nowledge of STRETCH operation
are dominated by VEFL and branch instructions, STRETCH Will be about the same
speed as a 7090. -

The relatively slow VFL and branch instructions compromise the
value of STRETCI—I I do not know how to place a numerlcal value on this
Because branch orders, at least in some quantity, are responsfble for the
present§ “automatic" computer, IBM shoulol not underestimate the impor-
tance ot this. | At best these relatively slowi orders place a restriction on the.'

, programming

The very flexible and slow 1nstructlons in STRETCH are certainly not \
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;yeconomlcal in equlpment or relatlve rental cost

The checkmg features in STRETCH appear to be necessary in order
to vobtaln rehable results from the present circuits.
Any evaluatlon of STRETCH will be colored by the 7090. The easy o 1

part of the speed J:‘;yance of these last few years is in the 7090. It is an

extremely good ¢ puter. All of the developrnents in speed which are in

the ’709Q were ste;rted and sponsored for STRETCH. The 7090 has the elec-
2 trical' c:'ircuit advancements of YSTRETCH but with the more conventional )
organize,tion. It will be hard, then, to show big improvements in speed in
STRET¢H on every type of instruction. Indeed, it is only through parallel—,
ing of operations achieved by a more complicated logic, that we can hope to‘
get a higher speed - When this paralleling idea breaks down, STRETCH
cannot, be expected to be faster than the 7090. Indeed if the norrnal pattern

| of data flovv is upset we must expect it to take Just as long to get S’I‘RETCH
started up again as it does to get the 7090 going. (It happens that sometlme,s R
.it can tagke considerably 1onger on STRETCH because of the decision to

‘return all registers to the1r former state before the branch occurred)

In; short the cream of the development of STRETCH is in the ‘7090 and

the costly features, acknowledged to be more of an experlment,, are in STRETCH,




o Dr. G. %Amdahl. They were based upon a 10 megacycle clock pulse rate

o=11-

‘Part I’

The Original Requirements

’.S';I?RETCH beqan, obviously, as an advanced development program which .

“was intended to do everythinq anyone could think about in 1955 and 1956. The
' 1
enthus:rasm of eng;meers engineering conjectures, proposals and promot1onal

~ ;attltudes all affected the early work. To t1e toqether such a large program
and to support 1t a. large contract appeared to be necessary A contract was
completed with Lng: Alamos in November 1956 Whlch called for the delivery

\ & _
‘of an actual mach,lne in 42 months W1th the followmg spec1f1cat10ns (among o

others)
ok
!

| Table Il

B %Base Frequency . .’10 megacycles
| :

" fAdd or Subtract Fixed 0.2 usec. 6“6 5“"/
Add or Subtract, Floatlng : o 0.6 usec., . o - d‘, 65 //,g
Multlply RS . 1.2usec.

DlVlde - 1.8 usec.

Disk Capacity o 1,000,000 words

Word Length 60 bits

le'lese instruction times, which also appeared in technical papers,

were arrived at by Mr. S. W. Dunwell with some sort of help from

{
|
i
|

{
i
|
i
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Both men expected or wanted about 10 elementary logical steps to be carried

“out in a 10 megacycle period of 100 nanoseconds. Hence, the individual

logical Esteps could be allowed on the average 10 nanoseconds each. J. C. ._Loguev
‘wrote ahout 20 nanosecond circuits Which may have been misinterpreted by‘. w
Amdahl as a double logical step ln any case R. A I—Ienle with experlmen- .
tal trans:Lstors with light loads on exper1menta1 circuits, “did soon produce o
circuits’ which had delays of 10 nanoseconds. These circuits were of the
"current switching" and "non-saturating” type. They used PNP and l\TPl\l
transmtors in alternate steps, an excellent idea to avoid some potential

changes. These circuits are, in general, excellent. They 'Werelater

n standairdized" and are now in the 7090.

The Con:fllctlng Requirements of l—larvest and a Commer01al Machine
Although the requirements for STRETCH were pinned down by the con-
tract, the pendlng contract on Harvest and the hopes far a cornmer01al

STRET(VH soon became 1nvolved in the program. In fact, 1t was thought

that all; three requlrements could be met by the same main program Thus
the STRETCH was bound by the contract to a high speed main arlthmetlc un1t
and checklng features and now it had to serve also two rather different needs,
1oglcally very different., The decision to make all three under one’ machine
organlzatlon was certainly a, comphcatmg feature as far as the machlne

' 1nstruct10n llst and control were concerned I view this now as a mlstake

, The Parallel Arithmetic Unit

Clearly the STRETCH contract Was bll’ldll’lg' on arlthmetlc speeds and
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- memory speeds and capac1t1es In trying to obtain these speeds E Block
'and R Merwin found tha.t the current smtchmg circuits Were not fast |
enough, S0 the follovvmg steps were taken: |
1. Higher circuit speeds were sought by using diode 1og1c and :

emitter followers helped. |

2 More complicated arithmetic logic.

- »3. Double card packaging.

Even with all of this the arithmetic was not going to be as fast as
predlcteg in the original contract and a revision to the contract was made in

Tuly 1959. The revised times togethier with those actually achieved are given .

in TableIV. V%A D q . 43
SRR e Teble IV / |
Revised Contract ¥  Obtaided March 1961 ;L
i July 1959 v i ‘
Add or Subtract 0. 95 usec. +58% = : 1.5 u%ec. 3
lead .~ o0.65 © +100% = 13
Multiply | 1.9 wi%= 2T
Divide 7.0 +14% to +157% = 8 to 18
‘Large Memory Cycle 2.0 ' %= 2.18 |
Disk Memory 4 x 108 words o 2 x 100 words «
Mean—freeferror tirne 80 minntes | o * Los Alamos revised contraot
] . e or more - only. These are not the in~
| ' . , ' struction times in Livermore
AN instruction : or other recent proposals. |
times sub- : v S g

ject to + 25%
error
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The group put its greatest effort on the parallel arithmetic unit because‘ R I"
. this was what was specified and because this was best understood. In spite |

o of this effort the actual times were slower, as noted, by amounts which

~exceed the + 25% allowed for in the contract.

Tpe times for branch instructions were not specified in the contract

~and the ;desires for gener’ality of instructions for the other two types of

| machines tended, I think, to let these instructions come about through a

comp‘liciated interplay between I Box, look-ahead and the arithmetic unit.
It‘ls true that the machine has fallen short of many of its contract

specificg.tions However, it is the logical mstructwns and look-ahead which'

- make 1t relatlvely slow and these were not explicitly stated in contracts.

It:may be interesting to refer to the project Stretch Memo #39 which

I
gives 6 papers which were presented at the IBM Engineering Research Con-
ference?on June 20, 1956. This series of papers [yives the point of view of

j . . \' »
“the Engineers and Planners associated with this system just prior to the
!

contract In the first paper Mr. Dunwell outlined the qeneral form of. the

machme and gave some of the anticipated characterlstlcs He seemed to

)

indicate clearly at'that time that it was a development program when he -

ma.ke the following remarks:

(
i

”Progect Stretch has as its objective to put together
the most advanced computer which can be developed with-
-in the next 3 1/2 years, and to have the first model of -
this machine in operation in the field at the end of that
time, which will be January, 1960. Project Stretch is
now a part of the Reseaich organization,‘ and will
continue to remain in Research for the next year or
year and a half. This provides us with a maximum
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opportunity to collect and apply to STRETCH the
new ideas which are developing within the research
‘organization. Similarly, it gives us a maximum
opportunity to influence further research in the
direction of solving the remaining problems Whlch
we encouxlter in laymg out the machine. "

~ Mr. Dunwell also gave machine speeds :Eor addition and muli;lpllcatlon but

1

- not d1v181on which agree with the times quoted in the November 1956 Los

Alamos Contract T

From this same series of papers it is interesting also to notice the
opening remarks m.ade by Mr. J. C. Logue. l\/Ir Logue had the principal ;
respon31b111ty for developmq the dircuits which were later to go into STRETCH“
"and also the 7090, - Quotmg from his introduction:

”The success or failure of this STRETCH program

depends in a large measure on the success of the compo-

. nent effort. While this is trle of every machine that has
ever been built, it is particularly true of STRETCH.
Other machines have incorporated one or two new com-
ponents into their design, they in general, did not base
this success on all new components. Many of the compo-
nents that were used in past machines were considered.
initially to be standard items, but they turned out to be
more complicated than first anticipated. In this respect
the STRETCH program is different than past machine efforts.
We cannot point to any component that we plan to use and
say that its characteristics are known. Why then do we
have the optimism, which everyone-on the program
exhibits to tackle such a task? One reason is that we
feel the time is right for such a program. Another, and
more important reason is that we feel we have an excellent
physical research, component research, and manu:facturmg
effort to back us up. Since the success or failure of

STRETCH depends so strongly on research support the
feasibility phase of the program has been initiated Wlthm
the research organization. " ,
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I ‘@hink Mr. Logue pointed out Very. effectively and clearly that the

‘ 'componénts- and the circuits were by no means in hand. Indeed he indicated

“that thére were prospects for new components but that these were not in hand.

His entkiusiasm was certainly justified at the time because the industry Wan‘;"j,’,‘?‘

1
1

: beginninfg to understand magnetic components and had suggestions for
faster tlznansistors. | | |

| Itgls a puzzle to understand why IBl\/I, which has traditionally been
| conservfatiVe in its approaéhes to proposals and commitﬁlents should enﬂer
into an z%agreement with Los Alamos "for the delivery of a definite machine ,
with faifly definite speéifications as far as speed is concerned when the
engineezé's,' alfhouqh enthusiastic, were not at all certain just how they

o

would cé}rx‘y out this work.

The Complexity of the STRETCH System
| Tlfle STRETCH system is a tremendously complicated system. Wh'eré
it was pfo.ssible in the past for many engineers to understand in a matter of -

|

a couplé of days the flow of data for each instruction in a reasonably detailed

way, it 1s doubtful whether a corresponding level of capability can be achieved .

~for STR;ETCH in a couple of months by even a irery competent engineer,

With soéneth:'mg .as complicated as this, the design proﬁlemis very difficult
indeed. ‘ The design problem was so great that Véry closely interrelated units.
in the cc?)ntroléand arithmetic unit had to be handled by several different men.
None coéuld ﬁnderstand the whole and none could easily bé aware of what a

compromise in his unit would do to the over-all system.

PRSP
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| What happened was that p'lanning groups under ‘Fred 'Brooks and

- Werner Buchholz formulated the general pettern and layout. Thelr job

was difficult enough in trymg to satisfy the requirements for three sys-

tems and to incorporate everyone's wishes for every kind of feature.

After tl’llS planning stage engineers began to work. Because of the com-
plicatio%ls, engineers had to work on their own units and did not understand
mu'cAh m%ore than their own units. The system as conceived was too large
to buildi and compromises had to be made. These compromlses had to

be made without any single person in.planning or engineering being aware

- of how éhey Wouid affect the machine. Because the construction date

was at hand the planning people d1d not get a chance to check the design and
- ‘probably no smgle engineer really understood it until it was being bullt

0

I think ’ghat both R. Merwin and E. Block should have been called in earller
and ‘the gplanning groups should have stayed With»t}{e project longer. Idealiy
a 'seconjd iteration in the design should have taken place.v o . |

;Tyhere is more than one kind of complication. STRETCH, I believe,‘ i

_ introduci:ed to IBM the idea pf a -sjcandard binterface between major units |

especiaélly input-output unite. This is a very good idea which I suppert. It

is comgélicatedbut‘it is a simple kind of complication because the several

- major units do not have to work intimately together. In the control and

sequencmg steps through I-Box, Look-Ahead and Arithmetic Unit, this is

a "compllcated” kind of compllcatlon because 1t 1nvolves a very tight mterplay

of 1nfor;rnatlon. I view this partlcular complication with some concern.
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In & llrmted way it is necessary in streaming where you know what 1s going.

' on. But it is costly and should not, in my opinion, be the pattern reg"ularly

"followed in "general purpose" machines.

STRETCH Is Too Generalized , ST A
It%has already been remarked that STRETCH was re}ally a part of"a : <
- goal for’é three systems in one. Related to this but separate from it, |
; 'STRET&JH has an extremely generalized set of instruction, In some o‘f

these the value of one bit determines even the meaning or use of another

bit or bfts. These bits take time to sense. ' The trouble is that it takes

time every time that instruction is used. - The very general features of
the inst’lj"uction list are slowing down STRETCH. The desire to do every- -

thing is Ecostly in time.

. Personniel and IBM‘Organization
| STE"RETCH has been led (and in effect sponsored on many occasions)
‘by Mr. S W. Dunwell, He is a very capable man in what I might call
engmeermg promotlonal work It is a direct result of his Work that all
of these‘fnew speeds could be introduced into the 7090, and 7070 and else—
where.’ iQ'I"he STRETCH project was extremely large and needed his leader-
ship. STRETCI—I is a success in having produced an arithmetic unit which .
-is this i"a.st. Also, it is a success for the innovations for the other maohmes

STRETCH did not have competent Working engineers on 1t early

enough. Mr. Dunwell did not have constant and expert engineering help in
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~ the early period of the program and really did not have proper engmeermg
help until about the early part of 1959.

| .
Many outsui:e' of IBM, including those at the University of Illinois '

were not able to substantiate the speeds quoted by IBM at that time by

o about a faetor of 2. }

n extremely capable engineer but was not cslled in -
early enjough. I think that Mr. Fletcher and others under him are very:
: ’good. ? B
| , On something as complicated as STRETCH, i‘I think that there has to
be one niqan who almost understands everjthing, and in particular knows and
admits virhat he does not understand. ~Mr. Block appears to have grown
_into that? position. .
AN L Oxg'ganizational changes have had their influence. The sectio:riing oﬁ ,

- of the c1rcu1t work j,nto a "standards" circuit group probably had a detri- :

- mental effect on STRETCH and a benefitial effect on the ’7090 The ‘YOQO :

prograni” 1tse1i through its temporary priority slowed up the STRETCH

program by some amount but the amount is uncertain.

S’I}RETCH really was e, developmental program, It was probably
'undesirai,ble for it to leave "research" as soon as it did, because it gave
people irslside the project and outside of the project the idea thet research‘ ‘g
| support was no longer needed. It was, in fact, é highly developmerital_v

program, something different from basic research chourse, but also

n’yot quite a regular machine development program. S

i
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It/is certainly desirable to have circuits which are "standardized®

and to have a functional organization for this for production design work.

STRETéH was not a production design but a new development and for
| ’ ,

those pefxrts of the machine which are truly new there should have been o b B

strong éapabilities within the STRETCH group.

h e ST e e s




| May 31, 1961

C. R. DeCarlo
B. O. Evans

J. A. Haddad

W. B. McWhirter
E. R. Piore

H. G. Kolsky,” i
Subject: | Dr. R. E. Meagher's STRETCH Evaluation

' Memdrandujm to:

|
i
i

- Dr. l\/Ieagher has requested that the attached sentence be added to his STRETCI—I re-
port of May 9 at the end of the first paragraph on Page 12. «

i
&
|

FRRR o ] o ‘ , ~ Joan Sicignano o ' '
' 3 , ’ ' : Secretary to Mr. F. J. Cummlskey

78 b .

: Attachmen’é




ERRATA: | |

‘Whlle llghtly loaded experlmental circuits had delays as low as lO nanoseconds,

loaded circuits on production boards had delays from 20 to 30 nanoseconds and
were, therefore slower than necessary to meet the original machine system

’speeds o
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Memorsndam 10! C. R, DeCarlo
B, 0. Evaan

3. A, Fadded

B. G, Xolaky~
W, B, MeWhirter
E. R. Plore

Sabject: Dr, R. E. Mesgher's STRETCH Report

HiCys

Jane 1, 1961




| _ . Appendix 3
3 ' R. E. Meagher
f May 26, 1961

STRETCH RELIABILITY

The acceptdnce tests for STRETOH carried out at Los Alamos '

showed the error rate to be very much reduced as compared to the tests carried

out in Poughkeepsie. In the main reporﬁ I had indicated some concern because
of the ﬂigh "residue" error rate in the central processing unit. According
to Mr. E. Bloch, there was only one such error in the 40 hours of acceptance
tests aﬁ Los Alamos. The total number for the CPU was only a few and the |
total ndmberlfor the entirs system including all input=output units wag about:
35 for the seme test period.

‘ I understand that some of the panel cabling was repaired after
' shipment and this is probably what reduced the residue error rate. ‘Tbis ié

a very creditable improvement.

I think thet this is a fai?ly low rate for the central_process{ﬁg,

‘unit and a reasonably low rate for the input—-ocutput units.
It is my understanding that substantielly all of these errors
were indicated by the extensive checking system and did not, of course,

" produce an incorrect result,




