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General Electric Company
Knolls Atomic Power Laboratory
Schenectady, New York ‘

Attention: Dr. Richard Ehrlich, Manager, Advanced Degpipgmﬁ&t Activigf
Gentlemen: | | A
To assist you in your evaluation of the IBM STRETCH Computer System
for purposes of your recommendation to Naval Reactors, ARC, we are

~ submitting this proposal. All purchase and rental prices are spccid

quotations. In view of your stated intaraats, ‘rental prices are used
throughout. o ’ |

. v
We recommend that a mmimum STRETCH: Cdmputer be installed at
Knolls Atomic Power Laboratory in the first quarter of 1961.

'The propased system rents-for $136, 900 per month includisg total IBM

service -~ maintenance, parts, local sales service, Applied Science
service, educatienal service, Applied Programming aids, publications.
The cost of one shift of operation of this STRETCH Computer in 1961
compares favorably with the $80-$90, 000 per month which you are pay-
ing for a multiple shift IBM 704 operation now, in 1959. _ V

The additional cost for STRETCH in 1961 amounts to an increase ofonly
3 percent over the total KAPL operations budget for 1958-59 fiscal year, ~

For these additional monies, the General Electric Company will possess

2 balanced high performance computer system of the most advanced type.
IBM has spent 4 years of intensive research and development in produc-
ing the best computer of which IBM engineering and experience {8 capable..
The STRETCH which we recommend has & relative speed of 34 times the
704; the larger system has a relative speed of 168 timea (See Perform-
ance Section.)

The STRETCH Computer will offer the General Electric Company many
prime advantages:




Lo F” ﬂ“ ﬁ" "t timo it Wmf- ’W? Praaucal and economical for tho <
B General Electri¢ Compw to tmlva :aactor pro‘blems in three
dimenstons. RS o i

X
L
<

BT N The prablem vturn-\uauaa-ﬁmej wiu be’ slaahed. The mi.ni-
- " mum STRETCH Computer will roduce in one minute the
angmeering results which premnﬂy take 34 minutes

3, Thqvucnst per calculatio:u qu prxmo shift use will be the lowest .
,poaaible For a minimum,,nystem. the unit cost will be 8.5
pércent of your present’ ‘{04 For a larger nystem, it wm be
2.8 percent _ _ , N

EA

L 4. It will assist G. E in maintaining 2 position of leaderahi:p in

' nuclear reactor design. -A gain in experlance, knowledge amd
results by KAPL sciantihtn and engineers is 2 gain by the -
General Electric Company in its commorcial reuctor develop-
ment. Lo g X

e

b 5. STRETCH Computer is 3 'leap forward" in computer technology.
! C It will grow with your nceds. It may serve your computing load
: : through 1965. It elimmates the need for interim computé?s with '
their attendant expense of mstalla.txon, training, and program— -
mmg . . ‘ e

6. G.E. will beina posltion to take better and immediate advan-
tage of: '

, | - breakthroughs in hjd\vledgé of the behavior of atoms
ﬁ in their environment.

- applied ma.thematicid develnpments.

; - programa dev&h’:ped by, Los Alamos AEC for their
: ’ STRETCH Gomputer.

7. It enha.nces G. E.'s competltive position in attracting contract
. ~ awards. .
o i 8. It will extend the creative and productive capacity of scientists
R | and engineers many fold. In turn, it will attract these pro-
C o fessional people to the General Electric Cempany.
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KA.PL will retain tly.e* qupport and tﬁﬁl'aervicca”

PL can continua _u‘benefit from the qqntinumw_, pw oy

of those new produgt developments which: relaté to the .
- STRETGR t'omputer Systm and its pvriphexy. :

Wo of theme minimum ayltemh, one at KAPL u'id‘ ome, at Béttia R,
4 La.baratoty, is approximately the same pxice as um large aystem. RS
©." With one a,t éach 1ocatiaﬁ. the AEC will have;

1 Self~ inaurad back-up.

RE S

P - 2, Flexi‘blc ucheduling of woxkloads.
3. Programming compatibility.
4. The answer to their long range needa.

. 5. Benefita from the output at two equal and competitive
laboratories.

It is our belief that the IBM STRETCH Computer is an excellbnt
answer to your needs of 1961 1965.

The contents of this prOposa,l are indicated on an Lnde;x sheat, An
addendum by Dr. Hadnot will be completed by July 6 ‘The contents’ ’

of the whole proposal are proprietary. . ‘ o
\
|

: ~ Under approPrmte contractual arrangementn we will plan to manu~ .

“w.l 7 facturé and delivéx the aystem in the. firat quarter of 1961 This , .
e delivery commitmant expires on July 15, ”1959 if yoit'do not state
cote your mtentiona,m enter into negotiations.” Terms of the contract R
" will be speciﬁéﬂlv deﬁned during the negOtiatiom. AT

i

1"" . = ‘

: 7 We appreciata both yaur continued mteresg and the npportunity which
SN s you always give m {n representing our Company to yqu,
oy IBM custqmer. _

i B . o s - 41‘

o o VerY truIY Ymu'a. i
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SYIRETCH PRICE 6C HEDULE

YSTEM FLATTRES

PROGRAMMING SYSTEMS FUR STRETCH

SYSTEW FHILOSPHY

PHYGIGAL PAGILITIES

SYSTEM EXCANDABILITY

P

IBM SERVICLS

CUSTUMER ENGINEERING SERVICE *
EDUCATIONAL SERVIGE

APPLIED BGIENGE CONSULTIN ; SERVICE
APPLIED PROGRAMMING SERVIGE
PUBLICATIONS

MANUFACTURING FACILITIES

SPECIAL ENGINEERING
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HISTORY OF DIGITAL COMPUTING

LY

High speed digital computing became a reality in 1953 with the delivery
of the 701 Electronic Data Processing Machines to many major scientific -
and engineering organizations in the United States. This tool opened
new frontiers in digital computing by vartue of the speed increase over
previous methods. Large problems were solved by the 701 with a
hundred or more fold increase in xpesd Svér the-Card Prograth Calcu-

lator which in its day had represented a giant step over manual methods.

- Though the 701 represented a tremendous increase in ca_.p#b:lity over

previous methods, it was recognized by the users that substantial im.

provements in speed, memory, inputloutput, and in language would e ..

required to solve many of the problems at hand. The Atomi¢ Energy
Commission Laboratory, for example, has problems that would ‘
require thousands of hours to splve. The available machine time, thus -
would not permit solution. ,

IBM faced the problem both in terms of an immaediate and a long range

solution. The immediate solution was product improvement designed

.%o gain maximum utilization of the components that were well enough
' ‘developed in 1954 to permit volume production of computing systems

The 704 and 709, each with their own contribution, have yielded a sub-
stantial improvemem over the atate of the art in 1953. ’

IBM in 1955 had developed the drift junction transistor which operated
eifectively at a switching rate of ten megacycles per second. It also’
appeated that these transistors could be mass produced in sufficient
volume to justify building large scale systems. The best magnetic
core storage techniqu.t at this time gave a read/write cycle of six -
microecconda These factors plus the demonstrated reliability of

the solid state components provided the basis for the design of a com-
puting system which‘would represent a hundred fold increase in per-

- formance over the 704.

A contract was entered between the Atomic Energy Commiasion and

IBM in 1956 to develop a machine with‘dne hundred times the per- o -

formance of the 704 and which would be delivered in the first-half of
1960. The project was callod STRETCH. .

e e




In the fulfillment of this contract, a machine meeting the mutual objec-
tives of both the AEC and IBM has been developed. Technological
advances such as fast magnetic cores with 2.0 and 0.5 microsecond
cycles, improved intermediate access storage, and high capability
imput/output devices have simplified the désign task. New concepts

of logical organization have been developed which properly exploit
these néew components to yield a high performance system.

The design and fabrication of the sys"temv have progressed on schedule
with each objective met. The completed system will be delivered to
the AEC's Los Alamos Labaratories in May, 1960.

With the build up in your computing load at KAPL, and your desire to
obtain more detailed information concerning reactor behavior,' it was
felt that a computer of the STRETCH magnitude would be of value to
your laboratory. It would permit three Dimensional Diffusion, Monte
Car].o and Transport Theory problems to be run ,morc’ .e'ccnomically. '

/
e

Accordingly the following reports were made to KAPL. conccrmng
STRETCH.

" August 1958

Initial presentation on STRETCH Computer Phﬂoaophy made to a
-group of approximately 15 KAPL Enginqers .

Sﬁpte.mber 1958

. -Dpmonstration of STRETCH Components at Po\zghkcepsie, New York
S made to Computer Informatxon Group

. October 1988

Pl

frogress report on ST’RET(}H presented to a group of 17 KAPL Engineers.
Syetems configuration, Component Characteristics and ared Pyrchase
Prices for entire system given.

Q o
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_ Ma "‘ch'1959

“

i . : L S

‘v""

Praabntation of mam\mls to I{,&PL on STRETCH. Addiazj:onal meabinga
held with KAPL personnel chscuaamg various featurea of the maehme “
and com,mand étructure.

Agr'il ,195 9‘-

Presentation of Purchase and Maintenance Prices by componentl 6n’

-

STRETCH in New York City. = _ - . R

May1959 E L

Presentatzon of rental pmces w;th various
possible.
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-balanced high perform&nce aystem that will eff:cieatly wﬁre both 1arg§

“high-speed featurea but ta s total prphlem solving ability which results

‘events to occur simultansously. The advahced components include -

The word nize of 64 bits has been chohen bacause cf sevenl renons.
- camputation may be don# in single precision. A second direct benefit

utructi% to data reference ratid, The 64 bit word also providea a .

‘meogulo addreaping means for deﬂnh;g all bits within. memory. The

= S’I’RE’ECH word pxovidas a twelve bit exponent and a forty-eight bit

v.. {raction for floating paint. The rem “ming inur bitn are ysed as tho :
;.-frwtim iign and as idgntity - T

: 'Yz;,,;.‘s'rnm'z‘c}( )m,s builtyin hardw;go"to anai.!t }n atei'mining the eﬁ’ecv of
roundoff ia_ ﬂonmg ppim &rzthmetic. fe

sirs'leM mé&ﬁhms :

The primary objective ix; the deaign of the STRETCH syatem has been |

wi‘

and small scale problems.at speeds that cannot he wproached with
present generation ma.chiﬁea' High. yerformancé pertama not to- umique

in & minimum probmm “turn a,rmmd time” and m&?pgm_utilizationot :
the machine cemponouu . S P

,,.1334 'M("'
R ot o’
¢ . ’,‘v- 4§

High performance is ga.imsd thxough the use of advanced components i
and through a sophisticated’ mm:hine organization that permits many '’

magnetic cores with one-half and two microsecond'¢tycles, and drift ‘
junction transistors capable of switching at a ten mqga;:ycle ratg. The
events. in¢lude multiple references to memory, séparate index atithm,&
tic, a'separate input/output computer called the Exchange. and continu-
ous monitoring of exceptiml conditions. : \

M I
R s id

The logical organizatmn of STRETCH is the result ' of experience gained
with a large family of data procesaing systems and hal been tested -

. through g§imulation on small machines 8o that it vepresents a machine
- well ‘balanced between computing effici¢ncy, memory utilization and in- |

p‘ut/output capability. = The simulation efforts have permitted the de- - ° -”-',;
signers to evaluate the systam performance against representative S
problema and determine the effects of different combinations of over- ‘
lapped memory, of averlapped input/ output, and of arithmetic speeds,

‘The use of the technique ks led to & machine that is }ngh 4n performance

a.nﬂ that obtains optzmum uﬁh zation of 1t5 components. R,

The mast impoxta.nt ie that it afforda adequate precisiop so that mast

is that two instructions are packed pex word; givmg an excellent in-

- i
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. Fast a,rtthmetic units are. essentml to utilizing th@ c&quihtiea of the
_STRETCH memory system. The arithmetic unit has been especially -
| - designed to perfprm floating:point arithmetic at the faﬂtest rate paambld
e lﬁmg advmed tcchnquas and companema. e SO

the normal and Noisy Made computation indicates the effect of round-
off. This feature is an invaluable aid to the numerical analysa in test-
ing the validity ot his solutmn

- Multiple precision arithmetic is simple on STRETCH because of the
large (128 bit) accwmulator. This, together with comwmands that per.

mit accumulation to be treated as a double precision quantity, provide
a rapid means of doing multiple precision arithmetic with & minimum
of instructions,

The size of memory has in the past proved a limitation to solution
specd because of the inability to contain many problems in the working
memory. STRETCH offers memory with direct addressing up to

262 144 words in steps of 16, 384 or 32, 768 words, It is necessary
that memory be a multiple of 32, 768 except in the case where only

16, 384 is required. The large memory of STRETCH thus offers sig-
nificant speed advantages because of the ability to contain larger
problema.

The speed of a machine is directly related to the effective access time
for memory, If arithmetic operations are faster than the memory,
then the machine bec omes memory bound.  The total processing time
becomes the sum of memory accesses for instruction, data, and
input/output references. If memory speed can be made faster than the
arithmetic speed, additional memory time will be available to meet the
reguirements of instruction and mpm/output references without penalty
to the arithmetic speed .

STRETCH has increased the memory effective speed by a factor cqual
to the number of memory modules in the system. Thus, a sys‘em with
65,536 word storage ar four modules may achieve an effective memory
cycle of up to 0.5 microsecond in contrast to the 2.0 microsecond cycle
of a single module, The speed increase is achieved by parallel opera-
tion of the memory modules so that each is processing a sgparate refer-

ence. The technique of distributing memory references go that all units
share the load is called overlapping, The central processing umnit re-
ceives the memory word stream ffdrm the Look Ahnad pnit at the aug-
mented rate,’ . CIERe

[
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‘V(“‘The following apeeds are i],luatrative
g

¢

Floatmg Point Loa,d

0.6 migrosecond .
Floating Point Add - 0.9 microsecond
Floating Point Multiply 1.8 microsecond -
Floating Point Divide*: 7.0 microsecend
. Floating Point Store " 0.5 microsecond

Separate index arithmetic unit and register storage' permit address -
modifications t9 be computed simultaneously with normal arithmetic.
This parallel operation miakes possible a higher central arithmetic
effaciency than has ever before been possible. The combined ability
of the overlapped memory to yield data at rates of up to one half
microsecond and of the index units' ability to perform the necessary
address modification will yield efficiencies of the main arithmetic
unit of up to 90% on inner loop computations. This is compared with
peak efficlencies on prﬂvibua machines of 40%.

An improved instructwn aet" that combines several functions into a
single instruction is another of the ways in which STRETCH per-
formance is improved.. The efficiently is demonstrated by the fact
that a 704 program can, be recoded for STRETCH with 20% fewer in-
‘structions, The index Qet of commands is a aigmﬁcant step in re-
ducing the number of housekeeping instructions., Commands such as
- Count Branch .and Refill combine the function of stepping the index
regxster, recogmzmg the end of a sequence and initializing the regis-
ter for its next sequence., Swap and Rename provide for optimum
utilization of the registers, ' R a
The' a.bility to manage hy exception is another means of increasing
A,periorma.nce. ¥ the probability of occurence is low for an event,
then the program time spent testing for the conﬂition is wasted.
STRETCH embodies a concept called Program Controlled Interrupt
‘that eliminates the need to feat for unusual eventa each time through
a ioop ‘ , |
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W ;;é; arg flag bits to be usad as a markef auc{h:a _"fog the. boundary
‘of ‘andrregular mesh or lost ajgnificance words.” When the word -

J\Mtﬁ a fiag is called into the. arithmeti¢ uectwn. an mterrupt would +
T -~he mat:tuﬁad thus elimmating the need fqr msting each word.
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. oide of the designated ageh ima ;error, STRETCH hals:memory
boundary regiaters fox dctining ‘the upper .and lower boundaryof a’

prégraﬁx area.. V;olat&on’*o; thg 'boundauea wiu result 1n aq mter- e

rupt. This feature fa.ﬁlit;;ﬁi ;muiuprogrammmg when ‘several
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" tem. These commmn : &? d’dﬁt M%
o xpihbmty Both wiﬂﬂﬁ ‘the w»m

Thc muihility of mhﬁw mﬂimtm M
componsuts, - Hrro¥ datecting cWﬁry cﬂ%rm atl. data, travsfer
arithmetit results prwidn ous’ detection of an error Py thm
time of ogmyrance. Mere detsctivm ix nat’ enough. STRETCH is able {%
correct all'single srrors and to advise the progravumer of multifile
srrors. In uldition. a lo; in mim of 311 exror( ug ta time. plzce,
type . aifailu.xc. B

B o

’rhn result of the cmpr«lwn&iva srror dafactiug l:ul cmn;un; oy i
is that the mchhw will gin W pnriqmn mn Mzh cxp-xj :
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In lummary, these features coﬂtribute to STRETCH‘a high ped‘ormance

on problemn that wﬂl be solved by Kno lls - Atemic Power Laboratory.

1) Faut Large Ca.pac ity Memory prwiding up to ‘262, 144 words of
, directly addressed storage and effective accon rates of up to
2,000, 000 words per second. '
2) Highest Speed Arithmetic Unit uvo,ilable in any computer as
represented by Floating Point Multaply in 1,80 microaecond;
3) High Capabihty Intermediate Acceu Storage providing data.
transfers at the rate of 250, 000 'words per second and providing
up to 1,422,707, 916 characters of storage in multiplos of
44,459,622 characters, ;
. 4) merlapped,Computing and ~Input/0u«tput ‘dat&:transfe"r.
5) Simultaneoua Operation of up to 33 I/O units prowdmg a gross
transfer rate of up to 350, 000 words per second
6) Powerful Instruction Set requiring 20% less instructions per
program.
7) Efficient Logical Organization permits arithmetic unit to
achieve maximum performance,
8) Automatic Error Detection and Correction to insure maxn:num
- availability and reliability.
9) Program Controlled Interrupt to elimimte programmed test-—
- ing of low activity functions.
10) - Integer Arithmetic to impreve memory utilization.
11) F . Gonvert inntmuctim translate between binary and decimll
c quxckly with a single instruction.
L 12) Mermory Ptotectian guards selected memory areas from ia-
© . advertent alteration ariamg from either yrogrammer or mach-
L »dne fault, . ‘
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Gpnpunty of Design provxdea high parformp.nce o both
laxge and Qmall acientific and data processing pro‘blornl
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- a 25% spaed incrnaa 'l'hé CPU qtﬂl Iuls along

Gasa #1 showa & computer which is grossly overhalanced for this Fype -
of problem. The memory ix working full tim but tha GPU {, ‘cu“«
énly 19% of the ti.me. ' \

Cua ﬂa shows a compntor morc mrly h; hn.hnce. , '.l'ha CPU 1: m
uttvu for 37% of the tima.

]i'or cue #3, the memory is hﬂt anough to a.llow tlft ﬁPU to mk fuu ,
time. Although the memory is 4 times fanter than for Cane #2, t‘h-rg"'
is ouly & 2.6 increase in prohlem solutiom time and further. increnxes
in memery speed would not affect the ptbhlem time. " With the m'elcnt
teehmmgy A memery !PMd increaxe by 4 umn l much zrod.ht S

!‘m: Cuc #4, one mnmary cwle u ellmimtad for mi‘y 4 ukm.

Fer Cun #5, the decmﬂng m&:huaim M’ the. lomhud ailows tha GPU
‘to dotcxmiu th'o the qpxt pisp of dats is to' come from and overs-
hmting allnin o gd: YT xduxenpet for data. There is a slight-
dﬂm M}vmm WHMQ' Wc of the ﬁwmnry bus transfer time, - 'th z

_‘adlimh tha nm h:( mtmtiona which can be

d fhﬂ CPU ia mayrod v
ﬂ h dﬁfcrent if the im-
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IBM

Duta Processing

A schematic layout of the computer is shown on the next page., It
shows the logical relationships between the 1/0 units, Exchange
memory, lookahead. index arithmetic, and central processing unit,

The memory units are tied in parallel to the memory bus, so that

lookahead or Exchange memory references can occur simultaneously
in different boxes.

The index arithmetic and storage is separate from the central
processing unit and can operate at the same time.

The central processing unit is bulfengd from memory by the lookahead
unit and {8 not limited by memory speed,

The exchange is in parallel with the lookahead and can make memory
references without disturbing central processing unit activity,

The 1/0 davices are tied in parallel to the Exchange and can operate
simultaneously. ' ‘ '
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STRETCH SYSTEM:

HIGH SPEED DISK STORAGE STORAGE

4,194,304 WORDS OR ) _ © MAXIMUM OF .
. b LA ‘e

" '::/“AAGNET|0 V(44,459,522 CHARACTERS
" TAPES

262,144 \}voaps' "

bg 16384 oq
3!)3 g

1 WORDS

2 MS

- INDEX |
STORAGE |

A
EXCHANGE

- UP TO 32

CHANNELS &

PUNCHES 32 DISKS OTHER

/ , \ COMPUTERS

CENTRAL
PROCESSING

DATA I; INKS

_ READERS  \, CONSOLE
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. -pseudo external environment such as intermediate data tapes.

PHILOSOPHY OF OPERATION

The primary concern of the environment external to the computer is
first of all, can the computer handle the given problem? Then, if the
computer can handle it, the turn-around time is the next concern. . Thia:
is, the time from problem inception {0 completion. Then, what will be

" the through put time ? This is, how fa.at the computer can proceaa the

problem.

The computer tim‘é‘per job can be considered in two parts. In onepart,
the computer talks to the external environment to receive problems,
data, and return the appropriate answers. In the other part, the com-~
puter talks to various elements within itself to generate the required
information. In many cases this may actually consist of talking to a
Haw-
ever, this is still under computer control.

As the size and speed of computers change, the time relationships
between the various parts also change. With a CPC calculator, the
operator time was small in comparison to the computer solution time, -
and as computer costs were relatively small, the operator time was
not a significant part of the problem cost. As the systems speed in-
creased, the operator time became an increasingly important part of
the job cost. Many 704 installations found that an automatic operator
increased their efficiency up to 400% over manual systems with a
correspondmg decrease in job costs.

The following analysis shows the ‘relationship between these elements:
Let
Cy

n

cost per unit of time on ith computer.

T

11

i job time on Ii th ycorliﬁuter.

- Then for compntéf ito he ;ﬁoré econon'\tdal than condputer Jj

£ 5
C. Ti ‘ Cj T, |
but ' T, ie madp up of tha fallowing elements
| a = k‘hl;'»’;computing time.
by = 1/0 time not associated with computing
ci "z 1/0 time overlapped with computing.
d1 " : ~ Idle computer time apent in operator set up

and decisxon‘
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Equation | then reduces to the following table:

! Cx 2 ' X STRETCH
. Cs ' :

| + b, i d

: s s ' compute compute

: ay, + b, + dx v

ag t by ¥ ds compute I/0.
x t ¢y + dy
» | -
; byt cs rd . 1/0 . 1/0
i bx + cg t dy

; The first table line says that if both STRETCH and computer x are
; compute bound, then for STRETCH to be more economical, the cost
of x divided by the cost of STRETCH must be greater than or equal to

ag + bS +ds

a +bX + dx A . )

In all of these equations, both some part of I/O time and operator time
are present. These times are dependent upon the systems orientation
while computing time is a functmn of the .problem. A more expensive
computing system then must not only have a speed increase to be
economical but it must also provide hardware for a new systems orienta-
tion which would reduce I/O and operator time.

" One way of reducing 1/0 tim’e is to provide larger size memories and

* ! - reduce the amount of communication with the external environment.

. STRETCH provides this expansion facility by providing a sectional
memory with a total storage capacity of greater than a quarter of a

- million words. This is room enough for one-half a mtlhon instructions,

" or four million digits of data.

. In many cases a large internal memory is economically impractical.
L‘ . It is more feasible to provide an external, less expensive, and slower
storage medium that does not cripple the machine operation.
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Another way of reducing the 1/0O time is to allow the programmer
complete flexibility to form the data into record lengths which are
appropriate for his file A significant part of I/O time can be spent
in passing over the gaps between grouped data. If this space is of
the same size as the data, then the effective I/O rate is one-half the
instantaneous value. Both the disk and tape units allow for variable
length grouping. :

In many problems, data is not used in a sequential manner. For
instance, in compiling a program, the compiler may want to use a
program which is several records away from the present reading
point. On the 704 tapes the average wait time is over 3 minutes

while on STRETCH disks the time i8 under .1 of a second. Problems
can now be organized to allow random as well as sequential references
to data.

As the computer time for a given problem decreases, the operator
time becomes more important. The importance of this concept was
brought out with the acuvert of the 704. It was then feasible for the
computer to take unde: 1 minute to solve a complicated problem. If
it then took another minute for the operator to set up for the next
problem, the computi..g cosi was essentially doubled. This problem
is even more aggravuted by the advent of STRETCH. Problems
which take several hour« of 704 time will take under a minute on
STRETCH. Thus, operators as known on many 704 systems may

be completely unacceptable on’a STRETCH system.

The first step in reducing human operator time was in the form of
automatic operators. Most "automatic' operators suffer because
of hardware limitations. When a program comes to an unexpected
halt, the operator has to decide what to do’next and then initiate the
action.  This requires several seconds, enought time for STRETCH
to run many prograrms. Autematic operators needed extremely in-
telligent human opemtors to monitor the computer via the nonsole
lights.

Because of its fast speed. STRETCH cannot afford to rely on these
methods. For instance, during the human reaction or button pushing
time of .1 of a second, STRETCH would have executed 100,000 in-
structions or about the equivalent of one hour of 650 time. This does
not take into accqount the arnount of time necessary to. make the decision.
Even though a STRETCH automatic operator might have tomake several
thousand decisions, enough for an extremely complicdated and sephisti-
cated operator, this would only take a few milliseconds.
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' ma.chine, he signals the computer to read his instructiong. ’i‘hp Iarge o
o capa,city high apeed disk files will store 1hare mfnxmation mtu:mmly R

' returning ta the first progrdm in order to maintain gptimum usage of -

- ‘mqrog&}n w computer nﬂur.b.tmn with only a amall increase ig px’uhlgm , ‘
. turm':).i'ound’ time. ER |

at rates greater than 10,000 per second.

cqmputer pncsen,;n x,xq , _ykdata to the console for qpeta‘t itse and:
detcisions. White the %p&ratbx is8.deciding upon a course: qf aﬁ:ﬂmx, the
computer forges ahead ‘a#d problem solution is not dglavcd When the
" operator has wiade his decidfon at his own leisurewithous' baing under
the pressure of mwing tm& fie in delaying a\mul;tvmuﬁun *dom]gtxf '

amﬂ reduce the amou;nt of tape handling and changing necessaxy. LT e

An automatic ope::ator is psad to usher prohlems seqnenti&lly thrdugh o
_the computing facility ig a finimum amount of time.  The operator ie :
omly cmxcerned with cninputar utilization in a passive way and daes not .
fnuy wae all the various aomputer organs. A multi-program nupervisor
e capable of interx‘upting one program substituting another one and then

) \'”uter.. Ina ?ximitive gense, as is presently being progrﬁmmed

for ;mfora_l computqrq, the supervisor will allow strmultaneous’ card to ,“
\pe; tape ta ¢ard, and tape to printer operations while running the main
bgg,uﬁ. HG&WQVQI’@‘ examination of any work queue for & givea: ;ime

p\prlq& nay show saveraf jobs which are I/ o bound while others'are

b uth;r bound By intbrlaaving these jobs, there: wi.ll be. a significant

STRE*I‘GH has provlded many features to facuitate multi- progrmming
‘The disks allow for the storage of a large number of probléms,- data,
and mtermediate results in close proximity to the, main computex.
Address protection allows several programs to ¢ccupy the maiia
~‘memory at the same time and be protected from each other and the
work‘lng program can be of any length or in any part of memqry.

- Powerful operation codes allow rapid changes from one job te. another.

.




e

320077
Printed in .S A

Program controlled interruption allows the scheduling of machine
facilities to be dependent upon programs needs instead of hardware
limitations. Because interruption occurs at the cessation of activity
of a facility, there is no time wasted in making job status inquiries.

A simple but extremely flexible supervision systermn could operate

as follows. One section of the monitor would contain a list of the

jobs to be completed and their relative priorities. Another set of

lists would exist for the machine facilities. Under each facility

such as reader, printer, punch, or CPU would be listed the job
presently being run and the list of jobs waiting to use the facility.

When a job completes its use of a facility, it interrupts and auto-
matically notifies the supervisor. The type of interruption implies

the facility which the program was using and the facility which it
wishes to use. The supervisor would examine the list of the vacated
facility for the job number and place this number in the queue of the
desired facility. It would then examine the queue of the vacated facility,
determine which job has the highest priority, and transfer control ofthe
facility to it. The supervisor would also examine the queue of the re-
qguested facility to be sure that the latest addition does not have ahigher
priority than the one using-the facility. If the new one does have the
higher priority, it would replace the old job.

This type of supervising places no restriction upon the programmer or
the installation. The only determining factor is the priority rule and
this can be established by the installation. The queue could be deter-
mined by a job shop scheduling type of program in order to minimize .
computer usage. In other situations a job could be given top priority
and proceed through the computer as though no other program were
present. )

The supervisor could also be set up to consider any request from the
console as having the highest priority. The human operator could
signal the computer to rush through a high priority job and ignore
other jobs that it may be doing. Because of the extremely fast speeds
of the computer, the console operator really feels that the computer
is his alone. :
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Console_debugging becomes an economical means of reducing turn-
around time wiih no sacrifice in system computing abilities. While
the human oper ifor is sitting and thinking, the computer can be run-
ning another provram. While he is pushing the console button, the
computer could o a lengthy program which would not be noticed by
the operator. Console debugging can cut down considerably debugging
time and effort.

As a supervisor !5 general in nature, it does not care what type of
program it handles. It could as easily be an assembly or a produc-
tion run. The interruption signaling the supervisor could also be
externally generated by a remote device. The supervisor wouldthen
answer, and service the remote device, but would not see any differ-
ence between this request and that of any other computer facility.
The remote facility could be debugging condoles in other rooms or
tapes hundreds of miles distant. '

Many STRE'TCH installations will act a8 a central computer compjex
and have equipment capable of talking to remote locations. These
remote locations might contain only input/output equipment to handle
information processed by. STRETCH. They might be computers which
would handle certain types of problems and prepare data for convenient
communication ~ith STRETCH. The remote facility might also be an-
other STRETCH which would act as a backup computer on a leased
time basig. \

A data transmission link ig fundamental to the concept of a centralized
computer complex with remote input/output stations. If the station is
remote from the computer by only a few hundred feet, the communi-
cation link can be a simple extension of the normal inter-machine
cables with the uttendent problems of powering. Communications
over greater distances require the use of different facilities and
techniques.

The communicition network established by the telephone companies
is the most attractive media available for the rapid transmission of
data. It is ncoessary to recognize the design objective of the tele-
phone companices in establishing this network. Their concern has
been to estat:lish circuits adequate for voice and telegraphic com-
munication th:oughout our country. The result is that the voice
quality lines are the only type of facility generally available for
point to point communication. Any other type of service such as
high quality or broad band service would require special engineering
with its agsomated lead times and expenses.
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The theoretical information capacity of a transmission line as
expressed by Shannon is

C = fo 1()gZ (1 +“%‘) bits /sec.

where { is the bandwidth in cycles per second and S/N is the signal
o

to noise ratio. For a bandwidth of 2500 cycles/second and a signall
to noise ratio of 20 decibels, the capacity should be 15, 000 bits per
second.

Telephone channels do not adhere to this formula because of several
unique characteristics. The amplitude phase characteristics which

do not affect the intelligibility of speech, seriously limit the channel
capacity. The effect is a phase shift which is a function of frequency.
The second effect is impulse noise that is induced from other channels
within a cable. The impulses are DC switching such as dialing and
teletype. The impulse noise is easily confused with a data at the upper
rates, These factors, together with losses from tandem connections,
restrict the maximum data rate to 15% of the theoretical limit.

The initial work done in data transmission has been based upon
standard quality voice circuits subject to the restraints described
above. The efforts include the SAGE communication network, the
digital subset, and work by other companies including IBM.

The digital subset, developed by Bell Telephone Laboratories, is
designed to utilize the standard available telephone lines at the
maximum data rate consistent with a low error rate. The subset
accepts a serialized DC input and converts this to a frequency modu-
lated signal for transmission over phone lines. The receiving terminal

will convert the signal to a serialized DC output. The subset is capable

of transmitting data at rates up to 2, 000 bits per second.

IBM has had extensive experieunce in data transmission over telephone
lines with its Data Transceiver. Ihe transceiver can transmit between
four sets of card punches at a rate of 32 cards per minute. The check-
ing circuits have proven effective in catching the errors inherent in

the transmission medium. A disadvantage in the system has been the
need for manual intervention to retransmit error cards.
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The experience gained has led us to establish the following criteria
for an advanced data transmission system:

!

1. The message should be checked with an error checking code
using a level high encugh to insure detection of more than
sirgle bit errors. The four out of eight coding systems have
proven quite adequate on the transceiver and will be used.

2. The output of the system should contain only good data. This
means that if an error is detected during a transmission, it
should be corrected before being recorded on the output medium.

3. The terminal equipment should be simple in the interest of
reliability and costs.

4. The transmission rates should not necessitate special trans-
mission facilites in order to insure availability of adequate
lines particularly in the event of rerouting as occasioned by
line faults.

5.  Buffering such as cards or magnetic tape should be used at ,
each terminal to avoid complete system dependence on the
data link. Later experience will dictate the feasibility of
on-line operation; e.g., a remote printer directly driven
through a telephone link.

To meet these objectives, IBM has developed serial card readers
and punches and slow speed magnetic tape which will efficiently
utilize the capacity of the digital subset. The equipment will be
capable of operating with all combinations such as card to card,
card to tape, tape to card, and tape to tape. The elements will be
a serial card reader-punch capable of punching 45 cards per minute
and reading up to 180 cards per minute. The cards will normally
be considered as Hollerith though the possibility exists for column
binary transmission at a reduced speed.

The magnetic tape units will read and write the standard 200 charac-
ter per inch magnetic tapes in either binary or binary coded decimal.
The unique feature of the tapes is the ability to read and write at the
speed of the data link thus eliminating the need for buffers as has
previously been the case.
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The speeds that may be cxpected with this equipment will be:

Card or Tape to Card 45 Cards /Minute
Card to Tape : 100 Cards/Minute .
Tape to Tape 125 Characters/Second

The choice of equipment will be a function of the data rate and cost
as related to urgency.

Consider that the output requirement is for five hours of high speed
printing or about 30,000,000 characters per day. The alternatives
arc to use mail service for 24-hour response, 2 sets of tape-to-tape
equipment for 15 hours, 3 sets of equipment for 10 hours, 4 sets for
7.5 hours, or 5 sets for 6.0 hours. The speed increase is a step
function controlled by the number of parallel systems required.

Another approach often considered is the use of broader band circuits
or of different modulation techniques that achieve better utilization of
the available band width. The problems encountered are that specially
engineered circuits as well as more elaborate terminal equipment is
required. At the present time, the added cost of higher performance |
circuitry does not make this a more economical solution than the
approach outlined using conventional telephone lines.

1f the need exists for very high data rate transmission the telephone
companies can engineer a special facility A West Coast aircraft
company is obtaining a microwave facility that will transmit magnetic
tape at 15,000 characters per second

The philosophy of the STRETCH design has been to provide as flexible
a machine as possible. This allows €ach computer installation to use
the machine as they see fit with few if any hardware restrictions. Ex-
tremely short programs can be run with the same economical benefits
that usually accrue only from very long programs. The installation
can run programs sequentially or simultaneously. The computer can
talk to any type of device with equal facility or ease, be they tapes,
consoles or remote locations.

The size and flexibility of STRETCH will allow it to handle almost any
type of problem. Its extremely fast speed reduces the through-put
time. The facility to do multi-programming will reduce the through-
put time for the entire workload. Console debugging flexible instruc-
tion sets, and powerful codings systems will reduce turnaround time..
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PERFORMANCE

The performance of a STRETCH system cannot be measured only in
terms of add times., A fixed point add of 10 digits can take longer on
STRETCH than on the 7090, A disk system will have a slower internal
computing speed, while the disks are running, than one without disks,
Yet some test problems are 170 times as fast as the 7090 or 1700 times
as fast as the 704, A three-dimensional nuclear diffusion problem will
run in 1/4 of the time and for the same cost as a two-dimensional pro-
blem on the 704, This accomplishment is brought about because of
STRETCH's faster internal speed, more powerful’ instruction set, and
better input/ output communications.

A STRETCH timing simulator was coded for the 704,, The 3 dimensional
nuclear diffusion problem (the six-neighbor problem) was then coded and
run on the simulator. The results of this are summarized in the follow-
ing table along with the results for other computers, The times are in

microseconds and are the average expected times needed to compute a’

new flux value at a poiai. The performance times are based upon straight-
forwaxd coding and do not necessarily represent the fastest times possible,

Using the Variable Field length feature, more floating point data words,
can be more economically packed into 16K of STRETCH memory than 32K
of 704 memory. The throughput time for a problem will be greatly re-
duced because theve is less tape to pass and the increase in computing
time does not matter because it is hidden within the input/output time,

Hand computed time estimates' were made for a 1 memory box STRETCH
for either a 24 bit (STRETCH-24) or 32 bit (STRETCH-32) floating point
word. The allocation of the bits to the exponent or fraction part of the
word i8 immaterial. The 16 K of memory could then hold either 44K or
32K data words depending upon which word size was .chosen, The eco-
nomics of this system make it very attractive, )

The attached graph shows the relative computing speeds for the Monte
Carlo type of problem as a function of the number of memor}‘r units and
the type of input/output equipment. The computing speed bears an in-
verse relationship to the disk data transfer rate due to the s1mu1taneity
of memory demands which is evident only at peak data rates.
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SYSTEM EXPANDABILITY

STRETCH has been designed as an expandable system. Using

pregently designed and working components, a speed increaae of |
! one order of magnitude can be obtained without changes in program- ‘
} ming. A multi-disk, large memory size STRETCH will solve certain

‘ problems in 1/10 the time of a basic type STRETCH, The performance
chart for the nuclear diffusion problein shows a performance gain of 8,

As the Exchange cha.nnels are general purpose, they can be used to |
talk to any other device. Thcrefore, it is possible to tie two STR.ETCHES
together via their Exchangen. There is no reason why this could not be a
‘remote hookup. For faster and more direct communication between
ayatems, provunon is ms.de for directly tying central procesaing units
together, =

o The adaptabﬂxty of STRETCH is shown by its use in the Harveat ayatem.
— ; Harvest is an attachment of equal size added to the STRETCH system,
L It uses STRL'I CH to perform routine upcratmns and store dat‘a while it

: p¢rforma hxghar Javel funct,xons. ’

The asWChronouu nature of“ 8'1 RETCH will allow it to take advanta,ge of
any new technological develophmn,ts. Faster memories will be easily
attached. Autdmated wir in; dnd design will allow the use of the’ Ia.test
advancea in transistor, technology. Separation of functions allows re-
placqment of large logical elements. For instance, the multipl'lor unit
ol isa separate box. With a new development in methods .of multiplication,
, SR this box could be exchanged with anather one bringing the latest tech- .

, B nological development to a STRETCH user without the danger of having

' '~ the complete system obsoleted.

Advances can also be expécted in programming technology and systems.
Many concepts on STRETCH are new to the computing industry. At the
outset these facilities will probably not be used to their fullest extent
because of lack of experience, As programmers become accustomed to.
the new features and begin to use them, there will be a significant

gain in computer efficiency, Similar advances were noticed in the uae

~of 704's. Early machines were often used in a card mode. With in-
o creased knowledge of systems organization, the mode of operation was
e | advanced to tape and then automatic with gains of 200 - 400% in efficiency.
) Q) R | Obviously, there will be similar gains with STRETCH.

320077 ' - _ .
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. PRICE SCHEDULES AND COST INFORMATION, -

;g A baaic system would includo the central procesamg unit, 16 000 words,
' of core storage, a tape contral unit, 4 tape and the set of card equip~ |

. , ment. The operator consale is not included since the system may be
L e, ; operated without a cﬁhaole. For cbmpa.rmon purposes four &yltams

. : are shown‘ o : Lt

-,.L . , S L i o

s,stemA(Bam) Y

3

i
v,

Syatem B (Tape System with 32.K)
Systern & (Disk Unit with-32K)
System“b (Diak Unit with 96K)

,'s"

Y

l

b The bar graph shows the job cosats for the 3 dimensxonal n\uzlear diffuaion
T problem with the above coufigux gt\ona relatwe to the 704,

The value of an instai]atlon is based upon the’ total problem mix and work-
load, although the jab costs are representative of the savings of a STRETCH
System, they should nof, be the iny determining factors in a-System con-
figurthon.
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RELATIVE COMPUTER COSTS
NUCLEAR DIFFUSION PROBLEM

(COSTS ARE FOR SINGLE SHIFT

RELATIVE TO 704 USAGE)

(IN BITS)

B s S T

30 24 32 &a 32 64

== .30
- e 28 .
e 26
"~
e 24 Q
e 22 N
foroenranm. | 20 ’ :\i
18 ve N
e
preee .16 N
) D St
| e, 12 = “i‘\\w <]
5 | ~ S R
I 1) \\? N ™~ \
co NG e :\\ ;}:
e (08 N \\J N .
ERNENES N N
L L 06 RN e ‘
| | Q ~ ] NEN |
e 020 \ \ :}; \\J \\ \ N
COMPUTER 7090 S E T C. H
rAPE | g
CHANNELS 2 2 4 4 2 5 2 2 2
MEMORY BOXES - 1 1 i 1 2 2 2 4 6
DISK F1LES . - 1 1 1
WORD LENGTH
64




135,500 3,200
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Price“"Schedﬁlé‘ - Maintenance A‘gréejxhent

SN : f ot L]

’C}eptral Pracessing Unit and Exchafxgn-

‘C‘cﬁ)ﬁ.re Storage Unit

»D‘iakt Synchronizery Unit

High Speed Disk File
Mggéetic 'fape ‘Cont’rvol U;u‘t,
Card Igé'a'dér i

Card‘Reader Control Unit
Card"Punch

Card Punch Covntrol‘Unit _
Print‘ekr : L

Printer ‘Control Unit

 Operator's Console and Control Unit

\ ”Tygg 7291V Tape Unit

P

Monthly Maintenance _Pruicea"; )
0-36 mos, 37-72 mos. 73-108 may

EIPEN

W

$2,800
960
275

300

42

44, 75

49

36,75

33
160
40

70

191

32,830 $2,975

960

295 s
335 420°
45, 48%

51 Bl

53 S jnf‘;).‘

43,7550 |
190 v zﬁﬂ
5 e

191 191
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1 Gard Rndar (1000:e’p‘m)
1 Card mder Cont:rol Umt
1 Pruﬂer(éﬂOlpnﬂ
1 Print;ar Control Unii R
1 Punch (250 cpm)

1 Punch;Control Unitv

1 Console

2 additional chaunels (Total of 4)

1 additional channel (Total of 5)

A )

v,

.,

i

3, 2‘6'0‘_, ,

12,600

400

-
, - o ‘ ‘: < .
e, .-;l o e T

745
1,695
550
1,400

3,200
+165, 340

03,200

TR

168,540
1,600
7170, 140
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'C_ard Re‘a.de.r ;(J,OO;G cpm) |

‘ C';a“rd‘ Reader Qcmtrol' Unit

Printer (6001pm)

Pri:nter Cont rol Unit

Phpch-?(,zso cprn)
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C,ommunica_tipn Cost Consideration

A cdmmunication link will consist of the reading unit and its control,
a modulator, a transmisaiop line, a demodulator, and the recording
unit with its control. The J;ading and recording units would be sup-
plied by the computer manufacturer. The modular and demodulator
which are called Digital Subseta would like the telephone lines be pro-
vided by the Telephone Company.

Area p?lces that may be used for planning purposes are:

Serial Card Reader Punch'and Control $500 per month

Slow Speed Tape Terminal ‘ $900 per month

Digital Subset $ 40 per month ;
Line Cost $300 per mile per month

“Thus a Tape to Tape link for 300 milés would be:

2 Tape Terminals $1800
2 Digital Subsets . $ 80
300 miles line v ' $ 900

$2780 per month
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" gained since the early systems were installed proves the importance
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'Ifhe‘r,"omprahemive train{ng, assistancé; axid i‘ér#ice facilities
available from the manufacturer are of paramount importance to
a-ny a.gency coxpidemng the installation of an EDPM system,

'mM haa ‘had the Opportunity to benefit from the uducatiou acquired _k t ’

aa vebulf of the. manufacture and installation of approximately
‘ 300 hu-ge scale nystema.

; The *tnvinea and a,sniatance that are ava;lable with the STRETCH
‘Syntom are not the result of an accelnuted effort.” The machine
wae phﬁhad ud has évolved over numy yaarn. L

To undamaumata the value of such 8e’rvices a.nd Hknow ~ how!" is to
assums-a substitute for experience. *'The knowledge which IBM has

of experience on an every day Operating basu.

. I

IBM servmes are ma.ny. Each is described brxeﬂy in the following
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 the em ‘inee;s st KAPL, - 'EDPM Gustarhax

e

ap an, prer:enced user of computers, a,re well’ awgu of the in

- of tb‘in service, of the need for the highqpt qu@lxty of pervice,
azgniﬁca,nce thh thie: aexvxc,é ‘has to meetmg deadlinga for. y
‘impbrtant engmqermg decisions baéed on compzmer raqults.

We have over 9 006 of the beat ti{ained éustomer eggineerd iny’ ) e_'off :
qu;pmem business. In the Schenectady Branch Otfice alone. thqné are‘

Engine fh B Belaé dzd Irorn

A!

" thie"group ahd Axe men who have demonstrated Qutstmdiug,' apgi}ude for
-,‘;uqupvehending tha. cpnewtm of, au??; eiipipment. ‘Schenceta.dy,,liau &
temq” repnesentihg 37 mm yearm bf

"Jengineers ha.ndlmg large séale lgy

: ) , ‘;lpca
700, aq;g;qg amummns. poim' mat that &11 lm 3 have asstmw,te efigin.
eering deg eoN (z hwve qumeening de,gp,cea) M'H of theqe mxan mwe a
. very’ mtensig fammg program, hoth in clauses m)d ac.tual work on th
\".machmer a.fter }iavmg beep selectad {4 tm,& lw qf our hu'}éine”,
,;vaxy compw%fe t&pwmg ‘at.onr fa.ctozégﬂ»mxd inggd %ﬁ&ugﬂﬁ thex

va"the beat poa&ib*le nervtce t;o ourﬁcuntmegg' i ;

; .wpla', ,the NBOMPBT ) L

;,go;mputcr will afd iﬁ' the tnnl a e a.nd g

#ie Plant, . They wilt iﬁ'f ,*ac%%inmd With\ STRET

ndlely thie Temalpts s'ca“.w&’aﬂfa Hy'the

¥
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EDUCATIONAL SERVICES

IBM recognizes its responsibility in providing education to our custom-
ers, KEducation is a cont,nuous process. This is 8o because

1 - Our customers have a continuous turndve‘r of people who
must have various degrees of understanding of computers
to do their aaszgned jobs.,

2 - LBM‘S continuous flow of new product and programming
announcements demand that we bring our customers up to
~date on imprOVements and explain fully new concepts which
~are embodied in many of the new products,

IBM educational service i1ncludes local Branch office Schools for Custoiﬁ-‘-

ers, Nowhere in Schenectady have we devoted more time to educatlon
thah at KARL,

Locally we have been priviliged 10 offer the followmg educational ser-
vices: .

1 - Seminars on Machine Computing, In 1958, 90 people attended .,
. 6 Peminara, conducted on your premises by local IBM instruc~- "
fbr'a. ‘

2 - 704 Programming -
- 'Miss Gloria Ba.uer, Syracuse, taught the fn'st progxamming et
‘eourses. '

3 - Fnrtran Class - : ‘ : :
- During the summer a year ago, 60 people atténded our clqlseg :
..on' Fortran, An additional class was conducted pn your ‘grenﬁses
3 Ja.xmary of this ydgr..

4 - Special Fortran Claaa - C gL
- G. A. Lemieux, local repreaantative, conducted a special,
course this Spring in which he taught the latest a.dditions to
the Fortran language, -
M educational services includes special, computer seminars for our
ugers. IBM is host at these 2-5 day sesajons held at one of our Educatma
Centers in Poughkeepsie, Endicott and San Jose, , Lo
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i These Seminars offer the opportunity for our customers to exchange

f ideas, concepts, tethniques and experiences. Usually , the Seminars

! . are conducted for specific industries. For example, recently, meet-

| ings have been held for the Aircraft, Chemical, Petroleum, and Civil -

| Engineering industries. At these meetings, distinguished members

: present papers in the related fields on computer solutions to complex
i ' ‘problems. The published papers are distributed to interested parties.

i ‘ IBM educational services at the Education Centers include Customer
, Executive Schools of many types. One example is IBM Data Processing
 School for Engineering Executives (one week).

! Thig is designed to acquaint customers' executives with 1BM Data
Processing Machines, as applied to computing problems in research,
design engineering and production engineering. Prior to his transfer,
! Mr. F. Creevcer, the former general manager of KAPL, was scheduled
C | to attend this class las! February.

! This course covers organizdtion, operation characteristics, capacities

i and application considerations. Discussions are included on the organi-

{ zation of a computing genter, autgmatic programming of mathematical

| problems, and special input devices for data reduction and automatic

9 recording and control appl‘ic"ations. New and unusual applications to

‘ camputing problems on resedrch and engineering work are described.
As you can gee, executives are given the opportunity to gain an aware-

5 ness of and some insight into thh proper place of computers in our
society. - -
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. puter for many cultomars. o

" Reductzon of the cla::jca.l effort aaaodated with programm;ng is a major :

g thh ..‘u“he machine;’.; :

':«,_tratad by the 209 akillcd programmer: and mathematiemm in the grou.p

}:mm;w instrugtims. -

K '4'*‘

IBM ragogm&n tiut pxggra.ms are equa.l to hardwa.re in import;m:e to
a computer Usery - | )
ptrogramg has repqmaented an investment of equal magnitude to the °°mv*‘-‘, n

‘ohjective in minimxzmg this expense. The second objective is to chaose .~
a la.nguage mnmar to the user that eases his abihty to communicate

The Appl;ed Progr&nming Departmant waa formed in 1952 to develop. -
program aids snch ap.assembly pregrams, subroutines, cqmpilern,
translators, :and guycrvuou. ‘The rasgnitude of the.effort is hast illuaw.

'I'he p’onmn pragrammmg pyﬂmxﬂ‘hich ig an a,lge“praic comptlcr. pe,xa~ 8
‘mitu the user to write a pxgh}légn I "t,hematical notabm withaut the
nesd for a depﬂcd lmowwﬁgjf i the bmputer. - The' computer 4céepts

"tha mqtﬁmﬁ(wxlanguage and{t;}m:i ge\nomtea tha &ppropriate set of
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~ PUBLICATIONS

IBM supplements the cusmmer‘s library of tachnical publicatlona with’
documents relating to programs, to techniques. to procadurea, and to -

SYBthB : 3

The intelligence derived from this material enables our customers to

better utilize their equipment through greater efficiency and effactive-jl'

ness of operation.

The publications are in many forms and include the following:

Library Abstracts: A brief resume of the purpose and
specifications of the programas in our library. The com-
plete program is available en request. '

Programming Bulletins: A description of the Applied
Programming developments and improvements.

Systema Bulletins: ° Describes the capabilities of systems,
components and special features.

Applications Bulletins: Describes the solutions of particular
problems as relating to an industry or application.

Technical Bulletins: Describes methods, techniques and
special devices that represent an improved method of
achieving an objective.
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~1n rccogtﬂtinm of thq ppactal. equipiment muirements of gur cuatamgg,a.
Q ha a Special’ Engimermg Deparfmant ‘at each of its manuiaqg,uring
5. . The englnagvs of this department dﬁsign the qy@am fouturee -
¥que édv!oiv’nny product with,h; oyt pro o
uatji”n#s of e }yi:es Abf o ipmgﬁt’m " and
. cwixadappﬁa/mtput equ;pment n:g‘mh mgmquwx mnga hz
‘ ,ﬂia tape, analio“ ;.-thuthp_tpgt' Al |
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IBM MAGNETIC TAPE CENTER e .

MINNEAPOLIS. MINNESQTA

''''''

S March. 1955, IBM opaned its “"w‘Ma.gnetic 'I’apa Catxter in

v Minneapa@i Minnqsota "Thé tape center Was created to. main-

L ‘i‘“" impyave-and safeguard the: quaﬁty of the magnetic ?pe ‘which .

IBM ;upplied to its customets, ; Here every inch of mag etiuc tape ,

3¢ "”lied to custpmers is: compm&ely tested and inspected- in. accord- ..

_dmce with vazYy rigproua specifichtions. 'This insures that the tape
i8:pfthe highest ‘quality for: its important function as a storage medium

Simulati;tg agtual use in the ﬂg}d,;; the rigid teats check eagh of the 40, .

nulliqm bite inte: 3400 foot reai y IQO% tented tape is shippad to our .

mtome;a. R

5

B The teat center }.s staffed with 80 pcuplc, madc up of enginaerm test
ey .‘operators, quality control 1nspectors. administrative and clerical
( N ' -:. employees It is now being operat«qd en a three shift per day basis.
, - / | \k‘:v . . ) i , ‘ :
’ 1 1

; | o ‘ 3 ’ ¥

— ’ ¥ ~ ‘ :

. I by g

T 2
Prmud in U S A




LY
&

7

32.007%

Printad in U.S A,

PHYSICAL PLANNING ABSISTANCE

Well in advance of msta]lauon, IBM physical pIanning engineers will

assist you; They will develop your requirements for electric power,
space, air ¢onditioning and floor Joading, and will adee bn the la,y-
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RESEARCH .

o _ mqnt tomorroew., OQur programs are emensive, as you know., We prefer

bﬁ(:riber.

' Reeaqrch tudpy, of course, aaaures product deve10pment and announce~ ’

;you.to IBM's publicatzon, the IBM - Jqurna,l pf Reaearch. of which you ara"

‘1% ,“. ) . E Y ’,\. - *{ »‘.7:,‘»,‘1, d " } v ,1
P.rch Labpratones are mamtaineq atl
‘Poughkeppuie, New York «
"+ Yorktown Heighta, New York
San Jose, California -
Zurich, Switzerland i L RS
New York, New York - - = . .«
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