September 30, 1958

Mz, H. ¥. Warner

Parchasing Agent

Central Purchasing Departmoest
Wastinghouse Electrie Corporation
Bettis Atemnic Pewar Division

P, O, Pox 1526

Pittsburgh 316, Pmnylmh

Deax Mz. Warney:

In oxder to ke of sarvice to the Pattis Atownic Power Uivision is comasction
with the Naval Reactor Program, we have emdeavorad to keep you advised

of sur pianning and pregress in the development of computing equipment.

Te this end, on July 22, 1938, we proposed a selid-state IBM 709-TX sys-
tom for your comsiderstion to meet the interim requiremiente of the Program,
We shalli continme te assist you in your evhiustions of that proposal.

On April 33, 1958, Dr. C. R, DeCartv submitted to you & summary of oui
activities and plane as of that dets concoraing the specifications, dalivery
mmumwmammqup-u.

1 amn informned thet you had the eppertunity of reviewing our progress in
Poughkeepete the first part of Septamber, as wall as the statue of the high-
spesd cmnputation program with Messrs. Dunwaell and Sweemey. Wa are
plensed to inform you that this pregram is procseding as planned and we
tatend to deiiver & pretetype system te Los Alamos in May 1960.

Techmbeal spscifications for the systemn are in preliminary form, and we
sxpoct reiease of manwmls for the parpesss of programmwilng sni techaical
ploanning m&oﬂm quarter of 19!').

B is.our siussxe hﬂh‘. based om sur mlcdgc of the remctor desigs pro-
blem that oquipment with the design specifications of our high-speed

computption program can best satisfy your ultimate requiresnents, We
mﬂmdummbmmmt for such a uyctam us mmd
in Appmmdix A,
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Attached to this letter as an Appendix B is a description of the equipment
which IBM proposes to furuish. Wa have stresssd the adventuges t0 you,
and simultaneeusly described the operations and characteristics of &
system to baet fit the requirements of the Naval Reactor Program,

Our presest estimates indicate that the system described in the attagh-
ment would have a seiling price of approximately $11, 880,000, Weare
prepaved to work with you at your earliest cenvenisace in establishing
the {inal cenfiguration of the system te bost meet the requirements of
your Pregram. Those components of the final system whish are com-
muercially asmounced IBM produsts will be available to you on either a
purchiase or a lease basis at IRM's established prices and contrast Carms
if sunounced prior te delivery. We expest that by Feabruary 1, 1959 we
will be in & position ts quote to yeu a fiym selling prige for the entire
systemn, and {2 addition, negetiate with you an appropriste type of con-
trast for those components which are aot IBM commercially anmeounged
preoducts. Such negotiated contract couid, should yeu so desirze, provide
for paugress puymaents prior to delivery and installmmens p.ymm of any
wnpaid balansse m;umm.umm:y.

Mv appropriate emm arrangements we would plan to maunfacture
and deliver the system to you in the {irst guarter of 1961,

This preposal, if st aceepied by you o7 extended by IDM prier therets’
will expive en Marek 31, nu.

. We look forward to being infermed of your acceptance of this arrangement
and will be pleased to anewer say questions which will esable you to reash
a faveradle desiaion. :

- VYery trely yours,
INTERNATIONAL BUSINESS MACKINES CORP.

|

BY
. 3. B. Whitfleld
. DP Centreller

JEWinjw
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APPENDIX A

‘!.S‘TINGHOUBE -~ BETTIS ATOMIC POWER DIVISION
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THE APPLICATIONS OF STRETCH TO REACTOR
DESICN CALCULATIONS

During the deliderations of the joint Los Alamos-IBM Mathe-
metiesal Group, reactor desiga calculations wers always cae
of the principsl types censidered. 1In partigular, both the diffusien
theory differemce osquations aad the SNG transpert theory were con-
sidered in the studins. ingluding the timing simulation stadies of
STRETCH done on the T04.

Mowever, it weould be {alse te say that STRETCH was designed
for reaster caleniations. The design goal was always the best genevel
o computer censistant with the state of the technicnl axt, net ene
for one spesific preblem. In this way, we hope to provide
fienddility for the computer to adapt te any new somputing procsedures
which may be developed ia this rapidly changing field.

Reaster devign: caleulintions, even 28 presently dene, strain
computing machines in several distinct ways. The inner loeps tend
to be quite simple arithmetic but must be dons a tremendous sumbey
of tismes. On the ether hand the somplexnitios of handliag boundary
conditions and sther special sases tax the logical power of the machine
The maes of data required in o large muiti-group prodiem crestes a
' date precessing job equallied in volume and rate by fow ather somputer
applicacions. .

' The STAETCHN systom represents a significant improvemens
in all theve eritical areas. The full power of ita floating point arith-
metis speed is brought to bear sm the tight luney lecpe, while its log-
" . lea) commands are ideal for handling the special snses and oditing
preblems. The exchange philosophy sud the large-capacity high-spead
uucm«mnmn«mooummmmm.

mmum«muupp«

: The incresased spved and capacity of STRETCH can briang sbowt
s swmnber of significant changes in reactor preblems. The simplest
extonsion will be té do existing calculations with finer spacial rese-
lution or move newtron velocity groups. The next step would be to
raise the dimensicnality of the prodlems -2 dimensions where 1 di-
mension s commen 20w and 3 dimensions instead of 2 {n sthor pred-
leme. In addition it aloe means that scientiots can study in detatl the
variations of reastor configurstions due to depletion and peleening
with age.
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Studies of the effects of rapid power cycling during the lifetime
of the reacter could be done as & regular procedure ia design. Hudies
of expiosion safety of the reactor using the time-dependent tranapert
equations may alse become common place. The use of the morve
accurate but mere difficnit transport theory instead of diffugion theovy
ia general will certainly be sncouraged by STRETCHM. Such dovelopments
will cortainly bosome mere impertant in futuve power-drooder dasigns.

_ Other non-anclear problems which are still impertent 46 vo-
aster designars such a0 tharmal stress and heat transiar celeulntions
eouid be incorpesuted directly inte the basis resster csdes. Wigner
energy caloulations in selid mederaters is snsther possibie sandidate.

‘m:mdeMthum“u

 zenders on enperimentsl eritical sssembly unnecessary. The time

and meney which such & test roquires is cortatnly tremendous. This
is soupled with the faet that an experimental assembly cannet give 8o
much detailed tnformution as 8 goed calcnlation. Of sourse, wo cannst
premise that STRETCH will render all exporimental assemblios wn~
NCOSNRTY, Yot 28 & new teel in the hands of your scientists and engin-
cers & will cortainly dave an impsct on the reactor field of sush a
magnitede thet we eon now oaly guess 88 te ite asture.

Appendin B covers in detall the leatures of the pretatype
systesn whish we are includiag in the systemm which we are pro-
posing for appiicstion te your program. These features are all
inslunded in the STRARTCNK system which will be delivered to Les
Alames. .
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STRETCR, is te previde an insresss in everall performanss en very
large technical computing preblems of the ondey of 100 thmes the
poviormance of present-day systems. The STRETCH computer pro-
vides a tes! to selve important problems for whish the sapecity and
speed of sariier camputers is teo low to permit completion of these
pvehloms {a & rensonndie longth of time. The powee of STAEYCR
aloe permits it to selve lesser predblems move officlently.

The STRETCH computer amploys selid-state sompencnts through-
out. The legical pestion of the main computer aad iis working registers
wee high-speed tvansisters snd cirenits develeped sopocially for this
system. The use of relays and sther slostremechonical comtnets is hogt
to & minisnum, nuhwnhwdlmm
“hmdnﬂd—mm

. Mew m-mﬂumhmymm'“m
val times 2 than these ea previensly availabie core mamerniss. .
wmrwmmwuamum.

As will be desgrided Yolow the insrensed peviormanse fanter of
100 in the STRETCH system dees net result from imprevements in ’
compondnt technology alene. mmmuwwﬂ X
@ high degres of overiapped sporation, new ingist-oulpe m. o
mumwmmod.ﬂ‘umm ‘ ‘

uwmmnmmhmwm lnummo ‘
Mﬂﬂ“mndhnm"mmnmmhnwﬂ N
operands can be fetohed from memeory, while the arithmetic wnit is '
busy executing n instructicn with data alveady ia ite registems. Awte- - -
" matic interiseks snd suloguards are provided which sdjust the flow of
information and assure that the programs s sxaeuted gorzestly. The © '
Prograzumer 10 i n9 way cencerned with these waattors, Ne weltes the
pmmn!fhmn tm.dowy. mmmu.m -
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Fargage o W overiappged aperilion of somey pegte of S oavaiane

it oSe gekir Mg S puodet ghr cwagt a8 whioh ® plven preqgers
wily e et Yo okgration @t aack operation dopande oo the cata, on
the availaibtiity of various weita, and on the instructions which precoded 18,
Hhiie & tHooe s be ocen fov cank opevaiion slons, i tevreu of & forosia
X An wb BVerages the cverdil thice fe not e suee of thees ovea, Meme
Cvesentatiys thne wet{oatos for probisr g awve ren oMabssd by simalsting
wive moaay cetelisd fivoe vosatiounslngpa dn terses of that progyars,

Another factor in higher porforsviance is tn the handling of input.
Sutpek and extarnal devices, A lauge, Bigh-apesd magaetic ek unit with
& one alilion 'word capazity is availabie to store large dats arrayn, Vye
tansive buffering und wmaltipiesiog facilities permit simultancous running
of zany units of loway speed. The input-output system is flexible enough
»0 that almost any lund of device (urnishing or accepting digital infermation
can be commected to the computay.

The imstruction set which has been developed for this system exhibits
new and powerful features. As a result, fawer instructions are usually
required to write a given program. Moreover, most of the instructions
usad in the inner loops of floating polnt arithmetic probiems will be only
haif a word, or 32 vits, long, Fewer and shortsr instructions mean less
storage spacs for programs, fower accesses to memory, snd {awer in«
structions exscutsd. All of this contritmtes to high performaace.

Much of the omphasis in the instruction set {s on eificient {loating
point, indexing, and branching lostrections, which form the heart of a
groat masny programs in the technical field. It is equally lnvportant, though,
to have avaliable good inatructions for howsskooping functions, for editing
laput ~output data, and for processing date other than {loating poimt numbers.
As an exan:ple, a stored progran computer will novrmally spend cometdyrable
time in preparing its own programs. To simpliify sach tasks, a comiplete
set of instructions is provided for processing fields and r2cords of varying
length in any desired code.

Ths use of sviid-state coraponents makes the systan: i.nhormly‘
more roijable., Autonmatic error detection, together with moans of locating
faults and other maintenance alds, serve to reduce the tlame reguired to
identify and repair those machine fanits which do arise. Automatic error
correction is provided In arcas whern this ie expected to impruve perfor.
mance materially.
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A finsl contribution to performance is mads by features to impreove |
operating techniques. Routine operating functions are, as much as possible, i
pisced under direct control of the stored program. Imput-output units re« Yy
quire & minimurm of masval sst-up. All rsarrangement and control is done .
by programmiag. Multiple input-output channels, buffering, and multf-
programming facilitiss make it possible to do indepondent input-output date
conversion efficiently on units attached to the computer witheut siguificantly
increasing the computing time on the major job. Physical switcbing of
units or manusl transfer of tape reels {s wininiged,

A new approach is exmployed in the operating consele., The keys,
switches, lights, digital display., and associated typawritor ave all subject -
to program coutrol,  These facilities are provided te permit close communi«~
cation between man md machine when human supervision is desired., With
two oF moxe programs rsady for operstion, the machine neod not wait idly
while the aser thinks. All console facilities are designed to take advantage
of the intervention techniques made possible by multiprogramming. The
wse of programmed definition of console functions also permits protective
and logging fanctions which would be quite uneconemical in hardware,

o

..... . SYSTEM ORGANIZATION

Memories » _ . |

The computing systom uses magnotic core memories with vary
short access times. A memory word consists of 64 information bits and
8 non-addressuble redundancy bits. Mamory snd bas action is checked,
and any singls bit errors are autonmatically detected and corrected with-
out slowing the speaed of apsration. Liouble bit ervors are detected.

The addrens space in instructions provides for adiresaing directly
any of the 212 {262, 144) word locations on all operations,

Main Memory

The rialu memory of & systam {3 & roagnetic cors memory with a
resdowrite eycic tnie of thr order of fwo wilvrossconds. Lach unit of
myernnry cousiites of th, 284 (Lid) words,
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Index Word Memory

i

A uﬁuh fast mMc cors mamory witk addregses u u 3,
is uned for index words. This memery bas o M#‘ 16 words and
ie directly assecisted with the mmn.

__&pozm Regloters

Many of the spegial reginters of the roachins are drectly m«xrmm!ﬁa
and are assigned sddresses U to 15.

fagws wnd Outpus

Input te the systemn pasees from the mm duvices 10 PR EDBR Y :
through the Exchange. The Exchange assembles svecessiva £4-1df words
{rom the flow of tuput informaticn ansd stezes the pasembled words in
successive memory iocktions without tying up the Central Processing
Unit. The CPU specifies the locations and sumbay of input werds to be
reidl, sad the Exchange completes the operation,

: The same Exchange operaten similarly for outpat, fstching ene-
censive maowery woards and disasssembiing them for the sutput devices
indepandontiy of the CPU. internsl storage devices are oporniad vin
the Exchange as if thay ware ‘uput and output.

The Exchange has the capability of operating eight independent
input-output waits. Lach of the Exchunge chahuels can accept informa-
tion st & rate of up to 500, 000 bits per sesond.

A wide variety of input-output units can be oparated by the x-
change. These include puached card veaders and pumches, mediiio
and Migh-speed printers, magnetic tapes, operstor's conseles, and
keybonrd inquiry stations., JFor some Rinds of units; severnl cam de
sttached to & single oxchange chanael, When this Ls done, of course,
enly one of these units can be operated at a tima,

The high-speed (xchange, ilke the barie Lychange, operstas
dirvactly with memary, ‘exacuting instractions as speeifiod by the compier,

The veary high apead resgoaric Wik flae e capalie ol vandag ov
writing & full ¢4-B1 word sach 3 mierosvconds, Thy it wrdt bas ¢
aapacity of 1, 542 871 worie. :
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Fhe Central Frocessing Unit

The Coatral Frocassing Unit perfovees arithmetic and logical
operaticns upon operanin taken from memory. Uperetioan are spoci-
thad one &% & thns by tastructions, which sre slso taken from memary.,
Fueh lastraction Daaderentaliy specifies an operation and an operand,

The operaad specification s roade ap of an addrens sad an index word
sddress. Part of the index word contents sre addad to the uatﬁuu in

the instraction to get an effective address. Tho eflsetive address actually
designates the operend used. The ddditions needed 1o derive the offeg -
tive addsase and to modily index words s porformed in an im!apmu&nm
Indew seithenetic umit,

The Index Arithreoetic Unit

The lodex arithmetic wiit consints of ragisters for holdlng fv-
stauetions 1o be wodificd and the ludex worde that are used in the
mwodification, Operstiome oo ledes worde consist of londing, storiag,
adding, sl conparing; the index arithwetic wnit taclundos gates for
seiecting the necasunry Lelds dn index and instruction worde aud an
sigebrals adder. The index woris themselves ars stored in jocations
16-31, index core momary,

m»xmm; Comtrols

An instruction may be one worc or ene half word in leagth. ull
and haif length lastruciions can be intermived,

Insiructions are taken in succession under comtroi of am lnstruction
counter. Alteration of the succession of instructions s poasible by branch«
lng operationns, which can be controlied by » wide variety of conditions.
Awntosmatic intermption of the normal sequenco cun alse be caused by many
comditions. The comditions for insterrupion and controlling branching are
rapresented by bite in an indicator regisiar, The interraption system
aluv includes & mask register for comtrolling interreption and & hase
sddress core reglster for selecting sultable alteronts programs., When
naaded, the address of the lapat or ocutput wnit causing an interreption

Can be yead rom & walt addrvess rogister which ¢an only be set up by ﬂn
Tiwr g e «

The Interpratation and sxscution of imttmcﬁum ia alse cons
trolied by an sldress monitoring svetem,
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Siete the arishmetie suhl oparakes very repldly, B neade t0 ro-
celve wodifled tesiractione et bigh epesd. Thiv wmodllontion in (nde-
pundontly pecforwed iu the tadentog srithmatic salt. ¥ ar bhost apesd,
fndex erithuetic for 8o natruction roumt bo preformad whils the arith-
wetic and logicul ook (6 enaenting o previeus lasiruction.

The devics which chordustes and conteals (akrudtisn preces-
sing iv waewn aa tha (nstegetion look abind.

: in spits of the (ukarnal compliasitice, fetching, wpdilicasion,
and enscution of instrections do wit place any constyainte v the pro-
gremosar. The enly widwrnal sppareut difference ln ¢patew spavation
due te the look abend is higher speed.

, The arlthunetic anls consisty of an apparstue oy performing
flomting poins aribmetic upon a date word bn paraliel and 4 clovely
asneuiated ‘mechanirme oy porferming srithmetle snd logleal fumetions
open arbitrary (lelda of bits, In the Intiar case, the Mis wmay ba
eparated apom as imilvident sutitise oy as nuwmibers saceded in binkry.

A specia) ovatise le provided o cerve pv & rapld-petoss ssueee
of binary seroe, This iz see word dong, sod slways delivers zore Mes.
This speeial location has address 8. ivovage of dots in this locatidn ia
ineffective, o0 st Li sorves 28 & sonvenioat and vapid sscers dala siok,
maemM»MMmummmm for no sddrens
is vooded.

Clakses of Uparstions

Tha eperativas avalleble may bu divided ima thewe hwrond cate-
gwriest . '
Fivating polet seibm-othy aperations
Inteyer welthanetic mpnenlises

. onneciive apdvations

Indox srithunstic operasivas
Byanching eperetions

Tranteslsston oporations
Daputsoutpod operallivne

Sakeo ellaamenn tpd i abions

Within these catognries the gesl has beeu 1o provide & mere
geveralided sot of instrusiioos.
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EE T S Y U *M@ Lot ruorbon set ecludes thw Memwmmry mmrnﬁma
LMD, ﬁs“w ETOR RN TLRLY, ke DIVIDE,  ModUiier bits ave availe
abie to chenge the mpmma& plyn. t‘hm@ thae operstions Sobtract oy Add
Shsolale are ottained by wae of plign modifters to the AL instraction,
Thepe snsne naodifi SER e Rt €WW the sign of & mvnbey m Be Lown ‘iwig
stored, multipliad ar Tploe i,

A convenlent featuye of tim Mu&tﬁwy Dpw rRiiGn is thiet one of the
actors i taken frowm the accimulator vathey tha & separate regletar,
and I way be the roonlt of proviows corputsiion. Similarly, Olvide
Maces the guatient in the accumualiator, thug raking it avaﬂubla ddrectiy
for farthaey nrlthmetic stepa.

Extensions of the basic st of arithmaetic oparations permit adding
g counting i wewnory, roundiag, cumuaistive multipiication, compurison
snd farther variations of the standsrd ADD opervation,

Most srithmetic sparations ar« svaliable in the flosting point
made a8 well s the fixed point or imteger mode, The lloating polat
sot includes additional taatructions to handle portions of a flonting
poimt nambur asd donble longth sumbers with sase. A floating polut
square ook operation i provided.

Floatimg Point Arithmnetic

Floating point arithmetic is done in Moary, ueing the full $4-bit
mesanry word, The emphasle in the design of the flonting point arith-
metic is on high speed computation of large ounthematics) preblems.
The Moary tadix makas available techalquos wadeh greatly ayud up
roitipd lemtion and divisten.

The 45.biy oantiens {squivalons 1o abewt 19 ﬂacim&in‘p coupled with
the storege officlency of the binaxry radiy, makes it possibie to compute in
the stagle precision snede for a large wumbarx of probievas which have to
e dane Lo smuidiple precision em sanier computers. The floating poing
instreetion wot, howevaer, coniaing provieiom ter progeamming rauitiple
precision work in m drsct wanner, o Wxop in apasd, when going to
mrwtiphe precisios, ie much less than with sariier machinse. Thas,
muitiple pracistom \s rogquired \qes oftun, and whea roguived it te
simpier than vefore.

The iimthg point word {ncludas 8 signed J1-bit sxponent and &
signed 44-bit mantison. The expoment is o trus signsd Maary Integer and
the mantioss is » true aigned binary freation.



3 2 ’ Soptamber 30, 1988

¥Fieating point arithmetic can be performed in either a sormalised
Or an wanorma.ised maeda,

Integer Arithmetic

The cinss of integor aritiunetic encompanses ail data arithmotic on
athar than the specialined flonting point numbers. The empbasis here i
on versstility sad sconomy of storage, Individes! numbers, or fislds,
reay be of any length. Flalds of different lenythe may be auﬁgmva to
sdjacent locations in mommory. Each {izld may bo addrassed directly by
spocifying ite position wnd length in the inetruction; the computer takes
care of selecting the memory werds required and sitering only the de-
sired {oformetion. Since the fiuid longth i ewpiicitly stated in sach
instruction, rathex than being Lmplisd by ‘he data or by previous length~
sotting instructions, there 18 no restrictiva om the codieg of variabla
feld longth data.

A significant feature of the intogar DIVIDE opsration is that it
will produce meaningfel resuits regardiess of the magnitude of the
divideom ar the divisor (provided thess iall within the bouvnds of awrnbars
Eenaiplly acceptable to the arithmstic unit). The caly &nd obvicws ey«
coption ir @ zorn divieor. This greater freedom alfminates much of the
scaling previoaely sequired Lofore 8 Divide tnstruction could be accepted.

Alphabetic and other non-numeric fields of various lengths may he
handled by integer arithmatie oporstious as il they were wasigned Yiuery
awmhers, rsgardless of the charaster code ar ihe numbey of bite used for
ACh charactay,

‘ The integer instruction set is also very similay to the floating
ol set; most of the operations in both wets have the smma names and
anaiogous maanings, ’

Lonnectives

Instructions which logically corubine bite by And, Or, snd ¥xelo-
elve Or have baen ineludad In enrllor computers. These and many other
non-arithe atic dute handling operations are here repiaced in & siropie and
Grdexly fachion by conmective oparations which procide mnay jogleal fah .

e
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Indem Arvithmetic

Every instruction may have its address part madified by adding a
sumbey in & specified indax ragiater bafore using the addrass, Normally
both the instruction and the indev registe¥ remain unchanged, To alter
the fndox registers is the function of the index aritheetic oparations.

The set inciudes cparations for loading, storing, incrementing,
avd coroymring indew values, The index valus is a signed nuradber and
additions pre aigebraic. Provision is made for indirect addrensing.

nrmc:!sinﬁ

The branching operatione ¢ithar conditiosally or uncondittonally
alter the inbtruction couniar 8o an to change the course of & program.
The numbar of operations Is mos large, but modifiers are avaiiabls to
provide a groar dasl of Hoxtibiilty.

Al mmshine stete tadicatoxe auch sw wign, osverflow, error, and
inpuat oot pat conditions, are cellacted {n omae b4-bit ladiestor raglister,
The BRANCH ON INIHCATOR instragtion may epecify any one of thosa
64 ludieniors as the “undition to be tested. A modifler gpacifion whother
bramching is to otour when the lnaicator is om or off. Another madifier
ARy those e Yeote | dndicator ¢ be Tesei (o tero, :

A second opsration, BERANCH ON BT, permits testing 8 single
it amywhers in memsory with one instraction,  The taste ] DI resy also
be woedlfisd, This isstruction places a virtually selimdtod namwber of
indieatars undary the divect conirol of the proagram.

Treasnlesion

Ths oparation TRANSEMIT providaes the faciiftion to mméve & block
of data [rom ome aset of addresses to another. Oue use of this opsration
ia to prescrve the cootents of addressabic registers, inciuding index
vagivters, i roamory whes I8 le necessary to bring in anothar pragram,
and iazer to veload theee vegletors 1o restore them o their sarifer state
before yentarting the buterraptsd progran .

ke grat ~ - oo

Thate ars Leslostly two oprentiogs Loy coms rotling impwt- o wat

o enl o] wterage waltys RUA D sl WRTTY . Yaed fnplvurtion s poeifle o

Mg RS CoalF e MGG B T8 LRy S0k T P dide 0o he sessd By s aitay,
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The memery ares {8 specifled by giviag the sddress of 8 Control
Waord which contalns the first data address in memnory and 8 count of
the namber of words to be transferred. The Coutrol Word aleo coatsing
aw ddross which can apweify the address of ancthar Control Word.
Coatrol worde can thus ba chained together to deflae memory areas
which are not adjacent,

All fnstructions for opersiing external wailts nre issved by the
sompder program but are executed Indepsndontly of the program. A
namicer of data transfers can thus take place simuitansousiy, all
sharing access to momory. Sigomiiing functions inform the progrem
when oach extarnal process (o completed,

Mum Ini oy reption

A program intarreplion systemn ls provided {or two gaite dlatinet
puarposss. The firai of those is to provide a moesne by which 8 compater
can vespond rapldly to axtva-program circunstances whick sccur st ar-
bitxary thnes, porforming neefni work while walting fer ewci clrowm.
stances. Thess clrowmstances will most eften be sigaain from the
axchange that sorne interrogation bus baon recelved or that an input-
tpet opatation le complets, For efficiency in resl-thmo operation,
tha camnpater must respond to these fovthwith. This demands a system
by which such algonis cause a transfer of contrel to & suitabie special
programu. '

The second purposa 15 o permnit the computer to make rapld and
incile solection of altsrvate instructions when program -activated indicatovs
signal thar wpaoial circematancss have occarred, Foe examnple, 1t in
cloarly desivabie to bava such a system for arithmetie overflow since
the alternatives axe tedions and wasteful programmed tenting ov a caetly
mackine stap when the coudition arises., As susther example, it le
desirable to have a specisl restive solze control sad take corrvective
staps whenevsr tha rogule® program attempts & division by sero.

Thess two purposes, response o synchronounly aeccerring
exteranl vignals and monltoring o swosptionai conditions gonerated
by tha progenon iteelf, are distinet, ami it wouid be conceivable te have
aystemne for handling eech independantiy, lowevor, a shuglie wystam
BuXvas hoth parpossr cgukily well, snd provisdon of 4 #ingi o walfuren
systorn parmits wers powertal speratlog tecbnicios.




Mosns are provided 1o sclect which Indicaters may cavae
intarruption and when lnteryuption will be pesmitted. Priovities can
thue be established. M mere than ons lnterrupting condition should
pecur ot one tluse, the system lakes them lu urder. Special previsicas
aze mads to pevnit interruptions 10 sny level to sccur wishoot cousing
pragrem confusion.

Addrges Mesloring

Addrese monitoring facliities sre provided for two res~Jas,
One is 16 mabe it poosidle fov & pragram supsrvising the devugging
of anuther progrom to detent whou relereuss ls made to & mamory
locution outaide the ares sswigned 1o that pragram. Ancther is o
project ous pragras (oo secldantal dettyustion by supthey program
bolng smecuted on & multiprogrammned basls while the (lret progrem
is walting for serviea.

An Slagsed Thne Closk I8 buill ia te messure slapsed time over
siatively shart intervale, B com be sot to any velus at any time, wad
se lndleater showe when the time period bas ended. This indicater will
canne subemstic program indervuption.




September 30, 195§

RELIABILITY

A. Cemponsuts
Within the systems sll circuits are designes for & siaximem mAxgin Ly
of reilabllity o relation to tha sffect of aging on the amnm‘. P

These incinde transistors developed by 1BM of an exclusive nature
such as NPN and PNP Drift Traneistore snd power transistors. Thess
transistors are at present in production within 18M. Im additton, eutside
seurces have alresady besa established for quantity. rmdmﬂm to IBM
-specifications, b

B. (‘&rtu‘it!’x

The development of the NPN Drift Transistor by 1BM hes made
poustble cireuitry operaiion in the complementary mode, This incresses
raliability because of the positive sigani indication for both bisary stales.

JCirenit design affords maximum reliability because all components ave
thien to end of iife on both the driving circuit, the cireunit under com- :
sideretion, and the circuit being driven by the cirzuit under constderation,

Co Experionce

15 M's experiencs on 15 currently fnatalled Type $08 transistorised
computors shows setremely high raliabiilty,

Becuuse Drift Traosistors sre reassfactagred using the same tech~
niguss as junction alioy type, it is fuily expected that the same reitability
will be obtained and in fxci surpaesad,

The surne degree of reliability hae bavn borme out by indtial ex-
parience amd testing of civewit deaign in the Strotch projedt. v
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APPLIED PROGRAMMING SUPPORT

!

A group of programs will be provided with the STRETCH
system. As presently comprised, this group of programs will
consist of:

1. A supervisery contrel pregram te handle the

interrupt systam, fnput-output waits, and com-~
munication with the machine opevator. \

3.  Pregrams to faciittate program check-out.
3. - Certain pregrams of general wtility such as

leaders, conversion, oditing programs and
cormen mathematisa) functions.

4 An'tmtu programming system pesforming:

A, Aumbly (Transiation cl codes
writtes 1-foy-1),

B. Analgsbraic language transla-
~ tiom to mscbine language trans-
lation system.
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SUNMARY

The STRETCHM computer system reprosents & most significans
advanes in somputar technolegy. It provides arithmetic speed and
moemary capacity fes solviag important “sclestific problems which are
fmpractissl on present mwnuvwhurm progress
end sesurisy.

In addition to the advanced pelid state campensnts used,
STRETCH coutnins many new ssphisticated logical cengepts and
instructions. Assembly pregrams and other library programs will
be availlable with ths STRETCH system.,

The systemn will alse bring with .t the high level of service
~ with respect to maintenance, education and ather specialized staff
serxvice for which IBM is {amous.




