oSt T SR LS AR L i e o G

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

B PROJECT MAC

MAC-TR-13

- *
A NEW METHODOLOGY FOR COMPUTER SIMULATION

by Martin Greenberger

ABSTRACT

Computer simulation is a cooperative venture between researcher and
information processor, but the processor's role customarily begins too
late. The researcher can benefit substantially by bringing the computer
up into the earlier, creative phases of the simulation process. An on-
line computer system that makes this possible is described.
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Introduction

I shallbegiti by drawihy woms boundarids arount Wyaubject, : Simulstion, . is.
broadly interpreted,” {i modal buildieg. " Modwl bkl ng, gurerously viewed,: is.. ..
theorlking. ' Atid thedvrizdng, Tn its respettMIE connbLavivm L et the heapt ofis:
all scfénce. ‘Thus, ‘the sUbect of ¥imilatioh st be witumaniibed,: . fangay 1o

It helps to preceds the word simulatiod by '‘computent' o3 At the presents timey, |
tiris ‘modtfrer restritts the domaiii Of rafeérence apprestod b, sipce it implies:
that the theory 'ty foruéd to' be exsined o Seasud Dy waciekudy: : The mdifieromy -
not oonfinire ‘to Ve 9o festrictive fw'the Fusure; howevers; as the computdr 's potenri
tial becomes better utilized. You might ey “that tlks s vne of the gosls of - :.<
M.I.T'$ Profect MAC, b aiseve smich Gf the work undewiay s dewoted fo making
the compiter wore geénerally useful tothe peseaschior, - =70 . oy 1l wlogroeisy

Kesearchers i1 ‘sever#l Rfelds; prindipsiiy hé Sehawiordd sciences, age: s o
begimitng ‘te' find thet Tompueér Progrews Make gobd midéls ofiithe jplienomens they o
study, The languege of the codputer -is msch Mors versstide sthan ithe languegs of =/
‘mathématica for meny PUrpoees. : The shmplicabiods«ce & congister. model can be infer-
red ‘divectly, giuipFy by /execeting the ﬁdcbﬁqn tlye machéne .for whuboh it was: - ;70w
prog¥ammed, No great dmpunt Oﬁfwﬁh‘ﬂmﬁmtuﬁ‘w'sqiﬁmd&, SRS L IHG LS

A -oSmpst 6¥ ‘model ; furthermare; ‘con exliibit Behswior wenlwiwdent of tokisl-: !
ligent human activity; in seuner and detsil as ‘wéld se :ix cotseqiience. ' That-isy i
‘tnformation ppdcese s pregrammed -on aommmoﬁniéc EL&fmum eem i d
analogous to the thought patterns evidenced by human subjects on their protocods, o
Ihess facts ave starting to ‘open nev 'doors i psyctielogical xesesrchl - uiis”

Nat 211 computer simsldvions ‘drecancdived for the purpose idf thepeetical -
_nuunohé {:Ome rof isupractivities at Project :MAG had been he sbtmulation of oux !

time-shared, multi-user computer operation. The point of this simulation ig to ..




gain understanding of the:operation and: find & rafionale fer allocating, time .
grants: to ueers efficiently... Monitoring.the aperatisen has helped serve the . . . .
same! ‘end, but. simulation pexmits & mpxe vaxied, contrelled,. and complete range . ..
of experience tham dose: cbservation.: Anslytical methods; havp also. shed some . .
light, but pezmit one. ta Bo only 80 far.. - ... oo s aranan T

A similar example is simulation of & job shop £o,guide scheduling decigjons, .
In these kinds of'studies, smnalysis, observation.and simulation ideally go hands ..
tn~hand. In the future they @ay. even be blended in mith the operation itself, ...
but such thoughts take us -shead of the &toxry. :» - el jo00 0 s e

Fo¥ iour purposes, Bimslation is a way of using méq:uten;o produce.a - :
reasonable likeness of the behawior of - symtem undew study. . .The .likeness is .
aptained from & -scaled-dawn abstemctiagn f the real -amstems often in.the form
of a dynamic-model. . The model it based on -the simletox' s concept. af what the ; s«
key elements of the systdm are; and af how tireyopesste »and itntexact, .-

-+ In -forming -his model, the simulator.gemsvalbly s{rives -for maxisus parsimeny

with minimum distortion, But conciseness -is net qften 948y 40 aAtLain, .and most . .
computer models are unayeidably -loagwinded.  Baishge prompted Herbert Simen.to ..
label ithem "garrulous’';:in contrast ‘to the really parneimantous medels of Newto-
nian mechanics. . The:imtricate madels of organic. . chemiskry !are also garrulous .. ;.
by Simon's ;dis:incg&iom.-[ls,zel,a=~rhe classifigcation ds met -meant teDhe derogatqory~-just
a factof dife. : o e clie o eenio s wnwsgiey ddae it el at ol

Perhaps the best way to.define the genetal:gosl f :thecsimulater is maxisum.
fidelity, especially din certain criticab dimenmsions) Witk ainimm campléxityy
How well this objective ‘is wmet im ptactice isione of :the :btems which:sliall iconcern

us, docd . I ey o Tt SR Uty Gae
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" Before getting staitdd on' thé“dethédbloficat diddieWidAI 1 hud Béttey present
some’ credentials, ?ﬁ§aﬁéiogﬁciga%13ﬂiiiﬁlxiiaﬁqgaﬂi bitk' S FeRri tsoasstidy st

ditﬁe coniuner iedtor‘“f thd ﬂnutlé”'"icbn&ﬁ§ éiiﬁI&ﬁy 6f&ﬁ¥id[9] "My tLoR card’

in coupuicri goes Badk 14 yBaré to an ApPPeABHainip 04 RN MUEH 114l Napiiial”
I'have ‘beén edployed’ tigulatly 1h Ehesd Fhedal!s0P1Agmat] 82 AU’ THEdrvintag tine
(although ' 1~ adml ¢ 86 RaVing i sa8d® d°Fe¥W 'Phath 84 G136 dBEET S “This*Espebtdnse
does not qualify me as & mad¥as d2hPtakda’ pdi®fé s ‘RaiR chle D’ nibe  Rid Tenbugh
hard knodks to°§ostla i Thhocandd® add° 1t f8aktidi i*B1E]7 YBRIENVE* speak
“an oha whose ﬁopilléarﬂgé A4t itinlattinHivEP 1otk #RAEheE80eE Ehe gdiiri; "

e

o ines sAT ciuwwsl oqoillovdngy bus woidunitzdeln | aniaubosg ol

‘While the Tons’ 16 s¢21T petaondl, TueR1d 18K €6 gTo8  in" Y aHErieton Which
~i111 é31§hi¢#%gg53 3he gﬁfaéﬁgiégoagfﬁgfgif-ﬁafnﬁi?ﬂrlt'ﬁiﬂqﬁﬁbdgﬂéiaﬁxaifi39’
coliaééish ~‘Tl d 15’ an ‘& ﬁfﬁqffhm 8 eed 1gie 0GBy “af Mold! * F 6WidN ‘many

6?“1 ﬁﬁ§ iﬁlri”fhi foﬁifnt““o‘ Brvigee bHos sonEmsliiam | eoooy sy Yo doss ml

i mmliduizs - sasmurraal sof o T w1Eries 10 LTObI8nl L rsomus o0Y pofusils

Heating Ilﬂoulli A Case gtudz in Dltn Collection

cealdalyav Jugyes o4 unitestbe Lol goiem s

ree-and-on -ha f cnra o wife and rchased a ver large old
m ' F 1 y .8 mgr ¥ J&L?!IIQ?{“{H’E*"’&‘{E gids Z:u ugz:’a oT

2 -1 P30

‘S‘E??'SSSEM‘Q"°"& (Milstop, uninqulaced

Srhe last chargcteristic-
13Lfw aqz 260.& BLHY ulimisie

jaun aw bnia

was not nnnsion?d 1n Ehe real estlte gdvertisement). It was cleag to us from
e Wend oW 9InI3  9INIATIQENSY YOobd Uo B ik 03 eide

the start tha e ti th house would be o he heatin lant
mhzrx vr; §1u5~b ? n‘ Q“ gﬁ*xiaﬁél¢ k n. m :Sagngﬁg.%oxi Ea 51987 5%41 hY-L T

consists of two gas furngces, one blowing hot air to nineteen registers, and the
hEelac B bor ihah o aldni¥ey UGS IOXS 1E 21 3Tudsrogqmel toobluw

other circu}lting hot water to ten radiato s. Bach furnace ig controlled by its
$rieRs bsllio w5, 2sotlamurae . wey ¢lish ¢3ved ardl aysiqeib I

own clock-ther stat.,

gxs 20 BEgow 24 Lyal grlloonaierran sl N0 DIUTSISGmMs) 100D U0 a83m S

SR S TH LTI BYSOME L oo asRsaval oabnegesb  aollqumuzoco zey siit

As a m-tter of tnfotn-tion, I beliavc that Boston gas rates are among the |

highest in the world. In 196Lk,s100w0ef (mndred. auhic £AeE); of Sas Cont: $ARLD;
in Boston, $47.67 in New York City, and $21. 23 in Pittsburgh.
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sosa. . DYEiRG our ﬁrnt ;winter in the house, Rartly in ovder to divert my attemtion
from the.growing,§as bille, 804 PAxtly;in, the, hepe of finding ways to alleviate

the cogk burggn,: 23 began. to, qliect dggly»m ures on £as ggnggmptiog. The re result

of.this undertaking wes forty.dapof date. The dats exhibited conaiderab}g

srvariance, flyctuating from.g.dpily, hisgh 9f. 38 cof £9 9, daily loy of 17 ccf, A
spxgad.this.vide giyen, the optimigs game bope, of finding meagures to keep cop-.
4y BumpEion. as low s passible withoyt sacpificing comfort, = Citn s ameh
insys Lef Y8 vhey the.pagter.ag gy spser, sgudent of simulation ﬂshs—m‘f*:zs B

have.bepe. 8 4,50mpLAsered SYRSeR;ERe house together with the assorted spparatus

| for producing, distributing and controlling heat, Tho annipu%gg%gjggﬁ%nggfugont
< ¥AEARben. buchyde srorm vigdeyy, Fhapmortars, n syaqsac, radiscor valyss, sir

| % registers, And dpgeers.  Thers axs sleg. nige fizselaces, but ssume, for aimplic-
s 8 FERAE thgyrggq§aL}¢%§gggqufffantho 5@§Iﬁ£d§!§1§§&§233”‘ the geupoggggre$103
in each of the rooms, maintenance and service cootogﬁzfgaghgﬁgoggg;x Qac bi.llo(5
Altering the number, location, or setting of any of the instrument variables is
muiteniied sied sl ¢hUSS 988D A rsz2uni s salimsH

a means for adjusting the target variables.

= & soayut o boe alie v nun 3 fean
“To simulate this syatem, we must decide whfch;éﬁéfaﬁfis deserve incYusiou,

sl asiaidn

and we must determinekrelationahips wﬁfcﬁ fink théjgzr{aglbgigf ﬁ*oﬁvious vari-

EACY By ool jeslo emw 1y L (josmoelivavh a3sies Iesx aidl ol o S 300
abie to include is outdoor tiﬁperaturé: nce we know itiairictfy agfecti the™

5 g osd bluow seuod 543 %sﬂf tsz?a BT
heat Toss radiated from the houo!. In the potlance of th mo el bui trade,
SH2 PO B18T8igsY 638Iscis o3 %ik dofd aplwo! e 3 T Bes wwi 3o atEiBoou
outdoor temperature is an exogenous vatiable o Jhefiei z-portince. :

83l vd belioviren i w3 d .axcislbey ne3 62 wezew 3od gnivs

Figure 1 displays the forty daily gas consumptions, each one piotted against

selggmiadl-dootls we
the mean outdoor temperature on the corresponding day. As would be expected,

the gas consumption depends inversely on mean temperature, The lower the
3003 EOGFE8 2Ye 298 #BE nodeof ceddd sveliled T ﬂ(}f’sm'l(it’}, 10 193s% & [

temperatide;, the %mfﬁaﬁs Consunied [ and maﬂexwfi nl  bliow si3 i

[

AwdrPT ol TLL0LE s L, vaiD KoY we¥ ol Th.Ved [ nulwe
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On first try we might fit a straight regression line to the points of
FPigure 1, as shown, This line provides an initial relatiomship for chg model .

By the way, it actually is not a bad fit as regression lines go. It yiald- a
numerical correlation coefficient of just s shade under .9. But with | re infor-
mation, we can do batter. e

My wife and I both go to work on weekdays, and dutinj that first iuntcr we
did not have children at home to keep warm. I, therefore, had the habjif gf
turning the settings of the two thermostats down 10° when we left in t?u morning.
The settings automstically rcvcrtod to normal for our return in the evimiﬁd.

Let us call this policy A. On the waekends, when we were at ho’d,anq on Wednes-
days, when a lady cames to clean, 1 kept thc cbcmctleo at zﬁc ‘S ame l*g__ti“l
throughout the day. Lat us call this poiicy B. In bw& pouciu, 1 lpwctod the
settings overnight, . L .

If we now separate the points of !'i..urc 1 1nto~thou aspociasted \ﬂ.th policy A
(Figure 2) and those associated with pclicy B (rigure 3), and neglect cha rmin- ~
ing points, we obtain Qurptio;n;ly clou fits to each of two smooth cdrves. In
Figure 2, only the three hcrllow points are substantially off the curvdi. All three

of these points licy,‘kb've the curve, and all three of them correspond 21:0 TGesdays.

The point:s of rigdzjc 3 show a little more variation. The three hollov

pointx"t‘:ntnzmm ‘curve :n cwmmm-mm of these

. c\s.
three Hodnudays happen to be thc day aftcr two of tho three Tuesdays cited above.

‘Singe the latter have ;qwgrooymgiguf than thaly, Wc‘%"‘u ;gqediqt »-While

Ly fa RSILasHN 1G5 E£8%

the former have smaller: coumtiam ’ uy"suon {s that 1fl:’ m Wucct meter

readings on the corresponding two Tuesday nights.
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Figure 1: Daily gas consumption 40 days during December 1961 and January 1962

(Gas consumption measured in 100 cubic feet, temperature in degrees
Fahrenheit),
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I1f we superimpose the curves of Figures 2 and J én each other, as in Figure 4,
we notice that they have opposite concavities, they bend toward esach o.\thor at the
snds (20° and 45°), and they depart from ugh other at the middle. (30";E to 359),
This is not the appropriate place to speculate on the physical rulotu% for this
behavior, but we can note the economic implications, as given in !ii&tii 5," The
greatest potential saving obtained from using policy A rathersthan policy B
occurs in the middle range of temperature, and this saving decreases ni:oadily
as either of the extremes temperature ranges is cp’mchgf.’ At uquuéiﬁtii below

' / i
15° and above 50° » we might conclude that both policigs cost sbout the same.

) |
o -
"\

gy
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Days from Figure 1 on which policy A was used,.
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Figure 3: Days from Figure 1 on which policy B was used.
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Figure 4: Superposition of Figures 2 and 3.
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Figure 5: Absolute difference between consumptions resulting from policies A and B.
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Some.nethodologlcal Issues

The finding of opposite concavities was interesting from an academic point

of view, and it even turn;d'out to have soméggractical utility. Withdut over-

,g

doing its importance, -and without stretching tgi%enalogy with a simuldtlon study
too far, I believe ‘we can extract a few simple les;ons from the example.

In the firgt place, a careful analysis of avaifable data can assLst us in
choosing variqbles and relationships for a slnnlation vndel that we ar% %uilding.
The analysxs,not only serves for guidance, but also helps keep us honest. If we
had gone ojrto simulate the heating system in detail, we ﬂpuld not ha@e»rested

~until the model exhibited the property of opposite concavit\es. COnvqrsely,
{

if the results of the simulation showed certain other peculidgities, %e\yould

-1ook fq% corresponding features in the data, and we would'alteégour mddel if

4
H

they éere not to be found. -

)
)‘k\

;ﬁThis is an obvious point, and most simulators accept it implicitly. What

el

it ﬁmans is that the simulator benefits from frequent and easy travel %etween

model and data throughout model development. But this is easier seidgtHEn
accomplished. Too often data analysis and model development occur in separate,
prolonged efforts, one after the other. Only when the model is compl%tei if then,

does the simulator have the interest or resources to return to the da&a for

1" verification. . By then it«uu,hn too. late.. IhAJd.DAl .cnml.exitx,_ni !:he model may

make serious validation iuprhctical.

The point is worth pursuing a bit further. Simulations are often called
S R I L SR pIIGENRIL T AR uRG s e a ik sasio ;;3}1

R N

dynamic, and what this usually means is that time is one of the variables of
the model. We might consider a second use of dynamic to describe the formation

of the model, rather than its execution. The second kind of dynamic simulation
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18 ‘constructed over a Deridd ¢fF’time in an iderewsdeal wayj vwith wm;m..'..m.
#hd 61d increments formitig and eWoIving from suceessive resonfrontations.of the -
partial modél with the dats. ‘This sppréach cinzpreduce s éonsimuocos sezeam.of :. .
fresh {nsfghts and ‘can take f£Ull adviintige of ‘Aew data'uate-Nocomes avdilables~a’
meaningful ‘feature, sspectally #n°a Forecasting type 62 medal; '

" fhe incrementsl approach facfiitates chickiig:the>seded; as wa-have noted,
and it allows the sisnlator to build-hls undetstanding efothe wedel in campre-
hensible segments, is ha bailds’ the moddl-1tdel¥: 278 guards Againse unnecessdry -
arbitrarihess, and pinpointadéficiGncies both 1n the medel and in the data,”

The awdreness Bf information deficluhéius, modified by e-keoswledge of which parts:
of the model are most critical or sénsitive, cadsprovide’ valuable- gutdanceito. -
dataf‘cé‘lliéc‘i&f";ffbrﬁ; e RETE TR e Tl e e

“fhe plcture that' siggests 1taelf i a redbarch 1@%&%&:&* several: ..
phasis:  data’ collaction, date anklysis;’ model’ Zoimitlatidn) programming ) testing;’
adjuntivng , and running. The phases are not placed ssitally in time, one starting’
after the preceding one has been completed; but sbe rither continuously tvavarsed
in a gradaal convergence td the Final simslation. Actelliyy e "Einal simalation®.
need nb ldnger""b:i the primary motive since ressiireh dlvidends  now are being paid: -
all along the way. LrmaIadin e oo ent wh S At s SR L

Ideally, ‘the ¥imilwtion i¥ néver more complicated- thah mecessary for the
ends it {8 to'serve, Eichbsive couplekity is tbt the baghbar- that it can be when
the model is designed in one’ continuous, deteriinal, Bohewhat unguedtioning effext.
Overfitting ‘to the datd'is still a possidble pitfall, but thw: danger:signs are now

more re&dily di!tingui‘thud. I S O S T SR T IS OT B i7 Cre ime

LR A R
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. ;The stemptations ;tovard o¥ercemplexity in 8.Q9maytey 4imslation are very real
andsve: ¥ understandabbessiThey -atem £1om she, vexpdbiLiby (a8, 4h¢ Gomeuter's language
which I-zeferred te easbier.- kt.is g0 slmple o harlitengl ghout .the way things
happen-in:khe ueal.syssem when:wodehing Lhe REEEEM IB:8,GRPPHERT,  Staghaghic .
effects are easy to GOPKsmOBLiNESTiFies.0fE8Y BO RagtiSYLeR.RToRlem, in‘@‘“‘?%‘z‘;@
is nbt:=;.=-zchﬂllseme;-ssal,}ﬁabm;f?tgﬁﬂ:;b&P9§§£§¥ﬂn.§§ oI d8%el 01, dgtail, hawever
fine.-.§uperficialiy, Khei0n}iy; KRASQU. Lo, epeNcioe, AnyY, TeaL4Rt at 411 is to keep
the:foxsulation.wishin.the. gosce and, kipe;cARAbliitins pf fhe pachipe, . ... ;.. .4

On. a.moge; theughsalonbane; AF 49,9188E. 5085 5ORPRRNIEY VBLh canpor be .
unreveled obstrussss wadaresanding. snd yalidesions ;3 HLR, 10,815809% 8 ggg;;éf&%ﬂm

_the applisasion.of: simplatinm te ssientific, Fappesshy, ap4; ¥41] Recome 8, pxeblem ip
;8 practical context, as well, when the results of simulatiops begin to he. gg; L ish
TOUELTELY: £0- SWOBPEoRNITONS, MLIALASY . S5 APRHONSEIBA, 95 19 1ADSs,  HoY, dg,you
mpdinte. betyasn: tvo, confAde s ng: #058; ofoF esuL iy MRS JBY ATS; WP, to, Anatomfze.
the models. that:produced; them?. 1o .ii o 1on 338 assady sdi  .potaces fo teupbe

=« 1Thi8: DELRGE..NE 49 2nOLREF ebfvi%%mpﬁwtmggteﬁwnyys M&l& 9 STREN
poists. Behavigral simuiptipne: should be.copdusted by, behayiaral sclentigts, .
of OUIrERs: And: el e 408 PIPEISINGLS, PATHEUALLciAns, ARd, engingers, performing
much more than a service function in behavioral simulations. Cyew s geols o0

Agein the: seseons axe: CeAL,: ; GREELAER.A Shm) afhan, brilt: apd, punning im the -

casyentionsl vay: requizes;smnalyticsl and, pregramming, falenle which sre top ;.. ..
.operialized and sochnicalofor many. PabAVOTAICSSEORES a5y ; Xeby oR)y. the hehgy-, .
iosalsscigatist bas.the firss hand: knowledgs of the data, ang, the, intimate . ;- 00
familiarity with the phenomena vital to a successful simpJation.  Spbtletdes in
the data can make the difference between victory and defeat, depending upon

whether they are recognized or overlooked.
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What is victory? That clearly depends on one's set of values, I am think-

L aidaner alav In
ing of the values of the behaviorel lcientiet which are chiefly keyed to deeper

3 noisd el mmlave e lonmoes agisl s ostofde | OAM

‘ understanding o£ the phenomene being studied. Programmers and nntheneticiene

- PanBY zeswn Cnoeldgstnosy ablw yeve Sasudizaosh aleciov

have‘a different set of values, They charecterieticelly telieh quections of
R R S S T |

2%

S#1 L ) iyl ot G fans TRt

'etructure,vstyle, end technique, and they celebtete when tﬁe'eiunletion first

R R R A TN it fromiseey v oa )

;runs. Of course, behevioral ecientiete are not imsune fron some excitement at

a1 nnlegota $EW DBRIALLGEES NMoiwisd won rsloc ORI

such monentc, too, but ordinerily their work is then just beginning.

i s e dnndicuar: vfsy bono o 330FY b oavE Eisluqmoes &nSooox- Il
By the wey, who else, including the most clever otetieticien or cryptog-
i E L grn Sl l-pa o 1o tosaac leveb sidY gz 2aee ciopst duiis
rapher, could have relolved the deta of ri;ure 1 into Figures 2 and 3? 1
S wntgorg skd ¢lahom oy wensres 91 Sy 2scdeno
simply heppened to be the only one who knew the data well enough to recogniz
; shem wia 2o poliuwsisnos baa 538b ald 1o vlhure nsawtod vidine
vthat the circun-tencee of collection were dichotomous., It ie true that I could
: Y Lt e iyl a0 a7 ae & BREAIBY gﬂ.ifﬁ LAGOAG L biliocd ol miu
heve imparted thil knowledge to a heetins connultant, but I mny not have been
Lb ®ALIR RO v sgled ysswugaol 4T L swouag meldeyy an

thinking on thet level if I were not‘conducting the etudy, nyself. Also a heet-

yrﬁit "‘(

e i g3l bre dosd emvom doxsaesy aidl one (voiiug
ing consultant could not be expected to be as cot:-ltndedin making experiments
Gtmlor fasiinye isubazg bus maldoxy ald Mo sraviens hanis

as I was, lince he vould not be as portonnlly identified with the problem.

S rpoa et o wEcD cowt anT o waidtow nzed sed DAM 3osfosd Cwoguors v
Avpo:'wter's stem for Siuuieti n keee rch oy tesd smna 3 ,

w o This 18,811 well erd.goed, snd W8y: sveR-gerys- feoconvince o few of the:ion:
-Reople, who: nesd. copying Log, that. the,preasns way:of simslating. leawss, somethingis

-to be desired,. . But.vhers.de we g0 fxombesel: Where do:we:leokofor:improvemenis?

These questions have been.en.my-mind for.s: ousher of yeats. . Ibrseemdvtonsd
me thet anyeae whohashesn ;docgixi;tnﬁxxﬂ tn mslaggesncale ;similatienbsoudy
wyat  have had ;4imiler. capcerns-at .some.peintd Whakiimoneeded ia & newskind dfiss
relationship hetween the researcher and. hims [Gawpwtant i z& -velationahip chaxsos iy
terized by & high degree of accessibility, Riqse couplingand Sast interaction;
a relationship that txeats the comspuier As moxe than & warkharas: fox runndag -
simulations; a relationship that brings the computer up into the earlier, more

creative phanes of the research process.
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This kind of relationship starts to become plausible at places like Project

.‘“ (BN E Tl S A

HAC, where a large computer system is being utilized simultaneoualy by many users

y e i LN PRI ,,54;'5:2 i aaneie and o CRE LT

at terminals distributed over wide geographical areas. Transfer of information

2 SRR s S e - DT TR A s BTG To 338 inniwn PO O
to and from the computer is via conventional telephone lines. gach user 1s able
to be in continual:connunicationinith his pro;ra;_and‘his %ata“uithout suffering
th; high cost»and tension associated'uith monopolieiné‘anwe;pensive machine.F; ]

MUIti -access computersqere aifirst and very important step; lhe}second
vy G Ieibeep ooy oaala ot usE S

major requirement is the development of an on-line prograundng system that
B L O B O FCY A crat sUeld oo SIS

) enables the researcher to modify his program as he operates it and switch

T

flexibly betweenvstudy of his data and construction of his model This allows
him to build up prograundné%;;ckagea as‘h: ne:dsﬁthem and as hisgcomprehensionr
of his problem gr;zs. The computer helps towéuide.him“elon;‘alternote‘paths a
& T i tio R CTEE s PR Ismval dand t YR AL 3l

, of inquiry; and the researcher moves back and forth smoothly between machine-
AU W EENUEY 1 RN L ¢ Conesd T il an Tl Bl Thedlol Rt

aided analysis of his problem and gradual aynthesis of a solution.

- w1
T "'} oG Fi MERSR AT S

My group at Project MAC has been working for the past year to develophan
on-line system with these features, we cati'tt th!”UPS“WYBtDm Ehd’tts current
implementation is. labeled OP$-2.: Because of the generality: and simplicity of the
OPS concept, the:system has actually Be%e?ippiiéditoJa#ﬁid%iyiriet?”of'attiyities

"besides simulation research. Qur experience in thé simdlatfon frea up to now has
been.very:encouraging, but isvstill only pPeliminayy: - @ ° - SR

:'In describing the-OPS -system, I shill répeat -a few of “tHe points ménticned
earlier; not so mich for emghisis, but stmPly‘to méke-the desdrfption rélatively
self-contained. . Phie description will “have to ‘b€ breéf; As WitH-dny prégramiirg
system, veal understanding <can only be obtained through @#e 5%and ‘we hope to ‘hdve
a self-teaching manual available for> that purpése in ‘the Wear future.

SR I
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oP§-2 = S Lt pGr i SUe T 805t 23MBT La0En il . o iE

- 0PS~2 18 & riew Fesearch tobl with BEced sebpe &sd Flaziviiicy, ‘1€ IThks™™
the user with the"cddpiter fn & liﬁ’éﬁwr‘} ‘envirORdaRE ERdE Sakds mitual Phtdr-"

copdy masvaad esail goiLlovin Lyme 30U BRA0]

action Both stmple ‘snd povettull '

o 0P§<2 ts ‘dn‘on-Ine $y#tém. Tt ‘Lé ‘Dased “Upén‘6ir newly ‘acquired “abilicy” "

2G unyrdl
to make large computers personally accessible to a community of ‘Sany s{mil faneous

FEVE SR [EER AR TR i b ie W IO 2% el %y KR RT

users.
Thets {8 a two-patt prentsé Taplie L6 15 ths ‘Fi€Tonils of ‘the on-Iine system.
LT f"‘J \1

First, the computér oftiti Taw dnd should ‘Chwd ‘& liforeant part fi ‘miri's Creds
tive Process durtng ‘the oftgindetds of Wi ‘1484 &84 SNé Formitaticn of Hes widel.

Sstotd ° land conversely  min dfren ‘din ‘dnd Shadtd Brdy € Kéy ‘role in ‘the computer's
gaxo a3 1o sawy adld oa

process to guide the execution and fulfillsent oF his esigns.
0 cledtly, thts pRaslied (666t equafly VaTta For ‘Al hinati créative process.

C1S 1An EITTRIRTEE SRS B Tt o TR 20

Hut 1t'doek’ Hold for 'k ct&-pﬂ “’fng‘ty Witde Clava oF processes

one {1 1ibtration 15 the development of ‘s ‘Computer similation. In f;hcn::lyt
stages, wher the m&rch‘ifjffd’CCiﬁfW upoh the ot and content of hib mo%cl,
the computer can assivt hdaca  dtiiyass lﬁoﬁatﬁ‘tfcd tegressions, Tt ais’éﬁ hw
cat Hélp dedide ambng ‘alte¥hatd thriilaticis 6F % iﬁ:’t‘i OF the model by

s 13B8T S

dediiéing thelr Implichtiohs visth-vid %ffsﬁafi'hlggiiﬂ data) suiuﬁiy transformed

Yoo trag s rrﬁ goraiplaenis by 03

when muirﬁ. DU LETAT R g BUESSREL ey -§ 1} ‘59.'5‘:11

CRER

Gy gt e g iiioiames ant o cewucyamisalEe e nngs oo s s bopedne
* the computeriis- at’ the’ ressarchat'i 81d%,” ih“ekfect; like his tanuals,

B s sf“» inmm B8

journals - notébook, ahd: c%liphbﬁe‘j”tfgﬁﬁﬂ taebitchdt wondars whetkci io

Lnrsyuinimbr

(the logarithm 8¢ t1mé) 1s”a tbre’ feveali: fm‘ﬁfﬂﬁic“%hnn t, an’ andwer may be

rpiseiiomie wead Blocds L §onanag bns

forthcoming from the computer Withth minueds?
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The simulation model takes shape right from the start of the process, _As"’
more and more parts are added, the researcher ryns them in comhination, as well
as_singly, and his understanding of the groying modg} alag grows, There is no..
longer a sharp dividing line between the phases of q;ghh nglysis 2 forgulation, ..

progragming, running, and validation. All begin together and continue intgrtwined

tenow 07 Siodanwong YIIEmOoREES Iaiegmol S0 b muLs o

,throughout the process.

In the later stages of the simulation, when the dominant activity is making
_Tuns, there are occasional returns to data analysis, Sormulacion, reformilgcion,
programming, reprogramuing, and vslidation, [The programming is f£ay easjer to., .
aqconp]\ish than pm&ramﬂ.q& bgs %egq tg&dj.gio%ljgxh‘g}q ’fl?ﬁif g&pﬂs b § 8
f°°nY‘?;‘ie“t to do most of it lgi.gpelf;w Programming i3 no ‘}o% Akrietly &dengpbgg

R SR R

from the rest of the creative process,

e Canw bentt s R Aol sl Bre renl2udsns sl oo Lol mam Tl
The researcher maj.ntains l}}:Ls .active @le

4 «:*.3 00 SO 1 ..,.(‘4» BRI %%Mlinon' #&.W even
choose to include himself (or oghets) as Liye elwq'qq&qgls,% gdhe:ie?‘i%gpi,(gp}rg order

B A BED

SR8

to feed it with semi-xealistic behavior. ;l‘hi“ lat Ler, dgv?j,pe\, hag been pragticed

I Y

;M;,i .

for, many years, but seldom has it fitted into & systenm so RAtMpally aa it dogs ..
with{ nult:i terminal personal}y accessible con!mter‘s,y EemA,. e
a cteative _process in its own ;}g}xt 1nsid,e 9; gpg:;;.g qu ;he context. of simylgs.
tion. And simulation can be part of a larger prece:s. A man-machine system .. -
for scheduling a job shop, a real-time opergtion for comtrollipe the traffic of

2 mecropolis, an automsred ascurtty oF comogicy, saEiISS AP0 8,E0MUEST

admig{stefec:ll creditcenteron t@ey;ggiepglﬁ%eyglg : g}e,all gggggsqg%ﬁb}??;;ciln-,n; ,

and probably should have simulation elemepts ”ﬁt‘?%ig;,eggggeg;s.7.._,:g
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! SEvimoog e s O ,, FRLBT Y s CWRE B
The OPS lyetem providel a beeie for building up such proceleee. It in
: 15 23l Lo w13 owlianin is ~B> 3 ceTuisadgo bysbasiz o osne
open-ended end moduler in & very fundementel eenee. The user can add his own
2 searE. o iooran iBbkns s cu o dsa ond o0 dle IR SR S - LI
parts over a period of deye or months as he 1ncteeeee his underatending of his
» > g e o Do s cwoye e (densdue famoldooul oave craderss
,problem.
. ; LRI s fdAnuR BRCE NS o IR DG
The ors lyetem 1. teletively free of :ulee and formats. The user creates
3 foa B e il Desalovsze eretmsbiesg wlousitobon 1o phamuo
his own lenguege end hil own conventione. He has the widest latitude to express
Apolinogl A0 aEnbi b 3o
his problem in its natural te:me and to be inventive, Gredually hie eyeten takes
srnowloantls calauo, o oo JB4YT bellen I0rsT840 IaduLnv 800 1ublinnl
on an individual cherecter eppropriete to the purpose it is to serve.
ot ',-‘41; [ReE [si S AT A0 B »-i;'!’"‘l]"’;.')., LRV 2 Y uix}" Aoliiw 216 i.:.i-iq* T A TLEL
Ae a reeult ops -2 covers a broed spectrum of possible applicatione, includ-
R AT aa i L & 15773 ]ae :E’E.";.‘rf CJ_A ;,2 Ly B {:\311"’« w
1ng a11 of the proceeeel pteviouely diecuesed. For hybrid eyetene thet combine
LT T G $rIR WS S e ierrsu sid wediedw e e Dumnitelib i
two or more of theee proceenee, 0?8 -2 provides & eilple, integrated fremework
AR O o vsdse Teisvse e ouaB 16 visvitesgas: o hsldlbs vo
This fact can heve benefite in econony as well as in research effectiveness,
SIF UL TS R+ AR A SRR A TSN <& o a1 2; FIYT Yo ¥0iwmBASG Lnondi anl
It can lpeed up development effo:t and avoid duplication, . Simulecion elements
CUE BT fomt e aRcT swom L, Iedsav hoossa & 2o smoy dc 85 Telofin
that are conetructed to test out the prototyye of a real-time system can evolve
St il Ctivato and i deasmels me Yo xedmon 903 2l oxodwasieg o LEELs SRR
1nto the ectual opereting eleuents of the system. They can eleo continue to
S R AR T -1t 3 Ex ’! ’ PR R ﬂﬁ «Aa; Todoay a3 '\,» GGGl Wk S P S

”£¢£§e as simulation elenente, to provide the syatem vich a means for monitoring

Jhaiiioags 2d Doows IO Te
and extrepolating its own performnnce during operation.

TPTIRRN RETORN T SU% SRS P Lol snedsrs ozZzoew 3 nlogureings 3or
The basic structure of the OPS system is easy to vieuelize. There is a body
G e g ogt T mevr ey Ipuid o Bpg L ELOSBRolge TBuT L SaTRT L u
of data located in common storage, end there is a eet of operetora which operete
ST e mes i LB a1 < ioh vatasy grstans s 1843 env :{‘£31~'=’J»f!i\",:L4;7
on this deta. The date coneiets of lists, nultiedineneionel erreye and single
TET 38 PO R B S A G ovpweshonles s Ao anoldonol 3ol deni oG G
elements. Reference to the data is eyubolic, and an index of syubols and
: AETALE S8 K Leomiddan vonoa J3L o oaniw »-Su,;_LJ sERS 2ISTARRIIC Ao o RIS DS X¢
dineneione is incorporeted ae part of common ecorege.
4e Dogbanis & (’f atdaflav ST R 2 (J’?! S RE S A R H RESRERR

Reference to the operetore is also eyubolic.‘ There is a central mechanism

for executing operetore and compounding them in flexible combinations.
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The user can create his own symbols and his own mapping of common storage

‘ ECRTE SRR S Fe vt ghead s exbluong wmeiens a9 807
by means of standard operators. He can alao create his own operators and add
g terespabasd vIes B ool velobom bos gl SRR

them without limit to the set of standard operators supplied to him,

VLR G ~ ;1’7:{ st RS I SR iz &/"\i, AU (3‘».?»5 i -5 EO [

Operators are functional subrOutines programmed in any language that the

4i% 4 r-’, e

computer can compile, such as FORTRAN, MAD, or FAP. Each operator can have a

- o
BN i.\/i’. Foowenrt \;.,y"f» 1§\ DOE DRIBVE R i

number of modifiable parameters associated with it, and thereby may be capable
e ! k R S ‘“ - il DS BN RIpFRE LI T it iAo pox S»ﬁ‘% SRR

B e S IR SRS A

of a range of functions.

P i S P T T Poor oepw . e b
EF Y. AN ae HTLER e Z 0 AR B IS ETRF

Consider the vector operator called TYPE, for example, TYPE is one of a

,,,,,, 3 Doromaoyan w0l SISEEUOECRE I9TUATRID Taobryibnl g oo
number of operators which form a vector-processing package that we have been
St s Coetdivser toomnatoeaw besuad B ozieves L-ETU0 Ctlaemy U2k
using a great deal. Its first parameter is a word such as INTO, OUT, or OVER.

e Bedpien drel seaeuyelh viesvsvaery ssrevoods erdd du Lis 0.
This distinguishes whether the vector or vectors are being entered displayed
S Shioogy SeEE0  asassnaTlo sesdl o auom 1o o
or edited respectively, or any of several other possibilities.
AT S AT T S S clam r elbrlaned sved S S S )
The second parameter of TYPE is the name of the vector, and the third
JE AP P oy 8 : & Sloven D 2Yerdn Soewmiolievaeh ogu Lo .
parameter is the name of a second vector, if wore than one is being referenced.
~REDT 5 L o oot run rasd ool Dsiourioo 3.0 T

The fourth parameter is the number of an element if the operator is to begin

y : LS RS afﬁ?mwfﬁ ﬂviksﬁewA AR BRI S N D
with a specific component of the vector (s) And so on, Only as many parameters
3 SR : ST TR S TN BN £ 008 SO B L SE SR e

as pertain need be specified

S PR LRI LA S TR o R FVCEE S P AL I ST B

Other operators in the vector package include one that does polynomial

SR et . NN 5
i EDEIS RS ST SO QP

v EEEE IR & S ;

fits and multiple linear regressions, one that performs a wide class of vector

£ ey fege o wrig b Dy CHROEOT R nrgunnl e Poxtp i ool
transformations, one that transfers vector data to and from secondary storage,
1 T Ay L s cE T af Mo pialeston Rl Bl CESEY
and one that plots functions on a cathode-ray tube. Each of. these operators
s cwink e SlTcimr s e BEIRL LLE N wiarvalsy i L

has three or more parameters associated with it. Hore powerful operators for

LEHE LT pEEIRGT 6 1YBg B LE LTI 2k e L

general array processing are also available as a standard package.

IRt

s o H 2 T TS
L R T L S THE JE At R T S K E - 1‘»‘~ =
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TYPE OUT.%,. . . .

for cmample, types out- all of the components-ofrvattor &.- Thé uger can place-this
operatoriin a K-OP, with: &% ~W1th&t’at-‘*¢xéé0t!bu-}” flé‘can Exedute ad K=OP from-any -
line to any line, any number of times,:witRié% withédt:éntfy ¢o the>system’Betwéen
exegution of successive opevators, -He cauohgve redults:af the éié&ubiénf’-d{splayed
as he-goes along, of oﬁlyﬁiﬁﬁspeeffied~!iﬂds?ﬁérfhb¢clﬁ%qﬁ§§f&ﬁi%?esulEiii%té-1
gether, -And similar optténs ate availaBlecke fh&iwfoi'fﬁhe'dtﬁﬂa‘yidf ‘beoth-giides
lines :of an:operator:and the paramatars OF LqEREOPE 1 510 L2l A T wradion s

- »Which .of these acttons is performed; andshowzit:is pe¥formed; is deétermined
by the settings of an internal bank ¢f ‘programhéd iﬁiﬁéﬁd‘ﬁftht?ﬁidrfetnldleéf7
the-setting of any of these switches. -Typiag:iGrtumssen guidekires) NR turns
off -vesults; P .turns on pawameters; '0:catised epexstdpsitd e entdted intoie. -
‘ K-@P4 NX .suppresses execution; and $6-OM, 0 & 1T TSNS BII NS UG an ST

(;amheauiet'e;nfalso.IQQUCSEwn status resding by typing STATUS. ‘Thie -iviforms:
him:of the switch.and line settings currently-{n:¢S£eet; Hé say change ‘the liwe
number whenewer he choma.mms G fed w0 BN ceny D00 e SIUGEREGD S

L 120 i ievoon
for example moves thex&&ue*éueiguaeor tor ]l bwe (120, -0 oD
Switch settings may be compounded ever mors essily thatt operstors’ All the
user meed do is:type NODE and ‘a number, whengver tie ‘wibities to pfeserve tlie group
of.ae;tings.in¢gffect;at,azparttculax“tinﬂﬁﬁiqhtbtd!tikﬂﬁe‘Ghn‘rhébfiﬁﬁiéh“¥h£§"
group of  settings, ats any point,: simply by ®pecifying theé proper number, preceded
by an M. E5mcpmete o wil
Most of the direct commands to the system are carried out by the system

itself, without reference to any operator. By enclosing a set of such commands
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in parentheses as he types them, the user indicates to the system that they are
waAT e H Foulona
to be deferred, not carried out immediately as is customary. A’ set of‘faeff"inrriﬂw

weiy 1o Fengy Ah kel sooiin doge pg ot ettty o STyt ool o wuitaigg ol
ccmvmend:'lﬂ'mey’l be placed on any line of a k-op ) j‘u?t n}tﬁﬁlﬂf it ‘wire a bona fide

GEAVET et L D0 o Dl omr oy Sk i Matunvgneaxs bog dedidlio ARSI T L G )
operator with paraméters.”’ Durirdg éxecution of CRAL f—ﬁ,ﬂ the System will treéat '

the deferred comnde, “when it reechee “them, as thmlg{:w hey Wete being’ entered

TE AN B sose iy 3 fous oad s dedd emeldong fauvtonalisinl bpouoiur
by the user from the conoole. 'rhue, the user has inserted {i\iuelf into the K-OP
Cnrswewt cacbinzlce tol sloldev Lodoaqesi b oodnr s3viss noad
implicitly. He may choose to do this, for exuple, vhen a portion of his role
reueITih o to taidmes wewlleciost exe enaddr (ackislients s ogniblivd ol
in the man-machine proceu has becone ouffici.ently routine for hin to want the

BO AL L wiageTsas T0T L wmeoss A Iabow gridzow B 03 besal neo sl esduecrqu
computer to assume it. ) . .
B LI I S B RO TROV e DImOOGDSGILe gioks Agleenagaslet 1o Ervsl g b Dovian

kN

Deferred comnds give 8 K-0P fthe ebg‘};t}!wtoh c;gisg H.n;: e;}d loop around
ot Ly o IR H Y s gk, BRE LV

during execution, and 8140 to mpdify the paramerers sod specification of ifs
soperatqrs. ..Gertain standard. eparatars §ive, tha K108 all of fhe «aﬁmgcom
sproperties :of somputer -Lnstxuctians, ;including the candisiensl. hxanch. ;. Thusy the
- K~OP may :be:thought of ;a8 s:prognam whogeiinstcuotbons sas 0! .- i sty
wilic putformerbhtrexily complex: feablons "o 7450000 £nl i
3.02¢ ‘modlPy ‘each Gther 'y arguMeArg i-vilib sl aoad cluce
© 3,7 “provide condittonal contrsl B¢ pYogrmE-ElEN T 0 ¢
45 Inttbduie &nd"dinetialon néd ylB¥TIC ‘VifLiblds® 7T

PR TRE  A C dwpe & ous besrevde 3dovam wosinen aocalvelss
5.° save and reetore entire pro;ren-

Praeiids 2 L ers . Sy Gwem iy

In particular s one stenderd operator ‘can put a fOP avay in oecondery otorese
: i3 CSEE B Ty SR S cdiroest vievcldzy Jo nalizersiol v oes Dugoavdgxs

for later reference, or it can bring 1n a previously saved K-OP to eupplenent
gL i wilisy neoooysh s clag @yo adi Leonslibue Ielsosiog s 1o zvede
or replace the preeent one. Like ell of the operetore, this one can be executed
ERE \...:.‘!-‘”‘:::J‘.“‘ ! Lodves mlob 8 oo "14)15(} 1!2"'.152 g o0 ROy “)—s

either by the user from his console, or during the execution of a K-OP. In the

il sz oany Fe g T ABRIRM IO Ist Ll 73“21":‘”; i

latter case, the operator is executed without interrupting the run.
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Concludilgg Remarks

IR RO B R LI L R R AP SIPCIN IS 1 Fite A I S

B S DU

In p;inting the future of aimlatio,n ,s n.;ch ros;ier than its g,n I knog

.....

that I have oyersimplified and exaggerated 4 bit. It 1is hard not to, Vh;?‘z’pff’é%’%%

to mke a point. In particular, I have referred only indirectly to oome of the .

B NI S NSRRI eyl ‘1""' RS 3: BT ,e’k mEH

profound intelloctual problm that mlt be resolved if limlation on a couputer

wrty e i gmEBn e el wilr aedy silosres 9 Loy Yoay v oo
is to mture into a rupoctod vehicle for lcientific runrch.
¥ £ Looiaiw 'V'Hf A iR ¢ il onh o 1 800 CRIE B3k i T
In building a simhtion, there are typically a number of different
Pied WAL s et lue gmnosd eal Brsouse sodoameana e

approachea that can lend to a wtking mdel An econony, for exnple, can be
5L avaes vk rsliugs
modeled in terms of relatiomhipl among nncroeconoaic variables , such as income,

. f"
Sial

saving, “and opending; or it can be mdcled in tet- of the ptoperties of‘ icro-
econoﬁic deciiion-u‘k’“ﬁfﬁ‘ unitl 3 slft:l'f“}l'l$ ﬁauaiﬁof& ,mﬁtai ,Aﬁ& Pﬁﬁ‘us’tr‘iei. 4&315’-“ R
tionships~can"take the shape of Gfffurente eqddtihn’, " 1apdbebdtiud dittides ; %ot " 1 *7"
snt heds’ "witl eldiiphts | thdt oy otoudy et W prebabibiFeic o0

‘statiwtical -cofs

Tneae different options are asither sutuhlly emt lusiye: gop miuy?wniﬁexfﬁ REREY
The underlying concept of a-simulstionsdap:-somatimes:dsdaune:sithey of (two

almost inverse forms., Like a diffusion pPrROMMS.,. for inssance, A soded; may have

stochastic flow in a det%gi%‘,ﬁgiuy QK5 Like; & pexealatian process, it

may have deterministic, flow.ip a random medium, Ihe vigving behavier,of a,

television audience may be phrased as a sgg of individual viewera, with different

BB

viewing characterintics, respondin{ to a progumd environment; or it may be

R 4 Dt EED Y0I8Teac BIRDOLIE A0 0 SiTiayg

expressed as an interaction of variously ducribed programe coupeting for their

A ey SRR BATE SR IN AEE P mes Jio90 L sLer0toy yrgnd
share of a potential audience. 'rhe form selected will depend partly on the
B cyom il capedarana 400 1w dla addid =07 S 1 ICE R ST LS e B TR
purpose to be served, partly on the data avuilable, and not inlignificantly on
alazpe o wan PO I RIS Che SRS B 53 N PR

the background and orientation of the’ reseatcher.

SRT RN
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A simulation may be built from the outside in, as in the otccttap,.af .

modern skyscraper, or g;mt-py-nlm; in, hierarchicsl combination, as. in the
formation of sqaial, econamic, and.political; organisetions, Some: such. means, of .
£for. rsasons; 1 have

factoring the simulation. i important, if.not sass
glabarated and fox. implemsgtation of. the. incramental sppreash: to. modeling. that:, .
I have propased, . o ognnaid o e iciiaond 5EorT 9wl
_.These are a few of the .theoretical. issuss that,ars geming into sharper -
focus as the computer hegine to.sater.the Tessarsh.precess in: a sore;intimate vay.
They would ‘make ;exqellent:topical matexial:for.s heok-on medel;building, but L. -
do not think we shall see:a .definitive.trestment ef .she subjacs for:some time to
come, We are beginning to make atrides forwand; howsvex; and:the strides are
certain to .grov strosger as we lears.ie vesk.mers.cacpevativaly and insightfully’
with gur information~processing Aides. - The qemputensisdnot geoing:ito.supplant::i-
reagarch actinity, but it.is geing to meke a big-diffevense in-the.form this:
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Whitelsw have all contributed actively to the devdlopmeént of the OPS-2 systed:
The system has  been programmed on”ME{.Tﬁ‘%*Eiﬁﬁgsﬁérfhgifiéfiitféé.Pa}‘QTHE"
ease with which this was accomplishied has been'an impresstvé’demonstratton of tHé
effectiveness of these facilities. Although OPS-2 at present runsﬁﬁﬁ&éfiﬁiﬁéi“
sharing, 1ts concept# apply to any largb-memory éofiputer system that emflasizes
persohal accessibidity aml'mah-'ull'neh“ii"h‘e‘ii‘ﬂ:e‘rai’ééiéniv‘fj the *éondept’s Fecome
especially attractive in the eofitext of 'fatuPe inforiutiohueftifies t4]
- ~0OPS-2 shares some simildr objectivés and capabiliti&d with’ geverdl Sther
on-line systems,-and ‘we are indebtéd té thétr aushsvé for kddss ‘#¥d fnspira-
1-3,7,10,14]

tion. | Most of ‘these systeéms havé Bedn Fevelopdd For & specific = *

class:-of use, whether it'be enginsering: desigh; Prifivdui’s o, ‘dthemit fcal

problem .solving, or array proddssing. OPS-2; by dowtrest, é%ﬁﬁveﬁgfﬁi”éhéfﬁétéﬁ“
as it 1s applied, and it can remold itself during execution.

The initial version of the OPS system, referred to as OPS-1, was programmed
during the Spring of 1963 in an experimental project of an M.I.T. seminar.ls]
Its applications have covered a broad spectrum, including: an automated stock
exchange, a mechanized system for accounting and budgeting, an array processor,
a program supervisor, a project scheduler, an on-line simulation§system, and a
live FORTRAN programming facility.

OPS-2 is a completely reworked and improved version of the original system.

The automated stock exchange, the array processor, and the accounting system are

all operational under OPS-2.
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