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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 some bourndarids arcent Muaublect, :Simulstion, . is-.
broadly Interprsted,” {i modak duilding. " Mo#el bukkiing,  germrously viewed, is'. .
theorlking. ' Atid thedvrizdng, Tn its respettfLE cornbTavIvIC L &b the heast ofisse
all sclence. ‘Thut, the subfedt’ of similatioh sust be Thbumacdibed,: 7. fangas 1

It helps to precede the word simulatiod by ‘tcomputent' o At:the prepents time,i !
this’ modtfrer restritts the domain of reféxence appuestubly, wimoes it implies
that the theory 'ts forued to' be éxsmingd OF teasud by itk : The mdifier ey -
not confinire ‘to Ye 9o festrictive 1 the Fusure; howeves; s the computdr's potsar:
tial becomes better utilized. You might sy “thiat tlike s one of the gosls of - :.¢
M.I.T'$ Profect MAC, b aiseve mich Gf the work umdesday s devoted to making
the compter wore ‘génerally useful tothe reseapchor. ' 297 - s i oliusoeias

Reseaichiers {1 ‘seversF Bfelds; prindipsliiy #hé behawtirdb sciences, aye: s :do
begimitng -té find thet compuér prograws ke ood midéls offithe jpienomens titey 1o
study, The langdage of :the ‘couputer 1s such wors vevestide xthan ithe languegse of s/
‘mathematica for many Purpoees. : The simplicatiodssué i compsber mdel can be infer-
red ‘divectly, siuipFy by execeoiig the modeloon -the machdhe .for whioh 1t was: i«
programmed; No great dmount of methinaticsl Seedse teimsquized;. .. g

- eSmput ¢¥ ‘wodel ; furthiermore, cean extiibit Behswior wemimiwcent nf tnwel~: ([
ligent humsn activity; «in ssuner and detsil as wéld se stai scotis eqiience.,  That-dsy i
‘tnformation ppdcese s pregrammed -on aomﬂumoﬁniéc EL&fmum seem o < d
analogous to the thought patterns evidenced by human subjects on their protocods, o
Thess Eacts lave -starting. to ‘epen aev ‘doore iw peyclielogical wesesrchi - ::1iis”

Nat ‘vxl-limutumtwudqu dpendnc dived (for the purpos e df thepeeticali 5. +
_nuunohé {:Qme jof pupsactivities at Project :MAG hag been ztthe simulation of oux. .o

time-shared, multi-user computer operation. The point of this simulation is 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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m*:iifg;ciégzéinﬁjséﬁ%iid”ényéﬁibantﬁSdgioﬁiélijdiﬁéﬂﬁii&ﬁf‘i Red Béttey present
some’ credentials, ?ﬁ§nﬁéiogﬁc3§3%13ﬂiiiﬁlxiiaﬁqgaﬂi dibk'# Feird s asstddy s’

fitﬁe coniuner iedtor “of Ehd ﬂnutlé”'"icbn&ﬁ§ éiiﬁI&ﬁy 6f&ﬁ¥id[g] "Ry U1 card’

in coupuécri goas’ ‘Bask 14’ y%i?i 6’ an’ 3§§50§8f§5§h¥# Sk ERE MLFRS17aR Mafididl”
1°have beén adplSyed taguiatiy 17 thesd Fiedak 86R1Bg"atl 82 ¢hu’2HEdrventag tine
(alBhough ' 1" adml ¢ €5 RaVing "l o8 8a° d°F oW 'PRath 847 GA136° dGANT 5 *ThLsEsipebtinsa
does not qualify me as A Bk#Pd¢ SPAPEdada’ pd¥°fd Yokl RbiR chllc “D  nibe  Rbd Tenbugh
hatd knodks £o°§6atla i Thnocdntd”idd® jat%8 f8eit1di "Bt PuLtive st speak
“an dhd wnoie ‘Ropes” tor” dompl i‘ikﬁfiuiifgon"ﬁidﬁfiﬁiﬁ Fodlohed59eb Eﬁc“}iﬁtﬁ’“”

e

’_' (N6 B e '§:f7.,r. Toaviaay bus 8'ﬂ$d migideln it Tube vgorol

bt not shateerdd
| ‘ﬂﬁi’.‘iié“*téi"‘i’:"éiﬁ"u“‘iiiiiiiéionﬁl;"*’i"%&f& 1EK8° 88 g0 in" ¥t al ke tén Vhicn
will ha1p me uriis 3hd of tho Rithoddtonilht BAtakd2 Tre REFECaE VLR Ricd5"
colfadéisn? ¥aRd 14" ad ixiig e et -dESH £7Foa 'Piir PRGTRr Iy *a € Mok®: * F €110l many

6?“1 ﬁﬁ§ iharé”fhi foﬁiint““a" SLVISE DRE SlnEasInbam | ruooy sdi Yo fddse ot

g lasite - aasmuranl O wTL2588 TO L GGII820L L, Teomus 40T polusili

g;g‘ a House: A C glc gtudz in Dltn Collection

cealdalisv Jegyes ol yailtevibs uol zocam s

re -and-on -ha f cnra o wife and rchased a ver large old
Ty 9 F 1 y ‘3 mgr Jeumlsgptmrﬁaye gids gih u%t% oT

2 -1 P30

three -story, 16 room, hill -top, unin,u;&;

e, Srhe last chargcteristic-
SLFRY 13 LMW aqz en0kiBisY vninisle

Jaunm aw bnia

was not mentioned 1n he real estlte dvertisement t was cleay to us fro
a3 83:%953 ? g 3I wuny o 9¢n2ﬁ 93w3“13qm%4 xgob uo 22 E 1L 03 ;?‘r

t e atnr _tha e ti th hous - he heatin, lant
the starc fhat hesting the house would be 4 ma Zﬂaﬁfa‘;‘f‘ma Theeasing plant.

conaista of two gas furngccs qnq blowinq hot air to nineteen registers, and the ;
‘Xm‘“!” i oDy d% By auonsac}xs f1h 21 37T S*“B"f’!‘dj 0B o !

other circu;nting hot water to ten radiato s. Bach furnace is controlled by its
joriege 8%, 2UseErgmurae . wey ¢lish ¢Ivol ar3 aysligqeidb I g

-

own clock-ther stat., , _
Paynagus od blevow 24 Lywl gl myisvyran sdl e 2IUtsIsamel 30007 00 s18sm S0

Jowowel s Lonaasygomn 7o ocrimeEiaval abnsgsh  ooligmuzncs zsg st

As a m-tter of tnfotn-tion, 1 beliavc that Boston gas rates are among the |

highest in the world. In 194,300 90% (undeed. auhic Laet): of S8 COAL: $ARLID;
in Boston, $47.67 in New York City, and $21. 23 in Pittsburgh.
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_ Dyripg our firnt wintgr, im, the houge, partly in order to d;vegt:og@ggtention
Erom.the,groving,gas bille, spd.Paxtly;in, the,hope of findipe ways to alleviate
the _cogtburden,: ¥.began. to ggllect daily figures on gas %8"%%"‘9‘““' Lang, Tenult
of.this undertaking was farty.damof data. The data exhibited considerable

s VaTiAReE, flyctupting from.a.dpily high 9f 38 cof to ¢ daily loy of 17 ccf. A
sprgad.this.vide glyen, thg optipisy geme b z%g&%"g&mﬂs"ﬁ;s?;‘,‘32&5??;;
15-B4EPEEQN.. 85 (10w, 88 ,papsible withoyp sacpifiglog comfort, . . o L. L.
in>i: Leh 48 viey the magter.as gp sager student of simulatign “48“9“‘%5 !ﬁ
have.bege. 8 9.5omplisersd aystem;the house together with the assqrred spparatus
| for producing, distributing and controlling heat, rho annipu%gg%gjggﬁ%nggfugont
;;-f.-xa&ia‘a}sg»;mmeﬁgtgzswamz 5?5&%2‘:‘%%&%3%&%‘&’;3}#"23&":WS” air
| TeLSLETS, and amers.  Thers, a5y slee.nige Fizselaces, but sesume for stmplic-
ek G bhat thay ace a1k chosed QfE ., .The MW&?&&Q" the femperatures,
in each of the rooms, maintenance and service cootogﬁzfgagheﬁgoggggg Qgé Eé%lﬁﬁ
Altering the number, location, or setting of any of the instrument variables is

rustuniied sied sio{huld 988D A :szuni 5 salimsH
a means for adjusting the target variables.

S Lohnsnovzue ) boe gl S TREPTE 305G 5
To similate ‘this system, we must deciad’ whfch;én;faﬁfis deserve incYusiou,

§AJ(»)1»\{"

and we must determinekrelationahips wﬁfcﬁ fioﬁgthéjgzr{aglbg.giAn oﬁvious vari-

ey GO

abie to include is outdoor toupeuture,w nggswﬁgkﬁgsgighaiiicgfy agfects the”

ped 4] 44 fuuw, sauor gl T802 ruais wo
heat Toss radiated from the house. In Eho potlance of tnd model-boilaing Er d
SH2 PoL L E1alaiygsd nuelistis ol 1ik tofd asiwe! G 3 T Bhs wwi 3o atsaoou
outdoor temperature is an exogenous vatiable <] J.ef3e§ z-portince.
g vd belfoyires i szenywd d Lazcislbay ns3 o2 wessw 3ofd woits

Figure 1 displays the forty daily gas consumptions, each one piotteé ;gainst

csezgumiadl-dools s
the mean outdoor temperature on the corresponding day. As would be expected,

the gas consumption depends inversely on mean temperature. The lower theg
S0 ZaGEA 96 29%23 c8% 0030 irdl sveilnd T Soizemreinl Yo elise 5 eo

tﬁqﬁt‘at{ﬁé ﬂ&mm%& CotBubed - and mﬂexﬁﬁfi nf bIsow Ay i Sasdgld

A0 oAt DL ILD i L vIID AveY wed gl T, Ve !ﬁJJeuS ¥
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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 relationship for chg model ,
By the way, it actually is not a bad fit as regression lines go. It yiald- a
numerical correlation cosfficient of just a shade under .9, But with | rf infor-
mation, we can do better. pe T

My wife and I both go to work on weekdays, and dutin;lthat first ;1ntcr we
did not have children at home to keep warm. I, therefore, had the habit ;2
turning the settings of the two thermostats down 10° when we left in tpe morning.
The settings automsticsally rcvcrto& to nérul for our return in thc evimiﬁd
Let us call this policy A. On the weekends, when we were at ho’d, anq on Wednes-
days, wvhen a lady came to clean, I kept thc thcrloctneo at zﬁi ‘same lqggig;-
throughout the day. Let us call this poiicy B, In botﬁ poltcico, IPwtrod the
settings overnight. ¥ L . i

If we now separate the points of Pi.urc 1 into~thocc aopociatod Qith policy A
(Figure 2) and those associated with policy B (rigure 3), and ncgloct%tha ro-nin- ~
ing points, we obtain anptil;ngly close fits to each of two smooth cdrves. In
Figure 2, only the three hollow points are substantially off the curvd All three
of these points lic’;kﬁv;‘the curve, and all three of them cortoopondgto TGesdays.

The points,offrigdii 3 show a little more variation. The three ﬁollov
poi.ntx"nntnxtmuttrm ‘curve un W"‘NWW of these

e i Sy
three H.dneadays happen to be thc day aftcr two of tho thres Tuesdays cited above.

‘Singe the latter bave lapger.couaumpriquy: thsn theis queve wquld predict, while

VLT e Fob 0] i demnis J3 E8:

Eha former have smaller: consu-ptiano, uy’guocl is thet'T éng,gngonxcct 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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If we superimpose the curves of Pigures 2 and 3 én each other, as in Figure 4,
we notice that they have opposite concavities, they bend toward each othor at the
snds (20 and 45° ), and they depart from uch other at the middle. (30 to 359),
This is not the appropriate place to speculate on the physical runom:: for this
behavior, but we can note the economic implications » 88 given in !ii&t:i 5" The
greatest potential saving obtained from using policy A rathersthan policy B
occurs in the middle range of temperaturs, and this saving decreases o;t.udily
as either of the extreme temperature ranges is lppmchol’ At uquu;uru below

15° and above 50° ; we might conclude tlut both pouci” cost about th- (same.
& 3

. i
#
o

gy
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Days from Figure 1 on which policy A was used,
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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 Methodological 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-
doing its importance, nd without stretching tai%enalogy with a simuldtlon study
too far, I believe ‘we can extract a few simple les'ons from the exampf;.

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 haﬁe»rested

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

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

“1ook fqr corresponding features in the data, and we would alterxour mddel if

H
H

~they ﬁere not to be found, -

3
)‘k\

;3This is an obvious point, and most simulators accept it implicitly. What

K

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

model and data throughout model development. But this is easier seidgtﬁ;n
accomplished. Too often data analysis and model development occur 1n‘§eparate,
prolonged efforts, one after the other. Only when the model is compleét'e£ if then,
does the simulator have the interest or resources to return to the daqa for

-;“mific;u:ion.,. By then ingt, be too.late. The final mmlexitx,ai me model may

.
g sy

make serious validation iuprhctical.

SRS S § R RS kY AN

The point is worth pursuing a bit further. Simulations are often called
Sowee sl B Dot man ot SR ERGIN LT R T S
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

A
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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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. /Thetemptations :tovexd overcemplexity 10 a.99smuter aigslatien ate very Feal
andsver i ‘undexstandshkecs 1They 8tem. EremShe, vereabi LhkY 28,408 GRS &r's langyage
vwhich I-referred-to @asbier.- kb is-80 #imple ko harlitesal abquy.the way things,
happen -in she usal S¥stem.when.wodeling Lhe REFLEMIOD:8.GRUPHERT:  SEAGRAREIC ...
effects are easy to GoP¥s-nORlinearifies offsy Po,RagsicylaR.RroRlem, interaction
is no;:=Q-:cha,&heme;gagﬁabmmtgﬁmbs:PQ!E&HH%.%& Aoy Ag¥el of dgtail, hayever
fine.-.Super£iciably,-KBe1aniH  KA80Q0. L0, CRERCHI®, AN TEATERLAT, 25 411 19 fo. keeR,
the: faxwlst&ou;—wisyns the.goace and.time cApAbiAities gf §he PACRIPe. .. iiieran

On. a.moze:thoughsfnl phane; At 48.51887.5bat; Wl&?&&é{ ,vpigh cappot be. . iy
‘upreveled obstrussss waderssanding and. yalidesions 1 This, 19415889758 853;‘3%?&%%;
the applisesion;ofi simplatisn, 5o, scientific; rappesshy, and; will hecome 8, REOLISE 41
.a practical context, as well, when the results of nimlati%gﬁgnﬂg&g&ﬁgdﬁjsé}

,-..

~routinglys £0- SUPPREL - RNGINGSS, !4445J§¥:5‘§f iﬂ‘§9§'§§§§§§§§1§§3?’§1r§9?&dgﬁyou

mediate- betyeen: Lvo, confldesd pe. sets; ofFesyiipr e you ars; yable. to, anatopize,
the mpdels that-produsced; them?, o i g 1on 318 sssady adl . golaaws boe  golideutbe
-1 This-DFLAGS. uB 0. aRother Sbyiously, JRPOAEEARt. DI, freguently; A‘?ﬂ& w" a8
poists. Behaviexsl simulptipns: should be copducted by, behayieral sclentistss . .
Of. COUrges- ADd: YR Vi, 508, PIPETSMISES, WatPOUALLeANS . AR, engingers, parformigg. .

&

much more than a service function in behavioral simulations. Cyew mic giois 2 s

8810 the: 5essons A5e: CAPAL,: | GREELORR S AEAR, PHiLE: ARd, Fynning, in the
cosventional way: requisss;snalytical And, PEASFmRing, fFAJenle Which, ATe. TOP ;.
.spevialized. avd Sechnical£65 MY PALAVIOTAlCSFLOREI bty ; Kaky ORI, the hehgy=. .-
ioxalsecientist basthe firss hand: knoulsdgs. of ther sara, and; the, dntimate, . ; 55500
familiarity with the phenomena vital to a successful siag&g&&g@,gfggyc}gfgggg"waﬂ

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

.‘“ (BRI E Tl S

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

i o et SHE S E T S B sanestbe and o LEELL R
at terminals distributed over wide geographical aress. Transfer of information
¥ S ';a, SR LA 0 ] BT iy 3Be inim TS I

to and from the computer 1s via conventional telephone lines. Each user 1s able

FE P T IRV E I s IR B O e TeRs Mol i' £ LAV

to be in continual connnnication with his progran and his data without suffering

i, L it A UE LR N .
the high cost and tension associated with monopolizing an expensive machine.[;sl

S ERE ‘»"i;“' S0 e B . g

Multi -access computers are a first and very important step. The second
SRy T L AN PR NS A fi‘i'% pETaL P

major requirement is the development of an on-line progranndng system that
3 LoERY o o L ginn w0 aat mUsct od SIS
_enables the researcher to modify his program as he operates it and switch

TN P opai : ]

flexibly between study of his data and construction of his model This allows

B ca T oay Giaiesi o

him to build up prograundng packsges as he needs them and as his conprehension

WG SR S o e Drganrid [N 4%

of his problem grows. The computer helps to guide him along alternate paths

nliee s ,Iff.,,\_: }f"’ t !{"”

o csuis aamiou

N o L A»..’ R _s LoLAE

, of inquiry, and the researcher moves back and forth smoothly between machine-

FEE D I RIS 1 Ry ) RS R Fe Ot e il

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

rwang gx osd 7w wlo

My group at Project MAC has been working for the past year'to develop’an
on-line system with these features. He catT'tt th!“UPS“syst!m Ehd’tts current
implementation is. labeled OP§-2.. Because of the generality and simplicity of the
OPS'.concept, the system has actually Be%n;ippiiéditoJa#ﬁid%iW%riety”of'attiyities

"bestdes' simulation research. - Our experience in thé similation drea ‘up to now has
been.very encouraging, but is=still only preliminapy;  “~ " * R

:'In describing the-OPS -system, I shall reépeat: a few 6f tHe points méntioned’
earlier, not so much for emghasis, but 'stmfly ‘te méke-the desdc¥ption rélatively
self-contained. Phe -description will “have to be Brfef. ‘As WitH-any programiirg
system, real undérstanding«eahwonly‘be'ohtained‘through'@?éﬁﬁand7§é hope to ‘hdve
a self-teaching manual available for that purpése in ‘the Wedr future.

Team o
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oPg-2 = S R O B PR CR BCE TN S 7o AL RPN 5 V- B AL SUEARES SN

- 0P8-2 14 & new research tobt with Beokd sebpe add Fléxtoiiity, Tf Iifks ™
the user wtth the"sdupiter fn &« liﬁ’éﬁe&r‘* ‘SnviroReRHE ER2E Bakds mitual fheer-"

563 ragvead enil oAl L¥s0 3 U3RA0

e

action Both stmple’ ‘and’ povezful S °7

' OP8<2 ts ‘dr‘on<1tne §y#benm. Tt ‘14 ‘based “Upéh ‘6ir newly ‘acquired *abilicy ™"

226 uoyrd
to make large computers personally sccessible to a community of sany similtaneous

a4 T A P 3o PR 3 Y P § g, :
PV S IR F 3 car i Cler b Xy AAny D0 2% 00 an s I S

users,
Thets 18 a ‘two-paft pPremdss Tapl1é€ 14 the ‘Fd€fodals 6 the on-Iine system.
hisd !FL’ \1

First, the computér Gftiti “Cit dnd should hkd & lioreant part (n min's frds:
tiVe process during tHe ottfindctdd of Wis 31&'&3’ &is Né Fsedmitation of “%iis model.

Setord  land converswly  man often ‘in ‘dnd should $rdy 6 li“nﬂy ‘role in “the computer's
aots iz o et add moxi

process to guide the execution and fulfulﬂ'%%of%f:i esigns.
0 Cleatly, ehts pheled (80t ‘equal1y VaTia Tér ‘Very Hinati créative process,

POl agonsn

But 1t'doek’ Hold for 'k l\ﬁ.’pﬂ‘l”fng‘ty Wtde ‘Eldvs oF prodiu o
one” {1ltbtration 1y 'Eh. dévelophant of ‘s ‘Computer sfailation. In the %ii}"

stages, when the ru‘urch‘if 1 d’acidfn‘g‘ u‘%:"o"‘n Itho Tora and; content of his mo%cl

the computer can assivt 1h Hata’ shikiyass’ ‘l‘“ﬁ"fﬂkﬁtﬂ‘ff&ﬂa tegressions, Tt ais’éﬁ L.

cah Hélp dedide abrg altethatd thridilaticis 6F% ipé:’t‘i OF the model by

dediiding thelr {mplicatiohs’y i-\{-vi% %‘?ﬁm{%&lj;ﬁﬂ data” luiuﬁiy ::imééi-’iié
When;fiﬁﬁiia&.ii}fjaiwj S LTEn LAy TSETAL & 1o tvag od pED Goioslanis DeA L AGTI

Tl

* the tomput er@‘hattﬁiruurcho&‘ihﬁ‘;1§Fetf‘ictlikehis Hanuals) "
journals )’ notébook, ahd: t%lipﬁbﬁe'j”lfmﬁﬁi Febarehdt wonders whethet” io

oI igm 8

G e A ImbE

(the togaritim a¢" time) 18" a" thre’ ﬁvnﬁ fm%ﬁ'i%h %hln t, ’ “an anl\ur" may be

SR R RLY wentd hluverls i oCnacvaq bne

forthcoming from the comptiter éithif miuuieds?
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The simulation model takes shape right from the start of the process, _As"’
more and more parts are added, m,che, _researcher runs thew in _comhination, as .well
as_sin gly, and his understgnding of the gsog;m (mpdel alsg &Fovs, There 4is no, .
longer a sharp dividing line between the phases o§ q;ghh n%lg;sgq 2 forgulation, .
programiing, running, and validstion. ALL begin fogether, and coptine inkgrtwined
wE!;x:gughouttheproc)ess. sesron s 00 g lodansian vEIEmours s 2rajoegmon x5 b 8N o

In the later stages of the simulation, when the dominant activity is ma%i?ng
.Euns, there are occasional returns to dats analyats, formulation, refovmletion,

programming, reprogramming, and vslidation, [The programming is far easjer to
 Agcomplish than programming has heen txaditiomslly, and the ressaxcher Linds it

gHud E e

gcozw:e:itju.ent: to do most of it lgi.glelf;” Programming is no ‘}o%& rhetly detachad

R SR R

{,.from the rest of the cre“iiv»g (P€OC%SS. Corlot o Boe nol2udsss $003 sooo o 2d wRmonal
The researcher maj.ntains l}:Ls .active @le t

NLBHIONY L) E‘Q»*Mlqt‘ion' He may even
choose to include himse}lﬁfpﬁ(o’x:[ Cpt}}ﬁe?)&a‘? é&‘ﬁ? 91&%‘!%3, ﬂ& ;ﬁheng?‘i%gpggp}n? order

a8

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

ﬁx o

;M;,i .

for, many years, but seldom has it fitted into a system s naturally as it does ..

with nult:i terminal personal}.y accessible con!mteris,y LemA,.

ok

Data analysis ) like p;ggggmipg nd, othex forms of 9;ob}e$solvm§, can; be.
a cteative _process in its own right, inside 9; opg:;;.g . 9F; the, context of simulgs

tion. And simulation can be part of a larger process. A man-machine system ... .
for scheduling a Job shop 9.8 Yeal-time opergtion for comtrollipg the ftraffic of
a mtr‘"l’?l%se_,f“;'w automated security.or copmodity, exeharge..apd s computers . .
admig{stefec:ll credit center on the regional level, are all prpcesges which.can,.

and probably should have simulation elements ”ﬁb?&gig;qgwggeg;s.7.,_,:g
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. AN Do d L IOy e Wawy iy
The OPS lyetem providee a beeie for building up such proceeeee. It is
P2 1 1] sy : Jandt h g wH PR T R 2 'quax Dysnbagis o wres

open-ended and ooduler 1n a very fundementel eenee. The user can add his own

wlooagesaE. T s irende Disbnsta o St oond o Zle ! Juoniiw moo
parts over a period of deye or nonchs as he increases his underatending of his
. P e Cve RS TR T v ) o g 3 ;J B fqr: 1E3 '} S T Y £ 9:3
rproblem.
i ) e ey LB T 6 :1 ~ii 8 , R (O S TR I Lei T
The ors lyetem 1e teletively free of :ulee and formats. The user creates
TR PRI I iR luvere 2isTemeIsg olisiiiboo a0 ragmn

hie own lenguege end hie own conventione. He hll the widest latitude to express
a0l innul 3o BB JS b O3
his problem in its natural terms and to be inventive. Gredually hie eyeten takes

erowl ghls Ledamn o oo B4YT belles torstaede 103uov 800 1sbianod

on an individual cherecter eppropriete to the purpose it is to serve.
Poovedt o L SEALTATG gne BEs00Ne 0L sy A Wl dsidw etoteuags 1o 17l
As a reeult ors -2 covers a broed spectrum of possible applicatione, includ-
Ul (FTWT 2w i powsmmatay fRrot 23l L Ias Chaus B ST LR
1ng a11 of the proceleee previouely diocueeed. ror hybrid eyetene thet combine

L s ' R IERELE . TR ) PR SVE SO S VI ST B 8 i3 gerdiedw oode t3eibh g

SRR R U b BN R B

two or more of theee proceeeee, 0?8 2 provides a eilple, integreted fremework
S O . R T PR £ LTSS Y -] to o130 £ o Y wy kg L 02 A ;i&’ P
This fact can heve benefite in economy as well as in research effectiveness.
saen osmads oas [ vos s en P sumz oedd 2D FIYT Yo yoimmeisg Laongl 34T
It can epeed up development effo:t and avoid duplication. . Simulation elements

: >3 Apae i = .
o s R SENTTEIS 1 3 ayom b, Iodssv baooasad & o osaoy gl sy oyaton

that are conetructed to teet out the prototyye of a real-time system can evolvew

TR ctiwago a0 deemels ms Yo oxedmon o783 2l oxsdwasueg srroo?d

1nto the ectual opereting eleuents of the system, They can aleo continue to

. L o “a ey - T Py T
S R SOOVIIRM ok ’! ik ises LiE ﬂﬁ «d; TodocAav a0 3 B 71 - Ti2e 5 SH AR I e

aefoe as simulation elements, to provide the system vich a means for monitoring

Vi 1&11"3'» ad hooan TN Te
and extrapolating its own performnnce during operation.
; TRTIRLS I CORN TS S § P o s d Sneszr o ioZoow 32 nlogrorovLag s
The basic structure of the OPS system is easy to vieualize. There is a body
w4 St osh e s merrndTe I8 DM EL0LBRolgn ) dBLn Ll LT R TR

of data located in common etorage, and there is a eet of operetora which operate

GELC uheE miu oo a1 ¢ i0n Totssv gistans. Jsdy ens  snotdsmanlizas,

on this data. The data coneiets of lists, nulti‘dineneionel arrays, and single

IV PR sesr veveshonlno & o anorionu: v 3 SIS FET IS Y

elemente. wReference to the deta is eyubolic, and an index of syubols and

I RN AR SRS B R

ki

CIPRARG e PR 0 LT S A J3l oanisw belslocers RISINGRILC

dineneions is incorporated as part of common storage.
4 Doplands B (,e atdaflsve ocgis §iIs ‘:"3.’ BB T Sk

Reference to the operators is also symbolic. There is a central mechenism

for executing operetore and compounding them in flexible combinations.
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]
“E

The user can create his own symbols and his own mapping of common storage

{ SRS R o : st ve? glead s ssbluong wmeiens 290 o707
by means of standard operators. He can also create his own operators and add
croeme terearebay? ogess el e lobom fors Lebose sy

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

[

D TR .Ri it PSR ES  S RN I &/"\i K .AU '.)‘».?»5 it '-5 0 [ TN
Operators are functional subrOutines programmed in any language that the

(RS- RIS R

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

R i BN ia i 3o (i '?':1 ‘\‘sf Y 1?\ 0 S G S “‘"’ &y f"?é’j
number of modifiable parameters associated with it, and thereby may be capable
T S TS Shirr g LEEE T e e RIS B B ki Pl 3l

of a range of functions.

R = EETINEC V-IEE FAS R S S g B

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

. . [ . o Ta iy Lbgl PR
Saa) N i 11 RE SO S SAEN K Rl g A ) .:ns& ’i - 2 RAT e RS M U.-. SR (s :

number of operators which form a vector-processins package that we have been

. . - S o iy @ {., ’
by g oo ’.:f’u:" PoomietUaay sovd 3 oerevas LLBNE PiarsnY U ook

using a great deal. Its first parameter is a word such as INTO, OUT, or OVER.
st PiBoarr Tmey vemenyelib visscavaewy ssravouds erdx do Lip R
This distinguishes whether the vector or vectors are being entered displayed
R A shioagg SS90 eseeanaty sesdy Go o suom 10 o
or edited respectively, or any of several other possibilities.

EXENE SR A R S gk wlplsnsd sved T B
The second parameter of TYPE is the name of the vector, and the third
N S P 3 & obrp fwerds sowrooisvalogo Lo

parameter is the name of a second vector, if more than one is being referenced

: TS ST ETR Gowidd ruo 2ando o Dsiosurtoo L PRAT
The fourth parameter is the number of an element if the operator is to begin
) : w o egy ol Gay BAAZosTa w i hsags SEon il nxug

with a specific component of the vector (s) And 80 on, Only as many parameters

S O : S e M EY PiEE SO w;’* GRS M

R PR L R IS P st IO STy Y

B

as pertain need be specified
Other operators in the vector package include one that does polynomial

o

i Sy P PN E 7
(RIS Yo 5t e mevgad 0T s B

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

£t fage oy gl g il bnaw MDA RN E MRS A e R 55 TR AL :
transformations, one that transfers vector data to and from secondary storage,
: HOE TS ocETRE Yo gdanlestsn Sunioso CESEL

and one that plots functions on a cathode-ray tube. Each of these operators ‘

cwhank e & slledrd s wo BERL LY T w A A

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

SR LTS pEERGT T6 1YEL goRs LudLrearul e ST L
general array processing are also available as a standard package.
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TYPEOUT.:Q PO SEH B

for cxample, types out: adl of the components:of vedtor 4. The duger can plaée-this
operator:in a K-OP, with &% with&‘aeéexééaubnw fé'can Exedute-a K-OP from-amy -
line to any line, any number of times,:with’6% withédtiéntfy ¢o the system Betwden
exsgution of .successive opevators; . -He catiohgve redults: 6f: the éié&ubiénf‘d{splayed
as he goes along, oz“ oﬁly"»’iﬁi-ispeeffviedﬂ‘!iﬂ&si’;%ér3‘hhf‘%lﬁ*{’qﬁiﬁf&ﬁi*?esulE‘l‘?iﬂ«w-1
gether. -And similar optfons ‘ate avallaBlecte li&iw!oi'fﬁhe'dtﬁpﬁfa‘y'idf ‘beoth-giideés
liries .of an:operator-and ehe paramutarvs TIPS T TEERRET N S Fonvatiedlos

-~ Mhich-of these actfons: is performed; and:liowzit.is pesformed, fs determined
by the settings of an internal bank of ‘progyamméd switchds ;- ‘*'mlt»’f'\il’dr?iétnldleeff
the setting of any of -these switches. -Typiag:iGitumssew guidelines;y NR-tiirns

off -xesults; P turns on pawewmeters; 0:catised dpexstifsitd be entdved into's. °

K-@23NX suppresses mcm.}« and $@ 0N, ioL o nUD LSt d BUI Y. Y iE ol OBT 300

) ;a"rhe-vuiet can-also request @ status resding by typing STATUS. ‘Thie -{¥iforms |
him:of the switch. and line settings currently -1k-¢2£ect;  Ré may change 'the ‘1ime
numbser whenever e chom&.mi‘“s I e RN s e SRR

L 120 i ievoon
for example moves the -kine duiguacor to-line (120, -0 o
| Switch settings may be compounded: evew morsessily that operstors: All the
user meed do is:type MODE ‘and ‘@ numbler, wherkver tie wihes to preserve the group
of Rettings in effect: at.a particular time. ' Thevesftei 4w oan t&ebtlb“’!ieh +HES
group: of. settings, ats.any point,: simply by ¥pecifying ‘the proper number ,' preceded
by an M, BEmhmEt: L wdd
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 1nd£cetee to the system that they are

P AT | fa)u‘ MO

to be deferred, not carried out immediately as is customary. . A et of‘%e‘f’"erriﬂw

couendguﬁy} be placed on any 1ire of .i-br ‘jfu?t f;ougi\ {t ‘wite a bona fide

WY 84

operetor with peremetere. Duritfs énecution of CRat f—ﬁf's'ﬂte system witl' tred

the deferred comende, when it reechee tﬁen, as thougi:w ncivere being enteried o

TAlugae B Ceglamrin 3L Dnvwioast ad Jeue tedl emelde ‘11 Sautn nd o bpuosin
by the user from the console. 'rhue P the user has inserted 1mee1£ tnto the K'OP
ewmagt oaofomsisce Toi clokdev Laloagesy b odns 8IUism 20 2.

implicitly. He may choose to do thie, for exeeple, when a portion of his role

cqe it UL s cemdmes wewllecle o exe eusd? ,nclrisliria s wiriblivd ai
in the men-mchine proceu has becone euffici.ently routine for hin to want the
B LHL il cod L wmoooa o L labow goidtuw B o) besl nen tsil eslieliquE
computer to assume it. ‘ . .
LErn, DL BE b BO YR PRI SIKAPRPURLIN I € IMERR 34 45 AWl SUPERLANNNE L LS ¥R i‘"‘i iy DQ.{A&,;} LR ETYART 0 t‘l:‘?i,’l'..‘:-’:i»-j;l"i

Deferred comnde give a K-OP the ebil to li.uee end loop around
e Fo AKL R 0 P

nLT AL BB, BBIVS

-during execution, and algo to mpdify the R"?‘%"E‘ %?4.;.,«9&%&%“%2; 0F k8 .
-operatqrs. . Gertain, mudsrzk oPaxatoTs §ive, tha X-08 all of Fhe «aﬁmgcom
sproperties :of somputer ;LAStTuCEIans, 4ne luddag: the candisiansl. heaseh. | Thusy: the
. K-OP may -be  shought: of ;a8 scprognan mhoss)instcuotbans ssm criof .~ i wusidy
s1lic petform erbiteerily complex-fambelons o 130002 £nloi.nin
“22&&& ieaeﬁ,!"iégmf'rs"iwgﬁ oFau3tih s sdll e cni L UDT
3. “provide conditLonal’ control B¢ p¥ograi LfeN 1 7
45 ntrbdute énd Almetision néb dylBUTYC VifLisles™ T T

St igliwn S osws o5 w6 beneTAe 34 ovem wE Ihub o aIVEIs
5.° save and reetore entire ‘programs
Paiiiy e o miL b idess Jnes nrwm iy
In particuler s one etenderd operator ‘can put a K-OP away 1n eecondery etorege
3005 G 0 EGAmETs L @l IR cdioesk vieusizeav lo nollseis? EnE @B DRELaTyx:

for later reference, or it can bring in a previouely saved K-OP to eupplenent

ISTLR JERC TR AR R 5T I PR 3 Lt sebme mrol sl Jeonathuy leiznsioy & 10 TRo2

or replace the preeent one. Like ell of the operetore, this one can be executed
\-.ﬁ:'-l"w’.fj‘."? : Laves BUGL af oo "1«215(; z!}”%"iSE‘ w0 RO AR

either by the user from his console ’ or during the} execution of a K-OP. In the
ey gty de 1 IR IIC isr LarEelIRmMLTG n

latter case, the operator is executed wi.thout interrupting the run,
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Concluding Remarks
B a cwy fdg oew oL CEMCL L s LT PR NCIIN BT it e lniag

B b s

FORTgrant .
EE N SRR

. In peinting the future of aimlatio,n 38 n.;ch ros;ier than its past, I’Mk{nov!,;

that I have oversimplified and exaggersted s bit, It is hard not to, when trying

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

XS SRR warl garieesY 1l oasdw L eboammns herools
profound intelloctuel problm that mlt be resolved if limlation on a couputer
¥oowrty i T i GoRs o Baa cal wilr | aedy plosmes 391 Loy toan &7 o
is to mture into a relpected vehicle for lcientific reenrch.
: 7 wovaidw Sgehaos vl o il obo ol seoor (i 3 L
In building a simhtion, there are typicelly a nuuber of different
Ios%slgn e Diuvd amnossd ewen 8esonyy suidoanmeier

approcchea that can leod to a wrking mdel An econony, for exawle, can be

HE G U T .fi ,1
modeled in terms of reletionchipl among macroeconomic variables, ; such as income,

. f
Sial

saving, “and cpending, or it cen be mdelea in ter- of the pi’operties of‘ ro-
economtic déci¥fon-making units, ‘sich s’ hdussfiolds Re T ¢ Pn‘cf‘us’tr"ies. ‘Ré14 0
tionships-can“take the thﬁof‘&%trmiiﬁafme%ﬁ“, Bgg T 1aqe
nede’) "With eldiehts l bRt ol ot Wiy et B pRebabiRLFEic U0
These different options are meither sutualdy entlusiye: gos ms‘uww“mxm Gt

‘statistical -corfe

The underlying concept of ar-simuletionsdep -momatizmes:dsewna:aithey of 'two
almost inverse forms. Like a diffusion PYAAMA,. £0F inAtanee 2 Joded; may have

stochastic flow in a deterministic medivm; qr, like & percelation, process, it
may have deterministic flow {n a random medfum, ZThe viewing behavior of a_

television audience may be phrased as a eet of individuel viewera s with different

T 1 vy Ay

viewing characterintics, reepondin{ to a programd environment; or it may be

S R S { T R FOISTROC DIRDOLIE A0 T ianilisg

expressed as an interaction of variously dencribed programe coupeting for their

S S RN R S I I Pdd mes FYoY0 omneeyelod wougui

share of a potential audience. The fom selected will depend partly on the

A crowifte emedevego a0 1w Pla adhl sao dnamestg odd s oo
purpose to be served, partly on the data aveilable, and not imignificantly on
alazpee . wint et e £ RV 8

the background and orientation of the researcher.

L.
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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:

activity takes, B P R I R
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“ - Anthony Gorry, Malcolm Jones, David Nesy, 'Mayer 'Wititman, and Stéphen = °

Whitelsw have 211 contributed actively to the developmént of thé oPS-2 ‘systeém:
The system has: been progratined on’ME{.T?‘i*Eiﬁ&ésﬁérfhg‘fiéfiitféé.Pa}¥iTHé"
ease with which this was accomplished has been’ai-{mpre #8tve dembnstratfon of tHé
effectiveness of these facilities. Although OPS-2 at present runsﬁﬁﬁ&éfiﬁiﬁéiﬁ
sharing, its concepts apply to any 1af§é¢méhofy*édﬁ§ﬁtéf3s§§téﬁ1tﬁaﬁ“émﬁﬁisizes
persohal accessibidity a'ml'mah-mheh“ii‘h‘e‘ii‘ﬂ:e‘rai:ééiénffj Thie *éomdept's become
especially attractive in the eontext of ‘futdie” IAPormatich utbiifias F4]

- v0OPS-2 shares some simildr objectives and ¢apaBiYieies with severdl ‘Sther
on-line systems,.and we are indebtéd te thetr authsr# for Edéas ‘d¥d fndpira-
tibﬂ,[l73‘7*;0’14]r‘uosewaf?theseiufsﬁéﬁi havé “Bedn Fevel opdd For & #pectfic "
class of ~use, whether w:bc;:engtmmgsaesxﬁgfdpr%fﬁ’sww;f mdthemit ical
problem .solving, ‘or array proddssing. OPS-2; by dowtrest, é%&ﬁveﬁiffi*éhéfiéﬁéﬁ”
as it is 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 a;;ay processor,
4 program supervisor, a project scheduler, an on-line simulationgsystem, and a
live FORTRAN programming facility,

OP§-2 ig 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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