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Introduction 

I •hiail'b-SiU by· dTMring 'Soaif bo\lnct~•-e .... -.,,._.~ :$UulatUUr--'" ;;h; 

broadly i'irteti>fit-4/ t'.• de!''Mtaftill.'" 1;~~-na-,'l~ ::ritlllad~J i.r,, ''" 

theorlibik.' 'A:kif'·th.t;rtriiiaV 1{b ih ~...,,.. 00~111,0-bJ.. •);l .~&: 'M~= of1mse: 

all scfinC"e.: - \'hue~ 'tn• .. ut11.Ctl 'Of ~ltUl.W. mA1ti • ~~blli&tl.J '" ; 7 '; :L1qx:..1 >) 

It help• to precede the word aimlatioa ·tity 1-CcNlliiNt61fJ' IJ.l •'•thw• . ....,.eb.CJ ~~ l 
thii*1 ·macttf!eit r.ti't:bn "t._:.ic:Mlil:t.-n· of '.Nfttf:M_.~., ~·· .tt ~d.9._ 
tha'"'t th~ r·~tu10W·!tal flf1iiM'd 'td'b9' ........ W'4-1Wct~)-~,; 4'ha· mdUl.ee.a.y 

not ~''t<>' :\hf ltO Mit~.W :hfl:fh9<:f\RJUtw/'MNJJ•.fl..ae..-.··:cOlllPUt:e''& ~ 

tial become• better utilised. You miahC~"'CWao1·t~:-.. 10n•;bif; ni...,d• bf· :~.t 

M. t. T :·• e; ·Prbject· MAC·/~~;~ --..al\· of· _. ., .. uah a fqlJH .. d•o.t~~L~o- •ka:b?a 

&narctiatt iW·'nverttFV.M.i p~af.y ..-.~~a;;::at.:1 -.:.1\:do 

besi~~tO" fitMf .. ~~~- ,.._ , ... ..,.,. ws..isi Clfl1the lpluollllill&~~ lo 

matW..t1le& foit 'tlMfiWy -,_;rpcM•.t a M<>:fllpHca~ •iC.O.p..._, ..-.:1,rc:ian ·lie ;ill\fer­

red •cti:rectly, sbjplly lfy<eNc~ 1*19 .;d•)ZiJCM.-'*-r-ddl'le.fmtilhtloh it;lfU2 :· ,<-:~"' 

--A~~'1ilMlle1'y·f•dtt..._a.) :MD •tMt ~-w.P,llt.adenc<Qt' tM9J.-i(' l 

ligent' hwu1vcC!ftri.t1;r·il\:~'add ..... i:Ji --·-"' •:-U.~eq,Uenca." -~'ltSlf r: 
'(". l 

~Miforlllt:iftCiJtdie:MH Jl8fl'alilM!d <on -a ~--~ •r~(' 'i.ll(w.tyw; ~ ,__' c, ,_ d 

analogous to the thought pattern• evidenced by hwaan aubject• on theit:!-""O&o~. c 

Ih-. •.t:4W.lit•-taDe-'M&R:lna••Oo +~a.r-Q181i:'~ aa 'P~•lnc...-.cGl.1 · (;<'-:i 1s"~ 

time-shared, nulti-user computer operation. The point of thia ainaslation ie.. to . ,, . 
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gain underataadialg af tba;4>P••tLt>ll.#~, fMld ~:~r~~l~:, aiJq~.~~8; Fi,~ 

granbsi to' uaers ~fi.-e:i~y·""'' ~l\i~rJ,kJlli".R·~he ~~ni:~.lw)..P,~:f:'F~~:Mi,F, ·"'"·' .. 

samei end" ·hut: .. si1111lat!Lcm .~tit a 111p1~ft~~., ~pp~l-~.<:~~.~.Plll'J.~te. :J1~~~. J 
. ', -,J c. . -

Ao ·Simtlar. exupl.e .iA ,aU.W.•M>n ~"·A job .~cm ;ftf.h1S~ .l".C_~, J\ef,~_i6>¥:i 

In ~se ld..ndS' aik:'stu.di•,,•n.,l"V&i.t,,,::®B!el'~·~Ml~tfJ~\~ ~~~Y.,SP ~~dr-.en J 

i'1l~. <ln:&t)la,fwrur•~t:q~.aiiay,ev~ b,ie.1>lendtA-~~~ cmeWY>n:.j.~f.r .: ,,: 

;.Fen· >Qur .purpo&a, ilri.npl&t~ i& .& -v. af) l.dliD8 ~~~•'f·:~o ~P!i!Cfl ··~. ·· 

reasonable likeness of the bel\6'1~ .Qf'..,. ~- ~i•~·~ .. 1~'-~P~::iilL . 
. attained from :a:·acaJ.~:Me~~miR~-~ ~eiM~~ ... "~~ ~::.~·~Pm~ 

!.-; 

Of ••·~c,aaa;J,.:. ;Tia m4e-l1:U,dt4&eli,-.nrtk~~~:;P~~.A~ ¥Aa~.:~i.:1sr; 

computer roodels arec:u~ably,~n<Md..;,m'.aWt.:rhtl& ~4;.Jie~- S~.~ ,,. ; 

label ,1dJ2m ''g:ar.ru.loUs~•,,'.d.n 1Wfttraia·t 'tlo the rMllY.~'111 ~~ q,.t'.,·M.W~­

ni~n .menhanic.s.• · ·T!Jeria~rU2ate Jlll:l4&le: .. of -o~t.c .. 'Cb.-w..r~Ja{~ •4lrlt0 :aar.ru.lout ··tc .·:.i · 

by Simoa!s ;di:stJ.nc,;tJ.oD.') ~~21, "Tae c.La•a.i<fd.p"1ti,Qn c1is .l:Mt1~ti .,_ ~ At:qoeat<HY-,• J\ltt 

us. '): ' j ·. ·. 
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i\!j' ~··,:ijifo:~•: si'f tirt1 'aUttlld 'on·-: t~i"ietf'6dcrloiiia-! 1 dltaU•W16A;-' t ~a HtU!'t pr .. ent 

ic>~"~ri4antii1;:: ;~nii~iott0cl~4' 1 tl'1 idia1atiiiq.W •i!ili Jliri11 tcPi8atilcly11Bf! 

J £ c6i j co~lu.e~_Jieif~o~''~i Uii ii.ti~~i\1 le()~~ itt,1eay~OrH&it~[ ?] 'n-~tiilldft0caff.1 

tn c~~~eii1r.ld••':6~kj:i•:lyli!~ tar an· ii-J~eit~t1Wblj 1 at ti• iitt"·i1 ie11atat+irdl'' 

1'"h•v~ 1hM~ ~·18~ea1 ~1&..!atiy1 !6 @ii.ii H.tdl1Mvt.ltfill it1titi1fttiirfflilaa 1 t'l• 

c8'iii\0Jlfi)J·{:adiit;;ta"i•~1~'1Mel~~»0~.w·1ylatl11fliatllPct.Wj~ )trat.~~.~tii\Bi 

do .. not quality ... •• 1ji.'6ftit elii6Mi!a1tcll?it.t._..d.aii'ltf&lt"'Y1hit.uiucF1ee»u1h 

ha~a ~~b ~~~if&ttli 'liif 1."l~t~i9~iiia Jj!8ff ileit1ia·s i~t!~j is1e1ttlv,ai •P••k 
'i1 1·~~ii~6•~"'~~~·9tiJ/iii,ol~fi~iutli~a.;Uwiia AW!aWBie! el\•9ttid~hd 

~: ,, ·w&'tb"' tit~ i~~i;.u:•iftl'.1 P•~iana1~ i1~i 1llib@ciw11ii:11n!;tlduihleta1t .. •tt1'.ch 

;, ·-iH1 :&i1~0.ia.~·ii~ltli 6~~ tJt~eGe 1&ieAoi8ta.~tit ;itnli!&Tn ·ftil~tsb4Jf1#urPl~t•2"' 

colle~~i~i\~'ifii i~j aiFixl~il~f~h.;•l&i fDf•el 3JirWir!tii.afYlo.t(Mf ~ i1£tWlt4i lmany 

Z:-1 2!71 .. ii, ~-Jt;io · ·~n::.tfft,.r1-!,:i .. :; t ~J":'i :·1 ,::~\ ~·, ~;1'.J.-~J9~~ ·10 .:,110.!JS:l0! ~ -~~;c:,;nu~·: r-.,':: i'.'·;j;;;:l..i,J :~· 

HeaS1!!1 a Houae; A C!•• Study in D&ta Collection · 

,••'d '°~~~·-~~;~~~-~H,J~~~·.i~0 ,,~r.~~!. ~c.m19e'1~~~~~~~ ~ :J~r;j~i~t~~ ~~d, 

t~~~,-~~~~~ ~,}~;.ro~~~.r~H~~~op ~ ,u~~~,u~~\~ ~~~~nol~rJ::r 1~~l1J~~~;,,c~~~~,9 ~tc btiii 

wa~n'!°~:.~'l~~0~!1 '.}~~ r~h,.ir~~~e~~·~~o,1v~~~~~~~j '.!t~b~~~ ~~·~tu1~,n'i8 ,fl'!8J '.fr, 
* ,~~~r~t~~~oi~~~~~:t~~;:~ht,h~~~~l~~1 ~ri~8 n' ~~~~o~~:o:Il t~~r,~,)~;i~~c~1~'!~,~ 

consists of ~~,f~~.,~~~'1~f~1,9Y,nt)b~~~~n~~u~~J&;~9n+1i:,•~~·'!.~~i1~t:.i~•l 1~:>~:;J~~~ 
L~~~~~ t~~~~'~t~~ ~~~"w~~~~,r~~n~!~~,r•~,~~t~~~~.t) ~"T;~l~~~·~x~1\•e1~011t;~r~~~1 by its 

-# ·J ·.:. 1 \..-(~t si>: ~·· ·-.,J.~•.::!)S~;~r:~> _ ...... : .. i'· ··-r,J ·~J-~.;~ .:3\/0.~. 2.bn.!Jq!ib 't .. J!-:qt:: . .1:.1 :J ':!f..
0 

~f; 
A• a matter of inforMtion, I believe that Boaton gaa rates are a11>ng the 

highut in the world. In 19~JcJ~,'Hbt QiN.pc\uA~ NtfJtf>s.'9JI 4fH ,09M-J~.M>:l 
in Boaton, $47.67 in New York City, and $21.23 in Pitc.burgh. 
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5 .d •... ',. l}\p:i.91 q~,r fir.~~ 1 WHl;ffoifJ;~~f0;gH~':fol.•~~JY,.~nbg~~f~:, t~u?!Y.~~t -~·~§tention 

frpm_. ~9!28f0w+nf'flff ~i!!f~ !f~sP~~Hl_r~,~hfhR1 hg¥f:;;0lof~~ w=r~1 ~~ .e~~~v~~~~ 

tiae,. c;o,;; '- ~u,r~n' !. t. ~~ff~:,,~0v5S 1,~!'~E 4'Ai~i -J1"tt~Milift In! ¥gnfg~~ i0~:"' ,, m~ ~/~'':1 1 t 
0!b~lli.s<;~n9~rfaJHR111 W,_, ~qr~ld~f~9~-:~~~!·nQ Tg! gff~x•ffi~!1r1~-fg~·t~:~~~~~, ·.; 

::.!:'.'.!ljr~"'~~·uUH£t1f~~i!I f!R~~b~M1lnf~ff 1lE~~! ~~fv.H~fuff11~<ji~gy,:r~f ~Z~,~c~.;~;iAI 

~BT;~f4~~Q~s? ¥~te ftl~ftb t~e RHt~tJilhJ~°'S~.~op,etgft'fA°fA?f s"8~,uif~,J0 r k~~p. ,~~?Z • 

1;:;..~~~~UHn,,4Jf,1l'?wl!~JPR!~-~bJfJ~i~~'!5d88f,D(H1~ ¥gff&ita e;z, ::t!t; ,_; L<. · : .. aotcb 

f,3·:"' 1.e~ !t' 1 ~~ey th' J'8& tt! r tt~ftY 'P!f t •5:ff·~~"~~~Ara~t!YY ~~sg~ • 41>1~~-~ ~~.~ , 

ha~~ ·r \lt;~e ··· ~~ ~ !,~ S~ll!i !8f f ft' JXl~91'i EJfe nM'tff ,_Jn·~~!fiqi~~~h·1 ~~et:~ ~gr~ ~gi+~Pl!~~a ~~s 
for producing, distributing and controlling· beat, ~ manipu~~~~~j~~ri~n,5,~~et 

d:,Y~P~~\"·r~~~}'t~enlt~~'t';gw~!fdm! E~ft~ft~f!~ol¥a!m!fftil r:~~,t~~.t v~fy"~' ~ir 

i: reg~!~,r~~ 1enc&bd~'f"· .rTh•(!,,1fi~ ff~,~~~B!t;~!ll'~9!~. t~~ :e~~~~~0~ .. :~.,1 +~­

r:Mii~:l~~ th~r#~r.•"~~1'.ftf ,:t~<.:'.\1l1 ttmtrl'Jfiif!-xlr~a t~' ~~~~~ef~!~f 1 o~· 

in each of the roo•, mint•nance and aervice coat~~nffts~~d!t'°~~fAl '~ ~~~1,0 
Altering the number, location, or setting of any of the instrument variables is 

:~";.:,:':.t-:;~li~JJ ti.l~·U (Li x.J;~u:.L~.: 98oJ A :~~uo;1 -~:. 5_,;,'Lf1s~H 
< --.~· ------L~~-·~-----..,,..-... ---~ .... --·-··•< -·~,-~-

a means for adjusting the target variables. 

~;~~ si'~l~t~ ;~bi~ ~;:te.i'a;H•} .::~t a~~ld~li!Whl~h a~:ita6t~~-d~~er~~ l~~~~Sion, 

and -~~ ·r:.:;;i ):J~i~~mi~~. rifiiionihip~ i:fil~fiLJf r~k i.rtl'li'J~ail~~1t"i:' 0 1.\~ l o&~i~ii~ -~ih~ 
-f ~ ' -( " J. ~ • • ,. :4 \. f , 

abf e to 2in~luJ~''"is ~'~tciOJr t:~.iP~iii~i~:'' ~f~~£~9~lil1;A1~~~iyc ii1:~t~ 0thi;., '' 
-;;: 

h~~:r_> '11,~~s-u: i:J{.:~J fro.:af'fiixfio~~~:m fn ='it.~ 1pi~1i~~" ofrlfhf1iJa:r-6~fidiii8 1 ~riai, 

sciii~ci~~-r 'ti~~~lt~-r~"fif;~'n '•~a~u~ 0~alr~'f'idol'14~ta~fJl~oifin~e: 1
'J '' 1 ~ '~-, ;:: 

8 ~ 1 
\ .J ltiJ~iJ{cd:is";1~~~· ~~~ 1t~i~i daffyJg~:;J~o~~i1J:~:we~gg 8f:f1;ib·t~~J ~g~l~st 

the mean outdoor temperature on the correaponding day. 
f j &.; arnr19d j -· ,~~· :roJ ~ ~·rwo 

As would be expected, 

the gas consumption depends inversely on mean te11Perature. The lower th~ 
-;<:! ;£~:(ir:s ~>1.b a<}~;~-J. «·cg no:1co.<? ~j?.d_; :€'\'Sil~d 1 .noiJ.e.m"!o~if'l.1 1o ~9lJ.~;.e!;; ~~:. 

~-t~·~ ~ ~re1,,. ~dliiitJ},~tttta dolfv~11~e1 nr ;)J ,,,,,, ~11L1 '.i.i: ;?.«rl:~; -1 

.H,::·:t;(~~~j=t1·: qf. ;-:.,~;.~:; .tn.F. \;- .r::.~ :.'i'loY ws~i: :;;_ ~d.\-µ? ~r::..;J:':'r:1 8 ::1 
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On f ir1t try we lliaht fit a 1trai1ht rear .. aion line to the point• of 

Piaur• 1, a1 1hovn. Thil line provide• an initial relatiouhip for the 111>del. 

By the way, it act~ally i• not a bad fit aa reare11ioa linea go. It yield• a 
' 

nu•rical correlation coeffie:l.ent of ju1t a alMMle under .9. Jut ~~~:h ~r~-: infor-

.. tion, we can do better. 

My wife and I both go to work on weelulaya, and durina that fir1t winter we 
' ? ;l 

did not have children at bo• to keep wara. I, therefore, Md the hab~i of 

turning the settina• of the t1'D ther11D1tat1 down 10° 1fhen we left in tft• 111>rning. 

The 1etting1 autOlllltically reverted to ~rmal for our return in the eJ.nWj. 

Let u1 call thil policy A. On the weekend•, wlMan we •r,• a! ~~; an~ on Wednea­

day1, when a lady caM to clean, I kept the th9rmeta~1 a~,~~· 0 ••• •~iN• 
/ ' 

throughout the day. Let ua call tbil policy I. tn ~ 'POliciea, I iPwered the 
.. -~ ,11 .. 

setting• overniaht. 
i 

If we now 111parate the point1 pf ria~J• 1 into•tho•• aatociated ~th policy A 

(Figure 2) and tho•• aa1ociated with policy I (Piaure 3), and neglect jthe r ... in-
. !-· ,;:~ 

ing points, we obtain.-.urpri1in,atY cloae fit.I to each of two 1111>oth c~rve•. In 

Figure 2, only the ihree hollow poiat1 are aub1tantially off the curv~. All three 
l 

of these points lie ..,.;ve the curve, and all thr" of th• corr81pond ftc> 'Nesdays. 
, 

The poin~a/of Pipre 3 1bov a littie mre variation. The three hollow 
_u . • 

pOinn--fantna-••nutl'I tlleceurve •U -corrw1poacl-w w.aa .. •1•, Htd-twa of the•• 
~\ ~} _,_.,. . ()("~ O()Sa, 

three Wedneaday• happen to be the day after two of the three Tueadaya cited above. 

thi-toi.e~ 1'~!Jj''·j1M1'tler'c6~miPt10~~ 1.,~~~i~t;")t~ijf~-1~~~ect •ter 

readings on the corre1ponc:ling two Tuuday nt.ahta. 



- 6 -

50 ccf 

45 

40 

35 

• ~ 

'a 

' 
' •. . 

30 '· . 
' 

·""'· ', -...., 

' ' ' ' 25 . "- . 
' ' . . - '-, . 

• "" ,, ~ 20 • .:~ 
OF 

20° 25° 30° 35° 40° 45° 

Figure l· 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 auperi...,01• the curve• of Pipar•• 2 and 3 on each other, a1 in Pi1ure 4, 

we notice that they have oppoaite concavitiu, they bud toward each other at the 

0 0 d 0 ende (20 and 45 ), and they depart fro• each other at th• lliddl• (30 \to 35 ). 

Thia i• not the appropriate place to •peculate on t"- phy1ical rea101U11 for thi1 

behavior, but we can note th• ecoaoaic i-.alicatiou, •• 11 van ip rli•r•· ,~. '' The 

1reate1t potential 1avina obt.ined fro• uai .. policy A r•tihr ~an pol~cy B 

occur• in the lliddl• rana• of t...,erature, aad tbi.8 1avina ecr .. 1e1 •~•adily 
fi i - . 

•• either of the •xtr... t..,eratur• raaa.. 11 approaota,r'. At t9111per•furil below 
o o I i 

1.5 and above SO , we aG.aht conclude that litoth poUci,. coat about th•i•a• • 
. - ' 

th; 
;ti 

-" 

-: .. _' 
·, ~-

;,.._,,_ 

' 

• ,,;f • t··-. - ~ 
.,.,_ --•• C>" ....... ,. ~ - '" 



- 8 -

40 ccf 

35 

30 

25 

20 

Figure 2: 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 Methodological Issues 

The finding of opposite concavities was interesting from an acad~c point 
-'·· •.,. 

,. ' 

of view, and it even tur~· ~ut to have so~~actical utility. 
' 

doing its importance,/Al~d without stretching t~analogy with a 
\ 

simul~tion study 

too far, I believ~. we can extract a few simple leS'~ons from the 
i ; 

examplje. 

In the fir't place, a careful analysis of avai~ble data can assi:st us in 

choosing vari,,,les and relationships for a si1111lation\~del that we a~ tuUding. 

The analysis/not only serves for guidance, but also hel~ keep us honeist. If we 
> 

had gone or/ to simulate the heating system in detail, we ~uld not ha'ie(l"ested 
; \ I 

·Until the,'ioodel exhibited the property of opposite concavit\es. Conv.sely, 
' . j 

if the results of the si1111lation showed certain other peculi~ities, ~ .~ould 

0 look fq~ corresponding features in the data, and we would alter\ our ~el if 

they ,tere not to be found. 

/This is an obvious point, and most siaulators accept it implicit1)r. What 

it ,lneans is that the simulator benefits from frequent and easy travel between 

ioodel and data throughout model development. But this is easier sa.id jth.an 

ac~omplished. Too often data analysis and model development occur in ~eparate, 

prolonged efforts, one after the other. Only when the model is compl~ci, if then, 
f 
I 

does the simulator have the interest or resources to return to the dat!a for 
~ 

·~' verification •.. -l~.y . .;then i.~ be too .. lata. .. XhA~il.DAl, comp1-xi t.~..o.f.~.thle model may 
I , 

make setious validation impt.ctical. 

The potnt is wort~ pursuing a bit further. $imulati9~~. are 9ft~n called 
· · - r;1::. ~,· : :. , ;.·,_.~r.:J.: :;\""' ~· . .J ,·. t -~~·/):-:1C1 ,:J~·: r~1- ..t.rrJ. •'):.i_JlG,~ ·~:r·\ . ~:, • 

dynamic, and what this usually means is that time is one of the variables of 

the roodel. We might consider a second use of dynamic to describe the formation 

of the model, rather than its execution. The second kind of dynamic sinulation 

.1 . 
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iii ~-conatructed o"l•r • ft•riciclJG1"ntfM in an l-deNllltltal' ftfJ'With 'liew ;Q1c11elllid:ta 

a\\1·01d t~ct....,.t• t~iaiiis ·anct"•iilfl.na fr6iifleuftU•t••-'r•OlllNaMttone;..of abe '.'. 

patttai i.Odel liftK t:h• claca. ·'l'hb '.&p-loieh e•n.::prHuce"II :joatiauoff ·••••••,of ~ · .. 
frHh in•til\t'I ·and ;Catt ·take· ftitl· ·adtA6t .. e of 'an(·•at•<i .. mtl'-llkoMI a9tUabla~ ... a .. 

· the incrdiantal ;·apptoaclt facflitite•· c1u•cttli11'tl\•htliHei;;· a1:~v.>lilav• noted:, 

and it aUOw., the 1tiiiutatbr to butH.:'fdj:''unclmtilMi ... •of~tletlDH•l £.a,oallfre• · · 

henaible 1egmlbt1/'l1 ·h• bUilcle;the· .ai1• .. ttldf'~ '7lt~paloia·'-.•iut 11ana"11ary · 

arbitrartnei~;' and ptnp0tiltl{''i•t1tlii\cl-.:&oth ia tY:·~d•..wtu111- tt\e' 4ata·.··. 

Thi}awil-enei• &f''f.ldoti.tton dafici~t•;, 1iiodtfi-4tttt·'•~~ .... ,.f:wfttlk·parta·J 

'of lha lotlei ari ·.Oat'ctid.cal· or'jttuitlY9, •eM2pnvJ.t4t1•dUMl•g41tiaM••to- -~· · 
' 

data co1.1ecdoa'" effC:>rt•. - ! '· ,•,,p r •. , ·f 

>'l'h•.p'lctur•'· 1that1iugutt'ibe1·f t•·a -~ lM'p'tfMifoa.a:,ofa•••r4.t::· ,• 

phaa·••: · ·data cod~tion:, ft·tc'·.na1ta1•·1jiDhFf"ri*l.iltt~nttott•m.111) ·i•tf."lf · 

adju1ting, and running. Th• phaae1 are not placed atlftAU,...· t~,tt .. , oiut·~a:t•ti"I · 

after .the ~ree*'1tt1.g olMr haa~l)een' cOlmlfl..tWy;:Wt . ...._ ~-centil\uewly·:tt4weraed 

in a gndual' Cemveig"tmc ... 'tb tire 'fi.n•l aiatl•ttn. · Ae~-tyf' &' "fUa•l •i1d&lat1odt , 

need 'rib tonger bia- the pd"llH'y IOttve '81hce rddreh('ilti~''OOW aM- bei•'-P•.!~t '. 

all along the way. ,,_,_>:•.·•,'.·; ., . .. .. .. - in. ·'· 

: ' lde.tlly~~'th.r"rtalalffldtt i.'8' tiftft 1loft' eowpl.ic•t~ '*- llft-.aiy for tMI 

ends it is tb-":aerv9. 'b~•·~~ty•·j;a ilJM:.l.:.t;w~}dl&t ·n eM·k;M'witl 

the nedel ta- dutgneet~in one• torititlUoba·, det¥~1lMf; .......... tnu-.Ueit-tOfti.fll~ .tfet-t. 

Overfitttng ''to the· 9ta:'la'·9'til'-l a po0tM.•1Jl't:Rlit, Mi't' ti.w!i...,.r" •188 -a~e flW.; 

·.nl!t·, 

: . -,.., 
~' ··~· .. 

. · t 
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c_ J'mhe'~tiemptatj,c)Q :to1t•• cn·~~~ihJ, ~ \.-,,q~\tlt1~\'f\a\\~~ i~~ .v,~r-l ·:~~,a~; i. 

and;::,vet 1 :uadetaMn6abL•»e-xTb•J ~•.-.M:.iir~1~h\1~'fftfJKi~ftY ~Mm~~, 'iq~\Ji~~~~:~ l'.,~'t,t\e 

whicb ·1·:·seie11re4 :1tio 1•••liitr., :o, 1~·! 4s ·1t~ ~~18\~q~ e'!ttrl i ~15th 1li¥Ju ~ ~~e r,,;t, .. t~\~~£q 

happait<i1'.r•b• •M1A:W•ttmavhl!s.1!Pff~iH ~~@3!lf~PI!B:a-'*~IJPHS~rk.a,s~~~''Mc0a,:-•~: 

effects are easy to ~tl»•ri'"'6l~~r~~i!fj,q~i&! t°nl8~Hi'l~l6air?g\~l:\'t,,~n~f{lgHg~ 

is \lO': •'·ch•l JieHe• ~a'1fa~Ma¥Atr ~RM:.;"ft P2~U''1H:l5! ft91c! ~~fl lg~: 1g35~\~ ~ h~¥ever 

fine~ -~J~-.pedict•lkJ,~Jte1en!l.rJM~9~.~R11effNC6!!c!'l)b r98;it~ha~.1,q.,~, .r~0 j ~e~J:.& 

th•1fo11Ula.Uo•~~fi.5}tin,~5tfP!Pf•e !i!~~~P'!&HfbiA!t~M..t8S &Reaf&~V~P~r~~-: '" '.;d d.i<rt":?rl 

Ott, •'"' .,~•t tlt9uaJlif\ltlr)MAH·1 ii~ ~JoSlffftJ.&if~1fillPlWE~:~Y~iS#;',, c~~R'8,~, ~!,:; .tJ'lt; 

uar•¥4led •o0si1u§~fsNMT•l~i!rl.•f!'4c.,.}f•lU.ffM1!1,,.l:1A1'-r14&fl~!MY'7~ WigRJffvtns~r 

the appUell.U,t11,~<>i.t•A.llPHtA.Pl'l~i\7&RHn~J.f1J8f&J6hJa!ff1f!lJa8fcRJ'f ~Jl~bJ"f f8 
~!1a practical context, as well, when the result• of aiaulati~~l\t&P:r~.f.r~!dt:>.:isi, 

,,·.rou tintiy~ te~: B91PPH$r;.~l\1JIM- !11J.:JtY°Hf 10$ 9# JflH.J.~ ifd-RPit'l J: ~'1 d8dfou 

~•l•. J:te~~MJ,:t.~,~nfd.tl..~U•~8!9':d•~J..ff 1l!Wr\.M !WH1 ¥91PM~;) te.: ;~atpWi!nq 

t8'e:lllf4.tt.1.~.i.uiat.:z .. J9~t:ee.1~.~,( h~Li.G>q l<:Ji: :iiJ'li1 ·~tiPol:Hfq 9rl'l .gd'HlU"". r:;. ,~;;;.;'j~;l[bf. 

.. • '.·c 1 l'k.if: b~j.pg.ibup .t@·:) ~HJ 4lf.yi~llbJ.Jl>~tr.iHCatf1P\iY6~J.f::.l'Wifc_,.fl~jl ·;:n ts 

pt)i.o_h;;o a.}l1v.i.H'Jl1." si\~-'U4i>HA sh~~;J1lA,.,.ftff~Jl9 ~ l\f)YWfhl~~n~J~;.6 ,; n .. ' 

of:..· fp!f r!"Jr"' . A.114, ~" W#!;.._.i:.PJ.J>M'.HllN',J.1 ~~~~JpPq ~Dff~~~fOtf~;: 

au.ch more than a service function in behavioral aimilationa • 

._.,il\~.·lhe-!&Hf9!M -~c~,ti~$~ :Nt11ti4J'lbJW.!~H~.if¥°;1l,ipg,~ the· 

c-...nUC>Nl ,r~y;,:~~;i;.tP&J:t1:i~ M1~.P.FHlfll".11VltlNl.'11 ~f!V,f; tef> Ji ;,,::nt' 

.ff.ft:Yl~~~·flM·;~~W PfNW~OffdoH~~ nJ~,~} tpj! AAt\t:V-<>fl:t 

i(H'ielst~i#ilt..ht·.~,s~~;:fi~ "8Niii~~~6'f I~ ~8a~~.t~~J.Jt~.~r ::L ·30 ,;ivi_; 

familiarity with the phenomena vital to a succe1aful ai~~1 ; ; ~}Wtf~FJ;'Jl:r ~om 

the data can make the difference between victory and defeat, depending upon 

whether they are recognized or overlooked. 



. ~\ 

- 15 -
). 

What is victory? That clearly depend.a Qn one's 1et of values. I am think-

'1118 ·of the val~;s ':of the beha~io;~('~~i~~tt~~: 1:mt~~a~~e ~hi~fl; key~d,.~~i deeper 
J~:: ' - .. , - •, .-. ;''.::. ·_:::,:: ~:,~n. .. L., J. j~J 'J -~ ·:-d ~ r ~neJ(!V~~ ·r~1 ~ ·:·1r~ ·,~, c-jg1s;;I ."·.; ;,;~:.~;;i-~\-t ( JAf·~ 

understanding of the pbeno•na being·· 1tudied. Prcigra-rs and mathematicians 
. -t"t.: J,. -~ ·-1 - -::: ', ~ ~ _., :::·:flb1' .•. ::; "'' ~ F~ 

have a different set of values • 
- :: .•. tJq 3 l:cI~fa~ sb_;· :: .. / J!::~vc- :>:'.:! i ... 1 JJ. 1 J '"r: :: _: s:.~\ - ~ ~--. , .. 
They characteriltically reli1h que1tiona of 

. l , -.c~n.; .. : '1-' ---. ="i~;_.-1_~ !r~·~iQ.[..,:,;_:;'i t:·):J .l'~~P .;:i '1'$.Jt.;q.":"-.i:'..':"- ·.:.1 J ;;c-.J~i L:··· - l 

structure, style, and technique, and they celebrate when the aiaulation first 
-. 

runs. 
j :. ' 

(::::-1~ -~,·; ·_; ·~·!,.,..,, i ', .:~- ~ :~f.it·\.jc··~._)} ii.l'.iw .:.;9-Jc:..r.:..c·,~aa n;;J.{~H:)j ~1frr. ~::-: ,i~;.:n 

such 111>menta, too, but ordinarily their work ia then just beginning. 
;1.:. ..";.-~-3~ .1.:-~~.:::;(~\::n.: \.!.:,~,-,., ~)f~~-, 1-~~-~1 h -'?1.F ~L.:..•J.J__;.qtnt•,4 £.~_;.~~-.:.,.·~ •. -~:~~!_.~ 

By the way, who el1e, including the moat clever atatiatician or cryptog-
>~·J-.:.~-?:· .~·-~·~rGs~;.;~~, .. ~--~":r(·' ~)r.,:·i ·t 0 .1 ;;~ 1_·) J~·;-9)1_z:.7'C:~"-l'V9b Si1j ~,..r .~:;i:Fr ·:~·-.tJ.9 .. _~ ·Jz;r, d 

rapher, could have resolved 'the data of Pipar• f into figures 2 and l? I 
;~ \; · .• .J.:.: ;):_;_;.: • · .. .:_~,. ::;..:"~,~~- n :~ ... ·~:~,.·"'t~~,}·!q ,:;J;i "{lJ.b~ ~;'.~ 19£"~ )!b9-c.!!'31 ,;'1 t ~~;.d! 

liq»ly happened to be the only one who ··1mev th• data well enough to recognize 
_,;.~ ·,. :. ,. n '1 ,, .~ ,('>1"''.> ~ no) : ·_J;,.f') .: ::;no~; t.··1;1 sJ Mib ~ iff i o ; :.:J ·a r: :i i\". ~ ··.ld y l cj· x~ · : 

that the circu111tancea of collection were dicbotomoua. It i1 true that I could 
-ir ·~1·1 :,j ::·;·:·t~::).',r ~_.j ~::; :;._: ,i. ;i'~L -~ ··"!'-·:.'J:! :'lf~ as e':"":<l~.:1-~~1S~f SllJ:.i'Z?f.'~f.-:.'l!icO:tn ~if..., Ji Jud C~ ·_"."1l!l 

have iq»arted this knowledge to a heatina conaultant, but I.may' not have been 
~d~r~4 ~!· .. _~,.,-~-!:.?.it~· ~~·lr:~ii:~ ,;__~~:!~ ';J:...· I.J;~ ·' £ql9-rl :t5j.UqlUOJ ::>dl , ,)~·Jt.r:tg ~n~!.d .. :1q t-t~i· 

thinking on that lev•l if I wer• not conducting the study, myself. Also a heat-
·· 1 _:_:,.::~·,_" 1.r·~·";"..r2 :· ·x;:,_-"'•·.:~ .. :t." d1-:1'D1 ;-~":~u- :4:1~d ~s;1c.~ ':tsrl::v:t~1'e::;;-::- f>ri:J ,:);~.c t,"::1-u?u! le 

ing consultant could not be expected to be as ·coet~Mnclad in making experiments 
. L.ii·.'t , '.·. :.1:::.,'.Hl'"" if!.1.;i:·Ji!.;'.f; bn.r. :1191do'I'i a.i:d L:. ~:1>>.x1rrrn O"i:c~ 

as I was, since he would not be as personally~ideutified with the problem. 

: .) 

s , /11''-... ~,,.,,-u, ~le•~~ ... WYs .... t•r•mcD11ntltce a_~f•.tof·ithe<;iin"JJ 

<:i!"?PJ!lJ ~o= '>~· ~flY~kils tJJftt,~lltaq•rflHN ~J.sol::i111Muf.D1·: leu••, •.-•hin&'h'J 

-:~r.:1 lip•,, d~i~~~,,. ,au~cfMJ'~·i~e W~cP frwreMI'~"' wa.re. do'lw2iookofos; '-•ov-..aaa? 

These question• have b••v.~t:t!ld•.J~~~.lnr_.u..-.rjoJI yJ,At@.,·wlbnH.-vt01l9d 

•:.~~.~.,~Y2~J~3}Ma1ieM~d•etlJ,1t.11vqiv9" tn\hl••f'J(Q8li9 ;a~l'aO:tieabscudy 

'-~&tb4Vc,h~~.r!~'f~~·~:;C··~ .. ,ati .. ·•~,ftitttuf t*-•nfll'snMIM'.>ie •:iD .. nk~n8idD$1J 

~-l·~~q~~p .~tt~..,, ~· 'i'~.-~IJ.,r Al\4vM!a JCIClllllPvM•ti .t. ,, .. ...,Nl~ lC:hM'a-M f :J •! 

~e;i::µ:ed b1ir4'-~ l\.~.,4.~~ ~it~~l,~Q!.,, #'¥'~;j:..,.~J;nUlli M91L iJlltc~~ 

a relations~~:~~~;t~ ~ MJlll¥fl ~Jt!NQJ'~ ~~ '• 

si1JL1lations; a relationahip that brin~• the computer up into the earlier, 111>re 

creative phases of the research process. 
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This kind of relationship starts to become plausible at plac~s like Project 
' ' ~ ; :- l ~<· c:: ._ ~.i. .c ~ ~ i:~ <~} '. ~: ~ ;·.· I T

1 
• 

~c, where a large computer system is being utilized simultaneously by many users 
~-· t'~-·~ ~~J~:; '.-' )1~f,· ... ;i :,:_·_;'.. ,)r"l~."i't\,•·; .J(j '"l 1~.; :..·~.-~j-•·o · 

at terminals distributed ~ver wide geographical areas. 
~~ -_ i, ~ : *~I' ., ~';'.-. u.~ :~-

Transfer of information 

to and from the computer is via conventional telephone lines. Each user is able 
-:.: ::. .1·:_ ;-_ ,,.c_;.;~, .':::·i J·"~::-~ .~~·:...;:-:1~\n.-~::x:;: L•. i. -· '\··:~: 

to be in continual co1111Unication with his program and his data without suffering 
Ji. ,_ .. ,._, _,, .!.~;;:;_;·_,;,;, 'E '~ ·:1'.i<.'. '·," , ,, :·•lS-) 

the high cost and tension associated with monopolizing an expensive machine.[ 
,.:; -:-~ .. Lt...: ~ -.l:i ",/:: -~!,i;;~·: . .Jb~l') !.;..~·d ~~''-'~• ~~ .. J;t~- -:.·<~ ;,,;, •; 

Multi-access computers are a first, and very important step. The second 
. i:: ~ _ ~ ~ - f :.~ \ - - :.:- , J L ... , ~ + ·; ; , "~ ~~- -~ s r"',;. ~,:; -~ • 

major requirement is the development of an on-line progra111Ding system that 
~- -~ ." ~:-""~1:-~:~ ,- ... : '.'_, 4 -S l,~;;·{_1. ··: ... ~j '!;-~\/{'."-~~~\"! ~~\·;:.,,;f ;~-., .. ' ·'· ('~~-. 

enables the researcher to m:>dify his program as he operates it, and switch 
~; $ ,'_ '') ·: -:_ , ,.;, ' \ .. / ' ,. '_, . ...,. ';,~·..,_ ' :,._)_~·-: ~/ 1~·r; 0 -.-•. '. -· }f 1 '. .h~;s_.,;-:··- } ,-. 1-. '-.., 

flexibly between study of his data and construction of his n>del. This allows 
_l< >.LP! ,·.-:_ .• ,;:,_/,~> ) ·,·:~,;~ ;),;~·-~~;! .,_- t -~.L))i~-: 0.~!':~~.~>J.~ ··:··l~ '"f,_ 

him to build up progra111Ding packages as he needs them and as hia comprehension 
.~~:. ' 1 ·- ~£~· ,:,2 ~ ,~- ~- ·, ,'~i: >j~ • -~~·>n ... ),~ t:~l ~:f":.c.··::;:,) J;; ... ,~1-;:i>- :1~:: ,:\ .. ~;r 

of his problem grows. 
.:': ~. ;: 

The computer helps to guide him along alternate paths 
, .f ~:- . <: ;,, n-=· · ; ·- --~ ~ ~ ~ " i ; -~;~ v s:i .~ j t~ ~ 1 __ , ~-, .r ~ . l _ , 

of inquiry, and the researcher moves back and forth &lllH>thly between machine-
1·. • _. .'"'-t:.{i· • ·...:J .. f: .: :.~i_f_• '._ .. ,."' -·q_A.-_;. -~d -:•--.~: ~i-;.. __ '.~-~~,., -~_1F~1·, . ; - , .;. 

aided analysis of his problem and gradual synthesis of a ~olution. 
---' ~ , . -. :~ ~--:~ 'l 2 '.~. :; ~J --- < ., ~--' .: n ,,_ ,,._ 

My group at Project K\C has been working for the past year to develop an 

on-line system with these features. w~~ catt'h ,~:-on~km;:~-~~a-'~rts ~urrent 
implementa·ti'01l ia. labe'l.S -OPS-2-.' Benute' of ~- ~aM.4:yl ~ $U11pllcitf· of the 

OPS .concept, the· system hara •ctuaUy •~-- apJ>'H~d't;o,; a \fidlei'W'tiet,.'of activ:l'ftes 

· beaicles• siaulatton research. "'00r e1qUtrience in·· th~ IJtaitlHlfon''irea, up to' now has 

been. very encouragiq, but ia•':•Cill ·only -~eliminary' : - · < 

In de.Crib ins the 0 <>PS "*'a-tea,- I slOi11: · rep•at:-a 'fe#:COdfe;tfie~pdirU:i m@nt1oned · 

earlier, ,not so 111Jch ·for ell!pha•t·•, bvf'~lydte'maW.~'tlttPde~tf'Ptiott',rel.iit:i~efy 

self•conta,ined: •. 'lit• ;ffsc-riptt~n: Will '"have to :;e-~ b:Hff~ 'A'rl w:ttH"iiny'·pr6gramirlg 

sys.tiem, >t'eal· uNWrs.tanding .cal\- -0nly be obtairted th'rough ule f"and 'Je' hope d:> \hcive 

a selfl-:teaching msnual· ~.llailable f<>"f· that puti>ff-e· m· tne Wi!ar :fUtuti!. 
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on.,..z 

·on-2 ii a· nM. r'e•latch 'tclbt'.wt!1(jf0ji:r•~Btie, liii1;t1ixtbfllty. --re tfgu 11
"': 

the' \iaer wt'tb th•"''~csd,Jter tn t'"1'86ficdrjdinfl1r~f'tutlli&a,,j ~tiual2tiitir- i' 

acticnt tiotti: 1i.,t• ~*'4-~ttui;" r.:;.o.::· ;:,_ '.,\ru .,°'ff" ~·)a ~1d: r .l· ,:_ "· ,. ·· 1 "" : "' ·.::)s:v:ii 

,. · · ' 'M'•2 11 ·.li(on~1tne 'ti-Ii~.· ·ti 3ii 'l>aaecPJjjjri.i6iit ii~ly .~.cqutred ~~6if !i:f· :r q 

to· make· 1arge coqautera peraonally acc•••ible to • commnf.fy"gf ;iari,Yia{Dli.'fei8~J. 

1'het~ 'ta' a '·tW•}i~tt; ~'ieatli';ili;l.nc'!t 1'iil jtlij '.tji£!01.4'fi ~t '"the ~ori-r ine. ·.yat'tiai. 

First·, 'the: ci>aipu'tll: «tlil'~6'1~ind '~hcndt1iltJ 1ll{ f1'for~df'1p'rt'~1i{'Mfi"I' €;ii~1:~ q 

ttve ~n"mirttia \1fi:1ott11nlttdW'~i1ftiJ1im 11'4 5'irtct~11a"l:i~kor\l'.~··;~ciil. 
Htorld}'iaada ttmV'ftn"Pj,c'~n Jtt.r~·ati· ~\hdJtl'il'~ 3J i~y "role in ·cha 'c&ilPti'c1il•. 

~;' ;•,, .. ~ Cfauly,- tftt•: ,-tntait t~{'.J&(t''~ftf·;fi.rt~ et6~ a.w;yx.~k cr'ea'ttve p~cua. 
litii it:~do•4r Hold ctot'' 1~ ~ttii'!i(g"ly ~1'{cfe 'c"ia~a•:r1{~1n?~'u1Jl~~ni:n · · ; .,~ r ,,, ·;<;::o(+' 

r_, oni'1:l1Ulttano.r~r•'c~~ dflelo~t 0¥li~~l1tii-it.iU\iil~~n.1 : ··'In ·kh~;:~r{/ 

at.Pa, Whitt" the itWhMtcliltt l._"'.'ttec'tcd:'na.~ \l~{,3 \\ie;'?oi'ii1 inih~nt~'nt of 1fi1\ ino1a1~1~01 

the Computer CAD AHi~·t'. '1it~~taLa1lftyii~J1'lir~nl:i•l~caf ·~-r-~aion'i.::.~ ]:'~ a.~t tw 

c&ft' Halp ~M'tllr ·adib111 •1~~\.b&'tt:· 'ftrlaliila<t:!Jif~ l)'Yii~\Pll-l:~ ~i-1 ~h~; m4~l 'b;· _;Jc,; 

o~ltll t\\etr illp11C:ttio%a:;~--!.\\.d'i \~~ut~t~fitf. u'l.~;j iu1~a,ly t~l~f~~: 

~, tb~·coiiputer~fa:.1at'tfl'*"'ruurth•t:•1··ij1fi~:;ita'"~fdct;~11k~ h18 ~nii~i~';::;' .,,., 
journal8 ~ · nbilboott, Ud· tli'Pi\bf.ef1 r tt1'tii ii.Ui-Ciiit8.&iJi'i~·' ~.1:&er"-f~lqt·: l::in: £'. 

(the ldgaritttm' of·'t116t) 1.~. a''aiihre' te:Ytaiitii i.tit1iti1.•tttJiijt~ .k: i~.i~.~:·..:; ... b~irobr 
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The simlation model takes shape right from the start of the process. _A,"i.: 

mor~3~~~ ~re pan~,-~~! .,d4~~' '>f.he, .. r!~~4.~~~~"-l'ffif..;;t~'Y'"'~~~Ciom~~~tion, ~Gwell 

as :r~~~~ly ~, a~~ ~~~, ~nd~~llt~~~~~, ~f nSh~h-%~'l'1~~ tlllid'1\ ~\~'li-Afgws.L 'f,~,f;e 1~~, nQ.,;" 

longer a sharp dividing line between the phases o~ ;.•'i!i!(l~nt~,.};s\~.i2.~~qr~!l~~:J.i~J}~ :)'' 

pro~:z:a~llSt ~'f~~~1~, .~.'i_l~ y-~~,i~"~~o~~ ~-¥\ tb~in Jl~~,~~·•tn4:~ 1~.P?:Vnl\e ,,,i.,,~twined 

-~ t,~ ~C?,U.~ qo~.t: .. the • p ro,c ess • . ,_ ..... 
._.1..,;i.)~:,t:,.'·.~· o,>P• •ct>-!_.,),·'•'"'•·-·-

In the later stages of the sinulation, when the dominant activity is ~1?;~ 

--~;'!~s/_ •. ,_the~': .~.re .;c:>F1c~,,i~~l.. 1j&\7~r~~': ,t~ _,d~5~1~~\\~9;~r'H\~~~R.~' ,.rW>{Pffi~~ion, 

pr~~~~nmt~+,rep_rogr,,~:~'v•~c\ ..,,_l\i1,;t~,1h;::.•l~Y.r~a~ ~~~oea~ .~::; , A 

., 1~:t«;~?~,1tts~;:·th~~ i>~~~~rrt~ ~·M. 't~i%zt~,µ;l0v,i\~~fl£'1}~J~:f~JtJ1~.~ --~-1! 1 

icl~~~~~~-e~t- to d,o }llO!lt qf~ \t }li~'!\',M:'':{;?~~ir~~~.M-, ~.r}~~A~~M:fl.J,J~~~ 

from the rest of th~ _,c,r,e~~i~4\rP~oc,-•,'!,, .. 
-~/ 

.• ~,B.'': ,~r ,res1earc?~.~ ,~~~r~}!,~l'~ 'f~y L~~_.,~v~ ffelt:~,.,,t~ ~~~J.,~on. AA.c.:P!"Y even 
. ' 

choose to include hi~~}l"f11:::-~?fi;lft}J,e~~),,da~ 'l\~~~ "~~~"'""%~r:Rfe ~h~~8:;i.~,~~p ,i~ prft~ 

t~'. !:-~d .~'.t with s,~pif-~~~~is'~-~Jo,~~~a~io7~.~ 1 -~lib~,f; ~!l~,~~e~~;)<\rVJft?, ~:: P:~,!1~ ff"~~ced 

fo1r:,~1:1Y year~.' b~"~''~-~l~~m. ~~~.)J.tr.,.J~~~~1 ~J}ffi,fAY'SJ-fll\J~~: n,,\t~l~f. ~~ •. j,J ~-~ .: .. 

Data_,.anr.11s+s.t -~i~~ f.f~1'f.fi~ :.'?'j; fi:~~.i~~11'f~,·'lll¥F.~b},e""~~J.y~, c~i be, 

a cC~r~;,1.ye,,pr~ceiJ,_, fr;.~ts,~ ?~ ft_~P~tr,fr8.f,4f ~Fy-~r~!}feeN,fi fp~, fgpfe!'f.;,pf ~~~§9-: 

tion. And sinulation can be part of a larger process. A man•machinie, fY,.,,~ f'',,. 

for sched\l~i~g ~ job>,shop1 y~J.~•:f~t1~1 FPfl'.f.fA-Ci>J\,J9f.:rc9~r9J.lk'1&.f~,,~~.,f~~ of 

a metropol~s _, ~n. a~to~~~~ .. s~~~~H~.agf ~~"fitr5R!ffJffrff 1 11_~d J0FglPfH1~er::-:, · 

admi~~st~1~e~ c:r~di~ ce~te~. <?n t~e~~fJiO~fk}ey~l~. ye;:,•~! ,;~f~s,19sc:w9-i-crJ.hc•n,, 
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;. si .·! j l.:,..':\"J ., ·1 >':: .. I ~ ; 

The OPS 1y1tem provide• a ba1ia for buildina up auch .proce11e1. It ii 
.- ... .::c , 1:,. : .. ~·'J~~.1:... J ~>,~.; ' _ _,·:J . .,? ·P·!I.Et "','.k;~) .::;,d ('"'7.~ .. J~.·l')~t} bi;J.'-d:>.:~.r~~:~ tf: (~f.-~>.P' 

open-ended and 111Ddular in a very fundamental 1enae. The u1er can add his own 
~:~.:( .~:.:. ~ ;q~i~~ r'f•..'.JC b·:r.s.br. ~;-~ :...1 _;r~~ <t)flJ ,·-' _.. f.i:~'.~ ( Ju,;::.:!·J;;'.,, 1n:-~ .: 

parts over a period of day1 or m:>ntha a1 he increaaea his under1tanding of his 

problem. 

The OPS 1y1tem i1 relatively free of rule• and for11At1. The u1er creates 

hi• own language and bi1 own conventions. He haa the wide1t latitude to express 

hi• problem in its natural ter• and to be inventiv•.• Gradually hil 1y1tem takes 

on an individual character appropriate to the purpoae it ia to serve. 
,. ,'. r;ii :. .. : ..• r!:: ~·-_~::-; . .1-:,_. ·,~.q .:={~·!. ~:·J':;<J~i~~·-.:·0 . ..: :;~·"'° r.i r;.r:ti..l:t .ti:i1dw z-yo·:t.i1.:J(jn ·? ~ 1~)',L;u 

As a result, OPS·2 cover• a broad spectrum of po•tible applications, includ-
,,..... fj.'~IA":· -~~d- ; :.-.-.:, > , ' ·::: ~ ... . ·;J~f.u,~J:.":tf\iJ )~:r/;'t ~;; .· !.~~~-~~- .·:~~:l 1.:\ E <:1 'i Lt-'. .. : 

ina all of the proce1ae1 previously diacuaaed. For hybrid ayatema that conmine 
"L;·~~ ·_A, :.1-.;~. J"_t ,,,. g'i.~··~1_;· ',;;}, .. -; ,: .. 1· .. J: .. : ..... lV '1':J. ~-~,j- grrJ :I9f}j~;.~"-iw ~·,·· .. : ·-·.~?_?'J. tjEib i~~t.·i''. 

two or more of thue proceaau, OPS-2 providu a aimpl•, integrated fraMWO~k. 
',·.-::-..r: ;·· .. ',_i ··-J,1;1 '.'~l~r,.::::e kc~ \_!l.H 10 .:··--r::··~·~·l1">·d;·~~:1 rl';~~:il:.t~ .. ) ~i·.::i 

Thi• fact can have benefits in economy aa well aa in research effecti.~_eneas. 
:,,". :·hL; :o;, . .. ">; .9~· '~f, ·:; -~~?=.-.:7 ~ti::! ?.I 3'!YT }o '1":.!J~ffiS'lSG l,,,;~ .. o.J;J ~ ~fil 

It can •peed up development effort and avoid duplication •. Si1111lation elements 
.. •,.;;:-; I -:~ ~ ~:' ~ ! .J:. }i°::~ ...... ,::.).:_~·fa :." '; "IL'+J ::.:l'V r.~(!0"):-;a ~ -~a )~-~~~·.·'! ~tti ~~ ~ ·r':'."!~~l .. ' 

that are constructed to test out the prototype of a real-time system can evolve 
~:;_; ~,- 1; ·:;~ql) '9!1.3 , :L.,~:t~~~9 {~ n-ri '1't:: ·1~dflJ:.ifl 9.i~J ~ t 1. , J~:.-:1::, !.b•-1 -: ·~~'t .:o1 ·" 

into the actual operatina elements of the ayatem. They can also continue to 
·_.··~s:~ '. --.rnr.>rn .i.- '/[,;(~ .,_. ~--<~ ,:·!1.A ~;·:~; . .,,.~JJ ~~·~ :J· ! )".'; :if1~f!c.~a-r~;.-.. ) ')f ::::-!I•. h- J 

serve as siaulation elements, to provide the ayatem with a means for monitoring 
_.L-1kii~)z,q;;: ~d If35{. : ... :J'l~~: .. .-: :n 

and extrapolating its own performance during operation. 
0 , ~-:·r ?.~-;-_.-i_ ·,r.~:·_~ ;..>li.J .• ,, j 5-S-•·'-)::::· _\Q~::J. ~,· ~r{j !Li E '. Jr':~ ... < "1 }f<.:{ .. : 

The basic structure of the OPS system i1 easy to visualize. There is a body 
I..~ . J • ~ ~ t .,;.r; .; .9fi!J r_~ ~C.(?.~~:"..!.~".'..i! !Ei_;'.L.: ~~ ... :1-·: .! .. ~;l .::f·: 

of data located in co111111>n storage, and there i• a aet of operators which op~rate 
~~ .. ~r: ~ ~- ·:· ;- .:1~~-; ~: -..:. .. 11:.· ,11 .. ~, ·-~ ·,1J:JSf~/ B"'l£~};~.rt.~ -~ 1 jp,.f'j ~.;:, -~ t ~·~t~· · !:J;_;rn·_,1 ~~11.~ ·---:r 

on this data. The data consists of lists, _.lti•dill9ftaional arrays, and sinale 
:~ ~- ''-r··:i _; ·• -. ~">:\_' ~ _r;-_ •• J..· ·\!,h"f"···~hod.:!t:...J L. fl·~-'.· (!f4~)J1''Jf{L;_;_ ~ JVI i jt .·._,; H: ;J,_q::, 

elements. Reference to the data is 1ymbolic, and an index of symbols and 
1 ~j- ;,~·:~:Jq .. ~_,·~·i:.·,,¥.·: ... ~ ...... ; :r ... 1~ ~1~;-~·,;i· ~::~J.tilJ,_-_:c:~!]fl :<?,J:;,J:"ftt-.-A~c- ·.1 J .... !~ 

dimenaions is incorporated aa part of co...,n storage. 

Reference to~ th~ ~p~~:~~;~ i; :~.~I. :~i~c ~a~~:;: ~: ~ ~ ":~n;:.{' ~chan;:~ " 

for executina operator• and coq')oundina them in flexible coaminations. 
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The user can create his own symbols and his own mapping of connon storage 
.;. ';;,.. _ . 1· • i :; . ·• , ; _ · ·· t ".' o ::.. a j E-'i";_~ d ~--~ ;.: $ f; J ·J "Yw~ q r~ :: ~, e; • 2{VJ :.: 

by means of standard operators. He can also create his own operators and add 
'·_,:.: ;~:t ~ ~· iY'.~::L~.·~<~ .. nu·1 V'l~f·~· ;...~ tJ~: ·, £ ~ : .. ~:..rfr ~.-.:1~ ;,,~:..·i.:,~"' ~ - ·_;·~: .. 1·· 

them without limit to the set of standard operators supplied to him. 
• f -~ '.r_ " ,' ';; \J J '( ~ [~ .i 0 '.) ,') J ~ : .. -~~ ~# 

Operators are functional subroutines prograaaed in any language that the 

computer can compile, such as FCllTRAN, Kl.D, or FAP. Bach operator can have a 
; i.-•. • .. : 1 .;:,. ;_, ::- .f.k;'i i :: ---;1, \_J~)~/ JJ:_;J··~1 (·:·; r .. -~:..>t·.lH\.~~ :t;: ~-~ti~J 

number of DX>difiable parameters associated with it, and thereby may be capable 
, -~- ....... ' :.··,·.· f 

of a range of functions. 

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

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

using a great deal. Its first parameter is a word such as INTO, OUT, or OVER. 
·,; ! ir!.U ·:· }.: .. ::· ;:_: ,;. , i··.· : c, ~".':i".i..,.{.;_~J:~ ·~: !.~~-'~: ,;\V·'l'l\.l ~-~$';?~~~~ ;tJ,i<;_ ~:;.rL·: } -' i ~ F·. ;.' 

This distinguishes whether the vector or vectors are being entered, displayed, 
• :.~ •. _:w·.:~:·;;, ·.: '~ ,, __ ,..,·r -; : ... .. ·. ~).)-'.··._,~;q s· ... ~~>f{) ~ ~r;.,;;.':.r~ .. -:f·'~-!'l(.: .:..~<:~";i:::t 

or edited, respectively, or any of several other possibilities. 
.; o:• 

The second parameter of TYPE is the name of the vector, and the third 
=.~.__..,_:: .. ;, ·--;~? ._,, ·.,.,. .:):-f.i·· -~~("1 .. 3::·'.1 .:J;~:·;"r··t~_!·:~.:~~~ .. ~-,..~~ ·'.id ... 

parameter is the name of a second vector, if am>re than one is being referenced. 
,_ .... 1 ~- ,'):","': ~ _} ~ ~,.:: - i.~') ~ :.~ ,·:, ~- ::)'.> : . ..: ":,.J"':f} . ·1: -.. · ; f=:.~J "!" 

The fourth parameter is the number of an element, if the operator is to begin 
!'~')- • ·""'·. .:: • :1!~·. ·?> ...... ·:~:;~·.In'~: ... _~'!,..: cr~'.·.:-, .. : .. :1>:,1:. 

with a specific component of the vector (s). And so on. Only as many parameters 
-. r ~'.-+~.'J ; :~· .. J·, ... ].-:~.,.~,.? -;1 ':c.,·; 

as pertain need be specified, 
.. · . ~'· 

Other operators in the vector package include one that does polynomial 

fits and nultiple linear regressions, one that performs a wide class of vector 
·~·~;: ,-1 , .~'.·! ·o; ;:··· ~t..'~ • Ji;,~.\,.;· '.-)~~~·: ~.·-'r.;:~ ·;:.~~-~>~ 1 !;:(_,':1·':".)~) ., · t·~~h "'l l. '.( 

transformations, one that transfers vector data to and from secondary st~rage, 
•'-, .. ~ 1 [, L · •' S .' ':t\.'· ~ 5 .t (:~;~ ·; ,'~ -~ ;';,' !'<:~, · 

and one that plots functions on a cathode-ray tube. Each of these operators 
\1 i~t::ii2-;". !i,J ··,. q ·~·~ ·:.:~ ~:.;. ;~ . .,.-.;:~.-~.~--.. ~-

has three or DX>re parameters associated with it. tt>re powerful operators for 

general array processins are also available as a standard package. 
"' ' I'•' 

;. ·,'. _;,, 

"• ·,. - .,,,·. 



.,···~~-~!"··.~~~-, ... ~. '~- \\;t~~·;'. 
-~-,,..~,~'~::;~,;-. ~, .· ,;: ,·-
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operator~; in a 1.-0P, wttl\i~M, wtthetat<>exHUtliiHt~ ' H~c•I lxeiute 'i K""OP· fitettt'aft'Y · 

line to any line, any nuai>er of times>•wltlJlt Wlt.Wc·:i:encty-·to 1the"ijy1ewm.asetwien 

exeeu.t:iiea of .aucetsaiv•··opettate>rt• . He eanol\av•-•·ruul1a~o1~J1he t!li~udon''.displayed 

as be>soes alotl8, or ott1y::aeF:speeifled tltia>jl36r 1he'icMWtaiJl'ili*'lresuU9lattt!f-' 

setl\er. ·And· etaUar opt•a ate 0 8irA'll•ttee1e 'tiiofofi'1he •titMpfay ~df !>~th ::igui~e.,, 

·· 1·\lhtch .of tb•e aotloU.,is~erf•SMd'Yrran~ltR?:it'''' ,.1Nhl6d}"·ii8 4t!terllf:ned 

by the settings of an internal bank· of <pttopa std a.ti.N.._,,,,l'fh•·va•r':ean~al~et · 

·c· 

K-cie,.:iNX .auppitessea eMc~.t m4l ao ·on. .:: ' , .. · ,. · · .Jw:;, :>.:.! I~ j ' • 

\ :i:c'Dhe .uaer ~1also -r...-t· • sc:ama Ta.di.118'4,,r~i• .$4M"lfi&. JThi•,:flifofaP 

by an M. 

!t>st 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 comnands 
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in parentheses as he types them, the user indicates to the system that they are 
i:A~r~1 ·11 ~-;'1JDui -.no~) 

to be deferred, not carried out i ... diately •• is custoMry •. A-litor1ererriG 

co ... nd:u~f b'.: 'p!~C'ici ~ii' ~ny i1tie ::bf''a'ck~OP, ;'.JUit ~ai0 t~'i{ ifwirf i·f,i>nal fide 

operatci~:'irrt:li''l>aia1.neterl ~ '"· ~1:1Ja ei~uti~1i1 ·1;V¥de f.!b!J~3 't\,;.i -11jitil1\litt1 cr~t 1 

the del~~r~ ·~~~~d~; ~~~cit: v~e~c~;~·'tii~;l ·~~· i~iLut~'\r:ie b~ii.11 '. ent~~d DJ 

by th~~~~~;;' £~~~, th~: d~~·~J.~ .1 ~ 1.b~~, ,~he)~a~:"'h~;r11n::~t~1 hf;'~1'£ 1 i~~~, t~~u°K~or 
_, --~·!;;~::';::~ ~ ,.\t ,_r:;~k:JJ ... ~ 'l~_.} ~1:)}1isv ~:;:J':):!tq~~'l .&:. njr.s ~"ltt~b!iJ ~--~ a.). 

implicitly. He may choose to do this, for example, when a portion of his role 
-:1s;~-i~: :~ -~-, -~~,-l;~T1.'1 ·:~-~,:-r.!~f'-:.iq -j 9'lt.: ::t'l9:i:1 ~nc.k_Jr;.l~"'i:~~:~ !-1 ~n.ibtltJd n1 

in the man-machine proceaa has beco• auf f iciently routine for him to want the 
:;d ;.,.;J ,-;i ;···i,-, ·;ui ,"·i~w ·" '"· • .: 0,bor11 ~pr:>i'.tuw s <:i:i ba!!tl n•;:; 1.bli- ,o.c;.~~,r ... :.q:.i; 

computer to assume it. 
~~_t>r,, _·.:il ~~r, ~i::f~.. !"~:i.~ _; - u ~·r~l:- · ::;:v~·.~1:..,,· 1 • 2(fUt~:-h ~1.f:·:-~_nOJ..t&!.!1-. ;t,': ,;_.-.·-··..--:.'."?' f-i.f h:5-ii . .::_ ... ,;:,.e 

D4:~8:~r~d:tgo,~~d~;'..&.~v:tJf ~;~f:t~.~•:,ab~J-fJif(Sfft.~/~g }f~ \•:,ct;,,~~~~ e,~~u~~:i.··,. 

duri~1~~'!fi9r~.w~ '~1° t~ .. ~~~~o~!,,g~r,.,,~t~ \fi~n~~c-'1~~'i'i''.)S?F ~~1..,h>~ 

~operatqp •. «s'1ffW~L~,,;~,,P~R~pti&~~oaJ~fl ~ A\l\eJ;e,c;~~r" , ' 

:l>ropez.:~tt1!fdS~~ J~~wcU~"~ ~~l.,'1•.~~"MMWti~l\. L n.M})1~ 

· K•OP may~ibe.;•balleht:Gi.Ae aop,....._..,_.J:~ au c;noi.tqr: :~"en ·1i} -.o,,,. 

3. (" ··iHtti/idr·~dittirtir tontrdl ,afif\1¥,~lfiW;;·,i \ r 

4~' _ 'Int'tb'&tut'e1 eid"'it~tort'~"iif&~ttc svUt.itii~:;J ;;, ;'"" ''-.·, 

··'.fnl ·1·.J.l ~~,: -,,~,qa:·,·_1 .. ar·~.:· ~~:· t.: ; d~ :· ·2-:;L \:l~ucl·l£V ~i.o r~-~~.t:L:;ti"JSJi~J: ·~= i'h 
1 '·::::-;~.e-...:4..x;~~ 

for later reference, or it can bring in a previou.ely saved K·OP to 8upple11ent 

or replace the present one. Like all of the operaton, this one can be executed 
\~ .: .. ·i .:-:. ; ~,J:.:;:~ ::.:: ... ·· -, •. ,_ ' t. __ =.,·v.r .. 1:;...'.·;.:-L e~~~J n > yllh!&.q ,_ b~\,,-sie ~·~ ~ .:·tf.'.o.r1u 1.; 

either by the user from his console, ~r ,~~.~~na."~~·1 ,~~~;~~~~~;.~~ i~' K"'.~~· 1 ,,~~ :~he1 
latter case, the operator is executed without interrupting the run. 
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; .i ,,. 

ConcludiDJ Remarks 
i)':l:•·i;_;,.)i) ·.;•j ... 

profound intellectual problems that Dlat be reaolved if aiDllation on a co~uter 
~·. _,.y ·'1 ~·;_,'.;· ~- ·-" · .. ' ·· · ;.·:..-~'"' :,·:r~.~ :--;;i:· ·;:··!c:_.· ~;~·:·.~ ~a=..;~rr ~-:t.fut.H!f.;J ~.'~.~ .- .... o 1 --:r S.i.: ~~·1 ·i ~ :· 

is to mature into a reapected vehicle for acientific reaearch. 

In building a siDllation, there are typically a number of different 

approaches that can lead to a working model. An econoay, for exa~le, can be 
., L {~:,':UCGi~ u:i ,.I'.:."~l}~:.}:' 

D1>deled in terms of relationships among macroeconomic variables, such as income, 

-; 

aavi0s,· and •p~1~'; c,~· H ~~~ "'b~)j.;~~l.~ rn t~~)tt ~hi." ~fope~tl;~,,~li.IJio­
econc>inie: aec:ia'i6'ft".;•itl.~'1 unit:~, 's.iC:'h~"~I-' ~u~~f.J. ;>'flrii /'iU fi\fus..:rt~~ 1~ • 9ii1~U: : c [; 

tio"'ldi'•~can "'t• '"cia •1'a.,.,.,oi'~~··J.jqdllt1\llY'/-Itajd!~t)1iiatti~ea; \tt111 1 1 ·~,: 

<.:ati9tittieal. corHai>oml¥M-.~ntn.tfl'l~liilfintllfliWt •Y:-~i6iyafiitt WtpMA1>ltiifi~~1:_.,,,,, ·; 

These different optiona •• .. ~,.-.a,,.-41M:~tto• e.t&liy;~ithie~u:1 <1, '-)l 

almost inverse form. Like a diffusion pf~1'C\f' :~f8DM1>~:JR tl!P.ti!MmlUY'.:have 

stochastic flow in a det~,1~~i¥Jll-; J°Wi-'l).f.Jterlt.ff1i!t\Wf~Jh.Pf~"ss~ .it 

may have deterministic?.H~Y-~?··a .f~P..~8ft\-i~~"''·~'°JfB"M~ ~~!t't~+.PfnYf ~;, 

television audience may be phraaed as a aet of individual viewers, with different 
,>,TH,-~f.~~y···(J ~'~!~!r:~ ::~~:i;;·\a§l. ~)~) 1:~ ~'!~1~ .. C 

view~~~ ~har~c.~~~~s:~,~~s.';, r~~,~.n~{i~ t~ ~,.~r~~~e~:~~ri~~~t.:i~r~.~·t ~:, tb~: J: ~ "l' 
expressed as an interaction of variously descr_ibed progr .... co9'>eting for their 

··:~_·,~·)\ .·:~.--, _, ";.,·--:...:; r ;: , .. ·".-~:·~t~ ni..-.,: . . }! :ro :-:.:;.1")'1.~:~·)i :~.:J 

share of a potential audience. The form aelected will depend partly on the 
:.~:,.,,.' ,_1 ~.,~;'._; ,-_J,c ·.J~ :'1 ·t _.,:,) J ~:J ··?A.;,J ~-:.;-Jl{~ j11·~ 1 i~~_.ll·~:.; ·.:!'1J :·.;.: ~- .J<• 

purpose to be served, partly on the data available, and not inaignificantly on 

.• ·-,_.., 
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A aiaulation •Y be built from the outside in, •• in the erect~,~-•; 
++ _____ ...;;:_· "~--

mdern ·~~~sr,•pei;A: _or,,f~~t7~~~~1~ ~Pt,M•r~~l, ~~1~,,, ;"'AA-. the 

fo~~~~~~of_~~~i*J.A "o~-~~rff4i:J>q>.~t'"~1mm~~·1"'9•!f~J\~~,o£:'.·; 

ft,~~d.DI. tq' ;·~~J·t~qn,~,. .i.rt,nt1 • ~~M~ ••lfl'f~ ~~ r.-.ql\f4J..:h•ve. 

~~~r.;·~~ 1tod .,t~;r; .. ~ .. l,.ft!tlJ~,~~osar:. o~," ~lae;, '-~,.,._.~, He~l\, ~1 ll!ff~~, i:a~ < · 

' :-) ·/.f -· 

... 'l'b"f,~ .. ~r~ ~• ; f~ ,9~ . tqe ; ~~i;e~4~.\r: iffa,H ~t.-J f r•.r "lliN:: 4.Qt.9 aUJ'P~ ,,, · ·· 

focua •• t;t,,~ -~-~'+~~ n~•i."' tC?nM~~J'. .: ~IMi rt1Mi~~ fJllCNI '-•'. Jl ~ i!Ki.Mff vr/ • 

They would'~~--!~-,lle~~; ~P.~4~i~~Jl,41:,~ot>4jJM9~P.IJ •d•111>¥4.ldi11&;' bllt:l·.:- ·. 

do nor~. ~i~~ ,~• j~~l,l _•.-:~Af~f.~~i~-., .. tf!M~wiM~1ttf·1Sllt-·ftlb~•* focr,•09··-&We to 

co•. w,,_,? miM~ to ~ria.t;i4Mrilonad,d-..V9l'p &Dd!;lbe, aitisill .. ue. r . . · 

certa~ !~~"-. ~~~ •:.M9r~•vMW WM;-,•r•f;CCIOPM•11ivaly'.aild' tn81lh~fu1ly' 

~ .R~~,-~~~~4~t: ;;::,9',N11a1na1esiadn0t 1•ina:1to, aupplant 0
'. ,, ~ .. 

r~-~~~~~y,,1 ~ i.t.>~ -"'••jtQ :.-. a -~ie.4~~~;in·rche~j£on,,thtaJ -· ·. 

activity take•. 

' ~ (. fl i:l - . 

: \ j.. ')': 

.• , ·,< .. 

•-' ~ ' ' ' 
"':; .I; · ,-,: l. Uii'.: 

:J ( ·, .•• ,.- .:-. 

'l .• ' - ... ' 

,: '.). 
;_; _' j ·- . : .' _,; ~ 

-:<' 
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on-line systems, -and ~e are l:itdabtM· t'd ·thetr '.ttifhmofi''f<n1 t.Nn '-.wM ftttpf'ra- "··· 

ti.on)k 3 • 7 ~ 1o,l4 J lllo1c -of tbese•91stiears have~"6-H'ldfHH·-fdt' ••cfftti ,··,_ 

class1 of use, :whether it- :be etaftlMlllt':J:nS;iCfesilff~;,'f'l:'..,'7~0ftl;-' 11ii~etnlt ft:11l 

problem ,solving, '.or art1ay p~essi;'ng. OPS•,21• 'byn.1<Wltl!"ttstf, ~lvea' 1~· :&ar~" 

as it is applied, and it can remold itself during execution. 

The initial version of the OPS system, referred to as OPS-I, was programmed 

during the Spring of 1963 in an experimental project of an M.t.T. seminar.[ 61 

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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