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Introduction 

I -.hi.11'1>-.111 by' dffiing ,~ bo\lnct~•-• .... -.,iiau1J~ ::$UU1-.:uur--'" ,;h; 

broadly i'irttit'pfit-4/ i'.• deJ:"'Mtaftifa.'" t;~~-na,,'l~ ::ritlNd~J i.r,, '"' 

theorlibik. / : A:kif'·th.t;rtstiigV 1{b n, ~.,,.. 00~111,0 _bJ.. .);) -~a: ;he~= of1m£c 

all sc!inC"e.:. ,·\'hue··~ 'tli• .. ut11~tl'Of ~s:aat..-. aAlti-~191J¥iblli&tl.J '", 7,: :.·1qx:..1 l-) 

It help• to precede the word •i•d•tioa 'tiy 1'4:0lliiaut6111J' IJJ a,,th4J• . ....,.4RI.CJ ~~ 1 

thi•' ·-,citfted-'. ~tt-t:bn ·-ei. :.ctc:M111:t.-n· of '.Nf ••.,~•, ~• .t t ~dia .. 

tha"'t th~ r~ec,W·;tal fb111Md td <be- __..._. w,-. ... p .. 1-~.: 4'ha· mciUl.ee9&)' 

not ~''t<>' lht: ltO Mlt~.W :hfl:1'119<:f\RJUtw/,h2wai.,..,1_..,.._,·:cC1111pUt:e' 1 & ~ 

tial become• better utiliaed. You miahC'-MiY '-'CWao.i·t~:-.. !On•;bf; ni...,at• bi· :~.•i 

M. I. T :·• t; ·Prbject· MAC·/C~;~ -,al\ of· -- _,_ \la.ls a -• .,d•n~•L~o- •11:lffa 

&nardiatt iW-'rivertf:f Ve* i p~ffl.y ... ~~a;; ;ate,,,-.:. 11 , do 

besil'l'frilni~tO" fitMf .. ~~~- .-.- , ... ..,w •Mi• Clf11the lpluo"lllill&~~ lo 

matW..tiles. foit 'tll!My -,-irpoa•.r a M .. :t11pHc•~ •idO..,.etwr aaidel,rcan •lie ;ill\fer

red 1cti:rectly, sbdplly lfy <eNc~ ~ iaid•)zillM .·lUNr-dlele .fmt ilhtloh it ;wu: : · ,< ·: ~;., 

--A~~,..,..i,1,, ..... ...,.,.1 :MD .,.iMt 'INhftrtor·wmp.at.aoenc«' taw8l-i( , r 

ligent' hwu1v« Clf:vk:, F•il\ ·111aiW 'add ..... i Ji .•• w:u, _, :-,tli. ~...,U-.nca.,, · ~'ltSlf r : 

~ ,.. .. l 

':laRforlllt:iftO,tdicMH JIN\fl'allilled -:on -a ~--~ •ril, 'f,111(-,,w; ~ ,_ ... ' ,, ,_ d 

analogous to the thought pattern• evidenced by huaan aubjecta on theil:Lliro&oc:bU. t 

Ih_,. •.t:Mit•-i.a11e.,..cadtna,,0o +~aa,.Qle,i·,~ a 'P~•l>~---cal.1 · (;<'-:11s"~ 

time-shared, nulti-user computer operation. The point of thia ainaslation ie.. to . ,, , 
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gain underataacUalg af tba;-,p••tLt>ll,#r\4,, fM\d ~:~r~~l~:, aiJo,~-~~8; Fi,~ 

granbsi to uaers ~fi.-e:i~y,-,,;, ~l\i~rfi'.11&,c•fhe ~~°!:~, tw)..P_~ :fJ~Fr~ :M1,f \ .h:,',; 

samei end" -hut:, sil'll.llat!Lcm .. ~tit a 111pp~ft~~, ~pp~l-~.<:~~.~.Plll'J.~te. :~~~~. 
· ', 'sJ C. • -

Ao ·m.mtlar. exupl-e .iA ,ailal.l•M>n. ~" ·A, job -~'>R ,ttf.h1S~ .J".C_~, J\ef,~_iiP¥:i 

In ~s• ld..nd.- c>ik:·stu,,d,i•,,11n.,11'&i.t,;.::®B!el'~·~Ml4tfJ~\~ :IAe~~Y,,SP :~dr-.en J 

i-n~. ,J;n:&t)la,fwrur•~t:q~.aiiay,ev~ b,ie.1:>lendwl-~~~ cmeWy,nt.j.~f.r .: ,,: 

;.pcn,>Qur .purpoH&, iWinpl&t,to.n, i& .& -v- af) l.dliD8 ~chiipu~•~-:~o ~PJi!C4l, ··~. ·· 

reasonable likeness of the bel\6'1~ .Qf'.-1" ~- ~i•~•~ ;~ ,.~p~, .. JilL. 

'attained from :a:·acaJ.~:--~~miRi,~ ~~~~ ... \~~ ~::,tj~}lrn~ 

of •. -~C ,aat.;l .: , ;Tlw, mck,l 1:ia,dt4&eli ,'#1 ;;t-~~~:;P~~-A~ VA&;, :~.i. ,13 r; 

computer roodels are,~al:ily,~114-d.;,m'.awt,·,hft ~4.»e~• S~,~ , .. ; 

label ,1m2m ''g:ar.ru.lous'' ,,'.d.n 1WfttrM•t ,no the r-1ly. ~1111 ~~ q_,t1 t.HW~

ni~n .menhanic.s.• • ,T!Jeti.RU"U2ate IIIQ4e.le: .. of -o~ic,,,c._.~~Ja{~ •4lrlt0 :a,ar.ru.lout •·tc .-:.l · 

by Simoa!s ;di:stJ.nc,,tJ..oa) ~?1, "Tae c-La••t.fd.p.,UQn ,1is .l:Mt1~ti -~ At:qoa,at<HY,.,• J\ltt 

How wall ,this objecC'.iva lU; ;-.et, is ptet:f:ce ia:oae af,;CheJ:il~·wtlf:ch~ll,!conee1m 

us. '): ' j ·. ·. 
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i\,j' ~-·•:igifci~.: si'f tirta 'aUttW 'on·-: t~i"ietMdcrioiiia-!1dltaU•W166;" t ~a HtU1't pre•ent 

io~"~riclentiit:1

: :~/'ii~lo'1°cl1a'1tl'1idia1atiiiqaili ,i!ili ,tiri11 tcPi8.tilcly11Bf! 

J £ t6i j co~luM~_Jieif~or'~l U,i ii.ti~~h1 le()~~ itt,1eay~Or8&it1[ ?] 'n-~uilidft0 caff.1 

in c~~~fii1;-;ad••':6~kill:)ylif~ tar an· ij,J~ell~t'IWblj1ii ti• k!iff"·i 1 »e11Kaf+itd!', 

1/'hav~ 
1hN~ ~·18~.a1~i&.a!atiy1{6 @ii.ii ""'11MVt.litfill if1tlii1ftttirfflilfta 1 t'l• 

(atihoJ1fl)J'{;adiif;ta"i•~1ij'1M.,~~-0
~-·

1ylatl11fliitllPct.Wj~ )trat.~~-~tli\Bi 

do .. not qualify ..... •ji.'6fiit eiifUtii!abclt?itlW...d.aii'ltf&lt"'Y1hit.llfUd•~.h 

ha;a ~ib l~~if&,tli l iiat1-'tl~t~i9 ~iiia Jl!8ff ileit1ia·J -~t!f} t 5 &elfilv,ai •peak 

'i11·~~ii~6-~"'~~~-,)l6/a,ipol~fi~iut1i~a.7UWila itiliiaW8ief fft•9 ttid~hd 

'.: ., ·wii'tb"' t&r i~t:.;,Hl:,iUl'.1 paiio,Jt~ i1~i 1llil:,Ml,/1fii:lln!.ittfuiirl!talf.iwfti'.ch 

;, ,_iHt :&il~0 
.. ~'li~ltai 6~~ bf~fGe1&itaoi8fiailit ;itnli;0Tn ·ilil~lsbdJn;urPlit•2" f 

colle~~i~i\~'iiii l~j aiFixl~ii¾it~h.;IIVl&i fnf•el 1Jl/rWir!tii.af!{to.t(Mf ~ i1£t"1114i imany 

a:;: 2!71•.ii, ~J;;io · ·~n::>Irttr1-!,:i .. :; t ~J/:'i :·1 ,::~; :·, ½/1'.J:tJSi; ·to .,.110.!JS:l0! ~ -~~;c:,;nu~·: r•,,•:: i:,·:j:;;:l..i,1. }· 

Hea519 a Hou••; A C9•• Study in D&ta Collection · 

,l•'d .o~~~•-:~;~r~-~ttJ~:~•,!~O ,,~r-~!!. ~oox19e'1~~~~!~~ ! :J~r;ji,~t~~ ~Jd, 
t~~~,-,~~~i ,,}~;.ro~,~.r~Htf0 P ~ ,u,~1,u~~\i ~,,~nol~rJ::r 1~~l1)~~~;tc~~~~i8 ~tc btii, 

wa~rl~~:.~'l~~0 ~!1 :,¼~ r~h,_ir~~~e~~•~~o,1v~~~~~~~j '.!t~b~~~ ~~•~tu1~,n'i8 ,fl'!8J dr, 

* ,~~~r,t~~~bi~~t~:t~~;:~ht,h~~~~l~~lf1~•n, ~i~~o~~:o'.Il t~~r,~•t~;i~\c~1~'!~,~ 
cont is ts of ~~,,~~ .,~~~'1~r~ '19 y,nt,b ~~~~ fi ~~u~~J &;~sn+lr:.·~~e'!'l ~~i1~t:.i~·l 1~'1~:;J ~~~ 

L~~~~~ t!~~~,~t~~ ~~~"w~~~~,r~~n~!~~/a~,~~t~~~~-b ~'T;~l~~~•:x~1\8e1i0 1lt;~r~~11 by its 

.. ·J ·.:. 1 \..-("!t si>: ~-- ··.,J.~t.::!)S~;ll':i>, ,,.,,.: .. i'· ··-r,) ·~J-~,;~ .:.3\-'0_;_ 2.bn!Jq!>b 't .. )!-:qt:: . .1:,1 :J ':!Go f.;,[; 

Al a matter of inforMtion, I believe that Boaton gaa rates are &IIDng the 
highut in the world. In 19~JcJ~,'Hbt QiN.pc\UlluJlfltAf: NIJf'r.>s,QI 41H .~J~iU>:l 
in Boaton, $47.67 in New York City, and $21.23 in PitUburgh. 
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j .d ,, ... ', JN,:i.91 C>~,r fir,,~ 1 wH1;1foifJ;;;~:0;gH~,1-;,l,•l~JY,.~nbgJ1fI:, t~u?½Y.~ft. '!"t,:§tention 

frpm_. ~9!28f0 W+0 f'Jlff ~il!e~ !B~sP~iHl.tf,R1fhR1 hgff:;;0[of!~ w:rt ~~ .e!½~vi~~: 

the,_ c;o,;; '. ~u,r~n,;, l. ~~ff~:,,~0 v5S1,~!'~E 4'Ai~i .J1,J!f!Miiift In! ¥gnJg~~ f0 ~:F, ,l :ffit/~'':11 t 

0 {t~ijJ..s~~n9~rfaJHR111 w,-, {qr~ld~f~ St:~,~!• rn~ Tg! ffffx •ffi~!!r1 ~· fg~•t1!j,~~~, 
::.r.: !ljrif',~~-uUH£t1f~~i!I f!R~~J ~M1lnfiff if~~! ~ffv.ff ~ fuff½1i<Ji~gy,:r~f ~Z~,~cf;¾,lAI 

,e,;,,4!:~9is? ¥~te ,t,~ftb t~e RHt½fJilhJ~"'S~,\'0 ,etB!t'Y'1A?f s"8~JUff~,J0 r k~~r. ,f~?: • 

➔ ;,;,,~~~~UHn,;,,,1 1'?w l!~ JPRft!.!b!f.,!1!~'!5d88feUJH1~ iift&ita e,, S!ti '-.1 L ,, 

f,3,;':. 1.e; !ft(!f~ey th, J'8& t,t! rff,sftY 'P!f t •5:tf•:!n~!~Ara~t!YY ~~gg~ • <1>J~~.} f~,k 
ha~,·; \lt;~e ,_,, ~~ , !,t S811!l !8t f ff' JXf !911i EJfe nM'tff .. Jn•tt:!fiqi~!!h.l !~et:~ ~gr~ :gr¼,Pe~~-~~s 
for producing, distributina and controlling· beat, ~ manipu~~~½~j~~11~n,5,1;u~et 

d:,Y~P~~\"·r~~~}'t~e:1lt~~1t';gw~!fdm! E~ftgaoft~f!~ol¥a!m!fftil r:~~,t~~.t v~f!',~, ~ir 

.! reg!!~,r~~ 1en'&bd~'""· .rth•s,H,i, tt~,i~lB!cJ!II'~~~- t~! :ei~~~~0 ~i:~"!1+~
r:Mi1~:l~~ th~r-~r-•"~~,tftf ,'.f3'.'¼ ... , &s•'=~H-xlr~a t~, ~~~~~ef~!~f 1 O~• 

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

:~i;.:,:':.t-'.;~ilt1:J ti.j~.(l ti.i v;~u:.L~.: 980:) A :~iuo;1 -~:. 5_;;,'L{1E~H 
< --.~• •----L-~,<~--•-----.. •---~ .... --•-•••< ----·~-----~-a means for adjusting the target variables. 

:;~~ st'~l~t~ :~hi~ ~;:te.;.;u.; .::~f ;s;J1d~1
;
1wh{~h ai::ta6t:~-d~~er~~ l~f ~~sion, 

and -~~ ·r:;;; t )J~i~;mi~~ • riliiionihip; ~l:ii LJf r~k i.rtl'li'J~aiti~1t'i:'0
\,~ l ob~{~ii: . ~ih ~ 

"f 1 , -( " 1. ~ • • r :4 \. t , 

abf e to 2in~1uJ~''"is ~'.~tdoJr t~ii,~iii~i~:•; ~t~~.i,~ 9 ki~,r~ithA1~~~iyc ilf:~t~ 0 thi;., ., 
-;;: 

h~~:t, 'itJ~s,;: ltJ{.t~J fro1:1
1f'fiixfu>J~~:m inf; iti!\ii~li~~n ofrlfhf1iJa:r-6~fidiiig1 tridi, 

sciii~ci~~;r 'ti~~~,t~-r~"fif;~'n ,.~.~u~ 0~alr~,f'idol'1d~la~fJl~oifin~e: 1
'J ,'j~ '~-. ;:: 

e~i \ .J ltid~'i\'(d'ta";1~~~· f~~ 1tt::: da{fy):~:;}~o~~i1J:i:we~gg bf:{1;ib·c~~J ~,~i~st 

the mean outdoor temperature on the correaponding day. 
f j &.; tH.x1r19d j -· ,~{ :roJ ~ ~·rwo 

As would be expected, 

the gas consumption depends inversely on mean te111>erature. The lower th~ 
-;<:! ;£ .. :(ir:s ~>1.b E<}~;~-1. ·'"Cg no:1co.-? ~j?.d_; s,\'Sil~d 1 ,noiJ.tWD"!o~i/1.l 1-n {9JJ.~;d·_~t;; ~~:. 

~-at~-~~ ~re1,,. ~aiiitJ}'0 tkitt dolfv~l.:,JeJ nr ;JJrn,,, t11L1 ;,.i: n<,r;,~;-1 
.H,::·:t;tit~j=tl·: <1{ ;:-,~t~:; .tn.F. \;- J:) :.'i'loY ws~➔: ;;;_ ~d.\-µ? ~r:'.J.;:~r:1 8 ::1 
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On fir1t 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 11 not a bu fit u reare11ioa linea 10. It yield•• 
' 

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

Mtion, we can do better. 

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

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

turning the settina• of the c-, therao1tat1 down 10° 1fhn we left in tf'• 111>rning. 

The 1etting1 aut01111tically reverted to ~raal for our return in the eJ.nWj. 

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

day■, when a lady c ... to clean, I kept the turanta~• a!,~~··••• •~iN• 
,, ' 

throughout the day. Let ua call tbil potioy I. tn ~ 'POlici••, I tpvered the 
"' -~ ,II <> 

setting• overniaht. 
i 

If we now 111i,arate the point, pf Pia~ie 1 into•thoae aa,ociated ~th policy A 

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

ing points, we obtain.-.urpri■Jn,&ly cloae fit.I to each of two 1111>oth c~rve•. In 

Figure 2, only the ihree hollow poiat1 are 1ub1tantially off the curv~. All three 
~ l 

of these points lie ..,.;ve the curve, and all thr" of th• correapond ft0 'Nesdays. 
; 

The poin;a/of Pipre 3 1bov a littie •r• variation. The three hollow 
• .,.'.j . ...... ........... -..ti_ ' 

pOinn--fantng- ••nutl'I tliw eurve· •U corrw1poacl-eo •••-•1•, a111d -twa of the•• 
~\ ~} _,_.,. . Of'~ O()S. 

three Wedne1day• happen to be the day after two of the three Tueadaya cited above. 

thi · toi-~ t,~!.,i''•••l'ller'c6~miptlo~~l.,~~~i~t;")t~ijf~-!~~~ect •ter 

readings on the corre1ponc:ling two Tuuday niahta. 
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. . 

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 1uperiq,c,1e the curve, of Pipre1 2 and 3 on each other, a, in Pi1ure 4, 

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

o o d o end• (20 and 45 ), and they depart fro• each other at the middle (30 ! to 35 ). 

Thi• i• not the appropriate place to •peculate on tM phy1ical rea1ou, for thi1 
l 

behavior, but we can note the ecoaollic i-.alicatiou, •• 11 van iJ' Pijir•· 5/' The 

1reate1t potential 1avina obuined fro• uainc policy A rathir han Polley I 

occur, in the middle rana• of t ... erature, •• tbu ••vtna ecru••• •~••d:Uy 
fl ; ·-

•• either of the extr- t-.uature raaau 1• approao..,..-. At taiper•furi1 below 
o o I i 

1.5 and above SO, we •aht conclude that ltoth polict,- coat about th•i•••· 
-· , 

fl 

. ,,: . t··- .. ~ 
.,.,_ ;c,.,.. .,,~ _,. 



- 8 -

40 ccf 

35 

30 

25 

20 

'-----+-----1----+-----+------+-----+----- OF 
25° 

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 tu~~· ~ut to have so~~actical utility. 

doing its importance,/'tl~d without stretching t~analogy with a 
\ 

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

' 
simul~tion study 

i ; 
exampl:e. 

In the fir,t place, a careful analysis of avai~ble data can assi:st us in 

choosing varif 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.(l"ested 
; \ I 

,until the,'loodel exhibited the property of opposite concavit\es. Conv.sely, 
' . j 

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

0 look fc,f 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 simlators accept it implicit1;y. What 

it )neans is that the simulator benefits from frequent and easy travel between 

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

ac_complished. Too often data analysis and model development occur in l9eparate, 

prolonged efforts, one after the other. Only when the model is compl~e', if then, 
f 
I does the simulator have the interest or resources to return to the da~ for 
~ 

~' verification •... B,y .;then i.~ ,b.e too .. lata. . . Xh&..taa.al. compl.llxit~..o.f_ .. thte model may 
I , 

make setious validation impt•ctical. 

The potnt t~ wo~t~ pursui~c:: ~i,t f~~th!~i~J "'i~Ja~}Pffb ":!:~: rt~1r called 

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 
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iii ~-conat:ructed o..J•r a f,ericiclJa1"ntfM in an l-deNlil1llltal· ftftwith 'liew :QSCttelllid:ta 

arid''old t~cf ... tl tdrat:iia ·ancl"•iilfl.na fr6iifJ9'HMU•t••-lr .. nlNIIMttone;..of .... '.'. 

patti.Al iaodel '1iftK t:h• claca. ·'l'hb 'atpfloieh e•n.::prff\lce"II ijOAlillUOff •••••• ,of ~ .. , 

frHh tn,!iht'I · and ;catt ·take· ftitl· ·ad♦Ailt .. e of 'ftft"'4at•-<i .. mtl'-llleoMI a1'tUabl•~ 411a, -

' the incr ... ntal ;_ apptoaclt facflitit••· clUicftlill 't••hfllHei;;' a1:1v.>l!aav• notU:, 

and it allowa, fhe ,tiiiutatbr to butH,:'fdj:,,unclmtilMi ... •of~tletlDH•l ta,oat1pre• · · 

henaible 1egMtit1/'11 ·h• bUilcltJth•· --•1• .. ttedf'~ ➔ n~..-..... , ... ,ut 11anaNlliry ' 

arbitrarui••-:, and ptnpotilt1{''iifitlii\cl-.:&oth ia tl\W·..Wd•Wutn- tt\e' 4ata·.··-

Thi} awiftnei• &f''ln!otilation dafici~t.-, 11DftfUidtttt,,•~~ .... 'of:wfttlk· parta•J 

'of lha 1110tlei ar1 ·110at'ctid.cal· or'jttuitlYe, ·ed2ptovJ.t4t1•dUMl•g41•••-•••o-
' 

data co1lecdoa''! effc>rt•. .. 1 · ,',JP r • ., ,£ 

>'l.'h• ·p'lctur1-· 1that1 iugutt'ibel·f i•·a -~ u,_,, • ...,._.:,of ••••r.i,:· .,• 

phaa·••= - ·data coife~tion:, dltc''tna1,a1-.-,jiDhFf"c,t-,111t1.~n,tott•11a1111; ·i•tf."lf · 

adju1ting, and running. Th• phase■ •r• not placed atlftaU,-.· t~,-tt .. , oil•:•:t•tlfll · 

after 'the ~rec~ttig Ol'Nr haa:l)een' COllllJl'etW,,iWt ·.+. ~-cHtil\uewl:,·:ttheraed 

in a gradual' convettimc..,,tt, tire 'fi.-n•l ailllll•ttn. . Ae~-tyf· &' "fUa•l •11d&lat1odt , 

need 'rib longer bill· the pd"IIH'y motive cathce r..-l"eh('ilti~,, now- aM- bei••.P•.!~t '. 

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

lde.tly~:,thti"rt1111lffldrt i.'8' tiftft ·11oft' eowpl.ic•t-.lF daMI lfft-.ar, for tM1 

ends it is tb·:aerv.. Ix~-· tfo.Wptifil;ty•·t• 11fM:1:.t:w~}dl&t ·n eMf-'.' k 1M'wit\ 

the ncdel ta- dutgnect~in one' coritiffllOba·, det¥t'W.11Mf; 1M._.,.t·1u"'ltieit-toitta1~ .tfet-t. 

Overfitttng "to the· ct.ta:'la'·•til'-1 a pootM.ti"lfl'tRl.1', Mi't' thW!i-.,.r" aiSM -a~e uv, 

1110te- readily dhtingu-inwd. 



,c,,,:,C>7"',••C ''''C·'·"·""'"'"'~•-''" •-.. •••··,, .,,..,,.,,.-~,,·.e,-r.c,,,,_~~ .'$@,!!lll,?""·""~~~',c;,'-"':~~.~ \'4-~a:i\•lf!!l!'li@J'!i~l!!J!\,~: ..... ~~~~i~,"{'-ft~'C~f'"i>~«'.· .,~,"~• 

' . 

c. J'mhe•~tiMPtati,oM :to~•• cntJAMR~i1;Y, ~ \.,/iC)l'l'otlt1~\'f\8 \\~"i t\;~ .v,~r-l •:~~,a\ i 

and BVet:; :uadeta tMlnulUr•»e 'J'Tb•J ~•.-.M:.iir~1 ~h\t: 'fftflKi ~fv' ~Mm;~, 'iq~\fi';,f :~ ¼j~'f/fi e 

whicb •L•E•ie11retlc1tio 1•••lii1r., ::o, lfnj,,s,,tc;? ~~18\~q~o e'!!trli~IJlb 1\.¥Ju~ J~e rlf;;,,,t~\~~£q 

happa1ki1'.1 lb• IM1 .:.a:wsttmavhl!s.-,:>ff~iH ,~t:,Uf~P!!B:asiilJPHS~rk.1,i;,8 i~~,1i~c rta,:- \:. 

effects are easy to ~,,,.,.1ru,6li~rl~i!tj,q~t&! ROnt•~Hi'l!l6air?\\~':\'t,,\n~r{1,g~~g~ 

is \lOl: a,,ch•l Jieoae, ~av,ia~M&YAtr iRM:.,lf ft P2lH',1H:l5! ft91c! ,~1112!: igl5!\l ~ h~¥ever 

fine~· :,~-.pedict1lkv ,c3JJe1tnt1.rJM,9~ ~R11effNC!!!c!'l)b r98;itMlha~,1!q -i!' 11°:; ~e~,:.& 

th• j fonula,ti.o•t~UJ1,n..,591u,tPffe !l!~~i!M's&HPi~!t!,t.tBI iRear~ll!PJr~g.; ,o '.;,} dl.t!:'Jfi 

O{l; •"110~•t tlJ9uaJJif\lilnMAH:, t\t ;,.Jofflfffr1-&if~1fflPlWE{;-1Y~1SH;1c~iR-8f, ~ft:.t iJ'H 

uar•¥4led ,o0s1:1u§~fsNMJTSl~i!rl.•fl'B-c."}'•lU,ffM,f,.1;;A1'-,,4.Jl.~!MY,~ WJ'i8/ff1,rJns~r 

the appUe,i,&:j,f&l,~olJ eA.11N#tA.el'r~SJ9Hn~J.f .1J6ffCf6hJa!ff.1¥!1Ja8fCR!f ~R5f?bJ.~ fl} 
~!• practical context, as well, when the result• of siaulati~~n,;&P:r~.f(\'\~Jdt:.:isi, 

,;routin,iy.41 te~: B91PPN$r;.~l\fN,• .U.dd:Hf' 1;,J, 9# JfA,fj.~ ifA:RPih1:'91,:r d8rifou 

~•l•- ►e~~,~~ri~,qnjd.tl..~UP&nfM8!~•~J..!,f 1Wl\.M !WHl ¥91PM~:, te.: ;~atpmJriq 

.. · '.·'. 1 l'k.if; bfj.N,a,,.UP ,t9·:J &i'MHJ 4)f.Vi~llbJ.H>~tr.iHCaM"C\iY6~J.ft:.l'WifCrftP ·;::~ :s ts 

Pod.o.h"' a.}l1v.i§..t'Jlt" Siitnt"'t-'~Ash~~1,1,l,p,;;,i~-11.ftff~Jl!l ~ btfJIYWfh,l~J.:,nFJM-e:i-6 :.. IL:: 

of;..-,eevra~Jp,;s . >M., ~,, Wf!i;,4#.i:.PJ:ll&t"rlltf.f.1 ~~~Df',JP9q f.W&Jiw~;e~~o~~;: 

auch more than a service function in behavioral aimlationa • 

._.,il\~.•lile-!.rHt9.M -~ c~,t ;~$~ :Nll\~~j.~Jw.!~H~.iB'n,l\~pg,~ the. 

c-...nU<>Nl !'~Y;.f"~;i;.~&..M1=i~ Mt~p~pj,._EI.J,_Nf ~ch;flv,f; tef> Jl c,,u,ec 

.tffli#l~~~,flM';~~l-H" PtNW~N9-0fNoH~~ n1~,~;, t.fJ! ~v-,,f;:t 

i(H'ielstii#ilt..J.ft•, ~,si~;:fiJ'H haJW:1~~~6'f I~ f&Naa,~.i~~J.Jt~~r JJ; .} )::IV() 

familiarity with the phenomena vital to a succe1aful •i~~,t 1 ~1-Wt.}-~}ih,~jl:, ~om 

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

whether they are recognized or overlooked. 

f 



- 15 -

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

'1Il8. of the val~;s ':of the beha~io;~('!~i~;tt~f :
1:mt~~a~~- ~hi~fl; ltey~/~~i deeper 

J~:: , ... , - ._ .-. ;''.::. ·.:::,:: ~:,d} ·· L .. J. 1~; .J .i ·:,d ~ t ~neJ(!Vt ·r~1 ~ ·:·1r~ ·,~, c-:,g1E>I ...... ;.;~:.~;;i-~\-t , Jt.t: 
understanding of the pbeno•na being·· 1tudied. Progra-rs and mathematicians 
.-d.:.i..t·-1·-::: ·,~ ~_.,::·:nh1'_,_ ::; ,>-~F~ ·:: .•. tJq3:.t:ci~.J[!~ sb_t::..;' 1r,vc· :>:,Jt1 JJ.1J '"r: ::.:r~\-~~_-. 
have a different set of values. They characteriltically reli1h queationa of 

.. ,,n.;.: ,,, ·'. T•i';.' i,::;fl.i;,.;,:>, ,:):, ~,.~,· ,:.i: :r;:;.:1-cy, .. ,::.'.' •;;) ,c.r:, i. .. ·· · 1 

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

~~n•.; Of courae, be~~;to;r;l sci'~~~·i~t~ '~r~ ~t ''f~~nf:;·!.~~~/~~~~~nrjat 
t; ::::-1 ~ -~,·; ·.1 ·~·f,·,..·., 1 ', \ ~ :~f.it•\.fC' ·~._)} 1i.l'.iw (19·Jc:..r. :;c·,;aa n;;J.{~iL)j !jfrr. ,i ~;.:n 

such -,manta, too, but ordinarily their work ia then just beginning. 
;1.:. ..··;.-~-3~ .1.:-;J.::::<;\:.n.: \_!.:,~,--" ~,r~~-- 1'~~-tl s. -'?1.F ~1..:..•J1__;.qm,•,4 2,~_;_!) . ..-.,.·~---~:~~i--~ 

By the way, who el1e, including the mat clever atatiatician or cryptog-
>~•J-.:. ~·?:' -~·-~·~ !GS~;_;:~ ,.,~-----:r(·' ~){, i· i ·i 0 ,} ;;~ "i_') J'."!9)1_(}(: ~"-l'V9b Si1j ~i.J ."::;i:,tr ·: ~ '- _;J9 ... ~ ·Jz;r' 

rapher, could have resolved .the data of Pipare f into figures 2 and l? I 
.:~,;·_.).:.: ;):i;-: .- .. ,:.~,.::;.:"?•1

~- n :~ ... -~::,.·"'tr~,1-·-rq .:;l1i {11.b,:.;m ~;:: 1s,r;)1b9-,.:!'31 ,;'1t ~~;.dt 

1iq,ly happened to be the only one who ··1mev the data well enough to recognize 
_,\.~ ·,. :. ,- n '1 ,("-1"''.> ~ no) : -_j:_.f') _: ::;no~; L,,r1;1 sJ Jcib ~ i1f :to ; :.:) · a r: :i t\•t ~ ··.1d y l cJ x~ - .: 

that the circu•tancea of collection were dicbotomua. It i1 true that I could 
-~1·1:,j ::·,;-:·t:::).',r <:...J ;::; :;..: ,). ;i,~L ·t · .. •!'-·:.'.;:! :'i.f! as e~,~.:,-~~,s~, snl.tZ?r.'~f.'l!!c0:1.n ~-it' Ji Jud c~ ·:•,"1liJ 

have iq,arted this knowledge to a heatina couultant, but I.may' not have been 
c,d~f~4 ~!'--.~,.,.~-!:.?1.ti ~~-l(~,1i:\ ,i~~:i~ ,;J:.-,· I.J;~ ,\ £ql9rl ):5j.UqliH)J :Jdl ,J~•Jf)'lg ~1~!.d .. :1q t-t~J-

thinking on that lev•l if I were not conducting the study, myself. Also a heat-
.. 1 _:_:, .::~-,-" J.r -~-'·;,¼lJ :' .. X; :, _:·;·.:~ .. :t." d1-:tD1 ;-~':~u- i:J~(! ~s;,c.~ ':tsrl::v:t~1'e::;;-::- f>ri:J ,:);!.c t 

1
•{ :1-u?u! le 

ing consultant could not be expected to be H ·coet~tlltnclad in making experiments 
·L.ii•.'t' '.· ,J:;:.,'.Jfl',,? lii,1.;i:•Ji,.)'.f; bn.r. :1191do'I,i a.i:d L:. c:L<l\(iftlB b•·i:c~ 

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

s , /111'-.J·i",,-U, ~1c•J141.,~ ... NYs ...... t•r•mcD11nt1ee a.~f•.tof·it.M<;iinn;J 

<,iP'?PJ!lJ ~o: J>~. ~~~kils tJJftt,~ltflq_.fflHN ~J.sol::i1i11Jlui.D1,: leuas, a.-ahin&•1.•.) 

·:~r.:1 ~-,, d~i~~~,,. ,.U~cl'MJ:'~•1~@ W~cP frwreMl'~!'J w.re. do'lWc.lookofos; --•ov .... aaa? 

These question• have b••v.~t:t9';,"1~ll4~1nr .. 11: ..... rjoJI y.,.t@t,;7PlbnH ... vt01l9d 

me:,~~•~.,~Y2~J~3}Ma1:ieMid•etlJ,1t.llvqivN tn\aale.-f'JI08li• ;a~l'aO:teabacudy 

'-~& 1b4vc,h~~1,~'f~\l~:,c••~ .. ,ati .. ••~,;ftiltt,.r tlll4'•nftasnMlefi'.>ie •:iD .. nk~neidD$r,; 

~-l·~~q~~p )~t t~'9, ~• Ji'~.-~IJ~ Al\4vM!a JClClllllPvMI ti 1 • "-1,.rdoNl~ lC:ha«~ f :1 <! 

~e;i::µ:ed b1ir4','. q~tb4.~~ ~;t~~l,~W,, #'¥'~;j:...,}.~J;nlQ4 iiulL iJntc~~ 

a relations~\tL~ ~~ :t~ ~ MJlll¥fl ~Jt!NQJ'~ ~~ ,, 

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

creative phase• of the research proce••• 



- 16 -

This kind of relationship starts to become plausible at plac~s like Project 
: :- l ~-'.· c: ._ t _, t ~ .,:~ 'i i : ~: 1 ;·: 1 -r' • 

W.C, where a large computer system is being utilized siaaltaneously by many users 
(..,,·t•' !-- t'";_·f ~~Ji:;:-· )1:f,· ... ;i :.:_•_;'._ .)ri~.-i-tl·•·: :¼(J , 1~.; '!:,- :-.-~.-~\-•·, • 

at terminals distributed ~ver wide geographical areas. 
~~ ·_ 1, ~ : *~I' ., ~';'.-. u.~ .1~-

Transfer of information 

to and from the computer is via conventional telephone lines. Each user is able 
-:.: ::. .1·:_ ,,.,_;.;~, .':::·1 J-,d::-~ -~~•:_;:-:1~\n,-¾=:x:;: _L,. i. -· '\•·:~: 

to be in continual co1111Unication with his program and his data without suffering 
h. '_.., .. , .,, .i. ~,;:;_; ._,;,;, 'E ·:1'.;,,;.; , . , ., , ', :•·,1.5-] 

the high cost and tension associated with monopolizing an expensive machine.[ 
-: -~ .. Lt,..: ' -_J:i ",.r ;: . ~! !;;~·: . .J b~l ') ! _;_}d ~ :,,_,~- ~~ .. J;t~- ,:.·<: . 

Multi-access computers are a first, and very important step. The second 
. f :.~ \. - :.:- ' J f...,. , ; + ·; ; ' .,, :~. -~ :9 ;.'~ ~,:; . ~ ' 

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

enables the researcher to mdify his program as he operates it, and switch 
~;$,'_,•1·:·:_ , __ . ___ ...,. ,;.~---- , :,..'f_~·-: ~_,,f~·r;" ..... '.-· 7i1 ' .. h~?-/:···1,·.1-. o..., 

flexibly between study of his data and construction of his mdel. This allows 
>.LP! ,·.:. .•• ::,.:.-,~> ) ·,-: ~,;~ ;-,,;~··~.Ji r -~_>,))it;,i,"'.,.~!':':. ~>l ~ ,·:•_l~ '·r, -

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

of his problem grows. The computer helps to guide him along alternate paths 
'.f ~:- . <: :. > f}-:· . ; ·- --: ~ ~ ~ ', ;,'r ; .~;~ V £1! t j t~ ~ ] --· ~-, .r ~ ' l - J 

of inquiry, and the researcher moves back and forth aa,othly between machine-
... . '"'-l:.{i· , •,..;J_:) .: :.~i_f_• ' -,q_A.-_;. -~d -:,_-_~: t;-;. __ '.\_~~,,, -~_1F~1·' . ; -

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

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 .~:ffl~km/·~~(t~f:ts ~urrent 

implementa,tbnt ia. labe'l.S- OPS-2-., Benute' of ~- ~aM.-tyl ~ &i:111pllcitf· of the 

OPS ,concept, the· system hara •ctuaUy t,~ .. appl'1~d,t;o•; a \fidlei'wi'ietf'of attiv:l'ftes 

· beaicles, suulatton research. -·,our eXJ'erience in•· th~ 11taitltit1!on''irea, up to' now has 

been. very encouragiq, but ia••,•tiU · only •~eliminary, : · · < 

In desaribing the 0 <>PS ~•tea, I slOi11: • rep•at'·• ·feif'"afi:;tfie~pdirU:i tn@nt1oned · 

earlier, .,not so 111Jch •for elllpha•t·•, b1:1f 1~ly'-'te'maW. 0'tlttPde~ti.'ptiot1"·relat:h·ely 

self•conta,ined: •. 'lit• ,clesc,riptt~n: wUl '"have to :;e~ brtff~ 'A.'fl w:tttf "itny',pr6gramirlg 

sys.taem, ,t"eal· umWrs.tanding .co -0nly be obtairted th-rough ule f"and iJe' hope d, 'chcive 

a selfi-:teaching msnual• ~flilable f<>"t· that put])ff-e· m· tne Wear :fututi!. 
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on.,.,2 

·on-2 ii •. ti.iv r'••eatch 'tclbt'.wi'.(l(i~:r-~Btie; 11t't11xt1,fi:lty. --re rfgu :!iJ,; 

the' \iaer wt'tb the"''~ddpltfer tn 4'"1'8of,cdrj;j6nffr~f'tutlli&a,,j ~tiuaf fiifir- is 

. · ·. - • ,,~ , ••. >)..l ,..J<j' ; ·••,·. 't"" '''')i,;·v,j &ctiO\t ti'ottf ,·tm,t• !_,,.~ffut; L:h!, .;• ;. '..\-'~ ·.:.nl1c . , G ,il ·'- < .l· ·"- , . .. - ~n ·• "' .; . c· . 

' J 11n·-2 1• ·•if on~1t'ne •.!.,,~. '·' 'ti 3ii 't>aaecPJ~ri.i.61'.it ii~ly '~icqutred ~~6if !iy;r, :r (, 

to· make· large coq,utert peraonally acceaaible to • coaunf.fy.,Jf ;._ri,Yia!iai.'ffi8~J. 

1'hff- 'ia' a ·-tWO•~~jf ~'teliffi''-tri;llc'!t-·1iljtlij'.ttillodlfi Jt··'the 0ori-f in•· ·•yat'tiai. 

r1ut·, 'the: ci>aipu'tll: «tn'~.W~ind '~hcndt1iltJ 1'1{ ftilfortl'lifilp,rt'~i~'Mlf"t' £fii'!1
:~ q 

ttve ~n" thirt\ia \tri :1ot111natidW 'bi 1tti J1lm 11'4 itJirtct~iitt~f or \1'.~·-:~cii'l. 

~ Htorlct;"'~da tttnvftn"W,c'\..n dtt•~·•k· ~\hdJil'il'~ 3J i~y "role tn ·cha 'c&impti'c1il•• 

~,- ;•,. •·~ ctauly,· thta: ,-tntai6' t~ie;&i't''~ftf·~t~ e,td~ a.w;yx.~k cr'ea·ttve p~cua. 
litii it:~dd•4r Hold ~ot',i-_; ~ttii'!iig'ly ~1'!cfe 'ii•a•:r"~i,~'u1Jl•~ni:n · · ; .,; 1- ,:;, •;~o(+• 

f_, oni' 1:lluattat'IC>lf t'•' "~i dflelo~~t 0¥ li ~~¥.1;- itaiu\iil~~n.( .· '1n ·kh~: ;~ri/ 
atagea, whitt .. the im.Mtcliltt' l-.'"··-rec'tdt'riai~ \l~{,3 \he; "?o¥ii1 inf h~nt~'nt of 

11il\ ino1~1:01 

the computer can ... 1~·t'. 'df~taLa11ityii\Ji~~Ui:i-.l~c•f ·~-r-~aionI:·~ I'~ :i.~1 
tw 

cart' Halp ~M.'tt,r ·adi,111 •ti~\.11&\l' '~rlai/ila<t:t:Jif~ fYiii\,lll:~ ii11h~' -,a~f 'ht_, Jc"': 

cr~ltli t\\etr iwp1idlt10%1')~i-!.\<-d'i \1iiaa1t~t~r11.fe U'la~:1 ~u1t:af,'fy t~i~f~~: 
-----when ;t-eqtlii-ed. •·•:--.· :::,C"H; ·1~1r:r.1e>.:. l~ J ···'.,(; t,i.J ("!',:) f,C' s'·mL .. t,:•\ .,,q,:, 

:, tb~·co-,uter~f.;_11t' tfii"' ruurth•i•1'·ij1fi~:; it.e\fdct;~itk~ his ~nii~i:1
;::;, ·; ,_. '· 

journa1s r nbilboott, ii\d· tli'lptt&fler:1 r 1t1'ti1 i-11U¼c1iit8viiicli'i~-' ~--=iier"-fJ,qr: ):)11: £', 

(the ldgaritttm' of·'t:f.M) ta~· a''.Sre· te:Y1aiitii i.tit1i1he'1f!Ji?t~ .k:i~li~.r-..:;··,b~lrobr 



The simlation model takes shape right from the start of the process. _/il'i_: 

mor~3 ~1~ ~re pan~,-~~! .,d4~1, ,Jhe, .. rtf~4,~~~~-.l'ffi'.::t~\\''"'1~~Ciomi~~tion, ~Gwell 

as :r~~~,ly t a~~ ~!~, ~nd!~llt1~ii~ ,~f nSh~h..,~'l'1~~ tlllid'1\ ,\~'li-Af,~WS,L t~,re A-~, nQ.,," 

longer a sharp dividing line between the phases o~ ;.li!il<l~nt~,.};S\~.i2.~;qr~t~:J.i~J}~ :;,, 

pro,1:a~llSt ~'f~~!1~, ,~,':_l~ ~~~,i~"~~o~~ ~-¥\ tb~in Ji~1~~••tn4:~ 1~,09:Vn\\e , .. ~~twined 

t,~;:C?,U.~lJou_t: the _pro,cess. . ..... 
:: 1...,: ,)~:.t: ,.'•• ~• c,',t, ' ' c,: ,_ • ,) ' •' •' - \; .• ,;., •-

In the later stages of the sinulation, when the dominant activity is Billiµ.~ 
• 1..-, ,J. ,') ....,, -~· 

--~;'!~s/_ ,.,_the~': .,,re ,;<:>F1c~,,ii~l.: fj&\::'½r~~': ,t~ _,d~5~1~~\\~9,~r"H\~~1tR,~, ,.rW,tPNii~ion, 

pr~~~~nmi~+,rep,rogr~,~:~A.,,•~c\ ,,,_l\i1,;t~,1't:::,rl~Y,r~•""I~ ~~~(>ea~ .~;:;'A 

.,,~:t';~?~,¾15~;:-th~~ l>~~~~rrt"l~ l\'1't \~1,%f~,fJ-il0 '1'i1t~~tJJ,tl~J~:f~}tfl~.~ --~-1! J 

icl~~~~~~-e~t- to d,o --~!It qf~ 1t,t }1~,M:,,,{;?~~~t'~~~.~ ~.r}~~A~~M=fl.J;J':~~ 

from the rest of th~.,cfe~~i~4\
1
p~oc~•,<i,,. 

-~' 

.• ~,B.••: ,~:;8 ,res1earc?~.~,z~.a,~t\\'!Jl'~ 1~¥ L~~_.,~v~ ff,J,~,.,,t~ \~~J.,~on. AA.c.:P!'IY even 
' ' 

choose to include hi~~il"f11,,J?f-rlft}J,e~t}:, •~ 'l\~~f '-~~~""'%~r:Rfe ~h~~8:1~,~1t8P J~ prft~ 

tf; !:-~d _}.'.t with s,~P'f-~!r~is.f~Jo,~~~a~io,~.~ J -~~~,{'; ~!}~.~~e~dtrvJf,, ~;: P:~,!,~ ff"~iced 

fo
1
rt,~1:1Y y~ar~., b~"f,,f_~l~~m, ~~~-,J.tr.,.J~~f~1 ~J}ffi,fAY'S,f!II,;_~~: fl.\~ltf ~~ •. j,J ~-~ _: ., 

Data,,,anr.1,s+s., .~i~~ f.f~Jf,fl~F-N f,'?'jl fi:Hlt~~11'ft/ll-,1¥f.~b}ie""~~J.y~, c~i be, 

a Cf~r~;,i,ye,,pr~ce,,_, tr;,~ts,~ ?~ ft_~P~t,,frs,f,4f ~f'v 9,r.,_~eeN,t fP~, fgpfe!'f.;,pf ~~~§9-: 

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

for schedt1~i~g ~ Jot, shop1 Y~ f.~•:f ~t1~1 FPff,f,fA,Ci>J\,J9f.:r c9~r9J.l¼t1&.f~,,f~,f~~ of 

a metropolis., ~n. •~to~~~~-- s~~~~Hf.aff ~~?,fitr$6!8Jf,fr4f li;_~d •◊FelPfH1~er::- '.' . 

admi~~stere~ c:r~di~ ce~ter <?O t~e~~fJiO~fk}ey~l~. yei:,•J! ,;~f~S,'9Sc:W9-+'rJ.hc•n,; 
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;.Ji ,•}j t,..':\"J '; 

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

open-ended and 1110dular in a very funda•ntal 1enae. The u1er can add his own 
~:~.:( .~:.:.~ ;q~i~~ r'f,..'.fC b·:r.s.br. ~;-~ :...1 _;r~~ <t)flJ ,·-' .... r.i:~'.~ ( .;u,:.:1·1;;·.,, 1n:--. .: 

parts over a period of day1 or mntha a1 he increaaea his under1tanding of his 

problem. 

The OPS 1y1tem i1 relatively free of rule• and foraat1. The u1er creates 

hi• own language and bi1 own conventions. He hu 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!:: ~·-_\·/-:._. ·,~,q .:=t~·!. ~:-J':;<J~i~~•-.:"0-..: :;~-✓ r,i r;.r:ti..l:t .ti:i1dw z-yo·:1:.i1.:Jqn -i; 1~)',L;u 

As a result, OPS•2 cover, a broad spectrum of po•aible applications, includ-
')-~rr1·:· ·~id- ; :.-.-.:. > ·-. . ·;J~ru,fJ:.":ti-\tJ J~:r/;,t ~;; .• I.;~~-~t .,Li.-' 1_:\ c ,::1 ·i Lt-'. .. : 

ina all of the proce11e1 previously di1cu11ed. For hybrid 1y1tea that cosine 
,, t;·~~-_A, :.1-.;~. '"..t ,.,. g'r.:··~1-;- ',;;J. .. ·; ,: •. 1· .. J:.-: ..... lV '1':J. ~-,-j· gr{J :I9tij~;.~"-iw ? ·-·.~?_rJ. tjEib i~~t.·i•: 

two or more of thue proceaau, OPS-2 providea a aiaple, integrated framewo~k. 
',·.-::-..r: ;·· .. ',.i "'-J,i ✓• '.'i:-)4:Z,r,,::::e kt; \Jl.H 10 .:·-..r::··~•.;11··.1,d;'~!::1 rl':;~1:!l:.t► .. ) ~1-.::i 

Thi• fact can have benefits in economy aa well aa in reaearch effecti.~_eneas. 
>-· :·hL; :o-;- . .. ·•>; .9°· '~f- ·:; -~~Y= .. .:7 ~tf::! ?.I 3'!YT lo '"l:.!J';)rr1s'lsq a:,.,;-.. o.J;J ~ ~nl 

It can apeed up develop•nt effort and avoid duplication •. Si1111lation elements 
., '-.);:') , -:~ ~ ~ ( .J:. }i"::~·,··' ,;::.).,_~·ta :_Os '; "IL'+J ::.:1-v r.\(!0");-J-8 ~ -~a i~•;t~·.·'! ~tti ~~ ~ ·:r:::,."!t,!;l .•. 

that are constructed to test out the prototype of a real-ti• system can evolve 
~,- 1; ·:;~ql) 9(,_3 , :L.,~:tt~9 {~ n-ri '1't:: ·1~dflJ:.ifl 9.i~J ~ t 1. , J~:.-:1::, !,b•-1 ,: ·1~-t ,:o1 

into the actual operatina elements of the ayat•• They can alao continue to 
·_.··~s:~ '. --.rnr.:ln .i.- ,;[.:(~ ·,: ~,t'i ,:-!1.A ~t:~; •-,,~J::1 ~,,~ :J· ! )-'.'; Jf1~pc~: •. -r,~:.-··:: ')f ::::-!r •. h-

serve as siaulation elements, to provide the system with a means for monitoring 
_.L-1kJ.i~)3q;.;: ~d ;}35{. : ... :J'l~~: .. _-: :n 

and extrapolating its own performance during operation. 
o , t.:,r ?.~-;-_.-i_ \t,~:·_~ ;.,:-l:J_, ,, j 52•-'-)::::• _\Q~!j. ~: ~r{j !Li E '. )f' :~ . .,< "1 }f•::: ... : 

The basic structure of the OPS syatem i1 easy to viaualize. There is a body 
.,;.r; .; .9fi!J r_~ ~C.(?.~~:'·..!.~-.:.ii !Ei_;'.L.: ~~._.:.1-·: ,!,~;l .::[·: 

of data located in co111mn storage, and there i1 a aet of operators which op~rate 
~~ .. ~r: ~ ;. ·:- ;, .:1~~-; ~: -..; .. ;,:., ,11 .. 1, ·-~ ·,1J:JS¼'V B"'l£~};~.rt.~ -~ 1 jp,.f,j ~,;-::, -~ t ~-~t~- · !:J;_;rn·.,1 ~~11/ ·---:r 

on this data. The data consists of lists, nailti•dimanaional arrays, and siqle 
:~ ~. ''-r •. :i _; ._ -. '.;} : \ -' i -

'i" _rt_ •. J.· '\!_i7"'f"•·•~ho!l.:!t:...) L, fl•~·:- 8:f4~)J1'?r{L1.:. ~ JVI i jt ,·,_,; l(: ;J,;:f. 

elements. Reference to the data is aymbolic, and an index of symbols and 
1 1j- ;,J'}:.:nJ .. '..,·~·i:.·.<¥•·: ... ~ ·.""; :t., .1~ 11~;-~•;.i· ~::~J..il:.;,:,:c:li]f; :,?,J:i)J:.,ftf-.-A~C' 

dimensions is incorporated as part of co...,n storage. 
-~- ,b_.;:~~ ,,1::: • .; f; ~; ,,,.f.dr-~Ji~::a·',:'S nGLiS S'!i·, c{_,;;i! :".£::J-~~- 1 i '.r !';;-. !:;1J~, ,,, 

Reference to~the operators is alao symbolic. There is a central •chanism 

for executina operator• and coq,oundina the■ in flexible coainations. 
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The user can create his own symbols and his own mapping of coDDOn storage 
.;.•;;,.. 1· .J:1. ·• ,_.t ".'o::- a!Et";_;_d ~--; ;;,:$f;J·J"Ywtq r~:,.~,~ - 2{VJ :.: 

by means of standard operators. He can also create his own operators and add 

them without limit to the set of standard operators supplied to him. 
1J J "< ~ t;. .i 0 '.) ,'~,) ~: .. -~l .:'; 

Operators are functional subroutines prograaned in any language that the 
.. ! :_:~) J, ! •• 

computer can compile, such as FCllTRAN, W.D, or FAP. Bach operator can have a 
, ,... ..::;.;:,, ;_, .fk;'i ➔ :: -·?1 \._J~)~/ Jt:_;J·JJ (•:· t f.-~:,.>t·.].}~\.~~ :t;: ~-,,:•tJ 

number of mdifiable parameters associated with it, and thereby may be capable 

of a range of functions. 

Consider the vector operator called TYPE, for exaaple. TYPE is one of a 
!, ;c-~ 

;.:-.. i..:: <"· -~ 

number of operators which form a vector-proceaaing package that we have been 
j:.,~·-1 -. ''. . ,,;.:·:( 's,~.'':-:f<i : 1 -,.--l~; :°)!c;>O~{! l~ ,-:_~9v~::,t·; ~~~?S(;: ~ ~r :~·~)- .~ C,,h_ 

using a great deal. Its first parameter is a word such as INTO, OUT, or OVER. 
·,; z ir!.u ·:· 1.: .. ::· ;:_: : "• ~::~.1,...LI.h '½: r.i~.,~: ,;\v•'l'l'-1 ;-:s:1~~..,1 ;0,t,~;_ ~)fl_·; } ., i ~ F·. 

This distinguishes whether the vector or vectors are being entered, displayed, 
• :-~,-_;\,{•_:~:·;;, ·: ·- \ '~ ,, __ ,-,,·r -; : .. :. '.~).'.··._,~;q s· ... :~>{f) ~ ~r;,,:;.,:.r~_j.,~-1".'I(.: 3i~";i:::t 

or edited, respectively, or any of several other possibilities. 

The second parameter of TYPE is the naae of the vector, and the third 
- ' ·.~.---\.:: .. ;, •--;~? ._,, _.):-:r. -~~<"l.;_~i 1rt;-N· .... f~_!•:~i~r~:-~:;-~ ·4.-J 

parameter is the name of a second vector, if mre than one is being referenced • 
. , .. l ~- ,'):·:-: ~ ~~=; -i.~') J } ,·:, :)'.> .~..: ·:,Y!": . .! ~-t·J--; 

The fourth parameter is the number of an element, if the operator is to begin 
.. ""'. . .:: • ·?> . :~: ;~ . . If:'~: :..._~ '! ,.: c1:~ '. ';, ... :';~.-!'"1 ':. 

with a specific component of the vector (s}. 

as pertain need be specified, 

And so on. Only as many parameters 
~'.-t; .'J ; :~- .. :1 ·,-. .i. -:~.' ,:, :-: 

Other operators in the vector package include one that does polynomial 

fits and nultiple linear regressions, one that performs a wide class of vector 
·i-~:: ,-; , .:·_-J !t.:~ _ Ji;/.\ .. ;· '.·;:]~·: ~.:'r-;:~ ·t-:~-;,~~ 1 !::t_,J-':·.).:) -, - f-·_::~h "'1 ;._ '.t 

transformations, one that transfers vector data to and from secondary st~rage~ 
.. ~ 1 r. ··S: ·:tc· ~5 .t(:1;t ·; :~·{;\,' ~t,_ 1:.~;..-.t· 

and one that plots functions on a cathode-ray tube. Each of these operators 
,:.;::•.'!.~ \1 i~t:Ji2,!_., !i,J ··,. -~·~·J ~:.;. , ... ·_.~._,, '. 

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

general array processins are also available as a standard package. 
- •,,.' -
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TYP~ OJ.IT ~,J• j .: 

for uc.ample, typai out &41 of. th~ cOlllponentfi.Jofql'~COli 4., 0 Tl• llMl'·,aan plate·'-'this 

operacor~;in a IC-OP, wttl\--iM,wttheut&exHUtletti· MPc•1 IJteiute'i K--OP•fitettt 0 any· 

line to any line, any nuai>er of times>•Wltlllt WltlWl'JftnCty--to;tl\e"'•Y•etem?Betwien 

exaeu-t:iiea of ,aucetsaive·,opettatc>rl't -.He eanol\av•-··ruult•~••}Jfhe tbi~udon''.displayed 

as be, soes alona, or ot11y:: at 1:spee tfled t ltia>)eyor 1 he 1icMAtraiJjtili*' 1resuu•: Mi-tt!f- ' 

setl\er. •And -etaUar opt•• ate ,a1raillittee1e llii0 fofJ'1he •4tMi,l'a:, ~df ft~th ,igui~e .. 

-, ,·Whtch ,of tb•e aotloU.,is~•rf••Md1rran~.,_e>:itf,tt ,etfoned}'·-iie 4titerllf:ned 

by the settings of an internal bank·of 'PttoetMl •Jtd llti.N.._,,,,l'fba'va•r·:ean~al~et · 

the·,utti •. ~-,UJ!·.-f-dl ... awtcoh .. ,., 0-·'i)l!pUaSiGr{c.&lld~ 9'ftde}:h1¥i'J .n-tul'n& 

"1:- off ~'CIUUltts; I' ;ta,;:aa, cm p111•1tm ;dO,IO&'tiMii apesai--~:ttci - ntei'eit intHi 4i · 

K-.,,.:~ -~S... elliee~_t ... N'Olh · " · ,)W:,; :.}'.) 1~ L, ;· · : S":, 1 ·, • 

i :::,':Che user ~ 1also ,reqtNSt· • scams Teadi.111'4:,r.c-,pi-.g ,S."IU&. J:Thi• ,:flifoniril 

him,of .the swi~cb,anci 1-we aete:t.na- .clft!r4ntil'y..-J...~l,-f:F'' IN"'llilay!l\'theng.-JthtFliwe 

,, ; I 

I. 12() .. ,,, 

for example rooves the. vlflle dllfri.gdatk>r l!oultffllf .\120. : 

Slfi.tch c111etc:J.nga ,_, be -~adeici, ~_,.tii 1e811t-ily;,-.:hatt operftb'rat~ kli the 

user 'tleed do: i!kt:ype: ll>D&i:and< ·• nutllti!er, wh....- tt. :~a,·~to ,pf'eswve· -tlfel ~ 

of aett.i11gs in. e-ffect: ac. a particular tillM!.,: l!1MIW'ealketolffa ,ban .. ~tW!leh'~'lt , 

grou~: ef, &ett-ings, ac; .. any potnt r" simply: t,y, •'Wfulclf )"f.,._, ,thle, \>l'OPer' number, prec-etied 

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 coumands 
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in parentheses as he types them, the user indicates to the system that they are 
i:A-:r~n ·11 ~-;1Joui --no~) 

to be deferred, not carried out i ... diately •• 1s customary •. A-aitot1iTerrio 

couaandi'u~I be' 'pt~c'jd Jii' ~ny iliie \jf"a'"t..:ait, rJJt ~ai0 t~l{ !t-'wiri ~ •. f>'b~ fide 

operit'cif'iru~ti''pala~tera ~ ,,. ~r1Ja ei~utt~itbl'~e f.!&Jt'th:.a ·Jyitiai'will' t~~t 1 

the del,~r~ -~~~~d~; ~~~c·it: v~e~c~;~·1th.;_;i ·~~· f~aitti~W\;ie b~iila1

'. ent~~d DJ 

by th~:~~~;;'£~~~' th~:d;~·~1~.1 ; 1.1\~~, 0~he)!.~:~h~:rl1n:~t;;;r,i.;'~t'£1i~~~' t~~UOIC~OP 
. , ·;·:,£,1:,,;;:::,: .··• .f:',,::>.i.,-e: 1,.::, d:).i1iev l:.,;:l:)9f.ll!!'3'.t ., r,jLf '.i-:lt'_;;h!..:, ·,.; a .. 

implicitly. He may choose to do this, for example, when a portion of his role 
~:1s;~-1~: :1 -~~, -~~,·l;~·i:;_, 1 •:i-~,:-r.!~v . .-.iq 1 s-it": ::t'l:S:f:1 ,;O:C.k.Jr;.l~,..,"i:1~:1 !-1 ~n.ibtlcd n1 

in the man-machine proceaa has beco• sufficiently routine for him to want the 
:;ct ;./,J , • .,; /·'!,. ·;u,: ,vs.w -, .>•born g;,r:>i'.tuw s <:i:t ba!!tl n,;:,;, 1.1,,1,_ ,c.c;.'.;,r •. ,:.q,.r 

computer to asau• it. 
~ Si_tr,, _·.:,ij ~~r, j:J;. !"!·,- i.t _; 

D4:~~fr,d:tgo,~;nd~;'..1.~v:tif ~;~f'.i~~•,,abfJ-t\fa,rt·~/~g }f~ t;a~;}~~~ e~:u,~~L ... ;. 
durin.\1!~'!f'-9.fl:!rw~ ,~1° ~f. ~\~~ of!l!,,r,i:,r,;ip \ ff1n~Pt,f/1Jf'1t!t'i1,,9F fft.l,,;;:, ~ 

~operatqp._ «,1'1ffW~L~,~~,,P~J.;~~rli'~~~o~~W, ~ A\l:\eJ;e,,;~~n( , , 

:l)ropei:~tt1!f<iS~~ JWW~~~"~ ~~l\l"--~~ii~.~l\.1; i)H}):1J;A8 

· K•OP -,~···'*btNileht..:Gi.Ae ao,,....., _ __,..J:~ ·- '.;!!O!.tqr: :~,.'n,'1il -,c:,,,· 

3. ;o ··pit;i/idr·'c:ichidiftirtir to'ntrdl ,afi,W.~1f~J-d 

4:-. 'Int'tb'&fUt'•1 iuct"'it~tort'~"'jiti,~i:rc svU1itH~:, 1 
'~ ;,, '• .·,,;,, 

·•·iriJ -1.,:;.r :;,1 ·,,::,qa:,·_1 .. ar-~:.· ~~;:· 1-: } dl :s ·2<::L ":.[~ucJ.·l£V ].o n-(~.!j::;t:t"Js1r'!l ·~= i'h 
1 '·::::;~.e--:::4..x;~~ 

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

or replace the present one. Like all of the operaton, this one can be executed 
\~ .::·i .:-:. ; ~J:.:."'-:; ,-.:: ... ·• ', '· ,_ 1 t. __ t.,-v.r .. 1:;;..'.·;.:.L e~<J n > yllh!&.q ,_ b~\,,-sie $•1 ~ .:·tf.1.o.r1u 11 

either by the user from his console, ~r ,~~.~~ng .. f~•r,~~::~~~~~1.~! i~, K"'.~~• 
1

,,~~ _ the
1 

latter case, the operator 1• executed without interruptina the run. 
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ConcludillJ Remarks 
')':! :, ·:; ·" . ':; ·_; •j 

t~,t I; ~p~ .r 0 :~'~'-i,mp~ftfe4:/l~ ,~v~t~" 'o~!~r }f. ~,.:; ha~t 1~~;-''. \
O:'r,cf~~~.i:.sr~t-~ 

to •ke a point.. In particular, I have referr•~ only ipclirectly to aome of th, 
,. , _;' - ~:-,' ,. -~-, _.,, -~ ;.;_, i~.'f\.,r!_.,:- -~ ;..- H:sr:;_'. ±~E;.f;:·:,s~"r ·.Lt s:t~,f'fa;;r , ~t .-~1lfji!,:<: ~~f::.¥t""'';'1 :J.t;;.: 

profound intellectual probl._ that mat be reaolved if aimlation on a computer 
~-. _,.y ·1 :1 :·;_,'.;· i. ·-" ·.: · · ;._:._-~'"' :a·:r~.~ :--;;i:· ·;:··,.:.::.,.• ~;:·:·.~ ta.:..;/l' ~-:t.fut.H!(;J ~-'~.~ .-.... o 1 '! ~-. h ·i 

is to mature into a reapected vehicle for acientific reaearch. 

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

approaches that can lead to a working mdel. An econoay, for example, can be 
., L f~:,-:UCGi~ uj .,.I::.•<lfi:.)/:' 

mdeled in tera of relationships amng Mcroeconomic variablea, such as income, 

saving,' and •p~i~'; c,~' H ~~J "'b~)j.;~~l.~ !n t~,Jf/t \hl✓ Jtope~tl;r~liilJiJ;Ci 

econoiliic dec:ia't6'n".;•-\a_~'1 unit:~, 's.ic:·h~';i, .. ~u~~r. ;>1fl.~ /'iU fAtus't:rl~i 1~ '
9Ril~' i : Lt) 

tiodldif•~can"'t• :tt.. •1\a.,.,.,oi'-~~-•J..tqcNtt\lir'/-Ititdf~t)1Attl~es; \k111 
l !•~,: 

'4t.tittieal, cofMs,oml.,.. .. ~n1n,1;(1'l-liilflnti1lf1Mt •Y:-~i6iyilfiltt WtpMAbltiifi~ic.,(,,;-; 'l 

almost inverse fora. Like a diffusion pf~1'~ :~JFM1-::,& ti!PAMmlUY'.:have 

stochastic flow in a det~i,1~•1¥JII-; J°Wi-'l:~lt,ff1i!t\Wf~Jh.Pf~,ss~ ,it 
;.• - ;. . . - - . , 

television audience may be phrased as,.t,, ~~~ .. ~f ~~
1
°f.f;~,;d~!~. , ~i4;1',~~,! :,H~ di~ferent 

view~f~ ~har~c.~~~~•:~,}~•.';, r~~'~,n~-fi~ t~ ~,.~r~~~e~!~~ri~~~t.:iir~.~,t ~:, tb~: i: ~ sl, 

expressed as an interaction of variously deacribed prograa competing for their 
. ~ '• , ~. /.. , - , , . ' ":., : ~. ll ;, , ", ·t 0 f'1 - _ ... • } :( 0 :S ,. ; , ' :, "' 0 :~ ) l ~-. ' J 

share of a potential audience. The form selected will depend partly on the 
:.~:,} ".': ;;..:,,~;'._; ,·J,C ·.;{! :'1 -; .J:') J ,i;:j --?A.;,,.1 ~!.1Jl{~ jf1:•~!ft~_.ll'1:.; ',JtlJ t. 

purpose to be served, partly on the data available, and not iruignificantly on 
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A aiaulation •Y be built fro■ the outaide in, •• in the erect~,%-•"' 

m,dern -~~~sr,•pei;A; ,or.,,~~t7~~~~1~ ~Pt,M•r~~l, ~--1~,,, ;", AA'. the 

fo~;;~ij 0 0{ -~'~i*J.A "O~-~~ rff4Lpq>,~t'"~1 mm~~•1,,Sq. !f~J\~ ~,Ot('.'.,; 

ft,~~d.aa _ tq. ;·~~J•t~qn,~,. ,i,.rt,nt1. ~~M~ "llfM~l ~~ r.-.qUJJ..,:h•ve.. 

~~~r.;•~~ 1tod .,l~;,; .. ~ .. l,.ftltlJ~,~iosar:, o~," ~lie;,,~,.,._.~, HP1Hr.1', ~1 lllff--U.~, i:a~ , · 

... 'l'b""~ .. ~r~ ~• jf ~ ,9~ . the j ~~i;-e~4~.\,, iffa,H ~t.-J tr•.r "RliN:: 4-Qt.9 auJ'P~ 

focua •• t;t,,~ -~-~'+~~ n~•i."' tC?nM~~J'. .: ~IMi rt1Mt~~ fJIICNI '-•'. Jl ~ itKiJllliaff vr,. 

They would·~~--r~-,lle~~; ~p~4~1~~Jl,41:,~ot:-4jJM9~P.P •d•111>¥4.¼di11&;' bllt:l•-:- ·. 

do no!; ~i~~ :~• ),~1,1, .• ,.:~A,~f.~;1~-., .. trMJW1M~1-f•1Sllfrf\Jbj40* fot:,,aODe-·-&Ule to 

co•. ,w,,_"? mill!~ to l-~•Ha.«;;14MrilonaN,dNWV91'p &Dd!;lbe, ••sill .. ue, r, ,' 

cert•~ !~,M,O'l ~~~ .: .• nt.Mr•vtie W,U;,•r•f;caopuaoiv■ly i aM' 1Mllh~fu.1ly, 

~ .R~~,-~~~~cf~t: ?.:,'lh,Nl.-.•1a~esiadn0t aoina:ito, aupplant 0: ,:s ~ -

r~-~4.~~~Y,,1 ~ i,t. >~ -111•-~tQ :_.. a -~ie<4~~~;in ·rche~j£on"thta J -· · -

activity tak••• 

I 

;_; _' j ·-
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effectiveness of these facilities. Although OPS-2 at present runs~'tlnd~·t' t'i~.!;••' 

sharing, its concept,s· apply to any 14t~~-m•t!Oty· cdiiipater.:: syiteui'that emiflta'stzes 

perscmal. acecet11ibi4ity an4 tnan-milthlt\e. int:eract:f8n~ 3 ffie':>tdncipt's 'b-ecdme 

espec i..al ly attr•\'!t ive' 1:n the t!Cft!ttext of f6ttti'e'• il\foriilt iO'ti 7 rlff:U.fies ,!4 l 

,,.-OPS-2 shares some simUar objectlfes adtf ~at,~Stiite-ili;~"'tt:tf'teitl;al '6-eher 

on-line systems, -and ~e are l:itdabtW- t"d "fhetr '.ittfhtti"fi'"foi' icNtt'-affd- frispi:ra- "--- · 

ti.on)+".'. 3 • 7~101141 l1101c -of tbese·t1stleats hn•~,.6ttl~•:fdr •••ctttci' ·,_ 

clasei of use, ,whether le :be eta,tl~:tnS;icfesilffi;,-,r..,,7~dftl/ 1atih•tftlll 

problem .solving, :or arr,ay p~essiil\g. OPS•02 ,, 'bjl::eowtJ!'!Wstf, ffb'lvu r~- :~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.I.T. seminar.[ 6) 

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 simulationisystem, and a 

live FORTRAN progranming 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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