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PB:UACB· 

OPS-1 is a trial on-line sys;~. for ge~~rllhPtff~~~e use of a ~.o~a

tible time-sharing operation, such as M.I.T. 1 s CT~~ [8}. It is the 

product of an experiment which I conducted during the Spring of 1964 with 

a graduate research semituit (15.599)'4t the lll.t.t. Sloan School of Management. 

There were eleven students in th.e sem:lnar·~.*' Several 
-: ; : '' 

of the students 
1 . ' ' ,. • . 

had no prior experience with Cl'SS, yet they were using it successfully 

within the first week of the term. 

At tae initial meeting of the s~:l,aar, w.e r·evieved recent progres:s in 

the dev~lopqtel).t of pers9tially acce$si,~l~ .. c~u~ •yst,eas. of 1whiclt CTSS 

is an ~arly £.0crtn. We di$cq.saed the ~tl-.alt for inanagemertt > ,including 

applications to simulation methodology, data ana~ysis, decision making, 

and the design of on-line systems (1, 3-7, 9-1.2}. Our theme was: much 

can be done; present ~echnolo$y is a~~eady mor~.l~':11 ~eqU:ate;, there is a 

co1Il!llon thread ruwiing through many of the possib,iU,.ti_es;. the greatest 
• . - .. _ : - . ':, .. ~ .t .. : . . j . .., - "' 

need is for basic thinkihg and a simple, flexib~e a~proac,h;, let's get 

started .. on a framework that will adapt and take form as it is applied. 

During the second meeting of the sem_inar, I ske~,ched ~n broi:Jd outline 
. .:• . '., ·- .·• 

what .later developed int,o t.he OPS.-1 ~ystem~ ttre".',ious use of a. very p;re-

liminary implementation of the system led me to pelieve that. th~ OPS con

cept had potential application to a .variety of II¥1-A.aSement functions. The 
'" ' ' , .. ~ J ~--, .. < •• ' ·-

OPS approach appeared to provide great power and 't/eraatility, while 
' I . , 

requiring minimal systems prograntning effort and almost no arbitrary cpn-

ventions. From the pedagogical point of view, it offered the student a 

.ready opportunity to be drigind lirtd self;..C!xpttf!ljj-i~e, 'i:ihd gave him a: little 

guidance to help him on his way. 

' 
The experimental plan wa·s to have" the seminar grour program a 

generally acceptable version of the OPS sy_stem a..s a common project during 

*John Brach, Gordon Everest, Malcolm Jones, George Klein, James 
Linderman, Richard Mezger, David Ne~~, DanieT 'i'h.ornhff.i, "1ayer Wantman, 
Robert We1 sh, and Stephen White la'W.: - · 1 

• ' · · 
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the first part of the semester, and.z~ilfspend the remainder of the term 

applying it to individual projects. We did not expect by this plan to 

produce any revolutions in management systems or concepts; but we did hope 

to ufig6ver some 'j c~rit?Jl'1i~i~~s i~nd'~chl~v~ .- s~e ib~~iJ 'ii~J~isi.~nai~rl a 
i - •t ::-)·, ')•)';~~-~ -- r ?-Jt .,,:··· ,..,..-··1·..:.·:1·,,.~.\! ~ .• ~ .. ·-:1·.r·i.'·~:_~~'" :;·;_;;:j 

hope th~t ~SS tlOt 'in vafn. .. . - ·' . . Y· ..• 

-l :..1(_ • 

. • ,. ·;::o,~;. <:· ,J'?~ '-'elfP~r,i~ent pr.o~~e4e4 1,1,~ .. foP<?°''" ~:, tlll q~<;\,;:.,,~o db,t;inig:Jqp .,~,,~~ ~ 1. 

grounds to a common level, students with little CTSS experience were 

'.'•. 

p~ft'~'a 1~it'W '. studJntt~· v~~re ;~f~xiiili~~ ;hh Eth~.: £~l ~h;~i~ :>sy~'i~.' f•)E~ch. . 
• 1.:!··:_;· -~ • ~:- ':.~,: _,-_.- ... - -~--- •. ~2~1.) dJiw r;·-in9.-i~.f.:_;q .. 1{') ;e:_~_~,q (~:"' 7"1-:.-: 

team was"asSigned to program one or two general-purpose operators or OPS 
;-- ·.ib.J i;f·tj 'J. · ):_1:-:1v~: iF~"J.l--~ ;)• j i;·_l d...1 ~ v-.' 

subroutines (described in Chapter III), using either the FAP or FORTRAN 

·lang"t111gE~1.: knK&nd•rd p!"ooectur-e .... ;4i1tat1Mtwe4>:fcnis:~coli4etti-!ig ·;;&Wei .ttfonso

li'c:tating , imOT.matiOli ··.~ tllW, ~*:&a''"' ._.ew.; 1 "'~ ~fti'ri~« '·~e;e.; 

dure1·:b.hed·O"rigina:1'J,.,ycow the 18MO~w1nt<l~~p l«1 s~~n't'l-yrito"'' 
- l ! " 

same studen{s came tci \:he seminar mi~t!~g th'i ·w.;~k: aft~r ,t.he as_s,ig~ents 
;-.) :·' . ·- • .; I·' • --- ~ __ .:_~_:,. ~ •• ;_r:~,'-; __ , w" .;..;.,. ·" ~ _._,·_--: '. F c_i ;'-~r,;l<::;d·,;i9j -~r;:·;a·:J'j{~ ; ~:ro.·.: :jo:l" :-:r -

were made with: c6mpi.eteei programs. Most catire, instead, with questions and 

sugge'gt'foh'sf'. "iffo..i ~w;Ju¥J ;:tlii'~ist'eiri J.'o ~u~h ari:i'~~ch~f ~~l~i''li1 ~61£1f~ > 

better"=tci 'do 'it t11t~'~hl:1i~r ~Jy't•i, 'i~d ~o: ~1i!1 ~L ~rJJl;nJ:i.i J.l.3d ,,; :. · • ' ,,,, 

. ':- - -~: J ( : 
One possibility would have been to encourage questioning and dissent 

at 'dHs. $t~ge, ·\.,1en H~e" r:l'.sk -~f' thti se~in'.ar ~7 tspe°~a:ftfSJtlfe 1>itt~i p~~t of 
~. ·;. . .'' ' .. r ;;<'}·~·· 'f-~"·i.' '.'' ·,; ~ ; 0 ;~~<i(\ .:~{ij :'\~f'~l b5qo.fsv~.!_::~. '.'.')'J•· .. ~ -_ll-.•! -:.,...._T 

the' s~ester enta-Iigle<t 'In ·en-dless ·considerat!ons of system design. Another 

a-lt~rrta\:i~i,· tli~' 6rie"~~ 'chose ~,,-w~·s; ;t~ li~v~~ a'.)'~u~grti1~t:;o"'ll'l;'.~9 ;s~iri~~;{.; 1go-' 
·.~. ~ ,'·,~~" .f· '. ::!'·'::··~~.-:~.lf;·l ~,. ·~~ ·::::\/: ;"«J fr."~.(ji.;.~·-~i.Jr3:_-{~~ lc:'.:JJT'3.;·:1 t: 1 .~ ,":·,·) 

tnto intenslve- deli:Deratfons·, taking fulf account of' points made in the 

seminal 1nieetrnss ,: "a-ria ~~ige' w:ftk £irtaY~sp~crif'l~.ei~ri°~'t'o9rq1i" £ir&-t:'~~ha:~, ... 
sy~H:·em':':· ,_;,··: ,,.,,,., ;,,,, '"· :-''.tr-:,,--.., .. ,:,·.rq .,··cti:1f;-«' :i:::1;: hir ~:,._·,.1.l:;1-"J 

,' I - .J 

questions of systems design, such as the ne.fi!p., ~f \H~}'ti;ffi._;ur~_p.g,.:·~-f>~~'. 
\, - ' 

be better posed and answered a posteriori, or after h,aving had some __ 
~~ ... _, _ '._- ·t'f1:·1~-' ",· ··:1:<~? :..•d; .t_}'.:-~-~-1 •)j ;~~:,\·.?rt· .. (:~ ~:-:.JJi'.)f.rl'.{'·::,.:··•'i ·-.r 

operating experience, than a priori and in vacuo. We f~~t that ad~ption 
'. ;-::':.·;;, . !: ; -::;·· _, : -... I~;~---~-~.:;,·· ~.· l, ·: 1.f~J' l~-; /U .. ~?.-,_,_ .• ~ ':J .. t.r1t.J'-4,0~:·-:.:_ <' ::;··-'. ··!::·.; 

of a straightforward OPS-1 would'be in the spirit of the seminar, and could, 

as a by-product, provide guidelines for subsequent . ....cJm.1.tr.ucti011 .. oL a .. mcn:e..... 
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sophisticated system. Simplicity and expediency were our watchwords for 

the time being. 

The specifications that resulted from the meetings of the subgroup 

found surprising acceptance from the rest of the seminar the following 

week. Miraculously, the main objections that had been raised were all 

resolved by the modified system, and certain new features appeared as 

unexpected bonuses. 

The OPS-1 system was prograIIUlled within the next two weeks to a state 

which allowed the individual projects to get underway. Except for some 

minor improvements, made later, the system was then (March 18) as it is 

now and as it is described in Chapters I, II, and III of this manual. 

Chapter 1 defines OPS-1 and specifies its central components. Chapter 

II explains how to use and extend the system. Chapter III sets down the 

standard operators that were programmed by the students during the first 

weeks of the semester. 

Later chapters present some of the individual projects. ·In Chapter 

IV, David Ness gives an extension of OPS-1 that incorporates several CTSS 

supervisory connnands, and thus provides the facility for the OPS system to 

modify itself and its storage map. 

In Chapter V, James Linderman extends OPS-1 in the opposite direction 

to obtain a first approximation to a "live" on-line programming facility. 

He calls his system OPTRAN. 

In Chapter VI, Robert Welsh details an adaptation of OPS-1 to provide 

an on-line simulation capability which he refers to as OPSIM. 

~dditional chapters report on applications to management areas, inclu

ding an automated stock exchange, an on-line project scheduler, a national 

credit exchange, a mechanized system for accounting and budgeting, an on

line statistical processor, and a simulation of activities on the floor of 

a savings bank. 

The manual concludes with some discussion of how the OPS system might 

be improved, together with a description of some specific modifications that 

have already been prograIIUlled and tested. 

Martin Greenberger 
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Note 

In order to keep this manual down to mana.geable size, reports on the 

following student projects have not been included. 

1. A National Credit Exchange, by Malcolm Jones 

2. Model Building, by George Klein 

3. TELSIM--The Simulation of a Banking Floor Using OPS, by 
Richard Mezger 

4. Modifications to the OPS System, by Daniel Thornhill 

The omission of these chapters does not reflect on their quality in 

any way. 

Also omitted from all chapters are program listings and detailed 

operational descriptions. 
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~ ~~ :_ .:~.; I'. j : I 

System Concepts 

~ ; • i-. • _., •. "-; L ; err.: 1 r -z:-') .-:~. i ,. .. · .1 • • • , •• ( :;; :~ _ .. 

In setting out to design the on-line system, we were influenced by 
:, .; · _;· , ... ~:,·; --~··riJ ~··tr , __ :·,, Q,-:c1 , ,-· ~-:·f :tct ~ · 1 :-T~.~:-n::\-~-c.~._;·":·.1 JJ'' "· - ; ~ ~"-.. d,.. --· · 

certain basic concepts that seemed important to us at the time. Specifi-
, ::.: ~ :'.J ·j o ~'- •l ~~ i £1 ·t n .1. J c:; 1

{ i 0 _; t · - ~-- · J ~ = 

cally, OPS-1 has t~e following features.· Our experience with OPS-1 has 

reaffirmed for us the importance of these fttUdLttii~.::.M:'w.e:~d:·~'..::bf: 

th~tn,· ~s. ~S!l~~ti~~. t9 ~~' ~HCfjiS,~:8L-i!n~,r,~l~nPH-r:~~lle·:lfYStG1Jl• ,: ~ ' •. 

Simpa.ici.~y - . ·' :.~ :· J ' 

The system is slmpt~·-t:o'useand sim.P1e'to·u~d~~~tand, even by the · · 

relati~ely c'u~irtffi'.aied.' btomplt~atfori~ ~a~ ~~i~~~·t~ high price from sys
1

tem 
1.~pJ-;. ~ ·.· , _, . _, ~ • r ~- -. ~ 

resiliency, and they were avoided wherever possibfe: ' The' user 'may 'add 

his own complexity as the needs of his application require, but t4huwHj:·::.:~ 

t~~~ ~Bl .~~t .GOtnJ?f,~<;;~~e -:i~M:J~~~r~'t 1sl;~Y,Cfu\\t;' .79£ 0~e :41,Yfl~:--~t;e,e~~~ and 

it wi~t. ~?.t ;re.~~cr~. QY:,if1~H; ~l~~f.~~~tttY,,,; ,. ,· '"·, .. 

Versat:tltt:y .: 

, •· 1 -, , '.!(' '.;., ~' ,,:-. ~·r;:•-. _)' : ,r,-"_,(,,., ~- ''~ .·1···. ;:'!' '!l: 

; Urinec'es sary rufe's, convent foris; and formats also were avoided. Thus 

the user is not forced into thinking about his problem ilt~ifi'C.ial:..~.::·~-~-'-

unnatura,l, }7~~s. ~ h~~ :~~J.~,~o~1' t:Jq ~~~)'\~· ~~ P1;P1?r\t!P1 ~n4 h,We:V, 

'i , .. •-, .. ··-, 

' ' 

.. A'.'wfde range ()'f 'app{ica'tioti's' 18.''J>~·s·~:ibt~, '£~~ tl:ie structuring of 
!TT-! :·t :, :, ' .: - :: ·~ ~: _]._·~"'·' .1 ~--!··1,1 Dii~- .S'S(i)":i•. ';.}~~ {JJ"l;-~ 1 ·.- ·;';,:_i: .. ,; _.;, . > 

simulation modeh, decision procedures, problem solvers, and information 

processes, to the design of programming systems and o~J • .iiitLEt#erb:1i·~at}'''..:~.:: 

incl\ldin~,.,9,TSS_ ,it:8,~,lf, .. ~, ._}~.+,~~ ~~~~f;p,l,~~~: ;1".,JH~,l;tii-p~l~lr ·fJJ~iir~~~~t .. ;Ip 

that Jt. ~~·~:~1.~~-~~e.s ,th'1.S8W!·fo~,~~~,i~n l't~ 1~.9kis:tes~ll}i;e~. ·~!'tif;h; c:~i~ ·~~~l •· 

or more kinds of elements; for example, a real-time traf_;l,f. CP!lt.1:,Cl~~r ., 

with simulation elements and data analyzer&; an on-line programming system 
:·~.} (" •·• .... : ... ~- ,' :. i _, ( ': 

with debugging aides and an instant-execution feature; a jo'b~op-- · · · 

'r®Gi.$>j_qq a~tBl!ll':W;i.1tro si:AD.Ul¢:i:on,:1 tufb~:tl(jti<pi"..dcdtil.ri~r'atNJ p~bi'lsli~ 

.. ;{ 
.,., ., " ; I ~ 
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solving elements; or an informati'dti~ tt.t'ili.ff with all of these elements. 

It is a safe wager that man-machine organizations of the future will be 

large hybrid systems of this general character. 
·, ~t ·i ~- .. , ~ ! J: ~· ·~-· "; ;.:; '.;' -~ 

Individuality 

In customary use, the system is expanded by t~e user to a fonn that 
.: ·.:: .- ... . : :· _ .;.-r:1 >c-\i·' _ ,;r ·_z_ :r..t f -.rr:j .! .. -\_~ n;i.rB::iti (;·J :uu .~~.:-;1 i :~· ·.· '~ 

matches the specific requirements of h~s. applicati,on •. 'l1le bas~c ~ys,te~. 
_ · l _ .. ··> -. ., . --: ~:i .. ~ .. ! .. lnLr"'··_r ~}'--rrr~7:;:-_,_· JL:d·-) !--:Jq9::;r1~. I~ ~, L: : J. 

perfor~~ like a catalyst in thi~ process. -
-- · :.r::~\l ·-~-~I··~·-- ··,;.·;:( ;· 1 .LC·.~),.,c-): ~,· _;_ .'-.· 

extend its usefulness, but not its structural ccaplexity. There ;;_:l~_:!~::L __ _ 

theoretkal li~it to-?~, far,the ~~·~~ ,~a~,,~e,:;8i~,~~!:~ ~~t~"i't~ ~ts;; 
getting bogged .down. Expans,~~n may be •t:ac:I~! .a~d c~~~~~~~.,()~er :.,n , 

_:._, ' ·-. i, ~ '-~- .~.{f(; .: .i'.1J. -~. ,,..,J , :) .. 1 ••. ~ ·~· ~ .,...._, __ '.'... .,_ •• c _, • •-'-....I 

indefinite period of tim~ • 
. : :: :' !.· , .. '.; 

·,-,. 

- '!'he :e::fements ·of the system are· U.kti ;ptiiggili:ie 'pair•~- Except f 6.r· tn~ , 
few main components, each part can b•'titi~fdlj~ Jtai6de ari~&Pti~g 6i' 
affecting any other part. Most of the elements are called oper~ci!_a.: 

They .do not call on one ,another di'i'e.ct 1¥ '·. ~~u~ --.~~~ur:t,~ .,!,e~,a,lf'.8.~ ~o~ .. o.~ function • 
. ,; .. 1.;_ , ;;.,.;-,._,,_ .• :::· • • -·. ~ -!·;,, _ •.. f_ ~(-•:'.,t.- .:n.:t~'\;:;.·.;t} t .9"' •.. ;_,,_~·.· ........ . 

. - .J·.·,' 

kn Operator' c'm' ~; execut'e'd '4• rt f't' ;ret,t1iiice-4~' This feature '_, ' - •;< ; 

facilitates the editing' probing, and :,r~mn; tit s'rlndfi€l'drl Di6cle±sf:and 

information procedures while they are under construction. With ;_~ 1~!2. 

of s;st-~m ~~~~at~~s, fl ,mo~el -~r ,gr~,edlfe ~~~'} :;~~i:,~~1~iiw. ~~"'~-~t -;'·~~·,fi~~n 
as it has a mean~ngful s,tru~t~1;'e, -~nd ~f7.l,~, .-~'1~?~~,_.i~_ -'~'; ~~ l;+H-~,l , 1~.tJ~.i ,_,,.,1 

A·s efement IJ: of thlf syiieeti are r~fe-retie'.fd allct ·'~xamlned . iri cmpound 
- . · .- -· · ·: •4 · 1 · ·-- • _: · : · ' : · · t J ... - ~ ',. ') (:i · - r_. ---~ l ~-' .~' i £, \ !- ; f --. ~ .. } · ;. 

patterns, the patterns .. l'11Vaub:m\a·ttcally '•tr8meilbued'' 'for'·possilile addf-
:--: i; .. ' ;~ -

Graduated Guidance 
F . ' .. ~ ~ . ~l ·- • .t ,C-:i, ! ~· . r' ~ 

f'.~~1~tl..QJJ:l~dalt.Pf(4Dlllb.,the \.\•&r h~:ttia cbtalpu~er.::.c. M"1ti· but 

this guidance can be abbreviated a• the user becomes more adept and sure-footed. 
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SYS'tEM DEFIIITION 

-~ ' . 
·\ -• / 

Th~r·sy~t;em' has;_~ hast~> 1~~~~~tu~e ~~)t~ ~~Y t:'~'~i~~ltze:·· P.i~st, 
~;-'.>}-ilf::!JU7JC --r~·i.1 'JO t2-·".':~~~f.'"1£ f:.~;>_.:.::,_.:,.._ .. ;- ... ':.:. 

there is a coaaon body of infor-.tion, called rbe ~ !?!.!!., that occupies 

one ••ctiM·'M ~~w M&atff;.tteftitMti ti8 t. tit if il:il'li'+riGra 
L 

t~et tt• M'el'1;t1*->ciaUbtM1~ en_,. we ~-~ tlMtiteti Wlttei\' 

or<lgtMt4.y•el.aK1a~t"Mtol'i:rollnalli:~Mt.Agsctif!.lM t•to·tiil.t&tite ';' 

l~H atkl;; £11.6.atty,1 ttvwe,·r!.t'•LMiiltraP.iichaM.Wtt.atii1i.~itfi~' liier 

to *tteUte •and ~Ullililot:fM!·r¥sttapt@l ~~oi's.rtil flt*.tltt@ Ci~tnlttC.i'• 

' fie' strud:~i ~'{ fii~.1~;r~te~i'" i~0 ~b.~ ~6i:ii·~~1~i1; in ~he <li~gram . · 
below. The princip~'P~~~~t~n~lffl1 ;;~t~1~~i1l1 b~"''J~.~~tbea b;·1~~ly 
now:r ... ) f.a: ..... ntat.41 w latH .... sfi:rJ:jr;9 r .• ·U <:>CS' :•-i'L'. I ic; " . 

} ) ; 

-"j1•"1 . 

J#.-..... ¥i'MllKl. •• 3....---Q ' ' l .. 11t_.lB_' .... -~i---------- -- -
secondary 

CENTRAL MECHANISM 

' t 
f 

storage 

.,.. _______ .._ _______ ----
K! 's --------------- - ---

MTA BASE 
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Data Base • - f', 

The data base is the information center of the OPS system. It 

contains information of joint relevance to any two Of-~!~~~!~:!!. 

elements of., the, sy~~em~ . ~ts ~~t~" ~Y, b.e_, ~~i~,8,~2 ~!' :i~f,~e:,,~~:r,~.~·T 
multi~dime~sional arrays, -~r ii,~ . structures. . ... . · 

- - ' "-·,~~11~.J ,1 _ _:~:;:,·t:1··11ff_ .. ·1>~1 ,{_:,or: r.i.:,, £ .:_ "-,, 1 
.,;· .•.. . •·.! ·' ' 

~-Th.CJ. fiz;st 1 P~J."t 0£ t~ 4atJ ffe1': :l,.-.,4fsptt~ Y4.'9qAtb• M~~ •Y§~eQ\,, ..... ·- . ... 
itself.·.·~ r..,iuer ~·•~,,bf~-- Mtfl'Jau.di.Nbtorl•h.,N~fl ldA' 

appli~at~pu. , Ii: ba~~~a ~~~~U.UliI'.Pil!l~,i1lf9t11ttiM.f.l'jc~11.tut:.PI'• 

eJATi~o~eni: of ll,i~.;frotl.., '·l':9r.r •-,.~l•t4.pn-,"'4•1, -J.t:Ei.t1a>:por~~•J•il: eil 

the p:t_q~~,U~r; .,~:f.ng mo4,.~.91 ,f~r. 4': r~~i~q;OMrMiODttu·~·,4.ts arrreiJNd<-dK ) ) 

the presenF .8.~ate.of the,sr.;s~r'; ~~,d.~ofi•r~~J~~~~i~ ~~~~~,8,-~~~·)f is 

the bank of ~~ta that i'' peillf-~~ly,zed ,~n~ ~n,~e~r~~t"d~~ ·. :d"l 'r,.f ~'" : ' . , . .. . ... '·. ~- · ...• _, JL.:11. . 4 !f,_,., .•. S , .•... ; i•:.j 

At the present time, the entir,.dt.54 Nt•Ji•.t le>.u..U ~!d.JJJ: c°""O\lv:i.L 

storage in the primary memory of the computer. A .. , of the data base 

is associated with each operator, as well aa with CCJGM.P, a service 

routine for operators. This provides the operators with the means for 

finding, moving, and modifying values within the data base • 

Conceptually.,,·thae: ia no reason why the data baae should not extend 

into t~~, ~~~~~~~Y ~;;_ ~f ~Ile ~~j~r-. fa9i,- can--b~ done with the 
. . ,, .. ··• . . ·'. '. ..-- i .• * ' '\ 
~. present -O!S.,:hsystem by f)t.e uaer' it for~,lat~ng ant introducing the : 

--- '· ·!!'•· ' . . 

appropriate operators. An ideal •1att!~uJa~1-lk• this extension a~toma-
·. . "' : ~·- 'Tf'\Lf/-:?-J ; 

tica-lly, without requt~J~ -ar-··action~ cF-~~pr~. the user. The ~ata 

base would then be open-en~!· and the~e w~)&ld.~e nO..~~~~l l~it to 

its size. ;_ ·_· · . .. f.'ti'.,, 

J -~ -}~~; • 

,.. .. 

..,~~~ / 
·''· ' / 

,,/ ·- ·-.. ·-~. _ _,,.-' 
··: ·,.,,/·.·. ; : ... ~. ; . 
/ 

. ,..-
. \.~ .. 

-~· 
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Operators 

Opwa•ers;~ara:th:e funnt.loul:.•11hq)Mt._.;;:of dle!QfS··.ayateau A; :set

of sitaadard apsat.U•cOlllllQ:wi.th.'..tm.,_.,,_.-,.~ .. n:uri .. 'tme seneD&i- ,. 
p~n;: •..n.cea '~'ldli'ed ·-- ~Jlln rr.fhel !Jita1d11Hii:;r~8it<>r<a &l!el ,; 

, ·-· i. ', ', · ·, , C- -·· o -· -• • · · ' - t--!'"·· ,., ' 'I:'. -; .,,,, _,...., "'"' ~-. ., i i' 'T ' - . - ':':! ... • • - • · • "'-·· • 

A user" bui'ids ut{ the (jpS·~ )ystimf' tcr tt1:'·· htk Ja~t\cular· neeas by ' 

enlargi'iig tne · s~t"' '&f shlrtti:ii-cf ~~eriio"f~-'. · s 'di~i ~r; lli{ pt=b'si-ini~: incl" c~;. 
piles his own operators, ui.tnii; 1ifi\Ui~~l'Sifcli;ia8(~.; ~i' tAfr,' lhtro-· 

duces them to the system, and makes corresponding additions to the data 

P.se. ~:,f~~citJe f"~dure h,f Tptlow.r.,iFr:},~,~in~ ~¥,:~~. step~,fs spell.~~~ 
DUt-in Chapter U.•·--··-·"··•···.. ··--·-----~----~""- ... -···· .. 

~ l<~ :j·JJ '. f'_, .j{_; -' ' ·• ~ 

Assoeiated with each !operator ~re.1ai:h .. rj afi-Pla~ers '111tat jgive it 

;:::;. .. f~:::y~r::t~8.;: .. ~~.-!.-.·~;;;~:~~ ::1~;~~r~.~::~~.::g 
its ~equest, th! c~uf~ ;assists t~e uw by , in~ gdide }P1'~ 1 

_ J.~i,~~-i~g the "9:-•·-1,~ormats of 1~~ ~rame!r•. --~-;}. ____ .. r~ 1 

,:. f The operat~tL_l,M!l .. !toget~er °'11th tha9dat+ baee:;sg~e tli~· OPS! system 

:) •' '.\• r•~·te-transit1on app~ir~~~- 'i'he ktata ~·~e-Mr_!2~!.sent~1~~-~-a-~e~ bf 

':_).,,the -ystem, and the operators, opera.ting on the•data.base,, cau1e transi-. ' ' 

!l'ontTo ~new states. In dtis analo*, th~ comp~und ~perator 18 a sphedule 

of future transltions wit1' a fixed ji.!tirii et\it:"l-geiferitIYfOc·cura~~ret>eatedly 
. • ; ( I . r { " 

duriig the life~ime of thd system. ' 1 '. } ·1 
·· 

.. ,.,,,.,,,,,_."" .... • .... _,1 •~•-.-:• ... ·-·~·'>'•'••• ··•- ... :.._i~ , ·-· -···---·•··"-'~'-·-~~>A,,~·J, .. _ .. ,_ ••v[,,,~-.-·:~•"''-' ._, .... ; "iii".--., 

OPS-1 stores all,.~i~le operators in pri~~Xr~"ot:y!,"l~f.1~,keeps one 

·· . ··compoatld operator th.e114bat :ra· time. It holds the rest of the compound 

operators in secondary memory, and brings them in as needed. A preliminary 

improvement of OPS-1 also brings in the simple operators as needed. 

Ideally, compound operators could be used to schedule the dynamic allocation 

of simple operators by helping to anticipate when they will be required. 
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Compounding Qperators 

Simpte oper&eQrtt"''ay·be strung- tiegetharJQJ:,>fors:a ~i-op.er~, 

or KOP ,- and::;~ KOP mllJ· be:;._nicnad m. ;icie*tiifiCatMa;J&UllberJa-';·r.etatf-A~ 

in list form .aa·.&:;~1aiklitton to ·the...-~,,~,~ :it:>.t"epS'eaea~;-1 

by an Mx3 array (with structure as shown in the di&~ beioWrl:pwe t.wel : : 2 ) · 

linear arr~:ys_ t:~~;. th1e. '·~ocf.f t~, P~f~f '1f:~!-- \ ,~~ f;;vf•~f f/f.~ ;~.~oI~d., a,s 

part of the}~ta ~ .. s~~., a1;19 ~ J,h~~ef~f~-,b.f! .~l,ff~:II~r~ Of?rf'.~~r:,!· :E'f:.~~il' ,, .. 
is, t~~i oper_~f_?J'S C~!-~:ci~Y. th~~~l~~~,:~~[ tr~.~~~8,°;:~n:!B .. __ ,,,_., J , ~, 

1 

2 

3 

I~ 
OP'l:s : potnters 

DPR 
'poiO:ter's · 

first top of top of 1 
_;,.10f ::· -,, ·~1tistr:i :rD!ll::lt&t1.• ~ - ·<9:·, :'1'.' · ... : , 

· il~cbhcr. 
:OP 

t'hh-'-d, 
OP 

1 
' '· :_; G.[ :2_.; .. •• -l , ·I . - .. , ~ -

., 
,. ( • J. , _,_ 1 1 

+-_.. .... 

.J ~. 

.. dectnaal 
earametera 
6! iecond 

I 
I· .. 
r 

.~ M I last 
OP 

··c6q;ourid ·op~rat6r · · ' ··1tifeger 1 
"· ' 

~:·Jlti: .i.( ~; ~ !_tf (·!,~~~ -:1~ "1:.2i..[,_~.-.-i.---t 

:c'.tb=dl~ : ·-·I_,~ ;.1;+.-.. 
. . . , ? ·: ,_ . , .. , ,"},I~·:: . ~- .. 

"·: '.i J ' i.; ' . ,, ... ~ . '·' ------~_1{°' t) 

,, '"Decimal 

f'' . '. •' 
. ~- j . ! ..•. ,,. 

, }• · 1· I ' "'. , , · 1-. ,, _· , ~, , , 

f 

. ~,,,"I ' .. 
:i.i : Para.ets••• ; . ·_, .. ,,. :,Jta.,...aers 

: _.;..-•:;· 

_'.ii. 

i ;·r. ':i 8 .t 
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Modes of O,~ratio,~ 

·.The·· _....l ·•Y•tem is· op.r~ed·\y~· user ft'ODI ·lttfl coillC:il!. At.. any 

gi..n tme, he •v. by:hi•.wtt~lshO<Wi•·,~•ta ;& br.te1;of dx· pt'ifis1ble' · 

1. 

2 .. 

4. 

s. 

ex&~ution ~f • simple opera tot (i.e., of 
'ab 'OP)• .·! .. ·.· '. s :· .. : J· . ' " .. · ' 

Create with ,ex.ecut@i · ordti~ of •. ~apq>oµnd .. oP,er.to~. }>y, 
· <aff1wg· tif OfLtd' thtl KoP 'ltst. ·- The' 
~; ,.j.&c; •9tli¢'8l, Mtl, auida: ld.tae:s· ere 
printed, 

·1 " ( > ··' ! .. : 

' . ' 

.... , •• z,,; .~ wi:th9ut ':exec:utf.ca' fjf. 

the OP, 

execution of one or more OF's of a 
:~s U,et• 1~- ~-- entry of 
its parametet's ficm:Met.Ullaaole by 
pl'inting guide lines, and stores 

· ·~JIU'~ ihc~ Ua••pttropr.i.llte 
~i1'f"c4:~:P*f~ lists. A 
carriage return at the console 
(1rttkoutt:~he:,.wlJ'. ofr;.81lf par.-ters) 
causes the, ,.. .. t•w ;tnloualy 
stored in the lists to be used by the 

'-· ' 
' ~-·' 

OP. 

~Ui':ti~~:i~~!!ti~~~~~ ____ .. _ ·it• as 4, 'Dut'wlth eac&'op ~utomatically 
using parameters already sto!'MfL·it'f ; · 
the parameter lists • 

. ,-sa~. ••·. 3., ~b}t~ !~thp,¥t guidt,? li~.•~ '·. 
/ rite user f..s responsible for knowing 

.. ~ .. tM'.·~•r.i•nac,fotiiitt''C)f.'~lhe ~raM't~rs 
<?( all, o:r• s ,i.P. t;b•. J©P h~; i~, c;r,•it~~-. 

. ' ' ., ~ ; ~-· : "· .--') ,; ' _, - l ~" ' ~.. ' .J_ • -- ' • • • -
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An Example . i ~ 

-- ·~•v•- --~ .--. 

. T,PA illl.1:8fma~e M~ .,~ OES sys,~.t~:ffP~·M~\1~ ;l.J\t ~'.'~~_: con

t~xt,L}~t. u!Jc .cons41~ ~ ov;~~~MC"NJ.,~_t~~k,ly,"'•~s. 9-N::tl ~,<; 
the last twelve months have been collec~~~~ll~~-'~9 •a., Al~ 
employee in the marketing department. Mal has be~n reques~e~ to develop 

, _ • ! ., j. -..-.:··,. 1'(, ·-· .\. . , : ,. " ··: . i :, ~ , .u:7e-,r ; 11"··1 .x .:.:..-:)~~Yr'°' ~:; ,,-~11.r 2 . i 

· - -a· tecbnlque· -fbr forecasting fut~·e aales. He creaa-e·lto-trnhe exponen-

'' ~ ; 

tial_ smoothing _rule, Ft+l. • aSt + (l•a)Ft' .. !'!i•r.• ,F t,}~s t~~.- -7~?'.-"eca~f of 
: _,.: ·, ; · .-~,-- . .;, , ·. ~ :_~ -~ :t~"i.i.. __ : .·~-'? ! ,; ~ '..;.L.J!,,. ,.,_1,..-:i, • .,.; ->·.: .. /I- .-~ ~ .-• .· ,1,.. • _). 

sale" ln· ~~k t:, _St is):t:~ acrt:1~J; "'Yorted s&Ttfi1n weu·f;. r;+1 is the 

for-eaLs.t·•to< be0 gener.aited-·.f«;:~e-neft week, and a is the smoothing con

stant. Mal wants to see if th~r:~' i~ a smoothing constant that generates 

fol'ecaatJiJ close; to· the k"tu&i •eltly· salftJil.'-121(:8? ~:l:Jdiitlf· ~ thita 

problem in the framework of the OPS -~ystem, he recognizes the need for 

three basic operators: rr ·; ; ::. · · ~:: «::-~---~: ::2~·-·1,i~::9_;·_~ 
·_, t ! ,~ '; •· -·~ .?.:;1.s ~- s_rl.. .. "' -

L., ' h ·input oper.ata>r t:lfat- r~s data into a specific area of the 
dai:a·:M86.ii ·:T. J .• , .... ,,.:; 

... , · 2 "'" .,.,, geaeral utdmM:t~; opeM:tor that can add, subtract, or 
; m.ulJ::i.piyc •llY; Of' 1::hllfI~e8 in the data base• 
- ~ - ,; •. 1 :r ·::.: '., K j ·x-i r~ .-.1-

. . :·r :J. •.. ,·, A print operator- that',ilf.11't)write out the value of any variable 
-.. i.n. the data: it~. 

•.'-.;-;,, : • ~ ' J -.~ -:.. 

Mal decides to determine whether the forecasts are good or bad as 
,dj_-~\.<1 ;·n..-l"! .. : .:~::-~~~1 L-!"; OGinc•:) ~ ~ .. 

~~l ,si,.t.~ •... a,t :·~he. cons9le, • ~p.d no.t to . Rf Ogram e~!~~~!~_::!]nto his 
pi~t!dlU;'~.. J ~· l 

Mal could now write these three special operators, but he first 

glanc'es at the lht· of b~,Si~; Qf~s .lJl.:_Chapter III of;,ifi~-:c~5.:.ilianual and 
.:··~ .. ~, t.; : - ~~ __ ,-~~~:·: .. ;-.. i. "-C~:· -.:o;~; 

.. JIJ.•~,ea J;hat. -.he, MO&IR'tOf (OP15<):Jrprw1des both the input and print functions 

· ililit' h4!~' d~-~ir~s·: . G1~nctng:· ~f:'· ~ptei v, he also notices that OPTRAN could 

be used to compute the forecasts. 

However, he wants to get some experience writing his own operator, so 

he decides to write a general arithmetic OP. This operator could be 

programmed in a number of ways, but he decides on the following approach. 

He defines several data registers x
1

, x
2

, x
3

, - - - Xg. that can contain 

input variables, constants, intermediate results, or final results. The 

) 
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OP will have four parameters, all:'~~!t:)rhe first parameter tells 

where to put the result, the second where to get the first operand, the 

third what the arithmetic operator is, and the fourth where to get the 

second~o~~~~~~:~ .. ~:~ mi~~t-~~-~t-ated_~~- ~~~~-~l~~~-~~-~wh~r~'.l~, Xj 
and Xie_ are ·ttata r~gisters, and 9n is either addition, subtract!~rt, multi-

plicatifori,"Ea:f' 1d'fv:t'iton •.. The .COrresp~nding parameter -~af{;~;-a~e 'i, j, n, and k. 
,.; ·~~ ,. 

1 
Mal .~r_q8jr"}ll~;q~.J:\i.s OP in_FOR~~' <;()mpqe.~_!f!i._'!c!<!~.J.~ _to 1 t~ system 

as ~-~i, t1:11.~ ,c~.~~.k~;r..it ~~t using mot{e. t. ..N~ _h~ -~tl!~~!-~Q _w.r~~~c;a 

comi>ound ·)OP. H~, ~:•~, do th~s _in eithe.t; .igode. 2 or ~ L. JI~ _4e,c;_id4t• "~ use 

mode 2 so as to-~~:~ .2';n i~ed_iate <:h.e.~~ _<?~ the _cq;_~~~~11fl~iL.gf g~l:l,j>rocess. 

First, he wt,it~,~. {9-p·.'C,_ OP15's to __ z:_ead !n t.~e. _t;'.o~~t.~l!t.t 1 ~Q~_.c,~~~nt a, 

the old f'rir'ecast, Ft, and the last week's sales, St. Then, he writes 

four OP21 1 s to calculate the forecast, Ft+l" Finally, he adds an OP15 

to print out the result. 

S~i.tJ.fi,eA w.ith .p.,is_. 9-:line ~O~ _(s.~~ ~'!.&~ 1_, l7J,, Jkl .4~~:1.d~f!q~ save 
., .,· .. J ... •,j. ·' . 

it for "~a:t;1~; ~:~:eP:i1m. ,o,n _a __ si.u!~l~t.e.d -~~'-~. _ -~°- ~<? .. ~llh. J1e. .~~c;:u~lttPP17 
in mode, 11~ £<~~ ,h~,r~l~, r_e_~d_y t,C! .r~~Ut:.I! .t:.C! _t;h,~ .• :t!;:~~ _:U~E! _q{..~h'CrW and 

execute i,t reRJe~~,e~J~ ~n mode .. 4t. u~~l!& .. f:.h~ I!~_'!lll\.!~ILQ{_~t-a~~q~t· 

Af~·-·rep-e~,tng .this KOP ·a ·fe.t times; -Mal -zieal:tzes -ehat I~ 

impr~~ -~ ):icM9ibl-e. P±rst; -he··uses·a-M6\'!-6P-tt>P:t6) t6- !'~bee 
J 

the ohl :-1.-ectltst.;, -Pf, wi-th ·the ·ne1f fctrecast; P t+f ;·-·at -the -boti'EWtiC1of the 

KOP. He ·.urutri ~.a; branch ·-OP ·to loop -lnrck ·to ·ttte-beg±tttt:tt1g ~f';.fhe KOP. 

To l'IJ#lke' the-s.ei ~- he- ·reverts ·to niode ·:t; ·· ··Jr.tt:tt ·a-tn 'ltlc:lt"e IeJi:lles 

through tm:hl •ntftt1'Ult.1· he- realtze1t ·that ·there -ts ·mtl:y"CJtle -~ -ci1l~1 10P15 
j 

that reade,.,,~ ttle•aelfual ·sales-1tt)--tmrt--requtre•·lf-rinl'ft'alllle!il''each time. 

Only thi91 91': ~s- lttOtle 4. All ·ttte ot'her-oP'-r-ttn! -t:t:f!d -J'4rti~fiers and 

can be ~eeu~<l ~Jilt' ..ftWRie .5 • Ma :t thttl!fO't'e ~dec·td'!f -cc5 "t'ilt'I · tti tnBd~; :5 and 

siDIP!¥· uge -~ KtJDltFY O'pts · (OP1.5J to ·nttc'tt betlfet!lt 'lMdt!ff 4 · 4nd :s 'at the 

appropriate times (see page 1.17). Now he can autoniatically cycle through 

the KOP several times for each trial value of the snioothing constant. New 

smoothing constants IIMlY be inserted using mode 1. 

This example could be extended to show how Mal might build up a more 

complex forecasting procedure with the help of the computer, but that would 

bring us beyond the purpose of the simple illustration that was intended. 
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-----~-----•--,.---------------~------- rea c a : •• ' J. d ~·~'" 
_, ·: ~ ; 1 • --~ •. ·~ .;_ ,;~. {; .. 3 ~. , : . ·~· ·~-4 : ·. :'"i c·.. . ;:- 1'.:.~ .:J? 1~9 .1' .i?-. · i\r < .'"J L 

1 

-----------. -. -.......... ------------'-----.-""..---. r«ta4 tc>rO:.ft:. F ', .. 
: . : ~ -_1 s:<.~-: .. ~.. . ." . · · , :::·] .no.ra.rv1b :ta~-·,·tf\,_ ... ~t-1. 

----------··-------------------------- l'ad. la.ft ,.ales S ,. t 
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Central Mechanism 

Tiie diagram of the OPS-1 system on page 1.10 indicates the role that 

the central mechanism plays in OPs;1. It is the control center that 

switches the user to different parts of the system. nie MAINOP routine 
acfili1ly a6~s the:; '1ld:8fit&8'~ ,,, ~ .>. ; <> ;",):\'. ,\,~ c' .· ';' .· 

At the beginning of each cycle, the user is connected to READOP and 

asked to issue instructit5ii9 •. it'iie 'lipe~itie'il 'illoi~j§;sit~ ii' cohiiected. to 

PARAMS with a direct line for enfewllt19 ... raM•eta-ri1'floc•lhe.:; IJB. .-aaa DPR.::o 

lists. Jio,~uide, li~~!I .~r~1 pri11t;~, . ~-

In all,:~~e~, fh~r: u,~!r .. :(.~ COJ,Jnfft'1~ y~,~FA!-Ml}? q~R tpe ~1\ ~~~(fified 
in his instructions. Except' for modes Sand 9, he can then conmunicate 

with that OP, or through that OP, with the data baae, When the OP tm&~ 

completed;•ttatifa1J.ettou.1; 1 it'iteturuuc ... Rlq~l ao:rHlIMO.. 

In .. aadiff~n L.~o • c~~n~~t{iig ~fii'·; u~~r t~i~r:s•fl~nc'{ PAlAMs, th~ Ji., 

MAiRb~ '.: ~o~f i~~~~~~.E~~· oi; exe~uf~.,~~~~iin~r.i~~~~.i~~;·s&o~·~ s)2 ~~d··~he~ks' .. ";'· 
:11~_1 '~ ~'"J'Ji ~.['"_) r~;·, ' 1 ~~, 'f', .'i 1:;~' ~:.: 1 1 ;nJP, ... J9t:~C: bg.r.:·~.r·;:~q(' ·:j'_'.1 ·.1 i' I,~ ·i·0 ~~ 

for errors. 
.. : ~: .r: . \ . -, ... 

COMMA.P is a special table-look-up rout~e0~h,~8 Pt?~~~:i:a~ .OP ~o H; 

conmrunicate with any specified part of the data base • 
. -~~~· , :f ·:1~.:i ·. :·· . .L:S·:.·· J ,-.-~- 1 ~:i.~·~_; '··~) B-:t'0:1!:"f!-tfI\2 !~1:uc~~::·:::·.> ;~) 

- . ' '. j 1':t· 

l_; 

. ' . t .- '.i':) .. 

. '. 

'f 

; , 

' J! 
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MAI NOP 

- ;,_: 

Purpose 

The program MAINOP MADTRN is the executive f~g'~~J;_\1_1-5~r,~~e.~t~ ~¥"~~· .. 
It has the following functions: 

1. ; 1, l 
I .,,/ - ! ,~· 

2:... ExecUl.ts.t:he.,operater·;ifriq. 11JGd•·'11,-, .zc:1 ';-:u: :i•CJ:rlL ,; :;.; ·:J'a.'.;}:'i 

3. Creates a compound operator if you ~t~'iiii-:-ioa~8 1 ~,··j~: br·9. ·: ;.:L 

Executes· ~ 'c~ouiid op~~~tot'f.f'you ~te ~ti\L\n6ais' t·_;~fr,r5~ 1 
"· ' , 4. 

Operation 
r ... 

To do thffe'fttnctiOll&illHAllOPJuU.::;uu»ofsthL::t\ureeaJ•tea:Iaub~::: J«,,. 

rout,~?es ~~WP ~r ~~ci; a?~cJ~ t , !;u u~~' ~trr~g=i f~~d f1g~JJ r,~~t ,, .: 

operat~r you, w~sp ~r~~,_:~r~~~~"'~~~<oL~~~:~~~e,:~~~~~~·,, :. I~0u::~t>~~~;: ~~.,~r,B~'i'A1c' 
' fer control to the specified <>Perator ~ The operator is specified.~~ •. ~~~ JT. 

system variable MOP. It uses PARAMS to read in parameters for an 
operator if;the-·m&cie'"t!i'set'1 t~''iJ~'·' 0 • ·•.· ni-:ddv:i J.E:l:>'\r;:'.< fl·~' iJ;•·i;" 

.-,_·:.~ ·;_,1 ~~'·-· (~C: i/.;·J~)-)-j.'_j~j ~-~·~=:::~ .;.:fvJ !·:~·.)':, ;~Jf\'ff:"' 

MAINOP creates compound operators (KOP's) by creating a table. There 

is one 0
'. tine ltt' the t~bll!: fbt ~~~h~~i~lk-'b~it•tor~:r 5 Eii!ff1 f ttie corttiirt~ t 

three pieces of information: (see page 1.13) 

1. The name of the simple operator--a two-digit integer. 

2. A pointer to the beginning of a list of integer parameters 
associated with the simple operator. 

3. A pointer to the beginning of a list of decimal parameters 
associated with the simple operator. 

To update the pointers, it makell use :of:- two system variables, JIPR 

and JDPR. These are the number of integer parameters and the number of 

decimal parameters used by the simple operator. 
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At the present time, the OPS system d.oes no:t acc:ept ~ q>mpound 

operator that contains more than 100 simple ot!=~~~:'~.'. A:lab, this 

compound operator must not contain more than 200 deci~~- a?d 200 integer 

parameters. The .OPS _che.·cks to see:cthat the.se limit"'at:~· ri'bt exce:eded. 

When MAINOP is executing a compound operator, '-cit 'clo~s ~ot use 

READOP, but instead gets the operator from the KOP table. It uses the 
"'·~ 

system variable LKOP to specify what line of. the KOP ..t~~~le is to be 

executed next. If OPS is- tn·mode 4·,-'M&nmP -int st.Op at' ~very tine ~ 
simple operator and ~sk fc:>r parameter values. If rfu?•tamet~rs ar~ t~ped 

<¥.f . 

in, the valo•~-:ii;fl"~.·tn, tlla·parameter lists (~Jl[:1~:i"ilil~J",vfll:·fj~ µsep. 

However, if OPS-·t~ in mode 5, there is an autdi4t..fc"f~at~r@-- tha{ atl~s 
. ~ . ; ~ ~ . ~ ·"°:. - ~ ; :_·::.:_r~ ~ ~. :· f ~ ~·', ; ~ ~.: : . 

MAINOP to 4kip .:tia ru~ of parameters and h..t4!.ffe..-~ -the Vt!!lues that 

are stored in the twp parameter lists (IPR and DPR) 7.·f~e, t:w.Qi ..fiystem 
' .. .J : }\ " 

varial:ales LIPR and Ll>RR.--~-t.o .t-he-UTfi·-iM ..... \P~~4Jae,~el: and firs~ 

decimal parameter, resp~ctively, associated with the 1lJ.mt>J..e operator 

specified by LKOP. 

In modes 4 and 5 it J.~ pouib.le. ~ ~Gmatkal1y · sequ~ce throu~ 

several operators by setting the system var~.b)je .~O~&fl~al to the nupiber 

of operators you wish 'to· executc...!utomaticallyr.:-· ·:U·;·mf~"tl""'ijt;~o 99!, 
' • ¥- -~-· : .. .a, ' ' ~ 

the automatic.ff'qµence ~lll continue i~d;f'in~y}.!Gr.'lli.til.Of~U, t~ 
'· - •.;_.- ~ ) .· .,;:t .. ' ,_. .,,_ '.:'·"" t:'·~··' ·.· _,., :;-4'1\~~~··All=··..,.i·M/·-"'~'''-"-'~ • '· 

terminate OP, is he()U~~e.d. ',:~;.-- .. 

·;-<. 
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MAI NOP 

LKOP = 1 
LIPR "" 1 

1 

MODE • 1 
'.i· nn;. ;o 

JD.Pl. "" 'h'.· 

1.25 

___ ,:·-,-

. .: ·::::.: 

: . 1 ·_,;: 

9 .-: 

EXCEEDBD" k'-------..:.;m..~ 

--~ ........ ~ "DPR EXCEEDED" r;--...;..----!!! __ ~ Yea 

c11) 

LKOP • LKOP+l 

5/15/64 

., 

·,; '<" -·· ':<- • ' 
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. 3 

Purpose 

The function of REAOOP f~:-~o ali~'lhe~ user:l~. ~pecify what action 

Qe!dtm 

lf MODE is 1, 2, or 3 lUW>OP. -~· thi Ml1-wlftg'1 .'.c · 

1. Prints current mode (MOia} ltil' MM (utiJt1l~ 

2. Prints a lin• ·in ttte ffjhf:·U Jt'.1 ·n, Mtifl;', 

D • ~ha;... ep6ratet~ yM wt-Ml t&~· eflth·' i! tdti i~~ ttJ·ittA to'· 
be in modes 1, 2, 3 (MOP); or~ the ntimber of cn>e~ators you 
· idih::to litWi:f.,alilt.J~itt1 iff>~ia(' j\'lijf 'r18ef6ri' 1 ~ofi 
~ a34fn c~ b,4c~ ~o •. 1"tt~l~3 9Mr1~:f.~~-'1goi)'t, , . r · 

I = · tlii ni.le1 rbt 'lut@'J !e•r c&ftiltfalldi1 !tP th~: t44y t&if tM:eiiH ·; 
,, th~ .~d>oy~J tp cM;·~~Jt\,; '-· )ifT L <:: "l• ''' ' . •· d ' ; · :. ' ' 

XX = the ltfl• .fttidi@r'ilf!'wft!ift1 foti 8@iHi'i 'io 1 

a. start execution in modes 4 or 5, 

b. insert an operator into a KOP in modes 2 or 3.** 

3. Reads in the operator. number (or .JKOP), mode and line number. 

4. Echoes back numbers just read as a tran1tnissfon check. 

5. If MODE I O, sets mode to new number. 

6. 1£ 1.KOP ~ O, sets new line number and also sets the new LIPR 
and LDPR pointers. 

*This jump (JKOP) can · be used in both mode 4 and 5. In mode 4, 
you will be asked for parameters by each operator with no opportunity to 
change modes until all operators within thi1 juap have been furnished 
parameters and executed. In mdde 5, the stored paraiaeters are used and 
again you can not stop the sequence until jump has been cODlJ'leted. 

**If you set the line equal to something less than where you are 
presently, you will be writing over the old KOP, and hence, lose the rela
tion to anything below the number you set. 
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Sets MOP or JKOP depending on wnether new mode is 1, 2• 3, 9, 
or 4 and 5, respecttvely. 

Returns control to MAINOP. 

If MODE is 4 or 5 ~P does t~e fpllow~: inn . . ~i' 
'.; ~ ·-:. ·:~. ~··_: ··- -- .. _.) -~·· 

1. Prints next operator in the KOP table,. the,~.t'-'adrline ~.' 

The subsequent actions are the same as steps 2-8, previously de~~~;t'• 

! 
'· ., 

Prints a line of·,.tp,,, f()nt' XJ·l Ul.t< ,·-,,,1 -, !!'I ' 

2. Reads in next oper,a~Ol;', ~~ l:aad: ·U.11e.,8PDVP~r•~U , 

Th~_sub~~.queut, ._cti~s:~~e the~ M-•eMP•,~B pr•ied•ly llescribed. 
. . -'~: - ' . . .. ·{'. ·,.,., "'.~ -=- ~i:-..:.f-._,,c·~ r1t' ._,1' 

lf_ any o~-,,the ~p.ree~t"~~d,s, r,p;i;e~ate~rJtyiDrn¥::U ared.e-ft blank, 

or if a· 0 is typed,' uoiichkngl! Hf iU.de tb' ttie" eyi~@i Vi~ial>iitt' associated 

with thoSf!. fiel4s.~ 'l'hu1,., tpei;,p;i;~y,lqY-§::iV41.Uffu•r.,-iU'M•m ib:h-cfe&ture 

is partic~l~~ly. ~seful i~-·~~es 4 and 5 ~~-.'*'J."'2~e,ti~~.t~,; 
a single carriage return ;17rov!de@ ~,,fiq:i•, ,st;ep~,....-tift..t !. c! , 

,•· ·:. 

:.'. 

. ; ... ' 

.. ):_ '.1 1; 

"1 •• '~y _; I 

.. ~ c·, :·' ri ;,• ' 

} ·,· 

' . . , . 

; l 

' .: f> 

. r 

' I I ::~ 

: 1-, ;~. ·.·. 

-- .·~ ' 

"· j 



t 1.35 5/15/64 

+----------~-M~D~.;,--"""'T.-_-~~~~~---. 

(;}) 

PRINT: MODE, LKOP 

PRINT XX X XX 
i----~ READ: N, M, L ; 

, 

,-------&-.-:~~ 
(;I..) J 1,..1) 3) '+-,~-

ECHO Print I 

LKOP = L 
LIPR = KOP2 
LDPR = KOP3 

MOP 

PRINT: NEXT OP , MODE , LKOP 



1.40 5/15/64 

CALLQP 
.;... f·· 

Purpose 

The purpose of the CALLDP r.outine is-..to. . ..ti:&na.fer_eontrol to the OP . 

that the user has ~pecified in READOP, or to the next OP in the KOP list. 

CALLOP also handles error returns from ()P's~--

Operation 

CALLOP operates as follows: when called the, first time, the routine 

iumediately branches to TIMEl. First the transf~r to TlMEl is replaced 

so that this part of the process will be skipPf!d !~subsequent calls. 

Then we save the return to MAINOP and dep_re~s the console input level. 

Then the normal CALLOP is executed. 
"~ i 

The normal CALLOP saves index regi.ffer l, then-~ts up the sense 

indicator register so that FAP subroutines may detect-MODE (if they want 

to) using the SI. Then we crei1te a trt.XW:fer .. tor.~(~-wMGA-wiU 

contain a transfer to QJ?(MOP). Then this transfer,·!~ executed. 

At BRRET (return from a break signal:-)-we re-~111t··the-1console input 

level and go to RETRN. 

At RETRN we store zero in JIPR, JDPR aut JK()P. .Thtm we test to see 
. ·:" ·'-i'. -

if we are in mode 1. Ilwe are we-return to MAINOP. If we are not in 

mode 1 we first decremeht LKOP in anticipation of ~INO? i~cr,ementing it. 

Then we return to MAINOP. RE'.J'.RN may thus be used to ret\lrn to MAINOP 

without changing pointers (for .. e.ple when an error occurs, see 2. fl(& .. 

CALLOP demands that all subroutine~ from OPoO ,to OP9.9 be present. 

Of course we rarely will have all lO<l-of .. the subro~t;..nes in memory. In 
.::- ~ . ' : . 

.. , --·· - ·--· .. '~ 
order to circumvent these difficulties we make use o£ the fact that the 

BSS loader will, if presented with several detlnitions of one program, 

simply accept the last.· 

,,'. 
'. 
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SUBCAL FA?- d~ftfi'!·~- att· "11ftlbroutines from OPOO -i:cr 01'99~ If there is 
i r . ..· i " , 

no other versllon oLar··aiven ~ubroutine loaded, Chen,Qluai wi.11 actually 
~ ···,.. "'"' ~. ·- t k~-..,-~ -~- ·-~ .. .,- ... ·-·· ,._ -· --~ ·,·,,<:·I . .': ~ i-:·· 

call SUBCAL. ; Il a· !fttb1'8titinEf has actually been Uoj~~4-thefi tpis defini-
. : ~ ._ ' " '}" -, ',, ,. 

tion will sup'~i!l!lrttfl! ltefl:flition in SUBCAL an4 thML«l!'eu.U:ne•wUl be 

called instead. 

Thus if ~e cal! ~ii operator which has not been defined we enter at 
·:. ,- ' .: .. ·: .• ~ 

OPXX. We begJttt·)lf;S~ueace:Jofi operations which leads us to the message 
' I 

OP. AB IS NOT -Yft-~NI& amf we return to MAINOP .thr·ough .RETI(N (thus ;not 

incrementing pointers),. 

There aite-rwo maeros··m-'Q\.LLOP FAP. They are called TRANS and FIX. 

They operate:in sue=,~ ii~~~~ as to insert at location OP 100 transfers to 
' ~ .-- < ; " '- ..... 

subroutines named OP66-;-'0'POt,· ••• OP99. 

The macro CTSS simply is a convenient way of enabling one to get 

at the CTSS system subroutines, in this case, to write a line out on the 

typewriter (th_:_v~-~~~~~ WRFIJC). The other t~:·~I~CJ.'~:r!REQU, 

TABl and TAB2) simply!define all of the entry points to 'e equivalent to 

OPXX:. 

For thos+ l4Rcf -~~ti~ be, wr~_:_:~~ FAP -~~~~~~ th~y~-~t ae~ect mode 

by testing th. ~~l!~~- !n~Jca~Q~! register. The confint~ Qr;;t,5~ $I for the 
; j.\ ,. 

various modes are as follows: 

Mode 

1 
2 
3 
4 
5 
9 

400·· 
·2mr 
.J.00 
04d 

, . ._., .... _._.,...Q..2,0_ . ,lP' 

, ~·oat. 

Thus the comnand RNT 40 will execute the next instruction in sequence if 

we are not in mode 4 and will skip the next instruction if we are. 



GALLOP ENTRY 

First time 

II T1i'MEf tt 
·Set itntr' •to· 

.. "~A.''. Depress qul't 
level•"'•aM 

s OPs. 

.. , .. IJli&r,•;0< , 
JI)PR = 0 
3ftOP -i;: 0 ; ' 

if 

1.45 5/15/64 

Thereafter 

n:;.v0nae-:-1. ,, ':'.'i''' 

;1) ~!~M;tt~r'~ , '.«'.';• ; ; 

u .~ • ~· 1 • B 'f:)~~~~~?r ;: t l: 'fi ·' 

' ~ ( 

'~"!' ?oto:•1~(110J) ~·". '•·'' , iJ·;·' 

: ~ . ~~cvtt ... _ transfer L "' 

... -------·· b 

·, ,, 

) :.~ 

LKOP • LKOP~l 

Back to '11l\11.NOP 

I-' 

., ... 

1.-...--·-------------------------------------·--------------~---~~~-------

• 

• 
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Purpose 

The COMMAP routine is necessary for defining the data base, or 

data elements that are in COMMON storage. It it f1sed by OP.' s::15 a.nd'.'.16 

to locate individual data elements anywhere in th-e COMMON stora~e area. 

Operation 

COMMA.P is written in FAP and makes use of & macro instructton 

called COMSET. The COMSET macro is a rather ~1ex one. It performs 

the following functions: 

1. Each time it is expanded it increm~• ·. M by ·one. 

2. Each time it is expanded, the variable nattied is placed in 

~OftlinPU • i: 

· .3·. ' ·'the n!~; 'aiidi:'en bf the vti-1'!1'1~ {mll\u* 1},, il'ld t~J~\t ~~!\"' 
sion is placed in 4' t.abl,e. ._, 

The entry points TABU: and MU. an u~ ~ GIT and PUT* to obtain 

access to the given line of cortlnot\;, E•ls•ntiilly'-t:he process is thi$. 

Given a common line number, we test againet ~ t:~·&ee it·ft:a.re b~()nd .. 

the range of cOlllDOn defined. If we pass thh t_e•t, rABt! gtves us the 
'·' 

base address and dimension of the ar~ nfe~-.. From this information 

we can compute the exact address of th~ dll H!f~enced~ We use MAD (and 

thus MADTR.ti) tyt)e btdelting;· and, thu• this UlfonmtiPJl is available. for , 

compatibili~y wi-th: *1>· (and ~~ pro~s. 

*See discussion on Service Routines, pg. 2~40. 
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We refer to counnon storage thrq~ .~'line numbers". The line numbers 

for system conmen are as follows: 

Name of Co11111on 
Array 

•. ,I 

K&P 
IPR 
DPR 

·· 1 JlPR 
JDPR 
LKOP 
LIPR 
LDPR 

... ~£. 
NKOP 
JKOP 
MOP 
1Nt.>EX 
!SAT 

Line:.No. 

·.;:: 01·-' 'n-

2 __ [ 
3 

,.: '.·~~ .. 
5 
6 
7 
8 
9 

10 
11 
12 

·13: 
14 

~ , , ; . , ! • ~r . 

. - ' . 
~-, - I 

] . i_ .• ~ 

: .~ : ' . . .' : ' 

. ~ .. ~ ·.·'• ... 
I 

When the user defines some c0111Don storage for himself (uaing'Il?t\e procedure 

disc.~•ed •nd~r. ''Upda~ing._9~ C~' M.ap')~:;~h:H lt..~,~ ~.~.iYs.~ten~d. 

For example, if the user adds to the c~1 ucWt! :r · ; ·· ; ·. :0 

r . ~-· . ; 

·~ET 
·Uliisfi'.· 
~T, 

P ,·o:;o ~ o- _, 
x, '2'7·,s,zc::. 
A,39.,_9,p 

;_) 

then::P is- line 1'5, X is line 1-6 ana A ·l&i-l:L~ l·h ~ 11!0'.rt•f'eti to\ 4l; giV.n 

cell within an array we simply''idct t:he ·f'ftir-eit. ~ '"''°~~· 'tb; iDC#.e : 

; ,, 

X(22,3,1) to P using OP 16 we would enter as arguments to the first printout 

("FROM LINE XX (XX, XX, XX) CAR RET. FOR PA.RAM") 
16 22 03 01 (Line 16, Cell 22,3,1) 

,. '., 

and to the second printout 

("TO LINE XX(XX,XX,XX)"etc.) • 15 (or 15 00 00 00). -~ 
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Purpose 

PA.RAMS is u1hhi only by the e:kpett•ttct!d u-ser""1ft1Jr ttnows euct1y the 

nuniber, meaning, and order of paramete~~ h.e wishe1 to enter into atty OP. 

It deletes the prihting of all guideline~ describing the para~eters~ and 
" checks only to see if the correct numbet"()f parameters ha'V'e·hffttetttered. 

PA.RAMS is only called by MAINO!' Wht?ae~~·.': t.._e::.mcdi :.u . .fAK to 9 • 

Oper,tion 

~ first read.ii the integer paraut'ttr11.. t'h~y .are read. one at a 

t4ue, and non~zero or pl~s zero p41;.....a.~s are stdred in the IPR array 

and cO\ql.ted. When a min(,ts zero (·O), whlch is equivalent to a blank 

line or initial carrlage reb1rtt, b eii.~ntered, the number of par4tneters 
'\. ~. 

counted is c~pared with JIPR. If JI,.t·i· .,.,&titte, the check iB omitted. 

This is used for o~ witth varial:t1- numb~tt of parameters. If there is a 

disagreement, the program complains and request& that the integers be 

retyped. 

If the count agrees,PARAMS reads .the dacinlal parameters. and .stores 

non-zero and plus zer<;> parameters in bPl, .· ~ntiy _t;~~.. Minus zero 

causes the program ;o .check the c()unt ~A~'. "1JPR, .unleBS Jt>PR is negative, 

as above. If it iJ not equal, it emnp-1•1.M ae above, allowirt~ ·decimal 

parameters to be retyped. If the count Js equal, it returns tio MAINOP. 

Note z J5qt;.h integ~:t . alia -$~~ 1 ~~- :•i• :i'~ ~~: pto ... ,_ f crma~ ~ 

Thus :b:O:t"ff.inte~:J: :Snd fl.ectllal parameter1 nttist be typed With a• 81tplicit 
' dec:Lma1 point. Since ... o id used to signlfy end of parametsr 1ht, zero 

must be expli-citly typed in • 

• 
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Subroutine PAQAMS 

I _=•. I+l . -+--~...-

Store in 
IPR 

. i ~ -

I "' I+l 1----~ 

Stores in 
DPR 

Set B for 
Int. 
I =·-0 :: · 

Read one 
int~a•r 
PARAH 

·set B fot~: 
DE.C.: -

I = 0 

. B.4•d_ ~ 
decimal 

··PA!Wt· 

Return 
to MAINOP 

. ! ,• :·-

(CfC..) 

,'.,i §~~qr 
Message 

j: ~; :·~;r' ~=-

5/15/64 

• 
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Chapter II 



This empty page was substih1ted for a 
blank page in the original document. 
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~r~l&l'~tMY~~~j:he. #lf:l1' r#fl!ltfb1,f>{,:AA;1P.f • v11:tft. t\\.I':~<• 
to the right indicate the modes that iruit attd *Uat ttot go through each 
ste~. rG~~ih~ Lth~"d~~h9<~ vs~1~pf i~) ~pt'i1,~al'l~l~1;3 ·~~b5.:~~ '~~ti sh0;~i,1,' 1 r~ 

. q () :t Ii!; ',' .! '' .) ,, ":"• . , ..; ' q $. ;.: ' " . f .. 

Steps 

I A. Subroutine OP XX 

I B. Storage Map 
Defines common Storage 1;2,3,4,5 

c. If MODE = 9 
GO TO 9 

D. Local Variables = IPR, 5 9 
DPR (from storage) 

E.' IF MODE = 5 
GO TO 5 

F. Print Guide Lines 
Read from console into 1,2,3,4 .5, 9 
local variables (carriagf!! 

return in 1node 4 causes 
stored values to be u•ed) 

G. IF MODE = 3, 
GO TO 3 

s I H. Execution 1,2,4,S 3,9 

I. IF MODE = 1 
GO TO 1 

Set I~ ~PR =· local 2,3,4,S 1,9 
yariLl a 

9 K. Information 
Set -!IPR., JDPR, (fixed) 2~3;4;5,9 

Return I 1,.2,3A,5,9 
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The OP must be written to read in and execute with variables local 

to this program so as not to clobber common storage when a simple execute 

(mode 1) is used temporarily in the middle of the execution of a KOP. 

Normally, do not change mode in an OP. Leave mode changes to READOP. 

Depending on the nature of your OP, step 3 may be placed before or 

after step 5, the execute step. 
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All of the foregoing structure except the execution step has been 

prepro8ranmed in MADTIUt. 1P( ) and nH f' a~'e'.; us~cl .• ~. ioca1 variables for 

each Ql?. TH.@ ett~tutt~n ttlp hut l:J.lteti •tttlitftf at\il tJlllett 'it the end for 

easy conshuct:ion. . Ct>tH:~_ol is. tfl.ti~f~rt~~- to'. ~t;- (ftflte.~i;.t. 5 CONTINUE) 

at the proper time; You complete the patch b,..;ttait.sftt!ift! conttol to 

7 (GO To 7) at the,end:.of ~b.e,1;ixecution,etep.wh,1..cb. yQµ.write. 
' - . , , ' , •_;: ,,) " ·'. . I - ., • _, .. 

A. Construct cottttnon forms ·to suH: your.needs. 

1. Start by EDilflng one ol the iollowlng forttl.s from COMFIL 1 
{9r l:>uild youJ", f>Wtt in·.M4J>l'llN, 1;~,gr,f.U,> if desired*): 

' - ' . ' ., . : ...... ; . , -~ ' '·' - .·' '~ ; ' . ' .. 
; . 

a. BFORM MADTRN for !oth integer artd decitnal variables. 

b. !FORM MAlJTRN for !nteg-~rs · orliY. · 

c. DFORM MADTRN tot ~ecimais only. 

ct. NFditM MADTitN f~-~ v'1ti,a~1~s •t.ali, 

2. .Ins~rt additional DIQJiJlOlt-.t~em.~:Q.ts in lines 4_1 to 59 
with the cotamon e1e~J •. , dtit~- ... - ' 

3. a. insert adclitiortafboMMoN sEatettu!nts in lines 91 to 99. 

b. Mod~~>'. ~n~ i;-e~Quipiie btMt!P ~P agi'ee. ~ee •iUpdating 
of C~P . · 

4. ll'Ue as your own tOtii. f~r sUbseque~t )~Se. 
B. Buiid the OP 

1. Edit a suita.l>le c~ou, ,:€q:qn,,) ~~n-~,ru~ted a' above, 

! . Cllati8-: Hne::~o to ,r'?~J 8.qt~qtJttjtfJ_,~~:w~~~ ,the XX is 
your OP .hum.her. Normaify, use nwnbers between 20 and 90. 

3. cha.nge Hne 20 to read your ~am~· anci';the date (of most 
recent change). 

*Alternatively, the shorter FORM MAD'l'llN or FO~ FAl' (aiso in cdMFIL 1) 
may b~ taaed as ·a b.a•tc be11nni.n1 in,:whieb'3ftalftt.;th• ptGgr~ w®.1.4 ~i.ld 
his own structure and use only part C of these instructions. 
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4. Update 4imeMi~n.f··Of U\ao§. J>P: t>IJ Ullei SO if desired-
these were set at 10 each initially. The dimensions must 
be changed if JIPR or JDPR exceed the values in the 
conmon form. 

5 .• 

6. 

Set J;l:PR and JDPR on. lines 100 ~~d '11p •. , ... 

Adr:l format;$, fgr. Pti•tins:.p.id.t:, 14at•*·1f.ltinU.ae_o5~.Q and ~or 
readins IPRs.and/or DPR1 on lin~s 570/5~0 if n~eded. 

-stan'dard fornrat~·'witl 'cOIDPtle t£ ti6t;(£t\an8eti{·i>dt"w:ill 
nQt l'eaf1 inp•t•.. ·· .• :• ! . "· ·,, .• 

7. Construct the ~xecutioti patt' of' 'the OP. stard.ng' at 
location 600 in either manual or automatic mode. 

8. Finish with s~atements GO }O ~. ap~ ~ND~ 

9. File OPltx MA.DT'!N (ot MAD' or P'AP}lwher~ the xi is the number 
of the OP. 

Compile and Incorporate ** 
1. MADTRN (or MAD or FAP) OPXX. 

·~-; -: " i 

2. Dele~e OPXX MAD (unles~ writf..~J ill~)~ OPXX MADTAB and 
OPXX SYMT! (it'iidng·'tAP). ii ·'" ' · 

3. · Load the htt coMMA.if flt:rt ,:~ fol1&#eCI by thee' OPS package 
(containing SYS'ari-i!l: ALiml, · an~f·:tlien yb:tir';personal OP a. 
The reasons for thi.s .sequen~e are as follows: 

/.'~ ·, , : :· ·; '., ':L": .~ 

~. All the CO~O.N storage required in any of the OP~s 
must appeiili in the ·progra~':l<?.,~C!d;tirst·. 

··. :.;.:·''.";i.·.: • --

b. CALLOP in the OPS p~~~ . .a.ge defines all. OP numl?ers 
from3 t> to 99'; if yoti"toad''the"OPs .:pact.age after your 
personal OP 'Ii then your Ol'fi will be replac;:ed by the 
dlUDDly definitions of CALLOP. -. , -- \ 

4 .- BSS files may, be cambfne<Cfor eaiif~t 1oadtrt8 'by using the 
_CO~IN* ,,£o~nd~ .. Be, ~ure to UBE! the * since. resequencing 

i · .. ; cl:Cfb1tert"thec1!SS tttst1'tctta,n!W;' ·'.·.:~~i&!~~~; 'if ;70)·: · · · 

5. Do all this on your own number; not in COMFIL! 
0J ·.' 

~ 

*Guide lines cue the human as to the contents aud.poaiilotiins of 
the n,~.~.t. console input. 

' ' ' ' ~ 1 : ' ) .'_•' 
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·~·:.:.\:·;· .... ~:;<·~·_!. / ' ; __ t,. 

In writing an operator, it is essential to understand clearly 
the different sources of the parameters, called LOCAL VARIABLES, 
that are used by an operator during execution. LOCAL VARIABLES 

, mua.t, ~.t~!>J?~~5r~p,,,!r?\Jl ~pe ga;rlfU\ete~1' ,t~e4 ,iA 1tt'-"~9e,'. .. cQ11so!le and 
~he parameters·that are (possibly) located in the IPR and/or 

· DP!t:··lri•fis,14lo clatz',ia:U. ~·t.h•1•~pt'io"69· l-t9'et~atN wit:h~- the sHc•: 
modes can be performed. It is convenie~0~0 W1e tp' .fol~ow~ 
definitions: 

,,J ,.: 

1. LOCAL VARIABLES: the value's of an bP' s parameters 
act~ap¥'.:µ.1;e().,. du~~ng e~e.<ru~ ion .. 

2. TYPED PARAMETERS: the values entered at the console .. 
• 

3. STORAGE PARAMETERS: the value& a11te'*dy in tPl·and DPR 
storage. 

' . .. 
Using these definitions, here is what happens in each mode: 

Mode. 1 - The TYPED PARAMETERS are placed only in the LOCAL 
' i : -'I I \tilU:Bl.JiS andhUhe-JOf 11 aa,ttat••. : ' " .• ". . l 

Mode 2 The TYPED PARAMETERS are pl~ced both in.the LOCAL 
VARIABLES and the OP's STORAGE PAR4\MiTERS and the OP 

' . .L.: ·.: . 

is executed. 

Mope 3 - The TYPED PARAMETERS are placed in the STORAGE PARA
METERS but the OP is not executed. 

Mode 4 - The user is given the choice of using the STORAGE 
PARAMETERS as the LOCAL VARIABLES ,2!. typing in 
TYPED PARAMETERS to be used as LOCAL VARIABLES. The 
user must take some action for the run to continue; 
if he \Wishes to us~ the STORAGE PARAMETERS, he hits 
c.r. The TYPED PARAMETERS!!!!!.!!, !!2£ be placed in the 
STORAGE PARAMETERS. 

Mode 5 - Parameters cannot be entered from the console. 

These arrangements are mandatory for several reasons--perhaps 
the most important is permitting the use of Mode 1 at any time 
without destroying any parts-of-the OPS system. Normally, 
mode changes should not be made in an operation. Leave mode 
changes to READOP. 



5/15/64 

Updating of Common Map (COMMAP) 

To keep the common map up to date, it is only necessary to insert 

lines of coding for each array or variable added to the common list. 

These lines take the form: 

(tab) COMSET (tab) NAME,I,J,K 

where NAME is the name of the common area, and I,J,K are its dimensions, 

for example: 

COMSET 

COMSET 

etc. 

KOP,100,3,0, 

MODE,O,O,O 

These lines should be inserted at the end of the TABLE list, and just 

before the line 

MAX PZE N 
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Several 1t'J~:S:o'U~~nt1 are us•d ·.bf 9P::~~ to· r-.~Vt•'e 8~~h~~tilr~2infqJ.7• 
mation i~>~t, Til~•• "J.1.Rr9utin~1 MP A•, llf~d:, hf219Y optttt•ot;1L Wf!P' · ; , :, . 
will f41•11cr:41'e th,, ,_ff .. ~~ •~<LtP•~~a~UY.tlllUff.Cl<i~r.,••~b .. pf -~ht•tt ;:._ ~ , ; 
routines below: :1 .. 

CALL. ~JIT(~.th.~.K~; )fe~~·fX~s"~\l" (~,J p~)~JiL"~~!t, P,~·1th•. L~\lt~iai•·· of 

CCJ.iMPtf • I~· pl~••-:,:~h" ~o .. ~-.n~~J.Cfl1t~Htic•n<::••§t•,.1e•~:::~» 8r-11.Jt14•~11•' T.AL\:;.;; 

called EXCH. :.. ,". J:) . 

CAU.1~Jfl''L·~·J·~) p1~'t·~.,~l}-JCl;J~t"-q~8s"~ ~h~,,~g!J ·!f1~n1li l.t)~p ~~· 

~l,~~Jt~~h .. 1e•~»~.,q~ ~~·r~~~~~~~,.,o~J,~-..qll:·:- .,3 .,;;.. , ·; 

· OALt:,'Ll{A7 "ftlae•IJI tH• · con~erilHf c\f·;l itt-'til\tblXCll rljhtib 
. '" ·). i / 1 r. ~:· -~ ·~ , : ,·r~ ~'5.:;.'~•"!, it" t7-J 1 .; :_ _,, ;q . L;'. ·; ~·_;· 

CALL Bl(A) places the content• of the llCH resister in A, 
',-,' •. 'f. - •,,. ... .~ :~~· .,") :-. •? ;: '<~ .. .;;~' ~--;;'i 2 .:;.;;~!"!, - " (~. ,-:.' i'.~';J''!).'~ ·::: 

CALL i•NtC+thJ) .p!'c'~' tfhe. 9"'tf9tf:iR':s~B!t J~lJ urMJ!~tlt¥-rUD~•a•Ji .,,, 
paramet"r U 1•01 4•q~l·p&'l'"8~~r·,4f(I.J.'9!ll,,of.)Jlll \.I;~ ~j.•f~,o~,_,~hfi~P·r. · .. , 

list 'n EiClh 't~"'''-~i .' · . , ... ,"; ,,, , .. , 

CALLCPUTLS!(L.t,J) pbee• tf\e·:,CtM\tenti of2 11\i~)ueH11 :te.i1eet itltO ' 

the· pti•ition of t:he J'th btteg~r '('!-#, or dihiliit'!t1iiit) -p•r•aettt~ of ·the 
Lth line 'ttf the tdP iht. ·'' _u,;_ ' C'. ,· ~:"' :i,:r• ,,,, ·.' '•• ,, 

The functi~ oCTALr(I) has a value ~hl~h i~;the oct~l e~~tvai~nt of 
. rl . - ! , -~. - - : ~ :-- 1 I,:. ·,:_·::·,;)·. :.-:s: ·-,, .. :··· f.I ·. · · 

the BCD number i~ I. 
.- ,,. ~' . . . ' ' 

These subroutines are available for use by any operator. 

!2!!= If one gets a parameter from the DP& (for example) and empties 

it into I, there will be no conversion to the integer mode. 

CALL LE(X) 

CALL EE(I) 

puts the contents of X into I, but it does not conYert X to an integer. 

Thus I looks like a very strange integer. 
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Creation and Contents ofiCbtftbtneCi•BSS Files 

The ·CTSS ·bp~r•tor' CO!mtN:*='X BSS Y Z''A1·~· ·~ ·~ ·""harf'the i!lfi!ct' df .; 

combining thi' fll@•"Y BSS t d Z' ·8SS, "A BSS, : '~ · l Jn furitler~·tit• ~~,~ issB ~ -• -' '· 

bined files, replacing many individual files). 

- ''Tl'ie" h!i -sts -·Bss, for':iexamp 1~; ;_c6ntaliis8Mtte~31SS;~, CA:ue~···sss i · 
R.EAOOP BSS~"PIMM9 Bss'r snvte'. Bss~s:;;m@jcAf.L&fflus~1 11ne1dS11•teJsss· files'''.. 

are themselves combinations of further individual files. ; l -_-. 

'W~ have ilcabttshidXfhe! prO.cedtiriJSf;:;dlElng!}elelt FAP' attfi·;MAD'?RM ;,<c·i 

file. It is impossible, however/to'''dliti'tttei,sSJfUes !8r~tany'et1ch·infor.;.; 

mat ion would c~ti8e t~~ pp·:~P!F•t•. ia,ccp:r;r•cr~~Y~c,:;F9F::tP.'1~s!ft•''-':1~:w~ rAAVe 

established the procedure of creating files with such names as SYS FACT • 
. J.. n ___ ·J'~ ~ ---:~,..~~:)·.: ;·:~!}~~ 1 ,-~--!~:' ·,_,., 2 :n::·;Jn!1~. :J.d-· -~~(1.)_,:~_t;:~~ ;: .. t:.):.rs ,I.J/.'.:.) 

SYS FACT simply contains the date on which SYS BSS was put together, along 

witl\Hj'."dij~ri~t!ot\ :o! the ~Srttint9Jof-::SYS. 9 :1fAC!:.·fiteaLw{H uiualty i ' 

appear'«dri1y tfot0 fU:~• for Vliicl\0no'MAJ>TIN·ei~"PAPj.;!Ue··iextsta.>·-r1n:a::ri-w ··- --'. 

cases, however, it is neceuary to point out some peripheral facts;>and 

one wil~ ·~PP'P~~-j.q..,thtitt9~:-fC~l!_,S!o foJ; .,~pl,•:1~ :FAP f~,3t·~l.~~t:l.~e, 

which ~oe~·: tb~J~-.J.U.ll8 ~f 1 ,,pe~~9~~ •. ~L9~ ~~"-'~9W•~er a,,~s. ~ ~91Pb,iiia~io~. 

of this file and one called SUBCAL FAP, and thus the fOe: ~Ll,QJ( ~ACT, . 

appe~rs, and ~kes note of this _fact. Should the user wish a part, but 
J: __ J ~:>:··)!-· .,,~-;.-, .L,J_~--r- -:TJ ... ~ ;:;~-:1: ·:'-;·· ·:.L,_·,~r~_}(_; • . .'1'",: .. ~, 

not all, of some combined file, he must copy each part fr()Dl the COMFIL 
., ·1::: 

and combine them under his own number. 
:< 

! 

-j 
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Error Cowlitioris in Subroutines 

... ,. 

?his nc>t:e has two purposes: 1) :o ,,e~lai';l ~~e q~~av~o~, ~f .9~@_.w~~n ~" 
certain error conditfon'''ilri.;e; a11.4 2)" "to gt,;e 'the ueer a ~t~o~ f9r,,. 

Jlandling e'rior 'condit:iorie' wit~~n his .~ '>f~~b~~¥~~~8 >' 'o ' "• 's "' .. :,, "'.. ~ ·., , 
If we have a subroutine which is c0JDP1pn to &eVfo!l:'al oper .. tor~ (@"ch 

• . ... . . -~ . . ~ '> . ., ': . ._, -_,_ ,,.{. -·:. ,'. ·"I "-~ f ;_~ 3 ~ ·-~ f::. ·:,,.- ~: ' ; ~: ' ' ... ~' 

as m;· eitc~, wbld1 is' c~n 'to' q~ '~1'6 '~n,.d d~'-{1~r~~~~~ot,~.~.i~+ }~~d ,.y\ '; :p 

error condition arises.which is uncorr•ctable vlthin the subrou~ine, then 

we ~ ~- Pll'Pi>l• fntc~• tf tift' ·~~ ~ C'dltng.0pch:11toi::itt' wftl 

b~ as :~ .tba' lftJkout'ine ·.i._. •~<J1\ifhiii1Y~) : id:'"set arouW:t -
thif.• 'PQb• w~vtiave ••ttebltsht!d ·• "r~iit-n t<F~W..Wbe '"1.~h~ut ~in:cft-·•~ti~S 
an¥~ ;p~Pn• res~•·• Of··~. J ~:JC,, "·· .' i : 9 .1· J' • 'j ., u·-

To use thb .. error toUt:ii:ie' 'simply ~u ~m ~ . Qontr?~- ~~·_u ~~sill to 
'.'"· .-· -·: . . .-. "'-;'tl.~ .: • .1 ~---::;:j~3ii!S1LC ··:4.~ ·.r~·,~J!~~ ;··t\h ; ·,. ·., : .. ') - rt 

UTBJf twhfcli h act!iaHy part of CAU.01) where we will tept, nao4f1• IJ in, 
:·,-:·~;v,•' ::..c: ~ \:9'.~ i', _J::_):'"; '::::',;,;' -iJ~ ,·"' ... ~:_:,o•:J~.~0~!/.:~1,.:-> ·t.rf:.".'.l ~i ': .•. ·-'' :, ;., 

iaode 1 ~· control sllnply p4sses b4cJt tQ .QfOl'_. If. Jn ·~- oJil~~c JJa04!! ,w~~ 
·. _·:J f r>'-r . .-..·ywl <:.•!··:· ~ i·--ir:··) !<l:.L • ;: .. · ·i..~~ • 

first d•cr•ent LKOP in anticj_petion' ~i N4~Mi·~ -i~creae~ting it. In all 

cauiJ w m· ~-,'~""" itWi .JllMJ· ttf·•&st1frr ~ ,'-"-.ejrvej' the· uiode'~ w'e 

J:etUl'n tw ., .. wttt•; c~-~- ·~ ltbti.t•t i'.·JC ?, i 

.·Z .. • .. , ~ 
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'"~to~,l~e~~a~~ ,- op~~~t~~~ ~~ J~ ~e~~s~'ry .. =~~~-q~~~ ~~b,,~,p~ i~Y~~1iers 
be· var~~~l~-)~;-:~r. ~ ~!~. ~r ~~~.a~~ 1 :9 <~e,~r+b,~d; ~~ 1~·~~-~.1 :i~Y:~c , %t:,~4,iIJ_," ~ '-'" 

problems; however, ar~ ,.c,;~~~~~r.·~~ ~r~~s "~~d nl1¥J~.,}1~,7,~, ;~il~. ,,~t~iiipr~ ,o,J. 5 LLs;f 

explain, mode by mode, how they may be resolved • 

. . '1~: me:,~~-~~-( :~,--~~:;,if~:~;,,~;~~<~_£' ()~~~i~~.~~~~,~::~~~i~~~ ~· f~~~;.; ~~- ~~. ~~o.ei~ 
since tbe pararrieter s are only l!sed locally. . . , , _ _ , . _ • , , .. .... . .•. 

n·:-r{.j •)fi.i ;.,.,)i _ _ l:l~Ji.;~ _::,.~_. ; ·~:)j1't ·31(;,·1··,:·.~ --(J~':f1ji ·?,."r 'i .. _~ji"1~ .. .;._"',;){'..: ...... · .!.[;_;~.-· _.._ ,, .. 

r~1}.,.,,moqe$ ~. ~c;8'n~,,-A:~ ;';,e_, ~~ ~~~5J;141,.p~__.:fJIOlllct:he:, aon:sole;-\.;' 

and t11-lf.~-V/,e a,cc;ept, ho~~-~~l;~·~~4"i<r,n •.1.'hJt. ~ uat111@pt:ibn :nn ~-
:._.·;: .: ..., ' --- ... l," .. - • : - - - • . -· ,,. ... '- - ~ ~ ~ 

mo1~~ ,~~!:~l!i~;~.}f .~_,·-:81~~ (i~~~_iu,*-~ J11:f..94W;.:qq.~<()1,., .. aut ,U,~f-ul'.; 
not to enter more parameters than there is .~ •1 ,, ~ tff,;~.r arr.uneenqsly 

ent:r, 7, -~G~:a~~ter.~/~~- ~n .~~~;~~,t~~i/-?~ ,b~~r~l::.5 ',;r~ej,';'tl .~~1 ~~"£~L~•r<~~~p we 
are now on· lfne 10) and enter six P~!ra~,ters on line, 5,~, _!>ut w~ ~Y-"~;,, A'i 3 ·' 

; ·- ; r, f-.; .. '• ; r<'-' ·; f £ '. ·i '}\N $ ~j C) [' / ( '• \),_(.J.f\:) .l U j 'J fO q \.cl c-.' -·' -' C. • .. c fl·.•~ .. -ti ,- - --· • _, 

correct~ 'it' to e{gnt·_ paia_me~.ers ~ ••.. },fi'·~~. -~e,f?,_ Jli,f,!1 .. t8 P,•j i::~~:r~:fst.~~,-.Jll~S~; r;i· iii 

rett'tn "t:Oh'iihe 5 ahc(cohti~ue ir::>m' -the~e .- . o~ - - ~ •. 

Jl:~ .:·:..1 \J .';.:_,-,! f_:;::>TS--~~:~;j': ~-: 1 t;..,--Jt<Ti:1.t--: J.~~~ ~1:;._j:-·. ·f-:J.ij~·1!- ·:; '1{f'~l 1 i :~''.·~~···i·:·.'.:L .... -::·-rr ., 

Jn mqc:le.,5, .t;h.~ ... ro~~e ~~ k~,.P~iDIMll:..PliM'•__.•,Jtf:tA.uucl BJ '°;;o::,· 
·-' ,. ,; '- ;_. . -~' "' . - . . . - . -- , - _._ 

the OP. It can find this ou~hY··,4M.f&J"AtP~-:{IWrt:4.2 Wi3)i'•nd:.t '· .} :.•:: 

KOP(LKOP, 2 or 3). 

In mode 9 we must notify the PARAMS.routine that any number of 

parameters is acceptable. This is done by setting JIPR or JDPR negative. 

PARAMS interprets this as a signal that whatever number of parameters are 

entered is all right. 
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Chapter III 
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NO OP (OP 00) 

Purpose 

The main use of this OP is to replace OP's that you wish to delete 

from an already constructed KOP. 

Operation 

1. No parameters. 

2. If mode is 1, 2, 3, 9, set 

JIPR = 0, JDPR = O. 

3. If mode is 4 or 5, set 

JIPR KOP(LKOP+l,2) 

JDPR KOP(LKOP+l,3) 

KOP(LKOP,2) 

KOP(LKOP,3) 



3.20 

PRINT KOP (OP 10) 

Purpose 

Prints KOP's and associated IPR and DPR lists. 

Operation 

Prints out: 

FROM XXX TO XXX (XXX referring to line numbers). 

Will print out from N
1 

to N2-l in KOP list. 

5/15/64 



5/15/64 

LOOP (OPs 11 and 12} 

Purpose 
-: ... 

Ulette,,twa GPIJ0tfVovid•,;• ileliili fdf 1oitv1tt1d~ ~@J@!iH.ett'~of' ihiy 

sequetite ;t:Jf;;;<otbet i6& 11U11 tifttil: J•1t:i1-tuiioac·111Dt i&lr1dlo11"8f~ 8Hiii8s of 

o;~ja¥~ !~~~!}ef:Jqr~'{iq~t·~n1 ~rl~·¥~~- P;'r~~f!t H~P~J~lJ~~h .,tpay '.be 

ref~~~e~. ~~ .ot: i~l~~~~fl}'! ~~~!vof*t~rr~f ~H' ~Aq~'!~G~~~:)~,- ~~~tue 0,~ i. the 
nesting feature, the LOOP OP themselves may be elements of the sequence 

of other LOOP dP's. OP 11 is used to initiate a loop, and OP 12 to 

terminate the range of the loop's sequence. 

Parameters used by OP~ 11 and 12 

1. A one-digit integer to designate which of nine 1 x 4 arrays in 

cotnmon is to be used in the loop defined by OP 11 at the begin11ing 

and OP 12 at the end. The nine arrays allow loops to be nested 

nine deep. 

lNDEX(i,1) is the actual value of the index i. 

INbEX(i,2) is the highest ~alue index 1 shall be permitted to take. 

INDEX(i,3) is the incremental step by which index i is altered 
during each cycle. 

INOEX(i,4) is reserved rbr internal bookkeeping, and refers to 
the range of the loop. tNDEX(i;4) $hould rtevet be 
used by a prbgr•tiil:tter, hor need it be. 

2. The starting value of the loop index. 

3. The highest value of the loop index to be permitted. 

~: This value may hever be attained i£ the increment is 
greater than 1, but in no case ~ili it be exceed~d. 

4. The amount the index is to be incremented during each loop. 

(ThiS is set equal to one if read in as ~eta.) 

These parameters may be read in by either OP 11, OP 12, or both. Any 

parameter read in by OP 12 will replace what was read in by OP 11. 
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Operation 

1. Specify OP's and read in parameters while in mode 3. 

2. During execution, the OPs will test to see if the loop is 

satisfied before executing the first pass. When the loop is 

satisfied, the KOP will continue with the OP following OP 12. 

3. It is possible for any OP to modify or refer to the value of the 

index, the increment, or the final value, during its execution. 
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.r - .. . .I' 

Objectives 

OP 13 and 14 ar~ ~'Jlldlltrol .the.1equ.ence in.wll$eh Gtf8rator1 are 

executed in a KOP. <JP :dal'-...Ulllll' contz:ol to .conclitionallV -bH11Ch to the 

OP 14 which ha• the a:a-\fl(e.b:f11*u.&t.e1! •. Any; nu.bu .of-OJ. 111J' s may 

branc~Ja0 '"~f'\1Yw.,, Ofs',l~(;-:;_04;s Ils 5"'!£ '::: "Ir.V o:t gni:tnlnq a1~:19:;L.:Hq ~.nJ ; ' 

Ptr9Mt•r• used by OP 13 , c· ::O\ : :: l su1,~~ 

l, .At iWD•d:lp¢ ........ 1'11tiwMfn ql} .,. ..ao. 1bfdl:r::tS1-~""ctda'd-1T 
in a single diaension array in COllllOl'l, ISAT, which contain• the 

LKOP of an OP 14 so that OP 13 know• where to branch. 

2. 

3. 

Paramet1tr• required by GET routine to retrieve the contents of 

a location in coaaon. The contents of this location will be 

referred to belaw as Var 1. 

Another aet of ,.r ... tera r-.uired by the GET routine. The 

contents of thh location will be referred to below •• Var 2. 

4. The type of conditional branch. 

P!r9met!rt used by OP 14 

1. A two .. diait integeJ:' between 1 and 30 which s,.cifiea the loca

tion in a aingle di .. naion a'rl'&Y in cGllllOll, ISAT, in which the 

LK.OP of thia OP 14 will be placed. 

91erttic>n of OPS 13 •Bsl 14 

1. If all par ... ters are aero except the location in !SAT, OP 13 

executes an unconditional branch to the OP 14 which baa the 

same fir1t par ... tera as thia OP 13. 

2. Otherwise, OP 13 execute• a branch to the OP 14 with the aame 

first parameter when the type of conditional branch is satisfied. 
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Type of Condit iona 1 Branch Relationship of Var 1 to Var 2 

E- -0 Varl Var 2 

NE - -1 Varl -f Var 2 

L - - 2 Var l< Var 2 

LE - -3 Var l~Var 2 

G - - 4 Var l>Var 2 

GE - -5 . . Var l~Var 2 

If the parameters pointing to Var 2 are all zero, Var 2 will be set 

equal to zero. 

The only parameter called for by OP 14 is the location in ISAT. 
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!,, 

Purpose 

O~ ,l.l,,jh .\ 1u4U:i.1;.y qpe;atio~ ;of the OPS System, which allows the 

user to look at t;b,~ ~l}t~n~.,. o~ ::#'lY single cell in COMMON storage and to 

change the c.ontEmts, if desired. The cell in OOMHON stora~e can be in 
- _-w; r.- .•. <.; ~.:._,, ·~- ',;) ::~ (~·fJ:' •·,·.f_ T(:r. ::' 

the data base,. ±P.cludin,g ·i:~ KOP -~ P.r .. t;er 'ltfltan. • Al1./celt~.10ca.;.>· 
..... : .. :-::;:·'~t:>:· ~;''·; '· _ ,·:,:· ,.(:~.·r. _;)·:~-'.A.5LH!~ rr.~ I 

tions can also.be speci~i~d by indirectly addressing the pa,rticular OP 
l. -t ~; i - • l: .. ·::. :;i ~J c1 :J 1." (: .: (,:, . " -~ 

of interes,t. 
; .. -~ ~ j 

As presently writt,n,., O~ 15 is ab~~. t'hdtt.~l..,.w~~~ '.o'fill~, one cell or 

word of COMMON storage at a time. In the futur~,J,~·,ml,Y ~':'desirable to 

provide for printing and possible (selec~ive) modi~ication of 
~f,:· __ , 10 '}iJ; £sV :11·-;J ? . T.:-·'-2 

blocks of 
·-COltiON storage at one time. It would .also ~e;a~v~~;~~e~';1s,to 

( - ·- ~ ,_ • .( • ' ·• - \~ '~ 1. l. f. _, --· 

address a 

line of the KOP relative to this OP 15 when it is being used. 
·j" 

Description of Parameters 

~jl:Wp,bl>Wll wUl be ,p:i;i,Dt:;ed. 4• ~Sl\tJW!l :Ulfi ·Wll@ll1QP.J1~ h .. ~lled in 

modes '1 ";f.d 4 'lf'n:cludv'e~ ThiS. is a reqiiiirlt''fof 1~-(ifive itit:eger 'parameters 
.:T_i. .;:: .. -(J.~J .. r7i-,. .. ; ;._: "' ·~ ~~;- ·.0J • •l •J ;_ ' 

which OP 15 requires: CODE, LINE, SUBSCRIPT I, SUBSCRIPT J, and SUBSCRIPT K. 

,·,·. 

1-FIX DIR, 2-FLT DIR, 3-rurnm~ "'q-Ft'l''"TND 
a w ssi lliJ ssi · .,., 

,.u,s•r tY,tEUH l.nU ;IXX XQ ·~ 

' ·FiV'e Inte,ger l'ii.rp~ters · 
; .. :' -'.'.:;.. - - i_', ,:.: _; 

~O~~ .ind~ca~es, pgtt\~h~.1 typ~~;of data being addre~sed ~nd 
the method of addressing. As listed in the f.irst lin~ of 

.i·· 
the guide lines, the alternative values of CODE are: 

1--direct addressing; integer data 

2-.i.(l:f.re~t addresling; 'cl•e:l.tMl' dlta 

3--indirect addressing; integer data 

4-..:irldfrect ach~r'Enisi~;r deci~l ·data'' 

) I. : ;. • , ' 

', ,'.l 
Lr ,' 

:'!' ·- ""-



)J \(: :: 

·fl 

2* 1I!E of cctiMON storage 

being addressed (see 

MAP MADTRN or MAP FAP) 
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LINE of KOP which contains 

the OP whose IPR or DPR 
·- .~t.:::i.~='--~parame ter is being studiad. 

-•. Thh jfi~e ':ait; .. 611Ute :tini lo_iu 
'<: , ... - ... <:: rz, ':"l'9P~''not''t'e~iffi js _,,,~,; · ,-

4 ,i.J_.i =-:--~. ',f("':'j• I~,-~:;.,,;, .J ( > 

3 SSI is the value of 

·· r·· ~T' 

being addressed is not 

,, 'an ·m"Y; ·'zercfio~='o~~<lh 
-J.<-,.rl 2 ·=>~411'. be•'us~do' :~r L---. 

;.-1 .:o :t~ .. Ji'-;:i i'J~ 
- ··-4-· SSJ is the value of 

{ ...... ~ ;"" . " _. -"' !j 

r; .... ,_,:·}.!::£_ .. ·; ,:~~ r_:c ---~ ::1 i:';~r-

J in ~Y(~,J~K) 
, b'·:1 a1.l :·.·;, ;·• .. J <LI. 11 !•:::·;'JI .-;. .! d:J ( 

5 SSK is the value of (not used) 
b -~ ~ J <iHJf;. ":· :~ ··1 . 1 ·' -·· eiO 

K in ARRAY(t,J,K) ·-·-····-·· ~- _, __ ·-

ru · · '. ~1'0nly the ,first'·-'tlitJ-Lf!tttries"at• iuhl4otc:Gr:1~' •lf ,,,tU..~·-· 

-~ u:j j;E, ·; :):·::~!::!~ f!ii~~~~q~~:S~~~r:re~~:i~~:~tW~ ""''~~t.~rf; f,~ !-be.: O'bo;;, 

•~"- -~··tl_f}.J:_:;~~.3; ~~ ur.:{. T,. }·;_: ·J~1 ·,, :" T\;· ·->~~-!r;";- · ! ·!J . :.-}ti'·· - , ;:::":~ ~- _J~.~- _.·r .:_ .f ,-:() -~-- -.;\,1 

One Decimal Parameter 
-- : !!/: l j; Ji.} - , " i t ~ ; j~- '. ' !. 

OP 15 can be used in mode.?4 a-rid J•~to>automatically initialize, 

re-initialize, or change a data·~~cV~i~X~ sli~qe i.1;;jfutting 

the new value of the specified word in th~h:~!J~J.~ '!~:.ig~c\5 '.~ t~ne 
.,__,_,_,.,~.,,~.~ -·~ _.._. _....-.-_.._... --·--,~~ 

DP~ parameter. This parameter, be it integer or decimal when~' 
1- 1:'.f-· ·-~--:;..;."' L_,·,, · ,·1-~Ht -•. _ .. >~.·-.;-J ·· · .. ,,. . Jt.J'.J (''"'1jHr).(;_:.:-.lLt 3t]Q:J ~ 
- ·-·rs always stored in decima'l ·form anctmO:st be entered Oh the console 

- • ·~ 1 ·-;·:'.~:!:J: ~ )ii. i,_;_ l • •" ;.j Hf!. ~ ::L.~~~~-~:-~lbL:-s ·:3c· L:_~ri1,:;1n ::H:~ 
in decimal form. · ,. 

Operation of OP 15 

are given: 

VARIABLE: 

, .. ' r.:. . t .. u- ... ; 

I -~~ . 

th!! 1cell. pr ,l<{qrd",AP~~~Q~t,l ~t;o,;fg!i'1 l?~!ng referenced 
by this particuiar OP 15 for inspection and/or 
possible modification. 



VALUE OF THE 
vARIAau:: 

PARAMETER SET: 

PARAM VALUE: 

STQRAGll! VAJ.,Ufl: : 
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(P~l\AM VALUE, .STQlq\G& V#\L~~· :tfl'W V41.UE) 
. When speak:i.ns q_f th"' ~1~ q~ ~ varia.ble we must 
spj:t,eif y wh•rt;t .. ~ in the paraiqe~J: "et, in COMMON 
storage, or biitil}I\ t'-18~4' fJ:'t.IPL~e consol4, 

(REFERENCE, PARAM VALUR) 
Tile ai~ P•ramflter# iilS)fWci~ed with thili part;ia4lar 
OP 15. 

the five int•a•r P'!llt"~~t;-.:ra wh~l\ specify the 
lpcation of tho VAil~~ .ip .~- ~tpr~ge. 

the one decimal parameter which is needed to facili
tate the automat.ip.; ,...~JOl'l· Q~ l}P 15 :i,n m~<te• 4 and 
5. It is 4••Q to rea•li. t~ Bl'QR.I\~ VAJ.,UE of the 
variable. 

the value of the r~1tt:enp.~ VAl\IABLE iq COMMON 
storage. This is t:lWJry• ·Me4 to J."OPJHtff!nt the 
cui:-r•mt va.lue ,it: <tlw. tiJM; thh partipu.l~r OP 15 
is ericount1;1red or ~11ell. tl)11 0U\q1.Ury !.i lllfide. 

that v~lue of tbtt V~,'Jiib4;Pb· ta. r~~d from the 
cmJ&-0le (as typed AY the 'l.f~4r). 

All modes prior to exit will set JIPR ~ 5, ~na.JIW~ ~ l. 

or l~ will pr int ou.t th~ gu~"- liQ48 411 shown above and 
r•tJ4 fro"' dle co~s.Ql.e ·tht WU.~·PJlr~tar,s. If a 
carriage return is given control will l>• ,;r~l•ased from 
OP 15 (i.e., RETURN is given). 

The STORAGE VALUI of. the vcar:$4.bl• s& 11ef~-&JJ.¢ed will be 
printed on the console. 

Of' li m>w asks for a timW VAJ.LJB to b~ ty?j!c:J PR. the console. 
It m1,1ttt tu1 typed with q.e,.i point,fWUU!lli of the 
!WUCAf,jstSi29 in. tee ft't:t .. ,i!ifJ!tflft;"-·~· i.tf is to be an 
i~~&«r, t1"a QP 15 wil ~ maJf.e ,tn~ ,,JtffP.A:B.iSJV="Y qp,nversion. This 
conversion removes the necessity of typing in redundant 
leading zeros. 

The value so typedWJill replace the STORAGE VALUE of the 
variable. 

If a carriage return is given no change wJill be made to 
the STORAGE VALUE of the variable. 
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MODE 2: 
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As m.ode 1 e~~ept th_at thE7 Ri;!~RE~~,~ .. P.~~,ameters; ~1.11',also 
be ent·ered 11-nt'O 'the• t(OP. ·list' ~ tH'fSC "pa1:t icular OP '115 and 
t!he ·PA.MM ~Ll.11$' Ml the· varillttt~;~l''b~ set equal to the 
'NEW VALUH'Sif·one iis tyPed· Oh'tlie 1ednStSlfe, or it will be 
·set i!\1'tial·t-o the SToRAQILVALUI' ifi;a 'cllrriage return is 
given. 

A•, •j .. _,- ~ 

I/· ·' 

MODE 3:· As in mode 2· except that' the S'lORJ\.GE VALUE of the variable 
is left unchanged (this is the no '~ectition feature of 
this mode). As before, the PARAM VALUE of the variable 
'°'111 ·be'.~t e'q\la1 tactheNllfiVAiiOB i.~'bhe is ~'li\Ui 

MOD& 4·: 

·, 

MODE 5: 

·· thi!· consctl~, or i't "Witl be set) eqtlalJ> et:i the STORAGE VALUE 
if a carriage return is given. 

-;>;(. 
$ <;:;r· - ;' 

·-'"· 

·The 'REf'im'BNCE ~aratJteters·; havmg· p'reV'loosly been set, are 
printed 'bri >the· 0cc*rs'tHe ~~at~ly'Ifoltowing the guide 
lines. If a new REFERENCE is c~li\fjit will replace 
the old one in the KOP parameter list for this particular 
OP 15. if·· a '~'t-i.a~ r~urti ii"~gfw~/'bo ~ ~iffl'l-''& 
mrdei in the··MF~. J .,, . ,..;" 

Net~: · If a Cheg.e i~: to be"made,lalil- .if.':We of the parameters 
must bee retYJ>ed' 'on· dt~ conwlei,, · · -~. -

'The STORAGE: 'VAW a~d :NRAM ~v&W&-of: ':the varial'A~;~ · ' 
referenced ""111 be t'.tPed·'m It~ cOt\~ and OP 15 will 
then ask for a NEW VALUE of the variable to be typed on 
the c~:le::· ! :~:, u ·:r: i ·:; <i ::: ,;: -.:; ;; ; : .. •• 

''' The v<alue ·so typi!tl {\.'ith ~inm1 \)oi:nt.r'-see 'Mbde ·l!J-~Witl 
"riet>'l~ce :both dh{ 9ioRAGE VAf.lJE' ·arte!Lit:W&' Pa\RAH' VALUE of the 

' 'va'ri'ab·Ie ,: : ·' ."-: '. '· t , : , 1 ••· ·, :·; "~ ~. i ·~ ~' f' 

If a 
)'tl\tf 

.· :··: • : • . " ~ :·:; - ~. ) :..:. ~- Ir , :• 
e return is iven the PARAM VALUE will re lace 

.,OT' !hit VAR · • :-u,,.,.;,.'; :· ,_,,'; 
_: ....... .1 '~' 

In this automatic KOP execution mode the only action taken 
whert".O.P 1.5 "is ert~t~r~d 'isl• tblJtf9?h~1'.fi.'OMM'Z1 VALUE is 
reit~by the PARAH 1V'ALUB-ot 'CM ftt-iW:1'f! Jiieferenced by 

~ 't~ R!IW~ametfrt'a.. ... ·. Hcoliftt:~&'':~i\DltW on the console. 
- ' This 'aef~ mi'ght ~- useful i':fn l'~f:lfortftlli~i)1fi linitialization. 

V•_;i·:_ ~ ·: r_;_ ,c •. , : - • -_-, 

·;-·. 

' ! '- " •• ~ 1 : 
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Purpose 

'rh~· pu~phse of MM' is tt:r atlcrw ane to 'tttct'li '~ey''iett :!ti cHtmn~. 

storage to any other co111Don location. 

j t·~~h v~r'iabfe 'atld: at-ray in common' t·s a:irS-fgtted a ltrte :mimbw- f Oi 

exterriai ii~t~·trori. · rii~s~··;il'te gitstgrtfltt tit 'b~f·, 'i':~. ·,: 1="tro:ff MPR:, -·. 

3=DPR, ••• etc. We would refer to KOP(62,2) as 01,62,0?;00'"atid MOl>B as 

- - -. ... '• 

References may be made direc~ly to a COD)llllOJ\ Ge\,~,, or_ in~:(.rectly 
. ) J _i: ~-".;. ,F,~-~ ~--ifl J ':l'; '. : : ; -$ ·' ~ ~~ .-

through the pointer list to the IPR or DPR. Such a reference is made 

relat1ive0 
t
1o''"'thee;cutVe1rit fioy ~nct·ta1t'flt-the· 1tbhci9.ttig\r~~ .. ·; 

.. ::.. RKrA'T ;"~:·· tlfcit. . ~ + \, 1•. ,,rL:.:r; ~.,. L• .. 

which references the' tWCttth''pari.We'eT-tr~f;ttte ''l'Jiit~-O'f ar DPR(X~t:) 
of the '{LK~)tih .J;ue otf t!he·op-.tff:·:U.at.'*.·; " .. 

. · · 'Rha'tlf.ngl·the dpe'Jrata: .ewe ·Ma,Ml•.-:'RICift ltl~,.~a.JoK.J ·;:f.AR .. ·• 

RET. FOR PARAM to be typed. If a direct ref-r1~e"fs des'ftwd h type 

the liuit tilildbe~;.U .-.:.many: imlicns _..-........ ~~ •lf :Mt· y~.sh. to ~~e 
~ ~ ,: . '.~t ; - ' l ~ .~; ! ) . l ; . ; ' ·. 

a relative reference we carriage return·and the 81tt'a1e 

RELA.T,t' D=tlPR. 1.l!DP.R, ,lNCJio. .. ts-·~·· ,~l'M-Jl',W~ ~~ ill,;t)'he 

paramet~~.· i-n4_icat,ed al?p,:v~ • 
• .... , ' , •• > •' 

A~t~r. ,~ompht~~gne1:}h•:~- of, these pi;~c,_edure•, the .p_r~~ess: is ~epe,ated 
for the receiving location. The message TO LINE (I ,J ,K) ~R._ RET. FOR PA.RAM 

, ' ,-,/. 

is typed and similar entries made. 

', 

*Relative references forward (REI.AT> 0) will not be executed properly 
in the CREATE AND EXEClITE mode. 

--- ---- -----------------
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Writing KOP. 9p.tQ TAP,e.-. (OP 17) 
~ \_,.; 

Purpose 

onto a simulated tape. 

Operation 

~. ;ll~;,:/r_s, ykte,d to ~~W the;.nUDll:l~z:- o{ J;P11 ~ls' 9t/1~- )._~1rve ,p~~er 
of the ,f).r~ 01> ~P. the. P,~W K~h:~ll? ~~, ~ill:El. ~t~E?J.::~Pf the,,lffr~' .q? :W,~i~h 

If the first line nwnber is not specified, the number 01 is au.tit>... ,; 

matically assigned; if the eJ14ifll, U.1.lF .fl:~b?ft iJI .pP~ ,s.p,~ct.~-h~~''F~~' ,is 

assigned at execution time and will be the line n\Dllber of the OP inmed
iately '·~r~c-ecfi~g' the 'oi'17 ;ber~g executecf.''1Lc:;:. :,,j.;;ri S;' .; ... • Z:'>.') t: •. : .; ; . 

Once the besHiP:Ni&:r~· (8,1,lA!~, ,11,~~" p:t;,_Fh•.i"fJ.lf 1~~~f~, ~~3 ,w1e~11 8:,,~.<iF~.;. 5 
number N, have been determined, OP 17 deletes fr~,f.f~ ~M-~~ ]fJ}·e any 

file .'IlAP,~· N;~·u ~ thj;Ih~1)~~~s ,?, q~pt,~~~'.~.R9f~iJ~~~.~l ~· . . ... -, i . ~ 

2. ·"0rlie< ·~er' of. it.t~-gft;~--···aaoc:tacedi:.:w#h> th4;. OPl.:arrbJ!ing 
:l.R...F~,uf3Ad .Jn Ghe}~Qf,~.,, , , . . : ... , / i c , . _ 

J3i. "l'hi tiUinber of :flli'oaM.ng.· tk>ittt ,,-~r•;•smcbJ:iiedr .Jd;th, the· 
OPh being_,~c.,i~';le4.,~inr.tpe !<;OP.~) :·.'-' . ..... ., " ::;;·,~,· < .. 

4. · Th~.'int:eger·p&iuter of ~heifiirst OP ,c)f the ;wew\KQP,.. .. _,.1. 

5. The floating point pointer of the firs£"j~'ot''the 1n~w I{()P. ::' .. ' 

-,.- •· ,,-;~·· -· '·) !", •· '-1 .· ·_;. - : ,_-..._ · 1 ,.·, .-,-.:-···,_:1 ..:,r\·r~t-~~rc~.- _ ] -~~ . 
These five quarit:lties are used 'when the KOP.fs r~d· back !nto' the 

·_JJ.,-·'...- ·'·-:' .~;-: , ; __ ·i , • ••·
1 .T .o:: :~' ,,·1·_:_ ,~~~·1J:·1~··-···>( :~;J ... ~.·:·-~;: ·!· 

computer by OP 18. 

After these five quantities, the array of OP'ls and pointers in the KOP, 

the integer parameters, and the floating point parameters are written. 

·---- -- -- --- ------- ------------ ·------

t 
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Use of OP 17 

When OP 17 is entered, it types out the request: WRITE KOP XXX, 

LINE XX TO LINE XX. It expects input in the form XXX XX XX. The KOP 

number must be specified; if the two line numbers are omitted they will 

be assigned as outlined above. If you are in the create mode, the reas

signed numbers will be stored in the IPR list. The KOP'and its asso

ciated parameters are then written on a simulated tape XXX, with the 

creation of a file .TAPE. XXX. 

5/15/64 
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Readiilg_KOP from Tape (OP 18) ---~ J{j ge:: 
.. ---~--~-"''·-

Purpose 
J ~ j,_!u ":~•j< .. ~1 =.t ~1lrnt ~;1.L a:'l~··i.11..:.rfl -:lftj i c-;..;rj ~d-~ 11 ~ bs-J] i .... :tqE ~-)d Je;::~ r9ciitHJ.l1 

OP -~~."~e!~8i ~~~0~0~~~~~~ ~~~o,5h:'f~~~t,~. -~toMk~ 9tcfiJfr~e?.~Wft~,,r~li:ef; ~'d 
of the KOP ~ r .. :.~: ;~~ ~~~e •; ~,~ ~~~ch.~~~ 1K~r1~ 1~o n'r b~~t~ai~~ !1f1J~~.::i~1'111 i.dn9.h 

first line ~~J e~~~~ti~J:;~ ,}:~:1n~3;~~~71~':8~e;}~~~\l'i~' ,.Jlln ~~~\'\1!,\J\"1tlfl~s b:JJnh 

the KOP is to be read in starting with line 1. 

During the reading-in operation, OP 18 re-assigns the pointers of the 

KOP being read in, and adds the numbers of the IPR. and DPR lists in their 

proper places. 

If an attempt is made to read a KOP in from tape and the first line 

number is not 1, there ~ust be an OP, with pointers, in the preceding line. 

If there is not, OP 18 will not know where to put the new members of the 

IPR. and DPR lists. 

Use of OP 18 

OP 18 types out 

READ KOP XXX, STARTING WITH LINE XX, EDCtrrION STARTS ON LINE XX 

It expects input in the form XXX XX XX. The starting line indicates the 

line on which the first OP of the KOP is to be placed, with the others 

following sequentially. If no starting line is specified, line 1 is 

assumed; if no execution-start line is specified, line 2 is assumed. 

The OP computes, with the first five numbers on tape, the new values 

of the pointers of the KOP being read. It then assigns those new pointers 

and updates LKOP, LIPR and LDPR. 

If in mode 4 or 5, execution will begin at line XX of the KOP being 

read in. For example, if XXX XX XX were specified as 100 20 05, the KOP 

100 would be read in. The first OP would be placed in line 20, the second 

in line 21, etc., of the KOP list. If in mode 4 or 5, execution would 

continue with line 5 (line 24 of the KOP list) of the KOP which had just 

been read in. 

,.;, .1j;' 
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END OP (OP 19) 

Purpose 

The purpose of the operator is to provide an automatic termination 

for KOP'& It also provides a simple way of exiting from the OPS system 

back to CTSS. 

Operation 

1. No parameters. 

2. If mode= 1, EXIT will be called. 

3. If mode is 2, 4 or 5, prints out "END OF KOP" and sets JKOP=O. 

4. If mode is 3 or 9 OP is not executed. 
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: :-. ·{'! ,-· 

CTSS OPERATOllS ., . 

by 
)~( .. ,- !;·--

David Ness --~'~''-··-.... ·~---.. ·-
r;, f 

""..'•. <: t .... ( :• .J ! ·~ 4 

In building up a ayetem from the standard OPS baae, the user programs 

new operators and modifies old ones. He •Y aho want to alter his-:'1JUli?J;;2~ .. ~"· 

of c~ ii~il'•gl,· -aM petfori¥1 ~thet·1 1~tfft:!le*C~{!)'.1vfihfa.~tlie: ,. · 

jurisdiction of the time-shari-·llupl!ritior'il · :,In t•.i''.f·''··' c:.:i! Jc ·c::h · ~·j 

For aome purposes, it is convenie~t to be able to do these things 
0r;} iz; .q(,1 

as tho~gh by ope~atora of the user' a syst•; that 1a, without returnlirg-- --~--
·., !. ·::ci;i :· . :. :<.i · '·.>>•···· · ..... •. »H:JJ:.:o; a-x;:il:;>ms:rsq a:H s <•'.jcfo ;'ElCf<'j 

contro~ to CTSS •.... The foll~"1ng !et of operators gives the user this 
1::·~ ~;.'.·.:-:-'Jc!~; · ~ j ·: 9;·: · ~-I-):!~./ , T1

_· '.' ·/ " ;1:'' ::1T'1::d6.:J 32TJ ~11 J e ;) Jr·.:~ :·1 ~.:-_J (;'.:, .. : J .... : J __ . . , , 
ability.for any CTSS command. These operatorl were prosrammed before the 

v.~.i .. ~').>_)£:;.,.,;,e;.: .. )b 'f0·1BJ•)'10 '-": } ~-j.J.~r-.··,!;,t~):.\ :~:.H-?fll .Jtf1 lo DfJ•:-0 .<"'.)~fi j'.~ b.'3-:Lt;:):.~<{7.' ,:~_; 

RUHC<»f conaand of crss was available. 
·; ' , , t i.J ;.::~ .. fl C f J .SJ J tJfl---r: -; :J f J ~; 

.I j j 

·11• . 
' _. ~ > -

'.,J . .:. 

noJ-iB. 

-'· 

~. { r 

'i; .;. } ; . 

! '·; ' ~ • j t.i j- l)' 

j;'.' :· 
i : -~ •. 

,''L' 1'· .rt Jf'I 

-- --- -·--------~---- ---~- --- - - - ---------
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OP96: 

Purpose 
·«~· ~Lt~;; .. C 

Inputs a file and compiles it into machine code. The sequence is 

automatic. 

, ;;:: •, ·~ £-', I 1 j ':" ' .~ ' ' 'f 

ParameAAJM!. 

and the name of the input file (in -~ll•t·;'l~4,r):"', 1 :-i-_: ~t n 1:- . 

Operation 
~L- ,.j,-· .,. _ .~)· , .,:t _. __ -;,,.:! -.-: - _ ~1 .. jr' r:-t !f"t ; :u1,-_-1-~t_' ~ ~··· :.~ .. _1\')1: 

OP96 obtains its parameters either from the console or from the IPR 
list. rt·"~h~n ·e~ecu~;.''th!-~ciss ·~~~nd~· rNPulf1

:·
1 Wii~-Jth~Tni~::~~nci" ., '"c·· 

is e~e~ut.~cl at ~h~T ~d ·~t th;·\~;~t ~~4~e~~;~1Tthe b~~~~~o~2~~t~tl~~iJ.;r 1 
·' ,; b 

. s.fQdi.tws ecw 22T.J 'L; bnh!!lf,"0·· f·1'.l:A' 1·., 
calls for the compilation of the file. If the compilation is successful, 

extra files created by the compilation are automatically deleted. 

Guide Lines 

INPUT: CLASS NAME. When this information is received, INPUT YOUR FILE 

is typed. 

If we supply the operator with parameters MADTRN X, for example, 

and then file our input under the name Y MADTRN, the routine will compile 

the X MADTRN file. 

.~. 
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OP97: Edit and Compile 

Purpose 

Edits a file and compiles it into machine code. 

Parameters and Operation 

Exactly as in OP96 except that an existing file is edited, rather 

than a new file created. 

Guide Lines 

EDIT: CLASS NAME 

Note 

See the note to OP96. 



-
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OP99: System Load 

Purpose 

Loads new operators, etc., without leaving OPS. 
·r :"""'.' .·,.· 

Parameters 

Variable number of integer (actually BCD) paramet~'r~~:::_~ ft~tt1>ar~teri.1 
are the SC:D.hkes 6£Lthibfi1~~ to b~Jtoad~d~f\d! JCj"l>~f':> '

1'"iU ' '''' l: '~., .. :A 

Operation 
~·· : t ! r. ' 

Loads COMMAP, SYS, AI.LOP and any other files indicated as parame·eers-, 

The sequence is as follows: 

1. Get names of files other than CClfMAP, SYS, and .ALI.OP from the 

console or from the IPR 

2. CTEST4 CCHIAP SYS AI.LOP and the ,indicated fii~ic ''' 
3. START (i.e. execute a START coanand). 

Guide Lines 

TYPE NAMES OF OP'S. User types a line of BSS file names. For 

example typing the line "OP92 ABC OP91 XYS" would cause C<ltMAP, SYS, 

AI.LOP, OP92, ABC, OP91 and XYS to be loaded. 

Note -
This operator, when executed, destroys the common area. We will 

later describe a pair of operators which can be used to save and restore 

canmon. 
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/'~O~· ,-.. ·0 · .. ~d')_~_:{.'.< ·\:'.::. 

OP93: Define Own Common 

Purpose 
• -, ,·'· '..,: ;.·~~.x~.':1 .. I 1 -.! ··\ 1? 'j ~ .J~) ·_1 ( ·:'"J:· . '·(".; 

Eliminates the necessity of the user's constantly modifying his C<IDIAP. 

Parameters and Mode 
-- J\bOi."e ~- ,.;_ ., if--~;_~. 'i-·, ~ - - r:v'-i'' -r. hr , . :- -::;;(!u~.-3~.:.q ~~.: r.: ··~,' :,~..:~:,_; 

OP93 is executed regardless of mode and thus it does not change the 

IPR in any way. 

Operation 

Allows the user to extend his common map. 
~.,-}.E.g.::} no~1i:·•.J .!:. .. rr t b,~t~·!t~::;J/St 

It does this by creating 

a file called OWNC~ FAP which is the map of the user's own common ar~~ . , 
.'. 0'1fT ~J :;!; '. u,J 

{i.e. his extension to system common). ·- - --·-· - --·-· 
. :: 1.'.~0 n.i ~.f· ·-~~-~:-. .:: :: j; ::,r"..·,;_: , .-.:;.d : ~ >.f:.) ·,,. ·i .. ~j~/'; ~,-:U~-';_'.~ _i \l~A;·~~ ··~1::.'~l 

Guide Lines 

CREATE COMMON: NAME,I,J,K CR I CR. User types an arbitrary number 

of input lines of the form: ABC,I,J,K where ABC is the name to be assigned 

to the common array and I,J,K are the dimension {explicity zeros for unused 

indicies). When all of user common has been entered an extra carriage 

return terminates the operation of this operator. 

Example 

To add an array A{27,3,4) and two single cells X and Y to conmon 

{in that order) we would type: 

Note 

A,26,3,4 
X,0,0,0 
Y,0,0,0 
{carriage return) 

When OP93 is executed a new definition of user cODlllon is made. 

Nothing of previous definitions (except system CODlllon) remains. OP89 

can be used to extend common by adding to the current OWNCOM file. 



4.40 8/27/64 

OP89: Extend Own Connnon 

Purpose 

Extends (not recreates) OWNCOM FAP. 

Parameters and Mode -----
OP89 has no parameters and it operates regardless of mode. 

Operation 

Equivalent to OP93 except that current definitions of connnon are 

extended, not begun again. 

Guide Lines 

EXTEND COMMON: NAME,I,J,K CR f CR. User input is same as in OP93. · 
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OP92: 

Purpose 

Incorporates a common map'·wiltteii~by.0'93b(Lt 4 t~1 ~r~lt:e t'.he'<~s~ '::: 

version of COMMAP with the user's own cOllllllOn). 

n '"" J.'oi-~ ;·~ ~ '.Jt>: 
Parameters ~ ~ 

l '.... ·v . I 4.; 1 .~ ;,. L ~ ·re . 

t • • ! , .. , 

OP92 has no parameteTi/'a~cf~perafea · cilt~:co?93> te.i'.fe!ie'aa' o!''iiotle~ ~: · ;, 

Operation 

As~~hie&.'tfi~ ltie ~ FAP''wHii:~·jiP'l t,nciipc>~ited'; :deiel~- · 
the S'YMTB li.f e 'cr-~at~.;:~na1 fe;thrii~" ioiltt~tl ti)'"O~~ ;'tt c!~··± n6td iutbiilt i;;n J l(r) 

cally load the new version. 

Guide Lines 

FAP1 ~N'f'mn· ·t6 t>tt1n41 coMM~·: 
_,' . ~ .. r~:. 

If OP92 is executed with no OWNOOM FAP present, it first creates a 2:!.SL:.·.~·:··:::~ 
blank 6~b6M:" . . ' . .L i·'.·• '. · ' 0 •• "~ ?;°.a '.HJT(; x; · ;~;·~: '·:·· ' e:•); r.'. ·1 ;· 

·, ~ ,· , l .., . 

~ .:. : ( 1 ; '. :\ i .'. :. : 

,~ 
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Purpose 

Comb411fls. ~ny B~~; £q's. (ueed;~~.,cf.ea~·~J1tWP~. ;:: 

Parameters 

Variable number of integer (actually BCD) parameters. TllelJe,para-
-.'.,~,-.nf-·~ :.,:1; .,, 

meters ai:~.jt.he BGP.~1'1!f~'1ft~~uf!l!f; t~··-~~-r~~b~"fd~~ci .,, ,y,:.··.-, -.· , 

Operation 

Req~e,,t ~ ,; t~~ ~~~. 9£ the,;~~~~~.}~ lf w ·~~: ~,·~o~f., f rf !,He~' ~o .• be' 

combine4. !IJ~O tht s_ • f_p.e, It ~~~ if~-H;r 0~ef ~ r.~J0 ~~r; ~"f~'J~-~!., a :J f7SS 
COMBIN operation. 

Guide Lines 

,-, .. (" 

.. : J.. . -) .: ' 

ENTER NEWNAME l'Ql\ ~. W~ 1 B~r: q>~,f~'l Uf~n~·~ '· f~l~ Bf", ;11~•: in~· 
the names of all files to be combined under that name. 

Example 
,,\' 

To add the files OP27 BSS and SUBR. BSS to our present ALLOP we ,:wq,W.<J 
• ,_; ·;\P;. 

type "ALI.OP ALI.OP OP27 SUBR" which would combine under the name ALI.OP the 

files ALI.OP (the old one) OP27 and SUBR. 

This OP can only be used with BSS £ilea. 
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Purpose 
Allows ace~•~ --~itfd.n ·o:es to ariy 1CtSs ~. 'j' 1 

' ·-,~ 1 
'·"· ·; 

1 d•:'ol '
1
· 

Parameters 
Vari~ble ·~W.ber., ~f iri f~g~r '-~~~t~~ tly ·ICJ>j 1iJi~it'f • ~·:: "taefi d~~iia- · le;; 

meter is a 8i~i1~';:0~cl'~f··~ '~ss·"~~~ (iil"-;i~~~). «:rn:ur T :.rr' i 1 '°;,,'o ::l) 

. (•,ir;fsd .b:HH,-,Jqx:>) l J~1'..• ''c' :~;' ''Y: t) <;T\::_,.;~;; 

Operation 

Reade in one line of information which it expect• to be a CTSS 
(Y1\i~!. .. :'\; .. j n~-r_{i-\f"!.' L<:;,01:.:.~·;, .. ~1.~.1 i..~ (*;i!j:.;J~~.:1 hug tor;..y.\ifi ... g .. -;) Si,.1b1r ,;; 

operator. It then executes thle opera~or • 
. :.·'t;:;; f~:'Il.1 ~f~j i·~;.-.;,.~.;r,: rr ~) 91:!-1 ,_,,q~·j ~_;_J~~1 ~;1J ·-ict ~~ 

. J.. "J .. : :~ 

Guide Lines 
CTSS t!Nt. , User typ~~ :~ne 'line ~'f-ti~j,u~t'i~ Ifhef)fi6iial1.1 tht$ tiii\i6fi=! -i-; :q '~ 

Example 

If we were to type :RENAME OP27 MADTRN OP28 MADTD'' we would ezf!~ .. ~~h..: uJ 
---·~ .. -·-·--' 

the rename ~~nd ~1th~~~ 'i~~~lng-x() .. s~·i ~ ::<>';\''! :!ei/.'. · ;H.:•a' 1-~ ' ·I.r"f'·I 
' n::J.t; . J 

.,.·.: .:. le • , ;;·r 

;•; c_,:, J 

... ,., 
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OP95: Write ~.n A,f,e'.}~Jl D~'~, 
0. '-··. , •, . ' 

Purpose 

Parameters 
J -~· • 

Nine ~iJ~~g~r (on~-~~ ~,!~~·;, i~- ~~t~?H?:,~~}_1~!~1tt~·~r-:ci~~y ar~ i - - -

(in order) one BCD name, four integer• ~eneting, "fiom'' c~ll and four 
,c-.~J=: u';"!:Ji-, f.JJ 1 D(IStrtnlO::J {>;8.! J £, }ob-YOW j.Q,{:.~.=· .. 1· :·.JJ},_: 

integers denoting "to" cell (explained below). · 

Operation 
.:>~.: ~ • · .fi1:'· 1 ~/•,- .~{;::_(,,~· ,:.. l,.· ')~i-~} ·~1' .. _, r, ~~ 

Reada a name (e.g. MAY20) and cr~~~T:-{fq!ii}rri~n::~._.~;2~)~N) 
which contains all of the cells from the cell denoted by the first Ht 

of parameters to the cell denoted by the second set of parameters. Cella 

are ref.er~J)~~d •• dipfMf'1~, i.o '.'~~1~~8,if§ ~:n~tg~~ff ~~ ~1,ee ~~ r :· ~;r · ,
above. This file will be available for rea4in1 by OP94. 

Guide L!nes .::.:·· -~·;: .t:·'iAv:-'):;, ,,,:: ,, :r ,. '' .!~ '· 

FILE NAME OF COlH>N. User types on~2~rtn:rt'I~r JJ-~tf,~~~;,11~~~ ':!' ; ' 

name of the c~n area file being created. It then types TYPE IN BEG 

L,I,J,K, OR ALL and waits for the line number and (1,j,k) of any array to 

be entered. This is a reference to the cell from which it ia desired to 

begin writing. One may also type the message ALL at this point and the 

operator will automatically write out all of present coaaon. If one does 

not select the ALL option the routine types out TYPE IN END L,I,J,K and 

waits for line number and i,j,k of the ending cell to be entered. It then 

determines the location of thia section of c011110n and writes it into a file. 

See note following description of OP94 for further comment on 

OP's 94 and 95. 
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Purpose 

Reads a file writteao•y an OP95. 

Parameters 

One integer (act~llly)BCD) parameter. This par•eter is ette-i1Aame of the 

Operation 

Reads indication from the file referenced as to where to begin 

writing. It then reads the rest of the file into this segment. 

Guide Lines 

HAME OF ~ON FILE DESIRED and user types the name of a ~ON 

(class name) file. It then types RETRIEVING '1111 COMMON A1lEA and proceeds 

to obtain the file. 

Notes .2!!. OP94 ~ .QU2. 
1. OP95 writes indication (beginning location and number of words) 

of the source of the information at the beginning of the file 
and then writes the information. Thus OP94 can retrieve the 
information without knowing where to put it, because this infor
mation is at the beginning of the file. 

2. If common is changed (by extending it, for example) the file 
will be read into the correct positions so long as no change 
has occurred within the part which was written into the file. 
This should be made clear by the examples whf..ch end this chapter. 

3. In writing out an array, one cannot write out just one index 
(for two or three dimensions). OP95 writes out a sequence of 
registers. Writing frcm XOP(l,l) to KOP(5,3) writes out (l,i), 
(1,2), (1,3) •.. (5,2), (5,3). 
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4. Parameters are input as in the following example. To write out 
all of system common (lines 1,1,1 to line 14,30) we would type 
as follows: 

TYPE IN BEG L,I,J,K OR ALL (machine) 

1 1 1 (user) 

TYPE IN END L,I,J,K (machine) 

14 30 (user) 

Any i,j, or k not entered is regarded as zero. 



' l,·· I· 
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OP90: Print Camon Fi~~ .. " 

Purpose ' :1 . n·>I :~> 

Paranieters 

One integer (actually BCD) parameter. It is the name of the file 

to be printed • 

. o,perat ion 

Prints the coumon file indicated by the name mentioned. The file is 

printed in reverse order (i.e. in the actual order of instructions in the 

machine, since the common area is stored in reverse). The first five 

words of the file are the L,I,J,K of the ending location and the number of 

words in the file. 

Guide Lines 

FILE TO BE PRINTED. User types the name of the coanon area file 

which he desires. It then types out "BCD OCTAL DECIMAL FLOATING POINT" 

and proceeds to print out the bed, octal, decimal and floating point 

equivalents of the word. (Under BCD any illegal character is printed 

as*). The routine automatically suppresses the printing of zeros, but 

it counts them and prints out the message "ZEllOS: XX" (where XX is the 

number of zeros suppressed). 

Aa_ Example of !. ~ 
To add A(5) to our common area without changing anything else the 

following sequence may be executed: 

OP89 (Extend Own Common) 
A,5,0,0 

OP92 
OP95 
TEMP 
ALL 

(Incorporate Own Coo:mon) 
(Write COlllllon Area File) 
(Name ofJile) 
(Parametft's of Common) 

....._ 



OP99 (System Load) 
OP94 (Read Conunon Area File) 
OP91 (CTSS Command) 
DELETE TEMP COMMON 

4. 71 8/27 /64 

This first extends conunon, then incorporates this extension. Then 

we save the conunon area, reload the system, reload the common area and then 

finally delete the temporary file. 
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Chapter V 



This empty page was substih1ted for a 
blank page in the original document. 



--

~r.; - . 

·-°f'·'.·-

5 .. 10 8/27/64 

OPTRAN 

'by "'I•• 

J.t~s tta846aafi 

'; ; 

The OPS •J!Stem •tllUltiatMoudy fd'.o'ri04!s<A.~·"4ll0 • iAci:U.CcY·.iJJr :an 

.ora•U~nt :elgeb1:aic ,-s:•a--iq ,lnpqei. lti ,_.,.Mtu,:ia- !i!!l;;.i<l"r Atlg~4ic 

. -.tpuLtt!oo Of, .910Ug•r•1'h1 • ~ai11aaet.~;t~ ~JM CJIUS-.i~ 

with progranmin.g. It provides a faC(iU.ty for reeelld•oa pa'!Oai::-r:IM~ 

is writteQ •1¥1 f~'( re-ex~c~t~~g f4e :.,,r~¥~1-:r;~~s~~y :~,I,~, .9.~ r~tt,, .. ~~ will. 

OPTRAN is an algebraic ~f.~~~~~ s~i~~r:~o,~~,1 ~~17;h g~'tes the 

U$er t~e O,Ptio~, of -''x~~'f~~~,-~.• h~ ff,,~;~~\~;:< '.~~11~1 ~~~dded in 
the -OiS :a7s~ua••••predute4 ·in ,)eM tlta:!a;~r.6~ :inoematttent work. 

F~ this reason many d~sft~le .f,itUt~'~<ft~fl5i l~ft:'-f&f.H--fiter addi

ticm, and emphasis was placed o•;iai:Y .... :i$8:t·rMa'J'!-~ ... ::¥ersi-On. 

•.•· .' o· l ·. 

'., .> 
l. ,,·; .i ~' 

: ''· \' . i .· r .r· 

.-._. 
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Description of the Language 

Although OPTRAN might easily i•olude statements of every type pro-

vided by FORTRAN (substitutio~l·rr~~"1,~~ig~!:transfer, and iteration) the 

initial version has only substitution or algebraic replacement statements. 

The decision to postpone coding of the other types was based partially 

on 1,c\1~ ,ftiiJceiace Of!tw~l:e 1-00p >&'lldyt~••....,.tOl'la m~a:l'l• ets .Y•tem it

self-. 'FA .,1=ifim:\~ .. ~C...Ullny of d:Uae.enoaina.vt~na. )•ac10,•i•ttng state

merres .&tso arie ~a.w.t 'b.c moderrdac.i~toa11MM1gBqUJVAUNCB1ailCII'QOMMON 

me ;epta'c~~rit stafement 'f:s 'df'"tlie ~:r~im·;~\~ &~1wlth HI: iciilowing;meaning: 

1. a is C~eL'~ii'!ab'te fo b~'rfipfie~a~ : .. .t;;·iC'3}<fc: ·.J. ,, 

• , : . . .. . ·. . ·. . . . , r ...•. ·.. : . . ' ... 

2~·' b ~is'· ~~-:algetJrai~'.;.~~ie'sitori~' ~ciniii~iil-'cif-'0nf! or'1.lDoie 'v.iri:. 
• .abl:.ea:>&nd/ioJ:'i•Cdnatnt.f eemMote4siah9·•aatlt~99lgeb:tak"•· 

- .~,,q'>,~~c~,~.Jf ~,~~~a{,d, ,a~:L~~~c9'lM~,~9;t,•;,,,,!1, : ,,_ ,. , · · 

+. UtlA'l"1 n-1JtMryg(1atlclt•ion>o b: __ , 1kd<i -~s·, ... ! 'i·.'q1r. 

unary (negation) or binary (aubtraetion) 

* multiplication 

** exponentiation 

I division 

(apostrophe) a conventiou for taking absolute value of 
the expression following 

' .. 

3. 'nle variables in the replacement statement may be of either 
in~eger or floating point mode, and may be aubscripted by 
using the usual parentheeis convention. ANY arithmetic 
expression •Y be used as a subscript expression. Parentheses 
also may be used in the same way as in ordinary algebra to 
specify the order of the computation, and standard FOllTBAN 
hierarchy is observed for operators in an unparenthesized 
expression. 1 

4. For the time being, variables 111.y have only one subscript. 
To accomodate double or multiple aubacripts the progranmer 
muet reduce the aultiple aubacripts to a single subscript 
by computing the appropriate algebraic function of the mul
tiple subscripts. For example in the two d:l.aensional case, 
ARRAY (I.J), is replaced by AllAY((I-1)*..JMAX + J) where JMAX 
is maximum value of the J subscript. 



'-··; 

' ' 8/27/64 

To provide compatibility with the OPS system, all of the CCJotMON9cL 

yar1t1.b,1~~.~~e: in. 8f~¥~1JDf~ 8 ,:; 8~,~dni>Nj¥fv~99ffJ1Rfe~f~JtMq"nd 
.~~Pfo~ria~e~,r,.~~f.~~eg1" , ~~dg!~l, c~Yrr9t?ffft:J fso,~eof!~~d,_, 's" fffH f~ ional 

· .. · ~~r,~bt.~~"°~~: Jpff;~~~f7? 'bY, .Jh~)?~ ~'Jr.; i ol\i~nF?f~s c~RJ:$j!Jf!qn.(~~ 
J ' ~ -

, . id~;itt!~~.~~':·~~~e~nR~i~t !~f:i~~l~~mbr ~8-ifittoi'fi~!Afi~~f; ,U•J.,,: ~ ·~ r~nf~ 8 

has been retained. 

. "": .r, 
' .~ . :. ~ .. ; 

. ·' : ,, i·.~S~otk ,AllliV141SllllhADAY~l·iu2~,rr~~:JqARUYn~IBIUtl) 

may be used. Both fixed and''1f:i~t1~j0p~~~t0iri~j~t:~yc'6~Jdtie~~ig~~J''{n 
~h,1!w•1·, ·~'bu~511le ••oia•lil.•n: aus1.nMt~ane j-...u ~lau1f11, and 

tbe·;varia~lea 1JSiZIUmu11:;'5e1inlUiPis .• ':!Olhefi>It.•ijijtfs tlii9Mbelli&isaiii& OR, 

· unLik~1B0Jl'IBAN~riprhia.dl1i:de:tiaeddtnWgf1>~41'&alth•ltit~iOlt!Wle91Hj 

:.~~··c~~ct atua'-~t.!ir* '6ut' 1 j'.ff ~~1: 1;tafMe:ljf1{'·1(i~~s~~d grfj 

It doe •
... --' hcsj.eJ:alr;:isq_ee :3~~Nd:J thereby makes their values inaccessible. nu~ 1 rn \AA"ll.'lv 

va1'ialal.ies qf;-:ttlie-Mnu§ystea.·"·-~uattaDe ea ?jala•;(> "noi::t1d.r~;1"(1'./' 

: ; WrNTt'"' :VAltl /V'.A'R't ,' : : • ; 2.rJb.:J. 1 rfT ~j :o; i! .:tirur . t "-' U ; :1 t ;uocfs 

causes the printing, one to a line, of the n variables VARi, in fixed or 

ndllt:frig bloJ~'. '''ff ·;.•J>s~CSl ('is <~1iffi(~~0i trniJ fid0iitf~'»e'(£:ct i.; printed. 

NO &UB802il)ns: ABE Md...._, aa Jll!dtitw1·1JhieLb Ja> t c a:~~rilctiod:, and may 

require you to set ',iiiF~J~ictrpt:WJWlla\fi•\6C9eKe 1i'iru~' g£1 ~a subscripted 

, var:&tble,1'.:1.UJ.tug th«: .rapbaedint ,....,. , 1 a~-¥r:ba:~:i .,, .·.;nsu 

.. ,. ' 1 syr.b\lii <tiiy:· bk 'ii&'' ri&iJ t~J ~ clil(ra1:~efs.,8fn 'l1eJ/tli',n &1{J a"-1:~1 rlghitiii 
adjusted with preceding blanks as in CTSS, but not as in FQRTRiU(~~~i~~ls 

.. .J1wtu.h. ~~ ~6-i~~; ~l:JJB ~ed:l::t~ ~i-tbd<~.:ininal 

', i: ch.a~.;;;:;Jalankit. J8'e ~8l liM*O:mb:d.ritct:IRP~l)or,; · nul:w :ll >: 

... " · ' :tt~d;1iffa~~t:teli 'lf~'.!J:t.Jen7•0 '11f\Us¥'1l::lae•J1~('~¥1;~~ :~~~~:i'i~)>i\{ 
returtif!d·'tt>~tht!) aPs' 'syift~ 't'bt,;ti\g'H1'f:ii~filfflufre£t1ri 1pJin1:;iv):ii':a<c;:yewbn~,~~:r 
coverable cases control is returned to OP'l'RAN itself for corrective action. 
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·.:'OPTttAN ta initlated.1\.ith'in~·ow''bf a· ea'it:"t~.:b'P2'0.:u o~ th~?{ c~n
d.iiues;· toe call OP20. it&~tf~ 'tinc'ttr;,a:i caPtti~·,)~.~turilc' f~i~or~~~ ~'tln~'f'(,f 't'o OPS. 

Atl·~~t~•hc·' arrayi, notibly 'KOP i~J' 'fitt~nld~ · c~tiktiiji~ ~pdat·~~r'~~: ~hat 
a single call to 6?2o ·:t.n· 1ftioa~; :Z or 3'inay.t:f~~tiit tli1 iljny')~~~ui·~~c~~ 1 ~i OP20 

in the KOP list. 

OP20 invites a statement fram 'the user· by prl~finl''mi;~ :: ~'Th.~ user 

thtta. Mtntl\e;:option. of.!tJ,illl"&ll.H8:P't'l.Ul1 it•t...at, oifOjlij<Jtig{.'a carriage 

4#y · ;Qr&Alf aD&ttemea.t ,.,i-eieu1:1ing> to D~ h!Pa• :~·-~ SlfR~ v®Ri;i !IJtOJ I 

I.iill> .oLDa, •MQH, -·&e,ii, ,JK811·rlllOP, ·· lllJBlln6r~;ISA'fi.will:~ctuaUyc-&d••eH 

tl\aae.-c ........ • 1oca,iou., ~-.t•latect~D(hthe :M~icttioaloi:rqne-:ad9Ciiipt!.:on:Ly. 

Common storage has been extended to 5000 locatMnla 7;-..an4'.1a,_..oi. otbe~:·chan 

the at,a~~,~~-q9.~~"'~~9l~ ~8,~');'~~ ~~'lv~,.~r~ _.,.cJde.d ~:~~'3 ~9;.~R.s~~age as 

th_~~.'~,e apecif~e_d!L_/ . :Jf'-~:~ -~--,, _1 :.,, .i ~J:l: ,: ,,:!~~·: 

"Compilation" consists a£.-~uet:lon .at '• J.oli* list;; ..U.Yy :;'. 

about 3 to 15 elements long. This. ),Jst is a~o.z:~ r~ mo4~ ,~q&nd 3 in the 
; l , 1 , - ~ ~ _, :;_,. "' ' '·'· ~ I .. ~ • · ...1. , • 

IPR list, with the addition of either 
t .. 

; ! : • ~ .' ' ~ , . I 

1.. a blank wor~ (9,q'l; 6p6o6~60~0~?) ,,.to ;~~i,c;;~t~ .~d _Q1f,f,V"~ ,q~~ , 

,2.. . AA' integer e...C:: of ·cebe: r~ Br· tlieKUWC ~~t.itt· tn'(tlilft:J•;: ' ; 
the ac1;~.1 ,ca,:1-.~nt~B; :t~V~1~·l"«::ir~r ,\~~.(~~tl>~,3( .1 '-"· . • " 

OPTRAN ma.kes DO ~acinctj,Olt iletween ....... ,4 or S>.~! .: 1U: iet.the'P rOf these 

mode•, ~h,~ IPR arl'~Y is \.\•e.d f~t; .~~~. Pp~\BllJ \,1,11f.~:' ~ .~~c;.~;~~~9~; is un-

n~cessary ... , 

·In .encuti:on qm:l.e.s •. ;the· Poli.sh list i.;a.. proce...a; .atid ;ptrlnt:lq" oi'J ieub

stitution/mod.ificationi .of. :storap;::ia·· ~ •1stnc9:~iJS:; NOT 

A ;REPIA'rAB~ ~~D.;AT):ON,_ .. t:-~pef~~JQ~ of ~,?J•m•~o-!\ ~~"~8 a com

pound}ucecut;ion ~-~ult. ip .no .ppu-atiPn~:;:~~~~et fJif' .. ~fr!~ oc~fence ... 



::=; ~ 'i'::t.H bJ1 ;.: ; ·. 
~{- ··~-···->'-·.-~·~ ';""'" ... 

d imeas.i~i.n.R. 

'•.;;:<; .,. .-;.:;< ,,TILT tlllA 'I 'BTM§VGTllU ~,....!J:X 8'1Jll!, ~ , .. : j. ., ., ,. . , "» .,,,,, . i :. 
~ ... .,.-~~~~ 61.~,~ .. -..i .. -; . 7u,..i,~ _-s,· l~"• <~?.!;) .... ..,._,;. :_.:;-_ ..... ~ 

'XXXXXX' Dl'MIMSIONEJ) AT aMillilittl :1u·:"I'JJHJ,: ~udr.w:! .:·. 

rep lacemeDt St4~JJIR~~ 'ie•!k,,~ :~ .J l :; ;,: ;) D ,;dd; b .l Bn '.~ J ~ j ;:, :., /. 

J9:SP1.ACID LDT P.Al.BM'IBSIS 
;,~,t,l oanJ ~gd:0) a~,J~a~srl~ 

MISPLACED lllGHT PAUMRESIS 

~ ... ~~{,X·Q~TCi~il:WMIY~ .. t , :><;•J.':.js r"qo li,,~n_; ;t:.,;_;", 

PUSH. csum '.l'OO MAl1'Y TIMBS i ' :.) ;; . . \ ' t·' ,, ) 

printing 

8/27/64 

' ' " 

xxxxxx .. <>.mmmmE+tm (if .a.n:xx b ftoa.ttna potnr mode) 
'·'>·•~·' .r •'"·o(i,,·,·q~• •. sI<f.sl:.bs·.:.b Il1-je :iu<l jf1r.)i.1'H·rr mcax ·- -~nn~.' '''" ... ~.,(ff 'gg4 u ~:lateger Mele) ... ~ 

· :;;\Ji'f~t jffjf·;ff'!~'f'!f~ D!O.S q•)O.t gtd J&"ii>Ci'JO'.HJ.£: • J 

:·1\>!·:;.r .. :·1Jiz·r1M! s ·10 :3?flb:J9~iJ.Ji,r· 2vo:::ir:e::Iuml? .". 
~;:if, /.,~~<;:_',;/)'<i_ !:J"l..Qf-_<f!Z1'J~: S Jf\ ;1'~-~.J'E~<.tj~~ 
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Easy 

1. 

2. 

3. 

4. 

al~i~~ ::w2e1:aS'::it:l'lilW ft!lij!jt~lWdU'.!il'lL·, l '1 t.J".' 

Different combinations of predefined symbols to3idoomodate 
different common variables. 

Alterations to the sizP>fff.>~ ~f.if~:fiin,IffJCfie maximal 
allowable statement l~rr ., f 11:\V.uJ:?.i13NIO 'XXXXXX' 

Additional diagnostics ar-~~::>f~f "t2 Jff'.}fIT$):, i ';~L 

Different integer-mode ch~~~gk~~;:::(\~t~'iiJt~~1i;j~k,1,m,n). 
~~ i~G:I~fl··~3>tJ-~l1 ~:-?l~)I.H CIBJ.AJ.t".~~IF. 

Somewhat more difficult alterat~r~~: x ,f';tli.fl3 ::tin 

1. Additional operations, i.e>it~:;:f!xj~lthii~atiW set b~yond 
(*,+,/, etc.). :,: 1 .~:I'T Yi1.!\i1 OGT (~:tl,LTJD _;,;:;ug 

2. Multiple subscripting. 
!·; ~(·l ; .. :t.:.~if;:·:i) cJ \~·~~{XfJ\ 11~ .c:H·t-]1tr~ 1 ·1.·~·n;-;"U ~.._ Y':·:"Z.-~ZX 
Difficult but still desirable alterations include: 

,.,r. ···,:;L'rrr z:; x: ..... JX/ 't.i:) rrrrmrrrr•w ·' t.:,·~.:-:x: .. _;, 

1. Incorporating loop and ~,;,.r"~iCJWr ~~· 

2. Simultaneous 1111aintenance of a parallel F<BTRAN f Ue for 
creation of a standard FOB.TIAN program. 

I-.· 
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Conclusion 

OPTRAN provides the OPS system with an on-line facility for pro

grannning with simultaneous execution and innnediate diagnostics. One 

interesting application is the creation of new operators. After being 

debugged using OPTRAN, a new operator can be added to the OPS system as a 

KOP. The introduction of a mechanism to produce a parallel FORTRAN file 

on the disc would also allow the operator to be added to the system as a 

standard OP, if this were more desirable. 
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OPS IM 
.::_·2 l~.!ii~y'° 1: '!'..:.l :.11: '>·"TO 40.i 1'. 'df]i ,:·;'~'cl irn .. i'. 

·r.·.\il '; -1 :··~ '('J'.tJJf"~J ./~1J qi, - 4 .i.:..J,,,"ro nh ic· :Ji_t:':•;;-1 ,, .? ~1'~':.r.l. ·-s 

Introduction 

~re~t ~e~~raf J,m:J,~8~ -; s!mu1ii10fi ·~Ii• ifil:K!:.,fs~1h, · e:P8!, 
and DYNAMO have made it narkedly easier to build compi~i:;;~~iiitifi~ ~ei~tlni~> 
Although these languages were not designed for use in •'lbiae111aha1'e4.qcom"'.l 

puter, suitable modifications can make them compjlC~la ~:Uih~• au.e~ahartag 

system. DYNAMO and GPSS have alreadym~-..amodtfleclalbls•echrla UISDqe~, but 

as yet these systems do not take·fGttgahauqeioflltM••halilnl'::rpossibiUties. 

Specific~P:y ~ :1H;9$r~~~ ~ ~lJ~eJ;'!R; irfl),;°"~~~ ~ff!:l.ml ~8-r~.l ~~gu~~9-q.,f ~mJ a cHn' 

very limited. 

~8 a,~~ao~~i~~,,9£ le~R~·~~ £'; it:J.R'r~ft~9Hsf~•~, '-mf!r!! • nfJf +E~~1~Mfh9R-r 
capabil~~¥:rP.e~i~~.: ~ff1' t~:r; ;qs~~fgf}P,C~d~8!fnRe9A-JfiF_ri~}e~d~~:ii~u~:i~C8ns l(; 

while. ;n•,:~d"~1ie. r~1,o,goo;_r8lf~9nF~.f~ f&~f!ij!fi~ ~~jt~cJ•ito~Rft2 :qo 

the Pffl'f~~cq~~.rffl'iiiJ ff~lh:i~l::-1R1J·JJ1'! fffkt,6tb5!11' lff~~}'~r;~r,f§df8 , ncd J 

they are introduced. ,XR~"~'8ff~~qfuf•~~hPIJ~J:Ieil!sP~~F.•, ~~8:iRrf?0 ·;;jl:Jrrnnp 

granmer to consider detailed aspects of his model at a time when he is most 

aware o~i :~~'.-p~o~l~·~l %¥~1~~a/~~tt~r 1 ~~a~8Ri~1~1'~ ~~<'a~;~~w'ttli0 ~it~A 
mode1 :t~ 0t~t~ ~g~n ~~;q~tithe -~.:ta~!~11is~~~q~aiiiPi~s~M-~a.:iv,y0 ih.~9 rass ,,_, -

----- r,y. •Y••<"r"j~' • l"•' r• f •. r ,. , ' ' 
••· ;(> ~l.-'.:_·j ll _D•1q,:r' 1.--.-• .,,-1 ""-: n.,,,,.,..,.,,_.,f, c,.,, f·;I, .. ,., ... jD-'""'J •-.~""'"'<.. "c'·· complexities of' the moae1.''" - . " .. - '.' ~--~- ... ,, .. ~ v, .. J-,• - )~· '--"'"''"-'-''-' •J , .. 

Alth~~shJ it· i~''i>~~'a1i~1~· 1fo'" ~'id.~y~i~~n~0~~rii1~ la~gU&~~8) to 

make them interactive, 
1i'iC appe~~~m:-,r~dir~ii1itiv t7'0l~~~po~~te ~hi[' 

funct t~~~ 'p~~vide~ ! f>}r: th·~r;,;
0

;lf~el~~ fR? riff~~ lf CJ. }~¥e- c~fiol system 

such as OPS~l. '!be following presents a method for accomplishing this end, 
f-' ·- .•::-·~· ·'1 ,-~fi·~~ .:-'_l.fC.l_'.fn.!(~ ~-)t l;~-..,;.~1r 5t.f Oi!IS It~-::) <;'_,?{i(~ ~~>i"jrv"'!j'~jfl i~f-"';<\~:·:- t+fJ?.GQ the oPsIM systein~"· .,_ ~ - ... , ., - ··.Cj •• ····'•'·.' .. , 

.. !"~ ,-~ l b ·~- .r l!fli~i 2 9 r! :1 1 { J r! j 1; q j 1 '." ~-> ~) ·~ 1 ~n a ,:~ h ~ r r j 10 
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The OPSIM System 

As an example of how one builds a silqulation model with OPSIM, con-
:o 2 

sider the model of an order-up inventory problem described by Galliher. 

Here the object is to compare the eff~ef Of 'cJffferent "order to" levels 

on inventory level, given that the ordering is done once a week and that 

the lead time is constant at one week. 

~ way o; ~q;J)IF~nB; al>~\1~ this probl~, +~ 1 ~~!, f~~~~~~: •. Four distinct 

event!$ can, be ~-;cro~nized: 

1. 

. 2~ 

ptaae,an order 

draw i a weekly demand· 

. I ~; :- ' 

3. ·. repor,t: the stalats ,ef . ther .. syatemyb.l :. ·~ .1 ,. ' ; 

•~ :. : recqrd the ar:vi'Yal i of,.:.gi:del:ed .. ,gotd1 •.. 

The sim~1at:ioii' tc:mSists of it~rilttn8 thtbujfi1 etit•"'.seri~s'1'8f ·«Weuts, ad

vancing time one week on each cycle. 

the ;~ikregat:l.on of· tflise events· in ftie·La&M'~ir 1 11utgetiti 1~tk@ utae 
of an' oi> to 1 ~il~~crib~ · each':e-tent >~na ·t:he'.)iitti>~ttt taatit!Wt!ibrt· t:if 'tihelie 

OP' s "ib.to'; a ltOP, th~ exe~11t.tori~~bt 11llH&h ~woittiPb~conedl!te·tl!Fofi thi!!' dmuia- •·. 

tion. ·Those •ai-tabie~ tl's~d'by·'mirl-e eb&n· 'Otie1 ~1f•fi~ illr''.f.tivdtory· tevet, 
quantity on orc!'et, et'c ~ f at{ 1* ii'ita'iiiea 'in1 ~~&'.itM-i.ae. · ", 

.:-~· ':: .! - ;'.(, ; .'t ~: ~)r_r:. ,S :· - _, -~ 3: .. ~ "\ -" ' ,~· , 

AJ tpoug~ tpe usE!r cpuld pr<_>,J~·~ 'p o.~ , the pPA. ~n~ ione9 ab~ve, . it . 

is easiei. to ut~l~ze_· ~~~-~~J~,, ~~~~i•f f~f~,~::~!\£~~<§~#i;' .·,t~~ ~~P1.~ 
the demand event could be described by the following ~P$IM O~' s: ··· -· . · ·· 

_i ··1 ;·;c;r. 0f~ .t ·1 ) . 

OP47. - to obtain. i:.a.~.doqt. ~.~tid fr~. a dis~~~b1Jtion o~ d~nds 
:··.·. ,,,·:-:~ ·· .. --i.~ ~--"' {.;.;,·1(,"· oj ·:j_~Cl:,t.c.··:·''-~ ,- :· =~>·> ~;. 

OP16 - to move ~he value. of the demand to OP51 
;;; .;. ,,.~,"~' ·~-.,;: .;. : ~,, 3'1•J:;: f'.~'IS9Cfq£.~ -=-~ . 

O:P51 - to P.~~fc:>I'lll, thE! r4!lnaiJ,1i?I .. £':1ftc~.!~8. ~~'T~ssary to. c?'DPlet~ 
the ~escrlption o'f ttr~' ~lil~t'~' " · \ · ' ' · · · · · } · 

, .. ;~~- ,,_~ )'"•J f_;r·:, .. J-·~·r f~ <·1n--;.~~ ;; __ ~i'.t~;_t,;-- .. : 

OPSIM special purpose OP's can also be used to stmplify the accumulation -- -~ 

of the desired outputs of the simulation • 

. ;.. ';',,,., 

2
Galliher, H. P., "Simulatioii'·tit R&hab11FPrbh'e~s1ls-~~' ltoti's hn 

'. 

Operations Research 1959, aasembled by the o. R. Center, M.1.T., p. 231-250. 
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Thus, when the :user has the appi~1r:iate bi.i• s i6~w tit's 'Jiihliatfoti,:r~e · 
begins bui'idin'.g his ~e{:~Y ~~~'~t&st th~ ~O~~ ~"o\iti-~f 1~~~t'e%f,')'ii i<OP:w ·1 >r::.:"rn~, 
which cd~~dl~t;s :tb~1 ·'~x:~~uti~n -~f i:~.:- :V~l·o~1l. '~'llfe' bi>Snt~·&nt~Bt' !"ti ::·r 1

;';·i. 

genei-a·1;-y '~~~s~d 'C,{(,j'''s ·y4; 4<f,: 1~·.~ if!'j'<ifl'lt<.~1ba\fll.P ~~y11~ ~ii ~ ' vi[;) 
1 

'>) 

terminate by branching to the 'c'0'3Q1:~J)f:'"s;ya\0eJ. ''''iii4Ci'~Wc?r~i1:we5 nr4jb~ : '-"'.1 1 
· 

functidtl-81't>E·~!C'dh~ jy.Ka!ilr- . ._tll-.ecUUd gtr.1-:Gtia-ccmdd:e! m~,-;iil.t;;mj :: 

request!~ -Niiftr ~ :~j-' m•r L{h}Nt--Ci• kia1w•~I:t:d:mes c£ ~ -iiJ.r:st J ,fc,,,., ,_ 

executicm' i.oif. ::41-i:t ~EKQP•wf,; aic1 tU.. '~ektf......U....., Uori:idlteid."'4i •rJ:J 

list of ar.tt.L~h81u-11!cfl f\J&Vr~'cNtst-.._, _, a..la~? ~ .n,~,, 

LJG '! -: 

creates th";bNtJ.7 -·~ 1ut-·O'f•• .._. onllttftwj~~~·~lsrµ·.auttomatii:c:labl:iY..,; 

Al~,:~ ~;~i~~ .. i~g-th~ dPr~··~~er({f .iyjt~ 0i~cr~~Jt&~1 ot40 ·iW¥win rr·,r . .i 

create '~~d:~,'i~lie -~s~r" ~reite's t.W~ ~tti~t' ·.Viiii.~f :rw&i ';dmlP~~'i!orI,-'111~ ·);:: . '.~ 
stores it on a simulated tape file. He 'eliaii1ii:i.£fJJ ~~"'se~'fia'~)t:tifil~or:Wit'"i '):!-J 

event KOP's. To begin a simulation, the user executes OP40 in mode 5. 

~ OP40 will read in and begin the execution of the earliest scheduled event 

r,; KOP, for only one KOP is in core at any time, the remainder residing on 

the disk. 
', 

Because of the nature of the model under consideration, the events 

could have been listed .on the same event KOP. Since in general the order 

of the occurrence of the events will not be fixed, such a simplification 

will not be possible. 
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To )ui,ld. B. P!P~el .in. which ~e lead time is probablistic, the pro- .. 
. , (·,··) .. ·.·:·:.. , · · ·.! .,: ... , ·.·.~-.:~.' ~.r•··~ .. q!qS "·)f~-1 i~.sd -;9du ~>:' ·~ n·.·1:1,. _ :- ~(J 

granmer WQµ~si !~Y~.Jh~ .~rr~_Y•l o~,.fr~j ~~:i :~~~~~ ,~01,~~~; ~;i[lrje ~;~ -~-8;~ , .. 

separat~ K,Of:•, .:?~~.~:~'.,~rf;47 .~~041! ~:;1~, 8;~~•4,,~~; 1 ~h~J'.)~rx~1~~11:~;')e~~: 1K~~ ••... , 

to draw a le~~~-' ~f~fi·;!c!_i:,•t'f.:i.P,~ti~fi a~ t~f~~·~e ,,~~rvo<;:~-u~~~~~1~"_)of ~l~~ .. ; .• ,, 

arrival exE7n;:T 8,~L~~J,:;5~-,~~~s ~~ .~1<:>~~:i(~~~~,;t1~; •.-· ::: J ;Jf!ld::HrG~1 ·; ,; 'JS:L '· !' 

SimUiar,ly~;· •iii Ulef:.o'l'lti!t'hlg ~!JMl"4tr..., c; ..... :4 ~~~&A>~$._; : ,,. r · 

a week to ordet'tnW '*" an«dri:l8Jt;.1pcUmtiyt!Rh-.rS~rOP ... M~ ,AA r~~:.,.) , ... , 

from th&i ~~-iandl ~nbccieDtecWtRd~bi& «\~~-- QCP¥i~J.~.rJv.i·.,·:~ 

were sae:t.r.Ked'. .orsa:H ~- ·'l~amdt 1l4- '4!111DWM~4nt.1Ltil:l'->::4Y~i M>lt 11&> ; ·• • · 

Wti.<fdr:~~•cond!Utb"Q;fi ialid:.t:e>::af~t;,Che ~-t;V>~tfilf f~ >;qr4";1Plt;_, •. ,:;:.'· .c· 

when re«\Wf'fr~· "' ~l~J t}!':~ :t•;~s~~l}~~i':j~~~ ~~}~~i;,,~t1,~Gz~~ 1~~~ q~~)u~~;r:\}! 
of the q,J.1~-. l ,~Yi~;~,~,O rr~;''~r~9fo;f~}Jc~~J;Jv•f.~\1~~ ~~, :~~4; ~~~/ ,,~ffl~~~~;~i~ "·~'T). 
the e~~~(_seqU.:en,g,~~~BWi~~ ~~;~,;,;~~~'~'.'19!:' ~i 1 ;Li.~'. ':H'.j£.' ··'.} )1:d1V ;( jj c''rf0i8 

' j_; .. I '..:11 t.: -. ,, ' l 

'i· 

·~ '" 

r D'-

[ ,,, 
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,Coucl1.,1.sion 

The results of this research show that OPSIM i.s successful in 

building and testing sin\ple DKMetW/'1~ tW ~ fi .... eflll•A'1: It no¥'10 

needs to be used on .f,~1 ~Jlxtir'1.P"~fii ~,.f~n~,tlflrfi~ttr~,lpj.em th~,::-u 
i.s hardest_ to t.est using the c~rent silll':'l&tion lang,-~~, and it is he~;,,,, 

where the :d~':ii.he s a¥~r~~~b10i:cri;if.1~1~ '5j:_:i~~i~~~!11~w i~o e~~~cted t~·- "' 

Show its greatest advautage, '~vi·; '> riH 'l .J>. '· <'. ,-;jji~; q_ti _,;i; >·;;:, 

OPSIM wiJ.!lc ~~vt!dl'tn: ·~M.;j"1.,,.e:t ·~ ffii-et /1..trliji'i<J. l.tttomatic~fi~ 

incorporate iuaprovements in the fl!/IJ!~:;ff# ftR~~}'~h.1~~ff' OPStJJ ·;1.J 

allows the programmer to control his model. Secondly, it will improve 

Jl
,)1';'11di..,, .. .,, :r, nc~hr1·"'""' ,., m:•·,.:\ .. _.., .. L, <· .,,,,~r ... ~r ri·><rlw qe; sd:l \ . .:.'-W '·.... .l.J.. .'1.-F ,.J...,- ~•.J 1 "'1 ,..,,.i. ;::) ,,._.;,_ .t """~..ilJ &:J. c .. ·A.1~~ .... - • 

from the ad tion of new .OP s which add more specialized simulation func-

tions. Finally, it will iWfJ!t~l~.Llfr~~"!1:A.¥;j,totidl6etiJmake ui~qn 

"t···-

of the c~~HfEm~f8~~s:>f P,tfmJ.5 WmAlflfrt &ffYn7!.Hl:iff.#-8ff1ltJr1~q~ ~Jer• '·.to ·1·'ti .JO 

would pre~1rr fl?:;1:Hfve1 df?~::.ff+.fF~r~lt'1~qtJt1 4.8a Mt!fOfrff.bJ,Ato.m~~8I·':J:~; ~J;-1 J,, 

b~ut way to organize such a system •s this, and j.n ma11y par~_hJ~f1.e.J•e§~,~ 9 flj -..:u 
"7&,Y is dependent on the problem being solved. However, OPSIM is a start. 

It provides a general on~line system that can be used, experimented with, 

and extended. 
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.... ,.,.,.,, ~.,.-_,,~:·-rf .• -

'· 

OP's in the OPSIM System 

OP4.() 

OPS& 

OP52 

,.. . ' l .. ~ ' 

the OP which executes an arrival 

{)PS,3. · , '·'. ,~b.~ .Pftwhj.J:h ~j.IJ4:s tP.~A1tM-W.U•1n1>fi.)~~~iop.; [,,; VF.·-;~1 

OP4143 :· ' 'thtti~pi i'*h'fch~1catifta"''f.1\ 1ri'en't"l'fi1t '.HI; ,-,_; <: jn·H;'"'' vn !"' r "' lt>.;;.:r1 - . .:.id 

' :(;r: ther OP ~hich ~k~~-· a d~~;-ffr~; a1 '~!~i~ di.~;tb~~i·o;: •rI:t _"··'
0 

r 
1 ~-

): _ ., ; ,;:~_r ;":-:;i!1·,!·,,.;, ~>.,om bbs rl"ll.iw e·qo "''Jtr ::ui nc[j,·'.::.)<tt HLJ ruu:r! 
OP47 

OP46.. , <.:. tp~,,~b ~~.P~~t. £r~I\f!3'-:r•im1~~.l l Ji.,, :: ; , ·• f · • n i ·.:. • auo.l j 

Other OP'i')t:o c0ritror1 a•t•·'--1~c~ti'bn\i\\d, ..W-W'iYt ~b.rit'lie'~t11•8 t8M1.hdi~~, - ·.iJ • :i 

of the OPSbF.Y~t~.0 -A1t"flt~0 tpi s'1 h£Jhpsfilffi.rM~\.W~il\vtitiif11knr: h ! u<,w 
the thesft"'1)y"Welsfl~ 1 .n v:;i.:,;n .. . : r , <--.un ::·.s rr>9.'.l:'"V<: .s ri·..iu~, 0~:i:r::>~p- c:I v_;;,, J:cso 

·;1.. 

~I. .., C!' .. i ,_. 'l ~ • 
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Introduction 

AlsPttdArtoN w ON-tttt CQlPttrArldv..t tm111Q9S:•, 
>ro-·kANA.~:i>BJtt.'tt\Fd0 t1i''l'ilr'·.U ~ '·' 

'Pit03Ec't ~t4t.W'~ti>i\XW. , · , 

.i .... 

. 1.i!i. : ,..: 

' (. -~ . 

·--·' 

.""!" •• 

Th_:\p. '.~J>F~f d~Sf£~~~' .an , 8.J>ll~if~ff~?) .P~; _f~~ .?rs~; C)s1,st~~',;o.:, sche~"~t ing; i , 

and co~C),l of,. •· cl>!,~J!c~,d'·~-~,1 UJt, ~t, i~~'.J1ivfJt~ ls ~~M"V_rif ffr~.:· : ~e, obje~J i ~e:,, 
was to schedule activities i.~',~"·~y0 .~~t1 (~SJ~~,i~ef;-:<~J1rd~f~).~ct ~o~~<• 
and thereafter to provide a facility to monitor project progress and when-

ever necessary, to reschedule the remainder of the project. 

Six OP's form the basis of the system. These six represent a com

promise between flexibility for the u•er and efficiency in computation. 

S.£k&round 

The scheduling algorithm used is based on the critical path method. 

A project is broken down into its individual activities and a network is 

developed using these activities in such a way that the actual relationship 

of one activity to another is depicted. Bach activity is supplied with a 

normal time and a crash time and a cost associated with each. The critical 

path analysis generates a series of completion times, each with an asso

ciated direct project cost, which is a minimum for the duration. There 

will be one sequence of activities which determines the completion time. 

'nlia sequence or path is called the critical path. The activities on 

paths other than a critical path will have float • 

• 
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Although the f~I'~: ~o.J~ct 1fC~dt'ri~~D:~~;l.Jl~~) W~1\:l6'ff~J~%t-Yity at 

normal time, will have ~e .. ·tW~r~f~.f;~:;:~hf:rtf:ft--~~,~::;.~yo01'ituations 
which render importance to ~·i~~D,tl.t':~~f..'.'r:=r:; f.'Jfft, a deadline may 

exist which is earlier than the first or normal schedule. In this case, 
~1r-t 

we would have knowledge of the activities"to speed up or "crash" to minimize 

additional direct cost. Second, a couaulin:ratdlon of indirect cost on a 

project usually indicates a total project cost minimum at a project 

duration somewhat less than indicated by the normal schedule. 

All the terms mentioned have strict definitions too lengthy to-·· -- · 

include here~·~· A- go~d,; ~~fe'~~~c~':.is··1·~c1t1Jf~ Ni:>1:iles·oif'e1.iit-f~1 ~t1f'SC:liii-= ' 
dulingi•";' i,i'j~ Ll~~d C~t~l.11'££~0, a1 'tihi>"1fl~l:1to\?\o~ t~a,l>e)i'~Qijtit?- oif dMf·-·) ~ii'•> 
Engineering, l4411a~h~se~E~ 'tri~t''it'i.M~l 11b£ '¥~ciM'o¥\o\Yr.l <l u J'v r j_)j., ' - r " : .\> , 

'' 

: ~ ' '_ i • .• ; • 

. \ • ' ·- ~ '. ·~' I 

•.-·'· - • f''.i . , ! .~ ' : .·~ ' 'J :-: ._; ; 1 .:'· > - ,· :3 t ~,I ) q 

.• r, u ·.·-

,,1 : r 

! :1; -1.' '·1 - l ,.. . ~ ! ~- ' 

_J_ ' : ' • ) .\ ~ j .r.r ("I :.~' ;:'. 

-, 1 1 ; I ~t . . 

• 

----------- ---- -
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OP36 

OP36 is a routine to canpress the activities as represented in the 

data base. : ttlh' iaihecesft'rj'iti,1 ih~ure'''t:b,B:P'l:~~1 'tt> 't:n~ r\;qtltre.., 
ments of the sC'hedut1.ng·.it~h¥'ftbin.'{"Tli~ a~fli.vil:~~1 '1u"Wtr'i/eJ:>otdlit•a·'by<Y '1 ·'

1
'L" 

and J and the modes must be n~~{-f!(i iifl ~f~tili~y'tis~iju'~tt:.it1 'trulh~et. :-'rttt1s .,,; 

means every number must be pre.-ntr ·f-J:.DIQI~ -~ ·JZMJ .,...._ :11odti m.mt>er 

and every activity must haft.~Jl . .J:.,,.,.l.•:'S~tft';rt~~;:if:Wlue:i. OP36 

takes a network numbered loosely and compresses Chel·:JlGda:rnmabet:• a1t·required. 

Tbis · Of. will boe i-•quuecl:r wader:: tiw91 ~Uf&ll~etiq firJt.,' -ortgl!l,ll:.> 

network input may be loosely numbered to allow for m.anual revision of the 

network w·ithoµ~ ren1'1Qbfl":i.Ag1 the iutk!e::i ~~"' ll:pr ... .ll.1W~~1.ctjyit--..iu 

may~, a~d. :~' Mieon4 ~M!iY~:tn OU6n"'4ll:1-~d .ilt~oria11•n'.1; j)~. 

The original node numbers are saved for output to identify the 

activities to the user. 
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OP37 

q~~z is '~he s.~1Wf.H11~~ 8;1ffPf,~~· . :~F, fif~ff;,~f:r J>J\ Jhzesr?FWP:f~ Sf,?f1~f. 
in the COIIUllQ~ ... dat;.~. ~se "j i . . f, J~ch~~p,Ie~ p~1 ::Rf:P~~ff ?'-"~fr1~~f~'.d~J1~, tis1~0;.f;i.:~F~?. 
costs for0 .cr,.ap~ pf9~r.ft'\8r .S-fr.~. s,~~f,:lft;sd ,a<'ffii:P~·~P~~· , ~r~JW:.i"fi},e Js . 
cre~~r;d: ,cp,J,~~:;spp.ptlin_~ 31'quJPfch, 88cfE7~~l~ ·fl"'.fi~f ~ if.PJ1~~p~ .Fre.; :~ 1 ~,e8ft . · 
event .. t~1,,of ~~cJ1 ~4~ /or fr:i}f'.i. •. S\l;renfr it.~f9~ft:i<;onj.u; "':< '{r; ~--•' 

1, '~~•._; ~;.;,<~jj J;:d:t ?, :;1,QJ~}U ~~'.IL,~ J.::·_s::·:.-;;,, 

'_i 

The scheduling algorithm is based on Fulkerson 1 s solutiof\ to th~ .. 
• fi.! B 1 ~ .~~. :. (·· .~·i .t •:I .~" :.} ~~·: ' . .I 

critical path problem. It consists of four sections: the flow computa-

tion, backflow computation, activity flow updating, and flow swmnary/ 

output. The logical sequence of program execution proceeds as follows: 

1. The flow computation is entered and a forward pass over the 
network is performed labeling each node. 

2. The backflow computation is entered and a reverse pass over the 
network is performed. When a backflow condition is detected, 
control transfers to (1) to attempt to revise forward flow. 
The algorithm iterates between (1) and (2) until no more 
revision of node labeling is obtained. 

3. Activity flow is updated according to current node labeling. 

4. A summary of flow reaching the end node on each iteration is 
maintained and printed together with the event time of the last 
node. 
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OP38 

For each schedule generated by OP37, there corresponds an array of 

individual activities with their starts, finishes, durations, and floats. 

OP38 accepts a schedule number and outputs the activity array corres

ponding to that schedule. To do this, a tape of earliest event times 

produced by OP37 is read and the computation is performed. The quantities 

calculated by this OP are not saved. The original activity node numbers 

are present in the output so that these activities may be related directly 

to the network diagram. 



". 
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OP39 

OP39 '!s -caH~'~e ~ce teriiH!at:ij:t';lfcWi\~·H~f1~ .~t n8me"·· : 

It requAfti."a''sdRfitfl~~ {~htitli:r ·kfeneTlit'VcF'tif ~s ~1 a!'.'>d1if~t u:i · 

The day sped~ Witl\W1:69y' db 'Wldi;~OtPA~~iif-b¥r%a:1T!.l:i~i'0'··;' 

in progress. For the schedule specifielf, QP)9 supplies a list of all 

ac:t1.¥ft!.ff r~ul:-ed1~1.ltie ~'1>~~-b!U~41WMI<tltit :aay;,' wtih 

their dtirat~nlf-'Brl(f ~ ftdiiPl~.:J:r~~~~•,a-Wa1vtil~Willtt.'J;;L·aiJ 9 .<: 

posselJlPmati: ana; t!<.h-e!Wtf'ttie•a.,:tWist•"''fil' tfWI~~~h ic'ti.v1.'t'f1~~n1 ·"-' 

be p~r~(f~,;'tbtf"tftdiW' Mt\W Vfe~~~dtrkt\4ii:f¥ ~ulM'tiP:; ·· " ''" i 

its :fat"~''J>b!Bllhr~: lat~tfirtt>~0d ~ ii!il6J1~ i!.91ifrY'-I atRlityC't~:U:vi : '.) '' 

behirttl' if.ii ~'4.~i~t'Wl.\:~ i't'ttetftte(lgetlerWNia,btWi ~j~t~ ~i\1l0~el~i.a~d t J 

and no't'iR'b.f~d( ion< ~bt'IP. 7)~ 1.!tttt~ %'a ~lyX ... " -iie~neli~ 1~ r <,m•' ' 0 
J 

certain cases, by the completed acti~ti~ ~ t'ffe".Ilefftjlff·f;tt{j::: i~tta't'e ' · ._, 

as well as those scheduled at that time. This i.s ~cause the position 

vl}ere th~-, iil't~~ 'ftisisft)~·tfti1tt at·1~%~ lfi11W•a0M.t,at:Lof iii' '1 

acti~tt ntfle+ t~0tW1i.t:H.~~6l'64 l~f0in'18tfl~fff-Ote~5 hb1 ')c; F 

activi.ty on that ~ha in would otherwhe appear. 
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OP40 ·' l· 

This,,,ope+ai~ ~rf9r-. t~, ~~~,P/ ,ai,Pfi>-~t ~~:.~J -.~ny · 

time during the. ap;~l ~f~,f,. .if"< 1~,-~,f~;, ~..,,A)~,p:cp~l:-u:: c·~' 

netwo.r.k r~f~aj~.,~h~,1;f~~eJ1. qf,-~~-_m::9j,ct -#~1~¥;t ;~!': c, '. , , ;_, _, ; 

The fir"t inf_9"'8t.i_on,~ ,~q~s~J.~._.r,_f•~ ~J!IH>A!~i~ ~<>; _i!rl.,ac& 

the updated, ~t)J(.>J:fi-,. ~&1 ,-~~·P'--' gre~Hi ~ ~ l~ShfSp rJWt"•~. _: i ,, '; 

cor.re1rn<>llfi1 ~9 " ",c~e<WJe:::~P~ t;.ilpe,., :;~~,·"941t~ q(, ~~ ,JM¥cr > .. 

face currently;_ ~:lflj l>~~ ~~·~·~1•F<J:ii-v;U:m w-,i'9nr:~pl.~ •; : ' 

activitj.f!a.: J'~V~.:P.~&8· ofs 1Hif~N~~111bo~H~~YJ.t.¥1.f1~.c-r-'q~M1: ,, 1 . . . . . ...~ 

1) the t#-l,.op~_.,;r; 1 .2) ,~ ~d. ~1 ~k.J),,-~1 ~1 ~~~.P.9IHl ~jl.,; hi 

to comple,te tJ:,ie,-,~~:iv:J,ty,~i 4) .~ -~lf.f-,,p ~ ~~~"4;,,.~S),~:--f~H-,(: _, ·1.

i.e., cos.t(q.~y tQ ~hp~t~,,,-=r:9ilfl:· ~:) ~t{4),• ,. r_.,-;::,'.·;c,,;; ,,r1; : .. ,, · 

Witp this, inform.ftif~h ~~l!l,::-~~;¥~~' ~lHY~~~ !>~~N_; &l1lJ 'h'"'' 

the speci~,ied , •,c;:q.:y~~f8', ;f;e>gfl~f t:.o, ~ ~~J-~-f~n&-L,~u ~1'JH 'f :0-~; , 
is then written. ~ • ~ ' ; .I ,, .• •. ; 

---- -----------
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:to.n e~orl:J baa f>e19fq,mo3 JHI Q~ t.t~• t*.U..tv.Uu ae1tW:!ed s:.al'l'•:tnl 
;11 TIM 91.f 111' . 

.:ladj bs.:1Toq9'I bu E.l tM no -~-- •• U. ... ~ a• :t"Z&:Se o:t k.fuhed:.>a 

•••1•c111tJlllilr•11;••••••• ..... .,.,...._ 
......................... 

._.: lll:J'l u r•rn•• 6f 1u• ttrJtl ....... ,. .... ,.. .......... . ............... 

....... 

.._.. .. •11u1tt:. ............. 

•&c• ... ,, ....... •••11111•••:•::.111;:•······•....w ... •rllltfllla 
-..~ a. nl -. .• ,., .. ._,;. · 1:••••;:Jlllr'1::11Mn. " .. ~ . . . . . ... JI\ .. ·,:t••' .. ><" :' '"')lfc}. . .. . : 

-·< . .. ~' 
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interface between activities scheduled to be completed and those not 
'.~r,l ·:··lq }fqm . .!2 

scheduled to start as yet. OP39 was executed on day 13 and reported that 

activities 6-9 and 7-8 may 1till be in progress but all those previous 
:tr~· JtP"-~u-- .'.)LL .'.U·'.fLt :J;~.·; '~)·:s~1:t~.uliJ ,·,_.:r bsbul~Jr.rl el m9f,j~_-,_rc -· ?. 1;_. 

should have( b~,,~Lf,~l:ft~~:<~;:;11 ~'frfn~_,,~J'IJ~)JlfO~Be:J'\ta~t_f J>!j bae:w.,\t?~r~,Y.,}~.'c. 9:'' 

and in need of rescheduling for possible reduced extra co8t, .OWtn<,._ f;,:;,;~"'.'iq 

executed to reschedule the remainder of the project. New data for activi-

tie 8 6 •1)'.~~"J- ~; !er~;· ~'Wfr1 ~~1u· ~~"l6J "!~~~ e8~~f :fa B~? f£~•'fJ',.~r ?.t}}e '.~~~ ri :mm Q a 

project Jl, aft::er: OPH:ice..tlitn-i.n.-:,, .. -fhearoeai"••dlM::.t>lJl:lcJlllp ault;.aft,~'lldi: 

,.~ . ,;. . •' 

[ 

l )[T f. ~-· [ 

\; jj •I 'f6; t :l:.8t 1111.,18 .11• ntt1.!1(•v~7r ~ '.j .• L! ·u 

•·, ! f ~~~ -, ~·,, \,'" i_" 1 ! ..,. ' -; D ~--.> "1 -t ')- ('.a t • r 0 ~~J' ~J ;I ·"4 j·. ~~ 0 :·· '. 
- ~<• • ' .. .. •... ' • • I. 'f -:'>'"· ' 

~l • ·;J.si' .is,~:_ :~J <·;fJ riJiril f.!';,_,,f1.:. r:.J.fjn=rr1c~nl 

1, __ : r! .. 1 i '.-., 
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I 
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. . . . . . .. . _ rtJ/J,xS ~tf:? &nlj.61VQ1uA 
•. dlllll ID .... &IPlllllR· JIHll" I .. 

gnlmmngo-:rq stfj al s3narl'1X9 9D:I ~amwa ~Ill Jiu' ~!u::>.tlHb ~eam eIIT 

xHs.u::hte.:ino.:i al dot srlj 10 !T•·q ~lqnJi~ood ltd'!t' .so·.U~av3: :Ja.Ua..t::>eqa erlj lo 

gn~.rb'.3.sm an hd oj aarl xirro 11.f~1,4'ft.al~•qe 9dT • xea.e x1evl1s'Iaqmo:) 

bn• &:;J.t-.rq • :JM ledn al• srl lud c :rsrile3()l nsb'lo 

... - .... t ...... - ... Jb)l•l)•1·••,••.Jf;ttiil•f·eli..,. .... 11 

etocb• aal •'- •...-u •• ialM •~rJlllP: ...... , .... Jw 
.... f ...... , .............. -.-..... 2 ... tJWlli. .~ 

~· .... pea •!u:>.l)'JtJtq e.dT • <) 

.t3aeV& Iau'lslx3 .~ 

s~nrfj ja:rl:l srl.1 aro'll: jn9wBJ:b xl1oujfi9:.:>ao::> in:• ie!d.a.l:'l•v woi :la.d 9&edT 

- q9:Jxs al jq.s::>.x'!l • jiufj ed '{.8111 H • j9''1Mf suf.:t o:t J.an:rs!x• s'ls "{!!Ith jatU rd 

e:itvl9amsrl:1 ~:row a9:>tl9t1HnJ: 939rf:t jsJ b!voda l~l:lal:::utqa srl:1 tssea:.> 1-.aolj 

'{lj:-J9:rlb jsJb m srl:1 s::J~"Ja.uHnl msfij :J!ld natb u.d.1&'l plb&T:1 xHab erl.:J al :Jµo 

-no.:> 1&'l9f1!1g erf3 j:>'l>Jis:r blvorla :l5ll':tJW •dT .a&lu'.1 no.hl::>sb srl:t galilJatf:> '{d 

srl:1 gni:v&rl nsJfj "J9rl:l.cn: , a:>i:x>ja "J&!U!).ijTa<& sti:t baa "(fOOII0:>9 s.rb lo no.l:~Ub 

.malnarl~9m jsx:rsm ~rij al s1nari~ B xd ~:>-0~• ad::t lo eulsv sdl j:>91ls js~"l.6111 

a.i:d gnJ:.ism nl a9[ dsi:·.rsv sa:ui:f &dj 'lsh.lanoo bI.uow laHd:l!HJa b&mll'.r&"J3o'lq 91fT 

B!i'Jl 'lq gnl j Iua:.n srlT • bs-:u1Ho Jf.:>0l8 lo :t:t!U108J& b#& aal:>l'Iq ao ano.t:al::>&b 

. Jlm.l:l !D!Ui:rsio:f nls:t~rn~ s n..trl.;tlw l1a1 '{Sdl U sea oj bs::tasj ed nadl bluow 

bsq•.p 98.f.HISSID a 9VSrl IIJ:w 'IO::ta:t9q0 Yj ,al..btr.U Uj sblajuo 9':tS '{9Lfj l! 

sdj woI Ji... 'Jo H 9aml:d !'J::>hq ~d3 anlnH '{d •T•':t•:ta.t ud::t.b .ne:> ad baa Jl:>ad 
c 

bluow jgtfj jaSvi'J hu1"ls.:lxa na -td bs;);;,e:tia u ::te1ham sub U .bnala. Qj s:>l'lq 

sibnarl jon blrro'.) esiu:r noial:>sb IS£rToa 9d::t ;;tjW;f::t ll!>o::ta snl ao nu':t a sa.ua:> 
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Automating the Exchan~!. 
:·:·1: 

The most difficult task in automat .. iPS the exchange is the programming 1:• .. ; 
of the specialist function. The bookkeeping part of the job is conceptually 

comparatively easy. The specialfit-'h'~~~¥:-~~~h6t only has to bring matching 

orders together, but he also must set a price and decide how Dl\le0l~2...~l 

of.f~r.. ~tlr,.,de,ir,isi,~n~:;'f·e·r,f8!'eR, 0 '1:. ~,h~., f.f}Ji?fi~~ y~r,faf~e:rih.,c i: d .:·r 

l.. -:~ !Bp_~~,Rif 0,¥~S1.:J1¥,.?~~) 0lf/-~r,,s,~,fd,; .. , ,r_j~, .. !•> "70;1 Ji :\[ ,,,,~, '1 ·)•ff 

2.. ; ·· ~e PAfJ i,~:P.~NL: S:fi~k.' J'a !fr~lilf , .: 'L-iJ ('.;:! )f; · l ) '- yo • J) t , ': u ;• ' , ''l ;l(cr1: 

~~. J'l~:.~P~fJ.• 1M~r~:!l~,,.fu.ffifnJ=vlfStfJ=fP°om, "'IC; J"HjiilO Jrf·J ;·:gw ·«:.: ,,;,,, · 1·. i. 

It:r}·Jt "1-rff> c~,~+.Yt\l>J:~:- F~•~, Jhe., s~~~iaJ,frtn f&l'J ;!11~~-f s t~f g,~.~:~d"~i:r; , 1 :M Li:· , I 

4. 
s. 
6. 

, Il,:>.e entJ;-e ~r.k,"- trf!}>:d . . ... . , . . . . . . . , . 
'-· '·.: •. , . ,.. •• 0 ~,)\ -· l-' "-'! :.~\.·~~J!· :S.'. 1 • ILL '. ;n~c:~r; JI.-:0!'.(:"-JJ.J 1• d.lJ~ !._,~-- -· 

~e:r~~e~+ ~.pa,H,ipr ~.f1 ~~~-u~~f~?Pfi,,:) :; · .c; waU:1ru.'i :i'-1;~<:; 
The particular company status 

7. External events. 

These last four variables are conceptually different from the first three 

in that they are external to the market. It may be that, except in excep

tional cases, the specialist should let these influences work themselves 

out in the daily trading rather than let them influence the narket directly 

by changing the decision rules. The market should reflect the general con

dition of the economy and the particular stocks, rather than having the 

market affect the value of the stock by a change in the market mechanism. 

The programmed specialist would consider the, three variables in making his 

decisions on prici~g and amount of stock offered. The resulting prices 

would then be tested to see if they fall within a certain tolerance limit. 

If they are outside the limits, the operator will have a message typed 

back and he can either interfere by setting the price himself or allow the 

price to stand. If the market is affected by an external event that would 

cause a run on the stock that ~he normal decision rules could not handle 

\ 



the·-operator couW ,fattervene by ehaqilll >the ~maeittC:a+·of the :deed.sion 

rules themselvee •i'El Order to .mMlt'le Ml ··OJict..ly , ..... :ori~riae:rin f{>r..i-oe: •.. 'L'h:ila 

gives tbe'opet!atter rt-he &biH'ty ~-'·.afWct: .·<fMiv.:fld'lsa'k,t:•••tdx>ti ltmicu::,and '-

priee· dechidas :in .a.-ra1. . , , · , , ,, 

I.• -, i ,,.> : __ ,· 

The computer also .mu~ conaideitr'~ :pnsklicid it ·"'-'taken ,ia the markiet. 

As moie -:ano li.-.e ·:ls iavut«l :in .a :particualrar1satdczk 't.Jte:cp0iibt ~ed wd.ll .

pr4bably gro.if wider as the .,sp.ect.·Uat- ia ,forced ~rwft:bdraw :hi&· supp~'•' 

Tne empha&:.t8 .shoulcl be on 1an .<n;derly ciedl:bsec:a-.d 1tita- c;apitah lM!b::iinci the· 

specialist ~ld ~-oe ·«iot:J8h t'°o1iu1Mir:e.nt:bils. A Jl~ t:be £~ rl:aveatecil i.s 

grea teli -than· a lin:dt ,e:frti;utt thtnmsrket:i wil:bl baVe £tto 'll!ll tmdpQ!CltlJSily; ct;i-oeed 

or some :forut af' human :taeniel'ltiioa wU:l 1W o'INIC~~ z .' ·, 

B,Y ins1,1,t;Jnis. ~Jl~1 .~l.l. <i~ci'i!,~.c:>n~. are ~4~:ci~c~~di1~ ,~o -~t,~nd,~.~.?ize4 
p~:~c.edu:i;es,_all¥, co~f;~c~s. _of i,n~~1i~st 'fP~:r~~·'.l'e~W.m~z,~.d~; w9{ ~,qqr~.~~ .,ev,ef1Y 

t,i.~ ,the SPyec;iau.~~.~~Jl~.exs ~y.te> tli~~lf& ,•1~,.~:~.fHc~,:!9,;J;~te~~t wiil-1 .. ,_ ~ 

ens'1~ .,b~t it wU~ 9! ~qV:~,lJ~ !~ei~ ~9,)~P\!,_n,,,~~1an>:rrS~t~):s;: "; Tl;l_is ~l\L~I:].~ 

price .tiJ.at;,.!11\\st ~e .P.~J,d ,f~l.j a _co~~,it>~~~s ./~~a~i, "Jr~~!.:, ~ 'fffi.PU1;~.r) -~,Hl . 
not try ~q ~'¥ .;IJio,qey B,~her, ~h.'n.. ~,~e,,,~~f~.~en,~'rni~ 1t~~ 1ff~~.e~a4.. 'nlis,;:i~h~~W; 

elimill~te ~¥ .. PJ;f,llle.,c~~fU<;~:<?f J~~t~;'!st -~~11:c~ c:t~'l c;\9!P~~;~r. }~-PL 11ot be:,;:-, 

preventeq,:ti~~.t~~\~)L,R?Sit~ol} ~~.Il 1'~e«~~~·d't~ ~~ ~;'rlf.initerl\!!?t:· ~h,7 

.,~~~unt .7ai;:1;1Td Q';l t~e ~o.iqt;, ~p'i.e~ will PVtl?'l~.\~ ~r~L~~~~~ tp 5o:yer lo.ss~s 
and costs. If it is not, a connnission can be charged on ~H t.r~~.~.~c,t~ons 

over and above broker's fees. This system will not allow the use of not-

held ·~r other discr'e'ti~naiy · ordtit~, 6~i iif ;;ot'if~i "·{ricilf'uciiris'~iket, : stop-

loss, :limit, arid. po.ssibty st~~..:11titft';"o'fders ~E'ou'.1c! be.ii'iil.Jted'.· , ·· 

There are two primary objections to this system voiced by the New York 

Stock Exchange: 

1. Who will bank the specialist? 

2. How can a computer be programmed to meet all contingencies? 
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ln ·answer. to the rfiritrtt ~ation .. 1 ~ ta DO"doubtithllt .,thta .aclM\mes·' · 

ltill enta.i>l • tlhe>rOugh,rem:ga~i~ .• af ,bhe1l8peoititat. fa.ineti:Lda"' · 'l'beP. ;;,Li 1 

exchange wtll"protudilly .ha.ve.:Cta tJletik .lMlcl:iss.pa..Ue.· ... eilltlbei~ eadl <: j • 

separate stock. The operation will be, like the .e.,.••ae.:ttaelif i la <Don" I .r· 

profit operation. There is no doubt that short run profits and losses 

will be 1Jllde, ·but 't:heae will-be pTo~ :·aa,,th~<ev•Jaaub:,,,mqtbe iattg 

run. Bunda for ttie. ;0riiwtnal ieapit1a1 ~sllmelit :neeG'lDOt <-:be SD&iis•cLaJ:1; :•. '.i\ 

at once, ainc~e the-..diang4f couW 'gradually.1ooquK!Jtbe :lmcHW.._1: .a:tlket.a 

as speeialt.au: retire:,. wiJth a deedlU. on·ieenvel'i&ian ef &ll,lliarlaeQa•lqrreei;.r'• 

ta inly the .amourtt ~ed ·co back ~e ...... orneed WJtree ,·t:ooJll&l'Wei<'stace ·l"' 

the requtr:emeats· for apec·itaLiat :lnV'.•sti1MK$''1lN,.: n~mt·~ Ivery,-liowo:c,;,:-,"':'': 

Eventually these requir~ :90Uh#J have t1o1be .iNi>aed ilarrm:idtir Ito pravricie .,, 

adequate stability. 

The second questfon is p4rtf'.411y 'anircJ~t~d 151 prOvtdfdg;_b'riiUrt tnt~r
action wtt'h t11e· c<>mputei; -jli6"'e.Jer~ taa i(-\s•:td'~et6r~;)U :rs nofi·abildturef:f'l 

clear tba't this 'f~ature "ie 1tlway'if'deri.'tfft~ i!ii~e 8t!ft'..illla:ttfit ;;;wo't'rtd reffi~t 
values, not affect -tnem:'. ··This t«'iihoth1, BJ)clt~ ftltt"dae' ctisU.k.~' ot tiii~oril!"'n'

corinecteci with tne exchartge :fot! ·iny' exte'tnal',c6nt!t'd1i~M~ 0thEfr''ma'.tktit.-''.r 

wna·t: ·they don't r'e'a:ti~e·.;u 'tnat'-tli'~ ·$peclli1fit.1;
1 li:fr1-Id'it~'lit:ii know..: 

ledge' ·of· the : out iiide ~~rld ,· ·'1s ;aff'ect :trig ='eri.e !iiaitl~t! 16'iieeiifutffy ~imse:ir: ::rl · ,, 

What I p:ropose to d10 ii t'o ''aifei:.t the mat1itet'·~~ c'.ottsfdft'idgjoiitlide,: ·· · 1 

influence, but do it' sys'te~ticafti'~arld 'liitli).:'\i1ritDll'im 6#'1e:kt'eriiaf'in:t'fti~nc'e 
and personal bias~ ": ) ~}I_':' 

.:/, 

~: The_ f~llowing .operat.oi;:-1~,. w~:te ~~~ ~~;~t1 on~~ :c;P,~,~~~)·~4, ,a,_nd fo~L ~ "lri 

only part of the .o~er.ato~ s~t.,~,s ~fA~s~,-~,~ 1 ~~~.~;. <~,,~~~; l)~, .b~~~~t-rc~, •.• n. 

panded to include the specialist's function. 

• 1· i.: ; r r 

~-------- --------- - -----·---------------------------
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Description of Qperators 
. ,. .-; 

.. '·; 

-Thh oJ't!rators i9 alway~ tht!;'ffrst ~'calf~Jff't:het~t~-. ·irt;'i~ .,. 

neceirsat'y ··to ·pt ·up a ir~d06l rtilnaber gertera&W- :I& ~tfpel41rt:"•'s~s!r:ii:~~· -to 

operau in •·a ~'t'indOii'-'mattn~t'-. ·~ rf :it~ iae~ .1.Jifihlli tio>~e-~ "l-i'iit M.. " 

.operators··av4.iUble~ 'tte·,·~fti hft ,ei'tt£ag~;~nr ffliffi ~ c~~· t-ytf'es ·· '·' 
back SUPP!t!SS'l. :: .. :·.;, .. -; .. ,_ '· ·.·r. ,·:;,,. "::-;,.· • · ;-, __ 

OP42 
' ·-' . ' ; . : . ,, ~ .. ,· ~ • 1'1 ) • • R j < 

this qJ>F.8t'?l' ·~e~s UP, 8D-4~~1;~y'.Jt~fnus~~\·.:~L~ ~~ PJJ~) - r,, 

only \U~~ .~;l~ ,9p~ator, )'-iw,e ,~•{l,s AA·:W.~ .. t,.o ~ve,, ~~~,,ff:F,f)Jln};S,. _ , 

Acco~~ q~G"~ a+_. a~A·fi•~- ,and 1µ, . .i;,h~~ ~~~-i1&;--~J>P,S~1H3i..oo.-~: 
some stocks, he may give them to his broker who will put them in his account. 

r-.... ' . .,,.,,_[() 
He does this by specifying the number of different types of stacks he has, 

then «:tie -p'ft't: icubt'il ''stO<:l< in~ ':a&f'Jfh~ 't8rWa1§\!,\fcU.\igt~e¥' ~''81\ait~S:~'.-

The' -slt1oc'lcs '4r6 ent'E!!'ed ·~ tlfei'·c~ -'*iWtr'l>~ atfd>lffoni'th~i" cm;~n1!i:t ' 

th~ are s'O'l'd '-ttte :-~uitieir hePB' ~ ·61 ts~':b~ ~ff~J:-'gW-in (or ·1~ .r' 

The user can inquire at any time what his gain (oi- loss) is by usi"l'l!'<ff"44:'.. ··'·' 

Only six accounts can be kept at preseqt;,f put this will be extended. 

This operator will give the current market price of any of the terr 

stocks listed. The user merely enters'~· stock number and the price is 

returned to him. 

.· Oi44 -' . -
i. 

i"" 
~ncluding an 'ftivetit~ry' d-f ·~ n~r of ''Stiffe'9 1\Sfl ftbll1'1":dd~,, the -ptit~ ·· 

!;, 

at which the stock was bought or the market price at the time he entered it 

at the broker's office, the present market value of the stock, the net 

gain (or loss), and the number of shares held. Then his total original 

investment in stocks, his total present worth, and his total net gain is 

printed. 



,. 
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OP45 

This operator enters in market orders to buy certain stocks. In a 

real market, these orders are either filled by the specialist or by his 

book of outstanding sales. When the ma~ order is received, the program 

transfers, ,to .~ ~~ ~~t~E!~. ~:~i4i. ;91+1f.~n4'rf!e~~i~et_::t~~·,Daflf~~~ PJ~e 

of t;~ s(.~ ;ap,Q_,eK~~~f;,,~ .~r~l\•.· .• ~i ~i.1M~ ~.f:~~,i'- \ii@t~~i8~d·::l?l,J:. ,,,. 

random nunib~~ &A:lQer~r; •. ~~ f.,&,Jpq<Ufi'll~ ~jtq! b<?~n~;,".p~@t,.f,qd~ng, 1~1t 

orders ,(.se~ Q~),... TAA }¥:'.1i«Q.._ Oi{.}JM~*e.;,~q~r.s ·ti, Mt;e~iJ?.~d !.!IJ:!.,a ,. 

specialist picked a random price between the highest price of .4n:~~~;·;.,n9 '·, 

the lowest price of a sale on his order book and executed the transaction 
\. ~;j ') 

at that price. If the price he picks corresponds to a limit order, that 

limit cirdfh". 'ifs, 'Blab- ~tecf."' 'l'h~ ;operat:i6fc-ffe1nfi svc~fi'.nftiti·cm('of 'th~ 

order, the";fur~ft>e• prt''C~'"1a1id 'toca'1L1i1Woitttt ''-<JE 1t.iie 3dHei~'·; 5ff1J,ill$6lptrfttt8 ·"" 

the mr''s old ·account' 1ballhtee, ~Unt'iispttrlt}''f'omliti.t&l;' and nfiW(l*tande':· 
.i,,, 

OP46 
•;: 

Thi~,,9per;.,eor. M ~:~r~~1Aa .. qt>"°'51 Be~,1it;iM?.u~,.t,q J8o¥~Ui~ , . , : 

sales .at;, t~, ~1'-et-Pi;i~! ~ pri1,~~1r,s ~'IWA ;J:Ae ~1 ~}'1 .-9.,S. i.p.r~6.c 

The .qperator ~r~Et tM.; a.l.A.prAc,~'" the -~~~,w -~,~,:1_.,e ~ ·~ uaer~s, · 
,·!'.J 

• OP47 · '~< .. ·, !'·i 

This operator is used to obtain pr~ on all ten stocks in the 

market. 

:u OPt.18 

This operator is used to deposit or withdraw money in the user's 

account. If the user attempts to purcha'lfe'a stock and his balance is 

insuffici~ne, Ae ~µ_l ~ .·~ ~~ bac)t::.~l.fl.1.l& ~ ~ ~opi~,~ JDQJl4!Y• 

His tra~~iPn. ~U_l µ,c>t: J?e oon111.,.~.ed if ~,rb~~- \ai.tm>-~f¥~1 , . , 1 ·r • 

- ' ' ~ - t 

c •• ./ _-.. f. '' ') -, . 

. , . ' 

']·,·· •• ~, < ) f: •I.' 
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OP49 

This operator is u.sed to enter limtt and stop .. loss orders and sales. 

The user.; iutjera .;h1aBacc;OUftbGne.btr, ?.the atlllb~ C.iIIM 1&o•k ttloolleulilo\l&Wt 

or sold, the .nabe11 ~ofi·;SU»flegto~;l:l&d:tot11~.aor::..soleJl.od2t&«:tptk• . ..i.cnie 0·111 

which or below which the transaction sh'i~ld take place. These orders are 

entered into.the specialist's book. As ~oon as the •rket price goes 

above dr ;h!fdJ;t:~e.er~gg~t!~g pr'ic~~-Jilii 6ld~~k 4;1b~tfJa€id 'iiid~'~x~dJt'ed 

.. . ,. 

at the triggering price. The book is updated eacl\ btJ.U:ltfif! tUr~lft ·;p~!d:i ~.>r·:l J 

changes. The market price will change nery time one of the nine opera-

tors ~~re .~~n~~ ~~~ ~~e,;8,~~c~;~s~CJ~~~Y~.~~~ 1~i~j~~~ ~dffi~1~;::. ~~ ~~~ 
as a book t~,,~s~c.1~~1£ ~.~: ~~~~~t~i,;~h~rf30~,0~~0y.~;~~~~ ~H~,~a~t;H·; 1 ; :d·i~H; 
announcing the sale or order and the price of the transaction, plus other 

., ,., . . '}' J 
information on number of shares, new~'6afitfcf!~ etc. 

I . 

; . \. > T _; ;'' -~ • I :. ~\.' 

···-: •-.· '.•! 

• 

• 
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Other Subroutines 

UP 

This subroutine is called by all OP's 42-49 and is used to update 

all the prices of the stocks. A random number generator is used. 

CL 

This is called by update and it drives the clock by an increment of 

time each time it is called. 

CH 

This is called by update after the prices have been established. It 

checks to see if any transactions in the book should be activated. 

OC and SC 

These are called by CH if an order or a sale in the book is to be 

executed because the price has gone past the trigger price. 
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General Comments 

This program is realistic in its method of handling limit orders, but 

not in its handling of market orders. When the market goes above or 

below the triggering price the book transactions are activated as it is 

done at the stock exchange. Market orders, however, are determined at a 

price somewhere in between, or at, the highest book order and the lowest 

book sale price as is conventionally done, but the actual price in between 

these limits is random with a factor added in proportional to the nlDllber 

of shares bought· or sold in the last period. This of course is purely 

arbitrary but it does give fairly reasonable looking prices. Market orders 

can be considered as being bought by a specialist at a price that differs 

by a random amount from the last price. If this price happens to be 

above or below a triggering price the book sale that triggers the price 

is consummated at this price, however there is no reason to assume that 

these two transactions were an order and a sale with each other. All 

market orders are actually made with our omnipotent specialist, and when 

he decides the time is ripe he will trigger his book orders. 

Presently, only six accounts are kept and only ten stocks handled. 

Obviously this can be extended. For each user, both his stock inventory 

and his money balance accounts are continuously kept. 
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AllSJ8BAY PaOCBSSOI. 

by 

u~y~~ tik~iattff':.l'io; 0i~~lL ,.,~, ;,;,l '1C ,,J,fT 

Introdus&io!·,., .... 

Dat~ 'i~ r~;~~.~;.t'~i~tth'ini''t:b°~; c•ut:'~r\(~~ ~j·~~a1lati-W1tmi11 /array 
of so r~s ~nd .. 26:' c~'i1~a0,1r~r 2b:c~~tci~S.rl::,fW 5e1~~q 4~c\f.J 9w& oj '"~" 
parti~~J.'~r 'con~·~~~~·~ttori0 ~'~~~~'t~i;.1j bl-{;~~ ~la9sTb/\,to\1tiiW;' lfut!rn h 9 vsiq 

was chosen arbi~'~artl~Jr~;C{Hc~i:' 1be.:~t[~\g~d.::.•rfj 919rlw ,;;jnb ,, !:! ajJ:i :N'lU') .·,rJJ 

")'._' 
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Description of QPerators 
I 

• .I- '· • ~ 

This OP has two differen~ IDQ4~a, qf ~aeration. 
. - ' - ~ " . ' : ~ ' ' 

A. Simple polynomial regression. 

The user specifies the col\DllD indices of the independent'.~Azul 

dependent variables, and the degree of the polynomial to be used. 

Results. a~~"' p·~i~ted 1 ~~lf' al the equat"fon 1dtitt:Waeftt\-Df.l\ilf>e~ef't£~ :c. It\ 

addition: ~he'~· d~latlon;, · a~£ .• i;mbsui•''bf; ~-a~: of· £lti; u: · · 
printed on line. 

. A :v;t:;c~or of. we~gllt_s .tu.Y. be s,pecified if the user "'ants to be 
, , "" ~ - t · • . ~ . , '·, ,.... ;.,,. ,~ 1~ • ·-- · .. : q., ·, ',: , :. : _; n [ ·.,: J {..."' •.. ' !::! j f~:;; ~"! ".°"j --rq > ·-~ ~! 1 i:., ·~ 

sure to fit certJ;i.:n points l>e~r than other.-.. The final curve is dis-
·' ;- - - -.~ .;",;'::-· .. -· '- . ... . ~;;~;- '-.. ,-;~, ;.·' '_,;' -~'.,) ~ ~;·"~T"!!:c:1 o~ '\:, ,: ~~f::O-

played OU, ,, C;8t>~~-~ ~.f_8Y: -~~~~' .to !~e~f n t~e U~~r- .~e;'~Fl~?c rj i:':i~:11 :• .. ,for. ,h()W, ' 
the curve fits the data, where the large deviations occur, etc • 

• 'i · -'" .·: · 
1 

- _~ • ,. · ~-~- 1 •. f:-:r '.: ~{ [ -~ ·1 :::. "J .~ .~ -·~ · r·1: 

B. Multiple linear regression. 

The user specifies that vector K is to be reareaaed on vectors 

I through J. '11le regression coefficients are printed in equation form. 

No curves are displayed. 

2 {" 

.· .,., 
'i'•"\' 
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1: : .,, -· 'lf1.1· 

~~~ 1a'1.;49WJ ~M . .,.eJ ;~ih•-c;~ .~ .. ~ ;~9~1.t;hf b~~d.~l~s~ of 
! ~ . ' 

transforw!h;O:i89¥ 0 t~ v~~orfzrt~r,,flf.ltM ~_r~,,;Y~i~~ r ,;pte,;t~~~~9f~·h ;· 

i.s of t\'l~ .. W.,J!ee.1q~Jll 't ~~·~•>J!9~ ~01'9f;~:t'~ ~pe '~·~ cql~~· i :. 

A and B are constants speclfLe4 by ·t~e .\lur,, F 1• one of seven transfor-
·: - ~1 1/ ·~,.~-1 ~ ; ri·q ! 1· ~.h ~'.:rt-,/.~L .... l"t:1~;.1J t.Hfr; .~~al·11_,~12: Jr,~·t ~~:Jh1 ._·, ,.r.,, :!•' ]-, 

mat:Lons, and j and k are the tw t<C-..f.ned veetot's.. Transformations 

.proceed element-by .. eleaent, •nd el.:earjent11 ·111}' £f ~~~~ s~f~~tl~Jly .. _; ., ' 

1. Addition 

2. Absolute value 

3 .. Sq.uare x-oot: 

4. Mui tip licat: j.on 

s. Di'1ision 

6. Exponeni iat ion 

7. 1'ogar it hlll 

OP28 also pr()11ides f~ the .aut~t1e .entry and use of two standard 

vectors: the vector of all oats. •ltfi the V*=tM .of cons.ecutive po.sitive 

int.egers. 
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OP29, OP30 

OP29 is the principal means of entering and changing information 

in the data array. The user can print the contents of the array (com

prehensively or selectively), edit the array by rows, or input data 

directly (with or without echo check to verify correct transmission). 

OP30 provides for storing and retrieving all or part of the vector 

array in a permanent disk file. 
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OP45 

This operator can be used only with a particular display system at 

M.I.T. The basic philosophy is straightforward, however, and could be 

easily implemented on any digital display device. 

OP45 displays as many points as there are rows in the data array. 

The columns to be treated as x and y are specified, and the OP calculates 

that scaling which will ensure full utilization of the display arrow. 

The points are then displayed. 
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Exall!Ple 

As an example of the application of VECOPS, suppose we are inter

ested., i~ .,si!JN~4~~ng ~.h~ .. ,,P.~~~t!~ ·'~ ';·~t~~9l~S•'fh;r!81JRq;~t~9p1system. 

To .. ~ ,th~.fl i,t.,i~ .~e,,~i~fi&rf;,HhB'!,_·. '~'<i~!• (R~c~B• 1~~r~yJ.!dr~t.• of" 1 .. 

people at, say, bus stop~~ 1 ,A~s'!'t$.i:~h'~J~9!t•~~~v~~ ~i;qhtJM ~1'tp~if'-g~, 

we want to know how the aYerage arrival rate changes during a t~ical day. 
~ 1 ,! • 'i ',.·· ~.; ~- .. :4·1':,n'"iJ ~!f:. ;:) .:1"."f(":t~ .-.'..-'b1[r :".lt:~ y(-:.t':~}1 1·+}'.1,:'.: 

. 0~ .. eX?.er~~~·l ~·ta ;~~~,i~~fl, Qf '"""'S~~tS n~r.4.Jl\§e:;p~~O~'\rl'9f ( •· 

hourly ,a~ri~4l, ,i;~,te:,$, ~? ~~. ,~"('.Ej :~~?; 'ftff!~O~~J~; 31 .. ~!~= ,,n!,~t,9r ·jl.:'; 
contains the hour of the day, and vector 2 .'-~~~'Lt~cA~'r 3q; rr,,1 "'' 

arrivals since the last hour. 

We can now use the array processor to select a suitable approxima

tion for use in the model. 

--------------------·----------------------·--·-·-··~ 
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The data are input to the cmt1puter in the following fana: 

Time 

9 

10 

11 

12 

13 

14 

15 

16 

17 

No. Arrivals 

30 

3·3 

25 

20 

15 

18 

22 

....... ___ ~=--.... __ -....._ 

8 '· 

8/27/64 

These data can then be plotted, using an OP45, to yield ~-·Cttsplay 
~~ich iooks iike the accomp•n:Ytna 8rt1p11; nie appearance of ~~M.>nts 
.-.Jggests a 4th degtee poly~:tal flt. ~~;;;i'ted with OP26, 

.; _-.----~- .. ----
yielding the equatio.Jt _ _. ... -·~ 

.. · ~,.:·y'.)• ;:·:oiosxi+· + -~6521i:'3" f:i£.98x2· + 109.:)j-=-3«>4 __ .___ ~~--.. ··- .. 
as the best 4th degree fit~. Tlie RMs devtition is 7.1 

.:-1 

Raising the degree of ~tlP fit to 5 affords little reduction irt the 

RMS deviation; further indfci.U.ng the appropriateness of the 4th degree fit. 
,!• ::: 
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Introduct.ion 

Traditionally, accounting has been a ptoceas of successive 

a'ggregation of data to present more and more st.Mlarized reports to 

ma11agement, owners and the government. It ahovld not be necessary 

to maintain a rdatively frozen, hteral'Cht~al at'tuctuTe of reports. 

Ideally, we would like to maintain the identity ~f every single budness 

and financial transaction of an organiaatioa. !h'.e irtformation' a•soci

ated with each transaction would include such thia1a as the date, with 

whom the transactien was perf.ormed. what tang:U~le o't intangible commodity 

was received and in "hat quantity, Where thi! traau<:tion was performed, 

for what reason the transaction was perfanted, and "ho• in the organi

zation, is responsible for the trari:eacU.M. 

By performing the accounting function within a computer system 

it is possible to achieve mare timely extraetion of information., The 

input to such a system would consist of ilaitial levels of resources 

(the Balance Sheet) and a record of the flows of rttsources through 

time. Interrogation of the data base could take place when information 

as to levels or flows is needed and not necessarily only on a periodic 

basis. Within the fPS system it is possible to achieve great flexibility 

and open-endedneaa in the construction. of operettors to extract information 

from or manipulate data in the dat• b•••• With this facility there is 

mo eud to the way infenu:t ion can 'be derived as to the flows and levels 

of resources within an organization. 

In searching for a concrete basis from which to build up an 

accounting system within fPS I decided to use my own personal code of 

accounts. For three years I have been keeping a detailed record of my 

income, expenses. assets. and liabilitie• and in that period I have 
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developed a very useful system of accounts and reports for my purposes, 

which are essentially the same as for an organization. In this way I 

am in a better position ~o evaluate the uses of the resultant reports 

and to suggest possible improvements. I can vividly recognize the need 

for a change or further information, and I can experiment with new ways 

of presenting information. 



•• ; <ilf:.#eJ:lt.:•&.:L ... ;~,, ...... 
AUil. sa&a: ala<I 

-•••llll•lAll1'rr.nsu. 11111r unlftrb 111a1Jt•u uat•d 1 •• •• 
t4ilRPFP ..... ftllhl1• W.daP ildmJt .. 1? llllUJUl!lf.11 dl .· .. ,.,. •r ttv 

·.t.1--'s u •••·•n1m1n111n,•••,•mn•1~•1•1llrh•••r••• on1w1 
snal.,8'••1?1BPU1•n1tuz Art•ulls 11rl1mll••l1l!(• •11• I. •I. r 'I •1 tr••'"' ••. -'.·-· ••lli!fl,.n1•rl111'.1 r.WtJIJg•n•• 1 •'*" .flW•••••• ::Mn 1U1•r1u11ia·•1t.llJ1111l-ll•,IPx1.-11 ts•\ 
n~--1 lfMTJllU ---.r•rt11111.Jl1Iflfl. r .• JD(!M .'11ft1D•w'•te$j · I t• '1-

-.. ~r •••n1lt11• •••t 1111t•1n:lu111~• t ••
dA.nt•·•• t•d .. thml. dll 111 ••r~ lo lnuom& .sulav-

• j9<:814 srfj lo ~.nu:Ju ads :a.a 140.t,JJ..l:>9'lqeb b!.t:.t&.Cl/oWDZUl 

a.t H awof'i S.'.):tuoa9:r Jt.r!i:l~S't(f9l iUllllUi !Ja.a•~a boa 9JllO!>nJ 9:ltll3 

rl:Hw '{Sns lHwlansmJ:bd:Hum s al e:Jauoma ••!Mb lt"lOia o1 9:.t&l:Iql.nqqs 

.9mll bus t :r:ilns·::i 1.eo:> ,~aoqn1q .al!)4tdo lo 8'l1~.iano:> aaolaa&mlb gtfif. 

: lil'{ln'lS ;gtd:WOJl o'l: 9rt:t }o a lal&Jio:I xJ:ls~,11.t:>!tCflS 981&0 &j.8U et:f'r 

--:xo::te '-CJS'loqm:.:l sr.l :l 'loi b@~u ::.<I '{&m ri~.trlw ah-ioW 
K\tHMf#::> n:l s1~d.; gnlj.son hlH> ~xn 1Ued io •1• 

.~aa"toia 

i 
\ 

j'.)~tdo 0( rlJiw x.r'ljt.m eJxwo:>:>s aaoJ baa :Uio.,;'I 
.es.ae.sl:; '"l?.oq·nsq OI baa lUUHU!>I:> 

j!}8 al :;:ru::t:;u<ja ji:UI i. 1L:ldw n.i:£Ulw '(&'IT& aA 
n:l toJ '(-.rf>.!bJ:adus el rl.:>J:dw D.Jab ~'lo:la al qu 

~{fj f'fWOh->!1>9"Jd J:srlj'ltll OJ '.IO • lo j:roqcp.ut 
•. ~rn:'.;Jl j:.;srf2 ~?ns1Ha :3rlj :rl b9.nJ:llijao::> a:tnuoma 

sj£b J !ms 'I :noJa oj h::Hw 9d oaia "(&lll l'I 
.abo,h~q smlJ Ja$cq oj gnl11J:e:t'?&<q 

r~ (O!}T<l 

l (OI)TI 

(Ol,01.t).ri 



10.30 8/27/64 

Data Base --
,·,.Si.nee bal.aae sheet items ;rep:dateitt 'rerunariU!' lnela' it ii eon

ven.ient .to .cor• :itbe r.1mCM1Bta<'i1l' .a "'ot1•.4.•tm•1iiUJ1ta!J'irraay>wttfi'a1r'attacned 

U.~t '8.tnt4t-ure ·fo~ at.rial subaidiarj >iAloJnUCl!Ht. '· IYHlolagbflii•'ve-·' ' 

r~e tbe.t ..sQme AlGC~n,:orcor.eao111'Ce•''de MO ·ltflld!'tltenutel..Yjs ·;@o,!f)eing 

~t-ea?a;ized acccm:ling .•to <die same 'lc:lilaeldd0n; ~,., Mftaftij~ i:7~r''eJtantj;t~, ~ 

accmmt• rec~i.YAlde· ·should ;be .. .bwiteardowl.irlf1 t~·.',n.tliie:.>oi •tfre..J4'eb'toiH1rid, 

fur:t_hm:. •. by ;tha. <kl.be_, 'Of .. the ·~aact:iroli 'Wi:t.e. '*''"fi~ aa'llff"'ih~lci 'jo•sess 

- f!I~. i-nioi:aation as,.id.at\e plii 41Ur4bU.., :~)1uw,'teet-1.m4~...kf: ··i~a'P 
value, amount of ca,pitittt·ft!pei'rli ~, adidk4olWPr(~'dl '•l'P't~i.oii, 

accumulated depreciation, and the nature of the asset. 

Since income and expense items represent resource flows it is 

appropriate to store these amounts in a multi-dimensional array with 

the dimensions consisting of objects, purpose, cost center, and time. 

The data base specifically consists of the following arrays: 

DT(lO) } 
IT(lO) 

BS(3,10) 

PI.(3,10,10) 

LS(300,5) 

Words which may be used for the temporary stor
age of both fixed aad flQating data in CIMtl'N 
Storage. 

Balance Sheet accounts - up to 30 classes. 

Prof it and Loss accounts matrix with 30 object 
classes and 10 purpose classes. 

An array within which a list structure is set 
up to store data which is subsidiary to, in 

··support of, or te f11rther break-down the 
amounts contained in the :Balance Sheet items. 
It may also be used to store P and L data 
pertaiRing to past time periods. 
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··-·· J .~ _, ~; -~ (, q 
., ·····oJ'·' 

Each cell within the list structure c~if.:fst~ of five integer 

fi>el&.t l§IM,;' a• ·'fift:We~ a.eiHJ!Jftle JJOO"~JW -~ but th:i(S: ~ q..bre ly 

arbitrary a 

Cell: ID 

ID 

DATA 

POINTER 

DATA 

~ ::. 'l /~i-.r 

MAMEl DATA POINTER 

Contains the Balance Sheet account number which 
is negatiye for the first cell of a sublist. 

12 alphaktic eharacters made up of NAMEl and 
NAME2. 'l'hia will be the name of a :Balance 
Sheet acceun.t er of an account in its 
subsidiary list. 

If the cell repreaeats a Balance Skeet account, 
this field will centain the pointer to the 
first cell in the subsidiary list associated 
with this account. If the subsidiary list is 
empty, this field will be set to zero. 

will point to the next cell within the same 
level list. If this cell is the last one in 
the list, the pointer will be set to zero. 

If the cell is i-n a subsidiary list, the data 
field will contain the amcJUDt (cents • dollars 
x 100) which is to be associated with t~e NAME. 
If this ameunt goes te z.ero after it has been 
updated with a traQaaetion, this cell will be 
takea from the ..&>sidiary list and returned to 
the List ef Available Storage {LAVS). 

When the system is initialized all cells should be attached to 

the List of Available Storage. thr014gh the use of m3. The first cell 

of the list array l LS(l,n) ] will always contain pointers to the major 

li~t as fol lows: 

LS(l. l) 

LS(l112) 

LS(t.3) 

pointer to the first cell Gf the ACOOUNTS 1.IST. 

pointer to the first cell of the EXEMPT ACCX>UNTS LIST. 
(those accounts which don't have a subsidiary list) 

not used at present 



LS(l,4) 

LS(l,S) 
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pointer to the first cell of the List of Available 
Storage. 

contains a current count of the number of cells on 
LAVS. 
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In order to facilitate the use of the list structure a Mft'.1 u J ::nn ~. · 

of 12 subroutines have been written: (1) to search the list to find the 

locatiOn. o. f· a c~ll accor .. din~ w· a·!f.vep-r~.-~t?ma-()f'~. : --

LOOKA; ~, LctP~~·: ~s~, LLASTN; c2>~::ur ·the ~'-qn . 
con~ainedi;'bt a cell -: UPDAtE, STORE; ; (3) ·M>-rfh•naf the strUU.Ure of: the 

list hy adding in.deleting ~l~.-~'."~"." DEl&TE. ~n..I ''GSJJB;_-\n'1 (.4.) 

to get "Cells from-or put- eells:-otrfth1t·-µvs -- G~PUTCEL. \. 

In the calli~g iectuence -0£--~;,.~brout ine are th~ -fo1'1QWi~t-, 
·, ' 

dummy variables: (Those which are assigned a value by the subr~util\e 
-· - . ~. - - . - -· - . 

. ~; rn• Uiideriliiled 
- - • .. ~- --,·- -·--··-- -~' '•i" - - ·~ .• - ·-·-·, -~~ ·-..--· i- .. ~·-~--~ ·----h - - .., i \ 

~e1~'.!.~~~~<~!>1*P11~"'!#J ~~~~_in~~--~:;./ \\ 

~-------

' ~· . {.-

N Indicates the major list to be dealt with according 
to the order in the first cell of the list array. 
(e.g. ACCOUN'l'S LIST: N • 1 ) 

\ 
'. 

\ 
IJ The current account number, 

' ~!' ~~/ 
-- -----······ .,. ..... -~---- -1----- ·-·- ... , 

DATA The cu~rent balance in the data ft,eld of the addressed 
cell.'\ " -, 

A 

· ..... ~ 
· ... ~ ·lf/Jlfl\J ' 

The amount: to be added to the data field;· 

Tha..'. lo~ion of the cell being currently referenc-.d_. 

The location of the previous cell which points to 1"'C~\ 

The location of the last cell of a list.. , 
: --- . - . . --· . ;- ·--T---·; .. - ... ;-··----- --, --- -- -;- ·- --·-: ..... ·- : : 

"' ,'.-The tocittbn f'fT&f'i~~~rj-eeitoH t~i'aaGOIBS JL:Oft (~-_.. 
which poiutirrb- -n.rit c•tt-of'" a subwtdtary-lt-at. 

The functioning of each of the list processing subroutines ia described 

as follows. Except for DELETE which calls PlttCEL, aad PUTCEL, which calla 

STORE.- the subroutines are ind~pendent of each other. 

LOOKA (N, IJ, ~ 

To search the major list designated by N for a cell which has an 

account number equal to IJ. If the search is successful, 1"'C will 

... 
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be set equal to the location (.ru.rke etitq.:of I8lle.Vicq9e1pelidlnj5:·v'.i.: 

cellw. If .th•,iteauch .b •~ueea.taf•liJ ia adiea•xaoi.t•, ~:Jacc»uaC' number 

. IJ. '1o•sn I l<:Uist iil. th.e ( illjjlr l 1itt ··Ny QllC '1wi 11 '.;W eat nt:Q Jzetd. 

' : .. ; 'j • ~ 

LOOKN ( LlaI, NAME l, NAME2, !4£ ) 
To search the subsidiary list of LflCH· for a cell which has a NAME 

equal to the name represented by NA.Mil a~ 1181EZJL'JU ~ rjeaw!i.Iti 

. ~A•f1.1i1111'G111:Lli1be,~ttJ.e~l:la. tM-,:~ari:lf c.t:he Jfi>ntiesponding 

~:t:l•i .;If die .~lt ,W; tlaa~l>,;J,lf.ia(,.,,.,,JB 11Di1ia,:;rdBr1£eH: 

Wi:tfhiJ\.'tN! ~~ ;i}dist1~Ed~e-..... :JWtEIHIJ1)fty Wk: will 

:}i : _) -· f f Ji; 

.: TJ> f:lm't :tbe. lAcauon of.~~11\Jlhdl:h ,pui.ill!B• ~.::ui:~:i:ell 

.... ,.J'llU~;J>~; and· e.niy <me t:llail tpi.tlt~ftlll~ ·,ili rtha.ilisrctr.tsf .iAlccessful 

Uff;I!: wiH ~n•ln Jm:e ·»£4lon .a6ilt.hei<j>~U8).i:tdfi,n;:; I,Pdle:1.JJearch 

j.13 ,UfU31i¢t!~¥•'•LfilCf."Wi-lf.iui>&H8elht?oi~enn~ ,·1,;;l v;+:J'.;lg0ur; B 

LCLAST ( N-. ~) 

1'CL will be set equal to the location of th~ ~~till:Jb .thA1:;CJH/1. 

.11*1j•r li&&:· dmgiaiUei.' i,y,Ji.;)0 . ._.(NM:asD.i t:il.Ut ma,t,illrie Jl.f ·if ~hle:;spl!Cified 

Mj<>X llfJ:t i•.ettpt.,-)., · ·;:, :r :· '·""' :• · ,:_:t~·~ .V' ·.c; 1.d•;r.;:.:,1:, 

1 ;\i Jl_; ~-·'1tJ)J.· :3~;:; ;··:, t;'· 

- - ) ~ -. ~? ·~ .f ; 

To find the location of the last cell of the subsidiary list of IJ, 

and assign it to 14CL. 1'CL will be set to zerq fl.f(l.lh~JNb•i4ltU'~ 

Uat; ~; MCmJIJ~,~1il· ewpc~ !lJif,J•ce.-..O.t\Uld••v•t ap,.ero'tn 

ith«hil~j~l;:.liltl Hi ... !JI, )~J..! '· >•\_r: c5;~} ~·: Ji ;,·p i('.)(\;,l 

'1.:f)t, ,. 

UPDATE ( J4C, A1 DATA ) -
To add the amount A ta the DATA field of the cell whe$e2.l9.c•t.taii1'30 

:Lt :!Wl<h 1;.D41A 1'd.Jrl CIOntaill ·~be::aev1aid1lntuiDothe:;d.itarifiel(i.oT 

-- ---- - -----------------------------
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;. '\ J 

'Ile ·etore. :tnfosmatton ta tle:1 ftzat1;4,t1fialda-lof-1the::cell whose 

.location is Liie• :lif ·JD •;'-lj.':c;r~ll6MB1.•Jtj-li o•.;MMl'2:i•'--'.wlf,-Lor 

DATA • -.001, then the corresponding field in the addressed cell 

wi 11 be left untouched. . .: .'. · '"'A'.' .;~ .. \/ , :Y J . ~1 ' ·''-' 

; '.).I .. ;.: 

· To, cdelete -*he"cmtll -.liho•e add~ .iisi:fllfedfJ.4afai:·-.c:h•" l:l&1J-l' '.C:t\1Ct.ne 

and. update eta a.pproprdiate. -~;<Glf! owll1~. ::>1tt 1:88 pcuiril>le 

te_, ~;to·'d•leh1 a eelti·tlapnM~--~ ~cit hfaa, a 

subsidiary list. If ISW • 0 then no test for t-ht:w tona:R;f.On · 

will be made. If ISW • 1 and the condition exists then this subroutine 

will ask the user via the console whether oi< ~.lie 1'1ao~ tO · ."::~\~ 

i:arry out . ..utt.e -a inion-. · li'J-,.c:bfe •nttotl· ia; Jt;O; :be- c:att'!t:~ .out:' then 

.ti1' . .the cella:rin ~the 8Ubsidt41~1,·libl: Wiltt ·~ ~~ t-O'<the LA.VS• 

J.f;t!Ot•i no. act:ion.•Wllc•be<1taldm,iw.t:IJ>:bhie ::diitl::""'°1<ta th&i f'8t of 

a subsidiary list, thtm;:the; mf:nus:;~1gbt-1:B·b• ..._ .. "te•4:he ·oftrst 

field of the next cell. 
'''I .. ~ l 1_ -· ... 1 

..I .• 

To addr;a cell who.-"location. iflj11Lfeito·:·tM,.._;.of 1the-1ujHc.ltst 

designated by N. I4CL is the location of· tbtY1l'.&atJ cett' i1t'tlM 

major list. If 14CL • 1, then this subroutine will serve to start 

a major list• Also, to add a cell to a non-m!~u\)81.dbiry 'l'l9t..._,. 

· to·1 b:eg-ta a aubatdiary l~et for.': t)l9 •caM&nC r d1,r•8Ut!ed l!iy th•; cell 

· 1'cu and to set the first field of 1'c equal tit tlll•in•pHive.'.tf 

the corresponding account number. 

To. get' the 'location ofi the•,fi:w&t'-'Cllli~fataebe.i.f.:l.c.t-Oft'!Ava~le 

Storage and update the appropriate pointers.· The LAVS COUNT is 
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decremented by one and then tested for zero. If the COUNT is 

found to be zero then the message 'LIST OF AVAILABLE STORAGE IS 

EMPTY' is typed on the cons0le. This message may occur if the 

LAVS is not initialized prior to its use. 

PUTCEL ( L0C ) 

To add the cell whose location is r,0C to the LAVS and increment 

the LAVS COUNT by one. Then the first 4 fields of the cell are 

set to zero~ 
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.tnc9111e, ~.~d e*PE7".1'~. a~co':'J:l.~S are normaqy classified only on . 
-· ..... ,11.Jf .. ...: • .... :·-~ ;_.t .. ,' · ~~: -~ -.:-t"'..j-::.:-,; '~t; .- .;.i~;;-'.J CLI_';7.:~ ,~: ·! (rJ 'J.'."i'.~·:1. 

one dimension and frequent attempts te f,acorperate further break-downs 

are eiticient th DlSnj· exiet:ltig· aeto-iml:int''ijiten' i:l!nbt~ttint iipl"•·1~ystem 

here I have attempted to cl~sl!ify · ~cro~3 ~hf~P~~,~. ~f~:,•~r t~A,~asis 
of four dimensions -- object, purpose, cost center and time. The 

classification on any one dimension must consist ef a set of mutually 

exclusive and collectively exhaustive elements (er as nearly)W asL~,\ 

possible) •. .J 

Gen~rally; we woµld like to get information as te what has 
-· ,~ ~- ··: ~ r _ , . . •:5-: H:;:d'l , ~~n;~ ': ... r ;~:·~:-~iri,_ BV/"') .. 

happened so far this menth. a comparisen of data cellected in past 

months, cumulative figures for the peri.ed frem the firstGjf: the · · , .. 

fiscal year to the present• and compari.8G11&S"'"'8twen· ~get and actual• 

.and also a framework within which the budgets fer future time periodf ~an 

prepared. 

There is one problem which sometimes arises - .. how te handle 

traneactions which affect the lnceme Statements ef past periods• If 

~ we get one that affects future time p:et19ds then no preblem arises 

because the item is merely held on the Balaae.e Sheet as a prepaid expense 

ar income recei~ed in advaJK:e uatil such time as the affected ti.me 

period is arrived at. In the present system this entry affecting a 

past period becomes easy to deal with. Since all past recerds are 

retained in secondary storage (on simulated tape files) the affected 

file can be read into memory1 updated and then saved again. This would 

also require that the Balance Sheet data for all periods from then until 

now be all correspondingly updated. Although this could be done automatic

ally, it is not done within the present system. A similar problem to 

this one is what to do with items which are large and non-recurring? 

It is undesirable to put them into the regular classification since 

they would tend to distort the true picture. This problem has also 

not been dealt with in the present system. 

On the Ob1ect dimeaaion the main questiGll t• be asked in setting 

up the code of accounts isz What COlllDGQity ~r service is r-eceived or 

.. 
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given in the transaction? In traditional accounting codes this dimension 

probably :ha• tht! peat.!~ f.af!ueui. •_Wff'ft •. ,,,.~HaofteA'·,••e "• .l' c, 

dtvt•idn'm•de onlt1teL1uutli 8f" pul'{*s¥iftret1-s11tas4et'11teioft'.Ot ·Jtwo:,or. 

more'object'classes. By clearly defining a system of~~1•satti~at:ioa 

on the basis of two dimensions instead of just one it is possible to 

arrive at a concise set of codes that can lead to more meaningful reports. 

On the Purpose dimension we can ask such questions as: Why or for 

what purpose is the money spent? ar What do we hope to accomplish? This, 

I suggest, is the mest difficalt of the dimensions to classify. 

On the third dimension we divide up the income and expenses 

according to a Cost or Profit Center by asking Who is responsible? or 

who should be charged! ar perhaps Where or what should be charged? 

This is probably the easiest dimension on which to break transactions 

down into classes which are mutually exclusive and collectively exhaustive. 

It can be done on the basis of geographical location, departments, pro

ducts, persons in charge, or functions (the later may overlap with 

purpose) •• 

The last dimension is tha·t •f Time -· to include the transaction 
. -

in the time period in which the benefit was derived. This is not always 

a clear cut decision but it is one that must be made. As suggested 

earlier, this is probably the first dimenaion that will break-down 

with the use of time-sharing systems. We w.uld then ask: Is there 

another way to represent the dynamic, continuous nature of income and 

expenditures? On this dimension information would b& stored in an 

expenentional manner. In other words, as we move back in ti.me, the 

level of aggregation across this dimension wovld increase. 

Within the present system I have eliminated the Cost Center 

dimension since it is the easiest to define and also, in the light of my 

personal income and expenses I am the only one responsible and• hence. 

the only cost center. The object and purpose dimensions are included 

in the array which is defined within the system. The time dimension 

is achieved by storing information relating to other time periods in 
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a file kept in secondary storage. This does not impose any great 

restrictions since generally, only one tirne~period will be dealt with 

at any one time. 
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01u~ration .2! !h1 JSystem · · · · • ;·""' .w ~· n:iJ3'(•~ id 

.JhLlll .11-.f.t..J.-!.Jlu.m@!l~llt .. l.Y.:;~i- as follows: 

Joint~s Parameter Lists 

' :I,.;g :,: r· . .-. 

DPR lPR DPR 

14'' 01 
; 

01 01 

xx 02 01 

22 02 01 r . i 

13 02 01 

19 12 01 
~,).\ . 

ti " 

Note that execution. of the Qf_ . .rat'k. started on line 01 in order 

to set up the index i~f-;or~1~~a;sf-er~rator11vr~l3 aad _14)...----1'. 
A more flexible sch~e ~~--~ed within the QP list ; 

would be as follows: 
,•' 

01 

13* 01 

13* 

01 

,_..;01 

01 

t.5 ·----·" J 
___ ~ i •.. ~~--~· ·; ·,-,I';~ ; a QP read in 

----' ... _1_3 ___ -._.r+-··_y_··_am_._'-:_!_a_d_H_2l-1--_ ... _-_. _____ ·-1· ••• ··---·· .. -·-··--

,_ ~- ·~~-----·~-l 



FLOW CHART - the system centered around fP22. P2-~S.i~, ;;:.:'.J_ 

...i. ! ,! 

Place on 
EXEMPT 
comrrs 
LIST 

'.q' 

Make entrylto 
! 

~~~~~--------_,..""""'" __ .;...&ubaidd;aryJ_is -------- -- + .--·-·--------- ' --

. ',~ ... ":!:':~~~~ 

v 
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·:c;,. 

·~-,···.··~---· .... ilPt ... 'Jfl••t•'., .• ;, .- ·:: 
. ". . . ·. - ·--·--'•"" ............... ;.·:.:, 

t91 .... 

lllMW» d·· 4 owt. l'JOO 

,:,,··~·••: l~.-~ 

,'•' 
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.. 
fPi·S prin"t;a :wr'•t:ttin 1 ttft~h¥,i~J!lft_.iiQMtl'i>Pa.•tlst8 :SQit'ting at 

Hile' SS... <· If:. SS:C 't=tf.' -1.ta w dr.enJ ~ !Wr la8~ .t:e:r 1'111 :tll'aiel ~ ; .,fA!lra .J.ll 

: 11, <~ -· 

'l.'htalfP it> u.ed"i.t:o:ifdA!lete·aceo'u~ Uiif?W.i .tlka>'.li:.t .UraJL Joo-"' '1JothJ 

th•:. c•ll hpl'!WMnt.luW'~'"'8C~ &ct'" aJULthe- ~lP-ld.hg:cup14.S-f •liti

sid<t.•rtj 1tst •' 1 Al dlel:et~c8lls.;1lt., r.:wt:Urbecb~1*e>UYB:l. oA ~ngr 

:f:tr·~·i'•shd i.f: aa.att.empr'~&31ialhJ' to=' del'lit':i 'llb1 atre<>Wati.ccel.lPWbiic::it:;lia11srai 

sulJli'tit'' ana. '.flfe.:1 ufttti l.S:H~~' t1Hf iept1ii>n' gr"~ i'ta br W:>t:~·, ;;U J 

: ~ ' 1 
...... -· 

1 
.:·.· 'l'M.e f#P·· i•'ua•~ -to.i1frt:ttei a,.fi<l~.a>.....a.t1118 ~ t:MJ.,en:rent.i~J of 

the Balance Sheet (BS) Accounts, or the Income and lxpen1e (&~.1acouilts, 

or the,~~•l•Y'(Ll!fts:i (t;e)hot<1&1¢~:-.-.dj'JlUlls......,.,1i~~aiI to supply 

tc.pe;m...•r-8.t tt.r.:1•he fllin .-.ts ~-)'-" ._.~M.ia:i..,_ '~drl.CO'•U 

-theTn~•j•eiilfl."'J'l'ttt• bb0kkwep1.aig efeneUioa:;..:f.•.Jfnle"Itaat:1U.~:a.ntoally 

'l _-;,;,,_! .¥' ,. 
". ; j ! 

• ; l '- J L 

fel2 i81 usecl- --to ·-reu· ··i.~ a ~i 1'8 ~owiil)n C~.acioJ>ybfHt Ire- .L Th&: .i 

~r'·l•;••kedFt•2auyp1,ltll•<tas-•M11aberc,.t• bi u...Uf '{l·.i;'.t,:<;<.. ,,-;; r;s 

W2. 
This fP closes out all the l!lliie aad Expense Accounts to Account 

39;, lf~w.rth.- . . ", ';i ·;l"' £'" ,,;;rr.d-:;:h ·:i:~ .~i."T 

f P40 

~P40 is used to print out t~~::Drrent balance 9£ account Hk• For 

Bal&hcec She.et : Aeeouau tli\a• ~ aj1 bed 0mlct..a.n.ainfilt elteya dl ~;qoait•t of 

only two digits.f;.feT]: ln&Ome" aa:d·t&tpe.e ac~sje;lf.illo•"?C) ~8riilaai~, _,.---... 

the total balance over all purposes will be printed. 'lhis fP will 
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repeatedly ask for an account number until a c.arria.ge retil.btd.il ..::~·::. :.2~. 
given.;> i-~ ;_.J :_;'._;~-... .,~.·t 6r:~-· '.Yfl·. ;>.& sHiJ •Jj f.!r• jJ-~;J.:t~ .luJ•:;:;, :_i '("J')·..r h .. 

;·! ·i :· 1,.i ; .. '·~lJ -~;:~_;J.)E ·1.~;;J '.~'_Jf~-·\.: f1: .. ·~ t1:--:". ·--,~:fr_{·1-.J:: 

· '· "fll/4it) vtll'~ pt.IM-' eut~•!'r\.&tbJMiil@'t .t •u.L.fte&a~H.nts~ ,,;!he(~;.:;'.• ,,J 

'~( i){' .. elf1'to ;riltihl t'e::· AM tii:>ftel •nM. .. -. tM1. stH'*ii\t FU'ftifa 

· 'tit- ~MtrcfunettotF.tl\Wt -~'1i ~l';OWdM.pwet11>othev 8"s@f!Mc~·,, 

sff> tMtl"tWe~ U:'Mt Wee\'l:r 'fl1Mllr.Jtfte"4at~Alijd~:;.:>1,tlif<*tia tkal •oatwed 
· lw'~~~oiinifllfJl.~ttk 'i9£itl\WtXtti:ec.1914'ih1 rW~'by· tMJotllU ffa. 

- 1 'LftlSS,..,Wftt0priM0,ftt1tlteS>iiaciWU,8qD;pMJit~SWea~~c,:lh~'al~1' is 

a~v-t;~:·;aa~y11ifli@~Jartiftlwtl'l::t4'i ~1011f'<llOL;..tfte1't.:!@Mered, 

a1n't!i~ntift'erlilt"'~~1Mlq'1M jilft.M~ua stwbu.: (,:f a:;fd:·<:,cr ')a<:. 

f P43 will print out the aubsidian lifta of a series of Balance 

Sheet Accounts, if they have &Ubaidta~ li•t• (up to ten accounts). 

f P44 
This tfP will print the Babm.ie .Shse.t. It will net out the balance of 

all Income and Expense accounts to arrive at a figure for Net Income. This 

amount is then included in the :Balance Sheet if it is non-zero. 

) 
,, 
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A very useful addition to the accounting systm would be the. ·i·w r 
facility to set up, modify, and analyze budgets. Any of the operations 

defined so far which use act~al da~tould be used equally as well with -----; 
budge~ricJatCl'!:lr WbtBr.&;-,Jt•dg~ 'M ~~~~i!!::!...!OJ#l!k,41-Jf'T b~J.Ulfia,;:H~n its 

e~)fJ,"ent: -~~Y.8:t J~•~ H UlieP·r9f.,~~f .Jl'~hCJ'•ft:.#1~ o9DB-:.JMIJ~i ~e 

wo1;1ld.,hav•,1~0 1'er1•tJ~"'t•b&U~J flr:.~~1-HoH ftMlctftofm, 'J0·1.~~ #'ta: 

'two·;c;omphte-:set.1 ofj~cc~, ~~~'' 4.nsAJe-.i~l'Js;H ~C9fP:Pu~~J~c:': 

the seae' tiJ19 •... ;TM.1rrWtJU·1 r"ulf..rsc~nJ.PHU14Nl H.i J§~.~01'8Jfl;l1n4~·~8if!!• 
With such an extension te the present system it would be possible to 

compare the two sets of data. be i~i'~get versus actual or one month 

V91'1q,.ano~mi.-'..,fDd.;:: ifl~;nPD..-i6')M..)~P8'JAf.f#tM~q bft.ff~~~fntnts• 

· .. ;4Mtl\fr,-''"t'1pl~l~Y1JfoftiM R.tPJ'fwi4e~~.fi91lx~~~c§j.VfJW~ilf 

and payables to include sufl4.'4M ~f1tJN~~erfaJ.J.RW:tffnt!nWj'~ 
prepare billings, and check on the credit ratings or limits on certain 

accounts. 

::,, :.L 

------ ---~----

:.. ~ 
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DYNAMIC STORA.GE ALL0CA'l'ION 

. , Fraftct's· 1*iat1aiLI tukli~s q" .< m".) · J r{QJA:) S:G'1A::l51 

.. c~, .,;,,,,; f_1qS q(j(i;\.3}1 n991,1Jo;d nl bc:.t.,scl 

j, 

--•.:,:~4ie'~:i 1t~~i.e'CiftlRiidft0 :r 1 b :isl 9 fa 

;_, ,ns1:".0'lq srfj o:I ;ibed a9aBBq Jo:r'Jao_:::i 

·: t)S,\4i{nic ·~'tbt-ig~v ~i ics·~at: ton:' tefefi~)jHf1 t''fi1l1i>~~·a'i1 by ~ti'i:bh'.') p'lm9 '6f 
ptbgt a~~il a'tk ~tt·" lnt%7 ~ry ~iii-iri:~ jtfle~l ~ebliftiJlt 'b<t btill~1 ~'t-t SS 'btfl~e 

,· t>'ro'grit\l;': ±t 'Sd•M1ficifi ~·6\\ti•stbt~fi:"h• <o.~£>\\iiid~a'.Ih/~oa<itrh~v\1'8 
all of the necessary programs and subtCb~el9\tf~·~ 11)\H>~~q stitt1itg 

~uti«a. '3 l!y.; WMicf_ prrJWJiciesl •1.lllllt~ ri.ri:iM"1l1ll•bbll-'}'Wlant2.~ 1&0rage 

aH.oc:ati.eft under. ~aff-li sy9':-e;ar--~ ;:J-f.'.11' 1;;;-lj :lo Qn!i·isoJ eriT • b"J3s:;:i.t 3 

'byna\lic'' sto:.f.~'t~1 ait~;iti'oli;:l-iii f>~1 :ae•4.ttlf,1¥to¥;'int '1l¥Jie~i'$'f1l't--easons: 

to· mel!·t · spal:'f·te-a't'ticti'~~, · · tt, 'ttt~~2ftb'~nt~t~~e'b<f. 't'681d~~~'1'tost s. 
;r'N6' F AP' ~tBif Mli•, 0 'tAI.6'H til~' cAUJM·,~ ·-~j *1ftd1f1 1:o0%pin~ Jatit.o¥ ~%d 

\ ''''tof~e'1 ttiy'' ~ibi~?-wtc!Jrap1'ii'lbt:atH,,;trr}H,b\i!ft(.9mkn.sq "'U bwn oj b:'l~v "t 

"'.'· 

I 

,, 
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To use CALOPl in the OPS-1 system, one merely types in LOADGO MAINOP 

READOP CALOPl. (Any spe~f~]", aup!f>k',~¥1e,a 1 ':\f~~1 by the OP 1 s should be 

loaded in between READOP and CALOPl.) From here on, one proceeds to use 

the OPS-1 system as described earlier. Unbeknownst to the user, here is 

what CALOPl is dottlg:; .::r.t:U .. OPld)et;w:blw>nllmbet ·Off:>.. ttwf•~'d OP and loads 

it into memory; th~~~~ksi.~fk:¥"o~~:~~'1h~~ff{~~ansfers to 

the OP it has just loaded in. After the OP is t~rough'8iaetuting, it is 

deleted fr~:_,~~Y,,;~~~ .. ~~:9JtJ'i .. F!1?rr~~~r is given no ind:l,.cation of this), and 

control passes back to the program that originally called CALI.OP. The 

user continues in this menner. Except for the computer typing out EXECtrrION, 

he would have no a priori knowledge .that all the OP subpr09L..rba'jjabt 

·, bee~ 1 ~~e;v~Plo\•ly l'.Pf~.,,d,.,,~nf,~t~f~"~ 1 ..• ~i\9,\lf~f:l~!!tNV:f~t!~Y~r, ~~f or 

_, c+L0~2 , ~¥; pi~ff~ 9f 1~1.~~r,,Jpf,~s•¥ 8~; f,~t.,,.9,9,~;fc:IW:f~. ~x+1f~ .f¥B B~~clF(~q on 

h.1~,, ,~U~s>~ .. ,e~,,.,~r~~~;)P~.f 8a~'-)·~ ~JJll~~d_, 'i'"f~}~eg 9.P"ff.Rl: )uff ~~Hlf•: ~ck 
.to tP,:.::P.!~.if!P-1~~~,..calJ.e,~,~.f.:r,,,, >,. ,,r."J·,,;, ... , "·.·~ .-. '· , .... 'j '" 

CA.t.OP! tr• •illtlU" 4:ci:; nature t:·o Cld.OrldMl..t.·d..'S:! j.'ult', a <bit mr•;.,.is

ticated. The loading of the main p!'op-..: ia-~itU'.'.'f''lilalirever•' 1the1 
• 

. ~µf.•r. tht!p types,,~HfiftON~h;,~e<~b.il!tJ.fPs~~~~~s)f,~i~1•~0 

,pro9~fff;P&,ye \>~e~,J.~~i'm'11-l8thJf~) ~t ~:i}f9f~),~c;!!fhfg~m8~' 
r :9;14'-J':fl~ 9~~ ~d._ fh,,J.1:, ~-~q.et(!~.~ 0 F~XM1k) 8if.~ ~ .. L~, iME•~~~ri'd~R 
is used to read the parame~,.l'~r:J,H~:(~~~~9P~fll,tlA'Wc~.!'JfPOY1.d)>e,,A~f0fhe 
form .XXX:XX (each·-trailing zeros can be deleted). When that fraction 

(indicated by the initial parameter) of memory haw been -wrett·-up-by""the 

' uaerJ:lri pit'-$~qUJJOP2'.::vtlJ. --~ ~1~J~yhpl1.AblllgsCBU. TIME 
ancf~~·:~ .. ;11,i,;~~ io ;:~ljlf~"'.~;~~rr:'~d A" . 7~g~ ,q~d2.Jl~q·~~~u c~Ji'.:t''.;lf ;, . , ~ , , ,-,. ~ "! . . . .. h , : "' • ,,qJMljd. ~f~k -£Irr f'llf .. .1 f .. cr-Ki; _.s¥11,, 

. he would like to delete .!!! of his subprograms (notli'-"~'111\lh ~Q:.· it\ 

place of ?). If he does, he should type in at least three characters 
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; <:AddMi m;t;~ i{b¥'Mal::Ublai~- ,~.,i 'Ji ; (TOv: 'fr . .1 '10 '.:Ll=1.J? iO c'1'l ?b r'._;rr'.j 

;·' ,,, l~ h&t~,i~t:"'i>e3.1,'.dpo0ssible1 i~: .~;£ &.\Ol'~J<'Jo \liic;c5iirii'y:£;:t;~·b~Jc~Jse of 
;, ~~~ ii~e't~rgE~du~r~~~ ;n~~\.~~i1:n 't1f:'ifj\d:id:J~ i:L~!>fab o:t :ins:;, jon 

c (·~· J·nHf»:rs0 ;vlJlbb.o :Hfj ·.r.-i >)s:ts'.)J:btd) nol:t:is•1 'larfjoas :x·3.J.1f.. n.ir..ge 

:.Jn!-:r-i .-+l11!.~~V~il.f.jl~ qA ~ ~er.~11p~~~A.'hJ1Wf PfN.1~Ve 
,_r,~~·a;;Jll'Ts~ Jr?f<lt':h"R)~~-i&J~~ ~~W).c:J'fPJ.ItHnf~~ the 

.L·:'•).~> aPf.1r ~~~lY .. J#!lf,~ otr aM:;. ... ~~p0u~1~~J~o :liflff JlmDOr.~·r:.-;l 1 

CA.LOP2 acan.a(~.MVI!Yjr~b~>t~ rw.re ,fh./-~~M ~If~J>~~~oing 
to the disk to find it. This use of the MOVIE) table has been incorporated 

tk~~'l0 n~~e~1ti1~~!:i a~:f ·~~i'.f~~<j~pj,1 /h~f~~· t:(, ~~i:k'lt JeYf. A By 

:_,; 'f~~th~k-; ei:l:~~iiq ~\1°1a~' 0Tlii~·l«fft!)0 t~¥e~ll~\{:~~I£1'co~~'.I'1,~ 
coii.ld~~a~Yy0~J.i:tfiie~~ ~~"'\t~iw wh~chel8t"h~p~J'b/'~~reiii:9rbVtJsd1ri)d 

Ii s~rYrr~i,ii1.aq~a e'i't:i.~t-'~1:,,qr, '.)~f"""' 'loi.,.c sdj u ~Hw o:i ii:u~'l;go:rq "l9n!:H.f 
· r ' 1 ~:u r)J ~ns1~2•:."'.•~1 "J::Jj:J.9-d : d.; ~-_.{j L,;· r . .r()W- ~~- :)J.AJ .1;;ffj brr1'i ~ gmj:j lo J.a.ur;rf'f> 
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