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PREFACE. -

tible time sharlng operation, such as M. I T 's CTSS [8] It is the

product of an experiment which I conducted during the Spring of 1964 with
a graduate research seminar (15. 599) at the M.1. T. “8ioan Qchool of ﬁsnagement.

There were eleven students in the seminar,* Several of the students
had no prior experience with CTSS yet they were using it successfully
within the first week of the term.

At the initial meeting of the seminar, we reviewed recent progress in
the development of personally accesgsible computer systcms,aofﬁvhichAcTSS
is an early form, We discusaed the outlvok for manageément, including
applications to simulation methodology, data analysis, decision making,
and the design of on-line systems I, 3-7, 9 12]. Our theme was: ‘much

l,can be done, present technology is already more than adequate, there is a

common thread running through many of the possibilities, the greatest
need is for basic thinkihg and a simple, flexible approach let's get
started. on a framework that will adapt and take form as it is applied.

During the second meeting of the seminar, I sketched in broad outline

k what later developed into the OPS- 1 system. Previous use of a very pre-

‘ 1iminary implementation of the system led me to believe that the OPS con-

cept had potential application to a variety of management functions. The
OPS approach appeared to provide great Ppower and versatility, while i
requxring minimal systems programming effort and almost no arbitrary con-

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

ready opportunity to be original ahd self- expressive, ‘dnd gave him a little

guidance to help him on his way.

The experimental plan was to have the seminar group program a

generally acceptable version of the OPS system ag a common project during

e

*John Brach, Gordon Everest, Malcolm Jones, George Klein, James
Linderman, Richard Mezger, David Ness, Daniel Thornhill Mayer Wantman,
Robert Welsh, and Stephen Whitela®.
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the first part of the semester, and thes spend 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

T 2
- Y

to utidover some “central isaues “and’ achieve some basic understanding a
207 PR A - ST om i Tt ene i FUSRE i R

hope that Gas mot in vain. o

Dot sy rpeie aniirower oo i : Syitos 1er S rieai. gRE T PRV R R
i

Jghe e:;periment proceeded. as. follqwa. g Ia qrdgr_t_:,o bring ,up .| ac,k:z 2

grounds to a common level students with little CTSS experience were
abiis asvsla T
paired wifh students more familiar with the time sharing system Each

driw onasitsgro ¥obyyg oo bhald

team was assigned ‘to program one or two general-purpose operators or OPS
it

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

tanguage. : Arstandird prodedure wéd st ablidhed for tol bdét ng “dnd 'donso-
1idating information on the system &8 -t grew. . This ‘Compurtfedtion proce-
dure; based ‘originetly ‘on the MEMO ‘commad tof -CTSS bed sub@equéntly o “ |
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‘Some ‘students came to the seminar meeting the week after the assignments

e

% were made with cémpieted programs. “Wost caEE, instead with questions and

FOAPHG

suggestibnst Wow “would - the system do such and ' suchf“IP“Would it not e
bre weilsdoids oized woil oF Dane

better %o do ‘1t this bfher way?", and so on. a

$aaslvh 5l 1
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' One possibility would have been to encourage questioning and dissent

‘at ‘this dtage, “with the' risk ‘of the seminar i) spending the’%etter part of

the’ semester entangled in endless consideratfons of ayet%éidésign. Another
alternative the one we chose was to'have a shbgiéﬁﬁ'ﬁ?"rﬁi“éimiﬁar* go
into i{ntensive deliBerations, tak{ng fulI’accouht of points made in the :j
seminar meetings, and'emerge with finai speciéications<¥hr a firat phase j

rEpRSAY D UG 2 IR Ve RO LT ND. iy

fo S :J:~:,

system.:'“
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What steered us to the_pecond alternetime uas thq) belisef, that many.

WL
N

questions of systems design, such as the need for, liptrﬁtructuripg,.woudd

be better posed and answered a posteriori or after having had some ;

s v b Fudpamp g

operating experience, than a priori and in vacuo.' We felt thet adoption

...... C},ef. LTS

of a straightforward 0BS-1 would be in the spirit of the seminar,'and could
as a by-product, provide guidelines for subsequent congtruction of a more.
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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 programmed 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 Chaptef
IV, David Ness gives an extension of OPS-1 that incorporates several CTSS
supervisory commands, 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.

Additional chapteré report on applications to management areés, inclu-
ding an automated stock exchange, an on-line project scheduler, a national
credit exchange, a mechanized system for accouhting~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 programmed and tested.

Martin Greenberger
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Note

In order to keep this manual down to manageable 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 Thernhill

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.



This empty page was substituted for a
blank page in the original document.



P

i Py & AR g wF s et
.20 5/15/64
INTRODUCTION ., - oo
PRt SR TE R SRR
REERNG TS R R L ES B e
System Concepts
Yoy rrperien, Wb il
in setting out to design the on-line system, ‘e were influenced by .
certain basic’ concepts that seemed important to'us at themtime Specifi-
peasoyy 2ECT al Javis
cally, OPS-1 has the following featares. Our experience with "OPS- 1 has
reaffirmed for us the importance of these fart{i#ad] And'we regard most of:

them as essential to the syccess of any aimilar:pnziine. systems .. .

Simg&icitz-d‘ : CEeociempmes bemoloolo e snn ZRoL oW

The system is 31mp1e to ‘use’ and 81mp1e to understand even by the .
relatively ‘uninftiafad. Complicattons can extract a high price from system
resiliency, and they were avoided wherever possibfm ? The user may add .
his own complexity as the needs of his application require, but normekly "

this will not complicate the intergal stryctuce of the .system itaelfs and

it will not reduce averall flexfbility. . . .. ...,
Versatility: -~ ' . -~ R I TS B

' Unnecéssary éuréé;‘ééﬁvéﬁtionéj”éﬁé?fbédaés’ﬁiéé‘wé}e avoided. Thus
the user is not forced into thinking about his problem in avtifictal d ' :
unnatural terms, He hag ample room 49 expyess his problem and himself,

and he has the freedqm to be creative, .. .. .
Gemgraliky ./~ - . o cimt

" Awide range of applications ia possible, “from the structuring of

peTI2

simulition models, decision procedures, problemxsolvers, and information

processes, to the design of programming systems and on-=liné ép
including CTSS itself.) This generality is psrticg}arly significant in
that it facilitates the construction of hybrid systems whigh cgmbinemtwo
or more kinds of elements, for example, a real-time traffic contreller .
with simulation elements and data analyzers; an on-line programming system

RN

with debugging aides and ‘an instant-execution feature; a joh“shbp

decision systemfwtthssiﬂmlatrum,:inﬁbrﬁiﬁﬁdﬁ p#dc&iiiﬂg, eﬁﬁfprdh&em

- U “ - 1 Pty Febrtar i e FEEES PR S
Teeni. o ,,,,_5 sod vk wnd 2n natsiosrdide g o KRR

IR ity o



2L 5/15/64 —

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

large hybrid systems of this general character,

AR

Individuglity

In customary use, the system i is expanded by the user to a form that

o k!n‘g .‘;T’r‘-ff 2 i3

'“The hasic syatem .

.v_,llr(“vl ";m“‘“}j Ty .J1¥¢ '

atches the speciflc requirenents of his application,

performs like a catalyst in this process.

RS R I T S B R

anda i t d i ’E B PR AR T P SUNE T I B R FERE SRR B

Typically; the expansion of the Bysted 1s°E§y sid11 ' 1hérémént s which
extend its usefulness, but not its structural complexity. There is-mo:
theoretical limit to how far the system can be expanded without 1ts

\.’..r < &L z

getting bogged down. Expansion may be gradual and continuql over .an .
lindefinite period of time.

IS A S R RN S ¥ 5

Modularity o S RO TN At D L

-~ The ‘eleménts 6f the system are like ptﬁggibfe pafti. Except for the{
few main components, each part can bé ﬁﬂéfﬂgﬁéd wieat disrdpting or
affecting any other part. Most of the elements are called operators. : : -
They do not call on one another directly, thus ensuring separation of function.

Imed;atq Easecatigp_ selgn it Lo oo ednge 30t heuzol

shiarpgd

An Gperator can be executed as It 1§ Yelérdticed. This feature
facilitates the editing, probing, and ‘téeting of simGfécion wodels and
information procedures while they are under construction. With the lhelp:-

of system operators, a model or procedure can be workiqg almost 3s sqon

As elements of the aystem are refereﬂbed aﬁd‘examined in compound

it g

tion to the’ system.

Graduated Gu;dance_

Helpfmia Whalnimda piim the user by the cowputer: at first, but

this guidance can be abbreviated as the user becomes more adept and sure-footed.




P
¢

10.

11.

12,

.30 5/15/64

LIST OF REFERENCES

Anshen, M. and G. L. Bach (ed.), Management and Corporations 1985
(McGraw-Hill, 1960).

Corbatd, F. J. et. al., "An Experimental Time-Sharing System,"
Proceedings of the Spring Joint Computer Conference (National Press,
Palo Alto, California, 1962).

Greenberger, M., "The Computers of Tomorrow", The Atlantic Monthly,
May, 1964.

Greenberger, M., (ed.), Computers and the World of the Future,
(M.I.T. Press, 1962).

Greenberger, M., and H. W. Johnson, "Automation, Management, and the
Future'", The Technology Review, (M.I.T., May 1963).

Leavitt, H. J. and T. L. Whisler, '"Management in the 1980's,"
Harvard Business Review, 36:6, Nov.-Dec., 1938.

Licklider, J. C. R., and W. E. Clark, "On-Line, Man-Computer Communi-
cations,'" AFIPS Proceedings, 1962.

- The M.I.T. Computation Center, The Compatible Time-Sharing System:

A Programmer's Guide, (M.I.T. Press, 1963).

Philipson (ed.), Automation--Implications for the Future (Vintage
Books, 1962).

Shultz, G. P. and T. L Whisler (ed.), Management Organization and
the Computer (Free Press of Glencoe, 1960). ’

Simon, H. A., The New Science of Management Decision (Harper, 1960).

Sprague, Richard E., Electronic Business Systems (Ronald Press, 1962).




This empty page was substituted for a
blank page in the original document.



1.00

Chapter T



This empty page was substituted for a
blank page in the original document.



N
N
i
|
i
|

7™

1;10;  s/15/64

SYSTEM DEFINITION

Coanizomunicol oLnl

The Struéture oL ORE-1 ~<° 7 =& 57ETiiey nio)

The ' system his a Basic structure éﬁnt 18 easy to visullize.' First,
FIRSa T4 b 344 S VETIR

there is a common body of infor;ttion, cailed the data base, ‘that occupiés
one section of codpdtey MeRbEy;:theh! thevt 1i5d et OF Aliglé speritors
that tange ever the’ datdbBase: (they atdé wébbebbines FRRL Wepe Wiitten =
ordginally- efther 4w FAR ob FORTRAN: BoFoves¥etings conplied lhto #athine 7~
limgiage); and: flaally,  chore 1874 ¢ohtra 1 Abchald ki ¥hat  d11ows the ubér
to éxecikte And compoundcthe slmple’ pbatorsiih Flokibile cwmBinations’
bas i

7 The structuré of the sysiem is 8 shewn sC enitiéally in the diagram .
g urs boovisns gnis

below. The principai cou@onents of the systém wili be deacribed briefly

now; ead> 1B séke detatd’ inl laves pagés-eﬁ:’m SRRV R R CEREE NS
saadosrt Yo ghm A LYs3wemss 263 20 s ULaeiug oie o
tiw #n s voLUGISYaQo fosy S0l Lodarorans
' B ENE S zabivoxg 2 ifd LoanTuiaer T Eradu
& Sy a4 3 B HIVA : 5

ptan s e maenat o SEMBLSJOPERATORS -

”péliﬁr?ium%‘ . sggonﬂary
J rof bre ruygtorige T

g

2 R

e ]

USER

R e

oy

secondary
storage

storage

v, ami,  abe i
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Data Base

The data base is the information center of the OPS system. It
contains information of joint relevance to any two or-gege: separese i o7

elements of the system. Its data may be arraggeggas single numbers,

multi dimensional arrays, or 1igt‘structures.

ENEIE RS £ R V3G G0

£

Thg fixrst, pmrt of ths dat; base: is- u-pm,m vi:quhe bas;is system:
itself' : rThq remainder is added by the user) mﬁmm;hwn%d hie:
applicatign. It becomes a represestatiom:pfothe. infurmatisnsl.content: or-
egvironment of his.problem. -For:s- simulatien.wedel, it.ip:a.pertrayal-of:
the process being modeled; for. e real-time. opsragiobn. s 4 B resoxd-of . .
the present state of the system, and forgan 1nfornqti¥n grocessor ’i% is

igve 9l T I

the bank of data that is being nnalyzed and mnnigulatgd. , -

------ £ e ‘” rl‘!n ~ PR L“‘L S ,J"’z?_&uy,

At the present time, the entire.dats bsse! ie: locssesd within: common::.
storage in the primary memory of the computer. A map of the data base
is assoclated with each operator, as well as with COMMAP, a service
routine for operators., This provides the operators with the means for
finding, moving, and modifying values within the data base.

Conceptﬁllly, there 1- no reason why the datn bale should not extend
' into the secondary ﬁeﬁory of the oompqger. ﬁthip can be done with the
:*present:aBSal -gystem by the user s~for§:1ating and introducing the;
appropriate operators. An ideal qy:tg@é!?uld hpke this extension ahtoma-
tically;, without requtrtﬁg ahy actiom Qr*ﬁbﬁéééifhxkthe user. The Hata
base would then be open-enaed, and there wqpldkgf ndxthig;stigg} li?it to

its size. RSN : o " Ei

P S I

N
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Operators ‘ SRR I el R
Operators are the funotiomal: subxeutimes: nf the OPS: system: A et
of stamdard operaters comes’with! the: system, st provides the generai-
purpdse: services teyguited by most ukerm mnmmmwuom are
described &n‘ﬂhﬂptbr I 205 283 7 mwoile i : E

A user “builds up the ﬁi’ﬁ'“system 8 FIE niy partichlar nbeds by Boon
enlarging the set of si:anﬁlrd[ opernio‘i'i “hat ‘1‘%, e p‘rﬁ‘g‘i’inis ahd’ com-
piles his own operators, using ¥ Tailiubae WK b’ POKIRAR or' #AP, thtro-
duces them to the system, and makes correspondi.n,g additions to the data

stepa, ] is spellga

~ base. Mprgciqe prosedure he T’pllows 13\ i:akin& th ;e

.out.in Chapter I1I... . : s

FEP I

Associated with each’ operdtor Qreﬁmhmv afz tﬁtlﬁters ﬁhat fgive it
spec‘aificity. 'I‘le user, i:} the simpie md;e of o’aernt.j,on, ;ent.ers thase :
parmeters from' his consoIe at the fequest of t}\e computér Ih mking

its i:equest the cpmpuj;er assists tﬂe ug&: by p;:inr‘g,pg gtiide lings
“jndﬂ:ati.ng the mmimtu ofgthe parm*rs. !

i me s b

The operatqrs i@ken together inth thn;dat‘ base;%gi}re thn OPSi syséem

E

- :i,ia sEite transition appeaimce. “fhe Kata base r¢presents Lhe state bf

v, SR e

vff'.;J;he iystem, and :the operators, operating on the' ‘data. base, cause transi-
tiofs o new stdtes. In tfshis analogy, the compound operator is a schedule
of future transttions with a fixed mt;generanyi occurs rebeatedly
dur:.ig the life#ime of thé system. - § S

b

e s omn 4 e F it < i e

e e o a2 <t b

OPS-1 stores all simple operators in prima!;y

- ,f«’componiid operator theueénsn time. It holds the resi ofhtih'e compound
operators in secondary memory, and brings them in as needed. A preliminary
improvement of OPS-1 algo 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 Operators ‘ SO TE U

NSO

Simple operators iay: be strung together to: form:a cémpoumd: operator,
or KOP,- and:the KOP may be: assigned an identificatiem numbersasnd: retained: -
in list form &s. & permament:addition to the system. ' Thi:¥OP ds:represented.
by an Mx3 array (with structure as shown in the diagrasy below) plus Tadi ..o
linear arrays for the asaociated paramecarn, Tg?ac arrays are scored as
part of ‘the data base, and may therefore be nodif;ad by operstors,, IP&F$H
is, the qperatprs can modify themselves and the KDP's.r)ﬁkﬁ

't

li,_ne T mm DPR  line,
(LKOPY “OP's ‘pointers pointers (L‘Il’ﬁ)

1 first top of top of
sty Gn 0P 2o JEPR Sish [ DPR:Aisti ik o2 o] -

| SRR IRl VR Y S S
2 second *
s . w Y ST ..

i i
o
& -
et - ;

op ca gt sme rag o 3T 3 IBEARG

(3} Folg Y

s
ardr } decimal
SRR | arametersp
et Becond

ol s -fourth - 4 cetes- | §ish
. OP

~~$‘PM .last‘
oP

G e L eam ogaiel o D o cemn nlumie (TR oos e 290
. Compound Operator  Iiteger Decimal
RIS S SO csalPerameteps s oo .omg0 hRapsmebers
S IR SRR R L I R SR O S R AT INRERS 8 5732 S A EEE R I - SR e B e BT 1




Modes of Operation 7
. The PS-L system is operated by the user ffom His tonbale. AR any
given time, he may, by his sae thmihs, u‘pcrlte fn e of six poh‘hibie ’

modes. The modes are as fa!:&vwm
1. o
2.
3.

4,

9.

8in 'é‘ uti

Create with axééﬁt}: P
T e R RS e tﬂﬁiﬁﬁ'ﬁﬂ OP‘tdﬁthc KOP 1£8E. The

Compound execution

with parsmeter entry:

Blind crestes

T e sefpeoptth e g B b R e e

1.14 - 5/15/64

ERSTGITIE T

exeeut:ion of a si.mple operltor (i.e., of
‘ah W)o !

oruti«m of cmnpound oyerator by

- QR is executesd svd gnide lines are
printed,

saAme. 48 2, bm: vithont: exeeution of
the OP, .

v g T T

execution of ane or more OP's of a
KOP: ligt, .Jmch-@P regquests entry of
its parameters from: the: eemsole by
print::lng guide lines, and stores

- these, parsmeters: ifv. the appropriate

- locationa of the parameter:lists, A
carriage return at the console

- (withont the. emtyy of any parameters)
causes the paxdmeters previously

stored in the lists to be used by the OP.

‘#4mé as 4, But with each OP automatically
using parameters already stovéd im -
the parmter lists.

. ﬁame 88 3, bgt without guide lines. .

/ thé user 1s responsible for knowing

. the quhbe® And fo¥iedt of the paraméteérs
- of all OP's in the KOP he is creating.
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s ~

An Example ‘ RN Ll el

... To, illustrate how the OPS system might. be,used in a managament: con-
text, let us consider am overaimplifded, example.: - Weekly. sales data for
the last twelve months have been collected.angd. turned. over. to Mel, a new
employee in the marketing department. Mal has been requested to develop

e >H¥R o

Vi A

" @ technique for forecasting future sales. He decides to tr Ehe exponen-

tial smoothing rule, Ft+1 = aS_+ (l-s)Ft, where Ft is the forecast of
he B T ak R SR

sales,in week t, S is.the aqtual xeéorted iﬁIei“Iﬁ wé“E't F;+1 is the
forecast to: be: genereted £dr‘the~ne§t week, and a is the smoothing con-
stant. Mal wants to see if there is a smoothing constant that generates
forecasts close: to the actual veekly saledl > Xa® bt thikike absit this
problem in the framework of the OPS system, he recognizes the need for

three basic operators'

1 An iupet 0peratbr thet reeds data into a specific area of the
;n dnta baee.. RSN :
i»Q;ina geaeral atithﬂitie<opemdtor that can add, subtract or
-~w_‘smmltip1y sny’ of’thhﬁwhtiubles in the data base.
/ wa;3,£ﬂfA print operator/thit“wiil write out the value of any variable
-~ in.the data bsoe SR

Mal decides to determine whether the forecasts are good or bad as

-1 \)("\’fr ‘

» _hg.Sits at the console, and not to. progrum‘thir“gttefg$gﬁp&ﬁhﬁinto his
‘ pr&edu.reu ’ : L T I

Mal could now write these three special operators, but he first
2AES UL e b0
glances at the 1ist of besic OP's in Chapter III of “the

= “ﬂmnual and

. notas, Shat the MOBEEX‘OP (0?1&)Vprou1des both the input and print functions
-tHat hd desirés.’ Glancing at’ Chepter V, he also notices that OPTRAN could

be used to compute the forecasts.

However, he wants to get some experience writing his own operator, 8o
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 xl,,xz, X3, - - - XE.thst can contain

input variables, constants, intermediate results, or final results. The
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OP will have four parameters, all fiitdgerg):  The 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 operan& Tﬁfs might be stated as X = Xi 0 Xk where f j

and xk are dﬁta reg{sters,'and 9 'is either addition, subtraction, multi-

plication, et dfv{sfbn. The corresponding parameﬁerwvalues are i j, 1, and k.

35 - o e e e

Mal prqgrams ;his OP in FORTRAN, compiles it, adds it to ahg system
as 0221 ,and checks it out using mode 1. Now he starts to write-a
compound OP. He cag do this in either mode 2 or 3, He .decides ko use
mode 2 so as to ggt an immediate check on the correctness of his. process.
First, he writes foun,OPlS 8 to read in the constant 1, the .conetant a,
the old forecast Ft’ and the last week's sales, St. Then, he writes
four OP21's to calculate the forecast, Ft+1' Finally, he adds an OP15

to print out the result,

Satigfied with his 9-line KOP (see page 1.17), Mal decides to save
it for safe keeping on a simulated tape. To do this he .executes,0P17
£

irst line of ghgiﬁgP and

- e 4

in mode L, Now hq is ready to return to the

execute it ,}?92}’—%964};@ in mode 4, using the newal ues of F_ andq$,

i

Aftdr repesting this KOP -a few times; Mal reatizes-that §éf§§
imprgvemdnts ard possible. -First; -he-uses -2 -MOVE-OP-(OP16) t6 B€place
the olﬂfﬁute¢£%t¢g_t, with the mnew forecast; Ft+1; -at ~the -bot €4 of the
KOP. He -then adds:®& branch -OP to loop -back “to -the -begtmtng é# the KOP.
To q&keiﬁhedé charges he reverts to mode “3; “After & few more ‘eybles
through €his new KB¥, he realizes -that there -ts-onty-one -OP - (£R&°0P15
that read%jiﬂ5tﬁéﬁtﬁeual»nales‘SE)“that“requtreS’t“ﬁew“ptrameééﬁﬁtach time.
Only this OF nesds tivde 4. All the other -OP*s -have fied parétébers and
can be gkecuted i #¥de 5. Mal therefore dectdes €6 run tri m8dé s and
simpl¥. use two MODERY O0P% (OP15) to -switch betwaen modes 4 and '§ at the
appropriate times (see page 1.17). Now he can automatically cycle through
the KOP several times for each trial value of the smoothing constant, New
smoothing constants may 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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Central Mechanism

The diagram of thelOPS-I 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 aystem. The MAINOP routine’tm
actuaily dées the’ svi%cﬁing, GUEZC s et g FRTOAM ST AN a e ca el

i

At the beginning of each cycle, the user 18 connected to READOP and
asked to issue instructisns. 1 hé ﬁpecifieb moétngﬂhe 15 contacted to
PARAMS with a direct line for enfering p‘riﬂoﬁ.ﬂo“iqcoweheﬁilnfana DPR-
lists. No guide 1inea are. printed.

""" . u ".';,--;v'-"‘.’ B !T;?“'_;L;_"’"f}.; R R

In all modes, the user 1s conngctgd via CALLOP to the Orwggegified

e J’T['\
in his instructions. Except for modes 5 and 9 he can then communicate
with that OP, or through that OP, with the data base, When the OP tas
completedodtes fenetiem; rlgizeturns: contizol VEALACALLOR: to MAINOD, -
In addit{on to connecting the user to CAL) Hgkkﬁﬁdﬁ“and PARAHS the

CAdEiT e 3 \i}(} Gi8S s
MAINOE rout ine crea%es or executes coﬁ;éuné ope?ators;d(dﬁ‘ sj and ‘chiecks

i SR NI S Rl gs TR sl radrrege holtiusqe 00 BRI A D

for errofs.‘
SRR L SR . S T Gemr AT

CQMMAP is a special table-look-up routipe thgggpgrmigq an OP to.,.
communicate with any specified part of the data base.

e sidlad vouniise CENMY paodevene bruoomo

Thg gbqvg routings -are. explgineg in:detall in. tt;e fcllowing DARESs. . . -

S Ee ) HESEA I Wt S
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R
MAINOP sz digsian Jaxiaed
S . :q! Y
R Com sy syl g bnioas anur ey looe mrin
Purpose )
sl o TRDLAD R St T ilil o cthne s ulilve
The program MAINOP MADTRN is the executive p ;gg 9’,5@9 Q?§ ?YFESQPu
It has the following functions' -
_1. Asks what opergtor you wigh to exegute nex;. e . ‘
2, Executés-theoperator if dn mode: lu: i sni: dnsyil o G SFALRT
3. Creates a compound operator if you are'in modés 2, E:'ti‘zgzi')t':"9'. AR
fie "
4. Executes a compound operaCOr if you ate i;nmodes a o’ Sf ) ‘
e oot pvota Sss st U hess 0 b gt dgmoawd o sanoldoorieog A .
P-EeLti-g—,n' o C . szl Sy Gauin fagossitroan ey gty b
To do these:’functiens; MAINGP: makes useofsthe. thretisystemssube; [un: -
t
outizes CALLOP, READOP, an PARAMS, 1t usgs EADOP to find out what
operator you wish to qreate and/o execute next. It uses CALLOP to tr@p, s
LR PODOHODINDD andUDENs B0 BS3E8T3 9n) dnT VAT AP
fer control to the specified operator. The operator is specified by'thg o
system variable MOP. It uses PARAMS to read in parameters for an
operator 1if’ ‘the mbde ‘18 sét" to 9 guedonl-aided feloame p oo HAMEGS
MAINOP creates compound operators (KOP&) by efeetiné a Eeble;‘ There N
18 one“1ine in‘the tabl¥”for eaBh®Biimple-bperator: SEaeitne dontains’
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 makes 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.
SN
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At the present time, the OPS system does not acéeptéfgpmpound
operator that contains more than 100 simple operator% - Also, this
compound operator must not contain more than 200 decimgi and 200 integer
parameters. The OPS checks to seecthat these 1imitt‘are nbt exceeded.

When MAINOP is executing a compound operator,*it aoes‘not use
READOP, but instead gets the operator from the KOP tébte It uses the
system variable LKOP to specify what line of the KOP.table is to be
executed next. If OPS is in mode 4, MATNOP will stop at every line ot
simple operator and ask for parameter values. if no-patameters are typed
in, the valﬁes“ttgraﬁfin.the ‘parameter lists(IEKfWﬁT3¥mQ‘uf11 be used.
However, if 0P8~4l in mode '5; there is an autf 12| ; o v
MAINOP to skip tha reading,of parameters and ino&eeéwbgye~the values that
are stored in the twp parameter lists (IPR and DPR) The tﬁorGYStmm
variahﬂes LIPR and LDPR point -to ehewﬁiratwintescﬁmpqgaane: -and first
decimal parameter, respectively, assoclated with the simple operator
specified by LKOP.

In modes 4 and 5 it is possible to. autmcically se’quen'ce' thran"gp
several operators by setting the system vartable Jﬁogeequal to the number
of operators you wish tb exocutgﬁautomatically” IX SKQE’1§“§§£ to 99,

the automatic scquence wlil continue indefinifhlyg xfunﬁil OP. 19 the
terminate OP, is encoqu‘ted

T gv« BRI

SR e e e b



_MAINOP

LKOP =
LIPR =
LDPR =

P

R EH B 0’(“0?:15 g 5

SR gp?(mtgl?-’;;‘; 1. TR
) KOP(LKOP,J) = LDPF o

I ¢ ‘
Q—x IPR EXCEEDED" |€

1 N
5
i P
@
i

... 1DPR = EOP(LEOP,3

c— "KOoP KXCE!MB“F -

()
7(—)‘ "DPR EXCEEDED"

DPR2>190
(H) N

LKOP = 1LKOP+1

‘

EO ] 1) £ ’1') i SR
o) LEIPBLAKOP(JKOR Q)R
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)

- )En:op = JKOP-1

Y
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 READOP.
'
Purpose
The function of READOP 16'to aliuw the user to specify what action
he wishes to lidve oceur nmekt, . 7 il o codaTeas v s

If MODE is 1, 2, or 3 READOP-dbes thé FélleWdngl -
1. Prints current mode (MODE) &nd' Iihe (IXDPY:
2, Prints a line i6 the folm XN X ¥R, Whidbs -~
K = the mext Gperatot-ybl Wish td efitbr 1% Jou db# golng to

be in modes 1, 2, 3 (MOP); ot= the number of og erators you
‘wibhote n&wmmm I aRueEtd 1HOdAks 416 ¥ bré‘ %u

. again come hack to menusl.ogeretige:; LIKOR)Y, .

X = tHé medeq be'Bupe’ i cmesmwes tn& My y6i’ iﬁeeﬁ&
,nthe above to he-useds. . o oo N R N RIS

XX = the liﬂéfﬁﬁuﬁerﬂﬂﬁ”wﬁiﬁﬁjyoﬁ dadire €0
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 ds a transmission check.

5. 1f MODE # 0, sets mode to new number.

6. If LKOP 4 0, 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 this jump have been furnished
parameters and executed. In mode 5, the stored parameters are used and
again you can not stop the sequence until jump has been completed.

**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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7. Sets MOP or JKOP degending on whether new mode is 1, 2, 3, 9,
or 4 and 5, respectively.

8+ Returns control to MAINOP.

If MODE is 4 or 5 READOP does the fo].lowin; _ 7
1.”‘ Prints next operator in the KOP table,. the mode;  and: line number.
The subsequent actions are the same as steps 2-8, previously describedi;

If mode is 9, READOI’.,.;_gln,es. the followimgy camz © - L [ F o0 Fu 0F

1. Prints a line of . the: form XX X XK ~; oo coemyon oo . 4
2, Reads in next operator, mode and. Line . numbere.:: - - - »

The _subseguent actions Aare the m As: mn 5@8 prmiously described.
3 fi.F

‘If any of che t;hree f,d,g.lds repxeuntcd bmn xn are;: hft blank,
or if a0 is typed, ne’’change 18 mide Eo the” sy%tiﬂl Firtabiss assoclated
with those fields, Thus, their; preyious,valugs are-usstsr: This-feature
is partic;‘xia‘rvly‘useful in modes 4 and 5 M‘m*’ Jﬁg“:ﬁ\&i,‘gym g .
a single carriage return provides a.single .step-opeveatieoni - - .-

s R e

B

o
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i/‘23

PRINT: MODE, LKOP l
V

PRINT XX X XX

READ: N, M, L ’

\’

PRINT:

NEXT OP, MODE, LKOP

\\\T?DE

1.13 ‘f‘
ECHO Print
()\l’
.-
‘/Mk Yes
Qnﬁ No

MODE =

/m

<

LKOP =
LIPR = KOP2
LDPR = KOP l

\1,
onﬁ\\\ 4,5
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CALLOP .-

g

Purpose
‘The purpose of the CALLOP routine is;tewtranefer,control to the O?
that the user has épecified in READOP, or to the next OP in the KOP list.

CALLOP also handles error returns from OP 8.

Operation

CALLOP operates as follows: when called the_ first time, the routine
immediately branches to TIMEl. First the tranafer to TIMEl is replaced
so that this part of the process will be skipped in subsequent;cails.
Then we save the return to MAINOP and erfeqs the eonsole input level.

Then the normal CALLOP is executed. . _

The normal CALLOP saves index regieeervlgwtﬁen~sets'up-éhe sense
indicator register so that FAP subroutines may defict~HDDE (if they want ~~
to) using the SI. Then we create a transfer to 09+G(HBE}Nwhieh will -

contain a transfer to QP(MOP). Then this transfer {is executed.

At BRRET (return from a break signa})-ue re~depress the:console input
level and go to RETRN. R ‘

At RETRN we store zero in JIPR, JDPR anﬂ JKOP. Then we test to see
if we are in mode 1. 1If we are we return ‘to MAINOP. if we are not in
mode 1 we first decrement LKOP in anticipation of MAINOP incrementing it.
Then we return to MAINOP, RETRN may thus be used ‘to neturn to MAINOP

without changing pointers (for exagple when an error qecurs, see 2.60.

CALLOP demands that all subroutines fram’ﬁﬁOd'tdwa§§wbe present.
Of course we rarely will have all 100wof the subroutines in memory. In
order to circumvent these difficulties we make use qf*the fact that the

BSS loader will, if presented with several’ dafinitions of one program,

simply accept the 1ast.
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SUBCAL FAP défiﬁéé £11 &ubroutines from OPQO”to Qrgé; If there is
no other verslon of. c}given dubroutine loaded, %hen GAL&BP will actually
call SUBCAL, : If a- §ﬁbfbﬁt1néahas actually beenilogdéd Ehéﬁ this defini-
tion will supérsﬁdé“tﬂé deftnition in SUBCAL an‘ th&ﬂ reutins will be
called instead. BT

Thus if we calI dn operator which has not been defined we enter at
OPXX. We begifng: sequtﬂceﬂof operations which leads us to the message
OP. AB IS NOT“YET‘BEFiNEB’and*we return to MAINOP through RETKR (thus not

incrementing pointersi.

There age*twuwmﬂérvswtn”cALLOP FAP. They are called TRANS and FIX.
They operate'in sugﬁj&f@ﬁy as ﬁo insert at location OP 100 transfers to
subroutines mamed-0POG; 0POL, . . . 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 (the cgmngn§ﬁﬁfas WRF1LX). The other thr!gfgncgas”ﬁREQU

TABl1 and TABZ) simply define all of the entry points to ﬁe equivalent to
OPXX.

For those who' ﬁighe bc writing FA?P operators\wthﬂy~mﬁy defect mode
by testing the¢ sense {ndicator register. The conf‘ntg of tﬁe ﬁI for the

various modes are as follows:

Mode Left-Half . . RAght-HAlf: -
37¥ 400
67
73
77 Y e e i

W WN

Thus the command 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.



CALLOP ENTRY

First time

"TFMERH

“Set entry to '}

-, "THERAFTER" .

‘Depress QUIT

level-<sane
urn as OPs.

JIPRe= 0,

SAY wnkbd J" ~Dcpr.¢g1ﬁl!l'£w
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'COMMAP

Purpose

The COMMAP routine is necessary for defining the data base, or
data elements that are in COMMON storage. It i# tised by OP's’:15 and.16
to locate individual data elements anywhere in the COMMON storage area.

Operation
COMMAP is written in FAP and makes use of & macro instruction

called COMSET. The COMSET macro is a rather coiiiplex one. It performs

the following functions:
1. Each time it is expanded it increménthf% by one.

2. Each time it is expanded the variable named is placed in
common. y -

'3, e niime;, address of the variable *(m!.&‘mt 15, un& 17K ditin-
sion is placed in a table. o
The entry points TABLE and MAX are used by GET and PUT* to obtain
access to the given line of commohn. Ewbentitiily the process is this.
Given a common line number, we test against MAX to- see if we . are beyond. .
the range of common defined. If we pass this test, TABLE gives us the

base address and dimension of the array rtfereaeed From this information

we can compute the exact address of the céll tefétenced, We use MAD (and
thus MADTRN) type imdexing,  and thus this imformation is ava11able.fbr~J
compatibility with MAD (and MADIRN) progrems.

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

for system common are as follows:

Name of Common

Array Line No. . ot
: KBP o o 1. o T
IPR- rz i i
DPR 3 ‘
Vi JIPR" 1?Q.~ .
JDPR 5
LKOP 6 il
LIPR 7
“LDER © S 2
NKOP 10
JKOP 11
MoP 12
ISAT 14 |

When the user defines some common storage for himself (using the procedure

discussed under "Updating.of Commop: Map'),:this list;gg ainply g;tended.
For example, if the user adds to the comméir’above:: N

'WvV“Vf»~ammmmeLmnﬁzy
P : .. COMMON. . P, X, A

and"tiodifies COMMAP P by addingt -

CQ{SET Poo,o
T - 'CEOMBET X, 27,5,2:
. COMSET, 4,39,0,0
then'P is iine 15, X s line 16 and A Ls'line- 17, ' To refer to s given .
cell within an array we simply ‘&ad@ the Indiecds.. ForleRample to move :
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 P "y -
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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‘PARAMS

Purgose

PARAMS is uééd only by the expef!ineéd user¥hpy Knows exactly the
number, meaning, and order of parameters he wishen to enter into any OP.
It deletes the printing of all guidelinep describing the parameters, and
checks only to see if the correct numbnr of parameters have - béen entered.
PARAMS is only called by MAINOP ilienever. bhe modd:ie smk to 9.

ggergti

PARAMS first reads. fhe integer paramgters, They are read one at a
time, and non-zero or plus gero paranntars are stored in the IPR array
and counted. When a minus zéro (-0), which is equivalent to a blank
line or initial carriage return, is enedhntered, the number of parameters
counted is compared with JIPR, If JIPR;iQ ag;ative, the check is omitted,
This is used for OFb with variable numbefﬂ of parameters. If there is a
disagreement, the program complains and requests that the integers be
retyped.,

If the count agrees,PARAHs re;ds thi decimal parameters, and,stores
non-zero and plus zero parameters in DR, &b&ntigg them. Minus zero
causes the program to gheck the count wﬁth JDPR, unless JDPR 13 negdtive,
as above. If it ig not equal, it complains-as above, allowing -decimal
parameters to be rétyped. If the count‘gs equal, it returns tio MAINOP.

Note: Both integer akd d&cimal patuns axe vesd with F§D.3 format,
‘Thus:bbtﬁiintegernhndudeciﬁal parameters;must be typed with am explicit
decimal point. S8ince <0 i used to signifg epd af pargpgtarlliat, zero
must be explicitly typed in. ’ -
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Subroutine PARAMS

)

Set B for
Int.
1 =O el

Read one
integer . {. .- . ., Erxor

5/15/64

PARAM | | Message a
— . A

' Stores in
DPR

~{ . DEG

| o ,ég d e ]
Tema A decinal

J1-3IPR

i

‘$et B for'
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Error
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to MAINOP
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to the right indicate the modes that must and must not go through each
10 9%ciad Lyonlq od vem U gh oy 20 siuisd S i 2iio gt
step. Going through a step 1s opticﬁa far mode numBers not shown

.qale sinosy 3 R R
Steps Must be used b Must Not Be Used by Modes
A. Subroutine OP XX ' ©1,2,3,4,5,9
B. Storage Map _
Defines Common Storage = 1;2,3,4,5
Cc. If MODE = 9
GO TO 9
[D. Local Variables = IPR, 5 9

DPR (from storage)

Es IF MODE = 5
GO TO 5

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

return in mode 4 causes
stored values to be uséd)

G. IF MODE = 3,
GO TO 3

Hp Execution 1,2,&,5 3,9

I. IF MODE = 1 |

GO TO 1
J. Set IPR, DPR = loeal 2,3,4,5 1,9
—  variables
K. Information
Set JIPR, JDPR, (fixed) 2,3,4,5,9
1[L. Return } 1,2,3,4,5,9
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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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I~
Writing and Ineotpofating a new 0P -

All of the foregoing structure except the execution step has been
preprogrammed in MADTRN. B¢ § and DP( 5 are ‘used as 1ocai varigbles for
eacH OP, THe exBeution step- “has: baeareittaet!a and ﬂlaeeé #t the end for
easy conptrﬁction, Cantrol is trannfcrted to, it (ataiement 5 CONTINUE)
at the proper time. You complete the patch by t¥mhs€es¥ing control to
7 (GO TO 7) at the, end.of the,execution, step, whigh you vrite.

A. Construct common forms to sult your needs.

1. Start by EDfTing one of Ehé'following forms from COMFIL 1
{or build your. ewn in-MADTRN, MAD or FAP if desirgd*)
a. BFORM MADTRN for Both integer and decimal variables.
b. IFORM MADTRN for Integers oniy. | ‘
P

c.  DFORM MADTRN fof Decimals only.
d.  NFORM MADTﬁﬁ‘fprigg_yifiaii;s‘hﬁ,ail;f .

2. . Insert additiopal DIMENBIOK, statements in lines 41 to 59
vith the common elements first, .

3. a. 1insert additionai éﬁﬁﬂﬁﬁ statements in lines 91 to 99.

b. Modify and recémpile CUﬁHA? to agree. Bee "Updating
of CU%MA

4, Flle as §3utﬂbwnﬁf@ﬁﬁ{fétusﬁﬁéeqpegtHQSe.
B. Bulld the ob S
- 1. Edit a suitable common form, constructed as above,

2.  Change 1ige. 10 to rea& ﬁuﬁROUtiﬁﬁ OﬁXg whete the XX is
your OPF numbér. Normally, use numbers between 20 and 90.

3. Change line 20)£o'read’fduruﬁéméwandufhe'daté (of most
recent change).

*Alternatively, the shorter FORM MADTRN or FORM FAP (also in CdMFiL 1)
‘may be used as -a basic beginning in whichsmess:the programmer would build
his own structure and use only part C of these instructions.
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Update dimengigng.-of 1P apnd DP on line 50 if desired--
these were set at 10 each initially. The dimensions must
be changed if JIPR or JDPR exceed the values in the
common form.

Set JIPR and JDPR on lines 100 and 110.ﬁf1J'

Add formats. for, priuting .guide lines*.on:.line 560 and for .
_reading IPRs and/or DPRg on lines 570/580 if needed.
-Standard formats’ will compile 1f noi changed bﬁt ‘will

not vead. inputs. - .-, Do Cerre . ;

Construct the execution ﬁérﬁhof*tﬁe7EP:sfaf€in§‘at
location 600 in either msnual or automatic nooe.

Wt

Finish with statements GO TO 7 and END

File OPXX MADTRN (or MAD or FAP) ‘where the- XX is the number
of the OP.

C. Compile and Incorporate

1.

MADTRN (or MAD or FAP) OPXX

Delete OPXX MAD (unless writing in MAD)q OPXX MADTAB and
OPXX SYMTB  (if hsing FAP).

" “Load the new*CﬁHMA? First," followed by the- ‘0PS package

(containing SYS and- ALLG?‘), and“then your' personal OFs.
The reasons for this sequence are as follows

a. All the COMMON storage required in any of the OPM
© ' mast appeHr in the" proéran ioaded first

b. CALLOP in the OFS package defines all OP numbers
from' 0 to 99% if you load“thé ‘BFS “padkage after your
personal OP's then your OP% will be replaced by the
dummy definitions of CALLOP. “

" BSS files may be combined for easieér loading by using the

COMBIN* command. Be sure to use the * since resequencing

"..':icl:o*b’bers"the B8s mstructtons ("Sée"ﬁg. iy

Do all_this on your own number; not in COMFIL!

*Guide lines cue the human as to the confentsnandnpositioning of
the next console input.

ey
P

*'ksee mapte'r Iv. for sn autmcic way to psrfsm chsss stsps uung&ors-d.

ST o R R S e SR S R e

e T
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D. 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

;must, be buffered from the pargmeters typed in at,the comsole and
‘the parameters that are (possibly) located in the IPR and/or
- ' DPR-¥ists-80 that-all of theroptions assdeiatéd with the six '
modes can be performed. It is convenient to use the following
definitions:
; "1. LOCAL VARIABLES: the values of an OP's parameters
whe - 8ctpally used during execution. .

2. TYPED PARAMETERS: the values entered at the consolé. -

3. STORAGE PARAMETERS: the valueb already in IPR‘°and DPR
: storage. !

Using these aefinitions, here is what happens in each mode:

- Mode 1 - The TYPED PARAMETERS are placed only in the LOCAL
1 soi e ot VARZABLES dandithe»OP is axécuted. - 0 ool

- | Mode 2 - The TYPED PARAMETERS are placed both in the LOCAL’
VARIABLES and the OP's STORAGE PAR&METERS;ggd the OP
is executed. : BN ;

Mode 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 or 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 usg the STORAGE PARAMETERS, he hits
c.r. The TYPED PARAMETERS must not 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.
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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 KOP,100,3,0,

COMSET MODE,0,0,0

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

before the line

MAX PZE N
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Bervice Subreytines .

Several sybroubings are used by OF; 1§ fo.ratxieve. and sters:infop-
mation ip.GOMMON, These subroutines gap he uged: by-any operator. We .
will deacribe the affect and-the-calling:ssquence far.each of these .

routines below: v U Telhpeliet res o Tesa ooan it Ry

3 et

CALL: @BT{L;%,d,K). vetrieyms.the (1,J,K)th. elenant oiwth¢=Ltb=1innwof
COMMON+ .~ 1 -plasces:the contanga of the-cell vefovanped in a.xppdster:
called EXCH. o R T Rt R T I B TR URY % IR SR

CALL-RUT(LpL,J¢K) places. the: contents.of the BXCH vegintex inge the

(1,1,K)th plemant-of ghe Lth-iing.of GOMEON, . A e
" GALL“LECAY“Pladed tHe contents’ az ‘& in? ene»nxea vagistay:

) GALL KE(A) plaeeu the contante of thn EXOH rezister in A.,:”:‘

- an..\ N "_wv K}
)

i

GALL GEILSI(L.I,J) rlqcsn the, evntgstnﬂss -khe Jkb rsrnmecnr*iigsesen

parameter if I=0, decimal pavameter-AfiIml). of the Lth }3n9:o§gsh9§KQPwydaaﬁ
list ip EXCH. i AT I IS A B R X S LA SIS I S e LA

CALL PUTLAT(L,1,J) places the'cofitentd of°thi ERCH register into - -
the position 6f the Jth integst (Y*ﬂ? or devimiloq1sl): pdriﬂdtér of ﬁhe SRR

[N .

Lth line 6f the ROP 1det. =~ o7 Ihies oolie oo ba

The function OCTALF(I) has a value which 13 the octal equivalcnt of

the BCD number in 1.
These subroutines are available for use by any operator.

Note: 1If one gets a parameter from the DPR (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 convert X to an integer.

Thus I looks like a very strange integer.
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N

Creation and Conténts of Combined ‘8#8S Files

The 'CTSS ‘opér&tor COMBIN '*°R BSS-Y Z<AY;'. | “has ‘the éffect of
combining thé-£¥}es Y B8S, 2 BES, A BSS, v |7} undef tHé name ¥ Bs§: -+’
This feat@ire is:uséd: to ‘Make- Et-eRsidwito-load progrdama’(onty- a“’few e&m-“f ’
bined files, replacing many individual files). i e

TOThe- £156 SYSBSS, ‘For"exampld; contulns®AKINGP BSS] - PALLER BES, -
READOP BSS;<PARAMS BSS; SERVIC BSS.°°TRe’CARLOM:886°and ‘SERVIC BSS" £iléy

are themselves combinations of further individual files.

“Wé HdVé é8edbitshéd the procedird vE ddting eéacH FAP and MADTRN -
file. It is impossible, however; ‘to'ddte the/BS8 £iles £6r afy ‘séch infor<’
mation would causeﬁthem ﬁOvopepateﬂincorrggglg.,qugwthgg5§gapeg,;wevhave
established the procedure of creeting files yithusuch n:?e?cas%§g§ gﬁcg.

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

'witnﬁﬂﬁdéiériptich*oﬁ tHe e¢ontents’df SYB.” 'PACT-Piles’will usudily’ -

appear “only 'for filés for which®no MADTRN st AP Pile ‘éxtsts. In'a>féw

cases, however, it is necessary to point out some peripheral facts;-and

one will.appear-in these.casesy, For example CALLOP FAP is:the routine.

which does.the.calling of epexators.  CALLQP B§S, however,.is.a combination

of this file and one called SUBCAL FAP, and thus the f£ile: GALIQR FACT. = .

appears, and makes note of this fact. Should the user wish a part but
‘Erl‘

not all, of some combined file he must cop& each part from the COMFIL -

and combine them under his own number.

[N
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Error Conditions in SﬁSfoutiﬂéé

This nate ‘has two purposes. 1) to exylain the bphavior of QRS when’,

certain error conditiond arise, and 2) to give the user a method for (
vv(—.l "Jk}l"‘f %

: handling error conditions within his ovn subroutines.“

RS o '._. h ‘1 o ) GRS R
If we have a subroutine which 15 Common to several oper§to;s (such
as GET, etc., which is common to OP 16 and op 15 and otherszf and an

TR Y -

error condition arises which is uncorrectable within the subroutine, then
we have & problem becguss if we Fetry €0 the ¢aliing” operacof”it vﬂl
behave as though the subroutine had epersted roperty. T¢' get around
this problmh we have established & ré%urn taéﬁ&THQW‘without incrementing -
any :pniamrs ragardkess of m Tl TRE s A ;
To ‘use this error routine simply GALLVRETRH Qontqgl w111 pass to"

Jmanisc o

RETRN' twhiéh is actually part of CALLG?) where we will tept modp. Iﬁ ip

gl gy s RSB A

mode 1, control simply panses back to MAIHO?. If in sqme Q;her mode, ve
first decrement LKOP in anticipation of MAIﬂbP s incraaanting it, In all
cases we aat JIPR,: TAPN and! TWOP o zevd. Whits vhﬁt‘evet‘ the mcde, we

return to MATNOP vithiee chenglag wm&u&f S
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Varxable Numbers of Parameters

......

i

For certain operators it 1is necesgary that the nu%ber‘og grameters

be varlable (i e., op's 91 and 99 described in Chapter V). Gextain ...
Tdam aoards swin gL AR ‘

problems, however are created by this and tb;s note w%ll_et%sgg% %ﬂiébf*”

ooy AW e ndfiIw 23083 LEE

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

i - s Pifys wmyl
WS- R [C N B UER v U RS 1a e AN fid

“In mode f a variable number of parameters c1ear¥7 creates ng pr,o,blemu

; e 01§ 3 TIOITINR0 S
since the parameters are only used locally.

. . N T L
Pnrer alon Ly ovepnfies B ONMGLSW S9nf e ra Dl
s # ‘

135 *» BT A it e ,::vv‘

In modes 4 3”and-ﬁ; e are reed&ag the paramaters from the console,
and té}}s;?’ﬁ accept however pany Are:Aptexed .. The. one restription on these
modes igghatifwe are wgiting in the middle .off an QP se sust del careful:’
not to enter more parameters than there is spage.:. Bhus 4if:we: erromeously .

enter 7 parameters for an operator on line 5, weﬁmay goiback (?ey“vnep we

A 204D {J mIz ol 3 126 o B Y ERGR

are Yiow on' lfne 10) and enter six parame%;rs o? line 5, but we may np:‘mrﬁé
4 ira aw stnow (F0LIAD 1o 31Eg \f* e

correct it to eight parametera. If we need‘?ight perlmeters, ve must I —

i AT AN et dng g82888y ‘»{_r "’*.(1

return'to 1ine 5 and continue from there. o o
fivc =1 PR T L HRTE Tl SEUOETAN To onuldn 5,5'3 RS FOE TGaT dnamadnas

In mode 5, the rout,j.ne must know, hov; many: pREAmeter s #TE used by -
the OP It can find this out, by. 4%{@@%“&%2 Pr3) mnd: ¢
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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NO OP (OP 00)

Purgose

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+1,2) - KOP(LKOP,2)
JDPR KOP (LKOP+1,3) - KOP(LKOP,3)
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PRINT KOP (OP 10)

Purgose

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, to N2-1 in KOP 1list.

1



N

;3,30 5/15/64

LOOP (OPs 11 and 12)

Thess two OPkog¥ovide g meund Sd¢ gontvedied: Fepeeibish-of dny
sequefi¢e 6fyothef :GR'8i0 THeir éwistenda-nliédy 168radion 8f skstugs of
O'y,and further grovides gn indeving paremeter (INDBX).wbigh paybe
referred to or dltered, by the OF's of the sgquspsa,..By yiztue of the
nesting feature, the LOOP OP themselves may be elements of the sequence
of other LOOP OP'a OP 11 is used to initiate a loop, and OP 12 to

terminate the range of the loop's sequence.

—--L_Put 058 T S e e w3 oLmad DD ow 20Dl mooius oum ol

Parameters used by OPS 11 and 12

1. A one-digit integer to designate which of nine 1 x 4 arrays in
common is to be used in the loop defined by OP 11 at the beginning
and OP 12 at the end. The nine arrays allow loops to be nested
nine deep.

INDEX{1,1) is the actual value of the index i.

INDEX(1,2) 1is the highest value index i shall be permitted to take.

INDEX(1,3) 1is the incremental step by which index i is altered
during each cycle,

INDEX(1,4) 1is reserved for internal bookkeeping, and refers to

the range of the loop. INDEX(i,4) should never be
used by a programmer, tor need it be.

2, The starting value of the loop index.

3. The highest value of the loop index to be permitted.
Note: This value may hever be attained if the increment is
greater than 1, but in no case will it be exceeded.
%4, The amount the index is to be incremented during each loop.
{This is set equal to one if read in as zero.)

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 0P 11.
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Operation
1. Specify OP's and read in parameters while in mode 3.

2, During execution, the OP% 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.



SEYEINE Y. %0 5/15/64

| (OP% 13 g:g% [gonizheol to 9Gy7

v

- e mt

-

P
i

o ¥
ER- 4R B A . N P s 3 .

Objectives

OP 13 and 14 aré umstXo mohtral .the .saquence in which aoperators are
executed in a KOP. OP Y wausew control to .cenditianally bwanch to the
OP 14 which has the samm¥§ust:parameter.. Any number .of OF I3's may

ranch to the samg OP .14. . . R
bran hjaa e‘mb%*«.\w * ‘.rPs ;14.(3'_.“;;9:: {ig svs & 38V 07 gnildnlog ayadsnsisg ond i.

Parameters used by OP 13 K Jemat o2 Felps

S-S5 A (R <1 SO A

1. & /so«dighti Nekegeni betwenn 5D amil 30 vis§dls g twew tthes ol aoakd oai -
in a single dimension array in common, ISAT, which contains the
LKOP of an OP 14 so that OP 13 knows where to branch.

2. Parameters required by GET routine to retrieve the contents of
a location in common. The contents of this location will be
referred to below as Var 1.

3. Another set of parameters required by the GET routine. The
contents of this location will be referred to below as Var 2.

4. The type of conditional branch.

Parameters used by OP 14

1. A two-digit integer between 1 and 30 vwhich specifies the loca-
tion in a single dimension array in commen, ISAT, in which the
LKOP of this OP 14 will be placed.

Operation of OPS 13 and 14

1. If all parameters are zero except the location in ISAT, OP 13
executes an unconditional branch to the OPF 14 which has the
same first parsmeters as this OP 13.

2. Otherwise, OP 13 executes & branch to the OP 14 with the same
first parsmeter when the type of conditional branch is satisfied.




Type of Conditional Branch

E- - -0 .

NE - -1
L--2

LE - -3 . . ..
G--4. ..
GE - -5 .

3.41

Relationship of

5/15/64

Var 1 to Var 2

. . . Varl = Var

. Varl # Var

. Var
. Var
. « « Var

. . Var

If the parameters pointing to Var 2 are all

equal to zero.

1< Var
ISVar
1> Var
12Var

N NN

zero, Var 2 will be set

The only parameter called for by OP 14 is the location in ISAT.
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Purpose iv ’
0B.15.is a wutility opeyationm:of the OPS System, which allows the

R SR SRR TN A X1
T I P SRt

user to look at the cqntents .of:amy single cell in COMMON storage and to
change the contents, if desired.l The cell in GOMHGN storage can be in
the data base, i‘ncluding the KDP md paruetet ust.s. . All cell locas

>

tions can also be specified by indirectly addressing the particular OP
i sy oand oyo Loed I
of interest. S : N o
As presently written, OP 15 is abLe ta. deal with only one cell or
word of COMMON storage at a time. In the future:.if may he.desirable to

provide for printing and possible (selective) modiflcation of blocks of

ITRI IS S LR T s S e
COMMON storage at one time. It would also be advantageous to address a
AAE b 1

line of the KOP relative to this OP 15 when it ‘is being used.
sogr i, eyt {»’C‘V 3»}, NI Be

Description of Parameters

T L AT ;
R A P

gatde .bineg will be printed as shewn belew when OP.L5 i{s. called in
modes'1 ‘to & ‘Inclugive. This is'd reqﬁ&ﬁt fdﬁ" tha i‘iye integet ‘parameters
which OP 15 requires: CODE, LINE, "SUBSGRIPT I, sunscatPr J, and SUBSCRIPT K.

1-FIX DIR, 2-FLT DIR, 3 -FIX IND, 4 FZT IND

Mser types:. XXk EXX: XXK xxx

FiVe Integer Parggeter

-

ifiwf/f’I*' ”CODE 1ndicates both the type of data being addressed and
o ~ the method of addressing.‘ As liated in the first line of
the guide lines, the alternative values of CODE are:

1--direct addressing; integer data
- 2-i8irect addressing; decimal daed
3--indirect addressing; integer data

‘h--indirect addressing] decimal data




SRR L e b ey S i m.«g, fem 6’ e m’*»v\%’k"m R e e T S e e e g T e
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Direct Addreasigg; pkiﬁijgaggrggs égdressing

2%  LINE of COMMON storage LINE of KOP which contains
being addressed (see the OP whose IPR or DPR ;
MAP MADTRN or MAP FAP) parameter is being studied.- Rl

Hwvaian s e madeve BO0 0 Tophgg g ugie dlédol‘&té Finé lof
Lioprr SRR 0D T Ll ikL vpePl mob pEl#eLeEs 16 duol o e

dOTEs 3 S Wi onl ciasn i arit Lo
3 SSI is the value of Relative location in the
SCREN I s PR, 30 o DLkt LirE domrnn i
. 1 in ARRAY(I J K) selected OP’s plrameter
o FLUE RFRIE ; Powgs sd saic oR0 oweoid

I£ T is1 or the cell  1iat.’ (A or carriage ‘
;1‘31L i
being addressed is not return will be set to 1 by

: L““ah“éfriY;“Zéfdﬁofjoﬁéd“ “ehe fOR 155y i v i ey s
¢3 ndBfieadogn be‘used ridogr GaL T st RO T Lo

|

o SSJ is the value of ’*f”’(naé‘oééﬁ)””g :

ks G L4 en Y ompode PN
J in ARRAY(I J K)
PR LE- NER ER RV 4 11 cadw J0 i odad ocs meideles v s o Y

5 SSK is the value of (not used)h
K in ARRAY(Z,J,K)

i kOniy Ehe -Pirgtvtwelefitries-are medddtary. (1f-thendddpésesd
ws-variable is; nogWQimensiggg% ghgna;hegﬁTtwo,pgrgmetera ¢an be .

‘entered followed by a carr age return.

Rl LTl I pekureny OO0 U AL e

One Decimal Parameter
T e

ERETRET T

S

AR a5a T STET T iy
£ w FT "\e n

OP 15 can be used in modea 4 and $7to" automatically initialize,
re-initialize, or change a data ‘word -iA~<GOMMON stérage by-putting
the new value of the specified word in theepggaligt a8, QB,lS'a;Qne

DPR parameter. This parameter be it integer or decimal vhen used
LR A I RO caud sadgo ol BUOD T

1s always stored ih decimal form an&'ﬁﬂst be entered on the console
TuEloown i oL owil osA 0 Lepssveabbls Yo borddam adl

' in decimal form.

M Tty Sigeovanie B wsid bive e
Operation of OP 15
SURL Ll mdnt L aeinrowhion Lo e

To clarify terms in the: degeription by.mode, the fgllowing definitions
are given: '

won Vi bt ;L‘ . EE i Y AR I e

VARIABLE: the cell Pr. word, gnecouuoy SFOI§SG being referenced
by thls particuiar OP 15 for inapection and/or
possible modification.
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VALUE OF THE o ,
VARIABLE: (PARAM VALUE, STGRAGE VALUE, NEW VALUE)

.When speaking of the value of the wvariable we must
spacify where -~ .in the parameter set, in COMMON
storage, or being read from the console.

PARAMETER SET: (REFERENCE, PARAM VALUE)

The six pavameters asaaciated with thisg parcieular

oP 15.

REFERBNCE: the five integer parameters wh;ph;séacify the
location of the VARIABLE in COMMON storage.

PARAM VALUE; the one deciﬁal parémétéf'which is needed to facili-

tate the automatic execution of OP 15 in modes 4 and
5. It 18 uysed- to reset the. BTORAGE VALUE of the
variable.

STORAGE VALUE: the value of the rq@gpahgadjvhnlABLE_iaxCQMMDN

NEW VALUE:

storage. This is !ihﬁSSﬂﬂgsdgto repreaent the
current value at the time this partiecular OP 15
18 encountered ar when the .inquiry is made.

that value of the VARIABIE'which is read from the
cansole (as typed hy the wuser).

All modes prior to exit will set JiPR ==='5, and,JbPR %tl.

MODE 1:

OP 15 will print out the guide lings as shown above and
read from the consgle the REFERENCE paramgters. If a
carriage return ig given control will be relegased from
OP 15 (i.e., RETURN is given).

The STORAGE VALUE of tha variabln on-rcferanped will be
printed on the console.

OP 15 now asks for a NEW VALHE té be typp§ §n,the console.
It must be typed with da@imal peint . ggﬁggg}ggs of the
aacification i ] L. pacrameter ... I it is to be an

‘integer,'ths OP 15 will make the .nesessary cpnversion. This

conversion removes the necessity of typing in redundant
leading zeros.

The value so typed will replace the STORAGE VALUE of the
variable,

If a carriage return is given no change will be made to
the STORAGE VALUE of the variable.



MODE 2:

MODE 3:-

‘MODE 4: -

MODE 5:

' 2 the REFERENOR parsmeters.  NofHing
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As mode 1 except that the REFERENCE parameters w‘lll also
be entered into the KOP list of th¥s particulat’OP 5 and
the ‘PARAM VALUE of the varfable W1l Be set equal to the
NEW VALUE ¢ one ‘is typed on -the consél¥e, or it will be
et edqual to ‘the STORAGE VALUE if d ‘carriage return is
given. ]
H U HE S E HRTHML S
As in mode 2 except that’ the STORAGE V&LUE of the variable
is left unchanged (this is the no éxecution feature of
this mode). As before, the PARAM VALUE of the var1ab1e
will be' gét’ equal to ‘the NEW VAEDE 1if bne is ¥ s
- the consdle, or it will be sef équaT to the STORAGE VALUE
if a carriage return is given

T” - s

‘The REFERENCE parameters, hav‘tng prev'iously been set, are

- printed ‘bn ‘the cosole immediately {following the guide
lines. If a new REFERENCE is typéd it will replace
the old one in the KOP parameter list for this particular

“0P 15, If a cda¥viage re’tu’rn 18" gfvw ‘no ‘dhitfpe WL be

made: in the REFERENCE. - il
Note: ' If d chatige is' to be mad'e 'all* !I»Ve of the parameters

‘must be retypéd on the consvle.

‘The STORAGE VALUE and PARAM -VARUE of the variable so ~ -
referenced will be typed on the consslé and OP 15 will
then ask for a NEW VALUE of the variable to be typed on
the COﬂ’éOI‘G‘ . fiwn ol e lia 2aln

‘" The value ‘86 typed (with dec¢imal point--dee Mbde D_Zﬂ'{l
- replate ‘both the @rORAG‘E VALUE am The mm VALUE of the

Syariables - : ViR i

If a carriage return is giveni the PARAM VALUE will replace

> thé BTORAGE VATUE of t‘zhe VAR

In this automatic KOP execution mode the only action taken
when' 0P 15 1s encountered ‘14 thdt “the BTORAGE' VALUE is
‘replacéd Dy the PARAM VALUE -of the ﬂfi'i%‘le Jﬁeferenced by
Hing s P if on the console.
This ac%frm might bé useful :En ébﬂie"*'form@ ﬁt"initialization

i
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MOVE (0P 16)

Purpose
" The” purpbse of MOVE 1s to allow one to mdvé'any“tell ' cummun B

storage to any other common locationm.

Use

}EQEhAGEriéhfe hﬁﬂietriyvin‘commoﬁ}té eiifﬁﬁhd”hEiiﬁé'n&hﬁif“fdf
external notatibn " These ‘are assigﬁéd’in brdif‘ Fie., 1=KOP. ZHTPR,
3=DPR, . . . etc. We would refer to KOP(62,2) as 01,62,02;00 ahd MODE as

9,0,04@& . . T e dmen i

This operator has eight integer'ﬁaramﬁtetu

Reterences may be made directly to a comnan cell or indirectly i
through the pointer list to the IPR or DfR Such a reference is ‘made
relative o the cdrrenthiKDP and téked‘thé”beIGQth“fnfm ' '

CRELAT, WRR,CINGR T U Tt T embaroelae e
which references the INCRER parame weter of tite TPR(XPRE0) or DPR(XPR<1)

of the (ILKOPHRELAT)th line of the operator list.®-

- Bntering the’ ‘operator cause s khe masasge FROM LINE (I, J,K) CAR. -
RET. FOR PARAM to be typed If a direct reférence fs desiréd we type
the lime nimiber: and as many: indicies a&. RLCRANITY If we. &ish to make
a relative reference we carriage return and the wEdsage 0
RELAT, O=IFR -1=DPFR, INCR. is typed. -Then we &Lype in the
parameters indicated abpve

After completing either of these procedutes, the process is repeated
for the receiving location The message TO LINE (I J K) CAR. RET FOR PARAM

is typed and similar entries made.

N

*Relative references forward (RELAT>0) will not be executed properly
in the CREATE AND EXECUTE mode.
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Writing KOP, onto Tape (OP 17)
Purpose s

OP 17.¥rites a KOR, with associated integer and decimal parsmeters,
onto a simulated tape.

Operation

R TI
et

The usgr; is. asked to gpecify the number. of the KOP, the line number

e, I

of the firat OP in the pew KQP, and the line nupber, of the lasgt OP which

iS .’lto.rtbg‘} inc,luded' A SR S P A IR s il food i

PO TN e
IR Y L B v sl - B 4 PR 4

If the first line number is not specified, the number 01 is autio-:. © °

matically assigned; if the endi};& lj,ne IMQP#I i,s not specif}ed it is

assigned at execution time and will be the line number of the OP imed-
SDAMT 90 s niT DaDo

iately preceding the OP 17 being executed'.

DG n o AS T ads o deilosurnalce st doiand

Once the beginni.ng W egd,itgg li,nes of the &0}’ listd as well as its
number N, have been determined, OP 17 deletes frqm,tlkxe ,ﬁipk ,f,ile any

file .TAPE. N It then.mxites 5 quantit;ies onzto

1. The number of OP's which are o -be included in ithe mew KOP.

2, “~JTHe number “of iﬁtege:r' sparameter s ‘assoc iated mitle the O0P's: being
... ipcludad .in the KOP, .. L

53, * ‘Thé number of flogting poimt parmhters.msmhmed: with: the -
OP§ being inclqded An the KOP. . -

B CETT O et ol ik

Cer ey e

4. * Thé- integer peinter of the: first OP .6f the ‘flew XOP..

5. The floating point pointer of the first OF of the new KOP. ™

These five quantities are used when the KOP is réhd 'back into ‘the

R # ¢ . 5 L Lraltenal onieiscey w0 ol

. computer by OP 18.

EREHEENC I B S DA ST gl

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

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

- o T s N Domgiipe cy L mn oy g S
: ; SR S I A B R 0 Bt A A ER R

R L R N e L I SUID S M

)

I
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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.



R
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-Reading KOP from Tape (OP 18) =~ ' [ S AT -3
CEET QUM TTOUE cunoomay nlc L0 28973 31 bsisine 21 VI S0 pand
oy WENE R omm ooy sa3 ok dueal elseqxs T EE IWIG P i d
Purpose i o
Phiw G a3Eme sup a¥admog o and: owd ad?l b cberlicowge »d Lezmm rsdoun
OP 18 reads the KOP back into the comput ks for the b . o
~s8y end _sbow sinsss i3 ol avre uovy 35 §G s gen?‘;gq (?u% ?;jaag aty
the K for the lin on which th K
of € OP-fcgn %xi br*ﬁ;e {0 111 e OP'n;ig?tlo”?ebﬁejOJ-i 58 &I}g fo{ﬂc”ﬂﬂ e ’I‘-J'
first line of exgggt%on. wI.‘fwncidlw@,tfemgl‘xlmbegmiggsi en,ns%% gg%gga%qggég%%sujjrjq
the KOP is to be read in starting with line 1. e e e
VARY UBMAY, s it s b 0053581

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 must 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, EXECUTION 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; 1if 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 & or 5, execution would
continue with line 5 (line 24 of the KOP list) of the KOP which had just

been read in.
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END OP (OP 19)

Purpose

The purpose of the operator is to provide an automatic termination
for KOP's, 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=0.

4, If mode is 3 or 9 OP is not executed.
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Chapter IV
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CISS OPERATORS

by

_ David Ness

T oasliqmen cos of (1w ot

In building up a system from the standard OPS base, the user programs
new operators and modifies old ones. He may also want to alter his-map> i:
of coishén st8ragd, and péfforn'dthet dceivities %ﬂi!y»aféhfa SeHE: o
jurisdiction of the time-sharing seperviadri:  =Iil Tugol odd Ge wwes s n

For some purposes, it is convenient to be able to do these things

fxfj 5B x‘
as though by operatora of the user s system; that is, without returniiig ™ e
: : T o 3 £ ax%}amﬁxzq g1t niieido SQ9G
control}_ ;o CTSS.“ T‘ne follm 1n set of opetatoru gives the ‘user this

TR rpea AW Chwiasmats 2ETD g3 ER I P
ability for ny CTSS comand. These operatorc were rogramed before the
i A IUE INFBIWD S0 1 spneunds tugnd o241 lo bne adt te batuas &l
RUNCOH camand of CISS was avaﬂ.able.
™ sops vl onotisliymes ol sl 3dx 1o nolis torns o Cr oo wfis
N I N R L ey j;._[ji,l’:};.;);) gt o0 Do v Beed 3
N & T bt T S IR IO SRSt 5 ENST U3t B SSU LN o
Lot
4 I A ¥ B e 311 Z ¢ f
K o i s b TG ¢ - jo%
Lot ¥ |
AN
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0P96: Input and Compile

LI BTN DR

Purpose o )
Inputs a file and compiles it iﬁéd ;;;ﬁine code. The sequence is
automatic.
i o : R TS T T 1T SURFIP SR S g
Parameters. - - .: Coner e b wn M Lsape D sebiibom bun oonds
Two integes. (actually BGD) P‘ram¢t3r§§n the- ciqaa es thenéqaut g*}‘w@
and the name of the input file (1ny§hlgﬁggq§r)ﬁ;2,wiw .

Lo

Ogeration f‘

’v.l
3ot

0P96 obtains its parameters either from the con?ole Qr from ihe IPRUJ oy
Lo siopilot ads s olere

list. It then executesﬂfhe CTSS command, INPU% bWhen the FILE command
: ! ; FeTna opsd nnmmos 2Tl yn Gl oy abid
is executed at the end of the input sequence, “the operator automntically

efaeiiave esw 28TD 3o brsmmor MO A

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.

Note
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.

S B N NSNS CR R WP S SE
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QP97: Edit and Compile

Purpose

Edits a file and compiles it into machine code.

Parameters and QOperation

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 0OP96.
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OP99: System Load

Purpose

Loads new operators, etc., without leaving OPS. CRRLIER

o HEE L i ’*;AL;A Wl aTER v : :

Parameters

Varlable number of integer (actually BCD) Paramet; ;;x
are the BCD names of the files to be loaded.™"’ 74577 t¥4l 7l tad

s imeer ooa b

Operation

Loads COMMAP, SYS, ALLOP and any other files indicated as Parameters i

MAN cBLIT ST

The sequence is as follows:
1. Get names of files other than COMMAP, SYS, and ALLOP from the
console or from the IPR 2k
CTEST4 COMMAP SYS ALLOP and the indicated files - |
START (i.e. execute a START command).

Guide Lines

TYPE NAMES OF OP'S. User types a line of BSS file names. For
example typing the line "OP92 ABC OP91 XYS8" would cause COMMAP, SYS,
ALLOP, 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

common.
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TR S BT L - SCRT

OP93: ﬁefine Own Common

e
A R

Purpose L ,“),,
MDA SR B ST R I ST
Eliminates the necessity of the user's conatantly modifying his COMMAP

Parameters and Mode

!

AR T a7 Al Boora J SR U £ TR RIS B0 Fot as:—. il € fo
OP93 is executed regardless of mode "and thus it does not change the

IPR in any way.

IR AL
- ‘- - '...'.’.}..._J,_,va;f’.
B AROY Fo ome o e Goomaarieey Swrld tpaca s TV ND g Tondayannt
Operation
(-tz;, nJux' Ly ,b' WIS A XS

- Allows the user to extend his common map. It does “this by creating
a file called OWNCOM FAP which is the map of the user's own common area

L1~"~

(i.e. his extension to _system common) o o o o
LUUST g en GRa 3k Gpevicl i ERU IR S D AP P A L R G DRl s UL T
CREATE COMMON: NAME,I,J,K CR £ 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 common

(in that order) we would type:

A,26,3,4

X,0,0,0

¥,0,0,0

(carriage return)

Note
When QP93 is executed a new definition of user common is made.
Nothing of previous definitions (except system common) remains. OP89

can be used to extend common by adding to the current OWNCOM file.
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0P89: Extend Own Common

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 common are

extended, not begun again.

Guide Lines

EXTEND COMMON: NAME,I,J,K CR # CR. User input is same as in OP93.-:
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LRy

0P92: Incorpoidte Own Comson =

L
(RSS!

Purpose 2ET A e
Incorporates a common map writted by oP93°(i.e.%ts éreite rhe B8 ™
version of COMMAP with the user's own common).

- . I . . Sy - o - N -~ . N i i I .
o ¥ con i chy 0 wi o atas) Taas i 10 ool chdu

Parameters and Mode o P L

OP92 has no parametersdandoﬁeta%es(1iké0?9§) Fegitdliess of modd. *

Ogeration gl isagl
Aasem‘bles ‘the File COMMAP FAP with’ OWNCOM Fip” i,ncb{’ ‘f*ii‘.ed ‘delétes

the SYMTB file created and returns cohfi'oij%b BES: 1t agés nbf gut&ﬁhd“ e

cally load the new version.

Guide Lines

FAP ENTERED 10 DRFINE’ COM%ﬁ ‘I'here is maa ‘iér” ‘fﬁput. S
Note
If OP92 is executed with no OWNCOM FAP preaent, it first creates a 2dgues
blank 6&)}3(}0}(. *L drraaecvy ooy 2@ REVE Loo Uiy me 2T ol e oAl
E e Sh vl e Do Bluoe 2o iy
I N ¢ & ‘\ .
LRl b mET i e o “, L



£ R e o L e B i
4.50 8/27/64
0OP98: Combine Bssﬁg%; 8 ..
Purpose
Combines any BSS files (used fo create ALLOP). .
Parameters

Variable number of integer (actually BCD) parameters. Thege para-

meters arg the BCD names of the files to _be combined, H,:wr ﬁ

I AR ]

Operation

Requegte the pame of the, combingd £ile apd, ngmes of the files to be"«
combined.into this file, It autgmatically sets up and e”°“‘°' s 0185

> B
COMBIN operation.

Guide Lines
ENTER NEWNAME THEN A;ngpp CQ§B§§§91 Ug&gg&gpggzgpﬁ Rew pame. and

the names of all files to be combined under that name.

Example : S

VWO o oty D e

I
o

To add the files 0P27 BSS and SUBR BSS to our present ALLOP we woqldw}ﬁi,‘

type "ALLOP ALLOP OP27 SUBR" which would combine under the name ALLOP the
files ALLOP (the old one) OP27 and SUBR.

Note
This OP can only be used with BSS files.
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0P91: CTSS Command”

Purpose : BROY I
Allows ‘access within OP§ to ‘any ‘c18s dommdnd. v Teaw i avel s

Parameters
Vhriable numbet of integgr (actuaiiy fCDf #ﬁn&té

meter is a singlew;ord"bf a:CTSSEJITOnni (1n33é§ﬁegggi.‘3ﬂﬁﬂ

Cwofed baaisfoxs) fiws Yo' o garromah aynneiing

Operation
Reada in one line of information which it expects to be a CTSS

R, i \ b4 Ex e e [ SN PVl B4 P 5
{00 DNYAM Gaar B oasiasys Ddus {(OSYAM 2.4) BmEa o phoal
5\ H AR Mik ALY B DR B O
operator. It then executes thls operaior. e
wha ruiloedy vl Bugooah et wevt o silen add Yo 1 Lo nlnon o
i SFaTIanvesr tr ign vonovs a4t vd besonebn Flio sdd ot 3o dhmpYES o

Guide Lines

SN —p———
i e_}, by 1+ RS B
CISS LINE. User types one 1ine éf i "in the otial’Crhs fastiidn,
4 SO L u"‘? sideiisve wd Filw 113 2147 avods
Example
abigl
If we were to type :RENAME OP27 MADTRN OP28 MADTRN" we would exeéﬁﬁé-»wmm~
Frin nooyl wsall EGMAGL D0 Tl AT
the rename command without 1eaving o%s. :
BT R A S 42V I Doy o ChRaiggrs anikned alsl savs st T 3raes
o7 s oans ] Tt ddame e EE N T
r ; " . IR I I O e > i Ly 33
ST T et s L e s el agigs on s vam aul Ll 3l ge oiged
5 iy R i A TR s Lidw Yoisven
.o - iy i 5 safae o
F gr T : IR ¥ & . ¢ f 10 ! Tisd arl by nirss
K R A g e o IR TN T o ; 3 i
e T B T ST 4 3 4 PRI PSR
H A L
TN
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0OP95: Write Comgqgﬁé:eggqg D%?%Tn

Purpose
Allows the user to write gny part qi the _common area into a file. _
Y mrrttw peas < A A
Parameters

Nine jnteger (one of which is actuslly BCD) parameters. They are'” B

b<]

(in order) one BCD name, four integega deneting "frem" cell and four
TR ONRLGSS ) OIBMMAGD 4ol & Yo byow slecir s o2l 3o

integers denoting ''to" cell (gxﬁlained below).

Operation = . ' C inrnia s e
Reads a name (e.g. MAY20) and creat?gfaq51%§d n:ge?'§é¥29’SQM§DN)

which contains all of the cells from the cell denoted by the first set
of parameters to the cell denoted by the second set of parameters. Cells hi

are referenced o8 dipcygsed in "Addresping Cogpon Storage”, (see p.
. Aryor ER 3 S 534 1 R S B 2BV reai) i o4

above. This file will be available for reading by OP94.

Guide Lines , b AR YRR AV S ars 01 nT
FILE NAME OF COMMON. User types oneﬁggrd whic will become the ,
. Balv Fuonstw bres 2y s g wdg

name of the common area file being created. It then types TYPE IN BEG
L,1,J,K, OR ALL and waits for the line number and (1,35k) of any array to
be entered. This is a reference to the cell from which it is desired to
begin writing. One may also type the message ALL at this point and the
operator will automatically write out all of present common. If one does
not select the ALL option the routine types out TYPE IN END L,I,J,K and
waits forvline number and 1,3,k of the ending cell to be entered. It then

determines the location of this section of common and writes it into a file.

Npte
See note following description of OP94 for further comment on
OP's 94 and 95.




LALLONE 4.65 208 8/27/6&

BTSERNNE T I i ST R ,éﬁwn ) N ;UA o 3 9Y5 2 eismeyad .
e s RIUREEE Euion Reek | chin HK :

PV I MOW G Lol c_ GIMSS M EVa iu S
seer i Eal an
(oriin st ida ) AL T.T DBE WD WYY
S Y e H PSS P22 SRS SR ¥ 4 14 AL L

Purpose
Reads a file writteasby an OP95. Pord
foaisiane) Bl T ed g8y WY d9yT

Parameters _
One integer (actualiy’'BCD) parameter. This parsmeter is the fame of the

common area file desiredyv =a Lobvegey 2F bevudus Jog ¥ xo {1 voA

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

NAME OF COMMON FILE DESIRED and user types the name of a COMMON
(class name) file. It then types RETRIEVING THE COMMON AREA and proceeds
to obtain the file.

Notes on OP94 and OP95

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 which 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 from KOP(1,1) to KOP(S 3) writes out (1,}1),

(1,2), (1,3) ... (5,2), (5,3).




4.66 8/27/64

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)
111 (user)
TYPE IN END L,I,J,K (machine)
14 30 (user)

Any i,j, or k not entered is regarded as zero.
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0P90: Print Common File. . .

Purpose T samdan Lxe wifs eeatetan gl e mmumeGo abas Tt ne s
T Pphinks B PIlec WrdtteRI byt OP9S. o v mal benlou Lsete coar s0 svsl
3 EE Lo (] i
Parameters

One integer (actually BCD) parameter. It is the name of the file
to be printed.

Operation

Prints the common 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 common 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 "ZEROS: XX" (where XX is the

number of zeros suppressed).

An Example of a KOP
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

0P92 (Incorporate Own Common)
OP95 (Write Common Area File)
TEMP (Name ofgfile)

ALL (Parametdfs of Common)

S
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0P99 (System Load)
0P94 (Read Common Area File)
OP91 (CTSS Command)
DELETE TEMP COMMON

This first extends common, then incorporates this extension. Then
we save the common area, reload the system, reload the common area and then

finally delete the temporary file.
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OPTRAN Dedtpibd 2o 0 nninsaesl
»h,

: J&MSLiﬁdﬁ‘ S R T N D LR S S BRI £ 2N
Heout IR S LITen o Ty L

el ¥

The OPS system simultsneously providés s msied.and & fecility far .en

.on~line ‘algebraic progreaming language.: It prevides s need for algehixaic
-amnipulation of stordge mith & nequivement that emédeutien he concurvemst:

with programming. It provides a fagility for recéemdingoca progrem @e it

.18 written and for re-executing the program, or any part of it, af will.

OPTRAN is an algebraic languge siny.lqr ga !'ORTRAN, which gives the
uger the option of executing as he is grqgrmig% O?TRAN 1s embgdded in
the @PS ‘syshen: cndn& pxodmked tn hu tham ia: m dﬁ i:nnsmtttent work.
For this reason many des{vdble ‘féatiided nid t§vé Tére F3¥ fhter addi-
tion, and emphasis was placed on.s working, remty-to-use wersion.

Tlap 4 os T}

1
e al o
13 N
L X Yai
el pEN Py
BT LF I

P . 5 P T
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Description of the Language AR

Although OPTRAN might easily imclude statements of every type pro-
vided by FORTRAN (substitut105Lg&g&&#gigg&égtransfer, 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 the -existénce of ‘workable loop andtrmmeSer ioRrts tn'tke OPS system it-
"selfu'wﬂ'iﬁmttcd voesbulary of dimemsioningyictesging, anduprinting state-
mancs.gtso are . prdvtdca bat modcﬁdcekanattodl -ndleHBVAE!NGBJIid ‘COMMON

statements are omitted.:

" The repIncement ‘statement 1s of the form a="bh wfth Ehe foIIowing meaning-

io g
S 2.‘

4.

S S ce o L RO
IR ,.5}@ TS A

a is the variable ‘to be' repfn@

e

b 1s an nlgebraic exPrels{on, conﬁisting of ‘one or more vari-

: ‘ablles: dandfor eonstamts eanﬂecteGSinhu1nstutig£ubsalgeb£aﬁcﬂ

sequence by standard arithuetic ORETALORS: ., . ..

4" unsry or -Winerys(addtwien)o buosla msw srTrdgin Do

- unary (negation) or binary (subtraction)
multiplication

*
%% exponentiation
/ division

]

(apostrophe) a conventiom for taking absolute value of
the expression following

The variables in the replacement statement may be of either
integer or floating point mode, and may be subscripted by
using the usual parenthesis convention. ANY arithmetic
expression may 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 FORTRAN
hierarchy is observed for operators in an unparenthesized
expression. \

For the time being, variables may have only one subscript.
To accomodate double or multiple subscripts the programmer
must reduce the multiple subscripts to & single subscript

by computing the appropriste algebraic function of the mul-
tiple subscripts. For example in the two dimensional case,
ARRAY (I,J), is replaced by ARRAY((I-1)*JMAX + J) where JMAX
is maximum value of the J subscript. .




has been retained Lt

| variable
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To provide compatibility with the OPS system, all of the COMMONse '}
varisbles paed in programming a standard OF. bave.bee. predefined.gnd

2i3

ﬂ:p(r'g?}'j,‘ately lgcated.; Additioml coqygﬁgtogti% }sca;a,o?aggd. gs,,gdg}t;ional
are introduged by the O?’l‘gAg yser. dg‘bgﬂ %Qj conysntign of

£

. idgntifying fixed ,point v variables by initial chayacter (1,j, «.s; 2 [JP) s

Yoy

8 NS B
ol SrapcatE FEN

To dimengj.on errays, t;he statemnt s

1Y dmome st

cetivei LY

sDIMENBEON:  ARRAY1{ISIZEL);ARRAYZ{IQRTAEY), .| GARRAYn¢RIIBRA)

BSOS donud

may be used. Both fixed andvﬂal%ing pggntuarr;ys nﬁy be &imensioned in
thdz iway; but;the spabolu’ARRAYI musgmhotsBavelcewarsdd p2&¥ibuxly, and
the.variables ISEZEL 'must be vintégess, J0Phe @ int§8H s Blip!be Godssafiis OR,

inlike iFORTRAN; prévicusly def dned iintdgér >tdrtablen l ia0l i ohEege seNd &

f

i

©+cursent vdciablescarezuseds.oi 007 o3 babnsixe assd -8 sygrciz Hommod

e

P> P CEe B LB AVGHE evi s Dpdgy e GURNML 3 8 3
ind CLEAR “élears ‘out ‘sif symbdls deffned” 'tlxl} P‘fﬁfﬁ?%g ?

R The e
beajilioege nis vorld
thereby makes their values inaccessible. It does NOT clear the COMMON
vapighdgg Qﬁgﬁﬁe;ﬁkﬂtay‘té‘,gﬂrﬁoﬂsﬂ.ﬂ.-gﬁﬁ 2daignos "aodtel yoolt
e Gl e 1T shl sdosas ls
CUPRINTY VAR VARZ, (DL ovam T aned adus

~mptie o nobdribbs soo fdrew | 3t 891
causes the printing, one to & line, of the n variables VARi, in fiXed or

flodt trig wode. Tt & ‘symbol s ‘undSELn etfjgo 115 €6°¢ths ™ effect is printed.
NO SUBSCRIPTS ARE ALLOWER ag yeto:This:its ® m%mr&ctioﬁ, and may
require you to set éiﬁi"lfif;\%jﬁcfrfptééd Gartavfd EEe e l\fftug' of a subscripted

i o b suods

L varimble, using tha‘i..mph@.mimt rstatement before pr bat bagiae 1 ATI0

" Syuidte Wiy be Uo' e chiun 6 Harasters fa zfe:}g"tixs nd aqf'e rig’ilmu
adjusted with preceding blanks as im CTSS, but not as in FORTRASI‘.B ngytéols

with: moresthan € charsctars, wid L b tiunict et 1osving ouly tiax tarninal

"6 characters. < Blanks sre everydiere 1guoared «m othe ytia,h o a0l 30312

Lo Eed etuiibat fey abd given. B hilist® Colses OF ‘Brror ,JLEonti'"q e
returned’ to’'thé’ OFS’ mystéh ’tﬁ&‘cﬁugﬁi thie® TR en&i P 3f’tlt‘.m”flij ' a Few Teo

coverable cases control is returned to OPTRAN itself for corrective action.

Y




" tinues to éall 0P20 1tself’ imeii &’

teturn to restore control to the OPS gyst?mr

vnecessary.,,h,

A REPEATABLE OPERATION, repetitions of a dimgqsign “

Usef”'”", ; S RS SN S I A I SE A

OPTRAN 1s initfated’ within OPS by'a call ts 0P20."’ OPTRAN then con-

carringe Yeturn restores conérol to OPS.
All -¥élevahit’ arrays, notably KD? and IPR are conﬁlnuuiiy updated so that
a single ¢all to OP20 in 'hodd 2 or 3 may ‘result i miny occurences cf OPZO

in the KOP 1list. B

OP20 invites a statement from ‘the user by prinEing TYPE The user
then has the option. of ityping an OPTRAN: statemant, o¥Ugivivg a carriage

Anyqer?RAN statesent -:veferring:-te KOR;:-IPR, DPR; JEPR;. JDPRy LKOR,
LEER; -LDER , ‘MOBE, -NKQP;. JKOP; MOP, INPEX-or ESAT willidctually:address
these -commen - Locations, :subjeat :60::the redttict ioniof rone. subsctipt only.
Common storage has been extended to 5000 locatiems;.sndssymliols other:than

the standqrdﬂQOMMON symbols gLven hovg are added -$ato common starage as

TG

they are specified

"Compilution" consists of censtruetion .of & Rolish - :1ist; asuably
about 3 to 15 elements long. This list is agg;qdrigvp04qg”2qnnd 3 in the
IPR list with the nddicion of either

1. a blank word (OCT 606060606060) to iqdicate and of,;1s§4 QI

R« an integer count of -the elemants iw thie/1dst Hu tﬁ&(hl!ﬁe" i
the actual elements following in IPR(LIPRH1). :

B T S T SR R R - i

OPTRAN makes nqd distinction: between nniulnﬁfurziuiiEnﬁeithcdfbﬁ‘uhese
modes, the IPR array 15 used for thp Poliph ligg ggg recqmpgkqtipn is un-

o s A
g L YT \.{}’ .~ YT I 3 - 25 ’
e TR 0 aEL T : 1

- In execution moades, the Polish list is procassed and printing ori pub-
stitution/modification of storage is efferted. - Since: DIMENSTONING: 16 NOT
mnt. duxring a com-
pound execution reault in no. operation; gf;er the, fi:s: oceurrence,.

e
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Disgnostics and MORARRES 1 :o 1o sgoinlyei bu zo izand

input (always:pkinted uben ready te sesept m Iﬂw L v o Bl

wBYBEE ¢ sy naaiin e frawe ti
dmn‘siming PRl s ] j G4
Tserev s oHULEGAT RIMENSION ROR. XXX -, ) o .S
'XXXXXX' DIMENSIONED AT weieilifig- 70703632
replacement stwwc”\_; 3innd :

)@ISPIAC!D LEFT PARENTRESIS
2 L onedn sudic) a¥siteusds shomexngeldnl Insio
MISPLACED RIGHT PWIS
THE SYMBOL x ‘POMPSPIACRS 010315 Slusiitib synm Meoson =
PUSH. mu.w '1’.00 m rms
printing - 1M
XXXXXX = O.nonnnnE+an (if xnm is flo&ting point mde)
pehninad enoddssetlys sidaxkaed [1Ise ud 3lusiid:
IXXXXX = nnmonnnn (if XXEXXX is integer mode)

m{M‘ RHE+ ‘fﬁ‘ Wfi mé bes gool gorilsrogzosal i

el UARTAL Daligrsa 8

i,

Yo soasroialar euosrssilumi?
U bysbasis s 30 golopeso




550 - 8/27/64

Possible _ gaie o o noinTle

Easy altéfgtionsi¥o ‘OP20 as ‘it now FedRdy-fadbaday sl g

1. Different combinations of predefined symbols to éc¢domodate
different common variables.

RS RE s TR Rabe il I

2. Alterations to the sizé of ‘dymbof Mmiﬁifﬂnéfwéﬁe meximal
allowable statement lemgths i (ivoI2uiNid 'XXVIXK'

3. Additional diagnostics &ﬁé&s@é%mw? Frroms s i

2IeINTHIAAY TRAd 3L .f”c I3y
4. Different integer-mode characters ‘(other than +§,k,1,m,n).
L‘:s-)'n" L‘g‘f;} v!)\:§ gk {)1;»
Somewhat more difficult alteratiems rimolude: ., . .o 5y

1. Additional operations, i.€:) éxti¥ing the dperatior set beyond
(*,+,/, etc.). LITTTT TAA QOT GRETAD Leld

2. Multiple subscri.pting. PEES TR

IEEER Y L VAR
Difficult but: still desirable lalterations include -

st oni KEAY SO an = X
1. Incorponting loop a,nd trenafer mrgr,:lq%gj MY@TRAN

2. Simultaneous maintenance of a parallel FORTRAN file for
creation of a standard FORTRAN program.
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Conclusion

OPTRAN provides the OPS system with an on-line facility for pro-
gramming with simultaneous execution and immediate 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.



This empty page was substituted for a
blank page in the original document.



6.00

Chapter VI



This empty page was substituted for a
blank page in the original document.



6.10 8/27/64

mizawd BTaN: gy

opsm . e M =1 koo
. siniugte Drigd soe aoti tn algrave op oA
by
i e mod e andn s sl el 1o 8 G0 Jabom el PELRE
HI /RN TR P ER?het; “ﬁl'h} add rrsqEn o3 of 290l w0l aeH
PoELnD Lase ok gorvebyc add radY pavly | Isve. vvolosval ono
S e 3R dagidenen 2@ sl bDEul adz
Introduction
‘Gurrent generai purpose 'simulation hn&uiges sucﬁ as' éﬁﬁﬁﬂlﬁ‘ (‘JPS§

’\ﬁrljr\

and DYNAMO have made it markedly easier to build couplex “t¥8a1aé100 ﬁgdel
Although these languages were not designed for use in labhenshtnadqcomn
puter, suitable modifications can make them compatibie wvith:a time«bharifig
system. DYNAMO and GPSS have alreadywbidensmodified:addssuchrigd menger, but

as yet these systems do not take- fu3d:alvinbageiofistmsssharingrpossibilities.

Specifically, .progragmer . interaqgtion wikh the weds] during execution iz \ ..

very limited. caloyvs doBe o Adsow ino smid anlonsv

C‘P‘b11§§¥%EeF@1§§:§E§23&@5 595&Egggggcsﬁ?’gngegﬁgégnﬁggéegd?g3%ggugdeS 16 16
vhile the.modeh.is running. . 0f jenen graatar sispifimncs if.the fact fhet .q,
the programmer.can. huild his.podsl.en-1ine snd teat khs ysriops parts as ..

they are introduced. . This.manper of, geg;&ygjgimdglﬁpgtp;s the pro- 3t 3800
grammer to consider detai{.eg“:ape::ts of»t}xis model at g t‘i:mirwhen he is most
aware of the problems Involved %Iratgxer't“an rc‘in‘élflim o deal” with the"

model in toéa ;ﬁgn m:Jn};‘ofithe s;me 2’1‘3 111‘{.53’!}_{;5!;_‘% 2:15'336 sé:x‘rr.'éa %y Ehw!“sa R
complexities of the model auiwe i io® wda vd badisoesh sd blunn Insvs bosmeb s

Although it 18 posaiﬁle to modify %%%%n eI ruy languages 'to

cUl oy bnem arf3 3o oaylsv si G 0 - 0190
make them interactive, ?.t appears rgxore prmiﬁ.ng to n‘é‘ar‘i)oute ‘f:he

faooui gnlnolemsy a:

functions providea by these hgggp&gﬁ) ? an b&?ﬁzmq liye conérol system

such as OPS 1. 'I'he following presents a method for accomplishing this end,
s o tifgmbe ot sesy ed 685 2 490 seagTun {staags MIRYO
the OPSIM system. g ¥ .s nels o3 HG aan 0 i{stnags MIT

frefumiz sl Fo 23uglico Dautzab el 3o

]'Welsh, R. L., The Develo
System, unpub%g.shg ;l B, .,;h;gigﬂ

MduTen J4me, Po. &

-~

: g
mre” W9 H tedilisd”
sd3 v heldmsaas BE21 dvyscusd envideyeqO
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The‘OPSIM System

As an example of how one builds a sigulation model with OPSIM, con-
sider the model of an order-up inventorynsroblem described by Galliher.2
Here the object is to compare the effééf of “dffferent "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.

A way of thinking ahout this problem is the folloving: Four distinct

events can be}geeognized:

shbe e
1..  .place:an .order - R B T L S
.2  drawia weekly demand:. .- ¢ ipe oonn oo Sssi
3.: report the status .of the.systemyi.-_ i o =1 7.
‘4. record-the arvivaliof:-grdered.goeds. . : .
The simulation” donsists of 1frating through!this series dt eveits, ad-

vancing time one week on each cycle.

The séfregation of theése events in the'abobé-mammér suggests the use
of an"OP to deasctibé ‘each évent ind the BubsdGbent coubiAltion of ‘thése ~ ~
OP's into’a ROP, the execution®dt éﬁiéﬁ;woﬁiagbéﬁoneﬁéfﬁié*ofjtﬁé*simuit->?1‘“
tion. “Those variabies uséd- by mote than dne’ OFOUstéh Wsitveéfitory level,
quantity on order, ete. ) aré ‘maintathed’ in*éamﬁbn&stbtige. i

i ,’r‘ = ‘ }’T &g : TR Ay
Although the user could pro;ram all of the OP! mgntioned above, it
partagr bR f1r =i S N g
is easier to utilize certain specinl purgosg oP sggf OPSIM. For exnmple ;
ffife 3¢ ':IMF“-P -

the demand event could be described by the following QPSIH OP' o

0P47’- to obtain random demand from a discribution of demnnds
OP16 - to move the value of theidemagd go 0P51 o " ,
Praive pA0m BISSAGE L Lol e
OP51 - to gerform the remaining functiops neeessary to complete‘
the &escription of thé' demm¥dsdvent
vvE aed Dogilss o5 edaawaio ¥

OPSIM special purpose OP's can also be used to simplify the accumulation H
of the desired outputs of the simulation. |

Galliher H. p., "Simulatidﬁ’ef Rahdbi” Prbﬁefhes": Notés bh i€

Operations Research 1959, assembled by the 0. R. Center, M.I.T., p. 231- 250.
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Thus, when ‘the user has the appropriate o8 Eor’ His stiniilat ron’, he
begins building his model by creatihg the Oﬁgﬁuxﬂbﬁirot‘sysféﬂx B koY e
which coordinates the execution of ‘the Svent OFFE, e BhITE Ll troi iy AT
genernlly composed of 0P's 14, 40, 17 18Jthéyﬁf %f% any‘kb?‘fo bR o
terminate by branching to the controfaysf’ouil dﬁmfﬂ’¥¥$rms‘the‘majdf
funct 1ons of W€ Tontrsl systew. Wier ssecuted din sifte crekte mode: 4t a1 ¢
request¥ tht the progluiser {nhput the wumbers and times of the first : .o .
executiow of ‘W1l et KOP's,; aid ises thbe dnforhition todndtiatire & oo
list of #lilwcheéduled futuré cecurréricws of thesd lewdt) RORPY. 14 @bec -
creates the DF 17 #id 18, OF's for vmmmwmwmwmmmmm

2 3

After completing the OP"a control syuém ndwexecutfng oB40 fi e ST 1
create modér, the ‘user creaces the fzfrtt ive OK&P' mﬁﬁ” kéoém"'l’et‘ioti‘,”‘h‘e’ R
stores it on a simulated tape file. He Ehen lireates aod stoces uie “odiéy” %
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
KOP, for only one KOP 1is 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 bui}d a model in which ;he lead time 81.:: probablistic, t.he pro- _
N 15 "!{Tr A3 & p( MODRS i)’ ____ (i-'j‘
grammer wopld remove tha ar;:lval QP from t:h?t event KOP qnd file 1: as a
< v ’x;) 204 whd Qo
separate KOP, OPSIM ,OP's 47 an‘t{I 41 are adgedl t:o the original event KOP
EPENETY aertynsxg ol Lo

to draw a leqd J;ime frou%,a distr:[.hutiqg} and t:o cause a}n occurr nce qf the

whdwaiay

arrival eyent a.t the ,gurrent, ;j.me glus \fleqd t:i.me

> 1OUiaGy D od goldsostd oo sdan
Similarly; 1f the ordering ‘rule ware-nmw changed mmm@m
a week to ordering at amcrdex:pointi:the nedex. P -nonisd plao he: rwqd:;-5 Lrgess
from theé event KUPiand woubd be estecutied -only £ the wrdewing goudition ;.-
were sattefied. OPSIM OPts-13:anid D4 would be -ueed 4dn:che-avent KO to ;.
Mﬁmmmondmmm;mﬁmmm -emeeutiton saf ishe ardex OB . ... on
when reg\}i}'ed In the jsame manner, the pr 3é):am'aex; u_tilizes the modularity

WIS meds Vi w0 ;\"z‘ T QG o O P

of the QP,S-lsyst,enmlgo g _&crih% Pther vatiasi ong, 95 ;tt;ej m‘?ﬁfpl, ‘::,zo}nt‘rolc.’l}n;g) .
the event sequencing with the OPSIM OP's, |
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Cone lusion
The results of this research show that OPSIM is successful in
building and testing simple mo#els’1ike the! oié Hlstedded Wor¥l It now ©

needs to be used on 3 complex problem, . If is this type;of prohiem thag: .
is hardest to test using the current simulation language, and it is here )

smot Bs moiapyeso A1 gsiuseoxs dsidw 90 od? £5946
where the on-line approac% to building ‘simulation models is expected to
show its greatest advantage. Tevinvs fi osLusewy dskde 400 sl S

OPSIM will® bés iMphreoved! dn: severai waysl = Fikst, 1£0wi1] auvtomatically

incorporate improvements in the poyer. snd cpnyepignce, vifhowhigh OPSel; .,

allows the programmer to cont.rol his model. Secondly, it will improve
oriusdizisib oo g 5 mort wath 8 aedsm doidw 90 ed3 $ei

from the addition of new OP's which add more specialized simulation func-

tions. Finally, it will imiprbwe’mbdt! Exouwis AL pRogt ailihe? s make use’’

of the chargeteristics. that At aon-bass Ghev ¥ill.diegousr shings shey o a0

would prefer; to. have, doge differentlyrnadtsds, pgogaiblesto forespe the; o4 -
best way to organize such a system as this, and in many partg, the Best. s -1

way 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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OP's in the OPSIM System

KRR LMD sust wolde cotwoast aldAr Yoo oorirepor =l

OP4D .. thex@’-ﬂ&mq; QP for: the: Bystemtm - lumis .03 bis soibiivd
OP50 = " ithe’OP- whiéh’ de’t:‘étmihei‘ th!f;x%%ﬁ:%fx‘{‘q%& avo baze wd ol wheare

_ted g csbislomle dasazuo adl g Aenbasn ot
OP51 t:he OP which execut:ea the operatiqn caused by a dqund . A
ol w :I FUUTESERY B T I ¥y ~ 2N ,,) 11”0 o3 55(»1( 7 B Leriny GibT i

0oP52 the OP which executes an arrival JRLEAnRVEL 2un noay 0l vode

<5

OP53 .- ... the OP;wyhich prints the statiebiss pfis sigulasdon iy 11250

OP4143 7 the 0? wh‘ich tltﬁés’ an mné‘ﬁm ad3 gl gdpsgsvosginl wlbioa st
Padi WOl v is? Llehom el Istinon o3 zemmisynoug o avollia
OP47 the OP which mkes 8 draw from a rnngiom dist;ibution . -
enizaicivre osatleto e avom bbes doidw 8 MO wor 1o oolirbhe onis wmorl

£l

OP46 .5 the 0P So-plot: frequency - distxibusdome: ;v o5 1 il Lanols

Other OP'§°to eont¥ol'dkta 1dcativn:abll mdVément Lbmpéise” ﬁﬁt‘”fmﬂiﬂdﬁf‘ SEIRE
of the OPSIM’system.c- Aﬁ.“ﬂt‘é*@’ s’bf ‘bpstél ﬂ"i@it&%ﬂ%"iﬁvﬁitﬂh R0 Deew

the thesit“‘ﬁy*ﬂélsh o vopm o bre Leidd oas metave & doun enissgre o) vew J2sd

Syetoopome MIZTD wwvoen b chur mmiwe ealdorg gl o Joshoowqel ol vEW
. .
! ’ . 3 ms ey J£5 o yolettnssy s 2ol vag o 21
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Introduction

. 3

This. chtp;q; desg;ihgs an applicacgonyof the OPS q;stem to scheduling -

and contrel of a,prqject{pndg up of indiv%fual acti_i;ies.! Thg ohJecc1Ve .;‘““

R R RPN

was to schedule activities in a uaxvtpg mig;gﬁ;ea pwe;-all grpjggt cost i

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 & com-
promise between flexibility for the user and efficiency in computation.

Background

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. Rach activity is supplied with a
normal time and a4 crash time and & cost associated with each. The critical
path analysis generates a series of completion times, each with an asso-
clated direct project cost, which is a minimum for the duration. There
will be one sequence of activities which determines the completion time.
This 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 first project ;chedu}a”}oh;;g?gq.w$; ‘5,9h ?g;;yity at
normal time, will have ghe lgwest direct cpst, thers are two situations
which render importance to the remaining schedu stﬁfHﬁft’ a deadline may
exist which is earlier than the first or normal schedule. In this case,

we would have knowledge of the activities'to speed up or "crash" to minimize
additional direct cost. Second, a considénstfon 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 S
include here.; A good reference is leErire Wotas on Beit¥dil Path sches’
duling"; by J. Lloyd Cutclif?é, a pdﬁli%l"d§m5¥‘fﬁfﬁbe Féﬁe%ﬂ'dfldfvil
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OP36

OP36 is a routine to compress the activities as represented in the
data base. ' This 1s' heceswary 'tb' fhsurd thit’ tHE HodEbta to ‘tHe require-
ments of the séhediling algbrithm.”” The activivtes hust! be rdbred by T e
and J and the modes must be wimbbted ti d bertothy séifighe LaT ndliter.” rhis °
means every number must be present: fromiane Lo the: mgpimm node: number
and every activity must have:a J:valus greater:then fts 3 aalue. OP36
takes a network numbered loosely and compresses the: nabemmbets as required.

oL ) T G s

This: OP will be: required under: two: eitcumstancests first, orighal:
network input may be loosely numbered to allow for manual revision of the
network without renumbering: the amtire: thing..: For dnptanceactivities /.
may be: agded. . :The: second came wherein OR36: will ke used JAWWBWM tow
automatic. updating. of & netwerk: by: QP4O: sel tanet seol wdT RO ol Leunda

P
)
b
)
8]

The original node numbers are saved for‘output to identify the

activities to the user.
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| 0P37 V
!
GG DRy LrEad PR v pntereaes $hiond

0P37 is,ggg‘sghﬁégling algprithm Itlgperat§§§£p4the network spored
in the commen data base.,, A schedule of project durations and associated
costs for, crash, ;_P;F%Brﬁ%sr are. sumarized and printed. A fape fileis
created corresponding to each schedule pumber and contains the egrliest

event time of each nade for the “-"rfent Leeration;

anogre 40 oo e e
b ceomasdd 2ad3 e Iogiuo ops oo dosis

The schedullng algorithm is based on Fulkerson's solution to the
critical path problem. It consists of four sections: the flow computa-
tion, backflow computation, activity flow updating, and flow summary/
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 (l) 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.
0P38 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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0P39 BTy

OP39 't5 valied the fitiérface genetatith’ ot 1K SEY- b¥ttetr name. -
It requests 2 ‘sfivtule hubiber (Previbubly Penerkted by UBYPF 4l s day.s -
The day specEfll 1%/ LHE Hay' on WHLCH' Yol dbUHHe bISagY bF ARt 1V b rew
in progress. For the schedule specified, OP39 supplies a list of all
activit feb ‘bohdduled 1E be A4 progie s’ ot ibhpNte d @’ Y ¢t Hay, with
their duratidhs arP pektent Tomp lets:”  Bethunl dkhy? Bt 1vet1e w1l Jnbay 20
possess Floal’ and’ tHerSFGIY T evay’ ekl st I chiéd Tdme® MW 20 Activity Tan’ "
be perfotiedy the vk oW settioh! Viewed Wl Each Actib ity scheduled at /- sost
its Tatewt' possthble Beattiny tAmb/o THIS MlHa that® 19 aby! attiV 1ty 1871V 100
behin® ih r¥lstdon Lo the” 1HRerFate gederdtdd Dt PO sebt: b121be’ dolayed
and not’'finiwhed on MY, “Mhb drtereiRt Yhh Bh1yObe ibFLmd] 1w M0 2
certain cases, by the completed activities E%)&ﬂ%’§g¥138¥d%h%31&%@}fﬁ%ﬁ ool
as well as those scheduled at that time. This is because the position
vhere the' iatbrthed Passed b chait' of ' thb*hetWdrk ol H¥ 37 Hoat of Bh
activity vthet thIMOEHE altiidcyoHENRdB1R 1040 dnlo bhEFEFR ) he V010

sy daro el 2l

activity on that chain would otherwise appear.
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OP40 .. .

This. operator performs theum&ina%f 4, project petwork at any
time during the actual praoject. .It, dn.effect, frpakes s, mew project. . .- -
network representing. the, «rmi-ndep of  the project firom fhat point,. Lb L
The fir&c infomtion 0340 :@qugstgs 4}4, tapa nmb;n on; qhich to ﬁlace
the updated: network.. . This, should be. greater; than twenty; a9 48 mot:ta. . .
correspond, to a gchedule, putput. tape. . Next, g description of the dnterr, .. .-
face currently existipg bet een completed activities and.ponrcompleted . . ..
activitjes.. Five pieces: o;zinqumggionsgbou;vp;ch~acg}witngpa—tqu&xgﬂu
1) the tail pode I;,2) the head node, ;. 3). the, nev: eatimated, normsl time,:
to complete the activity; 4) the new crash time “Mué) the: slope,; . ..
i.e., cost/day to shorten from (3) to.{4). .. bdnlapan wdlogd ganos o T
Lo I BT T T N
With thia iuformgti.op,, &, nev. ne;ygrk, i,;j nge.lopgg,pq bringing: aJ,l

the specified activities together to a common,starting node.; A-gape fi}er
is then written.

ressf g Lo ST E L
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interface between activities scheduled to be completed and those not
mnltond alges
scheduled to start as yet, OP39 was executed on day 13 and reported that

activities 6- 9 and 7-8 may still be in progress but all those previous
b dun Do sunstl oedn wisadeul il o besbulonl ek malidoug

should hlve been cbnpl; w“”lg{gqning the pro!jec.t 3& b;sh‘)“& oﬁ dly 13,

B EZ L3O W 2B S9a7ve al?

2

and in need of rescheduling for possible reduced extra cost, QR4 was ! :viq

executed to reschedule the remainder of the project. New data for activi-

o Gorsads s ow a1l VX dostorit builen sd [liw pedosise Joooiowg oond
ties 6- 9 and 7-8 were mp{l ed . OP36 was executed to i:‘Lenul!ber the ggw doom 03

project K after: DRSS xreasdiit: 1nw»!hm DOR3# producad 4. nay et of schedulesc

Lol otraanl 2 E 0 doaeinyi do = ik gatwran A f‘LJai"?’ woli a3d3

e oavsBR o L dasicgg oy G lubadoe 03 Loduuews su VEHO Ixeb

Tl ol 2o awmdle anidagondol o etdT o LR roafewd yol bsowsboig
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Automating the Exchange
ERTE P ARCE 0TS dRTAOTUL ek

The most difficult task in automating the exchange is the programming
of the specialist function. The bookkeeping part of the job is conceptually
comparatively easy. The specialisi, ﬁé%é%é%éﬁ’ot only has to bring matching

orders together, but he also must set a price and decide how much; s$oBk: £Q!

offer. His deisions are based op the following veriables: .. . .

%0 gabwe

LT - ordd - H s b - PR ; 3L
ol Lt e A o toan VIxELuolding oo oudt e L olnnon®

' l‘me BO?k,O,f oﬂ%‘FStgﬁd&%) Og.‘((?gt)ﬂ Db migrods won 31 20 oersioy odT
' a2 LA WY - A &

. 2 T The Pﬂ;icul,ﬁf B,}(Ock 8 trew radyss ahoay o be 2ot o e wsdong
- Jhe_ specialist’s curpent po ’“‘m“&m 1y tugines seld

It, ;g g;np conceiyable that the qpecial}ft pay want tofconsid:%dyl;u:zé;J;;
E A sy e sedotp minsde Loduors fise wo sud dGe0 - Tuoon. se
QAR Ihe gntire m@rket trgnd GUR T shom drzegel saln oow ansois

iz cxoapro ol sreds anolieq

4
5. The, ggpgggl ppsition of the 9°°99F?
6. 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 shbuld let these influences work themselves
out in the daily trading rather than let them influence the market 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 priciﬁg 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,bthe 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 the normal decision rules could not handle
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the -operator could intervene by chamging the parameters of the decision
rules themselves in ordeér to insure an oudexky drop orixise in price. . This
gives the operater 'the- &hilﬁty~qo -affect -individesl tvdmsactiod jprdices :and -
priee  decigions :in gemeral. T IR R SR VI S Tk

The computer also wust comnsider:the positiad it has taken in the market.
As more :and more is imvested .in a particuldr sstdek thepoint -spread will -
probably grow wider as thesspecislist is féreced tarwibbdraw hias suppore..
The emphasis ;should be on.an orderly declime and the capital behind the -
specialist;shouldfbenanough to iusuresthis. | If the ienosat ‘iavested is
greater tham a limit eikther the market will havae :tic -be thpunaaily ‘wlosed -
or some form of human intérventien will be: mecesssry. i:.

By insuring that all decisions are made according to standardized
pﬁogedureeyanxﬁcoofiicge,ofﬂingeresg gilljge minimized.‘ Of course, every
time the specialist enters into trading some . sqnflict . o£ Jinterest will
ensye byt it will be qually like%y to, hapgen to,any cyatomer.. This ishghe
price that must be paid for a continuous stable market. The computer will
not try to make money .Qther. than the, diffe;encesin the qgread.J'This_ahouldi
eliminqte the prime conflicg of the;est since the _computer will not be .
prevented. erm takig& a. position when necegsary . due to self interest Ih?:
[amount. earned an the point .spread will prqbqbly be enough to cover losses :
and costs. If it is not, a commission can be charged on all,transactions_:
over and above broker's fees. This system will not allow the use of not- |

held ‘or other discretionary orders, But aII “other 1ndiuding market, stop-';

loss, Iimit, and possiny stop limft orders “Eodld beﬁvandied
e faailelomge w0 s D
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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In -answer to the first .question; there is no:doubt .that .this scheme: '
will entail a thorough reorganization.af the speciabiat funebidn: The~siu:
exchange will probably hdve . .to hank -each :separate specislint . for each .- .
separate stock. The operation will be, like the .dxchenge -itaelf, :a-fon<i
profit operation. There is no doubt that short run profits and losses
will be made, ‘but these will .be progrimmed 'sa: they even out-im:the lotg
run. Funds for the original :capital imvestment need mot -be oaksed: alkl - :/
at once, since the exchange ¢ould ‘gradually :comeert ithe individual mirkets:
as specialists retire, with a deadline on-econversmion of 2ll markets. €Cene
tainly the amowit meeded -to back tlie market need pot he toé large;-since .-
the requirememts for specialist investment are, atipresent; very-low.::ncig
Eventually these requirememts would lave o be reised imrorider to previde -

adequate stability.
The ‘second questfon is ﬁirﬁfiiiiuﬁnéﬁéféd”ff ﬁrévf&f&gﬁﬁﬁﬁan'tnfér—

action with the domputer. ' However, 'as I“daid Beforé, it ‘fs not absolutely*

clear fh.t ‘this fbafure is ltwaYé desffﬁﬁté 3£ﬁée¢€he‘ﬁnrkét ﬁﬁdﬁld reff&ét

,,,,,,,

What they don't reslizé’ 18" that "R speéidlf&é ﬁy"’) toyitg Wis know- -
ledge of the ‘outside world, is affecting’ €ﬁe“mnfﬁét‘extbﬁﬁiff&:ﬁfmééifjﬁj5%
What I propose to do is to affect the mlriet ﬁy coﬂsfdef{né oﬁf‘tde
influence, but do it systematicafly and wiéh a-miﬁimum 3E" exfernar infiuence

and persoml bias rke e ‘ HE=Tr I S B S L A T
. ’ . vl i e sy N e g
Note: The following operators were the firgt ones pro%rammed, aqd fgrm?rﬂﬁ

only part of the operator set as of Augqst 1964 ,¥§%12§E %gwberqgjgx-,

oy s

panded to include the specialist's function.
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Description of Operators

Costloa ‘ o K ; PR o el
e il L LS A « 8T LR HESFEREEN

"This opérators is dlways the ffrst éme callPed “#f the wystémw. Tt is
nece&sary to et up &’ rmddﬁ nimbeér generatér o’ é&ﬁ?&%“‘sp&mdn&" ‘o
operdte  in’a ‘réndon‘matmdr.” If thé dser ‘Wibhéd toWuve elte Tt of '

operators availsble, ‘e can Kit ‘émfage “Pétury fﬁeer the cm&ﬁfé types b

baCk supmss 1 EE I S B R S . Frasoa s it 8 ST SO I SN T

0P42

. v i

Ihis operator sets up an,aagoqnqsfq; thg useg,ylgggh\sepqragg uﬁe; -
only uses this gperator emce unlegs hg,wéﬁhgqnG0~bﬁyQ -Ae¥eTAl pccouUDLs. . .
some stocks, he may give them to his braket who will put them in his account,
He does this by specifying the number of diffeteat types of stocks he has,
then the particular “stdck nuier ‘and ‘thé ‘cHFespord g "hudb et of ‘diares.
Thé stocks ‘drd ‘entered “at the ‘EFFront dufRét plfde o ffom ‘TheW on Lnbil
they are sold tie ‘dompiter keeps track 6f thefr né¥ ‘Capital gdin (or loss).
The user can inquire at any time what his gain (or loss) is by using OP4&. ~
Only six accounts can be kept at present; but this will be extended.

. This operator will give the current market price of any of the tem -

stocks listed. The user merely enters :t{iwe stock number and the price is
returned to him, v o 7 o
- ' This operator gilves the user the curréwts status '6f His portfolio - '+
including an ‘ftweétttory df*ﬁﬁé'humbéfﬂof‘iﬁi¥éi*6f>é%EH”%tdék;‘Eﬁprfiéé*

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 v

This operator enters in market orders to buy cerfgiﬁméégcké. In a
real market, these orders are either filled by the specialist or by his
book of outstanding sales. When the markét order is received, the program
transfers to an update routine.. This roytingdetermines the market pyiee
of the stack and exequtes the order.- The market price-ig detecmiped by.s ...
random number gemerator shich is modified by the bogk.af.outstsnding; limit
orders (see OB49). The price of market qudgrs im detexmined ag:if.a . ..
specialist picked a random price betweeh the highest price of an.order:and. . .
the lowest price of a sale on his order book and executed the transaction
at that price. If the price he picks corresponds to a limit order, that
limit order t'd dlso exécuted.” The ‘operatér ‘prints a-confirmition of ‘thé
order, the purchase price ‘and totsl stount 4 'the Sobler’ “P¢Yalso printa -
the user's old accéunt *btl—ii‘nce, amemt’ 'spérit ‘ComitEwién ) and new Balance

SR e aray Ll N S R PR Rt TR s e L EM G

, 0P46 .

This operator ;ia mch m - SAMQ, A8 0P6,5 Re%ﬁi;f #mu%a_,d,.tq uecw;p
sales at the market prics. .The price .is determingd the same way as.in QP46. -
The gperator prints the sale price, the proceqds of the sale and the user's :
new balance. G ey oA ed b gem 9% wtlne 2t i

Ao

G OPET i e SRR RNEETY NN § SR Bt KRS

This operator is used to obtain prices on all ten stocks in the

market ., , . Lo Ceme it mesbe T e
i s R P B AT PR iE {00 PR R W
OP&48 v b om oz o . i

This operator is used to deposit or withdraw money in the u;ér's
account. If the user attempts to purchmi¥e a stock and his balance is
insufficignt, he will get a message back telling him to deposit more mopey.
His transaction will pot: be consummsted if his balance. is tgp raw., - .. ..i.)

h} o I
1 X
bl A1 ;




8,328 8/27/64
OP49 IR LR

This operator is used to enter 1imfi£ and stop~loss orders and sales.

The user :attera his:ascqountizngmbér,.the dumber of (the stock :tochehought

or sold, the .number . of sharesstosbie; houghtsor ssoldisnd:the pliice abave .1 !

which or below which the transaction shcmld take place. These orders are
entered into .the specialist's book. As soon as the market price goes

above or 'BETod ‘the Erfpgering pricds '¢HE dfaers afE Feciiated §Ad éxediled

at the triggering price. The book is updated each "PIdE°tRe BarkB¢ prée o-
changes. The market price will change #0ery time one of the nine opera-

tors gre usefi, 80 t:he sgej,c gj“]%ways 41539,1;% ilf'fi.s b k %dg_t;_qq. i Ai soon

3% va*; T3 8 ;.m
as a book trgnsac ion is let he congole will t e a megsage )
Qf E;L P2 gﬁ?)‘fa Eleﬂ% «f’% 55‘;!' ?no‘!ﬂae Viih %3 S:»:az»; DIomRnorn

announcing the sale or order and the price of the transaction, plus other
information on number of shares, newgﬁafgﬁcg{,“} etc.
|

¢ r ‘ F T N A | PR P e RN
BOAani osase xote waluo an TDOHD wd ool B e mEsdl

TP EHC D0 wedr ADI Mg ol osronnn DO DO RS
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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.
0C 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 number
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 ommipotent 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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Description of Operators

This OP has two different modes of operation.

A. Simple polynomial regression.

The user specifies the column indices of the independenﬁ“ind; ’

dependent variables, and the degree of the polynomial to be used.
Results are printed out as tﬁe é@uiiion téﬁieﬁeﬁtiﬁg the bese #Lt. "
addition the RMS deviation, as a meaauré bf fﬁ&‘ﬁboﬁﬂiﬁi'of fies

i3 S T

printed on 1line.

A vector of weights may. be qpecified 1f the user wants to be A

CIEW CEIDORG Yot 4l

sure to fit certgin_points ben;er than otherp. Tbe final curve is dis- .

)

played on a. cﬁﬁhodefyay tube to heL? the uaer‘§evelop a "fecl“ for how o

SLADE oS FE 23 5 A0N f-’}‘;_

the curve fits the data, where the 1lrse deviii:iom oceur, etc. B

.1)4‘

B. Multiple linear regression.

The user specifies that vector K is to be regressed on vectors

I through J. The regression coefficients are printed in equation form.

-No curves are displayed.
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0P28
TR M s
ORZS\AJAQHs ;ha wher ko qggciﬁm qggﬁgpg;g qgﬁqi:Ly bro&d slass of o
transforms . £o,8By twe vggtor;;tpﬁggepqu 4 ;:taicd vectqr.,  The transform .
is of the ferm ¥y = AR(X, ).+ gxiq,ﬂhggsjiuﬁa the, index,of the new column.j
A and B are constants specified by tPe user, ¥ 1s one of seven transfor-
tTva ity [TE T 0.1 77 FS
mntions, and j and k sre the ‘thwo txtpsfém;od véééotg,j Iransformations
proceed element-by-element, and eleubnts mey ﬁg chosen selectively. '
The seven transformations now abailcblg are:
1. Addition
2. Absolute value
3. Square root
4, Multiplication
N

5. Division
6. Exponentiation
7. Logarithm

' OP28 also provides for the automatic entry and use of two standard
vectors: the vector of all ones, and the vector of consecutive positive
integers.
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0P29, OP30

0P29 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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Example

As an example of the application of VECOPS, suppose we are inter-
ested in sigulating the qperation of 8 metxepglitap.trapsposkatiop;system.
To do this 1t is necespary.ta have some .idea of the arriysl.rate of- ..

people at, say, bus stops, Assugigg .khat. ;bgg;gggvg} progess is; Poissqn,
we want to know how the average arrival rate changes during a typical day.

ceowindl cE op trhag vopg ap ooyalaeio

i

. Our experimﬁntll data cqnsiang af & series af obsexwations of, .
hourly arrival rates, so we hgve two vegtora of .information: \,vtct9r¢1-~
contains the hour of the day, and vector 2.gqggqﬁggbth%dqughgraqg;$J G
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 computer in the following form:

ine Fo- Arwivals
. 6 a..m;‘“ s
e N

8 40 T
. 30 2 ) ™
10 3 )
" 25 )
12 2 < ‘ﬁ
13 ” o
14 18 ",
15 2"2’""//“5
17 e - “2
5 45
IS;/ 34
20% . %/ 28
21 e 5 2
2 Steeliaz

These data can then be plotted using an GP&S, to yield a aisplay
‘ﬁhich looks like the accompanying graph; The appearance of #hafﬁbikts

m——v/
8uggests a 4th degree polyno&ial fit. gﬁ;;,fit»tsﬂtﬁiﬁ‘applied with OP26,

s i 1
it

yielding the equattgn””
' Z0LEysXY + 6527x £ 12.98X% + 109.5% - 304
The RMS deviation is 7.1

as the best 4th degree fit.

Raising the degree of?tgé fit to 5 affords little reduction in the
RMS deviation; futther indtbgting the appropriateness of the 4th degree fit,
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Chapter X
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Introduction

Traditionally. accounting has been a process of successive
aggregation of data to present more and more summarized reports to
management, owners and the govermment. It should not be necessary
to maintain a relatively frozem, hierarchical structure of reports.
ideélly, we would like to maintain the identity of every single business
and financial transaction of an organizatioa. The information associ-
ated with each transaction would ineluﬂc such things as the date, with
whom the transactien was performed, what tangible or intangible commodity
was received and in what quantity, where the transaction was performed,
for what reason the transaction was performed, and who, in the organi-
zation, is responsible for the transaction.

By performing the accounting function within a computer system
it is possible to achieve more timely extraction of information., The
input to such a system would consist of initial levels of resources
(the Balance Sheet) and a record of the flows of resources 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 §P8 system it is possible to achieve great flexibility
and open-endednes# in the construction of operators to extract information
from or manipulate data in the data base. With this facility there is
no end to the way information 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 $P5 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 liabilities and in that period I have




10.11 8/27/64

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.
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Data Base Sl

.-Since balance sheet items représeit resourdé: levels it {3 edn-
venient to -store ithe smoumts:in a-one+dfmeridisnialidriay with an- attached
list 'structure fox sterimg subs&dﬁdrjatﬁ!erﬂieﬁeﬁ;“'!?“éé!ﬁgbéﬁiiﬁﬁe”
recognize that some.accomts or Tesources: do not lend themselvés o being
categorized accoxdimg :to the same dimensions '8¢ ofhers. 'Porierxamptéy -
account 8. receivable :should ‘be.tirpkan 'down Iy titd ‘name “of the -debto? and,
further, by the date of the transsction witilte & fixed asdét dhéuld possess
- guch. information as date of purchise, -estimated 1ife, ‘estimited ~sérap
value, amount of capita&l wepairs -or. addittons, amsunt Of apprdciation,
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-dimemsional array with
the dimensions consisting of objects, purpose, cost center, and time.

The data base specifically consists of the following arrays:

DT(10) Words which may be used for the temporary stor-

IT(10) age of both fixed amd fleating data in CUMMIN
Storage,

BS(3,10) Balance Sheet accounts - up to 30 classes.

PL(3,10,10) Profit and Loss accounts matrix with 30 object
classes and 10 purpose classes.

LS(300,5) An array within which a 1list structure is set
' up to store data which is subsidiary to, in
-support of, or te further break-down the
amounts contained in the Balance Sheet items.
It may also be used to store P and L data
pertaining to past time periods.
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Sﬁidﬁd;ﬁgﬁ g€ io so3 to oo dpviI oadl o wd owothuieg it drEd
B rold
Bach cell within the list structure coﬁ%ié%g of five integer
fiel8s [and , at -praventl;) tikerauspe 300 ¢l be ddfiwed but this die Plrely
s ::&‘1‘;.’(‘15-5

arbitrarya

Cell: Ip NAME1 " NAME2 DATA POINTER

ID Contains the Balance Sheet account number which
is negative for the first cell of a sublist.

NAME 12 a)phabetic characters made up of NAMEl and
NAME2, This will be the name of a Balanmce
Sheet acceunt or of am account in its
subsidiary list,

DATA If the cell represeats a Balance Sheet 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. )

POINTER will point te the next cell within the same
level list., 1If this cell is the last one in
the l1ist, the pointer will be set to zero.

DATA If the cell is in a subsidiary list, the data
: field will contain the amount (cents = dollars
x 100) which is te be associated with the NAME.
If this amount goes te zero after it has been
updated with a transaction, this cell will be
taken from the subsidiary list and returmed to
the List of Available Storage (LAVS).

When the system is initialized all cells should be attached to
the List of Available Storage, through the use of #P23, The first cell
of the list array [ LS{l,n) ] will always contain pointers to the major
1list as follows:

LS(1,1) © pointer to the first cell of the ACCOUNTS LIST.

LS{(1,2) pointer to the first cell of the EXEMPT ACCOUNTS LIST.
(those accounts which don't have a subsidiary list)

LS{1,3) not used at present
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LS(Ll,4) pointer to the first cell of the List of Available
Storage.
LS(1,5) contains a current count of the number of cells on

LAVS.
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Subroutines: to: Operate en:ther Ltet « . solivysug v ab grlenilos ool

In order to facilitate the use of the list structure a s®ti,:ouvo"
of 12 subroutines have been written: (1) to search the 1list to find the
location of & cell according w a given‘tar Eﬁﬁt‘df“iﬁifth
LOOKA, LOOKNK, MPREV. LQI.AST, LLASTN; (2)«1Wd1f ‘the i,nﬁgmﬁg.an

r r}'%
containediia a cell -- ﬁPDAIE, STORE; ‘(53 ‘fhangb the strikbure of: the

list by adding or deleting cells -= MW A@d (4)
to :get cells from-or put-cells: 0n*the LAVS -- GETCSL,NPUTCEL. N

- In-the calling iequenee~of e&eh—hubroutine are the foIiOWing
dummy variables: (Those qhigh are assigned a Yalue by the subfbutine

>*E¥'&re underlined -- theyvgepﬁbtent<bu;puﬁ“frbtutiﬁﬂiﬁsfﬂﬂfine*é N
N Indicates the major list to be dealt with according °
‘ to the order in the first cell of the list array.
(e.g. ACCOUNTS LIST: N =1) y
» IJ The current account nunberu N - o 5
o NAMEL ‘l‘he oureine u&&ar na s medTnan 30k

DATA  The current balance in the data field of the addressed

cell.ai .
A The amount to be added to the data fiei;. ~h\\
3fﬁﬂ¢( °. Tha: loeation of the cell being currently refetenctd.
Lﬁcf - .The location of the previous cell which points to LUC:{

L§CL The location of the last cell of a liste .
e atoiod g e e
"’ LYCH ! ‘ The locatién pfz-mahaakrreeum the AGOOBNES usa- f~
" which poimts-té—the firstcktt-ofu-subdtdiary- 1tst.

The functioning of each of the list processing subroutines is described
as follows. Except for DELETE which calls PUTCEL, and PUTCEL, which calls
STORE; the subroutines are independent of each other.

LOOKA (N, 1J, 1g0)
To search the major list designated by N for a cell which has an

account number equal to IJ. If the search is successful, L#C will
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be set equal to the location {n:rhe avkmg of [ENevcordesporidingiv: .
cells. If the:iseavch is snsuccessful; b ethes:mwords, cacceunt’ number
LI doesn'z*-:sxist in- the mmjnr :bigt -Ny I@EC W1ill Né sét to zexd.

’ TRV TS S S S ST S SESTITC PER- S o TRUSHE S I N5 £ B S5 RN S LS
LOOKN ( wCH, NAMEL, NMZ, m_ ) Chwgoue oy oD Plhw
To search the subsidiary list of L@CH for a cell which has a NAME
equal to the name represented by NAMEl and NAMEZ A/ tHe' geat¥iids
. suesessfuly 1@G wikk beiset: equak to the leddtionm of the domiesponding
. ceble Af the sedxth isa unsuscessful, dn etheyr wotds,: s cakd:
within the subeikdiary list containdd sthe mame MNAME]-HNAMED:: 14C will
be get Lo gex0O., .. . oo oceos fvos URIORT duil ovisilbladue
) Ty owst hpe. g0 WREIOGL O Luoao wx e
LCPREV - (AL¢G, N:'iﬂgg‘) cotiw siomins wnd o wsau Gols da Dlow
- Ta: find the location of the <eldiwiich peints to I@C.:sEverypzell
™ oy nhas pne and- endy onk tiell pointing toe &ty - If the Besrch is successful
. OGE: w1l contipin the deocstion ofithe prievibeus cedd -~ L khe Bearch

18 amsuccepsfml v LOCP will be seb: toizerwi: . 3:il vieibladuc s

LCLAST ( N, LgCL )
L@CL will be set equal to the location of the laatOwell dn thé: 004

-majer list depigeded by N.ou »ﬁbte:mﬂﬂmwh 174f thes spiéified

majox list is elpey). . o upool oast ot 0T Lacdanzieal
Toud e Tovw sl vevdie midy pens L0 0BG 3T L0l o wadam
LLASTN ( No Ids 3Gk .- .~ 1o T RS TN I S I

To find the location of the last cell of the subsidiary list of IJ,

and assign it to L@CL. LPCL will be set to zeré Hf fhedwdbpiddadyd

-ldat of acceunt LJ is empty gi#ifulcuut ‘1diBoedunot apgedrcin

ithe major - lidat Na . oo 0& 10 f 01 et ady ton ou ban SO

B TR NS FY IO RTINS VETS S PITS I R s RS P o

o
Py
i3,
b

<

UPDATE ( 1#C, A, DATA )
To add the amount A to the DATA field of the cell whose)3dcatddalin
7 18 @G, ,:DATA will contain ‘the new amduntcinothe:ditacifiedd.ol

' . . L3 P S - RN
sy S T D TG R pAd a0 2 usG 000
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STYRE (.14C, ID, NAME1, NAME2, BATA<) -« " "= = = & . ;%3

To 'store infowxmation in the first & :fislds-of:the cell whose:
location is IfC. ‘If B0 = '-1; 0r NMAMBl ®»i-3; Oz MAME 2:-=.sl}'or
DATA = -,001, then the corresponding field in the addressed cell
will be left untouched. £t UEMAY TumAR Ul w UG

DELETE. { m; WCP¢ISW Yoo ET s Bnagage e

.. To.delete the :cell whose address 1is 30 froni thé- 1list ‘structure

and update the. appropriate pointer=of cell1@eP. -:It ifis possible

te attimpt: to delete a cell veprasenting s dccourst which has a
subsidiary 1list., If ISW = 0 then no test for th!ivv-‘cdtiﬂim:r

will be made. If ISW = 1 and the condition exists then this subroutine

-

will ask the user via the console whether or gbti:he wante to v Tl

. carry out. the deletion. Ifthe delstion is to: be carried out then
- all the cells in the subsidiary: Uist wiil be réturned to:the LAVS, o

1f mot,i no action will be takens .I5 thie cbll: IP0:ds the firet of
a subsidiary list, then:the mEnus dighiwillibe moved to the first
field of the next cell.

‘5‘ et v

ADDCEL: ( 1L@C, 14CL, N ) . . B A IR ae TR PR

To add:a cell whose location is'LJC-to:the: emd of the major list
designated by N. L@CL is the location of. théitast: céll’ im the
major list. If L@CL = 1, then this subroutine will serve to start
a major list« Also, to add a cell to a non-eipfygubbidiary 1iet.-

[RE I ST

BEGSUB: (- 14C,: LYCH y - s e R I N T B

GEm (mz) ' : Lo S O R S T S SRR T

~To:begin a substdiary list for the gcesunt represented by the.cell

'LYCH and to set the first field of LOC equal t6 theinugattve 'of

the corresponding account number.

To.get the :location of the first celliin the Limt of Avaibable o
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 consele. This message may occur if the

LAVS is not initialized prior to its use.

PUTCEL ( LgC )
To add the cell whose location is L@C 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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Incomg\?nd expense accounts are ?prmally cla?sified only on

one dimension and frequent attempts te {acorperate further break-downs
are evident in many existifg aécounting systeins; ¥n setting up asystem
here I have attempted to ClﬂﬂsifY‘1899?93§9db§¥P?ﬂ?§;%Eemﬁy‘ﬁrtgﬁﬁkaSi’

of four dimensions -- object, purpose, cost center and time. The

classification on any one dimension must consist of a set of mutually
exclusive and collectively exhaustive elements (er as nearly’dd as.i’
possible). . S eyt TR s ool iy Dlans cin

Generally; we would like to get ;nformatinn as to what hes
happened so far this menth. a comparieaﬁﬂ;% deti;ceilected inﬁﬁast
months, cumulative figures for the peried frem the first“eé¥ the -
fiscal year to the present, and comparisoms-Between budget and actual,
.and also a framework within which the budgets for future time periodg can
prepared., h

There is one problem which sometimes arises -~ how te handle
transactions which affect the Inceme Statements ef past periods, If
we get one that affects future time perieds them ne preblem arises
because the item is merely held on the Balamece Sheet as a prepaid expense
or income received in advance until such time as the affected time
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 memorys 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 Object dimemsion the main question te be asked im setting

up the code of accounts is: What commedity or service is received or
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given in the transaction? 1In traditional accounting codes this dimension
probably ‘has thé gidatdst tafluencé. Bowdver, Wweiwillizoffen sde-ai: -
~ division‘ihade on‘the basls 8F purpesé Ehroughsthusdefinition of stwo-or
more'ebject'classes. By clearly defining a system ofsclasstfigation |
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? or What do we hope to accomplish? This,
I suggest, is the most difficmlt 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? or 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 that ef 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 dimension that will break-down
with the use of time-sharing systems. We weuld then ask: Is there
another way to represent the dynamic, continuous nature of income and
expenditures? On this dimension information would be stored in an
exponentional manner, In other words, as we move back in time, the
level of aggregation across this dimension ﬁould 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 time:period will be dealt with

at any one time.
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Mote that execution of the KGP uu’st 'be started on line 01 in oxder

-

to set up the index in./tsz for ;Mf&ransfefmm%gl&animwwm

A more flexible schemé- thnﬁ“&bﬁ¥i used within the K@gP list

would be ae follows:
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441 |
‘@P25 prints our RN Limex bf: thé KPPy IPR, ant:DPR lists stitting at
lime® 88, 1£ 85 18 emitted: then: 1t dyr assumed: tor bet Iiwei Db - (Zhis ds
a duplication of $PLO sdich I was not prowe to wsel): 7 .55 - oojvoe
A ARTLT
AACGPREE iodmia sauwosss cdd 20 BLT swadiv
This:@P: is used to'delete account IJifrow the 1ist arrsy: == beth
the. cell representing Ahvlaccouht asud allithe tilis making uprdts!sub~
siddary 1iet. ALl delstad: cells are: ruturtmeds vbnvhe LAVS: oA wetuing
16 ispued if ah attempt is made’ to: delsté wh' abeouhts el 1o which has: ai
sublist and the’ users 1 givedr the optidn: ofi deluwtdmg! it by moti: il
wefme’ 98 el svig o bulles P
vt i @R3Yeri s oo sk oridnn doen s
- This @F ie used to write: » file: constet ing ofs the cwrrent: status: of
-the Balance Sheet (BS) Accounts, or the Income and Expense (PL):#xcouhts, -
or the:Subsidiary:Lists: (18)i ot akl> theeesis Thes saew: in) requivredi to supply
tape’ inmbers: For-the €1les end is expieted to deépidiz own técnidindrall
-the! numbers: asedi: This bobkktegiat i‘net&on:iewbuy*thatﬁmhbuidwzbcntually
be dellegated to theisystemi -~ - 7 = ol [0 Jrusooe cul cf yiing ol
TS TR R SR B R ST B S FY TR I PR omhniaa o wPol Yo o taw ot reny
T !2&& Toanig owl octima ads D1 L3 ik
9932 is used to réad ima file pré¥iowdly cregtadcdy - ¢P3l .. i The: .
useris asked- td: supply: the! tapb"nunb!r~tb be usedi :ointodol wiltoar

N N Y R R I 3 T P BN
gP35
This @P closes out all the Igsﬁe and Expense Accounts to Account
39, NewaWerth.. v 0 oo ric oot sifen Din omoporias 48 5107

§Pr40
P40 is used to print out the.gyrrent balance of account LJX. For

Balahce Sheet: Accounts theiK may. beiomlitcted ainéé they:all-goRdilt of _
only two digits. i For: Income' and Expensé aécowitsi-if Ko=20 {or:blankl, A
the total balance over all purposes will be printed. This ¢P will
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repeatedly ask for an aceount number uatil a carriage retarp /48 201 vof

given. = o7 Dluow e g ovocwns sdd o3 aoidbbos luloun ¢usg A

ik ooy bers heg (o Ihoun G Go

"GEA VALY priWE out’ & TrialoBatente of A12'ehes atestntas Phavs

W 1% adked o wﬂ@uvdwe ré:belprintéd on thel stavément! - This
iy mwether” Fundtion” thet Mhowld! eveRtial1yobbs delegatied tookhey sysbemo

sot that ¢he: ubéi Weed eater: The  dateo ohlyd e Ttinonlde then! beostovad

AW memlmum s that 1t eoblduhel refenendtd by - the- other ﬂn.

a8 Ta 801 oF aolziatro ne doans oz
SRR "‘r'fi\fi;:fz‘mi ad (5383 Yo 2aso LwT Sl sTLemos

LTRSS G w110 priRes sut: the Thclihe? Ak EXpoiedi Statentdt (c ‘The'usey is
askelY {0 sEpply WhiEN parposel vil1 8k WHddI0T IR oli‘itme*fﬁﬂeueered,
& ﬁéamnﬁ rvfai.ibpafpme 1218k PRTRRBBLUE 9DuIDi: 03 2o ldiysg Do

§

SA T o avywi Doty owz oribays st e sosdo ban Lzgnlllvd susastg
P43 CE HINLEE
¢P43 will print out the subsidisxy lists of a series of Balance
Sheet Accounts, if they have subsidiary lists (up to tem accounts).

#P4h
This @P will print the Balance Sheet. 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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E.Q..r. ..tle. Eltm oosLSluian 8 iy * CHOMLA CRLGLDE GH YOh dRD v iLn . usga T

A very useful addition to the accounting system would be the .. ;-
facility to set up, modify, and analyze budgets. Any of the operatioms
defined so far which use actual dats:gould be used equally as well with
budgetidata,:; Whgn: achudget is preparsd it woyld.simply bei filedsgn its
current atatusy just a8 $iles 9f.dats srercrested: powy One.major; change
would have to be msde. to,alloy 8. compasison.of budget dste to.actyal data:
‘twocomplete- sets of mccoupk balances: in.the memory,of %mﬁsm at.
the sane time.. :This weuld require.an:expsnsion of: the.comman-data base.
With such an extension te the present system it would be possible to

compare the two sets of data, be igﬁggdget versus actual or one month
versus- anothesy. snd: Lesue xepasss.en.she; diffasensrs betvpensaceounts,
1w .Apether. pogedhldlsy: s fori.she Suture.is. a5 sxtension of zeceivables
and payables to include suffieisas jnformstisn;sg-allpv- us. te age:them,
prepare billings, and check on the credit ratings or limits on certain

accounts.
LS PP RR S S "‘ 2ol ‘.y’;;}:t‘
£ raadi
1 48 g1l
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To use CALOP1 in the OPS-1 system, one merely types in LOADGO MAINOP
READOP CALOPl. (Any apecig}subrputinesugg¢ by the OP'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 dom CA‘LOFI» !gety: the> nombbir of: the! dmd'éd OP and loads

it into memory; thg g,gmp ¢.=,§é t}{pe,s o1 m;_;,' .%ﬁio% ”_,}tansfers to

TGV

the OP it has just loaded in. After the OP is through executing, it is

deleted from memoxy (althouth the.user is given no indication of this), and
control passes back to the program that originally called CALLOP. The

user continues in this menner. Except for the computer typing out EXECUTION,
he would have no a priori knowledge .that all the OP subprograms hadimbt

, been previoqsly loaded j.nt.g mepory..  Should he, g,g.v;fi ejrher W}QEI or

,CALOP2 ap, 111eggl OP number (of an OP that does not exj.g;. in B,S.SK_form on

his files), an ETTOr. mepsage is P;;ntgd out_and c?n;;x . Just passes ?{gck

%o the. progyam that called CALLOI, o RBAINGES VAL AN

-CALOP2 48 similaxr 1n: nature to CALOPL:but- de: just-a Bit more: ssphis-
ticated. The loading of the main programe: is- ¥ifidsr.::Howewver, the':
.. compuber then types EXECUTION three times, which, indicates, that, two
. Programs have been lopded, FIRST( (FAP) and READR (FORTRAN), which are
1only- used once apd then deleted. FIRST( asks fox fwo parsmeters, (READR
is used to read the parametgrs, from the conpoles) which; sboyld be gf fhe
form .XXXXX (each--trailing zerosjcln be deleted). When that fraction
~ (indicated by the initial parameter) of memory tms been—used-up-by-the

user) ¥ ptognuu mz»ml amnoutice M ' oo byt pﬁhﬁdagam TIME
and ihe amovek §f, memery the user By, st {iiocsal) 44 saking him 1¢

g8 3 5

-he would like to delete all of his subprograms (notesthat T’ uke Q. in
place of ?). 1If he does, he should type in at least three characters

P .
(STNI B AT
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“ Added NotéE (by Maludble M, Jodesy i ; (TOW VHY ye H8U¢ vo 217 2 roun)

: 37 L TUE T o) 33nssnn iv nada
Tt has not besn possib e to aidlpt &LO¥S “do Ehe oF: a\ysjtag ‘because of

AN OATHHD ooauorgis [y mayRo o edd fid 3 tqdue ald arelsb o3 dosw Jon
Thai ‘he B8S 1

some undetected errors, perhaps in't oader.
{aedomBisn svidtibbe ariz H hotrothbal) moldasyd yordzoas 1973is misgs

saivy FRE, m%vsﬁu@m& of: CALQR2., hanaver , did yield pams pasthive
resu}t# 2 a0e, B85 Jomder cxeates m, hahle, cajled MOVIR) whish copkaing, the

{7 RAmes, %«s ?—rsf:gyg,mw: of: alk, subroutines, Joaded; 1nko £iaKe mewOTY..

CALOP2 scans the WAVIE), tgble ko ase AF, & xauting 48 in;coxs; before going
to the disk to gind it. This use of the MOVIE) table has been 1ncorpor¢ted
into & new 4, %1@1;};"; and smatlor CATYD 31 wh cf\m His i’a‘i:}feii“ well. Ay

furtheirl e;?tge'?{ng t %Oixﬁz‘ o ti'le h&‘!a@ 2 vnw w(ﬁ.[ft coq g:r Jf
consid;ri'a%&x' ﬂpofﬁieﬁm Py 1)H.’sgif':wwi'\rich :;%}sj% ch;i'rent r&iﬁjdi lm

LiBsmz & emsyagradua m‘&n 1596 9vaw Yaa:s st ¥t eay ol mergory 1alisd
mmry cou ‘ed.
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