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I " 1 Nature_agð_Scope_gf lhesås

fhe area of computer languages has been antl wíI-l

continue to be a very inportant area of research ín the

computer field" We haue low-level ancl high-Level

lanEuages for almost all types of specíal-izecl as well as

general purpose applicatj-ons. We even have languages to

help inplement other languages" with all of these

languagesu thougho there are still areas shere a

coaputing neecl eNists but the solution of a problem is

nacle ctifficul-t because of a lack of software faciXitv.

the specific area in question here involves data

analysis and. extraction by a researcher no+- orientetl

towarcl computer analysis"

this thesis describes the design and. iurplementati.on

of a systen that allows a researcher with little or no

exposure to a computer to use the machine as a tool to

help gain insights into the data he is examining. This

systen was inplementecl on an IBH system,/360 t{odel 65

conputer at the ûniversity of l{anitoba and an IBM

Systen/370 I{odel 165 computer at the Universíty of

Toronto Conputer Centre.



n "2 organizeLlen ef theËiS

Thj-s thesis j-s d.ívid.ecl into three maín parts:

(i) an historicaL review

{ii} the J-anguage d.ef inition

ancl (iiil the language impS-ementation

Reaclers wishing to write programs using the system

will be nainly interestecl in sections (ii, ancl (iii!

corresponding to chapters 3 antl t+s where the language

ancl its implernentation ís discussed. in detail" the user

wíLl fincl a conplete program in the appenclixu written to

show the features of the system"



HïsgoRrcer REgIEE

2"1 The Problem

The researcher not faniliar with computers faces a

difficult task when trying to analyze med.ium to large

anounts of clata" Numeric computations can be very time

consuming and most nesearchers prefer to expencÌ their

ef forts on other aspeets of a pro jec t. Wit,h large

amounts of d.atau the researcher may not have time to tlo

as complete an analysis as he neecis to get relevant

infornation fron his clata base" There are three basíc

choices he can make"

î) He can try t.o find which of the many languages in

existence is best for his requirements. Then, íf the

language is availahle on a machine he has access tou he

can proceecl to learn the language and tlo his analysis,

The nain fault with this choice is the amount of

work that must be done by the researcher before he gets

any results" this nethod d.oes not usually give the

researcher any preliminary results that woul-d enable him

to decj-d.e whether or not his ciata j-s significant ancl

whether he shoul-d. spend the tine ancl noney for a more

d.etailetl study. There is also difficulty in choosirrg the

proper language, Scme of the wid.eLy usect general-purpose

languages" F0RTRAN or PL/l for exampleu will proiluce the

results neecleil but the researcher will have to learn far



more about. the lanEuage than he probably neecls" Tf, on

the other hancl, a more tailorecl language is found.s one

that specificaLly suits his need.s, the researcher may

run the risk of learning a language that he may never

hawe neecl of again " Usteal-Ly, none of these language

types is very usefuL for a prelåninary type of analysis,

2\ Researchers in the social science fields often want

to count the number of recortls that correspond to

specifiect condj.tj-ons" This type of analysis nay be done

using a carcl sorter. However, if the number of

couditions that are to be net is more than a fewu the

researcher can be wasting a lot of time get.ting few

resuLts. This nethod is sufficient for some types of

clata extractíon but reguires at least one passu ancl

usual-ly moree over the clata for each resuLt requirecl.

3) The researcherss last alternative ís t.o try to

retluce his data tc a form where it may be manually

tabulated " Data or variables thought to be ínsignificant

coulcl be cleleted when they are, in factu significant"
Itlechanical errors ínherent in nanuaL numerical

calculations coulcl Lead to faulty inferences" It would.

be a waste not to take advantage of the powerful tools

we have access to"



2 " 2 o3þgs_-$glsgåsêF

Not very much work has been done to aid the

researcb.er and. especial-ly the socíal science researcher

in his efforts to use the computer as a scj-entific tool"

Of what little bas been cloneo five languages hawe been

chosen to ínclicate wha.t is availabre f or the type of

research cliscussed" These languages each show a

different phitr-osophy in dealing wíth t,he non-conputer-

oriented researcher ancl the social science researcher

wi-shíng to clo a prelinS.nary analysis. The five J-anguages

areS

1)

2l

3!

4l

s!

SRG-40 STIRVEY REPORT GENER&TOR

STATISTTCAI REPORT GENERATOR

The DATA-TEXT Language

COBOL

APL

2.2.1 SRG-40 SURVEY REPORT LANGT'AGE

5Rc-40 was written for the IBH-7040 computer at the

University of Waterloo" Its objectíve Has to sinplify

clata col-lection antl report writing by computer" Progran

preparation was to be kept to a nininun without

sacrj-ficing effici-ent use of the computer.

Data input to an SRG-40 program must be in one of

two f ormsr coded or actual" l{ith codecl clata o a pre-



assigned code i-s r¡sed to j-nclicate an iten of d.ata in
place of the actual- walue o f.ox exanple" 1 for mal-e and 2

for fenal-e would be aclequate cocles for a piece of clata

intlicating a certain sex" Actual data inðicates that

the actual walue of an answer is usecl to represent

itseLfu for exampl€, the nunber of peopJ-e over the age

of forty in a town or the total salary of a fanJ-Ly"

Cocles can be one or two digits or characters ancl act¡ral

va}ues can be from one to nine numeríc characters"

SRG-40 es f aults lie with its linit,ations ancl

restrictions" The language has only two basic comnandso

accunulate (i" e, sum) nuneric fielcls and count the

occurrences of cliff,erent cocled conbinations" This leawes

the language unconplicated for the non-progranner but

cloes not offer him a powerful enough utility.

language should be s5-npl-e anê powerful-"

Íhe fornat of instructions leases a lot to be

cles j-red. Alnost everything is clef ineil in terns of

uuneric cocleso making the instructions unintelligibLe to

a person not faniliar with the language" This also nakes

the language hard.er to learn ancl remember" Sanple

ccnnands are as follows:

c20 1 0400 1 00 1 002002003 00300f+004*

a6f[ 5cR09500 s

1)

2l

In this form they are totally neaniugJ-ess.



T'he first exanple would. classífy part of the data

being exanined ínto four categories" The number of times

these classificati-ons occurrecl woulcl then be tabulated.

The rrC!? indicates we trav'e a code v'ariable" the s!200e

inclicates the starti-ng column where the clata nay be

f ounci and the €¡1r! intlícates length" !804¡¡ tells how nany

cocled groups are defined" the remaining digits define

the actual tlata expected aod a nuneric equival-ent. Each

statement is enclecl by aû *"

the seconcl exanple can be used to sum the vaLues of

a specific tlata fielcl if the clata is more than 9500" The

r!As! clefines an actual variable that is to be

accumulated" The 0r64r¡ indicates the data location ancl

re5!s ínclicates field wirlth" ¡sGR¡1 specifies a compari-son

that is to b e per f orme¿t oE the data ancl if the

comparison holtts true, the accunuJ.ation takes p1ace, In

t,his case if the data is greater than rr9500¡r the clata

will be adtled j-nto the total. The only cornparisons

allowecl are GR antl LEu greater than and less than or

equal.

the two statements could. be ruD separately or

combined wi-th other statements to count ancl accumulate

basetl on a nunber of fieldsu ioêo count one fieltl AND

anot,her field ÀND another and. possibly accunula-te the

values in a nunber of other fields"



The chairman of the Sociology departnent at the

Ilníversity of Hanitoba was asked. to give his inpressions

of the needs and capabilíties of socíal scientists wíth

respect to computer analysis of their research tlata. He

saicl that. social scientists are not acc ustome cl to

computer progranming although the situation is
5-nprovíng'" Flhen askecl what should. be incl-ud.ed in a

language for social scientistso he replied that the

statistical capability shoulcl be liniteclu no tests of

siEnificance but possíbly so¡ne histogran capabiJ-ity" [Ie

reasoned that there were enough statistícal packages

available and that the researcher needed. a pre-

st,atistical capability for counting and tabulating his

d.ata"

lo this pointo the philosophy of SRc-40 agrees,

although there is no plotting capability in the

laaguage. It is also at this poínt where the two

philosophies cliverge" SRG-40 provicles no error checking"

Progran cards must obey format rules ancl dat.a must be

error free. This is contrary to the above belief antl the

general belíef today that languages shouLcl be easier to

cocle antl provi.de thorough error checking and. good.

cliagnostics, this is especially true f or the type of

researcher this language is aimecl at"

There are a few other faults with SRc-40 that

cletract fron its utility. The format of the report

generatecl by the progran ís very difficult. to read" A



researcher shoulci not have to search for hÍs results
when they have been tabul-ated. anil are sitting in front

of hin" Data input to the progran nust be on card.s.

Although the majority of social, science research data is
punched and. kept on cards there is no facility available

for the times when this is not the case" An even bigger

problem is the fact that a user must hase one ancÌ only

one card per record" This neans a researcher can only

haue a maxinum of eighty coLumns of infornation analyzed,

at one time.

SRG-40 was clevelopeci around 1965 and it should be

kept in mind that it was written for a relati,vely suall

nachineu thus limiting its capabilities"

2"2"2 sTArISsïçAr,_BEg cRr gENEBÂT9B

The second language to be lookecl at is STATISTICAT

REPORT GENERATOR which will be callecl SRG (as opposed. to

SRG-401, ALthough its name is similar to SIIRVEY REPORT

GENERAIOR and they were both clevelopecl at the University

of !{aterloo" there is very little else that is similar"

SRG was clesignecl for researchers needing

st,atistícal infornation antl reports but who are not

fanil-iar with Data Processing concepts" SRG is a total

systen, not just a language. In facto the actual progra¡n

to analyze clata is onLy one-thircl of the systen. It is
this part tbat is most rel-evant to the cliscussion and



wíll be ciealt with in greater cletail-" SRG Bovecl away

from the numeric instructi-ons codes of SRG-.{O to a nore

readabLe Englísb-like format, Instructions are not

completely readabLe but make more sense and are easier

to renember" SRG gi-ves ¡rsers the capability of countS-ng

the occurrences of different data conbinations as well

as sumninE numeric data i-tens as in SRG-40, The user

also has the power to define his own statistícaL

reguirements 1n terms of urathenaticaL expressi-onsn the

usetr has tbe capability of choosing which data itens are

to be output, j-n the final report. Sample instructi-ons

are as follows:

PRINT NAHE AGE SEX

COHPTTE åVG = TOTå,L/NUHB

coÛNT

I¡' CONDITIONS (1) COttNT

With the last instructiono a count is macle only if t,he

previously def inecl conclitionn namei-y conclition number 1s

is satisfied" The condition coulcl be SEN.E0"sFs if a

count of, fenaLes is clesi-recl or AGE,GT"40 if a count of

people over the age of forty is required" Any

instructíon except another IF may follow an IF

CONDITION" As can be seen, SRG is easier to reacl aotl

reøenber than SAG-40"

Líke SRc-40d though" SRc has its faults. the

}anguage is clesignecl for a terminal systen whích ¡neans



the user must learn the terminal- commands anil operation

as weLl- as t.he language" llany installations d.o not.

support terminaLs at all-, making it impossible to use.

In aclilition to thís" the fil-es that are to be analyzed

must be set up off-line. Thj-s ad.d.s another part of the

system to what a user must learn before he can get any

results" Altogether, this nakes for a fairly complex

systena more complex than

proqr am ¡ner "

l-s neeclecl for a beginning

The instructíon set is fairly easy to use ancÌ only

has one flaw as far as counting occurrences of clifferent

combinations of data goes, If a researcher wants to fincl

the number of occurrences of alL perurutations of classes

of clatau he must specify each possible combination in an

IF statenent" This ¡neans a great amount of work for this

type of tabulation"

2.2" 3 !A!ê:gE-Eg

Another language that is discussecl ís DATA-TEXT"

This languôgêa tleveloped about 1963 at Harvarfl

tníversity " ancl since s¡rbstantially revisecl (about 1970)

for the IBßÍ 360 anrl CDc 6000 series machinese was

designecl specificaJ-1y for data analysis in the social

science s.

lhe language is very powerful ancl inposing because

of its size. The clocumentation for the language is so



eKtensive and voluüinous that a beginníng' programmer has

a tentlency to feel- swanped before he starts" The

Language offers the researcher alnost auy ancl ewery

statisticaL analysis available" Sone of these are

listed as foLlows:

1) Simple statistics - Beano standard deviatíon"

varianceu eount

Frequency Distributions

Scatter plots

Correlations

Cross-tabulations ancl Cross-statistics

Factor Analysis ancl Rotations

T-Tests and F-Tests

Hultiple Regression

Analysis of Variance

2l

3)

4)

s)

6)

7)

8l

e)

Data to be input to the language nay resitle on

cardso di-sk or tape" Variables, representj-ng units of

data in a recorcl of a fileo are definecl in a si-nple'

reaclable maûner. The user gives each tlata iten a

clistinct name, specifies its location in a recorcl,

clescribes the data iten in an English-like manner and

ilescribes its cocles if it is a codecl piece of clata"

ActuaI statistical routines are

CCHPUTE stateuents as follows:

specif iecl

*COI{PUTE STATÏSTTCS (AGE, INCONE}

*COI{PTTTE T-TESTS (ÀBITÏTY}

an

1)

2l



*CO[{P{TTE CROSSÎABS (RACE,ÏTEH BT sEX,CLASS}

*COI{PUTE REGRESSTON (ABIT,TTY OI{ AGE@ SEX@ INCOtrE}
GROÛP BY CLÂSS

As can be seen, the statistic requirecl ís foll-owecl

by a list, of variabLes to be tabul-atecl along sith other

neecled information. Instructions are reaclable and fairly

easy to remember,

The main fault with DnTå,-TENT is its size. The

researcher wishi-ng to clo a pre-statistical analysís does

not need all that the language has to offer. There is so

much availabLe to the user it is difficult to find just

what is neeilecl. DATA-TEXT programs can be costly in

terns of courputer space required" On an IBI'1 nachinet

ÐATA-TEXT progf,arrs need approximately 200K bytes before

they can run.

DAfA-TEXT has been well planned and thoughtfuJ-ly

implemented but it is nore suited to the experienced

prograrn mer , not the researche r unf a uri liar sith

progranuring or existing statistical packages"

2.2,U COBOL

COBot stancls for Conson Busíness Orientecl Language.

Its chief functions are the maintaining antl hantlling of

large complex data fiJ-esu the generation of managenent

reports and numerous accounting applications, It is

ðisLiked by many scientific and mathematical programners

3¡

4)



an¿l owes nuch of its success to the support it receiqecl

fronr the Unite'd States gosernnent, the world0s largest

clata processing usero

Proqrams give the appearance of English antl are

prinarily self-clocunenting wíth each progra¡n clÍvidecl

ínto four najor sections or clivisionso lwo of these

clivisionso IDENTIFICATION and ENVIRONT{ENTp are usetl for

clocumentation purposes. Tbe DATA, DMSION is used to

clescribe files ancl vari-ables in a cletailed. way" The

final section u the PROCEDURE DIVISION o is useil to

clescribe the caLculati-ons that are to be perf ormecl.

coBOL is one of the nost wiclely-usecl languages in

existence t.oiïay. It is relatiwely easy to use ancl

provides a variety of facilities for the business

programner" When usetl in a non-business-orientetl

application, the language has a few clrawbacks. Its self-

tlocumenting nature requires the programmer to provide

information that is not always requirecl"

Statenents are often of a fixect format that must be

startecl within a specific range of columns ancl must entÌ

in a certain fashion. For exanple, the IDENTTFICATION

DMSION uust include a PROGRAT{-ID starting between

colunns I ancl 1'l followed by a period anrl a space" The

progran name then follows encLosed in single quotation

marks oE apostrophies" This is then al-so followecl by a

periocl ancl a blank. The language offers such a wide



variety of clata types that a user nust, be aware of not

only the type of data he has but j-n many cases its

internal machine representatj-on as well. Hany facilities
are availabLe to output these data types in a report

fornat. COBOL is hardS-y every used for nathematical otr

statistical work. The language has the capability of

doing this type of work even though it isu at tines,

a wkwa rd "

2"2"5 Å!!

APL is €!A Progranning Languager! and. is the last to

be cliscussecl" The language was implementecl by IBH for

IBH systens back in the 19600s and. is only now being

macÌe available by other companies"

Implenentation has been as a remote terninal time-

sharing interpretive system and thus its use is further

restrictecl to those systens that provícle terninal/teLe-
processing services"

The last year or two has seeû a clrive, partly

spearheaded by Harlan Mills of IBll Corporation, to

convert progranners and programming language clesign to a

philosophy callecl structurecl progranming. Using the

proper language and techniquesu t{iIls antl others have

shown that structureô programming dramatically iucreases

progranner productivity as well as the reliability of

his work,



APL is the opposite of alnost everything structurecl

programning' stands for and can be a very difficuLt
language to use or naíntain" Variabl-es are definecl in

mr¡ch the sane way as other language s, that is a

conbination of letters andr/or nunberso starting wit.h a

l-etter" The standard operators are userl , +-/x as well as

a number of special- operators and Greek Letters for
vector and natrix calculations. When they are all used

together it. can be very difficult to tlecipher a prograü.

The folJ-owing example will help clarify this point.

Given a vector of elenents xu the line of cocle shown is
sufficient for calculating the average of the elements

of the vector"
(a/x)+px

px gives the nunber of elements in the vector x

+/x suns the elenents in the v'ector ancl

(+/ " ) +p x cloes the f inal division to calculate the nean

As problens become more conplex, their functional

rlescriptions also become more clifficult to unclerstand

and reacl. For the persou who cloes not wish to becone

bogged down in complex programni-ng probleusu APL is not

a solution.

The researcher who has large fi-les of tlata is not

given satisfactory service either" At present, there is
only one conpany in Canadau Toronto-basecl I"P. Sharpu

that cffers any file-handling capability to speak of.

IBH has announcecl a fil-e handling service for their new



virtuaL systen version of APL but it

almost a l-1 of the existing systns

today"

won@t work for

that are running

In sunnary s a person wishíng to clo a short

statist.icaL summary either has to learn too much about

t.he language or is not offered. the necessary faciLities
if he wants to use APL.



DÂ,RE - A DATA REPORT LANGTAGE

3 " n Phil-oscpþy

It was felt that the computer languages that

exi-sted were not sufficient for solving the type of

problen cliscussed" Throughout t.he clevelopment of DA'RE (A

DAta REport Language) u every clesign concept triecl to

enconpass the folLowing princípIes"

( 1) Sinplicity

DARE was clesigned. to be usecl as a research tool,

main!-y by social scientists more interestecl ín theír

clata than ín siprogranmingre" The language has clefaul-t

values for nany options ancl instructions thus helping to

cut down on the coding neecled" The gramnatical

structureu or syntaxu folLows a logical pattern helping

to guicÌe the researcher towarcl his goal,. Unlike certain

languages such as COBOL, DARE cloes not require a large

anount of cocling to clo a little work" with DARE" a

researcher can tlo cletaiLecl analyses with relatively

simpl-e instructi-ons"

(2) Utility

DARE was no! designed to replace

packages. It was felt that there were nore

to hanclle almost any statistícal problem

woul-d encounter. Hany researchers wanted.

statistical

than enough

a researcher

so¡ne type of



pre-statistical analysiso file ecliting capabilit.y and

countinE facíJ-ity" DARE gives a user al-l of these within

a wariety of formats and options" DARE was specifical-J-y

designecl for t.he users who previousl.y spent hours at a

card sorteru sorting their data into clifferent

cLassifícations or the users who wanted to know if their

data hacl certain prelininary characteristics before they

dicl a lengthy statisticaL analysis"

{3} Flexibílity

The non-courputer-oriented researcher was kept in

nincl constantly when DARE was beín g clev elopecl"

Inst.ructions reEuired only a minimun of inf ornation to
procluce a goocl deal of analysis" This i-s fine for nan.y

researchers but was still inadequate for those who

wantecl an inprovecl result" With this in mind., DARE wa.s

clesignecl with rloptionsreø sections of code that were not

necessary for the basic running of the progranu but"

when usedu enabl-etl the user to have a more comprehensi-ve

or more reaclable result,

{4} G€nerality

DARE was ori ginall-y d.esignecl to be machine

indepenclent" None of the languagess instructions or clata

types have any bearing or relation to a specifi-c nachine

or implementation sty1e. only minor moclifications are

required. to ímplement the existing version on a wiile

range of machiû€s.
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cr€at€d "

part. in

was with these four

Each servecl as a Euide

the develcpment of the

principles that

and played an

la nqr ua ge 
"

D&RE was

integral



3. 2 Ï,-elggags_Descrågþåog

Programs written in the Data Beport T,anguage (DAREI

hawe two major sections:

ancl

{1}

t2l

File Definition

labulation and Report Writing

3"2"1 Fi-Le Defiaition

Every filee cE set of d.ata that is to be usetl, must

be cl.efinecl i-n the Fil-e Defini-ti-on section. To

clistinguish one file fron anotheru the fil-es are named

in the foll-owing rnannero

FIf,ENÅllE (FItEnn!

nn is a two-digit nunber from 0X to 20. i{unbers 01-

05 have been reserved for input files (files which will

be reatl in! ancl numbers 06"20 have been reservecl for
output files (files which are created. by the progran!.

Since most Eesearchers have their clata on cartls ancl wish

their results otl the printer" FILEOS and FILE06 have

been reserved for carcl input and printer output

respectively. Users whose d.ata j.s stored on uagnetic

tapeu cliskso or cther clevices or who wish to create new'

files on these der¡ices, clefine their files in the exact

same way as card or prínter files,



tip to nowø the user has naned t.he fiLe anclu in so

doing" specífied whether it. i-s input or output" He must

al-so clescribe each field. in the fíle that he wíshes to

use. Every field must have associatecl with it a distj-nct

v'ariable name along with other essential information

such as its l-ocation and clata type. This constitutes the

ninímum the user must cleclare" In addition to this" each

variable can have an assocj-ated ¡0variable d.escriptíono¡

for aicl in documenting the progran and provicling a nore

aesthetic report. Sone variable names can also have a

rrcocle d clescrÍ.ption!¡ and this wi Ll be d.i scussecÌ at.

greater lengt,h shortly" The following is the fornat for
clefining a variable:

VARIABLE NAI{E = LOCATION, TYPE,

Anything underlined is optional.

:g4BTAÞtE-DEg.g RIPlI9 g'_,
-(cap Ep_ÐEscRLgrIgNL
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The d.if,ferent sections are now d.escri-beci.

Variable Name

The variahle naue is the nane a user associates

wj.th one piece of data or one fiel-d in his file" It ray

be a conbination of one to six I-etters and nunberso but

must start with a letter. (Some valicl variable nanes

areã ADDR, SEXo PROV'lø PROV2a P'!09N, ancl P74å,3 "! the

following are invaLid variable nanes and the reasons why

they are io error are given.

ADDR ES S too longo more than six characters



coDE # 1

123HT

contains the invalid. character #

starts with a numeric character

It is suggested that users try to choose meaningfutr

variable naaes? ones that have so&e connection with the

dat a they r€present, This makes tleb ugging ancl

d.ocumentatíon of the progran nuch easier for the user@

q2't Location

A fietr d€ s location is separated from the varíable

name by an equal sign" this indicates both the eucl of

the variable nane and the beginning of the colunn

specification"

A variabless location in the record is inclicatecl by

giving the column nunber that represents its position in
the file" An item that covers more than one column is
specified by giving the first ancl last column numbers

separatecl by a hyphen, If an iten occupiecl positions 21

through 25 in a fileu these would be indicated. by 21-25"

A síngLe colunn wou-Lcl be representecl by a single nunber"

The column l-ocation is enclosecl in parentheses (! antl is
precetled by the woril COLUHN or COLU¡ÍNS" The short forms

COL or COLS nay also be used." The followíng four

examp}es are all equivalent as far as the definition of

the language is ccncerned."

blA,sE = cOI'Ut{NS (10-25}

l{AtÍE = COLUHIû (10-25}
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NA!{E =

NASIE =

lype

coLS (10-25)

cQL (10-25)

T'he type specification is used to intlicate the

funclamental characteristics of the clata representecl by

the variable name. In keeping with its objective of

simpl-icityu DARE only allows three data typesn

aLphamerico trr!neric and coiled.

Alphameric variables represent clata that can be

conposetl of alphabetico nuneric or special characters"

Its main use is for input ancl output only. Data items

that might nornally be cocletl as alphameric (sometímes

callecl al-phabetic) are namese acldresses, etc"

Nuneríc variabl-es represent clata ítems that are

nunbers ancl nothing else" Generally, the researcher

wants sone aritbnetic operation performecl upon these

items" Exanples of numeric fielcls coultì. be âgêo salaryu

number of chilclreno etc.

The final type specification is cotled" this is a

special specification that gives DARE most of its power,

Often a researcher groups his data i.nto classes

accorcling to some criterion" He can then represent each

class b y its own specif ic cod.e" For exanpleo a

soci.oloEist may be cloÍ-ng a study on the clifferences in



the cost of J.iving in different. regions of Canacla, He

could. subdivicle the country into the following regíons:

1) Marítimes"
2þ Quebec"
3l Ontarío u

4l Prairiesu
5) British Coluu'rbí ao and.
6) North"

The user could then specify the region that a recorcl

applied to by specifying the nunber that !{as associatecl

with its region cr in this case, even the first letter
of the region0s name would suffice as a codeo l{ could

stand for the Haritiureso 0 for Quebecu etc. Cocles can be

eit,her alphabetic or numeric and are not rest,rictecl to

being one letter or digit ín size"

the actual type specificatj-on is inclicated by using

t,he worcls ALPHA$ERIC' NûMERIC or CODED after the colunn

specification" A few short forms and alternatives have

been inclu cled. t.o h elp nak e the prog ra mning and

preparation less teclious" ALPHå,BETIC nay be usetl as atr

equivaLent forn of ATPHAHERIC and both may be inólicated

by the letter Ao NUHERIC ancl CODED may be representeti by

N antl C respectiwely" If the type specífication is

omitted completely, the variable is assumetl to be CODED"

The

f oli.owing

separatecl

to use sone

type spe cif ication can occur immeË15-ately

the colunn specif ica t,ion or the y ma y be

by either a comna or blanks" It is ad.visable

type of separatíon for readabilíty"



The following

clefining vari-abl-es"

examples show correct ways of

NAHE = COLS (1- 15} a AIPHABETTC
ADDR = coLS (16-30) A
CITY = COtS (31-45} AtPIÍ4, MERIC
SATART = COLT'I{NS (46-50}, NUMERTC
AGE = cot (51-52) N

SEX = cot (55! coDED
PROV = COt (56) " ". (CODED assumed with no

specif ication)
(r{} VariabLe Descríption

In atlclition to the above infornation a user may add

a variable clescription field" Thi-s is a character string
enclosed in single quotes {t} that helps to clescribe the

variable name. This description is used to aitl in the

readabilit.y of the output results" If the description

contains a guotation rrark u ít shoultl be enterecl as two

single quotation narks" The fol-lowing coulcl be usecl as

clescriptions for the above variable oanesg

1} O }IAI.I E O F FA I{ILY HEAD O

2l o STREET ADDRESS o

3} O CITY OF RESTDENCE8
IT} sTOTAL TNCOHE OF FAflITYC
5l c FAHII,Y fIEADe e S AGE I

61 8 SEX OF FÂT{TLY HEAD 8

7l e PRovINcE oF RESTDENCE ON DECEß1BER 31s

These d.escriptions can immecliately f ol-low the type

of specification but it is again suggesterl that the user

use either a comna or blanks to separate ít fron the

type specification.

1!
2\
?r¿t
4)
sl
6l
7l



{s} Codetl Description

The fj-na} specification is the coded clescription

and can only be used wit.h cotled. variables" It is a means

of specifying exactLy what each possible cocle stands for
in a cocled. fielcl" The tlescript,ion should. take the forn:

{coD E,/DE SCRI PTION ø CODE/D ESCRIPTIOl\[ " " . ]

with one CODE/DESCRIPTIoN

is used, AD example showing

representing a regional

clear er"

for eqery possible cocle that

the definition of a variable

code will help make this

R EGI 0 N =COL 0Þt N ( 36 $ ( 0rlt{ AR ITI t{E S s 1 /QUEB EC 02,/ ONIA RIO s 3,/W E ST }

Note that tbe clefinition bere cloes not neecl a type

specification as CODED is assumecl" AIso, there is no

variable description but this is not necessary either"

The exanple shows the column specificaiion antl coclecl

description separatecl by a blank. As with the other

specifications" this coulcl have been a com¡na or no space

neetl hawe been left at all. Each possible code has been

listed as a CODE/ÐESCRIPTION group. this is the best way

to code the group even though only the CODE section is
necessary" .The /DESCRIPTION part helps to document the

variable and makes the output nore readable. Sone codes

aEe self-docunenting ancl reguire no clescrS-ption or

explanation. For exampleu the following provincial code

wiLl clemonstrate this¡



PROV=COT" (1-5) øC0DE@ SpROVINCIAt CODEs a (PEI. øNFLD. øtqs, a

NB" d8UE" sOl{T"aflAhl. e

sAsK" d ALTA" e B" C" )

At this point it night be helpful to d.escribe an

entire input fiLe" Every file definition antl v'ariable

definition nust start on a new l-ine. Since card. input is
the most wictely used form of program inputu each file
clefínition and vari-abl-e clefinition will start on a new

card" They may start in any column ancl continue over to

the next if necessary" Only card colunns 'l t,o 71 shoulcl

be usetl for prograu statements. If an instruction or

ctefinition is too long to fit in the 71 coLunns, punch

any character ín column 72 ancl continue on the nest carcl

as if ít were a¡¡ extension of the one being preparetl.

Consicler a file of stuclent histories containinE the

stuclentes naneu city of residences êg€ group, sessional

gratle and cunu}ative gracle" The d.ata is assumed to be on

car¿ls" This file coulcl then be clefinecl as follows:

FTLENAmE (rÏrE05)
NAHE=COLS (1- 15! dÂ, € STÛÐENTs S NAt{Ec
CITY=CoLS(16-25) uAd eCITY OF RESIDENCEE
AGE=COL t26l o e A,GE GROttPs , (0,/ÛNDER 17, 1/18-20e
GRADEl=COt {,271 , A, eSESSIONAL GRADE0
GRADE2=COT (28} , A, ECTI¡IULÀTIVE GRADEg

Note that the variable clefinitions are intlentecl fron

file clefinition, This has no effect upon the prograut

is only usecl to aj-cl read.ability" Any file can now

clefined using the specifications describect abow'e" If
researcher i.s only in need. of a subset of the clata

z/ovBR 201
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has j-n a recordu he only neecls to d.efinej the variables

that apply to the ínformation being used." Once the fil-es

are defined, t,he researcher can then rnove on to the next

section, the tahulation sectiono where he describes what

to tlo with his rlata"

3 "2.2 1aþu!eg!se_E,ec9iss

The tabulation or processing section of a program

is the section that specifies what work is to be clone;

what operations are to be perfornecl.

Eight different operatS-ons are available to the

user to accomplish his ewaluation ancl prelininary

statistical analysis of his clata"

The instructions ares

1)

2\

3)

4)

s)

6l

7'l-

8l

R EAD

WRITE

HOVE (TRANSFER clata or ÀSSIGN¡

CALCTLAlE

CI,ASSÏFY

ORDER

PLOT

IF



3 "2" 2" 1 REå.DE WRITE' Då'TÂ TRÅNSFER

The REå,D and WRITE

toEether because of their
of these instructions is:

instruction (filename)

for examplee RE&D (fItEO5)

instructions wilL be d.iscussecl

great similaríty" The format

or

RR rlE (rrT,E 06)

These woultl cause the information currentl-y storecl

in the variables associated. with FILEO5 ancl FILE06, as

specified in a prececling FftE sectionn to be iuput ancl

output respectively. File numbers are testecl to ensure a

READ only accesses an input file antl WRITE only accesses

an output file. [Isers are a]-so notífied about errors in
format ancl what is expectecl" The statenent

READ) FrrE05)

woulcl generate the error nessage

*** ERROR *** EXPECTTNG ( BEFORE FILENAHE BTT ¡¡OT FOITIID

Every attempt has been macle to nake tliagnostics as

neaningfuL and. helpful as possible" other error or

øarning messages associated with input ancl output

specifications are:

1! THPAOFER CHARACTER FOLLOWING FITENAME



2\ THPROPER FILE SPECIFTCå,TION FOILOWTNG {

TITCORRECT FTT,E NUHBER" I{TS1 BE 2 bTUMERIC DTGTTS

FTT,E Ì{TTHBER OUTSTDE RANGE 1-20

NO FTLE HAS BEE}¡ SPECTFTED OR FTLE DEFI¡{ITTON MISSING

3)

4)

5)

Because entire files are input ancl output by a

single instruction and. file structures are ctefined with

unique variablesu there must be a way of transferring
clata from one variable to another. A HOVE or assignment

statement is usecl for this transfer and. has the

f oltr owing struct¡¡re"

wariable'l=variable2

Hben this statement is executecl the value of

variable2 is assigned to variabLel" Both variabLes nust

be of the sane type" For codetl or al-phanuneric clata,

truncation or paclcling will take place if necessary at

executíon"

Extensiwe error checking is carriecl out wben this

statenent is translatecl yielcling the followíng error or

warninq rnessages"

A VARIå,BLE ÏN THE ABOVE STATE¡{ENT DID NOT APPEAR

TN THE TILE SECTTON

T{IXED T{ODE IN ASSIGNI{ENÎ STATEKENT" VARIABLES

DO NOl HAVE THE SAI{E TYPE

1)

2l



3) TRUNCATION WILL OCCûR AT EXECUTIOÌ{ TIflE. CAUSE:

FTETD SÏZE OF VARÏABLES TS NOT TTIE SAI{E

4) PADDING WILL TA KE PLACE AT EXECTITION TIt{E, CAÛS E:

FTELD SIZE OF VARTABLES IS IíOT TiTE SAHE

3"2"2"2 Cn.LCULATE

The READ@ WRITE and I{OVE statenents are very

necessary to any conputer language but they are not the

focal point. of this language" The CALCULATE statement

offers the user the basic functions of sunming or

totalling fieLds u calculating averages ancl stantlarcl

d.eviations. the statement takes the form:

CALCULATE operation (Of) VARIABLEI (BY VARIABLE2)

Farts of the j-nstruction encl-osecl by parentheses( )

are optional" Choices for operation are:

1) SUH or TOTAL

2l AVERAGE

3! STANDARD DEVIATTON

VARIABLE'I nust be a numeric s'ariable ancl VABIABLE2 must

be coDED if usetl.

Sample statenents are as follows:

1) CALCULATE îOTAL PEOPLE

2t cAtcuLATE Str{ oF AGES

3) caÏ,curArE AVERAGE AGE



f{} CALCTLATE STANDåRD DEVÍATTOIü OF ERRORS

5) caLcrLAlE AVERAGE AcE BY CITY

6¡ CALCULÃ,ÎE IOTAL WRKDAY By SONTH

In statements without the BY specificatÍonu the

numeric operation yields one result" the one that was

reguestecl. In the statenents with the BY specificationu

one numeric result is producecl for each of the cocles of
the cotlecl variable as ít was clefinecl in the fíle
section" fn the fifth example aboveu if ten cities had

been clefinecl in the file section for the variabl-e CITTø

ten averages woulcl be calculated for this statenentu

each awerage pertaj-ning to a single city.

Sample di-agnostics that can be generatecl cluring

translation of this statement are:

1l EXPEClING A,RITHUETIC FUNClION AFTER !sCALCULATE'i

BUT ÏT WAS NOT FOt'ND

2\ EXPECTING VARIABLE NÃ,r{E OF NÍII{ERIC ITEH AFTER

OPERåTION BTIT NCT FOT'ND

3) EXPECTING NÛI{ERIC VnRIABLE BtT CODED OR

ALPHAtsETIC FOTND

4) EXPECIING {!Byw SPECIFICATION OR END OF CARD BtT

NON-AI,PHABETIC CHARACTER FOTIND

5l UNDECODEABÍ,E STATEHENT

6) coDED VARIABLE EXPECTED AFTER rrBy'? BtT Ì{ÛKERIC

OR ATPHABETIC FOUND



EXPECTING CODE åFTER s¡Blc0 SPECIFICAfIOI{3 IT

HAS BEET{ TGNORED"

3"2"2,3 CIASSIFY4 OBDERø PLOT

tlp to this point the progranmer has been able to
input ancl output his d.ata ancl do the elenentary

arithmetic functions that make up part of the objectives

of this language" The reuraining needs of the researcher

within the objectives specified. could be satisfied by

some type of counting ancÌ/or histogran plot facility"

The main methocl available for counting occurrences

of specifÍ-c data is the CLå,SSIFY statement, A user can

deternine the number of tines a specifi-c combination of

up to twel-ve variables occurred. Each of the up to

twelve variables must be of the CODED type antl the

instruction yielcts a natrix-like result" The CLASSIFT

statement takes the forn

CLASSIFY (var5-able 1 o variable2 o. " " sariable 1 2!

where all waríab1es are of the CODED type ancl at least

one is listed between the brackets. If Dl-represents the

jth code of the ith variable of the classification, the

results will be listed in the following forn:

7\
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Every possible combinatíon of all of the cocles of

alL of the variables in the CLASSIFY statenent is
Listed" fhi-s statenent requires the greatest anount of

internal storage of any of the instructions" It was felt
t,hat morê use woultl be nacle of the infornation that was

generatecl" Often a researcher woulcl like to be able to

regroup the variables specified in the CLå,SSIFY

statement so that the conbinations t.hat result are more

functional for his inclivitÌual- requirements" To this encl,

another statenent was i-ncludecl" The ORDER statement has

the exact sane fornat as the CLASSIFY statement ancl

actuatr-l-y refers to the CLASSIFY statement that precedes

it in the progran" The ORDER statenent contains the sane



variables as t.h€ previorls CLåSSIFY but

order. An exaurple of these two types

f cl.lows:

cLASSTFY (AøBøC)

oRDER (AsC8B¡

oRDER (BEATC)

in a different
of statement is as

the

nanner as

respect.

proclucecl

execution

is needecl

when the

re-orclers

ORDER statement functions in the exact sa¡ne

the CLASSIFY except in one qery important

The results for the ORDER statement are

at !0PRINTT! tine ancl no na jor storage or

tine is used by the statenent. All clata that

is accunulatecl by the CTASSIFY statement ancl

program is completeu the ORDER statenent just

it.

Checking is carried out to insure that all
variables usecl by both statenents are CODED and the

syntax is correct. Extra checking is carriecl out in the

ORDER statenent to insure that the variables listecl
agree in naue and nunber with the previous CLASSIFY"

Possible error or waraing nessages issuecl ares

EXPECTING ( AFÎER CLASSTFY BUT WAS NOl FOUND

HTSSTNG VAB TA,BLE NAI{E " EXPEClED CODED VARIABLE Bgl

NOT FOt'ND

1O0 ¡ÍANY VARIABTES lht CLASSIFT INSTRUCTTONa

1l

2l

3)



t{}

s!

MAX" TS TWELVE

VARIåBLE TSED TN CLÂ,SSTFY INSTRUCTION WAS NOT

CODED TYPE

COd!O OR I!} 99 EXPECTED AFTER VARTABLE NAHE BUl NOT

FOUND

NO CLASSÏFY PRECEDED TITE FIRST ORÐER STATEMENT

EXPECTTNG ( AFTER ORDER BttT NOT FOUND

VA,RIÄ,BLE IN ORDER WAS NOT IN PREVIOUS CLå,SSIFT

NUHBER OF VARÏABLES TN ORDER STATET{ENT TS NOT

THE SA¡{E AS LAST CLASSIFY

6)

7\

8)

e)

The final statement to be tlescribecl is the PLOT

statenent" trn both of its two formsu the PLOT statement

giqes the resea¡cher a histogran plot of either CODED or

¡IUMERIC clata. The statenent takes the following forms:

1! PLOT BY variablel

coclecl variable

where variable'[ is a

a ncl 2l PLOT variable2 cROttPS=#'l aRANGE= #2-#3

where variable2 is a nuueric variable"

If the PIOT statenent is usecl with Bf and a cotlecl

variable" a histograrû plot is generatecl with one bar of

the graph representing the occurrences of each cocle of

the cotletl variable as it was clescribed in the file
section "

If the PIOT statenent is

variable the user nust specify a

used øith a nuneric

range or upper ancl



Lower bound for the qalues whích he wants incluclecl as

the c-axis of his plot" If only one salue is specified

ít is assumed to be the upper bouncl with the loser

defauJ-tíng at zero. The user must also specify the

number of groups (corresponcling to bars on his graph!

into which the range is to be broken" The y-axis of the

graph (i" e. the height of the bars) represents the

number of tines the val-ue of the variable specified felt
into the group plotted..

As with all of the other statenents, extensive

error checking is carriecl on with the PLOT statenent as

we11" Error nessages generatecl are as folLows:

1l

2l

3!

4!

ILLEGAT CHARACTER SEoUENCE AFTER olPLOTo!

ILLEGÀL CHARACTER SEQTTENCE AFTER !!BY!O

AIPHÀBETTC VARTABLE FOÛND IN PtOl STET

EXPECTTNG IIGROUPIg OR ¡9RANGE8! SPECIFICAÎTON

BTT NCT FOUND

GROUP SPECIFÏCATION ATREADY ENCOTI{TERED

EXPECTING r¡=!0 AFTER GROTP BttT NOT FOUND

EXPECTIìüG NUHERIC VALUE AFTER GROTTPS

NO RANGE SPECIFTCAlTON WITII NI'T{ERTC VARIABI,E

NO GROUP SPECÏFTEÀÎTON [lITH NÛHERTC VARTABLE

EXPECTING NUIIERIC RANGE SPECIFTCATION BUl NOT

FOI]NÐ

TTLEGAL SEQTIENCE FOLLOWING RANGE SPECIFICATTON

TOO !{ÂNY NUIIERIC BOUNDS FOR RANGE

5)

6)

7)

8)

e)

10)

11)

121



3 "2.2 " 14 rF

At this point the user has all of the basic

conmancls needed to clo an introtluctory statistical
analysås of his clata" He can READe WRIIEp CLASSIFY,

Pl,OTs and calculate results ín a relatively efficient
ancl easy-to-use mannerø It was feltu though, that one

actclitíonal faciJ.ity shoulcl be actclecl to the language to
give it add.ed. versatilíty f rom the useres point of wiew"

There would. al-ways be a tine when he woultl líke to appty

the exist.ing ccmmancls to a specific subset of his clata"

The best way to clo this was to provitle a FORTRAN-like IF

statement that couLcl be used with all of the comnancls

listed" The IF statenent, takes the form

If (togical expression) conmancl

where command is one of the previously tlescri-bect

instr¡¡ctions and the logical expression is a combination

of operators and operancls that when evaluatecl yielcl a

result of tstruer¡ or rlfalsele" Operantls can be variable

nanesu alphabetic or nuneric literals" AJ.phabetic

literals are clenoted by enclosing then in single

quotati-on narks. Operators fail into two main

categoriesu arithmetic ancl logical., Arithuretic operators

consi st of + - / ancl * f or acld.itions subtractionu

tlivision ancl multiplication respectively" The logical
operators consist of EQu NEu GTo LT, GEu LEu OR, antl AND

for egual, not equal, greater thano less than, greater



than or e guatr- u less than or equal u oE s ancl ancl. Al-l-

}ogical. operators are both prececled and followecl by a

peri-od to separate them fron operand.s" Stand.ard FORTRAN

priorities are used for operators to hetp clarify
potentially ambiguou s situations. Two aclclitional-

operators are avaiJ-able u 0c (00 ancl ss) ¡0 to help when

necessary" The researcher is restrictecl from using two

clifferent types of operancls with the same operator,

Nuneric operaniÌs can be useci with the following
operators" +p -e 4s /u E8ø NE" GT" LIo GEu LE" For

exanple" the following statement coulcl be usecl to
calculate the average incone of ontario resiclents whose

afle ís 70 years or nores

ïF (PROV" E0" sONTg .AND"AGE"cE, ?0) CALCULATE AVERAGE
SALARY

Coclecl ancl alphabetic operancls can use the operators

E0 ancl NE. LOGICAT operators AND and OR are usecl to tie
parts of the logical ex pression toge ther. Cotled ancl

alphabetic literals enclosecl in quotations shoulcl be the

exact sane length as the other operand they are

connectecl t.o.

Sone of the error messages that can be generatecl

when this statenent is scannetl are as follows:

1l

2l

3)

4l

IF STÀTEHENT FOTND FOLTOWING ANOTHER TF

EXPECTïNG ( AFTER IF NOT FOTIND

IMPROPEB OR HISSTNc OPERÀTORS/OPERANDS IN IF

STNTAX ERROR _ THPROPER OpERATOR/OpERAND ORDER



5l

6)

7)

8¡

e)

10)

11!

12"

13)

I'NEVEN BRACKETS

UNDECODEABTE LOGïCAL/CO¡íPARAÎM OpERATOR AFTER o

TOGTCåL OPERATOR NOT FOT"LOWED BY

TNVALTD LOGICAL OPERATOR FOLÍ.OWING ø

MTXED UODE . TWO OPERANDS ARE NOT THE SAI{E TYPE

ALPÍTABETIC OR CODED OPERANDS WTTH }ION-ALPHå, OPERATOR

3" 2" 3

NUHERTC OPERANDS WITI{ NO}T-NUflERIC OPERå,TOR

TOGTCAL OPERANDS WTTT{ NON-LOGICAL OPERATOR

1W0 CODED VÀRIABLES AROUND Eg OR NE ÀRE NOT THE

SAHE LENGTH

Connent_on_Examglgg

This now conpletes the clescription of all of the

i-nstructious asailabLe in the tabulation sectionu along

with approximately hal-f of the error and warning

messages available as tliagnostic aitls to the researcher.

Appenclix A contains a sample progran that contains

deliberate errors to show the error checkíng capabíI-ity

of t.be interpreter. Appenilix B contains a working

program that shows sone of the capabilities of the

language" The problem sol-ved. by the program is a sery

conmon one for almost all computer centresp â routine

analysis of accounting data produced. by programs run on

a typical clay" The clata usecl, pertains to the Systen/370

installation at tbe tniversíty of Toronto. the centrees

User Services staff feels it needs to know the

clistribution of jobs at each of, the nore than ten renote



terninals that feed the main system" They need not only

the number of jobs from each remote but' specific
infornation about the inctivíduai. jobs as wel1" The

systen measurement group also keeps records on resource

utilization. Rith the program in ñ,ppendix Be alL the

information that is desirecl is available.

One final iteur should be notetl with regard to the

results fron the tabulation section, All results are

output automatically in a fixed format. The nature of

the language and its objectives does not lencl itself to

burclening the researcher with having to specify

elaborate formatting schemes. Each Line of a progran is
listed by the interpreter with a line number" All
results generated by an instructj-on in the tabulation

section refer back to the line nunber of the instruction
that generated it. Although this is not the most elegant

nethotlo it ís functional ancl easy to use.



L AN GUAGE TFIPLEHENTATTON

4" 1 HA$DARJN - t{agåtoþa pata_Eepgrt_IntegpreSer

t&"1.'l
P, h! loSe-EÌ¡y_o f l_Eple me gtat io4

A great cleaL of thought went into the clecisions on

how to impLement the language clef inecl" The na jor

clecis j-on to be macle was whether to implement it as a

compiler-basecl systen or an ínterpretive systen. There

were tlefinite aclvantages to both,

A ccmpiler-based system was better for applications that
woulcl be performetl repetetively" A load noclule coulcl be

proclucecl once and this moclule could. then be usecl to clo

the analysis" The conpiler-basecl systen was nore

efficient. There was no scanning neeclecl once an object

nodule was produced ancl the object motlule itself woulcl

be in nachine or assenbly code.

An interpretive system had other advantages. Usersu

especially novice oneso were not botherecl with object

motlul-es ancl 1oacl moclules" A system written in a high-

level language that executecl its own cod.e was one step

closer to being urachine indepenclent" If it was

anticipated. that the language woulcl not be used for a

proiluction-like purpose then the overhead incurretl coulcl

easS-Ly be balanced by the fLexibitrity giainecl.

The solution that was eventually arrivecl

involvecl a corbination of the aclvantages of both

at

the



conpiL€r-based. and interpretive systens" All- programs

are scanned for correct syntax and an internal cocle is
produced. for the interpreter" It is this sinplified code

that is executedu el-ininating many of the problems antl

much of the overheacl of conventional systens" Both the

translator and interpreter have been written in a high-

level language and although not totall-y nachine

inrlepenclent are as close as can be.

4"'1"2 GgggS_l-ggic

the system is clesigned to be a batch processing

systemp that is nany jobs could. be processed anrl run

with one loacting of the interpreter"

Every job goes through four phases while being

processecl. The phases are individual processors that are

necessary f or translatS-ng the user0 s program into a forur

t.hat is neecled. to manipulate his clata"

A CONÎROL PROCESSOR is usecl to act as a supervisoro

passin(t control between the other processors" The FILE

PROCESSOR handles alL set-up requirenents for I,/O ancÌ

the TABULATOR PnOCESSOR looks after executable

statements" Once all of the statements have been

translatecl, control passes to the ENECUTION PROCESSOR

for execution.

these are now d.iscussed in greater detail"



4,1"3 gag.9è5Iu._E9glIgEg

I¿" 1"3" 1 CONTROL PROCESSOR

A control sectioD øas cleveloped to clifferentiate
between rlifferent jobs of the saue batch as well as

sections of tbe sane job" Control carcls were implenented.

that indicatect the clifferent stages of processing that a

user would. go through, The control carcls are:

lwo other control carcls were aclclecl as aicls to

clebugEing the interpreter;

1)

2b

3)

4)

5)

and 6l

ancl

Esery

character

reservetl

purpose if
form

JOB

FILE

T AB ITL ATE

DATA

EJECT

COgEENI

DEBI'GON

DEBTTGOFF

control card nust be preceded by a control

in the first colunn of the carci" This is a

character and nay not be usecl for any other

it is in column 1" All control carcls take the

1)

2l

control character control stateuent



Tn the current sersion of the i-nterpretêr A is usecl as

the control, character" Appendix A and. B contain exampLes

of its useo The comnent statement is sJ.ightly different"
lnsteacl of specifying

ACOHI{ENT

for a comment cardu the u.ser only has to specify two

contro} characters, AA"

Each control card has a very definite function, the

JOB card is used to separate jobs in a batch as well as

pass atltlitional- information on to the interpreter" When

encountereclu the CONTROL PROCESSOR passes control to

routines that clean up any previous joh in the same

hat,ch " Another routine is then performecl that
ini.tializes clata for the new job antl picks up job

optíons fron the job carcl. These inclucte the ability to

suppress warning u¡essages fron the progran listing ancl

reguest the use of 2 byte integers for space saving in
ßemoryø the user requests these options by specifying

keywords anywhere after the wortl JOB. The keyworcls for
suppression of warning nessages ancl the use of a smaller

worcl size are l[Ol{ARN ancl SHALL respectively. The userss

name anclr/or iclentification, if enclosecl in single
quotation narkso is also picked up from this card anct is
usecl when a job separator page is proctucecl" Following

t,he procluction of the separat or page ancl variabLe

init.ialization" control returns to a main ínput routine
to get the next card.



The FILE carcl is usually fountl foll-owing the job

carcl" Rhen encountered the CONTROT PROCESSOR i-nitiaLizes
wariab1es neecled in the clefinítion of Í/O files and.

returns t.o the mai-n input routine"

T"he TABULATE card. invokes routines that terninate

the preyious Frocessor" Variables needecl for the

TABtttAtE PROCESSOR are initialized ancl control- returns

again to t.he uain input routine"

the DATA card signifies that alt comnands or

iustructions have been enterecl" Internal cocle is
generatecl t.o provicle a ¡lflow controlet through the code

that was previously generatecl. Variables neecletl j-n

execution are initialized. ancl if no errors have been

recorcletl to thís pointo control passes to the EXECUTION

PROCESSOR "

The fifth ccntrol-

only usecl to aitl in the

When enc ounterecl o the

top of a new page where

carcl i-s the EJECT cartl" This is
ouput listing of a progran"

printer is forced to skip to the

the listing is continuecl"

The CO UI{ENT carcl is a convenient methotl of
suppl-ying conments or documentation in a program. All
comnents are listecl in the order they are founcl anct have

no other effect upon a progran"

fhe DEBIIGON ancl DEBttcOFF carcls are used

selectively turn on ancl off specíal proceclures usecl

to

to



debuE the interpreter. They are of very l-imited use to

the progranrner hut can be of significant help to the

systems personnel responsible for the interpreter" The

backbone of the debugging proceclures is a fornattecl d.ump

routine that prints out nain nenory for the interpreter
alonE wit.h some of the important pointers and. variables.

In atidition to provitting the controL between each

of these control sectionsn the CONTROL PROCESSOR cloes a

certain amount of error checking to insure that program

sections are in the proper seguence and one progran cloes

not clestroy another one in the same batch"

4" 1" 3" 2 FTLE PROCESSOR

A file section hanclles the fornation of clata

structures needed by the interpreter as well as the

allocation of storage space for variables clefined by the

u ser"

Control is passetl from the main input routine to
the analysis portion of the file section" If the carrl

just input ínclícates tbe beginning of a new file (i"e, a

FI¿ENAIIE card] the l-ast f ile j-s closed off antl the new

fil-e is storecl in the interpretergs menory, All files
are Linkecl together to provide the capability for
effj-cient file searches. Checks are provided to insure

that the user cloes not try to ôefine the sane file rnore

than once"



If the carcl passecl to the fii-e section is not a

FITENAHE card ít is assumed to be a variabl-e definition
card" Ror¡tines are called that break this input carcl

j-nto syntactic units. If the synt.ax of the statenent is
correct the data that has been broken clown is used. to

build the information about the variable that will be

needecl at execution tine, The FILE PROCESSOR links all-

of the variables of a progran together for efficient
qariable searches" As with the file d.efinitions, checks

are made to ínsure unique variable names in the

clef init.ion phase"

I¡" 1" 3" 3 TABTTLATE PROCESSOR

the thircl section i-s the tabulation section, Its

function is to tlo all syntax checking of executable

statements, issue error and warning messages when

necessary, and generate the internal text for the

interpreter,

In many respects" the TABtttATE PROCESSOR is similar
to the FILE PROCESSOR. Statements passecl to the

processor base their first syntactíc unit usecl in a

table look-up sequence" If the unit natches any el-ement

in the table, control is passecl to a specialized routine

that continues syntax checking and internal code

generati-on" The specialized. routiaes use the same code

as the FIIE PROCESSOR for iloing the syntax anaLysis and

error ¡aessage generation" If a statenent is



syntactically corr€ctu its equivalent internaL code is
loaded into aeatory" All variable references are resolved.

and run-tine error checking is inclucled if neecled..

Ccntrol returns to the uain input routine so that the

n€xt statement may be read in" The TABÚLATE PROCESSOR

also keeps track of the memory location of the first
statement encountered and this is passed. on to the

ENECUTTON PBOCESSOR"

4 " 1" 3 " 
f+ EXECTTTION PROCESSOR

The final processor is tbe interpreter" It is
responsible f or e xecuting the cocle procluced by the

TABtttATE PROCESSOR ancl for issuing execution-tine error

messages. The interpreter also keeps track of certain
job statistics such as memory utilizationo the number of

recorrls reacL fron an input file or written to an output

filen antl the number of error ancl warning nessages

generatecl for the job,

the EXECUTION PROCESSOR uses three nain parts of

the interpreters ân Instruction Adclress Register ? a

branch table and instruction noclules. The Instruction
Acltlress Register (IAR) is initially set to point to the

first instruction in nenory" This is passecl to the

EXECUTION PROCESSOR fron the TABTLATE PROCESSOR" The

EXECIIIIOt{ PROCESSOR picks up the byte in nemory pointecl.

to by the IÂR and uses this as an inclex into a branch

table. The byte of infornation actually represents an



operation code of a specific instruction" The branch

tabLe contains pointers to the differenÈ routines needed

to execute the different operation codes" When control
passes to these routinesu they use the ínformation

folLowinE the operation code as operancls, After
processing the operation codeu the IAR is incrementetÌ by

a fixecl number of bytes so that it points to the next

operation code" Control passes back to the point where

the next operation cocle is pickecl up and usecl in the

branch tabIe"

Each instruction {operation code} has two phases"

READ antl I,IRITE instructions are executed. completely each

time they are encounterecl in a looping progran. This is
what one would. nornally expect" A statement requesting

the AVERAGE value of a field cannot be fully executecl

unt.il all of the clata has been collected. The two phases

for each instruction coulcl be call-ecl the ¡lloop phase¡t

and the 0!finaL output phaserr. For READ and WRITE

instructionsu a READ or WRIIE is performed. every time it,
is encounterecl in the loop phase. CALCULATE instructions
only collectecl tlata cluring the teloop phaserr, The loop

phase enils ancl the €8fi-nal output phase{t begins when all
the clata has been collected" that is when an encl-of-file
iaterrupt, is raised. while d.oing a READ operatiou. At

thís point one final circuit is nade through the

proqra¡n, not to aclcl new data to totals or averages but



to complete the final- calcuLations and output the

results" Thís is the ¡0final- output phaselt.



t$.2 rnt.ernal ogggglgatlog

lå" 2" 1 lymboL_lablg Entríeq

The symbcJ- table is locatecl at the low end of tbe

interpreterqs nemory" It contains the ínternat format of
a]-l of the files d.efinecl in the tabulation section of a

progran. All variables defined. are enterecl into the

table and are connected. to aLl previously ctefined

waríables in a linkecl list structure" This allows for
efficient searches of the symbol table while a3-lowing

for variable length entries in the table" In adctition to

a link each entry in the tabl-e contains the wariable

naned ancl displacement from the beginning of the record

for which the clata item is tlefinedu the length of the

clata iten, its type (nuneric" coclecl or alphanumeric) e a

pointer to a nenory location where the description of

the variable is located. if the clescrj-ption has been

inclucledu anc! a pointer to the coiled. clescription if the

variabl-e is of the coded type" Adciitional space has been

inclucled for possible future expansion but is not

presently usecl"

l+ "2.2 !ns!rgc!iog Entries

The

i nt,ernal

processors

following

code that

nentionecl

sections describe briefly the

j-s generated by the dif f erent

above, Each statement fron a



program is broken down into an operatíon code and

operancls"

14"2"2"1 READ

The READ instruction takes the following format:

0P coDEa FïLE-NûMBER-POINTER

The File-Number-Pointer points to a memory location
where the file structure for the file in guesti-on is
locatecl"

t4"2"2"2 WRrTE

the WRÏTE instruction takes the iclentical format to

that of the READ"

oP coDE øFILE-NUHBER-POI NTER

The pointer inclicates the area clefining the file
structure and clata to be output.

4"2^2"3 t{OVE

The HOVE ínstruction has the forn

OP CODEdPOINTER 1 øPOINTER 2oLength,
Padd.ing (if necessary!

Pointer 2 points to the information to be moved

while Pointer 1 points to the area into whi-ch the d.ata

is to uove. Length represents the nunber of characters

to be transferred and. padcling represents the number of
blanks to be usecl to fíll out a field that j-s larger

than need. be.



t4 "2"2 "4 CÂT,CULATE

The CALCUI,ATE statenent is realLy three separate

statementsu one for StHa å,VERAGE and STANDARD DEVIATION"

Each consists of the foJ.Lowing:

oP coDE rcoDE-CoIINTER, DATA-POINTERS4
Â,cctgtLAToR s

CALCITLATE å,VENAGE AGE BY CITY

where CIIY is coclecl"

The code-counter contains the cli mensions of the

variable CITY {i"e" the nunber of codes that were

clefinecl for that variabl-e) " The data-poi-nters point to

the menory locations of the CODED variable antl the data

to be usecl in the ca]-culations. The value of the cotle-

counter specifies the nunber of sets of accumul-ators

neeclecl for the conputation. If , in the above exanpleu

seven cities were tlefinecle wê would. neetl seven sets of

accunulatorsu cne for each city. The following table

inclicates the number of accumulators in each set for
each CALCUTATE statenents

fhe cocle-counter is

ís usecl with a crBY CODED

following:

Statenegt

s0H/ToTAL
AVER å,GE
STANDARD DEVÎATÏON

If a CODED variabLe

accumulators is sufficient

usecl when a CALCULAIE statement

varia bl er€ phra se as in the

#_g!_Cccunulatogs

1

2
3

is not usecl, one set

for all calculations.

of



t4"2"2"5 TSN

The ISN instruction is generatecl at the beginning

of every prograa statenent" It takes the forn

o P coDE, LINE- bttt HBER

The l-ine-nunber refers to the statenent number of

the statement about to be processecl" When encounterecl

during executionu this statenent upclates an instruction
counter that catr be usecl in execution-time error

nessages antl diagnost,ics"

t4,2" 2" 6 CLå,SSIFY/ORDER

CLASSIFï ancl ORDER are treated in the sane section

because of the similarity of their organization ancl the

way in which they are tiecl together. The CLASSIFY

instruction takes the fo1-lowing forn:
op coDEsvAR I¡'BLE-COttNT' VEClOR-Sr ZE aVARIåBLE-
POINTERS, DI HENSIONS @ [1ÛLTTpLIERS, COÛNTER-VECTOR

VARIå,BLE-CCUNT (n) is the nunber of sariables in
the statement, " VECTOR-SIZE (nl is the procluct of the

dimensions of the n variables. VARIABLE-POINTERS point

to the nemory locations of the n varíables. DIHENSIONS

represents the n climensions of the n variableso ancl

HÍIITIPLIERS (n of them) are usecl for inclexing into the

vector of counters ancl are clefineit as follows:

UTTLTIPLIER (N) =
HITTTIPLIER { N-1}

1

DÏMENSIO¡ü (N} * HI'LTTPLIER {N}



COIII{TERS {n of them} are used to count the æcurrence at,

each possibLe combination of variables"

The ORÐER statement has the foJ-lowing forn:

op coDEd vARIABLE-POINIERS 4DImENSIONS e

}lITLTIPLTERS

All- of these have the sane meaning as the CLASSIFY

wíth cne exception. If variabLe i in the orcler statenent

has the posS-t,ion j in the previous CLASSIFY, multiplier
i in the ORDER instruction takes the value of multiplier
j from the previous CLASSIFY j-nstruction. When these

mu1tipliers are usecl t.o index into the wector from the

prevJ-otrs CLASSIFY they will access the same clata in a

neu order.

4 "2" 2,'I TF

The IF instruction follows a very simple logic ancl

takes the forn:

oP coDE, EXPRESSTON-RESttT-pOIt{TERøNEW-
I NSTRl¡CTION- ADDRESS

the Expression-Result-Pointer points to an area of
nemorlr that contains a true or false value ('l or 0¡

represent.ing the validity of the logical expression

originally specifiecl ín the IF statement of the program.

If the st.at.enent was trueu the Instruction A,tlclress

Register (fAR! is set to point to the next instruction
in nenory" If the stateuent was false, the IAR is
assi-gnecl the New-Instruction-Â,d.tlress f rom the IF

instruction. This new ad.clress is just the Location



after ttre instruction that foLlowed. at the enct of the IF
statement in the prograr[o

u,2"2"8 PLOl

There are two forms of the PLOT statementu one for
CODED clata anrl one for NUHERIC.

T'he CODED PLOT takes the following f orm:

op coDE, D I¡{ENSION, VARI A BLE- ADDRESS, C OUNÎ ERS

DIHENSION {n} is the nunber of entries for the CODED

variable" VÂRIåELE-¡,DDRESS poínts to the memory location
defining the variable being plottett" COTNTERS represents

the n acc umulators neecled. f or the n bars of the

histogram plot.

The Nt'ffEBIC PIOT takes the following form:

oP coDE rGROUpS, VARInBLE-ADDRESS ø RANGE-1d
RAÌ{GE-2d COUNTERS

GROUPS represents the number of segnents that are

to be plottecl in the nuneric span between RANGE-l and

RANGE-2" VARIABLE-A,DDRESS points to the variabl_e

clef inition of the d.ata being plottecl antl COUNTERS

represents the n accumu,lators neeclecl for the n bars of
the bistogran plot"

Each of the above instructions was d.esigned. to

as Litt,le me¡nory space as possS-ble but still prov5-d.e

necessary infornation for efficient execution"

use

the



Conclusion

In trying to evaluate this thesis the author has

askecl four basic quest.ions:

i) Does the inp1-ementation of the language foll-ow
the clesign specif ications anci work as it.
sho uLcl?

2't Does the pro ject ueet the ob jectives
originalJ-y proposecl?

3) Wíth the aicÌ of hindsight, how woulcl the
project have been changect to possibly attain
qreater results?

4) Was the project a success?

The implenentation of the language follows the

specifications exactly antl cloes indeetl work. Extensíve

testS,ng was performecl ancl the interpreter has no known

wþ¡¡gsrr. By faro the largest nunber of problens that

arose cluring finaL testing of the interpreter were clue

to keypunch errors in the prograurs being testecl or the

clata being usecl" These were all caught by the

interpret.er ancl the diagnostics that brere generatecl macte

tbe error correction trivial"

there were four basic objectives originally
consiclerecl ancl most of them have been met" Simplicity
has been naintained throughout" The language is
restricted to a few basic, powerful conmands that are

easy to use but stiLl do the work. The language seens to

have a sri¿le range cf applications ewen in a procluction

ensironment for daily statistical applications as can be



seen in the examptr-e j-n the appencl5.x" Fl-exibilit.y has

been maintained from the languaEe clefinitions through to

the interpreter impÌ-ementations" Options have been

prowicled to make the use of the language as sinple as

possibtre" The final- objectiveo generality, has not been

conpl-eteLy attainetl" Even though t,he interpreter was

written in a high-LeveL language a few sections of cocle

were written ín a machine-depenclent manner. These

sections are very few in number and. should not produce

nany problems if a version is required for another

nachíne (i. e. other than T'Bn/360 or 3701 "

lwo clesign clecisions would be clifferent if the

project was being re-written. One woultl be to write
specific parts of the translator in a low-tevel language

for Ereater efficiency. the second. woulcl be to write a

compiler version insteacl of an interpreter" Originally
when this l-anguage was still in the d.esígn stage it was

felt that íts nain uses would be as a pre-statístical
package clata analyzer. A researcher with his clata woulil

run a prograu¡ a few tines to cletermine whether or not to

Eo on ancl clo an in-clepth analysis. Sinee the interpreter
has been finishecl more ancl more application s ha qe

cleveloped that can use the language as it is and clo not

need anything else. For these applications that are run

on a regular basisu an interpreten does not offer the

efficiency that is desirecl ancl caD only be acconoclatecÌ

hy a loacl notlule"



The project can definitel-y be termecl a success for
the fcJ.J-oeling two reasonss

the project met or
objective "

exceetlecl almost every

The author has gainecl a great deal of
knowledge in the areas of I-anguage clesígnu
language implementation an¿l J.arge-project
i mplementation,

1)

2b



APPENDÏX A



This

ciel,iberat,e

diagnostic

section

pEogra mming

features of

contains two sanpl-e

errors" It is meant to
the interpreter.

jobs wíth

show the
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this sectåon contains a sample working job. It not

only shows that the interpreter works but also shows

scne of its f uncti-onal capabil-ity. The progra n shown

solves a problem many conputer centres have" Given

accounting recorcls fron jobs rund tlo a statisticaL
analysis on certain aspects of the tlata" The Ûniversíty

of loronto has a very large centre with many smal-l

ternínals scattered throughout the tlifferent campuses

t.hat act as feeders to the central- site. l{anagement

Likes to keep a profile of the types of jobs that run on

the systenu that is" where they cone from" what priority
cto they use€, carcls read in" lines printeclu etc, The file
section of the example clefines the structure of one of
the accounting recorcls" The tabulate section contains

the instructions for the analysis. The first three

instructions generate plotted output. The next eigbt

instructions calcuLate required statistics an<l yield a

nunerical output" The CLASSIFY and ORDER statements

generate the bulk of the output ancl count the

occurrences of the clifferent conbinations of job options

available at the centre" The final stateüent counts the

number of forns ncunts of jobs run priority I ancl

subnittecl through the tersrinal system,
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