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1, DATA PROCESSING

a) Introdustion
Dete is procesced in order to yield informetion. The besie
ressons {or processing deta ere:

1) to keep deteiled factes sbout individusl tronsestions
for recerde,

2) to produce opersting documente, paysheets, class lists;
to ensble day-to-dey sdministrstion of the orgenizetion
to continue,

%) to enelyse fects into informetive reporte, snnuel reportes,
statisticrl surveys; to ensble nolloy decisions to be
mede on the besis of lnowledge.

¥enegement ie not primerily interested in source reports,
documents, dete; ite primery requirement is informetion in

eesily ereimilable form - hence date prosessing ococupies en
fmportent role in the running of &n orgenizetion,

The word 'dete’ mey be used to cover sll the fects obtsined,

end the term 'informetion' te denote the perticuler combinetion
of facts of relevence to the project under consideration,

The velue of informetion is dependent upon its eecurscy, otherwiee

it hes negetive veluey ite novelty, it tellis the resder something



he did not know before; focuse, it gives a clesr picture of the
relevant fects snd does not confuse the reesder with extreneous

detail.

b) Operetions in Date Progessing

The besie operstions in the processing of dsta ere:
1) ORIGINATION
2) PROCESSING

%) OUTPUT

1) The ORIGINATION of dete in a form suiteble for processing
involves three steges:

i) Deate Colleetion - empturing the fscte when they are

availeble; for instence the time at which en employee
starts or stops work may be recorded in writing by a
timekeeper, stemped or punched in numerele by e time cloek,
recorded on dise, megnetie or peper tepe by & computer.
Date colleotion often begins with the menuel operetion

of keyboerds, although recent developments permit the
eutomatic eollection of dete in machine-processable form.
the collection of dete in mechine-proeesseble form may

yield informetion which requires mechsniceel interpretation



before it cen be made sveileble in o form comprehensible
to men, Alternetively, shermotere mey be produced in =&
form legible to both mechines snd peonle; in which cese
charecter resding wmachines mey be required to convert the
cherseters to e form suiteble for autometic proceseing.
i) Date Verification includrs checking dete to determine
whether they ere in the sporoved format, convey the correct
meening to the reader, and will leed to the eppropriste
ection.
The desired degree of ecoursey does not neceeserily imply
perfeotiony @ s8light misspelling of & neame, for exemple,
may be triviel: but the crediting of the wrong customer
with & purechere, or the wrong student with e oualification
can csuse muech trouble,
The simplest type of verificetion ie to ensure that esch
dete field conteins the correct kinde of chersoters,
nuneriec end elphsbetic -~ 2n error in this sphere defies
further crocessing end must be corrected before proceseing
een proeceed, Vore difficult probleme of verificetion arise
from incompletenese of dete input,
The meening of some dste in terms of ressonsbleness serves
to verify it; it is possible for e person to emberk upon

& university cereer at the sge of 91 but it would be



unressoneble to assume unquestioningly thet this is

hie ege - it may be thet he ies aged 19, end has mede en
error. The detection of poesible errors meed not stop the
cheeking, the questionable data need only be flagged es
requiring further verificetion.

Some dete which pase the formet end meening tests may
require some verificetion esection before processing, this

is evidenced by the processing, or clesring, of a chegue -
the signsture end the aveileble funde must be verified before

the benk will henour the cheaque.

2) The PROCESSING of dete involves the rearrenging of input and
the proeeseing of filee,
i) Reerrengerent involves cleseifying dete by type end

ordering them into sequence without chenging their sontent
by comoutetion, this is required when two or moere lkinds
of trens-ctione originste together but require separste
hendling; the processing can, however, be elimineted by
errenging for the sepsrste originetion of esch cless of data.
A second wey of reerrenging dete is to use esch typs of

trensaction to produce seversl outputs. Depending upon

the kind of output desired end the file arrengecent,



the transections are errenged in different sequences

for effieient procesesing.

In addition to the problem of errenging trensesctions

in the same sequence 28 the file before processing them,
there is the releted problem of keeping the file itself
in e specified sequence snd elimineting inective records.
Meinteining e file of customers' accounts, items of stoek,
or student records, for exemple, mey require the insertion
of records for new customers or students according to some
sequence, end the deletion of inective recorde as custom
ie trensferred eway, snd studente leave,

Files kept on megnetic tepe ere of'ten arrenged in
elphebetie or numerie sequence end are most efficiently
processed in the same sequence. Rendom - aceess equipment,
on the other hend, is designed to handle trensections
without regerd for file or transesetion sequence.

A third kind of resrrengement ceccurs when the elements of
deta in en item are in one sequence but ere wented in a
different sequence.

Dete mey be reerrenged within an item during input

eonvereion, processing, or output editing.



ii) Pile Proceeeing involves the menipuletion of deta to
yield the desired type of outout - estimete, prediction,
decisions besed on quentitetive criteric, The type of
output required slso deterrinee the menner of menipulestion -
mathemeticel celouletion, slphebetization, trensliteration,

translation.

%) The OUTPUT ie required in en accepteble end meeningful form:
eince procesned results ere seldom in preeisely the form desired,
it is often necessaery to select the Anformetion te be output.
i) Job menufecturing costs ere examples of historieel reports
ebout whet hee happened,
11) A manufacturing schedule is & Poregsst of what is suoppoeed
to hanpen,
111) A bill sent to = customer is en exemple of en setion
document.,
The content, fregqueney, end format of output sre determined
jointly by requirements and czpebilitiee of the people who use
the output end those who prepare it.
The method of output preperstion adopted depends uo-n the way
in which dewende oeour - scheduled, or reandom - the lenght of time
aveileble for meeting the demends, the ebility te forecast whet

will be demended,



Output prepsration becomes difficult when the number of
trensactione ie high end the reporting intervel end permiseible
deley in processing are short, Cne aay estsblish e scale of
difficulty of output prepsrstion from the preperstion of en
ennual report on fixed escots through weekly reporte of receipts,
salee, end inventories, to the up=-to-the minute resorts of the
seles eotlivity or inventory of eny one item, eirline ticketing,
for exemple,

Outpute not snticipeted in advence may pose extremely difficult

problems,

e) FProcessing Fecilities

Dete processing feeilities must be sble to :
1) receive input deta
29 wmanipulete dete ameuording to rules of methemetics or logle
%) keep records
4) produce output

The FAumen Cpercstor is the earliest form of dete processor,
A person receives input chiefly by sering or hearing, stares it
in his brain which slso serves 28 an operating end control unit.

file outputs ere orel or writtea reports snd verious physical sctions,



Whilst the humen mind cen cope unsided with reletively simple
situstions; it is elow in performing erithmeticel operetidns

end erretic in applyving logieal rules.

The eerliest eaid to the human processor wes the development

of written records. Records inereese the capeeity end reliebility
of deta storege, which otherwise would be restricted to whet people
cen remember. Written records ere elso a simple end relieble
method of dete trensmission.

Men etill remeins responsible for dete input, control, end output;

unlese eided by other nrocessing facilities,

Men's processing ebility hes been further widened by the development
of specirl mechenical eids to dete processing, such se the eeleuleting
machine snd the typewriter:; the two functions of which ean be

conmbined to create bookkeeping end accounting machines which ellow

an operetor to perform at the same time the multiple operstions

of preparing etetements, ledgere, and journels.

The most recent development in dste processing fecilities is
the electronic deta processor, the unique festure of which is

ite ebility to store modifieble opereting instruetions in the



same wey end in the esme place as the deta to be processed.
High speed is one of the greestest boons of somputers; the
ratio of computer to menuel tirme needed to solve the problem
een be 1:500000 - end this will inecreas- as computers become

more powerful.

d) The Present Stetus of Electronie Data Processing

Whilst 4t hes hitherto been oleimed by meny writers on the
subject of men's interereletionship with computers thet whilst
the computer e¢an be left to take eare of the 'number - crunching'
aspects of computing:; men hes the monopoly in the sphere of
deeieion meking. It is true that decision teking, eccording to
retionel eriteries, especielly in reel - world conditions is =
diffieult task to translete into terms aeceptable by a ecomputer
because of the incompleteness of availeble date. For this resson
end beceuse of men's belief in his judgement capebility; the
trenefer of decision making to 2 computer has been reterded end
men hes continued to teke decisions which heve, in faect, been
based more on hunch end guesc-work then on e complete consideration
of possibilities subject to logicel oriteria., There is, however,

no retionsl resson to believe thet it is impossible to programme



i0

computers to perform just theese tasks,

The optimum product-mix, es determined by linesr progrsmuing
techniques, has become accepted e & vslusble sphere of computer
decision making; the extension of computer methods to decisions
whieh heve more pereonsl comotetions, the selection of students
for univereity edwmiselion, for example, is more & queetion of
coneurer esc¢ceptability then of conceptuel or progrewsming difficulty.
If the progremme were writien in such e wey es to incorporete an
sccepteble weighting systea for non-acedemic atiributes, if these
were coneidered importent, such o method of eelection would not
only heve the esdvantege of spe~d, but sleo of fimpertielity, and it
is to be hoped, of accurecy in selecting cendidetes with a
study-potentiel which turne out to heve been reslieed in subsegquent
resulte, The uee of & method of selection which uses precisely
determined eriteris end procedures for selection is condueive to
the further improvemeat of the methed, guided by fecd-bsok from
resulte obteined, It now becomes poseible to compere, ohjectively
the performance of those seleoted #ith the criteris used for

meking the eselection, end from this to discover which sre the
importent quelificetione for szuccese end the common characterietiocs

of feilure. Fro= this besis one is in & position to modify the
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charscteristice sought in the selection procesns in order to
optimise the efficacity of the proecedure in the future,

If the velidity of the selection process could be more fully
realieed then under the present humen system it ecould bhe

expected to have the positive attributes of redusing the

drop-out rete and its sttendent humen misery, as well as the
important economic consequence of weking investwent in education
e more rewerding venture, Computer selection ie enviseged in the
near future at Loughborough University of Technology.

This type of development indieetes thst, in the light of edvenecing
computer technology, it is insecurete to visuslise date processing
by computer as confined to the feplacement of low grede cleriecsl
persomel by mechinea; it should rether be seen =me one stasge in
the process of administretion, all stages of which cen be conducted
by computer ss en integreted procese subjeet to the availability
of computers with sufficiently sophisticated programmes and the

required degree of consumer - aceeptsbility.
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2, BASFS OF THIS PROJECT

¥hilet dete proceseing methods heve be-n evolved primerily to
eetisfy the needs of bueiness eduministration; & university een
elno reer reel benefits by eprlying theee methode in ite
pdninietretive procedures,
T™he method of student record keeping hitherto employed at
“te Andrews invelved:
1) Completion of metrisuletion forms by students ennuelly.
2) Checking of replies by mdministretive staf?,
3) Coding.
4) pPunching of computer ocerds,
5) Comouter progeseing, te yleld oxemination timetebles
end for vecord storsgeselthough docurantery recorde

continue to pley en importent reole in sdminietration,

Modifieetion of exieting nrosedures wee eelled for to meet
UCGL end UI07 requirements for more infermetion, es well as to
teke edvontage of the added facilitiee of the new comuter -
I8Y 3650/44 .

This project, sceordingly, secks to lay the foundetions for en
integreted system of dete processing whi-h will serve ss a

corner stone in the whole progees of wmiversity adminietretion.
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The firet positive step, therefore, wes a compsrative study of
dete processing procedure employed by universities elready
using computers, es well ae encuirlies iato cousercial wethods of
dets processing,
Informetion on methods of date processing employed by olher
universities wes obteined by sending the sttached questionnaire
to sixteen universities, fourtesn of whom replied.
A covering letter, which asteted the nim of this project, invited
completion of the questionneire end the sending of e speeinen
eopy of the Registretion end Coding forms used; the seven questions
in the queetionneires focussed upon the fsllowing steges of
prooessing:
i) form completion

ii) ooding procedure

1i1) errer detection end anelysie

iv) velidation of the record produced
The formet of the questionneire wes multiple-cholice oriesntoted
with esupplementary open-ended questions designed to elieit amplifiecet-
ion of the more detelled questions,
The replies indiested that a veriety of mstriculetion form formate

ie in uee at univereitieos with somputerizod dete proceseling systems,
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A state of flux wae shown by =2 wide-spresd discrepansy betwsen
eurrent practise end expressed intention or recognized optimum,

The selient festures which emerged from the replies ere outlined
below.

Question 1.

PREFPRINTING OF RECISTRATION FORMS

There is & genersl trend towerds the preprinting of informetion which
ies not expeected to change from yesr to vesr, for exsmple dete of
virth, next of kin: the source of the informstion wes prewious
yeer's records completed by the student end stered on tepe,

East Anglie, however, noted thet 307 of estudente write informetion
whish hee been preprinted. At Southempton erd Newesstle correct
com-letion ie ensured by filling the form end ceding in the presence
of e member of etef? (tutor); the drewebsck of this natﬁud ie thet
it mey be time-consuming for the steff concerned., There sppeers

e genersl movement eway from relience upon form completion by the
students end towards the teking of informetion from U.0.C.A.,

the Depertmente, end Residences. In this context it is worth while
to note thet Eeset fnglie reporte thet it finde thet the preprinted
forme ere not good punching documente, end that Cambridge does not

uee registretion forms st ell but conducte 2ll centrel edministretive
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record keeping by cleriesl eteff working from U.C,0.2 dete

end epplicetion forms,

Questions 2 & 3%,
POST-COMPLETION ADDITIONS

In the mejority of Universities in the survey, the secounting
informetion wes asdded efter the students hed returned the form,
In meny eseee coding does m appear +to heve been an integreal
pert of form completion, for exsmple by merking a mumbered box,
but eppeers to heve been done subsequently by s clerk, ususlly
from the Univervity'e cleriesl depertment,

Both inetences epover wasteful in men-power end cen, spperently.
be to & lerge extent elimincted by the combinetion of the
completion and coding process on the form iteelf, ss exemplified

by Glesgow,

Question 4.
ERRR-CHECKING

Although checking 1o reported ee condusted by verioue people;
studente, Assistent Regictrers (Newsastle), mesbers of staff
end others; the most efficient procedure appesre to heve been

devised by Londen - this involves:
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i) Coding end Punching end entry of initisl i.formetion
%o the Computcr ebout eech student progesds simulteneously
with the checking of this informetion.
ii) The detection of en error ceuses modifiocstion of the
computer record just generated.
It 4o cleimed thet this systom produces e definitive list of

registerod studente both quickly and asecurstely.

Question 3.

SOURQEE QF ERROR

This question wes not completed by many Universities, most of the
replies were werely rough estimstes.

futhoritetive informetion wes only eupplied by Glasgow, whioh
reporte very low per-eenteges compared with Reading's dleim thet
107 of reccrde require et leset one correction., It is, perheps,
eignificent thet Glaegow employs the services of an outeide
computer buresu. Thie buresu conducted punching end verifying
of cards end sleo wrote e progreamme to check the information

en the cerds,

Errors in coding through wvagueneces of specificetions end mistekes

in coding itself figure prominently emong those other universities



which replied to this question.

Question 6.

MANUAL RETURNS

Menuel returns ere kept by e few of the Universities, but
appeer to be losing fevour. The trend eppeere to be for the
ecomputer to produceliets, which ere checked by the interested
pertien, depertmente end residences for exemple, prior to the

production of definitive stetistice by the computer.

Question 7.
FUTURE PLANS

These include the extension of the present system for the
proceceing of regietrstion forms to link with sdmissions

end erchives. Grester use of U.C0,C,2 files ee a source of
informetion is slso envisaged, These plens involve the use
of & continious file, rather then the nreverestion of seperete

records for esch yeer.

17
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Queetionneires

The formuleted series of questions which feorm & guestionnaire

depend for their efficesity upon two fectore; primerily upon

the reerondent'es ability to enewer the questions sccurstely,
seconderily, end in iater-section with the firet, the suitsbility

of the form of suestion Lo the elieiting of the ianformetien

required, It followe, therefore, thet one's eim in the formulstion
of n questionneire ie the optimel cholce of que-stion type to elicit
the informetion required.

from the methodologicel point of view, the most obvioue differentieting
feeturs of detas is the number of estegories required to teke eccount
of the vret mejority of ecsses, On the one hend, there oan be e
dichotomous sategorizetion to some questions for exemple mele/femsle.
On the other hend there 18 the unique combinetion of neme end eddrese,
Bptwecn these two polee there stretches e sontinuum in the number

of estegories required to teke account of the vest masjority of cesee,
vhilet for storsge purposes it ie necesesry to retein uneltered

such informetion es 'nems' or ‘home esddreee'; on the other hend

the velue of questionneire dsta to the sdministretor ies enhanced

by heving e high degree of compsrebility between fepliel.

Comperebility elmoet inveriebly -~invelves the estegorization of
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informetion and the consequent impairment of the individuality

of the response. To this end it is of'ten necessery to shift
information elong the continuum of cetegorization in the direction
of dichotomy; for exsmple 'date of birth' may be converted into

en entry in en ege group, 'fether's profession' msy profitsbly

be given under the numeric Bosrd of Trede clessificetion, end
'home addrece' mey profitsbly be converted to e 'domicile zone' -
eg in proesremme JT74.

When informetion iz divided into & number of classes, it evidently
becomes smenable to numeric processing, with ite attendent economy
of storege.

Corresponding to the wverioue trestments which mey be given to deta
there ere, beeically, three types of question:

1. Open-ended - especially suited to individusl or perzoansl
dete, for exemple neme or home address,

Whilet valueble to elicit informetion of this nature
for storsge, this iype of question yields date with
low comprability snd requires much storage space.

2, Reting & "ultiple Choice ~ sulteble for dste which is
rerdily aveileble in categorized form, for example
oge group, or domicile zone., This type yields
informetion with high comprebility though low
individuelity: also, it is economicel in its storsge

reouirements,
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Thie type of Questlca is well suited for computer
procesaing as it facilitales recrding of the questionneire
by electronic document readers, it is slso very easily
understood by respondents, hence low errors in the

completion of questionneires of this type ere reported.

i

. Goded Reply (epecified abbrevietions, numeric codes)
this type too is suiteble for dete which is reedily
smeneble to cetegorizetion, end as such is economical
with storsge; but it is lieble to errors compsred with
the clesr-cut replies elicited by the Rating/Multiple
choice type.,

In the sphere of uatriculetion schedules, one may sec the relevence

of onen-ended questions for the collection of socio-domestic deta

which is more ususelly individuel in neture end reguired primerily

for storege; end multiple cholce or coding for socio-educational

deta which is more usually eclessified in some way.

@ha enrolment forms sent by respond-nt universities show that Multiple

;hoice is used with success by Ulasgow, snd Edinburgh. Coding iesued

by Last Anglie, wiih reservetions sbout the number of errors; this

wethod is eleo used by Loughborough, Newcestle end Belfsst. Bengor and

Lencester heve opeu-euded questions bul heve meny items completed by eteff.,
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z, ON - LINE OPERATION

&) Bveluetion of on-line processing of student records

it is generelly sccepted that on-line operation offers the
grestest adventoge over betch proceseing in the caese of

problems which are dependent upon a swift response aveilsble

over ¢ wide time spectrum. This zey be exemplified by the

eirline ticketing epplicetion; where s speedy solution to the
problem of space esveilebility le e pre-recuisite for an

efficient seles service.

On the other hend, it ie agreed thst on-line operetion can

offer little sdvantege over betch processing for nejor

reletively infrequent probleme vhich only regquire to be

completed by e certein deed-line; for exsmple peyroll computation.
New, student enrolment hes facters common te both the shove
exemplee, On the one hend enrolment occurs once per ennum,

or even only once in & person's univereity cereer, so it would
epresr thet it hes much in cowmon with the peyroll exemple

above; end yet it has similerities with the eirline ticketing
problem es well, for instence when informstion ie being fed-in
end 2 epeedy solution to the problem of the ecceptbility of
certain repliee e.g. Beeque in reply to the queestion 'lationelity!

is required,



Additionelly, once the informetion has been stored it mey
frequentily be desirsble to consult it; for exemple, members
of staff mey wish to verify a student'’s eligibility for a
gouree by consulting his file - this inflormation san be
supplied instently with an efficient on-line system with
consoles situeted sround the universiiy. The processing of
student enrolmnent deta thus offers a rewerding sphere for
on=line operstion.

A device is sald to be ovorating 'on-line' if it is external
to the computer system, and 1t end the computer alternstely
teke setion; such thet the external device eff'ects the dsta
processing operstion within the computer and such thet the

computer effects the externsl device in & significsnt menner,

b) User-philosophy

On-line processing represente & mejor chenge in user-philesophy,
compered with Lotch proceseing. Oomputing centres which hed
hitherto adhered to betch operation in whiech only e few
profeselonal computer operetors were permitted direct access

to the computer cen be thrown open to simulteneous end direet
use by widely dispersed users whose previcus eequeintance

with computing may well be slight.
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In the case of student record processing, one now hes the choiee
of heving the students themselves reply to questions displeyed

on the consoles, or using the consoles as the in-put point

for coded informetion in-put by clerieal eteff; the former
represents e mejor innovetion vis-s-vis betch proceseing, the
letter substitutes input from the console for input from cerds,
though, of couree, the poseible sdventege of instent verificstion
or erbitretion of difficult eases is opened up. OCn-line operetion
with typing eteff ellows the tedious verification of the input
cerds to be elimineted, es the input cen be checked visuslly on the
soreen at the time of typing, snd if necessery, easily end swiftly
alttred - exemplified by the trestment of Individuel Data in

the atteched progremmes. Additionelly, when the computer acecepts
the dieplay, interrogation routines cen check the velidity of the
input sgeinet pre-determined eriterie, ss with Categorized Date
in the progremmes; elternstively the input cen be interpreted

to the user ao a8 to highlight posesible diserepancies - as in

the conversion of ‘dete of birth' in Numerie Dete into en age

on a specified recent dete,

These letter edventeges are slso applicabld when the consoles

are thrown open to ell comers, in which ecase the consoles must



be progremmed to accept input in & form elose to naturel
lenguege - en innovation which is nesessary to cope with the
fect thet students sre for the mo=t pert inexperienced in
computer lsngueges, Although thie type of operstion would
result in more correetidne in input date being required, the
faet that esch entry requires relstively little processing
would keep the weste in C.P.U, time within bounds. A
considerably grester emount of time would slso be required

for the typing of the input then would heve been the csse with
clerical staf'f;y on the practiesl side, however, enrolment takes
place et 2 slack time esinee the computer is not required for
formal teaching so there is little premium on meximising t e
speed of the operetion. Furthermore, in a world which bringd
en ever wider section of the commmity into contaet with
computers, suech sn initietion could be regerded as = valuasble
pert of genercl eduestion,

The opportunity for the repid retrieval of peaest recordes would
on the one hand pose questions of sseurity and confidentielity,
whilst on the otherhsnd it holde out the ovportunity for
eliminating the necessity of supplyimg full informetion et each

ennuel matriculetion - sstudent's record need only be up-dsted



in the relevent respects, A limited sttempt to simulate thie
feoture is shown in the programme JT74 where returning studente

upon giving their nsme will receive e display of their 'Individusl
Date', If this remsine unchenged, they only need to complete the
other sectione, this saves coneliderable console-occcupancy time as
well es C.P.U.time, as the processing of existing data is eliminated.
Timetable construction snd clauss-list production eould also be
feciliteted by on-line operstion becesuse diff'icult cases could be
resolved on the spot eand when a completed timetable has been
produced hypothetical changes could be #ntroduced end the results

known very quickly.

¢) Orgenizetionsl Adventeges

¥When operating on-line slmost ell the tesks of input preperastion
are performed by the computer - the man st the console can
effectively be the 'customer' in the figure, and the other human
links in the chein cen be eliminsted, The communicstions system and
the remote console take eere of routing the informetion to the

user, furthermore, a properly designed system will result in

fewer input errors then e conventiel system, since, for one thing,

fewer stepe are necessary.



Sequence of evente in betch proceseing

Fill-out request using
epplicetion-orienteted

lenguege

Subrmit to Proceesing

Centre

Receive lessage % Log

Trenslate to

Computer-Orientated

Lenguege & Format

KXey Punch % Verify

Run on Computer

CUSTOMER

MESCENGER

DISPATCHER

INFORMATION
SPECIALIST

KEY-PUNCH

OPERATIONS
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d) Doste
Ultimetely, the pro's end con's of on-line proceseing must
be set along the meseuring-stick of cost.
1) HARDWARE COSTS
These costs for a system capable of efficient on-line
operetion will exececd those of betch processing. The
prinecipel Fforces tending to incresse costs are es follows:
i) Additional working storege festures
ii) Maltiaccess to and independent operastion of
working storege
iii) Lerge internel high speed memory
iv) Inereessed storsge capacity of suxiliery memories

v) Hardwere speed degradstion

1) 1) Additionel working storege festures result from

the need of the executive to be sble to determine
the instentsneocus stestus of the computer system

vhere attention is being turned very rapidly from
one user to the next. Probebly the most importent
feature here is the relocetebility hardware - the

herdwere which allows part of the programme (segment/



1)

ii)
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pege) to be reed in from euxilisry wemory into

any position of the physical working storeage.

Since thet part of the working storage may not

be the seme part of the programme cpersted from
before and since, there is 8 requirement thet the
progremmer (user) need not be concerned with the
location of his programme eamch time it is to be
executed, the modificettion of the addresses for
reloecetion must be handled sutometicelly. Therefore,
in the interpretation of sn sddress, e table look-up
is eccompenied by heardwere to determine in which
proportion of the memory the address is to be found,
snd then the proper medificevion to the address is made

to determine the effective address,

Multieccess to end independent operastion of

working storsge. The Protect festure must be

extended from writing into unauthorized space

to reading from unauthorized space.

iii) Large internel high-speed memory is required to
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inerease the probability that the pert of the
programne or data which is required next is on
hend in highespeed storsge, end hence ready for
exegution. Thus it is necessery for e complex
executive to reside in working-storage which
eannot, beceuse of the high frequency of ussge
be kept even in port in suxiliery store. The

high aspeed memory represents the moet costly pert

. of the machine.

Inereased storaze cepacity of suxilisry memories

is required for buffering end commmnicating with

the user station,

Hardwere speed degredetion. The process of

assoeisting the addrees of each exscuted instruetion

with one of the verious portions of the programme,

and then modifying the effective sddress requires

en edditionel 15/207% of computer time - this results

in the basic wmemory cycle's being slowad by this
gmovnt . Thie is tsatemount to the sddition of a

15/20% esddition to opersting costs of the machine.



2) SOFTWARE COSTS
Ineressed programming end enslysis costs ere incurred
es & result of the incressed ayetem complexity.

i) The programme must meke ellowancges for the
menifold of random occurences in the computer
eystem which result from humsn inputs which
in turn provide s mltiplie of interrupte io the
system operstion.

ii) The problem of working storsge overley. The
system must enable the swepping of programming
dete between working storage =nd suxili#ry
storege to be considered with meximized ef'f'iciency
while giving ell usere e sulficient number of
time slices within e given period of time.

iii) The memory msnsgement problem becomes far meore
complex since ther» will be meny levels of dste
storage depending upon the frequency of usage.

iv) A scheduler is required to teke asccount of the
verious confliecting objectives of the system
and the usere,

v) The development of conversetional mode langusge

end debugging eaids is also compliesting.
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e) Rate Stfucture

The rate siructure for beteh processing hss evolved se e charge

for compui.ng time used plu2 the cost of eesrd punching end
verificetien, When operuting en-line, whieh by ite very nature
implies time shering, there ere boslcally two rate structures
eveileble, 1IBY¥ philosop'y is reflected in cherging for an-line
evailabillily of the mschine, whilet Hoy-Dete charge for the amount
of computer time wsed, The letter would eppeer the more fair in
that one peye for exsetly whet one obteins; se such this method would
give » more seneitive indiecetion of the reletive efficiency of the
user's progreauming in meximizing the return from the most expeneive
comuodity - C.l .U, time., The IBH system, on the other hend, would
plece & premium on repid keying-in becsuse the time spent et

the coneole keybosrd serves @3 p besis of chergings the emphedis

is ehifted from progremwing effieciency to menuel ¢-xterity.



2
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4, THE RATIONALE OF INFORMATION RETRIEVAL

As we heve seen, on-line computing systeme are well suited
to the storege end subsequent retrievel end displey of technieal

end businees informetion,

e} Informetion retrievel involves:
1) COMMUNICATION
2) PATTERN MATCHING -

3) ORGANIZATION

1) Commmicetion is taken ecere of by using a pre-defined
voecbulery (English) structured into pre-determined formets

end fields according to the rulee of FORTRAN.

2) Pattern Metching is said to require e succession of rules

for matching which may be regerded as successive screens

of ever finer deteil., The method employed in the attached

progremmes mey be outlined as consisting of':

i) the successive isoletion of the first four-cheracter
unit of the item under considerstion

ii) the comperison of this set with the firet four-charscter
uit of the word sgeinet which the matching is to teke place

iii) 4in the event of the comparison's yielding & negative
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reletionship, the first four-charecter unit of the

next item in the sequentiel storsge list in question

is compered, end so on until & pesitive comperison

(metoh) ie echieved - in thies cece the next four=cherscter
unit of both the item for which & mstch is being eseerched

end the stenderd from the eequentisl storage list ere
compered. If & matech is achieved the process continues wntil
ell the four-chereeter units in the 'standerd' for comperison
have found en identicel counterpert - & wessoge which stetes
thet a 'meteh'hes been achieved is then displeyed. If e
match is not achieved, & weesege to this ef’ect 1i¢ displeyed.
In JT74 where, given the mstch of e person's neme, his
Individuel Dete file will be displeyed; in the Archiving
routine the programme will disvlay e whole bibliogrsphy

once a category or cetegory-cowbinetion met~" haes been

echieved.

3) Orgenisation ie en ettempt to nrovide a balance emongs
i) reoquired reeponse time
ii) required degrec of selectivitiy

iii) eost
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The basie form of orgsnizetion is the ssguentisl list in which
recorde are orgenized solely on the basis of their successive
physicel positions in the deta set; they ere read or written

in the seme order in whish they eppesr end individual records
cennot be deleted or inserted unless the entire dete set is
rewritten., Sequentisl orgsnizetion is the only type which may
be used for dete sets on megnetic tepe volumes, unit record
equipment, end paper teve,

The stack is the most besic form of menipuletion appliecesble to
sequentielly orgenized dete sets, se only one end of the test
is involved in menipuletion, it inveriebly results, however, in
the 'youngeet' addition to the list being the first to be removed.
The more sophisticeted form of sequential data set, the queue,
requires for ite optimal operation two pointers F(front) end
R(resr). F:R:0 when the queue is empty; thi: allows grester
flexibility in thet additions end deleticns can be conducted
independently. It also offers the practicel sdventege over the
steck thet the 'oldest' eddition to the list is (presumebly the
one of the lesst current interest) the first to be removed.

The opposite cen beaghieved by reveresing the direction of the

queuwe. To circumvent the problem of the queue's overrunning



memory sveilebility, Knuth pointes to the opportunities offered by the
circular queue, the deque.

Bconomy in storasge requirements cen be achieved when there are

two verisble size lists, by ellowing the listes to grow towerde

eech other. The liste mey independently expend end contract so

thet the effective maximum of each one could be significently

more then helf the available spaece,

We heve seen that the sequentisl 1ist cen deel with additions
end deletions, but that it does not provide for eesy insertion
or deletion of items et points other then the beginning or end
of the liet; this inflexibility cen be effectively overcome by
the 'linked list coneept' in which each node contains & link

to the next node of the list, This method cen be eleborated into
the Indexed Sequentiel system.

Indexed Sequentiel system hes records which are orgenized on the
basis of 2 colleting sgquence determined by KEYS which precede
each block of dete, end which exists in space alloceted on direet
eccess volumes es prime sress, overflow ereas end indexes.

This type of orgenization gives the programmer such flexibility,

end for this resson has been used in the progremmes stteched.



The Indexed Sequentisl system allows the programmer to:

i) reed or write logiecal records whose keys ere in ascending
colleting esequence (es in sequential orgenization) without
requiring an index seerch,

11) read or write individual logicel recorde whose keys ere
in sny order. Feor tho retrievel of each record a seesrch
for nointers in indexes is required, consequently thise
operation is slower then reeding according to & colleting
sequence,
11i) edd logieal records with new keys or delete old ones.
The system locetes the proper position in the deta set for the

new record snd mekes all negessary ad jusiments to the indexes,

Thie form of orgesnization, therefore, is the one suitable for

our purpose of storing end retrieving informetion to which

edditions end deletions are to be mede from time to time, as new
students enrol end others leave, and =s course choices snd eddresees
chenge during en acedemic career. The version of thie method used
most widely in the attached programmes is of & basie sequential
list, esch unit of which stores 4 slphsnumeric cherscters, end en

index which points to the last unit in the sequential list whieh
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belongs to the category in question. With this system the
beginning of the current or previous liet cen essily be loeated-

this is required for scenning, storege end display purposes.



5. THE PROGRAMVZE DEVELOPED POR THIS PROJEOT

Whilet three progremmes heve been develuped: all have the
common factore of being in the gphere of dete vrocessirg,

end of employing 22 their hesle technigue thet of the storesge
end eubeequent selective retrievel of informetion, Their
sprlieertion is eleo orientotod towarde usein university

edminietretion,

a) GCenerslized Data Processing Progremme
This progremme is designed to hendle the three types of date
ueually encountered by sny deta processing problen.
1) PERSONAL DATA - dete which ie nessed on for storege
in the form in which it is supplied by the respondent
beceuse of ite being personel to him snéd hence unique.
2) CATECORIZED DATA - dete which, to be eceepted, must
be supplied in e form which conforme to the cetegories
specified on the escreen to the respondent, These
ectegoriee mast heve heen stored by the computer prior
to the user displey stege.
%) NUMERIC DATA - dets which muet conform to the required
formet epecificetione, but which is checked by the

respondent himself,

58
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The programme is written in conversetionel modé for use in
conjunetion with remote accese consoles. A men progreumme

JT74XP, hendlee the mein 1/0 instructions end calls the

subroutines which conduet specific operetions,

In the progremme only standerd mescagee sre stored es data

blocks, instructione are inecluded in thre programme itself,

end topics ere supplied by the supervisor. The first displey

is & description of the programme end ite cepability, followed

by instructions te the operstor/supervisor on the inelusion of
resdy-supplied deta attached at the end of the file, or € ternstively
for the opportunity to specify one's own deta requirements.

If the former option is chosen , deta end all inclusion flegs are
read=in without further humen intervention through JTDATA.

The next displey givee the user-instructions for use of the console.
If the letter option is chosen the next displey after the cholce
point gives deteils of the categories eveileble snd the number of
topice which may be considered snd their permitted dietribution
emong the types of deta, This i3 followed by 2 request to enter
the nurmber of topies for individuel end subsequently for
cetegorized deta., In cese the summation of the topiec requests

for these two categories exceeds the maximum asveileble, e mescege



to this effect is displeyed; the user 1s alzo told of the
extent by which the ceximum hes been exceeded and the numberse
roquested Tor each category, an opportunity is then given for
e ro-stetoment of the tople requirements. If the topie
raquiremente fall within the prescribed limits, then the
individuel dete topics end subsequently the categorized dats
topics are read in., A count of the nuzher of topliee so fer
ineluded is diepleyed. The ouportunity to include topics for
the individusl numerie date section, if it has been requested,
is given, Tinally, the number of questiomnsire presentetions

required, ies to be indiceted, The operator's tesk is now
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completed end control pesees to the user and the progremme will

run the requested number of times without further necessery
intervention by the operctor.

The instructicne to the respondent for the use of the console
now eppesr on the ecreen, If the resdy-supplied dete hes been
ueed, ell categories will be considered, otherwise a cotegory
will only ve mentioned if it hes previously been requested by
the supervisor., The first esction to be considered is the
personel dete section, which includes dete such as e naue

end eddress, If the screen has been read es blenk, & mesesge
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to thie effect is displeyed end the reguest for informstion is
repested, If the displey request code VZTX has been inserted,
contyol i. pessed to the displey section at the end of the
progremue. If XXXX is senced this code luduces the deletion

of the previous revly asnd an opportunity is given to replece

the oiffending reply by the correct enswer. The subroutine

JIREPT scknowledges the request snd hendlee the speciai repest
instruections snd leeds to the redispley of the qumatién. If ell
goes noruslly, however, the reply is pessed to the subroutine
JTIKOR for storege; upon exit from this routine e check is mede
16 ensure thet there hes been no overflow in characters or worde
for storege; in the event of overflow, control is passed to
JTEXIT which displeys the type of overflow involved and the
culpable item, the programme then esbortis.

Under normel circuustences contrel moves to the uoxi topic in the
section. At the end of the section e messege is displeyed snd the
user must enter 'NEXT' to proceed to the next section - Cetegorized
Deta - the title and fermat of which ere displayed. The next
displey is & request to reply te the question, using one of

the acceptaeble replies previously read-in for the topic under

coneideration end curreatly diepluyed, The reply is then peassed



to the subroutine JTIGET for cheecking with the master list
of mecceptsble replies; if the item is logated in the approonriate

cetegory then the messege,'OK CHECK FOR topie, reply' is

displeyed snd the programmne continues. If the reply is not

found then the mescege,'N0 GO FOR topic, reply' is displayed

end e requeet to give the correct reply is displayed. If the

error occurs a second time, e meseage to thi~ effect ie displeyed and
the question is repeated. If the error persists the mescege,

'THE PROBLEM I3 NOW PASSED TO THRE ARBITER FOR CLASSIFICATION!?

is displayed end this metivity is simuleted on the user's console:
a8 inter-console tr=nsfer ies not feesible at the moment.

The name of the topic under consideretion snd the offending

reply ere displayed, as if to en erbiter. The arbiter then types

in the sccepteble reply snd this is then stored in the normal
menuner. At the end of the section, & message to this effect

ies didplayed, end the title of the next seection ,individual

numeric dete, is displayed end control is paessed to subroutine

JTDATE which hendlee e2ll numerie deta, If numeric dete hes

been excluded then the end of cycle messege is diepleyed to

the user.

The first question of the new section requeets s date(date of birth)

in the form DDMUYY which is peseed to JTAGED where it ie converted
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into DD MONTH 19YY; to fecilitete checking by the respondent

this drte is interproted ms en 'ege' on 31 December 1969,

which is Aisplayed es well but not stored, In the event of
imposeible replies, & message to this effect 1s displeyed end

the question préaented egein, An opportunity is given for the

user to correct date which, whilst not 'impossible' aeccording

to the eriteria eupplied to the souwp—ter, is incorreet in =

metter of feet. The remsining questions desl only with yesrs.

The instructions end exemples in this section perticulsrly have

been engled towsrde scedemic spplicetion, but ere essily modif'isble.
Upon comnletion of this section the end of eycle message is displayed
to the respondent, and once he hes complied with the requeet teo
enter 'NEXT', or in fect eny four cherecter combinetion other then
VZTX, the user instructione will be displeyed for the benefit of the
next respondent, snd the computer is reedy to process enother
respondent's replies. If VZITX ie entered, control is peseed to the
displey section which indicates the totel number of files processed
to de'e end the opportunity ie given to continue cueetlionneire
presentetion, displey of ell or e epecified number of processed

files by celling JTSHOW, or finelly terminate the rum.



Thie progremne wes developed under the RAX44 eystem, end at
the moment there ie no escv way of seving files, The shove
represents & pilot echeme for subsequent developument under
Z60 Mein Line RAX which includes e comprehensive file storsge

system,

b) Matriculstion Schedule “rogessing Programme with

Dirpley Fecilities JT74

This progresmme is decigned to illustrates & veriety of deta processing
techniquee which cen readily be anplied to the replies given to the
queetiona on & metriculetion sehedule of the tyne used at the
Univereity of S4, Andrews., The renlies can be collected either on
the treditionsl forme end then keyed in to the computer via the
consoles, by clerieal staff; or elternetively, end this progremme
has been designed with thie possibility in view, the studente theomselves
sould supnly the answers to the gquestions directly to the consoles,
Thie progremme wes specificelly gsonstructed in order to handle the
dets from wmetrieulstion schedules 2nd the topics aveileble for
coneideration by the programme ere pre-defined, although the inelusion
of e perticuler cstegory or topic cen be determined by the operstor,

he cen elso supply eccepteble enewers for the cetegorized zection.



Inelueion settinge and eccepteble repliee ere sles eveileble

in resdy-supplied for=m es dete,

The fremework of thie programme is ekin to the Generelized Deta
Progcesesing Progremve, JTT4XP, which hee elvesdy beesn dessribed)
sccordingly only the divergent charesterietice of this progremme

will be explored,

If the operstor chooses not to usa the resdye-surplied inclueion
settinge end replies, he may indicete the number of topice from

the 12 on the ecreen to be given entegorized storege answ rs,

The firet of these topies, which are stored in 4A4 formet in locetions
25 - 72 of the arrey IAD, 'Domicile Zone', incorporstes a factor
frequensy count; this mesns that esch tice & respondent gives one of
the three acceptadle replies to thie question, a count is kept of the
nmuzber who give essh of the permissible replies, =nd the respondent's
file will be cstegorized secording to his reply to this question, when
a request to display 211 files from a particuler ostegory ie mede, The
operator aleo hes the opvortuanity to epscify the number eof pre-determined
personel snd numeric dete topice which he wishes to have comeldered,
The option 48 sleo given to inolude 'existing files', thie is e
simuletion of 2 step which wae not eveileble st the time of

prograwme development; instesd of using dete which hes bpen
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previously stored on disc or tape, 2 sobt of "exlsting flles' ie

werely read-in as dete, If the existing files' inclusion fleg

hes been seti, the firet displey following the user instructions

aske the respondeant Af thie ie his firet matriculetion., If the

enswer to this question is negetive the respondent iz eaked to glve

hie neme in s specified formet; es such it is peesed to the subroutine
JTRCAD where e search ie nede for & file with this neme., If one ie
found e meesege to thie effeet is displeyed, followed by the file
iteelf end en invitetion to confirm ite correctness, If this ie done
the informstion on the file is incorporsted into the current file on
thies respondent and control is then paseed t- the next inciuded seection
{usually Cetegerized Dete). If the file ie not loceted, o messsge to
thie effsct is displeyed end the opportunity to choose between making
enother ettempt to 1l-cete the file or to cemplete the full gquestion-
naire is given. Thie letter option is iwposed in the ceee of
respondents who ere metriculating for the firet time. All 'untragesble'
namss are recorded end mey be cousulied by requesting the 'Programme
Irregulerities Log' in the diepley section. The purpose of this is to
exemplify the technigue of recording erroneous roplies for future
snalyels =0 that the peints which rescondents find difficult may be

studied end simplified or eiiminsted in eubsecuent progremues,
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In the dete collection steges, this programme follows the seme

general courese es JT74XP. The point of divergence is in the displey
fecilities, wvhere the operator hes the choice of seven operations,

He ecen continue the queestionneaire presentstion - this simply involves
e brench beck to the firet eddreese of the outermost loop. The
operestor cen displey ell or e specified number of files; thie involves
the setting up of & loop, the upper limit of which is the number of
filee required by the operstor. The totel number of files processed
to-date is displeyed esch time the displey fecilities are requested.
The operstor aslso hse the opportunity, e=s in JT74%XP, to terminste

the run. The fecilities which esre exclusive to this programme include
the displey of flles clessified eccording to the replies given to the
gqurgtion which included the fector frequency count faecility; & record
of the file numbers which fell within the specified categories for

the count hed been msde in the locetion subroutine JTIGET,

The method used for displey is elmply that the numbered filee ere
displeyed by e loop which uses the successive file numbers mssociated
with & particuler cstegory as ites limits., The factor frequency

ecount facility diseplays the nucber of students who fell within the
specified categories., The displey of nemed individuel's file and

the display of the progremme irregulerities log have alresdy been



mentioned,

The fecilitiee which we have illustrated show how essy it would be

to obtein a wide-ranging ¢tetisticel snelysis of the studente

within moments of the finel enrolment. Of course, semples could be
teaken gt eny time im the enrolment procees, The sorting of the files
soccording to the possession of e ecertein attribute is -ised to display
either the whole file, or just the neme of the student. This supplies
the basic reguiremoents for the preoduction ef clese lists snd for the
construction of conflict matrices end ultimetely of lecture and
exeminetion timetebles, The same fecility cen elso be used to produce
personel detea filee on students for the informetion of Werdens of
residences snd Tutors - in the event that they do not heve ready

use of a remote nccas; console, In future no doubt the electronie
trenemission of the relevent perte of personel date files to

potential employers could be achieved.

A synthesis of these two dete processing progremmes illustrates

the wide opportunities which ere opened in the sphere of university
edrinistration by the epplicecetion of the bseic techniques of

storege end retrievel of informetion. Both literel end numerie

dete cen be hendlec, Any topic mey be specified for considerstion
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end eny reply mey bhe esnsideorad ees aecepteble, slternatively
sceepteble repliee nmay be 2losc<ly defined. Diffiocult cases mey

be reeolved on the spot. The input can be nroceseed to yleld

deteiled =stetisticel enelysis of the Yeer's enrolment: send once
recorded, ell the nbove msy be retrieved end displayed et remote
locetions., 1t is only ro retted that limited facilities circumscribed

the scope of these schemes.
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e) Archiving Programme

Thie progremme, which wes develored with eerd input end line
printer displey, ie deeigned to display bibliogrephies on
requeeted topice or groups of topies. To this end, the esveileble
topics ere read-in end subsequently atteched to thé titles of the
works which the programmer designstes as having relevence to the
eategory in queetion. Perameter velues are stored on dise, the
bibliogrephlic dete is stored in e sequential list on tape.

The programme conelsts of & mein progremme which hendlee the mein
I/0 operstions and ealls subroutines to conduct specific tesks,
such es the storing of topic/cetegory designetions JTCATG, the
verification of the evailebility of the requested categories
JTFIND, end the display of bibliographies JIDISF, All the
essentiel informetion for the programme is conteined in four
erreys: ITOP, with ese meny locetions es possible, is used for

the aaquentiel.liat which stores sll bibliogreaphic date and
pointers to the next Entry essocieted with the particular topie/
cetegory; JKEY with 9%0 locetione stores the individusl cherscters
of the eategory desispnations which sre stored in 7Al formst,

TKE¥ with 100 loecetions stores the end values of the category

designations., The 100 x 3 array, IAH, operetes in conjunction
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with ITOP, IKEY end JKEY. IAH(L,1) stores the number of entries
attached to the estegory designeted 'L', which corresnonds to

the counter velue in the IFEY arreyv; this welue is the number

which wes attached to the cestegorv designetion when it wes first
reed in to the JKEY arrey end by whieh the cetepgory cen esubsequently
be desipneted, It ig reenlled thet IKEY erray stores the end values
of the estegory designetione etored in Al formet in the JXEY array,
end the IXKEY counter ie eugmented by 1 when esch estegory
deeignetion is reed in, IAd(L,2) storee the velue of the ITOP

arrey of the firet entry for oetegory 'L'. IAH(L,3) stores the
value on the ITOP array of the leet entry for cetegory 'L' -

there mey be 100 'L' veluese to eorresnond with the 100 end of
cetegory designetion vslues whieh mey be stored in the IKEY array,
The other arreys serve ;rimarily 1/0 or specific subroutine
functions,

The first operstion is the reading of .he operation code IQUIZ.

A velue of 11 eignifi-m thet this ie the first run of the

progremre, snd initializetion ie conducted eccordingly; estegories
for the.olassification of rucords me well es initinsl bihliographie
detz are rend in., For subsegquent runs of the prosremme, a selection
mst be mede from one of the other three other codes; 2%, 55 or T7.

W¥hen IQUIZ is set equsl {o 33, edditional criegories for the



cleseificetion of bibliographic entries ere rend in snd stored,

the peremeters which determine the positioning of these cetegories
in the srreys ar- reed from diec end the up-dcted values returned
to it prior to the end of the run, No further bibliogrenhie

dete sre reed in under thie cede: in order to obtain this additional
faellity the code IQUIZ 535 is to be used. Code 77 enlle eubroutine
JTDIZF whieh will effect the display of those biblliogrephic entries
which have been nsseccimted with epscified estegorices; this faeility
may ba used 4o diepley ell entries aseocisted =it" ome spezifie
cetegory or only those bibliogrephic eatries whiczh are comron %o

e maximun of aix enecified gstegorlies,

in order to illustrete the onerstion of the programwe we ehall
coneider a typical run for edding category designetion and
bibliogrephic eatries., Operstion code 11, which ie use: only

on the firet run, 4e the seme {n 81l respectes excest that the
errays snd perameters ere initislized in the progreame rether

then recd from diee, In the cese of code 55 being requested,

the peremeter values end erreys ere read {rom diec where they

have been etored rince the last run. In adiitien to the errays
ITOP, IA%, IKEY and JVEYy the welue of IEXNTRY, the number of

bidliogrechic entriee to drte, N - the counter walue for the number



of categories recorded in IKEY to-dete; J, the eounter of the
number of cheracters stored for the designetion of category nemes
to dete, snd IE - the counter of the numher of locetions on the
ITOP array teken to date for bibliographic detn., If code 77 hed
been specified, econtrol would now pase streight to JTDISP which
controls ell bibliosrsphisc informetion display aotivitiee: otherwise
JTCATG is celled. The subroutinc redde the numberof cetegories
to be resd-in from esrde by the paremeter ICTG, this value is then
used to control e loop which will reasd the firet seven characters
on the eerd in Al formet, eny blenke ere elimineted. The individual
cherecters, initielly resd into the array IAA ere trensferred by loop
to the JUEY arrey end the IXEY arrey records the vaolue of the end
of the JKEY LIST when this word hss been read in: as such it cen be
used as epointer to eny category deasignstion. Upon return to the
mein progremme, e test of IQUIZ ie mede, if the velue is 33control
is trensferred to the end of the programme where the prineipel
arreye end peremeters sre returned to diee for storsge; otherwise
the firest cerd of bibliogrephic deta is resd in BOAL formet into
the store, efter the 320 chearscters of the IAA array whisch are used
have been set et blenke, A test ie mede to sscertain if the first

character is en esterisk ; if so, this signels the final entry of
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bibliogrephic date for thie run of the nrogremme. A test iz aleo
mrde 40 escertein if the 80th oheracter on the card ie en asterisk,
if so srnothor card of 80.:1 charsecters is resd in upto a limit of
four carde, The 320 characters stored in IAA are then treneferred
in unfromatted form to tepe by a loop in blocks of 80 cherascters

(ee the meximum number of cheracters which nsy be written to e

tepe at one time ie 90)., The entry ~ount ITHTRY is sugnmented by 1,
The nexi ctep is the recding-in of the setls of seven characlterse

used for the deeignation of the cetegories to be etteched to thie
bibliogrephic entry. A test 1s made for en ssterisk in position 1
on the cerd; if thie ie found thie indicetes that the lset cetegory
has been reed in end control pseses to address 1 which is the
sterting point of the resd<in of bibliogrephic deta; otherwise
JTFIND ie celled, This subroutine seerches the JKEY arresy for a
metch for the category designation currently in IAV. The method

iz thet e loop (700) with upper 1imit of I (the umber of castegories
reed in to-dete) ie set up; yet emother loop (206) is set up with
upper 1imit end lower limit determined by the velues siored in

IKEY erray, If a meteh i1s found et the lower limit value of JKEY
the next JEZEY snd IAV cheraecters sre compered; in the cese of continued

metching the loop 205 continues to ite upper limiv end ihen returns
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e flog (NOGO= 1) to the mein profremme which indicetes thrt
the estegory designeted by IAV metches one elready storel,

On the other hend, if there ile no metch between the initisl
cheracters of the two designetions, or if a full mateh faille
before the uprer limit of the loop has been reached the loop
206 s ebortel, and new upper end lower limite of seerch sre
esteblishod Ly the outer loop (700) « in other worde snother
eetersory ir considered ee & possible matsh for the eatepory
deegigneted by [AV: thie procedure continues up to N timese,

et whish stepe all eveilebie cetegories have Ween concidered
end it auet be concluded that the cetegory in aueetion hes been
wrongly drzipnated, or hes, mpe yot, not been ineorporeted into
~store. A uessege which etetos the lailure to loeate a cetegory
epeeified 1s printed upon return to the mein progremme of the
fleg (HOG0=10). 1In thie cese, the progremze is termineted end
the errsye und persmeters written to diee for storere, In the
eese thet ¢ match hes been sshieved, the cetegory number (J2)
is converted to I which in turn is stored 4in the IA&Hl arrey =s
outlined shbove, snd 1707 (IE) stores the entry number snd

ITOP (IPX),the next entry in the arrey,stores s pointer which

indioates tlhe position on the ITOP errey of the next entry whish



fells into the relevent setegory. Once one category has been
successfully attached to the bibliogrephic deta mnother one is
read in until & terminetion requeli-iu sensed., In this cese
control passes to address 1 snd esnother bibliogrsphiec entry is
mede; if, however, a terminestion request is sensed here too,
the run is termineted ef'ter the arrays;and perameters heve been

written to dise.

We heve seen how dete is etored; we ehall now describe the methed
employed for ite seleotod retrievel, Operetion code 77 erlles forth
the displey feeilities of the progremme incorporated in JTDISP,
After the arrsys end parameter velues have been read from dise,
control is pessed directly to JTDISP. After initislizaetion of the
pointers I end KI., the seven chsrecters of the requested designstion
of e category are resd into IAV in format 7AY. Up to six different
categoriee may be requested ms being required for considerstion
together -~ thie mesne that only bibliogrephie entrieec which heve
2ll the designeted cstegories in common will be displayed, the
display of bibliogrephic entries vnder s single categorv is, of
vourse, poseible., The end of the estegory - comwbinstion which hes
juet been requested is indiceted hHhy a eingle ssterisk, in ecolumn 1;

the end-of-run request is indiceted by esterisks in eolumns 1 & 2,
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After the seven cherscters of the category designetion have been
read-in end the terminetion tests successfully negotisted control

ie pessed to JTFIND which checke the correctness of the category
deegignation end returns the number code of the cetegory in question.
In cese of en error the NOGO flag ie set to 10 in JTFIND end upon
return to JTDIEF this is detected end the run sboried, a messege
explaining this is displsyed. If the eategory is locrted, the
number code (JZ- of the eetegory is stored in KK(I); the beginning
velue on the ITOP list of entries umder this cstegory, IAN(JZ,2),

is stored in JEV(I); end the end velue on the ITOP list of entries
under thie cetegory, IAH(JZ,3) ie etored in JUV(I). I is = counter
which is eugmented by 1 for eech complete set of ebove deta read-in,
Controel is then pessed to asddress 200 where en end of eategory
combinetion test is made., If this end fleg is detected, control is
peesed to eddrese 205 where JEV(l) - the beginning value on the
ITOP list of the entries under the first cetegory which hee been
mentioned in the category-combinetion list - is set equel to Ji.

JZ is subsequently used in ITOP fo find the entry number et this
position; this velue is in turn set equsl to IFINDs the purpose

of this menoceuvre is to establish a lower limit for the sesrch

through the ITOF erray. If I, the counter of the number of sategories



requested in this cetegory combinastion 1ist, is eouel to 1;

in other words, if there is only one cetegory to be loceted
displey procedure is initiated; otherwise a loop is eatsblished
with index M end upper liwit I (the number of cetegoriee for

which to be sesrched). The velue of W ie used es the subsoript
for JEV arrey - in thie waey the beginning velues of ell the
cetegories requested will be coneidered. T;ie JEV (1) velue 4s
set equel to MM, which is then used ss the subscript for ITOP;

this will yield the entry nurber of the firal entry atteched to

e perticuler sategory. If this entry number is {ound to be equel
to IFLID ( the entry number st the lower limit of seerch, ae
previously dctermined) control is peesed to eddreseg 207, end if
the loop goes on to consider the beginning velue of the next
cetegory. If the velue of IFIND (lower limit of search, based
upon the cetegory red in first in the eslegsory-combinetion list)
is found to be less then the beginning value of the category list -
determined by ITOP (MM), contreol is passed to address 208 where
JEV(1) - the beginning value on the ITOP list of the firet cetegory
to be considered - is set equel to the velue indiceted on the

ITOP list by ihe loeation following IFIND.- This is the pointer teo

the location on the ITOP arrsy of the next entry which is recorded



es being linked with the cetegory in question. JUV(1l), hitherto
the upper limit of the estegory in question, so frer es the seerch
ie concerned, is now set equel to [J whieh is then used as the
subeerint for ITOP. A comparison is then rade hetween IFIND, the
lover limit, and ITOP(IJ) the upperlimit of the smanrch for this
getecory. If they are found to be equel, eontrol is passed to
sddreass 213, the tepe is rewound =nd control is nassed to 199

in resdiness for the processings of the next request; 1if not
control pasees to 205 (see shove), If eofter paseins throurh the
teste the following 205, me described above, it is found thﬁt
IFIND = the stertine vel ue of the firet cetegory in the list of
cetegories - is greeter than ITOP(MM), the defeult option of the
teste which follow 205, then & further test is mede which compseres
MY, the sterting velue on the ITOP liet & JUV(M), the end velue
of the Vth, caterory requested in the liet of ceterories requested.
If theee vealues rre found to be egual, control is peseed to address
21% where the trpe ie rewound in rcadiness for the nrocessing of

s new list of requeste: otherwise JEV(Y) - the stariing velue of the
Mth cetegory in the list of categories requested - ie cet equal to
the velue indiceted by the mosition on the ITOP arravy one greater

then ITO? (MM - the eterting velue of the esterory under coneiderstion.
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Thie velue, ITOP (MM +1), therefore points to the position on the
ITOP 1ist of the next entry sesocisted with this eategory,

Qontrol ie now trmneferred te 200 with ¥V set equel to the higher
value of JEV(¥), In thiswey ell the entries in the cetegory
under consideretion will be exsmined in turng only if IFIND -
sterting velue of the firet cetegory in the list of cetegories
reauested - is found to be equel to the starting velue of the
category V¥ will ocontrol be pessed to 207, snd only upon completion
of the loop 207, which provides for the considerstion of entries
in el] ecstegories in the liet of categories to be considered, will
control pess to the writing pheee of the routine - this ensures
that only entries which ere in fect comaon to ell eategories

in the list of cetegories requested will be displayed (the object
of the exercise).

(IPIND = 1),4 = 1 represonts the number of records involved in the
etorege of the emtries up to the value indiceted by IFIND, The
resson For maltiplying by four is that becsuse there is & maximum
of 90 cherseters per record on the number of charscters which

mey be written to tepe et one time, end sinee 4 x 80 charscters

have to be written to tepe, four records per entry ere used,
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If (IPIND=1) 4-1 is found to be equel to KL - pointer to the number
of recorde peesed over to dete in thie perticuler ouest for entries
with comwon cmtegorice - then thers ie no need to step the tape

end writing cen be conduected directly from the record et present
pointed to by Ki; otherwise e loop is eet up with XKL a2e the lower
1imit snd KU e the upperlimit « XU hee been set eguel to four times
the value of IVIND « 1 for the resson explesined asbove. This loop
eonducte e dummy resd operstion between the preseribed limite, end in
eo dolng steps the tepe to the pesition required for display ofthe
bibliogrephic informetion msrocisted with the cetegories required.
The sotusl tronefer from tape (SYS00%) te orinting (8YSO05) 4e
eondueted by loop 2%0 which runs from 1 (beginaing of the first
resord) to 320 (end of fourth record) in etene of 80 (one eerd length).
The index of lvop 250 ie K1 end thie ies used to sugment the upper
1imt of the READ(Z) loop by 79 esch time so thet all B0 chereclers
will b2 reed. T"e write operstion ie conducted by en implied

'do loop' ruaning from 1 to 320 snd which writes in formet 80Al.

Uoen completion of the operstion, KL - pointer to the number

of recorde prseod over to dete - is set equel to four times IFIND 1.
Thie conocludee the first write operation eyecle. The next begins

eutomaticelly when JEV(1) ie set equel teo ITOP(J7+1) at the ediress



62

208, es described sbove,

Upom completion of the operstisn, conlrsl is returned Lo the main
prograave for teorminstion of the run aflter writing ‘:.hs'porqmtcr
veluens end ePrays to disc. Im the eovent of en incorrect éetegory
deeignation, cmtrol ie sgeln paseed ¢o0 the mein progresme bdut u-om
srrival on error condition ie sensed by the test for NOGO=10 end a
meesege to thie ef7ect 18 yrinted prior te the Lerminetion of the run,
Proprammes of thie type ere evidently ideel for use in conjunstion
with remste pecese equipment., Unfortunately, :# hee elreedy been
noted, et the time of writing storege focilitice were not svellakle
on the remote eccens eyelem in use; for ‘his resson the rou‘ines

in thie programme rere develored with cerd input end line printer
output, end of couree, the progrenve will serve srtiofactorily

in thie wry. It is esey to operste; the retrieval sestlion, esheeislly,
vhare the uoor neede only eolect the combinetion of crtegories
roguired from ¢ tray of pre-punched catagory Jesignetion eerds

end end of 1iet markers (aetorisks), prisr to Yanding them to the
operetor for procdeeing. It is enticipeted thet these routines

¥ill bde edepted for uce on the remote accees system once storspge
feeilitiee be2ome avelleble, Thie progremre conld pley r valnehle

role in the librery. It eleso 1llustretes one %Lechnique for the



storege snd subeequent retrieval of exiesting filee which ocould

only be eimuleted in JT74.
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8, TIVET/BLING

e) Introduction

In step with the applicetion of compulers to lling end dete
processing hee been their appliestion to tre 'temporsl ordsring

of svents subjeect to constreints' - timetabling. This is a tesk
which can be lsboriocus, time consuming, snd really very ineflicient
if oconducted menuelly.

The cerlies large scele esplications of somvuters to timetabling
in the soeademic context were mede st universities in the U.S.A.
Thie ilnovstion wee accelereted by the lerger numbere involved in
UsSe universities snd the wider cholce of courses sveilable to
students., In 195% Holz desoribed his method of timetebling et

the ¥,1.7.- the requirements for each course are given sa the number
of oleseces together with noseible inetructors snd time petterns
listed in order of preference, AL each otep in the compilation
the bdest evelleble time pettorne and instruetors ere allocsted, If
there ere not sufficient instructors aveilsble without csusing

& clash, the regquirement remsins unsetisfied and is werked
sppropristely; thus ths finsl timetable way not contain all the
required clesses, prepered, es it le, on the beais of probedle

rather then actusl student sselections.
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Fath studont selocte severel ocurses end theee neleotions

ere entered into the progremme, Initielly, the selection for

e etudent 1e cheoked %o see 4f 1t 2 cometible with the Limateble;
if not the student arnrot be echeduled end n meecage to this effect
2 printed, The next etege 18 to compute 2 workeble solutiong

the 'velue' of ‘he schedule 1¢ comuted to determine whether it is
e good nne or not, Output ocoure 1f the schedule le socepieble;

if not s new ochedule is computed end teeted, A limit ie imnoesed
on thr number of schedulee tried, end when the 1imit is recched

the best schedule computed 4s printed, Esech schedule is considered
oenly on ite own merite without refer-nce to sny other student's
schedule. Thue, 4if e student ie scheduled bedly snd £ille the

leet eveileble plece in e cless thie oten eannot be retraced,

¢ slightly different eppresch to thie problem has been mede by
Shermen (19%8) st Purdue where the mumber of students wee 20,000,
¥ith this number the time to schedule esch student is of mejor
importenes, The method used aime to echedule sech student

g nuickly ee poseible by reducing the nmumber of sehedules tried
before & eatielpolory one 1a found, This oen be schisved by
ordering the ciesees so that the most d1fficult alens to fit

ogcuwre Pirst in the student eelection,



Severel fastors ¢en be brought ints thle ordering proeees,
The woet ohvious one is the number of elessee eveiloble %o
the sourea. If only one clees is avellsble then the student
cen efther be fitted into 8 olass or not, so thet rejeotidn
osecurs very esrly. Another faster taken into eecomt by this
progtemze ie the distridution of students within the slasses,
8y keeping the nurhers fairly oven fewer oclessas reach their
full essacity, thus late regiairamnta can he fitted into the
timetokle more eaeily,

In U.X, the experience of snshester University reported by
wood (1958) ie significont Iin this respect, I“rior to

somputerizeation, three eduinistrators snd three glerks were

employed from November to Jume im the preparation of the sumzer

oxevinstion timeteble, 857 sccommodetion utilization wae
schieved, compered with 997 after the process had been taken
over hy computers,

At 54, Andrewe timetedbling had Seen conducted menuelly. The

process tosk eix weeks by @& senier mambédr of the eduministrative

stef?, In view of reserve eopseity, no eptimization of room

pcheduling wee required,
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"hilet there ere underlying sistlarities betreen all timetabling
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problews 1a the sphere of ascedesle epplicetione, there is en
ilmportent distinotion betwsen school =nd univereity tiwetebling
in thet in the formey, clesses zen be ireated se » unit which
mist be ocoupled throughout school time. At the university,
however, thoere is coneldsrable time which does not heve to be
sllocnted by the timeteble, on the other haend thers is the sdded
problom of combinstions of subjeote teken by the studente.
Three principal spprosshes to the problem have been considered
recently, they ere:
1) OONFLICT MATRICES - exemplified by Cole (1964) end Wood (1968)
2) - 3D BOCLEAS ARRAYS - exeuwplifisd by Almend (1955-9) and
tule (1963)
%) I?7A:TIVE (Liaesr Programeing)-oxemplified by Cotlied (1963)
end Liene (1946)

1) The CONFPLILT MATRIO'® technique involves ocounting the nusber
of esubjects sonflieting with eech other subject, end then

using the total nunber of conflicte per subject ee the eriterion
of ardering. The timeteble ie thea duilt up one stege at aifime

until oll subjects heve hesn scheduled,



1) Cole (1264) used thie epproach in the preperation of
university exeminction timetebles, subject to the constraints
thet no student should be required to sit more than one psper

per period end the totel number of periods telten should be a
minimam, es well ee a nunber of optionel supplementery conditions
concerned with the order of precedence of the papers ond
accommodation,

The basic weapon in the solution of the problem wse an
"incompetibility' teble in the form of e binery metrix

of N x N arrey lists, where N is the higheet subject number used.
'Incompetibility' 1s sald to exist when two subjects sre tasken by
the same student. The complete teble of incompetibilities cen
be drewn up from the student/subject liete.

Ae each estudent's list of subjects is resd-in; a record of
incompatibilities in the form of bit merkers is mede in the
appropriete positions of the 9 worde slloceted to esch subject -
this ellocetion is pertielly .detormined by the optimizetion of
the cherscteristices of the mechine, en Ellictt 803, in which
each word conteins 39 bite, 8 full worde end 28 bits of the
ninth ere required to record the incompstibilities for esch

subject, the epere 11 bits ere used for counting (tepe 2).
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A check is mede thet there is no multiple recording of
incompatibilities.

The input dete requires four tepes. Tape 1 records the
subjects teken by esch student: ghis is the longest end

most compliceted tepe, hence the incorporstion of correction
eymbole in the input routine, The format is as follows:

mlu 2,-....--..;.*’ mp /k*’

m,  student number, end of list merker, k (optionel) nmumber of
students teking this combinstion -~ initialized et O,
Tepe 2 records three items through three integers in rows,
u subject number
v number of pepers
w code for timeloestion: 2 non-consecutive
1 eonsecutive
0 arbitrery
Tape % records precedence definition by using a2 neir of integers
to indiecste thet A must not preecede subject B.
Tepe 4 records period definition - the list of subjeots which
muet eppesr in odd periods (a,m,)

Each tepe is terminated by en egreed symbol.
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The first estege in trensformetion of the incompatibilities
watrix into e timeteble 1e sccomplished by & 'grend sort',

Cole records thet experience indicstos thet very setisfacteory
ordering of subjeets for subsequent alloecstion in timetebling
is schieved on the besie of the totel number of incomsetibilities
per subject 'p': end subecddering dy'sensecutive' bits 'q!,
nunber of pepors 'p', originel ordering of subjects 'e': thue,
& composite word sorresponding to esch subject ie built up,

the N such worde ere sorted into order of megnitude,

The second stege of the solutiecn te the timetebling problem,

the ellocation of subjecte to periode, coneiete of e sesrch
through the lists for eriteria of precedence, incompetibility,
end scoommodetion eonstraiamts, A subject whioh eetiafies all
conditions is now imcluded in w, incompetibilities ere recorded
in w', Lhe peper count is secordingly smended.

4 seerch for the mext permlisaible eub ject is made, end the
procees contimsed until subject N hee been exemined, The set

of permiceible subjeete in » is now pui out, each together

with the current velue of the peper count v', w' is now ciesred
end the papere Lo be ellioceted in the next period ere deteroined
in the seme wey, The procese is tLermineted when all the peper

sounte v heve been reduced to zero.
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If 2 subject whose pepers must not be in consecutive periods
eppeers et the end of the teble, this mey lead to en excessive
number of periods used; this may be evoided by the intpoduction
of dummy subjeet numbers end by meking the offending subject
incompetible with them, This step yields & higher priority in
the 'grend sort', but will not affect the other conditions.

The equipment used wee the Elliott 803 of Leicester University
with a 4095 word store end en sddition time of 576psec.,

This enebles 340 subjects to be hendled with & maximum of

15 papers per subject. To process the totel would take hours of
proceseing time, but fer 340 subjects with sn aversge of 1% papers
per subject snd no condition thet 'paper A muset not precede
peper B' the time teken 90 minutes, however the procedure for
alloceting 57 pepers, into 14 periods, with 34 very incompetible
subjeets wes 123 minutes.

The distribution of times end subjecte, in the timetsable
produced, wes bell-sheped: thies type of distribution hes the
edventege thet the subjecte which heve the largest number of
cendidetes and hence prove most difficult to allocete are

pleced towerds the beginning of the exeminetion perioed. By

desling with lerge clesses esrlies$, most time ie allowed for



to face PEE® s.e0e T2

Pertitioning of Confliet Matrix
wood (1968)



72

merking the papers which yield the lergest number of scripts.
Cole's solution wes one of the eerlicet moplicetions in the U.K.
of computers to the problem of ecademiec timetebling, His work
provided the foundetion for othere, notable smong whom wae

Wood (1948) et Menchester,

11) Wood'e (1968) expressed eim ie the generelized formulstion

of the timetebling nreblem, He uses a8 lerger number - 1%2% pepers,
comoered with Cele's %240, end inecluwdee room loeertions in hie
echeme, Hie prime innovation ie in elrcvmventing the short-coming
of the sonflict-metrix for lerger universities - the enormous
emount of storege required, for exemple the full sonflisct-metrix
for 1070 sub jects would require a prohibitive 990,700 loeations,
¥ood's method for ecircumventing thie obstacle is ss followse:

Since the confliect metrix will be symmetrieel, only the upper
trienguler helf needs to be stored - for 1000 subjects, 499,500
locetions will be required. The next step is completely pragmetiocs
by using the feot thet the metrix mey be divided by faculties

{or departments) end very few cendidates will take ocubjects from
more then one feoulty, there will be commensurately fewer

non-gzero eleenments in the of P-disgonel hlocks:thue, 1f subjecte
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which ere teken in more then one feculty ere repested in eech
feculty in which they occur, the elements outside the disgonel blocke
oen be removed completely, 8o only the trisnsuler diegonsl blooks
need be atored, Theee ere etored in e uni-dinensicnel erray;
enother prrey 'row' is uced to roint the noeition corresronding

to the diegonel element of eech row, in the some wey ee @
2-dimensione]l errey ie stored by the Atlee Autocode commuter,
Another ploy vhich further reduces starege recuirement ie the
enproximetion of eech number by & § bit cherecter, thie figure is
choeon becruse one word in Atles coneiste of ABbits, The meximum
mimber which cen be etored ie 6%, but thie ie sufficient te

indiecate thet two subjects ere highly incompetible,

¥ood edxite thet the effectivensss of this wmenoeuvre depends

upon the extent to whioch the subjeot cen be pertitioned into

neerly conflist-free groups. In prectice, the largest feculty
conteine over 500 spubjecte whisth emnnot resdily be divided, although
@nch block of the sonfliet metrix csn be scrumileted in the store
senstoly from the deta for the freulty.

¥hile the construction of the timeteble reouirees sll the blocks

of the confliet matrix, 2nd in prectice this would require &n

excessive smount of storspe: since the metrix hes e majority of
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zero elements, once the matrix hes been sccumileted it cen be
store# much more efficiently es 1iste. Thus, for each subjest,
e list ie formed of the subjects with which it cleshes, end the
number of student conflicts. The subject number cen be represented
by 18 bits, the number of conflicte 4is elreedy represented by
6 bite; so eech conflict cen be held in e helf-word.
Wood nctes thet the everege number of confliete per subject ie
sbout 135, the teste for 1000 lubjeﬁts now require only 7500 words.
The conflict lists for those eubjects which ere required to teke
plece simultenecusly, as well as those which ere repested in
more then one feculty 2en now te merged. The list of conflicts
for each subject ie printed end cen prove velusble in meking
pre-arreugements,
The constructed timta‘nlls is constreined by three fundemental
conditions:

1) Ko ceundidete is regquired to sit 2 examinations

8t the seme time,
2) All cendidetee for & subject must be in the
sawe room,

%) GLech room hes a limited sesting capecity.

An extre guide~line is thet the mumber of occesiones on which

candidates heve two examinstions in 24 hours is kept to & minimum-
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vhon neceesery efternoon end following morning seesions sre
gselected in preference to mornins end efterncon of the seme day.
The course of the solution runs parellel with thet enuncisted by
Cole. The ordering in which the subjecte ere fitted into the
timeteble 198 determined by the number of cleshoes whisch s subject
hae, vhich 48 rogarded se & good indisstor of the Aiffioulty of
finding a suiteble neriocds in sddition %o the muwher of cendidetes,
which reetricte the rooms which sre suitable.

Those eubjecte sre first selected vhich muet teke plece in the
lergest room, the subjecte ere then escigned to the tiweteble in
descending order of the number of subjeet cleshes, The conditions
aecording to whigh seeignetion takes plece are thet subjest's!

must not clash with enother subject slreedy monigned to thet peried,
there muet sleo be a room of sufficient espeoity.

The ides)l cholee period is one for which the subject ie confliect
free for both the preceding end the following perieds, since this
iupit" thet no eendidete for the subject hae mother examination
which tekee place in these reriods, If there ie more than one
such period, a secendary ariterion 1s ue=d which aims to minimize
the effect of this sesignment on the cholce of perieds aveilable

for later eubjecte.
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A skewed dietribution of periode is sought in order to provide
meximun time for werking; epecificelly, the highest density of
periode is sought in the firet 10 daye of the 15 dey exeminetion
diet. The effect on the timeteble of verying the number of

periode or roome were studied, snd some timeteblee were succeesfully
computed when ae few pe 24 periods (12 deye) were gnecified, Thie
hed the imvorisnt precticel reeult thet there wes no need to extend
the exsminetion diet, ss wee fesred under menuel operstion,

If during eonstruction, & subject ie encountered which cennot be
fitted into the timeteble, the binary worde for the subject are
printed snd the propreamme termineted, Wood reports that inspection
of the binery erreye orinted se the sonetruction preéceeds revesls
the subjecte which ceuse the difficulty, in which case the
regcommended poliecy ie to pre-sseign the difficult subjects end
restert timeteble construetion.

Ae eech subjret ie ellogsted to the timeteble, the two binery
worde indiceting the periode which are oomflict-Cree and the
periode for which room ie svelleble, ere printed out together

with the period end the room selected, Thie, it is cleimed,

‘givee a pood ineight into the vhencing situstion es the

eonetruction of the timetsble proceeds,'



Onee somouted, the timeteble cen be printed out e a list of

sub jecte in numerical order with the time end plsce of esch -
from thies the esndidate can imredlately find when snd where his
exeninetions are held, Lists are eslso produced showing the
etate of every room for thet period, thesu enable the edninistrators
to send the eppropriaste papers to each room, end cen be displayed
in the room to indicete the seste alloceted to eech subject.
Yhilst the namese of the csndidetes ars not required in the
coustrastion of the timeteble, by including them in the data,
l1iats csn be produced of the cendidstes taking each subject,

28 required et the time of the exeminetion for checking purposes
end leter by the exeminere {or recording their msrks.

Yagh symbol in the studenls' names is represented on input

by en integer in the renge O to 63 so thet it cen be stored

83 & 6 bit chereoter - 3 worde (24 chersectors) ere sllowed for

& neme, Since the Liete vary for different subjects, to slloeste
2 sofle meximum eree 4o eech would hove been wasteful, chain lists
were therefore ueed whereby the items for esch list ere not
stored consecutively, but ere comnected by mesns of a link which
csn be extended se roguired,

Food implemsuted his proposels in 19€7 st the University of Menchester.
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The 5730 students who took 1323 different papers were allocated
timee end pleces for their examinetions within 30 periods and
vith e mexioum requirement of 18 rooms. The subjecte were

divided inteo four blocke ee follows:

Economies % Educetion 250 sub jects
Arte & MYueic 360 sub jects
Seience 399 sub jects

Lew, Medieine, Theology 114 sub jecte
5 minutes computing time wess required to trensform dets for
eech group inte confliet mstrices which were then re-errenged
ea lists.
Construction of the timetsble teok 10 ainutes, of which half
wze the trensfer of informetion between drums snd core atore:
Atlee core store is of 16,000 worde, which ie coneidersbly
smeller then the ares of store which was frequently eccessed,
The production of the neme lists also raguired sbout 10 minutes
computing time, the printiang being. performed off-line.
Positive improvements in the orgenizetion of the exeminstions
were achieved, Notsbly, thet over 997 of places were occupled,
compared with the 5% accoumodetion utilizetion achieved when

the timeteble wes drewn-up by hand, This had the importent
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consequence thet the marking could be begun sconer and the
results became sveileble esrlier, snd the importent economie
result es it showed that no further building for exaumination
eccommodetion would be justified. Also, the distribution of
cendidetes' exeminetion improved; the number of occaesions on
which cendidetes had to teke two exeminetions in 24 hours wes
nelved; there wee en even greater reduction in the number of

students sitting two subjects in one day.

One csnnot but recognize Wood's ingenuity in menipuleting the
input date of exsmination timetebles so ee to bring within

bounds the storege requirements of the coniliect matrix epprosch
when epplied to lerge nurmbers, On the other hend, however, one
cannot sgree that he hes achieved his svowed aim of e 'generaslized
formuletion of the scheduling problemj;' indeed his method appeers
primerily pregmetic snd lecks the wethodologicel eclarity, which

is the distinctive festure of Almond's spproach. Of course, one
mey srpue thet there ere 'indivieibilities'! like fsculties, in
eny echeduling problem - no doubt this is true to a certein extent:
but cne cennot eccept es criterisl e programwing solution which

requires sc much discretionary menuel menipuletion not only
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prior to computer nroecessing, but elso in response to feilure
in ellocation, es well es depending so heawily for its viability
uvpon & relstively high degree of compsrtmentslizetion of the
deta to be menipuleted.
2) =D BOOLEAN ARRAYS
111) Almond (1965-9) expounds her method in two erticles -
the latter repressnte 2 generslizstion of the procedure outlined
in the firet. Both pepers, however, focus upon the problem of
lecture timetebling rether than the sllocetion of exsminetions.
The proffered solution tou the timetebling problem involves the
use of three 2-dimensionel Boolesn errsys, which cen be represented
grephieslly es the 3 rectenguler froces of a brick.
The problem is formuleted thus: Given a set of lecturers aveilesble
end & nuumber of clesees requiring instruction which must be brought
together at certain times; these requirements mey be represented
in thie way:
fece 1 Cless Requirements Matrix (lecturer x ecless)
the number of hours lecturer 'l' is to meet
cless 'e' each week.
feoe 2 Lecturer Availebility Matrix (lecturer x time)
with coefficients F (false) when & lecturer

is free, T (true) when lecturer is unaveileble.
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face 3 Timeteble (clese x time) the coefficient
in row 'e' column is the name of lecturer 'l!

meeting cless 'e' &t time 'tV.

Initielly, the metrix on feece % ie null: however, hy euccessive
up-deting of the cless requiremente metrix (fnce 1) throurh the
ellocetion to eech subjesct of 2 suiteble lecture hour (frce 2)
the metrix in fsece 3 is trensformed from the null metrix to the
solution = the timetable.
The elgorithm dictetes firetly, coneiderastion of 211 the entries
in the requirements metrix one by one, end secondly. sllocation
to esch of a suiteble leecture hour. Different versions of the
timeteb e mey be ohteined by seemning the recvirements matrix
in different directions.
The method invelves three procedures:

1) Allocetion

2) Conditions Alterestion

3) Copying of Initiel Hatrices

1) Allocetion seerches for a suitable lecture time which avolids

hours elresdy filled snd satisfies the preconditions.
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The ten pre-conditions which were satisfied by the results
w-re for the most pert met by entries in the initiel
Lecturer Aveilability Metrix (L.A.).) or by the Allocation
Procedure (A.7,).

These pre-conditions may be grouped into three categories:

i) externslly imposed fixed pre-conditions, lecturers

with clesses at fixed timss in other departments
(L.A,V,), undergrsdustss heve no lestures on
Wednesdey efterncon (A.7.)

11) externslly imposed moveble pre-conditions, all members

of ateff have one freec day esch weelt (L.A.M.) lestures
to postgzredustes lest for two consecutive hours and
cen begin et only two possible times -~ 10,30 a,m, or
2,30 pem, (A.P.)

1i1) pre-conditions imnosed by preferencee, sll lectures

should be given in the morning in preference to the
efterncon (this is achieved by numbering the hours
of the week wo thet the morning hours sre slways
filled first), senior members of steff do not like
.30 e.ms loctures (L.A.X.), e lecturer should not

meet the seme undergraduste clsss twice in any helf-dey,
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but morning end efternoon meetinge ere sccepteble (4A.7.),
if poseible no one should be ssked to lecture for

three consecutivehours. (4.P.), lecturers mey esk for
oxtre free houre (L.A.YM,).

There is the additional condition thet clessees ere

aplit into two or three groups for exercises,

2) ilter Conditioens proeedure is ecelled in when en ellocation

faile #nd cerriee out & series of manoeuvres in en sttempt to find

e solution, Reeterting with different conditione after ean alloceation
failure repreeents en importent edvence over the method used by Wood
which required humen intervention in this eventuelity: though it
must be edmitted thet Almond hee more verisble persmeters, The olasces
ere roordered eso thet the one proving moet difficult will be inserted
in o blenk timetrble, if this is unsucceseful verious preconditions
ere woilved in reverse order of priorityv. If this menoceuvre fails,

the procedure only now printes & postmortem end brings the progremme

to a halt.

2) Copy Initis]l Metrices, After an slterestion in conditione, the

Initisl Requirements end Initiel Leeturer Avelilsbility metrices ere
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recopied into the Current Requirements snd the Current Lecturer
Aveilebility metricee., The timetsble metrix is mede null, the
ellocstion procedure is then re-entered.

The second epplicetion wee the construction of & faculty timeteble
rother than the timeteble for e single department, e« in the firet
epplication. The methodology remeins the seme. Face 1 now
represente s couree requirements metrix. Face 2 still derle with
lecturer aveilebility, snd the resultant timetsble is still to be
found on Fece 5, Additienelly, & 2 dimeneionel Booleen array - the
conflicte metrix, which liets groups of coursee whose lecturs timee
met not confliet ie included in order to allow studente to choose
from gertein subjeote. The mumber of lectures alloceted et esch
hour ¢en be limited by the number of lesture thestres eveilable.
The informetion genereted by the production of the timeteble was
ueed to produce lists of lestures wshich take plese st certain

times ee well ee liste of all poseible combinetiocna of the three
eub jeet eourse requiremsnt for esch of a student's first four
semesters, This wes extended by en extre programme which took

ee input dete the 4 liets of % courses end also eny prerequisite
eourse in the eemegpters 2 end 4, end produces e list of all poseible

groups of 12 courses which e student eould etudy during his first
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Holz (196%) procedure st M,I.T.

Mmond'e (195%) work wes ueed by Yule (1958) es = bnsie from

which to extend the scope of her meﬁhod. He proposed the
replscement of Clese Requirements and Timetable Matrices by e

File of Requirement lines in order teo overcoms the assumptions
thet ell lectures ere of the seme length, end each lecture is given
by one lecturer to one cleen. He glso seeks to deal with the
prokleme posed by the non-aveesilebility of classes, lecturere

end rooms as well es the allocation of roome. The spreed of
lectures over the weelk, a limitetion on the lecturers' deily

load, as well as & procedure to daasl with impossible solutions

also cleim hie sttention, His proposale wore implemented at
Sussex Univereity snd Brighton College of Technology. Procéesing
was conducted on en I.2.T, %01,

Apperently in revly 4o Yule, in 1969 Almond published her seeond
peper which proposed to offer a co-ordinsted timsteble for the
whole faculty incerporating lecture room ellozetion =nd timetabling
of later yeere., The svrilability of lecturers is not considered
directly because of the nerligible chenge in courses from yesr to

yeer, which, in sny cese, ere independent of steff chenges.



Almond also suggeste thet on registretion dey the computer

could be used to check thst each student selects competible

coursee end to ensure that classes and leborstories do not

get overfull, The printing of individuel timetebles for each
etudent is elso proposed as & basis for s conflict matrix which
eould be used to nroeduce exeminetion timetebles,

The programmee JI74 or JT74XP could he used for the collection

of the dete required, The factor frequency ecount feeility in

JT74 slreedy compiled totals of verious cetegories of etudents

as well se nffering the diepley of lists of studente felling

within these cestegories,

Almond,in concert with Wood, finds it more economical to store

the conflict metrix in the form of & list: thie offere the added
edvantege thet the poeition in the list cen indicste the priority
of the non-confliect se well se giving sdded room for menoceuvre

in the elloestion process. Now thet Almond too is confronted

with the more comnlex probhlem of timetebling s lerger edministrative
unit; she rerorts to the pre-ordering of courses which mey prove
very difficult to mlloecate. This pre-ordering is conducted esccording

to identifieble ordering escocisted with a weight factor.
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This weight fector is essocisted with each course end the courses
ere then sorted in order of decreasing weight. !ention as possible
items for inclusion in the weight fector ere:
i) nuwber of essenticl non-conflicting courees
i1) number of students
1i11) number of lecture end leboratory hours
These items cen be combined in verious weys to produce suiteble
weipght feators end @ifferent orderinse of the coursss for alleecstion
will result in elternetive versions of the timetsble. Alternative
timeteblee cen sleo be genersted by ineluding different liets
of pospible eterting times in corder of preference for single
perioda and multiple periods of various lengths,
The elgorithm sesrches through the times in the given order
until one ia found which setiefies all the desired restrictions
on room occunsney, non-conflioct, even epreed of the course through
the woek, If no suiteble time cen he found, the desirable, but
non=essential noeconflict restrictions cen be relexed one by one,
beginning with the lesst importent. After a restriction is relaxed
then the timees of the week ere sgein tried in order, in the hope thet
& suitsble one will be found., ELssentisl no-confliect restrietions

are not relexed but en owission message is printed and the
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programme neeaes to the next period. A note is kent of the

number of omisaiona end ne-lected non-sonflict restristions for
aach eourse snd theze mumbare sen he introduced into the

weirhting factor for s serond attemmt, in which the sourses

are relisted in e new order which zivee priority to those which
proved diffieult, and s second timsteble is produced.

Almond recomrends thet the choice of timetsble shonld be the

result of = survev of severnl timetohles: the optimum timetable

ia described se the one which offere 'hest poseible selection of
combinctions of courses for students.' Whilst it ie desirsble

thet en optimm should be s~ught. especielly when the eriterion

i2 bseed unon consumer aceceptability; by lesving the choice of
an‘optimum to the diseretion of ¢ humen administrstor, thie
indicetes thet the oriterie of excellence in university timetabling
have not been precieely formulaeted. Hed this heen echieved, the
comruter itself could eseily hsve ordered the timetshles produced
gccording to the pree-determined eriterie, This etep would not enly
heve brought coneistent criterie to besr in the evslustion of a
nunber of producte but would heve helped to erystellize the
definition of the asptimum university timeteble., Cnce defined,

it would become wery much easier to specify rsaoulrements which



could be expected to bring about e closer spproach to this eim;

of couree, one may contend thet each univereity has individual
requirements, and to e certesin extent this is undeniable, but cne
eennot deny thet sbove the individuel cherscteristics of universities
there sre criterie of pupil-tescher retios, optimum times of the day
for leerning, snd en optimum epecing of instruction end exemination
periodes which trenscend these individusl requirements. Once eriterias
such as these have been concretized 2nd incorporated into a liet of
eriteris then the most prudent course to be taken by the timetabler

would become rlesrer,

%) ITERATIVE (Lineer Progremming)

The % dimensional erray elsc formed the besis of the spproach used by
Gotlieb (196%3) in the generstion of school timetebles. Whilet designed
to ester for e different educstionsl level, there ere meny feetures

of similerity in orgenizstion between the two approaches.

Each noint of the 3 dimensionel array, reprecents the meeting of a
perticuler class, with & verticuler teacher, at e particuler hour

of the day. Arrey elements sre divided into 2 groups O or (Non-Zero)l,
Zero egignifies the impossibility of the cless end teecher meecting

et that hour; Non-zero signifies the possibility that the clese and

teacher mey meet et thet hour. Initially, the third erray is filled



o0

with 1 to indicete the poeesibility thet any teacher can meet any
elsee at thet hour, It 1o recalled thet in Almond the metrix on
fece ® ie initielly nul snd thet only ae the solution emergee
ie the poeeibility of specific meetings wentioned., As Gotlieb'e
enloulatione nroceeds 1 is trensformed to O meccording to set rules
end predetermined conditions so that by the end of the computetion,
et eeroh hour 4t is noezible for eamch tercher to meet only one class
end for «pch olses to meet only one tescher =nd esch teacher cen meet
oech sleeer 2 number of times pradetermined for thet teacher and
thot cleee, The timeteble, a2 with Almond, is then inherent in the
resulting % diveneionel errey. A noteble point is that Cotlied oleime
thet esch errey is effectively equars in thet any sooming excess of
rows or columns een eslways be eliminsteds; this contrasts with Almond
who visuliees e brick,
The exemination of the n x n srreys in the course of timetsble
construction hes two steges:

1) Pesesibility Test - the existence of st lesst oue possible

gohedule is determined (Aesignwent problem).
11) ¥etrix Reduection - eny nonzero slement whieh does not

belong to some possible echedule is chenged to zero,
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Provided stege i hee been succeseful, stage 11 esn he entered.

For etage i1 Gotlieb proposed the method of the 'tighteset search',
whose theoretizel beeie is e theorem by Hell (1935) on the existence
of sete of dietinet reprecentetives. The tight-set sesrch is quite
efficient when n is smell (n<l0), but since it regquires of the order
of 2n operctions, it repidly becomes imprecticel once n exceeds
ebout twenty., Neny schools heve over 50 elesses snd up to 100 are
not unmown - this ie certeinly true of universities,

Liens (1964) therefore nroposed the use of the Hungerien Yethod

for Peasibility Teet which involves the Iterstive Apnlicetion of
progedure celled 'Expend', Precedure "xpend sesrches the linksges
betwoen rows end columns end mey be reserded ee developing a tree
structurs whiech eventuelly shows & minimum path betwecn the designated
row of the errsy whith hedibeen found to heve no solution element,
snd soms column of the array which hee mo solution element.

The minieum peth 4s then retreced to reerrsage the originel partiel
solution to creste the new pertisl solutidtn. If 'Expend' feile to
generate #:new pertiel solution, then it ecen be shown that 1t will
never be poesible to find e solution to the array: elthough it may be
possible to find e partisl esolution by choosing enother row. Any row

or column with & solution element in the first partisl eolution is



certeinly represented in the second.
A pertiel solution for the arrsy is given in the veector solution
whose Jth element gives the row number of the solution element
in column J if one exists or elee is blank. Two working areas
are needed: the veetors 'reference' end 'rowliet' which ere
initielly clesred to blemks., Rowlist corteins a list of rows
to be erarched on & first-in-firet-served basis, The first weuwber
of rowliet ies the deeigneted row into which iIxpend is to intooduce
a solution element., The procedure may be divided into two pheses:
i) forwerde pheee - the seerching of verious rowe
selocted fromn rowlist.
ii) beckwerds phase - the retrecing snd reerrenging of
the pertiel solution.
When an erray row is seerched, its elements ere oxsmined one by one.
The firet phese of Expend ie complete when either a non-zero element
is encountered in a column J for which solution J is blenk, sll rows
entered in rowlist heve been seasrched but no element setisfying
the first conditiom has been encountered. As soon as the first
condition is fulfilled, the existence ies demonstrated of the next
pertiel solution which is ectuelly conetructed by the second phese

of Expand. If the second condition ocecurs, then the task of
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Expend is not fesaible,

In the ebove we huve seen the operstionsl d:«finition of =
mathemeticslly optimum solution %o a timebsbling problem:

'e minisum peth between & dosigneted row of the arrey snd

sowe coluun of the srrey which has no éolution element.’

This is the first tiwe in this survey thet we heve found

e solution which has been so clewrly opiimal aecording to

some [ixed ecriterion, although Gole (1964) does mention that
his method will generctes a soluticn which is 'minimel' in

the sense thet the examinetions could not be sllocsted in

less time periods,

Another guest for en optimunm, this time from the point of

view of the administrstor, iz msde by Lawrie (19569) who
propeses the ‘replecement of en objective function by the
production of & number of elternstive integer solutions es
heving more relevence to the criterie normslly quoted by
heedmasters as constituting & "good" timeteble.' He repudiates
the 'micro' approech sdopted by other workers who desl in
units of the tescher, the clesas, end the event; 28 & proponent
of this approsch he citee Lioneg (1967). Instesd, he proposes

a 'mecro' approach formulsted in terme of such considerstions
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ag the distribution over the week of elasses in verious subjects,
the digtribution over the week of free periods for staff/pupils,
the mix of periods each day between scademic and minority time
subjects, The method by which Lawrie seeks to echieve this
laudeble aim is by the use of between four snd six 'layouts',
A Yleyout' is defined ae e stetement of the curriculum end
its orgenizetion for a group of pupils, generally & year group.
It is cleimed thet this method, which is designed to allow a
heedmaster to exprese his requirements in the form of layouts,
offers importent edministrative advantages in thet detsils can
be suppressed, the curriculum cen be plemned as & year unit,
even in large schoole, by providing & compact notation which
emphasises the staff requirements by department and omits
explicit reference to olmsses or how pupile are regrouped into
sete from period to peried. iIn this way the educationsl policy
of the school een be drawn in broad brush-strokes.
Once leyoutes have been obteined, the problem of constructing
the timetable is deelt with in two stages:

i) Leyouts are overlepped with one snother in such

e wgy thet etaffing restrickions are not violeted

during eny period of the week - this reeults



in en 'outline timeteble'.
i1) The permutetion of outline timeteble to meet the

requirements on dietribution of claeces end sets

in verious subjecte over the week.
The problem is visuslized as the finding of es meny arrengements
as there ere periods in the week, though they need nct naecesserily
all be different, from these the best is selected.
At first we were impreseed by the fact thet someone had sought
to incorporste into timeteble construction such important, but
often neglected, festures ss the distribution of classes through
the week, @8 well &8s the mix of periods within the dey. We saw
Lawrle's sesrch for en optimum based upon Ymacro' considerations,
unimpeded by minutise, es en innovetion which promised = timetable
which wes both efficient end humsne, Unfortunately, however, the
recult meets neither of theece promises, "hilst it mey be bold te
dismles the meximization of en objective function, one is slso
dismissing e velusble impertisl criterion of the technicel efficiency
of the product; when one resds that one of the conditions of the
atrengement of the layout is thet the totsl of steff by depertment
to be allocated to tesching duties by his method is less them

the tecching steff sveilaeble, one's woret suspicions are confirmed -
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technicael optimum is ssorificed from the outset. When one turns

to the lsudeble humene sius, outlined ebove, one 12 equelly
disappointed; the 'educationsl poliecy' of the school is ultimately
nothing wore rigorous theh the erbitery will of the hesdmaester.

New, it ie undenieble thet hesdmesters sre men of considersble
experience, enc¢ scumen; but it is impossible for a computer

scientiet to sccept thet the opinion of a men, unsubstentisted

by logieally coherent ressone, is the 'best' judge of the 'best’
timeteble, ae Lawrie would heve us accept. Thie view is, in faet,
tecitly edmitted by Leowrie, and the others who secent the poliey

of the production of meny timetables from which = men is to meke

& choice; thie policy is mn sdmission thet the eriteris by which the
timeteble is to be judged heve not been defined in impersonal terms.
Whilel one mey weive the requirement of the maximizetion of en

ob jective function of technicel efficiency, if it can be demonstrated
that the 'mecro' spproach dces meximize something, =nd thet the
programmne is demonstrebly optimal in some othsr respect. This hes
not been achieved in this cese; Lawrie's proposel, therefore, cannot
be regarded ae a 'succesa’'. let slone ss the 'best' solution to the
timetabling problem, He has conly focussed attention upon en

acknowledged problem,



Our consideretions of the proposed solutions to the scedemic
.tixatebling problem hes renged over school teaching, univereity
lecturing ond university exsminstions: but hae shown the
underlying neceszity of a confliect melrix of one tyoe or enother
in the quest for eny solution to this problem. Cole uses the
wmetrix snd shows ite method of working. Wood secke to circumrent
the very lerge storege requirements of the metrix by the eliminetion
from coneiderstion of non-conflicting erese. Almond end Yule, es
well es Gotlieb end Lions ultimetely uee motrices. Lewrie's
'overlepping of layouts' to produce sn 'outline timeteble' is a
eonflict matrix by enother name. The problem fecing educational
sdrinistretores so fer es the metrix is concerned, ies the hendling
of the lerge storege requirements for ite representation - the
problem becomes scute when lsrge numbers of clesses, lectures,
or exsminatiocn papere heve to be dealt with., 1In this respeect
one may contrast the aporoeches of Lawrie and Woed. The lstter
sought to bring the matrix within bou ds by the eliminetion of
redundent velue-elements, from the programming point of view;
and by the use of suxiliery equipment to expend the computer's
storege capebility, im the technical sphere, He reporte that

whilst the core store of the Atles used wes 16,000 words,



fthis wee considersbly smaller then the eres of store which

wes frequently sccessed' - thie empsnsion wes achieved by the

uce of drume., The drawback of this methed wee that helf the

time teokento conetruet the timetsble, ten minutes, wse tnken

up by the trensfer of inforustion between drume esnd core store

- thie wee a waste. Lewrie, by contraet, sideesteped the nroblem
by considering & method unencumbered by 'detsile'; in ef'fect

thie rendered the size of the gonfliet mstrix menegeable but
falled to expleit the full potentislities of computers even in
their number-crunching role. By leaving so much of the
timetehbling to the humen operestor, he dcoes not muke use of

the deciesion making espability of computers in the edministretive
sphere - thie ie & waete not only of time but elso of svellsble
facilities,

From the purely pregmatic seint of view, it mey well be that
with the development of computers with ever larger eslorege
o?psoitieo the gim of eircumventing the problems posed by the
hendling of large matrices which have confraonted timeteblers

to date will yisld under the weight of technicel progress;

though of course, menoeuvres esuch as Wood'e for the eliminetion

of redunent slemsntes, end propossls esuch ee Lion's [or the



implementation of more efficient processing technique in the
methemnsticel ephere will be velued in further expsnding the

scone end comwplexity of tiwetebling problems which may profitsbly
be handled by computers.

In our review, we heve coneldered the proposed solutions
according to the criterion of efficiency, intersreted in terms

of the computing mwethod used end the solution produced. We noted
in the lineer progremming solution thet if this metbod did not
yield a solution to the problem then no solution wes possibls,

in eddition to the fect thet this method meximized an objective
function end so yielded e 'minimum peth' solution - here wes a
method which ylelded en unequivocel optimum according to &
conerete criterien; end contressted thie approsch with Lawrie's.
Consideretion of the solution of'fered inevitebly invelves an
exeminetion of its acceptebility. At the mowment, eas we have
slreedy seen, no objective definition of the optimum timeteble
has been evolved; all rely upon geining & good opinion of those
whose job it ie to decide between the aporosches. Apnpesl cen be
besed upon two greounde - ecomnomie, or socisl, Almond sdvocetes

e socielly orienteted spproach, expressed by her regarding a

sclution as good ez one which offers 'the best noseible selection
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of combinstione of courses for studente'. This consumer
orientated approsch ie parellel to Lewrie's which offered

a solution desigrned to cater for the wishes of the adwministretor
of the orgenizstion - the hesdmsster -~ who 12 lefi to conduet

the complex task of balsnciug the demands of steff end students
in terms of 'educationszl pelicy' end on this basis he is to judge
the worth of a timetsble. The 'econouwic' approech, which seeks the
optimum ellocation of scarce resources, hes elrecdy been slluded
to with respect to Lions., Thie sppresch is elso exemﬁlified by
Cole who reminds ue of the fact thet he schieved the solution ef
e timetabling problem for so wany on eo smell a machine, Wood
echoes thie by hie stretehing of the fecilities of the CU./.U.

end included im his clsium for aepprobstion the faet thet he
produced & timeteile which aschieved & higher degree of room
cocupencys This luproved sllocstion resources hed the importent
finenciel consequence thst the unlversity was ssved {rom further
cepital investment in additionel sccomusodgticn for examinetion
purposes, He elso incorporztsd & consumer orientstion in his
solution; he produced liets to facilitete sdministration, he
gpaced exeminations Tor lhe benefit of studente snd ordered

exeminations to allow stafll the mexiwvum %tiwe for merking - this
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lest developuent wez Foreshedowsd by Cole,

¢ oppeers that Vood's epplied spproech may be regerded se most
acarly reslizing the gquest for en erchestration of theee two
spproaches into sn offecient ond humens solution. In the future
this guest could be guided towerde its goel by grestor use of
the decision <¢aking ability of computera, It appesrs thet some
of the hesltstion in formuleting & definltion of eriterie of
excellence in timetadling may heve been esueod by the 41 iculty
in hendling the multiple remifications of thesa approasches;
perheps the use of Geme Theory on the von Neumann % Yorgomstern
model mey prove useful. Onee forwulated, exlsting techniquas
could be more eystemetiocally ovelustad =2nd subsequently ilmproved.
Given edvences in programme technigues end i1mproved C.7.U,
cnpeblility, ¢ grester nurzber end variety of varieblees could be
incorporated inteo more sophisticeted progrsnaes, which in turn
oould be more effeactively evelumted sand improved -~ in this wey
reel progress could be sohieved in the 'temporal ordering of events

sub jeet to cometreints’',
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L. CORCLUSION

e stated thet thie projeet sought to ley the foundatione
for an integreted system of dete processing. ¥e recell elso
thet date ie proceseed in order %01

1) keep detnlled facts for records

2) produce opersting documents

2) enelyse fecte
vYe heve exemplified theose three motivities in epplicetions within
ths sphere of university sdministretion., In ell three pregremmes
facts ore otored, either sbout students or ebout bibliographiee,
fe yet, no opereting documents of the class liet type have resulted
from the two esrlier timetables becsuse of limitetion of fecilities.
Liats in the form of select bidbliogrephice ere nroduced by the
erchiving programme, JI74 will dieplesy on the consoles lists of
studente who poeseses certain sttributes - this employs the seme
prinziples se ere involved in the production of hard copy listss
with the wider eveilebility of remete sccess coneolee, displays
mey well replsce the circuletion of herd copy liste,
The seme progremms elso illustrstee the snelysie of the informetion
stored ianto '"informetive reporte' it is eprosite %o cite the

feotor frequency count fasility =8 on élementery statisticel esurvey.
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The prograume irreguelrities log illustreted the wey in which
iwprovements in operetion cen be incorporeted through ohserving
and sesking to rectify past errors.
Data processing involved:

1) CRIGINATION

2) PROCESSING

3) OUTPUT
The collection of dste for convereion intc informetion has been
menif'estly illustrated. The development of the conversational
mode programmes which collect the three possible types of date
in proportions specified by the requiremente of the situstion,
forms the back-bone of this project. Verificstion facilitetes
economicel storage, ss in the cese of cetegorized deta: in the
cese of personal dste verificetion is conducted by the person
less quslified, the respondent. The collection of dste with
card input 1ls illustreted in the archiving progremus. The two
aspects of processing, reerr:angement sad file menipuletion are
also illustrsted. The former is the express purpose of the
archiving progremme snd of the selective display rauilities in
JT74. TFile proceesing in the form of stetisticsl anslysis is

nendled by the factor freguency count.
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Two of the three types of output sre illustrested. ‘'Historiesl
reporte’ could cover virtually all the output from the first

two programmes. No forecasts have heen mede, 'Action documents’
could describe the cutput of the erchiving programme as well as
the selective displeys in JT74.

From & technicel point of view, thie project hee focoussed upon
the storege end retrievel of information., BStorsge hes elmoet
alweys been of the indexed sequential type, e slready discussed.
FORTRAN hes been used a&s the method of communicetion beceuse of its
suitebility to uese on IBL eguipment end slso heceuse of its wide
epplicebility. The two eerlier programmes were develoned under
FORTRAN IID, the erchiving oprogramme does incorporste festures of
FORTRAN IV in the display routins, The method of pattern matching
end of file orgesnization employed haes alreedy heen disecussed.

It emerges, therefore, thet & combinetion of the techniques
described coupled with an extension to eystem faecilities could
teke over the tesk of student recodd-keeping. Provision has

been made for the collection,storasge, meninulation; and display

of informetion. The archiving progremme could provide a valuable
service in the librery end the tutorial room , where users could

be supplied with complete bibliocgrephies on chosen subjects
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with negligeble deley snd e degree of completeness dependent

only upon the zesl of the person whose job it is to compile the
bibliography et the ocutset, This quest to group items which
poseess comnon feeturee would of course be applieeble to the
student selection procedure.

Besides their immediste applicstions, these programmes csn offer v
valusble informetion which cen be insetrumental in the further
computerization of university aeffeire. The formsr progranmes

cen already collect information necessery Cor the construction
of univereity tesching and examinetion timetesbles. Although the
deta may be collected in new ways, through the remote access
consoles for example, the subsequent anelysis ls no different
from that required for informstion obtained by more treditional
methods. Although the descriptions heve been directed specifically
towerds univereity spplicetions, meny others spring to mind;

the interrogetion routines in the Pormer programmnes could bhe
applied to the collection of datz in wmany spheres, onemay mention
passport control, census returns es well ss the non-sccounting
section tem returns. The asrchiving programmwe would of course

be applicable to the crese referencing of criminsl recerds,

As hes been mentionmed, the scope of the sbove prograumes,
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espeolelly those involving on~line operctions has been
eircumscrived by ithe limitelions of the systeun, One of

the most velusble potentisl extensions, the operstion of

vhich hes only been simulsted in the generaliszed dste

processing progresmee, is the 'arbiter' facility., Thie
fanovetion would involve the keyimg in of daim by typlets

et wmeay consoles, whea & reply wes entered which waas ether

theh a mere teylng error, the reply could resdiily be peesed

to the 'arbiter' who would give en sutheoritetive cleesificetion
of the difficult reply. Proceesing efficiency would be
inerenased by the saliminstion of incorrect inputs, esvings in
wages would be schieved as only one pereon of 'axocerst'! status
would be reaulred tc hendle the shole pracees sof deta collection
- this erme person mey olso be the seme ees the one who sucsrvises
the preoecessing end the output production,

This project has outlined some of the nomsible espliestione

of computers in a university, znd hae exemplified the wenner

in which the basic techniquem of =2torsge ond retrlievel aen

be edepted in order to mest these raguireomenis,
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i) Bloek Disgrem of the Generslizad Date Procescing

Progremme JT74XP



110.1

Dimensions, Standard Messages,
Initializations '

Display of Progreamme Capability

Choice of Own or Ready-Supplied
Own Answere & Inclusion Settings Supplied

| & Topic Distribution

Display Categories Available

Read Number of Topies for
Individual Data Section

Is Number requested 07

|_Yea

Set Individual Data Section
Exclusion Flag

No

Read Number of Topics for
Categorized Data Section

Is Number requested 07

Yes =

Set Categorized Data Section
Exclusion Flag

No

Compute Total of Topilos
from both Sections

Is Total»1l9?

No

Display Analysis of Excess
Topics Requested




! No

et

r__Have all In&
k Topics been

ividual Date
Read~-in?

Yes Is Categorized Data to

be Idcluded?

Yes

Read Individ

ual Data Topic

| Read Categorized Data Topic

Have all Top
Read=-in?

ice been

Yes

Display Faci
Numeric Data

lities in
Section

110.2

No

Read Number
Numeric Data

of Topies for
Section

Is Number re

quested 0?

Set Numeric Data Section

4 Exclusion Flag
|

N
A D

Inclusion F1l

Set Numeric Data Section

ag

No

Read Numerie

Date Topic

Have all Num

No

Topics been

eric Data
Read=in?

Yes

to be Includ

Is Categorized Data Section

ed?

Yes




R ———————

SN

Read Number of Storage
Answers for Topic stated

Is Number 'blank'?

No

Read Storege Answer for
Topic stated

P —————————

Call JTSTOR to store
Answer

Is there VWord-Overflow
in Storsage?

Display that Answer is
Read as Blank

Yes

No

Is there Character-
Overflow in Storage?

Yes

No

Has Requested Number of
Answers been Read?

Yes

No

Has Requested Number of
Topics been Considered?

Yes

Read Number of Questionnsire

Presentations Required

Call JTEXIT to display
Anelysis of Overflow

110.3

e L ——

N

Cell JTDATA to handle
Ready-Supplied Data

R




Displey of Instrucfions

to Respondent

A

Is Individual Data Section
to be included?

- _‘}..

=
o

Display Individuel Date

110.4

Question
|

Read Answer

Is Displey-Request Code
Sensed?

Yes

Y

Jles

Is correction Request Code
Sensed?
No
Is 'blenk' Answer
Sensed?
No

Call JTSKOR to store
Answer

Is there VWord-=Overflow
in Storsage?

Call JTREPT to
acknowledge request

Displey that Answer is

Reed as 'blenk!

Yes

No

Is f&ers Cherecter-
Overflow in Storege?

Call JTEXIT to display
enalysis of Overflow

T

Displey of Topic, Answer,
Correction Procedure

Heave all Individuel Deata
Topics been considered?

[

Digﬁiay of End of Section
Messege

Is there an Error-
Correction Request?

v No

Lo
>

Yes




i

Is C;£;gorized Data Section

to be Includq@?

Display Section Title

ﬁ' Display Question and
L

Acceptable Answers

110,5

Resd Answer

Cell JTIGET to check
Answer with Master List

| Was Answer correct?

Yes

Displey' OK CHECK FOR !
Item

No

Have All Categorized Data
Topice been considered?

Yes

Display End of Section
Message

Display Message Urging k—
Correct Reply |
Display 'NO GO FOR' !
Item i
| dep
Is this Second 'NO GO'? |
'Noz1
Noz=3
Display 'NO GO' Item

and Topic to Arbiter

Read Arbitar's Verdict




No |

N
(o]

Is Numeric Data to be
Included?

Yes

Call JTDATE to Hendle

Numeric Data Section

Displey End of Cycle
lessage

11

Test for Display Request Code

VZIX
I

Displey Number of Files
Processed to-date

110,46

Reed Display Code

Requested

33

99

‘Reed Number of Files
to be displeyed

hDiaplay Instructions for

Terminetion of Run

Cell JTSHOA to

Display Requested Files

Read Run Terminstion
Code

Display end of Run
Message

EXIT
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11) Bloak Diasgram of the Humerie Dats Sub-routine JTDATE



Deta Question

Displey lst Numeric --F

111.1

Read lst Numeric
Deta Aneswer

Call JTAGED to give

ege on 31/12/69

Test for Imposeible Reply

for DDMMYY
I

Display DDMMYY es 'Age'

|

Wee Reply Impossible?

Yesii

Display Messsge stating
Impossible Reply Item

Is there an Answer

Correction Request?

Set Imposeible Reply Flag

Display Subsequent Question

i

Read Answer

1

Is this 2nd Numerie
Deta Question?

Yes

Display Answer as Year
in 20th century

Display Answer

as Yeer
I

Is there sn Answer

Yes

No

Correction Request?

No

Have all topics

been considered?

| Yes
RETURN
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1i1) Block Diegrem of the Archiving Programme



Dimensions, Define File,
Rewind Tepe

112,11

Initialize Parameters &

Request Code?

| Yes

Add 80 To :Character Counters

I

Add 1 to Card Count

[

Has Card Count reeched

Max imum?

No

Yes
Y

Is IQUIZ %3? No 11
- Arrays for lst Run
| Yes & 55,77
Reed Parameters & Arrays
from Disc
]
No 17 Is IQUIZ 557
| Yes & 11,33
Call JTCATG to store
Categories
Yes
o Is IQUIZ 337
|_No
Initielize Chareacter
Counters
et oma i
¥ Set Entry field blenks
Read-in 80 Characters
Lof Card
,;YGB Is 1st Cheracter Termination
Request Code? -
l No
Is 80th Character Continustion |Ngw—




Wirite Bibliographlc Dete

to Tape 320A1

Add 1 to Entry Count

+ Read Designetion of Category

to be attached to this Entry

!

Is 1lst Cheracter Terminestion
Request Code?

| No
Call JTFIND to check
Category Designation

Has Category been

No

112,2

Correctly Designated?

Yes

Record Number of Entries for
the Cetegory to-dete

| Record Baginning Value for this

Is this First Entry
for the Category?
Yes

Category = Velue of Entry Counter
on Linked-List

I

|

I
i T

Write Designetion of

Wrong Cetegory

No | Set Value of Pointer atteched

to Last Entry for this

Category = Thia[ Entry Value

Record End Value of

Current List

Record Number of this Entry
(IENTRY) in Linked-List

Record knd of List Value

I

Augment Linked-List Pointer

[

Is IQUIZ 77¢

Yes

' No

J Call JTDESP for Display
| Facilities

Write Parameters & Arreys toDisc

EXIT

N
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iv) Bloek Diegrem of the Archiving Programse's

Dieplay Subersutine JTDISP



113,1

Dimensions

Initielizetions

Reed Cetegory for

Sesrch List

Is lst Character ¥ ? {88 4 Ig 2nd Character also % ? L
I | No [No
Call JTFIND to check category Set IAV errey to blanks
designation (for displey purposes)
'—“-"&Q—'Was Crtegory Located? | FEE Is Categqry Code Number 1 2

[ Yes [No_
Add 1 to Category Count (I) Set lower limit (ML)=

1 lst character of this Category

I P

Store Code Number, for this Set Upper limit (MU)-:
Category, JZ. in Array KK lest charecter of Uategory
Record Beginning value of Store the characters of this
this Category in Linked vategory in 1AV Array

List JEV (I)

I

- Record End Value of this Have all the uategories been o
Category in Linked considered?
List JUV (I)

| . Yes

nrite Display heading &
Nemes of Categories

vet Beginning Vulue ot
lst Category on linkea List=
1rlng

~
Cd

v




Yes

113.2

Is only one ultegory to be

consiuered?

No

Yes

1 LFINU located at same position
as beginning velue ot uvategory
Read-in on the linked list?

-"z;_iFINu iéééted loéef 6nlihe“

list then the beginning value ot

vategory need-in on the linkeu 1‘191‘.?JI

- :

Is this position in Linked-list =
Upper Limit of' the uvategory

Set lower Lkimit ot search tor
this Uategoryzposition or next
entry ror this uategory on

1

| tepe (Initielly 1)?

| Linked-list - J

considered? _ I

Have all c;tegoriea read intd the
Category Combination list been i

Yes

Is IFIND= current position of the

=

No

Step the Tape (Linked-liet) to the
velue of IFIND - 1

Read the 320 characters specified
by the current value of the tepe &
in blocks of 80 -

Write the 320 charecters in 80Al
formet on the line printer




113.3

Set Tape Pointer to Value
i | v of next Record

Set new beginning velue
(for search purposes) of lst
Category =next entry for this
Category on Linked-list

|

Is IFIND (lower limit of search

» ~_No | for lst Category) now= upper limit
of seerch for lst Category

(i.e. Is the seerch over?)

A

- IYe_a

Rewind tape in readiness forrnext
attempt to locete Category -
Combination list

3(_GALL EXIT

Note IFIND - lower limit of seerch for common categories, bssed upon
the cetegory read in first into the category combination list.
Economy in searching is achieved if the fisst category resd=into

this list has the smallest number of entries.
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v) Illustretion of the Working of the Indexed Secquentisl

List ured in the Arshiving Progremme



{LLUSTRITION of the TORKING of the INDEXED SrQUESTIAL LIST

USEU in the ARCHIVING FROGRAVME

fumber
in
irrey

[ & oM N =

ow -

12

12
14

15
16

17
18

19
20

Array
Veluee

ITOP(IE)
ITor(1PX)

ITOP(IR)
ITO(IPX)

ITQ‘P(I;‘.‘)
IT02(1IPX)

1ToP(IE)
1702 (1PX)

1ITOP(1IR)
1ror{1°X)

ITo0(1IE)
ITO#{1IPX)

ITo (1)
ITOP(IFX)

ITo#(18)
IToe(IeX)

1ror(iz)
ITO?(1PX)

1708(1IE)
IT0e{1PX)

19

18

Hurber
in
irrey

25

Lrrey
Values

Iroe(Ir)
1Tor(1rX)

1Tor(1E)
ITOP(IPX)

iTor(1R)
ITo(IPR)

IT0-(1I8)
iToe(IPR)

114.1
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TAE(L,Y) L 1aE(L,2) 18:3(L,3)
Funker of Cslagory Deginning ind
intries fumber Velue Velue

5 1 i 27

3 2 3 17

4 3 3 23

1 A 21 -

1 3 25 -

Sequence of ITCP Array Vealues stteched to esch Category

letegory Zntry Values

Kunber Array Velues
1 1 2 5 4 7
1 7 11 19 27
2 1 2 4
5 7 17
5 1 5 4 5
3 13 13 25
4 3
1
= 2
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ApomNDIX 2



UNIVERSITY OF ST, ANDREWS

Computing Laboratory,
The Mathematics Institute,
North Haugh, St. Andrews,

Fife, Scotland.

30th January, 1969,

Dear Sir,

I am engaged in a project designed to process all student
records in this University by computer, and should be most grateful
if you would allow us to have the benefit of your experience by
completing the attached questionnaire. A sample of the Registration
and Coding forms used at your University as well as any other
relevant information would be appreciated, I shall be pleased to
send you reports on any improvements to our own system which we may
discover. May I take this opportunity to thank you, in advance, for
your co-operation?

Yours faithfully,

James Hartley-Taylor




QUESTIONNAIRE

Please indicate correct answer by placing a cross E in the
appropriate box.

If you desire more space for written answers, please do not hesitate
to use reverse of sheet.

1. Are the Registration Forms preprinted with any information concerning
the record of the student?

YES
e~ e e e
NO

If YES, a) what is printed?

b) what is the source of the information?

2. Is any information added AFIER the student has completed the form?

YES

NO r

If YES, what information is this?

3. Is any intermediate coding required between .
i) filling in of form by student and YES
ii) data preparation for computer processing?

[ 10

If YES , is this coding done by:

a) CLERICAL
b) COMPUTING
c) OTHER (please name) staff?

4, At what stage is information which is to be fed to the computer checked
for errors: . pIRECTLY WITH STUDENT

BEFORE
b) CODING

AFTER

) PUNGHING | BEFORE

[ aFrer

d) ANY OTHER TIME (please name)



5. Would you please give round-figure estimates of the proportion of errors
which stem from the following factors (if known)?

% % %
STUDENT CODING  TOTAL ERRORS
STAFF

a) Interpretation of Pegistration Form
b) Omissions in coding
c) Incorrect coding _
d) Omissions in punching input
e) Incorrect punching of input
f) Others (please name)

1

4

1»

100 100 100

Any comments on error detection and prevention would be most welcome.

6. What manual returns are prepared to provide checks on the validity of
of the computer analysis?

- 7. Are you planning any changes in the near future? Y‘Esj

If YES, would you please outline these changes?
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i) Lieting of the Generslized Data Processing Programme

JT74%XP end relsted Sub-routinees



TOTAL MEMORY REQUIREMENTS 000BA4
STORAGE MAP

IBCOM=
FIOCS=
ADCON=
MAIN44&
MAIN44
JTDATAS
JTDATA
JTSTORS
JTSTOR
JTSKORA
JTSKOR
JTEXITA
JTEXIT
JTREPT&
JTREPT
JTIGETZ
JTIGET
JTDATES
JTDATE
JTAGEDS&
JTAGED
JTSHOWS
JTSHOW

AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT

LOCATION
LOCATION
LOCATION
LOCATION
LOCATICN
LOCATION
LOCATIDN
LOCATION
LOCATIDN
LOCATION
LOCATION
LOCATION
LOCATIDN
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

001000
003928
00108C
004000
004000
009A80
009AB0
O09F 78
009F 78
00A2FO
00A2F0
O0A6ED
00AGED
00A9DO
00A9L0
00AC70
00ACT7O
00B330
00B330
00C198
00C198
00CT7ED
00C7EOQ

BYTES

117.1

DATE

05/18/70



DATE 05/18/70

117.2
C
C DATA PROCESSING PRUOGRAM APPLIED T0O MATRICULATION SCHEDULES
C
C DIMENSICNIZAT ION
C
+ XP DIMENSICN IAB(24),IAC(16),NOTB(40),MEMB(200)
¢ XP DIMENSION TAGE(25),JAGE(25),KAGE(25) KYRI{50),LXBY(100)
+ XP DIMENSION TAD(BO),IAB1(16),1AB2(8)
+XP DIMENSION IKEY(200),JKEY(500),INZ(20),IAA(6),KDZA(20),KDZB(20)
¢ XP DIMENSION MNOTA(200),MEMO(500) ,INA(20),IFAC{20),KDZC(20),KRLZD(20)
¥ XP DIMENSION LKEY(25),KKEY(100)4,MSTOR(120),ISTOR(120)
+ XP DIMENSICON LXEY(100),KXEY(100),IND(20) 4 IAX(16),4LXXA(40)JXXA(120)
t XP? EQUIVALENCE (IABl,IAB(1)),(1AB2,IAB(17))
C
& MONTHS OF YEAR
C
+ XP DATA IABL/*JANU®,*ARY ' ,'FEBRY,"UARY'","MARC"',"'H 'y *APRI', 'L 'y
8'*MAY ', L CJUNE® v ULy 1, CAUGUY, *ST v/
e XP DATA TAB2/'SEPT',*EMBR',"CCTO',*BER ", "NOVE!, "MBER"','DECE"', *MBER"/
G
E LIST OF MESSAGES IN RESPOUNSE TO ANSWERS T0O CATEGORIZED DATA
C
+ X P DATA IAA/'0OK C',"HECK',' FOR',"NU G','0 FO','R '/
=
L MESSAGES IN RESPONSE TO IMPOSSIBLE PERSONAL NUMERIC DATA
C
+ X P DATA TAX/'YOU '",'HAVE',"' GIV','EN A*,*N IM*','POSS*,*IBLE",* REP',
BYLY F'y'OR ", P XXXX® o PXXXXY g W XXXXT , VXXX, " XXXXYy " XXXXY/
C
E INITIALIZATION
C
 XP 11A=1
X P 1I1B=1
+ X P I=1
 XP MY=1
 XP KK=1
X P KI=1
X P INY=1
- XP JNY=1
- XP KNY=1
X P IMY=1
XP JMY=1
-XP KMY=1
XP MAP=0
XP JAP=0
XP J=1
XP JX=1
XP JPG=1

- XP JB=1



tXP
+ X P
+XP
+XP
+ X P
+ XP
+XP
+XP
+ XP
+ X P
e XP
y X P
+ X P
+ X P
r XP
r X P
X P
X P
X P
X P
 XP
 XP
X P
 XP

OO0

1

2

117.
DATE 05/18/70 e

N=0
NX=0
NPG=0
NUMB=0
NB=0
Ku=1
JF=1
JDZA=0
JDZB=0
JDZC=0
MGA=1
MGB=1
MGC=1
IFL=1
KL=25
MN=28
KONTO=0
NJ=1
Ivy=1
JVyY=1
KVY=1
KKK=1
NRM=2
IADDA=1

DESCRIPTION OF PROGRAM

WRITE(6,1)

FORMAT('1DATA PROCESSING PROGRAM APPLIED TO QUESTIDNNAIRE DATA ',/
8, 'THE TOPICS CAN BE SPECIFIED BY THE USER '/ *THREE TYPES OF
8DATA CAN BE PROCESSED '4,/,'" 1.PERSONAL (LITERAL) DATA-CHECKED WITH
8 RESPUNDENT',/,"' 2.CATEGORIZED DATA-CHECKED WITH STORAGE ANSWERS',
8/+' 3.PCRSONAL NUMERIC DATA-CHECKED WITH RESPOUNDENT '4/,'A 3 FACT
80R FREQUENCY COUNT IS INCLUDED IN 2. Y4/ 'FUR SPECIAL FACILIT
BIES ENTER VZTX AS 1ST QUESTIUONNAIRE ANSWER!')

WRITE(6,2)

FORMAT('1TO USE READY-SUPPLICD'4//4"' 1.TOPICS',/,

8' 2.STOAGE ANSWERS',/+"' 3.INCLUSION SETTINGS',//,

BYENTER 10 OTHLRWISE 00')

READ(9,5) JDAT

FORMATI(I2)

IF(JDAT-10)851,850,851

ISRI=25

IRI=25

JRI=28

IXN=6

JXN=TXN=4

ITPC=12

MRI=IRI+(ITPC#4)



+XP
+ XP
t XP
+XP
tXP
+XP
+XP

tXP
¢ XP
+ XP
¢ XP
X P
+ XP
+ XP
+ XP
¢ XP
y XP
y XP
+ X P
r XP
+ XP
r XP
+ X P
+ XP
- XP
+ XP
- XP
 XP
 XP
X P
- XP
r X P

 XP
X P
X P
+ XP
- XP
XP
X P

XP

DATE 05/18/70 117.4

NTP=18
DU 852 II=1,NITP
READ(S5,4)IKA, [KB, IKC,IKD
4 FORMAT( A4,A4,A44A4%)
GO TO 8004
851 WRITE(6,1851)
1851 FORMAT(*1A TOIAL OF 23 TOPICS CAN BE CONSIDERED®*, //,
8' 19 CAN BE TREATED ASO',//,*' 1.INDIVIDUAL DATA - CHECKCD WIIH RE
B5PUNUENT "4,//,' 2.CATEGURIZED DATA — CHECKED WITH STORAGE ANSWERS
8 *y//' A FURTHFR 4 TOPICS CAN OC CONSIDERED AS Y5/
8' 3.INDIVIDUAL NUMERIC DATA - CHECKED WITH RESPONDENT',////,
B*NOW INDICATE NUMBER (I2) OF TNPICS OF INDIVIUUAL DATA®)
READ(9,1852) I AN
1852 FORMAT(I12)
IF(IXN)6952,6353,6952
6953 ISKP=17
GO TU 6963
6952 JRI=(IXN*4)+1
ISRI=IRI
JRI=IRI+3
6963 WRITE(6,1853)
1853 FORMAT('INDICATE NUMBER (I2) O CATEGORIZED UAIA TOPICS')
READ(9,1854)11PC
1854 FORMAT(I2)
IF(ITPC)6855,06852,6855
6552 KSKP=27
GO TO 6856
6855 IF(IXN)6417,6415,6417
6415 ISRI=1
IRI=1
JRI=4
6417 MRI=IRI+(ITPCx4)
6856 KTOT=IXN+ITPC
IF(KTOT-19)1855,1855,1866
1866 KOT=KTOT-19
WRITE(6,1867) IXN,ITPC,KOT
1867 FORMAT('YOUR REQUEST FOR ',I2,' INDIVIDUAL DATA TOPICS & *',12,' CA
GTEGORIZED DATA TOPICS'.//,*EXCEEDS THE MAXIMUM NUMBER OF TUPICS AV
BAILABLE (18) BY *,14,//,'PLEASE GIVE YOUR REVISED REQUIREMENTS NOW
8')
GO TO 851
1855 DO 852 KVC=1,KTOT
IF(KVC-IXN)1856,1856,2856
1856 WRITE(6,1857)KVC
1857 FORMAT(*INDICATE INDIVIDUAL DATA TOPIC (4A4) NUMBER ',12)
GO TO 3476
2856 IF(KSKP-27)5856,3399,5856
5856 WRITE(6,2857) LADDA
2857 FORMAT('INDICATE CATEGURIZED DATA TOPIC (4A4) NUMBER ',12)



+ XP
+tXP
s XP
+ XP
+ AP
tXP
+XP
tXP
+XP
tXP
tXP
+tXP
tXP
t+ XP
+XP
+XP
tXP
tXP
+XP
+XP
tXP
t+XP

+XP
+ X P
¢+ XP
+ XP
t X P
+ X P
+ XP
+ XP
+ XP
r X P
X P
p XP
p XP
- XP
X P
X P
X P
 XP
X P
 XP
X P
 XP
X P
- X P
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IADDA=1ADDA+1

3476 READ(943478)IKA,IKB,IKC,IKD

3478 FORMAT( A4,A4,A4,A4)

8004 TAD(IIA)=IKA

TTA=]IA+1
IAD(ITA)=IKB
ITA=11A+1
TIAD(TITA)=IKC
[IA=11A+1
IAD(ITIA)=IKD
IIA=1T1A+1
852 CONTINUF
IF(JDAT-10)3399,3410,3399
3510 IF(ITPC)3410,23410,22
3410 ICHK=44
NRM=2
DO 853 IHA=1,3
READ(533411)JKA3JKByJKC,yJKD
3411 FORMATI( A4,A4,A4,A4)
GO TO 3402

3399 WRITE(643400)

3400 FORMAT(*INDICATE NUMBER (I2) OF TOPICS FOR INDIVIDUAL NUMERIC DATA
B'9//4"ITEM 1 RECORDS DDMMYY & DISPLAYS DD MONTH 19YY',/,
S8*ITEM 2 RECORUS YY & DISPLAYS 19YY*,/,
B*ITEMS 3+4 RECORCS YY & DISPLAYS YY')
READ(9,3401)1CAL

3401 FORMAT(IZ2)

MTOT=ICAL
IF(ICAL)3408, 340743408
3407 ICHK=22
GO TO 854
3408 NRM=ICAL-1
I1CHK=44
JCAL=ICAL=4
DO 853 IHU=1,MTOT
WRITE(6,3403) [HU

3403 FORMAT('INDICATE INDIVIDUAL NUMERIC DATA TOPIC (4A4) NUMBER '.I12)
READ(9,3404)JKA,JKB,yJKC,JKD '

3404 FORMAT( A4,A4,A4,A4)

3402 TAC(IIB)=JKA

I1IB=118+1
IAC(IIB)=JKB
[IB=11B+1
IAC(IIB)=JKC
I1IB=11B+1]
IAC(IIB)=JKD
1IB=11B+1

853 CONTINUE

854 IGAT=10



231 |
>x X
" e~ e =

-

tXP
tXP
+XP
+XP
tXP
tXP
+XP
+XP
+XP
+XP
+XP
+XP
+XP

t XP

e XP
¢ XP
t X P
+ XP
+XP
+XP
+ XP
+ XP
+ XP
+ XP
e XP
+ XP
+ XP
+ XP
+ X P
+ X P
X P
+ XP
X P
+ XP

X P
X P
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IDAT=10
IF(JDAT-10)1211,6119,1211
6119 CALL JTDATA(ITPCyIANS NQZyICNKy ICHKyNy INZy IXNy IKEY,JKEY,J,LKEY,
SKKEY1J,IWORD,ICHAR)
GO TO 2999
1211 IF(ITPC)22,23,22
22 DO 1000 IJ=1,1TPC
19 WRITE(6,20)(TADIIK),IK=IRI,JRI)
20 FORMAT(*1INDICATE NUMBER OF STORAGE ANSWERS(IZ2) FOR ',4A4)
READ(9,21) TANS
21 FORMAT(IZ2)
GO TO 894
23 KSKP=27
GH=I0=569
894 IF(IANS-1077952576)39,991,39
991 WRITE(6,930)
930 FORMAT('YOUR REPLY HAS BEEN READ AS BLANK.',//,'PLEASE CHECK REPLY
BNEXT TIME')
GO TO 19

READ-IN OF STOURAGE ANSWERS

OO0

39 DO 2000 IA=1, IANS
WRITE(6440) (IAD(IK) s IK=1IR]I,JRI)
40 FORMAT(*INDICATE A STORAGE ANSWER FOR ',4A4)
READ(9,41) (INZ(IW),IW=1,20)
41 FORMAT(20A4)
N=N+1
CALL JTSTOR({NgINZsIKEY sJKEYyJsLKEY KKEYy1J,yIWORD, ICHAR)
IF{IWORD)900,900,980
900 IF(ICHAR)2000,2000,980
980 CALL JTEXIT(IWORD,ICHAR,IAD,KL,MN)
GO TO 9999
2000 CONTINUE
LKEY(IJ)=N
IRI=IRI+4
JRI=JRI +4
1000 CONTINUE
IRI=ISRI
JRI=TRI+3
69 WRITE(6,70)
70 FORMAT('1INDICATE NUMBER OF QUESTIONNAIRE PRESENTATIONS REQUIRED
8 (I4)")
READ(9, 71 )NQ7Z
/1 FORMATI(I4)

QUESTIONNAIRE PRESENTATION BEGINS

OO0



t XP
+XP
¢ XP
+XP
+XP

+ XP
+XP
tXP
t X P
+ XP
+ XP

+XP
+ XP
e XP
+ X P
+ X P
+ X P
+ XP
- X P
- XP
F X P
X P
r XP
r XP
» XP
 XP
X P
XP
- XP

 XP
 XP
- XP
X P
- XP
 XP

aNeNale

2399

89
90

1499
499

99
100

1909
101

1102

1101
103

102
994
1910

110

909
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OISPLAY OF INSTRUCTIONS

DO 3000 IJX=1,NQZ

JF=JF+1

MUK=0

WRITE(6,90)

FORMAT('"1INFORMATION YOU REQUIRE TO OPERATE THE COMPUTER',/'T0O MOV
BE TO THE NEXT STAGE OF THE PROGRAM AND TO START PRESS THE )SHIFT,
& AND JENTER, KEYS SIMULTANEOUSLY ',/,°'TO ENTER YOUR REPLYO AFTE
BR PRESSING )SHIFT, AND )ENTER, KEYS SIMULTANEOUSLY YOU WILL SEE EN
8TER DATA ON THE SCREEN',/,'PRESS THE )SHIFT, AND )ERASE DISPLAY,
BKEYS SIMULTANEOUSLY TO CLEAR THE SCREEN NOW ENTER YOUR REPLY',/,°*
BFINALLY PRESS )SHIFT, AND JENTER, TO MOVE ON TO THE NEXT STAGE, AS
8 ALWAYS®,/,'IF THL COMPUTER IS RBLSY YOU MAY HAVE TGO SHII'T AND ENTE
BR SEVERAL TIMLS',/,'SIMPLY OVER-TYPE ERRONEOUS CHARACTERS')

KL=1

MN=4

NQ=1

IF(ISKP=17)1499,4001,1499

WRITE(64499)

FORMAT( *1PERSUNAL DATA SECTION',//,'CHECK THAT YOUR REPLY HAS BEEN
8 CORRECTLY RECORDED')

KXN=T1 XN

CO 4000 MJX=1,KXN

WRITE(6,100) (IAD(IK) , IK=KL,MN)

FORMAT(*1PLEASE GIVE YOUR ',4A4)

NX=NX+1

READ(9,101)(INA(IV),IV=1,20)

FORMAT(20A4)

IFCINA(L1)+437656601)1101,1102,1101

NX=NX-1

GO TC 7000

IF(INA(1)+404.232217)102,103,102
CALL JTREPT(IAD,KL,MN)

KXN=KXN+1

NSKP=37

GO TO 1909

IF(INA(1)=1077952576)110,994,110

WRITE{6,1910) (IAD(IK) ,IK=KL,MN)

FORMAT(*YOUR REPLY HAS BEEN READ AS BLANKO®',//,'PLCASE GIVE YOUR °?
84A4)

KXN=KXN+1

NSKP=37

GO TO 1909

CALL JTSKOR(NXyINA,NOTA,MEMOyJXs IWORD, ICHARsNSKP)

IF(IWORD)909, 909,981

IF(ICHAR) 120,120,981



+ X P
X P
X P
 XP
- XP
- XP
F XP

+ XP
- XP
- XP
 XP
- XP
r XP

 XP
 XP
' XP
 XP
XP
XP
XP

XP
XP

L
C
c
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581 CALL JTEXIT(IWURD,ICHAR,IAD,KL,MN)
GO TO 9999
120 WRITE(G6,130)(IADUIK) IK=KLyMN), (INA(IV),IV=1,20)
130 FORMAT(*1YOUR *,4A4,' HAS BEEN RECORDED ASO',//,20A4%)
IF{MIX-KXN)1131l,4441,1131
1131 WRITE(6,132)
132 FORMAT('OIF THIS IS WRONG ENTER XXXX IN REPLY TO NEXT QUESTION',/,
8'OTHERWISE CCNTINUE NORMALLY')
4441 LXEY(IJX)=NX
KL=KL+4
MN=MN +4
4000 CONTINUE
WRITE(644003)
4C03 FORMAT('*OPERSI{INAI DATA SECTION HAS NOW BEEN COMPLETED',//,°"TO PROC
BEED ENTER NEXT®,//,*0OTHERWISE ENTER XXXX FOR CORRECTICN®')
READ(9,4004)( INA{1))
4004 FORMAT(A4)
IF(INA(1)+404232217)4001,783,4001
7183 NSKP=37
CALL JTREPT(IAD,KLyMN)
GO TO 1909
4001 IF(KSKP-27)4002,189,4002

CATCGORIZED DATA SECTION-CHCCKED WITH MASTER LIST

4002 WRITELl6,4012)
4012 FORMAT('1CATEGORIZED DATA SECTION',//,'YOUR REPLIES WILL BE CHECKE
8D WITH THE MASTER LISI Ur ACCEPTABLE REPLIES')
KL=IS5SRI
MN=]SRI+3
NJ=1
00 5067 I1XZ=1,I1TPC
140 IERROR=0
150 WRITE(64160)(IAD(IK),IK=KL,MN)
160 FORMAT('1PLEASE GIVE YOUR ',4A4," THE ACCEPTABLE REPLIES ARE AS FO
Rl WSO}
IF(IERROR-1)1669,1779,1779
1779 NJ=NJ-1
1669 NRP=LKEY(NJ)
IF[NJ‘I!lbOZ; 1603,1602
1603 MRP=1
GN TO 1674
1602 MRP=LKEY(NJ-1)+1
1674 DI} 1650 IXI=MRP,NRP
IF(IXI-1)1621,1620,1621
1620 1L0O=1
GO TO 1622
1621 TLO=IKEY(IXI-1)+1
1622 IHI=IKEY(IXI)
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87 WRITE(6,88) (JKEY(MH) ,MH=1L0, IHI)

88 FORMAT(20A%)
1650 CONTINUE

NJ=NJ+1
READ(9y161L) (INA(JW) yJW=1,20)
161 FORMAT(20A4)
IF(INA(L)+437656601)1162,7000,1162
1162 CALL JTIGET(N,NQ,JKEY,IKEY,LKEY,KKEY, INA,J,IGET,IANS, IXN, MAP,
BMSTOR. ISTOR 4 JAP,JDZA,JDZB,JDZC,KDZA,KDZB,KDZCyMGA,MGBy MGC 4 JF)

JTIGET SEARCHLCS FOR STORAGE ANSWER, SIGNALS OUTCOME OF SEARCH
AND RECORDS THE ANSWER GIVEN IF ACCEPTABLE

169 IF(IGET)1990,41990,170
170 WRITE(6,5180)(IAA(IG)IG=1,3), (IAD(IK),IK=KLyMN),(INA(JIW),JW=1,20)
180 FORMAT(3A4," ',4A4,"' ',20A4)

GO TO 210
1990 WRITE(6531991) (IAA(IG) 41G=4,6) 3 (TIAD(IK), IK=KL,MN), (INA(JIW),JW=1,20)
1991 FORMAT(3A4,*' ',4A4,' ',20A4)

[ERROR=TERROR+1

IF(IERROR-2)150,1992,3992

1992 WRITE(6,1993) IERROR, (IAD(IK) 4 IK=KL,yMN)

1993 FORMAT('OYOU HAVE GIVEN',I2,' UNACCEPTABLE REPLIES FOR ',4A4,//,'P
OLEASE GIVE ACCEPTABLE REPLY THIS TIME")

GO TO 150

3992 WRITE(6,3993) {TAD(IK) yIK=KL,MN),, { INA(JW),JW=1,20)

3993 FORMAT('*1THE PROBLEM IS NOW PASSED TO THE ARBITER FOR CLASSIFICATI
N, //s"ERROR FOR *34A4,//,"INPUT = ',20A4,//,'PLEASE CLASSIFY CORI
8ECTLY"')

READ(9,4994) ( INA({JW) ;JHW=1,20)

4994 FORMAT(20A4)

GO TO 1162
9000 CONTINUE

RECORD THAT THIS TOPIC HAS BEEN CONSIDEREDO MOVE ON TO NEXT

210 NQ=NQ+1
KL=KL+4
MN=MN+4
5067 CONTINUE
WRITE(6,5068)
5068 FORMAT('OCATEGORIZED DATA SECTION HAS NOW BEEN COMPLETED')
189 IF{ICHK-44)220,289,220

PERSONAL NUMERIC DATA SECTION-CHECKED WITH RESPONDENT
289 WRITE(6,5069)

5069 FORMAT(*1PERSONAL NUMERIC DATA SECTION®',.//,'CHECK THAT YOUR REPLIE
85 HAVE BEEN CCRRECTLY RECORDED')
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CALL JTDATE{(IAD,IDAY MTHS,IYRS, IAGE, JAGE,KAGE, IMY, MY,
BKMY g KYRgKKy IYSTaTAB, IYCIVY VY KVY, KKKy IAC, IAX,NRM)
C
c JTDATE HANDLES ALL PERSONAL NUMERIC DATA
C
220 WRITE(6,221)
221 FORMAT('1THANK YOU FOR YOUR COOPERATION®',//,'YOU HAVE NOW COMPLETE
8D THE QUESTIONNAIRE *,//,'ENTER NEXT TO SHOW INSTRUCTIONS =1
KONTO=KONTO+1
READ(9,3543)1VX
3543 FORMAT(A4)
[IF(IVX+437656601)3000,7000,3000
3000 CONTINUE

C
C BRANCH FOR SPECIAL FACILITIES
C

7000 WRITE(6,7001)KCONTO

71001 FORMAT(*1',I4,' FILES HAVE DBLEN PROCESSED TO-DATE',//,'THE FOLLOWI
BNG FACILITIES ARE AVAILABLE',/,' 1.CONTINUE QUESTIONNAIRE PRESENTA

b1 ION ENTER 11 (I12) v,/,* 2.DISPLAY ALL PROCESSED FILLS EN
8TER 33 (I2) '4/,*' 3.TERMINATE RUN ENTER 99
8L 12:)%)

READ(9,7850) MARK
76850 FTORMAT(I12)
IF{MARK-33)3000,7007,9888
7007 WRITE(6,7008)KUNTO
7008 FORMAT('THERE ARE ',14,' FILES ARE AVAILABLEO ENTER THE MUMBER
8 YOU REQUIRE (I4)"')
READ(9, TO09)NFL
7009 FORMAT(I4)
IFL=1
CALL JTSHOWINILyIXNyITPCyIAD,NOTA,MEMO,MSTOR, IKEY, JKEY, TAGE, JAGF,
BKAGE ¢KI o IAByKYRy ISKP,KSKP, ICHK, ISTOR,MAST,IYC,IAC,IFL, IRI,JRI,NRM)

GO TO 7000
C
C JISHUW UISPLAYS ALL,OR A SPECIFIED NUMBER,OF FILCS IN ENTIRETY
C

9888 WRITE(6,9009)
9009 FORMAT('YOU HAVE REQUESTED TERMINATION OF THE RUNO',//,'IF YCOU WIS
tH TO PROCEED WITH THIS COURSE ENTER 9999 OTHERWISE 1111%')
RFAD(9,9001 INAA
9001 FORMATI(I4)
IF(NAA-9999)7 100,9999,99939
9999 WRITE(6,9998)
9998 FORMAT('RUN HAS NOW TERMINATED')
STOP
END
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SUBROUTINE JTODATA(ITPC,IANSyNQZ,ICNK, ICHK,N,INZ, XN,
BIKEY g JKEY g JyLKEY yKKEY 4 I1J, IWORD, ICHAR)

DIMENSION INZ(20),IKEY(200),JKEY(500),KKEY(100),LKEY(25)
READ(5,1)ITPC

FORMAT(I2)

DO 1000 IJ=1,ITPC

READ(5,2) IANS

FORMAT(12)

DO 2000 IA=1,IiANS

READ(593) (INZ(IW),IW=1,20)

FORMAT(20A4)

N=N+1

CALL JTSTDR(N,INZ,IKEY,JKEY,JyLKEY ,KKEY,1J,IWORD, ICHAR)
CONTINUE

LKEY(IJ)=N

CONTINUE

READ(5,4)NQZ

FORMAT(I4)

READ(5,5) IXN

FORMAT(12)

READ(5,6) ICNK

FORMAT(12)

ICHK=ICNK

RETURN

END
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SUBROUTINE JTLTOR(N,INZ,IKEY,JKEY,JLKEY,KKEY,I1J, IWORD,ICHAR)
DIMENSION TKEY(200),JKEY(500),INZ{20),KKEY{100),LKEY(Z5]
IWORD=0

ICHAR=0

[IF(N-200)22,22,999

KG=20
IF(INZ(KG)-1077952576)110,105,110
KG=KG-1

GO TO 115

IKEY{N)=J+KG-1

DD 320 LB=1,KG

JKEY(J)=INZ(LE)

J=J+1

1F(J-1000)320,320,995

CONTINUE

GO TO 70

[WORD=1

GO TO 70

ICHAR=1

CONTINUE

RETURN

END
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DATE

05/18/10

11713

SUBROUTINE JTSKOR(NX, INAyNOTA,MEMO,JXy IWORDy ICHAR 4NSKP)
DIMENSION INA(20),NOTA(200),MCMC(500)

IWORD=0
ICHAR=0
KG=20

TTINSKP=37)115,22,115

JX=JX-KKG
NX=NNX

WRITE(6,890)INX
FORMAT({ *NX=1*, 14)

NSKP=97

IF(INA(KG)=-1077952576)110,105,110

KG=KG-1
GO TO 115

NOTAINX)=JX+K(-1
IF(NX-200)319,319,999
DO 320 LG=1,KG
MEMOCAX)=INA(LG)

JX=JX+1
[F(JX-500)
CONTINUE
KKG=KG
NNX=NX
GO TO 170
IWORD=1
GO TO 70
ICHAR=1
RECTURN
END

3204320,995



XIT
XIT
XIT
XIT
XIT
X1T
XIT
X1T
XIT
XIT
XIT

992
950

500
993
960
399

DATE

SUBROUTINE JTEXIT(IWORD,ICHAR,IAD,KL,yMN)

DIMENSION TAD(80O)

IF(IWORD)900, 900,992
WRITE(6,950) ( IAD(IK),IK=KL,MN)
FORMAT( *WORD CUVERFLOW FOR ',4A%4)
G TN 999

IF(ICHAR)999,999,993
WRITE(9,960) ( IAD({IK) ,KL,yMN)
FORMAT( *CHARACTERS DOVERFLOW FOR
RETURN

END

'L 4A4)

05/18/70

117.14
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SUBROUTINE JTREPT(IAD,KL,MN)
DIMENSION I1AD(80)
KL=KL-4%
MN=MN-4
WRITE(64104) ([AD(IK),IK=KLyMN)
104 FORMAT(*YOU INDICATED THAT YOUR ',4A4,* HAD BEEN WRONGLY
& RECORDED',//,'PLEASEE ENTER THE CORRECT INFORMATION NOW*)

RETURN
END
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SUBROUTINE JTIGET(NyNQyJKEY ) IKEY,)LKEYyKKEY, INAyJ, IGETy IANSy I XN,
8MAP,MSTOR,ISTURJAP,JDZA,JDZB,JDZC,KDZA,KDZB,KDZC yMGA,MGB,MGC,JF)
DIMENSION JKEY(500),IKEY(200),KKEY(100),LKEY(25), INA(20)
DIMENSION MSTOR(120),ISTOR(120)
DIMENSION KDZA(20),KDZB(20),KDZC(20)
KONTA=0

IWORD=0

ICHAR=0

MU=1

IFI(NQ-11330,3 0,330

[LOLMT=1

GD TO 320

[LOLMT=LKEY(NQ-1)+1
ITUPLMT=LKEY (NQ)

D0 6000 LMTS=ILOLMT,IUPLMT
IF(LMTS-1)110,100,110

JSEEKL=1

GO TO 120

JSEEKL=IKEY(LMTS-1)+1
JSEEKU=IKEY(LMTS)

MS=1

DO 206 JD=JSEEKL,JSEEKU
IF(JKEY(JD)-INA(MS))201,205,201
MS=M5+1

IGET=1207

CONTINUE

MAP=MAP+1

JAP=JAP+1

[F(LMTS-3)508,508,509
IF(LMTS=-2)1,2,3

JDZA=JDZA+1

KDZA(MGA)=JF

MGA=MGA+1

GO TO 509

J0ZB=JDZB+1

KDZB(MGB) =JF

MGB=MGB+1

GN TN 509

JDZC=JDZC+1

ROZC(MGC)=JF

MGC=MGC+1

CONTINUE

MSTOR (MAP)=JD

JVZ=MSTOR(MAP )}
ISTOR(JAP)=JVZI=(MS)+2

GO TO 70

IWORD=1

GO TQ 70

ICHAR=1






\TF

\TE
\TE
\TE
\TE
\TE
\TE

\TE
\TE
\TE

\TE
\TE
\TE
\TE
\TE
\TE
\TE
\TE
\TE
\TE
HE
\TE

\TE
\TE
\TE
\TE
\TE
\TE
TE
G i
T E

TE
e
TE
TE
TE
TE
a6 =

TE
TE
TE
TE

DATE 05/18/70 117.18

SUBROUTINE JTULATE(IAD,IDAY,MTHS, YRS, IAGE,JAGE,KAGE, IMY, JMY,
BKMY g KYR g KK IYSTaIAB, IYC o IVY JVY KVY, KKK, IAC, IAX,NRM)
DIMENSION ITAD(80),IAGE(25),JAGE(25),KAGE(25),KYR(50), IAB(24)
DIMENSION IAC(16),1AX(16)
IA=1
12=4
210 WRITE(64,211)(IACIIX)IX=1A,12)
211 FORMAT('1PLEASE GIVE YOUR ',4A4,*' IN THE FORM DDMMYY(I2,12,12)',//
B'E.G. 230250 FOR 23 FEBRUARY 1950')
1211 READ(9,212) IDAYyMTHS,IYRS
212 FORMATI(12,12,12)
CALL JTAGED({IDAYyMTHS, YRS, IAGE yJAGE, KAGE s IVY ¢ JVY 4KVY s NYRSyNTHS,
BNDAY, IRED,IAX, IBLU,IAC)
MIUS=JACELJVY)
MXTS=MTOS#2
MYHS=MXTS-1
WRITE(64,213)(IAC(IX),IX=1A,17)
213 FORMAT(*YOUR '",4A4,' HAS BEEN RECORDED ASOt')
WRITE(693213) (IAGE(IVY) ), (IAB(IP),IP=MYHS,MXTS),(KAGE(KVY))
3213 FORMAT('0',I2,' ',2A4,' 19%',12)
IVY=IVY+1
JVY=JVY+1
KVY=KVY+1
WRITE(6:214)NYRS,NTHS,NDAY
214 FORMAT('OTHIS REPRESENTS AN AGE ON 31 DECEMBER 1969 QOF',13,
B' YEARS '"513:' MONTHS *913,* DAYS')
IF(IBLU-99)1215,389,1215
1215 WRITE(6,215)
215 FORMAT('0IF THIS IS WRONG PLEASE ENTER XXXX OTHERWISE ENTER NEXT')
READ(9,216)NEXT
216 FORMAT (A4)
IF{NEXT+708450333)389,214,389
389 IRED=47
WRITELSE33920)(TAC(IX)IX=TA,12)
390 FORMAT('1YOUR *,4A4,"' HAS BEEN NOTED AS WRONGLY RECORDED',//y *NOW
S8ENTER THE CORRECT REPLY TO QUESTION®)
G0 TO 210
218 CONTINUE
DO 1000 IY=1,KRM
IA=1A+4
I12=12+4%
2213 WRITE(642313)(IAC(IX),IX=1IA,12)
2313 FORMAT('1PLEASE GIVE YOUR '",4A4,'IN NUMERIC FORM (I2)'4//,'EG 67 F
80R 1967 '";//," 04 FOR SNR HONS YR')
1213 READ(9,4254)1YST
254 FORMATI(1I2)
KYRIKK)=IYST
KK=KK+1
[F(IY=-1)265,25%5,265
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TE 255 IYC=1YST

TE WRITE(6,240)( TAC(IX),IX=IA,12),1YST
TE 240 FORMAT(*YOUR ',4A4,"' HAS BEEN RECORDED AS 19',12)
TE [IF(69-1YST)1240,1299,1299

TE 1240 WRITE(6,1241) (IAX(KV) KV=1,10),(IAC(IX),IX=1A,12)
Ik 1241 FORMATU'OIHLIS MEANS ',10A4,' '4A4)

TE GO TO 1001

TE 265 WRITE(6,24T)(IACIIX),IX=TA,12),IY¥Y5T

TE 247 FORMAT('YOUR ',4A4,* HAS BEEN RECORDED AS ',12)
TE [F{10-1YST)12240,1299,1299

TE 2240 WRITE(6,2241) (TAX(KV) KV=1,10),(IAC(IX),IX=1A,12)
TE 2241 FORMAT('OTHIS MEANS ',10A4,*' ',4A%4)

TE G0 TO 1001

TE 1299 WRITE(6,241)

TE 241 FORMAT('O0OIF THIS IS WRONG PLEASE ENTER XXXX OTHERWISE ENTER NEXT')
TE READ(9,242) INLXT

TE 242 FORMAT(A4)

TE ITCINEXTe708450333)1001,1000,1001

TE 1001 KK=KK-1

TE WRITE(6,4987) (IAC(IX),IX=1A,12Z)

TE 4987 FORMAT(*YOUR ',4A4,' HAS BEEN NOTED AS WRONGLY RECORDRD',//,*NOW E
BNTER THE CORRECT REPLY T0O0O*)

TE GO TO 2213
TE 1000 CUNTINUE
TE 289 RETURN

TE END
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SUBROUTINE JTAGED(IDAY MTHS,IYRS, IAGE,JAGEKAGE,IVY,JVY,KVY,

BNYRS,NTHS ,NDAY, IRED, [AX,IBLU, IAC)

CIMENSION TAGE(25),JAGE(25),KAGE(25),IAX(16),IAC(16)

IBLU=11

IFIIRED-47)2,1,2

Ivy=1vYy-1

JVY=JVY-1

KVY=KVY-=1

NDAY=31-1DAY

IF(31-1IDAY)395,3,3
WRITE(69399) ( IAX(KX) ¢KX=1,10) o ( IAC(IU),IU=1,4)
FORMAT(*0',10A4,* DD=DAYS ',4A%)

IBLU=99

NTHS=12-MTHS
WRITE(64499) [IAX{KX) ;KX=1410) 3 (IAC(IU),IU=1,4)
FORMAT(10A4,* MM=MONTHS "',4A4%)

IBLU=99

NYRS=69-1YRS

IF(69-1YRS)595,600,600
WRITE(64599) ( IAXIKX) ,KX=1,10),(IAC(IU),IU=1,4%)
FORMAT(10A4,"' YY=YEARS ',4A%)

IBLU=99

IAGE(IVY)=IDAY

JAGE (JVY)=MTHS

KAGE(KVY)=1YRS

IRED=11

RETURN

END
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SUBROUTINE JTSHOW(NFL,IXN,ITPC,IAD,NOTA,MEMO,MSTOR, IKEY,JKEY,IAGE,
BJAGE p KAGE o KI » [AByKYRy ITSKP ¢ KSKP, ICHK, ISTORyMAST, IYC,TIAC,IFL,IRI,
8JRIZNRM)

DIMENSION TIAD(80)NOTA(200),MEMCL500), IKEY(200),JKEY(500)
DIMENSION [AGE(25),JAGE(25),KAGE(25),IAB(24),KYR(50),MSTOR(120)

DIMENSION ISTOR(120),IAC(16)

IF{MAST-98)1,600,1

IF(IFL-1)602, 1,602

IF(IXN-1)1600,2,603

ICH=IXN-1
NZ=(IFL#IXN)-ICH

IMY= IFL

JMY= IFL

KMY= IFL

KI=(IFL%*2)-1
GO TO 1600
NZ=TIFL

IMY=IFL

JMY=IFL
KMY=IFL
KI=(IFL=2)-1

ITCITPC=-1)799,3,604
MSTUD=1TPC
KSTUD-1TPC
GO TO 799

JCH=ITPC-1

MSTUD=(IFL#ITPC)—-JCH

KSTUD=(IFL*ITPC)-JCH
GO TO 799
NZ=1

[MY=1

JMY=1
KMY=1
KI=1

MSTUD=1

KSTUC=1
DO 800 ISTUD=IiFL,NFL

WRITF(6,80) ISTUD
FORMAT(*1DATA FROM FILE',14,' IS AS FOLLOWS')

[F(TSKP-17)81,701,81
KL=1
MN=¢4
00 700 JZ=1,IXN

[F{NZ=1)21,20,21

ILO=1
GD TO 22

ILO=NOTA(NZ-1)+1

[IHI=NOTA(NZ)

WRITE(6,88) (IAD(IK) , IK=KL yMN) , (MEMO(JF) o JF=1IL0,IHI)
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88 FORMAT(4A4,*' ',20A4%)
KL=KL+4
MN=MN+4
NZ=NZ+1

100 CONTINUE

701 IF(KSKP=27)702,751,702

7102 KL=IRI
MN=JRI
DO 750 MT=1,ITPC
KHI =MSTOR(MSTUD)

MSTUD=MSTUD+1
24 KLU= ISTOR(KSTUD)
KSTUD=KSTUD+1
WRITE(6,89) (IAD(IK), IK=KLyMN), (JKEY{JR)yJR=KLO,KHI)
89 FORMAT(4A4," ',20A4)
KL=KL+4
MN=MN+4
750 CONTINUE
151 IF(ICHK~-44)800,752,752
(52 1A=1
12=4
I XY=JAGE(JMY)
IXB=IXY#*2
IXA=IXB-1
WRITE(6,754) (TIAC(IX) ,IX=1A,1Z),IAGE(IMY),(IAB(IR),IR=IXA,IXB),
BKAGE({ KMY)
754 FORMAT(4A4," ', 12," ",2A4," 19',12)
IMY=TMY+1
JMY=JMY+1
KMY=KMY+L
DO 753 KZ=1,NKM
IA=1A+4
1Z=172+4
IF(KZ-1)738,740,738
738 WRITE(6,739)(LAC(IX)IX=1A,12),(KYR(KI))
139 FORMAT(4A4," ',12)
GO TO 772
740 WRITE(6,741)({TAC(IX)IX=1A,17)(KYR(KI))
741 FORMAT(4A4,"' 19',12)
172 KI=KI+1
753 CONTINUE
800 CONTINUE
RETURN
END
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JT74 with Additionel Sub-routines



TOTAL MEMORY REQUIREMENTS 000BA4 BYTES
STORAGE MAP

IBCOM=
FI10Cs-
ADCON=
MAIN44&
MAIN4 4
JTRAND&
JTRAND
JTDATAR
JTDATA
JTRCRDA
JTRCRD
JTSTORA
JTSTOR
JTEXITS
JTEXIT
JTREPTS
JTREPT
JTSKOR&
JTSKOR
JTIGETA
JTIGET
JTDATLCA
JTDATE
JTAGLDS&
JTAGED
JTEACTA
JTFACT
JTFIILEXR
JTFILE
JTSHOWA
JTSHOW
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001000
003928
0010BC
004000
004000
00A630
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00A9A0
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O0AE98
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00B1D8
00B1D8
00B550
00B550
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OOD3F8
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O0DA4Q
O0EQ098
00ED98
OUEE LU
OOEELO
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DATE 05/18/70 11

DATA PROCESSING PROGRAM APPLIED TO MATRICULATION SCHEDULES

DIMENSIONIZAT ION

DIMENSION IABL(16),1AB2(8),I1AB(24),IAC(16),NOTB(40),MEMB(200)

CIMENSION TAGE(25),JAGE(25),KAGE(25),KYR(50),LXBY(100)

el
2

s

o

DIMENSION TADLI(16),1AD2(16),1AD3(16),1AD4(16),1AU51161,1AD(80)
DIMENSICN IKEY(200),JKEY(500),INZ(20),IAA(6),KDZA(20),KDZB(20)

ODIMENSION NOTA(200) MEMO(S00) , INA{20) ,IFAC(20),KBZC(20),KDZDI{20)

DIMENSION LKEY(25),KKEY(100),MSTOR(120),ISTOR(120)

DIMENSION LXEY(100) ,KXEY(L100),IND(20),IAX{16),IXXA(40),JXXA(120)

EQUIVALENCE (IAD1,IAD(1)),(IAD2,IAD(17)),(IAD3,IAD(33))
EQUIVALENCE (TAD4,IAD(49)),(1AD5,1AD(65))

EQUIVALENCE (IAB1,IAB(1)),(IAB2,TIAB(17))

TOPICS AVAILAGSLE FOR CONSIDERATION

PERSONAL DATA (LITERAL)O CHECKED WITH RESPONDENT

DATA IADL/'NAME® 4"y INI®*4"'TS,T*,"ITLE',*TERM',* ADD','RESS',

BY+TELY'LASTY,* EDU'w'C FS?,"TRMTY, '*FATHY , *ER#SY,* NAM',*'LC

105

DATA TADZ2/'FATH® ,"ER%#S"'",* PRO'",'FSSN',*HOME"',* ADD','RESS','+TEL"',

CATEGORIZED UATA O CHECKED WITH STORAGE ANSWERS (4A4)

BYDOMEY; *CTLEY " ZONY,VE '9'TERM',* ACC','OMOD',*ATN '/

GAME TR YOD DYy T ST YUBY. L4 VSUBJMLECET e THIM, 'S YRUL

DATA TADS/'SEXU',*AL S','TATU', 'S ', 'MARI','TAL ', 'STAT®, "US

BYXXXXT 5 PXXXX" o " XXXX*, P XXXXY/

MONTHS OF YEAR

DATA IABL/'JANU®,"ARY *,"FEBR'", "UARY"',*MARC"','H 'y 'APRIL', 'L
8'MAY ',¢? ' ,'JUNE!',? f o JULY! Ly AU G S =

DATA TAD3/'NATI®,"ONAL' " ITY ', e EECESY A CLAS Yy S IF A CCATN
B'GRAN','T SO',*URCE"',! Ly BASE Ly L SIEY Y BNT 5 Ry B
DATA TAD&G/'FACUIY 4 'LTY ', s Ly DEGRAY,YEE TV, *N VIV VYEW —*,

'y

DATA TAB2/°*'SEPT*,"EMBR','0CCTU",*BER *,"'NOVE®',*MBER"','"DECE"*, *MBER"/

TOPICS FOR PERSONAL NUMERIC DATAO CHECKED WITH RESPONDENT

DATA  TAC/'DATE?*,* OF ','BIRT";'H '+ *'YEAR',' OF ','ENTR',*
BEY AR G COUR RS E—Nf

LIST OF MESSAGES IN RESPONSE TO ANSWORS TO CATEGORIZED DATA

DATA TAA/'0OK C',"HECK"',"' FOR','NO G*','0 FO','R o
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MESSAGES IN RESPONSE TO IMPOSSIBLE PERSCNAL NUMERIC DATA

DATA TAX/'YOU *,"HAVE',* GIV',*'EN A',*N IM*,*POSS',"[BLE',' REP',
BYLY F'y'OR *,*IN Y*,'0UR *,*DATE',* OF *,*BIRT',*'H ¢/

INITIALIZATION

I=1
MY=1
KK=1
KI=1
INY=1
JNY=1
KNY=1
[MY=1
JMY=1
KMY=1
MAP=0
JAP=0
J=1
JX=1
JPG=1
JB=1
N=0
NX=0
NPG=0
NUMB=0
NB=0
KuU=1
JF=1
JDZA=0
JDZ2B=0
JDZC=0
MGA=1
MGB=1
MGC=1
IFL=1
KL=25
MN=28
KONTO=0
NJ=1
Ivy=1
JVvy=1
Kvy=1
KKK=1

DESCRIPTION OF PROGRAM

WRITE(6,1)
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1 FORMAT('1DATA PROCESSING PROGRAM APPLIED TO MATRICULATION FORMS',/
8y 'THE TOPICS AVAILABLE ARE IN PRE-SET ARRAYS ',/,'THRELC TYPES QO
BUDATA CAN BE PROCESSED '4/4' 1.PERSONAL (LITERAL) DATA-CHECKED WITH
& RESPONDENT?',/,' 2.CATEGORIZED DA1A-CHECKED WITH STORAGE ANSWERS',
8/s' 3.PERSONAL NUMERIC DATA-CHECKED WITH RESPONDENT ',/,'TYPES 1+
82 ARE LINKED BUT ARE INDCPCNDENT OF TYPE 3',/,'FOR SPCCIAL FAUILLILI
BIES ENTER VZTX AS 1ST QUESTIONNAIRE ANSWER')

BRANCH FOR READY SUPPLIED STORAGE ANSWERS AND INCLUSION SETTINGS

WRITE(6,9)

9 FORMAT(*1 TN LISE READY-SUPPLIED STORAGE ANSWERS AND INCLUSION SETT
BNGS®*y//,' ENTER 10 OTHERWISE 00')
READ(9,1217)ICAT

1217 FORMAT(I2)

IF(IDAT-10)1010,6119,1010

6119 CALL JTDATA(ITPC,IANSyNQZICNKy ICHKyNg INZy IXN, IKEY,JKEY,,J,LKEY,

OKKEY s IJ,IWORD, ICHAR)
GO TO 581

SETTING OF LOCPS FOR CATCGORIZED DATA SECTION

1010 WRITE(6,10)

10 FORMAT(*LIINDICATE NUMBER OF TOPICS FROM LIST BELOW TOD BE GIVLN ',/

8*CATEGORIZED STORAGE ANSWERS (I2)',/,'ENTER OO0 TO BLOCK TYPE')
WRITE(6,13)(IAD(IK),IK=25,72)

13 FORMAT(®0 1.',4A4,"' 2.',48A4,"' 3.',4A%,"' 4.'2404y//+" 5."'94A4%,
Y 64" 4A4, " T.'34A4," Ba' 1 4A4,/ /" 9.',4A4," 10-'.4A4.' 11.1,
B4A4," 12.'y4A4,4//,"FACTOR 1 INCORPORATES A 3 FACTOR FREQUENCY COUN
8T*)

READ(9,11)ITPC

11 FORMATI(12)

IF(ITPC)22,23,22

22 DO 1000 IJd=1,ITPC

19 WRITE(6,20) (IAD(IK) IK=KL,MN)

20 FORMAT(*1INDICATE NUMBER OF STORAGE ANSWERS(IZ2) FOR ',4A4)

READ(9,21) 1ANS
21 FORMAT(I2)
GO TO 894
23 KSKP=27
GO0 TO 69
894 IF(IANS—-1077952576)39,4991,39
G91 WRITE(64930)

930 FORMAT(*YOUR REPLY HAS BLEN READ AS BLANK.',//,*PLEASE CHECK REPLY

BNEXT TIME')
GO TO 19

READ-IN OF STCRAGE ANSWERS
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39 DO 2000 IA=1,IANS
WRITE(6,40)(1AD(IK),IK=KL,MN)
40 FORMAT(*INDICATE A STORAGE ANSWER FOR ',4A4)
READ(9,4L) (INZ{IW),IW=1,20)
41 FORMATI20A4)
N=N+1
CALL JTSTOR({NyINZyIKEYJKEY,JsLKEY,KKEY,1J,IWORD, ICHAR)
IF(IWORD)900,900,980
900 IF(ICHAR)2000,2000,980
980 CALL JTEXIT(IWORD,ICHAR,IAD,KL,MN)
GO TGO 9999
2000 CONTINUE
LKEY(IJ)=N
KL=KL+4
MN=MN+4
1000 CONTINUE

SETTING 0OF LOGP FOR QUESTIONNAIRE PRESENTATION

69 WRITE(6,70)

70 FORMAT(*1INDICATE NUMBER OF QUESTIONNAIRE PRESENTATIONS REQUIRED
8 (I4)")
READ(9, 7TLINQZ

71 FORMAT(I4)

SETTING OF LOCP FOR PERSONAL DATA (LITERAL)

WRITE(6,80) ([IADUIK)IK=1,24)
80 FORMAT(*INDICATE NUMBER OF PERSONAL DATA TOPICS FROM LIST BELOW TO
8 BE CONSIDERED (I2)*',/,*ENTER 00 TO CONFINC PROG TO CATCGORIZEU DA
BTA'/I"' 1.'94:\4|' 2.']4A4|' 3.',4A‘+,' 4-"4A‘t’//" 5-',4.{\“l|
B' 6.';4A4)
READ(9,81) IXN
81 FORMAT(I2)
IF(IXN)SB1,18. ,581
182 ISKP=17
. GO TO 2999
581 KXN=I1XN
IF(IDAT-10)1181,1066,1181
1066 IF{KXN-6)1181,2281,1181
2281 WRITE(6,2282)
2282 FORMAT('LIF EXISTING FIILES ARE TO BE DISPLAYED TO RETURNING STUUEN
8TS ENTER 10',//,'0OTHERWISE ENTER 00°')
READ(9,2283)TFRST
2283 FORMAT(I12)
IF(IFRST-10)1181,2284,1181
2284 I1CAND=5
DO 2700 ITKX=1,ICAND
DO 1700 [IKL=1l,6
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5758
1700

2700

1181
82

83

2999

89
90
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NB=NB+1

READ(5,5758) ( INA(KV) ,KV=1,20)

FORMAT (20A4%)

CALL JTSKOR{NU,INA,NOTB,MEMRB, JB, IWORD, ICHAR,NSKP)
CONTINUE

LXBY(IKX)=NB

CONTINUE

GO TO 2999

SETTING OF PERSONAL NUMERIC DATA INCLUSION FLAG

WRITE(6,82)(IAC(IX),IX=1,12)

FORMAT('IF ', 4A4," ',4A4," '",4A4," ARE TO BE READ',//,'ENTER 44
8(I2) OTHERWISE ENTER 22 (I2)"')

READ(9,83) ICNK

FORMAT(I2)

ICHK=ICNK

QUESTIONNAIRE PRESENTATION BEGINS

NDISPLAY OF INSTRUCTIONS

DO 3000 IJX=1,NQZ

JFE=JF+1

MUK=0

WRITE(6,50)

FORMAT('"1INFORMATION YOU REQUIRE TO UPERATE THE COMPUTER',/'TO MOV
BE TO THE NEXT STAGE OF THE PROGRAM AND TO START PRESS THE )SHIFT,
8 AND JENTER, KEYS SIMULTANEOUSLY ',/,'TO ENTER YOUR REPLYO AFTE
8R PRESSING )SHIFT, AND )ENTER, KFYS SIMULTANEOQUSLY YOU WILL SEE EN
8TER DATA ON THE SCREEN',/,'PRESS THE )SHIFT, AND )ERASE DISPLAY,
8KEYS SIMULTANLOUSLY TO CLEAR THE SCREEN NOW ENTER YOUR REPLY',/,°'
8FINALLY PRESS )SHIFT, AND )JENTER, TO MOVE ON TO THE NEXT STAGE, AS
& ALWAYS',/,'IF THE COMPUTER IS BUSY YOU MAY HAVE TO SHIFT AND ENTE
8R SEVERAL TIMES',/,*SIMPLY OVER~TYPE ERRONEOUS CHARACTERS')

KL=1

MN=4

NQ=1

IF(ISKP=17)3993,4001,3999

3999 IF(IFRST-1011499,2250,1499
2250 WRITE(6,2251)
2251 FORMAT('11IS THIS YOUR FIRST REGISTRATION IN THIS UNIVERSITY '//,!

BENTER YES OR NO')
READ(9,2252)1IYES

2252 FUORMAT(A4)
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IF(IYES+3896846T72)7788,1499,7788
7788 IF(IYES+43765660112253,7000,2253
2253 WRITE(642254) (IADIIK),,IK=KL,MN)
2254 FORMAT('PLEASE GIVE YOUR ',4A4," IN THC FORMO',// 3 'SMITH,JsMR "y //,
8'CHECK EVERY DETAIL OF YOUR DESIGNATION')
MUK=MUK+1
READ(9,2255){ INA(IV),1IV=1,20)
2255 FORMAT(20A4%)
MAX=30
CALL JTRCRD({INAZNOTB,MEMB,JFL,ICKyMAX)
IF(10K=100)2256432257,2256
2257 WRITE(6,2258)
2258 FORMAT('YQOUR FILE HAS BEEN LOCATED AND IS READY FOR DISPLAY')
MAST=98
MFL=JFL
[ISKP=30
KSKP=27
ICHK=22
CALL JTSHOW(MFLyIXN,ITPC,IAD,NOTB,MEMB,MSTOR, IKEY,JKEY,IAGE,
BJAGE s KAGE s K1, IAB,KYR, ISKP,KSKP, ICHK, ISTOR,MAST,IYC,TAC,JFL)}
MAST=14
KSKP=47
ICHK=44
WRITE(6,2259)
2259 FORMAT('OIS THE ABOVE RECORD CORRECT '",//,'ENTER YES OR NO')
READ(9,2449)MYES
2449 FORMAT(A4)
IF(MYES+389684672)2264,4402,2264
4402 CALL JTRAND(NUTAZMEMO,NXy3JXyNOTBy,MEMB,NB,JB,yJFL)
GO TO 4002
2256 NPG=NPG+1
NUMB=NUMB+1
NSKP=100
CALL JTSKORINPG,INA,IXXAyJXXA, JPG, IWCORD, ICHAR ,NSKI?)
IF(IWORD)4900,4900,4980
4900 IF(ICHAR)S5557,5557,4980
4980 CALL JTEXIT(IWORDICHAR,IADsKLyMN)
GO TO 9999
5557 WRITE(6,2260)
2260 FORMAT(*YOUR FILE HAS NOT BEEN LOCATED®")
IF(MUK=3)2262,2262,2264%
2262 WRITE(6,2263)
2263 FORMAT('0OIF YOU WISH TO TRY AGAIN ENTER NEXT',//,'OTHERWISE ENTER
8XXXX AND COMPLETE FULL QUESTIONNAIRE")
READ(9,2261 )NNNN
2261 FORMAT(A4)
IFI{NNNN+404232217)2253,1499,2253
2264 WRITE(6,2265)
2265 FORMAT(*PLEASE COMPLETE FULL QUESTIONNAIRE!)
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1499 WRITE(6,499)
499 FORMAT('1PERSUNAL DATA SECTION',//,'CHECK THAT YOUR REPLY HAS BEEN
& CORRECTLY RECORDED')
KXN=TXN
DO 4000 MJX=1,KXN
99 WRITE(6,100) (IADIIK) ,IK=KL,MN)
100 FORMAT('1PLEASE GIVE YOUR ',4A4)
NX=NX+1
1909 READ(9,101) (INA(IV),IV=1,20)
101 FORMAT(20A4%)
IF(INALL)+437656601)1101,1102,1101
1102 NX=NX-1
GO TO 7000
1101 IF(INA(1)+404232217)102,103,102
103 CALL JTREPT(IAD,KL,MN)
KXN=KXN+1
NSKP=37
GO TO 1909
102 IF(INA(1)-107i952576)110,994,110
994 WRITE(641910) (TAD(IK) , IK-KL,MN)
1910 FUORMAT('YOUR REPLY HAS BEEN READ AS BLANKO',//,'PLEASE GIVE YOUR '
84A4)
KAN=KXN+1
NSKP=37
GO TO 1909
110 CALL JTSKOR(NX, INA,NOTA,MEMO,JX, IWORD, ICHAR,NSKP)
IF(IWORD)S09,909,981
909 IF(ICHAR)120,120,981
981 CALL JTEXIT(IWORDysICHAR,IAD,KL,MN)
GO TO 9999
120 WRITE(64130)(IAD(IK) y IK=KL,MN),(INA(IV),IV=1,20)
130 FORMAT(*1YOUR ',4A4,' HAS BEEN RECORDCD AS50',//,20A4)
IF(MJUX-KXN)1131,4441,1131
1131 WRITE(6,132)
132 FORMAT(*OIF THIS IS WRONG ENTER XXXX IN REPLY TO NEXT QUESTICN',/,
8'OTHERWISE COUNTINUE NORMALLY!')
4441 LXEY(TJX)=NX
KL=KL+4
MN=MN+4
4000 CONTINUE
WRITE(6,4003)
4C03 FORMAT(*OPERSUNAL DATA SECTION HAS NOW BECN COMPLETED',//,'TC PROC
S8EED ENTER NEXT',//,'OTHERWISE CNTER XXXX FOR CORRECTION')
READ(9,4004) ( INA(L))
4004 FORMAT(A4)
IF(INA(1)+404232217)4001,783,4001
7183 NSKP=37
CALL JTREPT(IAD,KLyMN) -
GO TO 1909
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IF(KSKP-27)4002,189,4002
CATEGORIZED DATA SECTIOUN-CHECKED W

WRITE(6,4012)

DATE 05/18/70 118.8

ITH MASTER LIST

4012 FORMAT('1CATEGORIZED DATA SECTIODN',//,'YOUR RCPLIES WILL Bt CHECKE

140
150
160

1779
1669
1603

1602
1674

1620

1621
1622
87
88
1650

161

1162

169
170
180

1990
1991

80 WITH THE MASTER LIST OF ACCEPTAB
KL=25

MN=28

NJ=1

DO 5067 I1XZ=1,ITPC

IERROR=0
WRITE(6,160)(IAD(IK),IK=KL,MN)
FORMAT('"1PLEASE GIVE YOUR ',4A4,"
BLUWSO")
IF(IERRUOR=-1)166941779,1779
NJ=NJ-1

NRP=LKEY(NJ)
IF(NJ-1)1602,1603,1602

MRP=1

GO TO 1674

MRP=LKEY(NJ=1)+1

DO 1650 IXI=MRP,;NRP
IF(IXI-1)1621,1620,1621

ILO=1

GO TO 1622

ILO=IKEY(IXI-1)+1

IHI=IKEY([IXI)

WRITE(6,88) (JKEY(MH) MH=1L0O, IHI)
FORMAT(20A4)

CONTINUE

NJ=NJ+1
READ(9,161)(INA(JW) 3, JW=1,20)
FORMAT(20A4)
IF(INA{1)+437656601)1162,7000,1162

LE REPLIES')

THE ACCEPTABLE REPLIES ARE AS

CALL JTIGETIN;NQyJKEY,,IKFY,LKEY,KKEY, INA,J, IGET, [ ANS, I XN, MAP,
8MSTOR,ISTOR,JAP,JDZA,JDZ2B,JDZC4KDZA,KDZB,KDZC,MGA,MGB, MGC 5 JF)

JTIGET SEARCHES FOR STORAGE ANSWER, SIGNALS OUTCOME OF SEARCH

AND RECORDS THE ANSWER GIVF

IF(IGET)1990,1990,170

N IF ACCEPTABLF

FOl

WRITE(6,180) (IAA(IG),IG=143),(IAD(IK)IK=KLyMN)y(INA(JIW),JIW=1,20)

FORMAT(3A4,"' '",4A4,' ',20A4)
G0 TO 210

WRITE(6,1991) (IAA(IG) 1G=4,6)(TAD(IK)  IK=KLsMN), (INA(JW),JW=1,20)

FORMAT(3A4,*' ',4A4,' ',20A4)
IERROR=TERROR+1
IF(IERROR=-2)150,1992,3992
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1992 WRITE(6,1993) LERROR, (IAD(IK)  IK=KL,MN)

1993 FORMAT('OYOU HAVE GIVFN',12," UNACCEPTABLC REPLIES FUR '"y4A4,//4'P
8LEASE GIVE ACCEPTABLE REPLY THIS TIME')

GO TO 150

3992 WRITE(6493993) (IAD(IK) yIK=KLy,MN), (INA(JIW),JdW=1,20)

3993 FORMAT('*1THE PROBLEM IS NOW PASSED TO THE ARBITER FOR CLASSIFICATI
BNy //3"ERROR FOR *34A4,//,*INPUT = ',20A4,//,'PLEASE CLASSIFY COR
BECTLY™)

READ(9,4994) ( INA(JW) 3 JW=1,20)

4994 FORMAT(20A4)

GO TO 1162
9000 CONTINUE

RECORD THAT THIS TOPIC HAS BEEN CONSIDEREDO MOVE ON 10 NEXT

210 NQ=NQ+1
KL=KL+4
MN=MN+4
5067 CONTINUE
WRITE(6,5068)
5068 FORMAT("OCATEGORIZED DATA SECTICN HAS NOW BEEN COMPLETED')
189 IF(ICHK=44)221,289,220

PERSONAL NUMERIC DATA SFCTINON-CHCCKED WITH RCSPONDENT

289 WRITE(645069)

5069 FORMAT('1PERSUNAL NUMERIC DATA SECTION',//,'CHECK THAT YOUR REPLIE
85 HAVE BEEN CURRECTLY RECORDED')
CALL JTDATE(IAD,IDAY,MTHS,IYRS, IAGE,JAGE,KAGE, IMY,JMY,
BKMY s KYR yKKy IYLTyTABy IYC,1VY,,JVY,KVY,KKK,IAC, [AX)

JTDATE HANDLES ALL PERSONAL NUMERIC DATA

220 WRITE(6,221)

221 FORMAT(*1THANK YOU FOR YOUR COOPERATION',//,'YOU HAVE NOW COMPLETE
8D THE QUESTIDNNAIRE '4//,'SHIFT AND ENTER TO SHOW INSTRUCTIUNS')
KONTU=KONTO+1

3000 CONTINUE

BRANCH FOR SPtCIAL FACILITIES

7000 WRITE(6,7001)KONTO, (IAD(IK),1K=25,28)

7001 FORMAT('1',14,' FILES HAVE BEEN PROCESSED TO-DATE',//,'THE FOLLOWI
8NG FACILITIES ARE AVAILABLE',/,' 1.CONTINUE QUESTIONNAIRE PRESENTA
BTION ENTER 11 (I2) ',/,' 2.DISPLAY ALL PROCESSED FILES EN
STER—=33—=12) Yo /¢' 3.CISPLAY FILES BY !',4A4," ENTER 55 (12) ',/
8' 4.DISPLAY A NAMED INDIVIDUAL''S FILE ENTER 66 (I2) '4,/,' 5.01I
85PLAY FACTOR FREQUENCY COUNT ENTER 77 (I2) *,/,"' 6.DISPLAY P
8ROGRAM IRREGULARITIES LOG ENTER 88 (I12) *'4/,' 7.TERMINATE RUN



i . MRl BT . DRI 1R

e A S ool i S

C
C
C

DATE 05718770 118,10

8 ENTER 99 (I2)'")
READ(9, 7850) MARK
7850 FORMATI(IZ2)
IF(MARK-33)3000,7007,7851
7851 IF(MARK-66)7607,7705,78388
7888 IF(MARK-88)77.3,7400,9888
7007 WRITE(6,7008)KONTO
7008 FORMAT('THERE ARE '",I4,' FILES ARE AVAILABLEO ENTER THE NUMBER
8 YOU REQUIRE (I4)*')
READ(9,7009)NFL
7009 FORMAT(I4)
IFL=1
CALL JTSHOW(NFLyIXN,ITPC,IAD,NOTA, MEMO,MSTOR, IKEYJKEY, AGE,JAGE,
BKAGE ¢ KI o TAB yKYR o I SKP,KSKP , ICHK, TSTNOR,MAST, IYC, IAC, IFL)
GO TO 7000

JTSHOW DISPLAYS ALL,0OR A SPECIFIED NUMBER,0OF FILES IN ENTIRETY

71607 WRITE(6,7608)

7608 FORMAT(*TO DISPLAY FULL FILES ENTER 10',//,'TO DISPLAY NAMES
BENTER 00')

READ(9, 7609)IYEL
1609 FORMAT(I2)

IFLIYFL ) 7620, 7610,7620
7610 IF(IXN)T620,7979,7620
71620 CALL JTFILE(KDZA,KDZB,KDZC,yMGA,MGB,MGC,KONTO, IYEL,

BNFLy IXNoITPC, IAD,NOTA,MEMO, MSTOR, IKEY s JKEY 4 IAGE,

BJAGE yKAGE KT, TAB,KYR,, TSKP yKSKP, ICHK, [STOR,MAST,IYC,IAC,IFL)

GO TO 7000

7705 IF(IXN)T715,7979,7715

71715 WRITE(6,7706)

7706 FORMAT('GIVE IHE NAME OF THE INDIVIDUAL WHOSE FILE YOU REQUIRE IN
8THE FORM '9//3'SMITH, JyMRL")

READ(9, 7707)(INA(IV),IV=1,20)
7707 FORMAT(20A4)
MAX=KONTO=IXN
CALL JTRCRO(INA,NOTA,MEMO,IFL,I0K,MAX)
IF(IOK=-100)7708,7709,7708
7708 WRITE(641708) (IAA(IG) IG=4,6),(INA(IV),IV=1,10)
1708 FORMAT(3A4,"' ',20A4)
WRITE(6,41709)

1709 FORMAT{ *OCHECK THAT YOU HAVF GIVEN THE CORRECT DESIGNATION
8'9//4"1F YOU WISH TO TRY AGAIN, OR REQUEST ANOTHER FILC
BENTER NEXT',//,'OTHERWISE ENTER XXXX')

READ(9,1710)NOMEN
1710 FORMAT(A4)

IF(NOMEN+404232217)7705,7000, 7705
7709 WRITE(6,7710) (TIAA(IG),IG=1,3),(INA(IV),IV=1,20)
7710 FORMAT(3A4,' ',20A4)
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7711

11712

71979
7980

7703

7400
471

4720

4721
4722

4788
4700

9888
9009
9001

9999
9398
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MAST=98

NIL=ITL

[SKP=30

KSKP=40

ICHK=44

CALL JTSHOW(NFLyIXN,ITPC,I1AD,NOTA,MCMO,MSTOR, IKCY,JKEY,IAGE,
BJAGE g KAGE g KI » IAB,KYRy ISKP 3 KSKPy ICHK, ISTORy MAST, IYC, IAC,IFL)
MAST=14

ARITE(6,7711)

FORMAT(*1TO REQUEST ANOTHER FILE ENTER NEXT',//,'OTHERWISE ENTER X
BXXX*Y)

READ(9,7712)NEMO

FORMAT(A4)

IF{NEMO+404232217)7705,7000, 7705

WRITE(6,7980)

FORMAT{ *PERSONAL DATA HAS NOT BEEN COLLECTED',//,'HENCE THIS
BFACILITY IS NUN-OPERATIONAL')

GO TG 7000

JTFILE DISPLAYS ALL PROCESSED FILES AS CLASSIFIED BY
THE SORTING FACTOR

CALL JTFACT(JDZA,JDZB,JDZC,KONTO,LKEY JKEY, IKEY,IAD)
GO TO 7000

JTFACT DISPLAYS A FACTOR FREQUENCY COUNT

WRITE(6,4471)

FORMAT( *PROGRAM TRREGULARITIES LOG ',//,'THE FOLLOWING REPORTED TF
S8EMSELVES AS RETURNING STUDENTS',/,'YET COULD NOT LOCATE THEIR EXIS
BTING FILE UNDER THE NAMES GIVEN BELQOW')

DO 4700 ILL=I,NUMB

IF(ILL-1)4721,4720,4721

JLO=1

GO TO 4722

JLO=IXXA(ILL-1)+1

JHI=IXXA(ILL)

WRITE(6,4788) (JXXA(MZ) ,MZ=JL0,JHI)

FORMAT('0',20A4)

CONTINUE

GO TO 7000

WRITE(6,9009)

FORMAT('YOU HAVE REQUESTED TERMINATION OF THE RUNO',//,'IF YOU WIS
BH TO PROCEED WITH THIS COURSFE ENTER 9999 NTHERWISE 1111')

READ(9,9001)NAA

FORMAT(14)

IF(NAA-9999)7000,9999,9999

WRITE(6,9998)

FORMAT(*RUN HAS NOW TERMINATED®')






DATE 05/18/70

ND SUBROUTINE JTRAND(NOTA,MEMO,NX,JXyNOTB, MEMB,NB,JB,JFL)
\ND DIMENSION NOTA{200),MEMO(500) ,NOTB(40),MEMB(200)

ND IVK=(JFL=6)-5

ND JVK=JFL=6

ND DO 320 NB=IVK,JVK

\ND NX=NX+1

\ND IF(NB-1)1319,1319,1321

ND 1319 KG=1

ND GO TO 1322

ND 1321 KG=NOTB(NB=1)+1
ND 1322 KH=NOTB(NB)

ND KC=KH-KG

ND NOTA(NX)=JX+KC

ND DG 320 JB=KG,KH
ND MEMO(JX)=MEMB (JB)
D JX=JX+1

ND 320 CONTINUE

ND RETURN

ND END



_RD
_RD
CRD
CRD
CRD
CRD
CRD
CRD
CRD
-RD
CRD
RD
CRD
CRD
CRD
RD
RD
CRD
RD
RO
RD
_RD
RD

100

110
120

205
206
201
6000
70

DATE 05/18/70

SUBROUTINE JTRCRD(INA,NOTB,MEMB,JFL, I0OK,MAX, IXN)
DIMENSION INA(20),NOTB(40G),MEMB(200)
ILOLMT=1

IUPLMT=MAX

JFL=0

DO 6000 LMTS=ILOLMT,IUPLMT,IXN
JFL=JFL+1

IF{LMTS-1)110,100,110

1LO=1

GO TO 110

ILO=NOTB(LMTS-1)+1
IHI=NOTB(LMTS)

MS=1

DO 206 JD=ILO,IHI
IF(MEMB(JD)-INA(MS))201,205,201
MS=MS+1

I0OK=100

CONTINUE

GO TO 70

LDK=00

CONTINUE

RETURN

END

118.14



\CT
\CT
\CT
\CT
\CT
\CT
\CT
\CT
\CT
\CT
\CT
\C T
\CT
\CT
\CT
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\CT
\CT
\CT
\CT
\CT
\CT
\CT
\C T
\CT
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10

20

1620

1621

1422

1650

DATE 05/18/70 118.1%

SUBROUTINE JTFACT(JDZA,J0ZB,JDZC,KONTO,LKEY,JKEY, IKEY,IAD)
DIMENSION LKEY(25),JKFY(S500), TKLY{200), TAD(AD)
WRITE(6,10)KONTO

FORMAT(I4,* FILES HAVL BLCMN PROCESSED TO-DATE')
WRITE(6420)(IAD(IK),IK=25,28)

FORMAT( '*OFACTOR FREQUENCY COUNT FOR *,4A4,' IS A5 FOLLOWSO')
NRP=LKEY(1)

HMRP=1

DO 1650 IXI=MikP,NRP

[IF{IXI=-1)1621.,1620,1621

ILO=1

GO 10 1622

ILO=IKEY(IXI-1)+1

[HI=IKCY(IXI)

IF(IXI=-2)1,2,3
WRITCU(G,BLYJDZALULTADITE) , TK=25,28), lJKEY(JX),JX 1LO,IHI)
FORMAT(*0',14,*=FREQUENCY FOR ',4A4,*' CLASS 1 ',20A4%)

GO TO 1650
WRITE(6482)JD7/By(IAD(IK),IK=25,28) y (JKEY([JX)JX=1L0O,1IHI)
FORMATI( 'O, 14, '=FREQUENCY FIIR *,4A4," LLASS /2 ',/0A4)

GO TO 1650
WRITE(G,03)INZ0, (TADITK) , TK=25,28)  (JKFY(UX)  AX=TL0O, THI)
FORMAT('0',14,'"=FREQUENCY FOR ',4A4," CLASS 3 ',20A4)
CONTINUE

RETURN

END



DATE 05/18/70 118,16

[LE SUBROUTINE JTFILE(KDZA,KDZB,KDZC,yMGA,MGB,MGC,KONTO, IYEL,
BNFLy IXN,ITPC, [IAD,NOTA,MEMO,MSTOR, IKEY , JKEY, [ AGE,
B8JAGE y KAGE s KI 4 IAByKYRy ISKP ,KSKP, ICHK, ISTORyMAST, IYC, IAC,IFL, IRI,

BJRI,NRM)

[LE DIMENSION KDZA(20),KDZB(20),KDZC(20)

[LE DIMENSION IAD(80)4NOTA(200),MEMO(S500), IKEY(200),JKEY(500)

[LE DIMENSION ITAGE(25),JAGE(25),KAGE(25),IAB(24),KYR(50),MSTOR(120)

[LE DIMENSION ISTCR(120),IAC(16)

[LF IGA=MGA-1

[LE 158=MGB~-1

[LE IGC=MGC-1

[LE WRITE(6,10)KONTO

[LE 10 FORMAT(14,'=TOTAL OF FILES PROCESSED TO-DATE!')

[LE WRITE(6,1)IGA,(IAD(IK),IK=25,28)

[LE 1 FORMAT('0*',14,* OF WHICH ARE FROM *,4A4,' CLASS 1l.')

[LE WRITE(6,2)IGB,(IAD(IK),IK=25,28)

[LE 2 FORMAT('0',14,*' OF WHICH ARE FROM ',4A4," CLASS 2.')

| LE WRITE(6,3)IGC,(IAD(IK),IK=25,28)

[LE 3 FORMAT('0',14,* OF WHICH ARE FROM '",4A4,"' CLASS 3.')

[LE IF(IGA)200,200,100

[LE 100 WRITE(6,102)(IAD(IK),IK=25,28)

[LE 102 FORMAT(®*LTHE FILES FROM *,4A4,' CLASS 1. ARE AS FOLLOWSO")

[LE IF(IYEL-10)104,103,104

'LE 104 I=IXN

[LE K=KSKP

LE J=ICHK

(LE [XN=1

LE KSKP=27

LE ICHK=22

LE 103 DO 199 1AP=1,IGA

LE IFL=KDZA(IAP)

'EE MAST=98

LE IFL=IFL-1

sk NI L=1FI

LE CALL JTSHOW(NFLyIXN,ITPC,IAD,NOTA,MEMO,MSTOR, IKEY,JKEY, IAGE
By JAGE yKAGE s KI s IAB s KYRy ISKP s KSKP 4 ICHK, ISTOR:MAST,IYC. IAC,IFL, IRI,
BIRI 4 NRM)

LE I[XN=1

LE KSKP=K

LE [CHK=J

LE MAST=14

LE 199 CONTINUE

LE 200 IF(IGB)300,300,201

EE 201 WRITE(6,202)( [AD(IK),IK=25,28)

LE 202 FORMAT('1THE FILES FROM ',4A4,% CLASS 2. ARE AS FOLLOWSO")

LE IF(IYEL-10)204,203,204

LE 204 I=IXN

LE K=KSKP

LE J=ICHK



LE
LE
k E
LE
LE
LE
|_E
LE
EE

LE
LE
EE
LE
CE

ZE
EE
K =
LE
CE
SE
h E
FE
EE
EE
EE
LE
EE
LE
CE

=
_E
e

e
E

203

299
300
301
302

304

303

399

500

DATE 057187170 118,17

IXN=1

KSKP=27

ICHK=22

DO 299 IBP=1,1GB

IFL=KDZB(IBP)

MAST=920

IFL=IFL-1

NFL=IFL 5

CALL JTSHOW(NFLyIXN,ITPC,IAD,NOTA,MEMO,MSTOR, IKEY,JKEY,IAGE,
AIAGE y KAGE s KT, IAB,KYR; ISKP o KSKP, ICHK, ISTOR,MAST, IVC, LAC,1FL, IR,
BJRI 3 NRM)

KSKP=K

[CHK=J

IXN=1I

MAST=14

CONTINUE

IF(IGC)500,500U,301

WRITE(64,302)Y(TAD(IK),,IK=25,28)

FORMAT('1THE FILES FROM ',4A4,' CLASS 3. ARE AS FOLLOWSO')
IF{IYEL=-10)304,303,304

I=IXN

K=KSKP

J=ICHK

[XN=1

KSKP=27

ICHK=22

DO 399 ICP=1, IGC

MAST=98

IFL=KDZC{ICP)

IFL=1IFL-1

NFL=IFL

CALL JTSHOWINFL,IXN:ITPC, IAD,NOTA, MEMO,M5TOR , IKEY , JKEY , IAGE,
B8JAGE y KAGE yKI 4 IAByKYR, ISKP yKSKP, ICHK, ISTORyMAST,IYC,IAC,IFL, IRI,
BIRI,NRM)

KSKP=K

ICHK=J

IXN=1

MAST=14

CONTINUE

IYEL=13

RETURN

END
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111) Speciaen of Resdy-Suprlied Dete



J/CATA

12

03

LOCAL

NON-LOCAL

OVERSEAS

17

ST« SALVATOURS

ST. REGULUS

JOHN BURNET
SOUTHGAIT

HEPBURN
KINNCSSBURN

DEANS COURT

ANDREW MELVILLE
UNIVERSITY

MC INTOSH

HAMILTON
ABBOTSFORD

WEST PARK

LODGINGS IN ST.A.
LODGINGS ELSEWHERE
PARENTAL HOME

FLAT

03

ARITISH
COMMONWEALTH

FURE IGN

05

NORMAL

PART TIME

STAFF

OVERSEAS

EXCHANGE

07

SCOTTISH EDUCATION DAPARTMENT
LOCAL EDUCATION AUTHORITY
UsKa UNIVERSITY
RESEARCH COUNCIL
BRITLISH COUNCIL
INDUSTRY

OTHER

06

S.C.E.

G.C.E.

H.Nlc.

FOREIGN QUALIFICATION
DEGREE

OTHER

04

ARTS

SLIENCE

MEDICINE

DIVINITY

07

HONQURS

ORDINARY

PH.D.

PUSTGRADUATE DEGRLE
PUSTGRADUATE DIPLOMA
UNDERGRADUATE DIPLOMA



NON-GRADUATING 119,2
P 02
FULL TIME
PART TIME
b 16
ACTUARIAL SCIENCE
ANATOMY
] APPLIED MATHEMATICS
ASTRONOMY
BIOCHEMISTRY
] BIOLDGY
BOTANY
CHEMISTRY
- COMPUTATIONAL SCIENCE
GEOLOGY
PURE MATHEMATICS
& PHYSICS
PHYSIOLOGY
STATISTICS
k THEURETICAL PHYSICS
Z00LOGY
02
] MALE
FEMALE
03
g SINGLE
MARRIED
DIVORCED
y 9999
06
44
§ HARTLEY-TAYLOR,JsMR.
ANDREW MELVILLE HALL ST.AND 3759
THE COLLEGE,BRIGHTON.7.

] JyHARTLEY-TAYLORESQ.

RETIRED

21,CHATSWORTH COURT,PEMBROKE ROAD,KENSINGTON.LONDON.W.8. 01-937 4675
D CLARK,P.P,MISS

14,GRANNIE CLARKES WYND#3592
NORTHAMPTCN HIGH SCHOOL FOR GIRLS

3 JOSIAH CLARK,ESQ.

FARMER

25,L0MOND ROAD,LONG BUCKBY,NORTHAMPTON#DAVENTRY 3456
P * HOLLINGWORTHy VyMyMR.

JUHN BURNETT HALL
GLENALMOND SCHOOL

D DReWyGyHOLLINGWORTH

PHYSICIAN

45,HOPE STREET,ST.ANDREWS#*#4146
) MCLACHLIN, Dy M, MISS

UNIVERSITY HALL®=ST.AND 4689
CHELTENHAM LADIES COLLEGE

] Jy Gy MCLACHLIN,ESQ.
TEA PLANTER
BOX 45,KANDY,CEYLON

b DEXTERyU,C ¢MR.
9, SHOREHEAD ST.ANDREWS#3129
HOLLAND PARK COMPREHENSIVE
T,R'DEXTER,ESQ'MOPS
CABINET MINISTER
56y MARLEBONE ROAD,LONDON«NeWele




120

iv) Listing of Archiviag Progrsmne end Sub-Routines



120.1

i/ JEE .7 ks C4

77 5YSEGZ ALEESD JTCISC, 1G1=YSA4EV]"

EEENSEERACERESS FEEAPE-ZEC=SACC3 8!

//TEST EXEC FCRTRAN(MAF)

£ ARCETIVING PRCGRAM AFRFLIEDR TC ETCELTPGRAPHIC RECCROEL

s

: C

CINENSICN ITOPCICCCC), IWRD(Z2CY,, ITAV(ET], A{7),IKEY(1CC),JKEY(SEC)
Lo FAA(4CC) s TARIEC) s TAR(ICC, 2) o KNTCIC)»LSTLIC) INZ(T)

ERTA TBLY Yt/
CFEEINE FILE 2(12C, 360, LiKE)
REWINC 3 '

clan

REAC CPERATICN CCLE

L5

REAC (5, 1CCCYICUIZ
1CCC FERMATIIZ)
I17-33

IFCIGCU J1111,1C1,1C1

CE R

INITIALIZATICN FCR FIRST RUN CF PRCCRAV

<

) ¥ i T R
h=L
ICV=1
11cC-EE=12 L=141CC
IAL (L,]_}zr

12 CLfTIhLE
IU=C
=1
Th=1
[ENTRY=C
IE=1
=2

1CC CCNTINUE
CE=FE=1C0T

NEAD PAGANETER & ARRAY VALUES FRCFM CISC ——SUBSEQUENT RUNS CNLY

THED M

1CIEIEE=1
REAC(2'ICC)IIwW, IENTRY Ny d,y IE
=1CC
IGA=2
REAC 2 IGAY CETAEL I M) IY = NG =152 ), LIKEY LY )5 TY=14 1CChy (LUREY L
2Y),1Y¥=1,55C)
IG=TE+*]
TES=21
READ(2YICSICITCRETIX)IX=1,1C)

o

PRANCH FCR CISPLAY CR STCRAGE CF NEW CATECCRIES

Y 1

EEEECH =S8 10011 L0l
ICC1 CALL JTCATCGUIKEY,JKEY,TINA,N,J)

TRANCH FOR ENC CF PRCCRAV 1F CPERATICN CCCE = 23

[FTITIQUIZ-3311,5%0CC0,1

Y o

REAC IN CF EIELICCRAFFIC CATA




C
1 KL=1
MN=8C
RKUUNT=C
c
C SEY FIELD TC BLAKKS
r

PO 175 JB=1;320
ErS5=—TAA IR =18
1EC REAL(5,7)1TAA(KC) ,KC=KL¥N)
7 FORMAT(RCATL)

KCUNT=KCUNT+1

€

C TEST FER: ENE CF RUN REQUEST
IF(IAACKL)I-154T7714¢24)2CC,SCS7,2CC

C

C TESET FCR CCNTIKUATICN CF REAC REQUEST

C

2CC IF(TAA(NMN)-1S4T7714€24)122,111,122
111 KL=KL+E&C

MN=MN+EC
C
C TEST FCR MAXIMUM NUMBER CF CARCS
&
IF(KCUNT-2)180,18C,122
5
C WRITE BEIBLICGRAPHIC CATA TC TAPE
C
122 G0 123" K1=1,3720, al
KZ2=K1+7(5
123 WRITE(Z2) (TAA(JA),JA=KT1,KZ)
ITENTRY=TENTRY+]
£ RENGECGATECCRIES TC_REATTACHEE=TC BIBLICCGRAPHIC=DATA
C
EEEREAE 54 -CEAV B B)538=157)
4 FCRMAT(7A1)
JC=1
C
& eSS REER=ENE=GE=CA T EGERY =S T=MNARKER
SHLE
LT TELIAVIIC)=154TT14€624 1618, €18
C
€ CHEGK CCRRECTNESS CF CATCCCRY CESIENATICN & RETURN CATEGORY CUDE NUMI
€18 CALL JTEINC(IAV IKEYIKEYZNCCE, [FE,N,JZ)
3
& R R e R B e e i R B BB E S R 51 T T

IFINCCEC=1C)444,410,444

41C WRITE(E,411)(TAVIUIB),,JB=1,T7)

411 FCRMAT(Y ERRCR TN EESICNATICN CIr CATEGCRY *,7TAl)
CC TC €CCC

4 G—E=35T

AGEMENT- NEMEER-CF=ENTRIES RECCRE _FECR_TEIS-"CATEGCRY BY 1

ARG L D =TAECE =]




C TEST-FER FIRST ENTRY FER GATECGERY
FF(IAEGE 1 =1)511,51C5511

RECCRC BEGINNING VALUE CN ITCF LIST FCR THIS CATECCRY

Yy O

ERTAEEE
(

2)=1E
ITCP(IE)=TE

i

?
1 NTRY

RECCRD ENC VALUE CN ITCP LIST FCR THIS CATECORY

D 1K

TAF({L,2)=1E
o e
L
FESCGENELRE

[ =9 ~
-
F

RECCRE VALUF OF ITCP 2RRAY SUBSCRIPT APPRCPRIATE FCR REFCORDING VALLUE
LAST ENTRY FCR THIS CATECGCRY

s 6D Y

IPX=1AKE(L,3)+1

RECCREC IN ITCP ARRAY VALUE CF LAST ENTRY FCR TFHIS CATECORY

W T

ITCFUIPX)=1E

RECCREC CURRENT VALUE CF LAST ENTRY FCR THIS ARRAY

on W I8

IAF{L,2)=1E

RECCRC NUMEER LUF IFIS ENTRY CN ITCP LIST

Cr O

0% |
—
Ll

ITCPITEI=1ENTRY
EE=TE+2
CUNTINUE
CENTINUE

GO TELECE

AN T

AN
L4y o |

TCST IF CISPLAY FACILITIES ARE RECUIREL

o OYieh

GCS7 IF(ICUIZ-77)SCCC,77,5CCC
77 CALL JTCISPLIAV,JKEY,IKEY,NCCC,IE,\N,IAF,ITCP,JZ)

WR ITE PARANETER & ARRAY VALUES TC CISC FCR STCRAGE

D O

SEE=TET=]

WRITE(2YICT)IW,IENTRY, N, J,IE

NT=1CC

ICkw=2
hRITE(E'IEh)[[Iﬂb{iT,NE}.lT;lythuWB~1'31plIKFYITYI,TY=1.1CC);(JKE
IGT=1E#+1

ICZ=21

WRITELZ*YICZ) (ITCPEIXT) s IXT=1,16T)
STCP

ENT

SCERCUTTINE JTCATCE(TIKEY wJKEY, INAGN,J)
CIFENSICN IKEY(CICC)Y,JKEY(SSC), INALT)

-
o

REAC NUMBER CF CATEGCRIES TC EE RECCRCECL

&R




REAEHS I ICTE 120.4

1 FCRVMAT(I4)
CEIG—=A=116T6

C
= REAT CATECCRY NAME
=
7 FORVMAT(1A1)
N=h+1
KG=1
&
C TEST RCR “ANE  ELININATE BLANRKS
C
115 TF(UINA(KG)-1CT7765257€)11C41C5,110
ECE=—KE=C—1
&5 B S 6 I 0 L
C
C RECCRE PCINTER PCSITICN FCR ENC CF WCRC
£
11C IKEY(RN)=J+K(E-1
&
C IRANSFER INCIVICUAL CHARACTERS CF CATECCRY NAME TC JKEY ARRAY FCR ST
C

BU. 32€ LB=1,KG
JEEE =T NAEER)
J=oF |
e —CCICEERGE
1C CCRTINUE
RETLRN
ENI
SHERGHT INE I TFE IND CTAVGIKEY s EREYSSNCEC s THI NG I Z)
CIFENSICN TAV(8C),JKEY(S5C),IKEY(1CC)
EE=rC ==

C ES AR I S E= L CRER= =P PEREE T EES —CE=S EARCH
C
T R B S R
z2 JLECFT=1
e
21 TLULFT=IKEY(JZ-1)+1
=L EETKEY (R
ME=1
i
& TESZT FCR NATCH EETWEEN STCRAGE LIST & INPUT LIST CF CATEGCRIES
C

CC 2Ce JC=TLCLMT, IUPLMT
EGIKEY QI =TAV MR 205 260
U BS=ENST]

c
C SET 'CCRRECT DESICGNATICN' FLAG
£
NCCC=0
206 CORTINUE
GO TC 798
C
C SET 'WRONG CESICNATICN' FLAGC
€
I NCGC=1C
&

GENTENLE
(S8 CENTINUE




RETURN
ENL
SUFRCUTINE JTCTEP(TAV, JKCY, IKCY,ACGC yThy N, TAE, ITCP,J2)
CIVMENSICN TAV(EC),JKEY(S50),IKEY(1CC),TAA(4C0O0),IAF{1CC,3),ITCP(1)
CIFENSICN KKUE),JEVEE) ; JUVIE)
CATA TELANK/Y '/
ES5=T=¢C
KL=1

READ CATEGCRIES TC BE INCLUCELC IN CATEGCRY SEARCH LIST

)

ZCC REZD(S,2CTY(IAVIIC) s IC=1,7)
2C1 FCRMAT (74A1)

TESIEFERENT=CFE=REN=RECUEST

i Y

TECIAVELI)Y-18547714624)2C2,2C2,2C2
IF(TAVIZ)=154T7TT14¢628)20€,55%,2C¢

™A
5
L

JT FINC CHECKS CCRRECT CESICNATION CF CATEGCRY & RETURNS CATEGORY CC

{7 B e 111 3

ra
=
e

CALL JTFIRC(UIAV,JKEY s IREY  NUCUsIH N, JZ)

TEST FEBR.FATLURE T& LCCUATE CATEGORY

rip Mgl 141 |

ITFINCGG=-TE)YSCEC S99 ,5CC
SCC -T=T+]
RE(TI)=JZ

ESTABLTISE LCWER ANC UFFPER LINITS CF SEARCKF FOR CONMCN ENTRTIES

a1y

JEVIII=TABELJZ,2)
JUNET)=TAE(JZ  2)

GO0 TG0 ZC6

CC 395 M=1,8C
TAV(M)=1BLANK

M=

UDT358E M=1,1

26 MN=KK{M)

ML=1

B R v O ) e O b R e B
ML=TKEY(MN=1L)+1
MU-TKEY [ MN)
IAVIMM)=JKEY (ML)
MM=NN+1

ML=NL+1

T ) GG e oo
MN=NN+2

WRITE(E,254) (TAVIN) yM=1,86C)
FOCRMATCY1Y,Y PUBRLICATICNS LISTEL UNDER CATEGCRIES Y,ECAl, /70
JZ=JEN(EL)
IFINC=ITCF(JZ)
s hes e e

L M)
Vg o
ul o~

Lt Ll
gl 'p
gl N

(4%
g
o~

™Y L
= NG
L

Lo |

R A E N TR IES LR e CA LGRSV N R s LRSS T C ATECGRY

(& 15k |

EE=rCrE sy

205 MN=JEV (M)
IF (IFIND.EC. TTCRINMMIICE FC &0
TF(LFINCLLTLITCPINM))CGC TC 2C¢€




LF (MV.EQ. JUVINM))GE TC 213
JEVIN)=ITCP(NN+1)
GO TC 209

2C7 CCNTINUE

oY ey

3ICC TF({IFINC-1)#4+1.EQ.KL)YGC TC 210

KU=CTEERE =1 n%

=

STER- TAPEWIETE=CUMNMY=REAE

D=2 =R R
Z11 REAGTI)

Y T

210 DO 25C K1=1,320,8C
K2=K1+79

£ Y ED

WRITE

(€4212) (TAA(JA),JA=1,22C)
ECRMAT (S ?

CEEB0AD

™A
—
(%

L {41

KL=4#[FINC#+1
JEVIL)=ITCP(JZ+1)
[d=JUv(l)
IF(IFINDLEC.ITCF(IJ))ICC TC 212
FEEES RiES L
213 RERIND 3
GO E=F59
=9 CALL EXIT

ENC

(o |
5

LX

' |

/4 EXEC CLCATER

cCUCATN
#

SINLILS
ALCRTEN
TFECENES

SENERES

ALCRTHW

TEST TF TAPE TS TC BE STEPPEC PRICR TCU READING

READ THE ENTRY IN BIBLICCGRAPEIC RECCRE

WRITE CCNTENTS CF BIBLICCGRAPEFIC

AUCMENT —RECCRC CCUNTERS "IN REACINESS FCR NEXT

RECORD FCR CISPLAY

SEARCE








