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1. DATA ?RncS---INf.t

b) Introduotion

Date is proceeded In order to yield information. The basis

reasons for processing date arei

1) to keep detailed facte about individual transections

for records.

2) to produce operating documents, peysheets, alas® lists?

to eneble dsy-to-dey administration of the organisation

to continue.

5) to analyse feots into informative rsoorts, annuel reiorts,

statistical surveys? to eneble policy decisions to be

raede on the basis of knowledge.

-'snagenent is not primerily interested in source renorts,

documents, dats? its primary requirement is information in

easily assimilable form - hence date processing oocuoies an

lra>orient role in the running of an organization.

The wnrd 'data' may be used to cover all the facts obtained,

and the term 'information' to denote the particular combination

of faets of relevance to the project under consid ration.

The velue of information is dependent uoon its accuracy, otherwise

it ha® negative values its novelty, it tell® the reader something
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he did not know before; focue, it gives a cleer picture of the

relevant facta and does not confuse the reader with extraneous

detail.

b) Operations In Date Processing

The besie operations in the processing of data arei

1) ORIGINATION

2) PROCESSING

5) OUTPUT

1) The ORIGINATION of data in a form suitable for processing

involves three stages:

i) Data Collection - capturing the facts when they are

available; for instance the time at which an employee

starts or stops work may be recorded in writing by a

timekeeper, stamped or punched in numerals by a time clock,

recorded on disc, magnetic or psoer tape by a computer.

Date collection often begins with the manual operation

of keyboards, although recent developments permit the

automatic collection of data in machine-processable form.

The collection of data in maohine-procesa8ble form may

yield information which requires mechanical interpretation
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before it can be made available in a form comprehensible

to wen, Alternatively, characters my be oroduoed in e

form 1 gible to both machines end people? in which ceee

character reedlag weohinee may be required to convert the

characters to e form suitable for automatic processing.

II) Oats Verification includ a checking dote to determine

whether they are in the ap roved format, convey the correct

meaning to the reader, end will lead to the oopropriato

aotion.

The desired degree of accuracy does not neeeeeerilv imolv

perfection? a slight misspelling of a name, for example,

may be trivial} but the crediting of the wrong customer

with a purchase, or the wrong student with a nunlifiontion

can cause much trouble.

The simplest type of verification is to ensure that each

data field contains the correct kinds of chsrectera,

nuaerio end elphabetic - en error in this sphere defies

further processing end must be corrected before processing

can proceed, 'ore difficult problems of verification arise

from incompleteness of data inout.

The meaning of some data in terms of roreonableness serves

to verify it? it is possible for a person to embark upon

a university career at the age of 91 but it would be
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unreasonable to assume unquas t ioning 1 y that this is

hie age - it nay be that ha la aged 19, and has made an

error. The detection of possible errors need not stop the

checking, the questionable data need only be flagged as

requiring further verification.

3omo data which pass the format end meaning testa may

require some verification action before processing, this

is evidenced by the processing, or clearing, of a cheoue -

the signature and the available fund? must be verified before

the bank will honour the chenue.

2) The PROCESSING of data involves the rearranging of inout and

the processing of files.

i) Rearrangement involves classifying data by type and

ordering them into sequence with cat changing their content

by computation, this is required when two or more kinds

of trensactions originate together but require separate

handling; the processing can, however, be eliminated by

arranging for the sepsrste origination of each clsse of date.

A second way of rearranging data is to use each type of

transaction to produce several outputs. Depending upon

the kind of output desired end the file arrangement,
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the transections are arranged in different sequences

for efficient processing.

In addition to the problem of errenging transections

in the same sequence as the file before processing them,

there is the releted problem of keeping the file itself

in a specified sequence and eliminating inactive records.

Maintaining a file of customers' accounts, items of atook,

or student records, for example, may require the insertion

of records for new customers or students according to some

sequence, and the deletion of inactive records as custom

Is transferred away, and students leave.

Piles kept on magnetic tape are often arranged in

alphabetic or numeric sequence end are most efficiently

processed in the same seouence. Random - access equipment,

on the of er hand, is designed to handle transactions

without regard for file or transaction sequence.

A third kind of rearrangement occurs when the elements of

data in an item are in one sequence but are wanted in a

different sequence.

Data may be rearranged within an item during input

conversion, processing, or output editing.
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ii) File Processing involves the manipulation of detn to

yield the desired type of outout - estimate, prediction,

deals ions bes^d on quantitative criteria. The type of

output required elso deter mines the menner of mnipuletlon -

mathematical eelculrtion, alphabetization, transliteration,

translation.

5) The OUTPUT is required in an acceptable end meaningful form:

sir:c© proeeaeed results ere seldom in precisely the form desired,

it is often necessary to select the information to be output.

i) Job manufacturing oosts ere examples of "'istoriaBl resorts

about whet has happened,

ii) A manufacturing schedule is e foreonat of whet is supposed

to happen.

ill) A bill sent to e customer is an example of fin action

document.

The content, frequency, and for-set of output ers determined

Jointly by requirements and capabilities of the people who use

the output and those who prepare it.

The method of output preparation adopted depends up n the way

in which demands occur - scheduled, or random - the lenght of time

available for meting the demands, the ebility to foreoast whet

will be demanded.
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Output preparation becomes diffieult when the number of

transactions Is high end the reporting interval end -ermiasible

delay in processing are short. One may establish a scale of

difficulty of outdut preparation from the preparation of en

annuel report on fixed assets through weakly reoorte of receipts,

sales, end inventories, to the up-to-ibe minute reports of the

sales aotivity or inventory of any one item, airline ticketing,

for example.

Outputs not anticipated in advance -nay pose extremely difficult

problems.

c) frooessing Facilities

Data processing facilities met be able to t

1) receive incut data

2^ manipulate data according to rul«s of mathematics or logic

5) keep records

4) produce output

The Rurasn Operator is the earliest form of date processor.

A person receives incut chiefly by se-'ing or hearing, stores it

in his brain which also serves as an operating end control unit.

His outputs ere oral or written renorts and various physical aotions.
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Whilst the humeri nsirid can cope unaided with relatively simple

situations; it is slow in performing arithmetical operations

and erratic in applying logical rules.

The earliest aid to the human processor was the development

of written records. Records increase the capacity and reliability

of data storage, which otherwise would be restricted to what people

can remember. Written records are also a simple snd reliable

method of data transmission.

Man atill remains responsible for dsta input, control, and output;

unless aided by other processing facilities.

Man'e prooessing ability has been further widened by the development

of special mechanical aids to data processing, such as the calculating

machine and the typewriter; the two functions of which can be

combined to create bookkeeping and accounting machines which allow

an operator to perform at the same time the multiple operations

of preparing statements, ledgers, and journals.

The most recent development in data processing facilities is

the electronic data processor, the unique feature of which is

it9 ability to etore modifiable operating instructions in the
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samp way and in the same place as the data to be processed.

High speed is one of the greatest boons of computers,- the

ratio of computer to manual time needed to solve the problem

can be 1:500000 - and this will increas as computers become

more powerful.

d) The Present Status of Electronic Data Processing

Whilst it hps hitherto been claimed by many writers on the

subject of man'a intT-relationship with computers that whilst

the comouter can be left to take care of the 'number - crunching'

aspects of computing: men has the monopoly in the sphere of

decision making. It Is true that decision taking, according to

rational criteria, especially in real - world conditions is a

difficult task to translate into terms accentable by a computer

because of the incompleteness of available data. For this reason

and because of ■-nan's belief in his judgement capability; the

transfer of decision making to a computer has been retarded end

men has continued to take decisions which have, in fact, been

based more on hunch and guess-work than on a complete consideration

of possibilities subject to logical criteria. There is, however,

no rational reason to believe that it is impossible to programme
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coaouters to nerfora just these tasks.

The optima® product-mix, as daterained by lineer programming

techniques, has become accepted es e vsluable sphere of computer

decision making? the extension of computer methods to decisions

which have sore personal comotetions, the selection of students

for university adaiesien, for example, is more a question of

coneu er eeceptRbility then of conceptual or programming difficulty.

If the programme were written in such e wsy as to incorporate an

acoeptsble weighting system for non-eoademio attributes, if these

were considered important, such a method of selection would not

only have the advantege of »pe d, but also o? impsrtielity. end it

is to be hoped, of accuracy in selecting candidates with a

study-potential whie1- turne out to have be^n realised in sub sequent

results. The use of e method of selection which uses precisely

determined criteria end procedures for selection is conducive to

the further improvement of the method, guided by feed-beok from

results obtained. It now becomes possible to compare, objectively

the performance of those selected With the criteria used for

making the selection, end from this to discover which ere the

important qualifications for success and the coisssgji characteristics

of failure. Pro- this basis one is in © position to modify the
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characteristics sought in the selection process in order to

optimise the officacity of the procedure in the future.

If the validity of the selection process could be more fully

raalieed than under the present human system it oould be

expected to have the oositive attributes of reducing the

drop-out rate and its attendant human misery, as well as the

important economic consequence of making investment in education

a more rewarding venture. Comcuter selection is envisaged in the

near future at Loughborough University of Technology.

This type of development indicates that, in the light of advancing

computer technology, it is inaccurate to visualise date processing

by computer as confined to the ftenlacement of low grade clerical

personnel by machines} it should rather be seen as one stage in

the process of administration, all stages of whioh can be conducted

by computer as en integrated process subject to the availability

of computers with sufficiently sophisticated programmes and the

required degree of consumer - acceptability.
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2, fAffS OP THIS 'HOJECT

Vhilftt date processing methods hsve be n evolved prirtprlly to

satisfy the needs of business administration; a university oen

also rese reel benefits by apolying these methods in its

edwlnlrtretive procedure*.

The aethod of student record keeping hitherto employed at

St* Andrews involved t

1) Completion of matriculation for-sa by student* annually.

2) Checking of replies by administrative staff.

5) Coding.

4) Funehing of computer card#.

5) Computer rrooeeaing, to yield examination timetables

and for record storage; *1though docuventery record*

continue to play an important role in administration.

Modification of existing nr—adursa sea called for to neat

UCCA and HOC requirement* for more inforneti ea *"11 ®e to

take advantage of the added facilities of the nee computer -

IBM 56Q/44

This project, accordingly, sacks to lay the foundations for an

integrated system of data processing which will serve ss a

corner atone in the whole process of university administration*
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The first positive stop, therefore, was a cooperative study of

dcta processing prooelure employed by universities elready

using eona'sut era, as well aa enquiries into commercial methods of

dets processing*

Information on methods of dete processing employed by other

universities ess obtained by sending the ettsohed questionnaire

to sixteen universities, fourtesn of whom replied.

A covering letter, whiah stated the ri» of this project, invited

completion of the questionnaire end the sanding of a spec! -mn

copy of the Segistrstion and Coding forme us ad; the seven questions

in the questionnaire focus8ad uoon the followifig stages of

processing;!

1) form completion

ii) coding procedure

iii) error detection and analysis

iv) validation of the record produced

The format of the questionnaire wee multiple-choice orientated

with supplementary open-ended questions designed to elicit amplificat¬

ion of t^e icore detailed questions.

The replies indicated that a variety of matriculation form formate

is in use at universities with computerised data processing systems.
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A state of flux was shown by © wide-spread discrepancy between

ourrent practice and expressed Intention or recognized optimum.

The salient features which emerged from the replies ere outlined

below.

Question 1 .

PREPRINTING OP REGISTRATION FORMS

There is a general trend towards the preprinting of information whioh

ie not expeoted to change from year to year, for example date of

oirth, next of kint the source of the information was previous

year's records cored eted by the student and stored on tape.

East Anglie, however, noted that *>0?° of students write information

whioh has been preprinted. At Southampton and Newcastle correet

com lotion is ensured by filling the form and coding in the presence

of a member of staff (tutor); the draw-back of this method is that

it may be time-consuming for the staff concerned. There appears

a general movement away from reliance unon form completion by the

students and towards the taking of information from U.0.0.A.,

the Departments, and Residences. In this context it is worth while

to not© that Pest Anglia reports that it finds that the preprinted

forme are not good punching documents, end that Cambridge does not

use registration forms at ell but conducts all central administrative
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record keeping by clerical staff working from U«0«0«A data

and application forma.

Questions 2^5.

PO" T-COVPLETI OK ADDITIONS

In the majority of Universities In V e survey, t*e accounting

information was added efter the students had returned the form.

In many esses coding doeo not appear to have been an integral

pert of form completion, for example by marking a numbered box.

but eopeers to have been done subsequently by a clerk, usually

from the University's clerical department.

Both instances apowsr wasteful in man-power end can, apparently,

be to 8 large extent eliminated by the oorabinetion of the

completion end coding process on the form itself, na exemplified

by Glasgow.

©

Question 4.

8RSCR»CMEGK1H0

Although checking is reported as conducted by vrrious peonies

students, Assistant Registrars (Rewosstle), meters of staff

end others! the most efficient procedure appears to have been

devised by London - thle involves
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i) uodiog and - unching ana entry of initial i .formation

to the Computer about each student proceeds simultaneously

with the checking of this information,

ii) The detection of en error eeuses modification of the

computer record just generated.

It is claimed thrt this system produces a definitive list of

registered students both quickly end accurately.

Questian 5.

SOURCES OP ERROR

This question was not ooranlatsd by many Universities, moat of the

replies were merely rough estimates.

Authoritative information was only supplied by Glasgow, which

reports very low per-eentagee compered with Reading's alula that

IQf of records require at les«t one correction. It is, perhaps,

significant that Glasgow employs the services of an outside

computer bureau. This buroeu conducted punching and verifying

of cards end also wrote e orogramre to cheok the information

on the cards.

Errors in coding through vnrueners of scecifioation* end mistakes

in coding itself figure prominently strong those other universities



which replied to this question.

Quest!on 6,

MANUAL RETURNS

Manuel returns are kept by a few of the Universities, but

apnepr to be losing fevour. The trend apnesrs to be for the

comnuter to produceliats, which ere checked by the interested

parties, departments end residences for example, prior to the

production of definitive statistics by the computer.

Question 7.

FUTURE PLANS

These include the extension of the oresent system for the

processing of registration forme to link with admissions

and archives. Greater use of U.C.C.A files as a source of

information is also envisaged. These plans involve the use

of a continuous file, rather than the oreoeretion of separate

records for each year.
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Cuaetionneir-- s

The formulated series of questions which form a questionnaire

daoend for their offleseity uoon two fectorai primarily upon

the re* undent*• ability to answer the questions accurately,

secondarily, and in inter-action with the first, the suitability

of the form of «ue«tlon to the eliciting of the information

required. It follows, therefore, that one'a aim in the formulation

of r qu*stionnairs Is the optical ohoice of qu stion type to elicit

the information required,

Proa the methodological point of view, the most obvioue differentiating

feetur of date is the number of ortegorles required to take account

of the vrst majority of cases. On the one hand, there onn be a

dichoto'.eou* categorization to some questions for example male/female.

On the oth«»r hrnd there Is the unique combination of naraa end address,

Setae-n theae two poles there stretches a continuum in the number

of categories required to take account of the vest majority of ceaea.

hilst for storage purposes it le necessary to retain unaltered

such information as ' nama* or 'home address*j on the other b»md

the value of questionnaire data to the administrator is enbenoed

by having e high degree of comparability between replies.

Comparability almost invariably -involves the categorization of
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Information and the consequent impairment of the individuality

of the response. To this end it i9 often necessary to shift

information along the continuum of categorization in the direction

of dichotomy; for example 'date of birth1 may be converted into

en entry in an age group, 'father's profession' may profitably

be given under the numeric Board of Trade classification, and

'home address' may profitably be converted to a 'domicile zone' -

ae in programme JT74*

When Information is divided into a number of classes, it evidently

becomes amenable to numeric processing, with its attendant economy

of storage.

Corresponding to the various treatments which may be given to data

there ere, beeieslly, three types of question:

1. Open-ended - especially suited to individual or personal

date, for example name or hone address.

Whilst valuable to elicit informetion of this nature

for storage, this tyoe of question yields data with

low comprability and requires much storage apace.

2. feting & Multiple Choice - suitable for date which is

readily available in categorized form, for example

age group, or domicile zone. This type yields

information with high comprability though low

individuality: also, it ie economical in its storage

reoulrements.
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This type of question is well suited for computer

processing as it facilitates re ding of the questionnaire

by electronic document readers, it is also very easily

understood by respondents, hence low errors in the

completion of questionnaires of this type ere reported,

p. Coded Reply (specified abbreviations, numeric codes)

this type too is suitable for data which is readily

amenable to categorization, and as such is economical

with storage; but- it is liable to errors compared with

the clear-cut replies elicited by the Rating/i-tiltiple

choice type,

Iu the sphere of aatrieolation schedules, one -nay sen the relevance

of open-ended questions for the collection of socio-dorsestio data

which is ,:ore usually individual in nature and required primarily

for storare; and multiple choice or coding for aocio-educational

data which is more usually classified in some way,

the enrolment forms sent by respond at universities show thst f&iltiple

choice ia used with success by Glasgow, nd Edinburgh, Coding issued

by blast Anylia, wiuh reservations about the number of errors; this

method is eleo used by Loughborough, Newcastle end Belfast. Bangor and

Lancaster have open-ended questions but have many items completed by etaff.
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5. 3N - LI ITS

a} valuation of on-line crosagslng of student records

It is generally accepted thet on-line operation offers the

greatest advantage over batch processing in the case of

problems which, are dependent upon a swift response available

over e wide time spectrum. IhiB may be exemplified by the

airline ticketing application? where a speedy solution to the

problem of space avail ability is a pre-requiaite for an

efficient sales service.

On the other hand, it is agreed thet on-line operation can

offer little advantage over batch processing for major

relatively infrequent problems which only require to be

completed by a certein dead-line, for example payroll comoutation.

Now, student enrolment hes factors common to both the above

examples. On the one hand enrolment occurs once per annum,

or even only once in a person's university career, so it would

appear thet it has much in common with the payroll example

above; end yet it has similarities *rith the eirline ticketing

problem as well, for instance when information is being fed-in

and a speedy solution to the problem of the ecceptbility of

certain replies e.g. Basque in reply to the question 'Nationality'

is required.
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Additionally, once the information has been stored it may

frequently be deoirable to consult it; for exemple, members

of staff may wish to verify e student's eligibility for a

course by consulting his file - this information oan be

supplied instantly with an efficient on-line system with

consoles situated ground the university. The processing of

student enrolnent data thus offers a rewarding sphere for

on-line operation.

A devise is said to be operating 'on-line' if it is external

to the computer system, and it and the computer alternately

take ectlon; such that the external device affects the data

processing operation within the computer and such that the

computer afiects the external device in a significant manner.

b) User-philosophy

On-line proces ing represents a major change in user-philosophy,

compared with Lrtch processing. Computing centres which had

hitherto adhered to batch operation in which only a few

professional computer operators were permitted direct access

to the computer can be thrown open to simultaneous and direct

use by widely dispersed users whose previous acquaintance

with computing may well be slight.
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In the case of student record processing, one now has the choice

of having the students themselves reply to questions displayed

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

for coded information in-put by cleriesl staffj the former

represents 0 mejor innovetion vis-e-vis batch processing, the

letter substitutes input from the console for input from cards,

though, of course, the possible edventage of instant verification

or erbitreticn of difficult cases is opened up. On-line operation

with typing staff allows the tedious verification of the input

cards to be eliminated, as the input can be checked visually on the

screen at the time of typing, and if necessary, easily and swiftly

altered - exemplified by the treatment of Individual Data in

the attached programmes. Additionally, when the computer accepts

the display, interrogation routines oan check the validity of the

incut against pre-determined criteria, as with Categorized Data

in the programmes? alternatively the input can be interpreted

to the user ao aa to highlight possible discrepancies - as in

the conversion of 'date of birth' in Numeric Data into an age

on a specified reeent date.

These latter advantages are also applicable when the consoles

are thrown open to all comers, in which esse the consoles must
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be programmed to accept input in e form close to natural

language - an innovation whioh is necessary to cope with the

fact that students are for the rno^t part inexperienced in

computer languages. Although this type of operation would

result in more corrections in input data being required, the

fact that each entry requires relatively little processing

would keep the waste in Q.P.U. time within bounds. A

considerably greater amount of time would also be required

for the typing of the input than would have been the csae with

olerical staff? on the practical side, however, enrolment takes

place at a slack time since the computer is not required for

formal teaching so there is little premium on maximising t e

speed of the operation. Furthermore, in a world which bringi

an ever wider section of the community into contact with

computers, such «n initiation could be regarded as 3 valuable

part of general education.

The opportunity for the rapid retrieval of past records would

on the one hand pose questions of security and confidentiality,

whilst on the otherhand it holds out the opportunity for

eliminating the necessity of supplying full information at each

annuel matriculation - astudent's record need only be up-dated
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In the relevant respects. A limited attempt to simulate this

feature is shown in the programme -JT74 where returning students

upon giving their name will receive e display of their 'Individual

Data1. If this remains unchanged, they only need to complete the

other sections, this saves considerable console-occuoancy time as

well as O.P.fj.time. m the processing of existing data is eliminated.

Timetable construction and class-list production could also be

facilitated by on-line operation beoeuse diff'icult cases could be

resolved on the spot and when a completed timetable has been

producedyhypothetical changes could be introduced and the results

known very quiokly.

c) Organizational Advantages

When operating on-line almost all the tssks of input preparation

are performed by the computer - the man at the console can

effectively be the 'customer' in the figure, and the other human

Units in the chain can be eliminated. The communications system and

the remote console take care of routing the information to the

user, furthermore, a properly designed system will result in

fewer input errors then a oonvential system, since, for one thing,

fewer steps are necessary.
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Sequence of events in betoh processing

Fill-out reaueet using
RpplicEition-orientFted
1rnguege

Submit to Processing
Centre

Receive Message & Log

Translate to

Computer-Orientated
Leaguage & Format

Key Punch §» Verify

Run on Computer

CUSTOMER

MSSFSNQ R

DISPATCHER

INFORMATION
SPECIALIST

KEY-PUNCH

OPERATIONS

\

Study Resuit8
A

Sumit to Customer

Log Output <S»
Dispatch

Output
Contr ol
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d) Costs

Ultimately, the pro's end eon's of on-line processing mat

be set along the measuring-stick of cost.

1) HARDWARE COSTS

These costs for a system capable of efficient on-line

operation will exceed those of batch processing. The

principal forces tending to increase costs are as followst

i) Additional working storage features

ii) f&tltiaccess to and independent operation of

working storege

iii) Large internal high speed memory

iv) Increased storage oapacity of auxiliary memories

v) Hardware speed degradation

1) i) Additional working storage features result from

the need of the executive to be able to determine

the instantaneous etftus of the computer system

where attention is being turned very rapidly from

one user to the next. Probably the most important

feature here is the relocatability hardware - the

hardware which allows part of the programme (segment/
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p8ge) to be reed in from auxiliary memory into

any position of the physical working storage.

Since that part of the working storage may not

be the aerne part of the programs® operated from

before and since, there is a requirement that the

programmer (user) need not bo concerned with the

location of his programme each time it is to be

executed, the raodificattion of the addresses for

relocation must be handled automatically. Therefor®,

in the interpretation of an address, a table look-up

is accompanied by hardware to determine in which

proportion of the memory the address is to be found,

end then the proper tnodificp-cion to the address is made

to determine the effective address.

1) ii) Multiaccess to and independent operation of

working storage. The Protect feature must be

extended from writing into unauthorized space

to reading from unauthorized space.

iii) Large internal high-speed memory is required to
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increase the probability that the part of the

program-® or data which is required next is on

hsnd in high-speed storage, and hence ready for

execution. Thus it is necessary for a complex
executive to reside in -working-storage which

cannot, because of the high frequency of usage

be kept even in part in auxiliary store. The

high speed memory represents the most costly pert

of the machine.

Increased stora o capacity of auxiliary memories

is required for buffering and communicating with

the user station.

Hardware speed depredation. The process of

associating the address of each executed instruction

with one of the various portions of the programme,

and then modifying the effective address requires

an additional 15/20, of computer time - this results

in the basic memory cycle's being slowed by this

amount. This is tantamount to the addition of a

15/2<^t addition to operating costs of the machine.



50

2) SOFTWARE COSTS

Increased programming end analysis coats are incurred

as a result of the increased system complexity.

i) The programme must make allowances for the

manifold of random occurences in the computer

system which result from human inputs which

in turn pro-side a multiple of interrupts to the

system operation,

ii) The problem of working storage overlay. The

system must enable the swapping of programming

data between working storage end auxiliary

storage to be considered with maximized efficiency

while giving ell users a sufficient number of

time slices within e given period of time,

iii) The memory menage-rent problem becomes far mors

complex since ther will be many levels of data

storage depending upon the frequency of usage,

iv) A scheduler is required to take account of the

various conflicting objectives of the system

and the users,

v) The development of conversational mode language

and debugging aids is also complicating.
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e) 'late Structure

The rate structure for betoh processing has evolved as e charge

for ao:spul~ng time used plus the cost of osrd punching ond

verification. Shen operating on-line, whioh by its very nature

implies time sharing, thuru are b siceily two rate structures

evftil&'ale. Id ' philoaop y is reflected Ln charging for tin-line

availability of the anchine, whilst iey-Data charge for the amount

of comnuter time used. The latter would appear the acre fair in

that one pay* for exeetly what one obtains; r.8 suoh this method would

give e more sensitive indication of the relative efficiency of the

user's programming in maximizing the return fro® the most expensive

oeaniodity - 0, .0. time. The 131 system, on the other bend, would

piece e premium on rapid keyiag-in because the time spent at

the console keyboard serves as r basis of o» prgiiig; the amphefcis

is shifted fro® programming efficiency to menuel dexterity.
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4. THE RATIONAL? OF INFORMATION RETRIEVAL

Ab we have seen, on-line computing aysterns are well suited

to the storege and subsequent retrieval end display of teohnioal

and business information.

a-) Information retrieval involves!

1) COMMUHICATION

2) PATTERN MATCHING -

5) ORGANIZATION

1) Conrriunicetion is taken osre of by using a pre-defined

vocabulary (English) structured into pre-determined formats

and fields according to the rules of FORTRAN.

2) Pattern Matching is said to require a succession of rules

for matching which may be regerded as successive screens

of ever finer detail. The method employed in the attached

programmes may be outlined as consisting oti

i) the successive isolation of the first four-charaoter

unit of the item under consideration

ii) the coaiDarison of this set with the first four-character

unit of the word against which the matching ie to take place

iii) in the event of the comparison's yielding a negative
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relationship, the first four-oharacter ^mit of the

next item in the sequential storage list in question

is compared, and so on until a positive comparison

(metch) is achieved - in this cere the next four-sherecter

unit of both the item for which a metch is being searched

and the standard from the sequential storage list are

compared. If a match is achieved the process continue* until

ell the four-charact-r units in the 'standard' for comparison

have found an identical counterpart - a aesaege which states

that a 'meteh'hea been achieved is then displayed. If a

match is not achieved, a message to this effect is disnlsyed.

In JT74 where, given the match of e person's name, his

Individual Data fils will be displayed; in the Archiving

routine the programme will display a whole bibliography

once a category or category-combination match has been

achieved.

Organisation is an attempt to provide a balance a songs

i) required response time

ii^ required degreo of selectivity

iii) cost



The basic form of organization is the sequential list in which

records are organized solely on the basis of their successive

physical positions in the data set; they ere read or written

in the same order in which they aopear end individual records

cannot be deleted or inserted unless the entire data set is

rewritten. Sequential organization is the only type which may

be used for data 9ets on magnetic tape volumes, unit record

equipment, and paper taoe.

The stack is the moat beeic form of manipulation applicable to

sequentially organized date sets, as only one end of the test

is involved in manipulation, it invariably results, however, in

the 'youngest' addition to the list being the first to be removed.

The more sophisticated form of sequential data aet, the queue,

requires for its optimal operation two pointers F(front) and

R(rear). FcfUO when the queue is empty; this allows greater

flexibility in that additions snd deletions can be conducted

independently. It also offers the practical advantage over the

stack that the 'oldest' addition to the list is (presumably the

one of the least current interest) the first to be removed.

The opposite can beaehieved by reversing the direction of the

queue. To circumvent the problem of the queue's overrunning
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memory availability, Knuth points to the opportunities offered by the

circular queue, the deque.

Eeonony in storage requirements can be achieved when there are

two variable size lists, by allowing the lists to grow towards

each other. The lists may independently expand and contract so

thrt the effective maximum of each one could be significantly

more than half the available space.

We have seen that the sequential list can deal with additions

and deletions, but that it does not provide for easy insertion

or deletion of items at points other than the beginning or end

of the list; this inflexibility can be effectively overcome by

the 'linked list concept' in which each node contains a link

to the next node of the list. This method can be elaborated into

the Indexed Sequential system.

Indexed Sequential system has records which are organized on the

basis of a collating sequence determined by KEYS which precede

each block of date, and which exists in space allocated on direot

access volumes as prime areas, overflow areas and indexes.

This type of organization gives the programmer such flexibility,

and for this reason has been used in the programmes attached.



The Indexed Sequential system allows the programmer toj

i) read or write logical records whose keys ere in ascending

collating sequence (as in sequential organization) without

requiring an index search,

ii) read or write individual logical records whose keys are

in any order. For the retrieval of each record a search

for pointers in indexes is required, consequently thie

operation is slower than reading aocording to a collating

sequence,

iii) add logical records with new keys or delete old ones.

The system looates the proper position in the data set for the

new record and makes sll necessary adjustments to the indexes,

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

our purpose of storing and retrieving information to which

additions and deletions are to be made from time to time, as new

students enrol and others leave, and as course choices and addresses

change during an academic career. The version of this method used

most widely in the attached programmes is of a basic sequential

list, each unit of which stores 4 alphanumeric chsraotera, end an

index which points to the last unit in the sequential list which
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belongs to the category in question, flith this system the

beginning of the current or previous list can easily be loeated-

this is required for scanning, storage and display purposes.
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* • TH? PROGRAM"^ DFVFLO-;T7P "pq THIS "ROJBOT

Whilst three programmes hpve been develooed; all hew® the

common factors of being In the sphere of data processing,

end of employing a? their bssic teehnioue that of the storage

end subsequent selective retrieval of information. Their

spalieetion is also orientated towards use in university

a d minis tration.

a) Generalised Data Processing Programme

This prop-rarame is designed to handle the three types of data

usually encountered by any data processing problem.

1) PERSONA! DATA - data which is passed on for storage

in the form in which it is supplied by the rosDondent

because of Its being personal to him and hence unique.

2) CATEGORIZED DATA - data which, to be accepted, must

be supplied in a form which, conforms to the categories

specified on the screen to the respondent. These

categories must have been stored by the computer prior

to the user display stage.

5) NUMERIC DATA - data which must conform to the required

format specifications, but which is checked by t^e

respondent himself.
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The programme is written in conversational modi for use in

conjunction with remote access consoles. A man programme

JT74XP, handles the main I/O instructions end calls the

subroutines which conduct specific operations.

In the programme only standard messages are stored as data

blocks, instructions are included in the programme itself,

and topics ere supplied by the supervisor. The first display

is a description of the programme end its capability, followed

by instructions to the operator/supervisor on the inclusion of

reedy-supplied deta attached at the end of the file, or alternatively

for the ooportunity to specify one's own data requirements.

If the former option is chosen , data and all inclusion flags are

read-in without further human intervention through JTDATA.

The next display gives the user-instructions for use of the console.

If the latter option is chosen the next display after the choice

point gives details of the categories available and the number of

topics wV-ich may bs considered and their permitted distribution

emong the types of data. This is followed by a request to enter

the number of topics for individual and subsequently for

cetegorized data. In case the summation of the topic requests

for these two categories exoeode the maximum available, a message
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to this effect is diepleyedj the user is elso told of the

extent by which the maximum has been exceeded and the numbers

requested for each category, en opportunity is then given for

e re-statement of the topic require cents. If the topic

requirements fall within the prescribed limits, then the

individual date topics end subsequently the categorized data

topics are read in. A count of the number of topics so far

included is displayed. The opportunity to include topics for

the individual numeric data section, if it has been requested,

is given, finally, the number of questionnaire presentations

required, is to be indicated. The operator's task is now

completed end control passes to the ueer and the programme will

run the requested number of tiroes without further necessary

Intervention by the operator.

The instructions to the respondent for the use of the console

now epperr on the screen. If the ready-supplied dsta has been

used, all categories will be considered, otherwise a category

will only be mentioned if it has previously been requested by

the supervisor. The first section to be considered is the

personal data section, which Includes data such as e nana

and address. If the screen has been reed es blank, a message
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to this effect ie diepleyed end the request for information is

repeated. If the display request code VZTX hes been inserted,

control iu, passed to the display section at the end of the

programme. If XXXX is sensed thiB code induces the deletion

of the previous reoly and en opportunity is given to replace

the offending reply by the correct answer. The subroutine

JTREPT acknowledges the request end handles the special repeat

instructions and leads to the redisplay of the question. If all

goes normally, however, the reply is passed to the subroutine

JTSKCR for storage; upon exit from this routine a check is made

to ensure thet there has been no overflow in characters or words

for storage; in the event of overflow, control is passed to

JTEX.IT which displays the type of overflow involved and the

culpable item, the programs then aborts.

Under normel circumstances control moves to the next topic in the

section. At the end of the section a message is displayed and the

user must enter '•NEXT' to proceed to the next section - Categorized

Data - the title and format of which ere displayed. The next

display is a request to reply to the question, using one of

the acceptable replies previously read-in for the tooic under

consideration end currently displayed. The reply is then passed
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to the subroutine JTIGET for checking with the master list

of acceptable replies; if the item is loaated in the appropriate

category then the mesaege.'OK O'TECK FOR topic, reply* is

displayed and the programme continues. If the reply is not

found then the ses-Ege.'KO GO FOR topic, reply1 is displayed

and a requeet to give the correct reply is displayed. If the

error occurs a second time, e message to this effect is displayed and

the question is repeated. If the error persists the message,

•THE PROBLEM 13 NOW PASSED TO TIE ARBITER FOR CLASSIFICATION*

is displayed end this activity is simulated on the user's console:

as inter-console transfer is not feasible at the moment.

The name of the topic under considered on and the offending

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

in the acceptable reply and this is then stored in the normal

manner. At the end of the section, a message to this effect

is displayed, and the title of the next section ,individual

numeric date, is displayed and control is passed to subroutine

JTDATE which handles all numeric data. If numeric data has

been excluded then the end of cycle message is displayed to

the user.

The first question of the new section requests a date(dete of birth)

in the gorm DDMiiYY which is passed to JTAGED where it is converted
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into DD MONTH 19Yfj to facilitate cheeking by the respondent

this d-te is interpreted as en 'bsp' on Jl December 1969,

whic^ ie displayed r-e w»Il but not stored. In the event of

im.iossible replies, s message to this effect is displayed and

the question presented agein. An opportunity is given for the

user to correct data which, whilst not 'impossible' according

to the criteria supplied to the comp-'+er, is incorrect in a

mitter of fact. The remaining questions deal only with years.

The instructions and examples in this seoti >n particularly have

been angled towards academic application, but are ee3ily modifiable.

Upon completion of this section the end of cycle message is displayed

to the respondent, and once he has complied with the reoueet to

enter 'NEXT', or in fact any four character combination other than

VZTX, the user instructions will be displayed for the benefit of the

next respondent, and the computer is reedy to process another

respondent's replies. If VZTX is entered, control is passed to the

display section which indicates the total number of files processed

to dee end the opportunity is given to continue questionnaire

presentation, display of all or a specified number of processed

files by calling JTSHOW, or finally terminate the run.
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This programme was developed under the RAX44 system, end at

the moment there i» no ee®y way of saving files. The above

represents a pilot scheme for subsequent development under

56O Xain Line RAX which includes e comprehensive file storage

system,

b) Matriculation Schedule recessing ■•Togramwe with

Dlrnlgy facilities JT74

This programme is designed to Illustrate a variety of data processing

techniques which can readily be applied to the replies given to the

questions on a matriculation schedule of the type used at the

University of St, Andrew?. The reoliea can be collected either on

the traditional forma and then keyed in to the computer via the

oonsolea, by clerical staff; or alternatively, and this programme

has been designed -ith this possibility in view, the students themselves

could supply the answers to the questions directly to the consoles.

This programme was specifically constructed in order to handle the

data from matriculation schedules and the tonics available for

consideration by the programme are pre-defined, although the inclusion

of a osriiculer category or topic can be determined by the operator,

he can also supply acceptable answers for the categorized section.
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Inclusion settings and eccepteble replies ere also <-vri teble

in reedy-supplied form ee data.

The fremwork of this program's la ekin tc the Generalized Data

Processing Progrewmo, which bee already been described?

accordingly only the divergent chsreotsristies of this irogrmmmm

will be explored.

If the operstor chooses not to use the re^dy-eu olied inclusion

settings end replies, he -nay indicst® the number of tonics from

the 12 on the screen to be given categorized starsee answers.

The first of these topics, which are stored in 4M format in locBtions

25 - 72 of the array IAS, 'Domicile Zone* , incorporetes a factor

frequency count? this -neans that e*oh ti at a respondeat gives on© of

the three acceptable replies to this question, a count is kept of the

number who riv© each of the permissible replies, and the respondent's

file will be octagoriaed according to his renly to this cufstion, when

a request to display all files from e particular category is made. The

operator also hes the o »ooriunlty to ©cecify the number of pre-deter-nined

personel and numeric dste to )less ©'tab be wishes to have considered.

The option is also given to include 'existing files', this is a

eirauletlm of © step which was not evsllabl® at the time of

programme development? instead of using dote which has been
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merely read-in 88 data. If the existing files' inclusion flag

has been set, the first display following the user instructions

asks the respondent if this is his first matriculation. If the

answer to this question is negative the respondent is ssked to give

hie name in a specified forasptt fi* such it is passed to the oubroutine

<TTacao where e search ie rasde for e fi e with this neme. if one Is

found a message to this effect is displayed, followed by the file

itself end an i :vitetion to confirm its correctness. If this is done

the information on the file is incorporated into the current file on

this respondent and control is then passed t the next included section

(usually Categorised Dete). If the file is not located, c messege to

this effect is displayed end the o- portunity to ohoose between making

another attempt to 1 eate the file or to complete the full question¬

naire is given. This letter option is itaposed In the case of

respondents who ere matriculating for the first time. All 'untraceable'

neiaae are recorded and may be consulted by requesting the 1 /rograsat

Irregularities Log' in the displsy section. The purpose of this is to

exemplify the technique of recording erroneous rocli^s for future

analysis so that the points which r«*afondants find difficult may be

studied end simplified or eiiiainet»-d in subsequent progrersnes.



In the date collection stages, this programme follows the seine

general course as JT74X?. The point of divergence is in the display

facilities, where the operator hes the choice of seven operations.

He can continue the guestionnaire presentation - this simply involves

e branch beck to the first address of the outermost loop. The

operator can display all or a specified number of files; this involves

the setting up of a loop, the upper limit of which is the number of

files reauired by the operator. The total number of files processed

to-date is displayed each time the display facilities are recuested.

The operator also has the opportunity, ee in JT74&Pj to terminate

the run. The facilities which ere exclusive to this programme include

the display of files classified according to the replies given to the

question which included the factor frequency count facility; a record

of the file numbers which fell within the specified categories for

the count had been made in the location subroutine JTIG5T,

The method used for display ia simply that the numbered files are

displayed by e loop which usea the successive file numbers associated

with a particular category as its limits. The factor frequency

count facility displays the nu ber of students who fall within the

specified categories. The display of nemed individual's file and

the display of the programme irregularities log have airesdy been
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mentioned.

The facilities which we have illustrated show how easy it would be

to obtain a wide-ranging statistical analysis of the students

within moments of the final enrolment. Of course, samples could bo

tahen at rny time in the enrolment process. The sorting of the files

according to the possession of a certain attribute is used to display

either the whole file, or just the name of the student. This supplies

the basic requirements for the production of class lists and for the

construction of conflict matrices and ultimately of lecture and

examination timetables. The same facility can also be used to produce

personal data files on students for the information of Wardens of

residences and Tutors - in the event that they do not hove ready

use of a remote access console. In future no doubt the electronic

transmission of the relevant parts of personal date files to

potential employers could be achieved.

A synthesis of these two date processing programmes illustrates

the wide opportunities which are opened in the sphere of university

ad inistration by the application of the basic techniques of

storage and retrievel of information. Both literal nnd numerio

data crn be handled. Any topic may be specified for consideration
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and any reply may bo considered as acceptable, alternatively

acceptable replies iay be closely defined. Difficult cases may

be resolved on the spot. 'fhe input can be orocessed to yieLd

detailed etatietical analysis of the Year's enrolment: and once

recorded, ell the above may be retrieved and displayed at remote

locations. It is only r retted that limited facilities circumscribed

the scope of these schemes.
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c) Archiving Programme

This profreniT:^ which web develo ed with card input and line

printer display, is designed to display bibliographies on

requested topics or groups of topics. To this end, the available

topics are read-in and subsequently attached to th6 titles of the

works which the programmer designates as having relevance to the

category in question. Parameter values are stored on disc, the

bibliographic data is stored in a sequential list on tape.

The programme consists of a main programme which handles the main

I/O operations and oalls subroutines to conduct specific tasks,

such ee the storing of topic/category designations JTCAYG, the

verification of the availability of the requested categories

JTFUID, and the display of bibliographies JTDISP. All the

essential information for the programme is contained in four

arrays: ITQP, with as many locations as possible, is used for

the sequential list which stores all bibliographic data md

pointers to the next entry associated with the particular topic/

category; JKEY with 950 locations stores the individual characters

of the category designations which are stored in 7 At format,

IKS? with 100 locations stores the end values of the category

designations. The 100 x 5 array, lAri, operates in conjunction
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with ITGP, IXEY end JKEY. IAK(L,l) stores the number of entries

attached to the category designated 'L', which corresponds to

the counter value in the IKEY array? this value is the number

which was attached to the category designation when it was first

read in to the JKEY array and by which the category can subsequently

be designated. It is recalled that IKEY array stores the end values

of the category de9imetions stored in Al format in the JKEY array,

and the IKET counter is augmented by 1 when each category

designation is read in. IAH(L,2) stores the value of the ITQP

array of the firct entry for category 'L1 . IAH(L,3) stores the

vslue on the I?0? array of the last entry for eateporv 'L' -

there may be 100 'L' valuee to correspond with the 100 end of

category designation values which may be stored in the IKEY array.

The other arrays serve primarily l/O or specific subroutine

functions.

The first operation is the reeding of he ©Deration code ICJUIZ.

A value of 11 signify -*s that this is the first run of the

nrocramrre, and initialization is conducted accordingly? categories

for the classification of rjcords as well as initial bibliographic

data, are rend in. For subsequent runs of the programme, a selection

must be made from one of the other three other code?; , 35 or 77*

When IQUIZ is set equal to 5?» additional categories for the
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cleesificetion of bibliographic entries ere read in and stored,

the parameters which determine the positioning of these categories

in the srreys ar reed from disc end the up-dstsd values returned

to it prior to the end of the run. Ko further bibliographic

dete are reed in under thie coder in order to obtain this additional

facility the code IQUIf 55 is to be used. Code 77 oalla subroutine

JTTIS vMeh will effect the display of those bibliographic entries

which have been seseeiated with specified eategori.'-rat this facility

»ay he used to display ell entries aseociated wit anc epeoifio

category or only those bibliographic entries which are ooarsa to

e nextsum of six specified categories.

In orde to illustrate the operation of the program •« wo shall

consider a tyoical run for adding category designation ruid

bibliographic entries. Operation code 11, which is use only

on the First run, is the seme in all respects excert that the

arrays end -are'asters err initialized in the progrr rethur

than re»d from disc. In the eras of code 55 being requested,

the parameter values and er~<-ys ere reed from disc where they

have been stored since the lest run. In ediition to the urravs

ITCH*, U !, IKS? and JKST} the value o? IEKTR the number of

bibliographic entries to det.e, S - the counter value Cor the number
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of categories recorded in IKEY to-dete; J, the eounter of the

number of cheracters stored for the designation of category names

to date, and IE - the counter of the number of locations on the

ITOP array taken to date for bibliographic data. If code 77 had

been specified, control would now pass straight to JTDISP which

controls all bibliographic information display activities? otherwise

JTCATG is called. The subroutine re^ds the numberof categories

to be read-in from cards by the parameter IGTG, this value is then

used to control a loop which will read the first seven characters

on the card in A1 format, any blanks ere eliminated. The individual

characters, initially read into the array IAA ere transferred by loop

to the JKEY array and the IKEY array records the value of the end

of the JKEY LIST when this word has been read int as such it can be

used as apointer to any category designation. Upon return to the

main programme, a test of IQUIK is made, if the value is 5?o^ntrol

is transferred to the end of the programme where the principal

arrays and parameters are returned to disc for storage; otherwise

the first card of bibliographic date is read in 80A1 formst into

the store, after the ?20 characters of tve IAA array which are used

have been set at blanks. A test is made to ascertain if the first

character is an asterisk ; if so, this signals the final entry of
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bibliograohic date for this run of the programme. A test is also

nrde to ascertain if the 80th character on the card is an asterisk,

if so another CFrd of 80".l characters is read in upto a limit of

four cards. The 820 characters 3tored in IAA are then transferred

in unfresetted form to tane by a loop in blocks of 80 characters

(as the maximum number of characters which ay be written to e

tape at one time is 90}. The entry ~nunt ITfTfY is augmented by 1.

The next ctep is the rending-in of the sets of seven character#

used for the designation of the categories to bo attached to this

bibliographic entry, A test is mads for en asterisk in oosition 1

on the card; if this is found this indicates that the lr.st category

has been reed in and control passe# to address 1 which is the

starting point of the re d-in of bibliographic data; otherwise

JTFIND is celled. This subroutine searches the JKEY array for a

match for the category designation currently in IAV. The method

is that a loop (790) with upper limit of F (the umber of categories

read in to-dete) is set up; yet another loop (206) is set up with

upper limit and lower limit determined by the values stored in

IKEY array. If a match is found at the lower limit value of JKEY

$he next JKEY and I.'V characters ore compared; in the case of continued

matching the loop 206 continues to its upper limit, end then returns



a flag (NOOQ^O) to the main programme which indicates that

the category designated by IAV matches one alreedy store1.

On the other hand, if there is no match between the initial

characters of the two designations, or if a full match falls

before the up:er limit of the loop has been reached the loop

SC6 is aborted, and new upper and lower Halts of search rre

establish"?! by the outer loop (700) - in other wordp another

ortsrory is considered as a possible raatah for t^e category

designated by IAV? this procedure continues uo to N times,

at which ate;-® all available categories have been considered

end it must be concluded that the category in cueatIon has been

wrongly deal;nstad, or has, ss yet, not been inoorcoreted into

store. A message which stetes the failure to locate a cater ry

specified is printed upon return to the main programme of the

flag (fiOGO= 1 j). In this oase, the programme is terminated end

the arrays and pare-et re written to disc for storage. In the

case thrt t match hea been ©chieved, the category ntwaber (J7)

is converted to * whiah in turn is stored in the I AH array as

outlined above, end IfOr (I -) stores th® entry number end

ITOP (IPX),the next entry in the array,stores a pointer which

indicates the position on th# ITOr array of the next entry which
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falls into the relevant category. Once one category has been

successfully attached to the bibliographic data another one is

read in until a termination request is sensed. In this case

control peases to address 1 and another bibliographic entry is

mede; if, however, a termination request is sensed here too,

the run is terminated after the arrays and parameters have been

written to disc.

We have seen how date is stored; we shall now describe the method

employed for its selected retrieval. Operation code 77 cells forth

the display facilities of the programme incorporated in JThlS13.

After the arrays and parameter values have been read from disc,

control is passed directly to JTDIBP. After initialisation of the

pointers I and KT, the seven characters of the requested designation

of a category are read into IAV in format 7AI. Up to six different

categories may be requested as being recuired for consideration

together - thia mesne that only bibliographic entries which have

all the designated categories In common will be displayed, the

disolay of bibliographic entries under a single categorv is, of

course, possible. The end of the category - combination wRich has

just been requested is indicated by a single asterisk, in column 1;

the end-of-run request is indicated by asterisks in columns 1 & 2.
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After the seven characters of the category designation have been

read-in and the termination tests successfully negotiated control

is passed to JTFIix'D which checks the correctness of the category

designation end returns the number code of the category in question.

In case of on error the KOGO flag is set to 10 in JTFI1JD and upon

return to JTDISP this iB detected end the run aborted, a message

explaining this is displayed. If the category is located, the

number code (J2- of the category is stored in KK(l)j the beginning

value on the ITQP list of entries under this category, IA:i(JZ,2),

is stored in JiSY(l)} and the end value on the ITOP list of entries

under this category, IAK(JZ,5) is stored in JUV(l). I is a counter

which is augmented by 1 for each complete set of above data read-in.

Control is then passed to address 200 where an end of category

combination test is made. If this end flag is detected, control is

passed to address 2C3E5 where JEV(l) - the beginning value on the

ITQiP list of the entries under the first category which has been

mentioned in tho category-combination list - is set equal to JZ.

JZ is subsequently used in ITOP to find the entry number et this

position} this value is in turn set equal to IPlNDi the purpose

of this manoeuvre is to establish a lower limit for the search

through the ITOP array. If I, the counter of the number of categories
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requested in this cetegory combination list, is eaual to 1}

in other words, if there is only one category to be located

display procedure is initiated; otherwise a loop is established

with index M end upper limit I (the number of eetee-ories for

which to be searched). The Talus of M is used es the subscript

for JEV array - in this way tho beginning values of all the
*

categories requested will be considered. This JEV (M) value is

set equel to MM, vjhich is then used as the subscript for ITOPj

this will yield the entry number of the first entry attached to

a particuler category. If this entry number is found to be equel

to IFIHD ( the entry number at the lower limit of search, as

previously d terained) control is passed to address 207, if

the loop goes on to oonsider the beginning value of the next

oetegory. If the value of IFIND (lower limit of search, based

upon the category re d in first in the oe'©gory-combination list)

is found to be less than the beginning value of the category list

determined by J.TGP (VM), control is passed to addrees 208 where

JEV(i) - the beginning value on the IPG? list of the first category

to be considered - is set equel to the value indicated on the

HOP list by the location following IFIND.- This is the pointer to

the location on the ITOP array of the next entry which i<* recorded
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as being linked with the oetegory in question. JUV(l), hitherto

the upper limit of the category in question, so far es the search

ia concerned, is now set equal to IJ which is then used ss the

subscript for ITO?. A comparison is then rrade between IFIND, the

lower limit, end ITOP(IJ) the upper!imit of the search for thie

category. If they are found to be equal, control is passed to

address 215, "the tape is rewound and control is passed to 199

in readiness for the processing of the next request; if not

control passes to 215 (see above). If after passing through the

tests the following 205, as described above, it is found that

IFIND - the starting val ue of the first category in the list of

categories - is greater than ITOP(MM), the default option of the

teste which follow 205, then a further test ia made which comoares

MM. the starting value on the ITip liet As JUV(M), the end value

of the Mth. category requested in the list of categories requested.

If these values are found to be equal, control is passed to address

215 where the taf>e is rewound in readiness for the processing of

a new list of requests? otherwise JSV(m) - the starting value of the

Mth category in the list of categories requested - ie set equal to

the value indicp+ed by the position on the TTOP arrav one greater

than IT0?(MMy - the starting value of the oetegory under consideration.
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This value, ITOP therefore* points to the oosition on the

ITOP list of the next entry associated with this category.

Control ie now transferred to 209 with KM set equal to the higher

value of JEV(M), In thlswey all the entries in the oategory

under consideration will be examined in turnj only if IPIND -

starting value of the first category in th® list of categories

requested - is fotuid to be ©quel to the starting value of the

category MK will control be peesed to 207, »nd only uoon completion

of the loop 207, which provides for the consideration of entries

in all categories in the list of categories to be considered, will

control pass to the writing phase of the routine - this ensures

that only entries which pre in feet wonnon to ell categories

in th® list of categories requested will b® diepleyed (th© object

of the exercise),

(IFIN3 - 1),4 - 1 represents th© number of records involved In the

storage of the entries tip to the value indicated by IFIKD, The

repson for multiplying by four in thnt because there is a maximum

of 90 characters per record en the number of ohareotere whioh

may be written to taoe at one time, end sine© 4 * 89 ohnrsoters

heve to be written to tepe, four records per entry ©re used.
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If (IFIND-1 ),4-l i« found to be e<?UBl to KL - pointer to the number

of records psssed over to dete in thie particular quest for entries

with eoT"-on categories - then ther« is no need to ste- the tape

€nd writing cen b© conducted directly from the record et present

pointed to by KLj otherwise a looe is set up with KL as the lower

limit end fCU as the upoerlimit - KU hee been set equal to four times

the value of I*ISD - 1 for the reason explained above. This loop

conducts e dummy read operation between the oreseribed limits, end in

to doing steps the tape to the position required for display ofthe

bibliographic information ae«oeleted with the categories required.

The aqtuel trmafer from tape (ST3003) to printing (RfSOCfi) i«

conducted by loop 250 which runs from 1 (be inning of the first

record) to 320 (end of fourth record) in eteoe of 00 (one oard length).

The index of loop 250 is K1 end thie is used to augment the upper

limit of the 3S#D(2) loop by 79 each time 00 th'-t all 80 oh ereatera

will be reed. T e write operetion is conducted by trn implied

•do loop' running from 1 to 320 and which writes in format SOAl.

Oon completion of the operation, KL - pointer to the number

of records prseed over to drte - ie eat equal to four times IPhiD 1.

Thie concludes the first write operation cycle. The next begins

automatically when JEV(l) la set ©quel to ITfr>( JT+-1) at the ad dree a
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2'jfV, ?•* '^scrib^d above,

Upcsi completion ni lb a operation, control is returned to the naln

progresna for t wrrrsinetidn of the run after writing the parameter

values end «rr«ys to disc. In the event of «n Incorrect ertegery

destgneti on. control 1? erp.la peered to t>-. aein .ro/.r* hut tf-on

rrrivel rn error condition is sensed by the test for KQOO-10 and e

aeterge to this effect is printed prior to the termination of the run,

Pregrennee of this type pre evidently ideal for use in conjunction

with remote cscesr p<?ulp«ent. Unfortunately, » has si reedy been

noted, at the time of writing storage facilities were not tvsllohle

on the remote sccese system in use? for this reason the rou'ines

in thi* programme <ere develo - *d with cerd in, ut end line printer

output, end of source, thr programs# will errve mti--factor! ly

in this wry. It is etey to opemiej the retrieval eection, eepeoially.

where the user needs only select the combination of ct.rgoriea

required from # tray of pre-punched category designation ecrde

end end of list marker*! (eeteriske), prior to '• ending them to the

operator for croodeeing. It is anticipated that these routines

will be adapted for u-e on the remote access system once storage

f«eilltie« become rvrltrble. This nrorrsmme could play e volusble

role in the library. It also illustrrte* one technique for the



Btorpge And subsequent retrieTal o" existing files wbich oould

only be almuleted in JT74*

*»
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6, ti r it'. >

s) Introduot'on

In step with the application of computer# to filing and data

processing hc« been their applieation to the 'temporal ordering

of events subject to constraints' - timetabling. fhie is a teak

which can be laborious, time consuming, and really very inefficient

if conducted annually.

The earllea-large scale applications of cos juters to timetabling

in the academic context were made at universities in the U.S.A.

This inovrtion we# accelerated by the larger numbers involved in

13,1, universities and the wider choice of courses available to

students. In 196* Holz described his method of timetabling at

the the requirements for each course are given as the number

of olrapes tog"tlier with eoasible inatructora end time patterns

listed in order of preference. At eaeh step in the compilation

the best available time patterns and inatructora are allocated. If

there are not sufficient instructors available without causing

a clash, the repuiremaat remains unsatisfied and is marked

eppropriatelyj thus the final timetable may not curtain all the

required clessea, prepared, se it is, on the beaie oi' probable

rather than actual student selectiono.
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Eefth student select* aewerel courses sad thee® selections

ere entered into the orcgrawse. Inltlslly, the selection for

p student 1* cheched to wee if it ie eonoetlbla with the timetable?

if not the student eennot be scheduled end n message to thia effect

1" printed. The next et'fs is to compute r. wor'-sbl© solution?

the 'wflue' of the schedule is ooarouted to determine whether it is

e food one or not. Output occurs if the schedule le acceptable?

if not e ne,r schedule is computed end tested. & limit is imooted

on th - number of schedules tried, end when thrt limit is reached

the best schedule computed is printed• Each schedule is considered

only on its own merits without reference to rny other student's

schedule. Thee, if e student is scheduled bedly end fills the

l"8t rurrilr-ble piece in s eless this step aonnot be retraced.

A slifhtiy different approach to this problem hre been made by

Shermen (195??) at Purdue where the number of students wee 20,000.

tith this number the time to schedule eseh student in of molar

importance. The method used pime to schedule erch student

et ouickly cp ooesible by reduoin? the number of schedules tried

before a settafoot©ry one is found. This e°n be achieved by

ordering the classes so that the wont difficult else* to fit

occurs first in the student selection.
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Severe! fnctore e*n be brought Into tM? order! <r -rooees.

The noet obvious one i# the number of eleseee oveilsblo to

the oourea. If only one sire' is available tven the student

can either h» fitted Into s olees or not, so that rejeotion

ooour* very early. Another factor ieken into account by this

progfcsmsa is the distribution of students within the olasses.

By keeping the numbers fslrly over, fewer cleeeee reach their

full 09:5*alty, thus lets registrants sen be fitted into the

timetable mors easily.

In U.k, the experience of 'eneheeter University reported by

Uood (IT*#) Is significant la thia resueot. 'rior to

computerisation, three adminietrstore mi three olarke were

employed from Moveriber to .June In the preparation of the summer

«xe-sin®tion timetable, 85"! accommodation utilisation wss

achieved, compered with 79 . after the proeeas had bean taken

over by computers.

At St, Andrews timetabling had been conducted- manually. The

process took six weeks by e senior scmbdr of the edministrstive

staff• In view of reserve capacity, no optimisation of room

aoheduling ere required,

Whilst there ere underlying eimilerltlee between all timetabling
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problem in the sphe-e of academic soplications, there is sn

i%.:orient distinction between school ;nd university timetabling

in tr t in the formey, clessee can be treated as e unit which

must be occupied throughout school tirae 'it the tinivsrsity,

however, there is considerable tins© which does not hove to be

allocated by the timetable, on the othsr hand ther- is the added

problem of combinations of subjects taken by the students.

Three principal approach®# to the problem have been considered

recently, they arsi

1} 003H.I3* »IMRlSiS - exemplified by Oole (1754) end Wood (1968)

2) '50 BOOLUm PAR US - exexplifiod by almond (1955-9) and

Yule (1963)

5) IT iUTIVII (Linear Programming )-»napl if led by otliob (195?)

and Lions (1966)

1) Ths CGBPMCT flTRIO1''? technique involve# ooufttlng the number

of subjects conflicting with each oth«r subject, end then

using th® total nuafcer of conflicts per subject es the criterion

of ordering. The timetable is then built up one stege at ® time

until ell subjects have been scheduled.
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i) Oole (1964) used this" approach In the preparation of

university examination timetables, subject to the constraints

thst no student should be required to sit more then one paper

per period end the total number of periods taken should be a

minimum, ss well as a number of options! supplementary conditions

concerned with the order of precedence of the papers and

ac c omraod at i on.

The basic weapon in the polution of the problem was an

'incompatibility' table in the form of e binary matrix

of N x N array lists, where N is the highest subject number used.
1 Incompatibility' is said to exist when two subjects are taken by

the same student. The complete table of incompatibilities can

be drewn up from the student/subjsct lists.

As each student's list of subjects is read-in; a record of

Incompatibilities in the form of bit markers is made In the

appropriate positions of the 9 words allocated to each subject -

this allocation is partially determined by the optimization of

the characteristics of the machine, an Elliott 805, in which

each word contains 59 bits, 8 full words and 28 bits of the

ninth ere required to record the incompatibilities for each

subject, the spare 11 bits are used for counting (tape 2),
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A check Is mpde thet there is no multiple recording of

incompatibilities.

The input date requires four tepee. Tape 1 records the

subjects taken by each student: $his is the longest end

most comoliceted tape, hence the incorporation of correction

eymbols in the incut routine. The format is as follows:

m, , m , ■ * , ra /k *•i d p

mn student number, end of list marker, k (optional) number of
students taking this combination - initialized at 0,

Tape 2 records three items through three integers in rows,

u subject number

v number of papers

w code for timelocation: 2 non-consecutive

1 consecutive

0 arbitrary

Tape 5 records precedence definition by using a ->eir of integers

to indicate thet A must not preecede subject B.

Tape 4 records period definition - the list of subjects which

must appear in odd periods (a.m.)

Each tape is terminated by an agreed symbol.
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The first stage in transformation of the iaeoapetibilitiee

matrix into e tisssetsble le scoora ilished by » 'grand sort'•

Cole records thrt experience indicci. s thet v® ry sutis 'ectory

ordering of subjects for subsequent allocation in timetabling

ie achieved on the baeis of the total nursber of inco ioetlbilitiae

per subject ' '» end sub-crd-ring by*consecutive' bits 'a',

numbar of passre ' r', original ordering of subjects t thus,

a coats o*it" word eorres loading to a? ch subject is built up,

the K such words ere sorted into order of magnitude.

The secan* strg-e of the solution to the timetabling problem,

the el location of subjects to periods, consists of a serrah

through the lists for criteria of orecedence, incompatibility,

and eoeoismodeticsi constraints, A subject whlet satisfies all

conditions is now included in w, incompatibilities pre recorded

in w1, the peper count is accordingly amended.

A search for the next permissible subject is node, end the

process continued until subject N has been examined. The set

of permissible subjects in w is now pui out, each together

with the current value of the paper count v' . w* la now oierrad

and the papers to be allocated in the next period rre deter ined

in the eeme way. The process is terminated when ail the or;>er

counts v have been reduced to zero.
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If s subject whose papers must not be in consecutive periods

appears at the end of the table, this may lead to an excessive

number of periods used? this may be avoided by the intnoduction

of dummy subject numbers and by making the offending subject

incompatible with them. This step yields a higher priority in

the 'grand sort', but will not affect the other conditions.

The equipment used was the Elliott 805 of Leicester University

with a 4096 word store and an addition time of 576

This enables 540 subjects to be handled with a maximum of

15 papers per subject. To process the total would take hours of

processing time, but fcr 540 subjects with an average of 1 papers

per subject and no condition that 'paoer A must not precede

paoer B' the time taken 90 minutes, however the procedure for

allocating 57 pacers, into 14 periods, with 54 very incompatible

subjects was 12^ minutes.

The distribution of times end subjects, in the timetable

produced, was bell-shaoedt this type of distribution has the

advantage that the subjects which have the largest number of

candidates and hence prove most difficult to allocate are

placed tow:rds the beginning of the examination period. By

dealing with large classes earliest, most time is allowed for
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Partitioning of Conflict Matrix
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marking the papwrs which yield the largest number of scripts.

Cole's solution ess one of the earliest aoolicrton® in the U.K.

of computer® to the problem of academic timetabling. His work

provided the foundstion for others, notebie emong whom was

Wood (1758) st Manchester.

il) Wood's (1958) expressed el® is t^e generelired formulat'on

of the timetabling problem. He uses p larger number - 1*2* peoere,

compared with Cole's *40, rnd includes room locations in hie

scheme. His prime innovation is in circumventing the short-coming

of the confliet-aetri* for larger universities - the enormous

©mount of storage reouired, for example the full conflict-matrix

for 1C00 subjects would require a prohibitive 990, X) location®.

Wood's method for circumventing this obstacle is ss followsj

Since the conflict matrix will be symmetrical, only the upper

triangular helf needs to be stored - for 1900 subjects, 499,590

locations will be reoulred. The next step is completely pragmatic*

by using the fret thst the matrix may be divided by faculties

(or depart rents) end very few candidates will tnke subjects from

more then one faculty, there will be oommeneurstely fewer

non-ssero eieements in the off-diagonal block®-thus, if subjects
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which ere taken in acre then one faculty ere repeated in each

feculty in which they occur, the elements outside the diagonal blocks

©en be removed completely, so only the trianmuler dingonnl blooks

need be stored, These ere stored in e uni-dimensicnel er!-ayj

enotf-^r array "row' is uced to point the position corresponding

to the diagonal element of each row, in the erae way ea a

2-dl«»niiM»l array is stored by the Atlse Autocode eomutsr.

Another ploy which further reduces storpge reouirement is the

approximation of eeoh number by a 6 bit chrreet^r, this figure is

chosen because one word in Atlrs consists of debits. The maximum

number which can be stored is 6*, but this ie er»f'""iciont to

indicate thet, two subjects ere highly inoapetible.

»ood edtite that the effectiveness of this manoeuvre depends

upon the extent to which the subject can be partitioned into

nearly conflict-free groups. In practice, tKe largest faculty

eonteinc ever 3W subjects whifeb cannot readily be divided, although

each block of the conflict matrix can be accumulated in the store

sepetaly from the date far the faculty,

While the construction of the timetable requires all the blocks

of the conflict matrix, and in practice this would require en

excessive amount of storage? since the matrix hes a majority of
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zero elements, once the matrix hes been accumulated it can be

stored much more efficiently as lists. Thus, for each subject,

e list is formed of the subjects with which it clashes, end the

number of student conflicts. The subject number cen be represented

by 18 bits, the number of conflicts is already represented by

6 bits? so eech conflict cen be held in e helf-word.

Wood notes that the average number of conflicts per subject is

about 15, the tests for 1000 subjects now require only 7300 words.

The conflict lists for those subjects which are reauired to take

piece simultaneously, ea well as those which are reoer.te in

more then one faculty can now be merged. The list of conflicts

for each subject is printed and can prove valuable in making

pre-arrange^ents.

The constructed timetable is constrained by three fundamental

conditions:

1) No candidate is required to sit 2 examinations

at the seme time,

2) All candidates for a subject must be in the

same room,

5) 2ech room has a limited seating capacity.

An extra guide-line is that the number of occasions on which

candidates have two examinations in 24 hours is kept to a minimum-
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*h n necessary efternoon and following morning sessions er©

selected in ©reference to mornin and afternoon of the seme day.

The course of the solution runs parallel with th-t enunciated by

Cole, The ordering In which th© subjects ere fitted into the

timetable is determined by the number of clashes which s subject

has, which is regarded 99 s wood indicator of th« difficulty of

finding s suitable period t in addition to the nucha? of candidates.

which restricts the rooms which are suitable.

Those subjects are first selected which must take piece in the

largest room, the subjects ere then assigned to the ti tostable in

descending order of the number of subject el ashes. The conditions

according to which assignation tehee plsee are that subject's*

must not clash with another exjbjeot already aenipned to that period,

there most also be a room of sufficient csoecity.

The ideal choice period is one for which the subject la conflict

free for both the "receding and the following periods, since this

implies that no candidate for the sub ject has mother examination

which t*»Vce place in these car lode. If there is more then one

such period, a second r«ry criterion la us-d which elms to mini mi a©

the effect of this assignment on the choice of periods available

for later subjects.
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A alcewed distribution of periods is sought in order to provide

maximum time for marking specifically, the hi hest density of

periods is sought in the first 10 dsys of the IS dsy examination

diet. The effect on the timetable of varying the number of

periods or room were studied, end some timetables were euocoasfully

confuted when as few ps 2A periods (12 day*) were specified. This

bed the important practical result that there wrs no need to extend

the examination diet, as wet feared under nonuel operation.

If during: construction, s aubjeet is encountered which cannot be

fitted into the timetable, the binary words for the subject are

printed and the pro r«fflm© terminated. Hood reports thnt inspection

of the binary erreye printed as the construction proceeds reveals

the subject* whic^ esuse the difficulty, in which ceee the

recommended policy is to pre-essifn the difficult subjects end

restart timetable construction.

As each subject is allocated to the timetable, the two binary

words indicating the periods which ere conflict-free end the

periods for which room ie eveiiable, ere printed out torether

with the oeriod end the room selected. This, it is claimed,

1 stives a good insirht into the changing situation as the

construction of the timetable proceeds.'
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Onee ooasouted, the timeteble can be printed otrt as s list of

subjects in numerical order *ith the time end place of each -

from this the candidate can immediately find when and where hie

examinations are held. Lists are also produced showing the

state of every room for that period, theso enable the ed rdnietrators

to send the appropriate papers to oaoh room, and osn be displayed

in the room to indicate the seats allocated to eaoh subj^ot.

"hilst the names of the oandiciatea are not r&quired in th«

construction of the timetable, by including them in the data,

lists can be produced of the candidates tsiing each subject,

as required at the time of the examination for checking purioses

rnd later by the examiners for recording their marks.
' a«h symbol in t- e students' names is represented on input

by en integer in tho range 0 to 6? so thet it can be stored

as e 6 bit ohar^oter - 3 words (24 characters) ere allowed for

s name. since the lie4* vary for different subjects, to allocate

a safe oexirnue eree to each would bcve be^n wasteful, ohain lists

were therefore used whereby the items for eh list ere not

stored consecutively, but are connected by rieuna of a link which

csn be extended as required.

food implemented hie proposals in lyd7 at the University of Manchester.
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The 57?0 students who took 1^25 different papers were allocated

times end pieces for their examinations within 50 periods and

with a maximum renuirement of 18 rooms. The subjects were

divided into four blocks as follows!

Economies i Educetion 250 subjects

Arts !t L'usic 560 sub jects

Science 399 aubjects

Lew, Medicine, Theology 114 subjects

5 minutes computing time was required to transform date for

esoh group into conflict matrices which were then re-arranged

83 lists.

Construction of the timetable took 10 >:inutes, of which half

was the transfer of information betwen drums and core store:

Atlas core store is of 16,000 worda, which is considerably

smaller then the area of store which was frequently accessed.

The production of the name lists also required about 10 minutes

computing time, the printing being performed off-line.

Positive improvements in the organization of the examinations

were achieved. Notably, thet over 99$ of places were occupied,

compared with the 85,1 accommodation utilization achieved when

the timetable was drawn-u,o by hand. This hed the important
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consequence that the marking could be begun sooner and the

results became available earlier, and the important economic

result as it showed that no further building for examination

accommodation would be justified. Also, the distribution of

candidates' examination improved} the number of occasions on

which candidates had to take two exeminetions in 24 hours was

helved; there was en even greater reduction in the number of

students sitting two subjects in one day.

One cannot but recognize Wood's ingenuity in manipulating the

input data of examination timetables so as to bring within

bounds the storage requirements of the conflict matrix approach

when applied to large numbers. On the other hand, however, one

cannot agree that he has achieved his avowed aim of a 'generalized

formulation of the scheduling problem}1 indeed his method appesrB

primarily pragmatic and leeks the methodological clarity, which

is the distinctive feature of Almond's approach. Of course, one

may areue that there are 'indivisibilities' like faculties, in

any scheduling problem - no doubt this is true to a certain extent;

but one cannot accept as criterial s programming solution which

requires so much discretionary manual manipulation not only
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prior to coirouter processing, but also in response to failure

in allocation, as well as depending so heavily for its viability

upon e relatively high degree of compartmentalizstion of the

data to be manipulated.

2) W BOOLEAN ARRAYS

iii) Almond (1965-9) expounds her method in two articles -

the latter represents a generalization of the procedure outlined

in the first. Both papers, however, focus uoon the problem of

lecture timetabling rather than the allocation of examinations.

The proffered solution to the timetabling orobiem involves the

use of three 2-dira^nsionel Boolean arrays, which can be represented

graphically as the 5 rectangular frees of a brick.

The problem is formulated thust Given a set of lecturers available

end a number of clesees requiring instruction which must be brought

together at certain times? these requirements may be represented

in this way;

face 1 Class Requirements 'atrix (lecturer x class)

the number of hours lecturer 111 is to meet

class 'c' each week.

feoe 2 Lecturer Availability Matrix (lecturer x time)

with coefficients F (false) when a lecturer

is free, T (true) when lecturer is unavailable.
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face 5 Timetable (class x time) the coefficient

in row 'c' column ia the name of lecturer •1•

meeting class ' o* at time 1t*.

Initially, the matrix on face *> is null? however, by successive

up-dating of the class requirements matrix (face 1) through the

allocetion to each aubjeot of a suitable lecture hour (face 2)

the matrix in face 5 is transformed from the null matrix to the

solution - the timetable.

The algorithm dictates firstly, consideration of ell the entries

in the requirements matrix on® by one. end secondly, ellocation

to each of a suitable lecture hour. Different versions of the

timetable may be obtained by scanning the requirements matrix

in different directions.

The method involves three procedures?

1) Allocation

2) Conditions Alteration

5) Copying of Initial Matrices

1) Allocation searches for a suitable lecture time which avoids

hours already filled and 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 initial

Lecturer Availability Matrix (L.A.I.) or by the Allocation

Procedure (A.?.).

These pre-conditions may be grouped into three categories:

i) externally imposed fixed ore-conditions, lecturers

with classes at fixed times in other departments

(L.A. .), undergraduates have no lectures on

Wednesday afternoon (A.P.^

ii) externally imposed movable pre-conditions, all members

of staff have on© free day erch week (L. . I.) lectures

to postgraduates last for two consecutive hours and

can begin at only two possible times - 10,J) a,as, or

2,50 p.m. (A,P.)

iii) pre-conditions Imposed by preferences, all lectures

should be given in the morning in preference to the

afternoon (thia is achieved by numbering the hours

of the week wo that the morning hours ere always

filled first), senior members of staff do not like

9.J0 a.m. lectures (L.A.f.), e lecturer should not

meet the same undergraduate class twice in any half-day,
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but morning and afternoon meeting# ar© acceptable (A ,<•'. ),

if possible no one should be asked to lecture for

three eonseoutivehours (/.?.)» lecturers may ask for

extra free hours (L.A,?I.).

There Is the additional condition thet classes are

split into two or three groups for exercises.

2) /Iter Conditions procedure is celled in when an allocation

fell a end carries out e series of manoeuvres in en attempt to find

a solution. Restarting with different conditions efter an allocation

failure represents an important advance over the method used by Wood

which required human intervention in this eventuality- though it

must fce admitted thet Almond has more veriable parameters. The olaasee

are reordered so that tha one proving- most difficult will be inserted

in e bleak timetable, if this is unsuccessful various preconditions

are waived in reverse order of priority. If this manoeuvre faile,

the procedure only now prints a postmortem end brings the programme

to a halt.

?) Copy Inltiel t'strioes. After an alteration in conditions, the

Initial Requirements end Initial Lecturer Availability matrices are



34

recopiad into the Current Requirement© end the Current Lecturer

Availability metric©*. The timetsble matrix is made null, the

ellocation procedure is then re-entered.

The second application we* the construction of a faculty timetable

rether than th© timetable for a sinrle department, e» in the firet

application. Th© methodology remains the seme. Pece 1 now

represents a course requirements matrix. Pace 2 still deals with

lecturer availability, and the resultant timetable is still to be

found on Pace J. Additionally, a 2 dimensional 3oolean array - the

conflict# matrix, which liata groups of courses whoa© lecture times

must not conflict ie included in order to allow students to choose

from certain subjeote. The number of leeturea allocated at each

hour can be limited by the number of lecture theatres available.

The information eanereted by the production of the timetable was

used to produce lists of lectures which take place at certain

times as well ee lists of ell possible combinations of the three

subject curse requirement for each of a student's first four

semesters. This wee extended by an extra progxamoe which took

as input date th© 4 lists of 3 courses and also any prerequisite

course in the semesters 2 end 4. «nd produces a list of ell possible

groups of 12 courses whioh a student could study during his first



4 semesters, using the given timetable: this is in line with

KoIt (19orocedure at M.I.T.

Almond's (19^5) work wss ueed bv Yule (1968) es e basis from

which to extend the scope of her method. Re oroposed the

replacement of Glees Requirements end Timetable '!a trices by a

Pile of Requirement lines in order to overcome the assumptions

that all lectures ere of the seme length, end each lecture is given

by one lecturer to one class. He also seeks to deal with the

problems posed by the non-avaailability of classes, lecturers

end rooms as well a« the allocation of rooms. The screed of

lectures over the week, a limitation on the lecturers' daily

load, as well as a procedure to deal with impossible solutions

also claim his attention. His proposals mora implemented at

Sussex University and Brighton College of Technology. Processing

was conducted on an I.C.T. "501.

Apparently in reply to Yule, in 19&9 Almond published her second

paper which proposed to offer n co-ordinnted timetable for the

whole faculty incorcorating lecture room allocation and timetabling

of later years. The svliability of lecturers is not considered

directly because of the negligible change in courses from year to

year, w'^ich, in any case, era independent of staff changes.
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Almond also suggests thet on registration day the comouter

could be used to check thet each student selects compatible

courses end to ensure that classes and laboratories do not

get overfull. The orintine: of individual timetables for each

student is also prooosed as a basis for a conflict matrix which

could be used to produce examination timetables.

The programmes JT74 or JT74X? could be used for the collection

of the data renuired. The factor frequency count facility in

J?74 already coraoiled totals of verious categories of students

as well ss offering the display of lists of students falling

within these categories.

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

the conflict matrix in the form of a list; this offers the added

advantage that the position in the list can indicate the priority

of tve non-conflict as well as giving added room for manoeuvre

in the allocation process. How that Almond too is confronted

with the more comnlax problem of timetabling a larger administrative

unit; she reports to the ore-ordering of courses which may prove

very difficult to allocate. This pre-ordering is conducted according

to identifiable ordering associated with a weight factor.



87

This weight feasor is associated with each course end the courses

ere then sorted in order of decreasing weight, "'ention as possible

items for inclusion in the weight factor are:

i) number of essential non-conflicting courses

ii) number of students

iii) number of lecture end laboratory hours

These items can be combined in various ways to produce suitable

weight factors and different orderings of the courses for allocation

will result in rlternetive versions of the timetable. Alternative

timetables cen also be generated by including different lists

of possible starting times in order of preference for single

periods and r.ultiole o«riods of various lengths.

The algorithm searches through the times in the given order

until one is found which satisfies all the desired restrictions

on r^om ocou- entry, non-conflict, even screed of the oours8 through

the week. If no suitable time can be found, the desirable, but

non-essential no-conflict restrictions can be relaxed one by one,

beginning with the leest important. After a restriction is relaxed

then the times of the week are again tried in order, in the hope that

a suitable one will be found. Essential no-conflict restrictions

are not relaxed but an omission message is printed and the
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iPO^rpiT"'?' T)pe«M t© th*■ next period. A note is kept of the

number of omissions °nd no-looted non-conflict .restrictions for

each course and these numbers can he introduced into the

weichtinsr factor for a second attempt, in which the courses

are relisted in a new order which wives priority to those which

proved difficult, end s second timetable is produced.

Almond recommends that the choice of timetable should he the

result of a eurvev of several timetablesj the optimum timetable

is described as the one which offers 'best possible selection of

combinations of courses for students.' Whilst it is desirable

thet an optimum should be sought, especially when the criterion

is based upon consumer acceptability; b^- leaving the choice of

an optimum, to the discretion of a human administrator, this

indicates that the criteria of excellence in university timetabling

have not been precisely formulated. Had t^is been achieved, the

computer itself could easily have ordered the timetables produced

according to the ore-determined criteria. This stop would net only

have brought, consistent criteria to bear in the evaluation of a

number of products but would have helped to crystallise the

definition of the optimum university timetable. Once defined,

it would become very much easier to specify requirements which
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could be expected to bring about a closer approach to this aimj

of course, one may contend that each university has individual

requirements, and to a certain extent this is undeniable, but one

cannot deny th^t above the individual characteristics of universities

there are criteria of oupil-teecher ratios, optimum times of the day

for learning, and an optimum a seeing of instruction and examination

periods which transcend these individual requirements. Once criteria

such as these have been concretized and incorporated into a list of

criteria then the most prudent course to be taken bv the timetsbler

would become clearer.

5) ITERATIVE (Linear Programming)

The 5 dimensional array also formed the basis of the approach used by

Gotlieb (1965) in the generation of school timetables. Whilst designed

to ceter for e different educational level. there are many features

of similarity in organization between the two approaches.

Each point of the 5 dimensional array, represents the meeting of a

particular class, with a particular teacher, at a particular hour

of the day. Array elements are divided into 2 groups 0 or (Non-Zero)l.

Zero signifies the impossibility of the class and teacher meeting

at that hourj Non-zero signifies the possibility that the class and

teacher may meet at that hour. Initially, the third array is filled
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with 1 to indtests the possibility that any teacher can asset any

clsse at that hour. It le recalled that in Almond tha metrix on

fees * is initially nul find thet only as tha solution emerges

Is the noa«ibiIlty of soeeific mestinrs mentioned. As Gotlieb's

calculations crossed* 1 is transformed to 0 according to est rules

and predetermined conditions so that by th# end of the computation,

at each hour it is possible for each teacher to met only one class

and for *toh class to meet only one taeher end eeeh teacher can meet

eech rise* s number of tintea predetermined for that teacher end

that claee. Tha timetable, as with Almond, is then inherent in the

resulting 9 dimensional srray. A notable point is that Gotlieb olrime

that each array is effectively equar© in thet any ee sting excess of

rows or columns een always be ©lininsted* this contrasts with Almond

who vieulisea a brick.

The examination of the n x n arrays in tha course of timetable

construction has two stagest

i) ^eralbllitv Teat - the existence of at least one possible

schedule is determined (Assignment problem),

ii) >/«trix Seduction - any nonzero element which doea not

belong to some possible schedule is changed to zero.
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Provided stage i has been suoceaafttj, stag® It cm b® entered.

For stag* 11 (lotlleb proposed the method of tb® 'tight-set search* ,

whose theoretical bests is e theorem by Hell (1955) on the existence

of eets of distinct reprceentstiveB. The tight-set search is quite

efficient when n is smell (n«10), but since it requires of the order
n

of 2 operctions, it rapidly becomes imprcctieel one© n exceeds

about twenty, Yeny schools have over 30 classes end uo to 100 are

not unknown - this Is certsInly true of universities.

Lions (1965) therefor® proposed the use of the Hungarian "ethod

for Feeaibility Test which involves the Iterstive Application of

procedure celled 1Fxpend*. rscedure xcend searches the linkages

between rows end columns end may fee regarded as developing e tree

structure which eventually shows a minimum nath betwe-n the designated

row of the array which had been found to have no solution element,

end some column of the array which hse no solution element.

The minimus; oath is then retraced to reerrenge the original partial

solution to create the new pertial solution. I? *Lxoand* fails to

generate e new partial solution, then it can be ahown that it will

never b® possible to find a solution to the array? although it may be

possible to find a partis! solution by chooeinr another row. Any row

or column with a solution element in the first partial solution is
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certainly represented in the second.

A partial solution for the array is given in t1-e vector solution

whose Jth element gives the row number of the solution element

in column J if one exists or else is blank. Two working areas

are needed: the vectors 'reference* end 'rowlist' which are

initially cleared to blanks. Rowlist contains a list of rows

to be searched on a first-in-firat-served basis. The first member

of rowliet is the designated row into which xpend is to intooduce

a solution element. The procedure may be divided into two phases:

i) forwards phase - the seerchlng of various rows

selected from rowlist.

ii) backwards phase - the retracing and rearranging of

the partial solution.

When an array row is searched, its elements are examined one by one.

The first phase of Expand is complete when either a non-zero element

is encountered in a column J for which solution .T is blank, ell rows

entered in rowlist have been searched but no element satisfying

the first condition has been encountered. As soon as the first

condition is fulfilled, the existence is demonstrated of the next

partial solution which ia actually constructed by the second phase

Of Expand. If the second condition occurs, then the task of
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Expend is not feasible.

In the above we have seen the operations! d finition of a

mathematically optimum solution to s timetabling problem:
' s minimum path between e designated row of the array and

some column of the array whits'" has no solution element.1

Ihis is the first time in this survey that we have found

a solution which has been so clearly optimal according to

some fixed criterion, although uoie (1*964.) does mention that

his method will generate a solution which is ' minimal1 in

the sense that the examinations could not be allocated in

less time oeriods.

Another quest for en optimum, this time from the point of

view of the administrator, is made by Lawrie (lyo?) who

proposes the "replacement of an objective function by the

production of e, number of alternative integer solutions as

having more relevance to the criteria normally quoted b

headmasters as constituting a "good1' timetable.' He repudiates

the 'micro' approach adopted by other workers who deal in

units of the teacher, the class, and the event; aa a proponent

of this approach he cites Lions (1967). Instead, he proposes

a 'macro" approach formulated in terms? of such considers lions
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as the distribution over the week of elasees in various subjects,

the distribution over the week of free periods for staff/pupils,

the mix of periods each day between academic and minority time

subjects. The method by which Lawrie seeks to achieve this

laudable aim is by the use of between four and six 'layouts1.

A 'layout' is defined as a statement of the curriculum and

its organisation for a group of pupils, generally a year group.

It is cleiraed that this method, which is designed to allow a

headmaster to express his requirements in the form of layouts,

offers important administrative advantages in that details oan

be suppressed, the curriculum oan be planned as a year unit,

even in large schools, by providing a compact notation which

emphasises the staff requirements by department and omits

explicit reference to classes or how pupils are regrouped into

sets from period to period, in this way the educational policy

of the school can be drawn in broad brush-strokes.

Once layouts have been obtained, the problem of constructing

the timetable is dealt with in two stages*

i) Layouts are overlapped with one another in such

a wyy that staffing restrictions are not violated

during any period of the week - this results
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in sn 'outline timetable'.

ii) The permutation of outline timetable to meet the

requirements on distribution of claeseB end sets

in various subjects over the week.

The problem is visualized eb the finding of as many arrangements

as there are periods in the week, though they need not necessarily

ell be different, from these the best is selected.

At first we were impressed by the fact that someone had sought

to incorporate into timetable construction such important, but

often neglected, features as the distribution of classes through

the week, as well as the mix of periods within the day. We saw

Lawrie's search for sn optimum based upon 'macro' considerations,

unimpeded by minutiae, as an innovation which promised p. timetable

which was both efficient and humane. Unfortunately, however, the

result meets neither of these promises. 'hilst it may be bold to

dismiss the maximization of on objective function, one is also

dismissing a valuable impartial criterion of the technical efficiency

of the product; when one reads that one of the conditions of the

afcrengement of the layout is that the total of staff by department

to be allocated to torching duties by his method is less than

the teaching staff available, one's worst suspicions are confirmed -
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technical optimum is sacrificed from the outset. When one turn*

to the laudable humane aims, outlined above, one la equally

disappointed; the 'educational policy' of the school is ultimately

nothing more ri; oroue than the arbitery will of the headmaster,

flew, it is undeniable thet headmasters ere men of considerable

experience, anc ecuraen; but it is impossible for a computer

scientist to accept that the opinion of a man, unsubstantiated

by logically coherent reasons, is the 'best' judge of the 'best'

timetable, as Lawrie would have us accept. This view is, in fact,

tacitly admitted by Lawrie, and the others who eocsot the policy

of the production of many timetables from which a man is to make

a choice; this policy is an admission that the criteria by which the

timetable is lo be judged have not been defined in impersonal terms.

Whilst one may waive the requirement of the maximization of an

objective function of technical efficiency, if it can b® demonstrated

that the 'macro' approach dees maximize something, and that the

programme is demonstrably optimal in some other respect. This hee

not been achieved in this case; Lawrie'a proposal, therefore, cannot

be regarded as a 'success'. let alone ss the 'best' solution to the

timetabling problem, lie has only focusaed attention upon an

acknowledged problem.
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Our consideretlona of the proposed solutions to the academic

timetabling or obi em has ranged over school teaching, university

lecturing end 'university examinations; but has shown the

underlying necessity of a conflict matrix of one tyne or another

in the quest for ony solution to this problem. Cole uses the

matrix and shows its method of working. Wood seeks to circumvent

the very large ntorege requirements of the matrix by the elimination

from consideration of non-conflicting areas. Almond and Yule, as

well as Gotlieb and Lions ultimately use matrices. Laurie'e

'overlapping of layouts' to produce an 'outline timetable' is a

conflict motrix by another name. The problem facing educational

administrators so far as the matrix is concerned, is the handling

of the large storage requirements for its representation - the

problem becomes route when large numbers of classes, lectures,

or examination papers heve to be dealt with. In this respect

one may contrast the approaches of Lawrie and Wood. The latter

sought to bring the matrix within bou ds by the elimination of

redundant value-elements, from the programming point of view;

and by the use of auxiliary equipment to expand the computer's

storage capability, in the technical sphere. He reoorts that

whilst the core store of the Atlas used was 16,OQQ words,
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'this wee considerably smaller then the ares of store which

wee frequently accessed' - this expansion was achieved by the

ttte of drums. the drawback of this method wee tbet half the

time tekento constrtiot the timetable, ten minutes, wss taken

up Vy the trenefer of information between dru-rc end sore store

- this wee b waste. Lewrie, by contrast, side-He ped the problem

by considering a method unencumbered bv 'details*? in effect

thie rendered the size of the conflict matrix mnareable but

failed to exploit the full potentialities of computers even in

their number-crunching role. By leaving so much of the

timstcbling to the human operator, he does not aeke ub® of

the decision making capability of computers in the administrative

sphere - this is a waste not only of time but also of available

facilities.

Fro® the purely pragmatic ucint of view, it may wall be that

with the development of computers with ever larger storege

capacities the eisa of circumventing the problems oos.-d by the

handling of large matrices which have confronted timeteblcra

to date will yield under the weight of technical progress?

though :>f course, manoeuvres euoh as Wood's for the elimination

of redunent elements, end proposals such es Lion's for the

/
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implementation of more efficient processing technique in the

mathematical sphere will he valued in further expanding the

scope and complexity of timetabling problems which may profitably

be handled by computers.

In our review, we have considered the proposed solutions

according to the criterion of efficiency, interorsted in terms

of the computing method used end the solution produced. We noted

in the linear programming solution that if this met'ood did not

yield a solution to the problem then no solution wee possible,

in addition to the fact that this method maximized an objective

function and so yielded a 'minimum path1 solution - here was a

method which yielded an unequivocal optimum according to a

concrete criterien; and contrasted thie approach with Lawrie's.

Consideration of the solution offered inevitably involves an

examination of its acceptability. At the moment, as we have

alresdy seen, no objective definition of the optimum timetable

has been evolved; all rely upon gaining a good opinion of those

whose job it is to decide between the approaches. Appeal can be

based upon two grounds - economic, or social. Almond advocates

a socielly orientated approach, expressed by her regarding a

solution as good as one which offers 'the best possible selection
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cf combinations of courses for students' . This consumer

orientated approach is parallel to Lawrie'e which offered

a solution designed to cater for the wishes of the administrator

of the organization - the headmaster - who is left to conduct

the complex task of balancing the demands of staff end students

in terms of 'educational policy' and on this basi3 he is to judge

the worth of a timetable. The 'economic' approach, which seeks the

optimum allocation of scarce resources, has already been alluded

to with respect to Lions. This approach is also exemplified by

Cole ho reminds ue of the fact that ue achieved the solution of

a timetabling problem for so many on eo small a machine, flood

echoes t! is by hie stretching of the facilities of the 0, .U.

and included in his claim For approbation the fact that he

produced a timetable which achieved a higher degree of room

ooeupaney. This improved allocation resources had the important

financial consequence that the university was saved from further

capital investment in additional accommodation for examination

purposes. He also incorporated a consumer orientation in his

solution; he produced lists to facilitate administration, he

spaced examinations for the benefit of students and ordered

examinations to allow staff the .axiaun tirae for marking - this
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Isat development wea fereaha&sswod by Ool».

It up peer 6 thet food's applied «-.p?oaeh sty be regarded as moat

nearly realizing the quest for an orebeetrati can of their two

approaches into an offecient end humane solution. In the future

this quest coul : be guided toweris its goal by groeter use of

the decision taking ability of computers. It nspears that some

of th«« 1 saltation in forsrul >ting a definition of criteria of

eocoal lence in timetabling way hove been eeusod by the difficulty

in handling the multiple ramifications of these approsebes;

p-;rn«ps the use of Gem® Theory on the von Hennann *t MorgeBStera

model assy prove useful. Once formulated, existing techniques

could be fficre systematically evaluated nd subsequently improved.

jiven edv-ncee in programme techniques end improved C.

capability, » greater nurber end variety of variables could be

inoorporsted lut more sophisticated progrr roes, which In turn

aoul i be mor -• effectively evaluated and improved - in this way

reel progress could be achieved in the 1temporal ordering of events

subject to eonetrelate'*
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7. "OtH'.tTIQH

Pe stated that this project sought to ley the foundation*

for nn Integrated system of date processing. We recall also

that date ie processed In order toj

1) keep detailed feats For records

2) produce operating docu-rents

J) analyse facts

v'e here exemplified those three activities in applications within

the sphere of university administration. In ell three programme

facts sre stored, either shout students or shout b ih I i ogres'-iee.

?.« yet, no operating documents of the class list tyne hove resulted

fross the two earlier ti-et«bl»s beeeuee of limitation of facilities.

Lists in the for® of select bibliographies ere produced hy the

archiving programme, J'74 sill dieplay on the consoles lists o?

students who possess certain attributes - this employ* the seme

principles ee are involved in the production of hard copy lists;

with the wider availability of remote access consoles, displays

raay wall replace the circulation of herd copy lists.

The a erne program-is* also Illustrate* the analysis of the infermation

stored into 'informative report®' it is appealte to ci e the

factor frequency count facility as an elementary statistical survey.
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The programme irreguelritiee log illustrated the way in which

improvements in operation cen be incorporated through observing

and seeking to rectify past errors.

Data processing involved:

1) ORIGINATION

2) PROCESSING

3) OUTPUT

The collection of data for conversion into information has been

manifestly illustrated. The development of the conversational

mode programmes which collect the three possible types of data

in proportions specified by the requirements of the situation,

forma the back-bone of this project. Verification facilitates

economical storage, as in the oese of categorized data: in the

case of personal data verification is conducted by the person

less qualified, the respondent. The collection of data with

oard input is illustrated in the archiving programme. The two

aspects of processing, rearr ngement and file manipulation are

also illustrated. The former is tho express purpose of the

archiving programme and of the selective display facilities in

JT74. Pile processing in the form of statistical analysis is

handled by the factor frequency count.
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Two of the three types of output are illustrated. 'Historical

reports' could cover virtually all the outnut from the first

two programtses. No forecasts have fesen mede. 'Action documents'

could describe the output of the archiving programme as well as

the selective displays in JT74-

From a technical point of view, this project ha9 focoussed upon

the storage end retrieval of information. Storage hee almost

always been of the indexed sequential type, as already discussed.

FORTRAN has been used a3 the method of comraunicstion because of its

suitability to use on IBM equipment end also because of its wide

applicability. The two earlier programmes were d^veloned under

FORTRAN IID, the archiving programme does incorporate features of

FORTRAN IV in the display routine. The method of pattern matching

and of file organization employed has already been discussed.

It emerges, therefore, that a combination of the techniques

described coupled with an extension to system facilities eould

take over the task of student record-keeping. Provision has

been made for the collection,storage, manipulation, and display

of information. The archiving programme could orovide a valuable

service in the library and the tutorial room , where users could

be supplied with complete bibliographies on chosen subjects
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•with negligible delay and a degree of completeness dependent

only upon the zeal of the person whose job it is to compile the

bibliography et the outsat. This quest to group items which

possess common features would of course 1 e applicable to the

student selection procedure.

Besides their immediate applications, these programmes can ofer v

valuable information which can be instrumental in the further

computerization of university affairs. The former programmes

can already collect information necessary for the construction

of university teaching and examination timetables. Although the

data may be collected in new ways, through the remote access

consoles for example, the subsequent analysis is no different

from that required for Information obtained by more traditional

methods. Although the descriptions have been directed specifically

towsrds university applications, many others soring to mind;

the interrogation routines in the former programmes could be

applied to the collection of data in many spheres, onemay mention

passport control, census returns as well as the non-accounting

section ta* returns. The archiving programme would of course

be applicable to the cross referencing of criminal records.

As has been mentioned, the scope of the above programmes,
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especially those involving ori-iin© operations! has been

cirauajscribed by the limitations of the system. One of

the soot valuable potential extension*, the operation of

which hes only been simulated in the general istwi dels

processing programmes, is the 'arbiter' facility. This

innovation would involve the keying in of data by typist*

at many consoles, when a reply was entered which was ether

thai a mere keying error, the reply could readily be vseaed

to the •arbiter' who would give en author itstive classification

of the difficult resly. Processing efficiency would be

increased by the elimination of Incorrect incuta, saving* in

wages would be achieved as only ona person of 'eroart* status

would be required to handle the whole process of data collection

- this st'se person <sey also be the ecsse as the one who supervises

tha processing and the output production.

This project has outlined seme erf the possible scpllection*

of computers in a university, tad has exemplifled tha swnnor

in which the basic techniques of storage end retrieval D»n

be adapted in order to meet thea# requirements.
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A??EK3IX 1



Rloedc Diflgrew of the Generall«ed Data Processing

Progrernne JT7dXP
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Ill

11) BXoafc Diagram of the Kuserio Data Sub-routine JtSATS



111.1

Displey 1st Numeric
Data Question

.

?
i

Read 1st Numeric
Data Answer

Call JTAGED to give
ege on 51/12/69 ts

Test for Impossible Reply
for DDMMYY

Display DDMMYY as 'Age1

^ Display Subsequent Question

Read Answer

Is this 2nd Numeric
Data Question?

Yes Display Answer as Year
in 20th century

Display Answer
as Year

Yes

No

Is there an Answer
Correction Request?

No

Have all topics
been considered?

RETURN

Was Reply Impossible? Yes v Display Message stating
Impossible Reply Item

Is there an Answer
Correction Request?

Set Impossible Reply Flag

i
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iii) Block Diagram of the Archiving Programme



112.1



Write Bibliographic Deta
to Tape ?20A1

Add 1 to Entry Count
•

-i. Read Designation of Category
to be attached to this Entry

Is 1st Character
Request Code?

Termination

No

112.2

Call JTFIND to check

lea

Yes
—>—

~

-

Has Category been
Correctly Designated?

No Write Designation of
Wrong Catezorv

Record Number of Entries for
the Category to-dete

I8 this First Entry
for the C ateg oryX

Ye3

Record Beginning Value for this
Category=Value of Entry Counter
on Linked-List

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

No Set Value of Pointer attached
to Last Entry for this
Categorys This Entry Value

Record End Value of
Ctirrent List

Record End of List Value

✓

Augment Linked-List Pointer

Is IQUIZ 77?-

No

Write Parameters & Arrays to Disc

JESS—J Call JTDISP for Display
| EflaillblfiJB-

EXIT



aioolr Diagram of the Archiving Program-To'

Display Sub-r rjtina JTDI3P
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Dimensions

Initializations

Read Category for
Search List

Is 1st Character % ?
lea

No

Gall JTFIND to check; category
designation

Y/as Category Located?

_X®J_
Add 1 to Category Count (i)

Store Code Number, for this
Category, JZ. in Array KK

Record Beginning value of
this Category in Linked
List JEV (I)

Record End Value of this

Category in Linked
List JUV (I)

^ Is 2nd Character also * ?
Yes

No

Set IAV array to blanks
(for display purposes)

Yes
Is Category Code Number 1 ? £—

No

Set lower limit (ML)::
1st character of this Category

j Set Upper limit (MU);
D last character of Category

Store the characters of thiB

category in IAV Array

have all the oategories been
considered?

TO

Yes

nrite Display heading St
Names of Categories

Set Beginning Value of
1st Category on linked Liefs
IFInD
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Yes

Yes

Yes

Yes

Is only one ufedegory to be
consiuered?

No

is iFINu located at same position
as beginning value or 'uategory
Read-in on the linked list?

Is If'INn located lower on the
liBt than the beginning value of
uategory Read-in on the linkeu list?

lifo
Is this position in Linked-list —

Upper Limit of the Uategory

bet lower limit or search ror

this dategorysposition or next
entry for this uategory on
Linked-list

Have all categories read into the
Category Combination list been
considered?

Yes

Is IFIND- current position of the
tape (initially 1)?

No

Step the Tape (Linked-list) to the
value of IFIND - 1

Read the J20 characters specified
by the current value of the tape
in blocks of 80 -

Write the ?20 characters in 80A1
format on the line, printer



No

H5.5

Set Tape Pointer to Value
of next Becord

Set new beginning value
(for search purposes) of 1st
Category r next entry for this
Category on Linked-list

Is IFIND (lower limit of search
for 1st Category) now; upper limit
of search for 1st Category
(i.e. Is the search over?)

Yes

Rewind tape in readiness fornnext
attempt to locate Category -
Combination list

* CALL EXIT

Note IFIND =lower limit of search fo

the category read in first into the

Economy in searching is achieved if

this list has the smallest number of

• common categories, based upon

category combination list,

the first category resd-into

entries.



Ill eiretion of th® £or'rlng of th® Indexed Sequential

List ueed In the Archiving Program®®
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V >< u sf tHe sosxiyj of th« ii-J .a .) s -Hr -fin u-vf

fluabar Array Numbar

In Valuta In

Array Array

1 ItOp(Iti) 1 21

2 ITOP(IPX) 9 22

X ITOP(IR) I
4 IIOP(IPX) 7

5 ITOP(IS) 1 25
6 IT OP (IPX) 15 24

25

7 ITOP(IE) 2

f5*j

8 ITOP(IPX) 17

9 itop(ib) 2 27
10 ITOP(l?Xt 11 28

11 ITOP(IE) 8
12 IT CP (IPX) 19

15 ITO. (IE) 5
14 ITOP(IPX) 15

IS ITOP(I«) A
16 ITOP (IPX) 25

17 ITOi (IS) 4
18 HOP (IPX) 0

19 ITOP(IS) 4
20 ITOP(IPX) 27

Array
Vat jea

l?Of(l?) 5
ITQP(lPX) 0

ITO (I ) 6
ITOP(IPX) 0

ITQP(lg) 6
ITO'(IPX) 0

ItOP(I') 7
ITOP(IPX) 0



1AU(L,1) ItV.(».,2) IA4(!.,5)

tfu;sfc«r 01* Cat*gory Ucgiaalng 'and
'utriee unfoer Value Valu*

5 1 1 2 7

*
y 2 5 17

A 5 5 2?

1 4 21 -

\ 5 29 •m

SemKMice vt ITOr Array Valuea ettfohed to each ..ate/ory

Category £ntry Values
Ifusbar Army Value*

1 2 9 4 7
1 7 11 19 27

1 2 4
5 7 17

1 15 4 <5
9 1? 19 29

4 5

29
9 21 <S
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UNIVERSITY OF ST. ANDREA'S

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 | x 1 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

NO

If YES, a) what is printed?

b) what is the source of the information?

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

If YES, what information is this?

YES

NO

3. Is any intermediate coding required between
i) filling in of form by student and

ii) data preparation for computer processing?

If YES , is this coding done by:

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

YES
, , ,

NO

4. At what stage is information which is to be fed to the computer checked
for errors: a) DIRECTLY tvTrH STUDENT

b) CODING

c) PUNCHING

d) ANY OTHER TIME (please name)

BEFORE

AFTER

BEFOPE

AFTER



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

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)

9-9 %
STUDENT CODING TOTAL ERRORS

STAFFoirurr

• i

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?

If YES, would you please outline these changes?

YES

NO
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Listing of the Generalized Data Processing Programme

JT74X and related Sub-routines



117.1
DATE 05/18/70

TOTAL MEMORY REQUIREMENTS OOOBA4 BYTES
STORAGE MAP

IBCOM= AT LOCATION 001000
FIOCS= AT LOCATION 003928
ADCON= AT LOCATION 0010BC
MA IN44& AT LOCATION 004000
MAIN44 AT LOCATION 004000
JTDATA4 AT LOCATION 009A80
JTOAT A AT LOC A 11 ON 009A80
JTSTOR& AT LOCATION 009F78
JTSTOR AT LOCATION 009F78
JTSKOR& AT LOCATION 00A2F0
JTSKOR AT LOCATION 00A2F0
JTEXIT& AT LOCATION OOA6EO
JTEXIT AT LOCATION 00A6E0
JTREPT& AT LOCATION 00A9D0
JTREPT AT LOCATION 00A9D0
JTIGET* AT LOCATION 00AC70
J TI GET AT LOCATION 00AC70
JTDATE& AT LOCATION 00B330
JTDATE AT LOCATION 00B330
JTAGED& AT LOCATION 00C198
JTAGEO AT LOCATION 00C198
JTSHOW& AT LOCATION 00C7E0
JTSHOW AT LOCATION OOC7EO



DATE 05/18/70
117.2

c
r '1 * t a nr c r r r \ r n 0 n r d a a n n i r n n t n u a to t rt 11 a r t hm p/* ur in 11 r rL

c
r

u A I A PKULt Sol in? P KubKAM ArPLltu Til MA T K ILU L A 1 I UN oCHcUULbS

n T MCMC T PMI 7 AT fDM

c
UlrlcNjiulNlLAl 1 U IN

r\ t ii 1" » 1 r- r »**•> « < t a r\ t t t t a i i / 4 >. i r\ t rt i / / \ % 11 r it n i ^ a a vtXP
+ XP
i ¥ D

D1MENSI ON IAB!24),I AC{16),NOT 8{40)» MbMB(200}
DIMENSION I AGE(25),JAGE(25),KAGE(25),KYR150),LXBY{100)
n t mfwc t HM r An r «m t a ai n a i t ar9 / a \+ A r

♦ XP
UlntlNbl UlN I AUloU] 9 1 ADil it) # t 1 A uc, la#
DIMENSION IKEY(200),JKEY(500),INZ{20),IAA{6),KDZA(20),KDZBI20)

♦ XP DIMENSION NOT A ( 200) ,MEMO(500),INA{20) , I F AC ( 20 ) » KDZC ( 20 )» K.DZD ( 20)
♦ XP DIMENSION LKEY125),KKEY(100),MST0R(120),IST0R(120)
♦ XP DIMENSI ON LXEY(100),KXEY(100),IND(7 0),IAX(16)♦1XXA(40),JXXA( 120)
.XT'

c

EQUIVALENCE { I AB1,IAB(1)),I IAB2,IAB(17))
L

c
c

MONTHS OF YEAR

♦ XP DATA IABl/'JANU'»'ARY «,•FE8R•,•UARY•,«MARC•,•H »,«APRI,f,L •,
U V M A V | f | | IllMCI | f | || II V 1 f 1 1 Aliri) 1 • f1 T i /

♦ XP
c

bBMAY 't' 1 t•JUNc1 t1 ' t1 JULY1 f1 1 t 'AUbu1f 151 '/
DA(A I AB2/'SEPT',•EMfcJR*,* 0CT0*,•BER »,•NOVE',•MBER',•DECE•,•MBER1/

u

c
A

LIST OF MESSAGES IN RESPONSE TO ANSWERS TO CATEGORIZED DATA

♦ XP
0

r

DATA IAA/'0K C,,,HECK,t» FOR't'NG G','0 FOS'R •/
L

c
r

MESSAGES IN RESPONSE TO IMPOSSIBLE PERSONAL NUMERIC DATA

♦XP
U

DATA I AX/'YOU '.'HAVE',' GIV',«EN A*#*N IM•,•POSS•,«IBLE•,• REP»,
nil v/ mi t nn fl i v v v v i 1 v v v v I ivvv/vi I v w v < < v v v v t 1 w v v v 1 /

c
r

o LY r f UK f XXXX t XXXX* f'XXXX i XXXX » XXaa i XXXX /

TMTTTAI T 7 AT t Ti

. v n

C

C
INITIALIZATION

T T \ ~ 1hXF

♦ XP
. s/ n

1 I A= 1
I I B = 1
T _ 1

KAK

hXP
v n

1 = 1
MY = 1

hXP

♦ XP
. V D

KK= 1
K I = 1
T M V — 1(•X r

♦ XP
. v n

1 NY- I

J NY= 1
1/ MW_ I

h X r

♦ XP
KN Y= 1

I MY= 1
fXP
♦XP
V D

JMY= 1
KMY=1
KA a D — n► X r

♦ XP
ilAr-u

J A P = 0
♦ XP
-XP
Y D

J = 1
J X= 1
i on — i■ A r

• XP
Jrb-i

J 8 = 1



DATE 05/18/70
117.5

tXP N=0
»XP NX=0
tXP NPG = 0
tXP N U M B=0
vXP NB=0
»XP KU= 1
t-XP J F = 1
tXP JDZA=0
^P JDZB=0
*XP J D Z C = 0
*XP MGA = 1
,XP M G B = 1
^P MGC = 1
► XP I F L = 1
► XP KL = 2 5
► XP MN=28
► XP KONT 0=0
► XP N J = 1
► XP I VY = 1
► XP J VY = 1
► XP KV Y= 1
► XP KKK= 1
► XP NRM = 2
► XP I ADDA = 1

C
C DESCRIPTION Of PROGRAM
C

-XP WRITE(6 »1)
XP 1 FORMAT{*1DATA PROCESSING PROGRAM APPLIED TO QUESTIONNAIRE DATA ',/

b>'THE TOPICS CAN BE SPECIFIED BY THE USER ',/,'THREE TYPES OF
8DATA CAN BE PROCESSED ',/,' I.PERSONAL (LITERAL) DATA-CHECKED WITH
8 RESPONDENT',/,• 2.CATEGORI ZED DATA-CHECKED WITH STORAGE ANSWERS',
8/,' 3.PERSONAL NUMERIC DATA-CHECKED WITH RESPONDENT *,/,'A 3 FACT
80R FREQUENCY COUNT IS INCLUDED IN 2. ',/,'FUR SPECIAL FACILIT
81E S ENTER VZTX AS 1ST QUESTIONNAIRE ANSWER')

XP WRITE(6,2)
XP 2 FORMAT( 'I TO USE READY-SUPPLIED'»//,' 1.TOPICS',/,

8' 2.STCAGE ANSWERS',/,' 3.INCLUSION SETTINGS',//,
8'ENTER 10 OTHERWISE 00')

XP READ(9,5)JDAT
XP 5 FORMAT{12)
XP IF(JDAT-10)851,850,851
XP 850 ISRI-25
XP IRI=2 5
XP J RI= 2 8
XP IXN=6
XP J XN=IXN*4
XP ITPC=12
XP MR I = I RI + {ITPC *4)
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tXP NTP=18
+ XP DO 832 I 1 = 1, 0 I P
tXP READ!5,4)IKA,1KB,IKC,IKD
tXP 4 FORMAT{ A4,A4,A4,A4)
tXP GO TO 8004
tXP 851 WRITE{6,1851)
tXP 1851 FORMAT(*1A TOtAL OF 23 TOPICS CAN BE CONS IDERED•,//,

8' 19 CAN BE TREATED ASO',//,' 1-INDIVIDUAL DATA - CHECKED WIIH RE
8SPUNDENT ',//,' 2.CATEGORIZED DATA - CHECKED WITH STORAGE ANSWERS
8 ' ,//' A FURTHFR 4 TOPICS CAN DC CONSIDERED AS ',/,
8' 3.INDIVIDUAL NUMERIC DATA - CHECKED WITH RESPONDENT',////,
Q'NOW INDICATE NUMBER (12) OF TOPICS OF INDIVIDUAL DATA')

tXP KLAUl9,1852)IXN
TXP 1852 FORMAT!12)
*XP IF{IXNJ6952,6953,6952
fXP 6953 ISKP=17
tXP GO TO 6963
tXP 6952 I R I = ( I XN*4)+1
fXP I SKI -IR I
tXP JRI=lRI+3
>XP 6963 WRITE(6,1853)
>XP 1853 FORMAT!•INDICATE NUMBER (12) 0T CATEGORIZED DA I A TOPICS')
fXP READ!9,1854)ITPC
fXP 1854 FORMAT(12)
hXP IF{ITPC)6855,6852,6855
tXP 6852 KSKP = 2 7
^XP GO TO 6856
>XP 6855 IF(IXN)6417,6415,6417
eXP 6415 ISRI=1
hXP I R I = 1
hXP JR I = 4
hXP 6417 MRI=IRI+(I T PC *4 )
yXP 6856 KTGT=IXN+ITPC
► XP IF(KT0T-19)1855,1855,1866
fXP 1866 KOT^KTOT— 19
hXP WRITE16,1867)IXN,ITPC.KOT
>XP 1867 FORMAT(•YOUR REQUEST FOR ',12,' INDIVIDUAL DATA TOPICS & ',12,' CA

8TEG0RI ZED DAT , TOPICS'•//»'FXCEEOS THE MAXIMUM NUMBER OF TOPICS AV
8AILABLE (18) BY •,I 4,//,'PLEASE GIVE YOUR REVISED REQUIREMENTS NOW
8' )

>XP GO TO 851
>XP 1855 DO 852 KVC=1,KT0T
tXP IF(KVC-IXN)1856,1856,2856
hXP 1856 WRITE(6,1857)KVC
fXP 1857 FORMAT!•INDICATE INDIVIDUAL DATA TOPIC (4A4) NUMBER ',12)
^XP GO TO 3476
hXP 2856 IF(KSKP-27)5856,3399,5856
•XP 5856 WRITE(6,2857)IADDA
►XP 2857 FORMAT!•INDICATE CATEGORIZED DATA TOPIC (4A4) NUMBER ',12)
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^XP IADDA=IADDA+1
tXP 3476 READ!9,3478)IKA,1KB,IKC,IKD
^XP 3478 FORMAT{ A4,A4,A4,A4)
+ XP 8004 I AD(I I A) = IKA
*XP I IA=II A+ 1
tXP I AO(I IA) = 1KB
+XP I I A= I IA + 1
+XP IAD(I I A) = IKC
tXP I IA=I IA+1
+ XP I AD(I IA ) = IKD
tXP I I A=11A +1
tXP 852 CONTINUE
1XP IF{JDAT-10)3399,3410,3399
tXP 3510 1F(ITPC)3410,3410,22
tXP 3410 ICHK=44
tXP NRM=2
fXP DO 853 IHA=1,3
tXP READ(5,3411)JKA,JK8,JKC,JKD
iXP 3411 FORMAT! A4,A4,A4,A4)
tXP GO TO 3402
fXP 3399 WRITE(6,3400)
IXP 3400 FORMAT!•INDICATE NUMBER (12) OF TOPICS FUR INDIVIDUAL NUMERIC DATA

8',//,'ITEM 1 RECORDS DDMMYY A DISPLAYS DD MONTH 19YY*,/,
8'ITEM 2 RECORDS YY A DISPLAYS 19YY',/,
8'ITEMS 3+4 RECORDS YY A DISPLAYS YY')

fXP READ!9,3401)ICAL
tXP 3401 FORMAT(12)
>XP MTOT =ICAL
fXP IF(ICAL)3408,3407,3408
fXP 3407 ICHK=22
► XP GO TO 854
tXP 3408 NRM=ICAL-1
^P I CHK=44
>XP JCAL=ICAL*4
hXP DO 853 IHU= 1, MTOT
hXP WRITE(6,3403)IHU
tXP 3403 FORMAT!•INDICATE INDIVIDUAL NUMERIC DATA TOPIC (4A4) NUMBER ',12)
►XP READ(9,3404)JKA,JKB,JKC,JKD
>XP 3404 FORMAT! A4,A4,A4,A4)
tXP 3402 I AC ( I IB ) = JKA
^P I I B=I 16 +1
tXP I AC!I I 8)=JKB
hXP I IB=I IB +1
hXP I AC ( I IB) = JKC
>XP I I 8 = 1 I B+ 1
hXP I AC ( I I B ) = JKD
hXP I 10= I 16+1
>XP 853 CONTINUE
►XP 854 IGAT=10
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<tXP
v n

I DAT= 10
tat in a t i n \ 1 o ■ i / 1 1 a i 0 i t

+ XP

'+XP 6119
1 r ( J D A T ~ 1U J lcilyoll^f lcll
CALL JTDATA{I IPC,I ANS,NQZ,ICNK ,ICHK,N,INZ,IXN,IKEY,JKEY,J,LKEY,

ui/l/cv T 1 T U H D H IfUAD \

VXP
' v n 1 o 1 1

& i\ K t Y f 1 J f 1 wuku j ItnAK )
GO TO 2999
T at T T n r ^ o 0 99 9 9♦ XP

tXP
' \f n

1 Z 1 1

22
Lrl 1 1 FL)4Z9 ci
DO 1000 IJ=l,1TPC
tin t tc / £ a a » itapiti/* t 1/ — t n t iq t 1tXP

tXP
V D

1 9
20

WRITE(oyZu) (1AL1 IK) yIK-IK Iy JKI #

FORMAT!VINDICATE NUMBER OF STORAGE ANSWERS!12) FOR •,4A4)
d c a h / ci ol 1 T A m 'tAr

tXP
v r>

21
KtAUV V9 Z1 J IANj
FORMAT(12)
n r\ T D u A /.tXF

tXP
1 V D

23
bU 1U O7T

K S K P = 2 7
cn TD /. OtAr

tXP 894
uu iu O *7

IF(IANS-1077952576)39,991,39
tin T t r / / i a \tXP

tXP
99 1
9 30

WRITE(6,930)
FORMAT(•YOUR REPLY HAS BEEN READ AS BLANK.■,//»'PLEASE CHECK REPLY

G M r~ V t tta/pi \

tXP
r

oNb X 1 1 1 rlL )

GO TO 19
c

c
r

READ-IN OF STORAGE ANSWERS

tXP
. v d

c

39 DO 2000 IA=1,IANS
i 11j T t c t Z /.at i t . n f t 1/ i t 1/ — t D t | t) t \*XP

tXP
w

40
WKI 1tI6|4U) ( 1 AU[ IK) » IK-1KIy JKII
FORMAT!•INDICATE A STORAGE ANSWER FOR ',4A4)
n r A P\ l rt / l l / t\i'7/ Till T i > _ i '"s »tXP

tXP
. v d

41
READ(9,41)(INZ(IW),IW=1,20)
FORMAT120A4)

i-XP

tXP
v/ r>

N - N + 1

CALL JTST0R(N,INZ,IKEY,JKEY,J,LKEY,KKEY,IJ,I WORD,ICHAR)
t r # t 1 '■ fy a a t a a a . i a a o rt atXP

tXP 900
i Ft IwuRu)900 » J00 t 980
I F( ICHAR)2000,2000,980

/"• At t | t i— v/ * y i 1 ■ PI ! > r> t P i l A fl r a f""v 1/ | » j •>. • %tXP
tXP

v/ r»

9 80 CALL JTt XI T ( I WORD t I CHAR f lAOfKLyMN)
GO TO 9999
p pi » it r til , 1—tXP

tXP
i V D

2000 C ON TINUE
LKEY{IJ)=N
idi — roix/.tAr

tXP
v n 1 a a

IKI-IKITH

JRI«JRI+4
P HlkiT t mi i rtXP

tXP
1 uOu CUNT INUE

IR1 = 1 SRI
i n r i n t .tXP

tXP 69
JRI=IRI+3
WRITE(6,70)

tXP

v n

70 FORMAT(•1 INDICATE NUMBER OF QUESTIONNAIRE PRESENTATIONS REQUIRED
8 (14)•)

: > r a n / n ~i i i l1i a 7YAP

tXP
a

71
KtAu(7» I1 )N QZ
FORMAT{14)

C
c
c ai il r T inmm a t nr r> n r r r mt a t t hki dtp impL

c
QUESTIONNAIRE PRESENTATION BEGINS



DATE 05/16/70 11?.7

C
C DISPLAY OF INSTRUCTIONS
c • •

c
♦ XP 2999 DO 3000 IJX=1,NQZ
tXP JF = JF + 1
♦ XP MUK=0
+ XP 89 WRITE{6» 90)
+XP 90 FORMAT!•1 INFORMATION YOU REQUIRE TO OPERATE THE COMPUTER 1,/'TO MOV

BE TO THE NEXT STAGE OF THE PROGRAM AND TO START PRESS THE JSIIIFT,
8 AND )ENTER, KEYS SIMULTANEOUSLY ',/,'TO ENTER YOUR REPLYO AFTE
BR PRESSING )S HIF T» AND )ENTER, KEYS SIMULTANEOUSLY YOU WILL SEE EN
8TER DATA ON THE SCREEN*»/,'PRESS THE )SHIFT, AND )ERASE DISPLAY,
8KEYS SIMULTANEOUSLY TO CLEAR THE SCREEN NOW ENTER YOUR REPLY*,/,•
8FINALLY PRESS )SHIFT, AND JENTER, TO MOVE ON TO THE NEXT STAGE, AS
8 ALWAYS',/,*IE TOE COMPUTER IS BUSY YOU MAY HAVE TO SHUT AND ENTE
8R SEVERAL TIMES*»/,'SIMPLY OVER-TYPE ERRONEOUS CHARACTERS')

♦ XP K L= 1
♦XP MN=4
♦ XP NQ~1
♦XP IF(ISKP-17)1499,4001,1499
♦XP 1499 WRITE(6,499)
♦ XP 499 FORMAT{ '1PERSUNAL DATA SECT ION',//,*CHECK THAT YOUR REPLY HAS BEEN

8 CORRECTLY RECORDED')
♦XP KXN=IXN
♦ XP DO 4000 MJX=I , KXN
♦XP 99 WRITE(6,100)(IAD(IK),IK=KL,MN)
♦XP 100 FORMAT!•1PLEASE GIVE YOUR »,4A4)
♦XP NX=NX+1
♦XP 1909 READ!9,101)(INA!IV),IV=1,20)
♦XP 101 FORMAT(20A4)
♦XP IF!INA!l)+437o56601)1101,1102,1101
♦XP 1102 NX=NX-1
♦ XP GO TO 7000
♦XP 1101 IF(INA!1)+404232217)102,103,102
♦ XP 103 C ALL JTREPT{I AD,KL,MN)
♦ XP KXN = KXN + 1
♦XP NSKP=37
♦ XP GO TO 1909
♦XP 102 IF(INA!1)-1077952576)110,994,110
♦XP 994 WRITE!6,1910)!IAD!IK),IK=KL,MN)
♦XP 1910 FORMAT!'YOUR REPLY HAS BEEN READ AS 8LANK0',//,'PLEASE GIVE YOUR '

B4A4)
♦ XP KXN=KXN+1
♦ XP NSKP = 3 J
♦ XP GO TO 1909
♦XP 110 CALL JTSKORINX,INA,NOTA,MEMO,JX,IWORD,ICHAR.NSKP)
♦XP IF!IW0RD)909,909,981
♦XP 909 IF!ICHAR)120,120,981
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hXP 981 CALL JTEXIT!I WORD,ICHAR,I AD,KL,MN)
,XP GO TO 9999
>XP 120 WRITE<6,130) I IAD!IK),IK=KL,MN),! INA( IV),IV=1,20)
fXP 130 FORMAT(•1Y0UR •,4A4 , • HAS BEEN RECORDED ASO', / /» 2 0A4)
fXP IF(MJX-KXN)1131,4441,1131
iXP 1131 WRITE(6, 132)
hXP 132 FORMAT(* 0 IF THIS IS WRONG ENTER XXXX IN REPLY TO NEXT QUESTION',/,

8'OTHERWISE CCNTINUE NORMALLY')
hXP 4441 LXEYIIJX)=NX
,XP KL=KL+4
^P MN=MN+4
iXP 4000 CONTINUE
hXP WRITE(6,4003)
HXP 4C03 FORMAT!•OPFRSUNAI nATA SECTION HAS NOW BEEN COMPLETED',//,*TO PROC

8EED ENTER NEXT',//,'OTHERWISE ENTER XXXX FOR CORRECTION')
tXP READ(9,4004)( INA{1))
fXP 4004 FORMAT ( A4 )
hXP IF!INA!1)+404232217)4001,783,4001
rXP 783 NSKP=37
>XP CALL JTREPT!I AD,KL,MN)
>XP GO TO 1909
► XP 4001 IF(KSKP-27)4002,189,4002

C
C CATEGORIZED DATA SECT I ON-CHECKED WITH MASTER LIST
C

• XP 4002 WRITE(6,4012)
► XP 4012 FORMAT!•1CATEG0RIZED DATA SECT I ON',//,'YOUR REPLIES WILL BE CHECKE

8D WITH THE MA5.TER LISl UF ACCEPTABLE REPLIES')
•XP KL=ISRI
■ XP MN= I SR I + 3
■XP N J = 1
•XP DO 5067 I XZ-1 i I TPC
■XP 140 I ERROR=0
■XP 150 WRITE{6,160)( IAD! IK),IK=KL,MN)
•XP 160 FORMAT!'1PLEASE GIVE YOUR ',4A4,' THE ACCEPTABLE REPLIES ARE AS FO

HI flWSO' )
XP IF!IERROR-1)1669,1779,1779

► XP 1779 NJ =NJ-1
•XP 1669 NRP=LKEY(NJ)
•XP TF (NJ-1 ) 1602, 1603,1602
XP 1603 MRP=1
XP Gn TO 1674
XP 1602 MRP=LKEY!NJ-1)+l
XP 16 74 DO 1650 I XI= MRP,MRP
XP IF!1X1-1)1621,1620,1621
XP 16?0 II0=1
XP GO TO 1622
XP 1621 IL0=I KEY! IXI-1J + 1
XP 1622 IHI = IKEY{IXI )
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■XP 87 WRITE(6,88)( J KE Y ( MH) , MH=IL0»IHI)
•XP 88 FORMAT( 2GA4 )
XP 1650 CONTINUE
XP NJ=NJ+1
XP READ!9,161)(INA(JW),JW=1,20)
XP 161 FORMAT(20A4)
XP IF-( INA( 1)+437656601)1162, 7000, 1162
XP 1162 CALL J TI GET(N ,NQ,JKE Y,IKEY,LKEY,KKEY,INA,J,IGET,IANS,IXN,MAP,

6MST0R,ISTOR,JAP,JDZA,JDZB,JDZC,KDZA,KDZB,KD2C,MGA,MGB,MGC,JF )
C
C JTIGET SEARCHES FOR STORAGE ANSWER, SIGNALS OUTCOME OF SEARCH
C AND RECORDS THE ANSWER GIVEN IF ACCEPTABLE
C

XP 169 IF(IGET)1990,1990,170
XP 170 WRITE(6,180)( IAA( IG),IG = 1,3), IIAD{ IK),IK = KL» MN),(INA(JW),JW=1,20)
XP 180 FOR MA T(3A4,' ,,4A4,' •,20A4)
XP GO TO 210
XP 1990 WRITE(6,1991) (lAA(IG),IG=4,6),(I AD(IK),IK = KL,MN), (INA(JW),JW = 1,20)
XP 1991 FORMAT(3A4,• «,4A4,' ',20A4)
XP IERR0R=IERR0R+1
XP IF(IERROR-2)150,1992,3992
XP 1992 WRITE(6,1993)IERROR,(IAD(IK),IK=KL,MN)
XP 1993 F ORMAT( * OYOU HAVE GIVEN',12,• UNACCEPTABLE REPLIES FOR ',4A4,//,'P

8LEASE GIVE ACCEPTABLE REPLY THIS TIME')
XP GO TO 150
XP 3992 WRITE(6,3993)(IAO(IK),IK=KL,MN),{INA(JW),JW=1,20)
XP 3993 F ORMAT( •1 THE PROBLEM IS NOW PASSED TO THE ARBITER FOR CLASS IFICATI(

8N',//,'ERROR FOR •,4A4,//,'INPUT = ',20A4,//,'PLEASE CLASSIFY CQR1
8ECTLY* 5

XP READ(9,4994)(INA(JW),JW=1,20)
XP 4994 FORMAT(20A4)
XP GO TO 1162
XP 9000 CONTINUE

C
C RECORD THAT THIS TOPIC HAS BEEN CONS IDEREDO MOVE ON TO NEXT
C

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

C
C PERSONAL NUMERIC DATA SECTION-CHECKED WITH RESPONDENT
C

XP 289 WRITE(6,5069)
XP 5069 FORMAT( •1PERS0NAL NUMERIC DATA SECT ION',//,'CHECK THAT YOUR REPLIE

6S HAVE BEEN CuRRECTLY RECORDED')
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^XP CALL JTDATE!IAD,I DAY,MTHS,IYRS,I AGE,J AGE,KAGE,IMY.JMY,
8KMY ,KYR,KK,IYST,IAB,IYC,IVY,JVY,KVY,KKK,I AC,I AX,NRM)

C
C JTDATE HANDLES ALL PERSONAL NUMERIC DATA
C

^XP 220 WRITE!6»221)
^XP 221 FORMAT!'1THANK YOU FOR YOUR COOPERATI ON•,//,•YOU HAVE NOW COMPLETE

8D THE QUESTIONNAIRE •,//,'ENTER NEXT TO SHOW INSTRUCTIONS «)
4XP K0NT0=K0NT0+1
<tXP READ!9,3543)IVX
<fXP 3543 FORMAT{A4)
4XP IF!IVX+437656601)3000,7000,3000
<tXP 3000 CONTINUE

C
C BRANCH FOR SPECIAL FACILITIES
C

<tXP 7000 WRITE(6 , 7001) KCNTO
TXP 7001 FORMAT! '1« ,14, • FILES HAVE 01 EN PROCESSED TO-DATE',//,«THE FOLLOWI

8NG FACILITIES ARE AVAILABLE',/,' 1.CONTINUE QUESTIONNAIRE PRESENTA
bI ION ENTER 11 !I2) ',/,' 2.DISPLAY ALL PROCESSED TILES EN
8TER 33 !12) ' ,/,' 3.TERMINATE RUN ENTER 99
8! 12) * )

1XP READ!9,7850)MARK
*XP 7650 FORMAT!12)
VXP IF!MARK-33) 3000,7007,9888
^XP 7007 WRITE(6,7008)KONTO
iXP 7008 FORMAT!»THERE ARE ',14,• FILES ARE AVAILABLEO ENTER THE NUMBER

8 YOU REQUIRE ( 14 ) • )
<tXP READ!9,7009)NI L
iXP 7009 FORMAT!14)
^XP IF L=1
1XP CALL J T SHOW ( N! L,IXN» ITPC, I AD , NOT A , MEMO, MSTOP., I KEY * JK FY * I AGE * .) AGF *

8KAGE,KI,IAB.KYR,ISKP.KSKP,ICHK, ISTOR,MAST,IYC,I AC,IFL, IRI,JRI,NRM)
^XP GO TO 7000

C
C J I SHOW DISPLAYS ALL,OR A SPECIFIED NUMBER,Of" FILES IN ENTIRETY
C

1XP 9888 WRITE(6,9009)
WP 9009 FORMAT!'YOU HAVE REQUESTED TERMINATION OF THE RUNO',//,'IF YCU WIS

eH TO PROCEED WITH THIS COURSE ENTER 9999 OTHERWISE 111.1*)
+XP READ!9,9001)NaA
tXP 9001 FORMAT!14)
1XP IF(NAA—9999) 7 000,9999,9999
tXP 9999 WRITE(6,9990)
tXP 9998 FORMAT!"RUN HAS NOW TERMINATED')
tXP STOP
+XP END
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iTA SUBROUTINE JTDATA(ITPC,IANS,NQZ,ICNK,ICHK,N,INZ,IXN,
81 KEY,JKEY,J,LKEY,KKCY,I J,I WORD,ICHAR)

TA DIMENSION I NZ ( 20) , I KEY I 200) , JKE Y { 500 ) , KKE Y ( 100 ) ,L.KEY(25)
TA READ(5,1)ITPC
TA 1 FORMAT{12)
TA DO 1000 IJ = l, I TPC
TA READ(5,2)IANS
TA 2 FORMAT{12)
TA DO 2000 IA=1,1ANS
TA READ(5,3) (INZ tIW),IW = 1,20)
TA 3 FORMAT(2GA4)
TA N=N+1
TA CALL JTSTORIN,INZ,IKEY,JKEY,J,LKEY,KKEY,IJ,IWORD,ICHAR)
TA 2000 CONTINUE
TA LK£Y(I J)=N
TA 1000 CONTINUE
TA READ(5,4)NQZ
TA 4 FORMAT(14)
TA R EAD{5i5)IXN
TA 5 FORMAT!12)
TA READ(5,6)IC NK
TA 6 FORMAT!12)
TA ICHK=ICNK
TA RETURN
TA END
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3R SUBROUTINE JT>T0R(N,INZ,I KEY,JKEY,J,LKEY,KKEY,IJ, I WORD,I CHAR )
3R DIMENSION IKEY(200),JKEY(500),INZ{20),KKEY(100),LKfcYI 25)
3R IWORD=0
3R ICHAR=0
3R IF(N-200J22,22,999
3R 22 KG~20
3R 115 IF{INZ(KG)-1077952576)110,105,110
3R 105 KG=KG~1
JR GO TO 115
3R 110 IKEY(N)=J+KG-1
3R 799 DO 320 LB=1,KG
3R JKEY{J)=INZ(LB)
JR J=J+1
3R IF(J-1000J320,320,995
3R 320 CONTINUE
3R GO TO 70
3R 999 IW0RD=1
3R GO TO 70
3R 995 ICHAK=1
3R 70 CONTINUE
3R RETURN
3R END

»
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<0R
< rip

SUBROUTINE JTGKORINX,INA,NOTA,MEMO,JX,I WORD,ICHAR,NSKP)
H T iiCMC T flM T M A / "5 H 1 MTVT A / 1 A A 1 Wirun / CAA I\uf\

COR
< I1R

UinfcnloiufN IinAuUJ t NUI Al iiUU) f nLnUl 5 U U )
I W0RD = 0
iruAw-n\urs

<0 R
< no

J. U n A K ~ U

KG=20
T P f AKWD - 17111 r. OO 1 1 c\Ul\

COR
COR

22
f t I N ) |\ r 3 f 1 11 J f it 1 i I D
J X = J X-KKG
MXsMMY

COR
< flR a q n

i V A I'll'» A

WRITE(6,89U)NX
FHD MAT / 1 M Y — f f/. 1\ i ji\

(OR
t n o

a 7 U

lit;

rUKitA 1 1 IN a - » i Hi

NSKP=97
t c / TM a 1 l/T \ 1 7 7 n c t l7 / \ 1 t t r~i c * -» r\\UK

COR
CflR

i i 5

i 05
1rI INA I KGJ -10 ( /952576)110 f105 »110
KG=KG-1
N n Tf'i 1 1 K\ u r\

(OR
(OR

110
ou 1 U i i J

N0TA(NX)=JX+KG-1
TCfMy.onnill q 11n o Q o\urs

COR
(DR

319
1 r \ IN A — c. u U i Ji7| Ji 7»777

00 320 LG =It KG
m F M n f | y | - T m a / i r \\ut\

COR
cor

I 11 n lJI »l a )-ln|Al Ly J

JX=JX+1
1 c | i Y-^ Fnn \ i o iin not;'»u l\

CUR
COR

320
i i I vl A 3UU J | 1<iU 9 7 7D
CONTINUE
v v r - k fi'«u r\

COR
/no

r\ rv v * — rv \ i

NNX=NX
r n rn / n

•

^UR
(OR

999
L»U 1 U f u

IW0RD=I
GO TO 7 0

(OR
(OR

995
70

'j u < v ivi

ICHAR=1
R r TUR Nl

(OR
»V u. 1 UIM\i

END

f
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X I T SUBROUTINE JTEXIT(I WORD,I CHAR,I AD,KL,MN)
XI T DIMENSION IAD(BO)

X IT IF(IWORD)900,900,992
X I T 992 WRITE(6,950)( 1AD(IK),IK = KL,MN)

XIT 950 FORMAT{'WORD OVERFLOW FOR »,4A4)
XIT GO TO 999

X I T 900 I F{ICHAR)999,999,993
X IT 993 WRITE(9,96Q)(IAD(IK),KL,MN)

XIT 960 FORMAT('CHARACTERS OVERFLOW FOR ',4A4)
X I T 999 RETURN

XI T END

t

i
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PT SUBROUTINE JTKEPTI I AD,KL,MN)
PT DIMENSION IADI80)
PT KL=KL-4
PT MN=MN-4
PT WRITE(6,104)( I AD(IK),IK = KL,MN)
PT 104 FORMAT('YOU INDICATED THAT YOUR ',4A4,' HAD BEEN WRONGLY

8 RECORDED',//,'PLEASEE ENTER THE CORRECT INFORMATION NOW')
PT RETURN
PT END
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JET SUBROUTINE JT I GET{N,NQ,JKEY,I KEY,LKEY,KKEY,INA,J, IGET, IANS,IXN,
i) *i * r> iif Tnn tct n 1 * r* t r*\ 7 a 1 n 7 n 1 n 7 7* 1/ n 7 a 1/ r\ 7 n 1/ i> 7 r~ aji /** a »i ^ 11 r> 1 r~ \

JET
■v r- T

BHAPfMSTORfISTuRfJAPfJDZAy J D Z B *J D ZC fKu Z A fK D LB *Ku ZC $MGA 9 MG B * MGC f J F)
DIMENSION JKEY(500),I KEY(200),KKEY(100),LKEY(2b),INA(20)
ni MCMC THM MCTHD f T OH \ TCTHO / 1 <

JlZ 1

JET
'C T

L) I MtN S 1 UN nb I UK ( 12U J » 1 b 1 UK { 1.2U J

DIMENSION KDZA(20),KDZB120),KDZC(2Q)
1/ Htti T A — A

J t I

JET
C T

KUNT A = U

1WORD=0
T f y A O - '»jt I

JET
■» r T

1 L n A K — u

MU = 1
T r / M /\ I I 1 1 n n T ^ ayt T

IE T
■^r T

300
ir(NQ-l)330,3 0»330
ILOL MT = 1
r^ f"l TO 7 A Ayt I

JET 330
-ion

GU IU 320

ILOLMT^LKEY(NQ-1)+1
T IID 1 f/T-l |/pvf Mt'UJL I

JET
"CT

J/l U I UrLrif - LNC T 1 IM U J

DO 6000 LMTS=ILOLMT,IUPLMT
ten mtc i i i in inn i i ijt 1

JET
^ C T

100
lriLnloiiilUjlUUfliU
J SEEKL=1
no Tfl 19 Ayt 1

JET
NCT

110
i 9 n

b U IU 12 0

JSEEKL=IKEY(LMTS-l)+1
ICPCI7II- T17CV 1 I M T C 1

y t »

JET
TT

i 2 U

7 7 7

JoLtiSU — IrsLY ' L n 1 b #

MS = 1
nn on/* in— icc ci/ i ircci/ny\z 1

fET
^CT

111

9 n p

UU 2 Uo JU-JbttiNLfJottixU
I F{JKEYlJD)-INA(MS))201,205,201
MC-MCxIJt 1

JET
• P T

2 U 9

OAA

no-Mj+l

I GET = 1207
r DMT T Ml IPJL !

JET
t uo L- UiM 1 1 NUC

MAP=MAP+1
IAD— 1 A D x. 1?t 1

JET
* C. T CZ f\ O

JAr-JAr T1

IF(LMTS-3)508,508f509
f C M yTf a \ i A **s;>t 1

JET
IP T

bud

1
i r(L MT S —2)11 2 ? 3
JDZA=JDZA+1

P 7 A / M T A 1 — IPyc 1

JET
" C. T

M/pAl rlbA J - Jr

MGA=MGA+1
f" o t n c: no?C 1

JET
- p t

2
b U i U b 0 0

JDZ8=JDZB+1
V P 7 U / Mr* D \ — I cyt 1

iET
Itz T

l\LZo( MbD)-Jr

MGB=MGB+1
rn tn nna'C 1

JET
C T

3
Ol.l | 1J \J 7

JDZC=JDZC+l
i' n ?r f M7T i .= it?C \

JET
NCT trn 0

NU LL \MbL)-Jr

MGC=MGC+1
C nMT TKti ln

JET
• r T

JUV LUNl1Nut

MSTQR{MAP)=JD
h/7-ucTrtn # y a r> \?t I

JET
"

P T

JvZ-MbluRiMAP}

ISTORlJAP)=JVZ-(MS)+2
rn tn ?A

y t 1

JET
N

P T

999
bU 1U fu

IW0RD=1
r n tn ~i nJL !

JET 995
UU 1u (u

I CHAR = 1
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JET
■ r t o r* i

GO TO 70
t p c t — f\>L 1

JET
' r~ t

lUI

6000
1 b t I = U

CONTINUE
ii r t i in M>t T

JET
70 RETURN

END
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!TF SUBROUTINE JT DATE II AD,I OAY,MTHS,IYRS,1 AGE,JAGE,KAGE,I MY,JMY,
8KMY,KYR,KK,IYST,IAB, IYC,IVY,JVY,KVY,KKK, I AC,I AX,NRM)

^TF DIMENSION I AD(80) ,I AGE(25),JAGC(25),KAGE(25),KYR<50),IAB!24)
^TE DIMENSION I AC(16),I AX(16)
!TE I A= 1
!TE I Z = 4
\JE 210 WRITE(6,211)(IAC(IX)»IX=IA,IZ)
(TE 211 FORMAT!* 1 PLEASE GIVE YOUR ',444,* IN THE FORM DDMMYY(I 2,I 2,I 2)•,//,

8'E.G. 230250 FOR 23 FEBRUARY 1950')
vTE 1211 READ(9,212)IDAY,MTHS,IYRS
\TE 212 FORMATt12,12,12)
)TE CALL JT AGED{IDAY,MTHS,IYRS,I AGE,JAGE,KAGE,IVY,JVY,KVY,NYRS,NTHS,

8NDAY,I RED,I AX,IBLU,I AC)
U't M I US- JAGfc ( JVY )
LTE MXT S = MT0S*2
LIE MYHS = MXTS~1
!TE WRITE(6,213)(IAC(IX),IX=IA,IZ)
(TE 213 FORMAT!'YOUR *,444,* HAS BEEN RECORDED AS0«)
!TE WRITE(6,3213) (I AGE!I VY) ),!IA8{IP),IP=MYHS,MXTS),(KAGE(KVY))
^TE 3213 FORMAT! '0', 12, * ',2A4,• 1Q•, I 2)
^TE IVY=IVY+1
!TE J VY= J VY+ L
!TE KVY=KVY+1
iTE WRITE(6,214)NYRS,NTHS,NDAY
^TE 214 FORMAT!•OTHIS REPRESENTS AN AGE ON 31 DECEMBER 1969 OF',13,

8' YEARS *iI 3, ' MUNIHS ',13,' DAYS')
*TE IF!IBLU-99)1215,389,1215
kTE 1215 WRITE(6,215)
kTE 215 FORMAT!'GIF THIS IS WRONG PLEASE ENTER XXXX OTHERWISE ENTER NEXT')
kTE READ! 9, 216) NEXT

kTE 216 FORMAT ( A4 )
iTE IF{NEXT+70845 333)389,218,389
*TE 389 IRED=47
iTfc WR1 IE (6,390) ( I AC ! I X ) , I X= I A, I 7 )
iTE 390 FORMAT!*1Y0UR ',4A4,' HAS BEEN NOTED AS WRONGLY RECORDED',//,'NOW

8ENTER THE CORRECT REPLY TO QUESTION')
iTE GO TO 210
kTE 218 CONTINUE
iTE DO 1000 I Y= 1, NRM
>TE IA=IA+4
iTE I Z= I Z+4
^TE 2213 WRITE(6,2313) (I AC!IX),IX=IA,IZ)
TE 2313 FORMAT!•1PLEASE GIVE YOUR »,4A4,'IN NUMERIC FORM (12)',//,'EG 67 F

80R 1967 ',//,' 04 FOR SNR HONS YR')
iTE 1213 READ ( 9, 254 ) IYST
kTE 254 FORMAT (12)
IE KYR(KK)=IYST

iTE KK = KK +1
iTE IF(IY-1)265,255,265
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te 255 iyc=iyst
te write(6,240) { i ac ( i x),ix=i a,iz),iyst
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),(i ac{ ix),ix=ia,iz)
lb 1241 formai('othis means ',1044,' *4a4)
te go to 1001
te 265 write(6,247)( iac(ix),i x-i a,iz),iyst
te 247 format( * your ',4a4,* has been recorded as *,12)
te if(10-iystj2240,1299,1299
te 2240 write(6,2241)(iax(kv),kv=1,10),(iac(ix),ix=ia,iz)
te 2241 format('othis means *,1044,' *,4a4)
te go to 1001
ie 1299 write(6,241)
te 241 format( * 01f this is wrong please enter xxxx otherwise enter next*)
te read(9,242)in,xt
te 242 format(a4)
te if(inexti708450303)1001,1000,1001
te 1001 kk=kk-1
te write{6,4987) (i ac(ix)» i x= ia, iz )
te 4987 f ormat( * yoor «,4a4,• has been noted as wrongly recordrd*,//, 'now e

8nter the correct reply too*)
te go to 2213
if loon continuf
te 289 return
te end
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ED SUBROUTINE JTAGED{IDAY,MTHS,I YRS,I AGE,J AGE,KAGE,IVY,JVY,KVY,
8NYRS,NTHS » NDAY,IRED,IAX,IBLU,IAC)

ED DIMENSION I AGE(25),JAGE(25),KAGE(25),I AX(16),I AC( 16)
ED IBLU=11
ED IF(IRED-47J2,1,2
ED 1 IVY= IVY-1
ED JVY=J VY-1
ED KVY=KVY-1
ED 2 NDAY=31-IDAY
ED IF(31-IDAY)398,3»3
ED 398 WRITE(6,399)I 1AX(KX),KX=1,10),{ I AC C IU),IU=1,4)
ED 399 FDRMAT{'0*,10A4,* DD=DAYS ' ,4A4)
ED I BLU = 99
ED 3 NTHS=12-MTHS
ED 1F{12-MTHS)498,4,4
ED 498 WRITE(6,499){ lAX(KX),KX=1»10),(IAC(IU),IU=1» 4)
ED 499 FORMAT!10A4,' MM=MONTHS ',4A4)
ED IBLU=99
ED 4 NYRS=69-IYRS
ED IF169-IYRS)598,600,600
ED 598 WRITE(6,599)( IAX!KX),KX=1,10),(IAC! IU),IU = 1,4)
ED 599 FORMAT!10A4,• YY = YEARS ',4A4)
ED I0LU=99
ED 600 I AGE( IVY) = I DAY
ED JAGE(JVY)=MTH5
ED KAGE(KVY)=IYRS
ED I RED=11
ED RETURN
ED END
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lOW SUBROUTINE J I SHOW(NFL,IXN,ITPC,I AD,NOTA,MEMO,MSTOR,IKEY,JKtY,I AGE,
8JAGE,KAGE,KI,t AB,KYK,ISKP,KSKP,ICHK,ISTOK,MAST, IYC,IAC,IFL,IRI,
8JRI,NRM)

IOW DIMENSION I AD(80),NOT A( 200),MEMC( 500),I KEY(200),JKEY{500)
IOW DIMENSION I AGE(25),JAGE(25),KAGE(25),I A3(24),KYR(50),MSTOR( 120)
IOW DIMENSION 1ST R { 120),I AC(16)
10 W IF(MAST-98) 1,600,1
IOW 600 IF( IFL-D602, 1,602
IOW 602 IF{ IXN-1) 1600,2,603
IOW 603 ICH=IXN-1
IOW NZ=( IFL*IXN)-ICH
IOW I MY- IF L
IOW JMY= IF L
IOW KMY= IF L
IOW K I = ( I FL *2) — 1
IOW GO TO 1600
IOW 2 NZ = I F L
IOW I MY= IFL
IOW JMY = I FL
IOW KMY- I FL
IOW KI=(IFL*2)-l
IOW 1600 I T ( ITPC-1 ) 799,3,604
IOW 3 MSTUD= I TPC
iOW KSTUD-ITPC
I0W GO TO 799
IOW 604 JCH=ITPC-1
lOW MSTUD=( IFL*ITPC)-JCH
iOW KSTUD = ( I FL* ITPC )-JCH
iOW GO TO 799
10 W 1 IM Z = 1
lOW I MY= 1
IOW JMY=1
OW KMY=1
OW KI=1
OW MSTUD=1
OW K ST1JC = 1
OW 799 DO 800 ISTUD=iFL,NFL
iOW 000 WRITF (6,30) ISTUD
OW 80 FORMAT(•1DATA FROM FILE',14,' IS AS FOLLOWS')
OW IF(TSKP-17)81,701,81
OW 81 KL=1
OW MN=4
OW DO 700 JZ = 1,IXN
OW IF(NZ-l)21,2U,2l
OW 20 IL0=1
OW GO TO 22
OW 21 ILG=NOTA(NZ-1)+1
OW 2? IHI=NOTA{NZ)
OW WRITE(6,88) (IAD(IK),IK=KL,MN),(MEMO(JF),JF=ILO,IHI)
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I0W 88 FORMAT(4A4, * ',20A4)
IOW KL=KL+4
IQW MN=MN+4
IOW NZ=NZ+1
IOW 700 CONTINUE
IOW 701 IF(KSKP-27)702,751,702
IOW 702 KL=IRI
IUW MN=JRI
IOW DO 750 MT= 1» ITPC
IOW KHI =MSTOR(MSTUD)
IOW MSTUD=MSTUD+1
IOW 24 KLO= ISTOR{KSTUD)
IOW KSTUD=KSTUD + 1
IOW WRITE I 6,89}(I AD(IK),IK=KL,MN),(JKEYIJR),JR=KLO,KHI)
IOW 89 FORMAT(4A4,• ',20A4)
IOW KL-KL+4
IOW MN=MN+4
IOW 750 CONTINUE
IOW 751 I F { ICHK-44) 800, 752,752

IUW 7 52 I A = 1
IOW I Z=4
IOW I XY=J AGE ( JMY)
IOW I X8= I XY*2
IOW I XA= I XQ-1

10W WRITE(6,7 54) ( I AC(IX) ,IX=I A,IZ),I AGE(I MY ) ,( IAB(IR),IR=IXA, IXB ),
SKAGE(KMY)

IOW 754 F0RMATI4A4,• •,2A4,« 19',12)
IOW IMY=IMY + 1
IOW JMY=JMY+1
IOW KMY = KMY + i
IOW DO 753 KZ= 1, NRM
10 W IA-lA+4
IOW I Z= I Z+4
IOW IF(KZ-i)738,740,738
IOW 738 WRITE(6,739)( I AC{IX),IX=I A,IZ),(KYR(KI) )
IOW 739 FORMAT (4A4,' • , 12 )
IOW GO TO 772
IOW 740 WRITE(6,741)(IAC(IX),IX=IA,IZ),(KYR(KI ) )
IOW 741 FORMAT{4A4,' 19«,I2)
IOW 772 KI = KI +1
IOW 753 CONTINUE
IOW 800 CONTINUE
IOW RETURN
IOW END
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TOTAL MEMORY REQUIREMENTS OOOBAa
STORAGE MAP

IBCOM= AT LOCATION OOIOOO
flOCS- AT LOCATION 00392b
ADCON = AT LOCATION 0010BC
MAIN44& AT LOCATION 00400U
MAIN44 AT LOCATION 004000
JTRAND4 AT LOCATION 00A630
JTRAND AT LOCATION 00A630
J T D A T A A AT LOCATION 00A9A0
JTDAIA AT LOCATION 00A9A0
JTRCRDA AT LOCATION 00AE98
JTRCRD AT LOCATION 00AE9B
JTSTORA AT LOCATION 00B1D8
JTSTOR AT LOCATION 00B1D8
JTEXITA AT LOCATION 00B550
J TEX IT AT LOCATION 00B550
JTREPTA AT LOCATION 00B840
JTREPT AT LOCATION 0OB840
JT5K0RA AT LOCATION OOBAEO
JTSKOK AT LOCATION OOBAEO
JTIGFTA AT LOCATION OOBEDO
JTIGET AT LOCATION 008ED0
JTDATEi AT LOCATION GQC590
J TDATE AT LOCATION 00C590
JTAGED& AT LOCATION 00D3F8
JTAGED AT LOCATION 00D3F8
JTFACTA AT LOCATION OODA^O
JTFACT AT LOCATION 00DA40
JTF TI EA AT LOCATION 00E098
JTFILE AT LOCATION 00E098
J T SHOWAT LOCATION OGEE 10
JTSHOW AT LOCATION OOEEIO
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C
C DATA PROCESSING PROGRAM APPLIED TO MATRICULATION SCHEDULES
C
C DIMENSIONIZAT ION
C

DIMENSION IABK16),IAB2{8),IAB(24),IAC(16),N0TB(40),MEMBI200 )
DIMENSION IAGE(25),JAGE(25),KAGE(25),KYR(50) ,LXBY(100)
n I MENS ION I AD i ( 16) , IAD2 ( 16) f IAD3 ( 16) , I ADA (16) , IAD.51 16) , IAD ( 80)
DIMENSION IKhY(200),JKEY(500),INZ(20),IAA(6), KDZA(20 ),KDZ B(2 0)
DIMENSION NOT N200) (MFMfl( 500) , INA{20) r I F AC ( 20 ) * KDZC ( 20)» KDZD ( 20 )
DIMENSION LKEY(2 5), KKE Y( 100),MST0R(120) ,ISTOR(120)
DIMENSION LXEY(IOO) ,KXEY(100) ,IND(20),I AX(16),IXXA(40),JXXA( 120)
EQUIVALENCE ( IAD1»I AD t1)),(IAD2,IAD(17) ), ( IAD3,IAD ( 33) )
EQUIVA1 ENCF ( [ADA,IAD(49) ),(I AGS,I AD(65) )
EQUIVALENCE (IAB1,IAB(1)),(IAB2,IAB( 17) )

C
C TOPICS AVAILABLE FOR CONSIDERATION
C
C PERSONAL DATA (LITERAL)0 CHECKED WITH RESPONDENT
C

DATA IAD1/•NAME* f•tINI•,•T S »T •»'IT L E •«•TERM*,* ADD',•RESS•»
8' +TEL ' , • LAST' , * EDU'.'C FS' , » T R MT ' , 'FATII' , * E R » S' » ' NAM'» * E */

DATA I AD2/'FA TH• » 1 ER*S1 , ' PROFSSNHOME',• ADD•,•RESS','+TEL• ,

C
C CATEGORIZED DATA 0 CHECKED WITH STORAGE ANSWERS ( 4A4 )
C

8'DOM I', ' C I LE ' , • ZON','E ',* TERM',• ACC»,•OMOD',•ATN •/
DATA I AD 3/•NAT I•,•ONAL'»'ITY ','rEC •,•CLAS•, ■ SIF I■ , ' CATN • ,

8* GRAN ' , ' T SO • , ' URCE • , * ', 'BASIC'S OF',* ENT * , ' R Y •/
DATA I AD4/'F Ai U * ,'L T Y 1» * DEGR','EE I«,'N VI','EW

8' ME TH','OD 0 • » ' F ST'.'UDY •,»SUBJ»,•ECT THI','S YR'/
DATA TAD5/'SEXU',•AL S'.'TATU'.'S ' ,•MAR I *,«TAL », 'STAT', "US

8'XXXX",'XXXX',•XXXX',»xxxx«/
c
C MONTHS OF YEAR
C

DATA IA B1 / ' JANU* » *ARY • , ' FE BK • , • UAR Y • , « MARC » , • H «,'APR1','L *,
8' MAY ',' ' » ' JUNE * t * '» * JULY',• S'AUGUS'ST '/

DATA IAB2/'SEPT',•EMBR •, * CCTG',•BER *,•NOVE','MBER',' DECE•,•MBER'/
C
C TOPICS FOR PERSONAL NUMERIC DAT AO CHECKED WITH RESPONDENT
C

DATA I AC/•DATE *,• OF ','BIRT','H ',•YEAR*,' OF '»•ENTR* » ' Y ',
8'YEAR',« OF ' t'COUR' » ' S E '/

C
C LIST OF MESSAGES IN RESPONSE TO ANSWERS TO CATEGORIZED DATA
C

DATA I A A/* 0 K C','HECK',' FOR','NO G','0 FO','R '/
C
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MESSAGES IN RESPONSE TO IMPOSSIBLE PERSONAL NUMERIC DATA

DATA IA X/'YOU S 'HAVE * » * GIVS'EN A*,'N I MS•POSS•,•IBLE',• REP',
8'LY F • » ' OR * , • IN Y S ' OUR 'DATES' OF S'BIRTS'H •/

C INITIALIZATION
C

4 1=1
4 MY= 1
4 KK= 1
4 KI = 1
4 INY=1
4 J NY=1
4 KNY=1
4 IMY=1
4 J M Y = 1

KMY= 1
M A P = 0
J AP = 0
J = 1
JX=1
JPG= 1
J B = 1
N = 0
N X = 0
NPG = 0
NUMB=0
NB = 0
KU = 1
JF = 1
JDZA=0
JDZB=0
JDZC=0
MGA = 1
MGB= 1
MGC = 1
I F L= 1
KL=25
MN=2 8
KONT 0=0
N J = 1
I VY = 1
J V Y= 1
KVY=1
KKK = 1

C
C DESCRIPTION Of PROGRAM
C

WRITE(6 f1)
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1 FORMAT{•1DATA PROCESSING PROGRAM APPLIED TO MATRICULATION FORMS',/
8,'THE TOPICS AVAILABLE ARE IN PRE-SET ARRAYS *,/,'THREE TYPCS OT
8DATA CAN BE PROCESSED ',/,' I.PERSONAL (LITERAL) DATA-CHECKED WITH
8 RESPONDENT',/,' 2.CATEGORI ZED DAIA-CHECKED WITH STORAGE ANSWERS',
b/,' 3.PERSONAL NUMERIC DATA-CHECKED WITH RESPONDENT ',/,'TYPES 1+
82 ARE LINKED rtl.IT ARE INDEPENDENT OF I YPE 3',/,'FOR SPECIAL I AC 1 Li I
81E S ENTER VZTX AS 1ST QUESTIONNAIRE ANSWER')

C
C BRANCH FOR READY SUPPLIED STORAGE ANSWERS AND INCLUSION SETTINGS
C

WRITE(6,9)
9 FORMAT!'1 TO USE READY-SUPPLIED STORAGE ANSWERS AND INCLUSION SETT
8NGS',//,' ENTER 10 OTHERWISE 00')
READ!9,1217)IDAT

1217 FORMAT(12)
IF! I DAT-10)10 10,6119,1010

6119 CALL JTDATA(ITPC,IANS,NQZ,ICNK,ICHK.N,INZ,IXN,IKEY,JKEY,J,LKEY,
OKKEY,IJ,I WORD,ICHAR)

GO TO 581
C
C SETTING OF LOOPS FOR CATEGORIZED DATA SECTION
C

1010 WRITE(6,10)
10 FORMAT!•1INDIGATE NUMBER OF TOPICS FROM LIST BELOW TO BE GIVLN *,/

8'CATEGORIZEO STORAGE ANSWERS I I 2)•,/,•ENTER 00 TO BLOCK TYPE')
WRITE I 6,13) (IAD{IK),IK=25,7?)

13 FORMAT('0 l.',4A4,« 2.',4A4,' 3.',4A4,' 4.',4A4,//,« 5.',4A4,
8' 6.',4A4, ' 7 *•,4A4,• 8.(>4A4i//>' 9.',4A4,' 10.',4A4,' 11.',
84A4,' 12.•,4A4f//,'FACTOR 1 INCORPORATES A 3 FACTOR FREQUENCY COUN
8T ' )
READ!9,11)ITPC

11 FORMAT!12)
IF( I T PC )22,23,22

22 DO 1000 IJ=l, I TPC
19 WRITE(6,20) (I AD(IK),IK=KL » MN)
20 FORMAT!•1INDICATE NUMBER OF STORAGE ANSWERS!12) FOR ',4A4)

READ!9,21)1ANS
21 FORMAT!12)

GO TO 894
23 KSKP=27

GO TO 69
894 IF(IANS-1077932576)39,991,39
991 WRITE(6,930)
930 FORMAT I 'YOUR REPLY HAS BEEN READ AS BLANK.',//,»PLEASE CHECK REPLY

8NEXT TIME')
GO TO 19

C
C READ-IN OF STORAGE ANSWERS
C



DATE 05/18/ 70 118.5

39 DO 2000 I A=l,IANS
i m r -r c / 2. / a \ / t n f t i/ 1 T l/ l/ i y ki \

40
WR I TEI 6,40)(IaD(IK),IK=KL,MN)
FORMAT(«INDICATE A STORAGE ANSWER FOR »,4A4)
Q C A n / O i 1 1 1 1 ''1 7 1 1 U 1 m-1 Tfil

41
i\tAUl 7f tl 1 1 inliLl 1 n 1 | i W-l |tu 1

FORMAT(20A4)
j >1 — | m -r ±

CALL JTSTOR!N,INZ,I KEY,JKEY,J,LKEY,KKEY,I J,I WORD,ICHAR)

900
ir i i w u r\ u / iuui ;uui iou

IF( ICHARJ2000,2000,980
/"* A » i n r \/ t t i t n a n r n i i a n r aa l/a um t9 80

O (\ C\ A

o ALL JTEXITll i^uRD t ILHARf lADfKLfMN)
GO TO 9999
r akit r mi i r2UUU C ON TINUL
LKEY{ IJ)=N
U 1 — 1/ I x /,

i ,'i f\

i\ L — f\ L +

MN=MN+4
r riMT r miiciuUU

C
r

LUiN i I NUc

<;ftt i Ma df i nop for giif^t thnmatup ppf ^fnt at thimw

C
A Q

JL 1 I 1 iivj III LUuf 1 l/r\ VH1.1 C ' J1 I I Ullliln 1 |\L r l\L JL IN 1 n 1 IClIi

UOTTPfA 7(1 1f O 7

70
WK1 1 L lot / U J

FORMAT( '1INDICATE NUMBER OF QUESTIONNAIRE PRESENTATIONS REQUIRED
n f I /, » l 1

*
7 1

o i 1 h ) ;

READ!9,71)NQZ
CnjAdAT / T A 1f 1

r

r

rUK nA 1 \ iJ

cctt r m n. n p i nno cnu nco c n m a i data t i t tpd ai \L

c
jr 1 1 I INU Ur LUUr r UK ICKoUIMAL U A I AY I L 1 1 t!\AL J

UO I TP f A o A W T , n I T ^ Ti/ - 1 O A )

80
WKi I C I Of oUJ \ 1 >AU I I t\ / f IN-1| 7.H)

FORMAT!•INDICATE NUMBER OF PERSONAL DATA TOPICS FROM LIST BELOW TO
U Ot LUINo i Ul Kt V I 1 J 9 9 / t w fciM 1 CK UU IU LUr4» 1NL KKUl> IU LAILbUKUtU UA
8T A * / / » ' 1. • , 4A4 , ' 2 . ' » 4 A 4» ' 3.,,4A4,' 4.',4A4,//,« 5.',4A4,
O f Z. « J. \ J. \

U 1

U U • f /

READ!9,81)IXN
r nn aj AT/ I 9 I

o 1

1 QO

r U K rl A 1 i I 2 J

IF!IXN)581,18 ,581
T C 1/ A - 1 7L 82

c Q I

IoKP-1f
GO TO 2999
1/ VM - I Y KIJOl

in//

fS A i M — 1 A N

IF!I DAT-10)1181 ,1066, 1181
TCI 1/ V M / \ 1 1 ni ') o ,i 1 1 1 rl 11 Uo6

2281
Ir(K XN—6)1181> 2 2 81»1181
WRITE(6,2282)

2282 FORMATt'lIF EXISTING FIIFS ARE TO BE DISPLAYED TO RETURNING STUDEN
8TS ENTER 10*,//,'OTHERWISE ENTER 00')

D P A PI / O OOQIUIDCT

2283
K 1. AU I 7 f 4CUO J I I K j 1

FORMAT!12)
I r / T C D C T lAll T O 1 7 i o / i i n i

2284
1 r l I r R b I — L U J I L81»22o'tf llol
ICANC=5

i '1.1 /. r LIU l N a -i i i i L ArilU
DO 1700 IKL=1,6
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NB=NB+1
READ(5,5758)(INA(KV),KV=1,20)

5758 FORMAT{20A4)
CALL JTSKOR(NB,INA,NQTB,MFMRfJB,I WORD,ICHAR,NSKP)

1700 CONTINUE
LXBYlIK X ) = N B

2700 CONTINUE
GO TO 2979

C
C SETTING OF PERSONAL NUMERIC DATA INCLUSION FLAG
C

1181 WRITF(6,82)(I AC( IX)TIX=1,12)
82 FORMAT( •IF *,hA4,« ',4A4,* *,4A4,* ARE TO BE READ*,//,*ENTER 44

8(12) OTHERWISE ENTER 22 (12)')
READ(9,83)ICNK

83 FORMAT!12)
ICHK=IC NK

C
C QUESTIONNAIRE PRESENTATION BEGINS
C
C
C
C
C DISPLAY OF INSTRUCTIONS
C
c

2999 DO 3000 IJX=1,NQZ
JF=JF+1
MUK=0

89 WRITE(6,90)
90 FORMAT!'1 INFORMATION YOU REQUIRE TO OPERATE THE COMPUTER•,/'TO MOV

8E TO THE NEXT STAGE OF THE PROGRAM AND TO START PRESS THE )SHIFT,
8 AND )ENTER, KEYS SIMULTANEOUSLY ',/,*T0 ENTER YOUR REPLYO AFTE
8R PRESSING )SHIFT, AND )ENTER, KEYS SIMULTANEOUSLY YOU WILL SEE EN
8TER DATA ON THE SCREEN•,/,•PRESS THE )SHIFT, AND )ERASE DISPLAY,
8KEYS SIMULTANEOUSLY TO CLEAR THE SCREEN NOW ENTER YOUR REPLY',/,*
8FINALLY PRESS )SHIFT, AND JENTER, TO MOVE ON TO THE NEXT STAGE, AS
a ALWAYS*,/,*IF THE COMPUTER IS BUSY YOU MAY HAVE TO SHIFT AND ENTE
8R SEVERAL TIMES•,/,•SIMPLY OVER-TYPE ERRONEOUS CHARACTERS')

K L = 1
MN = 4
NQ = 1
IF{ISKP-17)3999,4001,3999

3999 IF(IFRST-10)1499,2250,1499
2250 WRITE(6,2251)
2251 FORMAT!*1IS THIS YOUR FIRST REGISTRATION IN THIS UNIVERSITY *//,*

8ENTER YES OR NO*)
READ!9,2252)IYES

2252 FORMAT{A4)
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IF(I YE S+3896846 72)778 8, 1499, 778 8
7 78 8 IF( I YES + 437656601)2253,7000,2253
2253 WRITE(6,2254)(IAD(IK),IK=KL,MN)
2254 FORMAT( 'PLEASE GIVE YOUR ',4A4,' IN THE FORMO•,//,•SMITtI,J,MR.•,//,

81 CHECK EVERY DETAIL OF YGUR DESIGNATION')
MUK=MUK+i
READ(9,2255)(INA(IV),IV=1,20)

2255 FORMAT(20A4)
M A X = 3 0
CALL JTRCRD(INA,NOTB,MEMB,JFL,ICK,MAX)
IF(I OK-100)2236,2257,2256

2257 WRITE(6,2258)
2258 FORMAT I'YOUR FILE HAS BEEN LOCATED AND IS READY FOR DISPLAY')

M A S T = 9 8
MF L = J F L
ISKP = 30
KSKP = 2 7
ICHK=22
C ALL J T SHOW{MFL,IXN,ITPC,I AD,NQTB,MEMB,MSTOR,I KEY,JKEY , I AGE,

6JAGF » KAGE,KI,IAB,KYR,TSKP,KSKP,ICHK,IST0R,MAST,IYC,IAC,JFL>
M A S T=14
KSKP=47
ICHK = 44

WRITE(6,2259)
2259 FORMAT ( «01S THE ABOVE RECORD CORRECT ',//,'ENTER YES OR NO')

READ(9,2449)MYES
2449 FORMAT(A4)

IF(MYES+389604672)2264,4402,2264
4402 CALL JTRAND(NUTA,MEMO,NX,JX,NOTB,MEMB,NB,JB,JFL)

GO TO 4002
2256 NPG=NPG+1

NUMB=NUMB+1
NSKP=100
CALL JT SKOR(NPG,INA,I XXA,JXXA,JPG, I WORD,ICHAR,NSKP)
IF(IWQRD)4900,4900,4980

4900 IF(ICHAR)5557,5557,4980
4980 CALL JTEXIT(I WORD,I CHAR,I AD,KL,MN>

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( * OIF YOU WISH TO TRY AGAIN ENTER NEXT',//,'OTHERWISE ENTER

8XXXX AND COMPLETE FULL QUESTIONNAIRE')
READ(9,2261)NNNN

2261 FORMAT(A4)
IF(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 OATA SECTI ON»,//,'CHECK THAT YOUR REPLY HAS BEEN

8 CORRECTLY RECORDED')
KXN=IXN
DO 4000 MJX = 1,KXN

99 WRITE(6,100){IAD!IK),IK=KL,MN)
100 FORMAT!'1PLEASE GIVE YOUR ',4A4)

NX=NX+1
1909 READ(9,101)(INA{I V),IV=1,20)

101 FORMAT(20A4)
IF(INA(1)4437656601)1101,1102,1101

1102 NX=NX-1
GO TO 7000

1101 I F(INA{1)+404232217)102, 103, 102
103 CALL JTREPT(1AD,KL,MM)

KXN=KXN+1
NSKP=37
GO TO 1909

102 IF(INA(1)-107 1952 576) 110, 994, 110
994 WRITE(6,1910)(TADtIK),IK-KL,MN)

1910 FORMAT!'YOUR REPLY HAS BEEN READ AS BLANKO',//,'PLEASE GIVE YOUR •
84A4)

KXN = KXN +1

N S K P = 3 f
GO TO 1909

110 CALL JTSKQR(NX,INA,NOTA,MEMO,JX,I WORD,I CHAR,NSKP)
IF! I WORD)909,909,981

909 IF! ICHAR) 120, 120,981
981 CALL JTEXIT!I WORD,ICHAR,IAD,KL,MN)

GO TO 9999
120 WRITE 16,130) ( IADUK) , IK=KL,MN) ,! INA! IV) , IV= 1,20)
130 FORMAT!•IYOUR ',4A4,' HAS BEEN RECORDED AGO•,//,2CA4)

IF(MJX-KXN)1131,4441,1131
1131 WRITE(6,13?)

132 FORMAT!'OIF THIS IS WRONG ENTER XXXX IN REPLY TO NEXT QUESTION',/,
6'OTHERWISE CONTINUE NORMALLY•)

4441 LXEY!I JX)=NX
KL=KL+4
MN=MN+4

4000 CONTINUE
WRITE(6,4003)

4003 FORMAT!'OPERSuNAL DATA SECTION HAS NOW BEEN COMPLETED',//,'TO PROC
8EED ENTER NEXI•,//,'OTHERWISE ENTER XXXX FOR CORRECTION')
READ!9,4004)! INA!1))

4004 FORMAT{A4)
IF{INA!1)+404 32217)4001,783,4001

783 NSKP=37
CALL JTREPT!IAD,KL,MN) '
GO TO 1909
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4001 IF(KSKP-27)4002,189,4002
C
C CATEGORIZED DATA SECTION-CHECKED WITH MASTER LIST
C

4002 WRITE(6 ,4012)
4012 FORMAT( '1CATEGORI ZED DATA SFCTI ON',//,'YOUR RCPLIES WILL Bt CHECKE

8D WITH THE MASTER LIST OF ACCEPTABLE REPLIES')
KL = 25
MN = 2 8
N J = 1
DO 5067 IXZ = 1, I TPC

140 IERR0R=0
150 WRITE(6,160)( IAD(IK),IK = K L» MN)
160 FORMAT!*1PLEASE GIVE YOUR ',4A4,» THE ACCEPTABLE REPLIES ARE AS FOI

8LUWSG *)
IF(IERROR-1)1669,1776,17/9

1779 NJ = NJ-1
1669 NRP = LKEY(NJ)

IF{NJ-1)1602,1603,1602
1603 MRP = 1

GO TO 1674
1602 MRP=LKEY(NJ-1}+l
1674 DO 1650 IXl=MRP,NRP

IF!1X1-1)1621,1620,1621
1620 IL0=1

GO TO 1622
1621 ILO=IKEY!IXI-lJ+1
1622 IHI = IKEY!I XI)

8 7 WRITE(6,88)!JKEY(MH),MH=ILO,I HI)
88 FORMAT(20A4)

1650 CONTINUE
N J = N J +1
READ(9,161) (INA{J W),JW=1,20)

161 FORMAT!20A4)
IF{INA(1)+437o56601)1162,7000,1162

1162 CALL JTIGET!N,NQ,JKEY,I KEY,LKEY,KKEY,INA,J,IGET,IANS,IXN,MAP,
8MST0R,ISTOR,JAP,JDZA,JDZB,JDZC,KDZA,KDIB,KDZC,MGA,MGB,MGC,JF)

C
C JTIGET SEARCHES FOR STORAGE ANSWER, SIGNALS OUTCOME OF SEARCH
C AND RECORDS THE ANSWER GIVFN IF ACCEPTABL-
C

169 IF(IGET)1990,1990,170
170 WRITE!6,180)I IAA{IG),IG=1,3),!I AD!IK),IK = KL,MN),! INA(JW),JW= 1,20)
180 FORMAT!3A4,* ',4A4,' ',20A4)

GO TO 210
1990 WRITE(6,1991)(IAA!IG),IG=4,6),CIAD!IK),IK=KL,MN),(INA(JW),JW=1,20)
1991 FORMAT(3A4,* ',4A4,» ',20A4)

IERR0R=IERR0R+1
IF!I ERROR-2)150,1992,3992
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1592 WRITE(6,19 93) i ERROR,{I AD( IK),IK = KL,MM)
1993 FORMAT!'OYOU HAVE GIVFN*tI2«* UNACCEPTABLE REPLIES FUR ',4A4,//,'P

8LEASE GIVE ACCEPTABLE REPLY THIS TIME')
GO TO 150

3592 WRITE(6,3993)<IAD(IK),IK=KL,MN),(INAIJW),JW=1,20)
3993 FORMAT!'1THE PROBLEM IS NOW PASSED TO THE ARBITER FOR CLASSIFICATI

8N',//,*ERROR FOR *,4A4»//,* INPUT = *,20A4,//,'PLEASE CLASSIFY COR
8ECTLY')
READ(9,4994)( LNA!JW),JW=1,20)

4994 F0RMAT12QA4)
GO TO 1162

9000 CONTINUE
C
C RECORD THAT THIS TOPIC HAS Bt EN C ONSIDEREDO MOVE ON 1U NEXT
C

210 NQ=NQ+1
KL=KL+4
MN=MN+4

5067 CONTINUE
WRITE(6,506 8)

5068 FORMAT! •OCATEGORI ZED DATA SECTION HAS NOW BEEN COMPLETED')
189 IF!ICHK-44)22 ,289,220

C
C PERSONAL NUMERIC DATA SECTION-CHECKED WITH RESPONDENT
C

289 WRITE!6,5069)
5069 FORMAT!'1PERSQNAL NUMERIC DATA SECT I ON',//,'CHECK THAT YOUR REPLIE

8S HAVE BEEN CORRECTLY RECORDED')
CALL JTDATEI I AD,IDAY,MTHS,IYRS,I AGE,J AGE,KAGE, I MY,J MY,

8KMY» KYR » KK,IY ,T,IAB,IYC,IVY,JVY,KVY,KKK, I AC,I AX)
C
C JTDATE HANDLES ALL PERSONAL NUMERIC DATA
C

220 WRITE(6,2?15
221 FORMAT! •I THANK YOU FOR YOUR COOPERATI ON',//,'YOU HAVE NOW COMPLETE

80 THE QUESTIONNAIRE »,//,'SHIFT AND ENTER TO SHOW INSTRUCTIONS')
KONT U=K0NT0+1

3000 CONTINUE
C
C BRANCH FOR SPECIAL FACILITIES
C

7000 WRITE (6, 70ODKONT0, ( IAD! IK) , IK = 2 5,28)
7001 FORMAT!'1',14,' FILES HAVE BEEN PROCESSED TO-DATE',//,'THE FOLLOWI

8NG FACILITIES ARE AVAILABLE•,/,• i.CONTINUE QUESTIONNAIRE PREStNTA
81 I ON ENTER 11 (12) ',/,' 2.DISPLAY ALL PROCESSED FILES EN
6TER 33 (12) ',/,' 3.DISPLAY FILES BY ',4A4,' ENTER 55 !I2) ',/,
8' 4.DISPLAY A NAMED INDIVIDUAL"S FILE ENTER 66 (12) ',/,' 5.DI
8SPLAY FACTOR FREQUENCY COUNT ENTER 77 (12) ',/,' 6.DISPLAY P
6R0GRAM IRREGULARITIES LOG ENTER 88 (12) ',/,' /.TERMINATE RUN
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8 ENTER 99 ( 12) • )
READ(9,7850)MARK

7850 FORMAT(12)
IF(MARK-33)3000,7007,7851

7851 IF(MARK-6 6)7607,7705,7888
7888 IF(MARK-88)77 3,7400,9888
7007 WRITE(6,7008)KONTO
7008 FORMAT(* THERE ARE •, 14,• FILES ARE AVAILABLEO ENTER THE NUMBER

8 YOU REQUIRE (14)• )
READ(9,7009)NFL

7009 FORMAT!14)
I F L = 1
CALL JTSHOW(NFL,IXN,ITPC,I AD,NOTA,MEMO,MSTOR,I KEY,JKEY,I AGE,J AGE,

8KAGE.KI , I A3 , KYR , I SKP,KSKP ,ICHK,TSTOR,MAST,IYC,I AC,IFL)
GO TO 7000

C
C J T SHOW DISPLAYS ALL,OR A SPECIFIED NUMBER,OF FILES IN ENTIRETY
C

7607 WRITE(6,7608)
7608 FORMAT!'TO DI PLAY FULL FILES ENTER 10',//,'TO DISPLAY NAMES

8ENTER 00')
READ!9,7609)IYEL

7609 FORMAT!12)
IF!IYF1)7620,7610,7620

7610 IF CIXN)7620,7 >79,7620
7620 CALL JTFILE!KDZA,KDZ8,KDZC,MGA,MGB,MGC,KONTO,IYEL,

8NFL,IXN,ITPC, IAD,NOTA,MEMO,MSTOR,IKEY,JKEY,I AGE,
8JAGE,KAGE,KI, IA3,KYR,TSKP,KSKP, I CHK,ISTOR,MAST,IYC,I AC,IFL)

GO TO 7000
7705 IF(IXN)7715,7979,7715
7715 WRITE(6,7706)
7706 FORMAT! 'GIVE 1 HE NAME OF THE INDIVIDUAL WHOSE FILE YOU REQUIRE IN

8THE FORM ',//,'SMITH,J,MR.')
READ! 9, 7707)! INA(I V),IV=1,20)

7707 FORMAT{20A4)
MAX=KONTO»IXN
CALL JTRCRD(INA,NOT A,MEMO,IFL,IOK,MAX)
IF!I OK-100)77 8,7709,7708

7708 WRITE(6,1708) (IAA(IG),IG = 4,6),tINA(IV), IV = 1,10)
1 708 FORMAT(3A4,' ,,20A4)

WRITE(6,1709)
1709 FORMAT!"OCHEC THAT YOU HAVF GIVEN THE CORRECT DESIGNATION

8',//,'IF YOU WISH TO TRY AGAIN, OR REQUEST ANOTHER FILE
8ENTER NEXT',//,'OTHERWISE ENTER XXXX')
READ!9,1710)NOMEN

1710 FORMAT!A4)
IF{NOMEN+404232217)7705,7000,7705

7709 WRITE(6,7710)!IAA!IG), I G= 1,3),{INA!IV),IV=1,20)
7710 FORMAT!3A4,' »,20A4)
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mast=98
j\ \ r~ 1 — T f" in 1 1 — 1 i 1

iskp=30
l\ oi\ r = *tu

ichk=44
r a 1 1 1 t 1 i n li t mi" i t v m t tpt tap) n5 h t a mpmp m rl t pi 1? fl7py 1 w f- v i a r rl. all j 1 jlluw i ini l) 1 a! 4 t 1 1 r if 1 a u y in u 1 a y h l pi u y 1 u i\ y lf\l 1 y j l\ l 1 f

8jage,kage,ki, iab,kyr,1skp,kskp,ichk,ist0k,mast,iyc,i ac,
iflul,

if l )

write(6,7711)
7711 format!'1t0 request another file enter next*,//,*otherwise enter x

8xxx•)

7 712
k l a u l 9 y f { L c. ) imiirlu
format!a4)
i r /mt u/"i i / a / n n i / ! tt a cr t t \ r\ c\ ~i ~i r\ c

7979
if{nemo+40423221 7)7705» 7000, 7705
write(6,7980)

7980 format!'personal data has not been collected',//,'hence this
8facility is ngn-operational')

c
uu 1u /uuu

i -t- r- fir- f\ r i * V /— fit t-\ r\ ri r~ f r- i'\ f— t » I— /* A r* i * p » r* •» r— r\ n \ /

c
c

jtfile displays all processed files as classified by
the sorting factor

c
7703 call jtfact(jdza,jdzb » jdzc» k0nt0 »lkey » jkey»i key,iad)

rn t n 7000K

c
bu IU iUUU

t t , a p t pv r p r\ 1 a v - p * c~ k r~ t n r\ r n r n 1 11* m r p . i i m t
l

c
■7 / AA

jtfact displays a factor frequency count

1 in r Tt / / / 11 %7400

471
writr(6»471)
format!'program irregularities log ',//,'the following reported th

f" . i f— , r~\ f \ J T P

8emselves as returning students'»/»*yet could not locate
8ting file under the names given below*)

nn / 7r>n r 1 1 * t mi 1 u 0

their exis

/. 7 on

U U 4/uu 1 ll2l f l\umn
if!ill-1)4721,4720,4721
11 n - 14 / c 0 j lu — 1

go to 4722
II D—TN/VA 1 Tl 1 lil4 f Z 1

a 722
j l 0 — i x x a l ill i. # 1
jhi=ixxa(ill)
111 T TC 1 i / -»n ft S / 1 \/ V A 1 M 7 \ U 7 _ |l p | 11 t I

4788
/. y a a

wrltc(6 y 4(08) (jxxa(nz) ymz — jluyjhi)
format!'0*,20a4)
c r 1 ;\jt t mi in4 f uu

q q q c)

lun t 1nu t

go to 7000
un T T C t L. n n 0 Q 1

7000

9009
to r 1it(of9u09;
format!'you have requested termination of the runo*,//,

ah in proceed with tht^ rniir^f fntfr 9990 otherwise iiii
•if you wis
i )Oi > 1 U r T\ U L. u. Iv ft 1 111 111! 1* UUn j C f„ I* 1 r r\ y ~t t i '.if n i. i> 1* i ,) 1.. 1111

read!9,9001)naa
r— t—1 r i 14 * t / t y 1

t

9001 format(14)

if(naa-9999)7000,9999,9999
i T Tr / i. c"i n o o \99 9 9

9998
w k ileio,9998)
format!'run has now terminated*)
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ND SUBROUTINE JTRAND{NOTA,ME MO,NX,JX,NOTB,MEMB,NB,JB,JFL)
ND DIMENSION NOT A{200},MEMO{500),NOTB{AO),MLMB(200)
ND IVK=(JF L*6)-5
ND JVK=JFL»6
MO DO 320 N8=IVK » J VK
ND N X = N X +1
ND IFINB-111319,1319,1321
ND 1319 KG = 1
ND GO TO 1322
ND 1321 KG=N0TB(N8-1)+1
ND 1322 KH=NOTB{NB )
ND KC =KH-KG
ND NOTA{NX)=JX+KC
ND DO 320 JB=KG» KH
ND MEMO{JX}=MEMB(JB)
ND J X = J X + 1
ND 320 CONTINUE
ND RETURN
ND END
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RD SUBROUTINE JTRCRD(INA,NOTB,MEMB,JFL,IOK,MAX,IXN)
RO DIMENSION INA(20),NOTB(40),MEMB(200)
RD ILOLMT =1
RD IUPLMT=MAX
RD JFL = 0
RD DU 6000 LMTS=ILOLMT , IUPLMT,IXN
RD JF L = JFL + 1
RD IF(LMTS-l)110,100,110
RD 100 IL0=1
RD GO TO 110
RD 110 ILO=NOTB{LMTS-l)+l
RD 120 IHI=NOTB(LMTSI
RD MS=1
RD DO 206 JD=ILO »IHI
RD IFIMEMBIJDJ-INA(MS)1201,205,201
RD 205 MS=MS+1
RD I 0K = 100
RD 206 CONTINUE
RD GO TO 70
RU 201 1UK~00
RD 6000 CONTINUE
RD 70 RETURN
RD END
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\CT SUBROUTINE JTFACT(JDZA,JDZB,JDZC,KONTO,LKEY,JKEY, IKEY, IAD)
\CT DIMENSION LKEY(25) ,J K F Y(5QO) ,I KEY{200),T A 0{80)
\CT WRITE(6,10)KONTO
\CT 10 FORMAT!14,' FILES HAVE BEEN PROCESSED TO-DATE1)
\CT WRITE(6,20)(IAD{IK)fIK=25,28)
\CJ 20 FORMAT! 'OFACT k FREQUENCY COUNT FOR •,4A4,* IS A FOLLOWSO*)
\CT NRP = LKE Y { 1)
\CT MRP= 1
\CT DO 1650 IXI=M,<P,NRP
\CT IF!1x1-1)1621.1620,1621
\CT 1620 I LQ= 1
\C I 01) TO 162?
\CT 1621 ILO=IKEY( IXI-U + l
\CT 1622 1111 = IKC Y { I XI )
\CT IF( I X I -2 ) 1,2,3
\CT 1 WRITE!6,Bl)JDZA,(I AD!IK),TK-2?,28)* IJKEY!JX),JX ILO.IHI)
iCT 81 FORMAT!«0',14,'=FREQUENCY FOR ',4A4,» CLASS 1 «,20A4)
VCT GO TO 1650
XCT 2 WRITE(6,82)JDZB,(IAD(IK),IK=25,28),(JKEY!JX),JX=ILO,IHI)
^CT 82 FORMAT(•0',14,'-FREQUENCY FUR %4A4,« CLASS 2 •,?UA4)

^CT GO TO 1650
\CT 3 WRITE ( 6,83) JD/C, ! IAD! IK), IK = ?5,28) , ( .IK F Y ( IX) , JX--TLG, IHI)
\CJ 83 FORMAT!'0«,14,«=FREQUENCY FOR •,4A4,' CLASS 3 *,20A4)
4C I 1650 CONTINUE
!CT RETURN
)CT END
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[ le subroutine jtfile{kdza,kd2b,kdzc,mga,mg8,mgc,kgnto,iyel,
8nfl,ixn.itpc,i ad,nota,memo,mstor,ikey,jkey,i age,
8jage,kage»ki,iab,kyr,iskp,kskp, ichk,istor.mast,iyc,i ac,ifl,iri,
8 jr i » nrm)

i le dimension kdza(20),kdzb(20),kdzc(20)
[le dimension i ad{80),nota(200),memo(500),i key(200),jkey(500)
[le dimension i age{25),jage(25),kage(25),iab(24),kyr(50),mstor(120)
ile dimension i stor{120),i ac(16)
[le iga=mga-1
[le igb=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,( i ad{ ik) , ik=25,28)
[le 1 formatt'o',14,• of which are from «,4a4,' class 1.')
[le write(6,2)igb,(i ad{ik),ik = 25,28)
[le 2 format{'o1,14,• of which are from ',4a4,' class 2.')
[le write(6,3)1gc,(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)(i ad(ik),ik = 2 5,28 )
[le 102 format(•1the files from ',444,' class 1. are as followso')
[le if(iyel-io)104,103,104
ple 104 1=1xn
[le k=kskp
[le j = ic h k
[le ixn=1
[ le kskp = 27
[ l e ichk = 22
[le 103 do 199 i ap=i,iga
[le ifl=kdz a{i ap)
[le mast=98
:le ifl=ifl-i
ill nl l= 11 i
[le c all jtshow(nfl,ixnfitpc,i ad,nota,memo,mstor,ikey,jkey,iage

8,jage,kage,ki,iab.kyr,iskp.kskp,ichk, i stor.mast,iyc.i ac,ifl, ik i,
8jri,nrm)

ile ixn=i
: le kskp = k
le ichk=j
le mast=14
[le 199 continue
le 200 if(igb)300,30.,201
le 201 write(6,202)( iad(ik),ik = 25,28)
le 202 format(*ithe files from «,4a4,' class 2. are as followso')
le if(iyel-ig)204,203,2u4
le 204 1=1xn
le k = k s k p
le j = ic hk
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LE IXN=1
LE KSKP = 2 7
bfc ICHK=22
LE 203 DO 299 I8P=1,IGB
LE IFL=KDZB(IBP)
LE MAST = 90
LE IF L=IFL- 1
LE NFL~IFL
LE CALL JTSHOW(NFL,IXN,ITPC, I AD,NOTA,MEMO,MSTOR,I KEY,JKEY,I AGE,

8.1 AGE , K.AGE » KI , IAB,KYR,ISKP,KSKP, I CI IK, I STOR , MAST , I YC , I AC, 1FL, 1 ft 1 ,

8JRI,NRM)
LE KSKP=K
LE I CHK = J
LE IXN=I
LE MAST=14
LE 299 CONTINUE
LE 300 I FtIGC)500,500,301
I..E 301 WRITE I 6, 30?) ( IAO( IK) , IK-25,2b)
LE 302 FORMAT(*1THE FILES FROM •,4A4,' CLASS 3. ARE AS FOLLOWSO")
LE IF(IYEL-10)304,303,304
LE 304 1=1XN
LE K = K S K P
LE J=ICHK
LE IXN=1
LE K SKP = 2 7
LE ICHK=22
LE 303 DO 399 ICP = 1, IGC
LE MAST=98
LE IFL=KDZCI ICP)
LE IF L=IF L-1
LE NFL= IFL
LE CALL JTSHOWfNTL,IXN,ITPC, I AD,NOTA,MEMO,MSTOR,I KEY,JKEY,I ACE,

8J AGE,KAGE,KI, 1AB.KYR,ISKP,KSKP,ICHK,ISTOR,MAST,IYC,IAC,IFL, I RI,
8JRI,NRM)

LE KSKP=K
LE I CHK = J
LE IXN=I
lE MAST=14
_E 399 CONTINUE
LE IYEL=13
-E 500 RETURN
-E END
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/DATA "!!*>. 1
1?
03
LOCAL
NON-LOCAL
OV CR StAS
17
ST. SALVATORS
ST. REGULUS
JOHN BURNET
SOUTHGAIT
HEPBURN
KINNESSBURN
DEANS COURT
ANDREW MELVILLE
UN I VERS I TY
MCINTOSH
HAMILTON
ABBOTSFORD
WEST PARK
LODGINGS IN ST.A.
LODGINGS ELSEWHERE
PARENTAL HOME
FLAT
03
BRITISH
COMMONWEALTH
FURE IGN
05
NORMAL
PART TIME
STAFF
OVERSEAS
EXCHANGE
01
SCOTTISH EDUCATION DAPARTMENT
LOCAL EDUCATION AUTHORITY
U.K. UNIVERSITY
RESEARCH COUNCIL
BKII1SH COUNCIL
INDUSTRY
OTHER
06
S . C . E .

G.C.E.
H.N.C.
FOREIGN QUALIFICATION
DEGREE
OTHER
04
ARTS
SCIENCE
MEDICINE
DIVINITY
07
HONOURS
ORDINARY
PH.D.
POSTGRADUATE DEGREE
POSTGRADUATE DIPLOMA
UNDERGRADUATE DIPLOMA



non-graduating
02
full time
part time
16
actuarial science
anatomy
applied mathematics
astronomy
biochemistry
biology
botany
chemistry
computational science
geology
pure mathematics
physics
physiology
statistics
theoretical physics
zoology
02
male
female
03
single
married
divorced
9999
06
44
hartley-taylor,j,mr.
andrew melville hall st.and 3759
the college,brighton.7.
j,hartley-taylor,esq.
retired
21,chatsworth court,pembroke road,kens ington.london.w.
clark,p.p,miss
14,grannie clarkes wynd*3592
northampton high school for girls
jos i ah clark,esq.
farmer
25,lomond road,long buckby,northampton*daventry 3456
hollingworth,v,m,mr.
john burnett hall
glenalmond school
dr.w,g,hollingworth
physic i an
45,hope street,st.andrews*4i46
mclachlin,d,m,miss
university hall» st.and 4689
cheltenham ladies college
j,g,mclachlin,esq.
tea planter
box 45,kandy,ceylon
dexter,u,c,mr.
9,shorehead st.andrews*3129
holland park comprehensive
t,r,dexter,esq,m.p,
cabinet minister
56,marlebone road,london.n.w.i.
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120,1
// JCE rJ T C.L. C A
/ /SYSCC2 ACCESS JTC I SC , 191= ' SA45V 1 '
//SYSCC3 ACCESS JT T A P E , 2 8 C = » S A C C 2 8 •
//TEST EXEC FCPTRAN(NAF)
C ARCFTVTNC- PRCCRAN A F F L I E D TP F. I C L T C C R A PF IC RECCRCS

~~

I' V ' ■"
CINENSICN I T C P( 1CCCC ) , I W R C ( 2 C ) » IAV(6C ) t IKA ( 7) , I K E Y ( ICC ) » J K E Y ( 9 S C )

l,I."A(ACC)»IAPC8C),IAF(lCC,2),KNT(lC),LST(iC),IK2(/)
C A 1 A I e L / * . • /
CFFTNf F I LE 2( 1 2 C , 2 6C , L , K S )
REFINE 3

C
C REAC CFERATICN CCEE
C

REAC(5,1CCC) ICLIZ
1CCC Ff.RMT(I2)

IF( ICU I Z-3 2 ) 1111, 1C1 , iCl
C
C IMTIALIZATICN FCR FIRST RUN CF PRCGRAN
m
mi J=i

N = (.
I b v = I

1 ICC EG 12 L = 1 , ICC
I AI (L,1)=C
I A F ( L , 2 ) = C
I At ( L,2)=C

12 CCNTINUE
II = C
IV- 1
IU = 1
I F |\ T P Y = C
i£ = i
I P = 2

ICC CCNTINUE
cr: tc lcci

C
C RT AC PARAMETER T ARRAY VALUES FRCP CISC —SUBSEQUENT RUNS ONLY
G -... - „ ,

1C I IC C = 1
R t A C ( 2 ' ICC) IF, I E NT R Y , N , J » IE
NC-1CC
I G A = 2
R L / [ { 2 ' I G A ) ( ( I A F ( I Y , N ) , I Y = 1 , N C ) , P - 1 , 2 ) , ( IK E Y ( IY ) , IY - 1 , 1 C C ) , ( J K E Y ( I

8 Y) ,IY = 1 , 9 5C )
IG = I E + 1
101=21
R r A r. ( 2 • I C S ) ( I T C F ( I X ) , I X - 1 , IC )

C
C BRANCH FCR CISFLAY CR STCRACE CF NEW CATECCRIES
L , - - • . • - " - R _ •

IF(ICU I Z-5E ) ICC 1 ,ICC 1 , 7 7
1 '1 CALL JTCATC( IKEY,JKEY , IN A , N , j )

C
C OR - \ CI F C ft E-NC CF P H C C R A R IF CPERAT ICN CCCE = 23
G>

IF { ICU IZ-23 ) 1,9CC'C , 1
TT~~ 7 ~~ 7~ = ~ • : — - —7- : — 7

C REAC IN CF e I B LIC C R A F F I C CATA



120.2
C

1 K L r 1
N N = d C
K CI IS I = C

L ■ »u. ■,
C SE 1 FIELD TC FLANKS
r

CC 175 J A = 1 , 32C
175 I A A ( J A ) = I 0 I
1 6 C REAL'(5,7) ( I A A { K C ) , K C = K L , N N )

7 FT MAT(fifA 1 )
KCtM =KCUNT + 1

C
C TEST FCR ENC CF RIN R ECUEST
C

IF(IAA(KL)-1547714624)2CC,SCS7,2CC
C
C TEST FCR CCNTINUAT I C N CF REAC REQUEST
C

2 C C IF ( IAA(NN)-1547714£24 ) 122, 111, 122
111 KL=KL+8C

N N = Y h + f? C
C
L

c
TEST FCR fAXIClC MJNEER CF CARCS

IF (KCLM-3 ) 18C , 18C , 122
C
C V\ • IT E RI8LICC - APH I C CAT A TC TAPE
C

122 CC 123 K1=1,32C,8C
K2=K1+7S

123 H R I T C ( 3 ) ( IA A ( JA ) , JA = K 1 ,Kf)
IENTRY=IENTRY+ 1

C
C R F A C CATEGORIES TC RF ATTACIEC TC D I RL I CGRAFI IC CATA
C

£66 R E A C(5 , 4 ) ( I A V(J G ) ,J 8 = 1 ,7)
4 F C E Y A T ( 7 A 1 )

JC = 1
c
C TEST FCR ENC CF CATECCRV LIST YARKER

. C
617 IF( IAV(JC )-1547714624 ) 6 18 , 1,618

*-■ L
,

C CHECK CCRHECTNESS C.r CATEGORY DESIGNATION & RETURN CATEGORY CODE MR I
C ~ '

6.18 CALL J T F I N C { IAV,.JKEY, IKEY,NCGC, IE » N , J Z )
U .

, .. ■' ; . ■ . ' 1 ' ~~
C TEST FCR 'URC1SIC CE5ICNATICN' FLAG
C

IF (NCGC-1C )444 ,4 1C ,444
4 1C feRITE(£,411)(IAV(JB),je=l,7)
411 FCkYAT{» ERROR IN CESICNATICN CF CATEGORY • , 7A1 )

GC TC SCCC
4 4 4 L = v Z

■^C AUG RENT NUYEER CF ENTRIES RCCCRC FOR THIS CATEGORY BY 1

m;•- ' . '



c test fcr first entry for category
12 Oo

j—c"
if(iaf(l, i) — 1)511

rfc crd beginning

» 5 1c » 5 11

value cn
c
c itcf list fcr tfis category

~rr
5 1c i a f ( l , 2 ) = i e

itcf(i e ) = i e n t r y
c
c
c

reccrc end value cn itcp list fcr tfis category

i At- ( l , 3 ) = 1 l
t F = t F + 2

5 11
gc tc 555
cent imf

c

c kaC'U: vai lf of itcp array SUESCkIPT appropriate for recording value
c last entry FCR this categlry
c

i P > = i A f ( l » 3 ) + 1
C
c reccrl in itcp array value of last entry fcr this categgry
mm

itcf{ ipx ) = ie
c
c relcrc current value cf last entry fcr this array
c

i A f ( l , 2 ) = i e
c
c reccrc nuneer l i if is entry cn itcp list
c

213 it cp( ie) = ie n t r y
ie=ie+2

3 c C clminlc
= ccnttnlf

gc tc £66
c
c test if display facilities are "recuired
r-

9C9 7

t 7
ir(ICLIZ-77)9CCC,77,9CCC
call JTCISF(IAVfJKEY,IKEY,NOGCtIF,N,IAF,ITCP,JZ)

LUTE PARA NET R & ARRAY VALUES TC CISC FCR STORAGE
r
L

i i , ii
C

9 C C C IL T = 1
VvR flE (2 • ICT ) Ih , IENTRY ,N , J , IE
N T = 1C C
IC■ V = 2
NR]TE(2'ICIft)((IAt {IT,M:),IT-l,NT),Ne-l,3),(IKFYfIY),IY=l,lCC),lJKE

GY(IY) , IY= 1 ,9 5 C )
IG T = I F + 1

»

107 = 21
LRITFI?' T F 7 > ( ITCP( 1X7 ). 1X1 = 1 . TGT)
STEP

—-EN E

SUERCLTINE JTCATG( I KCY , JKEY, I NA , N,J )
C I N E N S I C N IKEYt 1C L ) »JKEY(95C) » IN A(7)

READ NLNEER CF CATEGORIES TC EE RECLRCEC

.

i



P F A E ( 5 , 1 ) I C T G 120.4
1 F C R N A T ( 14 )

PC 1C J A =1 , IC T G
~ir~

C RE AC CATEGORY NARE
~r-

RFAC{5,2MINA(IA),IA=1,7)
2 FOR RAT( / A 1)

N = Ml
K G = 7

C
C 1LST TCR ANC ELIRINATE BLANKS
C.

115 IF ( IN/5 ( KG J-1C775 525 7 6 ) 110 , 1C5 , 1 10
105 K G = K G- 1

CO IL 115
C
C RECCRC POINTER POSITION FOR ENC OF WCRC
C

11C IKEY(N)=J+KG-i
p '

.. . ' ' -tmL^J
1RANSFER INCIVICUAL CFARACTERS OF CATEGORY FARE TC JKEY ARRAY FOR ^ T

C
CO 320 L B = 1 , K G
JKEY(J)=INA(LE)
J = w + 1

320 CCNTINLE
10 CCNTINLE

R E T L R N
END
S 0 R f t; T I N E -J T F I N C ( I A v , J K F Y , 1 K C Y , N 0 G 0 , I F , N , J Z )
Eli-ENSIGN I A V ( fi C ) » J K E Y ( 5 5 C ) , I K E Y ( 1 OX )
EC 700 JZ-l.N

C
C ESTADL ISF LCkER 5 OFFER LIRITS OF SEARCF
C

TF (.17-1 >21,22,21
2 2 I L C L R I = 1

GO TO 23
21 ILI LNT=IKEY( JZ-D + 1
23 ILFLRT=IKEY(J7)

R S = 1
C

TEST FOR RATCF BETWEEN STORAGE LIST S, INPLT LIST OF CATEGORIES
C

EC 2 C 6 JC= 1 LLLRI , I LPIRT
If (,)KEY( JE)-IAV(RS) )2C 1 . 205 , 701

205 NS-RS+1
C
C SOT 'CORRECT DESIGNATION' FLAG
C

N C G C = C
206 ClNTINUE

C-C TC 758
C
c SF 1 ' WRONG CFSIGNATICN' FLAG

2 CI KOGC=1C
7 C C CCNTINLE

758 CONTINLE



1 or t*

RETURN
ENC
SI, PR f I i T T N H .ITD I SP ( IAV , JKCY , IK C Y ,NCGC , II , N , I AH , ITCF , JZ )
CIFENSICN IAV(fiC)r JKE\(95C ) , IK E Y ( lCCl,IA A ( 4 C 0 ) , IA H(1CC»3)»IT C P(1)
C I i- ENSIGN KK ( 6 ) , JEV (6 ) , JUV ( 6 )
CATA I B U A N K / ' '/

19 9 I = C
K L = 1

f ' »■
C READ CATEGCRIES TC RE INCLUDED IN CATEGCRV SEARCH LIST
C

2 C C REAC(5,2C1)( IAV(TC) , IC = 1» 7)
2 C 1 T [ RFAT {7 A 1 )

C
C TEST LCR END CF RUN RECLEST
C

IF(I A V (1)-1547714624)2C2,2C3,2C2
2 C 3 IF ( IAV(2)-1547714624)2C6,5S5,2C6

C
C JT FIND CHECKS CCRRECT DESIGNATION CF CATECCRY & RETURNS CATEGORY CC
C

2 C 2 CAlL JTFINC(IAV,JKEYflKEY,MGl,IH,N,JZJ
C
C TEST FOR FAILURE TC LCCATE CATEGORY
C

IF(NCCC-1C)9CC,999 , 5 C C
5 C C I = 1 i I

KK(I)=JZ
C
C ESTABLISH LCUER AND UFFER LIFITS CF SEARCH FOR CCFFCN ENTRIES
C

J L \» ( I ) = I A F ( J Z , 2 )
J U V ( I ) - I A H ( J Z , 2 )
CC TC 2C C

2 C 6 CC 395 F=1,8C
35 5 IA\»(N) = lbLANK

f, fy = 1
DC 3 5 6 F= 1 , I

.291 FN - KK ( F )
FL= 1
TO ( FN . E C . 1 ) C-C TC 3 5 7
FL = I K EY(FN- 1 ) + I

3 5 7 FU- I KEY(FN)
2 5 5 IA\i(FF) = JKLY(FL)

F F = F F + 1
F L = F L + 1
IF (FL.LE.FU) GC TC 359

2 5 6 F F = F F •+ 2
fcK 1TL <6 , 3 54 ) { I A V(F ) , F = 1 , t C )

354 F C F A T( ' 1 ' , ' FUEL I CAT I CNS LISTED UNDER CATEGCRIES • ,g C A 1 , / / )
2 C 5 J Z - J E V ( 1 )

I F INC= I TCP(JZ)
IF (I.EG-l)GC TC 3CC

~C~
C CO F PAKE ENTRIES FOR CTHEP. CATEGORIES wITH ENTRIES IN HIRST CATEGORY

ICC 2 C / F = 2 , I
2C9 FF=JEV(M)

IF ( IF INC.EC. ITCP (FF ) ) CC It tU
IFflFINU.LI.ir DP( PF ) ) GC TC 2C8



IF (RN .EC. JLV{f ) ) GC TC Z13
J E v(N ) = 1T C F(N N +1 )
GO TO 2(IS

2 C 7 CCNTINCE

TEST IF TAPE IS TC pE STEFPEC FRICR TC RECCING
^m

3CC IF ( { IFINC-1 1*4+1.EG.KL)GC TC 21C
KtJ- ( IF INC I ) *4

c
C S T c P TAPE WITH CUNYY READ
C

CC 211 N =KL,KL
211 RE AC(3 )

C
C REAC THE EMRY IN 0 I B L IC GR A P F IC RECORD
C

2 1C CC 25C K 1= 1 ,32C > 80
K2-K1+7S

2bC READ(2 ) (1AA{JA)»JA=K1,K2)
C

W R IT E CONTENTS CF BIBLIOGRAPHIC RECCRC FOR CISPLAY
C

FRITE(fe,212)(IAA(JA),JA=l,22C)
212 FCNNAT( * C•» 8C A 1)

C
AUG RENT RECCRC CCLNTFRS IN READINESS FCR NEXT CEARCF

C
XL = 4 * IF IN C + 1

2 Cg JE\(1) = ITCF(J2+1 )
IJ = JLV( 1 )
IF(IF INC.EG. I T OF( I J ) )CC TC 212
GC TO 201

213 REUNC 3
GO TC 19 9

999 CALL EXIT
CNC

/*
// CX: C C LFACER
/*
7 7

ALCRTFN

TECFNCS

STNCRCS
TECFNCS
*

E CIC A T N
*

STNCRCS
ALGRTFR
TECFNCS
*

TECFNCS
STNCRCS
ALbK HIP - '
*

STNC RC S
lonrrTTF-



 




