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ABSTRACT

A TIMETABLE SCHEDULING COMPUTER PROGRAM

TOPTAS Mehmet
MBA in Institute of Management
Supervisor: Asst. Prof. Dr. Erdal Erel

June 1990

The wse of compulters makes easy the preperation of timetable
schedule and esliminates a lot of manual work.

In this thesis, a timetable schedule generation Program
written in Fortram IV language and implemented in a Burroughs Q000
system is adapted to the Data General system at Bilkent University
computing center. A case study on timetable schedule of Department

of Management of Bilkent University is performed.
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Bilgisayarlarin kullanimi  ders cizelgelerinin hazirlamasina

kolaylastirmis ve bir cok el ile yapirlan isi ortadan kaldairmistir.

Bu texr calismasinda FORTRAN IV bilgisayar dilinde vazilan ve
Buriroughs 000 sisteminde calaistarailan tlers Cizelgesi
hazirlavan brir hilgisavar prmgraml Bilkent niversitesi
Rilgisayar Merkezinde bulunan Datea General sistemine
uygunlastiralmistir, Bu  program vardimiyla RBilkent Oniversitesi
tgletme  ROLOmGnan 1990-1991 &a0retim yili sonbahar dénemi ders

Clzelgeleri bazirlanmistir,
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CHAPTER 1

INTRODUCTION

1.1. Introduction

The timetable scheduling problem bas  been investigated and
approached from several different points of view. The common

constraints of all approaches are as follows @

(1) Structuwral reguirement: No instructor or ¢lass can  be
assigned to more than one place in the same period.

(2)  Teaching reguirement: Each instruchtor can meet each class a
number of times predetermined for that instructor  and that
class.

But the approach and properti of  the timetable depends

heavily on the typs of school and  on the administrative

characteristiocs.

The timetable schedule is the summary of the gl anned
curriculum over a planning horizon. A course scheduls answers
guestions such as which lecture will be given, which ¢lass, which

lecturer, when and. how long.

" Manual course scheduling is possible for small educational
systems. By intuition and experience, the schedular can construct
timetables manually. But larger the sducational system gets, much
more difficult this task will be. Furthermore, obtaining a good

sChedule by manual  scheduling can  result  in solutions  far



away From optimal or desired solutions. awbracks  can be

overcome by replacing the manual one with a computerized courss

M. Buch & syvsten can give more  flexibility, make

el ing sy

o incorporate new reguirements, save  time  and  effort.

Furthermore, the computer facilities can be us for various

report generation  like printing the timetables of olasses,

tructors and olas

ST CIOME o

~

1.2. Outline of the Study

In the firet chapter an introduction to the couwrse scheduling
concept is given. Importance and definition of course scheduling,
grawbacks of manual scheduling, and an  optimum  course schedule
concept are introduced.

Second chapter suwnmarizes bthe historical  background  of the
subject and gives the classification of timetabling algorithms  in

the literative.

el for

In  the third chapter, the Frestty 31 E
constructing the timetables of an academic department by computar

in detail. The proposed bheuristic has  three  oain

i di%mua&::
stages. In the first stage alternative course schedules feasible
for regular students are generated. In the second stage, among the
schedules generated the ones that vieolate additional ihﬁtrumtmr
and regular student constraints are eliminated. In the last stage,

the remaining schedules are evaluated considering the desires and
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CHAPTER =2

LITERATURE SURVEY

The approaches in literature for anlving timetabling
problems can be classified according to their structure, their
application areas, effort of handling conflicts andl their
solution approaches.

~

2.1. Structural Classification

e I sueh

Aessionment Aloorithms: These algorithms  allocate clas

a way that rnone of the constraints are violated. Thesz nain
property of these is thalt the violation of a constraint is not
accepted at any stage. However, when a constraint is violated,
the algorithm  may either bacbtrack on previous assignments oF

modifies a constraint, or refuse Lo assign the particular

@l by Csima arnl

This type of algorithms were develop
Giotliebh (1964), Rarraclough {(1963), Licons (1967), Brittan and

Farley (1971), Enauwer(1974), NMeufeld and Tartar (1974).

Algorithms: This typs of algorithms attempt to

resolve  the conflicts of a schedule in which all meetings have
been inssrted but constraint viclations such as  unavailable
classroom  for some mpeetings exist. The main prmp@rty of
improvement algorithms  is  that they Lty to  reduce the
infeasibilities of a previosly s¢ hecu ] e timetable by
interchanging entries wiéhin the timetable. Smith (1973) and

4



and Aust (1976) developed this tvpe of algorithnes,

2.28. Classification According to Application Areas

Timetalkling algorithms for educraticonal syvatens are sither for
secondary schools or for college and universities. Most  of  the
previos studises have deall with secandary school timetabling. On

the obther hand studies

dealing with college o urniversitby

timetabling problems are very foew.

Researchers  that bave dealt with school timetabling are
Appleby  (1960), dotlieb  (1963), Barroglough (1965), Csmima
(1965), Lions (19&6,1967), AW L& {1969), Smith {1975).
Resmarchers that  have dealt with collage and university
timetabling are Almond (196%), Yule (1968), Brittan and Farley

(1L971), Akkoyuniu {19773) ard Tripathy (1984) .

2.3. Classification According to Conflict Handling

The amount of conflicts faced duririg timetabling is

Alacrithms that Do Nt Aveid Conflicts: Yule (1948) described a

system for university timetabling which takes no special

to  aveoid cornflicts. Whern a conflict QoS el ing
scheduling, the process is stopped and  restarted for schedul ing

the conflict causing iltem firstly.

]



Aloorithms  that  Avedd Conflic The algoeithms That #vinid

conflicts are developsd by Gotlieb (194673%,1964), Cedmea (1964

aritd Liorns (19467)., Conflicts are avoided where bry
carefull checks before each reguirement is assigned. Whean
conflicts cannot be aveoided the initial constraints are removed
progressively wntil the difficullty is removed. Barroglough (1265

tried to remove conflicts when  they occur. Entries causing  the

conflicts are displaced in  the existing (partial) timstable.

Johnston  and Wolfendern (1268) describe an  algorithm such
thalt  raguirements  are fithted so as to mindmize the risk of
conflicts avouwring and when conflicts ocour,  they are tried to be

resolved.  Another algorithm  descoribed by Brittan and Farley

(19271) is a powerful one to resolve conflicts
f

2. 4. Classification According to the Solution Approaches

2.4.1. Early Work

The early work on couwrse scheduling is introduced by Goblieb

(196%)., He proposes to construct a three-dimensional array, @ach

arte  the fhe e

point, of which repre A of a particular
class with a particular instructor at a particular class wilth a

particwlar instructor at & particular o of the clay .

In 1960 Osima and in 19646 lLions impraved Gotlieb's

metheoc .

&



2.4.2. Heuristics

These are the simplest approact since  they Al T hes
computerization  of manual  timetabling methods . BHarrouglough

(1965) and Brittan and Farley (1971) introduced the interchange

method .

The heuwristic developed by Almond (1965, 196%2)  and  Yule

(1968) overcome the disadvantages of previos research work  but

they still have a number of disadvantacg

Almond (1965)  propoesed a simple heuristic method for
university timetabling. Al information i o e in  two
arrays:  course requirement matrix and teacher avallability

matrix.

Yule (1968) proposed the file of requiremsnt Pines

corncept.

Class requirement and  the timetable matrices AIE
replaced by file reguirement lines. The program tries to
allocate  these reguirement lines to periods. Ore of e
diﬁadvantagﬁs of this heuristic method is that it does not detect
cases where a solution does not exist until a loop of  reordering

of lines has occwred. A second disadvantage is, due to The

constraints given by various instructors, that some  lecture

cannot be fitted anywhere in the timsltable.



2. 4.3. Graph Theory

Graphs and networks have peoven to o be useful in e
formuelation and solution of timetabling problems. Welsh and Fowell
(1967) presented their works., MNeufeld and Tartar (1974) introducesd
a method in graph theory concept.  But  this theory does rnob
provide an efficient algorithm  which can bhe  applied to an

arbitrary timetable problem in  order to determine the existance
of a solution. - In 198% Werra reviewed some basic models on graphs

o a theoretical basis.

c.4.4. Mathematical Programming Models

mathematical

DArC s Ll e

Since the.beginning of 19708  res

programming  models for solving  timetabling problems. Integer
Lingar programming formulations are made and they are attempted to
be solved by various methods. Lawrie (1964) developed an integer

Vinear programming  model for  school timetabhling.

A partial solution is  obtained and  then completed by  an
@nunerative procedure. The integer linear Qg amming noede ]
developecd by Akkoyunlu (19773 (RE-YEL mexdi Fied simplex
algorithm  for the solution method. Only & global optimum

aom restriction is not  taken into

solution is obtained and classr
account., Smith (1975) introduced the integar linear formulation
of Gotlieb’'s and Csima’'s methods, Konya  (1978)  proposed to  use
simplex method. Optimum solution is  searched step by step by
solving relatively small transportation problems. Tripathy (1984
introduced  a solution for  the timetabling problem which is

£y

8



formilated

&  large  dAnteger  linear  prog

AMming pre

by

prangian relaation.



CHAPTER 3

PROPOSED SYSTEM

In this section, the general characterizstics of the proposed

stem are discussed.

The definitions of some concepts used in  couwrse scheduling

terminology are as follows

unit of time in the time tahle.

toad @ Period is the smallest

Feriods are numbered consecutively through the week.

Fre-assignment i When a certain instructor has to meelt & certain

class at a certain houwr, then this situation i called
pre—-assignment.

Block period assionment @ If total lecture houwrs of a course ars

scheduled to consecutive periods in the timetable, this is called

hlock period assignment.

Fattern type : Total lecture bhours of a course can  bhe  scheduled

consecutively or can be distributed to the days of the week, which

»

ig called pattern type.

Instructors desire to  have a concentrated schedule to
the certain days of the week with adequate idle times in between
their lectures in & day. Regular students desire to  have their
courses distributed evenly over the week with reasonable number of
idle times beltween their lectures in a day.The desire of irregular
students is to have a conflict free schedule that is distributed

evenly over the week with resonable number of idle times  in

10



etwesn their lectwres in & day.

obijectives and

The desired case would be to satisty all the
make all participants comfortable with their schedules but  since

it A

ach obther, in practice

these objectives conflict with @

impossible to satisfy all of them fuliy. The obiesctive of the

course  scheduling problem is  to maximize the riam ey

participants:; studesnts and instructors who are comfortable with

their schedules.

3.1. Conflicts of the Problem

A person cannot be in more than one place at the same time. &

conflict exist between two simaltaneously scheduled couwrses, 1Lf

AP

or  bhoth  ocowrs

ore or more studentse must take both course
given by the same instructor. Conflicts of the course scheduling
probiem are classifisd as  instructor conflict, same level or

different level conflict.

Instructor conflict is the allocation of an instructoyr in

more than one place at the same period.

Bame level conflict is the scheduling of the courses of same

.

vear students simultansously.

Different level conflict is the scheduling of conflicting
courses among levels at the same pericd. Conflicting courses among
levels are the ones taken by irregular students.

11
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Satisfaction of st hor arel A1V

hedualing  problem  but

gusential dwing the solution of  cour
satisfaction of different level conflicts A byes el sl

partially.

3.2. Constraints of the Problem

Constraints of the proposed system are either structural or

depandent on preferences. Struactural constraints are dus to scarce
resouwrces and should be satisfied completely. On  the other hand,

preference constraints may be relaxed partially.

3.2.1. Structural Constraints

(1) Classroom constraint

Total number of lectures assigned to a period Ffor all  year
rlasses cannot be greater than the available number of oclassrooms

in that period.

{(2) Administrative constraint

Since idinstructors are alsco  involved in  academic Wb,
seminars and meetings, special periods and/or classrooms should be
reserved for these kind of occasions. The assignment of  these
prrasions are performed indtially. So when the scheduling starts,

amme of the classrooms in some ey iods and the corres elwiy) chin (8]

periods of  the instructors are not  available for ancathar

e

S

10



assigrnment.

R Structwral reguirements of instructors and students

If amn instructor, teaching part-time or nobt, is invelved in
another work, he/she may not be avallable irn &ll periods. In that
case the lecture howrs given by these instructors  should be

will

pre-assigned. The pre-assigrnment of these kind of  lectur

Timit the numnber of available periods on hand.

A Anstructor showld not meet the same undergraduate olass
third times in any half day, but he/she might meelt a class in both

the morning and the afternoon of one day.

of an instruactor in a day

The length of consecutive leclture
must be kept within a resonable limit. Thus no  instructor  showld

he asked to lecturs for more than fowr hours psre o day.

Since the attendance of part-tims students of graduate class
is limited to few davs of a week, certain graduate courses with
related subject matter showld bhe scheduled closely together.

3.2.2. Preference Constraints

Member of staff and students do not prefer lectures garly  in

the morning and late in the afternoon.

For even distribution of courses, total lecture bours of each



with ome

courss should be scheduled on two davs of the w

day in beltween.

ALL lectures should be given in the morning in preferencs to

the afternoon.

For lunch break, severyday at les one lectiurse houwr  showld

he free.,

Students do not prefer free hours in hetween lectures.

Since the instructors may devote one or more days to research
and outside activities, they do not like their lecturs hours

distributed to all days of the week.

Instructors prefer specific periods of the wWere k for

lecturing.

3. 3. Schedule Generation

The ocourse scheduling problem is & version of R Ewlwi
m-machine job shop scheduling problem. If an analogy is made for a
university department, Jjobs are Uthe courses offered in  that

semnaester and/or year, and machines are the classrooms. Lecture

howirs are processing times of the jobs.

A1l courses to be given are known in advance. The classrooms

are identical and number of classrooms available are smaller than

v

14
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the btotal number of couwrses. Lecture houwers for  sach  oourse

S

Enown in advance. Flanming borizon i & week.,

Heuristic procedures for course scheduling combine  intuibive

appeal of manual methods with the fast speed of computers. Real

timatabling problems canpot  be  handled either by mathematical
programming models or by graph theoretic approach without making
gsome assumptions. But constructing & schedule step by step by

hewristices is usually able to handle all kinds of reguirements

Fics have  the

that & real time aling problem may have but heuri

drawback of giving suboptimal solutions.

The heuwristic method proposed in this  stuwdy will satisfy

conflicts (instructor and same level) and generate schedulss  with

as there mad

n

the least violation of the constraints. The method b

stages.

sibile for

(1) Constructing a set of alternative timetables
regular students

() Eliminating timetables which AP infeasible foe thes
instructors

(%) Evaluating the remaining timetables according to irregular

students.

astudents

for e

In the first stage feasible schedule
are generated considering the desires and needs of regular
students and instructors. Instructors and same level conflicts are

e

satisfied completely and constraints like classroom constraint,

13



trative constraint, structural

achmir

and preferenc of  dnstructors and  students  are  btrisd to  be

satisfied, Whenever a that schedials

peral Leed.

vible sohedal

Among the set of alternative fe CHETTE &

the first stage there may be some schedules which are infeas
when the additional constraints of the instructors  sond regulare
students are lLaken dinto  account. In thse second stage such
infeasible schedules for the instructors and recular students  are
eliminated. This elimination process is  carried oubt by manual

irnspection.,

The remaining set of alterpative feasible schedulss at  the
ernd of second stage are sultahle for regular  students and
instructors. In the third stage if a feasible schedule  that
satisfies the desires and needs of a irregular students can  be
found, it is the optimum schedule. But if & schedule does not
exist the decision maker has to make an evaluation considering the

y

conflicts of each irregular student.

3.4. Solution Procedure

The main stages of the sclution procsdorce A Pe inpat

preperation, decision making stage , and generation of  the

e por e .

1é



3.4.1. Input Preperation

e are: Dlass Reguwrements

The main arrays used for data storag

Matrix, Instructor Availability Matrix, and Conflict Maltrix.

Each entry of Olass Feguirement Matrix represents total
rmumbier of lecture hours each instructor is to mest each course in

a weehk .,

igned to a course, the dimension

Bince each instructor is &
of this matrix is nxl, n being the number of courses. There
is a cowss named "idle’ which is used whenever it is necessary to

make no assignments in certain periods.

The entries of Instructor Availability Matrix indicate the
availlability of sach instructor in each period. This matrix is

naty N being the course number and t 0 being the period. The

Ay

availability of sach instructor is given by a set of preferenc:

G Er in

af these

preferences

Tike "A, F.NO0 and X", The priorities
decreasing order, "A" being the preference with the maximun
priority.

Nl

The description of these preferences are:

A @ that couwrse should absolutely be scheduled to that period

F o2 that pericod is preferred

(r 2 it makes no difference if the course of that instrucior is
scheduled to that period or not

“ 17



N

that pericod is not preferred

X os that couwrse showld not be scheduled to t

Each instructor ls asked to make his/her own cholcoe

his/her lecture hours. They are asked to fill & blamk  timets
using the above symbols. It is not essential to wuse all  the
symbols. If an instructor is not available in period t the entry

\)/

should be "XY. On the obther band if she/he  shoulcd abhsolut

lecture in certain hours due bo a time limitation, pre-assignments
areg necessary. [t means Tthat entry should be "A". Remaining
preferences do not impose any obligation on  scheduling process.
For example, members of staff do not like to lecture sarly in  the
merning. A priority "N should  be  inserted in the instructor
availability matrix for those instructors at that periods. On the
nther hand, if an instructor prefers afternoons for lecturing, "BV
showld be inserted to afternoons. Hence it can be concluded  that

instructor availability matrix reflects the preference constraints

of each instructor.

X oare elther fero or  one. This

The entries of Conflict Matri

matrix is an nxn mabtrix and shows 1f a course conflichks with

with courses J

annther one. The entry is zero if cowse i conflic

other either whan

and one otherwise., Courses conflict with sact
they are taken by the same year students or when they are given by
the same instructor. So conflict matrix can absorb same level  and

instructor conflicts.

There is an additional array called Classroom Array which is
e

18



srooms avallable dn each period.

to store number of ol

The data file prepared can be essen  in the appendi=z.  The
first row contains the number of courses for  each  year. As o an

@rample, O, O, 12, 10, and 4 show that, in the first and sscond

o couwrse to be scheduled by the computers program

YERETE 4 there

i the third vear there are twelvs courses including sections, and

S, Theys

The second row contains  the codes of the cours

shouwld be "0 at the end of this row, which denotes course IDLE.

The matrix succeeding above PO W i the instructor
availability matrix. The detailed informaton of this matrix was

given above.

et ies Sre

The next matrix is the conflict matrix, who
either one or zero, depending on the case that courses conflich

with each ather or not.

b

Cach row of the succoeeding matrix show number of howr of

course in a week, instructor numbers and pattern of  the each

course, respectively.

The construction of the data file for other vears are the

BN .

19



3. 4. 2. Decision Making

N

3.4.2,1. Construction of a Set of Timetables Feasible for Regular

Students

The instructor availability matrix of dimension nxt ds filled

with preferences of the instructors. Starting with the firs

aa e

period, the rows of instructor avallability matrix are s
order to choose the course with the madimuwn priority. This is  the
firet decisionr rule. This row seaireh of the instructor

avallability maltrix is performsd by SEARCH subroutine.

A course with priority "A" is searched in the first period.
If there is no suech a course obther priorities "PU, O, and MY
are bried consecutively. When none of these priorities are present
in the first period it means that none of the instructors teaching

s courses are avallable din this  pericod  (priority  for  all

senarses ds "XY). In that case this period should be left idle so a

couwrss named IDLE is assigned.

If the maximum priority in the first period is  "AY  then it
means that the corresponding course will absolutely be scheduled
te that period. If the priority is "F" that period is preferred by
that instructor. If 0", then the instructor is indifferent Lo
have the course scheduled to to that period or not. And  if the

priority is "N that pegriod is not preferred by the instructor.

If there is only one couwrse in  the first period with the

el



o . Bl i

maximum priority, thalt course is scheduled to that peri
!

case Of ties anobther decision rule is wused. This  second o ieion

rule ds selecting one of the candidate candomly. The

random selecticon is performed in subroutine RANDOM. THe rest of

the candidate courses are stored in an array to be rebtrisved from

this array when Necsssary.

Either single or parallel course azsignment case { for

rion-conflincting courses) is possible. This decision is  given  in

COMFLICT subroutine.

Wher the SEARCH procedure is  completed each alternative

cowse which is not chosen is compared with the chosen courss.
This comparison is made  in CONFLICT subroutine using conflict

not have the shared resources

matrix. f the chosen course does

like instructors with the other candidate courses, the entry of
the chosen couwrses, bthe entry of  the chosen course with  the
candidate course in the conflict matrix is "one". This means that
thease two couwrses do not conflict with each other, s can  be
scheduwled parallel dn the same period. This is the parallel course
assignment case., If the chosen cowrse conflicts with all other

alternative cours that are not chosen, then there is & single

course asignment case. That is either the students or instructors

are shared. Conflicts of regular students (same level conflict)
and instructors (instructors conflict) are satisfied in this stage

of the study.

“EATTERN  subrputine determines  the distribution of  total



ture days  of

tecture howrs of sach selected ocour throuwgh b

shure hours o1 f & O

than assigning total le

L. Flat

e wes
to consecutive periode in & day, general approach is  distributing

o Son

them to periods of different lecture days. If this distribution is

ot dorne thern  the a&sseigrment type is  rnamed as bhlock  period
a%%igﬁm@ht" Unless the opposite is stated, the lectuwre howrs of
wndergraduate cowrses are distributed over the lecture days of the
weaek . On the other hand, block period assigoment  for graduate

conrses e very common., Making block period assignment or ot i

getermined by the instructor and this is fed into the system as an

initial data.

1 type  for  the ohe

It is desired to determine a pat

couwrse that has a total lecture houwrs of three hours peek  week

and its instructor does not prefer block  period griment, In

that case the pattern type is eithsr 2+1 or 142,

Arother constraint  that may be faced 16 thes periocd
preferences of the instructors. It is supposed that there is  n$o

e periods. Then  first

classroom constraint in  first and =
lecture howr of this couwrse is assigned to the first period. But

o) period may not be  preferred

to lecture this course in the

by its instructor or  impossible. Then the chosen  course 1s

coursse  is  to bhe

deleted. On the other band, @f the chos
seheduled to the second period with priority "N", then the course

st A egqual to the

is assigned but a cost ds incurred. This  oc
number of periods with priority "N, that the chosen course 18

signed. For this case, if the pricrity in the second period of

S E

- Joodae)
o



this couwrse is "NY, bthen the cost incuwrred is "ons".

frfter the de

cermination of the pattern type for the candidate

siraoms 1e checked., This is domns in

cowrse, the avallability of cla

CLASSROOM ignment subroutine. In case of available rnumber  of

classrooms, these classrooms are preserved for the lscture  howrs
of the candidete coursel(s). But if  &ll classrooms  are  oocupied
then ne assigrment is made and those lectuwre hours are leflt idle.

e f tor the emolty  timetable is

parformed in ASBIGMMENT subroutine., Two main events are performed

i this subroutine. Either an assignment is made or an grrimer L

saigned to the

i deleted. The courses with priocity "A" are

sture hours

gdesired periods without making any checks. Number of le

s () which was

assigned is sgual to the pattern bype of the cowrs
(were) determined beforehand. & general approach is  to lesave at

least one idle lecture bhowr for lunch break everyday. So  if  the

override the lunch howe, §F

howrs of the candidate cour

lect
assignment of this course is delested. Morever, during assigning
these lecture howrs 1f the end of the day is  reached before the

assignment is completed, again deletion is performsad.

tipdating procedure  for the dinstructors  ds performed  in
INSTRUCTOR conflicts avoiding subroutine. If an dinstructor is
teaching courses to more than one  level of students then some
precadtions should be taken. After assigning the lecture hour{s)
of such arn instructor in one level, the correponding periods  in
other levels of instructor avallability matrix are updated. As  an
oo

L



sorel ard

turing to

grample suppose thalt an instructor  is

o some periods

chul edl

third yvear students. Whern the oourse

in the second yvear, the corresponding periods in the third
instructor availability matrix  should be  found. Then previous
priorities should be changed to "XY, s that instructor will not

in the

her Forced to lecture hislher second and third vear courses

same periods.

The updating of instructor availability matrix related to
courses is done in TIMETOAOBLE UFDATING subroutine. This updating

Freviously, a pattern type

i

was determined for the selected cowrse. This pattern type was the
distribution of total lecturs bouwrs of & course over the days of
the weesk. If the total lectuwre hours of each coursse is  interfersd
by at least one free day the schedule obtained in the end will be
an uniformly distributed one. In thm light of this approach, when
the assignment of & course according to the selected pattern  type
is performed, the olass regquirement mabrix  (giving the total
number of lecture hours each couwrse has)  is checked  andd two
specific precautions are taken.

‘Aftmr the assignment, total lecture hours is decreased by
pattern type. If there is no lecture hours leflt, the priorities in

the remaining hours of this assigned course are changed to "X" up

to the end of the week meaning that the scheduling of thig couwrse

is completed. Suppose thalt some lecture hours have been  assigned,

then total lecture hours have been decreased by pattern  type and
. o o B e 0 .

again some lecturse hours are left. These remaining bhours  should

3



o the  avallablie

the  day  aft there

not be &

1. What is  done

pericds for assigning that course should be redus
im o updating all the pricorities up to the end of that day plus  up

s LN the

o the end of the following day. Al the priorit
perinds &re changed o "X
The assignment procedure described in detail in this section

H
.

is applied in the same manner to all periods until the last period
is reached or no courses are left for assigrment. Then the whole

procedure is repeated for another year uanitil  the weekly ocourse

schedules of &ll year are obtained. If there remains some  CoOurses
unassigned when the end of the week is reached, then it means that

waibrle solution  does  not

siibject to the given constraints a fe
erist. In such cases the constraints should be relaxed. Relaxing
the preferance constraints of  the instructors is a suggested
precavtion in such cases. These preferences may be too demanding

for the problem on hand, so they need to be smoothed.

Generating all poassible sohedul es is computationally
infeasible. Hence number of schedules to  be generated for each

vear of regular students is  left to  the decision maker. Each

te This

e has a certairn o

sehedule set gensra

cour

gum of all costs incwred to each vyear's schedule when the

constraints are violated. The total cost of every schedule

in

will be one of the criteria for choosing the final schedule setl
the end. If the cost incurring procedure is summarized, ome  will

notice thre types of cost incurring. A cost is incurred when:

e
alad



with priority Y"AY i violatec

(2) & couwrse with priority " viodated

{3 a course with prioeiby "M ds violated

Whern a couwrses with priority "AY e violate that

therse is no avallable classrooms in those pesricds. Thersfors  that

[N canmont e A

siomecd to tho periods. This situation  is

sroom capacity should be increased. There

eithaer tolerated or ola

are two btypes of ¢ irctreing ocoasions o oa timetable when  the

preiority "P" ds wviolated. Eilither there are many alternative

A with priority "F" oand some of them are fathomed with  the

ornd decision rule or there is no available olassroom  for  the

which is a candidate for L onner

gf periods of & cour

s Finally & cost ds incurred whan & course

with priority

] el

"M de violated., This violation ocours when the course 1 with

Frave Tl

maltive cours

e  first decision  ruls  among  alt

decision Faaler,

priovity "NY. Other violation is due to the seo

For example, wsing the sscond decision rule a pattern type of  twa
periods le determined for a couwrse. First period is preferred bhut
if the following pericod is not preferred, the cowrsse has  to be

assigned to a periogd which is not desired.

3.4.2.2. Elimination of Infeasible Timetables Considering the

Instructors

ihle for

Timetables obtained in the previos section are fe
regular students. Among these timetables obtained there may be
some which are infeasible when the additional constraints of the

“ 26



irmtructors are taken Into account. For  sxample,

each instructor should be Timited. Thus the tis in which an

o da asked to lecture for more than four  hours  per  day

are eliminated. Furthermore, instructors do not like their le
Fers distributed to &ll lecture daye of the week due  too obthoe

ochligations., The timestables in which the lecture hours of an

instructor are distributed to more than three lecture dave of  the

W E

are sliminated. The elimination of these kind of timetahles

dile for the i

that are inf BITE o to e done by

manual inspech

3.4.3. Evaluation of Timetables Considering the Irregular

Students

Al stuwdents Jdo not follow the regular cuwrricualuam of

2] YEETT «

Some of them have to take courses from different yvears curriculs.

of each vear would

p The scheduling proc

T this is nobt the s

e easigr becauss only the imnstructors  and  classrooms would  be

sharecd among levels. Bubt at this stage in addition to instruactor
and classroom sharing, cowrses are sharsed among  different years

gdifferent

bhecauwse Lrregular budents take cowrses  from  the

)

yvears curricuwla.  As the number of  drregular  students of a

s, handling  the course  scheduling sy & T em

dmpmwtmwnt increases

Decomes moee compleﬁu

a set of courses from different

H

hodrregular student take

yaars curriculum. The problem at this stage of the study is  to

select the best timetable selt among the available timelable sets

Ll d
alts



while considering the conflict irregulse students. In the light of

N T compare

this, the main philosophy of the proposed

o f

ary Arregular student  with

the sel of cours
available timetables and determine  the number of  conflicting

Jure for all irregular students.

periocds, then repest the proos

A timetable st wilth minimun cost and mo -onflicts  for all

zucent one drregular at firet sight may

irregular students

seobdlon . Bual if o f the ool

he good candidate for

this irregular student conflict with v other,  the decision
maker should eliminate this altermnative. On the other hand, the

in which all the irregulsar students

) e

shion of a timet

be & bebtter decision, o bl

Mave some conflicting hours car

P

with maximum  tobasl Cost bt

selection of a timetable

wlars can be

amount of conflicts for all the irr

s
o

relatively leasg

a good decision.

3.4.4. Reports Generation

vy bhe  weekly

show which courss

timetable are obltained.
will be given in which period to which group of students during a

werek o
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CHAPTER 4

CASE STUDY

The adapted computerized course scheduling svashem propo

sarvied ouwt for  generating  the course schedules of 1990-199%1

fall semester of Department of Management of Bilkent Urniversity.
The required data to construct the timetable are the followingsy

Lo The mnumber of instruachtors

oy

2 The number of

Ee The mnumber of cowrs
4, The number of regular and irregular students

Y. The number of lecture bhowrs each day

\»l o

&. The muamber of lecture daves each week

{If these, the number of regular students and iLrregular

] wmince

stuwdents are not use it ods very difficult to find numbers of

these students.

firet, second,

There are five different level of
thirad and fouwrth being undergraduate and the fifth ong  being  the

S nondepartmental

A1l Ffirst vyear cour

grachiate

COWEaE .

There are four departmental courses and four  nondepartmental
couwreses in second year; of these five of them have two or
threg sections. For  the third year courses, there are five

2%



genartmental and the

artmem tal

Frery e

e 3 Four of

departmental courses have o g L8 .

For the fourth vesr, there are sverr departmental and Ll

nondepartmental cowrse all ars one section.

It the fifth vear there are only five departmental ocour

The nuwnber of lecture periods in each day is  nine, starting

from 8040 am until 5,350 pm, Each  period is  fifty  minut o

lectuwres., For lunch break everyday 12.5%0 to 1.40 pm is  generally

left ddle. Finally, each week has five lecture days.

511 of  the ocowses of the first WERE T students Are

nondepartmental and students take in  dlarge Qroupns
with other departments. In second, third and forarth YWEAL

curricula, there are four oy three nondepartmental ©

this study, first vear couwrses were btaken as  Qiven since &ll
instructors of these courses  are  almost  part-time instructors.
Fart-time instructors are not avallable in all days and howrs  of

have to be pre-a

igriecd .

L)

Second year cowrses are  also  preea Lgned  since  they are

also taken by other departments. In the scheduling of the
vear cowrses, it is tried that they do not conflict with first

Yee ™ ORI Ea e,

LThe  preferences of  esch  instructor  a&re  inputl T the

B0



instructor  availability matrix  of

sohedul ing systemn. These preferences

but are  tolerated

the instructors which are tried to be

WIEN Necesser Yoa

For academic meetings a pre-determined half day of every

instructor can be kept idle in order to allow  them to

that half day. This reguirement is input as a g

Furthermore, special reguirements of  full-time instructors can
easily be fed into the sysltem as pre-assigrment. For example, if
arn instructor does not want to have one fres day  in betwesn his

T

e but prefers them to be scheduled to two consecutive davs

of the week then thiz reqguest can be handled in the pre-assignment

routine.,

arcd inputting The

signment PO E

After bhe L

praferences of the instructors are completed, conflict matrix is

b

irnputted. If one cowrse has & conflict with another case

ig given. If it has not got & conflict, then a ong is givern.

Each instuctor is given a different integer number. This

mumber s 07 Af he/she does not teach any  obther course to &

cive integer

&P

different year. But if this not the

number is given to this instructor in all different levels.

Whern all data is entered. the program is run for the  first
stage of the assignment process. The scheduling of courses for all

levels is performed in an dincreasing order. First the courses of

e




LI

Firat year students, then second, thivd, fourth  and  Fif4b

students are scheduled. During the assignment proces

rimber of couwrses assigned concurrently for sach class is two.

Since the program is written for a small department in  METL,

one should make some  adijustments during  the esxecution of  the

proagram. fAs an edample, first yvear couwrses may bhave sight  ssction

orly two section of  this

for one course. Thus, one shouwld as

ction after getting output. Then

couwrse and expand Lt
he/she showld reduce the available number of classrooms  in the

s ond st ion .

et les Ffor different

o different s

The program generate
rumber. Therefore, in order to obtain a preferred timetable one

i mumbers .

may execute the program more than one with different se

The generated odtputs can be seen in Appendix B.

up oy
ot it



CHAPTER '5

CONCLUSION

In this study, the details of constructing a computer:

coursescheduling system for an uaniversity department is

The data input to the computerized course scheduling svetemn,

ing methods of the data and finally resultes obtained from

ALY g

the system are presented in detail in previous chapters.

ween one school

Timetabling problems can be very different

and anobther one; even in the same sducabional  system. Therefors
developing a wniversal timetabling problem which could be used

evervwhere is not reasonable.,

of & Coonm e

This study proved that wusing the faciliti
during a couwrse scheduling rather  than  manual  scheduling  saved
time and effort. Furthermore, as the system is & large one, to
control  desires, needs,. conflicts and constraints o f @ah

rot

participant arnd in the end to obtain a good result manually

possible.  The proposed computerized cowrse schedualing  system
introduced flexibilty, made the job of the schedular very much
masier than the old manual system, and the results obtained wers

better than the results obtained by manual scheduling.



5.2. A Proposed Integrated Information System and Further Research

De

gducational  system and

independently is not adequate becouwse an  educational

st b g A=) terms WoH ks meare

many other subsystems and  a&all the

@ffectively togelther in the system than 1f  they were opsrating

Cem s called an integrated

te  sys

independently. This comple
information system for an  educational system., The gpecilfic
objectives of a computerized integrated information system are Lo

provide infeormation for decision making on  planning. organizing,

and controlling major activities of  the system, and initiating
action. Main steps in designing such & computerized integrated
information are to design  and  computerize each sub-system  and
construct the interactions  among  them. In this section, the

necessary files for constructing the complete information system

arg given. Designing ather Guby-systens, constructing the

interactions among them , finally designing The completes
computerized integrated information system are left to a further

arch.

[

The proposed files for the @fficisnt operation of

computerized integrated information system are:

(1) students records file
(2) faculty members file
(%) examinations file
(4) budget and puwrchasing information file

4



(3) department pericdicals filse

seminars Tile

activitiens file

(&)Y planning decisions file
(9) department general administrative works file

irmfTomation fils

(10} other departmenl

Wesing the

Frocessing all data stored i those fil

51 them

facilitie of & computer is more @ e bthan  proc

manutally. Because there are large volume of data elements involved

in  the system, and reqguired data processing operations ars
conplex. Furthermors, there i & procsssing Ltime constrainlg
ampunt of time permitted between when the data are available to be
recorded and whern the information is required  ds  limited. These
are sufficient reasons  for  proposing & computer i zed tlata

processing method.

~r g
-t f:l
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CHANGES MADE in ADAPTING the PROGRAM

to DATA GENERAL from BURROUGHS 9000

-y
™
5

Funming the program which is writbten in  Fortran IV
system  Ls  nobt possibls

Burroughs 000 system in Data Beneral

becodse of two main reasons.

(1) There is no Fortran IV compiler in Data General aystem,

Data Gerneral computer system posseses Fortran 77 compiler.

)Y There are somg differences  in statements, statement

declerations and statement sxecutions.

are the ohang madce in adapting the program

The followings

from Burrowghs 2000 system to Data Gensral system.

1. Varible declerations in the main program  moved so that  they

precede file declerations.

2. In Burroughs system, it is allowed to use '3 in

statement, but not in DE. They are modified in lines so as
prevent the error,

1

. File declerationsg

X FILE 1 (KIND=REMOTE)

mutput at

This statement shows output file which writes

console (ie, screen). This is changsd to:

=8



OFEN (&4, FILE="0QUTPUT Y or OFEN (&, FILE="&LI8T )

depending on the purpose whethsrs to et outout on

hardoaopy, respschively.

b FILE 2 (RIMD=REMOTE)

This iz  the input file which reads  from  screen.  MNew  file

declerations

OFEN (5, FILE=" @INFLUT )

¥ FILE 3 (MINDMDISM, FROTECTION=GAVE, NEWFILE)
Thig ils used for opening & new file which iz to be stored on disk.
The eguivalent one in DO isd
OFEM (5, FILE="SCRATOH . STOATUS="0LD )
But this statement is writtern as command  since  the function of

this file iz achived through opening and closing file within  the

[ CIE) PR T .

% FILE 4 (KIND=DISK, FILETYFE=7)
Iy DG,
QFEN (4, FILE="BCRATCH  , STATUS= FRESH®, RECF= DYNAMIC )
Since in DE system, a dynamic file should posses unformatted data,

this file is opened and closed within the program.

X FLILE 3 (KIND=RISE, TITLE='DATAM  , FILETYFE=Y)

This is the inpul file, being the most important one among files.
It contains instructor availability matrix, classroom availability
matrix, pattern type, number of course hours and conflict mateisx.
The eguivalent DB system file is:

“ a7



FENM (L, FILE="DATAM T . STATUS="0LD ")

¥ FILE & (RKIND=DISK, TEITLE="Q0UT", PROTECTIONM=8AVE
This i the file which corntains @ asslognmen s Al
nondepartmental couwrses. The eguivalent one in DE is:

DFEN (2, FILE="0UT ", S8TATUS= NEW )

This is aleo made an command file for the reasons mentioned abhove.

* FILE 7 (KIND=DISK, TITLE= ITRREGULAR", FILETYPE=T)
Trregular student name ard courses are kept in this file in  order
to obtain the least conflicting output. The sguivalent one in DG

OFEN (7, FILE= IRREGULAR", STATUS= QLD ", FAD="YES )

4. In Burroughs system, the wunformatted data is  read by the
following statement:
READ /.,
Whereas in DE it should be @
READ (1,%),
Thus all statements containing /7 for reading unformatted data
were changesd to "X . Also,
FRINT /
statements werd changed to,
FRINT %
Y%, The hexadecimal decleration
DATA FF/ZO000000000000C/
is used for outputting the program commands at  screen. In WRITE

410



statements, FORMAT contains O for

were changed to Al

g CHAMGE (5, TITLE=LAST)

statemsent was changed To

OFEN (4, FILE="LAKT  , 8TATUS= LD’}

LT OsEe

Iri

DG

e

&
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COURSE SCHEDULE FOR THE FIRST YEAR
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COURSE SCHEDULE FOR THE 2MD YEAR
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COURSE SCHEDULE
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COURSE SCHEDWE FOR THE 4TH YEAR

MON TUE WED THU FR

08 40-0% 2730 IL400 31471 F1433 Z1461 F1401

4] 8] O O 0

QP 40—-108 30 1400 S1431 N Q T1403

0 O Q () Q

1Ge40-11230 E1433 il461 Fi411 Z14E%1 F1403

Q 0 0 Q Q

11240-12:30 E140E F1461 E1403 H14%1 0

a) O ¥ 0 i

135040-142730 31411 Q7400 Z1401 O QH400

0 9] 8] o 9

14340-155 30 %1411 Y400 51401 0 94400

0 ') ') ) 0

13:40-16330 0 8] 31400 Q 0

0 O Q O 0

1624017230 O O O O O



COURSE SCHEDULE FOR THE

OB 4009 2 =0

0 40-10730

10:40-11:730

11:040~12230

12040130320

0

150401423

14240-15:730

15:40-146:730

16:40-17 3230

MON

8]

F15E1

(%)

H15831

3TH -YEAR

1341

8]

o

O

)

O

Q

THU

Q)

0

31561

9]



AFFENDIX C



Cx
Cx

Cx

Cx

COMMON TT(20,48,5) (ROOM{435) ,A55A(45,5) ,FASSA(45,5) ,COURSE(20,5),
KFIINDEX (20,453,3) BAD(20,6,5) (CONF(20,20,5) (NC(20) ,NN{E) N, T,
AFERSUM{E0,10,3) NCORSE(L350) ,0FCODE (130, 10) ,CONFCT(150),

KNAME( 150,24) MUMBER{3),NOC(5)

characterXl

CHARACTERXLL

CHARGCTERYXE

ANSWER

HOUR(9)

GUN(S)

CHARACTER®Z MCL,MC2, MC3,MC4,MC

CHARACTERXS

LAST (L)Y /'LAST. /

double precision FF
INTEBER T,FT,TTT,ULASE,DD,D,FLLAGL ,FLAGR ,FLAGE ,FILAGS ,FLLAGS FLAESL,
¥FLAGT , FLAGR, KFF, KFN, BAD ,ROOM, 4854, FASSAH , CONF , COURSE ,
¥FERSUM, OFCOD ,NOFCOD , OFCODE DAY, TIME,FERIOD(10) (HRS,SEED . TT,
¥TCOST(5) , TTCOST , DUMMYCEN , HARF ‘

MOC L=’

MG
DATA (GUN(L), I=1,5)/
K (HOUR(D) , I=1,9)/ 0B 40-09:30",

Ll s A1 B0, 12040133007 150401042707,

N

TH

0P340

¥OLDe 4016007, T 144017 1507/

DATA

Fl.msBl=0

Fl. G2 =0

A1)

FLAGE

Fl.oaid=0

FLAE =0

FLAGB&=D
FLAB7=0
FLABB=0

NQ=0
OFEN
OFEN
OFEN
OFEN
OFEN
OFEN
OFEN

READING THE INFUTS FROM DATA FILE

(b6,FILE=
(5, FILE=

FFZZ 000000000000 /

TELIST)
CEINFUT )

(E,FILE="SCRATCH  ,8TATUS="0LD"}

THONT  "TUE " , "WED , "THU , "FRI"/

102307, 10040~ 1 s B0,

‘14340-15:E00,

(4,FII_E="SCRATCH ,STATUS="FRESH " ,RECFM="DvNAMIC")

(1,FILE="DATAM ,8TATUS="0LD")

(2,FiLE='DUT',STATUS='NEW')

(7 ,FILE='IRREGULAR ' ,STATUS="0LD" ,FAD="YEE")

READ(1,%) (NN(J),Jd=1,3)



DO 100 J=1,5
NIMN=NN{.J )
CREAD(L, %) (COURSE (N, J) ,N=1,NNN+1)
IF(NNN.EG.O) 60 TO 746
DO 3 N=1,NN(J)
= EBAD (N, 1,J)=COURSE (N, J)
744 DO 5 Nei ,NN(J)+1
READ(1,99) (TT(N,T,J),T=1,4%5)
99 FORMAT (45A1)
CONT INUE
IF(NN(J).ER.0) GO TO 100
READ (1, %) ( (CONF (N NK,J) ,N=1 NN(J ) ) JNE=1,NN(JI))
DO &1 T=d46,48
61 READ(L,.K) (TT(N,T,J) N=1,NN(J)}-+1)
100 CONTINUE
READ (L, %) (ROOM(T) ,T=1,45)
¥ CHOOSING THE OFTION
59 WRITE(6,21) FF
21 FORMAT (AL, 10X, 1-ENTER DATA FOR GENERATING TIMETARLE SET )

i

WRITE(6,22

RS FORMAT (LAY, "2-FIND THE CONFLICTS OF IRREGULAR STUDENTS )

2E O OFORMAT (11X, " S5-EXIT)
WRITE (&, 2354)
2E4  FORMAT (10X, CHOOSE YOUR OFTION @ (1/2/3)°)
READ (5, %) MNUM
GO TO (468,503, 559) , NUM
o
m0% WRITE(&,599) FF
=99 FORMAT(10X,Al, PLEASE WAIT; CONFLICTS OF IRR. STS. ARE SEARCHED')
CALL IRREG
NIM=1
GO TO &9
¥
468 IF(NIF.NE.1) GO TO 24
NTF=0
WRITE (6,593)
593 FORMAT (10X, YOU HAVE ENTERED OFTION 1 BEFORE’)
WRITE(&,597)
597 FORMAT(/10X, 'NOW GO ON TO FIND THE CONFLICTS OF IRREG. STUDENTS')
WRITE(6,767)



767  FORMAT (10X, SEND NULL INFUT TO CONTINUE®)
READ (3, 50) NULL
6O TO a9

24 WRITE(6,28) FF
A FORMAT (10X, AL, "SEED ( OR = TO 13 DIGITS ) =7')
READ(3, %) SEED
FRINTY,  SEED=',S5EED
FO7 0 WRITE(A,308) FF
A0 FORMAT(10X,A1,°'D0 YOU WANT TO USE LAST DATA OF QFTION 1 7
¥ O(Y/N)Y ) |
READ (S, 50) ANSWER
GO0 TO 12734
IF (ANBRER.VEG. 'N") GO TO 306
IF(ANSWER.EQ. 'N’) B0 TO 306
{2k
ok READING THE LAST DATA AROUT NON-DEFARTMENTASL COURSES
C¥ AMD FPRE-ASSTIGENMENTS FROM FILE
Cx
primt¥, "ok up to here’
LEE4  GPEMN (4 ,FIHLE="LAST  ,8TATUS="old ")
DO 310 J=1,5
IF(J.EQ.L1) MC=MCL
IF(OWER.Z) MO=MC2
IFOT.EQ.E) MC=MCE
IF(J.EQ.4) ME=MCH
IF{J.EQ.E) MC=MC4
READ (4, %) NUMBER(J)
IF(MNUMBER(J) .EQ.OQ) GO TO 358
DO =13 ISmlgﬁbMBEH(J)
FEAD (4, %) NOFCOD -
READ(4,%) HRS
If=2
DO =12 I=1,HRS
READ(4,%) DAY, TIME
FERIOD(I)=9%(DAY-1)+TIME
IF(ASSA(PERIOD(I),J).NE.O) GO TO =15
ASSA(FERIOD (1) ,J)=NQFCOD
FERSUM(NN(J)+15,1,J)=NOFCOD
PERSUM(NN(J)+IS,IP,J)=PERIDD(I)
FRINTX, 'FPERSUM=",FERSUM(NN(J)+IS,IF,J)



SLE

514

L

519

EL7
e
E41

IF=1F+1

B0 TO T14

FASBA(FERIOD(I),J3)=NDOFCOD
FERSUM(MNN(J)+I5,1,J)=NOFCOD
FERSUM(NN(I)+18,IF,J)=FERIQD(I)

FRINTX, " FERSUM=" ,PERSUM(NN(J)+I18, IF,J)
ITP=1F+1

READ(4,50) ANSWER

IF (ANSWER.EQ.'Y') ROOM(FERIOD(I))=ROOM(FERIQD(I))~-1
DO B11 N=1,NN(J)+1
TT(M,FERIOD(T) ,d)=1HX

COMT INUE

CONT INUE

CONT INUE

READ(4,50) ANSWER

IF (ANSWER.ERQ. 'N’) GO TO 341
READ (4, %) NOC(J)

DO E18 Il=1,NOC(J)

READ (4, %) OFCOD

READ(4, %) MRS

IFreg

DO E17 I=1,HRS

READ(4,%) DAY, TIME
FERIDD(I)=9% (DAY~1)+TIME
ASSA(FERIOD(T) ,J)=0FCOD
=M (T ) +NUMBER ()

FERSUM (MI+ 1L, 1,0)=0FCOD
FERSUM(NE+IL, IF,J)=PERIOD(I)
FRINT®, ' FERSUM= , FERSUM(NK+IL, IF,J)
1F=TF+1

DO 319 N=1,NN(J)+1
TT(N,FERIOD(I),Jd)=1HX

CONT INUE
ROCM(PERIOD (1) )=ROOM(FERIOD(T) ) -1
CONT INUE

CONT INUE

READ (4,50) ANSWER

IF (ANSWER.EQ. ‘N‘) BO TD 310
READ (4, %) MDAY,MHR,MDUR
MFER=9% ( MDAY -1 ) +MHR

DO ZZ20 IH=MFER,MPER+MDUR-1

e ot



56
=28

&7

e

4

Lz, o

X

DO 320 N=1,NN(J)
TT(N, IH,J)=1HX
CONT INUE

CONT INUE

GO TO ©

INFUTTING THE DATA INTERACTIVELY FOR TT SET GENERATION

OFEN (Z,FILE="out’ ,status="new’)
DO 1O J=1,5

IF{J.E@.1) MC=MCL

IF(J.ER.2) MC=MC2

IF(J.EQ.3) MC=MCH

IF(J.EQ.4) MC=MC4

IF(J.EQ.S5) MC=MC4

WRITE(&,28) FF,J,.MC

FORMAT (10X,A1, 'NO. OF NON-DEFT. COURSES OF * ,2X,I1,1X,AZ,2X,

YEAR= 7 )
WRITE (&,54)

FORMAT(L0OX, "ENTER ZERQ IF THERE IS NO NON-DEFT.

READ (5, %) NUMBER (J)
WRITE(&,81) FF,NUMBER(J)

COLRGE

FORMAT (10X A1, "MUMRER OF NON-DEPT. COURSBES=" 2X,12)

WRITE (6,52
FORMAT (10X, 'CORRECT 7 (Y/N)")
READ (5,50) ANSWER

IF (ANSWER.EQ. 'N*) GO TO 58

IF (ANSWERLNE. Y’ ) GO TD 58
WRITE(Z, %) NUMBER(J)

IF (MUMBER (1) .EQ.0O) BO TO 5%
DO 13 [S=1,NUMBER(J)
WRITE(6,29) FF

FORMAT (10X 81, '0FTIC CODE OF NON-DEFT. COURSE=

READ (5, %) NOFCOD
WRITE(&,46) FF,NOFCOD

FORMAT(L1OX,A1, "OFTIC CODE OF NON-DEFT. COURSE=’

WRITE(&,57)
FORMAT (10X, ' CORRECT 7 (Y/N) ")
READ(5,50) ANSWER

IF (ANSWER.EQ.'N‘) GO TO 67

IF (ANSWER.NE.'Y*) GO TO &7
WRITE(3,%) NOFPCOD

WRITE(&,30) FF

ey

CEX 17D



IO FORMAT (10X,AL, LECTURE HOURS= 7 (NO. OF HRS/WEEK) ')
READ (S, %) HRS
IF (HRS.EQ.0) BO TO 79
WRITE(6,68) FF,HRS

68 FORMAT(10X,A1, LECTURE HOURS/WEEK=',2X,12
WRITE (6, 121)

121 FORMAT (10X, ' CORRECT 7 (Y/N) ')
READ (5, 50) ANSWER

S0 FORMAT (A1)
IF (ANSWER.EQ. ‘N’ ) GO TO 79
ITF(ANSWER.NE. 'Y . Y G0 TO 79
WRITE (3, %) HRS
1FP=3 _
RO 12 I=1,HRES

84 WRITE(H,31) FF

N FORMAT (14X ,A81, " LECTURE DAY= 7, LECTURE HOUR= 21
WRITE(A, 116}

114 FORMAT (/710X "ENTER 1,2.3,4 QR 3 FOR LECTURE DAY )
WRITE (é,111)

111 FORMAT (16X, 1,2, ..,8 0OR 2 FOR LECTURE HOUR )
READCS, %) DAY, TIME
WRITE(&6,118) FF,.DAY,TIME

118 FORMAT (10X,61, LECTURE DAY=',2X,12,6X, LECTURE HOUR=',2X,12)
WRITE (&,82)

B2 FORMAT (10X, CORRECT 7 (Y/N)©)
READ(DS, 50) ANSRWER
IF{AMSHWER..EQ. 'N")Y GO TO 84
IF{ANSWER NE. Y ) GO TO &4
WHITE (3, %) DAY, TIME
FERIOD(I)=9% (DAY~1)+TIME
IK(ASSA(PERITD(LIYJ).NELO)Y BO TO 15
ASSA(FERIOD (1) ,.J)=NOPCOD
FERSUM (NN (J)+18, 1,J) =NOPCOD
PERSUM (NN (J)+18, IF,J)=FERIOD( I )
PRINT#, ' PERSUM=" FERSUM(NN(J)+18, IF,J)
a1
B0 10 14

15  PASSA(FERIOD(I),J)=NOFCOD
FERSUM(NN(J)+I8,1,J)=NOFCOD
FERSUM (NN (J)+18, IP,J)=FERIOD(I)

Cx FRINTX, 'PERGUM=" ,FERSUM(NN(J)+I1S,IF,J)



TFR=IF+]1
14 WRITE(&,32) FF
e FDRMQT(iOX,ﬁl,'DDUHSE.DCCUPIES'A DEFARTMENTAL CLASSROOM 7 (Y/N)*)
READ( S, 30) ANSWER
IF (ANSWER.EQ,. 'M°) BGD TO 16
IF(ANSWER.NE. Y ) B0 TO 14
WRITE(Z,50) ANSWER
ROOM(PERIOD(I ) )=ROOM(FERIOD(I))~1
S0 TO 454
16 WRITE{Z,50) ANSWER
4%4 DO 11 N=1,NN(J)+1
TTIN,FERIOD(I) ,J)=1HX
11 CONT INUE
1z CONTINUIE
1A CONTINLUE
WRITE(&,%4) FF,J,MC
H4 FORMAT (10X, 41, " ASSIGNMENT OF NON-DEFT. COURSES OF ' ,2X,I11,1X,.A2,
¥2X,  YEAR I8 COMPLETED )
5% WRITE (&, 35)
B FORMAT (10X, " ANY FRE-ASSIGENMENT 7 (Y/N) ')
FEAD(H,50) ANSWER
ITF (AMSHERGEG, "M )Y GO TO 414
IF(ENSWERLNE. Y’ ) B0 TO &5
WRITE(R,B0) ANSKER
B4 WRITE(&,36) FF,I,MC
s FORMAT (LOX, 61, "NO OF COURSES FRE-ASOIGMNED FOR THE ,2X,I11,A2,2%,
¥ YEMAR= ?7)
READ(S.0%) NOC(T)
IF(NOC(J}.ER.Q) GO TOo 84
WRITE(&,D4) FFLNOC(T)
aBbh 0 FORMAT (10X, 481, "NO OF COURSES TOQ RBE PHEw\QSIGNED=’,E“ﬂIR)
N&ITE(&,ll?)
119 FORMAT(1O0X, CORRECT ? (Y/N)")
READ(S5,50) ANSWER
IF (ANSWER.EQ. 'N°) GO TO 8é&
ITF(ANSWER.NE.Y’) GO TO 86
WRITE(I, %) NOC(J)
DO 18 IlL=1,NOC(J)
89 WRITE(6,38) FF
8 FﬁRMAT(lOX,Al,'DPTIC CODE FOR FRE-ASSIGNMENT= 72°)
READ(S, %) OFCOD



WRITE(6,87) FF,OFCOD
87 FORMAT(10X,Al, OFTIC CODE FOR FRE~ASSIGNMENT=',2X,17)
WRITE (6,88) '
88  FORMAT (10X, 'CORRECT 7 (Y/N)')
READ (5, 50) ANSWER
IF (ANSWERL.EQ. "N°) GO TO 89
IF(ANSWER.NE. 'Y') GO TO 89
WRITE (S, %) OFCOD
90 WRITE(6,39) FF
a9 FORMAT(10X,Al1, 'LECTURE HOURSs 7 (NO OF HRS/WEEK) )
READ (5, %) HRS
IF(HRS.EQ.0) GO TO 90
WRITE(&,91) FF,HRS
91 FORMAT (10X,A1, 'LECTURE HOURS/WEEK=',2X,I2
WRITE(&,92)
92 FORMAT (10X, ' CORKECT 7  (Y/N) ')
READ(5,50) ANSWER
IF (ANSWERLEQ. "N’ ) GO0 TO 90
IF (ANSWERLNE. Y'Y GO TO %0
WRITE (S, %) HRS
I
DO 17 I=1,HRS
8  WRITE(6,40) FF
40 FORMAT(14X,A1, LECTURE DAY= 7, LECTURE HOUR= 7')
READ(S,%) DAY, TIME
WRITE(&,95) FF,DAY,TIME
G5 FORMAT(10X,A1, LECTURE DAY=',2X,I12,6X, LECTURE HOUR=',ZX,17)
WRITE{(&,97)
97 FOEMAT(10X, CORRECT 2  (Y/N)')
READ(5,50) ANSWER
IF (ANSWERL.EQ. 'N’) G0 TOQ 98
IF (ANSWER.NE. 'Y’ ) GO TO 98
WRITE(S, %) DAY, TIME
FERIOD(T)=9% (DAY—1)+TIME
ASSA(FERIOD(I),J)=0FCOD
NIC=NN () +NUMBER (J)
FERSUM(NK-+1.,1,J)=0FCOD
FERSUM(NE+IL, IF,J)=FERIOD(I)
FRINTX,. FERSUM=' FERSUM(NK+IL,IF,J)
IP=1F+1
DO 19 N=1,NN(J)+1



TT(N,FERIOD(I),d)=1HX
19  CONTINUE
ROOM(FERIOD (1) ) =ROOM (FERIOD(I))—~1
17  CONTINUE
18 CONTINUE
GO TO 41
414 WRITE(3,50) ANSWER
41 WRITE(6,42) FF
42 FORMAT(10X,AL, PRE-ASSIGNMENT FOR ACADEMIC MEETING 7 (Y/N)-)
READ(5,50) ANSWER
IF (ANSWER.EQ. ‘N’ ) GO TO 405
IF (ANSWER.NE. Y') GO TO 41
GO TO 107
405 WRITE(3,50) ANSWER
GO TO 10
107 WRITE(S,50) ANSWER
WRITE (&,44)
44 FORMAT (8X, MEET DAY= 7, MEET HOUR= 7, MEET DURATION= 7 )
WRITE (6,101)
101 FORMAT (/i0X, ENTER 1,2,%,4 OR 5 FOR MEETING DAY’ )
WRITE (6,10%)
102 FORMAT (16X, 1,2, ...8 OR 9 FOR MEETING HOUR')
WRITE (&, 104)
104 FORMAT (16X, 1,2,..,8 OR 9 FOR MEETING DURATION )
READ (%, %) MDAY , MHR , MDUR
WRITE (6,105) FF,MDAY ,MHR , MDUR
105 FORMAT (AL, 10X, 'MEETING DAY ,5X, =',2X,12,/11X, MEETING HOUR',4X,
X'=',2X,I12,/11X, 'MEETING DURATION=',2X,12)
WRITE (6,106)
106 FORMAT (10X, 'CORRECT 2 (Y/N)*)
READ (5, 50) ANSWER
IF (ANSWER.EQ. ‘N’ ) GO TO 107
IF (ANSWER.NE. 'Y’ ) B0 TO 107
WRITE (3, %) MDAY , MHR, MDUR
MPER=9% (MDAY~1 ) +MHR
DO 20 1H=MPER , MFER+MDUR~1
DO 20 N=1,NN(J)
TT(N, IH,J)=1HX
20 CONTINUE
10 EONTINUE
Cx



Ok
9 WRITE(&,120)
120 FORMAT (10X, FLEASE WAIT; TIMETABLE SET IS EBEING GENERATED " )
C¥
DO 700 J=1,5
Ckx  CALL MAIN SURROUTINE
CALL MAIN(JI,SEED)
700 CONTINUE
Cxk
C¥ FRINTING THE GENERATED TIMETAELE SET
Cx
DO 8OO J=1,5
IF(JLEQ.L)Y ME=MCL
IF(J.EQ.2) MO=MCR
IF(J.EQ.3) MC=MOE
IF(J.EQ.4) MO=MC4
IF(JLEQ.S) MC=MC4
WRITE (6,33) J,MC
FORMAT (1X, " TIMETABLE ARRAY OF ' ,1X,12,A2,1X, YEAR')
WRITE(S 4%) ((TTIN, T, J),T=1,48) N1 NN(J)+1)
4% FORMAT (/1%, 45641, 303)
WERITE (&, 5%) J,M0
wE O FORMAT(///71%, " COURSE SCHEDULE FOR THE' ,1X,12,02,1X, YEAR')
WRITE (&,&7%) (GUN(TY, I=},5)
b7 FORMAT (/ /23X A%, BX, A%, BX A%, 8%, 4%, 8X, A7)
DO LSO IT=1,9

7E OFORMAT(/1X,AL1,&X,5(17,4%X))
WRITE(6,74) (FASSA(T,J),T=IT,4%5,9)
74 FORMAT(18X,5(17,4X))
150 CONTINUE
WRITE (6,83)
8 FORMAT(///71X, ' COST ASSIGNED FOR EACH COURSE’)
WRITE (&,203)
203 FORMAT (/1X, 10X, "TC(A) " 3X, " TO(F) 43X, "TO(N)Y * L 5X, "ROW SUM*)
NRITE}e,vz) ((BAD(N,L,J) =1,5) N=1,NN{J))
FE OFORMAT(/ /71Xy 178X, I2,6X, 12, 6X,12,6X,12)"
TCOST(J) =0
DO 153 N=1,NN(J)
133 TCOST(J)=TCOST(J)+BAD(N,5,J)
WRITE(&,103)



10Z=
113

i
Aol

1ZE3

800

1463

173

19T

Ck

Cx
108
109

FORMAT(///1X, " INDEX ARRAY*)
WRITE(6,113) ((IINDEX(R,T,J),R=1,20),T=1,45)
FORMAT (/1X,A2,2X,1912)
WRITE (6,123)
FORMAT(//1X, " ADDRESSES DF THE ASSIGNED COURSES IN TIMETAELE )
NT=NN(J ) +NUMBER () +NOC (J )
WRITE (6, 133) ((FERSUM(N, IF,J),1F=1,10) ,N=1,NT)
FORMAT (/1X,1017)
CONTINUE
TTCOST=TCOST (1)+TCOST (2) +TCOBT (3)+TCOST (4) +TCOST (5)
WRITE (&,163) TTCOST
FORMAT(//1X, " TOTAL COST ASSIGNED TO THIS TIMETAELE SET=',ZX,14)
WRITE(&,173)
FORMAT (/71X "NUMEER OF CLASSKOOMS LEFT IN EACH FERIOD’ )
WRITE(&,193) (GUN(I),I=1,%)
FORMAT (/18X , 5(A%,2X) )
DU 183 IT=1,9
WRITE (&, 14%) HOURCIT), (ROOM(T),T=1T,4%,%)
FORMAT (/71X A11,6X, 5(13,2X) )
CONT INUE

IFINIML.ER.D) 6O TO 108
WRITE{H,215)

G0 TO 359

WRITE (&,109)
FORMAT (/10X , ' BENERATION OF THE TIMETAELE SET I8 COMPLETED')
WRITE(6,756)

FORMAT (10X, *SEND NULL INFUT TO CONTINUE’)

READ (5, 50) NULL

N1

BO TO 59

STOF

END



X
Cx

%
Cx
Cx
C
C#

a2

93
Lo
199
Cx

Ok

Cx

Aok MAIN LOGIC CONSTRUCTION SUBROUTINE

SUBROUTINE MAIN(J,SEED)

COMMON TT(20,48,5),RO0M(45) , ASBA(45,5) ,FASSA(45,5) , COURSE (20,5) ,
KIINDEX (20,45,5) ,BAD(20,6,5) ,CONF (20,20,5) ,NC(20) JNN(5) ,N, T,
KFERSUM(20,10,5) (NCORSE (150) , OFCODE (150, 10) , CONFCT (150) ,

¥NAME (150, 24) , NUMBER(5) ,NOC (5)

INTEGER T,PT,TTT,CLASS,DD,D,FLAGL,FLAGZE, FLAGSE, FLAGS ,FLAGS, FLAGS,
¥FLABY , KFF , KFN, BAD , ROOM , ASSA, FASSA , COURSE , CONF , FERSUM,

*OFCOD, NOFCOD , OFCODE , FERIOD, SEED, TT , HARF

CHOOSING THE ROW IN THE TIMETAELE WITH MAX FRIORITY

TF(NN{J) .EQ.0) B0 TO 11
T=1

RES

D=zl

INC==L

Gy
FRINTY,

FRINMTY,

FRINTY,

PRINTS, ‘T=',T, D=’ ,D
CALL. SEARCH(NNN,J , HARF ,FLAG4S , NO)
FRINTY, GE@T[ 1°

IF(FLAB4.NE.1) GO TO 9

FLAG4Y=0

HARF = F

CALL SEARCH(NNN,J,HARF ,FLAG4 ,NO)
FRINTX, GE®T[ 2°

IF(FLAG4.NE.1) GO TO =0

FLABS=0

HARF="0"

CALL SEARCH(NNN,J,HARF ,FLAG4 ,N0O)
FRINTX,  GE@T[ =°

IF(FLAB4.NE.1) BO TO SO

FLAG4=0

HARF="N"



Cx
Cx ASSIGNMENT VERSUS DELETING
Cx |
IF (COURSE (N, J) .EQ.0) GO TO 40
IF(FLABZ.E@.1) GO TO 30

(09 4
Cx ASHIGNMENT IS DONE
X
IF{FLAB&.EQ.L) B0 TO 31
9 4
Cx ABBSINMENT IS DONE FOR SINGLE COURSE
(%
NOM=1
C#
% SHGRED INSTRUCTOR OR NOT
9
IF(TT(N,47,3).EQ.0) GO 7O 40
%
(9
¥
Cx CalLl INSTRUCTOR COMFLICT SUR.
O%
4% CALL INSTOR(ILPT,FLAGS)
Ok FRINT®, "GE@TL 9@ INGTOR’
9
(195 4
Cx
x CALl TIMETARLE UFDATING SUR.,
k
40 CALL TTUP(I,FPT,INC,II,D,FLAGS)
ok FRINT®, "GE@TL 102 TTURS
Cx PQINT*,'N=',Ny'NC(II+1)=',NC(II+1)
Na=()
NOC(II+1)=0
IF(COURSE(N,J).EQ.0) GO TO 5
Cx
Cx ASSIGNING COSTS TO THE COURSES

IF(IINDEX(2,T-1,J).LT.1}) GO TO =3
IF(HARF.EQ.'F’) 60 TO 100
IF(HARF.EQ. 'N") GO TO 110

GO TO 25



100 KPFs=IINDEX(2,T-1,J)
GO TO 120

110 KPN=NON

120 IF(NON.EQ.1) GO TO 101
EAD(N,4,J)=BAD(N,4,J)+KFN
EAD(NC(II+1),4,J)=RAD(N,4,J)
B0 TO 35

101 BAD(N,3,J)=BAD(N,3,J)+KFF

NON=0

FLAGG=D

GO TO 2

o

Ok
CX ASSIGNMENT IS DONE FOR FARALLEL COURSES
C¥
1 NON=3
C*
o3 UFDATE THE INDEX ARRAY
o
MM TNDEX (2, T—1,)
DO 84 KI=3,NM+D
IF (NG (T I+1) JEQL TINDEX (KT, T~1,J)) GO TO 8%
4 CONTINUE
g5 INI=kKI
DO 86 LI=INI,NM+3
86 TINDEX(LI,T—=1,J)=IINDEX(LI+1,T—1,J)
G
O SHARED INSTRUCTOR OR NOT
W3
IF((TT(N,47,J).EQ.0) AND.TT(NC(II+1),47,J).EQ.0) GO TO 40
B0 TO 45
Cx
Cx DELETING IS DONE
Cx
20 IF (FLABG.EM.1) GO TO 36
Cx
CX DELETING IS DONE FOR SINGLE COURSE
¥
IF(IINDEX(2,T,J).NE.O) GO TO 32
GO TO 56
32 FLABZ=0
60 TO 2



ok

Cx DELETING I8 DONE FOR FARALLEL COURSES

Cx

%6 IINDEX(Z,T,J)=IINDEX(2,T,J)-1

IF{IINDEX(2,T,J).EQ.0) GO TO 356

Cx

Cx LUFDATE THE INDEX ARRAY

Cx B
NMM=TINDEX(2,7,d)
DO 94 TK=ZE NM+3E

T4  CONTINUE
9%  ITIN=I1K
N0 96 TL=TIN,NM+I
G4 TINDEX(IL,T,J)=ITINDEX(IL+1,T,Jd)

FlAER=0
F1L.ABL=0
GO TO 2
Cx
Tk NO ALTERNATIVE I8 LEFT @ S0 ASSIGN IDLE
G
Bdy PENNRNEL
FlLAGe=0
FLLAG =0
(B0 TO 15
g4
%
%
Ck CHECKING IF THERE ARE ALTERNATIVE COURSES (ANY TIE 7)
Cx

S0 IF(IINDEX(Z,T,J).LE.L1) GO TO &0
IF(HARF.NE. X") G0 TO 130

N=:RNN+1
GO TO 15
Ok
C¥
Cx
Cx SELECT ONE OF THE ROWS RANDOMLY AND UFDATE IINDEX ARRAY
Cx DECISION RULE 2
Cx

130 NM=IINDEX(2,T,J) .



Cx

Ck
1)
Cx
140
Cx
Cx
oX
Cx
Cx

C#
Cx
Cx
Cx
Cx

Cx

TINDEX (2, T,J)=IINDEX(2,T,J)~1
COLL RANDM(SEED ,NM, IN)
N=TINDEX (IN+2,T,J)
PRINTY, ‘N=‘ N

DO 4 I=IN+2,NH+2
TINDEX(I,T,J)=1INDEX(I+1,T,J)
G0 TO 140

THERE IS8 NO TIE

Ne=T INDEX (4 Tud)
FRINTX, “N=‘ ,N
IF (COURSE (N,J).EG.0) GO TO 15

CALL CONFLICT DETERMINATION SUER,

Gl CONFILLT (O . MM)
FRINT®, "GE@TL 11l: CONFLI'

Call PATTERN DETERMINATION SUR.

CALL FATERN(J,FT, INC NNN,MM, 11,FLAGS,FLAGA, SEED)
FRINTX, GE@T[ 12: PATTERN'

FRINT®, "PT=' FT

IF(FILAGBS.EQ.L) GO TO 70

CALL CLASSROOM ASSIGNMENT &SUR.

CALL ROOMS(JFPTL,INC,II.FLAGL,FLAGYE,FLLAGL,FLAG7 ,CLASE)
FRINTX, "GE@T[ 17%: ROOMS’

IE(BAD(N,2,J).6T.0) GO TO 0

IF(FLAG1.NE.1) GO TO 135

FLAG1=0



90

Cx

Fi

i 4
Cx
Ck
Ck
C¥

12
Ok
X
¥

11

Ck
o

Cx
Cx

M=NNN-+1

FRINTX, "N=",N

GO TO 135

FLAGG=0D

G0 TO 1

IF(T.LE.4%) GO TO 1

CALCULATE EBAD FOINTS FOR ALL COURSES

DO 12 M=1,NN(J)
BAD(N, S, J)=HADIN,2,J)+BAD (N, 3, J)+BAD(N,4,J)

RETURN
ERD

EREREHA SUEROUTINE TO FIND THE COURSE(S) WITH M&EX FRIORITY

SUBROUTINE SEARCH(NNN, J , HARF , FLAGA ,NO )

INTEGER T,FLAG4S,TT ,HARF

COMMON TT(20,48,5) ,RO0OM(45) ,ASSA (45, 5) ,FASSA (45,5) ,COURSE (50, 5) ,
¥ TINDEX(20,45,5) ,BAD(20,6,5) ,CONF (20,20, 5) (NC(20) ,NN(5) N, T,
KFERSUM (20,10, 5) ,NCORSE (150) , OFCODE (150, 10) , CONFCT (150) ,
ENAME ( 150, 24) ,NUMBER(S) ,NOC(5)

MO0 '

' COLUMN SEARCH OF TT ARRAY

DO 5 K=1,NNN+1
IF(TT(K,T,J).NE.HARF) GO TO 5
NO=NO=1

TINDEX (2+NO, T, J ) =K

CONT INUE

IF(ND.BT.0) GO TO &

FAG4=1 \
RETURN



C¥ DETERMINATION OF FRIORITY TYFE AND ROW NUMBER
O
b TINDEX (1,T,J)=HARF

TINDEX(2,T,J)=ND

RETURN

EMND

K
Cx
C¥
Cx ¥fx¥%%x  SUBROUTINE FOR FINDING THE CONFLICTING COURSES
Cx

SUBROUTINE CONFL.I (J,MM)

COMMON TT(20,48,5) ,RO0OM(45) ,ASSA(45,5) ,FASSA(45,5) ,COURSE (20,5) ,
¥TINDEX (20,45,5) ,BAD(20,6,5) ,CONF (20,20,%5) (HC(20) JNN(5) N, T,
FEERSUM (20,10, 5) JNCORSE (150) ,0FCODE (150, 10) ,CONFCT (150) ,

ENAME (150, 24)  NUMBER (5) ,NOC (%) |

INTEGER T,R,CONF,TT,HARF

4 NC(I)=0
MECL ) =N
I=,
NM=TITNDEX (2,7 ,3)
DO S Rl , MM+l
IF(M.EQ.ITINDEX (R, T,Jd)) GO TO 5
Plc=T TNDEX (K, T,J)
IF (CONF (M, NK,J) .EQ.0) GO TO %
O VECTOR OF NON-CONFLICTING COURSES WITH COURSE N
Cx

NEC(I)=NK
5 CONTINUE
MM=1 -1
RE TURN
END
Ok
Cx
Cx
Ck  ¥Xxk%¥x  SUBROUTINE TO DETERMINE THE FATTERN TYFE

BUBROUTINE FATERN(J,PT,INC,NNN,MM,II,FLAGS,FLAGS,SEED)
INTEGER CLASS,FPT,T,TTT,FLAGS,FLAGS,RO0OM,RAD,SEED,TT  HARF

-4



COMMON TT(20,48,5) ,RO0M(45) (ASSA(45,5) ,FASSA(45,5) ,COURSE (20,5) ,
%I INDEX (20,4%,5) ,BAD(20,6,5) (CONF(R0,20,5) ,NC(20) ,NN(S) N, T,
KFERSUM(20,10,5) ,NCORSE (150) , OPCODE (150, 10) ,CONFCT (150) ,
KNAME (150,24 ) , NUMEER (5) ,NOC(S)
IF(MM.EQ.Q) GO TO 5
Cx FATTERN CHECKS FOR FARALLEL COURSE CASE
FLABG=1
DO 2O II=1,MM
IF(({TT(N,46,J).EQ.1).AND. (TT(NC(II+1),46,J).EQ.1)) BO TO 1
IF((TT(N,46,J).EQ.2).AND. (TT(NC(II+1),46,J).EQ.2)) GO TO 2
IF((TT(N,46,0).EQ.3).AND. (TT(NC(II+1),44,J).EQ.3)) GO TO =
IF(TT(N,46,3) .EQ.TT(NC(II+1),46,J0)) GO TO 4
20 CONTIMUE
B0 TO 5
T OIF(TT{N,48,3).NE.TT(NC(II+1),48,J)) GO TO 5
IF{TT(N,48,J).NE.Z) GO TO 9
e
B0 TO 61
4 IF(TT(N,48,J) .NE.TT(NC(II+1),48,1)) GO TO 5
IF(TT(N,48,J).EQ.Z) 60 TQ &
GO TO 2 ,
CX FATTERN CHECKS FOR SINGLE COURSE CASE

TT=0

IF(TT(N,4&,0).EQ.1) GO T0O 1

IF(TTIN,446,0).20.2) G0 TO =2
IF{TT(N,46,0).EQ.3) GO TO 7
IF(TT(N,48,J).EQ.Z) GO TO 6
GO TO =2
1 FT==1
RETLRN
2 FT=2
G0 70 8
7 IF{(TT(N,48,J).NE.Z) GO TO 9
b FT=23
GO 10O 8
C¥ DECIDING ON FT ; RANDOM SELECTION
Lk

9 FLAGB=1
CALL RANDM(SEED,NM,.FT)



IF(FT.EQ.1) GO TO 1
GO T 2
a8 IF(FLAGSL.EQ.1) BO TO 61
Cx CHECKING FT FERIODS IF ANY ‘N° OR “X° ASSIGNMENT FOR SINGLE COURSE
Tk AND A7 ABSIGNMENT FOR OTHER COURSES
C*
M=T+1
MMe=T+FT-1
DO SO TTT=M,MN
IF(TT(N,TTT,J).EQ.N) EBAD(N,4,3)=BEAD(N,4,J)+1
IF(TT(M,TTT,J).EQ.X) GO TO 32
Bl Do E% Jk=1,NMNN+1
IF(IKLEQWNY GO TO 45
IF(TT(JE,TTT, D) LEQ.A) GO TO B2
gl CONT INUE
50 CONTINUE
RETURN
ik UPDATING THE FRIORITY OF COURSE N IN FPERIQOD T

b TTIN, T,J)=1HX
Fl.imE el
FETLFN

3 CHECKEING FT FERIODS OF ANY "N° OFR "X ASSIGNMENT FOR TWO COURSES AND

A ABSTIGENMENT FOR OTHER COURSES

ry
%

Ck
&1 M=T+1

M= T+ T~ 1

DO 7O TTT=M,MN

IF(TT(N,TTT,J).EQ.1HN) BAD(N,4,J)=BAD(N,4,J)+1

IF(TT(NC(LI+1) ,TTT,J) . EQ. IHN)BAD(NC(II+1),4,J)=BAD(NC(II+1),4,J)+

IF(TT(N,TTT,J).NE.1HX) GO TD 71
TT(N,T,J)=1HX
FLAGS=
71 IF(TT(NC(II+1),TTT,J).NE.1HX) GO TO 72
TT(NC(II+1),T,J)=1HX
FLAGS=1
RETURN
72 DO 75 JK=1,NNN+1
IF(JK.EQ.N) 6O TO 75
IF (JK.ER.NC(II+1)) GD TO 75



IF(TT(IK,TTT,.J).NE.1HA) GO TO 75

TT(N,T,J)=1HX

7é IF(JK.EQ.NC(II+1)) &GO TO 75
TTNC(II+1),T,J)=1HX
FLAGD=1

7 CONTIMUE

70 CONTINUE

RETURN
END
Cx
Cx
C¥
CX  %%¥%%kx  SUBRRDUTINE IN ORDER TO ASSIGN CLASSROOM(S)
CX
SUBROUTINE ROOMS(J,FT,INC,II,FLAGL,FLAGH,FLAGS,FLAGTY ,CLASS)
COMMON TT(20,48,5) ,RO0OM(45) ,ASSA(45,5) ,FASSA (45, 5) , COURSE (20, 5) ,
KTINDEX (20,45,5) JBAD (30 ,6,5) , CONF (20,20, 5) (N (20) JNN(E) N, T,
FFERSUM(20,10,5) ,NCORSE (150) , OPCODE (150, 10) , CONFCT (150) ,
KMAME (150,324) , NUMRER (5) ,NOC(5)
INTEGER T,FT,CLASS,FLAGL,FLAGT,FLLAGS ,FLAGY , BAD, ROOM, TT , HARFE
IF(FLAG&.ER.1) GO TO 11
{F(FLAGI.NE.1) B0 TO 4
Cx UFDATING CLASSROOM NO. AFTER ASSIGNMENT DELETING
o
FLAGS=0
DO 3 TTT=T,T+FT~1
% ROOM(TTT)=ROOM{TTT)+1
RETURN
CX ‘ CHECKING THE CLASSROOMS : OCCUFIED OR NOT
Cx '
4 CLASS=0
DO 5 TTT=T,T+FT-1
IF (ROOM(TTT).EQ.0Q) GO TO 5
CLASS=CILASS+1
5 CONTINUE
CX ASSIGNMENT TO CLASSROOMS ACCORDING TO FT
£X

“IF(CLASS.NE.FT) GO TO 7
DO & TTT=T,T+FT-1
ROOM(TTT)=ROOM(TTT)-1
) CONTINUE



RETURN

19 4 ALL CLASSROOMS ARE OCCUFIED DURING ALL OR SOME FERIODS
Cx
7 IF(TT(N,T,J).EQ.1HA)Y GO TO 8
IF(TT(N,T,J) .EQ.1HF) GO TO 9

FLAGL=1
RETLRN

a8 BAD(N,2,J)=BAD(N,2,J)+CLASS
50 TO 10

9 BAD(N,3,J)=EAD(N,3,J) +CLASS

10 FLAGL=1

RIETURN
11 IF(FLAG7.EQ@.1) GO TO 19
C%  CHECKING THE CLASSROOMS : OCCUFIED OR NOT FOR FARALLEL COURSE CASE
Cx
CLABS=D
DO 12 TTT=T,T+FT~1
IF(ROOM(TTT) .LT.2) B0 TO 14
CLABE=CLASS+1
12 CONTINUE
CX AGSIGNMENT TO CLASSROOMS ACCORDING TO BT
X
IF (CLASS . NE.FT) B0 TO 14
DO 13 TTT=T,T+FT-1
ROOM (TTT ) =ROOM (TTT) -2
13 CONTINUE
RETURN
CX NUMEEF OF CLASSROOMS IS LESS THAN 2
CX '
14 FLAGBL=0
IF (ROOM(TTT) .EQ. 1) B0 TO 15
CX AlLL CLASSROOMS ARE OCCUFIED DURING ALL OR SOME FERIODS
Cx
IF{(TT(N,T,J).EQ.1HA) .AND. (TT(NC(II+1),7,J).EQ.1HA)) BO TO 16
IF((TT(N,T,J) .EQ.1HF) .AND. (TT(NC(II+1),T,J).EQ.1HF)) GO TO 17
FLAGL=1
RETURN
CX FARALLEL ASSIGNMENT CANNOT BE MADE BECAUSE OF ROOM UNAVAILARILITY

. %

Cx



1% ROOM(TTT)=ROOM(TTT)-1
RETURN
16  BAD(N,2,J)=BAD(N,2,J)+CLASS

EAD(NC(II+1),2,J)=BAD(NC(II+1),2,J)+CLASS
GO TO 18
17 BAD(N,3,J)=EBAD(N,3,J)+CLASS
BAD(MC(II+1),3,J)=BAD(NC(II+1),3,J)+CLASS
18  FLAG1=1
FETURN
CX UFDATING CLASSROOM NO. AFTER ASSIGNMENT DELETING
O
19 FLAG7=0
DO 20 TTT=T,T+FT-1
20 ROOM(TTT)=ROOM(TTT)+2
RETURN
END
X
o

Gk HEREEESUBROUTINE FOR ASSIGNMENT OF COURSE(S)
K

SUEROUTINE ASSIEN(J,FT,INC,II,FLARR,FLAGS,FLAGS,FLAGT)

COMMON TT{Z0,48,%) ,ROOM(45) ,ASSA (45, 5) , FASSA (45, 5) , COLRSE (20,5) ,
KTINDEX (20,45,5) ,BAD(20,6,5) ,CONF (20,20, 5) (NC(20) JNN(S) (N, T,
YFERSUM (20, 10,5) , NCORSE (150) , OFCODE (150 ,10) ,CONFCT (15¢) ,

KMAME (150 ,24) ,NUMEER(5) ,NOC (5)

INTEBER T,FT,FLAGL,FLAG2,FLAGS,FLAGGL,FLAGY,TTT,DD,ASSA,FAGSA,
KCOURSE , ROOM , FERSUM, TT, HARF
JF(FLAG6.EQLL) GO TO 12

IF (COURSE (N, J).ER.0) GO TO &

FERSUM(N, 1,J)=COURSE (N,J)

IF(TT(N,T,J).EQ.1HA) GO TO &

DO 7 III=1,FT

AGSA (T, J)=COURSE (N,J)

IF=2

i IF(FPERSUM(N,IF,J).NE.O) GO TO 3

FERSUM(N, IF,J)=T

C¥  PRINT*, FERSUM‘ ,PERSUM(N,IF;,J)
GO TO 2



-

Cx

Cx

Cx
X

Cx
Tk

Cx
Cx

IP=1F+1
GO TO 1
T=T+INC
IF(III.EQ.FT) BO TO 21
LUNCH TIME OR NOT

DO 8 TTT=1,%
IF(T.EQ.S+9%(TTT-1)) GO TO 9
CONT INUE

END OF DAY OR NOT

DO 10 DD=1,4
IF(T.EQ.(9%DD)+1) GO TO 9
CONT INUE
IF(TT(N,T,J).EQ.iHX) GO TO 9
CONT INUE
FETUFN

IDLE TIME ASSIGNMENT

FrT=1
ASSAH (T, J) =0
Te=T+IHE
RETURN
ASSIENMENT OF COURSE WITH FRIORITY

DO 4 II1=1,FT
ASSA(T,d)=COURSE (N, J)

1=

IF (FERSUM(N, IF,J).NE.O) GO TO 33
#ERSUM(N,IP,J)*T

FRINTX, 'PERSUM=’ ,PERSUM(N, IF,J)
GO TO 23

IP=1F+1

GO TO 4%

T=T+INC

CONT INUE

RETURN

* ASSIGNMENT DELETING

‘a



9 T=T-I11%INC
DO 11 TTT=T,T+III~1
TT(N, TTT,J)=1HX
IF=2

38 IF(PERSUM(N,IF,J).EQ.TTT) GO TO 28
IF=IF+1
IF(IF.GT.10) GO TO 11

G0 TO. 38

8 FERSUM(N,IF,J)=0

c# FRINTY,  FERSUM=" ,FERSUM(N, IF,J)

11 CONTINUE

FLAEE=),

C¥

C¥

C#

Ck CALL CLASSROOM ASSIGNMENT SUBROUTINE

Ok
CALL ROOMS(J,FT,INC,II,FLAGL,FLAGE,FLABS,FLAGY,CLASS)
IF(TINDEX (2, T,J) . EQ.0) GO TO 5
FlLAGR=1
RETURN

Ck ASSIGNMENT FOR PARALLEL COURSE CASE

CH

12 FERSUM(N,1,J)=COURSE (N, J)

FERSUM(NC(IT+1),1,J)=COURSE (NC(II+1),J)
IF ((TT(N,T,Jd) . EQ.IHA) LAND. (TT(NC(II+1),T,J).EQ.1HA)) BO TO 17
DO 14 1II=1,FT
ASSA (T,J) =COURSE (N, J)
FASSA (T,J) =COURSE (NC(II+1),J)

44  IF(FERSUM(N,IF,J).NE.C) GO TO 34
FERSUM(N, IF,J)=T

Ck FRINT¥, 'FERSUM=" ,FERSUM(N, IF,J)
GO TO =4

T4 IP=IF+1
GO TO 44

24 IP=2

45  IF(PERSUM(NC(II+1),IF,J).NE.0) GO TO 33
FERSUM(NC(II+1),IF,d)=T



C8

0

L)
I

2%

Cx

15
Cx
Cx

46

Cx

36

47

FRINTX, "FERSUM=" ,FERSUM(NEC(II+1),IF,J)
B0 TO 285
IP=1F+1
50 TO 45
T=T+INC
IF(III.EQ.FT) GO TO 22
LUNCH TIME OR NQAQT

DO 135 TTT=1,9

IF(T.EQ.5+9%(TTT-1)) GO TO 16
CONT INUE
"END OF DAY OR NOT

DO 17 DD=1,4
IF(T.EQ. (2XDD)+1) GO TOA 1lé
CONTINUE

ITFC(TT(N,T,J) . EQ.IHX).ANDL. (TT{NC(II+1),T,J).EQ.LHX))

CONT INUE
RETURN

ASSIENMENT OF COURSES WITH FRIORITY

DO 18 IIl=1,FT
ABSA (T, ) =COURSE (N, J)

FASSA (T, J) =COURSE (NC(II+1) )

IR

IF (FERSUM(N, IF,J).NE.O) GO TO 36
FERSUM(N, IF,d)=T

FRINT*, ' PERSUM= ' (FERSUM (N, IF,J)

60 TO 26

IF=1P+1

B0 TO 46

IF=3

IF (FERSUM(NC (II+1) ,IF,J).NE.O) GO TO 37
FERSUM(NC (IT+1) , IF ,.J) =T

PRINTX, 'FERGUM=" ,FERSUM(NC(II+1),IF,J)
60 TO 27

IP=IF+1

GO TO 47

T=T+INC

¢ n o2

~

GO TO 16



18 COMTINUE

RETURN

Cx ASSIGNMENT DELETING®

Cx

16 T=T-IIIXINC
DO 19 TTT=T,T+IIl-1
TTIN,TTT,J)=1HX
TT(NC(IEI+1) ,TTT,J)=1HX
FRESA(TTT ,J)=0
IF=2

40 IF(PERSBUM(N,IF,J).EQ.TTT) GO TO 29

IfF=IP+1
IF(IF.GT.10) GO TOQ 42
G0 TO 40
9 FERSUMIN, TF ,J)=0
Gk FRINT®,  FERSUM=" ,FERSUM(N, IF,J)
42 IP==2
41 TF{PERBUMING(II+1) IP.0)LEQR.TTT)Y GO TO 48

IF(IF.GT.10) GO TO 19
GO TO 41

48 PERSUM(NC(II+1),1P,J)=0

Gk FRINT®, PERSUM=" ,FERSUM(NC(II+1),IF,J)

19 CONTINUE

FLAG7 =1

Cx

Ck

C¥ .

Cx CALL CLASSROOM ASSIGNMENT SUBROUTINE

C¥
"CALL ROOMS(J,FPT,INC,I1I1,FLAGL,FLAGS,FLAGL,FLAGY ,CLASS)
IF(TINDEX(2,T,J).EQ.0) GO TO S
IF (TINDEX(2,T,J).LT.2) GO TO 20
FLAB2=1
RE TLIRN

20 FLAGZ=1

FLAGO=0
RETURN
LEND



C¥
Cx

Ck

CX  ¥Xxk¥x%  SUEROUTINE FOR AVOIDING INSTRUCTOR CONFLICTS

Ck

SUBROUTINE INSTOR(J,FT,FLABG)

COMMON TT(20,48,5) ,RO0M(45) ,ASEA(45,5) ,FASEA(45,5) ,COURSE (20,5) ,
KIINDEX (20,45,5) ,BAD(20,6,5) ,CONF (20,20,5) (NC(20) (NN(H) (N, T,
KFERSUM(20,10,5) , NCORSE (150) ,DFCODE (150, 10) ,CONFCT(150) ,

KNAME (150,24 ) , NUMBER (5) ,NOC ( 5)

INTEBER T,FT,TTT,FLAGL,COURSE , TT ,HARF

IF (FLAB6.EQ.1) GO TO 7

IF(J.EQ.5) GO TO 3

DO 4 JI=J+1,5
JE=NM ()

DO 5 Ke=i,JE

TF(TT(N,47,3) NE.TT{(K,47,JJ)) GD TO S

DO &6 TTT=T-FT,T—1

& TT (R TTT Jd )=1HX

o CONT INUE

4 CONTINUE

5 RETURN
Ox FPARALLEL COURSE CASE
X

7 IF(J.EQ.3) GO TO 13

DO 8 JJI=J+1,8
JK=NN({J}
DO 9 K=1,dK
CIF(TT(N,47,J3).EQ.0) GO TO 11

IF(TT(N,47,J) . NE.TT(K,47,Jd)) GO TO 11
PO 10 TTT=T-PT,T~1

10 TT{K,TTT,JJ)=X

‘ IF(TT(NC(II+1),47,J).EQ.0) GO TO 13

11 IF(TT(NC(II+1),47,J).NE.TT(K,47,JJ)) 6O TO 9
DO 12 TTT=T-FPT,T-1

12 TT(K,TTT,JJ)=1HX

2 « CONTINUE

8 CONTINUE

13 RETURN



END

Cx
C¥

Gk

C¥  %*¥k¥¥X  SUBROUTINE FOR UFDATING THE TIME~TABLE

£k

SUBRDUTINE TTUF(J,FT,INC,11,D,FLAGS)

COMMON TT(20,48,5),RO0OM(45) ,ASSA(45,5) ,FASSA (45,5) ,COURSE (20,5) ,
KLINDEX (20,45,5) ,BAD(20,6,5) ,CONF (20,20, 5) \NC(20) ,NN(5) N, T,
¥FERSUM (20,10, 5) ,NCORSE ( 150) , OFCODE (150, 10) ,CONFCT (150) ,
FNAME (150, 74) , NUMEER (5) ,NOC(5)

INTEGER T,D,DD,TTT,FT,FLAGG, COURSE , DUMMYCENL, TT, HARF

IF (COURSE (N, J).ERQ.O) GO TO 3

IF (FLAGS6.EQ.1) GO TO 11

TT (N, 46, J)=TT (N, 46,3)~-FT

IF(TT(N,46,J) EQ.0) GO TO 9

2O M=ok (D+1)
DO B TTT=T,M
5 TT (N, TTT,d) =1HX
& DO 7 DD=1,4
IF(T-1.EQ.9%DD) GO TO 8
7 CONT INUE

FLE TURN
8 IF(ND.E@.1) GO TO 4
Ok 8 D=D-+1
D=D+1
RETURN
4 ND=O
FOE TLIFIN
9 DO 10 TTT=T,45
10 TTIN,TTT,J)=1HX
% IF(T-1.EQ.9) D=D+1
IE(T~1.EQ.18) D=D+1
IF(T-1.EQ.27) D=D+1
1 (T—-1.EQ.56) D=D+1
RETURN
Cxk - FARALLEL COURSE CASE
Cx '
11 TT(N,46,J)=TT(N,46,J)-FT



21

17

CX
Cx

Cx

TT(NC(II+1),46,J) =TT(NC(II+1),44,J)-FT
IF((TT(N,46,3).EQ.0).AND. (TT(NC(II+1),44,J).EQ.0)) GO TO 12
IF(TT(N,46,J).EQ.0) GO TO 18

IF(TT(NC(II+1),46,J).EQ.0) GO TO 19

M=% (D+1)

DO Z1 TTT=T,M

TT(NC(II+1),TTT,J)=1HX

DO 2% DD=1,4

IF(T-1.EQ.9%DD) GO TO 26

CONT INUE

50 TO 20

ND=1
B0 TO 20

PO 27 TTT=T,45
TTINC(IT+1), TTT,J)=1HX -
GO TO 20

M=2% (0+1)

RORE TTT=T,M
YTOMO(IT+3) , TTT 3 )=1HX
DO 2% DD=1,4
IF(T-1.EQ.9%DD) GO TO 24
COMTINUE

B0 7O 9

Da=D+ 1

GO TO 9

DO 17 TTT=T,45
TT(N,TTT,,J)=1HX
TT(NC(II+1),TTT,J)=1HX
IF(T-1.EQ.9) D=D+1
IF(T—-1.EQ.18) D=D+1
IF(T-1.EQ.27) D=D+1
IF(T-1.EQ.Z6) D=D+1
FETURN

END

XRXXkX SUBROUTINE FOR SELECTING A CANDIDATE RANDOMLY



X
X

0

4

C¥
Cx
Cx
Cx

DECISION RULE 2

SUBROUTINE RANDM(SEED,NM,IN)
- INTEGER SEED,FLAGS

REAL A

IF(NM.LE.Z) SEED=SEED/2
R=RANDOM ( SEED)
IF(FLAGR.NE.1) 6O TO 20
FL.AGB=0

50 TO 40

Azl CINM=-1 )RR D)
TEMP=A%10

ITEMP=TEMF
ITTEMP=TEMF/10
DIF=A-1TEMF
IF(DIF.GE.O.5) GO TO 10
IM=ITEMF

GO Ta 20

FETURM
EENID

AR EE SUEBROUTINE FOR IRREGULAR STUDENTS

SURROUTINE IRREG

COMMON TT (20,48, 5) ,ROOM(45) A

a8

A4D,3) FPASEE (45, 5) , COURSBE (20,3),

X EFINDEX (20, 4%5,5) JBAD(20,6,5) , CONF (20,20, 5) ;NC(Z0) JNN(S) N, T,

¥FPERSUMIZ0,10,5) NCORSE(150) ,0FPCODE(130,10) ,CONFCT (150) ,

KNAME (150,24 ) JNUMBER(I) ,MOC(D)

INTEGER FERSUM, OFCODE, CONFCT DAY, TIME , DUMMYCERNL

DOURLE FRECISION GUNE

READING THE'NQMES OF IRREGULAR STUDENTS AND COURSES TAKEN
BY THEM FROM DATA FILLE NAMED ‘IRREGULAR’

N

READ(7,%) IRRNO
DO 700 I=1,IRRNO



701

700
Ok
Ck
Cx
Cx

o o0y vinpe

C#
Ck
Ck

40

402

400
Cx
Cx

READ(7,701) (NAME(I,KK),KK=1,24)
FORMAT (24A)

READ(7 %) NCORSE(I)

READ(7,%) (OFCODE(I,K),kK=1, NCORSE(I))
CONTINUE

BEARCHING THE CONFLICTS OF IRREGULARS

DO E00 I=1, IRRNO
WRITE(&,301)
FORMAT (/77/7310X, "NAME AMD SURMAME )
WRITE (6,302
FORPMAT (LK 7w oo o s s e s )
WRITE(AH,Z05) (NAME(I  KI) , Kik=1,4)
FORMAT (/710X 248)

CHOCESING THE FIRST AND MNEXT COURSE FOR COMPARISON

GO 200 Kl=1,NOORBE(I)~1

DO Z02 K2E=KI1+1L ,NCORSE(I)

FIMNDING THE OFTIC CODES OF FIRST AND NEXT COURGE

DO 400 J=1,4
NT=NN(J ) +NUMBER (J ) +NOEC (J)

DO 402 N=1i,NT

IF (FERSUM(N,1,J) .NE.OFCODE(I,K1)) GO TO 401
N1=N

Ji=J

0 TO 402

IF(FERSUM(N,1,J) .NE.OFCODE(I,K2)) B0 TQ 402
NZ=N

J2=J

CONT INUE

CONT INUE

COMPARISON IN ORDER TO FIND CONFLICTING HOURS
FRINT%,  here’



Cx
DO 400 IFP1=2,10
IF (FERSUM(NL,IF1,J1).EQ.0) GO TO 600
DO 601 IF2=2,10
IF (FERSUM(NZ, IF2,J2) . EQ.0) 50 TO 601
IF(FERSUM({NL, IF1,J1) . NE.FERSUM(NZ, IF2,02)) GO TO &01
IF (FERSUM(NL,1,J1).EQ.PERSUM(NT,1,J2)) 6O TO &01
CONFCT (I)=CONFCT (1)+1
IF (FERSUM(NL, IF1,J1).6T.9) GO TO 304
GUNE= ' MONDAY
TIME=FERSUM (ML, IFL1,J1)
GO TO Z08

E04  IF(FPERSUM(NL,IF1,J1).6T.18) 60 TO 305
DAY=

GLINE="TUESDAY’

GO TO 308
TOSIF (FERSUM(NL, IFL,J1).GT.27) B0 TD 306

DAY=3

SUME= " WEDNESDAY ’

TIME=FERSUM(NL, IFL,JL1) = (9% (DAY-1) )

GO TO AOE

FO6 IF(PERSUMINIL,IFL,JN).6T.34) GO TO 307
DAY =4
GUNE= " THURSDAY *
TIME=FERSUM(ML,IFL,.J1)~(9X(DAY~-1))
GO TO Z08
307 \DAY=E
GUNE=""FRIDA&Y '
TIME=FERSUM(NL,IFL,J1)-(2X{DAY~1))
208 WRITE(L6,309) PERSUM(NL,L1,J1),FPERSUM(NZ,1,J2),TIME,BUNE
Z09  FORMAT(1X,//7/,17,2X, CONFLICTS NITH’,EX,I7,3Xg'ﬁT ERIOD T,
X2X L, I2,2%,'0F " ,2X ., A1)
601 CONMTINUE
00 CONTINUE
N2=0
EDE‘kCDNTINUE
M1=(
200 CONTIMUE.



WRITE(H6,310) CONFCT(I)

F10 FORMAT(///710X, TOTAL CONFLICTING HOURS=',ZX,I3) .

Z00 CONTIMNUE
DO SO0 I=1, IRRNO

SO0 NTOTAL=NTOTALACONFCT(I)

Cx WRITE(SL&,B10) NTOTAL

CXELO  FORMAT(/10X, 'TOTAL CONFLICTING HOURS FOR ALL IHREBULAHS%';EXHIE)
RETURN |
END



AFFENDIX D



0,0,12,10,4
)

NMNNFNNNNAMNMFNMMNMANNNMMFNNNMNNMNNF NN NN MNNNF RN NNN

O
NMNMFNNNNNNNFNNNNNNNNMNFNNNNNNRNNF NN NN NN NNF NNNN
BLEGLIEL ELBSLEE  BLE203L  BLERLER2 2035151, ZLRTLE2 , BLB4LEL  BLB4LTE2,

F1EO0,98300,94T00, F7EO0,0,0,0,0,0
NMOONNNNNNNONMNMONNMOONNNOMNNNMNOOOOAAQONMNDR
MNOONNNMMNNONMNNNNONNNOONNNMONNNMMNODOOAACQDNNNGG
MOOONOOO0O000NOOOOCO00NOOOCON00NANOON0AANOCND
NOCONDOODO0CONOOODODOONCOOOO000ONACO0O000NOODD
FROONDOOCOOCONOCOCOOOONOOCOOOOONFFPFOOOONOCOO
00O0ONODOOO000ONODOOO00ONOODC0OOONOCDO000ONOO0O
NOOONONO0O0CONADROONOOONCOCOOOOCNONOOOCAO0NONNO
Q000NCOOOOOOOONAODOFFFONOQQOFFFPNOOCO0O00NGO00
FREFNGOOOCACONFFFFOOQONFFFFODCONOCDOOOO00NX X X X
XXXXNOOQOOX X X XNOOOOX X X XNODOOX X X XNOOODOAO0ONGOO0
XXX XNOODOX X XXNOOOOX X X XNOOOOX X X XNOQODIX X X XNOOOO
XXXXNOOOOXXXXNOOCOOX X XXNOOOOXX X XNOOOUX XX XNQDQO
MNNNNFMNNNFFNNNFNNNFF NNNENNNE P NNNFNNNE P NN NP NN NF
0,1,0,1,0,1,0,1,0,0,0,0,0
1,0,1,0,1,0,1,0,0,0,0,0,0
D,1,0,1,0,1,0,1,0,0,0,0,0
1,0,1,0,1,0,1,0,0,0,0,0,0

O, 1,0,1,0,1,0,1,0,0,0,0,0

a0y ,0,1,0,1,0,0,0,0,0,0
D,1,0,1,0,1,0,1,0,0,0,0,0
1a0,1,0,1,0,1,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0

A LB R BV, 21,40
77:8,8,9,97,10,10,0,0,0,0,0

Oa0,0,0,0,0,0,0,0,0,0,0,0,0



COOONOOOOO0OONOCOO0O0ONACOOOODONGCO0AADONDOOCD
QOOONOODODOOONONODOOOONDOOOOOOONOOOOCODONQOOO
0000ONOOCOOONONOCOOOOCONOOOOOO0ONODOO0000NDOON
DO0ONQOOOOCCONOODOODOONOOOOOCAONOOOON00ONDOON
QO0ONOCOOO0OONAOOOO0OONOOCONONONOOOOOOAANDOND
QACONGOODOCOONFFOOOOOONFFOODQOONDOOOOFFONOOOO
DOCONGRO00000NO000000NONOCOO0O0ONODOCOONONOOOD
XXX ANOOQOUOX XX XNQOOOX X XXNOQOOX XXX X0000X X XXNOOOO
XX XXNOOQOX XX XNOQOOX XX XNOQOOX XX XNOOOOX XX XNOOOO
XX XXNOOOOXXXXNOOOOXXXXNOOOOX XX XNODOOX XX XNOOOO
NNMMPNNNNNNNNFNNNNNNNNFNNNNNNNNFENNNNNNNNFNNNN
O,0,0,0,0,0,0,0,0,0

O 0,0,0,0,0,0,0,0,0

Oa0,0,0,0,0,0,0,0,0

0,0,0,0,0,0,0,0,0,0

D0, 00,0,0,0,0,0,0

0,0,0,0,0,0,0,0,0,0

DOy 0, 0,0,0,0,0,0

0,0,0,0,0,0,0,0,0,0

a0, 0,0,0,0,0,0,0,0

0,0,0,0,0,0,0,0,0,0

LI . W R S R P
O,11,3,0,12,153,0,0,0,0,0

D0, 0,0,0,0,0,0,0,0,0



SLWRL ELAEL,3LN4L, 31061, 0
NOOONODOODDODONODDOOOOONCOOOOODONOOOO0N0CNODCD
NOQONOOQOCOOONCCOOOCOONOOOOCOOONODOCOC0ONOOOD
NOOONDOODOO0O0NOOOCOODONODOOC000NOCCOO0OOCNOOOO
NOQONOOCOO00ONCOOOO0CONCO0OAN0ONG0NOA000NANGO

NININNF NN F FNININFONNNE NN N N NNF R NNNE NN MNE R NNNFNNNE

0,0,0,0

0,0,0,0

0,0,0,0

O,0,0,0

BaE, T, 5,45

2,9,10,0,0

O, 0,0,5,0

7,7, 42, 12,18,2,4,12,16,7,7,12,10,18,7,12,15,12,10,10,12,12,16,10,10,
16,16,11,11,1%,10,14,9,12,12,12,7,8,9,8,18,12,12,15,16



