
ERRORS 

The Author regre ts that the fo l l owing omissions and errors 

have been found in th i s Thes i s . Those marked * make s i g n i f i c a n t 

c o r r e c t i o n s to the meaning. 

p60 The heading on column'5 should be 'NUMBER1 and 'LIST OF ITEMS' 

should s t a r t above column 6 . 

p65 The ac t i on code corresponding to 'Number of l i v e s f o r an item 

> 100' should be 3 instead of 2. 

*p82 Rule B2 should be: 

' I f any part of a l e s s o n from requirement r i s assigned to 

occur at per iod p then cance l PR(p,r ) must be per formed. ' 

*p86 A f t e r l i n e 2 the f o l l o w i n g condi t ion should be present : 

'and i i i ) at each, member the item may not have a f r e e p e r i o d . ' 

*p§7 In l i n e 8 f o r *R' read ' R " » . 

n 

*p103 A f t e r Rule D3 the f o l l o w i n g comment should be present : 

' I f NR < r < NTS then Rule D3 app l ies to a t i e d se t of 

requirements instead of t o a s ing le requirement. ' 
p113 The penultimate l i n e should be: 

' ( R I F [ i ] - RIF[i - 1 ] ) f NOLIVES [ i ] > 3 * NP 4- 5 ' 

p128 In l i n e 9 for ' c n a c e l l e d ' read ' c a n c e l l e d ' . 

p137 I n - l i n e 15 f o r ' t o a decrease i n ' read 'by a decrease i n ' . 

p170 Line 16 should be: 

' T N A [ r n , r 2 ] < M i n { N [ r 1 ] , N [ r 2 ] } . M i n { M ] , M [ r 2 ] } 1 

p176 The l a s t entry in t h i s f i g u r e should be '250 7 ' * 

p190 In l i n e 21 f o r ' q u a t i l i e s ' read ' q u a l i t i e s ' . 

H.C.J. 



COMPUTER AIDED CONSTRUCTION 

OF SCHOOL TIME-TABLES 

A 

Thesis 

presented on app l i ca t i on f o r 

admission t o the degree 

o f 

DOCTOR OF PHILOSOPHY 

in the 

Faculty of Science 

of the -

UNIVERSITY, OF.. LONDON * 

b y ' - . / 

Howard Clements Johnston 

in 

March 1970 



ABSTRACT 

This t h e s i s d i s cusses an approach to the problem of making 
s c h o o l t i m e - t a b l e s with the a i d of an e l e c t r o n i c d i g i t a l computer. 
The mathematical model de f ined i s capable o f desc r ib ing almost 
a l l of the f e a t u r e s requ i red in the t ime- tab le f o r a normal 
B r i t i s h Secondary S c h o o l . 

Having de f ined the model a system f o r he lp ing the s c h o o l 
s t a f f to present t h e i r data a c c u r a t e l y in the required form and 
a computer program to check t h i s data are d i s cussed . 

Methods are then d e s c r i b e d f o r represent ing the data and 
the add i t i ona l in format ion necessary during the cons t ruc t i on of 
the t ime- tab le e i t h e r i n s i d e or outs ide the computer. 

The main program, which attempts to make the t i m e - t a b l e , 
makes a sequence o f assignments which continues e i t h e r u n t i l a 
complete s o l u t i o n has been obtained or u n t i l the completion o f 
a s o l u t i o n i s no l onger p o s s i b l e . In the l a t t e r case some 
of the previous assignments are removed and a l t e r n a t i v e c h o i c e s 
made. 

A q u a l i t a t i v e eva luat i on o f the main program i s g iven which 
shows that in general the methods used are not capable o f produc-
ing t ime- tab les f o r r e a l s c h o o l s s ince f o r most real , s choo l s no 
s o l u t i o n of the type sought e x i s t s . 

The conc lus ion i s that the c ons t ra in t s must be made more 
f l e x i b l e and that t h i s can b e s t be achieved by combining the 
powers of the computer, t o perform operat ions qu ick ly and a c c -
u r a t e l y , with those of the exper ienced manual t i m e - t a b l e r , t o 
make d e c i s i o n s based on a f l e x i b l e and i l l - d e f i n e d se t of c on -
s t r a i n t s . This could most e f f e c t i v e l y be achieved by a l lowing 
the manual t i m e - t a b l e r to c o n t r o l the computer using an o n - l i n e 
termina l . 
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1.0 

CHAPTER ONE 

AN OUTLINE OF THE PROBLEM 

1.0 Introduction 

The basic aim of the project discussed in this thesis has 

been to produce a system for aiding the construction of school 

time-tables. By 'system
1

 we mean a sequence of operations, 

some manual and some performed by an electronic digital computer, 

which cover the complete time-table construction process. Be-

fore we can state what this complete process includes we must 

define v/hat we mean by 'a school' and 'a time-table'. 

1*1 What we mean by a school 

By 'a school' we mean a normal British Secondary School or 

any educational establishment with a similar structure. It 

will have the following properties:-

i) It consists of:-

a) groups of pupils, to be called classes; 

b) teachers; 

c) rooms, some of which are supplied with 

special equipment; 

and d) equipment v/hich may be moved from one room 

to another. 

ii) It is open for a certain length of time on each day of its 

working week, normally 6 to 7 hours on Monday to Friday and 

in some cases 3 bo 4 hours on Saturday, 

iii) The week is divided up into about 35 to 45 approximately 

equal periods each about 35 to 45 minutes in length and each 

lesson lasts for an integral number of periods, rarely more 

than 3* 

iv) Each class is normally in attendance throughout the time 

when the school is open, although there may be parts of each 

day when it is not being taught by a teacher, 

v) The majority of the teachers work full time at the school 

and are actually teaching for about 70% to 90% of the work-

ing week but teachers with special responsibilities have a 

lighter teaching load. 

8 



1.1 
vi) Each room, especially those supplied with special equipment 

is normally in use for 80% to 100% of the working week. 

1.2 What we mean by a time-table 

In a school the activities of each class and each teacher 

and the usage of each room and piece of special equipment norm-

ally follows a fixed pattern v/hich repeats after a certain period 

of time, usually one week. By 'a time-table
1

 we mean the 

document v/hich defines this pattern i.e. it states what each 

class and each teacher is to do and to what use each room and 

piece of equipment is to be put at each period of the week. 

1*3 The process of producing a time-table 

The process of producing a time-table has several main 

phases. They are:-

Phase 1 - Production of the Curriculum i.e. deciding the course 

of study v/hich will be available to each pupil or 

group of pupils. 

Phase 2 - Assigning a teacher and a room to each lesson. 

Phase 3 - Determining v/hen each lesson is to take place. 

1*3*1 Production of the curriculum 

Phase 1 can only be done by a senior member of the school 

staff. It has to take account of the examinations for which 

the various groups of pupils are preparing, any regulations which 

must be observed e.g. about the provision of religious instruc-

tion, and is influenced by the teaching staff and the facilities 

which are currently available e.g. the total amount of Physics 

which can be taught in a school is controlled by the number of 

suitable staff and the number of Physics laboratories. The 

end product is called the Curriculum and normally it changes 

little from year to year. Although it may be possible to 

employ a computer to optimize the Curriculum in some way this 

Phase is not. seen, at the moment, as a major problem and we have 

not attempted to interfere in any way with the current methods 

of doing it. Our system does, however, include a method of 

recording the Curriculum in an easily understandable form. 

1*3*2 Assigning a teacher and a room to each lesson 

Most schools are organised on a Departmental basis where 

each Department teaches a-particular subject or related group of 

9 



s u b j e c t s e . g . a Modern Languages Department m igh t t e ach F rench , 

German, S p a n i s h , I t a l i a n and R u s s i a n . Phase 2 i s u s u a l l y 

c a r r i e d ou t by t he Heads o f the Depar tmen ts . The Head o f a 

Department i s t h e bes t pe r son t o dec ide which o f h i s t e a che r s i s 

most s u i t a b l e f o r each l e s s o n e . g . a Mathemat ics t e ache r may be 

e x c e l l e n t a t t e a c h i n g G . C . E . 'A* l e v e l Mathemat ics t o the most 

s e n i o r p u p i l s bu t be a l m o s t i n c a p a b l e o f e x p l a i n i n g e lemen ta ry 

A lgeb ra t o 11 y e a r - o l d s . The Head a l s o knows what rooms and 

equipment a r e a v a i l a b l e and can a s s i g n them. Obv i ous l y i n 

do i ng t h i s he must make s u re t h a t each t eache r has h i s c o r r e c t 

t e a c h i n g l o a d and t h a t no room or p i e c e o f equ ipment i s used f o r 

more t han 100% o f t he week. I n t h i s Phase a computer c o u l d 

d e f i n i t e l y be used t o o p t i m i z e t h e o p e r a t i o n bu t t h e amount o f 

work i n v o l v e d out-weighs t h e advan tage t h a t c ou l d be o b t a i n e d . 

Some q u a n t i t a t i v e method wou ld have t o be dev i sed f o r measur ing 

each t e ache r 1 s a b i l i t y t o t a k e a p a r t i c u l a r l e s s o n e . g . t he Math-

emat i cs t e ache r men t ioned above m igh t be a s s i g ned we igh t 10 f o r 

t e a c h i n g G . C . E . 'A1 l e v e l Ma thema t i c s bu t on l y we igh t 2 f o r 

t e a c h i n g e l emen ta ry A l g e b r a . S i m i l a r w e i g h t i n g v/ould measure 

t he s u i t a b i l i t y o f each room t y pe and t h e problem v/ould be t o 

a s s i g n a t e ache r and room t ype f o r every l e s s o n s o ^ t h a t the t o t a l 

o f t he we i gh t s over t he whole Department was a maximum. The 

Head o f Department would s t i l l have t o dec i de the we igh t s and 

t h i s would be a much l o n g e r and more d i f f i c u l t j o b t han mak ing 

t he a c t u a l d e c i s i o n s . Thus our system does no t i n v o l v e t he 

computer i n t h i s Phase bu t i t does i n c l u d e methods o f document-

a t i o n wh ich a i d t he Head o f Depar tment i n h i s t a s k . 

1.3*3 Determining when each l e s s o n i s to take p lace 
Phase 3 r e a l l y i s t h e head-ache i When per formed m a n u a l l y , 

u s u a l l y by one u n f o r t u n a t e member o f the s c hoo l s t a f f , i t t a k e s 

weeks o f very c a r e f u l work and one t i n y m i s t ake can cause hou r s 

o f wasted e f f o r t . I t i s n o t unusua l f o r t h i s Phase t o be 

en te red 4 or 5 months b e f o r e t h e t i m e - t a b l e i s needed and few 

t i m e - t a b l e s a r c p e r f e c t even by the t ime thay have t o go i n t o 

u s e . Th i s i s t he Phase where the computer can come t o t he 

r e s c u e . 

1 .4 The advantage of using a computer 
There a re s e v e r a l r easons f o r u s i n g t he computer i n Phase 
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3 o f the p r o c e s s . F i r s t o f a l l the nature of the task , namely 
a long sequence of o p e r a t i o n s which have to be performed with 
100% accuracy , i s e x a c t l y the s o r t of j o b a computer i s good a t . 
Secondly , because the computer should be able to produce the 
r e s u l t in minutes or hours ins tead of months, the v/hole operat ion 
could be s t a r t e d much nearer t o the date when the t i m e - t a b l e i s 
r e q u i r e d . This would be a great advantage because i f a t ime-
t a b l e required f o r September has to be s tar ted in Apr i l much o f 
the data i s not a v a i l a b l e . Part o f the t rouble i s caused by 
s t a f f changes. A teacher can normally g ive in h i s n o t i c e a t 
the end of May and the replacement teacher may not be appointed 
u n t i l July or even August thus when the t ime- tab le i s f i r s t made 
the s choo l i s usua l ly f o r c e d t o make the assumption that the new 
teacher w i l l have e x a c t l y the same a b i l i t i e s as the o ld one . 
Often t h i s cannot be ach ieved and hurried changes to the t ime-
tab le have to be made. Another problem i s that the cho i ce o f 
subjects .made by s e n i o r p u p i l s i s o f t en governed by t h e i r G.C.E. 
examination r e s u l t s which are not publ ished u n t i l mid-August thus 
a t ime - tab le which a l l ows one group of 16 pup i l s to study Advanced 
l e v e l G.C.E.Chemistry can become u s e l e s s overnight i f 25 p u p i l s 
dec ide they want to take t h i s s u b j e c t and the laboratory cannot 
ho ld that number. Again, l a s t minute changes have to be made. 
I f the t ime - tab l e cou ld be run o f f the day be fore the term was 
due to s t a r t these would no l onger be problems. 

1 .5 D i f f i c u l t i e s in using a computer 
There are a l s o d i f f i c u l t i e s in using the computer. The 

people who cons t ruc t t i m e - t a b l e s manually depend to a l a rge ex -
tent on exper i ence , o f t e n b u i l t up over many years , -and there 
are parts o f t h i s e x p e r i e n c e , p e c u l i a r to t h e i r own s c h o o l s , 
which cannot be b u i l t i n t o the program or inc luded as part o f 
the data . A l s o , because the computer program d e f i n e s a r i g i d 
procedure f o r c o n s t r u c t i n g a t i m e - t a b l e s u b j e c t to c e r t a i n b u i l t 
in c o n s t r a i n t s , i t i s d i f f i c u l t t o g ive i t the freedom to o v e r -
l o o k the c o n s t r a i n t s j u s t o c c a s i o n a l l y as the manual t i m e - t a b l e r 
invar iab ly does e . g . i f the program i s such that a double per i od 
l e s s o n should not be s p l i t by a lunch break then i t w i l l never 
be s p l i t by the computer but i f he can see no a l t e r n a t i v e the 
human w i l l probably s p l i t i t ra ther than undo a l o t o f the work 
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he has already done. This i n f l e x i b i l i t y means that there are 
cases where the computer w i l l say " there i s no s o l u t i o n " whi le 
the teacher doing the j o b w i l l break the r u l e s and press on 
regard less o f the consequences . 

A fur ther disadvantage i s that a member of the s choo l s t a f f 
has usual ly a c ons iderab le amount of knowledge about the s c h o o l 
and w i l l probably n o t i c e any e r r o r s in the information given t o 
him f o r c ons t ruc t ing the t i m e - t a b l e . There are some types o f 
mistakes which the computer cannot de tec t e . g . a games a f t e rnoon 
might appear on the Curriculum as 1 l e s s o n 3 per iods long but 
the data passed to the t i m e - t a b l e r might say 3 l e ssons each 1 
per iod l o n g . The human w i l l probably spot t h i s at once whi le 
the machine w i l l proceed t o t ime - tab l e 3 u s e l e s s l y short games 
l e s s o n s . Again in a s c h o o l where A.Jones i s a Mathematics 
master and B.Jones i s a Needlework mistress a computer would 
quite happi ly accept a request f o r B.Jones to teach D i f f e r e n t i a l 
Calculus to the Fourth Form whi le the human w i l l make a c o r r e c t -
ion at once . 

The advantages in using a computer, however, e a s i l y outweigh 
the disadvantages thus the main e f f o r t o f t h i s p r o j e c t has been 
to produce an e f f i c i e n t computer program f o r performing Phase 3 
of the p r o c e s s . 

This program aims t o produce a. t ime - tab l e f o r each s e t o f 
data which i t i s g i v e n . I t does not try to produce the b e s t 
t i m e - t a b l e . The reason f o r t h i s i s simply that i t i s very 
d i f f i c u l t to measure the q u a i i t y of a t i m e - t a b l e . The only 
standard which can r e a l l y be a p p l i e d i s that i t should be as good , 
from the s c h o o l ' s po int o f v iew, as any t ime - tab l e which they 
could make f o r themselves by manual methods. In order to make 
sure , however, that the t i m e - t a b l e produced has at l e a s t some o f 
the p r o p e r t i e s which a s c h o o l would expect severa l c o n s t r a i n t s 
which c o n t r o l the q u a l i t y o f the t ime - tab le are b u i l t in to the 
model. 

1.6 Outline o f the complete system 
The complete system has been chr is tened SCATTAR which i s 

der ived from the phrase " S c h o o l , Class and Teacher Time-table 
Assembly Rout ine " . I t c o n s i s t s of the f o l l o w i n g p a r t s : -

i ) Manual procedures f o r r e cord ing the curriculum to be used. 
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1.6 
by the sen io r member o f the schoo l s t a f f who c a r r i e s out 
Phase 1. 

i i ) Manual procedures , t o be used by the Heads of Department in 
Phase 2, to help them to avoid making mistakes and f o r 
re cord ing t h e i r d e c i s i o n s , 

i i i ) A computer program, c a l l e d the Data Checking Routine, which 
accepts some of the documents produced in i i ) and produces 
l i s t i n g s which enable a l l the recorded information to be 
checked. 

i v ) A computer program, c a l l e d the Main Program, which a c c e p t s 
the same data as the Data Checking Routine and attempts t o 
produce a complete t i m e - t a b l e . 

In the chapters which f o l l o w we descr ibe the complete system, 
d i scuss i t s e v o l u t i o n and the problems which have been used t o 
t e s t i t and conclude by making suggest ions f o r further improve-
ments. 

13 
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CHAPTER TWO 

THE BASIC MODEL 

2 . 0 I n t r o d u c t i o n 

Le t us now f o r g e t abou t s c hoo l s and t h i n k i n much more 

g e n e r a l t e rms . We wish t o c o n s i d e r an o r g a n i s a t i o n , c o n s i s t -

i n g o f peop le and t h i n g s , wh ich e x i s t s so t h a t a c e r t a i n se t o f 

a c t i v i t i e s can t ake p l a c e . The s e t o f a c t i v i t i e s t a k i n g p l a c e 

a t any i n s t a n t i n t ime w i l l i n g e n e r a l be d i f f e r e n t from those 

t a k i n g p l a c e a t any o t he r i n s t a n t and management o f the o r gan i s-

a t i o n i n v o l v e s making a s c hedu l e or t ime- t a b l e f o r some known 

p e r i o d o f t i m e . Th i s t i m e - t a b l e may be used once or r epea t-

e d l y . I n d e f i n i n g a model we a re p r o v i d i n g a method o f des-

c r i b i n g those a s p e c t s o f t he o r g a n i s a t i o n and i t s a c t i v i t i e s 

which are- r e l e v a n t t o t he p r e p a r a t i o n o f i t s t i m e - t a b l e . 

2 .1 D e f i n i t i o n s 

To d e s c r i b e the peop l e and t h i n g s which make up t he organ-

i s a t i o n i t i s , f o r most p u r p o s e s , no t necessary t o d i s t i n g u i s h 

between a pe r son , a g roup o f p e r s o n s , a t h i n g , a group o f t h i n g s 

or a c omb i n a t i o n o f persons and t h i n g s . 

2 . 1 . 1 A u n i t 

We d e f i n e a u n i t t o be a f i x e d comb ina t i on o f m persons 

and n t h i n g s where m and n a re p o s i t i v e i n t e g e r s or ze ro 

bu t m and n a r e no t b o t h z e r o . 

S i n ce a u n i t i s a f i x e d c omb i n a t i o n i t rema ins t o g e t h e r 

t h r oughou t t he a c t i v i t i e s o f t he o r g a n i s a t i o n . 

Example 

I f a v e h i c l e and i t s d r i v e r a re d e f i n e d as a u n i t i n a 

t r a n s p o r t o r g a n i s a t i o n i t i m p l i e s t h a t the v e h i c l e i s 

a lways d r i v e n by the same d r i v e r and the d r i v e r a lways 

d r i v e s t he same v e h i c l e . 

2 . 1 . 2 Equa l u n i t s 

We d e f i n e two u n i t s t o be equa l i f , f o r a l l r e l e v a n t 

a c t i v i t i e s , each can per fo rm exa c t l y the same p a r t as 
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the o ther . 

2 . 1 . 3 An item 
V/e de f ine an item to be a type of u n i t . 

2 . 1 . 4 Number o f l i v e s 
V/e de f ine the number o f l i v e s possessed by an item to be 
the number of un i t s o f that item present in the o r g a n i s -
a t i o n . 

The use of the word ' l i v e s ' comes from the idea than an 
item v/ith v l i v e s has the a b i l i t y to do v j o b s s i m u l t -
aneously . A l l the u n i t s of a given item must be equal 
to one another . 

2 . 1 . 5 Type code 
V/e de f ine the type code f o r a given item to be a small 
p o s i t i v e in teger which i d e n t i f i e s i t as a member of one 
of severa l bas i c groups o f items in the o r g a n i s a t i o n . 

In a s choo l v/e have used 1 to denote a c l a s s , 2 t o d e -
note a teacher and 3 t o denote a room or p i e ce o f s p e c i a l 
equipment. This type code i s only used by the Main 
Program (Chapter 1 0 ) . I t i s needed as an a id t o the 
c o n t r o l of the number o f un i ts which, at a given p e r i o d 
in the t i m e - t a b l e , are not invo lved in any a c t i v i t y w i th -
in the o r g a n i s a t i o n . £he Author f e e l s that i t should 
be p o s s i b l e t o c o n t r o l t h i s f a c t o r v/ithout the need f o r 
a type code but has been unable to f i n d a s u i t a b l e t e c h -
n ique . These matters are a l s o discussed in 
1 0 . 7 . 3 and 1 1 . 3 . 

2 . 1 . 6 The Item L i s t 
We de f ine the Item L i s t t o be the f o l l o w i n g set o f data 
which completely d e s c r i b e s the composit ion of the organ-
i s a t i o n : -
NI - the t o t a l number of i tems; 
(EIN., NOLIVES.,TYPE., - the name, number of l i v e s and 

1 1' 1
 7 

i = 1,N1) type code f o r each i tem. 

For obvious reasons , no two items may have the same name. 



1.0 
2 . 1 . 7 An in terna l a c t i v i t y 

We de f ine an i n t e r n a l a c t i v i t y to be an a c t i v i t y o f the 
organisat ion which i s to appear on the t i m e - t a b l e . 

2 . 1 . 8 An external a c t i v i t y 
We de f ine an externa l a c t i v i t y to be an a c t i v i t y , i n s i d e 
or outs ide the o r g a n i s a t i o n , in which parts of the organ-
i s a t i o n are to take par t but which i s not to appear on 
the t i m e - t a b l e . 

2 . 1 . 9 A per iod 
We de f ine a per i od to be the l a r g e s t uni t of time such 
that the duration o f each in terna l a c t i v i t y may be ex -
pressed as an i n t e g r a l number of p e r i o d s . 

2 . 1 . 1 0 A day 
We de f ine a day to be a consecut ive s e t of per iods bound-
ed by natural breaks in the t o t a l a c t i v i t y of the organ-
i s a t i o n such that no a c t i v i t y may s t a r t on one day and 
be completed on the n e x t . 

2 .1 .11 A week 
We de f ine a week to be the s e t of days over which the 
t ime- tab le i s r e q u i r e d . 

The terms day and week need not be r e l a t e d in any way to 
the per iods of time normally descr ibed by these words. ' •• 

To descr ibe an a c t i v i t y we only need to consider two f a c t -
ors : -

i ) the length of time i t l a s t s 
and i i ) the s e t o f people and things which must be a v a i l a b l e 

f o r i t t o take p l a c e . 
A p a r t i c u l a r a c t i v i t y i s t h e r e f o r e completely descr ibed b y : -

M , (E±N . , i = 1,h ) r r i ' r 
where M^ per iods i s the length o f the a c t i v i t y and the EIN^ 

are item names f o r the n u n i t s i n v o l v e d . The i n c l u s i o n of a r 
g iven item name t times impl i es that t un i t s o f that item are 
required to be a v a i l a b l e . 

2 . 1 . 1 2 An m-period a c t i v i t y 
We de f ine an m-period a c t i v i t y to be an a c t i v i t y which 
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l a s t s f o r m c o n s e c u t i v e p e r i o d s . 

2 . 1 . 1 3 The l o n g e s t a c t i v i t y parameter 
We de f ine the l o n g e s t a c t i v i t y parameter to be the length 
in per i ods o f the l o n g e s t in terna l a c t i v i t y . 

2 . 1 . 1 4 Equal a c t i v i t i e s 
We d e f i n e two a c t i v i t i e s t o be equal i f they l a s t f o r the 
same length o f time and require the same se t of uni ts to 
be a v a i l a b l e . 

2 . 1 . 15 The space parameter 
V/e d e f i n e the space parameter to be the minimum number 
of per i ods occupied by other a c t i v i t i e s which must occur 
between any two equal a c t i v i t i e s on the same day. 

2 .1 .16 A normal d i s t r i b u t i o n 
Let n and d be i n t e g e r s , m be the i n t e g r a l part of £ and 
k = n - md then we d e f i n e a normal d i s t r i b u t i o n of n a c t -
i v i t i e s over d days t o be a d i s t r i b u t i o n which has m 
a c t i v i t i e s on any d - k days and m + 1 a c t i v i t i e s on the 
remaining k days s u b j e c t t o a given space parameter. 

Example 
A normal d i s t r i b u t i o n o f 4 a c t i v i t i e s over 5 days g i v e s 
m = 0 and k = 4 i . e . one a c t i v i t y on any 4 of the 5 days . 

Example 
A normal d i s t r i b u t i o n o f 5 a c t i v i t i e s over 5 days g i v e s 

. m = 1 and k = 0 i . e . e x a c t l y one a c t i v i t y on each day. 

Example 
A normal d i s t r i b u t i o n of 8 a c t i v i t i e s over 5 days g i v e s 
m = 1 and k = 3 i . e . one a c t i v i t y on any 2 of the days and 
2 a c t i v i t i e s on each o f the remaining 3 days. I f the 
space parameter i s 2 any day which has 2 o f the a c t i v i t -
i e s must have at l e a s t 2 per iods o f another a c t i v i t y 
between the end of the f i r s t a c t i v i t y and the s t a r t o f 
the second . 

Apart from the t o t a l breaks in the a c t i v i t y of the o r g a n i s -
a t i o n between days, there may be other breaks within a day a c r o s s 
which some a c t i v i t i e s may be al lowed to continue while o thers 
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are n o t . 

2 . 1 .17 An m-period pattern 
We d e f i n e an m-per iod pat tern to be a s e t o f d i g i t s , equal 
in number to the number o f per iods on a given day, such 

th 
that the p d i g i t i s 1 i f an m-period a c t i v i t y may s t a r t 

th 
at the p per i od of the day and i s 0 o therwise . 

2 .1 .18 The Time Structure L i s t 
We d e f i n e the Time Struc ture L i s t to be the f o l l o w i n g s e t 
of data which complete ly d e s c r i b e s the time s t ructure o f 
the o r g a n i s a t i o n : -
ND - the number of days per 

week; 
(EDNd, DLENGTHd, d = 1,ND) - the name and the number 

of per iods f o r each day; 
(EPN , p = 1,NP) , - the name of each per iod 

P ND 
where NP = DLENGTHd; 

LAP - the l onges t a c t i v i t y 
parameter; 

SP - the space parameter; 
((PP , p = 1,NP), x = 1,LAP) - the per iod p a t t e r n s , x , p 
For obvious reasons no 2 days may have the same name nor 
may any two p e r i o d s have the same name. 

In order to wr i te down as c o n c i s e l y as p o s s i b l e a l l the 
a c t i v i t i e s which are t o appear on the t ime- tab le we may group 
s e t s o f equal a c t i v i t i e s t o g e t h e r . 

2 . 1 . 1 9 A requirement 
We d e f i n e a requirement t o be a statement which d e s c r i b e s 
one group of equal a c t i v i t i e s which are to appear in the 
t i m e - t a b l e v/ith a normal d i s t r i b u t i o n . 

2 . 1 . 2 0 A t i e d s e t o f requirements 
We de f ine a t i e d s e t o f requirements to be a s e t of r e -
quirements which d e s c r i b e a group of a c t i v i t i e s (not a l l 
equal ) which are to appear in the t ime- tab le with a normal 

• d i s t r i b u t i o n . 
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One method o f r e c o r d i n g a requ i remen t i s : -

ERN , TIE , M , N , (EIN . , i = 1 , n ) ; 
r ' r ' r ' r ' n ' r ' 

where ERN^ i s a name t o i d e n t i f y t he r e qu i r emen t , 

TIE i s t he t i e name ( s ee be l ow ) , 
r 

M^ i s t he l e n g t h i n p e r i o d s o f the a c t i v i t y i n v o l v e d , 

N^ i s the number o f t imes pe r week t h a t t he a c t i v i t y i s 

r e q u i r e d t o occur 

and EIN . , i = 1 , n a re t h e names o f the n u n i t s i n v o l v e d , 
r i r r 

For a s i n g l e r equ i r emen t t h e t i e name i s s e t equa l t o ze ro 

(o r equa l t o t he r equ i r emen t name) . 

To t i e a s e t o f r e q u i r e m e n t s t oge t he r the t i e name o f each 

r equ i r emen t i s p u t e qua l t o t h e name o f the nex t r equ i r emen t o f 

the s e t where t he r e qu i r emen t n ex t a f t e r the l a s t one i s d e f i n e d 

t o be the f i r s t one . 

Example 

SC1, 0 , 2 , 3 , CLASS1, SMITH, SCLAB; 

Th is means " t h e r equ i r emen t named SC1, which i s n o t t i e d t o any 

o t he r r e q u i r e m e n t , i s t h a t one u n i t from each o f t he i t ems named 

CLASS 1, SMITH and SCLAB i s r e q u i r e d t o be a v a i l a b l e f o r a 2-

p e r i o d a c t i v i t y 3 t imes pe r week'1 . 

Example 

ENG6, 0, 1, 5 , 6A, 6B, 6C, LIB, LIB, LIB; 

This means " t h e r equ i r emen t named E N G 6 , which i s n o t t i e d t o any 

o the r r e q u i r e m e n t , i s t h a t one u n i t from each o f t he i t ems named 

6 A , 6 B and 6C and 3 u n i t s from t h e i tem named L I B a r e r e q u i r e d 

t o be a v a i l a b l e f o r a 1-pe r i o d a c t i v i t y 5 t imes per week" . 

Example 

GER30, FR30, 1 , 3 , 3L , HANS; 

FR30, FR35, 2 , 1 , 3L , PIERRE; 

FR35, GER30,1, 1 , 3L, PIERRE; 

Th is means " t h e 3 r e qu i r emen t s named GER30 (wh ich r e q u i r e s one 

u n i t from 3L and HANS f o r 3 1 - p e r i o d a c t i v i t i e s ) , FR30 (wh ich 

r e q u i r e s one u n i t from J>L and PIERRE f o r 1 2-pe r i od a c t i v i t y ) 

and FR35 (wh ich r e q u i r e s 3L and PIERRE f o r a 1-pe r i od a c t i v i t y ) 

form a t i e d s e t i . e . t he t o t a l o f 5 a c t i v i t i e s i n v o l v e d a re t o ' 

be d i s t r i b u t e d as i f they a l l be l onged t o the same r e q u i r e m e n t " . 
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The pair of t i e d requirements 

R1, R2, 1, 1, X, Y; 
R2, R1, 1, 1, X, Y; 

would be p e r f e c t l y l e g a l but are exac t ly equivalent to 
R, 0 , 1, 2, X, Y; 

i . e . the a c t i v i t i e s invo lved in a se t of t i e d requirements do 
not have to be unequal but i f some of them are equal then the 
number o f requirements in the s e t can be reduced. 

2 .1 .21 The Requirement L i s t 
We de f ine the Requirement L i s t to be the f o l l o w i n g s e t 
of data which complete ly desc r ibes the a c t i v i t i e s which 
are to appear on the t i m e - t a b l e : -
NR - the number of requirements; 
(ERNr, TIE r , M r , N r , ( E I N r . , i = 1 , n p ) , r = 1,NR); 

- the requirements. 

For obvious reasons , no 2 requirements may have the same 
name. 

2 . 1 . 2 2 An assigned a c t i v i t y 
V/e d e f i n e an a c t i v i t y t o have been assigned to a g iven 
per iod i f a d e c i s i o n has been taken which means that par t 
or a l l of the a c t i v i t y w i l l occur at that per iod in the 
t i m e - t a b l e . 
/ 

2 . 1 . 2 3 An employed uni t 
We de f ine a un i t to be employed at a given per iod i f a 
d e c i s i o n has been taken which determines the i n t e r n a l or 
external a c t i v i t y in which the unit w i l l take part a t 
that p e r i o d . 

2 . 1 . 2 4 A f r e e uni t 
We d e f i n e a uni t to be f r e e at a given per iod i f i t i s 
employed on an externa l a c t i v i t y at that p e r i o d . 

Due to the presence of p a r t - t i m e workers or the sharing o f 
equipment with other o r g a n i s a t i o n s there may be per i ods when 
c e r t a i n uni ts cannot be a v a i l a b l e . This information i s known 
b e f o r e the t ime - tab le i s made. 

2•1•25 A f i x e d f r e e per iod reques t 
We de f ine a f i x e d f r e e per i od request to be a statement 
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i which l i s t s those p e r i o d s when one or more uni ts of an 

item arc pro -ass igned to take part in external a c t i v i t i e s 
and are there f o re not a v a i l a b l e f o r in terna l a c t i v i t i e s . 

One method of r e cord ing a f i x e d f r e e per iod request i s : -
EIN., (EPN. , p = 1 , m . ) ; 

i ip *
 1

 l 
where EIN. i s the item name and the EPN. are per iod names. The 

i l p f 

i n c l u s i o n of a given per iod name t times impl ies that t u n i t s 
o f the item are required to be f r e e . 

Example 
CHLAB, M6, M7, MS, F2, F2; 

means "a t per iods FJ6, M7 and M8 one unit from item CHLAB i s no t 
a v a i l a b l e and at per iod F2 two un i t s from the same item are no t 
a v a i l a b l e " . 

2 . 1 . 2 6 The Fixed Free Period L i s t 
We de f ine the Fixed Free Per iod L i s t to be the complete 
se t of f i x e d f r e e p e r i o d r e q u e s t s . 

Due to the nature of some of the a c t i v i t i e s i t may be n e c -
essary to r e s t r i c t the p e r i o d s at which they can take p l a c e . 

2 . 1 . 2 7 A forbidden assignment request 
We de f ine a f orb idden assignment request to be a s t a t e -
ment which l i s t s those p e r i o d s v/hen a p a r t i c u l a r a c t i v i t y 
may not take p l a c e . 

One method of record ing a f o rb idden assignment request i s : -
ERN , (EPN , p = 1 ,p ) ; r 1 rp7 r 7 i r 

where ERN^ i s the requirement name and EPN are per iod names. 

Example 
SCI4, M1, M2, T6, T7, F1, F8; 

where the a c t i v i t i e s in requirement SCI4 are 3 - p e r i o d a c t i v i t i e s 
f o r b i d s any one of the three p e r i o d s o f any a c t i v i t y from t h i s 
requirement to occur at p e r i o d s M1, M2, T6, T7, F1 or F8. 
2 . 1 . 2 8 The Forbidden Assignment L i s t 

V/e de f ine the Forbidden Assignment L i s t to be the com-
p l e t e se t of f o rb idden assignment r e q u e s t s . 

There may a l s o be some a c t i v i t i e s which must take p lace a t . 
known t imes . 
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belongs and EPN^ i s a per i od name 

2.1 
2 .1 .29 A pre-assignment reques t 

We de f ine a pre-assignment request to be a statement v/hich 
g ives the per iod when a p a r t i c u l a r a c t i v i t y must commence. 

A pre-assignment request may be recorded b y : -
ERN , EPN ; 

r p 

where ERN^ i s the name of the requirement to which the a c t i v i t y 
belongs 
Example 

MAT1, W6; 
where MAT1 i s a requirement f o r 4 2 -per i od a c t i v i t i e s , requests 
that one of these a c t i v i t i e s must s t a r t at per iod W6. 

2 . 1 . 3 0 The Pre-assignment L i s t 
We de f ine the Pre-assignment L i s t to be the complete s e t 
o f pre-assignment r e q u e s t s . 

2 .1 .31 A Standard Data Deck 
We de f ine a Standard Data Deck to be the f o l l o w i n g s e t o f 
documents which complete ly descr ibe an organisat ion and 
i t s a c t i v i t i e s : -
The Item "List - ( 2 . 1 . 6) 
The Time Structure L i s t - ( 2 . 1 . 1 8 ) 
The Requirement L i s t - ( 2 . 1 . 2 1 ) 
The Fixed Free Per iod L i s t - ( 2 . 1 . 2 6 ) • , 
The Forbidden Assignment L i s t - ( 2 . 1 . 2 8 ) 
The Pre-assignment L i s t - ( 2 . 1 . 3 0 ) 

2 . 2 The Example Problem 
Two vers i ons of the Standard Data Deck f o r a small organ-

i s a t i o n are shown in f i g u r e s 2 .1 and 2 . 2 . The problem de f ined 
by these s e t s o f data w i l l be c a l l e d the Example Problem and 
w i l l be used in other chapters t o provide i l l u s t r a t i o n s . The 
data s e t in f i g u r e 2.1 uses alphanumeric names f o r i tems, days , 
per iods and requirements whi le the se t in f i g u r e 2 . 2 uses only 
numeric names. Both s e t s are in a form which, i f punched on 
a s u i t a b l e input medium, cou ld be accepted by a computer. 

In the alphanumeric s e t the character i s used as a s e p -
arator and where i t i s necessa-ry to show that a r e co rd , e . g . a 
requirement, i s complete the i s rep laced by the terminator 
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Figure 2.1 Figure 2 .2 

13, 13 
CLASS1t 1, 1 , 10 1 1 

CLASS2, 1, 1, 20 1 1 

CLASS3, 1, 1, 30 1 1 
CLASS4, 1, 1, 40 1 1 
SMITH, 1, 2, 50 1 2 
JONES, 1, 2, 60 1 2 

DAVIS, 1, 2, 70 1 2 
BEGGS, 1, 2 , 80 1 2 

WISE, 1, 2, 90 1 2 
SCILAB, 2, 3 , 100 3 
LANGLB, 1 , 3 , 110 1 3 
GYM, 1, 3 , 120 1 3 
TAPERC, 1, 3 , 130 1 3 
END; 9999 

5 , 5 
HON, 5 , 1 5 
TUE, 5 , 2 5 
WED, 5 , 3 5 
THU, 5 , 4 5 
FRI, 5 , 5 5 
M1, M2 , M3, M4, M5, 11 12 13 14 15 
TU1, TU2, -TTJ3, TU4, TU5, 21 22 23 24 25 
W1, W2 , W3, W4, W5, 31 32 33 34 35 
TH1, TH2, TH3, TH4, TH5, 41 42 43 44 45 
F1, F2 , F3, F4, F5, 551 52 53 54 55 
2, 0 , 2 0 

1, 1, 1 , 1, 1 , 1 1 1 1 1 

1, 1, 1 , 1 , 1 , 1 1 1 1 1 

1 , 1 , 1 , 1 , 1 , 1 1 1 1 1 

1, 1, 1 , 1 , 1 , 1 1 1 1 1 

1, 1, 1 , 1, 1 , 1 1 1 1 1 

1, 1, o , 1, 0 , 1 1 0 1 0 
1, 1, o , 1, 0 , T 1 0 1 0 

1, 1, o , 1 , 0 , 1 1 0 0 

1, 1, o , 1, 0 , 1 1 0 1 0 

1, 1, o , 1, 0 , 1 1 0 1 0 
END; 9999. 



F i g u r e 2 .1 c o n t i n u e d 

30, 

MAT1, o, 1, 5, CLASS1, CLASS2, SMITH, 

ENG1, o, 1, 5i CLASS1, BEGGS; 

FR1, 0, 1, 5, CLASS1, WISE, LANGLB; 

SC11, SC12, 2, 2, CLASS1, CLASS2, SMITH, 

SCILAB, SCILAB; 

SC'12, SC11, 1, 2, CLASS1, CLASS2, SMITH, 

SCILAB, SCILAB; 

ART1, o, 2, 1, CLASS1, DAVIS; 

PE1, MUS1, 1, 1, CLASS1, WISE, GYM; 

MUS1, PE1, 1, 1, CLASS1, DAVIS, TAPERC; 

ENG2, o, 5, CLASS2, BEGGS; 

FR2, 0, 1, 5, CLASS2, WISE, LANGLB; 

ART 2, 0, 2, 1, CLASS2, DAVIS; 

PE2, MUS2, 1, CLASS2, DAVIS, GYM; 

MUS2, PE2, 1t 1, CLASS2, DAVIS, TAPERC; 

MAT3, " o, 1, 5, CLASS3, SMITH; 

ENG3, o, 1, 5, CLASS.3, BEGGS; 

FG3, 0, 1, 3, CLASS3, JONES, WISE, 

PH31, PH32, 2, 2, CLASS3, DAVIS, SCILAB; 

PH32, PH31, 1, CLASS3, DAVIS, SCILAB; 

CH31, CH32, 2, 2, CLASS3, SMITH, SCILAB; 

CH32, CH31, 1, 1, CLASS3, SMITH, SCILAB; 

PE3, 0, 1, 1, CLASS3, WISE, GYM; 

AM3, o, 1, CLASS3, CLASS4, JONES, 

MAT4, o, 1, 5, CLASS4, JONES; 

ENG4, o, 1, 5, CLASS4, BEGGS; 

FR41, FR42, 2, 1, CLASS4, WISE, LANGLB; 

FR42, FR41, 1, 3, CLASS4, WISE, TAPERC; 

GE41, GE42, 2, 1, CLASS4, JONES, LANGLB; 

GE42, GE41, 1, 3, CLASS4, JONES, TAPERC; 

HIS4, o, 1, 3, CLASS4, BEGGS; 

PE4, o, 1, 1, CLASS4, DAVIS, GYM; 

END; 

LANGLB 

DAVIS; 



Figure 2 . 2 continued 
2 - 2 

30 

10 0 5 10 20 50 60 

20 0 5 10 80 0 

30 0 5 10 90 110 0 

40 45 2 10 20 50 70 

h 40 2 10 20 50 70 

50 0 1 10 70 0 

60 70 1 10 90 120 0 

70 60 1 10 70 130 0 

80 0 5 20 80 0 

90 0 5 20 90 110 0 

100 0 1 20 70 0 

110 120 1 20 70 120 0 

120 110 1 20 70 130 0 

130 0 5 30 50 0 

140 0 5 30 80 0 

150 0 3 30 60 90 110 

160 165 2 30 70 100 0 

165 160 1 30 70 100 0 

170 175 2 30 50 100 0 

175 170 1 30 50 100 0 

180 0 1 30 90 120 0. 

190 0 1 30 40 60 70 

200 0 5 .40 60 0 

210 0 5 40 80 0 

220 225 1 40 90 110 0 

225 220 3 40 90 130 0 

230 235 1 40 60 110 0 

235 230 3 40 60 130 0 

240 0 3 40 80 0 

250 0 1 40 70 120 0 

9999 

100 

100 

100 

100 

0 

0 
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1.0 
Figure 2 .2 continued. 

100 11 25 25 0 
60 34 45 0 

9999 

100 21 22 0 

9999 

150 15 
200 14 

9999 

' ; ' . Each document i s terminated with 'END;1 . 
In the numeric s e t 2 or more spaces are used as a separator 

and when i t i s necessary to terminate a record a ' 0 ' i s used . 
The document terminator i s ' 9 9 9 9 ' • 

The programs used to deve lop the system have been wr i t ten 
in ALGOL f o r the Univers i ty o f London ICT At las computer. In 
At las ALGOL data in the numeric form i s the more convenient but 
using Library subrout ines f o r input and output of alphanumeric 
characters the alphanumeric data can be made a c c e p t a b l e . 

2 .3 The f i n i s h e d t i m e - t a b l e 
The time—table f o r an o rgan i sa t i on which has been described, 

by a Standard Data Deck may be expressed most c o n c i s e l y as an 
i r r e g u l a r array which has one row f o r each per iod in the week. 
The elements in the row f o r a g iven per iod are the requirement 
names of those l e s s o n s which commence at that p e r i o d . 

A s o l u t i o n f o r the example problem i s shown in f i g u r e s 2 . 3 
and 2 . 4 . 

The t ime - tab le expressed in t h i s form, combined with the 
.Item L i s t , the Time Structure L i s t and the Requirement L i s t p r o -
v ide a l l the necessary in format ion to present the t ime- tab le in 
any other form. One p o s s i b l e a l t e r n a t i v e form c o n s i s t s o f a 
rec tangular array with one column f o r each unit and one row f o r 
each p e r i o d . Element ( p , u ) conta ins the requirement name f o r 
the l e sson on which uni t u i s to be employed at per iod p or the 
word FREE. The s o l u t i o n g iven in f i g u r e s 2 .3 and 2 .4 i s e x -
pressed in t h i s expanded form in f i g u r e s 2 .5 and 2 . 6 . 

26 

Figure 2.1 continued 
SCI LAB, M1, TU5, TU5;' 
JONES, W4, TH5? 
END; 

ART2, TU1, TU2; 
END; 

FG3, M5J 
MAT4, m4j 
END; 



2.3 

Figure 2 .3 Figure 2 .4 

Period Lessons v/hich commence Period Lessons which commence 

M1 MAT1 PH32 HIS 4 11 10 165 240 

M2 ENG1 FR2 MAT3 PE4 12 20 90 130 250 

M3 FR1 ENG2 AM 3 13 30 80 190 

M4 SC11 ENG3 MAT 4 14 40 140 200 

M5 FG3 ENG4 15 150 210 

TU1 ART1 FR2 CH31 ENG4 21 50 90 1.70 210 

TU2 ENG2 FR41 22 80 220 

TU3 MAT1 ENG3 23 10 140 

TU4 ENG1 ART 2 PE3 MAT 4 24 .20 100 180 200 

TU5 FR1 MAT 3 GE42 25 30 130 235 

W1 FR1 ENG2 MAT3 MAT4 31 30 80 130 200 

W2 ENG1 FR2 PH31 G E 4 2 32 20 90 160 235 

W3 MAT1 HIS4 33 10 240 

V/4 SC11 ENG3 FR42 34 40 140 225 

W5 FG3 ENG4 35 150 210 

TH1 PE1 ENG2 MAT 3 GE42 41 60 80 130 235 

TH2 MAT1 ENG3 FR42 42 10 140 225 

TH3 SC12 FG3 HIS4 43 45- 150 240 

TH4 ENG1 FR2 CH31 MAT4 44 20 90 170 200 

TH5 FR1 MUS2 ENG4 • 45 30 120 210 

F1 MAT1 PH31 FR42 51 10 160 225 

F2 FR1 ENG2 MAT4 52 30 80 200 

F3 MUS1 FR2 MAT 3 ' ENG4 53 70 90 130 210 

F4 SC12 ENG3 GE41 54 45 140 230 

F5 ENG1 PE2 CH32 55 20 110 175 
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Figure 2 .5 

Per iod CLASS1 CLASS2 CLASS3 

M1 MAT1 MAT1 P H 3 2 

M 2 ENG1 F R 2 M A T 3 

M3 FR1 ENG2 AM 3 

M4 SC11 SC11 ENG3 

M5 SC11 SC11 F G 3 

TU1 ART1 FR2 - CH31 

TU2 ART1 ENG2 CH31 

TU3 MAT1 MAT1 ENG3, 

TU4 ENG1 ART2 P E 3 

TU5 FR1 ART2 M A T 3 

W1 FR1 ENG2 M A T 3 

>72 ENG1 FR2 PH31 

W3 MAT1 MAT1 PH31 

W 4 SC11 SC11 ENG3 

W5 SC11 SC11 F G 3 

TH1 PE1 ENG2 M A T 3 

TH2 MAT1 MAT1 ENG3 

TH3 SC12 SC12 F G 3 

TH4 IENG1 FR2 CH31 

TH5 FR1 M U S 2 CH31 

F1 MAT1 MAT1 PH31 

F2 FR1 ENG2 PH31 

F3 MUS1 FR2 M A T 3 

F4 SC12 SC12 ENG3 

F5 ENG1 PE2 CH32 

CLASS4 SMITH JONES DAVIS 

HIS4 MAT1 MAT1 PH32 

PE4 MAT 3 ' FREE P E 4 

AM 3 FREE AM 3 AM 3 

MAT4 SC11 MAT4 SC11 

ENG4 SC11 FG3 SC11 

ENG4 CH31 FREE ART1 

FR41 CH31 FREE ART1 

FR41 MAT1 MAT1 FREE 

MAT4 FREE MAT4 ART 2 

GE42 MAT3 GE42 ART2 

MAT4 MAT3 MAT4 FREE 

GE42 FREE GE42 PH31 

HIS4 MAT1 MAT1 PII31 

FR42 SC11 FREE SC11 

ENG4 SC11 FG3 SC11 

GE42 MAT3 GE42 FREE 

FR42 MAT1 MAT1 FREE 

HIS4 SC12 -;FG3 SC12 

MAT4 CH31 MAT4 FREE 

ENG4 CH3D FREE M U S 2 

FR42 M A T T MAT1 PH31 

MAT4 FREE MAT4 PH31 

ENG4 MAT3 FREE MUS1 

GE41 SC12 GE41 SC12 

GE41 CH32 GE41 P E 2 
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Figure 2 -5 cont inued 

Per i od BEGGS WISE SCILAB SCILAB LANGLB GYM TAPERC 

M1 HIS 4 FREE PH32 ' FREE FREE FREE FREE 
M2 ENG1 FR2 FREE FREE FR2 PE4 FREE 
M3 ENG 2 FR1 FREE FREE FR1 FREE FREE 
M4 ENG3 FREE SC11 SC11 FREE FREE FREE 
M5 ENG 4 FG3 SC11 SC11 FG3 FREE FREE 

TU1 ENG 4 FR2 CII31 FREE FR2 FREE FREE 
TU2 ENG 2 FR41 CII31 FREE FR41 FREE FREE 
TU3 ENG 3 FR41 FREE FREE FR41 FREE FREE 
TU4 ENG 1 P T T V , 

X J - I J FREE FREE FREE PE3 FREE 
TU5 FREE FR1 FREE FREE FR1 FREE GE42 

W1 ENG 2 FR1 FREE FREE FR1 FREE FREE 
W2 ENG1 FR2 PH31 FREE FR2 FREE GE42 

W 3 HIS4 FREE PH31 FREE FREE FREE FREE 
w4 MAT 3 FR42 SC11 SC11 FREE FREE FR42 
V/5 ENG 4 FG3 SC11 SC11 FG3 FREE FREE 

TH1 ENG 2 PE1 FREE FREE FREE PE1 GE42 
TH2 ENG 3 FR42 FREE FREE FREE FREE FR42 
TH3 HIS4 FG3 SC12 SC12 FG3 FREE FREE 
TH4 ENG1 FR2 CH31 FREE FR2 FREE FREE 
TH5 ENG 4 FR1 CH31 FREE FR1 ' FREE MUS2 

F1 FREE FR42 PH31 FREE FREE FREE FR42 
F2 ENG 2 FR1 • PH31 • FREE FR1 FREE FREE 

F3 ENG 4 FR2 FREE FREE FR2 FREE MUS1 
F4 ENG 3 FREE SC12 SC12 GE41 FREE FREE 

F5 ENG1 FREE CH32 FREE GE41 PE2 FREE 
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Figure 2.6 

Period 10 20 30 40 50 60 70 

11 10 10^ 165 240 10 10 165 
12 20 90 130 250 130 FREE 250 

13 30 80 190 190 FREE 190 190 
14 40 40 140 200 40 200 40 

15 40 40 150 210 40 150 40 

21 50 90 170 210 170 FREE 50 
22 • 50 80 170 220 170 FREE 50 

23 10 10 140 220 10 10 FREE 
24 20 100 180 200 FREE 200 100 

25 30 100 130 235 130 235 100 

31 30 80 130 200 130 200 FREE 

32. 20 90 160 235 FREE 235 160 

33 10 10 160 240 10 10 160 

3A 40 40 140 225 40 FREE. 40 

35 kO 40 150 210 40 150 40 

41 60 80 130 235 130 2-35 FREE 

42 10 10 140 225 10 10 FREE 

^3 150 240 150 b5 

44 20 90 170 200 170 200 FREE 

45 30 120 170 210 170 FREE 120 

10 10 . 160 225 10 10 160 

52 30 80 . 160 . 200 FREE 200 160 

53 70 90 130 210 130 FREE 70 

5k • k5 4 5 140 230 ^5 1 230 

55 20 110 175 230 175 230 110 
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Figure 2 .6 continued 

Per iod 80 90 100 100 110 120 130 

11 240 FREE 163 FREE FREE FREE FREE 
12 20 90 FREE FREE 90 250 FREE 

13 80 30 FREE FREE 30 FREE FREE 
14 140 FREE 40 40 FREE FREE FREE 

15 210 150 40 40 150 FREE FREE 

21 210 90 170 FREE 90 FREE FREE 
22 80. 220 170 FREE 220 FREE FREE 

23 140 220 FREE FREE 220 FREE FREE 
24 20 180 FREE FREE FREE 180 FREE 

25 FREE 30 FREE FREE 30 FREE 235 

31 80 30 FREE FREE 30 FREE FREE 
32 20 90 160 FREE. 90 FREE 235 
33 240 FREE. 160 FREE FREE FREE FREE 
34 130 225 40 40 FREE FREE 225 
35 210 150 40 40 150 FREE FREE 

41 80 60 FREE FREE FREE 60 235 
42 140 225 FREE FREE FREE FREE 225 
^3 240 150 45 150 FREE FREE 
44 20 90 170 FREE 90 FREE FREE 

^5 210 30 170 FREE 30 FREE 120 

51 FREE 225 160 FREE FREE FREE 225 
52 80 30 ' 160 ' FREE 30 FREE FREE 

53 210 90 FREE FREE 90 FREE 70 

5^ 140 FREE 230 FREE FREE 

55 20 FREE 175 FREE 230 110 FREE 
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2.3 

CHAPTER THREE 

DESCRIPTION OF A SCHOOL 

3 . 0 I n t r o d u c t i o n 

Can the model d e f i n e d i n Chap ter Two be used t o d e s c r i b e 

the type o f s c h o o l whose t i m e - t a b l e v/e wish t o cons t ruc t ? . To 

answer t h i s q u e s t i o n l e t us c o n s i d e r the v a r i o u s d a t a documents 

i n t u r n . 

3 . 1 The I tem L i s t 

Le t us d e a l w i t h t he p u p i l s f i r s t . One method of mee t i ng 

t he r equ i r emen t s o f t he model i s t o r ega rd each p u p i l as a 

s epa r a t e u n i t . A l t h o u g h p e r f e c t l y sound i n theory t h i s 

approach would n o rma l l y p roduce an o r g a n i s a t i o n w i t h a very 

l a r g e number o f i t e m s . Th i s would be a d i s advan t age because :-

i ) i t would make t he l i s t o f u n i t s i n vo l v ed i n each r e q u i r e -

ment very l o n g hence i n c r e a s i n g the da ta p r e p a r a t i o n c o s t s ; 

i i ) i t would i n c r e a s e t he computer s t o r age space r e q u i r e d and 

p o s s i b l y exceed the l i m i t s a v a i l a b l e ; 

i i i ) i t would i n c r e a s e the e f f o r t r e q u i r e d t o make each a s s i g n -

ment hence i n c r e a s i n g the t o t a l t ime r e q u i r e d t o make t h e 

t i m e - t a b l e and the c o s t o f t he o p e r a t i o n . 

To a v o i d these d i s a d v a n t a g e s we must m in im ise the number o f i t ems 

as f a r as p o s s i b l e . 

I n most s c hoo l s t he group, o f p u p i l s who are a t the same 

s t age i n t h e i r e d u c a t i o n and o f app rox ima te l y the same age a r e 

c a l l e d a fo rm. A norma l B r i t i s h Secondary Schoo l ranges from 

the 11-12 year o l d s i n t he F i r s t Form up t o the 17-18 year o l d s 

i n t he S i x t h Form. S i n c e a form might have a n y t h i n g from 20 

up t o abou t 400 p u p i l s i t i s u s u a l l y s ub-d i v i ded i n t o s m a l l e r 

g r oups . A F i r s t Form o f 150 p u p i l s might be d i v i d e d i n t o s i x 

groups o f 25 c a l l e d 1A, 1B, 1C, 1D, 1E and 1F. V/e w i l l r e f e r 

t o these s m a l l e r s e t s o f p u p i l s a s b a s i c g roups . I n g e n e r a l 

a b a s i c group w i l l have some name which i s mean i ng f u l t o members 

o f the s chod l s t a f f . I n one s c h o o l i s used t o denote the 

f i r s t o f two groups o f p u p i l s i n the Fou r t h Form who s p e c i a l i z e 

i n Techn i c a l s u b j e c t s . I t does no t f o l l o w t h a t t he b a s i c 
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group o f pup i l ' s w i l l a lways be t o g e t h e r t h roughou t the week bu t 

i n many cases they a r e t o g e t h e r f o r most o f • t h e week. 

The s i m p l e s t s i t u a t i o n i s where a l l members o f a b a s i c group 

fo l iov / e x a c t l y t he same c u r r i c u l u m , i . e . we can imag ine t h a t the 

group can be assembled a t t he s t a r t o f the week arid never be 

s e p a r a t e d . I n t h i s case t he complete group i s d e f i n e d t o be 

a u n i t . S i n c e t h e r e can be no o ther u n i t equa l t o i t t he 

group i s a l s o an i t em w i t h one l i f e . 

Cons ider now the s i t u a t i o n when s e t t i n g o c c u r s . The i d e a 

o f s e t t i n g i s t h a t two or more b a s i c groups o f p u p i l s have 

l e s s o n s i n a p a r t i c u l a r s u b j e c t a t c o i n c i d e n t t imes so t h a t they 

may be regrouped a c c o r d i n g t o t h e i r a b i l i t y i n t h a t s u b j e c t . To 

i l l u s t r a t e , suppose t h a t t h e r e a r e s i x boys c a l l e d A, B, C, D, E 

and F . For t he m a j o r i t y o f s u b j e c t s A,B and C are i n c l a s s 1 

w h i l e D, E and F a re i n c l a s s 2 . For Ma thema t i c s , however, 

t h i s g r oup i ng i s n o t s a t i s f a c t o r y , t hus the Mathemat ics l e s s o n s 

f o r c l a s s e s 1 and 2 a r e p l a n ned t o c o i n c i d e and a t t hese p e r i o d s 

A, B and D form c l a s s 1M w h i l e C , E and F form c lass . 2M. We 

say t h a t 'Ma themat i cs c l a s s e s a r e s e t t e d ac ross c l a s s 1 and c l a s s 

2 ' . I n t h i s case A, B and C can be d e f i n e d as one u n i t and 

D, E and F as a second u n i t . When a Mathemat ics l e s s o n t a ke s 

p l a c e bo th u n i t s a re r e q u i r e d t o be p r e s e n t . I t :Jjs:...not-.uncommon 

t o f i n d s e t t i n g a c r o s s f i v e o r s i x b a s i c groups o f p u p i l s . . 

S e t t i n g can o f course occu r i n s e ve r a l s u b j e c t s , i . e . t h e r e 

a r e s e v e r a l r e g r o u p i n g s i n a d d i t i o n t o the b a s i c g r oups . The 

b a s i c groups m igh t be used f o r E n g l i s h , H i s t o r y , Geography , 

F rench , R e l i g i o u s E d u c a t i o n , M u s i c , P h y s i c a l Educa t i o n and Games 

w i t h s e t t i n g i n Ma thema t i c s , S c i ence and C r a f t s u b j e c t s (Wood-

work, Needlework e t c . ) . 

I f , f o r a g i v en number o f b a s i c g roups , d i f f e r e n t s e t s a r e 

r e q u i r e d f o r every s u b j e c t t h e n t he re i s no p o i n t i n d e f i n i n g 

each b a s i c group as a u n i t . I t i s s u f f i c i e n t t o d e f i n e a l l 

t he b a s i c groups i n v o l v e d i n t h e s e t t i n g as a u n i t . Th is may 

or may no t be e q u i v a l e n t t o d e f i n i n g the whole form as a u n i t . 

As a rough r u l e we may say t h a t a f i r s t a p p r ox ima t i o n to 

the bes t method o f d e f i n i n g , a s e t o f u n i t s t o d e s c r i b e the p u p i l s 

i n t he s c hoo l i s t o a s s i g n an i t em name t o each o f t he b a s i c 

groups used by the s choo l s t a f f . I n some cases t h i s w i l l 



3-3 
producc more items than i t i s necessary to have but adjustments 
can e a s i l y be made l a t e r . 

Dealing with the teachers i s much more s t r a i g h t - f o r w a r d . 
Normally no tv/o teachers are exac t ly equal , in the sense o f 
d e f i n i t i o n 2 . 1 . 2 , thus each teacher i s an item with one l i f e i . e . 
we simply ass ign an item name t o every teacher in the s c h o o l . 
I t can happen, however, that a given teacher always teaches in 
the same c lassroom, usua l ly a s p e c i a l room of some s o r t . In 
t h i s case the teacher and h i s s p e c i a l room may be de f ined as a 
s i n g l e u n i t . In e f f e c t , t h i s i s l eav ing the room out of the 
problem. For example a s c h o o l might have a swimming pool and 
a s p e c i a l swimming i n s t r u c t o r who takes a l l the swimming c l a s s e s 
and does not teach any other s u b j e c t . The i n s t r u c t o r and 
the poo l may then be taken as a u n i t . 

The major i ty o f rooms in the s choo l w i l l be ordinary c l a s s -
rooms equipped simply with desks and a blackboard. In some 
s c h o o l s the a l l o c a t i o n of these rooms i s a t r i v i a l task and i f 
t h i s i s the case they may be l e f t out of the problem comple te ly . 
I f t h e i r a l l o c a t i o n i s d i f f i c u l t then a s i n g l e item with one 
l i f e f o r each room may be d e f i n e d s ince a l l these ordinary c l a s s -
rooms are equal . S p e c i a l i z e d rooms e . g . s c i e n c e l a b o r a t o r i e s , 
gymnasia e t c . provide problems i n most s choo l t ime - tab les thus 
there must be one item with one or more l i v e s f o r each d i f f e r e n t 
type o f room. In dec id ing whether or not tv/o rooms are o f 
the same type the d e f i n i t i o n o f e q u a l i t y ( 2 . 1 . 2 ) must be s t r i c t l y 
a p p l i e d . D i f f i c u l t y can a r i s e in the case of a room which 
has a dual purpose s i n c e dual r o l e s are not catered f o r in the 
model. 

Example 
A s c i e n c e laboratory equipped f o r advanced Chemistry l e s s o n s 

would not be equal to a l a b o r a t o r y equipped f o r teaching General 
S c i e n c e . The advanced l a b o r a t o r y , however, might be s u i t a b l e 
f o r teaching .General Sc i ence as we l l i . e . f o r part of the v/eek 
i t could be regarded as an extra l i f e on the item which represents 
the ordinary l a b o r a t o r y . This i s _not p o s s i b l e within the 
model thus in l i s t i n g the requirements i t would be necessary t o 
s ta te which o f the General Sc ience l e s sons were to take p l a c e 
in the advanced l a b o r a t o r y . 
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Mobile equipment, which does not have a permanent p lace in 
one of the s p e c i a l i z e d rooms, can a l s o be included in the l i s t 
of items desc r ib ing the s c h o o l . For example, f i lm p r o j e c t o r s 
or tape re corders might be used regu lar ly in l essons and have 
to be cons idered in making the t i m e - t a b l e . Again there may 
be s e v e r a l p i e c e s o f i d e n t i c a l equipment thus a l lowing an item 
with severa l l i v e s to be d e f i n e d . 

The f a c t that our model a l l ows items to have severa l l i v e s 
rather than simply g iv ing a d i f f e r e n t item name to each un i t 
g i ves extra freedom in c o n s t r u c t i n g the t ime- tab le f o r , i f a 
s choo l has three Physics l a b o r a t o r i e s , the request ' the Third 
Form Physics l e s s o n must take p lace in a Physics l a b o r a t o r y ' i s 
l e s s r e s t r i c t i v e than ' t h e Third Form Physics l esson must take 
p lace in Physics l abora tory number 1 ' . 

In the complete system the Item L i s t i s r e f e r r e d to as 
'Document Number One ' . 

3 . 2 The Time Structure L i s t 
Most s c h o o l s have a b a s i c time unit or per iod length of 

about 35 to 45 minutes, and l e s s o n s usual ly l a s t f o r 1, 2, 3 or 

4 p e r i o d s . In some i n s t a n c e s there i s s l i g h t i r r e g u l a r i t y in 
the per i od lengths e . g . the f i r s t per iod or the l a s t per iod on 
one or more days might be f i v e minutes shorter than the other 
p e r i o d s . I f we are to use the model we must assume that a l l 
per iods are o f the same l e n g t h . 

A day in the l i f e o f a s c h o o l i s usual ly about 7 - 9 per i ods 
and f i t s in with the d e f i n i t i o n in the model as normally no 
l e s s o n . w i l l s t a r t on one day and be completed on the n e x t . 

The major i ty o f s c h o o l s work a f i v e day week, Monday to 
Fr iday , but some a l s o have three or f our per iods on Saturday 
morning and the t i m e - t a b l e u s u a l l y repeats each calendar week. 
However, a few s c h o o l s work a f i v e day week with a t i m e - t a b l e 
c y c l e of s i x or seven days . Clear ly the model can cater f o r 
any o f these systems. 

3 - 2 . 1 The space parameter and normal d i s t r i b u t i o n 
A manual t ime.-tabler u s u a l l y attempts to spread l e ssons in 

a given s u b j e c t f o r a p a r t i c u l a r c l a s s evenly over the week. 
Figure 3 -1 i l l u s t r a t e s the s o r t of d i s t r i b u t i o n s which would be 
considered acceptab le and those which he would normally try to 
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Figure 3»1 

Number o f 

l e s s o n s 

1 

2 

A c c e p t a b l e 

d i s t r i b u t i o n s 

any day 

Hon. ,Wed. 

Mon . ,Thu r . 

M o n . , T u e s . , T h u r . 

Mon . ,\7ed . ,F r i . 

M o n . , T h u r . , F r i . 

any f o u r days 

one on each day 

Non-acceptab le 

d i s t r i b u t i o n s 

Mon. ,Mon. 

Mon . ,Tues . 

Mon . ,Mon . ,Mon . 

Mon . ,Mon . ,Thu r . 

Mon . ,Tues • ,Wed . 

M o n . , M o n . , T u e s . , F r i . 

M o n . , M o n . , T u e s . , T h u r . , F r i , 

a v o i d . 

A l t hough these i d e a s o f d i s t r i b u t i o n may be h i s aim he w i l l 

o f t e n be p repared t o a c cep t a l e s s than p e r f e c t d i s t r i b u t i o n i n 

order t o o b t a i n a comp le te t i m e - t a b l e . The d i s t r i b u t i o n Mon-

day , Tuesday, Tuesday, Tuesday, Thursday , F r i d a y f o r s i x s i n g l e 

p e r i o d s o f E n g l i s h occu r red i n t he t i m e - t a b l e used by one l a r g e 

s choo l i n 1963-1964. 

I n t he model t he use o f the space parameter equa l t o 1 or 

2 and the b u i l t i n c o n s t r a i n t t h a t t he a c t i v i t i e s i n each r e q u i r e -

m e n t s t i e d s e t o f r e q u i r e m e n t s must have a normal d i s t r i b u t i o n 

ensures t h a t a p e r f e c t d i s t r i b u t i o n i s o b t a i n e d i n t he m a j o r i t y 

o f c a s e s . 

The form o f t he p e r i o d p a t t e r n s a l l o w s the d a i l y p a t t e r n 

o f a s c hoo l t o be d e s c r i b e d e a s i l y . 

Example 

Cons ide r a s c h o o l day o f e i g h t p e r i o d s broken by a s h o r t 

morn ing break o f 10 t o 15 m i n u t e s a f t e r the t h i r d p e r i o d and a 

l o n ge r l u n c h break o f J>0 t o 40 m i nu t e s a f t e r t he f i f t h p e r i o d . 

Suppose t h a t doub le p e r i o d l e s s o n s a re n o t a l l owed t o run over 

e i t h e r o f t hese b reaks b u t a t r i p l e p e r i o d l e s s o n may r un a c r o s s 

t he s h o r t b r e ak , t hen t he s e t o f p e r i o d p a t t e r n s f o r t h a t day 

would be :-

1 1 1 1 1 1 1 1 s i n g l e 

1 1 0 1 0 1 1 0 doub le 

1 1 1 0 0 1 0 0 t r i p l e 
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.The s i t u a t i o n which i s not catered f o r by the model i s where 
an m-period l e sson in one s u b j e c t might be allowed to run ac ross 
a minor break while a l e s s o n of the same length in another 
s u b j e c t would n o t . The m-period pattern a p p l i e s to a l l m-
per iod l e s s o n s . 

In the complete system the Time Structure L i s t i s r e f e r r e d 
to as 'Document Number Two ' . 

3 - 3 The Requirement L i s t 
Most of the a c t i v i t i e s which take place in a s choo l are 

l e s s o n s but there i s no reason why other a c t i v i t i e s should not 
be inc luded in the t i m e - t a b l e as v/e 11 . For example i t might 
be required to arrange a p e r i o d when ce r ta in senior members o f 
the teaching s t a f f could a l l be f r e e together f o r c o n s u l t a t i o n s . 
Since in the model the d e s c r i p t i o n of an a c t i v i t y r e q u i r e s only 
a statement o f the s e t o f u n i t s which have to be a v a i l a b l e and 
the duration of the a c t i v i t y , the nature of the a c t i v i t y i s not 
a part of the data . In p a r t i c u l a r , the sub j e c t which w i l l be 
taught v/hen a c e r t a i n group of p u p i l s and a cer ta in teacher meet 
i s i r r e l e v a n t as f a r as making the t ime- tab le i s concerned. The 
j ob of the t i m e - t a b l e r i s to ensure that there i s a time or s e t 
of times during the week when they can meet. The r e s p o n s i b i l i t y 
f o r making sure that they spend t h e i r time wise ly r e s t s elsewhere.. 

The s implest type of s i t u a t i o n i s whore a s i n g l e bas i c group 
o f pup i l s i s to be taught f o r a g iven number of equal l ength l e s -
sons by the same teacher in the same type of room. Each l e s s o n 
i s an a c t i v i t y but s i n c e they are a l l of the same length and i n -
vo lve the same se t o f u n i t s they are equal a c t i v i t i e s and so may 
be descr ibed by a s i n g l e requirement . 

Example 
I f the pup i l s are item 6, the teacher i s item 74, the room 

i s item 132 and 5 s i n g l e p e r i o d l e s sons are required then the 
requirement might b e : - . 

26, 0, 1, 5 , 6, 74, 132; 
The order of the items i s a r b i t r a r y thus 

26, 0, 1, 5 , 74, 132, 6; 

v/ould mean exac t ly the same t h i n g . 
I f one or more of a group o f r e l a t e d a c t i v i t i e s are unequal 

to the others due to being d i f f e r e n t in length or invo lv ing d i f -
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f e r e n t s e t s of items then more than one requirement w i l l be need-
ed and the t i e f a c i l i t y may be used to i n d i c a t e the r e l a t i o n b e -
tween the var ious requirements when d i s t r i b u t i o n o f the l e s s o n s 
i s c ons idered . 

Example 
For the l e s s o n s in the previous example, i f f our are he ld 

in a room of one type ( i tem 132) but the f i f t h i s held in a s p e -
c i a l room ( item133) then the f i f t h l esson i s not equal to the 
other four and two requirements are needed. They might be 

26, 27, 1, 4 , 6 , 7^, 132; 

27, 26, 1, 1, 6 , 7^, 133; 
Assuming a f i v e day week, the f a c t that the requirements are 
t i e d together ensures that one l e s s o n w i l l occur on each day. 

Example 
I f the p u p i l s and teacher in the previous two examples have 

three one -per iod l e s s o n s and one two-period l e sson a l l in the 
same room, then aga in , we must use two requirements. They 
might be 

26, 27, 1, 3 , 6 , 74 , 132; 
27, 26, 2, 1, 6, 7^, 132; 

Use of the t i e f a c i l i t y ensures that the two-per iod l esson w i l l 
not occur on the same day as any of the one per iod l e ssons p r o -
v ided the week has a t l e a s t f o u r days. 

When ' s e t t i n g ' occurs then the l e s s o n or group of l e s s o n s 
i s descr ibed as i f a l l the c l a s s e s , a l l the teachers and a l l the 
rooms involved are taking part in the same a c t i v i t y . 

Example 
Suppose three bas i c groups of pup i l s ( i tems 3 , 4 and 5) are 

to be united and red iv ided i n t o three d i f f e r e n t groups which are 
to be taught f o r f i v e s i n g l e p e r i o d s per week by three teachers 
( i tems 71, 72 and 7 3 ) - Each l esson takes place in an ordint> 
ary classroom ( i tem 120 ) . One form of the requirement (num-
ber 104) which d e s c r i b e s t h i s s e t - u p i s 

104, 0 , 1, 5 , 3 , 5 , 71 , 72, 73, 120, 120, 120; 
An a l t e r n a t i v e form might be 

104, 0 , 1, 5 , 3 , 71, 120, 4 , 72, 120, 5 , 73, 120; 

Of course the o r i g i n a l three b a s i c groups might be red iv ided i n t o 
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f our new groups needing f our teachers and four rooms, in which 
case the requirement might become 

104, 0 , 1, 5) 3) ^ 5 , 71, 72, 73, 76, 120, 120, 120, 120; 

Requirements f o r a c t i v i t i e s other then l e s sons are s t r a i g h t 
forward. 

Example 
I f the sen ior members o f s t a f f are items 50, 62, 71 and 86 

then the meeting mentioned above might be descr ibed by 
100, 0, 1, 1, 50, 62, 71, 86; 

In t h i s no c l a s s e s or rooms are invo lved . 

Example 
I f a c e r t a i n c l a s s ( i tem 8) spends a per i od in the s choo l 

l i b r a r y ( item 151) without the superv i s i on of a teacher then the 
requirement might be 

101, 0, 1, 1, 8, 151; 

The completion o f the Requirement L i s t invo lves work by a 
large number of people in the s c h o o l and in the complete system 
var ious other documents have t o be prepared be fo re i t can be 
produced. D e t a i l s o f a suggested procedure f o r producing i t 
are given in Chapter 4 . The Requirement L i s t i s r e f e r r e d t o 
as 'Document Number S i x ' . 

3 . 4 The Fixed Free Per iod L i s t 
Most of the pup i l s in a s choo l are invo lved in l e s s o n s 

throughout the week, thus a un i t which represents a group o f 
pup i l s w i l l not normally have f r e e p e r i o d s . The except ions 
are o f t e n the higher forms o f the s choo l where pup i l s have a few 
per i ods f o r p r i v a t e s tudy . I f these invo lve use of a s p e c i a l 
study room they may have t o be t reated as i n t e r n a l a c t i v i t i e s 
and appear on the Requirement L i s t , otherwise the pupi l s may 
simply be regarded as f r e e . Unless requests to the contrary 
are inc luded on the Fixed Free Per iod L i s t these pr ivate study 
per iods w i l l be i n s e r t e d wherever convenient on the t i m e - t a b l e . 
They w i l l not n e c e s s a r i l y occur with a normal d i s t r i b u t i o n . 

There are a l s o cases where p u p i l s in the lower form or forms 
of a s choo l work f o r a few per i ods l e s s than the r e s t o f ; the 
s c h o o l , e . g . they might f i n i s h one per iod ear ly on one or more 
days of the week. Again the item or items represent ing the 
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pup i l s may be cons idered to be f r e e but in th i s case requests on 
the. Fixed Free Per iod L i s t must be included to ensure that the 
f r e e per iods occur at the c o r r e c t t imes. 

Fu l l - t ime teaching s t a f f w i l l probably be f r e e from teaching 
dut ies f o r at l e a s t 12% of the t o t a l time with extra f r e e time 
f o r s t a f f with s p e c i a l admin i s t ra t ive r e s p o n s i b i l i t i e s , e . g . 
Heads of s u b j e c t departments, Form Masters and House Masters. 
Again, unless requests to the contrary are included on the Fixed 
Free Per iod L i s t , these p e r i o d s w i l l be inser ted wherever con-
venient on the t i m e - t a b l e . 

Part - t ime s t a f f w i l l normally only be a v a i l a b l e at c e r t a i n 
pre-determined times of the week. They must there f o re be 
assigned f i x e d f r e e p e r i o d s at those per iods when they are not 
a v a i l a b l e . They may a l s o have a few other ' f l o a t i n g ' f r e e 
per i ods l i k e f u l l - t i m e s t a f f . 

Rooms and equipment in most cases w i l l be a v a i l a b l e through-
out the . week except where s p e c i a l f a c i l i t i e s are shared with 
another s c h o o l , e . g . a swimming poo l or spor ts f i e l d . In 
t h i s case the un i t s invo lved may be t reated as ' p a r t - t i m e ' and 
assigned f i x e d f r e e p e r i o d s when they are hot a v a i l a b l e . 

In the complete system the Fixed Free Period L i s t i s known 
as 'Document Number S e v e n ' . 

3 - 5 The Forbidden Assignment L i s t 
This f a c i l i t y in the model a l lows a l l s o r t s of strange r e -

quirements to be catered f o r . 

Example 
Mr. McYJhirter does not l i k e to have the Upper S ixth Bio logy 

c l a s s on a Monday morning because many of the lessons : requ i re 
preparat ion of experiments on the preceding day. 

Example 
Fourth Form.Domestic Sc i ence c l a s s e s must take p lace in the 

three per iods immediately b e f o r e the lunch break as the pup i l s 
f r equent ly prepare t h e i r own lunch . The^e l e ssons are t h e r e -
f o r e forb idden at a l l other p e r i o d s . 

Example 
Swimming l e s s o n s must not be given immediately a f t e r the 

lunch break. 
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3.5 
Example 

Third Form pup i l s must not have Physica l Education on Tues-
day as they have Games (pre -assxgned) on Tuesday a f t e r n o o n . 

In the complete system the Forbidden Assignment L i s t i s 
known as 'Document Number E i g h t 1 . 

3 -6 The Pre-assignmcnt L i s t 
This i s a l s o a u s e f u l f a c i l i t y f o r deal ing with s p e c i a l 

requirements . 

Example 
The Second Form French l e s s o n s must c o i n c i d e with the broad-

cast French course at 10.45 a.m. on Mondays, 77ednesdays and 
Fr idays . 

Example 
The Fourth Form double per iod of Art must c o i n c i d e with 

the f i r s t , two per iods o f the Third Form t r i p l e per iod of A r t . 
This must be pre -ass igned s i n c e d i f f e r e n t length l e ssons are 
i n v o l v e d . 

Example 
The f o l l o w i n g i s a s i t u a t i o n from an ac tua l s choo l t ime-

t a b l e . 
At e ight per iods of the week the whole o f the Third Form 

(150 p u p i l s ) which c o n s i s t s of s i x bas i c groups takes part in a 
s e t of opt ions f o r which they are red iv ided in to seven groups . 
The opt ions a r e : -

Group 1 ' 4 s i n g l e per iods of German, 
Group 2 2 s i n g l e per iods of Phys i ca l Education, 
Group 3 . 2 s i n g l e per i ods of R e l i g i o u s Education; 

Group 4 * 1 double per i od of Art , 
Group 5 

< 
2 s i n g l e per iods of Music, 

Group 6 . 2 s i n g l e per i ods of Phys i ca l Education, 
. 2 s i n g l e per iods o f R e l i g i o u s Education; 

Group 7 4 s i n g l e per i ods of Greek, 
- 1 double per i od of Greek, 

2 f r e e p e r i o d s . 

1 
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5.6 
At any per iod there are the f o l l o w i n g r e s t r i c t i o n s due to 

the number of teachers a v a i l a b l e 
not more than 2 c l a s s e s may be taught Physica l Education, 
not more than 2 c l a s s e s may be taught Re l i g i ous Education, 
not more than 1 c l a s s may be taught Ar t , 
not more than 1 c l a s s may be taught Music. 

The problem in d e s c r i b i n g these requirements within the 
model i s caused by the double per iod of Art required by groups 
4 , 5 6 . Since only one c l a s s at a time may be tavight Art 
t h i s r equ i res that the e ight p e r i o d s s h a l l inc lude at l e a s t three 
pa i r s of consecut ive p e r i o d s . At each per iod of a pair the 
other f our groups . must • have two d i f f e r e n t s u b j e c t s except f o r 
group 7 which has one double per i od o f Greek. 

The s o l u t i o n used by the s choo l was as shown in f i g u r e 3*2 . 
The only method o f dea l ing with t h i s example within the model 
i s to p r e - a s s i g n the complete s e t of l e s s o n s . 

Figure 3 . 2 

Groups 
Per iod 1 2 3 4 5 6 7 

2 German German German P.E. MP.E. Music Greek 
12 German German German R.E. Art R.E. ' Greek 
13 R.E. R.E. P.E., Music Art P.E. Greek 
22 German German German Art Music P.E. Greek 
23 P.E. P .E. R.E. Art R.E., Music Free 
26 R.E. R.E. P .E . P.E. Music Art Greek 
27 P.E. P.E. R.E. Music R.E. Art Free 
33 German German German R.E.- P.E. R.E. Greek 

In the complete system the Pre-Assignment L i s t i s known as 
'Document Number N i n e ' . 

3»7 Factors which the model exc ludes 
The model assumes that the un i ts of the organisat ion are in 

the same l o c a t i o n and p h y s i c a l s t a t e at the s t a r t and f i n i s h of 
each a c t i v i t y . This does not ru le out movement or p h y s i c a l 
change but i t does mean that i f an a c t i v i t y requires changes in 
l o c a t i o n and/or s t a t e then i t must a l s o inc lude r e s t o r a t i o n t o 
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3.7 
t he o r i g i n a l l o c a t i o n a n d / o r s t a t e be fore the end o f the a c t i v i t y . 

Th i s a ssump t i on means t h a t the model cannot be used t o des-

c r i b e a s choo l which i s s p read over a l a r g e a rea f o r i n such a 

s choo l an impo r t a n t f a c t o r i n making the t i m e - t a b l e may be the 

t ime taken by p u p i l s or t e a c h e r s t o t r a v e l from one s e c t i o n o f 

the s choo l to a n o t h e r . Th i s problem has i n c r e a sed i n r e cen t 

years w i t h the merg ing o f s c h o o l s , o f t e n a m i l e or more a p a r t , 

t o form new comprehens ive u n i t s . I n t he m a j o r i t y of s c h o o l s , 

however, the t ime taken t o t r a v e l from any p a r t o f the s choo l 

t o any o t he r i s i g no red by t h e t i m e - t a b l e r , t h u s t h i s weakness 

i n t he model i s b u t a minor d i s a d v a n t a g e . 

P h y s i c a l changes i n t he s t a f f and p u p i l s a re a l s o of minor 

impo r t a n ce . A"phys i ca l e d u c a t i o n teacher may have p r e f e r ences 

as t o the number o f c l a s s e s he has t o t ake i n a day bu t a p a r t 

from t h a t t h e r e seems l i t t l e need t o take accoun t of the p h y s i c a l 

s t a t e o f the p e r s o n n e l . I n t he case o f l a b o r a t o r i e s , however, 

i t may be necessary i n some cases t o a l l o w t ime be fo re a l e s s o n 

f o r p r e p a r a t i o n . O f t en t he t e a che r w i l l be expected t o do t h i s 

work o u t s i d e s choo l hours or d u r i n g meal breaks bu t i n s p e c i a l 

cases he may be a l l owed a p e r i o d f o r p r e p a r a t i o n be fo re a c e r t a i n 

l e s s o n . Th i s means t h a t t he p r e p a r a t i o n p e r i o d must come 

immed i a t e l y be fo re t he l e s s o n . The requ i r emen t s concerned 

m igh t be :-

106, 0 , 1, 1, 95, 192; 
107, 0 , 3 , 1, 16, 95, 192; 

where 16 i s the c l a s s , 95 i s the teacher and 192 i s the l a b o r a t o r y . 
The only way to ensure that they occur in the t ime - tab l e as 
required i s to p r e - a s s i g n b o t h . Similar s i t u a t i o n s may a r i s e 
with t idy ing up a f t e r c e r t a i n l e s s o n s . 

3 . 8 Conc l u s i on 

Thus the model d e f i n e d i n Chap te r Two i s capab le o f d e s c r i b -

i n g s u f f i c i e n t l y a c c u r a t e l y t hose a spec t s o f a s choo l which a r e 

r e l e v a n t t o the c o n s t r u c t i o n o f i t s t i m e - t a b l e . 



7.4 

CHAPTER FOUR 

PREPARATION OF THE DATA DOCUMENTS 

4 . 0 Introduct i on 
l'n Chapter One the p r o c e s s of producing a t ime - tab le was 

sa id to have three phases 
Phase 1 - Product ion of the Curriculum; 
Phase 2 - Assigning a teacher and a room to each l e s s o n ; 
Phase 3 - F ix ing when each l esson i s to take p l a c e . 
Phases 1 and 2 may now be combined in to the s i n g l e operat ion 

of producing the data documents de f ined in Chapter Two. I f , 
however, the s t a f f o f a s c h o o l i s asked simply to produce these 
documents' without guidance on how to go about i t the r e s u l t s are 
l i a b l e to be u n s a t i s f a c t o r y due t o many e r r o r s . The average 
s choo l teacher i s not used to working to the standards of a c c u r -
acy required by a computer. In t h i s chapter we desc r ibe a 
recommended procedure t o be f o l l o w e d by the schoo l s t a f f with 
s e v e r a l intermediate documents which are designed to avoid e r rors 
in the f i n a l data documents. 

The complete system c o n s i s t s of nine documents 
The Item L i s t 
The Time Structure L i s t 
The Curriculum 
The Teacher Duty Chart 
The Room and Equipment Usage Chart 
The Requirement L i s t 
The Fixed Free Per iod L i s t 
The Forbidden Assignment L i s t 
The Pre-assignment L i s t . 

In descr ib ing the preparat i on of these documents we w i l l 
assume that advice w i l l be a v a i l a b l e to the members of the s c h o o l 
s t a f f from someone exper ienced in the use of the system. We 
w i l l r e f e r to t h i s person as the ' a n a l y s t ' . 

4.1- Document Number One - The Item L i s t 
Construct ion o f the Item L i s t should be done by a sen io r 

member of the s choo l s t a f f at the same time as he i s c ons t ruc t ing 
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Document Number One 
Two 
Three -
Four 
Five 
S ix 
Seven 
Eight -
Nine 
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the Curriculum. Normally he would require some quidance from 
the analyst e s p e c i a l l y i f a l a r g e amount of s e t t i n g i s required 
or the Sixth Form s t ruc ture i s complex. 

In l i s t i n g the items i t has become our p r a c t i c e to l i s t 
c l a s s e s f i r s t , f o l l o w e d by t e a c h e r s , rooms and other equipment 
in that order although t h i s sequence i s not demanded by the model. 
1'f, however, changes to the l i s t have to be made i t i s best to 
d e l e t e i n c o r r e c t e n t r i e s complete ly and to add the c o r r e c t i o n s 
to the end of the l i s t . 

The Item L i s t f o r the example problem i s shown, on a s u i t -
ab le form, in f i g u r e 4 . 1 . 

^•2 Document Number Two - The Time Structure L i s t 
This i s a r e l a t i v e l y simple document to prepare although 

advice from the analyst might be required when working out the 
per iod p a t t e r n s . 

The Time Structure L i s t f o r the example problem i s shown, 
on a s u i t a b l e two page form, in f i g u r e s 4.2 and 4 . 3 . 

4 .3 Document Number Three - The Curriculum 
The .information which forms the Curriculum i s eventual ly 

incorporated in the Requirement L i s t but the cons t ruc t i on of the 
Curriculum i s a necessary pre l iminary s t e p . I t s purpose i s 
to r e c o r d , in an unambiguous form, the course to be provided f o r 
each c l a s s within the s c h o o l . The Curriculum f o r the example 
problem i s shown in f i g u r e 4 . 5 . 

Each s e t o f l e s s o n s i s represented by an area enc losed by 
a s o l i d l i n e . Within the area i s r e c o r d e d : -

i ) the s u b j e c t invo lved ; 
i i ) how the s e t o f per i ods i s t o be broken down i n t o l e s s o n s ; 

i i i ) a r e f e r e n c e name or number f o r each length of l e s son i n -
v o l v e d . 

Figure 4 . 4 shows one method o f record ing t h i s information and. 
severa l examples. 

I f numeric names are used the areas on the Curriculum can 
be numbered in s teps of 10 using the intermediate numbers only 
when the area requ i res more than one number. I f alphanumeric 
names are used great care must be exerc i sed in t h e i r s e l e c t i o n 
as no two names may be the same. 



Figure 4.1 4.2 

*********** 
* SCATTAR * *********** DOCUMENT NUMBER ONE ******************* 

THE ITEM LIST ************* 

Name of School ~fH£ ExftMPuE P r o b l e m 
Page of pages 

Notes? 1. Remember that no two items may have the same code 
name or number. 

2. In the column marked 'L1 

of uni ts of the item in 
f i l l in the t o t a l number 

the s c h o o l . 
3 . In the column marked 'T ' f i l l in the type code 

f o r the item. The type codes a r e : -
Class =• 1, Teacher = 2, Room or Equipment = 3-

4 . The d e t a i l s 
your school 

in the l a s t column are f o r use by 
s t a f f and NOT by the computer.. 

NORMAL NAME OR 
DESCRIPTION OF ITEM 

CODE NAME 
OR NUMBER 

L T OTHER 
DETAILS 

f i r s t f o r m to I 1 

SEcorvD F o r m 2 0 t 1 

t h i r d f o r m (sci.) 3 o I \ 
T h i r d p o r m ( l i t ) 4 0 I 1 

m r . t.p. s m i t h 5 0 I 2 M«tmS., Sex. 
miss t. l. j o w e s 6 o I 2 mftths., Lsnq., Music 
MR. B.T>. DHVIS 7 o 1 2 Sex., P.E., fifct, Music 
MR. e.R. b e r q s 8o 1 2 Enqu. , Ht&T. 
m r . o. l.wxjSS 1 2 » P.E. 
s c i e n c e lab. t o o 2. 
lflnquaqg l.AB. n o 1 3 houos pupll-s 

n o 1 3 
*T APE r e c o r d e r 130 I 3 

TOTAL NUMBER OF ITEMS 13 

( t o be f i l l e d in on the l a s t page only) 

46 



7.6 

Figure 7*12 

* * * * * * * * * * * 

* SCATTAR I *********** DOCUMENT NUMBER TWO ******************* 

THE TIME STRUCTURE LIST *********************** 

Name of School T n e E*ftMPU£?ROBUzM 

The number of days per week i s 5 

The d e t a i l s o f the days a r e : -

The names of the p e r i o d s a r e : -

Page 1 

Name Number of 
per iods 

» S 

Z s 

3 S 

5 

S S 

u ix 13 "f \S 

zl z x z3 zh 2 5 

31 3 z 33 3n. 3 s 

H.-L US 

si 52. 53 5* s 5 

The l onges t l e s s o n l a s t s f o r p e r i o d s . 

I f two l e s sons in the same s u b j e c t take p lace on the same 
day there should be O p e r i o d s o f other s u b j e c t s between 
them 
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Figure 4.3 

*********** 
* SCATTAR * DOCUMENT NUMBER TWO *********** ******************* 

THE TIME STRUCTURE LIST *********************** 

Name of School "THE" EXAMPLE "PROBLEM 

Page 2 

The per iod pat terns a r e : -

S ing le per i ods 

1 \ 1 1 f 
I I ! » I 
I 1 I 1 I 

I t 1 1 I 

1 1 1 1 I 

Double per iods 

1 1 O 1 O 
1 1 O 1 O 
1 1 O 1 O 
1 1 O 1 O 
\ \ O I O 

T r i p l e per i ods 
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Figure 4.5 " The Curriculum 

Format f o r each area: Name(s) or 
Number(s) 
Breakdown Subject 
i n t o l essons 

Code:. nS = n s i n g l e period l essons ; 
nD = n double period l essons ; 
nT = n t r i p l e period l e ssons ; 
nQ = n quadruple per iod l e s s o n s . 

Examples : 7501 1 1 1 
5S 

I 1 
MATHS. 

1 1 

l8oi185
 1 1 i i i 

1t,2d 
i i i 

biol. 
i i i 

The Curriculum would normally be prepared by a senior mem-
ber of the schoo l s t a f f in consu l ta t i on with some of h is c o l l -
eagues but some aid from the analyst would usually be required 
to express i t in the standard form. 

I t may not be convenient f o r the senior member of s t a f f to 
d iv ide each sub jec t area in to ind iv idual l essons as he may not 
know the pre ferences of the teachers concerned. I t i s s u f f i c -
ient i f he leaves the area undivided and g ives i t a s ing le name 
or number. Addi t ional . names or- numbers can eas i l y -be . . inserted 
while the Requirement L i s t i s being prepared. 

When the Curriculum has been prepared cop ies of i t are r e -
produced f o r d i s t r i b u t i o n to the persons who w i l l decide which 
teacher i s to take each c l a s s . 
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4 . 4 Document Number Four - The Tcachcr Duty Chart 
Document Number Five - The Room and Equipment Usage Chart 
Document Number Nix - The Requirement L i s t 

Once the Curriculum has been prepared the next stage in the 
process i s to prepare the Requirement L i s t i . e . to decide v/hich 
teachers and v/hich rooms w i l l be required f o r each lesson on the 
Curriculum. In most s c h o o l s th i s j ob i s done by the Heads 
of Departments. 

The suggested procedure i s that each Head of Department 
should be given a copy of the Curriculum and be asked to prepare 
the requirements f o r a l l l e s s o n s invo lv ing the s u b j e c t s f o r which 
he i s r e s p o n s i b l e . Each requirement i s recorded on an i n d i v -
idual Requirement Card examples of which are shown in f i g u r e 
4 . 8 . Spec ia l arrangements have to be made f o r the preparat ion 
of requirements which represent opt ions and invo lve s u b j e c t s 
from d i f f e r e n t departments. 

In performing t h i s task the Head of Department has to make 
sure that the d e c i s i o n s he makes are c ons i s t en t with the number 
of per iods v/hich each member of h is s t a f f should teach and the 
number of per iods f o r v/hich each room can be used. I t i s not 
unheard of f o r a Head of Department to put even himself dov/n f o r 
teaching dut ies f a r in excess o f the t o t a l number of per iods in 
the week. To avoid t h i s p o s s i b i l i t y , and to provide a check 
on the data, each Head of Department i s required to record the 
dut ies he has a l l o t t e d t o each teacher and the use he has made, 
of each room or p i e c e of s p e c i a l equipment. The documents 
provided f o r t l i is purpose are the Teacher Duty Chart and the 
Room and Equipment Usage Chart , These documents f o r the 
example problem are shown in f i g u r e s 4 .6 and 4 . 7 . 

The row of elements f o r a g iven teacher on the Teacher Duty 
Chart records the number of per i ods and the requirement name o f 
each l e s son to which the teacher has been ass igned . I t may 
a l s o re cord any other d u t i e s v/hich he has to perform. The 
l a s t two columns record the t o t a l number of per iods at which he 
i s involved in i n t e r n a l a c t i v i t i e s and external a c t i v i t i e s r e s p -
e c t i v e l y . 

The Room and Equipment .Usage Chart performs exact ly the 
same r o l e f o r rooms and equipment. 
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Figure 4 .6 The Teacher Duty Chart 
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Figure 7*12 
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* * * * * * * * * * * 

* SCATTAR * REQUIREMENT CARD 
* * * * * * * * * * * * * * * * * * * * * * * * * * * 

Requirement Name 
or Number 

Lesson l e n g t h 

L i s t o f Items 

4 o 
Tie Name 
or Number 
Number o f 
Lessons 

4 s 

lO lO 

So 7o 

too too 

While f i l l i n g in h i s requirement cards a Head o f Department 
may f i n d that he wishes t o change the pat tern of l e s s o n s r e corded 
on the Curriculum wi th in a s u b j e c t a r e a . Provided he under -
stands that any new requirement names he i n t r o d u c e s must be 
d i f f e r e n t from those a l ready on the Curriculum there i s no reason 
why he should not be p e r m i t t e d to make whatever changes he 
p l e a s e s . He must n e v e r , o f c o u r s e , a l t e r any s u b j e c t area 
which i s the r e s p o n s i b i l i t y o f another Head of Department w i t h -
out d i s c u s s i n g i t with him. 

Another c i rcumstance in which i t i s necessary to in t roduce 
ex t ra requirement names i s where one teacher i s a l l o t t e d t o one 
or two o f a s e t o f l e s s o n s wh i l e another teacher g e t s the r e -
mainder. Due t o the r e s t r i c t i o n s of the model t h i s r e q u i r e s 
that the two s e t s o f l e s s o n s be d e s c r i b e d in d i f f e r e n t r e q u i r e -
ments. Usual ly s e t s o f requirements in t roduced in t h i s way 
have t o be t i e d t o g e t h e r to o b t a i n a proper d i s t r i b u t i o n thus 
the Heads o f Department must f u l l y understand the i d e a s behind 
t i e d s e t s . In p r a c t i c e i t has been found that they p icked up 
these t r i c k s of the t rade very q u i c k l y . 
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Figure 4.5 " The Curriculum 

*********** 
* SCATTAR * *********** 

Name of School T H E E X A M P L E "PRO&LELM 

Page J__ of pages 

General Note: The d e t a i l s in the l a s t column o f eac jusect ion. . 
of t h i s form are f o r use by your s choo l s t a f f 
and NOT by the computer. 

DOCUMENT NUMBER SEVEN - THE FIXED FREE PERIOD LIST ************************************************** 

Notes: 1 . In the column marked f I f f i l l in the name or number 
of the uni t which i s to be f r e e . 

2 . In the area marked fP f f i l l in the name(s) or num-
ber ( s ) of the p e r i o d ( s ) at which the unit i s to be 
f r e e • 

i 

I P OTHER DETAILS 

1 C O It 2 5 2 5 

6 0 3 4 4 5 On career advice cWtCes 

DOCUMENT NUMBER EIGHT - THE FORBIDDEN ASSIGNMENT LIST ***************************************************** 

Notes: 1 . In the column marked 'R ' f i l l in the name or number 
of the requirement v/hich i s f o rb idden . 

2 . In the area marked ' P ' f i l l in the name(s) or num-
b e r s ( s ) o f the p e r i o d s at which the requirement i s 
f o r b i d d e n . 

R P OTHER DETAILS 

( O O a i 2 2 

continued 



4 . 5 Document Number Seven - The Fixed Free Period L i s t 
Document Number Eight. - The Forbidden Assignment L i s t 
Document Number Nine - The Pre-assignment L i s t 

In every s choo l there are s p e c i a l needs or compl i cat ions 
which can only be a l lowed f o r by using the f a c i l i t i e s provided 
in the model f o r f i x i n g ' f r e e p e r i o d s , f o r f o rb idd ing l e ssons from 
taking p lace at c e r t a i n times and f o r making sure that some 
l e s s o n s do take p lace at c e r t a i n t imes. 

Each Head of Department i s , t h e r e f o r e , a l s o suppl ied with 
a form on which to r e cord h i s s e c t i o n of the Fixed Free Per iod 
L i s t , the Forbidden Assignment L i s t and the Pre-assignrnent L i s t . 
The s o r t s o f „ s i t u a t i o n which he can al low f o r on these documents 
were d iscussed in 3 - 5 and 3 - 6 . In some cases , where 
p a r t i c u l a r l y complicated s i t u a t i o n s have to be descr ibed he may 
require advice from the .ana lys t . These documents f o r the 
example problem are shown in f i g u r e 4 .9• 

4 .6 Final assembly 
When each person has completed h i s s e c t i o n of the task a l l 

the var ious documents are c o l l e c t e d together and they are then 
ready f o r the next stage of the process which i s to check that 
the data i s c o r r e c t . 

Figure 4 .9 continued 

DOCUMENT NUMBER NINE - THE PRE-ASSIGNMENT LIST 
******************************* .it**** ********** 

Notes: 1. In the column marked 'R1 f i l l in the name or number 
of the requirement in which a l e s son i s to be p r e -
ass igned . 

2 . In the column marked 'P1 f i l l in the name or number 
of the per iod at which the pre -ass igned l esson i s 
to s t a r t . 

R p OTHER DETAILS * R P OTHER DETAILS 
ISO IS v 

zoo 14 
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5.0 

CHAPTER FIVE 

CHECKING THE DATA 

5 . 0 Introduct ion 
When the se t of hand-wri t ten data documents reaches the 

computing centre the appropr iate parts of Documents 1, 2, 6, 7 , 
8 and 9 are t rans fer red to a s u i t a b l e medium f o r computer input . 
During development punched paper tape and punched cards have been 
used. Punched cards have proved the more convenient as they 
enable c o r r e c t i o n s and changes to the data to be made e a s i l y . 
V/e w i l l , t h e r e f o r e , assume that the data has been punched on 
cards and that the c o r r e c t document terminator constants have 
been i n s e r t e d . As far as the A t l a s ALGOL system i s concerned 
the data can be punched in an unformatted form but from the 
u s e r ' s po int of view i t i s convenient to se t out the data more 
or l e s s as shown in f i g u r e s 2 .1 or 2 .2 taking a new card f o r 
each l i n e . 

. I t must be assumed that the data deck so produced conta ins 
e r rors which v/ere e i t h e r present in the hand-written documents 
or were introduced during the punching or deck assembly s t a g e s . 
A l l these e r ro r s must be c o r r e c t e d be fore any attempt to c o n s t - , 
ruc t the t ime - tab le i s made. "Unfortunately the computer can-
not be programmed to d e t e c t every type of mistake but i t can he lp 
cons iderab ly b y : -

i ) checking the data documents as f a r as i t can 
and i i ) l i s t i n g a l l nine data documents f o r r e f e r e n c e purposes 

and so that a d d i t i o n a l manual checks can be carr ied o u t . 
The program wri t ten f o r t h i s purpose i s c a l l e d the Data Checking 
Routine . 

5 . 1 T h e D a t a C h e c k i n g R o u t i n e 

S l i g h t l y d i f f e r e n t v e r s i o n s of th i s program are required f o r 
the a l t e r n a t i v e forms o f data p r e s e n t a t i o n . V/e w i l l d i s cuss 
only the program f o r checking numeric data . 

5 . 1 . 1 I n p u t d a t a 

The Data Checking Routine a c c e p t s s e v e r a l s e t s of data . 
The complete data deck i s c ons t ruc ted as shown in f i g u r e 5 - 1 . 
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Figure 7*12 
7.6 

f Th i r d Data Deck 

Header Card f o r T h i r d 

T r a i l e r Card 

A Header Card c o n t a i n s any p o s i t i v e i n t e g e r c a l l e d the Case 

Number which i s used t o i d e n t i f y t he p rob lem. 

A Spacer Card c o n t a i n s the i n t e g e r 10000. 

A T r a i l e r Card c o n t a i n s the i n t e g e r 10001. 

Due t o r e s t r i c t i o n s imposed by the Main Program and as-an 

a i d t o the da t a check i ng p rocess l i m i t s have been,, imposed on t he 

s i z e o f v a r i o u s q u a n t i t i e s . These l i m i t s a re shown i n f i g u r e 

5-2 . 

5 . 1 . 2 Ou tpu t 

I f t he d a t a p r e sen t ed i s c o r r e c t as f a r as the program can 

see then i t s imp ly l i s t s t he n i n e da t a documents as shown i n 

f i g u r e 5 . 3 . I f , however, t h e r e a re d e t e c t a b l e e r r o r s i n t he 

d a t a then the program i n s e r t s d i a g n o s t i c messages i n t he l i s t i n g 

and i n c e r t a i n cases t e r m i n a t e s i t . A complete l i s t o f t he 

e r r o r s d e t e c t e d ; w i t h the messages p r i n t e d ou t and any a s s o c i a t e d 

o p e r a t i o n s , i s g i v en f i g u r e 5-4 . 

As i n any o p e r a t i o n , where a computer i s check ing a document 

which shou l d be i n a p a r t i c u l a r form bu t i s n o t , one e r ro r can 

cause many o t h e r s . Th is f a c t must be a l l owed f o r when i n t e r -

p r e t i n g t he o u t p u t . 
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Figure 8.3 

Quantity 

Tota l number o f items 
Tota l number of u n i t s 
Tota l number of l i v e s f o r any item 
Tota l number o f days 

\ 

Tota l number o f p e r i o d s 
Longest a c t i v i t y parameter 
Tota l number of requirements 
Numeric name f o r any i tem, day, 
per i od or requirement 

•Total number of l e s s o n s in any r e q u i r e - < the number of 
ment or t i e d s e t o f requirements days per week 

• One vers i on of the Main Program a l lows s i n g l e per iod l e s s o n s 
in an unt ied requirement up to, twice the number of days in the 
week. 

5*2 Manual checks 
In a d d i t i o n to c o r r e c t i n g any e r rors detected by the computer 

the user must check the l i s t i n g produced by the Data Checking 
Routine f o r any other e r r o r s which the computer i s not capable 
of f i n d i n g . The most important s tep i s to check Documents 3, 
4 and 5 as they appear in the l i s t i n g against the hand-written 
vers i on produced by the s c h o o l s t a f f . This and the other 
checks which should be performed are l i s t e d in f i g u r e 5«5« 

I t i s suggested that the computer centre s t a f f or the analyst 
should check the output f o r any e r r o r s which have been caused by 
i n c o r r e c t punching. When these have been removed and a new 
l i s t i n g obtained a member, or members, o f the s choo l s t a f f should 
perform the manual checks . 

Only when a ' c l e a n 1 l i s t i n g has been, obtained should the 
data be passed as ready f o r the Main Program. This does 
not mean that i t w i l l accept the data at once as there are 
other i n c o n s i s t e n c i e s which can e x i s t in the data but which can-
not be detec ted u n t i l an attempt to make the t ime - tab le i s made. 
For example, the pre-assignment of a l e s son to a per i od at which 
i t " cannot occur w i l l not be n o t i c e d u n t i l an attempt to perform 
the pre-assignment i s made. D e t a i l s o f the problems detec ted 
by the Main Program are g iven in Chapter 10. 
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L i m i t ( s ) 

< 300 

< ; 400 
< 100 

< 10 

< 50 

< 5 

< 600 

> 0 and < 9999 



* * * * * * * * * * * 

* SCATTAR * *********** 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

DATA CHECKING ROUTINE LISTING ***************************** 

CASE NUMBER 1 *************** 

THE ITEM LIST ************* DOCUMENT NUMBER ONE ******************* 

NO NAME LIVES TYPE 

1 10 1 1 
2 20 1 1 
3 30 ' 1 1 
4 40 1 1 

NO NAME LIVES TYPE 

5 50 1 2 
6 60 1 2 
7 70 1 2 

NO NAME LIVES TYPE 

8 80 1 2 
9 90 1 2 

10 100 2 3 

NO NAME LIVES TYPE 

11 110 1 3 
12 120 1 3 
13 130 1 3 



DOCUMENT NUMBER TWO ******************* 

THE NUMBER OF DAYS IS 

THE DETAILS OF THE DAYS ARE 

THE PERIOD NAMES ARE 

THE LONGEST ACTIVITY PARAMETER IS 

THE SPACE PARAMETER IS 

THE PERIOD PATTERNS ARE 

THE TIME STRUCTURE LIST *********************** 

PERIODS 
5 
5 
5 
5 
5 
13 14 15 
23 24 25 
33 34 35 
43 44 45 
5.3 

i 

54 

i 

55 

i i 
1 
1 
1 
0 

i 
1 
1 
1 
1 
1 

i 
1 
1 
1 
1 
0 

0 1 0 
0 1 0 
0 1 0 
0 1 0 



DOCUMENT NUMBER SIX ******************* 

IRN ERN TIES LENGTH LIST OF ITEMS 
1 10 0 1 5 10 20 
2 20 0 1 5 10 80 
3 30 0 1 5 10 90 
4 40 45 2 2 10 20 
5 45 40 1 2 10 20 
6 50 0 2 1 10 70 
7 60 70 1 1 10 90 
8 70 60 1 1 -10 70 
9 80 0 1 5 20 80 
10 90 0 5 20 90 
11 100 0 2 1 - 20 70 
12 110 120 1 1 20 70 
13 120 110 1 1 20 70 
14 130 0 5 3.0 50 
15 140 0 1 5 30 80 
16 150 0 3 30 60 
17 160 165 2 2 30 70 
18 165 160 1 1 1 30 70 
19 170 175 2 2 30 . 50 
20 175 170 1 1 30 . 50 
21 180 0 1 1 30 90 
22 190 0 1 1 30 40 
23 200 0 1 5 40 60 
24 210 0 1 5 40 80 
25 220 225 2 1 40 90 
26 225 220 1 3 40 90 
27 230 235 2 1 40 60 
28 235 230 1 3 40 60 
29 240 0 1 3 40 80 
30 250 0 1 1 • 40 70 

THE REQUIREMENT LIST ******************** 

30 60 

1 1 0 
50 70 1oo 1 oo 
50 70 100 100 

120 
130 

1 1 0 

120 
130 

90 
100 
100 
100 
100 
120 
6o 

110 

70 

110 
130 
110 
130 

120 



DOCUMENT NUMBERS THREE FOUR AND FIVE ******************************** 

ITEM NAME 10 
10 5 20 5 30 5 
50 2 60 1 70 1 

ITEM NAME 20 
10 5 40 4 45 2 
100 2 110 1 120 1 

ITEM NAME 30 
130 5 140 5 150 3 
170 4 175 1 180 1 

ITEM NAME 40 
190 1 200 5 210 5 
230 2 235 3 240 3 

o o 
• P 

ct 
h-
P 
p 

<J\ O 

40 4 45 

THE CURRICULUM ^ ************** 
THE TEACHER DUTY CHART % ********************** ° 

THE ROOM AND EQUIPMENT USAGE CHART V1 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * v̂l 

o o p 
2 {£ 

P 

TOTAL INTERNAL ACTIVITIES = 2 5 £ 
TGTAL EXTERNAL ACTIVITIES = 0 

80 5 90 
TOTAL INTERNAL ACTIVITIES = 25 
TOTAL EXTERNAL ACTIVITIES = 0 

160 4 165 1 
190 1 

TOTAL INTERNAL ACTIVITIES = 25 
TOTAL EXTERNAL ACTIVITIES = 0 

220 2 225 
250 1 

TOTAL INTERNAL ACTIVITIES = 25 
TOTAL EXTERNAL ACTIVITIES = 0 

VJ! 



ITEM NAME 50 
10 5 40 4 45 2 
175 1 

ITEM NAME 60 
10 5 150 3 190 1 

235 3 

ITEM NAME JO 
40 4 45 2 50 2 
110 1 120 1 160 4 
250 1 

ITEM NAME 80 
20 5 80 5 140 5 

ITEM NAME 90 
30 5 ' 60 1 90 5 

220 2 225 3 

o 
o 
£5 
ct 
h-
ts 
c 

CTN CD ro ft 

130 5 170 

200 5 230 

TOTAL INTERNAL ACTIVITIES = 19 
TOTAL EXTERNAL ACTIVITIES = 6 

70 1 100 2 
165 1 190 1 

TOTAL INTERNAL ACTIVITIES = 20 
TOTAL EXTERNAL ACTIVITIES = 5 

210 5 240 3 
TOTAL INTERNAL ACTIVITIES = 23 
TOTAL EXTERNAL ACTIVITIES = 2 

150 3 180 1 

TOTAL INTERNAL ACTIVITIES = 20 
TOTAL EXTERNAL ACTIVITIES = 5 

is 
c 
c 

TOTAL INTERNAL ACTIVITIES = 21 
TOTAL EXTERNAL ACTIVITIES 4 ^ 

CD 

ft 

\Ti 
ro 



o 
o 
53 
c+ 
h-
53 

on £ 
vm ^ 

ITEM NAME 100 
40 4 40 4 45 2 
165 1 1 TO 4 175 1 

ITEM NAME 110 
30 5 90 5 150 3 

ITEM NAME 120 
60 1 1 1 0 1 180 1 

ITEM NAME 130 
70 1 120 1 225 3 

DOCUMENT' NUMBER SEVEN ********************* 

ITEM NAME PERIOD.NAMES 
100 11 2 5 2 5 
60 34 4 5 

45 

220 

160 4 
TOTAL INTERNAL ACTIVITIES = 22 
TOTAL EXTERNAL ACTIVITIES = 28 

230 2 
TOTAL INTERNAL ACTIVITIES = 17 
TOTAL EXTERNAL ACTIVITIES = 8 

î 
w-
n 
53 
o 
ul 
V>J 
o o 
<"!" 
h* 
53 
53 
o 
a 

250 
TOTAL INTERNAL ACTIVITIES = 4 
TOTAL EXTERNAL ACTIVITIES = 21 

235 TOTAL INTERNAL ACTIVITIES = 8 
TOTAL EXTERNAL ACTIVITIES = 17 

THE FIXED FREE PERIOD LIST ************************** 

vjl 

rv> 



DOCUMENT NUMBER EIGHT ********************* 

REQ.NAME PERIOD NAMES 
100 21 22 

DOCUMENT NUMBER NINE ******************** 

REQ.NAME PERIOD NAME 
150 1 5 
200 14 

THIS LISTING IS COMPLETE 

THE FORBIDDEN ASSIGNMENT LIST ***************************** 

THE PRE-ASSIGNMENT LIST *********************** 



Figure 5»4 
5.2 

SECTION OF DATA 
AND ERROR 

MESSAGE OUTPUT ACTION CODE 
(see below) 

ANYWHERE 
An in teger < 0 or > 10001 ILLEGAL NUMBER x 

THE ITEM LIST 
The same item name used 
two or more times 
Number of 
item > 100 

l i v e s f o r an 

Type code other than 
1, 2 or 3 
Number of items > 300 

Number of un i t s > 400 

Number of items not as 
s ta ted 

Terminator in the wrong 
p lace 

REPEATED ITEM NAME x 2 

NUMBER OF LIVES TOO LARGE 2 
THE UPPER LIMIT IS 100 
ILLEGAL TYPE CODE x 2 

THIS PROBLEM INVOLVES TOO 3 
MANY ITEMS. THE UPPER 
LIMIT IS 300 
THIS PROBLEM INVOLVES TOO 3 
MANY UNITS. THE UPPER 
LIMIT IS 400 
SOME ITEMS ARE MISSING 4 
FROM THE ITEM LIST 
or 
THERE ARE SOME EXTRA 4 
ITEMS ON THE ITEM LIST 
f o l l o w e d by 
THE STATED NUMBER OF 
ITEMS IS x 
THE ACTUAL NUMBER OF 
ITEMS IS y 
THE ITEM LIST STARTS WITH 3 
A TERMINATOR 
or 
THE ITEM LIST IS TERMIN- 5 
ATED IN THE MIDDLE OF A 
RECORD 

THE TIME STRUCTURE LIST 
Number of days > 1 0 

The same day name used 
two or more times 
Number o f per i ods > 50 

THIS PROBLEM INVOLVES TOO 
MANY DAYS. THE UPPER 
LIMIT IS 10 
REPEATED DAY NAME x 

THIS PROBLEM INVOLVES TOO 
MANY PERIODS. THE UPPER 
LIMIT IS 50 

The same-period name used REPEATED PERIOD NAME x 
two or more times 

continued 
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Figure continued 

5-2 

SECTION OF DATA 
AND ERROR 

MESSAGE OUTPUT ACTION CODE 
(see below) 

THE TIME STRUCTURE LIST 
Longest a c t i v i t y 
parameter > 5 

Number in per iod pattern 
other than 0 or 1 
Extra data be fore the • 
terminator 
Terminator in the wrong 
p lace 

THE LONGEST ACTIVITY 
PARAMETER x IS TOO HIGH. 
THE UPPER LIMIT IS 5 
ILLEGAL ELEMENT IN PERIOD 
PATTERN x 
L i s t o f extra data • 

THE TIME STRUCTURE LIST 
STARTS WITH A TERMINATOR 
or 
THE TIME STRUCTURE LIST 
IS NOT COMPLETE 

2 

6 

3 

THE REQUIREMENT LIST 
The same requirement name 
used tv/o or more times 
Lesson length too long 

Too many l essons in a 
s i n g l e requirement * 
Undefined item 

Number of requirements 
> 6 0 0 

Number of requirements 
not as s tated 

Terminator in the wrong 
p lace 

REPEATED REQUIREMENT 
NAME x 
LESSON LENGTH GREATER' 
THAN THE STATED MAXIMUM 
TOO MANY- LESSONS IN A 
REQUIREMENT x 
THE ITEM NAMED x DOES NOT 
APPEAR ON THE ITEM LIST 
THIS PROBLEM INVOLVES TOO 
MANY REQUIREMENTS. THE 
UPPER LIMIT IS 600 
SOME REQUIREMENTS ARE 
MISSING FROM THE REQUIRE-
MENT LIST 
or 
THERE ARE SOME EXTRA 
REQUIREMENTS ON THE 
REQUIREMENT LIST 
f o l l o w e d by 
THE STATED NUMBER OF 
REQUIREMENTS IS x 
THE ACTUAL NUMBER OF 
REQUIREMENTS IS y 
THE REQUIREMENT LIST 
STARTS WITH A TERMINATOR 
or 
THE REQUIREMENT LIST IS 
TERMINATED IN THE MIDDLE 
dF A RECORD 

continued 
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Figure 5*4 continued 

SECTION OF DATA 
AND ERROR 

MESSAGE OUTPUT ACTION CODE 
(see be3.ow) 

THE REQUIREMENT LIST 
I n c o r r e c t t i e d 
requirements 
Too many l e s s o n s in a 
t i e d s e t o f requirements 

TIE ERROR. TIE NAME IS x 7 

THE TOTAL NUMBER OF LESSONS 7 
INVOLVED IN THE TIED SET 
WHICH STARTS WITH REQUIRE-
MENT x IS TOO LARGE 

THE FIXED FREE PERIOD LIST 
Undefined item name 

Undefined per i od name 

Too many f i x e d f r e e 
per i ods f o r an item 
Terminator in the wrong 
p lace 

THE ITEM NAMED x DOES NOT 2 
APPEAR ON THE ITEM1LIST 
THE PERIOD NAMED ,x DOES 2 
NOT APPEAR ON THE TIME 
STRUCTURE LIST 
THE ABOVE ITEM HAS TOO 7 
MANY FIXED FREE PERIODS 
THE FIXED FREE PERIOD LIST 7 
IS TERMINATED IN THE 
MIDDLE OF A RECORD 

THE FORBIDDEN ASSIGNMENT LIST 
Undefined requirement 
name 

Undefined per i od name 

Terminator in the wrong 
p lace 

THE PRE-ASSIGNMENT LIST 
Undefined requirement 
name 

Undefined per i od name 

Terminator in the wrong 
p lace > 

THE REQUIREMENT NAMED x 
DOES NOT APPEAR ON THE 
REQUIREMENT LIST 
THE PERIOD NAMED x DOES 
NOT APPEAR ON THE TIME 
STRUCTURE LIST 
THE FORBIDDEN ASSIGNMENT 
LIST IS TERMINATED IN THE 
MIDDLE OF A RECORD 

THE REQUIREMENT NAMED x 
DOES NOT APPEAR ON THE 
REQUIREMENT LIST 
THE PERIOD NAMED x DOES 
NOT APPEAR ON THE TIME 
STRUCTURE LIST 
THE PRE-ASSIGNMENT LIST 
IS TERMINATED IN THE 
MIDDLE OF A RECORD 

cont inued 
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7.4 
Figure 5*4 continued 

ACTION CODES 

1 - Continues as i f the i l l e g a l number were not there . 
2 - Continues v/ith the i n c o r r e c t quantity as z e r o . 
3 - Skips to the next problem. 
4 - Corrects the i n c o r r e c t number f o r the remainder o f the check . 
5 - Continues v/ith the in f o rmat i on which i t has found. 
6 - Continues as i f the extra data were not t h e r e . 
7 - Continues. 
8 - Omits the next number in the data and cont inues . 
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7.6 
Figure 7*12 

DOCUMENT NAME AND 
SUGGESTED MANUAL CHECKS 

THE ITEM LIST 
Has each item been given the 
c o r r e c t number of un i t s ? 

Has each item been given the 
c o r r e c t type code? 

THE TIME STRUCTURE LIST 
Have the per iod patterns been 
punched c o r r e c t l y ? 

THE CURRICULUM, THE TEACHER 
DUTY CHART AND THE ROOM AND 
EQUIPMENT USAGE CHART 
Do the computer ve r s i ons o f 
these documents agree v/ith 
the hand wr i t ten vers i ons? 

THE REQUIREMENT LIST 
Are the per i od length and 
the number of l e s s o n s in each 
requirement the r i g h t way-
round? 

THE FIXED FREE PERIOD LIST 
THE FORBIDDEN ASSIGNMENT LIST 
THE PRE-ASSIGNMENT LIST 
Does a l l the in format ion 
on the hand wr i t ten documents 
appear on the computer l i s t -
ing? 

COMMENTS 

The e f f o r t involved in these two 
checks i s cons iderab ly reduced i f 
a l l items of type 1 are l i s t e d 
f i r s t f o l l o w e d by a l l items of 
type 2 and f i n a l l y a l l items of 
"type 3 . Any .necessary 
re-arrangement can be done when 
the data cards have been punched. 

The. computer has only checked 
that each element i s e i t h e r 0 or 1 

I t i s s u f f i c i e n t to check the 
1 TOTAL INTERNAL ACTIVITIES'or the 
• TOTAL EXTERNAL ACTIVITIES ' on the 
r i g h t hand s ide of the computer 
l i s t i n g against the corresponding 
t o t a l on the hand wri t ten forms. 
Any error w i l l cause at l e a s t two 
t o t a l s to be wrong. 

S ince i t i s the product of the 
p e r i o d length and the number of 
l e s s o n s which appears on documents 
3 , 4 and 5 i t w i l l not show up i f 
they have been transposed. 

S ince the computer has not been 
t o l d how many records are on each 
o f these documents i t w i l l no t 
n o t i c e i f some have been omit ted . 
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6.0 

CHAPTER SIX 

STORAGE AND DISPLAY OF INFORMATION 

6 . 0 I n t r o d u c t i o n 

As an aid to our l a t e r d i s c u s s i o n s we here record a p o s s i b l e 
method of s t o r ing within the computer and of d isp lay ing on the 
computer output the in format ion re levant to an attempt to c o n s t -
ruct a t ime- tab le f o r a s c h o o l which has been descr ibed by a 
Standard Data Deck. I t i s not implied that a l l the information 
i s indispensable nor that the programs writ ten by the Author 
s t o r e the information in e x a c t l y the way descr ibed . 

In de f in ing arrays we w i l l use the ALGOL method of de f in ing 
dimensions. Thus : -
i) ARRAY [r^ : r

2
, c,j: c^D defines a rectangular array with r^r^+.l 

rows numbered from r^ to r^ and c
2
-c^+.1 columns numbered from 

t o

 v 

ii) ARRAY[e^ie^D defines vector with e 2 ~ e i + ^ elements numbered 

from e^ to e^. 

6.1 Single v a r i a b l e s 
The f o l l o w i n g v a r i a b l e s represent the quant i t i e s i n d i c a t e d : 

NI the t o t a l number o f items; 
ND the t o t a l number of days; 
NP . - the t o t a l number of per i ods ; 
LAP the l onges t a c t i v i t y parameter; 
SP the space parameter; 
NR the t o t a l number of requirements; 
NTS - NR plus the t o t a l number of t i e d s e t s ; 
TI the t o t a l number of "item names which appear on the 

Requirement L i s t . 

6 . 2 Arrays assoc ia ted v/ith days and per iods 
EDN[1:ND] - Element EDN[d] conta ins the external day name f o r 

th """" 
the d day i . e . the name de f ined on the Time Structure L i s t . 
In what f o l l o w s and within the computer each day i s re ferenced 

th by an i n t e r n a l day.number which i s simply d f o r the d day. 
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6.2 

EPN[1:NP] - Element EPNCpD contains the ex terna l p e r i o d name 
th 

f o r the p per iod i . e . the name def ined on the Time Structure 
L i s t . In what f o l l o w s and in the computer each per iod i s 
r e f e renced by an interna], p e r i o d number which i s simply p f o r 
.LU th . , 
the p p e r i o d . 

DAY [1:NP] - Element DAY[p3 = d i f per iod p f a l l s on day d . 

LPD[0:ND] - Element LPD[0] = 0 and LPD[d] contains the i n t e r -
nal per iod number f o r the l.ast per i od on day d. 

6 . 3 Arrays a s s o c i a t e d v/ith i tems 
EIN[1:NlD - Element EJN[i3 conta ins the e x t e r n a l item name f o r 

the i''*1 item i . e . the name de f ined on. the Item L i s t . In what 
f o l l o w s and within the computer each item i s re ferenced by an 

"t h 

in te rna l item number which i s simply i f o r the i i tem. 
N0LIVES[1:NI] - Element NOLIVES[i] contains the t o t a l number 

of l i v e s possessed by item i . 

TYPE[1:NI] - Element TYPE[i] conta ins the type code f o r item i . 

TEA[1:NI] - Element TEA[i] conta ins the t o t a l over the week of 
f r e e per i ods which the u n i t s o f item i may s t i l l have. I n i t -
i a l l y TEA[i ] conta ins the quantity c a l l e d ' T o t a l External 
A c t i v i t i e s ' on the computer l i s t i n g o f documents 3, 4 and 
This array i s updated each time a f r e e per iod i s a l l o c a t e d . 

PI [1 :NP,1 :NI ] - Element P I [ p , i ] contains the number of u n i t s 
of item i which remain unemployed at per iod p . , Init ia l3 .y 
P I [ p , i ] = N O L I V E S [ i ] . This array i s updated each time a un i t 
i s employed. 

NUF[1:NP,1:NI] - Element NUF[p, i ] contains the number of the 
un i t s of item i which have been a l l o c a t e d f r e e per iods a t 
per iod p . This array i s updated each time a uni t i s a l l o c -
ated a f r e e p e r i o d . 

IFM [1 :NP,1 :NI j - Element IFM [p , i ] r e l a t e s to per iod p and item 
i and at any stage of c o n s t r u c t i n g the t ime- tab le i t i s in one 
o f two p o s s i b l e s t a t e s 

a v a i l a b l e : I F M [ p , i ] i s in t h i s s ta te i f i t i s s t i l l p o s s i b l e 

' - for one or more further* u n i t s from item i t o . b e a l l o c a t e d 
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6-3 
a f r e e p e r i o d a t p e r i o d p as p a r t o f a t l e a s t one comple te 

t i m e - t a b l e . An a v a i l a b l e e lement c o n t a i n s a 1 . 

c a n c e l l e d : I F M [ p t i ] i s i n t h i s s t a t e i f i t i s no l o n ge r p o s s i b l e 

f o r any u n i t from i t em i t o be a l l o c a t e d a f r e e p e r i o d a t 

p e r i o d p as p a r t o f a t l e a s t one complete t i m e - t a b l e . A 

c a n c e l l e d e lement c o n t a i n s a 0 . 

TPA[1:NP,1 :NI] - Element T P A [ p , i ] c o n t a i n s the t o t a l number o f 

p o s s i b l e i n t e r n a l a c t i v i t i e s i n which the u n i t s o f i tem i can 

s t i l l be employed a t p e r i o d p . The method o f d e t e r m i n i n g 

t h i s number i s d e s c r i b ed i n 6 . 7 . Th is a r r ay i s upda ted each 

t ime a p o s s i b l e a c t i v i t y becomes i m p o s s i b l e . 

6 . 4 Ar rays a s s o c i a t e d w i t h r e q u i r emen t s 

ERN[1:NR] - E lement ERN[r] c o n t a i n s the e x t e r n a l r equ i r emen t 

t h 

name o f t he r r e qu i r emen t i . e . t he name d e f i n e d on the Re-

qu i rement L i s t . I n w h a t , f o l l o w s and w i t h i n t he computer 

each r equ i r emen t i s r e f e r e n c e d by an i n t e r n a l r equ i r emen t 
t h 

number which i s s imp l y r f o r t he r r e q u i r e m e n t . 

TIE[1:NR] - Element T I E [ r ] = r i f r equ i remen t r i s n o t t i e d t o 

any o t he r r equ i r emen t and T I E [ r ] = s i f r equ i r emen t r be l ongs 

t o a t i e d s e t t he nex t member o f which has i n t e r n a l r e q u i r e -

~ ment number s . 

SET[1:NR3 - E lement S E T [ r ] = r i f r equ i r emen t r i s n o t t i e d t o 

any o t he r r equ i r emen t and SET[r] = NR + s i f r equ i r emen t r 

t h 
be l ongs t o t he s t i e d s e t o f r e q u i r e m e n t s . 

M[1:NR] - E lement M[r] c o n t a i n s t he l e n g t h o f the l e s s o n s i n -

vo l ved i n r equ i r emen t r . 

N[1:NR] - E lement N[r] c o n t a i n s the number o f l e s s o n s wh ich 

rema in t o be a s s i g n e d i n r e qu i r emen t r . I n i t i a l l y N[ r ] 

c o n t a i n s the number d e f i n e d on t he Requ i rement L i s t . Th i s 

• a r r a y i s upda ted each t ime a l e s s o n i s a s s i g n e d . 

P[1:NR] — Element P [ r ] c o n t a i n s the p r i o r i t y parameter f o r 

r equ i r emen t r . Methods o f c a l c u l a t i n g t h i s parameter a r e 

d i s c u s sed i n 10 .3 . 

PR[1:NP,1:NR] - Element P R [ p , r ] i s r e l a t e d t o p e r i o d p and 

r equ i r emen t r and a t any s t a g e i n the p rocess o f c o n s t r u c t i n g 
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7.4 

the time-table it is in one of two possible states:-

available: PR[p,r3 is in this state if it is still possible 

for part of a lesson from requirement r to take place at 

period p and form part of at least one complete time-table. 

cancelled: PR[p,r3 is in this state if it is no longer possible 

for any part of a lesson from requirement r to take place 

at period p and form part of a complete time-table. 

An a v a i l a b l e e l emen t c o n t a i n s a n e g a t i v e i n t e g e r t h e v a l u e 

o f wh i ch depends on t h e p o s s i b l e p o s i t i o n s o f l e s s o n s wh i ch 

c o u l d i n c l u d e p e r i o d p . The v a l u e o f t h e i n t e g e r i s d e f i n e d 

b y

 m[r3 „ , 
PR[p,r3 = a

g
. 2° 

s = 1 

t h 
v/here a = 1 i f p e r i o d p may be t h e s p e r i o d o f a l e s s o n and 

s 
a = 0 otherv/ise. 
s 

Example 

PR [p,r3 = -1 = - 1
2 

means that period p may only be used as the first period of a 

lesson. 

Example 

PR[p,r 3 = -2 = -10
2 

means t h a t p e r i o d p may o n l y be used as t he second p e r i o d o f 

a l e s s o n . 

Example 

PR[p,r3 = -3 = -11
2 

means that period p may be used as the first or second period 

of a lesson. 

Example 

P R [ p , r 3 = -13 = -1101 

means t h a t p e r i o d p may be u sed as t h e f i r s t , t h i r d o r f o u r t h 

p e r i o d o f a l e s s o n . 

I n i t i a l l y every e l emen t i n PR i s a v a i l a b l e and t he v a l u e s 

a r e d e t e rm i ned by t h e p e r i o d p a t t e r n s . 

Example 

I f t h e p e r i o d p a t t e r n ' f o r t r i p l e p e r i o d s over a 9 p e r i o d 

day i s 1 , 0 , 0 , 0 , 0 , 1 , 1 , 0 , 0 t hen t he co lumn i n a r r a y PR 
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f o r any requirement i n v o l v i n g t r i p l e per iods w i l l i n i t i a l l y 
appear as :^ 

decimal binary 
-1 -001 

- 2 -010 

-4 -100 

0 000 

0 000 

-1 -001 

-3 -011 

-6 -110 

-4 -100 

A cance l l ed element conta ins a p o s i t i v e integer the value 
of which depends on the s tage in the t ime- tab le c o n s t r u c t i o n 
process at which the element became c a n c e l l e d . I f P R [ p , r 3 = n 

: i t i n d i c a t e s that the c a n c e l l a t i o n took p lace at the stage in 
the process v/hen n l e s s o n s had been ass igned . 

DCOUNT [1 : ND, 1 :NTS 3 - I f r < N R then element DCOUNT [d , r.] contains 
the number of p o s s i b l e p o s i t i o n s f o r a l e sson to be assigned 
on day d in requirement r . I t s va lue , at any stage in the 
p r o c e s s , i s the number of elements which contain a negat ive odd 
number in that part o f column r of array PR which represents 
day d . 

I f r > NR then element DCOUNT[d,r] contains the t o t a l 
number of p o s s i b l e p o s i t i o n s f o r a l e s s o n to be assigned on day 
d in the requirements o f t i e d s e t s , where s = r - NR. I t s 

..value at any stage in the p r o c e s s i s given by 

DCOUNT[d,r] = DCOUNT[d,t] 
t 

where the summation i s taken over a l l requirements in t i e d s e t 
s . 

This array i s updated each time an element in array PR 
i s c a n c e l l e d . 

DMARK [1 :ND, 1 :NTS3 - I f r < NR then element DMARK [ d , r 3 = 1 i f 
at l e a s t one fur ther l e s s o n must be assigned on day d in r e -
quirement r and DMARK[d,r] = 0 o therwise . 

I f r > NR then element DMARK[d,r] = 1 i f at l e a s t one 
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fur ther l e s son must bo ass igned on day d in a requirement o f 
t i e d se t s where s = r - NR and BMARK[d,r] = 0 o therwise . 

This array i s updated at any stage in the process v/hen, 
due to c a n c e l l a t i o n s in array PR, a l esson in any requirement 
or t i e d se t o f requirements becomes e s s e n t i a l on any day. 

6.5 Arrays a s s o c i a t e d v/ith items and requirements 
I R [ 1 : T I ] , IRF[0:HR], R I [ 1 : T I ] , RIF[0 :NI ] . 

I t i s necessary to r e c o r d the items involved in each r e -
quirement and the requirements in v/hich each item i s i n v o l v e d . 
For the example problem the arrays v/hich contain t h i s in forma-
t i o n are shown in f i g u r e s 6 .1 and 6 . 2 . Since the number 
of elements in a row of one of these arrays i s var iab le i t 
v/ould be i n e f f i c i e n t to s t o r e them in rectangular arrays • 
Each i s t h e r e f o r e s t o red as a vec tor v/ith a second v e c t o r 
containing the address o f the f i n a l element in each row of the 
i r r e g u l a r a r r a y . . , 

Thus I R [ k ] conta ins the i n t e r n a l item number corresponding 
to the k^*1 ex terna l item name on the Requirement L i s t . 

IRF[0] =• 0 and I R F [ r ] conta ins the number of the element 
in array IR v/hich r e c o r d s the f i n a l unit involved in r e q u i r e -
ment r . 

R I [ k ] conta ins the i n t e r n a l requirement number correspond-
th 

ing t o the k ex terna l requirement name on the re -arranged 
array . 

RIF[0 ] = 0 and R I F [ i ] conta ins the number of the element 
in array RI which r e c o r d s the f i n a l requirement in which unit 
i i s i n v o l v e d . 

UU[1 :NI, 1 :NR] - Element U U [ i , r ] contains the number of un i ts o f 
item i used in each l e s s o n o f requirement r . This array i s 
not s tored e x p l i c i t l y . The value of U U [ i , r ] can be found 
e a s i l y from e i t h e r array IR or array RI. 

6 .6 Item bands 
I t i s convenient to have a s p e c i a l name f o r the s e t o f c o l -

umns from array PR v/hich i n v o l v e units o f a p a r t i c u l a r i tem, 
item i say . V/e t h e r e f o r e r e f e r to such a s e t of columns as 
the I t em Band f o r item i . The re levant columns are those 
l i s t e d in elements R I F [ i - 1 ] + 1 t o R I F [ i ] o f array RI . Since 
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Figure 6.1 

Req. No. 
(internal) 

0 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 6 " 

17 

18 

19 

20 

21 
22 
23 

24 

25 

26 

27 

28 
29 

30 

6.6 

List of (internal) item numbers Elements 
v/hich are the elements of array IR of IRF 

1 2 5 6 4 

1 8 6 

1 9 11 9 

1 2 5 7 10 10 15 

1 2 5 7 10 10 21 

1 7 23 

1 9 12 26 

1 7 13 29 

2 8 31 

2 9 11 34 

2 7 36 

2 7 12 39 

2 7 13 42 

3 5 44 

3 8 46 

3 6 9 11 50 

3 7 10 53 

3 7 10 56 

3 5 10 59 

3 5 10 62 

3 9 12 65 

3 4 6 7 69 

4 6 71 

4 8 73 
4 9 11 76 

4 9 13 79 

4 6 11 82 

4 6 13 85 

4 8 87 

4 7 12 90 
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i- 6.6 
Figure 6.2 

Item No. 
(internal) 

List of (internal) requirement numbers 
which are the elements of array RI 

Elements 
of RIF 

0 0 

• 1 1 2 3 4 3 6 7 8 8 

2 1 4 5 9 10 11 12 13 16 

3 14 13 16 17 18 19 20 21 22 25 
4 22 23 24 25 26 27 28 29 30 34 

5 1 4 5 14 19 20 40 

6 1 16 22 23 27 28 46 

7 4 5 6 8 11 12 13 17 18 22 30 57 

8 2 9 15 24 29 62 

9 3 7 10 16 21 25 26 69 
10 4 4 5 5 17 18 19 20 77-
11 3 10 16 25 27 82 
12 7 12 21 30 86 

13 8 13 26 28 90 

each requirement in general involves several different items each 

column from array PR occurs in several different item bands. 

Example 

From figure 6.2 we see that in the example problem the item 

band for item 1 consists of columns 1, 2, 3, 4, 5, 6, 7 and 8 

while that for item 6 consists of columns 1, 16, 22, 23, 27 and 

28. We note that column 1 occurs in both these item bands. 

It also occurs in the item bands for items 2 and 5 since items 

1, 2, 5 and 6 are all involved in requirement 1. 

6.7 Elements in TPA. 

As stated in 6 .3 , the value of element TPA[p,i] at any stage 
is the total number of possible internal activities in which the 

units of item i can still be employed at period p. This num-

ber' is determined by examining the available elements at period 

p in the item band for item i in array PR. Account must be 

taken of complications due to tied sets of requirements* The, 

relevant rules are:-

6.7.1 Rule A-1 

Let requirement r be an untied requirement in the item band 

77 



for item i. 

Let k = UU[i,r] if PR[p,r3 < 0 and k = 0 otherwise. 

Then requirement r counts as k possible activities in the 

total TPA[p, i 3 • 

6.7.2- Rule A2 

Let requirements r^ , r
p
, .... r^ be a set of tied require-

ments in the item band for item i where there may or may not be 

additional members of the set outside the item band. 

Let k ss Max UU[i,r.3 where the evaluation of the maximum 
3 3 

is taken over those members of the set r-, ... r for which 
1 2 n 

PR[p,r . 3 < 0. 
3 

Then the requirements r^, r
p
, .... r^ count as k possible 

activities in the total TPA[p,i3« 

Example 

Figure 6.3 shows day 1 of_the item band for item 10 in the 

example problem with relevant parts of other arrays. 

Figure 6.3 

IRN 4 5 17 18 19 20 U N 10 

ERN 40 45 160 165 170 175 EIN 100 

TIE 5 4 18 17 20 19 

SET 31 31 34 34 35 35 

M 2 1 2 1 2 1 

N 2 2 2 1 2 1 

10 UU 2 2 • 1 1 1 1 

1 PR -1 -1 3 3 . 3 3 TPA 2 

2 -3 -1 -1 -1 4 4 3 

3 -2 -1 -2 -1 4 4 3 

4 6 -1 -1 6 -1 -1 4 

5 6 -1 -2 6 -2 -1 4 

At period 1 there are available elements in columns 4 and 

5 of array PR each of which involves two units of item 10 but, 

since these columns form a tied set, the value of TPA[1,103 is 2 

and not 4. Similarly, at periods 2 and 3, columns 4 and 5 

contribute 2 possible activities and columns 17andl8 contribute 
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1 giving the values of TPA[2,10] and TPA[3»10] as 3- Finally, 

at periods 5 and 6 column 5 contributes 2, column 17 contributes 

1 and columns 19 and 20 combined contribute 1 making TPA[4,10] 

and TPA[5,10] each 4. 
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5.0 

CHAPTER SEVEN 

CANCELLATION RULES FOR ARRAY PR 

7 . 0 In t roduc t i on 
As a f u r t h e r pre l iminary to d i s cuss i on of the main program 

we now look at the problems a s s o c i a t e d with keeping the array 
PR c o r r e c t l y updated. 

7 .1 The operat ion cance l P R ( p , r ) 
As an a id t o t h i s d e s c r i p t i o n i t i s convenient to d e f i n e 

an operat ion which changes an element, and in some cases a s s o c -
i a t e d elements, in array PR from the a v a i l a b l e s t a t e to the 
cance l l ed s t a t e . We d e f i n e t h i s operat ion , cance l P R ( p , r ) , 
by the f o l l o w i n g ALGOL p r o c e d u r e : -

procedure cance l P R ( p , r ) ; value p , r ; in teger p , r ; 
begin integer u , v , w ; 
comment the arrays are assumed t o have been dec lared in an 
enc los ing b l o c k ; 
L 1 : f o r u := p s t ep - 1 u n t i l p-M[r]+1 do 

i f (PR[u , r ]+2 )*2 / P R [ u , r ] then goto L2; 
L2:v := 1; 
f o r w := u s tep 1 u n t i l u+M[r]-1 do 
begin 

PR[w,r] := PR[w,r ] + v ; 
i f PR[w,r ] = 0 then PR[w,r ] := n; 
comment where n i s the t o t a l number of l e ssons so f a r 
assigned in the t i m e - t a b l e ; 
v v + v 

end; 
i f P R [ p , r ] < 0 then goto L1 
end of procedure c a n c e l ; 
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Example 

If M[r] = 4 and n = 6 then the result of cancel PR(2,r) 

period decimal binary period decimal binary 

1 -1 -0001 1 6 -

2 -3 -0011 2 6 -

3 -7 -0111 is 3 -1 -0001 

4 -14 -1110 L -2 -0010 

5 -12 -1100 5 -4 -0100 

6 '-8 -1000 6 -8 -1000 

Example 

If M[r] = 4 and n = 6 then the result of cancel PR(3,r) 

period decimal binary period decimal binary 

1 -1 -0001 1 6 -

2 -3 -0011 2 6 -

3 -7 -0111 is 3 6 -

4 -14 -1110 4 6 -

5 -12 -1100 5 6 -

6 -8 -1000 6 6 

7 . 2 To cancel or not to cance l 
By d e f i n i t i o n , an element P R [ p , r ] should be in the cance l l ed 

s t a t e i f i t i s no l onger p o s s i b l e f o r any part o f a l e s son from 
requirement r t o take p l a c e a t p e r i o d p and form part of a com-
p l e t e t i m e - t a b l e . In p r a c t i c e , however, i t i s not always easy 
to see whether or not the occurrence of a given l e s son or part 
of i t at a given p e r i o d can "in f a c t form part of a complete so3.-
u t i o n . We are t h e r e f o r e f o r c e d to make the assumption that 
an element i s a v a i l a b l e un less i t can be seen that i t should be 
c a n c e l l e d . 

S ince , at any stage in the t i m e - t a b l e c ons t ruc t i on p r o c e s s , 
the next l e sson to be ass igned w i l l always be chosen from those 
elements which are in the a v a i l a b l e s t a t e i t i s most important 
that no element which should have been c a n c e l l e d i s in f a c t s t i l l 
a v a i l a b l e . I f such an element i s chosen f o r the next a s s i g n -
ment then sooner or l a t e r a s tage must be reached from which i t 
i s imposs ib le to proceed to a complete s o l u t i o n . I f , on the 
other hand, the element chosen f o r the next assignment i s always 
a genuine a v a i l a b l e element then i t w i l l always be p o s s i b l e t o 
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proceed to a complete s o l u t i o n . V/e t h e r e f o r e require a r i g i d 
s e t of r u l e s which, at any given stage in the c o n s t r u c t i o n 
p r o c e s s , d i c ta tev /h i ch elements in array PR should be c a n c e l l e d . 
These r u l e s a r i s e from the c o n s t r a i n t s which are b u i l t in to the 
b a s i c model e . g . the c o n s t r a i n t that the l e ssons in any r e q u i r e -
ment or t i e d s e t o f requirements must occur in the t i m e - t a b l e 
with a normal d i s t r i b u t i o n . 

7 . 3 Some f a i r l y obvious r u l e s 
Our f i r s t s e t o f r u l e s , Rules B1 to B6, r e s u l t s d i r e c t l y 

from cons idera t i on of o p e r a t i o n s on a s i n g l e requirement or a 
t i e d s e t of requirements . 

7 . 3 . 1 Rule B1 
I f element P R [ p , r ] i s named on the Forbidden Assignment 

L i s t and PR[p,r3 < 0 then c a n c e l PR(p , r ) must be performed. 

7 . 3 . 2 Rule B2 
I f a l e s son from requirement r i s assigned to commence at 

per iod p then cance l P R ( p , r ) must be performed. 

7 . 3 . 3 Rule B3 
I f , by a l l o c a t i o n of a f r e e per iod or by assignment o f a 

l e s s o n invo lv ing i t , a u n i t o f item i i s employed at per iod p 
l eav ing x un i t s of that item unemployed, then cancel P R ( p , r ) 
must be performed f o r a l l va lues o f r such t h a t : -

i ) requirement r i n v o l v e s more than x un i ts of item i ; 
and i i ) P R [ p , r ] < 0 . 

7 . 3 . 4 Rule B4 
I f a l e sson from requirement r i s ass igned to commence a t 

per iod p then cance l P R ( s , t ) must be performed f o r a l l va lues 
of s and t such t h a t : -

i ) t = r or SET[t ] = SETCr] 
and i i ) P R [ s , t ] < 0 
and i i i ) assignment of a l e s s o n from requirement t to commence 

at perdod s v/ould cause v i o l a t i o n of the normal d i s -
t r i b u t i o n c o n s t r a i n t in requirement r or in any r e q u i r e -
ment t i e d to requirement r . 

7 . 3 . 5 Rule B5 
I f a l e s son from requirement r i s assigned to commence a t 
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Figure 7 .1 Figure 7 - 2 

IRN 16 17 18 16 17 18 
ERN 160 170 180 160 170 180 

..'TIE 17 18 16 17 18 16 
SET 64 64 64 64 . 64 64 
M 2 1 1 2 1 1 
N 1 2 1 1 2 1 

IPN 1 PR - 1 6 - 1 -1 6 - 1 
2 - 2 6 - 2 6 - 1 
3 - 1 '6 - 1 -1 6 
4 - 2 6 - 1 - 2 6 

5 - 1 7 - 1 -1 7 - 1 
6 - 2 7 - 1 - 2 7 - 1 
7 - 1 8 - 1 - 1 8 - 1 
8 - 2 - 1 - 1 - 2 9 - 1 

9 - 1 - 1 - 1 9 - 1 9 
10 - 2 - 1 - 1 9 - 1 9 
11 - 1 - 1 - 1 9 - 1 9 
12 - 2 - 1 - 1 9 - 1 • 9 

13 - 1 - 1 - 1 9 - 1 9 
14 - 3 - 1 - 1 9 - 1 9 
15 - 2 - 1 - 1 9 9 

DAY 1 DC Oil NT 2 0 4 2 0 V 
2 2 1 4 2 0 4 
3 2. 4 . 4 0 4 0 
4 2 3 3 0 3 0 

DAY 1 DMARK 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 o .0 0 1 0 
4 0 0 0 0 1 0 
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per iod p and a l l other l e s s o n s in t h i s requirement have prev -
i o u s l y been assigned then cance l P R ( s , r ) must be performed f o r 
a l l values of s f o r which P R [ s , r ] < 0 . 

7 . 3 . 6 Rule B6 
I f SET[r] / r and cance l PR(p , r ) i s performed, causing 

DMARK[d,r] to change from 0 to 1 then c a n c e l ( s , t ) must be p e r -
formed f o r a l l s , t such t h a t : -

i ) SET[t] = SET[r] but t / r 
and i i ) DAY[s] = d 
and i i i ) P R [ s , t ] < 0 . 

Example 
t h 

Figures 7 .1 and 7«2 show the 4 t i ed se t o f requirements 
from a problem (not the example problem) with a t o t a l of 60 r e -
quirements. In f i g u r e 7 .1 PR[8 ,17 ] i s a v a i l a b l e . I f i t i s 
assumed that no l e s s o n s have been assigned in requirement 17 on 
day 1 or day 2 then f i g u r e 7 « 2 shows the se t of elements which 
would be c a n c e l l e d by a p p l i c a t i o n of Rule B6 f o l l o w i n g the opera-
t i o n cancel P R ( 8 , 1 7 ) . This s e t of c a n c e l l a t i o n s i s necessary 
because, s ince the t o t a l number o f l e ssons in the t i e d s e t i s 4 , 
the normal d i s t r i b u t i o n c o n s t r a i n t requires that one of .them 
s h a l l be assigned on each day. Thus as soon as i t becomes 
e s s e n t i a l f o r a l e s s o n from requirement 17 to occur on each of 
days 3 b i t becomes imposs ib l e f o r a l e sson from requirement 
16 or requirement 18 to occur on these days. 
7 . 4 Some l e s s obvious r u l e s 

7 . ^ . 1 Rule B7 
On day d of the item band f o r an item with one l i f e l e t R 

be a s e t each member of which i s : -
e i t h e r i ) a requirement in which at l e a s t one l e s son must s t i l l 

be ass igned on day d; 
or i i ) a t i e d s e t of requirements in which at l e a s t one l e s s o n 

must s t i l l be ass igned on day d in a requirement which 
i s in the item band. 

Let R. be a subset conta in ing any or a l l of the members of R. j 

Corresponding to each R . l e t P . be the set o f per iods such 
t h a t : -

i ) each member i s a p e r i o d on day d; 

84 



7.4 
Figure 7.3 

IRN 1 2 3 4 5 6 7 8 
ERN 10 20 30 40 45 50 60 70 
TIE 1 2 3 5 4 6 8 7 
SET 1 2 3 31 31 6 32 32 
M 1 1 1 2 1 2 1 1 
N 5 5 5 2 2 1 1 1 

IPN 1 PR - 1 - 1 3 2 2 2 3 2 
2 - 1 - 1 - 1 2 4 5 6 4 
3 7 • - 1 - 1 2 7 5 6 - 1 
4 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 
5 - 1 - 1 - 1 - 2 - 1 - 2 - 1 - 1 

DAY 1 DCOUNT 4 5 4 1 2 1 2 3 

DAY 1 DM ARK 1 1 1 0 0 0 0 0 

Figure 7 .4 

IPN 1 PR - 1 -n 3 2 2 2 3 2 
2 - 1 - 1 - 1 2 4 5 6 4 
3 7 - 1 - 1 2 7 5 6 8 
4 8 8 8 - 1 - 1 - 1 - 1 - 1 
5 8 8 8 - 2 - 1 - 2 - 1 - 1 

DAY 1 DCOUNT 2 3 2 1 2 1 2 2 

DAY 1 DMARK 1 n 1 0 0 0 0 0 

Figure 7 . 5 

IPN 1 PR - 1 - 1 3 2 2 2 3 2 
2 - 1 - 1 9 2 4 5 6 4 
3 7 9 - 1 2 7 5 6 8 
4 8 8 8 - 1 - 1 - 1 - 1 - 1 
5 8 • 8 8 - 2 - 1 - 2 - 1 - 1 

DAY 1 DCOUNT 2 2 1 1 2 1 2 2 

DAY 1 DMARK 1 1 1 0 0 0 0 0 

Note: In these and in l a t e r diagrams IPN stands f o r Interna l 
Period Number and IRN f o r In terna l Requirement Number. 
The other arrays are as de f ined in Chapter 6 . 
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and i i ) for each member the only available elements in the item 

band occur i n t he members of R . . 
j 

Let x . be the t o t a l l ength of the l e s sons which must be 
assigned on day d in the members of R . . 

Let y . be the t o t a l number of per iods in P . . 
0 3 3 

Then, i f x . =• y . f o r any R . , P . , each a v a i l a b l e e lement 
3 3 3 3 

which i s i n a member o f R . b u t n o t a t a p e r i o d i n P . must be can-

3 3 

c e l l e d unless more than one l e s s o n may be assigned in that mem-
ber on day d. 
Example 

I f , in f i g u r e 7 - 3 , the operat i on cancel PR(3,8) i s performed 
then the s i t u a t i o n v/hich remains g ives r i s e to fur ther c a n c e l l -
a t i o n s under Rule B7. In t h i s case the se t R contains r e q u i r e -
ments 1, 2 and 3 and taking a subset R^ to be the same 3 r e q u i r e -
ments then the corresponding s e t P^ contains per iods 1, 2 and 3« 
Thus x^ = 3 a n d y^ = 3 v/hich means that the operat ions cance l 
PR(4 ,1 ) , ' cance l P R ( 4 , 2 ) , cance l P R ( 4 , 3 ) , cancel PR(5 ,1 ) , cance l 
PR(5,2) and cance l PR(5 ,3 ) must be performed. The item band' 
a f t e r these operat ions i s shown in f i g u r e 7 - 4 . 

Nov/ i f , as a r e s u l t of operat ions elsev/here in the array , 
the operat ion cance l PR(2 ,3 ) i s performed then again Rule B7 
causes a further a s s o c i a t e d c a n c e l l a t i o n . As b e f o r e the se t 
R conta ins columns 1, 2 and 3 but i f we now take the subset R^ 
to be columns 1 and 2 then the corresponding se t P^ contains rows 
1 and 2. Thus x^ = 2 and y = 2 which means that cance l PR(3 ,2 ) 
must be performed. The item band a f t e r these operat ions i s 
shown in f i g u r e 7»5« 
7 . 4 . 2 Rule B8 

On day d of the item band f o r an item with one l i f e l e t R 
be a se t as de f ined in Rule B7« 

For a given in teger n l e t R^ be the subset containing those 
members of R f o r which the number of a v a i l a b l e elements on day 
d i s < n v/here, i f the member i s a t i e d s e t of requirements, at 
most one element at each per iod may be counted. 

Corresponding to each Rn l e t P^ be the set o f per iods such 
that 

i ) each member i s a per iod on day d; 
and i i ) f o r each member a t l e a s t one member o f R has an a v a i l -

n 
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able element. 

Let x be the t o t a l l ength of the l e ssons which must be 
assigned on day d in the members of R . 

n 
Let y be the t o t a l number of per iods in P . ^n n 
Let z = y - x . n ^n n 
Then each a v a i l a b l e element in the item band, which 
i ) occurs on day d in a requirement or t i e d se t o f r e q u i r e -

ments which i s not a member of R-
and i i ) i f a l e s s o n we re ass igned to commence at i t , would employ 

the item f o r more than z^ of the per iods which are memb-
ers of P , 

n
1 

must be c a n c e l l e d . 

Example 
I f , in f i g u r e 7 . 6 , the o p e r a t i o n cancel PR(4,2) i s performed 

then the s i t u a t i o n which remains g ives r i s e to fur ther c a n c e l l -
a t i ons under Rule B8. In t h i s case R contains requirements 1, 
2 and 3 and R_ conta ins the same 3 requirements. The c o r r e s -
ponding, se t P^ conta ins p e r i o d s 1, 2, 3 and 5« Thus x^ = 3» 
y^ = 4 and z^ = 1 which means that cancel PR( 1 , 4 ) , cancel PR(2 ,4) , 
cance l PP.(1,6) and cance l PR(2 ,6 ) must be performed. The 
item band a f t e r these o p e r a t i o n s i s shown in f i g u r e ' 7 . 7 -

Now, i f as a r e s u l t o f operat ions elsewhere in the array 
the operat ions cance l PR(5 ,2 ) and cancel PR(5,3) were performed 
then fur ther c a n c e l l a t i o n s would be d i c t a t e d by Rule B8. Again 
R c o n s i s t s of requirements 1 , 2 and 3 and R_ contains the same 

3 
3 requirements . The corresponding se t P^ contains per i ods 1, 
2 and 3 - Thus x c = 3i Yr = 3 and z_ .=. 0 which means that 

3 3 3 ^ 
cance l P R ( 1 , 5 ) , cance l P R ( 2 , 5 ) , cancel P R ( 3 , 5 ) , cancel P R ( 1 , 7 ) , 
cance l P R ( 2 , 7 ) , cance l P R ( 3 , 7 ) , cancel P R ( 1 , 8 ) , cancel P R ( 2 , 8 ) , 
and cance l PR(3 ,8 ) must be performed. The item band a f t e r 
these operat ions i s shown i n f i g u r e 7 . 8 . 

A fur ther a p p l i c a t i o n o f Rule B8 causes s t i l l fur ther can-
c e l l a t i o n s . Since requirements 7 and 8 form a t i e d se t at most 
one l e s s o n can be assigned in them on day 1 thus the s e t R now 
contains requirements 1, 2, 3 and the t i e d s e t s ( 4 , 5 ) and ( 7 , 8 ) . 
Taking R,_, R^, R^ or R^ each l eads to a value of z > 0 but the 
se t R^ contains only the t i e d se t ( 4 , 5 ) thus P contains only 
per iod 4 and x^ = 1 , y^ = 1, z^ = 0 which means that cance l 
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F i g u r e 7 . 6 

IRN 1 2 3 4 5 6 7 8 

ERN 10 20 30 40 45 50 60 70 

TIE 1 2 3 5 4 6 8 7 
SET 1 2 3 31 31 6 , 32 3 2 

M 1 1 1 2 1 2 1 1 

N 5 5 5 2 2 1 1 1 

IPN 1 PR - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 

2 - 1 - 1 - 1 - 3 - 1 - 3 - 1 - 1 

3 - 1 - 1 - 1 - 1 - 2 - 1 - 1 

4 2 - 1 2 4 - 1 2 - 1 - 1 

5 4 - 1 - 1 4 4 2 - 1 - 1 

DAY 1 DCOUNT 3 5 4 2 4 2 5 5 

DAY 1 DMARK 1 1 1 0 0 0 0 0 

F i g u r e 7 - 7 * 

IPN 1 PR - 1 - 1 - 1 5 - 1 5 - 1 - 1 

2 - 1 - 1 - 1 5 - 1 5 - 1 - 1 

3 - 1 - 1 - 1 5 - 1 5 - 1 - 1 

4 2 5 2 4 - 1 2 - 1 - 1 

5 4 - 1 - 1 4 4 2 - 1 - 1 

DAY 1 DCOUNT 3 4 4 0 4 0 5 5 

DAY 1 DMARK 1 1 1 0 0 0 0 o-

F i g u r e 7 . 8 

IPN 1 PR - 1 - 1 - 1 -5 6 5 6 6 

2 - 1 - 1 - 1 5 6 5 6 6 

3 - 1 - 1 - 1 5 6 5 6 6 

4 2 5 2 4 - 1 2 - 1 - 1 

5 4 . 6 6 4 4 2 - 1 - 1 

DAY 1 DCOUNT 3 3 3 0 1 0 2 2 

DAY 1 DMARK 1 1 1 0 1 0 0 0 
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Figure 8.3 

IPN 1 PR - 1 - 1 -1 5 6 5 6 6 
2 - 1 - 1 -1 5 6 5 6 6 

3 - 1 - 1 -1 5 6 . 5 • 6 6 
4 2 5 2 4 - 1 2 6 6 

5 4 6 6 4 4 2 - 1 - 1 

DAY 1 DCOUNT 3 3 3 0 1 0 1 1 

DAY 1 DM ARK 1 1 1 0 1 0 0 0 

PR(4 ,7) and cancel PR(4 ,8 ) must be performed. The item band 
a f t e r these operat ions i s shown in f i g u r e 7 - 9 . 

7 . 4 . 3 Rule B9 
Let R be a se t conta in ing 2 requirements r^ and r p in the 

item band f o r a unit v/ith one l i f e . 
Let D be the se t conta in ing those days d f o r v/hich 
i ) DC0UNT[d,r13 = DCOUNT [d , i* 2 ] = 1 

and i i ) an a v a i l a b l e element in r^ occurs at the same per iod as 
an a v a i l a b l e element in r ^ . 

Let x be the t o t a l number o f days in D. 
Let y be the t o t a l number of non-zero elements in the c o l -

umns of DCOUNT corresponding to r^ and r^ . 
Let z = y - x . . " ' 
Then i f z = NCr^D + NCr^D the operat ion cancel PR(p ,r ) must 

be performed f o r a l l va lues o f p , r such that 
i ) DAY[p] i s a member, of D, 

i i ) P R [ p , r 1 ] < 0 and P R [ p , r 2 ] < 0 , 
i i i ) r i s in the same item band as r^ and but r / r ^ and r $ r 

and i v ) PR[p , r ] < 0 . 

Example 
I f , in f i g u r e 7 . 1 0 , a f t e r the c a n c e l l a t i o n of PR[19,16] and 

PR[19,22] Rule B9 i s app l i ed taking the set R as requirements 
16 and 28 then I) conta ins days 2 and 3« Thus x = 2, y = 8 
and z = 6 which causes the operat ions c a n c e l ' P R ( 8 , 2 2 ) , cancel 
PR ( 8 , 23 ) and cance l PR(15 ,22 ) . The item band a f t e r these 
operat ions i s shown in f i g u r e 7 . 1 1 . 
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Figure 7 .10 

IRN 

IPN 

DAY 

16 22 28 UN 
ERN 10 150 190 200 230 235 EIN 60 
M 1 1 1 1 2 1 TYPE 2 
N 2 3 1 2 0 3 NOLIVES 1 

1 PR - 1 - 1 - 1 - 1 24 - 1 PI 1 
2 - 1 - 1 - 1 - 1 24 -1 1 
3 - 1 - 1 24 -1 1 
4 - 1 - 1 - 1 - 1 24 -1 1 

3 - 1 - 1 -1 ' 24 -1 1 

6 7 7 7 7 7 7 0 

7 7 9 6 9 8 8 0 
8 7 - 1 - 1 - 1 8 -1 1 
9 7 4 - 1 -1 24 11 1 

10 7 4 - 1 - 1 24 10 1 

11 18 16 - 1 21 18 19 1 
12 18 18 18 18 18 18 0 

13 18 21 21 j21 18 21 0 
14 0 0 0 0 0 0 0 

15 ' 18 - 1 - 1 21 .0 - 1 1 

16 24 24 24 24 24 24 0. 

17 24 24 24 24 24 24 ' 0 
18 il ' 25 25 25 24 24 0 
19 25 26 26 26 0 24 0 
20 0 0 0 0 0 0 0 

21 - 1 - 1 - 1 - 1 24 -1 1 
22 - 1 - 1 - 1 24 -1 1 
23 - 1 - 1 - 1 - 1 24 -1 1 
24 - 1 - 1 - 1 -1 24 -1 1 

25 - 1 - 1 - 1 24 - 1 1 

1 DCOUNT 5 5 5 5 0 5 
2 0 1 3 3 0 1 
3 0 1 2 0 0 1 
4 0 0 0 0 0 0 
5 5 5 5 c. 0 5 

Note:: underl ined elements denote assignments. 
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Figure 7.11 

IRN 1 16 22 
ERN 10 150 190 
M 1 1 1 
N 2 3 1 

IPN 1 PR - 1 - 1 
2 - 1 - 1 

3 - 1 - 1 - 1 
4 - 1 - 1 - 1 

5 - 1 - 1 - 1 

6 * 7 .7 7 
7 7 9 6 
8 7 - 1 26 

9 7 4 - 1 
10 7 4 - 1 

11 18 16 - 1 
12 18 18 

13 18 21 21 
14 0 0 0 

15 18 - 1 26 

16 24 24 24 

17 24 . 24 24 
18 25 25 25 
19 . ' 25 26 26 
20 0 0 0 

21 - 1 - 1 - 1 
22 - 1 - 1 - 1 

23 - 1 - 1 - 1 
24 - 1 - 1 - 1 

25 - 1 - 1 - 1 

1 DCOUNT c 5 5 
2 0 1 2 
3 0 1 1 
4 0 0 0 

5 5 5 5 

Note: underl ined elements denote 

7.4 

23 27 28 UN 6 
200 230 235 EIN 60 

1 2 1 .TYPE 2 
2 0 3 NOLIVES 1 

- 1 24 -1 PI 1 
- 1 24 - 1 . 1 
- 1 24 -1 1 

24 -1 1 
- 1 24 -1 1 

7 7 7 0 
9 8 8 0 

26 8 - 1 1 
- 1 24 11 1 
- 1 24 10 1 

21 18 19 1 
18 18 18 0 
21 18 21 0 

0 0 0 0 
21 0 -1 1 

24 24 24 0 
24 24 24 '0 
25 24 24 0 
26 0 24 0 

0 0 0 0 

- 1 24 - 1 1 
- 1 24 -1 1 

24 -1 1 
- 1 24 -1 1 

24 -1 1 

5 0 5 
2 0 1 
0 0 1 
0 0 0 

5 0 5 

assignments. -
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7 - 4 . 4 Rule B10 
The operat ion cance l P R [ p , r ] must be performed f o r a l l p e r -

i ods p and a l l requirements r such that 
i ) assignment of a l e s s o n or part of a l e s son from r e q u i r e -

ment r to occur a t p e r i o d p would cause the number of 
u n i t s which may be g iven . free per iods at per iod p t o 
become negat ive ; 

and i i ) P R [ p , r ] < 0 . 

The statement of t h i s r u l e assumes that i t i s p o s s i b l e t o 
c a l c u l a t e the number of u n i t s which may be given f r e e per iods a t 
any per iod p . In f a c t t h i s information i s not normally a v a i l -
a b l e . 

To r e v e a l the d i f f i c u l t i e s a s s o c i a t e d with the determination 
of the number of uni ts which may be f r e e at a given per iod c o n -
s i d e r a s choo l which c o n s i s t s of nine items of which four are 
c l a s s e s and f i v e are t e a c h e r s . 

I f a l l l e s sons invo lve one c l a s s and one teacher then, a t 
a per iod when a l l f our c l a s s e s are being taught, there w i l l be 
one teacher f r e e while a t a per i od when only three c l a s s e s are 
being taught there w i l l be one c l a s s and two teachers f r e e . 

I f some l essons invo lve one c l a s s with two teachers then, 
at a per iod when a l l f our c l a s s e s are being taught and one such 
l e s s o n o c c u r s , there w i l l be no teacher f r e e . - ' ' 

I f some l essons invo lve two c l a s s e s with one teacher then, 
at a per i od when a l l f our c l a s s e s are being taught and one such 
l e s son o c c u r s , there w i l l be two teachers f r e e , unless one o f 
the other c l a s s e s uses two t e a c h e r s . 

The number of teachers f r e e at per iod p t h e r e f o r e depends 
on i ) the t o t a l number of teachers l e s s the t o t a l number o f 

c l a s s e s ; 
i i ) the number of c l a s s e s which are f r e e at per iod p; 

i i i ) the number o f teachers invo lved with each c l a s s in the 
l e s s o n s which occur a t per iod p . 

This means that the t o t a l number of teachers who may .be 
f r e e at a g iven per iod i s not known u n t i l any c l a s s e s which are 
to have free" per i ods have been given them and the l e s sons a t 
that per iod have been a s s i g n e d . 

An exact ly s imi lar argument app l i e s to the r e l a t i o n s h i p 
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between c l a s s f r e e per iods and room f r e e per iods thus in our 
genera l i sed model we cannot , at a stage when only some of the 
l e s sons at a given per iod have been ass igned , c a l c u l a t e the exact 
number of un i t s which can s t i l l be a l l o c a t e d f r e e per iods at 
that p e r i o d . A p p l i c a t i o n of Rule B10 i s t h e r e f o r e d i f f i c u l t . 
The method used by the Main Program to r e s o l v e t h i s d i f f i c u l t y 
i s descr ibed in 10.7«3* 

7 . 5 Genera l i sa t i on of Rules B7, B8 and B9 
Rules B7, B8 and B9 only deal with the item band f o r an item 

v/ith one l i f e . C lear ly there should be g e n e r a l i s a t i o n s of 
these r u l e s f o r deal ing with an item v/ith severa l l i v e s . To 
i l l u s t r a t e the compl i ca t i ons v/hich a r i s e in such an item band 
cons ider f i g u r e 7 - 1 2 . This f i g u r e shows one day from the item 
band f o r an item with 3 l i v e s (not from the example problem) 
b e f o r e any assignments have been made. The c a n c e l l a t i o n s 
( i n d i c a t e d by z e r o e s ) are necessary due to the p o s s i b l e p o s i t i o n s 
o f ' l e s s o n s in requirements 6 , 7 and 9 - • Any ru le v/hich i n d i c -
a tes that these c a n c e l l a t i o n s should be made must take into1 

account 
i ) the number of un i t s s t i l l unemployed at each p e r i o d : . 

i i ) the l e s sons v/hich must be ass igned ; 
i i i ) the number o f un i t s o f the item concerned invo lved in each 

requirement; 
i v ) the p o s s i b l e p o s i t i o n s f o r the double and t r i p l e per iod 

l e s s o n s . 
Clear ly such a ru le would be very d i f f i c u l t to write down 

and probably even more d i f f i c u l t to implement e f f i c i e n t l y on a 
computer. 

7 -6 The p e r f e c t se t o f r u l e s 
No doubt add i t i ona l ' r u l e s could be devised to de te c t s i t u -

a t i o n s not dea l t with by Rules B1 t o B10 but the Author suggests 
that the product ion o f a p e r f e c t s e t . o f ru l e s i s an imposs ib le 
task . I f such a s e t o f r u l e s e x i s t s then i t would have the. 
power to de te c t at once whether or not s o l u t i o n o f a g iven 
problem was p o s s i b l e f o r i f no s o l u t i o n e x i s t s then, ..by .the. 
d e f i n i t i o n of c a n c e l l a t i o n ( . 6 .4 ) , every element in array PR 
would be c a n c e l l e d . T ime- tab le cons t ruc t i on would then be 
cons iderably s i m p l i f i e d f o r the algorithm de f ined by the f l ow 
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7.6 
Figure 7*12 

IRN ' 1 2 3 4 5 6 7 8 9 

M 1 1 1 1 1 2 2 2 3 

UU 2 1 2 2 3 1 1 1 

1 PR -1 -1 -1 -1 -1 . -1 -1 -1 -1 

2 0 -1 -1 0 0 -3 -3 -3 -2 

3 -1 -1 -1 -1 -1 -2 -2 -2 -4 

4 -1 -1 -1 -1 -1 -1 -1 -1 -1 

5 0 -1 -1 0 0 -3 -3 -3 -2 

6 -1 -1 -1 -1 -1 -2 -2 -2 -4 

1 DMARK 1 1 1 0 0 1 1 0 1 

diagram in f i g u r e 7 .13 would e i t h e r prove that no s o l u t i o n e x i s t s 
or would produce a s o l u t i o n in every case . 

Because our system f o r d e t e c t i n g the elements which should 
be cance l l ed i s c e r t a i n l y not p e r f e c t there may, at any s t a g e , 
be elements in array PR which appear to be a v a i l a b l e but which 
in f a c t should be c a n c e l l e d . This imper f e c t i on of the c a n c e l -
l a t i o n techniques means that any program using them must, have 
some method of removing assignments which have l ed to an imposs-
i b l e s i t u a t i o n . The Main Program descr ibed in Chapter 10 has 
such f a c i l i t i e s . 
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Figure 7.13 

a 

ENTER 
3 

Set up the arrays 
and read the data 

documents 

Make c a n c e l l a t i o n s and 
assignments to s a t i s f y 

the f r e e per iod r e q u e s t s , 
the forb idden assignments 

and the pre-assignments 

Apply the ' p e r f e c t r u l e s ' 
to cance l a l l elements o f 
array PR which should be 

c a n c e l l e d 

S e l e c t any a v a i l a b l e 
element in array PR 

and ass ign i t 

Apply the ' p e r f e c t r u l e s ' 
to cance l a l l elements o f 
array PR which should be 

c a n c e l l e d 

Yes 
Output ' t h e 
problem has 

no s o l u t i o n ' 

= r z 
EXIT 

Output the 
x. Yes ^ s o l u t i o n s o l u t i o n 

^ EXIT J 
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8.0 

CHAPTER EIGHT 

CANCELLATION RULES FOR ARRAY IEH 

8 . 0 I n t r o d u c t i o n 

As ye t ano the r p r e l i m i n a r y t o d i s c u s s i o n o f the main pro-

gram we now examine the p rob lems a s s o c i a t e d w i t h keep i ng t he 

a r r a y IFM c o r r e c t l y u p d a t e d . 

S-1 The o p e r a t i o n cance l I F M ( p , i ) 

A l t hough the p rocess i n v o l v e d i s t r i v i a l i t i s conven i en t 

t o d e f i n e an o p e r a t i o n wh ich l e a ve s an e lement i n a r r ay IFM i n 

the c a n c e l l e d s t a t e . Y/e d e f i n e t h i s o p e r a t i o n , c ance l I F M ( p , i ) , 

by the f o l l o w i n g ALGOL p r o c e d u r e : -

procedure c a n ce l I F M ( p , i ) ; v a l u e p , i ; i n t e g e r p , i ; 

beg i n comment the a r r a y i s assumed t o have been d e f i n ed i n an 

e n c l o s i n g b l o c k ; 

I F M [ p , i ] := 0 

end 

8 . 2 VJhen t o u s e c a n c e l I F H ( p , i ) 

By d e f i n i t i o n , an e lement I F M [ p , i ] s hou l d be i n t he can-

c e l l e d s t a t e i f i t i s no l o n g e r p o s s i b l e f o r any u n i t from i tem 

i t o be a l l o c a t e d a f r e e p e r i o d a t p e r i o d p as p a r t o f a comple te 

t i m e - t a b l e . I n p r a c t i c e , a s w i t h d e c i d i n g whether an e lement 

i n PR shou l d be a v a i l a b l e or c a n c e l l e d , i t i s n o t a lways easy 

t o see whether or no t the a l l o c a t i o n o f a f r e e p e r i o d t o a g i v e n 

i tem a t a g i v en p e r i o d can i n f a c t form p a r t o f a complete s o l -

u t i o n t h u s , as w i t h a r r ay PR, we must assume t h a t a p a r t i c u l a r 

e lement i s a v a i l a b l e u n l e s s i t can be seen t h a t i t s hou l d be 

c a n c e l l e d . We t h e r e f o r e r e q u i r e a s e t o f r u l e s which d i c t a t e 

when e lements i n IFM shou l d be c a n c e l l e d . L i k e Ru les B1 t o B10 

these a r i s e from the c o n s t r a i n t s v/hich a re b u i l t i n t o the mode l . 

8 . 2 . 1 Ru le C1 

I f TEA[i] becomes ze ro t hen cance l I F M ( p , i ) must be per-

formed f o r a l l p o s s i b l e v a l u e s o f p . 

I n t h i s and i n t he l a t e r r u l e s we i g no re the p o s s i b i l i t y 

t h a t some o f the e lements t o be c a n c e l l e d may a l r e ady be i n t he 
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c a n c c l l e d s t a t e s i n c e c o m p u t a t i o n a l l y i t i s s imp l e r to r e c a n c e l 

an c lement t han t o de t e rm ine i t s s t a t e and then cance l i t on ly 

i f i t i s i n the a v a i l a b l e s t a t e . 

S i n ce many o f the i t ems can have no f r e e p e r i o d s TEA[i] w i l l 

be zero f o r some v a l u e s o f i when i t i s f i r s t c a l c u l a t e d and a l l 

e lements i n the c o r r e spond i n g columns o f a r r ay IFM w i l l be can-

c e l l e d . 

8 . 2 . 2 Ru l e C2 

Let X ^ = P I [ p , i ] where t he summation i s t aken over per-

i o d s on day d i . e . X. . i s t he t o t a l number o f u n i t s o f i tem i 
J i d 

which remain unemployed on day d . 

Le t Y. , = Z 3 u u [ i , r ] * M[r] where t he summation i s t aken 
i d r 

over r equ i r emen t s i n which l e s s o n s , no t ye t a s s i g n e d , i n v o l v i n g 

i t em i , must be a s s i g ned on day d . I f n l e s sons must be as-

s i gned i n a g i v e n r equ i r emen t t h e n t h a t requ i remen t i s i n c l u d e d 

i n the summation n t i m e s . I f a l e s son must be a s s i g ned i n a 

t i e d s e t o f r e qu i r emen t s t hen t he requ i remen t o f t he se t v/hich 

i s i n c l u d e d i n the summation i s t h a t which has a t l e a s t one 

a v a i l a b l e e lement on day d and uses the s m a l l e s t number o f u n i t s 

o f i tem i . 

Where one or more members o f the t i e d s e t l i e o u t s i d e t h e 

i tem band f o r i t em i t h i s may mean t h a t no member o f the s e t i s 

i n c l u d e d i n the summat ion . • , 

Then i f X ^ = c a n c e l I F M ( p , i ) must be performed f o r 

a l l v a l u e s o f p f o r which DAY[p] = d . 

Example 

F i g u r e 8 . 1 shows day 1 o f t he i tem band f o r i t em 5 i n t h e 

example problem and p a r t s o f o t h e r r e l e v a n t a r r a y s . 

I f c ance l PR (3 , 14 ) were per formed then i tem 5 would be 

f o r ced t o have a f r e e p e r i o d a t p e r i o d 3» For Ru le C2 we t hen 

have = 2 and Y ^ = 2 t hus c a n c e l I FM(4 ,5 ) and cance l I FM(5 , 5 ) 

must be pe r fo rmed . 

The r e s u l t a n t changes i n t he a r r a y s , i n c l u d i n g c a n c e l l a t i o n s 

caused by Ru l e B8, a re shown i n f i g u r e 8 . 2 . 

Th is r u l e a p p l i e s t o an i t em w i t h any number o f l i v e s t h u s 

i t i s u s e f u l even though i t ' o v e r l a p s w i t h Ru l e C3 i f the i t em 

has on l y one l i f e . 
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Figure 8.1 

IRN 1 4 5 14 19 20 I IN 5 
ERN 10 40 45 130 170 175 EIN 50 
M 1 2 1 1 2 1 TYPE 2 
N 5 1 ' 2 g; 2 1 NOLIVES 1 

IPN 1 PR 16 16 16 16 16 16 PI 0 IFM 0 
2 16 16 16 16 16 16 0 0 

3 17 16 16 - 1 16 17 1 1 
4 - I 16 16 - 1 16 -1 1 1 

5 - 1 16 16 - 1 16 - 1 1 1 

DAY 1 DCOUNT 2 0 0 3 0 2 

DAY 1 DMARK 1 0 0 1 0 0 

Figure 8.2 

IPN 1 PR 16 16 16 16 16 16 PI 0 IFM 0 
2 16 16 16 16 16 16 0 0 

3 17 16 16 18 16 17 1 0 
4 - 1 16 16 - 1 16 18 1 0 

5 - 1 16 16 - 1 16 18 1 0 

DAY 1 DCOUNT 2 0 0 2 0 0 

DAY 1 DMARK 1 0 0 1 0 0 

Note: underl ined elements denote assignments. 

8 . 2 . 3 Rule C3 
On day d o f the item band f o r an item, item i , v/ith one l i f e 

l e t R, R , P , x , y and z be de f ined as in Rule B8. Then 7 n7 n n7 ^n n 
i f z n = 0 "the operat i on cance l IFM(p , i ) must be performed f o r a l l 
per iods p v/hich are members of P . 

Example 
Figure 8 . 3 shows the item band f o r item 8 in the example 

problem v/ith parts o f other r e l e v a n t arrays . 
I f cancel. 'PR(5,15) i s performed then R contains requirements 

2, 9 , 15 &nd 24 and R^ conta ins requirements 2, 9 and 15* The 
corresponding s e t P^ conta ins per i ods 2, 3 and 4 . Thus = 
y^ = 3 and = 0 v/hich means t h a t , in add i t i on to c a n c e l l a t i o n s 
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Figure 8.3 
IRN 2 9 15 24 29 UN 8 
ERN 20 80 140 210 240 EIN 80 
M 1 1 1 1 1 TYPE 2 
N 5 5 5 5 3 NOLIVES 1 

IPN . 1 PR 6 7 8 - 1 - 1 PI 1 IFM -.1 
2 - 1 - 1 - 1 - 1 - 1 1 1 

3 - 1 - 1 - 1 -1 -1 1 
4 -1 - 1 - 1 . - 1 1 1 
5 9 10 - 1 -1 -1 1 1 

DAY 1 DCOUNT 3 3 3 5 5 

DAY 1 DM ARK 1 1 1 1 0 

Figure 8 .4 

IPN 1 PR 6 7 8 -1 - 1 PI 1 IFM 1 
2 - 1 - 1 -1 11 11 1 0 

3 - 1 - 1 - 1 11 11 1 0 
4 - 1 - 1 - 1 11 11 1 0 

5 9 10 11 - 1 - 1 1 1 

DAY 1 DCOUNT 3 3 3 2 2 

DAY 1 DMARK 1 1 1 1 0 

in PR caused by Rule B8 , the operat ions cance l 1 IFM(2 ,8 ) , cance l 
IFM(3,8) and cance l IFM(3,8) must be performed The r e s u l t a n t 
s t a t e cf the arrays i s shown in f i g u r e 8 . 4 . 

There should of course be a g e n e r a l i s a t i o n of t h i s r u l e t o 
deal with an item with s e v e r a l l i v e s but the Author has been 
unable to devise a r u l e which takes i n t o account a l l the r e l e v -
ant f a c t o r s . Probably , as with a d d i t i o n a l r u l e s f o r c a n c e l l a t -
ions in PR, a general r u l e would be very complicated and e i t h e r 
imposs ib le or very i n e f f i c i e n t t o implement. 

8 . 2 . 4 Rule C4 
I f at per iod p no f u r t h e r unit may be a l l o c a t e d a f r e e 

per iod then cance l IFM(p , i ) must be performed f o r a l l p o s s i b l e 
values o f i . 
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8.2 
As with Rule B10 ( 7 - 4 . 4 ) the statement of th is ru le assumes 

that i t i s p o s s i b l e to c a l c u l a t e the number of uni ts which may 
be given f r e e per iods at any per iod p . The problems a s s o c i a t e d 
with c a l c u l a t i n g t h i s quant i ty are discussed in 7 . 4 . 4 and the 
methods used by the Main Program are discussed in 10.7«3« 
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5.0 

CHAPTER NINE 

IMPOSSIBLE, FORCING AND TIGHT SITUATIONS 

9 . 0 In t roduc t i on 
In the t ime - tab l e c o n s t r u c t i o n process app l i ed by the Main 

Program methods o f answering the f o l l o w i n g quest ions are needed : -
i ) Has a s tage been reached from which i t i s imposs ib le t o 

proceed to a complete s o l u t i o n ? 
i i ) Are there any f u r t h e r assignments which must be made as a 

r e s u l t o f those which have already been made i f a complete 
s o l u t i o n i s to be obta ined? 

i i i ) What areas of the t i m e - t a b l e have the most l i m i t e d number 
of c h o i c e s o f assignment? 

The purpose of t h i s chapter i s to provide a se t of r u l e s 
which enable these ques t i ons to be answered. 

9*1 D e f i n i t i o n s 

9 . 1 . 1 An imposs ib le s i t u a t i o n 
We d e f i n e an imposs ib l e s i t u a t i o n to be a s t a t e i n a 
p a r t i a l l y c ons t ruc ted t i m e - t a b l e from which i t i s imposs-
i b l e to proceed t o a complete s o l u t i o n without v i o l a t i o n 

- of the c o n s t r a i n t s inherent in the model. 

9 . 1 . 2 A f o r c i n g s i t u a t i o n 
We d e f i n e a f o r c i n g s i t u a t i o n to be a s t a t e in a p a r t -
i a l l y construc ted t i m e - t a b l e which uniquely determines 
at l e a s t one f u r t h e r assignment in the c o n s t r u c t i o n 
p r o c e s s . 

9«1»3 A t i g h t s i t u a t i o n -

We d e f i n e a t i g h t s i t u a t i o n to be a s t a t e in a p a r t i a l l y 
constructed t i m e - t a b l e which determines that a l l but 
one of a given s e t o f assignments must be made. 

9 . 2 Rules f o r l o c a t i n g s p e c i a l s i t u a t i o n s 

9 . 2 . 1 Rule D1 
I f I F M [ p , i ] = 0 then 

i ) i f P I [ p , i 3 > T P A [ p , i ] there i s an imposs ib le s i t u a t i o n ; 

101 



i i ) i f PI[p, i !J = T P A [ p , i ] there i s a f o r c i n g s i t u a t i o n ; 
i i i ) i f P I [ p , i ] = T P A [ p , i ] - 1 there i s a t i g h t s i t u a t i o n . 

Example 
In f i g u r e 9 -1 an imposs ib le s i t u a t i o n e x i s t s at per iod 2 s i n c e 
there i s no way of employing item 1; a f o r c i n g s i t u a t i o n e x i s t s 
at per i od 3 s i n c e item 1 must be employed on a l esson from r e -
quirement 3 snd a t i g h t s i t u a t i o n e x i s t s at per iod 4 s ince item 
1 must be employed on a l e s s o n from e i t h e r requirement 1 or 
requirement 2. 

Figure 9 .1 

IRN 1 2 3 4 5 6 7 8 
ERN 10 20 30 40 50 60 70 

M 1 1 1 2 1 2 1 1 
N 5 5 5 2 1 1 1 1 

TIE 1 2 3 5 4 6 8 7 
SET 1 2 3 31 31 6 32 32 IIN 1 1 1 

1 PR 6 6 6 6 6 6 6 6 IFM 0 PI 0 TPA 0 
2 7 8 9 6 6 6 12 10 0 1 0 

3 7 4 - 1 6 6 6 12 13 0 1 1 
4 - 1 - 1 13 6 6 6 11 14 0 1 2 
5 - 1 - 1 13 6 6 6 - 1 - 1 0 1 3 

9 . 2 . 2 Rule D2 
I f IFM[p,i3 = 1 then 

i ) i f P I [ p , i ] > T P A [ p , i ] there i s a f o r c i n g s i t u a t i o n ; 
i i ) i f P I [ p , i 3 = TPA[p,iJ there i s a ; t i g h t s i t u a t i o n . 

Example 
In f i g u r e 9*2 a f o r c i n g s i t u a t i o n e x i s t s a t per iod 4 s i n c e the 
uni t o f item 5 must be ass igned a f r e e per iod and a t i g h t siturr 
a t i o n e x i s t s at per i od 2 s i n c e e i t h e r the unit of item 5 may be 
ass igned a f r e e per i od or i t may be employed on a l e s s o n from 
requirement 1• 
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7.4 

Figure 7.11 

IRN 1 4 5 14 19 20 

ERN 10 40 45 130 170 175 
M 1 2 1 1 2 1 
N 5 2 • 1 4 2 1 

TIE 1 5 4 14 20 19 
SET 1 31 31 14 35 35 UN 5 5 5 

1 PR 6 6 6 6 6 6 IFM 0 PI 0 TPA 0 

2 -1 6 6 15 10 17 1 1 1 

3 - 1 6 6 15 10 -1 1 1 2 

4 8 6 6 15 15 12 1 1 0 

5 15 6 6 1 1 15 15 0 0 0 

Figure 9*3 

IRN 1 2 3 4 5 6 7 8 
ERN 10 20 30 40 45 50 60 70 

M 1 1 1 2 1 2 1 1 
N 5 5 5 1 2 1 1 1 

1 PR 4 4 4 4 4 4 4 4 
2 4 4 4 4 4 4 4 4 

3 5 -1 6 4 4 4 4 4 
4 5 -1 6 4 4 4 4 4 

5 - 1 . 5 5 4 4 4 4 4 

DCOUNT 1 2 0 0 0 0 0 0 
DMARK 1 1 1 0 0 0 0 0 

9 . 2 . 3 Rule D3 
Let x , the botal number of l e ssons which must be ass igned 

on day d in reoAuirement r , be > 0 then 
i ) i f DC0UNT[d,r3 < x there i s an impossib le s i t u a t i o n ; 

i i ) i f DC0UNT[d,r] = x there i s a f o r c i n g s i t u a t i o n ; 
i i i ) i f DCOUNT[d,r] = x + 1 there i s a t i g h t s i t u a t i o n . 

Example 
In f i g u r e 9«3 imposs ib le s i t u a t i o n e x i s t s in requirement 3 
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9-2 
s ince there i s no a v a i l a b l e p e r i o d f o r the l e sson which i s e s s -
e n t i a l ; a f o r c i n g s i t u a t i o n e x i s t s in requirement 1 s ince the 
l e s son which i s e s s e n t i a l must be assigned at per iod 5 and a 
t i g h t s i t u a t i o n e x i s t s in requirement 2 s ince the l e sson which 
i s e s s e n t i a l must be ass igned e i t h e r at per iod 3 at per iod 4. 

9 . 2 . 4 Rule P4 
I f DCOUNT[d,r3 < 1 f o r a l l d and N[r3 = DCOUNT[d,r3-1, 

v/here the summation i s taken over a l l d, there i s a t i g h t 
s i t u a t i o n . 

Example 
In f i g u r e 9 . 4 N[163 = 3 and H DCOUNT[d,163 = 4 thus 

assignments in three of the f o u r s a v a i l a b l e elements in column 
16 of array PR must be made. 

I f NR < r < NTS then Rule D4 a p p l i e s t o a t i e d s e t o f r e -
quirements ins tead of to a s i n g l e requirement. 

9 - 2 . 5 Rule D5 
Let z be de f ined as in Rule B8 ( 7 . 4 . 2 ) then i f z < 0 n n 

there i s an imposs ib le s i t u a t i o n . 

Example 
I f in f i g u r e 9 -6 l e s s o n s i n columns 4 and 20 become e s s e n t -

i a l due to c a n c e l l a t i o n s on other days of the item band then, 
when Rule B8 has been a p p l i e d , the arrays are as shown in f i g u r e 
9 .7 and there i s an imposs ib le s i t u a t i o n . 
9 . 2 . 6 Rule P6 

Let R, D and z be d e f i n e d as in Rule B9 ( 7 . 4 . 3 ) then: 
i ) i f z < NCr^ + N[r23 there i s an imposs ib le s i t u a t i o n ; 

i i ) i f z = N[r^3 + NCr^D there i s a t i g h t s i t u a t i o n on each day 
which i s a member o f D; 

i i i ) i f z = N[r^3 + N[>23 there i s a f o r c i n g s i t u a t i o n on any 
day d f o r which e i t h e r DC0UNT[d,r J = 1 and DCOUNT[d,r23= 0 

or DCOUNT[d,r13=0 and DCOUNT[d,r23=1. 

Example 
i f in f i g u r e 9*5 the o p e r a t i o n s cancel PR( 15 ,16) and cance l 

PR(15,18) are performed then taking R to be the two requirements 
shown, which l i e in the item band f o r item 6 in the example 
problem, then D conta ins days 2 and 3 and v/e get x = 1, y = 7 
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10.3 
Figure 9*4 Figure 9*9 

IRN 16 IRN 16 28 
ERN 150 ERN 150 235 

M 1 M 1 1 
N 3 N 3 3 

TIE 16 TIE 16 27 
SET 16 SET 16 37 

1 6 IPN 1 PR - 1 13 
2 - 1 2 - 1 13 
3 5 3 - 1 - 1 
4 3 4 15 15 
5 4 5 - 1 16 

6 12 6 7 7 
7 15 7 9 8 
8 13 8 - 1 - 1 
9 14 9 4 11 

10 14 10 4 10 

11 11 11 16 19 
12 11 12 18 18 
13 - 1 13 20 21 
14 17 14 0 0 
15 19 15 - 1 - 1 

16 - 1 16 24 24 
17 8 17 24 24 
18 8 18 25 24 
19 13 19 - 1 24 
20 14 • 20 0 0 

21 22 21 - 1 - 1 
22 23 22 - 1 - T 
23 23 23 - 1 
24 15 24 - 1 
25 - 1 25 —1 - 1 
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Figure 9*8 

IRN 1 4 3 14 19 20 
ERN 10 40 45 130 170 175 

M 1 2 1 1 2 1 
N 4 2 2 5 1 1 

TIE 1 5 4 14 20 19 

4 
SET 1 31 31 14 35 35 

IPN 1 PR 18 13 20 21 16 21 
2 18 18 18 16 16 16 

3 18 18 - 1 - 1 16 - 1 
4 18 - 1 - 1 - 1 - 1 - 1 
5 18 - 2 - 1 - 1 - 2 - 1 

DAY 1 DCOUNT 0 1 3 3 1 3 

DAY 1 DMARK 0 0 0 1 0 0 

.gure 9 . 7 

IPN 1 PR 18 18 20 21 16 21 
2 18 18 18 16 16 16 
3 18 18 24 - 1 16 - 1 
4 18 - 1 14 - 1 24 - 1 
5 18 - 2 24 - 1 24 - 1 

DAY 1 DCOUNT 0 1 0 3 0 3 

DAY 1 DMARK 0 1 0 1 0 1 

Note: underlined elements denote assignments. 

and z = 6 . Thus s ince N[16] + N[28] = 6 there i s a t i g h t 
s i t u a t i o n on day 2 and an assignment must be made in PR[8 ,16] 
or in PR[8 ,28] . Also there i s a f o r c i n g s i tuat i on on day 4 
s ince an assignment must be made in PR[19 ,16] . 

9 . 2 . 7 Rule D7 
I f the number of un i ts which may be given f r e e per iods at 

per iod p becomes < 0 then there i s an impossible s i t u a t i o n . 

The app l i ca t i on of t h i s ru l e s u f f e r s from the same d i f f i c u l t -
i e s as Rules B10 ( 7 . 4 . 4 ) and C4 ( 8 . 2 . 4 ) . 
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Figure 9*8 

Classes P o s s i b l e teachers 

C1 T1 T2 T3 
C2 T1 T4 T5 
C3 T4 T5 
C4 T4 T5 

Example 
Suppose that at a g iven p e r i o d , (not in the example problem) , 

a l l but 4 c l a s s e s and 5 t eachers have been employed and that the 
p o s s i b l e teachers f o r each c l a s s are as shown in f i g u r e 9 . 8 
then i f C1 i s taught by T1, teachers T2 and T3 must have a f r e e 
per iod thus an imposs ib le s i t u a t i o n would a r i s e . In t h i s 
example C2 must be taught by T1 i f a s o l u t i o n i s to be ob ta ined . 
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13-3 

CHAPTER TEN 

THE MAIN PROGRAM 

10.0 In t roduc t i on 
We are now in a p o s i t i o n t o d i scuss the Main Program. 

To some extent i t seeks to i m i t a t e the process c a r r i e d out by a 
manual t i m e - t a b l e r . 

The manual t i m e - t a b l e r s t a r t s o f f with a l a r g e blank t ime-
t a b l e and s e t s about ass ign ing l e s sons one a f t e r another u n t i l 
he has produced a s o l u t i o n or u n t i l he reaches a stage where he 
can see that i t i s not p o s s i b l e to produce a s o l u t i o n . In the 
l a t t e r case he changes some o f the assignments already made or 
changes the problem by a l t e r i n g the requirements or the c o n s t r -
a i n t s t o enable him to cont inue towards a s o l u t i o n . The method 
which the. Main Program a p p l i e s i s s imi lar to t h i s except that we 
never a l l ow the computer to a l t e r the problem. We make a sequ-
ence of assignments and i f a s tage i s reached where i t can be 
seen that i t i s not p o s s i b l e t o produce a s o l u t i o n we remove some 
of the assignments a lready made and make d i f f e r e n t ones . 

There are two types o f assignment. A f o r c e d assignment 
i s one which i s d i c t a t e d by an entry on the Pre-assignment L i s t 
or by the d e t e c t i o n o f a f o r c i n g s i t u a t i o n (Chapter 9)<» Other 
assignments are chosen ass ignments . 

In genera l , when a chosen assignment i s made i t w i l l cause 
some f o r c e d assignments which in turn may cause other f o r c e d 
assignments hence producing a chain r e a c t i o n . We c a l l the 
chosen assignment and the s e t o f f o r c e d assignments caused by i t 
a cha in . At the s t a r t o f the process the pre-assignments and 
the assignments f o r c e d by them are c a l l e d the i n i t i a l chain . 

A chain may be terminated in one of two ways : -
i ) by f a i l u r e t o d e t e c t any f u r t h e r f o r c i n g s i t u a t i o n s ; 

i i ) by the d e t e c t i o n of an imposs ib le s i t u a t i o n (Chapter 9 )« 
In case i ) we advance the s o l u t i o n by making a fur ther 

chosen assignment. In case i i ) wo r e t r e a t by removing the 
current chain o f assignments and then re-advance by extending 
the previous chain or making a new chosen assignment. 
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10.1 

Figure 10.1 

1 

forced assignment 

2 

0 chosen assignment 

3 
impossible situation 

4 

5 

6 

7 

10.1 piagramma tic repre s entation of the problem 

If \-lfe UG.J a \"ihi te circle to denote a chosen assignment, a 

black circle to denote a forced assignment and a black triangle 

to denote an impossible situation then the algorithm is repres­

ented diagrammatically by figures 10.1, 10.2 and 10.3. 

In figure 10.1 the initial chain ib terminated by the loc~ 

ating of an impossible situation. This means that the data is 

such that no solution exists. To produce a solution from such 

a set of data either the data must be changed or some of the 

constraints must be relaxed. 

In figure ·1 0 o 2 a complete solution is produced after 18 

assignments but several retreats have been made. The initial 

chain (assignments 1-4) and chain 1 (assignments 5-6) are comp­

leted without trouble but the first retreat occurs after assign-

ment 9 in cha.in 2. Assignments 7, 8 and 9 are therefore 

removed and a new chose.n assignment made at cs.signment 7. Chain 

2 can then be completed and chain 3 started but a retreat occurs 

after assignment 12. This time therA io only one alternative 

to the original assignment 11 thus the new assignment 11 is a 

forced assignment and extends chain 2. This allows chain 2 to 
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Figure 10 ~2 
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10 .. 1 
Figure 10 .. 3 

1 

2 

3 

4 

5 

6 

7 

be completed at assignment 12 and chain 3 to be completed at 

assignment 15 but chain 4 runs into trouble at assignment 17 .. 

After a retreat to assignment 16 which results in an extension 

of chain 3 assignment 17 gives an impossible situation again .. 

The whole of the extended chain 3 is therefore removed and as-

signment 13 made over againc This further extends chain 2 but 

allows the problem to be completede 

In figure 10~3 a similar advance A-nd r·etreat situation is 

rec\1rded but this time the process does not produce a complete 

solution. This is because the retreats h a ve caused extensions 

to the initial chain and an imp ossible situation has been reach­

ed. As in the first example this shows that no solution 

exists. 

If solutions exist for a given set of data then this pro-
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10.1 

cess must always lead to one of them provid ing an unl imited num-
ber o f r e t r e a t s i s a l l owed . S imi lar ly i f no s o l u t i o n e x i s t s 
then the process must eventua l ly lead to a f a i l u r e in the i n i t i a l 
cha in . 

The process w i l l only be e f f e c t i v e i f the number of r e t r e a t s 
which o c c u r , e i t h e r in producing a s o l u t i o n or in showing that 
no s o l u t i o n e x i s t s , i s small compared v/ith the t o t a l number o f 
assignments made. 

10 .2 Chosen assignment s t r a t e g y 
In theory , we may at the end of any cha in , s e l e c t as the 

f i r s t assignment of the next chain any element P R [ p , r ] v/hich con -
ta ins a negat ive odd number s i n c e t h i s i n d i c a t e s that a l e s s o n 
from requirement r may s t i l l be ass igned to s t a r t a t per iod p . 
In p r a c t i c e , such a procedure would not be wise because, as we 
have d iscussed in 7*6, i t i s not p o s s i b l e to be a b s o l u t e l y c e r -
t a i n that a l l elements which appear to be a v a i l a b l e are in f a c t 
a v a i l a b l e . I f an element i s chosen f o r assignment when i t 
should have been c a n c e l l e d during an e a r l i e r chain then sooner 
or l a t e r an imposs ib le s i t u a t i o n must be reached. I f , betv/een 
making the i n c o r r e c t assignment and reaching t h i s s i t u a t i o n s e v -
e r a l complete chains have been ass igned then i t w i l l , in genera l , 
be d i f f i c u l t t o determine which of the assignments has caused 
the t rouble and c o r r e c t i o n o f the f a u l t w i l l only be achieved 
when the re t reat -advance technique has removed a l l the i n t e r v e n -
ing chains and caused the i n c o r r e c t d e c i s i o n t o be r e v i s e d . Our 
aim i s , t h e r e f o r e , t o s e l e c t assignments such that i f one of them 
makes completion o f a s o l u t i o n imposs ib le then t h i s f a c t can be 
de tec ted quick ly and i f p o s s i b l e b e f o r e any other chosen assignment 
i s made. Thus, the chosen assignment s t ra tegy i s to advance 
in that area of the t i m e - t a b l e v/hich i s t i g h t e s t i . e . where an 
imposs ib le s i t u a t i o n i s most l i k e l y to a r i s e . 

10 .3 The p r i o r i t y parameter 
The main weapon in l o c a t i n g the t i g h t e s t area in the t ime-

t a b l e at a g iven stage in the problem i s the d e t e c t i o n o f t i g h t 
s i t u a t i o n s by Rules D1 to D6 ( 9 . 2 ) but an a d d i t i o n a l a id i s 
required e i t h e r when no such t i g h t s i t u a t i o n has been detec ted 
or when more than one has been detec ted and i t i s necessary to 
dec ide which of them i s t i g h t e s t . This a id i s a p r i o r i t y 
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10.11 

parameter a s s o c i a t e d v/ith each requirement . The l e s s o n s in 
a requirement v/ith a l a r g e parameter are assumed to be more 
d i f f i c u l t to ass ign than those o f a requirement v/ith a smal ler 
parameter. 

The p r i o r i t y parameter used in the Main Program i s : -
P [ r ] = ( ( ( ( t , l + t > 1 0 0 + t > 1 0 0 + . t J ) ' 1 0 0 + t , ) * 1 0 0 + t , -

I 2 5 M- 3 o 

where the terms t^ , i = 1 (1 )6 are de f ined in the f o l l o w i n g s e c -
t i o n s • 

10 .3 -1 The teacher balance term t^ 
Let n^ and n 2 be the t o t a l number of un i t s of type 1 and 

type 2 r e s p e c t i v e l y i n v o l v e d i n the l e s sons of requirement r 
then t^ i s de f ined b y : -

t 1 = n 2 - n 1 i f n1 < n 2 

= 0 i f x^ > n 2 . 

1 0 . 3 - 2 The room balance term t^ 
Let n„ and n-. be the t o t a l number of un i t s of type 1 and 

1 5 
type 3 r e s p e c t i v e l y invo lved i n the l e s s o n s of requirement r 
then t 2 i s de f ined b y : -

t - a n , - n„ i f n„ < n^ 
2 3 1 1 5 

t 2 = 0 i f n 1 > n y 

The i n c l u s i o n of the terms t^ and t 2 as the most s i g n i f i c a n t 
terms in the p r i o r i t y parameter r e f l e c t s the d i f f i c u l t i e s d i s -
cussed in 7 - 4 . 4 in determining the number o f uni ts which may be 
ass igned f r e e p e r i o d s a t a g iven p e r i o d . I f a requirement 
i n v o l v e s more teachers than c l a s s e s then assignment of a l e s s o n 
in i t at per iod p w i l l reduce the t o t a l number of teachers who 
may have f r e e per i ods a t that p e r i o d . I t i s important ( see 

1 0 . 7 - 3 ) that a l l such l e s s o n s should be assigned as ear ly as 
p o s s i b l e in the c o n s t r u c t i o n p r o c e s s . This i s achieved s i n c e 
f o r such a requirement t^ i s non-zero while f o r requirements 
i n v o l v i n g the same number o f c l a s s e s as teachers or invo lv ing 
fewer teachers than c l a s s e s i t i s z e r o . A s imi lar argument 
a p p l i e s to the balance between c l a s s e s and rooms and the term t 0 . 

1 0 . 3 - 3 The 'busy* un i t s term 
V/e say that the u n i t s o f item i are 'busy1 i f 

( R I F [ i ] - RIF[ i - 1 ] f N0LIVES[i] > 3 * NP 7 5 
i . e . i f , allo\\'ing f o r the e f f e c t s o f in teger d i v i s i o n , the average 
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number of requirements in which a unit of the item is involved 

is greater than three-fifths of the number of periods in the week. 

We then define t, to be the total number of 'busy' units 

involved in requirement r . 

This term is included because experience has shown (11.3) that 

teachers and rooms which are involved with a large number of 

different classes during a week cause difficulties in a time-table. 

For example a physical training teacher who may meet 20 to 25 

different classes and only take each for 1 or 2 periods will 

cause more problems than a Mathematics teacher who only meets 6 

or 7 classes but takes each for 4 or 5 periods. The difficult-

ies arise because the assignment of a lesson involving the phys-

ical training teacher will cause a large number of elements at 

the same period in array PR to be cancelled whereas the assign-

ment of a lesson involving the Mathematics teacher causes relat-

ively few cancellations. 

10.3-4 The lesson length term t
;[ 

We define t^ = M[r]. This ensures that long lessons get 

priority over shorter ones. 

10.3.5 The units involved term t.. 
5 

We define t
r
 = IRF[r] - I R F [ r - l ] i.e. the total number of 

units involved in requirement r . This term gives priority to 

setted lessons involving several classes, teachers and rooms 

over those which involve fewer units. 

10.3-6 The tied requirement term t^ 

We define tg = 1 if r / TIE[r] 

tg = 0 if r = TIE[r]. 

This gives priority to a tied requirement over one which is 

untied. 

Figure 10.4 shows the priority parameters for the example 

problem with the order of priority in which this places the re-

quirements. A second order, based on the arrangement count, 

discussed in 13-3 is also shown. There is general agreement 

between the two orders for this problem. 
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Figure 10.12 

IRN ERN t2
 t

3 H
 t

6 
A B 

1 10 00 00 01 04 00 10 8 
2 20 00 00 01 02 00 24 28 

3 30 00 00 01 03 00 20 24 

4 40 00 00 02 06 01 2 6 

5 45 00 00 01 06 01 9 7 

6 50 00 00 02 02 00 7 17 

7 60 00 00 01 03 01 12 22 
8 70 00 00 01 03 01 12 11 
9 80 00 00 01 02 00 24 29 

10 90 00 00 01 03 00 20 20 
11 100 00 00 02 02 00 7 23 

12 110 00 00 01 03 01 12 16 

13 120 00 00 01 03 01 12 18 
14 130 00 00 01 02 00 24 25 

15 140 00 00 01 02 00 24 13 

16 150 01 00 01 04 00 1 2 

17 160 00 00 02 03 01 3 <4 

18 165 00 00 01 03 01 12 5 

19 170 00 00 02 03 01 3 26 
20 175 00 00 01 03 01 12 27 

21 180 00 00 01 03 00 20 12 
22 190 00 00 01 04 00 10 1 

23 200 00 00 01 02 00 24 30 

24 210 00 00 01 02 00 24 14 

25 220 00 00 02 03 01 3 10 
26 225 00 00 01 03 01 12 9 

27 230 00 00 02 03 01 3 19 

28 235 00 00 01 03 01 12 21 
29 240 00 00 01 02 00 24 15 

30 250 00 00 01 03 00 20 3 

A = order based 011 the priority parameter. 

B = order based on the arrangement count (13.3). 
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1 0 . 3 . 7 Comment on t he p r i o r i t y parameter 

The f o rmu l a used f o r t he p r i o r i t y parameter may be more 

complex t han i t need be o r t h e r e may be f a c t o r s , f o r example 

N [ r ] , v/hich s hou l d be i n c l u d e d . Only c a r e f u l l y c o n t r o l l e d ex-

pe r imen t s on a wide range o f prob lems w i t h d i f f e r e n t forms o f 

parameter c ou l d de t e rm ine a ' b e s t ' p a r ame te r . Such exper iments 

have, n o t been c a r r i e d ou t s i n c e the f a u l t s which the program 

e x h i b i t s (see Chap te r s 11 and 12) a re no t l i k e l y t o be g r e a t l y 

a f f e c t e d by f u r t h e r changes i n t h e p r i o r i t y pa rame te r . 

10 . 4 The t i g h t e s t e lement 

Le t A Q ( n ) be the s e t o f a l l a v a i l a b l e e lements P R [ p , r ] i n 

a r r a y PR a t the s t a ge i n t he c o n s t r u c t i o n process when n a s s i g n-

ments have been made. 

Le t A^ ( n ) be a s ub se t o f A ^ ( n ) each member o f which i s i n -

vo l ved i n a t l e a s t one t i g h t s i t u a t i o n as de t ec t ed by Ru l e s D1 

t o D7 bu t which i s n o t a member o f A v ( n ) (see b e l ow ) . 
j 

Le t k ^ i n ) be a s ub se t o f A ^ ( n ) each member o f which be longs 

t o a r equ i r emen t r f o r wh ich P [ r ] > 20 ,000 . 

Le t A_ (n ) be a s ub se t o f A~(n) each member o f which i s i n-
3 u 

vo l ved i n a t l e a s t one t i g h t s i t u a t i o n as de t ec t ed by Ru l es D1 

t o D7 and s a t i s f i e s a t l e a s t one o f t he f o l l o w i n g c o n d i t i o n s 

i ) i s i n v o l v e d i n a t i g h t s i t u a t i o n de t e c t ed by Ru l e D3 w i t h 

x = 1 where a s i m i l a r t i g h t s i t u a t i o n e x i s t s i n a no t he r 

r equ i r emen t i n t he same i t em band and a t the same two p e r i o d s ; 

i i ) i s i n v o l v e d i n a t i g h t s i t u a t i o n de t e c t ed by Ru l e D4; 

i i i ) i s i n v o l v e d i n a t i g h t s i t u a t i o n de t e c t ed by Rule: Do; 

i v ) has P [ r ] > 20 , 000 . 

Le t A^ (n ) be a s ubse t o f A Q ( n ) each member o f which i s i n-

vo l ved i n a t l e a s t one f o r c i n g s i t u a t i o n de t ec t ed by Ru le D1 

D2,. D3 or D6. 

We a re now i n a p o s i t i o n t o s t a t e r u l e s which d e f i n e the 

t i g h t e s t e lement i n a r r a y PR a t any s t a ge i n t he c o n s t r u c t i o n 

p r o c e s s . 

10 . 4 . 1 Ru le E1 

I f A^ ( n ) i s n o t empty t h e n t h e t i g h t e s t e lement i s t aken t o 

be the l a t e s t e lement i n A . ( n ) . 
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10.4.2 Rule E2 

If A^(n) is empty and A^Cn) is not empty then the tightest 

element is taken to be the latest element in A..(n). 
5 

10.4.3 Rule E3 

If A^(n) and A^(n) are empty but A
2
(n) is not empty then 

the tightest is chosen as defined by Rule E5« 

10.4.4 Rule E4 
If A^(n), A^(n) and are empty but A^(n) is not empty 

then the tightest element is taken to be. that member PR[p,r] of 

A^(n) for which P[r] is greatest. In cases where a subset 

of A^(n) all have the same greatest P[r] the latest member of 

this subset is taken. 

10.4.5 Rule K5 

If A^(n) and A^(n) are empty and either A^(n) is not empty 

or A^Cn) and A^(n) are both empty then the tightest element is 

taken to be a member PR[p,r3 of A^Cn) where period p occurs on 

day d and:-

i) if R is the set of requirements for which N[rD > 0 then 

r is that member of R for which P[r] is greatest; in 

cases of equality the member with smallest internal re-

quirement number is chosen, 

ii) If D is the set of days for which DCOUNT[d,r] > 0 then 

d is that member o f D for which DC0UNT[d,r] is smallest; 

in cases of equality the member with smallest internal 

day number is taken, 

iii) If an odd number of chosen assignments have been made in 

the time-table then p is the first available element on 

day d of requirement r . 

and iv) If an even number of chosen assignments have been made 

in the time-table then p is the last available element 

on day d of requirement r . 

10.4.6 Comments 

The form of the above rules ensures that the following 

principles are observed:-

i) If a forcing situation has been found then the next assign-

ment is a forced assignment . In this case Rule E1 applies, 

ii) If no forcing situation has been found then the next assign— 
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Figure 10.11 

IRN 4 6 

ERN 40 50 

selected 
element 

adjusted 
element 

IPN 1 

2 
5 
4 

PR -1 -1 

- 1 - 1 

- 3 - 2 
- 2 6 

PR[1,4] 

PR[2 , 4] 

PR 13,4] 

PR[2,6] 

PR[1 ,4] 

PR[2 , 4 ] 

PR[2 ,4 ] 

PR[1 ,6] 

- 2 - 2 

ment is a chosen assignment where priority is given first to 

special types of tight situation (those in A^(n)), then to 

lessons with high priority parameters (those for which t^, 

t^ or t^ > 0 or t^ > 1) and finally to all other tight 

situations. 

The alternative methods in Rule E5 of selecting the period, 

having determined the requirement and day, ensure that in the 

early stages of the construction process all assignments will not 

be made in the early periods of each day. 

10 .4.7 Adjustment 

If the element selected as the tightest element by one of 

the above rules is PR[p,r] and M [ r ] > 1 then the position of the 

lesson to be assigned has not in general been uniquely determined. 

To make the determination unique an adjustment is carried out by 

applying the operation defined by the following ALGOL segment to 

select the period p1 at which the lesson will commence:-

for u := p step -1 until p - M[r] + 1 do 

if (PR[u,r] 7 2) * 2 ^ PR[u,r] then goto L1; 

L1: p1 := u; 

Example 

Figure 10.5 shows a section of array PR for the example 

problem v/ith a table of selected and adjusted elements. 

10.5 The lists 

As an aid to the implementation of the advance-retreat 

technique with the assignment strategy discussed in 10.2 a set 

of five lists are used. When any assignment is made these 

are used as described in the following sections. 
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10.5-1 The assignment list - List 0 

As each assignment is made the following information is 

recorded, in packed form, on List 0:-

i) the selection code; 

ii) the internal period number; 

and iii) the internal requirement number; 

where the selection codes are:-

0 - pre-assignment 

1 - forced assignment (Rule E1) 

2 - chosen assignment (Rule E2) 

3 - chosen assignment (Rule E4) 

4 - chosen assignment (Rule E5). 

The length of the list is determined by the number of as-

signments required to complete the time-table i.e. 2pN[r] where 

the summation is taken over all requirements. 

One of the main uses of this list is the location of those 

assignments which must be removed when a retreat has to be made. 

This is possible-since the chosen assignment which started the 

current chain of assignments at any stage is the latest entry 

on List 0 which has selection code greater than 1* 

10.5-2 The forcing and tight situation lists - Lists 1,2 and 3 

As the arrays are being updated following any assignment 

Rules D1 to D7 (9-2) are applied to locate the forcing and tight 

situations. When an element is found which is involved in one 

of these situations then the following information is recorded:-

i) the total number of assignments made; 

ii) the internal period number; 

and iii) the internal requirement number. 

The number of assignments is included so that when a retreat 

is performed each list- can be "restored to almost the state it 

was in at the start of the chain which is being removed. 

The lists are used as follows:-

List 1 - for all elements involved in forcing situations, 

i.e. the members of A^(n); 

List 2 - for those elements involved in tight situations 

which belong to the subset A^(n); 

List 3 - for those elements involved in tight situations 

which belong to the subset A
p
(n). 
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10.5-3 The day-band-check list - List 4 

Because application of Rules B8 (7-4.2) and 03 (8.2.4) re-

quires a relatively large amount of computation the number of 

times they are applied is reduced as far as possible. In 

theory they should be applied to day d of the item band for item 

i when any of the following changes occurs:-

i) item i is employed at a period on day di.eis assigned to 

take part in a lesson or is given a free period; 

ii): for a requirement r within the item band DMARK[d,r] changes 

from 0 to 1; 

iii) an element PR[p,r3, within the item band and for which 

DMARK [DAY[p],r] = 1, is cancelled. 

Instead of applying the rules at once when one of these 

changes occurs an entry is made on List 4. The information 

stored is:-

i) the day on which the change has occurred; 

and ii) the item band in vihich the change has occurred. 

The method in which the entries on this list are used is 

shown in the flow diagram in figure 10.10. 

10.5.4 L i s t maintenance operat ions 
The lengths of Lists 1, 2, 3 and 4 are chosen so that they 

will normally have room for all the necessary records but pro-

vision for dealing with over-flow is made. As safeguards 

against unnecessary over-flow the following steps are taken each 

time a new entry is made on a list:-

i) the new entry is checked against all previous entries and if 

it is found to be present already then it is not entered; 

ii) in the cases of lists 1, 2 and 3 all previous entries are 

checked to make sure that the elements in array PR which they • 

represent are still in the available state. Elements not 

in the available state are deleted from the list. 

Some economy in execution time could probably be achieved 

by applying these rules less frequently, for example only when 

each chain has been completed. 

10.6 Addit ional arrays 
Because of the information needed for the currect method 

of controlling the allocation of free periods the Main Program 

requires three additional arrays. These were not discussed 

120 



10.11 

in Chapter 6 as they are not yet regarded as permanent features 

of the program. As is discussed in 11.3 the control of free 

period allocation is not completely satisfactory and further 

improvements may be possible. 

10.6.1 The balance count array 

BC[2:3,1:NR] : Element BC[n,r] contains the number of units of 

type 1 lees the number of units of type n involved in requirement 

r . 

10.6.2 The free period count array 

FPC[2:3i1iNP] : Element FPCCn,p] contains the current estimate 

of the total number of units of type n v/hich may still be given 

a free period at period p. This element is incremented by 1 

when any element of type 1 is given a free period at period p 

and is incremented by BC[n,r3 v/hen a lesson or part of a lesson 

from requirement r is assigned to period p. 

10.6.3 The free period marker array 

FPM[2:3,1:NP] ; Element FPM[n,p3=1 if it is still possible for 

either i) a further unit of type 1 to be given a free period at 

period p; 

or ii) an assignment to be made at period p in a requirement 

r for which BC[n,r] > 0; 

and FPM[n,p] = 0 otherwise. 

10.7 Implementation of the various sets of rules 
V/e have already defined the following sets of rules 

Rules A1 - 2 (6.7) - for calculating elements in TPA; 

Rules B1 - 10 (7-3 and 7*4) - for cancelling elements in PR; 

Rules C1 - 4 (8.3) - for cancelling elements in IFM; 

Rules D1 - 7 (9*2) - for locating impossible, forcing and tight 

situations; 

Rules E1 - 5 (10.4) - for selecting the next assignment. 

All these rules are implemented in the Main Program but 

some are subject to the limitations discussed in the following 

sections. 

10.7*1 Restrictions involving distribution 

It has been found necessary to restrict the total number 

of lessons v/hich may be requested in a single requirement or 

tied set of requirements as follows 
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i) in a single requirement, NCr] < ND; 

ii) in a tied set of requirements, 53N[r] < ND where the 

summation is taken over all members of the set. 

A version of the program has also been written v/hich allows 

i) to be replaced by:-

iii) in a single requirement, N[r] < 2*ND if M[r] = 1 

N[r] < ND if M[r] > 1. 

Even this modest easing of the restrictions considerably 

increases the difficulty in implementing several of the rules. 

If the full generality of the distribution rules implied in the 

definition of a normal distribution (2.1) were allowed the pro-

cedures used to apply some of the rules would become extremely 

complex with a corresponding increase in program size and dec-

rease in execution efficiency. Since very fev/ lessons occur 

more than once per day the restrictions imposed by i) and ii) 

do not prevent the program from dealing with data from real 

schools. Where say 6 single period lessons are required in a 

five day week, we simple put 5 them in one requirement and the 

odd one in a second requirement with a related requirement name 

or number. The only disadvantage is that the odd lesson may 

be assigned to a period just before or just after a lesson from 

the first requirement hence producing an unwanted double period. 

This is a small price to pay for the simplifications made poss-

ible in the program. 

10.7.2 Restrictions in Rule B7 

A thorough application of Rule B7 (7-4.1) would require all 

possible sub-sets R. of the main set R to be considered. For 
J 

example if R contains 5 members then there are:-

i) 1 set containing 5 members of R; 

ii) 5 sets containing 4 members of R; \ 

iii) 10 sets containing 3 members of R; 

iv) 10 sets containing 2 members of R; 

v) 5 sets containing 1 member of R; 

giving a total of 31 sets to be checked. Much of the time 

spent on such a complete check would be wasted thus the imple-

mentation of Rule B7 only deals v/ith sets containing 2 members 

of R. 
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10.7.3 Problems associated with Rules B10, C4 and D7 

V/e have already indicated (7.4.4) why the application of 

these rules is difficult. The Main Program seeks to overcome 

these difficulties using the arrays BC, FPC and FPM. 

To see how this part of the program operates we first note 

the following facts:-

i) The number of units of type2/type 3 free at period p dep-

ends on:-

a) the total number of units of type 2/type 3 less the 

total number of classes; 

b) the number of classes free at period p; 

c) the number of units of type 2/type 3 involved with each 

class in the lessons which occur at period p (7.4.4). 

ii) FPC[n,p] where n = 2 or 3 contains the current estimate of 

the total number of units of type n which may still be 

given free periods at period p (10.6.2) and must become 

zero when all lessons at period p have been assigned, 

iii) If FPM[n,p3 = 0 it indicates that FPC[n,p3 cannot again 

increase, except possibly after a retreat. This means 

that FPC[n,p] can only decrease either due to the alloca-

tion of a free period at period p .to a unit of type n or 

due to the assignment at period p of a lesson for which 

BC[n,r] < 0 (10.6.3). 

Now to implement Rule B10 we v/ant to answer the question: 

"If we assign a lesson from requirement r at period p will the 

number of units which may be given free periods at period p 

become negative?" If the answer to this question is "yes" then 

the operation cancel PR(p,r) will.be performed provided PR[p,r] 

< 0. In order that no element will be cancelled v/hen in fact 

it should be available v/e must therefore alv/ays answer "no" 

unless v/e can definitely see that the answer is "yes". The 

method used by the program to make this decision is represented 

in figure 10.6. 

To implement Rule C4 v/e want to answer the question: "May 

any further unit be allocated a free period at period p?" The 

answer to this question is not always a simple "yes" or "no" but 

will in general be "yes, provided the unit to be given 'the free 

period is of a suitable type". To clarify the situation.we 
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Figure 10.11 

Diagram to answer the question: "If we assign a lesson from 

requirement r at period p will the number of units which may be 

given free periods at period p become negative?". 
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Figure 10.7 

Diagram to answer the question: "As far as considerations at 

period p are concerned, may a unit of item i be allocated a free 

period at that period?". 
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rephrase the question to read: "As far as considerations at per-

iod p are concerned may a unit of item i be allocated a free 

period at that period?" If the answer to this question is 

"no" then the operation cancel IFM(p,i) will be performed. In 

order that no element will be cancelled when in fact it should 

be available we must always answer "yes" unless we can definitely 

see that the ansv/er is "no". The method used by the program 

to make this decision is represented in figure 10.7* 

The implementation of Rule D7 consists simply of examining 

FPC[2,p] when FPM[2,p] becomes zero and FPC[3,p] when FPM[3,p] 

becomes zero. If a negative value is ever found then an 

impossible situation exists. 

These methods of implementing Rules B10, C4 and D7 are not 

perfect because at times they allow the assignment of lessons 

and allocation of free periods which cause elements in FPC to 

become negative without ensuring that these elements will later 

increase to zero again. If an element in FPC v/hich is negat-

ive fails to increase to zero at period p then an impossible 

situation must eventually be located at that period. The 

presence in the priority parameter (10.3) of the term t^ helps 

to avoid this problem by getting all the lessons for v/hich 

BC[2,r] and/or BC[3,r] are/is negative assigned early in the 

construction process. A modification to the implementation 

of the rules, to make sure that no. element of FPC would ever be 

allowed to become negative unless it was certain to increase to 

zero again, would be much more satisfactory but the Author has 

been unable to devise such a modification. It was thought 

about these problems which led to the investigation discussed in 

Chapter 13* 

10-8 Retreating 

10.8.1 The retreat marker 

Although the necessity for a retreat may be detected, during 

the updating process following a given assignment it is essential, 

due to the way that the updating is performed, that it should 

be completed before the retreat operation is commenced. When 

an impossible situation is located it is monitored (10.11) but 

instead of initiating the retreat at once a retreat marker, 

normally set equal to zero, is reset equal to unity. 
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If the process is in the initial chain then the retreat 

marker is not consulted until the initial chain has been comp-

leted. Its value then determines whether the run should be 

continued or terminated. This means that a series of impossr; 

ible situations can all be detected at once. 

If the process has passed the initial chain then the retreat 

marker is consulted at the end of each assignment and its value 

determines whether the process should advance or retreat. 

10.8.2 The retreat count 

Since, as discussed in 7-6, the methods of determining 

those elements in array PR which ahould be cancelled are imper-

fect the program from time to time assigns a lesson which should 

have been cancelled. This always causes an impossible situa-

tion sooner or later, If many chains have been inserted 

before the impossible situation is discovered the amount of com-

putation required to work back to the fault and correct it may 

be excessive. It is therefore better to terminate the run 

and allow the analyst to locate and correct the difficulty. 

To this end a count of the total number of retreats made is kept 

and if this exceeds a pre-determined constant the run is termin-

ated. Values of the constant betv/een 5 and 20 have been used 

in development. 

10.8.3 The retreat operation 

When a retreat is required, and the retreat count has not 

been exceeded, List 0 is consulted to determine the last chosen 

assignment. If no entry with a selection code greater than 1 

can be found then the program has proved that no solution exists. 

In this case, or when the retreat count has been exceeded, the 

current state of the time-table is printed out and the attempt 

to obtain a solution is terminated. Otherwise, let assign-

ment n be the first assignment of the latest chain then all 

assignments which are members of this chain are removed from the 

time-table and all.the arrays are restored to a state as near as 

possible to the state they were in when the chosen assignment at 

the start of the chain was selected. The main part of this 

process is to scan array PR and restore to the available state 

all elements v/hich contain a number > n updating (or back-dating) 

all the associated arrays as each element is dealt with. 
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The process restores TEA, PI, HUE, TPA, N, PR, DCOUNT, 

DMARK, FPC andFPM to exactly the state they were in when assign-

ment n was first made. Apart from the lists, the. only array 

not restored perfectly is IFM because, without doing a large 

amount of computation, it is not possible to find out which can-

celled elements in this array should be restored to the available 

state. Since it is better to have an element which should be 

cancelled in the available state than to have an element which 

should be available in the cnacelled state the operation defined 

by the following ALGOL segment is performed when all the other 

arrays have been restored:-

for a := 1 step 1 until NI d_o 

if TEA[a] > 0 then 

for b := 1 step 1 until NP do 

if FPM[TYPE[a],b] = 1 then IFM[b,a] := 1; 

Any elements wrongly set by this operation are normally quickly 

corrected when the process advances again. 

Not all the lists can be restored to their correct state 

since some elements may have been removed from them by the list 

maintenance operations (10.5.3) during the chain which has had 

to be removed. The List 0 pointer is set back to n-1 i.e. to 

the last assignment of the previous chain. Since List 1 

must have been empty at the start of the chain (otherwise the 

previous chain would have continued) its pointer is simply put 

back to zero. For Lists 2 and 3 the pointers are moved back 
until a record is found in which the assignment number is less 

than n. The pointer on List 4 is also put back to zero. 

When these operations have been completed the retreat mark-

er and the assignment counter are reset equal to zero and n-1 

respectively. 

The final step of the retreat operation is to alter array-

PR so that the same chosen assignment cannot be chosen again. 

If the assignment was at period p and in requirement r and K[r3 

= 1 this means that cancel PR(p,r) is performed but if M[r] > 1 

then only the possibility of a lesson from requirement r starting 

at period p must be removed. Because in the majority of 

cases a chosen assignment is selected from the entries on List 2 

or List 3 which contain elements involved in tight situations, 
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this final stop usually causes an entry to be made on List 1 

hence causing an extension of the previous chain rather than 

the selection of an alternative chosen assignment. 

10.9 The overall structure 

V/e have now described all the most important aspects of the 

Main Program and it remains to show how they are built into an 

algorithm. 

Figure 10.10 is a flow diagram of the main control process 

but since the details of the program are relatively complex v/e 

do not attempt to give detailed flow diagrams of all its sections. 

The operations "initialise" and "assign" are as shown in figures 

10.8 and 10.9. 

10.10 Input data 

The Main Program accepts data in exactly the same form as 

the Data Checking Routine (5-1.1). 

10.11 Output 

The output from the program consists of two parts:-

i) monitoring of the construction process; 

and ii) the current state of the main arrays at the end of a run 

and the time-table if it has been completed. 

The monitoring gives the following information:-

i) The time elapsed from the start of the run, measured in 

ATLAS 'INSTRUCTIONS
1

 each of which is equivalent to 2048 

basic operations, at the start of each problem, at the 

end of the initialisation stage, when a retreat starts 

and ends and on termination of each problem. 

ii) The assignment number, the selection code, the external 

period name and the external requirement name for oach 

assignment as it is made. 

iii) Messages indicating the occurrence of impossible situa-

tions and other events. A. full list of these, for 

the version of the program which accepts numeric data, 

is given in figure 10.11. 

The output of the main arrays is as shown in figures 10.12 

and 10.13. In order to reduce the amount of data printed 

these are not output in exactly the forms described in Chapter 

6. The main change is the packing of the arrays PI, NUF, IFM 

and TPA. The number actually printed in the composite array 
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as e lement ( p , i ) i s : -

( ( P I [ p , i 3 • 100 + NUF[p, i ] ) * 100 + TPA[p , i ] ) * 10 + I F M [ p , i 3 

S i n c e these a r r a y s a r e n o r m a l l y on ly used by the a n a l y s t t o i n-

v e s t i g a t e a f a i l u r e t o comp le te t he prob lem, t h e i r r e l a t i v e l y 

complex form i s no t a d i s a d v a n t a g e . 

I f t he t i m e - t a b l e has been comple ted i t i s o u t pu t i n the 

form shown i n f i g u r e 2 . 6 . 

10 .12 Comment 

Th i s program has evo l ved over a p e r i o d o f abou t f i v e yea rs 

d u r i n g which i t has undergone a lmos t c o n s t a n t r e v i s i o n . The 

aim has been t o produce a program v/hich would use the r e t r e a t 

f a c i l i t y as i n f r e q u e n t l y as p o s s i b l e and which would e i t h e r 

o b t a i n a s o l u t i o n t o each prob lem a t i t s f i r s t a t t emp t or reach 

a s t age from which t he a n a l y s t c o u l d see t h a t no s o l u t i o n e x i s t e d . 

The ex t en t t o which t h i s o b j e c t i v e has been ach i eved i s d i s cussed 

i n Chap ters 11 and 12 . 
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Figure 10.8 

Define arrays of the appropriate size 
and, having read Documents 1, 2 and 6 
initialise them. 

Read Document 7, allocate free periods 
to the units listed and update the 
arrays v/ithout applying Rules B8 and G3-

Read Document 8, cancel, in array PR, 
the elements listed and update the other 
arrays without applying Rules B8 and C3* 

Read Document 9, make the assignments 
listed and update the arrays without 
applying Rules B8 and C3-

Apply Rules B8 and C3 to each day of 
each item band and search the complete 
arrays for impossible, forcing and 
tight situations. 

Complete the initial chain using the 
operation 'assign'. 

EXIT 

Figure 10.9 

Assign ENTER 

Make the selected assignment; ' update 
the arrays without applying Rules B8 
and 03; record on List 4 those item 
bands to which Rules B8 and C3 should 
be applied; allocate free periods to 
units which have become unemployable; 
search for impossible, forcing and 
tight situations. 

EXIT 
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Figure 10.11 

10..11 

ERROR 

Undefined name for item, 
period or requirement 
appears on data document 

Incomplete tie cycle 

Impossible situations: 

detected by Rule D1 

detected by Rule D3 

detected by Rule D5 

detected by Rule D6 

detected by Rule. D7 

Pre-assignment requested 
at a time when it cannot 
occur 

List overflow 

Too many retreats 

ACTION CODE 

(see below) 
MESSAGE OUTPUT 

ILLEGAL NAME x ON 
DOCUMENT NUMBER y. 

TIE CYCLE ERROR 
INVOLVING 
REQUIREMENT x. 

RULE D1 FAILURE: 
PERIOD x, ITEM y. 2 

RULE D3 FAILURE: 
DAY, ̂ v REQUIREMENT y. 2 

RULE D5 FAILURE: 
DAY x, ITEM y. 2 

RULE D6 FAILURE: 
REQUIREMENTS x,y. 2 

RULE D7 FAILURE: 
PERIOD x. 2 

A PRE-ASSIGNMENT AT PERIOD 
x IN REQUIREMENT y IS 
IMPOSSIBLE. IT HAS BEEN 
OMITTED. 3 

LIST x HAS OVERFLOWED 4 

THE RETREAT RESTRICTION 
HAS CAUSED TERMINATION 5 

Action codes 

1 - Continue to the end of the initialisation phase, output 
the main arrays and then skip to the next problem. 

2 - If this occurs in the initialisation phase action is as 

for code 1 otherwise the retreat marker is set equal to 1. 

3 - Continue without making the pre-assignment. 

4 — Delete the second half of the list concerned and continue. 
(This error normally occurs only on Lists 3 and 4.) 

5 - Output the current state of the main arrays and skip to 
the next problem. 
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Figure 10.12 

-Note: This figure shows part of a page of the item arrays as 
they are printed out by the Main Program. 

ITEM ARRAYS 

UN 4 5 6 7 8 9 
EIN 40 50 60 70 80 90 
NOLIVES 1 1 1 1 1 1 
TYPE- 1 2 2 2 2 2 
TEA 0 4 3 2 1 4 

EPN PI, NUF , TPA, IFM 

1 1 100050 100011 100031 0 100041 100041 
12 100050 100011 100031 0 100041 100041 
13 100030 100011 100031 100021 0 100041 
14 100050 0 100021 100021 100041 100041 
15 100020 0 0 0 100021 0 

21 100040 100021 100021 0 100031 0 
22 100030 100021 100021 0 0 100021 
23 100030 0 0 1000 100031 100020 
24 100040 100021 100021 0 100031 0 
25 100030 100021 100021 0 0 100021 

31 0 0 0 0 0 0 
32 0 0 1000 0 0 0 
33 0 0 0 0 1000 0 
34 0 0 1000 0 0 0 
35 0 0 0 1000 0 0 

41 100040 0 100020 1000 100040 100020 
42 100040 100011 100031 0 100041 100021 
43 1ooo4o 100011 100031 0 100041 100021 
44 100020 0 0 0 100020 0 
45 0 0 1000 0 0 0 

51 100040 100020 100021 100031 100041 1ooo4i 
52 0 0 0 100021 100021 100011 
53 0 0 0 100021 100021 100011 
54 0 0 0 0 0 1000 
55 100040 100020 100021 100031 100041 100041 
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Figure 10.13 

Note: This f i g u r e shows part of a page of the requirement arrays 
as they are pr inted out by the Main Program. . In array 
PR elements g rea ter than 5000 denote assignments. 

REQUIREMENT ARRAYS 

IRN 1 2 3 4 5 6 7 8 
ERN 10 20 30 4o 45 50 60 70 
M 1 1 1 . 2 1 2 1 1 
N 3 3 3 0 0 0 1 1 
TIE 1 2 3 5 4 6 8 7 
SET 1 2 3 31 31 6 32 32 
EPN PR 

1 1 -1 - 1 1 0 0 22 _ "J 23 
12 -1 -1 -1 16 22 22 23 
13 -1 26 -1 16 22 22 -1 - 1 
14 27 - 1 -1 16 22 22 -1 
15 21 22 21 16 5022 22 21 22 

21 30 34 5034 16 29 29 29 29 
22 30 5035 34 16 29 29 29 29 
23 5031 31 31 16 29 29 29 29 
24 29 29 29 0 29 5029 29 29 
25 29 29, 29 0 0 5029 29 29 

31 2 3 2 5003 3 3 2 D 
32 3 3 3 5003 3 3 3 3 
33 5006 6 4 3 3 3 4 6 
•34 0 11 5014 3 3 10 10 10 
35 5 5012 12 3 3 10 10 10 
41 18 -1 -1 16 16 17 21 21 
42 -1 -1 -1 16 16 17 21 17 
43 -1 -1 -1 16 16 17 21 17 
44 15. 16 15. 5016 16 16 15 16 
45 0 16 16 5016 16 16 16 16 
51 -1 -1 -1 16 35 29 - 1 - 1 

52 28 -1 38 16 28 29 -1 -1 
53 28 -1 38 16- 28 29 - 1 -1 
54 36 36 36 16 5036 29 36 36 
55 - 1 - 1 -1 16 36 29 -1 - 1 

DAY DMARK 

1 1 1 1 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 1 1 1 0 0 0 0 0 
5 1 1 1 • 0 0 0 0 0 
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CHAPTER ELEVEN 

EVOLUTION AND TESTING OF THE MAIN PROGRAM 

11.0 Introduction 

The system which has been described in Chapters Tv/o to Ten 

is really the current state of a system which has evolved over 

a period of time and which is still being developed. In this 

chapter we seek to explain some of the reasons for the course 

which this evolution has takeni 

It must be said that neither the data preparation phase nor 

the Main Program has been put through the type of extensive field 

trial which would be essential to ascertain its value in any 

quantitative terms. The testing has been modest when compared 

for example with that carried out on the Ontario School Schedul-

ing Program by J. Kates and Associates [10] or on the Newcastle-

upon-Tyne University and Birmingham University Systems by the 

Local Government Operational Research Unit [12,133* The 

Author still has hopes that the system will reach a state where 

such a full trial will be justified. 

11*1 Parallel testing and development 

During the main part of this research two versions of the 

Main Program have been in use at any given time. We will call 

these the
 f

A program' and the 'B program
1

. The A program at 

each stage is, in theory at least, a fully de-bugged program and 

is run mainly with data from real schools. The B program is 

a modification of the A program which has not been fully de-bugged 

and which is run mainly with small test case data sets based on 

imaginary schools. At appropriate stages, when the B program 

has performed satisfactorily on the test cases, the A program 

is scrapped, the B program takes its place and further development 

on-a new B program is started. Invariably after such a change 

further bugs are detected in the new A program but the addition 

of larger imaginary problems to the data set for the B program 

has decreased this occurrence on the last two or three cycles of 

the process. 
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The changes made in the B program are of three main types:-

i) simple de-bugging; 

ii) replacement of sections to perform a previously-

established process in a more efficient way; 

arid iii) addition of new features to try out new ideas. 

The need for changes of type ii) has increased towards the 

end of the project due to the introduction of the more complicated 

rules like Rules B8 and B9. Even with more efficient methods 

for some of the basic operations, implementation of these rules 

has decreased the average rate of assignments on problems of real 

school size from around 430 per minute, with the first relatively 

successful version of the program, to about 200 per minute with 

the latest version. This decrease has been at least partly 

compensated for by a decrease in the number of retreats and, in 

the case of problems which have been solved, to a decrease in 

the number of runs needed to find a solution. 

The changes of type iii) have in the main been based on 

analysis of the results from the A program. Most runs on 

this program are terminated during a long sequence of retreat 

operations and investigation of the circumstances v/hich have 

caused these often leads to the discovery of a situation which 

"the computer should have been able to see". YJhen a particular 

set of circumstances has arisen a sufficient number of times an 

attempt is made to alter the program so that in future it will 

be able to recognise those circumstances and hence avoid the 

difficulties which might arise. One of the most persistent 

problems has been the over allocation of free periods and the 

methods tested to counteract this tendency are discussed in 

11.3. 

Apart from some changes in storage methods the program 

described in Chapter 10 is the current A program. 

11-2 Roots in the literature 

11.2.1 The concept of units 

When this project was first started what little literature 

there was on the subject [1, 3, 4 and 5j regarded a school time-

table as a three-dimensional structure involving classes, teachers 

and periods or a four-dimensional structure if rooms were taken 
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into account. The first versions of the Author's program 

dealt only v/ith classes, teachers and periods and were based on 

a similar model. 

It was only when those sections of .the program which dealt 

v/ith classes became more and more like the sections v/hich dealt 

v/ith teachers that it was realised that as far as the time-table 

is concerned a class and a teacher are really the same sort of 

object. The only thing that distinguished them was that cla-

sses were originally assumed to have no free periods. Once 

this assumption was removed the need to distinguish between them 

vanished and the step which allowed rooms and other equipment to 

be viewed in the same light was a simple one. As we discuss 

in 11.3.5 a need to distinguish between classes, teachers and 

rooms (by including the type code on.the Item List (2.1.6)) v/as 

later re-introduced as an aid to the problem of dealing with 

control of free period allocation but to a large extent the 

current model and program treat classes, teachers, rooms and 

equipment as equals. 

11.2.2 Requirements and tied requirements 

A second concept v/hich was based on the existing literature 

v/as to regard the set of lessons during v/hich a particular set 

of units meet as being associated in what we now call 'a single 

requirement' even when the lessons were of different lengths. 

A suitable format for such a requirement is:-

NAME
p
, TOTPER , DOUBLE^, TRIPLE^ (ITEM ^, i = 1,n ); 

where NAME is the requirement name, 

TOTPER^ is the total number of periods involved, 

DOUBLE^ is the number of periods to be used in double 

period lessons; 

TRIPLE^ is the number of periods to be used in triple 

period lessons; 

ITEM . are the names of the n units involved, n r 

For want of a better name, we will call these compact requirements. 

Example 

Requirements 40 and 45 in the example problem namely, 

40, 45, 2, 2, 10, 20,, 50, 70, 100, 100; 

45, 40, 1, 2, 10, 20, 50, 70, 100, 100; 

can be expressed in a compact requirement as 
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4045, 6, 4, 0, 10, 20, 50, 70, 100, 100; 

This approach was found to have a major disadvantage in that 

it makes it vory difficult to record the current possible posi-

tions for lessons in a given compact requirement in such a v/ay 

that lessons of different lengths can be considered independently. 

For example, the method of recording must be capable of showing 

cases v/here a single period lesson from a requirement might be 

allowed to occur at one of three consecutive periods while a 

double period lesson or a triple period lesson from the same 

requirement must not occupy any or all of these periods. While 

such a system can be devised it is not at all convenient v/hen 

updating the arrays after an assignment or v/hen detecting tight, 

forcing and other situations. 

As the rules v/hich the program had to apply became more 

complex this disadvantage became more and more apparent and the 

idea of expressing compact requirements as a set of requirements 

each of which involves only one lesson length was conceived. 

This step was necessarily accompanied by the concept of tied 

requirements in order to mainta,in methods of applying the dis-

tribution constraints. The previous assumption had been that 

some attempt should be made to assign the lessons in each compact 

requirement with a
 1

 good
1

 distribution but that no account needed 

to be taken of the relative distributions of lessons in different 

requirements: 

In addition to relieving the difficulties in recording the 

current state of the time-table the revised system was found to 

make the model much more flexible in dealing with distribution 

problems. The following example illustrates this point. 

Example 

A class (CLASS1) has three Chemistry lessons per week, a 

single period in an ordinary classroom (ORDRM) and two double 

periods in a Chemistry laboratory (CHEMLB). All lessons are 

taught by Mr. Beatty. 

Using compact requirements this may be expressed as:-

CHEMCL1A, 1, 0, G, CLASS1, BEATTY, ORDRM; 

CHEMCL1B, 4, 2, 0, CLASS1, BEATTY, CHEMLB; 

Using the model defined'in Chapter Tv/o v/e have:-
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CKEMCL1A, CIIEMCL1B, 1, 1, CLASS 1, BEATTY, ORDRK; 

CIIEMCL1B, CI1KMCL1A, 2, 2, CLASS1, BEATTY,' CHEMLB; 

Since distribution constraints v/ere applied only within a 

compact requirement the first method of describing these lessons 

does not say that the single period lesson should not occur on 

the same day as a double period lesson but the second method 

does. 

A difficulty which had to be taken into account with the 

tied requirement system was that when a compact requirement v/as 

split into several requirements the units involved appeared to 

gain some potential activities at each period. 

Example 

Expressing as compact requirements all the requirements 

involving item 100 in the example problem we get:'-

4045, 6, 4, 0, 10, 20, 50, ?0, 100, 100; 

160165, 5, 4, 0, 30, 70, 100; 

170175, 5, 4, 0, 30, 50, 100; 

Initially item 100 can be used twice in requirement 4045 and 

once in each of the other two making a total of four potential 

activities at each period plus the possibility of one or both 

units being free. 

In expanded form these are:-

40, 45, 2, 2, 10, 20, 50, 70, 100, 100; ' -

45, 40, 1, 2, 10, 20, 50, 70, 100, 100; 

160, 165, 2, 2, 30, 70, 100; 
165, 160, 1, 1, 30, 70, 100; 

170, 175, 2, 2, 30, 50, 100; 

175, 170, 1, 1, 30, 50, 100; 

Counting in the same way this appears to give item 100 a 

total of eight potential activities at each period, again plus 

the possibility of one or both units being free. 

This apparent increase in the total number of potential 

activities is significant when we come to detect when a tight 

or forcing situation has arisen since a true potential of one 

activity which should be detected may appear as a potential of 

two or more activities and hence not be detected. This prob-

lem is avoided by counting the potential activities as described 
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in 6.7• The number recorded in array TPA is then exactly 

as it would have been had compact requirements been used. 

11.2.3 Assignment strategy versus opportunity list maintenance 

A third basic idea which was originally unconciously adopted, 

presumably as a result of reading the existing literature, was 

that the operation of selecting the next assignment is of over-

riding importance. The methods of Appleby, Blake and Newman 

[1] for example, consisted of little more than a complex method 

for calculating the best assignment to make next. The oper-

ation of deciding which assignments not to select next was not 

given so much emphasis. Lions [11] calls these two processes 

•assignment strategy
1

 and 'maintenance of the opportunity list'. 

Up to mid 1968 the sections of the program which were best 

developed were those for detecting tight, forcing and impossible 

situations in an effort to make sure that the next assignment 

would always be chosen from a tight part of the problem. Main-

tenance of the opportunity list i.e. cancellations in arrays PR 

and IFM, was confined to application of the simpler of the rules 

described in 7*3 8.2. , Since then the developments have 

been aimed at making the cancellation rules for arrays PR and 

IFM as perfect as possible without making them so complex that 

they cannot be applied efficiently. VJe have already commented 

(7.6) that if the rules for cancellation. in array PR could' be 

made perfect then any available element could be chosen as the 

next assignment i.e. virtually no assignment strategy would be 

needed. This stage has certainly not been reached and all 

the developed techniques associated with the assignment strategy 

still form part of the current program. 

11*3 The most persistent problem 

All versions of the Main Program have made sure that a part-

icular unit cannot be given more than the correct number of free 

periods but the earliest versions made no attempt to control the 

number of units allowed to be free at a particular period. 

When tested on real schools it was. soon shown that some method 

of control on this factor was required, for repeatedly it was 

found that long series of advance-retreat operations had been, 

caused by the allocation of too many free periods at a particular 

period. This problem still persists despite considerable 
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Figure 11.1 

4 7 10 13 22 30 34 55 56 59 60 61 TPA IFM 

102 X X X 3 0 

103 X X 2 0 

104 X X X 3 0 

105 X X 2 0 

106 X X X 3 . 0 

107 X X 2 0 

108 X X X 3 0 

109 X X 2 0 
110 X X 2 0 

111 X X X 3 0 

112 X X 2 0 

TPA 1 1 1 1 2 5 8 2 1 3 1 1 

IFM 1 1 1 1 1 1 1 1 1 1 1 1 

Note: i) the numbers along the top represent teachers; 

ii) the numbers down the side represent classes; 

iii) an X indicates that a class and a teacher may meet 
at the period concerned; 

iv) the values of TPA and IFM in'the last two columns 
are for the classes while those in the last two 
rows are for teachers. 

efforts to solve it. 

When the problem was first considered the difficulties in 

calculating exactly the total number of units which can be free 

at a given period were quickly recognised. It was also seen 

that even when such a total is available most complicated im-

possible situations can arise. One of these is discussed in 

the following section. 

11*3*1 A typical impossible situation involving free periods 

The following situation arose in an attempted solution for 

a real school:-

At period 8 on Monday 11 classes named 102, 103, 104, 105, 

106, 107, 108, 109, 110, 111 and 112 and 12 teachers named 4, 7 , 
10, 13, 22, 30, 34, 55, 56, 5-9, 60 and 61 remain to be employed 

and all possible lessons involve exactly one class and one tea-

cher. The possible teachers for each class are shown in 
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figure 11.1. 

Other relevant facts are:-

i) each class must be employed on a lesson i.e. none may 

have a free period, as shown by the values of IFM; 

ii) each teacher may have a free period if necessary as 

shown by the values of IFM; 

and iii) none of the lessons must take place on the day concerned 

and there are no other circumstances v/hich cause any 

assignment to be forced. 

Now since there are 11 classes and 12 teachers only one 

teacher may in fact be free. By looking at the possible 

lessons for class 103 we see that either 4 or 60 must have this 

free period and class 108 must be taught by the other. This 

means that 110 must be taught by 7 or 22 and the other must have 

a free period v/hich is impossible. Since, however, there are 

many tight situations in this set up which do not involve items 

108,4or60and numerous other tight situations at other periods 

in the time-table the chances of selecting to assign class 108 

with either 4 or 60 are slim. The program is much more likely 

to make a series of chains of assignments both at period 8 and 

at other periods v/hich do not reveal the existing impossibility. 

By the time the impossible situation is detected the stage at 

which it originally arose is so far back that it would take 

hundreds of retreats to find it. Such a long sequence always 

leads to the termination of the run. 

In this particular case the problem was detected after 

assignment number 288 and investigation showed that it had been 

present from assignment 256 onwards. The situation which 

existed after assignment 255 is shown in figure 11.2. At 

this stage there are several possible solutions one of which is 

indicated by the underlined elements. 

11.5.2 Attempts to avoid the problem 

Investigation of a large number of situations like that 

discussed in 11.3* 1 showed that frequently the set of units v/hich 

were available just before the impossible situation was intro-

duced included a 'busy
1

 unit i.e. a teacher or a room involved 

in a large number of different requirements e.g. a teacher of Art 

or a gymnasium. Further, it was observed that in a significant 
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Figure 11.2 

4 5 6 7 10 13 16 22 30 34 55 56 .59 60 61 

102 X X X X 

103 x x 
104 X X X X X 
105 X ' X 

106 X X X 

107 X • X X 

108 X X X 

109 X
 x 

110 X X 

111 X X X 

112 X X X 

number of cases the impossible situation was only detected 

when an assignment was made involving this busy unit. Thus, 

accepting that impossible situations were bound to arise, the 

policy adopted was to tryto make sure that, having arisen, they 

would be detected as quickly as possible. A priority was 

therefore given to all requirements involving one or more busy 

units so that the lessons in them would be assigned fairly early 

in the construction process. This principle is incorporated 

in the priority parameter (10.3). 

Although this step was effective to some extent many long 

chains of retreats continued to occur and most of these were 

still caused by the same problem but no longer involved 'busy' 

units so frequently. 

11.3-3 A first attempt to solve - the problem 

In discussing the example in 11.3-1 we knew that exactly 

one teacher could be free but in fact this information was not 

known by the computer. It was clearly desirable that in such 

situations the computer should have at least some idea of the 

number of units which could be given free periods. 

The first method used to attempt to do this was to include 

in the data an upper bound for the number of units which could 

be free at each period of the week. This method was still in 
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use when Johnston and Wolfenden [6] was written and these bounds 

appeared on the data document which was called 'The Header Sheet'. 

For some schools this upper bound could be calculated exactly 

at most periods of the week and the method v/as successful but, 

for schools with a large amount of setting where the number of 

teachers and rooms involved is not equal to the number of classes, 

the upper bound could not be obtained accurately at any period 

of the week. If the bound at a given period v/as just one too 

high the program could allocate one more free period than it 

should have done and would then find at some later stage that a 

class was left without a teacher at that period hence causing a 

retreat. Similarly if the bound was one too low the program 

would sometimes refuse to allow the allocation of another free 

period at times when such an allocation would have been perfectly 

in order. It then proceeded to remove assignments thinking 

that an impossible situation existed when in fact it did not. 

On the whole this method caused more trouble than it pre-

vented and so was rejected. 

11-3-4 A second attempt to solve the problem 

The next method used to attempt to provide the computer with 

a knov/ledge of the number of units which could be allocated free 

periods at a given period involved the follov/ing:-

i) Extra requirements were added to each set of data re-

questing the free periods for all classes to be treated 

as lessons i.e. no class could have a normal free period, 

ii) A constant, BAL[r], was included in each requirement 

which was calculated as follows:-

BAL[r] = 2.(number.of classes involved) 

- (number of teachers involved) 

- (number of rooms involved). 

iii) A parameter called MEANFREE v/as also included in the 

data. This was calculated from:-

MEANFREE = total number of teachers 

+ total number of rooms 

- 2.(total number of classes) 

Nov/ if a requirement involved the same number of classes, 

teachers and rooms the value of BAL[r] was zero showing that the 

assignment of such a lesson would not alter the total number of 
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units which could be free. If, however, n extra teachers and 

m extra rooms v/ere involved then BAL[r] v/as ~(n •»• m) showing that 

the assignment of such a lesson at a given period would decrease 

by n + m the total number of units which could be free. Sim-

ilarly on requirements v/ith fewer teachers and/or rooms than 

classes BAL[r] was > 0 showing that extra free periods could be 

allocated to any period involving a lesson from that requirement. 

The operation of the system involved setting a ' free period 

count' FPC[p] on period p, initially equal to MEANFREE, and then 

adding ,BAL[r] to FPC[p] if a lesson from requirement r was 

assigned to period p. FPCCp] therefore recorded a current 

estimate of the total number of units which could still be alloc-

ated free periods at period p. The priority parameter cont-

ained terms, as it still does, to ensure that requirements with 

negative balance counts v/ere dealt v/ith early on in the const-

ruction process. 

Again this system v/as quite successful with some sets of 

data but not v/ith others
-

. It v/as most successful on data from 

cases where rooms are not taken into account at all but with the 

other sets of data chains of retreats continued to occur which 

on investigation were found to have been caused by faulty alloc-

ation of free periods. The fault was found to be, not that 

too many or too few free periods were being allocated overall, 

but that v/hen teachers and rooms were considered separately 

either one or the other was getting more than its fair share. 

Usually a teacher had been allocated a free period which should 

have been reserved for a room. 

The above method could have been adjusted to treat teacher 

free periods and room free periods separately by simply having 

two balance counts in each requirement, one for the balance be-

tween classes and teachers and the other for the balance betv/een 

classes and rooms, and including two MEANFREE type parameters 

in the data. However, due to the effort of calculating all 

this additional data and the accompanying risk of errors it was 

decided to let the computer do these calculations. 

11.3-5 The current attempt to solve the problem 

So that the computer could calculate the balance counts for 

each requirement it became necessary to include in the data 
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v/hich type of object each item name represents. Type codes 

v/ero therefore introduced on the Item List. This step v/as 

taken reluctantly as the Author feels that this information 

should not be necessary. 

The details of the current system have already been described 

in 10.7.3- °ne of the advantages of this system is that it 

is no longer necessary to have the restriction that all class 

free periods must be requested in requirements. 

Since this system has only been incorporated in the A pro-

gram for a few months it has not yet been as fully proved as the 

earlier systems were. Tentative conclusions from investiga-

tion of the results so far obtained are:-

i) Impossible situations associated with allocation of free 

periods, but not caused by over allocation of free periods, 

do still occur. These are basically the same as that 

shown in figure 11.1 where, although excessive allocation of 

free periods has not taken place, the circumstances at a 

given period, or more often at a set of periods, are such 

that such excess allocations are bound to take place sooner 

or later. 

ii) The system depends for its success on the early assignment 

of all unbalanced requirements, thus it does not work so well 

for 'data sets v/hich include a large number of such require-

ments. 

11.4 Other main problem areas 

l/e have already discussed the efforts made to combat the 

tendency of the program to cause impossible situations by excess 

allocation of free periods. There are two other main patterns 

of behaviour which cause trouble and for which there seem to be 

no simple remedies. 

The first of these is the building up of complex situations 

involving three or more requirements'in which there are tight, 

forcing or even impossible situations which depend on relation-

ships between different days of the week. Y/e can illustrate 

one such situation by the following example which is based on a 

situation from a real school time-table. 

Example 

Figure 11.3 shows a set of 5 requirements which form part 
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IRN 15 16 17 18 19 

ERN 15 16 17 18 19 

M 2 1 1 1 1 

N 1 2 3 1 3 

TIE 15 16 17 18 19 

1 PR -1 2 2 2 2 

2 -3 2 2 2 2 

3 -2 .-1 -1 -1 ' 4 

4 19 19 19 21 . -1 

5 19 19 19 -1 -1 

6 0 0 0 0 0 

7 -1 -1 -1 6 -1 

8 -2 20 20 20 -1 

9 10 -1 -1 -1 

10 10 10 10 10 10 

11 -1 8 8 9 7 

12 -2 22 11 11 7 

13 7 7 7 7 7 

14 -1 -1 11 11 7 

15 — c. 23 11 11 7 

16 5 15 15 15 14 

17 5 14 14 14 j 4 

18 5 16 -1 -1 14 

19 5 5 5 5 5 

20 5 5 5 5 5 

21 -1 13 17 13 -1 

22 -3 18 .17 17 r-1 

23 -2 18 17 17 -1 

24 24 -1 -1 -1 -1 

25 12 12 12 12 12 

11.2 

Figure 11 .4 

IRN 15 16 17 18 19 

ERN 15 16 17 18 19 

M 2 1 1 1 1 

N 0 1 1 0 1 

TIE 15 16 17 18 19 

25 2 2 2 2 

25 2 2 2 2 

25 25 25 4 

19 19 19 21 22 

19 19 19 29 29 

0 0 0 0 0 

25 -1 -1 6 25 

25 20 20 20 2 1 

4— 10 -1 -1 25 25 

10 10 10 10 10 

25 8 8 9 7 

25 22 11 11 7 

7 7 7 7 7 

< — 25 28 11 11 7 

25 23 11 11 7 

5 15 15 15 14 

5 14 14 14 14 

5 16 26 26 14 

5 5 5 5 

5 5 5 5 

25 13 17 13 -1 

25 18 17 17 -1 

25 18 17 17 -1 

4— 24 27 27 27 27 

12 12 12 12 12 

Note: underl ined elements denote assignments. 
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of the item band for an item with one life. In this case there 

is a tight situation involving elements PR[14,16] and PR[5,18] 

for, considering requirements 16,17 and 18 together, v/e see that 

6 single period lessons have to be assigned but there are only 

7 possible periods (indicated by arrows). Since at period 14 

only requirement 16 has an available element and at period 5 only 

requirement 18 has an available element an assignment must be 

made in at least one of these elements. None of the existing 

rules detects this situation. 

If any assignment is made at period 5 or period 14 in the 

same item band but not in requirement 16, 17 or 18 then the tight 

situation becomes a forcing situation but it is still not de-

tected by any of the existing rules. 

If, however, any assignment is made at one of the other 

periods in the same item band, but not in requirement 16, 17 or 

18, forcing and tight situations are located by existing rules. 

In particular, if an assignment were made in PR[2,153 causing 

cancel PR(3,16), cancel PR(3,17) and cancel PR(3,18) to be per-

formed then applying the existing rules causes a chain of assign-

ments in PK[18,173, PR[24,173, PR[14,16], PR[5,18], PR[4,19] and 

PR [8 ,193* The resulting arrays are shown in figure 11.4. 

From the above example it is clear that the existence of 

tightly knit relationships betv/een several requirements involving 

more than one day of the week are a potential danger in a partial 

solution. At best such a situation may lead to a long chain 

of forced assignments and long chains themselves are more likely 

to lead to impossible situations than short ones. At worst 

the situation may involve an undetected impossible situation and 

be left untouched while large areas of the time-table elsewhere 

are inserted. In such a case the impossible situation must 

be revealed eventually but it may only be at a stage v/hen to 

correct it, by the advance-retreat technique, would involve a 

large number of retreats. 

Rules B9 and D6 v/ere designed to combat t h i s s o r t o f o c c u r -
rence but they only cons ider p a i r s o f requirements. To extend 
these r u l e s to cover l a r g e r s e t s o f requirements i s s t r a i g h t f o r -
ward but the implementation -of them becomes more d i f f i c u l t and 
execut ion time taken to apply the necessary t e s t s i s unacceptably 
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long. 

The other troublesome pattern of behaviour is that the pro-

gram sometimes detects an impossible situation and performs a 

retreat which removes the means of detecting the impossible 

situation but does not remove the impossible situation itself. 

The subsequent advance then fails to detect the impossible sit-

uation again until several chains of assignments have been made. 

Y/hen it is again detected the advance-retreat technique has 

little chance of ever working back to the source of the trouble 

unless a very large number of retreats is allowed. 

Due to these two difficulties and the continuing recurrence 

of problems with the allocation of free periods it would appear 

that sole dependence on the advance-retreat technique to produce 

a solution is unwise. When we admit that for most sets of 

data from real schools there probably is no solution of the type 

required then it is clear that success will only be achieved if 

the program is so powerful that cases with no solution are 

diagnosed before completion of the initial chain. The fact 

that our rules for cancellation in array PR and IFM and for 

detecting forcing and impossible situations are known to be 

inadequate makes such a diagnosis in every case unachievable. 

It also means that even in a case where a solution does exist 

the program may introduce an impossible situation and fail 

to detect it sufficiently quickly to be able to correct it. 

Thereafter the problem is equivalent to one with no solution. 

Possible changes in policy which would make the program more 

effective in both these sets of circumstances are discussed in 

Chapter 14. 
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CHAPTER TWELVE 

THE TEST DATA USED 

12.0 Introduction 

Throughout the development of the system data from a variety 

of sources has been used. Much of the basic program testing 

for de-bugging purposes has been done using small imaginary pro-

blems including the one v/hich is being used as the example prob-

lem in this thesis. For evaluation purposes, however, it was 

essential to test the various versions of the program on real-

istic data from actual schools. Several such sets of data 

have been obtained during the project and we v/ill now discuss 

these. Some relevant statistics are shown in figure 12.1. 

Figure 12.1 

School Code Number (see below) 
1 2 3 4 5 6 7 

Number of days 5 5 5 5 5 6 6 

Number of periods 40 40 40 40 35 36 36 

Number of items 93 107 17 3^ 205 56 86* 

Number of units 93 107 17 34 230 56 86 

Number of requirements 296 410 74 131 537 216 216 

Number of assignments 856 975 264 315 1025 479 479 

Number of single 813 816 224 245 826 401 401 
period lessons 

813 816 245 

Number 
period 

of double 
lessons 132 40 65 143 78 78 

Number of triple 0 25 0 5 54 0 0 
period lessons 

Number of other lessons. 0 . 2 0 0 2 0 0 

School Code Numbers 

1 = R.B.A.I. 5 = H.P.S. 

2 = G.U.S- 6 = G.P.S. 

3 = H.C.T. 1965-66 7 - G.P.S. (revised data) 

4 = H.C.T. 1966-67 

* In this case the 30 extra units were dummy classes used in the 
description of the Sixth Form (12-5)-
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12.1 R.B.A.I. - a Grammar School in Belfast 

After only a few months work it was considered essential to 

study a few actual school time-tables thus, early in 1964,the 

time-table then in use at R.B.A.I., a grammar school of about 

1100 pupils in Belfast, was obtained. This provided useful 

knowledge of the sort of complexity which can be expected in 

time-tables in medium and large schools and, together with the 

time-table for the school discussed in 12.2, strongly influenced 

the features which are built into the model. From the existing 

time-table a set of data was also prepared so that an attempt 

could be made to reconstruct it. The data structure at that 

stage was very different from the current structure but the data 

has been re-expressed several times to keep it up to date with 

developments. 

As the structure of the Sixth Form curriculum for this school 

is very complex it was decided to pre-assign all the Sixth Form 

classes as they appear in the existing time-table. Although 

such a practice would not be acceptable in general, it has pro-

vided a most useful test bed for the initialisation phase of the 

Main Program for the inclusion of so many pre-assignments causes 

many elements in arrays PR and IFM to be cancelled and hence the 

initial chain is long. As the various sets of rules have been 

improved the length of this initial chain has steadily increased. 

Even the early versions of the program showed that there is 

no solution of the type required but a series of alterations to 

the data has enabled a solution to be obtained. The types of 

alteration made are illustrated by the following examples. 

Example 

The requirement:-

4130, 0 , 1 , 5 , 502 , 503., 504, 40 , 47 , 45; 

describes setted lessons for three classes from the Fifth Form. 

In order to obtain a solution this had to be replaced by:-

4130, 0, 1 , 4 , 502, 503 , 504, 40, 47 , 45; 

4155, 0, 1 , 1 , 502, 503, 504, 40, 47, 45; 
This change allows two of the lessons to occur on one day 

leaving another day without a lesson. Such non-normal dis-

tributions v/ere already present in the existing time-table and 

a few such distributions would be acceptable to most schools. 
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Example 

The requirements 

240, 0 , 1, 4 , 106, 47;. 
2230, 0 , 1, 4 , 305, 44; 

describe a-set of French lessons for a section of the First Form 

and a similar set of lessons for a section of the Third Form. 

In order to obtain a solution these had to be replaced by 

240, 0 , 1, 4 , 106, 44; 
2230, 0, 1, 4, 305, 47; 

i.e. the teachers had to be interchanged. 

In practice such an interchange could rarely be carried out 

without first consulting the school concerned. It would be 

difficult for example if the numbers of lessons involved were not 

the same as the interchange would then decrease the teaching 

load of one teacher at the expense of the other. 

Although a solution has been obtained on two occasions, in 

each case starting with the same original data, the number of runs 

taken (approximately 12 for the first solution and 9 for the 

second) is not acceptable for two main reasons. First of all 

the total computer time taken (approximately 2-J minutes per run), 

about half of v/hich is used in the initialisation phase and the 

output of results, is excessive. Secondly, the need to con-

sult the school before changes to the data could be made would 

increase the time betv/een runs and hence make the total time for 

the operation much too long. 

12.2 G.U.S. - an Upper School in Leicestershire 

Soon after the data from R.B.A.I. had been obtained an 

existing time-table was also obtained from G.U.S., an Upper 

School in Leicestershire. This school at that time had a 

Fourth Form and a Fifth Form each with 14 well defined streams, 

a Lower Sixth Form and an Upper Sixth Form each with approximately 

9 less well defined streams and a Third Sixth Form with little 

or no definable structure. 

A data set was produced in the same way as with R.B.A.I, 

except' that the Sixth Form structure is described almost com-

pletely. Only a few difficult lesson patterns are dealt v/ith 

using pre-assignments. ' 

Attempts to obtain a solution to this problem have been 
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s i n g u l a r l y u n s u c c e s s f u l . The type of behaviour encountered 
i s very s imi lar to that f o r s c h o o l H.P.S. which i s d iscussed in 
1 2 . 4 . Although numerous adjustments have been made to the 
data to remove proven i m p o s s i b i l i t i e s i t has been concluded that 
there remain inherent in the problem f ea tures which make i t 
imposs ib le to produce a t i m e - t a b l e with q u a l i t i e s approaching 
those implied in the model. 

12 .3 H.C.T. 1965-66 and 1966-67 - a small Canadian School 
Fol lowing p u b l i c a t i o n o f Lions [ 1 0 ] , which contains a r epor t 

on the t e s t i n g o f the Ontario School Scheduling Program, the 
Author approached Dr. Lions with a view to obtaining some of the 
data used on these t e s t s . As a r e s u l t o f t h i s approach Dr. 
Lions kindly forwarded the data f o r 1965-66 f o r the s choo l denoted 
by H.C.T. in h i s paper . 

Tests on t h i s s e t o f data showed that there i s d e f i n i t e l y 
no s o l u t i o n of the type d e f i n e d inherent ly in our model but no 
attempt to change the data in any v/ay was made. Correspondence 
v/ith Dr. Lions r e v e a l e d that they too had'had extreme d i f f i c u l t y 
in obta in ing a s o l u t i o n and that the one which they f i n a l l y 
accepted was not what would normally be descr ibed ' as a good 
t i m e - t a b l e . 

As a r e s u l t o f the correspondence on the 1965-66 data Dr. 
Lions forwarded data from the same schoo l f o r the academic year 
1966-67 v/hen the s choo l had become s l i g h t l y l a r g e r and changes 
in s t a f f i n g and f a c i l i t i e s had removed some of the f a c t o r s which 
had made the 1965-66 t i m e - t a b l e so d i f f i c u l t . 

Experiments v/ith t h i s s e t o f data produced a s o l u t i o n i n i t -
i a l l y in 5 runs and, with a l a t e r vers ion of the program, in 3 
runs . The data and the l a t t e r s o l u t i o n f o r t h i s problem are 
given in the Appendix. 

12 .4 H . P . S . - a Comprehensive Schoo l i n London 

Following an enquiry about p o s s i b l e a id in t i m e - t a b l e . c o n -
s t r u c t i o n from a member of the s t a f f at H .P .S . , a l arge compreh-
ensive s choo l in West London, the Author agreed to attempt t o 
make t h e i r s c h o o l t i m e - t a b l e but pointed out that the chances 
o f success were s l i m . This l e d to a mos t u s e f u l e x e r c i s e 
in data c o l l e c t i o n and checking but not unfortunate ly to any 
complete t i m e - t a b l e s . 
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At that stage in the development of the system all the data 

used had been obtained from the sources discussed in 12.1, 2 and 

3 and the errors contained v/ere relatively minor thus, although 

a data checking program v/as used, it v/as not highly developed 

and the data prepariition system had not been designed for use by 

school teachers nor with a view to avoiding errors. 

The first method used to obtain data from H.P.S. was simply 

to ask each Head of Department to supply the data relevant to 

his Department in the form in v/hich he was accustomed to giving 

it to the manual time-tabler. Excellent co-operation
 ;
 was 

obtained from all the staff concerned but the mass of information 

v/hich v/as produced took quite a bit of sorting out and when it 

had been sorted out it v/as found to contain a very large number 

of serious inaccuracies and inconsistencies. 

This experience showed very clearly that some firmer guid-

ance was necessary to enable the school staff to present their 

data in a form v/hich could easily be prepared for acceptance by 

the computer and to help them to avoid making so many mistakes. 

The data preparation system which was described in Johnston and 

Wolfenden [6], and which differs only in minor respects from 

the current system, was therefore developed. 

A 22 page booklet describing this system was prepared and 

copies s ent to those members of staff at H.P.S. who were in any 

way involved in the time-tabling operation. When they had 

had time to read it a meeting was held at the. school at v/hich 

the Author discussed the system and the general problems involved 

in getting a computer to make a time-table. Also, the staff 

had an opportunity to ask questions and to make suggestions. 

In time for the same meeting the Item List, the Curriculum, an 

index card for each requirement and forms, similar to but less 

elaborate than those shown in Chapter Four, had been prepared 

by a senior member of the school staff and the Author. These 

v/ere distributed to the members of staff concerned and they were 

given a few v/eeks to prepare their data. Once again the 

staff co-operated fully in the exercise and many were extremely 

interested in the whole project. The Author visited the 

school on several occasions to further explain the system to 

individual members of staff and to deal with problems which had 

arisen. 
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The end product of this exercise v/as a bundle of over 500 

index cards containing the requirements and a sheaf of forms 

containing the Teacher Duty Chart and the other documents. 

Little or no sorting out was required and the conversion of the 

data to punched cards v/as a straightforward task. 

Processing this data v/ith the Data Checking Routine revealed 

only 21 mistakes as follows:-

3 punching errors; 

8 errors of omission because requirement cards for the Sixth Form 

options had not been circulated to the Mathematics Department; 

3 errors involving over-loading of teachers or rooms due to 

misunderstanding of the system by one Ilead of Department; 

7 errors on the pre-assignment list due to changes being made 

on the Curriculum without making the corresponding changes to 

the pre-assignments. 

For a school involving a total of 205 items this was regarded 

as a satisfactory result. 

When the detected errors had been removed a series of runs, 

14 in all, was carried out using the Main Program. 

• The first few runs v/ere terminated in the initial chain 

and each revealed one or more reasons why no solution existed. 

The following examples illustrate the type of difficulties which 

were detected at this stage. 

Example 
A Mathematics teacher, who was required to have 5 single 

period lessons v/ith a Second Form Class, had a complete day of 

fixed free periods so that he could attend a course outside the 

school. This prevented the proper distribution of the 5 

lessons but could only be detected after the fixed periods had 

been assigned. 

Example 
A section of the Fourth Form had

1

 Games pre-assigned on 

Tuesday afternoon and a double period of Engineering on Tuesday 

morning leaving only 2 periods unassigned on Tuesday. They, 

also had 5 single period lessons per week of each of English and 

Mathematics, thus the two remaining periods on Tuesday had to be 

reserved for these subjects. However, they had 4 periods 

of French v/ith a teacher whose other commitments meant that he 
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could not teach them on Friday thus a French lesson was also 

essential on Tuesday i.e. an impossible situation existed. 

Once all difficulties detected in the initial chain had been 

removed the next few runs were terminated due to a long chain of 

retreats after only a small number of assignments (50 to 60). 

In these cases it v/as often possible to trace the cause of the 

trouble back to the data. Some of the difficulties of this 

type which arose are described in the following examples. 

Example 

A part-time teacher, who was only present for 10 periods per 

week, had been asked to take 2 3-period lessons with the Lov/er 

Sixth Form and 2 2-period lessons with the Upper Sixth Form. 

Her hours of duty v/ere 6 consecutive periods on one day and 4 

consecutive periods on another. At most 3 of her 4 lessons 

were therefore possible. 

Example . 

An advanced Biology laboratory v/as required for 33 out of 

the possible 35 periods in the week thus it could only be free 

at 2 periods. It was used by Sixth Form classes for 28 per-

iods all in double or triple period lessons, by a Fifth Form 

class for one single period lesson and by a Fourth Form class 

for 2 double period lessons taught by a part time teacher. 

On Monday morning the whole of the Sixth Form v/as pre-

assigned to have Games thus it could not use the laboratory at 

periods 1, 2, 3 or 4. Also the part time teacher was not 

available at all on a Monday. The allocation of the Fifth 

Form lesson to Monday, period 1 was possible but no lesson could 

be assigned to periods 2, 3 and 4 thus the laboratory had to be 

free for at least 3 periods. 

Example 

All Physics and Chemistry laboratories had been given a 

100% work load and although no specific failure could be blamed 

on this fact it was suspected that some of the many difficulties 

were caused indirectly by it. 

Most of the remaining runs in the series were again termin-

ated by long sequences of retreats but this occurred after so 

many assignments had been made that it was no longer possible to 
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trace the difficulties back to the data. In some cases the 

cause of the difficulty could be traced back to a point, X say, 

in the process where one of the situations discussed in 11#3 and 

11.4 could be seen to have arisen but it could rarely be said 

with certainty whether this had been caused by the program, 

through its choice of assignments, or was inevitable due to in-

herent impossibilities in the data set. The policy with such 

situations was to add to the Pre-Assignment List all assignments 

up to the end of the chain before the chain containing the point 

X and then to make further pre-assignments which attempted to 

avoid the occurrence of the same problem again. If the im-

possible situation had not been removed by this process the next 

run usually failed with a different set of circumstances still 

involving the same area of the time-table. By this method 

evidence could be obtained on which requirements were likely to 

be involved if inherent impossible situations existed in the 

data. The evidence, however, was rarely conclusive. 

Clearly, if the series of runs attempting to solve any 

problem gets to this stage it may take several runs to detect 

one impossible situation in the data and the total number of runs 

to obtain a solution, if a solution was ever obtained, could be 

very large and therefore unacceptable. 

This type of behaviour occurred in attempting to solve 

H.P.S., G . U . S . and one of the larger imaginary problems used 

and in all three cases it v/as concluded that there is no solution 

of the type required. In the cases of H.P.S. and the imagin-

ary problem, further short series of runs have been carried out 

using the latest version of the program starting with the data 

decks in use at the end of the previous series. The only 

significant difference between these tests and the earlier ones 

is that the long chains of retreats tend to occur earlier in the 

process i.e. the program appears to be able to make less of the 

time-table than the earlier version. This is interpreted as 

indicating that the more powerful processes applied by the newer 

program track down the difficulties more rapidly. The other 

possible interpretation, that the new program is just not as 

good as the old one, is ruled out by its better performance on 

problems including H.C.T. 1966-67 (12.3), which do have solutions. 
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The program, however, is still not powerful enough to produce 

solutions to the more difficult problems with a sufficiently 

small number of runs. 

12.5 G.P.S. - a Public flchool in Scotland 

Following publication of Johnston and Wolfenden [6], a 

teacher from G.P.S. offered to express the data for the school 

time-table in the required form. This offer was gratefully 

accepted and the data was, in due course, received. 

Y/hen checked using the Data Checking Routine the only serious 

errors were 'in pre-assigning too many free periods for several 

of the items. A first run with the Main Program, however, 

revealed much more serious difficulties for, in an effort to des-

cribe the required Sixth Form structure within the model, almost 

75% °f the Sixth Form lessons had been pre-assigned.. Some of 

these pre-assignments were inconsistent with one another or in-

consistent with requests on the Fixed Free Period List but they 

also caused an unknown number of impossible situations in other 

parts of the time-table. Five further runs were carried out 

each of which revealed additional difficulties all of which had 

been caused by the pre-assignments. It was then concluded 

that the problem was not likely to yield a solution and tests 

with this data set were suspended. 

As the failure with the data set discussed above v/as assumed 

to have been caused by the Sixth Form pre-assignments the Author 

redescribed the Sixth Form requirements so that the same struc--

ture v/as achieved but no pre-assignments were required. A 

further six runs with this modified data were carried out the 

best of which assigned just over 50% of the lessons including all 

but 3 °f the 78 double period lessons required. 

An error during this series of runs showed that a fairly 

small reduction in the number of lessons to be assigned could 

make the difference betv/een success and failure for on one run 

a set of seven requirement cards involving a total of 19 lessons 

was accidently omitted from the data deck and a complete solution 

was obtained. Investigation failed to reveal why the inclus-

ion of these requirements should make a.solution impossible and 

the Author is unable to decide v/hether the failure with the full 

data set is due to an inherent impossibility in the data or to 
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the program making unv/icc decisions, although the latter seems 

the more likely reason. The possibility of allov/ing the pro-

gram to omit troublesome lessons and hence perhaps produce cm 

almost complete solution is discussed in 14.5* 

12.6 Conclusions 

From the complete set of tests done on the Main Program, 

not only on the real school data discussed in this chapter but 

also on the imaginary test problems we can draw the following 

conclusions:-

i) If a set of data has a complete solution then the program 

has a very good chance of finding it but, in the case of a 

large data set, may make unwise decisions which result in 

long series of retreats and have to be corrected by the 

analyst thus requiring too many runs to be done, 

ii) If a set of data does not have a-complete solution but one 

or more reasons for this are fairly obvious then the program 

will probably detect them-while it is in the initial chain 

or they will cause a long sequence of retreats at an early 

stage in the construction process from which the analyst 

can detect the source of the trouble, 

iii) If a set of data does not have a. complete solution but the 

reasons are complex then the program is unlikely to provide 

a means of finding them since they will probably cause a 

long sequence of retreats after quite a few chains of 

assignments have been made and it will be difficult for 

the analyst to determine the source of the trouble. 

The overall conclusion must therefore be that for real 

schools the Main Program is not a satisfactory means of produc-

ing a time-table sufficiently rapidly and at a low enough cost. 

A possible method for improving the situation is discussed in 

Chapter 14. 
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CHAPTER THIRTEEN 

AN ALTERNATIVE APPROACH 

13.0 Introduction 

In a paper presented at the 1966 British Joint Computer 

Conference N. L. Lawrie [73, said while discussing the formation 

of a time-table:-

"It may be useful at this point to describe this combin-

atorial problem less in terms of classes and teachers than in 

terms of 'lines', each of which describes a class-teacher 

combination which must occur a specified number of times in 

the completed time-table. We .call two lines 'compatible' 

if they do not have a class or a teacher in common and 

describe as an 'arrangement' a set of lines from the table 

v/ith the following two properties:-

(1) the lines in the arrangement must be compatible in pairs 

(2) each class must occur in some line of the arrangement. 

The problem then is to choose as many arrangements as 

there are periods in the time-tabling week so that each line 

meets its correct number of times and so that constraints on 

good distribution and on the occurrence of certain lines at 

specified times are satisfied." 

Lawrie proceeds to discuss how this approach to the problem 

can be expressed as a linear programming problem but does not 

indicate that, at that time, he had attempted to put his ideas 

into practice. He has since published a further paper [8] 

in which he describes the first phase of an algorithm to apply 

the process. 

Before the publication of this second paper the present 

Author recalled the ideas expressed in the earlier paper and 

realised that such an approach would avoid the difficulty en-

countered by the Main Program in allocating free periods (11.3). 

Some work v/as therefore commenced to determine whether or not 

this approach can be made practical and although it has not been 

brought to a satisfactory conclusion it is felt worthwhile to 

discuss the progress made. 
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13-1 Definitions 

Using our term 'requirement' in place of Laurie's term 

'line' and allowing for the fact that our items may have more 

than one life we may re-express and extend Lav/rie's terminology 

for the problem by the following set of definitions. 

13-1-1 Compatible requirements 

We define tv/o requirements to be compatible if the units 

involved are such that it is possible for a lesson, or part of 

a lesson, from each to occur at the same period. 

Example 

In the example problem requirement 10 is compatible with 

requirements 140, 160, 165, 180, 210, 220, 225, 240 and 250. 

13-1-2 A complete arrangement 

We define a complete arrangement to be a set of requirements 

such that:-

i) the requirements in the set are compatible in j)airs; 

and ii) no requirement which is compatible with all members of 

the set is absent from the set. 

Example 

In the example problem we can start to form an arrangement 

by selecting requirement 10. This rules out requirements 20, 

30, 4o, • 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, 150, 170, 
175, 190, 200, 130 and 235- . The next member of the set must 

therefore be chosen from 140, 160, 165, 180, 210, 220, 225, 240 

and 250.
 1

 If we choose 140 then requirements 160, 165, 180, 
210 and 240 are ruled out v/hich leaves 220, 225 and 250. If 

we now take 220 then the remaining tv/o requirements are ruled out 
thus 10, 140 and 220 form a complete arrangement. 

13-1-3 A partial arrangement 

We define a partial arrangement to be any part of a complete 

arrangement. 

Example 

The partial arrangements which can be formed from the com-

plete arrangement discussed in the previous example are 10; 140; 

220; 10, 140; 10, 220; and 140, 220. 
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13-1-4 A group 

Y/e de f ine a group t o be a se t containing p a r t i a l and/or 
complete arrangements such t h a t : -

i) there is exactly one arrangement in the set for each 

period in the week but a particular arrangement may 

occur more than once if necessary; 

and ii) each requirement occurs a total number of times equal 

to the total length of the lessons involved in it. 

Example 
For the example problem the 23 arrangements shov/n in f i g u r e 

13-1 form a group. In t h i s case every arrangement in the 
group i s a complete arrangement. 

13-1*5 An ordered group 

Y/e define an ordered group to be a permutation of the 

arrangements in a group so that when the arrangements are assoc-

iated v/ith the periods of the week they form a time-table in 

which all the constraints inherent in the model are satisfied. 

Example 
In the example problem a. suitable ordering of the group 

in figure 13*1 is shown in figure 13*2. This is in fact just 

the solution given in figure 2.4. 

13*2 Acceptable arrangements ' -
Let us f o r the moment f o r g e t about the process t o be used 

f o r the generat ion of an ordered group and consider some of the 
p r o p e r t i e s v/hich i t s members must have. 

The arrangement to be associated with period p must obey 

the following set of rules. 

13*2.1 Rule F1 
It must employ any unit which may not have a free period at 

period p. 

13*2.2 Rule F2 
It must not employ any unit which must have a free period 

at period p-

13*2.3 Rule F3 

It must include any requirement in v/hich a lesson is essen-

tial at period p. 
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1 3 . 2 . 4 Ru le F4 

I t must n o t i n c l u d e any r equ i r emen t i n v/hich a l e s s o n i s 

f o r b i d d e n a t p e r i o d p . 

1 3 . 2 . 5 Ru l e F5 

I t must n o t i n c l u d e any requ i r emen t i n v o l v i n g m u l t i p l e 

p e r i o d l e s son s u n l e s s t he r ema i n i n g p e r i o d s o f t he l e s s on can 

be or have been i n c l u d e d i n the a r rangements f o r p e r i o d s be f o r e 

or a f t e r p e r i o d p . 

Wo v / i l l r e f e r t o an a r rangement v/hich obeys t hese r u l e s as 

be i ng a c c e p t a b l e a t p e r i o d p . 

Assuming t h a t t he s e l e c t i o n p rocess de termines 'the a r r ange-

ments t o be a s s o c i a t e d v/ i th t h e p e r i o d s one a t a t ime , t h e r e w i l l 

be , a t any s t a ge i n the p r o c e s s , a f i n i t e number o f a c c e p t a b l e 

a r rangements f o r each p e r i o d f o r v/hich an arrangement has n o t 

been s e l e c t e d . Le t us use A^ q t o denote the se t o f a r r ange-

ments v/hich a re i n i t i a l l y a c c e p t a b l e a t a t l e a s t one p e r i o d and 

A t o denote t he subse t o f A n n v/hose members remain a c c e p t a b l e 
P , S U , U 

a t p e r i o d p when a r rangemen ts have been s e l e c t e d f o r s p e r i o d s . 

A n i s then t h e s ubse t o f A n „ v/hose members a r e i n i t i a l l y 
•. p , U \J , \J 

acce j ^ tab le a t p e r i o d p . 

[NOTE: I n u s i n g t h i s n o t a t i o n i n t h e d i s c u s s i o n v/hich f o l l o w s t he 

parameter p v / i l l be t h e e x t e r n a l p e r i o d name and no t t he i n t e r n a l 

p e r i o d number . ] ' • 

The s e t s Aq ^ and A^ q a r e u n i q u e l y de termined by the d a t a 

f o r t he prob lem bu t A f o r s > .0 w i l l depend on v/hich s a r r ange-
p , s 

.ments have a l r e a d y been s e l e c t e d and the s p e r i o d s v/ith v/hich 
they have been a s s o c i a t e d . 

I n p r a c t i c e i t i s n o t a s t r a i g h t f o r v / a r d o p e r a t i o n t o en-

numerate t he members o f any o f t hese s e t s . The prob lems 

i n v o l v e d a r e t he same ' as t h o se v/hich p reven t a p e r f e c t s e t o f 

r u l e s from be i ng w r i t t e n down f o r c a n c e l l i n g e lements i n a r r ay 

PR. We must be c on t e n t t o work v/ith a pp r ox ima t i o n s A^ ^ and 

A' which a re supe r-se t s t o _ and A i . e . each c o n t a i n s 
p , s * 0 , 0 p , s 

the members o f the exact s e t b u t may c o n t a i n a d d i t i o n a l members 

v/hich canno t e a s i l y be seen t o be u n a c c e p t a b l e . 

13-3 Arrangement coun ts 

A u s e f u l parameter i n d e t e r m i n i n g the d i f f i c u l t y t o be 
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expcc tcd i n a s s i g n i n g t he l e s s o n s i n a g i ven r equ i r emen t i s 

o b t a i n e d by c o u n t i n g t he number o f t imes t he requ i remen t name 

occurs i n t he s e t We w i l l use C n ~ t o denote t h i s 
0,0 r,0,0 

q u a n t i t y f o r r equ i r emen t r and w i l l r e f e r t o i t as t he i n i t i a l 

arrangement c o u n t . 

A r e l a t e d coun t i s t h e number o f t imes' r equ i remen t r occurs 

i n A , t o be denoted by C and c a l l e d t he c u r r e n t a r r ange-
p , s * J r , p , s — 

ment count f o r r equ i r emen t r a t p e r i o d p a f t e r s s e l e c t i o n s . 

I n p r a c t i c e t h e q u a n t i t i e s o b t a i n e d a re upper bounds CU q q 

and C' s i n c e t he s e t s f rom wh ich they can be c a l c u l a t e d a r e 

on l y a pp r ox ima t e . 

[Note: I n u s i n g t h i s n o t a t i o n i n t he d i s c u s s i o n which f o l l o w s 

t h e parameters r and p w i l l be t h e e x t e r n a l r equ i remen t name and 

t he e x t e r n a l p e r i o d name r e s p e c t i v e l y . 3 

13-4 I l l u s t r a t i o n s u s i n g t h e example problem 

To c l a r i f y t he i d e a s expressed so f a r i n t h i s chap te r v/e 

now cons i de r the example p r o b l e m . 

13 . 4 . 1 An a pp r ox ima t i o n A^ q t o Aq q 

V/e f i r s t n o t e t h a t i t e m s 1 0 , 2 0 , 3 0 and 40 must be employed 

a t every p e r i o d o f t he week ( f i g u r e 5«3)« We can , t h e r e f o r e 

o b t a i n an a p p r o x i m a t i o n t o A q q by g e n e r a t i n g a l l complete and 

p a r t i a l a r rangements which employ a t l e a s t t hese f ou r u n i t s . 

Th i s produces 248 a r r a ngemen t s , as t a b u l a t e d i n f i g u r e 13-3. 

A l l o f these a re i n f a c t comp le te a r r angemen ts . F i g u r e 13 . 4 

t a b u l a t e s C ~ ~ f o r t h i s s e t . r ,0,0 
There a r e many o t he r comp l e t e ar rangements f o r t h i s prob lem 

which a re n o t members o f A^ q. Some o f t h e s e , v/ i th a l i s t o f 

t he u n i t s which they employ , a r e shown i n f i g u r e 1 3 . 5 . 

.13-4.2 An a p p r o x i m a t i o n A1 ^ t o A n 

1 1, v/ . 1 1, u 

To o b t a i n A ^ Q from A^ Q we cons i de r i n t u r n the r u l e s 

g i ven i n 12 . 2 : 

Ru l e F 1 . : I n i t i a l l y on l y 10, 20 , 30 and 40 must be employed a t 

t h i s p e r i o d t h u s t h e method o f f o rm ing J^ Q has 

s a t i s f i e d t h i s r u l e . 

Ru l e F2 : From t h e F ixed F ree Pe r i o d L i s t ( f i g u r e 5 . 3 ) ws see 

t h a t one u n i t from i t e m 100 must be f r e e a t p e r i o d 11 . 

Now r equ i r emen t s 40 and 45 employ bo th u n i t s o f i t em 

.165 



13-3 
100 t h u s a l l a r r a n g e m e n t s i n v o l v i n g t hese r e q u i r e m e n t s 

must be e l i m i n a t e d . Th i s removes 24 a r r a n g e m e n t s . 

R u l e F3 : I n i t i a l l y no l e s s o n i s e s s e n t i a l a t p e r i o d 11 . 

R u l e F4 : From t h e P re-Ass i gnmen t L i s t ( f i g u r e 5 *3 ) we can sec 

t h a t l e s s o n s i n r e q u i r e m e n t s 150 and 200 a r e p re-

a s s i g n e d t o p e r i o d s on t h e same day, as p e r i o d 11 t h u s , 

s i n c e n e i t h e r o f t h e s e r e q u i r e m e n t s needs more t h a n 

one l e s s o n pe r d a y , we must e l i m i n a t e a l l a r r a ngemen t s 

i n v o l v i n g them. T h i s i n c l u d e s some o f t h o s e a l r e a d y 

e l i m i n a t e d b u t a l s o removes a f u r t h e r 6 2 . 

R u l e F5 ' From t h e p e r i o d p a t t e r n s f o r day 1 ( f i g u r e 5 « 3 ) we see 

t h a t any 2 - p e r i o d l e s s o n wh ich s t a r t s a.t p e r i o d 11 

must be c o m p l e t e d a t p e r i o d 12 . Nov/ c o n s i d e r t h e 

a r r angemen t 10 , 160 , 220 wh ich i s t he f i f t h member o f 

A4 q. R e q u i r e m e n t 10 i n v o l v e s 1 - p e r i o d l e s s o n s b u t 

160 and 220 b o t h i n v o l v e 2 - p e r i o d l e s s o n s ( f i g u r e 5-3 ) 

t h u s i f t h i s a r r a n g e m e n t i s a s s o c i a t e d w i t h p e r i o d 1'i 

t h e n a d i f f e r e n t a r r a ngemen t wh ich does n o t i n v o l v e 

r e q u i r e m e n t 10 b u t wh i ch does i n v o l v e r e q u i r e m e n t s 160 

and 220 must be a s s o c i a t e d w i t h p e r i o d 12 . No s u ch 

a l t e r n a t i v e a r r a n g e m e n t e x i s t s t h u s 10, 1o0 , 220 i s 

n o t a c c e p t a b l e a t p e r i o d 11 . S i m i l a r c o n s i d e r a t i o n s 

e l i m i n a t e 10 o t h e r members o f A^ 

The s e t o f 151 a r r a n g e m e n t s wh ich r ema i n a s A' n a r e t h o s e 

l l, w 

m a r k e d X on f i g u r e 1 3 « 3 « T h e r e a r e m o r e c o m p l e x c o n s i d e r a t i o n s 

v / h i c h e l i m i n a t e many m o r e a r r a n g e m e n t s f r o m t h i s s e t . 

1 3 . 4 . 3 An a p p r o x i m a t i o n AJj^ q t o A^^ ^ 

A t p e r i o d 15 A j j ^ Q i s f o u n d f r o m A q q s i m p l y by a p p l y i n g 

R u l e F 3 » F r om t h e P r e - A s s i g n m e n t L i s t we s e e t h a t a l e s s o n 

f r o m r e q u i r e m e n t 1 5 0 i s p r e - a s s i g n e d t o p e r i o d 1 5 , t h u s o n l y • 

a r r a n g e m e n t s i n c l u d i n g t h i s r e q u i r e m e n t a r e a c c e p t a b l e . F r o m 

f i g u r e 1 3 . 4 v/e f i n d t h a t q q = ^ t h u s AJj^ Q c a n c o n t a i n a t 

m o s t f o u r a r r a n g e m e n t s . The f o u r a c c e p t a b l e o n e s a r e m a r k e d 

Y i n f i g u r e 1 3 * 3 . A p p l i c a t i o n o f t h e o t h e r r u l e s d o e s n o t 

f u r t h e r r e d u c e t h i s s e t . 

1 3 . 4 . 4 An a p p r o x i m a t i o n A i , _ t o A_, „ 

A t p e r i o d 34 R u l e F2 i s t h e one which e l i m i n a t e s a l a r g e 

number o f t h e members o f AQ From t he F i x e d F ree P e r i o d 
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L i s t v/e see t h a t i t em 60 must have a f r e e p e r i o d a t p e r i o d 34 . 

N o t i n g , from the l i s t i n g o f Documents Two, Three emd Four ( f i g -

u re 5-3) t h a t i tem 60 i s i n v o l v e d i n r equ i r emen t s 10, 150, 190, 

200, 230 and 235 and o b t a i n i n g C n n f o r each o f these r e q u i r e -

ments from f i g u r e 13-4, we see t h a t a t o t a l o f 168 ar rangements 

a re e l i m i n a t e d . A p p l i c a t i o n o f t he o t he r r u l e s does nor e l im-

i n a t e any f u r t h e r a r r a ngemen t s . The r ema i n i n g 80 a r r angemen ts , 

wh ich form A ^ q a r e marked Z i n f i g u r e 13-3-

13-4.5 An a p p r o x i m a t i o n A ^ t o A ^ ^ 

Le t us suppose t h a t t he ar rangement 40 , 150, 210 i s s e l e c t e d 

f o r p e r i o d 15 t hen the number o f a r rangements a c c e p t a b l e a t 

s e v e r a l o the r p e r i o d s i s changed . I n p a r t i c u l a r v/e c o n s i d e r 

p e r i o d 14. 

F i r s t o f a l l r e q u i r emen t 40 i n v o l v e s 2-per i od l e s s on s t h u s 

t he l e s s on a l r e a d y a s s i g n e d t o p e r i o d 15 must commence a t p e r i o d 

14 . Second l y , from t h e Pre-Assignment L i s t ( f i g u r e 5-3) a 

l e s s o n from requ i r emen t 200 i s e s s e n t i a l a t p e r i o d 14. By 

Ru l e F3 v/e then f i n d t h a t o n l y two ar rangements a re a c c e p t a b l e . 

These a re 40 , 140, 200 and 40 , 1 8 0 , ..-200 t hus t hese a re t h e 

members o f Ajj^ 

I f an a l t e r n a t i v e c h o i c e i s made a t p e r i o d 15 t hen t h e 

members o f A ^ ^ a r e c omp l e t e l y d i f f e r e n t . 

13-4.6 The i n i t i a l a r rangemen t coun t s a t p e r i o d 15 

I n 13-4.3 we showed t h a t the s e t A' n c o n t a i n s on l y t h e 

f o u r arrangements 

40 150 210 

40 150 240 

45 150 210 

45 150 240 

The i n i t i a l a r rangement coun t s f o r a l l t he r equ i r emen t s a t 

p e r i o d 15 can e a s i l y be f ound from these arrangements and a r e 

t a b u l a t e d i n f i g u r e 13-6. 

Now c l e a r l y i f C i s ze ro then t he ass ignment o f a 
r , p , s 

l e s s o n from requ i r emen t r a t p e r i o d p i s i m p o s s i b l e . Th i s 

a r r a y t h e r e f o r e t e l l s us some e lements i n a r r ay PR which can be 

c a n c e l l e d . The o p e r a t i o n o f making the pre-ass ignment and 

a p p l y i n g the r u l e s f o r c a n c e l l a t i o n s i n a r r ay PR g i ven i n Chap ter 
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Uevcn would o f course a l c o have c a n c e l l e d some e lements i n a r r a y 

PR bu t t he re a re 8 e l e m e n t s , marked by arrows i n f i g u r e 13-6, 

v/hich would no t have been c a n c e l l e d by t h i s p r o c e s s . The 

c a l c u l a t i o n o f t he a r rangement coun ts has t h e r e f o r e g i v en us a 

f u r t h e r method o f f i n d i n g t h o se e lements i n a r r a y PR which appear 

t o be a v a i l a b l e bu t a re n o t . I f such coun ts cou l d be o b t a i n e d 

a t every s t age o f a t i m e - t a b l e c o n s t r u c t i o n p rocess we would be 

one s t e p nea re r t he p e r f e c t s e t o f r u l e s d i s cussed i n 7-6 . 

U n f o r t u n a t e l y t he a r rangement coun t s cou l d on ly be o b t a i n e d 

w i t h a r e l a t i v e l y l a r g e amount o f e f f o r t . 

13-5 An arrangement g e n e r a t o r program 

As we have seen i n 13-4.1 an a pp rox ima t i o n t o Aq q can be 

o b t a i n e d by g e n e r a t i n g a l l comp le te and p a r t i a l a r rangements 

which employ a t l e a s t t ho se u n i t s v/hich may no t have a f r e e 

p e r i o d a t any p e r i o d i . e . u n i t s o f i tems f o r which TEA[i] = 0 

i n i t i a l l y . As a : f i r s t s t a g e i n t h e i n v e s t i g a t i o n o f t he use o f 

a r rangements i n t i m e - t a b l e p r o d u c t i o n a program was w r i t t e n t o 

genera te t h i s s e t and t o c a l c u l a t e the co r respond i ng ar rangement 

c o u n t s . The i n f o r m a t i o n i n f i g u r e s 13-3 and 13-4 a re examples 

o f i t s o u t p u t . 

A p p l i c a t i o n o f t h i s program t o a few problems q u i c k l y showed 

t h a t any method o f t i m e - t a b l e c o n s t r u c t i o n which r e q u i r e s exp l-

i c i t f o r m a t i o n o f A ^ i s bound t o s u f f e r from t he d i s advan t age 

t h a t t he t o t a l number o f i n i t i a l l y a c c e p t a b l e ar rangements i s i n 

g e n e r a l very l a r g e and s t o r a g e o f them w i t h i n t he machine i n a 

r a p i d l y a c c e s s i b l e form i s a p r ob l em . 

A l s o the t ime taken f o r t he p rocess was found t o be compar-

a b l e t o , and i n some cases g r e a t e r t h a n , the t ime taken t o 

o b t a i n a comple te s o l u t i o n u s i n g the Main Program. The 

example problem i s n o t t y p i c a l i n t h a t i t s t i g h t l y woven r e q u i r e -

ments g r e a t l y reduce the number o f p o s s i b l e a r r angemen t s . 

Thus, however u s e f u l t h e f a c i l i t y t o examine a l l p o s s i b l e 

a r rangements f o r a g i v en prob lem s i m u l t a n e o u s l y may be , i t i s 

no t i n gene r a l a p r a c t i c a l p r o p o s i t i o n . A s i m i l a r c o n c l u s i o n 

m igh t be reached s imp l y by o b s e r v i n g t h a t a f i n i s h e d t i m e - t a b l e 

c o n t a i n s on l y one a r rangement f o r each p e r i o d t hus t he g e n e r a t i o n 

o f hund reds , t housands or even t e n s o f thousands i n order t o f i n d 

t h i r t y t o f o r t y s u i t a b l e ones i s c l e a r l y i n e f f i c i e n t . I n f a c t , 
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b e a r i n g i n mind t h a t t he came arrangement can sometimes be used 

s e v e r a l t imes i n a t i m e - t a b l e , t he t o t a l number o f d i f f e r e n t 

a r rangements used may be even l e s s t han one per p e r i o d . 

13-6 A group g e n e r a t o r program 

A second s t a g e i n the i n v e s t i g a t i o n o f the use o f a r r ange-

ments i n t i m e - t a b l e p r o d u c t i o n was t o f o l l o w the s ugge s t i o n made 

by Lawr ie i n h i s 1966 paper [73, namely t o " s epa r a t e the problem 

o f f i n d i n g a s e t o f a r r angemen t s v/hich w i l l g i v e each l i n e i t s 

c o r r e c t number o f p e r i o d s from t h e c o n s t r u c t i o n o f a good t ime-

t a b l e from the a r rangements by p e rmu t i n g them" . A program 

v/as t h e r e f o r e w r i t t e n t o g e n e r a t e groups o f a r rangements where 

a group i s as d e f i n e d i n 13*1 

Th i s program was a p p l i e d t o s e v e r a l t e s t cases and an example 

of a group produced f o r t h e example problem i s shown i n f i g u r e 

1 3 . 7 . 

A few moments e x a m i n a t i o n o f t h i s group shows t h a t i t canno t 

be permuted t o g i v e a n y t h i n g a pp roach i ng a good t i m e - t a b l e . 

The most obv ious d i f f i c u l t y i s t h e p a i r i n g t oge t he r of a r r ange-

ments t o form the c o r r e c t 2 - p e r i o d l e s s o n s w i t hou t a t the same 

t ime p r oduc i ng o t he r unwanted ones . 

Example 

The f ou r a r rangemen ts i n f i g u r e 13*7 which i n v o l v e r e q u i r e -

ment 40 a r e : -

40. 150 210 

40 150 210 

40 150 . 210 

40 180 240 

Y/hen these a re grouped i n p a i r s t o form the two 2-pe r i od l e s s o n s 

needed i n r equ i r emen t 40 2 - p e r i o d l e s s o n s a re a l s o c r e a t ed f o r 

r equ i r emen t s 150 and 210. I n f a c t from the group g i ven i n 

f i g u r e 13«7 on ly one 2-pe r i o d l e s s o n can be formed c o r r e c t l y . 

A l t hough t h e program v/as such t h a t i t c o u l d , i f g i v e n s u f f -

i c i e n t t i m e , produce a l l p o s s i b l e g roups the chances o f o b t a i n i n g 

an a c c e p t a b l e g roup seem very r emo te . One p o s s i b l e s o l u t i o n 

t o t h i s problem i s t o i n c l u d e some f u r t h e r c o n s t r a i n t s i n the 

d e f i n i t i o n o f a g r o up . 
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13 .7 A m o d i f i e d g roup g e n e r a t o r program 

To avo i d t he d i f f i c u l t y w i t h 2-pe r i od l e s sons i n the groups 

gene ra t ed by t he program d i s c u s s e d i n 13*6 a m o d i f i e d d e f i n i t i o n 

o f a group v/as d e v i s e d . 

1 3 . 7 . 1 M o d i f i e d d e f i n i t i o n o f a group 

Y/e r e d e f i n e a g roup t o be a s e t c o n t a i n i n g p a r t i a l a n d / o r 

comple te ar rangements such t h a t : -

i ) t he re i s e x a c t l y one arrangement i n t he se t f o r each 

p e r i o d i n t he week b u t a p a r t i c u l a r arrangement may 

occur more t h an once i f necessa ry ; 

i i ) each r e qu i r emen t occu rs a t o t a l number o f t imes equa l 

t o the t o t a l l e n g t h o f t he l e s s on s i n v o l v e d i n i t ; 

and i i i ) t he t o t a l number o f a r rangements TNA[r ^ , r p ] i n the s e t 

i n which any p a i r o f r equ i r emen t s r^ and r ^ bo th occur 

s a t i s f i e s the c o n d i t i o n : -

T N A C r ^ r 3 < Min N[r 3 , N [ r
2
3 .Min M[r ] ,M[r 3 

R e l a t i v e l y minor m o d i f i c a t i o n s t o the group gene ra t o r pro-

gram enab led i t t o produce g roups s a t i s f y i n g t h i s new c o n s t r a i n t 

and one o f t he groups produced f o r t he example problem i s shown 

i n f i g u r e 1 3 . 8 . 

A l t hough t h i s m o d i f i e d g roup i s such t h a t t he necessary 

2-pe r i od l e s son s can be formed w i t h o u t a t t he same t ime c r e a t i n g 

unwanted ones i t i s s t i l l n o t c apab l e o f be i ng permuted t o g i v e 

a good t i m e - t a b l e as v/e can demons t ra te very s i m p l y . 

F i r s t o f a l l c o n s i d e r t he two arrangements which c o n t a i n 

r equ i r emen t 50 :-

50 90 130 210 

50 80 175 230 

They must be a s s o c i a t e d with- c o n s e c u t i v e pe r i o d s t o form the 

necessary 2-pe r i od l e s s o n . The second one, however, i n c l u d e s 

r equ i r emen t 230 which a l s o i n v o l v e s a 2-per i od l e s son t hus t he 

nex t arrangement must be :-

20 100 130 230 

S i m i l a r a d d i t i o n s must be made f i r s t t o complete the 2-pe r i od 

l e s s o n i n r equ i r emen t 100 and f i n a l l y t o complete one o f t he 2-

p e r i o d l e s sons i n r equ i r emen t 170 t hus p roduc i ng t he f o l l o w i n g 

s e t o f 5 a r r angemen t s :-

.170 



13-7 

50 90 130 210 
50 8o 175 230 
20 100 130 230 
30 100 170 240 

60 80 170 235 

Now t h i s s e t o f a r r angemen t s f i t s i / i t o one complete day o f 

t he t i m e - t a b l e bu t t h e r e a r e t h e f o l l o w i n g f a u l t s 

i ) A 2-pe r i od l e s s o n s t a r t s a t the second p e r i o d o f t he day 

v/hich i s no t a l l owed by t h e p e r i o d p a t t e r n s , 

i i ) Requ i rements 10, 140 and 200, each o f which shou l d have 

e x a c t l y one l e s s o n pe r day , do no t a ppea r , 

i i i ) Requ i rement 130, v/hich s h o u l d have e x a c t l y one l e s son pe r 

day , appears t w i c e . 

I t v/as, ox cou r se , o n l y good l u c k which p reven ted the s e t 

o f a r rangements from grov/ing t o more than f i v e . I n l a r g e r 

p rob lems , where each a r rangement i n v o l v e s many p a r t s o f m u l t i p l e 

p e r i o d l e s s o n s , en fo rced s t r i n g i n g of ar rangements would p r o b ab l y 

produce even l a r g e r s e t s . S i n c e t he s choo l day r a r e l y a l l o w s 

f o r more t han t h r ee or f o u r c on secu t i v e p e r i o d s t h i s would i n -

v a l i d a t e most o f t he groups p roduced . F u r t h e r , f o r the example 

problem the f i x e d f r e e p e r i o d s , f o r b i d d e n . a s s i g n m e n t s and pre-

ass ignmen ts a re no t very numerous and they do no t c o n f l i c t v/ i th 

t he group shown i n f i g u r e 13-8. I f , however, we were t o add 

t he pre-ass ignment 20, 34 , i . e . a t t he same p e r i o d as one of t h e 

f i x e d f r e e p e r i o d s f o r i t em 60 , then t h e r e i s no a c c e p t a b l e 

arrangement i n f i g u r e 13-8 f o r p e r i o d 34 . 

I t wou ld , t h e r e f o r e , once a g a i n appear t h a t even i f t h e 

program were a l l owed t o g e n e r a t e a l a r g e number o f m o d i f i e d 

groups the chance o f o b t a i n i n g an a c c e p t a b l e one seems very 

s m a l l . S i m i l a r c o n c l u s i o n s were drawn from the r e s u l t s o f 

a l l t he prob lems t e s t e d . The q u e s t i o n a r i s e s as t o whether 

t he chance c o u l d be f u r t h e r improved by more c o n s t r a i n t s i n t h e 

d e f i n i t i o n o f a g r o up . Look i ng a t t he f a u l t s i n the above 

example v/e see t h a t such f u r t h e r c o n s t r a i n t s would have t o i n -

vo l v e a t l e a s t t he f o l l o w i n g f a c t o r s : -

i ) t he occur rence o f p a r t o f a m u l t i p l e p e r i o d l e s son i n a 

s e l e c t e d a r r angemen t ; 

i i ) t h e p e r i o d p a t t e r n s ; 
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i i i ) the d i s t r i b u t i o n lav/s ; 

i v ) the F ixed Free P e r i o d L i s t ; 

v ) t he Fo rb i dden Ass ignmen t L i s t ; 

and v i ) the Pre-Ass ignment L i s t . 

Th is i n e f f e c t means t h a t each arrangement i n the group 

formed w i l l have t o be a s s o c i a t e d v/ith a p a r t i c u l a r p e r i o d v/hen 

i t i s s e l e c t e d . I n o t h e r words the group formed v / i l l be an 

o rdered group w i t h o u t t he need f o r a p e rmu t a t i o n s t a g e . 

13-8 Conc l u s i o n 

From the r e s u l t s d i s c u s s e d i n 13-6 and 13-7 we must conc l ude 

t h a t L a w r i e ' s i d e a o f o b t a i n i n g a t i m e - t a b l e i n two s t ages i s 

n o t a p rocess which i s l i k e l y t o be u s e f u l i n p r a c t i c e . Th i s 

does no t mean t h a t a r r angemen t s cannot be u s e f u l l y employed i n 

t i m e - t a b l e c o n s t r u c t i o n . I f we app l y the term ' h o r i z o n t a l 

c o n s t r a i n t s ' t o t he c o n d i t i o n s v/hich must be s a t i s f i e d a t a g i v e n 

p e r i o d o f the t i m e - t a b l e , and t he term ' v e r t i c a l c o n s t r a i n t s ' t o 

t he c o n d i t i o n s which must be s a t i s f i e d over the whole week by 

the l e s s on s a s s i g n e d i n a g i v e n r equ i r emen t or a s s o c i a t e d s e t o f 

r e q u i r e m e n t s , t hen we can say t h a t t he use o f ar rangements i s a 

power f u l t o o l f o r e n s u r i n g t h a t t he h o r i z o n t a l c o n s t r a i n t s a r e 

met bu t p r o v i d e s no easy method o f a p p l y i n g the v e r t i c a l con-

s t r a i n t s . 

One method o f p u t t i n g t he se i d ea s i n t o p r a c t i c e i n t h e 

e x i s t i n g Main Program v/ould be t o t e s t , when each ass ignment i s 

made, t h a t a t l e a s t one a c c e p t a b l e arrangement s t i l l e x i s t s 

f o r t he p e r i o d or p e r i o d s c once r ned . Th is would n o t guarantee , 

t h e e ven t u a l c omp l e t i o n o f t h a t p e r i o d o f t he t i m e - t a b l e bu t i t 

m igh t improve the o v e r a l l power o f t he program t o d e t e c t imposs-

i b l e s i t u a t i o n s , e s p e c i a l l y o f the type d i s cussed i n 11 .3-1 , 

and hence t he o v e r a l l p e r f o rmance . 

Th i s s u g g e s t i o n has n o t been t e s t e d ou t i n the Main Program 

t hus the cos t i n execu t i o n t ime which i t v/ould i n v o l v e has no t 

been a s sessed . To a p p l y t he t e s t a f t e r every ass ignment 

would p robab l y prove t oo expens i ve bu t t e s t s v/hen say 75% o f 

t he u n i t s had been employed a t a g i ven p e r i o d cou l d prove t o be 

a lmos t as u s e f u l and much l e s s t ime consuming . 
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F i g u r e 13>1 

A group 

10 140 220 

10 140 225 

10 160 225 

10 160 240 

10 165 240 

20 90 130 250 

20 90 160 235 

20 90 170 200 

20 100 180 200 

20 110 175 230 

30 80 130 200 

30 80 160 200 

30 80 190 

30 100 130 235 

30 120 170 210 

40 140 200 

40 140 225 

40 150 210 

40 150 210 

45 140 230 

45 150 240 

50 80 170 220 

50 90 170 210 

60 80 130 235 

70 90 130 210 

13-3 
F i g u r e 13*2 

An ordered group 

10 165 240 

20 90 130 250 

30 80 190 
40 140 200 

40 150 210 

50 90 170 210 

50 80 170 220 

10 140 220 

20 100 180 200 

30 100 130 235 

30 80 130 200 

20 90 160 235 

10 160 240 

40 140 223 

40 150 210 

60 80 130 235 

10 140 225 

45 150 240 

20 90 170 200 

30 120 170 210 

10 160 225 

30 80 160 200 

70 90 130 210 

45 140 230 

20 110 175 230 
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Figure 13*3 

1 10 140 
2 10 140 
3 10 140 
4 10 160 
5 10 160 
6 10 160 
7 10 160 
8 10 165 
9 10 165 

10 10 165 

11 10 165 
12 10 180 
13 10 180 
14 20 90 
15 20 90 
16 20 90 
17 20 90 
18 20 90 
19 20 90 
20 20 90 

21 20 90 
22 20 90 
23 20 90 
24 20 90 
25 20 90 
26 20 90 
27 20 90 
28 20 100 
29 20 100 
30 20 100 

31 20 100 
32 20 100 
33 20 100 
34 20 100 

35 20 100 
36 20 100 
37 20 100 

38 20 100 
39 20 100 
40 20 100 

41 20 100 
42 20 100 
43 20 100 
44 20 100 
45 20 100 
46 20 110 
47 20 110 
48 20 110 
49 20 110 
50 20 110 

220 X 

225 X 
250 X 
210 X 
220 

225 X 
240 X 
210 X 
220 X 

225 X 

240 X 
210 X 
240 X 
130 200 
130 235 X 
130 150 X z 
160 200 
160 235 X 

165 200 

165 235 X 

170 200 
170 235 X 
170 250 X z 

175 200 

175 235 
V 
•A. 

175 250 X z 
190 X 
150 200 
130 220 z 
130 225 X z 

130 230 X 
130 235 X 
170 200 

170 220 z 
170 225 X z 
170 230 X 
170 235 X 

175 200 

175 220 z 
175 225 X z 

175 230 X 

175 235 X 
180 200 
180 230 X 
180 235 X 
130 200 
130 220 X z 
130 225 X z 
130 230 X 
130 235 X 

51 20 110 
52 20 110 
53 20 110 
54 20 110 
55 20 110 
56 20 110 
57 20 110 
58 20 110 
59 20 110 
60 20 110 

61 20 120 
62 20 120 
63 20 120 
64 20 120 
65 20 120 
66 20 120 
67 20 120 
68 20 120 
69 20 120 
70 20 120 

71 20 120 
72 30 80 
73 30 80 
74 30 80 
75 30 80 
76 30 80 
77 30 80 
78 30 80 
79 30 80 
80 30 80 

81 30 80 
82 30 80 
83 30 80 
84 30 80 
85 30 80 
86 30 100 
87 30 100 
88 30 100 
89 30 100 
90 30 100 

91 30 100 
92 30 100 
93 30 100 
94 30 100 
95 30 100 
96 30 100 
97 30 100 
98 30 100 
99 30 100 

100 30 110 

70 200 
70 220 X z 
70 225 X z 
70 230 X 

70 235 X 

75 200 
75 220 X z 

75 225 X z 

75 230 X 

75 235 X 

30 200 
30 220 X z 
30 230 X 

70 200 
70 220 X rr a 
70 230 X 

75 200 
75 220 X z 

75 230 X 

80 200 

80 230 X 

30 200 
30 235 X 

30 250 X z 
60 200 
60 235 X 

65 200 
65 235 X 

70 200 
70 235 X 

70 250 X z 

75 200 
75 235 X 

75 250 X z 
90 X 

30 200 
30 210 X z 
30 235 X 
30 240 X z 
40 200 

40 235 X 
70 200 
70 210 X z. 
70 235 

V 
a a. 

70 240 X z 

75 200 

75 210 X z 

75 235 X 

75 240 X z 
30 200 
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F i g u r e 13 .3 c on t i n u ed 

101 30 110 130 210 X Z 151 50 80 130 230 
102 30 110 130 235 X 152 50 80 130 235 X 

103 30 110 130 240 X z 153 50 80 170 200 

104 30 110 140 200 154 50 80 170 220 z 

105 30 110 140 235 X 155 50 80 170 225 X z 

106 30 110 170 200 156 50 80 170 230 

107 30 110 170 210 X z 157 50 80 170 235 X 

108 30 110 170 235 X 158 50 80 175 200 

109 30 110 170 240 X z 159 50 80 175 220 z 

110 30 110 175 200 160 50 80 175 225 X z 

111 30 110 175 210 X z 161 50 80 • 175 230 

112 30 110 175 235 X 162 50 80 175 235 X 

113 30 110 175 240 X z 163 50 80 180 200 

114 30 120 130 200 164 50 80 180 230 

115 30 120 130 210 X z 165 50 80 180 235 X 

116 30 120 130 240 X z 166 50 90 130 200 

117 30 120 140 200 167 50 90 130 210 X z 

118 30 120 170 200 168 50 90 130 235 X 

119 30 120 170 210 X z 169 ' 50 90 130 24 0 X 17 
/.i 

120 30 120 170 240 X z 170 50 90 140 200 

121 30 120 175 200 171 50 90 140 235 X 

122 30 120 175 210 X z 172 50 90 170 200 

123 30 120 175 240 X z 173 50 90 170 210 X z 

124 40 140 200 174 50 90 170 235 X 

125 40 140 220 z 175 50 90 170 240 X z 

126 40 140 225 z. 176 50 90 175 200 

127 40 140 230 177 50 90 175 210 X r/ il 

128 40 140 235 178 50 90 175 235 X 

129 40 150 210 Y 179 50 90 175 240 X •z 

130 40 150 240 Y 180 60 80 130 200 

131 40 180 200 181 60 80 130 230 X 

132 40 180 210 z 182 60 80 130 235 X 

133 40 180 230 183 60 80 160 200 

134 40 180 235 184 60 80 160 230 X 

135 40 180 240 z 185 60 80 160 235 X 

136 45 140 200 186 60 80 165 200 

137 45 140 220 z 187 60 80 165 230 X 

138 45 140 225 z 188 60 80 165 235 X 

139 45 140 230 189 60 80 170 200 

140 45 140 235 190 60 80 170 230 X 

141 45 150 210 Y 191 60 80 170 235 X 

142 45 150 240 Y 192 60 80 175 200 

143 45 180 200 193 60 80 175 230 X 

144 45 180 210 Z 194 60 80 175 235 X 
145 45 180 230 195 60 80 190 X 
146 45 180 235 196 60 100 130 200 

147 45 180 240 2 197 60 100 130 210 X z 

148 50 80 130 200 198 60 100 130 230 X 

149 50 80 130 220 Z 199 60 100 130 235 X 

150 50 80 130 225 X Z 200 60 100 130 240 X z 
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F i g u r e 13 .3 c o n t i n u e d 

201 60 100 140 200 225 60 120 175 210 X z 

202 60 100 140 230 X 226 60 120 175 230 X 

203 60 100 140 235 X 227 60 120 175 240 X z 

204 60 100 170 200 228 70 80 130 200 

205 60 100 170 210 X z 229 70 80 130 220 X z 

206 60 100 170 230 X 230 70 80 130 230 X 

207 60 100 170 235 X 
80 208 60 100 170 240 X z 2.31 70 80 170 200 

209 60 100 175 200 232 70 80 170 220 X z 

210 60 100 175 210 X z 233 70 80 170 230 X 175 
234 70 80 175 200 

211 60 100 175 230 X 235 70 80 175 220 X z 

212 60 100 175 235 X 236 70 80 175 230 X 

213 60 100 175 240 X z 237 70 80 180 200 

214 60 120 130 200 238 70 80 180 230 X 

215 60 120 130 210 X z 239 70 90 130 200 

216 60 120 130 230 X 240 70 90 130 210 X z 

217 60 120 130 240 X z 
240 218 60 120 14 0 200 241 70 90 130 240 X z 

219 60 120 140 230 X 242 70 90 140 200 

220 60 120 170 200 243 70 90 170 200 
244 70 90 170 210 X z 

221 60 120 170 210 X z 245 70 90 170 240 X z 

222 60 120 170 230 X 246 70 90 175 200 

223 60 120 170 240 X 17 
LI 247 70 90 175 210 X z 

224 60 120 175 200 248 70 90 175 240 X z 

F i g u r e 13 .4 

Requ i rement 

Number r 
C r , 0 , 0 

Requ i remen t 

Number r 
° r , 0 , 0 

Requ i rement 

Number r 

C 
r 

10 13 100 50 180 22 

20 58 110 29 190 3 

30 52 120 35 200 66 

40 12 130 57 210 28 

^5 12 140 26 220 20 

50 32 150 4 225 14 

60 48 160 11 230 36 

70 21 165 11 235 46 

80 59 170 57 240 28 

90 38 175 57 150 7 
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Figure 13>5 

Arrangement The i t ems employed 

20 160 225 10 30 40 70 80 90 100 130 

30 140 250 10 30 40 70 80 90 110 120 

50 80 150 10 20 30 60 70 80 90 110 

60 160 210 10 50 40 70 80 90 100 120 

70 180 240 10 30 40 70 80 90 120 130 

Note : These a r rangements a r e n o t members o f Q because they do 

n o t employ a l l t he c l a s s e s i . e . i t ems 10, 20, ~j>0 and 4 0 . 

F i g u r e 13*6 

IRN ERN C «— 
r , 1 5 , 0 

1 10 0 

2 20 0 4— 
3 30 0 

4 40 2 

5 45 2 
6 50 0 

7 60 0 4— 
8 70 0 4— 

9 80 0 

10 90 0 

11 100 0 4— 
12 110 0 4— 

13 120 0 4— 
14 130 0 

15 140 0 

16 150 4 

17 160 0 

18 165 0 

19 170 0 
20 175 0 

21 '180 2 

22 190 0 

23 200 0 

24 210 2 

25 220 0 

26 225 0 

27 230 0 

28 235 0 

29 240 2 
30 250 • 0 4— 
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'hi 

90 

150 
150 
150 
140 

160 

160 

160 

160 

90 

180 

140 

140 

110 

90 
90 
90 

120 

100 

100 

80 

80 
80 
80 
80 

13.8 
Figure 13>5 

190 

210 

210 

210 

250 

225 

225 

210 

210 

165 

240 

220 

220 

130 

140 

140 

170 

170 

170 

170 

130 

130 

130 

130 

175 

40 150 210 

40 150 210 

45 150 210 

10 160 225 

10 160 225 

10 140 225 

10 140 220 

10 140 250 

40 140 200 

235 40 140 200 

20 90 160 200 

. 20 90 160 200 

20 90 190 

225 45 180 210 

200 50 90 130 210 

235 20 90 130 200 

240 20 100 130 230 

240 30 100 170 240 

230 30 120 170 240 

230 30 110 130 240 

235 50 80 175 230 

200 70 80 170 220 

200 30 80 165 235 

200 30 80 130 235 

200 60 80 170 235 
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CHAPTER FOURTEEN 

ANALYSIS AND SUGGESTIONS 

14 .0 I n t r o d u c t i o n 

We have d e f i n e d a model wh i ch enab les us t o desc r i be a s c h o o l 

f o r t he purpose of making i t s t i m e - t a b l e v/here the model i t s e l f 

d e f i n e s very r i g i d l y what we mean by a t i m e - t a b l e . V/e have 

a l s o d e s c r i b ed a program wh ich implements t he model , no t i n i t s 

f u l l g e n e r a l i t y , bu t t o a s u f f i c i e n t ex ten t t o dea l v/ith most 

r e a l s choo l s and v/e have d i s c u s s e d t he a b i l i t y of t h i s program 

t o produce the r e q u i r e d r e s u l t s . At the end o f Chapter 12 v/e 

conc luded t h a t i t i s n o t a. s a t i s f a c t o r y means o f p roduc i ng t ime-

t a b l e s . 

I n t h i s c hap t e r we seek t o ana l y se our approach and t o 

sugges t p o s s i b l e changes wh ich m igh t enab le a t i m e - t a b l e o f some 

s o r t t o be produced f o r every se t of d a t a . We make t h i s 

a n a l y s i s and t hese s u g g e s t i o n s i n the l i g h t o f our own f i n d i n g s 

and w i t h the a i d o f i n f o r m a t i o n p u b l i s h e d by o the rs work ing i n 

t he same f i e l d . The t i m e - t a b l i n g systems which a re of p a r t -

i c u l a r i n t e r e s t a r e : -

i ) The O n t a r i o Schoo l S c h e d u l i n g Program [9, 10, 11] 

deve loped f o r t he O n t a r i o I n s t i t u t e f o r S t u d i e s i n E d u c a t i o n 

by J . K a t e s and A s s o c i a t e s , 

i i ) The Newcastle-upon-Tyne U n i v e r s i t y Program [2 ,12] 

deve loped a t Newcast le-upon-Tyne U n i v e r s i t y by a group l e d 

by N.S.M.Cox and t e s t e d by t h e Loca l Government O p e r a t i o n a l 

Research U n i t , R e a d i n g , 

i i i ) The Norwegian T ime-Tab l ing Program [14] 

deve loped a t t he Norges Tekn i ske Hogsko le , Trondheim, Norway 

by a group l e d by I I . M i c h a l s e n . 

i v ) The Birmingham U n i v e r s i t y Program [13] 

deve loped a t Birmingham U n i v e r s i t y by A.M.Clementson and 

t e s t e d by the Loc a l Government O p e r a t i o n a l Research U n i t , 

R e ad i n g . 

We v / i l l r e f e r t o t hese .programs by t he i n i t i a l s O . S . S . P . , 

N .U .P . ,N .T . P . and B .U .P . r e s p e c t i v e l y and t o t he Loca l Government 
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14..0 

O p e r a t i o n a l Research U n i t by t he i n i t i a l s L . G . O . R . U . . 

14.1 A b a s i c f a u l t i n t he app roach 

The i d e a l a l g o r i t h m f o r mak ing schoo l t i m e - t a b l e s needs on l y 

one b a s i c a b i l i t y . I t i s t o be a b l e t o de termine a t any s t a ge 

i n c o n s t r u c t i n g a t i m e - t a b l e whether or n o t an a c c e p t a b l e s o l u -

t i o n s t i l l e x i s t s . I n mak ing t h i s s t a t emen t v/e pre-suppose 

t h a t we know what we mean by ' a n a c c e p t a b l e s o l u t i o n ' and f o r t he 

moment we r e t a i n t he n o t i o n t h a t the on ly a c c e p t a b l e s o l u t i o n s 

a re o f t he type d e f i n e d i n h e r e n t l y i n our mode l . The a l g o r i t h m 

a p p l i e d by t he Main Program, because i t s r u l e s f o r d e t e c t i n g 

i m p o s s i b l e s i t u a t i o n s a re n o t p e r f e c t , does n o t have t h i s a b i l i t y 

and t he b a s i c f a u l t i n our who le approach t o t he problem i s t h a t 

v/e have f a i l e d t o make s a t i s f a c t o r y a l l owances f o r t h i s weakness. 

Much of t h e deve lopment o f the a l g o r i t h m h a s , as we d i s -

cussed i n 1 1 . 4 , been a imed a t f i n d i n g b e t t e r and b e t t e r methods 

o f d e t e c t i n g i m p o s s i b l e s i t u a t i o n s hence p roduc i ng b e t t e r and 

b e t t e r a pp r ox ima t i o n s t o t h e i d e a l a l g o r i t h m bu t perhaps t he t ime 

has come t o adm i t t h a t a s u f f i c i e n t l y good a pp r ox ima t i o n t o the 

i d e a l a l g o r i t h m canno t be a c h i e v e d and t h a t t he b a s i c approach 

s hou l d be changed t o a l l o w f o r t h i s f a c t . 

14 . 2 A b a s i c change i n t he app roach 

I f v/e cannot produce t h e i d e a l a l g o r i t h m then t he re w i l l 

a lways be c i r cums t ances when an i m p o s s i b l e s i t u a t i o n e x i s t s - i n 

a p a r t i a l s o l u t i o n and r e v e a l s i t s e l f by the occur rence of a l o n g 

sequence o f r e t r e a t s a t a s t a g e when i t i s t oo l a t e t o do any-

t h i n g abou t i t . Such a s i t u a t i o n may be due t o an i m p o s s i b l e 

s i t u a t i o n i n h e r e n t i n the d a t a or due t o the ass ignmen ts made by 

the a l g o r i t h m bu t t hese two cases v / i l l sometimes be i n d i s t -

i n g u i s h a b l e . 

S i n ce t he ass ignmen t s t r a t e g y i n t he a l g o r i t h m i s t o make, 

each chosen ass ignment i n the t i g h t e s t a rea o f t he t i m e - t a b l e 

an i m p o s s i b l e s i t u a t i o n , caused by the ass ignmen ts made, i s most 

l i k e l y t o be de t e c t ed i n t h e c h a i n i n which i t a r i s e s and a 

s i n g l e r e t r e a t has a very h i g h chance o f removing i t . I t i s 

t h e r e f o r e no t un reasonab l e t o assume t h a t any i m p o s s i b l e s i t u a t -

i o n which has no t been r e s o l v e d a f t e r one r e t r e a t has e i t h e r been 

p r e sen t from the s t a r t o f t h e s o l u t i o n or a t l e a s t f o r s e v e r a l 

c h a i n s . I n t he c u r r e n t program such a s i t u a t i o n would cause 
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a l o n g sequence o f r e t r e a t s and t h e e v e n t u a l t e r m i n a t i o n o f t h e 

a t t e m p t t o f i n d a s o l u t i o n . 

A b a s i c change i n t h e a p p r o a c h which would e n a b l e t he p r o -

gram t o d e a l w i t h t h e se i m p o s s i b l e s i t u a t i o n s and p roceed w i t h 

t h e s o l u t i o n i s t o a l l o w some form o f r e l a x a t i o n o f t h e con-

s t r a i n t s i n such c i r c u m s t a n c e s . 

The c o n s t r a i n t s v/hich l e n d t hemse l ves most r e a d i l y t o 

r e l a x a t i o n a r e t h o s e v/hich d e t e r m i n e 

i ) how l e s s o n s i n t h e same or r e l a t e d s u b j e c t s s h o u l d be 

sp read over t h e day and over t he v/eek; 

i i ) how m u l t i p l e p e r i o d l e s s o n s may be p l a c e d i n r e l a t i o n 

t o b r eaks i n t e a c h i n g f o r mea l s e t c . ; 

and i i i ) t h a t every l e s s o n r e q u e s t e d must appea r i n t he t ime-

t a b l e . 

The r e l a x a t i o n o f t h e s e c o n s t r a i n t s l e a d s t o b a d l y sp read l e s s o n s , 

s p l i t m u l t i p l e p e r i o d s and t i m e - t a b l e s w i t h some o f t h e r e q u e s t e d 

l e s s o n s m i s s i n g b u t a s o l u t i o n w i t h t h e se f a u l t s may, t o t h e 

s c h o o l , be much more s a t i s f a c t o r y t h a n t he i n f o r m a t i o n t h a t 

because t h e computer c a n n o t p r oduce a p e r f e c t s o l u t i o n i t h a s 

r e f u s e d t o p roduce a n y . 

Be f o re mak ing s u g g e s t i o n s f o r changes t o i n t r o d u c e t h e s e 

t y pe s o f r e l a x a t i o n we examine t h i s a s p e c t o f t h e programs men-

t i o n e d i n l 4 . 0 a l i o f wh i ch have some means or o t h e r o f r e l a x i n g 

c o n s t r a i n t s t o g e t o u t o f d i f f i c u l t s i t u a t i o n s . 

14«3 R e l a x a t i o n o f c o n s t r a i n t s i n o t h e r programs 

14»3«1 The O n t a r i o S c h o o l S c h e d u l i n g Program 

The model f o r O . S . S . P . u s e s two types o f r e q u i r e m e n t s . 

A ' s i m p l e ' r e q u i r e m e n t i n v o l v e s o n l y one c l a s s and one t e a c h e r 

f o r s i n g l e p e r i o d l e s s o n s . A l l more c o m p l i c a t e d r e q u i r e m e n t s , 

f o r m u l t i p l e p e r i o d l e s s o n s , s e ' t t ed l e s s o n s e t c . , a r e d e s c r i b e d 

i n ' s p e c i a l ' r e q u i r e m e n t s . The system a c c e p t s t h a t i t i s 

u s u a l l y n o t p o s s i b l e t o p r o d u c e a t i m e - t a b l e wh ich s a t i s f i e s 

every s p e c i a l r e q u i r e m e n t a n d p r o v i d e s i n t he d a t a a means o f 

a s s i g n i n g two p r i o r i t y i n d i c a t o r s t o each s p e c i a l r e q u i r e m e n t . 

The r e l e v a n t i n f o r m a t i o n i s g i v e n i n t h e f o l l o w i n g e x t r a c t from 

t h e Da t a P r e p a r a t i o n Manua l 
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"PRIORITY INDICATORS 

i ) Two p r i o r i t y i n d i c a t o r s a re a s s o c i a t e d v/ith each S p e c i a l 

Requ i remen t . Each i s a s i n g l e l e t t e r or b l a n k , and they 

a re w r i t t e n on the Requ i rement Coding Form i n the space 

p rov i ded a f t e r t h a t f o r t h e requ i remen t number and i t s 

s u f f i x i n t he t o p r i g h t hand c o r n e r , 

i i ) The f i r s t p r i o r i t y i n d i c a t o r i n d i c a t e s the impor t ance o f 

t he r e q u i r e m e n t , and can t a ke t he f o l l o w i n g v a l u e s : 

E = E s s e n t i a l 

H = H i g h l y d e s i r a b l e 

D = D e s i r a b l e 

B l ank 

There a re t h u s f o u r c a t e g o r i e s o f impor tance i n t o which 

t he requ i remen t can be p l a c e d , 

i i i ) Requ i rements s h ou l d o n l y be c l a s s e d as E s s e n t i a l i f they 

a r e i n f a c t j u s t t h a t and must be made j u s t as r e q u e s t e d , 

i n the f i n a l t i m e t a b l e , 

i v ) The second p r i o r i t y i n d i c a t o r i n d i c a t e s the f i r s t s t e p o f 

r e l a x a t i o n o f t he r e q u i r e m e n t i n the event t h a t i t canno t 

be made as r e q u e s t e d . I t can t ake the f o l l o w i n g v a l u e s : 

P , R , G, B lank 

The v a l u e P i m p l i e s t h a t any r e s t r i c t i o n s c o n f i n i n g 

the r equ i r emen t t o c e r t a i n p e r i o d s o f t he day may 

be dropped , and t h a t a n y doub le or t r i p l e p e r i o d may 

be broken u p . 

The v a l u e R i m p l i e s t h a t any r equ i r emen t s f o r shared 

s p e c i a l rooms may be abandoned . 

The v a l u e G i m p l i e s t h a t some o f the t e a che r s or 

c l a s s e s grouped t o g e t h e r by the requ i remen t may be 

e l i m i n a t e d . 

v ) The two p r i o r i t y i n d i c a t o r s may be a s s i gned v a l u e s 

i n dependen t l y o f each o t h e r . " 

The program s t a r t s by b r e a k i n g t he problem f o r t he week i n t o 

a s e t o f prob lems f o r t he days and i n so do ing goes a l o ng way 

towards o b t a i n i n g what v/e c a l l a norma l d i s t r i b u t i o n . However, 

i f some of the d a i l y prob lems canno t be so l ved t he a n a l y s t i s 

a l l owed t o a d j u s t t he breakdown i n t o days and may f i n d i t 

necessary t o a ccep t l e s s t han s a t i s f a c t o r y d i s t r i b u t i o n s f o r 
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come r e q u i r e m e n t s . 

I n s o l v i n g the d a i l y p rob lems the computer uses the f i r s t 

p r i o r i t y i n d i c a t o r t o a r r a n g e the r equ i r emen t s i n an order o f 

d i f f i c u l t y a nd , i f i n mak ing the a s s i gnmen t s , i t cannot f i t i n 

a p a r t i c u l a r l e s s o n i t u s e s t he second p r i o r i t y parameter t o 

r e l a x the c o n s t r a i n t s . I f t h i s s t i l l f a i l s to r e so l v e i t s 

d i f f i c u l t y i t s imp ly om i t s t h e t roub lesome l e s s on from the t ime-

t a b l e . The a n a l y s t can then a d j u s t t he requ i remen t s or t h e 

p r i o r i t i e s f o r a l a t e r r un i n t h e hope t h a t i t w i l l reduce t he 

number o f l e s son s which a r e o m i t t e d . L i on s [10] r e p o r t s t h a t 

the number o f r e-runs on each d a i l y problem averages abou t 2 t o 

3-

14 •3*2 The Hewcast le-upon-Tyne U n i v e r s i t y Program 

T l i eN .U .P . bases i t s methods o f d i s t r i b u t i o n on the ass ign— 

ment o f a type code t o each s u b j e c t and a concept o f ' s o f t 1 and 

' h a r d ' r e q u i r e m e n t s . A t y p i c a l type code s c a l e i s shown i n 

f i g u r e 14.1 and t he i d e a i s t h a t when c o n s i d e r i n g d i s t r i b u t i o n 

p r i o r i t y s hou l d be g i v e n f i r s t t o l e s son s i n s u b j e c t s v/ith t he 

same; type code , t hen t o t hose v/ i th type codes d i f f e r i n g by 1 e t c . 

Thus u s i n g the s c a l e shov/n i t would spread a l l E n g l i s h and H i s t -

ory l e s s on s as v/e l l as p o s s i b l e and would pu t an A r t or L a t i n 

l e s s on bes i de one o f them r a t h e r than a French or Geography l e s -

son . S e t t e d c l a s s e s i n v o l v i n g o p t i o n s have t o be g i ven codes 

near t he m idd l e o f t he r a n g e . The i d e a o f ' s o f t ' and ' h a r d ' 

r equ i r emen t s i s t h a t i n s o f t r equ i r emen t s tv/o s i n g l e or m u l t i p l e 

p e r i o d l e s s on s i n t he same s u b j e c t may be a l l owed t o coa l esce i f 

necessary bu t i n a h a rd r e qu i r emen t they may n o t . 

As f a r as m u l t i p l e p e r i o d s spann i ng breaks i s concerned 

N .U .P . w i l l a l l o w a l e s s o n t o span a break or w i l l l e ave t h e 

l e s s o n out comp le t e l y r a t h e r t h a n s p l i t i t i n t o s epa r a t e s h o r t e r 

l e s s o n s . 

F i g u r e 14.1 

C l a s s i c s 

L a t i n 

Greek French 

-j i 
1 2 

H i s t o r y 

E n g l i s h 

Music 

Geography A r t 

Maths 

Sc i ence 

t 3 
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Figure 14.4 

No. o f r equ i remen ts D i s t r i b u t i o n Type Frequency 

per week 

2 11000 253 

20000 6 

3 11100 88 

21000 4 

30000 0 

4 11110 21 

21100 16 

22000 1 

31000 1 

40000 0 

5 11111 8 

21110 9 

22100 4 

o thers 4 

Note: The d i s t r i b u t i o n type i s g i ven i n the form o f the no . o f 

requ i remen ts i n each day o f a 5 Jay week. For example, 

w i t h the 2 requ i remen ts per week case the code 20000 means 

t h a t bo th requ i remen t s occur on the same day o f the week, 

whereas, t he code 11000 means t h a t the two requ i rements 

occur on sepa r a t e days o f the week. 

Fip^ure 14 .3 

No. o f Double Pe r i ods c r o s s i n g no breaks 1537 

" " " » " s h o r t break 24 

n ii it ii ti l o n g break 4 

No. o f T r i p l e pe r i o d s c r o s s i n g no break 43 

it ti it ii it s h o r t break 14 * 

t: " II It It l o n g break 1 

•Note : This f i g u r e i s h i g h e r t h an expected because i n a few 

schoo l s i t was impos s i b l e t o t i m e t a b l e a- t r i p l e period-

w i t hou t i t c r o s s i ng a b r e a k . 
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As an a i d t o the assessment o f t he success o f these tech-

n i q ue s we reproduce i n f i g u r e s 14 . 2 and 14 .3 the r e s u l t s i n c l u d e d 

i n the L . G . O . R . U . r e p o r t on N . U . P . [12] . F i g u r e 14 .2 i s an 

o v e r a l l summary f o r the d i s t r i b u t i o n of s u b j e c t s over the week 

based on s e v e r a l t i m e - t a b l e s . I n t h i s f i g u r e the word 

' r e q u i r e m e n t ' means ' a s i n g l e l e s s o n ' . F i g u r e 14 .3 i s a 

s i m i l a r summary o f l e s s o n s p l a c e d ac ross s ho r t and l o n g b r e ak s . 

Another r e l e v a n t f a c t i s t h a t t he program om i t t ed an average o f 

12% o f a l l l e s s o n s r e q u e s t e d . 

1 4 . 3 . 3 The Norwegian T i m e - t a b l i n g Program 

. I n f o r m a t i o n on the p rocedu res used by N .T .P . f o r r e l a x i n g 

c o n s t r a i n t s has n o t , t o t he be s t o f the A u t h o r ' s knowledge , been 

p u b l i s h e d bu t a c e r t a i n amount o f i n f o r m a t i o n has been o b t a i n e d 

from the da t a manual [14] and i n c o nve r s a t i o n v/ith M i c h a l s e n . 

The main p r o v i s i o n i n t h e d a t a f o r r e l a x i n g t he c o n s t r a i n t s 

i s t he s p e c i f i c a t i o n o f one or more a l t e r n a t i v e s f o r each room 

t y p e . For example , t h e d a t a m igh t s t a t e t h a t i f an o r d i n a r y 

c lassroom i s no t a v a i l a b l e t hen t h e bes t a l t e r n a t i v e i s the Music 

Room and the nex t bes t a l t e r n a t i v e i s an Ar t Room. Du r i ng 

t he c o n s t r u c t i o n o f t he t i m e - t a b l e a f a i l u r e due t o t he u n a v a i l -

a b i l i t y of the room type r e q u e s t e d can then sometimes be r e s o l v e d 

by s u b s t i t u t i n g one o f t he a l t e r n a t i v e s . 

N .T .P . a l s o a l l o w s l e s s o n s t o be om i t t ed from the t i m e - t a b l e 

i n t he hope t h a t an a n a l y s t v / i l l be a b l e t o a d j u s t t he d a t a so 

t h a t they can be i n c l u d e d i n a l a t e r r u n . The ad j u s tmen t i s 

n o t based on f o rma l i n f o r m a t i o n i n c l u d e d i n t he d a t a by the 

s choo l s t a f f bu t s imp l y on the expe r i ence o f the a n a l y s t t o make 

on l y such changes as would be a c c e p t a b l e t o the s c h o o l . 

14 

• 3 • 4 The Birmingham U n i v e r s i t y Program 

I n f o r m a t i o n on t h e ' B . U . P . i s c o n f i n e d t o an i n t e r i m r e p o r t 

[133 o b t a i n e d t h r o ugh cor respondence w i t h L . G . O . R . U . Th i s 

s t a t e s t h a t B . U . P . makes some e f f o r t t o spr ea d l e s son s c o r r e c t l y 

over the week bu t no d e t a i l s o f how i t i s done a re g i v e n . The 

L . G . O . R . U . c o n s i d e r s i t t o be l e s s s u c c e s s f u l t h an the N .U .P . 

system and on a s c a l e where -1 r e p r e s e n t s ' a l l r equ i remen t s spread 

b a d l y ' and +1 r e p r e s e n t s ' a l l r equ i r emen t s spread w e l l ' they 

a s s i g n a measure o f O . 9 2 t o N . U . P . and O.85 t o B .U .P . This' , 
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however, i s n o t u n s a t i s f a c t o r y f o r on average B .U .P . on ly 1 eaves 

ou t 8% o f a l l l e s s o n s compared w i t h the 12% l e f t out by N .U .P . 

I n d e a l i n g w i t h m u l t i p l e p e r i o d l e s sons B .U .P . r ega rds the 

breaks as s a c r o s an c t and w i l l n o t a s s i g n l e s sons ac ross them. 

I t w i l l , however, s p l i t a m u l t i p l e p e r i o d l e s son r a t h e r t h an 

l e a ve i t o u t , R e s u l t s show t h a t the number o f l e s son s a c t u-

a l l y s p l i t v a r i e s c o n s i d e r a b l y from one s choo l to ano the r bu t 

t he average of 36 per t i m e - t a b l e seems unaccep t ab l y h i g h . 

The da t a documents f o r B . U . P . reques t i n f o r m a t i o n abou t 

t e a che r s who may be i n t e r c h a n g e d bu t i t i s n o t s t a t e d v/hether 

t h i s i n f o r m a t i o n i s used by the computer or by the a n a l y s t . 

14 .4 D i sadvan t ages o f t he methods f o r r e l a x i n g c o n s t r a i n t s 

I n the methods d i s c u s s e d i n 14 . 3 t he re a re two b a s i c weapons 

f o r d e a l i n g w i t h i m p o s s i b l e s i t u a t i o n s . They a r e : -

i ) the a u t o m a t i c v a r i a t i o n o f the c o n s t r a i n t s by t he com-

pu t e r where i t s d e c i s i o n s are based on a d d i t i o n a l d a t a ; 

and i i ) the om i s s i on from t he t i m e - t a b l e o f l e s sons which t he 

computer canno t f i t i n . 

Each o f t h e se , however p o w e r f u l i t may be , has some d i s a d v a n t a g e s . 

I n i ) t he main d i s a d v a n t a g e i s t h a t ex t r a d a t a has t o be p r o v i d e d . 

Th i s i s no t u n r e a sonab l e s i n c e i f t he computer i s t o produce 

t i m e - t a b l e s a t l e a s t as good , from the p o i n t o f v iew o f t he 

i n d i v i d u a l school,- as those produced manua l l y i t s hou l d have t he 

same i n f o r m a t i o n as the manua l t i m e - t a b l e r has a t h i s d i s p o s a l . 

Much o f t h i s i n f o r m a t i o n u n f o r t u n a t e l y i s i n the form o f exper-

i ence or d e t a i l e d knowledge o f t he whims o f i n d i v i d u a l members 

o f t he schoo l s t a f f and i s very d i f f i c u l t t o p r e sen t t o t he 

computer i n coded f o rm . A second d i s advan t age i s t he d i f f -

i c u l t y i n c o n t r o l l i n g t h e e x t e n t t o which the computer may use 

i t s power t o vary the c o n s t r a i n t s . The f a c t t h a t B . U . P . 

s p l i t s an average o f 36 m u l t i p l e p e r i o d l e s s o n s per t i m e - t a b l e 

i s an example o f u s i n g such power too f r e e l y . 

I n i i ) t h e main d i s a d v a n t a g e i s t h a t somehow or o t he r a l l 

t he l e s s on s l e f t ou t o f t h e t i m e - t a b l e have t o be f i t t e d i n 

e v e n t u a l l y and t h i s , whether done manua l l y or w i t h t he a i d o f 

t he computer , i s a d i f f i c u l t t a s k . I n f a c t , i f t he om i t t e d 

l e s s o n i s .a m u l t i p l e p e r i o d l e s s o n or i n v o l v e s s e t t e d c l a s s e s 

the m a n i p u l a t i o n needed t o i n s e r t i t c ou l d i n v o l v e changes i n 
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l a r g e a reas o f t he t i m e - t a b l e . Aga i n , a second d i s advan t age 

i s the d i f f i c u l t y i n c o n t r o l l i n g the ex t en t t o v/hich the com-

p u t e r can l e ave ou t l e s s o n s . The averages of 12% l e f t ou t 

by N . U . P . and 8% l e f t ou t by B . U . P . a re s u r e l y much too h i g h . 

14 .5 The need f o r m o d i f i c a t i o n s t o completed t i m e - t a b l e s 

Before d e c i d i n g v/h'ich methods shou l d be used t o improve the 

per formance o f the A u t h o r ' s program t he re i s one o ther v a l i d 

c o n s i d e r a t i o n . Th is i s t h a t a t i m e - t a b l e which i s s a t i s f a c t o r y 

a t t he b e g i n n i n g o f a s c h o o l year i s l i k e l y t o need changes 

be fo re t he f i r s t term i s many days o l d and a t a l l t oo f r e q u e n t 

i n t e r v a l s d u r i n g the s c h o o l year due t o unexpected changes i n 

s t a f f and t o o t he r u n f o r e s een e v e n t s . Th i s means t h a t t h e r e 

i s a very good case f o r i n c l u d i n g i n a s choo l t i m e - t a b l i n g system 

a program which can i n s e r t l e s s o n s i n an a l r e a d y p a r t l y comple te 

t i m e - t a b l e and make o t h e r t ypes o f a d j u s t m e n t s . I f such a 

program cou l d be deve loped t hen i t c ou l d be used no t on l y t o 

a d j u s t the t i m e - t a b l e d u r i n g t he schoo l year bu t a l s o t o a d j u s t 

p a r t s o f t he t i m e - t a b l e d u r i n g t he a c t u a l c o n s t r u c t i o n p r o c e s s . 

14 .6 Sugges t i o n s f o r a r e v i s e d approach 

I n the l i g h t o f t he above c o n s i d e r a t i o n s t he Author s ugges t s 

t h a t t he most s a t i s f a c t o r y method o f overcoming the d i f f i c u l t i e s 

encoun tered would n o t be t o adop t any o f t he methods used by 

t he o t he r programs d i s c u s s e d b u t t o combine the e x i s t i n g pow.ers 

o f t he program t o make l a r g e s e c t i o n s o f a t i m e - t a b l e w i t h t h e 

powers o f a human t o r e s o l v e d i f f i c u l t i e s by recourse t o i n f o rm-

a t i o n n o t a v a i l a b l e t o t h e compu te r . Th i s cou l d be a ch i eved 

u s i n g modern o n- l i n e compu t i ng t e chn i q ue s by w r i t i n g a p rogram, 

v/hich we w i l l c a l l t he Ad j u s tmen t R o u t i n e , t o make changes t o a 

p a r t i a l or comple te t i m e - t a b l e under t he . c on t r o l o f t he u se r 

v i a an o n - l i n e t e r m i n a l . ' 

Among the o p e r a t i o n s wh ich t h i s r o u t i n e shou l d be a b l e 

t o per form a r e : -

i ) d i s p l a y , i n v/hatever form i s a v a i l a b l e , e lements 1 t o m 

o f any one d i m e n s i o n a l a r r a y ; 

i i ) d i s p l a y e lements 1 t o m o f row n o f any two-d imens iona l 

a r r a y ; 

i ' i i ) d i s p l a y e lements 1 t o m o f column n o f any two-d imens iona l 

a r r a y ; 
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i v ) d i s p l a y day d o f t he i t e m band f o r i tem i ; 

v ) remove an a l r e a d y a s s i g n e d l e s son s t a r t i n g a t p e r i o d p i n 

r equ i remen t r ; 

v i ) a s s i g n a l e s s o n s t a r t i n g i n p e r i o d p i n r equ i remen t r 

i r r e s p e c t i v e o f whether such an ass ignment breaks the 

norma l c o n s t r a i n t s ; 

v i i ) remove r equ i r emen t r ; 

v i i i ) i n s e r t a new r e q u i r e m e n t ; 

i x ) remove the t i e s on r e q u i r e m e n t s r^ , r^y • • • r
n ? 

x ) i n s e r t t i e s on r e q u i r e m e n t s r ^ , r 2 , . . . r ^ ; 

x i ) decrease t he number o f l e s s o n s i n r equ i r emen t r by n ; 

x i i ) i n c r e a s e t he number o f l e s s o n s i n requ i remen t r by n ; 

x i i i ) remove a u n i t o f i t em i from requ i remen t r ; 

x i v ) i n s e r t a u n i t o f i t em i i n r equ i remen t r ; 

xv) per form a r e t r e a t r emov ing ass ignmen ts back t o ass ignmen t 

n; 

x v i ) t e r m i n a t e t he r un and o u t p u t the c u r r e n t s t a t e o f t he 

a r r a y s . 

Th is program cou l d t h en be used i n c o n j u n c t i o n w i t h t he 

Main Program as i n d i c a t e d i n t h e f l ow diagram i n f i g u r e 1 4 . 4 . 

Th is shows t h a t t he Ad j u s tmen t R o u t i n e would be c a l l e d by the 

Main Program a t t he end o f t h e i n i t i a l c h a i n t o make the s o r t 

o f a d j u s tmen t s d i s c u s sed i n 12 .1 t o remove t he i m p o s s i b l e s i t u -

a t i o n s de t e c t ed i n t h e i n i t i a l c h a i n and i t would a l s o be c a l l e d 

d u r i n g t he main c o n s t r u c t i o n p rocess t o remove any i t npqss i b l e 

s i t u a t i o n s v/hich t he Main Program had f a i l e d t o remove a f t e r a 

s i n g l e r e t r e a t . 

Some o f t he advan tages o f such a system a r e : -

i ) no ex t r a d a t a has t o be s u p p l i e d t o the computer t o enab le 

i t t o vary the c o n s t r a i n t s a u t o m a t i c a l l y i t s e l f s i n ce the 

necessary i n f o r m a t i o n i s h e l d by the user who cou l d be a 

member o f the s choo l s t a f f ; 

i i ) r e l a x a t i o n o f the c o n s t r a i n t s would n o t be r e s t r i c t e d t o 

accep tance o f non-normal d i s t r i b u t i o n s , the s p l i t t i n g o f 

m u l t i p l e p e r i o d l e s s o n s and t h e complete om i ss i on o f l e s s on s 

bu t would be comp l e t e l y f l e x i b l e ; 

i i i ) i m p o s s i b l e s i t u a t i o n s v/ould be d e a l t w i t h as they a rose 

r a t h e r t han j u s t l e a v i n g o u t t roub lesome l e s s on s and then 
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Figure 14.4 

Has any 

i m p o s s i b l e s i-

a r i s e n 

.on 
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t r y i n g to f i t n i l o f them i n t o an a lmos t comple te t ime-

t a b l e ; 

i v ) t he t o t a l t ime t aken f o r t he c o n s t r u c t i o n o f the t i m e - t a b l e 

would be c o n s i d e r a b l y reduced as most t i m e - t a b l e s c o u l d 

p robab l y be comp le ted i n one or tv/o r u n s ; 

v ) ex t en s i o n s ' o f t he system t o a l l o w da ta p r e p a r a t i o n , d a t a 

check i ng and d a t a c o r r e c t i o n v i a the t e r m i n a l c ou l d make 

i t p o s s i b l e t o o f f e r a comple te o n - l i n e t ime- t a b l e con-

s t r u c t i o n and m o d i f i c a t i o n s e r v i c e t o any s choo l w i t h access 

t o a t e r m i n a l and a s u i t a b l e d a t a l i n k t o the computer . 

Some d i s a dv an t a ge s a r e : -

i ) the user would need c o n s i d e r a b l e exper i ence t o be a b l e t o 

use the system e f f e c t i v e l y and w i t h ou t l o ng p e r i o d s o f 

' t h i n k i n g t i m e ' a t t he t e r m i n a l ; 

i i ) t he cos t o f the use o f a t e r m i n a l and p o s s i b l y a da t a l i n k 

t o a remote computer c o u l d c o un t e r a c t the advan tage g a i n ed 

by ' d e c r e a s i n g the number o f runs needed t o complete each 

t i m e - t a b l e . 

However, t he Au tho r i s conv inced t h a t such an approach 

v/ould enab le n o t on l y more comp le te t i m e - t a b l e s t o be produced 

bu t t h a t i t v/ould a l s o a l l o w many o f t he a e s t h e t i c q u a t i l i e s 

v/hich each s c h o o l expec ts i n i t s t i m e - t a b l e t o be i n c l u d e d . 

Even i f t he c u r r e n t program v/ere a b l e t o produce a comple te 

s o l u t i o n of t he type i m p l i e d i n our model f o r every s e t of d a t a 

i n a s i n g l e r u n , few s c h o o l s wou ld be comp l e t e l y s a t i s f i e d w i t h 

t he r e s u l t s . And c e r t a i n l y i f some members o f the s t a f f were 

s a t i s f i e d t he re v/ould be o t h e r s u n s a t i s f i e d . By s u g g e s t i n g 

t h a t the pov/ers o f t h e computer t o per form c l e a r l y d e f i n e d oper-

a t i o n s and the powers o f t he human t o make d e c i s i o n s w i t h o u t 

the need f o r c l e a r l y d e f i n e d r u l e s s hou l d be combined we a re 

seek i ng t o make t he be s t use o f a l l t he a v a i l a b l e r esou rces and 

v/e a re a l s o making su re t h a t v/hatever f a u l t s t he re may be i n 

t he f i n i s h e d p roduc t can o n l y be blamed on t he user and no t on 

t he mach ine . 

14 .7 A f i n a l comment 

S i n ce the adven t o f t he computer s c hoo l t e ache r s have been 

wonder ing why they a r e c apab l e o f p roduc i ng schoo l t i m e - t a b l e s 

year a f t e r y e a r , a d m i t t e d l y w i t h some c o n s i d e r a b l e e f f o r t , w h i l e 
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the m igh ty machine has such d i f f i c u l t y . I n t h i s t h e s i s the 

Author has d e s c r i b ed h i s e f f o r t s t o prove t h a t the machine can 

make t i m e - t a b l e s v/ i th a i d from the schoo l s t a f f on ly i n t he d a t a 

p r e p a r a t i o n s t age bu t r e g r e t t a b l y these e f f o r t s have no t been 

rewarded v/ith t o t a l s u c c e s s . I t can on l y be hoped t h a t , i f 

i t has no t a l r e a d y happened , someone v / i l l soon be a b l e t o o f f e r 

t o the s choo l s o f Grea t B r i t a i n a computer s e r v i c e capab l e o f 

making good t i m e - t a b l e s . A l t h o u g h the t e ache r s may a t p r e sen t 

be s u p e r i o r t h e i r s u p e r i o r i t y i s a crown v/hich most o f them 

would w i l l i n g l y r e l i n q u i s h . 

* * * 
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APPENDIX 

Th is Appendix c o n t a i n s t he da t a and a s o l u t i o n f o r t he 

1966-67 t i m e - t a b l e f o r t he s m a l l Canad ian schoo l d i s cussed i n 

12-3» The number ing o f t h e c l a s s e s , t e ache r s and rooms and 

the order o f t he r e q u i r e m e n t s i s e x a c t l y as i n the d a t a s en t 

by Dr . J . L i o n s . 

The I tem L i s t 

34 

1 

2 

3 

:4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

2 

2 

18 

19 

20 

21 
22 

24 

26 

27 

29 

33 

34 

35 

39 

42 

51 

53 

54 

9999 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 
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The Time Structure List 

1 8 

2 8 

3 8 

4 8 

5 8 

11 12 13 14 16 17 18 19 

21 22 23 24 26 27 28 29 

31 32 33 34 36 37 38 39 

41 42 43 44 46 47 48 49 

51 52 53 54 56 57 58 59 

3 0 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

0 1 0 0 1 0 

0 1 0 0 1 0 

0 1 0 0 1 0 

0 1 0 0 0 

0 1 0 0 1 0 

0 0 0 0 1 0 0 

0 0 0 0 0 0 

0 0 0 0 1 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

9999 



The Rc?gnircment L i s t 

131 
1 0 1 5 26 6 0 

2 0 1 5 33 7 0 

3 0 1 5 17 8 0 

4 0 1 5 20 9 0 

5 0 1 5 16 10 0 

6 0 1 5 18 11 0 

7 0 1 5 24 12 0 

8 0 1 5 21 13 0 

9 0 1 5 34 14 0 
10 0 1 5 19 15 0 

11 0 1 5 26 6 0 

12 0 1 5 29 7 0 

13 0 1 5 35 8 0 
14 0 1 5 20 9 0 

15 0 1 5 16 10 0 

16 0 2 5 26 6 0 

17 0 2 5 33 7 0 
18 0 2 5 20 9 0 

19 0 2 4 17 8 0 
20 0 2 1 17 6 0 

21 0 2 1 17 7 0 

22 ' 0 2 1 17 8 0 

23 0 2 1 17 9 0 
24 0 2 1 17 10 0 

25 0 2 1 17 11 0 
26 0 2 1 17 12 0 

27 0 2 1 17 13 0 
28 0 2 1 17 14 0 

29 0 2 17 15 0 

30 0 1 1 34 27 6 7 39 4o 0 

31 0 1 1 26 22 6 7 38 40 0 

32 0 1 1 . 34 35 6 7 39 40 0 

33 0 1 1 • 26 29 6 7 38 40 0 

34 0 1 1 34 27 8 12 39 40 0 

35 0 1 1 26 22 8 12 38 40 0 

36 0 1 1 34 35 8 12 39 40 0 

37 0 1 1 26 29 8 12 38 40 0 

38 0 1 1 34 27 9 10 39 40 0 

39 0 1 1 26 22 9 10 38 40 0 
40 0 1 26 29 9 10 38 40 0 

41 0 1 1 34 27 11 13 39 40 0 
42 0 1 26 22 11 13 38 40 0 

43 0 1 1 34 35 11 13 39 40 0 
44 0 1 1 26 29 11 13 38 40 0 

45 0 1 34 27 14 15 39 40 0 
46 0 1 1 26 22 14 15 38 40 0 

47 0 1 1 34 35 14 15 39 40 0 
48 0 1 1 26 29 14 15 38 40 0 

49 0 1 1 34 35 9 10 39 40 0 
50 0 3 1 22 27 11 36 37 0 

c o n t i n u e d 
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The Requirement List continued 

51 0 3 1 22 27 12 36 37 0 

52 0 3 1 22 27 13 36 37 0 

53 0 3 1 22 27 14 36 37 0 

54 0 3 1 22 27 15 36 37 0 

55 0 2 1 22 27 6 36 37 0 

56 0 2 1 22 2? 7 36 37 .0 
57 0 2 1 22 27 8 36 37 0 

58 0 2 1 22 27 9 36 37 0 

59 0 2 1 22 27 10 36 37 0 

60 65 .1 1 26 1 2 40 0 

61 66 1 1 26 2 3 40 0 

62 67 1 1 26 3 4 40 0 

63 68 1 1 26 4 5 40 0 

64 69 1 1 26 • 1 5 40 0 

65 60 1 1 34 1 2 40 0 

66 61 1 1 34 2 3 40 0 

•67 62 1 1 34 3 4 40 0 

68 63 1 1 34 4 5 40 0 

69 64 1 1 34 1 5 40 0 

70 0 2 1 17 8 0 

72 0 2 5 16 10 0 

73 0 2 5 18 11 0 

74 0 2 5 24 12 0 

75 0 2 5 21 13 0 

76 0 2 5 34 14 0 

77 0 2 5 19 15 0 

78 0 1 3 20 6 0 

79 0 1 3 16 6 0 

80 0 1 3 24 6 0 

81 0 1 3 20 7 0 

82 0 1 3 16 7 0 

83 0 1 3 24 7 0 
84 0 1 3 20 8 0 

85 0 1 3 16 8 0 

86 0 1 3 24 8 0 

87 0 1 3 20 9 0 
88 0 1 3 16 9 0 

89 0 1 3 24 9 0 

90 0 1 3 20 10 0 

91 0 1 3 . 16 10 0 

92 0 1 3 24 10 0 

93 0 1 3 18 11 0 

94 0 1 3 21 11 0 

95 0 1 3 19 11 0 
96 0 1 3 18 12 0 

97 0 1 3 19 12 0 

98 0 1 3 18 13 0 

99 0 1 3 21 13 0 
100 0 1 3 19 13 0 

c o n t i n u e d 
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The Requirement List continued 

101 0 3 18 14 0 

102 0 3 21 14 0 

103 0 3 19 14 0 

104 0 3 18 15 0 

105 0 3 21 15 0 

106 0 3 19 15 0 

107 0 3 21 12 0 

108 0 2 33 6 • 0 

109 0 2 33 7 0 

110 0 2 33 8 0 

111 0 2 33 9 0 

112 0 2 33 10 0 

113 0 2 33 11 0 

114 0 2 33 12 0 

115 0 2 33 13 0 

116 0 2 33 14 0 

117 0 2 33 15 0 

118 0 29 6 0 

119 0 1 29 7 0 

120 0 1 29 8 0 

121 0 1 29 9 0 

122 ' 0 1 29 10 0 

123 0 1 29 11 0 

124 0 1 29 12 0 

125 0 1 29 13 0 

126 0 1 29 14 0 

127 0 1 29 15 0 

128 0 4 18 11 0 

129 0 4 24 12 0 

130 0 4 21 13 0 

131 0 4 34 14 0 

132 0 4 19 15 0 

9999 

The F i xed Free P e r i o d L i s t 

11 21 31 41 51 

16 26 36 46 56 

47 48 

19 29 39 49 59 0 

9999 

The Fo rb i dden Ass ignment L i s t 

9999 
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The Pre-ass ignment L i s t 

1 11 1 21 1 31 1 41 1 51 

2 11 2 21 2 31 2 41 2 51 

3 11 3 21 3 31 3 41 3 51 

4 11 4 21 4 31 4 41 4 51 

5 11 5 21 " 5 31 5 41 p 51 

6 11 6 21 6 31 6 41 6 51 

7 11 7 21 7 31 7 41 7 51 

8 11 8 21 8 31 8 41 8 51 

9 11 9 21 9 31 9 41 9 51 

10 11 10 21 10 31 10 41 10 51 

30 32 31 36 34 52 35 56 38 12 

39 16 41 42 42 46 45 22 46 26 

50 17 51 47 52 27 53 37 54 57 

55 13 56 23 57 33 58 43 59 53 

70 58 

9999 

Notes 

1 . I t ems 1 t o 5 r e p r e s e n t c l a s s e s i n the lower s e c t i o n o f the 

schoo l and on ly t h e i r P h y s i c a l Educa t i o n l e s sons have t o 

be t i m e - t a b l e d . 

2 . The p e r i o d s on day d a r e numbered d1 t o d4 and dp t o d9 

l e a v i n g ou t dp because p e r i o d p i s a l u n ch p e r i o d through-

out t he s c h o o l . 

p . Requ i rement 71 on D r . L i o n s ' d a t a r e que s t s 17 f r e e p e r i o d s 

f o r t eache r number 35 , a l l o f which are p r e-as s i gned . Th i s 

has t h e r e f o r e been expressed on the F i xed Free Pe r i o d L i s t 

r a t h e r t h an as a r e q u i r e m e n t . 

4 . A l l c l a s s e s spend t he f i r s t p e r i o d o f each day w i t h t h e i r 

C l a s s Teacher t h u s a l l f i r s t p e r i o d l e s s on s a re p r e-a s s i g ned . 
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The Solution 

11 1 2 3 4 5 6 7 8 9 10 
12 11 13 38 81 98 107 116 12.3 132 

13 12 14 15 19 55 62 73 74 105 115 
14 "48 82 87 112 130 
16 21 39 75 76 78 85 95 117 129 

17 40 50 79 84 97 104 

18 16 17 18 27 36 72 77 101 

19 69 86 96 102 

21 1 2 3 4 5 6 7 8 9 10 
22 11 13 14 i 45 82 92 94 100 124 

23 18 20 37 56 72 75 103 104 113 
24 47 86 95 96 

128 26 22 46 78 89 97 99 109 122 128 

27 12 52 63 80 91 93 107 111 131 132 
28 15 16 17 19 73 74 76 77 121 

29 88 90 

31 1 2 3 4 5 6 7 • 8 9 10 
32 14 30 91 94 98 110 126 129 132 

33 26 33 57 76 88 92 105 115 128 

34 12 15 64 80 87 93 99 106 

36 29 31 73 . 85 89 90 97 130 131 
37 11 49 53 . 84 114 125 
38 13 16 17 18 25 65 72 74 75 77 
39 120 

41 1 ' 2 3 4 5 6 7 8 9 10 

42 14 41 82 86 96 103 105 112 118 

43 16 28 58 67 72 73 74 75 77 81 
44 13 109 
46 12 23 42 85 90 102 104 108 129 
47 11 51 66 85 84 91 94 100 101 117 
48 15 17 18 19 60 76 80 128 130 132 
49 44 79 92 106 

51 1 2 3 4 5 6 7 8 9 10 
52 15 34 81 89 100 102 108 127 128 

53 16 18 19 43 59 77 83 101 114 
54 98 107 113 119 131 
56 17 24 35 76 78 88 93 99 106 

57 13 14 54 61 79 95 129 130 
58 32 70 72 " 73 74" 75 103 111 
59 11 12 68 87 116 

Note : Th is s o l u t i o n i s expressed i n i t s most compact f o rm . 

The s e t o f numbers a s s o c i a t e d w i t h each p e r i o d a re t he 

• r equ i r emen t numbers o f t ho se l e s son s which s t a r t a t t h a t 

p e r i o d . 
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