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(DRAFT)
Timetabling for §£hﬁgls:
an Exeércise in Qrogfém and Data Structuring

C.A}R:”ﬁoare and H. C. Johnston

Summary.

NIHé purpose of this paper is to illustrate some recent theories of
prdgram and data structuring, with the aid of a realistic large example
fproblem = that of constructlng an’ acceptable timetable for a school.

1. Spec1f1cat10n of the Problem,

A school may be described in terms of the items, which constitute
the school - teachexrs, classes, rooms, and equipment. The set of items
may be defined for a particular school by enumeration:

type Item = {Jones,Smith,...,IV,VA,VB,...,physlab,gym,;..,projector,.} 3
The number of items will be of order 250.

Some of the items will have more than one unit; for example, there
may be two physics laboratories or four progectors rs which can be used
simultaneously. The number units of an item defines the number of
possible simultaneous users of an item, and will be given by a mapping:

lives: Item=1,.maxlives
where maxlives will be typically 8. Most items will have only one life.

The school engages in a number of act1v1t1e3, which are to appear
in the timetablef. <£for_example.lform-VA Latinl , _ or.tform EV-physies”.
These activities may be defined by enumerat10n,7ﬁfhere will usually be

~ 1 h 500 Of“the - =Y
@ ess t//a‘irf:r A(J‘B i?yﬁwg\mﬁgh -"gis\aw\ t\(f ?:)-,—-Afékf} L -5 @

The school tlmetable is constructed over a week, consisting of a
number of perlods, usually between 30 and 48, defined by enumeration,

B oy

type Period = {MI,MZ,M3,M4,MS,Tu1,Tu2,...,F7}

e o s

Each activity will in gemeral be requ1red to oeccur several tlmes during
the week; this is defined by a mapping:

times: Activity-» 1, .maxtimes;
where maxtimes will msuallybe mwetmore than—16-. be foss thaw 4g€f0%ﬁw%)

Each activity 1nvolves part1c1pat10n of a set of items; for
example, "IV form physics™ will require a meeting of form IV with a
teacher, (say Jones); it also requires a physlab, and perhaps also a
projector. The requirement for each activity is given by a mapping:

requirement: Activity-yItem set;




= D e

We also shall use the inverse of this mapping:
users: Item*YActivity set

where a €users(i) £ i€ requirement{a)

A timetable may be specified by giving for each activity the
set of periods in which that activity is to take place, that is, by
the mapping:

timetable: Activity-?Period set
This mapping must satisfy the following constraints:
(1) FEach activity must take place exactly the right npumber
of times: '
¥a:Activity size(timetable(a)) = times(a) (c1)

(2) Each Item must be usedpxactly the right number of times
in each period: _busy(i,p) = lives(i), for all i,p,

e___/

where busy(i,p) =lsize{§aé_users(i) PE timetable(a)g (c2)

The requirement that an item may not be underused is not in
practice restrictive, If an item i is intended to have free periods,
their number can be computed by the formula:

size(Period)xlives (i)~ E times (a)

a e users(i)

Then for each unit of an item a further artificial activity can bhe
inserted to reperesent its free periods. A "free" activity is thus an
activity which has only one item in its requirement set.

The number of such artifiicial "free" activities may be up to 250,
bringing thetotal number of activities up to 750,

2. Additional Constraints.

In practice, this relatively simple characterisation of the

timetabling problem is complicated by a number of additional constraints,

described below:







counttuples: 1.smax1ength x Perlod setw—)O..maxtlmes

which counts the number of times a group of the right number of~

consecutive periods occurs in the perlod set. The required eénstraint
may now be expressed /f fﬂgﬁ
¥a counttuples(length(a) tlmetable(ajxlengthff) times{a) (C5)
L e

gwimwwSpread
e ih mgvf “51[\00( Lm,w 2 o -
Anwothetr~€6nRstraint is 1mposed by the TdesTFETHFET G HAVE Two
<occurrences..of . the. same.activity on.the-same-days Activities to which
this constraint is applied belong to the set:

spread: Activity set.
Thi- constraint, of course, cannot be satisfied by an activity which
occurs too often; but we may artificially split such an activity into

two or more .activities with identical requlreﬁents. : The days in the week
may be defined by enumeration, for example: ’ :

type Day = EMonday,Tuesday,Wednesday,Thursday,Friday}

We are also given mappings:

periods in:Day->Period set

day of:Period-#Day

which give the set of periods in a given day, and the day in which any
given perdod occurs. Obviously

p € periods in (d) = d = day of (p) (P1)
agspread )times (a)2Z size(Day) Helongthfa) (Pp2)

T The comnstralnt may #ow bBé EXPTEsEeas J— {{3@

= times {a) §Eﬁ$

¥a a €spread? SLZe(possdaysrd;_~Ta}lé(a)»wf‘

where possdays D 8, oot 3 DS A perlods in (4) ;*: empty E
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2.3, Multiperiod activities.

Certain activities of a school‘ﬁéﬁ be such that they can only
effectively be carried out in a number of consecutive periods, for
example, practical classes, or games, Such constraints may be specified
by a mapping: N

Y

NGMJ .ﬂ-vw%» )
Q\ lengthsActivity~r 1..maxlength,_ o—maienatiy  which gives
or each activity the length of the multiple period which must be

ﬂ&* assigned to it;hyill usually be 3 or 4.

We also need a mapping:
starts:L..maxlength~7Period set

which' gives for each length the set of periods in which a multiple
period of that length may start (for example, not the periods at the end

of a day, or before a lunchbreak).}  e—camnow-define a functions
o funcoion e
%%Wahiﬁiﬂ new count:+0; -

{ t i?tuP]_,é(\r’pr ; -

—£7C ps then %ngfii;count:+l}

wh \EUD e(fp) is a set of~€ consedurtiy

by

e periods starting with P
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such that timetable (a) oconsists of those periods in which ;hw@f

activity a must occuf in the completed timetable, i.e.,

Lretahila (a) Ctimetable(a)

bl

wn (c})

Sometimes an activity must be prevented from oceurring at certain

timesy for example, swimming should not occur imme
or practical classes should not occur in the first
Such constraints may be expressed by a mappings

Wbd 63151- A
ﬁéﬁétﬁ%ﬂ@:Activity—%Period set
: MH&M

diately after lunch;
period of the day.

such that (a) gives the set of periods in which the activity a

(T = : e . .
wﬁ%ﬂi@@3~occur in the completed timetable, 1.e.

=y hvbiddn

timetable(a) C

propey
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2.%. Ties.
In some cases, it is desired to prevent certain related but not
identical activities from occurring on the same day, for example, physics
theory and physics practical, or two non-academic subjects. We may

express this by a mapping:

tietActivity-yActivity set

which for a given activity specifies the set of other activities which

must not occur on the same day, i.e.,




i |
Ya,a',p,p'. a'€ tie(a) & p&timetable(a)ép' e timetable(a') Dday of (p) 4=
day of (p") 8 (6

For meost activities, tie(a) will be empty.

Poviod s
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2.4“ Preassignments.

Certain activities are specified to take place at particular
times; for example, it may be necessary that one of the cooking classes
takes place just before lunch, when its products are to be eaten; or
perhaps a teacher is unavailable at a certain time, so that his "free"
activity must be scheduled at that time. Such constraints may be
expressed by a mapping:?

=~9: ActivityrPeriod set

b@@%ﬁ&@xf




2.5 Concluoion.

The constraints given above are in practice never wholly observed
by a human timetabler; and there are grounds for belief that it is often
logically impossible to construct a timetable that observes all the
constraints initially specified by a school. Thus in spite of the
rigour with which the problem has been stated, in practice the computer
cannot be expected to solve the problem as posed, but only "to do as
much as it can" within the constraints, or alternatively "break as
few constraints as possible, But the latter approach is not very
promising, since the importance of the constraints varies from case to
case, and cannot reasonably be specified in advance., "Is it more
important that Mr. Jomnes gets his nap after lunch, or form IV should
not have current affairs and swimming on the same day?" - no
schoolmaster is willing to answer many hundreds of such questions in |
advance; but will answer a few such questions when he knows that completior
of the timetable depends upon it. |

3, The Timetabling Method.
The program for timetabling falls clearly into four phases:
timetable program:
begin input the déta; ; %L
eheckronsistency—of~datay cow .

o |,.a,:liv ; »;"t‘___i_\.v}'\,}\'f‘\ i ‘ﬁ\.ﬁ.‘x.".; ?
; P
construct the timetable;
print the results obtained

=

A

end

e s icm

O0f these, third phase is obviously the most difficult and should be
tackled first, '



