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The high schools usually have at the beglnnlng of each academlc year g
problems to define the timetables for their classes, mainly due to the k&
restrictions in the time availability of the teachers. In view of that, it is -3
proposed a modeling structure to help in this kind of time tablmg, based on

- mathematical programming algonthms

2. Modelmg structure

The proposed model is basically founded upon ao0-1. rnteger programming R
structure, which means that the decision variables for the problem wrll
represent, under optimal conditions, the subjects that should occur for each g
.. class, along the week, by each different teacher. Since this type of structure E
- could imply in a high number of variables, resulting in a combinatorial
- explosion, it was decided to mterpret the decrsron variable as representatlve
., of the teacher-subject status, i.e., because not necessanly all the teachers "
.’ are able to be responsible for all subjects, this status would consider on
. the possible combmatrons Therefore for thls study, when’ refemng to
= subject, this oonslders lmpllcrtly the oombrnatlon teacher-subject In vre v of.
% that, the proposed modelrng structure consrders the followrng def nltlonS'

G n = number of subjects m = number of classes 0= number of penod
L during the day in which subjects are taken"p number of weekdaysr
which subjects are taken; ~ " ¢ “-‘i_ T
» X.Jk| 0-1 "decision . variable, representmg the Lposslble occurrence of a
o subject i, for the class j, in the period k, in ' the v weekday I; ~.. R
. Gijkl = pseudo-cost associated to the decrsnon vanable X,Jk|, and mlcrally se
o equalto10 SR .
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\jjkl = parameter type 0-1, indicating the availability of a subject for a class
in a determined period of a weekday, - Lo v L

roTjj = total number of periods during the week in which the subject i
'should be offered to the class j; s ,

jk| = parameter representing the ‘number of classes having the same
subject i, in a determined period k of a weekday |. C '

it is also assumed that the schools have as their main objective to achieve
the ma‘ximum'possible number of subjects, that is: '

s i 1 .

- w T . e w TS hd

i e s S
Max 3 3 3 Dewe -. S - 2.1)
i=lj=1k=ll=1 = L , |

and the following constraints taken into consideration:
X< Adw L ' (2.2)

that is, é éubject will be offered or not in a determined period of some
weekday, respecting the availability of that subject;

~

i Xw <10 | (2.3)

i=l

that is, in each dass, it could happen a maximum of one subject in a
determined period of each weekday; : :

m
3" X < Ru (2.4)
j=1 ' o

that is, each subject can be offered in a determined period of a weekday to
one or more classes;

or L
. Z st mTV . . : R .‘ e . eI PPN ol .. : v " (2‘5) :
k:l I:l ":-.. o1 L . SR TR 7'.' LR . . - "

that is, each subject can be offered according to the weekly frequency
expected for each class; —
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-a m b m .
2 D XwY D Xws<lo, fori1<a,b<n
. d=a j=1 i=b j=1 : .

~ that is, for the cases in which'a teacher is responsible_ for more than or
- subject, these correspondent times must not be coincident.

3. Discussion of the results

Once it was assumed that the use of this modeling structure would be
- responsibility of the high schools themselves, the compatible mathematical
programming software tested for that should be available  for
microcomputers, the most common computational platform obtainable in
that category of schools.

To select the software, it was used a survey conducted by Sharda (1992),
taking into account the potential power of this type of tool with respect to
manipulation of large and dense matrices, which certainly demand great
amount of RAM memory as well long processing times. In view of that, it
was utilized the OSL (IBM, 1991) code, incorporated to the optimization
language GAMS (Brooke et al., 1992), under various microcomputer
configurations. ’ '

Specifically for the most representative model processed for this study, buiit
for a representative high school at the Sio Paulo State, Brazil, it was
generated a matrix with 7,671 rows, 34,801 columns and 93,482 non-zero
-elements, which required, according to the solving strategy used, an
average of 20 Mb of RAM memory in a microcomputer 486 DX with a clock
of 66 MHz. | . S

The obtained results attested the efficiency of GAMS/OSL, specially
~regarding the linear solution. However, the search for the integer solution
~ was not equally efficient, mainly due to the fact the algorithm used for that is

based on branch-and-bound techniques.

~ Given the integer solution is attained from the initial linear solution (which
could be got through different algorithms available in OSL, including the very
convergent ones for some classes of problems, such the interior point
~ methods), the execution time consumed was considered - satisfactory.
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However, to get a greater efficiency to achieve the integer solution, the
following solving strategies available for OSL were tested:

a) variation in the criteria for absolute and relative o timization. When the
integer solution . (/), in terms of the value of the objective function, is not
exactly equal to the linear solution (L), the relaxation of the tolerance for
valid absolute (/ - L) and relative (/L) intervals may imply more reasonable
solutions for the problem. : _
b) variation in the values of some_pseudo-costs. If the obtained integer
solution does not consider some key-subjects of the school, priorities can be
given to force the presence of the corresponding variables into the basis.
This can be done with the use of solving strategies available for GAMS/OSL
(such as strategies 8, 16 or 32) or, eventually, by altering the values of the
pertinent cjjk| in the objective function.

c) relaxation of the constraints. Identified which constraints are the most
binding ones, those ones could be merely removed or have their respective
RHS relaxed. It is recommended, however, that this strategy be applied only
to the inequality constraints. :

it has also to be considered that the evaluation of those results can be

facilitated if a friendly report generator is available, once the organization of

those results with the default status of GAMS/OSL can be a very complex

task. GAMS/OSL has some alternatives for that, as well permits the
- integration with routines developed under other languages.
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