Assigningteacherstocourses

1

A Tabu Search algorithmfor assigning teachers to courses

Ramón Alvarez - Valdés, Francisco Parreño, José Manuel Tamarit

Departamento de Estadística e Investigación Operativa

Universitat de Valencia, Spain.

ABSTRACT

Inthis paper we deal withthe problemo fassigningteachers to courses ina secondary

school. The problemappears whena timetable is to be built and the teaching

assignments are not fixed. We have developed a tabusearchalgorithmto solve the

problem. The parameters involved inthe algorithm have beenestimated byusing

multiple regressiontechniques. The computational results, obtained ona set of

Spanishsecondaryschools, showthat the solutions obtained bythis automatic

procedurecanbefavourablycompared withthesolutionsproposed byt heexperts.

Keywords:Assignment,Timetabling,Heuristics,Tabu Search

A MS subjectClassification:90 C 27

Running title:Assigning teachersto courses

1. - INTRODUCTION

Theschool timetablingproblem consists of schedulingaset of meetings between

teacher s and groups of students over aset of timeperiods. Theschedulehas to take

into account the characteristics of theschool week, thelimited availabilityof

teachers and rooms, therequirements of each subject to betaught, preassignments

and other const raints, as well as the characteristics and regulations of the education

system,whichvariesfromcountrytocountry.

When theplanner starts to deal with atimetablingproblem, he/shemayfind one

of thefollowingtwo situations. Sometimes, theteachers´ assignments, that is, the

sets of subjects and thesets of groups of students to teach, arefixed. More

frequently, thereis someflexibilityin these assignments. For instance, ateaching

dutycan be expressed as ^Teacher A has to teach 3 out of 5 groups of Chemistryat

level 3 and 2 out of 5 groups of Physics at level 4", without statingexplicitlywhich

groups. This flexibilityadds afurther degreeof complexityto thetimetabling

problem. In order to makeit moresimplewe can decomposeit into two ph ases,

solvingfirst the assignment of teachers to subjects and groups, and then the

resultingtimetablingproblem. This decomposition also allows theplanner to use

someof the existingalgorithms for thestandard school timetablingproblem (see

Carterand Laporte(1998)forareview).

Theproblem of assigningteachers to subjects and groups for theUniversity

timetablingproblem has been studied bymanyauthors. Tillet (1975) was thefirst to

address it, usingan integer linear programmingmodel. Then oth er authors likeShih

and Sullivan (1977), Schniederjans and Kim (1987) and also Badri et al. (1998)

developed linear programmingmodels. A different approach is followed byDyer

and Mulvey(1976), Bloomfield and McSharry(1979), Mulvey(1982) and Dinkel

Assigningteacherstocourses.

2 et al. (1989) who developed capacitated flow models for theproblem. However, we

havenot found anypaper dealingwith this assignment problem for secondary

schooltimetablingproblems.

In this paper wedevelop an algorithm for assigningteachers to subject s and

groups as afirst phasefor solvingtheSpanish school timetablingproblem. This

algorithm combines a constructiveprocedureto build an initial solution with an

improvingprocedurebasedonTabuSearchtechniques.

Theremainder of thepaper is orga nised as follows. First, wedescribethe

problem and provide an integer programmingformulation. Then, wedevelop the

algorithms and present the computational results obtained on aset of Spanish

secondaryschools. Finally, wedraw some conclusions and ind icatefuture

developments.

2. - DESCRIPTIONOFT HEPROBLEM

Ourschooltimetablingproblemhasthefollowingelements:

x

� A set of levels , defined bythe education system. A Spanish secondaryschool

usuallyhas4or6levels.

x � A set of classes, thegroups into which each level is divided. Each class is aset

of students with essentiallythesameteachingprogramme. Theremaybesome

optional subjects for which the class splits and /or merges with others, but that

doesnotmodifytheclassstructuresubstantiall y.

x � A set of subjects, to betaught at each level. Somesubjects are compulsoryand

aretaught at all the classes of thelevel. Others areoptional and aretaught only

atoneormoreclassesofthelevel.

x � A set of courses, thesubjects taught at each class. Each coursehas afixed

numberofperiodsperweek.

x � A set of blocks . A block is aset of courses taught simultaneously, involving

several classes and teachers. A simple casewould be ablock of languages

(English, French, German). Thestudents of two clas ses merge and then split

into threesubgroups to receiveoneof thesethree courses, with threedifferent

teachers.

x � A set of teachers . For someteachers the courses to teach maybefixed. For

others, their requirements are expressed as thenumber of times theyteach a

subject at alevel, for instance, ^Mathematics to 2 classes of level 1 and 3

classesoflevel2~.

x � A set of periods of theschool week, includingspecifications of thebreaks and

morning/afternoonsessions.

x � Asetofnon - availableperiods forea chclass,teacherorsubject.

Theproblem considered in this paper consists of assigningcourses to teachers

in such awaythat all the courses are assigned and therequirements of teachers are

satisfied. Theobjectiveis to obtain an assignment that faci litates thesolution of the

second phaseof thetimetablingproblem in which theperiods to teach each course

are assigned. If all theteachers, classes and subjects were available at all the

periods, anyassignment would do it. However, in real problems t here arenon -

Assigningteacherstocourses.

3 availableperiods for classes, subjects and teachers. Hence, a careless assignment of

teachers to courses maymean that in agiven period veryfew, if any, courses can be

taught to a class, thus makingthesolution of thetimetablingproblem v eryhard, or

even impossible. Therefore, when webuild an assignment, wetryto maximisethe

minimumnumberofcoursesavailableforeachclassateachperiod.

3. - ANINTEGERPROGR AMMINGFORMULATION

Wehavethefollowingcomponents:

x � Let L bethesetof schoollevels

x � Let C betheset of classes. For each class c, wehave c

¯

®

-

otherwise 0 period at available is teacher if 1 p t

at

tp

x � Sea AC ={ ac

csp

/(c,s) � SC,p � P }betheavailabilitymatrix ofcourse (c,s):

¯

®

-

otherwise 0 period at taught be can course simple if 1 p (c,s)

ac

csp

x � Sea AB ={ ab

bp

/b � B,p � P }betheavailabilitymat rix ofblock b :

¯

®

-

otherwise 0 period at available is block if 1 p b

ab

bp

Wedefinethevariables:

¯

®

-

otherwise 0 course simple to assigned is teacher if 1 (c,s) t

x

tcs

¯

®

-

otherwise 0 course block to assigned is teacher if 1 (b,s) t

y

tbs

¯

®

-

otherwise 0 available are teachers assigned the because period at taught be can block if 1 p b

u

bp

Assigningteacherstocourses.

4 blocks. all over periods available of number minimum block for periods available of number periods. all and classes all over teachers available of number minimum periods all over class for teachers available of number minimum

. period at class ng for teachi teachers available of number

w b v z c h p c h

b c cp

Then, solvingthe assignment problem consists of solvingthefollowingi nteger

programmingproblem:

w z Max

� (1)

Subjecttotheconstraints:

SC s c x

T t

tcs

�

�

) , ( 1 (2)

SB s b y

T t tbs

� � ¦

�

) , ( 1 (3)

S s L l T t r y x

tls

SB s b tbs

C c tcs

l l

� � � � � �

� ¦ ¦

� �

, ,

) , (

(4)

¦

�

� � � �

�

d � d

T t

bp b tbs bp tp b bp

B b P p u t y ab at t -u , ) 1 ( 1 (5)

C c P, p h x ac at cp tcs

T t s) (c

csp tp

� � � � ¦ ¦

� ,

(6)

C c P p h h cp c

� � � � d , (7)

C c h z c

� � d (8)

B b v w b

�

�

¾

½

¯

®

-

¸

¹

·

§

� ¸

¹

·

¨

©

§

� ¸

¹

·

¨

©

§

�

2

,...., 13

4

· 3

4

, 13

4

· 2

4

, 13

4 4

,

4 n n n n n n n n

.

x � Nonimprove (5values):

�

� � � � �

^

‘ n n n n n n n n ·4,4·2·3·2,4·2·2 · 2 , 4 · 2 · 2 , · 2 � � � .

x � Iterfre (14values):

¿

¾

½

¯

®

-

¸

¹

·

¨

©

§

� ¸

¹

·

¨

©

§

� ¸

¹

·

¨

©

§

�

2

,...., 13

8

· 3

· 3

8

, 13

8

· 3

· 2

8

, 13

8

· 3

8

,

8

n n n n n n n n

.

145000

155000

165000

175000

185000

195000

205000

215000

225000

9009109209309409509609709809901000

1010

1020

1030

1040

1050

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

1160

1170

1180

1190

1200

1210

1220

1230

1240

1250

1260

1270

1280

1290

1300

1310

1320

1330

1340

1350

1360

1370

1380

1390

1400

1410

1420

1430

1440

1450

1460

1470

1480

1490

Iterations

Objective Function

Best Value Current Value Restarting

Diversification

Assigningteacherstocourses.

11

Wethen havet he3 parameters as 3 independent variables and theobjective functionasaresponsevariableY,andthemodelis:

Y=

I ( Tabusize,Nonimprove,Iterfre )+

V 2 ). For thelocal estimation of thepolynomial weuse weighted estimation with weights

Z . Oncewedet erminethemost parsimonious

model, that is, themodel with fewest parameters producingagood fit, we

determinethevalues of the correspondingparameters producingaminimum for the

meanresponse.

Thelocal regression allows us to comparenested models. We compared the

possiblemodels in order to know which parameters arethemost influential.

Tabusize appeared to bethemost important parameter, though theother two

parametersalsohaveinfluenceandareincludedinthemodel.

Figure10 shows thelevel c urves of theresponsesurface adjusted to our data.

Dark zones correspond to low values of theobjectivefunction and light zones to

largevalues. Each squarerepresents avalueof parameter Nonimprove. For each

valueof Nonimproveweobserve a central ran geof values of Tabusize and Iterfre

producingtheminimumvalues.

Concretely,thebestvaluesforthethreeparametersare:

5. - COMPUTATIONALRE SULTS

Tables 1 and 2 show the characteristics of theSpanish secondaryschools used to

assess the efficiency of our algorithms. Table1 shows thesizeof theinstances and

Table2containsinformationaboutnon - availableperiods.InTable1wehave:

x � SCourses :Simplecourses.

x � STeach :Sumofpossibleteachersoverthesetofsimplecourses

x � BCourses Blockcourses.

x � B Teach :Sumofpossibleteachersoverthesetofblockcourses

T ABLE

1.Sizeofschools

NOT ASSIGNED

Problem Levels Classes Courses Teachers Blocks

SCours

es

STeach BCours

es

BTeach

1 4 8 98 21 11 12 24 8 16

2 4 18 208 37 10 125 340 15 19

3 4 17 21 8 45 21 111 256 25 24

4 4 17 218 45 21 111 256 25 24

5 4 26 342 60 27 190 684 50 127

6 4 19 244 47 23 146 392 28 44

7 4 27 1625 67 40 137 457 38 167

8 4 17 243 33 16 80 177 22 83

9 4 15 154 25 7 61 130 9 9

10 4 17 314 44 42 99 278 58 134

11 6 29 38 9 65 36 149 415 41 87

12 6 31 425 61 44 167 484 64 74

13

8

3

7

8 2

5 ; 13

4

8

4

¸

¹

·

¨

©

�

¸

¹

·

¨

©

§

¨ � n n

Iterfre ;

n

Nonimprove n n

Tabusize

Assigningteacherstocourses.

12

F IGURE

10 .Responsesurfaces

Assigningteacherstocourses.

InTable2wehave:

x � NAClass :Averagenumberofnon - availableperiodsforclasses.

x � NACourse :Averagenumberofnon - availableperiodsforsimplecourses.

x � NABlock :Av eragenumberofnon - availableperiodsforblockcourses.

x � NATeacher :Averagenumberofnon - availableperiodsforteachers.

TABLE 2.Non - availableperiods.

Problem NAClass NACourse NABlock NATeacher

1 11,00 11,00 11,00 20,43

2 10,00 12,60 10,00 15,95

3 8 ,76 10,47 9,36 11,60

4 8,76 10,47 9,36 11,58

5 12,00 12,00 12,00 16,43

6 11,74 11,76 11,64 22,98

7 14,89 15,51 15,22 10,18

8 10,94 12,79 33,04 14,88

9 13,40 13,32 13,55 11,52

10 13,00 13,04 13,57 16,25

11 15,03 15,04 15,02 15,02

12 15,81 15,93 15, 48 15,72

The averagenumber of non - availableperiods for thedifferent elements of the problem cannot give an accuratemeasureof thedifficultyof aproblem, becausethe main difficultylies in theinteraction amongthese elements. If thenon - available periods are evenlydistributed theproblem is easier than the casein which thenon - availableperiods are concentrated on some classes, on courses to betaught to those classes and on theteachers to be assigned to those courses. Somelocal combinations of non - availableperiods can make aproblem verydifficult or even impossibletosolve.

In order to evaluatethequalityof our procedure, weneeded aprogram for solvingtheresultingtimetablingproblem. Wehaveused theprogram HORES developed byAlvarez - Valdés et al. ( 1995, 1996). Wehave compared theoriginal assignment madebytheplanner at each school, the assignment provided byour algorithm and athird assignment randomlygenerated. It should benoted that the first assignment had been madebyaperson w ith adeep knowledgeof theproblem and, usually, after alengthytrial - and - error - process. Wemeasurethequalityof the solutions with three criteria: thevalueof our objectivefunction (Fobj ), theiteration in which HORES obtained thebest timetable (It er ), and thevalueof thebest solution obtained byHORES, which is ameasureof thequalityof thetimetable

(Best).

Assigningteacherstocourses.

T ABLE 3. Computational results.

OriginalAssignment AlgorithmAssignment RandomAssignment

Probl em

Fobj Iter Best Fobj Iter Best F ob j

Iter Best

1 96364 33165 3320 21008 13903 3280 959

41

4824 3230

2 82568 77727 3700 8791 3850 1460 698

08

2101 1440

3 59285 30885 7110 16060 46589 9790 147

472

89473 10880

4 11835 6123 4690 2858 51079 4440 112

93

33905 6430

5 45474 59826 2360 5470 72878 2320 111

48

52088 4280

6 513737 73916 12500 32195 68474 11220 100

7428

72064 24100

7 470849 37728 96930 147718 56875 94440 495

478

54030 112130

8 6863 23752 11150 3493 27050 5720 728

4

49924 7130

9 17965 11268 4410 14795 9975 4130 251

17

99988 5430

10 442 414 31764 1680 5704 7123 1980 114

030

7855 2060

11 4414 99686 3340 4414 99246 5120 442

4

19807 2400

12 3545 99747 22070 3377 94677 16640 360

1

93289 16920

Mean 146276 48799 14438 22157 45977 13378 166

085

48279 16369

x

� Problemswithnotfeasiblesolution.

On average, our assignment is better than theother two alternatives.

Nevertheless, our algorithm has not been ableto provide assignments leadingto feasibletimetables for problems 6, 7, 12. Wefeel that for theseproblems thereis no anyassignmentp roducingfeasibletimetables,butthiscannotbeproved.

Themost important criterion for comparison is thequalityof theresulting timetable, becausethe assignment phaseonlymakes sense as awayof facilitating thetimetablingphase. If welook at the results of the correspondingcolumns, we observethat our algorithm gets better results than theoriginal assignment for 8 out of the12 problems, with an averageimprovement of 7.5%. This improvement may seem small at first glance, but it shows that an a utomaticprocedure can, in avery short time, obtain assignments that work similarlyor even better than the assignmentsprovidedbytheexpertsinamuchmorelengthyprocess.

Therandom assignment is not reliable. It can obtain good solutions in some ca ses

(seeProblem 11), but it can fail to produce an assignment resultingin afeasible solution,asinProblem9.

6. - CONCLUSIONS.

Wehavedeveloped atabu search algorithm for assigningteachers to courses, as afirst step in solvingthetimetablingprob lems for Spanish secondaryschools. Tabu

Search appears to be aflexible and powerful tool for obtaininghigh quality solutions in veryshort computingtimes. Particular attention has been given to the selection of thebest values for theparameters involv ed in the algorithm, which havebeenestimatedusingpolynomialmultipleregression.

The computational results show that the automaticproceduredeveloped here produces similar or better results than the assignment provided bythe experts.

Therefore, it c an beused jointlywith atimetablingprogram to solvethewhole problemfacedbytheplannerseachacademicyear.

Assigningteacherstocourses.

REFERENCES

A LVAREZ - V ALDÉS R., G. M

ARTÍN and J.M. T

AMARIT (1995 ). HORES: A

TimetablingSystemforSpanishSecondarySchools. TOP 3 , 137 - 144 .

A LVAREZ - V ALDÉS R., G. M

ARTÍN and J.M. T

AMARIT (1996). Constructing good solutionsfortheSpanishSchoolTimetablingProblem.JO RS47,1203 - 1215.

B ADRI , M.A , D

AVIS D.L ., D

ONNA F.D AVIS and H

OLLINGSWORTH J (1998). A multi - objective courseschedulingmodel: combiningfacultypreferences for coursesandtimes.Computers&OperationsResearch.Vol.25,No.4,303 - 316.

B ARR R.S., G

OLDEN B.L., K

ELLY J.P., R

ESENDE G.C ., and S

TEWART , J R W.R

(1995). Designingand reportingon Computational Experiments with Heuristic

Methods.JournalofHeuristics.Vol1,9 - 32.

B LOOMFIELD S.D. and M C S HARRY M.M (1979). Preferential CourseScheduling.

Interfaces .Vol.9,No.4,24 - 31.

C ARTER M.W and L

APORTE G. (1998). Recent developments in practical course timetabling. In Practice and Theoryof Automated TimetablingII. (E. Burke and

M.Carter,eds.),pp.3 - 19.Springer - Verlag,Berlin.

D E W ERRA D and H

ERTZ A (1989). Tabu Search Techniques: atutorial and an applicationtoneuralnetworks.ORSpektrum7,131 - 141.

D INKEL J., M

OTE J. and V

ENKATARAMANAM M (1989). An efficient decision support system for academic coursescheduling. Operations Research. Vol. 36,

No6 ,853 - 864.

D YER J. and M

ULVEY J (1976). An integrated optimization/information system for academicdepartment planning. Management Science. Vol. 22, No 12, 1332 -

1341.

G LOVER , F. and L

AGUNA , M. (1997). Tabu Search. Kluwer Academic

Publishers,Boston.

M ULVEY , J.M (1982). A classroom/time assignment model. European Journal of

OperationsResearch.Vol.9,64 - 70.

S CHNIEDERJANS M.J .and K IM G.K. (1987). A goal programmingmodel to optimize departmental preferencein course assignments. Computers &Operations

Resea rch.Vol.14,No.2,87 - 86.

S HIH W , and S

ULLIVAN J.A. (1977). Dynamic courseschedulingfor collegefaculty viazero - oneprogramming.DecisionSciences.Vol.8,711 - 721.

S KORIN - K APOV , J. (1990). Tabu Search Applied to theQuadraticAssignment

Problem. ORS A.Vol.2,No.1. Winter1990.

T ILLET , P . (1975). An operations research approach to the assignment of teachers tocourses.Socio - EconomicPlanningSciences.Vol.9,101 - 104.