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WHY DO | HAVE SUCH A
LOUSY SCHEDULE?Y

® WHAT IS THIS PROBLEM?

® DUTCH SECONDARY SCHOOL SYSTEM

® A WORKING ALGORITHM




WHAT IS THIS PROBLEM?Y

® NoT MAXIMUM ENTROPY
® NOT BAYESIAN

® So, WHAT ARE WE DOING HERE?




LARGE COMBINATORIAL PROBLEM

® 9000 LESSONS PER WEEK

® 95 TEACHERS, 50% WORK PART TIME
® 55 ROOMS, 2 LOCATIONS

® 1200 STUDENTS

® MANY OTHER CONSTRAINTS AND WISHES




DUTCH SCHOOL SYSTEM

LOWER LEVEL CLASSES
YEARS 1 - 3, STUDENTS 12 - 15 YEARS OLD
ALL CLASSES HAVE THE SAME CURRICULUM

SCHEDULING CLASSES -~ TEACHERS - ROOMS
RELATIVELY EASY




UPPER LEVELS

® YEARS 4 - 6, STUDENTS 16 - 18 YEARS OLD
® CoMMON SUBJECTS ( DUTCH, ENGLISH, SCIENCE )

® BRANCH SUBJECTS ( MATH & PHYSICS, BIOLOGY &
LIFE SCIENCE, ECONDOMY, SOCIAL SCIENCE )

® OPTIONAL SUBJECTS ( SPANISH, DRAMA, MATH+ + )
® NEED FOR SCHEDULING PER INDIVIDUAL STUDENT

® HARD PROBLEM




STUDENTS - SUBJECTS

NAME M/F DuTtcH EncLisH MATH Bi1O DrRAMA MATH++
FRANK M 1 1 O 1 O O
KEVIN M 1 1 1 O 1 1
FRIEDA F 1 1 1 O 1 O
MARK M 1 1 O 1 O O




HIERARCHY IN STUDENTS

® YEAR: ALL STUDS OF GIVEN YEAR IN GIVEN LEVEL,
TYPICALLY 200 STUDENTS

® CLUSTER: ASSOCIATED WITH SUBJECT - STUDENTS
® CLAasSs: 30 STUDENTS, OR LESS

® GROUP: ALL STUDENTS WITH EXACTLY THE SAME
SUBJECTS, TYPICALLY 1 - 30 STUDENTS

THE PARTITIONING OF STUDENTS IN CLASSES
1S THE MOST COMPUTING INTENSIVE PART




SUBJECTS - HOURS - TEACHERS

HDOURS CLASSES
DUTCH AL 5 ABE ABE ABE EVE EVE
ENGLISH 3 = JAN KAY AVA 'Y JAN KAY
MATH 3 3 JOHN JOHN JOHN
BiO 2 2 MARY MARY
DRAMA 2 1 LUucCIiA
MATH+ + 2 1 JOHN




CONSTRAINTS

® LESSONS TABLE (9000 LESSONS PER WEEK)
® BLOCK HOURS, CoMBI HOURS

® PART TIME TEACHING

® DUTCH LABOUR LAWS

® CLASSES MUST FIT IN ASSIGNED ROOMS




PREFERENCES

MINIMIZE NUMBER OF IDLE HOURS

® MINIMIZE MOVEMENTS BETWEEN LOCATIONS

® AVOID LATE HOURS IN THE DAY

® BALANCE GENDER IN CLASSES

® BALANCE CLASS SIZES

® SAME LESSONS ALWAYS IN SAME ROOMS

ET-CETERA ...




A WORKING ALGORITHM

BINARY PROBLEM: STUDENT/TEACHER/ROOM IS
OCCUPIED OR NOT

SPACE IS HUGE: 1.6 10'0
SEARCH BY MCMC ALGORITHM OF JOHN SKILLING
THERE ARE MANY VALID SCHEDULES

CHOOSE ONE - BASED ON PREFERENCES




MCMGCE

® 20 MEMBERS
® EACH MEMBER A TRIAL SCHEDULE

® WEIGHTED SUM OF MISFITS!: LIKELIHOOD L

® EVOLVE BY STEPPING: COMPUTE AL
® ACCEPT STEP OR REJECT STEP

® DECREASE TEMPERATURE OF THE SYSTEM




MCMGCE

® EXAMPLE STEPS:

® INSERT/DELETE 1 LESSON FOR 1 CLASS

® sSsWAP 2 LESSONS/HOURS/TEACHERS IN 1 CLASS

® MOVE STUDENT GROUP TO ANOTHER CLASS

® DIFFUSE BETWEEN MEMBERS




MCMOE AT WORK

I Lesson table
[ Partitioning
1 Preferences

Valid schedules

Log Likelihood

40




TwO LIKELIHOODS

® CONSTRAINTS LIKELIHOOD: Lc
® ANY VALID SCHEDULE MUST HAVE L = 0O
® PREFERENCE LIKELIHOOD: Lp

® MINIMIZATION OF Lp

® IDEALLY Lp = 0O, BUT THIS IS UNATTAINABLE IN
PRACTICE




TWO PHASES IN THE COMPUTATION

® CONVERGENCE PHASE, WHEN L > O
® PRIOR IS AVAILABILITY OF TEACHERS*ROOMS

® OPTIMIZATION PHASE, WHEN L = 0O
® PRIOR IS SET OF VALID SCHEDULES
® BEGINS HERE AT CooL = 10.7

® CONTINUE OPTIMIZING UNTIL TIRED




HOwW MANY VALID SCHEDULES ARE THERE?

® CAREFUL COMBINATORICS: ABOUT 103770
POSSIBILITIES AT CooL = O

10.7

® OCKHAM FACTOR: [f — < Lo+ Lw > dCool
Cool=0

® Exp(H) =10'370

® THEREFORE THERE ARE 102400 vALID SCHEDULES!




THANK YOU FOR YOUR
ATTENTION




