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Course timetabling problems

Coordinated decentralized timetabling for:

@ a centrally timetabled large lecture problem
e almost 900 classes timetabled into 55 rooms with up to 474 seats

@ individually timetabled departmental problems
e about 70 problems with 10 to 500 classes using departmental
laboratory spaces and centrally managed classrooms allocated to
departments based on expected class hours
@ a centrally timetabled computer laboratory problem
e about 200 classes timetabled into 31 rooms with 20 to 45 seats



GUI with generated timetable
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Basic set of constraints

Hard Soft
constraint|constraint

Times for class | Time pattern X

Individual times X
Rooms for class|Individual buildings/rooms X
Individual room equipment X
Resource Room X
constraints Instructor X
Students Conflicts between two classes X
Time between classes X
Distribution Time precedences between classes X
constraints Classes placed in similar times X

between classes |Same or different meeting
days/times/rooms for classes X X




Model of course structure

Instructional Introduction to Actuarial Science MATH 170
Offering STAT 170
Configuration Traditional Computer-Assisted
Subpart Lecture Lecture
Parent Recitation Recitation
Child Laboratory
Class Lecl Lec3
Parent Recl Rec2 Recb Rec6
Child Labl Lab2
Lec2 Lec4
Rec3 Rec4 Rec7 Rec8

Lab3 Lab4



Course structure with classes as displayed in user interface

Mins Per Date Time Preferences
Demand Week Limit Manager Pattern Pattern Time Room Distribution Instructor
M E 263 98 96
M E 263H
Lecture 150 96 LLR FullTerm 3x50 m=em—= WTHR
2X75 mmom  Computer
Recitation 100 96 ME FullTerm 2x50 W ME 120
ME 236
Classroom
Laboratory 50 84-120 LAB EvenWks 1x50 % Windows XP
Lec 1 150 96 LLR FullTerm 3x50 mmeer= WTHR J. Smith
2Xx75 mmom  Computer C. Bing
Rec 1 100 48 ME FullTerm 2x50 W ME 120 Back-To-Back J. Novak
ME 236 M E 263 Rec 1
Classroom M E 263 Rec 2
Lab 1 50 14-20 LAB EvenWks 1x50 % Windows XP
Lab 2 50 14-20 LAB EvenWks 1x50 % Windows XP
Lab 3 50 14-20 LAB EvenWks 1x50 % Windows XP
Rec 2 100 48 ME FullTerm 2x50 W ME 120 Back-To-Back J. Novak
ME 236 M E 263 Rec 1
Classroom M E 263 Rec 2
Lab 4 50 14-20 LAB OddWks 1x50 % Windows XP
Lab5s 50 14-20 LAB OddWks 1x50 % Windows XP

Labé 50 1420 LAB OddWks 1x50 % Mac Os X



Weighted constraint satisfaction problem

P — (V7D7 C7 W67 W@)

@ set of variables V

@ set of finite domains D
e each v € V takes a value from D, such that D, € D
@ set of hard and soft constraints C = C, U C;
e constraint weight w, as a function associating each soft constraint
¢ € G with its weight w,(c)
e assignment weight as a function wy associating the value d of each
variable v with its weight wy(v/d)
@ An assignment w for a weighted CSP (V,D, C, wc, wp) is a set of
pairs v/d such that v € V,d € D,, D, € D and each v appears at
most once in w.

@ assignment w complete if each v € V appears in w, otherwise w is
called a partial assignment



Solution of weighted CSP

o Consider a constraint ¢ € C defined on variables X C V and denote
ne = || X]| and scope(c) = X.

@ Assignment w satisfies the constraint c iff x;/d; exists in w for all
variables x; € scope(c) and (di,...dy.) € c holds (written w E ¢).

@ An assignment w is consistent if it satisfies all of the hard constraints
¢ € Cj, whose scopes have no unassigned variables.

@ A complete assignment w which satisfies all hard constraints is called a
solution (alternatively a solution is a complete consistent assignment).



Initial problem

Fw = Z we(c) + Z wy(v/d)

ceCsAwF—c v/dew
chspw = (HwHa st)
Fuespw Swesp Fwespn = (([[w][ > [In]l) V (([[w]l = [In]l) A (Fsw < Fsn)))

An optimal solution of the initial problem is a solution o with the minimal
Fyespo.

Consider a consistent assignment w with Fyespw = (J|w]|, Fsw) and a new
assignment v/d such that v is not present in w. Such an assignment may
increase the violation of soft constraints by the value

AFs(w,v/d) = wp(v/d)+ > we(c)

ceCs A vEscope(c) Awi—c A (wU{v/d})E-c



Domain variable

@ Each class is specified by a domain variable representing the desired
values for meeting times (weeks and patterns of days the class should
meet during the term, start times and duration of all meetings) and
rooms.

@ Domain variables will be denoted v = (v, vp, Vs, vg, v/) and their
particular values d = (dy, dp, ds, dg, d).
o Example:
e Value d = (11110000, MW, 7:30am, 50, WTHR 200)
o Domain variable v = (v, vp, Vs, Vg, v,) with
(Vw, Vps Vs, vg) € {(11111111, MWF, 7:30am, 50),
(11111111, MWF, 8:30am, 50), (11111111, MWF, 9:30am, 50),
(11111111, TTh, 7:30am, 75), (11111111, TTh, 9:00am, 75)}

and v, € {WTHR 200, CL50 224, EE 129, LILY 1105}



Hard constraints

No constraint propagation

Consistency of the constraint detected
when the last variable is assigned

Weak for non-binary constraints

However, non-binary constraints can be translated
to simpler contraints to check their consistency
Example: resource constraint

e a set of binary constraints prohibiting the placement of each pair
of classes into overlapping time periods
e implementation: array of assigned classes over time



Soft constraints

@ Soft unary constraints
WB(V/d) = WtimeWG((VW7 Vp, Vs, Vd)/(dwa dpv ds, dd))“‘WroomWH(Vr/dr)

@ Student conflicts: soft constraint ¢ between each two classes v; and
v2 with the weight w.(c) = s which is satisfied when the classes v
and v» do not overlap

@ Soft distribution constraints with a weight wc(c)
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