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About USMA

Source: http://www.usma.edu
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The ETP at USMA

• More than 21 000 term end exams need to be scheduled to a
fixed number of 11 time slots

• Each cadet can only attend one exam per period (hard
constraint)

• Number of periods is not sufficient to generate clash-free
schedule

• Some courses will therefore need an extra exam version called
makeup exam
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Current objectives at USMA

• Makeups also used for improving other objectives at
USMA

• Multiple objectives like minimizing number of
makeups or minimizing the violations of various soft
constraints

→ Aim is to find a good balance between the different
objectives
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Two formulations for the ETP

• Hierarchical approach: separate objective function
for each objective

→ Modules solved successively

• A linear and nonlinear IP model were formulated for
each objective of the ETP

• Linear model is iteratively decomposed into smaller
subproblems each solved using CPLEX

• Nonlinear model solved with local search based
solver: LocalSolver
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Two formulations for the ETP

• Linear version of the constraints to ensure that no cadet takes

more than one exam per period:∑
r∈CRc

xyc,r,p ≤ 1 ∀c, p (1)

xc,r, m︸︷︷︸ + yr,m,p − 1 ≤ xyc,r,p ∀c, r,m, p (2)

’1’: base exam

’2’: makeup exam

• Nonlinear version:∑
r∈CRc

max(0, yr,’1’,p −
∑

m2∈RMr
m2≥ 2

xc,r,m2)

+
∑

r∈CRc

∑
m2∈RMr

m2≥ 2

xc,r,m2 · yr,m2,p ≤ 1 ∀c, p (3)
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Decomposition strategies

Decomposition based on vertex degree

group 1 group 2 course

common cadets
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Decomposition strategies
Decomposition based on vertex degree

exam types

courses

cadets
1 2 3 4 5 6

fixed binary variables
binary variables to be optimized

currently considered group

1st run:

exam types

courses

cadets
1 2 3 4 5 6

2nd run:

cadets

courses

exam types

1 2 3 4 5 6
3rd run: 4th run: [...]
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Solving the ETP
Qualitative trend of the objective function value over
time for the two solution methods
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The complete algorithm
Data processing and check
for logical inconsistencies

Schedule as many base exams
as possible using a modi-

fied graph coloring heuristic

Minimize remaining conflicts by
placing makeups using a nonlinear
model (solved with LocalSolver)

Feasible solution found?

Apply several repair methods like
relaxing some hard constraints

No

All objectives considered?

Yes

Solve nonlinear model of
next objective to be con-

sidered (using LocalSolver)

No

Improve the solution found
by LocalSolver using an iter-
ative Fix & Optimize heuristic

Set upper bound for ob-
jective just optimized

Return solu-
tions and log files

Yes
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Linear model formulation

noConflicts(c,p)..
sum(cr(c,r), xy(cr,p)) =l= 1;

combineXY(cr(c,r),m,p)..
x(cr,m) + y(r,m,p) − 1 =l= xy(cr,p);

...

solve capacity minimizing objMaxCapVio use mip;

...

solve makeup minimizing objMu use mip;
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Nonlinear model formulation

ls assignToPeriod(c,p)..
sum(cr(c,r), max[0, y(r,’0’,p)

− sum(rm(r,mx), x(cr,mx))])
+ sum((cr(c,r),mx), x(cr,mx) ∗ y(r,mx,p))

=l= 1;

...

solve ls cadetConflicts minimizing objConflicts use
minlp;
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Fix&Optimize heuristic

Decomposition based on vertex degree

loop(vdGroup,
∗ free all variables
x.lo(cr(c,r),m) = 0;
x.up(cr(c,r),m) = 1;
y.lo(rm,p) = 0;
y.up(rm(r,m),p)$[not prohibit(r,p)] = 1;

∗ fix all exams of other vdGroups
y.fx(rm(r,m),p)$[not rSet(vdGroup,r)] = y.l(rm,p);
solve makeup minimizing objMu use mip;

);
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Computational results

objective functions F&O LocalSolver combination

makeups 114 172 126
epd/consecutive violations 0 25 0
exams for December Graduates 3 0 0
cadet specific exam-free periods 1 1 0
schedule exams by grad year 389 470 425
exam-free periods 330 636 183
capacity violations 0 0 0

computation time [sec.] 1323 (884) 1156
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Overview (normalized)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

iteration count

no
rm

al
iz

ed
ob

je
ct

iv
e

fu
nc

ti
on

va
lu

e

fixYearVio
makeups

decGradExams
consecVio

capacityVio
offPerVio

Proske Exam scheduling at USMA West Point 19.06.2018 19 / 24



The ETP at USMA Algorithm Implementation in GAMS Computational results Conclusion

Conflicting objectives
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Conclusion

• Exam timetabling problem with a special structure

• Algorithm based on decomposition (divide and
conquer) as well as local search techniques

• Local search (in particular LocalSolver) consistent in
finding initial solution (no hard constraints violated)

• Fix&Optimize heuristic for improving solution by
exploiting problem structure (MIPs solved using
CPLEX)
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Conclusion

• Algebraic modeling languages such as GAMS well
suited for this problem

• Model formulation in GAMS similar to algebraic
notation

• Switching between solvers with one line of code
(currently more than 25 solvers supported)

• Support for control flow statements makes GAMS a
powerful tool for developing complex algorithms
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