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1 Introduction

This report is based on the article, written in 1990 by Vasant Dhar an Nick Ranganathan, from
the Leonard N. School of Business, New York University. The goal of their paper was to compare
an in-production Expert System to assign teachers to courses in a term, with the Integer Program-
ming formulation, implementation and solution. On the other hand, this report is part of Discrete
Optimization 1 course at McGill University, so we will mostly pay attention to the IP case and
forget about the Expert System one.
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We will first dicover the problem, which is faced every semester by university staff: assign an
adequate teacher to a course, given the fact there are 2 terms in a schoolyear. Secondly, we will
take a look at the IP formulation of this problem, and finally study how it has been solved by the
authors.

2 The problem

Every year in each university, assigning a course to a term and a teacher to a course is a huge
problem, even without considering the schedule and the classroom.

Indeed, you would have to deal with:

o the skills of a teacher: whether or not he/she can teach a course

their preferences: difference between a course he/she can teach and want to teach

the workload of each teacher: legacy problem

the public of each course: undergraduate/graduate

the specificity of a course: separated in different section

e etc...

So the automation of this process can save a lot of time and money, but we need to collect a
big amount of data to initiate the process. Concerning those data, you can find their hierarchy
in Figure 1. This schema comes from the article but does not match the given explanation: The
”Undergrad course” box should be linked with the "Course” one, instead of the "Term”.
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Marx Sarre Jones Smith Dhar Nicky Phl382 Phl 386 Fall-87 Fall-88 Spr-87 Spr-88

lower
upper diviSiDr'l
division

Phl 301 Phi 305
Phl 304 Phl 358

Figure 1: Data Hierarchy (Source: Article)

The problem of revising a solution will not be covered in this report, but you can find it in the
original paper.

3 The Integer Programming formulation

As you may have suspected, the IP problem is huge in his definition. We will first present the
subscript, the variables, the coefficients, the constraints to finish with the objective function.

3.1 Subscripts
e i=1,2,..., ninstructors
ej=1,2,..., mcourses
e t=1, 2 terms (fall or spring)

e k=1,2,..., p categories of courses (for balancing curriculum)
3.2 Variables

A 1 if faculty iis assigned to course j in term t
Y971 0 otherwise
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3.3 Coefficients
e p; =load of course j depending on its size and type
e T; = teaching load requirement for teacher i
e [b;; = lower bound on sections of course j to be taught in term t
e ubj; = upper bound on sections of course j to be taught in term t
e [b; = lower bound on total sections of course j to be taught in a year
e ub; = upper bound on total sections of course j to be taught in a year
e y; = number of sections of course j to be taught in the entire year
e G = the number of graduate level courses normally offered during term t
e c;;; = cost of assigning teacher i to course j in a term t
oo 41 if j is a graduate level course
77 0 otherwise
1 ifjis an upper division course
o U; = .
! 0 otherwise
1 ifjis an lowerer division course
o] j = .
0 otherwise
o —4 1 if j is an writing course
! 0 otherwise
o Chv — 1 if coursejis in category k
k=1 0 otherwise
o 1. — 1 if course jis proposed as a tutorial by i in term t
9t 0 otherwise
o AB; = 1 if course j has the A-B sequence
0 otherwise
. fi= 1 ifiis afaculty member
‘| 0 otherwise
3.4 Constraints

The number of teachers assigned to a course in each term should be between the lower and
upper bounds on the number of sections of that course :

by < foijt < ubjy
i=1
The total number of sections of course j taught in the year should be:

2 n
lbj S Z Zl‘ijt S ubj

t=1 i=1
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Each teacher must satisfy some minimal teaching load:

m
Z piTie > T;
=1

Only professors can teach graduate courses:

zije <1 —(1— fi)g;

No professor can teach more than G graduate courses per year:
m 2
2> g <G
j=1t=1

e Course sequence continuity A-B constraint (Someone can only teach a B course in spring if
they taught the A course in the fall):

ABJ‘(ZCZ‘J‘Q — xijl) S 0

There must be at least U upper division writing courses offered each term:
m
Z xijtwj Uj Z U
j=1

These are the most relevant constraints, others are based on similar ideas.

3.5 Objective function

Among all possible goal, the authors have chosen to minimize deviations from teachers’s de-
sired courses to match their preferences:

n m 2
Minimize z = E E g CijtTijt
i=1 j=1 t=1

Considering our formulation, we obtain a problem with 700 binary variables and 300 con-
straints.

4 The Integer Programming implementation

4.1 Architecture

In 1990, the authors used the ZOOM library of the XMP package. After few researches, it
appears that ZOOM/XMP is a linear and integer programming library written in Fortran.

To solve our problem, ZOOM will first find a solution to the LP relaxation. Then we can deduce
the integer solution using an heuristic procedure called Pivot and Complement (E. Balas and
Martin C. H.). It can describe as a sequence of pivot steps, which put all slacks variables into the
basis, using the Blend’s rule. When a feasible integer solution is found, we improve it by flipping
variables to the opposite bounds.

The input of ZOOM comes from the Expert System but they need to be preprocessed to suit
the ZOOM interface. ZOOM generates a schedule, which can be presented in different form:
summaries, “database”, which can answer user’s question, etc...

The whole process is summarized in Figure 2.
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Figure 2: IP Process (Source: Article)

4.2 Performance

All the experiments were carried out on the same machine as the Expert System: a SUN-3
workstation. The response time of the IP varied from a few minutes to a few days.

When a solution is found, it comes quickly because of the pivot and complement heuristic. If
this heuristic does not find a feasible solution, no solution is found at all, whereas the Expert

System can provide a partial solution and indicates the holes.

4.3 Solution

In general, the IP solution is similar at 75% to the ES solution. The difference has been ex-
plained by the single objective limitations, compiled knowledge limitations and global optimiza-

tion limitations.
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In the IP formulation, we have specified only one objective function, in fact we have to min-
imize or maximize many expressions, minimizing the teacher load is an example. The problem
is that we have already some difficulties to find a solution, so adding an objective function is
computationnaly expensive.

The compiled knowledge limitations can be understood as the expressing power of number:
the coefficient have to incorporate preferences, flexibility and trading criteria, so that any change
in a value can give a totally different solution.

The global optimization limitations leads to a global optimum solution, which can unfortu-
nately contain problem like no teacher is assigned to a section. This can be solved by adding
constraints, which would give an even more complicated problem.

5 Conclusion

As a conclusion, we have seen that it is possible to use IP to solve a real problem of affect-
ing. Unfortunately, because of his limitations, his difficulties to find a solution, his incapacity to
propose a partial solution and his lack of flexibility, the IP formulation is not used and the ES is
prefered.
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