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Solving the class timetabling problem
by 0–1 integer programming
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This paper presents a two-stage approach to solving the timetabling problem for an academic
department. The first stage seeks to find the best faculty assignment to courses and sections
where these courses are offered.  The assignment is based on faculty specializations. The
second stage finds an appropriate weekly schedule for the faculty-course-section assignment
obtained in the first stage. The problems in both stages are modeled as 0–1 integer linear
programming problems. The models are solved using LINGO 14, courtesy of Lindo Systems,
Inc., with run times practically negligible.
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INTRODUCTION

This paper is concerned with the problem of
assigning classes to faculty members and
constructing a weekly schedule for the faculty-
class assignment scheme. The desired schedule
is also known as a school timetable. For our
purposes, the term “class” shall be used to refer
to a course-section pair, where a section
consists of a group of students.

The timetabling problem is combinatorial and
NP complete, meaning that if one examines all
possible schedules, the time to find the best
one would increase significantly as the problem
size increases. Since the 1960s, the timetabling
problem has been studied and solved using
various approaches, including graph coloring,
simulation, tabu search, genetic algorithms, and

mathematical programming. A good number of
studies have appeared in the literature using
classical mathematical programming
techniques, such as integer programming and
goal programming, to solve the timetabling
problem.

PROBLEM DESCRIPTION

This study deals with the timetabling problem
for an academic department at an engineering
school. The department is headed by a Chair,
who is responsible for, among other things,
drawing up the faculty load and the class
schedule for each academic term. Each
academic year is comprised of three terms,
namely, the first and the second semesters as
regular terms, and the summer term. The latter
provides a venue for students with failing grades
to remove their failures before the next regular
term commences.
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At present, the faculty-course-section
assignment and the class scheduling processes
are done manually. The Department Chair
determines the number of regular sections to
be opened per year level for a given academic
term, based on student enrolment forecasts.
The forecasts are made by the Chair on the basis
of student performance in the preceding term.
Each regular section has a known set of courses
defined by the official curriculum.

Faculty loading is dictated by the specialization
of faculty members, as well as university
regulations and provisions of the collective
bargaining agreement (CBA) with the Faculty
Union. The latter items essentially cover
limitations on the load that a faculty member
can carry each term. Occasionally, faculty
members would make load-related requests,
which could be given favorable consideration
if they are not prejudicial to university rules
and/or CBA provisions.

With the faculty specializations and possible
course and section assignments of faculty
members known, the Department Chair
schedules classes subject to a number of
considerations. These considerations include
curricular requirements, classroom availability,
allowable daily teaching hours, class schedule
desirability for faculty members and students,
etc. It is understood that no two classes shall
be scheduled at the same time on a given day;
and at most one class may be taught by one
faculty member on a given time slot of any day.

RELATED LITERATURE

The class timetabling problem has been solved
using different approaches, including
simulated annealing [1]), genetic algorithm [2,
3], graph heuristics [4] and particle swarm
optimization [5].

In recent years, significant developments made
in mathematical programming optimization

software have drawn research interest to the
use of mathematical programming approaches
in solving the school timetabling problem.

Mirrazavi et al. [3] developed a large-scale
integer goal programming model for the
timetabling problem at one department of a
university. The solution approach consisted of
two phases; the first of which allocated lectures
to rooms, while the second allocated start-
times to lectures. Both phases were modeled
as integer goal programming (IGP) problems.
The first phase was solved using an IGP
optimization package, and the second phase
was solved using a genetic algorithm.

Ozdemir and Gasimov [6] applied a nonlinear
zero-one multi-objective programming
formulation for the faculty-course assignment
problem. They approached the nonconvex
multiobjective problem using a three-step
process, consisting of the Analytic Hierarchy
Process, scalarization, and the subgradient
method.

Daskalaki et al. [7] used 0–1 integer
programming for the university timetabling
problem. The model employed a linear cost
function which allowed preferences regarding
teaching periods or days or classrooms to be
considered.

Ismayilova et al. [8] proposed a multi-objective
0–1 linear programming model considering
both the administration’s and instructors’
preferences for the faculty-course-time slot
assignment problem. The Analytic Hierarchy
Process (AHP) and Analytic Network Process
(ANP) were applied to weigh the different and
conflicting objectives. The weights obtained
were used in the scalarization process, and the
resulting scalarized problems were solved
using an optimization package.

Al Yakoob and Sherali [9] also used integer
programming to solve the problem of assigning
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faculty members to classes at the Department
of Mathematics and Computer Science in
Kuwait University. Initially assuming the time-
slots for classes to be given, an integer
programming model was developed for the
resulting problem with the objective of
minimizing the dissastisfaction of faculty
members. Subsequently, the model was
modified to allow the time-slots for the classes
to be changed, subject to restrictions related
to facility utilization, and providing a limit to
the number of changes. Gender-based modeling
considerations were introduced in the solution.

Sorensen and Dahms [10] solved a practical
case of high school timetabling using a two-
stage decomposition of an integer
programming (IP) model. The model was split
into two separate problems (forming Stage I
and Stage II) with significantly fewer variables,
solved sequentially.  Computational results
showed a considerably better performance for
the two-stage model over the original IP model.

APPROACH

We approach the present problem in two stages,
both utilizing 0–1 integer programming. In the
first stage, we seek the assignment of faculty
members to courses and sections, mainly on
the basis of faculty specializations. The optimal
assignment obtained from this stage is then
passed on to the second stage for the
determination of the desired class schedule.
Stage 2 finds the day and the time slot for each
faculty-course-section assignment generated in
stage 1, which accommodates timetabling
requirements for the department.

MODEL FORMULATION

The 0–1 integer programming model for the
first stage is as follows:

Minimize Z =    cij     wijk (1.01)
 iI  jJ     kK

subject to:

   ajwijk <= Ui, for all i (1.02)
jJ kK

    ajwijk >= Li, for all i (1.03)
jJ kK

    wijk  =  nj, for all j (1.04)
iI kK

1, if faculty member i is assigned
   wijk = to course j with section k (1.05)

0, otherwise

where,

cij = “cost” of assigning faculty member i to
course j; this cost is associated with faculty
specialization (see description below)

Ui = upper limit on the number of units that may
be assigned to each faculty member

Li = lower limit on the number of units that may
be assigned to each faculty member

aj = number of credit units for course j
nj = number of sections taking course j

The objective function (1.01) strives to
minimize the total cost of assigning the faculty
members to teach the course offerings in the
sections opened in the school term under
consideration. The assignment cost is a value
used to reflect the course specializations of
each faculty member, so that when course j is
within the teaching specialization of faculty i,
cij, is assigned a zero value. The constraint set
(1.02) ensures that the load of each faculty
member does not exceed the upper limit
prescribed by the university.  The constraint set
(1.03) is applied to uphold the minimum load
of each faculty member. The constraints in
(1.04) take care that there are as many faculty
assignments to each course as needed by the
number of sections opened.

In the second stage, the faculty-course-section
assignments obtained from the first stage are
scheduled. The mathematical model, presented
below, endeavors to minimize the total
scheduling cost (2.01). Here, a linear cost
function, cm, is used which increases as class

{
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         xijklm <= HD, for all i,l (2.09)
jJ kK mM

     xijklm <= R, for all l,m (2.10)
iI jJ  kK

1, if faculty member i is assigned
to handle course j with section k,
on day l and time slot m

0, otherwise

1, if course j requiring N (with n<=N)
consecutive hours, is scheduled
on day l for section k

0, otherwise

where,

cm = function relating the cost to the time slot
Ui = upper limit on the teaching load of faculty

member i
Li = lower limit on the teaching load of faculty i
N = number of consecutive hours a course

should be taught within a given day
Hj = number of weekly hours course j should be

taught
HD = limit on the number of daily working hours

of each faculty member
R = number of lecture rooms available to the

department each time of the day

SOLVING THE MODELS

We solved the 0–1 integer linear programming
models for the first and second stages of the
problem using LINGO 14 [11] on a Veriton PC
with processor Intel (I) Core™ i5-2300 CPU
@ 2.80GHz.  Run times were negligible at 0.07
second for the first stage model and 1.21
seconds for the stage 2 model.

DATA

Data from the subject school in the first
semester, AY 2012–2013, were used to
illustrate how the models work. The study
focused on the professional courses of the
Industrial Engineering Department; these are the
courses which, for class and faculty scheduling
purposes, are within the direct control of the
Department Chair. The relevant data are found
in Table 1 and Table 2.

{
time progresses each day. Constraint sets
(2.02) and (2.03), respectively, are applied to
ensure that the upper and lower limits on each
faculty member’s teaching load are complied
with. Constraints (2.04) take care that at most
one section k, has a class on day l (“l” is lower
case “L”) and time slot m. Meanwhile, the
constraints in (2.05) are applied so that each
faculty member, i, has at most one class to teach
at time slot m on day l. The required number of
weekly hours each course j must be taught is
provided for by the set of constraints (2.06).
The application of the constraints in (2.06) and
(2.07) is based directly on the results of the
first stage model. For courses which must be
taught for two or more hours in a day, the class
hours must be consecutive. Adapted from
Daskalaki et al. [7], the constraints in (2.08)
are used to provide for this requirement.

Meanwhile, constraints (2.09) limit each
faculty member to teach only up to a certain
number of hours each day. Finally, the
constraints in (2.10) ensure that the number of
classes that can take place simultaneously each
day may not exceed the number of rooms
available to the department.

Minimize Z =         cm xijklm (2.01)
 iI jJ kK lL mM

subject to:

      xijklm <= Ui, for all i (2.02)
jJ kK lL mM

       xijklm >= Li, for all i (2.03)
jJ kK lL mM

     xijklm <= 1, for all k,l,m (2.04)
iI   jJ

     xijklm <= 1, for all i,l,m (2.05)
jJ  kK

     xijklm = Hj, for all i,j,k; wijk = 1 (2.06)
lL mM

     xijklm = 0, for all i,j,k; wijk = 0 (2.07)
lL mM

   xijklm -  n·yjkln = 0, for all i, j, k; wijk = 1 (2.08)
mM         nN

xijklm =

{yjkln =

(2.11)

(2.12)
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RESULTS

The results are presented in Table 3 for the first
stage model, and in Table 4(A-G), for the
second stage model.

The faculty-course-section assignment in Table
3 very closely matches the actual assignment
shown in Table 1. The three differences in the
figures of Table 3 vis-à-vis those of Table 1
all refer to shifts in section assignment of
certain faculty-course pairs.  Nonetheless, the
objective of assigning faculty members
according to their specializations remained
upheld.

Table 1.  Course and section assignments 
of faculty members 

Course Faculty Member 
1 2 3 4 5 6 7 8 9 10 11 12 

1           3-A,B.C  
2    3-A,B,C         
3          3-A,B,C   
4         4-A,B    
5          4-A,B   
6        4-A,B     
7  4-B      4-A     
8    4-B     4-A    
9  4-A   4-B        
10        4-A,B     
11       5-A,B      
12          5-A,B   
13       5-A,B      
14      5-A,B       
15            5-A,B 
16 5-B  5-A          
17            5-A,B 
18  5-A,B           
19          5-A,B   

 

Table 2.  Credit units and number 
of sections per course 

Course Year Level Units No. of Sections 

1 3 2 3 
2 3 3 3 
3 3 3 3 
4 4 4 2 
5 4 3 2 
6 4 1 2 
7 4 1.5 2 
8 4 3 2 
9 4 3 2 
10 4 2 2 
11 5 2 2 
12 5 1.5 2 
13 5 3 2 
14 5 3 2 
15 5 1.5 2 
16 5 3 2 
17 5 2 2 
18 5 1 2 
19 5 3 2 

 

Table 3.  Results from stage 1 model:  course and section 
assignments of faculty members 

Course Faculty Member 
1 2 3 4 5 6 7 8 9 10 11 12 

1           3-A,B.C  
2    3-A,B,C         
3          3-A,B,C   
4         4-A,B    
5          4-A,B   
6        4-A,B     
7  4-A,B           
8    4-A     4-B    
9     4-A,B        
10        4-A,B     
11       5-A,B      
12          5-A,B   
13       5-A,B      
14      5-A,B       
15            5-A,B 
16 5-A  5-B          
17            5-A,B 
18  5-A,B           
19          5-A,B   

 

For the stage 2 model, which finds a weekly
timetable for the faculty load generated in the
first stage, our results show classes scheduled
in the early time slots, as much as possible (see
Table 4[A-G]). This is a consequence of the fact
that the cost function used in the objective
function favors scheduling classes early on
during the day, which is the general preference
of faculty members. Late afternoon and evening
classes, scheduled out of need or as requested
by some faculty members who teach on a part
time basis, have been made possible through
the inclusion of appropriate constraints.

The schedules in Table 4(A-G) are sparse, the
reason being that we included only the
Department’s core and professional courses in
the calculations. The gaps in the schedules
provide available time slots for the non-core/
professional courses serviced by other
departments.

CONCLUSION

We have presented a two-stage approach to
solve the class timetabling problem for an
academic department. The first stage consisted
in finding a desired faculty assignment to
courses opened in various sections, with the
assignment based on the course specializations
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Table 4(A-G). Results From Stage 2 Model
The entries are course numbers consistent with those used in Table 1 to Table 3.

B: 3rd Year Section B 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M.       
8–9A.M. 3    2  
9–10A.M.    1   
10–11A.M.   2  3  
11–12NN. 1 3  2   
12–1P.M.       
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.       
5–6P.M.       
6–7P.M.       
7–8P.M.       
8–9P.M.       

 

C: 3rd Year Section C 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M. 2 1   2  
8–9A.M. 1  3    
9–10A.M.     3  
10–11A.M.  2  3   
11–12NN.       
12–1P.M.       
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.       
5–6P.M.       
6–7P.M.       
7–8P.M.       
8–9P.M.       

 

D: 4th Year Section A 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M.  10 10    
8–9A.M.       
9–10A.M.  6     
10–11A.M.     8  
11–12NN.     5  
12–1P.M. 8 8 5 5   
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.    4   
5–6P.M.    4   
6–7P.M. 9 4 4    
7–8P.M. 9      
8–9P.M. 9      

 

E: 4th Year Section B 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M. 6      
8–9A.M.   10 5   
9–10A.M. 3      
10–11A.M. 10      
11–12NN.   5    
12–1P.M.       
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.  8 4  4  
5–6P.M.  8 4  4  
6–7P.M.  9   8  
7–8P.M.  9     
8–9P.M.  9     

 

F: 5th Year Section A 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M.   11   16 
8–9A.M.     13 16 
9–10A.M. 13  18   16 
10–11A.M.   17 13  14 
11–12NN.  17    14 
12–1P.M.    11  14 
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.       
5–6P.M.       
6–7P.M.       
7–8P.M.       
8–9P.M.       

 

G: 5th Year Section B 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M.    11  14 
8–9A.M.  13    14 
9–10A.M.    17 13 14 
10–11A.M.  17    16 
11–12NN. 18   13 11 16 
12–1P.M.      16 
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.       
5–6P.M.       
6–7P.M.       
7–8P.M.       
8–9P.M.       

 

of faculty members. Using data in the first
semester, AY 2012–2013, from the subject
academic department, our first stage model
generated results which generally replicated the
actual faculty assignment.

The second stage model determined the weekly
schedule for the faculty-course-section
assignment found in the first stage, the
objective being that of scheduling classes in
the earliest possible time slots. In the model, we
used a cost function in the objective function

A: 3rd Year Section A 
Partial Class Schedule 

 Mon Tue Wed Thu Fri Sat 

7–8A.M.    1 3  
8–9A.M.  1  2   
9–10A.M.  2 3    
10–11A.M. 3      
11–12NN.   2    
12–1P.M.       
1–2P.M.       
2–3P.M.       
3–4P.M.       
4–5P.M.       
5–6P.M.       
6–7P.M.       
7–8P.M.       
8–9P.M.       
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which favored scheduling classes early on
during the day, in compliance with the general
preference of faculty members. The timetables
generated also included late afternoon and
evening classes, scheduled out of a special need
or based on requests of faculty members who
teach on a part time basis. Such special
arrangements had been accommodated in the
model by introducing appropriate constraints.

Computing time for each of our two 0–1 integer
programming models was practically
negligible, at approximately 0.07 s for the first
stage model and 1.21 s for the second stage
model.
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