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Chapter 1

Introduction

1.1  Background and Rationale

A scheduling problem is a problem that arises in a wide variety of fields, such
as a schedule of medical personnel, a schedule of part-time staff, and a schedule
of public transport. If we have a good method or strategy to manage conflicts of
a particular field, we should be able to create a reasonable schedule for that field.
This project is interested in classroom scheduling which is commonly encountered
by many universities.

Classroom scheduling problem is very difficult to solve by hand. People
normally replicate the timetables of the previous years with some changes to create
a new timetable in the same organization but it may be not quite efficient. Classroom
scheduling has an important role in the development of education both budget and
efficiency. For example, if the capacity of the assigned classroom is less than or
much larger than the number of students, it will cause no seats or too many seats
for students which will lead to budget or efficiency problems.

This project tries to handle the restrictions such as the limited number of
classrooms, the available lecturers/ classrooms at each time period, and number of
class meetings assigned to each lecturer/ student at each time slot. Then, we apply
an integer linear program learned in the course of Operations Research Il to find an

optimal solution to this problem.



1.2

Objectives

To solve the classroom scheduling problem by using CPLEX Studio IDE soft-

ware version 12.6.3 and Python version 3.7.

1.3

Scopes

. We use the data from the first semester of 2019 provided by the Office of the

registrar and the Department of Mathematics and Computer Science, Faculty

of Science, Chulalongkorn University.

. We consider only courses in the Department of Mathematics and Computer

Science and classrooms in Maha Vajirunhis, Mahamakut, and Tab Nilaniti build-

ings.

We consider only courses that are taught between 8 a.m. - 5 p.m during the

weekdays.

We use CPLEX Studio IDE software version 12.6.3 and Python version 3.7 to

solve our classroom scheduling problem.

Project Activities

. Study classroom scheduling problem from literature review.

. Combine related data.

Filter constraints from literature review that are reasonable for the Department

of Mathematics and Computer Science.

Build an integer linear programming model for solving the problem.

. Study how to use CPLEX Studio IDE software version 12.6.3.

. Code the model on CPLEX Studio IDE software version 12.6.3 and Python 3.7.



7. Recheck and modify the model.

8. Conclude the results and write a report.

1.5 Benefits

1. The benefits of the project owner.

(a) Be able to apply knowledge from the Operations Research Il course in the

classroom scheduling problem.

(b) Be able to use CPLEX Studio IDE software version 12.6.3 and Python 3.7

to solve the classroom scheduling problem.
2. The benefits of project users.

(@) Increase convenience and efficiency of using classroom schedule as a

result of this project.

(b) Can apply the integer linear program with different data to solve the class-

room scheduling problem.

This project is divided into 5 chapters as follows. Chapter 2 explains back-
ground knowledge and literature review. Then, Chapter 3 mentions data from the
department, and how to adjust the data for our model and describe the model. Next,
Chapter 4 explains CPLEX program, Python program, and our result of the classroom

scheduling problem. Finally, the last chapter serves for conclusion and suggestions.



Chapter 2

Background knowledge and Literature review

In this chapter, we present related knowledge of our project including integer
linear program and literature review on listed constraints of a classroom scheduling

problem in each research paper.

2.1 Integer linear program

An integer linear program is a mathematical model consisting of linear restric-
tions and linear objective function with integer variables. We can write an integer

linear programming problem in the following form:

max / min 'z
subject to Ax <b
x>0
r € NU{0},

where z is a vector of decision variables,
c is a vector objectives function coefficients,
b is a vector of right hand side values,

and A is a matrix coefficient of decision variables.

Normally, people solve an integer linear program by many methods. There
are two well known methods of getting an exact optimal solution: cutting plane and
branch and bound methods. Cutting plane method acts by cutting the feasible re-
gion of the linear programming relaxation, then optimal integer solution becomes an

extreme point and can be found by the simplex method. Branch and bound method



will branch a fractional solution of z; = ¢ with 0 < a < b into two new relaxation
programs, each with additional constraint of z; < | ¢ or z; > [#], then use an integer
solution of a relaxed problem as a boundary of the optimal objective value of the
original problem. More details on integer linear program, cutting plane, and branch

and bound methods could be seen in [3], [0, and [8].

2.2 Literature review

Classroom scheduling problem is an important problem in the education field.
So many people intend to solve this problem. As a result, this problem is solved by
many methods and may have different restrictions. There are many research papers
with different methods and constraints for the problem. Here are some reviews on
the methods have been done so far on the topic of classroom scheduling problem.

In 2004, S. Daskalaki, T. Birbas, and E. Housos [11] used integer programming
to solve the problem where binary decision variables consist of courses, students,
teachers, days and time slots. In 2005, P. Kostuch [[7] solved the problem by meta-
heuristics that is divided into 3 phases: feasibility, slot sequence, and exchange of
events. Then, P. Avella and I. Vasil’EV [6] used a branch-and-cut algorithm to solve
the problem.

In 2007, A. Gunawan, KM. Ng, and K.L. Poh [1] presented a hybrid algo-
rithm for solving a timetabling problem that combines both teacher assignment and
course scheduling problems simultaneously. Next, S. Ghaemi, M.T. Vakili, and A.
Aghagolzadeh [12] solved the problem by the evolutionary computation algorithms,
a genetic algorithm that tries to minimize the number of conflicts in the timetable.
They assigned courses to a time slot that satisfy given constraints. Then, S. Abdullah,
E.K. Burke, and B. McCollum [10] presented evolutionary-based approaches with lo-
cal search to solve the problem.

In 2011, A. Oner, S. Ozcan, and D. Dengi [2] used a hybrid algorithm consisting
of a heuristic graph node coloring and artificial bee colony to solve the problem. In

2014, N.AH. Aizam and L. Caccetta [5] constructed a general model for university



course timetabling. Their model combines 17 different constraints from other litera-
ture and adds 3 new constraints that should be part of the restrictions in a general
university-based timetabling model. In 2018, M. Assi, B. Halawi, and R.A. Haraty [4]
used the genetic algorithm and graph coloring to solve the problem.

This project focuses on the integer linear programming by selecting constraints
that are reasonable for the Department of Mathematics and Computer Science, Chu-
lalongkorn University. We apply the model from research papers to build our model
in CPLEX. At this end, we summarize all constraints used in the above listed research
papers in Table 2.1 as our reference. We add the remark in the last column of Table

2.1 that we use that particular constraint as the constraint in our project.



Table 2.1: The constraints from research papers

Constraint

1. AUl the class meetings taught by a lecturer will be spread

throughout a week.

Our model

2. Each class meeting can be taught by one lecturer.

3. Each lecturer cannot be assigned to more than one class

meeting in the same time slot.

CPLEX(2)

4. Each lecturer should be assigned to so many teaching peri-

ods as his/her weekly teaching load requires.

5. Each lecturer teaches at least one course per semester and

cannot teach more than the number of current courses.

Excel

6. Each lecturer will not be assigned courses that he/she un-

able to teach.

7. Maximum consecutive class meetings for a lecturer.

CPLEX(10)

8. Maximum total class meetings that a lecturer can teach in

a day.

CPLEX(8)

9. The lecturers should have a day off.




Constraint

10. The class meetings should not be allocated to a time

Our model

slots should be taken into consideration.

v |V v CPLEX(4)
period inconvenient for a lecturer.
11. The number of class meeting hours assigned for each
course should be the same as the weekly number of class v
meeting hours stated in the curriculum.
12. The number of lecturers who can teach each course is
limited. d
13. The preferences of the lecturers about the assigned time y y y

14. A student has a class meeting in the last slot of the day. v IV
15. A student has more than two consecutive courses. v IV
16. Each student group cannot be assigned to more than one
VIiIVIVvIVvIiVv| Y v v CPLEX(3)
class meeting in the same time slot.
17. Each student study more one course in a day. v v | Vv
18. Maximum consecutive class meetings for a student. v CPLEX(11)




Constraint

19. Maximum total class meetings that a student can attend

in a day.

Our model

CPLEX(9)

20. The empty periods between any two class meetings of

each student are not allowed.

21. The number of students in each class meeting does not

exceed the capacity of the classroom.

Python

22. The preferences of the students about the assigned time

slots should be taken into consideration.

23. All the hours of a class meeting scheduled in a day should

v Python
be located in the same room.
24. Only one class meeting can be assigned to a classroom in
v |V ViV VY v v Python
a time slot.
25. The room should satisfy the features required by the
course. v VI vV Excel




Constraint

26. The number of class meetings taught cannot exceed the

number of classrooms available during each time period.

27. All class meetings have to be spread throughout a week.

Our model

CPLEX(5)

28. All class meetings must be assigned to a time slot.

CPLEX(1)

29. Class meetings need to occur consecutively.

30. Class meetings should not occur consecutively.

NIENIENIEN

31. Each course should be assigned to a given period in a given

day.

32. Each course should be scheduled for as many teaching

periods as the curriculum of each group of students requires.

33. For each course, only one section can be conducted in

every time period.

34. For each student, the major and minor required courses

should be scheduled in non-overlapping slots.

35. Having a day off between two class meetings.

CPLEX(14)

0T



Constraint

36. If a class meeting is scheduled in a day, it should take be-

tween minimum and maximum daily number of teching hours.

Our model

37. No course should be allocated to a time period that heads

of department don’t demand because of other work.

38. Some specific class meetings must be scheduled after

another class meeting.

39. Some specific class meetings must be scheduled in the

morning or afternoon in the same day.

40. Some specific class meetings must be scheduled in the

same day.

41. Some specific class meetings must be scheduled in the

same time slot.

42. Some specific class meetings should not be scheduled in

the same day.

43. The class meeting hours of any course should be sched-

uled in a consecutive format.

CPLEX(12)

11



61 | [7) | (201 | 1] | [12) | Our model

Constraint ] IE IH

44. The class meetings must be assigned to an available time
v CPLEX(6)

slot.

45. The course should not be allocated to a time period in-

convenient for heads of department because of other work.

46. The second time for each class meeting should not be in
v | CPLEX(13)

the same day.

Next, we will explain the parameters, decision variables, objective function, and constraints from research papers which are

reasonable for our department.

¢l
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2.2.1 Parameters

Let be a set of class meetings,

C

R be a set of room types,

L be a set of lecturers,

S be a set of groups of students,

T be a set of time slots,

Taor be aset of unavailable time slots,

D be a set of days,

D,  be a set of time slots in day d,

C,. be class meetings requiring a room type r, Vr € R,

C be class meetings that are taught by lecturer [, VI € L,
C be class meetings of students in groups s, Vs € .S,

T be a set of non-available times for each lecturer {, VI € L,
T, be a set of non-available times for each room r, Vr € R,

N, be a number of available rooms of type r, Vr € R,

h

maz D€ @ Maximum number of total class meetings a lecturer can
teach in one day,

Smaz e a maximum number of total class meetings a student is al-
lowed to attend each day,

mc;  beamaximum consecutive classes a lecturer [ is allowed to teach
on the same day,

mcs  be a maximum consecutive classes a student group s is allowed
to attend on the same day,

F be a set of class meetings in pairs (¢;, ¢;) that can not be sched-
uled in the same day where ¢;, ¢; € C,

K be a set of class meetings in pairs (¢;, ¢;) that need to have a day
off between two of the classes where ¢;,¢; € C,

H. be a number of consecutive time slot per time for each class

meeting ¢, Vc € C,

and per  be the preference of having class meeting ¢ at time slot .
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2.2.2 Decision Variables

1 if a class of meeting c¢ is assigned in time slot ¢,
Tet =
0 Otherwise.

2.2.3 Objective Function

The objective function is to maximize class meetings that are assigned in the

preference time slot.

max E E pthc,t'
c t

2.2.4 Constraints
The constraints of research papers which are reasonable for our department.

1. All class meetings must be assigned to a time slot:
YoerTer =1, VeeC.
2. A lecturer must not teach more than one class meeting at a time:
ZCECZ re, <1, Vle LVteT.
3. The student scheduling conflicts:
ZCECS rer <1, Vse S Vtel.
4. Availability of lecturers:
ZteTl Zceq ey =0, Vle L.
5. The room limitation restrictions:
> ece, Tep < Ny, Vre RVEET.

6. Availability of time slots:



10.

11.

12.

13.

14.

15

)

ZteTslot Lot = O, Ve € C

. Xy IS binary decision variables:

ze €{0,1} Vee C\VteT.
Maximum total class meetings that a lecturer can teach in a day:
> ieny Doeec, Tet < Lmaa, Vd € D,VIE L.
Maximum total class meetings that a student can attend in a day:
S ieny Sovec, Tet < Smaz, ¥d € D, Vs € S,
Maximum consecutive class meetings for a lecturer:
Yeco,(Tet + Teps1 + oo+ Teppme) < mey, VEE {ti,ta, s tid—me, -
Maximum consecutive class meetings for a student:
ZCECS (et + Tegs1 + oo+ Teprme,) < mes, VEE {t1,ta, .., tia—me, }-

The class meeting hours of any course should be scheduled in a consecutive

format:
Tet — e <0, Vee C,Vd € D,Vh € H.,Vi € {1,2,...,h —1}.
—Tet + Tepy1 — Teprj <0, Vee C,Vd e D,Vh € H,,Vj €{2,3,....,h — 1}.
Some class meetings should not be scheduled in the same day:
> ten, Tent — Tep <1, Vd € D, V(cj,¢5) € F.

Having a day off between two classes of the same course is another require-

ment often found in universities. Below is the formulation:

ZteDd Tet + ZteDﬁDdH Te;p <1, Vd € D,Y(c,c)) € K.

We need to adjust parameters and constraints in Subsections 2.2.1 and 2.2.2

to be able to fit in the scope of our department practice. The details are provided

in Chapter 3.



Chapter 3

Classroom scheduling problem with integer linear

program

3.1 Data adjustment

For this project, we use data of the first-semester of 2019 provided by the De-
partment of Mathematics and Computer Science, Faculty of Science, Chulalongkorn
University and the Office of the registrar. There are two sets of information given by
the department which are teaching timetable and available time slots of each room.

We adjust these data for our model.

3.1.1 Time slots

In this project, the time slots are slots from Monday to Friday from 8 a.m.
to 5 p.m. We set 1 time slot to be 30 minutes. Therefore, we have 18 time slots
per day or 90 time slots per week. Moreover, we set the department meetings on

Wednesday from 1 - 4 p.m. as the unavailable time slots.

3.1.2 Teaching timetable

From the teaching timetable of the department, there are 109 courses and
187 class meetings (class meetings represent courses with course sections). This

teaching timetable data consist of a list of course ID, course title, course section,
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teach type, meeting day, meeting time, room, lecturer, and student group as we can

see in Figure 3.1. Appendix A provides the full details of Figure 3.1.

Figure 3.1: The teaching timetable created by of the department

These data are adjusted as follows:

Step 1: In this project, we focus on

(i) The courses assigned in a classroom in Maha Vajirunhis, Mahamakut, and Tab

Nilaniti buildings.
(i) The courses taught on Monday to Friday from 8 a.m. to 5 p.m.

(i) The courses having lectures and laboratories.
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So we ignore other courses that do not have the above qualifications. In the course
“SEMINAR” section 2, we split into 3 class meetings: “2301490-217, “2301490-227,
and “2301490-23” because we practically split into 3 classrooms. Therefore our

project has 72 courses and 106 class meetings.

Step 2: From the previous step, the lecturers who teach the ignored courses
will have the corresponding time slots of the ignored courses assigned as busy. Figure
3.2 shows that 1 means lecturer [ is busy at time slot ¢ and 0 means lecturer [ is
available at time slot ¢, for example teacher Amorn cannot teach at time slots 1 to
3 (8.00 - 9.30 a.m.) but he could be assigned to teach at time slot 4. Reader could

see in Appendix C at Sheet “T_|” for more details.

Figure 3.2: Non-available times for each lecturer

Step 3: We add lists of students and the data of number of students for each

class meeting from the Office of the registrar.
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Step 4: From the previous step, we had the data of number of students for
each class meeting, hence we can assign room type for each class meeting. The
room types are divided into 4 types: Small (less than 40 seats), Medium (between

40 and 90 seats), Large (more than 90 seats), and Laboratory type.

Step 5: We assign C}j, representing a set of the class meetings using j time
slots per lecture and repeating i times per week. Finally, we can see the rearranged
data for our CPLEX program in Figure 3.3. Appendix C at Sheet “data” provides the

full version of Figure 3.3.

Figure 3.3: Rearranged data for CPLEX program
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3.1.3 Room timetable

From the room timetable provided by faculty of Science (Figure 3.4 and full
data in Appendix B), we adjust this timetable into our data. The time slots are changed
from 1 hour into 30 minutes per slot. For each room, if it has an unrelated class
meeting to our project, the associated time slots for this class meeting are busy.
But if it has our department class meeting, the associated time slots are free. For
example in Figure 3.4 at the cell D6, class meeting “2304103(1)” is unrelated to our
project. Thus room “M01” in Mahamakut building at 8 - 9 a.m. (time slot 1 - 2)
is busy because it is used for “2304103(1)”. On the other hand, at the cell D13,
class meeting “2301312(1)” is related to our project. It means that room “208” in
Mahamakut building is free at 8 - 9 a.m. (time slot 1 - 2) because we will assien a
new schedule to this time slot. We can see the modified room timetable in Figure

3.5 and can see in Appendix C at Sheet “T r” for more details.

Figure 3.4: The faculty room timetable
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Figure 3.5: Modified room timetable for CPLEX program

Next, we count the available room types r for each time slot ¢ as Figure 3.6

and can see in Appendix C at Sheet “T r” for more details.

Figure 3.6: The available room types r for each time slot ¢

3.1.4 Preference

The objective function in this model is to maximize the total preference of
assigning class meeting ¢ at time slot t. We set the preference of having each class
meeting between 9 - 12 a.m. and 1 - 4 p.m. every weekday as 1. It is written in Excel

for the CPLEX program as Figure 3.7 where 1 in the figure means we want to assign
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class meeting ¢ at time slot t and 0 means we do not want to assign class meeting ¢

at time slot ¢. Reader can see in Appendix C at Sheet “prefer” for more details.

Figure 3.7: The preference of assigning class meeting ¢ at time slot ¢

We now can apply our modify data to our model in a similar way as in Sub-

sections 2.2.1 - 2.2.4, as follows.
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Mathematical model

Parameters

C

Tb

Tq

be a set of class meetings that contains course id “2301xxx” and
course section “y” in the form of “2301xxx-y”, e.¢. {2301101-2,
2301103-1, 2301103-2, ...},

be a set of room types which is divided into 4 types: Small,
Medium, Large, and Lab, i.e. {Small, Medium, Large, Lab},

be a set of lecturers, e.e. {Amorn, Anusorn, Arthorn, ...},

be a set of groups of students with the last two numbers repre-
sent first-year, second-year, third-year, fourth-year, respectively,
e.g. {BIOO1, BIOCHEMO1, CHEMTECHO02, ...},

be a set of weekdays, i.e. {Mon, Tue, Wed, Thu, Fri},

be a set of time slots from Monday to Friday 8 a.m. to 5 p.m., 1
time slot represents 30 minutes with the total of 90 time slots,
ie. {1, 2,3, ..., 90},

be a set of unavailable (busy) time slots, which is Wednesday 1
p.m. to 4 p.m., i.e. {47, 48, 49, 50, 51, 52},

be a set of time slots for day d, e.g. Thon =1{1, 2,3, ..., 18}, Tyye =
{19, 20, 21, ..., 36},

be a set of class meetings using j time slots per lecture and
repeating ¢ times per week, e.g. Cy represents a set of class
meetings using 2 time slots per lecture and repeating 2 times per
week,

be a set of class meetings requiring a room type r, Vr € R,

be a set of class meetings taught by lecturer [, VI € L,

be a set of class meetings of students in groups s, Vs € S,

be a set of unavailable (busy) time slots of lecturer I, VI € L,Vt €
T,

be a set of the number of available room of types r at time slots
t,Vre RVteT,

be the preference of having class meeting ¢ at time slot t.
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3.2.2 Decision Variables
Let 2., be an integer number and

1, if a class of meeting c¢ is assigned in time slot ¢,
Let =
0, otherwise.

3.2.3 Objective Function

The objective function is to maximize class meetings that are assigned in the

preference time slot.

3.2.4 Constraints

The constraints can be written as mathematical relations and OPL language

as follows:

1. Constraint: Each class meeting must be assigned to some time slots. They are
divided into the class meetings study 2, 4, 6, 8, and 9 time slots per week.

1.1 Mathematical language:
ZteT Tep = 2, Ve € Cha

OPL language: forall(c in C[“12”]: cin C) sum(t in T) x[c][t] == 2;

1.2 Mathematical language:
Yover Tep =4, Ve € Cry, Oy

OPL language: forall(i in “14”, “22”, c in C[i]l: cin C) sum(t in T) x[c][t] ==
q-

)

1.3 Mathematical language:

ZtET Let = 67 Ve e Clﬁ? 0237 CQxa 032
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OPL language: forall(i in “16”, “23”, “2x”, “32”, c in C[i]: c in C) sum(t in
T) x[cllt] == 6;

Note that Cs, refers to class meetings that the department assigned to
teach 2 times per week: 1 hour and 2 hours. We assign class meetings in Cy,
as classes that teach 2 times per week with 1.5 hours each time instead, for
convenience.

1.4 Mathematical language:
Y ierTeg =8, Ve & Oy, Oy, Csy, Cyo

OPL language: forall(i in “18”, “24”, “3x”, “42”, c in C[i]: c in O) sum(t in
T) x[c][t] == 8;

Note that (3, refers to class meetings that the department assigned
to teach 3 times per week: 1 hour two times and 2 hours. We assign class
meetings in Cf, as classes that teach 2 times per week with 2 hours each time
instead, for convenience.

1.5 Mathematical language:
dterTer =9, Ve € Oy

OPL language: forall(c in C[“33”]: c in C) sum(t in T) x[c][t] == 9;

. Constraint: The lecturers must not teach more than one class meeting at a
time. For each time slot, each lecturer has a choice between teach and free
time.

Mathematical language:
S, et <1, VIELNLET

OPL language: forall(Lin L, t in T) sum(c in C[lJ: c in O) x[c][t] <= 1;

. Constraint: The students must not study more than one class meeting at
a time. As same as the above constraint, each group student has a choice
between study and free time for each time slot.

Mathematical language:
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See, Tt <1, Vse SVteT

OPL language: forall(s in S, t in T) sum(c in C[s]: c in Q) x[c][t] <= 1;

. Constraint: In our model, we have the class meetings that are required to
teach by the lecturer [ and a set of unavailable time slots of lecturer I. So if
LY, as 1 (lecturer [ is busy at time slot ¢), ., should be 0 (class meeting ¢
should be not assigned at time slot #).

Mathematical language:

ZtGT ZCGCZ Lbl,t xr., =0, VieL
OPL language: forall(lin L) sum(t in T, c in C[: ¢ in Q) LP[U[t] * x[c][t] == 0;

. Constraint: We have class meetings requiring rooms of type r and a set of the
number of available rooms of type r at time slot ¢. So for each time slot, the
number of class meetings requiring rooms of type » must be less than or equal
to the number of available rooms of type 7.

Mathematical language:
>cce, Tet < Ry, VreRVEET

OPL language: forallr in R, tin T) sum(c in C[r]: c in O) x[c][t] <= R[r][t];

. Constraint: All class meetings must be not assigned to unavailable time slots.

Mathematical language:
ZtETb Lep = O, VC c C

OPL language: forall(c in C) sum(t in T?) x[c][t] == 0;

. Constraint: z., is binary variable. Either a class meeting c is assigned in time
slot t or a class meeting ¢ is not assigned in time slot t.

Mathematical language:

0<z., <1, Vee(CVteT
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OPL language: forall(c in C, tin T) 0 <= x[c][t] <= 1;

. Constraint: Maximum total time slots that a lecturer can teach in a day is 12

time slots in a day. In our model, we found that each lecturer should not teach
more than 12 time slots per day. Therefore we limit the maximum number of
time slots for each lecturer.

Mathematical language:
ZtETd Zcecl Ter <12, Vle L,Vde D

OPL language: forall(lin L, d in D) sum(t in T[d]: tin T, cin C[J: ¢ in O) x[c][t]
<=12;

. Constraint: Maximum total time slots that a student can attend in a day is 12

time slots in a day. As same as the above constraint, we found that each group
student should not study more than 12 time slots per day.

Mathematical language:
Yer, Soeec, Ter <12, Vs € S,Vd € D

OPL language: forall(s in S, d in D) sum(t in T[d]: tin T, c in C[s]: c in O) x[c][t]
<=12;

Constraint: We set the maximum consecutive time slots for a lecturer to be
8 time slots in a day, since the department assigns 8 time slots per lecture for
class meeting “2301785-1".

Mathematical language:
8
e, 2o eari <8, VL€ LYVt € {T", T, ... T}
1=0

T4 is 7% time slot in day d, Vd € D
OPL language: foralll in L, d in D, t in item(T[d], 0)..item(T[d], 9): t in T[d])
sum(c in C[: ¢ in C) (x[cI[t] + x[cllt+1] + ... + x[c][t+8]) <= §;



11.

12.

28

Constraint: Maximum consecutive time slots for a student are 8 time slots in a
day. The same as Constraint 10, groups of students of class meeting “2301785-
1”7 have 8 consecutive time slots.

Mathematical language:

8
ZcGCS Z Tetti < 8, Vs € S, YVt € {T1d7T2d, ceey Tlod}
=0

T74is 5 time slot in day d, Vd € D
OPL language: forall(s in S, d in D, t in item(T[d], 0)..item(T[d], 9): t in T[d])
sum(c in C[s] :c in C) (x[cllt] + x[cl[t+1] + ... + x[c][t+8]) <= §;

Constraint: Each lecture of a class meeting may have consecutive time slots.
We have a set of the class meetings using j time slots per lecture and repeating
1 times per week, 1 € 1,2,3,4 and j € 2,3,4,6,8. So the class meetings have
repeating 1, 2, 3, 4 times per week. Case I: 1 time per week, these class meetings
can be assigned to any day in the week. Case II: 2 times per week, these class
meetings can choose to be assigned on (Monday and Wednesday) or (Tuesday
and Thursday) or (Wednesday and Friday). Case lll: 3 times per week, these class
meetings should be assigned to Monday, Wednesday, and Friday. Case IV: 4
times per week, these class meetings should be assigned to Monday, Tuesday,
Thursday, and Friday. Here, we illustrate only the case of (5. Other cases can
be seen at line 239 - 977 in Appendix D .

Mathematical language:

(Tettmon + Ter2mon = 2|Tetson T Tetton = 2| Te7,0 + Teprs,p, = 2)]
(Tettne T Tezne = 2T T Tepivne = 20| [|Ten7. + Tepis,,. = 2)]|

(et ea T Tet2 e = 2M|Te 2 es T Tetties = 2| |[Ten17 00 + Teprs,og = 2)]

(Te st + Terzp = 2Ty, + Tepty, = 2l |Tenr,, + Teps,, = 2]
(Tt Tew = 2emy, Fxeasy,, = 2| |wepr, Faeps,,, = 2)||, Vee Oy

T74is 5 time slot in day d, Vd € D

OPL language: forall(c in C[“12”] :c in C)
X[cllitem(T[“mon”], 0)] + x[cllitem(T[“mon”], 1)] == 2 ||
x[c]litem(T[“mon”], 2)] + x[cllitem(T[“mon”], 3)] == 2 ||

.|| x[cllitem(T[“mon™], 16)]+x[cllitem(T[“mon”], 17)] == 2)
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x[cllitem(T[“tue”], 0)] + x[cllitem(T[“tue”], 1)] == 2 ||
x[cllitem(T[“tue”], 2)] + x(cllitem(T[“tue”], 3)] == 2 ||

.|| x[cllitem(T[“tue”], 16)]+x[cllitem(T[“tue”], 17)] == 2)
|

(x[cllitem(T[“wed”], 0)] + x[cllitem(T[“wed”], 1)] == 2 ||
x[cllitem(T[“wed”], 2)] + x[cllitem(T[“wed”], 3)] == 2 ||
.|| x[cllitem(T[“wed”], 16)]+x[cllitem(T[“wed”], 17)] == 2)
|

(x[clitem(TT“thu”], 0)] + xcJlitem(T[“thu”], 1)] == 2 |
x[cllitem(T[“thu”], 2)] + x[cllitem(T[“thu”], 3)] == 2 ||

.|| x[cllitem(T[“thu”], 16)]+x[cllitem(T[“thu”], 17)] == 2)
|

(x[cI[item(T[“fri”1, 0)] + x[cllitem(TL“fri”], 1)] == 2 ||
x[cllitem(TT“fri”], 2)] + x[cIlitem(T[“fri”], 3)] == 2 ||

.|| x[cllitem(TT“fri”], 16)]+x[cllitem(T[“fri”], 17)] == 2);

Constraint: Class meetings should not have more than one lecture on the
same day. By the above constraint, class meetings may repeat the lectures 1,
2, 3, and 4 times per week. So the next lecture for each class meeting should
not be assigned on the same day.

13.1 Mathematical language:
Zter Let = 0[] Zter Ter =2, Ve € Crg,Co,Cs,Cyp,Vd € D

OPL language: forall(iin “127,22”,“32” “42” cin C[i]: cin C,d in D) sum(t
in T[d]) x[c][t] == 0 || sum(t in T[d]) x[c][t] == 2;
13.2 Mathematical language:

Zter Tep = O|| Zter Tet = 4, Ve € 014, 024, ng,Vd eD

OPL language:forall(i in “14”, “24”, “3x”, c in T[i]l: cin C, d in D) sum(t in
T[d]) x[cllt] == 0 || sum(t in T[d]) x[c][t] == 4;
13.3 Mathematical language:
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Zter Tet = OH Zter Tet = 3, Ve e Cy,Cyy,Cs3,¥d € D

OPL language:forall(i in “23”, “2x”, “33” cin T[i]: cin C, d in D) sum(t in
TId]) x[cllt] == 0 || sum(t in T[d]) x[c][t] == 3;
13.4 Mathematical language:

Zter Zey = 0| Zter Zer =6, Vee C,Vde D

OPL language:forall(c in C[“16”] :cin C, d in D) sum(t in T[d]) x[c][t] == 0 ||
sum(t in T[d]) x[c][t] == 6;
13.5 Mathematical language:

Zter Let = 0|| Zter Let = 8, Ve e 0187 Yd e D

OPL language:forall(c in T[“18”] :cin C, d in D) sum(t in T[d]) X[c][t] == O ||
sum(t in T[d]) x[c][t] == 8;

Constraint: Class meetings should have a day break between 2 consecutive
lectures. By the Constraint 12, we have been assigned about class meetings
have repeating 2 and 3 times per week. This constraint ensures these class
meetings were not assigned on the consecutive day.

14.1 Mathematical language:
Zter Tt + ZterH Tep <=2, Ve € Oy, Cs,Vd € {mon, tue, wed, thu}

OPL language: forall(i in “22”7, “32”, cin C[i]: cin C, d in “mon”, “tue”,
“wed”, “thu”) sum(t in T[d]) x[c][t] + sum(t in Tlnext(day, d)]) x[cl[t] <= 2,
14.2 Mathematical language:

> ter, Tet + ZterH Ter <=3, Ve € Cys, Oy, Cs3,¥d € {mon, tue, wed, thu}

OPL language:forall(i in “23”, “2x”, “33” cin C[il: cin C, d in “mon”,
“tue”, “wed”, “thu”) sum(t in T[d]) x[c][t] + sum(t in Tlnext(day, d)]) x[cl[t] <=
3;

14.3 Mathematical language:
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Zter Ter + ZterH Ter <=4, Ve € Cyy, Csy,Vd € {mon, tue, wed, thu}

OPL language:forall(i in “24”, “3x”, c in C[i]: cin C, d in “mon”, “tue”

)

“wed”, “thu”) sum(t in T[d]) x[c][t] + sum(t in T[next(day, d)]) x[c][t] <= 4,

We can see that the number of time slots used in constraint 8 allows lecturer
to teach 6 hours per day. Similarly, students may attend in classroom up to 6 hours
per day. In the next chapter, we will discuss the possibility of reducing these hours

and explain the limitation of our program.



Chapter 4

Programs and Results

In the previous chapter, we show our integer linear programming model. Next,
we will show how to using CPLEX Studio IDE software version 12.6.3 and Python 3.7

to solve a problem, how to run the programs, and result from these programs.

4.1 CPLEX Studio IDE software version 12.6.3

4.1.1 Creating an OPL project

When you open CPLEX, the main window will appear as we can see in Figure
4.1. Then, we will create our OPL project by click “New” and “OPL project” buttons
as shown in Figure 4.2. The program will show the “New project” window. In this
window, we will create a project name, select project location, click create model
and create data and click the “Finish” button as presented in Figure 4.3. Then, the
OPL project will appear and we can write the OPL code as presented in the previous
chapter as in Figure 4.4. We write our code in 2 files: Classroom Scheduling.mod
(write OPL code in Chapter 3) and Classroom Scheduling.dat (write OPL code to call

data from Excel for Classroom Scheduling.mod).



Figure 4.1: The main window of CPLEX Studio IDE software version 12.6.3

Figure 4.2: Creating a new project
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Figure 4.3: Creating a new project (Cont.)

Figure 4.4: Classroom Scheduling.mod
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4.1.2 Running our OPL project and result

We first write OPL project until line 104 in Classroom Scheduling.mod and line
21 in Classroom Scheduling.dat (see Appendix D), then run the CPLEX program which
automatically create a set of class meetings requiring a room type r, a set of class
meetings taught by lecturer [, and a set of class meetings having the same group
student s in sheet “C” in Data_Cplex.xlsx.

Now we have full data in Excel. Next, we write and run complete code.
Finally, the objective value (the total result of the objective function) is 643 as in
Figure 4.5 and the result is appear in sheet “result” in Data Cplex.xlsx as Figure 4.6
where 1 in the fisure means class meeting ¢ is assigned at time slot ¢ and 0 means
class meeting ¢ is not assigned at time slot ¢. Reader could see full data at Sheet

“result” in Appendix C.

Figure 4.5: The result from CPLEX
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Figure 4.6: The result from CPLEX in Excel

Next, we use available rooms at time slots ¢ and the result from Data_Cplex.xlsx

as data in our Python to assign the room for each class meeting.

4.2 Python 3.7 and result

We get the class meeting ¢ assigned at time slot ¢ from CPLEX program. In the
Python program, we will assign room for each class meeting. We present algorithm
as a flowchart of our Python program in Figure 4.7 and the code is shown in Appendix

F.



Figure 4.7: Flowchart of Python algorithm
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In Python part, we create data for Python program in Data_Python.x(sx. This
Excel consists of 2 sheets: 1.) “room” presents capacity, teaching type, and available
time slot for each room (Figure 4.8) and 2.) “classm” presents lecturer, number of
students, teaching type, and teaching time slots for each class meeting (Figure 4.9).

Reader can see the full data in Appendix E.

Figure 4.8: Sheet “room” in Data_Python.xlsx
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Figure 4.9: Sheet “classm” in Data_Python.xlsx

After run Python, the result is shown in Result Python.xlsx as in Figure 4.10
(Full data are shown Appendix H). The result has a problem at course ID “2301286-
L002”, which has 55 students in the course but there is no room with the seats
more than number of students in the course at time slots 59-62 (this course should
be assigned). Figure 4.11 shows Lab type rooms: “MATH-508/1" is free, “MATH-
509/2” is assigned “2301172-L003” (number of students is 55), and “MATH-708/5"
is assigned “2301679-L001” (number of students is 12). We adjust the number of
students from 55 to 45. Now the room for “2301286-L002” is assigned as in Figure
4.12. This situation happens because we did not category “Lab” room type as small
lab, medium lab, and large lab. We will leave this adjustment as our further study.
An improved code for Python program is shown in Appendix G and the improved

result from Python program is shown in Appendix I.



Figure 4.10: The result from Python when “2301286-L002” has 55 students

Figure 4.11: Available room after run Python
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Figure 4.12: The improved result from Python when “2301286-L002” has 45 students

The final result can be seen in as Figure 4.13. We separate the result into

daily results as in Figure 4.14.



Figure 4.13: The final result

Figure 4.14: The final daily result in each day

a2
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In our result, teacher Krung and teacher Somjai have class meetings 12 time
slots on Monday and Friday, respectively (see in Figures 4.15 and 4.16). In fact, we
can reduce the maximum time slots from 12 time slots (in Constraint 8) into 10 time
slots to reduce teaching hours per day of teacher Krung and teacher Somjai. In further
study, we may reduce the maximum time slots to 8 time slots in order to reduce the
teaching load of each lecturer by hiring new lecturers or expanding the prefer time
slots so that the teaching load could spread to other lecturers/ times. In our model,
we also set the maximum time slots per day of a student to be 12 (in Constraint 9).
Since some students may have classes with a lecturer who teaches 12 time slots in

a day. Therefore, the maximum time slots in both Constraints 8 and 9 need to be

the same number.

A B CIDE|IFIGH|II|J|IK|ILIM(N(O(P|Q|R|S|T
1 1=assigned Monday
2 |Lecturer +T'|Class meeting 1 2 3 45 6 7 8 9101112 13 14 15 16 17 18
80:Krung 2301481-1 0O 0O0OOOOOOOOOOOOOOODO ODO
85:Krung 2301492-1 001 11111000O0O0O0DO0DO0OPDO0OD0O0
106:Krung 2301694-1 0 00O0OODOOOOI1I1111100

Figure 4.15: Teacher Krung has to teach 12 time slots on Monday

A B BW BX BY BZ CA CB CCCD CECFCGCH Cl CJ CK CLCNVCN
1 1=assigned Friday
2 |Lecturer +T|Class meeting |73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
34 :Somjai 2301251-1 0O 0O0OO0OOOOOOOOOOOOODOODO
74 :Somjai 2301451-1 001 11111000O0O0O00H0O0O00
81 jSomjai,Wutichai 2301490-1 000O0OOOOOOOTIL11111o00

Figure 4.16: Teacher Somjai has to teach 12 time slots on Friday




Chapter 5

Conclusion

5.1 Conclusion

This project studied classroom scheduling problem with integer linear program
that uses the data of first-semester in 2019 of the Department of Mathematics and
Computer Science, Faculty of Science, Chulalongkorn University as a case study. We

adjusted data and set constraints to our model. The constraints are

1. Each class meeting must be assigned to some time slots which is equivalent

Constraint 1 in Section 3.
2. The lecturers must not attend more than one class meeting at a time.
3. The students must not attend more than one class meeting at a time.
4. The lecturer must be available when the class meetings requiring.
5. The room must be available when the class meetings requiring.
6. All class meetings must be not assigned to unavailable time slots.

7. Either a class meeting ¢ is assigned in time slot ¢ or a class meeting ¢ is not

assigned in time slot ¢.
8. Maximum total time slots that a lecturer can teach in a day is 12.
9. Maximum total time slots that a student can attend in a day is 12.

10. Maximum consecutive time slots for a lecturer in a day is 8.
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11. Maximum consecutive time slots for a student in a day is 8.

12. Each lecture of a class meeting may have consecutive time slots.

13. Class meetings should not have more than one lecture on the same day.
14. Class meetings should have a day break between 2 consecutive lectures.

We are successfully create an effective room timetable for the Department
of Mathematics and Computer Science under our restrictions. We use CPLEX Studio
IDE software version 12.6.3 and Python version 3.7 to solve this problem. The CPLEX
takes time to process 2:18:94 minutes with 72 courses and 106 class meetings by

notebook computer Intel(R) Core(TM) i7-4710HQ.

5.2 Suggestions

1. Use Access instead of Excel because Access is more convenient when changing

the size of data.

2. Be more appropriate in dividing the room types. This may solve the problem

of no available rooms with the seats more than number of students.
3. Should divide “Lab” room type as small lab, medium lab, and large lab.

4. Reduce the maximum time slots that a lecturer can teach in a day from 12 into
8 time slots by adding lecturers: teaching load can spread to other lecturers
or adding preference time slots: teaching hours can spread to other days that

teacher Krung or Somjai have fewer teaching time slots than 8 slots.
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Appendix

Appendix A: The teaching timetable of the department

Figure Al: QR code of the teaching timetable of the department

URL: https://drive.google.com/open?id=1yjX1pXrRhNm_yxqSq2cdalObceYbtL1mN

Appendix B: The room timetable of the faculty

Figure A2: QR code of the room timetable of the faculty

URL: https://drive.google.com/open?id=1GxJWCchIQTZPMcAYMNXSAf7F9LnJtnIk
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Appendix C: The modified timetable timetable of CPLEX

Figure A3: QR code of the modified timetable timetable of CPLEX

URL: https://drive.google.com/open?id=1L18W7yI4r3mZ31SggtVc5zrnzI1UsOun

Appendix D: Code for CPLEX

Ficure Ad: QR code of the code for CPLEX

URL: https://drive.google.com/open?id=1yWbrdS_ Jn8JKiSVo8MWs3XU6 Vokjtzh
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Appendix E: Data for Python

Figure A5: QR code of the data for Python

URL: https://drive.google.com/open?id=1vHFdaHHBG-ECFP33Jbo1WpXkjYkAhxcm

Appendix F: Code for Python

Ficure A6: QR code for the code for Python

URL: https://drive.google.com/open?id=1mtDZvMr2RaGaUsiKOF5A1fzQvMT-1iyzG
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Appendix G: Improved code for Python

Figure A7: QR code for the improved code for Python

URL: https://drive.google.com/open?id=1xD3IzVe j3Akm8ak40FmmkPC3HkHIBApD

Appendix H: Result from Python

Figure A8: QR code for the result from Python

URL: https://drive.google.com/open?id=10fWj7xyrDSCs-DUOSFBWFSTYt2UiMZzY
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Appendix I: Result from Python after improvement

Figure A9: QR code for the result from Python after improvement

URL: https://drive.google.com/open?id=1MI3eoKWOP9tR9aq88adodUuv3ChJibQK
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Appendix J: Project Proposal

The Project Proposal of Course 2301399 Project Proposal
Academic Year 2019

Project Tittle (Thai) NMSUATUMINITINMITNNOIRIUAIBITNITAUUANITITILEY

F1UULHY

Project Tittle (English) Classroom Scheduling Problem with an integer linear

programming method
Project Advisor Associate Professor Phantipa Thipwiwatpotjana, Ph.D.
By Miss Chanida Leelayutto ID 5933511023
Mathematics, Department of Mathematics and
Computer Science, Faculty of Science,

Chulalongkorn University

Background and Rationale

Classroom Scheduling Problem is very difficult to solve by hand. People nor-
mally replicate the timetables of previous years with few changes to accommodate
recent situations to update the timetable but it maybe not effective.

This project will try to manage the restrictions such as the limited number
of classrooms, the available lecturers / classrooms at each time period, and class
meeting conflict of each lecturer / student (one class at a time). Then, we apply an
integer linear programming method learned in the course of Operations Research |I

to find the optimal solution to this problem.

Objectives
Solve the Classroom Scheduling Problem by using CPLEX Studio IDE software

version 12.6.3.

Scopes

1. We use the data from the first-semester of 2018 provided by the Department

of Mathematics and Computer Science and the Office of the registrar.
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2. We consider only courses in the Department of Mathematics and Computer
Science and classroom in Maha Vajirunhis building, Mahamakut building, and

Tab Nilaniti building.

3. We use CPLEX Studio IDE software version 12.6.3 to solve the Classroom Schedul-

ing Problem.
Project Activities
1. Study the Classroom Scheduling Problem.
2. Combine related data and research papers.
3. Study the model for timetabling problem in [4].
4. Build an integer linear programming model for solving the problem.
5. Study how to use CPLEX Studio IDE software version 12.6.3.
6. Code the model on CPLEX Studio IDE software version 12.6.3.
7. Recheck and modify the model.

8. Conclude the results and write a report.



Duration
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Procedue

Month

1.Study the Classroom
Scheduling Problem.

2.Combine related data

and research papers.

3.Study the model for
timetabling problem in

[4].

4.Build an integer linear
programming model for

solving the problem.

5.S5tudy how to use CPLEX
Studio IDE software ver-

sion 12.6.3.

6.Code the model on
CPLEX Studio IDE software

version 12.6.3.

7.Recheck and modify the

model.

8.Conclude the results

and write a report.
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Benefits
1. The benefits of the project owner.

(a) Apply knowledge from the Operations Research Il course solved the Class-
room Scheduling Problem.
(b) Use CPLEX Studio IDE software version 12.6.3 solved the Classroom Schedul-
ing Problem.
2. The benefits of project users.
(@) Increase convenient and effective to assign the Classroom Scheduling
Problem.
(b) Can use the integer linear programming method solved the Classroom
Scheduling Problem and can apply to the other timetabling problem.
Equipments

1. Hardware

(@) Notebook computer Intel(R) Core(TM) i7-4710HQ
(b) Printer

(c) Flash drive
2. Software

(a) CPLEX Studio IDE software version 12.6.3
(b) Excel 365

(c) TeXstudio software version 2.12.16



Budgets

1. Flash drive 140 Baht
2. Laser Pointer 900 Baht
3. Tray DVD Drive for HHD 280 Baht
4. SSD 240 GB 920 Baht
5. Notebook Service Fee 500 Baht
6. Battery Notebook 1,260 Baht
7. Binding the report 1,000 Baht
Total 5,000 Baht

Appendix

Parameters
Let C be a set of class meetings,

R be a set of room types available,

L be a set of lecturers,

S be a set of student groups,

T be a set of timeslots,

C, be class meetings requiring a room of type r, Vr € R,

C; be class meetings that are taught by lecturer [, VI € L,

Cs be class meetings that have the same group student s, Vs € S,
N, be the number of rooms of type r available, Vr € R, and

pes be the preference of having class meeting ¢ at timeslot t.

Decision Variables

1 if a class of meeting ¢ is assigned in timeslot ¢,

0 Otherwise.

Tet =
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Objective Function
The objective function is to maximize the total timeslot preference of assign-

ing the class meetings:

max Z Z Detlet-
c t
Constraints
1. All class meetings must be assigned to a timeslot.
2. The number of classrooms is limited.
3. The lecturers must not teach more than one class meeting at a time.

4. The students must not study more than one class meeting at a time.
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Objective Function /

Constraints

Mathematical language

OPL language

Maximize the total times-
lot preference of assign-

ing the class meetings.

max Ec Zt Petlet

maximize sum (c in class,
t in timeslot) plcl[t] * x[c]
[t];

All class meetings must

be assigned to a timeslot.

Zt Lot = 1, VC S C

forall (c in class) sum (t in

timeslot) x[c][t] == 1;

The number of class-

rooms is limited.

Zcea Ter < N, Vr e
R NVteT.

forall (r in roomtype, t in
timeslot) sum (c in class-
room[r]: ¢ in class) x[c][t]

<= Nrr];

The lecturers must not
teach more than one

class meeting at a time.

ZCECZ l’qt S ]., VZ -

LvteT.

forall (L in lecturer, t in
timeslot) sum (c in class-
lecturer[l]: ¢ in class) x[c]

[t] <= 1;

The students must not
study more than one

class meeting at a time.

ZCECS Lt S 17 Vs S

S,VteT.

forall (s in student, t in
timeslot) sum (c in class-
student[s]: ¢ in class) x[c]

[t] <= 1;
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