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1. INTRODUCTION

Examination timetabling problem is combinatorial problems [1]-[3]. The task of creating an
examination timetable is an NP-Hard combinatorial optimization problem. Assignment of courses to be
examined as well as applicants to time periods, can be defined. It is a significant issue in every educational
institution [4]-[7]. It arranges a series of examinations in a set of time slots and no student is assigned to more
than one exam at a time. Exams are assigned to days and time windows within those days based on availability,
fair distribution of student workload, and room capacities [8]-[11]. It entails arranging a set of examinations to
set of exam periods in such a way that the problem's hard constraints are met while soft constraints are
minimized. From one institution to the next, the hard and soft limitations are different [11]-[13]. Exam
timetabling is a difficult task that involves scheduling tests, minimizing exam overlap, and spreading exams
out as widely as feasible for students [14], [15]. The meeting is made up of a variety of resources, including
students and rooms. The soft constraint is to provide each student day break between two consecutive
examinations. Alkallak has completed many scientific articles in the matter of the Magic Square and the
Sudoku grid, including Alkallak and Shaban [16] solved the rostering problem, while Alkallak [17] solved
Sudoku grid using Magic square of order3. Also, Alkallak et al. [18] proposed a hybrid algorithm to construct

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/

Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 1527

knight tour by Sudoku grid. This research, begins with a Sudoku grid which is solved by Alkallak [17] through
the magic square of order3. The algorithm by Alkallak is the cornerstone in proposing creating university exam
timetabling and prepared a map for students to sit in their seats and exams associated to timeslots.

The aims of the research to connecting the bridge between manual and intelligent algorithms for
examination timetabling by as set of examinations allocated into exam period. Overlap or harmony between
the basics of the Magic square and the Sudoku network to solve the problem of Timetabling. The proposed
algorithm guarantees to access solutions. To find a good solution of timetabling. To minimize the number of
conflicts in the Examination timetabling problem. This research structured several sections, in first section was
introduction while the second section were preliminary of Examination Timetable Problem with Sudoku grid.
In third section reviewed the specifications of the first proposed exam schedule, proposed hard constraints and
proposed soft constraints. Proposed algorithms appeared in section four, while section five contained the result
and discussion. Section six were conclusion.

2. PRELIMINARY OF EXAMINATION TIMETABLE PROBLEM WITH SUDOKU GRID

Exam schedules are important and challenging for educational institutions because they require
very human and computer resources and must be performed several times each year[19], [20]. Set of
examinations, examination period to start date and end it [21]. Set of rooms each room has examination
seating capacity. Timetabling can be defined to be the problem of allocating set of examinations to
generate no conflicts between any two examinations. The task of scheduling examination timetables was
previously done manually [22]-[25]. Sudoku is combinatorial optimization problem. Sudoku puzzle
consists of 81 cells, contained in 9x9 cells [17], [18].

3.  SPECIFICATIONS OF THE FIRST PROPOSED EXAM SCHEDULE ALGORITHM

This research used artificial intelligent ideas for creating scheduling the exams. The research described
an approach of the problem is characterized by assigning a set of exams into a limited number of timeslots
subject to set constraints. The constraints are classified as hard and soft constraints. The specifications of the
proposed exam schedule as follows:
a.  The number of examinations per day is 1.
b.  Sudoku has nine original numbers, thus total number of scheduled events (exams) for each class are 9.
c. The Sudoku grid has three vertical sub-grids left, center and right, so we have three set where all three

vertical sub-grids are assigned to the class.

d.  Also, the number of examination rooms are 3. This rooms represented by three Sudoku grids.

e.  The summation for each row, column and diagonal in Magic square are 15, thus number of teachers are
15.

f.  Number of days are 27. The total number of exam days is 27 therefore, using three Sudoku grids.

g.  Number of Sudoku cells are 81 cells, thus number of students are 81 for each class.

h.  Off day between exams slot is met.

i.  Take advantage of the maximum time limit for exams with an early start.

j. The number of seats is sufficient, one exam for one class per day, in order to conduct distancing through
Covid 19.

k.  The student takes the exam in different rooms, and accordingly, the rooms are diversified.

I.  The number of students in one examination room is 27 students.

m. Each student has one seat in the examination room.

n.  Since we have three classes and, in each class, 81 students take the exam, then the total number of students

is 243 students.

0. Give preference to some exams.

Proposed hard constraints as follows:

a.  Overlap needs to avoid overlapping exam days need to take in the slot day. A student donot assigned to
two exams as same time. No student assigned to different events at same time. Separate all examinations
with different duration. A student donot assigned to two exams as same time. No student assigned to
different events at same time. Separate all examinations with different duration.

b.  Capacity which includes examination room availability. No examination room is assigned to different
events at same time. There cannot be any students sitting for more than one exam at the same time. The
total number of students assigned to each examination room cannot exceed the examination room capacity
through enough rooms for all the students. Health teams sterilize examination room to prevent the spread
of the COVID-19 pandemic.

c. Examination period a start date and end it. All examinations of a student over the examination period as
much as possible. Should not violate the timeslot length of exams.

Intelligent university timetable scheduling system using sudoku grid with magic ... (Isra Natheer Alkallak)



1528 O ISSN: 2302-9285

d.  Spread all student can attend the exam in the same room or not.

Proposed soft constraints as follows:

a. Spread exams in several examination room.

b.  Schedule all exams, while the exams had priority, as possible. Distribution preferences is set between two
Or more exams.

c.  Optimum utilization of room space is achieved during examinations. There is no more than one test in
the room, through virus Covid 19.

d.  Each lecturer has at least one time gap between invigilation sessions.

4. PROPOSED ALGORITHMS

In this research, we proposed two algorithms. First algorithm contained two phases. The number of
solutions is eight with the number of Magic Square of order 3 models. While second algorithm simulated the
manual method to overlapping between the manual and intelligent approaches.

4.1. First phase in first proposed algorithm

The steps of proposed algorithm with illustrated graphically to create the timetabling as follows:
Step 1: initialize of Sudoku grid solution as Figure 1. So, the matrix is 9x9. Magic square is foundation in
Sudoku grid solving. Figure 1 shows the result of the researcher'sAlkallak [17], and this figure is the
cornerstone of the proposed algorithm.
Step 2: from Figure 2, we assigned three vertical sub grids to first class, three vertical sub grids to second class
and three vertical sub grids to third class.
Step 3: the duration period of exams is 27 days. It distributed by three Sudoku grids 9x9. The total matrix 27x9.
In The first Sudoku grid, for each row numbered from 1-9, while in the second Sudoku grid, for each row
numbered from 10-18. Also, Figure 3 shows the third Sudoku grid, for each row numbered from 19-27.
Step 4: to create the exam timetabling by checking the cell with value one in the first sub grid. It assigned to
the first exam in first class, while we checked the cell with value one in the second sub grid to assign to first
exam in second class. In addition, we checked the cell with value one in the third sub grid to assign to first
exam in third class by depending on Figure 1. Thus, all cells are examined for the rest of the numbers from 2
to 9 to determine the rest of the exams for the three classes.
Step 5: End.

Figure 1. Image of the result of the researcher'sAlkallak 2012

First class Second class third class
First class Second class third class
First class Second class third class

Figure 2. Assignment class
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Figure 3. Three Sudoku grids represented duration period

4.2. A proposed map of the student sitting in the examination room

Since number of students in the exam room is 81, as 9x9 matrix, to create the map of the seating for
students where Figure 4 shows the map of the student sitting will be as follows:
Step 1: initialize generate three Sudoku grids. In the first, the grids are empty. The students divided into three

grids.

Step 2: from Figure 1, the values in the diagonal, in the three sub grids for first horizontal three sub grids are
relied, by assigning the values in main diagonal in sub matrixes as first, second and third.
Step 3: to generate the three sub grids for second horizontal three sub grids by shifting the first sub grid to the

left in step 2,

Step 4: to generate the three sub grids for third horizontal three sub grids by shifting the second sub grid to the

left in step 3.
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Figure 4. Map of the student sitting

4.3. Second proposed algorithm

The Figure 5 shows the flowchart of second proposed algorithm. The steps of the second proposed
algorithm for solving timetable are:
Step 1: initialization

Begin
Let day ; no. of days exam.
Let class ; no. of classes.

Create matrix t(x,y) ; where x are number of the classes, y are no. of exams in each class.
let the matrix hs equal the number of hard and soft exam in each class.

—

-
E—
E—

For i=1 to class
For j=1 to hs(i,2)
Input exam_hard
ah(j,i)= exam_hard
End
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End

For i=1 to class
For j=1to hs (i,3)
Input examt_soft
as(j,i)= exam_soft
End

End

For example, Figure 6 Matrix (ah) represented hard exams graphically and Figure 7 Matrix (as) represented
soft exams graphically.

Initialization

no. of days, no. of class. no. of exam

in cach class,

with determine the hard and soft

!

Calculation the number of off day before the
exam and hard exam or soft exam

!

Let two matrixes to assign
number of hard exam and

number of sofl exam

Process

compare each exam for every class with the matrix
contain hard exam if its hard then, assign the exam in
timetable, otherwise its soft exam then assigned to
time table according calculations about of off day
before exam day

/ Print Timetable

Figure 5. Flowchart of second proposed algorithm

Figure 6. Matrix (ah)

Step 2:

Classlh Class2h Class3h Classls Class2s Class3s
Ex 3 Ex 1 Ex 2 Ex 1 Ex 2 Ex 1
Ex 4 Ex 3 Ex 4 Ex 2 Ex 4 Ex 3
Ex 6 Ex 5 Ex 5 Ex 5
Ex 6 Ex 7
Ex 8

Figure 7. Matrix (as)

To calculate the number of off days that through exams, by divide total number of days on total number of
exams. This operation produced the integer and remainder values as follows:n

For i=1 to class
in = int(day/t(i,2))
r =day mod t(i,2)
z(i,1)=in
2(i,2)=r
End
For i=1 to class

z(i ,1)=z(i,

End

; represent the number of off days.
; add to off days for hard exam.

1)-1

For example, Figure 8 matrix z represented off days graphically.
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1

No. of off days that through soft exam 1 3 2

No. of off days distributed before the hard exam 4 0 2

Figure 8. Matrix z represented Off days graphically

Step 3: process

compare each exam for every class with the matrix contain hard exam if its hard then, assign the exam
in timetable otherwise, if its soft exam then assigned to time table according calculations about of off day
before exam day.

Form=1toc
date =0
k=1
While k <>T(m,2)
templ = z(m,1) ; no. of days between for soft exam.
temp2 = hs(m,2) ; no. of hard exam.

temp3=z(m,2)/hs(m,2)
For v =1 to temp2
If a(k,1)==ah(v,1)

intable = date+templ+temp3
table(intable)=a(k,1) ;assign the exam a(k,1) to timetable
Break

Else

End
Forw=1to hs(m,3)
If a(k,1)==as(w,1)
intable=date+temp1l
table(intable)=a(k,1) ;assign the exam a(k,1) to timetable
Break

End

Else

End

date=date+ temp1

k=k+1
End

End

5. RESULTS AND DISCUSSION

The problem has three classes in one day we assign exam subject to timeslot for one class. The first
day is devoted to the examination for the first-grade students, then the second day is devoted to the examination
for the second-grade students. As for the third day, it is devoted to taking the exam for the third-grade students.
The goal is also to try to spread the tests throughout the test period. We try to customize each test for the best
period of time that meets all the tough restrictions. We assign tests arbitrarily to time intervals when the test
does not conflict with the tests that are already scheduled. The Figure 9 illustrated timetabling solved for first
proposed algorithm. We conclude that the numbers from one to nine enable us to distribute the exams and also
to generate the timetabling, as the scattering of each number in Sudoku in its rows and columns enabled us to
generate the timetabling. Since the Sudoku sub grid consists of three rows and three columns, and the total
number of sub grids is nine, and since the product of three times nine is 27, the maximum time period for
exams is 27.

We note in the seating map that the number of students is equal to 27 students in each room, and thus
the total number becomes 81 students for one class. We note that sitting according to the restrictions of the
Magic Square, there is no repetition of the student number in the row, column, sub-diagonal, main diagonal.
We note that there is a void next to the student in order to achieve distancing between students in the time of
Covid 19. We say that there is a magic relationship between sudoku grid and magic square. The first proposed
algorithm proved its superiority in scheduling exams in an intelligent approach, through the overlap between
the concept of scheduling exams with one of the artificial intelligence problem, including the Sudoku grid.
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3 Exam

10 4 Exam
11 4 Exam
12 || 4 Exam

13 3 Exam X
14 3 Exam Second Sudoku zrid

15 3 Exam
16 6 Exam
17 6 Exam
18 G Exam

19 7 Exam
20 7 Exam
21 7 Exam
22 & Exam
23 8 Exam
24 || 8 Exam

25 9 Exam
26 0 Exam
27 9 Exam

Third Sudoku grid

11

Figure 9. Timetabling solved through three sudoku grids

6. CONCLUSION

Despite the different conduct of exam scheduling in educational institutions, artificial intelligence
methods have highlighted their role in finding the best solution to the problem. We conclude that there is a
magical attraction of the Magic Square and the Sudoku grid to solve the problem of timetabling exams. This
research dealt with the timetable of the exams of an educational institution by suggesting two algorithms and
using intelligence. We get disqualified students who take two consecutive exams on the same day. We get the
distribution of exams over time intervals. Manual methods are done within several days or weeks of iterative
repair. In addition, in this research, we have to define a certain set of exams, so that no student takes two exams
at the same time. The proposed algorithm is able to produce high quality solutions when compared with
traditional methods, through a set of tests assigned in the testing period. The proposed algorithm guarantees to
find solutions. To find an exact and good solution timetabling. The proposed algorithm eliminated the gap
between classical methods and intelligent methods. It had been able to generate a better timetabling.
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