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Abstract: The main problem in making timetable schedules is finding a solution slot that can meet the minimum tolerable constraints.
The search for solution slots aims to place all timetable components in timetable slots that fit the constraints. The searching for solution
slots does not have to be carried out on all slots in the timetable but is carried out only on slots that have the potential to provide
solutions based on problems that arise. The limited search to solution slots in the state space tree allows for finding the best solution slot
based on the problems that arise. Limited searching allows the resulting timetable scheduling to meet tolerable constraints and simplify

the searching process.
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1. Introduction

Timetable scheduling at universities are formed based on
mandatory provisions (hard constraints) and based on
tolerable conditions (soft constraints). The placement of
timetable components (TC) in accordance with the provisions
stipulated in the timetable media (TM) slots is a major
concern in the process of forming a timetable scheduling.
Until now, researchers are still looking for the most
appropriate method in placing timetable components in
timetable media.

One of the methods in establishing the timetable is to
swapping slots for each timetable component that does not
meet the constraints. The slot swapping method is carried out
with the expectation that the timetable component will find
slots that meet the constraints. The swapping of slots can be
done by various methods. Either done randomly or follow a
certain pattern or certain calculations.

Swapping can be made if the Timetable Component (TM),
which consists of lecturers, Department, courses, semesters,
classes and the number of participants, can meet the expected
Constraints. In the swapping of TM, what need to be tested
whether it meets the Constraints is TC for which a solution
will be found (TCi) and TC which occupies the solution slot
(TCj).

Solution slots are randomly distributed on the Timetable
media (SM). The easiest step is to experiment with swapping
all existing slots until the desired solution is found. However,
this step requires a lot of effort. Another step is to mapping
the slots that are candidate solutions. Determination of
candidate solutions will map solution slots. Determination of
solution slots is to take all slots in all time periods and all
days, in rooms that meet capacity.

The searching process is a factor that is one of the key
determinants in finding a mapped solution slot. Not all of the

mapped solution slots must be checked whether they match
or not. Checking the solution slots will be carried out based
on the problem categories that have been defined, so the
solution slots must be formed in a state space tree that
describes the categories of problems that arise.

2. Previous work

Swapping the position of the timetable components in the
solution slots is one of the effective ways to find solutions in
Timetable scheduling. Genetic Algorithm (GA), is one
method that swap slots to find solutions in scheduling [5].
The swapping of positions in the slots that are considered to
be a solution is also carried out when using the Ant Colony
Optimization method (ACO). Swapping of solution slots is
carried out if it is considered that the swap will result in a
better timetable [13].

The combination of GA and Simulated Annealing (SA)
creates a random step of mutation which is carried out by
greedy stochaltic local search and then will be selected
randomly through the swap of chromosomes which are
considered to represent the appropriate solution slots. The
criteria for stopping iterations in the swap of
chromosomes/solution slots are determined by SA [12].

The swapping of solution slots which are considered
potential for solving problems is still used in research for
timetable scheduling problems. The main objective of finding
solutions to timetable scheduling problems is the placement
of Timetable Components in appropriate slots where the
potential for violations of the constraints can be minimized.

3. Timetable scheduling problem

The formulation that describes the problems that arise in the
timetable is needed so that the desired solution can be found.
The formulation of the problem will be described in a
mathematical model so that it is easy to know the provisions

Volume 9 Issue 8, August 2021

WWW.ijser.in
Licensed Under Creative Commons Attribution CC BY

Paper ID: SE221026031608

15 of 21



International Journal of Scientific Engineering and Research (IJSER)
ISSN (Online): 2347-3878
Impact Factor (2020): 6.733

that are applied, but before that, the following is a description
of the problem which is divided into two categories, namely
Hard Constraints (HC) and Soft Constraints (SC).

Hard Constraints (HC)

e Lecturers are only scheduled once at a certain time (HC1)

e Room is only scheduled once at a certain time (HC2)

e Courses at the same semester level are only scheduled once
at a certain time (HC3).

Soft Constraints (SC)

o All courses chosen by students at different semester levels
should be scheduled once at a certain time (SC1).

e Lecturer teaching time should refer to the lecturer's
teaching time preference (SC2).

e Rooms are scheduled based on room capacity (SC3).

So when formulated for each Constraint is as follows:

n b m
D =1
Zd=lzp=l Zr:1 apr @

HC1
<
HC2 Rapr =1 )
n b m
HC3 Z@ZFIZMMW =1 ®)
n b m
SC]‘ Zd=lzp=1 Zr=lMPd.1J.T =1 (4)
sc2 Dapr€P )
=
sC3 KRd.p.r = Pst ()
Where,
D _ { 1, D appears in the slot d,p,r
@rr |0, D doesnot appear in the slot d,p,v )
1, R Scheduled 1 course 8)
me, = [2, R Scheduled more than 1 course
0, R if the room is not scheduled
M _ {1, M appear in the slot d,p, 7 9)
dp.r 0, M doesnot appear in the slot d,p,r
MP _ {1, MP appear in the slot d,p,r (10)
dipir 0, MP does not appear in the slotd,p,r

For r=room, p=period, d=day, b= weight, n= number of days,
m=number of rooms, D=lecture, R= used classroom, M=
subject (the same semester, class, and Department), MP= the
subjects chosen by students at different semester levels, P=
lecturer's teaching time preference, Pst= lecture participants,
KR= room capacity.

4. Timetable scheduling construction

The formation of a timetable scheduling with a certain
method requires media and compositions that must be
formulated. The timetable will be formed in a Timetable
Media (TM) which consists of day, period and room
components. The combination of the three components in the
timetable media will provide information on the position of a

slot. Determining and searching for slots on the TM will be
the main factor in the formation of the timetable. While the
courses, lecturers, number of participants and classes are
components of the timetable (TC) which will be placed on
the TM.

The process of finding solution slots will begin with the
placement of TC on TM based on constraints. TCs that do
not find slots that meet the constraints will be collected for
the process of searching for solution slots. Next, Any KJ that
does not meet the constraints will be placed in empty slots
without checking constraints. Furthermore, TC that has been
placed without checking for constraints is checked for
violations that arise against constraints in the slot. The
process is shown in the model in Figure 1.

initialization Seaching for solution

—

Figure 1: The Model of Timetable scheduling with limited
searching

Based on the results of the examination of the constraints, the
number of solution slots can be determined and a state space
tree can be formed. Limited searching aims to find slots that
if tested with constraints will meet fitness. Constraint testing
is not only carried out on TC for which a solution is sought
(TCi), but also on TC that occupies the solution slot (TCj).
The slot swapping will be carried out if the TC test has met
the fitness. The fitness calculation was performed on TCi and
TCj. The search for a solution slot will be carried out in the
next iteration/Level if it does not meet the fitness, and the
timetable construction process will stop if the fitness has
been met.

4.1 Determination of solution slots

Solution slots need to be determined which ones have
potential. The number and position of the solution slots to be
used depends on the number of participants taking a course at
TC. The number of participants will determine the
classrooms that can be used. The more participants TC has,
the fewer the number of solution slots. This is related to the
smaller number of large capacity rooms and later the rooms
will be categorized based on room capacity (RC). The
number of solution slots (SoS) formed is obtained by using
equation (11).

SoS=#day*#period*#RC (12)
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Visually, the solution slots will spread throughout the day
and period, and in the rooms that fall into categories
according to the capacity of the participants. Figure 2, for
example describing the position of the solution slot in rooms
with a large capacity, so that only a few rooms are included
in the solution slot.

Rooms
=

Days | Shift 3

1 8

Sunday

Tuesday

Figure 2: The Model of Timetable scheduling with limited
searching

The process of forming solution slots is a step related to the
construction of a state space tree. Each solution slot formed
will be specific to each TC for which a solution will be
sought. Prior to the construction of the solution slot,
violations that occurred for each TC that had not occupied a
slot in the initialization process would be calculated. The
calculation of violations will determine the category of
violations owned by TC. The problem category will be used
for the creation of the state space tree and the search process.
The determination of the violation is determined based on
what constraints are violated (12).

There are three main problems that arise in the violation
checking process. First, the schedule component does not
meet all the constraints. Second, schedule components meet
the constraints except SC3. Third, the schedule component
only meets SC3. Table 1, is an explanation of the categories
of violations and the actions that will be taken when the
construction of the state space tree and searching of solution
slots. The problem category will be a guide in the process of
construction the state space tree. The category of violation
determines the movement searching of solution slot (Table
2). The problem category is the key in the limited searching
process.

1, Violation Only on SC3 12)
CoV =42, All Constraints violated Except SC3
3, All Constraints violated

Table 1: Types of violations, problem categories and actions

category).

Table 2: Movement for next solution slot

Problem category

Solution movement

1

r — next RC

2

p — ptl

3

p — p*l and r — next RC

Violation Probler_n Actions
Categories

Moving room

SC3 1 without moving
period

Moving period

HC1-HC3, SC1, SC2 2 without moving
room

HC1-HC3, SC1-SC3 3 Moving period and
Moving room

The category of violation (CoV) will consist of three parts. If
the violation only occurs in the 3rd Soft Constraint (SC3),
then it becomes a first category (1st category). For violations
that occur on all constraints except SC3, it will meet the
second problem category (2nd category). If all constraints are
violated, it will meet the third problem category (3th

4.2 Construction of the State Space Tree

The formation of a state space tree refers to the category of
problems. The problem category is divided into three parts
causing the state space tree to have tree nodes. The first node
will contain the solution slots for the first category, the
second node will contain the second category solution slots
and the third node will contain the solution slots for the third
category. The state space tree will represent the position of
the solution slots based on the problem category.

Figure 3, is an illustration of a state space tree based on
problem categories. The tree will be built on three nodes
representing the problem categories. In Figure 4, the tree is
defined as consisting of three nodes and three pieces of data
containing information on day, period and space. The state
space tree will be construction according to the problem
category. Each node will contain nodes of all categories of
problems, which can be construction nodes at the next level.

—

AR o

1//2 \\3:\ / ™ e .
e - S - N
)

Figure 3: State space tree visualization

Visually in Figure 3, Day, period and room information will
be placed on nodes based on the problem category. Taking
the next solution slots that will be placed on the tree, will
refer to the last position of the slot. While the movement of
taking slots can be seen in Table 2.

class Node {
int day,period,room;
Node cat1, cat2, cat3;

Node(int day, int period, int room){
this.day=day;
this.period=period;
this.room=room;
cat1=cat2=cat3=null;

}
Figure 4: State space tree class node

If the problem category is one, then the next solution slot is
to take a slot in the next room category (RC) without moving
the period and day. If the problem category is two, from the
last slot position, take the slot in the next period without
moving room and day. For violation with category three, take
a slot after moving room and Period.
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The solution slots that have been determined based on the
problem category are placed on the nodes according to the
problem category. The root node will contain the solution
slot with the smallest day, period and room number from the
group of solution slots that appear. For example in Figure 2,
the room category where the solution slots at room
2,3,4,5,7,8, then the sequence of the rooms will refer to that
sequence. So if the slot position on the node above it is in
room 2, for nodes in category 1, the solution slot room is in
room 3 (next room category).

The 2nd node will give a slot with a category 2 problem. The
solution to the category 2 problem is a moving of period. The
solution slot that will occupy the 2nd node is the slot in the
next period from the slot in the node above it (period
<period+1). The 3rd node of the root will contain a solution
slot for category three. The solution to the problem in
category three is the moving of the room category and the
moving of the period from the slot on the parent node.

4.3 Fitness Calculation

The process of searching solution slots in the state space tree
can occur in several iterations. The iteration will continue
until the desired conditions are met. There are several
conditions that must be met in order for the iteration to be
stopped. There are minimum conditions that must be met so
that the process of searching the solution slot is considered
complete. The minimum conditions are constructed in certain
formulas which are used as fitness in the searching. Each of
iteration means that it is conducted at a certain level in the
state space tree.

There are two types fitness that must be met to complete the
searching process. The first is the fitness for each constraint
and the second is the fitness for the entire constraints. The
fitness of each constraint will limit the conditions that must
be met. Constraints HC1, HC2, HC3 are constraints that must
be met, while SC1, SC2, SC3 are constraints that can be
tolerated if they are not met.

nn.o (13)
f(HC1) = HCl,,, =0
d=lp=Llr=1
n,mo (14)
f(HC2) = HC24,, =0
d=1p=1r=1
n,mo (15)
F(HC3) = HC3,,, =0
d=lp=Lr=1
n,m,e (16)
f(sc1) = Z 5C1l,,, <1
d=1p=2,r=1
n.m,o (17)
f(sc2)= Z 5C24,, =1
d=1p=1r=1
n.m,o (18)
f(sc3)= 5C3,4,,=0
d=1p=1r=1

Each TC will be checked for constraints for all slots in that
period (d,p,r=1...0). d is a position or describes day, p is a
position that describes the period and r is a position that
describes the room, and o describes the amount of room in
TM.

Hard Constraints (HC1, HC2, HC3) must be met so that it
must be scored 0 (13)(14)(15). Soft Constraints (SC1, SC2)
can be not met or can be scored 1 (16)(17), meanwhile SC3
must be met or must be scored 0 in the test (18). Testing the
fitness value for each constraint on the position of the
solution slot and replacement slot, can be called a local
fitness test (19).

e FOHCL) + FUHCZ) + F(HC3) + F(SCL) + F(5C2) + F(5C3)
’I =

- <0,33 (29)

The local fitness f(TC) test is done by summing the fitness of
each constraint and dividing by the number of slots in one
period (m). If the result is less than or equal to 0.33 (there are
a maximum of 2 violations) then TC can be placed in that
slot.

4.4 Limited searching

A limited search to find a solution slot will be performed on
the state space tree. After the tree is constructed, the
searching will start from the root node of the tree. The
solution slot data on the root node (day, period, room) will be
the initial solution slot for TCi. The calculation of the
constraints will be carried out on TCi if it is in the solution
slot whose data is taken from the node using equation (20).
The position of the slot where the TC is located will be
labeled with the letter "i", and the position of the slot in the
node that is a candidate for the solution slot will be labeled
with the letter "j". If the solution slot has been occupied by
TCj, a violation calculation will be carried out on TCj with
the slot occupied by TCi using equation (21).

o, =I(HCJ.:|_, + F(HCZ), + F(HC3), + [(5CL); + f(5C2), + F(5C3), <031 (20)

m
ey, = FrHCL) + fHCZ), +ﬂHcs;;u+ FSCL), + F(5C2), + f(5C3), <033 (21)

If one of the calculations in equation (20) or (21) does not
meet the fitness, then the searching will continue on the node
at the next level (child node). The searching for nodes in the
next level will depend on the problem category. The category
of violation of equation (12) depends on the results of the
fitness calculation TCi (20). Furthermore, the slot
information (d,p,r) on the node will be used for calculating
the fitness f(TC)i (20). After the calculations in equations
(20) and (21), the next step to take if f(TC)i and f(TC)j have
been met fitness is to swapping slot positions between KJi
and KJj. The limited searching algorithm directs the
searching to the slots that have the potential to reduce the
violation of the constraints (Figure 5). The Searching that
refer to the problem category, direct the searching so that the
slot visited is a slot that is still close to the slot that was first
offered in the tree. So that the searching movement on the
node will reduce the violations encountered from the slots on
the parent node.

In Figure 5, line 10 checks whether the fitness TCi and TCj
are less than or equal to 0.33. If it meets then swapping the
slot position (line 11 to 13). If the fitness value is not met, the
slot searching will be carried out at the next level node
(child) based on the problem category. On line 15 of the
limited search algorithm, testing the category of violations
encountered (CoV) was carried out. Based on the results of
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CoV, the searching for slots at the child node depends on the
category of violation (line 16 to 18).

5. Result and discussion

Initialization process is important in solving timetable
scheduling problems using limited searching. Initiation
process is to place TC on TM. The TC sorting method in
placing it on TM (Greedy) affects the number of TC results
that do not get a slot. There are 566 TCs that need to be
plotted on the TM which has 609 occupied slots.

Procedure Limited_Searching(Kj;,Node,d;,p;r;

d;=Node.day, pj=Node.period, r;=Node.room

f(HC1); = Lecture(lecture, dj.Pi,rj) ;f(HC1); = Lecture(lecture, d;, p;, 13)

f(HC2); = Room_Accupy(room, d;, p;, ;) ; f(HC2); = Room_Accupy(room, d;, p;, 15)

f(HC3); = Course(course,, d;.Pi.ri) ; f(HC3); = Course(course, d;, p;, ;)

f(SC1); = Elec_Course(course, d;, pi,ri);f(Scl)i = Elec_Course(course, di'pi'ri)

f(SC2); = Lecture_Pref(course,d;,p;,r;) ; f(SC2); = Lecture_Pref(course,d;, p;, ;)

f(SC3); = Room_Cap(room, d;,p;,1;) ;f(SC3); = Room_Cap(room,d;, p;, r;)

£(TC); = (F(HC1);+ f(HC2); + F(HC3); + £(SCL); +£(SC2); + £(SC3);)/m

W | o | N |y | s w N |-

£(TC); = (f(HCL); + f(HC2); + f(HC3); + £(SC1); +£(SC2); + £(SC3);)/m

ki
o

if f(TC); and £(TC); < 0,33 {

-y
=

deemp < i /Premp < Pis Tremp < i

ik
o

d; « di‘pi <P €

=
w

clj S d(emp 'Pj < Peemp: Tj < r:emp}

prs
s

else {

7 violation only on SC3
15 CoV = { 2, all constraints are violated except SC3
3, all constraints are violated

16 if CoV=1 { Node=Node.cat1}

17 if CoV = 2 { Node=Node.cat2}

18 if CoV = 3 { Node=Node.cat3}}

19 |}

Figure 5: Limited searching algorithm

Placement of TC on initialization if it is done by sorting
using the largest weight first, the TC that does not get a slot
is 55. Placement based on the smallest weight first, the TC
that does not get a slot is 54. Placement based on the largest
TC participant first, the TC that does not get a slot is 14.
There is a significant difference when sorting using the
number of TC participants, which means that the placement
of TCs with a large number of participants causes more TCs
to get slots.

There are 14 TCs that haven't got a slot, which needs to find
the slot that meets the constraints. After the initialization
process, it was identified that the percentage of constraints
violated for the 14 TCs in Figure 6.

Violate HC1 Violate HC2 Meet HC3
7%

Violate
\ 100% /
sC2 SC3

Violate
43%

Figure 6: Percentage of TCi on constraints after initialization

In Figure 6, From the constraints that must be met (not to be
violated) (HC1, HC2, HC3), there are HC1 which are still
7% violated and HC3 are 100% violated. While the
constraints that should be met (SC1, SC2, SC3), all these
constraints are violated by varying numbers.

After searching the state space tree to find solution slots and
successfully swapping TCi, the results obtained are shown in
Figure 7.

Violate Her [ violae

o% ps HC2 viohte HC3

Vialate

sc2 ol sc3
Vialate
29%

Figure 7: Percentage of TCi on constraints after limited
searching

Result after limited searching, all Hard Constraints have been
met. Meanwhile, there are Soft Constraints that cannot be
met, namely SC1 violates 14% and SC2 violates 29%. That
means there are about 14% and 29% (SC1 and SC2) of the
14 TCi that have not been met. SC1 is a student elective
course in a different semester, where 14% of the time
placement is still the same as other elective courses. SC2 is a
constraint that lecturers are occupied with the desired
teaching time preferences, so there are 29% of lecturers'
teaching time preferences that cannot be met.

It should also be noted that the TC slot is occupied a solution
slot (TCj), in swapping for the TCj slot; it must also get a slot
that meets the constraints. Figure 8 shows the percentage of
TCj after the process of searching and swapping slots.

Violate H
0%

0%

Violate HCl
SC1

c2
sC2 Violate sc3

Violate Violate

14%

Figure 8: Percentage of TCj on constraints after Limited
Searching and swapping slots

HC1, HC2 and HC3 of TCj have met the constraints.
However, for SC1 and SC2 there are still 7% and 14%
violations. So that there are 7% of different semester elective
courses that violate their time placement and 14% of
lecturers' teaching time preferences that are violated.

Student elective courses that still do not meet the constraints
can be caused by students choosing general courses and or
courses with a large number of participants. The Lecturers
teaching time preference that cannot be met by TCi and TCj
could be due to a less wide preference for teaching time,
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which is combined with the number of courses taught by a
lecturer. The rules regarding teaching time preferences must
be analyzed so that teaching preferences can be met.

The number of nodes that must be visited to find a solution
slot is not the same for each TC. There is a root node/level 0,
a solution slot has been found. But there are also those that
up to the 10th level node, a solution slot are found (Table 3).

In Table 3, there are several TC that have to go up to level 10
in the state space tree to get a slot that can meet the
conditions. Although not all TCs do that, because the search
process is limited, so it doesn't continue to searching at the
next level if it meets fitness.

Table 3: Movement for next solution slot

Timetable Nl{mbey of
At Level Violation

Component : j
1 10 1 1
2 6 0 0
3 6 1 0
4 0 0 1
5 0 1 0
6 5 1 1
7 6 1 1
8 0 0 1
9 10 1 0
10 6 0 1
11 1 1 >
12 4 0 1
13 2 1 0
14 0 0 0

The use of limited searching to state space trees, providing a
new perspective in solving timetable scheduling problems.
The existence of a problem category has a very good impact
on the searching process of the expected solution slots. There
is a decrease in the violation of constraints on every visit to
the next level node. Not all of the TCs experienced a
decrease in the number of violations when moving to the next
level, but almost all showed a decrease in the number of
violations when moving on to the next level as shown in
Figure 9. In Figure 9, the number of violations tends to
decrease with each level moving. The decrease in the number
of violations each time you enter the next level (child) in the
searching, has an indication that the slot found is a suitable
solution slot. This shows that if you searching using problem
categories on child nodes, you will find nodes that contain
slots that are better than the parent node slots. So that a
solution slot that meets fitness will be found.

mil
mjl
ui2
mj2
mi3

B
mic

i6

Numberof violation

ui7

uj7

mi9
o
i10
j10
i12
12

Figure 9: TCi and TCj graphs on decreasing the number of

constraints violation at each Level in limited searching

In general, the limited searching process has solved the
timetable scheduling problem. Constraints that have not been
met have become a condition that needs to be found a way to
solve them. However, with limited search, 70% of the
constraints have been met (4 of 6 constraints). This method
needs improvement, such as adding fitness. Addition of
fitness can be done by comparing the difference in violations
at each level node visited with the previous level node. If
there is a decrease in the number of violations then the
searching can continue to the next level. If there are more
violations, the slot with the smallest difference in violations
is taken.

Searching for solution slots by using the problem category
provides a new view that the search will be more efficient in
finding solutions. The accuracy in finding the best solution
slot cannot be said to be perfectly successful because there
are still violations that occur. However, the violations that
occur still meet fitness. But there are also TCs that do not
have violations with this method (TCs 2 and 14 in Table 3).
Limited searching by problem category, will direct the
searching to the slot that is expected to provide a solution. So
it can be concluded that the limited searching based on the
problem category, has found a solution according to fitness.

6. Conclusion

Sorting in initialization is quite influential in SC assignment.
Proper sorting will result in SCs that haven't got fewer slots.
Fewer SCs need to find a solution slot, reducing the
displacement of SCs that meet constraints.

Limited searching based on the problem category in the state
space tree to get a solution slot that satisfies the fitness.
Searching by problem category directs searching based on
problems that arise when testing constraints. Each level
moving in the searching there is a reduction in the number of
violations until it meets fitness. The limited searching by
problem category leads to a searching that leads to a solution
slot that satisfies the fitness effectively.

Further research needs to be done for fitness which is not
only on the calculation of violations, but also on changes in
violations that occur during constraints testing. The smaller
the number of violations that appear, the searching will
continue until there are no changes or the number of
violations does not decrease. This method can be applied to
all timetable schedules that can be presented in the form of
rows and columns (grids).
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