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Article Info ABSTRACT

Article history: Complex problems that usually occur in every hospital, one of which is
scheduling with so many aspects, for example: the number of nurses, the
distribution of nurse shifts, time off or leave and others. With the manual
method that is still used in compiling the nurse's work schedule, it makes it
difficult for an irregular and regular schedule. In solving the scheduling problem,
the graph coloring method can be used. This scheduling problem can be solved

Keywords: by graph coloring. One solution to solve the problem of concluding graphs in
) ) scheduling 1s the Tabu Search Algorithm. A method that works as an effective
Graph Coloring, Nurse Scheduling, problem solving method in finding the best solution to a problem. A method is

Tabu Search Algorithm used to solve the problem by making a representation in the form of a graph

where the nurse is a node and grouping nurses as an edge by implementing the
graph coloring into the Tabu Search Algorithm.
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1. INTRODUCTION

The service sector that is closely related to people's lives 1s health services. In general, health services
are in the form of hospitals. Therefore, the service sector also requires the implementation of operational
functions. So business activities in hospital services must be carried out optimally, or in other words effective
and efficient. It is explained in Law No. 44 of 2009 in Article 8 concerning Hospitals that it 1s explained
that the operation of hospitals must be based on the principles of effectiveness and efficiency. Therefore,
in all areas of hospital operations, it must be carried out optimally [5].

Often found in the service industry, in this case in hospitals. employee or nurse scheduling problems.
The problem of scheduling nurses in hospitals is usually divided by several systems or also called the duty
service, namely the morning, evening and night duty. Likewise, what happened at the H. Adam Malik
Central General Hospital in Medan, nurse scheduling is part of a fairly complicated problem. There are
many factors why nurse scheduling is still a fairly complicated problem, namely the fluctuating number of
patients, organizational characteristics, different requests for nurses regarding leave or holidays, the
specialization and qualifications of the nurses themselves, including the scheduling of nurses in different
duty services at certain periods..

Maximum service at the Central General Hospital H. Adam Malik Medan is certainly a very important
part. So that patient care runs effectively which 1s supported by optimal performance of nurses. All nurses
also have different individual abilities such as educational background, level of knowledge and skills
mastered. With a combination of several factors, different performances are obtained. Working conditions
become an important part in the preparation of nurse scheduling. Working conditions are defined as a
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series of conditions or work environment of the company that is a place to work for nurses, namely in
hospitals.

In solving problems regarding equal and fair nurse scheduling by taking into account the working
conditions of each nurse, one of the subjects of Discrete Mathematics is graph theory. Graph theory 1s a
subject that has a function in its application in real life. The main topics in graph coloring include coloring
vertices, edges, and regions. In this study, the coloring that will be used is node coloring, where the node 1s
the nurse and the side is based on the individual ability grouping of each nurse.

There are several ways to solve graph coloring problems, namely: Welch-Powell Algorithm,
Backtracking Algorithm, Recursive Largest First Algorithm and Tabu Search Algorithm. [14] The Tabu
Search algorithm 1s one of the algorithms that is the right alternative to solve the problem of graph coloring.
Tabu Search Algorithm has the advantage of finding neighboring solutions by moving from one solution to
the next and trying to find a neighboring solution that is better than the current solution. By saving the
solution steps that have been found as taboo, then that step will be used to guide the next search [6]. The
use of taboo lists in the Tabu Search Algorithm functions as a place to store the obtained solutions and it is
determined whether the solution 1s included in the taboo list or not. The solution contained in the tabu list,
then the solution does not become a search criterion in the next iteration. If there are no more solutions
that are not members of the taboo list, then the solution is said to be optimal if there are no two neighboring
vertices with the same color. [12]. There are previous studies that discuss graph coloring related to scheduling
problems which are the reference in this study, namely: Research on graph coloring related to scheduling
problems has been carried out by [21] with the title "Tmplementation of the Tabu Search Algorithm in Subject
Scheduling Applications ( Case Study: SMA Negeri 4 Kendari)”. This research uses the Tabu Search
algorithm. In this study, it was found that scheduling based on the Tabu Search algorithm can optimize the
learning process by suppressing schedule conflicts, such as having teachers teach in different classes, but at
the same time. Meanwhile (Ageyman and Amponsah 2011) with the title "Graph Colouring, an Approach to
Nurses Scheduling, Case Study: Ejura District Hospital, Ashanti Region, Ghana" which discusses the
technique of graph coloring on nurse scheduling at Fjura Hospital with a hard constraint scheduling model.
. In this study, the graph coloring technique can be applied to the nurse scheduling problem and the optimal
solution 1is obtained. From some of the research examples above, the graph coloring method can be applied
to nurse scheduling problems at H. Adam Malik Hospital Medan.

RESEARCH METHODE
The research method used in this study is a quantitative approach. The research was carried out for
retrieval with the case study method. The case study was conducted at the H. Adam Malik Central General
Hospital Medan by taking information or data in the form of the name of the nurse in each inpatient room,
the criteria for each nurse and the nurse's work schedule at the hospital. The steps in the research are as
follows :
Conducted an interview with the head of the Rindu B installation room, H. Adam Malik Central
General Hospital Medan
a. Conducted an interview with the head of the Rindu B imstallation room H. Adam Malik Central
General Hospital Medan
b. Request the necessary information from the H. Adam Malik Central General Hospital Medan, namely
the names of nurses, qualifications, work experience and job descriptions.
¢.  Grouping nurses into groups based on senior-junior relationships and nurse qualifications.
d. Make a neighbor matrix if there are nurses in the same grouping, entry jis worth 1, if not neighbors
1s 0.
e. Build a graph based on the matrix that has been created. If two nurses are in the same group, the
corresponding vertices are joined using side.
f.  Perform graph coloring using the Tabu Search algorithm with the steps below :
e Coloring the vertices with any color
o Sce whether the first solution meets the requirements of the expected solution, namely that there
are no two neighboring vertices with the same coloring.
e Storing solutions that are considered not taboo into the taboo list and ignoring the solutions to
taboos.
e Applying the optimal solution to the graph, 1.e. the solution is said to be optimal if there are no
neighboring vertices with the same color.
o If the conflict still occurs, return it to step 3, ignore it if the conflict does not occur and finish.
g. Draw conclusions based on graph coloring using the Tabu Search Algorithm.
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3.  RESULT AND ANALYSIS
Data were collected by conducting surveys and direct interviews with each head of the room. The

results obtained are in the form of scheduling rules at H. ADAM MALIK Hospital Medan as follows.

Information Mark

Days 14 Days
Minimum number of nurses on duty | 6 nurses
on the morning shift

Minimum number of nurses on duty | 4 nurses
on the affernoon shift
Minimum number of nurses on duty | 4 nurses
on the night shift

The head of the room only gets the morning shift.

The need for nurses who are on duty during morning work hours are met every day.

The need for nurses on duty during the afternoon working hours is met every day.

The need for nurses on duty during night work hours is met every day.

EFach nurse only gets one hour of work, 1.e. working hours (morning, afternoon, night) or one day off.
Nurses on duty during night work are not allowed to work in the morning the following day.

® e a0 TP

Nurses who are on duty during night work on the day are not allowed to have afternoon work the
following day.

h. Each nurse gets a minimum of 2 days of night work during one scheduling period.

1. Each nurse is not assigned to work consecutively for more than 5 days.

e Nurse Grouping
In the inpatient room there are 28 nurses, then the schedule will be arranged, they are referred to as P, P,
Ps,..., Ps. Then nurses are categorized into a number of groups consisting of :

- Group A :the most senior nurse

- Group B : the most junior nurse

- Group C : nurses based on the roles and functions of nurses
- Group D : nurse based on nurse identification

- Group E : nurses based on the limits of the nurse's authority

The grouping is formed in the form of the following table.

Table 4.1 : Nurse Grouping

Group Nurse
A P.P.P. P Py
B Po P Pos Pos. P P
C P, PP, P Px
D P Pu Po Py P Py
E PP Po P P

o Neighborhood Matrix

By using the table data above, a 27 x 27 matrix 1s formed for nurses. This matrix is called the adjacency matrix.
In the matrix the nurse's name is referred to as the i-th row and j-th column. Then the j entries are placed
according to the table above. If two nurses are in the same group, then the entry 71s worth '1', otherwise the entry
771s worth '0". The neighboring matrix obtained 1s listed in Table 4.2.

o  Build Graph

Next, build a graph based on the matrix that has been created. If two nurses are in the same group, the
corresponding knots are joined using sides. In this case, nurses are considered as nodes and for grouping nurses
are used as sides.

Application of Graph Coloring on Nurse Work Scheduling at H. Adam Malik Hospital Medan Using the Tabu Search Algorithm (Rizky Ananda)



2580-569X

P-ISSN :

’

4

5

2580-57

E-ISSN

Figure 4.1 Neighborhood Matrix Graph
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By using the Tabu Search Algorithm, we get a graph that has 6 colors at its vertices. Based on the colored
graph in Figure 4.1, the grouping of nurses can be presented as in Table 4.3. Color groups that have been formed
can be a shift without any clashes.

Table 4.3 : Nurses Grouping After Graph Coloring

| | Yellow | [ Blue| Orange |
Pl Plﬁ

P. s Pu
P, Py Py Pu P P
P, P; P, Pu P
Ps Pu P P. P P..
Pu P Py P P..

o Scheduling using the Constraint Programming (CP) Method
Color groups formed can be a shift on the same day. Therefore, nurse scheduling can be arranged that refers
to the scheduling rules of Adam Malik Hospital Medan with the Constraint Programming (CP) method.
Constraint Programming (CP) 1s a computational or mathematical computational approach to problems related
to variable boundaries with the aim of finding solutions that satisfy these constraints. The problem to be solved
in CP is called the Constraint Satisfaction Problem (CSP). A complete CSP modeling consists of a set of variables
(data whose values can change), a set of domains (possible values for each variable), and a set of constraints
(constraints that each variable must satisfy).
In this case, the constraints that must be met based on the results of the interview with the head of the room
are: :
a)  Hard constraints are conditions that must be met during troubleshooting and must be met. In this study,
the difficult limitation is:
o In the Integrated Inpatient Room, H. Adam Malik Hospital Medan there are different categories of
staff, namely room managers and nurses.
o The list of duties consists of guard duty in 24 hours, namely morning, afternoon and night.
® The Headmaster's task list only shows the mitial shift.
o After 2 consecutive night shifts, the nurse on duty has 1 day off the next day.
o After the night shift, there 1s no morning shift the next day.
b) Soft constraint is an additional condition which is a special desire. In this study, the soft constraint is:
® There are only 5 consecutive working days in a week i the Headmaster's schedule.
e National holidays per month are 4-5 days or between 7 working days there 1s 1 day off.
e The head of the room receives 8 days off in one month. At least 3 nurses present per shift.

Based on the results of graph coloring using the Tabu Search Algorithm, a nurse schedule is made where the
same coloring group gets the same shift in one period by paying attention to Hard Constraints and Soft Constraints
in H. Adam Malik Hospital Medan. The results of the work scheduling of nurses at H. Adam Malik Hospital
Medan are histed in Table 4.4.
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Table 4.4 : Scheduling Results Using the Graph Coloring Method Tabu Search Algorithm

NO | NARE POSITION 1 2 3 4 S & o B 9] 10| 11 | 12 |13 | 14
1 | PURMNAMA SITORUE Head Room [ I a [ I [l A [ a [ I R L4
2 | HIJUMBROH Team Head M Ll a M ) il ) ) a M L] A o
3 | ITOMNA MANIK Tzam Head L0 KA a L KA R ] ] (=] a 0 L0 A o
4 | KRIATINA, AME Team Head [ a o M| A & M| O I L5 M | A R N
S | AMIRLA Executive I a a M| A & M| O 1l vl M | A ] L]
6 | BAEBARATI KARD Executive M Ll a M 1 Ll N N a a M I A a
7 | HARTAMMTA Executive L0 a LG A o] ] a ha o] N 0 K R R
E | RITAPINTA ULl PANIAITAN Executive o a L5 M M K a M ] N a 1 R
9 | NEHEMILA Executive I Ll a I Il Fl ] ] a a I Ly & a

10 | SRl ULIMA Executive A & & a ] a M M [l [l A o M
11 | ELPINA PARNIAITAN Executive M a a M A M| O Ll Ll M | A N N
12 | RIEMA Executive Lt a LG L0 ] ] a Lt M ] a KA R R
13 | RESLEAMA Executive a N ] F M & & M M a L0
14 | IEUT ML Executive o & & L4 a M L Il L o F L
15 | ENISYAHPUTRI Executive a a M| & A ko) Ll Ll M | & N )
16 | NURLELI Executive L) KA Lo} L I R ] M a a L K A L)
17 | LYDIA VEGA Executive KA a a M| A & M| O kA kA M | A 3] ]
1B | TUTIK PRIHATIN Executive ] ] a A R & A a 1 K R &
19 | ARIE SISWANA Executive [ (=] W [ M ] [ M M a I R R
20 | LASMARIA Executive ko) a N ko) Ll M M & ) M a L
21 | FMASTUTI MARLIANA HARAHAP Executive A & a kA a R A kA R & a0 L4
22 | OETISA SOFIAMA SAFRIL Executive ] M a & I L & A a a L L R &
23 | ARISANTI SIANTURI Executive ] M a 3 1 R & a a 0 R &
24 | FREZKA ROSAULING SITORUS Executive =] a N ] o P L M & ] M a M
25 | DEDEE NOWVIYANTI TARIGAN Executive K a L4 KA ] a K 0] ] a I R Lu
26 | PRATINI PAUJIA LESTARI RITOMGA | Executive A A & a KA a R L KA L0 & 0 R L4
27 | EvA MERLIMA HARIAMIA Executive ] M a & I 5 & A a a M I R &
2B | NOWVA LAMBOK SILAEN Executive a =] ] ] a R L4 [ & & ] M a L
MORNING 15 g 16| 13 | 14 | 14| 14 9 9] 15| 15 | 14 | 14
AFTERNOOMN d a4 4 d =] 5 4 4 d 4 a 5 5 4
MNIGHT 4 4 4 4 = = = 35 S 4 =] =
DAY OFF S |14 15 4 4 S S|inf| 1D S 4 4
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4.

CONCLUSION

The most important thing in the Tabu Search algorithm to solve the problem of graph coloring is the
neighborhood and tabu list management. The graph coloring problem in this study determines the least
number of colors or the optimal coloring used to color the graph. Based on the results of the discussion
the Tabu Search Algorithm can provide an optimal solution in determining the coloring. The Tabu Search
algorithm functions as an optimizer in compiling the work schedule of H. Adam Malik Hospital Medan
compared to using the manual method thereby facilitating the creation of an effective work schedule
compared to the old method.
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