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ABSTRACT

One effort to help people in continuing their education is
through a scholarship program. Currently there are many
scholarship programs from the government and state-
owned enterprises or private. With the help of these
educational, students race to achieve in order to offset the
cost of education which is currently quite expensive. The
number of students applying for the scholarship would
require a separate time to filter out students who meet the
requirements and then rank students based on the criteria
of the scholarship. The complexity of the problems occur
because each criterion has its own priority. Screening and
grading manually would require considerable time and
susceptible to human error. This research, developed
automatic screening and decision support system to rank
students according to given criteria. The method used is
analytical hierarchycal process (AHP) to give weight to
each criterion based on its priority, and the technique for
order of preference by similarity to ideal solution
(TOPSIS) to rank students based on its values of each
criterion. By construct this decision support system, then
selecting scholarship recipients can be faster and valid.
The system that was built provide recommendations by
rank students based on the final calculation.
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1. Introduction

Education is a very important thing. A good standard of
living can be achieved by one of them with a good
education. By having a higher education, the opportunity
to obtain a better life will be higher as well. Today many
students experiencing economic constraints in higher
education. One way to alleviate the burden is by providing
scholarships. Scholarships are usually awarded by certain
agency or organization. Scholarships given can be varied
as scholarships for poor students or achievements. This
programs are expected to help students in education
funding so that more people can take higher education.
Bali State Polytechnic (PNB) is one vocational education
ingtitutions located in Jimbaran Bali. On the academic
year of 2013/2014, the number of students were 2990. In
PNB there are many types of scholarships are offered. In
last 3 years, there are between 10 to 11 types of
scholarships are offered each vyear. Eachoffered
scholarship has some assessment criteria for determining
who is entitled to a scholarship student. The criteria used
usualy in the form of GPA, parents income, number of
family members covered parents, academic and non-
academic achievement (SKKM). Every applicant will be
compared to get student with the highest score to receive
scholarship.

The number of applicants for each scholarship at PNB,

resulting in resource needs both time and human to do the
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selection criteria by comparing one by one applicant. This
problem becomes complex because the combination
ofmany applicants and criteria used for selecting
scholarship applicants.

Thus we need a decision support system (DSS) to assist
decision making recipients in PNB. Using DSS, the time
for decision-making can be more quickly and scholarship
recipients are students who fit all criteria. This study using
TOPSIS method for the decision-making process by
comparing the valuesof each criterion of the applicants,
while the weighting of each of the criteria used in the
assessment usingtwo choices, inputting weights based on
the preferences of decision makers or using AHP. AHP
method is a method that is quite simple but good in the
weighting and comparison of severa criteria. TOPSIS
method not only produces a decision that comes closest to
the positive criteria, but at the same time also resulted in
the decision by far the most negative criteria.

Some studies for decision making using AHP has been
done by Tahriris et a[l] to assist decision making to
supplierelection.Syamsuddin and Hwang [2] using AHP
in its research to develop a decision support system for the
banking industry related to security issues e
banking.Triantaphyllou and Mann [3] using AHP to assist
decision-makers in the field of engineering.Wei et a. [4]
using the AHP in building decision support system in the
election of the Enterprise Resource Planning system
(ERP).

The Technique for Order of Preference by Similarity to
Ideal Solution (TOPSIS) is a method that is widely used
in making a decision. There are several studies conducted
by TOPSIS method as practiced by Jahanshahloo et al. [5]
using TOPSIS method for building decision support
system on problems with the data which the fuzzy, where

fuzzy numbers normalized value is calculated using the

concept of o-cutsAtael [6] using TOPSIS and fuzzy
TOPSIS to build a decision support system for the design
layout of the plant. Rahimi et a [7] to build a web-based
decision support system for medical diagnosis with
TOPSIS method. Athawale and Chakraborty [8] using
TOPSIS to build a decision support system in evaluating
the CNC machine of the specifications and costs.

Several studies have been done to build a decision support
system for granting beasiswa.Wimatsari et al [9] using
TOPSIS method for building decision support system
with Fuzzy TOPSIS at the University Udayana Wibowo et
al [10] using Simple Additive weighting method (SAW)
to build a support system Bank BRI grantee's decision at
the Islamic University of Indonesia. In this study used
AHP to compare the level of interest among the
assessment criteria, which is a synthesis of the pairwise
comparison matrix will be the weight for each criterion.
By applying the method of AHP, is expected to better
reflect the weight of each criterion which is formed
between the level of importance of each criterion in which
the weights will be used in the matrix calculation on
TOPSIS method. By combining both methods is expected
DSS built will be able to improve the process and quality
of admission scholarship in PNB, so as to improve the
effectiveness and efficiency of the decision making

process.

2. Research Method

This research using AHP and TOPSIS to make a decision
support system. AHP is used to gain weightof each
criterion by compared their priority. TOPSIS then used to
rank all of candidate. TOPSIS will give the best candidate
who has the shortest distance with positive ideal solution
and the longest distance to negative ideal solution.
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2.1 Analytical Hierarchycal Process

Analytic Hierarchy Process (AHP) is a measurement
theory through pairwise comparisons and rely on the
judgment of experts to get the priority scale. AHP will
buildthepairwise comparisonmatrix between a criterion
with other criteria. Comparison matrix for decision
variables on each criterion will also be built. Table 1isa
scale that is used for charging the pairwise comparison
matrix in AHP

Tablel
Saaty Rating Scale for Pairwise Comparison Matrix[11]
Intensity of o .
Importance Definition Explanation
1 Equal Two factors contribute equally to
importance the objective
3 Somewhat Experience and  judgement
more slightly favour one over the other
importance
5 Much more Experience and  judgement
strongly favour one over the
other
7 Very much | Experience and judgement very
more strongly favour one over the
important other
9 Absolutely The evidence favouring one over
more the other is of the highest
important possible validity
2,4,6,8 Intermediate | When compromise is needed
value

Thisisthe step donein this research using AHP :

1. Build a pairwise comparison matrix for each of the
criteriaaccording to Table 1

2. Perform the synthesis of each alternative decision

3. Caculate the consistency index (C.1.)

4. Perfform a comparison between criteria and
aternatives

5. Cdculatethefinal ranking

2.2 The Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS)
Technique for Order Performance by Similarity to Ideal
Solution (TOPSIS) is one method in decision-making
which is in producing a decision will choose the
alternative that is not only the most positive approach the
ideal solution, but also the most distant from the negative
ideal solution.
According Zahedy F. [12], with m criteria and n
aternative, then the steps are performed in TOPSIS
method is:
1. Build anormalized decision matrix.
In TOPSIS, the performance of each alternative
is calculated using Equation 1.

Tij = —7 (1)

2. Build anormalized weighting matrix
The ideal positive and negative solution A- A +
can be determined based on the normalized
weight rating (yij) asfollows:
yij = wiri;(2)

dengani=12,... m;danj=1.2,..,n

3. Determine the ideal solution both positive and
negative
Positive ideal solution matrix can be calculated
with Equation 3, while the negative ideal
solution matrix can be calculated by Equation 4

AT = (yf:y;' ---;y;)} (3)
A" =1, Y2, 0 Ya ) 4)
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4. Cadculate the distance of each adternative
decision of the positive and negative solutions
idela
The distance between the alternative Ai with a
positive ideal solution can be calculated by
Equation 5

The distance between the alternative Ai with
negative ideal solution can be calculated with
Equation 6

5. Determining the value of the preference for each
alternative
Preference value for each aternative (Vi) is
given by Equation 7.
D

Vv, = ——— !
" D +Df !

=12,...m  (7)

3. Result and Analysis

3.1 System Analysisand Design

The flowchart of decision support system built is shown
in Figure 1.AHP is used to determining criteria weight
based on its priority input by user in pairwise matrix. For
every student, the fuzzification will be done and the result
will be used to calculated the closeness value using
TOPSIS.

Input scholarship
Input criteria for scholarship

Y

Determining
criteria weight
using AHP

v

Read data of students that apply for
the scholarship

v

Fuzzification on every criterion of
student

v

Calculate closeness for every student
using TOPSIS

v

Sort student ascendingly based in their
closeness

v

Figure 1. Flowchart of System

Context diagram (CD) for this system is shown in Figure
2, and data flow diagram (DFD) is shown in Figure 3

Scholarships data
Criteria
Announcement
Student data
DSS Result

Scholarships data
Criteria
Announcement

Student data
DSS parameter
Student data
Scholarships data
Announcement
Approval status

Department data
Sub department data-
Admin data

DSS for
Scholarships in
PNB

Super Admin

Department data
Sub department data
Admin data

Student data

Student

Figure 2. Context Diagram of System
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Entity relationship diagram (ERD) for the system is Every entities has their relationship to others.

shown in Figure 4. There are nine entities in the system.
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Figure 3. Data Flow Diagram of System
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Figure 4. Entity Relationship Diagram of System
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Fuzzy graph for GPA, economic condition (parents
income/number of family members covered parents),
academic and non-academic achievement (SKKM) is
shown in Figure 5,6, and 7 respectively. There are five
kinds of linguistic for each criterion.

Very Low Medium High Very High

XN

1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 5. Fuzzy Graph of GPA
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7
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Figure 6. Fuzzy Graph of Economic
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Figure7. Fuzzy Graph of SKKM

3.2 AHP Method

In this study, we use AHP to get the weight of each
criterion based on their priority compared to others. User
needs to input the priority in pairwise matrix. The value
inputted to pairwise matrix based on Table 1. Figure 8
show example input for each criterion. User only input
above the diagonal, while the rest will calculated
automatically. The weight for Figure8 is shown in Figure
9, which is used for TOPSIS method as a weight for each
criterion. In Figure 1, A is GPA, B is SKKM, and C for
economic condition (parents income/number of family

members covered parents).

K Penghasilan/ SKKM
Tanggungan

PK 1 7 5

[Penghasilan/Tanggungan 1 14

SKEM 1

Hitung Bobot
Figure 8. Inputted Priority in Pairwise Matrix
A B C
0.71 0.08 0.21

Figure 9. The weight for each criterion resulted by AHP

3.3 TOPSISMethad

This study use 25 student data as experiment to test
TOPSIS method. Figure 10 shows data of 25 students use
to held the experiment. Linguistic is gotten from fuzzy
graph in Figure 5,6 and 7. Datain Figure 10 is normalized
using Equation 1, and then the weighted normalized
meatrix is calculated using Equation 2. In this case we use
3 criterion, which is GPA and SKKM as positive criteria
and economic condition as negative criteria. The positive
ideal solution for positive criteria isthe maximum
weighted of al students in that criterion, while for
negative criteria isthe minimum weighted of all students.
On the contrary, the negative ideal solution for positive
criteria isthe minimum weighted of all students, while for
negative criteria isthe maximum weighted of all students.
The positive and negative ideal solution is shown in
Figure 11. Y,is for GPA, y, for SKKM, and ysfor
economic condition. The next step is calculating the
distance for solution ideal positive and negative using
Equation 5 and 6 respectively. The last step for TOPSISis
calculating closeness value using Equation 7. Closenessis
a measurement that guaranteed the candidate to close to
positive ideal solution and far from the negative ideal
solution. The TOPSIS result is shown in Figure 12, where

those datais sorted descending based on closeness value.
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Gra Parent Fnil Economic
No.|  NIM Name Major | GPA | Linguistic | SKKM | Linguistic Num . |Linguistic
de Salary Condition
her
1| 1415323003 | ADI BAGUS SURYADANA 4| Teknik Elektro | 2.71|Medium W0 2313000 10) 231300
2| 1415323004|1 PUTU SUGITAWIGUNA 2|Teknik Elektro | 3.3|High 54)VH 4,550,000 Bl 775000 W
3| 1415323006| | WAYAN PANJI PALGUNA 2|Teknik Elektro | 3.13|High 29/High 9735000 10] 973500 VL
4| 1415323009|IDA BAGUS BUDI HARTA 4|Teknik Elektro | 3.03|High 66| VH 3,992,000 2| 1,996,000 |Low
5| 1415323012|| WAYAN AGUS WIDNYANA | 2{Teknik Elektro | 3.3|High 56|VH 6,112,000 4| 1528000 |Low
6| 1415323024|PUTU DONI WIRAWAN 2|Teknik Elektro | 3.91{VH 69| VH 8,341,000 4| 2,085,250 |Medium
7| 1415323027|| PUTU MEIKA MAHARDIKA | 2|Teknik Elektro | 262|Medium 65|VH 8,922,000 6| 1,487,000 |Low
B| 1415323031|DEKA SAND ORKY 2|Teknik Elektro | 2.35|Medium 44)\H 3,852,000 Bl 481500 W
9| 1415323032|| WAYAN AMLA APRIANA 2|Teknik Elektro | 3.92|VH 38|High 910000) 5 182,000 WL
10| 1415323040 RIZKY RIZALDI 2|Teknik Elektro | 3.49|VH 45)VH 9,639,000 4| 2409750 |Medium
11| 1415323037 |KADEK JON SUDARMAWAN |  4|Teknik Elektro | 2.98|High 28|High 3712000 Bl 464,000 W
12| 1415323044 |SARASWATI SUCI CAHYATI 2 Teknik Elektro | 2.62|Medium 54)VH 8,339,000 Bl 1111125 |low
13| 1415323045 DICKYU BELLINA 2|Teknik Elektro | 2{Low 17|Medium | 8375,000 5| 1795200 |Low
14| 14153230811 GUSTI NGURAH ADITHYA 2 Teknik Elektro | 2.74|Medium 55|VH 3,496,000 7| 498429 WL
15| 1415323047 || WAYAN TISNA ADI 4|Teknik Elektro | 3.14|High 59)VH 4494000 | 10| 449400 WL
16| 1415323057 {NURUL AIDA 4| Teknik Elektro | 2.02{Low 18|High 2180000 10] 218000 |V
17| 1415323055 |DWI FITRI FATMAWATI 4|Teknik Mesin | 3.99|VH B5|VH 9,324,000 3| 3,274,667 |High
4
2
4
2
1
4
4
2

18| 1415323060|DEWA GEDEAD! PUTRA Teknik Mesin | 3.35|High 27|Medium | 8516000 5| 1,723,200 |Low
19| 1415323064 |RAHMAT SUIIANTO Teknik Mesin | 3.06/High 17|Medium | 7411000 | 10| 741100 |
20| 1415323066 1ACKY AKBAR SAPUTRA Teknik Mesin | 3.76)VH 34 [High 9555000 7| 1365000 |Low
21] 1415323068 | MADE CHANDRA BUDIAWAN | 2{Teknik Mesin | 3.32|High 40[H 713000 9] 746556 WL
22| 1415323071 |ADITHYAPUTRA UTOMO Teknik Mesin | 2]Low 32|High 951000{ 6 158300
23| 1415323074|| GUSTI NGURAH MADE BUD! |  4|Teknik Mesin | 3.66|VH 44/ 3852000 8] 4BLS00 WL
24| 1415323080{ WAYAN NOVA KUSADI Teknik Mesin | 2]Low AL 4550000 7] 6357I4 WL
15| 14153230841 GUST BAGUS NGURAH Teknik Mesin | 241|Medium | 12{low 7679000 | 5] 1335300 |.ow

Keterangan VL VeryLow
VH: Very High
Figure 10. Data Testing and Fuzzy Linguistic for Every Student

yl |y2 |y3
A+ |0.20 | 0.16 | 0.01
A- |0.04 | 0.01 |0.16

Figure 11. Ideal Positive and Negative Solution for Each Criterion
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::Enl; MIR Mams D+ o- 'I:_I':::
1| 1915323074 |AD1 BAGUS SURYADANA PRAKDSD 0.1090 [0.2211 [0.6699
2| 19153230401 PUTU SUGBITAWIGUNA 0.1104 |0.209s |0.6548
3| 1915323024 |1 wavan PanD PALGUNA 0.1104 |0.209s |0.6548
a| 1915323032 [IpA BAGUS BUDI HARTA GUNA 0.1188 [0.2196 |0.6488
5| 1415323055 1 wavan acus wiDnvana 0.1122 |0.2040 |0.6450
6| 1415323066 | PUTU DONI WIRAWAN o0.1192 |0.2136 [0.6419
7| 1415323047 1 PUTU MEIKA MaHARDIKA 0.1159 |0.1948 [0.6269
8| 1415323068 | DERA SAND ORICY 0.1159 |0.1948 [0.6269
a| 1415323004 |1 wavan amLa aPRIANA 0.1159 |0.1948 [0.6269

10| 1415323009 | RiIZKY RIZALDI 0.1163 |o.1880 [o.6178
11| 1415323012 | KADEK JON SUDARMAWAN 0.1163 |o.1880 [0.6178
12| 1415323037 [sARASWATI SUCI CAHYATI 0.1253 [0.1930 |0.6065
12| 1415223006 | DICKYU BELLINA 0.1252 [0.1920 |0.6065
14| 14152230641 GUSTI NGURAH ADITHYA DWIANTD 0.1246 [0.1918 [o.5875
15| 14153220601 wavan TISNA ADI MULIARTA 0.1342 [0.1848 [o.5782
16| 1415323081 | NURUL AIDA 0.1611 |0.1594 [0.4973
17| 1915322031 | DVl FITRI FAaTMAMW AT 0.1611 |0.1594 |[0.9973
12| 1915323027 | DEWA GEDE ADI PUTRA SWASTIKA 0.1614 [0.1511 [0.9835
12| 1915323044 | RAHMAT SUNANTD 0.1614 [0.1511 [o.9835
20| 1915323003 [1Aacky AkBAR SAPUTRA 0.1900 |0.1545 |0.9484
21| 1915323084 | MADE CHANDRA BUDILAV AN 0.1827 |0.1462 [0.9445
2z| 1915323052 [ADITHYA PUTRA UTOMO 0.1979 |0.1522 [0.9347
22| 19153230711 GUSTI NGURAH MADE BUDI WisSNAMA  |0.1979 |[0.1522 [0.9347
24| 19153230451 wavan NOva KUSADI 0.2042 |0.1418 [0.2098
25| 1415323080(1 GUST BAGUS NGURAH DHARMA PUTRA |0.2170 [0.1493 o 9077

Figure 12. TOPSIS Result Ordered By Closeness in Descending Order

The student who has the highest closeness value is the
first priority to get scholarships based on TOPSIS method.

4. Conclusion

It can be conclude that applying AHP and TOPSIS for
scholarships program selection can be done. Structured
system design is modeled by context diagram and data
flow diagram. The database design is model by entity
relationship diagram. AHP can be applied to determine
the weight of each criterion through pairwise matrix.
Those weight then use in TOPSIS method. Fuzzy is used
to represent linguistic for every student. TOPSIS method
give a value of closeness for every student, that value
represent both distance, to negative and positive ideal
solution. The final result of the DSS is the rank of student

based on their closeness value. The best closeness valueis

thefirst priority to get scholarship.
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