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Abstract:

TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) is one method that is often used
in decision support systems, TOPSIS has a weakness in weight calculations that can be overcome by
combining other methods. The purpose of this study is to compare 2 TOPSIS hybrid methods namely AHP-
TOPSIS and SAW-TOPSIS to determine the accuracy and calculation of the criteria weight, the data used
in the calculation are lecturer data of 145 people with 8 criteria, while the accuracy calculation uses the
Hamming Distance method. This research has succeeded in implementing the 2 hybrid TOPSIS on lecturer
rankings with the same top-ranking results namely AL29 and AL90, the accuracy of AHP-TOPSIS is
superior then SAW-TOPSIS when compared with manual calculations. The criteria weight for AHP-
TOPSIS is obtained from the Pairwise matrix results and must meet the requirements that the CR value is
below 0.1, while the criteria weight for the SAW-TOPSIS is only obtained from the decision-maker.

Keywords — AHP-TOPSIS, Decision Support Systems, Hamming Distance, SAW-TOPSIS, TOPSIS
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overcome these weaknesses TOPSIS is combined
| INTRODUCTION with AHP, ANP, SAW, Entropy, and other methods
o ) proposed to calculate the weights [3].

Decision  support  systems  (DSS) provide  Regearch [4] uses the TOPSIS method with 5
knowledge, modeling forms, and data processing riteria in ranking lecturers, the weight of the criteria
tools that can be used to support better decision- s getermined directly by the decision maker, while
making in various situations [1] or semi-structured 4 research [5] the use of the SAW method with 9
and unstructured situations where no one knows criteria and weights has been determined to provide
exactly how decisions should be made [2]. TOPSIS  the pest employee recommendations for decision-
(Technlqug for_Order of Preference by Similarity to  akers [6] using the AHP method in determining the
Ideal Solution) is one of the methods commonly used  \yejght of the criteria and the TOPSIS method in the
in decision support systems, but according t0 gmployee ranking process, the approach with the 2

Abdulhadi TOPSIS has a weakness, namely methods is effective, compatible and reliable in the
problems with the weight of criteria, decision makers employee ranking study. The SAW and AHP

must assign weights to each criterion and this weight  athods are used in the search for the head of the
may not correct and will affect the final ranking. To
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student organization [7], the use of these 2 methods
is intended so that the references given to decision
makers are not only from 1 source so that decision-
makers will be more confident in determining who
will be the head of the student organization.

Previous research has succeeded in using DSS
with TOPSIS, SAW, and AHP methods in the
ranking process. In this study 2 TOPSIS hybrid
methods were used namely AHP-TOPSIS and SAW-
TOPSIS in ranking the best lecturers. The purpose of
this study was to compare the results of the 2
methods with the results of manual calculations to
determine the accuracy and determine the weight
calculation on the 2 TOPSIS hybrid methods.

The writing in this article then includes research
methods with sub-sections, namely AHP, SAW,
TOPSIS, AHP-TOPSIS, and SAW-TOPSIS. Results
and analysis section contain the calculation of the
DSS with AHP-TOPSIS and SAW-TOPSIS, and in
conclusion section contains the conclusions of 2
TOPSIS hybrid methods analysis along with
suggestions for further research. The last section
contains acknowledgments to those who contributed
to this research and references to this research.

1. METHOD

The research method used by the researcher is a
descriptive research method with a comparative
approach, the data used is obtained from the SPM
unit (Quality Assurance Unit) of the Institut
Teknologi Telkom Purwokerto (ITTP) as the unit
that becomes the decision maker which is secondary
data. A case study in the form of ranking the best
lecturers is used as an object of research, a research
framework or design is needed so that research
objectives can be achieved, and the research
framework or design that becomes a reference is
shown in Fig. 1.

The research framework starts by identifying the
problems described in the introduction and then
becomes the basis for formulating the problem
formulation and research objectives. Concepts and
references to decision support systems using the
AHP, SAW, and TOPSIS methods as well as hybrid
TOPSIS were obtained from literature reviews from
various sources in the form of journals, articles, and
books. Sources of data in the form of lecturer data
amounting to 145 are described in Table 1 and 8

criteria data are described in Table 2 and lecturer
score data against the criteria are described in Table
3, the data source is obtained from the results of
interviews and observations in the unit. The next
stage is the calculation process using AHP-TOPSIS
and SAW-TOPSIS method to obtain the ranking
results, and comparison using the Hamming
Distance method.

Problems identification and
formulation of research
Literature review

Data and criteria collection

\ 4 A 4
AHP-TOPSIS calculation SAW-TOPSIS calculation
\ 4 A 4
A 4

Comparison between AHP-
TOPSIS and SAW-TOPSIS

Fig. 1 Research Framework

TABLEI
LECTURER DATA

Alternatives Information

ALl Alternative Lecturer 1

AL2 Alternative Lecturer 2

AL3 Alternative Lecturer 3
AL145 Alternative Lecturer 145

TABLE Il
CRITERIA DATA
Criteria Information
Cl Lecture Attendance
C2 Score Entry Accuracy
Submission of Mid-semester
C3 .
Exam Questions
c4 Submission of End -of -Semester
Test Questions
Student Questionnaire
C5 .
Evaluation
Monitoring and Evaluation of the
C6 .
Learning Process

C7 Research
C8 Service
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TABLE 1111
LECTURER CRITERIA SCORE DATA,

Alt. | C1 C2 |C3  C4 ] C5 [ C6 | CT|C8

ALl 87,50 100 90 80 82,86 100 | 300
AL2 96,88 100 80 100 | 84,53 100 36 0
AL3 100 96,67 | 100 | 100 | 86,96 100 | 200 0

ALI
45

100 100 100 | 100 | 79,37 100 40 60

A. Analytical Hierarchy Process (AHP)

Analytical Hierarchy Process (AHP) is an analysis
and synthesis method that can assist the decision-
making process. AHP is a powerful and accurate
decision-making tool because the scale or weight has
been determined and uses a three-level hierarchy,
namely objectives, criteria, and alternatives [8]. The
AHP method is not suitable for alternatives with
large numbers because the number of pairwise
comparisons will also be large. Therefore, in this
condition, AHP is mostly used for weighting criteria
[9].

According to Asgharpour in [9], the AHP method
was proposed by Thomas E Saaty in 1970 based on
the analysis of the human brain for complex
problems and biases. In AHP, pairwise comparisons
are made by scoring using numerical values taken
from the absolute fundamental scale of AHP from 1
to 9. The relative value scale is derived from all these
pairs of comparisons and it belongs to an absolute
scale that does not change wunder identity
transformations like the real number system [10].

In general, the steps in AHP are as follows [11]:

e Create a Pairwise comparison matrix

[ 1 7y Tl

on |

M

e Matrix normalization

X=rtryt oty 2
Information:

X, = Number of matrix columns
1 = Column variables 1
n = Row variables n

r = Pairwise comparison matrix index

e Determine the weight of the criteria

Y=r+n ++n 3)

Information:

X = Number of matrix columns

i = Column variables i
n = Row variables n
r’ = Normalization of decision matrix

e Calculate the weight of the criteria

_5

“

w; "

Information:

X = Number of matrix columns
1 = Column variables i

J = Row variables ]

n = Number of criteria

w = Criteria weight

B. Simple Additive Weighting (SAW)

The SAW method is a simple additive weight
method, which is used to carry out the selection
process using two value criteria, the criteria value is
used for existing alternative assessments, where the
value of the attributes used are the cost attribute and
the profit attribute after that the weight
multiplication calculation is carried out to get the
preference value [12]. The SAW method is often also
called the weighted summing method.

The basic concept of the SAW method is to find a
weighted number of performance ratings on each
alternative on all attributes. SAW is one of the most
frequently used techniques to solve spatial decision
analysis problems, decision makers directly assign
weights to each attribute [13]. The SAW method
requires the process of normalizing the decision
matrix (X) to a scale that is proportional to all
available alternative branches [14] this method
requires the decision maker to determine the weight
for each attribute [15], after the decision matrix is
formed (X) then proceed with the step of making a
matrix R's decision is as follows [16]:

Xij .. .
Rij=——= . If j is a profit attribute )
R;; = LU j is a cost attribute (6)

i
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C. Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS)

TOPSIS is a multi-criteria decision support system.

TOPSIS has the principle that the chosen alternative
must have the shortest distance from the positive
ideal solution and the farthest distance from the
negative ideal solution [17][18]. TOPSIS uses
logical mathematics and Euclidean distance-based
techniques to evaluate and compare the range of
available alternatives from a set of attributes [19].
The steps for calculating TOPSIS according to
Opricovic S and Tzeng GH in [20] are as follows:
e Create a normalized decision matrix

ry =t )

[T x5

e Weighted normalized matrix,

With weight w; = (wy, wy, ws, ..., wy,) (8)

where w; is the criterion weight for all j

Matrix normalization is V

Vij =w; * 1 ©)
e Determine the ideal solution matrix of positive
and negative ideal solutions

Ar={(maxv;; |j €J),(minv; |jEP)i=1.23,

) S VAR AR A Ay (10)
AT={(minv;; |j €J),(maxv;; |[J€J),i=1.2,3,
Y=V Vs Vs Y (11)

e (alculating Distance

S* is the alternative distance of the positive ideal solution,
defined as follows :

2
S*t= |3 (v —v}") (12)
where i=1,2,3,....m
S~ is the negative ideal alternative distance
’ _\2
S_: Z?zl(vij - Uj ) (13)

where i=1,2,3,...,m

e (alculating positive ideal solutions and negative
ideal solutions

+ _ _Si
G = s;+st (14)
e Alternate rank

Alternative C* sorted from largest to smallest, alternative
with value C* biggest is the best solution.

D. AHP-TOPSIS

The AHP-TOPSIS hybrid method combines the
steps in AHP and TOPSIS described in Fig. 2. The
step begins with preparing data in the form of
lecturer data and scores from 8 criteria for each
lecturer, followed by the AHP process namely
making a Pairwise comparison matrix, normalizing
the decision matrix and determining the weight of
the criteria. . The steps are followed by the TOPSIS
process, namely normalizing the decision matrix,
normalizing the weighted decision matrix,
determining the ideal positive and negative ideal
solution matrix, calculating the distance between the
positive and negative ideal alternatives, calculating
the positive and negative ideal solutions, and

ranking alternatives.
/ Preparation of lecturer /

score data
Create a pairwise comparison matrix

Matrix normalization

Y

Determine the weight of the criteria

\4

Normalization of decision matrix

v

Determine the positive ideal solution matrix
and negative ideal solution matrix

v

Calculate the distance of ideal positive
alternative and ideal negative alternative

v

Calculate the ideal positive solutions and ideal
negative solutions

L2

/ Alternative rank /

End

Fig. 2 AHP-TOPSIS Stages

ISSN :2394-2231

http://www.ijctjournal.org

Page 8


http://www.ijctjournal.org/

International Journal of Computer Techniques -— Volume 9 Issue 4, July 2022

E. SAW-TOPSIS

The step in the SAW-TOPSIS hybrid is described
in Fig. 3, which starts with preparing data in the form
of lecturer data and scores from 8 criteria for each
lecturer, then normalization of the R matrix is made
with all the criteria for entering the advantage or
benefit attribute this step is a step in SAW. The
results of the normalization of the R matrix are then
continued with the calculation using the TOPSIS
method namely weighted matrix normalization,
determining the ideal positive and negative ideal
solution matrices, calculating the distance between
positive and negative ideal alternatives, calculating
positive and negative ideal solutions, and ranking

alternatives.
/ Preparation of lecturer

score data

v
Matrix R normalization

v

Weighted decision matrix normalization

/

A4

Determine the positive ideal solution matrix
and negative ideal solution matrix

\4

Calculate the distance of ideal positive
alternative and ideal negative alternative

v

Calculate the ideal positive solutions and ideal
negative solutions

v

/ Alternative rank /

End

Fig. 3 SAW-TOPSIS Stages

I11. RESULTS AND DISCUSSION

The data obtained from the SPM ITTP unit,
namely lecturer data, criteria data, and lecturer score
data are data that will be processed in the calculation
of 2 hybrid methods, in Table IV explains the
lecturer score data which becomes the decision
matrix.

TABLE IVV
DECISION MATRIX
Alt. C1 C2 C3 C4 C5 Co6 C7 C8
AL1 87,50 100 90 80 82,86 100 300 0
AL2 96,88 100 80 100 84,53 100 36 0
AL3 100 96,67 100 100 86,96 100 200 0
A4[é1 100 100 100 100 79,37 100 40 60

A. AHP-TOPSIS

The calculation process on the AHP-TOPSIS
hybrid begins with a calculation using the AHP
method of making a Pairwise comparison matrix.
Observations and interviews were conducted with
the SPM unit as the decision maker in making the
matrix which is described in Table V.

TABLE vV
PAIRWISE COMPARISON MATRIX

C1 C2 C3 C4 C5 Co6 Cc7 C8
C1 1 1 1 0,33 0,25 0,25 0,14 0,25
C2 1 1 1 0,50 0,50 0,25 0,14 0,33
C3 1 1 1 0,50 0,50 0,20 0,14 0,33
C4 3 2 2 1 3 2 0,14 0,33
C5 4 2 2 0,33 1 0,50 0,14 0,33
Cé 4 4 5 0,50 2 1 0,14 1
C7 7 7 7 7 7 7 1 5
C8 4 3 3 3 3 1 0,20 1
Sum. 25 21 22 13,17 17,25 12,20 2 8,58

From the comparison matrix, it is continued with
the normalization of the comparison matrix
described in Table VI. below,

TABLE VI
MATRIX NORMALIZATION

C1 C2 C3 C4 Cs Co6 Cc7 C8
C1 0,04 0,048 0,045 0,025 0,014 0,020 0,071 0,029
C2 0,04 0,048 0,045 0,038 0,029 0,020 0,071 0,039
C3 0,04 0,048 0,045 0,038 0,029 0,016 0,071 0,039
C4 0,12 0.095 0,091 0,076 0,174 0,164 0,071 0,039
C5 0,16 0.095 0,091 0,025 0,058 0,041 0,055 0,039
C6 0,16 0,190 0,227 0,038 0,116 0,082 0,071 0,117
Cc7 0,28 0,333 0,318 0,532 0,406 0,574 0,494 0,583
C8 0,16 0,143 0,136 0,228 0,174 0,082 0,099 0,117
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Ensuring that the calculation can be continued to
the next stage, it is necessary to calculate the CR
(Consistency Ratio) value to find out whether it is
consistent or not, it is said to be consistent if the CR
value is 0.1 while the IR (Random Consistency Index)
value according to Kusrini in [21] is described in
Table VII where n is the size of the matrix.

TABLE VII
MATRIX NORMALIZATION

n IR n IR
1 0,00 6 1,24
2 0,00 7 1,32
3 0,58 8 1,41
4 0,90 9 1,45
5 1,12 10 1,49
CI
'CR =& (15)
information :
CR = Consistency Ratio
CI = Consistency Index
. (Amax-n)
Cl= ==~ (16)

where n is the number of elements
0,128

CR= ——=10,091

1,41
The value of CR =0.091 < 0.1 then the calculation
can be said to be consistent and can be continued to
the next stage. From the results of these calculations,
the weight value of each criterion is described in
Table VIII.

TABLE VIII

CRITERIA WEIGHT
C C1 Cc2 C3 C4 C5 C6 C7 Cc8
W 0,037 | 0,041 | 0,041 | 0,104 | 0,071 | 0,125 | 0,440 | 0,142

The AHP calculation process is complete until the
decision matrix normalization is followed by the
TOPSIS method starting from making the
normalized decision matrix described in Table 1X
followed by the normalization of the weighted
decision matrix described in Table X below.

Table XI describes the matrix of positive ideal and
negative ideal solutions, then proceeds to calculate
the distance between alternative positive ideal
solutions and negative ideal solutions described in
Table XII.

TABLE IX
DECISION MATRIX NORMALIZATION
Alt. C1 C2 C3 C4 C5 Cé6 C7 C8
AL1 | 0,073 | 0087 | 0,082 | 0,071 | 0,085 | 0,085 | 0,166 0
AL2 | 0,081 | 0087 | 0,073 | 0,089 | 0,087 | 0,085 | 0,020 0
AL3 | 0,084 | 0,084 | 0,091 | 0,089 | 0,089 | 0,085 | 0,110 0
A:gl 100 100 100 100 79,37 100 40 60
TABLE X
WEIGHTED DECISION MATRIX
Alt. C1 C2 C3 C4 C5 Cé6 C7 C8
AL1 | 0003 | 0004 | 0,003 | 0007 | 0006 | 0011 | 0073 0
AL2 | 0003 | 0004 | 0003 | 0009 | 0006 | 0011 | 0009 0
AL3 | 0003 | 0,003 | 0,004 | 0,009 | 0,006 | 0,011 | 0,049 0
A:;l 0,003 | 0,004 | 0,004 | 0,009 | 0,006 | 0,011 | 0,010 | 0,022
TABLE XI
MATRIX OF POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL SOLUTION
C1 C2 C3 C4 C5 Cé6 C7 C8
A+ 0,003 | 0,004 | 0,004 | 0,009 | 0,006 | 0,011 0,116 | 0,044
A- 0,002 0 0 0 0,004 0 0 0
TABLE Xl
ALTERNATIVE DISTANCE POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL
SOLUTION
S+ S-
0,062 0,074
0,116 0,017
0,080 0,051
0,108 0,029

From the results of the calculation of the distance
between the alternative positive ideal solution and
the negative ideal solution, it can be continued in the
calculation of the positive ideal solution and the
negative ideal solution which will be the final value
described in Table X111 below.

TABLE XIII
POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL SOLUTION

Alt. C*
AL1 0,546
AL2 0,130
AL3 0,387
AL145 0,209
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The ranking process or ranking is obtained from
the results of positive ideal solutions and negative
ideal solutions sorted from the largest value to the
smallest value described in Table XIV below.

TABLE XIV
ALTERNATIVE RANK

Alt. c*
AL29 0915
AL60 0,727
AL93 0,713
ALS1 0,094

B. SAW-TOPSIS

In the SAW-TOPSIS hybrid calculation, the first
stage in the SAW calculation is the calculation of the
normalized decision matrix from the results of the
calculation, followed by the TOPSIS calculation at
the weighted decision matrix normalization stage
with the weight of the criteria set by the ITTP SPM
unit described in Table XV.

TABLE XV
ALTERNATIVE RANK

Criteria Weight Status
C1 0,05 Benefit
C2 0,1 Benefit
C3 0,05 Benefit
C4 0,05 Benefit
Cs 0,05 Benefit
Cé6 0,1 Benefit
Cc7 0,4 Benefit
C8 0,1 Benefit

The normalized decision matrix described in Table
XVI is obtained from the value of the matrix divided

by the maximum value of the matrix for each column.

The results of the normalization of the decision
matrix on the AHP are continued to the TOPSIS
weighted decision matrix described in Table XVII
below.

TABLE XVII
WEIGHTED DECISION MATRIX NORMALIZATION

Alt. | c1 | €2 | &3 | ca [ ¢5s [ c6 | ¢1 | c8
AL1 0,044 0,100 0,045 0,040 0,047 0,100 0,252 0
AL2 0,048 0,100 0,040 0,050 0,048 0,100 0,030 0
AL3 0,050 0,097 0,050 0,050 0,049 0,100 0,168 0
A:él 0,050 0,100 0,050 0,050 0,045 0,100 0,034 0,100

The matrix of positive ideal and negative ideal
solutions is described in Table XVIII, followed by
calculating the distance between alternative positive
ideal solutions and negative ideal solutions described
in Table XIX.

TABLE XVIII
MATRIX OF POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL SOLUTION

C1 C2 C3 C4 Cs Co Cc7 C8

TABLE XVI
DECISION MATRIX NORMALIZATION
Alt. C1 C2 C3 C4 Cs Cé6 C7 C8
AL1 0,875 1 0,900 | 0,800 | 0,938 1 0,630 0
AL2 0,969 1 0,800 1 0,957 1 0,076 0
AL3 1 0,967 1 1 0,985 1 0,420 0
%l 1 1 1 1 0,899 1 0,084 0,500

A+ 0,050 | 0,100 | 0,050 | 0,050 | 0,050 | 0,100 | 0,400 | 0,200
A- 0,040 0 0 0 0,035 0 0 0
TABLE XIX
ALTERNATIVE DISTANCE POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL
SOLUTION
S+ S-

0,249 0,296
0,421 0,159
0,306 0,230
0,380 0,191

The calculation of the positive ideal solution and
the negative ideal solution which will be the final
value is described in Table XX below.

TABLE XX
POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL SOLUTION

Alt. Cc*
AL1 0,543
AL2 0,274
AL3 0,429
AL145 0,334
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Table XXII describes the ranking of alternatives
with positive ideal solution values and negative ideal
solutions from largest to smallest.

TABLE XXII
ALTERNATIVE RANK

Alt. c*
AL29

AL60
ALS6

AL79

The results of the alternative rankings for the top
rank in both AHP-TOPSIS and SAW-TOPSIS are
recommended for AL29 and AL60, while the
subsequent rankings are different.

In the comparative analysis, the method used is
Hamming Distance to compare with the manual
results of the SPM unit. The results of the decision
support system with the results of manual
calculations will certainly be different, so the
Hamming Distance discrepancy is used to measure
its accuracy. Hamming Distance measurement is a
discrepancy between the calculation of the decision
support system with manual calculations, namely the
number of alternatives that are not suitably divided
by the total number of alternatives multiplied by
100% [11].

Hamming Distance discrepancy between AHP-
TOPSIS with manual calculations obtained a value
of 91%, while the Hamming Distance discrepancy
between SAW-TOPSIS with manual calculations
obtained a value of 96%. Hamming Distance result
from AHP-TOPSIS is smaller than SAW-TOPSIS.

IV. CONCLUSIONS

The 2 TOPSIS hybrid methods were successfully
implemented in this study with the highest ranking
results, namely AL29 and AL60 but the next ranking
was different, the comparison test using Hamming
Distance, the discrepancy between manual
calculations and 2 TOPSIS hybrid calculations gave
the results that AHP-TOPSIS was 91% while SAW-
TOPSIS was 96 %. The result of a smaller Hamming
Distance gives better accuracy, the accuracy of
AHP-TOPSIS is better than SAW-TOPSIS.

The calculation of the two TOPSIS hybrid
methods shows different treatments in obtaining the
weighted criteria. In AHP-TOPSIS the weights are
calculated using the AHP method where the weights
are obtained from the calculation of the Pairwise
matrix results and must meet the requirements that
the CR value is below 0.1 then can proceed to the
ranking calculation using TOPSIS. Unlike the SAW-
TOPSIS, the SAW method is only used for
calculating the normalization of the R matrix by
looking at the criteria used whether it is categorized
as benefit or cost, after that the calculation is
continued with the TOPSIS method where the
decision normalization matrix calculation is
weighted by the weighted value of the criteria using
a weight that has been determined by the decision
maker. decision. From this, according to the
researchers, it is not appropriate if SAW is called a
method that can overcome the weakness of TOPSIS
in calculating the weight of the criteria, but it is true
that if the SAW method can be combined with
TOPSIS, it can be seen that the results of the top
ranking are the same as AHP-TOPSIS.

Further research can be carried out to compare
AHP-TOPSIS with the ANP-TOPSIS and Entropy-
TOPSIS methods to find out whether the TOPSIS
hybrid method gets the weight of the criteria from a
special calculation.
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