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Abstract: Object-based programming (OOP) has become a trend among programming
language users, this is because many functions, procedures and techniques for using features
are so widely available. By utilizing the advantages of these facilities, it is possible to
provide convenience for programmers who use object-based programming languages. The
purpose of this study is to provide an objective scoring system for a number of programming
applications that have been made equipped with the assessment criteria. Assessment criteria
that can be used for object-based apps programs with eleven criteria, namely Class structure,
Inheritance, Encapsulation, Pollymorphys, Constructur, Accessor, Mutator, Visibility,
Overriding, Overloading, and Price. With these many criteria, it provides a level of difficulty
in choosing an object-based program application. To determine the appropriateness of an
apps program, source testing will be carried out in the form of coding that has been
previously constructed which affects the eleven predetermined measurement criteria. The
assessment process recommends using the Electre method as a measure of the results of the
calculation and ranking process. While determining the weight of the criteria using the
Analytic Hierarchy Process (AHP) method. From the results of the assessment of 23 object-
based apps programs, ranking assessments are based on aggregate dominant matrices as
follows, the first rank with a weight of 22 as the largest weight is owned by 4 apps
programss, namely AP16, AP17, AP18, and AP19. Based on the results of the ranking
process, it can be said that the ELECTRE and AHP methods can be used as a selection
process for object-based apps programs with optimal results.

Keywords: AHP, OOP Base Apps, ELECTRE, Ranking, Selections.

INTRODUCTION

Object-based programming has many advantages that are useful for programmers in making object-based
coding, one of which is being able to build a framework that provides many techniques for using objects, even if
they have been divided according to their respective functions and there is no need to create a new program
listing (Rais, 2019). because with the development of coding such as the concept of inheritance that is able to
develop coding from an existing base. In terms of security, there is also such a thing as encapsulation, where
coding can be wrapped in a single unit that creates security from a number of hidden coding, provides a clear
modular structure for a program so that it is very easy to define abstract data types with implementation details
can be hidden, it can even make it easier maintain and modify the code that is already available (1lham, 2020).

With this context, many programmers create apps programs that are used for the benefit of the internet of
things and other uses such as business-oriented and perhaps science-oriented. The apps programs that is made is
of course priced at a price that is in accordance with the intended use of the program from the client user. The
higher the level of difficulty, the more expensive the price offered. This means that the quality is directly
proportional to the price of the apps programs offered. Thus how to choose an apps programs that suits the price
that is priced.

There are several methods that will be used to measure the suitability of an apps programs at a price that is
directly proportional to the price. Of course, by knowing a number of assessment criteria for an apps programs,
in the preamble of writing this research article, it has been stated that there are eleven criteria that can be used to
measure object-based apps programss, namely Class structure, Inheritance, Encapsulation, Pollymorphys,
Constructor, Accessor, Mutator (Rais, 2019), Visibility, Overriding, Overloading, and Price. With the
explanation of these criteria, it is important to note that there are criteria that have meanings as high is the best
(HB) and low is the best (LB). Hight is the best value will be normalized according to equation (5), while low is
the best will use equation (6). This means that both will know where the position of an alternative is in the
dataset environment.
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By using the Electre method, the product is an apps programs that is able to reduce the value of each variable
compared to the alternatives of each criterion (Mary & Suganya, 2016). Before the elimination stage is carried
out, each alternative must be normalized first based on each criterion weight based on the calculation of the
Analytic Hierarchy Process (AHP) method (Wang, 2019). The AHP method used is based on Multi-criteria
Decision Making (MCDM) (Akmaludin et al., 2020), where the calculation process uses the concept of iteration
(iteration) to find the optimal eigenvector value (Saaty, 2003). To complete the truth of this AHP, an Expert
Choice application can be used to prove the truth of the eigenvector results (Saaty, 2003)compared with
calculations using the concept of algebraic matrices (Al-Harbi, 2001), (Ishizaka & Labib, 2009). The occurrence
of an iteration process describes the depreciation value of differences of opinion in the assessment of the criteria
to find the optimal eigenvector value (Ahmad et al., 2020).

LITERATURE REVIEW
Analytic Hierarchy Process (AHP)

The ability of the results obtained from an AHP to provide optimal and measurable decision support
quantitative and qualitative decisions (Chybowski et al., 2016). This optimal decision can be proven by the
results obtained from an eigenvector (Farkas, 2007) with instrumentation support in the form of a questionnaire
which is converted into a scale shown in Fig. 1, where data collection techniques can be carried out in various
ways, which in essence is that the data entry entered is objective. Although the appraiser is less objective, it can
still be processed in its calculations using two-dimensional matrices. The benchmark of the matrices calculation
process is seen in the resulting eigenvector value (Saaty, 2010). If there is still a difference in the results, it must
be recalculated with the concept of multiplying two-dimensional matrices. The normalization of each
multiplication matrix will be tested for correctness using the consistency ratio (CR) value according to equation
(4). Before obtaining CR, you must measure the length of the vector called max as the solution length for the
consistency index (CI) by following equation (3), thus the determination of the CI value will be supported by the
Random Index (RI) (Alonso & Lamata, 2006) which is realized by Table the suitability of the order of matrices
and can be seen in Table 1.

Criteria-A Criteria-B

A9 A8 AT A6 A5 A4 A3 A2 A1B1 B2 B3 B4 B5 B6 B7 B8 BY
9 L 7 f 5 4 3 2 1 2 3 4 5 B 7 8 ]
1 2 3 4 5 ] 7 8 9 10 1" 12 13 14 15 16 17

Fig 1. AHP conversion scale

Determination of a pairwise matrix is a sensitive matter, where the input value of each element of the matrix
must be in the correct position which is adjusted to the value of the comparison made against the criteria being
compared (Gupta & Tripathi, 2015). This is very important because it will give results that are always close to
the optimal point of an eigenvector that is ready to be used for calculating algebra matrices. The correct
arrangement by following equation (1) which is adjusted to the comparison questionnaire against the criteria.

[a(1,1) A2y Az - a(l‘k)]
I a(z,1) a(2,2) a(2_3) a(z‘k) I
M(b,k) = Ia(3.1) a(3,2) a(2_4) a(3,k) I (1)
apyy w2 w3 o Ak

Meanwhile, to find out how many comparisons must be made, you can use equation (2), where the number
of criteria will be compared with other criteria. This is to find out how many comparison values will be formed
from a number of criteria that will be calculated. Because the data entry that is accumulated using the geometric
mean method will be realized with the suitability of the matrix element items (Dave et al., 2012), (Pinem, 2017).
For example, the number of criteria used is eleven criteria so that the number of comparisons that will be made
using equation (2) is 55 comparisons. So that the total data elements that will be used to make a pairwise matrix
are the same (Brunelli et al., 2013), namely 55 data elements matrices by following equation (2).

nx(n—1)
2

C = 2

__ (Amax—n)

Cl =5 @)
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The number of orders will be seen from the row and column values (b, k) of the formed matrices, while the
benchmark of the random index value for the 11 matrix elements becomes more important to determine how
much RI value will be used, pay attention to Table 1.

Table 1. Random Index

Ordo 1 1 3 4 3 ] 7 8 9 10 1 12 13 14 13
RI 0.00 0.00 038 090 112 124 132 141 145 143 151 143 136 157 158
ELECTRE

Electre (Elimination Et Choix Traduisant la Realite) (Setiawan & Artanti, 2021) is a method that is used to
conduct a sweeping elimination of a number of alternatives in each column of the criteria data being compared
(Costa & Duarte, 2019). Of course, the data being compared must be normalized first, the criteria with the high
value is the best will add value to the weight of the criteria for each alternative and the criteria with the low value
is the best, as will reduce the weight value of the alternative. To determine the weight of an alternative hight is
the best by using equation (5), while for giving the weight of the alternative to the criterion of low is the best
value by using equation (6).

K p=X"j)
Ry =—) =) 5
(lJ) X*]._X’j) ( )
K p—X"j)
Ryjy=—L2—~ 6
@5 X’j_X*I.) ( )

The results of the normalization process will be eliminated by comparing each data element with other data
elements totaling 23 rows which are used as comparison (Supriatin, S;Rahmi, AN;Asharudin, 2020). Thus, the
large amount of data being compared is by using equation (7).

P=nx(n-1) @

So that the number of comparisons after normalization will be 506 data elements compared, this process is a
determinant of the set along with the concordance weight and the set and discordance weight. The concordance
set is an alternative that has a zero and positive value, while the discordance set is an alternative that has a
negative value. For the concordace set, each weight is taken from all the concordance sets (Bathrinath et al.,
2019). In contrast, the value for discordance is obtained based on the largest absolute negative value divided by
the largest value of concordance. Each concordance value being compared is a preference index which will be
compiled into a two-dimensional matrix as a concordance matrix, as well as the discordance value will form a
two-dimensional matrix from a number of preference indexes to become a discordance matrix. To determine the
set of concordance can use equation (8), while to determine the set of discordance can use equation (9).

C(k,l) = {]lV(k,]) > V(l,])} Wherej 1,2,3, e, N (8)

Diery = WV jy < Viijy} wherej =1,2,3,...,n. (9)

By knowing the respective sets of concordance and discordance, from each row it will be possible to know
the respective weight values owned by each concordance weight and the weight of each discordance. The
method of obtaining each discordance weight can use equation (10) and to get the discordance weight gain using
equation (11).

Coeny = Zjc, W (10)

{max(V (s n) =V (smn)—in )} Where mn € D}
{max(Vmn)=V amn)—tn)}Wwhree mn=1,2,3

Dy = (11)

From each weighting to the row value of each concordance and discordance, according to the preference index,
each will be placed at the position of each element of the matrices, thus obtaining the concordance and
discordance matrices. To eliminate the two matrices, it must have a standard value called the threshold of each
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concordance and discordance matrices. To find the threshold matrices concordance can be done using equation
(12), while to find the threshold gain from the discordance matrices using equation (13), where the value smaller
than the threshold value will turn to zero.

_ Tk X G (12)

mx(m-n)

N

I S (13)

mx*(m—n)

10

From the results obtained for the threshold concordance and threshold discordance, the final settlement step
can use equation (14) to determine the overall final value that can be used as decision support with the help of
aggregate dominant matrices, to determine the magnitude of the results of the aggregation of each alternative it
bears. This means that the total weight of each alternative can be used as a ranking reference, the largest value of
the weight is the highest priority in the ranking.

Ckl = f(k,l)xg ) (14)

METHOD

[ Dataset Veiw ]

v

[ Normalization ]

!

[ Index Preference ]

V&

[ Pairwise Matrices ]

v

[ Calculate Consistency of CV, A max, Cl and CR ]

[ Index Preferences }v/R\

CR<10%
v N
Calculate Calculate Aggregate Rating
Concordance & Threshold Dominant Decision
Discordance Matrices Materices Matrices Making

Fig. 2. AHP-ELECTRE Algoritm

RESULT

Software is one of the most important parts in supporting the perfection of work, with the support of
software, both structure-oriented and object-oriented, capable of supporting the work of each user, especially in
terms of specific goals and general goals. Software is included in the category of apps programss created by
programmers for certain functionalities. Object-based apps programss are still widely needed by users for certain
purposes. Many programmers are able to create object-based apps programss (OOP) with adequate features and
almost perfect in use. This object-based program application has many functions that can be used by a number of
programmers to make coding easier, such as Class structure, Inheritance, Encapsulation, Pollymorhys,
Constructor, Accessor, Mutator, Visibility, Overriding, Overloading, and Price which will be used as assessment
criteria and results. of the apps programs that is made is given a price according to its function and use. The
advantages of this object-based program can be developed functionally because there are many features that will
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support better results. With the many facilities in this object-based program, it is very difficult to give an
assessment of the fair price, so the user really needs the right method to judge from a number of object-based
apps programss. In this study, researchers will try to apply how to evaluate object-based apps programss
correctly, because the work in the form of object-based apps programss has been given a price tag that is said to
be appropriate. Therefore, what is a good and optimal application in selecting object-based apps programss.

In this study, we will discuss the application of selecting object-based apps programss using certain methods
that are able to provide optimal results in the selection process for object-based apps programs. The method that
will be used is the Analytic Hierarchy Process (AHP) which is used to determine the weight of each criterion to
be used and the ELECTRE method which will be used to provide an elimination assessment of a number of
alternatives that are selected for object-based apps programss..

Based on the data obtained that can be used as an observation table, it can be seen in Table 3 which is used
as a reference in the assessment of a number of object-based apps programss that have been given values and
prices for each apps programs criteria. Each criterion becomes a benchmark for the assessment consisting of
eleven assessment criteria, these criteria can be seen in Table 2.

Table 2. List of Criteria Type

Criteria Code Type
(Clazz Structurs C5 HE
Inheritance H HE
Encapeulation EC HE
Pollymorphys Prd HE
Constructor Co HE
Accezzor AC HE
MIutator MT HE
Visibility VE HE
Owerriding OF. LE
Owerloading OL LE
Price PC LE

Table 2 provides an overview of the criteria that will be used as an assessment tool for object-based apps
programss. Each criterion has been given a type labeled Hight is the Best (HB) and Low is the Best (LB) this has
a specific purpose towards the criteria. The HB criteria illustrates that the largest value is the best value, while
LB provides an illustration that the smallest value is the best value. There are eight criteria labeled HB and three
criteria labeled LB. This has a very big influence when the normalization process is carried out. The
normalization process aims to provide an overview of the data where the location of a data element is in
accordance with its range. The range of data will be measured based on the largest data and the smallest data
from the data set. If the normalization results have been obtained, use equation (5) for criteria of type HB and
equation (6) for criteria of type LB. Thus we will get data that has gone through the normalization process
sourced from Table 5 of observational data into Table 6 which has been normalized.

While the determination of the magnitude of each criterion can be done with the concept of algebra matrices
of eleven criteria processed by the AHP method, it can be seen in Table 3. The calculation process occurs five
times iterations with the eigenvector reference there is no difference value and the result of the CR value is 0.07
this means it is acceptable, because the CR is less than 10 percent. The results will be used in the process of
normalization and weighting with the ELECTRE method..

Table 3. Criteria of eigenvector

Criteria CS H EC PM CO AC MI VS OR OL PC Eigenvector
Class Structure (C5) 1.000 2000 2000 2000 2000 3000 3000 3.000 3.000 2.000 2.000 0.174
Inheritance (TH) 0500 1000 2000 2000 2000 2000 3000 3.000 3.000 2.000 2.000 0.147
Encapsulation (EC) 0500 0500 1.000 2000 2000 2000 2000 2000 3.000 2.000 2000 0.121
Pollymorhys (FM) 0500 0500 0500 1.000 2000 2000 2000 2000 3.000 3.000 3.000 0.113
Constructor (CO) 0.500 0500 0.500 0500 1.000 2.000 2000 2.000 3.000 3.000 2.000 0.097
Accessor (AC) 0333 03500 0.500 0500 03500 1.000 2000 2.000 3.000 2.000 2.000 0.080
Mutator (MT) 0333 0333 0500 0500 03500 0300 1.000 3.000 2.000 2.000 3.000 0.072
Visibility (VS) 0.333 0333 0500 0500 0300 0300 0333 1.000 2.000 2.000 2.000 0.036
Owerriding (OR) 0333  0.333 0.333 0333 0333 0333 0300 0300 1.000 3.000 3.000 0.052
Owerloading (OL) 0500 0500 0.500 0333 0333 0300 0300 0500 0333 1.000 3.000 0.043
Price (PC) 0.500  0.500 0.500 0.333 0500 0.300 0333 0500 0.333 0.333 1.000 0.039
The Result of & Max= 12020 ; CT= 0.1 ; = 0.07 ; (Acceptable)
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By using Expert choice, the eigenvector values have similarities in the positioning of the matrix elements,
but only use the upper triangular matrices and for reciprocal data elements, they are not written, but have been
done by the coding of program. Data entry element data matrices can be seen in Table 4.

Tabel 4. Elemen data matrices using Expert choice

- | - Estreme
- | - Wem Stong

- Shong
- Moderale
Compare the relative importance with respect to: Goal: OOP Apps Criterians ol Equal
- Modesate:

- Strong

- | - WemShong
= | - Extieme

Class structure |Inheritance |Encapsulai Pollymorphys| Constructor Accessor  Mutator | Visibility |Owverriding |Overloading |Price

Class structure
Inheritance
Encapsulation
Pollymorphys
Constructor
Accessor
Mutator
Visibility
Overriding
Owverloading
Price

The magnitude of the eigenvector values of the eleven criteria is the result generated from the entry process
for the data element matrices which can be compared with the results carried out through the algebra matrices
process. The eigenvector gain with Expert choice can be seen in Fig. 3. The results of the eigenvector turned out
to give the same results as the process of calculating algebra matrices. Thus, the eigenvector will be applied to
the next stage with the ELECTRE method to determine the amount of concordance, discordance, until determine
aggregate dominant matrices and ratings of alternatives starting from observation data.

By using Expert Choice the amount of consistency value can be displayed automatically, where the
inconsistency value has a value of 0.07; This means that the inconsistency still has a good tolerance value. The
discrepancy in the calculation process can still be tolerated, so that the support for the decision value is still
acceptable, in contrast to using mathematical algebra matrices. Calculations with algebra matrices are not able to
display the value of consistency, but to determine the feasibility of a decision based on the amount of
Consistency ratio (CR) to determine the feasibility of the resulting eigenvector value.

Synthesis with respect to:
Goal: 00OP Apps Criterians

Owerall Inconsistency = 07

Class structure 174
Inheritance 147  I——
Encapsulation 121 I

Pollymorphys 113 I

Constiuctor 037 I

Accessor ce0 I

Mutator o7z I

Visibility oss

Owvermiding o2 1

Owverloading o TN

Price oz IR

Fig.3. Synthesize of Eigenvector using Expert choice
See on Table 5 is an observation table that will be tested using the Analytic Hierarchy Process and ELECTRE

methods and must go through a normalization process for the placement of each data element with the size of the
maximum and minimum data values.
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Table 5. Observation data
Criteria C$ IH EC PM CO AC MI VS OR OL PC
(Alty (HB) (HE) (HE) (HE) (HB) (HBE) (HE) (HE) (LB) (LE) (LE)
AP0 7001 7446 78.02 75.85 76.03 85.00 7443 7415 4369 37.67 30.13
APOZ 8072 7476 78.08 76.87 7628 81.57 7449 7421 4471 3792 4670
APO3 9112 8195 77.82 7200 6498 82.16 7422 7395 30093 2662 4720
APO4 8812 8506 7962 7005 3891 8360 7603 7375 3780 20335 4873
APOS 9007 7664 772 7765 7691 7954 7360 7333 4540 38355 4447
APOS 8307 5834 3054 7965 7912 8131 7931 7667 4749 2063 5347
APOT 7656 7310 6195 7717 6421 84.19 7900 787 4551 25835 4932
APOS 5743 7336 68.82 7869 65.80 63.62 6724 7873 4212 2744 4874
APOS 8912 7734 6358 7730 57.03 7865 7726 7697 4340 1367 4378
APIO 9212 8234 7643 7740 6570 7818 72.83 7256 4324 2734 4331
API1T 8323 7321 7928 7913 6436 7916 7369 7341 4697 2600 4420
APIZ 8370 8051 829 76.15 66.52 8229 7933 7003 4300 2816 4742
AP13 87.13 77.87 8343 7624 66.18 7778 79.86 7956 4408 27.82 4291
AP14 8390 7967 8272 7744 6860 7831 7915 7885 43528 3033 4344
AP1S 8167 7126 7744 7754 6595 7849 7384 7337 43538 2759 4362
API6 8234 6206 7943 2021 6537 7718 7584 7356 48035 27.01 4231
AP17 74354 6761 7544 7319 6195 7717 8853 T1.57 4103 23350 4230
APIS 7012 8131 7931 7536 68.82 TR6% 7372 7344 4320 3046 43.82
APIO 8400 8157 8291 7734 6858 7730 7934 7904 4518 3022 4243
AP0 83539 8749 3072 76.17 73.58 771 7714 76.85 4401 3522 4224
AP21 8483 6037 818 8135 7770 7634 7822 7793 4910 3934 4147
APIZ 8110 78.7% 8368 76.89 62.08 7962 8011 7981 4473 2372 4475
AP23 8178 7903 3442 7272 6992 82051 80.85 8053 40356 31.36 4564

Pay attention on Table 4 which is data that has gone through the normalization stage which consists of twenty-
three alternatives and is ready for comparison as a data preference index. It can be clearly assumed that the
number of alternatives to be compared is 506 data elements using equation (7). Where the same data is not
included in the comparison calculation, so it is automatically worth one and is not taken into account in the
calculation process. This is a form of exception to ELECTRE.

Table 6. Normalization
Criterin C5 IH EC PM CO AC MI VS OR ©OL PC

(HE) (HE) (HE) (HE) (HE) (HE) (HE) (HE) (LE) (LB} (LE)
(Alt) 0.174 0.147 0121 0113 0.097 0080 0072 0.056 0.052 0.048 0.039

AP0 0462 053 072 0351 014 100 034 020 0351 0092 092
AP0O2 067 036 072 060 013 084 034 020 060 093 044
APO3 0957 081 071 018 044 08T 033 027 018 038 049
AP04 088 085 079 000 091 053 041 047 000 008 061
APOS 094 04635 048 0467 010 074 030 020 047 056 027
APOG 080 000 083 085 000 083 057 037 085 009 1.00
APOT 0353 051 000 0463 047 0% 035 079 0467 035 063
AP 000 0358 031 076 040 000 000 0830 037 042 061
APOS 091 063 030 0464 100 070 047 060 030 000 019
APIO 100 083 064 065 061 068 026 011 065 042 013
API1 074 051 077 080 0467 073 040 043 080 035 024
API2 076 076 093 034 037 087 0537 083 034 048 0350
API3Z 086 067 0% 035 039 0466 0539 080 0355 044 012
API4 076 073 092 0465 047 069 0356 081 0465 036 0.16
APIS 070 044 049 066 060 070 031 022 0466 043 018
API6 072 016 078 000 042 065 040 044 000 040 007
APIT 049 032 040 028 078 063 100 000 028 024 007
APIS 063 079 077 047 047 070 040 043 047 0357 020
APIS 077 080 095 0465 048 064 037 083 065 036 008
AP20 081 100 084 034 025 0463 046 030 034 080 006
AP21 079 038 088 100 006 059 0352 071 100 100 0.00
AP22 068 070 097 061 077 073 060 0952 0461 024 027
AP23 070 071 100 024 042 079 044 100 024 062 033
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The comparison results obtained can be arranged according to the location of the data being compared, so
that the data will be arranged into the concordance matrix for the grouping using equation (8) as a reference for
the concordance set and equation (10) as the calculation of the weight value of each element of the concordance
matrix. The results of the arrangement of the concordace matrices can be seen in Table 7.

Table 7. Concordance Matrices

Alt APOL APO2 APOS AP(Q4 APOS APO6 APDT APOS APOY APIO APIL API2 API3 API4 APIS APL6 APLT APIS API9 AP20 AP21 API2 AP23
APDL 022 038 033 047 037 061 039 034 042 032 017 017 017 036 032 083 033 017 017 036 017 033
APD2 078 046 021 047 037 049 055 034 042 032 021 033 017 0356 032 083 051 017 033 036 017 033
APOS 042 054 03¢ 079 035 049 069 061 047 049 042 054 054 079 054 067 034 054 039 054 049 0354
APM 067 079 061 061 030 054 0698 044 061 079 034 054 054 079 079 071 079 034 039 054 054 054
APDS 033 053 021 039 047 060 069 063 053 040 039 051 051 065 049 083 051 0351 051 0354 039 039
APM 063 0635 045 030 053 057 0635 0535 053 071 0338 028 033 071 054 063 071 046 036 037 046 046
APO7 039 051 051 046 040 043 051 035 040 034 038 038 027 0354 049 071 051 027 051 049 033 038
APOS 041 045 031 031 031 035 049 047 035 039 015 015 015 036 039 055 000 015 021 024 030 020
AP 066 066 039 056 037 047 065 062 034 035 038 030 039 067 067 076 036 039 063 054 038 044
API0 058 0538 0353 039 042 047 060 074 066 037 033 070 042 042 049 083 033 070 056 034 053 038
API1l 068 068 051 021 051 029 066 071 047 063 026 038 038 09 054 083 056 038 0338 036 039 044
AP12 083 079 0538 046 061 062 062 062 042 074 032 061 074 074 083 080 022 047 061 049 070
AP13 083 067 046 046 049 072 062 050 030 062 068 052 037 066 079 074 067 060 073 074 023
AP14 0583 083 046 046 049 047 073 061 0358 062 039 043 062 074 083 068 033 063 061 033 038
AP15 044 044 021 021 035 029 046 033 038 005 026 038 038 032 083 044 038 0338 03 039 039
AP16 0638 068 046 021 051 046 0351 033 031 046 026 026 026 068 068 068 026 038 022 039 044
API7T 017 017 033 020 017 037 020 034 024 017 017 017 017 017 017 032 017 017 029 029 017 033
APIR 067 049 046 021 049 029 049 069 044 042 044 020 032 032 056 032 083 017 022 036 020 041
AP1% 083 083 046 046 049 0354 073 075 061 030 062 078 036 067 062 074 083 083 063 061 033 038
AP0 083 067 061 061 049 064 049 069 037 044 062 053 020 037 062 062 071 078 037 054 037 033
AP21 064 064 046 046 046 063 0351 066 046 046 064 064 039 021 064 078 071 064 039 046 039 039
AP22 083 083 051 046 061 054 067 080 062 047 061 051 078 047 061 061 083 080 047 063 061 026
AP23 067 067 046 046 061 054 062 070 056 042 036 030 03 042 074 056 067 059 042 047 061 074

7
7
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Likewise, discordance matrices can be taken from the preference index, where the data being compared is
placed in the concordance matrices position, how to obtain the data using equation (9) and equation (11). The
results can be seen in Table 8.

Table 8. Discordance Matrices

Alt APDI APD2 AP0 APO4 APOS APOG6 APOT APOS APOS API0 APII API2 API3 API4 APIS APL6 APIT APIS API9 AP0 AP21 AP22 AP23
APD1 032 0984 094 070 041 075 051 0904 082 004 113 100 094 084 074 097 062 085 063 067 094 190
APD2 307 094 094 130 067 076 060 094 004 094 114 122 141 094 094 095 094 144 117 093 094 192
AP 107 107 094 107 083 075 060 112 142 208 268 171 170 132 110 137 0B84 140 099 142 226 273
APM 107 107 107 107 090 086 082 131 144 184 157 113 148 131 114 093 107 123 107 118 1383 107
APDS 143 063 094 094 085 088 064 0094 094 094 126 134 155 094 094 097 094 158 194 192 101 184
APD6 245 148 121 112 118 082 073 124 098 087 151 076 088 073 067 084 098 087 107 091 106 109
APDT 134 131 134 117 113 123 032 073 094 184 380 179 180 121 133 076 160 162 142 135 234 228
APDS 195 166 166 122 1356 137 315 361 560 3580 1038 5090 499 468 201 275 441 423 430 377 595 408
APOO 107 107 089 077 107 081 128 046 085 144 148 160 119 107 098 088 107 122 107 107 291 121
APIO 122 107 071 069 107 102 106 069 117 099 300 487 29 029 050 144 086 312 134 110 254 215
API1 107 107 048 054 107 114 054 0350 070 101 153 181 195 038 027 115 083 212 117 107 247 101
APIZ 085 088 037 064 079 066 017 026 067 033 063 026 034 020 060 032 028 023 078 107 080 0.6
API3 100 082 0358 08% 075 131 056 037 063 021 0353 39 107 017 079 039 089 051 119 166 087 073
API4 107 071 039 068 065 114 053 033 084 034 051 291 094 021 043 054 015 077 120 107 094 045
APIS 119 107 076 076 107 133 083 083 094 344 266 494 3580 474 083 179 179 512 161 107 371 182
API6 135 107 091 088 107 14 075 075 102 201 368 168 146 234 121 0% 147 251 226 107 185 084
API7 103 103 073 107 103 120 132 080 114 060 087 192 218 184 036 104 078 183 127 107 232 27
APIS 161 107 120 094 107 102 050 038 094 117 120 3359 359 675 0356 068 128 346 107 1290 149 24
API9 113 069 071 081 063 115 062 068 082 032 047 395 086 120 020 040 0352 029 099 105 094 063
AP0 147 085 101 094 052 09 071 067 09 075 085 126 094 083 062 044 078 094 101 074 094 135
AP21 1438 105 070 085 0352 110 074 077 094 091 09 09 094 09 094 094 09 077 095 136 094 046
API2 107 107 044 055 099 094 039 044 034 030 040 111 107 107 027 054 043 067 107 107 107 1.03
API3 033 052 037 093 034 092 044 067 083 047 099 179 137 221 035 119 036 041 133 074 217 097

From the results obtained from the discordance matrices, then find the threshold concordance matrices using
equation (12) whose data is taken from the concordance matrices, with the aim of eliminating the data. The
concordance matrices data element will be worth 1 if it has a value greater than the threshold concordance
matrices, it will be given a 0 value if the data element value is less than the threshold concordance matrices.

The discordance matrices must also go through the same thing, where the data is sourced from Table 6 by
first finding the value of the threshold discordance matrices, which can be done using equation (13). The result
will be given a value of 1 if the discordance matrices element value is greater than the weight of the threshold
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discordance matrices, and will be given a value of 0 if the discordance matrices data element is less than the
threshold discordance matrices.

With the finding of the results of the two matrices, both threshold concordance matrices and threshold
discordance matrices, then the results of the two threshold matrices, each data element with a position
corresponding to the matrices is multiplied by one another, this can be done using equation (14 ). Obtaining
these results will of course be an objective rating determination. The results can be seen in Table 9.

Table 9. Aggregate Dominant Matrices
Alt APOL APO2 AP03 AP0S4 APOS APDS APOT AP0S APDS API0 AP11 API2 API3 API4 AP1S AP16 APLT !
APOL
APO2
APO3
APO4
APOS
APOG
APOT
APO3
APO9
AP10
API11
API12
AP13
AP14
AP15
AP16
AP17
API13
AP19
AP20
AP21
AP22
AP23
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DISCUSSIONS

The importance of input data using AHP greatly supports the success of determining the eigenvector using
AHP which can be used as the weight of the criteria to be used. Calculations using the ELECTRE method
certainly provide a lot of perfect understanding, in order to provide optimal results, because an error in
determining the comparison to the preference index will result in fatal consequences for the preparation of two-
dimensional matrices both on concordance matrices and discordance matrices and also affect decision support.
Determination of the threshold is a good measure in filtering the data elements of the matrices and determining
the weight of the aggregate dominant matrix which leads to the determination of the optimal decision rating in
numerical form.

CONCLUSION

The application of the ELECTRE method to selection of object-based apps programss gives good and
optimal results as decision support. The decisions obtained from a very complicated process give a conclusion to
the selection of object-based apps programss (OOP) using a combination of two methods of Analytic Hierarchy
Process (AHP) and the ELECTRE method, giving the following results. Judging from the weights generated
from the Aggregate Dominant Matrices, in determining the rating of the program application that was ranked
first, it was found 4 program applications with the same weight of 22, namely AP16, AP17, AP18 and AP19,
followed by the second rank AP03 with a weight of 17, while the third rank was won by AP15 with a weight of
14, while the others are not included in the selected category. This proves that the combination of the two
methods AHP and ELECTRE is able to provide optimal decision support and can be used as a reference in
selecting products or others that are quantitative in nature supported by criteria in the form of ordinal values.
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Abstract: Object-based programming [(OOP) has become a trend among programming
language users, this is because many functions, procedures and techniques for using features
are so widely available. By utilizing the advantages of these facilities, it is possible to
provide convenience for programmers who use ohject-based programming languages. The
purpose of this study is to provide an objective scoring system for a number of programming
applications that have been made equipped with the assessment criteria. Assessment criteria
that can be used for object-based apps programs with eleven criteria, namely Class structure,
Inheritance, Encapsulation, Pollymorphys, Constructur, Accessor, Mulator, Visibility,
Overnding, Overloading, and Price. With these many criteria, it provides a level of difficulty
in choosing an object-based program application. To determine the appropriateness of an
apps program, source ksing will be carried out in the form of coding that has been
previously constructed which affects the eleven predetermined measurement criteria. The
assessment process recommends using the Electre method as a measure of the resuits of the
calculation and ranking process. While determining the weight of the criteria using the
Analytic Hierarchy Process (AHP) method . From the results of the assessment of 23 object-
based apps programs, ranking assessments are based on aggregale dominant matrices as
follows, the first rank with a weight of 22 as the largest weight is owned by 4 apps
programss, namely AP16, AP17, APLE. and AP19. Based on the results of the ranking
process, it can be said that the ELECTRE and AHP methods can be used as a selection
process forohject-based apps programs with optimal results.

Keywords: AHP, Aplikasi berbasis OOP, Electre, Pemeringkatan, Seleksi.

INTRODUCTION

Object-based programming has many advantages that are useful for programmers in making object-based
coding, one of which is being able to build a framework that provides many techniques for using objects, even if
they have been divided according to their respective functions and there is no need to create a new program
listing (Rais, 2019). because with the development of coding such as the concept of inheritance that is able to
develop coding from an existing base. In terms of security, there is also such a thing as encapsulation, where
coding can be wrapped in a single unit that creates security from a number of hidden coding, provides a clear
modular structure for a program so that it is very easy to define abstract data types with implementation details
can be hidden, it can even make it easier maintain and modify the code that is already available (ITham, 2020).

With this context, many programmers create apps programs that arc used for the benefit of the internet of
things and other uses such as business-oriented and perhaps science-oriented. The apps programs that is made is
of course priced at a price that is in accordance with the intended use of the program from the client user. The
higher the level of difficulty. the more expensive the price offered. This means that the quality is directly
proportional to the price of the apps programs offered. Thus how to choose an apps programs that suits the price
that is priced.

There are several methods that will be used to measure the suitability of an apps programs at a price that is
directly proportional to the price. Of course, by knowing a number of assessment criteria for an apps programs,
in the preamble of writing this research article, it has been stated that there are eleven criteria that can be used to
measure ohject-based apps programss, namely Class structure, Inheritance, Encapsulation, Pollymorphys,
Constructor, Accessor, Mutator (Rais, 2019), Visibility, Overriding, Overloading, and Price. With the
explanation of these criteria, it is important © note that there are criteria that have meanings as high is the best
(HB) and low is the best (LB). Hight is the best value will be normalized according to equation (3), while low is
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the best will use equation (6). This means that both will know where the position of an alternative is in the
datasct cnvironment.

By using the Electre method, the product is an apps programs that is able to reduce the value of each variable
compared to the alternatives of each criterion (Mary & Suganya, 2016). Before the elimination stage is carried
out, each alternative must be normalized first based on each criterion weight based on the calculation of the
Analytic Hierarchy Process (AHP) method (Wang, 2019). The AHP method used is based on Multi-criteria
Decision Making (MCDM) (Akmaludin et al., 2020}, where the calculation process uses the concept of iteration
(iteration) to find the optimal eigenvector value (Saaty, 2003). To complete the truth of this AHP, an Expert
Choice application can be used to prove the truth of the eigenvector results (Saaty, 2003)compared with
calculations using the concept of algebraic matrices (Al-Harbi, 2001), (Ishizaka & Labib, 2009). The occurrence
of an iteration process describes the depreciation value of differences of opinion in the assessment of the criteria
to find the optimal eigenvector value (Ahmad et al., 2020).

LITERATURE REVIEW
Analytic Hierarchy Process (AHP)

The ability of the results obtained from an AHP to provide optimal and measurable decision support
quantitative and qualitative decisions (Chybowski et al,, 2016). This optimal decision can be proven by the
results obtained from an eigenvector (Farkas, 2007) with instrumentation support in the form of a questionnaire
which is converted into a scale shown in Fig. 1, where data collection techniques can be carried out in various
ways, which in essence is that the data entry entered is objective. Although the appraiser is less objective, it can
still be processed in its calculations using two-dimensional matrices. The benchmark of the matrices caleulation
process is seen in the resulting eigenvector value (Saaty, 2010). If there is stll a difference in the results, it must
be recalculated with the concept of multiplying two-dimensional matrices. The normalization of each
multiplication matrix will be tested for correctness using the consistency ratio (CR) value according to equation
(4). Before obtaining CR, you must measure the length of the vector called max as the solution length for the
consistency index (CI) by following equation (3), thus the determination of the CI value will be supported by the
Random Index (RI) (Alonso & Lamata, 2006) which is realized by Table the suitability of the order of matrices
and can be seen in Table 1.

Criteria-A Criteria-B

S L AT A6 A5 A A3 A2 AB1 B2 B3 B4 B5 B6 B7 B8 By
L] 5 § i 7 ]
1 2 3 4 5 ] T 8 L] 10 1" 12 13 4 15 16 17
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ma
wa
.
e

Fig 1. AHP conversion scale

Determination of a pairwise matrix is a sensitive matter, where the input value of cach element of the matrix
must be in the correct position which is adjusted to the value of the comparison made against the criteria being
compared (Gupta & Tripathi, 2015). This is very important because it will give results that are always close to
the optimal point of an eigenvector that is ready to be used for calculating algebra matrices. The correct
arrangement by following equation (1) which is adjusted to the comparison questionnaire against the criteria.

1) Az Apz) - Gam
Gy Q) Qzzy - Qg

M(b.kj = |0y Ogzz Gz A3k (1)
Gy Qpz) Lpayy - Dbk

Meanwhile, to find out how many comparisons must be made, you can use equation (2), where the number
of criteria will be compared with other criteria. This is to find out how many comparison values will be formed
from a number of criteria that will be calculated. Because the data entry that is accumulated using the geometric
mean method will be realized with the suitability of the matrix element items (Dave et al., 2012), (Pinem, 2017).
For example, the number of criteria used is eleven criteria so that the number of comparisons that will be made
using equation (2) is 55 comparisons. So that the total data elements that will be used to make a pairwise matrix
are the same (Brunelli et al., 2013), namely 55 data elements matrices by following equation (2).

ns(n-1)

C= 2)

oy _ (A max—n)
= rre—— (3]
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crR=2 (4)
Rl

The number of orders will be seen from the row and column values (b, k) of the formed matrices, while the
benchmark of the random index value for the 11 matrix elements becomes more important to determine how
much RI value will be used, pay attention to Table 1.

Table 1. Random Index
Orida 1 ] 3 4 ] 6 1 3 4 10 1 12 13 14 15
RI 0.00 000 038 050 12 124 132 141 143 148 13 148 L.36 LY 138

ELECTRE

Electre (Elimination Et Choix Traduisant 1a Realite) (Setiawan & Artanti, 2021) is a method that is used to
conduct a sweeping elimination of a number of alternatives in each column of the criteria data being compared
(Costa & Duarte, 2019). Of course, the data being compared must be normalized first, the criteria with the high
value is the best will add value to the weight of the criteria for each allernative and the criteria with the low value
is the best, as will reduce the weight value of the aliernative. To determine the weight of an alternative hight is
the best by using equation (5), while for giving the weight of the alternative to the criterion of low is the best
value by using equation (6).

Cip=x'p
Rujp = “;%%)THL (5)

— Fup=X')
Rup =575 (6)
The results of the normalization process will be eliminated by comparing each data element with other data
clements totaling 23 rows which arc used as comparison (Supriatin, 5;:Rahmi, AN;Asharudin, 2020). Thus, the
large amount of data being compared is by using equation (7).

P=n+n-—1) (7

So that the number of comparisons after normalization will be 506 data elements compared, this process is a
determinant of the set along with the concordance weight and the set and discordance weight. The concordance
set 1s an alternative that has a zero and positive value, while the discordance set is an alternative that has a
negative value. For the concordace set, cach weight is taken from all the concordance sets (Bathrinath et al.,
2019). In contrast, the value for discordance is obtained based on the largest absolute negative value divided by
the largest value of concordance. Each concordance value being compared is a preference index which will be
compiled into a two-dimensional matrix as a concordance matrix. as well as the discordance value will form a
two-dimensional matrix from a number of preference indexes to become a discordance matrix. To determine the
set of concordance can use equation (8), while to determine the set of discordance can use equation (9).

Coey = {JIVaey = Vi) where j = 123, 1. (8)

Dy = Vi) < Vi p} where j = 1,23,....,n. (9)

By knowing the respective sets of concordance and discordance, from each row it will be possible to know
the respective weight values owned by each concordance weight and the weight of each discordance. The
method of obtaining each discordance weight can use equation (10) and to get the discordance weight gain using
equation (11).

Coen = Zjc, Wi (10)

Do = {MaxtV () =V imn)—in 1} where mn € Dy |
(k) =

(11

{max(Vin n) =V mn - ) whree mn=1,23

From each weighting to the row value of each concordance and discordance, according to the preference index,
each will be placed at the position of each element of the matrices, thus obtaining the concordance and
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discordance matrices. To eliminate the two matrices, it must have a standard value called the threshold of each
concordance and discordance matrices. To find the threshold matrices concordance can be done using equation
(12), while to find the threshold gain from the discordance matrices using cquation (13), where the value smaller
than the threshold value will turn to zero.

L Eﬂzl EF: 160k0)
m=(m-mn)

c (12)

Tie=1 Blea Ciedy
m=(m-n)

D= (13)

From the results obtained for the threshold concordance and threshold discordance, the final settlement step
can use equation (14) w determine the overall [inal value that can be used as decision support with the help of
aggregate dominant matrices, to determine the magnitude of the results of the aggregation of each alternative it
bears. This means that the total weight of each alternative can be used as a ranking reference, the largest value of
the weight is the highest priority in the ranking..

ey = SienX9gen (14)

METHOD
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Fig. 2. AHP-ELECTRE Algoritm

RESULT

Software is one of the most important parts in supporting the perfection of work, with the support of
software, both structure-oriented and object-oriented, capable of supporting the wotk of each user, especially in
terms of specific goals and general goals, Software is included in the category of apps programss created by
programmers for certain functionalities. Object-based apps programss are still widely needed by users for certain
purposes. Many programmers are able to create object-based apps programss (OOP) with adequate features and
almost perfect in use. This object-based program application has many functions that can be used by a number of
programmers to make coding easier, such as Class structure. Inheritance, Encapsulation, Pollymorhys,
Constructor, Accessor, Mutator, Visibility, Overriding, Overloading, and Price which will be used as assessment
criteria and results. of the apps programs that is made is given a price according to its function and use. The
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advantages of this object-based program can be developed functionally because there are many features that will
support better results. With the many facilitics in this object-based program, it is very difficult to give an
assessment of the fair price. so the user really needs the right method to judge from a number of object-based
apps programss. In this study, researchers will try to apply how to evaluate object-based apps programss
correctly, because the work in the form of object-based apps programss has been given a price tag that is said to
be appropriate. Therefore, what is a good and optimal application in selecting object-based apps programss.

In this study, we will discuss the application of selecting object-based apps programss using certain methods
that are able to provide optimal results in the selection process for object-based apps programs. The method that
will be used is the Analytic Hierarchy Process (AHP) which is used to determine the weight of each criterion to
be used and the ELECTRE method which will be used to provide an elimination assessment of a number of
alternatives that are selected for ohject-based apps programss..

Based on the data obtained that can be used as an observation table, it can be seen in Table 3 which is used
as a reference in the assessment of a number of object-based apps programss that have been given values and
prices for each apps programs criteria. Each criterion becomes a benchmark for the assessment consisting of
eleven assessment criteria, these criteria can be seen in Table 2

Table 2. List of Criteria Type
Critaria Code Type

(Class Structure cs HB
Inheritance H HB
Encapsulation EC HB
Peltymorphys PM HB
Constructor co HB
Accessor AC HB
Mutator MT HB
Visibility Vs HB
Overniding OR LB
Ovwerloading OL LB
Price PC LB

Table 2 provides an overview of the criteria that will be used as an assessment tool for object-based apps
programss. Each criterion has been given a type labeled Hight is the Best (HB) and Low is the Best (LB) this has
a specific purpose towards the eriteria. The HB criteria illustrates that the largest value is the best value, while
LB provides an illustration that the smallest value is the best value. There are eight criteria labeled HB and three
criteria labeled LB. This has a very big influence when the normalization process is carried out. The
normalization process aims to provide an overview of the data where the location of a data element is in
accordance with its range. The range of data will be measured based on the largest data and the smallest data
from the data set. If the normalization results have been obtained. use equation (5) for criteria of type HB and
equation (6) for criteria of type LB. Thus we will get data that has gone through the normalization process
sourced from Table 5 of observational data into Table 6 which has been normalized.

While the determination of the magnitude of each criterion can be done with the concept of algebra matrices
of eleven criteria processed by the AHP method, it can be seen in Table 3. The calculation process occurs five
times iterations with the eigenvector reference there is no difference value and the result of the CR value is 0.07
this means it is acceptable, because the CR is less than 10 percent. The results will be used in the process of
normalization and weighting with the ELECTRE method..

Table 3. Criteria of eigenvector

Criteria cs IH I PM €O AC MI VS OR OL PC Figenvector
Class Structure (CS) 1.000 2000 2000 2000 2.000 3000 3000 3000 3000 2000 2.000 0174
Inhertance (IH) 0500 1.000 2000 2.000 2000 2000 3000 3000 3000 2000 2000 0.147
Encapsulation (EC) 0500 0.500 1.000 2.000 2.000 2.000 2.000 2000 3.000 2.000 2.000 0.121
FPollymorhys (PM) 0300 0500 0500 1.000 2000 2000 2000 2000 5000 3000 3.000 0115
Constuctor (CO) 03500 0300 03500 0300 1000 2000 2000 2000 3.000 3000 2.000 0097
Accessor (AC) 0.333 0500 0500 0.500 0.500 1.000 2.000 2000 3.000 2.000 2.000 0.080
Mutator (MT) 0333 0333 03500 0500 0300 03500 1000 3000 2000 2000 3.000 0072
Vistbihity (VS) 0333 0333 0500 0500 0500 0500 0333 1000 2000 2000 2.000 0056
Ovemiding (OR) 0333 0333 05333 0333 0333 0333 03500 03500 1.000 3.000 3.000 0052
Overoading (OL) 0500 0500 03500 0333 0333 0500 03500 0500 0333 1.000 3.000 0048
Price (PC) 0.500 0.500 0500 0.333 0.500 0500 0.333 0500 0333 0333 1.000 0039

The Result of A Max= 12.020 ;: (0I= 0.1 ;CR= 0.07 ;{Acceptable)
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By using Expert choice, the cigenvector values have similaritics in the positioning of the matrix clements,
but only use the upper triangular matrices and for reciprocal data elements, they are not written, but have been
done by the coding of program. Data entry element data matrices can be seen in Table 4.

Tabel 4. Elemen data matrices using Expert choice

- Tubra
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- Ghmg
« Ve Strong

- Extreme

| Closs struchure. Lo o 30 10 10 a0 20 20

Imeritince L0 X | 3.0 1 30 20 20

‘Encapsulation _— ] : 20 ] 1] 30 20 2

Paltymorphys 20 : 20 2 30 EXT 30
Canslractor &0 3.0 an 0

| hcessor | 20 a0 20 28
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| Vislbity I I 2.1 20

| Overriting __ 3.0
Lrerloading

Pice _____-_____

The magnitude of the eigenvector values of the eleven criteria is the result generated from the entry process
for the data element matrices which can be compared with the results carried out through the algebra matrices
process. The eigenvector gain with Expert choice can be seen in Fig. 3. The resulls of the eigenvector turned out
to give the same results as the process of calculating algebra matrices. Thus, the eigenvector will be applied to
the next stage with the ELECTRE method to determine the amount of concordance, discordance, until determine
ageregate dominant matrices and ratings of alternatives starting from observation data.

By using Expert Choice the amount of consistency wvalue can be displayed automatically, where the
inconsistency value has a value of 0.07; This means that the inconsistency still has a good tolerance value. The
discrepancy in the calculation process can still be tolerated, so that the support for the decision value is still
acceptable, in contrast to using mathematical algebra matrices. Calculations with algebra matrices are not able to
display the value of consistency, but to determine the feasibility of a decision based on the amount of
Consistency ratio (CR) to determine the feasibility of the resulting eigenvector value.

Synthesis with respect to:
Goal: DOP Apps Criterians

Owveral Inconsistency = 07

Class shructure |
Inhertance 147 I
Encapsulation 121
Pollymorphys 113

Constiuctor o7 I

Accessorn o0 I

Mutator o7z I

Visibility o I
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Ovedoading o2 [N

Price s

Fig.3. Synthesize of Eigenvector using Expert choice
See on Table 5 is an observation table that will be tested using the Analytic Hierarchy Process and ELECTRE

methods and must go through a normalization process for the placement of each data element with the size of the
maximum and minimum data values.
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Table 5. Observation data
Cntena CS IH EC PM CO AC MT Vs OR OL PC
(Al) (HB) (HB) (HB) (HB) (HB) (HB) (HB) (HB) (IB) (LB) (UB)
AP0l 7901 7446 78.02 7383 76.03 8300 7445 7415 4369 37.67 30.15
AP01 BO0.72 7476 78.08 7687 76.28 81.57 T449 7421 4471 3792 46.70
APO3 9112 8195 77.82 7209 6498 8116 7422 7395 3993 1662 4729
AP0O4 8812 8596 79.62 7005 58.91 83.60 76.03 75.75 37.89 20.55 48.73
APOS 9007 7664 TT2 TI65 7691 T9S54 T360 7333 4549 3855 4467
APO6 8507 5834 8054 7965 7912 8131 7931 7667 4749 2063 5347
APOT 7656 73.19 6195 7717 6421 84.19 7900 78.7 4551 2585 49.32
APDO8 5743 7536 68.82 7869 65.80 63.62 6724 TRTS 4212 2744 4874
AP0O9 8912 7754 6358 7730 3703 7863 7726 7697 4349 18.67 4378
AP10 9212 8254 76.43 7740 65.70 78.18 72.83 72.56 4524 27.34 4331
AP11 8323 7321 7928 7913 6436 T9.16 7569 7541 4697 26.00 4429
AP1] B379 8051 829 7615 66.52 8229 7933 79.03 4399 28.16 47.42
AP13 8713 7787 8343 7624 6618 71.78 T9B6 7956 4408 2782 42901
AP14 8300 7067 8272 7744 6260 7831 7015 7885 4528 3033 4344
AP15 B167 7126 77.44 7754 6595 7849 7384 73.57 4538 27.59 43.62
AP16 8234 6296 7943 8021 6537 77.18 7584 7556 4805 27.01 4231
AP1T 7454 6761 7544 7319 6195 77.17 88335 71.57 4103 25359 4230
AP18 7912 8131 79.31 7536 68.82 78.69 75.72 75.44 4320 3046 43.82
AP19 B409 8157 8291 7734 68.58 7730 7934 7904 4518 3022 4243
AP20 8539 8749 R80.72 7617 73.58 77.11 T77.14 76.85 44.01 3522 4224
AP2] 8483 6937 818 B135 77.70 7634 7822 7793 4919 3034 4147
AP2Y 8110 7878 8368 7680 6208 7962 £011 7081 4473 2372 4475
AP23 8178 79.03 8442 71272 6992 8051 20.85 80.55 4056 31.56 45.64

Pay attention on Table 4 which is data that has gone through the normalization stage which consists of twenty-
three alternatives and is ready for comparison as a data preference index. It can be clearly assumed that the
number of alternatives to be compared is 506 data elements using equation (7). Where the same data is not
included in the comparison calculation. so it is automatically worth one and is not taken into account in the
calculation process. This is a form of exception to ELECTRE.

Table 6, Normalization
Criteria CS H EC PM CO AC MT Vs OR OL PC
(HB) (HB) (HB) (HB) (HB) (HB) (HB) (HB) (1B) (B) (@B)
(Alt) ©0.174 0.147 0121 0.113 0.097 0080 0.072 0.056 0052 0.048 0.039

APO1 062 055 072 051 014 100 034 029 051 0952 072
AP02 067 0356 072 060 015 084 034 029 060 05 044
APO3 097 081 071 018 064 087 033 027 018 038 049
AP04 088 095 079 000 091 093 041 047 000 009 061
APO5S 094 063 068 067 010 074 030 020 067 096 027
APO6 080 000 O83 085 000 083 0357 057 085 009 100
APO7 55 051 000 063 067 096 0355 079 067 035 065
APO8 000 (58 031 076 060 000 000 0380 037 042 061
AP09 091 065 030 064 100 070 047 060 050 000 019
API0 100 083 064 065 061 068 026 011 065 042 015
API1 074 051 077 080 067 073 040 043 030 035 024
API2 076 076 093 054 057 087 057 083 054 046 050
API13 086 067 096 055 059 066 0359 089 055 044 012
APl4 076 073 092 065 047 069 056 081 065 056 0.16
AP15 070 044 069 066 060 070 031 22 066 043 0.18
API6 072 016 078 09 062 063 040 044 09 040 0407
AP17 049 032 060 028 078 063 100 000 028 024 007
AP18 0463 079 077 047 047 070 040 043 047 057 020
API9 077 080 093 065 048 064 057 08 065 056 008
AP0 0381 100 084 054 025 063 046 059 054 0RO 006
AP21 079 038 088 100 006 059 052 071 100 100 000
AP22 068 070 097 061 077 075 060 092 061 024 .27
AP23 070 071 100 024 042 079 064 100 024 062 0335
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The comparison results obtained can be arranged according to the location of the data being compared, so
that the data will be arranged into the concordance matrix for the grouping using cquation (8) as a reference for
the concordance set and equation (10) as the calculation of the weight value of each element of the concordance
matrix. The results of the arrangement of the concordace matrices can be seen in Table 7.

Table 7. Concordance Matrices

Alt  APO1 APO2 APOI APO4 APOS APOE AP)7 AP(E APOO APID APIl API) AP1I API4 APIS APLS API7 APIE APID APJO AP2l AP AP
APDL 022 058 033 047 037 061 05 034 042 032 017 017 017 056 032 083 033 017 017 036 017 033
APD2 078 046 0N 47 037 049 055 034 042 031 021 033 017 036 032 083 051 017 033 036 017 033
APO3 042 054 039 079 035 049 06 061 047 049 042 054 054 079 054 067 054 054 039 034 049 054
AP (067 079 061 061 050 054 06% 044 061 079 054 054 054 079 079 071 079 054 039 054 054 054
APD3 033 033 021 039 047 060 06 065 038 049 039 051 031 065 049 083 051 051 051 034 032 030
APO6 063 063 045 030 033 057 065 0353 033 071 038 028 033 071 034 063 071 046 036 037 046 046
APOT 039 051 051 046 040 043 051 035 040 034 038 038 027 054 049 071 051 027 051 049 033 038
APOS 041 045 031 031 03t 035 049 047 033 039 013 015 015 036 039 055 000 015 021 024 03¢ 00
APD9 066 066 039 0356 037 047 065 06 034 033 038 050 039 087 067 076 0356 039 0463 034 038 04
APID 058 058 053 039 042 047 060 074 066 937 058 070 042 042 049 083 038 070 036 04 035 038
API11 068 068 051 021 031 02 066 071 045 063 026 038 038 095 034 083 056 038 038 036 039 04
API2 083 079 033 046 061 06 0 077 062 041 074 032 061 074 074 083 030 022 047 061 042 070
AP13 083 067 046 046 049 072 062 075 050 030 062 0.68 052 037 066 079 074 067 04% 073 0.4 0.3
AP14 0B3 083 046 046 049 047 073 075 051 058 062 039 048 062 074 083 068 033 043 061 053 058
APIS 044 044 021 02 035 020 046 055 033 0358 005 026 038 038 032 083 044 032 038 036 030 039
API6 068 058 046 021 031 046 031 071 033 O3 046 026 026 026 0468 068 068 026 038 012 039 044
AP17 017 017 033 02 017 037 02X 05 024 017 017 017 017 017 017 032 017 017 02 029 017 033
APIS 067 049 046 021 049 029 049 069 044 041 044 020 032 032 056 032 083 017 022 036 020 041
AP19 (B3 083 046 046 049 03 073 075 06! 030 062 078 036 067 062 074 083 083 0463 061 033 038
AP20 083 067 061 061 049 064 049 069 037 044 062 0353 020 037 062 062 071 078 037 04 037 05
APl 064 064 046 046 046 06 051 066 046 046 064 064 039 021 064 078 071 0564 039 046 038 03
AP2) (83 033 051 046 061 054 067 080 062 047 061 051 078 047 061 061 083 080 047 063 061 026
AP23 067 067 046 046 061 0M 062 070 036 042 056 030 056 042 074 056 067 0359 042 047 061 0.4

Likewise, discordance matrices can be taken from the preference index. where the data being compared is
placed in the concordance matrices position, how to obtain the data using equation (9) and equation (11). The
results can be seen in Table 8.

Table 8. Discordance Matrices
Alt APOL APO2 APO3 APO4 APDS APOS AP)T APIS AP API0 APIl API2 AP13 AP14 AP1S AP16 API7 APIS APIO APX) AP AP)) APN3
APO1 032 094 034 070 041 075 051 094 082 094 [15 100 (94 084 074 097 052 035 068 06 0% 19
AP 317 084 054 1359 067 076 060 094 094 09 [14 122 141 054 054 095 054 14 117 055 04 192
APO3 107 107 094 107 083 075 060 112 142 208 268 171 170 132 110 137 084 140 0% 142 226 27
AP 107 107 107 107 09 08 082 131 144 184 157 L13 148 131 114 09 107 133 107 118 18 107
APOS 143 063 094 054 0B85 088 064 094 094 094 [26 134 155 084 094 097 054 158 194 192 101 184
APD6 245 148 121 112 118 082 07 124 095 08 151 076 088 073 067 084 093 087 107 091 106 1.09
APO7 134 131 134 LI7 L13 13 03 078 D9 184 589 179 189 121 133 076 169 162 142 135 28 212
APOS 195 166 166 122 156 137 315 360 560 580 1038 309 499 468 201 275 441 423 430 377 593 408
APOS 107 107 089 077 107 081 128 046 087 144 145 160 119 107 098 088 107 107 147 291 12
API0 122 107 071 069

. 102 106 06 117 09% 300 487 296 029 050 144 086 302 134 LI0 2.8 215
API1 107 107 048 034 147 114 034 05 0% 104 152 181 195 038 027 115 083 212 117 167 247 101
API2 085 0828 037 0B84 079 066 017 026 067 033 0.6) 026 034 020 060 052 028 023 079 107 0850 036
AP13 100 082 058 08¢ 075 131 056 05 06 02 055 3900 107 017 079 030 080 051 1190 166 087 073
API4 107 071 059 OB8 065 114 033 OX 084 034 051 201 004 021 043 034 015 077 120 107 094 04
APIS 119 107 076 076 107 138 085 085 0% 344 266 494 580 474 083 179 179 512 161 107 371 182
API6 135 107 091 088 107 140 075 075 102 201 368 168 146 234 121 096 147 251 226 107 18 084
APIT 103 105 073 107 103 120 132 080 LM 069 087 192 118 134 036 104 078 193 117 W 23 2m
APIS 161 107 120 084 107 102 059 05 09 117 120 359 339 675 056 068 128 346 107 129 14 24
API9 118 069 071 081 063 115 062 068 082 032 047 395 086 129 020 040 052 029 0% 105 0% 063
AP20 147 083 101 054 032 084 071 067 09 075 087 126 094 083 062 044 073 054 101 074 054 133
API1 148 105 070 085 052 110 074 077 094 001 004 094 094 094 094 094 094 077 095 136 084 048
APR 107 107 044 055 0% 0%4 039 044 034 03% 040 111 107 107 027 034 043 057 107 107 107 103

AP23 033 032 037 09 054 092 044 067 083 047 098¢ |79 137 221 0353 119 036 041 1353 074 217 09

From the results obtained from the discordance matrices, then find the threshold concordance matrices using
equation (12) whose data is taken from the concordance matrices, with the aim of eliminating the data. The
concordance matrices data clement will be worth 1 if it has a value greater than the threshold concordance
matrices, it will be given a 0 value if the data element value is less than the threshold concordance matrices.

The discordance matrices must also go through the same thing, where the data is sourced from Table 6 by
first finding the value of the threshold discordance matrices. which can be done using equation (13). The result
will be given a value of 1 if the discordance matrices element value is greater than the weight of the threshold
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discordance matrices, and will be given a value of O if the discordance matrices data element is less than the
threshold discordance matrices.

With the finding of the results of the two matrices, both threshold concordance matrices and threshold
discordance matrices, then the results of the two threshold matrices, each data element with a position
corresponding to the matrices is multiplied by one another. this can be done using equation (14 ). Obtaining
these results will of course be an objective rating determination. The results can be seen in Table 9.

Table 9. Aggregate Dominant Matrices

Alt APQL AP APDI APOY APDS APOG APU7 APOR AFID APL0 API] APIZ API3 API4 APLS APIG APIT APIS API9 API0 APl AFQ2 £ 33 TOT. -\LR.-\TI\C!
APOL O L 1 o Q o o 0 o i3 o 1 1 [ 1 1 o 1] o i E e} L 1

APD2 1 (1] 1 ] o ] o ] o 1 0 1 1 1 o 1 (i] 0 1 1 1 o I 1 L
APO3 1 1 0 1] 0 0 0 ] 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 17 2
AP 1 1 i ] o U] 0 ] 1 1 i L 0 0 i) 1 0 o b L] i) L] 1] 1 10
APDS 1 1 1 ] 0 /] 0 ] 0 1 0 0 1 [} 0 L] 0 1 1 1 1 0 l 10 ]
APGS 1 1 1 0 0 0 o L} 1 0 o L1} o [ 0 o o 0 o 1 o o l L} 1
APOT 1 3 1 o o o e} L] o 1] 1 [} o o 1 (1] 1} 1 1 i o o L] 1 9
AP0 1 i 1 ] ] a 0 (] 0 ] 0 ] o [} o L 1] [ ] 1 1] ] ] 4 13
AP0 1 1 1 ] 0 U] o 1] 0 0 o [ 0 [ ] L ] L] ] 0 1 L] ] 4 13
AP0 1 1 1 ] o 0 o ] 0 U] o ] 0 ] 0 [ o Q ] a o 1 ] 4 13
AL 1 1 1 b 0 0 0 ] 0 0 o L] 0 0 1] o 0 0 b L] o o l 4 13
APL2. 1 L 1 o 0 0 o U] o o o L} o o o 2 1} (1} o 0 1 0 1] 4 13
AP1Z. 1 5 1 ) o o o L] o 1] o 1 o o i} 0 o 0 o 1 1 o o & b b
API4 1 1 1 1) 0 0 0 L} 0 0 0 1 0 0 0 0 1] 0 1 1 1 0 o & 12
APIS 1 1 1 ] o U] 0 L 1 1 0 1 o ] 0 L] 1 1 1 1 1 1 L 4 3
API6 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 l P 1
AP17 1 1 1 L 1 1 1 i 1 1 1 1 1 i 1 1 o 1 1 1 1 1 L n 1
APlg 1 1 1 1 1 3 1 L 1 1 1 1 1 1 1 1 1 o 1 1 1 i 1 n 1
APl 1 1 1 1 1 1 | i 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 l n 1
AP 1 1 1 ] 0 0 o ] 0 U] o 1] 0 o o 0 0 0 ] a o 0 ] 3 14
AP 1 1 1 ] 1 U] o 1] 1 1 1 1 1 [} 1 L/ o 1 b 0 o i 1 13 4
AP 1 1 1 b0 1 0 ] 1 1 1 1 1 0 1 ¢c ¢ 0 1 0 1 0 b n ]
AP23 | 1 1 1) 0 L] 1 L) 1 1 1 1 o 1] o 0 o 0 0 a ] 1] 1 1 Ed

DISCUSSIONS

The importance of input data using AHP greatly supports the success of determining the eigenvector using
AHP which can be used as the weight of the criteria to be used. Calculations using the ELECTRE method
certainly provide a lol of perfect understanding, in order to provide optimal results, because an crror in
determining the comparison to the preference index will result in fatal consequences for the preparation of two-
dimensional matrices both on concordance matrices and discordance matrices and also affect decision support.
Determination of the threshold is a good measure in filtering the data elements of the matrices and determining
the weight of the aggregate dominant matrix which leads to the determination of the optimal decision rating in
numerical form.

CONCLUSION

The application of the ELECTRE method to selection of object-based apps programss gives good and
aptimal resnlts as decision support. The decisions obtained from a very complicated process give a conclusion to
the selection of object-based apps programss (OOP) using a combination of two methods of Analytic Hierarchy
Process (AHP) and the ELECTRE method, giving the following results. Judging from the weights generated
from the Aggregate Dominant Matrices, in determining the rating of the program application that was ranked
first, it was found 4 program applications with the same weight of 22, namely AP16, AP17, AP18 and AP19,
followed by the second rank APU3 with a weight of 17, while the third rank was won by AP15 with a weight of
14, while the others are not included in the selected category. This proves that the combination of the two
methods AHP and ELECTRE is able to provide optimal decision support and can be used as a reference in
selecting products or others that are quantitative in nature supported by criteria in the form of ordinal values.
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