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Abstract—The role of savings and loans cooperatives is very important, so it is not surprising that cooperatives are always
found where, especially in urban areas, even in remote areas, we can find cooperatives. Savings and loan cooperatives obtain
capital from principal deposits and mandatory deposits of cooperative members. This makes owners sometimes cut off credit
without paying attention to aspects of credit risk that should be consistently applied. The importance of quality of service to
cooperatives greatly affects the progress of cooperative members, one of which is the speed and accuracy in making decisions
to provide credit for Members or prospective borrowers. AHP is appropriate for use in decision making that involves
comparing decision elements that are difficult to assess quantitatively. This is based on the assumption that the natural reaction
of the human being when facing complex decision-making is to group the elements of the decision according to its
characteristics in general. Based on the results of interviews with cooperatives, there are 5 criteria needed in determining the
feasibility of providing credit, namely Character, Capacity, Capital, Condition of economy, and Collateral. The calculation
results use AHP for each creditor, namely A2 creditors with a final value of 0.22785, A5 creditors with a final value of 0.21926,
A3 creditors with a final value of 0.20459, Al creditors with an end value of 0.1772, A4 creditors with an end value 0f 0.17111.
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1. INTRODUCTION

The role of savings and loans cooperatives is very important, so it is not surprising that cooperatives are
always found where, especially in urban areas, even in remote areas, we can find cooperatives. Savings and loan
cooperatives obtain capital from principal deposits and mandatory deposits of cooperative members. Then the
accumulated capital is lent to the members of the cooperative who need a loan of money. Cooperatives strive to
be able to meet and meet the daily needs of their members. One of the cooperative business units is to provide
savings and loans. The provision of credit is the most suitable cooperative business, so the cooperative needs to
give an assessment of its members being able to return the credit they have received. Credit is the provision of
money or bills that can be equated with it, based on an agreement or loan agreement with another party that
requires the borrower to pay off his debt after a certain period of time with the provision of services. With the
provision of these credits, it is hoped that their members can be utilized so that they can improve and improve
their standard of living.

Related to the loan process, many of the members who are credit applicants often complain about the long
and too convoluted credit application process. At this time, the maximum time limit from the registration stage to
the credit realization stage, which is set by the Manajamen Party, is amaximum of 7 (seven) working days. Viewed
from the Bank's side, with the increasing ratio of loans that are in arrears, credit initiators must be more careful
and selective in providing credit to their members, while cooperatives are required to close the credit realization
target every month and also factors of increasingly fierce competition between other competing cooperatives. This
makes owners sometimes cut off credit without paying attention to aspects of credit risk that should be consistently
applied. The importance of quality of service to cooperatives greatly affects the progress of cooperative members,
one of which is the speed and accuracy in making decisions to provide credit for Members or prospective
borrowers[1].

Decision Support Systems (DSS) is a computer-based information system including a system that focuses
on science and knowledge expertise that is commonly used to support a decision in a group or company as a tool
in every decision making to be more focused on a goal[2]-[4]. A decision support system is a system used to be
able to make decisions in semi-structured and unstructured situations, where a person does not know exactly how
a decision should be made[5]-[7]. Decision Support System is an interactive system, helping decision making
through the use of data and decision models to solve semi-structured and unstructured problems, a decision support
system has several functions, namely to improve the ability of decision makers by providing better decision
alternatives, helping to formulate problems and the circumstances at hand. In addition, the decision support system
can also increase the effectiveness and efficiency of decision making[7], [8].

One of the SPK methods that can help to support decision making is the Analytical Hierachy Process
(AHP) method, providing a validity by assessing compound criteria with a comprehensive frame of mind
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considering the hierarchical process which is then carried out weight calculations for each criterion in determining
the feasibility of providing a loan that will produce Credit Risk Scoring (CRS) to determine the feasibility of
prospective debtors, so as to increase the effectiveness and efficiency of the decision-making process itself[9],
[10]. To create a system that can determine the feasibility of providing business credit effectively, precisely and
quickly. Because the number of businesses focused on problems can be a development of business continuity
itself, the creation of a DSS for business companies can be a reference to determine the stage of the problem that
will be decided appropriately[11]-[14].

AHP is appropriate for use in decision making that involves comparing decision elements that are difficult
to assess quantitatively[15]. This is based on the assumption that the natural reaction of the human being when
facing complex decision-making is to group the elements of the decision according to its characteristics in
general[16]. This grouping involves creating a hierarchy (ranking) of decision elements and then comparing each
pair in each group, as a matrix. After that will be obtained the weight and inconsistency ratio for each element.
Thus it will be easy to test the consistency of the data[9]. AHP is a systematic method of comparing a set of goals
or alternatives. In this case, AHP is a process of policy formulation that is powerful and flexible in determining
priorities, comparing alternatives and making the best decisions when decision makers have to consider
quantitative and qualitative aspects[17]. AHP reduces the complexity of a decision into a series of comparisons
one, then systematizes the results of those comparisons. Thus, AHP is not only beneficial in making the best
decisions but also provides a solid basis that the decision is the best decision[18].

With the existence of a decision support system in determining the feasibility of providing credit so that
cooperative problems can be resolved and computerized so that in providing credit to its members can be quickly
and efficiently and minimize errors.

2. RESEARCH METHODS

2.1 Research Framework

The framework in making research becomes a collection of concepts that are arranged systematically so that the
research objectives carried out are good again, so that the process of making this research concept framework is
formed before the research step is carried out[19]-[21]. The research framework is a form of the whole process
in research, starting with problem identification, data analysis and collection, AHP method, decision support
system and recommendation Creditworthiness system. The framework of thought in the research can be seen in

Figure 1.
Problem W Data Analysis
Identification @l and Collection

Decision
Support System

AHP Method

Recommendation
Creditworthiness
System

Figure 1. Research Framework
2.2 Analytical Hierarchy Process

In the Analytical Hierarchy Process method, the following steps are carried out:
a. Defining the problem and determining the desired solution.
In this stage the author seeks to determine the problem that the author will solve clearly, in detail and
easily understood. From the existing problems the author tries to determine a solution that may be suitable
for the problem. The solution of the problem may amount to more than one. The solution will be further
developed by the author in the next stage.
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Create a hierarchical structure that begins with the main goal.

After compiling the main objectives as the top level, a hierarchy level will be compiled below it, namely
suitable criteria for considering or assessing the alternatives that the author provides and determining
these alternatives. Each criterion has a different intensity. The hierarchy continues with subcriteria (if
possible necessary).

Create a pairwise comparison matrix that describes the relative contribution or influence of each element
to a goal or criterion that is at the level above it. The matrix used is simple, has a strong standing for a
framework of consistency, obtains other information that may be needed with all possible comparisons
and is able to analyze the sensitivity of overall priorities for changes in consideration. The matrix
approach reflects the dual aspects in priorities that are dominating and dominated. Comparisons are made
based on judgments from decision makers by assessing the importance of one element compared to other
elements. To start the process of pairwise comparison is selected a criterion from the topmost level of
the hierarchy e.g. K and then from the level below it is taken the element to be compared e.g.
E1,E2,E3,E4,ES.

Doing Defines pairwise comparisons so that a total number of assessments is obtained as n x [(n-1)/2]
pieces, where n is the number of elements compared. The result of the comparison of each element will
be a number from 1 to 9 indicating the comparison of the importance of an element. If an element in the
matrix is compared with itself then the result of the comparison is given a value of 1. Scale 9 has been
shown to be acceptable and can distinguish intensities between elements[22]-[25].

2.3 Calculation of Analytical Hierarchy Process Method

Calculations will be carried out using the Analitical Hierarchy Process (AHP) method.

a.

b.

C.

Drawing a decision hierarchy, in this decision hierarchy there are objects to be discussed, criteria and
alternatives. The following is a picture of the decision hierarchy.

1. The purpose or object to be discussed (selection of potential debtors who are worthy of credit).

2. Criteria/ indicators (chraracter, capacity, capital, collateral, condition of economy).

3. Alternative (name of the prospective creditor).

CreditWorthiness Selection
Decision Support System

Character |C;|pacity| | Capital | |('ollz|tcral| '('odition ot'cconomyl

[a2] [as] | 4] AS

Figure 1. Decision Hierarchy

Comparison matrix paired criteria
Table 1. Comparison matrix paired criteria

C1 c2 C3 C4 C5
C1 1 1/3 Yo 1/5 3
c2 3 1 2 1/3 5
C3 2 1/2 1 Ya 4
Cc4 5 1/3 4 1 7
C5 1/3 1/5 Ya 1/7 1

Calculation of the weight of the criterion
Table 2. Pairwise Comparison Matrix

C1 Cc2 C3 C4 C5
C1 1 0,33 0,5 0,2 3
C2 3 1 2 0,33 5
C3 2 0,5 1 0,25 4
C4 5 3 4 1 7
C5 0,33 0,20 0,25 0,14 1
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| Total | 1133 | 503 | 775 | 192 | 20 |

In the table above, change the matrix values in pairs in decimal form and look for the total of each row
as follows:

Character=1+3+2+5+0.33=11.33

Capacity =0.33+1+0.5+3+0.20 = 5.03

Capital =05+2+1+4+0.25=7.75

Collateral =0.2 +0.33+0.25+1 + 0.14 = 1.92

Condition of economy=3+5+4+7+1=20

The result of normalizing or dividing each element by the total number of each row, then looking for the
average value of each column in the criteria.
Table 3. Priority Vector Values

C1 C2 C3 C4 C5 w’
C1 0,09 0,07 0,06 0,10 0,15 0,09
C2 0,26 0,20 0,26 0,17 0,25 0,23
C3 0,18 0,10 0,13 0,13 0,20 0,15
C4 0,44 0,60 0,52 0,52 0,35 0,48
C5 0,03 0,04 0,03 0,07 0,05 0,04

the result is that normalization is carried out. To find the priority value of a vector is to sum the entire
value of the entire column divided by the number of elements or criteria.

0,09 + 0,07 + 0,06 + 0,10 + 0,15
Collateral = =0,09

5
0,26 + 0,20 + 0,26 + 0,17+ 0,25

Capacity = 0,23

5
0,18 +0,10+0,13+0,13+0,20

0,15

Capital = 3
0,44 +0,60 + 0,52+ 0,52+ 0,35

3 0,48
0,03 +0,04 + 0,03 +0,07 + 0,05 3
; =

Character =

Condition of economy = 0,04

Next calculate the Consistency Ratio (CR) of the criteria pairwise comparison matrix. If the CR > 0.1
then it must be repeated in pairs until a CR < 0.1 is obtained
Here is the formula for calculating the CR value:

CR=2
IR
Where:

Cl = Consistency Index

IR = Random Index / random generating value

The formula for looking up the CI value,
Amax - n

n-1
Formula for looking up the value of Amax,

1 elemen ke-i pada (A)(W")
Amax = — - T
n elemen ke-i pada W

i-1

Table 4. Priority Vector Values

Criteria AWT'
Character 0,47492
Capacity 1,19039
Capital 0,75089
Collateral 2,54543
Condition of Economy 0,22639
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In table 4 is the result of the multiplication of the matrix by the eigen of the normalization vector in the
following way :

Where

A = Paired matrix value

WT = Priority vektor

(1x0,09) + (0,33 x 0,23) + (0,50 x 0,15) + (0,20 x 0,48) + (3 x 0,04) = 0,474925

(3x0,09) + (1x0,23) + (2 x0,15) + (0,33 x 0,48) + (5 x 0,04) = 1,190395

(2 x0,09) + (0,50 x 0,23) + (1 x 0,15) + (0,25 x 0,48) + (4 x 0,04) = 0,750891

(5x0,09) + (3x0,23) + (4 x 0,15) + (1 x 0,48) + (7 x 0,04) = 2,545427

(0,33 x 0,09) + (0,20 x 0,23) + (0,25 x 0,15) + (0,14 x 0,48) + (1 x 0,04) = 0,226392

Specifies the maximum eigenvalue (Amax),
n

1 elemen ke-i pada (A)WD)
Amax = — - T
n elemen ke-i pada W
i-1

1 (0,47492 1,19039 0,75089 2,54543 0,22639
Amax = — ( + + + + )
0,09 0,23 0,15 0,48 0,04

5
Amax = 5,127586
Menentukan Index Consistency (CI),
Amax - n

Cl=
n-1

5,127586 -5

-
CI=0,031897
Calculating the Consistency Ratio,

Table 5. Random Index (RI)

n 1 2 3 4 5 6 7 8 9 10 11 12
Rl, | 000|000|058[09 |112 124|132 141|145 |149|151]1/48

For n =5, obtained RI, = 1.24 so that,
~0,031897

1,12
CR =0,028479
Because CR =0.028479 < = 0.01 so it is consistent.

3. RESULTS AND DISCUSSIONS

The result of determining a consistent CR value then the hierarchy of the information obtained is complete with
the weight of the criteria.

CreditWorthiness

Character

Condition of Economy
0.09

Capacity Capital Collateral
0.04

0.23 0.15 0.48

Figure 2. Hierarchy of Criteria Information and Weights

For example, for example, in a case there are 5 alternative prospective creditors who will be given credit, namely
creditor 1, namely A1, creditor 2, namely A2, creditor 3, namely A3, creditor 4, namely A4 and creditor 5, namely
Ab. The value of each creditor is based on the criteria in table 6.

Table 6. Alternative Value of Creditors Based on Criteria

C1 C2 C3 C4 C5
Al 3 5 2 4 3
A2 4 3 1 5 2
A3 5 2 2 3 5
A4 4 5 2 2 5
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[ A5 | 5 | 4 | 1 | 5 | 5 |

Based on the above values, alternative weights will be calculated for each criterion.
a.  Calculation of alternative weights for character criteria
Determination of paired matrices from character criteria as in table 5
Table 5. Paired Matrix Character Criteria

Al A2 A3 A4 A5

Al 3/3 3/4 3/5 3/4 3/5

A2 4/3 4/4 4/5 4/4 4/5

A3 5/3 5/4 5/5 5/4 5/5

A4 4/3 4/4 4/5 4/4 4/5

A5 5/3 5/4 5/5 5/4 5/5

Result

Al A2 A3 A4 A5

Al 1 0,75 0,6 0,75 0,6

A2 1,33333 1 0,8 1 0,8
A3 1,66667 1,25 1 1,25 1

A4 1,33333 1 0,8 1 0,8
Ab 1,66667 1,25 1 1,25 1

Total 7 5,25 4,2 5,25 4.2

After obtaining the value of the matrix in pairs, it then calculates the division of each element and the priority
vector. The result of the division of each element and priority vector can be seen in table 6.
Table 6. Division of Each Element of Priority Vector

Al A2 A3 A4 A5 w’
Al 0,14286 0,14286 | 0,14286 0,14286 0,14286 0,14286
A2 0,19048 0,19048 | 0,19048 0,19048 0,19048 0,19048
A3 0,2381 0,2381 0,2381 0,2381 0,2381 0,2381
A4 0,19048 0,19048 | 0,19048 0,19048 0,19048 0,19048
A5 0,2381 0,2381 0,2381 0,2381 0,2381 0,2381
b.  Calculation of alternative weights for capacity criteria
Determination of paired matrices from capacity criteria as in table 7
Table 7. Paired Matrix Character Criteria
Al A2 A3 A4 A5
Al 5/5 5/3 5/2 5/5 5/4
A2 3/5 3/3 3/2 3/5 3/4
A3 2/5 2/3 2/2 2/5 2/4
A4 5/5 5/3 5/2 5/5 5/4
A5 4/5 4/3 4/2 4/5 4/4
Result
Al A2 A3 A4 A5
Al 1 1,66667 25 1 25
A2 0,6 1 1,5 0,6 1,5
A3 0,4 0,66667 1 0,4 1
A4 1 1,66667 25 1 25
A5 0,8 1,33333 2 0,8 2
Total 3,8 6,33334 9,5 3.8 9,5

After obtaining the value of the matrix in pairs, it then calculates the division of each element and the priority

vector. The result of the division of each element and priority vector can be seen in table 8.
Table 8. Division of Each Element of Priority Vector

Al A2 A3 A4 A5 w’
Al 0,26316 0,26316 0,26316 0,26316 0,26316 0,26316
A2 0,15789 0,15789 0,15789 0,15789 0,15789 0,15789
A3 0,10526 0,10526 0,10526 0,10526 0,10526 0,10526




Journal of Knowledge Engineering and Artificial Intelligence (JKEAI)
Volume 1, Issue 1, P-ISSN: -, E-ISSN : -, Page 44-53

Ad 0,26316 0,26316 0,26316 0,26316 0,26316 0,26316
A5 0,21053 0,21053 0,21053 0,21053 0,21053 0,21053
Calculation of alternative weights for capital criteria
Determination of paired matrices from capital criteria as in table 9
Table 9. Paired Matrix Character Criteria
Al A2 A3 A4 A5
Al 212 2/1 2/2 2/2 2/1
A2 1/2 1/1 Y 1/2 1/1
A3 212 2/1 2/2 2/2 2/1
A4 212 2/1 2/2 2/2 2/1
A5 1/2 1/1 ¥ 12 11
Result
Al A2 A3 A4 A5
Al 1 2 1 1 2
A2 0,5 1 0,5 0,5 1
A3 1 2 1 1 2
A4 1 2 1 1 2
A5 0,5 1 0,5 0,5 1
Total 4 8 4 4 8

After obtaining the value of the matrix in pairs, it then calculates the division of each element and the priority
vector. The result of the division of each element and priority vector can be seen in table 10.
Table 10. Division of Each Element of Priority Vector

Al A2 A3 A4 A5 wT
Al 0,25 0,25 0,25 0,25 0,25 0,25
A2 0,125 0,125 0,125 0,125 0,125 0,125
A3 0,25 0,25 0,25 0,25 0,25 0,25
A4 0,25 0,25 0,25 0,25 0,25 0,25
A5 0,125 0,125 0,125 0,125 0,125 0,125
Calculation of alternative weights for collateral criteria
Determination of paired matrices from collateral criteria as in table 11
Table 11. Paired Matrix Character Criteria
Al A2 A3 A4 A5
Al 4/4 4/5 4/3 4/2 4/5
A2 5/4 5/5 5/3 5/2 5/5
A3 Ya 3/5 3/3 3/2 3/5
A4 2/4 2/5 2/3 2/2 2/5
A5 5/4 5/5 5/3 5/2 5/5
Result
Al A2 A3 A4 A5
Al 1 0,8 1,33333 2 0,8
A2 1,25 1 1,66667 2,5 1
A3 0,75 0,6 1 15 0,6
A4 0,5 0,4 0,66667 0,4 0,4
A5 1,25 1 1,66667 2,5 1
Total 4,75 3,8 6,33334 8,9 3,8

After obtaining the value of the matrix in pairs, it then calculates the division of each element and the priority
vector. The result of the division of each element and priority vector can be seen in table 12.
Table 12. Division of Each Element of Priority Vector

Al A2 A3 A4 A5 w’
Al 0,21053 0,21053 0,21053 0,21053 0,21053 0,21053
A2 0,26316 0,26316 0,26316 0,26316 0,26316 0,26316
A3 0,15789 0,15789 0,15789 0,15789 0,15789 0,15789
A4 0,10526 0,10526 0,10526 0,10526 0,10526 0,10526
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| A5 | 026316 | 0026316 | 026316 | 0026316 | 0,26316 | 0,26316 |

e.  Calculation of alternative weights for condition of economy criteria
Determination of paired matrices from condition of economy criteria as in table 13
Table 13. Paired Matrix Character Criteria

Al A2 A3 A4 A5

Al 3/3 3/2 3/5 3/5 3/5

A2 2/3 212 2/5 2/5 2/5

A3 5/3 5/2 5/5 5/5 5/5

A4 5/3 5/2 5/5 5/5 5/5

A5 5/3 5/2 5/5 5/5 5/5

Result

Al A2 A3 Al A5

Al 1 1,5 0,6 0,6 0,6

A2 0,66667 1 0,4 0,4 0,4
A3 1,66667 2,5 1 1 1
A4 1,66667 2,5 1 1 1
A5 1,66667 2,5 1 1 1
Total 6,66668 10 4 4 4

After obtaining the value of the matrix in pairs, it then calculates the division of each element and the priority
vector. The result of the division of each element and priority vector can be seen in table 14.
Table 14. Division of Each Element of Priority Vector

Al A2 A3 A4 A5 w’
Al 0,15 0,15 0,15 0,15 0,15 0,15
A2 0,1 0,1 0,1 0,1 0,1 0,1
A3 0,25 0,25 0,25 0,25 0,25 0,25
A4 0,25 0,25 0,25 0,25 0,25 0,25
A5 0,25 0,25 0,25 0,25 0,25 0,25

The hierarchical form of the information obtained is complete with the weight of the criteria and the weight of
alternative weights.

‘ CreditWorthiness ‘

__| Character | __| Capacity Capital Collateral | _|Condition of Economy
0.09 0.23 0.15 048 0.04

—Al(0,14286) Al (0,26316) Al(0,25) Al (021053) +— A1(0,15)

—A2 (0,19048) A2 (0,15789) +— A2(0.125) —A2(0,26316) —— A2(0,1)

— A3(0,2381) A3 (0,10526) — A3(0,25) FA3(0,15789) —— A3(0.25)

—A4(0,19048) —A4(0,26316) — A4(0,25) A4(0,10526) —— A4(0.25)

— A5(0,2381) “A5(0,21053) “— A5(0,125) “AS5(0,26316) —— A5(0,25)

Figure 3. Hierarchy with Weight Criteria and Alternatives

Next, calculate the ranking of each alternative. The final value of each alternative to each criterion as in table 15.
Table 15. Alternative End Value

Priority Matriks Bobot Nilai

Ci1w' c2w’ Cc3w’ C4W' | C5W' | Kriteria akhir
Al | 0,14286 | 0,26316 0,25 0,21053 0,15 0,09 0,21926
A2 | 0,19048 | 0,15789 0,125 0,26316 0,1 0,23 0,20459
A3 | 0,2381 0,10526 0,25 0,15789 0,25 0,15 0,17111
A4 | 0,19048 | 0,26316 0,25 0,10526 0,25 0,48 0,1772
A5 | 0,2381 0,21053 0,125 0,26316 0,25 0,04 0,22785
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The ranking obtained sums the results of the multiplication of the altenative weight with the weight of the criteria,
the highest value is an alternative that deserves credit. Here's how to calculate manually,
Al =(0,14286 x 0,09) + (0,26316 x 23) + (0,25 x 0,15) + (0,21053 x 0,48) + (0,15 x 0,04) = 0,21926
A2 =(0,19048 x 0,09) + (0,15789 x 23) + (0,125 x 0,15) + (0,26316 x 0,48) + (0,1 x 0,04) = 0,20459
A3 =(0,2381 x 0,09) + (0,10526 x 23) + (0,25 x 0,15) + (0,15789 x 0,48) + (0,25 x 0,04) = 0,17111
A4 =(0,19048 x 0,09) + (0,26316 x 23) + (0,25 x 0,15) + (0,10526 x 0,48) + (0,25 x 0,04) = 0,1772
A5 =(0,2381 x 0,09) + (0,21053 x 23)+(0,125 x 0,15)+(0,26316 x 0,48)+(0,25 x 0,04) = 0,22785
Tabel 2.32 Rangking Alternatif

Alternative Rangking
A2 0,22785
A5 0,21926
A3 0,20459
Al 0,1772
A4 0,17111

Then the alternative with the highest value is Alternative (A2) with a final value of 0.22240.

4. CONCLUSION

From the results of the research conducted, it can be concluded as follows that a Creditworthiness System has
been successfully built using the Analytical Hierarchy Process (AHP) Method for Cooperatives in determining
the feasibility of crediting. Based on the results of interviews with cooperatives, there are 5 criteria needed in
determining the feasibility of providing credit, namely Character, Capacity, Capital, Condition of economy, and
Collateral. The calculation results use AHP for each creditor, namely A2 creditors with a final value of 0.22785,
A5 creditors with a final value of 0.21926, A3 creditors with a final value of 0.20459, A1 creditors with an end
value of 0.1772, A4 creditors with an end value of 0.17111. Based on the final score results, the recommendation
for the creditworthiness of all creditors is that A2 creditors occupy the first rank.
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