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Abstract. This research investigates using the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method to recommend entrepreneurial skill areas in Double Track Senior High Schools. TOPSIS ranks alternatives based on their proximity to an ideal solution, considering criteria that influence the results. The alternatives include Multimedia, Electrical Engineering, Electronics Engineering, Culinary Arts, Fashion Design, Beauty, and Light Vehicle/Motorcycle Engineering. The criteria affecting the rankings are students' interest, school facilities, job opportunities, entrepreneurial opportunities, and salary, with average weighting percentages of 37.38%, 28.36%, 17.72%, 4.74%, and 11.80%, respectively, based on a sample of 70 students from SMA Dharma Wanita Surabaya. The weights are calculated using a combinative method that integrates subjective assessments from the Analytic Hierarchy Process (AHP) and objective assessments from the entropy weighting method. The results show that TOPSIS with entropy weighting achieves an average accuracy of 85.54%, significantly higher than the 78.45% average accuracy of the AHP method alone. 
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INTRODUCTION
According to the East Java Provincial Education Office in 2018, there were 172,063 high school graduates with a percentage of 32.16%, namely 55,341 students can continue their education to the college level. While 67.84%, namely as many as 116,772 people did not continue to college. In an effort to improve the skills of SMA/MA graduates, the East Java Provincial Government has initiated a double track programme to provide skills to SMA/MA students. The double track programme became a flagship programme in the education sector of East Java Province by involving the integration of learning and provision of skills relevant to local values and wisdom. This programme focuses on providing education that combines skills learning in parallel with the applicable curriculum. This programme is targeted at SMA and MA that have more than 50% of graduates or students who do not continue to higher education [1]. Unemployment is caused by an increase in the labour force that is not in line with the availability of adequate jobs. As a result, there is a significant unemployment gap. In 2017, the majority of Indonesia's population was dominated by the millennial generation with a percentage of around 33.75%. This millennial generation includes individuals born between 1980 and 2000. However, the percentage of millennials who choose to become entrepreneurs is still relatively small. This is due to the lack of experience and the fear of risk and the possibility of failure that may occur when entrepreneurship. This has resulted in economic decline, social poverty, educational decline, and poor health conditions [6]. One of the steps that can be taken to reduce unemployment is through education, training, courses, and certification programmes in order to improve the competence of the workforce in accordance with employment needs [6].
Life skills education is a form of education that provides the basics of skills involving values in everyday life so that students can have the ability, readiness, and skills to face their lives, and be able to maintain survival and personal development. Life Skills has a concept and structure that consists of 5 main dimensions, namely: self-awareness of personal abilities, personal ability to think logically, social skills, academic skills, and vocational skills [7]. A skills training recommendation system is needed to help SMA/MA students choose the appropriate skill fields, based on their interests and talents. The system aims to alleviate the confusion experienced by students when deciding on the right field of skills training. It follows a standard procedure involving the formation of a weight-normalised decision matrix, as well as the identification of positive ideal solutions and negative ideal solutions. The TOPSIS method is then used to determine the relative closeness of an alternative to the optimal ideal solution in multicriteria decision making. The main goal of selecting skills training is to gain a deeper understanding of students' interests and talents. By providing tailored recommendations, the system seeks to offer solutions to the challenges faced by students in choosing the most suitable skills training field [15]. Therefore, this final project requires alternatives on each criterion that have been normalised. The TOPSIS method is a multicriteria decision-making method used to select alternatives. The alternative referred to in the research is the field of entrepreneurial skills in the double track programme. This is suitable for use in final project research because it has a calculation of the weight of the criteria that must be taken into account including interest, facilities, number of jobs, entrepreneurial opportunities and salaries which are considered by the TOPSIS method to determine the order of the recommendation fields. In addition, it can handle criteria that do not have the same scale by normalising data and being able to handle positive and negative criteria by determining positive ideal solutions and negative ideal solutions. The TOPSIS method does not include the calculation of criterion weights [14]. However, TOPSIS method can use combinative weighting method. The combinative method can reduce the bias that may occur in the weighting process by combining the subjective weighting method and the objective weighting method [11]. AHP weighting method can be used in the calculation of subjective weighting methods because it uses a subjective quality-based assessment method in determining the weight of criteria by comparing one criterion with other criteria according to the preferences of each individual or group [12][13]. Entropy method weighting in the calculation of objective methods to determine criteria based on the quantity of data assessment and there are facts that can be measured and verified [13]. The encroachment entropy method is commonly used to measure the level of diversity or variability in the data in determining the weights [12].
METHODS
TOPSIS METHOD
The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method involves the formation of a matrix that has normalised the weight of each criterion against all alternatives. The TOPSIS method involves the construction of an ideal solution. In its application, alternatives can be sorted based on closeness to the positive ideal solution and distance from the negative ideal solution. The TOPSIS method is used to determine the relative closeness of an alternative to the optimal ideal solution in multicriteria decision making [15][2].
1. Decision Matrix
      The decision matrix consists of criteria values for each alternative variable. There are n criteria and m alternatives. Thus, it can be represented into a matrix equation.
                                                                            
2. Matrix Normalisation
		                                                                                       
  In equation (2) there is a decision matrix with 
3. Weight Normalisasion
                                                                                     
      Where  represents the weight of each criterion at index  and represents the normalisation matrix elements of index  and  to determine the normalised decision matrix P = with dan .
4. Positive and Negative Ideal Solusion
                       			                                        (4)
                       			                           	           (5)
Where 
        
        
: the set of benefit criteria (Benefit Criteria)
: set of cost criteria (Cost Criteria)
: weighted normalised matrix element 
; : if  is a benefit attribute
; : if  is a cost attribute
; : if  is a profit attribute
; : if  is a cost attribute
5. Ideal Solution Distance
6. Calculate the Euclidean distance of the positive ideal solution (benefit) and negative ideal solution  from each alternative variable element .
                           				                         (6)
                           				                         (7)
Where :
        
        
7. Alternative Preference
                           						           (8)
      The recommendation order of alternative variables is based on relative closeness where the best alternative is the one with the higher  value. Therefore, it should be selected based on the closeness to the positive ideal solution.  
SUBJECTIVE WEIGHTING METHOD
Weighting in the Analytical Hierarchy Process (AHP) method is identical to the comparison of each criterion to get weighting. Weighting in the AHP method is said to be a subjective weighting method because this method uses an assessment by comparing each criterion subjectively by each individual or group in determining the weighting of criteria. In analysing the problem, it can be initiated by creating an eigen vector that represents the priority scale ratio for each element in a hierarchy. With the value of the eigen vector, it can be used to determine the results of the evaluation of the matrix consistency score. If the consistency requirements are met, then the priority order represented by the eigen vector will be used as the basis for determining decision making [8]. There are steps in determining subjective weighting in the AHP method [9].
1.  Build a hierarchical structure
      Determine the matrix arrangement based on the criteria, sub-criteria, and alternatives needed. It can be seen in FIGURE 1 that there are levels consisting of targets, criteria, sub-criteria, and solutions.
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Description automatically generated]FIGURE 1. Hierarchical structure of the AHP method

2.  Decision matrix comparison
             Making a decision matrix is done by making a comparison scale which can be seen in TABLE 1.
TABLE 1. AHP comparison scale
	Scale Value
	Mean

	1
	Equal importance

	3
	Moderate importance

	5
	Strong importance

	7
	Very strong importance

	9
	Extreme importance

	1/3, 1/5, 1/7, 1/9
	Inverse comparison importance


 
3. Matrix Normalization
      By involving the comparison results of each criterion in the matrix. Each element in the matrix can be divided by the sum of each column that indicates each criterion.
                                                                                     
 Where :  
 and  : row index and column index
: pairwise comparison matrix of  th row and th column
4. AHP method weighting
      In determining the weighting in the AHP method. Each criterion can be calculated by averaging the normalised matrix along the rows in the normalised matrix.
                                                                                  
       Where: 
: row index
: normalized criteria
: total number of criteria
OBJECTIVE WEIGHTING METHOD
The entropy weighting method can be categorised as an objective weighting method because the data obtained is based on data and facts in the field that can be measured or verified [8][13].
1. Matrix Normalization 
                           				                      
	: the result of calculating the criteria 
	: value of each criteria
 	: respondent to 1, 2, ..., 
 	: criteria to 1, 2, ..., 
 	: number of decision making
	: number of criteria
2. Entropy Calculation
                           	     	               	        
: Entropy weight value
3. Dispersion of each criteria
                            				                   	        
: Dispersion value
4. Dispersion Normalized
                            						        
: dispersion normalisation value (criteria priority weight)
COMBINATIVE WEIGHTING METHOD
In the outcome evaluation of multi-criteria decision methods, the weighting value for each criterion has the ability to influence the evaluation results and plays an important role in prioritizing the alternatives. A combinative weighting method considers the results of subjective weighting and objective weighting of evaluation standards comprehensively. Therefore, the combinative weighting method can reduce the possibility of bias from subjective weighting results and objective weighting results in the selection of ranking results [8]. There are n criteria from the results of AHP weighting method  and entropy weighting method  can determine the combinative weighting by integrating into equation [13]: 
                                                                                         
Methodology
CONCEPTUALISED SYSTEM DESIGN
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FIGURE 2. General system design

FIGURE 2 shows the overall system design. There is a web server that acts as an intermediary between the client and the database built in a web-based application in the research system design. The client interacts with the web server through sending (request) in the form of hypertext transfer protocol (HTTP) and receives a response (response) according to the request submitted. The connection between the client and the web server allows access to database management by storing and changing data. There are two types of clients connected to the web server, namely students and admins. Student clients can fill out questionnaires to determine preferences for entrepreneurial skill areas. In addition, student clients can sort the order of skill area expectations which will be useful for determining the suitability of the accuracy level in the TOPSIS method. Meanwhile, the school admin client uses the application to configure supporting data and criteria in the selection using the TOPSIS method and is in charge of entering data on students who take part in the double track programmed into the system, and entering the skill fields and criteria to be filled in by each student.
RESEARCH FRAMEWORK
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FIGURE 3. Research Framework

In FIGURE 3 there is a research framework which is divided into four phases:
1. Recognise the background of the research so that it requires a literacy study related to the problem in determining the criteria aspects and the order of alternatives that will be used in solving the problem.
2. Modeling the flow of TOPSIS method using combinative weighting method by combining subjective weighting method with objective weighting method. The subjective weighting method in the research uses weighting in the AHP method because it uses judgement by comparing from individuals or groups in determining the weight of multicriteria. The objective weighting method uses the entropy weighting method because in determining the weight of the criteria using data and facts that can be measured or verified.
3. Compute an alternative evaluation method using the TOPSIS method with combinative weighting.
4. Result and Decision
IMPLEMENTATION
There are some algorithms in the implementation of the methods that have been designed including:
1. Entropy-Weighting Algorithm
      There are several steps in the entropy weighting algorithm, as shown in FIGURE 4-6:
a. Entropy Normalisation
             Pseudocode 3.1 performs the entropy normalisation process.
[image: ]
FIGURE 4. Pseudocode 3.1 Entropy Normalisation
b. Entropy Value
      Computes the entropy value to help get the weight on each criterion feature. For more details, see pseudocode 3.2 below.
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FIGURE 5. Pseudocode 3.2 Entropy

c. Determine the Weighting of Each Criterion
      However, by determining the total score that has been obtained, it is then entered into the weighting formula. For more details can be seen in pseudocode 3.3 entropy weighting.
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FIGURE 6. Pseudocode 3.3 entropy weighting

2. AHP Weighting Algorithm
a. Determine Matrix Comparison
      Sum up all the values of each column in the Matrix Pairwise Comparison (MPC) or pairwise comparison matrix. For more details can be seen in pseudocode 3.4 (FIGURE 7) below:
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FIGURE 7. Pseudocode 3.4 Matrix Pairwise Comparison

b. Normalization of Pairwise Comparison Matrix
      Normalise the pairwise comparison matrix by dividing the value of each element by the sum of each column in the previous matrix. For more details can be seen in the following pseudocode 3.5 (FIGURE 8):
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FIGURE 8. Pseudocode 3.5 Matrix Pairwised Comparison Normalized

c. Weight of Criteria with AHP Weighting Method
      Calculate the weight of each criterion by determining the average of the values in each matrix row element that represents each criterion. For more details can be seen in pseudocode 3.6 (FIGURE 9) below:
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FIGURE 9 Pseudocode 3.6 AHP Weight Method

3. Combinative Weighting Algorithm
     We present below the pseudocode to determine the combinative weighting method that combines the subjective weighting method with the objective weighting method, as seen in FIGURE 10.
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FIGURE 10. Pseudocode 3.7 Combinative Weight Method

4. TOPSIS Algorithm
      Research to create a system to determine the ranking of recommendation fields using the TOPSIS method has several stages including:
a. Matrix Normalisation
      The normalisation of each value by dividing the root of the sum of each element. For more details can be seen in pseudocode 3.8 (FIGURE 11) below
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FIGURE 11. Pseudocode 3.8 TOPSIS Matrix Normalisation

b. Weight Normalisation
[image: A black and white text

Description automatically generated]      Weight normalisation can be done by multiplying each element with the weighting results of each criterion from the combinative weighting method. For more details, it can be seen in the following FIGURE 12 or pseudocode 3.9:
FIGURE 12. Pseudocode 3.9 Weight Normalisation

c. Positive Ideal Solution and Negative Ideal Solution
      Refer to pseudocode 3.10 (FIGURE 13) to calculate the positive ideal solution and negative ideal solution.
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FIGURE 13. Pseudocode 3.10 Ideal Solution

d. Distance of Both Ideal Solutions
      Calculate the distance of each positive ideal solution and negative ideal solution. This aims to determine the best alternative chosen based on proximity to the positive ideal solution for more details can be seen in pseudocode 3.11 (FIGURE 14) below:
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FIGURE 14. Pseudocode 3.11 Ideal Solution Distance

e. Preference value
             Computation of preference values for each skill area as an alternative variable. In this case, the ranking is sorted based on the score of the highest final result which will be the top priority. For more details can be seen in the following FIGURE 15 pseudocode 3.12
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FIGURE 15. Pseudocode 3.12 Preference Value
RESULTS AND DISCUSSION
EXPERIMENTAL RESULT
This research involves testing students and teachers of SMA Dharma Wanita Surabaya. In the research, a teacher is needed as the object of research by providing an assessment of the criteria for the number of jobs, salaries, and entrepreneurial opportunities. The results of the assessment of the accompanying teacher can be seen in TABLE 1.
TABLE 1. Criteria score of mentor teachers
	Skills
	Number of Jobs
	Salary
	Entrepreneurship Opportunities

	Multimedia
	4
	2
	3

	Electrical Engineering
	3
	3
	3

	Electronics Engineering
	2
	2
	3

	Fashion
	3
	2
	3

	Culinary
	4
	2
	4

	Beauty Style
	4
	3
	4

	Light Vehicle/Motorbike Engineering
	4
	3
	4


	
The likert scale weighting related to interest criteria as a measure of student interest in a skill area can be seen in TABLE 2. assessment can be determined by the student
TABLE 2. Weight on Interest criteria
	Weights
	Student Specialisation

	1
	Very Disinterested

	2
	Not Interested

	3
	Interested

	4
	Very Interested



TABLE 3 shows the weighting benchmarks of the Likert scale which contains facility criteria that can be determined by students. Students can determine the assessment of the facilities and support provided by the school for the double track programme as a skill development.
TABLE 3. Weights on facility criteria
	Weights
	Facility

	1
	Very unfavourable

	2
	Not in favour

	3
	Support

	4
	Very Supportive



The results of the combinative weighting method calculation can affect the results of the TOPSIS method calculation. In the study there were 93 students of Dharma Wanita High School Surabaya City who participated in the double track programme. 70 of them became the object of research. The research discusses the results of the calculation of the order of the field of entrepreneurship using the TOPSIS method. The calculation results that have been obtained will be compared with the order of entrepreneurship field expectations as a benchmark in measuring the accuracy of the suitability of TOPSIS calculations. 
[image: ]
FIGURE 16. Average percentage each criteria

FIGURE 16 shows the experimental results on the combinative weighting method, which is a weighting method that combines the results of subjective weighting with objective weighting methods. The subjective weighting method uses the AHP method weighting calculation while the objective weighting method uses the entropy weighting method calculation. It can be seen that the results of the calculation of the average weighting of the criteria have the largest to smallest tendency of influence, namely the specialization criteria have a percentage of 37.38%, the criteria for facilities and school support have a percentage of 28.36%, the criteria for the number of jobs have a percentage of 17.72%, the salary criteria have a percentage of 11.80%, and entrepreneurial opportunities have a percentage of 4.74%.
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FIGURE 17. Diagram of percentage evaluation of suitability accuracy of TOPSIS method
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Description automatically generated with medium confidence]Figure 17 shows the average accuracy of the evaluation calculation results for each student of Dharma Wanita Surabaya City High School. The highest accuracy for seven skill areas is 100.00% for 1 student. While the lowest accuracy is 51.02% for 1 student.
FIGURE 18. Distribution chart of the seven skill areas evaluation

FIGURE 18 shows a diagram that represents the evaluation of the accuracy of the TOPSIS method for each student. There is 1 student who has the greatest accuracy of 100.00%, 22 students have an accuracy of 87.76%, 2 students have an accuracy of 71.43%, 10 students have an accuracy of 79.59%, 15 students have an accuracy of 91.84%, 11 students have an accuracy of 83.67%, 2 students have an accuracy of 67.35%, 4 students have an accuracy of 95.92%, 2 students have an accuracy of 75.51, and 1 student has an accuracy of 51.02%. so that in percentage form it will be seen in the figure.
DISCUSSION
In the research results will be discussed regarding an in-depth discussion of the evaluation of the TOPSIS method calculation. The evaluation of the TOPSIS method aims to find out more about the selection of the order of skill field recommendations. TABLE 4 shows the results of the calculation of the TOPSIS method from a Dharma Wanita Surabaya City High School student named Nadya Thalitha Putri.
TABLE 4. TOPSIS calculation results
	Ranking
	Skills Area
	Score

	1
	Culinary
	0,895

	2
	Beauty Style
	0,697

	3
	Multimedia
	0,421

	4
	Fashion
	0,351

	5
	Light Vehicle/Motorbike Engineering
	0,278

	6
	Electrical
	0,178

	7
	Electricity
	0



Table 4 shows that in each skill field order the results of the TOPSIS method calculation will be compared with the expected ranking order that has been filled in by each student.

Description:
		:Ranking difference
 :Expectation Rank
 :TOPSIS Rangking
TABLE 5. Difference between topsis method and expectation
	Skills Area
	Expectations
	Difference

	Culinary
	1
	0

	Beauty Style
	2
	0

	Fashion
	3
	-1

	Multimedia
	4
	1

	Light Vehicle/Motorbike Engineering
	5
	0

	Electrical
	6
	0

	Electricity
	7
	0



TABLE 5 shows that the results of the difference in recommendations can be calculated for accuracy in each skill area.

Description:
 : Persentase Akurasi (%)
TABLE 6.  Accuracy of topsis method
	Skills Area
	Difference
	Accuracy(%)

	Culinary
	0
	100

	Beauty Style
	0
	100

	Fashion
	-1
	85.714

	Multimedia
	1
	85.714

	Light Vehicle/Motorbike Engineering
	0
	100

	Electrical
	0
	100

	Electricity
	0
	100



The accuracy result for the average order in the top 3 skill areas is 95.238%, as seen in TABLE 6. On the results of the order of the top 5 skill areas have an average accuracy of 94.285%. so that the average result on the order of the skill areas as a whole of the seven skill areas has an accuracy of 95.918%. Thus in both skill areas namely fashion and multimedia have recommendation results that are different from expectations. 
In the overall research on 70 Dharma wanita High School students, there are three parts, namely P3, P5, and P7 as the accuracy of the skill field sequence. FIGURE 7 shows the calculation results with a discussion of the research results of average accuracy, maximum accuracy, and minimum accuracy.
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FIGURE 7. Evaluation Chart
Description:
1. P3 is the ranking accuracy of the top three skill area sequences
2. P5 is the ranking accuracy of the top five skill area sequences
3. P7 is the ranking accuracy on all top skill area sequences
It can be seen in Figure 7 that the top three skill areas have an overall average of 88.44% with a maximum accuracy of 100.00%. On the other hand, the top five skill areas have an average of 86.45% overall students with a maximum accuracy of 100.00%. Therefore, for the overall average skill area of 85.54%, the maximum accuracy is 100.00% overall for 70 students of Dharma Wanita Surabaya City High School	
CONCLUSIONS
The research concludes that the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method effectively assists high school students in selecting entrepreneurial skill areas within the double track program. The alignment of skill area rankings obtained through TOPSIS with the expectations of 70 students participating in the double track program at SMA Dharma Wanita, Surabaya, achieves an accuracy of 85.539%. This is significantly better than the overall AHP method, which has an accuracy of approximately 78.45%.
By using a combinative weighting approach, integrating both subjective and objective weighting methods, the research provides a comprehensive assessment of criteria such as interest, school facilities, support for the double track program, job opportunities, entrepreneurial opportunities, and salary. The alternatives considered in this study include Multimedia, Electrical Engineering, Electronics Engineering, Culinary Arts, Fashion Design, Beauty, and Light Vehicle/Motorcycle Engineering. The criteria influencing the weighting results encompass students' interest in a field, school facilities and support, the number of job opportunities, entrepreneurial opportunities, and salary, with average weighting percentages of 37.38%, 28.36%, 17.72%, 4.74%, and 11.80%, respectively. The AHP method is used for subjective weighting due to its ability to compare each criterion qualitatively. In contrast, the entropy weighting method is used for objective weighting, offering quantitative evaluations based on measurable and verifiable facts, thus providing preferences for each individual. This combinative weighting aids in normalizing the weights during the TOPSIS calculation, resulting in preference values based on closeness to the ideal positive solution.
The skill area rankings derived from the TOPSIS method are compared with students' expected rankings for each skill area. The difference in rankings is used to calculate the accuracy percentage for each skill area. The average accuracy for the top three skill areas is 88.435%, for the top five skill areas is 86.448%, and for all skill areas is 85.539%, with a maximum possible accuracy of 100.0% in each case.
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Algorithm 1 Normalize Decision Matrix
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Algorithm 2 Calculate Entropy

T- procedure CALCULATEENTROPY
2 m=length(eriteria) // jumah kriteria

3 length(decisionMatriz) // jumlah alternatit
p j=0tom—1do

5 0

- Oton—1do

7 a; = decisionMatric[i]]

s if a;; >0 then

o entropy = entropy + (as; % log(az;))

10 entropy = (—.’r'm—y) x entropy

1 entropyValues[s] = entropy





image6.png
Algorithm 3 Calculate Weight
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Algorithm 2 Normalize Pairwise Comparison Matrix
T. procedure NORMALIZEPATRWISECONFARISONNA-
‘TRIX(pairwiseComparisonMatrix, columnSums)

2 ne length(pairwiseComparisonMatriz)
5 normalizedMatriz « Amay of size n x n

4 foric0ton—1ldo

2 for j - 0ton—1do

o normalizedMatrizli[j] ¢ BHrtieConparizoniotrisils)
2 end for

5 endfor

9. return normalizedMatriz

10: end procedure
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‘Algorithm 3 Caleulate Criteria Weights

I procedure CALCULATECRITERIAW EIGHTS (normalizedMatrix)
2 n ¢ length(normalizedMatriz)

3 weights  Amay of size n

4 forieOton—1do

5 rowSum + 0

o for j < Oton—1do
7 rowSum + rowSum + normalizedMatrizli[j]
s end for

o weightsli] + rowSum/n

10 end for

1 return weights
12: end procedure
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Algorithm 1 Calculate Combinative Weights
I- procedure  CALCULATECOMBINATIVEWEIGHTS (ahpWeights, _entropy-
Weights)
n ¢ length(ahpW eights)
combinativeW eights ¢ Array of size n
denominator +0

& Caleulate the denominator
5 forje0ton—1de

- denominator < denominator + (ahpWeightslj] x
entropyW eights|j])
7 end for

& Calculate combinative weighting for cach criterion

5 forjeOton—1do
o combinativeWeight « 2 sshislxentropteightf|
1 combinativeWeights]j] « combinativelV cight

1 end for

12 return combinativeWeights
13 end procedure
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Algorithm 1 Normalize Decision Matrix
T. procedure NORMALIZEDECISIONMATRIX

2 length(decisionMatriz) & number of alternatives
3 m= length(decisionMatriz[0]) > number of criteria
4 fori=0Oton—1do

5 sumSquared = 0

2 for j=0tom~1do

7 sumSquared = sumSquared + decisionMatriali]lj] x

decisionMatrizli[j] © calculate the sum of squares of each element in the
column
sqrtSumSquared = /sumSquared
& normalize each clement in the decision matrix
s for j=0tom—1do

s normalizeDecisionMatriafi]j] = cienitatrilil]
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Algorithm 2 Calculate Weight Matrix
I procedure CALCULATEWEIGHTMATRIX

2 length(normalizedMatriz) > number of alternatives
3 Length(normalizedMatriz{0]) > number of criteria
4 fori=0Oton—1do

5 for j=0tom—1do

2 weightedMatrizlilj] =  normalizedMatrizfil] x

eriteriaWeights|j]
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Algorithm 3 Calculate Ideal Solution

1
2
3

s

o
10

1.

‘procedure CALCULATEIDEALSOLUTIONS
length(normalizedMatriz) & number of alternatives
m = length(normalizedMatriz(0]) > number of criteria
> Initialize positive and negative ideal arrays with extreme values
positiveldeal = [negativein finity, .. negativein inity]
negativeldeal = [positivein finity, .. positivein inity]
© Find the positive and negative ideal solutions

tom—1do
Oton—1do
if weightedMatriz(i][j] > positiveldeallj] then > Update
positive ideal value
‘positiveldeallj] = weightedMatriz{i][j]
if weightedMatriz(i]lj] < negativeldeallj] then > Update
negative ideal value
negativeldeallj) = weightedMatrizli[j]
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Algorithm 4 Calculate the distance between the posith
the negative ideal solution
I- procedure CALCULATEDISTANCES

2 length(weightedMatriz) & Number of alternatives
3 m = length(weightedMatriz{0]) & Number of criteria.
4 // itialize arrays to store distances
5 positiveDistances = [0, .,0] // Length = n
6 negativeDistances = [0,...,0] // Length = n

> Calculate distances for cach alternative
7 fori=0ton—1do
s for j = 0 to m—1 do > Caleulate distance to positive ideal solution
o positiveDistances(i] - positiveDistancesfi] -+

(weightedMatriali[j] - positiveldeal[s])*
> Calculate distance to negative ideal solution
1 negative Distancesfi] negativeDistancesi] -+
(weighteaMatrisfil] - neoativeldeall)?
& Take square root of the sums of squared differences
1 positiveDistancesli] = /positiveDistancesi]
12 negative Distancesli] = y/negative Distances[i]
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Algorithm 5 Calculates the Preference value for each alternative

1: procedure CALCULATETOPSISSCORES

2. n = length(weightedMatriz) // Number of alternatives
3 // Initialize array to store TOPSIS scores

4 topsisScores = [0,...,0] // Length = n

5 // Calculate TOPSIS scores for each alternative

6 fori=0ton—1do

7 topsisScoresli]

negativeDistancesli
egativeDistances[il+positive Distances[i]
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P7 Values for Each Student

swoLLl
46564
oLt
oLt
%26'56]
s
soutd
P
el
sweoea)
seou'Ll
swor'Ll
saLo'es]
e
e 6]
46564
%26'56]
prene
prese
oLt
prese
sasoes]
woutd
sess'6L]
saeo'es]
erT
%1
Pt
P

oLt
prese
s6L0€s]
oLt
prese
paest
s0s9€s]
sworzd
sweo'es]
gt
%26'56]
%155
Pt
swoL'Lsl
%26'56]
46564
6656
6656
Pt
el
woutd
saso€q]
seou'Le
sweo'es)
swouLl
scor'Lsl
suse
swor'Lsl
s6Lo€s]
oLt
6656
saco'es]
sortd
prese
500008
sess'6L.
swor't
erT
seouLl
swor'Lsl

19

5

%2076

19

5

(%) sanien zd

wniBuuueAna) enls
\waeiBBue nueys
Yeseyn eigesies omes
ey epeu uepues
1nd euvien efpeu
wesyess unure eypinew
1nnd efsexseuy evisal
weksueua) ey
owekiey erewsad Bueu aunia
eupuewe und esersp
ine exupese; exyezze
neH venu Bueug usny
euensaq epuim
st umyezz esiers
wweypewey uing enus.
uezzeAeus ueyo-1v pres
yeksuewoy eiyezzy ejes
eipuaueo oty
1ng eaezzy eRssoy
wepay yeksy ewqzny
nuekel 1na euendy
INYHYIN YNYLLAZS INVY
©Bokesd buipen sexdo
euioux epks eussin
tewry eusiy
owekuien e KM
esieipng uie.66uy rand N
weAey3 ean
oIno ewauss jaeueieN
yezzy inN wa supeN
elst yejuey epgeN
USONHYNIM YN
HYLIVZ VSO ViGN
ueypeuwiey uembzny Jeyjoupn
ind XM o
2w23uA o
50 Aoy ereuipedsion
essin uniehep Aje1
uosip3 aa1ed eteuol
nesg e
uny ewies oo upu
weluy L Je¥9 Vo1
yesy zesae oauouw snukosai
ueksueuidy oupny uibio
nueple 1and €20
nemewney eiudy ex
ueeyers eudjuL 2634
uppnue vewes
Inviuaas
yeksuerpsy e6buep3
uewerny nkeq min
wekye ekauepeq nsemaq
bzunyeq uekipy eyea
HYASNYLAIN NYIUG ONNIAYHA
sebuaN eiw3 euud
tesereusag eieasaU>
eunpeweseq eiudy 351u>
euudes oz 1394
wpnyue nd eiewey efeuey>
epueuss euerjiag
eandyeds e6uq eieBbuy.
seseqeiny efabuy.
espuey> eApINeI aupuY
pewey tang erawy
eukyau epry
weue o> pewtyy
ekelim enn wepy.
yelnyeds powpy
ouosyem exnd 19y
REYSYLIY IHOIA NNV

Students.




image18.png
Distribution of P7 Values

67.35%

87.76%
5%
751%

B367%




image19.png
erage nd i of 2,5, 3 1.





image1.png
target layer

crtoria layer

subcrterialayer

soluton ayer

Decision Goal

Criteria 1 Criaria2 Grerian

Subcriteria Subcriteria Suberteria





image2.png
s Trescion

o Comtinaie




