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Abstract

Classification is the process of grouping objects based on similarities and differences. In this article, a
multi-objective classification model is developed with three objective functions, namely the function
that maximizes the values of accuracy, sensitivity and specificity. The developed model is applied to
the problem of classifying meat, egg and fish consumption levels. The classification method used is K-
Nearest Neighbor (KNN) with three objective functions and the addition of the GridSearchCV module
to the KNN calculation. Completion of the multiobjective model using the weighting method and
Particle Swam Optimization (PSO). Based on the data, with objective function weights of 1, 2 and 3
respectively being 0.7, 0.15 and 0.15, the results obtained for Rural Areas Meat, Fish and Egg
Attributes of the model performance are in good criteria. for Urban Areas Attributes of Meat, Fish and
Eggs the model's performance in the criteria is very good. Addition of the GridsearchCV module can
facilitate the calculation of the KNN method classification because the model will provide the best k
value without having to do repeated calculations.
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Abstrak

Klasifikasi adalah proses pengelompokan objek berdasarkan kesamaan dan perbedaan. Pada artikel ini, model
klasifikasi multi-objektif dikembangkan dengan tiga fungsi objektif, yaitu fungsi yang memaksimalkan nilai
akurasi, sensitivitas, dan spesifisitas. Model yang dikembangkan diaplikasikan pada permasalahan klasifikasi
tingkat konsumsi daging, telur dan ikan. Metode klasifikasi yang digunakan adalah K-Nearest Neighbor (KNN)
dengan tiga fungsi objektif dan penambahan modul GridSearchCV pada perhitungan KNN. Penyelesaian model
multiobjektif menggunakan metode pembobotan dan Particle Swam Optimization (PSO). Berdasarkan data,
dengan bobot fungsi objektif 1, 2 dan 3 berturut-turut adalah 0.7, 0.15 dan 0.15, diperoleh hasil kinerja model
dengan kriteria baik untuk atribut daging, ikan dan telur wilayah pedesaan. Sedangkan atribut daging, ikan dan
telur untuk wilayah perkotaan kinerja model dalam kriteria sangat baik. Penambahan modul GridsearchCV dapat
mempermudah perhitungan klasifikasi metode KNN karena model akan memberikan nilai k yang terbaik tanpa
harus melakukan perhitungan berulang-ulang.
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Introduction

Food consumption classification will provide an overview of the level of consumption in an
area. The level of consumption is one of the factors in determining the amount of product availability,
so research related to classification is very necessary in an effort to ensure the availability of food
products. Food is a national issue that is of concern to the government. Data classification is the
categorization of data obtained based on the parts of the research that have been determined. Data
classification aims to separate heterogeneous data into homogeneous data groups so that the
dominant properties of the data can be easily seen. Classification can be done by applying the data
mining method. The data mining method consists of Naive Bayes (NB) [1], [2], [3], [4]. K-Nearest
Neighbor (KNN) [5], [6], [7], Random Forest (RF) [8], [9], Decision Stump (DS), Decision Tree (DT) [10],
[11], Rule Induction (Rl), Linear Regression (LR), Linear Discriminant Analysis (LDA), Neural Network
(NN) [12], and Support Vector Machine (SVM).

The application of classification techniques in various fields has been carried out a lot.
Application of PSO-based Naive Bayes classification technique in the banking world [13]. Application
to Covid 19 data analysis [14], [15]. Analysis of cancer [16], [17]. The classification method is also used
in the problem of biomass estimation [18]. A study related to the classification of social media users
[19]. The development of PSO-based classification methods has been widely developed with
multiobjective problems and applied in various fields. Studies related to cancer with a PSO-based
multiobjective concept are discussed by [20]. The combination of the KNN method with the MOPSO
algorithm in classifying certain disease genes has been discussed by [21] and gives the result that there
is an increase in accuracy value after the combination of the methods. The application of MOPSO to
the classification of high-dimensional cancer disease data was discussed by [22], the result was
obtained that the application of MOPSO provided the best model performance. In this study, a
multiobjective classification model with a PSO-based one will be developed with the addition of a
gridsearchCV module to the KNN classification process to obtain the best k value. to classify the
average weekly per capita consumption according to food commaodities and per capita expenditure
groups. The novelty of the research is the addition of the GridsearchCV module to the KNN method.
Addition of the GridsearchCV module can facilitate the calculation of the KNN method classification
because the model will provide the best k value without having to do repeated calculations. The aim
of this research is to obtain a classification of food product consumption levels in Indonesia with a
good level of accuracy, sensitivity and specificity.

Methods

The research conducted is a quantitative descriptive research. The development of a
multiobjective classification model is applied to classify the level of consumption of the Indonesian
population towards foodstuffs. The data used is quantitative data, namely data on the level of
consumption of foodstuffs. The results of the classification will provide an overview of the
consumption level of the Indonesian population from each province based on the criteria of high,
medium and low consumption levels. The following are the classification stages.
1. Data

The data used is data on the level of per capita consumption per week based on the class of
public expenditure in Indonesia for urban and rural areas. The data was obtained from the website of

KUBIK: Jurnal Publikasi llmiah Matematika 12



Improve of Multiobjective Model on the Classification ...

the Central Statistics Agency of 34 Provinces in Indonesia. The classification attributes are Meat, Fish,
Eggs.
2. Data Processing

The initial stage of the classification process is data labeling. The data is labeled with high,
medium and low criteria. The determination of the label is based on Regulatory Badan Pengawas Obat
dan Makanan (BPOM) Number 30 of 2018 concerning Food Consumption Figures.
3. Data Classification and Analysis

The classification technique used is the KNN method [5], [6], [7]. The solution of the
multiobjective model uses the PSO algorithm. The following is given the function of the purpose of
multiobjective problems

o — Maximire __TP*TN

f; = Maximize Accuracy= Maximize (TP+FPTFN+TN) 1)
. . ege . — H 1 T

f, = Maximize sensitivity = Maximize (TP+FN) (2)
. . Y] — H 1 T

f; = Maximize specificity = Maximize (TN+FP) (3)

Using the weighting method, the Multiobjective Models (1), (2) and (3) can be written as the
following objective single models.

F=M4f+212+A:f3 (4)
Subject to

0<A4 <1 (5)
0<, <1 (6)
0<1;<1 (7)
where

TP = True Positive

TN = True Negative

FP = False Positive

FN = False Negative

Model performance measurements use accuracy, precision and recall values.

Results and Discussion

Data Labeling Results.

The following are the results of data labeling for rural and urban areas with meat, fish and egg
attributes.

Table 1. Weekly Per Capita Consumption in Rural Areas Attributes of Meat, Fish and Egg Attributes

Expense Group

No Province IDR 500.000-  IDR 750.000-  IDR 1.000.000-
= IDR 1.500.000
IDR 749.999,- IDR999.999,- IDR 1.499.999
Nanggroe Aceh . . . .
1 High High High High
Darussalam
2 West Sumatra Medium High High High
3 North Sumatra High High High High
4  South Sumatra High High High High
5 Lampung High High High High
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6 Riau High High High High
7  Riaulslands High High High High
8 Jambi Medium High High High
Bangka Belitung ) . . .
9 Medium High High High
Islands
10 Bengkulu Medium High High High
11 Banten Medium High High High
12 WestJava High High High High
13 Central Java High High High High
14  EastJava High High High High
15 DI Yogyakarta High High High High
16 Bali High High High High
17 West Nusa High High High High
Tenggara
18 East Nusa Tenggara Medium Medium Medium Medium
19 West Kalimantan High High High High
20 South Kalimantan High High High High
21 Central Kalimantan Medium High High High
22  East Kalimantan High High High High
23 North Kalimantan Medium High High High
24 West Sulawesi Medium High High High
25 Southeast Sulawesi Medium High High High
26  South Sulawesi High High High High
27  Central Sulawesi Medium Medium High High
28 North Sulawesi Medium High High High
29 Gorontalo Medium Medium High High
30 Maluku Medium Medium Medium Medium
31 North Maluku Medium Medium Medium Medium
32 Papua Medium Medium Medium Medium
33 Papua Barat Medium Medium Medium Medium

Table 2. Weekly Per Capita Consumption in Urban Areas Attributes of Meat, Fish and Egg Attributes

No

Province

Expense Group

IDR 500.000- IDR 750.000- IDR 1.000.000-
= IDR 1.500.000
IDR 749.999,- IDR999.999,- IDR 1.499.999
Nanggroe Aceh
1 g8 High Medium Medium Medium
Darussalam
2 North Sumatra High Medium Medium High
3 West Sumatra High Medium Medium Medium
4  Riau High Medium Medium Medium
5 Riaulslands High Medium Medium High
6 Jambi High Medium Medium Medium
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7  South Sumatra High Medium High High
Bengkulu High Medium Medium High
9 Lampung High Medium Medium High
10 Bangka Belitung High Medium Medium High
DKI Jakarta (Special
11 Capital Region of High High High High
Jakarta)
12 WestJava High Medium High High
13 Banten High Medium Medium High
14  Central Java High Medium Medium Medium
15 Special Region of High Medium Medium Medium
Yogyakarta
16 EastJava High Medium Medium High
17 Bali High High High High
1 VestNusa High High High High
Tenggara
19 East Nusa Tenggara Medium Medium High High
20 West Kalimantan High Medium Medium High
21 Central Kalimantan High Medium Medium High
22 South Kalimantan High Medium Medium High
23 East Kalimantan High Medium Medium Medium
24 North Kalimantan High Medium Medium Medium
25 Southeast Sulawesi Medium High High High
26  North Sulawesi Medium Medium High High
27 Gorontalo Medium Medium Medium High
28 Central Sulawesi Medium High High High
29  West Sulawesi Medium High High High
30 South Sulawesi High High High High
31 Maluku Medium Medium Medium High
32 North Maluku Medium Medium Medium Medium
33 West Papua Medium Medium Medium Medium
34 Papua Medium Medium Medium High

Based on Tables 1 and 2, 80% of the total data and 20% of the test data were randomly taken.
The process of random determination of training data and test data as well as the classification of test
data uses python programming. By taking the weights of the accuracy values, sensitivity and specificity
were 0.7, 0.15, and 0.15 respectively. The following are the results of the classification of test data.

Table 3. The Classification Results of Weekly Per Capita Consumption Test Data in Rural Areas
Attributes of Meat, Fish and Egg Attributes

Expense IDR 500.000 - 749.000  IDR 750.000 - 999.000 IDR 1.000.000 - IDR > 1.500.000
Group 1.499.000
BEST K K=4 K=5 K=8 K=5
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Test Data Data Prediction Data Prediction Data Prediction Data Prediction
Papua Medium High Medium High Medium High High High
Bali High High High High High High High High
Central Medium Medium Medium Medium High High High High
Sulawesi

East Nusa Medium Medium Medium High Medium High High High
Tenggara

Bangka Medium Medium High High High High High High
Belitung

Bengkulu Medium Medium High High High High High High
South High High High High High High High High
Kalimantan

Table 4. Accuracy, Precision and Recall Values of Classification of Weekly Per Capita Consumption
Test Data in Rural Areas Attributes of Meat, Fish and Egg Attributes

Performance Vector

Expense Group BEST K Weighted Result
IDR 500.000 - 749.000 K=4 Accuracy 86%
Precision 90%
Recall 86%
(Sensitivity)
Specificity 80%
IDR 750.000 - 999.000 K=5 Accuracy 71%
Precision 80%
Recall 71%
(Sensitivity)
0,7;0,15; Spesificity 33%
IDR 1.000.000 - 1.499.000 K=8 015 Accuracy 71%
Precision 51%
Recall 71%
(Sensitivity)
Spesificity 0%
Accuracy 100%
IDR >1.500.000 K=5 Precision 100%
Recall 100%
(Sensitivity)
Spesificity -

Based on the results in Table 3 and Table 4 when viewed from the values of accuracy, precision and

recall, the model performance is in good criteria.

Table 5. Classification Results of Weekly Per Capita Consumption Test Data in Urban Areas
Attributes of Meat, Fish and Eggs

Expense IDR 500.000 - 749.000 IDR 750.000 - 999.000 IDR 1.000.000 - IDR >1.500.000
Group 1.499.000
BEST K K=4 K=5 K=5 K=5
Test Data Data Predictions Data Predictions Data Predictions Data Predictions
East Java High High Medium Medium Medium Medium High High
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West High High Medium Medium Medium Medium High High
Kalimantan

Central Medium Medium High Medium High High High High
Sulawesi

Gorontalo Medium Medium Medium Medium Medium Medium high High
Lampung High High Medium Medium Medium Medium High High
South East Medium Medium High Medium High High High High
Sulawesi

South High High Medium Medium Medium Medium High High
Kalimantan

Table 6 Accuracy, Precision and Recall Values Classification of Week Per Capita Consumption Test
Data in Urban Areas Attributes of Meat, Fish and Eggs

Performance Vector

Expense Group BEST K Weighted
Result

IDR 500.000 - 749.000 K=4 Accuracy 100%
Precision 100%
Recall 100%

(Sensitivity)
Specificity 100%
IDR 750.000 - 999.000 K=5 Accuracy 71%
Precision 51%
Recall 71%

(Sensitivity)
Specificity 100%

0,7;0,15; 015

IDR 1.000.000 - 1.499.000 K=5 Accuracy 100%
Precision 100%
Recall 100%

(Sensitivity)
Specificity 100%
IDR >1.500.000 K=5 Accuracy 100%
Precision 100%
Recall 100%

(Sensitivity)
Specificity -

Judging from Table 5 and Table 6, in general, the model's performance in the criteria is very
good. However, for the spending group of IDR. 750,000 - 999,000, the model performance is in good
criteria.

Conclusion

Based on the results of the calculation using population consumption level data for meat, fish
and egg attributes in rural and urban areas in Indonesia, it can be concluded that the addition of the
GridsearchCV module can facilitate the calculation of the KNN method classification because the
model will provide the best k value without having to do repeated calculations. In general, the
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performance of the multiobjective model is good in the criteria so that the multiobjective model
developed can be applied to classification problems. For further research, the food consumption
classification of districts in Indonesia can be considered so that the results better reflect the
Indonesian region as a whole.
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