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Abstract— The government directly supervises 11 basic food commodities. The system of interplay
between the price of goods and the availability of staple food directly has an impact on the high price of food
at certain times. It is necessary to classify the food that is most needed by the community on big holidays in
Indonesia so that it can be a reference for the government in preparing market needs in the coming year. In
this study, the grouping of staple food availability was based on hierarchical cluster analysis with complete
linkage method. The availability of food commodities in the discussion of this research is sourced from
production materials and daily prices for meat, eggs, cooking oil and rice commodities. Cluster
interpretation results in cluster 1 indicating Fulfilled Availability of 88-89%, Cluster 2 showing Sufficient
Commodity Availability of 90-93% and Cluster 3 showing Availability of Rare Commodities of 87%. The
three clusters formed are depicted in the form of a dendogram as a visualization of the relationship between
food availability groupings.
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Abstrak — Pemerintah secara langsung melakukan pengawasan terhadap 11 komoditas bahan pokok
pangan. Sistem saling mempengaruhi antara harga barang dengan ketersediaan pokok pangan secara
langsung berdampak bagi tingginya harga pangan pada waktu-waktu tertentu. Perlu pengelompokan pangan
yang paling dibutuhkan masyarakat pada hari-hari besar di Indonesia sehingga dapat menjadi acuan
pemerintah dalam mempersiapkan kebutuhan pasar pada tahun yang akan datang. Dalam penelitian ini
pengelompokan ketersediaan pokok pangan berdasarkan analisa cluster hierarki metode complete linkage.
Ketersediaan komoditi pangan dalam pembahasan penelitian ini bersumber dari bahan produksi dan harga
harian komoditi daging, telur, minyak goreng dan beras. Interpretasi cluster menghasilkan cluster 1
menunjukkan Ketersediaan Terpenuhi sebesar 88-89%, Cluster 2 menunjukkan Ketersediaan Komoditi Cukup
sebesar 90-93% dan Cluster 3 menunjukkan Ketersediaan Komoditi Langka sebesar 87%. Tiga cluster yang
terbentuk digambarkan dalam bentuk dendogram sebagai visualisasi hubungan antara pengelompokan
ketersediaan pangan.

Kata Kunci: Analisis Multivariat, Complete Linkage, Hirarki Clustering, Komoditi Pangan

INTRODUCTION

The current average price of local food is not
competitive compared to other food sources such as
rice, flour, and corn. The government directly
supervises 11 basic food commodities at certain
times [1]. The means for distributing food are
limited, resulting in a lack of food production. In
addition, with changing people's lifestyles,
automatically the demand for food as consumers of
food also changes [2]. This can result in changes in
the prices of food products, especially before
religious holidays. The government, through the
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Ministry of Trade, can control the prices of basic
commodities and other important goods through
the distribution of basic goods. The government is
expected to improve the distribution of basic and
other important goods. so that every time there is a
price increase, the public can also monitor it [3].
This situation can be circumvented by a strategy of
changing the habit of consuming foods from
processed animal foods into foods that are low in
fat, low in fiber but high in calories. In this study, the
availability of 11 types of staple food was grouped
based on hierarchical cluster analysis using the
complete linkage method [4]. Logically, a good
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cluster is a cluster that has high homogeneity
(similarity) between members in one cluster and
high heterogeneity (difference) between one cluster
and another [5]. The grouping of food types using
the Hierarchy method works by determining two or
more objects that have the closest similarities,
forwarded to other objects, and so on until the
cluster will form a tree, there is a clear level
(hierarchy) between objects, from the most similar
to the least similar [6]. In the complete linkage
method, clustering is based on the furthest distance
between one object and another [7] [8].

Grouping of food availability based on data
on prices of basic commodities, data on food supply
originating from production, trade (exports and
imports), stock changes. Cluster analysis begins
with the standardization process, if there are data
(variables) that have a large difference in unit size,
measuring the similarity between objects
(similarity) with 3 ways of measuring correlation,
distance, and size [9] [10].

After the cluster is formed, the next step is to
interpret and validate the results of the cluster
analysis. The purpose of the study was to map the
relationship between selling prices and the
availability of staple food commodities and to find
clusters of food commodities that were sufficiently
available according to consumer demand [11] [12].

Research on Cluster Analysis of People with
Mental Disabilities in the Province of the Special
Region of Yogyakarta describes in determining
cluster categories, low, medium, and high categories
seen from the average calculation value of the
highest and lowest variables overall. The cluster
results use the average linkage, complete linkage,
single linkage, ward, and centroid methods [13].
Comparative Research of Single Linkage, Complete
Linkage, and Average Linkage Methods in Grouping
Districts Based on Variable Types of Livestock,
Sidoarjo Regency explained that in the formation of
clusters a matrix of distances between districts was
formed against the data consisting of 18 districts
with 11 types of livestock. The distance between
districts is calculated by the Euclidean distance [14]
[15].

Research on Poverty Analysis in the
Agricultural Sector (Case Study of Rice Commodities
in Malang Regency) describes clusters that will form
a kind of tree, there is a clear level (hierarchy)
between objects, from the most similar to the least
similar. A tool that helps to clarify this hierarchical
process is called a “dendrogram”. Research Using
Matlab and Python in Data Clustering, Matlab and
Python have enough libraries and toolboxes to help
users cluster data, present graphs. The test results
show that both programming languages can carry
out the clustering process [16].

MATERIALS AND METHODS
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The data inputted by the CSV file will enter
the distance measurement process using the
Euclidean Distance technique which will produce a
distance matrix and then apply the Hierarchical
Clustering Complete Linkage method.

Research implementation method:

a. Data collection

The availability of food commodities in the

discussion of this study is animal food consisting of

commodities with the availability of:

Food production materials

https://www.bps.go.id/ :

1) Beef Production per Province (Tons), 2018-
2020.

2) Broiler Meat Production per Province (Tons),
2018-2020.

3) Laying hens Egg Production per Province
(Tons), 2018-2020.

4) Cooking Oil Production per Province (Tons),
2018-2020.

5) Provincial Rice Production (Tons), 2018-2020.

source

Food price material source

https://hargapangan.id/ :

1) Rice Food Prices for the period (daily) January
2020 - January 2021.

2) Chicken Meat Food Prices (daily) January 2020
- January 2021.

3) BeefFood Prices (daily) January 2020 - January
2021.

4) Egg Food Prices for the period (daily) January
2020 - January 2021.

5) Cooking Oil Food Prices (daily) January 2020 -

January 2021.

b. Cleansing Data

The data set collected is not ready for use, so it is
necessary to clean the data as data preparation.
Data preparation consists of several processes such
as data cleaning, data transformation, and data
reduction. The data cleaning process includes
identifying and removing outliers and correcting
missing values.

c. Euclidean Distance Technique

Each data will undergo a distance measurement
process to determine the cluster. The distance
calculation is determined using the Euclidean
distance technique which produces a distance
matrix. After getting the distance matrix from the
calculation of the distance between the data, the
data will be processed using Hierarchical Clustering
Complete Linkage.

d. Clustering
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Hierarchical Clustering groups data that works by
grouping two or more data that have similarities or
similarities, then the process is continued to other
objects that have proximity to two, this process
continues until the cluster forms a tree, there is a
clear hierarchy or level between objects from the
most similar to least similar. Merging two clusters
can still be continued if there are still other closest
points that are possible to be combined. Next, as in
the previous step, look for the two closest clusters
to combine. The clusters that are combined are in
the form of a single point in the first step or clusters
which are a combination of two points/clusters. The
process will end when all clusters have been
merged into one large cluster. The Complete
Linkage method groups the two objects that have
the furthest distance first. Based on the distance
matrix, then the data is grouped with complete
linkage (farthest distance). By treating the data as a
group, then determine the distance of the two
smallest groups.

e. Multivariate Analysis

Analyzing the effect of several variables on other
variables at the same time. A statistical method that
allows researchers to research more than two
variables simultaneously. Multivariate analysis
techniques are classified into two, dependency
analysis and interdependence analysis. Dependency
analysis serves to explain or predict the dependent
variable by using two or more independent
variables. Multivariate analysis techniques are
classified into two, namely dependency analysis and
interdependence analysis. Dependency analysis
serves to explain or predict the dependent variable
by using two or more independent variables.

f. Interpretation of Cluster Analysis

Cluster interpretation is carried out to determine
the profile of each group by using the average on
each variable. Naming clusters or concluding is very
subjective and depends on the research objectives.

g. Food Commodity Group
The results of grouping food commodities using the
complete linkage method consisting of 3 clusters.

RESULTS AND DISCUSSION

Grouping using the complete linkage method
is the process of merging two or more objects that
have the furthest distance.

Step 1: Standardize the data on the complete linkage
method. Standardization of data is needed if the
data used in a study has various units.

Step 2: Determine the size of the similarity or
dissimilarity between two objects in the complete
linkage method. Pairs of objects that are closer
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together will be more 'similar’ in characteristics
compared to pairs of objects that are farther away.
One method to measure the distance between
objects is to use Euclidian Distance.

Step 3: Complete Linkage Cluster Analysis Process.
Cluster analysis with the complete linkage method
is the process of merging two or more objects that
have a maximum distance or the farthest neighbor,
the distance between one cluster and another
cluster is measured based on the furthest distance
of the members.

Step 4: Repair the Distance Matrix Using the
Complete Linkage Method. Clusters are formed
based on cluster pairs with the farthest distance.
Step 5: Determine the number of cluster members
and their members in the complete linkage method.
In determining cluster members, group objects into
3 clusters.

Step 6: Interpretation of the cluster on the complete
linkage method. After the cluster is formed, the next
step is to give specific characteristics to describe the
contents of the cluster.

The types of food commodities discussed in
this study consist of five commodities, namely beef,
chicken, rice, eggs, and cooking oil. Dataset
variables:

X1 = Beef Production by Province

X2 = Broiler Meat Production by Province

X3 = Egg Production of Layers by Province

X4 = Provincial Cooking Oil Production

X5 = Provincial Rice Production

X6 = Beef Prices for the Period Jan 2020 - Jan 2021.
X7 = Price of Broilers for Jan 2020 - Jan 2021.

X8 = Price of Laying Chicken Eggs Jan 2020 - Jan
2021.

X9 = Cooking Oil Price Jan 2020 - Jan 2021.

X10 = Rice Price Period Jan 2020 - Jan 2021.

The large percentage of imports on the one
hand will benefit consumers with relatively
affordable prices, but on the other hand it can
reduce producer prices. Research involving
multiple variables, data analysis techniques are
often used multivariate analysis. All statistical
methods that analyze several measurements
(variables) that exist in each object in one or many
samples simultaneously. Based on this definition,
any analytical technique that involves more than
two variables simultaneously can be considered as
multivariate analysis.

A variation of a number of n weighted
variables (X1 to Xn) can be expressed
mathematically as follows variate value = w1X1+
w2X2+ w3X3+...+wnXn.

Daily commodity prices can be shown in the graph,
shown in the Figure 1.
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Figure 1. Graph of the average daily price

Computational linkage (y) representation
of the vector from the distance matrix. Linkage
checks if y is a Euclidean distance. Avoid this time-
consuming check by entering X - y. The 'centroid’
and 'median’' methods can produce non-monotonic
cluster trees. This result occurs when the distance
from the combined two clusters, r, and s, to the third
cluster is less than the distance between r and s. The
path from the leaf to the root node takes several
steps downward. In this case, cluster 1 and cluster 3
merge into a new cluster, and the distance between
this new cluster and cluster 2 is smaller than the
distance between cluster 1 and cluster 3.

The full dendrogram displays the
progressive clustering of objects. If truncation has
been requested, a broken line marks the level the
truncation has been carried out. The truncated
dendrogram shows the classes after truncation,
shown in the Figure 2.

Figure 2. Non Monotonous Cluster Tree

Cluster interpretation is carried out to
determine the profile of each group by using the
average on each variable as follows:

1. The cluster with the lowest average is
categorized as Rare Availability.

64

2. Clusters with an average higher than the lowest
cluster mean are categorized as Sufficient
Availability.

3. The cluster with the highest average is
categorized as Fulfilled Availability.

The purpose of cluster interpretation for determine

the number of clusters. Result of clustering of food

commodities cluster interpretation consist of Rare

Cluster, Fulfilled Cluster and Enough Cluster shown

in the Table 1.

Table 1. Clustering of Food Commodities

Commodity Total % Cluster
Beef Quality 1 308990 87 Rare
Beef Quality 2 220331 86 Fulfilled
Chicken meat 259300 86 Fulfilled
Chicken eggs 569392 89 Enough
Bulk Cooking Oil 359201 90 Fulfilled
Cooking 0Oil 1 kg 319313 92 Fulfilled
Cooking 0Oil 2 kg 422498 95 Enough
Super Quality Rice 1 108990 78 Fulfilled
Medium Rice 1 120331 86 Fulfilled
Bottom Rice 1 259300 92 Enough

Complete Linkage also known as furthest
neighbor or maximum method, this method defines
the distance between two groups as the distance
between their two farthest-apart members. This
method usually yields clusters that are well
separated and compact.

The steps of the complete method linkage is
as follows:

1. Calculate the distance matrix between data with
using Euclidean distance calculations. An
example of calculating the distance matrix
between cluster 1 and cluster 2.

By using the calculation that the same, the
distance matrix of cluster 1 and cluster 3, cluster
1 and cluster 4, and so on

2. Determine the smallest or closest distance from
distance matrix. Calculate the combined cluster
distance with other clusters.

3. Calculate the combined cluster distance with
other clusters.

4. Create a new distance matrix based on previous
calculations.

5. Repeat step (2) through step (4) to form four
clusters.

6. Based on the distance matrix, four clusters have
been obtained, so the grouping process stops.
The clusters in this study are three clusters. The
three clusters formed can be depicted in the
form of a dendrogram, Figure 3.
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Figure 3. Complete Linkage

This allows us to find certain hierarchical clustering
methods that can identify stronger clustering
structures. These techniques do not let you
explicitly set the number of clusters. Instead, you
pick a distance value that will yield an appropriate
number of clusters. This will be discussed further
when we discuss the Dendrogram and the Linkage
report.

Multivariate regression analysis is a
statistical method that allows examining the
relationship of more than two variables
simultaneously. The continuous (real) value of the
output t aims to predict the output accurately for
new data. Regression analysis studies the form of
the relationship between one or more independent
variables (X) and one dependent variable (Y). In
research, the independent variable (X) is usually the
variable  determined by the researcher
independently. predictions that are often used on
quantitative scale data (intervals or ratios) are
Linear Regression. Linear regression technique can
analyze the effect of several variables on other
variables at the same time, Figure 4.

25
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Figure 4. Prediction of Linear Regression

Accredited Rank 3 (Sinta 3) based on degree of the Dirjen Penguatan RisBang Kemenristekdikti
No. 28/E/KPT/2019, September 26, 2019. Published by LPPM Universitas Nusa Mandiri

CONCLUSION

The availability of food commodities tends
to fluctuate and demand continues to increase,
especially on religious holidays in Indonesia, the
application of complete linkage clustering can map
the types of food needs from the distance between
data set variants. The grouping results are displayed
in the form of a dendrogram diagram. The
dendrogram is used to clarify the grouping in the
hierarchical method obtained 3 clusters of food
availability. The application of linear regression in
analyzing multivariate data results in precise data
cluster modeling that can predict the output
accurately. From the results of grouping food
availability, it is found that there are types of food
commodities that experience high prices due to high
demand while the availability of food ingredients is
not sufficient for consumer needs with the
percentage of 85%-88%.
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