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Abstract— Health is the most important aspect of human 
life. One institution that provides health services for 
individuals who fully understand the road, hospitalization, and 
emergency care hospitals. According to Law No. 44 of 2009 in 
Indonesia, the hospital becomes 4 classes, namely class a, class 
b, class c, and class d. The indicators for each hospital have 
been determined. This indicator is human resources such as 
doctors, pharmacists, and time. The study was conducted to 
determine the value delivered by the hospital per indicator 
through a direct hospital process model. First, log events 
directly from the hospital process based on hospital service 
indicators. The results of this process will get the final value of 
each indicator that has been determined. These values are then 
analyzed using the k-means cluster method, hierarchical 
complete linkage, and hierarchical single linkage to get classes 
from the hospital. Based on the analysis that has been done, it 
can be seen that the k-means cluster method has better 
accuracy, precision, and recall that a  hierarchical complete 
linkage, and hierarchical single linkage. 

Keywords—hierarchical complete linkage, hierarchical 
single linkage, k-means cluster, process model.   

I. INTRODUCTION 

 Health is the most important aspect of human life. Every 
activity to improve health and the place used is called a 
health facility. Hospitals are one of the health facilities that 
provide curative and preventive health services for the 
community, where services provided are inpatient, 
outpatient, and emergency care [1]. Hospital classes in 
Indonesia are classified into 4, namely class a hospital, class 
b hospital, class c hospital, and class d hospital. The 
differences from each class are based on service, 
employment, physical and equipment elements with each 
class hospitals that have predetermined indicators. One of 
the indicators used in this study is the indicator of human 
resources and time criteria. Indicators of human resources 
used include doctors and pharmacists in outpatient, 
inpatient, and emergency units. While the time criteria used 
include waiting time in outpatient and waiting time to take 
prescription drugs. 

 Indicator values can be obtained from the hospital 
process model through direct simulations that have been 
carried out. The process of this model is used, identifying 
possible anomalies, monitors and control operations [2]. In 
this study using the hospital process model. The process 
model itself has been widely used to measure company 
process performance and show problems related to the 
process. Process models can be drawn manually by analysts 
or can be generated based on event logs [3]. Event logs are 
used to analyze problems in business processes [4]. The 
process model also plays an important role in facilitating 
communication between various stakeholders and in 

documenting organizational business processes [5]. This 
business process has information about where and when 
activities are carried out, input and output activities, initial 
conditions before activities are carried out and final 
conditions after the activity is executed [6]. 

 To get a hospital class, researchers used the k-means 
clustering method, complete linkage hierarchy, and 
hierarchical single linkage. The k-means cluster analysis of 
N groups of data points into the cluster k by minimizing the 
number of squared distances between each point and the 
nearest cluster average [7]. The initial grouping in k-means 
starts with a large cluster with one center then divided into 
two clusters, which means that the new cluster is still 
learning iteratively. This process continues until the 
specified cluster is obtained [8]. Single linkage is one 
example of a form of data grouping.  Hierarchical single 
linkage is formed with conduct discussions without 
determining the number of groups first and groups forming 
groups with short groups [9]. This grouping method uses the 
object that is closest almost equal between objects with each 
other to be grouped. Distance between two clusters was 
chosen from the closest distance from all data pairs in the 
two clusters [10]. Hierarchical complete linkage method is a 
clustering method similar to the single linkage clustering 
method but uses the opposite approach [10]. The 
hierarchical complete linkage method is formed with doing 
an approach without first determining the number of groups 
and determining distances are in the longest distance 
(smallest similarity) with each other [9]. 

 The data used is simulation data which amounts to 40 
data. The data were analyzed to find accuracy, precision, 
and recall using two methods, namely complete linkage 
hierarchy, single linkage hierarchy and k-means cluster, 
which is known which method provides the most 
appropriate accuracy, precision, and recall where the 
method will be used to classify existing classes in the 
hospital. Precision is the level of accuracy between user 
requests and answers system. Accuration is a comparison 
between information answered by the system correctly with 
all information. A recall is a measure of accuracy between 
the same information as information had been called before 
[11]. 

II. LITERATURE REVIEW 

 The methods used in analyzing the types of hospitals in 
Indonesia are as follows. 

A.  Hospital Classification 
 Based on the Law concerning hospitals no.44 in 2009, the 
hospital was a health service institution that held individual 
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health services that provided inpatient, outpatient, and 
emergency services. Hospital classification is a class of 
hospital grouping based on facilities and service capabilities 
[2]. Hospital classification based on facilities and service 
capabilities, general hospitals as follows. 
1)  Class A general hospitals are general hospitals that have 
 extensive facilities and broad medical and subspecialists 
 medical service capabilities. 
2)  Class B general hospitals are public hospitals that have 
 medical service facilities and capabilities of at least 
 limited specialists and subspecialists. 
3)  Class C general hospital is a public hospital that has the 

facilities and capabilities of basic specialist medical 
services. 

4)  General hospital class D general hospitals that have basic 
 medical facilities and capabilities. 

B.  K-Means Cluster 
 Non-hierarchy methods (k-means cluster) begin by 
selecting a number of initial cluster values that correspond 
to the desired number and then the objects are combined 
into these clusters. Grouping using the k-means method is 
based on the value of its membership function. The 
membership function is based on the minimum distance 
between objects with the cluster center (centroid) [1].  

     The k-means algorithm aims to minimize objective 
functions which are error squared functions. For example, 
there are n objects and p variables. The distance between the 
object and the group is calculated using the Euclidean 
squared distance is described in Eq. (1)  

    2
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with : 
ni ,....,,21  
mk ,....,,21  

C. Hierarchical Clustering 
     Hierarchical clustering is a recursive partitioning of a 
dataset into successively smaller clusters. The input is a 
weighted graph whose edge weights represent pairwise 
similarities or dissimilarities between data points. 
Hierarchical clustering is represented by a rooted tree where 
each leaf represents a data point and each internal node 
represents a cluster containing its descendant leaves. 
Computing a hierarchical clustering is a fundamental 
problem in data analysis, it is routinely used to analyze, 
classify, and pre-process large datasets [12]. Following is 
the hierarchy grouping method used. 

1) Hierarchical Complete Linkage 
Complete linkage provides assurance that all items in 

one cluster are at the farthest distance (the smallest 
similarity) from each other. Agglomerative algorithms 
generally begin by specifying entries (matrix elements) in 

}{dikD and combining corresponding objects such as U  
and V to get clusters )(UV  [2]. The steps of the algorithm 
above the distances between clusters )(UV and other W 
clusters can be show in Eq. (2) 
                           VWUWWUV ddd ,min)(                        (2) 
 

Information  : 
duv = the distance between closest neighbors of clusters U 
         and W 
dvw = the distance between the closest neighbors of clusters 
         V and W 
2) Hierarchical Single Linkage 
  Inputs for single linkage algorithms can be in the 
form of distance or similarities between pairs of objects. 
Groups are formed from individual entities by combining 
the shortest distances or the greatest similarities [2]. At first, 
we must find the shortest distance in }{dikD and combine 
the corresponding objects, for example, U  and  V , to get a 
cluster )(UV The steps of the algorithm above the distance 
between )(UV  and the other cluster W is determined in Eq. 
(3). 

                      VWUWWUV ddmaksd ,)(                      (3) 
Information  : 
duv = the distance between closest neighbors of clusters U 
         and W 
dvw = the distance between the closest neighbors of clusters 
         V and W 

D.  Process Modelling 
 The process model is a process flow that supports the 
activities of a company in its operations [13]. Process 
models can be drawn manually by analysts or can be 
generated based on event logs [3]. An event log is a record 
from the process that contains activity case on sequence data 
and gets from executed in an information system. In 
addition, it is an important process because of its strength to 
predict the time, cost, and used the resource. Knowing the 
benefits of event logs it is necessary to understand the 
behavior in the event logs so that they can be model to get a 
better looking for analysis [10].  

E.   Performance Evaluation Measure 
 Performance Evaluation Measure (PEM) is one stage 
bundle used to measure the performance of a system. PEM 
in many cases is used in training data, replacement to 
determine the model that has been made. There are many 
calculations to get the value of PEM, usually applied as a 
combination or also partially [14]. Some Calculations in 
PEM include 
1) Precision. 
 Precision is the level of accuracy between user requests 
and answers system. 
2) Accuration. 
 Accuration is a comparison between information 
answered by the system correctly with all information 
3) Recall. 
 A recall is a measure of accuracy between the same 
information as information had been called before. 
Formula is determined in Eq. (3) until (5). 

TPFP
TP

recisionP  

TPTNFPFN
TPTN

Accuration  
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Information :  
TP  = True Positive 
TN  = True Negative 
FP  = False Positive 
FN = False Negative 

III. METHOD 

 The grouping analysis process diagram uses k-means 
cluster method, hierarchical complete linkage and 
hierarchical single linkage can be seen in Figure 1 below. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE I. HOSPITAL PROCESS MODEL DIAGRAM 

Based on Figure I above the process model in this study 
uses a "Process Maker" application where the process is 
formed in the form of a process model in the hospital both 
when the patient enters or exits. The process model is used to 
measure a company's process performance and show the 
problems associated with the process. The model illustrates 
the entire process in the hospital system, well-maintained, 
inpatient, emergency, etc. Then this process model is 
transformed into information. To make the process model 
into information, a simulation is made on the process model 
that has been made. First, this experiment forms a log of 
processes in the hospital instantaneously using a workflow 
system. Event logs are used to analyze and find problems in 
business processes. The log used is based on hospital criteria. 

Simulations were carried out in 40 hospitals with each of 
the 10 patients treated well, inpatient, and emergency 
department. The results of the simulation are in the form of 
event log which will later be translated into data. The data is 
taken based on hospital indicators that have been determined 
and then analyzed using k-mean cluster analysis, complete 
hierarchy, and single linkage hierarchy. Based on the 
existing results, the accuracy, precision, and recall of each 
analysis will be compared based on which hospital 
classification provides the best accuracy, precision, and 
recall. 

IV. RESULT AND ANALYSIS 

 Data from 40 hospitals resulting from process model 
simulations are based on several predetermined indicators is 
explained in Table I follows. 

Table I. Data Simulation 40 Hospitals 
Number C I2 I3 I4 I5 I6 I7 

1 A 23 7 6 1 71 12 
2 A 22 7 7 1 85 18 
3 B 12 4 4 1 74 43 
4 C 9 2 2 1 99 24 
5 B 15 4 4 1 79 38 

        
38 C 9 3 3 1 116 56 
39 D 8 1 1 0 89 55 
40 B 13 4 4 1 111 34 

Information: 
C = hospital classification 
I1 = number of doctors 
I2 = number of pharmacists in outpatient room  
I3 = number of pharmacists in the inpatient room 
I4 = number of pharmacists in the emergency room 
I5 = waiting time in the outpatient room 
I6 = waiting time for prescription medication 

A. Characteristic Data 
The following are the characteristics of the simulation 

data of 40 houses pain is explained in Table II below.  
Table II. Simulation Characteristics Data of Human Resources Indicators 

Variable Mean Varian Min Median Max 
X2 14.9 35.22 5 13.5 25 
X3 4.5 7.23 1 4 10 
X4 4.475 7.38 1 4 10 
X5 0.085 0.13 0 1 1 

 The results of Table II above can be seen that the 
average of the simulation data of 40 hospitals is for 
indicators of human resources with a variable number of 
14.9 or 15 people. Data diversity is 35.22 or 36 people with 
the least number of doctors in the hospital are 4 people and 
the number of doctors is at most 25 people.  

 Characteristics of time indicators from data from 40 
hospital simulation data are explained in Table III as 
follows. 

Table III. Simulation Characteristic Data of Time Indicators 
Variabel Mean Varian Min Median Max 

X6 89.08 313.97 60 90.5 119 
X7 30.9 222.5 12 27.5 58 

 Based on Table III above, it can be estimated that the 
average simulation data of 40 hospitals for time indicators 
with outpatient waiting time variables is 89.08 or 90 
minutes. The minimum amount of waiting time for 
outpatients at the hospital is 60 minutes and at most 119 
minutes 

B. Results of The K-Means Cluster Method, Hierarchical 
Complete Linkage and Hierarchical Single Linkage 

1) K-means Cluster Method 
 The K-Means Cluster method is a clustering method 
which groups all data into k clusters, where the value of k is 
predetermined. This study establishes 4 clusters that will be 
formed. The following is a grouping of cluster members 
using the k-mean cluster method is explained in Table IV. 

Simulation 

Analysis 

K-mean 
Cluster 

Complete 
Linkage 

hierarchi 

Hospital Type 
(A, B, C, dan D) 

Single 
Linkage 

Hierarchi 

Process 
Model 

Event 
Log 

198



 
Table IV. K-Means Cluster Grouping Results 

Cluster Hospital 
Type List of Hospitals Total 

Hospitals 

1 A R 1, R 2, R 6, R 9, R 10, R 13, R 
15, R 19, R 21, R 26, R 30 11 

2 B R 8, R 14, R 18, R 20, R 24, R 29, 
R 32, R 38, R 39, R 40 10 

3 C R 3, R 5, R 7, R 12, R 17, R 22, R 
25, R 34 8 

4 D R 4, R 11, R 16, R 23, R 27, R 28, 
R 31, R 33, R 35, R 36, R 37 11 

Total 40 

Information : 
R 1…40 = Hospitals 
 The results of the k-mean cluster analysis in Table IV 
show that cluster 1 is categorized as type A hospital 
consisting of 11 hospitals namely hospital  1, hospital 2, 
hospital 6, hospital 9, hospital 10, hospital 13, hospital 15, 
hospital 15, hospital 19, hospital 21, hospital 26, hospital 
30, cluster 2 with type B consisting of 10 hospitals namely 
hospital 8, hospital 14, hospital 18 , hospital 20, hospital 24, 
hospital 29, hospital 32, hospital 38, hospital 39, hospital 
40, cluster 3 type C consisted of 8 hospitals namely hospital 
3, hospital 5, hospital 7, hospital 12, hospital 17, hospital 
22, hospital 25, hospital 34, and cluster 4 type D consisted 
of 11 hospitals namely hospital 4, hospital 11, hospital 16, 
hospital 23, hospital 27, hospital 28, hospital 31, hospital 
33, hospital 35, hospital 36, hospital 37.  

 2)  Hierarchical Complete Linkage 
 The hierarchical complete linkage is formed with do 
an approach without first determining the number of groups 
and determining distances are in the longest distance 
(smallest similarity) with each other. The following is a 
grouping of hospital indicators using the hierarchy complete 
linkage method to determine the classification of hospitals is 
explained in Table V.  

Table V. Hierarchical Complete Linkage Grouping Results 

Cluster Hospital 
Type List of Hospitals Total 

Hospitals 
1 A R 1, R 10, R 15, R 19, R 30 5 

2 B 
R 2, R 4, R,6, R 9, R 11, R 16, R 
21,R 23, R 26, R 27, R 28,R 31, R 
33, R 35, R 36, R 37  

16 

3 C R 3, R 5, R 7, R 8, R 12, R 17, R 
22, R 25, R 34, R 39 10 

4 D R 14, R 18, R 20, R 24, R 29, R 
32, R 38, R 40 8 

Total 40 

 Based on the hierarchical complete linkage analysis in 
Table V shows that cluster 1 is categorized as type A 
hospital consisting of 5 hospitals namely hospital 1, hospital 
10, hospital 15, hospital 19, hospital 30, cluster 2 with type 
B consisting of 16 hospitals namely hospital 2, hospital 4, 
hospital 6, hospital 9, hospital 11, hospital 16, hospital 21, 
hospital 23, hospital 26, hospital 27, hospital 28, hospital 
31, hospital 33, hospital 35, hospital 36, hospital 37, 
Clusters 3 type C consisted of 10 hospitals namely hospital 
3, hospital 5, hospital 7, hospital 8, hospital 12, hospital 17, 
hospital 22, hospital 25, hospital 34, hospital 39, and cluster 
4 type D consisted of 8 hospitals namely hospital 14, 
hospital 18, hospital 20, hospital 24, hospital 29, hospital 
32, hospital 38, hospital 40. 

3)  Hierarchical Single Linkage 
 The hierarchical single linkage is formed with conduct 
discussions without determining the number of groups first 
and groups forming groups with short groups. The following 
is a grouping of hospital indicators using the single 
hierarchy linkage method to determine hospital 
classification is explained in Table VI. 

Table VI. Hierarchical Single Linkage Grouping Results 

Cluster Hospital 
Type List of Hospitals Total 

Hospitals 

1 A 
R 1, R 2, R 3, R 5, R 7, R 9, R 10, R 
12, R 13, R 15, R 17, R 19, R 21, R 
22, R 25, R 30, R 34, R 36, 

18 

2 B R 4, R 6, R 11, R 16, R 23, R 26, R 
27, R 28, R 31, R 33, R 35, R 37 12 

3 C R 8, R 14, R 29, R 32, R 39 5 
4 D R 18, R 20, R 24, R 38, R 40 5 

Total 40 

 Based on hierarchical single linkage analysis in Table 
VI. showed that cluster 1 was categorized as type A hospital 
consisting of 18 hospitals namely hospital 1, hospital 2, 
hospital 3, hospital 5, hospital 7, hospital 9, hospital 10, 12 
hospitals, hospital 13, hospital 15, hospital 17, hospitals 19, 
hospital 21, hospital 22 , hospital 25, hospital 30, hospital 
34, hospital 36, cluster 2 with type B consisted of hospital 
12, hospital 4 , hospital 6, hospital 11, hospital 16, hospital 
23, hospital 26, hospital 27, hospital 28, hospital 31, 
hospital 33, hospital 35, hospital 37, cluster 3 type C 
consisted of 5 hospitals namely hospital 8, hospital 14, 
hospital 29, hospital 32, hospital 39, and cluster 4 type D 
classes consisted of 5 hospitals namely hospital 18, hospital 
20, hospital 24, hospital 38, hospital 40. 

C. Confusion Matrix Table 
 The following is a data prediction and reality using the 
k-means cluster, hierarchical complete linkage and 
hierarchical single linkage method can be seen in below.  

1) K-means Cluster 
 The following predictions and reality using k-means 
cluster can be explained in table VII below.  

Table VII. Prediction And Reality using K-Means Cluster 
Reality 

A B C D Total 

Prediction 

A 7 1 2 3 13 

B 1 5 5 3 14 

C 1 1 1 4 7 

D 2 3 0 1 6 

Total 11 10 8 11 40 

 Based on Table VII above, we find that accuracy, 
accuracy, memory are as follows in Table VIII below. 

Table VIII. Acuration, Prediction and Recall using K-Means Cluster 
A B C D Total 

True Positive (TP) 7 5 1 1 14 

False Positive (FP) 4 5 7 10 26 

False Negative (FN) 6 9 6 5 26 

True Negative (TN) 23 21 26 24 94 

%.567
TNFNFPTP

TNTP
Acuration  
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 Based on accuracy for the k-means cluster method has a 
classification accuracy of 67.5% and the recall can be 
explained in Table IX below.  

Table IX. Result Recall using K-Means Cluster 
Recall Formula Average 

A TotalATP /)(  0.175 

B TotalBTP /)(  0.125 

C TotalCTP /)(  0.025 

D TotalDTP /)(  0.025 

Average 0.0875 

 So based on the k-mean cluster method the value of 
recall is 8.75% and the prediction can be explained in Table. 
X below.  

Table X. Result Prediction using K-Means Cluster 
Precision Formula Average 

A )(./)( ApredictTotATP  0.54 

B )(./)( BpredictTotBTP  0.36 

C )(./)( CpredictTotCTP  0.14 

D )(./)( DpredictTotDTP  0.17 

Average 0.30 

     Based on the k-mean cluster method the value of 
proximity (precision) is 30%. 

2) Hierarchical Complete Linkage  
 The following predictions and reality using 
hierarchical complete linkage can be explained in Table XI 
below.  

Table XI. Prediction And Reality using  Hierarchical Complete Linkage 
Reality 

A B C D Total 

Prediction 

A 4 1 0 1 6 

B 6 3 5 2 16 

C 2 5 1 2 10 

D 1 5 1 1 8 
Total 13 14 7 6 40 

 Based on the above table, then find the accuracy, 
precision, recall as follows in the Table XII below.  

Table XII. Acuration, Prediction and Recall using Hierarchical Complete 
Linkage 

 A B C D Total 

True Positive (TP) 4 3 1 1 9 

False Positive (FP) 9 11 6 5 31 

False Negative (FN) 2 13 9 7 31 

True Negative (TN) 25 13 24 27 89 

 
%.2561

TNFNFPTP
TNTP

Acuration  

So Accuracy for hierarchical complete linkage method 
has classification accuracy of 61.25% and recall be 
explained in the Table XIII below 

Table XIII. Result Recall using Hierarchical Complete Linkage 
Recall Formula Average 

A TotalATP /)(  0.25 
B TotalBTP /)(  0.075 

Recall Formula Average 
C TotalCTP /)(  0 
D TotalDTP /)(  0.025 

Average 0.0875 

 So based on the hierarchical complete linkage method 
the value of is 8 recall 8.75% and prediction can be 
explained in Table XIV below.  

Table XIV. Result Prediction using Hierarchical Complete Linkage 
Presisi Formula Average 

A )(./)( ApredictTotATP  0.56 

B )(./)( BpredictTotBTP  0.25 

C )(./)( CpredictTotCTP  0 

D )(./)( DpredictTotDTP  0.2 
  Average 0.25 

 Based on the hierarchical complete linkage method the 
value of proximity (precision) is 25% 

1) Hierarchical Single Linkage  
 The following predictions and reality using 
hierarchical single linkage can be explained in Table  XV 
below.  

Table XV. Prediction and Reality using Hierarchical Single Linkage 
  Reality   
    A B C D Total 

Prediction 

A 10 6 1 1 18 
B 2 3 5 2 12 

C 1 2 0 2 5 

D 0 3 1 1 5 

Total   13 14 7 6 40 

 Based on the table above, then we find the accuracy, 
precision, recall as follows in the Table XVI below.  

Table XVI. Result Recall using Hierarchical Single Linkage 
A B C D Total 

True Positive (TP) 10 3 0 1 14 

False Positive (FP) 3 11 7 5 26 

False Negative (FN) 8 9 5 4 26 

True Negative (TN) 19 17 28 30 94 

%.567
TNFNFPTP

TNTP
Acuration  

 So accuracy for the hierarchical single linkage method 
has classification accuracy of 67.5% and the recall can be 
explained in the Table XVII below.  

Table XVII. Result Recall using Hierarchical Single Linkage 
Recall Formula 

A TotalATP /)(  0.1 

B TotalBTP /)(  0.075 

C TotalCTP /)(  0.025 

D TotalDTP /)(  0.025 

Average 0.056 
 So based on the hierarchical single linkage method the 
value of proximity (precision) is 5.6% and the prediction 
can be explained  Table XVIII below.  

Table XVIII. Result Prediction using Hierarchical Single Linkage 
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Presisi Formula Average 

A )(./)( ApredictTotATP  0.67 

B )(./)( BpredictTotBTP  0.19 

C )(./)( CpredictTotCTP  0.1 

D )(./)( DpredictTotDTP  0.13 

Average 0.27 

 So based on hierarchical single linkage method, the 
value of proximity (precision) is 27%.  

V. CONCLUSION 
 Hospitals are institutions that provide health services 
both in outpatient rooms, inpatients and emergency care. 
Hospitals in Indonesia are classified into 4 classes, namely 
classes A, B, C, and D. The classification is based on 
predetermined indicators such as the number of doctors, the 
number of pharmacists and several indicators. 
Determination of these indicators, then analyzed using k-
means clusters, hierarchical complete linkages, and 
hierarchical single linkages to get classes from the hospital. 
The results of the analysis can be seen that the calculation of 
accuracy, precision, and recall that have been done using the 
k-means cluster method when compared with 2 methods, 
namely hierarchical complete linkages, and hierarchical 
single linkages have better values of accuracy, precision, 
and recall to get the class from the hospital.  
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