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Abstract— ldentification of bottlenecks is a challenge for
researchers to detect and deal with as soon as possible so as
not to affect the implementation of business processes in the
actual situation. The complexity of business processes can
make it difficult for analysts to identify bottlenecks in a
business process. Process mining is a technique to detect
bottlenecks using event logs. However, many studies still use
event logs from the system resource activities. Therefore,
identification cannot be made before implementation. The
researcher proposes bottleneck detection using the Discrete
Event Simulation (DES) hierarchical process model. The
hierarchical process model is divided into Top-level and
Bottom-level process models. DES is used to simulate a
hierarchical process model that can generate event logs. The
event log was analyzed using ProM with the Inductive Miner
method and performance analysis. This research indicates
that activities that occur bottlenecks at the Top-level can
represent a group of activities that occur bottlenecks at the
Bottom-level. Therefore, the bottleneck identification results
in the hierarchical process model can provide an overview of
bottlenecks in general (Top-level) and specifically (Bottom-
level).

Keywords—Bottleneck, Business Process, Discrete Event
Simulation, Inductive Miner, Process Mining

I.  INTRODUCTION

The development of business processes is rapid and
complex, following the company's growth in running a
business to achieve its own goals and expected goals by
collaborating between companies [1]. One of the problems
that often occur in applying business processes is the
occurrence of bottlenecks. Identifying bottlenecks is critical
to detect whether business processes can run by the Standard
Operation Procedure (SOP). Company managers can
evaluate the business processes used and handle which
activities are bottlenecks to increase system productivity
[2].

One technique to detect business process problems or
bottlenecks is process mining [3]. Process mining is
extracting business process knowledge using event logs [4].
The event log is a list of workflows that occur within the
company, consisting of the unique Case ID code of one
process, the Activity that was executed, the execution time
of the activity (Timestamp), and the Agent who performed
the activity (Resource) [5]. Process mining is applied using
ProM software. ProM is an open-source framework used by
researchers for process mining [6].
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Previous research about identification bottlenecks [7][8]
used ProM to detect bottlenecks overcome with various
solutions by adjusting the analyzed case studies. Another
case conducted by [9], was the identification of bottlenecks
in the agile development business process. Based on this
research, bottleneck analysis is still carried out on one
overall process model. The weakness of the analysis is that
it is difficult to see where the bottleneck problem is broadly
in a process with a lot of activity.

Previous research about hierarchical models [10],
applied a hierarchical mining process to find process models
based on event logs from several distributed departmental
sources. Another research [6] used a hierarchical process
model to detect bottlenecks in the process model by making
Top-level (TL) and Bottom-level (BL) event logs. The
following research [11] proposes a causal hierarchical
approach to capture two levels of causal maps, namely the
general level and the subsystem level. Based on previous
research, applying the hierarchical process model still uses
event logs from resource activities. The weakness of using
logs from running resource activities is that bottleneck
detection is only analyzed when the process has been run.
Thus, there is trial and error with activity actors (resources)
to detect bottlenecks.

This research proposed identify bottlenecks in the
Hierarchical Process Model (HPM) using Discrete Event
Simulation (DES) and process mining. Waste Handling
SOP modeling using DES is carried out to be simulated
according to the actual situation. Therefore, analysts can
perform various process model options that can be
simulated to see the possibility of bottlenecks. This can help
analysts not trial and error with activity actors (resources) to
detect bottlenecks. They are next, modeling HPM from the
Waste Handling SOP. The hierarchical level of the process
model is divided into TL and BL. Both process models are
described in DES and simulated to generate BL event log.
Based on the event log, the time setting is obtained that will
be used in TL modeling in DES to generate TL event log.
Process mining is carried out based on the two event logs to
identify bottlenecks in each event log using Inductive Miner
and performance analysis. Process mining results at the TL
and BL are analyzed to see where the bottleneck problems
are in general and specifically.
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II.  PRELIMINARY

A. Hierarchical Process Model (HPM)

The Hierarchical Process Model (HPM) is a process
model in which several levels have different details [12]. In
some instances, the process model analyst must decompose
the model into several submodels [12]. Thus, the model can
be analyzed in general and specifically. HPM collection
discovery technique [13] is shown to find processes at
different levels that exhibit the relationship between parent
and child processes. The child process is a detail of the
parent process [14].

B. Discrete Event Simulation (DES)

Discrete Event Simulation (DES) is a system modeling
as a sequence of discrete events [15] that can comply with
the Standard Operation Procedure (SOP) within a company
by meeting boundaries, rules, and managerial decisions
[16]. The DES model can be built using one software,
namely AnyLogic. In AnyLogic, several elements are often
used to construct a DES model: source, service, resource
pool, select output, and sink. One of the advantages of DES
is that it can easily and practically adapt to the real world
and can handle the complexity and dependencies of several
components involved in the system [17]. DES is a popular
simulation technique often used by many researchers in
modeling systems for production planning, supply
management, and maintenance [18]. Angel [17], simulation
can provide many conditions and improvements that are
difficult to implement in actual experiments. Analysts can
apply various system handling conditions flexibly and
identify their impact without causing system failure [19] or
knowing that the system needs upgrading [20].

C. Bottleneck Analysis

One technique to identify bottlenecks is by using process
mining. The process mining results can provide congestion,
decisions, and resource use [21]. An activity is bottlenecked
if it has a longer waiting time than other business processes
[8]. Process mining can be implemented using ProM. ProM
has been widely used to identify bottlenecks in event logs.
However, various methods are used to detect and handle
bottlenecks in several studies, according to the case studies
analyzed [22][23]. Based on previous research, a bottleneck
is an important thing that must be seen and handled
immediately to avoid the system not running according to
the predetermined time estimate.

III. METHODOLOGY

The method proposed in this study is to identify
bottlenecks in the SOP Hierarchical Process Model of
Waste Handling simulated using DES. The flow of the
proposed method is depicted in Fig. 2.

O -

Senting Recyele
waste To Recycle
Industry

Sending Non
Pra-Preprocessing Processing Non Recycle Waste To
Non Recycle Waste Recycle Waste Non Recycle
Industry

Fig. 1. Top-level Hierarchical Process Model of Waste Handling

Pra-Preprocessing

. .| Processing Recycle
Recycle Waste

Wasle "l

Standart Operation
Procedure

Creating Hierarchical
Process Model
by Using
Discrete Event Simulation

¥ ¥
/ Top-level / / Bottom-level /
I + T

Generating Simulation
Event Logs of Hicrarchical
Process Model

Event Log Event Log
Top-level Bottom-level

Bottleneck Analysis by
using Process Mining

v

Result and Analysis

Fig. 2. Proposed Method

A. Creating Hierarchical Process Model by using Discrete
Event Simulation

At this stage, the SOP Hierarchical Process Model of
Waste Handling is made into a TL and BL process model
using BPMN. Based on the Waste Handling SOP, the TL
process model consists of 6 submodels, namely Pra-
Preprocessing Recycle Waste, Processing Recycle Waste,
Sending Recycle Waste To Recycle Industry, Pra-
Preprocessing Non Recycle Waste, Processing Non Recycle
Waste, Sending Non Recycle Waste To Non Recycle
Industry. TL process model is depicted in Fig. 1.

The details of the activities of each submodel are
described as follows:

1. Pre-Preprocessing Recycle Waste

This submodel describes the flow of activities before the
processing of recycled waste. The process starts with the
stakeholders placing the waste in the waste bin, sending the
waste to the recycling area, and inputting the waste delivery
time. The Pre-Preprocessing Recycle Waste submodel is
depicted in Fig. 3

2. Processing Recycle Waste

This submodel describes the flow of activities before
processing non-recyclable waste. The process starts from
the stakeholders placing the waste in a non-recyclable waste
bin, sending non-recycled waste to a waste incinerator, and
inputting the delivery time for non-recycled waste. The
submodel is depicted in Fig. 4.

3. Sending Recycle Waste To Recycle Industry

This submodel describes the flow of the waste recycling
process activities. The process starts from cleaning the
waste, dividing the waste, which is only carried out on the
waste that requires the activity, drying the waste, packing
the waste, and entering the waste processing log. The
submodel is depicted in Fig. 5
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4. Pre-Preprocessing Non Recycle Waste

This submodel describes the flow of non-recycling
waste processing activities. The process starts from burning
waste, packing burning ash, and inputting ash processing
logs. The submodel is depicted in Fig. 6.

5. Processing Non Recycle Waste

This submodel describes the flow of sending recycled
waste to the recycling industry. The process starts from
taking the waste by the industry, inputting the delivery time,
and sending the waste to the recycling industry. The
submodel is depicted in Fig. 7.

6. Sending Recycle Waste To Non Recycle Industry

This submodel describes the flow of non-recycled waste
delivery activities to non-recycled industries. The process is
almost the same as Fig. 7, but the process is carried out for
non recycle waste. The submodel is depicted in Fig. 8.
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Based on the SOP Hierarchical Process Model of Waste
Handling, the TL and BL process models are described
using DES therefore that they can be simulated to generate
event logs. The TL DES is illustrated in Fig. 9, and BL DES
is depicted in Fig. 10.

In Fig. 9, each submodel activity is described using the
service in DES, while in Fig. 9, service on DES represents
each submodel. The DES model was created using
AnyLogic software. Both DES models are simulated to
generate event logs for each model. Before being simulated,
all services are given an estimated processing time of each
data using triangular. Triangular is the time format
AnyLogic to determine the minimum, maximum, and most
likely time in a triangular structure (min, most, max). In BL
DES, each service is given an estimated time according to
the Waste Handling SOP. Details of time estimation for BL
DES are depicted in Table 1.
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TABLE L DETAIL DES OF BOTTOM-LEVEL
Service T/M

putlnRecycleBin (30, 60,90)
sendToRecyclePlace (0.5,1,1.5)
entryArrivalLogRecycle (05,1,1.5)
cleansedWaste (0.5,1,1.5)
wasteBreakdown (480, 720, 960 )
drainWaste (0.5,1,1.5)
packWaste (0.5,1,1.5)
entryWasteProcessedLog (0.5,1,1.5)
takeWasteByRecyclelndustry (05,1,1.5)
createMinutesWasteShipment (30, 60, 90)
sendByRecyclelndustry (30, 60,90)
putlnNonRecycleBin (30, 60, 90)
sendToHeatingSystem (5,10,15)
entryArrivalLogNonRecycle (0.5,1,1.5)
wasteBurning (0.5,1,1.5)
packCinder (4,5,7)
entryCinderProcessedLog (05,1,1.5)
takeCinderByNonRecycleIndustry (5,8,12)
createMinutesCinderShipment (0.5,1,1.5)
sendToNonRecyclelndustry (30, 60,90)

where:
T/M = Triangular/Minutes

In DES TL, to provide an estimate of service time
requires event logs from DES BL simulation results.
Because the TL is a grouping of each service, the minimum,
maximum, and most likely time calculations are carried out
for each activity in the BL event log. The pseudocode to
calculate the estimated time value of the TL DES service is
described in Table II.

TABLE IL PSEUDOCODE SET TRIANGULAR VALUE DES Top-
LEVEL

Pseudocode Triangular Value DES Top Level

exportLogDESBottomLevel()
listTopLevel = getListActivityTopLevel()
db = importLogtoDatabase()
add new column = level
eventLog = getListDatalog()
for eventLog

if eventLog.block in listTopLevel

update eventLog.level = listToplevel.activity

endif
endfor
for eventLog

listRange = eventLog.stopdate - eventLog.startdate
endfor
most = avg(listRange)
max = max(listRange)
min = min(listRange)

Table II shows the pseudocode to get the minimum,
maximum, and most likely time for each submodel from the
BL DES simulation event log. Log data from the simulation
results are imported into the database, and data processing
is carried out using Standard Query Language (SQL).
Therefore, the minimum, maximum, and most likely values
for each submodel are depicted in Table III.

TABLE III. DETAIL DES OF TOP-LEVEL

Service /M
praPreprocessingRecycleWaste (0.5,21,87)
processingRecycleWaste (0.5,70,930)
sendingRecycleWasteToRecycleIndustry (0.5,20.5,82)
praPreprocessingNonRecycleWaste (0.5,24,89)
processingNonRecycleWaste (05,25,7)

[ sendingNonRecycleWasteToNonRecyclelndustry | (0.6,22.5,82) |

Table III shows a list of time estimates used in the TL
DES model for each service representing each submodel.
Furthermore, the simulation is carried out to generate an
event log.

B. Generating Simulation Event Logs of Hierarchical
Process Model

At this stage, the event log is obtained from the
simulation results of each TL and BL DES. Event log
retrieval is used to be analyzed using process mining. Event
log retrieval using the pseudocode described in Table IV.

Table IV shows the pseudocode for processing logs from
TL and BL DES simulations to be analyzed using process
mining. The pseudocode uses the sort by agent and startdate.
The log data from the DES simulation results can be sorted
by agent and processing start time from the service.
Therefore, the process flow is by the SOP of Waste
Handling. The result of the event log exported to a CSV file
at the BL is depicted in Table V, and the TL is depicted in
Table VI.

TABLE IV. PSEUDOCODE EXPORT EVENT LOG FROM DES

Pseudocode Export Event Log DES
simulationDES()
eventLog = export table flowchart process_states_log
importLogtoDatabase()
Sort by agent asc
Sort by start_date asc
Export result to csv

TABLE V. EVENT LOG OF DES BOTTOM-LEVEL

Agent Block Start Stop
TR | ey | 10 | 200
S e
T | omprmatoe | 0 | 202
ST | v w2 | o2
Sl N Fr o
ST | o |
e A
<population>[ 20/03/2 | 20/03/2

entryWasteProcessedLog

0]:1726 019.01 | 019.02
<population>[ | takeWasteByRecycleIndust | 20/03/2 | 20/03/2
0]:1726 ry 019.02 | 019.03
<population>[ | createMinutesWasteShipm 20/03/2 | 20/03/2
0]:1726 ent 019.03 | 019.04
<population>[ 20/03/2 | 20/03/2

sendByRecycleIndustry

0]:1726 019.04 | 019.52

TABLE VL EVENT LOG OF DES TOP-LEVEL

Agent Block Start Stop
<population ) 20/03/ | 20/03/
. praPreprocessingRecycleWaste 20 20
>[0] : 586
07.00 07.47
<population ) 20/03/ | 20/03/
>[0] : 586 processingRecycleWaste 20 20
) 07.47 10.46
20/03/ | 20/03/

<population | sendingRecycleWasteToRecycl 20 20

>[0] : 586 elndustry 10.46 10.51
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C. Bottleneck Analysis by using Process Mining

Based on the results of the TL and BL event logs, then
they are analyzed using process mining. Process mining is
carried out to find out if there are bottlenecks in
implementing SOP from Waste Handling. Process mining is
done using ProM. Both event logs are imported into ProM
and selected for CaselD, Activity, StartDate, and EndDate.
Thus, the Petri Net can be described according to the event
log. Table V and Table VI show column agents as CaselD,
block as Activity, start as StartDate, and end as EndDate.
Then process discovery is carried out using inductive
mining and performance analysis to produce a Petri Net that
can show bottlenecks from the TL and BL event log.

IV. RESULT AND DISCUSSION

A. Result

After the mining process using TL and BL event logs is
carried out, the TL Petri Net results are obtained as
illustrated in Fig. 11, and the BL illustrated in Fig. 12.

Fig. 11 shows the Petri Net of the TL process model. The
results of the Petri net consist of 6 activities according to the
total submodel formed from the SOP Hierarchical Process
Model of Waste Handling. There are different colors for
each activity. The color indicates the high waiting time for
each activity. The higher the waiting time, the redder the
color displayed, the lower the waiting time, the yellower the
color of activity in the Petri Net. One activity has a high
waiting time value, namely processingRecycleWaste with
the red color, and another yellow activity, which indicates
that the activity has a low waiting time value. Thus, there is

a bottleneck in the processingRecycleWaste activity in the
TL process model.

Fig. 12 shows the Petri Net of the BL process model.
The results of the Petri Net consist of 20 activities that offer
only one activity with a high waiting time value, namely
wasteBreakdown. In contrast, other activities have a low
waiting time value. Thus, there is a bottleneck in the
wasteBreakdown activity in the BL process model.

B. Analysis

Based on the TL and BL Petri Net results, the two Petri
Net have bottleneck activities. The bottleneck that occurs at
the BL is that the wasteBreakdown activity is included in
the processingWasteRecycle submodel, where there is a
bottleneck in the processingWasteRecycle activity at the
TL. Results show that if a bottleneck occurs at the BL, it can
affect the Top -level. Bottlenecks at the BL also affect the
results from the TL. Thus, identifying bottlenecks in the
hierarchical process model can overview bottlenecks in
general (TL) and specifically (BL).

V. CONCLUSION

In this research, the bottleneck identification in the
hierarchical model process is divided into two levels of the
process model, namely TL and BL. Researchers created a
simulation model using DES to identify bottlenecks to
analyze the possibilities that could cause a bottleneck to
occur with various process model options that can be
simulated and generate event logs to be analyzed using
process mining. One of the mining process methods is
performance analysis to identify bottlenecks in activities
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based on event logs. Therefore, one bottleneck activity is
found at the TL and one activity at the BL. Based on these
results, it shows that DES can model and simulate
hierarchical process models and can generate event logs that
can be analyzed using process mining. The results of the
Petri net at the TL show that submodels or activities that
occur bottlenecks can represent the occurrence of
bottlenecks in activities in the BL. Thus, bottleneck
identification in the hierarchical process model can show the
location of the problem in outline or specifically.

Future work in this research results from bottleneck
analysis, which continues to be the basis for optimization.
Therefore, the optimization process can be carried out on
activities that occur in bottlenecks. Because the results in
this research only arrived at identifying the bottleneck.
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