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commonly used: Alpha, Heuristic Miner, and Inductive Miner. Each of the
algorithms has its own characteristics. This paper compares these algorithms for
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describe the process based on PKL event log well. It is because loop processes
Process discovery, exist. It is also shown that the PKL process is not implementing the SOP well yet.
Process mining, On the other hand, Heuristic Miner neglects minor processes which do not
Alpha, frequently happen and does not describe it in the process model. Inductive miner
Heuristic, combines the working principle of Alpha Miner and Heuristic Miner. Overall, the
Inductive process model that is formed uses the Alpha algorithm which is closest to reality

because it has a fitness of 0.96.
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1. Introduction

Currently, many organizations have problems with time efficiency [1]. They try to find the most
optimized workflow by reducing the duration of some activities or removing unimportant activities [2]. The
most promising technique to solve this problem is creating a business process procedure in form of a
Standard Operating Procedure (SOP) [3]. SOP is the main guidance as a reference of activities. SOP is
created in form of text and process models ensuring easy understanding [4]. Activities of SOP is documented
in event log [2]. This event log is usually stored in an information system, so that will be easier to monitor
and evaluate [5]. Most event log consist of traces, cases, and activities. In addition, some event log also has
timestamps and resources.

The process model of SOP and event log usually have some mismatches. These mismatches lead to
fraud, including corruption and financial loss. It can be severe for organizations or processes efficiency.
Process mining is a powerful method to evaluate business process based on event log [6]. Process mining
begins by process discovery which visualizes process model. After that conformance checking is conducted
between process model and event log to evaluate its performance. Finally, the evaluation is used to enhance
process model.

Process discovery becomes a vital part of process mining since it provides data for the next part [7]. The
wrong visualization from process discovery causes wrong interpretation of SOP and event log. Moreover,
conformance checking could be inaccurate and process model cannot be enhance effectively [1]. We use
three algorithms of process discovery: Alpha, Heuristic Miner, and Inductive Miner to evaluate internship
business process. Then we analysed each algorithm in fitness, precision, simplicity, and generalization. These
algorithms are evaluated on internship program workflow in higher education institution.
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2. Method

2.1 Conformance Checking Evaluation
a. Fitness

Fitness between event log and process model represents quality of process model. Fitness is focused on
traces of event log which can be represented successfully in the process model. It values within the range of 0
- 1. Fitness is formulated as
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where ¢ is the number of traces in event log which can be represented in the process model, t is the total trace
of event log, m is the number of activities in event log which cannot be represented in the process model, r is
the number of activities of trace in event log and e is total activity in event log. In case of all traces can be
captured perfectly in the process model, it will be valued as 1. Nevertheless, if all traces in event log cannot
be captured in process model from the start until last activity, then the value fitness of process model will be
0.
b. Precision
Precision measures if an algorithm is proper to solve the following case. Precision value calculated
tip
£ (4)
where ttp is the number of true positive and t is the total true positive and false negative. These values are
referred to sets of cases with same traces in event log which can be captured in the process model. Perfect
precision (P=1) leads to overfitting. It means the process model is very specific. This very specific
characteristic made the process model cannot be used in other cases, even with very small differences.

3. Results and Analysis

3.1 Event Log

This paper uses event logs for the analysis process. Event log can store various kinds of information
[11]. The event log is the result of recording activity every time someone doing something on the information
system. Event logs that have been collected and then analyzed so that it can be used as a guideline for making
business process models of a company for the future [9]. To be able to apply process mining techniques, the
first thing to do is retrieve event logs from data sources (eg: databases, transaction logs, audit trails, etc.).
XES is a standard format for process mining that is supported by most process tools mining. XES was
created in 2010 by the IEEE Task Force on Process Mining. Next to XES (eXtensible Event Stream), another
format supported by the ProM toolkit is an MXML file (Mining eXtensible Markup Language).

The event log has several terms that are often used as a basis analysis, namely case, trace, activity, time,
resource [12]. Case is a series of activities that connected to each other starting from the initial activity to the
final activity to solve the problem certain. Trace is a collection of cases that have the same path or sequence
similarity activity. Activities are work that has been carried out in a business process. Time is the execution
time recorded for each activity. Resources are people or a device in charge of completing each activity. We
use Internship Process event log from XYZ universities. In this paper event log consists of 26 activities, 7
traces, and 50 cases.
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Fig 1. Fragment of Event log
3.2 Process Discovery Using Alpha Algorithm
Alpha Algorithm is the first original algorithm on process discovery [13]. It works by connecting one
activity to other activities based on event log, so the whole traces of activities can be successfully constructed.
However, it cannot detect trace on one-length-loop. In this one-length-loop, the activities have trace to itself.
This becomes the main weakness of alpha algorithm. Weakness of Alpha Algorithm is shown in Table 1.
Table 1
Weakness of Alpha
Weakness of Alpha Result

Length-one-loop o _
S

[e]
complete

[od
complete

[}
complete

=]
complete

Length-two-loop S
]

A
complete
P
complets

Q
complete
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3.3 Process Discovery Using Heuristic Miner
The Heuristic Miner is one basic improvement of the Alpha algorithm [14] This algorithm focuses on the
frequency of the process. The process that happens frequently will be more used compared to the less frequent
process. It means that this algorithm neglects processes with low frequency. So that this algorithm can be
effectively used to describe processes that recurring or frequently happened. Process model generated using
Heuristic Miner is shown in Table 2.
Table 2
Process model using Heuristic Miner
Heuristic Result
Model Process using
Heuristic Miner in process

A A
O . complete

complete

Model Process using
Heuristic Miner in process
0

M
complete

p
complete

o
complete

3.4 Process Discovery Using Inductive Miner

The Inductive Miner has dual approach working principles [10]. It focuses on both begin and end of the
whole process and then makes grouping of processes. The tracing is also made within the group. This
algorithm can describe more detail compared to Heuristic Miner but still consider less frequent processes by
making it sometimes like a parallel process. Process model generated using Inductive Miner is shown in Table
3.

Table 3
Process Model using Inductive Miner
Weakness Result
Model Process using
Iductive Miner in process
B [
Model Process using
Inductive Miner in
process O ©
M
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The result of fitness and precision for Alpha, Heuristic Miner, and Inductive Miner algorithm is shown in
Table 4 Alpha has highest fitness compared to other two algorithm. It means that Alpha algorithm can describe
process in a very good manner. On the other hand, its precision is very bad at 0.25. The highest precision is
achieved by Inductive Miner due to its dual approach characteristics. It made higher precision, but the fitness
value is reduced just a small number.

Table 4
Fitness and Precision each algorithm
Fitness Precision
Alpha 0.96 0.25
Heuristic Miner 0.92 0.62
Inductive Miner 0.94 0.89

4,  Conclusion

Process disvoery in process mining is used to create process model automatically based on event log.
Various process discovery methods have been introduced which are the Alpha algorithm, Heuristic Miner,
and Inductive Miner. The Alpha algorithm focuses on causality each activity. Heuristic Miner focuses on the
frequency of the process. Inductive miner focuses on both begin and end of the whole process and then makes
grouping of processes. Fitness is done by measuring the fit between the event log and the process model.
Precision measures the accuracy of an algorithm used for a case. In this study, the Alpha algorithm has a
higher fitness of 0.96 which indicates that the process model formed is close to reality. However, the point in
this research is that the Alpha, Heuristic, and Inductive Miner algorithms each have characteristics that are
seen in the case internship program.
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