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Abstract: Process mining is a relatively new and emerging While looking from the software engineering view, soft-
research area dealing with the process modeling and process ware development process is very important in conducting
analysis by studying on the event logs. By mining these (. re product, and it is a predefined ordering of some ac-

logs, one can understand what is actually happening in the . .. devel h d Both in the impl .
organization, which will bring quite different results than what tivities to develop these products. Both in the implementation

people think. That is the reason why big organizations start and the maintenance phases, these products, are conducted
using process mining to x-ray their organizations by various by extracting software development and testing cycle, which
industrial and scientific process mining applications. This study  processes event logs in the organization. Therefore, collect-
aims to enlighten the researchers about the details of process ing these data is very important in process mining. After

mining and ProM framework. To accomplish this, firstly, the .
details and the conversion process of MXML for’mat, w,hich collecting them, they must be carefully analyzed. Therefore,

is the correct format applicable for ProM tool, are explained. firstly, the applicable tables, which include the correct data,
After that, some main process mining algorithms are detailed are extracted from the big data garbage, then these log data

by analyzing Alpha Algorithm, Heuristic Mining Algorithm are mined by using mining algorithms, and finally their

and Social Network Algorithm. Finally, how to extract data .o ¢s are evaluated by using four quality criteria as fitness,
through Software Development cycle process is presented, and . .. . .
simplicity, precise and generalize [2].

the results, which are obtained by analyzing the related data, ) .
are depicted. In this paper, we describe a case study based on the log

Index Terms—Process Mining, ProM, Process Mining Al- of software development process in a software company. The

gorithms, Alpha Algorithm, Heuristic Miner Algorithm, Data office is responsible~f0r the Construct.ion and maintepance of
Collection. the software, e.g., Financial Accounting (FI), Material Man-

agement (MM), Quality Management (QM), Project Systems
I. INTRODUCTION (PS) and Human Resources (HR), of an organization over
30,000 personnel. We have used an event log containing 71
cases as a starting point for mining the process perspective.
And we tried to compare the mining algorithms according
our event data, and presented the result.

This is how the paper is structured: Section 2 introduces
some background information about Process Mining, the
ProM Framework and Process Mining Algorithms, Section
3 details a process mining case study about Software De-
velopment and Testing, and finally Section 4 concludes the
study.

Usiness process mining, or process mining in a short

form, is an emerging research area, which brings a
new way of analyzing and aims to improve the business
processes by presenting the big picture to decision makers
by using event logs. Due to this property, some researchers
defined process mining as a kind of machine learning task
[1]. The main idea is to learn (or deduct) some critical
knowledge from these logs, which are recorded by the
analyzed information system.

Mainly, event logs contain the necessary information about
events in the analyzed system by referring to an activity or a
case. Enterprise Resource Planning systems like SAP would II. BACKGROUND
be accepted as a good sample for process mining since it Iogs A, Process Mining
all transactions that cover the people and procedures. On
the other hand, Customer Relationship Management systems
log main interaction with their customers. If these types of
processes cannot be mined well enough, it will be very
difficult the catch where the bottlenecks or skipped sub-
processes are. Therefore by using process mining techniques,
the possibility of making a mistake is reduced and the chance
of catching the opportunities is increased.

To enhance the efficiency of the mining system, mining
algorithms are accepted as a key aspect in process mining,
due to their direct impacts on mining results. There are many
algorithms that can be plugged in as separate tools to the
Process Mining Platforms. ProM is accepted as the largest
platform, which covers all mining properties in one system.

Process mining is a relatively new and emerging research
area dealing with the process modeling and process analysis,
as well as business intelligence and data mining. The main
purpose of process analyzing is to identify the processes by
mining the event logs. There are two reasons that prove the
usefulness of the mining process. First, it is used as a tool
that provides information about how people and procedures
really work. For example, SAP would be a good sample
for this since it logs all transactions that cover the people
and procedures. Second, process mining is a useful tool to
compare predefined processes and the actual process.

An Event can be defined as an activity corresponding to
the starting point of the process mining. Process mining
techniques need a sequential relation between events. Each
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activity-based), or data elements recorded with the incident
(such as the size of an order), which is required in order to
create a realistic model [3].

Fig. 1.

Types of Process Mining [3]

According to the Figure 1, which is created by IEEE
working group, there are three types of mining processes.
These are respectively; Discovery, which deals with the
generation of the model from event logs without using any
meta-information; Conformance Techniques, which deal
with comparison of a priori model with the model of event
logs and aiming at detecting inconsistencies and/or deviations
between the process models from the log files; and lastly
Enhancement, which aims to extend or to improve the
existing process model according to gather information from
the event log [4].

B. The ProM Framework

ProM [2] is the most common and popular process mining
tool. There are many algorithms that can be plugged in as
separate tools, and ProM is accepted as the largest platform,
which covers all properties in one system. These separate
tools aim different goals such as exploring processes, ana-
lyzing social networks or validating the business rules [3].
This tool is open source and extensible. In other words, it
can be improved by creating new Plug-ins. Up to the present
day, over 280 Plug-ins are included in this tool. The most
relevant and important Plug-ins are the ones which deal with
mining processes. Figure 2 summarizes the general ProM
architecture by demonstrating the relationship between the
event logs and Plug-ins.

The event log, which is used as the input for the plug-
ins is often in Mining XML (MXML) format. This format is
based on XML standards and specially designed for ProM.
Information Systems such as SAP have their own logging
format. When an event log is required for mining, firstly this
event log format is needed to be converted into a format
supported by process mining. Therefore, the first step is
cumbersome since the information about the format which is
supported by the process mining tool has to be known besides
the current information system format. To make this type
of operations easier, ProM developers have created MXML.
MXML follows a specific schema definition and indicates
that the event log does not constitute irregular and random
information, so there is known the location of items for the
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need of a plug-in. Figure 3 shows a snapshot of an MXML
log.
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Fig. 2. ProM Architecture

Process log starts with WorkflowLog element which con-
tains Source and Process elements. Source element means
information about the event-logging system or software.
Process element represents the process to which process
log belongs. Process element consists of a variety of audit
trail inputs. Here, audit trail represents an atomic event
and recording information such as WorkflowModelElement,
EventType, Timestamp, and Originator elements [5].

<?xml version="1.0" encoding="UTF-8"2>

<WorkflowLog xmlns:xsi="http://www.w3. org/2001/XMLSchema—instance”
NamespaceSchemaLocation="WorkflowLog . xsd”
description="Test.logwfor.dec

on.miner”>

<Source program="name:..,.desc:.,_data:_{program=none}">
<Data>
<Attribute name="program”>name: , desc: , data: {program=none}</Attribute>
</Data>
</Source>
<Process id="0" description="">

<Processinstance id="Case.4” description="">
<AuditTrailEntry>
<WorkflowModelElement>Register Claim</WorkflowModelElement>
<EventType>start</EventType>
<Timestamp>2002—04—08T09:52:00.000+01 :00</ Timestamp>
<Originator>Robert</Originator>
</AuditTrailEntry>
<AuditTrailEntry>
<Data>
<Attribute name="Amount”>500</ Attribute>
<Attribute name="Customerll 568120443</ Attribute>
<Attribute name="PolicyTyp ormaks/ Attribute>
</Data>
<WorkflowModelElement>Register Claim</WorkflowModelElement>
<EventType>complete</ EventType>
<Timestamp>2002—04—08T10:11:00.000+01 :00</Timestamp>

<Originator>Robert</Originator>
</AuditTrailEntry>
<AuditTrailEntr;
<Workfl
<EventType>start</EventType>
<Timestamp>2002—04—08T10:32:00.000+01 :00</ Timestamp>
<Originator>Mona</ Originator>
</AuditTrailEntry>
<AuditTrailEntry>
<WorkflowModelElement>Check policy only</WorkflowModelElement>
<EventType>complete</EventType>
<Timestamp>2002—04—08T10:59:00.000+01 :00</ Timestamp>
<Originator>Mona</ Originator>
</AuditTrailEntry>
<AuditTrailEntry>
<WorkflowModelElement>Evaluate claim</WorkflowModelElement>
<EventType>start</EventType>
<Timestamp>2002—04—08T11:22:00.000+01:00</Timestamp>>
<Originator>Linda</Originator>
</AuditTrailEntry>
<AuditTrailEntry>
<Data>
<Attribute name="Status”>approved</Attribute>
</Data>
<WorkflowModelElement>Evaluate claim</WorkflowModelElement>
<EventType>complete</EventType>
<Timestamp>2002—04—08T11:47:00.000+01 :00</ Timestamp>
<Originator>Linda</Originator>
</AuditTrailEntry>
</Prossinstance>

ModelElement>Check policy only</WorkflowModelElement>

</Process>
</WorkflowLog>

Fig. 3. Snapshot of an MXML log

C. Process Mining Algorithms

The core component of the process mining is its algorithm
(process mining algorithm). It mainly determines how these

WCE 2014



Proceedings of the World Congress on Engineering 2014 Vol I,
WCE 2014, July 2 - 4, 2014, London, U.K.

models are produced. In the literature, there are many mining
algorithms. In the following part, some of the important ones
are detailed.

1) Alpha Algorithm: The Alpha algorithm is the milestone
among process discovery algorithms that could deal with
concurrency. It provides a good insight for the process
mining world. However, it has some problems with noise
and frequency, and its results are not very world-realistic
[2].

2) Heuristic Miner Algorithm: Heuristic Miner (HM)
algorithm focuses on control flow perspective and creates
a process model in Heuristics Nets format for a given event
log. Moreover, this algorithm uses frequency information,
which solves the noise problem by expressing the number of
connections between different tasks in the event log [6]. The
basic feature of the HM is its robustness for incompleteness
and noise. Because HM is based on the frequency patterns,
it lets the user stay on the main behavior of event logs [7].

3) Social Network Analysis: Sociometry is a presentation
method in graphical and matrix form referring to the data
relating to the interpersonal relations. Sociometry term was
revealed by Jacob Levy Moreno whose studies took place
in 1932-1938. He used sociometric techniques for assigning
neighborhood residents to various residential cottages as
part of his studies. As a result of these sociometry-based
assignments, it is proven that the number of fugitives has
been reduced significantly. Since then, a great number of
sociometry-based studies have been conducted. This study
is based on evaluation surveys, in other words sociometric
tests [8]. The data relating to the interpersonal relations is
also hidden is the event logs. At this point, Social Network
miner tool of process mining is used to reveal this relation.
The focus point in the process of extracting a process model
from an event log is the various process activities and their
dependencies. Besides, the focus in the process of forming
the roles and organizational entities will be the relation
between the people and the processes. In other words, the
main focus is on Sociometric Relations or Social Network
[9].

Nodes correspond to organizational entities in a social
network. It is also possible that the nodes may refer to roles,
groups or sections. Arrows in a social network refer to the
relationship between these organizational entities. Arrows or
nodes may have their weights, which indicate the level of
importance or frequency of them.

Sometimes, the term Distance is used as the opposite of
weight. If the distance between two organizational entities is
small, the weight of the arrow connecting these two entities
is high. If the distance is large, then the arrow weight
will be small. In certain cases, this arrow is not shown in
social network. Numbers indicate the average number of jobs
transferred from one source to another. These roles can be
revealed by inspecting frequency pattern [2].

ITII. CASE STUDY: PROCESS MINING IN
SOFTWARE DEVELOPMENT AND TESTING
PROCESS

In this section, we explore the 71 cases of software
development company, who is responsible for software of
Financial Accounting (FI), Material Management (MM),

ISBN: 978-988-19252-7-5
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Quality Management (QM), Project Systems (PS) and Hu-
man Resources (HR), for an organization which has more
than 30,000 personnel. Application is conducted by ex-
tracting Software Development and Testing cycle process
event logs in an organization using SAP (Systems, Appli-
cations and Products in Data Processing). Development and
testing process is followed through SAP Solution Manager
(SOLMAN) platform. After defining the requirements (SRS-
Software Requirement Specifications) in case of a software
update request, firstly SOLMAN message is created for the
related transaction, which will be updated. The message
representing the development is passed through the staff,
respectively help desk/functional expert, module manager,
functional consultant, developer, and test expert. The person
who receives the message performs the transaction (design,
implementation, test, etc.) assigned to him/her, adds the
necessary documents into the message, standardizes it and
passes the message to the next. The communication of the
message between entities takes place by adding the ID of the
target person into the Message Processor area. The status of
the message is updated from the Status area. This message
is unique, every message represents a case, and User, Status,
and Time are the variables.

In order to analyze the current process in this organization
with the help of process mining tools, the required logs and
should be obtained from their appropriate tables. A data
collection study is conducted to analyze how to extract such
logs from SAP System, which logs all transactions.

A. Data Collection

Firstly, various tables are analyzed, and the relations be-
tween them are extracted by using Data Browser transaction,
which provides the user to reach the contents of the tables
and perform the necessary changes. These SAP tables are;

o crmdorderadmh table finds the unique field guid number
from the message number. It is required since all the
related information is connected to guid number, not to
message number, which is available at the beginning.

e cdpos and but000 table finds the assigned persons ID
by using the guid number.

o cdhdr table provides sequential control.

o crmjcds table finds the changes in status and time by
using the guid number.

Then, the program is designed to extract the necessary data

from such tables. In order to obtain the suitable data format,
Figure 4 shows the selection screen of the program.

Status
s Not Completed
") Completed
DAl
Status to

[¢]

Service Process

Transaction No. to
Posting Date

19.01.1999 to 30.12.9999 =

Fig. 4. Selection Screen of Designed Program

System uses event data which is formatted according to
Figure 5, which contains mainly necessary information about
message, user, status and time. In this event format, it is
aimed to distinguish three different perspectives:

WCE 2014



Proceedings of the World Congress on Engineering 2014 Vol I,
WCE 2014, July 2 - 4, 2014, London, U.K.

o Process Perspective: This perspective mainly gives the
answer of the question How?, and it focuses on the
control flow of activities. By controlling this, it is aimed
to reveal a good characterization of all possible paths.

o Organizational Perspective: This perspective mainly
gives the answer of the question Who?, and it focuses
on the user field and contains the involved users, pro-
grammers in the company.

o Case Perspective: This perspective mainly gives the an-
swer of the question What?, and it focuses on properties

of cases.
Message User Date and Assigned Assigned
Number Time User Status
70000007597 139 2013/12/17 373 New
15:20:00
70000007597 T3 2013/12/18 233 Develop-
09:00-00 ment
70000007597 233 2013/12/18 Test
17:12:00 0K

Fig. 5. Snapshot of the Data Format

After these processes, the data format is in XLS format,
and it has to be converted to MXML format. In order to
do this, firstly XLS format is converted to .csv (comma-
separated values), since in conversion tools (such as Nitro,
ProM Import) CSV extension is supported, and MS Excel
can save an XLS format as a CSV format. To convert CSV
to MXML format, firstly Nitro tool is used. As it can be seen
on Figure 6; icons located on the upper part of the snapshot,
can easily be matched with the relevant columns. After that,
the most difficult part of the process mining Data Collection
is completed.

BN - e

| # Resouns | @ Compiets Timestamp |3 Actiiy # Resource
Yeni 20131217 15:20:00.000 Yeni
Tasarbm Onay 201312117 152100000 Tasarbm Onay
Geli_tirmesiz Tamamiand® 2014/01/06 11:18:00 000 Geli_tirmesiz Tamamlandd
End 201401006 11:18:00000  End
Yeni 2013112113 10:20:00.000 Yani
Tasarom Bekler 20131213 10:3800000  Tasardm Beker
Tasardm Onay 20131213 10:36:00.000 Tasardm Onay
Gell_tirmesiz Tsmamiandd 20140106 11:1500000  Geli_firmesiz Tamamiandd
End 20140106 11:15:00.000 Ena
Yeni 20131217 11:35:00.000 Yeni
Tasarbm Onay 20131217 11:36:00.000 Tasardm Onay
Gell_timesiz Tamamiandd 201401106 111800000 Gali_Hrmesiz Tamamiandd
End 2014/01/06 11°18:00 000 End
Yeni 20112M0 10:56:00000  Yeni
201311210 11:00:00.000  Tasardm
2013112110 11:00:00 000 Tasardm Onaj
Gell_timesiz Tamamiandd 201401106 11:14:00.000  Geli_irmesiz Tamamiandd
End 2014/01/06 11:14:00.000 End
Yeni 201311151729.00000  Yeni

0000000139 2013117115 17:46:00.000 0000000138
Tasarom Bekler 20131115 17-46:00 000
2013M1M8 17:03:00.000
201311119 17:02:00.000
2013r11/22 17:48:00.000
2013H2/12 14:52:00.000
20131212 14:52:00.000
2013112117 18:55:00 000

Tasardm Beider
0000000373 0000000373
TasarBm Onay Tasardm Onay
0000000218 0000000218
Gell_tirme Bekder

Gall_time

Gell_tirme Bekler
Gali_time

01
El 7000007738

0000000139 0000000139

Fig. 6. Nitro

Unfortunately, Demo version of Nitro tool is inadequate,
since the conversion of CSV format, which includes approx-
imately 3,000 cases and 25,000 events is not free. Demo
version of Nitro limits the event number with 500. Although
it is very user friendly and very easy to deal with, another
tool, ProM Import, as shown in Figure 7, is used for the
conversion of a large number of events into MXML format.

In the future work of this study, it is aimed to test the
proposed system with a large number of cases and events.

ISBN: 978-988-19252-7-5
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

n ProM Import Framework (V 7.0) - General Csv file = &]
Main Filter Tools Help
Filter name: General Csvile
- Converts CSV log files to MXML
- o Minseok Song (minseok song@gmail com}

Value

=
H
5
7

1e701.01.2013_24.02.2014...

©
=
L
B
=
w

EEEEEEEEE  §

Use the starttime of ine ..
Use an originator oftne n.
§ MNoldus Observer XT
§ Cognos Export

§ cus

§ Staffware

Fig. 7.

ProM import screen to MXML

However, usage of this demo version also gives us some
introductory knowledge and comparison about the mining
algorithms and their results.

B. Processing Data

Data is firstly converted to MXML format, and then it is
imported in ProM UlTopia in order to discover the process
of 71 cases. Figure 8 shows the interface of this tool.

Actions

Fig. 8. ProM UlTopia

Then the results of using alpha miner and heuristic miner
are analyzed according to the four quality criteria [2].

1) Four quality criteria: To evaluate the quality of the
model, this technique is a very concrete tool.

e Fitness: If all traces in the log can be replayed by the
model from beginning to end, it refers to a good fitness.

o Simplicity: If the model is as simple as possible and if
it can explain the logs behavior well enough, then the
model refers to a good simplicity.

e Precise: If the model does not have too much behavior
then the model refers to good precision. A model that
is not precise is underfitting, which over-generalizes the
behavior.

e Generalize: if the model does not limit the behavior,
the model refers to a good generalization. A model
that does not generalize is overfitting, which allows
for the exact behavior recorded in the log, So, process
mining algorithms need a balance between overfitting
and underfitting.
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When the alpha miner algorithm is applied to the event
log, the model in Figure 9 is obtained. Figure shows that
this model simply shows all different traces seen in the log.
It can be easily seen that, although, it is precise and well-
fitted, it is also very complex and over-fitting. As a result,
it is clear that this simple algorithm is not enough to satisfy

the trade-offs among the four quality criteria.

Fitness = +, Precision = +, Generalization = -, Simplicity

Fig. 9. Alpha Miner Algorithm

When Heuristic Miner algorithm is applied to the event
log, the model in Figure 10 is obtained. This figure shows
that the model is not only good enough but also simple
and well-fitted. Besides, it balances between overfitting and

underfitting.

Fitness = +, Precision = +, Generalization = +, Simplicity

=+
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Fig. 10. Heuristic Miner Algorithm

IV. CONCLUSION

system, is analyzed. A case study is conducted on 71 cases
in a software company who is responsible for Financial
Accounting (FI), Material Management (MM), Quality Man-
agement (QM), Project Systems (PS) and Human Resources
(HR) systems of a large organization, which contains more
than 30,000 personnel in it.

To do that, data collection step is explained in detail.
Then data is mined by using Alpha and Heuristic Mining
Algorithms, results are evaluated according to their qualities.
Results show that Alpha algorithm is inadequate to present
the real picture of the related data. On the other hand, HM
will be a better algorithm to analyze the event logs for
organizations using an SAP-based information system.

The road ahead will be about building social network and
Heuristic Miner algorithm model covering all event logs.
Social Network will demonstrate all sociometric relations
among users and Heuristic Miner model will reveal all other
relations and quantify them. Alpha Miner algorithm is tested
with a sample of event logs, and it is shown that this model
is inadequate for this case. So, it is decided not to use this
algorithm for the road ahead.

At the same time, as a future work, the proposed sys-
tem can also be applied in distributed software develop-
ment/execution environment such as [10]. By making this
type extension it will be easy to increase the project team
size and the software developers can be located in different
cities/countries.
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