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ERP is out, BPM is in!  

BPM is what you need to gain advantage over your competitors!  
Q: Where should one start? 

A: Process mining is what you are looking for. 
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AABBSSTTRRAACCTT  
BPM aims at providing a structured approach to design, enact, analyze, improve, control, and 

manage operational business processes. Process mining is a young research discipline which 

perfectly fits and complements to the monitoring and control, diagnosis and analysis phases of 

business process management. It provides a framework to rediscover the business processes, to 

analyze the performance of the business processes, to discover the user relations and the 

organizational models. Cordys Business Operations Platform (Cordys BOP) supports the full 

lifecycle of BPM and Cordys would like to extend the capabilities of Cordys BOP with process 

mining.  

 

There are various mining and analysis techniques which have been proposed for the discovery of 

the process models, for the performance analysis of the business processes and for the analysis of 

user relations. Each technique reveals valuable information devoted to one particular aspect (i.e. 

process model discovery or the performance analysis of processes). ProM is a process mining tool 

which provides more than 250 plug-ins to support these techniques. In order to make a process 

mining analysis using various techniques, we need to face with hundreds of ProM plug-ins which 

is not user-friendly and too effortful. A better solution would be to combine these techniques into 

one plug-in to show a holistic view of the processes. However, there is no study which combines 

them.  

 

In this project, we have first implemented a conversion to represent the processes with a standard 

modeling notation. Then, we have accomplished the holistic view of the processes. The view has 

been obtained by enhancing the process model with time statistics (i.e. activity KPIs, process 

performance information), with user information (i.e. the number of times a user performs certain 

activities) and with social networks dedicated to relations between users (i.e. hand-over of work 

between the users). Finally, we enable the export of the enhanced process models. 

 

By providing the representation of the discovered process models with a standard notation and by 

combining various mining and analysis techniques, we provide better insights about the 

processes. The insights may lead to various ideas to improve the performance of the processes. 

With the export capability, we can start to configure BPM systems or simulate the enhanced 

process models for what-if analysis. 

 

Keywords: process mining, holistic view, process intelligence, insights, BPMN, Cordys 
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In this chapter, we first explain how process mining fits into the so called “BPM life-cycle”. 

Then, we provide the problem definition and discuss the goals of the project. Finally, we 

describe the research methodology and provide the outline of the thesis. 

 

11..11  GGEENNEERRAALL  

BPM is a systematic, structured approach to design, enact, analyze, improve, control, and 

manage operational business processes, which involves humans, organizations, applications, 

documents and other sources of information. It aims at improving the quality of products and 

services and increasing the level of the customer satisfaction with the methods, techniques, and 

software [27][28][29].  

 

Process models are important facilitators and artifacts of BPM. In [12], process models are 

categorized as being formal and informal. Informal process models are used to gain insights 

about the processes, to enable the discussion with the stakeholders, and to document the 

processes to provide instructions to the users. Formal models (e.g. executable models) are the 

models used for verification, performance analysis, animation, specification and configuration. 

 

In essence, the BPM lifecycle contains four important phases as shown in Figure 1.1. The 

(Re)Design phase aims at delivering the process model based on the requirements set in the 

Diagnosis/Analysis phase. The Configuration/Execution phase concerns about transforming and 

running the process models. The Enactment/Monitoring/Control phase identifies the errors, 

enables taking corrective actions and provides information regarding to the performance of the 

processes. The Diagnosis/Analysis phase focuses on defining the requirements and analyzing the 

needed changes based on the requirements and the information provided by the 

Enactment/Monitoring/Control phase. In order to improve and accelerate business processes, the 
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Figure 1.1 The BPM lifecycle 

BPM lifecycle can be triggered multiple 

times by redesigning the process models 

based on the information obtained from the 

Diagnosis/Analysis and the Enactment- 

Monitoring/Control phases.  

 

There are many kinds of information 

systems available to support the BPM 

lifecycle. We refer such “process-aware” 

systems as Process-Aware Information 

Systems (PAISs) [30] to emphasize the 

notion of process-awareness. Recently, 

most organizations use the PAISs to 

support the execution of their business 

processes. These information systems typically support logging capabilities that store what has 

been executed in the organization. The logs produced by such systems, so called event logs, 

contain enormous data about cases (i.e. process instances) that have been executed in the 

organization, the times at which the tasks were executed, the persons or systems that performed 

these tasks, and other kinds of data.  

 

Process mining provides techniques, tools and methodologies in order to discover, monitor and 

improve business processes by extracting valuable operational and executive knowledge based 

on the data within the event logs.  Three types of process mining can be conducted with the event 

logs: discovery, conformance, and enhancement.  

 The discovery techniques get an event log and produce a process model or a user-related 

model.  

 The conformance techniques take an existing model and an event log and they check 

whether the model reflects the reality.  

 The enhancement techniques get a model and en event log. There are two types of 

enhancement: (a) repair is applied to improve the existing process models to better 

reflect the reality and (b) extension is applied to extend the process models with 

additional information about resources or about performance. 

For the conformance and the enhancement techniques, the role of replay is important. Likewise, 

the replay techniques take an event log and a model as inputs. The idea of the replaying is to re-

execute the process instances in an event log on the model to detect bottlenecks, deviations, or to 

calculate timing information and probabilities, etc. The process models can be enhanced with 

four different perspectives: control-flow, time, organizational and case perspectives.  
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 The control-flow perspective focuses on finding the ordering of activities expressed with 

available notations (i.e. Petri nets, Causal nets, BPMN, EPC).   

 The time perspective focuses on collecting information regarding to service levels (i.e. 

the time spent to perform certain tasks), KPIs (i.e. waiting/working/total times of certain 

tasks and throughput time of process instances), frequency and probabilities (i.e. activity 

occurrences and routing probabilities), etc.  

 The organizational perspective focuses on identifying the relations of the users, roles, 

organizational units (i.e. social networks), or classifying users in terms of roles and 

organizational units.  

 The case perspective focuses on the characterization of process instances based on their 

properties (i.e. users, data values such as the number of orders).  

The Enactment/Monitoring/Control and the Diagnosis/Analysis phases of the BPM lifecycle 

focus on the detection of the lack of alignment between the process models and the reality (e.g., 

the actual process executions). The process models are designed to reflect the reality. However, 

the research in [14][19][20][22][24] has shown that there is a lack of alignment between the 

process models and the reality. The conformance techniques detect the lack of alignment 

between the process models and the reality. 

 

The Enactment/Monitoring/Control and Diagnosis/Analysis phases of the BPM lifecycle also 

aim at gathering the information regarding to the performance of business processes. The 

enhancement techniques provide better insights regarding to the performance of the processes.  

 

The Re(Design) phase of the BPM lifecycle focuses on modeling the organizational structure, 

relations and the processes. The discovery techniques provide such models based on event logs, 

which truly reflect the reality.  

 

Many organizations have started to realize the importance of process mining to support the 

phases of the BPM lifecycle and have begun to extend their system capabilities to take advantage 

of it.  

 

In this thesis, we focus on bringing all the perspectives (i.e., control-flow, time, organizational, 

case) together. 

 

11..22  PPRROOBBLLEEMM  DDEEFFIINNIITTIIOONN    

Cordys attaches importance to the support of its customers with the process mining capabilities 

mentioned in Section 1.1. ProM is a generic, open source process mining toolset which provides 

tool support for the existing techniques of the following process mining types: discovery, 

conformance and enhancement. In essence, Cordys wants to enable its customers to use the 
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opportunities that a process mining tool, ProM in our case, provides. Cordys supports this master 

thesis to step into the area of process mining and to gain expertise.  

 

In Figure 1.2, we demonstrate an enhanced process model represented with a standard modeling 

notation: BPMN. The paths (e.g. the sequence of activities) followed frequently are highlighted 

with thicker arrows. The waiting and working times are projected onto the activities of the 

process model. The average throughput time of process instances is illustrated with the process 

model. In terms of the organizational perspective, Figure 1.2 shows the users which perform 

certain activities (e.g. user activity matrix) and the social networks which demonstrate the 

relations between the users. The top social network represents the relations considering all the 

users and the social network on “decide” activity represents the relations considering the users 

who perform “decide” activity.  

 
Figure 1.2 Enhanced process model with additional information (modified from [8]) 

In addition to the information demonstrated in Figure 1.2, there are techniques to demonstrate the 

frequencies, routing probabilities and to highlight the bottleneck activities in the process model. 

A user could also be interested in illustrating the number of times the users perform certain 

activities and the utilization of the users. In terms of the case perspective, there are also 

techniques to classify the process instances based on the certain paths they follow. So, it would 

Register
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Examine 
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Examine 
casually
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Pay 
compens

ation

Reject 
request

Reinitiat
e request

Throughput time indicator 
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be nice to sort each classification according to the frequency and timing information (e.g. the 

most/least frequent or the most/least time consuming). For each classification, it is possible to re-

obtain various kinds of information related to the time and organizational perspectives (e.g. 

waiting and working times of activities, frequencies, bottleneck activities, social networks). With 

the information collected for each classification, it is also possible to re-enhance the process 

model. For instance, the waiting and service times of activities can be calculated from the 

process instances of the most frequent path. Then, it would be an advantage to project the 

waiting and service times onto the activities like in Figure 1.2 for the most frequent path. The 

user could also be interested in highlighting only the activities and routings preferred for the 

most frequent path. Finally, the user may also want to export the enhanced process model with a 

standard process definition interchange language as a starting point for redesign or simulation 

purposes in the PAISs. 

 

Currently, there exists no tool in ProM or in Cordys that provides such a holistic view shown in 

Figure 1.2. The goal of this thesis is to develop a supporting tool as sketched above. In the 

following paragraphs, we briefly explain the existing platforms to sketch what we have to 

develop to realize Figure 1.2. 

 

Figure 1.3 represents two separate platforms: (a) Cordys Business Operations Platform (Cordys 

BOP) and (b) ProM. The figure shows the available modules and the modules we would like to 

create. Let us first explain the available modules in Figure 1.3. 

 
Figure 1.3 The process mining loop between ProM and Cordys BOP 
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Cordys BOP has a core module named Business Process Management Suite (Cordys BPMS) 

which contains BPM, case handling and rule management softwares. It is possible to design 

cases, organizational structures, process models, schedules, business rules, etc. in the Cordys 

BPMS. In Figure 1.3, we show only three relevant modeling concepts and we refer them as: 

organizational structure modeler, process modeler, case modeler. Process modeler allows 

designing process models with BPMN. For the execution purposes, the designed process model 

is then converted to a block-structured representation language: BPML. BPML is a standard 

modeling language proposed by BPMI but it is not being supported since BPMI’s acquisition by 

OMG [37].  

 

In Figure 1.3, we also demonstrate the inner-structure of ProM. ProM provides a framework, 

context and models which allow the implementation of process mining techniques in a pluggable 

way. There are several process mining plug-ins listed in Figure 1.3. The ones shown with dark 

gray rectangles are the ones which exist in ProM. 

 

In order to realize Figure 1.2, we need to enable the log extraction from Cordys BPMS. In Figure 

1.3, we indicate the log extraction module with a light gray rectangle; because an independent 

software vendor package (ISVP) has been developed simultaneously in the scope of another 

thesis project referred as [31]. The ISVP allows the extraction of the event logs from Cordys 

BPMS in XES format which is an XML-based standard for event logs. In this way, a standard 

connection between Cordys BPMS and ProM, which is shown with light gray arrow in Figure 

1.3, has been created. 

 

The exported event logs from Cordys BPMS can be imported to ProM and then we can use 

discovery plug-ins to obtain the discovered process models based on event logs. In order to 

realize Figure 1.2, we need to represent the discovered process models with a standard and 

business-oriented notation. BPMN is a standard graph-based process modeling notation 

supported by OMG [1]. In ProM, however, no discovery plug-in can construct a process model 

expressed with BPMN and there is no plug-in for the conversion of the process models 

represented with other notations to BPMN.  

 

Currently, each available plug-in addresses only one perspective. For instance, “Replay a Log for 

Performance on C-Net” plug-in shown in Figure 1.3 focuses on only the time perspective and 

enhances the process model with time and probabilities. A user has to pick and apply hundreds 

of ProM plug-ins in order to make a process mining analysis addressing various perspectives. 

This is not user-friendly and too effortful. A better solution would be to combine these plug-ins 

into one plug-in. We would like to integrate various process mining techniques to show a holistic 

view of the processes shown in Figure 1.2. In order to realize Figure 1.2, we need a plug-in 
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which enhances a given process model with the information based on different perspectives. 

However, there is no plug-in which integrates different techniques. 

 

In addition, BPMN has the concept of swimlanes. Figure 1.2 can be enhanced with the 

swimlanes which is substantial in terms of the enhancement of the process models with the 

organizational perspective. We can obtain swimlanes by using the discovered process models 

and the event logs containing the resource information. However, there is no available plug-in to 

obtain and visualize the swimlanes in ProM. 

 

Moreover, the export of such discovered and enhanced process models in a standardized way 

closes the loop between ProM and Cordys BPMS as we have indicated with white arrow in 

Figure 1.3. XPDL is a standard process definition interchange language supported by WfMC [1]. 

However, the export of the process model with the XPDL standard is not supported in ProM.  

 

11..33  GGOOAALLSS  

In order to realize a holistic view on the processes like in Figure 1.2, we aim at providing several 

plug-ins, which are indicated with white rectangles in Figure 1.3, based on our problem analysis.  

 

 Enabling BPMN representation of the process models in ProM 

 Enabling the enhancement of the process models with the information extracted by the 

available process mining techniques related to different perspectives in ProM 

 Enabling XPDL process definition export for the process models in ProM 

 

11..44  RREESSEEAARRCCHH  MMEETTHHOODDOOLLOOGGYY  

In order to reach the project goals, we pursue the following steps: 

 

1. Explore the options to represent the discovered process models with BPMN. 

2. Select the best option and accomplish the representation with BPMN. 

3. Explore the existing techniques related to the additional perspectives to enhance the 

process models. 

4. Select the best techniques and perform a study on the conceptual representation of the 

additional information onto process model. 

5. Accomplish the conceptual representation. 

6. Accomplish the export of the process models with the XPDL standard. 

7. Perform a case study and present the results. 
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11..55  OOUUTTLLIINNEE    

The outline of the thesis is as follows:  

 

Chapter 2 provides background information relevant to this master thesis project. We first 

explain Cordys and Cordys BOP. Next, we introduce several process modeling notations 

including BPMN to provide background information for our first goal. Then, we discuss the use 

of XPDL which serves as background information for our last goal. Finally, we further describe 

the process mining and the ProM.  

 

Chapter 3 describes the representation of the discovered process models with BPMN. The 

chapter starts with exploring the available process discovery techniques and their target 

notations. We continue with the problem setting regarding to the conversion to BPMN. Then, we 

explain possible conversions to BPMN. Finally, we explain the selected conversion to BPMN. 

 

Chapter 4 describes the additional information collected with conformance and enhancement 

techniques. First, we explain the concept of replay and explore the replaying techniques. Second, 

we identify whether a supporting tool exists for the techniques and we select one of the replaying 

techniques. Third, we explain the conformance and to what extend we use conformance in the 

scope of this thesis. Fourth, we explain the enhancement with time, organizational and case 

perspectives. Finally, we provide the conceptual visualization of the enhancement we would like 

to accomplish.  

 

Chapter 5 presents the standard export of the discovered and enhanced process models. First, we 

explain the need for the export of the process model definitions. Next, we state the problem we 

need to solve to export the discovered and enhanced process models. Based on the problem, we 

provide the mappings between the BPMN elements and the XPDL constructs.  

 

Chapter 6 describes the plug-ins we have implemented in the scope of this thesis. We 

demonstrate the plug-ins and explain how the plug-ins work.   

 

Chapter 7 describes the case study we have conducted with the use of the plug-ins we 

implemented. We show how we have obtained the discovered process models and represented 

them with BPMN. Next, we enhance the discovered process model and we explain possible 

improvement points based on the insights provided by the plug-ins we implemented.   

 

Chapter 8 summarizes the findings and points out the main contribution of this thesis. We then 

address to the limitations and the future work. 
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CCHHAAPPTTEERR  22    
PPRREELLIIMMIINNAARRIIEESS    
 

 

 

 

 

 

This chapter describes the background knowledge required to understand the problems and 

solutions for the problems. The chapter starts with the description of the research environment. 

Next, we introduce several process modeling notations. Then, we explain the XPDL standard. 

Finally, process mining and the plug-ins in ProM are discussed. 

 

22..11  RREESSEEAARRCCHH  EENNVVIIRROONNMMEENNTT    

This section describes Cordys on which this thesis is held and the Cordys BOP product. 

 

22..11..11  CCoommppaannyy  OOvveerrvviieeww  aanndd  HHiissttoorryy  

Cordys develops, sells and implements an innovative software platform to improve customer’s 

business operations. 2000 companies worldwide have selected Cordys to achieve performance 

improvements in their business operations to increase the productivity and to reduce time-to-

market. The Cordys BOP complements existing enterprise software systems but adds agility, 

visibility and control to business operations. The Cordys BOP combines the world of integration, 

business process management, and composite application development based on a highly 

scalable architecture, and delivers a complete Platform-as-a-Service. 

 

The headquarters of Cordys are in Putten, the Netherlands. There are more than 10 sales offices 

all around the world and the Research and Development centers are located in the Netherlands, 

India (Hyderabad & Coimbatore) and Israel. 

 

22..11..22  CCoorrddyyss  BBuussiinneessss  OOppeerraattiioonnss  PPllaattffoorrmm  

The Cordys BOP is designed to bring the business and IT worlds together. It allows 

organizations to improve the speed of change, drive maximum value out of existing systems. It is 

a new way of delivering the agility and flexibility needed to support today’s rapidly changing 

business environment and the challenges posed by globalization.  
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Figure 2.1 Cordys BOP Platform 

In Figure 2.1, we show Cordys BOP consisting of three main components: 

 Business Process Management Suite (Cordys BPMS) 

 Composite Application Framework 

 Service Oriented Architecture 

 

22..11..33  CCoorrddyyss  BBuussiinneessss  PPrroocceessss  MMaannaaggeemmeenntt  SSuuiittee  

Cordys Business Process Management Suite allows developers and professionals to design, 

execute, monitor, and improve business processes and operations. It helps running your business 

processes with seamless integration between various stakeholders, systems, applications, 

employees, customers, and agencies. 

  

Cordys BPMS provides a graphical modeling environment to design business process, case, and 

organization models. The modeling environment helps to design business processes using a 

standard modeling notation: BPMN. The event-driven execution layer handles human-to-human 

and system-to-system interaction through a process engine, which executes process models 

designed in the modeling environment. The execution of the process models are accomplished by 

converting them into their corresponding process models expressed with Business Process 

Modeling Language (BPML). Cordys modeling environment supports interchange of process 

definitions with the XPDL standard. However, the import of some of the constructs defined in 

XPDL is not supported such as simulation data, external packages, message flow, etc. The 

complete list of these constructs can be seen in [34].  
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22..22  PPRROOCCEESSSS  MMOODDEELLSS  

In Chapter 3, we develop a technique to convert the discovered process models represented with 

C-Nets to BPMN. Cordys BPMS supports a specific version of BPMN (C-BPMN). Therefore, 

we describe C-Nets, BPMN and C-BPMN to provide background information for the conversion.  

 

22..22..11  CC--NNeettss  

C-Nets focus on replay semantics. The formal definition of C-Nets is explained in detail in 

[8][38]. A C-Net graph contains activities represented with nodes and arcs which represent 

causal dependencies between activities. Each activity has sets of possible input and output 

bindings (indicated with black dots and written in red boxes in Figure 2.2). Representational 

bias, which is introduced in [8], is one of the main challenges in process discovery. C-Nets 

provide a better representational bias compared to conventional notations such as BPMN, EPC, 

Petri Nets, etc. C-Nets do not use “token-game semantics” as known in the conventional 

notations. They provide declarative semantics as their semantics are defined over the complete 

sequences of activities rather than local firing rule. In addition, C-Nets are expressive without 

introducing any specific elements to other notation such as places or gateways [38].  

 
Figure 2.2 Causal net modeling the handling of insurance claims 

In Figure 2.2, we illustrate a sample C-Net modified from [8] by indicating the bindings of the 

activities. The activity a is followed by either the activity e, or the activity b and c together or the 

activity d. Both of the activity b and c are preceded by the activity a. The activity d is preceded 

by either the activity a or itself. The activity e is preceded by either the activity a, or the activity 

b and c together, or the activity d. All process instances of the C-Nets in Figure 2.2 start with the 

activity a and complete with the activity e. 
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Figure 2.3 Branching and synchronization/ merge 

patterns in C-Nets (obtained from [8]) 

 

In Figure 2.2, one of the output bindings of 

the activity a is the set of the activity b and c 

which corresponds to parallel branching 

(AND split) pattern. The set of the activity b 

and c is also one of the input bindings of the 

activity e and it corresponds to parallel 

synchronization (AND join) pattern. In 

Figure 2.3, we demonstrate the splits and 

joins with the use of bindings. 

 

22..22..22  BBPPMMNN  

BPMN appeals to business users, domain analysts and process implementers. It facilitates the 

communication between the business and the technical users by providing standardization. In 

Figure 2.4, we illustrate a process model represented with BPMN.  

 
Figure 2.4 Sample process model represented with BPMN (obtained from [8]) 

Figure 2.4 contains activities (the atomic tasks: B, E, G, H, M, N, P and R), gateways (splits: D, 

F and O; joins: K, L, C and S) used for routing purposes, events (e.g., start and end events: A and 

T) and the sequence flow (i.e., connecting arrows). In Figure 2.4, the process starts by triggering 

A. After A is accomplished, C is visited. C is an XOR-join gateway (e.g., simple merge gateway) 

because it has two incoming arrows and one outgoing arrow. After C, D is visited. D has one 

incoming arrow and two outgoing arrows so D is an AND-split gateway (e.g., parallel branching 

gateway). After D, E activity and F gateway are visited. F is an XOR-split gateway (e.g., 

exclusive choice gateway). After F, either G or H is scheduled based on the local data settings. 

After the completion of the scheduled activity, K which is an XOR-join gateway is visited. Then, 

L which is an AND-join gateway (e.g., parallel synchronization gateway) is visited and the flow 

is synchronized before the occurrence of N. After N is conducted, either M, or P or R is enabled. 
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If M is performed, then E and either G or H are enabled again. After either P or R is performed, 

the process ends with the end event: T.  

 

In addition, there are two swimlanes: Specialist and Employee which represent two roles in the 

same organization. Both G and H can be performed by the resources having the role specialist 

and the rest of the activities can be conducted by the resources having the role employee. 

 

We introduced very few elements of BPMN standard in Figure 2.4. BPMN offers different 

constructs related to various perspectives (e.g., resource, data, exception handling, etc.). 

Although the research on practice shows that a small proportion of the supported elements are 

frequently used, BPMN standard offers more than 50 graphical elements [33].  

 

22..22..33  CC--BBPPMMNN  

Cordys BPMS first supported the BPML standard for modeling processes and web services. 

When the BPML was no longer supported by Business Process Management Initiative (BPMI) 

[2], Cordys BPMS moved to BPMN. Cordys BPMS allows to model processes with BPMN. 

However, the execution of the process models is still dependent to BPML. The reason is that the 

process models expressed with BPMN is transformed to their corresponding BPML structures 

for the execution purposes. Therefore, C-BPMN supports (a) AND-split gateway and (b) 

synchronization and merges (AND-join, XOR-join, OR-join) implicitly. 

 

Let us first explain BPML briefly and then describe such implicit behavior with an example. 

BPML has sequence, all and switch activity blocks. The sequence block contains the activities 

which will be executed according to their order. The all block contains activities which will be 

executed in parallel. The switch block contains case blocks. Each case block can contain a 

sequence, all or switch activity blocks and each case block has a condition. If the condition of a 

case block is satisfied, the activity blocks of the case block will be executed. It is possible that 

multiple conditions are satisfied. In such cases, the activity blocks of the case blocks are executed 

in parallel. 

 

The process model shown in Figure 2.5 (a) contains a decision construct, start and end events, 

and three activities. After a process instance is started, the decide activity takes place. The decide 

activity is an exclusive choice gateway (XOR-split). Based on the local data settings in the 

decide activity, either the activity A or the activity B is performed. Then, the activity D is 

performed. It seems that the activity D merges the branches. However, in Figure 2.5 (b) and (c), 

we can see that the switch block which is opened with the decision construct (e.g., decide 

activity) is closed before the activity D. This situation is referred as implicit simple merge (e.g. 

implicit XOR join). 
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In Appendix A, we provide an extensive explanation of this sample and we explain the vicious 

circle paradox with another sample model. For further explanation, we refer to Appendix A.  

  
Figure 2.5 (a) On the top and right hand side: the process model with a decision (XOR-split) and with 

an implicit merge in activity D (b) At the bottom and right hand side: the xml based structures of the 

corresponding BPML transformation of the process model (c) On the left hand side: the tree 

representation of the corresponding BPML transformation of the process model are represented 

22..33  IINNTTEERRCCHHAANNGGEE  OOFF  PPRROOCCEESSSS  MMOODDEELLSS    

XML Process Definition Language (XPDL) is an accepted exchange format for BPMN [36]. 

There are many entities defined, which facilitates the interchange of process definitions. An 

XPDL package entity corresponds to a Business Process Diagram (BPD) in BPMN, and it can 

consist of several process definitions. We provide the package and the process definition meta-

models in Appendix B. For further details, we refer to [35].  

 

The package contains several entities: process definitions, swimlanes, participants, etc. The 

process definition entity consists of the process activity and transition information entities. The 

process activity contains four types of activities: application/task, gateway (routing activity), 

event, and sub-process. We introduce the task and gateway activities in Section 2.2.2. The 

application activities represent the web service calls and the other applications. The sub-process 

activity represents other process definitions. The activities are connected via the transitions. The 

transitions are the flows connecting the activities, gateways, and etc.  

 

XPDL also has constructs for the simulation information such as the duration, the working and 

the waiting times for the activities and the cost of the activities. With XPDL 2.1 version, the cost 

information is extended to define an advanced cost structure for the activities including the cost 

of the resources. XPDL also allows defining extensional attributes.  
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22..44  PPRROOCCEESSSS  MMIINNIINNGG  AANNDD  PPRROOMM  

Most organizations use PAISs to support and control the business processes. Process models 

mimic the business processes. PAISs configure and execute process models to manage the 

business processes. PAISs store what has been executed in the organization using logging 

capabilities. In Figure 2.6, the business processes are represented as world on the left hand side. 

On the right hand side, software systems are shown, which we have referred as PAISs. Figure 2.6 

also demonstrates the process models and the event logs. 

 
Figure 2.6 Three types of process mining (obtained from [8]) 

In Table 2.1, a sample event log data is shown in tabular form. The event log contains data about 

process instances, the times when the activities were executed, and people or systems that 

performed these activities. It is also possible to add other data elements regarding to the 

properties of process instances (e.g. the number of sales). As we have introduced briefly in 

Chapter 1, we can apply three types of process mining techniques to such an event log as they 

are demonstrated with red arrows in Figure 2.6 between process models and event logs. 

 
Table 2.1 Sample Event Log in Table  

ProM is a generic, open source process mining toolset which provides tool support for the 

following process mining techniques: discovery, conformance and enhancement. Two versions 
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of the software are available: ProM 5.2 and ProM 6. ProM 5.2 inputs an event log in MXML 

format, which is an XML based standard for the event logs and ProM 5.2 provides more than 

280 plug-ins which support different kinds of process mining techniques. The latest version of 

the software is ProM 6 and it is not just a version upgrade. ProM 6 inputs an event log in XES 

standard adopted by IEEE Task Force. It is completely new because the architecture is 

redesigned, the plug-ins have been re-implemented and the implementation continues with the 

new version ProM 6.1. In this thesis, when we say ProM, we actually refer to the latest version 

ProM 6.1.  

ProM provides many discovery (e.g,. Heuristics and Genetic Miner), conformance (e.g., Replay 

for Conformance) and enhancement (e.g., Replay for Performance) plug-ins that we explore in 

Chapter 3, 4 and 5.  

ProM can import, export and visualize several modeling languages as described in Table 2.2: 

 

C-NETS 

ProM can import, export and visualize C-Nets. ProM provides discovery plug-ins which are able 

to construct C-Nets. A verification plug-in is also available to check the soundness of the C-Nets. 

ProM supports several plug-ins which replay the event logs on the C-Nets (e.g., the cost-based 

replay technique). There are also available conformance and enhancement (e.g., performance 

analysis) plug-ins which use these replay techniques. 

BPMN 

ProM supports the visualization of the process models represented with BPMN. The 

visualization of many graphical elements defined in BPMN version 1.1: (a) Activities (Atomic 

tasks, and sub-processes), (b) Gateways (inclusive, exclusive, parallel, and complex), (c) Events 

(start, end, and intermediate event types including boundary events) are supported. However, 

swimlanes and pools are not supported. In the scope of this thesis, we indicate the supported 

BPMN representation in ProM when we refer to BPMN standard. 

XPDL 

ProM allows importing the process models defined with XPDL 2.0 and 2.1 versions. The import 

plug-in directly transforms the process models defined in XPDL to BPMN representation. 

Currently, the XPDL export of the process models is not supported by ProM.  

Table 2.2 Language support in ProM 

 

 



 

17 

 

 

 

 

 

 

CCHHAAPPTTEERR  33    
TTHHEE  CCOONNVVEERRSSIIOONN  FFRROOMM  CC--NNEETTSS  TTOO  BBPPMMNN  
 

 

 

 

 

 

The process discovery techniques get an event log as input and construct a process model 

expressed in terms of several notations such as EPC, Petri Nets, and C-Nets. Aligned with the 

goals and the problem description stated in Chapter 1, we need to represent the process models 

with BPMN. However, there is no discovery technique which constructs a process model 

expressed with BPMN. In essence, we need to select a notation supported by a powerful 

discovery technique and apply a conversion from the notation to BPMN. In this chapter, we 

explain how we accomplish to represent the discovered process models with BPMN. To this end, 

(1) we explore the available process discovery techniques and we list the available options to 

obtain the discovered process models represented with BPMN. (2) We pick the best option and 

explain the reasons for the selection. (3) We define the problem regarding to the conversion of 

the discovered process models to BPMN. (4) We explore several options to accomplish the 

conversion and select one particular option. (5) We explain the conversion with the use of 

sample process models. (6) We implement the conversion in ProM. 

 

In order to focus on the conversion, we have explained the first and the second item we have 

mentioned above in Appendix C. Let us briefly explain the essence. The robustness of a 

discovery algorithm to noise (i.e., having infrequent behavior in the event log), to completeness 

(i.e., having less data in the event log) and to representational bias (i.e., the expressiveness 

power of the target notation), etc. is important in order to apply process mining in practice. To 

this end, we have selected two robust discovery algorithms: Genetic and Heuristics Miner. These 

algorithms construct process models expressed in terms of C-Nets.  

 

33..11  PPRROOBBLLEEMM  SSEETTTTIINNGG  

We have decided to convert the discovered C-Nets to BPMN. However, there is no plug-in 

available to support this conversion. Therefore, we define the needed conversion aligned with the 

goals we set in Chapter 1 and we implement the tool support for the conversion. 
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In Chapter 1, we set three goals. The first goal addresses the BPMN representation of the 

discovered process models while the other two address to the enhancement and the export of the 

process models. We need to balance the emphasis we put to the first goal so that we can also 

focus on the enhancement and the export of the process models. 

C-Nets have a declarative semantics and the conversion of a C-Net to a process model 

represented with BPMN is challenging. The conversion gets more complicated when we aim at 

having an executable simulation model as a result. This conversion requires validating and 

verifying the process model by checking properties such as soundness and structuredness. In 

order to balance the effort, we need to limit the scope of the conversion. 

 

The discovered process models, the C-Nets in our case, may have unsound behavior. In such 

cases, the conversion can aim to solve the unsound behavior at the first place. The unsound 

behavior can be fixed by implementing semi-automated corrections as proposed in [18]. 

However, we do not want to deal with the unsound behavior in the scope of this thesis. 

Therefore, we assume the C-Nets are sound. If a C-Net is unsound, then we do not guarantee that 

the result of the conversion is sound. The conversion technique should take any C-Net and 

should convert it to BPMN. The resulting BPMN model may have unsound behavior. 

 

Another issue is that the C-Nets may be unstructured (e.g., there may not be one-to-one 

mappings between the splits and the joins). The fragments proposed in [41] can be used to 

analyze and classify the C-Nets in terms of their structuredness. The transformation of the 

unstructured C-Nets to structured ones can be accomplished as proposed in [42]. These 

transformations can be applied to the C-Nets or to the resulting process model represented with 

BPMN as introduced in [43]. Another solution is to look at the join behavior and structure the 

process models (e.g., re-construct the split behavior). However, we also do not want to put effort 

on correcting the unstructured models.  

 

In Section 3.2, we explain the possible conversions considering only the sound and the structured 

(e.g., one-to-one mappings between the splits and the joins) C-Nets. After we describe the 

selected conversion, we provide the sample conversion of an unstructured C-Net in Section 

3.3.2. 

 

33..22  PPOOSSSSIIBBLLEE  CCOONNVVEERRSSIIOONNSS  OOFF  CC--NNEETTSS  TTOO  BBPPMMNN  

In this section, we first give the mappings of C-Net constructs to BPMN constructs. Second, the 

conversion of the input and output bindings of activities in C-Nets is represented using some 

sample illustrations. Third, we show a complicated sample of the input and output bindings, and 

we provide possible conversions of this complicated sample. Note that we only consider the C-

Nets which are sound and structured (e.g., one to one mappings between split and joins) in this 

section. 
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33..22..11  TThhee  CCoonnvveerrssiioonn  BBaassiiccss  

The activity notion in C-Nets and BPMN are similar from the conversion point of view. C-Nets 

have one start and one end activity requirement and BPMN has one start event and at least one 

end event requirement. The conversion of start and end activities is trivial as demonstrated in 

Table 3.1.  

 

Consider a pair of activities in C-Net: the second activity has one input binding which contains 

only the first activity and the first activity has one output binding which contains only the second 

activity. The conversion of such sequential activities is also simple as represented in Table 3.1. 

Causal Net Elements BPMN Elements 

Activity  

 

E

 

Start Activity  

 

A

 

End Activity   

       

B

 

Sequence of Activities  

       

BA

 

Table 3.1 Mappings of the constructs: C-Net elements are shown on the left and the corresponding 

BPMN elements are shown on the right. 

33..22..22  TThhee  CCoonnvveerrssiioonn  ooff  IInnppuutt  aanndd  OOuuttppuutt  BBiinnddiinnggss    

The conversion becomes challenging when the activity has multiple elements in its input or 

output binding set or the activity has several input and output binding sets. In Figure 3.1, three 

different C-Nets which have the same set of activities are represented. The set of input and 

output bindings are different for each C-Net. In the C-Net in Figure 3.1 (a), the activity A has 

two output bindings: (1) the set of the activity B, (2) the set of the activity C. This means that the 

activity A is succeeded by either the activity B or the activity C. Therefore, the output bindings 

of the activity A have the same semantics with an XOR split gateway. Therefore, the conversion 

of the C-Net in Figure 3.1 (a) requires the introduction of an XOR gateway which connects the 

activity A to the activities in its output bindings. Likewise, the activity D shows the same 

semantics with an XOR join gateway. Therefore, the conversion of the C-Net in Figure 3.1 (a) 

requires another XOR gateway which connects the activities in its input bindings to the activity 
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D. In the C-Net in Figure 3.1 (b), the output binding of the activity A and the input binding of the 

activity D have the same semantics with an AND split and an AND join gateway respectively. 

Therefore, we introduce AND gateways to the C-Net in Figure 3.1 (b). In the C-Net in Figure 3.1 

(c), the output bindings of the activity A and the input bindings of the activity D have the same 

semantics with an OR split and an OR join gateway respectively. Therefore, we introduce OR 

gateways to the C-Net in Figure 3.1 (c). The resulting conversions of the C-Nets in Figure 3.1 

(a), (b), (c) can be seen in Figure 3.2 from above to below respectively. 

 
Figure 3.1 C-Nets with different input/output binding sets: from left to right (a), (b), (c) 

 

 
Figure 3.2 Resulting conversions of Figure 3.2 (a), (b), (c) from above to below respectively 

As we can see from Figure 3.1 and Figure 3.2, the input and output bindings of activities 

determine the type of the gateway required for the conversion. However, sometimes it is not easy 

to find one gateway type for all binding sets of an activity.   
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Figure 3.3 A complex input and output binding situation 

In Figure 3.3, the Activity A has an input binding being the empty set and has four possible 

output bindings: the set of the activity C; the set of the activities D and E; the set of the activities 

C and E; the set of the activities B, C and D. This means after the activity A is performed, either 

only the activity C, or the activities C and E together or the activities D and E together or the 

activities B, C and D together are scheduled. The activity F has an output binding being the 

empty set and has four possible input bindings which are the same with the output bindings of 

the activity A. There are several options to convert the activities having such bindings to BPMN 

constructs: 

1. One of the easiest ways for the conversion is to have an OR split gateway connecting the 

activity A to the activities in its output bindings. This can be applied similarly to the activity 

F. This conversion can be seen in Figure 3.4 (a). 

2. The bindings of the activities are expressed using disjunctive normal form (sequence of ORs) 

in C-Nets (for the output bindings of the 

activity A). Another way of the conversion is to have an XOR split gateway connecting the 

activity A to several AND gateways for each conjunction. Each AND gateway is then 

connected to the activities in its corresponding conjunction. Similarly, we can apply the same 

solution for the activity F and its input binding sets. This conversion can be seen in Figure 

3.4 (b). It is important to indicate that the activities C, D and E are duplicated in this solution. 

In Figure 3.4 (b), each AND split which expresses a conjunction has one-

to-one correspondence to an AND join. This conversion may become more complicated for 

an unstructured C-Net.  

3. It is also possible to have a conjunctive normal from (sequence of ANDs) to express the 

binding relation of the activity A. We will not provide this representation since this form 

results in a very complicated model for our sample. 
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B C D

A

F

E

 

C C E

A

F

EB C D D

 
Figure 3.4 The conversion of the C-Net in Figure 3.3, (a) the process model on the left hand-side 

corresponds to conversion item 1, (b) the one on the right hand-side corresponds to conversion item 2 

33..33  DDEESSCCRRIIPPTTIIOONN  OOFF  TTHHEE  CCOONNVVEERRSSIIOONN  

This section describes the conversion we accomplished in the scope of this thesis. The basic 

mappings of the C-Net elements to the BPMN elements are introduced in Section 3.2.1. The 

conversion of input and output bindings of individual activities in C-Nets to gateway constructs 

in BPMN can be succeeded in different ways as it is discussed in Section 3.2.2. The conversion 

of input and output bindings we preferred is depicted in detail with the use of four case samples 

indicated in Figure 3.5.  

 
Figure 3.5 The C-Net demonstrating the specific cases for the preferred conversion 
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As it has been introduced in Chapter 2, C-Net has the notion of input and output bindings per 

activity. Figure 3.5 demonstrates input and output bindings per activity, and the cases are 

intended to describe the conversion. In Figure 3.5, the activity A has an input binding being the 

empty set and one output binding which is the set of the activities B, C and D. This means after 

the activity A is performed, the activity B, C and D are all scheduled. It is easy to detect that the 

output binding of the activity A corresponds to an AND split gateway. This situation will be 

explained in the scope of Case 1 in the following paragraphs.  

 

The activity D has one input binding, which is the set of the activity A, and has three possible 

output bindings, which are the set of the activity R, the set of the activity S and the set of the 

activity T. After the activity D is performed, one of the following activities R, S and T is 

scheduled. The output bindings of the activity D simply correspond to the XOR split gateway. 

The conversion of this situation is described in Case 2. 

 

The activity C has one input binding, which is the set of the activity A, and has two pairwise 

disjoint output bindings which are the set of the activities J and L together or the set of the 

activities K and M together. After the activity C is performed, either the activities J and L 

together or the activities K and M together are scheduled. The output bindings of the activity C 

do not correspond to a specific gateway but they correspond to the combination of XOR and 

AND split gateways. Thus, it is more complicated compared to the first two cases. This situation 

is covered in Case 3. 

 

The activity B has one input binding, which is the set of the activity A, and has three possible 

output bindings which are the set of the activity E; the set of the activities E and G; the set of the 

activities F and G. This means after the activity B is performed; either only the activity E, or the 

activities E and G together or the activities F and G together are scheduled. The output bindings 

of the activity B is more complicated compared to Case 3. On the one hand, it is possible to map 

these output bindings into the combination of AND and XOR split gateways as discussed in 

Section 3.2.2 in detail. On the other hand, BPMN has the OR split gateway which perfectly 

expresses this behavior. This situation is explained in Case 4. 

 

Case 1: This case describes the conversion to AND gateway.  

When an activity in a C-Net has one input or output binding which contains more than one 

activity, the conversion requires the introduction of an AND split/join gateway connecting the 

activity to the activities in its binding. As it is illustrated in Figure 3.5, the activity A has one 

output binding which consists of three activities B, C and D. The resulting conversion can be 

seen in Figure 3.6. 
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A

B C D

  
Figure 3.6 The conversion to AND Gateway 

Case 2: This case describes the conversion to XOR gateway. 

When an activity in a C-Net has several input or output bindings each of which contains only one 

activity, the conversion requires the introduction of an XOR split/join gateway connecting the 

activity to the activities in its bindings. As it is illustrated in Figure 3.5, the activity D has three 

output bindings each of which consists of only one activity, which are the activities R, S and T 

respectively. The resulting conversion can be seen in Figure 3.7. 

 
R S T

D

 
Figure 3.7 The conversion to XOR Gateway 

Case 3: This case describes the conversion to the combination of XOR and AND gateway. 

When an activity in a C-Net has several input or output bindings one of which contains more 

than one activity and those bindings are pair wise disjoint, the conversion requires the 

introduction of a combination of XOR and AND split/join gateways connecting the activity to 

the activities in its bindings. As it is illustrated in Figure 3.5, the activity C has two output 

bindings each of which consists of two activities: the activities J and L; and the activities K and 

M. The resulting conversion can be seen in Figure 3.8. 

 

J L K M

C

  
Figure 3.8 The conversion to combination of XOR and AND Gateway 
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Case 4: This case describes the conversion to OR Gateway. 

When an activity in a C-Net has several input or output bindings which do not satisfy the 

requirements stated in any of the above cases, the conversion is accomplished by placing an OR 

split/join gateway connecting the activity and the activities in its bindings. As it is illustrated in 

Figure 3.5, the activity B has three output bindings which are the set of the activity E, the set of 

the activities E and G, the set of the activities F and G. Since (1) the number of bindings is 

greater than one, (2) there are two bindings which contain more than one activity, and (3) the 

bindings are not pairwise disjoint, the requirements of Case 1, Case 2 and Case 3 are not 

satisfied. Hence, an OR split gateway is introduced for the conversion. The resulting conversion 

can be seen in Figure 3.9. 

E F G

B

 
Figure 3.9 The conversion to OR Gateway 

In Section 3.2.2, we have listed three possible conversion items for the complicated binding 

sample demonstrated with Figure 3.3. This means that we prefer the first item out of the 

explained three items for our conversion for the case 4 and we prefer the second item for the case 

3. The complete conversion of the C-Net in Figure 3.5 can be seen in Figure 3.10. 

 

33..33..11  AAlllloowwiinngg  VVeennddoorr  SSppeecciiffiicc  CCoonnvveerrssiioonn  iinn  PPrrooMM  

We provide the explanation of the vendor specific conversion in Appendix C. 

 

33..33..22  TThhee  UUnnssttrruuccttuurreedd  CC--NNeettss  

We provide the conversion of an unstructured C-Net in Appendix C. 

 

33..44  SSUUMMMMAARRYY    

In this chapter, we have explained the conversion of the C-Nets to the process models 

represented with BPMN. To support the conversion, we implement a plug-in in ProM. We 

describe the implementation details in Chapter 6. 
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Figure 3.10 The conversion of the C-Net in Figure 3.5 to BPMN 
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CCOONNFFOORRMMAANNCCEE  AANNDD  EENNHHAANNCCEEMMEENNTT  
 

 

 

 

 

 

In this chapter, we explain how we accomplish to enrich the discovered process models by 

exploring and discussing the available techniques for both conformance and enhancement. 

Through conformance, we present the diagnostics information next to the discovered process 

model. We reveal the information relevant to the time, case and organizational perspectives and 

extend the process model with these perspectives through enhancement. 

 

44..11  PPRROOBBLLEEMM  RREEVVIISSIITTEEDD  

Figure 1.2 describes the idea of enhancing a process model with the revealed information related 

to the different perspectives. The problem that we address in this thesis is to automatically 

enhance a given process model based on the information in the event log. Currently, the plug-ins 

in ProM focus on only one perspective and a user has to pick and apply hundreds of ProM plug-

ins in order to make an analysis addressing various perspectives. However, a better solution 

would be to combine several plug-ins in order to realize the holistic view of processes like in 

Figure 1.2. Therefore, we need to explore the available plug-ins focusing on conformance and 

enhancement and combine them with the plug-ins explained in Chapter 3.  

 

In next sections, (1) we explain replay which plays an important role for both conformance and 

enhancement. (2) We explore and discuss the existing replay techniques and select one which is 

supported by ProM and which we can use for both enhancement and conformance. (3) We 

further explain conformance, enhancement with time, organizational and case perspectives and 

we state to what extent we use them in the scope of this thesis. (4) Finally, we provide the 

conceptual visualization and summarize the chapter. 

 

44..22  RREEPPLLAAYY  

The replay techniques get a model and an event log and replay the process instances recorded in 

the event log on top of the model. In Figure 4.1, we  demonstrate an  event  log  containing  only  
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Path #Process Instances  

(a, c, d) 2 

(a, b, c, d) 1 

(a, b, d, c) 1 

Table 4.1 The preferred paths  

four process instances with the start and complete lifecycle of the activities. The event log also 

contains the timestamps of the activities. The diagnostics and the time and the frequency 

information are obtained with the replaying. 

 
Figure 4.1 The demonstration of replay with an event log and a process model 

The replaying is used for several purposes such as (1) identifying the discrepancies between the 

log and the model (2) collecting frequencies and timing information (3) making predictions and 

(4) recommendations. Here, we use the replay techniques to identify the discrepancies (e.g., 

conformance) and to collect frequencies and timing information (e.g., enhancement with time 

perspective) as we have shown in Figure 4.1.  

 

In addition, the replay techniques provide additional information which we can use as case 

properties for the case perspective. In Table 4.2, we represent the paths observed in the event 

log. The first path contains two process instances. The 

second and third ones contain one process instance. 

Basically, the replaying classifies the process instances 

based on the certain paths followed by the process 

instances. By looking at the number of process instances 

that the paths have, we can categorize the paths as being the most frequent or the least frequent. 

For instance, the first path is the most frequent path for the sample in Table 4.2. We can go 

beyond that by revealing information related to the time and organizational perspective for the 

paths. With the use of time statistics (e.g., throughput time of the process instances), we can also 

categorize the paths as being the most time consuming and the least time consuming. We explain 

and discuss such categorization of the paths in terms of the performance and the frequency in the 

scope of the case perspective.  

 

In Appendix D, we have explored and discussed the existing replay techniques and have selected 

one which is supported by ProM and which we can be used for both enhancement and 

conformance. The selected technique is a cost-based replay technique which uses C-Nets for 

replay purposes. 
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44..33  CCOONNFFOORRMMAANNCCEE  

Conformance checking can be applied to the real-life process models or to the discovered 

process models together with an event log and it helps to detect deviations by replaying the event 

log on top of the process model. Conformance checking also functions as a methodology to 

evaluate the quality of the discovered process models by applying the replaying techniques on 

different dimensions (i.e. fitness, precision, generalization).  

Given in ProM 

The existing “Replay a Log for conformance on C-Net” plug-in in ProM measures conformance 

with the selected replay technique. Here, we use conformance to detect the deviations between 

the event log and the discovered process models and to judge the quality of the process models 

with a fitness value. Quality metrics such as fitness help to understand how successful the 

process model is imitating the observed behavior in the event logs.  

   
Figure 4.2 The conformance results of the event log in Figure 4.1: (a) On the left hand side, the conformance 

result of the first path (b) in the middle, the result of the second path (c) and on the right hand side, the result of the third path 

take place. The results are obtained with the skipping activity cost: 2 and the inserted activity cost: 5. 

In Figure 4.2, we demonstrate sample conformance results obtained by replaying the event log 

onto the process model we have represented in Figure 4.1. The figures a, b, and c in Figure 4.2 

correspond to the first, second and third path listed in Table 4.2 respectively. Each activity is 

represented with a chevron. The color of the chevrons can be green, red, gray, purple and yellow; 

and the colors indicate valid, violating, invisible, skipped, inserted activities respectively. The 

most frequent path contains the skipped activity: b and valid activities for the rest. Therefore, it 

has a low fitness value which is 0.88. The rest of the frequent paths do not contain a deviation so 

their fitness value is 1.0. The average fitness value is 0.95. The process model in Figure 4.1 does 

not allow skipping the activity b. However, in reality the activity b is skipped. By looking at such 

deviations which are found between the discovered process model and the event log, we can get 

a good intuition about the quality of the discovered process model.  

Required Functionality 

We are able to measure the diagnostics information with “Replay a Log for Conformance on C-

Net” plug-in. In addition, we need to modify the existing visualization of the conformance result 

to present the diagnostics information next to the enhanced process model. To this end, we 

represent the conformance view shown in Figure 4.2 together with the discovered process model 

as we have shown in Figure 4.7 and Figure 4.8. 
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44..44  TTIIMMEE  PPEERRSSPPEECCTTIIVVEE  

For organizations, the visibility of their performance is vital. The visibility assures to obtain 

objective measurements regarding to the performance of the operations within the organization. 

Key performance indicator (KPI) monitoring provides useful insights related to the maturity of 

the business processes and the performance of operations. Business Activity Monitoring (BAM) 

uses dashboards to demonstrate performance indicators. Organizations measure different types of 

KPIs in order to ensure that the corporate sustains and meets the accomplishments defined 

according to their mission and strategies. Managers and executives evaluate the performance of 

their business processes with the obtained information by monitoring and measuring the 

predefined performance indicators referring to the key business activities. 

 

Process mining for time perspective reveals valuable information pertaining to the performance 

of the processes: 

 Waiting and service times of activities 

 Bottleneck analysis: The list of activity durations can be used to detect possible problems 

by highlighting the most time consuming activities. 

 Flow Time and SLA Analysis: The throughput time of the process or the time spent 

between two selected points in the process model can be calculated for SLA purposes. 

 Frequencies and utilization: It is possible to obtain routing probabilities by keeping the 

track of frequencies. We can learn the utilization rates of resources by combining the list 

of frequencies and the activity durations with the resources of activities. 

This type of process mining is closely related to the BAM. Several time and probability metrics 

can be used to enrich the process model by projecting such metrics on top of the model. The 

possible bottleneck activities can also be highlighted on the process model. We can provide a 

good intuition with respect to process maturity and the bottlenecks of the process. This enables to 

detect possible process improvement points relevant to the processes. 

Given in ProM 

The “Replay a Log for Performance on C-Net” plug-in uses the selected replay technique to 

calculate time and probability statistics based on the given event log and the C-Net. Then, the 

time and frequencies are projected onto the C-Net. We refer to the Appendix D for the 

limitations of the plug-in. 

Required Functionality 

We are able to use the “Replay a Log for Performance on C-Net” plug-in to obtain the time and 

frequencies from the complete event log. We need to re-use the plug-in to obtain the time and 

frequencies from the event log containing the process instances of a certain path. We also need to 

project time and frequencies onto the process model expressed in terms of BPMN. Here, we do 

not obtain the time spent between two selected points in the process model and the utilization 

rates of resources out of the above bulleted list. 
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Figure 4.3 The projection of the time and probability information onto the process model 

In Figure 4.3, we demonstrate two activities onto which we have projected the time and 

probabilities. The probability of the activity at the bottom is 20% and the frequency of the 

activity is 2. This means the activity occurred two times on the event log. The red color indicates 

the relatively high value. The average total and the working time of the activity are indicated as 

red, which means these values are relatively high for this activity compared to the other activities 

of the process model. The average synchronization time is 0 and the waiting time is relatively 

moderate for this activity compared to the other activities. We can also represent the minimum 

and maximum values for the time information.  

Notice that we can reveal the same information for the list of paths obtained by the replay 

techniques in Table 4.1. By looking at the average throughput time values of the list of the paths, 

we can identify which path demonstrates poor or high performance. We explain and discuss such 

categorization of the paths in terms of performance in the scope of the case perspective.  

 

44..55  OORRGGAANNIIZZAATTIIOONNAALL  PPEERRSSPPEECCTTIIVVEE  

Organizational perspective aims at identifying the relations between the users, roles and 

organizational units.  

 The social networks enables the investigation and the evaluation of the business 

processes in the social context [25] [26].  

 The user-activity matrix demonstrates which activities are performed by the users and 

how many times those activities are performed. 

 The swimlane concept of BPMN can demonstrate the roles, the organizational units and 

the group of users who perform the same set of the activities. 

In the next subsections, we explain how we use the above items in the context of our plug-in. 
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44..55..11  SSoocciiaall  NNeettwwoorrkkss  

There are several social networks dedicated to different relations between the users. We provide 

the brief explanation of three social networks: 

 Working Together Social Network: This social diagram is constructed by counting users 

which perform activities within the same process instance frequently. 

 Doing Similar Tasks Social Network: This social diagram is obtained based on the 

frequency of the same set of activities performed by the users. 

 Handover of work Social Network: This social diagram is constructed by monitoring 

how frequently the work is moved from one user to another.  

There are also other social networks dedicated to the relations such as reassignment and 

subcontracting as it is mentioned in [26].  

Given in ProM 

There are several existing social network discovery plug-ins in ProM to derive the following 

social networks based on three different relations between the users listed above. However, we 

do not consider reassignment and subcontracting in the scope of this thesis. 

 
Figure 4.4 The hand-over of work social network: the most central users are the user 1, 10, 12, 24 

In Figure 4.4, we represent a sample hand-over of work social network obtained with the event 

log of a municipality in The Netherlands. The nodes demonstrate the users. The nodes are 

becoming more central when the node is getting closer to the center of the network. The shapes 

of the nodes are getting more vertical when there are many incoming arrows. This simply means 

that many users hand the work over to the vertical users. The social network represents the most 

central users which are the user 1, user 10, user 12 and user 24. Such representation of the users 

increases the understanding and provides useful insights about the processes. 

Required Functionality 

In Figure 4.4, we are able to obtain the social network from the complete event log (i.e., we 

consider all the users of all the activities.). With the existing social network plug-ins, we would 
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 Activity A Activity B Activity C 

User 1 6 6 4 

User 2 0 6 2 

User 3 0 4 2 

User 4 4 3 4 

User 5 1 3 0 

User 6 1 1 3 

User 7 0 0 6 

Table 4.3 User activity matrix for the 

selected AG04 GBA betrokkene activity 

like to discover activity specific social networks from the event logs containing the particular 

activities (i.e., we consider only the users of the particular activities.). For further details on 

activity specific social networks, we refer to Activity Specific Social Networks section in 

Appendix D.  

 

We need to obtain a list of event logs for the activity specific social networks. In addition, we 

need to modify the existing visualization of social networks to represent them next to the 

enhanced process model. 

 

44..55..22  UUsseerr  AAccttiivviittyy  MMaattrriicceess  

The user activity matrix provides good intuition about the users by demonstrating how frequently 

they perform activities. Hence, it is important to visualize and enrich the process model by 

representing such information with the process model.  

Given in ProM 

In ProM 6, there is no available plug-in to obtain user activity matrix. However, the social 

network plug-ins obtain user activity matrix to derive social networks. In this way, we can obtain 

user activity matrices.   

Table 4.2 User activity matrix: A=AG02 Voorbereiden, B= AG04 GBA betrokkene, C=AG14 Controle, 

D=AG10 BS Derden, E=AG08 GBA Afnemer, F=Case Start, G=Case End 

We can obtain a user activity matrix from the complete event log as we demonstrate in Table 4.2. 

However, the use of the complete event log can cause to obtain a huge user activity matrix. 

Consider, for instance, an event log containing more than 100 users and 100 activities. The user 

activity matrix will have a size 100x100. We have described the activity specific social networks 

obtained from the filtered event logs in Activity Specific Social Networks section in Appendix D. 

Such filtered event logs can also be used to 

derive user activity matrices. In this way, we can 

reduce the number of the activities in the user 

activity matrix. In addition, we can reduce the 

number of the users shown in the user activity 

matrix by representing the top users. For 

instance, we can derive a user activity matrix for 

the selected activity B, its predecessor activity A 

and its successor activity C. Instead of showing all the users, we can keep only the top five users 

 Activity A Activity B Activity C Activity D Activity E Activity F Activity G 

User 1 6 6 4 3 4 2 1 

User 2 4 3 4 2 0 0 2 

User 3 1 1 3 0 4 2 1 

User 4 0 4 2 2 5 3 0 

User 5 0 0 6 0 0 0 2 

User 6 1 3 0 3 6 0 3 

User 7 0 6 2 2 6 2 6 
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of the selected activity and the top five users of the related (e.g., predecessor and successor) 

activities. The derived activity specific user activity matrix is represented in Table 4.3. 

Required Functionality 

We need to obtain a new visualization to be able to represent the user activity matrices along 

with the enhanced process model. 

 

44..55..33  SSwwiimmllaanneess  

Swimlanes are used for grouping the activities based on the organizational units/roles/groups of 

users. Here, we enhance the process model by obtaining swimlanes of a group of users rather 

than the roles or the organizational units.  

Given in ProM 

There is no available plug-in in ProM which we can get the group of users performing the same 

set of activities. 

Required Functionality 

In order to obtain the swimlanes of a group of users, we need to cluster the activities performed 

by the same set of users. Therefore, (1) we obtain a set of users using the event log for each 

activity. (2) We determine the activities which have the same corresponding set of users. (3) We 

create a swimlane for the set of users and relate the activities to the swimlane. (4) We implement 

this approach in ProM 6. 

Activity User Exec. (%) No threshold Threshold: 12 

AG04 GBA betrokkene user.10 100   

AG04 BS betrokkene 
user.10 91   
user.8 9   

AG10 BS derden 

user.10 83   
user.8 5   
user.13 11   

Table 4.4 Use of threshold and user activity performance table to obtain swimlanes  

In Table 4.4, we represent three activities and the users who perform these three activities. We 

also demonstrate what percentages of the activities are performed by the users. For instance, the 

AG04 GBA betrokkene activity is performed by only the user 10. The AG04 BS betrokkene 

activity is performed by the user 8 and the user 10. The AG10 BS derden activity is performed 

by the user 8, 10 and 13. In this case, each activity is performed by different sets of users. 

Therefore, we have three swimlanes for each activity in Figure 4.5 (a). 

 

The user 8 and user 13 rarely perform the AG10 BS derden and AG04 BS betrokkene activities. 

This prevents to cluster these activities into the same swimlane although a common set of users 

perform these activities frequently. Therefore, we filter the users who rarely perform some of the 

activities lower than a predefined threshold. In Table 4.4, we also indicate the use of a threshold 
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value which is 12%. With the use of the threshold value, we obtain one swimlane containing 

three activities in Figure 4.5 (b). 

             
Figure 4.5 The obtained swimlanes: (a) on the left hand-side, three swimlanes without a threshold (b) 

on the right hand-side, one swimlane obtained with 12% threshold 

Similar to the activity specific social networks and the user activity matrices, we can use 

swimlanes to obtain swimlane specific social networks and the user activity matrices. Also notice 

that the above explained social networks and the user activity matrices can also be obtained for 

the list of paths revealed by the replay techniques. We refer to the Appendix D for the limitations 

of the enhancement with swimlanes. 

 

44..66  CCAASSEE  PPEERRSSPPEECCTTIIVVEE  

We have obtained the list of paths with the selected replay technique. For each path, we collect 

the information related to the time and organizational perspective. In terms of case perspective, 

we can categorize the paths based on their frequency (e.g., the number of process instances 

which follow the path) and time (e.g., the average throughput time of the process instances of the 

path) as being the most/least frequent and the most/least time consuming. In this way, we can 

highlight the path on the enhanced process model as it is shown in Figure 4.6.  

 
Figure 4.6 The frequent path is highlighted on the enhanced process model 
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44..77  VVIISSUUAALLIIZZAATTIIOONN  

In Figure 4.7, we demonstrate the discovered process model enhanced with the information 

related to time, case, and organizational perspectives. On the left, the projection panel takes 

place. The projection panel contains the options to enhance the process model with (a) all 

process instances and (b) the process instances of the paths. The paths are represented with their 

conformance views. The conformance view provides diagnostics regarding to the alignment 

between the discovered process model and the event log. 

 
Figure 4.7 The enhanced process model with the complete event log (a) the paths are shown with 

diagnostics on the left, (b) the process level time and frequency info and fitness are shown on the top-

right, (d) the activity times and frequencies are projected onto the process model, (e) the user activity 

matrix and the social networks for the "decide" activity is shown at the bottom. 

When a projection button is selected, the projection/conformance panel, user activity matrices, 

social networks and the projected information onto the process model are updated. When an 

activity is selected from the process model, the activity specific social networks and user activity 

matrix are also updated. 

 

The performance/conformance panel is represented on the top right side of the model. It contains 

two panels: performance and conformance. The performance panel shows the process level 

performance information such as arrival rate, the number of process instances, average 

throughput times, etc. The conformance panel shows the min, max, avg. fitness values.   

 

The user activity matrix panel is positioned at the bottom right side of the model. By default this 

panel is empty. Whenever an activity is selected on the model, the panel shows the user activity 

matrix for the selected activity.  
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The social network panels represent the social networks aligned with the projection selection. If 

the all process instances’ projection is selected, the social networks obtained from the complete 

event log (e.g., containing all the process instances) are shown. If the most frequent path is 

selected, then the social networks are obtained from the event log containing the process 

instances of the most frequent path. Whenever an activity is selected from the model, the social 

networks are also updated to represent activity specific social networks. 

 
Figure 4.8 The enhanced process model with the event log of the most frequent path (a) the path is 

shown with diagnostics on the left, (b) the most frequent path is highlighted, (c) the process level time and 

frequency info and fitness are shown on the top-right, (d) the activity times and frequencies are projected onto the 

process model, (e) the user-activity matrix and the social networks for the “decide” activity is shown at the bottom.  

In Figure 4.8, we demonstrate the projection of the most frequent path. As you can see from the 

enhanced process model, some of the activities are in gray scale. The most frequent path does not 

contain the activities which are in gray scale. 

 

Finally, we can also visualize and enhance the process model containing the swimlanes. 

Likewise, when a swimlane is selected from the process model, social networks and the user 

activity matrices are updated.  

 

44..88  SSUUMMMMAARRYY    

In this chapter, we have explained how we can enrich the discovered process models with 

conformance and enhancement with time, case and organizational perspective. We then 

implement a supporting plug-in to accomplish the explained enhancement of the process models. 

In Chapter 6, we discuss/explain the implementation details regarding to the plug-in. 
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In this chapter, we answer the third research question we formulated in Chapter 1 and describe 

the need for the XPDL export in ProM. In Section 5.1, we define the problem we need to solve to 

export the discovered and enhanced process models represented with BPMN. Then, we explain 

the conversion of BPMN constructs to XPDL constructs to enable the export. 

 

It is important to accomplish the standard export of the discovered and enhanced process models. 

Such process models can be used as a starting point for configuring the PAISs and/or they can be 

used to simulate and conduct “what if” analysis for the re-design and improvement purposes.  

 

55..11  PPRROOBBLLEEMM  DDEEFFIINNIITTIIOONN  

As we introduced in Chapter 2, ProM supports importing the XPDL process definitions. 

However, ProM does not support the XPDL export of a process model represented with BPMN. 

In order to accomplish the XPDL export of the discovered and the enhanced process models 

represented with BPMN, we need to take the following actions: 

 Define the mappings between BPMN and XPDL constructs 

 Create a plug-in which exports the process model with XPDL with the use of defined 

mappings 

55..22  TTHHEE  CCOONNVVEERRSSIIOONN  FFRROOMM  BBPPMMNN  TTOO  XXPPDDLL  

We have introduced our technique for the conversion of the discovered process models 

represented with C-Nets to BPMN in Chapter 3. Any C-Net converted to BPMN with our 

technique contains the following BPMN elements: 

 Event: Start and end events 

 Gateway: Inclusive, Data-based Exclusive, Parallel gateways 

 Activity: Task 

 Flow : Sequence flow 
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The mapping of the BPMN elements to XPDL constructs starts with the creation of an XPDL 

package and a workflow process for the process model. Next, the activities, the events, the 

gateways and the flows are mapped to their corresponding entities in XPDL. Then, the entities 

are attached to the created XPDL package. In Appendix E in Table 9.2, we have provided the 

detailed mappings of the BPMN elements listed above to the XPDL entities. 

 

With the visualization of the discovered process models expressed with BPMN, we can obtain 

the activity positions in a proper layout. In addition to the element mappings, we have attached 

the activity positions to the activity entities in XPDL. We provide detailed explanation about the 

activity positions in Appendix E in Table 9.3. 

 

The enhanced process model contains additional information about time and resources: 

1. Activities’ durations, waiting and working times, and their performers, 

2. Process instance arrival rates, 

3. Swimlanes and their performers, 

4. Activities’ probabilities and routing probabilities 

 

The activity times and performers are attached to the XPDL activity entities. The arrival rate 

information is attached to the start event. For swimlanes, we first create the XPDL entities and 

attach performer information. XPDL does not contain fields specified for probabilities. Thus, we 

define extensional attributes and attach them to the XPDL activity and transition entities. We 

provide detailed explanation in Appendix E in Table 9.4. 

 

However, it is important to point that we limit our conversion mappings to the BPMN elements 

listed at the beginning of this section and swimlanes. For instance, ProM can import the XPDL 

process definitions containing the intermediate events and boundary events. The imported XPDL 

process definition is then transformed into BPMN for visualization purposes. When we try to 

export the BPMN model with the XPDL export we defined, the XPDL process definition does 

not contain the intermediate events and boundary events. The XPDL export skips the constructs 

other than the BPMN elements listed at the beginning of this section. 

 

55..33  SSUUMMMMAARRYY    

In this chapter, we have explained the mappings that we need to define to enable the XPDL 

export of the process models represented with BPMN. To support the export, we implement a 

plug-in in ProM. We describe the implementation details in Chapter 6. 
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IIMMPPLLEEMMEENNTTAATTIIOONN    
 

 

 

 

 

 

This section describes the plug-ins implemented in the scope of this thesis. We first explain the 

C-Net to BPMN conversion plug-in by illustrating the design decisions and the settings offered 

to the user’s selection. We follow the same outline for the other plug-ins we have implemented. 

In the context of our implementation, we need to modify the existing packages in ProM. The 

modifications are described in Appendix H.  

 

The plugins we have implemented are added to the nightly build version of ProM. The nightly 

build can be downloaded from ProM website
1
. 

 

66..11  TTHHEE  BBPPMMNN  CCOONNVVEERRSSIIOONN  PPLLUUGG--IINN  

In Chapter 3, we have explained our conversion technique with the use of sample C-Nets. To 

convert the process models represented with C-Nets to BPMN, we implemented a plug-in that 

we called Convert C-Net to BPMN. The plug-in requires a C-Net as input.  

 
Figure 6.1 The implemented Convert C-Net to BPMN plug-in in ProM nightly build 

                                                 
1
 ProM Nightly Build website: http://www.promtools.org/prom6/nightly/ 

http://www.promtools.org/prom6/nightly/
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In order to enable vendor specific conversions of the gateways, the user needs to configure the 

offered settings mentioned in Chapter 3. Since we know how to configure the standard BPMN 

and C-BPMN settings for these gateways, we also defined the standard BPMN and C-BPMN 

predefined settings. This will enable a vendor selection directly as you can see from Figure 6.2.  

 
Figure 6.2 Offered user interface settings to allow vendor specific representations 

Based on the user’s selection and the conversion explained in Section 3.3, the plug-in converts 

the C-Net and outputs the process model represented with BPMN. The visualization plug-in 

automatically visualizes the process model represented with BPMN. 

 

We provide the implementation details, sample C-Nets and their corresponding conversions in 

Appendix F. 

 

66..22  TTHHEE  EENNHHAANNCCEEMMEENNTT  WWIITTHH  SSWWIIMMLLAANNEESS  PPLLUUGG--IINN  

 
Figure 6.3 Running the enhancement with swimlanes plug-in 
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The enhancement with swimlane plug-in uses the technique we explained in Section 4.5. The 

plug-in inputs a BPMN model and an event log as you can see in Figure 6.3.  

 

The user interface offered to the user can be seen in Figure 6.4 in order to configure a threshold 

value to filter out the users who perform some of the activities rarely. The user can select a 

number between 0-100 using the slider. If the user’s performance for a particular activity is 

lower than the threshold value, the user is simply ignored. After the threshold value is set, the 

plug-in derives swimlanes (e.g., swimlane with user names) and outputs the process model 

enhanced with swimlanes. The visualization plug-in automatically represents the process model 

enhanced with the swimlanes.  

 
Figure 6.4 UI setting with a slider to obtain the threshold value from the user 

We provide the implementation details and the sample enhancement of BPMN models with 

swimlanes and the limitations in Appendix F. 

 

66..33  TTHHEE  BBPPMMNN  AANNAALLYYSSIISS  PPLLUUGG--IINN  

There are three variants of the BPMN Analysis plug-in: 

 The first one gets an event log as an input and obtains a C-Net using Heuristics Miner 

plug-in which produces a C-Net directly. Then, it calls the third variant. 

 The second one gets an event log as an input and obtains a C-Net using: (1) Heuristics 

Miner plug-in which produces a Heuristics Net and (2) Heuristics Net to C-Net 

Conversion plug-in. Then, it calls the third variant. 

 The third one gets an event log and a C-Net. 

For each variant, we provide the input and the output models, the list of plug-ins called in 

Appendix F.  

 

The plug-in outputs two BPMN models: (1) the one with swimlanes and (2) the one without 

swimlanes. The plug-in automatically visualizes the second model. In order to visualize the 

process model with swimlanes, we need to browse the “All” workspace and select the model to 

visualize.  
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Figure 6.5 UI Settings offered for the selection of the number of frequent or time consuming path  

When the plug-in runs, it requests the number of the most and the least frequent and time 

consuming paths from the user to project as you can see in Figure 6.5. 

 

In Figure 6.6 and Figure 6.7, we demonstrate how BPMN Analysis plug-in interacts with other 

plugins. The first activity runs BPMN Conversion plug-in to convert the C-Net in Figure 6.6. 

Next, we check whether the provided event log has user information. If the provided event log 

does not contain user information, then we skip the swimlane enhancement, the social network 

discovery and the user activity matrices. Otherwise, we obtain another process model with 

swimlanes, the social networks and the user activity matrices. We explain the sub-process in 

Figure 6.7 later on, which represents how we obtain the social networks and the user activity 

matrices. Afterwards, we run the replay for performance analysis plug-in with the provided C-

Net and the provided event log. With performance analysis plug-in, we obtain the performance 

and the replay result. The replay result consists of several frequently or rarely preferred paths. 

Each path contains a list of process instances that follow the same set of activities in the same 

order. As you can see from the Figure 6.6, for each path, we obtain a fitness value first. Next, we 

obtain a filtered event log which contains the process instances of the path. If the filtered event 

log contains user information, we obtain the social networks and the user activity matrices for the 

path. Otherwise, we skip it. Then, we run the performance analysis plug-in again to obtain 

performance results for the path using the filtered event log and the provided C-Net. Afterwards, 

we check whether the replay of the path is reliable. If the replay is reliable, we add the 

performance result which we then use to classify paths. After we complete the loop, we bring the 

fitness values of the paths together to obtain a complete fitness value and then we calculate the 

arrival rate of the process instances based on the provided event log. Finally, we classify the 

paths as being the most/least frequent and the most/least time consuming. 
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Figure 6.6 The main process which demonstrates the flow of plug-ins run by BPMN Analysis plug-

in 

In Figure 6.7, we represent the sub-process of obtaining the social networks and user activity 

matrices. The first activity represents obtaining the user activity matrix using the provided event 

log (e.g., the complete event log or the event log of a path). Then, we run the social network 

plug-in with the provided event log. For each activity in the process model represented with 

BPMN, we first filter the complete event log such a way that it contains only the activity and its 

predecessor and successor activities. Using such filtered event logs, we run the social networks 

plug-in to obtain social networks dedicated to the activities. Next, for each activity in the process 

model represented with BPMN, we obtain a user activity matrix which contains only the activity 

and its predecessor and successor activities and the top users performed these activities. Then, 

we take the same steps of filtering of the event log, obtaining social networks and user activity 

matrices for each swimlane in the process model. 
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Figure 6.7 The sub-process of obtaining the social networks and user activity matrices 

66..33..11  TThhee  VViissuuaalliizzaattiioonn  ooff  tthhee  EEnnhhaanncceedd  PPrroocceessss  MMooddeellss  

The plug-in has seven interactive visualization panels: legend, projection, three social networks, 

user-activity matrix and performance and conformance.  

 
Figure 6.8 Enhanced process model with the information revealed from all process instances 

together with the conformance 
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The Legend panel represents the projected performance values onto an activity to facilitate the 

interpretation of the information on the activities. The Projection panel in Figure 6.8 helps to 

select a path to highlight on the process model, to project its time and probability statistics and 

update social networks and performance and conformance information in other panels. 

 

On the right-upper side of the Figure 6.8, there is an interactive performance/conformance panel 

which indicates the process-level performance information shown in Figure 4.3 in Section 4.4 

and fitness information of the process model. The three social network panels present the social 

diagrams dedicated to the following relations: doing similar tasks, working together, hand-over 

of work. The user-activity matrix represents the number of different users existing in the event 

log by default. Whenever an activity is selected, it demonstrates the number of different users 

who perform the activity and top users who perform the activity and who perform the 

predecessor and successor activities of the activity. 

 

We provide the implementation details and the additional representations of the plug-in in 

Appendix F.  

 

66..44  TTHHEE  BBPPMMNN  EEXXPPOORRTT  PPLLUUGGIINN  

In order to accomplish the export of the discovered and enhanced process models, we have 

defined the mappings between the BPMN elements and the XPDL entity and the attributes in 

Section 5.2. The export plug-in gets a process model represented with BPMN as an input and 

uses the above mentioned method to map the BPMN concepts to XPDL concepts. Then, the 

XPDL document is written to the folder indicated by the user as it is shown in Figure 6.9. 

 
Figure 6.9 Screenshot from the BPMN diagram export plug-in 
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This chapter presents the details of the case study conducted in the scope of this thesis project. In 

the case study, we use the plug-ins we have implemented in order to provide insights about the 

process.   

 

77..11  DDEESSCCRRIIPPTTIIOONN  OOFF  TTHHEE  PPRROOCCEESSSS  

The business process that we apply process mining in the context of this case study belongs to a 

world leading telecom operator. The process is a simple procurement requirements approval flow 

between managers and executives from the different departments of the same organization. What 

is important with this process is that it has many exclusive choices and loops. The process model 

aims at providing flexibility regarding to the execution of the business process rather than a strict 

control. Thus, the process model becomes complicated with the introduction of several gateways 

not to mention the fact that each activity is an omissible activity as you can see from Figure 9.33 

in Appendix G.  

 

In order to apply the process mining to this process, we follow the phases shown in Figure 7.1. 

We refer to the Appendix G for the Log Preparation and Inspection phases. We first represent the 

discovered process model expressed in terms of C-Nets. Next, we convert the C-Net to BPMN 

using the conversion plug-in we implemented and show the resulting models represented with 

BPMN and C-BPMN. In the conformance and enhancements phases, we explain the results of 

BPMN Analysis plug-in we implemented. Finally, we export the discovered process model and 

import it back to Cordys BPMS. 

 
Figure 7.1 The phases to apply process mining with the developed plug-ins 
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77..22  LLOOGG  FFIILLTTEERRIINNGG  

We have obtained two event logs to apply process mining with the plug-ins we implemented. We 

explain the event logs in Table 7.1. For further details, we refer to the Log Inspection section in 

Appendix G.  

List of Filtered Logs 

FEL-CompleteStart-DummyEnd 

This event log is obtained by filtering the original raw log. It has the process instances that start with 

“Start” and end with “EndDummyTask” activity. This log contains only start and complete activity 

lifecycles. It contains 137 process instances which correspond to 100% of process instances of the 

original log. The process instances have 1322 activities with 20 different activity classes (activity + 

activity type) in total which correspond to 77% of the original log activities. Since we consider only 

complete and start lifecycle, there are only two activity types. We use FEL-CompleteStart-DummyEnd 

event log to apply process mining for the conformance and the enhancements. 

FEL-OnlyComplete-DummyEnd 

This event log is obtained by filtering the original raw log. It has the process instances that start with 

“Start” and end with “EndDummyTask” activity. This log contains only complete activity lifecycle. It 

contains 137 process instances which correspond to 100% of process instances of the original log. The 

process instances have 798 activities with 11 different activity classes (activity + activity type) in total 

which correspond to 46% of the original log activities. Since we consider only complete lifecycle, there is 

only one activity type. We use FEL-OnlyComplete-DummyEnd, which contains only complete lifecycle of 

the activities, to discover the process model. Hence, we obtain a process model which has only one 

activity for each event in the event log. 

Table 7.1 Filtered Event Logs 

77..33  PPRROOCCEESSSS  DDIISSCCOOVVEERRYY  

In this section, we represent the discovered C-Net based on the FEL-OnlyComplete-DummyEnd 

event log. We refer to Appendix G for the hand-made C-Net representation of the original 

process model shown in Figure 9.33 in Appendix G. 

 

As we described the process discovery algorithms in Chapter 3, we can run Heuristics Miner or 

Genetic Miner plug-ins in ProM 6 to obtain a process model represented with C-Nets. In this 

case study, we use “Mine for a C-Net using Heuristics Miner” plug-in to discover the process 

model from the FEL-OnlyComplete-DummyEnd event log. The resulting process model 

represented with C-Nets is demonstrated in Figure 7.2. The discovered C-Net has 94% fitness to 

the event log, FEL-OnlyComplete-DummyEnd, based on Improved Continuous Semantics [12].  

 

The hand-made original C-Net has short and vertical lines on some of the arrows as it is shown 

in Figure 9.39. These arrows are the additional arrows when we compare the hand-made and the 

discovered C-Nets. The hand-made C-Net allows much more behavior compared to the 

discovered C-Net. The original C-Net allows returning back to the “Department project manager 

needs to apply” from the other five activities. The discovered C-Net has a high fitness value 
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(94%) but it does not allow such returning behavior. The event log contains rare process 

instances which have such returning behavior. The rare behavior is ignored by the discovery 

algorithm. Therefore, the discovered C-Net does not have 100% fitness value. 

 

77..44  BBPPMMNN  CCOONNVVEERRSSIIOONN  

In this section, we represent the conversion of the discovered C-Net shown in Figure 7.2 to 

BPMN and to C-BPMN by running “Convert C-Net to BPMN” plug-in we have implemented. In 

Figure 7.3, we show the process model expressed in terms of BPMN.  We demonstrate the 

process model expressed in terms of C-BPMN in Figure 9.41 in Appendix G.  

 

When we compare the conversions of the discovered and the hand-made C-Nets shown in Figure 

7.2 and Figure 9.39 in Appendix G, we notice that the original process model in Figure 9.41 can 

mimic all the execution ways of the discovered process model in Figure 7.3. The original process 

model allows much more behavior compared to the discovered process model. The original 

process model has twelve gateways while the discovered process model has only four. The 

original process model is rather complicated compared to the discovered process model.  

 

For the conversion details of the hand-made C-Net, we refer to Appendix G. 

 

In this way, we enable to represent the discovered process model with a standard modeling 

notation.  

 

77..55  CCOONNFFOORRMMAANNCCEE    

In this section, we describe how we provide the conformance information next to the enhanced 

process model with the use of the BPMN Analysis plug-in.  

 

In Figure 7.4, we show the BPMN Analysis plug-in result which we have obtained with the 

discovered C-Net and the FEL-CompleteStart-DummyEnd event log. On the right hand side, we 

list avg. min and max. cost-based fitness values based on a skip activity cost being 2 and an 

inserted activity cost being 5.  The discovered process model has 99% average fitness value. The 

min. fitness value is 67% and the max. fitness value is 100% based on the paths. We obtain 11 

different paths with the use of the BPMN Analysis plug-in. We categorize the paths based on 

their frequency and time information. The panel on the left hand-side of the Figure 7.4 shows 9 

paths having different characteristics. 
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Figure 7.2 Discovered process model represented with C-Nets 

Figure 7.3 BPMN model converted from the discovered C-Net in Figure 7.2: A) Start, B) Department manager needs to apply, C) Manager needs to 

approve, D) Project manager to handle demand, E) General Manager for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) 

Procurement support (1), I) Purchasing manager for, J) Procurement support, K) Dummy end task

A) B) 

C) 

D) 

E) 

F) 

G) 

I) 

J) 

K) 

H) 
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Figure 7.4 Diagnostics regarding to the paths are demonstrated on the left  

We list these 9 different paths based on their categorization in Table 7.2. For instance, the first 

path contains 93 process instances with 8 activities. The path has 100% fitness value and it is the 

most frequent path and the least time consuming path. The second least frequent path is also the 

second most time consuming path. The path has only one process instance and has a fitness value 

of 78%. The path contains two inserted activities meaning the discovered process model does not 

allow executing the path correctly. When the project button is selected, the path is highlighted on 

the process model.  

The Path Characteristics Path Fitness 

First Most Frequent Path  

First Least Time Consuming Path 
93 process instances with 8 activities 100% 

Second Most Frequent Path  

Third Least Time Consuming Path 

30 process instances with 12 

activities 
100% 

Third Most Frequent Path 3 process instances with 16 activities 100% 

First Least Frequent Path 1 process instances with 22 activities 100% 

Second Least Frequent Path  

Second Most Time Consuming Path 
1 process instances with 18 activities 

78% : due to two 

inserted activities 

Third Least Frequent Path 1 process instances with 14 activities 100% 

First Most Time Consuming Path 1 process instances with 24 activities 100% 

Third Most Time Consuming Path 1 process instances with 18 activities 
%78: due to two 

inserted activities 

Second Least Frequent Path 2 process instances with 24 activities 100% 

Table 7.2 The list of paths shown in Figure 7.4 
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When we run the BPMN Analysis plug-in with the hand-made C-Nets and the same event log, 

we observe that all the paths have a fitness value of 100%.  

 

We provide useful diagnostics regarding to the quality of the discovered process model based on 

the paths which are observed in the event log. The paths can be highlighted on the process 

model. This also provides to see the path on the process model and understand how the deviation 

fits into the process model.  

 

77..66  EENNHHAANNCCEEMMEENNTT  

This section describes how we accomplish the enhancement of the discovered process model. 

We use the BPMN Analysis plug-in to accomplish this representation. The BPMN Analysis plug-

in produces two process models: one with swimlanes and one without swimlanes. First, we 

demonstrate the process models containing the swimlanes with the corrected layout. However, 

we do not use the process models containing the swimlanes to project time and frequency 

information due to the limitations we have addressed in Sections 0 and 0. Second, we represent 

the enhanced process models with the ones which do not contain swimlanes.  

 

77..66..11  EEnnhhaanncceemmeenntt  wwiitthh  SSwwiimmllaanneess  

Together with the event log and its process model represented with BPMN, we can enhance the 

process model. In order to discover the swimlanes we use “Enhance BPMN with Swimlanes” 

plug-in together with the hand-made or the discovered process models and the FEL-

CompleteStart-DummyEnd event log. This plug-in makes an assumption regarding to the process 

model represented with BPMN and the event log as we have explained in Appendix F. Since the 

discovered process model is obtained from the FEL-OnlyComplete-DummyEnd event log, the 

assumption holds anyway. The assumption needs to be considered for the hand-made and the 

imported original process models. Therefore, we make sure that this assumption also holds for 

our hand-made process model represented with C-Nets while we model it.  

 

The discovered process model is enhanced with swimlanes with different threshold settings. In 

this section, we represent the enhancement of the discovered process model shown in Figure 7.3 

with 5% threshold setting. Due to the limitations addressed in Appendix F, we corrected the 

layout of the process model in Figure 9.45 to provide a clear picture as it is shown in Figure 7.5. 

 

We also refer to the Appendix G for the enhancement of the original process model with 5% 

threshold setting and for the other results with different threshold settings.   

 

The process model in Figure 7.5 represents that the “General Manager for approval” activity 

was conducted by only one user: The user61 and the “Deputy Head of demand for approval” 

activity was performed by only two users: the user65 and the user85. Considering the known 
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single-points-of-failure problem, there is a high potential for the occurrence of this problem 

when the user61 is on vacation or sick. It is valid also when both the user65 and the user85 are 

on vacation or sick. In addition, such activities performed by specialized resources may cause 

high waiting times when the arrival rate of the activity instances is increased. 
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Figure 7.5 Discovered process model enhanced with swimlanes layout corrected in Figure 9.45 

By looking at the process model in Figure 7.5, it is possible to see the generalists and specialists. 

The user61 performs only the “General Manager for approval” activity, and both the user65 and 

the user85 conduct only the “Deputy Head of demand for approval” activity. Hence, they are 

specialists. The user10 performs “Start, Department project manager needs to apply, Manager 

needs to approve, Project manager to handle demand, Purchasing Manager for”. Thus, the 

user10 is generalist. 

 

In this way, we can detect the potential bottlenecks by directly looking at the enhanced process 

model with swimlanes. In addition, the provided insights increase the awareness about the 

process and its participants.  
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77..66..22  EEnnhhaanncceemmeenntt  wwiitthh  tthhee  BBPPMMNN  AAnnaallyyssiiss  PPlluugg--iinn  

The BPMN Analysis plug-in runs the plug-ins we demonstrated until now. It enhances the two 

process models with and without swimlanes.  Here, we only show the enhancement of the 

process model without swimlanes due to the limitations we have addressed in Section 0. In this 

section, we run BPMN Analysis plug-in on the discovered and hand-made original process 

models represented with C-Nets together with the FEL-CompleteStart-DummyEnd event log 

(e.g., the complete event log). We use default settings for the selection of the number of 

most/least frequent and most/least time consuming paths to investigate. Although we can obtain 

and present the results for both the discovered and hand-made original process models, we 

explain our findings on the discovered process model.  

 

The default screen and the list of the paths are demonstrated in Figure 7.4 and Table 7.2 

respectively. In Figure 7.4, the time and frequency information are projected onto the activities 

of the discovered process model. By default, the projected information is collected from the all 

process instances of the event log. The social networks are represented at the bottom. The default 

social networks are obtained from the complete event log. On the right hand side, the process 

level time and frequencies are represented.  

 

On the left hand-side, the nine paths having different characteristics are shown in Figure 7.4. 

Likewise, we project the information collected from the process instances of the paths onto the 

activities by selecting the projection button on the left. The social networks and the process level 

information are updated accordingly. 

Analysis on the Complete Event Log 

In this subsection, we first explain the revealed information regarding to the time and 

frequencies. Next, we describe the social networks. Then, we focus on the possible bottleneck 

activities indicated with red color. We investigate such activities further by looking at the 

activity specific social networks and the user activity matrices.  

Process Performance and Conformance 

At the top and right of Figure 7.6, “Performance and Conformance Panel” is represented. The 

panel contains the following information: 

 Number of process instances: 136 process instances are replayed 

 Arrival rate: 4.74 process instances per day  

 Avg. throughput time of the process instances: 1.19 days 

 Min, max throughput time of the process instances: 5.75 mins and 21.86 days 

 Std. dev. throughput time of the process instances: 2.51 days 

 Avg. fitness: 99.218% cost-based fitness out of all process instances 

 Min. fitness: 66.7% cost-based fitness out of all paths 

 Max fitness: 100% cost-based fitness out of all paths 
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Figure 7.6 Performance and Conformance Panel shown in the initial result screen 

By looking at such overall performance indicators, we can get useful insights regarding to the 

performance of the processes. For instance, we see that 136 process instances have been replayed 

and the performance and conformance information has been collected out of these process 

instances. The avg./min./max throughput time values have been calculated. 

 

In Section 7.5, we have listed the number of paths and the fitness values for each path we 

considered. In “Performance and Conformance Panel”, you can also see these min and max 

fitness values of the paths. In addition, we provide the average fitness values which have been 

calculated considering all the process instances. 

 
Figure 7.7 Hand-over of work Social Network obtained for the complete event log: A) Start B) 

Department manager needs to apply, C) Manager needs to approve, D) Project manager to handle demand, E) General Manager 

for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) Procurement support (1), I) 

Purchasing manager for, J) Procurement support K) Dummy End Task 

A) B) C) 
D) 

E) 

F) 

G) 

I) 
J) 

K) 

H) 
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Social Networks 

Three types of social networks are represented at the bottom of Figure 7.7, Figure 7.8 and Figure 

7.9. In Figure 7.7, the hand-over of work social network demonstrates the centralized users. The 

shapes of nodes become vertical, when the number of incoming arcs is bigger compared to 

outgoing arcs. This means that the user gets more work from others. The bigger the node is the 

more importance is assigned to the node. In this case, the users 21, 38 and 55 are the biggest 

nodes and they have vertical shapes which make them the most central users.  

 
Figure 7.8 Doing Similar Tasks Social Network obtained for the complete event log: A) Start B) 

Department manager needs to apply, C) Manager needs to approve, D) Project manager to handle demand, E) General Manager 

for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) Procurement support (1), I) 

Purchasing manager for, J) Procurement support K) Dummy End Task 

In Figure 7.8, the doing similar tasks social network is represented. The social network has five 

clusters. The first cluster is the user61 itself. As we know from the Section 7.6.1, this user 

conducts the “General Manager for approval” activity. The second cluster contains only two 

users: the user65 and the user85. Again we know that they conduct only the “Deputy Head of 

demand for approval” activity. There are also three other clusters which we refer them as: the 

big orange, green and pink clusters. The user35 takes place between the big orange and green 

clusters. In the same manner, there are three nodes between the big orange and pink clusters, 

which are the user10, the user23 and the user64. These three clusters represent three different 
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roles. In addition, the user35 has both the roles of the big orange and green clusters while the 

user10, the user23 and the user64 have both the roles of the big orange and pink clusters. 

In Figure 7.9, the working together social network is illustrated. Different thresholds together 

with clustering option have been tried. We have obtained one big cluster with a high threshold 

value. There are three other nodes distinguished by their colors and there is one cluster 

containing two nodes. Different clusters may indicate different teams.  

 
Figure 7.9 Working Together Social Network obtained for the complete event log: A) Start B) 

Department manager needs to apply, C) Manager needs to approve, D) Project manager to handle demand, E) General Manager 

for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) Procurement support (1), I) 

Purchasing manager for, J) Procurement support K) Dummy End Task 

The social networks reveal different relations between the users. Investigation of such relations 

between the users increases the understanding of the organizational structure and the 

communication. 

Performance Projection 

In Figure 7.10, the performance statistics (KPIs, service times), the frequencies and the routing 

and occurrence probabilities are projected onto the discovered process model. With the help of 

the legend panel represented on the top and at the left of the model and Figure 7.10, the 

interpretation of colors and numbers on the activities is simple. Let us first explain the projected 

information onto the activities: The average waiting/working total times together with the 
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probability and the frequency information are projected onto the activities. Since there is no 

parallel gateway in the process model, we could not see the synchronization time bar on the 

activities. There are two horizontal bars. The top horizontal bar represents the average total time 

of the activity. The bottom horizontal bar is separated into two parts: left part indicates the 

average waiting time and right part indicates the average working time. The colors of bars 

indicate that the time is relatively low, moderate or high compared to other activity times. Red, 

yellow and green colors indicate a high, moderate and low value respectively. When the mouse 

is moved onto an activity, the detailed performance information including min/max times 

appears as tooltip information. The number on the above and right side of the activity represents 

the frequency and the number on the above and left side indicates the probability of the activity. 

The number on the start and end events illustrates the total number of occurrences. The gateways 

have two numbers: one represents the frequency and the other one represents the probability 

information. When we zoom into the model or when the mouse comes on top of the arrows, we 

can see the frequency information. When the arrow source is connected to a split gateway, the 

arrow also represents the routing probability information. 

 
Figure 7.10 Projection of time and probabilities onto the process model: B) Department manager needs to 

apply, C) Manager needs to approve, D) Project manager to handle demand, E) General Manager for approval, F) Deputy head 

of demand for approval, G) Purchasing manager for (1), H) Procurement support (1), I) Purchasing manager for, J) 

Procurement support 

When we look at the overall picture in Figure 7.10, we can observe the frequently followed paths 

with the thicker arcs. The activities which have red colors indicate that more time spent on these 

activities compared to other activities. So, there can be possible bottlenecks related to these 

activities. In addition, the path that the thickest arcs follow does not contain any red activity.  

Analysis on the “Manager needs to approve” Activity 
Among all the activities indicated with red, the “Manager needs to approve” activity has the 

highest avg. waiting time. Therefore, we select the activity to further investigate the activity 

specific social networks and user activity matrix. In the next paragraphs, we describe the analysis 

and the finding based on the selected activity.  
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Activity Time and Frequencies 

In Figure 7.11, the “Manager needs to approve” activity has 16.27 hours avg. working time and 

2.28 hours average working time; so the average total time is calculated as 18.55 hours. The 

activity was performed 42 times. It has 0.3 occurrence probability considering all process 

instances.  

  

Figure 7.11 The selected Manager needs to approve activity and its user activity matrix 

Activity Specific User Activity Matrix 

On the left hand-side of the Figure 7.11, the user-activity appears when we select the “Manager 

needs to approve” activity. According to the information in the panel, this task was performed 

by 17 different resources. Among these seventeen users, the top five users are the users 22, 18, 3, 

74, 31. They performed this activity 7, 5, 4, 4, 3 times respectively. The user activity table matrix 

in Figure 7.11 also represents top 5 users who performed any of the activities: The “Department 

project manager needs to apply” and the “Project manager to handle demand”. Since the 

selected activity the “Manager needs to approve” has a strong correlation to these two activities, 

it is important to look at also the users who performed these activities. The user34 performed the 

“Department project manager needs to apply” activity 23 times and the user82 performed the 

“Project manager to handle demand” activity 6 times. It is important to notice that top 5 users 

performed only one of these three activities. This information leads us to know that the 

“Manager needs to approve” activity may be performed by different teams or roles compared to 

other activities. In order to further investigate and confirm the information of different teams or 

roles, we also need to check the social networks. 

Activity Specific Social Networks 

In Figure 7.12, the hand-over of work social network is represented. This social network is 

obtained from the event log which contains the selected activity, the “Manager needs to 

approve” and its predecessor and successor activities, the “Department project manager needs to 

apply” and the “Project manager to handle demand” out of all the process instances in the 
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complete event log. Hence, we have fewer nodes compared to the previous social network we 

demonstrated in Figure 7.7 and the number of connections between the nodes is also less. 

According to the hand-over of work social network, the user22 and the user18 are the most 

central users, and the user3 and the user31 come after the user22 and the user18.  

 

 
Figure 7.12 Hand-over of work social network considering only the selected activity, its predecessor 

and successors  

In Figure 7.13, the doing similar tasks social network is represented. The social network has two 

big clusters: the blue and pink clusters. Actually, based on our observations on the user activity 

matrix, we were expecting to have three separated clusters. However, it turned out that user 

activity matrix demonstrates a small proportion of the users. We can also see that by looking at 

the process model enhanced with swimlanes in Figure 7.5. The “Department project manager 

needs to apply” and the “Project manager to handle demand” activities have many users who 

can conduct both. 

 
Figure 7.13 Doing Similar Tasks social network considering only the selected activity, its 

predecessor and successors 
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Hence, the blue cluster demonstrates the role assigned to the “Manager needs to approve” and it 

consists of the user 22, the user3, the user 18, etc. The pink cluster illustrates the role assigned to 

the “Department project manager needs to apply” and the “Project manager to handle 

demand“activities. 

 
Figure 7.14 Working together social network considering only the selected activity, its predecessor 

and successors 

Working together social network illustrated in Figure 7.14 has a few small clusters which are 

represented with different colors. These clusters simply demonstrate teams or groups. When we 

further investigate the nodes which represent the users who performed the “Manager needs to 

approve” activity, we notice that each top user we have just mentioned in above paragraphs are 

spread to different clusters. 

 

Another important visualization that we also mentioned in previous paragraphs is that arrows 

represent the frequency information and may represent the routing probability information. In 

Figure 7.11, we demonstrate an exclusive split gateway which was visited 136 times. There are 

two possible routings and as we can see from the figure, the below route is followed with 

probability 0.3 while the above route is followed with 0.7 probability. 

 

We have made the analysis of the selected activity in terms of different perspectives. In terms of 

the time perspective, we demonstrate activity level KPIs, activity frequencies, routing 

probabilities, throughput times, arrival rates, etc. In terms of organizational perspective, we 

demonstrate social networks, the participants of the activities, the performance of the resources, 

etc. In this way, we provide useful insights regarding to the time and organizational perspective 

together. The analysis of the information increases the awareness about the processes and the 

insights can then be used to improve the processes. 
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Analysis on the Paths 

In this subsection, we describe the enhancements with the paths. As we have indicated, the paths 

are characterized based on their frequency and throughput time. We describe the important 

points for the first and the second most frequent paths. We also list the results of the two other 

paths.  

 
Figure 7.15 Performance and conformance information for the first most frequent path and the 

second least time consuming path: A) Start, B) Department manager needs to apply, C) Purchasing manager 

for, D) Procurement support 

Figure 7.15 represents the first most frequent path. The same path also corresponds to the second 

least time consuming path. The path is highlighted with black arrows. The performance 

information (i.e. frequencies, KPIs) is projected onto the discovered process model while 

unvisited nodes and arcs are represented in gray color. The following performance and 

conformance information are obtained: 

 The path contains 93 process instances 

 The arrival rate is 3.24 process instances per day 

 The average throughput time of the process instances: 9.99 hours 

 The min/max/std. dev throughput times are calculated as 5.75 mins/1.95 days/11.42 hours 

respectively. 

 The path is fully compliant to the discovered process model. 

When we compare the performance projection in Figure 7.15 with Figure 7.10, we can see that 

the “Purchasing Manager for” and the “Procurement Support” activities are now colored in red. 

In Figure 7.10, these activities are colored with yellow as they perform well compared to the 

time values of other activities in the process. However, in Figure 7.15 we now look at the 

performance of the activities which take place in the most frequent path. These two activities are 

the most time consuming tasks of the process with respect to the most frequent path. In order to 

decrease the throughput time of the most frequent path and accelerate the business processes, the 

“Purchasing Manager for” and the “Procurement Support” activities require specific attention. 

For instance, the number of resources can be increased to decrease the high waiting times of 

these activities. 

 

We also provide the results of the second and the third most frequent paths and the most time 

consuming path in Appendix G.  
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The enhancements with the paths showing different characteristics provide useful information to 

improve the processes. The paths are a collection of the process instances which followed a 

certain pattern of activities. We gain useful insights with the analysis on the collection of such 

process instances. In this way, the understanding of the actual causes of the problems leads to 

take right corrective actions (e.g., talking to the specified resources or redesigning the processes 

due to the bottleneck activities). 

 

77..66..33  CClloossiinngg  tthhee  LLoooopp      

The event logs are exported from Cordys BPMS are imported to ProM to apply process mining 

techniques. To this end, (1) we discover the process model and represent the model in terms of 

BPMN and (2) we enhance the discovered process model with different perspectives and we 

show the conformance diagnostics along with the discovered process model. In this way, we 

describe the insights which can be obtained with such enhanced visualization.  

 

Now, we can export the discovered process model from ProM and import it to Cordys BPMS. 

We export the process models represented with BPMN via the XPDL export plug-ins we 

implemented. There are two available plug-ins to export the process models represented with 

BPMN: XPDL 2.0 and Enhanced XPDL 2.0 Export. The XPDL 2.0 export plug-in can be used to 

export the discovered process models. However, the Enhanced XPDL 2.0 export plug-in can be 

used to export the enhanced process models.  

 

We export the process model represented with C-BPMN in Figure 7.2 and imported back to 

Cordys BPMS. The imported process model is demonstrated in Figure 7.16. 

 

Figure 7.16 Discovered process model exported from ProM and imported to Cordys BPMS. 

The exported enhanced process model contains information with respect to resources, and times 

and probabilities. Therefore, we can start to re-configure Cordys BPMS with the enhanced 

process model. Also, we can simulate the enhanced process model and perform “what if” 

analysis to explore further improvement points. 
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CCOONNCCLLUUSSIIOONN    
 

 

 

 

 

 

In this master thesis, we have explored and discussed various process mining techniques 

pertaining to different perspectives and we provide the tool support for the enhancement of the 

discovered process models.  

 

In terms of the control-flow perspective, we accomplish to represent the discovered process 

models with a standard and business-oriented notation: BPMN. In this direction, we have 

investigated the process discovery techniques and none of the discovery plug-ins in ProM is able 

to produce a process model represented with BPMN. Therefore, we have selected to use 

Heuristics and Genetic Miner algorithms based on their strengths over the other discovery 

techniques. In this way, we obtain the discovered process models represented with C-Nets. Thus, 

we have introduced the conversion of the process models expressed with C-Net to BPMN and 

we have implemented a plug-in to support the conversion.  

 

For enhancement and conformance purposes, we have explored the existing replaying techniques 

which are supported by ProM. Based on our analysis, we have selected to use the cost-based 

replaying technique which gets a C-Net and an event log as inputs. The replay technique 

classifies the process instances based on the paths they follow and there is available plug-in 

support for both the timing and conformance analysis which use this replaying technique. 

 

In terms of the time perspective, we use the existing plug-in to calculate timing information and 

probabilities. In terms of the organizational perspective, we have decided to obtain the user 

activity matrices and the social networks dedicated to hand-over of work, doing similar tasks, 

working together relations between the users. In addition, we have implemented a plug-in which 

enhances the process models with swimlanes.  
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In terms of the case perspective, we have categorized the process instances based on the time and 

frequency properties of the paths. 

 

We have brought the available techniques we have selected and the techniques we have 

implemented together in one plug-in in ProM in order to enhance the discovered process models. 

 

The enhanced process models contain the necessary information needed to configure any BPM 

system or PAIS. They can be used as input to such systems for the configuration or 

implementation purposes. Thus, we have implemented an export plug-in to export the discovered 

and the enhanced process models with the XPDL standard. 

 

To sum up, we have implemented four different plug-ins in ProM: (a) the one which represents 

the discovered process models with BPMN (b) the one which enhances the discovered process 

models (c) the one which discovers the swimlanes to enhance the discovered process models 

represented with BPMN (d) the one which exports the discovered and enhanced process models.  

 

In this way, we get the event logs from Cordys BPMS and we discover the process models with 

the existing plug-ins. We use our plug-in to represent the discovered process models with 

BPMN. Next, we enhance the discovered process models with the valuable information related 

to different perspectives. With the discovered and enhanced process models, we provide much 

more insights on how the process is actually executed in reality. The insights lead to re-design 

the business process to work effectively or improve the business processes by talking to the 

resources to increase the efficiency. Then, we export the process models to use them as a starting 

point for redesign and simulation purposes in Cordys BPMS. As a result we close the loop 

between Cordys BPMS and ProM. Of course, it is important to emphasize all these steps can be 

also applied to any PAIS owing to the fact that we use standards (i.e., the event logs with XES 

standard and process interchange with XPDL standard). 

 

88..11  LLIIMMIITTAATTIIOONNSS  

There are several limitations we encountered during the execution of this thesis project: 

 We assume the discovered C-Nets are sound.  

 ProMJGraph is unsuccessful to layout the swimlanes due to the limitations we have 

addressed in Appendix F. The projection of the performance results onto the process 

models enhanced with swimlanes also fails due to the limitations we have addressed in 

Appendix F. 

 Fitness values we represent belong to the process model represented with C-Nets. 

However, we may allow much more behavior in the converted process model represented 

with BPMN than observed in the C-Nets. 
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88..22  FFUUTTUURREE  WWOORRKK  

In this thesis, we focus on one type of enhancement being extension. However, we can also 

extend the use of this plug-in by supporting the other type of enhancement being repair. To this 

end, we can start with the demonstration of the deviations on the process model. For instance, in 

Figure 8.1, the Procurement support activity is skipped in reality but the model does not allow 

this behavior. We can represent such deviations with the use of a colored flow as we have shown 

in Figure 8.1.  

 

Figure 8.1 Close-up to the procurement activity  

  

We obtain the swimlanes based on the users. However, the event logs may have data such as role 

and group. Therefore, we can enable to obtain swimlanes with the use of role and group 

information. 

 

From our experiences, we have known that the simulation of the process instances like in Fuzzy 

Miner is an important feature to add. 

 

Finally, the stack layout is needed to be able to visualize the swimlanes in a beautiful way. 
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AAPPPPEENNDDIIXX  AA--  CC--BBPPMMNN  

C-BPMN supports (a) AND-split gateway and (b) synchronization and merge (AND-join, XOR-

join, OR-join) implicitly. Let us first explain BPML briefly and then describe such implicit 

behavior with a sample.  

 

Let us first explain BPML briefly and then describe such implicit behavior with an example. 

BPML has sequence, all and switch activity blocks. The sequence block contains the activities 

which will be executed according to their order. The all block contains activities which will be 

executed in parallel. The switch block contains case blocks. Each case block can contain a 

sequence, all or switch activity blocks and each case block has a condition. If the condition of a 

case block is satisfied, the activity blocks of the case block will be executed. It is possible that 

multiple conditions are satisfied. In such cases, the activity blocks of the case blocks are executed 

in parallel. 

  
Figure 9.1 (a) On the top and right hand side: the process model with a decision (XOR-split) and with 

an implicit merge in activity D (b) At the bottom and right hand side: the xml based structures of the 

corresponding BPML transformation of the process model (c) On the left hand side: the tree 

representation of the corresponding BPML transformation of the process model are represented 

The process model shown in Figure 2.5 (a) contains a decision construct, start and end events, 

and three activities. After a process instance is started, the decision construct (e.g. decide 

activity) takes place. The decide activity is an exclusive choice gateway (XOR-split). Based on 

the local data settings in the decide activity, either the activity A or the activity B is performed. 

Then, the activity D is performed. It seems that the activity D merges the branches. However, in 

Figure 2.5 (b) and (c), we can see that the switch block which is opened with the decision 

construct (e.g., decide activity) is closed before the activity D. This situation is referred as 
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implicit merge. The same case arises with the use of AND-split and joins (parallel branching and 

synchronization). The C-BPMN does not have explicit gateways for AND-split and joins. Let’s 

think that we replace the decision construct (e.g. decide activity) with an atomic activity and let’s 

call it as activity C. The activity C is again connected to the activity A and B but there are no 

conditions right now. In this case, the xml structure of the corresponding BPML transformation 

of this model will contain an all block instead of a switch block in Figure 2.5 (b). The all block 

which is opened after the execution of the activity C is closed before the execution of the activity 

D. This implies that the implicit parallel branching occurred after the execution of the activity C 

and the implicit parallel synchronization occurred before the activity D is performed.  

 

The C-BPMN uses the decision construct for the OR-splits (e.g. multi-choice) by satisfying the 

multiple conditions of the construct. For instance, suppose that both of the conditions of the 

decide activity in Figure 2.5 (a) can also be satisfied based on the local settings rather than a 

yes/no condition. When the decision construct has more than two outgoing flows, several switch 

blocks are used. The OR-join (e.g. synchronizing merge gateway) is accomplished again 

implicitly. Let’s look at the most known problem of OR-split and OR-joins as being Vicious 

Circle Paradox in Cordys BPMS context in Figure 9.2 (a). 

 
Figure 9.2 Vicious Circle Paradox with the C-BPMN- (a) On the top: the process model with assumed 

to be vicious circle (b) At the bottom: the tree view of the BPML transformation of the process model 
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The paradox is based on the semantics of the OR-join construct. The OR-join waits for the 

completion of the sequence of activities of the activated incoming braches. In Figure 9.2 (a), the 

activity a1 should wait until the activity a2 is performed and the decision d4 is selected as no. 

Likewise, the activity a2 should wait until the activity a1 is performed and the decision d3 is 

selected as no. However, we immediately see that it is not the case when we look at the 

execution semantics of the corresponding BPML transformation of the process model in Figure 

9.2 (b). The transformation automatically creates an all block as the root. The root all block 

contains a sequence block containing the activity a2 and a switch block for the decision d4. The 

switch block for the decision d4 contains several cases (a) enabling the end event (b) enabling the 

activity a1 and assigning true value for an until block which is an until loop.  The root all block 

also contains the until block containing a sequence block with the activity a1 and the switch block 

for the decision d3. The switch block for the decision d3 contains several cases (a) enabling the 

end event (b) enabling another sequence block containing the activity a2 and another switch 

block for the decision d4. This translation does not contain any paradox (e.g., no waiting for the 

incoming branches) as expected. 
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AAPPPPEENNDDIIXX  BB--  XXPPDDLL  MMEETTAA--MMOODDEELLSS  

 
Figure 9.3 Package definition meta-model 



 

                    
APPENDICES 

 

82 

 

 
Figure 9.4 Process definition meta-model 
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AAPPPPEENNDDIIXX  CC--  CC--NNEETT  TTOO  BBPPMMNN  CCOONNVVEERRSSIIOONN  

TThhee  PPrroocceessss  DDiissccoovveerryy  TTeecchhnniiqquueess  

In this section, we investigate existing process discovery techniques supported by ProM in order 

to make a list of available options to obtain the discovered process models represented with 

BPMN.  

 

The available process discovery techniques supported by ProM are listed in Table 9.1. In the 

table, we also show the notations of the process models discovered with the listed techniques. It 

is possible to discover the process models represented with Petri Nets, C-Nets, Fuzzy Model and 

EPCs. It is important to indicate that there is no algorithm which directly produces a process 

model represented with BPMN. Therefore, we need to select an algorithm and convert its 

representation to BPMN. 

Mining Plug-in Model Representation 

Heuristics Miner C-Nets 

Genetic Miner (and Duplicate Genetic Miner)  C-Nets 

ILP Miner Petri Nets 

Fuzzy Miner Fuzzy Model 

Alpha Miner Petri Nets 

Alpha ++ Miner Petri Nets 

Multi-phase Miner EPCs 

Table 9.1 List of available mining plug-ins in ProM 

The challenges (e.g., representational bias, ability to deal with noise and incompleteness) in 

process discovery are explained in thoroughly in [8]. 

 The representation bias is the restriction of the discovery by the expressiveness power of 

the target notation of the algorithm (e.g., concurrency, loops, skip and duplicate activity).  

 The noise and incompleteness are related to having a representative sample of behavior in 

the event log for discovery. The noise behavior refers to having too much data (e.g., 

having the infrequent behavior) in the event log and the incompleteness refers to having 

less data to discover the control-flow. 

Each of the mining algorithms listed above has its own assumptions and specific characteristics 

against those challenges. The robustness of a discovery algorithm to these challenges is 

important in order to apply process mining in practice.  

 The Heuristics Mining algorithm uses the frequency of events and sequences to construct 

a process model [10][11]. It detects the causal relations between activities. The algorithm 

constructs a dependency graph which is the core structure of a C-Net. Both (1) the 

robustness to the noise and incompleteness with the use of frequencies and (2) the 

representational bias provided by C-Nets make the algorithm more suitable for the real 

life event logs. These techniques are implemented both in ProM 5.2 and 6. A recent 
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version of the algorithm can produce a C-Net directly. This version of the algorithm is 

implemented in ProM 6. 

 The Multi-phase Mining algorithm uses the OR split/join semantics explicitly [4]. The 

algorithm uses the so-called multi-step approach to discover the process model. It first 

generates process models for individual process instances and then these process models 

are aggregated into a single process model. It produces an EPC model. The algorithm 

over-generalizes the model by allowing for too much behavior. Hence, it has inability to 

deal with noise. The technique is not implemented in ProM 6. 

 The Genetic Mining algorithm uses an evolutionary approach to construct a process 

model [12]. The discovery starts with the creation of an initial population of process 

models. This is then followed by the selection of a population of models based on the 

defined fitness metrics. Afterwards, a new generation of the process models is produced. 

The Genetic Mining algorithm can also deal with noise, exceptional behavior, duplicate 

and invisible tasks and ensures to obtain a 100% fit model to the event log. It is also 

suitable for the real life event logs. However, it requires much more computing power; 

but it is possible to run it in a distributed context. The result of the algorithm is a 

representation similar to C-Nets. These techniques are implemented both in ProM 5.2 and 

6. 

 The Fuzzy Mining algorithm is mostly used for examining complex and unstructured data 

[17]. It provides a simplified view of the process in an interactive manner based on the 

significance and correlation metric settings. The algorithm can deal with the noise. The 

result of this algorithm is a Fuzzy Model which is mainly used to get the intuition about 

the process observed in the event log and the event log can be animated on top of this 

model. The algorithm extracts hierarchical models but the Fuzzy Model does not provide 

a detailed semantics needed for the conversion. Therefore, it is not suitable to use the 

Fuzzy models for conversion purposes. These techniques are implemented both in ProM 

5.2 and 6. 

 The ILP Mining algorithm uses integer linear programming based on the theory of 

regions to generate a Petri Net from a given event log [15][16]. The resulting model 

represents the observed behavior in the event log. The algorithm does not allow not 

observed behavior in the process model so it assumes that the event log is complete. Such 

region based techniques tend to have problems dealing with noise and incompleteness. 

These techniques are implemented both in ProM 5.2 and 6. 

 The basic Alpha Mining algorithm [39] is one of the first process discovery algorithms. 

This algorithm has a strong representational bias to sound workflow nets (SWF-nets) and 

it does not deal with the noise. There is an improved version of the basic alpha algorithm 

in [40] and several others mentioned in [8]. The improved versions overcome the most of 

the problems regarding to the representational bias but they still do not take into account 
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the frequencies and have problems with noise. Therefore, they are less applicable to the 

real life logs. These techniques are implemented both in ProM 5.2 and 6. 

 

RReeaassoonnss  ffoorr  SSeelleeccttiinngg  CC--NNeettss  

Both the Heuristics Miner and the Genetic Miner are robust in terms of the representational bias, 

noise and incompleteness compared to the other mining algorithms. In order to apply process 

mining successfully in practice, more robust discovering techniques are preferable.  

 

As we introduced in Section 2.2.1, C-Nets focus on replay semantics rather than execution 

semantics [9]. C-Nets are a more suitable option compared to Petri Nets by taking into account 

(a) the importance of replaying in terms of conformance and enhancement process mining types 

and (b) the representational bias provided by two notations.  

 

Therefore, (1) we decided to use the Heuristics and the Genetic Miner plug-ins to discover the 

control-flow expressed in terms of C-Nets and (2) we implement a conversion from C-Nets to 

BPMN.  

 

AAlllloowwiinngg  VVeennddoorr  SSppeecciiffiicc  CCoonnvveerrssiioonn  iinn  PPrrooMM  

Cordys BPMS supports a modified version of the standard BPMN which we refer as C-BPMN. 

There are many BPM vendors which supports BPMN to model the business processes. In 

general, the problem addressed in Chapter 2 can be encountered in different vendors which 

support the execution of the processes with a block structured language.  

 

The conversion of the C-Nets to vendor specific BPMN can be accomplished by offering 

predefined selection settings to the user. We defined two options for the following gateways as 

being explicit and implicit: 

 Parallel Branching Gateway ( i.e. AND-split, Parallel gateway) 

 Parallel Synchronization Gateway (i.e. AND-join) 

 Exclusive Choice Gateway (i.e. XOR-split, Exclusive gateway) 

 Simple Merge Gateway (i.e. XOR-join) 

 Multi Choice Gateway (i.e. OR-split, Inclusive gateway) 

 Synchronizing Merge Gateway ( OR-join) 

 

The resulting conversion of the C-Net in Figure 3.5 to the C-BPMN representation can be seen in 

Figure 9.5. 

 

When we compare the Figure 3.10 and the Figure 9.5, it is easy to observe the differences of two 

conversions. Firstly, in Figure 3.10, the activity A is followed by a parallel gateway. In Figure 

9.5, no parallel gateway is introduced. Secondly, we need to define dummy tasks to preserve the 
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same behavior we observed for some cases. For instance, the activity C has two pairwise disjoint 

output bindings. In Figure 3.10, the conversion of this construct is performed with the 

combination of gateways. The activity C is followed by an XOR split gateway and the XOR split 

gateway is followed by two AND split gateways connected to the activities in output bindings of 

the activity C. In Figure 9.5, the conversion of this construct is performed by using dummy 

AND-split tasks instead of parallel split gateways to preserve the behavior. Lastly, we convert 

the input bindings which correspond to merging and synchronization gateways (OR/XOR/AND 

join gateways) implicitly. In Figure 3.10, the following merging and synchronization gateways 

exist: an OR join gateway before the activity H, an XOR join gateway before the activities P and 

U, an AND join gateway before the activities V, N and O. In Figure 9.5, these join gateways do 

not exist. 

E F G J L K M R S T

A

B

C

D

H N O

P

B

U

AND AND

 
Figure 9.5 The conversion of the C-Net in Figure 3.5 to C-BPMN 
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UUnnssttrruuccttuurreedd  CC--NNeettss  

In this section, we explain the conversion of the unstructured C-Net in Figure 9.6. The 

unstructured C-Net is sound but it does not have one-to-one mappings between its splits and 

joins. In Figure 9.6, the activity A has one input binding, which is the empty set, and two 

pairwise disjoint output bindings, which are the set of the activities B and E and the set of the 

activities D and C. The activities B and C have the same input binding, which is the set of the 

activity A, and the same output binding, which is the set of the activity F. The activities D and E 

have the same input binding, which is the set of the activity A. The activities D, E and F have the 

same output binding, which is the set of the activities G and H. The activities G and H have the 

same input bindings, which are the set of the activities D and F, and the activities E and F. The 

activities G and H also have the same output binding which is the set of the activity J. Finally, 

the activity J has one input binding which is the set of the activities G and H and it has one 

output binding being the empty set. 

 
Figure 9.6 The unstructured C-Net 

In Figure 9.6, after the activity A is performed, either the activities D and C or the activities B 

and E are scheduled. If the activities D and C are scheduled, the activity D and the activities C 

and F can be performed. After the activity D and F are performed, the activities G and H can be 

conducted in parallel. If the activities E and B are scheduled, the activity E and the activities B 

and F can be performed. After the activity B and F are performed, the activities G and H can be 

conducted in parallel. Finally, for both cases the activity J can be performed. 

 

When we apply our conversion to the C-Net shown in Figure 9.6, we obtain the process model 

represented with BPMN in Figure 9.7. The resulting process model in Figure 9.7 can mimic all 

valid of sequences of the C-Net shown in Figure 9.6 (here we assume that the OR-join waits for 

the activated incoming branches). However, our conversion cannot structure the process model 

by duplicating the activity F surrounded with the blue rectangle and simplifying the gateways 

surrounded with the red rectangle as shown in Figure 9.8. 
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Figure 9.7 The conversion of the unstructured C-Net in Figure 9.6 

A
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D

E
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G
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Figure 9.8 The structured equivalent of the C-Net in Figure 9.6: The activity F is duplicated and the 

gateways are simplified. The merge and parallel branching before the activities G and H are enlightened. 
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AAPPPPEENNDDIIXX  DD--  CCOONNFFOORRMMAANNCCEE  AANNDD  EENNHHAANNCCEEMMEENNTT  

Here, we explain various replay techniques and select one which is the most suitable to use in 

our plug-in. Next, we describe the limitations of the plug-ins we use and combine into our plug-

in. 

 

RReeppllaayy  

AAvvaaiillaabbllee  RReeppllaayy  TTeecchhnniiqquueess  

It is crucial that we need a robust replaying technique which has a plug-in support for both 

conformance and enhancement (i.e., the time and probability analysis). With this vision in mind, 

we explore the existing replaying techniques supported by ProM and discuss their strengths and 

weaknesses.  

 

There are several replay techniques supported by ProM which aim at demonstrating diagnostics, 

time and frequencies [13][14][19]-[24]. These techniques replay the event log onto Petri Nets, C-

Nets, Fuzzy model [21], and Simple Precedence Diagram (SPD) model [13]. 

 

In [19], Petri Nets are used for replaying purposes. The replay results with several problems due 

to the representational bias (e.g., the invisible activities, which are added to be able to represent 

the behavior observed in the log, causes problems). These problems are addressed in 

[14][20][22][24]. In terms of conformance, the different severities of the inserted and the skipped 

activities are not taken into consideration in [19]. An approach to deal with those incorrect 

estimations for the conformance in [19] is addressed in [22]. In [22], a cost-based replaying 

technique, which uses Petri Nets, is introduced. The replaying technique mentioned in [19] is 

supported by ProM 5.2 for both conformance checking and time and frequency analysis. Only a 

conformance checking plug-in, which uses the cost-based replaying technique in [22], is 

available in ProM 6.  

 

Another cost-based replaying technique, which takes severities of the inserted and the skipped 

activities into account, is introduced in [14]. The approach is the similar to the replay techniques 

addressed in [20][24] but it uses C-Nets which are tailor-made for replay purposes. It is also 

possible to obtain the list of frequent paths observed in the event log with the use of this 

replaying technique. For both conformance checking, and time and frequency analysis, there are 

available plug-ins in ProM 6. 

 

The technique presented in [21] uses Fuzzy Model for replay purposes and measures a defined 

conformance value. However, this conformance value is a rough estimate on the model itself and 

not more precise than the technique in [19].  
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Another replaying technique addressed in [13] gets as SPD model as input. It is possible to 

calculate performance metrics and reflecting the performance information onto activity nodes 

with this replaying technique. However, there are some weaknesses of the approach mentioned 

in [13]. With this approach, it is possible to get useful insights but the interpretation requires 

having knowledge about the process and the underlying reasons of the structure of SPD. This 

replaying technique is sensitive to a value set by the user, which gives sometimes misleading 

performance measurement results. This technique, which is only used for performance analysis, 

is supported by ProM 6.  

 

SSeelleecctteedd  RReeppllaayy  TTeecchhnniiqquuee  

We have decided to use the cost-based replaying technique in [14][24] which uses C-Nets for 

replay purposes. There are several reasons for selecting this replaying technique: 

 This technique is a more robust replaying technique compared to [19][21]. 

 The replaying technique uses C-Nets. 

 We can obtain the list of paths containing process instances. 

 There are available plug-ins which uses this technique for both conformance and time 

and probability analysis. 

 

In the remainder of this chapter, we address this replaying technique in Sections 4.3, 4.4, 4.6.  

 

LLiimmiittaattiioonnss  ooff  tthhee  RReeppllaayy  TTeecchhnniiqquuee  

The selected cost-based replaying technique explores the state space to replay the process 

instances on top of the C-Nets. However, the replay technique asks for a number to limit the 

search space. When the limit is exceeded (e.g., the state space explosion), the replay results 

become unreliable. 

 

TTiimmee  PPeerrssppeeccttiivvee  

LLiimmiittaattiioonnss  ooff  tthhee  TTiimmee  aanndd  PPrroobbaabbiilliittyy  AAnnaallyyssiiss  

The performance analysis plug-in uses the selected replay technique to calculate time and 

probabilities. After we have the paths containing the conformant process instances with 

skipped/inserted/unobserved activities, it is possible to obtain time and probability statistics. The 

calculation of the time and probability statistics takes the lifecycle of the activity into account. 

An activity can have different lifecycles such as schedule, start, suspend, resume, complete, etc. 

Each of these lifecycle should have a corresponding timestamp value on the event log to obtain 

timing information of the activity. However, the selected replaying technique does not consider 

the schedule lifecycle. 

 

If an activity has a start and complete lifecycle and the corresponding timestamps of these 

lifecycles are present in the event log, the working time of the activity is calculated by getting the 
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difference between the timestamp value of the complete and start lifecycle. However, if the 

activity has only complete lifecycle within the event log, the working time of this activity will be 

calculated as zero. For more information regarding to the calculation of waiting, working and 

total time of activities we refer to [24].  

 

The selected replay technique can reveal the list of the paths. However, the performance analysis 

plug-in calculates the time and probabilities considering all process instances of the given event 

log; but we also need to calculate the time and probabilities considering the process instances of 

a certain path. To this end, for each path: (1) we construct an event log containing the process 

instances of the path and (2) we run the performance analysis plug-in using the event log of the 

path and the discovered process model to calculate the time and probabilities for the path. 

 

OOrrggaanniizzaattiioonnaall  PPeerrssppeeccttiivvee  

AAccttiivviittyy  SSppeecciiffiicc  SSoocciiaall  NNeettwwoorrkkss  

 
Figure 9.9 The C-Net of the process model from a municipality in The Netherlands 

The discovered process model is illustrated in Figure 9.9 with the use of the event log of the 

municipality. Additionally, we can obtain another social network for the selected AG04 GBA 

betrokkene activity marked with blue in Figure 9.9. To this end, we filter the event log of the 

municipality. The filtered event log contains the selected AG04 GBA betrokkene activity, its 

predecessor AG02 Voorbereiden activity and its successor AG14 Controle activity. The social 

network obtained from the filtered event log is demonstrated in Figure 9.10.  

 

The main difference between Figure 4.4 and Figure 9.10 is that Figure 4.4 demonstrates the 

central users among all the users of all activities while Figure 9.10 represents the central users 

among the users of one particular activity and its related activities. Therefore, Figure 9.10 

focuses on the hand-over of work relation around the selected activity (e.g., activity specific 

social networks). 
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Figure 9.10 The hand-over of work social network obtained with the event log for the selected AG04 

GBA betrokkene activity: the most central user is the user 1. 

 

AAssssuummppttiioonnss  ooff  tthhee  OOrrggaanniizzaattiioonnaall  AAnnaallyyssiiss  

In order to obtain the user activity performance table shown in Table 4.4, we need the mappings 

of the activity nodes of the process model to the events in the event log. The mappings of the 

activity nodes to the events can be offered to the user. Here, we do not offer such mappings. 

Instead, we assume:  

 The process model should contain one activity node for each event in the event log (e.g., 

it should not contain both A+start and A+complete for the activity A at the same time). 

 The events in the event log should have the same names with the labels of the activity 

nodes. Suppose that the event log contains A+start, A+complete, etc (event 

name+lifecycle). In the process model, an activity node should have the same label with 

the event name which is A.  

 

If the activity node does not have the same name with any events in the event log, we cannot 

map the activity to an event in the event log. Therefore, we cannot obtain user information for 

the activity. In such cases, our implementation may create swimlanes which do not contain any 

activity and the activities may fall outside the outside of the swimlanes.  
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AAPPPPEENNDDIIXX  EE--  BBPPMMNN  TTOO  XXPPDDLL  MMAAPPPPIINNGGSS  

MMaappppiinnggss  ffoorr  tthhee  DDiissccoovveerreedd  PPrroocceessss  MMooddeellss  

BPMN Element Corresponding XPDL translation 

Process Model This concept corresponds to Workflow process entity in XPDL. 

 

<Package Id="1"> 

   <Pools/> 

   <WorkflowProcesses> 

     <WorkflowProcess id=”1”> 

           <Activities> 

           …. 

           </Activities> 

           <Transitions> 

           …. 

           </Transitions> 

     </WorkflowProcess> 

   </WorkflowProcesses> 

<Package> 

Activity 
This concept corresponds to Activity element in XPDL. The type 

of the activity in XPDL terminology is task/application.  

E

 

<Activities> 

<Activity Id="1" Name="E"/> 
</Activities> 

Event 
This concept corresponds to Activity element in XPDL. The type 

of the activity is Event. 

A

 
 

 

 

 

 

B

 

<Activities> 

      <Activity Id="1" Name="START EVENT"> 

           <Event>  <StartEvent Trigger="None" />  

           </Event> 

      </Activity> 
      <Activity Id="2" Name="A"/> 

</Activities> 

<Transitions> 

     <Transition Id="6" From="1" To="2" /> 

</Transitions> 

<Activities>  

      <Activity Id="3" Name="B"/> 

      <Activity Id="4" Name="END EVENT"> 

             <Event>  

                    <EndEvent Result="None" />  

             </Event> 

      </Activity> 
</Activities>  

<Transitions> 

     <Transition Id="5" From="3" To="4" /> 

</Transitions> 

Gateway 
This concept corresponds to Activity element in XPDL. The type 

of the activity is Gateway. 
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C

B

A

 

<Activities> 

     <Activity Id="1" Name="A"/> <Activity Id="2" Name="B"/> 

     <Activity Id="3" Name="C"/> 

     <Activity Id="4" Name="XOR"> 

          <Route GatewayType="XOR“ MarkerVisible=true/> 

          <TransitionRestrictions> <TransitionRestriction> 

                    <Split Type="XOR"> 

                                  <TransitionRefs>  

                                        <TransitionRef Id="6"/> 

                                        <TransitionRef Id="7"/> 

                                  </TransitionRefs> 

                           </Split> 

            </TransitionRestriction> </TransitionRestrictions> 

     </Activity> 
</Activities>  

<Transitions> 

     <Transition Id="5" From="1" To="4" /> 

     <Transition Id="6" From="4" To="2" /> 

     <Transition Id="7" From="4" To="3" /> 

</Transitions> 

Flow This concept corresponds to Transition element in XPDL. 

BA

 

<Activities>  

     <Activity Id="1" Name="A"/> <Activity Id="2" Name="B"/> 

</Activities>  

<Transitions> 

     <Transition Id="12" From="1" To="2"  

</Transitions> 

Table 9.2 Mappings of BPMN Concepts in ProM to XPDL constructs 

Table 9.2 illustrates the mappings of BPMN elements and constructs to XPDL constructs. The 

first line (Process Model) in Table 9.2 represents the mapping of the process model represented 

with BPMN to XPDL package and workflow process entity. The conversion starts with the 

creation of an XPDL package and a workflow process for the process model. Next, all the 

activities of the process model are mapped to the activity construct in XPDL as we demonstrate 

in the third line (Activity) in Table 9.2. The created XPDL workflow process entity is filled with 

the corresponding mappings of all the activities. Then, the start and end events of the process 

model are mapped into the activity construct as we represent in the fifth line (Event) in Table 9.2. 

The created XPDL workflow process entity is filled with the corresponding mappings of the start 

and end events. Afterwards, the gateways of the process model are mapped to the activity 

construct as we demonstrate in the seventh line (Gateway) in Table 9.2. The created XPDL 

workflow process entity is filled with the corresponding mappings of the gateways. Finally, we 

have mapped all the flows of the process model to the transition constructs we represent in the 

ninth line (Flow) in Table 9.2. We attached all the transitions to the created XPDL workflow 

process. 

 

 



 

                    
APPENDICES 

 

95 

 

<Activity Id="1" Name="E"> 

     <NodeGraphicsInfos> 

            <NodeGraphicsInfo Width="75.0" Height="50.0">  

                    <Coordinates XCoordinate="228.0" YCoordinate="98.0"/>  

            </NodeGraphicsInfo>  

     </NodeGraphicsInfos>  

</Activity> 

 

 

 

 

 

 

Table 9.3 Activity positions in XPDL 

Except from the concepts mentioned in Table 9.2, Table 9.3 indicates that the activity positions 

can also be filled in an XPDL activity entity. It is needed in order to have a proper layout when 

the XPDL export of the process model is imported to any PAIS or simulation tool. ProM uses 

The JGraph library to visualize and layout any graph and it is possible to get the location of 

individual nodes, (e.g., activities, events, gateways). Therefore, we first run the visualization of 

the discovered process model represented with BPMN in order to obtain the coordinates for the 

activities, the events, and the gateways. Then, we continue creating mappings of the coordinate 

information of all the activities, the events, and the gateways to the XPDL node graphics info 

entities as shown in Table 9.3. Afterwards, the XPDL node graphics info entities are added to the 

created the XPDL activity entities. 

AAddddiittiioonnaall  MMaappppiinnggss  ffoorr  tthhee  EEnnhhaanncceedd  PPrroocceessss  MMooddeellss  

Enhanced BPMN Element Corresponding XPDL translation 

Duration Unit 

<Package Id="1"> 

   <WorkflowProcess id=”1”> 

          <ProcessHeader DurationUnit="h"/> 

           <Activities>…</Activities> 

           <Transitions>…</Transitions> 

     </WorkflowProcess> 

<Package> 

 

<Activity Id="1" Name="A"> 

      <SimulationInformation>   

         <TimeEstimation> 

            <Duration>5</Duration>  

            <WaitingTime>3</ WaitingTime > 

            < WorkingTime >2</ WorkingTime > 

         </TimeEstimation> 

      </ SimulationInformation> 

      <Performers>   

         <Performer>User1</Performer>  

         <Performer> User2</ Performer> 

      </ Performers > 

      <ExtendedAttributes>   

         <ExtendedAttribute Name="Probability" Value="0.65"/> 

       </ ExtendedAttributes > 

</Activity> 
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<Activity Id="1" Name="START EVENT"> 

   <Event> <StartEvent Trigger="None">  

    <TriggerTimer >  

       <TimeDate> TIME </TimeDate> 

       <TimeCycle>10</TimeCycle> 

    </TriggerTimer > 

  </StartEvent> </Event> 

</Activity> 

 

<Activities> 

     <Activity Id="1" Name="A"/> 

     <Activity Id="2" Name="B"/> 

     <Activity Id="3" Name="C"/> 

     <Activity Id="4" Name="XOR"> 

          <Route GatewayType="XOR“ MarkerVisible=true/> 

          <TransitionRestrictions>…</TransitionRestrictions> 

     </Activity> 

</Activities>  

<Transitions> 

     <Transition Id="5" From="1" To="4" /> 

     <Transition Id="6" From="4" To="2" /> 

      <ExtendedAttributes>   

         <ExtendedAttribute Name="Probability" Value="0.30"/> 

       </ ExtendedAttributes > 
    </Transition>  

    <Transition Id="7" From="4" To="3" /> 

      <ExtendedAttributes>   

         <ExtendedAttribute Name="Probability" Value="0.70"> 

      </ ExtendedAttributes > 
    </Transition> 

</Transitions> 

 

<Pools> <Pool Id="P1" BoundaryVisible="false" 

MainPool="true">  <Lanes>       

         < Lane Id="L1" ParentPool=" P1" >       

            <Performers>   

               <Performer>User1</Performer>  

               <Performer> User2</ Performer> 

               < Performer> User3</ Performer> 

            </ Performers >          

        </Lane>       

     < /Lanes> </Pool></Pools> 
… 

<Activities> 

     <Activity Id="1" Name="A"> 

          <NodeGraphicsInfos> 

   <NodeGraphicsInfo LaneId="L1" H="40" W="80"> 

                   … 

          </NodeGraphicsInfos> 

    </Activity> 

</Activities> 

 Table 9.4 Mappings of Enhanced BPMN Elements to XPDL entities 
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Moreover, the enhanced process models represented with BMPN contain information related to 

the other perspectives such as time and organizational. In Table 9.4, we show the enhanced 

BPMN elements and the mappings of these elements to XPDL entities.  

 

XPDL allows setting the unit of the durations such as hour, day, minute, etc. We can also set the 

activity durations, waiting and working times, and the performers of the activity. The arrival rate 

of the process instances can be set as triggering information to the start event. XPDL does not 

have an attribute to set probability information. Hence, we defined two extensional attributes:  

 Routing Probability: For each transition connected to a split gateway, we extend the 

transition with a probability attribute. Thus, when we project performance information to 

the BPMN model, we can set the routing probabilities to this extended attribute. 

 Activity Probability: Similarly, we extend the activity with a probability attribute. For 

each activity, we are able to set probability values to this probability attribute. 

 

In addition, we can export the swimlanes containing the name of the users for the process model 

enhanced with swimlanes. 

However, it is important to point that we limit our conversion mappings to the BPMN elements 

listed at the beginning of this section. For instance, ProM can import the XPDL process 

definitions containing the intermediate events and boundary events. The imported XPDL process 

definition is then transformed into BPMN for visualization purposes. When we try to export the 

BPMN model with the XPDL export we defined, the XPDL process definition does not contain 

the intermediate events and boundary events. The XPDL export skips the constructs other than 

the BPMN elements listed at the beginning of this section. 
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AAPPPPEENNDDIIXX  FF--  PPLLUUGG--IINNSS  

All the plug-ins are implemented in a separate plug-in package called BPMNAnalysis. The 

package has dependency to the following packages: 

 BPMN, 

 Flex, 

 Log, 

 HeuristicsMiner, 

 BPMNConversion, 

 Replayer, 

 SocialNetwork 

TThhee  BBPPMMNN  CCoonnvveerrssiioonn  PPlluugg--iinn  

This plug-in requires a C-Net and an event log as inputs and produces a BPMN model.  

 

IImmpplleemmeennttaattiioonn  DDeettaaiillss  

The package contains two plug-ins for the conversion, one UI setting and one connection class: 

 CNET2BPMNConverter.java: This class converts the C-Net elements to BPMN 

elements as it is explained in Section 3.3.  

 BPMNFlexConnection.java: This class is used to connect converted C-Net and obtained 

BPMN model by running the converter plug-in. 

 CNET2BPMNConverterGUI.java: As it is specified in Section 0, we enable to produce 

vendor specific BPMN representations during the conversion. This UI class is used to 

offer the settings defined in Section 0 to the user. 

 

SSaammppllee  CCoonnvveerrssiioonnss  wwiitthh  tthhee  PPlluugg--iinn  

We convert the process models represented with C-Nets in Figure 9.11, Figure 9.14, and Figure 

9.17 to standard BPMN and C-BPMN representation by using the implemented conversion plug-

in.   

 
Figure 9.11 A C-Net containing XOR and AND split/join semantics 
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In Figure 9.11, the activity H has two output bindings and therefore, the activity H is followed by 

an exclusive branching (XOR-split) gateway in both Figure 9.12 and Figure 9.13. The activity A 

has only one output binding being the set of the activities C and D. Thus, the activity A is 

followed by a parallel branching (AND-split) gateway in Figure 9.12. The activity E has only 

one input binding being the set of the activities C and D. Thus, the activity E is preceded by a 

parallel synchronization (AND-join) gateway in Figure 9.12. In Figure 9.13, we cannot see the 

parallel branching and synchronization gateways due to the fact that C-BPMN supports these 

constructs implicitly. The activity G has two input bindings in Figure 9.11 and therefore, the 

activity G is preceded by an exclusive merging gateway (XOR-join) in Figure 9.12. Since C-

BPMN supports simple merging (XOR-join) implicitly, there is no exclusive merging gateway in 

Figure 9.13.  

 
Figure 9.12 The standard BPMN conversion of Figure 9.11 

 
Figure 9.13 Cordys specific BPMN Conversion of Figure 9.11 

 
Figure 9.14 A C-Net containing the combination of XOR-split and AND-split semantics for the 

activity H 

In the above C-Net, the activity H has two disjoint output bindings and at least one of these 

output bindings contains more than one activity. In such situations, our conversion technique 

introduces an exclusive branching gateway (XOR-split) and parallel branching (AND-split) 
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gateway together. As you can see in Figure 9.15, the activity H is followed by an XOR-split 

gateway. There is one flow connected to the activity B and there is another flow connected to an 

AND-split gateway connecting XOR-split gateway to the activities of the output binding being 

the set of the activities C and D. The resulting process model represented with the standard 

BPMN is shown in Figure 9.15. 

 
Figure 9.15 Standard BPMN conversion of the C-Net in Figure 9.14 

In Figure 9.16, our conversion technique introduces a dummy activity to represent the behavior 

observed in the output bindings for the C-BPMN conversion. 

 
Figure 9.16 Cordys specific BPMN conversion of the C-Net in Figure 9.14 

 
Figure 9.17 C-Net having complicated output binding for the activity A 

G 

G 



 

                    
APPENDICES 

 

101 

 

In the above C-Net, the activity A has 16 different output binding sets. Hence, our conversion 

technique introduces an inclusive branching gateway after the activity A in both Figure 9.18 and 

Figure 9.19. The input binding sets of activity I exactly corresponds to an OR-join gateway. 

Hence, activity I is preceded by an OR-join gateway in Figure 9.18. Since C-BPMN supports 

synchronization and merging gateways implicitly, there is no OR-join gateway in Figure 9.19. 

 
Figure 9.18 Standard BPMN Conversion of Figure 9.17 

 
Figure 9.19 Cordys Specific BPMN Conversion of Figure 9.17 

TThhee  EEnnhhaannccee  BBPPMMNN  WWiitthh  SSwwiimmllaanneess  PPlluugg--iinn  

This plug-in requires a process model represented with BPMN together with an event log as 

inputs and extends the process model by adding swimlanes.  

 

IImmpplleemmeennttaattiioonn  DDeettaaiillss  

We implemented the following plug-in and UI classes: 

SwimlaneDiscovery.java: This plug-in class simply obtains a table with a list of users for each 

activity together with the percentage of executions of the activities by the users. If certain 

activities are performed by the same list of users, then the activities are clustered into a 

swimlane. In order to ignore the users who conduct a particular activity with a very low 

percentage, we offer to the user to select a threshold value. In this way, we remove the users who 

conducts activities lower than the specified threshold value from the table.  
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SwimlaneSettingsGUI.java: This user interface class helps to get the threshold setting value 

from the user. 

 

SSaammppllee  EEnnhhaanncceemmeenntt  wwiitthh  tthhee  PPlluugg--iinn  

The afschriften event log is obtained from a Municipality in The Netherlands. In order to 

discover the swimlanes, we first mine the event log with Heuristics Miner plug-in and we 

convert the resulting Heuristics Net to C-Nets with the available conversion plug-in in ProM 6. 

By using C-Net to BPMN conversion plug-in, the C-Net shown in Figure 9.20 is converted to the 

process model represented with BPMN shown in Figure 9.21.  

 

We first run the plug-in, which enhances the process models with swimlanes, without the use of 

a threshold value (i.e. the threshold value is set to 0). In Figure 9.22, we represent the resulting 

process model enhanced with the swimlanes containing the participants’ names. The outline of 

the swimlanes is not proper. However, having a proper layout is not in the scope of this thesis.  

In Table 4.4, we demonstrate a small proportion of the list of the activities and their 

corresponding set of the users. The table also represents the percentage of the activities 

performed by the users. 91% of the “AG04 BS betrokkene” activity is performed by the user 10 

and the rest of the activity is performed by the user 8. As we did not use a threshold setting, no 

users are filtered out. Hence, we obtain one swimlane for each activity in Figure 9.22 since none 

of the activities has the same set of users. 

 

Next, we run the plug-in with a threshold value 12% to filter out the users to cluster some of the 

activities into the same swimlanes. The resulting process model enhanced with the swimlanes is 

represented in Figure 9.23. In Figure 9.23, the three activities are clustered into the same 

swimlane named with the user 10. 

 

LLiimmiittaattiioonnss  

In Figure 9.22 and Figure 9.23, the layout of the swimlanes is not visualized correctly. This 

problem occurs due to the limitations of the ProMJGraph, which is the graph visualization 

library used in ProM.  
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Figure 9.20 C-Nets obtained from Afschriften event logs 

 
Figure 9.21 Discovered process model represented with BPMN converted from Figure 9.20 
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Figure 9.22 Discovered Process Model represented with BPMN with Swimlanes (no use of threshold)  

 
Figure 9.23 Discovered Process Model represented with BPMN with Swimlanes (use of threshold: 12%) 
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<?xml version="1.0" encoding="UTF-8"?> 

<Package Id="XPDL BPMN Diagram" Name="BPMN Diagram"> 

<Pools><Pool Id="P1" BoundaryVisible="false" MainPool="true"> 

<Lanes><Lane Id="L1" Name="[user34]" ParentPool="P1"> 

<Performers> 

      <Performer>user34</Performer> 

      <Performer>user7</Performer> 

</Performers> 

</Lane></Lanes> 

</Pool></Pools> 

<WorkflowProcesses> 

<WorkflowProcess Id="MainProcess" Name="BPMN Diagram" AccessLevel="PUBLIC"> 

<ProcessHeader DurationUnit="h"> 

<Activities> 

<Activity Id="937969261" Name="START EVENT"> 

 <Event> 

<StartEvent Trigger="None"> 

<XpdlTriggerTimer> 

  <TimeDate>TIME</TimeDate> 

  <TimeCycle>0.57</TimeCycle> 

 </XpdlTriggerTimer>  

</StartEvent> 

 </Event> 

<NodeGraphicsInfos><NodeGraphicsInfo ToolId="ProM" Height="80" Width="140"> 

  <NodeGraphicsInfo LaneId="L1" H="40" W="80"> 

<Coordinates XCoordinate="481" YCoordinate="160"/> 

 </NodeGraphicsInfo></NodeGraphicsInfos> 

</Activity> 

<Activity Id="1067633868" Name="A"> 

 <SimulationInformation> 

  <TimeEstimation> 

   <WaitingTime>2.4</WaitingTime> 

   <WorkingTime>14.04</WorkingTime> 

   <Duration>16.44</Duration> 

  </TimeEstimation> 

 </SimulationInformation>  

 

  

TThhee  BBPPMMNN  EExxppoorrtt  PPlluugg--iinn  

The export plug-in gets a process model represented with BPMN and uses above mentioned 

method to map the BPMN concepts to XPDL concepts. Then, the XPDL document is written to 

the folder indicated by the user.  

 

We implement the following plug-in and conversion method class: 

 XPDLExport.java: This class is the export plug-in class. It calls the conversion method 

represented with BPMN2XPDLConversion.java class. 

 BPMN2XPDLConversion.java: This class gets a BPMN model and creates the XPDL 

document by mapping the concepts of XPDL and BPMN as we described in Section 5.2. 

The positions of the activity, gateway and event nodes are obtained from the visualization 

information produced by ProMJGraph. 

 

A fraction of an XPDL export of a discovered and enhanced process model is represented in 

Table 9.5. 
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 <ExtendedAttributes> 

  <ExtendedAttribute Name="Probability" Value="1.0"/> 

 </ExtendedAttributes>  

<NodeGraphicsInfos> 

  <NodeGraphicsInfo ToolId="ProM" Height="80" Width="140"> 

   <NodeGraphicsInfo LaneId="L1" H="40" W="80"> 

<Coordinates XCoordinate="481" YCoordinate="160"/> 

  </NodeGraphicsInfo> 

 </NodeGraphicsInfos> 

</Activity> 

<Activity Id="-1725967519" Name="XOR-GATEWAY"> 

 <Route GatewayType="XOR" MarkerVisible="true"/> 

 <TransitionRestrictions> 

  <TransitionRestriction> 

   <Split Type="XOR"><TransitionRefs> 

    <TransitionRef Id="852438144" Name="852438144"/> 

    <TransitionRef Id="1551315752" Name="1551315752"/> 

   </TransitionRefs></Split> 

  </TransitionRestriction> 

 </TransitionRestrictions> 

       <Performers> 

    <Performer>user34</Performer> 

    <Performer>user7</Performer> 

</Performers> 

<NodeGraphicsInfos> 

  <NodeGraphicsInfo ToolId="ProM" Height="110" Width="110"> 

   <NodeGraphicsInfo LaneId="L1" H="40" W="80"> 

<Coordinates XCoordinate="671" YCoordinate="142"/> 

  </NodeGraphicsInfo> 

 </NodeGraphicsInfos> 

</Activity></Activities> 

<Transitions> 

<Transition Id="852438144" From="-1725967519" To="1067633868"> 

      <ExtendedAttributes>   

         <ExtendedAttribute Name="Probability" Value="0.60"/> 

       </ExtendedAttributes > 

</Transition> 

<Transition Id="323232323" From="-1725967519" To="1212121212"> 

      <ExtendedAttributes>   

         <ExtendedAttribute Name="Probability" Value="0.40"/> 

       </ExtendedAttributes > 

</Transition>  

</Transitions> 

 

Table 9.5 A piece of the XPDL export document 

TThhee  BBPPMMNN  AAnnaallyyssiiss  PPlluugg--iinn  

This plug-in has three variants: two of the variants get an event log as an input and one of the 

variants gets an event log and a C-Net as inputs. 

 

VVaarriiaannttss  

The input models, the called plug-ins, the output models and the visualization plug-in are 

represented for each variant in Figure 9.24, Figure 9.25, and Figure 9.26 respectively. BPMN 

Analysis plug-in has interaction with several plugins.  

 

IImmpplleemmeennttaattiioonn  DDeettaaiillss  

We implemented the following classes to accomplish the enhancement of the models: 

 

 BPMN AnalysisConnection.java: This is the connection class which matches the event 

log, C-Net, bpmn model with swimlanes and without swimlanes and all in one list object 

that contains social networks, performance and conformance information. 
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Figure 9.24 The first variant of BPMN Analysis Plug-in  

 
Figure 9.25 The second variant of BPMN Analysis Plug-in 
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Figure 9.26 The third variant of BPMN Analysis Plug-in 

 

 BPMN AnalysisWrapperPlugin.java: This is the plug-in class which calls other plug-ins 

and collects information.  

 BPMN AnalysisSettingsGUI.java: This UI class is used to get the number of frequent 

and time consuming path from the user. 

 BPMN Analysis.java: This class is used to keep the information collected from 

conformance, performance, social network plug-ins. For each event log, we create an 

BPMN Analysis object which stores the social networks, performance and conformance 

information. Basically, we have BPMN Analysis objects for the complete event log and 

the event logs which contains the process instances of the each frequent or the time-

consuming paths.  

 BPMN AnalysisList.java: This class stores the list of BPMN Analysis objects. 

 ConformanceInfo.java: This class is implemented to store fitness information. 

 PerformanceUtils.java: It is used to utilize the common methods for formatting of time 

information.  

 Triple.java: This class is a trivial map with three different objects. 

 ActivityDecorator.java: This class contains the decorator method of the activities. It uses 

ActivityDecoratorData object to get the data in order to project onto activities. 

 ActivityDecoratorData.java: This class contains performance related data to reflect onto 

activities. 

 EventDecorator.java: This class contains the decorator method of the events. It uses 

EventDecoratorData object to get the data in order to project onto events. 

 EventDecoratorData.java: This class contains performance related data to reflect onto 

events. 
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Figure 9.27 Performance projection onto activity node- Legend Panel 

 FlowDecorator.java: This class contains the decorator method of the flows. It uses 

FlowDecoratorData object to get the data in order to project onto flows. 

 FlowDecoratorData.java: This class contains performance related data to reflect onto 

flows. 

 GatewayDecorator.java: This class contains the decorator method of the gateways. It 

uses GatewayDecoratorData object to get the data in order to project onto gateways. 

 GatewayDecoratorData.java: This class contains performance related data to reflect onto 

gateways. 

 BPMN AnalysisBPMNVisualization.java: This is a new visualization plug-in created for 

BPMN Analysis package. It uses BPMN AnalysisConnection to get list of BPMN 

Analysis objects. Then, it creates the graph with interactional panels. 

 BPMN AnalysisSocialNetworkUI.java: This UI class is implemented to visualize Social 

networks. 

 BPMNPerformanceProjectionPanel.java: This UI class is used to select and project 

performance information onto the process model.  

 LegendInteractionPanel.java: This panel helps to interpret the performance information 

reflected onto activities. 

 OrganizationalInteractionPanel.java: This UI class is implemented to visualize BPMN 

AnalysisSocialNetworkUI objects interactively.  

 PerfConfInteractionPanel.java: This UI class is implemented to visualize performance 

and conformance information interactively. 

 BPMN AnalysisXPDLExport.java: This is another BPMN export plug-in implemented 

to put performance and organization related data to XPDL document. 

SSaammppllee  EEnnhhaanncceemmeenntt  wwiitthh  tthhee  PPlluugg--iinn  

The plug-in has seven interactive visualization panels: legend, projection, three social networks, 

user-activity matrix and performance and conformance. The Legend panel represents the 

projected performance values onto an activity to facilitate the interpretation of the information on 

the activities. The 

Projection panel in 

Figure 9.28 helps to 

select a path to highlight 

on the process model, to 

project its time and 

probability statistics and 

update social networks and performance and conformance information in other panels. In Figure 

9.29, we illustrated the performance projection of the most frequent path. When you look at the 

figure carefully, you can see that the frequent path highlighted and the performance information 

projected onto the model are calculated by considering only the process instances of the most 

frequent path. 
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Figure 9.28 Enhanced process model with the information revealed from all process instances 

together with the conformance 

On the right-upper side of the Figure 9.28, there is an interactive performance/conformance 

panel indicates process-level performance information explained in Figure 4.3 Section 4.4 and 

fitness information of the process model. Since we select to project all process instances of all 

paths, we have three fitness values: average weighted fitness value obtained with the fitness 

values of all paths, and minimum and maximum fitness values that paths have. In Figure 9.29, 

we project the most frequent path outcomes onto process model. The performance/conformance 

panel represents only the fitness value of the most frequent path. 

 
Figure 9.29 Enhancement with the most frequent path 
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Three social network panels presents the social diagrams dedicated to the following relations: 

doing similar tasks, working together, hand-over of work. By default, this panel represents the 

social networks obtained from the complete event log. When a path is selected for projection, 

these three interaction panels are updated to demonstrate the networks obtained from the event 

logs of the selected path. In both cases, (i.e. default or a selected path), three social network 

panels are updated to represent dedicated social networks for the selected activity when an 

activity is selected on the process model. In Figure 9.30, the handover of work social network 

demonstrated for the selected activity. The same is valid while selecting a swimlane on the 

process model.  

 
Figure 9.30 Demonstration of handover of work social network for the selected activity 

The user-activity matrix represents the number of different users exists in the event log by 

default. Whenever an activity is selected, it demonstrates the number of different users who 

perform the activity and top users who perform the activity and who perform the predecessor and 

successor activities of the activity. The user-activity matrix can be seen in Figure 9.31 for the 

selected activity from the model. 

 

LLiimmiittaattiioonnss  

Until now, we have demonstrated the enhancements with the discovered process model which 

does not contain swimlanes. As we have mentioned the limitations regarding to the swimlane 

visualization, the projection of the time and frequencies on the process model with the swimlanes 

fails, which we represent in Figure 9.32. 
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Figure 9.31 Demonstration of user-activity matrix for the selected activity 

 
Figure 9.32 Enhancing process model with swimlanes 

The second limitation is the social networks we represent at the bottom of the model may hard to 

be read by the user when the social network contains many nodes. However, the hyperbolic view 

option which magnifies the model may help to read the nodes for some cases. 
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AAPPPPEENNDDIIXX  GG--  CCAASSEE  SSTTUUDDYY  

DDeessccrriippttiioonn  ooff  tthhee  PPrroocceessss  

The original business process model shown in Figure 9.33 was modeled and running in Cordys 

BPMS version C3. 

 

LLoogg  PPrreeppaarraattiioonn  

In order to extract the event logs from Cordys BPMS, we used the ISV package developed in the 

scope of the thesis project in [31]. The ISV package allows extraction of event logs from Cordys 

BPMS in BOP-4 version in XES format. For further details of the table mappings for the log 

extraction we refer to [31]. However, there are some modifications we applied in the context of 

our case study which we explain with the next paragraph.  

 

The process model we have just described runs in Cordys BPMS in C3 version. In C3 version, 

Cordys BPMS stores the timestamps of activities in different tables compared to BOP-4 version. 

In BOP-4 version of Cordys BPMS, PROCESS_ACTIVITY table stores the activity instances of the 

process instances. The timestamps of the activities in different lifecycles such as start, schedule 

and complete are also stored in PROCESS_ACTIVITY table. Hence, we get the timestamp values 

from PROCESS_ACTIVITY table while extracting the event log from Cordys BPMS in BOP-4 

version. In C3 version, PROCESS_ACTIVITY table keeps track of only timestamp values of 

schedule and complete lifecycle. In order to get the timestamp values of start lifecycle, we need 

to use another table: MESSAGE_TRACK together with PROCESS_ACTIVITY table. Both 

PROCESS_ACTIVITY and MESSAGE_TRACK table has a column name MESSAGE_ID, which helps us 

to join these two tables. MESSAGE_TRACK table contains a START_DATE column, which keeps the 

timestamp values of start lifecycle. 

 

LLoogg  IInnssppeeccttiioonn  

The raw event log contains executed process instances between January 2011 and Feb 2011. The 

event log has 137 process instances, in total 1709 activities with 28 different activity classes 

(activity + activity type) and 3 different activity types (the lifecycle of the activities), and 85 

different users. The distribution of the number of the activities and the number of the activity 

classes per process instance is also illustrated in Figure 9.34. 
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Figure 9.33 Original (as-is) process model represented with C-BPMN  
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Figure 9.34 Log Overview in ProM 6 

The event log contains only one start activity: Start. The original process model does not contain 

this activity but Start activity simply corresponds to the initialization of process instances 

automatically performed by Cordys BPMS. There are 4 types of end activities observed in the 

event log as you can see from Figure 9.35.  

 68% of all process instances, which constitutes to 94 process instances, end with 

Procurement Support activity.  

 24% of all process instances, which constitutes to 34 process instances, end with 

Procurement Support (1) activity. 

 5% of all process instances, which constitutes to 8 process instances, end with 

Purchasing Manager for (1) activity. 

 Only one process instance ends with Purchasing Manager for activity. 

 
Figure 9.35 Start and End activities and occurrences 
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IInnssiigghhttss  aabboouutt  tthhee  eevveenntt  lloogg  

In order to get insights about the unfiltered event log, Fuzzy Miner and Dotted Chart Analysis 

plug-ins are used. Fuzzy Miner represents high significant behavior while clustering high 

correlated behavior and removing the low correlated ones for the less significant behavior [21] 

and Dotted Chart Analysis is helpful to view the unfiltered event log at a glance. This is useful to 

see the gaps and the patterns within the event log [32]. We only demonstrate the Dotted Chart 

Analysis results. 

 

In Figure 9.36, we demonstrate the helicopter view of all process instances. Horizontal lines 

represent process instances and dots on the horizontal lines are the activities of process instance. 

Vertical lines represent the actual time, which you can see on top of the Figure 9.36. The process 

instances are sorted according to their actual start time (i.e. the first process instance is the first 

horizontal line). As we can see from the Figure 9.36, there are gaps represented with orange 

columns. This simply indicates that there are no work done between Jan 21
st
 and 24

th
, February 

1
st
 and 9

th
 and another weekend.  

 
Figure 9.36 Dotted chart: helicopter view on process instances, sorted according to actual time 

In Figure 9.37, we sorted events according to relative time (in days), which you can see on top of 

the figure. This view gives insights on the shortest and longest process instances. The process 

instances which have shorter throughput time are on the top of the figure. The process instances 

which have longer throughput time are at the bottom of the figure. The longest throughput time 

is calculated as 28 days. In order to further investigate such exceptional cases, it is possible to get 

the process instance id from the diagram and inspect the individual process instance. The 

exceptional cases cause the poor performance. The inspection of these exceptional cases 

certainly leads a better understanding of reasons for the poor performance and this may reveal 

possible improvement points. 
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FFiilltteerriinngg  

While applying process mining, it is important to have one start and one end activity. However, 

the event logs may not contain only one start and end activity. Therefore, we apply 80% rule in 

such situations, which recommends keeping the end or start activities which sum up to 80% out 

of the entire end or start activities and we leave out the rare occurred 20% the end or start 

activities. In our case study, we do not filter Purchasing Manager for and Purchasing Manager 

for (1) end activities according to 80% rule as we have indicated the percentages of the end 

activities in Figure 9.35 because all end activities observed in the event log are also end activities 

in the original process model shown in Figure 9.33.  

 

Since we have four different end activities, we need to add an artificial end activity which helps 

us to have only one end activity. After we applied artificial end activity filter, we have obtained 

two filtered event logs: we have used (1) FEL-OnlyComplete-DummyEnd event log, which 

contains only complete lifecycle of the activities, to discover the process model (2) FEL-

CompleteStart-DummyEnd event log, which contains start and complete lifecycle of the 

activities, to apply conformance and enhancement.  

 
Figure 9.37 Dotted chart: helicopter view on process instances, sorted according to relative time 

TThhee  OOrriiggiinnaall  PPrroocceessss  MMooddeell  

The original process model represented with C-BPMN in Figure 9.33 is modeled in C-Net 

representation by hand for conformance purposes. The original process model has the activities 

which are omissible.  
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Figure 9.38 BPML Transformation of the original process model in Figure 9.33 
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During this manual drawing of the process model, such activities are treated as the normal 

activities which cannot be skipped. In addition, there is a complex construct in which the 

“Project manager to handle demand” activity in Figure 9.33 is involved. There are two outgoing 

arrows of the “Project manager to handle demand” activity. This basically corresponds to an 

AND split pattern. We can also see the AND split pattern in Figure 9.38 with the all activity 

block in red rectangle. Since all the activities are omissible, we decide to use an XOR split 

construct after   the “Project manager to handle demand” activity.  

 

The hand-made process model represented with C-Nets is demonstrated in Figure 9.39. 

 

BBPPMMNN  CCoonnvveerrssiioonn    

This section shows the conversion of the hand-made C-Net in Figure 9.39. In Figure 9.40, we 

show the converted process model expressed in terms of BPMN.  In Figure 9.42, we demonstrate 

the converted process model expressed in terms of C-BPMN, which has no join gateways.  

 

EEnnhhaanncceemmeenntt  wwiitthh  SSwwiimmllaanneess    

In this section, we represent the enhancement of the discovered process model shown in Figure 

7.3 with low threshold settings. We also demonstrate the enhancement of the hand-made process 

model shown in Figure 9.40 with 5% threshold setting. 

 

The discovered process model is enhanced with swimlanes with different threshold settings. The 

results are represented in Figure 9.43, Figure 9.44, and Figure 9.45. In Figure 9.43, all of the 

users are considered to create the swimlanes. Since each activity has different sets of users, each 

activity belongs to different swimlane. The swimlanes are represented with the names of all the 

users of the swimlanes. The swimlane-activity table is illustrated in Table 9.6. 

 

In Figure 9.44, we removed the users who performed an activity less than 3% of the total number 

of times the activity occurred in the event log. Hence, Procurement support and Procurement 

support (1) activities are clustered into the same swimlane. The swimlane-activity table is 

illustrated in Table 9.7. 

 

In Figure 9.45, we set the threshold to 5%. Hence, Purchasing Manager for and Purchasing 

Manager for (1) are also clustered into the same swimlane. The swimlane-activity table is 

illustrated in Table 9.8. In Figure 9.46, we have also enhanced the original process model in 

Figure 9.40 with swimlanes with 5% threshold. 
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 Figure 9.39 The hand-made process model represented with C-Nets: (The short and vertical red lines indicate additional arrows compared to Figure 7.2) 

 
Figure 9.40 The hand-made process model represented with standard BPMN: A) Start, B) Department manager needs to apply, C) Manager needs to 

approve, D) Project manager to handle demand, E) General Manager for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) 

Procurement support (1), I) Purchasing manager for, J) Procurement support, K) Dummy end task 

A) 

B) C) D) 

E) 

F) G) 

I) 

J) 

K) 

H) 
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 Figure 9.41 The discovered process model represented with C-BPMN: A) Start, B) Department manager needs to apply, C) Manager needs to approve, D) 

Project manager to handle demand, E) General Manager for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) Procurement 

support (1), I) Purchasing manager for, J) Procurement support, K) Dummy end task 

 
Figure 9.42 The hand-made process model represented with C-BPMN: A) Start, B) Department manager needs to apply, C) Manager needs to approve, D) 

Project manager to handle demand, E) General Manager for approval, F) Deputy head of demand for approval, G) Purchasing manager for (1), H) Procurement 

support (1), I) Purchasing manager for, J) Procurement support, K) Dummy end task 

A) 

A) B) 

B) 

C) 

C) 

D) 

D) 

E) 

E) 

F) 

F) 

G) 

G) 

H) 

H) 

I) 

I) 

J) 

J) 

K) 

K) 
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Activities Users Performed the Activity (Swimlane) 

Start 

Department project manager needs to 

apply 

[user40, user47, user48, user45, user44, user41, user42, user49, 

user12, user15, user50, user14, user11, user10, user56, user58, user59, 

user54, user16, user17, user20, user62, user25, user24, user23, user60, 

user66, user63, user64, user69, user67, user68, user29, user27, user28, 

user30, user33, user32, user70, user34, user71, user72, user75, user76, 

user77, user78, user79, user80, user82, user81, user2, user83, user39, 

user6, user8, user7] 

Manager needs to approve [user13, user22, user31, user51, user26, user37, user73, user10, 

user23, user74, user57, user64, user3, user5, user18, user19, user9] 

Project manager to handle demand [user62, user60, user23, user66, user48, user64, user69, user44, 

user41, user68, user42, user29, user27, user28, user33, user35, user70, 

user10, user56, user75, user76, user58, user54, user82, user83, user38, 

user6, user16, user17] 

Purchasing Manager for [user21, user50, user84, user10, user38, user52, user55] 

Purchasing Manager for(1) [user21, user35, user84, user1, user38, user4, user52, user53, user55] 

Procurement Support [user50, user46, user52] 

Procurement Support(1) [user50, user35, user36, user46, user43, user52, user55] 

Deputy Head of demand for approval [user65, user85] 

General Manager for approval [user61] 

Table 9.6 The swimlane-activity table with 0% threshold setting 

Activities Users Performed the Activity 

Start, Department project manager needs to 

apply 
[user12, user15, user68, user34, user76, user6, user7] 

Manager needs to approve [user22, user31, user51, user73, user10, user74, user57, 

user64, user3, user5, user18] 

Project manager to handle demand [user62, user66, user48, user64, user68, user27, user28, 

user33, user70, user10, user76, user82, user38, user6, user16] 

Purchasing Manager for [user21, user84, user38, user55] 

Purchasing Manager for(1) [user21, user84, user38, user53, user55] 

Procurement Support, Procurement Support (1) [user50, user46, user52] 

Deputy Head of demand for approval [user65, user85] 

General Manager for approval [user61] 

Table 9.7 The swimlane-activity table with 3% threshold setting 

Activities Users Performed the Activity 

Start, Department project manager needs to apply [user34, user7] 

Manager needs to approve [user22, user31, user74, user57, user3, user5, user18] 

Project manager to handle demand [user62, user68, user33, user70, user76, user82, user16] 

Purchasing Manager for, Purchasing Manager for(1) [user21, user84, user38, user55] 

Procurement Support, Procurement Support (1) [user50, user46, user52] 

Deputy Head of demand for approval [user65, user85] 

General Manager for approval [user61] 

Table 9.8 The swimlane-activity table with 5% threshold setting 
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Figure 9.43 The discovered process model enhanced with swimlanes with 0% threshold setting 

 
Figure 9.44 The discovered process model enhanced with swimlanes with 3% threshold setting 
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Figure 9.45 The discovered process model enhanced with swimlanes with 5% threshold setting 

 
Figure 9.46 The hand-made process model enhanced with swimlanes with 5% threshold setting 
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In order to provide the clear picture of discovered Swimlanes, we represent the process model in 

Figure 9.46 with the corrected layout in Figure 9.47. 
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Figure 9.47 The hand-made process model enhanced with swimlanes layout corrected in Figure 

9.47 
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EEnnhhaanncceemmeenntt  wwiitthh  tthhee  BBPPMMNN  AAnnaallyyssiiss  PPlluugg--iinn  

In this section, we demonstrate the results of the second and the third most frequent paths and the 

most time consuming path.  

 

Figure 9.48 represents the second most frequent. The following performance and conformance 

information are obtained: 

 The path contains 30 process instances. 

 The average throughput time of the process instances: 1.87 days. 

 The min/max/std. dev throughput times are calculated as 43.42 mins/6.04 days/1.7 days 

respectively. 

 The path is fully compliant to the discovered process model. 

 Manager needs to approve activity has the highest waiting and total time which are 15.94 

and 18.06 hours respectively. 

 Purchasing Manager for (1) has the highest working time which is 5.75 hours. 

 
Figure 9.48 Performance and conformance information for the second most frequent path and 

third least time consuming path 

When we compare performance projection in Figure 9.48 with Figure 7.10, we can see that 

Manager needs to approve, Project Manager to handle demand and Purchasing Manager for (1) 

activities are colored in red again. In Figure 7.10, these activities are represented as they indicate 

possible bottlenecks with high waiting time and total time values compared to the time values of 

other activities in the process. In Figure 9.48 we now look the performance of the activities 
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which take place in the second most frequent path. Manager needs to approve activity has the 

highest waiting time and Project Manager to handle demand has the second highest waiting 

time. Manager needs to approve activity has the highest total time although its working time 

value is moderate. Purchasing Manager for (1) has a high working and total time value. In order 

to accelerate this path, we need to pay attention to these three activities. In order to decrease the 

waiting time of the Manager needs to approve activity, we can increase the number of resources 

or we can talk to the resources about the high response time to conduct the activity. 

 

Figure 9.49 represents the third most frequent. The following performance and conformance 

information obtained for the process: 

 The path contains 3 process instances. 

 The average throughput time of the process instances: 4.09 days. 

 The min/max/std. dev throughput times are calculated as 1.06 days/10.02 days/5.13 days 

respectively. 

 The path is fully compliant to the discovered process model. 

 Project Manager to handle demand activity has the highest waiting and total time both of 

which are 1.82 days. 

 Purchasing Manager for (1) has the highest working time which is 25.32 min. 

 

 
Figure 9.49 Performance and conformance information for the third most frequent path  
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Figure 9.50 represents the most time consuming path. The following performance and 

conformance information obtained for the process: 

 The path contains only 1 process instance. 

 The average throughput time of the process instances: 21.86 days. 

 The min/max/std. dev throughput times are calculated as 21.86 days/21.86 days/0 ms 

respectively. 

 The path is fully compliant to the discovered process model. 

 Purchasing Manager for (1) activity has the highest waiting/working and total time 

which are 1.88, 7.52 and 9.4 days. 

 
Figure 9.50 Performance and conformance information for the first most time consuming path 
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AAPPPPEENNDDIIXX  HH--  MMOODDIIFFIICCAATTIIOONNSS  TTOO  EEXXIISSTTIINNGG  PPAACCKKAAGGEESS  

TThhee  BBPPMMNN  PPaacckkaaggee    

BPMN package contains both BPMN and XPDL elements. During our implementation, we made 

considerable changes in the BPMN package: 

 A new BPMN Element Swimlane is implemented. 

 It is identified that the getters and setters of most of the XPDL Elements are not 

generated because they were not needed until now. During the implementation of the 

mapping of BPMN elements to XPDL elements, we needed to use getters and setters. 

 

TThhee  HHeeuurriissttiiccss  MMiinneerr  PPaacckkaaggee  

Heuristics Miner package had a dependency to the BPMN package. Basically, Heuristics Net did 

not have a separate implementation with activity and flow nodes defined. Instead, Heuristics Net 

used BPMN package. In essence, a Heuristics Net was visualized as BPMN object. In earlier 

version of BPMN package, there was only one Containing Node which is Sub-process. Right 

now, we added another Containing Node which is Swimlane. Since we have two Containing 

Nodes, Heuristics Miner package could not distinguish these nodes. 

 

Right now, Heuristics Miner package removed its dependency to BPMN package and it has its 

own implementation for Heuristics Net. 
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