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1. Introduction 

As the growing competition on product quality and the variety of customer requirements in global 

market, manufacturing industry has been under tremendous pressure to meet all kinds of customers’ 

demands in an efficient and effective way. Mass-customization is defined to be “developing, 

producing, marketing and delivering affordable goods and services with enough variety and 

customization that nearly everyone finds exactly what they want” [30:44]. The goal of mass 

customization is to provide a product or service which fits different customers’ needs. Basically, mass 

customization is a combination of mass production and customization. The traditional 

mass-production company makes people to work under manager’s supervision. Every worker is 

responsible for one single task on an assembly line. The result of mass production is to provide 

massive standard goods and service with low-cost. By customizing the standard goods which are 

produced under mass production, mass customization becomes a new manufacturing era after mass 

production. It is a more dynamic and flexible way of production which enables customers to get 

exactly what they want. Different customers would have different requirements. How would mass 

customization make every customer being satisfied with one product or service? In fact, mass 

customization has been applied in many areas, especially in the manufacturing industry.  

 

Dell configuration services provide tailor-made solutions for installing new system in the organization. 

When user orders a Dell system, the system would be preconfigured according to the user’s 

specification and ready to fit the needs of the user’s environment. By using mass customization, Dell 

makes sure that the services they provided meets to each customer’s requirements. However, there 

are also many cases that companies experience a failure when they were trying to make the leap to 

mass customization. Take an example of Toyota, in early 1992, Toyota aimed to reduce its product 

development time, offer more options for each model, and produce and deliver a car based on 

customer’s requirements in three days.   

However, Toyota has run into trouble and has had to retreat, at least temporarily, from its goal of 

becoming a mass customizer. As production costs soared, top managers widened 

product-development and model life cycles and asked dealers to carry more inventory. After Toyota’s 

investigations revealed that 20% of the product varieties accounted for 80% of the sales, it reduced its 

range of offerings by one-fifth [10]. 

Regardless the result of mass customization being applied in the organization, there is no doubt that 

mass customization offers a solution to the dilemma that organizations are facing with nowadays. To 

be a successful mass customized organization, it is crucial for a business provider to understand the 

business requirements of customers and implement the business process in an efficient way. If one of 

the two fundamental conditions is not satisfied, the organization would result in a failure of applying 

mass customization. 

This master thesis will focus on the mass customization of workflow solutions for business providers. 

Mass-customization aims at removing the need for any client-side application development or 3rd 

party adaptor to support process customization. It is the provider who offers to its customers a set of 

possible options to choose from and develops internally an infrastructure able to support the 



mass-customized processes. Once customers have specified their preferred options, the provider will 

be able to generate a customized process instance to satisfy the client request. Mass-customization, 

in this context, should result in the customers’ ability to customize the way in which providers will 

execute a process on their behalf. Figure 1 illustrates the process mass-customization scenario. There 

are two domains involved in the scenario: Process Customizer domain and Customers domain. The 

Process Customizer domain provides mass customized workflow solutions to customers. The baseline 

process is the general activities which need to be executed no matter which mass customized process 

the customer chooses. For example, the activity “Start” should be in the baseline process because the 

customers must start the workflow if they want to choose the customized workflow solution. The 

customized processes are colored in different colors. Each colored workflow process represents a 

customized option made available by mass customizer. Customers access to one of the workflow 

solutions based on their need. For instance, customer 1 may prefer to be able to skip a very expensive 

activity in the process whenever preferred, whereas customer 2 may want to execute an extra activity. 

Customer 3 may prefer to be given the opportunity to redo a specific activity, as long as, for instance, 

the output of the activity does not satisfy determined quality requirements. 
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Figure 1 The Workflow Process Mass-Customization 

The concept of customizing the workflow solutions is very widely used by many organizations at 

present. The Royal Dutch Airlines (KLM) Company recently changes the luggage regulations to 

customize each customer’s trip. Figure 2 shows a high level check-in workflow process at KLM. The 

activities “Book ticket”, “Check in” and “Boarding” are considered to be the base line process. Every 

customer needs to book a flight ticket first, and then the customer checks in and starts boarding. KLM 

offers a customized workflow solution to each customer in the way that customers can choose to 

check-in luggage either online or at the airport. When customer chooses to check-in luggage online, 

the “Check in online” workflow solution is enabled. If customer decides to check-in luggage at the 

airport, the “Check in airport” workflow solution is prepared for the customer. Such a customized 

workflow solution not only satisfies each customer’s requirements, but also gives benefit to mass 

customization provider. In the case of KLM, mass customized process reduces the waiting time for 

customers and optimizes the resources for KLM. 
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Figure 2 Check-in Workflow Process in KLM 



1.1 Problem and Research Questions 

The goal of Process mining is to use event data to extract process related information, e.g., to 

automatically discover a process model by observing events recorded by some enterprise system [2]. 

Process mining techniques are chosen to improve mass customization business processes because it is 

well known technique to analyze process information. And process mining has proven to be a 

valuable approach that provides new and objective insights into the way business processes are 

actually conducted within organizations [34]. A detailed introduction about process mining will be 

conducted in Chapter 3.  

 

We focus on the process monitoring from business process management aspect that can be 

customized by individual customers. Process monitoring deals with the analysis and representations 

of process instance at run time [39]. It is applied to monitor and analyze running process instances. 

Generally, business entities need information about the activities taking place in the business 

landscape (at internal units, partner organizations, or third parties) so that they can react and/or 

adapt to them [12]. With process monitoring, mass customizer uses monitoring information to 

analyze and improve the customized business processes. Comuzzi, Angelov and Vonk [12] proposed a 

monitoring infrastructure for mass customizer to implement the workflow solutions. A set of 

monitoring patterns have been designed for business provider to offer mass-customization 

monitoring capabilities to its customers [12]. By combining different monitoring patterns, a monitor 

infrastructure is built. In this thesis, we will use the monitoring patterns from paper [12] for a case 

study. Afterwards, we will use the process mining techniques to monitor the result obtained from the 

case study and analyze the monitoring result.  

 

The problem of research is to study the application of process mining techniques to improve 

customization of business processes for business providers. We will investigate the feasibility of 

process mining techniques in supporting mass customization of business processes and analyze how 

process mining could be used in mass customization. Focusing on the customization of monitoring 

infrastructure, this project aims to support mass customization with process mining techniques. The 

scope of the work is defined based on paper [12] and [13].   

The main research question can be formulated as bellows: 

1. How process mining techniques can be used to improve the performance of mass customizer 

capabilities for business processes? 

To answer the main research question, we will use a process mining tool to monitor the customized 

business processes. The process mining tool provides many plug-ins for users to analyze the business 

processes. Therefore, two sub research questions needs to be investigated:  

1.1 Which process mining algorithms can be used for analyzing customized business processes? 



1.2 Which key performance indicators (KPIs) can be used to check the analysis result of mass 

customized processes in order to reach meaningful analysis results? 

The thesis is organized as follows. In Chapter 2, we introduce the methodology which is applied to do 

this master project. In Chapter 3, we collect the related work which has been done in the area of mass 

customization and process mining. Chapter 4 describes the case study focused on the customization 

of the monitor infrastructure with process monitoring from business process management domain. 

Chapter 5 analyzes the process mining result, and discusses how the process mining technique can 

help mass customizer to improve the current workflow solution. The thesis ends with our conclusion 

and future work. 

  



1.2 Methodology 

 

Figure 3 Project research steps 

Figure 3 shows the methodology of how we are going to do the research. A detailed introduction of 

each step is listed as below:  

1. Firstly, a literature review focused on process mining and mass customization in the context of 

information systems and workflow technology has been conducted.  

2. Secondly, to provide input to answer the main research question, a case study focused on 

business process monitoring as customization aspect is built for simulation. And event logs are 

generated after simulation. There are 3 steps involved in building the case study: 

2.1 To design the customized business process models based on a classification of multi-dimensional 

modeling patterns. A set of modeling patterns have been designed in paper [12]. We will use the 

designed modeling patterns to create the customized process models in this project. A more 

detailed introduction about the modeling patterns will be covered in Chapter 4.  

2.2 The business process models which are designed at step 1 will be used to generate event logs. 

The event logs contain the instances of each process executed by fictitious customers. The 

customized business process model will be simulated and used to generate event logs. The 

process modeling tool Colored Petri Nets (CPNs) [26] is used to design business process model, 

simulate business process models and generate event logs. CPNs have been chosen because they 

have a well-developed and mature tool support, CPN tools. The process models created in CPN 

tools can be easily used for simulating and generating event logs. Through the simulation, one 

can discover the behavior of business process models which are not easy to be examined by 

human.  

 

2.3 To start process mining of event logs generated at step 2. Before using process mining analysis 

tool, PromImport 7.0 is used to convert event log data to MXML format of files. The MXML 



format (as in Mining XML) is a generic XML-based format suitable for representing and storing 

event log data [23]. It is also the format supported by all Prom plug-ins. By converting simulated 

or real-life logs to the MXML format, one could use the mining techniques in multiple contexts 

[8]. The process mining tool Prom is used for process mining. It is chosen because there is a set 

of process mining plug-ins bundled in one process mining framework and Prom is considered as 

one of the most popular tool for process mining. Both Prom5 and Prom6 are used for process 

mining because some plug-ins which are available in Prom5 are missing in Prom6, for example, 

Multi-phase Macro Plug-in. While Prom6 is the latest version of Prom, it has a better user 

interface and it is handier to use than Prom5.  

 

3. After building case study, the next step is to analyze the process mining results. Performance of 

process mining algorithms will be compared for customized business process models. Based on 

the output of each plug-in, the consequence of applying a certain plug-in will be analyzed in four 

perspectives of Devil’s Quadrangle [28]: time, cost, flexibility and quality. The conceptual 

framework [13] will be used in this step to classify process mining algorithms and used as a 

guideline for analysis.  

 

4. Finally, the main research question needs to be answered based on the analysis of mining result. 

This step would provide a deep insight of how process mining techniques could affect mass 

customization.  

 

To give a more graphical explanation, Figure 4 indicates how process mining will contribute to 

improve mass customized processes. We will use process mining techniques to monitor the 

customized business process model. The customized business process model is composed of baseline 

process and customized process. The customized process is designed by customizing monitor 

infrastructure. A detailed introduction about the customized process model and monitor 

infrastructure will be presented in Chapter 4. The result of process mining will be used to analyze how 

process mining could be used in mass customization to improve the workflow processes for business 

providers.  

Process mining
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monitor

Baseline process

Customized 
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(monitor 
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Figure 4 Process mining & Mass customization 

  



2. Related work 

 

Before discussing the use of process mining techniques to mass customization scenario, in this 

chapter we provide the background knowledge about these two research fields.  

2.1 Mass Customization 

Mass customization relates to the ability to provide customized products or services through flexible 

processes in high volumes and at reasonably low costs. The concept has emerged in the late 1980s 

and may be viewed as a natural follow up to processes that have become increasingly flexible and 

optimized regarding quality and costs [35]. Lampel and Mintzberg [25] defined five different mass 

customization strategies which describes the level of mass customization development. The strategies 

involving different configurations of process (from standard to customized), product (from 

commodities to unique) and customer transaction (from generic to personalized) [35]. In this thesis, 

we focus on the implementation of mass customized business processes from business process 

management domain. Given a standard (baseline) version of a process there are several process 

aspects that could be customized, such as process control flow [9], e.g. the opportunity for the 

customer to skip, redo, or cancel specific activities, resources customization [31], e.g. the opportunity 

for customers to directly choose which specific resources will be used in the process, or monitoring 

[12], e.g. the opportunity for customers to choose what and how to monitor about the process. In this 

thesis, we will focus on the customization of process monitoring. The monitored result of customized 

business process can be used to analyze how process mining can help mass customizer to improve 

customized business processes.  

 

In the paper of “Cracking the Code of Mass Customization” [17], the authors introduced 3 

fundamental success factors of Mass Customization, based on a survey of more than 200 

manufacturing companies in 8 countries. The three capabilities required for a successful 

mass-customizer are [17]:  

a) Solution space development, to understand customer needs and options over which those are 

likely to diverge. 



b) Robust process design, to design and implement an infrastructure to offer such options, making 

sure that customization does not hinder the provider's ability to execute its processes in an 

efficient and effective way. 

c) Choice navigation, to support customer selection of options minimizing the burden of choice. 

2.2 Process Mining 

The idea of process mining is not new [6],[14]. Process mining refers to the monitoring of running 

process instances (e.g., their progress, bottlenecks and times spent in each activity) and their analysis 

results (e.g., percentage of instances not completing successfully) to inform users about unusual or 

undesired situations (i.e., alerts) [22].It targets the automatic discovery of information from an event 

log. This discovered information can be used to deploy new systems that support the execution of 

business processes or as a feedback tool that helps in analyzing and improving enacted business 

processes [8]. In [22] authors describe several features for the management of process quality: 

analysis (to enable users to analyze the process executions), prediction (to derive prediction models 

for running processes), monitoring (to monitor and analyze running process instance), control (to help 

avoid missing service level agreements),optimization (to identify improvements of business 

processes). In this thesis, we focus on the monitoring of business processes. Process monitoring 

provides a basis for improved internal operation efficiency and effectiveness at the consumer side and 

for improved synchronization between the parties [9]. 

 

The process mining techniques are classified in three basic types, namely discovery, conformance and 

extension [4]. 

 Discovery. Traditionally, process mining has been focusing on discovery, i.e., deriving 

information about the original process model, the organizational context, and execution 

properties from enactment logs. The plug-ins based on data in the event log only are called 

discovery plug-ins because they do not use any existing information about deployed models [36]. 

For example alpha algorithm [1], which discovers a process model based on event logs.  

 Conformance. Conformance checking, also referred to as conformance analysis, aims at the 

detection of inconsistencies between a process model and its corresponding execution log, and 

their quantification by the formation of metrics [33]. It can be applied when there is an a-priori 

model of the process. 

 Extension. This model is extended with a new aspect or perspective, i.e., the goal is not to check 

conformance but to enrich the model. An example is the extension of a process model with 

performance data, i.e., some a-priori process model is used to project the bottlenecks on [38]. 

2.3 Mass Customization Framework 

A framework which discusses the application of process mining techniques to mass customization 

field has been designed in [13]. The customization framework is depicted in Figure 5. The horizontal 

layer of framework is about the capability of mass customizer. Our main focus of research is capability 

solution space development and robust process design. We do not consider the choice navigation 

capability. This, in fact, relates to the design of the mass customization interface addressing cognitive 

and information processing limitations of the customer as the number of combinations of 



customization options increases. We consider this aspect out of scope in this preliminary analysis. The 

vertical layer is about the process mining techniques. Discovery techniques reside at the top layer of 

the framework which is used to discover the process model and customer behaviors. The discovered 

processes will be used for conformance analysis and further improvement.  

 

 
Figure 5 Mass customization framework 

Discovery in process mining is about to discover the execution of process model based on the event 

log. With discovery process mining techniques, mass customizer is enabled to discover the mass 

customized process models and the customization options chosen by customers. Discovery in the 

mass customization scenario does not provide value by itself, but it rather provides a set of 

discovered processes that should be compared against the original customized process models for 

conformance analysis and possible improvement.  

 

Conformance & Solution Space Development. Conformance in process mining is about checking if 

reality, as represented by event logs, conforms to process models. In the context of 

mass-customization, this means to check whether the reality expressed by logs conforms to the 

customized process models for each specific customer, i.e. the baseline process models customized 

according to the customers’ options. Conformance checking is therefore important to check the 

suitability of the Solution Space developed by the mass customizer to serve the customers. 

 

Through conformance checking, the provider is able to replay the logs to check the satisfaction of the 

Service Level Agreements (SLAs) established with customers in the customization phase. At the same 

time, conformance checking also enables the provider to analyze the customers' process usage 

patterns. The information gathered on SLAs satisfaction/violation is the starting point for the 

application of enhancement techniques to improve the mass-customizer capabilities. 

 

Conformance & Robust Process Design. About the robust process design, conformance checking can 

help the provider in verifying the correctness and the opportunity of the customized solutions 

developed on the top of baseline process, e.g. patterns to customize the control flow of a process [7]. 

Replaying the logs, the provider can understand if the provided solutions are used correctly by the 

customers. The fact that patterns for control flow customization are never executed correctly in 

reality by customers can signal the non-correct design or poor usability of such patterns. The provider 

will therefore revise the design of such patterns, possibly exploiting also the information generated by 

extension techniques. 

 



Extension & Solution Space Development.  Extension in process mining is used to enhance both the 

solution space development and the robust process design capabilities. About the solution space 

development, the provider can use process mining extension to extend and/or update both the 

solution space offered to customers and the structure of the offered customization SLAs. About the 

solution space, during the customization phase the provider could show in real time to customers 

information about the options that are more often used by other customers, the frequency with 

which those are actually used, and the ones that are more/less often included into violated SLAs. This 

information is useful also internally for the provider. Providers can understand which customization 

options should be excluded from the solution space, because they are either never used in reality by 

customers, or they are included in SLAs that are often violated. In both cases, such options represent 

a cost for the provider not resulting in any benefit for the customer. About the SLA structure, the 

information generated by process mining extension can be used to restructure the SLAs offered to 

customers, for instance reducing the penalties associated to specific customization options included 

in SLAs that are often violated. In the more complex case where SLAs are actually negotiated with 

each single customers, process mining extension information can also be used by providers to _ne 

tune their negotiation strategy. 

 

Extension & Robust Process Design. Process mining extension can also be used to strengthen the 

robust process design capability of the mass customizer provider. In particular, information gathered 

through extension techniques, such as bottlenecks or, in our case, SLA violations are normally used to 

improve the a priori process schema. In the mass-customization scenario this means being able to 

update both the baseline process and the patterns implementing the customization options offered 

to customers. 

2.4 Configurable Process Models 

In this chapter we will introduce the configurable process models. The idea of configurable process 

model was proposed by Rosemann and van der Aalst [32]. The aim of configurable process models is 

to provide generic models integrating possible process variations into one model. Afterwards such a 

model can be configured to a specific solution. This means a configurable model should guide the user 

to a solution that fits to the user's requirement [21]. Process configuration essentially deals with the 

following question: “How to model business processes that are similar to one another in many ways, 

yet differ in some other ways from one organization, project, or industry to another?” This is achieved 

by capturing multiple variants of a process in a single configurable process model [29]. Theoretically, 

configurable process model has a very similar theory as customized process model. Both of 

configurable process model and customized process model are trying to satisfy different customer 

requirements with one process model. Configurable process models integrate different variants of a 

business process into a single model. Through configuration users of such models can then combine 

the variants to derive a process model optimally fitting their individual needs [18]. Customized 

process model offers many customized process model based on a baseline model for customers.  

In a configurable process model, the variants of process model are defined with configuration 

decisions. There are three types of configuration decisions: active, hide/skip and block [19]. If the 



configuration decision is to hide a transition, the transition’s external, i.e. observable, effects will be 

ignored. However, the effects within the model that means on the execution of subsequent 

transitions are kept. The configuration decision to block a transition implies that the transition will 

never be executed. That means, the transition should not appear within the configured model [19]. 

Figure 6 shows the graphical representation of each configuration decisions.  

 

Figure 6 Configuration decisions 

The differences between configurable process model and customized process model are: 

 The starting point of designing two process models is different. The configurable process model 

is created based on a process model which offers many configuration decisions as showed in 

Figure 7. However, the customized process model is opposite to configurable process model. The 

customized process model is created based on a simple baseline process model (see in Figure 1).  

 

Figure 7 Configurable Process Model 

 The outcome of configurable process model and customized process model is different. The 

configurable process model delivers several configured process model based on the 

configuration decisions. Figure 8 reflects the valid configured process models for the 

configurable process model from Figure 7. Users have three possibilities to execute the process 

model as showed in Figure 8. The process model is simplified after the model has been 

configured. The idea of customized process model is to extend the baseline process model with 

customized workflow solutions. Therefore, the process model becomes more complicated with 

customized process model. 

 

Figure 8 Configured process models  



3. Case Study 

 

To analyze the application of process mining techniques to mass customization, a case study based on 

process monitoring is built for research and analysis. The first step is to design customized process 

model. According to the paper [12], a multidimensional classification of modeling patterns focused on 

business process monitoring has been designed. By combining the modeling patterns from different 

modeling dimensions, a set of customized process models are created. The second step is to simulate 

the customized process models to generate the event logs. The third step is to do process mining with 

the generated event logs. The customized process models consider customizing the monitoring 

infrastructure for mass customizer. The customization of monitor infrastructure enables the mass 

customizer to develop more capabilities on its internal business processes and provide more options 

to customers. Therefore, we will start introducing the monitoring infrastructure before diving into 

customized process model.  

There are two domains in the monitoring infrastructure: 

 Business process provider domain, which is used and operated by the business services 

provider.  

 Customer domain, where customers take the action, e.g., customers send the request. 

There are several monitoring components in the monitoring infrastructure: 

 Monitoring infrastructure (MI), which captures the information of customized processes 

 Business process engine (BPE), which enables the monitoring infrastructure and produces 

process information to be captured by monitoring infrastructure 

 Monitoring client (MC), which receives and processes information captured by monitoring 

infrastructure 



Each monitoring component belongs to one monitoring domain. Components MI and BPE belong to 

the business process provider domain and component MC is under customer domain. Figure 9 depicts 

a general monitoring scenario among all monitoring components. The bidirectional arrow between 

MC and business process provider domain means that the monitoring client not only requests data 

from business process provider domain, but also obtains information from monitor infrastructure. In 

the business process provider domain, MI captures data from BPE. A business process engine is meant 

in a broad sense - it is a component producing process information (activity or process states, data 

values, etc.). Although the monitoring infrastructure can be built in (or even be an integral part of) the 

business process engine, conceptually, it is a separate entity [12]. 

 

Monitoring client (MC)

Business process 
engine (BPE)

Monitoring 
Infrastructure (MI)

Customer
 Domain

Business Process 
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Figure 9 Monitoring Scenario  

Figure 10 shows the interfaces between the components of monitoring interface MI, MC and BPE. MC 

requires one interface to request acquisition of monitoring variable from MI. Monitoring Variable (MV) 

is the process information that the Monitoring Infrastructure (MI) obtains from the Business Process 

Engine (BPE) and makes available to the Monitoring Client (MC) [12]. The interface SUPPLY REQ is 

needed when MC decides to pull monitoring data from MI. The interface (MC-ACQ-REQ) is needed 

when the monitoring data is pushed to MC. Respectively, there is one interface to receive request in 

MI. Interface SUPPLY is to supply data to MC. The interfaces AP-START and AP-END are two anchoring 

points (AP) for enabling and disabling the MI respectively. Anchoring points specify the scope of the 

process within which the MI is enabled [12]. When MI is enabled, the customization of monitoring 

infrastructure is enabled. From business point of view, anchoring point is useful because it might be 

very costly if monitoring is enabled permanently. Anchoring point allows the business user to enable 

monitoring when it is really needed. The interface BPE-ACQ REQ allows MI to request acquisition of 

MV from BPE. The interface OBTAIN receives the MV from BPE. According to the paper [12], a 

modeling pattern for each monitoring dimension is proposed.  



 

Figure 10 Interfaces between MI, MC and BPE [12] 

The modeling pattern describes the design of control flow based on the interaction between 

interfaces. To combine the modeling patterns, we get the customized process models. The following 

modeling patterns are proposed: 

 Monitoring Trigger. This phase concerns commanding the acquisition of MV for business entity. 

The acquisition of MV can be MI triggered, MC triggered or Mix triggered (i.e., a combination of 

MI and MC triggers) as shows in Figure 11 [12]. When the acquisition request for BPE is triggered 

by MI, the transition INTERNAL TRIGGER fires periodically which is customized by MI. For 

example, if INTERNAL TRIGGER is executed every 1 hour, it means MI triggers the transition 

BPE-ACQ REQ every 1 hour (i.e., the acquisition of MV is done every 1 hour). When it is MC 

triggered, MC fires transition ACQUIRE REQ. When it is mix triggered, an acquisition request is 

triggered by both transitions ACQUIRE REQ and INTERNAL TRIGGER in one customized process 

model. 

 

Figure 11 Monitoring pattern of Monitoring Trigger dimension [12] 

 Manage Data. Manage data dimension reflects the way how data is stored in database. After a 

MV request is sent to customer, the customization provider has 4 options to store these data. 

Place mc stores the MV which will be supplied to MC; the value might be a single value or a list 

of values. Place mi_db is the database where customization provider stores all the requests sent 

by customers. Place type MV means one request is stored, place type L_MV represents a list of 

requests has been stored in database. Place bpe stores MV which will be obtained by MI. 

 Rewrite option always replaces the new request (v_new) with old request (v_old) 

 Persist option always stores all the requests to database. When a new value of MV comes, 

it is added to the list of old MV. 



 Read option stores the MV in place mi_db after transition SUPPLY fires which means the 

old request can be read again by MC.  

 Consume option replaces the current MV with a default value which means MC is not able 

to check his/her old requests since it does not exist anymore.  

 

 

Figure 12 Manage Data dimension options [12] 

 Supply Data to MC. This pattern concerns the way how the MV is supplied to MC. In the pull 

option, Transition SUPPLY fires when a request has been sent by MC. In the push option, 

transition SUPPLY TRIGGER triggers the execution of transition SUPPLY. Transition SUPPLY 

TRIGGER can be fired every 1 or 2 hours, in this way transition SUPPLY fires every 1 or 2 hours no 

matter if there is MV to supply or not. Overall, pull option requires the MC to send a request 

while push option does not need it.  

 

Figure 13 Supply Data to MC dimension options [12] 

3.1 Design Customized Process Model 

By combining the patterns from different monitoring dimension, it is possible to create multiple 

customized process models. We will use an example of an on-line advertising company to 

demonstrate the application of modeling patterns. The advertising providers offer customers the 

advertisement space. The customer sends the advertisement to the provider; the provider starts the 

advertisement campaign by publishing advertisement for customers. The campaign ends after the 



advertisement has been published successfully. However, customers may ask to change the campaign 

if he/she is not satisfied with the effect of the campaign. In this case, the advertisement needs to be 

published again. Figure 14 describes the scenario of on-line advertising campaign. 

Receive ad
Start 

Campaign
Publish Ad End Campaign

Change 

Campaign

 

Figure 14 On-line advertising scenario 

The CPN model which describes the process of the on-line adverting company is available on paper 

[12] (Fig. 8). Figure 15 shows a CPN model which is refined based on the original CPN model. This CPN 

model is built by customizing the following monitoring dimension options (the customized process 

models with other monitoring dimension options are available from Figure 35 to Figure 45 from 

Appendix): 

Monitoring dimension Option 

Monitoring Trigger MI trigger 

Manage Data Persist-Read 

Supply data to MC Pull 

Table 1 Monitoring dimension options  

In this thesis, we focus on customizing the MI. The customization of BPE and MC is not considered in 

this project. However, it is possible to customize the components BPE and MC. Figure 15 shows the 

main page of the CPN model. The transition “Generator” generates unique ID for event logs. Each 

event log has an id which represents one replication of process model. There are 3 main originators in 

the CPN model: BPE, MI and MC. The subgroup BPE is executed by Business Process Engine; subgroup 

MI is executed by originator Monitor Infrastructure and transition “Supply Request” is executed by 

Monitor Client (i.e., customers). BPE subgroup starts the campaign. As soon as the campaign is started, 

the subgroup MI will be enabled. Subgroup BPE and subgroup MI is connected via places “to start” 

and “to end”. This is where the anchoring point has been used. In Figure 15, the whole Monitor 

Infrastructure is enabled. However, user can also choose to enable partially of Monitor Infrastructure 

by using the anchoring point. The customer sends the monitoring request via transition “Supply 

Request”. Figure 15 is a pull pattern model; therefore, a MV is supplied to customer only when the 

customer requests it. 



 

Figure 15 Pull Persist Read model 

 



Figure 16 shows the activities involved in Business Process Engine subpage. This part of the process 

model is the baseline process model. For every customized process model, the base line process 

model remains the same no matter what kind of monitoring pattern is used. The baseline model 

represents a very simple scenario for an on-line advertising company (see Figure 14). Place “P1” 

stores ids which are generated by transition “Generator”. The advertising provider starts an 

advertisement campaign for the customer via transition “Campaign - Start”, after that the 

advertisement will be published and the campaign ends. Customer may ask to change campaign, and 

then the advertisement needs to be published again. The reason why the transition “Publish Ad” is 

split into two transitions (“Publish Ad - Start” and “Publish Ad - Complete”) is because that it is easier 

and more obvious to define event type for the activities. The same reason holds for transition 

“Change Campaign”. Transition “Change Campaign” is split into “Change Campaign - Start” with event 

type start and “Change Campaign - Complete” with event type complete. Transition “Campaign - 

Complete” ends the campaign. The transition has 10 minutes delay to make sure “Campaign 

Complete” transition always fires after all the other transitions fired and appears at the end of the 

event log.  

  



 

Figure 16 Business Process Engine Subgroup



Figure 17 is the subpage of Monitor Infrastructure component. We will focus on the customization of 

monitor infrastructure component in this thesis. This part of the model is where the pattern of 

monitor dimension has been combined and where the business process model is customized. By 

designing different customized process model, mass customizer is able to provide multiple workflow 

solutions for customers.  

The anchoring point “AP-Start” enables the monitor infrastructure after the campaign is started. 

When there is a token in place “Central place”, transition “Internal trigger” is enabled. This transition 

is used to trigger the monitor infrastructure to capture the monitor value. The place “Unit” is used to 

limit the firing of transition “Internal trigger”. Otherwise, transition “Internal trigger” can fire infinite 

times. There are 200 tokens in place “Unit” to make sure the monitor value is requested multiple 

times in every event log file. To restrict 200 tokens in place “Unit”, we made transition “Obtain” to 

obtain monitor value twice in the event logs. The monitor value is a request sent by customer and it is 

stored in place “Central place”. In this example, the customer request is represented by a random 

value generated by a discrete function. The MV (i.e., customer request) is obtained by MI and stored 

in place “database”. After the data has been stored in database, the request is supplied to customer. 

Since the MV is stored in the database, customer is able to read the request again in the future. At the 

end, Transition “AP - Complete” disables the monitoring infrastructure. There is 20 minutes delay to 

fire transition “AP-Complete” which is designed to make sure this transition is executed at the end of 

the process model.  

The red circles in Figure 17 indicate where the customization monitoring pattern is used in the CPN 

model. The red circle in transition “Internal trigger” reflects the MI-trigger option from monitoring 

trigger dimension. The place “database” associates with manage data dimension. Since all the data is 

stored in database and can be read again by customer.  Therefore, it uses persist read option. The 

transition “Supply” and “Supply Request” indicates a pull pattern model for the reason that customer 

needs to initiate the action in order to supply a request.  

 



 

Figure 17 Monitor Infrastructure Subgroup 

 



3.2 Generate Event Logs 

When running the CPN model, event log files are generated for the process model. Before starting 

with process mining, an event log file has to be prepared as input. The event log typically contains 

information about events referring to an activity and a case. The case (also named process instance) is 

the “thing” which is being handled, e.g., a customer order, a job application, an insurance claim, a 

building permit, etc. The activity (also named task, operation, action, or work item) is some operation 

on the case. Typically, events have a timestamp indicating the time of occurrence. Moreover, when 

people are involved, event logs will characteristically contain information on the person executing or 

initiating the event, i.e., the performer [5]. The performer of the event is also called as originator.  

 

There are several business requirements that need to be followed in event logs in order to deliver a 

meaningful analysis result of process mining: 

 The log file should contain activities from monitor infrastructure component Figure 17 as many 

as possible since we focus on the customization of monitoring infrastructure component. 

Theoretically, each event log is possible to have only activities from business process engine 

subgroup Figure 16. However, such event log files will not provide any value for process mining 

since we focus on the process mining of customized monitor infrastructure. 

 Each log file should be finished with transitions “AP-Complete” and “Campaign Complete”. 

Therefore, there is a delay of 20 minutes in arc from place “central place” to transition 

“AP-Complete”. 

 The log file should contain more than one monitoring values. Because customers may need to 

send multiple requests in reality.    

The number of replications is set to be 100 when simulating. Therefore, 100 event log files are 

created after one run of the process model. It is usually good to run the simulation as much possible 

because it provides stable estimates of performance and the powerful analysis of process model [20]. 

We have tested to run the CPN model with number of replications 100 and 200. The two sets of event 

logs are imported to genetic miner plug-in of Prom6. The output of the two types of event logs in 

each plug-in is almost the same. While it takes a longer time to process the 200-replication event log 

since there are more event states involved in this event log. Therefore, we decide to simulate the CPN 

model 100 times.  

Each log file contains one complete execution of the CPN model. Every event log file contains 

different activities because each replication has different options to execute the activities. The log 

files contain the activities from both BPE component and MI component in Figure 15. Figure 18 shows 

an example of how activity “AP-Start” is logged. A task in the event log always starts with 

<AuditTrailEntry> and ends with </AuditTrailEntry>. The WorkflowModelElement resides the name of 

activity. The activity has event type Start. There are 3 types of event types used in the event log files: 

Start, Complete and case_event. Type Start indicates the starting point of activity life cycle. Event type 



Complete means the end of the activity life cycle. For example, transition “AP-Start” (with event type 

Start) and transition “AP-End” (with event type Complete) reflects a complete life cycle of activity. 

When the event type is unknown and ambiguous to define, the event uses event type case_event. 

When defining the event type for each transition, a transitional model of event type is used as 

reference [16]. The timestamp of the event means the execution time of the activity. And the activity 

is executed by originator monitor infrastructure. 

 

Figure 18 Example of a Task 

 

  



3.3 Process Mining 

When the event log is ready, the process mining could start for the customized business process. To 

be able to use the event log data in different Prom plug-ins, PromImport tool is used to convert the 

event log files from .cpnxml format to .mxml format. With PromImport, 100 .cpnxml format files are 

converted to one zipped .mxml file. A set of plug-ins are chosen to do process mining based on the 

mass customization framework which is mentioned in Chapter 3. There are 3 types of process mining 

techniques used in mass customization framework: discovery, conformance and extension. 

  

Table 2 indicates the plug-ins which are selected for each type of process mining techniques. The 

input column shows what kind of input each plug-in requires. Discovery plug-ins need only event log 

as input. Conformance and extension plug-in also need a process model as input. All plug-ins have 

used a default setting of parameters except genetic miner. The Cross rate and Stop fitness value is set 

to be 0.99 and the Max number generation is 3000 in order to get a better fitness value. In this 

chapter we will introduce each plug-in from Table 2 generally. The analysis of each plug-in’s output 

will be mentioned in Chapter 5. 

Figure 19 Genetic miner setting 

Plug-in Type Name Input 

Discovery Log Summary Event log 

Multi-phase Macro Plug-in 

Alpha algorithm plug-in 

Genetic miner 

Fuzzy miner 

Default LTL Checker Plug-in 

Conformance Replay a log on Petri Net for Conformance Event log & Process model 



Analysis 

Extension Replay a log on Petri Net for 

Performance/Conformance Analysis 

Table 2 Prom Plug-ins 

Log Summary 

Log summary is used to inspect the log file and enable user to get an idea of the information in the 

event log. Before applying mining techniques to an event log, user needs to know what kind of 

information it has in the event log. With log summary plug-in, it is possible to answer following 

questions: 

 How many event classes exist in the event log? 

 How often does each event class being executed? 

 What are the most frequently executed activities? 

 How many resources are involved in the business process? 

 What is the workload of each resource?  

Multi-phase Macro Plug-in 

By using Multi-phase Macro Plug-in, user is able to know all execution paths and how the process 

status has been changed in the process model. The difference between Log summary output and 

Multi-phase Macro plug-in output is that log summary only shows a list of activities, so user is lack of 

information about the execution order of each activity. While Multi-phase Macro plug-in also shows 

how each activity has been executed in the business process model. The fitness values between the 

output of Multi-phase Macro plug-in and the event log is always 1, which means that multi-phase 

macro plug-in is able to show exactly what happened in the event log. With Multi-phase Macro 

plug-in, it is possible to answer following questions: 

 What is the order of each activity being executed? 

 How many status changes in the process model? 

 What are the possible execution paths for the process model? 

Alpha algorithm plug-in 

Alpha algorithm is one of earliest developed plug-ins in Prom framework. The output of the plug-in is 

a Petri net generated based on the information from event log. This plug-in is chosen because it is one 



of the most frequently used plug-ins for process mining. And it is used to test if the original CPN 

model can be converted from the event log. Basic alpha algorithm is not able to deal with these 

complicated constructs (non-free choice structures, duplicate tasks and invisible tasks)[15]. Alpha 

algorithm plug-in is not robust to logs that contain noisy data (like real-life logs typically do) [3].  

Genetic miner 

Basically, the genetic miner takes a model and a log, and then generates a number of alternative 

models for the given log. The best of these alternatives models are then taken as new starting points 

for the genetic miner. The genetic miner repeats this until some stop criterium has been reached, 

after which it returns the best model found so far [36]. Genetic algorithm was presented to tackle all 

the complicated constructs with the presence of noisy data. Nevertheless, from a computational time 

point of view, it is expensive to run the genetic algorithm [15]. Because the plug-in needs to run many 

iterations to find the best fitness value and it requires considerable memory for those alternative 

models. With genetic miner plug-in, it is possible to answer following questions: 

 To what degree does the event log comply with process model? /What is the best fitness value 

between the process model and event log? 

 Are the rules in Petri net indeed being obeyed in event log?  

Fuzzy miner 

Real-life processes turn out to be less structured than people tend to believe. Unfortunately, 

traditional process mining approaches have problems dealing with unstructured processes. The 

discovered models are often “spaghetti-like”, showing all details without distinguishing what is 

important and what is not [24]. Fuzzy miner is used when the process model is highly unstructured 

and when there are many activities involved in the process model. Fuzzy miner is very powerful to 

simplify such kind of process model. It uses significance/correlation metrics to simplify the process 

model to a desired level of abstraction. With fuzzy miner plug-in, it is possible to answer following 

question: 

 What is the most frequently executed activity in the business process model? 

 What is the most frequent path in the business process model? 

 Which activities are the most significant activities for the process model? 

 How can the user simplify the unstructured process model? 

Default LTL Checker Plug-in 

The LTL checker plug-in can be used to verify properties of event logs by using a set of pre-defined 

formulae in the plug-in. With default LTL checker plug-in, users are enabled to know if the process 



models have been executed correctly. To give an example, we know that the monitoring 

infrastructure can only be disabled after the MV has been supplied to clients. Thus, we could use the 

default LTL checker plug-in to verify the property: Does the task “AP-End” always happen after the 

task “AP-Start”? The formula “eventually_activity_A_then_B" can be selected to check the property. 

Figure 20 shows the result of Default LTL Checker Plug-in. The coverage 1.0 means that task AP-End 

appears after task AP-Start in every event log. 

 

Figure 20 Result of default LTL checker plug-in 

Conformance Checker Plug-in 

While discovery aims at the automatic extraction of a process model from log data, conformance 

checking is concerned with the comparison of an existing process model and a corresponding log [33]. 

The conformance checker plug-in uses a process model and an event log as input. The output is a 

process model with a fitness value which indicates how much does the event log conform to the 

execution of the process mode. The plug-in Replay a log on Petri Net for Conformance Analysis is used 

to check the fitness value between the event log and the CPN model. In combination with this plug-in, 

the extension type of plug-in Replay a log on Petri Net for Performance/Conformance Analysis is used 

for the timestamp function, since we would like to check the throughput time of each activity and the 

average throughput time of all cases. Therefore, the conformance checker plug-in can be used to 

answer the following questions: 

 Does the event log conform to the process model well? 

 What is the average/maximal/minimal throughput time of each case? 

 What is average/maximal/minimal waiting time of each case? 

  



4. Analyze Process Mining Results 

 

In this Chapter, we will show the result of applying plug-ins to event log and explain how each plug-in 

could be used to improve mass customization capabilities. The mass customization framework (Figure 

5) is used as a guideline of research. The analysis result will contribute to enhance the mass 

customization framework. Table 3 is an extension of Table 2 which shows the analysis of output for 

different plug-ins.   

Plug-in Type Name Analysis Business Implications 

Discovery Log Summary How many times each 

activity has been processed 

(ORP) by a set of customer 

When the ratio is bigger than 0 and less than 

1%,mass customization provider may think to 

disable the activity since it is not used often 

by customers. 

Activity name and event 

type gives an overview of 

business process model 

without looking at model 

itself 

 

Resources occurrences 

ratio is available 

Mass customization should minimize the 

value of resources occurrences ratio for 

monitor client and increase this value for 

monitor infrastructure 

Multi-phase 

Macro plug-in 

To allow the mass 

customization provider to 

see how the status has 

been changed and how the 

process model has been 

executed 

 



Alpha 

algorithm 

plug-in 

  

Genetic miner A high fitness value (f) 

reflects that a correct 

customization pattern has 

been provided for a certain 

group of customers 

If the fitness 0<f< 0.5, mass customization 

provider may consider to change another the 

pattern or redesign the customization pattern 

for the customer group 

Fuzzy miner Shows the frequency of 

each activity from the 

customization process 

model.  

If the frequency of the activity is low, mass 

customization provider may consider to 

remove the activity from the pattern 

The utility ratio and cutoff 

value from Edge filter 

shows the significance of 

each connection 

When mass customization provider sets 

cutoff value to be 0 and utility ratio to be 1, 

the process model is showed with the most 

significant edges. 

Default LTL 

Checker 

Plug-in 

Many LTL formulas that can 

be applied 

“Check until first failure” option might be 

powerful for handling customer complaints 

Conformance Replay a log on 

Petri Net for 

Conformance 

Analysis 

To indicate the fitness value 

between event log and 

process model 

 

Extension Replay a log on 

Petri Net for 

Performance/C

onformance 

Analysis 

To provide the timestamp 

information of the cases  

 Mass customizer could figure out the 

case which has the longest waiting time 

 Figure out the case which takes the 

longest processing time 

Table 3 Plug-in Analysis 

To evaluate the revised business process, an evaluation framework called devil’s quadrangle is used 

[28]. The devil’s quadrangle evaluates redesigned business process in 4 dimensions: time, cost, quality 

and flexibility. It is depicted in Figure 21. Ideally, a redesign of a business process decreases the time 

required to handle an order, it decreases the required cost of executing the business process, it 

improves the quality of the service delivered and it improves the ability of the business process to 

react to variation [28].Each of dimension of devil’s quadrangle can be translated in different ways. For 

example, dimension time can be classified in lead time (the time it takes to handle an entire case) and 

throughput time (the time between the moment a task is completed and the moment the next task is 



completed) [27]. The throughput time of workflow is composed of [27]: 

 Service time: the time for resources spend on handling the case 

 Queue time: the time a case spends in the queue 

 Wait time: delay time of a case 

 Move time: the time it takes to move a case 

 Setup time: the time it takes to setup a task 

We will focus on some common interpretations for each dimension. Dimension time reflects the 

throughput time of the customized process model. Cost dimension deals with the cost of executing 

the customized process model (labor cost, machinery costs and the training costs) and resources cost 

for mass customization provider [27]. Dimension quality relates to the quality of customized process 

model provided by mass customization provider, which is measured by the satisfaction of customers. 

A high satisfaction indicates a high quality of the customized process model. The quality dimension 

includes the following performance measures [27]: 

 Performance: the degree to which a product’s primary operating characteristics meet customer’s 

requirements 

 Conformance: the degree to which a product’s design and operating characteristics meet 

established standards 

 Serviceability: the speed, courtesy, competence and ease of correcting mistakes 

Dimension flexibility is the ability of customized process model to deal with the different customer 

requirements and changes. A set of performance measures has been proposed for flexibility 

dimension. We will focus on the following performance measures [27]: 

 Routing flexibility: the ability to process a case with multiple routes 

 Process modification flexibility: the ability to modify the process 

 

 

 

Figure 21 The devil's quadrangle 



4.1 Discovery 

Log Summary 

Log summary plug-in gives information about how many times each activity has been processed by a 

set of customers. Mass customization provider is able to get overview information of which activities 

are involved in the process of requesting a monitoring value and the occurrences ratio of each activity 

(see in Figure 22). Each event class in Figure 22 is composed of activity name and event type. Taking 

an example of event class “Publish Ad+Start”, “Publish Ad” is activity name which shows in process 

model. “Start” is event type of the activity. With such a combination of activity name and event type, 

mass customization provider gets an overview of each customized process model without looking at 

original process model. 

We call the numbers in Occurrences (absolute) column as Occurences_Absolute (ORA) and 

Occurrences (relative) column as Occurences_Ratio_Process (ORP). Based on Figure 22, we know that 

ORA of each task equals to the ORP of the task divides the sum of ORP of all tasks, i.e., 

ORA=ORP/Sum(ORP). For example, ORA of task AP-Start=100/2240=4.464%. If ORA=1%, it means the 

task only appears 22 times out of 2240 occurrences of all tasks which reflects the activity is rarely 

executed by customers. Therefore, we could say that when 0%<ORA<1% for one of the activities, 

mass customization provider may consider either recommends this set of customer group to use 

other mass customized services (Technically, it means to change to another process model with 

different monitoring pattern) or revise the current pattern of the process model (for instance, delete 

the activity from the pattern or give a low priority to the activity).  

 

Figure 22 Event classes 

With Log summary plug-in, mass customization provider gets an overview of the list of event classes. 

What if mass customization provider wants to know more details about how the process model has 

been executed? Multi-phase Macro Plug-in can be used in combination with log summary plug-in. A 



complete Multi-phase Macro Plug-in screenshot is available in Figure 46. From the graph we can see 

that after transition “Publish Ad Complete” is fired, it is possible to either go to status “Change 

Campaign Start” or status “Campaign Complete”. The output of multi-phase macro plug-in reflects 

exactly what happens in CPN model (Figure 16) in a more syntactic way. The customer requirements 

are always changing, so the process model needs to be upgraded at some point. If mass customization 

provider knows about the process model very well, it would be useful for optimizing and improving 

the pattern of customized process model. For example, if mass customization provider knows that a 

certain execution path of the process model is always frequently used by customers (i.e., the ORP is 

high), then this execution path should be preserved when changing the pattern.  

Except information of activities, mass customization provider is also able to see resources information 

with plug-in log summary. The plug-in lists all originators appeared in process model and the 

occurrences ratio of each originator as shown in Figure 23. The numbers in Occurences (relative) 

column is called as Occurrences_Ratio_Resources (ORR). With this KPI, mass customization provider is 

able to know the workload of each originator. From customer point of view, they may want to have 

the ORR as small as possible which means to minimize the interaction between customer and system. 

Mass customization provider can reallocate the resources and make monitor infrastructure originator 

to execute most of activities. In this way, the resource monitor infrastructure will be fully utilized. And 

the customer satisfaction will be higher since the workflow requires less interaction between user and 

system. While it is also very important not to give too much workload to server, since the maintaining 

of server might be costly. The processing time of customized process model is shorter since most of 

activities are automated. 

 

Figure 23 Resources 

Alpha Algorithm 

Alpha algorithm plug-in generates process model based on the process information recorded in event 

logs. Figure 15 shows that there are tokens in place “P1”, place “Customer requests” and place “Unit”. 

After transition “AP-Start” fires once, transitions “Campaign-Start”, “Supply Request” and “Internal 

trigger” are all enabled. The model might be too complex for Alpha Algorithm to handle. Figure 24 

shows the outcome of alpha algorithm which is an unsound process model (transitions “Supply 

request” and “Supply” are totally independent from other transitions). Therefore, alpha algorithm 

plug-in does not give any value for research.  



 

Figure 24 Alpha Algorithm 

Genetic Miner 

The output of genetic miner is a process model with the best fitness value (see in Figure 25). The 

fitness value of Figure 25 is 0.9825 which means the result of genetic plug-in output can replicate 98% 

of event log. Event log is a collection of customer behaviors. A high fitness value means the 

customized pattern provided by mass customization provider matches with SLAs. When the fitness 

value (f) is low, it represents that the customer behavior does not fit to the mass customization model, 

which also means that mass customization provider does not provide right mass customization model 

to the customer group. When the fitness value is 0.5, it means only 50 percent of customer 

requirements are fulfilled by the process model. Therefore, when the 0 <fitness value (f) <0.5, mass 

customization provider may need to provide a new mass customization model with a different 

pattern to the customer group. Or the current mass customization model needs to be redesigned to 

meet customer requirements. If mass customization provider knows what exactly customer wants, it 

could help him/her to keep old customers and come up with strategies to attract new customers. 

With genetic miner, the quality of mass customization services will be improved since mass 

customization provider knows customer requirements well and provides customers the right 

customized process model. The genetic miner plug-in would bring benefit to mass customization 

provider because the customers are satisfied with the customized process model and the customer 

group expands. Figure 26 shows the comparison of the genetic miner and multi-phase macro plug-in 

evaluation. Genetic miner has a higher machinery cost than multi-phase macro plug-in. It also takes a 

longer time for mass customizer to get the output of the customized process model. From the quality 

point of view, Multi-phase macro plug-in would provide a better performance and conformance 

quality of output, because it always delivers a model which is 100% fit to the event log.  



 

Figure 25 Genetic miner output 
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Figure 26 Evaluation of Plug-ins 

Fuzzy Miner 

In order to provide more options to customers, mass customizer may need to expand the customized 

process model. This may result in a large and unstructured process model with a lot of activities 

involved. In this case, fuzzy miner is a very powerful tool for mass customizer to simplify the 

customized process model. The fuzzy mining approach is configurable and allows for different 

faithfully simplified views of a particular process [24].  

 

Fuzzy miner shows the process model and the frequency of each activity. When the frequency of an 

activity is low, it reflects that this activity is executed very rare by customers. Therefore, if the 

frequency of an activity is low, mass customization provider may consider deleting the activity from 

the mass customization pattern or replace the activity with another more significant and meaningful 

activity. To cancel some redundant activities or disable insignificant connections, the processing time 

is reduced because there are fewer activities involved in the customized process model; the quality of 

customized process model is higher because there are less unnecessary activities involved. The 

flexibility of mass customization pattern might be lower because there are fewer options for 

customers to choose. The cost results in decreasing because some infrequent used activities or 

connections are deleted which saves the resources for mass customizer. After deleting unnecessary 

activities, mass customization provider need to firstly make sure the model will be still sound after the 

connection has been removed. Figure 27 represents the evaluation of genetic miner and fuzzy miner. 



Fuzzy miner may have a lower machinery cost than genetic miner. The lead time of the workflow is 

decreased because fuzzy miner enables mass customizer to simplify the process model. It takes less 

time to execute the workflow because there are fewer activities involved. The routing flexibility is 

lower with fuzzy miner since some insignificant edges are removed. Genetic miner with a high fitness 

value can have a better quality of customized process model than fuzzy miner. 

Cost

Quality

Time

Flexibililty

Fuzzy Miner

Genetic Miner

 

Figure 27 Evaluations of Plug-ins 

  



Node Filter 

The node filter decides how many event classes will be showed in the output of fuzzy miner. By 

adjusting the significance cutoff value in node filter, mass customizer can decide to only include those 

significant event classes. The lower the significance cutoff value, the more event classes are showed 

in the output of fuzzy miner. Figure 29 shows a fuzzy miner output with the highest significance cutoff 

value 1. As we can see, only the most significant event classes are preserved, the rest of event classes 

are clustered in one event class. Figure 28 displayed a fuzzy miner output with the lowest significance 

cutoff value 0.3.Figure 28 results in a much more detailed and complex graph than Figure 29.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 29 High significance cutoff 

 

 

Figure 28 Low significance cutoff 

 



Edge Filter 

Cutoff ratio configures the amount of edges which will be reserved. The higher the cutoff, the more 

edges will be included in the graph. Utility ratio refers to the significance of the edge. When the utility 

ratio is high, it means only the most significant edges will be preserved. By setting cutoff and utility 

ratio to be 1, the graph shows a very detailed graph as on the left side (see in Figure 31). When the 

cutoff value is reduced to be 0 and utility ratio is 1, a less detailed graph is showed since only most 

significant edges are preserved (see in Figure 30). With fuzzy miner plug-in, mass customization 

provider could easily know the significance of the connection between two activities. If a certain 

connection is not so important and rarely used by customers, mass customization provider may think 

to delete the connection. For instance, when the cutoff is 1, we see there is connection from activity 

“BPE Acquisition Request” to activity “Publish-Ad End” with a low frequency number. In this case, we 

suggest mass customization provider to disable activities “Publish-Ad End” when activity “BPE 

Acquisition Request” is enabled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30 Low utility ratio Fuzzy miner 

 

 

Figure 31 High utility ratio Fuzzy miner 

 



Default LTL Checker plug-in 

If mass customization does not want to look at the whole flow of process model but only want to 

check the execution of few specific activities. LTL checker default might be a good option to get a 

quick result. He/She can use the pre-defined LTL formula to check which case has been correctly 

executed and which ones are not. There are many LTL formulas that mass customization provider can 

use. For examples: 

 Always_when_A_then_eventually_B, this formula checks if the activity A is always executed 

after activity B. The result shows which log file has satisfied the rule and which one does not.  

 Activity_A_is_done_by_person_P_and _Q,this formula checks if the activity A is done by person 

P and Q (Person P and Q can be the same originator’s name). It would help mass customization 

provider to know that if the activity has been executed by the right originator.  

 Eventually_activity_A_next_B, this formula checks if the activity A happens right after activity B.  

 Checking options include: check all, check until first failure, check until first success. 

 

It may happen that customer complains about the process execution, mass customization provider 

can use one of the LTL formulas and use the “check until first failure” to check the reason for 

customer. For instance, customer complains that he/she cannot execute activity B after activity A, 

mass customization provider can use LTL formula “eventually_activity_A_next_B” to check how many 

cases satisfied the rule (activity B is executed right after activity A), in which case the rule is not 

satisfied, does this case happen quite often etc. If mass customization provider sees that many 

customers want to execute the process B after process A, then he/she may needs to refer this 

customer group to use another pattern or redesign the current process model. Overall, LTL checker 

default might be powerful for handling customer complaints 

  



4.2 Conformance and Extension  

For the conformance checker plug-in, an event log and a process model needs to be used as input. 

The event log is generated from the simulation of CPN model. The process model is a PNML file 

created in Yasper 2.0. Petri Net Modeling Language (PNML) is an XML-based format whose aim is to 

facilitate the interchange of Petri net definitions between different tools or applications [37]. Yasper 

is a modeling tool used to create PNML format model. We reproduced the pull persist read CPN 

model (Figure 15) in Yasper in order to be used as input of conformance checker plug-in in Prom6.  

Replay a log on Petri Net for Conformance Analysis plug-in is firstly used to see how compliant are the 

event log with the CPN model. When the fitness value is high, it means that the real customer 

behavior conforms to the customized process model, which also means that the customized process 

model fits to the customers’ requirements well. When the fitness value is lower than 0.5, it reflects 

that the customized process model does not fit to the customer requirements well since customers 

are trying to find other options to execute the process model. In this case we would give the same 

suggestion as we mentioned before: mass customizer could suggest the customers to use another 

customized process model or the current process model needs to be redesigned if it does not fit to 

most of customers’ need.  

Replay a log on Petri Net for Performance/Conformance Analysis plug-in is used to get the timestamp 

information of cases. Mass customization provider is able to know the average/maximal/minimal 

throughput time for all cases. In Figure 32 we can see the information of global statistics for all cases; 

mass customizer sees the average/maximal/minimal throughput time for all cases. It takes average 

13.30 minutes to run the customized process model.  

 

Figure 32 Global statistics 

Mass customizer could also choose to see the throughput time and waiting time of each case. To 

compare the waiting time among cases, mass customizer is able to find out which case stays longest 

time in the queue. To compare the throughput time among cases, mass customizer knows which 

activity is the main bottleneck while processing. Mass customizer can also compare the global time 

with the time of each element, for instance, to compare the average global throughput time with the 



average throughput time of each element; mass customization provider knows which activity takes 

processing time above average processing time.  

With such time stamp information, mass customizer can optimize the performance of the customized 

business process. For example, if mass customizer knows that the task “BPE Acquisition Request” 

takes the longest processing time, he/she may need to optimize the performance of the task to 

reduce the throughput time of task “BPE Acquisition Request”. If the total processing time of the 

process model is shorter, the cost of processing the process model would also go down. The customer 

satisfaction will be higher since the performance quality of the process model is better. 

  



4.3 Workflow evolution 

When the analysis of plug-in suggests the mass customization provider to change the workflow for 

customers or redesign the current process model. It is often difficult to change the workflow without 

influencing the current customers. Some customers may be used to the old workflow solution and 

they are not willing to change. If the change of workflow is not handled in a proper way, mass 

customizer may have a risk to lose the customers due to the fact that the process model is not stable. 

This part will address what kind of action needs to be taken for customers when the workflow process 

needs to be changed. 

If mass customization provider decides to recommend the set of customers to use another pattern of 

customized services, this might be the most safe and easiest way to change the workflow for 

customers. Since mass customizer does not need to invest to develop a new process model. However, 

he/she needs to make sure that the proper pattern has been recommended to the customers. And 

customers should always have possibility to change back to the old process model if they are not 

satisfied with the recommended workflow solution.  

If mass customization provider decides to redesign the current process model, he/she needs to think 

how to handle the running instances. According to the paper [11], there are few actions can be taken 

when workflow schema has been changed: 

1. Abort: The old workflow process will be aborted. Customers need to start to use the new 

workflow schema. Mass customization provider may have risk to lose customers who were 

satisfied with the old pattern of process model. Therefore, mass customization provider 

needs to make sure that new process model is well designed. The process model covers 

requirements for customers who were satisfied and unsatisfied. Most importantly, mass 

customizer needs to have a good communication with customer and fully understand their 

needs. 

2. Flush: All existing customers are allowed to terminate the current pattern; no new 

workflow schema will be started in the meantime. The process model with new pattern will 

be only started when all customers have terminated the old pattern. With this policy, no 

work is lost, but the solution could be unsatisfactory since letting existing cases finish 

according to the old schema could be inconvenient or impossible [11]. Mass customization 

provider is able to keep old customers with this policy, while it might be difficult to attract 

new customers. Since if the new customers want to use the mass customization process 

model, they need to wait until all the old customers finished with executing the process 

model.  

3. Progressive: Different decisions are taken for different customer groups based on the case 

state or the execution history. There are several choices in progressive policy:  

 Concurrent to completion: Customers who are using current mass customization 

pattern proceed with the current pattern, while new customers can start with the new 

customization pattern without waiting for the old customers to finish. 

 Migration to final workflow: Customers who are currently using the old mass 



customization pattern are migrated to the new pattern. 

 Migration to ad-hoc workflow: Customers are migrated to use new, hybrid and 

temporary mass customization pattern; these customers will be migrated to the new 

pattern after sometime. 

 Abort: The customers who are using the old mass customization pattern are aborted. 

Either to recommend the customer group to use another mass customization pattern or to apply 

abort and flush policies to handle the workflow changes, the customer group is always considered as 

a whole, i.e., one customer group only has one solution. Figure 33 shows that all customers from 

customer group A are either merged with customer group B or the whole group of customers are 

aborted/flushed.  

Customer group A

Customer group B

Recommend new pattern

Abort

Flush

 

Figure 33 Workflow change as a whole group 

While the progressive policy segments the customer group into small groups. Mass customizer applies 

different solutions for each small group of customers (see in Figure 34). This way of handling the 

workflow change requires mass customizer to spend more efforts to analyze the customer 

requirements in order to find a best solution for each customer. However this policy minimizes the 

risk of losing customers. 

 

 

Figure 34 Progressive policy [11] 

  



5. Conclusion & Future Work 

 

In this paper, we claimed that process mining techniques could be used in the process mass 

customization scenario. We used a case study to clarify how process mining could be used to help 

mass customizer to improve the mass customized workflow solutions. Process mining techniques 

require less time and cost to improve processes compared to existing process analysis techniques. 

Moreover they are more accurate taking advantages of the process logs which are provided by 

information systems, instead of humans, for analysis purposes. A mass customization framework has 

been used as the guideline of research. Specifically, in this project we focus on the analysis of 

discovery and conformance checking techniques. We analyzed how process mining helps mass 

customizer in four perspectives of the devil’s quadrangle: time, quality, cost and flexibility. As a result 

of the research, Table 4 shows the extension of mass customization framework which combines the 

framework with devil’s quadrangle.  

 

The usage of Log summary plug-in with Multi-phase Macro plug-in could help mass customizer to 

check if the event log conforms to the customized process model. The list of event class in log 

summary gives an overview of which tasks are involved in the customized process model .The output 

diagram of Multi-phase Macro plug-in shows the mass customizer how these task were actually 

executed by customers. Thus mass customizer could compare the output of Multi-phase Macro 

plug-in with CPN model to verify if the event log conforms to the business process model and to check 

if the customized process model has been correctly executed by customers. These two plug-ins could 

help to improve the quality of customized process model. Genetic miner generates a process model 

with best fitness value. The fitness value reflects how well does the event log conform to the original 

process model. Therefore, genetic miner is a very good process mining technique for improving 

solution space development capability. And also to check if the provided solutions are correctly used 

by customers. Fuzzy miner is useful to simplify the process model which helps mass customizer to 

generate a more robust workflow solution. The processing time will be reduced and the quality of 



process model will be improved since there are less redundant activities in the customized process 

model. Mass customizer could use default LTL checker plug-in to handle customer complaints. The 

quality of services will be improved by solving the complaints. Thus the cost for mass customizer will 

be lower since customer satisfaction is high. The idea of conformance checker plug-in is to check if the 

event log conforms to the process model well. Mass customizer can understand if the mass 

customized process model has been correctly used by replaying the log with conformance checker 

plug-in. Therefore, conformance checker plug-in supports the two mass customization capabilities 

well: Solution space development & robust process design.  

Regarding to the future work, a case study focused on monitor infrastructure has been discussed to 

explain the application of process mining to mass customization scenario. A case study focused on 

two other monitor infrastructure components: business process engine and monitor client can be also 

made in order to understand how process mining can be used to mass customization scenario from 

different perspectives. Secondly, more plug-ins from Prom can be applied to do process mining. For 

example, social miner can be used to analyze the behavior of resources. Thirdly, the event log which 

was used for process mining is a cleaned log without any noise data. However, an event log which fits 

to the reality usually contains with noise data. Therefore, a more meaningful service log file can be 

obtained and applied to different process mining techniques for the future work.  

As a conclusion, we argue that process mining can have a huge impact on the capability of a provider 

to support mass customization for its customers. In this thesis, we analyzed how different process 

mining plug-ins could be used by mass customizer and illustrated the impact of using the process 

mining techniques with devil’s quadrangle.  

 



 

  The Devil’s Quadrangle 

Process Mining Technique Mass Customization Capabilities Time Cost Flexibility Quality 

Discovery Log Summary -Solution space development 

-Robust process design 

+   ++ 

Multi-phase Macro Plug-in 

Alpha algorithm plug-in  / / / / 

Genetic miner -Solution space development 

-Robust process design 

   + 

Fuzzy miner Robust process design + +  + 

Default LTL Checker Plug-in Solution space development  +  + 

Conformance 

& Extension 

Replay a log on Petri Net for 

Conformance Analysis & Replay 

a log on Petri Net for 

Performance/Conformance 

Analysis 

-Solution space development 

-Robust process design 

++ +  ++ 

Table 4 Extension of Mass Customization Framewor
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Appendix  

Pull Pattern models 

 

Figure 35 Pull Persist Consume model 

 

Figure 36 Pull Rewrite Read model 

 



 

Figure 37 Pull rewrite consume model 

Push pattern models 

 

Figure 38 Push persist read model 

 



 

Figure 39 Push persist consume model 

 

Figure 40 Push rewrite read model 

 



 

Figure 41 Push rewrite consume model 

Mixed pattern model 

 

Figure 42 Mixed persist read model 

 



 

Figure 43 Mixed persist consume model 



 

Figure 44 Mixed rewrite read model

 

Figure 45 Mixed rewrite consume model 



 

Figure 46 Multi-Phase Marco Plug-in 
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