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Abstract 

Information systems support and control workflow processes and records the execution 

history of events in an event log. Event logs are used for discovering, analyzing and 

improving processes. If events remain unrecorded in an event log, then it would be 

impossible to discover and understand the process completely.  

In this thesis, augmenting workflow processes with unrecorded activities is studied. This is 

an approach to add unrecorded activities into the workflow process by gathering qualitative 

and quantitative data about unrecorded activities from process stakeholders. In doing so, a 

technique is developed to identify and position unrecorded activities in such a way that 

essential properties of the process are preserved. 

In this report, the focus is on 1) performing gap analysis on the event log based on time and 

resource perspectives to be able to detect spots for unrecorded activities and 2) augmenting 

the event log with unrecorded activities in such a way that the right places of the event log is 

updated with the right information. A prototype has been implemented to demonstrate the 

work. 

Augmenting workflow processes with unrecorded activities is a not a well-studied area in 

the field of business process management and improvement. The business value of 

augmenting workflow processes with unrecorded activities is shared and several ideas and 

directions for future work have been addressed. This work can be continued by academia by 

referring to the issues that are addressed as future work.  

Keywords: augmenting workflow processes, unrecorded activities, gap analysis 
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Chapter 1 

Introduction 

1.1 Problem definition 

Business Process Management (BPM) has become a widespread solution within 

organizations for handling business processes. BPM deals with ‘supporting business 

processes using methods, techniques, and software to design, enact, control, and analyze 

operational processes involving humans, organizations, applications, documents and other 

sources of information’ *NRA06].    

BPM systems, which are seen as successors of Workflow Management (WFM) systems, 

analyze workflow processes by extracting knowledge from an event log that contains the 

execution history of all activities of the workflow process. However, events can be missing 

in the event log if some of the activities are manually executed or handled by another system 

or organizational unit. When some of the activities executed by the workflow process are 

happened to be unrecorded in the event log it is not possible for any BPM systems to 

discover or analyze the complete process using the event log.  

This project tackles with the problem of unrecorded activities in the event log. To be able to 

discover and visualize the complete process, the process is augmented with activities that 

have not been recorded in the event log. The idea behind augmenting processes is to gather 

qualitative and quantitative data from process stakeholders about missing activities and 

augment the process with the data collected in such a way that the resulting process is 

sound.  

1.2 Goals of the project 

The goal of this master project is to develop and evaluate an approach to augment workflow 

processes with unrecorded activities. The goal is formulated into the following main 

research question. 

How can the business value of a workflow process be increased by visualizing an 

enriched process in the sense that it is augmented with activities that have not been 

recorded in the event log? 

By collecting qualitative and quantitative information about unrecorded activities, 

developing a technique for augmenting processes with unrecorded activities and evaluating 
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this technique will realize the answer of the research question. In order to do so, the 

following sub-research goals are defined. 

 Describe a way to identify spots for unrecorded activities 

 Describe how to collect information about unrecorded activities 

 Describe how to augment the process with unrecorded activities 

 Describe the methodology to generate a complete visualization of the augmented 

process 

 Perform a case study to evaluate the developed technique for augmenting workflow 

processes with unrecorded activities.  

1.3 Background Information 

This thesis is a result of the research carried out at Pallas Athena in Apeldoorn, as the 

industrial partner in this project. Pallas Athena develops and implements software for 

business process modeling, workflow management and case handling. In addition to the 

software solutions, it provides training and consultancy. The main product of Pallas Athena 

is BPM|one, a complete suit for business process modeling, workflow management and case 

handling.   

Pallas Athena is a medium sized company and has about 150 employees. It has more than 

1700 customers and over 1 million users. The BPM solutions provided by Pallas Athena are 

sold in more than 30 countries around the world.  

1.4 Approach 

Figure 1.1 depicts the approach that is used in this project. The approach has two sources of 

information to start with. One is the event log of the process and the other one is the 

gathered information about unrecorded activities. The information collected about 

unrecorded activities is cross checked with the analysis of the available gaps in the event log. 

If it is not feasible to augment the process with the information collected about unrecorded 

activities, then the information should be reconsidered by the process stakeholders. Next, 

unrecorded activities are inserted into the mined process model and the event log. The 

reason for updating the event log and the process model separately will become clear in the 

coming chapters. The updated event log is linked to the updated process model and replay 

analysis of the event log is performed on the process model. Finally process animation of the 

enriched process is generated to visualize the complete process.  
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Figure 1.1: The approach of the project 

 

1.5 Outline 

The remainder of this report is structured as follows. In chapter 2, the added value of 

augmenting workflow process with unrecorded activities is discussed. It is followed by a 

chapter addressing the analysis of gaps in the event log to identify spots for unrecorded 

activities and data collection about unrecorded activities. The design, implementation and 

evaluation of the developed technique are discussed in chapter 4, 5, 6 respectively. The 

report is concluded in chapter 7 and possible directions for future work are discussed in 

chapter 8.  
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Chapter 2 

Added value of the approach 

In this chapter, related work about the research is presented in section 2.1. This is followed 

by a discussion of the benefits of augmenting business processes in section 2.2.  

2.1 Related work 

There is very limited research that has been done in the field of business process 

management and process mining about augmenting workflow processes with unrecorded 

activities. For this reason, the scope of the discussion about the related work on process 

enrichment with unrecorded activities will be to a certain extent. But before addressing the 

related work in this area of research, it would be relevant to briefly discuss the process 

mining spectrum and where in this spectrum augmenting workflow processes with 

unrecorded activities lie.  

The goal of process mining is to extract information about processes from event logs [SA97]. 

Figure 2.1 shows that business processes are supported and/or controlled by some 

information system such as BPM systems. This is achieved by exchanging information 

between the business processes and information system. The execution history of the events 

belonging to the business processes are recorded in an event log. These event logs are used 

to discover, monitor and improve real processes in the context of process mining. Both the 

event logs and process models represent an abstraction from business processes [Aal07]. 

Process models derived from event logs capture the aggregated behavior of business 

processes.  

 
Figure 2.1: Process mining spectrum 
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As shown in figure 2.1, the process mining spectrum specifies three types of process mining: 

(1) discovery, (2) conformance, and (3) extension. Discovery is about constructing a process 

model based on the information available in the event log. There is no a-priori model at 

hand before discovery. Conformance checking compares the observed behavior of the event 

log with an a-priori model in order to detect deviations. The last type of process mining is 

concerned with extension. There is an a-priori model and this model is extended with a new 

aspect or perspective. The aim is to enrich the process model with additional information 

extracted from the event log [SA97]. 

The research on augmenting workflow processes with unrecorded activities fits into the 

context of extension. As described for this type, the goal in this research is also to enrich the 

workflow processes by augmenting it with unrecorded activities. A new perspective is 

introduced into the process with the inclusion of unrecorded activities. But in the context of 

extension, the additional information that is used to enrich the model is derived from the 

original event log. In this research, the additional information is added into the event log and 

process model externally but still the goal is to enrich the process and hence can be 

considered as an extension. 

If one recalls, process mining aims at discovering processes by mining event logs. 

Researchers in the field of process mining have worked on finding ways to measure the 

alignment between the real behavior of a business process and the intended behavior. An 

example is [Aal04] where the author proposes to use delta analysis and conformance 

checking to measure discrepancies between intended and the real behavior of a business 

process. A similar research is provided in [ADH+03] where the authors proposes to perform 

‚workflow mining‛ to eliminate the inconsistencies between the actual workflow processes 

and the intended process. However both research projects assume that event logs which 

contain the real behavior of processes do not have missing activities. They acknowledge that 

the presence of unrecorded activities is a clear limitation for their approach. It is stated in 

[ADH+03] that events can be missing in the event log if some of the activities are manually 

executed or handled by another system. Moreover, [Aal04] indicates that if some of the 

activities are missing in the event log, this may hide the misalignment between the actual 

and the intend behavior of the process. [Aal04] concludes his research by proposing an 

approach to combine the quantitative event log data with qualitative data obtained from 

other sources such as interviews or questionnaires. The research project at hand originates 

from the limitations described in [Aal04] and [ADH+03] and describes a technique to 

augment workflow processes with unrecorded activities.  
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2.2 The benefits of augmenting workflow processes 

The benefits of detecting gaps for unrecorded activities and augmenting workflow processes 

with unrecorded activities can be discussed both from a process and process stakeholder’s 

perspective. Augmenting workflow processes with unrecorded activities increases 

confidence in correctness and completeness of process analysis of stakeholders. When 

stakeholders are confronted with a process model of one of their workflow processes that 

does not contain all activities that it should have, they begin to question themselves on so 

many levels. They question themselves on the completeness of the process model because 

they know that some of the activities that should have been in the process model are not 

there. They also question themselves on the correctness of process analysis and try to figure 

out the reason for the discrepancy between the process model and the workflow process that 

they thought they had. If workflow processes are augmented with unrecorded activities 

with the knowledge of the process stakeholders about unrecorded activities, then the 

process stakeholders have a higher confidence in the correctness and completeness of the 

resulting process analysis. 

From a process perspective, augmenting workflow processes with unrecorded activities 

enables to better support process improvements by providing a complete understanding of 

the process. The detection and insertion of unrecorded activities into workflow processes is 

crucial to process improvement projects. If essential activities of a workflow process are 

missing then improvement efforts are based on an incomplete understanding of the reality 

which is not desired. Moreover, it is possible to perform simulation studies and performance 

analysis on the complete process. When carrying out further analysis on the augmented 

process such as simulation studies or performance analysis one has to note that the 

execution durations of the unrecorded activities are computed based on the estimates of the 

process stakeholders and waiting times are assigned equally before and after the execution 

of the unrecorded activity.  

In a nutshell, the added values for augmenting workflow processes with unrecorded 

activities are: 

 To increase confidence in correctness and completeness of process analysis of 

stakeholders 

 To better support process improvements by providing a complete understanding of 

the process 
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Chapter 3 

Analysis and data collection 

In this chapter, first, gap detection and analysis techniques based on the original event log 

are discussed in section 3.1. The purpose of gap analysis is to detect available gaps in the 

event log in order to assist the process stakeholders by predicting spots for potentially 

unrecorded activities and their durations. Next, in section 3.2 actual data collection about 

unrecorded activities from the process stakeholders is presented.  

3.1 Gap analysis 

Gap analysis is an investigation technique performed on the event log to find out gaps. To 

carry out this analysis, the event log must contain start, and complete event types, timestamps 

and originators besides case identifications and activity names. Figure 3.1 depicts a part of 

an event log in MXML1 format. One can observe from figure 3.1 that for each of the audit 

trail entries, the event type (a) and the timestamp (b) are recorded; and the involved 

resource is registered in the originator (c) field.  

 
Figure 3.1: Log fragment in MXML format 

It is required for the event log to contain start and complete event types, corresponding 

timestamps and originator information because gap analysis is performed in two 

perspectives, namely time and resource.  Gaps are first detected based on time intervals and 

                                                           
1
 The corresponding schema definition can be downloaded from www.processmining.org. 
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then they are further evaluated based on the resource utilization levels. Another 

requirement is to maintain a complete conformance between the event log and the process 

model. A complete conformance means that the behavior observed in the event log complies 

with the control flow specified by the process model (‚fitness‛) and the model describes the 

observed behavior in a suitable way (‚appropriateness‛) *RA08]. If this is not the case, gap 

analysis on the event log might yield wrong predictions which would not be applicable on 

the process model. However, if an event log and the process model do not have a complete 

conformance, the event log can be pre-processed to remove the traces that are causing the 

conformance problem. Overall, the goal of gap analysis is to be able to detect and analyze 

gaps in the event log in order to better spot positions for potentially missing activities and 

assist stakeholders in making better estimations.  

In section 3.1.1 formal definitions regarding the notion of gap analysis are explained. Next, 

in section 3.1.2 the phases of this investigation technique and the underlying perspectives 

are discussed. Finally, in section 3.1.3 the algorithms for realizing gap analysis are 

addressed.  

3.1.1 Towards gap analysis formulation 

In this work, time and resource are the two main gap detection perspectives used. It is 

important to formally define what a gap is in these to perspectives with the following 

context. Consider a process that contains tasks A and B. The execution of tasks A and B for 

process instance i will be referred as Ai and Bi respectively. Furthermore, assume that the 

execution of tasks A and B are logged in an event log EL. An event log is a set of traces 

which consists of events. The time interval between events in the event log EL is used to 

compute time gaps which are defined next.  

Definition 1 Time gap(EL, Ai, Bi) is a time interval between the completion time of activity 

Ai and the start time of activity Bi where Bi follows Ai in event log EL, i.e. the completion 

time of Ai ≤ start time of Bi. 

Time gaps are not the only types of gaps in an event log. There might as well be gaps in an 

event log that are not bounded by the start and completion times of events. They occur over 

a same period of time repeatedly. These types of gaps are named process level offline time gaps 

and are defined as follows: 

Definition 2 Process level offline time gap(EL, H) is a time interval longer than a user-

defined minimum number of hours H with no execution of any type of event that occurs 

periodically across all process instances in event log EL.  

The reason for having a user defined minimum number of hours is to limit the resulting set 

of process level offline time gaps with a lower bound. Process level offline time gaps 

represents time intervals on process level where no execution of any type of event takes 
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place. Short waiting times in between events in the event log may aggregate into a process 

level offline time gap. The user defined minimum number of hours H is used to avoid 

displaying the process level offline gaps which are shorter in duration than H.  

The gap is named as process level offline time gap because these types of gaps occur mostly due 

to planned system shut down or out of office periods where no activity is performed. 

Process level offline time gaps are detected based on event logs that represent the execution 

of events in reality. If, for instance, only a single activity is performed overtime or simply in 

a regular out of office period, even though this particular period is a process level offline gap 

it cannot be detected as such. Therefore, relying solely on event logs in detecting process 

level offline gaps may not be adequate. Consulting the process owner/stakeholders about 

objective information regarding the process is useful. For instance, asking about the typical 

working hours is an easy question for process owner/stakeholders to answer in an objective 

manner. Thus, the power is in the combination of the data in the event log and objective 

information obtained from the process stakeholders.   

Gap analysis tries to spot gaps that are suitable for placing missing activities and process 

level offline time gaps are clearly not suitable. However time gaps may be coinciding with 

process level offline gaps. Assume that the all the process level offline gaps of the process 

containing tasks A and B are stored in set SO. Missing activities should not be added during 

the duration of any process level offline time gaps in SO. Therefore, online time gaps are 

candidate spots for missing activities and they are defined next. 

Definition 3 Online time gap(EL, SO, Ai, Bi) is a time gap between activity Ai and Bi in event 

log EL where the duration of any overlapping process level offline time gap in SO is 

subtracted.   

Figure 3.2 visually depicts the relation between time gaps and online time gaps. The process 

instance j has a time gap between events Bj and Dj marked by the arrow. It is seen that the 

time gap is partially overlapping the with the process level offline time gap marked with the 

vertical dashed lines. As a result, the online time gap between events Bj and Dj is the 

remaining time gap when the duration of the process level offline time gap is subtracted. 

The aim of gap analysis is not to detect arbitrary online time gaps but to detect online time 

gaps that occur throughout the whole process between the same pair of activities. Missing 

activities cannot be added based on online time gaps in instance level but on process level. 

Hence the definition of a process level online time gap is as follows:  

Definition 4 Process level online time gap(EL, A, B) is the minimum online time gap 

between activity A and B of all process instances in event log EL in which A and B appear 

and for at least one of those process instances A is directly followed by B.   
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Process level online time gaps can take on negative values as the minimum of time gaps 

between two parallel activities are computed. For process level online time gaps to take on 

negative values is an intentional choice because that is how the existence of parallel activities 

are detected and thus the corresponding time gaps are removed from the set of process level 

online time gaps. A detailed discussion regarding the definition of process level online time 

gaps is presented in section 3.1.2.1. This concludes the definitions about time perspective. 

Besides time perspective, gap analysis examines gaps from a resource standpoint. Resource 

utilization levels are used as a measure to calculate resource gaps. In order to do so, it is 

assumed that all possible resources of the process are logged in the event log. In other 

words, the resources that have executed the unrecorded activities are present in the event 

log by having performed some other activities. The definition of a resource gap is presented 

next. 

Definition 5 Resource gap(EL, Ai, Bi) is the average resource utilization level during an 

online time gap between activities Ai and Bi in event log EL.  

With the same line of thinking as in time gaps, the added value of computing resource gaps 

between activities on instance level is not high. What is more valuable is to compute an 

aggregated resource utilization level of all resource gaps between the same pair of activities 

across all process instances. By doing so, an indication on the resource utilization level 

between a selected pair of activities on process level can be computed and can be used to 

evaluate the resulting utilization level, for instance, with the average resource utilization 

level of the whole process. The aggregated resource utilization level of resource gaps are 

named process level resource gaps and are defined next.  

Definition 6 Process level resource gap(EL, A, B) is the arithmetic mean of all resource gaps 

between activity A and B of all process instances in event log EL in which A and B appear 

and for at least one of those process instances A is directly followed by B.   

The focus of gap analysis is on process level online time gaps because missing activities can 

only be placed into a process model in between activities. The role of process level offline 

time gaps is to make sure that no activity is placed into any of the process level offline gaps. 

The information discovered by process level online time gaps are supported by the data 

obtained from process level resource gaps. The combination of the information acquired 

from both process level online time gaps and process level resource gaps is explained in the 

following section. 

A sample visual layout of events based on their execution times for four process instances is 

depicted in figure 3.2. The different types of time gaps are shown on the example. Only 

process level online time gap is not demonstrated in figure 3.2 because it is derived by 

computing the minimum online time gap between two activities.  
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3.1.2 Phases of gap analysis 

Gap analysis consists of three phases. The first phase is the detection phase. In this phase the 

event log is analyzed to be able to detect process level online time gaps, process level offline 

time gaps and process level resource gaps. The next phase is the analysis phase in which the 

detected gaps are examined to see if they are revealing complementary information. Last but 

not least, in the conclusion phase the gaps that might indicate spots for missing activities are 

presented to the client for consultation.  

3.1.2.1 Phase 1: Detection 

The event log is examined based on time perspective to detect process level offline time gaps 

and process level online time gaps; and based on resource perspective to detect process level 

resource gaps.  

The detection of process level offline gaps can be realized by visualizing the layout of events 

of all process instances over time. Since process level offline time gaps occur based on 

predetermined time intervals where there are no activities being executed, they should be 

detected by observing the existence of vertical gaps across all process instances as in figure 

3.2. Process level offline gaps can be detected in the context of ProM framework2, which 

offers a wide range of tools for process mining and process analysis. One such tool is the 

                                                           
2
  Both documentation and software (including the source code) of ProM [DMV05] can be 

downloaded from processmining.org.  
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Dotted Chart Analysis [SA97] which plots the layout of events belonging to all process 

instances by time. This tool, for instance, can be utilized to detect process level offline gaps.  

The idea in detecting process level online time gaps is to iterate over the event log to spot 

online time gaps in between each and every two consecutive activities for the same process 

instance. When the same activities are spotted while iterating over the event log, the 

recorded gap is updated with the minimum of the two gaps. Therefore, at the end of the 

iteration, all possible process level online time gaps are detected including the ones that 

have negative values.  

A challenge in detecting process level online time gaps is the existence of concurrent events 

of process instances. For example, after the execution of an AND-Split the activities on the 

outgoing branches may get executed concurrently. The order in which they are logged in the 

event log is based on their start times. Therefore, when two events are logged in a 

consecutive manner in an event log, it does not necessarily mean that they are executed one 

after the other. When detecting process level online time gaps, one has to make sure that the 

selected pair of activities does not bear parallel behavior. This is achieved by iteratively 

taking the minimum of the two online time gaps. If two activities A and B are in parallel, 

then there are traces of ABs and BAs in the event log. When computing the process level 

online time gap between activities A and B and a trace of BA is found, one still needs to 

compute the time interval between the completion time of activity A and the start time of 

activity B. In this case, the trace of BA yields a negative value. The minimum of the two gaps 

would again yield the negative value. As a result, when the iteration is over for detecting 

process level online time gaps, the gaps with negative values represent parallel activities and 

are not taken into consideration.  

Another challenge is not to detect gaps between two activities that are not following one 

after the other directly as process level online time gap. The idea of gap analysis is to detect 

gaps in between activities that are directly following each other. But according to definition 

1, a time gap can be any gap between two activities that follows each other. Therefore, to 

exclude those events that are not following each other directly, definition 4 includes the 

following phrase: “…of all process instances in which A and B appear and for at least one of those 

process instances A is directly followed by B”. The definition of process level online time gap 

makes sure that in at least one process instance activities A and B are following each other 

directly, i.e. there is no recorded activity C between activities A and B.  

In resource perspective, the utilization levels of the resources are examined and this leads to 

the identification of process level resource gaps. Resource utilization is a time-dependent 

statistic. At any given time a single resource can be either idle or busy. The idle state 

corresponds to a resource utilization level of 0. Naturally, the busy state corresponds to a 

resource utilization level of 1. The duration that the resource is either at a 0 or a 1 level is 
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depends on the arrival rate of cases into the system. The formula for average resource 

utilization is:  

 

  Average Resource Utilization3  =        

where 

 t1,…tj are intervals within T when resource is busy 

 T = the total time span of the event log  

For each process level online time gap, a corresponding process level resource gap is 

computed. In order to compute this process level resource gap, one has to calculate the 

average resource utilization during all online time gaps that constitute the process level 

online time gap. It is important to note that the average resource utilization during an online 

time gap indicates the average resource utilization level during that online time gap across 

all process instances. The arithmetic mean of the average resource utilization during the 

online time gaps is the equivalent of a process level resource gap. 

3.1.2.2 Phase 2: Analysis 

The analysis phase is about consolidating and analyzing the information obtained in the first 

phase. It is expected at the analysis phase that there is concrete information on process level 

online time gaps, process level resource gaps and process level offline gaps. In the 

remainder of this section general guidelines are presented on how to analyze and combine 

the available information. 

Process level online time gaps have a wide range of gap durations ranging from very small 

gaps to considerably large gaps. The relatively small gaps most likely represents waiting 

times in between activities. The gaps that stand out due to their long durations are candidate 

spots for potentially missing activities. Therefore, it is wise to consider all process level 

online time gaps as a distribution and box-plot the data to detect the outliers.  

A box plot is a useful graphical display for describing the behavior of the data. Five-number 

summary is another name for the visual representation of the box plot [Ben88]. These five 

numbers are the median, the quartiles, and the smallest and greatest values in the 

distribution. A sample labeled box plot is depicted in figure 3.3. 

The box itself contains the middle 50% of the data. The upper edge of the box designates the 

75th percentile of the data set, and the lower edge designates the 25th percentile. The range of 

the middle two quartiles is the inter-quartile range (IQR). The line in the box indicates the 
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median value of the data. The ends of the vertical lines indicate the minimum and maximum 

data values unless outliers are present. The points outside the ends of the vertical lines are 

outliers [Ben88]. 

 
Figure 3.3: A sample box plot without outliers 

There are other methods for graphically depicting groups of numerical data such as 

histogram and stem and leaf plot. A histogram is a way of summarizing data that are 

measured on an interval scale. It divides up the range of possible values in a data set into 

groups. For each group, a rectangle is constructed with a base length equal to the range of 

values in that specific group, and an area proportional to the number of observations falling 

into that group. A stem and leaf plot is similar to a histogram but is usually a more 

informative display for relatively small datasets. It provides a table as well as a picture of the 

data and from it one can write the data in the order of magnitude [KSW97].   

Box plots does not show the distribution in as much detail as a stem and leaf plot or 

histogram does, but is especially useful in indicating whether a distribution is skewed and 

whether there are outliers in the data set. Since the purpose is to find out gaps that stand out 

as outliers, box plot analysis is a suitable approach because it points each outlier in the graph 

explicitly.   

The aim of the box plot analysis of process level online time gaps is to find out outliers on 

the upper extreme. The reason for searching after upper extreme outliers is that process level 

online time gaps with outstanding durations are suitable candidates for potentially missing 

activities.  

There are two types of outliers provided by John Tukey [Tuk77].  

 Outliers: are either 3×IQR or more above the third quartile or 3×IQR or more below 

the first quartile. 
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 Suspected outliers: are slightly more central versions of outliers: either 1.5×IQR or 

more above the third quartile or 1.5×IQR or more below the first quartile. 

Figure 3.4 depicts the possible positions of the two types of outliers. A point beyond an 

inner fence on either side is considered a suspected outlier. A point beyond an outer fence is 

considered an outlier. Both types of outliers are utilized to select the process level online time 

gaps that are potential spots for unrecorded activities.   

 
Figure 3.4: Outliers in Box Plot 

A similar box plot analysis can be performed on the process level resource gaps. If one 

recalls, for each of the process level online time gap there is a corresponding process level 

resource gap measuring the resource utilization level. The resource utilization levels are 

expected to vary depending on the characteristics of the gaps. Resource utilization levels on 

and around the average resource utilization do not necessarily imply much in terms of 

resource perspective. However, relatively low resource utilization levels increase the 

likelihood that activities are missing in these process level online time gaps. In order to find 

out a benchmark to evaluate different resource utilization levels a box plot can be carried 

out.  

Different from the box plot analysis on process level online time gaps, in the box plot of 

process level resource gaps the aim is to examine the outliers in the lower extreme. The 

outliers in the lower extreme correspond to relatively low resource utilization levels. To be 

able carry out a box plot analysis on process level resource gaps, the event log has to contain 

information on individual originators to track down the resource utilizations. Sometimes, 

event logs do not contain individual originators but role information. When this is the case, 

the resource utilization level cannot be computed as a percentage but only as aggregated 

number of busy resources. Without knowing the capacity for each role, the values in box 

plot do not imply anything because there is no benchmark to compare the results with.   
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When box plot analyses are completed on the results of the time and resource perspective, it 

is time to combine the results to see if they are revealing complementary data. The first thing 

to do is to rank the outliers of process level online time gaps is descending order. If one 

recalls, each process level online time gaps has a corresponding process level resource gaps. 

The process level resource gaps are presented with their corresponding process level online 

time gaps. The process level online time gap that ranks the highest is more likely to be a spot 

for missing activities among other process level online time gaps. If the gap durations of two 

process level online time gaps are the same or the difference is considerably small, then the 

process level online time gap with the smallest process level resource gap is a more likely 

indication for an unrecorded activity. Therefore the ranking of the results are primarily 

based on the process level online time gaps and if two process level online time gaps have 

similar gap durations then the corresponding process level resource gaps are used to decide 

on the ranking. 

3.1.2.3 Phase 3: Conclusion 

The purpose of gap analysis is to examine the event log to detect gaps and to share this 

information with clients to help them in their decision making process about missing 

activities. Even though extensive analysis techniques are being applied on the detected gaps 

to make sure that they are potential candidates for missing activities, it is always safe to 

consult the process owner/stakeholders with the available analysis results before jumping 

into conclusions. On the other hand, process stakeholders might also indicate gaps for 

unrecorded activities that the outlier marks of box plot analysis did not show. Therefore, the 

idea of the conclusion phase is to share the analysis results to arrive at conclusions together 

with the process owner/stakeholders based on the results.  

3.1.3 Algorithm 

In this section, algorithms for realizing gap analysis are discussed. The primary goal of gap 

analysis is to detect process level online time gaps. The essence of process level online time 

gaps is that any overlapping time interval with process level offline gaps is removed.  

In Algorithm 1, the pseudocode of the process level offline gap detection algorithm is given. 

Besides the event log, it requires a threshold value as an input to distinguish which gaps 

qualify as process level offline gaps. To begin with, one has to find the offline gaps of the 

first instance (Line 7-13). For the first instance, all possible gaps in between activities are 

candidates for offline gaps. These gaps are stored in order to check their validity with the 

remaining instances (line 9). The gap between the completion time of the last activity of the 

first instance and the end of logging period is also stored as a candidate offline gap (line 9). 

Once the offline gaps are computed for the first instance, the data extracted from the event 

log is iteratively traced to check for intersections of the offline gaps with the actual 

processing time intervals of the activities of all other instances (line 14-26). There are four 
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possible intersection scenarios. In the first three scenarios, the processing time interval of an 

activity partly covers an offline gap. If this partial overlap covers an interval of the offline 

gap from the beginning to some point before the end, then the corresponding offline gap has 

to be adjusted with a narrower interval (line 17-18). If the partial overlap lies within the 

boundaries of an offline gap, then the existing offline gap has to be split into two narrower 

gaps (line 19-21). If, on the other hand, the partial overlap covers an interval from some 

point after the start of an offline gap until the end, then the corresponding offline gap has to 

be adjusted with a narrower interval (line 22-23). In the fourth scenarios, the processing time 

interval of an activity fully covers an offline gap. In this case, the corresponding offline gap 

needs to be removed (line 24-26).  

Algorithm 1 detectProcessLevelOfflineGaps(eventLog, offlineGapThreshold) 

1. (* Initialization *) 

2. data  extractEventLogData(eventLog) 

3. caseID  data.get(0).getCaseID 

4. offlineGaps  empty collection 

5. lastIndex  0 

6.  

7. for i  0 to data.size - 2 

8.     if(data.get(i+1).getCaseId = caseID) 

9.         offlineGaps.add(data.get(i).getEndTS, data.get(i+1).getStartTS) 

10.     else 

11.         offlineGaps.add(data.get(i).getEndTS, data.get(data.size-1).getEndTS) 

12.         lastIndex  i+1 

13.         break 

14. for j  lastIndex to data.size - 1 

15.     for i  0 to offlineGaps.size – 1 

16.         offlineGap  offlineGaps.get(i) 

17.         if(data.get(j).partlyCoversTheBeginningOf(offlineGap) 

18.             offlineGap.setFirstParameter(data.get(j).getEndTS) 

19.         else if(data.get(j).isFullyCoveredBy(offlineGap) 

20.             offlineGaps.add(offlineGap.getStartTS, data.get(j).getStartTS) 

21.             offlineGaps.get(i+1).setFirstParameter(data.get(j).getEndTS) 

22.         else if(data.get(j).partlyCoversTheEndOf(offlineGap)) 

23.             offlineGap.setSecondParameter(data.get(j).getStartTS) 

24.         else if(data.get(j).fullyCovers(offlineGap) 

25.             offlineGaps.remove(i) 

26.             i  i - 1 

27. for i  0 to offlineGaps.size - 1 

28.     if((offlineGaps.get(i).getEndTS – offlineGaps.get(i).getStartTS) < offlineGapThreshold) 
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29.         offlineGaps.remove(i) 

30.         i  i - 1 

At the end of the iteration, the resulting list of offline gaps represents the process level 

offline gaps. The threshold value that is obtained by the user is applied on the process level 

offline time gaps to select only the offline gaps which have durations longer than the 

threshold value.  

Determining process level online time gaps comes down to iteratively tracing the data 

extracted from the event log to find all possible online time gaps for each instance. The 

pseudocode for detecting process level online time gaps is given in Algorithm 2. Some 

details in calculating available gaps are abstracted from Algorithm 2 for the sake of 

simplicity and readability. For instance, in calculating process level online time gaps, one 

must make sure that the detected gap is between two activities that are directly following 

each other at least in one process instance. In order to keep track of this, a flag is stored for 

each online time gap as they are detected and updated. This is not shown in algorithm 2.  

Algorithm 2 detectProcessLevelOnlineTimeGaps(eventLog) 

1. (* Initialization *) 

2. data  extractEventLogData(eventLog) 

3. timeGap, commonGaps  empty collection 

4. notFound  0 

5.  

6. for i  0 to data.size - 2 

7.     caseID  data.get(i).getCaseID 

8.     for j  i+1 to data.size - 1 

9.         if(data.get(j).getCaseID = caseID) 

10.             tsDiff  data.get(i).getEndTS - data.get(j).getStartTS 

11.             timeGap.add(data.get(i).getName, data.get(j).getName, tsDiff) 

12.         else 

13.             break 

14. commonGaps.add(timeGap.get(0)) 

15. for i  0 to timeGap.size - 1 

16.     for j  0 to commonGaps.size - 1 

17.         if(timeGap.get(i).contains(commonGaps.get(j)) 

18.             commonGaps.get(j).getTime  min(timeGap.get(i).getTS, commonGaps.get(j)) 

19.         else 

20.             notFound  notFound + 1 

21.     if(notFound = commonGaps.size) 

22.         commonGaps.add(data.get(i)) 

23. notFound  0 
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24. for i  0 to commonGaps.size - 1 

25.     if(commonGaps.get(i).getGap < 0) 

26.         commonGaps.remove(i) 

27.         i  i - 1 

28. return commonGaps 

First, all possible online time gaps in between every activity for all process instances and 

their corresponding durations are computed (line 6-13). After all online time gaps are 

detected, the union set of all online time gaps without duplicates are taken. This is done by 

tracing the online time gaps and storing all unique instances in another collection. When 

duplicates are hit while tracing the online time gaps, the minimum of the two online time 

gaps is taken (line 15-23). When all unique online time gaps are stored in this new union set, 

it is traced one last time to remove the online time gaps with negative durations (line 24-27). 

The reason for the occurrence of negative online time gaps is because of the existence of 

parallel activities.  

After calculating the process level offline gaps and process level online time gaps, the last 

thing to discuss is how to compute the process level resource gaps. Algorithm 3 shows the 

pseudocode for that. Process level resource gaps are the average resource utilization levels 

for the time interval of each process level online time gap across all process instances. 

Therefore, the process level online time gaps are obtained by calling the appropriate 

function (Line 3). For each process level online time gap, the start and end times of the gap is 

extracted (Line 8). The aim is to calculate the average resource utilization level for that 

timeframe across all process instances. To do that, average resource utilization for each 

process instance for that timeframe is calculated and the sum is computed for all process 

instances (Line 10). The arithmetic mean of the sum is taken by dividing the sum over the 

total number of process instances (Line 11). These steps (Line 7-11) are repeated for all 

process level online time gaps. At the end of the iteration, for each process level online time 

gap there is going to be a process level resource gap.   

Algorithm 3 detectProcessLevelResourceGaps(eventLog) 

1.  (* Initialization *) 

2. data  extractEventLogData(eventLog) 

3. gaps  detectProcessLevelOnlineTimeGaps(eventLog) 

4. resourceGaps  empty collection 

5. runningUtil  0 

6.  

7. for i  0 to gaps.length - 1 

8.     timeframe  gaps.getGapTimeAt(i) 

9.     for j  0 to data.size – 1  

10.         runningUtil  runningUtil + calculateAvgResourceUtil(data.get(j), timeframe) 

11.     resourceGaps.add(i)  (runningUtil / data.size) 
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3.2 Data collection about unrecorded activities 

Data about unrecorded activities need to be obtained from the process stakeholders to be 

able to augment the process model at hand. The required data is explained in section 3.2.1 

and the setting at which the data is collected from the process stakeholders is discussed in 

section 3.2.2. 

3.2.1 Required Data 

There are four pieces of information about unrecorded activities that must be collected. Here 

are the required data: 

1. Name of the unrecorded activity 

2. Originator of the unrecorded activity 

3. Execution duration of the unrecorded activity 

4. Pattern of the unrecorded activity 

The use of the above data will become clearer in the next chapter.  

3.2.2 Setting 

There are various ways to collect the required information. The most common approaches 

are to hold a workshop with the process stakeholders or to prepare a questionnaire. It is 

recommended to conduct an interactive approach to collect the necessary information 

because the data provided by the process stakeholders about unrecorded activities might not 

be realistic based on the event log or process model. For instance, the process stakeholders 

might indicate an execution duration for an unrecorded activity which does not fit into the 

available gap. In this case, the process stakeholders should be notified immediately for 

reconsidering the data. In order to achieve an interactive approach, holding a workshop is 

recommended over preparing a questionnaire. In a workshop, possible issues can be 

immediately discussed and both parties can come to an agreement. On the contrary, with a 

questionnaire, immediate response is not possible. Questionnaires have to be send back and 

forth until an agreement can be reached by both parties.  
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Chapter 4 

Design for augmenting business processes 
 

In this chapter the developed technique for augmenting business processes with unrecorded 

activities will be discussed. The technique consists of three parts: augmenting the process 

model, augmenting the event log, and linking the event log to the process model. The most 

intuitive approach in augmenting business processes with unrecorded activities would be to 

insert those unrecorded activities directly into the model including the corresponding 

simulation parameters. However, with this approach the animated visualization of the 

model would have flaws. Tokens would be skipping the newly inserted activities in the 

animated visualization. This is because the event log would be missing the events for 

activities that are newly placed into the process model. Therefore without modifying both 

the process model and the event log it is not possible to generate an animated visualization 

of the process based on historic data.  

One might still pose the following question: ‚Why not modify only the event log and then 

mine that event log to obtain the process model?‛ If the mining approach is chosen to be 

able to obtain the process model, then the event log has to be updated in such a way that not 

only the activities are placed but they should be placed such that the control flow behavior is 

deducible from the event log. In other words, if an activity needs to be placed parallel to 

some other activity, then the event log should be updated in such a way that the parallel 

behavior of the newly inserted activity is inferred. This, of course requires the knowledge of 

the mining algorithm at hand. When both the event log and the process model are modified, 

control flow behavior is inferred from the process model and the activities are traced from 

the event log.  

In section 4.1 the details on how to modify the process model is discussed. Next, in section 

4.2 extensive discussion of the developed technique on augmenting the event log bearing in 

mind the constraints is presented. Finally, how to link the separately augmented process 

model and the event log is addressed in section 4.3. 

 

4.1 Augmenting the process model 

Augmenting the process model with unrecorded activities is a significant step because the 

rest of the augmentation approach heavily relies on the updated process model. Therefore, 

two important questions arise: When and How to augment the process model? It is 
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recommended to augment the process model at the first workshop where information about 

unrecorded activities is collected from the process stakeholders. The reason for updating the 

process model at the first workshop is that an agreement on the layout of the updated 

process model could be reached involving the process stakeholders. This will ensure that 

there will be no ambiguity in the changes made on the process model. When performing 

necessary changes to the process model, properties of the model and the activities within 

should be preserved. For instance, soundness property of the process model should be 

maintained after updating the model. As for the properties of the activities within the 

process model, data properties such as the execution duration of activities should be 

conserved. 

4.2 Augmenting the event log 

Augmenting the event log with unrecorded activities is about inserting activities in the right 

places of the event log with the right information. The process model which is augmented 

with unrecorded activities is used as a starting point for augmenting the event log. The 

pattern that is used to add the new activity to the process model is also used to detect audit 

trail entries in the event log to be updated (section 4.2.1). This makes sure that the right 

places of the event log are detected. The duration of the newly inserted activity is estimated 

(section 4.2.3) using the information provided by the process stakeholders; hence 

establishing the right information.  

4.2.1 Pattern-based matching approach 

Pattern-based matching approach uses the updated process model with unrecorded 

activities as a source. The pattern formed by the insertion of the new task is first matched on 

the process model. The basic patterns covered by this approach are sequence, parallel split, 

and exclusive choice. When one of these patterns is matched, it is used to detect the 

corresponding audit trail entries in the event log that need to be updated. For example, if a 

new task X needs to be inserted sequentially in between tasks A and B, first the pattern 

sequence in this case is matched. Then, the preceding and the following tasks of X are fetched 

which are A and B according to this example. Tasks A and B are used to track down the 

necessary audit trail entries to be updated. The details of inserting a new activity into the 

event log will be discussed in section 4.2.3. 

4.2.2 Graphical notation for pattern-based matching 

In this section, a graphical notation for pattern-based matching approach using the basic 

patterns covered by the approach is presented. Table 4.1 shows the lexicon which is used to 

formalize the approach. 
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Element Semantics 

 

Black-box: A well-formed [Aal00] workflow of any form 

and complexity with start task A and end task B. It is not 

allowed to have any incoming and outgoing connections 

to and from the black box respectively. 

 

A single atomic task.  

- If no split/join behaviors are specified, then any type 

of split/join behavior is allowed. 

- If no incoming/outgoing connections are specified, 

then any number of incoming/outgoing connections 

is allowed. 

 

 

Two or more branches that originate from the same task 

 

 

Two or more branches that arrive to the same task                           

Table 4.1: Pattern-based matching lexicon 

Two examples using the graphical notation presented in Table 4.1 are shown in Figure 4.1 

and 4.2. Figure 4.1 presents a case in which task X is placed sequentially between tasks A 

and B. On the left side of the arrow in Figure 4.1 is a part of the original process model with 

tasks A and B labeled. When tasks A and B are chosen as the preceding and the following 

activities, respectively, the resulting insertion of task X is shown on the right side of the 

arrow in Figure 4.1.  

 
Figure 4.1: Example illustrating the sequential transformation rule 

 

Figure 4.2 shows a case in which task X is placed between tasks A and B as an exclusive 

choice. It is important to note that task A needs to be an exclusive choice split and task B 

needs to be an exclusive choice join in order for a new task to be placed in between tasks A 

and B as an exclusive choice. This is because the new task is added to an existing branch of 

the exclusive choice. If A and B were not exclusive choice split and join respectively, then 

there would not be any possibility of inserting a new task in between because all cases 

would be flowing through A and B which leaves no room for cases to flow at an alternative 

exclusive choice branch. Another worth-while thing to explain is the existence of the arc 

between tasks A and B in Figure 4.2. If task X is executed between activities A and B but 

happen to be unrecorded, then there must be traces of B following A in the event log. The 

traces of B following A’s result in the formation of the arc shown on the left side of Figure 

A B A X B     
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4.2. The complete graphical notations of the pattern transformation rules are presented in 

Appendix A. 

 
Figure 4.2: Example illustrating the exclusive choice pattern-based matching 

If one recalls, gap analysis is used to compute all process level online time gaps that exist in 

the event log. When process level online time gaps between tasks are calculated there is no 

prior knowledge about the pattern in which the unrecorded activity will be inserted. For 

instance, when calculating the process level online time gap between tasks A and B in figure 

4.2, all traces in the event log containing tasks A and B are taken into account to find the 

minimum duration between tasks A and B. But in exclusive choice pattern as in figure 4.2, 

the new task X is in not inserted to all traces that contain tasks A and B but to a subset of 

those traces. Therefore the process level online time gap between tasks A and B does not 

represent the actual minimum duration of those subset of traces unless the minimum 

duration between tasks A and B happen to be derived from those subset of traces. In other 

words, process level online time gaps for the exclusive choice pattern might yield a smaller 

minimum duration. But the idea of gap analysis is to identify spots for unrecorded activities 

before the actual information about unrecorded activities are known. As soon as the pattern 

in which the unrecorded activity is inserted is known, the available gap duration for that 

particular activity is updated if necessary.   

4.2.3 Assumptions 

A number of assumptions have been addressed in this report. Here is a list of all the 

assumptions and their reasons. 

1. Process models are sound. If this is not the case, model transformations can make the 

model sound. Hiding flawed behavior by applying pattern transformation rules is 

assumed to be undesired.  

2. Process models are well-formed workflow nets. This assumption ensures that any 

modification made on the process model in line with the transformation rules will 

preserve the soundness property of the original model.  

3. A complete conformance exists between the process model and the corresponding 

event log. If this is not the case, analysis on the available time gaps on the event log 

might yield wrong predictions which would not be applicable on the process model.  

4. Loops in the process model do not exist because the algorithms take into 

consideration only the first occurrence of the preceding and the following tasks in the 

event log for detecting gaps and inserting unrecorded tasks. 
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5. The resource assignment of the unrecorded activities has no impact on the actual 

processing time of the activities due to resources being unavailable or busy with 

another activity.  

4.2.4 Estimating activity durations 

The duration of the newly placed activity needs to be derived from the data provided by the 

expert – in this case the process stakeholders. The process stakeholders are expected to 

provide estimates of the expected duration of the activity in question. Depending on the 

variety of estimates provided, a particular distribution functions can be used to generate 

sample activity duration values. Three different probability distributions are utilized based 

on the range of estimates available and are elaborated in the following sub-sections. 

4.2.3.1 Constant distribution 

The constant distribution is applied if there is only a single activity duration estimate 

provided by the process owner. This single estimate is interpreted as an average value. In 

this case, there is no effort in generating samples; the only provided estimate is used as a 

constant for the actual duration of the activity. 

4.2.3.2 Uniform distribution 

The uniform distribution is applied for sampling activity durations when the minimum and 

maximum estimates are available but no other information. Every value in a uniform 

distribution ranging from the minimum to the maximum is equally likely as shown in 

Figure 4.3.  

 
Figure 4.3: Probability density function of uniform distribution4 

Hence using the uniform distribution, sample activity durations are generated between the 

minimum and the maximum estimate each having an equal probability of occurrence. The 

generated samples are used for the actual duration of the activity. However modeling 

activity durations this way does not really represent real world activities [PEL97]. If an 

additional estimate such as the most likely estimate of the activity can be obtained from the 

process stakeholders then a more realistic probability distribution can be constructed.  

                                                           
4
 The probability density function of uniform distribution is obtained from 

http://en.wikipedia.org/wiki/Uniform_distribution_(continuous) 

http://en.wikipedia.org/wiki/Uniform_distribution_(continuous)


 

Cem Hazar                                                                 36                                    Master’s Thesis – Final Version  

  

4.2.3.3 PERT distribution 

The PERT distribution stands for Program Evaluation and Review Technique and is derived 

from the beta distribution [PEL97]. PERT distribution constructs realistic probability models 

in estimating expert data – in this case, estimating activity durations. In order to model a 

PERT distribution, minimum, maximum and most likely estimates are required. As depicted 

in Figure 4.4, PERT distribution puts more weight on the most likely value over the 

minimum and maximum values. With this property, it is similar to a triangular distribution. 

However, a PERT distribution generates a smooth curve around the most likely value which 

implies that it puts more emphasis on values around the most likely value than the ones on 

the edges. This property makes sure that even if the most likely estimate provided by the 

process stakeholders is not accurate, the PERT distribution assumes that it would be close to 

the most likely estimate.  

 
Figure 4.4: PERT distribution vs. triangular distribution 

It is indicated that a uniform distribution is not capable of modeling real world occurrence 

of activities which are assumed to be normally distributed. A PERT distribution is capable of 

mimicking the normal distribution curve without the exact parameters of the normal curve 

[PEL97]. This is why PERT distribution is preferred when estimating a real world 

phenomenon.  

4.2.5 Algorithm 

In this section, algorithms for augmenting the event log with unrecorded activities will be 

discussed. 

There are several pieces of information required to update the event log with an unrecorded 

activity. These pieces of information consist of the type of pattern to add (i.e. sequential, 

parallel split, exclusive choice), names of the preceding and following activities, duration of 

the activity, name of the activity and name of the originator.  
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The pseudocode for augmenting the event log with unrecorded activities is given in 

Algorithm 4. Before one can start modifying the event log, the event log has to be read and 

the data needs to be extracted (line 2). Next, the process level online time gap between the 

preceding and the following activities is calculated and this gap is checked against the 

activity duration (line 5). If the activity duration entered by the user is not within the range 

of the available gap, the user is requested to update his input. Having established a valid 

activity duration, the log file is updated with the name, originator and the duration of the 

activity (line 8). Finally, the updated data is used to generate the modified log file (line 11). 

Algorithm 4 modifyLog(eventLog, patternType, precedingAct, followingAct, actDurationInfo, 

actName, actOriginator) 

1. (* Initialization *) 

2. data  extractEventLogData(eventLog) 

3.  

4. (* Validation of the user input *) 

5. pLevelOnlineTimeGap  calculateAvailableGap(data, precedingAct, followingAct) 

6.  

7. (* Perform modification *) 

8. updateLog(data, patternType, precedingAct, followingAct, actDurationInfo, actName, 

actOriginator) 

9.  

10. (* Generate an updated log file *) 

11. generateLogFile(data) 

Calculating the available gap between two activities comes down to iteratively walking 

through the data extracted from the event log to calculate the maximum available time 

between the preceding and the following activities. The pseudocode for calculating available 

gap is presented in Algorithm 5. One might be questioning why the algorithm in gap 

analysis for calculating process level online time gaps is not reused instead of a new 

algorithm. The reason why there is another algorithm for calculating the available gap in 

between two given activities is because gap analysis might not always be performed before 

augmenting the process with unrecorded activities. It is also computationally expensive to 

compute all process level online time gaps by algorithm 2 when there is a need for one 

specific process level online time gap. Therefore, algorithm 5 is used to compute the process 

level online time gap between the given preceding and following activities. 

Some details in calculating available gaps are abstracted from Algorithm 5 for the sake of 

simplicity and readability. For instance, the number of preceding or following activities can 

be more than one in sequential pattern additions (see Appendix A.1). If there are more than 

one preceding activities, the latest timestamp of the activities should be taken as a measure 

to calculate the available gap. Following the same idea, if there are two or more following 
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activities, the minimum timestamp of the activities should be used as a measure to calculate 

the available gap. Furthermore, if an activity will be placed as an exclusive choice, then 

knowing the preceding and following activities will not suffice. With an exclusive choice 

insertion, only one branch of the exclusive choice is of interest. Therefore, in calculating the 

available gap, only the traces of that specific branch of the exclusive choice should be taken 

into consideration. To do that, the user is requested to input the activities on the other 

exclusive choice branches so that the corresponding traces can be ignored in calculating the 

available gap.  

Algorithm 5 calculateAvailableGap(data, precedingAct, followingAct) 

1. interval  ∞ 

2. for i  0 to data.size - 1 

3.     if (data.get(i).getAct = precedingAct) 

4.         ts1  data.get(i).getEndTS 

5.         caseID  data.get(i).getCaseID 

6.         for j  i+1 to data.size -1 

7.             if (data.get(j).getActName = followingAct and data.get(j).getCaseID = caseID) 

8.                 ts2  data.get(j).getStartTS 

9.                 if (ts2 – ts1 < interval) 

10.                     interval  ts2 – ts1 

11.                     break 

12. return interval 

First, the variable interval is set to infinity because as gaps are calculated between the 

preceding and the following activities for different process instances, the minimum of the 

gaps is computed (line 1). Next, data is traced iteratively to spot the preceding activity (line 

3). When the preceding activity is found, the corresponding timestamp and case 

identification are stored (line 4-5). Case identification is stored to ensure that the following 

activity also belongs to the same process instance. If a following activity is found belonging 

to the same process instance as the preceding activity, its timestamp is stored (line 8). The 

gap is calculated by taking the difference between the timestamps of the following and 

preceding activities. If the newly calculated gap is less than the value of the interval, then the 

value of the interval is updated with the value of the gap (line 9-10).  

The event log is updated based on the pattern of the unrecorded activity. Sequential and 

parallel patterns have the same procedure for updating the event log. Exclusive choice 

pattern have some extra conditions to check for. The pseudocode for updating the event log 

is given in Algorithm 6. Again for readability and simplicity purposes, the number of 

preceding and following activities are restricted to one in Algorithm 6 even though either 

one of them can be more than one in sequential pattern.  
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Algorithm 6 updateLog(data, patternType, precedingAct, followingAct, actDurationInfo, 

actName, actOriginator) 

1. count  0 

2. if (patternType = ‘sequential’ || patternType = ‘parallel’) 

3.     for i  0 to data.size - 1 

4.         if (data.get(i).getAct = precedingAct) 

5.             ts1  data.get(i).getTimestamp 

6.             caseID  data.get(i).getCaseID 

7.             for j  i+1 to data.size - 1 

8.                 if (data.get(j).getAct = followingAct and data.get(j).getCaseID = caseID) 

9.                     sample   generateSample(activityDuration) 

10.                     waitingTime  (gaps.get(counter) – sample) / 2 

11.                     counter  counter + 1 

12.                     data.add(caseID, name, ts1+waitingTime, ts1+waitingTime+sample, 

originator) 

13. else if (patternType = ‘exclusive choice’) 

14.     xorAct  extractXorActivities 

15.     xorFlag  false 

16.     for i  0 to data.size - 1 

17.         if (data.get(i) = precedingAct) 

18.             ts1  data.get(i).getTimestamp 

19.             caseID  data.get(i).getCaseID 

20.             for j  i+1 to data.size - 1 

21.                 for k  0 to xorAct.size - 1 

22.                     if (data.get(j) = xorAct.get(k) and data.get(i).getCaseID = caseID) 

23.                         xorFlag  true 

24.                         break 

25.                 if (data.get(j).getCaseID = caseID and data.get(j) = followingAct and xorFlag = 

false) 

26.                     sample  generateSample(activityDuration) 

27.                     waitingTime  (gaps.get(counter) – sample) / 2 

28.                     counter  counter + 1  

29.                     data.add(caseID, name, ts1+waitingTime, ts1+waitingTime+sample, 

originator) 

For sequential and parallel patterns, the procedure to spot the preceding and following 

activities is the same as the steps in algorithm 5 (line 3-8). When both the preceding and 

following activities are spotted within the same process instance, a sample activity duration 

is generated depending on the number of activity duration inputs provided by the user (see 

section 4.2.3) (line 9). The difference between the actual gap and the sample activity duration 
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will serve for the waiting time (line 10). The waiting time is split into two intervals of equal 

length, one immediately before the start of the activity and the other immediately after the 

completion of the activity. An entry for the unrecorded activity is added to the end of the 

data extracted from the event log with five parameters: case identification, name, starting 

timestamp, completion timestamp and originator of the activity (line 12). 

The only difference with exclusive choice pattern in updating the event log is that the 

activities on the branches of the exclusive choice need to be known. The steps in finding the 

preceding and the following activities are exactly the same with the sequential and parallel 

patterns (line 16-20). But an unrecorded activity will not be inserted to all traces in the event 

log containing the preceding and the following activities for an exclusive choice pattern. 

Therefore the right traces for inserting an unrecorded activity should be found. This is 

achieved by finding the traces that contains the preceding and the following activities but 

not the activities that are on the branches of the exclusive choice (line 21-23). The rest of the 

algorithm where an entry for the unrecorded activity is placed into the data extracted from 

the log file is the same (line 26-29). 

 

4.3 Linking the event log to process model 

The separately augmented process model and the event log need to be linked to each other 

to be able to generate an animated visualization of the process. During an animated 

visualization of the process, tokens move across the process model based on the execution 

history of events in the event log. Generating an animated visualization of the enriched 

process with unrecorded activities is one of the main goals of this project. The linking of the 

event log to the process model is achieved by BPM|one framework which will become 

clearer in the next chapter.  
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Chapter 5 

Proof of concept 

In this chapter, the proof of concept which is an implementation of a prototype is discussed. 

The proof of concept demonstrates that gap analysis and augmenting workflow processes 

with unrecorded activities is feasible and applicable.   

First, in section 5.1 the approach for the proof of concept is addressed. Next, implementation 

details of the prototype are explained in section 5.2. Finally, the prototype itself is discussed 

in section 5.3 and this chapter is concluded in section 5.4. 

5.1 Approach 

The proof of concept is based on the analysis of available gaps in the original event log and 

the transformation of the event log into an updated one with the unrecorded activities. The 

only required source of information for the prototype is the original event log. What is 

produced as a result of the prototype is an updated version of the event log. To be able to 

realize the proof of concept, a prototype is implemented in Netbeans integrated 

development environment for java.  

The prototype for a proof of concept is implemented to update an event log automatically. 

But the overall approach of augmenting workflow processes with unrecorded activities is by 

no means restricted with the prototype. The prototype is a part of the whole approach. 

BPM|one is utilized to mine the original log file and update it with unrecorded activities in 

BPM|one Process Designer. On the other hand, the prototype uses the original event log to 

perform gap analysis and update it with unrecorded activities. Both the updated process 

model and the event log are linked to each other and finally an animated visualization of the 

process is generated by BPM|one. The control flow of the approach is depicted in figure 5.1. 
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Figure 5.1: Control flow of the approach 
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The control flow shown in figure 5.1 also provides guidance to use the approach. There are 

two decision points in the approach. The first one is to check whether the assumptions are 

satisfied with the current event log and the mined process model. If the assumptions are not 

satisfied, the event log is preprocessed to eliminate the traces that are invalidating the 

assumptions. As long as the assumptions are not satisfied, it is not possible to proceed with 

the rest of the approach. The second decision point is whether to perform gap analysis or 

proceed directly with augmenting the process with unrecorded activities. Performing gap 

analysis is an option unlike the first decision point and if the unrecorded activities are 

already known, the user may decide to proceed. If gap analysis is chosen to be performed, 

the approach still continues with augmenting the process with unrecorded activities.  

5.2 Implementation 

In this section, the design decisions and event log assumptions made regarding the 

implementation of the prototype is discussed.  

5.2.1 Design decisions 

Implementing a comprehensive prototype for augmenting unrecorded activities in its fullest 

would not be doable in the given time frame. Therefore, the following design decisions are 

made: 

1. Comma separated values (CSV) is chosen as the format of the event log file because it 

is widely used in industry and is the applicable format for BPM|one.  

2. Transformation rules presented in Appendix A are used for the insertion of 

unrecorded activities.  

3. Between two recorded activities, at most one unrecorded activity can be inserted in 

each run of the prototype.  

4. The originator of the unrecorded activity has to be chosen among the existing 

originators in the event log.  

5.2.2 Event log assumptions 

A number of assumptions regarding the structure of the event log are made in order to parse 

the event log properly. The assumptions are: 

1. The event log contains start and completion timestamps for each activity. 

2. The activities within each process instance are sorted in ascending order based on 

their start timestamps.  

3. Timestamps in the event log are in the following form: d-m-yyyy hh:mm 
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4. There is a fixed order of the attribute columns of the event log. The first five columns 

contain the following attributes in order: case identification, name, starting 

timestamp, completion timestamp, and originator of activities.  

If an event log does not contain the structure indicated by the above assumptions, it can be 

converted into the above mentioned format by pre-processing. Only the first assumption 

cannot be realized by a pre-processing step. For an event log to contain both start and 

completion timestamps is an integral part of the augmentation approach. Otherwise, if the 

event log contains a single timestamp, gaps in between activities cannot be computed 

because the timestamp difference of the activities would include the duration of either the 

preceding or the following activity depending on which timestamp exists. When gaps in 

between activities cannot be detected, then unrecorded activities cannot be inserted because 

there is no concrete information about the available time frame. For this reason, the event 

log must contain start and completion timestamps for each activity. 

5.3 Result 

In this section, the performance, graphical user interface and user interaction of the 

prototype are discussed.  

5.3.1 Performance 

Since the prototype is implemented for a proof of concept, achieving optimal performance 

was not aimed for. However most of the functions are implemented bearing in mind 

performance measures. Currently, gap analysis on the event log (containing 849 cases) 

which is used in the evaluation phase is performed in half a minute and augments the event 

log with unrecorded activities in seconds. The performance of the prototype heavily 

depends on the size of the event log because the data within the log file needs to be extracted 

and traced in order to spot available gaps and insert activities in designated places. As the 

size of the event log grows higher, the performance of the prototype slows down.  

5.3.2 Graphical user interface 

The graphical user interface is kept simple. It consists of 4 screens each of which maps to the 

different phases of the data collection part (see chapter 3). The complete graphical user 

interface and the mappings are shown in Appendix C. At the last screen, when the user hits 

the done button, the graphical user interface exits after making sure that it is the intended 

user action. The modified event log is not presented by the graphical user interface, but it is 

created in the directory that contains the original event log.  
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5.3.3 User interaction 

The prototype completely relies on the user interaction. The user is requested to fill in 

information, starting from the location of the original event log file until the different 

activity duration options for unrecorded activities. The labels in the graphical user interface 

are chosen to be self-explanatory so that there is no room for misinterpretations. Informative 

warning labels are placed as well in order to direct the user when the selected inputs are not 

valid. 

 

5.4 Conclusions 

The proof of concept implementation of the prototype has proven to be a suitable means for 

augmenting event log with unrecorded activities. Among the overall approach for 

augmenting workflow process with unrecorded activities, the prototype constitutes a part of 

it. The expected outcome is to be able to visualize the augmented workflow process. In order 

to visualize the augmented process, the event log and the process model should contain the 

unrecorded activities. Unrecorded activities are inserted to the process model using 

BPM|one Process Designer and to the event log by the prototype. 
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Chapter 6 

Evaluation of the developed technique 

6.1 Introduction 

In this chapter, the developed technique for augmenting workflow processes with 

unrecorded activities is evaluated from an algorithmic perspective. The goal with 

algorithmic evaluation is to assess the applicability of the developed technique in practice. 

Another very common evaluation perspective is the user centered evaluation in which the 

aim is to assess whether the developed technique is clear and useful to the user. User 

centered evaluation is intentionally not preferred for two reasons. First, the developed 

technique for augmenting processes with unrecorded activities has not been fully automated 

and has quite some steps involving different platforms like BPM|one and the prototype. The 

steps to follow are complicated and a user centered evaluation on these steps would not 

reveal realistic usability results. Secondly, it is far more important to evaluate and see that 

the developed technique detects the available gaps and augments processes with 

unrecorded activities than the user being able to follow certain steps and inputs some data.  

In section 6.2, evaluation criteria are listed. Next, in section 6.3 the evaluation method is 

discussed and finally conclusions regarding the evaluation are presented in section 6.4. 

6.2 Evaluation criteria 

A number of evaluation criteria are determined in order to evaluate the results and are listed 

below: 

1. Detecting process level offline time gaps (if any exists) 

2. Detecting process level online time gaps (if any exists) 

3. Inserting unrecorded activities into the process model 

4. Inserting unrecorded activities into the event log 

5. Generating a flawless process animation including the unrecorded activities 

6.3 Evaluation method 

The method for evaluating the developed technique is based on a one-side blind experiment. 

The setup of the experiment is as follows. An event log about a real life process is obtained 

to perform the experiment. The experiment involves two parties. First, one party mines the 

event log to obtain the corresponding process model. From the process model, he chooses an 



 

Cem Hazar                                                                 46                                    Master’s Thesis – Final Version  

  

activity to remove; preferably the activity that is removed is bearing one of the patterns 

explained in Appendix A. Then, he removes all the occurrences of that activity from the 

event log as well. As a result, the process model and the event log do not contain any sign 

whatsoever about the removed activity; so called an unrecorded activity. The other party is 

given the modified event log without knowing anything about the removed activity. He is 

expected to perform all five evaluation criteria. For evaluation criteria one and two, he 

consults the other party for information about the unrecorded activity.  

The event log that is used to test the developed technique is explained in section 6.3.1. Next, 

the detailed steps of the evaluation method are addressed in section 6.3.2 and the results of 

the evaluation are presented in section 6.3.3. 

6.3.1 Test data 

In this section, the modified event log that is used by the second party to evaluate the 

developed technique is discussed. The name of the event log is appeal.csv. It describes an 

appeal process from a Dutch municipality. It contains 849 process instances, 12114 events 

and 16 originators. The logging period of the event log is from 30-10-2006 to 16-10-2008.  

One of the crucial aspects to make sure is that a complete conformance exists between the 

event log and the process model that is mined from it. This is one of the assumptions stated 

in section 4.2.3. BPM|one is used to mine the appeal event log and resulting process model 

turned out to have a complete conformance with the event log. The mining algorithm of 

BPM|one is based on the genetic mining algorithm. However, if an event log and the mined 

process model do not have a complete conformance, the event log can be pre-processed to 

remove the traces that are causing the conformance problem. Once an event log and a 

process model have a complete conformance, the developed technique for augmenting 

workflow processes with unrecorded activities can be applied.  

6.3.2 Method 

In this section, the steps of the developed technique are demonstrated on the event log in 

order to show the typical order of the control flow as depicted in figure 5.1. 

The event log is fed as an input to the prototype to perform gap analysis. The threshold 

value for detecting process level offline time gaps is chosen to be 24 hours. As a result of the 

gap analysis a single process level offline time gap is detected between 21-11-2006 0:00 and 

29-11-2006 0:00. Similarly, a single process level online time gap is detected between the 

activities ‚confirm reception‛ and ‚archive‛ for a duration of five days. As explained earlier 

in the data collection and analysis chapter, when there are more than one process level 

online time gaps, box plot analysis technique is used to rank these gaps. The gaps that rank 

in the upper extreme are candidate spots for unrecorded activities. However, in the appeal 
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event log, only one process level online time gap is detected and hence leaves no 

opportunity for box plot analysis. The reason for the appeal event log to have only one 

process level online time gap is most probably due to the fact that the timestamps of all the 

events lack hour and minute information. The hour and minute information in all 

timestamps are set to 0:00. Hence activities that are started and completed within the same 

day cannot be observed in the event log. The resulting gap analysis screen of the prototype 

is demonstrated in Appendix D1. When the gap analysis results showed only one process 

level offline time gap and one process level online time gap, further efforts are put in 

searching for a more suitable event log that would better reflect the analysis techniques. But 

a better event log that satisfies all the requirements and assumptions stated in the project 

was unfortunately not found. 

Next, the appeal event log is mined to obtain the corresponding process model. When the 

gap analysis results and the process model mined from the event log are ready, information 

about unrecorded activities can then be collected. If recalled, there are four pieces of 

required information that needs to be collected from the process stakeholder. In terms of the 

evaluation experiment, the first party provides the following information about an 

unrecorded activity: 

 Name of the unrecorded activity: Revision 

 Originator of the unrecorded activity: Person A 

 Execution duration of the unrecorded activity: minimum: 2 hours, maximum: 5 

hours 

 Pattern of the unrecorded activity: Exclusive choice between ‚confirm reception‛ and 

‚archive‛ activities 

According to the gap analysis results, there is actually a process level online time gap 

between the preceding and the following activities of ‚revision‛. Moreover, the execution 

duration of ‚revision‛ indicated by the process stakeholder is within the allowed gap length. 

The process stakeholders stated that ‚revision‛ needs to be inserted as an exclusive choice 

between ‚confirm reception‛ and ‚archive‛. According to the exclusive choice pattern 

transformation rules given in Appendix A3, the preceding activity needs to be an exclusive 

choice split, the following activity needs to be an exclusive choice split and there has to be an 

arc connecting the two activities. The process model in Appendix D2 demonstrates that 

‚confirm reception‛ is an exclusive choice split, ‚archive‛ is an exclusive choice join and 

there is an arc connection the two activities. Moreover, the exclusive choice pattern matched 

on the process model satisfies the lexicon definitions. After all these necessary checks, one 

can conclude that activity ‚revision‛ can be inserted into the process with the above 

specification. The resulting process model after inserting activity ‚revision‛ is presented in 

Appendix D3.  



 

Cem Hazar                                                                 48                                    Master’s Thesis – Final Version  

  

The next step is to insert activity ‚revision‛ into the right process instances of the event log. 

To accomplish this step the prototype is used. The appeal event log is fed into the prototype 

for inserting unrecorded activities. The same pieces of information provided by the process 

stakeholders about activity ‚revision‛ are used to modify the event log. The prototype 

generates a new event log containing ‚revision‛ activities. A fragment of the modified event 

log is provided in Appendix D4.  

The separately modified event log and the process model are associated to each other using 

BPM|one Designer. An important requirement to satisfy is to be able to generate a flawless 

process animation in BPM|one. If the process animation works fine and tokens pass through 

the newly inserted activity, one could conclude that the replay of the process model is 

possible.  

6.3.3 Results 

The intermediary results satisfying the first four evaluation criteria are addressed in the 

previous section. The end result of the developed technique is the process animation. The 

process animation showed no flaws in terms of token skipping activities or disappearing. 

Generating process animation of the enriched process with unrecorded activities was the 

main goal of the developed technique. With a proper process animation, this has been 

satisfied.  

6.4 Conclusions 

In this chapter, the developed technique is assessed in terms of its applicability in practice. 

Due to time limitations, it was difficult to arrange the evaluation phase with a real client. 

Instead, one-side blind experiment has been conducted to role play the client. The results of 

the evaluation showed that the developed technique for augmenting workflow processes 

with unrecorded activities works just fine. There are some limitations to the developed 

technique such as it only covers a number of patterns for transformation (see Appendix A). 

This feature could be improved in future work and is discussed in chapter 8.  
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Chapter 7 

Conclusions  

In this thesis, augmenting workflow processes with unrecorded activities have been 

extensively studied to find a way to identify and include the activities that have been 

executed in reality but happened to be unrecorded in the event log. The reason for activities 

to remain unrecorded in any information system is due to the involvement of manual steps. 

Being able to detect and add the activities that remained unrecorded in the event log would 

allow the users to get a better insight into the complete process which encompasses the 

complete understanding of the reality. Therefore the following research question has been 

formulated: 

How can the business value of a workflow process be increased by visualizing an 

enriched process in the sense that it is augmented with activities that have not been 

recorded? 

In order to come up with an answer to the research question above, a technique has been 

developed to identify and insert unrecorded activities into workflow processes. The 

development of this technique has been realized in quite a few steps. 

First, a detailed literature review on the field of process mining about augmenting workflow 

processes and the presence of unrecorded activities have been conducted. Surprisingly 

enough, only a few research projects focusing on the alignment between the real behavior of 

business processes and the intended behavior have touched on the possibility of events 

being unrecorded in the event log. These few research projects have indicated the possibility 

of unrecorded activities as a limitation to their approach. One specific research project have 

elaborated on the existence of unrecorded activities and proposed that the quantitative data 

in the event log can be combined with qualitative data obtained from other sources. This 

proposition formed the roots of the developed technique in this research at hand.  

Next, the added business values of detecting and adding unrecorded activities into 

workflow processes are considered. The technique is seen as a new level in process mining 

to identify and position unrecorded activities within a business process. With this technique, 

a complete understanding of the process and a higher confidence in correctness and 

completeness of process analysis of stakeholder are realized. With these added business 

values in mind, a technique is developed to identify and add activities that have remained 

unrecorded in the event log into the process. 



 

Cem Hazar                                                                 50                                    Master’s Thesis – Final Version  

  

The developed technique consists of a few steps. It starts with an analysis of gaps in the 

event log to identify the spots for unrecorded activities using the processing times and 

resource information of the surrounding activities. The identified gaps are verified by the 

process stakeholders. Based on the information collected about unrecorded activities from 

the process stakeholders, the event log and the process model mined from it are augmented 

with unrecorded activities. Finally a visualization of the complete process is generated. The 

developed technique makes a number of assumptions as well. For instance, process models 

are assumed to be sound. If this is not the case, transformation rules applied on the process 

model can make it sound. It is also required to have a complete conformance between the 

process model and the event log. A complete conformance guarantees that the identified 

gaps in the event log is applicable on the process model too.  

A part of the developed technique is demonstrated by making a prototype. The prototype 

detects and adds unrecorded activities into the event log automatically and is implemented 

in Netbeans integrated development environment for java. For the rest of the developed 

technique, BPM|one is utilized to mine and update the process model and to generate and 

animated visualization of the process with unrecorded activities. The prototype is able to 

discover process level online time gaps and process level offline time gaps within the event 

log and check whether the information collected about the unrecorded activities are feasible 

for the activities to be inserted into the event log.  

Finally, the developed technique is evaluated based on the applicability of the technique in 

practice. A real life event log about an appeal process from a Dutch municipality is used to 

evaluate the complete technique. Due to time limitations, real process stakeholders are not 

used to collect information about unrecorded activities but a one side blind experiment is 

conducted to role-play the process stakeholders. The results of evaluation on the real life 

event log were promising and the process is augmented with unrecorded activities 

successfully using the developed technique.  

This thesis contributes to the field of process mining by creating a technique to identify and 

position unrecorded activities within a workflow processes. Event logs that contain 

unrecorded activities have not been the focus of the research field. Hopefully, this research 

work will be continued with further improvements by academia.   
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Chapter 8 

Future Work 

This chapter concludes the thesis at hand. It addresses possible direction points for future 

work centered on the following recommendations:  

1- Incorporate process augmentation into BPM|one The developed technique for 

identifying and positioning unrecorded activities in workflow processes is not fully 

automated and currently performed on two different platforms. The identification of 

unrecorded activities and inserting them into the event log is carried out by the 

prototype and the rest of the technique is performed in BPM|one. It is recommended 

to integrate the developed technique completely in BPM|one. Augmenting workflow 

processes with unrecorded activities would work as follows in BPM|one. The 

original event log is mined in BPM|one as it used to be. When the mined process 

model is displayed in BPM|one Designer, the user will be prompt to shift to an 

augmentation mode. In augmentation mode, the user will be allowed to perform gap 

analysis. When the user adds unrecorded activities into the process model and fills in 

the parameters of unrecorded activities, a trigger would be signaled to modify the 

event log with those unrecorded activities automatically. Once the user is done with 

augmenting the process model, he can easily generate a process animation via 

BPM|one and visualize the complete process. This integration is realizable if a new 

sub-environment is created in BPM|one Explorer to augment process models. With 

this integration, a unified platform would be achieved to augment workflow process 

with unrecorded activities and this would enable users to have an easier control over 

the technique.   

 

2- Design more patterns The developed technique currently supports sequential, parallel 

split and exclusive choice patterns. The types of patterns supported by the technique 

are based on the basic control flow patterns in [AHK+03] as the naming convention 

suggests. Among the basic control flow patterns detailed in [AHK+03], sequence, 

parallel split, and synchronization patterns are fully covered. The functionality of 

parallel split and synchronization patterns are captured in parallel split pattern in the 

developed technique. The exclusive choice and simple merge control flow patterns 

are partially covered. Currently the exclusive choice pattern in the technique only 

permits to add unrecorded activities as an exclusive choice in between existing 

exclusive choice split and join activities (see Appendix A.3). It does not allow adding 

activities bearing exclusive choice split or join behaviors. This can be realized by 

introducing a block structure pattern in which an exclusive choice split and join 
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activities are created in multiple iterations using the current patterns. To be able 

capture the notion of exclusive choice, a new sequential pattern needs to be 

formulated which would allow adding a new activity sequentially to a specified 

percentage of cases. The rest of the percentage of cases can be covered by another 

activity in the next iteration. With this extension, all basic control flow patterns 

would be supported. More control flow pattern can be supported like deferred 

choice pattern but one has to note that the mining algorithm that is used to mine the 

event log and the resulting process model should support the patterns defined. 

Otherwise, it does not make sense to support transformation patterns which cannot 

be detected by the mining algorithm or supported by the process model.  

 

3- Enhance gap analysis based on other perspectives Gap analysis is a powerful 

technique to identify spots for unrecorded activities. Currently, gap analysis 

examines the event log based on time and resource perspectives to detect gaps. The 

power of gap analysis can be enhanced by introducing a new perspective to detect 

gaps, for instance data perspective. Process instances in the event log can be grouped 

according to their data perspectives and process instances in each group can be 

examined for execution of similar events in a similar order.  

 

Another point of improvement in gap analysis is to come up with a heuristic to 

combine the different perspectives used in detecting gaps. In the current approach, 

gap analysis uses time perspective primarily to identify gaps within workflow 

processes and resource perspective as a supporting resort when two gaps have 

similar values in time perspective. In order to utilize the maximum of gap analysis, a 

comprehensive heuristic needs to be formulated to combine the different 

perspectives addressed in gap analysis.  

 

4- Relaxing assumptions Among all the assumptions made in this project, two of them 

restrict the domain the most. These assumptions are: 

 A complete conformance exist between the process model and the 

corresponding event log 

 Loops in the process do not exist 

Ideally, the technique for detecting gaps and augmenting workflow processes with 

unrecorded activities should be able to deal with erroneous models and event logs 

that do not have a complete conformance. Most event logs and process models 

encountered in practice do not have a complete conformance. A sense of intelligence 

should be incorporated into the developed technique to detect and set aside the 

nonconforming traces of the event log with the process model and identify gaps 
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based on the conforming traces of the event log so that unrecorded activities could 

actually be added into the detected gaps on the process model. 

The fact the current technique does not support loops in workflow processes is a 

matter of translating the developed technique into algorithms. The algorithms in the 

current technique searches for the first occurrence of tasks and do not continue on 

searching once the task in question is found. The existence of loops can be 

incorporated into the developed technique by adjusting the algorithms. The 

algorithms have to trace all the activities of process instances and if repetition of 

activities is found, then each repetition of activities should be taken into account 

when computing the maximum time interval between repeating tasks and when 

inserting an unrecorded activity between repeating tasks.  
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Appendix A 

Graphical notation for transformation rules 

A.1 Sequential 

The sequential transformation rule is used to insert a new activity sequentially in between 

the selected preceding and following activities. A requirement for a new activity to be added 

sequentially in between activities is that these activities must be following each other 

directly in the original process model. Below are seven different variations of the allowed 

sequential transformation rules with the chosen preceding and following activities. The left 

part of the arrow of the transformation rules represents the pattern in the original process 

model. It is assumed that there are no outgoing connections from the preceding activities 

and no incoming connections to the following activities other than the indicated connections 

in the transformation rules. The types of the split and join activities are not explicitly 

indicated as AND or XOR because it does not make any difference in the sequential 

transformation rules.   

i. Preceding activity: A 

Following activity: B 

New activity: X 

 

ii. Preceding activity: A 

Following activity: B and C 

New activity: X 

 

iii. Preceding activity: A 

Following activity: B 

New activity: X 

A 

B 

C 

. 
 
. 
 

A X 

B 

C 

. 
 
. 
 

 

 

 

 

 

 

A B A X B     
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iv. Preceding activity: A 

Following activity: C 

New activity: X 

 

v. Preceding activity: A and B 

Following activity: C 

New activity: X 

 

vi. Preceding activity: A 

Following activity: C 

New activity: X 

 

vii. Preceding activity: B 

Following activity: C 

New activity: X 

 

 

B 

C . 
 

. 
 

A 

X 

A 

B 

C . 
 

. 
 

 

 

  

 

 

B 

C . 
 

. 
 

A X A 

B 

C . 
 

. 
 

 

 

  

 

 

A 

B 

C . 
 

. 
 

A 

B 

. 
 

. 
 

X C 

 

 

  

 

 

A 

B 

C 

. 
 
. 
 

A 

B 

. 
 
. 
 X C 

 

 

  

 

 

A 

B 

C 

. 
 
. 
 

A 

C 

. 
 
. 
 

X B 
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A.2 Parallel split 

The parallel split transformation rule is used to insert a new activity in parallel between the 

selected preceding and following activities. There is no requirement on the distance between 

the preceding and the following activities for a new activity to be inserted in parallel. It is 

important to note that when an activity is added using the parallel split pattern, it is always 

added on a new parallel branch. If an activity needs to be inserted at an existing parallel 

branch, then the sequential pattern should be utilized with the respective preceding and 

following activities. The two transformation rules regarding the parallel split pattern is 

given below. 

i. Preceding activity: A (number of outgoing connections = 1) 

Following activity: B (number of incoming connections = 1) 

New activity: X 

 

 

ii. Preceding activity: A (number of outgoing connections > 1)  

Following activity: B (number of incoming connections > 1)  

New activity: X 
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A.3 Exclusive choice 

The exclusive choice transformation rule is used to insert a new activity as an exclusive 

choice between the selected preceding and following activities. The only requirement for an 

activity to be inserted as an exclusive choice is that its preceding activity must be an 

exclusive choice split, its following activity must be an exclusive choice join and there must 

be an arc connecting the preceding activity with the following activity. The reason for this 

requirement is the nature of the exclusive choice pattern and is explain in detail in section 

4.2.2. The transformation rule regarding the exclusive choice is given below. 

i. Preceding activity: A (number of outgoing connections > 1) 

Following activity: B (number of incoming connections > 1) 

New activity: X 
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Appendix B 

Estimating activity duration using PERT  
 

The PERT distribution is a special case of the beta distribution that takes three parameters: a 

minimum, maximum, and most likely (mode). Typically, sampling from the beta 

distribution requires minimum and maximum values (scale) and two shape 

parameters, v and w. The PERT distribution uses the mode or most likely parameter to 

generate the shape parameters v and w. An additional scale parameter λ scales the height of 

the distribution; the default value for this parameter is 4. 

In the PERT distribution, the mean μ (mode) is calculated by the following formula. 

 

The calculated most likely value is used to calculate the v and w shape parameters using the 

following formulas.  

 

 

These shape parameters are used with the minimum and maximum scale parameters to 

sample the beta distribution [PEL97].  
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Appendix C 

Prototype graphical user interface 

 
Figure C1: Screen 1 - Log file selection 

 
Figure C2: Screen 2.1 - Threshold value selection 

 
Figure C3: Screen 2.2 - Gap analysis results 
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Figure C4: Screen 3 - Data collection on activity pattern and position 

 
Figure C5: Screen 4.1 - Data collection on activity name, originator and duration 

 
Figure C6: Screen 4.2 - Dialog box for confirmation 
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Appendix D 

Evaluation demonstration 
 

D.1 Gap analysis results 
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D.2 Original “appeal” process model 
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D.3 “Appeal” process model including activity “revision” 
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D.4 Event log fragment containing activity “revision” 
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