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Abstract

This Master’s Thesis describes the efforts made contributing to the Process Mining
research of the Eindhoven University of Technology. Process Mining is a methodol-
ogy to distil a process definition from a set of real process executions, using enact-
ment logs from process-aware information systems. Process Mining has successfully
been applied to some of these systems (Staffware, FLOWer). However, attempts
to apply this technology to the SAP R/3 ERP system, have been less successful.
Hence, to test the application of Process Mining to other ERP systems, this re-
search focuses on Process Mining in PeopleSoft. The efforts made to investigate the
Process Mining possibilities for one PeopleSoft system, PeopleSoft Financials, are
described. Furthermore, the problems encountered when applying Process Mining
are explained.
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Summary

Problem definition

The awareness of Workflow Management technology in the field of Information Sys-
tems (IS) is greater than it was ten years ago. Several Workflow Management
Systems (WfMSs) now exist that offer generic modeling and enactment capabili-
ties for structured business processes. Other systems besides WfMSs have adopted
workflow technology.
There are many problems when applying workflow technology to WfMSs. Most com-
mon problem is that the workflow model does not reflect the actual work. Managers
have no (or little) overview into their business processes and thereby, are not able to
improve or manage their processes. From this necessity, in [3], the authors suggest a
methodology (Process Mining) to discover a process description based on a running
Workflow management system implementation. For this methodology, we need to
obtain transactional data that is registered in the system. Process Mining requires
specific information from any process-driven system to reconstruct a process model.
These requirements are [7]:

• Case ID

• Task ID

• Tasks are logically ordered

If we are able to find this information for executed processes within a system, we
have to extract and convert to a format suitable for the Process Mining tool. The
format to store process logs, i.e. logs that contain events (which is the combination
of Case ID, Task ID, and that the tasks are logically ordered), is defined in Appendix
A. By converting the logs from the system we are mining to this process log format,
we can use the Process Mining tool (ProM) to generate actual process models.
For WfMSs (Staffware, and FLOWer), Process Mining has been successfully applied,
but for the ERP system (SAP R/3) Process Mining could not be applied in a highly
generic and automated fashion. Therefore, the goal of this research is to explore the
possibilities of applying Process Mining to other ERP system, namely, PeopleSoft
Financials. The research question can be formulated as follows:

“Can we create an adapter to convert the logs of the PeopleSoft Financials ERP
system to the common log format defined by the Process Mining tool?”

In other words, the aim of this research is to identify the Case ID, Task ID in the
PeopleSoft Financials process log(s), then extract this information, convert it into a
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common log format by building a suitable adapter and then generate models using
the ProM tool.

Attempted approaches

The general approach taken to apply Process Mining to PeopleSoft Financials is

1. finding the Process Mining requirements;

2. extracting this information;

3. building an adapter that converts the extracted information to the common
format for storing process logs;

4. generating process models of the converted logs using the ProM tool.

We only progress to the second step, provided that we successfully have finished
the first step. From previous mining efforts we know that the first step is the most
important step.

We look for the Case ID, Task ID of executed processes systematically in the sys-
tem architecture of PeopleSoft Financials. PeopleSoft Financials is split into four
main areas, namely, (a) web client, (b) web server, (c) application server, and (d)
database.
The approaches attempted, to find the Process Mining information, are categorized
into three sets of approaches.
The first set looked at the application server (c). The application server is where all
applications within PeopleSoft Financials are executed. For the approaches regard-
ing the application of Process Mining to PeopleSoft Financials, we were not able to
find which application are executed for a process.
Therefore, in the next set of approaches, we decided to look at the database (d) of
PeopleSoft Financials. Using techniques such as database foreign keys and SQL trig-
gers we tried to obtain information, regarding processes, purely from the database.
However, in the database of PeopleSoft Financials, we cannot find process flow in-
formation, we only find data. We conclude from this approach that processes are
not controlled by the database.
The final set of approaches covers the web client (a) and web server (b) part of the
system architecture. We notice that users work with PeopleSoft Financials using
their web browsers, and the applications they work with are called pages and com-
ponents. These components can be classified as business process tasks (Task ID).
However, we cannot find the Case ID for which a component has been executed.
Therefore, we are not able to continue with this approach. Since, we have looked at
all areas of PeopleSoft Financials, we draw our conclusions.

Conclusions

For the application of Process Mining we need the information about the executed
processes and the order in which activities for a process are executed. The efforts
taken to answer the questions lead us to many different types of Process Mining
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attempts. Unfortunately, we were not able to find the process mining requirements
in all the approaches.
We conclude that PeopleSoft Financials does not enforce workflow through process
models. For any process log of PeopleSoft Financials that describes the behaviour of
the system, it is complex to find the common data element, which we call Case ID.
From our efforts, and the generalisation we make to other similar PeopleSoft systems,
it is possible to conclude that there is no such information available. Therefore, we
are able to conclude that we are not able to create an adapter that converts the
process logs of PeopleSoft Financials to the common format for storing Process
Mining logs.
We recommend that for the application to other systems, the same strategy should
be used. Furthermore, for the Process Mining research, it may be wise to focus on
Process Mining techniques that do not need Case IDs to mine processes.
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Chapter 1

Research assignment

1.1 Introduction

The subject of this Master’s Thesis is Process Mining and more precisely, visual-
ising processes based on data taken from PeopleSoft Financials ERP system. In
this chapter, we introduce the subject of Process Mining and the research for this
Master’s Thesis. The background for this research is given in Section 1.2. In Section
1.3, the concepts of Process Mining together with other preliminaries are given. We
then briefly describe the existing Process Mining research at Eindhoven University
of Technology in Section 1.4. The aim of this research, to extend the existing Pro-
cess Mining research, is given in Section 1.5. Finally, the approach to achieve the
research aim is given in Section 1.6 and in Section 1.7 we give the report structure.

1.2 Background

The existence of Workflow Management technology in the field of Information Sys-
tems is greater than it was ten years ago. A variety of Workflow Management sys-
tems (WfMS) now exist that offer generic modeling and enactment capabilities for
structured business processes [3]. These business processes are supported by Work-
flow Management systems by describing the process of all kinds of cases. Process
descriptions are typically graphical process descriptions, and are executable. Other
software systems, besides Workflow Management systems, have adopted workflow
technology (e.g. Windchill in Product Data Management systems1 (PDM) and
Adobe LiveCycle Workflow in Document management systems2 (DMS)).
There are many problems when applying workflow technology to Workflow Manage-
ment systems. Most common problem is that the workflow model does not reflect
the actual work. These models describe only what should be done rather than what
is done. Managers have no (or little) overview into their business processes and
thereby, are not able to improve or manage their processes. From this necessity,
in [3], the authors suggest a methodology to discover a process description based
on a running Workflow management system implementation. For this methodology,
we need to obtain transactional data that is registered in the system. Transactional
data can be log files of the Workflow management systems that has recorded process

1http://www.ptc.com/appserver/mkt/products/home.jsp?k=352
2http://www.adobe.com/products/server/workflowserver/main.html

8



Master’s Thesis Process Mining in PeopleSoft

activities. This methodology, called workflow mining, is then used as input for the
(re)design of the system.
We aim to extend the workflow mining methodology to other kinds of information
systems. Process mining extends workflow mining by looking at systems not only
driven by workflow models but looking also to systems driven by process models. A
process model can be a visual description of a process in isolation. A system driven
by process models is called a Process Aware Information System (PAIS)[3].
Process models define the order of tasks that have to be executed for one process
instance, e.g. an insurance claim. A task is a logical unit of work [4]. The order in
which tasks of a claim are processed is predetermined by the process model, similar
to a Workflow model. A process instance is the collection of executed tasks. For
example, the process “File Insurance Claim” can have many process instances.
In order to use Process Mining for any process redesign, we need to obtain informa-
tion regarding process instances.
Another category of PAISs, other than Workflow Management systems, are the
Enterprise Resource Planning (ERP) systems. This research focuses on Process
Mining of PeopleSoft’s ERP systems. We explain more about ERP and Workflow
management systems in the next chapter.

1.3 Concepts of Process Mining

Process mining research covers many concepts, and before we can focus on the goal
of this research, we need to understand some of its concepts.

Process and process models

A process definition indicates in what order tasks must be performed [4]. These
process descriptions can be given in a graphical notation. A graphical process de-
scription describing one process is called a process model. An example of a process
model, represented in Petri net notation [22] is given in Figure 1.1. We do not
explain the syntax of Petri nets here.

Figure 1.1: A process model example

In the process described in Figure 1.1 we can clearly see the start and the end of the
process model. The process model starts with transition A, and allows transition
B and transition C to execute in parallel. When both transactions have finished,
transition D finishes the process.

Adarsh Ramesh 9
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Process instance

When a process model has been designed, it can be executed. Each execution of
such a process is called a process instance, also known as case. Examples of process
instances are the handling of an insurance claim, the delivery of a customer order
or even the steps taken to handle a complaint registered by a call center.

Process Aware Information System

For this section, it is important to understand that there are information systems
that may use process models to configure their information systems. These systems
are more commonly classified as Process Aware Information Systems (PAIS). How-
ever, the level in which the process models are used to configure the information,
differs per information system. Workflow management systems such as Staffware,
COSA and FLOWer explicitly require a process model to define and configure their
processes, while in ERP systems such as SAP R/3, PeopleSoft and Oracle a process
model is less explicitly required. For some ERP systems no explicit workflow is
enforced and in some systems the process model is hidden in the pre- and post-
conditions of applications.

Process logs

Process logs or event logs are an essential concept of Process Mining. We assume
that for an information system we can register which tasks have been executed and
for which process. These process executions are what we know as process instances
with information about events. An event is the combination of different information
elements, such as the activity that has been executed, the case for which it has been
executed and the time of the executed activity. We use this information for the
mining of processes.
Process logs are usually stored as text files or as tables in a database. The idea of
these recorded logs is that they register the behaviour of the PAIS. An example of
a PAIS log is given in Figure 1.1.

Adarsh Ramesh 10
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Table 1.1: An example of a PAIS log
Case ID Task ID User Timestamp

3 A Steve 2005-10-02 09:30
2 B Doug 2005-10-02 09:30
2 C Doug 2005-10-02 09:32
1 D Emily 2005-10-02 09:32
4 A Steve 2005-10-02 09:34
3 C Steve 2005-10-02 09:34
3 B Doug 2005-10-02 09:36
5 A Steve 2005-10-02 09:36
2 D Emily 2005-10-02 09:38
3 D Emily 2005-10-02 09:38
4 B Steve 2005-10-02 09:40
5 C Doug 2005-10-02 09:40
4 C Doug 2005-10-02 09:42
5 B Steve 2005-10-02 09:42
5 D Emily 2005-10-02 09:44
4 D Emily 2005-10-02 09:44
6 A Doug 2005-10-02 09:46

Process mining

Process mining uses the information available in the process logs to reconstruct the
order of activities in the form of a graphical model (i.e. process model). The model
represents the executed processes based on the logs. The goal of Process Mining is
to compare the actual behaviour of the PAIS with the configured model, based on
the executed process instances. It is quite possible to have incorrect process models
obtained from the system. Consider for example, the process model in Figure 1.1.
When the process logs of the system only have recorded the tasks A, B, and D in
this particular order, then, using Process Mining, we will only discover a part of the
original process model. This results in a process model with tasks A, B and D in
sequence. Therefore, we assume to have a sufficiently large set of logs. We discuss
the concepts of Process Mining in more detail in Chapter 2.

1.4 Process mining research

Process mining research [24], at Eindhoven University of Technology, has provided a
set of tools used for applying Process Mining to different information systems driven
by process models. In general, the application of Process Mining to an information
system consist of four steps. First, find the logs of executed processes in the PAIS
and secondly, extract them into a convertable format. Third, we build an adapter
to convert these PAIS logs into the correct format. Finally, use the existing Process
Mining tools to generate process models of these converted logs. The Process Min-
ing tool requires a common format for logs as input, as defined in [16].
The research group at Eindhoven University of Technology has applied Process Min-
ing to the Workflow management systems: Staffware[29] and FLOWer[27], and the

Adarsh Ramesh 11



Master’s Thesis Process Mining in PeopleSoft

ERP system SAP R/3[17].
To explain what the application of Process Mining means, see Figure 1.2. Unfor-
tunately, we can not convert just any random data from the PAIS to the common
format. The requirements for the common format for storing log files, that has to
be extracted from the PAIS logs, are [7]:

• Case ID (which process instance is it?)

• Task ID (which activity has been executed?)

• Tasks are ordered

The first two data elements together, form one event of a process log. These elements
are mandatory for mining. Furthermore, if the order in which these Case IDs, Task
IDs occur in a log is ordered, then a Timestamp is not required. In Table 1.1
the mandatory fields are the first two columns, but if we have the User and the
Timestamp information, we are also able to discover more than only the process
model3.
If we are able to find more of these events, then we can extract the information,
build an adapter that converts them into the common format for storing logs, and
use the Process Mining tools to generate models. Only then, we can say that Process
Mining has been applied to the system.

Figure 1.2: The genericity of Process Mining research

The goal of the Process Mining group is to provide support for as many PAISs as
possible and thereby developing adapters as generic as possible. This means that
once an adapter is built, for a PAIS, it should work for all other versions of this
PAIS.
Process mining can not only be used for process discovery, but also for other mining

3In Chapter 2 we discuss other possibilities of Process Mining using these extra columns.
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objectives. These are discussed in Section 2.5.
From the Process Mining experiences in Workflow management systems (Staffware
and FLOWer), the adapters that were built are generic. An adapter is generic when
it is reusable for different versions, implementations of that system with minor
changes.
However, the adapter for the SAP R/3 ERP system, is specific and works for only
one module and implementation. More details about the current research work is
given in Section 2.7.

1.5 Research goal

The objective of this research is to contribute to the existing Process Mining research
by adding another source system to the list of systems that can be mined. For the
source system, we have chosen PeopleSoft’s ERP system4. The PeopleSoft ERP
system, is a large, well established, ERP system and offers support for many business
fields. Due to the timeframe of this research, only one of the PeopleSoft systems
is selected to be analysed. Ideally, any adapter built for this system is generic and
thus applicable for other PeopleSoft systems.
In order to mine processes in PeopleSoft, one PeopleSoft ERP module is analyzed
at a time. For this research, we need a PeopleSoft implementation. Fontys Hoge-
scholen5 provided us a PeopleSoft system. This research environment houses the
PeopleSoft Financials system. PeopleSoft Financials is selected, because any tests
performed on the system will not affect PeopleSoft Financials users, and when a real
mining has to be performed, the “live” environment can be used. Depending on the
research results, we want to evaluate if the adapter is only restricted to one system.
The research question for this research can be formulated as follows:

“Can we create an adapter to convert the logs of the PeopleSoft Financials ERP
system to the common log format defined by the Process Mining tool?”

In other words, the aim of this research is to identify the Case ID, and Task ID
in the PeopleSoft Financials process log(s), then extract this information, convert it
by building a suitable adapter and then generate models using the Process Mining
tools.

1.6 Approach

The approach for this research is derived from the aim of this research. It is not
possible to answer the research question at once. Therefore, this has to be an-
swered gradually during the research. The research is categorized into four areas:
Process mining, PeopleSoft ERP, Adapter for PeopleSoft Financials and General
applicability of the adapter. For each of these areas, a short approach is given.

1. Process mining
Before we start, we need to understand what the principles of Process Mining

4We discuss PeopleSoft in Chapter 3
5Fontys Hogescholen: http://www.fontys.nl
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are first. Therefore, we have to ask ourselves: what is Process Mining? The
idea of Process Mining is certainly not new. Many people have experimented
with generating process models from actual events. Futhermore, Process Min-
ing is not limited to process discovery alone, and therefore we discuss the other
mining possibilities also. Then, by reading about these experiments and read-
ing articles written about workflow mining, which is the mining of workflow
models in Workflow Management Systems, we have a good place to start. It
is important to know what is required from an information system for Process
Mining to be applicable and to which systems it has already been applied to.

2. PeopleSoft ERP
Before we start looking at PeopleSoft Financials, it is logical to first start un-
derstanding how Enterprise Resource Planning systems work and then how
they have evolved over the years. We focus our knowledge gathering about
ERP systems to only what we require regarding PeopleSoft and this research.
What first started out as small applications connected to each other to support
production processes, now has grown to become one of the largest information
systems packages in the world. Therefore, we must also know whether this
large information system is “process aware”.
Furthermore, many ERP systems offer workflow management technology sup-
port. The support is however limited to certain modules and is not comparable
to the level of support in WfMSs. So how does the ERP system differ from the
WfM system when looking at the applicability of Process Mining and more
importantly, how does PeopleSoft Financials work with processes? We try to
answer these questions, to help us find the Process Mining information we are
looking for.

3. Adapter for PeopleSoft Financials
Our goal is to find the common format requirements in PeopleSoft Financials
logs. Once we know where to find this data in PeopleSoft Financials, it is a
matter of extracting that data and then building an adapter that converts the
data to the correct format.
ERP systems have very complex data structures and finding the data is a time-
consuming task. Because of this time exhaustive task and time restrictions
of the research, there are no guarantees for positive results. We therefore
attempt to find the information in PeopleSoft Financials in a systematic way.
Nonetheless, if the information is available, the design of the adapter should
preferably be not only applicable to PeopleSoft Financials, but also to other
systems/modules of PeopleSoft.

4. General applicability of the adapter
The generalisation phase is to use the knowledge gained from this research
to evaluate the PeopleSoft Financials adapter for other versions, other imple-
mentations, other systems of PeopleSoft and also other PAISs in general.

The approach given is based on the information known about the assignment at the
beginning of the research. Although the approach seems straightforward, finding the
information in PeopleSoft Financials will be the most challenging. However, with
the knowledge and support of others in the Process Mining group at the Eindhoven
University of Technology, it should be possible to answer the research question.
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1.7 Report outline

The remainder of this report is structured as follows. Chapter 2 discusses Process
Mining. In this chapter we also explain about the different perspectives possible
with Process Mining. In Chapter 3 we start by explaining what ERP systems
are and how they have changed over the years. In addition, we explain how the
PeopleSoft Financials ERP system works. The attempted approaches to identify
the Process Mining requirements in PeopleSoft Financials are described in Chapter
4. The result of the mining approaches is evaluated and we give a generic answer
and specific answer to our research goal in Chapter 5. This thesis ends by giving
our conclusions and recommendations in Chapter 6.
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Chapter 2

Process Mining

2.1 Introduction

The concept of Process Mining has already been briefly discussed in Section 1.3.
In this chapter we explain the term Process Mining in Section 2.2. An example of
Process Mining is given in Section 2.3. This example shows the requirements for
Process Mining and these are listed in Section 2.4. Process Mining is not limited
to discovering processes and in Section 2.5 other perspectives are discussed. These
perspectives are supported in the Process Mining Framework (ProM), developed at
the Eindhoven University of Technology. In Section 2.6, this framework is explained.
Using this framework, several successful Process Mining efforts are explained in
Section 2.7. Finally, in Section 2.8 we close this chapter with the conclusions.

2.2 Process Mining

The foundation upon which Process Mining is based on, is Business Process Man-
agement (BPM). Although often perceived otherwise, BPM is a very generic way to
manage business processes[2]. BPM itself is not system bounded. However, when a
BPM system (BPMS) is involved to support business processes, it becomes system
bounded. The BPMS is the actual software system that is used to implement BPM
for a specific organization. Examples of BPMSs are a Workflow Management Sys-
tem (WfMS), but also a Enterprise Resource Planning (ERP) system.
A general characteristic of BPMSs is that they are process aware and generic in the
sense that it possible to modify the processes it supports.
Van der Aalst, for example, divides the BPM approach into four different phases,
namely design, configuration, enactment, and diagnosis [3]. Section D.3, explains
these phases in a WfMS setting in more detail.
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Figure 2.1: Business Process Management phases.

In Figure 2.1, an example of the four BPM phases are given. In the design
phase, business processes that need to be supported by the BPMS are defined.
These are then configured in the configuration phase. Remember that configuring
BPMSs is implementation specific. For the configuration of, e.g. ERP systems,
off-the-shelf applications are customized to support the business process at hand.
In the enactment phase the configured BPMS is used to execute business processes.
Unfortunately, many systems do not ensure that processes are executed in uniform.
Therefore, the diagnosis phase is typically used to detect any deviations between
process design and the execution of processes. In many cases, the diagnosis phased
is skipped, because of the extra strain which is put on the BPMS to collect this
information. Furthermore, the diagnosis phase is also used to gather information
about all process executions (in the enactment and diagnosis phase) to aid the (re-
)design of the process.
One form of diagnosis is Process Mining. In [7], the authors define the term Process
Mining as follows, a method of distilling a structured process description from a
set of real executions. The history of using executed process executions to discover
process descriptions is given in Section D.2 of the Appendix. Workflow mining, the
application of Process Mining to WfMSs, was first introduced in [30]. This initiated
the application of Process Mining to other PAISs.

2.3 Process Mining example

To illustrate the principles of Process Mining, consider the log shown in Table 2.1.
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Table 2.1: A Process Mining example
LOG LINE Case ID Task ID User Timestamp

001 3 A Steve 2005-10-02 09:30
002 2 B Doug 2005-10-02 09:30
003 2 C Doug 2005-10-02 09:32
004 1 D Emily 2005-10-02 09:32
005 4 A Steve 2005-10-02 09:34
006 3 C Steve 2005-10-02 09:34
007 3 B Doug 2005-10-02 09:36
008 5 A Steve 2005-10-02 09:36
009 2 D Emily 2005-10-02 09:38
010 3 D Emily 2005-10-02 09:38
011 4 B Steve 2005-10-02 09:40
012 5 C Doug 2005-10-02 09:40
013 4 C Doug 2005-10-02 09:42
014 5 B Steve 2005-10-02 09:42
015 5 D Emily 2005-10-02 09:44
016 4 D Emily 2005-10-02 09:44
017 6 A Doug 2005-10-02 09:46

Assume that Table 2.1 is a table taken from a BPMS that has recorded the process
executions. If we also assume that this log is complete1, then we can use information
to reconstruct the process model. Further details about this assumption is given in
[3, 8].

Figure 2.2: Discovered process model

The process model we obtain when we reconstruct the process logs, by looking at
the Case ID and the Task ID, is given in Figure 2.2. Note that the Figure displays
a visual model of the process in Petri-net language[1, 22]. From the log we can see
that, for every complete case, the tasks A, B, C and D are executed. Furthermore,
we see that the task A, for every case, is always executed first and task D, always
executed as last. Therefore, they are the start and finish of this process. Finally,
we see that task B and C are executed in any arbitrary order, we therefore may
conclude that they are parallel tasks. Proof of the correctness of Process Mining
is given in [30]. Also note that the cases 1, and 2 are not complete and these are
skipped.

1It represents enough process executions to distil an accurate process description
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2.4 Process Mining requirements

From the Process Mining example, we understand that the information given in the
logs is essential for mining. Therefore, an assumption is made that it is possible to
record events such that we have information about the order in which the events
of a case are executed [7]. The minimum requirements for the process logs, and
indirectly for Process Mining, are:

1. Case ID
The Case ID indicates for which case the activities have been executed. With-
out the Case ID, we are not possible to identify from executed logs whether
new processes are started, or finished.

2. Task ID
The Tasks ID indicates which activity has been executed. When a task is
executed for a specific case, we refer to it as an activity [4]. Tasks are “atomic”
and cannot be partially executed.

3. Tasks are ordered
The last requirement of Process Mining is that the tasks are ordered. In
other words, we know that when an activity in the log appears before another
activity in the log, we know that the first activity was executed first. It is also
enough to have a totally ordered log file containing case and tasks, because
the order is used as the logic in which the tasks are executed.

Without these requirements, we are not able to identify the process based on the
executed process information. In Figure 2.1 these requirements are met with the
columns Case ID, Task ID and Timestamp and therefore, it is possible to rediscover
processes using Process Mining. When applying Process Mining, the objective is
to identify these three requirements in the executed log of processes. Using this
information we are able to mine with different perspectives.

2.5 Process Mining perspectives

Process Mining can be used for different perspectives and is not limited to process
discovery. We distinguish six different perspectives for Process Mining. These are
shown in Figure 2.3.
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Figure 2.3: Different Process Mining perspectives

The dustbin in the middle represents the recorded transactional data taken from the
information system. Usually, this dustbin is filled with data somewhere in a table
of a database. Based on the information available in the database, it is possible to
use different perspectives of Process Mining. A brief explanation is given for each
mining perspective.

1. Basic performance metrics
These are standard performance indicators that originate from the world of
logistics. Some of these indicators are the average throughput time, failure
rate and capacity utilization. These indicators are important in measuring
the performance of a concerned process, but they do not give an overview of
how the process works.

2. Process model
Process discovery is the most common perspective of Process Mining. The
example, given in Figure D.3, gives such a process discovery. A process model
is discovered, based on a given information log. This model represents the
actual routing of work within a system. As described before, the process
model is discovered to identify differences between a process design and the
actual process.

3. Organisational model
The third type of Process Mining is the mining of the organizational model.
Organizations can have complex organizational structures and this mining
type can analyze the roles people have in an organisation and generate organ-
isational trees. Using the information regarding the users of an organisation
in the process log, an organisational model can be discovered.

4. Social network
The relationship between people is important when looking at the social net-
work. This type of Process Mining mines the flow of work that passes from
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one person to another. It can detect that always the same group of people
execute the same task and others are doing nothing. This, in particular, is
important to indicate within organizations. When an employee is relieved of
his duties, the social network can view the social network of that person and
use it for the training of new employees. More information about the mining
of social networks using Process Mining is described in [6].

5. Performance characteristics
This type of Process Mining is based on the if-then question. For example, if
a request for product X and Y is produced (assuming this is unusual), then
there is always a delay in the delivery, because product X and Y can use all
their own systems in parallel except for one product and that one needs to be
configured specially for the product. This is a very small example, but when
production lines become more complex it can be useful to analyze the process
based on its performance and relate it to a particular instance causing the
problem.

6. Auditing/Security
The last of the Process Mining goals is the auditing and security. This Process
Mining type is able to check whether there are security flaws in the design of a
process model. An example of a security flaw is when person “A” can declare
bills on the company expense account, anybody, but person “A” must approves
of these expenses.

For each of these perspectives, some data elements need to be found in the trans-
actional process logs (dustbin). We do not discuss these elements here, but refer
to [16]. By default, these perspectives are supported in the ProM framework. We
describe the ProM framework in the next section.

2.6 ProM Framework

ProM offers a framework to support different mining perspectives discussed in the
previous section. It has been setup to provide a platform for future mining per-
spectives. Some of the mining perspectives have been added to the framework as
plug-ins. A “plug-in” is a piece of software or functionality that can be added or
removed without affecting the total framework functionality.
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Figure 2.4: Overview of the ProM Framework

Figure 2.4 gives an overview of the ProM framework. We discuss the core of the
ProM framework components individually [16]:

• Input/output component
This component handles the input and output of ProM framework files. As
Figure 2.4 suggests, the input for the ProM framework are process logs stored
in a common XML format. The structure of this XML file can be found in
Appendix A. The output of the ProM framework is flexible. The ProM frame-
work also supports different commercial product formats such as NetMiner2

and Viscovery3). These tools are analytical tools used in the industry to
improve business processes through providing statistical data and since they
have not been implemented as a plugin within the ProM framework, having
an export function, for these industrial standard tools is a plus.

• Visualisation
The framework provides a visualisation plug-in that handles the actual drawing
of rectangles, squares, circles or any graphical two dimensional object for the
Process Mining framework. This component uses the DOT4 language, which
is the language that is used to describe the graphical elements [25].

• Analysis
The analysis component comprises of plug-ins capable of Petri net analysis, log
replay analysis, and checking EPCs for their correctness using their relative

2www.netminer.com
3http://www.eudaptics.com/loesungen/produkte.php?sprache=en
4http://www.graphviz.org/
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plug-ins. There are also plug-ins to compare a log and a model (i.e., confor-
mance testing [23]) or a log and an Linear Temporal Logic (LTL) formula.

The plug-ins supported in the current ProM framework has evolved from smaller,
deprecated, independent mining tools. Furthermore, the ProM framework supports
different modelling languages (e.g., Petri nets, and EPCs) and other output formats
such as Social Networks.

Figure 2.5: ProM tool screenshot

In Figure 2.5 a screenshot of the ProM tool is given. In addition, ProM has supplied
interface description for the development of new plug-ins. To assist others that want
to apply Process Mining to their information system, the Process Mining research
group at the Eindhoven University of Technology has developed an interface that
offers functionality to write the log in the correct XML format.
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Figure 2.6: ProMimport tool screenshot

The ProMimport tool (Figure 2.6) is the universal interface for allowing people
to develop their own converters to the common log format defined by the ProM
framework5.

2.7 Available converters

In the introduction to Process Mining in the first chapter, we already mentioned
that Process Mining has been applied to other systems. For each of these systems,
a converter was written to transform the process log data into Process Mining XML
data [24]. We briefly describe the most important aspects of the Process Mining to
these systems.

1. Staffware
In TIBCO Staffware [3, 29], a Worfklow Management System, finding the
Process Mining information is straightforward. In the log files of Staffware, the
case and the Task ID are explicitly given. Furthermore, for each executed task,
there is a timestamp. The Staffware converter simply parses the Staffware logs
and outputs the data in the Process Mining common format.

2. FLOWer
Similar to Staffware, the Workflow Management System FLOWer [27] also has
Process Mining data such as Case ID, Task ID about the executed activities
readily available. The data is stored in the database. The FLOWer converter

5Documentation about the ProMimport can be found at http://www.processmining.org/
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extracts the data from a particular table and writes to the common Process
Mining log format.

3. SAP R/3
Unlike any of the two Workflow Management Systems, in SAP Enterprise Re-
source Planning system R/3 [28], we encounter problems in finding Case IDs
in the transactional log files. As described by [7], enterprise information sys-
tems are incredibly complex and consist of a large number of applications and
components. These applications/components support fragments of a process
and as a result the information required for Process Mining is scattered over
the system. Obtaining the required Process Mining data is therefore far from
trivial.
However, [17] describes an implementation specific solution to collect the Pro-
cess Mining data, but the solution is not as generic as those in Workflow
Management Systems.

For the application of Process Mining to Workflow Management Systems such as
Staffware and FLOWer, the solution is generic. Unfortunately, for the SAP R/3 ERP
system, we were only able to apply Process Mining specifically to one implementation
and for one module. Future research into the application of Process Mining to other
ERP systems should indicate whether other ERP systems also log their process
executions in different places and thereby obstructing a generic Process Mining
methodology.

2.8 Conclusion

In this chapter, we have discussed the fundamentals of Process Mining. The diag-
nosis of process executions used to aid process (re-)design. Process Mining is not
limited to process discovery. As we have seen from the Process Mining perspec-
tives, there are many possibilities to use Process Mining. In order to apply Process
Mining to a system, we need to obtain process logs that describe the behaviour of a
BPMS. Then, by matching the terminologies such as Case ID, Task ID of the BPMS
log, with the same elements in the common format for storing Process Mining logs,
we are able to mine processes. This research focuses on the application of Process
Mining (i.e. the matching of terminology and building a converter to the common
format) to other systems. From the application of Process Mining to SAP R/3 ERP
system [17], M. van Giessel has indicated that finding a generic solution is difficult.
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Chapter 3

PeopleSoft ERP

3.1 Introduction

This chapter describes the PeopleSoft ERP system that is used for conducting the
research. To explain what an ERP system is, we start with a brief history of ERP
systems in general, in Section 3.2. In Section 3.3 we explain the Process Aware
Information System (PAIS) and indicate that ERP systems are also part of the
PAISs. Another group of PAISs are the Workflow Management Systems (WfMS).
When a comparison is made between WfMS and ERP systems, we see commonalities
and differences. These are explained in Section 3.4. As this research is focused on one
ERP package, PeopleSoft, we explain about the changes it has undergone over the
years in Section 3.5. Highlighted for this research is the financial system, PeopleSoft
Financials. For this reason, we give an overview of how PeopleSoft Financials is set
up in Section 3.6. Finally, the chapter ends with the conclusions in Section 3.7.

3.2 History

Software applications in the seventies, if existent in organizations, were custom built.
These applications were usually able to execute only one task repetitiously. Slowly,
a trend emerged in making software that is easily adaptable to other organizations.
Software developers now only had to make one software package, and sell the same
package to different organizations with minor adjustments. Several administrative
tasks were among the first to be automated, because many of them are similar in or-
ganizations, except for a few details. These details could then be manually changed.
More of these standard applications have been developed to automate processes
within organizations. Although many processes had been automated, there was no
integration between applications. Information was printed using application and
then re-entered into another automated process application. There was a necessity
for a complete software package capable of integrating these small individual pack-
ages.
There are two answers for this problem, namely making them integrate using the
latest technology or use one software package that contains the functionality of all
these software packages. The first solution is called Enterprise Application Integra-
tion (EAI) and the latter solution is the Enterprise Resource Planning (ERP). ERP
is the collective name for a large enterprise software solution capable of support-
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ing different organization fields, such as financial operations, costs control, human
resource management, project planning, administration, marketing, sales, and dis-
tribution.
ERP is the successor of MRP (Material Requirements Planning (MRP I), Man-
ufacturing Resource Planning (MRP II)) systems and support processes broader
than production processes [20]. Large ERP systems and the implementation of
these system are expensive, and for smaller organizations the full functionality of
the system is never used. Therefore, many ERP system developers have split their
ERP functionality, for smaller organisations, into modules. Although the software
modules for small organisations might be the same, they will differ in implementa-
tions. Now only the modules which are relevant for an organization are selected for
customization.

3.3 Process Aware Information System

An ERP system belongs to a special group of information systems, namely the Pro-
cess Aware Information System. PAISs are systems that are driven by process mod-
els, of which some are more explicit than others. Other PAISs are Workflow Man-
agement Systems (WfMS) and case-handling/ Customer Relationship Management
(CRM) systems. For some of these systems, has been generically applied, but not
for ERP systems. However, ERP systems, unlike WfMS and case-handling/CRM
systems, do not work with an explicit process model. ERP systems usually work
with a process model which is hidden within the software [9], or with a reference
model which is not “real-time”. These process models in ERP systems are inflexible,
when compared to models in WfMS, and case-handling/CRM systems. Using the
technique, we try to obtain the process models of an implementation of an ERP
system. For this research we use the PeopleSoft ERP system, and it is interesting to
find out how process aware the system is. Does a PeopleSoft implementation work
with explicit process models? The approaches given in Chapter 4 should yield an
answer to this question.
When we look more closely at ERP and WfMS systems, we notice that they share
the same goal: to ultimately improve business processes. Their approach in reach-
ing that goal differs strongly. When managed correctly, a coherent picture of what
is happening in an organisation can be captured in both systems. This supports
better decision-making and planning, because data from departments are integrated
and accessible throughout the system. The integration is especially important when
legacy applications are involved, since very often they do not integrate with other
systems.

3.4 WfMS vs ERP

When we compare WfM systems to ERP systems more closely, we notice that while
both systems focus on business processes, the approach taken by each system is
distinct. A WfMS, as described in Section D.3, uses a workflow model, which is
then customised to accommodate specific business process structures. ERP systems
are implemented around the idea of prefabricated applications. ERP manufacturers
develop applications for particular sectors of the industry. Organizations acquire
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the applications according to their needs. The workflow model is embedded in these
applications. This means that many applications have pieces of the process model
“hard-coded” in the software. The ERP software applications are built with param-
eters to allow some flexibility in configuring business processes. Each application
includes the logic necessary to control organizational processes from a data and
information point of view [9]. To achieve a better fit with the implementing orga-
nization, applications often need to be tailored by setting thousands of parameters.
Figure 3.1 represents one of the key differences between WfMS and ERP systems.

Figure 3.1: WfMSs and ERP systems

Using a workflow definition and model, the system implementers can develop
applications to support the flow of work described in the workflow model (see Fig-
ure 3.1a). These applications work together to form a WfMS. Workflow system are
process-centric, focusing on the management of flow logic [9]. For ERP systems, the
workflow model is usually embedded in the application software (see Figure 3.1b).
System implementers work at configuring the system by setting parameters that are
accessed by the applications.
To compete with the clarity of process modelling used in Workflow management
system configuration, ERP systems introduce the notion of reference models. These
models are best practice process models that can be used for the configuration of
an ERP implementation using parameters [10]. However, this is not how things
are being configured in ERP systems at the moment, but this would be the ideal
solution. The more parameters an ERP system has, the more the workflow process
can be configured. The final configured ERP workflow model is therefore in many
cases not visible because it is stored in the application logic and parameters tables.
Logically, with WfMSs, developers tend to have more flexibility since they are de-
veloping the workflow model directly, being limited only by the tools provided in
the WfMSs development platform. The ERP systems are data-centric, providing a
common homogeneous data infrastructure across the organisation [9]. The question
is: “Is PeopleSoft also data-centric as well as process-centric?” If we are able to
mine processes from PeopleSoft, this means that we are able to identify processes
from a running implementation and therefore, can conclude that it is also process
centric.
The recent trend from ERP vendors is to integrate Workflow Management Technol-
ogy into ERP systems. For example, in order to facilitate the customization and
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deployment of ERP systems, some vendors are making their systems workflow-driven
with the integration of workflow components. This workflow integration is however
not equivalent to workflows in a Workflow Management System, and only interface
existing ERP components with some kind of workflow functionality. In other words,
in workflow systems, a workflow is required before any work can be executed, while
in ERP workflow, the work can start without workflow functionality. Unfortunately,
the integration of this workflow interface to components is not throughout the whole
ERP system and therefore only available on particular modules.

3.5 PeopleSoft ERP

When PeopleSoft company first started, they built their ERP systems to support
financial and human resource management (HRM). With there major release in
the beginning of 1998, they have increased their functionality rapidly. These new
functionalities were production and distribution oriented. The acquisitions of Red
Pepper Software (1996) and Vantive (2000) helped in adding supply chain planning
(SCP) and e-Business application to PeopleSoft. By doing so, it is suitable for distri-
bution oriented discrete production (make-to-stock). Relating this to the previous
Section, we see that other ERP applications are acquired and integrated into larger
ERP systems like PeopleSoft. Furthermore, although PeopleSoft have increased
their functionality for finite capacity planning, it is less suitable for shop-floor con-
trol and warehousing. PeopleSoft is currently very popular for their ERP solutions
for universities and schools. PeopleSoft Campus Solutions allows universities to in-
tegrate their student financial data with their student progress data. PeopleSoft has
recently been taken over by ORACLE, a company well known for their Database
Management System (DBMS) software and ERP solutions. DBMS software is a
suite of programs responsible of managing the database containing the data. Al-
though ERP systems like SAP and BaaN have developed their own database and
database management software, PeopleSoft supports different databases and thus
different DBMS software. PeopleSoft is one of the first ERP suppliers to allow ERP
applications to be accessed using a standard web browser [21]. Users no longer
needed to install ERP client software, and are not dependent on the operating sys-
tem. This technology is called the PeopleSoft Pure Internet Architecture (PIA).
Unfortunately, for customizing applications embedded in PeopleSoft, one can not
use the web browser. You need the PeopleSoft developing tool: PeopleTools[26].
This is a Windows application that is directly connected to the database of the
ERP system and is capable of configuring the ERP system.

3.6 PeopleSoft Financials

For the research at the Fontys University of Professional Education we have access
to their PeopleSoft Financials test environment. Because the system is for testing
purposes only and is identical to the live environment, we are able to test if our
requirements, discussed in Section 2.4, can be met. The financial system is primar-
ily used for the billing of external people that follow courses offered by Fontys, for
example, members of a software development company following a course on ob-
ject oriented programming. Normally, students are billed from the Fontys Student
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System (PeopleSoft Campus Software). This system also supports the billing of
students for their annual tuition fees. We now have a look at the PeopleSoft ERP
Systems internal architecture. An overview of the architecture, as developed by
PeopleSoft, can be seen in Figure 3 2. Note that this figure is taken from PeopleSoft
documentation [15] and is universal to all PeopleSoft ERP systems with Version 8.

Figure 3.2: PeopleSoft Financials system architecture

At Fontys, they use different versions of PeopleSoft, but for this mining effort
the focus is only on PeopleSoft Financials which runs on Version 8. Applications
in PeopleSoft Version 8 and later are started from the web browser using the Pure
Internet Architecture (PIA). This is depicted in the most left part of the picture.
The PIA is introduced with PeopleTools 8 and is completely focused on the internet
environment. Its main purpose is to provide internet-based ERP access and integra-
tion. Using the PIA, it is possible to access the ERP information anywhere in the
world. The web server displays web applications which are defined in the application
server and is responsible for the look and feel of the application. In the application
server the content of the application is defined. There are many applications in an
ERP system like PeopleSoft. These applications are stored, in this case, in an Oracle
database. The database management system (DBMS) is the core of the system and
is responsible for maintaining the database. ERP applications are prefabricated and
the settings for the execution of these applications are stored in the database. When
an application is started from the web browser, a processing request is placed in a
table of the system database. This table contains a list of applications that have not
been processed. The process scheduler server agent then reads the table containing
all applications (COBOL, SQR, Application Engine, etc.) processing requests and
schedules applications for processing. This is done by the Process Scheduler Server
Agent. One application started from the web interface can start multiple processes.
These kinds of applications are called jobs. Users of the PeopleSoft ERP system
work from the left (the web browser) and system administrators operate from the
right (the process scheduler server). On the left we see web browsers opening web
pages and starting applications, and on the right we have different types of processes
that are started, caused by the web browser. After a web application starts, the
system can execute smaller applications related to the initial application.
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3.7 Conclusion

Enterprise Resource Planning (ERP) is a common name for a large integrated soft-
ware package capable of supporting business processes through process automation.
Although it shares the same goal as a Workflow Management System (WfMS), it
has a different approach, compared to a WfMS. The process model that drives the
ERP system is not clearly visible. It is usually embedded in the logic of ERP appli-
cations, and therefore not easy to alter. ERP systems provide many parameters to
change settings of the ERP application, but not the model itself. This is in contrast
to WfMS systems. The collective name for systems that are driven by processes
are called PAISs. For Workflow Management Systems it is easy to say whether it is
process driven, but does the same hold for ERP systems and PeopleSoft in particu-
lar. Extracting the business process model from an ERP system, like PeopleSoft, is
what is all about. Thereby indicating that there is an explicit process model that
drives the system (process aware). The ERP system that is being analysed in this
research is PeopleSoft Financials. Once a small ERP system known for their HRM
module, it has grown by acquiring other smaller ERP packages (later on to be added
as modules in PeopleSoft).
In 2005 Oracle took over PeopleSoft and hopes to compete with the larger ERP
vendors. Analysing the PeopleSoft architecture, we can see how applications are
started in PeopleSoft. We can use this as a starting point for our hunt for data.
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Chapter 4

Overview of approaches

4.1 Introduction

We are interested in how we can generically add PeopleSoft Financials to the list of
information systems for which we can mine processes. The attempts made to realise
this, are called mining approaches.
From the Process Mining chapter, Chapter 2 we know that there are requirements
for Process Mining that we need to find in PeopleSoft Financials in order to mine
any processes. Then, we can export the information taken from the system and
eventually build an adapter that transforms the data. Finally, we can generate
process models, based on the process logs taken from the PeopleSoft Financials
system, and evaluate the result of the mining. We are then also able to assess if the
result of the mining is valid.

Figure 4.1: The PeopleSoft adapter.

Figure 4.1 displays the research aim visually. Since there is no assurance that the
common format requirements, discussed in Section 2.4 exists, we have to look deep
into the PeopleSoft Financials ERP system to find the required information.
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Figure 4.2: An abstract overview of the type of mining approaches applied to Peo-
pleSoft Financials to find the data in the system.

We have attempted to find the Process Mining requirements in PeopleSoft Fi-
nancials using several approaches. Some in more detail than others. The approach
taken to systematically look for Process Mining information is based on the system
architecture of the PeopleSoft Financials ERP system (see Figure 4.2). We have
split them into three categories:

1. Application mining (Section 4.2),

2. Database mining (Section 4.3), and

3. User oriented approaches (Section 4.4).

For each of these approaches, we describe the four steps: (1) what our motivation
was, (2) what actions were taken to realise the approach, (3) we describe the result
of the approach, and (4) we evaluate the approach.
For two approaches, the Application Engine mining approach given in Section 4.2.1
and the PeopleSoft pages approach in Section 4.4.1, we were able to build a converter.
Therefore, these approaches are more elaborately described than the others.
In Section 4.5 we give our conclusions and answer some of the questions raised in
the beginning of the research.

4.2 Application mining approaches

The first type of approaches are the PeopleSoft application related approaches. The
assumption that we made for these approaches is that PeopleSoft Financials only
consists of applications that, in turn, modify data. In Section 4.2.1, we look at one
type of application, and from there, try to gather information about which other ap-
plications are executed for the same process. The approach that followed, described
in Section 4.2.2, focusses on multiple applications and the process scheduling server,
which is the core of the PeopleSoft application scheduling system. In Section 4.2.3
we see what the results of the efforts are.
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4.2.1 Application Engine mining

Motivation:

In an ERP system like PeopleSoft Financials, there are many different applications.
Confusingly, these applications are internally called processes in PeopleSoft. Ap-
plications are executables started from the user interface of PeopleSoft Financials.
These applications are capable of modifying data within the system in one way
or another. In PeopleSoft Financials we distinguish five major application types,
namely Application Engine, COBOL, SQR, nVision and Crystal.

Figure 4.3: Application Engine in the PeopleSoft system architecture.

In Figure 4.3 we see these applications on the right extreme part of the PeopleSoft
Financials system architecture. For this approach we assume that an application is
process and every application execution is a process instance. We choose to look
at one type of PeopleSoft Financials applications, namely the Application Engine
(AE) applications. The AE applications are highlighted in Figure 4.3. We notice
that for every AE application, it is possible to log the application. Therefore, we
analyze this log. The reasons for selecting this AE log are:

• It contains information that we can use for Process Mining;

• It is reasonable easy to enable the logging;

• There is trend to shift the functionality of non PeopleSoft proprietary appli-
cations to AE applications;

• AE supports the largest amount of applications within PeopleSoft Financials.

The log file of the AE is called a trace file or trace. The AE trace (AET) is a text
file registered at the time of execution. By default, no AET log is created, because
logging the AE applications is an extra load on the PeopleSoft Financials system.
The logging of these AE applications is only enabled, when errors occur in the exe-
cution of applications.

Action:

In the action phase we distinguish two steps. Firstly, we need to know how the AET
file is constructed that we eventually use to convert, and then we build a converter
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that actually converts the AET log in the common XML format for storing logs.

Application Engine Trace (AET)
All applications, also that of type Application Engine, are executed in the Appli-
cation Server. When the logging option for an AE application is enabled, then for
every execution of this application a separate log is created. The format in which the
log is stored in PeopleSoft Financials gives us useful information about the executed
application. The AET logs have the following format:

“application type” “application name” “application instance”.“log type”

For example, the trace file: “AE AP APGLOPEN 441515.AET” has “AE” as the
type of application namely, Application Engine abbreviated. Furthermore, the file-
name contains traces of the Application Engine application: “AP APGLOPEN”
and the number “441515” is the instantiation of the application. Every execution of
this application can be uniquely identified by its number, the application instance.
Finally, the “AET” is the default extension of an Application Engine Trace file.
An AET file contains lines of events. These events are recorded activities in the AE
application. The first few lines of the trace file are:

1 -- PeopleTools 8.42.15 Application Engine
2 -- Copyright (c) 1998-2004 PeopleSoft, Inc.
3 -- All Rights Reserved
4 -- Database: FFEZ (Oracle)

These lines contain:

• The PeopleTools version: 8.42.15;

• The process type: Application Engine;

• The name of the database: FFEZ;

• The type of database: Oracle.

After these first lines, the trace starts with the following line:

5 -- HH.mm.ss YYYY-MM-DD Tracing Application Engine program <process name> <description>

The application name has the same value as the name obtainable from the filename.
It is a small application in the Application Engine. The description of the application
can only be obtained from line 5. From this line also the start date of the application
is obtained: HH.mm.ss YYYY-MM-DD.
Other lines usually have the following format:

6 -- HH.mm.ss LVL (PROCESS.SECTION.STEP) (DESCRIPTION)

The first two “–” indicates that this line is the start of an event, and then followed
by the timestamp “HH” for hours, “mm” for minutes and “ss” for seconds. The
“LVL” indicates at which level the event took place. An AE application is split into
sections and each section has several steps. A trace can contain subsections which
are executed from the main section. For instance the line:
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7 -- 15.04.06 .(AP_APGLOPEN.MAIN.000-1) (Call Section AP_APGLOPEN.A000)

In turn causes the following event in the file:

8 -- 15.04.06 ..(AP_APGLOPEN.A000.A000-1) (SQL)

Note that the LVL was “.” and after the call the level is “..”. After all the steps
of section “A000” have been executed the LVL returns to “.” and continues with
the next step in the “main” section. The rest of the event contains SQL code as
indicated in the description and every event finishes with a slash “/” at the end. An
example of an event is:

9 -- 14.44.23 ..(AP_APGLOPEN.A000.A000-2) (Do When)
10 %Select(TEMP_FLD) SELECT ’X’ FROM PS_APGL_OPEN_RQST WHERE ’ ’ = ’Y’
11 /

Line 10 is a piece of SQL code. It is not required to understand the query.
The AET trace file ends usually with:

12 -- HH.mm.ss Application Engine program <program name> ended normally
13 -- HH.mm.ss Application Engine ended normally

If the trace file contains line 5 in the beginning of the trace, then line 12 will be there
at the end of the file. In other words if an application is traced, then a beginning
and ending of the trace exists, unless the program has errors.

AET Converter
The converter has as input a PeopleSoft AET file, and converts this to a common
format for process logs. This common log is described in Appendix A. The AET
converter starts by reading the file, taking the application name and the applica-
tion instance from the filename. This is stored as the process name and process
instance in the common XML format. Then, every line that begins with “- -” and
a timestamp is converted to an AuditTrailEntry and the WorkflowModelElement is
the application name concatenated with the section and step.

14 -- 15.04.06 ..(AP_APGLOPEN.A000.A000-1) (SQL)

Line number 14 is an another example of an event in an AET file. The whole line is
considered as an AuditTrailEntry, and the WorkflowModelElement is “AP APGLOPEN.A000.A000-
1”. The application name is “AP APGLOPEN”, section “A000”, and the step is
“A000-1”. The EventType is in this case always “complete” because the line is
written after that WorkflowModelElement has been executed. For the Timestamp
the date which is taken from the beginning of the file and the time from the begin-
ning of every line is used. As in line 5 we have the date, and in line 7 we have the
time: “15.04.06”. For the “ORIGINATOR” we use unknown, but the information
is available in the trace file. The value of the originator is stored in the OPRID
variable in the AET file.
The general idea behind this converter is first read only the lines that start with “- -”
and then when there is a timestamp in the form of “HH:mm:ss” it is stored, and the
parsing of the line continues. The next thing that is stored is the value between the
first parentheses and the description (e.g. line 14 the description is “SQL”) is not
stored. Once this is finished, the converting process has been completed. Further
details about the AET converter, can be found in Appendix ??.
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Result:

For the analyzing of AET logs, we have built a converter. Now, we use the ProM
tool to generate models of the converted AET logs.

Figure 4.4: Aggregated EPC of AP APGLOPEN application executions.

Figure 4.4 is a large diagram, and we only show the start of the trace. At this
moment we have obtained a process model in the form of an Event-driven Process
Chain (EPC)[15]. The result of the mining based on the converter we built was not
interesting, because the log file we analyzed from an AE application only describes
which steps were taken for that particular application execution. The process model
is a sequential model with each branch displaying the different application execu-
tions. These steps are the same for every application execution of an application.
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Evaluation:

With this approach we are able to visualize PeopleSoft Financials application. How-
ever, this AE application is of a too low level and does not cover a business process.
Furthermore, from a single application we are not able to find relations to other
applications. Therefore, the next step is to investigate what caused the application
to be executed. In other words, we need to look at a higher level (see 4.2.2).

4.2.2 Process scheduler

Motivation:

In PeopleSoft Financials, applications are centrally scheduled for processing in the
Process Scheduler Server 1. Therefore, the assumption is that this server is the place
where information regarding which applications are executed for which process in-
stances, could be stored.
Whenever an application has to be executed, a request is done to the process sched-
uler for execution. For that application a time and/or date is set when the appli-
cation is to be executed. This is stored in a table of the database and the pro-
cess scheduler server uses this table to eventually execute the applications in the
PeopleSoft Application Server. When we look more closely at the scheduling of
applications, we notice that a unique number is assigned to each application before
execution. This unique identifier is issued by the process scheduler and also stored
in the scheduling table. Therefore, using the unique identifiers, it might be possible
to collect information about which applications are executed for a particular case.

Action:

When we investigate the assumption, we notice that once the execution of an appli-
cation is complete, the unique execution identifier is reset to zero. Thereby, we lose
information regarding which applications are scheduled for execution of a particular
process. We are not able to use the unique identifiers as information for case id’s.
Therefore we are not able to build any converter, because we are not able to find
the information we are looking for using this approach.

Result:

The Process Scheduler Server might contain information about the PeopleSoft appli-
cations that are executed for a particular process. Unfortunately, this information
is lost at run-time. By default, no log is generated by this process scheduler server.
When such a log file needs to be created, all the 512 AE applications in the People-
Soft Financials system need to be altered, because it is coded in every application
that a request to the process scheduler server must take place before being executed.

Evaluation:

Using the approach given here, we are not able to obtain information for Process
Mining, but if we were to store this unique case id manually, then we would have to

1PeopleSoft uses the term “server” because the scheduling of these applications can be very
strenuous and in such cases a different physical server is used for the process scheduling.
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change all applications in PeopleSoft Financials. Changing the applications would
not be feasible and the solution would be too implementation specific. Applications
might be customized for a PeopleSoft implementation, and if we want to apply
this same approach to other implementation we would still have to change the
applications individually.

4.2.3 Application mining results

The conclusion we can draw from the application mining approaches is that in an
ERP system, like PeopleSoft Financials, there are a lot of applications. Using the
information available from a single application execution and the process sched-
uler server, we miss information on the business level. By business level we mean
information about the business process that ultimately caused applications to be
executed.

4.3 Database mining approaches

The database mining approaches look at the database of the PeopleSoft Financials
system. Fontys has opted to use Oracle DBMS software for their database. People-
Soft is quite unique in this sense, because many of the larger ERP systems supply
their own database.
The following approaches focus on what can be found when analyzing purely the
database of PeopleSoft Financials. We start with the foreign keys approach in Sec-
tion 4.3.1, and the information that can be found using SQL Triggers is described
in Section 4.3.2 and finally we try something more specific, namely, table mining in
Section 4.3.3. Once again, we summarize the results in Section 4.3.4.

4.3.1 Database foreign keys

Motivation:

PeopleSoft stores all the data in tables of the database. The database tables used
for processes can be easily found when we have an overview of which tables are
linked to each other, using foreign keys2. Once such an overview is obtained, we
know exactly when and where tables are accessed, and data is stored.
We make the assumption here that the activities that we are looking for, change the
data in the database tables. Therefore, we have to look at which tables were altered
for an activity.
Before we can identify the tables that are changed by an activity, we try to create a
metamodel of the PeopleSoft Financials database. This metamodel should provide
an overview of which activities use which tables and hopefully, also which processes.
A database metamodel describes more than only the relation between tables. Ac-
cording to [19], a database metamodel is a description of those database properties
that are not dependent on a particular database state. So, by reconstructing a
metamodel of PeopleSoft Financials, we know what is required for a PeopleSoft

2A foreign key is a field or group of fields in a database table that point to a key field or
group of fields forming a key of another database table in some (usually different) table. Source:
http://en.wikipedia.org/wiki/Foreign key
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database. Combine that with the knowledge we get from the links between tables
and we might be able to have an idea of how processes are supported in PeopleSoft
Financials.

Action:

In order to find links between tables we require foreign key support for the database.
Unfortunately, foreign keys have not been implemented in the Oracle database.
Therefore, no overview of all the tables can be made. No actions towards Process
Mining were performed.

Result:

No result, because foreign keys are not implemented.

Evaluation:

Information regarding how PeopleSoft Financials database tables are linked to each
other cannot be found, so we look for other alternatives for finding interesting tables
for mining.

4.3.2 SQL triggers

Motivation:

Similar to the Database foreign key approach, this approach uses a different tech-
nique to see which tables are modified during activities. SQL triggers are procedures
(i.e. stored SQL applications) that are “triggered” when basic table operations are
performed: Insert, Update, or Delete. Triggers are similar to stored procedures. A
trigger stored in the database can include SQL, PL/SQL, or even JAVA statements,
and can invoke stored procedures. A procedure is explicitly run by a user, applica-
tion, or trigger, whilst triggers are implicitly fired by ORACLE when a triggering
event occurs, no matter which user is connected or which application is being used.

Action:

The underlying database of PeopleSoft Financials at Fontys supports the use of
SQL triggers to see which tables are modified during some activities. To use this
technique, we need to place triggers to tables. However, we do not know to which
tables we have to add these triggers. PeopleSoft Financials has in excess of 13.000
tables and adding SQL triggers to each of these tables would cause the system to slow
down, because every database access would execute the SQL trigger. Furthermore,
with the database alone, we cannot get information about the applications causing
to trip the trigger. So, no further implementation steps were taken for this approach.

Result:

No result, because nothing was implemented.
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Evaluation:

SQL triggers are supported in the PeopleSoft Financials database, we have to add
triggers to all the tables before we might find the information we are looking for.
Therefore, we suggest the concept of table mining.

4.3.3 Table mining

Motivation:

Another approach is to find out which tables belong to a certain process and then
monitor those tables using triggers. By recording which database tables are accessed,
we can place triggers to these tables.

Action:

The approach starts by looking at one process of PeopleSoft Financials, the billing
of customers. The concept of this approach is applicable to other processes. For this
section we take this one as an example. Whenever an application requires data from
these billing related tables, the triggers are fired. The limitation of this approach
is that we define to which tables triggers are placed beforehand. Therefore, if we
already know which tables are used for an activity, we do not need to obtain it from
the system using triggers.

Result:

Therefore, the result is only limited to the processes that use tables to which triggers
have been placed and not all the business processes. We have performed tests to
find out which tables belong to which activities. No actual implementation took
place. Example of this manual table hunt is described in Appendix B.

Evaluation:

Table mining is specific and requires knowledge about the processes before any
triggers can be placed. This makes the approach subjective. Although the idea
behind this is applicable to all PeopleSoft Financials implementations and requires
triggers to be supported, we describe in Section 4.4 an approach that is objective
without the use of triggers and also applicable to all implementations, including
Fontys.

4.3.4 Database mining results

What we can conclude from these database approaches is that in PeopleSoft Finan-
cials the business logic is not stored in the database, but stored in the applications.
Hence, the type of database is totally irrelevant for PeopleSoft Financials to work.
Information regarding business processes and PeopleSoft Financials applications are
not stored in the database. Only the configuration of these processes and/or appli-
cations are stored and retrieved. Table mining attempts to find out which tables
are important for a particular business process, but in order to find the tables we
need to “cheat” (i.e. have prior knowledge of the processes) and that is not what
we had in mind before we started.
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4.4 User oriented approach

Another category of attempted Process Mining approaches, are the user oriented
approaches. From the user perspective, we define that tasks are what users of the
PeopleSoft Financials system actually do from their web browsers. We start by look-
ing at PeopleSoft pages in Section 4.4.1 and continue with PeopleSoft components
in Section 4.4.2. In Section 4.4.3 we summarize the user oriented approach results.

4.4.1 PeopleSoft pages

Motivation:

In WfMSs it is important to realize that workflows consist of tasks that are executed
by one or more resources [4]. Compared to an ERP system, in this case PeopleSoft
Financials, activities executed by the user can also be classified as instances of tasks.
However, the difference between Workflow management systems and ERP systems
like PeopleSoft is that usually, all the activities occur within PeopleSoft. There are
however activities that are executed manually, thus without using the PeopleSoft
Financials system. These actions are not in any way registered in the system and
therefore obtaining these activities is obviously not possible.
Activities within PeopleSoft Financials, as for all the other different PeopleSoft
systems, can be abstractly classified as mutations of data. In other words, users
who work with the financial system use the system to execute business process
steps by accessing and working with PeopleSoft Financials. They work by executing
small graphical user interface (GUI) applications that handle underlying database
tables, and thus data, transparently. Once the user finishes with an application,
other applications can be started or the same can be restarted, by the user. The
execution of one application is what Workflow Management technology calls an
activity, the actual performance of work [4].

As the system is responsible for the interaction between users, let us look more
closely to the user interface of PeopleSoft Financials and how that relates to tasks.

Figure 4.5: PeopleSoft user interface areas.

Users of the PeopleSoft Financials system connect to PeopleSoft Financials through
an internet browser. Therefore, the applications that are executed by users are web
pages. The user interface of PeopleSoft displayed in Figure 4.5 can be split into three
areas: header information, navigation, and target. The structure of the screen is
similar to websites, where the header information displays information that is valid
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for all PeopleSoft web pages. Examples of header information are the organizational
logo, logout option and a link to the homepage. The homepage is the view the user
gets after a successful login into the system. The navigation area of the screen
contains hyperlinks to web pages that are visible in the target area.

Figure 4.6: PeopleSoft user interface example.

Figure 4.6 is the view of PeopleSoft Financials after successful login. From the three
rectangles we can see the three areas clearly. In this example, the user has selected
the hyperlink “Standard Billing” beneath the “Billing” and “Maintain Bills” user
interface option.
From PeopleSoft documentation3 we learn that the hyperlinks can open PeopleSoft
components in the target area. Components are PeopleSoft’s web applications.

3http://eiswbpapb.admin.unt.edu/PSOL/htmldoc/eng/psbooks/index.htm
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Figure 4.7: PeopleSoft component hyperlinks.

The user in Figure 4.7 has the possibility to choose nine different hyperlinks. In this
case, a component can be “Standard Billing”, or “Copy Single Bill” in Figure 4.8.
A more formal definition of a PeopleSoft component is, a PeopleSoft term for a set
of applications that is capable of modifying data. Components in turn can contain
one or more PeopleSoft pages, which are smaller applications that can also modify
data. Note that a web page is not the same as a PeopleSoft page.

Figure 4.8: PeopleSoft component and pages.

The PeopleSoft component that has been selected, is in this case “Customer Gen-
eral”, and has the PeopleSoft pages “General Info” (page currently selected), “Bill
To Options”, etc. A page in Figure 4.8 is one part of a component. PeopleSoft pages
contain User Interface fields such as edit boxes, scroll lists and check boxes. User
Interface fields can be used by a PeopleSoft Financials user. Transparently, these
components, pages and fields are mapped to the PeopleSoft database.
When a user accesses a page and starts entering data, he can start different compo-
nents or can be automatically forwarded to other components. The automatically
forwarding of pages can happen by defining on the page level, what the next step
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is. At this point we make the assumption that each page corresponds to a task.

According to [4], a task is logical unit of work that is carried out as a single whole
by one resource. The tasks of that user will consist of components, and pages that
were carried out after logging into the system. The collection and the order in which
these are executed will be our process model.

Figure 4.9: Pages within components

Figure 4.9 visualises PeopleSoft pages within PeopleSoft components. Component
A has page 1, 2, 3, and 4 in use, while component D only has some of its pages in
use. During the configuration of the ERP system, these pages are either enabled or
like page 14, disabled. What we also notice is that in component A and D there
is routing between pages. This routing is what we wish to mine for this approach,
because we assume that a page corresponds to a task.

Action:

The actions taken for this approach are divided into two steps. First, we have to
generate the logs containing information about the pages accessed by users. Sec-
ondly, we have to build a converter that can parse the log files. Then we have to
parse the logs files.

Generating log files
In PeopleSoft Financials, there are many ways to log users. Furthermore, there are
many things that can be logged. We know which options we must have enabled
before users work with the system and start generating log files. In Appendix E, we
describe each setting of the logs in PeopleSoft separately. These settings are:
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Figure 4.10: PeopleSoft logging options.

Note that the settings in Figure 4.10 are the possible settings for PeopleSoft Finan-
cials, and hold for all versions after Version 8.0 of PeopleSoft. These settings make
it possible to record information that can be used to construct the Case ID, Task
ID and Timestamp (required for Process Mining). The log files are stored on the
server of PeopleSoft Financials. Now that we know which options need to be set in
order to have the right information in the log files, we are now ready to log users.

The logging the users can be done in two different ways: manually, or automati-
cally. Logging users manually means that we ask users to select the logging options
in Figure 4.10 before they login into the system. Once they log out of the system,
or they are inactive with the system for one hour, they are logged out. By default,
no logging options are set, and users might forget to enable the logging.
Automatically logging users means that the logging is enabled on the server. When
users login normally, automatically the correct logging options are enabled. The
more users that are logged, the slower the system performs, because for every user
a separate log file has to be created.
However, when we trace all users, we get a more accurate process model. We there-
fore need to find the optimal solution. So, in order to get an accurate view of the
business process, we could select only those users that work, for example, in a cer-
tain area (location) or select users with same tasks, based on their job description.
Another interesting thing about the log files is that for each individual user, a log
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file is created. This means, that for every log file you already have the user that has
executed that log of activities. At Fontys, we enabled the server logging during a
period when not many people were available.
Unfortunately, this automated logging also has drawbacks. The automated logging
causes the system to work slowly, because for every user a log file is created that
records all the pages that has been accessed by the user. The size of an user log
obtained from PeopleSoft Financials is approximately 650 MegaByte per day.

Converter
The log files generated are in PeopleSoft format (*.tracesql), and they have to be
converted to process logs which are in common XML format (Appendix A). It is not
straightforward to convert the PeopleSoft Financials logs to Process Mining logs,
because they are in a different format and do not directly contain Process Mining
information. They have to be generated based on the information found in the log
file. In other words, we have to process each log file to obtain the information we
need to write the common process log format.
By default, there is no clear Case ID available in the logs. Therefore, we are not
able to say that a particular page has been executed for a particular case. However,
we can work around this problem when we look more closely at the pages of one
component. When a page is accessed, then all the pages, and its corresponding data
is loaded into a buffer. The value of the data within this buffer can be used as a
Case ID, because for a different process, the value of the buffer changes.

Figure 4.11: ProMimport screenshot with PeopleSoft filter.

The PeopleSoft pages converter, depicted in Figure 4.11, reads the individual
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PeopleSoft logs and writes them to a common format log in XML format. The con-
verter uses the ProMImport architecture [24]. This architecture offers log writing
functionality, database connectivity and a graphical user interface for extracting logs
from databases. The converter only uses the log files for conversion. The People-
Soft converter is a compiled Java Archive (JAR) file4 and can be imported into the
ProMimport tool. The tool also allows different converters to be imported into the
basic ProMimport interface. Converters are called filters in the ProMimport tool.
For every filter, there are general features such as start the conversion process, abort
and reset the filter settings. The setting of the individual filter is specific to the filter.

Result:

The prototype converter for the approach was built to test whether the approach is
correct. The assumption made for this approach is not correct, because the result
was not what we expected. A page is not on the same level as the business process
task, and therefore we do not consider this approach to be correct.

Evaluation:

This approach works only for pages within one component. A page is the smallest
logic unit of work and therefore we assumed as one task. For the adapter that was
built we use the data between pages within one component as the case ID. The
result is a process model of pages which is limited to one component and therefore
not interesting, because pages within a component are predefined and only cover
a single step in a business process. We wish to obtain process models of business
processes. Therefore, the next approach tries to look at the information available
between components (see Section 4.4.2).

4.4.2 PeopleSoft components

Motivation:

From the pages approach, we observe that pages within components also are accessed
by other pages belonging to other components. As the pages within a component
are a number of steps in the business process, the different steps together must form
the business process. In other words, a PeopleSoft page is a small task, a PeopleSoft
component is a business process task.
For this approach, we assume that one component is a task and the case is the order
in which components are accessed.

Action:

When we try to obtain this logic between components for a process, we notice that
there is no generic information shared. Unlike pages within a component, the data
shared between two components does not match, and generically, we cannot identify
which components belong to the same process instance using the data.
When we look more closely to the components and how users are instructed to

4http://java.sun.com
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work with PeopleSoft Financials components, we are surprised that there is no logic
defined in the system. In other words, the process model that defines how users
should work with components is not defined in the system. Users are unrestricted in
the components that they can access. Furthermore, the security model of PeopleSoft
Financials only defines which users are permitted to access certain components, but
not the logic. The process model, and moreover the case id information, is inside
the minds of the users and thus not very helpful for mining. We are not able to
obtain a process model based on the components accessed by users, because the data
shared between accessed components does not provide enough information about the
process (i.e, the Process Mining requirements can not be met).

Result:

Unfortunately, the approach that we used for PeopleSoft pages cannot be used for
PeopleSoft components. This is because, the data shared between two components
is not fixed beforehand, and are not able to generalize how two components com-
municate. Based on this approach, we are not able to identify the case id in the
PeopleSoft Financials system.

Evaluation:

We can conclude from this approach that components within PeopleSoft Financials
are smaller processes responsible for one business process task. In order to execute
a business process, a user hops from components to other components. A group of
pages fulfills a business process task. By default, no process model is defined in the
system that restricts which components have to be followed by others to complete
a process. Therefore, we cannot identify the process based on the logs, because it
is not available.

4.4.3 User oriented results

Although the approach for mining PeopleSoft pages seemed promising, the process
model that resulted from the approach is a small process step. Mining the com-
ponents is the real solution. However, the approach used for the pages, cannot be
reused, because the data shared between components is not generically the same.
Therefore, we cannot use it to identify the Process Mining requirements.

4.5 Conclusion

The goal of this research is to answer the question: “Can we create an adapter to
convert the logs of the PeopleSoft Financials ERP system to the common log format
defined by the Process Mining tool?” For the application of Process Mining we have
already mentioned that we need the information about the executed processes and
the order in which activities for a process are executed.
The approach taken to answer the questions leads us to many different types of
approaches. Unfortunately, we were not able to find the Process Mining require-
ments in all the approaches. The attempted approaches with respect to parts of the
PeopleSoft Financials system architecture is given in Table 4.1.
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If there is an “X” in one of the columns, then the row with that approach has focused
on that part of the system architecture to find the Process Mining data.

Table 4.1: Approaches vs System architecture
Approaches Web Web Application Database

Browser Server Server

Application mining X
Process scheduler X
Foreign keys X
SQL triggers X
Table mining X
Page mining X X
Component mining X X

Finding the case id information is troublesome in PeopleSoft Financials. However,
for the page mining approach, we were able to identify the Process Mining require-
ments. The process model that we obtained is a single step in the business process.
Although, these PeopleSoft pages describe the smallest logical unit of work, i.e. a
workflow task [4], the tasks only cover a part of a business process task. Example of
pages that together form one business process task is the entering of a new invoice
in the system.
Based on the system architecture of PeopleSoft Financials and cross-referenced with
the attempted approaches, we have looked at a significant number of places within
the system and are quite sure that obtaining a process model generically is not pos-
sible. The reason we are not able to build a converter for PeopleSoft Financials is
because, component mining is not possible. This approach is close to the generic ap-
proach we seek, but because we lack common information between all components,
it is not possible.
Therefore, the assumption made by [7] that for any PAIS that is subjected to Pro-
cess Mining, there is a process log available, containing the order of events taken
place, is not valid. Neither can we give a generic approach to apply Process Mining
to PeopleSoft Financials at Fontys. We conclude that, based on the attempted ap-
proaches, we are not able to create an adapter to convert the logs of the PeopleSoft
Financials at Fontys to the common Process Mining log format. In the next chapter
we discuss whether the answer holds to all PeopleSoft Systems or to only PeopleSoft
Financials.
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Chapter 5

Generic vs. Specific

5.1 Introduction

In this chapter, we take the opportunity to evaluate how generic the answer given
in the previous chapter is. Is Process Mining in PeopleSoft generically possible?
Therefore, in Section 5.2, we discuss whether some of the attempted approaches
would yield the result we are looking for, and why not. From these approaches,
the component mining approach related to the “user end” of PeopleSoft Financials
seemed closest to what we want. In that respect we describe, whether component
mining is possible, in general, for other versions of PeopleSoft Financials, different
PeopleSoft systems and even different implementations of Financials.
In Section 5.3, we discuss if there are possibilities to obtain process models alterna-
tively from the knowledge we have gained about the PeopleSoft Financials system at
Fontys. These alternative solutions are specific for the implementation of PeopleSoft
Financials at Fontys, but interesting from the Process Mining perspective.

5.2 Generic

We take this opportunity to reflect on the component mining approach discussed in
the previous chapter. We were not able to implement this approach for PeopleSoft
Financials version 8.4, but how about other systems? We give some remarks based
on the knowledge gained from analyzing PeopleSoft Financials at Fontys.

5.2.1 Other versions

The approaches attempted are based on PeopleSoft Financials version 8.4. Accord-
ing to PeopleSoft themselves, all versions after 8.0 are based on the same system
architecture, as discussed in Section 3.6, and of which currently the latest version
of PeopleSoft Financials is version 8.9. Versions of PeopleSoft Financials before 8.0
have a totally different architecture. In version 8.0 and above, users can connect
and use PeopleSoft Financials with their web browsers, whereas, in versions before
8.0, the users have to install client software that gives them access to the PeopleSoft
system. The order and access in which they use the system is defined not only by
the menu structure, but also by the implementation of authorisations in the sys-
tem. If we wish to apply Process Mining to PeopleSoft Financials systems before
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version 8.0, by using the idea of the component mining approach, we need to focus
on the menu structure of users. PeopleSoft pages and components are not available
in versions before 8.0, because there is no web server to host these applications. So,
once the client software is installed, authorisations forbid certain menu options to
users. These menu options are the “pages and components” in the later versions of
PeopleSoft. Once again, these menu structures do not enforce a workflow. There-
fore, a generic approach to PeopleSoft Financials versions before 8.0, shows similar
problems to that of versions after 8.0 and no solution could be found.

5.2.2 Other implementations

For other implementations of PeopleSoft Financials where for example, the underly-
ing database supports foreign keys, it is possible to find relationships between tables
in the database. This could be done by using the foreign key approach, described
in Section 4.3.1. However, when we create a database model that describes which
tables are used for PeopleSoft Financials and how they are linked together, we can-
not abstract to tasks that triggered these database transactions. From the system
alone, we cannot identify which activities (and database transactions) are part of a
process. Finding a generic solution to PeopleSoft Financials that is possible in all
implementations is doubtful, because if there were such a solution, we would have
found it. Therefore, we can conclude that a generic method to identify the Pro-
cess Mining requirements in other PeopleSoft Financials implementations cannot be
found.

5.2.3 Other systems

PeopleSoft has over the years acquired many other systems from best-of-breed com-
panies1. Their systems do not always have the same system architecture. Recall
that the system architecture in PeopleSoft Financials is abstractly divided into four
pieces: Web clients, Web server, Application Server, and Database. Therefore, we
are not able to foresee whether Process Mining can be applied “generically” to other
systems.
Currently at Fontys, they have three different PeopleSoft systems in use. People-
Soft Campus Solutions, PeopleSoft Human Resources and PeopleSoft Financials
(F). From the investigations to these other systems, we are not able to process mine
generically. When we compared the Financials system architecture with that of
Campus Solutions, and Human Resource, we did not find any major differences.
The difference between these systems are the components. Different systems offer
different components, which in turn, have different database tables. A group of
components that can “work together” are called an ERP module or system. Note
that when we say “work together”, we only mean that the required database tables
are shared for the different components.
As for the users of the other systems, the user is once again not forced to work in
a particular way. From the data used by components, we are not able to identify
when a component is executed for a case.
However, there are PeopleSoft systems that claim to offer an explicit workflow design

1PeopleSoft themselves have been recently taken over by ORACLE and this acquisition makes
ORACLE the largest competitor to SAP R/3, the ERP system market leader.
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for supporting their business processes. PeopleSoft Customer Relationship Manage-
ment (CRM) is such a PeopleSoft system with an explicit process definition. The
processes that will be discovered, using Process Mining, are limited to those pro-
cesses with case id information. We were not able to analyse the PeopleSoft CRM
system for Process Mining, because there was no system available for research at
Fontys at this time. Future work can be done to investigate the Process Mining
possibilities in PeopleSoft CRM. As for other (future) PeopleSoft systems, we are
not able to assess the possibility of applying Process Mining.

5.3 Specific

The goal of Process Mining is to obtain the process models of executed processes.
Now that we know that Process Mining in PeopleSoft Financials based on the ap-
proaches attempted is not possible. There are specific approaches for Fontys to
visualize their business processes. These options are implementation specific, and
will not be able to work for other systems, but it is a comprehensible step for the
understanding of their processes.

5.3.1 PeopleSoft Business maps

PeopleSoft Financials as for other of PeopleSoft systems2 in versions above 8.0 have
business process maps3. support. Currently, this functionality in PeopleSoft is not
used at Fontys. PeopleSoft documentation[14] describes that it is possible to define
“workflows” for a business process. A workflow in PeopleSoft terminology is not
comparable with the workflow as we know from Workflow Management Systems
such as Staffware. The PeopleSoft business maps consist of routing of PeopleSoft
pages, and indirectly components. Thereby, it is also possible to add items in a
worklist. At design time, the pages that are part of a process are directly linked
using hyperlinks. A worklist is a user specific table with work items that have
yet to be completed. These work items are not indicated by case id’s, but by
their actual data. However, this data is not structurally the same and therefore
cannot be used as a case id. The actual routing is specified at the PeopleSoft page
level in PeopleSoft code. Additionally, triggers can also be added to events that
are fired when conditions are met. Therefore, using PeopleSoft business process
maps, it is possible to define how processes have to be executed by linking pages
and components together. The workflow of the processes is stored in the database
and is encrypted. Process mining is complicated for such specific implementations,
because there is no case id information available and any logic between components,
the workflow, is encrypted in the database.

5.3.2 Customized mining

The assumption that a task id is a page within a component that has been accessed
by a user, and the timestamp being when that page was accessed is plausible, but
the missing piece of information is the case id. This means that when a page within
a component has been executed, we do not know for which case this is.

2Business process maps are also available in PeopleSoft Campus Solutions and Human Resource
3Business process map documentation: http://eiswbpapb.admin.unt.edu/PSOL/htmldoc/eng/psbooks/twfl/book.htm
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An alternative solution is to “manually” create cases by using data values. We make
changes in the PeopleSoft system that will help to create a process definition. Then
add information, at design time, what is required later on to mine.
The problem of component mining is that we are not able to identify how com-
ponents share data for a process. In other words, we cannot identify whether a
component A and component B have been accessed for a single process instance.
This approach assumes that a business process consists of components linked to-
gether to realize a process. By default, when a PeopleSoft component is accessed,
it loads all the database fields, tables, and pages belonging to that component. For
every component, there is a set of data fields that uniquely identify a component.
Assume that we add a field called “case id” to every component. Then, we make
sure that when the component is accessed by an user, the component writes a file to
a certain location containing information about that component. This information
is the name of the component, the artificially created case id, and the timestamp.
Then, define a process, for example billing, and walk through all the components
that is used and record the component names. Then, using the PeopleSoft develop-
ment tools (PeopleTools), check what data is important for each component accessed
along this process path. Afterwards, assign a unique case id value at the beginning
of the process and pass it along from one component to another.
Then, let users work with the system for a period of time to generate information.
Using this generated information, we create our own adapter that converts the out-
put information of components to the common process log format. Then we are
able to visualise this using the Process Mining tool.

5.4 Conclusions

For the PeopleSoft systems so far, no generic mining approach could be found.
Other versions of PeopleSoft Financials have the same system architecture and do
not supply us with a case id or anything similar. As for the database of PeopleSoft
Financials, it is not possible to use just the database to mine processes. PeopleSoft
applications store some logic within, and the database is solely used to store appli-
cation configurations.
There are specific approaches that are capable of defining the business process model
of the system, such as business process maps. To mine these PeopleSoft business
process maps is completely a different challenge. Furthermore, customizing People-
Soft in order to create an artificial case id at design time, is a starting point. These
customizations are specific for an implementation.
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Chapter 6

Conclusions and
Recommendations

6.1 Conclusions

One of the underlying goals of this research is the extension of Worfklow mining
research, called Process mining, to other systems driven by process models. Process
mining is a generic methodology to distil a process description based on a set of real
process executions.
We have attempted different approaches for the PeopleSoft Financials ERP system.
From all of the approaches discussed, we notice that from the process executions
obtainable, it was not possible to find the business process model. Unlike in Work-
flow management systems, it is not clear how the business process flow is. For this
research, no adapter for Process Mining in PeopleSoft Financials could be made, be-
cause the set of process executions provided by the system does not contain enough
information about the processes required for Process Mining.
Furthermore, in PeopleSoft Financials, we notice that a business process consists of
smaller processes. These smaller processes are what we classify as business process
tasks. Only when these smaller processes are connected together and executed, can
we refer to it as business process execution. Unfortunately, in PeopleSoft Financials
the connection between small processes is not defined in the PeopleSoft Financials
system. Therefore, we conclude that the default logic, that is the logic that is avail-
able in PeopleSoft Financials when it is purchased, only describes how these small
processes should operate.
However, this does not imply that there is no process model at all. It just means
that business processes are not explicitly defined in the system using (graphical)
process descriptions at Fontys. It is up to the organisation that use PeopleSoft Fi-
nancials to educate users how to work with the system. In this case, Fontys.
Furthermore, PeopleSoft Financials does not enforce workflow through process mod-
els, and it is also not visible in the log files. For any process log of PeopleSoft Finan-
cials that describes the behaviour of the system, it is complex to find the common
data element, which we call case. From our efforts, and the generalisation we make
to other similar PeopleSoft systems, it is quite possible to conclude that there is no
such information.
Nonetheless, there are possibilities to develop solutions to obtain these process mod-
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els, but they are implementation specific and not interesting for the Process Mining
research at first. There was not enough time to implement these specific approaches,
therefore these different ideas were just introduced.
To conclude, the assumption for Process Mining is that it is possible to record
events such that we have information about the order in which the events of a case
are executed [7], based on the approaches discussed, does not hold for this system.
Therefore, we can answer our research goal. We cannot create an adapter to convert
the logs of the PeopleSoft Financials ERP system to the common log format defined
by the Process mining tool, because we lack information about the order in which
events of a case are executed.
We can also conclude that the “process awareness” of this PeopleSoft Financials
system is low at business process level. Nevertheless, software in PeopleSoft ERP
system can be reused for different implementations, because at business process
level nothing is predefined. It seems that the basic functionality of PeopleSoft, that
resides within components, is enough to claim flexibility on a business process level
and call itself a PAIS.

6.2 Recommendations

In this section we give some recommendations for the Process Mining research, other
research efforts in the application of Process Mining to non case-driven systems.
Finally, we give our recommendations to Fontys.

6.2.1 Process mining research

The problem of not being able to discover processes without Case IDs is beyond the
scope of this research. However, in [18], they introduce techniques to mine processes
without case ids. These techniques use clustering techniques, known from data
mining to detect workflows. Specially for ERP systems such as PeopleSoft, where
no process information is available, any research work, in obtaining process models
without case-driven workflow logs is useful. Some work towards implementing this
into the Process Mining framework is useful. Currently, these workflow logs cannot
be stored in the common Process Mining log format, because the log files require
case ID’s. Since the idea of mining without case ids is an alternative approach, it is
not available in the Process Mining architecture.

6.2.2 Mining PeopleSoft CRM system

As described, PeopleSoft also offers a CRM system. Future work can be done
in analysing the Process Mining possibilities for that system. In any case, the
approach towards implementing Process Mining to a system remains the same: (1)
find the information you want, (2) extract this information, (3) build a converter that
converts the extracted information in the correct format and (4) generate process
models using the available ProM tool.
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6.2.3 Fontys

For the research, Fontys has provided us an implementation of their PeopleSoft
Financials system. Unfortunately, for the “out-of-the-box” system implemented by
Fontys, there is no overview of how the processes are supported. Managers have
little knowledge about the business processes supported in the system, and have no
knowledge about the system. By implementing PeopleSoft business process maps,
visual models are given to the manager as feedback, and the system administrators
have less work on their hands, because users are restricted in their actions and it
leaves a smaller room for errors.
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Appendix A

Common format for process
mining logs

A.1 Introduction

This appendix chapter describes the format in which the process mining logs have
to fulfil in order to be used by the ProM tool. The common format for storing logs
is in the eXtensible Markup Language (XML) file format.
The “WorkflowLog” element indicates that it is a workflow log with processes. Each
“Process” can contain process instances. A “ProcessInstance” has audit trail entries,
a process instance is what process mining defines as a case. The “AuditTrailEntry”
holds every step of process. The audit trail entry consists of the “WorkflowMod-
elElement” (task id), “EventType”, “Timestamp” and “Originator”. The workflow
model element is the name of the task taking place. An event type can hold different
values. The most common event type is complete, indicating that the task has been
completed. Note that for systems like Staffware other event types have been used
[6]. The originator is the resource that starts the audit trail entry. The main idea
behind the converter is matching terminologies. Knowing what is required and in
which format and finding the data in the system being analyzed. Process mining is
primarily concerned with the process flow and not concerned about the data. But
the workflow log as defined in Figure A.1 suggests also room for data. By using the
available process mining tools, it is possible to export data for other analytical tools
as described in Section 2.6.
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Figure A.1: Common format for process mining logs.
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Appendix B

Table mining explained

When we take one of the business processes of Fontys, e.g., the billing of customers,
we see that they have to create an invoice. This invoice is created in from the web
page, and the entered data is stored in the database. To find out where exactly the
invoice is stored, and how, we enable a user trace. User trace is the possibility of
tracking changes made to the system by the user. Figure B.1 shows the login screen
of PeopleSoft Financials with trace options.

Figure B.1: PeopleSoft login with trace functionality.

The circle in the figure above zooms on the Structured Query Language (SQL)
within PeopleSoft applications to modify the underlying database. The user trace
settings we have checked are capable of tracing SQL statements, statement variables,
SQL connect, disconnect, commit, rollback operations and SQL fetch commands.
We first:

1. login into the system with these trace options active;

2. and then enter a new bill into the system;

3. then view the corresponding tracesql file.
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From the trace file we know which tables store the bill information. Table B.1 shows
the part of the trace file where the tables concerning billing are updated. Note
that the first few columns are not been displayed because they are not relevant
information.

Table B.1: Table inserts after a bill entry
Nr Statement Description

1 COM Stmt=INSERT INTO
PS BI HDR VAT(...)

Table for tax

2 COM Stmt=INSERT INTO
PS BI HDR AR(...)

Accounts receivable (debiteuren)

3 COM Stmt=INSERT INTO
PS BI LINE TAX(...)

Tax scale per item (line)

4 COM Stmt=INSERT INTO
PS BI LINE(...)

Every item in the bill

5 COM Stmt=INSERT INTO
PS BI HDR(...)

Billing record

6 COM Stmt=INSERT INTO
PS BI HDR CRCARD(...)

Creditcard billing information

As can be seen from Table B.1, a bill is stored in six different tables. The primary
key for these six tables are the same. The most important table is the PS BI HDR.
This table stores the heading information of the bill. When we use PeopleSofts
Application Designer to view the definitions of the table we get Figure B.2.

Adarsh Ramesh 64



Master’s Thesis Process Mining in PeopleSoft

Figure B.2: Billing Header table.

The table definition describes the fields of the table BI HDR. Note that in Peo-
pleSoft tables are known as records. The table has in total of 192 fields which
corresponds to columns in the database. The first two fields: BUSINESS UNIT
and INVOICE are the primary keys for this table. The other fields are not that
interesting except the PROCESS INSTANCE field. Remember that this field is the
primary key for another approached we already discussed namely, the Process Sched-
uler. When we visualize the link between the two tables we obtain the following
picture (Figure B.3).
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Figure B.3: PS BI HDR and PSPRCSQUE link.

The foreign key link between the billing table and the Process Scheduler table is
an application link and not as the figure is indicates, a foreign key. The PeopleSofts
database does not support foreign keys, only primary keys and alternate search
keys. The link between these two tables is “hardcoded” in the applications. When
an application want to perform changes on a bill, the application concerned, issues
a PROCESS INSTANCE number to that tuple of the table and schedules the tuple
for processing in the Process Scheduler table. After the application has executed
the PROCESS INSTANCE field in the BI HDR table is reset to zero. In other
words, information about which application has just executed on a certain bill is
lost. Therefore we still can not find out which applications mutate the bill.
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Appendix C

PeopleSoft Security

C.1 Users and Roles

The PeopleSoft components and pages available on the internet browser are differ-
ent per user. Users access the system with their own user profile and password.
The system checks the user profile and password using the PeopleSoft Financials
database. After a successful login the components that the user is permitted to
use are displayed on the screen. To each user profile, one or more PeopleSoft roles
can be defined (e.g. employee, manager) and based on the role a user has, a list
of permitted components are defined. In the other words, the access to PeopleSoft
Financials is based on permission lists, roles and user profiles1.

Figure C.1: PeopleSoft roles and permissions.

Figure C.1 describes the roles and permission structure. The user code (i.e. the
user profile in PeopleSoft), is unique to one user. An example of the security within
PeopleSoft is given in Figure C.2 PeopleSoft Security.

1http://eiswbpapb.admin.unt.edu/PSOL/htmldoc/eng/psbooks/tsec/book.htm
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Figure C.2: PeopleSoft security.
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Person G in Figure C.2 is an Employee of Organization X. When he enters his
user name and password, the roles that belong to that user are obtained from the
system. In this case, the users role is “Employee and the Permission list belonging
to that Role is queried from the database. Note that a user, like Person G can have
different roles, which also means he has different permission lists. Eventually, he is
also allowed to access different components. Also note that when the list of com-
ponents that accessible is known, the PeopleSoft system ensures that the content of
person G (which we represent as the monitor on the right extreme), is accessible.

In general, a Process Mining task is one page of a component in PeopleSoft
Financials. Users navigate through their applications by clicking on hyperlinks to
components and pages. These components and pages eventually modify data in the
database. Using the components and pages structure available per user and the
role that belongs to that user, we have a collection of possible tasks of users. If the
logs files generated by the PeopleSoft system contain this information, and the link
between the tasks, we can use it to mine processes.
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Appendix D

Process mining explained

D.1 Introduction

To clarify what process mining means, we start with the history of process mining in
Section D.2. The initial research done by Cook and Wolf was expanded to Workflow
management systems and was called workflow mining, which is described in Section
D.3. In Section D.4 we continue with an example of the actual process mining and
explain some basic concepts of the mining process. In Section D.5 we conclude the
chapter with the conclusions.

D.2 History of process mining

Process mining is certainly not new, Cook and Wolf have investigated process min-
ing issues in the context of software engineering processes [11]. They describe three
methods for process discovery: one using neural networks, one using a purely algo-
rithmic approach, and one Markovian approach. The latter two approaches seem
the most promising according to Cook and Wolf. The purely algorithmic approach
builds a finite state machine. The states are merged when their paths lead to the
same state in the future. The Markovian approach uses a mixture of algorithmic and
statistical methods and is able to deal with noise. Noise, in this case, can be data
that is not complete, or, data of other processes that is being analyzed. Therefore,
this noise can be skipped while processing.
The approach given in [11] is initially limited to sequential process behaviour. Cook
and Wolf then extended their work for concurrent processes by proposing specific
metrics (entropy, event type counts, periodicity, and causality) in [12]. Using these
metrics they had discovered models (using Petri net notation) from event streams,
but no approach to generate the actual process models was given.
Furthermore, Cook and Wolf introduce a measure to quantify discrepancies between
a process model and the actual behavior as registered, using event-based data [13].
These event-based data are similar to runtime data collected for process mining.
The idea of applying process mining in the context of workflow management was
first introduced in 1998 [8]. This application, called workflow mining, is described
in section D.3.
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D.3 Workflow mining

For the past ten years there has been a growth in the application of workflow man-
agement technology in the field of information systems (IS). Usually, when organi-
zations use information systems, their focus is on applications and less attention is
paid to the underlying business process. By using workflow management technology,
hidden business processes are highlighted, and the accompanying workflow manage-
ment tools also support the business process. Workflow management technology is
driven by workflow models, and without them, it is not possible to operate. Work-
flow management systems such as Staffware, IBM MQSeries, COSA, offer generic
modeling and enactment capabilities for structured business processes. By making
graphical process definitions, i.e. models describing the life-cycle of a typical case
(workflow instance) in isolation, one can configure these systems to support business
processes [30]. Many other software systems, besides workflow management systems,
have adopted workflow technology. Contrary to claims of workflow systems being
flexible, many problems are encountered when applying workflow technology. As
indicated by many authors, workflow management systems are inflexible and have
problems dealing with change [30]. One of the problems is that these systems re-
quire a workflow design, i.e., a designer has to construct a detailed model accurately
describing the routing of work [3]. Modeling a workflow requires deep knowledge
of the business process at hand. The traditional approach towards workflow design
and enactment, compared with workflow mining, is shown in the workflow life cycle
in Figure D.1.

Figure D.1: The workflow life cycle used to illustrate workflow mining and delta
analysis in relation to traditional workflow design

The workflow life cycle, in Figure D.1, consists of four phases:

A. Design phase
In the traditional approach the design phase is used for constructing a workflow

Adarsh Ramesh 71



Master’s Thesis Process Mining in PeopleSoft

model. A workflow model is a diagram that comprises cases, using a graphical
representation language (e.g., Petri net [22]). Typically, this is done by a
business consultant and is driven by ideas of management on improving the
business processes.

B. Configuration phase
Once the design is finished, the workflow management system needs to be
configured as specified in the design. This happens in the configuration phase.
Note that one has to deal with the limitations and particularities of the work-
flow management system being used [5].

C. Enactment phase
In the enactment phase, cases (i.e., workflow instances) are handled by the
workflow system as specified in the design and configured in the configuration
phase.

D. Diagnosis phase
It is possible to collect diagnostic information from a running workflow which is
analyzed in the diagnosis phase. This diagnostic information serves as input for
the (re)design phase and is given by the diagnosis phase, thus completing the
workflow life cycle. In process mining terminology, the diagnostic information
is called workflow log.

In the traditional approach the focus is on the design and configuration phases. Not
many organizations pay attention to the enactment phase and only few organiza-
tions systematically collect runtime data which is analyzed as input for redesign
(i.e., the diagnosis phase is typically missing). This diagnosis information is usually
used by the organization for solving design problems within the system.
The goal of workflow mining is to use the data collected at runtime to support the
design and analysis. It is possible to use run-time collected data (i.e., workflow logs)
to derive a model explaining the events recorded. The model can then be used for
the diagnosis and the (re)design phase. Workflow mining, in contrast to normal
workflow design is objective because it is based on the actual things that have taken
place and unlike normal design which is to a larger extent based on perceptions,
opinions and is therefore more subjective.
Delta analysis is now possible because one can closely monitor the events taking
place and we are capable of detecting differences between the constructed design
in the design phase and the action execution registered in the enactment phase.
Workflow mining results in a post-design process model that can be compared with
the pre-design model, moving the workflow technology into the direction of more
operational flexibility [3].
The topic of workflow mining is related to many management trends such as Business
Process Reengineering (BPR), Business Intelligence (BI), Business Process Analy-
sis (BPA), Continuous Process Improvement (CPI), and Knowledge Management
(KM). Workflow mining can be seen as part of BI, BPA, and KM trends. Moreover,
workflow mining can be used as input for evolutionary change of activities. Work-
flow mining seems to be more appropriate for BPR than for CPI. Also note that
workflow mining is not a tool to (re)design processes.
The concept of workflow mining is to understand what is really going on in an orga-
nization and finding differences between pre-designed model and actual enactment
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model. Despite the fact that workflow mining is not a tool for designing processes,
it is evident that a good understanding of the existing processes is vital for any
redesign effort [3]. In other words, workflow mining is a technique to assist Business
Process Redesign (BPR) activities by using transactional data of events, recorded
during the enactment phase of a common workflow lifecycle.
Workflow mining is the mining of workflows from Workflow Mangement Systems
(WfMS) and process mining is the mining of systems that are driven by process
models. Process mining does not focus on the mining of workflow systems alone,
i.e. systems that require a workflow design to operate, but all systems that work
with a process model.

D.4 Process mining example

To illustrate the principles of process mining, consider the log shown in Figure D.2.
Note that the example is taken from [3].

Figure D.2: A process log

The log in Figure D.2 represents data taken from an arbitrary PAIS. Each line of
the log represents an event (i.e. the combination of case id, task id and timestamp).
Furthermore, the log contains information about five executed process instances
(cases). The log shows that for two cases (1 and 5), the tasks A, F and G have
been executed. For case 2 and case 4 the tasks A, B, C, D, E and G have been
executed. For case 3, the same tasks have been executed as case 2. However, the
tasks C and D are swapped. Each case starts with the execution of A and ends with
the execution of G. Task C and D occur in parallel.
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Figure D.3: A process model

Based on the information shown in Figure D.3, and by making some assumptions
about the completeness of the log (i.e., assuming that the cases are representative
and a sufficient large subset of possible behaviors is observed), one can deduce for
example the process model shown in Figure D.3. The model is represented in terms
of a Petri net. The Petri net starts with task A and finishes with task G. These tasks
are represented by transitions. More detailed explanation about what the boxes and
circles mean is given in [1, 22]. After executing A, there is a choice between either
executing B, or executing F. After executing B, tasks C and D are executed in
parallel, followed by E. Finally, after executing either E or F, G can be executed.
To execute C and D in parallel, task B corresponds a so-called AND-split and task
E corresponds a so-called AND-join1. Note that for this example it is assumed that
if two tasks appear in any order then they are in parallel. By distinguishing between
start events and end events for tasks it is possible to explicitly detect parallelism.
The proof of this given in [30].

D.5 Conclusion

In this chapter we have discussed the history of Process Mining. Cook and Wolf were
one the first to experiment with obtaining process models from executed processes.
Van der Aalst et al., applied the idea of Process Mining in the field of BPM. Soon
after, the term Workflow Mining was used to apply Process Mining techniques to
WfMS such as Staffware and FLOWer. Finally, in the example, the basics of Process
Mining are explained.

1AND-split and AND-join are not standard Petri-net notation, and have been taken from [4].
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Appendix E

Inventory of logs

This section describes the results gathered from analyzing PeopleSofts trace settings.
After the introduction to PeopleSoft logs, we continue with the two different types
of logging and what kind of information these traces provide us. We conclude the
chapter with our results and conclusions.

E.1 Introduction

Within PeopleSoft Financials version 8, there are different types of log files. Log
files are called trace files in PeopleSoft. The PeopleTools version we are working
with is 8.4, running on an Oracle 8i database. Traces are used to monitor the
system and when the system behaves undesirably, the trace file can be used to locate
the error. Database administrators use the trace options regularly to solve errors.
Although trace files record the activity taken place between the ERP application and
the database, it does not contain information on business process level. It simply
describes data that is used by the server or user. The next section describes the
traces of a user. The other section describes the trace information of the server.

E.2 User trace

It is possible to log different things of a PeopleSoft user. These are divided into three
categories: SQL trace, PeopleCode trace and Component Processor trace settings.
Any of these trace options can be enabled manually. Figure E.1 shows these trace
options.
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Figure E.1: PeopleSoft 8 trace options

These options are available before a user has logged into the system (part of
login). In the subsections that follow we describe each category of trace options.
We are not bothered about the technical value but the process mining value.

E.2.1 SQL trace settings

As the trace category says, the SQL trace settings option logs everything that has
to do with the communication between the ERP system and the database. Applica-
tions within ERP systems usually are embedded with SQL code to query, or modify
data. The information we find when analyzing the trace file with these trace settings
is on the database level. From the SQL trace data we can not identify process tasks.
However, we can see the executed queries and the values used for the queries.
The SQL trace setting is used for the logging of SQL code that is invoked while
using PeopleSoft Financials. However, these trace options do not provide us with
information regarding the business process. The trace file contains database opera-
tions and with this information we can not obtain the activity that caused the SQL
code to be executed. We are interested in those activities and the order in which
those activities are performed.

E.2.2 PeopleCode trace settings

PeopleCode is the proprietary language used by PeopleSoft applications. It re-
sembles other programming languages. However, many aspects are unique to the
language and the PeopleTools environment. The trace settings of the PeopleCode
provide information about the application, but not to what started the application.
Usually, a set of applications are started by an activity.

E.2.3 Component Processor trace settings

Since version 8 of PeopleSoft, there is no client software required to use People-
Soft. Users access the system using their web browsers. The web browser displays
components which comprise many pages. Pages are in turn views of records of the
database.
With the component processor trace settings we can identify which components and
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pages have been accessed by the end-user. This is done by checking the “Page struc-
tures at Init” checkbox, from the Component Processor trace settings. The results
are the following lines that have been added in the trace file:

1 Get : Remote PRM(BI_ENTRY/GBL/ENG)u1.p0.v274
2 Page Constructed
3 Component=BI_ENTRY; Market=GBL; Page=BI_PNLSERIES_WRK;

Menu=ENTER_BILLING_INFORMATION Process flags=50103000;
Mode=0001

4 Keylist
5 BILL_SOURCE_ID=’TEAM_A’
6 BILL_TO_CUST_ID=’10043’
7 BILL_TYPE_ID=’ALG’
8 BUSINESS_UNIT=’00025’
9 INVOICE=’NEXT’
10 Begin Component
11 Page BI_PNLSERIES_WRK IdxCount=30
12 Page COMBO_EDIT_WRK IdxCount=18
13 Page BI_HDR IdxCount=213
14 Page BI_HDR2 IdxCount=112
15 Page BI_HDR_ADDR IdxCount=102
16 Page BI_HDR_CC IdxCount=109
17 Page BI_HDR_OM IdxCount=62
18 Page BI_HDR_PC IdxCount=57
19 Page BI_HDR_SVC IdxCount=49
20 Page BI_AR_DST IdxCount=96
21 Page BI_LINE IdxCount=96
22 Page BI_LINE2 IdxCount=83
23 Page BI_LINE_TAX IdxCount=90
24 Page BI_LINE_VAT IdxCount=123
25 Page BI_LINE_OM IdxCount=115
26 Page BI_LINE_PC IdxCount=75
27 Page BI_LINE_SVC IdxCount=61
28 Page BI_LINE_MISC IdxCount=65
29 Page BI_LINE_WKS IdxCount=88
30 Page BI_LINE_DST IdxCount=105
31 Page BI_LINE_DFR IdxCount=98
32 Page BI_LINE_AR IdxCount=91
33 Page BI_LINE_UAR IdxCount=99
34 Page BI_LINE_DS IdxCount=94
35 Page BI_LINE_DS_DTL IdxCount=86
36 Page BI_LINE_DS_DFR IdxCount=83
37 Page BI_LINE_IU_EXP IdxCount=91
38 Page BI_LINE_IU_PAY IdxCount=91
39 Page BI_LINE_DST_STA IdxCount=86
40 Page BI_HDR_NOTE IdxCount=53
41 Page BI_LINE_NOTE IdxCount=71
42 Page WF_FUNCTIONS_01 IdxCount=29
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43 End Component

The line that interests us is line number 3. This line clearly states the compo-
nent that been accessed by the user. Although there is no indication which user
has accessed the component BI ENTRY, we can obtain the user by looking at the
login steps of the trace file which user has logged in. Furthermore, the PeopleSoft
Application Server registers all traces per user and the IP address of that user.

What does this component line mean? As you know, components contain pages
and pages can activate application, and also SQL. We have a link between user
actions and system applications. So this seems useful for the process mining research.

E.3 Application Server trace

The other type of tracing is the tracing of application engine which runs on the
application server. We have already analyzed the traces of an application engine
and found them to be not useful for the mining of processes. The application server
also traces many other things, but these are related to optimization of the application
server and not interesting for this research.

E.4 Conclusion

As we are interested how the end user accesses a certain component, we can look at
the trace file which has been generated with the “Page structures at Init” checkbox
selected to find out which components have been accessed by the user.
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