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Abstract

Inspired by the way SAP R/3 and other transactional information systems log events, we focus on the problem to decide
whether a process model and a frequency profile “fit” together. The problem is formulated in terms of Petri nets and an approach
based on integer programming is proposed to tackle the problem. The integer program provides necessary conditions and, as shown
in this paper, for relevant subclasses these conditions are sufficient. Unlike traditional approaches, the approach allows for labeled
Petri nets with “hidden transitions”, noise, etc.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

For many processes in practice there exist models.
These models are descriptive or prescriptive, i.e., they
are used to describe a process or they are used to control
or guide the system. Typical examples are the so-called
reference models in the context of Enterprise Resource
Planning (ERP) systems like SAP [15]. The SAP
reference models are expressed in terms of so-called
Event-driven Process Chains (EPCs) [14] describing
how people should/could use the SAP R/3 system.
Similar models are used in the workflow domain [25],
and also in many other domains ranging from flexible
manufacturing and telecommunication to operating
systems and software components [17]. In some
domains these models are referred to as specifications
or blueprints. In reality, the real process may deviate

from the modeled process, e.g., the implementation is
not consistent with the specification or people use SAP
R/3 in a way not modeled in any of the EPCs.

Clearly, the problem of checking whether the
modeled behavior and the observed behavior match is
not new. However, when we applied our process mining
techniques [28] to SAP R/3 we were confronted with the
following interesting problem: The logs of SAP do not
allow for monitoring individual cases (e.g., purchase
orders). Instead SAP only logs the fact that a specific
transaction has been executed (without referring to the
corresponding case). Hence, tools like the SAP Reverse
Business Engineer (RBE) report on the frequencies of
transaction types and not on the cases themselves. These
transactions can be linked to functions in the EPCs, but,
as indicated, not to individual cases. Moreover, some
functions in the EPC do not correspond to a transaction
code, and therefore, are not logged at all. This raises the
following interesting question:Do the modeled behavior
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(i.e., the EPC) and the observed behavior (i.e., the
transaction frequencies) match?

The problem of checking whether the modeled
behavior and the observed behavior match is not only
relevant in the context of SAP. In a wide variety of
applications only frequencies are being recorded and/or
it is impossible to link events to specific cases.
Therefore, we consider an abstraction of the problem.
Consider a Petri net with some initial marking [18,19]
and a frequency profile which is a partial function indi-
cating how many times certain transitions fired. Con-
sider for example the marked Petri net shown Fig. 1. A
frequency profile fp could be fp(a)=3, fp(b)=2, fp(c)=
2, fp(d)=2, and fp(e)=3, thus indicating the number of
times each transition occurred. However, the modeled
behavior (i.e., the marked Petri net) and the observed
behavior (the frequency profile fp) do not match. It is
easy to see that fp(b)+ fp(c) cannot exceed fp(a) since b
and c depend on the tokens produced by a. Now con-
sider another frequency profile fp: fp(a)=3, fp(b)=2,
fp(d)=2, and fp(e)=3, i.e., the number of times c
occurred is unknown. Now themodeled behavior and the
observed behavior match, i.e., the observed transition
frequencies are consistent with the Petri net model.
Moreover, it is clear that in this situation c occurred
precisely once.

In the remainder we will focus on this problem and
propose an approach based on Integer Programming
(IP) [23,35]. Using a marked Petri net and a frequency
profile, an IP problem is formulated to check whether
the modeled behavior and the observed behavior match
and, if so, the frequencies of transitions not recorded in
the profile are determined. First, we introduce some
preliminaries, i.e., process mining, Petri nets, and
integer programming, and discuss related work. Then
we focus on the core problem and formulate the IP
problem. We demonstrate the applicability of our
approach using an example. Moreover, we show in
more detail why the problem is relevant in the context of
SAP and apply the approach to a SAP process model.

Finally, we conclude the paper by summarizing the
results and discussing future work.

2. Preliminaries

This section presents some preliminaries needed in
the remainder of the paper. We first discuss the concept
of process mining and then introduce the two techniques
used in this paper: Petri nets and Integer Programming.
Finally, we present some related work.

2.1. Process mining

The research reported in this paper is part of our work
on process mining [28–30,34]. The goal of process
mining is to extract information about processes from
transaction logs [28]. We typically assume that it is
possible to record events such that (i) each event refers
to an activity (i.e., a well-defined step in the process), (ii)
each event refers to a case (i.e., a process instance), (iii)
each event can have a performer also referred to as
originator (the person executing or initiating the
activity), and (iv) events have a timestamp and are
totally ordered.1 Table 1 shows an example of a log
involving 19 events, 5 activities, and 6 originators. In
addition to the information shown in this table, some
event logs contain more information on the case itself,
i.e., data elements referring to properties of the case.

Event logs such as the one shown in Table 1 are used
as the starting point for mining. We distinguish three
different perspectives: (1) the process perspective, (2)
the organizational perspective and (3) the case perspec-
tive. The process perspective focuses on the control-
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Fig. 1. A Petri net.

1 Note that in Table 1 we abstract from event types, i.e., we consider
activities to be atomic. In real logs events typically correspond to the
start or completion of an activity. This way it is possible to measure
the duration of activity and to explicitly detect parallelism. Moreover,
there are other event types related to failures, scheduling, delegations,
etc. For simplicity we abstract these from this paper. However, in our
process mining tools event types were taken into account.
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