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Abstract. Process mining is an emerging analysis technique, which extracts process knowledge from data and provides various beneﬁts to organizations. In Service Oriented Computing environment, diﬀerent services
collaborate with others to carry out the operations and therefore overall
picture of operations and execution is not clear. Process mining extracts
the information from log ﬁles of systems, as recorded during executions,
and depicts the reality. In order to apply process mining, extraction of
process trace data from log ﬁles is a pre-requisite step. A case study
demonstrates the practical applicability of our proposed framework for
extraction of the process trace data from application systems and integration portals.
Keywords: Business process analysis, Process trace data, Log ﬁles,
SAP Process Integration, Process mining.

1

Introduction

In Service Oriented Computing, diﬀerent services collaborate with one another
to perform tasks. The same situation occurs in enterprises where business operations are carried out by diﬀerent service interactions. This is due to several
characteristics of involved elements, availability of services, resources, employee’s
experiences. Therefore, the operations or business processes can be executed in
diﬀerent ways as compared to a pre-deﬁned way. This deviation motivates to
apply process mining for business process analysis.
Business process analysis is a basic step for adaption and improvement of systems. Adaptive systems require an actual and consistent picture of the current
environment, Process mining is a good candidate for this purpose [1]. Similarly,
in case of embedded systems, process mining can be applied for monitoring interactions of devices, performance analysis and execution of tasks. In literature,
beneﬁts of process mining with respect to diﬀerent perspectives are highlighted,
e.g. process discovery [2], conformance checking [3] (comparison between designed model and the actual model in execution), social network analysis (who
is responsible and collaborating with whom) [4]. These analyses help to improve
the future execution of processes and thus to achieve the business goals in an
eﬃcient way. To apply process mining, the extraction of process data from log
ﬁles is a basic and challenging step [5,6]. We address it and provide a framework
in Sect. 3 to extract process trace data. Our proposed framework is illustrated
with a case study in Sect. 4 SOA-based SAP Netweaver Platform.
A. Dan, F. Gittler, and F. Toumani (Eds.): ICSOC/ServiceWave 2009, LNCS 6275, pp. 293–302, 2010.
c Springer-Verlag Berlin Heidelberg 2010


294

2

A. Khan et al.

Basics

In this section, we give an overview of the basics required for this paper. First,
we introduce process mining. Furthermore, we give some basic insights to the
SAP environment to understand the execution environment of our case study.
2.1

Process Mining

Process mining aims to extract process knowledge and to discover process models from executions of business processes as recorded by information systems [5].
The overall approach of process mining is shown in Fig. 1.
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Fig. 1. Overall Approach of Process Mining

Log Files. Information systems execute business processes and record the data
about elements in the form of log ﬁles or as records in database tables. In this
work, we refer to log or trace ﬁles as interchangeable terms. Log ﬁles contain data
about occurrences of events, provided inputs, processing information, generated
outputs, message exchanges, usage, and condition of resources during execution.
These log ﬁles are starting point for process mining.
Process Trace Data. To apply process mining, it is assumed that the information system records data of events, cases, time stamp of an event, sequence of
activities, performer, and originator [4]. These log ﬁles also contain unstructured
and irrelevant data, e.g. information on hardware components, errors and recovery information, and system internal temporary variables. Therefore, extraction
of data from log ﬁles is a non-trivial task and a necessary pre-processing step
for process mining. Business processes and their executions related data are extracted from these log ﬁles. Such data are called process trace data. For example
typical process trace data would include process instance id, activity name, activity originator, time stamps, and data about involved elements.
Conversion, Mining, and Analysis. Extracted data are converted into the
required format, depending on the process mining tools or algorithms. For social
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network analysis, information on originator or performer of activity is important,
performance based analysis requires for instance time related data. Therefore,
the perspective of analysis depends on available data. Several process mining
tools and techniques for process knowledge discovery are discussed in [7].
2.2

SAP Netweaver Platform and SAP Process Integration

SAP Enterprise resource planning (ERP) systems are used to provide integrated
data and processes across all departments. SAP NetWeaver provides a facility for
integrating SAP and non SAP systems. SAP NetWeaver uses open integration
(providing interoperability) to connect with other systems or existing solution.
SAP Process Integration (SAP PI) is an Enterprise Application Integration
product. It resides in process integration layer of SAP NetWeaver to integrate
internal and external processes. SAP PI system works as a central hub and
all systems communicate with each other through it. It removes inconsistencies
between heterogeneous systems. These inconsistencies arise due to diﬀerent requirements of formats, interfaces, protocols, and connectivity between SAP and
non-SAP applications (for A2A and B2B systems).

3

Framework for Extracting Process Trace Data

We depicted a framework in Fig. 2 for extracting process trace data from SAP
NetWeaver log ﬁles. However, this is not only applicable to a SAP system, but it
can also be utilized in other platforms for process mining. The integration portal
maintains the logs of diﬀerent system interactions. Firstly, logs are collected from
information systems and integration portals. Either the logs are collected manually from each involved system or the integration portal provides the services
for log collection.
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Diﬀerent system vendors record and describe the events according to their
own standards, internal structures, and languages [8]. Some vendors provide
meta models to describe the structure of their log ﬁles. These descriptions are
used for understanding and extraction of the process trace data from log ﬁles.
Some meta models of workﬂow management systems are discussed in [7].
Sometimes, meta models are not available or logging notation (standards,
meta models) is not followed completely. This requires the understanding of
systems and business semantics. In such situation, logs are manually analyzed
to extract the structure. For example data related with events are confounded
with system data, and spanned across various log ﬁles and tables.
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Fig. 3. Generic Meta Model of log ﬁles and process trace data

A generic meta model is presented to extract and relate the data of log ﬁles
in Fig. 3. In the meta model, the entity ProcessType describes the business process like receiving an order, manufacturing, and shipping. Task is the atomic
unit of work, and can belong to more than one ProcessType entity (e.g. getCustomerDetails can be used in receiving order as well as in shipping business
process). Process instance is the representation of a customer’s request. The request passes through diﬀerent phases of a process for operations, and therefore,
it contains more than one ProcessType and Task. Resources perform diﬀerent
tasks on the process instance and modify/change the state of Business Objects
attached to them. The Programs record the change of state of business objects.
In heterogeneous environments, diﬀerent systems are involved in the business process execution. These systems communicate with each other to execute
business processes within or outside the enterprise. The content of a message describes the nature of operations and involved objects. Integration Portal log ﬁles
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contain data such as requesting systems, contents of request, response, and performer, time stamps of requests/responses, message ids, and message contents,
and resources. Such data can be used as process trace data to identify the collaboration between systems. Organizational business data (operational) is also
used for relating/associating the data. For example in customer-order scenario,
customer order number can be used to relate the customer name, ordered items,
and other data. Data from log ﬁle are extracted and used to build the execution
instances.
Various elements are not considered, e.g. activities, screens (and GUIs), states
of processes, and business objects. We present a quite generic model. It is extendable based on analysis objectives, for application usage mining, the Program
entity is extended and related with the GUIs presented to users, elements contained, and user actions.

4

Case Study and Extraction of Process Trace Data

We explained our framework in a case study. Diﬀerent SAP systems and web
services are integrated by SAP PI to complete the business processes.
The case study is a simple supply chain scenario; a customer visits the website
and places an order. Order items received as a ﬁle in SAP PI from the website
through http-ﬁle adapter. This ﬁle is transferred, using mail adapter, from SAP
PI as formatted email to the distributor. Stock is checked and if the item is
not available then a production order, containing item details, is issued from
SAP R/3 system using RFC and IDOC adapter to SAP IDES system used at
the manufacturing site. To ship, the total weight and customer destination are
forwarded to shipping web service, which calculates a freight charge for the order
and notiﬁes the customer after shipping.
We use SAP PI for analysis and monitoring of systems (services). User trace
loggings are activated in SAP systems and monitoring is done during execution.
After execution, tracing is deactivated, and we collect trace ﬁles.
We develop a tool(output is depicted in Fig. 5) to extract process trace data
from SAP trace ﬁles. Development of the tool consists of following phases and
steps in 5. We divide the process into four phases:
4.1

Contents and Structure Analysis in Log Files

SAP does not provide meta models of log ﬁles, so we study log ﬁles and diﬀerent
repositories of SAP systems for extraction. In normal cases, SAP transaction
data are stored in log ﬁles and used for process mining. Analysis of log ﬁles
enables us to ﬁnd patterns of characters that occur with events, and these characters help in extraction of process trace data from the systems. For process
trace data, diag processor (Dialog work processes deal with requests from an
active user to execute Dialog steps) and task handler component are required.
Task handler contains user information and time of activities. Detailed analysis
of SAP trace ﬁles and important structure used for extracting required data
from trace ﬁle are described in [9].
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Screen Messages: Screen messages are shown to users during business process
execution. These messages indicate ﬂow of the system. Information stored with
these messages are message type, message time, process component, associated
user, user terminal, server, and executed transactions.
Extraction of Database Fields: Elements in trace ﬁle are represented as entity types, also called etypes. Etypes have data ﬁelds attached with them, which
belong to screen elements, e.g. text ﬁelds or data displayed from the database.
Etypes have a speciﬁc structure and database ﬁeld names are extracted after
meeting conditions, e.g. a mark ’X’ present on line relative to etypes type line
in trace ﬁle. The database ﬁelds are assigned descriptive names. Thus, the semantics and structure of log ﬁles detected in this part help to identify important
elements in log ﬁles for process trace data.
4.2

Structure Analysis in Integration Portal

We identify that trace ﬁles from SAP PI do not contain information on executed
transactions or any exchanged data, e.g. when RFC module or IDOC adapter
data are exchanged. In SAP PI, the logs are maintained but at the user interface
level only very limited view is provided. Furthermore, trace data, of exchanged
messages between systems, are stored in SAP PI system tables. In Fig. 4, a
meta model for extraction of data is presented. For each message exchange,
communication systems are involved as message sender or receiver. Message’s
contents are mapped between communication systems by mapping relations and
condition involved for these mappings. Each message has a message id, associated
sender, receiver, and message payload. Payload is transferred data and contains
attributes, which we use for process mining and diﬀerent perspectives of analyses.
The time stamps of exchanged messages and other data provide connections
where processes are collaborating with the system.
4.3

Collaboration Data from Integration Portal

Database tables and descriptions identiﬁed in previous steps are used to extract
the data. With SAP Developer role in SAP PI, ABAP programs can be written
to get data from these tables and store them in separate ﬁles. This will make the
extraction of data for evaluation easier. Depending on the requirements, tables
are further investigated and necessary data are extracted.
4.4

Extraction of Data from Log Files

In this step, data are extracted from log ﬁles. Data may consist of user details,
screens displayed to a user, transaction executed, conﬁrmation or error messages,
and data objects against database ﬁelds found in section 4.1. These elements
are extracted and saved sequentially. Extraction of elements follows a speciﬁc
structure in the trace ﬁle. Extracted data may contain redundant information,
which we remove by further processing.
Extracted process trace data are used to generate case instances and to use
in process mining tools as explained in Section 5.
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Fig. 4. SAP PI meta model for processed trace data

5

Relationship between Data and Process Mining

A primary key attribute is selected from the process trace data, e.g. key attribute
may be order id, customer no., application no., or product id. All extracted information is sorted on this key attribute and written as cases. Therefore, the
extracted data are correlated based on these and case instances are built. Business semantics and meta models presented in earlier sections can be used for this
purpose. The extracted information is converted into a suitable format for mining and analysis tools. We provide the extracted data into two formats. In one
format, cases are assigned with speciﬁc functions of log ﬁles, while in other format case numbers, object values, and functions, in which they are executed are
described, see Fig. 5. We add SAP trace data conversion plug-in in ProM Import
Framework [11] and use it conversion of our data into Mining XML (MXML)
format. ProM1 tool is used for analysis and mining. The actual process model is
discovered. Examples of two diﬀerent business scenario models are depicted in
Fig. 6. Other analyses can also be done as discussed in Section 2.1. This provides
the opportunity to analyze the business processes in diﬀerent perspectives and
directions for improvement.

1
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Fig. 5. Case data

Fig. 6. AS-IS models from ProM tool [10]

6

Related Work

Process mining is an active research area in business process analysis and discussed in many papers [5,7,12,13]. Most of the papers focus on diﬀerent kinds
of analyses and beneﬁts that can be achieved. These approaches assume that
process trace data are already available. Extracting process trace data is a challenge and important as discussed in [5,6]. Diﬀerent approaches are proposed to
address this challenge. We categorize them in three major approaches:
Table-based approaches. Attempts are made to extract process data from
ERP systems log ﬁles, e.g. SAP, PeopleSoft. In [14], the author tries to extract
process trace data from SAP R/3 log ﬁles, but it was not fully satisfying because
process execution information is too detailed due to the usage at the transaction
level and scattered in many tables. In [15], authors built a tool for constructing
process instances from business process executions in SAP systems. They use
SQL statements to identify used business objects in SAP tables and correlate
them with events to construct instances. However, this table-based approach
provides less data for process mining analysis as not all data are stored with
business objects in tables.
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Data warehouse based approaches. Data warehouse technique is introduced
in [16]. HP Process Manager (HPPM) system logs are used, so this approach
is not generic. The work is further extended as architecture for analysis and
monitoring in [17]. The architecture is related to our presented framework, but we
focus more towards the extraction of process trace data from log ﬁles rather than
analysis techniques. Information from process logs are extracted by querying log
tables and stored in a process data warehouse. Mining algorithms are applied in
the data warehouse.
Log files based approaches. In [7,8], meta models are proposed to correlate
elements of log ﬁles. The diﬀerence from our approach is that they concentrate
only to extract a small part of process trace data from log ﬁles, e.g. case id, task,
timestamps, focus only for process discovery, and do not address the challenge
in heterogeneous environments. We present more generic work and deals with
log ﬁles as well as log tables in heterogeneous systems. In [18], data from log
ﬁles are used to analyze the interaction behaviour of users with applications.

7

Conclusion and Outlook

We proposed a framework to apply process mining in heterogeneous environments. We develop a meta model to extract more process trace data from logs,
so process mining can be applied to those systems, which are not process-driven.
SOA based platform (SAP NetWeaver) is used as a case study to show the applicability of our framework and process mining in a SOA environment. Monitoring
components of SAP NetWeaver are discussed for the extraction of process trace
data. We also developed a tool for the extraction of process trace data from the
logs of involved systems. We believe that this work provides a guideline to apply
process mining in diﬀerent SOA based systems and steps toward better analyses
and monitoring services.
It would be interesting to investigate cases in which more than one integration
portal is involved. Organizations may not be interested to share their data.
Privacy preserving methods should be developed for this purpose.
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