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Abstract. Reference process models are templates for common pro-
cesses run by many corporations. However, the individual needs among
organizations on the execution of these processes usually vary. A process
model can address these variations through control-flow choices. Thus,
it can integrate the different process variants into one model. Through
configuration parameters, a configurable reference models enables corpo-
rations to derive their individual process variant from such an integrated
model. While this simplifies the adaptation process for the reference
model user, the construction of a configurable model integrating several
process variants is far more complex than the creation of a traditional
reference model depicting a single best-practice variant. In this paper we
therefore recommend the use of process mining techniques on log files of
existing, well-running I'T systems to help the reference model provider in
creating such integrated process models. Afterwards, the same log files
are used to derive suggestions for common configurations that can serve
as starting points for individual configurations.

1 Introduction

Many supporting processes like, e.g., procurement or invoicing processes are
organized similarly among companies. Reference process models depict such
processes in a general manner, thus providing templates for individual imple-
mentations of these processes, and are available for various domains [8,11, 16].
However, even supporting processes are rarely executed in exactly the same man-
ner among companies. For that reason the corresponding reference models must
be adapted to individual needs during the process implementation.

To support such an adaptation of reference models, suggestions for config-
urable process models have been made by various researchers (e.g. [3,10,13]).
Configurable process models require that the reference process model provider
combines different process variants into an integrated process model from which
reference model users can then derive individual model variants by setting con-
figuration parameters. In this way, each organization can derive the individual
process model fitting their needs while this derived process model remains con-
form with the used reference model. That means, the adaptation process does
not require a manual process modeling which always comes with the risk of error
and which could thus jeopardize a process’s executability.



While this simplifies the adaptation process for the reference model user, it is
on the expense of the model provider who has to construct a more complex model
integrating several process variants. As handling the complexity and avoiding
errors is already difficult for traditional reference models [6], we focus in this
paper on providing support for the creation of configurable process models.

Usually, the processes represented by a reference model are not new and in-
novative approaches, but rather derived from established process variants. That
means, when a configurable reference model is built, various variants of the pro-
cess are already in place in organizations. In traditional reference model creation
approaches, process analysts are examining the processes in place, e.g. through
expert and user interviews, and then compile the gained information “in their
minds” to a best-practice reference model while they abstract from specific re-
quirements of individual organizations. A configurable model, however, should
already provide everything that is necessary to derive a model satisfying the
specific requirements. For that reason, it needs to include these specific aspects
of different process variants. Thus, an abstraction is not needed and the model
should rather be based on what is really happening.

Extensive protocols about what has happened are usually widely available
in today’s IT environments in the form of so-called log files. Data and process
mining techniques have been developed to gain condensed information about the
process behavior from such log files. In the following we will depict how such
existing techniques can directly support the creation of a configurable reference
model by using the log files from various IT systems.

Figure 1 provides an overview of the suggested approach. At first, the avail-
able log files from various systems must be prepared through filtering of irrelevant
content and mapping of different naming conventions among different log files.
This is subject of Section 2. Afterwards, process mining techniques can be used
not only to create process models for individual systems but also to build process
models which are valid for all the systems, i.e. which integrate the various pro-
cess variants. We show this in Section 3. Section 4 depicts how such integrated
models covering multiple variants of a process can be configured to derive the
individual variants before the paper ends with some conclusions.

2 Pre-processing the log files

Many of today’s IT systems constantly write log files to record functions that
are executed in the system, changes that are made to the system or its data,
“system alive” status updates and so on. For example, most web-servers write an
entry into a log file for each single requested page including information about
the time of access, the IP address of the user, whether the access was successful,
and maybe even a user name or submitted data. Due to today’s extensive use of
information systems in all business areas, such log files containing information
about the executed business processes are usually widely available.

In this paper we focus on deriving the control flow among the different activi-
ties of a business process from such log files. For this purpose many details of log
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Fig. 1. Deriving integrated process models and their configurations from log files

files are irrelevant and it is here sufficient if we consider a log file as being a set
of event traces. Each event trace is then an ordered set of the activity identifiers
classifying each log event as the execution of the particular activity.

Definition 1 (Log file). Let E be a set of activity identifiers. Then

— I = E* is the set of all possible event traces, i.e. (e1,...,en) € I

— events : I — IP(E) is a function defined such that events({ey,...,e,)) =
{ei|]l < i < n} is the set of all activity identifiers in an event trace {e1, ..., €,),

— L C 1 is alog file, i.e. a set of event traces, and

— ' = IP(I) is the set of all such log files.

For generating reference models, it is very important to gather log files from
various systems executing the process in question. The selection of sites depends
on the purpose of the model that should be created. If a model should represent
configuration options of a software that is distributed internationally, various
sites running successful implementations of the software should be chosen from
different countries. If a model should represent good examples for a certain
process, various successful implementations of that process should be chosen,
but these do not necessarily need to be implemented using the same software.
All in all; the source of the used log files should widely cover the targeted scope
and all aspects of the model which should be created. Let us thus in the following
assume that a comprehensive set L™ = {L7*"|1 < i < n} of n such raw input
log files is available (see the far-left of Figure 1).

Although log files are widely available today, the purpose of their creation
and their level of details varies. While the transaction management of databases



requires very explicit and detailed logs for being able to undo all changes com-
pletely automatically, sometimes log entries are rather unspecific debug messages
introduced and never removed by the programmer to find errors in the code. In
any way, the log files are rarely created for deriving process models.

For that reason, the available log files must be pre-processed before we can
use actual mining techniques to discover meaningful behavioral patterns, i.e.
the log files have to be cleaned of irrelevant data and relevant data has to be
aligned. When building configurable reference process models, three aspects are
especially important in this phase.

— At first, the data in the log files has to be anonymized. Log files usually
contain a lot of personal data. This information is highly confidential and
the usage is in most cultures strongly restricted through privacy rights and
laws. As configurable reference models target at the re-use by others, it is
especially important that no personal information is retained in the model.
Hence, the elimination of such personal information should take place before
any data is processed.

— Secondly, the level of details of the log files has to be balanced among the
different input log files and adjusted to the level targeted for the resulting
model by aggregating related log events. Otherwise, the level of details in the
generated process model will later on be highly inconsistent among different
process branches. To reach this balanced level of details an ontology can for
example be used. Then single or groups of log events can be mapped onto
an agreed level of ontology classes.

— As the same ontological concept is hardly called in the same way by different
sources, it must also be ensured that log events from the different source log
files are mapped onto each other. This might already come with the use of
a common ontology for adjusting the level of details. Otherwise, a direct
matching of event names might also be possible.

Further details on how to perform such pre-processing steps can, e.g., be
found in [4,12,17]. Process and data mining efforts — as also described in the
remainder of this paper — heavily depend on the quality of the pre-processed log
files. Therefore, pre-processing comprises in general 60-80 percent of the whole
processing efforts [4, 17].

In the following we say that pre-processing is a function prep : I' — I’
which performs all mentioned pre-processing steps for each log file, including
a re-naming of log events belonging to the same ontology class to a common
class name. The result of the pre-processing is then a consistent set of log files
L = prep(L™*v).

3 Process Mining

The pre-processed log files can serve as the input for a process mining algorithm.
Process mining has proven to be a valuable approach for gaining objective in-
sights into business processes which are already in place in organizations. Such



algorithms search for re-occurring patterns in the execution traces of the system
in question and generalize the overall process behavior as process models.

To depict process models we will use a workflow net representation here.
While the process model types used by existing process mining algorithms vary,
most of these models can be transformed into workflow nets using appropriate
transformation algorithms as, e.g., provided by the process mining framework
ProM [1, 7]. Workflow nets are a formal notation to represent business processes
based on Petri nets. Within workflow nets, transitions depict the activities that
should happen during the process execution. Through arcs transitions can be
connected to places which then represent the conditions resulting from the ex-
ecution of the transitions. Places also represent the pre-conditions for the exe-
cution of transitions whenever an arc connects a place to a transition. A special
input place always represents the start of the process, while a special output
place represents its completion.

Definition 2 (Workflow net). A workflow net is a triple M = (P, T, F), such
that:

— P is a set of places,

— T is a set of transitions (PNT = @),

— i€ P s the unique input place,

— 0 € P is the unique output place,

— FC(P\{o} xT)U(T x P\ {i}) is a set of arcs (flow relation), and
— A is the set of all workflow nets

Process mining helps process analysts to determine the processes executed by
organizations either to document or to improve them. Although reference models
are derived from well-running systems, this does not imply that these processes
are documented by models, correctly describing the executed behavior. Thus,
process mining can also help the reference model designer who has log files from
successful process implementations available to create process models.

For this paper we define a mining algorithm as follows:

Definition 3 (Mining algorithm). A mining algorithm o maps a log file onto
a workflow net, i.e.
a:I'— A

We thus abstract from the particularities of the mining algorithm, i.e. & may
be any process mining algorithm [1, 2]. Further on, we assume that the result of
the algorithm fulfills the requirements of a workflow net. This is trivial to achieve
for any algorithm that provides a Petri net (or a model that can be transformed
into a Petri net) by connecting a unique input place to all its initial elements
and a unique output place from all its final elements [5].

For each log file L; € L used for the creation of a reference model, a process
mining algorithm can therefore generate a process model M; = a(L;) depicting
the behavior of the log file’s original system (see top of Figure 1). Simplified!,

! The description here provides a brief idea of what a process mining algorithm does.
In practice process mining is far more complex as the algorithms, e.g., have to take
concurrency, incomplete logs, noise, or invisible tasks into consideration [2].



a process mining algorithm splits a log file into the event traces of individual
cases, i.e. process instances. It then constructs the process model by analyz-
ing and comparing the events in the traces. Each log event is mapped onto a
corresponding transition in the model. For each event that occurs in the event
trace, the algorithms checks in the the so-far derived model if the corresponding
transition can be reached from the transition corresponding to the preceding log
event. Is this not the case, a choice is introduced at the place succeeding the
transition corresponding to the preceding log event by adding a new arc leading
from this place to the transition corresponding to the event in question. The
resulting process model will thus depict that when reaching the particular point
of the process, the process flow can either continue as all the previous traces did
or it can continue as this deviating event trace did.

After having derived a process model M; for each log file L; € L, the
process model designer can compare these models with each other. By man-
ually or automatically aligning and merging them, an integrated process model
Ml"rn = My & My & ... ® M, representing the behavior of all the individual
models can be generated [9)].

However, instead of deriving an individual process model for each system and
later on trying to integrate these models, process mining algorithms can also be
used to directly generate an integrated model for all of the log files in L. If we
concatenate all the log files L; € L into a single log file Ly, = U,_; ,, Li, the
process mining algorithm « still works in exactly the same way on L; ,, as it did
for each of the individual log files. Due to the alignment of event names in the
pre-processing, the algorithm is able to recognize which log events belong to the
same class of events and match them. Thus, the algorithm just processes more
process instances and creates a process model M; ,, = a(L1 ,) that is valid
for all these instances. That means, the resulting model usually contains more
choices than each of the individual models M; because a combined set of event
traces might contain more variants than a subset of these traces. But, as this
model represents the behavior of all the instances from the various systems, the
model is in the same way an integrated process model valid for all the different
input systems as a model generated from merging the individual models.?

Two properties are important when selecting a process mining algorithm for
building such a process model integrating various process variants.

Among different systems it is well possible that steps executed in the pro-
cess of one system are skipped in the other system. In such cases, the process
mining algorithm must be able to introduce a by-pass for the skipped step in
the generated process model, e.g. through adding a so-called invisible or silent
transition as an alternative to the skipped transition. The invisible transitions
then allow for state changes without corresponding to any log events and thus
without representing any ‘real’” behavior.

2 While the model created by merging several individually mined models should in
theory represent the same behavior as the integrated model mined from the combined
set of log files, the resulting models depend on the used process mining and merging
algorithms and will thus hardly be identical in practice.



Further on, it might later on be desired that a process model can be derived
from the reference model which does not conform exactly to the behavior of one
of the systems used for the development of the reference model. Instead it might
be necessary to combine various aspects of different systems which requires that
the used process mining algorithm over-approximates the behavior of the input
systems. Most process mining algorithms achieve this as they analyze choices
between events only locally and neglect dependencies between choices that do
not directly follow each other. By neglecting such non-local non-free choices, the
resulting process models permit for example to chose in the beginning of the
process a process part that only occurred in a subset of the process instances,
while at a later stage a choice is made for a process part that was not part of
any of these process instances.

An overview of process mining algorithms is provided in [2] while the ProM
process mining framework [1, 7] provides implementations for many of these al-
gorithms. The choice for a concrete algorithm and the quality of the resulting
model very much depends on the input log files [15]. In controlled experiences
with high-quality input data, we achieved good results using the multi-phase
miner [5] because it guarantees the fitness of all the event traces to the resulting
model. Using real-world data, it is however hardly possible to derive such high-
quality log files during the pre-processing. In such cases algorithms that are able
to deal with “noise” in the log files might perform better.

4 Deriving Configurations

The mined process model allows for the execution of all the process’s various
variants as it is based on the execution log files from the varying systems. Com-
pared to a set of different models, the integrated model has the advantage for the
process designer that later maintenance changes only need to be performed once
on the integrated model, and not various times for each of the process variants.
The integrated model also covers all combination possibilities of process parts
which is usually impossible to achieve when providing a set of process variants.
Naturally, reference model users do not need all these variants. Instead, they
like to have a specific model covering the individually needed process behavior.
Hence, the reference model user needs to configure the integrated model to that
subset which depicts this desired behavior.

To define such a configuration for workflow nets, we simply say that a con-
figuration is the set of all elements that should remain in the workflow net. In
this way, the configured net can be derived by creating the intersections of the
workflow net’s elements with the configuration.

Definition 4 (Configuration). Let M = (P,T,F) be a workflow net. Then
any C € PUTUF such that {i,o} C C and ¥, nyyerncini,n2} € C is a
configuration of M. Mc = (PNC, TNC,FNC) is the configured workflow net
using configuration C.

Of course, a careful selection must be made for the configuration as many
configurations are not feasible, e.g. because they would eliminate the execution



of transitions that are essential for the process. For example, it is obviously
impossible to check an invoice during an invoicing process, if the invoice has
not been created beforehand. That means that in addition to the integrated
model, the reference model provider also needs to offer some guidance to ‘good’
configurations.

Examples for such good configurations are the systems used to create the
integrated process model. These established variants of the process could thus
provide a better starting point for reference model users that want to derive their
individual models than the complete integrated model of all process variants can
be. If we know the configurations of the integrated model leading to the selected,
established process variants, and if we know which of these variants might prob-
ably be the closest to our requirements (e.g. because of a comparable company
size and target market) then the derivation of an individual process would nor-
mally just mean to slightly amend this given configuration by adding a number
of elements from the integrated model to the configuration and/or removing
some of them. In this way, the risky and time-consuming task of configuring the
process from scratch can be avoided.

To determine such a configuration, we can re-use the (cleaned) log file of
the particular system. It contains all behavior possible in the particular system
and can be ‘re-played’ on the integrated model. To depict how this re-play is
performed, we first need to introduce the concept of a path of a workflow model.

Definition 5 (Path). Let M = (P,T,F) be a workflow model. Then ¢ =
{(n1,...;nm) € (PUT)*|(Vizc1..m—1(ni,nir1) € F)} is the set of paths of M. The
set of elements of a path (ny,..,n,) € & is defined by the
function elements : & — IP(PUT UF) such that elements((ny,...,nm)) =

{'I’Ll, (nla n2)7n27 (n27n3)7 ey (nmfla nm); n’m}

To depict the re-play we assume that the integrated model was created by
a mining algorithm like the simplified algorithm depicted in Section 3 which
guarantees a fitness of 1, i.e. that the behavior of all traces of the log file L; are
represented by the integrated model, and that aspects like concurrency, noise, or
incompleteness are neglected. In this way, the re-play starts for each trace of the
log file from the input place i of the integrated model and searches for a path to
a transition that corresponds to the first log event of the particular trace. This
path should however not pass any visible transitions as their occurrence would
require a corresponding event in the log file before the first event. Next, a path
through places and invisible transitions is searched from this transition onwards
to the next log event and so on. When the transition corresponding to the last
log event of an event trace is found, the replay must conclude with finding a
path from this last transition to the output place o. This process is repeated for
every trace in the log file. The configuration of the model corresponding to the
behavior of all these traces is then the set of all the transitions, places, and arcs
used during the re-play. The individual model corresponding to this behavior
can then be derived from the integrated model as depicted in Definition 4 and
all unnecessary elements can automatically be dismissed.



Definition 6 (Log replay). Let M ,, = (P, Tyis U Tiny, F') be a workflow net
with Ty, as its set of invisible transitions, and let L; be a log file. Moreover,
let Uger, events(0) C Tyis and @' = {(n1, ..., nm) € P{n1,nm} € Tyis U {i, 0} A
{na, ..., nm—1} C Tiny U P\ {i,0}}. Then

C; = U{elements((i, ...,e1))|{i,...,e1) € D' A ey, ...) € L;}
UJ{elements({ek, ..., ex+1))[{€ks -y er1) € D' A (..., €k, €kt1,...) € L;}
UJ{elements({em, ..., 0))|[{€m, ..., 0) € D' A {...,em) € L;}

is the configuration of My ., that corresponds to the behavior represented by L;.

While the re-play of log files on models that were created using more sophis-
ticated process mining algorithms is more complex (e.g. a log event might not
have a corresponding transition or the path to the next log event might start
from a different transition which corresponds to an earlier log event) [14], the
configuration can still be discovered by simply identifying the visited model el-
ements. An algorithm to perform such a complex re-play is for example part of
the conformance checker provided by ProM.

5 Conclusions

In this paper we showed how reference process models can be constructed from
log files of established business processes. Derived by proven process mining
algorithms, these models depict and integrate the behavior of several different
variants of a common business process. Such an integrated model can afterwards
be restricted to the individual process variant required by an organization by
means of configurations. By re-playing a log file of an existing system on the inte-
grated model, a configuration of the model conforming to the system’s behavior
can be identified. Such configurations can serve as starting points for individ-
ual configurations. While the development of process mining and conformance
checking methodologies mainly aimed at understanding and improving existing
systems, they also proofed to be very useful for aligning various, successfully
running systems during our experiments. By highlighting the individual config-
urations on the model, users can detect similarities and differences among the
process variants as well as new possible configurations far easier than if they
have to compare separate models.

In future research we have to setup experiments with larger real-world data to
provide further guidance into the practical usage of the suggested methods as well
as to test the applicability of further machine learning techniques. For example,
we expect that the mining of association rules among different configurations
can provide insights on interdependencies between configuration decisions and
thus be used for further guidance on making configuration decisions. The re-
play of log files generated from systems that are already based on a configurable
reference model might help improving the configurable model over time.

Acknowledgements. We thank Antal van den Bosch and Ton Weijters for
providing us with insights into the various machine learning techniques.
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