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Abstract

In spite of the current research activities developing methods and techniques for busi-
ness process model analysis, an adequate and homogeneous data basis is still missing.
Referring to other research disciplines like computer linguistics or biology, a compre-
hensive, standardized and digitally available data corpus may lead to a better and con-
sistent understanding of businesses in different domains as well as of the corresponding
business information systems. Especially in the context of business process manage-
ment, such a corpus is of high importance as it improves the creation of particular busi-
ness process landscapes and the development of standardized evaluations. Against that
background, this article presents the Wi Process Model Corpus extending the Refer-
ence Model Catalogue, which was developed by the IWi in 2006, with processable pro-
cess model data. Thereby, its characteristics as well as correspondences between the
contained sub corpora and between different single models are focused. In the current
version, the corpus contains reference models, models from practice and models from
controlled modelling environments and, in total, comprises 24 model collections with
4,426 process models and mappings for more than 137,000 model pairs.

Keywords: process model, process model collection, process model corpus, process
model matching
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1 Introduction

Nowadays, companies use large model databases to manage their business process models, which
serve as a knowledge base for the design of their information systems. Oftentimes, these data-
bases contain several hundreds or even thousands of models,* wherefore methods and techniques
for complexity reduction, handling and analysis of these data are needed. But also for the design
of enterprises, comprehensive model collections containing reference models as well as individu-
al models from companies might be helpful in order to derive adequate solutions for particular
further companies.

However, access to real process models from practice is missing, which is often caused by legal
aspects or privacy concerns. Companies are afraid of losing their competitive advantage by pub-
lishing their business processes. In fact, there are several approaches focusing on the conceptual-
ization and the establishment of open access model repositories® (apromore.org, openmodels.org,
openmodels.at, prozoom.ch) and also initiatives as e.g. Free Models Initiative® trying to collect
and to spread model data as open data with the corresponding licenses. At the same time, con-
crete digital and processable models are still very rare®.

Some trends in that direction can already be observed within the information systems research,
e.g. in terms of the interest of the Business Process Management Conference (BPM) in publish-
ing the source code of software tools and implemented algorithms named in the proceedings. In
that context, the possibilities of replicating the published findings are of major interest. Neverthe-
less, publishing the underlying data material is rarely focused. Though, particularly these data are
essential for the replication and therefore of high importance for the research progress. The capa-
bilities of corresponding corpora can be observed in different fields of research. E.g. the use of
speech and text corpora in the fields of computational linguistics led to high benefits in speech
processing, human computer interaction and automatic translation techniques.®> The use of ge-
nomic databases caused substantial progresses in the fields of biology, chemistry and medicine.

Against that background, the paper at hand makes a first step towards a comprehensive process
model corpus containing process models in a standardized, digital and processable format. The
initial starting point for that aim is the currently existing reference model catalogue (rmKk.iwi.uni-
sh.de/).° It contains 98 reference model entries with lexical data and meta data like the number of
contained single models. However, this catalogue does not contain digitally processable models
(in terms of the used modeling language or a consistent exchange format) and there are also no

! ¢f. DUKMAN ET AL. (2011); HOUY ET AL. (2011)
2 ¢f. KOCH ET AL. (2006)

% ¢f. THALER ET AL. (2014b)

* of. FRANCE ET AL. (1998)

® of. KUNZE (2005); MILLER (1995)

® FETTKE ET AL. (2002)
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The IWi Process Model Corpus 7

entries of individual models from different domains. Thus, the authors developed a procedure
model which serves as the basis for the extension of the reference model catalogue to the IWi
Process Model Corpus. The following research objectives are focused: (1) Creating a consistent
understanding of business application systems in different domains, (2) reusing the contained
models in other contexts, (3) creating a homogeneous data basis for different application and
analysis scenarios. In that context, there is also a wide range of application and analysis methods,
for whose (further) development the indented process model corpus is highly beneficial. Some of
them are (1) process matching’, (2) analyzing structural analogies® or (3) the search of process
variants. The application of existing techniques to a comprehensive model corpus might answer
manifold questions, as e.g.: (1a) To which extent are automatic approaches able to find maps
which are determined manually? (1b) Are there elements or model fragments which are available
in several reference models? (2a) Which structures can be observed frequently, which ones sel-
dom? (2b) Are there different structures in different domains? (2c) Is it possible to define generic
process templates? (3a) How does the evolution of models over several years look like?

Finally, the authors aim at publishing the corpus in terms of open models; similar to the open
source idea, which was established in the context of software development during the last years.
The paper at hand gives an overview on the current version of the developed corpus as well as on
additional data material like concrete mappings between the models.

After that introduction, section 2 briefly describes the general procedure model for the creation of
the process model corpus. The corpus itself is then described in section 3, where the contained
models are characterized with established metrics and additional information in the form of con-
crete mappings between the single models are presented. Finally, section 4 discusses the results,
addresses the release process with continuous integration aspects and closes the paper with an
outlook on future work.

2  Procedure Model for Corpus Development

In the context of the paper at hand, a corpus is defined as a structured and versioned library of
models and model collections. Model collections, e.g. the SAP-R/3 reference model, cover sever-
al single models (in case of the named SAP-R/3 reference model: 604).

In order to develop a model corpus, the authors developed a procedure model (Figure 1) covering
its specifications and construction. This includes the model selection, the preprocessing of differ-
ent sources as well as the process of gathering, harmonizing and providing the models. The pro-
cedure model is briefly described in the following. However, details on all phases and its mani-
festations are presented in WALTERET AL. (2014).

" ¢f. CAYOGLU ET AL. (2013)
8 ¢f. EKANAYAKE ET AL. (2012); FETTKE ET AL. (2005); WALTER ET AL. (2012)
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Corpus Specffication Corpus Construction
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Models s Archiing Format) regulatory
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s Release

Figure 1: Procedure model for corpus development

Corpus Specification. The concrete implementation of the corpus is controlled by the definition
of corpus conventions and modeling conventions. The corpus conventions cover all rules and
general requirements which affect the whole corpus as e.g. the included model types, the model-
ing languages and particular transformation procedures between modeling languages as well as
the exchange format of the corpus and the version control mechanism. With that background, the
IWi Process Model Corpus contains Process Models, generally as EPCs and uses the ARIS
XML-Format as exchange format.

Corpus Construction. Based on the corpus specification, the corpus construction contains sever-
al steps for the development and the management of the corpus. In the model selection step, po-
tential model containing documents of arbitrary formats like text (e.g. books, scientific papers,
journals), audio (e.g. interview recordings) or digitized models (respectively process models of
different languages and exchange formats) are identified, selected and prioritized for the corpus
inclusion. In the context of the source pre-processing, the models are cataloged and transformed
into a digital and processable format. Beyond that, collecting includes the transformation of the
models to the defined modeling language and exchange format as well as rework concerning the
corpus conventions. In the phase of harmonization, the collected models, which are already
available in a unified modelling language and in a single target format, have to be transformed
with regard to the modelling conventions. This step results in two different variants, “original”
and “adapted”, of a sub corpus. If no violations occur, the collected “original” model is equal to
the harmonized model. Thus, an adapted model does not exist. For provisioning, the legal
framework has to be considered before any publication of the models. This typically affects the
licensing law as well as the copyright of the sources’ authors.

3  Corpus Overview

3.1 Scope and Classification

The IWi Process Model Corpus contains process models from different application domains.
Some of the major domains are e.g. industry, retail and public administration. These models have
been collected over many years within BPM research.

© Institute for Information Systems (IWi) in the DFKI October 2015
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Table 1: Corpus Overview

Sub Corpus EPC BPMN Remarks L C Source
Becker 2012 7 7 test models - | BECKER ET AL. (2012)
Bizagi 17 17 reference models in the context of system en- en R http://www.bizagi.com/en/com
9 gineering modeled as EPC and BPMN munity/process-xchange
Custom B2B 33 Processes d_escrlbmg spftware gustomlzmg and de R research project
the production of special machinery.
GK-Rewe 105 Basic course ,,accounting® at Chemnitz University | de | KAHLERT (2010)
ECO-Integral 85 Digitalization of processes in the context of envi- de R KRCMAR ET AL. (2000)
ronmental management
E-Payment 38 Processes in the context of the E-Payment project. | de | research project
External/anonymized 457 Anonymized process mode_ls. Certain conference de | anonymized
papers, theses and dissertations en
. R Business registration processes of 8 German .
Business registration 24 communes. de | research project
. Retail information systems. Edition 1996. Con-
Retail-H-Model 1996 54 tains 54 EPCs and 2 event hierarchies (as EPC). de | R BECKERET AL. (1996)
. Retail information systems. Edition 2004. Con-
Retail-H-Model 2004 237 tains 58 EPCs and 2 event hierarchies (as EPC). de R BECKER ET AL. (2004)
bought from Software AG, OF-
FICE OF GOVERNMENT COM-
MERCE (2010a); OFFICE OF
Reference model for the IT Service Management. GOVERNMENT COMMERCE
: : de (2010b); OFFICE OF GOVERN-
ITIL 18 Contains 19 EPCs, with an example for explana- R c 2010¢): O
tion, and further 297 models of other types en MENT COMMERCE (2010c); OF-
' ' FICE OF GOVERNMENT COM-
MERCE (2010d); OFFICE OF
GOVERNMENT COMMERCE
(2010¢e)
Exams of a course at a German University be-
Exams 78 tween 2010 and 2012 de |CM exams
Kurbel 24 Dl_gltallzatlon of processes in the context enter- de | KURBEL (2011)
prise resource planning. en
Lichtenegger 74 Dissertation of Lichtenegger de R LICHTENEGGER (2012)
Birth registration processes of 9 countries and
Process Matchin University admission processes of 9 German Uni-
Contest 2013 9 90 versities. Originally modeled as Petri-Nets. en | CAYOGLU ET AL. (2013)
PNML files were transformed to EPCs with
ProM.
SAP 2416 SAP R/3 reference model with and without cryp- en R IDS Scheer 1999, ARIS for R/3
' tic model names and with and without hierarchies. Version 4
SAP Custom Dev. 29 Processes in the context of individual software de | research project
development.
SAP R/3 56 SAP R/3 reference model. literal, syntactical and de R KELLER ET AL. (1998)
referencing errors corrected.
Dutch governance processes. Originally modeled
Vogelaar 401 with YAWL. Transformed to EPCs using the en | VOGELAARET AL. (2012)
transformation rules from the source document.
Y-CIM 1.0 7 fgggtural correspondent to the German Y-CIM en R ARIS Toolset 1.0
Reference model for industrial business processes.
Y-CIM de 100 Covers EPCs and function trees; inclusive exer- de R SCHEER (1994)
cise EPCs and descriptions.
Y-CIM en 100 fgggtural correspondent to the German Y-CIM en R SCHEER (1998)
Number of all models | 4,426 17

Legend: L: language; C: category (R:

reference model, I: individual model, CM:

controlled modeling)

The process model corpus is continuously extended by adding further models from both re-
searchers at the IWi and external contributors. The IWi Process Model Corpus contains process
models in a standardized, digital and processable format, which are structured into different sub
corpora. These sub corpora contain at least one process model. The differentiation into particular

© Institute for Information Systems (IWi) in the DFKI
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The IWi Process Model Corpus 10

sub corpora helps to provide a quick aggregated overview of the different process types and con-
solidates information in certain metrics (for more information see section 3.2. Table 1 shows
some statistics about the whole corpus. The first column depicts a listing of the names of each
particular model. The following columns show, besides the model type (EPC, BPMN and Func-
tion Tree), the format of the model (AML, EPML, PNML, BPMN), and the classification (indi-
vidual-model, reference-model and models from controlled modeling scenarios). The classifica-
tion of the models is based on their origin and type. Thus, each sub corpus within the developed
model corpus can be assigned to one of the following three categories®:

o Reference Models: Reference models generally consist of descriptive and prescriptive model
elements:* In a descriptive sense, a reference model captures similarities of a category of
companies. In a prescriptive sense, a reference model presents a proposal for the design of en-
terprises.

¢ Individual Models: Individual models describe processes in specific organizations. This in-
cludes process models from existing companies as well as from public administration.

e Models from controlled modeling scenarios: These models emerge from controlled modeling
scenarios, where different test persons are provided with a textual description of a procedure
or process. Thus, all test persons can draw on a common understanding of the problem as
well as on a uniform terminology. This textual description helps the test persons to have both
a common understanding of the problem and a uniform terminology.

Table 1 gives an overview of the current status of the corpus.™*

3.2 Characteristics of the corpus

The IWI Model Corpus can generally be analyzed by certain metrics. The present paper considers
30 metrics, which are widely used to analyze process models'?. The calculated metrics are pre-
sented in table 2. These metrics are only calculated for process models and not for model types
like function trees etc. The metrics calculated on single process models are discarded within the
subfolders of the model corpus.

The calculation in table 2 shows the metrics in an aggregated way. The aggregation is calculated
as a weighted arithmetic mean. This mean is calculated with the quantity of the concerned pro-
cess models in the sub corpus. The calculations have been continously developed in the research
group at the Institute for Information Systems at the German Research Center for Artificial Intel-
ligence.

® cf. WALTER ET AL. (2014)

10 ¢f. BROCKE ET AL. (2013)

1 Version 6 of the IWi Process Model Corpus, released in 2015
12 ¢f. MELCHER (2012)
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Table 2: Corpus characteristics™

&
@2 0 a2 % 2 | o o < 5 | ]
= 8 . = k= = 2 P 2 = . ) & 5} ' o
Sz |&8| | E|2|s|g|8l2|8|3 .. 8 |EZ|E L |35 s | 2|5
- £ @ c 3 a) [a) r | o a = c <) 8 s sa| 2 |8 3] > > < =]
5 | 2 = g c Z|zZz|0|0| x| x < B =) 2 25l o |9 2 > 2 z @ 3 K 3
@ = @ > 2 < < X X (®) (@] o c 5} 8 @ S SE| & c c = | = S S S | = E‘ bl
5| 58, | B 5 5 5| 5| 5l|8| 5| 5 5 5 § |>|>c |28l e|g |8 |&|E = 2| 2| sx| & |2
o o = o o o Qo o Qo Qo Qo o o o Qo ‘D ‘B t > t K3 2 > . — <5 E E bt o s = o >
[S] ES IS IS IS IS [S IS IS IS [S [S [S [ c|Efggless| 338 8| 3|a| & K] 2 I=EP k= 'z
2123 | 2 2 2 212121222 2 2 2 | 8| 8828=z2| 2 |35eEx 3|38 | E 2 18|85 8
Becker 2012 1.0 00| 10| 20| 95| 00| 00| 1.8|18| 03| 03| 40| 155| 181|01|02|12| 21.3| 36| 34| 41|05[/03|10| 00| 00| 05 66| 7.1[01
Custom B2B 42| 379| 62| 465| 447| 1.8| 20| 78|53| 02| 02| 1651076 |1265|0.0|0.1|1.1|1505|21.0| 55|19.7]/02]|03|13| 57| 04| 72| 564.7|566.6 0.0
GK-Rewe 13| 134]| 05| 152| 101| 32| 31| 14|13| 09| 09| 10.7| 36.0| 427|00|01|1.2| 508| 77| 36| 52|04|02|17| 27| 06| 74| 17.0| 18.8|0.0
ECO-Integral 1.1 35| 11| 57| 64| 00| 01| 04|01| 04| 05| 15| 136| 13.1]0.1]0.0[09| 128| 0.7| 16| 1.7/07|06]|02| 13| 01| 0.6 26| 24|01
E-Payment 19.8| 19.0|205| 55.3|183.7| 23| 20| 51|53| 00| 00| 16.0|255.0|217.6|0.0|0.1]|0.8|187.2|15.0|12.1|729|0.0|00|02| 75| 05|589| 37.2| 353|0.0
External/anonymized | 15 89| 20| 124| 88| 09| 09| 20(12| 03| 06| 60| 27.2| 292]|0.1|01|1.0| 316| 30| 31| 36|/05|04|10| 42| 04| 1.9| 100| 100]|0.1
Business registration | 11.7 6.0|12.3| 230| 763| 13| 1.3| 27|23| 00| 00| 9.0/1083| 61.0]/0.0[0.0|05| 37.3| 00| 6.7]|303|/00/00]|00| 90| 04[190| 133| 15300
Retail-H-Model
1996 0.7 06| 07| 04| 05| 11| 09| 08|08| 20| 1.6/ 06| 05| 05|08|05[/01| 06| 08| 02| 03|/04|05|07| 06| 06| 1.1 12| 1.0/[09
Retail-H-Model
2004 1.4 67| 14| 87| 60| 11| 10| 21|20| 12| 11| 51| 19.3| 20.8|04|03|06| 226| 25| 17| 22|04|04|11| 23| 06| 15 64| 6.1]05
ITIL 60| 110| 6.0| 230| 980| 10| 1.0| 50|6.0| 00| 0.0| 11.0|132.0| 850|0.0|0.0|06| 547 | 00| 9.1|350|00/00|18| 11.0| 04|150| 28.0| 37.0/0.0
Exames 13| 139| 29| 181| 144| 06| 05| 39|18| 03| 04| 76| 401| 420[00|01|1.0| 443| 36| 31| 34|04|05|13| 65| 03| 1.0/ 101| 65|00
Kurbel 16 98| 12| 126| 95| 16| 16| 06|06| 01| 03| 47| 268| 276|00|01|1.0| 285| 1.8| 30| 3.3|07|05|10| 10| 04| 1.7 30| 3900
Lichtenegger 17 82| 14| 11.4| 90| 03| 06| 33|35| 03| 02| 81| 285| 335|0.1|01|11| 400| 60| 32| 42|05|04]|08| 38| 03| 1.1| 13.0]| 108]|0.1
Process Matching
Contest 2013 10| 278| 11| 299| 288| 15| 11| 55|4.4| 02| 04| 131| 71.8| 79.8|/0.0|01|1.1| 88.7| 89| 33| 51|02|05|21| 57| 04| 31| 254| 355|0.0
SAP 3.9 31| 45| 115| 40| 11| 11| 09|10| 06| 05| 52| 20.7| 208|0.1[00]|09| 21.1| 14| 33| 44|06|03|05| 60| 04| 3.2|1188.0|1795]|0.1
SAP Custom Dev. 1.0 81| 14| 105| 79| 00| 00| 21|17| 00| 00| 38| 222| 231/0.1/01|10]| 242| 19| 28| 30|05(0.6[05| 08| 00| 00 44| 37|01
SAPR/3 09| 141| 18| 168| 126| 24| 20| 23|20| 11| 1.2| 11.0| 404| 461|00|01|1.1| 53.0| 67| 38| 54|05|02|14| 58| 07| 68| 56.9| 49.1/0.0
Vogelaar 1.0 90| 10| 111| 27.1| 16| 15| 57|59| 04| 04| 154 | 535| 62.2|0.0|01|1.1| 722| 96| 32| 40|/02|03|31| 06| 05| 31| 156| 159/0.0
Y-CIM 1.0 51.0 | 143.0|18.0 | 212.0 | 148.0 | 24.0 | 13.0 | 26.0 | 7.0 | 11.0 | 42.0 | 123.0 | 483.0 | 545.0 | 0.0 | 0.0 | 1.1 | 615.0 | 63.0| 3.6| 9.0[0.3|0.2|3.0|152.0| 1.0|58.0| 155.0 | 585.0 | 0.0
Y-CIM de 2.0 40| 12| 71| 52| 05| 03| 08[03| 02| 10| 30| 153| 157/0.1|0.0|09| 164| 15| 30| 35[05]/03|03| 42| 02| 10 34| 29.3|0.1
Y-CIM en 2.0 40| 12| 71| 52| 05| 03| 08[03| 02| 10| 30| 153| 157|0.1|00|09| 163| 15| 30| 35[05]/03|03| 41| 02| 10 33| 26.7|0.1
3 The formal definitions of the metrics are presented in MELCHER (2012).
© Institute for Information Systems (IWi) in the DFKI October 2015
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To support the calculations and also to calculate sub results in a detailed manner, we
used python scripts for preprocessing the data.

The preprocessing phase ducted with a java program for reference model mining**. This
program is continuously splits each dataset of a sub corpus into individual model files to
prepare the base for the metric calculation of each single sub corpus. Furthermore one
sub corpus is published anonymized. Every model name within this sub corpus was
anonymized since these models are only for internal use.

All calculated metrics are based on datasets encoded as AML files. The AML exchange
format is based on an XML structure. Furthermore, the metrics are calculated on the
level of sub corpora. Sub corpora with more than one model set were aggregated with
weighted metric results. The weighting is based on the number of models within the re-
spective model sub corpus. The table below shows the metrics calculated on the Wi
Process Model Corpus. More detailed calculations are listed in the ZIP file of the cor-
pus. The Metrics within Table 2 are an extension to the already calculated metrics of the
process model corpus in Walter et al. (2014)".

On the aggregated level of the metrics shown in the table 2, the differences are slight.
Metrics which could not be calculated, for example because of a very high computa-
tional complexity or deadlocks, were not referred to in the table. This problem mainly
occurred in the calculation of the cross-connectivity metric, the process variants and the
number of graph components. For example the attempt to calculate the cross connectivi-
ty for the Custom B2B models (see table 1) the calculation complexity leads to a time-
overflow. One reason for this time-overflow are the high amount of “OR” connectors
within the models. This leads to very high variants in the calculated sequences and node
calculation combination. With regard to the graph theoretical NP-complete problem the
calculation for a high amount of model elements is too complex to be solved in poly-
nomial time.

The paper at hand aims to a slight overview of the model corpus, so the described criti-
cal metrics are not presented in table 2. In contrast to the computational complexity,
deadlocks can possibly be resolved by further model transformations. This underlines
the necessity of defining appropriate transformation rules. Furthermore the cyclicity
value covers the ratio of the number of nodes in loops to the number of all nodes in a

4 RefMod-Miner, URL:http://refmod-miner.dfki.de/cms/

!> The comparison of the metrics within the paper at hand and Walter et al. (2014) shows slightly different
results. The differences of the results are caused by the further development (minor bug fixes and an
extension of the calculation engine) of the java program which was used for calculating the metrics.
Another reason is the continuous development of the process model corpus. The process model corpus
is currently within the development phase of the 7th version. All calculations within the paper at hand
are based on the 6th release.

© Institute for Information Systems (IWi) in the DFKI October 2015
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model. Considering these values, a trend of individual models to a higher value than the
reference models can be observed. Especially the Retail-H reference model with a value
of 0.6 is demonstrative for that. This is due to the fact of hierarchization and decomposi-
tion of reference models, which, in most cases, is not done in individual models. There-
fore, loops could occur without impact on the CYC value.

Against that background, the assumption of a higher cyclicity in individual models
would be false. In fact, the metric is not sensible for that aspect. If hierarchized and de-
composed models were transformed to a flat EPC, they would contain cycles, too. In
addition, the mean values of the metrics for the reference and individual models were
calculated. A comparison of these values provides information on the general properties
of the considered models. They show, for example, that individual models are, on aver-
age, twice as large as reference models. An exception is the mean of the OR connectors,
which are used in individual models only half as often as in reference models.

The calculated metrics provide an initial overview on process models within the Wi
Process model corpus. They also are first indicators of the measurement and inspect cer-
tain similarities between process models.

3.3 Correspondences

In order to quantify the correspondence (similarity) between process models or between
particular subcorpora of the IWi Process Model Corpus, it is necessary to identify corre-
spondences between the nodes of that models. This is generally be called Process Model
Matching™®, whereby two schemas (models) are taken as input, referred to as the source
and the target, and a number of maps between the elements of these two models are
produced based on an particular correspondence.’’ In that context, a node mapping is
formalized as follows.

Definition 1 (Mapping). Let G = (N, E) be a business process model with

e N is anon-empty set of nodes and

e E isanon-empty set of edges.

For two business process models G; = (N4, E;) and G, = (N,, E,) we define:

e a map m = (ny,n,)is a tupel of two corresponding nodes, where n, € N; and
n, € N,.

e M ={my,..,m,}iscalled a mapping between G; and G,.

Definition 1 only provides a formalization instead of a definition in the strong sense,

which is founded in the fact, that formal criteria for a map are not given. Instead, such

mappings are established by human matchers or even by matching algorithms, which

16 ¢f. THALER ET AL. (2014a)
7 ¢f. RAHM ET AL. (2001)
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again differ in their matching approach. However, automatically matching large reposi-
tories of thousand or more process models needs a lot of computing time if we want to
find a good matching standard by applying different algorithms and parameter combina-
tions on each matching. Therefore, prior finding representative matching parameters
that are expected to achieve a good matching quality for all corpus models can help to
save a lot of computing time and gives additional information on the matching relations
in the corpus.

In this section, we present a reference matching standard for all process matching com-
binations in the IWi-Corpus. First, we describe our reference matching standard and its
parametrization. Then, we demonstrate an evaluation of its quality based on a model
sample from the IWi process model corpus. Our reference matcher is then applied on all
English models in the model corpus in order to deliver good reference mapping between
all models in the corpus. In section 4.5, we disclose relations between our matchings in
respect of sub corpus-affiliation and matching intensity.

3.3.1 Representative Matching Standard

Finding a representative matching standard requires a distinguished sample from a di-
verse process model repository. For our paper, we access the IWi process model corpus
(Walter et al., 2014) with about 4,600 different process models. Out of it, the models
from the process matching contest 2013*®, a sample of 18 process models, are selected,
for which the reference mapping was defined in an often quoted empirical evaluation in
CAYOGLU ET AL. (2013) and which comprises of the best-assumed n:m mappings be-
tween all models. The 18 models consist of 9 models concerning birth registration and 9
models that are related to University admission. The reference mapping was manually
defined by rating the similarity of model pairs on a scale of 1 to 7*°. Since the reference
mapping was manually defined, its quality is uncertain.

On the sample, our NSCM n:m graph matching algorithm for English models
(http://rmm.dfki.de/) is applied as a good matching procedure because of its outstanding
performance in the process matching contest CAYOGLU ET AL. (2013). At first, a seman-
tic error detection is conducted, where faulty modelling is automatically fixed. Then, all
node pairs are compared with a semantic dictionary-based similarity measure.

For the evaluation of process matching techniques, there are three established metrics,
which are extensively used in the recent work: precision, recall and f-measure. The in-
tention of that metrics is to quantify the proximity of the produced results to those ex-

8 CAYOGLU ET AL. (2013)

9 ¢f. CAYOGLU ET AL. (2013)
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pected”. Precision is the fraction of found node maps, that is correct in terms of a refer-
ence mapping. Recall is the fraction of the correct node maps that are found.** The F-
measure is the harmonic mean between precision and recall. We classify each map ei-
ther true-positive (TP), true-negative (TN), false-positive (FP) or false-negative (FN) as
visualized in the following figure.?

TN

expected matching

particular matching

FP

FN

Figure 2: Relevant sets of mapping for the calculation of precision, recall and F-
measure

Definition 2 (Precision, Recall, F-Measure). Let M,, be a particular mapping and M,.
be a reference mapping, such that:

TP (true positive) is the intersection of M,, and M,.. TP = M,, N M,
TN (true negative) is the complement of M,, union M,.: TN = M, U M,
FP (false positive) is the difference of M,, and M,.. FP = M,\M,.

FN (false negative) is the difference of M, and M,,: FP = M,\M,,
|TP||T||FP| , Tecall = |T13||7j|-7LN|
the harmonic mean of precision and recall.

2% precision * recall .

Then, recision = and fmeasure =

precision + recall

For our quality evaluation, we match all process models in the sample with each other,
which results in 153 model combinations. For every matched model combination, its
matching quality is recorded by the respective F-measure according to the above men-
tioned definition of THALER ET AL. (2014a), whereby all mappings are unweighted. On-
ly those mappings were considered that consist of at least one matched node pair. The
mappings are available in the contest-format.? In this file, the first two lines contain the
model names and each other line represent a node mapping in the format [nodel] |
[node2].

20 ¢f. EUZENAT ET AL. (2007)
21 ¢f. WEIDLICH ET AL. (2010)
?2 ¢f. CAYOGLU ET AL. (2013)

23 ¢f. CAYOGLU ET AL. (2013)
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The NSCM n:m matching algorithm performance is outlined in table 2 and 3. The pre-
sented values are the arithmetic mean (mean) and the standard deviation (SD) of preci-
sion (prec), recall and F-measure. For our sample, NSCM reached an average precision
of 0.8 / 0.37, an average recall of 0.22 / 0.39 and a mean F-measure of 0.31 / 0.34. In
comparison with the performance of other matching algorithms in CAYOGLU ET AL.
(2013), we believe NSCM to be a good matching algorithm for the application on a
huge model corpus.

Table 3: Precision, recall and F-measure for the PMC models

dataset preCpean Precsp rvecallyeq.n rvecallsp Foean Fgp
birth registration 0.808 0.194 0.229 0.184 0.319 0.185
University admission 0.373 0.218 0.397 0.274 0.342 0.185

3.3.2 Relations Between Process Mappings

In order to disclose relations between mappings, we match all English models in the
IWi Process Model Corpus using NSCM. These models are part of the ITIL, Kurbel,
PMC, SAP, Vogelaar and Y-CIM sub corpora. We match only English models because
NSCM works only with the English language.

As a result, there are 137,550 model mappings of which 72,514 are empty. The remain-
ing 65,036 mappings consist of 8.99 matched nodes in average with a standard devia-
tion of 9.91. The maximum number of matched nodes is 669. For describing the rela-
tions between sub corpora, we define the matching intensity as follows:

Definition 3 (Matching Intensity). For a set of business process models C =
{G4, ..., G}, ... G, } (here: the IWi Process Model Corpus) with G; = (N;, E;) and Vi, j|i #
J:N;NN; = @ we define:

e [l =N;U..UN, being the union of the pairwise disjoint sets of the therein con-
tained nodes.

e 5sc; € C and sc, < C being sub corpora of C.

® Mg sc, = Mg, 6, UMg 6, U..UM;  being the union of all mappings between
all model pairs between both sub corpora.

e (n€lly,,mEe€ll,) €Mwithn # m so that self-maps are excluded.

o g, = |{n | (n,m) € MSCLSCZ}| being the number of matched nodes of sub corpus

sc, to the sub corpus sc,.
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Then, the matching intensity mi € [0; 1] of two sub corpora is defined as the relative
number of matched nodes to the number of all nodes: mi,, ¢, = %

The resulting mappings are itemized by the matching intensity in Table 4. Figure 3 pre-
sents a network that visualizes the matching intensity between the sub corpora in the
IWi Process Model Corpus. The node size and redness represents the number of
matched nodes of a sub corpus and the edges’ thickness represents the matching intensi-
ty between source and target node.

Table 4: Matching intensity between sub corpora in per mille, number matched nodes in

brackets
ITIL Kurbel PMC SAP Vogelaar Y-CIM

TIL 90 1 1 37 0 1
(428) 3) (4) (546) (0) (4)

Kurbel 1 162 6 31 3 25
3) (104) (6) (401) (16) (25)

PMC 1 6 318 45 11 31
4) (6) (821) (625) (63) (62)

SAP 37 31 45 108 30 47
(546) (401) (625) (2,710) (510) (622)

Vodel 0 3 11 30 430 0
ogelaar (0) (16) (63) (510) (3682) (0)
V-CIM 1 25 31 47 0 260
) 4) (25) (62) (622) 0 (358)

As one possible interpretation, the matching intensity can be seen as an indicator for
model similarity because the more mutual nodes are matched, the more nodes are simi-
lar between process models.

Evaluating the sub corpora matching relations using the matching intensity, the models
of the Process Matching Contest 2013 are most closely matched to the SAP and Y-CIM
models. The Vogelaar models have the fewest common matchings to all other sub cor-
pora. Among themselves, the VVogelaar models are matched most intensively of all sub
corpora. The PMC models and the Vogelaar models have the highest self-matching in-
tensity which can be seen as an indicator for a high contentual homogeneity. The ITIL
models, inter-matched, have by far the sparseliest matching intensity of all English sub
corpora which speaks for a low contentual homogeneity. For the IWi Process Model
Corpus, the implication is that most sub corpora have some often matched nodes in
common and the rest is dissimilar. That might be caused by the respective domain’s
specific language respectively terminology. At this point further research will be neces-
sary to investigate the influence of a domain’s terminology on its matching intensity.
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Figure 3: Network of matching intensity between sub corpora

4  Conclusion

The presented model corpus was developed based on a procedure model. To achieve a
certain basic width, different model collections, such as reference models, individual
models as well as models from controlled modelling scenarios, were selected. Moreo-
ver, different national languages were considered (Y-CIM, SAP-R/3) and some model
collections were taken from various sources (SAP-R/3) as well as from different years
of publication (Retail-H, Y-CIM), whereby both analogue and digital sources were con-
sidered. Except for ITIL, various changes were made for all reference models in order to
be able to provide a consistent data basis. These changes primarily concern the adjust-
ment of syntactic errors identified manually or the transformation of constructs as well
as double connectors or sequence operators. Since the original models and the adapted
models were added to the corpus with respect to different conventions, different con-
structs and syntactical rules are used in these models. The simultaneous existence of
both model variants allows a wide range for application scenarios.

Although the process corpus contains a high amount of models in different domains, it
IS narrow in comparison to these domains. Thus, the developed corpus cannot be seen as
representative, which can be drawn back to the availability of free accessible models.
Against that background it is necessary to continuously extend the process model cor-
pus.

However, the model corpus can be used in a wide range of application scenarios. In or-
der to stress the applicability, three application scenarios are already delivered in the
corpus. Within the first scenario, the model corpus was characterized by the use of 30
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metrics provided by MELCHER (2012). This calculation is performed in addition to the
already calculated results from WALTER ET AL. (2014). These metrics’s results are spo-
radically different. The results discussed in the paper at hand were obtained with the ac-
tual version of the java tool RefMod-Miner. The datasets used in the past do not differ
from those which are used in the actual calculations. Within the second scenario, all
English models were matched to each other using the outstanding matcher (RefMod-
Mine — N-Ary Semantic Cluster Matching) of the Process Matching Contest 2013%.
These mappings were used in the third scenario in order to determine the similarity (in
terms of the matching intensity) between all sub corpora. We find the SAP sub corpus to
be most similar to the Process-Matching-Contest and Y-CIM models. The Vogelaar and
PMC models seem to have a higher contentual homogeneity than the other English sub
corpora.

Thus, the authors have taken a first step towards the realization of the presented vision
of an extensive model corpus. In contrast to existing approaches, the scientific need for
concrete digitally processable models has been addressed, since, in many cases, a lack
of a uniform data basis exists. Altogether, the model corpus consists of 24 model collec-
tions with 4,426 single models and contains mappings for more than 90,000 model
pairs. The contained models cover different domains, characteristics and national lan-
guages. Since the corpus is continuously extended and improved, it is published on-line
at http://refmod-miner.dfki.de in regular intervals. However, due to legal aspects, it is
currently not possible to publish the whole corpus. This limitation especially affects the
model data since the models’ authors need to agree for a publication as open models. In
contrast to that, all additional contents like the detailed metrics, meta-data and the map-
pings are published as open data within the corpus. In order to further develop the cor-
pus, also external researchers are invited to contact the authors and send feature re-
quests.

The addressed complexity of the developed model corpus enables both the evaluation of
existing algorithms, methods and techniques and their (further) development. Here,
some possible application scenarios have been outlined briefly, which should be inves-
tigated in more detail in future work.

* CAYOGLU ET AL. (2013)
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