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Abstract. Evaluation of modelling languages is importanthbtat be able to select
the most suitable languages according to the neaxd, to improve existing
languages. In this paper Business Process Modhlatgtion (BPMN) is presented
and analytically evaluated according to the SemiQuality Framework. BPMN is
a functionally oriented language well suited for deling within the domain of
business processes, but probably also generalggee@ot only within the business
domain. The evaluation indicates that BPMN is gasiarned for simple use, and
Business Process Diagrams (BPDs) are relatively gasinderstand. Tools may
fairly easily map BPDs into the BPELAWS format, lexecutable systems then
require creation of Web Services representing tbivilies in BPDs. An evaluation
according to the BWW ontology is useful for findingtological discrepancies, and
the semiotic framework is useful for evaluating lgyan a relatively general level.
These methods thus complement each other.

1 Introduction

Currently there exist a large number of differentdelling languages. Many of them
define overlapping concepts and usage areas, andegoently it is difficult for
organizations to select the most appropriate lagguealated to their needs. Traditionally
the research community have focused more on creatw modelling languages than
evaluating existing ones. However, evaluation nfjlaages is important both to be able to
select the most suitable ones, and to improveiegitinguages.

Conceptual modelling languages can be evaluatetytmadly and empirically. As
Gemino and Wand discuss in [9], analytical and eicgdi analyses of modelling
techniques complement each other. We can alsmglissh between analyses of single
languages and comparative analyses of several dgegu In this paper we present
Business Process Modeling Notation (BPMN), andquerfan analytical evaluation of the
quality of BPMN according to the Semiotic Qualityafework [1] [2]. We also discuss
how an analytical evaluation according to the BWWotbgy may be performed as a
complement to this evaluation.



Section 2 presents BPMN including its notation.ptovides some examples of
Business Process Diagrams (BPDs), and relates BRdkhe BPEL4WS standard.
Section 3 presents the Semiotic framework for eatén, divided into parts for
evaluating the quality of conceptual models and dality of conceptual modelling
languages. Section 4 presents an analytical evafuat BPMN according to the semiotic
framework. Section 5 gives a short summary of whatBWW ontology is, how it may
be used to evaluate conceptual modelling languagesdiscusses in what ways this can
complement the evaluation according to the semifstimework. Section 6 mentions
related work, and Section 7 presents future wohle donclusion is given in section 8.

2 BPMN

2.1  Overview

Business Process Modelling Notation (BPMN) is aatioh aiming to be easily
understandable and usable to both business uséreemical system developers [5]. It
also tries to be formal enough to be easily traedlanto executable code. By being
adequately formally defined, it can create a cofioecbetween the design and the
implementation of business processes.

BPMN defines Business Process Diagrams (BPD), whigh be used to create
graphical models especially useful for modellingibess processes and their operations.
It is based on a flowchart technique - models atevarks of graphical objects (activities)
with flow controls between them.

The BPMN 1.0 specification was developed by Theifss Process Management
Initiative (BPMI) and released in May 2004. BPMNhased on the revision of other
notations and methodologies, especially UML Acyivitiagram, UML EDOC Business
Process, IDEF, ebXML BPSS, Activity-Decision FlowOF) Diagram, RosettaNet,
LOVeM and Event-Process Chains (EPCs).

2.2  Basic Notation

The graphical elements that are defined by BPMNuge in BPDs are divided into a
small number of categories, so that they can bidyeazognized even if a user is not
immediately familiar with a specific graphical elem [5]. The four basic categories of
elements ar€low Objects Connecting ObjectSwimlanesandArtefacts[5]:

Flow Objectscontain the three core elements used to createsBEient (Start
Intermediateand End), Activity (atomic Taskand compoun@ub-Procegsand Gateway
(decision-making, forking and merging of paths).

Connecting Objectsire used to connect Flow Objects to each otheugir arrows
representinggequence FloyMessagd-low andAssociation



Swimlanesare used to group activities into separate caegdor different functional
capabilities or responsibilities (e.g. a role/papant). APool represents a Participant in a
Process, and Pools can be divided lrdoes(e.g. between divisions in a company). Pools
are used when a Process involves two or more kassiities or participants. Activities
within Pools must constitute self-contained Proess8ecause of this, Sequence Flow
may not cross from one Pool to another. Insteadsslige Flow goes between Pools to
indicate the communication between participantse. Section 2.4 for an example of this.

Artefactsmay be added to a diagram where deemed apprapfia¢efollowing three
Artefacts are definedata Object Group andAnnotation(to be used for comments and
explanations).

For further introduction to BPMN, [5] is recommexde

2.3  Metamodel

A metamodel is defined for BPMN [6]. It contains &ncepts, some attributes and many
relations between the concepts. Because of itvelaomplexity, its further description
is out of scope for this paper.

2.4  Examples

To be better able to understand what BPDs are,eixeonples are shown here. Fig. 1
below shows a simple process using Flow Objectan€cting Objects and Annotations.
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Fig. 1. A simple example of a business process, as shoy&j in

Note how Sequence Flow is used in Fig. 2 only witthie Pools, and Message Flow is
used for communication between the two Pools:



Fig. 2. An example of a BPD which uses two Pools, as shiov{s]

2.5 Relation to BPEL4AWS

Business Process Execution Language for Web Ser¢BBEL4WS) is a standard for
specifying business process behaviour based on Séebices [7]. Processes that are
described by BPEL4WS export and import functiogakxclusively by using Web
Service interfaces, they are stored in a directigcatable XML-format and rely on the
use of Web Service Description Language (WSDL) 8@d\P. BPMN was designed with
easy translation into BPEL4WS in mind. Becausehdf, tthere are only a few terms in
BPMN that cannot be translated into BPEL4WS, aweé viersa. The BPMN Specification
[8] even contains a section describing how to tedasa BPD into BPEL4WS.

3 Semiotic Framework for Evaluation of Quality

In [2], Lindland, Sindre and Sglvberg present aisémframework for understanding and
evaluating quality of conceptual models. In [1]jstlsemiotic framework has been
extended, and also includes a closely related fraorie for evaluating the quality of
conceptual modelling languages. As an example, &m®@dhas evaluated UML using this
framework [3]. Krogstie's paper also gives a niteoduction to the semiotic framework.
The semiotic quality evaluation framework specificalistinguishes between goals
and means, meaning that they separate what youtwachieve from how you achieve it
[3]. The framework is based on linguistic and sdmiaoncepts (such asyntax
semanticsand pragmatic$ that enable the assertion of quality at differésels, as
further described below. The semiotic frameworlb@sed on a constructivistic world-



view, meaning that it is recognized that theretexi® “absolute truth" in the sense that
every participant can always have one common dbg@egreement on one model. In
stead, models are created through dialog as a conige between the different world

views that each participant has.

3.1  Quality of Conceptual Models

The main concepts of the semiotic framework are élioilodeling domain, Language
extension, Participant knowledge, Social actor rprietation and Technical actor
interpretation [1]. The relationships between tlomoepts provide the different quality
aspects of the framework. For exampByntactic Qualityis based on the relationship
between the Model and the modelling language thaséd (Language extension).

The seven different relationships represent differaspects of qualityPhysical
Quality regards the physical representation of the model its externalization and
internalization.Empirical Quality regards layout and a presentation that is easgad
and write without mistake&yntactic Qualitys about the model being valid and complete
with regards to the modeling language being uSedhantic Qualitys about validity and
completeness of the model in relation to the dorbaing modelledPerceived Semantic
Quality of a model is measured like semantic quality apbue in addition it depends on
the actor's interpretation of the model and hiskrewledge of the domairRragmatic
Quality regards the audience's comprehension of the m@ibalial Quality has the
definition of actors having agreement (relative afsolute) about their interpretation,
knowledge and model.

3.2 Quality of Conceptual Modelling Languages

The semiotic framework for evaluating the qualifyconceptual modelling languages is
based on the framework for quality of conceptuadets [1]. It is used to evaluate the
modeling language'gotential for making models of high quality. According to],[®ne
can evaluate two kinds of criteria: Criteria foe tbonceptual basis of a language, e.g. the
metamodel for the language, and criteria for thereal (graphical) representation of the
language. The metamodel for a conceptual modeltimguage can be regarded as a
conceptual model in itself, and thus evaluated atsmrding to the framework for quality
of conceptual models. It may also be useful to watal the specification or other
documentation of a language according to the séjaglity framework.

Five aspects are identified for evaluating the igpabf conceptual modelling
languages: Domain appropriateness, participantukzgpg knowledge appropriateness,
knowledge externalizability appropriateness, corensibility appropriateness and
technical actor interpretation appropriateness.

The relationships in Fig. 3 below represent thesedspects of language quality:



Fig. 3. The framework for quality of conceptual modeliagpduages, as presented in [1] and [3]

- Domain AppropriatenessThis deals with how suitable a language is fag wéthin
different domains. If "there are no statementhigndomain that cannot be expressed in
the language” [1], then the language has good doappropriateness.

- Participant Language Knowledge Appropriatendss a goal here that the participants
know the language and are able to use it. TheyldHmve explicit knowledge about
all the statements in the language-models of thguages they use [1].

- Knowledge Externalizability Appropriateneskhis deals with the participants' ability
to express all their relevant knowledge using tlm@ting language. A language has
good knowledge externalizability appropriatenessthiere are no statements in the
explicit knowledge of the participant that can hetexpressed in the language” [1].

- Comprehensibility Appropriatenes3he audience should be able to understand as
much as possible of the language. Good comprehiltyséppropriateness is achieved
if "all the possible statements of the languageuaigerstood by the participants in the
modeling effort using the language" [1].

- Technical Actor Interpretation Appropriatenessis important for technical actors that
the language is suitable for automatic reasonitngs €an be achieved if the language
is relatively formally defined and reasoning isi@ént and practical to use, e.g. by
being executable.

4  Analytical Evaluation of BPMN

4.1 Domain Appropriateness

The most central concept in BPMN is theocess which is built up from activities.



Because of this, the maiperspective(as defined in [1]) of BPMN is thé&unctional
perspective Data Flow Diagrams (DFD) and UML Activity Diagranare examples of
other conceptual modeling languages with a funefiperspective. BPMN is well suited
to model processes consisting of activities, withpde and advanced rules for the flow of
the sequence of activities. BPDs (that are creatsdg BPMN) can also show which
actors or roles perform these activities by usingn8anes.

But because of its functional perspective, BPMN blgar limitations to its domain
appropriateness. It is not well suited for expmgdior example models in the object-
oriented domain. BPMN lacks concepts like classan@nies. As stated in [8], BPMN is
not suitable for modelling organizational structuresl aesources, functional breakdowns,
data and information models, strategy or businalesr

BPMN was created for the main purpose of modelinginesgprocesses, and is hence
well suited for modelling the business domain (82B processes). However, the BPMN
1.0 Specification [8] and the BPMN Metamodel [6]miut explicitly limit the usage of the
language to business processes. The constructbeofahguage do not contain any
business-specific terms. Because of this, advapszksses can be modelled even if they
are not business related. However, BPMN was cattsiilto supporonly the concepts of
modelling that are relevant for business procef8eBecause of this, some important
concepts regarding the specification of process#snaother domains are missing from
the BPMN language. As an example, BPMN containsamstructs representing valves or
pumps for modelling control engineering proces3ésse needing to model processes in
other domains will in many cases prefer and berfedin using other more domain
specific languages. The BPMN specification [8] dbesvever provide possibilities of
extending the language to support modelling ofedéht vertical domains, but it is unclear
how and to what extent this may be done sincephbeification is unclear on this point.

4.2  Participant Language Knowledge Appropriateness

The graphical elements of BPMN are defined in aarclend concise way, to avoid
confusions and ease the learning of the languabe.ldnguage is also made to have
similar notation to other languages like FlowchattBviL Activity Diagrams, Event
Process Chains, Petri Nets and Data Flow Diagrddf®). For example, a diamond
shape is used both in BPMN, UML Activity DiagramadaFlowcharts to express a
decision point, and both in BPMN and Activity Diagns to express a merge. BPMN also
have a striking resemblance to Activity Diagramgareling the notational representation
of events (small circles) and activities (roundedtangles). In addition, the concept of
Swim Lanes and its graphical representation are wémilar in Activity Diagrams.
Sequence flows are represented by arrows with dles and solid arrowheads in
BPMN, Activity Diagrams, Flowcharts and Petri Nethese similarities are helpful, at
lest for IT professionals that are already famileith the other languages. There are
however also some graphical elements that are diftedently in BPMN compared to
other languages. For example, BPMN use a diamoaeshlso to represent forks or joins



(of parallel activities), but in Activity Diagrame thick horizontal line is used for this.
Flowcharts use rounded rectangles to represerit staend-states, and not to symbolize
activities. These differences make it more diffi¢callearn BPMN.

It is a goal for BPMN that it should be understabidanot only by IT professionals, but
also for business analysts and other non-technieaple [8]. However, due to the
complexity of the more advanced aspects of BPMBsehauthors find it a bit unrealistic
that normal business users without training shduéd able to understand advanced
business processes modelled using BPMN. As an draofithe complexity of BPMN,
there are 23 different predefined diagram elemesgsesenting different types of events.

4.3  Knowledge Externalizability Appropriateness

This area is highly dependable on the specific Kadge of the actors that are using the
language, and is therefore difficult to evaluateigeneral way. We can however make
assumptions about the typical participants invohredhe modelling process. BPMN
probably appeals the most to business users, Bin@s created especially for modelling
business processes. The term "business usersWisvho very broad and include a wide
variety of actors. If the actors want to model ageiss purely within the business domain,
BPMN has very good support for this. But if the\side to create models involving other
domains as well, this may be difficult (ref. sulig@mt 4.1 above) and supplements to the
BPMN-models may be needed. Thus it may be harddtmrs to externalize their relevant
knowledge using only Business Process Diagrams g3 Ihat knowledge goes beyond
the domain of business processes. As already nmewticche BPMN specification [8]
provide possibilities of extending the languagebsdter support modelling of several
vertical domains, but it is unclear how and to wéadent this may be done.

4.4  Comprehensibility Appropriateness

Comprehensibility of a conceptual modelling languagn be divided into understanding
of language concepts and understanding of notaegarding notation, BPMN provides
a small number of notational categories so tharehelers can easily recognize the basic
types of elements that constitute the diagrams Ifb]Jaddition, these basic categories
contain variations that may be used when creatingremcomplex BPDs. This
categorization helps with the comprehensibilityB#Ds. It also helps that the notational
categories are easily distinguished from one amptrel look partially familiar to other
languages like UML Activity Diagrams. In some ca#ies notation is very intuitive, e.g.
envelopes are used for symbolizing message evadtslacks are used for symbolizing
timer events. The BPMN specification [8] gives sdmeéping guidelines on how to create
clear and understandable diagrams. But on the bidwed, it has few strict requirements
on how to layout diagram elements and connect feovows between them, so the
potential for creating BPDs with poor empirical Gtya (and thus worsened



comprehensibility) is present despite the guidslifRegarding the concepts defined for
BPMN, the authors think that the basic concepts ugethe language is descriptive,
accurate, easily understandable and well definedhé specification [8]. The more
detailed and advanced concepts in BPMN will howewequire training to fully
understand what they mean when used in conneciibrBRDs.

BPMN support aggregation by allowing activitiestthee "collapsed" and contain sub-
activities. This helps to understand and get amvwie& over complex models.

4.5 Technical Actor Interpretation Appropriateness

BPDs are with a few exceptions easily mapped imoBPEL4WS-format. Guidelines for
doing this can be found in the BPMN 1.0 Specifmati8], and this relatively easy
mapping helps the technical actors that want tolempnt a BPD into an executable
Information System (IS). Mappings to other morenfally defined languages are not
defined, though it is possible to do this. Buhi technical actors don't want to implement
the models using BPEL4WS processes and Web Serwimge work is probably required
to convert the BPD into an executable IS.

BPEL4WS requires the use of WSDL and Web Serviodsetexecutable. Because of
this, it is not so easy to do automated reasonogitaprocesses that are not suitable to be
implemented using a combination of Web Services.

Atomic Activities in BPDs are supposed to usuabypnresent a Web Service. How to
specifically implement these Web Services may Ifigcdit to interpret, especially if the
Activity is vaguely defined using only a short t@ak description.

4.6  Quality of the BPMN Language Model

The BPMN Metamodel (and its evaluation) is too cterdor a detailed analysis in the
scope of this paper. But its sheer size and coriiplexggests that it might have a less
than perfect pragmatic quality. This further stitiems our claim that normal business
users without training will have difficulties undéanding advanced business processes
modelled using BPMN.

5 BWW Ontology for Evaluation

The Bunge-Wand-Weber model (BWW) is an ontologioaldel of information systems,
and can be used to analyze and evaluate conceptadeling languages [4]. By
comparing the constructs of the BWW ontology to dwnstructs of the modeling
language, one can analyze the meaning of the lgegc@nstructs to help see if they are
appropriate with regards to being well defined ditiihg well together. In [4], four



"ontological discrepancies” are identified for exating ontological clarity of languages:
Construct Overload, Construct Redundancy, ConskExcess and Construct Deficit.

5.1 Comparing the BWW Ontology to the Semiotic Framewok

Both methods are analytical in that they evaluategliages based on a theoretical
framework. The results are lists of language femtuthat correspond to the
recommendations of the frameworks, and other feattirat have room for improvement.

The semiotic framework is well suited for evalugtiguality on a relatively general
level. The BWW ontology complements this by beingrenconcrete as to evaluating and
suggesting which concrete language constructs dhmulised. The BWW ontology looks
at the conceptual basis of modelling languages, Gamdnot be used to evaluate other
aspects of a modelling language (as for exampléditgram notation). Notation and other
aspects can be evaluated using the semiotic frankewiving this technique a broad
focus. The BWW ontology on the other hand has aomaar focus, but evaluations thus
become more thorough. Evaluations using BWW ardyeasade more objective than
when using the semiotic framework with its more eyah concepts. The semiotic
framework and the BWW ontology complement each rothe methods to analyze
conceptual modelling languages.

UML is an example of a modelling language that baesn evaluated both using the
BWW ontology and the semiotic framework. In [10]pdahl and Henderson-Sellers
evaluated UML using the BWW ontology. They foundittimany constructs in UML
match well with the BWW ontology, but also suggestne concrete improvements based
on identified problem areas. In [3], Krogstie ewdtd UML using the semiotic
framework. He suggests different but useful improgats, based on issues identified in
e.g. problems of comprehensibility. Despite theffedent findings, both these papers
have the same basic conclusion that UML is a usafiguage but with some weaknesses.

6 Related Work

The semiotic quality framework has been used tdueta several conceptual modelling
languages. In [3], Krogstie evaluated UML using skeniotic framework. The framework

was also used by Su and llebrekke [11] to comgereuality of ontology languages and
tools. Flon Arnesen and Krogstie [12] tailored fteanework for a concrete organization's
needs and used it to evaluate the quality of fiveerprise process modelling languages
for use in this organization.

The authors have not been able to find any othblighed papers evaluating BPMN.
However, some evaluations of BPEL4AWS have beeropeed. This is relevant because
models created using BPMN in many cases can be edagipectly into a corresponding
model in BPEL4AWS and vice versa. However, BPELAWSiels are represented in



XML and have no graphical notation. In [13], Wohédlst, Dumas and Hofstede do an
analysis of BPEL4AWS using a framework composed ofkflow and communication
patterns. They conclude that although being aivelst powerful and flexible language,
BPEL4WS is a complex language with partially uncleamantics. A similar conclusion
is reached by Aalst in [14]. These findings coroegp to this paper's suggestion that
diagrams utilizing advanced features might be diffito comprehend, especially for non-
technical business users.

7 Future Work

To further elaborate on the evaluation done inphiger, the quality of the documentation
and tool support for BPMN should be analyzed usirggsemiotic framework.

Additional evaluation of BPMN should also be penfied by comparing the BWW
ontology to the BPMN Metamodel. The comparison $lhdook for construct overload,
redundancy, excess and deficit [4]. One might faaraple find that the BPMN
Metamodel lacks some general concepts relevant winatelling outside the business
domain. This might be the case because BPMN waatattewith mainly business
processes in mind. An evaluation according to thé&/Bontology is useful for finding the
ontological discrepancies as described above. Whéecorrectness and completeness of
the BWW ontology or any other ontology can alwags debated, the use of such an
approach to evaluate modelling languages does geoan anchoring point for the
discussion and has shown useful application repL0fs

In addition to further analytical evaluation, enigat evaluation is needed to validate
the results of the analytical investigations. Fetwork should also include comparative
studies of BPMN and several other business praveskelling languages.

8 Conclusion

BPMN is a functionally oriented language designed éasily modeling business
processes, and is well suited for this domain. BPihN limitations to usage within other
domains (e.g. the object-oriented domain), but lsarused to model general processes
also outside the business domain. BPMN has a fanaitid easy basic graphical notation,
but also include complex and advanced featuresptaitably require a fair amount of
training for non-technical users to learn. BPDsehaglatively good comprehensibility
appropriateness due to categorization of the tgbegaphical elements and support for
aggregation of Activities. Technical actors mayrlfaieasily map BPDs into the
BPEL4WS format, but creation of Web Services regméng the Activities is required to
make an executable system in this case.

It has been discussed how BPMN may be evaluatearding to the BWW ontology,



and in what ways this may supplement the evaluaticnording to the semiotic
framework. An evaluation according to the BWW ooty is useful for finding
ontological discrepancies, and the semiotic frantewuseful for evaluating quality on a
relatively general level. The semiotic frameworldahe BWW ontology complement
each other as methods to analyze conceptual muoglédinguages.
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