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ation1 Introdu
tionPro
ess models are of parti
ular importan
e for designing, implementing, andevaluating information systems. Furthermore, they are used for multiple otherpurposes like supporting organisational 
ommuni
ation, proje
t do
umentation,and employee training [20℄. Due to this fa
t, organisations already have modelleda wide variety of business pro
esses and are 
ontinuously improving them.Patterns have long proven to be e�e
tive 
on
erning their ability to preserveexisting knowledge, to abstra
t from 
on
rete problems, and to foster 
ommu-ni
ation between parti
ipitants [14℄. While the usage of patterns has a longtradition in �elds like software design, e.g. [19℄, patterns in the 
ontext of busi-ness pro
ess models (business pro
ess patterns, BPP) still 
onstitute a ratherunstru
tured resear
h area. Despite several proposed approa
hes so far, the �eldstill la
ks a 
ommon terminology and general 
riteria on how to 
ompare di�erentpattern variants.This work aims at in
reasing the understanding about BPP by presenting a
atalogue of 
riteria for 
lassifying di�erent pattern approa
hes. In addition tothis aim, the work presented here is embedded in a broader resear
h programme
on
erning the 
on�guration of 
omplex servi
es. Questions in this area are howto assemble a servi
e model based on smaller BPP. Furthermore, we want toanalyse how servi
e 
on�guration 
an be supported by BPP approa
hes. A �rstevaluation of servi
e 
on�guration approa
hes 
an be found in [7℄.In this paper, we present and dis
uss the 
riteria 
atalogue. To evaluate theappli
ability of the 
riteria, we exemplarily analyse ten existing BPP approa
hes



using the 
atalogue. For that reason, the remainder of this paper is organised asfollows. In the next se
tion, we present the theoreti
al ba
kground of BPP andgive a brief overview of how we identi�ed BPP approa
hes. The 
riteria used to
ompare BPP with ea
h other are presented in Se
tion 3 and applied to existingapproa
hes in Se
tion 4. The paper is 
on
luded by dis
ussing limitations andfuture resear
h steps in se
tion 5.2 Theoreti
al Ba
kgroundTo in
rease the understanding about BPP, we give some additional theoreti
alba
kground in this se
tion. First, the 
on
ept of BPP is elaborated in more detail.In addition, we present our methodology for establishing the 
riteria 
atalogueand identi�ying existing BPP approa
hes.2.1 Business Pro
ess PatternsA

ording to [29℄, patterns are a means to establish an �abstra
tion from a 
on-
rete form� that o

urs frequently �in spe
i�
 non-arbitrary 
ontexts�. Patternshave two distin
t appli
ation areas. Whereas in forward engineering patterns areused to 
reate new models, during reverse engineering existing pro
esses 
an beanalysed regarding the existen
e of prede�ned patterns [18℄.These two appli
ation areas 
oin
ide with di�erent advantages from usingBPP mentioned in literature. For example, BPP in forward engineering are away to in
rease e�
en
y and e�e
tivity of pro
ess modelling by reusing exist-ing business fun
tions [37℄. In reverse engineering, BPP 
an be used to identifyimprovement possibilities of existing pro
esses [5℄ and to 
he
k the adheren
e topreviously de�ned organisational or legal 
omplian
e rules [38℄. On a more ab-stra
t level, it is possible to use BPP for 
omparing pro
ess modelling languageswith ea
h other [1℄.Even though several spe
i�
 approa
hes for spe
ifying BPP exist, it is pos-sible to identify various 
ommon attributes that are ne
essary for every patterndes
ription [16, 18℄. Table 1 presents these attributes in 
ondensed form togetherwith a short des
ription of ea
h attribute.2.2 Resear
h MethodologyFor identifying existing BPP approa
hes and establishing the 
riteria 
atalogue,we are 
urrently 
ondu
ting a systemati
 literature review based on the method-ology presented in [23℄. The review is stru
tured a

ording to the following foursteps.1. Establish a resear
h question: The main goal of this paper is to establishand dis
uss the 
ritera 
atalogue. This is supported by identifying existingapproa
hes for spe
ifying BPP, i.e. we deal with the question how BPP 
anbe des
ribed. This question is embedded in a broader resear
h programmeas presented above.



Table 1. Common Attributes for des
ribing BPPAttribute Des
riptionName, Des
ription General 
riteria for identifying a BPP. Parti
ularly in large 
ol-le
tion of patterns, it is ne
essary to provide a self-explanatoryname for ea
h pattern.Problem A detailed statement about the problem that is addressed bya BPP. The problem 
an be stated in various ways, e.g. goal-oriented by de�ning a desired out
ome [2℄ or by indi
ating 
on-straints a pro
ess model needs to adhere to [3℄.Context The 
ontext des
ribes requirements that need to be satis�ed forapplying a given BPP. Several levels of abstra
tion are 
on
eiv-able to de�ne a 
ontext, ranging from a broad point of view (e.g.the stru
ture of a 
ompany) to ne
essary pro
ess states.Solution The solution se
tion is the 
ore of a BPP des
ription and de�nesthe ne
essary steps to apply a pattern. Based on the formalityof the pattern representation, it is possible to in
lude graphi
alrepresentations like BPMN or UML a
tivity diagrams.E�e
ts In this se
tion, the results of applying a BPP are des
ribed. This
an be a
hieved by a purely informal des
ription of the 
ontext.Furthermore, it is possible to identify performan
e indi
ators thatare in�uen
ed by a spe
i�
 BPP [16℄. Though most approa
hesfo
us on de�ning positive e�e
ts, it is also ne
essary to keep sidee�e
ts in mind.2. Develop a sear
h strategy for identifying relevant 
ontributions : We startedthe literature survey by reviewing publi
ations of main 
onferen
es and jour-nals in the BPM area, sear
hing publi
ation titles for pattern, template, andMuster (German for pattern). To extend these �rst results, we sear
hedfor the terms pro
ess pattern, pro
ess template, and Prozessmuster (Ger-man for pro
ess pattern) in the general literature databases ACM DL, IEEEXPlore, S
ien
eDire
t, and SpringerLink. To 
on
lude the survey, a forward-ba
kward-referen
e sear
h based on the found results is 
urrently 
ondu
ted.3. Establish in
lusion and ex
lusion 
riteria: We in
lude a
ademi
 and pra
ti
alapproa
hes dealing with BPP, e.g. papers presenting a pattern 
atalogue orgeneral approa
hes on how to spe
ify patterns. Furthermore, we 
onsolidate
ontributions des
ribing equal approa
hes.4. Analyse obtained results : Sin
e the fo
us of this paper is to present the 
rite-ria 
atalogue and to foster dis
ussions about its appli
ability, the literaturereview is still in progress. We only use a small sele
tion of identi�ed litera-ture for evaluating our 
atalogue. A rigorously and soundly evaluated 
riteria
atalogue is an important requirement for 
omparing BPP approa
hes withea
h other.The sear
h strategy applied in step 2 is a result of the detailed 
lassi�
ationof our review a

ording to the taxonomy presented by [12℄: The fo
us of ourreview is on identifying resear
h out
omes and pra
ti
al appli
ations regarding



BPP. We 
ondu
t the review with the goal to integrate existing approa
hes bygeneralising and summing up 
entral statements. In doing so, a 
onsistent ter-minology 
an be established and used for building linguisti
 bridges betweendi�erent BPP approa
hes. Furthermore, we 
ompare existing approa
hes basedon a given 
riteria 
atalogue. In 
ondu
ting the review, we present approa
hesfrom a neutral perspe
tive. In the ongoing review, we want to analyse re
ent liter-ature as 
ompletely as possibly and, thus, seek an exhaustive 
overage. However,in this work, we only present sele
ted approa
hes to evaluate the 
riteria 
ata-logue. Sin
e we fo
us on abstra
t ideas of pro
ess model patterns, we organisethe literature review 
on
eptually. Finally, the intended audien
e of our review
onsists of s
holars spe
ialised in BPM.3 Criteria CatalogueWe developed the subsequently presented 
riteria 
atalogue for 
omparing dif-ferent BPP approa
hes with ea
h other. Every 
riterion is either obtained fromliterature about 
lassi�
ation of pro
esses or established indu
tively during theliterature review (depi
ted using the letter i in Tables 2, 3, and 4). To distinguishbetween di�erent types of 
riteria, we divided the 
atalogue into the three 
lassesgeneral 
riteria, representational 
riteria, and 
riteria regarding the features ofpattern approa
hes.3.1 General CriteriaThe 
riteria for a general des
ription of BPP are presented in Table 2. Everypattern approa
h is 
lassi�ed a

ording to a spe
i�
 type. This 
riterion wasestablished indu
tively during the literature review. The type is used to groupapproa
hes that are based on similar fundamental ideas and allows for an iden-ti�
ation of the wide variety on how BPP are applied in s
ien
e and pra
ti
e.� Metamodel The most generi
 approa
hes present BPP metamodels, i.e. theyde�ne the stru
ture that a BPP 
atalogue or BPPs need to 
onform to [26℄.These 
ontributions are valuable, sin
e they lay the foundation for spe
ifyingpattern 
atalogues. While a large 
olle
tion of BPP is of great value forpra
ti
e, the a
ademi
 world is usually interested in justi�ed metamodels.� Design Patterns Similar to the well-known software design patterns [19℄,design patterns for pro
esses are used to support modelling new pro
esses.It is possible to use these patterns for 
ombining prede�ned modelling ele-ments at high levels of abstra
tion [4℄. Furthermore, using design patternsmay support pro
ess maintenan
e similar to e�e
ts found in software engi-neering [22℄.� Anti Pattern Anti patterns de�ne situations that must not or should noto

ur in pro
ess models. Patterns that must not o

ur usually violate prede-�ned 
onstraints that may evolve from legal or organisational requirements.Furthermore, it is possible to identify situtations that redu
e the perfor-man
e of a pro
ess and, thus, should be avoided. Based on the degree of



formalisation of the pattern representation, it is possible to automati
allyidentify pro
ess parts with anti patterns. However, knowledge about antipatterns 
an also support 
reating better pro
ess models and to adhere tobusiness pro
ess modelling guidelines [6℄.� Complian
e Pattern This type of pattern 
an be seen as the positive 
oun-terpart to anti patterns, sin
e 
omplian
e patterns des
ribe situations thatpro
ess models need to adhere to. They are usually related to business ruleswhi
h 
an, for example, be represented using the ECA paradigm (event, 
on-dition, a
tion) [24℄. Similar to anti patterns, 
omplian
e patterns might betriggered by legal or organisational requirements. Furthermore, it is possibleto use 
omplian
e patterns as design patterns to foster the development ofvalid pro
ess models.� Mining Patterns Unlike the aforementioned pattern types, mining patternsare the result of pro
ess mining a
tivities in existing event logs. Thus, theyrepresent situations that frequently o

ur in work�ows. These patterns 
anbe used to in
rease the understanding of a spe
i�
 domain. For example, it ispossible to identify 
o-o

urring a
tivities or order relations between a
tivi-ties [35℄. Based on these data, tools for pro
ess modelling 
an be enhan
edby re
ommendations [25℄. Sin
e mining patterns are more fundamental 
om-pared to the other pattern types, they 
an serve as an empiri
al basis forderive design patterns.The origin des
ribes the author of a pattern approa
h. It is possible to distin-guish between patterns from resear
h and patterns from industry. While s
ienti�
approa
hes are usually more 
omplex and founded on a rigorous theoreti
al un-derpinning, approa
hes from pra
ti
e are mostly tailored to spe
i�
 
hallengesof 
ompanies and more lightweight. This 
riterion was adopted from [17℄.The s
ope of a BPP determines its appli
ation area. Patterns 
an be tailoredfor a spe
i�
 industry. In doing so, it is possible to 
ompile a best pra
ti
e
atalogue. Contrary, there also exist pattern approa
hes that are not fo
usedon one domain but provide a general method for the spe
i�
ation of BPP. The
riterion was derived from the 
riterion domain used in [17℄. However, the spe
i�
domains used as values are established indu
tively during literature review.A

ess des
ribes the availability of BPP. Organisations may have approa
hesto model BPP and pattern 
atalogues that are not publi
ly available due tovarious restri
tions. In 
ontrast, s
ienti�
 approa
hes are often available for thepubli
 audien
e. Somewhere in between are BPP o�ered via limited a

ess, e.g.by pur
hasing from third party providers. This 
riterion was adopted from [17℄.In terms of analysing existing resear
h approa
hes, the pattern origin is avaluable 
riterion. It is possible to dedu
e BPP by 
ondu
ting 
ase studies indi�erent industries. In doing so, existing pro
esses of 
ompanies are either man-ually or automati
ally analysed for the existen
e of patterns. A more a
ademi
approa
h is to review existing literature about pro
esses and to identify 
ommon-alities. Finally, it is possible to (semi)automati
ally extra
t patterns by miningpro
esses from event logs.



Table 2. General Criteria for Comparing Business Pro
ess PatternsCriteria Sour
e ValuesType i Metamodel Design Anti Complian
e MiningOrigin [17℄ Resear
h IndustryS
ope i Domain Spe
i�
 GeneralA

ess [17℄ Closed Limited OpenPattern Origin i Case Study Literature Review Pro
ess Mining3.2 Representation of Business Pro
ess PatternsThe following 
ritera address the representation of BPP and are summarised inTable 3. In general, every pattern needs to be de�ned in a spe
i�
 notation. This
an be done by using an existing notation, e.g. BPMN or UML. Furthermore, it ispossible to extend an existing notation with ne
essary elements for representingBPP. On the one hand, these extensions 
an be fa
ilitated by the used modellingnotation. For example, UML provides 
apabilities to establish so-
alled UMLpro�les, an extension of the language w.r.t. the metamodel [28℄. On the otherhand, it is possible to extend the metamodel and to establish new notationalelements. Besides using and extending existing notations, it is also possible todevelop a new notation for representing BPP. This 
riterion was inspired by [17℄where the 
riterion modelling language is used.BPP 
an be represented using di�erent degrees of formalisation. First of all,it is possible to des
ribe BPP without any formalisation. This is often the 
asewhen patterns are des
ribed in natural language as a best pra
ti
e 
atalogue foran organisation. Due to the la
k of formality, these patterns 
an only be usedas a starting point for modelling, sin
e it is not possible to use them dire
tly asmodelling elements. Contrary to this, the syntax and semanti
s of BPP 
an bede�ned formally. Thus, the usage of patterns (formal syntax) and their mean-ing (formal semanti
s) is 
learly de�ned. While informal des
ription of patternsmight lead to ambiguities and misunderstandings [36℄, formally de�ned patternsmight be too restri
tive. Sin
e it is sometimes not ne
essary or not possibleat reasonable expense to de�ne formal semanti
s for every notational element,semiformal approa
hes exist. This 
riterion was adopted from [9, p. 59℄.Similar to the formalisation degree, the representation of a BPP depends onthe used notation. Patterns 
an either be represented textual or graphi
al. Whiletextual representation may be based on natural language or formal logi
s, graphi-
al representations use elements like re
tangles and arrows to des
ribe BPP. This
riterion was adopted from [27℄. Though existing resear
h partly argues for usinggraphi
al representations to in
rease e�
ien
y [39℄, it is sus
eptible to debatewhether it is possible to transfer these �nding to the BPP area.To establish a 
atalogue of BPP, it is sometimes ne
essary to de�ne stru
-tural relations between patterns. A rather simple approa
h is to indi
ate relatedpatterns, e.g. patterns that solve similar problems or 
an be used in similar
ontexts. A more advan
ed approa
h for stru
turing a 
atalogue of prede�ned



Table 3. Representational Criteria for Comparing Business Pro
ess PatternsCriteria Sour
e ValuesNotation [17℄ Existing Extension NewFormalisation [9℄ Formal Semi-Formal InformalRepresentation [27℄ Graphi
al TextualStru
tural Relation i Related Hier. Restri
tionCompositional Relation i Sequential Hier. Composition Notation DependentLevel of Abstra
tion i L-0 L-1patterns is to de�ne hierar
hi
 restri
tions between these patterns. In doing so,it is possible to des
ribe spe
i�
ation and generalisation relations.Besides stru
turing the pattern 
atalogue, it is possible to de�ne 
omposi-tional relations to spe
ify how patterns 
an be 
ombined with ea
h other. In asolely sequential way, patterns 
an be used as 
onse
utive modelling elements.Furthermore, it is possible to 
ompose 
omplex patterns from more simple ones,i.e. patterns are organised in a hierar
hi
al way. If patterns are presented inan existing pro
ess modelling language, it is also possible to use the patternsin 
ombination with other modelling elements, i.e. the relations are notationdependent. The values of this 
riterion were established indu
tively during theliterature review.The level of abstra
tion on whi
h BPP are presented dire
tly a�e
ts the waypatterns are applied during modelling. With a L-0-representation, patterns arepresented on the same level of abstra
tion as pro
ess modelling elements. Itis ne
essary to note that this does not dire
tly 
orrespond to the usage of anexisting notation. Instead, patterns might be presented language independentfor being appli
able in di�erent notations. If BPP are presented in a more ab-stra
t way than pro
esses, we 
all this a L-1-representation. This 
riterion wasinspired by existing literature about metamodelling, e.g. [11℄. In this sense, L-0approa
hes present BPP as models and L-1 approa
hes are metamodels for 
on-
rete models. This 
riterion might be sus
eptible to dis
ussion, sin
e notationsfor modelling business pro
esses have di�erent abstra
tion levels of their own.However, we present this 
riterion as it seems important for des
ribing a patternapproa
h.3.3 Features of Business Pro
ess PatternsThe last group of 
riteria des
ribes features that are supported by approa
hesfor de�ning BPP; it is summarised in Table 4. Existing notations for modellingbusiness pro
esses allow for modelling di�erent views. For a holisti
 representa-tion of patterns, it is ne
essary to 
over not only one view. We analyse patternapproa
hes based on the support of these views. This 
riterion was establishedindu
tively during resear
h. However, it was inspired by the separation of viewsa

ording to [40℄. In addition to the known views 
ontrol �ow, data �ow, andresour
e, we add two new views. BPP supporting the message view allow for de-s
ribing the intera
tion between di�erent pro
ess parti
ipants. Approa
hes with



Table 4. Feature Criteria for Comparing Business Pro
ess PatternsCriteria Sour
e ValuesViews i, [40℄ Abstra
t Control Data Resour
e MessageAdaptability i Stati
 Design Choi
. Con�guration Pts. FormalGuidelines i Yes NoTool Support i Yes NoPrede�ned Patterns i Numberan abstra
t view are not fo
used on a spe
i�
 view but rather provide generaldes
riptions of BPP.The adaptability of BPP de�nes the degree to whi
h the patterns 
an be
ustomised for a spe
i�
 use 
ase. On the one hand, stati
 BPP 
an be used to
reate new or evaluate existing models. However, there is no prede�ned way onhow to adapt them for spe
i�
 needs. On the other hand, there exist patternapproa
hes that de�ne how patterns 
an be 
on�gured. This 
an be a
hieved onseveral ways, e.g. by giving modellers various design 
hoi
es at hand, by de�ning�xed 
on�guration points, or by using a formalised 
on�guration approa
h. This
riterion was established indu
tively during the literature review.To in
rease usability of BPP, it is often ne
essary to lead modellers by givingthem guidelines on how to use and 
ombine patterns in di�erent phases of theBPM life 
yl
e, e.g. a handbook des
ribing the appli
ation of patterns duringpro
ess modelling. We analyse the pattern approa
h by means of existen
e ofsu
h guidelines. For the sake of brevity, we present this 
riterion based on asimple yes-no-distin
tion, sin
e 
omparing guidelines is a separate resear
h topi
.While a 
olle
tion of patterns or a metamodel providing general patternattributes 
ontributes to the a
ademi
 dis
ussion about BPP, tool support isne
essary for making pattern approa
hes appli
able in pra
ti
e. Depending onthe type of the approa
h, a 
on
eivable tool might be an implemented 
olle
tionof reusable patterns for existing pro
ess editors. Furthermore, it is possible todevelop tools for de�ning pro
ess models adhering to a spe
i�
 metamodel. Inthis work, we do not detail the tool type but restri
t the values to yes and no.The last 
riterion we use is the amount of prede�ned patterns an approa
hpresents. This 
riterion ranges from no prede�ned patterns to exemplary de-s
riptions (e.g. in terms of use 
ases) to a given 
atalogue of patterns. Thoughthe amount of existing patterns is no fun
tional 
hara
teristi
 of an approa
h,it might indi
ate approa
hes that require additional evaluation.4 ResultsIn this se
tion, a �rst evaluation of the 
riteria 
atalogue des
ribed above is
ondu
ted by 
omparing ten BPP approa
hes from s
ien
e with ea
h other. It isne
essary to note, that the number of BPP approa
hes presented does not raisethe 
laim of a 
omprehensive survey. Sin
e the fo
us in this stage of our resear
his to 
omplete and evaluate the 
riteria 
atalogue, 
ompleteness is not required



up to now. In the following, we present intial �ndings a

ording to the di�erenttypes general 
riteria, representational 
riteria, and feature 
riteria. We havesele
ted the presented BPP approa
hes to point out a wide variety of di�erentstrategies.4.1 General CriteriaTable 5 presents the evaluation of the analysed approa
hes regarding the general
riteria of the 
atalogue. The most important 
riterion in this 
lass is the typeof a pattern. As stated above, it was developed indu
tively during the reviewpro
ess. Therefore, it was possible to 
lassify every identi�ed approa
h.Table 5. Evaluation of general 
riteriaNo. Sour
e Type Origin S
ope A

ess Pattern Origin01 [16℄ Metamodel S
ien
e Pro
ess Improvement Open LR02 [18℄ Metamodel S
ien
e General Open ISO standard03 [4℄ Design S
ien
e Con�gurable Pro
esses Open LR04 [8℄ Design S
ien
e So
ial Pro
esses Open LR, CS05 [37℄ Design S
ien
e General Open CS06 [31℄ Design S
ien
e General Open ?07 [34℄ Design S
ien
e Change Management Open CS08 [35℄ Mining S
ien
e General Open PM09 [5℄ Anti S
ien
e General Open CS10 [38℄ Complian
e S
ien
e General Open CSFor this paper, the review was restri
ted to a
ademi
 
ontributions. There-fore, every pattern approa
h originates from s
ien
e and is, thus, open to thepubli
. This allows for dis
ussing the approa
hes and 
omparing them with ea
hother. However, the restri
tion to a
ademia is a severe limitation, too. It isreasonable to assume that a multitude of pattern approa
hes exist in organisa-tional pra
ti
e. Parti
ularly 
onsidering the fa
t that 
ompanies maintain pro
essrepositories of hundreds or even thousands of pro
ess models [15℄, it would benaive to assume that pra
ti
e is waiting for a
ademi
 pattern 
atalogues. How-ever, a
ademia 
an foster the pattern dis
ussion in pra
ti
e by providing newmethods for identifying and des
ribing BPP.The interrelationship between pra
ti
e and a
ademia 
an be seen in the eval-uation of the pattern origin 
riterion, too. Most of the BPP approa
hes presentedhere are based on 
ase studies (indi
ated by CS in Table 5) and on literaturereviews (indi
ated by LR). However, there is also an approa
h des
ribing BPPidenti�ed via pro
ess mining (indi
ated by PM) and one approa
h that estab-lished BPP a

ording to an existing ISO standard. By utilising 
ase studies,pro
ess mining, and ISO standards, it is possible to develop BPP that are foundin pra
ti
e. Contrary, s
ienti�
ally grounded patterns might be found by litera-ture reviews.



4.2 Representation of Business Pro
ess PatternsIn Table 6, the evaluation of the representational 
riteria is summarised. Theabbreviations in this table need to be interpreted as follows. The se
ond 
olumnnotation 
ontains short
uts for natural language (NL), UML A
tivity Diagrams(UML AD), Event Driven Pro
ess Chains (EPC), and Semanti
 Business Pro
essModeling Language (SBPML). The values in the third 
olumn (degree of for-malisation) are either formal (F) or semiformal (SF). Column 4 depi
ts whethera BPP approa
h is based on graphi
al (G) or textual (T) representation. Thestru
tural and 
ompositional relations between BPP are represented as HR (hi-erar
hi
 restri
tion), RP (related patterns), ND (notational dependent), and HC(hierar
hi
 
omposition). The last 
olumn represents the level of abstra
tion.Table 6. Evaluation of representational 
riteriaNo. Notation Form. Repres. Stru
t. Relations Comp. Relations Abs. Lev.01 NL,UML SF T,G RP ND L-102 NL,UML AD SF T,G none ND L-103 Abstra
t SF T,G none ND L-104 BPMN Extension SF G HR ND L-005 UML AD SF G RP ND L-006 Petri Nets F G HR HC,ND L-007 NL,EPC SF G none ND L-108 Formal Logi
 F T RP n/a L-109 SBPML SF G none ND L-010 Abstra
t SF T none ND L-1It is noti
eable that all approa
hes present BPP at least semiformally de�ned.This is due to the fa
t that the des
ription of BPP is usually not restri
ted tonatural language but rather supported by graphi
al representations using anexisting pro
ess modelling language. This method has two bene�ts. First, thenatural language de�nition allows for a detailed des
ription of the problem and
ontext fa
tors addressed by a spe
i�
 BPP appora
h. Se
ond, the graphi
alrepresentation 
an be used as a starting point for using a BPP either for 
reatingnew models or for sear
hing for patterns in existing models.The evaluation of the 
riteria unveils a 
orrelation between used notation and
ompositional relations. Of 
ourse, BPP of approa
hes based on an existing no-tation 
an be 
ombined a

ording to the rules of this notation, i.e. their 
omposi-tional relations are notationally dependent. The same holds for BPP approa
hesthat are not tied to a spe
i�
 notation but use an abstra
t representation. Onthe one hand, this 
an be a
hieved by giving guidelines for implementation of aBPP in di�erent languages (e.g. [4℄ presents implementations for Con�gurableEPCs [30℄ and for Provop [21℄). On the other hand, formal logi
s 
an be used tospe
ify restri
tions pro
esses need to adhere to [38℄.An interesting result regarding the 
ompositional relations 
riterion is re-vealed by the mining approa
h number 08. The 
riterion is not appli
able for



mining patterns, sin
e it 
annot be said in whi
h form BPP are mined fromexisting pro
ess logs. In [35℄, formal logi
s is used to spe
ify the mined BPP.Thus, 
ompositional relations between these patterns are at least 
on
eivable.4.3 Features of Business Pro
ess PatternsThe results 
on
erning the evaluation of feature 
riteria are presented in Table 7.In the se
ond 
olumn presenting views of the BPP approa
hes, short
uts for 
on-trol �ow (CF) and message �ow (MF) are used. The 
riteria guidelines and toolsupport are presented solely based on a yes-or-no evaluation. However, a no inthese 
olumns does not automati
ally indi
ate that there is no support for theseBPP approa
hes. In parti
ular, for approa
hes based on existing pro
ess mod-elling languages, it is not ne
essary to develop distin
t software tools. Instead,it is possible to reuse existing tools, possibly enhan
ed by pattern repositories.The same applies for guidelines that exist for pro
ess modelling languages, too.Table 7. Evaluation of feature 
riteriaNo. Views Adaptability Guidelines Tool Support Prede�ned Patterns01 Abstra
t Stati
 No No 202 CF Stati
 Yes No 103 CF Design Choi
es No No 1004 CF,MF Stati
 Yes No 705 CF,MF Design Choi
es Yes Yes 706 CF Stati
 Yes No 4307 CF Con�g. Points No No 1408 CF n/a No No n/a09 CF Stati
 No No 1810 CF Stati
 Yes No 16The prevalen
e of approa
hes fo
ussing on the 
ontrol �ow must not be 
on-sidered as an indi
ator for evaluating a broader amount of BPP approa
hes.Instead of this, it is entirely based on the subje
tive sele
tion of presented ap-proa
hes. Parti
ularly, the work�ow patterns 
ommunity has published severalte
hniques for de�ning other views, too. The interested reader is referen
ed tothe seminal works about data �ow [33℄ and resour
e �ow patterns [32℄.Contrary to this, the prevalen
e of stati
 BPP approa
hes 
an be seen as morerepresentative. This is attributable to the used pro
ess modelling languages,sin
e most of them do not support pro
ess 
on�guration [30℄. To over
ome thisshort
oming, BPP approa
hes present di�erent design 
hoi
es for several BPP.For example, approa
h 05 presents at least two variants of every BPP resulting indi�erent UML A
tivity Diagrams. Approa
h 07 pursues another strategy. Insteadof de�ning 
on�gurable BPP, they de�ne BPP elements that 
an be 
ombineda

ording to prede�ned 
on�guration rules.



5 Con
lusionDuring the evaluation of the 
riteria 
atalogue, several questions arose whi
hshould be dis
ussed in this se
tion. A major 
hallenge we had to deal with, isthe la
k of a rigorous BPP de�nition resulting in dis
ussions about what 
ountsas a BPP and what not. Though in general it is 
lear what is meant by the wordpattern, this might be 
ontroversial for 
on
rete approa
hes.As stated above, the de�nition given by [29℄ in
ludes that patterns need tobe an �abstra
tion from a 
on
rete form�. However, this might not be appli
ablefor BPP that are de�ned in an existing pro
ess modelling language and, abovethis, for BPP in abstra
tion level L-0. Sin
e these BPP 
an be dire
tly usedas modelling elements, one might argue that these are not patterns but pro
essparts. Though the de
ision whether an approa
h des
ribes BPP does not severlyin�uen
e the 
riteria 
atalogue, it needs to be 
onsidered during literature reviewand empiri
al evaluation of the 
atalogue.During 
lassi�
ation of BPP approa
hes a

ording to the 
riteria, it wassometimes di�
ult to assign a type to a spe
i�
 BPP approa
h. It has beenshown that the types design, anti, 
omplian
e, and mining pattern might not bemutually ex
lusive. This is due to the fa
t that this 
riterion is based on the usageof a BPP. However, it is possible to use a spe
i�
 BPP in more than one way,e.g. using 
omplian
e patterns as design patterns. Furthermore, transformationsbetween anti patterns and 
omplian
e patterns are 
on
eivable. However, we stillargue for this 
riterion from a pra
ti
al point of view, sin
e it allows for a simple
lassi�
ation of BPP approa
hes.In this paper, we propose an approa
h for establishing a uni�ed BPP termi-nology and �rst steps for integrating existing BPP approa
hes. In doing so, wehave identi�ed the two 
riteria stru
tural relations and 
ompositional relationsthat seem of spe
ial importan
e for future resear
h. It 
an be expe
ted that BPPapproa
hes allowing for the de�nition of relations between BPP 
an be 
ombinedwith approa
hes by other authors more easily. This is due to the fa
t that theserelations 
an be used to identify 
ommonalities between di�erent BPP.Currently, the 
riteria 
atalogue is limited by two short
omings that needto be over
ome in future resear
h. Though we 
ondu
ted a �rst evaluation ofthe 
riteria, we 
annot ensure 
onsisten
y of the 
lassi�
ation as of yet. Instead,we present the 
atalogue as a basis for dis
ussion to in
rease its rigour. Usingthe results of the literature survey, the 
atalogue 
an be further strengthened byevaluating inter-rater reliability and, if ne
essary, adjust 
riteria.The se
ond short
oming is a result of the 
riteria used so far. Currently,the majority of them 
an only be applied to 
lassify existing BPP approa
hesa

ording to several 
hara
teristi
s. In doing so, it is possible to identify BPPapproa
hes that meet spe
i�
 requirements. For example, a pro
ess modellingproje
t for automated pro
esses needs to adhere to other requirements thanmodelling highly 
ollaborative human pro
esses. While the �rst might lay itsfo
us on the 
ontrol �ow perspe
tive, the latter needs distinguished message�ow support. Chan
es are that it is possible to automate this step based ona 
atalogue of requirements that are linked with spe
i�
 BPP 
hara
teristi
s.



However, the 
atalogue 
urrently does not 
ontain quality 
riteria like soundnessor robustness. For example, 
ompleteness of BPP des
riptions 
an be evaluatedbased on the stru
ture presented in Table 1.In the long run, the integration of BPP approa
hes should in
rease pro
essmodelling e�
ien
y and e�e
tivity by supporting modellers. Using BPP, it ispossible to redu
e errors that often o

ur during modelling [13℄ and to simplifybusiness pro
ess improvement [16℄. By using a uni�ed terminology, existing toolsfor pro
ess modelling 
an be enhan
ed by pattern 
atalogues that are not limitedto a single approa
h.Our next resear
h step ist to extend the 
riteria 
atalogue based on the feed-ba
k of the s
ienti�
 
ommunity. The �nal out
ome of this step should be anextensive 
atalogue 
onsisting of both des
riptive and dis
riminative 
riteria.The 
atalogue is 
ontinuously evaluated by means of the BPP approa
hes iden-ti�ed during the literature review. This should have a twofold e�e
t: besides
lassi�
ation, the 
atalogue is further strengthened. Based on the evaluation ofexisting BPP approa
hes, our resear
h aims at identifying use 
ases for applyingBPP to model 
omplex business servi
es. Sin
e servi
es need to be modelleda

ording to di�erent views [10℄, it is of spe
ial importan
e to 
ombine di�erentBPP approa
hes with ea
h other.A
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