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Abstract— Reference models are an important aid for business
process modeling and design. Their aim is to captar domain
knowledge and assist in the design of enterprise efic business
processes. The application of reference models fprocess design
requires guidance in reusing these models, as wal flexibility in
adapting them to specific enterprises. A popular mdeling
language for specifying reference models is Eventigden Process
Chains (EPC), which has been extended for expresgin
configurable reference models (C-EPC). These modelzrovide
explicit reuse guidance, but allow a limited levelof flexibility
following a reuse by configuration approach. To incease the level
of adaptability of reference models, we propose ithis paper to
utilize the Application-based Domain Modeling (ADOM)
approach for the purpose of specifying and applyingeference
models using EPC. ADOM supports the enforcement akference
model constraints while allowing a high level of #xibility,
adaptability, and variability in the business procsses of
particular enterprises. The paper presents the symaix and
semantics of the proposed approach, called ADOM-EPGnd its
specialization and configuration capabilities. ADOMEPC is
evaluated by comparing it to C-EPC, a leading apprach for
reference modeling and reuse, in terms of expresgmess and
comprehensibility. While the expressiveness of ADOMNEPC,
namely, its set of specified reuse operations, extis that of C-
EPC, the understandability of the two types of refeence models is
similar.

Index Terms—Business Process Design, Domain Analysis,
Modeling, Reference Models, Reuse, Systems Analyaisd Design

Battention in recent years. While diversity of besa
processes among organizations is high,
common aspects that apply to the majority of thganizations
which share common characteristics (e.g., markginsat,
size, logistic typology, etc.). This fact has bewidely
recognized and motivated the emergence of a nurober
reference models, defined as models used for stipgdhe
construction of business process modeR]. In practice, a
reference model is a model that captures commoocepses,
well known and practiced in a variety of organiaat, rather
than a specific process that exists in some orgéoir
Reference models can be reused in order to asstocess
design in specific enterprises. Thus, they can erpp
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usiness process modeling and design has gained mg@@

organizations to be effectively designed for newsiaing11].
In a wider sense reference models can be usedyfters
engineering[B], [19]) and software engineerinfg], [15]).

Different methods have been suggested for spegifyin
reference models. These methods refer to diffeveaws of
the specified reference models, such as the prodess the
data view, and the organizational view. The vievirn at
creating an integrated knowledge-base of referenceels
which can be searched for guiding business desigweéile
modeling data, events, processes, and flows reldated
particular organizations.

While much attention has been given over the y&athe
construction of reference models and to the knogédetthat is
captured in them, the process of reusing this kedgé
through process design in a specific organizatias heen
somewhat neglected until recently. Lately, a canfidple
reference modeling approach has emerged, usindg-vket-
driven Process Chains (EPC) notation for specifyafgrence
models. This approach, called Configurable EPC RTE
[16], facilitates configuration of reference modeisr a
specific business process as well as provides go@léas part
of the reference model) for the configuration pesce
However, the reuse operations allowed by this augro
enable a limited flexibility in the business proses to be
designed based on the reference model. In pantjdhlere is
no support for specializing the model for a speaifontext1]
or adding enterprise-specific functions within tbenfigured
business model. Considering the implementationntérerise
tems, reports (e.d4]) show that while a large portion of
the newly designed business processes rely on abieail

there aray M3eference models, some enterprise specific modiifica and

additions are still needed. Such adaptations goormky
configurations of reference models.

In [14], a domain engineering approach, called Apfilica
based DOmain Modeling (ADOM), was proposed as a
platform for reference models. When adopting ADOM t
reference models, the reference model resides aspper-
level, specifying and enforcing constraints on #pecific
business processes. Thus, this approach allowsbiflgx
while providing guidelines and validation templatésr
utilizing reference models. ADOM can be appliechtwariety
of modeling languag€g4.5], but when adopting ADOM with a
specific modeling language, this language is used f
specifying both business processes and referencdelso
facilitating the tasks of business process desighwvalidation.
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The utilization of ADOM for reference models propdsin
[14] uses Business Process Modeling Notation (BPMRY
concentrates on validation of particular businesscgsses
with respect to reference models.

In this paper we examine
comprehensibility of ADOM in the context of repratiag and
utilizing reference models for business processgdesVe
claim that the ADOM approach better fits this puspdhan
other reference modeling approaches, most notatiy?C. In
particular, ADOM facilitates reuse of reference mist
knowledge in a more flexible and expressive marthan C-
EPC, supporting both configuration and specialorati
operations. Due to the extensive use of EPC in fmgle
business processes, and particularly in order teefitefrom
the experience of C-EPC and enrich it, we use ERPGha
modeling language in this work. We refer to thialeét of
ADOM as ADOM-EPC.

The remainder of the paper is organized as follows.

refined when specialized to the specific needs of a
organization, models intended to be reused by gordtion
are detailed and at a low abstraction level. Traise process
entails selecting a subset of the specified presetsbe active

the expressiveness aimdthe specific organization and customizing theseesses in

the new context without changing their abstractave!.

Reuse by configuration, as presented1i)], is specifically
targeted at reference models attached to enterpyisiems,
whose application is part of the implementatiorthref system
in an enterprise. The development of reuse by gardtion
approaches was motivated by the need to guidedaptation
of reference models to meet the specific needs
organizations. To this end, configuration posdiketi as well
as their dependencies are explicitly specified ha thodel,
making a clear distinction between design deciseams run-
time decisions. Specifying configuration possikakt
facilitates the adoption of parts of the detaileddel without
altering its level of abstraction.

of

Sectionll we present background information about business The main representative of this approach is Conrdigle

process reference models and discuss two impaigpes of
reuse processes: reuse by configuration and reyse
specialization. For each type of reuse processlaorate on
its reuse guidance and supported flexibility. Swectill

introduces ADOM-EPC, referring to its

Event-driven Process Chains (C-EPC). While suppgrti
ibclusions or omissions of configurable elementse t
adaptability of C-EPC is limited in three main wayrst, it

does not support specifying different variants ¢ tsame

representatio configurable element in the enterprise processh Support is

capabilities, while Sectiofl/ elaborates on the specializationrequired, for example, when the enterprise hasrabways of

and configuration capabilities of ADOM-EPC. In SentV
ADOM-EPC is evaluated by comparing it to C-EPC.aflin
SectionVI concludes and refers to future research plans.

Il. BACKGROUND

Business process reference models can be used/&iety
of purposes: (1) creating standard business presdhat can
be used in various organizations, (2) guiding tegigh of new
business processes, (3) enforcing organizationcipsli (4)
training new or junior business designers, (5) brprg
communication  between different  business
stakeholders, (6) comparing business processesctmtbe
described by the same reference model, and (&tiagsin the
implementation of enterprise systems (these modgtgn
attached to enterprise systems, specify process¢scan be
adopted by the enterprises when implementing thgstems).

performing a task, although the inputs, outputb-fsmctions,
and flows of these tasks are the same, or veryasin8econd,
C-EPC does not support configuring events. FinallyEPC
does not support introducing new model elementsh sas
functions and events, that are specific to the ripgdion at
hand and thus do not appear in the reference model.

As mentioned above, models whose intended usedagh
specialization (e.g.[12],and [21]) provide knowledge at a
high level of abstraction, allowing a high degrddlexibility
and facilitating variability in the specific model® be

proce§onstructed. The main advantage of reuse by spmstiah is

that the knowledge captured in the reference mseleles for
constructing the specific model without imposingletailed
solution. However, specialization of a model is aosimple
task. Most reference models that follow the reuse b
specialization approach (e.g12]) do not provide guidance

Business process reference models have been diggusegarding how specialization can be accomplished, this
classified, and evaluated using a number of evaluat h@mpers their usability. Such models can be vieageddvices

frameworks and criteria (e.gl6], [7], [13], and[18]). The
main focus of these evaluation frameworks is tHereace
models themselves, while less attention is expfligtven to
their intended reuse process. Nevertheless, akraete
models are designed considering (at least) an déhpitended
reuse process. Two important types of reuse presess
reference models are specialization and configamatBoth
types are quite flexible and support associatingadety of
business processes to the same reference modelmaime
difference between these two types is the absbradéivel of
the reference model. While models intended to hseé by
specialization are specified at a high level oftiusion, to be

rather than tools that support process design.

The aim of ADOM-EPC is to support and extend the
adaptability of reference models. This means thathould
allow a high level of flexibility and variabilityyhile providing
concrete guidance to the reuse process. Basedcompact
extension of EPC syntax, which can relate to moaelgrious
abstraction levels, we provide guidance to bothseeby
specialization and reuse by configuration, as piteskin the
following sections.
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lll. ADOM-EPC

elements arespecialized or configured by the specific

Reference models capture generic knowledge, andehertbusiness process) model elements, potentiallyigiray more

they introduce additional challenges that are nppsrted by
a process modeling language alone, such as exmyets
allowed variability among business processes witghdomain
or an organization. When creating a specific modkis

variability can be manifested in three kinds of @piens: (1)
omitting reference model elements which are n@wvasht for a
particular organization, (2) including one or mdoeally-

adapted variants of some reference model elemants,(3)
introducing specific elements which are not parttaf well-
known standards, as specified in the reference méde¢hese
are possible in general, but some restrictions lshibe made
so, e.g., specific essential elements cannot bétemmnisome
(partial) order of execution must be maintained;. ethe
challenge is to specify such restrictions in thference model
and to be able to verify that they are not violatedthe
specific models. As explained in Sectidl) configuration
enables only the first operation, inclusion or siua of
reference model elements. It does not supportehersl and
the third operations, namely including multiple dbwariants

of an element or newly introduced elements. Herfoe t

variability supported by pure configuration modislimited.

To cope with the aforementioned challenges, we rcdt
the EPC syntax with two types of classifiers tha&t added to
all EPC elements, including functions, events, eators, and
arcs. The two types of classifiers are multiplicibdicators
and reference model classifiers, which are formadfined in
the appendix, along with definitions of referencel dusiness
process models (see Definitions 1-B)ultiplicity indicators
are attached to reference model elements and dehete
possible lowest and upper-most numbers of varididse

elements may have in a business process modele Tdres .
denoted by <min, max> attached to the referenceetnoo\0

elements. The default multiplicity <O, *> implieson
constraints, thus will not explicitly appear in theference
model. The multiplicity indicators enable the refece model
to capture commonality (model parts that are comtoanany
organizations) and variability (possible variantsj the
modeled domain. Commonality is expressed as marndat
elements, i.e., elements whose minimal value oftipligity
indicator is equal to or larger than 1. Variabilyspecified in
different ways: (1) optional elements, i.e., eletaewhose
minimal value of multiplicity indicator is 0, (2)aviants, i.e.,
elements whose maximal value of multiplicity indmais
greater than 1, and (3) application specific elesiene.,
elements that appear in the specific business psoo®del
and have no counterparts in the reference model.

Thereference model classifiers are associated with elements

in the specialized models (i.e., the specific bestnprocess
models), and denoted by <reference model elememera
attached to the specialized model element. Thesssifiers
imply that the business process elements are varizinthe
respective reference model elements. When a bugspresess
is derived from a reference model, the referencadaho

information about the specific situation. A singleference
model element may have more than one specializatioa
business process model, specifying different vésiaf the
generic elements (e.g., different ways of receivingtomer
orders).

The rest of this section explains and demonstrétes
representation of reference models (Sectidn and their
specialized models (SectioB) in ADOM-EPC through a
Sales process. The specification of that proceggeggtes
knowledge from several reference moddglksr], [21], [23]),
and the MIT process handbof#?], so, e.g., parts that appear
in all the models were considered as mandatorylewbarts
that appear only in some were considered as optiona

A. Representing Reference Modelsin ADOM-EPC

Figure 1 depicts a Sales process reference modd&)®M-
EPC. According to this reference model, the processstart
either with a quote activity or with the receptiofha customer
order. If the organization employs @uote activity (and,
hence, does not receive immediate customer ordbeske are
three different events that may trigger the proc€sstomer
Request for Quote Activity, Salesperson Initiative for Quote
Activity, and Request for Proposal Exists. Furthermore, as
implied by the implicit multiplicity indicator <0,*>, a
particular enterprise may have several events cf ¢gpe. In
case the quote activity is instantiated in the gss¢ it can
terminate in either failure or success. Note thé teference
model allows an organization to define several &senf
failure in the quote activity, but only one evematt represents
its successful completion.

The reference model also allows several types deror
nsertion functions, as there might be differenysvéo insert
rders in a specific enterprise. Furthermore, édoot impose
an order in which these activities will be execufgd., in
parallel, sequentially, etc.). After the order iserted, two
optional parallel paths may be taken (i.e., a djpebusiness
process model may include both, only one or néither
checking the customer credit and validating the eord

%onfiguration. Afterwards, the availability of ramaterials,

products, resources, etc., which are required dbillihg the
order, is checked. This function results eitheram event
where all the required resources are availablenani event
where at least some of them are not. Note thardference
model, which includes only generic enough informatidoes
not specify actions to be taken when some of theukees are
not available. Cases that are not specified inrdference
model can be added specifically when the partichlesiness
process model is created.

Finally, there are at least oelivery function and at least
one Payment function, which are executed in parallel (or
independently). Upon completion of all delivery goalyment
functions the order is closed and the Sales pragssessfully
completes.
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B. Representing Specialized Modelsin ADOM-EPC

A specialized model of a reference model is a business
process model that follows the guidelines of th&erence
model and fulfills its constraints. Any particukelement in the
business process model can be associated to anmeéemodel
element via the reference model classifier, imgythat the
specific element plays the role of the referencelehelement
in the business process model.

Customer >
Order
Received

Customer Salesperson Reres o
Request for Initiative for o q sal Exist
Quote Activity/ \Quote Activity po

<1,*>
<1, *> <1, *>
<1,*>
<0, 1>
Quote
Activity
<1, 1> <1,*>
(0]
<, r><1, 1>
> 1v‘> 1,'1
Sell Process gc'l‘i?,:fy
Failed
&
<1, 1> R
<1, *>
Check
Availability
<1, *>
<1,> <1 > 1, 1
Order
Inserted =
<1 > <, 1>
All Resources
Resnurces 29 Available
N . not Available
r1, >. <1, >1
<0, 1> - f‘\i‘\
i Validate )
Check Customer| 8 AN
[ Credit ] [Conﬁguratlon] U
<1, *> <1, *>
<1! 1 <1.1> Delivery Payment
<1,*> <1,*>
<1, 1>
Configuration <1, 1> <1,1>
Validated Validated Delivery Payment
Handled Handled
<0, 1>_>@4_<0, 1>.
<0, 1>

<1, 1>
Close
Order

<1, 1>

<1, 1>
Sales Process
Completed
Successfully

(unique) names in the context of the specific bessnprocess
model.

Configuration is the selection of a subset of existing
elements from a reference model for the purpospetifying
a lawful specific business process model. In thasecthe
business process and reference model elements e same
abstraction level. Usually, configured elements padtheir
reference model element names and, hence, visoally their
reference model classifiers appear.

Figure 2 presents a specific Sales process whietialzes
the Sales process reference model for a chocolate
manufacturer that sells various kinds of chocofeden stock.
This specific Sales process does not include aeqaotivity
and is triggered by the arrival of a customer ordarce the
chocolate manufacturer's customers are regularomess
working on a long-term basis. Furthermore, a custoorder
can arrive by phone, by fax, or via the Interneicleway is
treated somewhat differently, thus a single refeeemodel
function is specialized into several functions adaow to the
needs of the specific enterprise. In contrastréiselting event
of Order Inserted is a configured element and needs no
specialization in this enterprise. This specifideSaprocess
does not require anyalidate Configuration function, as it
deals with standard products. Hence the (optidioaition is
discarded, leaving a single path sequence in whkah
customer credit is checked.

The availability check of the required amount cbcblate
and packages may result in one of three casetsteatesources
(i.e., both chocolate and the packages) are avajlehabling
the continuation of the process to delivery andnpeyt; the
chocolate is available but the packages are nquiniag the
process to wait for the packages to arrive befamticuing;
and the required amount of chocolate is not avialab
requiring the cancellation of the order and termdraof the
process in a failure.

If the process continues, then, prior to deliveing required
transport conditions are checked, since some ptediged to
be delivered in temperatures that do not exceecertin
threshold. This is a function that does not appeathe
reference model since it is particular to the giee at hand,
and is added in the specific process. Note that dkidition
does not violate any of the constraints imposed tiy
reference model, including the requirements on pghemcess
order, its optional and mandatory elements, etc.

Finally, shipment to the customer may take onehoéd

Figure 1. An ADOM-EPC model of the Sales procesdifferent paths, all specializations of the refeenmodel

reference model

Two operations guide the creation of specializeddet®

from reference models in ADOM-EPC: specializationd a
configuration.Specialization is the result of concretization of a

reference model element into a specific businesxgss
model element. Generic (reference) elements can
specialized through operations of refinement, sping, and

Delivery function. This is done in parallel to receivingeth
customer’s payment for the order.

IV. SPECIALIZATION AND CONFIGURATION INADOM-EPC

Having introduced ADOM-EPC representation capaéedit
gethis section we specify the specialization andfiguration
operations of the approach. The full formalism ievided in

contextual adoptiofi20]. Visually, specialized elements have the appendix. We start by presenting the extend®C E

in addition to their reference model classifierseit own

notation for reference models and specialized nsodel
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<Check

<
<Customer Order\ - [ _customer Order Customer Order CLsomey A
Received> Received> Received> Credit> A
Phone Call Fax Received Internet Form U
Received Received Check
Required
‘ + * <Custotner Transport
Credit Conditions
<Insert Order> <Insert Order> <Insert Order> Validated> <Payment>
Order Chocolate Order Chocolate Order Chocolate Issue Invoice &
by Phone by Fax Via Internet

Receive
Payment

[ ¥ ]

<Check Availability>
Check Chocolate &

Local Export own
PEEREEES Shipment Shipment Shipment
Availability <Payment
v v v Handled>

<Order

<Delivery> <Delivery> <Delivery>
Local Export Delivery by
Inserted> Delivery Delivery Customer

Some Resources)
are not Available>
Chocolate is
Available, but
Packages are not,

<Some Resources
are not Available>
Chocolate is not
Available

<Delivery
Handled>

Cancel
Order

Wait for
Packages

<Close
Orderl>

Sell Process
Failed
Due to lack of
Required
Chocolate

<All Resources
Available>

hocolate & Package!

Available

<Sales Process
Completed
Successfully>

Figure 2. An ADOM-EPC model of the Sales process Ghocolate Manufacturer

Next, we present the possible specialization amdigration connector, and arc) is associated with a multigylizidicator,
operations of different model elements. Finally,e thi.e., a pair of numbers (k, m) where k and m araunah
specialization of the entire model is considered. numbers, m> k, and m may beo (represented as * in the

The basic elements in EPC are events, functiondiagrams). Abusiness process model that corresponds to a
connectors, and arcs. Rosemann and van der A&lstlefine reference model is a syntactically correct EPGyliich events
rules for connecting these elements in order toatere and functions can be explicitly associated to eveand
syntactically correct EPCs (see Definitions 1-3 the functions in the reference model. The exact dédini of these
appendix). These rules specify, for example, thatdets of models are respectively given in Definitions 4 déndn the
events, functions, and connectors in an EPC are yige appendix, whereas Figures 1 and 2 respectively pbfgm
disjoint, each event in an EPC has at most oneniit@p arc reference and business process models.
and at most one outgoing arc, there is at leaststar¢ event For a business process model to be consideredcabped
and at least one final event, events and functioreate version of a reference model, it needs to prestm@éusiness
alternating chains, etc. A syntactically correctCERPnay logic specified in the reference model, and satidfy
include several different paths, i.e., sequence®dés (events constraints. For defining specialized models, wet fiefine
and functions) that are connected via arcs. Theghspare specialization with respect to four types of elemémction,
related by connectors which induce logical relatiips on the event, path (arc), and connector, formalized inifdéfns 6-
paths. As examples of three paths in Figure 2 dend?hone 12 in the appendix. Note that since configuratigerations
Call Received— Order Chocolate by Phore Order Inserted are a subset of specialization operations, thefgitittns are
— Check Customer Credit Customer Credit Validated, Faxapplicable to configuration as well.

Received— Order Chocolate by Fax> Order Inserted— A business process function f specializes a reference
Check Customer Credit> Customer Credit Validated, and model function f'iff the reference model classifier of ffisin
Internet Form Received> Order Chocolate via Internes  the Sales process example, the functionder Chocolate by
Order Inserted> Check Customer Credit- Customer Credit Phone, Order Chocolate by Fax, and Order Chocolate via
Validated. These three paths are connected via & Xdnhternet in Figure 2 are all specializations of the refeeen
connector, meaning that in any execution of thecgss Model functioninsert Order from Figure 1, as indicated by
exactly one of these paths is traversed. their reference model classifiers.

ADOM-EPC deals with two types of models, both are While functions are addressed as independent etsnen
addressed by our extension of the EPC notatioereate and the specialization of a reference model, eventaddeessed in
business process models.réference model is a syntactically the context of the functions that yield them. Areevve in
correct EPC in which each element (event, functionodel Mdepends on a function f in the same model iff the

path from f to e in M includes only arcs and corioes (and
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no events or functions). As an event may depenchare than connector. Other organizations may have more thae o
one function, we define thdependee group of an event eas all  possibility. These possibilities may include a X@Rationship
the functions in M such that e depends on them.aAs among them, denoting that in a specific procesg oné event
example, the evenOrder Inserted in Figure 2 has three can exist (i.e., the decision is made at run tinAéernatively,
functions in its dependee grouPrder Chocolate by Phone, they may require all events\Y or allow two or more events
Order Chocolate by Fax, and Order Chocolate via Internet.  (v) in the same particular process. All these areidval
The eventCustomer Credit Validated depends only on the specializations of the connector. Generally, eaeference
function Check Customer Credit. Finally, the dependency model connector can be specialized by a businessess

groups ofPhone Call Received, Fax Received, and Internet
Form Received are the empty set. Events whose dependen
groups are empty are termgdrt or external events.

A business process event e specializes a referencdemo
event e'iff (1) the reference model classifier of e isagid (2)
if e depends on at least one function in the refezemodel,

connector of the same type and role, except foeference
fModel OR connector, which can be specialized bynbas
process connectors of the same role but diffeggast This is
termed specialization equivalence of connectors, as
summarized in Table 1 (see also Definition 11 ire th
appendix).

then e' depends on at least one specializatiohasfftinction. Table 1: Instantiation equivalence

In the example of Figure 2, the eve@hocolate is not Reference model
Available, whose dependee group mclude; the fund@ibeck AND OR XOR
Chocolate and Packages Availability, specializes the event AND N N
Some Resources are not Available (Figure 1), whose dependee | @
group includes the functioBheck Availability. Note that the | < @ T OR v
function Check Chocolate and Packages Availability 909
- o @ & £ | XOR v v
specializes the reference model functitiveck Availability.

Considering the specialization of paths, we requirghe multiplicity indicators of connectors can forgelecision
specialization of its source and destination aslved g pe made at design time or at run time, or alithe
maintaining the ordering of the specialized elemem qrganization to decide on which one to take. A iplitity
business process path p specializes a referenceeioath p° indicator of <0, 0> implies that the connector dtouot
iff (1) the source of p (be it an event or a fuanjispecializes appear in a particular model, and the decisiontands for
the source of p', (2) the destination of p (benitewrent or a should be made at design time. As an example, denshe
function) specializes the destination of p', angdf¢d each two xOR connector between the eveflisstomer Order Received
directly connected reference model nodes (evenfisnations)  and Quote Activity Completed in Figure 1 whose multiplicity
that are specialized in the business process mélueliwo ingicator is <0,0>. This implies that a specific deb can
specializations are connected via a path. Note $ifle a eijther include quotation handling or direct ordeeirtions, but
minimal path consists of one arc connecting twoesodhe poth cannot exist as options in the same process. A
path specialization definition is in fact applicalallso as an arc organization can choose how its process operates wine
specialization. process is designed. The business process in theolaie

In the chocolate manufacturer example, all theetfp@hs in - manufacturer case (Figure 2) supports only direaten
Figure 2 between the eveBhocolate & Packages Available insertion. In contrast, the XOR connector that diats the

and the everDelivery Handled specialize the reference modelfynction Check Availability in Figure 1 has a multiplicity
path in Figure 1 betweeM| Resources Available andDelivery  jndicator of <1,1>, implying that it must be inckdl in a

Handled. particular model, since resources may or may navadable
Specialization of EPC connectors relates to thgiet{x, v,  every time the process is enacted (run-time degisiinally,
XOR), role (split or join), and context within tixeocess or the the A connector between the functioBieck Customer Credit
reference model. Note that unlike other elementesyp ang validate Configuration in Figure 1 has a multiplicity
connectors which represent decision points (naméBR and  indicator of <0,1>, implying it may or may not exi;m a
v) in a reference model may relate to decisionsshatild be particular model. Since the business process irctioeolate
made at design time, at run time, or both. In pahhir, if the manufacturer case (Figure 2) does not require any
decision is made at design time (when the busipessess configuration validation, this connector is notlirted in the
model is constructed), the connector may not appedahe model.
business process model at all or may have a difféype. For A pusiness process connector ¢ specializes a referenc
example, consider thes connector between the eventsmodel connector ciff (1) their roles are the same, (2) their
Customer Request for Quote Activity, Salesperson Initiative  types are specialization equivalent, (3) if ¢ ispit connector
for Quote Activity, andRequest for Proposal Exists in Figure then it splits at least two specializations of refee model
1. In some organizations it may be that only oneth&fse paths split by c' (in the reference model), andif(4)is a join
possibilities exists. Then the decision is madeestign time, connector then it joins at least two specializatiohreference
and the specialized model will include only onergv@nd no  model paths joined by c' (in the reference model).
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Continuing with our example, the connector between the EPC, which is the main approach that addressesehse

eventsDelivery Handled and Payment Handled in Figure 2 is

a specialization of a connector between these ifumtin

Figure 1. The XOR connector abowelivery Handled in

Figure 2 is not a specialization of any referencedeh

connector.

It is now possible to define specialization of misdeA
business process model specializes a reference hitidsee
Definition 13 in the appendix for a formal defioiti):

(1) Each reference model function whose multiplicitglicator
is (k, m) has k to m specializations in the busin@®cess
model.

(2) Each start reference model event (i.e., an extezmaht
that is not yielded from a function) whose muliitly
indicator is (k, m) has k to m specializationstie business
process model.

(3) For each intermediate or final reference model evdiose
multiplicity indicator is (k, m) and at least onanttion in
its dependee group is specialized in the businesseps
model, there are k to m specializations of thanevelated
to each specialization of a function in its dependeup.

(4) Each reference model arc whose multiplicity indicais
(k, m) and its source and destination are speeidlin the
business process model has k to m paths between
specializations of its source and destination.

(5) Each reference model connector whose multiplicitgi

indicator is (k, m) has k to m connector specigiares (in

the business process model).

The business process model of the chocolate maouéac
depicted in Figure 2 specializes the Sales prooefesence
model presented in Figure 1. As seen in this exempl

process of reference models. In the comparisonrehate to
two aspects: expressiveness and comprehensibilitye

theoretical comparison, presented in Sec#grrefers to the
expressiveness of the approaches with respecetguidelines
they provide, while the experimental comparisomspnted in
SectionB, refers to the comprehensibility of reference eisd
expressed in the two approaches.

A. Comparison of Expressiveness

The differences between the two approaches liehan t
different perspective over the required reuse djperaWhile
C-EPC refers to configuration only, assuming
organizations should align their business processts the
“best-practice”, ADOM-EPC adopts the specialization
approach. This approach considers organizationfoltow
common business logic in their own processes, wtlile
details of the specific process they implement iz
different. The ADOM-EPC perspective is also suppadrby
[4], in which a measurement of the level of reus¢he SAP
reference models in a number of case studies belgpng
different market segments indicates that full rewses not
achieved in any of them, although in some casedetred of
{fuse was remarkably high. The parts that were fuibt
reused were either modified or designed from shratc
Still, ADOM-EPC allows configuration operations as
mplified version of specialization. Table 2 sumines
various patterns for reuse of reference modelscatig their
support in ADOM-EPC and C-EPC. Most of the patteares
configuration patterns originated [B6]. Note that we joined
the split and join versions of the patterns and ‘@R’ and
'XOR' connectors (both denoted as "C" in the talds)their

that

specialized model can include elements which ar¢ ngepayior is similar in both approaches. This tatilews that

specializations of reference model elements. Thesapecific
additions that uniquely exist in the particularezptise and are
termedenterprise-specific elements (see Definition 14 in the
appendix) In Figure 2 the function€ancel Order, Wait for
Packages, and Check Required Transport Conditions do not
have reference model classifiers and, hence, aierpgise-
specific functions. The XOR connector which precsOeder
Inserted is also enterprise-specific, since it is not
specialization of any reference model connector.

In summary, the operations described above utittze
multiplicity indicators as a clear specification ahe
boundaries within which a specific model can bestarted
on the basis of a reference model. These boundeaigtire
the business logic embedded in the reference madides.
reference model classifiers keep trace of the speation
process and help process designers verify thardfegence
model constraints are kept. In addition, the foraefinitions
of the operations (in the appendix) can serve fdoranal
verification of a specialized model in terms of thesiness
logic specified in the reference model (f&4]).

V.COMPARINGADOM-EPCTOC-EPC

all the configuration patterns supported by C-ER€ also
supported by ADOM-EPC, although interleaved paralle
routing and sequence inter-relationships are ordytigdly
supported in ADOM-EPC. Regarding the interleavethlba
routing pattern, ADOM-EPC's representation is lesspact
than the one of C-EPC and may become overloaded &he
large number of sequence combinations exist. ADCRGEoON
dhe other hand, allows two reuse operations whieh ret
supported by C-EPC, namely multiple specializatiarsd
enterprise additions.

The difference between ADOM-EPC and C-EPC can best
be understood by examining the Sales process erashplvn
in Figure 1 and Figure 2. A C-EPC reference modeinf
which the model of Figure 2 can be derived musa etailed
model, including at least all the elements in Fg@, and
many others that may exist in other organizatidhsvould
necessarily include a function @heck Required Transport
Conditions, although this function is not applicable to most
organizations.

Note that many options can also exist for the digria
handling part, which is not even included in theafic model
of Figure 2. Yet, the model would not be able tecsfy all the
options that can exist in possible other specititina of the

To evaluate ADOM-EPC, this section compares it to gelatively compact ADOM-EPC reference model of Fegd.
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Table 2. ADOM-EPC vs. C-EPC: a theoretical compmaris

Pattern

Description

ADOM-EPC

Comments

Optionality

A function in a sequence th
can be switched off in an
instantiated model

<1, 1>

C-EPC allows optional switching ("opt"),
explicitly leaving the decision to run time. In
that case, two alternative paths should be
included in the specific business process: (4
with the execution of function 1 and (b)
without its execution. C-EPC does not
prescribe explicitly what to do with events A
and B if function 1 is discarded,
ADOM-EPC relates to design time decisiong
so run-time optionality is not related to this

pattern, and is allowed anyway. If function 1{i

discarded, event B is discarded too.

XOR/OR
split / join

A connector whose number
of paths can change or it cal
be reduced to a sequence

A -
SR, TR
S E

A
S
v
A
=y
@zl
v
A

ﬁ;

A Al A A AlA
& 2 A AflA 2
=3 oE e N B ) B P o
v = I N N N =17

v|v v v viv v

C can be eithev or XOR.
The connector can be specialized according

the specialization equivalence matrix (ADOM!-

EPC) or configurable connector constraints
(C-EPC). Note that the rules implied by both
are the same (s¢g)])

to

AND split /
join

A connector whose number
of paths can change

0, 1>

Al A A

A s
T S =
vV v

o

A
&
v

@

A
v

A

S
oS

v

Both C-EPC and ADOM-EPC allow mappin
a configurable AND connector to an AND
connector.

However, ADOM-EPC also allows omitting
the AND connector, implying that the
specialized business process consists of a
single path.

Interleaved
parallel
routing

The order in which functiong
appear in the instantiated
model should be determined
at design time, as long as th
functions are executed
sequentially

A
=
v

A
v

888
B

<0,1>

€

A A
bt LN
v v

<o,1>

<0, 1>

<0, 1>

<1, 1>

<1, 1>

ADOM-EPC explicitly specifies the possible
sequences, while enforcing design time
decision (by the XOR connector whose
multiplicity indicator is <0, 0>). This model
becomes complicated as the number of
possibilities increases. Note that in order to
avoid this, C-EPC introduced a new symbol
EPC.

to

Sequence intel

- Two inter-related functions,

<1,1>

ADOM-EPC enables expressing only

es

t at

relationship in this case mutually 0 exclusiveness between two functions and d
exclusive, so if one is <0, 1> not cover other possible situations supporte
included in the specific by C-EPC requirements and guidelines.
model the other should not 0,1> W:)j
appear <0A1> <u,B1>

TooN b <t 1>
1 2

Multiple A function, an event, a path, N/A P If ma>1, then A can be specialized more thg

specializationg| or a connector can be once in a single business process model, b
specialized several times in p most ma times. Furthermore, each
business process model specialization of A is connected to between

and mb specializations of B.

Enterprise An enterprise-specific N/A Implicitly allowed This operation is not constrained, and can

additions function, event, path, or always be performed in ADOM-EPC. Hence|

connector can be included i

a business process model

it is not indicated in the reference model.
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B. Experimental Comparison of Comprehensibility
Based on the theoretical comparison and the Sateegs

the forms of type A, the first task referred to arghase
requisition management reference model express€uiBRPC
and the second task referred to a purchase ordeagament

example, it seems that ADOM-EPC models are mucheMofeference model expressed in ADOM-EPC. In the foohs

compact and better support flexibility than C-EP@deils.
However, the operations of reuse by configuratitictv relate
to one abstraction level are much simpler thanehafsreuse
by specialization, which relate to two abstractlewels and
require a higher cognitive effort. Hence, the ukigbiof
ADOM-EPC may be questioned.
compare an important aspect of usability of ADOMeE&nd
C-EPC, we conducted an experiment whose aim was
analyze the comprehension of reference models ssgdein
C-EPC and ADOM-EPC for inexperienced or junior bess
process designers. The hypotheses, settings, aolisref the
experiment are reported below.

Experiment Hypothesis

Since ADOM-EPC refers to two levels of abstractiome
planned to check whether this has an effect over t
comprehension of the reference model and the pedvid
guidelines it encapsulates. In particular, we wartte check
whether the understanding of the possible reuseatipes is

different in ADOM-EPC as compared to C-EPC. Thus, wg

formulated the following hypothesis:

HO: The understanding level of a reference moddldrits
possible reuse operations is the same in ADOM-EROaC-
EPC.

H1: The understanding level of a reference moddlafrits
possible reuse operations is different in ADOM-ER in C-
EPC.

Experimental Settings

The subjects of the experiment were fourth yeadesits in
a four-year engineering B.Sc.
University of the Negev, Israel, who took the ceurs
“Information Systems in Industry” in the year 2008he
students belonged to two study programs, namelgyrration
Systems Engineering and Software Engineering. Thag
already worked in industrial projects and had krezgle and
experience in modeling and design. Thus, they may
comparable to junior business process designersndpthe
course, the students studied various aspects ofniaftion
systems in industry, where several sessions weveteld to
business process specifications, reference mod#s;, C-
EPC, and ADOM-EPC.

The experiment took place as part of the final dration
of the course. That part of the examination inctlitieo tasks,
in which the students were asked to respond ta ¢ige/false
comprehension questions about reference modelessqxut in
C-EPC and ADOM-EPC.

The students were divided arbitrarily into two goewf 20
students each. They were provided with alterngngn types
according to their seating positions, so this &byt division
into the two experimental groups closely approxadat
random division. Each group got a different testrfdype. In

program at Ben-Gurio

type B, the order of the tasks as well as their efind
approaches were inversed.

The comprehension questions referred to lawful nass
processes that can be generated from the proviefedence
models. These relate to mandatory and optionaltifume and

In order to assess agfents, to multiple elements of the same typesnterprise

stpecific elements, and to relationships among aiéshe
0

Experiment Results

The comprehension questions were checked accotdiag
pre-defined detailed grading policy, which includeatential
errors along with the number of points that shdaédreduced
for each error. Each comprehension question coctdesa
maximum of 1 point (8 points in total for each mbde
Incomplete answers, or incorrect answers, scoress le
rélccording to the detailed grading policy. The ssavere then
normalized on a scale of 0-100.

Table 3 summarizes the average scores of
comprehension grades. Since the sample size wasvedy
mall, we could not assume a normal distributiothefscores.
Hence, we used the Mann-Whitney non-parametric test
corroborate the hypothesis. The results show titabwegh the
average comprehension scores of the C-EPC modele we
slightly higher than those of the ADOM-EPC modetise
difference was not found statistically significatbus HO
cannot be rejected. Our conclusion is that the rataledability
of ADOM-EPC models is not different than that ofERC
models, while its expressive power is higher thaat of C-

the

Table 3. Results of the comprehension average grade

T
ADOM -EPC C-EPC s p-
Mean | Var | Mean | Var value
Purchase
Requisition | 52.5 27 55.31 19 -0.95 0.92%
Purchase
Order 62.81 12 65.9¢ 26 -1.17:2 0.241

b Although the results may be applied to inexperienoe
junior business process designers, as discussede abe
believe that the reuse guidance provided by ADONGERay
also be beneficial for expert business procesgydess as in
today’s environment business processes are the loaok of
the business and are frequently becoming more @mpl
However, this hypothesis has to be checked in ingus

VI.

Proposing ADOM as a platform for specifying and
specializing reference models relies on knowledgistiag
within the domain engineering discipline. As oppbs®

CONCLUDING DISCUSSION

! The reference models, the comprehension questions,the expected
answers with respect to both C-EPC and ADOM-EPCragmhes can be
found at http://mis.hevra.haifa.ac.il/~iris/res¢dADOM-EPCexp1l.pdf.
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existing reference modeling approaches, the prapASOM- e E, F, C are respectively finite sets of eventscfioms, and
EPC approach supports both reuse by specializationh connectors

configuration of reference models in business @ece ol ¢ C —» {A, XOR, v} is a function which maps each
modeling. Thus it overcomes limitations of othepryaches, connector onto a connector type

allowing both a high level of adaptability and rewglidance. oA c (ExF)U (FxE)U(Ex{ceClco>velorc—a
The evaluation of the expressiveness of ADOM-EP@nshit el) U(CXxE)U(FxC)u (CxF)u(CxC)is a set
is capable of supporting the configuration pattesh€-EPC of arcs

as well as other patterns which are not supporte@€4EPC. Definition 2 (path): A path p from g to n is a sequence
This expressiveness reflects the larger set ofereperations < n>, where k>1, ne EUFUC (i=1..K) and (n.y) <
that are supported by ADOM-EPC and enable a broadgrzi’:'i"’“k_i). We say "[hatir(izl...k) bel.(.J.ngs 0 thle I|+olath 0

var|ab|I|t_y n th_e spgcmc busm_ess process _made‘l‘i;ns n, is the source of the path, andisiits target. The length of a
expressiveness is achieved by using a consistelitiadto the . . . .
path is defined as the number of arcs in the path, (

EPC notation — the multiplicity indicators in theference
models and the reference model classifiers in teiqular k-1).
business process models. Furthermore, the expedmen .Useful notatlons:!_(?t EPC=(E F. C. 1 A) be an Event-
findings reported here show that the broader abiljpga °1 en Process Chain:
9 ported nere show inat Ihe broader a .Wa ¢ The set of nodes of EPC is defined as Nodes 4k C.
support does not harm the understandability ofpiissible
reuse operations. e C,={ceCll(c)=v} C.={c e C|I(c) =A}; Cxor =
Considering the possible usages of reference models {c e C|l(c) = XOR. .
discussed in Sectioh, these are well supported by ADOM- ® Source (a), target (a) are respectively the soamm

EPC. An ADOM-EPC reference model can serve asralatd target of an arc a A

for a variety of business processes and guidancihdodesign ~ ® The set of input and output nodes of a node Nodes

of new business processes in the same organizatiorarket are respectively sn={m | (m,A}, ne={m | (n,m)eA}
segment. Such model can be much compact than aGC-EP ® The set of join and split connectors are respelgtitg =
model and yet capture a higher level of variahiMhen using {ceC]||ck2},Cs={ceC]|lc}2}

an ADOM-EPC reference model for training processigiers e Cer ={c € C | c belongs to a path of length 2 from an
and enforcing organization policies, the referemedel event to a function}

provides high-level principles over which specificocesses o Cz = {c € C | ¢ belongs to a path of length 2 from a
will be designed and validated. In contrast, a GERodel function to an event}

provides detailed “best practices” which supportlyon e Ce={c € C | c belongs to a path of length 2 from an
configuration options. The higher abstraction lesfeADOM- event to an event}

EPC models can help stakeholders reach agreemgeinaible o C.. = {c € C | ¢ belongs to a path of length 2 from a
comparison of a wide range of processes. Howelveray also function to a function}

raise ambiguities and be difficult to communicateow.

Finally, both ADOM-EPC and C-EPC reference modals loe
used for implementing enterprise systems and spegif
configuration options supported by these enterpsigtems.
C-EPC is better suited for this purpose as it stispe limited
set of configuration options. An ADOM-EPC referemedel,

on the other hand, which can also be specializey, indicate
places where the system’s functionality can be relad in
adaptation to specific needs of the enterprise.

While the experimental results reported above pl@vi
evidence regarding the understandability of ADOMEEkhis
is only a first step in assessing its usabilityrther empirical
evaluations, possibly involving practitioners angerienced

Definition 3 (syntactically correct EPC): An Event-Driven
Process Chain EPC = (E, F, C, |, A) is syntactjcatirrect if
and only if the following requirements are satidfie

e The sets E, F, and C are pairwise disjoint, i.e\FE= &,

ENC=¢@,and AC = 3.

e Foreach &E: |e[< 1 and |es 1.

e There is at least one eventeeE such that |se| = O (i.e.
there is at least one start event).

There is at least one eventeeE such that |ee] = 0 (i.e.
there is at least one final event).
For each fe F: |f| = 1 and |fe] = 1.
For each o= C: |oc|> 1 and |cek 1. Furthermore, |c| = 1

business process designers, will enable a bettkratanding —>[ce[>1and |co| =3> |oc| >1.
and possible improvements of ADOM-EPC. In addition, ® Csand G induce a partition of C, i.e.,;€1Cs = @ and
further research is required to establish a congsikie C;uCs=C.
process for guiding reference model specialization. e Cgeand Grare empty, i.e., =9 and G- = @.
e Cgr and Ge induce a partition of C, i.e.,geNCre = &
APPENDIX ADOM-EPCFORMALISM and Gg UCre = C.

Definition 4 (Reference model): A referencemodel in
ADOM-EPC is a seven-tuple (E, F, C, I, A, Mutti), where:
(E, F, C, |, A) denote a syntactically correct EPC.

Definition 1 (Event-driven Process Chain): An Event-
driven Process Chain (EPC) is a five-tuple (E, F,I,CA),
where:
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o MULTcNx(NU{*}) is a set of multiplicity pairs (where
N is the set of the natural numbers and * represeht
Furthermore,v(k, m)eMULT, m > k must hold. The
elements in MULT are termeadultiplicity indicators.
mi:EL—>MULT is a function, where EL=EFUCUA is

the set of elements in the EP@eEUFUA, mi(n) = (K,

11

(1)s*" specializes®' A tinstantiates".

(2)For each arc&'=(n"", n.,"")ep™ such that there exist
n® n®Pepf®, nP” specializes A" A nE" specializes
e ™M = there exist a path from®hto n®F that is
included in .

Definition 11 (specialization equivalent): A type t of a

m) satisfies m>0 min(el) returns the lowest multiplicity connector ispecialization equivalent to a type t if a connector
of the elementand max(el) returns the upper-mostB® |(c®=t can be considered as a specialization of a
multiplicity of the element, i.e., mi(el)=(min(el), connector &, I(c*)=t'. The cell SE; in Table 1 defines
max(el)) whether a type t is specialization equivalent tgpe t'.

Definition 5 (Business process model): A business process  pefinition 12 (connector specialization): A connector ¢ in
model in ADOM-EPC that corresponds to a referenceleh 3 pusiness process model BP=(E", F**, C°F, I°®, AP, RC, cl)
RM = (B, F*Y, ™, "M AT, MULT, mi) is a seven-tuple gpecializes a connector ¢ in a reference model RM=(E™,
(EBP, F?P, CF IBP, AR RC,cl), where: FRM CRMRMARM MULT, mi) iff:

o (B, F¥", C*, I°", A™") denotes a syntactically correct(1) Their roles are the same, namel§*eC™™ iff c®PeC2?)
EPC. and (EVeCSM iff cBPeCsP).

RC is a set of elements in the reference model RNR) Their types are specialization equivalent, ikctF) is
RCEL™=(EMOFTMUCTMOATY). specialization equivalent 1¢c™™).
c:EL**>RC is a mapping, where (3)1f ¢® is a split connector than it splits at least two

ELPP=ERPUFPPUCPPUAP™. The elements in RC are
termedreference model classifiers.

Definition 6 (function specialization): Let BP= (EF, F*",
CBP IBP
(ERM FRM CRM U IRMARM MULT, mi) — a reference model. A
business process functiorf"€F®" specializes a reference
model function ™M F™M iff ¢l (f27)=f"M.

Definition 7 (dependency): An event & in model M
depends on a function ¥ in the same model iff the path from
" to €" includes only arcs and connectors. Notatidhif&.

Definition 8 (dependee group): The dependee group of "
is defined as B"={f" | &},

Definition 9 (event specialization): Let BP= (EF, F?F, C°",
I AP® RC,cl) be a business process model and RM®(E
M M IRMOARMD MULT, mi) — a reference model. A
business process everif eE” specializes a reference model
event 8Y¢ ERV iff:

(1) cl(eBP)=e™™.

(2)If D&M=, then R~ and 3% DSF, Me DSV
such that ¥ instantiates . In other words, if the
event depends on at least one function in theaper
model, then its specialization depends on at least
specialization of that function.

Definition 10 (path specialization): A path p® from a
source element & to a target element t% in a business
process model BP=(E*F, F?°, C®", IB” ABP, RC,cl) specializes
a path p™ from s™ to t™ in a reference model RM=(E™",
FrM M IRMEARMOMULT, mi) iff:

2 Note that for €C mi(c)=(k, m) allows iz0. The meaning afi(c)=(0, 0) is
explained later.

3 Note thatcl is not necessarily a complete mapping, i.e., theight be an
element eEL®P such thatcl(e) is not defined, implying that e is an
enterprise-specific element.

4M can be a reference model or a business procedsim

, AP RC, cl) be a business process model and RM=

specializations of reference model paths split By in the

reference model. Formally expressed, #'eCs™ (and

consequently €eCEF), then there exist paths®h, p.°" in

BP and gV, p,"™ in RM, such that:

a PP PSP A pM £ pRY

b. c®is the source of,f” and of p®"

c. c™is the source of,f™ and of p°

d. p.°" specializes f andpgp, specializes f™

e. —3a connector &e p*"~n p,* such that &

specializes & (meaning that there are no sub-paths

that are valid specializations)

(4)If c® is a join connector than it joins at least two

specializations of reference model paths joinectBY in

the reference model. Formally expressedtfeC;™" (and
consequently e C£P), then there exist paths®h, p,®" in

BP and g™V, p,"™ in RM, such that:

a. plBP;ﬁ szP/\ leM # szM

c®is the target of f° and of p®°

c™ is the target of f and of g™

p:%" specializes f andpgp, specializes FM

—3a connector ¢ p*n p° such that &

specializes & (meaning that there are no sub-paths

that are valid specializations)

Definition 13 (model specialization): A business process
model BP=(E?", F?F, C®F, I*", AP RC, cl) specializes a
reference model RM=(E™™, M ™M [”M | ARM MULT, mi)
iff:

(1) Vfunction f"eF™ such that mift)=(k, m) = 3r
functions ff” € F?" (i=1, ..., r where k& r < m) such that
fi®F specializes™.

(2) Vevent E"cE™ such thatmi(€®™)=(k, m):

a. If DM (i.e., & is an intermediate or final event),
then Vf®"eF®” such that ¥ specializes ™D, 3r
events & eEP (i=1, ..., r where k& r < m) such that
e®Pspecializes .

®ooo
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b. If D&M= (namely, 8" is a start event), thelr events
e®" eE®” (i=1, ..., r where k< r < m) such that &
specializes &".

3) varc &=, n,"M e AR, mi(@™)=(k, m), if "™ and
n,"™ are specialized in BP, theln paths g* (i=1, ..., r
where k< r < m) from n® to n,?" where ¥ specializes
a™ A n,®F specializes fVA n,°" specializes f™.

(4) Vconnector ®eC™ such that mi(c®™)=(k, m) 3r [16]
connectorg®” e C® (i=1, ..., r where ik r < m), ¢
specializes &".

Note the possibility that k=0, in which case itpessible [18]

that r=0.

Definition 14 (enterprise-specific element): Let RM be a
reference model and BP — a business process thaiafipes [19]
RM. An enterprise-specific element is an element in BP which
cannot be considered as a specialization of aeweféer model
element in RM. [20]

(14]

[15]

[17]

REFERENCES

[1] Becker, J. Delfmann, P. and Knackstedt, R. (200¥gplive Reference
Modeling: Integrating Configurative and Generic ptiion  [21]
Techniques for Information Models, In Becker, J dpelfmann, P.

(eds) Reference Modeling: Efficient Information f&yss Design
Through Reuse of Information Models, Physica-VeHty p. 27-58. [22]

[2] Bernus P. (1999) Generalised Enterprise Refererrchitacture and
Methodology Version 1.6.3. IFIPIFAC Task Force orclitectures for
Enterprise Integration.

[8] Curran, T. and Ladd, A. (1999) SAP R/3 Businessepfint: [23]
Understanding Enterprise Supply Chain Managemend é&dition,
Prentice-Hall, Englewood Cliffs, NJ.

[4] Daneva, M. (2000) Reuse Measurement in the ERP iRegents
Engineering Process. In Proceedings of Softwares®efdvances in
Software Reusability, 6th International Conferenloegture Notes in
Computer Science 1844, pp. 211-230

[5] Dreiling, A., Rosemann, M., van der Aalst, W.M.Badiq, W., and
Khan, S. (2005) Model-driven process configuratioh enterprise
systems. In Proceedings of Wirtschaftsinformatil020eEconomy,

12

Models. In Proceedings of ER 208019" Conference on Conceptual

Modeling, p 484, Springer-Verlag, Berlin.

Reinhartz-Berger, I., Soffer, P., and Sturm, A.Q@0Organizational
Reference Models: Supporting an Adequate Designooél Business
Processes. International Journal of Business Psolrgegration and
Management 4 (2), 134-149.

Reinhartz-Berger, I. and Sturm, A. (2007) EnhandiMdL Models: A
Domain Analysis Approach. Journal on Database Mamemt (JDM)
19 (1), special issue on UML Topics, 74-94.

Rosemann, M. and van der Aalst, W.M.P. (2007). Anf©urable
Reference Modeling Language, Information System&l321-23.
Scheer, A.W. (1998). Business Process EngineeRafgrence Models
for Industrial Enterprises, Springer Berlin.

Schuette, R. and Rotthowe, T. (1998) The Guidelafédodeling — an
Approach to Enhance the Quality in Information Misdeln

Proceedings of ER 1998 —"1Tternational Conference on Conceptual

Modeling, p 240, Springer, Berlin.

Shenhar, A.J. and Bonen, Z. (1997) The New Taxonofrgystems:
Toward an Adaptive Systems Engineering FrameworEEH
Transactions on Systems, Man, and Cybernetics—2&ystems and
Humans 27 (2), 137-145.

Soffer, P., Reinhartz-Berger, I., and Sturm, A.ilRating Reuse by
Specialization of Reference Models for Businessc&s Design.
CAISE'07 workshop proceedings, Tapir Academic Rreps 339-347,
(2007)

Stephens, S. (2001) Supply Chain Operations Referedodel
Version 5.0: a New Tool to Improve Supply Chaini&éncy and
Achieve Best Practice. Information Systems Froat&(4), 471-476.
Thomas, O. (2005) Understanding the Term Referedogel in
Information Systems Research: History, Literatur@alsis and
Explanation. In Proceedings of First Internation&forkshop on
Business Process Reference Models, Nancy, Franté, p

Van Es, R. (1998) Dynamic Enterprise InnovationaBaBusiness
Innovation B.V. The Netherlands.

Iris Reinhartz-Berger is a faculty member at the
management information systems department, Untyeo§i

engineering in 1999, and Ph.D. in information syste
engineering in 2003, all from the Technion, Isrimsttitute
of Technology, Haifa, Israel. Her research interéstlude

eGovernment, eSociety (Ferstl, O.K., Sinz, E.J.ke¢ S., and conceptual modeling, modeling languages and teciesidor analysis and
Isselorst, T. Eds), p. 687, Physica-Verlag. design, domain analysis, development processesnatttbdologies.

[6] Fettke. P. and Loos, P. (2003) Multiperspective l&Eaton of
Reference Models — Towards a Framework. In Proocgsdof ER'03
Workshops, LNCS 2814 (Jeusfeld, M. and Pastor, @s)Ep 80,
Springer-Verlag, Berlin.

[7] Fettke. P., Loos, P., and Zwicker, J. (2005) Bussrierocess Reference
Models: Survey and Classification. In Proceedingé @irst
International Workshop on Business Process Refereliodels,
Nancy, France, p. 1.

information systems department, University of Halte
received her BSc in 1991, her MSc in 1994 and PhD

Technology. Between 1994 and 1998 she worked in
industrial company, dealing with production plargiand

Haifa. She received her B.Sc. in computer scieme a
mathematics in 1994, M.Sc. in information systems

Pnina Soffer is a faculty member at the management

2002 from the Faculty of Industrial Engineering and
Management at the Technion, Israel Institute of

an

[8] Gehin, A.L. and Staroswiecki, M. (2008) Reconfigioa Analysis ERP implementation. Her research interests arenbssi processes and
Using Generic Component Models. IEEE TransactionsSgstems, conceptual modeling, including ontological foundas of both.

Man, and Cybernetics—Part A: Systems and Humar(83%75-583.

[9] Graves, A.R. and Czarnecki, C. (2000) Design Rsdtéor Behavior-
Based Robotics. IEEE Transactions on Systems, Mand
Cybernetics—Part A: Systems and Humans 30 (1),136-4

[10] Lang, K., Glunde, J., and Bodendorf, F. (1997) Anfework for
reusable reference process building blocks. ACMGRGUP Bulletin
18 (1), 68 — 70.

[11] Levchuk, G.M., Levchuk, Y. N., Luo, J., Pattipd€iR., and Kleinman,
D. L. (2002) Normative Design of Organizations—PartMission
Planning. IEEE Transactions on Systems, Man, artzb@etics—Part
A: Systems and Humans 32 (3), 346-359.

[12] Malone, T.W., Crowston, K., and Lee, J. (1999) Fofur Inventing
Organizations: Towards a Handbook of OrganizatioRabcesses.
Management Science 45 (3), 425-443.

[13] Misic, V.B. and Zhao, J.L. (2000) Evaluating theality of Reference

Arnon Sturm (M’'09) received his B.Sc. in industrial
engineering and management in 1995, M.Sc.

Information System Engineering in 2004, all frome th
Technion, Israel Institute of Technology, Haifaak.

Force in integrating real-time and information syss. He

then moved to Amdocs serving as a team leaderr Aftting his Ph.D.

studies he joined IBM Haifa research labs till 2002 2005 he joined

Department of Information Systems Engineering ai-Barion University of

the Negev. His research interests consist of softwi@velopment methods,
domain engineering, and agent-oriented softwareergng.

management and operations research in 1999, Ph.D.

in
i

Between 1995 and 1998 he worked with Israel Defense



