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Abstract — System modeling patterns are similar to workflow  process. Secondly, patterns are important for Wauation
patterns, which were established with the purpose fo of the expressive power of semantic modeling laggsa
delineating the requirements that arise during busiess process [18]. Comprehension and visual recognition of theagerns
modeling on a recurring basis. Traditionally, only dynamic s necessary for building more specific patterriatans and
aspects are usgd for specification of modeling pattns leaving  composing them in different ways. Each modelinggpat
aside the static aspects of business processes. Th@per  |anguage can be formally described using a setafeiing
presents three conceptual modeling patterns wherategrity of constructs and semantic rules.
totally different aspects can be analyzed. The adwgage of Service-oriented modeling method [9] presentedhia t
such a modeling approach is that it enables visuaktion and paper is based on the ontological principles [2] tioé
integration of different modeling dimensions of inbrmation .
system specifications in a single diagram. Many gphical ;:r?ncept oflsetrwcte [6],fand on a Cﬁ.mrTQ” urtl(jeést@dcllaf
representations do not allow such a visualization ral an e gene;ra S ruc'uredo $ng|ce,v¥] Ich 1S n(];) ey Cei. y
integration of static and dynamic aspects. any imp emgntatlon ecisions.. The most ascina e
about a service concept is that it can be applipléy well

Keywords-Modeling patterns;, service-oriented constructs; to organizational as well as technical settingsnéans that
datic and dynamic aspects; synchronization, selection and conceptual representations of service define coatiout
enclosing patterns. independent aspects of business processes. Business
processes can be seen as service compositionsh ahgc
I INTRODUCTION used to specify seryice _architecture. Service .mrctnjre can

] be applied for specification of business processésrms of

Analysis patterns are groups of concepts that septea  grganizational or technical services. Our assumpisothat
common construction in business modeling [7]. TRe§  service-oriented representations can be commudicate
similar to workflow patternS that were 0r|g|na”ytab||shed among business experts and System designers more
with the aim to define and visualize the fundambntaeﬁective|y' Using service-oriented mode“ng, infation
requirements that arise during business proces®limgdn  systems  can be structurally visualized as evolving
a recurring basis [19]. Workflow patterns are usudéfined  conceptualizations of service architectures. Thierjtay

by using Business Process Modeling Notation, Udifie petween UML diagrams and service-oriented constroah
Modeling Language (UML) Activity Diagram [16], or a be also found there [10].

express process behavior but do not take into atdbe  gsystems is mostly bound to the term of servicerveid
static aspects of business processes. They doxpbtity architecture. According to Hagg and Cummings [12]
show what happens with the objects, which repredatd, Service-Oriented Architecture (SOA) is a softwarc-;
when some activity takes place. Integration ofistand architectural perspective, where service is the esam

dynamic aspects is important for the control of aetic component in component-based system development
integrity among interactive, behavioral and struataspects . B :
ntegrty gl Ve, v P methodologies. It represents a set of guidelinek design

of a system [9]. Semantic integrity is critical mmaintain a Gipl h | i lati d
holistic representation of system specifications. chpture ~ Principles, such as loose coupling, encapsulatiense an
composability [5] [22], in which business processas be

the holistic structure of the problem domain, inecessary ) ‘ .
to understand how various components are inteectlat effectively reorganized to support the businesatety [17].

Analysis patterns presented in this paper are notsti From a business management perspective, SOA caitpro
using the principles of service orientation and/taee called the possibility to reach business flexibility. Inables
conceptual modeling patterns. These patterns apertant ~ business processes to be analyzed in terms ofceervi
for two major reasons. Firstly, they can be used foConflicting views on the concept of service is afethe
demonstration of the interplay among fundamentabbstacles to the attempts to develop a new sciarice
constructs that are used in system analysis anéjrdes services [3] and new academic programs focusing on
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services [1]. This discipline takes a broader pertipe of interacting loosely connected subsystems that feenvice
services as opposed to technical descriptions [20]. architecture.

We use the concept of service as in the senserdtee
science. It“can be understood as an action or a set of
actions that are performed for some valugl]. In the
context of enterprise modeling, it is necessaryh&wve a
broader understanding and interpretation of thevicer
concept as the definition of service goes well Inglyo Requester
activities that are realized using software apfilices. The
definition of service provided by Sheth [20] emphes a
provider - client interaction that creates and gegxt value. It
emphasizes a value exchange between two or motiegpar
and a transformation received by a customer [3]e Th
concept of service facilitates a change of busidesa from
one valid and consistent state to another. In th#ipsector
it sometimes denotes organizational actions. Adngrdo
Ferrario and Guarino [6], services are not tramadfer,
because they are events, not objects. The mairogeirpf
service orientation is to capture business-releva
functionality. Taking into account the nature o€ thervice
concept, which is based on interaction betweenewdifft
actors to create and capture value, a servicetedemnay of
thinking could be applied for a computation-neutrahlysis
and design of business processes as well as fatiameof
conceptual modeling patterns.

This paper is organized as follows. In the nextisec
static and dynamic aspects of service interactioa
described. Three different modelling modeling pateof an
integrated method are presented in the third seckmally,
in the fourth section, concluding remarks are prase

Performer

Figure 1. An elementary service interaction loop

A service cannot be defined without specifying the
nipteraction, the result of which creates valueh® actors [8]
involved. Service is first of all a dynamic act dbing
something to somebody. It means that there are more
elements necessary to construct a concept of sethém just
the process of ‘doing’. As there are always somrac
involved in such process, it signifies that it is a
communication act or an interaction between human,
organizational or technical components. One isregkor
something and another actor provides it. The pwfobs
action always takes place in a service. It pressrib
responsibilities for the actors involved [1].

The dynamic aspect of service includes not just
interaction ¢-=») between actors, but also the resulting
Il.  SERVICE AS AN INTERACTION behavior among passive classes of objects whericserv
@&ctions are initiated. The transitions betweenipasdasses
of objects are resulting from interactions betwesative
concepts. The internal behavior or so called ohject
perspective defines the dynamic aspect, which jsessed
by object transitions between various classes géatd
Classes A, B, and C define the structural aspdatata. In
such way, service modeling enables integrationusiress
process and business data (see Figure 1).

There are two basic events for semantic modeling of
service construct: creation and termination [9]eJéd two

interaction loop that can be defined by a numbetosis in events are used for the definition of a reclassiitn event,
which is considered as a generic modeling constréct

two opposite directions. This idea is represen jcall ; ) . L
bp 4 repigcally ;creation event is denoted by an outgoing transiéisow to

by an elementary service interaction loop, which is " o |
delineated in Figure 1. a post-condition class. A termination event is espnted by

The main principle of service-oriented method isdsh & transition dependency directed from a pre-coowiibbject
on designing services as interactions among difere €lass. Before an object is terminated, it must tEated.
enterprise actors. Service architecture can besepted by ~Since a future class makes no sense for a termmatient,

a composition of interaction loops. Actors in iteion it is not included in a specification of action.eRrondition
loops can be seen as active elements. These ekepsnbe class in a termination action can be understoodires
organizational or technical subsystems. Organimatio during an object’s life time. Reclassification af abject
subsystems can be individuals, companies, divisiomsles, can be defined in terms of a communication acthwat ts
which denote groups of people. Technical subsystamde terminating an object in one class and creatirag ihe same
represented as software or hardware components. Anyme in another class. Sometimes, objects passraleve
coordination flow between actors [4] must be md#daby  classes, and then they are removed. A graphicatiootof

the resulting value flow. In such a way, any enisg the reclassification action is presented in Figure
system can be represented and analyzed as a set of

The action being goal-driven always results in som
value to the actor. To get the result, which presigdalue on
demand, four key elements are necessary: sernigeseer,
service request, service performer and serviceoresp
Interrelations among these elements construct tenaiction
loop which is necessary to represent service strect
Without one of these four elements, the concepentice
loses its meaning. Service performers receive eervi
requests and transform them into responses thatesteto
the service requesters. Service can be charaalebigean
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Reclassification
Construct

Pre-condition
Class

Reci-

Agent pient

Post-condition
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Figure.2. Graphical representation of a reclasgifin action

concepts (in the same way as any two actors) cdmked
by the attribute, inheritance or composition degeries [9].

Constructs based on service orientation were usethé
design of three modeling patterns. A single diagtgpe
helps to focus on modeling integration of statid dgnamic
aspects. Various combinations of dependencies ldeeta
express the main workflow control patterns such
selection, synchronization and enclosing of tratisac
Synchronization and enclosing patterns are predetite

MODELING PATTERNS

Fundamentally, three kinds of changes are possiblgst time in this paper. Ignoring the static agpenf data in

during any transition~—»). An action is either terminating tpe pattern modeling research creates fundamental
If just dynamic aspects are taken oint

or creating an object, or it can perform terminmatiand
creation at the same time. Pre-condition and postition
classes typically define constraints on objectschvinestrict
the sending and receiving of communication flowsrveen
technical or business components. A reclassifinatiction
in a computerized system can be implemented edkea
sequence of one or more object creation and tetimma

difficulties.
consideration, then the quantity of patterns ineesaand

as

their usage for business process modeling becontes m

complex. Comprehensibility and visual recognitiohtioe
fundamental patterns is necessary in constructiragem
specific pattern variations by composing them imiots

operations. Request and response flows, togethén wiWays.

created and terminated object classes, are cruaial
understand the semantic aspects of service ini@nactA
pre-condition object class and the input flow shkoble
sufficient for determining a post-condition objetdss.

A. Synchronization pattern

A synchronization pattern is used when some ai#vit
must be performed concurrently. This pattern combitwo

The attribute dependencies are stemming from thearallel paths of activities. Both paths must benpteted
before the next process can take place. The primary

traditional data models. Semantics of static deppoi@s in
object-oriented approaches are defined by mulitjEi
They represent a minimum and maximum number ofobbje
in one class that can be associated to objectather
class. We use only mandatory static dependencies &t
least one side of association. A graphical notatbrihe
attribute dependencies and their cardinalitieemeasented
in Figure 3.

[A F—H 8]

B is a mandatory single-valued
attribute of concept A

[ A F—<— B |

Concept A is a composition of
exactly one part B

LA {8 |

B is a mandatory multi-valued
attribute of concept A

18 |

Concept A is a composition of
one or more parts of B

[ A /> B |

A is a specialisation of
concept B

A

B is a condition
or state of concept A

Figure.3. Graphical notation of the attribute dejfmties

interaction loop is composed of a more specifiplam a
lower level of granularity. In this case, a servictraction
loop on the lower layer of decomposition is viewaslan
underlying interaction loop. The execution of thelerlying
loop must be synchronized with the primary intdmact
loop. The synchronization pattern is presentedguie 4.
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Figure 4. Synchronization pattern
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This notation corresponds to a classical way for

representing associations between two entities. [CB]e
significant difference of this notation in serviogented
modeling method [9] from the traditional approackethat
the association ends are nameless. Dependenciewase
used to represent association names or mappingeedet
two sets of objects in two opposite directions. Amyo
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This pattern illustrates that the action of Reqlieséates
a compositional object B, which consist of partsADleast
one part D must be created. Then object B is reifiled to
C, object D must be also reclassified to E and tber. If a
compositional object is created, then the partscezated as
well. If a compositional object is removed, thea farts are
terminated at the same time. That is the reason thhy
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action is propagated from a whole to a part acogrtl the
rule of class composition. The propagation of adtids a
useful modeling quality. It allows a natural modgliof
concurrency. Synchronization pattern is similacaacurrent
activities (fork and merge of control) in an advidiagram
[16].

The graphical example of synchronization is illattd
in Figure 5. In this example, the object reclasaiion
effects represent the important semantic detailsaof
unambiguous scenario in which three interactiorptoare
combined. Create Reservation action propagateans pn
the lower level of abstraction. Termination diotel
Reservation Requestrequires termination of Hotel
RoonjDesirablg. Creation of Hotel Reservationrequires
creation of one or morklotel RoorfiReserveld According
to the presented diagram, the underlying interactamp

action Select Roomcan be reiterated more than once,
becauséHotel Reservatioris defined as the composition o

one or moreéHotel RoorfReservef

The underlying interaction loop describes a Cust&ne
response to the Hotel Reservation System’s reqliest.
customer expects to receive a Reservation flow ftbm
Hotel Reservation System, it is necessary for fonget a
reply in the underlying loop from the technical qmnent.
The request and reply of the second underlying l@op
specified as follows:

If Offer Rooms (Hotel Reservation System» Customer),
then Select Room(Customer=» Hotel Reservation
System).

The actions of the underlying loop are synchronizét
the primary interaction loop. According to the mEneted
description, Create Reservation is a reclassificatiction,
which is composed of the Offer Rooms and Selectni®oo
actions on the lower granularity level. The SelBdom
action cannot be triggered prior to the Offer Ro@uison. It
can be performed several times for eadHotel

fRoorrﬁAvaiIaqu. Hotel Reservationis a compositional

object. When it is created, such parts &dotel
RoonjReservefand CustomeflLogged-ij must be created

- Room | Request \ _ _ _ ________
- Requirements Room /T TTT==- > Hotel
= Reserva-
tion System
Customer T
Hotel Reservation )
Request 4
Reservation |4~
Customer
Hotel
Reservation
Available Hotel
- --" Rooms -~
- Rooms ke
4 i ~ <~
Hotel Room Customer Hotel
Hotel Room N . e = Reserva-
Customer Offer g oseneaneate, Reserved { Logged-in } tion System
{_Available - - 4
- «
Se~ao e
________________ Select e _____——"—-
Room
_______________________ Request to
___________ Authorize ~
4 ————— N \\
\
Customer Customer \
--------------------- A
e
N6 ————oo L s | N Hotel
S~ > Room Guest | - Enter Reserva-
Data ~~~—pp( Customer Fo—-ccc e e W] tion System
Data

Figure 5. Example of a synchronization pattern
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as well. The first underlying loop is necessary dffiering
available rooms and selecting of a desirable roGreation

The selection pattern in the presented examplebean
explained as follows. Th&light Reservation Requess

of Customejt.ogged-ir} object requires to initiate Request to created and then it is reclassified iflight Reservatiorin
Authorize and Enter Customer Data actions that arghe Create Reservatioraction from theTravel Agent If

represented by the second underlying loop.

B. Selection pattern

The Selection pattern can be expressed using
composition of two different sequences betweensime
two actors. It represents two alternative outcornésa
service request that can be selected by serviceidao
Two possible ways of replying by service providee a
mutually exclusive. Only one type of response ipested
by a service requester. If the first alternativesjected, then
the performer is trying to invoke the second akiie. The
selection pattern was previously published andait be
found in [11]. It is similar to branches in UML [L6The
selection pattern is represented graphically inufadb.

~<

Requester Performer

Figure 6. Selection pattern

Response 1 and Response 2 are two exclusive actions

a performer. If Response 1 is initiated, then agamedition
class object B is removed and a post-conditionsclasis

created. If Response 1 has failed, then Responsg 2

triggered, which reclassifies object B to D. Thamyple of
selection pattern is represented in Figure 7.

Request S
_ - - Flight Request -~~~ Flight /= = 77===<__ -
R S~
.
/

Flight
Reservation
Request

Travel
Agent

Customer

LY
v \

\ \
\ N
\ S
\ S -
\ Reservation -
\

Rejected
Request Flight
Reservation

Figure 7. Example of a selection pattern

Decline
Request
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Travel Agentcannot create &light Reservationthen the
alternative action of Decline Request is takingeeldn this
case, theFlight Reservation Reque$ terminated and a
low of Rejected Request is sent to tBeistomer This
action allows the&Custometto reiterate the search again.

C. Enclosing pattern

An enclosing patternis defined by a primary and a
secondary interaction loop between requester arfdrpeer.
In carrying out the work, a performer may play thke of
requester in the secondary interaction loop byiaitiitgy
further interactions. In this way, a network of $ety
coupled actors with various roles comes into id&srpo
fulfill the original service request. Organizatibreystems
may be composed of several interaction loops, wiaieh
delegated to more specific components. Enclositigpais
similar to the enclosing of a transaction [4]. Ancl®sing
pattern is represented graphically in Figure 8.

Requester

Figure 8. Enclosing pattern

The primary interaction loop consists of Requestdl a
Responsel actions. For the creation of object Bhim
primary loop, it is necessary to create its propé&rtin the
secondary loop. The reclassification of object Etrequires
the removal of E and creation of F. So, the enatpsoop
cannot be completed if the secondary loop is matlified.

IV. COCLUDING REMARKS

The goal of this paper was to demonstrate how the

suggested service-oriented constructs can be umethd
creation of three different modeling patterns. Ttradally,
modeling patterns are constructed taking into actqust
dynamic aspects of business processes. The adeaoitéee
suggested modeling constructs is that they alldegiration

of both static and dynamic aspects. One of the main

contributions of this paper is the presentatiortvad new

patterns such as synchronization and enclosing. The

separation of static and dynamic details of thesgmeed
patterns creates fundamental difficulties for twajon
reasons:
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1) Since the static aspects must somehow be compdnsate
by using dynamic constructs, the number of patterns
becomes bigger than is really necessary. Sometime¥]
the pattern differences are difficult to understamd 8]
they are visually unrecognizable by business egpert

2) If static aspects are not taken into account, thegterns
will become more complicated to use them for thef9]
purpose of blending enterprise and software
engineering.

The semantics of service architecture can be difiye
using one or more interaction loops. Each intesadmop is
composed of creation, termination or reclassifarati
actions. By matching the interaction dependenciesn f
requesters to providers, one can explore oppoitsnihat
are available to different actors. The static deljpewcies
define complementary semantic details, which angoitant
for reasoning about service interactions. The exasnpf
corresponding behavior are presented in this papewvell.
The novelty of such a way of modeling is that ibkles
integration of static and dynamic aspects, whicke ar [13]
important to maintain a holistic representation of
. k e . : [14]
information system specifications. Service-orientealy of
modeling is computation-neutrddiagrams follow the basic
conceptualization  principle in  representing  only
computationally neutral aspects that are not imfteel by
any implementation solutions. Since computationtrau
representations are easier to comprehend for hassine
experts as well as system designers, they_ fgeilitatm]
understanding and can be wused for bridging a
communication gap among different types of stake¢rsl.

[10]

[11]

[12]

[15]

[16]

[18]
REFERENCES
) [19]
[1] S. Alter, Service System Fundamentals: Work Sysiéahje
Chain, and Life CycledBM Systems Journal, 4T), 2008, pp.
71-85.
[21 M. A. Bunge,Treatise on Basic Philosophy, vol.4, Ontology
Il A World of Systems Reidel Publishing Company, [20]
Dordrecht, Netherlands, 1979.
[3] H. Chesbrough and J. Spohrer, A Research Manifiesto
Services ScienceCommunications and ACM, @9, 2006, [21]
pp. 35-40.
[4]1 J. Dietz, Enterprise Ontology: Theory and Methodglo
Springer, Berlin, 2006. [22]

T. Erl, Service -Oriented Architecture: Conceptschnology,
and Design. New Jersey: Pearson, 2005.

R. Ferrario and N. Guarino, Towards an Ontological

Foundation for Service Science. Ifruture Internet-
FIS2008:The First Internet Symposium, FIS 2008 Néen

(5]
(6]

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-345-2

Austria. Revised Selected PapeBerlin: Springer, 2008, pp.
152-169.

M. Fowler, Analysis Patterns: Reusable Object Models
Menlo Park: Addison-Westley, 1997.

J. Gordijn, E. Yu, and B. van der Raadt, e-Senbessign
Using i* and e3 value ModelindEEE Software, 2@) 2006,
pp. 26-33.

R. Gustas and P. Gustiene, Conceptual Modeling ddetbr
Separation of Concerns and Integration of Structanel
Behavior, International Journal of Information System
Modeling and Designyol. 3 (1), New York: IGI Global,
2012, pp. 48-77.

R. Gustas, Modeling Approach for Integration analgtion
of Information System Conceptualization$nternational
Journal of Information System Modeling and Desigol.2
(1), New York: IGI Global, 2011, pp 45-73.

P. Gustiene, Development of a New Service-Oriented
Modeling Method for Information Systems Analysisdan
Design. PhD Thesis, Karlstad University Studies1®@9,
2010.

S. Hagg and M. Cummings, Managing Information Syste
for the Information Age. New York: McGraw-Hill, 280

J. A. Hoffer, J. F. George and J.S. Valaci®todern Systems
Analysis and DesigriNew Jersey: Pearson, 2004.

I. Jacobson and P. W. NgAspect-Oriented Software
Development with Use Casééew Jersey: Pearson, 2005.

K. Jensen, Coloured Perti Nets. Basic Concepts,lyAiza
Methods and Practical UseéMlonographs in Theoretical
Computer Science, 1, 1997

OMG, Unified Modeling Language Superstructure, version
2.2. Retrieved March 7, 2014, from
www.omg.org/spec/UML/2.2/.

M. P. Papazoglou and W. J. van den Heuvel, Se®@ented
Design and Development Methodologyournal of Web
Engineering and Technology4, 2006, pp. 412-442.

A. A. Rad, M. Benyoucef and C. E. Kuziemsky, An
Evaluation Framework for Business Process Modelling
Languages in Healthcaréournal of Theoretical and Applied
Electronic Commerce Researcli2yi 2009, pp. 1-19.

N. Russell, A. H. M. Hofstede, W. M. P. Aalst andNiulyar,
Workflow Control-Flow Patterns: A Revised ViegBPM
Centre Report BPR-06-22). Retrieved March 5, 20bnf
www.workflowpatterns.com/documentation/documentd/BP
06-22.pdf.

A. Sheth, K. Verma and K. Gomadam, Semantics todine
the Full Service SpectrumCommunications of the ACM,
49(7), 2006, pp. 55-61.

P. Spohrer, P. Maglio, J. Bailey and D. Gruhl, Stépwards
a Science of Service SystemlBEE Computer 4(), 2007,
pp. 71-77.

O. Zimmerman, P. Krogdahl and C. Gee, Elements efvi€e-
Oriented Analysis and DesigrRetrieved March 6, 2014from
wsdl2code.googlecode.com/svn/trunk/06-CD/02-
Literatur/Zimmermann%20et%20al.%202004.pdf.

24



