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Abstract Variation Mechanismsautomatic building of the
products based on the systematic reuse of the “Core
Software Product Lines (SPL) and Service-Oriented Assets”. Each asset is a software component with

fixed specifications allowing to:
Configure the products through asset
integration procedures;
Specializethe assets through the specification
of their parametric parts.

A SOA is a software architecture able to orchestrat
web services to guarantee the integration of
heterogeneous systems in a business process. AiSOA
customer needs in changeable environments. made up O.f. component.s and interconnections stgssin

All this is realized using the Business Process&in interoperability and location transpargncy. .
(BPL) concept together with the Process Oriented Early research works, concerning. the_ comparison
Development (POD) paradigm. A BPL realizes process betv_veen.SPL and SOA, are Just appearing in tha_;vaoét
models suitable to different customers or markghsnts engineering research community [4]. In particular a

needs. The POD paradigm allows to transform a psece crucial research question is: how can SOA systems
model into a SOA system benefit from SPL good practices (i.e. reuse andhatian

management approaches)? Or in other wevhat is the
core assetand how can we implement thevariation
mechanismf the SOA system context?

Architectures (SOA) are two emerging approachethéo
software development currently receiving great ratta
both in research and in practice.

Our work suggests an approach to transfer the main
peculiarities of the SPL (i.e. asset reuse and atem
mechanisms) to the SOA systems development, intorde
realize a SOA systems line. In this way we prodde
method to easily adapt a SOA application to diffiere

Finally we show an application of our proposal in a
research project that involve several industrial dan
academic organization. In the project a set of BBL
realized and implemented using the MIT process
handbook. Customer Needs

1. Introduction

Assets Reuse Variation Mechanisms

Software Product Lines (SPL) [1] and Service
Oriented Architectures (SOA) [2] aim to developtaaire

systems through two common perspectives: software
reuse and flexibility [3]. Using these approaches,
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enterprises can implement software systems foerifft ‘(ﬁh/‘,}lji? J@‘U'?
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customers reusing software resources rather than ‘'— - - _ _— _ _ "2 2
developing the same software capabilities againthis
way they gain in productivity, software quality atiche
to market.

=

A SPL is a set of software-intensive systems sharin Figure 1: SPL concepts in SOA context
common features. In particular a SPL aims to satisé
specific needs of a market segment using a cometoof s In this paper we answer these questions through the
core assets in a prescribed way. approach illustrated in Figure 2. In particular, prepose
In general, the SPL paradigm is characterized by tw transferring advantages from SPL to SOA operating o
different concepts: business processes and using two specific instriamen
Asset Reusananagement of the “Core Asset” i.e. 1. Business Process Lif{BPL). A BPL according to
collection, organization and systematic refinement the SPL practices is able to model an appropriate
of the invariant or variant assets representing business processprocess variant suitable for

respectively the SPCommonalityandVariability. specific customer needs.



2. Process Oriented Developme(®OD). POD is 2.1 Business Process Lines (BPL)
able to transform a process variant into an

executable SOA system through successiveln [5, 6, 7] the authors transfer the main SPL emcto
transformations aimed at making the process the business processes field.

model understandable by an execution engine. According to these works a BPL could be considered

set of similar business processes sharing a conpadn
Customer Needs

(commonality) and characterized by a variant part
(variability) depending on the specific context \dé¢he
process will be applied (more details in [8]). larjicular
a BPL works integrating a set of process assets, i.
| atomic reusable parts of a business process (oneoos
| activities with their IN/OUT). Commonality is a sef
| invariant assets and variability is a set of vdriassets
| selected according to a fixed context profile.
I
I
I

Commonality and variability are then integrated in
order to obtain a process variant to be appligtiéngiven
context. The assets integration rules are driverthiey
/ IN/OUT artifacts allowing to establish the successof

y the process assets: the outputs of the previoes assthe
SOA System l inputs of the successive one.
The details of this phase are represented in Figure

Figure 2: Schema of the Proposal

The resulting SOA system line automates the
underlying business processes; so, if we adapt the
business processes to new customer needs using th
underlying BPL and then we generate from it the
corresponding SOA system, it will result in its nur
suitable to the specific customer requirements.

Moreover since the SOA system results from the
translation of the former process models, it wid
compliance with the underlying business processes
without misalignments between models and their
implementation.

The remainder of the paper is structured as follows
section 2 presents the overview of the proposal and
discusses in detail the BPL and POD approaches; in
section 3 is described the application of the apginan a
research project; section 4 completes the papetiding
some conclusive insights and final remarks showing
prospective works.

[¢)

2 Proposed Approach Figure 3: Business Process Lines Approach

When a BPL is selected the invariant assets arttiall
candidate variant assets are specified. The BBElected
on the basis of the customer specific needs: famgte if
we are interested to the process “Selling” we wile a
“Selling BPL". The invariant assets of the “SelliBgPL”
could be for example “Obtain Order”, “Deliver prazt

: . : and “Receive Payment”. Each of these process assets
for the given requirements. In the second phasetirsg composed by the basic activities, inputs and ostput

from this model, POD allows to automate this maated necessary within the “Selling” process. Afterwarts

transforms it into a SOA system. These phases are : o . .
detailed in the following paragraphs. identify a specific process variant, the variargeas have

to be selected among the candidate ones on the diasi
specific context. For example if we want to selh vi

The proposed approach is synthesized in Figure 2. |
consists in two main phases using respectively the
Business Process Lines concept and the Processt€tie
Development paradigm.

In the first phase, starting from the current costo
needs, a BPL allows to realize a process variaatip



electronic store an asset “Organize the web sis’th be
selected. Process assets (variant or invariant} bawbe
then specialized on the basis of the context itsEtfe
specialization aims to specify the behavior of each
process asset using specializing actions. In péatican
asset could be specialized adding IN/OUT artifactan
activity, specializing an artifact, specializing aativity,
adding an attribute to an artifact (size, compilati
guideline, quality standards etc.), adding ankaite to an
activity (required skills, tools, hardware or sedire
resources etc.). For example if we want to sell via
electronic store, the activity “Receive Paymentuicbobe
specialized in “Receive online Payment”. Finallyeth
process assets selected and specialized are irete gnso
the required process variant.

2.1.1 BPL Logical Model

To choose the suitable process variant of a BPtheto
applied in a specific context profile, we need achion
associating to a specific context profile the pesceariant
specific for the given context:

fCP S 1)

where

CP is the set of all the possible context profikes.
element cpCP is represented as a vector of
instantiated diversity factors Dk=1, ..., r. Each
DF; is a factor characterizing a particular aspect of
the environment and has a definition domain
[DFi]={df, dfy, ..., dfg} where each dfj=1,...q is

an instance of DFSo we can say that the set CP is:
CP=[DR] [DF [DF].

S is the set of all the possible process variaftisen
considered BPL.

f can be detailed in this way:

f(cp)=F( (cp, K), (cp, (cp))) 2

If A is the set of all the process assets assatigiehe
BPL, in (2):
K ={iagia.....ia} Ais the set of invariant assets
realizing the commonality;

: CP CVA=A-K is the function referred to the
activity 1.2 in Figure 3 associating to each fixed
cp CP the set of variant assets
{va;,va.....va,} CVA realizing the process
variability according to the fixed context cp.
CVA=A-K is the set of the candidate variant assets
associated to the BPL;

is the function referred to the activity 1.3 in
Figure 3 including the assets specialization roles

the basis of the context profile cp. It associatea
set of assets another set of assets specialized
according to the fixed context profile. In partiaul
(cp, {assefasset....assef) { i(cp,assed,
2(cp,asse),..., n(cp,asse)}, where 4, 5.,
are transformations specializing respectively the
assets assgt asset..., assgt according to the
context profile cp
F includes the integration rules useful to compose
the commonality to the variability specialized
according to the context profile cp.

So, f(cp) =F( (cp, K), (cp, (cp))) =

F( (cp, {iag,ig... ian}), (cp, {vanvap..,van})) =

F({ l(va Ia.)! Z(va IQ)! RS n(vaian)}u

{ nei(cp, va), ..., n+n(CpP,vay)}) identifies the process

variant suitable for the context profile cp.

2.1.2 BPL Operative Model
The functions and defined in the logical model
could be implemented through a decision tableseayst
(more details in [9, 10, 11, 12]).
A Variability Selection tablémplements the function
of the logical model. It allows to select the able
variant assets composing the variability, charéstierof
a specified context profile. So this kind of deaisitable
is structured as follows (Figure4):
the CONDITION quadrant contains the diversity
factors DF i=1,..r driving the variant assets
selection;
the CONDITIONAL STATE quadrant contains the
possible value of each diversity factor: [PRdf,
dfip, ..., dfgh
the ACTION quadrant contains all the candidate
variant assets (CVA) that can be selected to
realize the process variability;
the RULE quadrant identifies the relationships
between each context profile and the variant assets
to realize the corresponding process variability.

DOFy dfyy dfiz
DFz dfzy | dfsz dfzy | dfzz
DF- dfy [ dfz | df.y | dfp | df.s | dfz | dfy [ dfz
VEq - - X - - - X -
vasz X X X
Vias X
VEga X X X
Vas X X X X
N EE R N ER R E

Figure 4: Variability Selection table



An Asset Specializatiotable implements a function has a specific type. This variable type shouldrbeegable
of the logical model. It allows to specialize agees asset with the characteristic of the artifact. The infation
(variant or invariant) on the basis of specifiechtext about an artifact in a process model are not endagh
profile, executing a set of specializing actions. tBis translate the artifact in a BPEL variable, thatsythis
kind of decision table is structured as followsg(kie5): association requires the pre-specification defimedhe
the CONDITION quadrant contains the diversity DPM. Moreover the DPM contains the mapping between
factors DFi=1,...r driving the asset specialization;  the activities of the process model and the differe
the CONDITIONAL STATE quadrant contains the services implementing them.
possible values of each diversity factor: [B¥df s,
dfz, ..., digh
the ACTION quadrant contains the actions to
specialize the asset according to the specified
context profile;
the RULE quadrant identifies the relationships
between each context profile and the specializing
actions to be applied.

Process Variant

2.1 Specification

Detailed
Process Model

Web Services

Specification

DF4 dfys df+2
DF2| dfz | df2 dfzn | dfz

2.3 Web Services
Selection/
Development

OFn | dfay | dfaz | dfas | dfez | dfas | dfqz | dfs dfnz

2.2 Workflow
Development

54 - X ® - ® - ® ®
Sdz x - X - - ® - x
................................ BPEL Worfow
CE0 I N I N B B B

Figure 5: Asset Specialization table

2.4 Integration

2.2 Process Oriented Development (POD)

Starting from the process variant identified throug
BPL, a SOA system can be implemented using the POD
paradigm. In particular the process model is made
understandable by an execution engine through ssivee
transformations. In this way the POD allows to iexpént
in a SOA system the changeable process requirementﬁ]
captured using a BPL, so a SOA systems line isaligtu
realized. Referring to Figure 2, POD implementsQAS
system starting from the process variant that ésaihtput
of the BPL.

Figure 6 illustrates in details the sequence akitiets
to realize this implementation. The abstract preces
model, formally described through a Process Modelin
Language, is enriched with implementative details
realizing a new intermediate model called Detailed
Process Model (DPM). Finally a BPEL workflow is
created as the last and most specific model.

Referring to Figure 6, in th8pecificationactivity the
process variant is translated into the correspgnB®RM.

As described above, the DPM will be realized erinigh
the process variant through implementative details
making it understandable by an automatic translator
particular a process model describes how activities
carried out exchanging artifacts. So in the DPMheac
artifact is mapped with a BPEL variable. Each Jaega

Figure 6: Process Oriented Development Approach

We want to highlight that real processes could jg®v
e occurrence of human activities as well. So to
implement the process activities executed by human
agent, an extension of BPEL, BPEL4People, is uked.
particular in the DPM the URL of the services cargy
out the automatic activities and the e-mails of algents
carrying out the human activities should be spedifiln
this way the BPEL workflow will invoke the suitable
software application to execute the automatic &its/
and will inform by e-mail the suitable agent to exe the
human activities. The Web Services Specification
produced by thé&pecificationphase is useful to identify
the services implementing the automatic activi(idgeb
Services Selection/Development

Starting from the information specified in the DRI
translator is able to generate an executable BPEL
workflow (Workflow Developmehtimplementing the
underlying business process using the specified web
services Iptegration). For reasons of brevity we don’t
explain in details the translation algorithm but wen



sketch the mapping between the elements of a lsssine

3.1 BPL Definition

process and the corresponding BPEL objects. Table 1

shows the mapping between the process elementthand
BPEL objects translating them. In the workflow BPtale
connectors linking all these elements are trandlatng
the BPEL tag <link>.

Table 1: DPM-BPEL mapping

Process Element BPEL object
Start Node <Receive>

End Node <Reply>

Activity <Invoke>

Decision Node It could be translated as a tag BPEL
<if>, <while> or <repeat until> on

the basis of the specific control flow

In particular an activity is translated using thBE. tag
<Invoke>. In a process model activities could bamat
or composite. The process model could be seent@ea
where atomic activities are the leaf-nodes. Thesletion
algorithm starting from the leaf-nodes of the ter
recursively the whole process model. Each atontigigc
corresponds to a web service invocation. Each osite
activity corresponds to the invocation of a BPEL
workflow orchestrating the web services implemepiis
sub-activities that could be atomic or in their ntur
composite.

3. Case Study: a Selling SOA systems line

The proposed approach has been adopted in a researc

project. In Puglia some industrial and research
organizations are working on it. They are collatiogato

implement SOA systems so that business processes of

different customers in the local agricultural anabd
market can be automated. Within this project thare
different providers offering a number of softwaesdces
that could be reused and adapted in each differen
business contexts according to the customer nééds's
why the project represents a field of interest the
proposed approach application.

The application of the proposed approach in thgepto
has been realized through three main steps:

BPL definition

Starting from the analysis of MIT library [13] weve
achieved the information useful to obtain a BPLrhily
(we will deepen these outcomes in a future workje T
MIT library represents a collection of more than060
business activities related in several businessgsses.
These activities and processes have been useddm @b
set of BPL allowing to model several kinds of besis
processes.

In particular we describe in this session, theritdin
of a Selling BPL obtained using the MIT Selling
processes.

Table 2: Invariant assets
Obtain order
Deliver product or service
Receive payment

ia1
iaz
ia3

Starting from MIT Selling processes we have
identified, through their common parts, the invatia
assets realizing the Selling BPL commonality (Ted)le
Each process asset is represented as one or ntierdesc
and their IN/OUT: for instance the assej=l®btain
Order” is represented as in Figure 7.

ad Work Flow System /

42—

Requested_Solution Obtain order

Figure 7: “Obtain Order” asset

fAfterwards using the information about the diffdren

application contexts where the MIT processes apdierp
we have been able to define a number of diversityoirs
and their possible values (Table 3) to specify the
conditions of the variability selection table.

Table 3: Diversity factors

BPL application
POD application

The BPL definition step consists in the extractidra set
of BPL aiming to model different kinds of business
processes.

The BPL application consists to apply, startingrfrthe

defined BPL, the approach proposed in Figure 3.

Finally the POD application consists in the appiaa of

the approach proposed in Figure 6 to the procesanta

obtained in the BPL application step.

Diversity Factors Values
Sell How Sell via physical store
Sell via electronic store
Sell via face-to-face
Sell via direct mail
Sell via email/fax
Sell via television direct response
marketing
Sell via telemarketing
Sell What Service, Product, Process
Auction Y,N
Advance Payment | Y, N
Quality control Y,N
Selling Y,N
Suggestions




Finally using the variable parts of the MIT Selling

Table 4: Candidate variant assets

processes, we have identified the candidate vadssets

(Table 4) to specify the actions of the variabikglection

table.

Using this information, we have been able to reatize

variability selection table (Figure 8). It enclogbe rules

to associate to each possible context profile #ated

variant assets. These have to be composed witBRhe

invariant assets to obtain the process variantifipdor

the specified context profile.

vay Share out goods

vay Register Seller s

vag Register Alternative Products
va, | Arrange store displays

vas | Auction

vas | Check quality

vay Register Auction Result

vag Identify potential customers need
vag Identify potential customers
vayo | Inform potential customers
va;; | Manage customer relationships

| x o - - - - = - - - -
% [x *® =iz | ==l s Tl := -]- == ==
Il x| - x X|IX|xX][x]|x]x]|x]|x ¥ i | xX]Ix]|x|x X|®|[x
x| x x FAE AR B R A R EAES = ~1=1-1=
BEYES X == [=l=]l === -[=1-1-1-1-1-T-1-1-1-
B ES X X x|xfx|x|x]|x|x x | [ [ > [ [ [x [ [ | % [x[x
x x x bl - i - = - - - - - - - - - - - -
| x| x * Ll B RS RS B had 3 x| x| = |x]xe]x|x]x
x|x = XIZ|X|X|X|X]|%X]|X Xxixx|xIxN|xIxX|x|x]|Xx|x
Ll B X it Mt Nl M bl il X x{x|x|x|x|x|x]x|x|x|x
- - - XX x| x| X|X]|x]|X s | xfoe ] x| x| x| oefoe ] x|x|x
| 2| 3 e| s 6| 7|3 | 8 [0 311213 14|15 16 335 506 (327 338 329 330 331 332 333 334 (335 336

For instance, considering the column 5 of the table va;="Register

Figure 8: Variability selection table

Auction Result”, \&“Ildentify potential

have that for the context profile cp*= (Sell viaygkcal customer needs”, va‘ldentify potential customers”,
store, Product, Y, N, Y, Y) the variant assetselect are: va="Inform potential customers”. So to obtain the
va="Share out goods”, va'Register Seller”, process variant specific for the given context ieofve
vag="Suggest Alternative Products”, ydArrange store  have to compose these assets with the invariartsae$
displays”, va="Auction”, va;="Check  Quality”, the commonality.

ks
X
3

6| 7|&8|89(10

EARTH R s 25 127 izs e 50 3w o s e

Figure 9: Assets Specialization table



Moreover to define the asset specialization tabbes
each process asset we have identified the speéoiliz
actions corresponding to each possible contextilprof
Since the conditions are the same for each proresst,
we can incorporate all the asset specializatiorlesab
corresponding to the functions; in only one table
(corresponding to the function of the logical model).
The resulting table (Figure 9) encloses the rules t
associate to each context profile, the actions & b
executed to specialize the behavior of all thetasstated
to the considered BPL.

For instance, according to the context profile cp*
considered before (column 5), we need to specidliee
activities: “Deliver” in “Deliver product”, “Receig
Payment” in “Receive Payment at register”. Moreower
have to specialize the artifact “Advertising initv@s” in
“Physical Store advertising”. Finally we have todatthe
input  “Auction  Sticker” and “Shipping paper”
respectively to “Receive Payment” and “Deliver Rrod
activities”.

3.2 BPL Application

The obtained BPL could be used to model different
process variants of the Selling process.

During the research project this BPL has been ueed
model different process variants to fulfill differte
customers involved in the project. In particular, this
work we describe the application of the Selling BfeL
automate the Selling process of a fish consortivim i
Puglia. The consortium was interested to sell vietian
the fish caught by the ship-owner members boats.
particular the organization needed to model itdirggl
process and automate it in a SOA system integrdtiag
services of different providers.

In this scenario the BPL has allowed to model the
customer Selling process easily.

According to the first activity of Figure 3, for éh
customer was necessary to model a Selling prodess.
this case we have been able to use the BPL deiiinta:
paragraph 3.1. For this BPL, the invariant assetdisted

in table 1 and the candidate variant assets atedlig
table 3.

Afterwards the variability selection table has been
executed. Customer requirements have allowed tcifgpe
the context profile cp* corresponding to column 15 i
Figure 6. In this way we have obtained the corradpm
list of variant assets.

Finally the assets specialization activity has been
performed using the Specialization Table showniguie
7. We have identified the list of specializatiotiaits (see
column 5 of the Specialization table). So eachtasas
been specialized through a set of specializatidiors
Finally, all the specialized assets have been iated
considering their IN/OUT.

In

The obtained process model is shown in Figure 10.

Figure10: Fish Consortium Selling process

3.3 POD Application

According to the POD paradigm (Figure 6) we have
realized the DPM starting from the process variant
identified through the BPL. This new model has been
obtained enriching the process model with
implementative details. For this purpose we have
implemented an application, ExportBPEL to suppb# t
DPM generation. This application has been realiasd
add-in of Enterprise Architect (EA), a graphical UM
design and business analysis tool for modeling,
documenting, building and maintaining object-orezht
software systems.

In Figure 11 a screenshot of the application isasho
Here the implementation details related to thevigtir.
Register_Auction_Resulare defined. In particular the
developer has to specify the variable types impteing
the input and output artifacts of the activity atite
method implementing the activity itself. In this wall
the specifications to realize the BPEL workflow are



identified. In this case the activity must be impnted
through the methodnethod_7_Register Auction_Result
providing two input variables:Entry_Document_ID
(String) and Auction_Winner_UsernamégString). The

it facilitates the implementation of the selected
business process reducing its time and effort of
30%.

These values are qualitative evaluations on this loés

output variable must be a complex type composed bythe feedbacks of the experts involved in the ptojEbsey

Auction_Sticker_ID (String) and Shipping_Paper_ID
(String).

On the other hand Software Specification to reatliee
web services implementing the different activityvba
been realized. The different services provider hased
these specifications to develop the suitable weldces.
Starting from the DPM previously created ExportBPEL
allows to realize automatically the Workflow BPEL
implementing the underlying business process. Fitthé
BPEL workflow has been completed specifying the URL
of the web services implemented by the different
providers.

Figurell: Export BPEL application
4. Conclusions

This work represents a contribution to transfer goed
practices of SPL (asset reuse and variation mesime)i

compare time and effort for the modeling and
implementation steps using our approach with the
corresponding data obtained in similar cases pmeddr
with traditional approaches.

The described research project is not yet concluBed
and POD will apply in other business processesh& t
same research project to confirm and deepen tlessés.

References

[1] P. Clements and L. Northrop. “Software Prodlgtes:
Practices and Patterns.” SE| Series in Softwareiregng.
Addison-Wesley, August 2001.

[2] T. Erl. “Service-Oriented Architecture: A FielGuide to
Integrating Xml and Web Services”. Prentice Hallp2

[3] C. Wienands. “Studying the Common Problems with
Service-Oriented Architecture and Software Produates”
Service-Oriented Architecture (SOA) & Web Services
Conference. Atlanta, GA, October 2006

[4] S.Cohen, R.Krut. “Proceedings of the First Walrép on
Service-Oriented Architectures and Software ProdLioes”,
SPECIAL REPORT CMU/SEI-2008-SR-006, May 2008

[5] A. Schnieders and F. Puhlmann. “Variability enisms in
e-business process families"! dnternational Conference on
Business Information Systems, Klagenfurt (Austriane 2006.

[6] J. Bayer, M. Kose, A. Ocampo. “Improving theuB®pment

of e-Business Systems by Introducing Process-B&sétivare
Product Lines”. 7 International Conference on Product Focused
Software Process Improvement (PROFES), Amsterdam
(Holland), June 2006.

[7] A. Schnieders. “Variability Mechanism Centricroeess
Family Architectures”. 18 Annual IEEE International
Conference on the Engineering of Computer BasedeBys
ECBS 2006, pp. 289-298, IEEE Computer Society PRSG6.

[8] N. Boffoli, M. Cimitile, F.M. Maggi. “ManagingBusiness
Process Flexibility and Reuse through Businessdaotines”,

4" Conference on Software and Data Technologies (FI30
July 2009.

[9] J. Vanthienen, C. Mues, G. Wets, K. DelaereA ‘tool-
supported approach to inter-tabular verificati®@xpert Systems
with Applications”, 15, pp. 277-285, 1998

[10] R. Maes, J.E.M. Van Dijk. “On the Role of Anglity and

to SOA system development. The adoption of BPL andIncompleteness in the Design of Decision Tables Rude-

POD approaches permits to select the suitable psoce
variant and to implement the appropriate SOA systam
one or more customers.

In particular in this work we refer to the autoroatiof
the Selling process in a fish consortium. In thiersrio

Based Systems”, The Computer Journal, 31(6), 1988

[11] T.B. Ho, D. Cheung, and H. Liu. “Advances iméwledge
Discovery and Data Mining”, 'y pacific-Asia Conference,
Vietnam, 2005.

[12] A. Bar-Or, D. Keren, A. Schuster, R. Wolff. i¢tarchical
Decision Tree Induction in Distributed Genomic Detses”,

we have evaluated some advantages deriving from thegg Transactions on Knowledge and Data Enginegring

adoption of the proposed approach:
it facilitates the selection of the suitable praces

Vol.17, 2005.
[13] T.W. Malone, K. Crowston, G.A. Herman, Organg

model according to the customer requirements Business Knowledge-The MIT Process Handbook, MIEsBr

reducing its time and effort of 80%;

Cambridge, 2003.



