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Abstract processes of the companies.

In BDD, business processes are designed to be executed

Nowadays most companies in whichever field have aover a process engine. Of course, current process engineers
software system that helps managing all the aspects of theredesign the processes every time that is needed asing
company, from the strategic management to daily activities hoctechniques to maximize the level or reuse from one ver-

Companies are in continuous evolution to adapt to mar- sion to another. In addition, when dealing with several-busi
ket changes, and consequently, the Information Technologyhesses in a certain domain, many common features can be
(IT) infrastructure that supports it must also evolve. Thus found, and reuse across businesses is also exploited.
software companies are currently supporting this evotutio Software product lines (SPL) systematizes the reuse
with ad hoctechniques. across the set of similar products that a software company

We think that, as it is being done for traditional soft- produces. We think that such systematization can be also
ware systems (non-oriented to business process) in the softapplied in BDD improving the results achieved by current
ware product line (SPL) field, institutionalized technique a4 hoctechniques.
for performing a systematic reuse of business processes e main goal of SPL is to obtain a reduction of the over-

across different businesses can be introduced. _ all development costs and times for the products derived
In this paper, we propose to adapt SPL techniques, ori- o the product line [7]. Basically, in SPL we obtain a

ented to reuse software, to Business-Driven Developmente of software systems, called products. Each product con-
(BDD), oriented to reuse processes, across different busi-5ing common functionalities, and a set of specific features

nesses; we call this proposal Business Family Engineering, ot gifferentiates one product from another.
(BFE). We present a first approach to build a SPL of BDD

systems that evolves at runtime. The idea of applying SPL to BDD, has been explored by

Schniedergt al. in an approach calleBrocess Family En-
gineering(PFE) [12]. Basically, PFE follows the SPL phi-
losophy for managing the evolution of the business process
1 Introduction of an unique business, thus, managing only one software
system. That is to say, each product in PFE represents an
Nowadays, software systems supports most of the activ-evolution of the process (at runtime).
ities of a company due to it improves their daily work and Thus, PFE may be the solution to manage the evolution
their strategic management. Thus, Information Technology of the business process of a company, but no techniques has
(IT) infrastructure must evolve to adapt companies to the been described to systematize the reuse across several busi
continuous evolution of markets. Currently this evolutisn  nesses. In addition, the models proposed by PFE approach
supported byad hoctechniques. are not expressive enough for documenting dynamic evolu-
Business-Driven Development (BDD) is a research field, tions on runtime.
which is the focus of this paper, that tries to solve this prob The contribution of this paper is twofold. On the one
lem designing software systems starting from the businesshand, we propose a new research field caladiness Fam-
*This work has been partially supported by the European Cononiss Ily Englneerlng(BFE) that is orlent(_ad to prowde .the tech-
(FEDER) and Spanish Government under CICYT project WebefFiest niques and methods needed to build a product line of BDD
(TIN2006-00472). systems. Roughly speaking, BFE is a product line of prod-




uct lines, where the products of the first SPL are abstracttures, but the PFE system contains all the features. PESOA
processes that acts as assets for the second product lineses feature model for representing the set of processes con
where evolution of this processes are managed by means ofained into a business, armlisiness Process Model Nota-
PFE. We focus our efforts on minimizing the implicit risk of tion (BPMN) to represent an specific process. BPMN is
combinatorial explosion, and on the other hand, on solving defined by OMG in [6] as a flow chart based notation for
some deficiencies we have detected in current approachedefining business processes. BPMN provides (i) a graphical
for PFE regarding the expressiveness of models for docu-notation based oBusiness Process DiagragBPD), which
menting the evolution. is a diagram used to design and manage business processes;
This paper is structured as follows: Section 2 presentsand (ii) a formal mapping to an execution languagersi-
the related work and motivation of our work; Section 3 ness Process Execution LangudB&EL).
presents a description of BFE and its relationships with PESOA introduces an extension of BPMN to represent
PFE; Section 4 and 5 presents an overview of the softwarevariability in a process [11]. Figure 1 shows an example
process and how to obtain the core process framework of theof a feature model of an E-shop business and an extended
business family; Section 6 presents how to obtain the prod-BPMN to represent a checkout process. Feature model rep-
ucts of our approach and how to manage the evolution of theresents all the processes contained into the E-shop basines
products of our business family; and finally, in the last sec- Roughly speaking if a process is denotedrandatoryit
tion, we draw the main conclusions and the future researchmust be presentin all the possible configurations of the busi
lines needed to enable a business family infrastructure. ness, for exampleCheckout Each process is represented
using BPMN with the extensions for variation points and
2 Reated work and motivation the extensions needed to represents the relationship &etwe
features and processes. As shown in Figure 1 the variation
. . point is represented as a puzzle-piece icon and for feature
In this section, We_presen_t the related WOI’K needed to un-2nd processes relationship we see fhalculate Suncan
derstand and to motivate this paper. .Regardlng BFE, to thebe implemented as a sequenc€alculate SunandCalcu-
Yate Discountsub-processes that is applied when the feature

provides all the techniques needed for enabling the MaS$Hersonalized Shopping Ca selected

production of BDD systems that evolves at runtime. In [9] Thus, the main motivation of our work is that, although

we present a first step 0 the defir_lition of a SPL of BDD PFE may be the solution to manage the evolution of the
systems that evolves at runtime, oriented to reuse Progessey ciness process of a company, no techniques has been de-

across different businesses. Roughly speaking, BFE is 3cribed to systematize the reuse across several businesses

ngc))lc_juct Ilnbe ?f p:oduct Ilnes,tvr\]/hteretthe produi:tsfofttﬁe first ﬁged proposed models are not expressive enough for docu-
are abstract processes that acts as assets for (neé seco nting dynamic evolutions on runtime due to feature mod-

product I|n_e where the evolution o_f each business is man-g 1o e ot designed to support runtime variability.
aged. In this paper, we extend the ideas presented in [9]. As can be observed in Figure 2, where we depict how

; In SPL [Bd 10]a pfrodu_ctblls cf;omposedcof aset Off COMMON gp) and PFE products are generated, SPL products are im-
eatures and a set of variable features. Common features apf)lemented by software artifacts that for each of them there

pears in all products and variable features appears under deg e 4 feature selection phase that generates the firtal pro

mand of products’s CONSUmers. Observing a certain product . (a set of core and variable features). PFE products are
of a SPL, although it is described as a set of fixed features'implemented by processes. For each product, the system
some features can be in use in a certain moment and SOM&an evolve to another product increasing or decreasing the

nlot. ThI:JsO,I in SPL the .e\:)qlliutlo'n of theksys'Fem atruntime, |- iable set of features thus, each product is a software sys
also called runtime variability, is not taken into account i 1o aced on processes.

the feature model.

PFE approach is given by PESOA research group from .. )
Hasso Plattner Institute for IT Systems Engineering in [1]. 3 Preliminaries
In the same way that SPL approach provides all the tech-
niques needed for enabling the mass production of soft- In this section, we present a rigorous description of busi-
ware in a certain application domain, PFE provides all the ness families describing also its relationship with prsces
techniques needed for enabling the mass production of profamily engineering.
cesses in a certain business. Each product represents a set
of processes enabled at a certain moment of the execution3.1 BFE Definition
In PFE we obtain only one software system that evolves at
runtime, where the features are processes. Every process Business Family Engineerif®FE) can be defined asa:
evolution represents a product that contains a subset of feaset of software systems driven by business processes (here-
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Figure 1. Example of feature model and extended BPMN by PFE approach

after business) where each product of the family has a setcesses(C'F, and a set of variable processésF’. How-
of common processes and a set of variable procesBes ever, in PFE the processes/features appears and disappears
formal definition of BFE can be represented as follows: Let at runtime. As shown before, each configuration of the set

BF be a Business Family that contains a se of 1 busi- of processes enabled at certain moment represents a prod-
nesses uct. Thus, we can say that theF of a BF are always
enabled at runtime, but the set of processe¥® il is not
BF ={By,Bs,....,B,} fixed at runtime.

Thus, as PFE defines, we can set up a product line that
takes into account this runtime variability. For formatigi
these concepts we should redefine each busiBessa B F’
as:

where eachB represents a business. Each businéssn
be defined as a set of processes (denoted Wjth Thus,
eachB; in BF can be defined as follows:

Bi = {Pl,Pg,...,Pk};k’ > 0,1 S ) S n
B=(CF,SVF € VF,Fx:

Given this it holds there exists a set of common processes . t,{Feature x ... x Feature} —

between whichever set of businesses. Bgand B; be two

businesses contained B\F wherel < i,j < n: — {Feature x ... x Feature})

whereFA is a function that given an instahtransform
BiNB; # ¢ the set ofSV F; into the new set of variable features of the

) ) following time instant+1, thatis to saysV Fy 1, formally:
Thus, we can say that a business family can be also de-

fined as a set of core and vgriable pro_cessgs/features. We Fa(t,SVF,) = SVF4, € VF
assume that there exists a binary relationship between fea-

tures and processes, thus a feature must not represent a set oSVF: # SVFiia
of processes. LeEF be the set of common processes or ~ Figure 4 sketches a graphical representationfaf,
features and leVF be the set of variable features,thBE where it is represented the transformationdf F; into

can be defined as follows: SV F,11. In an instant there exists an specific set81 F;
for businessB; that evolves in instaritt- 1 to another differ-
BF = (CF,VF) ent setSV F;,;. The evolution is defined by thEx func-
tionint.

In that way, a businesB; is defined formally as a tuple
containing all the” F" and a subset df ' denoted a$'V I .
4 Overview of the software process of our ap-

Bi = (CF,SVF € VF) proach

3.2 Description of the integration of BFE In this section, we describe the software process and
with PFE modeling elements needed to develop a business family.

Figure 5 shows the software process of our approach in

Figure 3 depicts the integration between BFE and PFE.SPEI\/II. In this software process there exists two main activ-

As defined before, each business contains a set of core pro- !http:/iwww.omg.org/technology/documents/formal/spem.htm
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Figure 4. Evolution of a business into BFE

Services

ities: Business Family Domain Engineeri(§FDE), where ,
we build the BFE core architecture and the assetsBarsit [serveNormat ] [“Sorverost ] i
ness Family Application Engineerin®FAE), where we !
obtain specific products. i : i

Roughly speaking, in BFDE we build the feature model =777 7=====~ Birthday's party | | !
of the business family and we build a core process frame- oo i
work.

In BFAE, we build a feature model for each businessthat ~ Figure 6. Case Study: Fast Food Restaurant
represents the evolution without using the core features of Chain
the business family (thus, we minimize the risk of combina-
torial explosion) and we build the product evolution model

for the _busmess. h L imi exists several businesses that share common processes as
Itis important to say that our scenario is by now limited o 1 rgers and other specific for a concrete business,such
to binary relationships between features and processes, iNafeteria service. To show our approach we build a BFE

other words, a feature can not represent a set of processesgy sram of this example and derive two businesses from the
We have identified two different ways to build a business family: McDonald'sandBurger King

family: top-downandbottom-up In top-downapproach we
g;g?ye t:nhee nS:rtmoaII t;ljes(;zgiizso?n;FEr()s%ﬁSrsef;)‘)r?céseéo ?:%od restaurant chain. This feature model depicts a simpli-

. fied set of processes contained into a fast-food restaurant:
bottom-upapproach, we can not apply the normal sequence

of the software process defined due to we have a set of busi-COok Servethat depending on the momeServecan be

nesses or processes defined in PFE previously to apply BFEServe Fasbr Serve Normaland Services that represents

software process. In this paper we onlv focusain-down all the possible services given by restaurartecal, that
P ' pap y p represents the basic serviéejto, Birthday’s party Cafete-

o ria andDelivery, that are special services that depends on
5 Obtaining the core process framework of different situations or moments at runtime.
the business family To obtain the core processes of this business family we
apply the activities oBusiness Family Domain Engineer-
To show our approach we use a fast food restaurant chairing defined in Section 4. We have used FAMA [5, 3, 4]
business family case study. In this business family theresoftware tool to build the feature model of the business

Figure 6 shows an example of a business family of a fast-



family. FAMA is an academic tool that provides a frame-
work for the automated analysis of feature models integrat-
ing some of the most commonly used logic representations
and solvers proposed in the literature. Figure 7(a) shows
the feature model of our case study in FAMA. After that,
we calculate the core processes of all the businesses apply-
ing analysis operation to feature model defined in [2]. The
result is the set of features selected in 7(a). Then, we build
a feature model of possible evolutions of all products tgkin
into account only core features. Figure 7(b) shows this fea-
ture model modeled with FAMA. Finally we build core pro-
cess framework model in BPMN as shown in Figure 8. It is
done by combination of each process contained in core fea-
ture model. We are using BPMN extended notation of PE-
SOA approach presented in Section 2. In this example there
exists an abstract proce&grve in Locaglthat can be imple-
mented by two different wayserve Normal in Locaand
Serve Fast in Localand these ways are processes that con-
tains subprocesses defined in BPMN too. Thus, we are able
to develop a business family applyiBysiness Family Ap-
plication Engineeringactivities. In this example we build
two fast-food restaurantsMcDonald sand Burger King
Figure 9 sketches both feature models, that are needed to
identify the relationships of variable features and the=cor
process framework built.

= ‘I" Feature Madel
=i~ M. Root : Fast Food Restaurant Chain
= 1 Binary Relation : R.1
Y Cardinality : [1..1]
= Solitary Feature : Serve
= .ﬁ. Set Relation : R.2
XY Cardinality : [0..2]
Grouped Feature @ Serve Mormal
Grouped Feature @ Serve Fast
= '& Binary Relation : R3
.Y Cardinality : [1..1]
= Solitary Feature @ Services
= E Binary Relation : R4
XX Cardinality : [1..1]
Solitary Feature @ Local
= .ﬁ. Set Relation : RS
XX Cardinality : [0..4]
|:| Grouped Feature @ Auto
|:| Grouped Feature : Birthdays Party
|:| Grouped Feature : Cafeteria
|:| Grouped Feature : Delivery
= 1 Binary Relation : R&
Y Cardinality : [0..1]
I:‘ Solitary Feature 1 Cook
~—¥ Reguires : RE1
¥ Excludes : EX1

(a) Fast food restaurant feature model

= -”I} Feature Model
[=h- ., Root : Fast Food Restaurant Chain
= '& Binary Relation : R1
XX Cardinality @ [1..1]
=)~ M Solitary Feature : Serve
= A Set Relation : R2
Y Cardinality : [0..2]
B Grouped Feature @ Serve Normal
B Grouped Feature @ Serve Fast
= 1 Binary Relation : R3
Y Cardinality @ [1..1]
= Sglitary Feature : Services
= '& Binary Relation : R4
Y Cardinality @ [1..1]
B Sglitary Feature : Local

6 Building BFE products and managing the
evolution

BFE approach introduces two different point of views of
a businessstatic and dynamic In static point of view, a
business is an entity that contains a set of processes; and
in dynamic a business is an entity that evolves on runtime.
BFE must provide models to represent these point of views.
(b) Core processes feature model

6.1 Motivation

Figure 7. Fast food restaurant feature models
modeled in FAMA

As shown previously, a certain business in a business
family is described as:

B=(CF,SVF € VF,Fa(...)

N . 4
Feature modeling is a good choice to represent the common- Core

alities and differences of a set of specific business presess

<< abstract >>

Serve in Local

Thus, in PFE feature models are used to represent which
features are variable and which do not. From this, using
automated analysis of feature models, a the set of common
features C'F') and (/' F') can be obtained easily [2]. How-

<<implements >> ~ -

-
-
-
b

-

~

S _<<implements >>
~

~
~
~
~

. . Serve Normal Serve Fast
ever, the feature model cannot establish the order of appari in Local in Local
tion of them represented &$,, because this models are not |

expressive enough for documenting dynamic evolutions on
runtime. As a result, we can conclude that for representing a
certain business; in a business family3 F' graphically, we

Figure 8. Core processes in BPMN
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Figure 9. McDonald’s and Burger King Feature Models

have to decorate feature models with a graphical notation7 Conclusions
that represent$’a. We call this modeProduct Evolution

Model The main conclusion of this paper is that BFE is feasi-
ble. Its main benefit is that software companies that provide
6.2 Product Evolution Model BDD solutions, can reuse process building a product line

where a set of common processes is extended with the pro-
cesses needed for each customer in a systematic way, thus

Product Evolution Models represented with a BPMN reducing costs (in time and money) and improving the qual-
state machine where each state represents a product ang, of their products, since they are tested for severahtsie
each evolution between two or more states is an applica- = Another important conclusion is that PFE cannot be used
tion of FA function. Each process contains a BPMN state directly for BFE. PFE provides techniques to manage the
chart that represents how is done all the processes thatrepr oy glution of the business process of a company based on
sents the configuration of the business at this moment. Thisspy_jdeas, however all the variable features of the process
BPMN model that can be deployed and simulated into a are added to the final software system, enabling or disabling
business model software engine. them at runtime. While BFE needs techniques that allow

Figure 10 presents McDonald'®roduct Evolution  adding only those features that the customer requires.-In ad
Model It sketches that in every runtime instarthere ex-  dition, techniques used in PFE presents drawbacks. Mainly,
ists a differentSV I selected that represents an evolution. feature models are used to represent runtime variability,
In this example, on a time instahtMcDonald’sopen his  while these models are devoted to static variability.
cafeteria service, thus, there exists in parallel two cifie As PFE is quite valuable for runtime variability, we con-
processesServe in Cafeteriaand Core $erve in Locgl clude that BFE must be integrated with PFE, but a number
When McDonald’s close his cafeteria service on time in- of problems arise. Mainly, as a result of having a product
stantt + 1, Fa function is applied and an evolution is done  ine (BFE) of product lines (PFE) it occurs an state explo-
to another state composed by only Core processes. Aftefsion that hinders the feasibility of this approach. Possibl
that McDonald's open his Auto-Service and a new evolu- solutions to the identified problems are: (i) using one fea-
tion in runtime is applied fot + 2 time instant. ture model to BFE and one feature model for each prod-

Thus, the main benefit of this model is that we can see uct, obtaining an hypercube structure, that representisell
a set of business processes that evolves on runtime, and wpossible variations of products, (ii) using one feature etod
can compare this with other of our family and take decisions to BFE and one feature model for all the possible products
about our business based on evolution of all the businessetroducing a sugar syntax to feature model for enabling it
of our family. for represent changes at runtime and (iii) using one feature



Serve in
Cafeteria and

McDonald’s

Serve in
Auto and

<< abstract >>

Serve in
Cafeteria

<< abstract >>
Serve in
Local

F A( t, ServeInCafeteria)

SVF t+1: @ :

Serve in Auto and Local

O—F

t+2'

<<abstract >>
Serve in
Auto

*l

A

<<abstract >>
Serve in

Local

i
i
i

A

FA(t+1, @)
SVF t+2 : ServelnAuto

[yt p———

Figure 10. McDonald’s Product Evolution Model

model to BFE with annotations that represents changes at
execution time, that is the alternative used in our approach
where the annotation is the product evolution model.
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