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ABSTRACT

People involved in software product line (or domain)
engineering development suffer from the lack of tools to
support the creation and maintenance of generic product line
assets and their instantiation for specific products.
Experience from large product line projects like PRAISE
and others tells that the support of product line engineering
by such toolsis very important [1, 4].

This paper shows a solution which supports business process
modeling by combining and using existing tools, illustrated
with aproduct line of electronic shops.

1 INTRODUCTION

Probably the most important requirement for applicationsin
the fast-moving market of e-commerce applications is, that
they have to be developed fast (that is, in short development
cycles) in order to achieve a short time-to-market. The
reason for this requirement is simple: the first one entering a
new market (segment) with his service is able to establish a
new product brand and benefits respectively. The best-
known example for thisis probably Amazon.com: The name
Amazon is amost a synonym for Internet bookstores. The
value of such a newly established brand can be measured
directly in terms of income of the respective company.

For the developers of e-commerce solutions, especially of
electronic shops (see Section 2), product line development
seems to be a promising approach for several reasons, for
example:

e As result from reuse of existing product components,
product lines promise shorter development and mainte-
nance time and thus a shorter time-to-market (once the
product line infrastructure has been built).

* Most electronic shops provide a very similar functional-
ity combined with a varying look-and-feel. For example,
al shops provide means to search their stock but the
search functionality can look very different (search for
article name, search in article description text, or search
in certain article categories). Product lines can support
this kind of commonalities among variabilities very well.

e There are hard quality requirements (especially wrt. sta-
bility, reliability, and performance) for e ectronic shops:
if there are problems wrt. functionality or performance
users are likely to immediately change to another web-
site: “the next service provider is just one mouse click
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away” .

Again, software product lines promise a solution: the
high amount of reuse to be expected among different
shop products derived from the same product line makes
it likely to meet the quality requirements mentioned
because the reused components have been designed for
and (successfully) used in that environment.

The opportunity to develop similar products based on a
common core has been recognized by large companies like
IBM and Intershop and is reflected in their standard shop-
generating products like Websphere [8] and Enfinity [9].
These standard products are a good starting basis for
implementing an electronic shop but they have to be
extended and customized in order to fulfill customer-specific
reguirements.

Solutions for the adaptation of modeling tools that focus on
the technical level have been shown, for example, an
adaptation of Rational Rose for the description of generic
reference architectures in the ESAPS proj ect! [3]. But these
solutions are not applicable in the e-commerce context: The
established way to describe requirements for merchandising
software (including but not limited to electronic shops) is
through definition of the business processes supported by the
application, using a notation like ePK (see Section 3). This
notation is relatively easy to understand for people with non-
technical background who are the typical stakeholdersin this
domain [6] and supported by standard tools like the ARIS
Toolset [7]. One advantage of the ARIS Toolset is that its
notation can easily be extended with symbols for expressing
variability in business processes. One drawback of the ARIS
solution is that it provides no semantic support to handle
these variations systematically, for example, take care of
dependencies among variations during instantiation of the
generic processes towards product- or customer-specific
processes.

In this paper we present a solution which supports business
process modeling for a product line of electronic shops by
combining and using existing tools. Section 2 gives the
background of the development organization where the

1. ESAPS (Engineering Software Architectures, Processes
and Platformsfor System Families) isalarge European re-
search project (Eureka X! 2023 Programme, ITEA project
99005).
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solution has been introduced. Section 3 describes the
solution itself and Section 4 summarizes and concludes the

paper.

2 CONTEXT / BACKGROUND

Maxess systemhaus gmbh was founded in 1996 with the
objective to create a financial system supporting food trade
on an object-oriented basis. To this end modern software
engineering methods were constantly being taken into
account. This financial system provides the foundation for
E-Commerce.

A pilot project was launched in 1999 in cooperation with the
parent company, which originates from the stationary food
trade, with the goa to enable goods ordering over the
Internet.  The Internet shop was redized with
Net.Commerce, Websphere's predecessor. After a short time,
a complete warehouse with its own logistics was created
providing a high level of comfort to its end users. The
success of the first shop, which was used for food
procurement at the EXPO2000 at Hannover, Germany, was
even greater.

Websphere supports separation between process and layout
which is beneficial since the underlying shopping processes
remain mostly unchanged whereas the layout changes
frequently. Realizing shops for various operators makes the
significance of this separation even more apparent. Changes
on the processes show up twice in a year to the maximum
while the layout may change monthly.

This background motivated the creation of a generic shop.
Each shop is an instance of this generic shop. The business
processes are derived from a generic process framework and
are typically characterized by the absence of some process
branches. We use the term feature for process branches that
are not necessary for the shop's operation. A shop instance
contains the base framework plus additional features. The
layout is parameterized and can thus be adapted quickly and
dynamically. This brings up some crucial advantages:

e Planning and realization of shops are drastically acceler-
ated because the base framework can be used as-is and
adready implemented features can be exploited or
blocked.

e Effort for individual shop maintenance is reduced since
al systems are nearly identical.

e The development of an additional shop feature according
to a customer's requirement leads to an overall improve-
ment of the generic framework which may later have
positive influence on al customers.

For creating and maintaining the generic shop model a
solution was sought which would provide rapid shop
instantiation and overview over all features per shop
instance.

3 THE SOLUTION

Product line genericity can be encountered in various assets:
requirements documents, business process diagrams, control
flows, source files etc. In the context of this project we have
put our initial focus on a framework that deals mainly with

the genericity of business process diagrams. Our aim is to
extend this framework towards supporting variability in
control flows aswell asin source code (see Section 4).

For business process modelling maxess systemhaus gmbH
uses the ARIS Toolset, a product of IDS Sheer AG [7]. The
ARIS Toolset supports tasks related to e-business
engineering and business process management.

The main elements of an ARIS business process diagram are
business functions, events, process guides and connectors.
Figure 1 depicts the notation used for each one of these
diagram elements. Business processes described thisway are
caled event-driven process chains (in  german:
ereignisgesteurte Prozef3ketten, in short: ePK)

@ O DDVLW

Event Process-guide Connectors

Function

Figure 1: Basic notation for business process (ePK)

Functions transform input to output data, connectors are
resolving run-time decisions concerning functions, and
events are passive components denoting function completion
results. Process guides are links to preceding or succeeding
processes[1].

The standard diagram notation provided by ARIS is
extensiblel. We took advantage of this possibility by
introducing an additional diagram element which we have
called an optional variant decision. The ideais to enable the
modeling of optiona paths in a business process diagram,
namely paths that are taken into account only if specific
constraints are fulfilled.

m Instantiation

Figure 2: Instantiation of an optional variant decision

The optiona variant decision mark is divided in two parts
(see Figure 2). The upper (white colored) part represents an
event, while the lower (yellow colored) part represents a
constraint.

The introduction of such decision marks makes ePK
diagrams generic. Generic diagrams cover a variety of end-
products. The instantiation of a generic diagram resultsin a
product-specific diagram. Each product is subject to a set of
conditions, which we call constraints, that must be fulfilled
in order for the product to be operational. Upon
instantiantion constraints are taken into account.

1. Note, that this extensibility supports only the notation, that
is, an extension of the semantics underlying the tool is not
possible.
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For instance, the constraint “Guest login is supported” is
fulfilled only in specific electronic shops that support the
guest login feature.

During instantiation the affected optional variant decisions
are either resolved to ordinary events (see Figure 2) or they
get removed from the instantiated diagram. Since optional
variant decisions, that are to be removed, are typically
starting nodes of optional paths, these paths are completely
removed from the instantiated generic diagram.

The following figures should clarify this instantiation
mechanism.

3.1 Application Example

Figure 3 contains ageneric ePK diagramillustrating a part of
the business process for online orders supported by maxess
electronic shops. This diagram gets instantiated in Figure 4
with only the constraint “Registered Customer Login is
supported” being fulfilled.

Open Starting Page

Choose login mode

‘XOK’

/ Guest Login \ // Registered Customer “\
Login
Guest Login is Registered Customer
supported Login is supported
taccess

Select gues Select registered
customer access

1

Figure 3: Generic business process diagram

The optional variant decision depending on the fulfillment of
the constraint “Guest Login is supported” has been removed
in Figure 4 as well as the connector and the corresponding
optional path. The “Register Customer Login” optional
variant decision became an event and the corresponding path
remained available. Since there is only one login mode
supported in the instantiated diagram, it makes no sense to
keep the XOR connectors after instantiation. Therefore they
have been removed.

Generic diagrams have proved to be helpful because they
enable centralized business process modeling for a family
(or line) of electronic shops. Instances of these generic

diagrams must be made available for interaction with
customers and for product-specific modelling. Changes on
the instances must be coordinated with the generic models.
At maxess, changes are made solely on the generic models.

3.1.1 Feature Table

Generic models contain variation points (in our case the
optional variant decisions) that are connected with product
features. As new features get implemented and new
electronic shops are joining the product line, the overview
and the control over the dependencies between shops,
features, and generic models becomes an important issue.

Open Starting Page

Choose login mode

Select registered
customer access

Figure 4: Instantiated business process
diagram

Feature tables like the one depicted in Table 1 provide such
an overview (the table used in this project can be viewed asa
simplification of Product Map used by PuLSE-Eco [5]).
Features like “Search Functions” may contain sub-features
or feature forms like “Text Search”, “Category Search”, or
“Combi Search”. For this reason we have introduced a
feature hierarchy which appears in the left most columns of
the feature table. In each feature node the leafs, namely the
bottom-level sub-features, are the ones that are directly
connected with electronic shops (see Table 1). Constraints
imposed to each feature node (not to mistake with
constraints in the optional variant decisions) appear in the
corresponding column.

An attribute of each featureis an entry of thetype (n- m: k).
The meaning of this notation is the following: If the affected
feature is supported by a shop, there are k feature forms out
of which a minimum of n and a maximum of m must be
supported.
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A hierarchy of electronic shops was aso required since a
shop may have different editions (in our project “small”,
“medium”, “large”) which in turn may have different sub-
editions (e.g., “with guest access’, “with registered access’).
We believe though, that the shop hierarchy must be kept
shallow at this point, because a deep hierarchy introduces
maintenance and overview problems. This can be done by
extracting characteristics of shop editions and by moving
them to the feature hierarchy. A more sophisticated edition
management is an issue to be addressed in future work.

Fea- | Con- | Feature Shops Model
tures [straint| Forms ele-
S ments
Cash & Carry Shop
small middle large
@ ® ®
& by} & ) & by |
gl & g & g &
Sup- Text [TRUE|TRUE|TRUE|TRUE|TRUE|TRUH
ported XOR
Search | Extend
Functions| ed
(1-3:4) Categoriesj no is no is is is §101,102
Extended § no no no no no is 121
Text is is is is is no 134
Search
Multiple |extensi- ok ok ok ok ok ok
category ble
search
levels
(1:4) 2 Levels is is is is is is 156,158,
3 Levels no no no no | must|mustfl 178,...

Table 1: Example of afeature table with one shop’s editions

The cellsin the area” Shops’ connect shops with features (or
feature forms) and constraints. The entries “is’, “no” and
“must” mean accordingly that a feature form is, is not or
must be supported by an electronic shop. The gray shadowed
entries give information about feature constraints and their
fulfillment (in the above table “TRUE” means that the
logical feature constraint “ Text XOR Extended” is met while
“ok” means that the number of search levelsis extensible as
the according constraint requires).

Finaly the column “Model elements’ provides links to
unique identifiers of ePK model elements that relate to each
feature form.

At the time being the framework is intended for use by
domain engineers. With the existing functionality they are
able to change the configuration of a shop in terms of the
features it supports and to produce a set of both generic and
shop-specific business process diagrams.

At maxess, Microsoft Excel and its macro mechanism is
used to represent and extend the above feature table as a
spreadsheet (Appendix A: Screenshot of Feature Table
shows a screenshot of the partial sheet). The goals of the
Excel extension are narrated in the following subsections
3.1.2and3.1.3.

3.1.2 Link of feature table with ARIS business process mod-
els and instantiation support

For the instantiation of generic models, it was necessary to
provide a link mechanism between ARIS and the Excel
sheet. This mechanism is depicted in Figure 5.

ARIS Export file

Excel

| Graph Formation |%I Basic Analysisl
¥

QOutput

It

ARIS Import file

Figure 5: The ARIS-Excel link mechanism

For instantiation, the ARIS text export facility is used: The
ARIS toolset is capable of exporting the complete model
database in atext file which can be parsed and imported on
the Excel side. To start the instantiation process, the sheet
offers a user dialog for selecting the shop to be instantiated.
Pressing a button causes ARIS to export the text file, startsa
filter which parsesthe file and removes al elements from the
generic model that are not part of the instance, writes the
reduced model to another text file and provokes the re-
import of this reduced model into ARIS.

As Figure 5 shows, the Excel side is also equipped with
severa analysis components. These components are
examining the modds initially exported from ARIS and
eventually altered through the work with the feature table
and make sure that constraints are fulfilled. Inconsistencies
before (Basic Analysis box) and after the instantiation
(Analysis box) can be spotted. Modeling guidelines and
other predefined rules can be taken into account during the
analysis.

3.1.3 Supporting for the creation and management of fea-
tures and electronic shops

The extended feature table aims at providing user interfaces
that enable feature hierarchy management. This firstly
includes creating features and sub-features. Secondly users
will be in position to declare support of these features by
specific electronic shops and to assign constraints. Feature
update and the rather unusual feature removal may be
furthermore supported.

User interfaces also help adding new electronic shops and
shop editions in the product line. New electronic shops can
be based on predefined standard shops.

At the time being these user interfaces are at the prototype
level.
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4 FUTURE WORK

This paper describes a way to handle genericity in business
process diagrams. Genericity in control flow diagrams can be
described using optional variant decisions. This supports the
direct reuse of existing framework functionality and
therefore the realization is considered of low complexity.
However it is likely that control flows produced this way
cannot effectively lead the implementation. Examining the
effects of extending the business process model with control
flows and handling the respective constraints is a challenge
to be faced in the future versions of our mechanism.

Genericity in code is a difficult issue. It requires
parameterized code constructs that can be traced back to
control flows and to features. Depending on the
programming language used various implementation
techniques can be exploited in order to achieve code
genericity. Standard environments like IBM Websphere or
its predecessor Net.Commerce provide modules, templates,
and libraries, that aim at simplifying and speeding up the
development process. These ready-made solutions must be
parameterized as well which in our project often imposed
great difficulties.

Switching from Net.Commerce, which is currently used at
maxess systemhaus gmbH, to the Java-based Websphere
enhances the possibilities for generic or parameterized
programming. In future we intend to examine this new
potential in order to support generic implementation of
electronic shops and their instantiation using our feature
table mechanism.

A simple feature table like the one depicted in Table 1
provides information neither about stakeholders and external
data involved in the realization of a feature nor about costs
and priorities of the respective feature. The extended version
contains additional columns providing that knowledge.

It must be noted that at the time being work with the
spreadsheet is done manualy. The inconsistency
management algorithms are partially implemented. Refining
these mechanisms, delivering the previously mentioned user
interfaces as well as supporting additional columns (e.g., for
effort models and stakehol ders concerned) have just started.
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APPENDIX A: SCREENSHOT OF FEATURE TABLE

> Microsoft Excel - FeatureT ableEx_English

”ﬁ File Edit Wiew Insert Format Tools Data Window Help ;Iilﬂ
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Feature creation / management | Shop creation
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5 |Supported Seach Functions FBE:
B |(1-3:4) q 15 15 101, 102
7 Siternap MO MO MO 15 N
8 Text Search 15 15 15 15 NO o |134
g Cambi Search HO HO HO HO NO 128
10 |Multiple category search levels 3
11 (1:4) 2 levels 15 15 15 156, 158, 160
12 3 levels NO ND NO 1749, 184
13 4 level NO NO 1849
14 |Art of payment determination
158 [(1-2:2) via fareign syster]  NO MO N MO MO NO 201
16 internal determing 18 15 15 15 15 5 ]218
17 |Shopping list processing supported
18((1:2) NO | NO | MO 5 NO 5 [242
19
20
21
22
23
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4 |» | M|\ Features | 4]

Figure 6: The extended feature table as an Excel spreadsheet
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