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Abstract - The gap between business decision making and
softwar e engineering causes inefficiency and quality problems
in softwar e devel oppment. Softwar e engineersdo not under stand
organization's value creation objectives and their influence on
software production and structure. For this reason software
does not fulfil the requirements of business and softwar e qual-
ity isinadequate too often. Our objectivein the service-oriented
softwar e engineering proj ect (SOSE) isto develop methods and
tools to improve quality and profitability of software develop-
ment. I n this paper we describe SOSE framework and clarify
with examples its phases, utility, and application in pilot pro-
jects.

SOSE framework's first activity is to create a well-defined
business case. Then, business processes and data concepts are
identified, to meet business requirements of the business case,
and modelled with informal diagrams like UML and BPML.
Finally, the refinement continues with use case maps, sys
tem-level services, and business service components. We pro-
pose that service, process, entity, and utility components are
used as design elements of the business service component. In
implementation we utilize platform independent and platform
specific models. This study has been carried out in co-operation
with ICT companies and their customersin eectricity domain
in Finland.
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vice-Oriented Architecture; Enterprise Application Integra-
tion

. INTRODUCTION

Business decison-makers want adaptive, flexible, and
cost-effective solutions. Software projects compete with other
projects inside a company when investments are made, thus
cost-benefit analysis is important when sdecting develop-
ment targets. The business domain and requirements of that
domain need to be modelled in an appropriate way aswell as
existing systems. The first activity of any software project
should be creating a well-defined business case that helps
organization to justify the software project [21]. In previous
studies abusiness caseisused for various purposes; to support
the software product line approach [6], to support exploiting
open source software [ 14] and to reduce costs of performance
failures [24]. Some researches have addressed that business
decisions need to be combined with software development
decisions [23].

Various stakeholders take part to the devel opment project
which has many phasesguided in several methodologies[16],
[12], [20]. A component-centric approach is based on the use
of components working together [10]. Component-based

development offers means to define platform independent
component kit architecture with component connectorsand a
path from business goals to the program code [8]. Compo-
nents offer through endpoints (for entry and exit) interfaces
for external communication [5].

The Service-oriented architecture (SOA) extends the
component-based devel oppment methods. It isan architectural
style and design principle for building software applications
which promote | oose coupling between components. Services
are components with published interfaces. The consumers
can dynamically discover these interoperable service inter-
faces [19]. The goal-driven approach, for enterprise com-
ponent identification and specification, is both compo-
nent-based and service-oriented. It analyzes and structures
the business model to the enterprise components [15]. Ser-
vices offer away to build system and process integration and
cooperation inside an enterprise (Enterprise Application
Integration, EAI) and between enterprises (Enterprise Ser-
vice Architecture, ESA) [25], [22]. The service-oriented
approach in a business chain between enterprises comprises
an Enterprise Service Bus (ESB), which is a connector be-
tween request and response actions in business processes [1].
The architectural decisions are always a compromise, thus
architectural evaluation and transformations are needed [2].

The formea methodologies focus too much on existing
information system implementation and introduction. The
businessdomain and itsrequirements, i.e. the business goals,
visions, and strategies, should be a starting point when soft-
ware development decisions are made. In our research we
emphasize software business and software engineering and
improve former methods according to following goals: First,
we construct a business-, service-, and component-oriented
software design framework, which is advantageous to several
heterogeneous design problems. Second, we develop a
method, which facilitates moving from business require-
ments to business cases and further from these to imple-
mented service- and component-based software. Third, we
create a design model for distributed software, emphasizing
communication and software integration with interoperahil-
ity, and illustrate it with documented template solutions for
stakehol ders.

In this paper, we propose design of a software business
case and derivation of software starting from that business
case (see Fig. 1). The method is based on a top-down ap-
proach, where the business domain area is considered as one
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problem domain. The work ligt condsts of the following
steps:

- divide the business domain into subsets and analyse
business cases leading to business processes and concepts,

- move from business requirements to software require-
ments, which are described with business processes, use cases
and service moddling, and

- design and implement business service components and
distributed communication.

This research has been carried out in co-operation with
ICT companies and their customers. As a concrete case we
consider business case definition and service oriented soft-
ware design at the eectricity domain.

Therest of thispaper isorganized as follows. Therationale
for building a business case and business case definitions is
described in section II. The path from the business case to
service-oriented software architecture is described in section
[11. In section 1V we describe a case study, where business
processes at the dectricity market were utilized. Discusson
and Conclusion section V summarises results and gives fu-
ture plansto further validate our method in practice.

[I. RATIONALE FOR A SOFTWARE BUSINESS
CASE

Thissection clarifiestherationale for using abusiness case
in software development by answering following questions:
why isabusiness case useful for software devel opment, what
is a software business case, when is it established and by
whom. Here we use both the results from a literature review
and a case study that was performed in SOSE project. Pre-
vious studiesin thisresearch field support our objectives that
building a business case should be a crucial part of any soft-
ware project or an I T service development project.

We define a software business case as a collection of
businessrel ated information that can beused to define critical
stakeholders and their success criteria, the scope of the soft-
ware product, a service or a project, market analysis and
competitors, business opportunities, costs, benefits and risks.

Reasons for using a software business case (Why)

The first point of our rationale defines why the business
case is useful for software development. We suggest that a
software business caseis an efficient tool for minimizing the
gap [4] between software engineers and business decision
makers. A business analysis is needed to create a bridge
between technology-oriented software engineers and strat-
egy-oriented business decision makers.

The relationship of a business case to the service
management is described in IT Infrastructure Library ITIL
standard. A business case for a new IT service heps
organizations in 1T-budgeting, accounting and charging
services [17].

Because previous studies e.g. [21] give astrong support for
using a business case in software devel opment, we conducted

a case study [13] to explore why and how three case compa-
nies use a business case in their software projects. Main
empirical finding was that case companies used the business
case to support sales activities and pricing decisions, to al-
locate resources between concurrent projects within the or-
ganization, and to identify interoperability issues between
customer's product platform and products offered by the
software company.

Definition for a software business case (What)

The second point of our rationale is to define what a
software business case is. Building a business case for soft-
ware projects is one possible way to increase the quality of
system devel opment. A business casetypically includes partly
the same features than business plans and feasibility studies.

Therearealot of differencesin the contents of a software
business case between organi zations and project guides[18],
[11]. For example, the recent study of Robertson [21]
considers the SGS (Scope, Goals, Stakeholders) model as a
useful basis for the business case. The business case based on
the SGS model should describe investment's goals, business
benefits, the stakeholders that act as a source of the
requirements, the investigation's scope and expectations on
the desired product's scope. The following list gives an over-
view of basic issues that a software business case should
comprise:

- thescope of the software product or the project

- critica stakeholders and their business requirements

- project's resource reguirements

- revenue projections and return-on-investment,

break-even, and cost/benefit calculations

- expected levels of service from the new services,

components or technology

- market anaysis, competitors and risks

- business benefits of the solution

- evaluation of alternative suppliers

- edtimation of software lifecycle

- thetechnical platform used by customers

Our case companies mentioned a couple of business case
issues that were not emphasized in previous studies such as
the evaluation of alternative suppliers in terms of reliability
and estimation of software lifecycle (how long time software
can be used). One of our case companies recorded informa-
tion about customers' product platformsto the business case.
They also stated that busi ness benefits play an important role
in the business case document. In two of our case companies
the business case was well-integrated to the software devel-
opment process and frequently used. One company stated that
they use business case if they have enough time in their pro-
ject.

The position of a software business case in software de-
velopment process (When)

The third point of our rationale defines when a software



business case is established. Fig. 1 describes the role of the
bus ness case in a oftware development proce;s
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Flg 1. Theposition of asoftwarebusnesscasein software development process
Phase 1: A business analysisisthe first step in establish-

ment of requirements. A business analyst collectsall relevant
business requirements, software requirements, and possible
descriptions of customer's business processes into a business
case document. A business decision maker, for example, a
production manager supplementsthe business case document
with eg. a market analysis, a cost & benefit analysis and
information about direct and indirect competitors. A software
designer can provide a business case with his’lher view on
alternative technol ogy choices.

Phase 2: A business analys and a software designer
translate business requirements into software requirements
using use casesof UML [11]. Later in software projects UML
use cases are useful in identifying reusable functional mod-
ulesfor anew system, and deriving and organizing test cases.
The business case should be an open document for all soft-
ware project members and it should remind workers during
the project of the things that create value for a customer.

Phase 3: In the analysis phase, use cases are analyzed in
more detail including preconditions, post-conditions; basic,
alternative and exceptional flows.

Phase 4: The development process continues with design,
coding and testing. Finally, the software and documents are
deployed to the customer including in most casesinstallation
and training services. The cusomer checks whether the
product or a project has met all required business require-
ments.

A business case is usually established before the require-
ment specification phase in the waterfall modd and in the
inception phase of the Rational Unified Process. In the Coo-
per's Stage-Gate process modd, building a business case is
done before a development stage and it is one of the most
important stages [7]. According to Gilpert [9] a discovery
phaseisakey to the success of any software project. In other
product development models or in software development
lifecycle models the business case could be positioned in
stages called exploration, preliminary analysis etc.

Thetarget group of the software business case (Who)

The last point of our rationale defines persons who create
and use the business case. Our answer isthat a busness case
can be used by business decision makers, business analysts,
project managers, IT service managers, software designers,
product managers etc. This part of the rationale needs more
research efforts, for example empirical studies investigating
who are the persons in software industry that create or use
business cases.

[Il. MOVING FROM BUSINESSCASE TO
SOFTWARE ARCHITECTURE

In this section we describe service and component design,
which is accomplished after the business case creation and
which forms a traceable path from business requirements to
software fulfilling those requirements (see Fig. 2).

First, business processes and use cases are specified using
the functionality line. The service structure is derived and
described as a system level service map. Second, the infor-
mation lineisfollowed. The business concepts are used when
business entities are created. Both of these lines are accom-
plished intertwined. Third, in the final design the business
entities and services are mapped to business service com-
ponents. In refinement the communication, interfaces, and
dependencies between components are defined.

Service and Component Design
Business process
and service maps
Functiong]i(y line Final design
[ N R Use Cases <<Business
|—Business Case 1 P Service
A
Business 3 stz 0
LAY| Processes Services Component
PIM
| Business |
| Domain |T l T l T D
| -
| Information line /
| \ Business ) Componer!t
| Business Implementation
Data A P
| Concepts Entities PSM
|
- — | — — — 1

Fig. 2. SOSE Framework deve opment process
Functionality line

The service and component design has a top-down per-
spective. First the sysem breskdown is made and the
sub-systems are analyzed. As a mediating tool from business
architecture to software architecture use cases and service
oriented design are used.

The SOSE framework phases for service modelling are:

- The requirements of the business domain are de-
scribed as business processes.

- Bvery business process is described as a use case,
which acts like a business process and can have sev-
eral sub use cases.

- Main business processes of the business domain con-
stitute a business process map with sysem level
granularity.

- Thesystem level service map is derived from a busi-



ness process map. Each processin the business process
map needs at least one service, which fulfils the re-
quirements of the use case.

- Business level services utilize the information model
of the company (Business Entities). The behaviour of
each service is modelled more specific using scenar-
ios.

- Services consigt of a set of processes, sub-services or
legacy systems.

The use case modd depends on the business modd and
reflects the business vision, which changes during the time.
For this reason, we need the current business model and the
target business modd. Software development is costly and
needs a lot of work. For saving workload and expenses we
need a bal ance between requirements of today and tomorrow.

Information line

Herzum et a. have proposed the Enterprise Object Mode
(EOM) as fundamental building blocks of business applica
tions [10]. Correspondingly, we propose the business in-
formation model (BIM) to describe business data concepts
with along lasting nature. BIM has an influence to the whole
software system and it is described as early as possible.

The SOSE framework phases for information line are:

- Business data and resource concepts are dlicited and

specified so that they support business services.

- Busness entities are built according to business con-
cepts and placed into business service components as
building blocks. The coordination inside the entity
component is designed, too.

Final design

The SOSE framework phases for final design are:

- Every service is modelled as a business service com-
ponent (BSC).

- A st of busness service components congtructs sys-
tem level components needed in business processes.

- The work of BSC is accomplished using other com-
ponents (classfied as process, entity, and utility
component), and proxies to legacy systems.

- Entity componentsare derived so that requirements of
the business information model (BIM) are fulfilled,
whereas process components support business proc-
€SSes.

- Theplatform independent mode (PIM) is built using
these components so that integrity of dataremains and
aneedless replication is avoided.

- Theplatform specific model (PSM) is built according
to PIM definitions.

The SOSE component modd has three leves of
granularities. system level component (SLC), business ser-
vice component (BSC), and component level. Each system
level component is constructed from business service com-
ponents.

The SOSE modd and Herzum's [10] component model
have three levels of the granularity. But the SOSE modd is
service-based whereas Herzum's model is component-based.
The system level component of the SOSE framework is a set
of services. It has only one network addressable service
component. Thus, the system is more manageable because
distributed objects are not used.

The business service component has 4-layer architecture
[3]. Each tier is separated of each other and the communi-
cation occur using well defined interfaces. Components con-
struct hierarchical layers, where components depend on
another component forming a component dependency graph
(for example, see Fig. 5):

- The upper most is the service layer with one service
component (SC) offering an external interfaceto other
participants in a bus. The service component uses
other business service components, utility compo-
nents, and legacy systems through adapters, and dis-
tributed systems using appropriate protocol.

- Second layer isthe process layer consisting of process
components.

- The next layer downwards is the entity layer with
business entities and other resources like legacy sys
tems adapters referred as entity components, which
are conducted by the service component.

- The lowest level is the utility layer with supporting
components. For instance, user authentication, dis
tributed transaction management components, and
distributed service agents locate here. The BSC uses
the coordinated interaction mode between layers. The
coordination style is recommended, if persistence re-
sources are provided by other services or resources
outside this business component. It is possible that
there is a persistence data provider, which offers in-
formation as a service used in many processes. The
coordination gives smplicity and controllability.

The platform independent modd (PIM) is transformed to
platform specific model (PSM). Thelater thistransformation
is made the better portability is achieved. The SOSE
PIM-mode isacoallection of design components (i.e. business
service components), which are building blocks when the
PSM-modds are created. The goal of the SOSE is to work
both as an abstract design framework and as an implemen-
tation tool when arranging services as code packages.

IV. EXPERIMENTAL RESULTS

I ntroduction

In this section we present experimental results got in our
case study in the Electricity Market domain. First, business
processes in electricity market were specified. Second, we
specified main processes and system level use cases. We
described the current system and designed the godl, i.e. the
target system, according to the business goals and processes.



Third, we specified the business information model. The
above phases were accomplished intertwined, but here we
present the results separately to increase readability. Finally,
the business service component was designed to fulfil re-
quired services and business entities.

Business Processes in the Electricity Market

Our example case is from power market. It is a description
of eectricity supplier business activities. The electricity sup-
ply business had a "closed market model" with no competi-
tion in the past. The company, who owned the electric wires,
could operate in a monopoly position. There was no need to
be open and have co-operative systems, but this all changed
rapidly. The companies needed cooperation with other dec-
tricity operators, but software solutions were mondlithic,
hence one darted to integrate software using one-to-one
interfaces. Thiswascostly and the software architecture looks
now like a spaghetti with many dependencies between busi-
ness software programs and systems.

Because of the closed market model the information sys-
tems are not co-operative. The business process planning
using the exigting information application context is very
inflexible, expensive and has a lot of point-to-point integra-
tions between applications.

Functionality line

In our case study the electricity business main process
consigted of following sub-processes:

- Marketing: CRM, Sdles, Invoicing, Metering

- Network Monitoring Process

- Network Service and Maintenance Process

- Network Planning Process

- Electricity Marketplace Brokering Process

The marketing is responsible on customers marketing ac-
tivities (custom-sales-chain) like offer, order, order confir-
mation, invoicing. The Network Monitoring process moni-
torsthe state of a électricity local network and balances with
other networks. Furthermore, it offers information about the
electricity consumption (kwWh) in the network, what is the
state of theglobal electricity network, where and what kind of
alarms exist in the network. The Network Service and
Maintenance Process uses the information produced by the
network monitoring process and offers the failure service. In
the network planning process the network structure is de-
signed, evaluated and stored in a digitalized form. This
process offers e.g. graphical presentations of the network and
makes calculations of the network load. The Electricity
Marketplace Brokering Process buys and sdls the electricity
in the Nordic e ectricity exchange.

The next phase of the functionality line was to define a
business process map, which describes the main business
processes and their external dependencies and stakeholders
and which was refined in service maps. Both current and
target business use cases are taken into account when the

service map is defined. For example, in Fig. 3 the upper
diagram describesthe existing situation of marketing and the
lower diagram describes the strategic target and the services
needed for customer service strongly simplified.

Next the services and their behaviour were studied further.
The contracts between services were defined using collabo-
ration diagrams. For instance, the connection contract use
cases were mapped to a business service component. The
behaviour of this component was described using a sequence
diagram.
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Fig. 3. Service map: Marketing of the exiging and future system.

Information line

The business information model (BIM) consists of cus-
tomer and contract data, the facility data, the network plan-
ning data, metering data of the eectric network, and risk
management data. The marketing system component uses
legacy systems in order to get metering data and network
planning data (see Fig. 4).
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Fig. 4. Marketing businessinformation modd (BIM)
Final design

In defining the business service component (BSC) the of-
fered interfaces of the BCS must be defined including con-
tract information (pre/post conditions, prisng, user rights,
and the quality requirements of service). BSC offers inter-
faces for external communication. As an example, the con-
nection contract business service component is presented in
figure 5. The service component acts as a coordinator. It is
possible that each process component has its own islands of



data. The persistence of data is guarantied by entity compo-
nents which use appropriate resources like databases, other
services, application interfaces, and legacy systems (see Fig.
5).
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Fig. 5. Connection Contract Business Service Component (BSC).

V. DISCUSSION AND CONCLUSION

The Service-Oriented Software Engineering (SOSE)
framework compromises different business requirements in
order to make the software development and integration
process easier. In this paper, we proposed that software
projects should always start by creating a business case to
justify the project implementation. The service and compo-
nent design are mapped together in order to build the business
services component fulfilling requirements specified in
business case. However, the business process and business
information separation offers more flexibility in defining
business entities and processes.

SOSE isamediator between the business and information
system developers. It is informa enough with graphical
descriptions for discussons and new idess. It separates the
actual, current information syssem implementation from the
target system (business vision) offering toolsto design a path
tofulfil businessvisions. The devel oppment processisiterative
and cycled.

Quality attributes of the customers, such as security, per-
formance, scalability and throughput, must be compromised.
Therefore, the architectural transformations and refinement
are needed. It is easier to make improvements to early
sketches than to implementation.

Using the PIM and PSM models the early design late
binding goal realizes. Together with loose coupled compo-
nent system of SOSE framework the business and system
devel opers can achieve reusable, adaptive, and portable sys-
tem devel opment.

Weare going to further validate and develop themethod in
practice during years 2005-2006 by building an open source
implementation and studying how our principles meet the

needs of the practical implementations in software industry.
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