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Virtual Decoupling for IT/Business Alignment -
Conceptual Foundations, Architecture Design and
Implementation Example

IT/business alignment is one of the main topics of information systems research. The main
challenge in this respect ist the mutual alignment of business and IT structures. Services,
applications, and domains constitute fundamental artifacts and are described for the proposed
alignment architecture. Direct equivalents for the elements of the alignment architecture are
missing at both business and IT side. They should be of coarser granularity than those artifacts
that are linked by them. Existing methods can be integrated into the proposed approach. As
an alternative a bottom-up approach is proposed and demonstrated by means of a case study
for the building of domains as virtual, aggregated artifacts of the alignment architecture.
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1 Introduction

Integration is often regarded as a primary
subject for design-oriented information
systems research (Rosemann 1999; Vogler
2003). Integration is a complex concept,
characterized by a variety of dimensions
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including a variety of attributes. Common

integration dimensions are

= Integration type (merging vs. link-
ing),

= Integration scope (intra-organizational
vs. inter-organizational),

m Integration object (data vs. functions
Vs. processes) or

= Integration orientation (vertical vs.
horizontal).

Mertens (2007, pp. 1-10) provides a

comprehensive overview of integration

dimensions and attributes.

Among the different types of integra-
tion, the integration of business require-
ments with implemented IT functional-
ities is of particular interest. According
to (Luftman 2005) “IT/business align-
ment” has been the most important topic
for CIOs across various industries and
company sizes for several years. The inte-
gration of business requirements and IT
implementation is complex. (Henderson
and Venkatraman 1993) propose a matrix
where “strategy” and “processes” are dif-
ferentiated on a vertical axis, while “busi-
ness view” and “IT view” are differenti-
ated on a horizontal axis. Based on the
resulting four quadrants “business strat-
egy”, “IT strategy”, “business processes &
infrastructure” and “IT processes & infra-
structure”, four different integration per-
spectives can be differentiated.

Integration can be achieved by merging
and by linking (Rosemann 1999, p. 5 f).
Different responsibilities, high complex-
ity and limited flexibility of legacy sys-
tems often prevent integration by merg-

ing. For example, if information systems
of different companies support the same
inter-organizational business process
within a value chain, merging integration
becomes impossible due to the distrib-
uted responsibilities and different regula-
tory requirements of the parties involved.
If different artifact types such as business
requirements and IT functionalities have
to be aligned, merging integration is also
not possible. Even if merging integration
was possible, it would not in every case be
desirable in order to avoid the evolution of
monolithic and hard-to-maintain infor-
mation systems.

Ifintegration is not realized by merging,
linkage is the other option. In this case
mapping mechanisms are of great impor-
tance. For example, I'T/business alignment
mechanisms need to map strategic busi-
ness artifacts (e. g. products, goals), orga-
nizational business artifacts (e. g. pro-
cesses, organizational structures) and IT
implementation artifacts (e. g. data struc-
tures, software components).

So far, integration of artifacts using point-
to-point relationships seems to be an obvi-
ous solution. However, in complex integra-
tion environments, it can be expected that
each artifact involved is part of multiple
point-to-point relationships. In these com-
plex artifact structures, a change to a sin-
gle entity causes a multitude of necessary
subsequent adjustments. An example can
be found in Cobol programming. When
changing the processing logic of a program,
it might become necessary to change of the
data structures used (“read”). Further-
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more, the structure of the processed file
(“write”) is changed, which causes mod-
ifications in all other programs that need
to parse this data. With growing complex-
ity of the structures involved and increas-
ing change frequency of the entire sys-
tem, point-to-point relationships become
more and more inefficient. A solution to
this problem is the establishment of indi-
rect m:n relationships by using a “hub”. A
good example is the Enterprise Application
Integration (EAI) concept (Kaib 2002; Lin-
thicum 2000) which establishes an integra-
tion infrastructure for m:n linkage of soft-
ware components. A multitude of point-
to-point connections between software
systems is replaced with a linkage system
to which each software system has one sin-
gle point-to-point connection (“adapter”).
This implies that many direct connections
are replaced with few adapters.
However, EAI only links software sys-
tems and other hub-and-spoke architec-
tures also focus on linking artifacts of the
same kind. I'T/business alignment must
link different types of artifacts (e. g. pro-
cess activities must be linked to software
components). Therefore, m:n relation-
ships should be established by means of a
central mapping infrastructure. From an
architectural point of view such a map-
ping mechanism is placed “between” busi-
ness and IT structures.
The goals of this article are to
1. demonstrate that IT/business align-
ment can be supported by linking inte-
gration using an m:n mapping mech-
anism, which will achieve significant
improvements compared to point-to-
point connections

2. derive the architecture for this mech-
anism from analogue mechanisms
developed in systems theory, computer
science and economics

3. propose mapping artifacts to enable
linkage of business and IT artifacts
using indirect m:n relationships

4. show that besides a top-down approach
to design mapping artifacts, bottom-up
design is reasonable as well

5. demonstrate the contribution by pre-
senting a case study of a telecommu-
nications supplier using the bottom-up
approach for domain identification as
mapping artifacts.

The structure of the article follows a pro-

cess model in design-oriented information

systems research (Rossi and Sein 2003):

»  “Identify a need” The necessity of an m:
n mapping mechanism “between” busi-
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Fig. 1 Generic m:n mapping mechanism in systems theory

ness architectures and IT architectures
is identified in the first section. Section
2 gives a brief overview of the terminol-
ogy and the architectural understand-
ing used by the authors. The available
knowledge of similar mechanisms in
systems theory, computer science and
economics is discussed in section 3.
The extent to which existing mapping
mechanisms can be adapted for I'T/
business alignment is analyzed on the
basis of findings in related work.
“Build”: Existing mapping mecha-
nisms for artifacts, such as the three-
layer database architecture or market
mechanisms for standardized goods,
are adapted for the integration of busi-
ness architectures and IT architectures.
The artifact types needed are outlined
in section 4. It is shown that most
approaches to designing artifacts fol-
low a top-down direction. A bottom-
up approach is presented in section 5.
“Evaluate” (Section 6): The bottom-up
design of mapping artifacts is demon-
strated by presenting the implemen-
tation of a prototype for domain clus-
tering. The feasibility of the proposed
approach is evaluated in respect of the
design goals defined in sections 1 and
2.

“Learn & theorize” (Section 7): The
results of the (partial) evaluation as
well as implications of the presented
approach are discussed. In particular,
implications for integration manage-
ment are considered.
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2 Terminological foundation

Product and service descriptions, goal
definitions, process specifications,
organizational structures, etc. are busi-
ness artifacts and therefore covered by
the business architectures. Software
components, data structures, etc. are IT
artifacts documented by IT architectures.
Contrarily to these, the above described
mapping mechanism for IT/business
alignment is a virtual artifact for the
purpose of “translating” between the two
architectures. It is neither part of business
architecture nor of IT architecture.

The fundamental artifacts used to build
mapping mechanisms are called enter-
prise services. Enterprise services serve
to map
» IT functionalities (e. g. functionalities

implemented by software components
and data structures) on the one hand
with
m activities (business structures neces-
sary for process execution) on the other
hand
indirectly and with n:m capability. Enter-
prise services must be of coarser granular-
ity than the linked business functionalities
and activities to prevent the flexibility
advantage gained (compared to point-to-
point connections) being outweighed by
the creation of a highly complex additional
architectural layer.

In addition to enterprise services as
fundamental mapping artifacts, organi-
zations use applications and domains to
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support the top-down approach and the
communication of the mapping archi-
tecture. Applications and domains are
virtual artifacts as well, since they sup-
port IT/business alignment and are nei-
ther part of business architecture nor of
IT architecture.

The architectural layer represent-
ing enterprise services, applications and
domains is called the alignment layer. The
artifacts within the alignment layer are
referred to as alignment artifacts and form
the alignment architecture. The alignment
layer is introduced to complete the archi-
tectural representation of an organization
in addition to one or more business layers
(representing products, goals, processes,
organizational structures, etc) and one
or more IT layers (representing software
components, data structures, etc.), and
therefore implement the integration needs
of IT/business alignment by m:n linkage.
Due to the virtual nature of artifacts of the
alignment layer, special requirements and
challenges arise for the design and man-
agement of such artifacts. Despite ‘only’
being represented by virtual artifacts, the
alignment architecture is no less impor-
tant than business-related and IT-related
architectures. While a business architec-
ture is designed in order to achieve pro-
cess effectiveness and process efficiency
(Winter 2008) and while IT architectures
strive for technical design goals such as
reusability, scalability and performance,
the alignment architecture has its very
own design goals, such as e. g. creation of
transparency, (linking) integration, sim-
plification and/or flexibility (Winter and
Schelp 2006).

3 Decoupling mapping
mechanisms in systems theory,
computer science and economics

This section introduces basic principles of
mapping mechanisms using the knowledge
and vocabulary of general systems theory.
Applications of this concept in computer
science and economics are subsequently
presented.

3.1 Decoupling mapping mechanisms in
systems theory

The problem of complexity is the starting
point for decoupling in systems theory.
The complexity of the environment is
always higher than the complexity of the
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system in focus. Due to limited capacity,
the system is not able to establish direct
point-to-point relationships to each
environmental element. Possible ways
to deal with this problem are ignorance
(not responding to certain environmental
aspects) or bundling and generalization
(responding in the same way to different
environmental aspects).

Generalization intercepts the direct
point-to-point relationships by bundling
on the system side or on the environ-
ment side. Systems that intercept distur-
bances of the environment locally with-
out distributing the disturbances to other
parts of the system are called ultrastable
systems (Ashby 1981, p. 48). The inter-
dependencies of system components can
be reduced or intercepted by using mul-
tistage systems (Luhmann 2002, p. 169).
This interception of dependencies is also
referred to as ‘loose coupling’ (Glassman
1973; Luhmann 2002, p. 171; Weick 1976).
The opposite of ‘loose coupling’ is ‘tight
coupling’ which does not usually occur in
natural systems.

The greater the extent to which tight
coupling is implemented within a sys-
tem, the more vulnerable the system is to
changes: Disturbances to components can
influence the entire system. This problem
was especially addressed in the discussion
on high technology systems, since ‘tight
coupling’ approaches were often imple-
mented in this context (Luhmann 1991;
Perrow 1999). Systems theory proposes
the “containment” concept to overcome
this problem: A containment can serve
as wrapper which again follows the prin-
ciples of ‘loose coupling’ (cf. Fig. 1) (Luh-
mann 2002, p. 171).

Fig. 1illustrates the impact of a contain-
ment. If the basic artifacts of the contain-
ment are more coarse-grained than the
decoupled artifacts, then direct m:n rela-
tionships (left side) will be replaced by m:1
and 1:n relationships on the right side.!
The containment represents the semantic
of the original, direct m:n linkage and pre-
vents every change in system A from hav-
ing to be propagated into system B.

With the containment artifact, systems
theory justifies the benefit of a loose cou-

' Replacing direct m:n relationships with m:1 and
1:n relationships represents a specific solution. A
general solution for coarsening is the replacement
of direct m:n relationships with m:x and y:n
relationships, where m>x and y<n. The following
figures illustrate special solutions for the purpose
of simplification; however, the explanations

also remain valid for a general solution.

pling mapping on a generic level. Using the
containment mechanism enables artifacts
of the same type as well as artifacts of dif-
ferent types to be decoupled. Containment
artifacts can be implemented by means of
real or virtual artifacts. In the following,
application examples of this generic link-
age mechanism found in computer science
and economics are presented. These relate
exclusively to cases where different types
of artifacts are decoupled using a virtual
mapping architecture.

3.2 Decoupling mapping mechanisms in
computer science

An obvious example of an m:n capable,
virtual decoupling layer as claimed in sec-
tion 1 and generically described in section
3.1 is the ANSI/X3/SPARC 1975 standard
for databases. This guideline, also known
as three-layer database architecture,
requires that a conceptual layer serves
for decoupling purposes ‘between’ data
usage models (external layer) and data
implementation models (internal layer).
Instead of directly linking implemented
data structures (e. g. records, indices)
to data usages (e. g. figures in reports), a
conceptual data model serves as a virtual
linkage layer. This allows an additional
view on the database architecture where
data storage and data usage can be modi-
fied independently (logical and physical
independence) (Date 2000). The decou-
pling benefit of this mapping architecture
is sufficiently high to justify the creation
and maintenance efforts for the additional
layer.

Business requirements and IT systems
tend to change autonomously, e. g. due
to regulatory changes (business require-
ments) and release changes for standard
software (IT systems). As a consequence,
IT/business alignment is a continuous
process which can be based on the inte-
gration architecture. Similarly, autono-
mous changes occur for data implemen-
tation (e. g. technical performance opti-
mization) and data usage (e. g. query
changes). The conceptual data model inte-
grates all possible queries and implemen-
tations. As a consequence, the integration
architecture for IT/business alignment
should also be independent from imple-
mentations in order to be able to represent
as many requirement variants as possible
as well as to ensure decoupling and create
the business-focused analogy of physical
and logical data independence.
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Deutsche Telekom Laboratories

We shape the future

Deutsche Telekom Laboratories is Deutsche Telekom’s
research and development institute based in Berlin. It is
simultaneously a scientific institute organized under pri-
vate law and associated with the Technische Universitat
(TU) Berlin. At Deutsche Telekom Laboratories, scien-
tists from across the globe work together with experts
from the Group to develop new services and solutions
for Deutsche Telekom’s customers. Establishing new
companies (spin-offs) is another method for making
use of research output.

Cooperation with the TU Berlin, other universities and
industry partners creates a bridge between business
and science in order to turn ideas into marketable
innovations as quickly as possible. As part of this,
Deutsche Telekom Laboratories focuses on five fields
of innovation (5 i):

= Intuitive Usability of services and devices

= Integrated Service Components

= Intelligent Access

= Infrastructure for IT and telecommunications
= |nherent Security

The business and information systems engineering
offers useful interdisciplinary approaches for all these
areas of innovation. Subject matter includes, for exam-

ple, modeling, methods and tools for process innova-

tions, agile architectures for information and commu-
nication technologies (ICT), technology-oriented
management approaches and techno-economic
assessments. The aim is to safeguard the economic
sustainability of innovations for the Group.

Deutsche Telekom Laboratories is divided into two
areas: The Innovation Development Laboratory
focuses on market-centric research and develop-
ment within a timeframe of up to three years.

Deutsche Telekom Laboratories

An-Institut der Technischen Universitat Berlin

The basic and technology research of the Strategic
Research Laboratory has a long-term focus. Common
goal: Deutsche Telekom Laboratories is looking to
become one of the world’s leading research and
development institutions in the field of new ICT.

An institute was set up together with Ben-Gurion
University in Beer Sheva, Israel, in 2006. Since 2008,
Deutsche Telekom Laboratories has also been
represented in Darmstadt. Another project office
was opened in the Silicon Valley, United States, in
January 2009.

Contact:

Deutsche Telekom Laboratories
Ernst-Reuter-Platz 7

10587 Berlin, Germany
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www.laboratories.telekom.com
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Fig. 2 Alignment architecture for a decoupling mapping of business and IT artifacts

Other IT-related linkage architectures
such as e. g. the data warehouse system
(Devlin 1997; Inmon 1996) or Enterprise
Application Integration (Kaib 2002; Lin-
thicum 2000) are less appropriate exam-
ples in terms of the requirements defined
in the first section: These mechanisms
decouple artifacts of the same type which
are not subject to autonomous changes on
different architectural layers.

The findings of the ANSI/X3/SPARC
example can be summarized as follows:
= An additional architectural layer

‘between’ data usage and data imple-
mentation is created.

» This architectural layer primarily
serves as a “translator” of the linked
architectures and belongs neither to
data usage nor to data storage.

® The additional architectural layer
decouples artifacts of different types
on different architectural layers.

® Direct m:n relationships are replaced
by m:1 and 1:n relationships.

®  Modifications of artifacts on the decou-
pled layers do not necessarily need to
be propagated.
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3.3 Decoupling mapping mechanisms in
economics

From the economic perspective, the
market is a good example of a mapping
mechanism. The market organizes the
matching of participants’ needs and maps
the supply and demand for goods. There-
fore, it is not necessary for each market
participant, e. g. with a certain demand,
to find an appropriate counterpart (and
offer to supply accordingly), to establish
direct point-to-point relationships and
to negotiate e. g. on price and product
definition. Assuming a certain number
of market participants on both the supply
and the demand side, it is more efficient to
use the market as a mapping architecture
(cf. Ricardo 1830; Smith 1776). Besides
classical market functions such as price
definition, market clearing, allocation and
efficiency, market functions such as flex-
ible adjustment to changing environmental
factors are of particular interest (Fritsch
et al. 2005; Herdzina 2005; Kantzenbach
1967; Kerber 2007). On both sides of the
market (supply and demand), certain

changes can be made without effects for
the other side. The market partially bal-
ances and compensates for these changes.
For example, if individual suppliers enter
or exit the market, that does not necessar-
ily have effects on the market as a whole
since buyers can usually still satisfy their
demand. Vice versa, changes in demand
structure do not necessarily have an effect
on the suppliers. In the classical sense,
markets are locations (marketplaces) for
the trade of goods and services. Today,
markets are increasingly virtual, which
makes decoupling even more effective,
since more participants on the supply and
demand side operate within the market
(Kollmann 2001; Weiber and Kollmann
1998). Of course, this interpretation of
market mechanisms is strongly simplified
as certain market functions such as price
definition and product standardization
are not considered.

The similarities between the market
example and the computer science exam-
ple based on the general systems theory
concept become more apparent when
product standardization is taken into

Business & Information Systems Engineering 22009



Data
Cluster

Functional
Cluster

Bills of material

Suppliers

Planning
Financials
Parts catalog

Inventories

Machines

Capacity ufilization

Equipment
Production program

Accounts payable

Bills of work
Sales plans

Sales segmentation

Orders

Costs

Personnel

A ' Products

Corporate planning
Organizational analysis
Planning review
Financial planning
Finance

Research

Forecasting

Product development
Product specification

Management

Demand

BISE - RESEARCH PAPER

Business Unit

Functional
Cluster

Claim processing
Contract management
Accounts payable
Profitability control

Supply management
Deliveries

Inventory control
Operations planning
Scheduling
Capacity planning
Materials planning
Production

Production

Area management
Sales

Sales administration
Order management
Distribution
Budgeting

Financial accounting
Cost planning

HR planning
Recruiting

Pay roll

Fig. 3 BSP matrix and STP matrix

consideration. Standards can constitute a
mapping architecture for all kinds of arti-
facts. Many examples of standard-enabled
decoupling can be found in the domains
of information systems (Buxmann and
Konig 1998; Buxmann et al. 1999; Mef-
fert 1993) or process design in business-
to-business environments (Dietrich 2008).
Standardization incurs implementation
costs and cost to develop standard-com-
pliant artifacts, and promises benefits
from the interchangeability of standard-
ized artifacts (Buxmann and Koénig 1998;
Shapiro 2001). The more users rely on a
standard, the greater is the chance that
benefits will exceed implementation costs
(Katz and Shapiro 1994). However, when
standards remain very generic and less
specific, the adaptation efforts are usu-
ally higher, and the immediate benefits
are usually lower.
The most important characteristics of
the market example (for standardized
goods) can be summarized as follows:
®= An additional architectural layer
‘between’ supply and demand is cre-
ated.

= This layer may be, but does not neces-
sarily have to be virtual.
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® The layer enables decoupling of differ-
ent types of artifacts.

® Direct m:n relationships are trans-
formed into m:1 and 1:n relationships.

m The artifacts on the decoupled layers
can often be modified without effects
for the other layers.

m The implementation of the additional
layer causes additional efforts.

® The benefits of the decoupling layer
increases as the number of linked par-
ties rises (network effects).

= The more specific the artifacts of the
decoupling layer, the less benefit is
gained from this layer.

4 A Decoupling mapping mecha-
nism for IT/business alignment

Based on the requirements presented in the
first section and following the examples
outlined above, a mapping mechanism to
flexibly support the integration of business
and IT is introduced in this section. In a
first step, requirements for the architecture
and the artifacts are defined. In a second
step, the artifact types are specified.

22009
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Home insurance
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Appl. B

4.1 Requirements for the alignment
architecture and the artifact types

The goal is to decouple business archi-
tectures and IT architectures so that
changes to business-related artifacts do
not necessarily have to be propagated
into IT-related artifacts and vice versa.
The conceptual model for the structure
of such a mechanism is called alignment
architecture. This is the focus of the fol-
lowing analysis. Furthermore, the implicit
behavior of the alignment architecture and
the additional explicit behavioral proper-
ties of the mapping mechanism are to be
described. These aspects are a subject for
further research activities on alignment
architectures.
Alignment artifact types are needed so
that existing direct relationships between
business architecture and IT architecture
can be replaced by
1. m:1 relationships between business
artifacts and artifacts of the alignment
architecture and

2. L:n relationships between artifacts of
the alignment architecture and IT arti-
facts.

By establishing m:1 and 1:n relationships, a

difference in complexity between the align-
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Fig. 4 Meta model of the modeling approach

ment layer and adjoining layers is needed
in order to intercept the interdependencies
between business architecture and IT archi-
tecture. As in the case of aggregation levels
for business architecture and I'T architecture,
aggregation levels must also be considered for
the alignment layer (Stiinzer 1996, p. 73).

In analogy to the examples introduced
above, the proposed alignment architec-
ture and its artifacts primarily serve as a
translator between the linked structures -
they belong neither to business architec-
ture nor to IT architecture.

4.2 Artifacts of the alignment
architecture

Based on the requirements summarized
above, the artifact types enterprise service,
application and domain are proposed.
These artifact types are in hierarchical
relationship to each other (cf. Fig. 2). The
relationship can but does not need to be
strictly hierarchical, and therefore might
be poly-hierarchical.

Enterprise services represent elemen-
tary bundles of business functionality,
arranged due to collective support of busi-
ness processes, usage of same informa-
tion objects or collective reuse (Schelp and
Winter 2008). Each bundle is implemented
by one or more software components (1:
n relationship) and can be used in one or
more business processes (m:1 relationship).
Applications group enterprise services to
collectively support business processes, use
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the same information objects or are collec-
tively reused (Winter 2003). Domains are
groups of applications (and hence groups of
enterprise services) which support coher-
ent business processes, or use coherent
software systems, or use coherent infor-
mation objects and therefore form a desig-
nated integration area (Hagen 2003).

In analogy to Fig. 1, 2 illustrates the align-
ment architecture for IT/business align-
ment. As in systems theory, computer sci-
ence and economics, the decoupling layer
is placed ‘in between’ the business and the
IT layer. The alignment layer only serves as
a translator between the linked structures
and belongs neither to business architecture
nor to IT architecture. It decouples artifacts
of different types. Direct m:n relationships
are dissolved into m:1 and 1:n relationships.
Artifacts of the decoupled layers can often
be modified without necessarily having to
propagate the modifications into the other
layer. It can be expected that the contri-
bution of the alignment architecture will
decrease as the specificity of the artifacts of
the alignment architecture grows. There-
fore, alignment artifacts should be more
aggregated than the decoupled artifacts.

5 Construction specifications
for artifacts of the
alignment architecture

As a prerequisite for the systematic devel-
opment of the alignment architecture,

enterprise services, applications and
domains have to be identified, enterprise
services need to be reasonably grouped
into applications and applications assigned
to domains. Approaches to enterprise
service design have been proposed only
recently (Heutschi and Legner 2007;
Schelp and Winter 2007). These abstract
design guidelines are composed on the
basis of the respective goals. Therefore,
the design of enterprise services can be
data-oriented, process-oriented, or reuse-
oriented (Schelp and Winter 2008).

Unlike enterprise service design,
research and practice of application design
has a long history (IMG 1999; Winter
2003).

Based on approaches from the 1960s,
IBM’s Business Systems Planning Method
(BSP, IBM 1984) found worldwide diffu-
sion in the 1980s. BSP aims to group IT
functionalities according to data use and
thereby identify suitable applications.
Alternatively, IMG propose the Systems
and Technology Planning Method (STP,
IMG 1999) for application design. In this
case IT functionalities are grouped accord-
ing to ‘similar’ responsibilities instead of
‘similar’ data usage (Fig. 3).

The systematical definition of domains
has rarely been the subject of scientific
contributions in information systems
research. Practitioner approaches have
been published by (Bath and Herr 2004;
Hagen 2003). Similar to enterprise ser-
vice design, domains are built according
to conceptual guidelines (e. g. “minimize
interdependencies of elements in different
domains and maximize interdependen-
cies of elements within the same domain”)
using a top-down approach.

Existing construction guidelines for
enterprise services and domains usually
use top-down approaches. BSP does follow
a bottom-up direction, but addresses only
technical artifacts (such as IT functional-
ities and data structures) and is therefore
not suitable for IT/business alignment.
STP also uses a bottom-up approach and
does include technical as well as business-
related artifacts (IT functionalities and
organizational responsibilities), but does
not consider data coupling or reuse in the
proposed application design approach.
If business-related and IT artifacts were
analyzed and more than one coupling
dimension was considered, this bottom-
up approach would be suitable to design
coarse-grained alignment artifacts.
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Schelp and Winter (2008) use empiri-
cal research to show that design principles
for enterprise services and applications
are the same. Based on these findings,
it can be assumed that the differentia-
tion between enterprise services, applica-
tions and domains is related to the level of
aggregation and not different design prin-
ciples. In a multilevel hierarchy, domains
can be subdivided into applications which
can be further decomposed into enterprise
services. The borders of these hierarchical
levels depend on the aggregation.

We propose a bottom-up analysis of the
relationships between business architec-
ture and IT architecture to design align-
ment artifacts. Depending on the level of
aggregation of the relationships analyzed,
the result will be enterprise services, appli-
cations or domains.

The following section presents a bot-
tom-up approach to identify alignment
artifacts using the example of domain
clustering.

6 An explorative bottom-up
approach for the identification
of alignment artifacts using the
example of domain clustering

In the following section a formal clus-
tering algorithm is applied to identify
domains on the basis of organizational
architecture and software architecture. In
order to use such an algorithm, a model of
organizational architecture and software
architecture is needed. First, the underly-
ing meta model is presented. Afterwards,
the clustering algorithm is introduced and
the prototype described.

6.1 Proposed meta model

Our modeling approach focuses on the

representation of links between the busi-

ness layer and the IT layer. The respective

meta model considers the following ele-

ments in a simplified manner:

= Business processes on a high level of
aggregation

m Software systems on a high level of
aggregation

m Relations which reflect the usage of a
software system to support a business
process

= Interrelations and interfaces between
software systems which support a busi-
ness process

Business & Information Systems Engineering

In order to enable consistent modeling on
any desired level of detail, input and output
elements are introduced as connectivity
elements (Fig. 4).? To enable application
of the clustering algorithm, the instance
of the meta model has to be consistently
modeled at the desired level of detail. It is
especially crucial that there are no ‘gaps’
in the model, which would render the
clustering results useless.

6.2 Formalization of domain building

Instances of the alignment architecture
meta model can be transformed into
a graph. In the following sections we
will give a short introduction to graph
theory and algorithms for graph parti-
tioning. Thereafter we will introduce our
implementation of these algorithms for
clustering business-related and I'T-related
artifacts. Since the analysis takes place on
an aggregated level of detail, the resulting
clusters constitute domain candidates on
the alignment layer.

A graph consists of vertices V and edges
E. All elements of our model (business
processes and software systems) can be
considered vertices and their relations can
be considered edges. The alignment archi-
tecture model can be transformed into a
graph. All structurally relevant elements
(business processes, software systems) can
be represented as vertices and their con-
nections (usage of software systems in
business processes, control flows, software
system interfaces) can be represented as
edges. Graphs which are attributed by
numerical values are called weighted
graphs. Edges with a defined start and end
are called directed edges. If this is not the
case, the edges are called undirected edges.
The distance between two vertices is
defined as the shortest path between them.
In the case of weighted graphs this dis-
tance is called weighted distance
(O’Madadhain et al. 2005, p. 6). A graph
with n vertices is represented by an nxn
adjacency matrix A with elements:

1 wenn die Knoten i und j verbunden sine
i =
4 0 sonst

In a weighted graph a, represents the
weight of the edge that links the vertices i
and j. The degree k of a vertex i is defined

2 Connectivity elements primarily

support consistent modeling. They ensure
that continuous graphs can be drawn across
various levels of detail within a model.
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Fig.5 Social system with a community
structure (Girvan and Newman 2002,
p.7822)

as the number of edges that are linked to
this vertex:

ki =3 aq
7

The existing models can be transformed
into such graphs. In the first instance,
the type to which the elements comply
is irrelevant. They are represented as
coequal vertices. The edges are adopted
in the graph as undirected edges because
direction information is not significant for
the structural interrelations. The weights
of these edges are derived from the num-
ber of edges connecting two vertices. A
weight greater than one applies when two
connected software systems are used in
different processes.

As the most important criteria for
domain building, the minimization of
interdependencies between different
domains and the maximization of interde-
pendencies between elements within one
domain (meaning the shifting of elements
into a domain) can be extracted from the
examples in section 3 as well as from the
requirements in section 4.1. Even when
considering small extracts from busi-
ness and IT architectures, the application
of such an instruction will soon become
unmanageable without the appropriate
tool support. We therefore identified and
applied algorithms which evaluate the
togetherness of different elements from
the structure of a graph. The semantics of
the model elements are ignored, and only
the model structure is evaluated. Accord-
ing to the analysis approach, all elements
which are closely linked should form one
domain.

Such problems are discussed using the
key words graph partitioning or cluster-
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Fig. 6 Modeling in the prototype (part of the model)

ing. A cluster represents a set of elements
which are similar in one form or another
(O’Madadhain et al. 2005, p. 18). In the
case athand, a similarity emerges from the
fact that different elements share a subset
of neighbors.

Girvan and Newman (2002, p. 7821)
developed a clustering algorithm to deter-
mine communities within social systems.
Such a system consists of a set of indi-
viduals (vertices) that have interrelations
(edges). For example, a relation is assumed
if two people know each other. How can
communities be identified in this setting?
Fig. 5 represents such a system where clus-
ters (communities) have been emphasized.
Like Girvan and Newman, we have ana-
lyzed existing clustering algorithms in
terms of their performance to detect clus-
ters within graphs based on their struc-
ture.

In certain constellations (especially with
vertices at the border of a graph which are
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linked to the graph by only one edge),
these algorithms deliver poor results: Ele-
ments have been excluded from a cluster
although they should be part of it. Other
algorithms, such as the Voltage Clusterer
(Wu and Huberman 2004) have also been
tested, but did not produce useful results.

The “Betweenness” algorithm by Gir-
van and Newman does not try to find the
central edges of a graph. Instead, it focuses
on the identification of edges which are
“least central” and therefore lie “most
between” communities. In the past, this
vertex betweenness has been studied as
measure of the influence of one vertex on
the graph. Proposed firstly by Freeman
(1977), the betweenness-centrality of one
vertex i is defined as the number of short-
est paths between pairs of other vertices
which run across it. Girvan and New-
man generalize Freeman’s betweenness-
centrality and define the “edge-between-
ness” of an edge as the number of short-

est paths between pairs of vertices which
run across this edge. If there are commu-
nities in a graph, these are interlinked by
only few edges. That means that the short-
est paths between these communities run
across these few edges. Therefore, these
edges will have a high edge-betweenness.
By removing these edges, the communi-
ties can be separated and the underlying
structure is revealed.

The so-called edge-remover algorithm
for weighted graphs is to be applied as fol-
lows (Newman 2004, p. 4):

1. Calculate the betweenness for all edges
in the network.

2. Divide the betweenness by the weight
of the respective edge.

3. Remove the edge with the highest
resulting betweenness.

4. Recalculate the betweenness for all
remaining edges.

5. Repeat steps 3 and 4 until no edges are
left.
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Fig. 7 Model transformed into a graph

A further question is when a good cluster-
ingis achieved by removing edges or when
further edges should be removed elsewise.
Newman (2004, p. 7) defines the modular-
ity Q for this purpose. He calculates the
fraction of edges in a graph which are
located within communities as follows:
i aidleies) 1

Soan = am 2 4ii0(Ci ¢5)
iy

Where ¢ is the community to which the
vertex i belongs. The function &(u,v) is 1 if
u=v and 0 otherwise.

m= %Zij @;; is the number of edges
in the graph. If the degree k, of all verti-
ces i is preserved but edges are spread at
random in the network, the probability of
an edge existing between vertices i and j
is k k/2m. Thus the modularity Q is given

}‘I‘Y

Q= ﬁz [u.ij - %ﬁi}(s(r:i:q).

1y
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Values for Q range between 0 and 1. A
value of 0 indicates that there will be no
edges left in a community after a cluster-
ing, which would be expected according to
the random allocation. Values for Q indi-
cating a good clustering range between 0.3
and 0.7.

6.3 Prototypic implementation

The modeling and clustering approach
for the presented context has been imple-
mented in a prototype.

Fig. 6 shows part of a model that has
been used in the prototype. The business
processes have been represented as event-
driven process chains (EPC). In addition,
the usage of software systems along the
business processes, the interfaces between
the software systems along the process
flow, and the inputs and outputs for the

22009
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hierarchical refinement of the models are
represented.

The performance of the clustering
algorithm used has been analyzed in a
sequence of special test scenarios (Aier
2006). Prior to the discussion on the appli-
cation of domain clustering by the means
of a case study in the following chapter,
the functionality will be demonstrated in
a simple test scenario.

Fig.7 shows the model belonging to
the test scenario which has been trans-
formed into a graph.’> With 20 edges being
removed, the modularity function reaches
its maximum. After the application of the
clustering algorithm and the removal of
20 edges (Fig. 8) the graph is separated
into five clusters. Fig. 8 shows the resulting

3 Events and operators were

eliminated while transforming the model
into a graph since they have no impact on
the structure of an undirected graph.
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Fig. 8 Model transformed into a graph after the removal of 20 edges

clusters in a grouped illustration as well as
the progress of the respective modular-
ity function over the number of removed
edges.

The presented approach aims at deduc-
ing a domain architecture on the align-
ment layer from the existing software
and process structures by applying a bot-
tom-up approach. For this purpose it is
important to identify the central cou-
pling elements. The clustering algorithm
detects candidates for the domains on the
alignment layer. A cluster equals an ele-
ment onto which m elements of the busi-
ness architecture and n elements of the
IT architecture can be mapped. Thereby,
as many elements as possible are mapped
onto one cluster — without losing too much
specificity.

6.4 Case study of a telecommunications
supplier

In order to evaluate the performance of the
proposed approach beyond experiments
with test models, an extensive case study
was conducted. In the following section,
the case is described first. Afterwards, the
results of the evaluation are presented and
discussed.
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6.4.1 Company and Scenario

The study was conducted at a US tele-
communications supplier that operates
worldwide. The company belongs to the
Fortune-100 and accounted for revenues of
36.6 billion US dollars in 2007. The busi-
ness unit considered produces, configures
and sells professional radio systems to
corporate clients and public sector clients
worldwide.

The starting point for the case study
was a project which aimed at aligning the
complete software system landscape of
the business unit in focus with the respec-
tive business structures. The case study set
out to identify the latently existing struc-
ture of the totality of software systems and
business processes in the form of domain
models. Based on the domain identifica-
tion, a redesign of the IT architecture was
planned for those domains with a particu-
larly high need for action. This was to lead
to an efficient decoupling of independent
artifacts and a stable I'T/business align-
ment. The business area considered com-
prises about 100 software system compo-
nents and about 400 activities — as well as
the respective events, operators and rela-
tions in the process model.

RMS

order put to archive
customer creation
Tlg,n( activate check

customer identification

shipmient hand over
y arder release
oYyt

¥ ac

™ speciﬂ?iun

f W problem remedy
quality controll

The business process in focus spans
unstructured market observation in prep-
aration for a bidding process, the construc-
tion of the radio system at the integration
center, the installation of the radio sys-
tem at distributed locations, the operation
of the system for about 25 years, and the
subsequent disassembly and disposal of
the radio system. As a first step, the busi-
ness processes, the software system land-
scape and the interrelations between them
were investigated by means of the inven-
tory method and interviews. The find-
ings were documented as an instance of
the above proposed meta model and mod-
eled with the prototype (Frank et al. 2007,
pp. 152-159, 165-168).

6.4.2 Results

By applying the clustering algorithm to
the model, 44 domains were identified.
Fig. 9 illustrates one of these domains as
an example. The domains were named in
the subsequent manual analysis, and 24
striking characteristics were documented
in the cluster annotation report. For
example, domains without I'T support were
noted, or elements were noted which were
assigned to a certain domain but expected

Business & Information Systems Engineering 22009



The customer online
ordering system.
Authorized customers
could book products
via web interface.
Orders will be
checked and
forwarded into COF

ramg:Enter any manual line items )

BISE - RESEARCH PAPER

This cluster covers the whole order entry operation. Orders, ether generated for projects or
coming from MOL , will be entered into order management system (COF/ERP).

Orders entered in COF will be distributed to the corresponding Fulfillment Centers. Project
Procurement, Manufacturing, and S| Logistic will start.
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\ (name:GOF)

(name:Delog One Liner )

Fig. 9 Domain order management in the rollout of a radio system

in another domain. Amongst these, there
were six misassignments from a business
perspective, nine obvious improvement
potentials, and nine candidates for further
discussion (e. g. expected business process
changes or future IT support potentials).

The discussion of the clustering results
facilitated an understanding of the latently
existing structures among the stakehold-
ers. It was a good exercise for understand-
ing the interplay of software systems and
processes as well as for detecting and
understanding I'T support gaps.

Finally, domain building was discussed
with the respective process owners’ IT rep-
resentatives. As a result, it could be stated
that the originated clusters were reason-
able from a business perspective. Never-
theless, the clusters were partly surpris-
ing because they did not always reflect the
officially specified organizational groups
and competencies. However, it cannot be
concluded that the organizational struc-
ture should be changed according to the
clustering results. According to Frese
(1993, p. 1021), these entities/domains are
no blueprints for restructuring large enter-

prises, but instead secondary structures
spanning multiple business areas which
act as a role model for the principles of
“clarity” and “seclusion”. In our context
they represent coarse-grained alignment
artifacts for integrating business pro-
cesses and software systems by linkage.
The alignment artifacts serve to decou-
ple business architectures from IT archi-
tectures.

The identified domains represent arti-
facts of the alignment architecture which
decouple artifacts of the adjoining archi-
tectural layers. Between the domains, it is
necessary to check if the edges “deleted” by
the domain-building process can also be
consolidated in order to achieve the goal
of loose coupling. The number of edges
removed per cluster can be understood
as a quality measure for business and IT
architectures. In particular, software sys-
tems which have many edges to elements
of other domains (e. g. the software sys-
tem “COEF” in Fig. 9) should be split up
into different services on a more detailed
level. This bears the biggest potential for
further decoupling of architecture layers:
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Changes which affect only parts of the cur-
rent “COF component” remain local.

A limiting factor of this approach can be
seen in the strong dependence on carefuland
consistent modeling, since the model quality
will have significant impact on the cluster-
ing results. At the same time, the approach
delivers benefits by supporting analysis of
business and IT architectures and designing
the alignment architecture. Even in the case
study scenario, the complexity of the struc-
tures was not intuitively manageable with-
out the use of the algorithm.

7 Discussion: conclusion
and outlook

This article focuses on the integra-
tion of business architectures and IT
architectures, which is considered to be
one of the core issues in design-oriented
information systems research. Based on
decoupling mechanisms found in systems
theory and application examples from
computer science and economics, virtual,
coarse-grained mapping architectures are

161



BISE - RESEARCH PAPER

Abstract

Stephan Aier, Robert Winter

Virtual Decoupling for IT/
Business Alignment -
Conceptual Foundations,
Architecture Design and
Implementation Example

IT/business alignment is one of the main
topics of information systems research.
If IT artifacts and business-related
artifacts are coupled point-to-point,
however, complex architectures become
unmanageable over time. In computer
science, concepts like the ANSI/SPARC
three-level database architecture
propose an architecture layer which
decouples external views on data and
the implementation view of data. In this
paper, a similar approach for IT/business
alignment is proposed. The proposed
alignment architecture is populated by
enterprise services as elementary arti-
facts. Enterprise services link software
components and process activities.
They are aggregated into applications
and subsequently into domains for
planning/design and communication
purposes. Most design approaches for
the construction of enterprise services,
applications and domains are top-down,
i. e. they decompose complex artifacts
on a stepwise basis. As an alternative
which takes into account coupling
semantics, we propose a bottom-up
approach which is demonstrated for the
identification of domains. Our approach
is evaluated using a telecommunications
equipment case study.

Keywords: Integration, Decoupling,
[T/business alignment
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described and analyzed. An alignment

architecture is proposed which replaces

direct m:n relationships between business

architecture and IT architecture by a

linking mechanism. Therefore, changes

to either architecture do not necessarily
cause changes to the other.

Compared to existing approaches, the
contribution of the presented approach
can be seen in the following aspects:

»  (Classical middleware, enterprise appli-
cation integration and other m:n mech-
anisms in the I'T domain are limited to
link artifacts of the same kind. Only a
new architectural layer with dedicated
mapping artifacts can decouple arti-
facts of business architecture and IT
architecture.

» Even service-oriented architectures can
increase flexibility by decoupling, but
also focus on the link between the same
artifact types. Service orientation on the
business and IT side cannot solve the
problem outlined in the first section. A
systematic approach to align both archi-
tectures is necessary. Therefore align-
ment artifacts should be designed and
structured in a service-oriented way.
This is also important to enable consis-
tent connections between artifacts that
are preferably service-oriented too.

m  Reference architectures for information
systems (such as Retail-H or VAA) rep-
resent proven and tested solutions that
serve as a reference and are reusable to
a certain extent. Alignment issues are
not addressed in reference architectures
because reference models represent one
point in time and not a transition pro-
cess. IT/business alignment is an impor-
tant part of information management
because the desirable but complex trans-
formation of an architecture (e. g. based
on a reference model) to achieve consis-
tency between business and IT can eas-
ily be lost due to frequent changes on
both sides. The alignment architecture
presented in this paper addresses these
dynamic aspects. It does not gain any
benefits in a stable environment.

As mentioned in the introduction to this
article, our research process follows a
common model for information system
design research (Rossi and Sein 2003). This
process requires the evaluation of proposed
artifacts. Therefore, after the proposition
of bottom-up design of virtual alignment
artifacts, the approach was implemented
using the example of domain clustering
and a case study was presented.

Future research is needed to integrate
design approaches for the various align-
ment layer artifacts. Such methodology
could (as shown above) follow a bottom-up
approach, i. e. could be based on existing
business-related and IT-related architec-
tures. Alternatively, it seems possible and
vital for checking consistency to deduct
alignment artifacts from the high-level to-
be business architecture and IT architec-
ture. The particular challenge seems to lie
in harmonizing the different design goals
of business architecture (process efficiency
and process effectiveness), IT architec-
ture (reusability, scalability, performance,
etc.) with the alignment goal of the pro-
posed new layer. Then again, the results of
a model-driven bottom-up approach can
be used as a further perspective in top-
down activities. The presented bottom-
up approach is based on as-is business and
IT architectures. The “buffer” effect of the
alignment architecture can be amplified by
implementing “loose coupling” within the
decoupled layers. Further research activ-
ities should investigate how bottom-up
analysis of as-is architectures can support
the design of to-be structures. The num-
ber of reduced edges per cluster can in this
case serve as an evaluation measure.

While the decoupling characteristics of
the alignment architecture do not imply
consistency of the architectural layers,
the hierarchical structure of artifacts nev-
ertheless needs design policies. Further-
more, the question of whether only a com-
bination of 1:n and m:1 relationships deliv-
ers efficient results, or if there are scenarios
where directed m:n linkages lead to better
results should be analyzed in detail.

So far the analysis of mapping mecha-
nisms focuses on structural aspects. Fur-
ther research is required to investigate
the interfacing behavior of the artifacts of
business, IT and alignment architecture.

Furthermore, an “infrastructure” for
development and operation of an align-
ment architecture needs to be developed.
This might include repositories for storing
relevant parts of business and IT architec-
tures. Such model repositories create the
necessary transparency to develop the
alignment architecture and to advance
business and IT architectures.

Atthe same time, the achieved transpar-
ency is prerequisite to monitoring the effec-
tiveness and efficiency of this architectural
approach over time. It would then be possi-
ble to measure e. g. what change frequency
and what degree of complexity would jus-
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tify the effort involved in introducing an
additional alignment architecture.
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