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Abstract 

Enterprise Architecture (EA) in the context of enterprise engineering addresses aspects of developing, 
improving and integrating organizations. The paper introduces an approach to EA proposing 
Integration Concepts (IC) to reconcile changing business process requirements and information 
systems. Being process-driven and supporting integration issues the chosen IC is a Service Oriented 
Architecture (SOA). Therefore the contribution aims at developing a methodology to support service 
engineering by defining architectural domains in an EA. The paper shows the need for methods in the 
field of domain engineering supporting the design of a SOA. The main contribution of the paper is an 
algorithm based modelling approach and a methodology to support service domain clustering. The 
clustering algorithms are using a model considering business processes, information systems and 
information system interfaces. The algorithm adopts network-centric approaches used in the field of 
social network analysis to define and/or identify service domain clusters in complex scenarios. The 
paper summarizes a case study in a globally operating company and closes with a conclusion. The 
paper is organized by chapters addressing context, objective, approach, case, results and lessons 
learned. 

Keywords: enterprise architecture, integration concepts, process oriented integration, domain 
engineering, service domain clustering. 

1 CONTEXT: ENTERPRISE ARCHITECTURE AND ENTERPRISE 
INTEGRATION 

Enterprise engineering methodologies describe the process of enterprise integration and enterprise 
modelling (ISO, 2000 p. 6). The following chapter gives a short introduction how we have developed 
an enterprise architecture approach covering integration of business processes, information systems 
and information system interfaces regarding to the mentioned understanding of Enterprise 
Engineering. 

In a few words architecture can be defined as an abstract and holistic concept of structures and 
patterns considering planning aspects (Bass et al., 2003 p. 19; Winter & Fischer, 2006). Architectures 
are generally results of planning efforts and offer by definition a master plan supporting holistic 
implementation for future actions. These universal characteristics can be used for planning and 
designing of enterprise structures and strategies too. Furthermore enterprise architecture considers 
organizational, technical and psycho-social aspects for planning and building information systems (IS) 
in a socio-technical manner. This contribution particularly focuses on organizational and technical 
dimensions of EA. Therefore we use the terms organizational architecture and IT architecture (figure 
1, see also Winter & Fischer, 2006; Williams et al. 2001, S. 27). 
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Figure 1.  Enterprise Architecture, see (Aier & Schönherr, 2006c) 

Organizational architecture contains all non-technical elements of the EA and is best compared with 
the so called instrumental understanding of organizations which covers all general explicit regulations 
to define the operational and organizational structure. Accordingly we differentiate the organizational 
architecture in organizational structure and business processes. On a par with the organizational 
architecture is the IT architecture which contains all technical elements of the EA. In particular IT 
architecture covers the IS which are described with their own architecture: the IS architecture. Both 
architectures organizational and IT architecture will be considered being equivalents but observed 
separately to accommodate the fact that both architectures are extremely relevant for the 
organization’s efficiency and unfortunately do have complex interdependencies to each other. 

Integration concept as middleware, enterprise application integration and service oriented architectures 
have been discussed, implemented and operated for many years. The following chapter will show the 
papers objective to cluster domains in an EA supporting service engineering aspects. 

After all, designing and deploying integration concepts require both methodology and technology. 
This contribution will focus on aspects of methodology (for aspects of technology see Aier & 
Schönherr, 2006c). The recently discussed prominent approach to this issue is service oriented 
architecture (SOA). The paradigm of SOA is a distributed integration infrastructure (Aier & 
Schönherr, 2006c). One of the key benefits is a major challenge as well SOA’s integration level. SOA 
not only aims at systems integration at a primarily technical level, but on business process integration 
driven by business requirements and implemented by utilizing information technology. To sum it up it 
can be said that SOA is major element and paradigm to design enterprise architecture. Therefore the 
following section will deal with the need for and the difficulties of managing services in a SOA. 
Thereafter we will show how clustering algorithms can be employed to derive services domain 
clusters from enterprise architectures. Eventually we will discuss methodologies for applying the 
algorithms proposed in practice.  

2 OBJECTIVE: ARCHITECTURAL DOMAINS AND SERVICE 
ENGINEERING 

By definition SOA delivers not just concepts for connecting elements of the IT architecture but 
reconcile IT and business processes. Both integration aspects are already considered in the technical 
definition of SOA which describe a business process driven IT integration. Therefore SOA could serve 
as a mediator between different elements of an EA.  

Both scientists and practitioners emphasize the potential of SOA especially by reconciling business 
requirements and IT infrastructures as stated in the definition of enterprise architecture above by using 
integration concepts. Nevertheless there is the need for finding a stringent terminology hence common 
understanding used by the majority of the SOA community. Definitions range from a solely 
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technology driven approach to a new management school approach on how to run the whole 
enterprise. 

“[A SOA is] a set of components which can be invoked, and whose interface descriptions can be 
published and discovered.” (Gold et al., 2004 p. 72) Gold et al. mainly consider technological aspects 
focusing on standardized interface descriptions. Additionally McCoy and Natis taking into account 
aspects of stakeholder, granularity, reuse and agility (McCoy & Natis, 2003 p. 1). In the context of 
existing software systems and the introduction of SOA as a new overall enterprise architecture 
integration paradigm, issues as management and optimization need to be addressed too: “SOA is the 
concept of service-enabling new and existing software; linking internal and external service-enabled 
software systems; and implementing an enterprise wide infrastructure to enable, manage, and optimize 
services use and interaction“ (New Rowley Group, 2003, see also Lubblinsky & Tyomkin, 2003; Roth, 
2003)  

Aside from primary SOA terminology many authors have a common understanding of secondary 
characteristics. Summed up these are the distributed manner of SOA, the aspect of combining 
(orchestration of) rich software components (services), loose coupling of applications using services 
and the standardization of interface descriptions (Sleeper & Robins, 2002; Lubblinsky & Tyomkin, 
2003; Weinreich & Sametinger, 2001). To summarize the relevant issues Lubinsky and Tyomkin, 
2003 highlight the business process driven integration and therefore derive the following three main 
aspects of a SOA: 
• service descriptions 
• business processes 
• service (lifecycle) management 

Because of complexity especially in large organizations the solely technical view on SOA is not 
sufficient to successfully implement SOA. Methodological aspects need to be considered too. The 
differentiation between technical and methodological issues is constantly discussed (Hagel & Brown, 
2001; Gisolfi, 2001; Kirtland, 2001; Schelp & Winter, 2007).  

Concerning service management as a term which summarizes methods to design and run SOA the 
following issues are relevant in the design time hence the phase when service characteristics as 
granularity and reuse are considered. Aside from basic service characteristics as mentioned, a service 
management defines a service lifecycle mainly to avoid service redundancy.  

Due to reasons of complexity a methodology needs to be introduced to support early phases in the 
service lifecycle, the design time of a SOA. In the context of a SOA methodology terms as service 
management, domain engineering, governance, maturity and roadmaps can be found (IBM 
Corporation, 2005; Sonic, 2006). The most generic approaches can be found in the field of domain 
engineering (SEI, 2004; Open Group, 2006). The Domain Engineering introduced by the Carnegie 
Mellon SEI differentiates the following three activities (SEI, 2004): 
• domain analysis 
• domain design 
• domain implementation 

In the context of service definition the domain analysis needs to be considered. Output of a domain 
analysis is a domain model representing relevant features used for the specific context. To derive a 
domain model SEI proposes to use the context analysis defining the extent of a domain, the domain 
modelling providing a description of the relevant issues and the architecture modelling creating the 
architectural artefacts (SEI, 2004).  

Adopting the general methodology of SEI to the requirements of a SOA especially in the context of an 
architectural migration from existing IT architectures to SOA a domain model needs to be created. A 
service domain can be described as a specific modelling view that consists of modularly defined 
functionality which is necessary to support business processes and the underlying basic data. Within 
dedicated IT projects, these requirements have to be implemented.  
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The following chapters describe methodologies, tools and algorithms to define service domains based 
on the generic SEI approach of a domain analysis, clustering existing enterprise architectures hence 
business processes, information systems and information system interfaces. 

3 APPROACH: DOMAIN ENGINEERING BASED ON GRAPH  
CLUSTERING 

As described above the approach of enterprise architecture is addressing integration concepts to 
reconcile volatile business process requirements and IT aspects. In this contribution we will focus on 
Service Oriented Architectures (SOA) 

For clustering enterprise architectures first of all a model of the respective architecture is needed. 
Minimally the model should include the following elements: 
• Business processes, that means the consecutive activities (tasks) and their relationships, 
• IT systems, 
• the usage of IT systems along a process, 
• and the interrelationships and interfaces among IT systems along a process. 

Such an enterprise model can be considered a graph often called network, too. In the following 
sections we will give a short introduction to graph theory and algorithms for graph partitioning. 
Thereafter we will introduce our implementation of a software system implementing those algorithms 
for enterprise architectures. 

A graph consists of vertices V and edges E. All elements of our model (activities and IT systems) can 
be considered vertices and their relations can be considered edges. If a connection between two IT 
systems is used several times along a process the model will have several edges between two vertices. 
These edges may also be combined into a single edge with the weight w. In this case the graph will be 
called weighted graph. 

A network with n vertices is represented by an nn×  adjacency matrix A with elements 

⎩
⎨
⎧

=
otherwise0

connected are  and   vertices theif1 ji
Aij  

(1)

In a weighted graph ijA represents the weight of an edge between the vertices i and j (Newman, 2004).  

The partitioning of such graphs into several modules is called clustering while a cluster consists of 
elements that are all similar to each other in some way (O'Madadhain et al., 2005). In our case of an 
enterprise architecture similarity means that vertices have a common subset of neighbours and are 
dependent from each other in some way. Typically this is a business activity which depends on the 
availability of an IT system. 

Clustering approaches have a certain tradition in the analysis of social networks (Wasserman & Faust, 
1999; Scott, 2005). Girvan/Newman proposed a clustering algorithm to identify communities in social 
networks (Girvan & Newman, 2002). Such a network consists of individuals (vertices) who know each 
other and thus have a relationship (edge). A community is defined by a number of people who know 
each other. 
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Figure 2.  A network with three communities, see (Girvan & Newman, 2002) 

Based on the analysis of shortcomings of existing clustering algorithms Girvan and Newman 
developed a “betweenness” algorithm. The basic idea of their algorithm is to remove the edges that are 
most in between in a network. The remaining vertices connected to each other form the communities. 
Therefore they generalized Freeman’s betweenness (Freeman, 1977) to edges and defined the edge 
betweenness of an edge as the number of shortest paths between pairs of vertices that run along it. The 
shortest paths between communities run along only a few edges. That it is why these edges will have a 
rather high edge betweenness. By removing these edges one can separate the communities. The 
algorithm valid for a weighted network is the following (Newman, 2004): 
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 betweennesses for all edges affected by the removal. 
5. Repeat from step 3 until no edges remain. 

In various papers they proved the performance of their algorithm in determining communities in social 
networks (Girvan & Newman, 2002; Newman, 2004; Newman & Girvan, 2004).  

On an abstract level the problem of identifying modules in enterprise architectures is identical with the 
problem described for social networks. By applying the algorithm on the enterprise architecture model 
we identify appropriate modules as candidates for service domains in a SOA. Since one has to repeat 
the steps three to five for the weighted network several times it is also possible to identify a service 
domain hierarchy and eventually services. In every run through the algorithm, already identified 
modules will be further separated. 

One of the important questions is when to stop the algorithm practically. Because it obviously does not 
make any sense to run through the algorithm as stated until no edges remain. This results in n modules 
which equals the number of vertices. So the question is when is a “good” modularity reached? Girvan 
and Newman propose the modularity Q as an indicator for the quality of clustering results (Newman & 
Girvan, 2004).  

Therefore they calculate the fraction of edges that fall within a module. 
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Where ic  is the module the vertex i belongs to. The function ),( vuδ  is 1 if u = v and 0 otherwise, and 

∑=
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2
1 is the number of edges in the graph. If the degrees k of vertices (the degree ik of a vertex i 

is defined by the number of vertices connected with i) in a network are preserved but otherwise 
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connect vertices together at random, then the probability of an edge existing between vertices i and j is 
mkk ji 2/ , where ik  is the degree of vertex i. Thus the modularity Q, is given by 
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Values for Q range between 0 and 1. A value of 0 indicates a poor clustering result while 1 is a perfect 
cluster but a rather theoretical value. Usually values between 0.3 and 0.7 indicate good values for 
realistic examples (Newman & Girvan, 2004). 

4 CASE: MODELLING ENTERPRISE ARCHITECTURE 

After analyzing EA modelling tools we decided to implement a prototype applying the described 
algorithm on EA models based on a meta-model considering existing business processes, IT systems, 
interfaces, and systems integration on a business process level.  

The performance of the clustering algorithm for enterprise architecture models has been verified on a 
number of specially prepared test cases discussed in (Aier, 2006a).  

 
Figure 3.  Screenshot of EA Builder model transformed in a graph, 20 edges removed resulting 

in 5 clusters, grouped view 

The first step is to model relevant processes, IT systems, and interfaces in the as-is state. The approach 
extends the event driven process chain especially incorporating business process oriented systems 
integration. After modelling the as-is state the clustering algorithm supports an architect in order to 
design appropriate clusters in an EA. The tool and the methodology hence simple have been used in an 
extensive case in a globally operating telecommunications supplier. In the case study we modelled 
about 100 IT systems, 400 activities in business processes as well as the events, operators, and various 
relations on different levels of abstraction. Additionally we applied the clustering algorithm to identify 
domain clusters. Figure 3 shows an example made anonymous from the case where five clusters were 
derived removing 20 edges by the algorithm driven tool in the as-is architecture. 



 

www.via-nova-architectura.org TEAR 2007 June 6, 2007 29 

5 RESULTS AND LESSONS LEARNED 

The application of the clustering algorithm on the case study resulted in 44 clusters identified. 
Afterwards the clusters were discussed with the process and IT owners concerned. They described the 
clusters as meaningful from a business perspective. The process of discussing the resulting clusters has 
been a very helpful exercise in order to understand the interplay of business processes and IT systems. 
However, in some cases the process and IT owners were surprised that a certain element was placed in 
a cluster they would normally not have assigned it to. This may be interpreted as a hint, that the 
clustering approach reveals the actual structure of an EA and not the structure documented in 
organizational charts etc. Moreover the discussion of clusters also revealed processes which were not 
IT supported or processes which were redundantly supported by more than one IT system. 

However, the work presented here is work in progress obviously. For instance the approach covers the 
analysis of an as-is architecture only and our method is very straight forward so far. It is necessary to 
extend the method in order to construct a to-be architecture from the clustering results. Therefore it is 
necessary to include further EA artefacts as for example information objects, products etc. (Winter & 
Fischer, 2006). One of the advantages as well as a disadvantage of our approach is its simplicity. 
Removing all the semantics from an EA model in order to cluster the resulting network may be 
problematic for answering questions in the area of EA design, service design etc. Going one step 
further we would have to identify relevant attributes of the EA elements and include them in the 
clustering itself. Finally it would be interesting to compare the performance of other clustering 
algorithms, approaches from the database community like (Heiland & Kruck, 1993) or approaches 
from the software engineering community like (Girard & Koschke, 1997). The evaluation of the 
proposed improvements should be done in a design science tradition (Hevner et al., 2004) by 
employing the improved algorithms and methods in case studies. 
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