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1 Introduction 

Enterprises are nowadays increasingly faced with the 

fact that their information systems have become lega-

cy. A common solution to this problem is to migrate 

the existing application to a new environment, e.g. to a 

new platform. Modern platforms often employ the ar-

chitectural style of service-oriented architecture (SOA), 

in which an application is composed of loosely coupled 

entities that provide functionality as a service. The 

challenge in migrating towards a service-oriented ar-

chitecture is to identify these entities in the legacy ap-

plication and restructure its architecture accordingly. 

In this paper we describe a semi-automatic process 

which combines hierarchical and partitioning clustering 

in order to improve an initial service design. The result 

is used to restructure the legacy application during the 

migration process. The purpose of the approach is to 

create a maintainable, service-oriented architecture. It 

is being developed in the context of an industrial pro-

ject in which a model-driven software migration pro-

cess and tool chain is built [1]. It will be applied on a 

set of enterprise legacy applications. 

The paper is structured as follows: The case study is 

briefly introduced in Section 2. In Section 3 we de-

scribe our approach using an example. Section 4 dis-

cusses related work in this area. Thereafter we present 

preliminary results and outline future work in Sec-

tion 5. 

2 Case Study 

The case study is based on a platform migration from 

Oracle Forms to Oracle ADF. On the source platform, 

the main concept of an application is to provide masks 

as user interfaces to interact with an underlying data-

base. Applications consist of multiple modules, where 

each module is implemented separately. A module 

consists of module components, for which we assume 

that each includes exactly one mask as well as related 

data connections and business logic. In migrating to-

wards the target platform, services have to be identi-

fied. As the user realizes business processes by travers-

ing masks, a single module provides functionality that 

is related to one or more sequential activities in the un-

derlying process. Thus, a module can be seen as a 

business service, according to the classification of ser-

vice types given in [2]. 

Mapping modules to services results in applications 

that are hard to maintain, since many fine-grained ser-

vices emerge. Therefore, composite services need to be 

identified, which aggregate and orchestrate the busi-

ness services. In addition, since the capabilities of the 

legacy platform for software reuse were quite limited, 

code clones are omnipresent in every application we 

examined. Removing these clones by extracting the 

functionality and moving it into one single service will 

again increase the maintainability of the resulting ap-

plication and additionally reduce the effort of manual 

reimplementation that is necessary. 

3 Restructuring Process 

The general idea of the approach is illustrated in Fig-

ure 1. As described in Section 2, there exist fine-

grained business services as an initial service design. 

Additionally, we assume the existence of a dedicated 

composite service, which is externally callable as an 

entry point for an end user. The initial service design 

can be seen in Figure 1 (I). 

Composite 

1

Composite 

0

Business

1

Business

2

Business

5

Business

6

Business 

2

Business 

5

Business 

4

Business 

6

Business 

1

Business 

3

Composite 

0

Business

3

Business

4

I I I

I I I

Infra-

structure

Utility

Composite

2

Composite 

1

Composite 

0

Business

1

Business

2

Business

5

Business

6

Business

3

Business

4

Composite 

2

 

Figure 1: Illustrative example 

The process related to our approach is shown in Fig-

ure 2. Based on the initial service design, hierarchical 

and partitioning clustering are performed to improve it 

gradually. These two activities consist of multiple steps 

which are described in detail subsequently. 

3.1 Hierarchical Clustering 

The first step of the restructuring process is to perform 

hierarchical clustering based on the dependencies be-

tween the services. As the dependencies constitute nav-

igation flows, the resulting clusters are expected to ag-



gregate services that are related in terms of the underly-

ing business process. The clusters are then implement-

ed by introducing additional composite services, as can 

be seen in Figure 1 (II). 
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Figure 2: Restructuring process 

As illustrated in Figure 2, hierarchical clustering con-

sists of three activities, which are performed repeated-

ly. Each iteration starts by calculating new clusters for 

a hierarchy layer. This is performed automatically us-

ing a clustering algorithm. The result gets refined man-

ually since it may not be optimal. This is due to the fact 

that clustering is performed on navigation flows rather 

than the business processes itself. The calculated clus-

ters are then realized by introducing composite ser-

vices. For that, predefined restructuring rules are exe-

cuted. Depending on the size of the application, further 

iterations may be performed. 

3.2 Partitioning Clustering 

The second step of the restructuring process is to detect 

and remove software clones. This is achieved by parti-

tioning the functionalities of multiple services into in-

dividual and common parts. Common parts are cut out 

and moved to a single service. This might be an exist-

ing one or a newly created utility or infrastructure ser-

vice. The purpose of these types of services is to pro-

vide cross-cutting domain or technical functionalities 

that are used across different services. Therefore, these 

services do not belong to a specific layer calculated 

during the hierarchical clustering. The result of this 

step is shown in Figure 1 (III). 

The partitioning clustering consists of five activities 

that are executed repeatedly, as shown in Figure 2. 

First, automatic clone detection is performed to suggest 

candidates of software clones. In order to do this, a 

strategy has to be defined where to search for clones, 

i.e., which services are being compared and for which 

functionalities clones are being detected. The reengi-

neer thereafter selects clones that are to be removed. 

Based on this information, an algorithm determines re-

structuring possibilities, i.e., where to implement the 

functionality that should be cut out. As a result, it may 

either suggest the reengineer to move the functionality 

to an existing service or to create a new one. After the 

reengineer performs a decision, the restructuring is ap-

plied by executing a set of predefined restructuring 

rules. 

4 Related Work 

Migration towards SOA is an active area of research 

[3][4][5]. In contrast to most of the existing approa-

ches, we assume that an initial service design exists, 

based on a mapping of existing legacy structures. As a 

result, we focus on identifying composite services in-

stead of business services. In addition, we consider the 

use of clone detection for further refinement of the ser-

vice design. To the best of our knowledge, no approach 

has combined these techniques in the context of a mi-

gration towards SOA.  

5 Preliminary Results and Future Work 

This approach is being developed in an industrial con-

text. It has already been applied in the migration of an 

enterprise legacy system. Based on the described pro-

cess, systematic restructuring steps have been derived 

which were manually applied on an application. We 

were able to show that the restructured service design 

was better in terms of increased maintainability and re-

duced effort for manual reimplementation, compared to 

a migration without restructuring. 

The initial service design is improved by introducing 

new services and moving functionality between exist-

ing ones. In practice, a merge operation for small ser-

vices is desired which may complement the approach. 

We are currently working on a tool that supports the 

activities described in the process. Automation will re-

duce the effort of restructuring and reduce the risk of 

manual errors. Afterwards, we will evaluate the ap-

proach with multiple applications. 
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