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Abstract 

This document presents the processes for engineering services that can be de-
veloped on an ASG platform and applications using the ASG platform. The 
processes are tailored to different project contexts. To this end, we first de-
scribe a general process for the two engineering processes, application engi-
neering and service engineering, and develop a number of scenarios that cover 
the different situations that can arise when an ASG platform is used. The sce-
narios provide customizations to the general process, so that the process fits 
optimally to a given project. The scenarios vary in different characteristics: 

• Does the present domain ontology cover the semantic information about the 
service or the application, respectively 

• Are new services developed to support an application or are the required 
services present already 

• Are existing services or applications reused 

We describe the different scenarios that result from combining these character-
istics and present the respective process customizations 

Keywords: ASG, service engineering, application engineering: 
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Executive Summary 

The goal of Adaptive Services Grid (ASG) is to develop a proof-of-concept pro-
totype of an open platform for adaptive services discovery, creation, composi-
tion, and enactment. To proof the concepts identified and developed for and in 
ASG the technical realization as well as the business relevance is verified. The 
concepts for service discovery, creation, composition and enactment are techni-
cally realized in the ASG platform. For business relevant scenarios like the At-
traction Booking Scenario[1] an application using the ASG platform and services 
provided by the ASG platform for the application are developed.  

This document presents the processes for engineering services that can be de-
veloped on an ASG platform and applications using the ASG platform. The 
processes are tailored to different project contexts. To this end, we first de-
scribe a general process for the two engineering processes, application engi-
neering and service engineering, and develop a number of scenarios that cover 
the different situations that can arise when an ASG platform is used. The sce-
narios provide customizations to the general process, so that the process fits 
optimally to a given project. The scenarios vary in different characteristics: 

• Does the present domain ontology cover the semantic information about the 
service or the application, respectively 

• Are new services developed to support an application or are the required 
services present already 

• Are existing services or applications reused 

We describe the different scenarios that result from combining these character-
istics and present the respective process customizations. 

The results presented in this document are on one hand the identified scenarios 
that capture the situation in which the end service providers and service provid-
ers can use ASG, and on the other hand the customized processes that end ser-
vice providers and service providers can enact to perform application and ser-
vice engineering in ASG-based software development projects. 
This deliverable contributes directly to the ASG key feature “Seamless integra-
tion of heterogeneous external services” by providing methodological support 
for engineering applications that enable the identification and integration of ex-
ternal services.  

This document can provide valuable input mainly to work component 7, in 
which the end service providers and service providers of the ASG project are lo-
cated.  
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1 Introduction  

The goal of Adaptive Services Grid (ASG) is to develop a proof-of-concept pro-
totype of an open platform for adaptive services discovery, creation, composi-
tion, and enactment. To proof the concepts identified and developed for and in 
ASG the technical realization as well as the business relevance is verified. The 
concepts for service discovery, creation, composition and enactment are techni-
cally realized in the ASG platform. For business relevant scenarios like the At-
traction Booking Scenario[1] an application using the ASG platform and services 
provided by the ASG platform for the application are developed.  

For the proof-of-concept prototype development we have specified an engi-
neering process subdivided in three sub-processes as presented in Figure 1. 

Application
Engineering

Service
Engineering

ASG
Platform

Engineering

 

Figure 1:  ASG Development Process 

Naturally the prototype development and thus the process definition are highly 
driven by the evolution of the ASG project. Our goal regarding the process 
definition is to support the current development within the ASG project, but 
also the tailoring of ASG to a new application domain as described in [2]. The 
model presented in Figure 2 is the basis for the application of ASG to another 
domain:  the end service provider owns an instance of the ASG platform and 
offers applications in the new domain running on the ASG platform. The ser-
vices registered in the ASG platform and used by the application are provided 
by the service provider. The new application is used by the end service cus-
tomer. 



Introduction 

Copyright © Fraunhofer IESE 2006 2 

I want to book a 
cultural event for 

this evening!

End Service Consumer

XHTML

End Service Provider

Tourist Services
Application

Service Providers

SOAP
Service-Oriented

Platform

HRS.com:
GetAttractionInformation

Map24:
GetRouteDescription

Amex:
PayInvoice

...

 

Figure 2:  ASG Interaction/Communication Model 

How the end service provider has to develop an application executable on the 
ASG platform and how the service provider has to develop a service to be regis-
tered in the ASG platform is specified in the application and service engineering 
processes presented in this report. 

To get an impression on the challenges for application and service engineering 
processes the ASG platform, applications and services are characterized in the 
following sections. 

1.1 ASG Platform 

The service lifecycle for ASG as presented in Figure 3 illustrates and explains the 
ASG key service concepts and features.  

ASG Platform

Application
ServiceService

User Goal Definition

Registration & 
Deployment

User Goal Reached

 

Figure 3:  ASG Lifecycle 
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The main feature of the ASG platform is to provide services corresponding to 
the specified user goal. During planning the composition subsystem of the ASG 
platform looks for single (atomic) services or a composition of services (com-
posed services) achieving the user goal. It uses the discovery subsystem to 
search the current service landscape for an appropriate service. In order to dis-
cover, compose and subsequently to compare available services or their compo-
sition with the user goal automatically at runtime the services are described se-
mantically. In contrast to that is the, current state-of-the-art, where services 
have to be composed manually at design time due to the lack of semantic in-
formation in their service specifications.  

After the planning has found or composed an appropriate service, an agree-
ment on quality of service is made with provider of the service identified for 
achieving the user goal. The negotiation considers the user preferences regard-
ing quality of service as well as the offers of providers. These service level 
agreement (SLA) is documented in a contract.  

The enactment of the agreed service is managed and controlled by a workflow 
engine. It invokes each identified service (according to the composition), moni-
tors if the contract is fulfilled by each provider, and subsequently specifies or 
updates the profile of the provider according to the agreement and monitoring 
results. The output of the executed service is returned to the requester. 

In each sub-cycle of the ASG platform lifecycle the possibility for regression ex-
ists. If for example no agreement is accomplished, composition is triggered 
again (re-planning).  

Usually, as illustrated in Figure 3, an application is used to build goals based on 
user input and thus requests the ASG platform for an appropriate service by 
specifying the (user) goal. The application, its features and its usage of the ASG 
platform is described in section 1.3.  

Further, any kind of functionality deployed as service (see chapter 4) can be reg-
istered at the ASG platform. The registration requires a semantic and syntactical 
specification of the service according to the ASG ontology and domain ontol-
ogy (see also Service Engineering - Register Service in section 3.2).  

The process to develop the ASG platform with its features (e.g. dynamic com-
position, dynamic negotiation, semantic awareness …) supported by the lifecy-
cle and its different subsystems is described in [3]. 

1.2 ASG Service 

The ASG platform discovers, composes, and negotiates appropriate services 
with semantic-awareness and subsequently executes them. The semantic-
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awareness is based on the semantic specification as well as on the underlying 
domain ontology. To execute services they are invoked based on their syntactic 
specification. Thus, each service is specified semantically and syntactically (see 
Figure 4). The specification comprises the attributes as defined in the ASG On-
tology and their values defined according to concepts in the domain ontology.   

Service

Sem
antic Service 

Specification

Syntactic Service 
Specification

 

Figure 4:  ASG Service 

The ASG Ontology comprises the attributes required to specify a service seman-
tically and syntactically and their relationships. For the semantic specification, 
attributes like precondition and postcondition are required, and the syntactic 
specification contains attributes like input, output and operation name.  

The domain ontology is formal and consensual specification of conceptualiza-
tions that provide a shared and common understanding of services registered at 
the ASG platform. 

The processes to engineer or reengineer services are described in chapter 3 and 
4.  

1.3 ASG Application 

Applications using the ASG platform are service-oriented. The functionality of 
the application, the Application Logic, is described by a flow of services as 
shown in Figure 5. The functionality required by the services is offered by the 
ASG platform, by another service registry or by an internal component reposi-
tory. According to the service functionality required in the application flow, the 
goal is defined in the Service Request layer and transmitted to the ASG plat-
form. The input required for performing the services are received by the appli-
cation via the User Interface. The results of the service execution are propa-
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gated to the user also via this layer. In chapter 3 and 4 the development of an 
application are described in more detail. 

Service Request

Application Logic

ASG Platform

User Interface

………..
……….. ………..

Application

 

Figure 5:  ASG Application 

1.4 ASG Process Management 

In this section we describe the approach used to develop the platform, appli-
catin and service engineering processes. Figure X shows the five main phases of 
the approach:  Initial Process Drafting, First Process Refinement, Second Process 
Refinement, Process Stabilization, and Post-Mortem Analysis.  

In general, the main idea behind the approach followed is to start with com-
monly accepted process knowledge, to refine it with information gathered from 
the development cycles, and to improve therewith the process according to the 
real project needs. For more details see [3]. 
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Initial Process Drafting. During this phase, a first process draft is sketched on 
the basis of recognized international standards such as ISO/IEC12207 “Informa-
tion Technology - Software Life Cycle Processes” [4], and 15504 “Information 
Technology – Software Process Assessment” [5] and discussed with the respon-
sibles of the development to ensure its applicability. The main goal of this phase 
is to make the various process purposes explicit and provide a first set of proc-
ess-related terms to be used by the heterogeneous teams involved in the devel-
opment of the ASG platform, applications and services. 

 
Initial Process 

Drafting
First Process 
Refinement 

Second 
Process 

Refinement

Process 
Stabilization

Development 
Prototype M6

Development 
Prototype M30

Development 
Prototype M20

Development 
Prototype M12

Post-Mortem 
Analysis

Process Definition

Process Enactment

 

Figure 6:  Approach to Process Management  

First Process Refinement. In this second phase, documents produced during the 
first development cycle are analyzed and the process description is refined ac-
cordingly. Process refinements at this stage include more detailed guidance for 
specific activities and tools. A first formalization of process roles is achieved and 
responsibilities are tentatively assigned. The process infrastructure is also re-
fined, since first document templates are defined and the project portal is 
(re)structured to reflect, among other things, the process information gathered. 
The purpose of the second phase is to improve process awareness and let the 
heterogeneous development teams come to a common process understanding. 

Second Process Refinement. The purpose of the second process refinement is to 
let all parties involved in development achieve a common understanding of the 
development process. For this purpose, a detailed process description is pro-
vided, which reflects the development activities as performed by the involved 
roles, and which is agreed on by all process performers. During this phase, pro-
ject members involved in the development of the ASG platform, application 
and services are interviewed. They answer questions about their experience and 
the role they play, the experience level and the organisation of their software 
team, the process followed by the team. Also, they provide feedback on the 
process as refined during the second phase and on the process infrastructure 
implemented. 

Process Stabilization. During this phase, process changes are controlled through 
a change management procedure: changes must be requested, motivated, ana-
lysed, and collectively accepted before they can be implemented. The purpose 
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of this phase is to keep the process stable to enable unbiased process analysis. 
Nevertheless, valuable process changes should be considered and eventually 
implemented whenever needed. 

Post-Mortem Analysis. At the end of the project, a post-mortem analysis will be 
performed by interviewing process performers. The purpose of this closing 
phase is to extract lessons learned during development and to package the 
main project results, also in terms of considerations regarding the process ap-
plied. 

1.5 Structure of this Report 

This report presents the processes required to engineer services that can be de-
veloped on an ASG platform and applications using the ASG platform.  

Chapter 2 summarizes the current state of the practice in application and ser-
vice engineering. The activities, artefacts, roles and tools needed to engineer a 
new application and services used in the application are described in chapter 3. 
Chapter 4 lists and describes possible scenarios using the ASG platform as end 
service provider and service provider. For each scenario the application as well 
as the service engineering process is instantiated correspondingly.  
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2 Related Work 

This section introduces processes, methods, and techniques available for appli-
cation and service engineering. The section sketches the current state of the 
practice in the field of processes aimed at providing solutions based on service-
oriented architecture with particular attention given to the initiatives currently 
exploring semantic interoperability aspects. The content of this section is a 
summary of the survey performed at M6 and documented in deliverable D6.III-1 
“Adaptable Process Engineering Survey”. 

2.1 Application Engineering 

The task of developing an application for the ASG platform is characterized by 
factors such as: high volatility of requirements, lack of experience, and time to 
market. Software development organizations that target developing in domains 
of similar characteristics must have the possibility to change their strategy in a 
given circumstance, in a given point of time during development. Strict, inflexi-
ble process models like the waterfall model are not suitable for such contexts. 
Organizations must react to the context in the most appropriate manner, and 
that is only possible through flexible processes [6]. 

Suitable life cycle processes for developing applications for the ASG platform 
are: 

The throwaway prototype model, and the incremental development model [7], 
which were found suitable for domains of similar ASG characteristics such as 
Internet and mobile [8], [9], [10]. Through these models, essential operational 
functions are provided initially, and then more capable versions of the system. 
Increments are usually defined as an agreement between the customer and the 
development organization. This allows development organizations to get feed-
back from the final customer during the development of the increments until 
the final version of the solution is delivered. Additionally, monitoring and con-
trolling the project plan can be done more precisely, and the quality of incre-
ments can be assured with the established verification and validation activities. 
What is the best increment to be delivered? What is a realistic time interval for 
each increment? How to select a consistent set of requirements for the incre-
ment? These are questions, which have been already addressed in the area of 
requirements engineering and applied in areas like Internet or Mobile [11], [12]. 

Regarding applications to be integrated in the ASG platform, a software devel-
opment organization can have more than one role, for example as application 
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provider, service provider, and integrator of services. This characteristic de-
mands vision and discipline for releasing the product, and impacts the proce-
dure to determine the best suitable or most profitable increment. In the context 
of the ASG project prototype development has been used to developed the ap-
plications and realize the business scenarios. 

The Extreme Programming approach does also reflect an incremental model 
and has been proposed by [13] and [14] as suitable for Web based projects 
where time to market plays an important role. Extreme programming focuses 
on producing source code and test drivers, avoiding documentation, and han-
dling the volatility of requirements through small releases. Development cycles 
are short and based on requirements that will really generate business value for 
the customer. A risk of following agile approaches is that they rely on tacit 
knowledge of developers [15]. In the context of the ASG this can become an is-
sue especially because developers are still learning due to the immaturity of the 
Semantic Web Services domain. Additionally, issues like scalability and perform-
ance have to be carefully designed.  

The spiral model [16], assumes risks as the driver force of software projects. 
This model proposes ongoing refinement of the system specification into source 
code components. Refinements are made through cycles, and each cycle is risk 
assessed. A risk assessment determines if a project continues or is cancelled. 
The nature of the spiral model seems reasonable to apply in a convulsionate 
domain like semantic web services, but the real cost of identifying, analyzing 
and maintaining risks is high, which is not so suitable for small and medium 
companies, and the ASG project infrastructure. 

According to [17], it is advisable for any organization intending to engineer an 
application for a platform of similar characteristics as the ASG to make explicit 
decisions at the management level before the start of the project concerning 
the following issues: 

• Which types of benefits would the organization like to achieve first?  

• What scope does the organization want for the platform-based application 
in the near and medium term?  

• Which technical aspects or elements of a platform-based application should 
be exploited first?  

These questions have been and continue to be systematically answered in the 
context of the ASG project before developing the prototypes. Benefits have 
been realized by business scenarios, the scope through the requirements of the 
ASG platform, and the technical aspects to be exploited first through the priori-
tization of the requirements. [18] proposes one strategy for establishing the 
foundations of a grid service application. The strategy comprises the following 
set of steps: 
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1. Identify similar resources from a business perspective (i.e., potential Web or 
telematic services), 

2. Handle services in a semantic oriented way,  

3. Virtualize such services. In this context, virtualization means making informa-
tion available whenever, wherever it is needed [17], [19].  

ASG has followed the first two steps of such a strategy. The third step has not 
been followed since grid computing has been left out of the scope of the pro-
ject. In the following section, we present approaches found in literature for en-
gineering Web and telecommunication services that cover the first steps of the 
mentioned strategy. We also reference approaches found for providing seman-
tic capabilities to services, which corresponds to the second step of the strat-
egy.  

2.2 Service Engineering 

Web and Telecommunication Services - approaches that can be of help in 
identifying similar resources from a business perspective can be found in the 
Web service-oriented engineering domain as well as in related domains such as 
telecommunications [20], [21] ,[22],[23]. 

These domains do not show substantial differences in their processes when 
transforming a business idea into a service model. They suggest capturing the 
business idea through scenarios, then creating a conceptual service model that 
reflects service concepts involved in the mentioned scenarios, followed by a re-
finement of the service flow by defining operations, relationships to external 
services, and states of the service, and finally, orchestrating the service by defin-
ing rules and interaction models. These steps have been followed for the devel-
opment of ASG prototypes and captured in the ASG development process.  

Traditional requirements analysis techniques can be performed through inter-
views or group meetings with stakeholders in order to discover candidate ser-
vices. Another possibility is to follow the Component Business Modelling (CBM) 
technique [24]. CBM is a technique that could help in deriving services in a top-
down manner. It provides a framework for viewing the business as a network 
of discrete services, turning the services into unique building blocks. A compre-
hensive survey on approaches for eliciting candidate services and specifying 
them as requirements is provided in D6.I-1 Requirements Specification Survey. 
The survey is used as a basis for developing the requirements engineering 
method for ASG. 

In ASG, services are identified and discovered in an application-specific way. 
This means that, for an envisioned application that solves a given problem, dur-
ing application engineering, services are identified that contribute to the appli-
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cation. The service identification is driven by the application flow that captures 
the business logic, as well as the interaction of a user with the application. 
Blocks of interaction are refined until a proper level of granularity is reached 
and thus services have been identified. The identified services are then discov-
ered to check whether there are actual service implementations available. If this 
is not the case, service engineering is enacted to develop an appropriate ser-
vice. In the EU IST project SeCSE, two different approaches for service discovery 
have been developed. The first approach integrates the service discovery in the 
requirements specification [25]. The idea of this approach is to use relevance 
feedback to use existing services to explore and validate the requirements for 
service-centric systems. A tool is developed that supports the use of UML use 
cases and textual requirements for requirements specification on one hand and 
for generating service requests that are used for service discovery. The tool uses 
a word-net based glossary to generate service requests from natural language 
requirements.  

The second approach proposes architecture-driven service discovery [26]. In this 
approach design models are used to identify services. The functional and quality 
requirements for the services are thereby taken from the design models. The 
used design models are UML structural and behavioural model. From these ser-
vice queries are derived that are used to discover available services. As in the 
first approaches described before, the discovered services are fed back to evolve 
the design. 

Both approaches developed in the SeCSE project have in common that they 
discover services at development time. In the ASG application engineering ser-
vices are discovered as well at design time to support the refinement of interac-
tion blocks. ASG does, however, also support the dynamic and automatic ser-
vice discovery based on semantic service and service request descriptions. 

Business process models can be described after the candidate services have 
been identified. They shall be described as a sequence of operations/services 
performed with a specific business goal in mind. Once the business process 
model has been identified, techniques from enterprise architecture frameworks 
and object-oriented analysis and design can be used for implementing and de-
ploying the service(s) [20]. The actual tendency of major software vendors (e.g., 
Websphere Integration Server Foundation, Business Works, Oracle BPEL Process 
Manager) is to provide support for the static and dynamic design of such busi-
ness processes as well as for their implementation. Software vendors enable the 
definition of state models and choreography of business processes. They also 
integrate Web services with process engines [27], [28] on top of their Web ap-
plication servers, e.g., the IBM WebSphere Application Server - Express V5.0.2. 
The ASG project is using the advantages offered by such tools to represent ex-
ecutable flows of models, i.e., the choreography, and object-oriented analysis 
and design for implementing and deploying the services. 
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Semantic Services - Concerning the engineering of solutions aimed at han-
dling services in a semantic-oriented way, four different approaches are cur-
rently evolving: IRS [29], OWL-S [30], WSMF [31] or rather WSMO [32], and 
METEOR-S [33]. Although they address similar objectives, they also turn out to 
be different in terms of reasoning support, mainly due to different underlying 
logic and ontology frameworks. The approaches show complementary 
strengths and there is evidence of convergence among the approaches. How-
ever, none of the proposed frameworks can be seen as a reference capable of 
supporting standard processes for the semantic annotation of services and the 
engineering of intelligent machines able to autonomously apply and combine 
the annotated services for coming up with a solution to a given problem.  

WSMO and its language WMSL have been adopted by the ASG project for en-
riching services with semantic descriptions. They have been used and continue 
to be used for developing the prototypes. The ASG project profits from the ex-
isting concepts and constructs developed in WSMO and WSML. On the other 
hand, ASG generates new requirements to be implemented by the leaders of 
the WSMO initiative.  
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3 Application and Service Engineering Process 

In this chapter the application and service engineering processes with all their 
possible activities to be performed, artefacts used and produced in these activi-
ties, the involved roles and the tools supporting the processes are presented. 
How the end service provider has to develop an application executable on the 
ASG platform and how the service provider has to develop a service to be regis-
tered in the ASG platform is specified in these processes.  

As described in section 1.1 the ASG platform provides appropriate services by 
discover and compose them based on semantics. On one hand the services are 
described semantically. On the other hand the ASG platform comprises a do-
main ontology specifying the concepts of applications using the ASG platform 
and of services registered at the ASG platform, the service landscape.  

The following parts of the ASG platform could be updated or developed for 
new applications and services: 

• Domain ontology: the ontology specifying the domain of applications and 
services available in the ASG platform will be updated/developed in case of 
required domain changes regarding new applications or services. 

• Service Registry: the registry managing services available currently in the 
ASG platform can be extended or reduced by adding or removing services. 

Figure 7 presents the product flow of service and application engineering proc-
ess. The product flow describes all activities and the artefacts which are used as 
input for the activity and which are produced as output of the activity (see leg-
end in Figure 7). The notation is based on spearmint [34]. 
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Figure 7:  Product Flow – Application and Service Engineering 
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Performing service and application engineering processes as presented in Figure 
7 services, application, ASG platform and the domain ontology are developed 
or rather updated. This situation is illustrated in Figure 8. Thus, new application 
and its required services are developed. The domain ontology is updated ac-
cording to the new service landscape, in other words according to the concepts 
required to describe the semantic of the application or rather services. The new 
ontology is integrated in the ASG platform and subsequently the new services 
are registered. In addition, feedback regarding future features or other recom-
mendations could be collected for the ASG platform. 

Service Application

ASG Platform

Domain Domain 
OntologyOntology

Not addressed by  engineering 
processes.

(1) New Service 

(2) Feedback to ASG platform or new 
service registered

(3) New Application

(1) Domain Ontology updated according to 
new service landscape

(2) ASG platform updated according 
Domain Ontology

(3) Domain Ontology updated according to 
new application  

Figure 8:  ASG Elements 

3.1 Activities – Application Engineering 

In this section each activity that have to be performed to develop an application 
(see Figure 7) using the ASG platform is described by its purpose, used and 
produced artefacts, involved roles and tools supporting the activity.  

The first activity in application engineering is Elicit Requirements (see Figure 7 
A1). The purpose of this activity is to identify the high-level requirements to be 
fulfilled by the intended application. Therefore, the different stakeholders inter-
ested in this application and their goals regarding this application are identified. 
The result is the artefact Application Requirements. Application Requirements is 
a text document containing the goals intended with the application by any 
stakeholder. For more details see [35]. To identify the right and feasible re-
quirements the Customer, Application Engineer, and an ASG Platform Expert 
should participate. ASG Platform Expert has the knowledge on the functionality 
and features provided by the ASG platform. The feasibility of the intended ap-
plication has to be estimated by the expert. Application Engineer is familiar with 
the application engineering process. He/She knows how to perform the differ-
ent steps and to use as well as to produce the required artefacts. The role Cus-
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tomer is used in the description of service and application engineering process 
more generic. It is assigned to the person that has interest in the development. 
Thus, it could be assigned to the end service provider, end service customer and 
service provider or to any other stakeholder. The customer involved in this activ-
ity could be the end service provider as well as the end service customer or 
both. To document the requirements any kind of text editor, for example MS 
Word, Wiki, can be used. 

The next activity (see Figure 7 A2), Analyze Requirements refines the high-level 
requirements. First, the flow of activities within the application and the interac-
tions are identified and analyzed if the flow and interaction can be supported 
by the functionality of the ASG platform. Concurrently, services are investigated 
providing the functionality of activities identified in the workflow. These ser-
vices are either already registered at the ASG platform or have to be developed 
(see section 3.2).  Further, possible changes required in the domain ontology 
are optionally found out considering the domain of the intended application 
[35]. Inputs for the refinement of the requirements are the Application Re-
quirements, the Domain Ontology and ASG Platform Features. Domain Ontol-
ogy comprises all application domains. Thus, it could already include an ontol-
ogy specification for other applications. ASG Platform Features contains the 
functionality and features provided by the ASG platform like a user manual. 
Outputs are the Application Interaction specification, Domain Ontology Change 
Requests, Service Landscape and optionally ASG Platform Feedback. ASG Plat-
form Feedback is a document comprising requirements to the next release of 
the ASG platform. Application Interaction describes activities, their sequence in-
teractions used to realize the identified application requirements. Service Land-
scape contains the list of services used to support partially the application flow. 
Services already registered in the ASG platform as well as services that have to 
be developed are listed. They are mainly described by their input, output, pre-
condition, postcondition and their functionality. Domain Ontology Change Re-
quests lists the changes needed for the domain scoped during Application En-
gineering – Analyse Requirements. The templates used to specify Application 
Interaction, Service Landscape and Domain Ontology Change Requests are pre-
sented in [35]. The Application Engineer, Customer, Service Engineer knowing 
the engineering process and already existing services, Domain Engineer know-
ing the current domain ontology, and the ASG Platform Expert analyzing the 
feasibility to support the application by the ASG platform should participate in 
this activity. To document the application flow a workflow specification editor 
and to specify the other artefacts a text editor can be used. 

After the requirements analysis the realization of the application is designed 
(see Figure 7 A3). As described in section 1.3 the application comprises a flow 
of activities supported by services already registered in the ASG platform, by 
services to be developed, or any internal components. Further, the application 
handles the activity input data given by the end service customer and output 
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data represented to the end service customer. Considering these application 
features, a generic layered design for the application can be specified as pre-
sented in Figure 9.  

User 
Interface

………..

Service 
Request

Application
Logic

ASG Platform

……….. ………..

Application

User Input Data Output Data

Service Specification, Service Input, QoS Output/Input

Goal Specification, Input, QoS Service Output

 

Figure 9:  Application Design 

The user interface layer provides the interfaces to specify the input data as well 
as to present the output to the user. TORE is a method that allows developing 
the user interface based on the application flow description [36]. The applica-
tion logic layer has the functionality to execute the application flow. It performs 
the activities one after another by calling the ASG platform providing an appro-
priate service or internal components. The functionality of the application logic 
layer can be realized by a workflow engine, for example. Thus, the work-
flow/application flow is specified using for example BPMN or UML diagrams de-
scribing the flow. The service request layer specifies on the one hand the goal 
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as input for ASG platform request and on the other hand the functional call for 
the internal component. The functionality of the internal components is de-
signed using regular software engineering approaches. Inputs for the applica-
tion design activity are the Application Interaction, Domain Ontology, Applica-
tion Requirements and Service Landscape. The Application Engineer, Domain 
Engineer as well as the ASG Platform Expert should be involved in the design. 
For the documentation of the application design any design or UML editor can 
be used. 

After the design activity an executable application is established (see Figure 7 
A4). The purpose of the activity Application Engineering – Implement is to im-
plement the functionality of the design layers using the selected technology as 
programming language, workflow engine, and of the internal components and 
subsequently, to compile the resulting source code. The Application Design, 
Service Landscape, Domain Ontology, and Application Requirements are used 
as input for the implementation. Output is the Application Implementation. 
Application Implementation is executable source code implementing the appli-
cation functionality and behaviour as described in the application design. Re-
sponsible for this activity is the Application Engineer. The implementation can 
be supported by any integrated development environment (IDE), for example 
Eclipse and Maven. 

Concluding, the functionality of the resulting application implementation is 
verified against the specified Application Requirements (see Figure 7 A5). For 
more details on the Application Engineering – Test see [37]. Input for this activ-
ity is the Application Implementation, Application Requirements, Application 
Design as well as ASG Platform with Updated Service Registry. ASG Platform - 
Updated Service Registry is the ASG platform with new uploaded semantic and 
syntactic service specifications. The result is an executable and Tested Applica-
tion. Tested Application is the application tested against the application re-
quirements.  The Application Engineer is responsible for the test. 

3.2 Activities – Service Engineering 

In this section each activity that have to be performed to develop services (see 
Figure 7) that can be registered in the ASG platform is described by its purpose, 
used and produced artefacts, involved roles and tools supporting the activity.  

Considering service engineering as a stand-alone project independent from a 
specific application (see section 4.1) the first activity in service engineering is 
Elicit Requirements (see Figure 7 S0). The purpose of the activity is to identify 
the service to be developed. The result is a Service Landscape with the service 
described by its name, input and output parameters as well as the specified 
provider. If changes are required in the domain ontology according to the iden-
tified service landscape, they are documented in the artefact Domain Ontology 
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Change Requests. The Service Engineer, Domain Engineer as well as the Cus-
tomer are involved in this activity. Service Engineer is familiar with the different 
steps to develop a service and with the usage and documentation of specified 
artefacts. Further, he/she has the knowledge to specify a service syntactically 
and semantically. The results are documented with usual text editors. Domain 
Engineer is an expert in modelling and specifying ontology. He/She is familiar 
with the ASG Ontology and the ontology language(s) understandable by the 
ASG platform like WSML or Flora1. 

However considering the scenario that services for a specific application and 
corresponding domain ontology have to be developed (see section 4.2.4) ser-
vice engineering starts with the activity Analyze Requirements (see Figure 7 S1). 
The purpose of the activity is to identify the external visible behaviour of the 
service. Thus, the functionality callable from extern, the interaction among ser-
vice and user/application, are analyzed in more detail, e.g. the data types used 
for input and output paramaters are specified. Input for the activity is the Ser-
vice Landscape.  The result is Service Reuqirements document. The Service En-
gineering as well as the Customer have to participate.  

Semantic-awareness is one feature of the ASG platform. The purpose of the ac-
tivity Specify Service Semantically (see Figure 7 S2) is to annotate the service 
semantically regarding their affiliations to the domain ontology. First, the func-
tional and non-functional properties identified in the Service Requirements are 
specified using the established service specification language, for example 
WSML or Flora. The functional and non-functional properties that have to be 
specified for ASG platform are defined in the ASG Ontology. For the service 
specification the Service Landscape, Service Requirements and the Domain On-
tology are considered. The output of this activity is the Semantic Service Specifi-
cation for the developed service. Semantic Service Specification is a document 
specifying the semantic of the service. The elements like input, output, precon-
dition, and postcondition as specified in the ASG Ontology are described ac-
cording to the domain ontology. The specification task is performed by the 
Domain Engineer and Service Engineer. They could use specific tools for the 
semantic annotation of services as WSMO studio [39]. 

In the next step the service is designed (see Figure 7 S3). The purpose is to iden-
tify and define the internal behaviour of the service. The internal components 
required to provide the external visible functionality, the data exchanged within 
the service, as well as the interaction among the internal components of the 
service. For the documentation corresponding UML models are used: 

 

                                                 
1 In the current ASG platform Flora is used. However, the goal of ASG is to use WSML as soon as an appro-

priate reasoner available, which is an ASG project result. 
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• Internal structural service model: UML class diagram 

• Interaction among internal service components: UML sequence diagram 

• Exchanged Data among internal service components: UML activity diagram 

The design activity uses the specified Service Requirements, Semantic Service 
Specification and Domain Ontology as input. The output is managed as Service 
Design artefact. Service Design is a document describing internal structure and 
behaviour of the service. Any UML modelling tool, for example MagicDraw 
[40], supports the documentation of the service design. 

After the design step an executable service is established (see Figure 7 S3). Ac-
cording to the design the service is implemented and compiled using the under-
lying technologies, for example Java. As the important feature and advantage 
of services is their standardized interface a syntactic service description using for 
example WSDL is generated for the developed service. The specification re-
quired in the ASG platform is described in the ASG Ontology. Input for the ac-
tivity as mentioned above are the Service Requirements, Service Design and the 
ASG Ontology, and the result is a Service Implementation and Syntactic Service 
Specification. Service Implementation is executable source code implementing 
the service functionality and behaviour as described in the service design. Syn-
tactic Service Specification is a document specifying the syntax of the service. 
The elements like port, name, and operation as specified in the ASG Ontology 
are described. Responsible for that activity is the Service Engineer. Any kind of 
integrated development environment (IDE), for example Eclipse, supports the 
service implementation.  

Now, a test validating the service implementation is performed (see Figure 7 
S5). The purpose is to validate the service implementation against the service 
requirements, service design, syntactical service specification, and semantic ser-
vice specification. For more details on the Service Engineering – Test see [37]. 
Input for this activity is the Service Implementation, Service Specifications, Ser-
vice Requirements, Service Design as well as ASG Platform with Updated Service 
Registry. The result is a runable and Tested Service. Tested Service is the service 
tested against the service requirements, syntactic and semantic service specifica-
tion and callable by the ASG platform. The Service Engineer is responsible for 
the test. 

As described in the service engineering activities (S0 – S5) the domain ontology 
is often used as input. However, the results of the different engineering activi-
ties have also impact on the domain ontology. Thus, the activities S0 to S5 and 
D1 to D2 are sub engineering processes that will be performed in parallel and 
with data exchange many a time.   

The purpose of the activity Model and Update Domain Ontology (see Figure 7 
D1) is to specify new domain ontology or to update the existing one by exten-
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sion (or by integrating mediation). The first step is to model the ontology with 
its different functional concepts and their relationships. Then, this model is 
translated into the ontology language used in the ASG platform, for example 
WSML or Flora. The elements of the domain ontology required in the ASG plat-
form are specified in the ASG Ontology. Input for this activity is the Service 
Landscape describing the service requirements and optional the Existing Do-
main Ontology, Domain Ontology Change Requests as well as the ASG Ontol-
ogy. ASG Ontology consists of two models one specified the elements within 
domain ontology and their relationships, and the other one describes the ele-
ments required for the syntactic and semantic service specification. The models 
should be described for example in the user manual of the ASG platform. The 
result is the new Domain Ontology. Domain Ontology describes the concepts 
used in this domain and their relationships using the established ontology lan-
guage, for example WSML or Flora. The specification or update is task of the 
Domain Engineer. To model the concepts of the ontology the tool CMAP [38] is 
used. The identified concepts could be subsequently specified in WSML using 
WSMO studio [39]. 

Considering the parallel work of the subprocesses S0 to S5 and D1 to D2 the 
activity Update Domain Ontology takes place after Service Test is finished (see 
Figure 7 D2). The purpose of the activitiy is to replace the existing domain on-
tology with the new domain ontology. An interface provided by the ASG plat-
form is used to insert the domain ontology. Afterwards, the ASG platform with 
updated domain ontology is available. ASG Platform – Updated Domain Ontol-
ogy is the ASG platform with new defined domain ontology. Responsible for 
the update is the Domain Engineer. As mentioned, the activity is supported by 
the ASG platform itself. 

Concluding the service engineering process, the new developed service can be 
registered at the ASG platform (see Figure 7 S6). Again, an interface provided 
by the ASG platform is used to insert the syntactic and semantic service specifi-
cation in the service registry. Thus, input for the activity Register Service is the 
Tested Service itself, Semantic Service Specification, Syntactic Service Specifica-
tion and the ASG Platform – Updated Domain Ontology. The result is the ASG 
Platform with Updated Service Registry. ASG Platform - Updated Service Regis-
try is the ASG platform with new uploaded semantic and syntactic service speci-
fications. Responsible for the activity is the Service Engineer; the task is sup-
ported by the ASG platform itself. 
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4 Usage Scenarios for ASG Engineering Processes  

In this chapter different scenarios to tailor Adaptive Service Grid to a new appli-
cation domain, in other words, to use the ASG platform are described. Each 
identified scenarios requires a specific instance of the application and service 
engineering process. In following sections each scenario is specified by a de-
scription of the situation, approach to tailor ASG for this scenario, and the re-
quired engineering process.   

4.1 Service Engineering 

4.1.1 Service Semantic covered in Existing Domain Ontology 

Description of the Situation 

A service provider wants to provide a service that can be registered at and of-
fered by the ASG platform. This service first has to be developed and subse-
quently specified, so that the service could be used in ASG. In ASG the service 
have to be specified both semantically and syntactically. The domain ontology 
which exists already in the ASG platform comprises concepts to describe the 
functionality of the service semantically. 

Approach 

The service engineer of the service provider has to develop this new service and 
its semantic and syntactic service description. Subsequently, the new service 
with its specification is registered at the ASG platform. Figure 10 illustrates the 
tailoring of ASG according to this situation. 
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Not addressed by  engineering 
processes.

(1) New Service 

(2) Feedback to ASG platform or new 
service registered

(3) New Application

ServiceService ApplicationApplication

ASG ASG PlatformPlatform

Domain Domain 
OntologyOntology

(1) Domain Ontology updated according to 
new service landscape

(2) ASG platform updated according 
Domain Ontology

(3) Domain Ontology updated according to 
new application  

Figure 10:   Approach: Service Semantic covered in Existing Domain Ontology 

The engineering process that has to be performed for the service development 
and the registration are described in Figure 11. The service engineering activi-
ties regarding the development of the domain ontology are not used in this 
situation. 
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Figure 11:  Engineering Process: Service Semantic covered in Existing Domain Ontology 
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4.1.2 Service Semantic not covered in Existing Domain Ontology 

Description of the Situation 

A service provider wants to provide a service that can be registered at and of-
fered by the ASG platform. This service first has to be developed and subse-
quently specified, so that the service could be used in ASG. In ASG the service 
have to be specified both semantically and syntactically. The domain ontology 
which exists already in the ASG platform does not comprises the concepts to 
describe the functionality of the service semantically, or no domain ontology ex-
ists yet in the ASG platform. 

Approach 

The service engineer of the service provider first has to develop the new service. 
Then, the domain ontology has to be updated or rather developed according to 
the new concepts required to describe the functionality of the service semanti-
cally wit the help of the domain engineer. Subsequently, the service and do-
main engineer specify the semantic and syntax of the service. Before registering 
the service and its specifications, the new domain ontology has to be integrated 
in the ASG platform. Concluding the service with its specification is registered 
at the ASG platform. Figure 12 illustrates the tailoring of ASG according to this 
situation. 

Not addressed by  engineering 
processes.

(1) New Service 

(2) Feedback to ASG platform or new 
service registered

(3) New Application

ServiceService ApplicationApplication

ASG ASG PlatformPlatform

Domain Domain 
OntologyOntology

(1) Domain Ontology updated according to 
new service landscape

(2) ASG platform updated according 
Domain Ontology

(3) Domain Ontology updated according to 
new application  

Figure 12:  Approach: Service Semantic not covered in Existing Domain Ontology 

The engineering process that has to be performed for the service development, 
domain ontology update and the service registration are described in Figure 13. 
All service engineering activities have to be performed. 
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Figure 13:  Engineering Process : Service Semantic not covered in Existing Domain Ontology 
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4.1.3 Service Reengineering 

Description of the Situation 

If some functionality has been developed by a service provider that wants to 
provide this functionality on an ASG platform, the functionality can be reengi-
neered for ASG, that is, reused and packaged as ASG compliant service. Reen-
gineering is the examination and alteration of a subject system to reconstitute it 
in a new form and the subsequent implementation of the new form. 

If the functionality is already a service, the task of service reengineering is a 
done by wrapping the existing service so that it can be deployed in the ASG 
platform. If, however, the functionality does not exist in an isolated way but is 
embedded in an application, first, the functionality must be extracted. This ex-
traction must make ensure that the functionality can be reused by providing 
every part of the existing system that is necessary to use the functionality. Re-
engineering techniques like slicing, dependency analysis, or interface analysis 
support this task. Other reengineering techniques like feature location or clus-
tering offer the potential to be tailored to be used to support service reengi-
neering.  

Approach 

The goal of service reengineering is to take some existing functionality and pre-
pare it in a way that a service results that can be deployed on an ASG platform. 
If the functionality is embedded in an existing application, reengineering tech-
niques can be used to extract the required parts of the existing application that 
is used during service engineering. One approach that supports such a reengi-
neering is ADORE [41] that realizes service reengineering in three steps:  

• First, existing components are identified and reverse engineered to assess 
their adequacy; this activity is initiated by requests coming directly from the 
service engineer. 

• Second, based on the analysis results, the service engineer decides whether 
the existing component is reused or a service is developed from scratch. 

• Finally, when reusing the component, necessary renovation and extension 
activities are kicked off to adapt the component for its use within the ser-
vice.  

The syntax and semantic of the resulting service have to be specified and then 
registered in the ASG platform. If the concepts required to describe the func-
tionality of the service is not covered in the existing domain ontology, the do-
main ontology has to be updated. 
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4.2 Application Engineering 

4.2.1 New Application Semantic covered by Existing Domain Ontology and Application 
based on existing ASG Services 

Description of the Situation 

The end service provider wants to provide a new application that runs on the 
ASG platform and can be used by the end service customer. The application has 
to be developed first. An application as described in section 1.3 enacts a speci-
fied application flow. The functionality of the flow is supported by services that 
are available in the ASG platform.   

Approach 

The application engineer of the end service provider has to develop the applica-
tions according to the requirements of the end service customer. The applica-
tion also has to be tested on the ASG platform. It has to be verified if all re-
quired ASG services are invoked correctly and if the services work as specified. 
Figure 14 illustrates the tailoring of ASG according to this situation. 

Not addressed by  engineering 
processes.

(1) New Service 

(2) Feedback to ASG platform or new 
service registered

(3) New Application

ServiceService ApplicationApplication
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Domain Domain 
OntologyOntology

(1) Domain Ontology updated according to 
new service landscape

(2) ASG platform updated according 
Domain Ontology

(3) Domain Ontology updated according to 
new application  

Figure 14:  Approach: New Application Semantic covered by Existing Domain Ontology and Application based on existing 
ASG Services 

Figure 15 presents the engineering activities required to develop and test the 
new application. 
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Figure 15:  Engineering Process: New Application Semantic covered by Existing Domain Ontology and Application based 
on existing ASG Services 
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4.2.2 New Application Semantic covered by Existing Domain Ontology and Application 
based on New Services 

Description of the Situation 

The end service provider wants to provide a new application that runs on the 
ASG platform and can be used by the end service customer. The application has 
to be developed first. An application as described in section 1.3 enacts a speci-
fied application flow. The functionality of the flow is supported by services that 
are not yet available in the ASG platform.  Thus, the end service provider has to 
develop the required services by himself or has to engage a service provider for 
the service development. The concepts required to describe the service are cov-
ered in the existing domain ontology (see section 4.1.1). 

Approach 

Thus, an application engineer of the end service provider has to develop the 
new application according to the requirements of the end service customer. 
The services required for the applications have to be identified together with 
the service engineer.  Further, the application engineering and domain engineer 
have to analyze if the existing domain ontology covers the concepts to describe 
the functionality of the required services. It is the case in this scenario. Thus, the 
service engineer has to develop and register the required services as described 
in section 4.1.1.  Subsequently, the application also has to be tested on the 
ASG platform. It has to be verified if all required ASG services are invoked cor-
rectly and if the services work as specified. Figure 16 illustrates the tailoring of 
ASG according to this scenario. 

Not addressed by  engineering 
processes.
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Figure 16:  Approach: New Application Semantic covered by Existing Domain Ontology and Application based on New 
Services 
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Figure 17 shows the engineering activities that have to be performed to de-
velop the new application and its required services. 

 

Figure 17;  Engineering Process: New Application Semantic covered by Existing Domain Ontology and Application based 
on New Services 
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4.2.3 New Application Semantic not covered in Existing Domain Ontology and Applica-
tion based on existing ASG Services 

Description of the Situation 

The end service provider wants to provide a new application that runs on the 
ASG platform and can be used by the end service customer. The application has 
to be developed first. An application as described in section 1.3 enacts a speci-
fied application flow. The functionality of the flow is supported by services that 
are already available in the ASG platform.  As mentioned already the applica-
tion defines specific goals so that the ASG platform can offer the appropriate 
services. In this scenario the concepts used in the application to specify the goal 
are different to the concepts specified in the domain ontology. Thus, the do-
main ontology has to be updated by integrating mediation, for example. 

Approach 

Thus, an application engineer of the end service provider has to develop the 
new application according to the requirements of the end service customer. 
During the requirements analysis the application engineer specifies the required 
services and recognizes that these services are already available. Further, he 
analyzes together with the domain engineer the changes required in the do-
main ontology considering the existing domain ontology and the concepts used 
in the application. The domain engineer updates the domain ontology and in-
cludes the new ontology in the ASG platform. Concluding the application has 
to be tested on the ASG platform. It has to be verified if all required ASG ser-
vices are invoked correctly and if the services and the domain ontology work as 
specified. Figure 18 illustrates the tailoring of ASG according to this scenario. 
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Figure 18;  Approach: New Application Semantic not covered in Existing Domain Ontology and Application based on 
existing ASG Services 
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Figure 19 shows the engineering activities that have to be performed to de-
velop the new application and to update the domain ontology. 

 

Figure 19: Engineering Process: New Application Semantic not covered in Existing Domain Ontology and Application 
based on existing ASG Services 
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4.2.4 New Application Semantic not covered by Existing Domain Ontology and Applica-
tion based on New Services 

Description of the Situation 

The end service provider wants to provide a new application that runs on the 
ASG platform and can be used by the end service customer. The application has 
to be developed first. An application as described in section 1.3 enacts a speci-
fied application flow. The functionality of the flow is supported by services that 
are not yet available in the ASG platform.  Thus, the end service provider has to 
develop the required services by himself or has to engage a service provider for 
the service development. The concepts required to describe the service are not 
covered in the existing domain ontology (see section 1.1.1). 

Approach 

Thus, an application engineer of the end service provider has to develop the 
new application according to the requirements of the end service customer. 
During the requirements analysis the application engineer specifies the required 
services and recognizes that these services are not yet available in the ASG plat-
form. Further, he analyzes together with the domain engineer the changes re-
quired in the domain ontology considering the existing domain ontology and 
the concepts needed to specify the functionality of the required services seman-
tically. The domain engineer updates the domain ontology and includes the 
new ontology in the ASG platform. The service engineer develops the new ser-
vices according to the defined requirements, specifies the semantic and syntax 
of the services and subsequently register them at the ASG platform. Concluding 
the application has to be tested on the ASG platform. It has to be verified if all 
required ASG services are invoked correctly and if the services and the domain 
ontology work as specified. Figure 20 illustrates the tailoring of ASG according 
to this scenario. 
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Figure 20:  Approach: New Application Semantic not covered by Existing Domain Ontology and Application based on 
New Services 
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Figure 21 shows the engineering activities that have to be performed to de-
velop the new application, develop the required services and to update the 
domain ontology. 

 
Figure 21:  Engineering Process: New Application Semantic not covered by Existing Domain Ontology and Application 

based on New Services 
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4.2.5 Application Reengineering 

Description of the Situation 

In this situation, an application already exists, which is, however, not developed 
for an ASG platform. Consequently, the benefits of ASG can not be exploited 
for the application. The task in this situation is to migrate the existing applica-
tion to an application that uses an existing ASG platform. This task should be 
performed in a way that enables as much reuse of elements of the existing ap-
plication as possible, to save development effort and to reuse proven quality. 

Depending on the nature of the existing application, the migration task differs. 
If the existing application is, for example, service-oriented, the services can be 
reused (after being packaged for ASG, compare 4.1.3).  

Approach 

To migrate an application to ASG in general the same process is followed when 
a new application is developed for ASG (compare 4.2.1, 4.2.2, 4.2.3, and 
4.2.4). The difference, however, is that existing information and artefacts from 
the pre-existing application are reused. Existing artefacts might range from re-
quirements and design to code. If the respective information about the existing 
application is not documented explicitly, reengineering techniques can be used 
to extract requirements, the architecture, or the design from the code. Reengi-
neering techniques can also be used for clustering, that is to partition the exist-
ing system into parts that can be reused. 

The services used in the migrated application can either be developed from 
scratch (compare 4.1.1, 4.1.2) or be reengineered from the existing application 
(compare 4.1.3). 
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5 Conclusions 

In this deliverable, we presented those aspects of the ASG methodology that 
address engineering processes for services and applications. We described a 
general process for these two process areas of the overall ASG process and de-
veloped a number of scenarios that cover the different situations that can arise 
when an ASG platform is used. The scenarios provide customizations to the 
general process, so that the process fits optimally to the current situation. 

The results presented in this deliverable will be further used in the course of the 
project. They are the basis for deliverable D6.III-7 “ASG Application and Service 
Engineering Approach” [42], where the processes presented here will be aug-
mented with techniques and tools that support their enactment and combined 
with other results of ASG, such as the testing methodology [37]. The result is a 
method for developing services and service-based applications in ASG-based 
software development projects. 
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