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1 PATTERN ID-CARD 

The ID-Card of this pattern is the following: 

 

Name Multi-phase Discovery 

 

Abstract This pattern specifies a way to perform service 
discovery by applying different discovery 
algorithms in several phases, refining the list of 
candidate services in each phase.  

 

Level Abstract  

 

Type Functional Pattern, Non-Cross-Cutting Pattern   

 

Key Concerns Services, Discovery, Composition  

 

Credits Fco. Javier Nieto (ATOS), András Micsik, 
INFRAWEBS  

 

Contact Fco. Javier Nieto (ATOS)   

 

 

 



   

NEXOF-RA Å FP7-216446 Åtemplate version 2.0Å Multi-phase Discovery Pattern Å Version 0.2 Å Page 5 of 18 

  

2 PROBLEM DESCRIPTION  

As it was explained in the óService Discovery Patternô, when creating Business 
Processes, it is necessary to identify those services which will be part of the 
process, as the process is a set of activities which may be implemented by 
services.  

Sometimes, the queries which are performed may be quite complex (when 
several criteria are given, or logical querying is used) or the number of services 
and registries to check may be very high. Because of this, it is hard to produce 
the results in short time, as logical querying has typically slow response time, 
for example. 

In a context like the Internet of Services, this problem is really risky, as we 
expect to have tons of services available. So we need to propose a solution 
which can decrease the response time, but maintaining the accuracy level of 
the results and, at the same time, scalable enough for the increasing number of 
services available. 
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3 FUNCTIONAL  REQUIREMENTS  

As this is a way to implement Service Discovery in a more concrete way, the 
functionalities related to this pattern are the same as those for the óService 
discoveryô pattern. 

Since the scope of the pattern is much focused, the number of functionalities 
involved is very low: 

 discoverServices: this functionality looks for a set of services which 
meet a set of requirements. This approach enables several phases 
where different approaches are applied for improving efficiency, but 
maintaining accuracy. 

  

In this picture, we assume that there will be an actor, named Business Process 
Developer, who will be creating a Business Processes (or Process 
Components). The functionality createProcess is a high level functionality 
defined in the E-SOA pattern, and performing discovery will be one of the 
activities to be done while creating Process Components. 

In this case, the discovery will be focused on a multi-phase approach, where 
several discovery activities are performed sequentially, in order to filter 
candidates. Although the main idea is to perform the discovery in several 
phases, it would be possible to do it in only one phase as well, although some 
benefits would be lost. 
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4 NON-FUNCTIONAL  QUALITIES (QUALITY ATTRIBUTES ) 

This section provides an evaluation of some quality attributes, according to the 
architectural decisions made for the pattern. The list of admitted quality 
attributes has been extracted from the Quality Model for NEXOF-RA Pattern 
Designing report [1].  

 

Availability = 

Buildability + 

Maintainability + 

Integrability + 

Interoperability = 

Modifiability + 

Adaptation to new operating 
environments (Portability) 

+ 

Performance (efficiency) + 

Recoverability = 

Reliability = 

Resource Efficiency + 

Reusability +/- 

Scalability + 

Security = 

Testability + 

Usability + 

 

4.1 Rational  

In the following text is described how the design choices of the 
ServiceDiscovery component affect the quality attributes identified. 

Some attributes (such as availability, interoperability, recoverability, reliability, 
and security) are not affected by the decisions taken, since no mechanisms 
have been included that take them into account, but the design does not affect 
them negatively as well since the pattern is an abstract one. In some of the 
cases, this is because it is assumed that the óService Discoveryô pattern defines 
how to deal with them. 

Adaptability (Modifiability and Portability) Ą This pattern takes into account that 
the core discovery engine may implement several approaches, so the only limit 
for adaptation are the APIs. It is possible to perform any implementation in any 
language. 
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Buildability and Maintainability Ą The decomposition of the component into 
loosely coupled sub-components with clear interfaces is positive for these 
quality aspects. Each sub-component fulfils one clear part of the main 
functionality (playing a concrete role in the discovery task), so it is possible 
modify or create the implementation of a particular functionality without affecting 
the rest of the components 

Integrability Ą Identifying the main interfaces is positive for these non functional 
aspects. Moreover, it is assumed that the Registry is an external component 
and that this pattern is inside the context of the óService Discoveryô pattern. 
These aspects make it simple to be integrated in a system for developing 
business processes. 

Testability Ą Thanks to the usage of interfaces (including one method for 
automatic discovery) it is easy to test and reuse this component without too 
much effort. There are simple mechanisms for performing non interactive 
discovery for accessing the functionalities, so this aspect is affected positively. 

Scalability Ą In terms of approaches supported, the scalability of the pattern is 
good, it provides a mean to combine a lot of different approaches. In terms of 
number of calls to be executed, the design allows an implementation of the 
components using threads, which would provide a good response time as the 
number of clients increases. Moreover, it will be valid even if the case that the 
number of available services will increase. 

As the pattern is closely related to the óService Discoveryô pattern and it is very 
focused on the way to perform discovery, its Reusability is limited to those 
environments where the óService Discoveryô pattern is applied. The positive 
point is that it is valid for any discovery approach. 
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5 ASSUMPTIONS 

There are a few assumptions for the correct operation of the pattern because of 
external dependencies. The required interfaces will give a better idea of the 
required methods from external components. 

One of the assumptions is related to monitoring and security related 
functionalities. This pattern is a refinement of the óService Discoveryô pattern, so 
it is assumed that the mechanisms related to security and monitoring are 
managed by that pattern. 

 

Another assumption is related to the relationship with Service Registries. It is 
necessary to communicate with a RepositoryManager which is able to connect 
with a Registry for accessing the information about available services. That 
communication will be performed through the method: 

į find ( query : ServiceDescription ) : Agent Description []  

Given a set of required characteristics related to the description of a 
service, the registry will send those service specifications which match 
with the received criteria. 

When detecting errors and unexpected behaviours, it is possible to send events 
notification and provide logging information. In the óService Discoveryô pattern 
there is a component named óEventsManagerô which deals with this issue. The 
way to communicate with that component is the method: 

į notifyEvent(e: Event)  

Method necessary for sending those events from the internal 
components of the SDEngine, so the notifications may be re-sent to 
those components subscribed to the EventsManager. 

Finally, there is an assumption about the approaches available. It is assumed 
that they will be well known by the components and that there will be one or 
more EspecializedSDEngines for implementing them. The pattern could be 
extended for managing these engines, providing methods for adding news and 
removing/modifying existing ones. 
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6 SOLUTION  

The solution proposed for solving the problems described is to narrow down the 
set of possible matches step-by-step, applying different query mechanisms in 
each step. This means that, in each step, a different algorithm will be applied, 
applying first those algorithms which are quicker, so the slower algorithms will 
receive a set of pre-filtered candidates which need only to be refined. 

This pattern is neutral to service modelling technique (user goal/requirements 
and service capabilities specification) and the format used for describing 
services in the registry does not affect the pattern as well. The same applies for 
the query language to be supported, as it will depend on the way services are 
described and indexed (XQuery for XML databases, SQL queries for keywords, 
SPARQL for semantic queries, etc.). 

The key issue for achieving the objectives is to plan the phases carefully not too 
loose some matches during the filtering performed in each phase. 

The diagram below shows the architectural choices made by the pattern to 
design a ñMulti-phase Discoveryò. It introduces the components and their 
provided and required interfaces.  

 

The system also exposes provided and required interfaces to connect to other 
systems.  

6.1 Components Descriptions 

The components of the architecture are described as follows: 

6.1.1 MPSDEngine 

This component is in charge of the discovery phases management during the 
discovery activity. It will perform several calls to the EspecializedSDEngine or to 
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different engines (depending on the engines capabilities), according to the 
requirements and configuration received.  

The exposed operations are: 

Provided Operations 

į find Service s( reqs : Requirement s): ServicesRanking  

Given a set of requirements and indications about the phases, data will 
be adapted and several calls will be sent to those 
EspecializaedSDEngines available, according to the phases 
configuration. 

 

Required Operations: 

į notifyEvent (e: Eve nt)  

This component requires this functionality to notify events to that 
component in charge of errors and events managing, as defined in the 
óService Discoveryô pattern. 

 

6.1.2 EspecializedSDEngine 

This component is the core of the ServiceDiscovery package. It enables an 
automatic service discovery, depending on the requirements defined. This 
component is able to perform matchmaking and ranking in different ways, 
depending on a concrete implementation approach, which may be based on 
semantics, on keywords or in a combination of both. 

The exposed operations are: 

Provided Operations  

į lookUp ( goal : Goal, target: ServiceDescription[] ) : 

ServicesRanking  

It performs a discovery according to the requirements received as input 
and a pre-filtered set of candidates. The requirements may be semantic 
descriptions and goals, some keywords, service specifications filled in 
with search criteria or even templates (depending on the concrete 
engine). 

 

Required Operations: 

į find Service (query: ServiceDescription) : 

AgentDescription[]  

Given some details of a required service, it will return those services 
received from the Registry, which match with the sent criteria, like a 
óSELECTô in SQL databases. 
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6.2 Functionality Descriptions 

 

6.2.1 FindServices 

Next picture shows how the components that participate to the realization of the 

findServices  functionality are interconnected. This interaction does not 

include any notification of errors, which would be managed by the 
EventsManager component, as defined in the óService Discoveryô pattern. 

 

This interaction shows an example of a three-phase discovery activity. The 
MPSDEngine extracts the requirements and perform calls to an 
EspecializedSDEngine which implements three approaches for filtering 
services. During the first two phases, the engine retrieves services from the 
Registry and selects some candidates, while in the last one just uses a reduced 
set of candidates extracted from the previous calls and gathered by the 
MPSDEngine. 

The RegistryManager component is external to this pattern, although it is 
included in the original óService Discoveryô pattern. This component is the one 
providing access to the Registry. 
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7 RELATIONSHIPS  TO OTHER PATTERNS  

This pattern is related to other patterns in the field of service discovery. In fact, it 
is expected to be used as part of the óService Discoveryô pattern. 

The whole picture of relationships between existing patterns in NEXOF-RA is 
described by the model in the next figure (the same as in óService Discoveryô). 

 

 óMulti-phase Discoveryô is a more complex way of discovering services, which 
goes beyond a simple matchmaking, as it enables the combination of different 
algorithms for filtering candidates. This means that it only makes sense when 
applied inside óService Discoveryô. 
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8 RELATIONSHIPS TO COMPONENTS CATALOGUE  

8.1 Abstract Components 

This pattern is related with the following components in the catalogue:             

Name Description of the main features 

SDEngine This is the engine in charge of executing queries and 
filtering candidate services for returning a set of 
services which fulfil usersô requirements.  

 

8.2 Concrete Components 

There are several solutions for implementing Service Discovery. In this section, 
only those implementations related with Multi-phase Discovery are listed: 

 

Name Description 
of the main 
features 

Related 
abstract 
component 

Reference to the concrete 
implementation 

INFRAWEBS 
(OM and 
SAM 
components)  

Discovery of 
services 
through 
multi-phase 
discovery 

SDEngine http://www.infrawebs.eu/index.ht
ml?menue=dissemination&site=
open_software 

OWLS-MX 
1.1b 

Services 
matchmakin
g, applying 
different 
algorithms 

SDEngine http://www-ags.dfki.uni-
sb.de/~klusch/owls-mx/ 

 

http://www.infrawebs.eu/index.html?menue=dissemination&site=open_software
http://www.infrawebs.eu/index.html?menue=dissemination&site=open_software
http://www.infrawebs.eu/index.html?menue=dissemination&site=open_software
http://www-ags.dfki.uni-sb.de/~klusch/owls-mx/
http://www-ags.dfki.uni-sb.de/~klusch/owls-mx/
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9 RELATIONSHIPS TO STANDARDS CATALOGUE  

As the implementation of this pattern may be very heterogeneous, depending 
on the approach to follow, there are several standards which are related to the 
offered functionalities. 

All the standards (which are considered relevant for the topic) are related to 
services description. WSDL is a key standard for the syntactical description of 
services, so it is considered very important for Service Discovery. Other 
standards, more related to the semantic description of services behaviour, are: 
WSMO, OWL-S, WSDL-S and WSML.  

SPARQL is a standard for semantic queries, which should be taken into 
account, since some approaches need to access to RDF repositories for 
extracting semantic information. 

 



   

NEXOF-RA Å FP7-216446 Åtemplate version 2.0Å Multi-phase Discovery Pattern Å Version 0.2 Å Page 16 of 18 

  

10 APPLICATION  EXAMPLES  

As described in the IT Service Discovery Report [2], there are already some 
application examples of this pattern which may be used to demonstrate its utility 
and efficiency. 

As stated in the report, the INFRAWEBS project [3] has published a tool which 
is based on the principles presented in this document and the WSML language. 
Keyword based (with Apache Lucene) and semantic based (with Jena, Sesame, 
SPARQL query engines, etc.) techniques are mentioned in the report. 

To be more concrete, in the INFRAWEBS tool, the component Service Access 
Middleware (SAM) is the one providing the multi-phase discovery solution. To 
find more concrete information, consult [4]. Similar paradigm exists in the 
OWLS-MX  software [5]. 

  

 

 






