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1 PATTERN ID-CARD

Name Service Matchmaking and Ranking

Abstract This pattern describes the main
elements related to discovering services
according to some requirements coming

from users.
Level Abstract
Type Functional
Key Concerns services,
messaging,
composition
Credits Fco. Javier Nieto (ATOS)

Jesus Gorrofiogoitia (ATOS)
Dimitrios Skoutas (NTUA)

Contact Fco. Javier Nieto
(francisco.nieto@atosresearch.eu)
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2 PROBLEM DESCRIPTION

As it was explained i n t héenor&eng Busicess
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.

Due to the increasing availability of services (as expected in the Internet of
Services), it becomes very difficult to effectively and efficiently discover and

Di

SsCcoyv

select appropriate serviceswhi ch meet usersdé requirements.

In a situation where only a Service Registry is available, queries are really
simple only giving a few criteria related to the service description (name of the
service, ID, business domain...) for filtering services, as when a user performs a
SELECT operation in a database. The accuracy of such an approach does not
use to be very accurate and scalable.

In real situations, users may provide a description of the desired characteristics
of a service and of some needs in different formats (natural language,
semantics, keywords, etc), which is sent (as a query) to a system containing a
repository. As simple queries are not enough, the search engine needs to
employ a more complex matchmaking algorithm in order to identify appropriate
services, and rank them based on their relevance to the request. This way,
users receive more accurate results, well ranked, while scalability is not a
problem.

This pattern describes which components are necessary in order to provide this
functionality, which is part of the core of a service discovery engine.
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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 pat
di scover y Gaddipganmoteecontrete functionalities according to the
approach proposed.

Since the scope of the pattern is much focused, the number of functionalities
involved is not very large:

e 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.

e matchServices: this functionality compares requirements received with
the information retrieved from service descriptions in the Registry, in
order to select those which are close enough to the requirements.

e rankServices: the ranking consist on giving a punctuation to each
service selected after the filtering, in order to arrange them in a list which
will support users in selecting those services which are considered better
according to their requirements.

e manageAlgorithms: this use case is a generalization of the activities
related to strategies management. It is important for allowing the usage
of new algorithms and updating those already implemented.

e addAlgorithm: adding algorithms will be used as the mean to enable a
new strategy of service discovery in the engine. It will represent a new
way to perform matchmaking and ranking, increasing the capabilities of
the implementation.

e deleteAlgorithm: in the case an algorithm is not necessary anymore, it
can be deleted from the system by using this functionality.

e updateAlgorithm: as approaches for service discovery evolve, it is
necessary to provide a mechanism for updating the implementations of
such approaches. This functionality will allow modifying existing
algorithms for improvement.

In the picture below, we assume that there will be an actor, named Business
Process Developer, who will be creating a Business Processes (or Process
Components) or just looking for services. Thefunctonal i ty ADi sc
related to the high level functionality createProcess, which was defined in the
E-SOA pattern, and performing discovery will be one of the activities to be done
while creating Process Components.
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<<include >
o
i <<include >
Business Process Developer PR e 5
SR
rankServices

Addalgorithm
;E Managealgorithms " DeleteAlgorithm
Updatealgorithm

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.

Administrator
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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 [ref].

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 I s because it is assumed that
how to deal with them.

Adaptability (Modifiability and Portability) A This pattern takes into account that
the core discovery engine may implement several approaches for matchmaking
and ranking, 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 A 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. It is even possible to offer different levels of
capacity, depending on the amount of approaches for ranking and matchmaking
implemented.

Integrability A ldentifying 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 teine cont e:
These aspects make it simple to be integrated in a system for developing

business processes.

Resources Efficiency A The efficiency will depend on the implementation of
algorithms themselves, but the pattern offers the main components for
adequate the selection of algorithms to the context of the query.

Testability A 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 A 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 06
focused on the way to perform discovery, its Reusability is limited to those
environments where the O0Service pddivecovery?b
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 i s a refinement of
it is assumed that the mechanisms related to security and monitoring are
managed by that pattern.

EspecializedSDEngine
&
R
IR_ESDE

+find{query: ServiceDescription)

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:

] 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.

Finally, there is an assumption about the approaches available. It is assumed
that there will be several approaches and, at least, one approach for
matchmaking and one for ranking will be implemented with the pattern. Data
structures included in the pattern will be able to store all the information
required for describing algorithms and needed context information about the
search to be performed.

NEXOF-RA AFP7-216446 At e mp | d toen @mvi@sMatchmaking and Ranking Pattern AvVersion 0.2 A P d@oaé
21

@creative
commons

t

he

(@}

I'd a)



NEXOF ERE

reference architecture

6 SOLUTION

The solution given for the service discovery is to carry out a process which
takes place in two main steps. First, a matchmaker component applies one or
more matching criteria to assess the degree of match between service
parameters. Then, a ranking component returns a ranked list of results,
according to their overall degree of match with the request.

Regarding the first step, matching can take into account a variety of criteria [1].
The two major paradigms for assessing the degree of match between service
parameters are the Information Retrieval (IR) perspective (based on keywords
and parameters structure) and the Semantic Web vision (services are enriched
by annotating their parameters with semantic concepts, inferencing matches
with a reasoner). Hybrid techniques are another option as well determining
average of criteria.

Regarding the second step, the service discovery engine computes the overall
degree of match for the requested and the available services, taking into
consideration the individual scores of corresponding parameters. There are
various approaches to this step, such as aggregation functions (min, max or
mean), assign weights to parameters or the Skyline approach [2].

Finally, the process can be speeded up by supporting an appropriate indexing
of the service descriptions (depending on the type of the descriptions and the
type of the matchmaking used).

The diagram below shows the architectural choices made by the pattern to
design a fService Matchmaking and Rankinga It introduces the components
and their provided and required interfaces.

EspecializedSDEngine

MatchMaker
© i

IR_MM

chicriteria: Criteria) +find{gquery: ServiceDescription)

AlgorithmManager

O

1P_AM

+looklp{goal: Goal, target: ServiceDescription[])
+addalgorithm{algorithm: Algorithm) Ranker
+deletealgorithmiid: Integer) @)
+updatealgorithm(id: Integer, algorithm: Algorithm)

1P_R

+ranki{candidates: Candidates)

/ \

O &

IP_ESDE IR_ESDE

+ookUp{goal: Goal, target: ServiceDescription[]) +find{query: ServiceDescription)
+addalgorithmialgorithm: Algorithm)

+deletealgorithm(id: Integer)

+updatealgorithm(id: Integer, algorithm: Algorithm)
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The system also exposes provided and required interfaces to connect to other
systems (a Registry).

Thi

S pattern is based on the O0Strategy

algorithms and the problem context, it will be possible to select the most
adequate one.

6.1 Components Descriptions
The components of the architecture are described as follows:

6.1.1AlgorithmManager

This component is equi val ent to the O0Contextd

p at t. & resedves the input data and manages the execution of discovery
algorithms, selecting the matchmaking and ranking strategy, according to the
requirements received as Goal.

The exposed operations are:

Provided Operations

i

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

It performs a discovery according to the requirements received as goal
and a pre-filtered set of candidates (optional). The requirements may be
semantic descriptions and goals, some keywords and even an indication
of the algorithm to be applied.

addAlgorithm  (algorithm : Algorithm ,): Integer

This method is for adding new Algorithms to the system. The Algorithm
object contains all the necessary information to determine the matching
and ranking criteria for the Algorithm.

deleteAlgorithm (id : Integer ): Integer

In order to improve the scalability and performance, this method deletes
an Algorithm, assuming it is expected not to be used anymore.

updateAlgorithm  (id :  Integer , algorithm :  Algorithm ):
Integer

It is mandatory to provide the means to modify existing Algorithms, so
this method allows doing it.

6.1.2MatchMaker

This component will execute the first step of the discovery: the matching.
Depending on the strategy selected, it will calculate scores for some
parameters, based on semantics, keywords or any other criteria determined in
the concrete strategy. It will access the Registry only when it is considered
necessary, as it can perform the matching using a list of Service Descriptions as

input.
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The exposed operations are:
Provided Operations
] match (criteria : Criteria ): Candidate s

This method carries out matching taking into account some criteria which
represent parameters to be measured. Criteria may include a list of pre-
filtered Service Descriptions, in order to avoid access to the Registry. Its
implementation will depend on the strategy selected by the
AlgorithmManager.

Required Operations:

] 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
OSELECTS® in SQL databases

6.1.3Ranker

The Ranker is in charge of the second step in the discovery process. It will use
the matching results as input, performing some calculations which will derive in
a list of sorted candidates, according to the strategy selected by the
AlgorithmManager (such as a weighted average or Skyline, for instance).

The exposed operations are:
Provided Operations
] rank (candidates : Candidate s): ServicesRanking

It calculates scores according to the ranking strategy and sort the list of
candidate services in a Services Ranking.

6.2 Functionality Descriptions

6.2.1LookUp

Next picture shows how the components that participate to the realization of the
lookUp functionality are interconnected. This interaction does not include any
notification of errors, which would be managed by the EventsManager
component, as defined i n the Ol8thasameovay, ddy
security related issue should be managed by the same component.
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_t AlgorithmManager : MatchMaker : Ranker ReqistryManager

: Business Process Developer
1 : lookiJp()

H <<creates>
ai 2

b =’_=| _
3t match() > ' ' : . E
4: Flndﬁerwces() 2!
g P,
— — i
e e L LELELEE 18 '
6 H H
<<create> H 1
T . s
8 : rank() ; i '
ey LT TPy
<<destroy>> ] ‘ W
: 10 o :
' Ll
! <<destr0y>t-|
: 11 Fed]
 — X
: 12 i

This interaction shows an example of a discovery process. The
AlgorithmManager extracts the requirements and creates the adequate
MatchMaker, according to the strategy to be followed. After the matching, it
creates a Ranker in line with the strategy as well, so the list of Candidate
Services is sorted. When performing the matching, in case it is necessary to
obtain services from the Registry, a call can be sent to this component. At the
end of the process, the MatchMaker and the Ranker are destroyed.

The RegistryManager component is external to this pattern, although it is

included in the original 06Service Di.Jhsacompongnbis theaohet e r n

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 Bbss pav,asiysdpargpolotet 1S r
t he é@Muwlstei Di scoveryd6 pattern

The whole picture of relationships between existing patterns in NEXOF-RA is
described by the model in the next figure.

OMughtdase Discoveryd i s a csemws evkich mayy o f di
imply several iterations for matchmaking and ranking, as it enables the

combination of different algorithms for filtering candidates. This means that
0Service Matchmaking and Rankingd provide
algorithms for discovering services applying different strategies, which will

depend on the context of the search.
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