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Abstract
The distribution of services spanning across organizational boundaries raises problems related to intellectual
value that are less explored in current service oriented research. Being a way to manage the intellectual rights between service consumers and service providers, licenses are
critical to be considered in services. A service license describes the terms and conditions for the use and access of
the service in a machine interpretable way. The proliferation of services that offer similar functionalities requires
the selection process to be enhanced together with consideration of licenses. In this paper, we analyze current service
licensing practices and present a novel approach for service
selection process based on matching the offered licensing
specifications (primarily dealing with scope of rights and
financial terms) by providers with the requested licensing
specifications by consumers.

1 Introduction
Given that services are changing the way organizations
build, deploy, and manage their information technology assets, it makes sense to rethink rights offered to these organizations in connection with the use of services. As the
nature of services differs significantly from traditional software and components and services are being accessed and
consumed in a number of ways, services prevent the direct
adoption of classical software and component licenses [6].
A service license includes all transactions between the licensor and the licensee, in which the licensor agrees to grant
the licensee the right to use and access the service under
predefined terms and conditions.

In general, a service provider defines individual services
with corresponding service licenses (offered license specifications) which consumers should follow. Often, service
consumers are interested in selecting a service based on certain licensing clauses (requested license specifications). For
a set of requested licensing clauses, there can be several licenses that differ in the set of offered license specifications.
While many researches describe the selection of services
based on functional and non-functional properties, the issue of matching service requests to offers has not yet been
extensively analyzed considering the intellectual rights associated to services. This paper proposes an approach for
enhancing service selection with a novel process based on
matching the offered licensing specifications with the requested licensing specifications.
The rest of paper is organized as follows. Section 2 analyzes the rights associated with services and investigates the
pricing mechanisms for services. Section 3 briefly presents
the concepts of service license specification. The process
of license aware service selection (involving the clauses of
scope of rights and financial terms) is elucidated in Section
4. Section 5 discusses related work followed by concluding
remarks in Section 6.

2 Analyzing Current Service License Practices
Most software licenses [18] restrict the scope of grant
by offering the rights to use object code and limited rights
to make archival copy. Free/Open Source Software (FOSS)
[13] licenses allow free access to the source code of software. In contrast, the nature of services induces broader
license grants to support reusability of services with other
applications. Most services may even require the rights of

modifications to provide value added services. A licensee
may not show interest if a service prohibits value addition
with other services or applications. As the scope of rights
is the provision stipulating the rights the licensor grants to
the licensee, the following scenarios arise in services that
determine the flexibility of rights.
As service interfaces together with bindings are publicly
available, several services could be created with the same
interface with or without modifications. These services can
vary in their performances. Following are common scenarios of reproducing interface with modifications.
• The interface of a service could be modified by changing the name of some operations such as for translation
(the expression of a service in a language other than
that of the original version).
• The interface of a service could be reproduced by data
translation.
• The interface of a service could be modified by making changes in service parameters or by some preprocessing and/or post-processing of the given service.
In a more exclusive manner, a WSDL file representing the
interface and its implementation representing the behavior
could be licensed differently. The WSDL file could even
be licensed with a clause denying modification of the service interface, though the interface source code is openly
available. Thus, irrespective of the openness of service implementation, the restrictions on scope of rights regarding
the modification of WSDL file are highly significant in services.
In line with software, a service provider could distribute
(possibly with a fee) a service software to other providers.
Another provider will then be able to offer a similar service
to the original one, possibly with different data or using a
different business model.
A service could allow its implementation to be used as
an executable by other services. In contrast to this model, a
service even could allow other services to modify its implementation.
Though there are examples of service licenses in practical use (by Amazon, Google, Yahoo!), to the best of our
knowledge, there appears to be no conceptualization of service licensing in general. The business and legal contractual
information are not described at a detailed level by the services research community, either in industry or academia.
A service consumer assesses how much he/she can afford to pay for the service that will add value to him/her and
how will the service be consumed. From the perspective of
service providers, the estimation of cost of producing a service and amount of return on investment plays the critical
role in determining the price.

Consider that a Stockquote service is provided by a service provider. The value of this service lies in the on-time
delivery of stock prices to consumers. This type of service
is based on critical data that change continuously and requires a considerable investment in provision of the service.
Certain consumers may expect a Stockquote service to
deliver stock quotes in real time without delay for their
applications. In this case, a provider can offer the service based on varying levels of functionalities and nonfunctional properties, as demanded by consumers. Thus,
the price of a service becomes directly proportional to the
features offered.
In both cases, service consumers define in what way the
service is going to be used by them. A service consumer
may invoke the service unlimited times. In another case,
consumers may wish to pay based on the number of times
they use a given service. We can generalize the models for
pricing of services as follows [9].
• Transaction based model allows service providers to
charge for each use, as the license defines the term
‘use’. The use of services can be continuously
recorded and monitored by service management systems. This model of pricing is quite similar to charging
true utilities like electricity and water.
• Subscription based model allows service consumers to
purchase services for a fixed term, during which time
they automatically receive full support from service
providers including any upgrades or feature enhancements. Service consumers typically pay periodically.
The subscription model is based on the premise that
both service providers and service consumers benefit
from automatic continuous updating.

3 Service License Specification
In the business domain, consumer confidence is established through a contract with the service provider. In SOC,
service level agreements (SLA) and policies support these
contractual terms. A service license primarily focuses on
the usage and provisioning terms of services. A service license may include the SLA terms. Thus, a service license is
broader than the scope of SLA, protecting the rights of service providers and service consumers. In general, an agreement is negotiated between the service provider and the service consumer and agree upon a SLA that covers a service
(or a group of services). The agreement is terminated when
either of the party terminates or violates the agreement. If
one of the partners violates the agreement, the agreement
might be renegotiated (in case of recoverable violation). In
case of a service license, there is a service provider that
plays the main role of the licensor. There could be many

service consumers (the licensees) binded by the service license. However, a license seems as if the licenses were not
even involved in the transactions between the licensor and
the licensees.
In general, a service license is used to achieve the following objectives.

one services, offering similar functionality that differ in
their licenses.

1. Subject: Describing the information regarding the service being licensed and other related information such
as an unique identification code, the details of the service provider, and so on.
2. Scope of Rights: Defining the extent to which the service could be used, accessed, and value added, on the
basis that any use outside the scope of license would
constitute an infringement.
3. Financial Terms: Explaining payment and charging
terms.
4. Warranties, Indemnities, and Limitation of Liability: Specifying delivery terms (regarding quality
of services and performance), acceptance terms, warranties, and limiting the liability of providers in case of
failures.
5. Evolution: Declaring the rights over future versions
and over evolved services.
Current SLA and policies specifications for services
(WSLA [12], SLANG [14], WSOL [15], WS-Policy
[16]) define what to measure/monitor and describe payments/penalties. Generally, all the specifications focus on
the QoS and the terms and conditions agreed by a provider
and a consumer. License clauses are unexplored by current
service description standards and languages (as mentioned
above). We have proposed a language ODRL-S [7] by extending the Open Digital Rights Language (ODRL) [10] to
implement the clauses of service licensing.
A ODRL-S based license can be linked to service description and other information, e.g., using a Web services
catalog based on XML. Applications that need to discover
resources and services can use a service that offers this catalog information via Web or Web services protocols. Viewing a service license as a resource, this provides a foundation for an interoperable mechanism for license-aware service selection and management of services.

4 License-aware Selection Process
Generally, a service consumer looks up a service management system for services with a specific functionality.
The service selection process tries to find if any service advertisements given by providers match the request of consumers. There may be always the possibility of more than

Figure 1. License-aware service selection
process

As shown in Figure 1, we propose to extend the traditional functionality-based service selection process with an
additional selection based on licenses.
The Functional Selection has the goal of finding a set of
services that totally satisfy the functionalities required by a
consumer. This activity finds a set of candidate services;
each one providing the same functionality but associated
with different licenses. Although functionality-based service selection is combined with our license-aware selection,
it is out of the scope of this paper.
The License Selection includes three phases: Matching
Evaluation, Filtering and Ranking. The Matching Evaluation computes two different indicators (Degree and Distance) expressing the matching degree between a license
clause required by a consumer and a respective license
clause offered by a provider. The Degree shows if an offer matches a request and is expressed by a value in the
range [0..1], where 0 means ‘no match’ and 1 means ‘exact match’. The Distance indicator is introduced to capture
additional information about the matching. In the case of
‘exact match’, we evaluate how much the offer dominates
the request (Distance ≥ 0) and in the case of ‘no match’,
we evaluate how much the offer is far from satisfying the
request (Distance ≤ 0).
Evaluating the values for license specifications involves
the following kinds of data.
• Scope of Rights are expressed as distinct values (for
example, adaptation, composition, and derivation).
• Financial Terms are expressed in a range of values (can
be any value between a minimum value and a maximum value).

Request
Composition
Derivation
Derivation
Adaptation
Adaptation
Composition

Offer
Adaptation
Adaptation
Composition
Composition
Derivation
Derivation

Request versus Offer
Composition ⊃ Adaptation
Derivation ⊃ Adaptation
Derivation ⊃ Composition
Adaptation ⊂ Composition
Derivation ⊂ Adaptation
Derivation ⊂ Composition

Redefinition
Composition
Derivation
Derivation
Composition
Derivation
Derivation

Table 1. Subsumption rules over Scope of Rights elements
Request
Derivation
Derivation
Composition
Composition
Adaptation
Adaptation

Offer
Composition
Adaptation
Adaptation
Derivation
Composition
Derivation

Degree
0
0
0
1
1
1

Distance
-0.5
-1
-0.5
+0.5
+0.5
+1

Table 2. Indicators in case of subsumption over Scope of Rights elements
Condition
minOffV < minReqV
maxOffV > maxReqV
minOffV < minReqV and
maxOffV > maxReqV
minOffV > maxReqV
maxOffV < minReqV
elsewhere

Degree
minReqV −minOf f V
1 − maxOf
f V −minOf f V
maxOf f V −maxReqV
1 − maxOf f V −minOf f V
f V +maxOf f V −maxReqV
1− minReqV −minOf
maxOf f V −minOf f V

Distance
0
0
0

0
0
1

f V,maxOf f V )
− Avg(minOf
maxReqV
minReqV
− Avg(minOf
f V,maxOf f V )
0

Table 3. Degree and Distance formulas for Financial Terms
For the clauses of Scope of Rights, if a requested license
specification clause matches exactly with an offered one,
the Degree is set to 1 and the Distance is set to 0. If there is
not an exact match, we can exploit the (semantic) relation
of subsumption to identify compatible licences.
Assume that we have two services with different license
elements say, composition and derivation. If a consumer
is looking for a service allowing composition, a service license allowing derivation can also be used, because derivation subsumes composition. A consumer desiring composition cannot obviously use an offered license with adaptation. Subsumption implies a match that should occur, if
the given license element is more permissive (accepts more)
than the corresponding element in the other license. The
subsumption rules for Scope of Rights are given in Table 1.
Table 2 lists evaluation of Degree and Distance indicators for Scope of Rights based on subsumption rules.
For what regards Financial Terms, the matching degree
between the interval of requested values and the interval
of offered values is evaluated using the list of formulas reported in Table 3.

The results of the Matching Evaluation are processed
during the Filtering phase. A service whose license has a
clause with Degree = 0 is discarded and no longer considered in the selection process. Thus, the number of candidate
services in the set of functionally matched services can be
reduced. If all services are discarded (no services are able to
satisfy the requested license specifications), a service with a
license closer to a consumer’s requested specifications will
be recommended. The service recommended to a consumer
is selected based on the Distance indicator. The consumer
can accept or deny the recommended service (as not exactly
satisfying the requested license specifications).
After the discarding of unsuitable services, the Filtering phase proceeds computing Net Degree (Ψ) and Net Distance (∆) for each license. Net Degree (Ψ) provides information about how much an offered license matches a requested license. It is the sum of matching degrees of clauses
of a license, represented as,
Ψ=

n
X
i=1

Degreei

Net Distance (∆) is a value that provides additional information about how the required clauses are matched. It is
the sum of the normalized distance (n distance) evaluated
for the clauses of a license.
∆=

n
X

n distancei

i=1

The value of n distancei is computed by
Distancei
max(|Distance|)
n distancei ∈ [−1..1]

n distancei =

where Distancei is the distance indicator evaluated between the required clause and the clause offered by the ith license and max(|Distance|) is the maximum absolute
value of distance indicator evaluated for the same requested
clause among all the licenses.
The License Selection ends with the Ranking phase
where the remaining candidate services are sorted according to their Ψ values. If two or more services have equal Ψ
value, their ∆ values are considered for ranking.
We explain our approach through the following example. Assume that a consumer requests for a service with the
following licensing clause specifications.
1. The service should allow composition. (lines 2-4)
2. The cost of a service should not be greater than 1.50
Euros per use. (lines 5-12)
A fragment of service license describing the requested
clauses (expressed in ODRL-S) is the following.
1
2
3
4
5
6
7
8

9
10
11
12
13

<o-ex:offer>
<o-ex:permission>
<sl:composition/>
</o-ex:permission>
<o-ex:requirement>
<o-dd:peruse>
<o-dd:payment>
<o-dd:amount o-dd:currency=‘‘EUR’’>
<o-ex:constraint>
<o-dd:range>
<o-dd:max>1.50</o-dd:max>
</o-dd:range>
</o-ex:constraint>
</o-dd:amount>
</o-dd:payment>
</o-dd:peruse>
</o-ex:requirement>
</o-ex:offer>

There are three services (namely S1 , S2 , and S3 ) with
different license specifications (see Table 4). These licenses
are expressed in ODRL-S, similar to the service license previously shown, but differ in licensing clauses. The Degree
and Distance indicators are evaluated as shown in Table 5.

License
Clauses
Scope
of
Rights (SR)
Cost
per
use (Euros)

L(S1 )

L(S2 )

L(S3 )

Composition Derivation

Composition

min:2.00
max:3.00

min:0.00
max:0.50

min:0.00
max:1.00

Table 4. Offered license specifications for
services S1 , S2 , and S3
Service SRDegree
S1
1
S2
1
S3
1

CostDegree
0
1
1

SRDistance
0 (0)
+0.5 (1)
0 (0)

CostDistance
-1.6 (-0.26)
3 (0.5)
6 (1)

Table 5. Degree, Distance and (n-Distance)
Evaluation

During the Filtering phase, S1 is discarded as it fails to
meet the requested clause specifications. The net indicators
are reported in Table 6. Based on the Net Indicators, the
ranking phase selects S2 as the service that best meets the
requested license specifications.
Service
S2
S3

Ψ
2.0
2.0

∆
1.5
1.0

Table 6. Net Indicators Evaluation

5 Related Work and Discussions
Service selection involves matching a service description
of a consumer to service descriptions of providers, with the
objective of finding the most appropriate ones [8]. Many researches focus on finding of services based on functionality
specifications [2]. The selection of services based on nonfunctional specifications has also been studied intensively
by the research community [17, 11, 1].
In [4], we have presented a semantic approach for selection of services by evaluating both qualitative and quantitative non-functional properties (NFPs). The approach is
based on matching rules to compute numeric matching indicators. These rules are based on the ontological description of objects representing non-functional properties that
are required and offered. The result is an automatic selection process that evaluates offered NFPs with respect to a
set of user requests. In this paper, we have proposed a novel
approach for the selection of services whose descriptions
are not semantic (as in the case of ODRL-S descriptions).

To the best of our knowledge, there is no work on selection of services based on their license specifications.
Google1 and Yahoo!2 search engines provide advanced options to retrieve contents based on requested licenses. However, these options restrict consumers with limited specifications of licenses.
The economic aspects of an utility computing service are
analyzed and modeled by [5]. Interactive pricing mechanisms are defined by [3] as the subset of dynamic pricing
mechanisms in a service oriented architecture. In our paper,
we have proposed a way of service selection considering the
price of a service as expressed by consumers.

6 Concluding Remarks
As a way of managing the rights between service consumers and service providers, licenses are of critical importance to services. Making the selection of services integrated with licenses is an enhanced dimension in service
discovery. In this paper, we have illustrated a novel mechanism for selection of services by a match making method
between license clauses requested by a consumer and offered by several providers.
We are currently extending the present service selection
process to include more complex licensing clauses including warranties (can include non-functional properties) and
limitation of liability. In our future work, we are planning
to propose a framework that integrates the license-aware
selection process with the selection of services based on
matching of functional properties. We are also evaluating
our approach in real industrial environments.
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