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Service Selection continues to be a challenge in Service Oriented Architecture (SOA). In this paper, we propose a consumer-centric Non-Functional Properties (NFP) based services selection approach that relies on an externally-validated set of NFP descriptions integrated with the Web Service Description Language (WSDL). Our approach is based on three steps: (1) a Filtering step based on Hard NFPs defined in the consumer's request, (2) a Matchmaking step to discover the functionally-equivalent services, and (3) a Ranking step that sorts the resulting set of services based on the Soft NFPs defined by the consumer. The evaluation of our proposed service selection approach shows that the prioritization of NFP usage enhances the performance time of the service selection process while satisfying the functional and the nonfunctional requirements of the consumer.

Introduction

The proliferation of Web Services raises some challenges with respect to the ability of the service consumers to select the service most appropriate to their needs. This problem is referred to as the service selection problem and can be divided as the Matchmaking problem of discovering the Web services that deliver a given functionality and the Non-Functional Properties (NFP)-based Ranking problem of evaluating these services.

The Matchmaking is a tedious, very time consuming step [START_REF] Mukpadhyay | A Survey on Web Service Discovery Approaches[END_REF]. The NFP-based Ranking is very often treated as an extra burden once the Matchmaking is performed or even simply scarified [START_REF] Huang | An optimal QoS-based Web service selection scheme[END_REF]. In fact, the current service description languages such as Web Services Description Languages (WSDL) do not contain all the elements required to handle NFPs service descriptions [START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF] impeding the automation of the latter process. However, Non-Functional Properties (NFPs) play an important role in each stage of the SOA process lifecycle since they can impact the functional aspect of composed services as conflicting NFPs might cause redesign [START_REF] Klose | Identification of services -a stakeholderbased approach to SOA development and its application in the area of production planning[END_REF]. Indeed, NFPs are of critical importance and, at times, functional requirements might be sacrificed to meet them. There is a considerable amount of research effort that has placed emphasis on the importance of non-functional properties in service descriptions [START_REF] Klose | Identification of services -a stakeholderbased approach to SOA development and its application in the area of production planning[END_REF][2][3] [START_REF] Becha | Consumer-Centric Non-functional Properties of SOA-Based Services[END_REF]. Hence, it seems worthwhile to get into account the consumer-centric NFPs even before performing the Matchmaking process. By consumer-centric (as opposed to provider centric), we mean the NFPs, once included in the service description, that can help the service consumer decide whether a given service suits best his needs. Exploring the NFP precedence in the service selection is the aim of this research effort that relies on a consumer-centric domain-independent, and externally validated NFP catalogue that was integrated into WSDL [START_REF] Becha | Consumer-Centric Non-functional Properties of SOA-Based Services[END_REF]. Our research hypothesize is that the prioritization of NFP usage will not only allow the selection of services that meet the user's non-functional requirements but can also improve the execution time of service discovery process. This paper is organized as follows. In Section 2, the related work is presented. Section 3 formalizes the proposed service selection approach. Section 4 details the validation method. Section 5 concludes and presents possible future work.

Related Work

NFP-aware service selection approaches in SOA can be classified into two categories. In the first category of service selection approaches, the available set of services is functionally heterogeneous. A Matchmaking procedure [START_REF] Ajao | Optimal Web Service Selection with Consideration for User's Preferences[END_REF][17] [START_REF] Huang | An optimal QoS-based Web service selection scheme[END_REF] is performed first to find the services that meet the required functionality. Then, an NFP-based Ranking step is performed to select the best services. The second category regroups most of the existing NFP-aware service selection solutions [START_REF] Klose | Identification of services -a stakeholderbased approach to SOA development and its application in the area of production planning[END_REF][5] [START_REF] Askaroglu | Automatic QoS evaluation method for web services[END_REF][13] [14] [START_REF] Frutos | Enhancing Service Selection by Semantic QoS[END_REF]. These solutions are based on the hypothesis of the availability of a collection of functionally-equivalent services, and do not address the Matchmaking. The essence of these service selection solutions is concerned with ranking the already discovered set of services, including eliminating those that do not meet a given NFP threshold defined by the consumer. These two service selection categories are illustrated in Fig. 1.

Fig. 1. Traditional approaches

In both categories, the service Ranking can be performed according to different methods [START_REF] Lin | A trustworthy QoS-based collaborative filtering approach for webservice discovery[END_REF] using either a unique NFP or a combination of a few NFP values having different weights. The combination of NFPs defines one representative NFP value usually using a Multiple Attribute Decision Making method [START_REF] Bartalos | Automatic dynamic web service composition: A survey and problem formalization[END_REF]. However, these approaches have common shortcomings. The Ranking step is based either on NFPs that are defined only at the conceptual level (a.k.a. constraints) or defined based on a very limited set of non-validated NFPs with very simplistic data structures in an adhoc ways [START_REF] Becha | Non-Functional Properties in Service Oriented Architecture: A Consumer's Perspective[END_REF]. These solutions do not either have a clear focus on the service consumer's perspective or identify the publishing role of the service providers that should advertise the consumer-centric NFPs in their service descriptions. The service provider's publishing perspective is required, since the service consumers cannot just define on their own the NFPs that they are looking for at the service selection stage.

Many literature review studies such as [START_REF] Hai | Semantic Web Service matchmakers: State of the art and challenges[END_REF] and [START_REF] Teka Abelneh | A Systematic Literature Review on Service Description Methods[END_REF] reveal that NFP-based consumer-centric service selection approaches are still needed. To the best of our knowledge, in all the reviewed papers, either the solutions rely on a pre-existing set of functionally-equivalent services or a Matchmaking is always performed before getting the NFPs into account. The NFP-based service Ranking is represented as an extra, separate, luxurious process after having gone (separately) through the tedious process of discovering functionally equivalent services [START_REF] Hai | Semantic Web Service matchmakers: State of the art and challenges[END_REF] [START_REF] Mukpadhyay | A Survey on Web Service Discovery Approaches[END_REF]. In opposition to the approach that prioritizes the NFPs, all these service selection approaches that prioritize the functional aspects are referred to in this paper as the traditional approaches, regardless the methods used in their Matchmaking and Web service Ranking processes. 

NFP-based WS Selection Approach

Fig. 3. The proposed Service Selection Approach

Our approach utilizes an externally-validated set of formal domain-independent catalogue of NFPs [START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF]. This catalogue defines a list of consumer-centric NFPs and their data structures to be published by service providers to better characterize services and enable consumers to perform NFP-aware service selection. The external validation details of this catalogue of NFPs (involving two surveys) can be found in [START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF]. This catalogue includes the following seventeen NFPs: (1) price, (2) response time, (3) reputation, (4) certification, (5) availability, (6) reliability, (7) usability, (8) accuracy, (9) standards compliance, (10) failure modes, (11) transactional service, (12) security, (13) jurisdiction, ( 14) service versioning, (15) resource requirements, ( 16) scalability, and (17) server location. The NFP catalogue description is integrated with the Web service description documents (e.g., WSDL documents) as shown by Fig. 2 and will be used as an additional input in our service selection process. The NFP description of the consumer's request respects a NFP schema provided in [START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF] and classifies the NFPs as Hard and Soft NFPs. Hard NFPs are the properties that must be absolutely satisfied. Soft NFPs are the nice to have properties [START_REF] Bartalos | Automatic dynamic web service composition: A survey and problem formalization[END_REF]. This framework is extensible to support other NFPs (i.e., domainspecific NFPs) without changing the algorithms and tools for NFP-based service selection. WS1 is representative of services that meet the consumer request in terms of functionality as well as Hard NFPs. However, WS2 fails to meet the request since it charges the consumer per subscription and in USD. WS3 is representative of services that do not match the functionality looked for by the consumer. In this use case, only the subset of services represented by WS1 and WS3 satisfy the user's request in terms of Hard NFPs. The consumer will perform the Matchmaking process on these two subsets of services and will only retain the subset represented by WS1. 

Use Case

Step 1: Services Filtering

The first step of our approach is to compare the NFPs of the available heterogeneous Web services (ServiceOffer) in the registry against the absolutely required NFPs defined in the consumer's service request. It filters out those that do not meet the NFP threshold values and return the filtered services SF (Fig. 6). When the service consumer denotes the Hard NFPs, this means that these NFPs shall be explicitly exposed as part of the service description, in a formal format and meet certain values expressed by the request as well. For example, in terms of pricing, the service consumer may only be interested in pay-per-invocation services and may not be willing to pay for monthly subscription services. To avoid repetition, the Filtering algorithm, defined by Fig. 6 

Step 2: Web Services Matchmaking

The input of this process is the set of filtered services (SF) that meet the Hard NFPs per step 1. In this step, service Matchmaking process is performed to discover the services that offer similar functionality (SM) defined in the consumer's request. The Matchmaking can be based on different techniques [START_REF] Matthias | Hybrid Adaptive Web Service Selection with SAWSDL-MX and WSDL-Analyzer[END_REF] [START_REF] Sellami | Towards a Flexible Schema Matching Approach for Semantic Web Service Discovery[END_REF]. The matchmaker [START_REF] Matthias | Hybrid Adaptive Web Service Selection with SAWSDL-MX and WSDL-Analyzer[END_REF] is used in our proposed approach. The Matchmaking techniques support partial matches and associate correspondence degrees that have to exceed a given threshold σ defined in the consumer's request. Partial matches enable the consumer to trade the functional aspect in favor of the prioritized NFPs.

Step 3: Web Services Ranking

The input of this step is a set of services that deliver the required functionality and meet the Hard NFPs (SM) defined in the consumer's request. This set is inherently sorted based on the correspondence degree of the Matchmaking. The essence of this step is to select the service that suits best the needs of the service consumer. To do so, the services are ranked (RS) based on the Soft NFPs that have different weights defined by the consumers to reflect its preferences over these properties. The Ranking can be performed as described in Preference based Universal Ranking Integration framework (PURI) [START_REF] María | Integrating semantic Web services ranking mechanisms using a common preference model[END_REF].

Experiment Design and Evaluation

The aim of this experiment is to assess the impact of the prioritization of NFP usage on the execution time of service selection process.

Fig. 7. Our Web Service Selection Approach

Fig. 8. Traditional Web Service Selection Approach

The experiments measure the total execution time of the Filtering and Matchmaking steps of our approach (Fig. 7) versus the approach that prioritizes the functional aspects (Fig. 8). The same Matchmaking and Filtering processes are invoked but in different order. Both approaches will select the services having the same quality. The Ranking process is not taken into account as it is the same in both approaches.

Experiments are performed on a test collection of 100 Web services 1 from the communication domain described using the language SAWSDL 2 (Semantic Annotations for WSDL). The Web services descriptions are extended using the NFPs catalogue [START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF] which defines a library of complex types as an XML schema that can be fully or partially populated and that apply to the whole service as one unit.

The Filtering process (Fig. 6) is implemented using the Xquery language and executed over the BaseX 3 database. The consumer's request contains 5 NFPs out of the 17 proposed in the catalogue. Reputation and Reliability are the Soft NFPs. Price, Response Time and Availability are the Hard NFPs. We performed the Matchmaking procedure using the SAWSDL-MX1 matchmaker [START_REF] Matthias | Hybrid Adaptive Web Service Selection with SAWSDL-MX and WSDL-Analyzer[END_REF]. We considered five different scenarios that differ in terms of the number of eliminated services after having performing the NFP-based Filtering step.

Table 1 and Table 2 summarize the scenarios of our experiments. Table 1 represents our approach where the first performed process is the Hard NFP-based Filtering. Table 2 represents the approach where the first performed process is the semantic Matchmaking. The initial set of heterogeneous services in the WS registry contains 100 Web services. The first rows of both tables detail the number of the eliminated services after having performed the first process of each approach. Then, the execution time of the second process is measured for each scenario for both approaches. In the first scenario S1, the Filtering step does not eliminate any service (e.g., the entire set of services meet the consumer's Hard NFPs). The execution time of the Filtering process performed against the initial set of 100 WS is 256 ms. The execution time of Matchmaking performed against the initial set of WS is 2790 ms. Respectively, in the four following scenarios, the Filtering step eliminates 25%, 50%, 75%, and 100% of the available services. In last scenario, no service corresponds to the Hard NFPs of the consumer's request. The Hard NFPs have to be met even in the detriment of the functional requirements. As shown by the tables, the execution time of both processes varies as a function of the number of the services against which are performed. Fig. 9 illustrates the results of our empirical experiment. In the scenarios described above, our selection approach is shown to be more efficient than the solution that prioritizes the functional aspects over the NFPs. Prioritizing the NFPs in the service selection enhances the performance time while satisfying the functional and the nonfunctional requirements of the consumer. In fact the Matchmaking process is very costly when compared to the Filtering process. The cost of Matchmaking performed against a single service is as costly as the Filtering step performed against the initial set of available services. The more irrelevant services that can be eliminated during the Filtering process, the faster the Matchmaking. Even when the Filtering step eliminates just a very few services before getting to the Matchmaking step, it is still worth to use our proposed approach. However, we recognize the limits of our empirical experiment. In order to generalize our findings, further experimentations and/or statistic study are required to access the impact of the complexity of the consumer's request and the NFP descriptions over the time performance of each process. Part of the threats to our validation is the definition of 'extreme' scenarios where the number of Hard NFPs is higher, the data structures of NFPs are more complex (Security can have multiple sub parts), the NFP descriptions of the offered WS is larger, and the functionality looked for is simpler than the scenarios considered in our experimentation.

Conclusion and Future Work

In this paper, we presented a consumer-centric NFP-based approach for Web service selection that relies on an externally-validated set of NFPs. The proposed approach filters out of the services that do not meet the Hard NFPs defined by the consumer before even performing the Matchmaking. The evaluation of this service selection approach shows that the prioritization of NFPs usage can enhance the performance time of the service selection process while satisfying the functional and the nonfunctional requirements of the consumer.

In future work, we will plan to perform statistical study and test in different scenarios to further measure the performance of our approach versus the traditional one. In addition, the required extensions to enable BPEL to support the NFPs should be identified to encourage NFPs usages in service selection and composition. As SOA is technology agnostic, it is interesting to test our approach in the context of REST services.
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 2 Fig. 2. Example of WSDL InstanceDocument with NFP Description[START_REF] Becha | Exposing and Aggregating Non-functional Properties in SOA from the Perspective of the Service Consumer[END_REF] 
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 4 Fig. 4 illustrates a use case of our approach. The box at the top is an example of consumer request that details the required functionality, Hard and Soft NFPs. The values of the NFPs in the request are thresholds of the required values. The request contains the maximum acceptable value for Price and the minimum values for Reputation and Usability. The box below contains the description offered services.WS1 is representative of services that meet the consumer request in terms of functionality as well as Hard NFPs. However, WS2 fails to meet the request since it charges the consumer per subscription and in USD. WS3 is representative of services that do not match the functionality looked for by the consumer. In this use case, only the subset of services represented by WS1 and WS3 satisfy the user's request in terms of Hard NFPs. The consumer will perform the Matchmaking process on these two subsets of services and will only retain the subset represented by WS1.
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 4 Fig. 4. Use Case of our Consumer-Centric Approach Our proposed framework, illustrated by Fig. 3, is based on three different steps detailed below: NFP Filtering, Matchmaking, and Service Ranking. The initial set of the available services (ServiceOffer) in the registry are heterogeneous. Their descriptions address the functional as well as the NFPs. The request (Request) of the user defines the Hard NFPs, the Soft NFPs and the desired functionality. The NFPs description of the services and the NFPs in the consumer's request respect the NFP schema of the used consumer-centric NFP catalogue. The service selection algorithm is detailed in Fig. 5.
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 5 Fig. 5. Algorithm for Consumer-centric NFP-based Service Selection

Fig. 9 .

 9 Fig. 9. Performance Comparison of WS Selection Approaches

  , considers five representative NFPs including Price, ResponseTime, Reputation, Availability and Scalability (eliminating the NFPs that have similar data structures and consequently same Filtering rules). Price and Response Time NFPs have complex data structures and call external comparison functions ComparePrice and CompareResponseTime that are not further explained here due to the space limitations.

	Algorithm Filtering (ServiceOffer, Request)
	Input: ServiceOffer: Set of available services
	Request: The consumer's Request Algorithm Selection (ServiceOffer, Request) Output: SF: Set of services that correspond to the hard NFP per
		the consumer's request	
	Input: ServiceOffer: Set of available services Var: -HardNFP: hard NFPs defined in the request out of the used
	Request: the consumer's Request NFP catalogue that contains 17 NFPs
	: Matchmaking threshold  ComparePrice(Service.Price, Request.Price): function to
	the Price NFP of the offered service versus the tab[w]: Weights associated to the Soft NFPs Output: RS: Ranked set of services Request. Price has a complex data structure
	 CompareResponseTime(Service.ResponseTime, var: Request.ResponseTime): function to compare the ReponseTime  SF: Set of services that correspond to the hard NFP of the offered service versus the Request. ReponseTime
	NFP per the consumer's request has a complex data structure
	 SM: Begin{	Set	of	services	with	functionality
	corresponding to the consumer request Boolean Valid = TRUE;
	Begin{ For each (Service in ServiceOffer){
	SF=Ø; For each (HardNFP in Request){	
	For each Service in ServiceOffer // For the following NFPs, exact values or less are //better
	SF= Filtering (Service, Request); for consumer's satisfaction
	//Comparison of Price by invoking the ComparePrice //function. SM =Ø; It returns TRUE if the Service is "too //expensive" compared to For each ServiceSF in SF the Request.
	SM= Matchmaking (ServiceSF, Request,); If (HardNFP==Price)
	RS =Ø; If (ComparePrice (Service.Price, Request.Price))
	For each ServiceSM in SM Valid = FALSE;	
	RS= Ranking (ServiceSM, Request,tab[w]); // CompareResponseTime returns TRUE if the Service is too
	return RS;} //slow compared to the Request	
	End	If (HardNFP == ResponseTime)	
			If(CompareResponseTime(Service.ResponseTime,
	Request.ResponseTime))		
			Valid = FALSE;	
	//For the following NFPs, exact values or higher are //better
	for consumer's satisfaction	
	//Reputation is very similar to Usability NFP
		If (HardNFP == Reputation)	
		If (Service. Reputation < Request.Reputation)
			Valid = FALSE;	
		// Reliability is very similar to Availability
			If (HardNFP == Availability)
			If(Service.Availability< Request.Availability)
			Valid = FALSE;	
			If (HardNFP == Scalability)
			If(Service.Scalability < Request.Scalability)
			Valid = FALSE;}	
			If (Valid==TRUE) ADD(Service, SF); }
		return SF;}End		
	Fig. 6. Algorithm for Web Services Filtering based on the Consumer's Hard NFPs

Table 1 .

 1 Our WS Selection Approach

Table 2 .

 2 Traditional WS Selection Approach

		S1	S2	S3	S4	S5
	Number of eliminated (filtered) WS	0	25	50	75	100
	Execution Time of Matchmaking (ms) 2790 2340 1880 1760	0
	Total Execution Time (ms)					
		S1	S2	S3	S4	S5
	Number of eliminated (unmatched) WS	0	25	50	75	100
	Execution Time of Filtering (ms)	256	200	162	112	0
	Total Execution Time (ms)	3046 2990 2952 2902 2790
	1 http://www.semwebcentral.org/projects/sawsdl-tc/				
	2 http://www.w3.org/TR/sawsdl/					
	3 http://basex.org/					
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