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ABSTRACT 

Over the past few years, an exceptional interest has been taken in 
the area of Service-Oriented Computing. Particularly, a 
remarkable effort has been made in the context of Web service 
discovery, a very important and active research domain. In fact, 
the number of Web services has grown rapidly and the task of 
their discovery resting on standards, UDDI and ebXML becomes 
more and more difficult. The most proposed approaches for Web 
services discovery focused on the description of Web services 
themselves and neglect their interaction with each other. In this 
paper, we use the concepts of social networking, the principles of 
recommender systems and Web services communities, in the 
context of Web 2.0, introduced in our previous work to 
significantly reduce this task. The obtained results seem 
promising.   

Categories and Subject Descriptors 
H.3.5 [Information storage and retrieval]: Online Information 
Services – Web-based services. 

General Terms 
Algorithms, Experimentation. 

Keywords 
Web Services, Social Web Services, Social Networks, Discovery, 
Recommendation, Community. 

1. INTRODUCTION 
Service Oriented Computing (SOC) has emerged in recent years 
as a powerful paradigm for assembling complex Web applications 
from distributed simpler application components known as 
services [15]. Web services and social networks are emerging in 
which applications can search and compose services according to 
users’ needs in a seamless and an automatic fashion [10]. A wide 
range of similar functionalities are expected to be offered by a 
vast number of Web services. Web services are expected to 
outsource some of their functionalities to other Web services [10]. 
Some services may be new to the service market. To ensure the 
discovery and retrieval of suitable Web services, it is essential to 
provide mechanisms for that. 

Currently, dynamic Web services discovery is managed with 
registries allowing their definition, storage and discovery. One of 
the two main standards is based on the UDDI1 (Universal 
Description Discovery and Integration) protocol, which is a 
registry listing exclusively Web services based on WSDL2 (Web 
Services Description Language) for their descriptions. There 
exists another standard with more extended aiming for the e-
business named ebXML (Electronic Business using eXtensible 
Markup Language) that covers all the paradigms proposed by 
UDDI and WSDL. Based on  UDDI or ebXML, the Web services 
discovery algorithms use a research technique with key words or 
tables of correspondence of couples (keys, values), which is very 
restrictive, too undoubtedly. Moreover, this technique prevents 
the possibility of combining Web Services. There is a further 
difficulty: it would require a software agent that can monitor the 
registry is actually updated. 

As part of this paper we propose a significant improvement to our 
algorithm for Web services discovery proposed in our previous 
work [12]. The obtained results are promising and allow us to 
highlight the contribution of social networks in the task of social 
Web services discovery. The use of the community notion in Web 
service discovery is not new. In recent years, some community- 
based approaches ([6], [7], [12], [19]) have been proposed in the 
literature in order to deal with Web service discovery in the 
context of social networks. Those works have considerably 
forwarded the domain by proposing novel strategies for Web 
services discovery.  

The remainder of this paper is organized as follows. Section 2 
introduced the concept of Web service. Section 3 gives an 
overview on the concept of Web service community. State of the 
art on Web services discovery is given in section 4. Section 5 
describes our approach for social Web services discovery based 
on communities. Our implementation is discussed in section 6. 
Conclusion and future works are given in section 7. 

2. WEB SERVICE 
A Web service3 is defined as a self-contained, self-describing 
software application that can be advertised, located, and used 
across the Web using a set of standards [14]. Web services are 
with public interfaces described in XML4. According to World 
Wide Web Consortium (W3C) [18], Web services identified by a 
Uniform Resource Identifier (URI), their interfaces are defined in 
Web Service Description Language (WSDL), published in the 
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Universal Description, Discovery and Integration (UDDI) 
directory, Web services can be discovered and invoked by other 
software systems. These systems interact with Web services using 
XML-based messages conveyed by Simple Object Access 
Protocol (SOAP5). Web services like any other middleware 
technologies; aim to provide mechanisms to bridge heterogeneous 
platforms, allowing data to flow across various programs [17]. 

3. WEB SERVICE COMMUNITY 
Several definitions have been proposed in the literature. In [7], 
Maamar et al. considered a community as a means to provide a 
common description of a desired functionality without referring 
explicitly to a specific Web service. In [19], the authors discussed 
a framework to manage Web services using the concept of 
community and the social networking. A community gathers 
similarly-functional Web services together and social networks 
establish relationships between Web services. Relationships like 
supervision, competition, and substitution are intra-community, 
while others like collaboration and recommendation are inter-
community. In [6], the authors discussed the binding of Web 
services communities to social qualities like selfishness, 
trustworthiness, and spitefulness. They defined a community as a 
virtual space that groups Web services together subject to offering 
similar functionalities. In [13], the authors proposed that 
communities can dynamically be created and Web services can at 
run time be associated to these communities, in the context of 
social networks. In [12], our previous work, we defined the notion 
of Web services community as relationship between Web services 
without any particular weight. 

In this paper, we describe informally, the notion of Web services 
community as relationship between Web services characterized 
by weights (house construction, hotel reservation). Besides, a 
Web service may belong to different communities. Our approach 
for the construction of Web services communities is detailed in 
section 5. 

4. SERVICE DISCOVERY OVERVIEW  
4.1 Web Service Discovery 
Web service discovery is the process of finding Web services, 
which satisfy specific requirements. Discovery is achieved by 
searching the service with a matching description and service 
profile on the UDDI. Due to the increase of the Web services 
availability with similar functionalities on the Web, this drives the 
need for more complicated Web service discovery mechanisms 
[4]. 

The Web services discovery algorithms using UDDI or ebXML 
and based on the syntactic correspondence are very restrictive. 
Two semantic approaches have been proposed in the literature, 
the semantic annotation [1, 3, 11] and the Web services ontology.  
Two models of services ontologies are proposed OWL-S 
(Ontology Web Language for Services) and WSMO (Web Service 
Modeling Ontology).  

4.2 Social Web service Discovery 
4.2.1 Social Networks Overview 
Social networks currently play an important role in the life of 
millions of active Internet users; over the last few years, interest 
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in social networks Websites such as Facebook6, MySpace7, 
Friendster8, Twitter9 and LinkedIn10 has increased considerably, 
and the popularity of such sites has increased significantly [2]. 
Social networks have recently been receiving increased research 
attention; Social networks are online communities: people, teams, 
or any social group [16] interacting on the web, and connected via 
social relationships, such as co-working, friendship or knowledge 
exchange in varied contexts such as entertainment, politics, 
religion, dating or business. 

4.2.2 Social Web services 
The social networks of Web services or social Web services differ 
from conventional social networks. Social networks are based on 
the absolute cooperation and mutual assistance between their 
members (i.e., no competition). By cons, Web services in social 
networks are especially competitive [8]. Web services are the 
only constituents of the social network. Social networks are used 
to represent the interactions between Web services in the aim of 
their discovery or selection. Social networks of Web services are 
some of the recent approaches introduced in the field of Web 
services discovery ([8], [5], [9], [12]). 

4.2.3 Discovery 
In [17], the authors used recommendation-based associations that 
could enrich the process of composition with additional Web 
services. They also used these associations to allow direct 
selection (and possibly automatic) of a Web service, which will 
replace a failed Web service. In [9], the authors introduced a 
semantic dimension for calculating the similarity between Web 
services in the same spirit as the work proposed in [8]. In [5], the 
authors introduced the concept of Web services competition in 
addition of the concepts discussed in [8] to build social networks 
for Web services discovery. In [12], the authors proposed in 
addition to the collaboration-based associations to build Web 
services communities, recommendation-based associations to 
define a Web services discovery process. 

5. PROPOSED APPROACH FOR SOCIAL 
WEB SERVICES DISCOVERY 
We present in this section our approach for the social Web 
services discovery process. This process rests on the creation of a 
social network of Web services for one or more registers UDDI. 
The social network associated with Web services is defined by 
two types of associations between these Web services: 
collaboration-based associations that help to define the notion of 
Web services community and thereby reduce the search space of 
these latter, and recommendation-based associations that allow us 
to target only the Web services that have been retained in their 
previous participation in response to user queries. It is neither 
substitution, nor the recommendation of additional Web services 
proposed by Maamar et al. in [8]. 

 
6  http://www.facebook.com 
7  http://www.myspace.com 
8  http://www.friendster.com 
9  http://twitter.com 
10 http://www.linkedin.com 



5.1 Building social networks of Web services 
Web services are the only constituents of the social network and 
designate the nodes.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Example of Web services communities definition in 
a social networks of Web services. 

5.1.1 Collaboration-based association (C) 

Collaboration based associations (C) define the notion of Web 
services community. Each community is defined by a tree of Web 
services; “Construction procedure community” in Figure 1, for 
example. These associations are evaluated by the following 
equation: 
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|WSi selection| represents the number of times that WSi has really 

participated in scenarios of composition, so selected by the client. 
|WSi participation| is the number of times that WSi has been 
appointed to participate in these scenarios of composition. The 
tree associated with each community is sorted in descending order 
of the weights associated to the associations (Figure 1). 

5.1.2 Recommendation-based Association (R) 

In the same Web services community, a Web service could 
propose that new Web services resulting from recommendation-
based associations should be part of a composition. Web services 
resulting from recommendation-based associations may be 
required to satisfy a user query. Example: the Web service 
Mason-SW will recommend that Carpenter-SW could be part of 
the composition scenario with a weight wR12. Carpenter-SW 
could also recommend Mason-SW with a weight wR21. The weight 
of the recommendation-based association wR12 and wR21 are given 
by the following equation:  
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|WSi participation| and |WSj selection| represent the number of 
times that WSi participated in scenarios composition and number 
of times that WSj has been appointed by WSi to participate in 
these scenarios of composition. This equation (2) is inspired by 
the works of Maamar et al. in [8] and Metrouh et al. in [12]. 

5.2 Algorithm for Social Web services 
discovery 
Formally, we define the graph G as a triple (S,C,R), where S is the 
set of vertices, C is the set of edges of Collaboration and R is the 
set of arcs of  Recommendation. Furthermore, the graphs formed 
by S and C, on the one hand, and S and R, on the other hand, are 
respectively called cG (Graph of collaboration) and rG (Graph of 
recommendation) of G. We also define an undirected graph 
rG'=(S,R') corresponding to the directed graph rG=(S,R) whose 
edges R' are valued by the equation (3). WSi and WSj are two Web 
services of the graph rG'. The weight wR(WSi,WSj) of the edge 
(WSi,WSj) is given by the following equation: 
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Figure 2. Algorithm for social Web services discovery process 
based on communities. 

The contribution of this algorithm compared to our previous work 
[12], is that the collaboration-based associations are characterized 
by weights which allow us to sort the Web services in a 
community of Web services in a descending order. This will allow 
us to consider only the Web services with high weights, once the 

ALGORITHM Social Web services Discovery  
{ 

INPUTS           
G = (S, C, R), where S: the set of nodes or Web 
services, C: the set of arcs collaboration and  R: the 
set of arcs of recommendation 
cG= (S, C) graph of the collaboration-based 
associations; 
rG= (S, R) graph of the recommendation-based 
associations; 
rG'= (S, R') undirected a nd weighted graph resulting 
from the directed and weighted graph rG (S, R); 

OUTPUT WSdis set of the discovered social Web 
 services; 

WSdis := Ø;  
Mark the first vertex x of the graph cG=(S, C) associated with the 
community extracted from the user request; 
Mark the vertex x in the graph rG'=(S, R'); 
WSdis  x; 

WHILE exists an adjacent vertex not marked at a vertex in 
 rG'= (S, R') DO 

Select a vertex y not marked and adjacent at a marked vertex x; 
IF (x, y) is the outgoing edge of the highest weight AND 
 y  to the tree associated with the community extracted from the 
user request of the graph cG  
THEN 

WSdis  WSdis {y}; 
Mark y; 


     END IF 
END WHILE  
Return SWdis; 

} 

wC11 >= wC12 >= wC13 >=  wC14>=  wC15 >=  wC16 >=  wC17 >=  wC18 

wC21 >= wC22 >= wC23>= wC24 >= wC25 

wCij : the Web service (WSj) Collaboration weight defined by the   
          equation in (1) 
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social network reached a large size. This will also avoid us a 
random selection of the first Web service in response to a client 
query, proposed in [12] and thus improve the process of Web 
services discovery. 

The idea of the proposed algorithm illustrated in Figure 2 is to 
maintain a connected subgraph, by connecting a new vertex at 
each step. An idea largely inspired by Prim's algorithm which is a 
greedy algorithm that finds a minimum spanning tree for a 
connected weighted undirected graph. At each iteration, the 
algorithm will add to the tree a vertex, until it covers all the 
vertices of the graph rG'. The vertices must belong also added to 
the tree associated with the community extracted from the graph 
of collaboration cG. The proposed algorithm constructs a 
spanning tree only on the connected component of the vertex 
initially marked in the graph rG'. If at one stage a set V of vertices 
are connected together, to select the next vertex to be connected, 
in a spanning tree, there exists necessarily an edge which connects 
one of the vertices of V with a vertex apart from V. To build a 
maximum spanning tree, simply select from the outgoing edges 
witch has the highest weight. To detect the outgoing edges, we 
can progressively mark the already connected vertices. An 
outgoing edge then connects necessarily a marked vertex and an 
unmarked vertex. 

6. IMPLEMENTATION AND 
EVALUATION 
In this section, we describe the experimental results we obtained 
by running our algorithm. The algorithm is implemented in Java 
v1.5 and run under the operating system Windows XP 
Professional. CPU times were obtained on a 3.6 GHz Pentium 4 
with 1 GB of RAM. The following table “Table 1” shows the time 
taken by our algorithm to return the set of the discovered Web 
services. The Graphs chosen are random in the sense that the 
number of vertices and the number of edges are chosen arbitrarily. 
It is the same for the weights of the recommendation-based 
association in the graph rG', since we need data at the beginning 
which avoids us the problem of “cold start” not addressed in the 
context of this paper. The implementation provided in this paper 
uses a priority queue though it can be easily extended using heap 
implementation. The time is measured in milliseconds. 

Table 1. Time taken to return the set of the discovered Web 
services 

Graph G Graph cG Graph rG' 
No 

Nodes Edges Nodes Edges Nodes Edges 

Time Taken 
(Milliseconds)

1 240 350 150 250 50 150 135 

2 350 550 200 300 100 230 395 

3 400 750 250 350 150 340 1008 

4 600 850 400 450 200 510 1579 

5 650 950 450 500 300 750 3958 

6 850 1700 600 1500 400 1100 6097 

7 950 2200 700 1800 500 1500 12242 

8 1100 2800 800 2400 600 1900 16692 

9 1250 3300 1000 2800 700 2200 18839 

10 1450 3500 1200 3000 800 2400 25905 

11 1650 4000 1400 3500 1000 2700 50457 

12 1850 4500 1600 4000 1200 3000 68403 

13 2100 5000 1800 4500 1400 3600 134211 

 

The priority queue node contains the vertex name witch refers a 
Web service, its parent and the weight of the edge between the 
parent and the vertex. The weight of the edge is given by the 
equation (3).  

Calculating running time: 
Total time = Time to build the priority queue + Time to go 
through the vertex listing and update all items in the queue till all 
the vertices of the connected subgraph of recommendation rG are 
in the tree + time to check that the vertex belongs to the 
connected subgraph of collaboration cG 
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Figure 3. Time Vs N° of edges in the graph of 
recommendation 
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Figure 4. Time Vs N° of vertices in the graph of 
recommendation 

Till 200 vertices the graph in “Figure 4” is almost linear and then 
it forms the “nlogn” curve.  From the analysis we can easily 
conclude that the proposed algorithm takes more time as the 
number of vertices increase in the graph of recommendation rG. 
This could be influenced by the way in which was implemented 
(using a linked list version of priority queue and not a heap). The 
number of edges in the graph of recommendation rG also has an 
important influence over the running time “Figure 3”.  
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Figure 5. Time Vs N° of vertices in the graph of collaboration 



We can notice also in “Figure 5” that the number of vertices in the 
graph of collaboration cG has no important influence on the 
running time. Seen its simple structure and seen that it allows 
only verifying that the vertex belongs effectively to the 
community extracted from the user request. The number of edges 
is also without important influence on the running time. The 
edges considered in the graph of recommendation rG constitute a 
tree of simple structure as shown in “Figure 1”.  

7. CONCLUSION AND FUTURE WORKS 
In this paper, we propose an algorithm for social Web services 
discovery in the context of the Web 2.0. We have defined two 
types of associations in a social network of Web services. 
Collaboration-based associations formed from Web services 
communities, characterized by weights and sorted in the 
descending order and recommendation-based associations. The 
combined exploitation of these two types of associations allowed 
us to reduce considerably the task of Web services discovery. 
Different experiments were carried out to illustrate our approach 
for social Web services discovery. 

The current work could be extended by introducing a semantic 
dimension in defining Web services communities. We could also 
review the recommendation-based associations and suggest that 
the users take part more in the process of recommendation. We 
should also face another problem, the “cold start” that occurs at 
the beginning of the use of the system, in critical situations where 
the system lacks data to make a custom filtering quality. 
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