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Abstract—Web service discovery is a mechanism to obtain 

descriptions of Web services based on the requester’s functional or 
non-functional requirements. UDDI is the first step towards 
meeting the requester’s functional requirements. The Web service 
architecture involving UDDI does not provide an efficient and 
effective discovery mechanism. The UDDI is large repository and 
its information is either distributed or replicated at several sites to 
improve fault tolerance. To improve the performance of UDDI 
based Web service discovery, we propose the broker based 
architecture for Web service publishing and discovery. The broker 
of the architecture stores the abstract Web service information and 
the functional knowledge for an effective Web service discovery. 
The paper explores Service Operation Tree (SOT) to store Web 
service information in a compact way which also speeds up the 
discovery process. The authors also analyse and illustrate the 
discovery mechanism backed by empirical results. 

I. INTRODUCTION  
A Web service is an interface, which describes a collection 

of operations that are network accessible through standardized 
XML messaging [1]. Web service discovery is the mechanism, 
which facilitates the requester, to gain an access to Web 
service descriptions that satisfies his functional or non-
functional requirements.  UDDI [1] [2] is the early initiative 
towards discovery which facilitates both keyword and 
category based matching. The Web service architecture 
involving UDDI does not provide efficient and effective 
discovery as the UDDI is solely responsible for publishing 
and discovery mechanism. The UDDI is large repository and 
its information is either distributed or replicated at several 
sites to improve fault tolerance. Such distributed architecture 
of UDDI suffers from performance issues like low response 
time and throughput. The discovery process implemented on 
such architecture loads the entire page [3] consisting either 
partial or whole Web service description into main memory 
for the matchmaking process. UDDI based Web service 
discovery is too syntactic and does not represent the semantics 
of functionality supported by various published Web services. 
In this paper, we present the Web service discovery 
mechanism, which explores more suitable Web services based 
on well formed functional semantics of Web service 
operations. We propose broker based architecture for Web 
service publishing and discovery. The broker of the 
architecture stores the abstract information of all published 
Web services in a compact way. In literature, many 
researchers have proposed different mechanisms in order to 
search suitable Web services based on the functional and non-

functional behavior of Web services. In the next subsection 
we give brief overview of different architectures and 
discovery mechanism proposed in literature. 

A. Evolution of Web service Architectures 
The architectures proposed in literature can be classified 

based on the location where the Web service information 
(distributed or centralized) is stored. We classify the Web 
service discovery architectures broadly as Centralized 
Architecture and Distributed (de-centralized) Architecture. 

In centralized Web service discovery architectures [4] [5], 
the Web service descriptions are stored in a central repository 
(registry). For static discovery, the Web service descriptions 
can be accessed through Web portals such as WebServiceList 
(www.webservicelist.com), XMethods.net and Remote 
Methods (www.remotemethods.com). The Web service 
request is made to service registry which is responsible for the 
request processing and discovery mechanism. The major 
problem with such architecture is that, the central registry 
becomes bottleneck of processing which suffers from stress 
problems such as performance degradation and scalability. 

In distributed architectures (de-centralized architecture), the 
Web service descriptions are normally stored at the provider’s 
site and the service request is executed by the server or by the 
coordinating agents by gathering Web service information 
which is available at the several sites. The distributed 
(decentralized) architecture can be further classified based on 
the nature of information access methods and the Web service 
information distribution structure. We classify the distributed 
architectures as: (a) Internet (Web) based architectures (b) 
Agent based architectures (c) P-2-P architectures. 

In Internet based architectures [6] [7], the search engine 
(Web crawler) techniques are used to discover the Web 
services. The WSDL crawler [7] is designed to discover the 
Web services directly from the Internet. The agent based 
architectures [8] [9] use software agents for intelligent and 
quality driven Web service discovery. The agents assist the 
discovery mechanism by processing the requests and finding 
Web services satisfying the desired quality [8]. The agents are 
also used for communication and accessing Ontology towards 
smart discovery of Web services [9]. The decentralized 
approaches based on Peer to Peer networks have been 
proposed by many researchers to solve the problems of 
centralized approach. The P-2-P discovery mechanism [10] 
[11] [12] is a kind of discovery technique emerging based on 
the peer-to-peer network construction. Peer-to-peer systems 
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provide a scalable alternative to centralized systems by 
distributing the data and load among all peers. These systems 
are decentralized, scalable and self-organizing. The 
decentralization of WS discovery will increase the fault 
tolerance and search efficiency. Figure 1 shows the taxonomy 
of Web service discovery structures. 

 

 
Figure 1. Taxonomy of Web service Discovery Architectures 

B. Evolution of Web service Discovery Techniques 
In literature, different methods are proposed to capture 

syntactical, semantical and contextual similarity of discovery 
request and service advertisements for the discovery. We 
classify the Web service discovery methods into two broad 
categories as functional property based and non-functional 
property based approaches. In functional property based Web 
service discovery, the functional i.e. behavioral details of Web 
services are used for matchmaking of discovery request with 
the published i.e. advertised profiles of Web services. The 
non-functional criterions like QoS [13], trust [14], usability 
[15] and personalization [16] are also used for effective Web 
service discovery. We classify functional property based 
discovery mechanisms based on the nature of information 
retrieved or stored for the matchmaking. They are syntax 
based matching, behavior based matching and semantic 
matchmaking methods. 

The syntax based Web service discovery mechanisms 
normally find the matching information for the request from 
the WSDL documents of advertised services. The 
matchmaking is commonly based on keyword/string, service 
category, interface and input/output [1] [17] [18] [10] of the 
published Web services. The behavior based matching 
mechanisms [19] [20] discover Web services based on the 
internal process structure of the service or service requester’s 
behavior. The semantic based matchmaking mechanisms find 
Web services based on the service semantics. The 
matchmaking is mainly performed based on the semantic 
descriptions like information theoretic information [21], 
functional semantics [22], Ontological concepts [23] context 
information [24] and goal (Input, Output, Pre-condition, 
Effect) [25] of advertised Web services. 

C. Motivation and Contribution 
The major problems associated with UDDI based 

centralized Web service discovery mechanism are: 
a) UDDI suffers from performance degradation(i.e. response 

time) as, all the Web service advertisements have to be 
loaded into main memory for the matchmaking which is 
time and space consuming process. 

b) UDDI employs keyword/string and category based 
matchmaking process which is too syntactic in nature and 
the stored UDDI information does not represent 
semantics of service or operation functionality. 

In this paper, we address these issues and the contribution of 
this paper is: 
a) Design of service knowledge (Tree structure) to represent 

Web services of repository 
b) A broker based architecture for effective and efficient 

Web service discovery 
c) Effective and efficient Web service discovery mechanism 

to find functionally similar Web services. 
The rest of the paper is organized as follows: In the next 

section, we present functional semantics model to describe 
Web service operations. Section 3 describes the service 
knowledge structure to store the abstract Web service 
information. Section 4 presents the broker based architecture 
for Web service discovery. Section 5 describes the Web 
service publishing and discovery mechanism. In section 6, we 
discuss the experimentation and results. Section 7 draws the 
conclusions. 

II. MODELING OF WEB SERVICE KNOWLEDGE 
A Web service can advertise multiple operations. The 

widespread adoption of Web services has resulted in Web 
services having same or similar functionality by providing 
some common operations. To store the Web service 
operations in an efficient way for the discovery, we define two 
data structures called Web service list (WSL) and Service 
Operation tree (SOT). 
1. Web Service List (WSL). A Web service list is a sorted 
dynamic array having four fields namely, Web service key 
(ws-key), ws-id (unique identifier generated by the broker), 
ws-link and sot-link where ws-id is a Web service identifier, 
ws-link is  a pointer to the Web service entry in WSL having 
same set of operations and sot-link is the pointer to the leaf 
node of Service Operation Table (SOT) which corresponds to 
a link to its operations in the SOT or a pointer to the 
predecessor Web service in WSL having same operations. 
2. Service Operation Tree (SOT). A service operation tree is a 
binary tree with each node consisting five fields. They are 
operation identifier (opr-id) which specifies the operation 
identifier of Web service operation (abstract operation); child 
pointer (child-link) which is a pointer to the remaining 
operations of a Web service; sibling pointer (sibling-link) is a  
pointer to the list operations which shares a common 
operation prefix; parent pointer (parent-link) is a pointer to its 
predecessor node; Web service link (wsl-link) is a pointer to 
the WSL entry to which opr-id is the last operation in the 
sorted advertised operation list. The root node of SOT is 
labeled with T and has only child-link which points to Web 
various service operation sequences. 

The property of SOT is that at any node X of SOT, the opr-
id at X will not be repeated at the child or sibling branch 
which is linked to X. 

As an illustration consider four Web services having N 
(N>0) operations to be advertised into service repository.  Let 
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Opr1 to Opr10 be the operation identifiers of abstract 
operations obtained after mapping them into virtual operations. 
Consider five web services with abstract operations as follows. 
WS1 = {Opr1, Opr2, Opr3, Opr4, Opr5, Opr6, Opr7}, WS2 = 
{Opr1, Opr2, Opr4, Opr8, Opr9}, WS3 = {Opr1, Opr2, Opr4, 
Opr8, Opr9, Opr10}, WS4 = {Opr2, Opr4, Opr6, Opr7, Opr8, Opr9, 
Opr10} and WS5 = {Opr2, Opr4, Opr6, Opr7, Opr8, Opr9, Opr10}. 
Figure 3 shows the SOT and WSL after insertion of service 
operations of Web services. The numbers within circles (node) 
indicate the operation identifiers (Opr1 to Opr10) in an 
ascending order. In WSL, WS1 to WS5 represent Web service 
key followed by unique WS-Id numbers for Web services. 
 

 
Figure 3. Service Operation Tree and WSL for Published Web Services 

The insertion of new Web service having N operations is 
formally presented in Figure 4 (Algorithm Insert-SOT-
Operation). 

III. THE BROKER BASED ARCHITECTURE FOR DISCOVERY 
We propose broker based architecture for Web services for 

the effective and efficient Web service discovery. Figure 5 
depicts different roles and operations supported by the broker 
based architecture. The architecture assumes that the Web 
service requesters and providers use functional semantic rules 
to describe advertised and requested Web service operations. 

We define an additional role to the conceptual Web service 
architecture [1] named broker and a new operation namely 
quick find (search) and register. The broker is defined 
between Web service registry and requester/provider which 
facilitates both the requester and provider to specify the need 
and advertisements in terns of functional semantics. From the 
architectural perspective, the broker is a middleware which 
can be implemented as a Web service. The quick find 
operation is defined between the broker and requester, which 
effectively discovers the Web services from SOT. The register 
operation is defined between the provider and broker for the 
functional semantics based Web service publishing.  

We define the broker with four internal components namely 
Service Publisher, Service Discovery Engine, Functional 
Knowledge and Service Knowledge. The service publisher 
component facilitates the registration, updating and deletion of 
business and Web service related information. The main 
functionality of service discovery engine is to discover Web 
services satisfying requester’s functional demands. The 
functional knowledge is interlinked data structure which 
represents extendible knowledge (refer section II.B) updated 
by various Web service providers. This component facilitates 

the effective Web service publishing and discovery. The 
service knowledge represents SOT and WSL of published 
Web services (refer section III). The service knowledge is an 
abstract representation of All published Web services which 
facilitates the efficient (response time/ throughput) discovery. 
 

 
Figure 4. Inserting Service Operations of a New Web Service 

IV. WEB SERVICE PUBLISHING AND DISCOVERY MECHANISM 
In this section, the authors present the Web service 

publishing and discovery mechanism.  
 

 
Figure 5. The Broker based Web service Architecture  
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A. Extension of WSDL 2.0 Document 
We extend the WSDL 2.0 structure to publish the Web 

services with functional semantics as follows. We select the 
documentation element of the WSDL to insert the information 
which is necessary for the effective service discovery. We 
define a new tag called operationDesc to insert the functional 
semantics of all abstract operations present in the Web service. 
The functional semantics for the “Fibonacci number 
generation service” is depicted in Figure 6. 

 

 
Figure 6. Extended WSDL Document of a Web Service 

B. Web Service Publishing 
The provider of the Web service publishes the extended 

WSDL 2.0 into the UDDI through the broker. The steps 
involved in the Web service publishing are presented below. 
1. The broker processes the WSDL to obtain the service 

name, binding details, the abstract operation details like 
operation name and functional semantics. 

2. The broker middleware publishes the Web service into 
UDDI registry and obtains the service key. 

3. The abstract operation descriptions are preprocessed 
according to Rule 1 & 2 as defined in section II. 

4. For each preprocessed abstract operation in WSDL, the 
operation pattern is generated by obtaining the 
appropriate action, object, qualifier and noun identifiers 
from the functional knowledge. If the 
action/noun/qualifier and object is not present in the 
functional knowledge, then these are inserted by 
generating appropriate identifiers. Now the operation 
pattern is generated concatenating the identifiers as 
defined in section II. 

5. Search the operation pattern in VOL. If found, return the 
operation identifier of the operation having the generated 
operation pattern otherwise insert the operation as a new 
virtual operation along with operation pattern into VOL. 

6. All the operation identifiers of all Web service abstract 
operations along with service key are inserted into SOT 
and WSL as described in the algorithm (Figure 4). 

C. Web Service Discovery 
The Web service discovery for the service discovery 

request and the matchmaking process is summarized below. 
1. The service request is preprocessed according to Rule 1 & 

2 (section II) to retrieve the functional requirement. 
2. The action list, qualifier list (if required), object list and 

noun list (if required) of the functional knowledge are 
searched to get the corresponding identifiers. 
Unavailability of any identifier results in discovery failure. 

3. On locating required identifiers from the functional 
knowledge, the operation pattern for the discovery 
request is formed. After building the operation pattern, 
the pattern is searched in VOL. If the pattern is found 
then the corresponding operation identifier is retrieved 
from the VOL otherwise discovery failure is reported. 

4. The abstract Web service information of all published 
Web services is searched by traversing SOT for the 
requested operation identifier (refer Figure 7) and all the 
Web services having requested operation (operation 
identifier) are returned to the requester as the functionally 
suitable Web services. 

D. Analysis of Discovery Mechanism 
The discovery process is time critical activity. Here we 

present the asymptotic analysis of the proposed Web service 
discovery mechanism. 

Let W be the action/object/qualifier/noun words present in 
the respective list of functional knowledge and R be the 
related words for the action/object/qualifier/noun. The worse 
case word comparisons for any list are: W log 2W log2R. Let 
K be the number of objects present in lengthy request. Now 
the worse case word comparisons are: (K+3) W log 2W log2R. 
Thus worse case complexity is: Θ (K W log2W log2R). 

Let A be total number of virtual operations present in 
Virtual Operation List (VOL). The worse case comparisons of 
operation sequence of requested operation with VOL are 
log2A. Thus, the complexity is:  Θ (log2A). 

Let M be the number of nodes (operations of published 
Web services) present in Service Operation Tree (SOT). The 
worse case comparisons to discover all possible candidates are 
M. Thus complexity of SOT searching operation is Θ (M). 
Thus complexity discovery mechanism is = Θ (Max {K W 
log2W log2R, log2A, M}). For W > R > M > A > K, the 
complexity is O (KWlog2W) i.e. O (Wlog2W). 

V. IMPLEMENTATION AND EXPERIMENTS 
The proposed broker based Web service discovery 

mechanism is implemented on the Windows XP platform 
using Microsoft Visual Studio .NET development 
environment and Microsoft visual C# as a programming 
language. The broker is designed and implemented as a 
standalone visual program which interacts with the provider 
and requester through different interface forms. The service 
repository is implemented as a Web service which in turn 
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communicates with the SQL server 2000 database. The 
database table is created to store the information about the 
published Web services. 

 

 
Figure 7. Discovering Web services from SOT & WSL 

We have conducted several experiments as a proof for the 
functional semantics based discovery mechanism. We have 
also performed preliminary experiments to evaluate the 
system performance in terms of precision and recall. 

Precision = (Relevant ∩Retrieved) / Retrieved 
Recall = (Relevant ∩ Retrieved) / Relevant 
We use a collection of 14 Web services having a total of 26 

distinct operations from XMethods [26] service portal 
(http://www.xmethods.com) and divided them into THREE 
categories. Table 1 shows the categories, Web services and 
their operations. 

We frame 34 service discovery requests based on their 
short natural language descriptions from Web Service 
Definition Language (WSDL) files (operation names). We 
compare the performance of proposed mechanism with 
FunWSDS system [22]. Figure 8 show the average recall 
values for the experiments conducted for three different Web 
service categories. 

TABLE 1. WEB SERVICE CATEGORIES AND THEIR OPERATIONS 

Category 
(I, II, III) 

Web 
Services 

Supporting 
Operations 

Requests 
Created 

Information services 
(ISBN & Date) 3 6 11 

Financial Services 
(Stock quote & 
currency change) 

6 13 15 

Holiday services 5 7 8 
 

 
Figure 8. Average Recall and Precision Values 

The Recall of the discovery mechanism is less than 100% 
because of following reasons. 
(1) For some operations, it is difficult for the publisher to 

frame the description as per the functional semantics. 
(2) Requester sometimes may not follow the functional 

semantics in a precise way.  
(3) Certain scenarios (operations) can be described in 

multiple ways (forms). 
The Recall of the proposed mechanism is high as 

compared to FunWSDS system since the proposed systems 
consider multiple objects and qualifiers to be present in the 
operation descriptions. Thus proposed method is effectively 
discovers the Web services for a given task. 

We use same set of 14 of Web services as listed in 
XMethods having 41 operations and represent them using 
SOT. The SOT representation takes only 23 nodes which yield 
compression ratio of 21%. Since the abstract operation of each 
Web service is stored in the main memory of the broker, the 
discovery mechanism need not load the entire page having the 
information of advertised Web services. This will 
substantially reduce the secondary memory access time which 
in turn improves the response time of the discovery 
mechanism. This is because the SOT acts as an index to the 
Web service descriptions present in the registry. 

The Web service publishing is not a time critical process. 
The necessary information required for the matchmaking is 
pre-computed by the broker during Web service publishing. 
The pre-computation involves the mapping of abstract 
operations into virtual operations and finding the operation 
pattern for the abstract operation from the VOL. Since the 
Web service discovery is a time critical event, the requested 
operation description is mapped into virtual operation through 
construction of operation pattern. The SOT structure is then 
traversed to obtain all the Web services offering (having 
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operation identifier) requested operation. We see that, the 
discovery of Web services involves search operation on the 
functional and service knowledge which is always stored in 
main memory of broker. 

VI. CONCLUSION 
Web service discovery is an important and time critical 

activity which explores functionally similar services for the 
given service request. The paper proposes broker based 
architecture for Web service publishing and discovery. The 
necessary information required for the matchmaking is pre-
computed during Web service publishing and stored at the 
broker for an efficient discovery of Web services. The 
proposed mechanism uses a well formed functional semantics 
to describe Web service operations in an effective way. This 
improves the Recall and Precision of discovery as compared 
to keyword/string matching based discovery. The broker 
based Web service discovery architecture is implemented and 
several experiments are conducted for the Web service 
descriptions listed in XMethods portal. The experimentation 
reveals that, the use of functional semantics in Web service 
operation description will improve the effectiveness (Recall 
and Precision and response time) of discovery as compared to 
UDDI based Web service discovery. 
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