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ABSTRACT
Finding relevantWeb services and composing them into value-
added applications is becoming increasingly important in cloud
and service based marketplaces. The key problem with cur-
rent approaches to finding relevant Web services is that most
of them only provide searches over a discrete set of features
using exact keyword matching. The Earth Mover’s Distance
(EMD) algorithm has been used successfully in multimedia
databases for partial match retrieval among images with un-
even feature distributions. The only downside of EMD is that
it is computationally expensive and can result in slower per-
formance for very large data sets. We demonstrate in this
paper that by utilizing well known indexing scheme such as
inverted file and R-tree indexes over Web services attributes,
EMD can be used efficiently to find partial matches between
a query and a database of Web services. We also demonstrate
that our EMD-based approach performs better in precision
than the Vector Space Model in retrieving relevant services.

Categories and Subject Descriptors
H.3.5 [On-line Information Services]: Web-based services;
H.3.4 [Systems and Software]: Distributed systems

General Terms
Management, Performance

Keywords
Web Services, Search Engine, Earth Mover’s Distance, Web
Services Discovery

1. INTRODUCTION
Similarity-based search of Web services has been a challeng-

ing issue over the years. Consider in the case of a composite
service where one of its component service fails, we need to
search and find the best replacement for it. Moreover, sim-
ilarity search is also a crucial task in many other practical
applications, such as data mining within cluster applications,
and Google Maps search to locate businesses.
Currently, most existing services search engines such as

Woogle [1], WSExpress [6], and Titan systems [5] adopt key-
word based search strategy because it is easy to implement
and work well in some cases. However, the traditional keyword-
based service search engines still have several limitations when
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they are applied to Web services. First, due to the heteroge-
neous naming conventions used by different service providers,
keyword-based approach may result in a large term dictio-
nary especially when scaling to massive number of Web ser-
vices. Second, as Web service descriptions are typically com-
prised of limited terms, the resultant term vectors will be-
come extremely sparse in the space of distinct terms used by
all services. Matching services based on traditional similar-
ity measures (e.g., cosine similarity) leads to poor results as
large sparse term vectors are less likely to coincide on com-
mon terms. Furthermore, traditional keyword-based search
engines compute a similarity score by only matching the key-
words at the same positions in both the query and the docu-
ment vectors, without considering the impact of the keywords
at neighboring positions.

To overcome the limitations mentioned above, we have de-
veloped an EMD-based similarity search algorithm [3], for
finding similar Web services based on partial matching of Web
service attributes (e.g., operations, messages, description, ser-
vice name) or a combination of them. EMD has been widely
employed in multimedia databases [4] to better approximate
human visual perception, speech recognition, and document
retrieval because EMD can effectively capture the differences
between the distributions of two objects’ main features, and
allow for partial matching. This means if keywords in a query
only match partially the keywords in a service record, EMD-
based similarity search is still able to find the most similar
matching pairs of words. To overcome the limitation of EMD-
based computation complexity, we exploit filtering techniques
to minimize the total number of actual EMD computations.
Furthermore, we have developed a generalized independent
minimization lower bound as a new EMD filter for partial
matching technique that is suitable for searching Web ser-
vices. The filter is then incorporated into a k-NN algorithm
for producing top-k results.

In this paper, we demonstrate an EMD-based Web ser-
vices search engine: ServiceXplorer, which implements the
techniques presented in [3]. ServiceXplorer adopts a two-step
approach for EMD based Web service search: filter and re-
fine. The filter step selects potential candidate Web service
records from a database by removing those unqualified Web
service records. In this step, an indexing scheme (inverted
file index, R-tree) is used to find the nearest leaf nodes to
the query when a query is evaluated. At the end of this step,
all records belonging to the found nodes are considered to be
the potential candidates, forming a potential candidate set
(PCS). The refine step computes the similarity between the
query and Web service records in PCS based on EMD dis-
tances, and picks up the top-k most similar results. In the
following sections, we overview the design and implementa-
tion of ServieXplorer and report the proposed demonstration.

2. SERVICEXPLORER: AN OVERVIEW
In this section, we overview the system implementation and

the techniques on EMD-based similarity search of Web ser-
vices.



Functional-related (FR) Attributes Non-FR Attributes
ID Name Category Function Description RT (s) AVA (%) REL (%)
1 B.S. Stillwell Ford New cars getCarPrice Finance facilities at competitive rates 1.2 86 88
2 City Holden Used cars getCarColor Minimize the hassle of a second hand vehicle 0.8 92 80

Table 1: Web service records

Figure 1: System architecture of ServiceXplorer

2.1 System Architecture
The proposed architecture (see Figure 1) consists of four

main components: Web service registration, Web service record
creation, index construction, and EMD similarity search. The
Web service registration component provides a web-based
GUI where users can perform several activities such as up-
loading a WSDL file, and entering short descriptions and cat-
egories/tags for the uploaded WSDL file. Currently, we store
the information extracted from WSDL files in a Web service
database which is implemented in MySQL. The WSRecords is
the main relation which is being referred by all the other rela-
tions. It stores the unique service key, service name, and the
description. Each WSDL can have multiple messages, opera-
tions, QoS, and categories, which are stored in WSOperation,
WSMessage, WSQoS, and WSCategory respectively.
The index construction component is responsible for cre-

ating the inverted file index for the registered Web services.
The inverted file index list is implemented as a normalized
relation with both WSDL unique term and the service key
as the primary key. Note that we do not keep track of term
frequency since the inverted index is used purely for filter-
ing purpose, not for ranking relevancy of a term in a Web
service document. For the non-functional quality of service
(QoS) attributes such as reliability and availability, their val-
ues can be expressed as a range. Therefore, R-tree indexes
are created on WSQoS by using the create spatial index data
definition statement in MySQL. The collection of QoS is done
by a separate monitoring component which is not within the
scope of this paper. The interested readers are referred to [2].

2.2 EMD-based Similarity Search
In [3], we introduce an EMD-based optimization algorithm

to support similarity search. Formally, given a database DB
containing Web service records and a query q, a similarity
search returns all records r ∈ DB, such that dis(q, r) ≤ ε,
where dis(q, r) is a distance function, and ε is the specified
similarity threshold. In particular, it includes three main
sub-search tasks: i) modeling of Web services, ii) defining
similarity measure, and iii) designing a new lower bound to
ensue correct search results.
First, we model Web services as records stored in a rela-

tional database to facilitate effective similarity search. Thus,
all Web service records form a Web service database DB.
Formally, a Web service record r ∈ DB is represented by
a tuple r = ⟨nr, cr, fr, dr, QoSr⟩, where nr, cr, fr, and dr

contains the content of the attribute “name”, “category”, “op-
eration”, “description”, and QoSr = {QoSr

1 , QoSr
2 , . . .} rep-

resents QoS such as response time (RT), availability (AVA)
and reliability (REL). Some examples of Web service records
are shown in Table 1.

Second, we use EMD as a distance measure, disEMD(q, r),
between a query q and a record r, which describes their sim-
ilarity:

EMD (q, r) =

∑n1
i=1

∑n2
j=1 f

∗
ijdij∑n1

i=1

∑n2
j=1 f

∗
ij

where f∗ is the optimal flow that involves computing the op-
timal solutions by using the following linear program (LP)
with variable fij :

minimize :
∑n1

i=1

∑n2
j=1 fijdij

subject to :
∀1 ≤ i ≤ n1 :

∑n2
j=1 fij ≤ wkwi

(1.1)

∀1 ≤ j ≤ n2 :
∑n1

i=1 fij ≤ wawj (1.2)
∀1 ≤ i ≤ n1, 1 ≤ j ≤ n2 : fij ≥ 0 (1.3)∑n1

i=1

∑n2
j=1 fij = min

(∑n1
i=1 wkwi

,
∑n2

j=1 wawj

)
(1.4)

Third, we have developed a filtering technique using a new
lower bound LBGIM to minimize the total number of ac-
tual EMD computations. The LBGIM is a conditional lower
bound depending on cases of LP introduced above, and we
theoretically show that the LBGIM lower bounds the general
EMD. The detailed proof can be found in [3].

3. DEMONSTRATION
In this section, we demonstrate the functionality of Ser-

viceXplorer and report experimental results. ServiceXplorer
can find desired services by providing users with simple search
interfaces and effective search algorithms with EMD. In par-
ticular, we demonstrate the search functions through three
main search scenarios: service registration, simple similarity
search, and advanced similarity search. The system can be ac-
cessed from: http://eil.cs.txstate.edu/ServiceXplorer.

Service Registration. Service providers can register their
services through the registration interface, provided by Ser-
viceXplorer. Through the interface, the users can choose ap-
propriate services, specify the function descriptions of the se-
lected services, and provide related tags. The selected ser-
vices will be stored in the system after pressing the upload
button. Once registered in the system, the services are fur-
ther refined and stored as records in a database for effective
similarity search.

Simple Similarity Search. In this scenario, ServiceXplorer
handles the similarity search of Web services by using EMD
as the underlying similarity distance only. In the simple sim-
ilarity search interface, a user can type a single keyword or
multiple keywords, and our system will return the relevant
services to the user. From Figure 2 we can see that using
EMD similarity strategy, there is a higher probability that
the top results are always the most relevant ones. For ex-
ample, for the query of Temperature Converter, the second
top result is Convert Temperature while using VSM (vector
space model), that particular service is only ranked the 23rd.

Advanced Similarity Search. ServiceXplorer also offers an
advanced similarity search that enables users to locate ser-
vices by selecting different index structures, specifying QoS
parameters and comparing the search performance with that
of VSM. For example, if a user chooses EMD search with in-
dex structure, she can simply click the radio button (With) to



Figure 2: Scrrenshot on using ServiceXplorer
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Figure 3: EMD with top-k

select the index. The input query will be processed against
the inverted index list by filtering unqualified services and
then executed against services records in the database to lo-
cate desired Web services using EMD similarity search.

Experimental Results. We evaluated the performance of
the EMD algorithm against the Vector Space Model (VSM).
The experiments were conducted by using over 4,500 real Web
services collected from the Web. All our experiments were
conducted on a Dell Optiplex 760 running Windows 7, E8400
Core 2 Duo processor with 4GB RAM. We set the maximum
number of results to be returned to 40 in all our experiments.
The similarity coefficient threshold is set to the default zero.
For the VSM algorithm, we used the MySQL implementa-

tion of full-text search. We submitted the queries weather

by zipcode, temperature converter, currency converter,
and address lookup respectively to the ServiceXplorer and
recorded the precision of search using EMD in conjunction
with an inverted index, and VSM. Figure 3 and 4 show the
precision of EMD and VSM at top-k increments of 5, 10, 15,
20, 25. Our experiments show that using EMD in conjunc-
tion with an inverted index has an average precision of 0.613
whilst the average precision of using VSM is only 0.369. Thus
EMD is more effective than VSM for searching Web services.
We also evaluated the scalability of the EMD algorithm

when coupled with inverted file and the R-tree indexes. Fig-
ure 5 compares the number of EMD calculations with indexes
using the same set of queries as the previous test. With-
out any indexing scheme, the total number of EMD calcu-
lations is 4,500 (same as the number of WS records in the
database). With indexing, the largest PCS (potential can-
didate set) is just 85 with the address lookup query. Our
experiment shows that the scalability of the EMD algorithm
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Figure 4: VSM with top-k
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Figure 5: Scalability of indexed EMD

can be achieved by applying a filtering step through the com-
bination of various indexing mechanisms.

4. CONCLUSION
In this paper, we have presented ServiceXplorer, a system

that exploits an EMD-based algorithm for effective similarity
search of Web services. Our experimental studies on real Web
services show that by incorporating an inverted file index, we
can significantly reduce the number of EMD computations
without affecting the precision of the search. Interested read-
ers are referred to the project website1 for more details.
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