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Abstract

Due to the large number of existing services and complexity of manual
composition, automatic service composition is provided to enable automatic
search of the service compositions for the given queries. Many solutions
for automatic service composition have been developed, including integer
programming, graph planning, artificial intelligence, and so on in this paper,
a heuristic method is proposed to improve the data-driven composition of
web services by enriching tags based on tags semantic. To do so, firstly,
useful information on web services is collected from various sources and
is turned into collections of tags. In the next step, using the hierarchical
clustering algorithm, the tags are clustered based on semantic similarity.
Thereafter, for services which do not have enough tags, enrichment of the
tag is carried out and finally, using an algorithm, composition solutions
based on QoS parameters are extracted, which can formulate user targets
or even provide potential compositions. Moreover, a series of tests were
conducted on the web services, which validate the efficiency of the pro-
posed approach. The experimental results confirm the effectiveness of the
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proposed service composition method and high quality of tag enriching
strategies.

Keywords: Service composition, clustering, enrichment tag, data-driven,
web service, WSDL.

1 Introduction

Web services are a new generation of web applications that are self-contained,
self-describing, and modular, and can be published, located, and invoked
across the web [1]. The composition of web services and web applications
depends on the establishment of coordination among a number of existing
web services to provide a richer service composition also to achieve some of
the user’s requirements which cannot be met with a single service [2]. With
the introduction of a new requirement, the service composition is considered
as an essential requirement for advancement of users’ objectives to meet
demands and also provide benefits from several service capabilities. The most
important challenges to web services composition include the large number of
services, the need to frequently update the services, and creation of services
by various manufacturers with different models and goals.

On the other hand, since situational applications developers may be non-
professional programmers or even end-users, the challenge is that they tend
to represent their intended goals simply and quickly so as to find suitable
services that can respond to their requests. They usually do not understand,
or simply neglect, technical details such as syntactic rules, semantics, and
message mediation. Therefore, the process of designing and developing the
situational application requires not only abstraction of individual services,
but also a much broader view on evolving sets of services that can potentially
be combined with this service. For this reason, the data-driven composition
technique should be used for situational applications. Previous studies also
have clearly demonstrated that a dynamic method which can be helpful in
solving this problem is the data-driven composition through which users can
quickly search their services and achieve their goals by entering multiple tags
or keywords [3]. In situational service composition users use tags to represent
their desired goals and find relevant services. Throughout the development
process, the user selects or inputs some tags to select the services. Selected
services either use these tags as inputs, or generate these tags as outputs.
Since the input and output of services are associated with tagged data,
Services can be connected to create data flow and Developers can search their
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goals by means of tags, and compose selected services based on data driven
approaches.

Nowadays, tags are widely used as a non-hierarchical keyword or an
assigned item to information in popular web 2.0s, including Flickr and
Del.icio.us. Tags make searching easier and, to a considerable extent, enrich
the metadata to describe web resources [3]. They are assigned to web services
either automatically or manually. Tags are semantic and syntactic information
in the form of important verbs, nouns and phrases that they extract from
WSDL documents and related descriptions [4]. But the problem with real-
world scenarios is that most web services do not have enough meaning tags
and don’t provide sufficient enough information to reveal the relationships
among services.

A review of existing literature shows that the current research on web ser-
vice tagging and service composition using tags, has certain limitations. For
instance, uneven distribution of tags of web services or noisy and misspelled
tags created by end users can decrease the effectiveness of the method. In
fact, some web services do not have enough tags with semantic and syntactic
information to select the candidate service in the composition process and
therefore may not be well discovered and selected in the service composition
process [5]. So, tag enrichment becomes an important issue. In the enrich-
ment process, tags of similar services are assigned to a service that does not
have a tag or does not have enough tag information. Another problem is that
in most of the existing tag recommendation approaches [4, 6], tag semantics is
not perfectly considered. Moreover, most studies on web service composition
have focused on the functionality of web services, QoS of composed service
and search space reduction; as a result, semantic and the syntactic information
defined in the tags have not been investigated extensively [7, 8]. Also, the
number of studies on tag-based service composition is very limited while
tag-based search can improve search performance of a single web service
and consequently improves the quality of web service composition. While
considering the semantic similarity between words (for example, similarity
between car and automobile) helps to offer more and more suitable candidate
services. The use of tag semantics in web service composition has a great
impact on accuracy and speed.

Therefore, in this research, an effective method for dynamic composition
of web services using enrichment of extracted tags based on semantic sim-
ilarity between them is presented. In this method, using semantic similarity
between tags, tags with insufficient information are enriched to help in better
selection of services. Then in the service composition process, a forward
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algorithm is used to compose the services that are closer to the user’s request
in terms of QoS parameters.

The key contributions in this paper are:

1. A novel method has been proposed to enrich tags for web services with
insufficient tags that can improve discovery of services.

2. Proposed method has been searched services using tags and without the
need for technical information about the services.

3. In addition to clustering web services based on the similarity of WSDL
files and the co-occurrence of tags, the semantic similarity of tags is also
considered.

4. The number of proposed services has been increased by tag enrichment.
5. An efficient algorithm based on forward search algorithm is presented

to dynamically combining web services with enriched tags.
6. In service composition, geographical distance QoS parameter has been

used to provide the least network delay in the use of web services.

This paper is organized as follows. The next section briefly discusses
related works and research background. Section 3, presents an example to
better understand the research. Section 4 introduces the proposed method
and algorithms, and finally in Section 5, the proposed method is evaluated
and the results of the analyses are discussed. The paper ends with summary
and conclusion.

2 Related Works

Given that this study is a data-driven composition of web services and that the
service composition is supposed to be done using tagging, literature reviews
have been categorized in two areas: (1) service discovering and service
composition, and (2) web service clustering, tagging, and tag extraction.

2.1 Studies Related to Service Discovering and Service
Composition

Based on the previous studies, service composition methods can be catego-
rized as follows: workflow-based methods, artificial intelligence planning
methods, graph theory methods, Petri Net-based approach, goal-oriented
compositions, data-driven composition, QOS-Aware (Quality of service-
Aware), etc. Some of these categories have been investigated in this paper.

Ma et al. proposed a novel service composition method called TAD
(Transformation-Annotation-Discovery) which can discover and compose
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real-world RESTful services. At first, TAD converts OAS documents into
graph structure and then to simplify the service retrieval, semantic annotation
is performed on each graph node using Latent Dirichlet Allocation and
WordNet. Next, according to the user’s requirements, the service combination
is performed by two modules; service discovery chain and pipeline-based
composition which finds services that semantically fit the user’s require-
ments. Their results show that the proposed method has a good performance
according to precision metric [9]. Renzis et al. proposed a solution for
Service Selection by applying Case-based Reasoning, in which the similarity
between a pair of cases is measured through three similarity functions. Their
main goal was to take the knowledge obtained from successive service
selections as a set of cases in the form of problem-solution pairs. They
defined certain case representation capturing information in Web Services
functional descriptions and provided three implementations for the similarity
function, concerning structural and semantic aspects from functional service
descriptions. Their results showed that the proposed approach achieves a
high precision and recall with all the three alternative implementations of
the similarity function [10]. Liu et al. provided a tag-based data-driven
composition for web applications, which is a dynamic approach where in
service composition is done as soon as the tag is searched. They used
the tags extracted from search engines and WSDL files to explain service
capabilities in form of a tag. A hierarchical clustering algorithm was used
for clustering the tags and a heuristic graph-based planning algorithm with
polynomial time complexity was proposed to achieve services composition.
The service composition was performed using two search algorithms; depth-
first and backward search. Their main focus was on capabilities and functions
of services; hence, they did not take into account quality parameters [3].
Shuiguang Deng et al. addressed quality-based and high-scale services com-
position. The composition algorithm is based on combination of depth-first
and back track search methods, both of which can run in parallel. Their
method can successfully create K web services with the highest quality,
accuracy, and performance. To evaluate the efficiency, accuracy, response
time, and scalability, different factors have been considered including the
number of services, the number of concepts, depth of the solution, and the
number of presented solutions [11]. Guobing Zou et al. provided an automatic
method for service composition using a state-of-the-art AI planner. They
considered web services composition as a web service composition planning
problem. Unlike the traditional methods of service composition which parse
and traverse a web service repository several times, their proposed method
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converts a web service repository into a planning domain in PDDL just once.
It is then re-generated when the web service repository is changed. This
reduces the response time and improves scalability of the service composition
problem [2]. Song et al. presented a goal-oriented approach for composing
adaptive services with programming. They created a prototype that supports
dynamic service composition in a smart working environment. The system
is capable of composing services in the smart office domain to help users
attain their goals. In this research, users submit their requests in non-technical
terms. Service composition programming was based on a hierarchical task
network and service discovery process was automatic [7]. Tan Weiten et al.
used a data-driven method for service composition. Based on the relation-
ship between business domain data and service domain data, they created
additional data mediations. Based on these data and relationships, a Petri-net
based approach was developed to compose services; this improved commu-
nication between the service domain and the business domain, and delivered
hybrid services [8]. Liu et al. provided a method for combining data-driven
mashup based on tag-based semantic rules. Their most important task was to
extract meanings of common tags and link them with inputs and outputs of the
program. They used a planning technique to extract potential compositions.
The disadvantage of their method was that they supported only personal
mashups, and could not support the complex composition logic in enterprise
systems. In addition, inappropriate distribution of web site tags limited the
composition quality [12]. Eric Bouilette et al. presented a new method for
combining follow-based information processing systems. Software design
and component development were facilitated through tag-based descriptions.
They used top-down and bottom-up composition designs [13]. Dandan Wang
et al. presented a genetic algorithm-based approach for composing web
services in a distributed cloud environment. Experimental results showed that
the use of the genetic algorithm in cloud computing minimized time and
cost of web browsing [14]. Fanjang and Syu used a genetic algorithm for
semantic-based automatic service composition. They considered functional-
ity and quality of the services simultaneously [15]. Gao et al., proposed a
novel model, “Extended Dependency-Compensated Service Co-occurrence
LDA” (EDC-SeCo-LDA) to identify the evolutionary characteristics of ser-
vice ecosystem at the topic level. Since, topic dependencies reveals the latent
trend of service composition patterns in the service ecosystem, So, they
designed an algorithm to calculate the topic dependencies based on topic-
service distribution based on leveraging the information of published time of
mashups [16].
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Vairetti et al. considering that the behaviour of composed services is
highly complex or ignored in the composition process, proposed a method
that extracts complex composed service behaviour semantics. They are
exploit in their proposed composition method service, signature and semantic
annotations along with rules to identify simple and complex control-flow
patterns between services [17].

A graph of the services that are connected through such patterns is then
created to represented the behavioural semantics of a composed service.

Studies have shown that many of web service composition approaches
focused only on the functionality of services and quality parameter. In
addition, just a few of them were data driven and tag-based. Also, they
focus on reducing search space and composition time and don’t consider the
information contained within the service. In fact, they assume the services
have the information they need.

2.2 Studies on Clustering and Tagging Web Services

Shi et al. proposed a new topic-sensitive method for mashup tag recom-
mendation based on Factorization Machines. They extracted different types
of relationships such as composition relationships between services and
the annotation relationships between mashups and tags as features. Factor-
ization Machines can be used to predict suitable tags for mashups. The
researchers demonstrated that the performance of their proposed method
was very good [18]. Kapitsaki G. presented an approach for finding web
service replacements, which can be helpful in software engineering process
of web service-based systems with choosing appropriate services both on
development and on execution time. In his proposed technique, WSDL fea-
tures like port type, operation and message, user description and user tags
sources were used for service tagging [19]. Shi et al. proposed a probabilistic
topic model that automatically recommends tag for mashup. The model
concurrently combines the composition relationships between mashups and
APIs as well as the annotation relationships between APIs and tags. They
calculated semantic similarity between mashups and Web APIs; accordingly,
when the mashup and the APIs are most similar, tags of selected APIs
are suggested to a mashup. Also, they provided a tag filtering algorithm
that suggests the most relevant tags. To calculate the similarity of tags,
they used both the relativity and popularity of tags. Their results showed
that their proposed topic model-based method outperforms frequency-based
methods [20]. Lin et al. provided a clustering method for web services
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based on carrot search and K-mean clustering to group similar services and
generate tags. They used text mining techniques to extract candidate tags
from the WSDL documentations and employed the naive bayes machine
learning technique for selecting related tags from among all candidate tags. In
their study, information was extracted from WSDL, including services, ports,
input type, output type, operations, binding, and messages, and WSDLs were
indexed for faster retrieval. This method used co-occurrence of tags to enrich
the tags of web services [6]. Fang et al. used two strategies for automatic
tagging of web services, namely tag enriching and tag extraction. In the
former, web services were clustered using WSDL documentation; using tags
of other services in this cluster, the tags of a web service were enriched.
They used five features in the WSDL, including Operation, Message, Type,
Documentation, and Service. They used Normalized Google Distance (NGD)
to calculate the similarity tags [4]. Zein Azmeh et al. offered an automated
tagging service for web services. Using text mining, they extracted candidate
tags from WSDL files and, then, selected related tags from candidate tags
using a machine learning algorithm. They used only the relevant synonyms
in Word Net to enrich and increase the tags. They did not use hand-crafted
service tags [21]. Falleri et al. presented a method which automatically
extracted tags from descriptions of web services. Similar to the study by
Azmeh et al., text mining techniques were used to extract candidate tags,
and machine learning techniques to select related tags from among these
candidate tags [22]. Chen et al. used WSDL and tags for clustering, and
employed two strategies to suggest the tag. They used Normalized Google
Distance to determine the similarity between the two web services and the
K-mean algorithm to cluster the web services. The study noted that only
the use of extraction tags from WSDL could limit the discovery of services.
In this research, the accuracy of service discovery is more important than
performance and runtime [23]. K. Zheng et al. clustered web services users
based on their interests. This information was analyzed and then compared
to the features of web services to find the proper service. After service
discovery, the quality parameters were evaluated to determine whether the
user’s expectations were satisfied or not [24]. Zhu et al. presented a similarity
model to measure the similarity between web services in order for clustering.
Their proposed model used a preprocessing approach that takes into account
programming style and names rules of the services, and focuses more on
the similarity of the web services functionality [25]. Pop et al. presented
a semantic clustering method using the ant ontology concept. To measure
the similarity between services, a matching method was presented, together
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with a set of metrics. The metrics measured the degree of matching and the
similarity between the two services based on their ontology descriptions. This
clustering method was based on the functional similarity of web services.
They did not use tags in their method [26]. Gholamzadeh and Taghiyareh
used a data mining technique and fuzzy semantic clustering algorithm. By
reducing search space, they improved service discovery process, accuracy,
and speed [27]. Nandi proposed a hybrid method called WSTREC to suggest
a tag. They used tag mining, co-occurrence of tags, and semantic relevance
measurements for tag recommendation. The Jaccard coefficient was applied
to determine co-occurrence. In their study, the similarity between web ser-
vices was based on data tagging and five extracted features from the WSDL
document. Their proposed method improved recall and precision [28]. Jian
Wu et al. used both WSDL and tags to cluster Web services. In order to
solve the problem of uneven tag distribution and noisy tags, they proposed
a hybrid web service tag recommendation strategy called WSTREC, which
used a tag mining technique for tag extraction, co-occurrence of tags for
proposing candidate tags, and a semantic relevance measurement technique
for ranking candidate tags and removing noisy tags. They extracted five
features from WSDL documents, namely content, type, message, port, and
service name. Since data pre-processing and web service clustering were
executed off-line, efficiency was not very important, and their concentration
was on accuracy. Results showed improved accuracy and recall in their
method [5]. Shi et al. proposed a hybrid approach consists of two continuous
processes: APIs selection and tags ranking. in first level, the most important
APIs of a new mashup are selected based on a probabilistic topic model
and a weighted PageRank algorithm. Then the proposed model to extract
topic information, simultaneously incorporates the composition relationships
between mashups and APIs as well as the annotation relationships between
APIs and tags. Then, tags of chosen important APIs are recommended to this
mashup [29].

Tagging is also used in software development. According to many
researches [3, 13, 30, 31] MARIO system is one of the best works using tag-
based descriptions as the basis for components’ annotations; it enables the
users to achieve their goals with regular search. MARIO system facilitates
composition of components to create programs that meet end-user’s goals
[3, 32].

Studies have shown that most of the researches on web service clustering
only used extracted tags from WSDL files and did not use users’ handmade
tags and also clustering web services was more based on the similarity of
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WSDL files and co-occurrence of tags and semantic similarity of tags are not
considered so it can reduce quality of clustering.

3 Motivation Example

Initially, a scenario [3] was presented which illustrated the motivation and
purpose of the study (Figure 1). In this scenario, it was assumed that a
Chinese tourist is planning to travel to Milan and use several related services.
At first, he plans to reserve a hotel and find some Italian restaurants. Just
like using a search engine, he can use a series of tags as query keywords,
which include “Milan, Hilton hotel, Italian food, and map”. These tags are
interpreted as requests and are linked to the related services. For instance,
the tags “Hilton hotel, Milan” were used as inputs by a hotel search service
such as the Hotel Club or Google Map. There may be several hotels asso-
ciated with the tag “Hilton hotel” (for instance, Milan Hilton Hotel, Hilton
and Hilton Garden Inn, Milan Malpensa Hotel, etc.) and many restaurants
associated with the tag “Italian Food”. The tourist himself can check the
returned results and choose one. For instance, he can choose “Milan, Hilton
hotel” and then choose the LaLocanda Del Gatto Rosso restaurant from Yelp
as an Italian food label. At the moment, the results of the three selected
services – Google Map, Hotel Club, and Yelp – have been displayed to
the tourist. These results included the name, address, and telephone num-
ber of the hotel and restaurant. The tourist may want to search for more
services related to these two services. He is likely to select an address,
phone, and zip code to search for new fun opportunities. For instance, he
might add the desired address of the hotel and restaurant and the “driving”
tag to get a guide to drive between the hotel and the restaurant. Based on
these purposes, local Yahoo search service can be introduced because it
can generate a path between two points on the map. Then, the Hotel Club,
Yelp, and Yahoo local search will be merged due to the dependency of
their tags. Similarly, he can use the VOIP service and, by choosing a phone
number, book a hotel and restaurant through a phone call; he can also use
the Google Translate service to translate the menu. Additionally, when the
tourist browses the menu, he can add other tags such as “Veal Shank Meat”.
Next, Flickr Photo Search can be combined with Yelp to show images of the
food [3].

In this way, the tourist can change his program by adding or changing the
tags and gain more from these combined opportunities. He can choose one of
the flows, such as Hotel Club, Yelp, Yahoo! Local, Google Map, and Google
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Figure 1 Motivational example [3].

Translate, and implement this flow on a combined search engine. All stages
of the combining process are shown in Figure 1.

4 The Proposed Method

Tagging is widely used in popular Web 2.0 sites to simplify browsing and
enrich the meta-data for web service describing. Tag-based search improves
the search performance of a single web service and, consequently, promotes
the quality of web service composition. The problem is that most of the
currently available web services do not have enough meaningful tags and in
most of the existing tag recommendation approaches [4, 6], semantics of tags
is not perfectly considered. Accordingly, we have composed two strategies;
tag enriching considering the semantics of words, and tag-based web service
composition. A novel approach was, then, proposed based on these strategies.

The proposed method in this paper consists of two main phases; data pro-
cessing and service composition. The data processing phase is independent
of the user’s query, including data collection, tag extraction and refinement,
semantic clustering, and tag enrichment. This phase is performed offline
(Figure 2). The service composition phase involves choosing appropriate
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Figure 2 Data processing stage.

services, combining them, and applying a geographical distance quality
parameter, which is dependent on the user’s query, and is implemented online
for each query. In this article, geographical distance is considered for combin-
ing services to select the nearest service to the user for the combination. Of
course, there is no limit on the selection of QoS parameters, and it is easy to
consider any number of quality parameters. This approach is a dynamic one,
and service composition is implemented at runtime and after user request.

4.1 Data Processing

Many current common web services often come with text specifications
which describe their information, such as functionalities, interfaces, input and
output, and even quality attributes. This section describes how to collect and
extract tags from text files, create a hierarchical structure of tags, enrich the
tags, and so on.

4.1.1 Data collection
Since the purpose of this project is to automatically combine web services
based on tags, it is necessary to first extract sufficient and meaningful tags for
each web service. In this research, tags were extracted from service textual
descriptions such as WSDL files, and user-generated annotations, namely
hand-made tags, if present [19, 21]. WSDL files and handmade tags used
in this study were extracted by [23].
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4.1.2 Processing WSDL files, extracting and refining tags
In this stage, the WSDL files were processed to extract useful features of
Web services. WSDL documents, are actually a XML style documents, which
describe web services functionalities, and tags can be extracted from elements
such as service name, message, operation, port, type, content, and binding.
Useful tags usually reside in service name and/or service interfaces. Different
elements have been used for extracting tags in various studies [3, 4, 6, 12,
19, 23]. Among the most common elements, one can refer to the name of
the service, message, and operations. The name of service describes general
information, and service interfaces (including operations and input/output
messages) describe service usage. In this research, WSDL files of all web
services were processed and tags were extracted from elements such as
service name, message, and operations, and each tag was kept in memory as
a record. In addition to the tags that were extracted from the WSDL file, user
generated tags were also used and added to the tags (Figure 3). Since, Chen
et al. [23], have extracted tags from user queries, feedbacks, and comments
as handmade tags, and the tags they extracted were readily used in the present
study as user tags, in this research, their extracted tags were used.

The surveys conducted found that more than 90% of the WSDL docu-
ments used capital letters, numbers, or “” to separate tokens in the names of
the services [4]. Therefore, the following rules were used to separate tokens
from tags [3]:

– Capital letters, numbers, and “%” and “ ” are considered as the begin-
ning of a new word.

– The first place is considered as the beginning of a new word.
– Continual, single capitals, and the numbers connected to them are

merged into a token.

For example, based on these rules, the service name “AmazonSimpleDB”
is split into three tags; Amazon, Simple, and DB [3].

Since many extracted tags are common words and do not convey signifi-
cant information, the set of stop words such as uppercase words and common
words that are not important in search (for example important, able, similar,
so on) were removed from the list of tags of each web service, and set of web
service tags was updated. Finally, Porter stemming algorithm was employed
for keyword stemming in order to bring all terms in the same format and,
then, the tags of all services were stored in a list and duplicated words were
deleted to obtain a list of meaningful words without repetition to be used
in clustering. All stages of processing phase are shown in Figure 3. As the
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Figure 3 The pseudo-code of processing WSDL files, extracting and refining tags.

presented algorithm in this figure shows, the input of this algorithm is a set
of descriptions of web services and its output is a list of terms meaningful
for each web service. Initially, for each web service WSi, the available
information about it, such as the service name, operations, and messages, are
extracted and stored in a list related to WSi. Then, if there are user-generated
tags WSi, these tags are extracted from user descriptions and added to the list.
In the pre-processing step, any term in the list is removed from it if it is a stop
word. The final list is a collection of meaningful terms about web services
that are used in the enrichment stage of other web services tags as well as in
the composition process.

4.1.3 Hierarchical clustering of extracted tags
The ambiguity of tags (i.e. the same tag to express different meaning or
different tags with the same meaning) will have significant side effects on
performance and efficiency and lead users to lose valuable information and
gain redundant information. Having a large number of tags also cause prob-
lems with browsing systems capabilities and the software domain. Therefore,
it is argued that the tags describing services should be defined by controlled
words.
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Tag clustering can be implemented in a variety of ways. Since in data-
driven composition of web services and tag enriching, semantics of tags
is of great significance, Word Net was used in the current study to calcu-
late semantic similarity of tags. Moreover, an average-linkage hierarchical
clustering algorithm was also used in this study. We used this algorithm
because hierarchical clustering methods can be used on all types of data
and also produce high quality clusters. Compared to partitional clustering
algorithms such as K-means, this method has higher runtime, but it does
not need any predefined parameters such as number of clusters, so it is
suitable for clustering real-world data [33]. For the purpose of clustering, it
was necessary to calculate the distance between words. There are different
algorithms for calculating the distance and similarity between words. For
example, the Levenshtein distance considers the written form of words [34]
and the Normalized Google Distance is calculated based on co-occurrence
of the tags [35]. However, none of these two methods can fully calculate
semantic similarity of words. In this research, the semantic distance between
words was calculated through the Word Net semantic similarity using the
WS4J library in Java and was saved in an M*N array. In Word Net, synonyms
are linked to each other using semantic-conceptual relationships and lexical
relationships. All the stages of clustering phase are shown in Figure 4.

As the figure shows, the input of the algorithm is the set of extractive tags
and the matrix of the semantic distance between the tags, and its output is the
hierarchical clusters of the tags. As described, the semantic similarity matrix
between the tags is obtained using the WS4J library in Java. Initially, each tag
is considered a cluster. That is, with n tags, there are n clusters in the first step.
In the second step, the two clusters with the shortest distance are selected and
merged, thus the number of clusters are reduced by one. The distance between
the new cluster and the other clusters is calculated according to Equation (1):

D(a,b) =
∑

(x, y)/N(a) ∗N(b) (1)

Where a and b are two clusters and x and y are members of the data set
in clusters a and b, respectively. To calculate the average distance, sum of
distance of cluster members a and b is divided by the product of the number
of members of cluster a and cluster b.

The above steps are repeated to finally obtain a cluster.

4.1.4 Tag enrichment/tag recommendation
Since many web services do not have enough tags and, therefore, may not
be well discovered and selected in the service composition process, it is
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Figure 4 The pseudo-code of hierarchical clustering algorithm.

necessary for these services to do tag recommendation and enrichment, which
can be conducted in four phases (Figure 5):

1. Candidate tag selection: the tags placed in the same cluster as service
tags have a high semantic similarity and can be used as candidate tags
for enrichment. All the brothers of such tags are selected as the candidate
tag.

2. Candidate tag ranking: co-occurrence metric was used to rank tags [23].
The co-occurrence can be calculated by different methods. In this study,
the Jaccard coefficient method [36] was used as it is widely used to
compare similarities between words and, it can be given the proximity
of the two data sets efficiently without the use of data redundancy [37].

Co(ti, tj) =
|ti ∩ tj|
|ti ∪ tj|

(2)

– |ti ∩ tj| represents the number of web services with both ti and tj
tags.

– |ti ∪ tj| means the number of web services in which the ti or tj tag
is used.

3. k-top tag selection: in this phase, k-top tags with the highest co-
occurrence score with the web service tags are selected.
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Figure 5 The pseudo-code of tag enrichment algorithm.

4. Adding the selected tags: in this phase, the selected tags are added to the
list of web service tags and the list gets updated.

4.1.5 Determining input and output tags
Ultimately, each web service contained a sufficient number of meaningful
tags after the enrichment phase. Since input and output tags of the web
services were required in the service composition phase, a number of tags for
each web service were randomly selected and considered as input tags. Other
tags were output tags. Then, a function maps input/output parameter in the
service description to a set of tags. In this study, similar to [3], the nouns of
web service messages are assigned to tags. So, a service from a data centric
perspective is included requests and responses that they are represented in
form of tags.

4.2 Tag-Based Service Composition

This phase, which is executed online and dynamically, depends on the user’s
query and begins after receiving the desired tags from the user. In the first
step, the purpose was to find the most relevant services according to the query.
In the next step, these web services were arranged based on their geographical
distance. The first step was performed by a forward search algorithm, and
then the services were ordered by geographical distance and were suggested
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to the user. Different quality parameters can be used, including performance,
reliability, cost, and time; however, geographical distance was used in this
study as quality of composed services.

4.2.1 Definition of composition planning problem
Based on tag-based semantic rules, if web service ws1 generates tag t1 as its
own output and the web service ws2 can use t1 as input, it is assumed that
ws1 and ws2 can be composed because a data flow can be generated between
them. From this perspective, the tag-based service composition problem is
introduced as a result of creating a data flow between sequences of tags.

In this research, a web service ws was describe as a four-tuple <Ti, To,
X, Y>, where Ti ⊆ T, To ⊆ T. Ti and To denote a set of input and output
tags, respectively and X and Y represent the latitude and longitude of the
web service, respectively. T also shows the collection of tags extracted from
all web services. q indicates the set of user query tags.

The two wsk and wsk+1 web services can be composed when the wsk+1

service input tags are present in the wsk service output.
In brief, the tag-based composition problem finds a finite sequence of

ws1, ws2, ws3. . . services where:

• ∀ wsk ,Tik + 1 ⊆ ToK

• Tf ⊆ (q ∪ T1o ∪ T2o ∪ . . . ∪ Tno)
• The total cost function is minimized, which means only those services

are selected which have a minimum geographical distance from each
other according to Equation (3).

Distance(ws1,ws2) =
√
(x2 − x1)

2 + (y2 − y1)
2 (3)

Where x1 and y1 indicate geographical latitude and longitude of web
service1 (ws1), respectively and x2, y2 denote the geographical latitude and
longitude of web service 2 (ws2), respectively.

4.2.2 Forward search algorithm
This algorithm discovers the services related to users’ query tags and
composes them using the following algorithm:

Input:
Set of input and output tags, and geographical latitude and longitude of web
services
User input tags (q ⊆ T).
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Output:

• A set of seed web services; web services that match the user’s purpose
(high priority services), Ws.

• A set of web services that are combined together and meet the user’s
purpose (Wf ).

• A set of output tags (Tf ).

In the first step and after receiving the user’s desired tags, the purpose
is to find the most relevant services (services that contain all user tags and
user QoS) in relation with the received query. Since the user is expected to
enter a small number of tags at the beginning, all web services are searched
to find web services that contain all user tags; if found, they will be located
in the list of seed web services and their output tags will be added to the list
of composition tags. If there are no web services in the seed list, services that
include at least one of the input tags will be added to the seed list. So far, seed
web services have been found and, now, based on the input and output tags
of each of the web services, the composition operation of web services must
take place.

Based on the forward search algorithm, all web services compare their
input tags with composition tags set (Tf ). If all the input tags of the web
service are included in the list of the output tags of composed services or
seed services, the web service will be added to the composed service list.

With this algorithm, all the possible composition solutions are generated
and a list of services which meet the user’s goal are proposed (Figure 6).

Figure 6 Forward search algorithm.
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These composed web services can potentially provide more features to users.
In the last step, based on the quality parameter defined for the problem (the
geographical latitude and longitude of each web service, in this case), the
distance between the selected services is calculated according to Equation (3).
Composed services are ranked according to this. In other words, the user will
receive a list of seed services, along with its nearest services, matching his
queries.

5 Evaluation of the Proposed Method

Tag semantics plays an important role in the proposed composition method,
and textual description of web services was needed to extract tags. The
data set in this experiment consist of 2000 real web services which were
available online and free of charge [23]. The services were in different groups
including travel, news, weather, maps, geography, food, photo, messaging,
business, music, translate. Of these web services, which Only 310 services
contained handmade tags. At first, the splitting technique was used to extract
tags from text descriptions; this gave a set of 27784 tags, from which the
unnecessary and meaningless tags, such as prepositions and repeated words,
were filtered and deleted (Figure 7). Eventually, a collection with 20801
different tags was created. Finally, according to the proposed method, these
tags are clustered and enriched and used in the service composition process.
Examples of program outputs are shown in Figures 8 and 9. In order to
evaluate the proposed method, the quality of the suggestions and performance
of the program was examined in spite of the increase in the number of web
services.

5.1 Evaluation of Precision and Recall

Generally, performance of service composition is depended upon the preci-
sion of discovering services as well as the precision of tag recommendation
algorithm. Hence, it has been tried to evaluate the precision of the proposed
enriching tag method. To evaluate the performance of tag recommendation
method, the two following metrics were used:

Recall@K: the Recall of top-k tags recommended. It is defined as:

Recall@K =
successtag

successtag + missedtag
(4)
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Figure 7 Example of extracted tags before enrichment.

Figure 8 An example of hierarchical clustering of tags, using WordNet semantic similarity.

Precision@K: the Perecision of top-k tags recommended. It is defined as:

Precision@K =
successtag

successtag + mispltag
(5)

Where successtag refers to the number of tags recommended successfully,
missed tag is the number of tags that should be recommended but are not
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Figure 9 An example of a combined service based on enriched tags.

among the recommended tags, and mispltag is the number of tags that are
incorrectly recommended. The results of the evaluation were compared with
Term Frequency-Inverse Document Frequency (TF/IDF) technique. TF/IDF
recommends tags for web services from the tag set of web services whose
textual documents are similar. In TF/IDF calculating the similarity between
documents is based on term frequency and inverse document frequency. Since
TF/IDF method considers only lexical matching between documents rather
than semantic similarity of tags, it may miss some important information. As
shown in Figures 10 and 11, the proposed semantic-based method outper-
forms frequency-based method (TF/IDF). The results are completely similar
and consistent to the previous studies [3, 18, 20].

5.2 Evaluation of the Quality of the Proposed Services

To evaluate the quality of the proposed services, two criteria were used:
(1) how users ranked the proposed services against their queries; and (2)
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Figure 10 Precision of tag recommendation algorithm.

Figure 11 Recall of tag recommendation algorithm.

how many potentially new, relevant web services can be planned. Fifteen
junior students majored in computer science were asked to participate in our
user study. They had experiences in web service development and skills of
tagging.

At first, users selected their desired services; the services were considered
as reference, and their tags were entered as a query in the search engine of
this study. Then from among five top recommended services, they reported
how many of their goals were satisfied or how many desired outputs were
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Figure 12 Percentage of user goal satisfaction with suggested services.

found among the services offered. Having run different queries, it was found
that most of the user’s desired web services were placed among the five top
services offered to users. Feedback emerging from this is shown in Figure 12.
It can be seen that before enriching the tags, only about 68% of the users were
able to find more than 90% of their output in the first five proposed services,
while after enriching, almost 81% of the users achieved over 90% of their
target goals. This chart shows that the percentage of users’ satisfaction with
the proposed services increases after enrichment of the tags. In comparison
with previous study [3] in which about 78% of users achieve 90% of their
desired goals, the proposed algorithm in the current study showed superior
performance after enriching.

Another benefit of this research is the discovery of potential composi-
tions. As shown in Table 1, the proposed composition algorithm can achieve
the desired goals. In other words, this method can generate more relevant
composition solutions and increases the opportunities for compositions. Also,
other services beyond the initial goals of the users can be added to the
outputs as these solutions are calculated based on potential semantic rela-
tionships. Another fact is that in 90% of cases, the proposed technique (after
enrichment) can offer more web services (Figure 13).

5.3 Evaluation of the Composition Planning Function

In this study, at first, we conducted multiple queries against different sizes
of the service repository from 200 to 2000 services. Each query contained
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Figure 13 The association of number of proposed services with number of repository
services.

at least 3 tags. Then, composition algorithm time, memory consumption,
and number of suggested services were evaluated for processing requested
queries. Some of these queries are shown in Table 1.

This study examined how the number of repository services affected
response time, memory consumption, and number of suggested services
(Figures 13–15).

5.3.1 Composition algorithm run time evaluation
Conducting various queries on the service repository in different sizes, it
was found that the runtime increases almost linearly when the number of
services increases in search space. It should be noted that the mentioned
time solely contains the composition algorithm execution time and does not
include the clustering algorithm time. This is because the clustering algorithm
is executed only when the web services repository is changed and whenever
a user requests a query, just the composition algorithm is run. The results of
the runtime algorithm are shown in Figure 14.

Considering that the clustering algorithm used in this research is a
hierarchical clustering algorithm, with increasing the number of services in
search space, and consequently increasing the number of tags, run time of
this clustering algorithm increases, but since the data pre-processing and
clustering process are executed only when web services repository is updated,
the efficiency and run time of hierarchical clustering algorithm are not a big
concern, whereas the accuracy is of great significance.
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Figure 14 Composition algorithm runtime.

Figure 15 Memory consumption with repository size.

5.3.2 Evaluation of memory consumption by the number of
services in search space

Multiple queries were made on the basis of different sizes of the service
repository. It was found that in both approaches (before and after enrich-
ment), the memory consumption increases almost linearly with increasing
the number of services in search space. In the proposed method, due to
the tag enrichment and increase in the number of tags, memory consump-
tion increased negligibly as compared to the previous studies (without
enrichment). The results are shown in Figure 15.
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6 Conclusions and Future Works

As tagging is an important way of managing web service resources, a novel
method was proposed in this paper for enriching tags so as to improve the
data-driven composition of web services. Since semantic clustering of tags
and tags enrichment have significant effects on the quality of composed
services, the proposed method was able to improve the quality of composed
services. Experimental results showed that semantic-based tag recommen-
dation method outperforms the frequency-based method (TF/IDF), also that
qualities of the offered services and users’ satisfaction improved as a result
of semantic clustering of tags and tag enrichment.

One of our future goals is to improve the clustering algorithm runtime
and scalability, also to consider more quality parameters such as response
time and availability. In addition, in this paper, the input and output tags were
randomly selected from extraction tags. We intend to extract the input and
output tags rather definitely in the future. It is also better to compare the
proposed method with other methods that have done the composition process
based on tags but have not considered tag enrichment.
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