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ABSTRACT

Web services are widely used in the business agait development to achieve interoperability among
standalone systems. Efficient and effective tealéqare required to find and select required sesvic
among similar services which is an important taskhe service-oriented computing. Ranking process
which is part of Web service discovery system héiygsusers to find the desired services effectivEhe
existing research contribution for ranking procdess not consider the user’s requirements whiclaare
important factor to rank web services. In this wor&ctor-based ranking method is enhanced to censid
user’s requirements. The vector-based model istseldbecause of its simplicity and high efficienthe
web services are evaluated on the basis of theiilesity degrees to the optimal or the best valoés
various quality attributes. Experiments are conedicivith real dataset and the improved algorithm is
compared with the other approaches and it is fotlwad the enhanced vector-based ranking method is
efficient in terms of execution time to return tlesult set.

Keywords: SOA, Web Services Selection, Web Services RaMdotpr-Based Ranking, QoS

1. INTRODUCTION contains the information about data types,
operations and the network location of the Web
The growing number of businessservices. Then consumers create their queries and
applications in distributed systems has resulted inse a discovery facility or an agent to search UDDI
the increasing demand of communication betweeand locate the set of Web services relevant ta thei
business modules. In context of the businesdesired requirements. Finally, consumers need to
community, Service Oriented Architecture (SOA)select and invoke one of the Web services among
was proposed based on the idea that to provideadl retrieved results[3]. More and more web
solution for a large problem in a more effectiveservices with the similar functionality are made
way, the required process can be decomposed int@eailable on the Web. In order to locate and select
collection of smaller, but related parts[1]. Thestnho the appropriate Web services, additional features,
common way to implement SOA is through Weh.e. non-functional attributes or quality of Web
services. According to W3C (World Wide Webservices (QoS) such as response time, scalability,
Consortium), a Web service is defined as a softwaedc. are taken into consideration in the discovery
module which is implemented through standar@nd selection process.
XML-based technologies such as WSDL and
SOAP. With the increasing number of Web With the increasing size of the UDDI
services, discovering and selecting best serviges ttegistry, it is becoming more difficult to locatada
fulfill a required task is becoming more important. retrieve all matched web services and present them
to consumers. Furthermore, it is evident that the
In order to search and invoke Webretrieved result contains more than one matched
services based on user's requirements, first alWeb services that meet the functional and non-
functional services need to be advertised by thefunctional criteria. Therefore, it is essential to
providers in a public UDDI (Universal Description, devise an efficient technique to measure the rankin
Discovery, and Integration) registry[2]. Servicerelation order between the retrieved services based
providers publish descriptions and properties abn user’s requirements on different QoS attributes.
their Web services in a standard file, i.e. WSDLThe process of ranking Web services is a dominant
(Web Service Description Language). A WSDL file
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part of a Web service selection system, as it helpgork, a methodology for ranking web services is

users select their desired service easily. proposed by developing a vector-based framework
and considering user’s requests and preferences and

2. PROBLEM STATEMENT the quality and efficiency of the result of the

In the ranking process. the fundamenta roposed method is compared with one of the
step is to find similaritg ge ree between the user’ xisting ranking algorithms. The proposed methods
P y deg are also compared with a simple positional

request and a service. Various methods aggorithm to show that the proposed methods are

proposed to address the problem of ranking we liable and efficient. Different number of web

services. These r_ne_thods compare all thg qual ervices and different types of QoS attributes such
parameters of similar Web services with the

; . as interval data, Boolean etc are considered to
optimal values for each QoS attributes and th : .

. . . Sl ompare the algorithms. A real QoS dataset is
service with maximum similarity degree to the

) considered for simulation.
optimal values are returned as the result. In thé

some of the previous works, complicated date'.he main contributions in this work are:

indexing methods are used in their query structure 1. An improved rank aggrega.tion based
of the ranking process or all Web services are ) algorithm (Borda Fuse Algorithm) is
compared in a pair-wise method which involves proposed to cover the user's requirement

;nec;:/?cegorgrpematrlgvnvintlmet.heA?]urtr?t?erSlglzlla;ir\-/\\//v(iasbe 2. A new enhanced ranking algorithm based
9 9, P on a vector-based model is proposed

;?moﬁ?h”rior‘?wucwglovl\/r;reszi m\ggtlcorl]‘ thg]gtfr?orstr(‘j% which is capable of dealing with users
9 . ' . ; requirements and to measure the ranking
not consider the roles of consumers in their works. . .
relation between services.

They considered only services with the optimal : .
. . 3. Finally the enhanced algorithms are
values and not the real constraints which are #s pa , .
compared with one of the famous skyline

Of. the query. Finally, the users are.recomme”ded ranking algorithms (Sort-Filter-Skyline)

with the set of Web services with minimum ith I h hei

distance with the optimal values and different siser with complex ~structure o show their
efficiency on large sized datasets with a

\r,g::lorgr?entggtioizme set of Web services as large number of attributes and different
’ data types.

Also  various existing frameworks
considered only a small number of QoS attributes: RELATED WORKS
and experimented only with small-sized Web ) ) )
service repositories. But there are various tydes &10St researchers classify Web service discovery
variables for QoS attributed, which should be2nd ranking methods into two different groups:
considered to fulfill a desired task. ConsumersYntactic and Semantic approaches. In semantic
prefer efficient methods which may deal withMethods, the ontology concepts are used in the

different types of constraints and large Web servicdiSCOVery process, whereas in syntactiethods,
repositories. the selection process is based on the syntactic

information. As semantic-based approaches suffer
Also the existing frameworks take moreffom massive human  effort and complicated

time for processing a request. With the number gfomputational process, processing time is slos. It
published web services in getting increased, it i&/SO assumed that there is no standard definition o
very important to return the results fast as the’gs  Ontology to use for different situations. To azkiy
tolerance on slow response is usually very low. these issues, another category of service discovery
approaches has been developed which is based on

The main goal of this work is to develop gthe syntactic information. It is believed by many
Web service ranking model in which, the user'desearchers that syntactic-based models are more
request and preferences is considered along witfficient than semantic-based approaches.

the optimal values. Equal weights are given for In Rank-based aggregation technique
both mentioned factors. proposed by Aslam and Montague [4], first the

services are ranked in different lists based or eac
As in the previous works, a simple angindividual attribute, and then the algorithm

more straightforward method to rank retrieved WefGombines different ranked lists to compute thelfina
services is used to achieve accurate results.ign tffanked list.
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relevant to a query and returns all possible smhgti

To aggregaten ranked lists generated by among a large set of data points in a given domain.
sources, rank aggregation problem is used. Thegkyline points are composed of services that ate no
are two types of rank-based aggregation methods:dominated by other services. Skyline points assist

1. Supervised rank aggregation techniqu&onsumers to select their desired service easier
which relies on the training data and un-based on their preferences.

supervised rank aggregation method with

no need of the training data. In context of the skyline query field,

2. Unsupervised rank aggregation techniqué®apadias et al.[9]introduced a progressive

is categorized in two groups: positionalalgorithm which relies on Branch and Bound

methods and Majoritarian techniques. Skyline (BBS) based on a nearest-neighbor search
method. On a given set of points, this model

Positional methods generate the finacomputes the skyline points based on their
ranked list based on the combination of all rankingistances to a query point in an ascending order. |
scores gained by summing all the positional valughis work they first indexed the data by applyimg a
of each element in each ranked list. The modR- tree technique to reduce the computation cost by
common method in regards with the rankdecreasing the number of pair-wise comparisons.
aggregation method is the Linear Scorelhen they computed the dominance relationship
Combination method in which the scores of itembetween each two services. They argued that in
are aggregated by some operators such as weightedir framework any pre-computation functions
sum to compute the final ranked list. would not be required. BBS is widely used in

multi-criteria optimization problem.

Another important algorithm in this
context is referred as Borda-Fuse proposed by To extend the Skyline query model to
Bartell et al.[5]. It is considered an effectiverelational databases[10],[11] presented a—rew
algorithm to rank a set of data points. Thelgorithm called Sort Filter Skyline (SFS) model.
algorithm was introduced to solve the votingThey implemented their model based on a sorting
problem. It is a very simple procedure, which hatechnique. According to their theory all data psint
been proved to be effective. are sorted by using a sorting technique and

considering a monotone function. In other words,

Another positional algorithm that can beSFS sorts all candidates that maximize the scoring
named in this area is Median-Rank aggregatiofunction in an ascending order. After sorting the
method introduced by Fagin et al.[6], in which thedata, the services which dominate the other sesvice
candidate documents are ranked based on over most attributes will appear in upper positions
their median ranks. Thus the number of pair-wise comparisons will

decrease. Any service with the best score over the

Majoritarian rank aggregation approachesnonotone function will appear in the skyline list.
are another type of unsupervised rank aggregatidrhis method is used extensively and is a
methods. In this type of algorithms, every item igundamental structure for methodologies invented
compared with another candidate[7]. The methothter. This model is considered as a baseline for
consists of repetitive steps. First they considered comparison purpose in many works.
list of all candidates and then each item in thei$
compared with the next one. The winner stays iB 1 [imitations
the list, but the loser will be removed from th&t.li Most of the reviewed models are
The comparison steps are repeated until there is p@asonable work; however they suffer from some
other item in the list to be compared. This methogeficiencies:
suffers from low speed, as the number of pata indexing and sorting techniques are used
comparisons gets larger, when the number of items in most of the reviewed models which
in the dataset increases. generally takes a longer processing time.

There is another type of matchmaking ang.  They mostly either ignore the role of user's
ranking algorithms based on Skyline query concept requirements are ignored or their methods
which is a dominant tOpiC in the database fielde.Th require users to Compute the importance degree
skyline operation was introduced by Kossman et of each parameter. More load is given to the
al[8] to solve maximum vector problems. The |sers.
model calculates and filters the desired points

e
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3. Only limed number and a few types ofthe context of Web service discovery, a service
attributes  (mostly numeric type) arewhich appears in the highest positions in the most
considered, while in reality there are variouganking lists will receive higher ranking score. In
types of data. this model all services are first ranked in differe

In the proposed work, the abovelists in terms of different QoS attributes. Each
mentioned issues are addressed by developingsarvice is assigned a score based on its positional
simple but effective method which considers usevalue in each individual ranked list. Then the ffina
requirement as an important factor while rankinganked list is generated by computing the

web services. summation of all obtained scores from all ranked

lists. The Borda Fuse algorithm suffers from an

4. PROPSOED WORKS FOR RANKING important deficiency that may affect the accuracy
WEB SERVICES of the results. In this model the user's actualiest

. . . is ignored which is an important factor in seleatio
Web service selection and discovery . . i

. ) ) ; ; systems. For different requirements from different
system is essential to provide clients with proper : .

: . i -users, the output of the algorithm is always the

results according to their requirements. It IS me
impossible to fulfill this task without considering '
the rgnklng rel_at|on. bgtween th.ousa_n.ds of avall.able To overcome this issue, this work
candidates with similar functionalities. Ranking

: . “proposes an improved algorithm to cover user's
process is a fundamental step in a Web servicg P b 9

selection system, as it integrates the resul S%quwements in the ranking process.

gathered from previous stages (functional and non-

Iﬁgctfnl?elsrgich?ﬁspwgﬁ(sig;nsisrgsetr;;[z trgirlgnF%ethod is calculated by adding the positional value
q Lo ; . S each service in each individual ranked list. The

process by considering user's QOS reqwrement&Ser,S requirements are not considered in the

Skyline algorithm is used as baseline for ther nking process which returns the same resulteo th

comparison purpose because it is well-accepte . - . \
P purp Pl&fSer for different requirements. To involve user

algorithm in database area for the multi-criteria}e Lirements in the algorithm. in the enhanced
based selection problem, and recently is being us%gq g '

in Web service selection area due to the accurc ethod the query atributes are considered as a
ygample service Sand is added it to the list of
the generated results.

offered services. As a result, a new ranked lists
including S is generated as indicated in the Table
1. It is noticed that the position order of servige

test whether a much simpler algorithm with hi hegnd S5 has changed in the new ranked list. Service
P 9 985 does not meet the requirements for the last 2

efficiency could achieve the similar level of_ .

. . ; -attributes.
accuracy. The simple algorithms chosen in this
work are vector-based (Distance-based) algorithm Th ianed . d d
and a rank aggregation algorithm (Borda Fuse), . e scores are assigned 1o services depend on
Since both of them (also the skyline algorithm) dghew position in each ranked list. A negative ssor
not consider the actual user re yuiremegr’ns atrall, fre assigned to those services which appear in the

. s a ..'_each rank list after SThe negative score for each
this work it is proposed to enhance those algosthm

by taking into account the user's QoS requirementgew'ce is computed according to position of servic

The aoal of the oroposed work is to orovide in the new ranked list. Supposeas the number of
sim Ig and effeth)ivep method  for enzratin %ervices, Spositionas the position value of service

P : . ger 9 % in each ranked list, (positionasthe positional
ranked list of desired Web services with

consideration of user's requirements. The QoS da\fgahfjeireorfne%nltr; the new list with considering user's
considered in this work includes different types ot J '
data such as interval, numeric, boolean etc.

The final ranking score in Borda Fuse

However, efficiency is one of the big
concerns on this algorithm. The proposed work is t

4.1 Proposed Enhanced Borda Fuse Algorithm
Considering User's Requirements
Rank Aggregation methods are used for
ranking data. One of the efficient methods in this
context is Borda Fuse[5]. This model was proposed
to solve the voting problems in different areas. In
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Table 1: Ranked Lists Based On The User’s In the proposed work, the values of n QoS
Requirements attributes of a service S is modeled as a vector:
Ranked list| Ranked | Ranked| Ranked Final Q7 (Qs1,Qs2 -+, Qsn) Where 51,.32,...,sn are services
based on | listbased | list list based | ranked and the values of QoS requirements requested by a
availability on based on list consumer as @(q,G2,-..-,Gn). The consumer’s
fesponse | on cost | reliability preferences values on each QoS attribute is
sa S1 2 2 5 modeled as B(P,Py,...,Pn) where R,Po,...,P,

preferences where values of Panges between 1

S2 S5 S1 S4 S4 s
and n. If the consumer has not specified the
S5 S4 S3 S3 Si preferences, n will be considered as the preference
S1 S3 S4 ® S3 Weight values of the preferences are calculated
S3 S2 S S5 S5 using the below given formula.
S S S5 S1 $ o'
n 3
o . o W= = 1=12,..n where
Considering the new list, if a service isin a Z P
higher position thanS then the score for each list =1
is computed as:  Rankscore = ( pp8sition) + 1 R ,
; ! X = +1) - 1
In case a service has a lower position than shen t P ( Pr max 1) Pri (1)

ranked list, the score is calculated as: Rankssore ] ) . .
S,.position- § .position where w is the weight of an attributes, @s the

The total score (Scorg)Sor each service preferences values of each attributes, n is tta to
is calculated as:  Score S Y., wi Rankscore

where n is the number of services,.|gosition is

no. of services and f,,, is the maximum value in
vector p. The score to service S is computed based
the position value of service; S, position is the On its distance to the optimal values of the QoS
N o attributes using the Euclidian formula. In order to
position value of $ m is the number of QOS consider the real query values, the distance betwee
attributes and w is the weight of attribute. The the QO_S of se_r_vice_ S and the real requested
final ranked list could be generated by sorting th onstraints specmed in the query 1S a_lso. caleulat
final scores in a descending order. he final distance score which indicates the
distance between a service and both optimized and

4.2 Proposed Enhanced Distance-Based required values is calculated as explained below.

Algorithm Considering User's
Requirements
In the basic distance-based algorithm, th
problem of matching and ranking Web service
based on the requirements is considered as a - —
distance measurement problem[12]. To solve th&COresi =| Q4—Q, [= /Wi(q’j — q'cj) @)
problem, a published Web service is modeled in

vector including itsn QoS attributes. The optimal | . . )
values of each QoS attributes are also modeled 0 theweight of an attributes, gis the normal!zed
alues of an attributes andqgis the normalized

another vector. The distance between the th)I f imal val
vectors is measured according to Weighte§f@!Ue of an optimal value.
Euclidean Distance formula. Then in the ranking

process, the ranked list is generated by sortieg th Based on the_ tendency of the .QOS
distance values in an ascending order. parameters, the normalized values for numeric and

Boolean attributes are computed based on method
The Distance-Based algorithm is andiscussed in[13] and the normalized values for

efficient method to generate a list of ranked@n9€ type Is calculated based on the method

services. However, the original algorithm onlydiSCusseOI in [14].

considers optimal value for each attribute. The

algorithm can be improved by considering user's . To calculate the distance between each
requirements. service $ and the requested QoSJQa vector

P={pi.P,...pn} is considered where ;p€ [1..n]
and the vectorPincludes 0 or 1 based on whether

Based on the Euclidian distance method, score
éor each service (S) based on the optimal Q@B5(Q
is calculated using the formula given below.

a . . .
where Q is the optimal values of QoS attributes, w
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the service Smeets user requirement in the query The observed results are shown in the
or notThe distance between each services and tlfiellowing tables and figures. The abbreviations
real required QoS(Qis calculated as: used for each algorithms are: DS for the original
Distance-based algorithm, DS_| for the improved
Distance-based algorithm, BF for the original
Dissi =|Q; - Q E+/ pw(g- G ) (3) Borda Fuse, BF_Q for the Borda Fuse algorithm
with consideration of user's query, and SFS for the

where Qs the distance between each service anaOrt Filter Skyline algorithm. Table 1 and Figure 1
real required QoS is the preference values of anshows the execution time of different algorithms on

. ; . . . i ber of web services for numeric type
attribute, wis the weight of an attributes,; ds the various num ;
normalized value of attributes and ,q' is the attribute and Table 2 and Figure 2 shows the

normalized value of specified query. The distancgXeCUtion time of d_ifferent_algorithms on \_/arious
between two vectors of QoS and offered service@umber of web services for interval type attribute.

interval data type attributes is calculated as: 6. CONCLUSION AND FUTURE WORKS

i O — n _ a2 _ 4 To measure the efficiency of the improved
D AQ QF\/ZFl pw(d,= S+ (4= $7) ) algorithms, the average execution time of each
_ algorithm is calculated by using various datasets

_In the above equation, gand g, are the jth different number of QoS attributes from
normalized values of lower and upper bounds of thgifferent data types. Then the improved methods

-th . : ) . . .
J” QoS attribute respectively and; $ind Sj, are  are compared with the original methods in terms of
the normalized values of lower and upper bounds @he average execution time.

the [" attribute respectively. Finally, we calculate

the final score for each services as: In order to validate the framework and
compare the optimized algorithms with other

Scorei= Wi Disi+ W Score (5 models, extensive experiments were conducted on
various datasets with different specifications. By

where w is the weight for the score calculated byncreasing the size of datasets and the number of

user's requirement, yis the weight for the score Q0S attributes, all algorithms are compared in

calculated by optimal values, RQiés the distance terms of the processing time. According to the
score for each services and Sggris the score Observations, SFS is the fastest algorithm for kmal

value for each services. sized dataset and one QoS attribute. By increasing
the size of the dataset and the number of attshute

5. IMPLEMENTATION AND OBSERVED SFS runs slower. On the contrary DS and DS _| are

RESULTS the fastest algorithms on the large sized datasets.

) BF and BF_Q run faster than SFS on large sized

_ The proposed enhanced algorithms anfaiasets with larger number of QoS attributes.
baseline algorithms which includes SFS has be&hiterent experiments were performed with
implemented asaconsole-baeed applicati_on in jayfferent type of attributes such as numeric,
using NetBeans6.1 under Windows environmenggglean and data interval. It is noticed that SES h
Different subsets derived from the QWS datase{ poor performance on attributes with data interval
provided by Al-Masri, and Mahmoud[15] wasne DS and DS | with a slight different in
considered in this work. The original datasegyecution time have the best performance for all
includes information of over 2000 web servicegjaia types when the size of the dataset is large.
available on the Web. The dataset includes real dat
for various QoS attributes such as response time, As future work, the proposed framework
availability, throughput, successability, reliatyili may be improved to support tdpguery processing
compliance, ~best  practices, latency an@ffectively so that the processing time could be

documentation. The service name and its WSDych lower, and users would be able to select their
address are also included in the dataset. Differegesired services easily.

scenarios are considered for the experiments to tes
the efficiency of proposed methods algorithm by
using real datasets. Skyline algorithm is congider
as the baseline for comparison with our improved
algorithms in terms of efficiency.

e
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Table 1: Execution Time Of Different Algorithms Qarious Number Of Web Services For Numeric Typebdte

Type of No. of No. of DS DS | BF BF _Q SFS
attribute services | attributes
1 203 208 212 218 189
3 223 238 239 251 203
50
5 223 238 292 294 218
7 250 281 328 332 219
1 216 218 223 226 193
3 230 239 242 253 218
100
5 266 281 297 298 219
7 281 283 344 344 234
1 232 236 242 246 203
. 3 242 248 256 258 232
Numeric 200
5 268 283 298 303 263
7 368 375 383 385 385
1 243 247 249 249 248
3 248 253 259 263 250
300
5 313 329 391 394 263
7 344 346 384 386 392
1 250 266 268 272 248
3 252 257 279 279 281
500
5 266 281 283 284 293
7 403 418 422 454 458
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Figure 1: Execution Time Of Different Algorithms @arious Number Of Web Services For Numeric
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Table 2: Execution Time Of Different Algorithms @arious Number Of Web Services For Interval TyelAite

Type of attribute No. of No. of DS | DS || BF | BF_ Q| SFS
services| attributes
Data Interval 50 1 141 143 | 156| 158 144
5 143| 145 | 156| 162 132
100 1 160| 163 | 168| 171 163
5 158| 163 | 168 172 153
200 1 188| 189 | 203| 206 190
5 163| 165 | 173| 174 168
500 1 193] 208 | 212| 218 215
5 203 242 | 253 256 258
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Figure 2: Execution Time Of Different Algorithms @arious Number Of Web Services For Interval Tgtieibute

682




