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Abstract-A two-step indexing based method which indexes servicey their ontologies is proposed fol
efficient and quick semanticservice discovery. In first step, for a given sefge request, a set of candidat
services are chosen from the index by matching thentologies of the request with the keys of indexin

the second step, the request is semantically matchevith candidate services tofind a list of matched
services ranked by their similarity score. The indxing of services helps in eliminating the irrelevat

services of a request. Semantic matching will beepformed only to candidate services rather than al
available sevices. From experimentation, it is found that the proposed method quickens servic
discovery by an average elimination of irrelevancyf 92%. The time characteristics are analyzecwsing

measures such as ‘serviclkading time’ and ‘service matching time’. The average service loading tim
and service matchingtime of the proposed method are significantly redued to 18.91 seconds 38.7 milli
seconds when compared to sequential ethod which has average service loading time and rsee

matching time of 577.7seconds and 3t.4 milli seconds respectively. When compared to the ethod

which indexes services by outputs, the proposed woexhibits excellent recall and precisio.

Keywords-indexing based service discovery, indexing by agi@s, service discove, semantic similarit.

[.  INTRODUCTION

In Service Oriented Computing (SOC), complex bussnéransactions arimplemented usin¢service
composition where atomic services discovered andombined in a specific pattern to achieve the giveed.
In real time applicationgnanual discovery is complex due to the existenchugfe number oservices in the
Web. So, services should Getomatically discovered and combined. Servicerif@®n languages such Web
Service Description Language (WSLCcannot be used for automatic service discoesrit is syntact [1-2]. To
automate service discoverservices are described ussemantic languages such as [3-&emantic description
and discovery bring in maximuautomation ito semantic discovery with suffent accuracy5]. Regardless of
its accuracy, semantic discovery consumes huge due to reasoning process[68hich is performed to fin
semantic relations such aquivalent, subsumes, p-in and fail that exist amongarious concepts of servic.
Ontology reasoner such as Pellet is used to fiedstmantic relations between conc. In any discovery
framework, there are two majeomponents namelservice matcher and ontology reasoner. The mais a
matching algorithmdiscovers matched rvices of a querywith the help of reasoner. Furthany business
transaction involves multiple services to be conepdas complex cha. So,‘performance’ and ‘scalabilityhave
become critical needs in service composition baggalication. To meetthe critical needs, ptimization is
introduced either in semantic reasoner oservice matcher or in hybrid. As the fimte is dependent on t
architecture of areasoner, the second method is extensively usededoRinantly used techniques
optimization at matcher includdustering 9-16] caching [17] and indexing.

In this work, a twostep inverted indexing baseapproachwhich indexes services by their ontologie:
proposed for efficienand quick semantiservice discovery. In first step,rfa given service request, a se
candidate services which have ontologies same asoftrequestare chosen from a serv index in which
services are indexed by their ontolo¢c. Here, services which have ontologies differeorf that ofrequest are
considered as irrelevatd the requesand such services are eliminatdd the second step, the service reque
semantically matched with candidate serviceobtain matched services of the requeBhe matched services
are ranked by their similarity score.

[I.  MOTIVATION

In the existing indexing based service discovapproaches [18-20}he output parameters of services
used as keys of index and each key is linked ist afl services that contain that key. This isvehdn Fig 1. Fol
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example, the key, ‘http://127.0.0.1/ontology/cortampl# price’ is linked to a list of three serviceamely, g, s
and §. These three services contain ‘http://127.0.@utblogy/concept.owl# _price’ as one of their outputs

Key (Output parameters of services) Listof services
linked by key

http-//127.0.0.1/ontology/concept. owl#_price > 5,5, 5
http-//127 0.0.1/ontology/concept.owl# taxed price —+| 519
http-//127.0.0.1/ontology/books.owl# _author » S, 52 Sa. Sg
http=//127.0.0.1/ontology/books owl#_title P 5,52 Sq S1g
http=//127.0.0 1/ontology/portal owl# lecturer in academia ™ S5
http=//127.0.0.1/ontology/portal owl# senior lecturer in acaderma » 5z

Figure 1. Indexing of services by their output parameters.

When a request (or query) is submitted, for evertpat parameter of the request if it exists asyadfandex,
the method retrieves the services linked by thgt Kdere, the method performs a key-word based hivegcdo
check any of output parameter of the request egistkey of the index. As the method uses key-vibased
(syntactic) method for matching, it cannot deteetched services for a request if the matched seontains
subclass or super class of a key as its outpumes(rather than the output parameter itself)e fidhlowing
example illustrates how the method fails to depetential matches when the request contains sug&s or sub
class of an output parameter instead of the pamanitself. Consider an advertised servidewhich has an
output parameter, ‘http://127.0.0.1/ontology/coniaepl# price’. Let a service requef,search for a service
which offers an output parameter, ‘http://127.0/@ntology/concept.owl# amount’, defined as the supass of
‘http://127.0.0.1/ontology/concept.owl#_price’. Nowas the matching method performs a key-word based
matching, it fails to detectA as a matched service foR Though the index contains
‘http://127.0.0.1/ontology/concept.owl# price’ whids a sub class of ‘http://127.0.0.1/ontology/ceptoowl
# amount’, the matching method cannot detect the rvicee linked by
‘http://127.0.0.1/ontology/concept.owl#_price’ dsetmethod does not consider the semantic relabiehseen
the concepts of services. With same argumengrithe understood that when a service request asrgaper
class of a key, the method will fail to detect nhait services. Hence, in the proposed work, allatreglable
advertised services are indexed by their ontologi@stologies of services are used as keys agirlFi

Key (Ontologies of services) List of services linked
by key

| http-//127 0.0._1/ontology/boaks.owl H 51, 52, Sa. S6- 9. 510 |

| hitp=//127.0.0_l/ontology/concept owl }—b{ S2y Sm Sy 519 |

| hitip-/127.0.0_1/ontology/portal owl |—>| S11r 5120 S12 |
T T

Figure 2. Indexing of services by their ontologies.
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For any service request, the method compared ttedogies of service request with the keys of thaeinfor
any match. If the method finds a matched key, theetrieves all the services linked by the kegonsider a
requestR which searches for a service offer with an outfhitp://127.0.0.1/ontology/concept.owl# amount’,
defined as a super class of ‘http://127.0.0.1/agplconcept.owl#_price’. The matching method ckseskether
the ontology ‘http://127.0.0.1/ontology/concept.owbes exist as key of the index using key-word ebas
matching. From Fig.2 it is found that for the reqtR, the proposed method of indexing retrievess s, and
Sig as a list of services linked by the key. This difservices is referred to as candidate senacelsonly these
services are chosen for employing semantic matabfiligput-Output (I0) capabilities with the request

[ll.  RELATED WORK

Indexing based service discovery has been handfedpproaches such as [18-20]. These methods use
inverted indexing to rapidly remove irrelevant see¢ and locate the suitable services quickly. tBatabove
methods use output parameters of services as tfethe index. When a service request is submittie,
matching method can rapidly locate the serviceh vetjuired outputs from the index by comparingdhgputs
of request with key of index. This method retrigtbe services having outputs which are exactlyesamthe
outputs of the request. The existing methodstfadetect services when services contain ‘sub-tgpesuper
type’ of the required outputs instead of the owptself.

An alternate indexing approach is proposed for lquind efficient service discovery which differs rfro
existing approaches in three aspects. Firstijdiéxes the services by their ontologies and nothkeir output
parameters. This indexing helps in retrievingtao$eandidate services which have the same ongadsghat of
service request, ignoring all other advertised isesvas irrelevant. Secondly, the proposed metiatlles
various patterns of service request which may bwmlgi a set of inputs or a set of outputs or comidng of
both. Thirdly, for a given service request, thepmsed method produces a list of matched servardeed by
their semantic similarity score.

V. PROPOSEDAPPROACH

A two-step indexing based approach which indexesstivices by their ontologies is proposed for kjaied
efficient service discovery. The method includes tsteps, namely ‘finding candidate services’ arnddihg
matched services'. In the first step, a set oflcdate services having ontologies same as thdteofiven query
is identified. In the second step, each candidateice is matched with the query semanticallyind & list of
matched services. The rest of this section deseribe definitions used in the proposed approadhitartwo
steps elaborately.

A. Definitions

It is assumed that web services are described uale Ontology Languages for Services (OWL-S),
published and available aslvertised services. An advertised service is denoted By Let A containkinput

parameters denoted b@f‘|1sjsk) , | output parameters denoted bgr?"lsjsl) . Let a, refer to all
ontologies of A. Aservicerequest is denoted byR. LetR containninput parameters denoted I(iy|1si <n) and

m output parameters denoted l@g{"lsi <m). Let r, refer to all ontologies oR. A candidate service, C

represents an advertised service which has sarm@gigs as that of a given request and it is a idate chosen
for matching service capabilities semantically witle request. Le€ contain uinput parameters denoted by
(ifl<i<u) andv output parameters denoted tyf|l<i<v). Letc,, refer to all ontologies of and c,, =T,

ont
for a givenR.

B. Finding Candidate Services

In any semantic service discovery mechanism, ornthebasic criteria to be fulfilled is that the ologies
used in a service request should match with thelegies used in an advertised service. This mézatsif a

service request expresses its inputs and outputs ing us ontology, say
“http://mwww.amazon.com/ontology/books.owl”, thennsmtic matching can be performed to such advertised
services which also express their semantics usinghe t same ontology,
“http://www.amazon.com/ontology/books.owl”. Hen while matching, the first check to be doneoidirtd

whether the ontologies in a service request anddaertised service are same. |If they are not stme, the
advertised service becomes an irrelevant servitbet@ervice request. The services which satisfyointology
check are candidate services.

C. Finding Matched Services

In this step, the given service request is matchitd each candidate service to find whether a aatdi
service is similar to the request. The similabigtween a requesB and a candidate servi¢g denoted by
Sm(R,C) is computed as the sum of normalized input anguiigimilarities betweeR andC. Let InSm(R,C)
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denote the normalized input similarity betweBnand C. Let OutSm(R,C) denote the normalized output
similarity betweerR andC. Now, the value ofam(R,C) is computed using (1).

Sm(R,C) = InSm(R,C)+OutSm(R,C) (1)
To illustrate the computation @butSm(R,C) , consideR with two output parameters a@dwith three output
parameters. The output parameterR afe denoted by, ando,. The output parameters Gfare denoted by’ ,
o; and of . While computing output similarity, each outparameter oR is matched with every output
parameter ofC. For example, the possible pairs of matches|fare(o],of), (of,0;) and(o],0i). Let
DoM (o],0f), DoM (q[,05) and DoM (o],0;) denote theDoM of o] with various parameters @f . The degree of
match of of with all output parameters @ is given asax{ DoM( ], o), DoM( 0}, 0), DoM (03,03} . Similarly, the
possible pairs of matches fof are(o},of), (0},05) and (0},0) and the degree of match afwith all the output

parameters of is given asvax{ DoM( 0}, o), DoM (0o}, 05), DoM (0},0%)} . The normalized output similarity between

R andC is obtained by adding the individual maximum val@nd dividing the sum by the number of output
parameters dR. That is, the value abutSm(R,C) is computed using (2).

OutSm(R,C) :%x (Max{DoM( 0], o), DoM (0}, 05), DoM (0},0%)} + Max{ DoM( o', 09, DoM( 0', 0%, DoM(0',0%)}) (2)

In (2), DoM (o' ,0¢) denotes the Degree of Match betwé&Boutput parameter &t and | output parameter of
C. The value ofDoM (0/,0{) is computed based on the semantic relations batwee parameters. Various

semantic relations anboM s are defined below. Based on b , a score value to represent the level of
similarity is assigned.

Exact: If the type ofq’ is equivalent to the type af’, then the match is exact and a score of 1 is@esgig
Plug-in: If the type ofq is the subtype af’, then the match is plug-in and a score of 0. #ssgned.
Subsumes: If the type ofof is a subtype of’ , then the match is subsumes and a score of dsigned.
Fail: if the type ofq' is different from that obf, then the match is fail and a score of 0.0 isgaes.

Further, the computation ahSm(R,C) is similar to the computation 0ltSm(R,C) . After computing the
similarity score betweeR and eaclC, a list of candidate services for which the siniyawith R is greater than a
minimum value (decided by application) are returiasdmatched services. Further, the matched seraice
returned as a sorted list ranked by their simijasitore.

V. EXPERIMENTATION
The proposed approach is implemented with the éxpetal setup shown in Fig. 3.

Client
3
Request Matched services
A 4
Matching Algorithm | »| Ontology reasoner
{
Request Can(_lidate 4 4
ontologies services Service repository OntO!Ogy
v repository

Service Index by ontologies

Figure 3. Experimental Setup.
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There are two objectives of experimentation. Titet bbjective is to find computation time of theoposed
approach and to compare it with existing approacfiégge second objective is to find the accuracthefresults
obtained using the proposed approach and to coniparigh that of existing approaches. To carry thg
experiments, typical test data of 100 OWL-S welvises has been constructed using services fromighubl
available OWL-TC version-3 test collection. Thevéees and their ontologies are deployed in Xamgves.
An index of services is created with ontologieseivices as keys in Excel. Ten service requestsricg the
various patterns of service request are chosetestsqueries’. The test queries and their ontelogire given in

Table .

TABLE 1. TEST QURIES AND THEIR ONTOLOGIES
# Test Query Ontologies used by the test queries Swiption
Q1 0!, =(#_Author) http://127.0.0.1/ontology/books.owl Query with one
output
Q2 0!, =(#_Comedyfilm, # Actionfilm) http://127.0.0.1/ontology/my_ontology.owl OUt(SLdfsryhvttNo
Q3 o, =(#_Report, #_Coffee, #_Tea) http://127.0.0.1/ontology/Mid-level-ontology.owl out?)lym\smm three
Q4 i =(#_Title) http://127.0.0.1/ontology/books.owl Query with one
"o input
Q5 i =(#_Geopolitical-entity http://127.0.0.1/ontology/portal.ow! Query with two
n . J inputs
#_Geopolitical-entityl) npu
Q6 0!, =(#_Amount) http://127.0.0.1/ontology/concept.owl Query with one

i, =(#_ThreeWheeledCar)

http://127.0.0.1/ontology/my_ontology.owl

output and one
input

Q7 o}, =#_Funding
i, =(#_Weapon, #_Missile,
#_Government)

http://127.0.0.1/ontology/SUMO.owl
http://127.0.0.1/ontology/Mid-level-ontology.owl

Query with three
inputs and one
output

Q8 0,, =(#_SkilledOccupation,
#_TimeDuration)
i, =(#_Country)

http://127.0.0.1/ontology/Mid-level-ontology.owl
http://127.0.0.1/ontology/SUMO.owl
http://127.0.0.1/ontology/portal.owl

Query with two
outputs and one
input

Q9 0, =(#_Price, #_TaxedPrice,
#_StockMarket)
i, =(#_PreparedFood)

http://127.0.0.1/ontology/concept.owl
http://127.0.0.1/ontology/Mid-level-ontology.owl

Query with three
outputs and one
input

Q10 o, =(#_Sandwich)
i;, =(#_GroceryStore, #_Quantity)

http://127.0.0.1/ontology/Mid-level-ontology.owl
http://127.0.0.1/ontology/support.ow!

Query with one
output and two
inputs

The computation time of the proposed approachasyaaed using three evaluation measures namely, eumb
of services to be loaded, service loading time seice matching time. Experiments are perforrorda
Laptop with Intel Pentium(R) Dual-Core, 2.20GHz G0 GB memory and Windows 7 Ultimate Operating
System. The implementation is performed using JeEEonment.

Three experiments are conducted using three differeethods, namely sequential method (without
indexing), proposed approach (which uses indexihgeovice by their ontologies) and method whichsuse
indexing of services by their outputs. The firgberiment is conducted using sequential approaet Ns denote

the number of services to be loaded in sequenthad, t. denote time required to load the services and thei
ontologies into the reasoner (knownsasvice loading time) in sequential modet" denote the time required to
match the service request with the available sesvignown aservice matching time) andty denote time

required to unload the services from reasoner(knawgervice unloading time). The second experiment is
conducted using the proposed approach. Ngetlenote the number of services to be loaded in thpoged

approach, t'p denote the service loading time of the proposeulageh,ty’ denote the service matching time of
the proposed approach atifi denote the service unloading time of the prop@ggatoach. The third experiment

is conducted using a standard indexing approaclthwhidexes services by their output parametersr Fo
simplicity, the third method is referred to@gput based indexing method. LetN, denote the number of services

to be loaded in the output based indexing methioet t, denote the service loading time of the output thase
indexing method. Let]" denote the service matching time of the outpuethasdexing method ant} denote
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the service unloading time of the output basedximgemethod.  The values b, t., tI, t¢, N,, t'p, ty, th,
No, t), tM andt! are computed for different test queries and gineFable 1.

TABLE II. TIME CHARACTERISTICS OF SEQUENTIALPROPOSED AND OUTPUT BASED INDEXING METHODS
| | N to tm to t th ty

Bl N | No | No | T (seo) | B (se) | 0 il P (milli | (il | (il | (il

(sec) sec) (milli sec) sec) sec) sec) sec)
Q1 100 8 2 547 5.3 14 223 32 31 16 0 0
Q2 100 5 2 583 5.0 2.9 312 47 30 0 0 0
Q3 100 7 5 589 27.5 22.5 390 48 32 16 0 0
Q4 100 8 0 529 6.9 0 265 32 0 0 0 0
Q5 100 10 0 541 15.9 0 285 46 0 0 0 0
Q6 100 12 0 622 20 0 390 32 0 15 0 0
Q7 100 1 599 4.1 4.1 484 16 16 16 0 0
Q8 100 1 1 590 6.4 6.4 374 16 16 16 0 0
Q9 100 24 18 593 86 70 468 84 79 16 0 0
Q10 100 4 0 584 12 0 343 32 0 0 0 0

From Table I, it is found that in sequential methto find matched services of any service requasthe
available advertised services are loaded and nmatgiriocess has to be carried out for all the sesviddence in
experiment-1, all the hundred services of the tediection are loaded. From experiment-2, it isrfd that
ontology based indexing achieves a reduction inbarof services to be loaded by 92% and from erpant-3,
it is observed that the output based indexing ntedmhieves a reduction in number of services tiaded by
97.1%. In experiment-2, the services which useotitelogies of the given request will be loadeche humber
of services loaded in experiment-2, i, is always equal to or greater thilg . Hence, the output based
indexing method achieves greater reduction in nurabservices to be loaded for a request.

Regarding service loading time, sequential metheeda an average service loading time of 577.7 glecon
whereas the proposed method needs an averageesieadling time of 18.91 seconds and output basieking
method takes an average service loading time af318econds. As all test services are loaded fdchimay,
sequential method takes the highest time for lagpgihen compared to the proposed method and ouggsedb
indexing method. Further, & is always equal to or greater thidlp the service loading time of the proposed
method is higher than that of output based indexiethod.

It is found that the average matching time of satisemethod, proposed method and output basediimgle
method is 353.4 milli seconds, 38.7 milli secondasl £20.4 milli seconds respectively. From the above
experiments, it is very clear that loading servio@s reasoner consumes huge time. The time thkethe
sequential method is more (few hundred of millis®ts) when compared to other two methods (fewaénslli
seconds). Further, though the service loading iBnglightly more for the proposed method when carag
matching time, the service matching time of theppseed method and output based indexing methodfaheo
order of few tens of milli seconds. It is also ev&d that the service unloading time is negligible

Another analysis has been carried out using twtuatian measures recall and precision to find hoeusate
the proposed method is in finding the matched sesvior test queries. For analysis purpose, aerdsed
service is considered as relevant or similar tergise request if its normalized similarity scorighithe request is
equal to or more than 0.5. This is chosen becangelynamic web service composition process inwéa/éuge
collection of services and it demands only hightynpatible matches for a given service request. eboh test
query, the values of various parameters, namelyuaddNumber of Relevant services present in the deta
(ANR), number of services retrieved using sequentidhate \NR;), number of relevant services retrieved using
sequential methodNRR;), number of services retrieved using proposed otetfNR;), number of relevant
services retrieved using proposed methN&R,), number of services retrieved using output baadexing
method NR,), number of relevant services retrieved using aiutpased indexing methodNRR,), recall of
sequential methodRy), recall of proposed metho&y, recall of output based indexing meth&d)( precision of
sequential methodP(), precision of proposed methoB,f and precision of output based indexing metheg (
are calculated and given in Table Ill.
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TABLE lll. RECALL AND PRECISION VALUES OF SEQUENTIALPROPOSED AND OUTPUT BASED INDEXING METHODS

# ANR | NR | NRRs | NR, | NRR, | NR, | NRR, (;j) (';g) Ro(%) ((';;) (OPAF;) (op/g)
Q1 2 2 2 2 2 2 2 100 104 104 10b 1do  1bo
Q2 4 4 4 4 4 4 4 100 104 10d 10b 1do  1bo
Q3 1 4 1 4 1 1 1 100 104 104 29 25 25
Q4 3 3 3 3 3 0 0 100 10 100 100 ¢
Q5 1 1 1 1 1 0 0 100 10 100 100 ¢
Q6 4 8 4 8 4 0 0 100 10 5d 54 g
Q7 1 1 1 1 1 1 1 100 104 10d 10b 1do  1bo
Q8 1 1 1 1 1 1 1 100 104 10d 10b  1do  1bo
Qo 2 6 2 6 2 2 2 100 104 10 33 33 3B
Q10 2 2 2 2 2 0 0 100 104 o] 10p 100

From Table IIl, it is found that the average readlisequential method, proposed method and outpsed
indexing method are 100%, 100% and 60 % respegtivEhe average precision of sequential methodyqued
method and output based indexing method are faube 80.8%, 80.8% and 45.8 % respectively.

The recall and precision graphs of the three metlaod given in Fig. 4 and Fig. 5 respectively.

Recallin %

120
100

Recall of proposed, sequential and output based indexing method

e ————————— P ——9
T T ..“‘-“l“““.“‘“ﬂ“““.. T T T T —
ol Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10

Test Queries

—e— Proposed method and sequentlal method

<@+ Qutput based indexing method

Figure 4. Recall of proposed, sequential and output basezkind methods.
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Precision of proposed method versus sequential method output based
indexing method

120 -
100
80
60

Precisionin %

20

Q1 Q2 Q3 Q4 Q5 Q6 Qr Qs Q9 Q10

Test Queries

-+-¢-- Sequential Method —&— Proposed Method
—ah - Output based indexing method

Figure 5. Precision of proposed, sequential and output biaskking methods.

From Table Ill, it is found that the output basedéxing method has precision and recall as O ferigsi Q4,
Q5, Q6 and Q10. When it is analyzed with serviescdption files, the queries Q4 and Q5 did nott@ionany
output parameters and the output based indexinadés failed to detect Q4 and Q5. Further, théhoekfailed
to detect Q6 and Q10 because those queries didontdin the outputs but the subtypes of outputst &l the
above queries are handled efficiently by the predasethod. The average precision of sequentighodeand
the proposed method is found to be the same (80.8Bf¢ reduction is precision is due to the reaba the
proposed similarity computation considers plug-giches also into account.

VI. CONCLUSION

An inverted indexing based approach is proposeghagptimization solution to semantic service digcgy
The method is unique in using ontologies of sexvias keys of index. The method has been implemhertd
evaluated for its performance using different measu By experimenting with a typical test datas iffound that
the method outperforms both sequential matchinghotketand output based indexing method. It achieves
significant reduction in number of services to baded which leads to an appreciable reduction imicee
loading time and service matching time. Thoughph®posed approach achieves greater time reduatiog
indexing when compared with sequential method,istilerforms semantic matching of functional capties to
candidate services during querying. It is plantwedvoid the task of performing semantic matchimgandidate
services (during querying) by using an enhancedhaakedf indexing. In the enhanced indexing, twaded, one
with output parameters of services as keys and atith input parameters of services as keys aratedeand
maintained. Also, key should be linked to all $s#8 having parameters which are semanticallyaél&é the
key through equivalent, subsumes, plug-in matches.
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