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Abstract 6@) |

In ubiquitous computing environments, users usually e sayeral ‘sérvices to achieve
their goals. The service composition method of th| 1s baged oMWSUN (Web Services
on Universal Networks) [7]. It supports dynamic s€ com@&which takes account of

the dynamic factors of ubiquitous enwronmen;%l service composition, an operation of a
service should be substituted by anothgr ion W he existing operation is not
available. The substitutable operatlon d sup ort %same functionality of existing
operation. Moreover, it should be abl ith operation back and forth. The
service composition mechanlsm % the functional similarity between
unavailable operations and su e operatiofybut it does not take account of input and
output message structures and pa meter' of operations. In order to enhance WSUN
service substitution method, (e, use SA emantlc Annotation WSDL for XML Schema)
[15], which is Semanti eb Ser technique. SAWSDL provides two construct:
modelReference and Mapp A modeIReference specifies the association between a
WSDL or XML and a concept in some semantic data. Semantic
annotations u Refe help to discover substitutable operations. In addition, a
schemaMappin solves the Ret rogenelty of 1/0 message structures and parameter types of
operations. Consequentlyf.eben if the operation, which has same functionality of unavailable
operation, has diff /0 message structures and parameter types of unavailable
operation. In ordg&ecommend the operation has good quality, we define the quality of
operation. It,is a criteria that user can choose the best operation. In addition, we take a user
weight for a%gvmodation of user’s requirements. The recommendation system prioritizes
operation_t gh calculating quality of operation based on user weight value. Therefore,
operatiok Hy operation’s priority recommends users. Our system supports substitutable
ope%v discovery mechanism using Semantic Web Services technique, and substitutable
operattons list to satisfy user’s requirement recommend in ubiquitous environment.
Therefore, user can discover substitutable operation in substitution situation. In addition,
substitutable operations to fit user requirement recommend user according to weight value
from user.
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1. Introduction

Recent Advances in computing and network technology, various services have increased
exponentially. As a result, users can have a wide choice of services, and they choose the
better quality of them among services, which have the same functionality. The arrival of
ubiquitous computing environment, while the services are provided, devices including these
services, and users can have a number of moving. Even under such environment, users want
to provide 'seamless’ service. To address this requirement, many researches used the method
of service substitution. Substitution means replacing a component with another component, as
long as the replacing component produces the same output and satisfies the same

requirements as the replaced component [4]. In ubiquitous computing, we consi the
following points. The fist, the user shall not be limited by the communication p . Each
of the ubiquitous devices is conformed to different communication protoc S second is

approach providing ‘seamless’ service to user. The 0 mg s¢ will help the
understanding our approach.

Scenario: The music streaming service of smar"e shou ays used with sound
output device such as speaker. If the user goes to co Y, he&&g tinue to provide service
with sound output device of the company. Tthg\/lce is located near the user, and it can
communicate with his smartphone. .

In order to realize this scenario, a list rnatlve %’es is composited services, which
have same functionality and are satlsflg (@ﬁ ments In this paper we propose an

ervice

frequently movement of devices and user. This paper propos he ope % mmendation

enhanced service substitution metjo ng approach (universal service broker:
US-Broker) in [7]. The ap address roperability and composition between
heterogeneous ubiquitous services. The bas cept of US-Broker composition is to derive
a mapping between the t perat hould be substituted and substitute operation
that offers similar funt a y throu ﬁerent interface. In addition, [7] represents the
operation groupmg i atlon gr ed by operation functionality. If target operation and
ongs mﬁue peration group, the operation is substitute operation. It
guarantee substitute service is executable because it does not
nd I/O parameter type. Furthermore, it does not take account
ion position.

To solve this pro we suggest the method for service recommendation of semantic
based service sub»@ﬁn in ubiquitous computing. Our approach is to enable the mapping
between input of thE one operation and output of the other operation. In addition, we can
search the

provide a list of ranking services considering replacement cost, degree of
sati of user requirements, availability, execution time of operation, and execution
cos‘t%location of user and operation. To make ranking service list, we defined the weights
to user requirement. The rest of the paper is structured as follows.

The major contributions of the paper are in defining and formalizing:

1) The equivalence relations between services considering the functionalities they
propose via their functional interfaces. We define and formalize the service model and the
service equivalence relations based on the semantic annotation of their interfaces and
operations. These relations allow defining if two services are functionally equivalent or not.

2) Enhanced service substitution mechanisms for US-Broker executing in ubiquitous
computing environments. Based on service equivalence relations, the ubiquitous computing
environment can decide to substitute services by functionally equivalent ones.
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Next section introduces related work. Third section discusses our approach for substitution
of stateful services. Finally, we present the conclusions of this study and further research
related to this study.

2. Related Work

This section introduces the Web Services on Universal Networks (WSUN), and related
work about service substitution. Our composition method is based on WSUN.

2.1 Web Services on Universal Networks V.

WSUN supports service brokering mechanism (US-Broker) for mterop and
dynamic composition of heterogeneous ubiquitous services [7]. US- Br ates all
ubiquitous services (such as Bluetooth services, ZlgBee ser ces Jini sgryice and etc.) to
Web Services (called Virtual Web Services). This serV| tlons of all
ubiquitous services are described in WSDL (Web SerV| S r|p uage) documents.

Pd

Front Service Substituted Sg
(a) Case 1: different numbers of param. -g

Fro Service Substl‘tuted Service
‘. N 2: different types of parameters

Figure 1. CQ@mg Ca urlng Substitution

US-Broker also supports ple mech or substitution of service. The basic idea is
classifying services gle on th ctionality. The services, which have same
functionality, belon e Ser |c oup. One service can belong to one or more
ServiceGroup, and eGro P Iso one or more services. If a service participating in
combined ser ot avalla reexecutable, US-Broker finds the substitutable services
in same Serwc@m wi g substituted service. It is very simple and fast, but it does not
guarantee substitute ser s executable. The substituted service has to be able to
communicate existing es are located at the front and the back of being substituted
service.

We consider t ses to achieve these goals (Figure 1). The first case is the services,
which are | the front and the back of being replaced service, and substituted service
have differ mbers of 1/0 parameters. The left case in Figure 1 shows this problem. The

other ca ere are inconsistent between two services (Figure 1 (b)). The both cases can
ap een substituted service and front or back service of substituted service. US-
Brokewcannot address two cases. Therefore, we enhanced US-Broker to cover these problems

To address these problems, we used the semantic technology is SAWSDL (Semantic
Annotation of WSDL), because our service description is represented by WSDL standard.
The next section described our detailed approach.

2.1. Service Substitution Approach

We represent two types of related work. The one is service substitution method, the other
is related of quality of services.

Among the main challenges of [8], is the issue of service substitution for the application
execution in such heterogeneous environments. In this article, we define a generic service
model and describe the equivalence relations between services considering the functionalities
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they propose and their non-functional QoS properties. In order to determine the degree of
similarity between two services, they compared between the concepts, operations, and
interfaces. The similarity has four types: exact, plug-in, subsume, and fail. They measure the
degree of similarity, after then discover the alternative service. However, this approach
supports only the list of services, which have same I/O message structure and I/O parameter
type.

[9] presents an approach whose objective is to support web services substitution. To
perform Web services substitution with less impact on the ongoing, and sometimes critical,
business processes, the approach proposes deploying communities of Web services. [11] uses
the term “mapping rule” to express a single correspondence between the I/O pargmeters of
operations to be adapted. However, if target service is not predefined into the mappingyale, it
cannot support service substitution. It cannot consider the heterogeneous of I/ %either.

[11] defined the QoS such as capacity, availability, and security. Theé? y includes
throughput, responsiveness, information capacity, scalaRility) Variabili consistency.

Service availability considers availability, reliability, mairttainability, resilience, variability,
availability, @icity, authority, and
quali ctoys are given and did not

and constancy. Security has confidentiality, integrity
nonrepudiation. However, they assume that all lev

propose a specific guideline to determine levels.

[12] defined the QoS for selection servicﬁparticm in the service composition. It
considers execution price, execution dur, reputatldg uccessful execution rate and
availability.

[14] enhanced ISO/IEC9126 for itous . ISO/IEC9126 is standard about
guality of services. [14] redef m& /IECQl the Ilght of the mobility. However,
ISO/IEC9126 is mostly suita r stangd- a pplications, and has not been massively
tested against web-based applications,a wtous computing applications. QoS-based
operation composition h en the\é ct of various research efforts. Usually, the
consumer’s quality 1 sented with quality properties. Then, mathematical

1& ents are e
or rule-based appro are empléyad to find the best combination of operations for given
quality constr proposed,asetof guidelines for service composition using user utility
functions for How! ve@hey did not present a mechanism for resolving conflictions
between quality factors. §,

These approaches gi ly limited consideration to qualities such as response time and

availability. In additi ey evaluate quality by an objective function to be minimized (e.qg.,
response time or or maximized (e.g., availability) with constraints to be satisfied. To
resolve confidtions between quality factors, we propose a quality-driven operation
compositio odology for ubiquitous applications.

3. %Qion Recommendation Method

Substitu t ble
Ops

Caleulation
of Operation
Qos

Input of
User
Requirements

Figure 2. Operation Recommendation Process
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The following figure is shown an operation recommend process of our system. The first
process is discovery of substitutable operation. The whether use or not of location filtering
process is depending on positional relationship between the user and the operation. In the case
of using location filtering process, user can choose the location in which they want to use the
service. If the user determines the location, our system makes the target operation in the
selection location. Conversely, if the user does not want to user location filtering process, the
target operation is all operation through operation discovery process.

Next, an operation is selected to obtain the quality value, which value is stored in a registry
context. Recommended candidate operations are stored in the registry operation context to
derive the quality value might be used. For recommending operation to congider, user
requirements, our system requires the QoS weight from users. This weight is 2&3 tool
:I h

for recommending operations.

The ranking operation process is composed into the following sub—pro@ e first is
formalization of quality of the operation, and next is T calcul uality of the
operation. The final is the process of deriving the finak value of ity of operation.

e king of the quality
of the operation can be tailored to complement thejprofjlems. operations of quality
values derived T-Score value of each operation:‘Epu by the calculating a weighted

user requirements required by the operation t er isalsgrecommended as a high priority
now for the process. \
3.1. Input/Output Mapping Appro&

Ubiquitous environment fon;% he co v nce of a variety of services and devices,
and therefore, various quality facCtors al‘é Ived to provide transparent and seamless
services. The substituted opératjon can |cate with the front and the rear operation. To
facilitate this, we propo mappin g SAWSDL (Semantic Annotation for WSDL).
of heterdgeneous 1/0O message structure between operation D and
operation A, and_h rameter type between operation D and operation B. In
order to opera L%atlon C, we need I/O mapping between heterogeneous 1/O
messages. We u e-SAW mponent for 1/0 mapping. We define the ontology (operation

group ontology), WhIC ibes operation functionality. Each 1/O parameter refers ontology.
The output messa@i& ation A has same functionality as input message of operation B.

- Not Working .
Operation \

Alternative
Operation

Figure 3. Example of Heterogeneous I/O Message Structure and I/O Parameter
Type between Operations
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The process to find substitutable services consists of four steps. The first step is making
first candidate services. US-Broker extracts services from ServiceGroup of target service
should be substituted, and makes candidate substitutable services list. Next, US-Broker
checks whether between the model reference of candidate service and existing service, which
will connect to substituted service. This process is based on from Eqg. 1 to Eq. 5.

VFSO.m € O(FSO)
VBSL.m € O(BSI)

(vCL.m € 0(CD) N (VCO.m € 0(CO))

0(CI) € O(FS0)
0(CO) € O(BSI)

BSI.m : modelreference of input parameter of existing se V|ces will b

substituted services.

FSO.m : modelreference of output parameter of existi

substituted service

Cl.m : modelreference of input parameter of can
n

CO.m : modelreference of output parameter
O : ontology representing relationship ser

SendResourceloPrinter.wsd|

)
()
©)

|ce WI| located front of
2 substi bI service.

didate sub able service.
serwc@rameters

I

{5\ \‘Z)

(xs.element name="requestPrinting"
sawsdlLiingS

| {xs'sequence)

corrrIeJyro names omomSe@ce )

chemaMapping="hitp: //Mnhcweb,oag/n@g/sendﬂesource20mo.xs%|'»

(xs:element name Pnr%urce typ W%‘
savsdl modelRe ~4\ //w\wsem\nt» org/ontologies/2010/3/Ontology 1271816106442 owl#PrintingResource’/>

sendResource20nto.xsit

: %
KhasStatus

ksl value-of sele
¢hasStatus)

PO :I'M_Iul;} ‘oupud
PO0aklnayname’

tology: OperationName)
rdt datatype="hit://www. w3 ora/2001 XMLSchematetring ™

/POOntology: OperationName)

ct="poSendRasourceToPrinter” />

Using:Software

<hasStatus rd dataty
(xslvalue-of select="po:PriningResource’ /

pe="http.//schemas, microsoft. com/windows/2006/08/wdp/print#PCL"

(/rdfROF

FrasSeatys
¢/POOntology name)
¢/PO0ntology. quputd

Ontology
<l-- #PrintingResource -->

<Namedindividual raf:about="&0ntology1271816106442;Printing Hesource™
<rdftype rdfresource="80ntology1271816108442;Input’/>
<Ontology1271816106442:hasType rdf.datatype="rdfs,PCL">
</Ontology1271816106442:hasType>

</Namedindividual>

Figure 4. Lifting Schema Mapping Process
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<!--_#PrintingResource -->
<NamedIndividual rdf:about="&0ntology1271816106442;PrintingResource"> |_

<rdf type rdf:resource= &0nto|ogy1 271 816106442;Input”/>

Type rd: "&rdfs:PCL™>
</0nlo|ogy1 271816106442: hasType>

</NamedIndividual>

<!-- #CountOfPrintPage -->
<NamedIndividual rdf:about="&0ntology1271816106442;CountOfPrintPage >

<rdf type rdf:resource=' &0mology1 271816106442 Inpm 1>
7181 hasT:
<lNar:|/e((’lrI]rt|§lne%{n1azlz1816106442 haSTy"e> \ sendResource20nto.xslt
paral>
Ontology <po:printing>
<po:printRun>
<po:PrintingResource>
<xslivalue-of select="spiresultsAsp:result/sp:binding [@name="PrintingTarget'] /sp:PCL" />

“sp:results/sp:result/sp:binding [@name="Count']/sp:integer” />
il L IEEEREREEIEERE o
clecsprel  NE EIOIMOlE ENSIA 2= 2Nl

ZNMZ Lol DefaultUd 5y |

2
dilfoweringsetemahMapping="http: //www. semanticweb. org/mapping, 0n1028|ue ter. xsit>

ObjectPush.wsdl

<xs:element name="ObjectPushinpt”
<xs:complexType name="input’

saws

<xs! Sermence>
Target” type="

C "RAp. 77 WWW. s%anhcweb org/onlologles/ZOlD/S/Onlolog 271816106442 oé tingHesource"/>

unt” type="xs:integer”

sawsd delRelerence="hitp./7www. semanticweb. org/ontologies/2010/3/ 7l8|5|064
xS >
</xs: cr:vmple «Type>

</xsielement>
Figure 5. Structure Mal g Pr%)

According the location of services WI|| c& to seb ted service; candidate service
satisfies equations from Eq. 1 to Eq. 4 or% Eqg. 1to E%y and Eq. 5. The third and last
process is lifting and lowering process ndi @arameter types. Figure 4 shows the
parameter type matching process, T@ dRes ﬂ%onto xslt can be used as a schema for
mapping from SendResourceToP wsdl to epts in Ontology. The type of output
parameter in WSDL document is stscrlpt the normal type of output parameter defined
PCL in Ontology. We s rt sen% e20nto.xslt to mapping between different

untOfPrintPage”/>

must connect to O ectPush.wsdl required the Count input is integer type
and mandatory er In thi e?we support sendResource20nto.xslt to allocate default
value into Cou but p n@r automatlcally.

parameter types. Q
This process is di a,@ in Figu ‘gj ssuming SendResourceToPrinter.wsdl in Figure 4

3.2. Quality Criteria ementary Services

In ubiquitous enyitpnment, we have to guarantee ‘seamless’ service to the user. To address

this proble define the Quality-of-Services (QoS) as a set of perceivable characteristics
expressed i “friendly language with quantifiable parameters that may be subjective or
objectiv characteristics of quality and their parameters are based on the user or client
requi . In addition, we consider the where the service is. The user decides whether the

s important or not. Our system makes the candidate service list according the user

decision. We consider four generic quality criteria for elementary services:

® execution time: the execution time of a operation is defined as the time spent by the
system execution that operation, including the time spent execution run-time and the time
spent lifting and lowering schema mapping. The execution time is computed using the
expression

Ctime(OP) = Tprocess(OP) + Trnapping(ONtO, OP), (6)

meaning that the execution time is the sum of the processing time Tpocess(0p) and the
schema mapping time Tapping(0ONt0, 0p). The schema mapping time is estimated based on
executions of lifting and lowering schema mapping, i.e.,
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Tmapping(ontoa OP) = Tliﬁing(ontoa 0) + Tlowering(oy I), (7)

where Tjiring(ONto, 0) is lifting schema mapping time between operation group ontology
onto and operation output parameter o, and Tiixing(ONtO, 0) is lowering schema mapping
time between operation onto and operation input parameter i.

® execution price: Given an operation op of service, the execution price gy(op) is the fee
that an operation requester has to pay for invoking the operation Fiyoe(0p). In addition, it
includes the fee to use software Fioke(SOft) which supports schema mapping.

qpr(op) = Finvoke(op) + I:invoke(SOﬁ:) (8) x)o
® successful execution rate: The successful execution rate g,(op) of an o@ n op is that

how many the operation is completed without failed or egror occurr;d The value of the

success rate is computed from data of past invocatio g the e ion

qrar(0OP) = Ncompleted(opéQ 9) x)

where Ncommeted(op) is the number of timeg/that the ope%n op has been successfully

completed, and T is the total number Qf i ions.r
® use frequency: Given an operation erwce \se frequency gs(op) is that how
many the operation is invoked Nsehg % ation requester. The expression is
qfr(op) = 0) / Nse p, onto) (10)

where Y1 N;(onto) is the to numbe;\%mvoked operation in same operation group
ontology onto.

The users are abl cide much each qos criteria are important. Our system
supports rank ion list is the result to calculate with weighted qos criteria. The
ranked operati tism

%’ the expression
(

Q= (atime(oP) X Waarc(0p)) + (dpr(0P) X Wpr(0P)) + (arat(0P) X Wrar(op)) +
(as(op) x We-(op)) (12)

where WtW) is the weight of execution time that is the value entered by user.
For examp@ re are two candidate operations (Table 1). The candidate operation B is
fre@ ers used this operation. The candidate operation C is faster than candidate

Our system make comm%érperatlons list used by the weight of user requirement.

op , but user has to pay using this operation. The user, who needs seamless
services now, prefers a good software performance.

Table 1. Example of Candidate Operations

QoS criteria Candidate operation B Candidate operation C Weight
Execution time 0.15 0.5 4
Execution price 0 0.4 1
Successful execution rate 0.9 0.9 0
Use frequency 0.4 0.2 1
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Table 2 shows the calculated result according to expression (11). Although many users had
used the operation B, operation C is fit to current user, who wants software which supports
good performance.

Table 2. The Result of Q

Candidate operation B Candidate operation C
(@time(0D) X Weime (0D)) 0.6 2 0
(4o (0P) X Wy (0p)) 0
(@rat(0p) X Wrar(0p)) 0 x)
(qfr(oz)) X Wfr(ozo)) 0.4 0 2 Y’
Q 1.0 6N

3.3. T-Score Q)

Operation of the T-Score calculated quality r': ent gan begyfound for prioritized
operations to compare the operation method. Ope M ular quality T-Score

calculated to determine the ranking of the @ty of th n‘%ratl on can be tailored to

complement the problems.

For example, operation A is the fas per x This means that operation B
requires the time of performing repl @@operaﬂon B, but operation A uses
more than 1000 times lower tha eratlo{ﬂ e user determines the first priority is
operation replacement time an t priority isYeperation using counts, the operation A is
best choice better than operation B. Howe\7 user's perspective, the operation B is a good
operation, because operatlo has Si acement time of operation A and it has much
higher using time th@eraﬂon us, the quality of a particular ranking the
recommended build S oper to exclude situations where the quality of this study
were compare ﬁ\p us o to solve problems in standard scores (Standard score)
[13] method o‘.& ng T as used.

Quality value of Oper

T(0, n%r tﬁt,mﬁ TN T(O,norPrice)*Wiee + T(O,norSuccess)*Wsyccess
‘}'A elec select

Q ; Figure 6. Final Value of Quality about Operation

bf(m,time) = [m-"“';‘mﬂ"" Jx 10 + 50

S =J (01.norTime-m)2+(02.norTime-m)2+---+(0n.norTime-m)?2

n
m: average, n: number of operation

Figure 7. T-Score Calculation
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4. Conclusion

When ubiquitous environment occur the mobility of heterogeneous services, some
services have to be replaced to another service. Therefore, the user spends a lot of time
to find the appropriate service. To provide 'seamless' service to users, many studies
were used to substitute the service. However they do not consider the characteristic of
ubiquitous computing environment. Furthermore, they do not support ordering
substitution list for fit of the user's requirements.

In this paper, to solve these limitations, we support the substitution operation method
based on SAWSDL mechanism. In addition, we define the quality factors of gperation
to find the operation, and our system uses the weight value from user. It ca&sﬁover
operation which is more suitable for user requirements.

Future research directions of this study are as follows. Currently, our s t n support
the selection of the operation has specific position, but it needs the loc I ing process.
This filtering process includes location information on str e usin space and distance

information is expected to be selected more SUbStItUtiE Q@ at on
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