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Abstract \/‘
B al

In ubiquitous computing environments, users usually compose several senyite chieve
their goals. The service composition method of this paper is based on WS ervices on
Universal Networks). WSUN approach supports dynamiaée’ com@n which takes
account of the dynamic factors of ubiquitous environgiegts. dn servicev€omposition, an
operation of a service should be substituted by anopfiEizoperation,whelnghe operation is not
available. The substitutable operation should su same Nrwality of unavailable
operation. Moreover, it should be able to municate re operation and post
operation. The service composition mechan SUN rs the functional similarity
between unavailable operations and sub e ope ut it does not take account of
1/0 message structures and parameter ope n order to enhance WSUN service
substitution method, we use SAWSDL<V ntic A on WSDL for XML Schema), which
is Semantic Web Services technigu SDL r es two construct: modelReference and
schemaMapping. A modeIRéb%e specrﬁ association between a WSDL or XML
Schema component and a concept |n emantlc data. Semantic annotations using
modelReference help to d er subs e operations. In addition, a schemaMapping
solves the heterogenei megsage structures and parameter types of operations.
Consequently, even per t| ich has same functionality of unavailable operation,
has different I/O essdge struct parameter types of unavailable operation. In order
to recomme peratio S good quality, we define the quality of operation. It is a
criteria that can ¢ he best operation. In addition, we take a user weight for
accommodation of us, quirements. The recommendation system prioritizes operation
through calculating.qu of operation based on user weight value. Therefore, operation by
operation’s pri@ecommends users. QOur system supports substitutable operation
discovery mechanism using Semantic Web Services technique, and substitutable operations
list to satisfNiser’s requirement recommend in ubiquitous environment. Therefore, user can
dlscover @ itutable operation in substitution situation. In addition, substitutable operations
to equirement recommend user according to weight value from user.

’@ ords: operation recommend, service substitution, quality of service, ubiquitous
computing

1. Introduction

Ubiquitous computing means that user can use any services of any devices in any network
regardless of time and place. There are a number of servicesin ubiquitous computing
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environment. Some of these services cannot communicate with other services, because they
use a different communication protocol. If any user uses the combination service, it should be
able to send and receive message between the services involved in the combination. In
addition, if one of the participant services of composite service has to be replaced, it should
be communicate between the alternative service and the front/back services.

In our prior study, Web Services on Universal Networks (WSUN) provides a dynamic
combination method among the heterogeneous services. This method is based on
interoperability between heterogeneous services. The interoperability is that communication
is possible between heterogeneous services. In addition, WSUN defines that a minimum unit
of the service combination is operation. This research uses the ontology to find the
substitutable operation. Our ontology, ontology group, is grouping operation functionality. If
two operations involve the ontology group, it means that they support same functionality.
When the situation occur operation replacement, WSUN offers the alternative o ist
involved same operation group of existing operation. This approach do consrder
communication between operations. In other words, it causes a probl ternatrve
operation cannot be connected to the front/back operation der to d s is problem,
we suggest the enhanced approach considering the str : O parameters.
Furthermore, our approach provides user a ranked lis a ernatrve tion. The related
work about service substitution assumes that all leve uahty%‘C re given and did not
propose a specific guideline to determine levels. The eXisting es of related quality of
services give only limited consideration to qual¢:uch as gé;?nse time and availability. In
addition, they evaluate quality by an objectl ction to b nimized (e.g., response time
or cost) or maximized (e.g., availability) nstr in be satisfied user requirements. To
resolve confliction between qualit %ors @\ ose a quality-driven operation
composition methodology for u |0® applrcatr s¥The following scenario will help the
understanding our approach.

Scenario: The music streami tphone should be always used with sound
output device such as spe If the u oés to company, he wants to listen to the music
sound output devrce 0 omp is device is located near the user, and it can
communicate with tphone. %

In order to re is sce list of alternative operation is composited with

operation h me fun ty and satisfying the user requirements. In this paper
we propose nhancey |ce substitution method of service brokering approach
(universal service brg er pUS- -Broker) in WSUN. The basic concept of US-Broker
¥e a mapping between the target operation that should be
substituted and te operation that offers similar functionality through a different
interface. It is very’simple, but it does not guarantee substitute service is executable
because itﬁqbpot consider I/0 message structure and I/O parameter type. Furthermore,
it does r@ ke account of replacement costs or operation position. To solve this
probl suggest the method for service recommendation of semantic based service
S i n in ubiquitous computing. Our approach is to enable the mapping between
in f the one operation and output of the other operation. In addition, we can search
the substitute operation based on matching between 1/O structure messages. Our
approach can provide a list of ranking services considering replacement cost, degree of
satisfaction of user requirements, availability, execution time of operation, and
execution cost, and 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. Next section introduces related work.
Third section discusses our approach for substitution of stateful services, and next
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section represents the prototype system. 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

WSUN supports service brokering mechanism (US-Broker) for interoperability and
dynamic composition of heterogeneous ubiquitous services[7]. US-Broker translates all
ubiquitous services (such as Bluetooth services, ZigBee services, Jini services, and\etc.,) to
Web Services(called Virtual Web Services). This means service descriptions of alRuhigbi
services are described in WSDL (Web Services Description Language) docum@

?
Front Service Substituted Service nt Service SubStituted Service
(a) Case 1: different numbers of parameters PN ) Case 2: dﬁ‘ pes of parameters

N

N\
Figure 1. Consideri \ases.& Substitution

US-Broker also supports s%@anism foeru stitution of service. The basic idea is
0
e

classifying services depend ir fu @ality. The services, which have same
functionality, belong to sam vice@y ne service can belong to one or more
ServiceGroup, and Servic p has ah%n € or more services. If a service participating in
combined services is,n able orqexecttable, US-Broker finds the substitutable services
in same ServiceGrobxe bei uted service. It is very simple and fast, but it does not
guarantee substi%\ rvice is cutable. The substituted service has to be able to
communicat g serviges are located at the front and the back of being substituted

service.

We consider two ¢ Qachieve these goals (Figure. 1). The first case is the services,
which are located %t and the back of being replaced service, and substituted service
have different n of 1/0 parameters. The left case in Figure 1 shows this problem. The
other case is thereNare inconsistent between two services (Figure. 1 (b)). The both cases can
appear bel\%gsubstituted service and front or back service of substituted service. US-
Broker ¢ ddress two cases. Therefore, we enhanced US-Broker to cover these problems.
To an@ these problems, we used the semantic technology is SAWSDL (Semantic

n of WSDL), because our service description is represented by WSDL standard.
Th t section described our detailed approach.

2.2. 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
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model and describe the equivalence relations between services considering the functionalities
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 parameters of
operations to be adapted. However, if target service is not predefined into the mappl rule,eit
cannot support service substitution. It cannot consider the heterogeneous of 1/0 ty

[11] defined the QoS such as capacity, availability, and security. The c ?&:Iudes
throughput, responsiveness, information capacity, scalablllty, variability @ sistency
Service availability considers availability, reliability, mai mty, variability,

ent authorlty, and
ty facto given and did not

and constancy. Security has confidentiality, integrity, avaj
nonrepudiation. However, they assume that all Ieve
propose a specific guideline to determine levels.

[12] defined the QoS for selection services ar p pated in serV|ce composition. It

considers execution price, execution duratlo utation essful execution rate and
availability.

[14] enhanced ISO/IEC9126 for u ISO/IEC9126 is standard about
quality of services. [14] redefined I@CQQ% light of the mobility. However,
ISO/IEC9126 is mostly suitabl d-alone cations, and has not been massively
tested against web-based ap% ands u itous computing applications. QoS-based
operation composition has b the supj f various research efforts. Usually, the
consumer’s quality requireyfidnts are re nted with quality properties. Then, mathematical

or rule-based approach
quality constraints.
functions for Qo

f guidelines for service composition using user utility

mployed tosfind the best combination of operations for given
Bnot present a mechanism for resolving conflictions

availability. In additio evaluate quality by an objective function to be minimized (e.g.,
response time or cost aximized (e.g., availability) with constraints to be satisfied user
requirements. To i

between qua
These ap fles glvei imited consideration to qualities such as response time and

operation compo
3. Oper@E Recommendation Method

Q)O

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 consider user
requirements, our system requires the QoS weight from users. This weight is used as a tool
for recommending operations. .

The ranking operation process is composed into the following sub-processes. \»ﬁ is
formalization of quality of the operation, and next is T-Score calculation o u?y\of the
operation. The final is the process of deriving the final v;lue of qu I| peration.

Operation of the particular quality T-Score calculated to d the quality
of the operation can be tailored to complement the problen i
values derived T-Score value of each operation inpyt=h
user requirements required by the operation to the us

now for the process.
RN
3.1. Input/Output Mapping Approach « O
Ubiquitous environment forms from % veKVQa variety of services and devices,

and therefore, various quality fact invol provide transparent and seamless
services. The substituted operati ommu ith the front and the rear operation. To
facilitate this, we propose I/ ping usi WSDL (Semantic Annotation for WSDL).
Figure 1 shows the example of heteroge message structure between operation D and
operation A, and hetero réﬁ 110 par r type between operation D and operation B. In
order to operation D i of oper{tg C, we need I/O mapping between heterogeneous 1/O

messages. We use S for 1/O mapping. We define the ontology (operation
group ontolo descrlb ration functionality. Each I/O parameter refers ontology.
The output e f opé A has same functionality as input message of operation B.

No tWokng
0 eration

opr

Figure 3. Example of Heterogeneous I/O Message Structure and I/O Parameter
Type between Operations

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
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checks whether between the model reference of candidate service and existing service, which

will connect to substituted service. This process is based on from Eq. 1 to Eq. 5.

VFSO.m € O(FSO)

VBSL.m € O(BSI)

(vCL.m € 0(CD) N (VvCO.m € 0(CO))
0(CI) € O(FS0)

0(CO) € O(BSI)

)
()
©)
(4)
(®)

BSl.m:modelreference of input parameter of existing services will be located back of

substituted services.

FSO.m:modelreference of output parameter of existing services will be Iocate

substituted service.

Cl.m:modelreference of input parameter of candidate substitutable service @

CO.m:modelreference of output parameter of candidate substitutable seryice.
O: ontology representing relationship service and servic meters. Q

SendResourceloPrinter. wsdl

Al req.»esﬁ’nnhg
aMapping ://werw. semanticweb. org/m: 'sendRes: 2200 xsi>
ype n * quence
i Source 4 Scri
b on olo Ontology 1274161 riningResource’/>

sendResource20nto.xsit

§fabout="EONOTogy 12T BTG ZPTinGAEsource>
Baurce-0ntojoay127181610644Zputs>

am t="&0ntology 127181610644 2-CountOTPrintPage >
CIH! type rdf resnulce “&0ntologyl 271815'05442 Input's>
p 42 h >

25 Tyne
Ok </Ontology1 271816106442:hasType> sendResource20nto xskt

</Namedindividual>

P>
Ontology <poiprining>
<poiprimAun>

¢po‘PrintingResource’
<xs|.va|ue—or-.o\-=r.|:'sp.r itsAs| V/sp:binding inting Target'] /sp:PCL" /|
<po ountof DrnlDage) v
feslvalue-of select="spiresults/sp.result/sp:binding [@name="Count')/sp:integer” />
P age

G ount
-printFun

If there are mandatory parameter does not match parameter
xsl apply-temglates selects
£/polprinting>

<xsielement names Ubjectbus ? SawsdllowernggenEmaMapning= TAp:

of connected service, we allocate default value.

Wi, Semanticwirb. ora/mappin:

<xs'complexType name="nput

<xsisequence>
<xstelement namesPrintihg Target” type="wprtpel”

[TsawsdlmodeHelerences 77 wrarw. s Bgnanicweb. org/ontologies/201 (V3/Ontology | 271816106442 owi#PriningResource’/>

<xsielement name="Count” type="ys:integer”

[ sawsdlmodelFelerence= hip./7 www.semanticweb, org/ontologies/201 I¥3/Ontology 12718161 06442 owi#C ountOfPrintP age”/>
</xsisequence>

| </xsicomplexType>

<fxstaly it

Figure 3. Structure Matching Process

ont of
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According the location of services will connect to substitutedservice; candidate service
satisfies equations from Eq. 1 to Eq. 4 or from Eq. 1 to Eqg. 3 and Eq. 5. The third and last
process is lifting and lowering process between different parameter types. Figure4 shows the
parameter type matching process. The sendResource20nto.xslt can be used as a schema for
mapping from SendResourceToPrinter.wsdl to concepts in Ontology. The type of output
parameter in WSDL document is postscript, and the normal type of output parameter defined
PCL in Ontology. We support sendResource20nto.xslt to mapping between different
parameter types.

This process is displayed in Figure 5. Assuming SendResourceToPrinter.wsdl in Figure 4
must connect to ObjectPush.wsdl, ObjectPush.wsdl required the Count input is integer type
and mandatory parameter. In this case, we support sendResource20nto.xslt to allocate default
value into Count input parameter automatically.

3.2.Quiality Criteria for Elementary Services Q Q

In ubiquitous environment, we have to guarantee ‘seamless’ gervice to o address
this problem, we define the Quality-of-Services (QoS) as a&ﬁﬂerceiv characteristics
expressed in user-friendly language with quantifiable parQ{ s that mgay b&’Subjective or

objective. The characteristics of quality and their par, are based ofwthe user or client
requirements. In addition, we consider the where the e is. T Ndecides whether the
location is important or not. Our system makes t andldat |st according the user
decision. We consider four generic quality cr@r elem ervices:
® execution time: the execution time O eratio defined as the time spent by the
system execution that operation, |n the u t execution run-time and the time
spent lifting and Iowermg sche plng & ecution time is computed using the
expression
qtime(op) MAX ocess(op)* nt(onto,op) % 100 (6)
Tprocess Tprocess(o"l’fo op)
meaning that the exec time is t of the processing time Tpmcess(op) and the
schema mappingpti applng(ont op The schema mapping time is estimated based on
executions of INN@ dlo hema mapping, i.e.,
(onto 0 ..ﬂ.ng(onto 0) + Tiowering(0, ), @)

liTing schema mapping time between operation group ontology
arameter o, and Tjixing(ONtO, 0) is lowering schema mapping
nto and operation input parameter i.

m |ng
where T @
onto and'® atlon o

time between ope

® execution p@ven an operation op of service, the execution price q,(op) is the fee
that an,operati®n requester has to pay for invoking the operation Fi.q.(0p). In addition, it
i r‘%ﬁee to use software Finoke(SOft) which supports schema mapping.

mclu@
qpr(op) — Finvoke(0P)+ Finvoke(S0S1) x 100(8)

MAXE poke@P) T MAXF o e(soft)

&:cessful execution rate: The successful execution rate ¢,,(0p) of an operation op is that
how many the operation is completed without failed or error occurred. The value of the
success rate is computed from data of past invocations using the expression

qrat(op) =(1 _ Ncompl;ted((’p)) X 100(9)

whereNcompleed(0P) 1S the number of times that the operation op has been successfully
completed, and T is the total number of invocations.
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® use frequency: Given an operation op of service, the use frequency gq(op) is that how
many the operation is invoked Nggecion(Op) by the operation requester. The expression is
Nselection(0P)
== _— - I X
er(OP) (1 2711 Ni(‘)pselection)) 100(10)
whereX.? N; (0Pserection) 1S the total number of invoked operation in same operation
group ontology onto.

Our system makes the recommend operations list used by the weight of user requirement.
The users are able to decide that how much each qos criteria are important. Our system
supports ranked operation list that is the result to calculate with weighted gos criteria. The
ranked operation list is made by the expression

Q = (qtime(op) X Wtime(op)) + (qpr(op) X W r(op)) + (qrat(op) X Wrat(o

(asr(op)  Wi(0p))(L1) v
whereW;; e (op) is the weight of execution time that is the value enter, ser. For

example, there are two candidate operations (Table 1). The candid tlon B is
free, many users used this operation. The candidate ope C is f an candidate
operation B, but user has to pay using this operati eeds seamless
services now, prefers a good software performan

Table 1. Example of Cﬂdate Op&tl

QoS criteria Candidate operaxlom‘ CandWatlon C Weight
Execution time 0. 15 0.5 4
Execution price 0 4 1
Successful execution rate z 0
Use frequency 1

3.3. T-Score

Operation of the T calcula ;%ﬁallty replacement can be found for prioritized
operations to comp operatj thod. Operation of the particular quality T-Score
calculated to de e the ra g of the quality of the operation can be tailored to
complemen

Quality value of Op,

T(O no W,,me + T(O norPrice)*Wyice + T(0,norSuccess)*Woyccess
worSelect) *Weeject

% Figure 3. Final Value of Quality aboutOperation

01,time) = [01-“0’;""9"" ]x 10 + 50

s =\/ (01.norTime-m)?+(02.norTime-m)2+---+(0n.norTime-m)?
n
m: average, n: number of operation

Figure 4. T-Score Calculation
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For example, operation A is the faster than operation B. This means that operation B
requires the time of performing replacement more than operation B, but operation Auses more
than 1000 times lower than a B operation. If the user determines the first priority is operation
replacement time and the next priority is operation using counts, the operation A is best
choice better than operation B. However, in user's perspective, the operation B is a good
operation, because operation B has similar replacement time of operation A and it has much
higher using time than operation A. Thus, the quality of a particular ranking the
recommended build for this operation to exclude situations where the quality of this study
were compared to previous operations to solve problems in standard scores (Standard score)
[13] method of calculating T-Score was used.

4, Our Systems .

Figure 8 shows the structure of our systems. The substitution agent, core o@ent, is
composed of four sub-components: location filter, recommender, substit@ peration

finder, and WSDL Parser.

P

-

19U3]SI7

Ontology
Reg.

J

N

@re 5. The Structure of our System

® | ocationdl
The location upports operation filtering functionality based on the location selected
by user. If ﬂ%geration does not exist in the user-selected location, this operation is excluded
from the I@ he alternative operation.

Qecommender
%ommends appropriate operation to a user. This component requires the weight value
about user requirements from user. Our system calculates the quality of operation value using
pre-calculated weighting value. The pre-calculated weighting value is registered in the
context registry.

® Substitutable Operation Finder

To find the alternative operation, we compare structure and type between input parameter
of one operation and output parameter of another operation.
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® \WSDL Parser
This componentsupports the transport the identifying information and it analysis the
structure of operation structure. In addition, it analysis the information of SAWSDL
annotation, and structure of 1/0 parameter.

5. 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 Qrdering
substitution list for fit of the user's requirements.

In this paper, to solve these limitations, wesupport the substitution oper ti?hethod

1 h peration

discover

based on SAWSDL mechanism. In addition, we define the quality fact
to find the operation, and our system uses the weight valug from u
operation which is more suitable for user requirements.

Future research directions of this study are as follfﬁ ently,

the selection of the operation has specific position, ds t
This filtering process includes location information eet. The
information is expected to be selected more sub able errQB’n

n filtering process.
of space and distance
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