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ABSTRACT KEYWORDS
Semantic Web and Web servi ce techni ques combination generates semantic Semantic Web service;
Web service, the service refers to the semantic that applies semantic Web Process algebra;
markup languages to describe service, so that lets web service to be Pi calculus;
transformed into computer comprehensible entity, supports service Modeling.

combination, autodiscovery and implementation, therefore semantic Web
service-based automatic composition techniquetarget isapplying software
with users demands to make automatic composition of various existed
Web service so as to cooperate work and fulfill users tasks. In semantic
Web service combination research field, formalization description and
service combination accuracy validation is a very important problem, in
the problem, it involveslots of Web service communication collaboration
aswell asinference, and Pi calculusdueto its strong expressive ability and
simple mathematical structure superiorities, isthought to be akind of mature
process algebra method, the method has maobile description mechanism,
therefore its application in Web services communication and interactionis
by far a kind of relative mature and implementable method. The paper
analyzes semantic Web service combination form, accuracy validation and
Pi calculusprinciple; it putsforwardsPi cal culusformalization and validation
—based semantic Web service automatic composition method, and gets
accuracy and reliability superiority degree that applies the method in
semantic Web service automatic composition.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION ing ‘on-demand service’, therefore service-oriented ar-
chitectureimplementsautonomictask executing ability,

Web servicebel ongsto akind of softwarecompo-  distributed system cross-language, |oose coupling and
nentsthat has autonomic behaviors, it can becalled, cross-platform service purpose on the basis of con-
looked up andissued in Internet, andisakind of ser-  nectingwith Internet. By far, international and domestic
vice-oriented architecture, itsmain research purposeis  academic circlesandindustria circleshave organized
combining exiging multiplesarvicesfor usarsimplement-  deep researches on semantic Web service. For therea
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sonsthat semantic Web service can automatically be
discovered, executed and combined isbecausethe ser-
vicehassemanticinformation, loose couplingand high
integratable abilities. Researchersand ingtitutesin al
places around theworld have constantly researched on
semantic Web theoretical practice and standard speci-
fications, especially for W3C semantic servicegroup
that has made unsurpassed contributionsduring the ser-
vice devel opment process. Service combination strat-
egy and matchingad gorithmisthe coreof semantic\Web
servicetheory researching, inthe aspect of theory, lots
of researchershave provided agreat ded of academic
achievements. Among them, regarding formalization
method, someone proposed to use Petri network theo-
ries, Al programming and process algebraaswell as
other methodsto make ontol ogy description on semantic
Web service, in the hope of implementing automatic
Web combination problem, and use formalization
method to implement and reasonabl e verify Web ser-
vice. The paper proposed method isbased on Pi cal-
culusmethod, the method isaconcurrence theory that
proposed by Robin Milner, the method has mobile de-
scription mechanism and strong expressive ability as
well assmplemathematica structurethese advantages,
therefore apply Pi calculusto describeWeb services
communicationandinteractionisfeasible.
Nameisthequotation to object in casethat apro-
cessand other processes connectionsaswell astheir
possessed other processesinstructions can usethe pro-
cess possessed free nameto make characterization. Pi
calculusisusing codeto defineadll basic functionsand
complicated data types and takes them as basic ob-
jectsto handle, and applying process algebrato de-
scribepardld system, let it can make certainanalysis
of service existing expected behaviors. When apply
mutual interactive set to describeWeb combination, it
can verify Web service combination survival and safety
periods’ somefeatures. For semantic Web servicecom-
bination key technol ogies, lots of professiona s have
madeefforts, researchesin academic aspect, it has. Fu
Peng-Bin, Li Li-Bo and Yang Hui-Rong from Beijing
University of technology’sschool of computer in“Graph
plan-based semantic Web service automatic combina:
tion method”, they according to servicerequesters’ spe-
cific demands, proposed akind of Graph plan-based
semantic Web service automati c combination method,
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themethod on the basi sof establishing pioneer and suc-
cessor execution relations knowledge base, it used
graph plan forward expanding thought and graph plan
solution searching thought, implemented automaticaly
finding out service combination schemesthat met users
demand from servicelibrary, the method comprehen-
sively considered service semantic and service combi-
nation efficiency and other factors, on the premisethat
quality was ensured, according to service requests,
implemented service automatic combination and finaly
used simul ation experiment to verify themethod valid-
nessand feasibility™™; Li Zhen, Yang Fang-Chunand Su
Senfrom Beijing University of Postsand Telecommu-
nicationsnetwork and exchangetechnol ogy nationd key
laboratory in ““Fuzzy multi-attribute decision-making
theory-based semanti c Web service combination algo-
rithm?”, they presented algorithm that solved compre-
hengve evd uation dataisomeric service qudity global
optimal execution plan problems selection, thealgo-
rithm could eva uate Qosinformation that wasdescribed
by redl number, interva number and languagetypedata,
so that carried out comprehens ve decision-making, on
the basis of introducing language type data
defuzzification, isomerism decis on-making matrix san-
dardization and Qos comprehensive evaluation, they
asointroduced an expandabl e ontol ogy that was used
to describe isomeric Qos data, and finally used red
servicequality datato test, and verified the algorithm
superiority and vaidness?; Cui Hua, Ying Shi, Yuan
Wen-Jiefrom Wuhan University software engineering
national key laboratory and Hu Luo-Kai from Hubei
second normal college computer engineering depart-
ment in “Semantic Web service combination generali-
zation”, firstly they concluded and summarized seman-
tic Web servicerelative basic concepts, outlined se-
manti cWeb service combination research contentsand
targets, and then according to semantic Web service
combination used methodol ogy to classify them and
andyzethese methodsimplementation processand fea
tures, and finally summarized full text and pointed out
next step research orientations®; Chen Ding-Jian, Wu
Jan, MaMan-Fu and Hu Zheng-Guo from Northwest-
ern Polytechnical University School of Computingin
“Semantic Web servicecredibility modd”, firstly de-
fined semantic WEB servicefeaturesand credibility with
Web servicefeatures, onthisbas's, they expanded cur-
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rent UDDI, proposed Semantic Web servicecredibil-
ity concept model, and deepen researched on relative
agorithmsandthar implementation schemes, compared
with other Web service credibility mechanism, got that
the model ’s advantage was adding semanticinforma-
tioninto service credibility targeted semantic Web ser-
vicefeatures, and integrated three parties authorities
evauationthat | et credibility to bemore effectiveand
accurate”l. The paper on the basis of previous re-
searches, analyzes semantic\Web service combination
forms, accuracy vaidation and Pi calculustheory, pro-
posed Pi calculusformalization and validation-based
semantic Web service automati c combination method,
got theaccuracy and reliability superiority degreesby
applying themethod in semantic Web serviceautomatic
combination, which providesan orientation and method
for semantic Web service combination devel opment.

RELATIVETHEORETICAL BASS

Web servicecombination basic frame

WSDL, SOAP and UDDI are Web service core
supporting technol ogy, Web service supplier, service
requester, serviceagency and XML format information
transmi ss on mechanism and their communi cation com-
posed Web servicebasicframe. Ingenerd, apply UDDI
searching and issuing service, use WSDL to makenor-
malized description on Web Service, and SOAPcan
carry out categorization and structured information ex-
changeindigtributed cd culation environmentintheform
of XML. Web servicebasicframeisasFigure 1 show.

InFigure 1, it showed Web service basic frame-
work, Web serviceisadistributed computing proto-
col, service supplier and service requester belong to
service combination system two kinds of participants,
the later purposeisusing former provided Web ser-
vice, former issues usable Web service, as Figure 2
showed aservice automatic combination frame, inthe

P ;
Find, Pakliak
’
L)

- digeription -
Figure1: Web servicebasic framework

frame, it describesWeb service and Web behavior by
usingformdizationmethod. In Figure2 sysemframe, it
mainly includes:Execution Engine, Service Repository,
Process Generator, Trand ator and Eval uator five com-
ponents.

Figure?2: Automatic service combination framework

Among them, Execution Engineexpressesexecut-
ing engine, the component usageisexecuting selected
service; Service Repository expresses service ware-
house, the component usageisstoring serviceinforma:
tion; Process Generator expressesbehavior smulation
generator, the component usageisanayzing usersre-
questers service requests, and obtain usable service
from servicerepository, and then according to demand,
it plans service combinationinthe hopeof meeting us-
ersdemands, Trand ator expressesinterpreter, thecom-
ponent usageis converting participants practical de-
scriptive language into Process Generator compre-
hended interna formalization language; Evaluator ex-
pressesmode evauator; the component usageis mak-
Ing eval uation on service combination targeted users
demand from the aspects of behavior model service
quality guaranteeand others.

Pi Calculussyntax definition

Processidentifier isusing capitd letter A, B, C, D,
E and othersto express, let N to expressainfinitename
S, useu, v, w, X, Y, 2 and other small lettersto express
the namein nameset, P, Q, R, S and others express
process expression, processexpression hassumform,
parallel expression, prefix expression, processidenti-
fier, matching expression and restriction expressonthese
six kindsthat arerespectively asformula(l), (2), (3),
(4), (5)and(6)show:

2. P (D)
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Informula(l), | isafiniteset, it showsindex st;
Empty processisusing zero to expressthat showsin-
active process, sometimesit also usesNIL to express.

R|P, @

Informula(2), when B and P, canindependent par-
allel implement, it can useformula(2)to express, and
when P, intheport x randomly input motions, Rinthe

port x can randomly output process, in this case, it
generatesformula(2)dumb action.

yxP y(x).P or z.P (©)

Informula(3), y represents processoneinput port,
y(x) representspositive prefix;whenintheport y ran-
domly input name z, it canuseformula y(x).P toex-
press, now it can execute P{z/ x}, fromwhichz/ x
representsthat usesaname xtoreplaceaname z;y
representsprocessoutput port, yx.P representsanega
tiveprefix; whenintheport y randomly input name x
itcanuseformulayx.P toexpress, now executesp ;in
thenegativeprefix, thereisnobinding name, only inthe
positive prefix y(x), namex will beboundinside; z
representsdummy, generally processoutsideinvisible
internal actionisusing r to express, a,a represents
dud channd; ¢.p representsafter fulfillingadumb ac-
tion ¢ theexpression of processp .

A(Y, Ypoeees Vo) 4
Informula(4), aprocessidentifier hasunique defi-

nition, asformula(4-1)show, in(4-1)expression pro-

CESSP, X\ Xy X, free name;

processP(y, / x,,..., ¥, I x,) and formula(4)external
behavior arethesame, and in equation definition, it in-
cludesrecursion, therefore process p included process
israndom.

A(X, X,...,X) def P

represent

[x=y]P ©)
Formula(5) representsthat only when x =y itwill

execute p , otherwise execute empty process.

(x)P 6)
Formula(6)representsthat p isalowed to commu-

BioTechnology — amm—

nicate by internal channel x ;Dueto x channel these
actions communi cation outsideexpressionisadumb
action, inchannd x executed externd actionisforbid-
dentop.

Based onabove six formulassignificances,itisclear
thatin Pi calculus, the process can have definitionsas
following
P:=0
| R+R
| yx.P
| y(x).P
‘ z.P
| RIP,
| (x)P
| [x=ylP
| A V)

Syntax definition priority isregul ated as :Restric-
tion expresson, prefix express on and matching expres-
sonarepardld ranked aspremier, paralld expresson
issecondly priority; sumform priority isranked asthe
last one.

Operational semantics

Pi calculusoperational semanticsare usedto ex-
plain action semanticsthat process can execute, these
action semanticsnot only includes processinternal ac-
tion, they aso includeinteraction actionsthat proceeds
withexternd process, action semanticsincludeINPUT-
ACT, TAU-ACT, OUTPUT-ACT, SUM, PAR,
MATCH, OPEN, RESand COM totaly ninekinds.

INPUT-ACT representsinput action, when form
parameter z isreplaced by input Y, itsexpressionis
asformula(7)show, aslong as y doesn’t belong to
(2)P freenameset, y canasoreplace p form pa-
rameter z .

x(2)Px(yPly/ 2} n((2)P) (7

TAU-ACT represents empty action, after action,
7, r.P canbeconvertedinto p,itsexpressionisas
formula(8)show:

PrP ®
OUTPUT-ACT representsoutput action, after ac-
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tion Xy, XyP canbeconvertedinto p,itsexpresson
isasformula(9)show:

XyPXyP ©)
SUM represents sol vethe sum, when process p

completesoperation ¢ , it can beevolvedinto process

p’ case, then processP + Q can alsofulfill operation

o andthenisevolvedinto processp’, the processex-
pressionisasformula(10)show:

p-2 p
——

P+Q % p (10
-

In formula (10)processP+Q represents that

chooseseither p or Q to execute, thereforeit can se-
lect p toexecute.

PAR represents parallel, after operating « , pro-
cessp canbeevolved into processp’, then process
P|Q after operating« , it canalsobeevolvedinto P'Q,
expressionisasformula(1l)show, but abovepardle
conclusion set up preconditionisthat process Q free

nameset doesn’tinclude ¢ limited name, itscondition
expressonisasformula(12)show:

P-% P bna) N in(Q)=d
-—

1)

PR-“-PIQ
-—
bn(a) N in(Q)= @ (12)
MATCH representsmatching, itsexpressionisas
formula(13)show :

p-2 p
——

if (x = y)thenP % P’
-

(13)

OPEN representsopenness, in order to implement
a limited range expanding from internal processto ex-
ternal process, apply limited output prefix aux, then
avx represents p one limited namex, which can
transfer it through channel a toexternd process, above
processexpressionisasformula(14)show:

————, FyurL PAPER

ax
P—Pa=#=x
-

aovx

()P === P (14
-—

RES representsregtriction, expressonisasformula
(15)show:

PLP',Xea

(x)P % (vx)P’

(15)

COM representscombination, when process p can
receilvename x inchannel aandletitto beevolved

into p’, and now process Q canasoissuename uin
thesamechannd andletitto beevolvedinto Q’, then

process P|Q canimplement synchronization actionin
internal process, the processisexecuting dummy ac-
tion z andthenevolvinginto P'{u/ x}Q’, combination
expressonisasformula(16)show:

Pa(x) pr.g U
-> -

Qr

PR P'{u/x}Q’ (16)
-

Structure equivalenceruleisasfollowing show:

Associative law:

(PRJR=P|(QR);(P+Q)+R=P+(Q+R)
Commutativelawv: P+Q=Q+P; P|Q = Q[P

Pl CALCULUSMODELING-BASED WEB
SERVICE

If inWeb service combination design stage, it omits
combination processvalidation, thenitisproneto gen-
eratelots of mistakeswhen combinationisrunning,
thereforefirstly apply validation technology to test and
makedesign error repairing on Web service combina
tionindesign stage, meanwhile carry out demand com-
pliancevalidation on serviceflow by applying formal -
ization method, and then run it. Servicesthat partici-
pate in combination include complicated operations,
thereforeitisnecessary to execute according to certain
rules, and however for presently semantic servicecom-
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bination languagethat |acks of formalization, generaly
theseformaization semanticscannot usetheir ownlan-
guagesto establish modelsand andyze and verify the
model, and a so cannot model for communication and
concurrence. Based on Web combination service, ap-
ply Pi cal culusformalizati on description to express\Web
service combination, and then make corresponding on
thetwo basic e ementsone by one, complete Pi cacu-
lusessential conditionsin Web service combination
modding.

Correspondence

Pi calculusbasic elementsand Microsoft Biztalk
applying XLANG languageinvolved Web serviceee-
ments correspondenceisasFigure 3 show.

The Relationship between the Elements

Message Message
Operation Action
Web PortType Sort Pi
By Calculas
Sl Port Port
Flements Elements
Binding Interaetion
Service Process
Type Sort

Figure 3: Elementsone-to-onecorrespondencefigure

Pi cal culus—based Web servicecombinationisap-
plying flow description method to describe Web ser-
vice, usePi calculus processto express\Web services.
Dueto Pi caculusjointly callsentity asname, soit can
corresponditsprocessintovaue. Pi calculusflowisas
Figure4 show.

InFigure4, P, Q represents processthat canissue

and receiveinformation along channel, (y) represents

receivinginformation, '(y) representsoutputinforma:

tion, inWeb service, servicescorrespondto Pi calculus
process, then its corresponding syntax isasfollowing
definitions:

[x<a>.P] represents aoutputs along channel x, and
then executesP,

[X(b).P] representsbinputsa ong channel x, and then
executesP;

[P1+P2] representsthat sel ectsto execute Plor P2;
[P1%P2] representsthat concurrent executes PlandP2;

[P1.P2] represents successively executes P1, P2 ac-
cordingto order;

['P] representsinfinitely copies P, and concurrent ex-
ecutes,

[[condition] P] representsonly when conditionisinthe
statetrue, it can execute P

Process—

Figure4: Pi calculusflow

ServicePi calculusdescription

Assumeacompound travel plan serviceflow, its
plan system figure and corresponding Pi calculussys-
temfigureisasFigure5 show.

AsFigure5, compositeservicetotally involves9
pieces atomic Web servicesas TABLE 1 show.

UsePi caculusformalization Figure5 systemin-
formation, adopt four composite servicesto represent
client agent, inquiry time agent, transportation agent and
hotel agent, and take thefour servicesasPi calculus
Client, Time, Transportation and Hotel four processes.
tr: Client sendstwo placesinquiry timerequest totime;
t:Timereturnsto Client time;
tri: Trangportation returnsto Time, Timesdected trans-
portation informationwhenreturnsto Client;
hi: Hotdl returnsto Time, and then Timereturnsto Cli-
ent hotel information whereisplanningto go:
bt: Client rel eased booking information to Transporta:
tion;
bh: Client released hotel bookinginformationto Hotdl;
n: In case notickets, Transportation feedback informa:
tionto Client;
ot: Returnto bookinginformation;
oh: Booked hotd information.

Description about service Client Pi calculusisas
following Figureshow:

Clignt(x, u i, tri, hi w, bt bk n ok, ot hi message) = x<tr> x(tirihi). "w<bi> wime
ssage). ("u<bh>.ufoh).Client<x,w,u, it iri, bt, bh,n, oh,of, hi message> +mssage=n]
Client(x,w,u, it ir, bt, bhn, ok,0f, himessage) )

Description about service TimeRi calculusisasfol-

lowing Figureshow:

Time(x,y z.int tri, hi) =xitr) Y(tri) z(hi). x=i, iri, hi= Time(x, ).z int i ki)

BioTechnology — amm—
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Figure5: Travel plan system figure

TABLE 1: Composite serviceinvolved nine piecesof atomicWeb services

No. Symbol Explanation
1 GetDriveTme (A, B) Inquire A-B driving time
2 getFightinfo (A, B) Inquire A-B flight and then return to flight information
3 BookAirline (C, FNo, Date) Book C airline the data as Date flight number as FNo air ticket
4  getTraininfo(A, B) Inquire A-B train number and then return to train number information
5 BookTrain (TNo, Date) Book datais Date, train number is TNo train ticket
6  GetCarlnfo (A) Inquire place A car rent information and then return to inquiry information
7  BookCar (CNo, Datel, Date2) Book timeis Datel-Date2, car number is CNo car
8  GetHotellnfo (B) Inquire place B hotel and then return to inquiry information
9 BookHotd (H, Datel, Date?) Book H hotel, time as Datel-Date2 one room

Description about service Transportation Pi calcu-
lusisasfollowing Figureshow:
Transportation(y, w,iri, bi, n)="v=triz w(bt).i{ ‘w<n> Transportation
fww, v, bi, )+ w<oi>. Transportationiy,w, i, bt n))

Description about service Hotel Pi calculusisas
following Fgureshow:
Hotel (z,u,ohbh hi) = z<hi> u (bh). u<oh> Hofel (z,u, ok bl ki)

Based on above four sub services Pi calculus de-
scription, thenthewholetrave plan processing service,
OWL-SusesPi caculusto expressisasfollowing Fig-
ureshow :

Svstem=Client{x, wu, iri,tri, bf, bhn, ol of i, message) | Time(x),z, ir, L iri, ki)
Transportation(yv,w, tvi, bi,n) Hotel(z, u, ok b, hi)

Pl CALCULUSVALIDATION

Pi calculus validation tool includes Another
Bissimulation Checker that is called ABC for short,
History-dependent Analysis Laboratory that iscalled
HAL for short, Just Another Concurrent Kit thet iscalled
JACK for short and the Mobility Work Bench that is
caled MWB for short aswell asother tools, the paper
adoptsMWB tool to analyze operationa mobilecon-
current system automatic Pi calculus. Its experiment
resultisasFigure5 show.

By Figure5validation result, it showsthat plan sys-
tem doesn’t exist structural deadlock situations, the
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ltransit> . Transit(w,ordertransit otransit)

MUB>agent Timed{x.tinfo.ttrh)=x{(message).[message=tinfol’x<{ttrh>.Time{x, . tinfo.ttr
(h>

MUB>agent Client{(x,w,u.tinfo.ttrh,ordertransit.orderhotel.otransit. . ohoteld="x<{ti
nfo>.x{message?.[message=ttrh]l’ w{ordertransit>.wimessage).[message=otransit]’ uso

BTAIJ, 10(5) 2014

jotel>
MWB>deadlocks
No deadlocks
MWUB>deadlocks Hotel
Mo deadlocks found.
MUB>deadlocks Transit
No deadlocks found.
MUB>deadlocks Time

No deadlocks found.
MUB>deadlocks Client
No deadlocks found.
MUB>step Transit

¢ Ualid »esponses are:

System
found.

{CR> to select commitment 8,
g to guit.
Abstraction (~\“v2_ vl . "“v@)

Step>d_

prderhotel?> uCohotel) .Client(x,w . u,.tinfo,ttrh,. ordertransit. orderhotel . otransit,.oh

a number N >= B to select the Nth commitment.

B: (>v2.<(\messagelmessage="vl ]’ "“w2{"vB> . Transit<{™v2 . vl . " v@>

Figure5: MWB proof result figure

wholesarvicecombination processisfully correct, verify
and get thewholesystemintactnessand reliability, there-
foreitisclear in Pi caculusdescription normaization
and inferencemechanism, formaization descriptionis
fit for semantic Web service modeling, and when use
gpecid vaidationtool, thedynamic processisreatively
easier to observeandisdirect.

CONCLUSON

Process a gebranot only has advantage as strong
expressveahility, but dsoitsformisreativemorecon-
cise; Pi calculus-based semantic Web service combi-
nation formdization anditsvalidation method provide
better theoretical basisfor Web service combination;
Formdlization method has seriousinferencemechaniam,
Pi calculus meanwhile has serious description normal-
ization, which providestheoretical basisfor Web ser-
vice combination better devel opment.
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