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A Distributed Web Services Discovery Method Based on Business Process Execution Language
HU Jian-Qiang’? LIAO Gui-Ping!
(School of Information Science and Technology, Hunan Argricular University,410148)?
(School of Computer Science, National University of Defense Technology , Changsha 410073)1

Abstract Current Web service discovery methods are based on centralized approaches where Web services are described
with service interface functionality but not business process-related information. It cannot guarantee compatibility of
Web service composition, nor can it make Web services easy to complete a deadlock free and bounded process transac-
tion. Furthermore, centralized approaches to service discovery suffer from problems such as high operational and main-
tenance cost, single point of failure, and bad scalability. Therefore, this paper presents a structured Peer-to-Peer net-
work for Web service discovery in which Web services are located based on service interface functionality and process
behavior. It guarantees semantic compatibility of Web service composition, and achieves the automated composition at
the level of executable processes.
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FE I P 28 AL L AT SRRV A IR 557 BB i T B
F Internet R TREF RGN FEES. BT AR
MERTREEE KB, REMBRAET R —FhEE
RINWELT Web IREBHA . Birdiafais Kk 45
REGY. REHAEGEXHEEN/NELER Web IR HE
A5 FEME R S BL AL E #2416 IR 45 (Composite Service)
SRR (3N BPELAWS, OWL-s) ¥£ % H i Web IR 440 &1
ERTEZ—, BRI SBERNE RS HTFEHE R
FHHE R (suitable) Web R4, Hith, Web R4 & BEN
T R 45k R G5 — AN B B IR, X RS B IESC Bl es
HAR AKX E RIHAEEREBEENEN.

£15%F Web fR 45735, HTENAMFZE A R KFMBFR
VMR TIEEBRA BREER, TERIAE Web IR & Hiid
BEMARGEHIFEANFE

(DWeb R%#RIEF « By M X T T BB B R , 1)
RS REAR T HERE.

WSDL® R Tk R Z R AR, R R T Web IR
% W8 0 S REE Z IR % 13 24T 015 8. s BPELAWS 4k 3
Web JR 4Bl S ATES , BE AR Web IRFWITHITHT

SRR % B9 9 BRI BE 3 18 ; OWL-sU) B T4k OWL i
Web R & HRIET  RABEK T EV T UBEGRIE ST
Pk HEA Web R 45, 32 B 2 05 o 1 38 IR 45 59 T BB Fn ik 3B 4T
Ho

Q) RGHmIh: HEPRIETh, MY R EE TS
R AL ML Peer-to-Peer RIS KR,

IBM. Microsoft 2/ 5] ] WSDL fiFiE LK R 5 5L
PR UDDI R4 R % - 1 K%K A DAML-s(OWL-s
HIBTAEAS) I SE BE augment UDDI Registry™” RGHH T &+
RIS, BRFT 8 B FSLBUW H B E Mk, H N =
PRI BFHRRRBAA T REEFRE. GEEEY
EHEK¥ Neuron Ji H . K% « #EHE K2 SpeedR™ 43 5l 5
FEHL I TD Tapestry W& M L5 Gnutella %, K
WSDL #R ML UL A Web fR4%. B HRIMARR
RAT IR, H 2 TF Peer-to-Peer MK Web [R5 KB I
t7

BRI, A K Web I & ZBURT AT TRBIE PR
T, [RIA SR B AR 45 1R R R AR 45 4 O T RE T 28 Bl 2
MRER XEEFIERS4 6 L F RIS 2RS4
SRAAEERER., XA, AR - ETEN
4k, Peer-to-Peer M%) Web iR 4+ &% L5 &, 5| ARRIHHE 1

* ) ER E R R SRR B (No. 90104020) , BRI 4 B AR 2E# 4 (No. 04]J3021) FIMIFE R 4 (No. 04C290), HRE M+ BHE.
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AR A& ML ADFSA (Annotated Deterministic Finite State
Automata) , ¥ RS BAT N EEH T R4 UCE ., AT A 30
HE T RAER Web IRSHASHA.

2 Web lREHEEM

AEFEWTEIRS EA AN, RITRAITERS
Bl 55 B LA AR 45 2 (] BB L4 T5 (G845 Ticket Serv-
ice T #0 Customer Service C)™*?, % Ticket Service H BT
AN (OrderTicket, Pay VISA) Fl— /85 44 # O (Delivery) ;
Customer Service & W5 41 #: 0 (OrderTicket , PayVISA) 1
—A AR (Delivery) . WEHF T ERRRE  HRFRE
B FFRIR (from, porttype, operation, direction) Z/RIHE ,
Ferp from R 14 B & 3% &, porttype, operation K] i& X ]
WSDL 3L #4 4 portType, operation JG % , direction /R 1H &
BT 1, BRELA in B out; RAF“V 7HI“ A 743 HIR AT EH B
FISRHITEE .

(C, PayVISA, PayVISA, in)
(C, OrderTicket, OrderTicket, in) (T, Delivery, Delivery, out)

& @ © B

(a) Ticket Service FI% B FF5!

(T, Delivery, Delivery, in)

(C, OrderTicket,OrderTicket, out) . (C, PayVISA, PayViSA, out)
¢ W @ O

(C, PayCash,,PayCash, out)

(b) Customer Service K RFFFIHH TN B
(C, PayVISA, PayVISA, out) v (C, PayCash, PayCash, out)

B 1 Ticket Service 1 Customer Service 32 B {75,875 E

& 1(a) #5 H} Ticket Service i) 4 B JF 5. Ticket Service
BBk A Customer Service & 1 ITE K (C, OrderTick-
ety OrderTicket, in) ; Ticket Service & HEE#H B (T, De-
livery, Delivery, out) *§ BAY 24 &l Customer Service F) 3¢
1148 (C, PayVISA, PayVISA, in), B 1(b)#H} Cus-
tomer Service HJ 1 B JF5 . Customer Service ] Ticket Service
EHITEF R (C, OrderTicket, OrderTicket, out); Custom-
er Service WRBIZEE T B (T, Delivery, Delivery, in) A% Hi
B A5 8 (Cy PayVISA, PayVISA, out) 3% (C, PayCash,
PayCash, out),

(a)Ticket Service T BET A REE B (T, Deliver-
y, Delivery, out) A (T, noTicket, noTicket, out) FIA] ¥4 8
(C, PayCash, PayCash, in) V (C, PayCash, PayCash, in)

(bo) Customer Service f ¥ & JF 5| Z K T 1 18 & (C,
PayVISA, PayVISA, out) V (C, PayCash, PayCash, out)

(by)Customer Service KITH BFFIZREHHE (T, De-
livery, Delivery, in) A (T, noTicket, noTicket, in)

(bz )Customer Service BTN E)FFIERIARENE R (T, De-
livery, Delivery, in) A (T, noTicket, noTicket, in)

& 2(a) 25 44 Ticket Service ) iH B.J5 ¥ : Ticket Service
Bk B Customer Service & Hi1TE K (C, OrderTicker,
OrderTicket, in) ; Ticket Service & HiEEH B (T, Deliver-
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v, Delivery, out) 24 BAX %43} Customer Service 314 B
(C, PayVISA, PayVISA, in) & (C, PayCash, PayCash,
in), MR ED 58, Ticket Service #5771 & (T,
noTicket, noTicket, out) it . B 2(by) 4, Customer Serv-

ice IIE B, B M H LB s w4 B (T, noTicket,
noTicket, out) , B I Ticket Service 1 Customer Service & TG

BRI TR, M H, B 2(bo) . (by) AT L4 FE SR I 7 B
(T, Delivery, Delivery, in) A (T, noTicket, noTicket, in),

[Ea S HRE— AT B (T, Delivery, Delivery, in) 8 (C,
PayCash, PayCash, out), [H It Ticket Service 5§ Customer

Service LI H..
(T, Delivery, Delivery, out)

(C, OrderTicket, OrderT% (C, PayVISA, PayVISA, in)

g @ @ B

(CPayCash, PayCash, in)
(T, noTicket, noTicket, out)
(a) Ticket Service fI 74 R FFIHH B BIE R (T, Delivery,
Delivery, out) \ (T, noTicket, noTicket, out) F1a] £ &
(C, PayCash, PayCash, in) VY (C, PayCash, PayCash, in)
(T, Delivery, Delivery, in)

(C, OrderTicket, OrderTicket, out) (C, PayVISA, PayVISA, out)

/N@
SN~——7F

(C, PayCash, PayCash, out)
(bo) Customer Service 178 & FFFIERA[ R
(C, PayVISA, PayVISA, out) Y (C, PayCash, PayCash, out)

(T, Delivery, Delivery, in)
(C, OrderTicket,OrderTicket, out)

D (&)

(C, PayCash, Be
(T, noTicket, noTicket, in)
(by) Customer Service FIiH R 5 E KR FIH R
(T, Delivery, Delivery, in) /\ (T, noTicket, noTicket, in)
(T, Delivery, Delivery, in)
(C, OrderTicket, OrderTicket, our) (T, PayVISA, PayVISA, out)

(T, noTicket, noTicket, in)

(by) Customer Service [ B FI B RIREIH R
(T, Delivery, Delivery, in) \ (T, noTicket, noTicket, in)

& 2 Ticket Service Fil Customer Service H#77% 1 i) 5k nJ 1
HEMZEHBFIIE

BRI UL HIR A RS BT A LU R B, TEE
BRI BSFFI AR ST N B RA, BRATFRX R
KHAHAHE. —BH, RS HWESHET U HiE
HEARAANE AR

EX TRFHGEEME) HAN Web RF XA Y
HAEBEME, HEIUCEHE Ry XKWMAZEORKRE Y

¢ 9] .
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R ED, RS X M HEORRS Y HRAZD,

# Ticket Service & P~ 81 A$E O (OrderTicket, PayVI-
SA) HI—4 %y 1 32 10 (Delivery) , Customer Service A ¥ 4~ i
H 40 (OrderTicket, PayVISA) F1— 5y A 10 (Delivery),
BB L4, Ticket Service A1 Customer Service & SE4 15 B4
. B 1 BAXEMREENEEAEEHEFK
B TFHLEHAEN. BL L. FENFTE2HRNELER
I B otk I A B M5 L. Ticket Service FRRA[p1]%
FUkF| PayVISA B2 )5 & H Delivery 14 8., [ ff Custom-
er Service TE[q1 1% H Delivery {8 A4 % 1 PayVISA J§
B, FHEADRYM AR EES. Eik, [UURER RS
BEOHEEMELEEERAEN, BFELEEMEE .

EX 2URFHEAITNAE) BT Web RE XA Y
AR SCHEZS, HHAVEWE -

(DX WMAEDR Y WMiLED, Mt Y Wi AZED
X mmhiEn;

Q)X FEANIRS TR TEERHEBRELp], WL
FABELRHBREL]s

QEHFETHEHERE L], BRL(I=[ I8 A ¢]=
[=].

KT A BRI BRE M E S X 10]H B R B E L.
XTI 2 A () FT (b)) BB B AMA A RIE XA, BN
Customer Service TBALHIRBHE . HRIE—A B E
FXE ,PERENHEBFFIMARHE MK, XE 2
B () A (b)) 15 L AEEA, B A AR B B 5 R R
HETEN, BRNEMMNMERE HIHANHEHK.

3 FRIAMEMERREN

A FRURASYUERI ] LU B b A AR 55 4 & XU RS LU
FARERM LR, RITRAHEEABRREN DFSA
(Deterministic Finite State Automata) 12 %} Web iR 4 @i,

EX 3CHE A FREYL DFSA) & Web IR% X 2—
3640 DFSA, =4(Q, 20, frq0» 2 » HiHp

(DQR—THRREES;

(D)X CPLXPTXOPX {inyout) B— 1 BBREEE, &
—TTEHES PL P E%EH X portType £4 PT X opera-
tion B4 OP X {in,out} ;

(3) f: QX 2—>Q B—/ BR¥, i T H (state, message) B
B85 — RS states

(g € QBIFHHRE:

(5)ZEQ BRELREE.

DFSA BRI ARE &ML FHMNT R REEHE—
RHERSKEMBRFINE B B, —RIELT.E
A S R T B, TR 6 45 B AL BT R B T
B, XRE K DFSA BRI B A X 4358 Hil 17 B A0 3

B NBRX—EL SIARRERE2LEN. NIHE

W FERiR#E A BRARZ YL ADFSA( Annotated Determinis-
tic Finite State Automata),

BN AGRIRHEA BRARAY ADFSA) & Web iR %
X &— e ADFSA, =(Q, 2, f»q0,Z,L) , HH

(DQAR—THRRELES

(2)XCSPLXPTXOPX {inout) B— M EBREEE. 5
—ILEBEA PL TR #%E#H X portType A& PT X opera-
tion & OP X {in,out};
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(D f: QX Z—>QRB—eR¥, TR (state, message) Bk
SHEH—RE state;

(g0 € Q —RIFFARE s

(5)ZEQ REAREE;

(OL B—MriR%E, RABEARE(V, A ERIRE
ZEEIRR.

ADFSA B EIAL 5 T FiX 0 HE R E1H B APl %N TE
WHHEERS NI RS A SRS ENEL. §]
0, ADFSA AERIA] LLJ5 (8 40 154 B 2(by) A Web AR 45 69k 55
EiiiE VR

{qosqi»q2» 20} {(C,s OrderTicket, OrderTicket, out) ,
(T, Delivery, Delivery, in) A (T,noTicket,noTicket,in),(C,
PayCash,PayCash,out)} frqorzes{V, A}, b FiEM
FEX:

f(qo+(C,OrderTicket,OrderTicket,out)) =q: ;

f(qi (T, Delivery, Delivery,in)) =q:;

fqi +(T,noTicket,noTicket,in)) =z ;

f(q;,(C,PayCash,PayCash,out)) =z,

ETFHRREE A BRI, AT LOE AR 55 VT A R 3
—~ Web [R5 BEWEERRFHOFE, HIERFHEH
. MTFRSLEATEI T E X

EX SOEHILED % Web R4 X Al Web M4 X i 2
KR ILAC 24 H S FE— M ADFSA, =(Q, 2, f1q0, Z, L)
#| ADFSA; =(Q, %', f »q'o» Z', L") KRBt (R 25 . XX
§)g:Q-Q B g:Q-Q RFIBBST, X T VeEQ MY m
€Y, #H g(f(g, m)O=1 (g(@), m);FFEFBY g : Q|
—-Q, FERA L ,icE Exact(ADFSA, , ADFSA, ),

HHE X 5, RS E R A RS B A ST 2R
REE., REVEAARNET, MREHRR BOREE
RE2—HH. BREHLES ToRUALH. FL B
QUL (Plugin Match) £ 4 4 85 UL BT i — R4S 4], SE 22 ]
DI EMEHAEHER,

EX 6T EARVLHD) % Web RS X #1 Web fIR%E X'
R BARIL A Y HAOCHFE— 1 M ADFSA, =<(Q, 2, f1qo»
Z,Ly#| ADFSA, =<(Q, %', f,¢'0,Z', L) {i B (Simula-
tion) Bt 2:QQ L BIXt TV €eQMYmeE X, #4F f(g
(@)m=f(d,m), & L,icfk Plugln(ADFSA,, ADF-
SA: ).

ERE T EEHRTRA IR SR A R DL Ao ]
BRICEZEERAERN, PR ITERMIRREEAR
FRUR S HLBIASEE S 2 T Web R4 X 1 Web R4 X 894X
.

EX 7(F4 ADFSA I &) i Web IR % X il Web
fR% X'H3C %, ADFSA, =(Q, X, f,q0,Z, L), ADFSA, =
QL2 g0, Z LR E XNX =(Q", 2", 14 »
Z L), HhQ=QXQ, X =2XNX, [ (gh»gh) )
=(q2»q2)» fglira) =qi2 A f(qfl ya) =¢q g0 = (qios g )»
Z"'=ZXZ,

L queo.qzeo
Ugi+q) e Ne&) g ye)) EA (o) EA, ACL,ACL
s He

TR B ADFSA AC5E L IR 55 18 56 1 #1 L i /2

B RHEERMN, HIT NI TES. B3R Web IR%
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HAKY, BREMEDT HIHEFF T REEMA. R
W EFFI AR IR E A RS T RE —F R
B ARATERERGENRS, UMAMERFHASHE. &
PRIHE A BRUR AL, AT AR A P IH R FS.
EX SCATFABAZAHRAEND — 4 Web IRF IR E
SA—AZEMHELFF], W — & IR RE B RAREH
AT AAT B 42 R O FT B 5k % 42 41 BRIR 251 RPFA (Reachable
Path Finite Automaton),
FRFHEAHAENLELRMREDILE KT E AR
ZARIRESHL. B 2(a) ) Ticket Service F£7E B 5 7] F 3k %
HABAREL:
{OrderTicket, Delivery AnoTicket, PayVISA);
{OrderTicket, Delivery AnoTicket, PayCash>
HAp“A"RrBBHE . WRIERIIZE, BTER Cus-
tomer Service W iZ A #{LILBL Ticket Service, & 2(b)FFHE
—ZHRNLEEBIFF) (] 23X B A2 A BRAR B YL (Orde-
rTicket, Delivery A noTicket, PayCash) , /& 2(b, ) FEFER] 83K
B2 A BRAR B VL (OrderTicket, Delivery \ noTicket, PayVI-
SAY, #B 1 J& Plugln (Customer Service, Ticket Service), BfI
Ticket Service &5 Customer Service( 2(b ) gk & 2(b;)) Al 3k
R A FIRBAABRRSIL, B WA LURSHE S .

4 Web RESIEHITIESEE

AR Web RS EECNARINHRE A BURS ML, 8
HTRFERMEREFBAMNTRS LAMEHL. 5
Petri B TYEH M (workflow nets) SR S I AH LB, AR iR B
AR SYLIA SN E 2. EARRRE A RRS
PR 244 22K, B A B UL R A3 BPELAWS,
OWL-s ServiceModel %)y 45 L2 #3815 5 Wi B #ER AR IR
e A RS, HET BPELAWS gy gl & R A Al
PR E A BRRASPLET DU R0 1M B 5 R, #5588
EREBTEFE-REEENHB BZHF LA, Hkk
BPELAWS B AHR R0 1A BUR S L, AT Web IRF
55 FRRE T M B HE AR S5 VL B [RIERR v LA TS 4 4 7T B3k B 42
VG B ] R, A TP F87 4L DE L A 3R e

BPELAWS 4511 gl 4 i3 U e 4 B0 50 45 4 1135 3h 9
SEER . BAAEROLIAE TN EARS ¢. A B
— R g BIF G XA 4TG5 R T LIS R 4
FRIRHE E 1t A BR R A 4L PA (Partial Annotated Deterministic
Finite State Automata),

EX IGRAR AT EEARREI) |’ Web RS X
J2—AJté ADFSA, =(Q, 2, frq.Z, L), RAIH B F5I £
REEH—TMEARE ¢ € QMI—THIHRTS g € Q R
VHEIRES g0 TR E AR IRBE A RREH PA=(Q,
2 foGan s Quu s Z5 L),

EX 0CREEMS) BRE EFMLIRE
- ’ qs 9=q

flg,g>q) o HE

E)Z 11(& lé%:) &Q:Ql XQ292:21 XZz,q.-,.=
Qi1 X G2 3 Qo = Qo X Qa2 s F=F 1 X F3,0={((prq1)»a»
(Prg ) EQ XQ) X, X (Q X))y U{((psqi)sas(gzs
PNE@QXQIX I X(QXQ)},L=

(g .e)€EL; .(qZ sep)€Ly

(((I1 9(12)951 /\Q)»ﬂ“ PAI &PAZZ{Q92969(I{" » Qout 929]4}0
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BPELAWS B& F #5154, M ADFSA 25 TR
FHAWITHIHE B . EE/M2, H partnerlink (REEE
portType [ ffi &) . portType Fl operation 76 & 4L Al i1~ 8
ZIES, RE WS B ADFSA iR HBIER (pl, ptiop,
inB(pl, pt,op,out) , BN NS activity HRAT LA ST B E
REH que » FFERERF ¢ BB IRTEE A BURSHL PA,

Bz 1 25 95813575 81 (f03E reply, receive il invoke) . 45
W3 (245 sequence, while, switch Fl flow) 4K 1) Bk 5715
. BPELAWS 3| ADFSA Bt _2— 1 EZEAEHRITTE
(process) BIFR 47 IR & HEA FRARS ML PA i3 19 B o
.

5 ETHMENENRSERTE

M) Web IRE EBH B R4 — R E MRS EM
S (A 8 A S bRl ) 2L, IRA5 FEM T S RIS B
MR Chord M %%, 2 fif LI Chord, 2B b & SC B
BT HBAIEE 0 F 550, o7 DABOT Hus 4 T X th
BB A S LSRR AT R 2 S A

5.1 Chord F&&45H

Chord™® M #& J& — fb S &Y (1 25 My AL #b (Structured To-
pology) , G5y AL I FMNHE B0 aE T3 8 58 LWL /N P 4% 3
HRBPE N EN EA . BEF Kargar ()—2#: Hashing, ¥
R4 Key(A] B35 #4248 BRAR A HL) FN 3L bR i 171 35 Bl 5 31—
AR 27 #RZEERRA B, m BA/MER B LA R KE]
M S SEMBROEE , R E B WA Key 8077 GBS
BIFE—3 _EmESR/ NS AT LA ZZ S, TEZBIRIR L5 A Sk
HIRES:, BIIR R — A SCBRAEAE A 19 0 B AR R IR T 1K
BB H Key X RIAJE 8k &, BE I, Chord SRIEFETT s#R
MG RAEO T, X FE— Key W S8k 85, 90 E
3 Key MR AFB M 5 5.

5.2 BREEH

B Web IR MR E TS AR RBE TS
FRARZS B ADFSA, SR J5 2 BUA] 334 B A2 4 BROR B 4L RPFA
HAHIWE 5 R B RS MY S B, XREIAEER
LRGSR T RAME RN ADFSA, i H R X EE R E
RS R B RIERE ST HEHE . —MREMREE
n ZAEKREAABREVL.RAET LA LA n K. &R
Chord #R$ME M, B AT R A BEAERRENE L —1
Key, HN (1 35 38 11 35 47 6 F 4 B AT B B A2 A TR AR
AL AR DT R 2 B P BLA AR RRE
VUES.

5.3 BEEK

B R RS R RAT N ENT N T BLA R AR RS
¥l RPFA, Fll i A R BUE B AR B9 Key {8, T« LB 538
RIS &S RP(Registry Peer), IIE 3 fr7n. 8- MEMAT S
RP # R4 FIA W R R B8 I B 5 51 % (Communica-
tion Engine) Fl < 3 25 i) 5| % (Local Query Engine) ZH if,. i
F5 | R RBRFRBEEREE, R3S Chord RGN
ABBFEM SR B B AR ETER I SRR
R B AR R RS ESICA. Z e &L,
BB Web IR A SR RFH B0 HE KA F K%
BARRESYL, — R b AT DAFIEIR 55 D08 T AT 32 15
BN TR S EK RS HEHER Web I %, IR& W]
BEBIFERE T T IS .

.93 o
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AT EMET RN Web JRF KL EWA RN, ETF
LTSA (Labeled Transition System Analyzer)U 2 81 M
BPEL4AWS % ADFSA g T AFE THER Web IR 5 %
HHEFREY . AT HRIELR A E L, YL Internet 18
& Web IR% BRI IFBLS A ADFSA, E2% Chord MR
RIFATY R, 3% BL A 6 1 R 4 1Y L3R (latency) FIEr #E 3

(precision) ,

B 3 ZT Chord MKKEMAEEHIMVRER

(D3R

B 4 &8 T BPELAWS iR SCAE X REIER KX
. BERKHITEBENR 2000 At , 253 ¥ H B4 Olog
(2000)) Bk 4 (hops) . FEE BPELAWS BB EBE K, R4
EEBEHR EFES. % BPELAWS XHECh 200 B, R4E
FER 2 32. 1s; 24 BPELAWS BSCAHUR 900 B, REEAIEER
J250.8s, MBHFEAEZANHIERPBE, XLE KR
Web REFMBAHITHANE RS —H, FEBH
BPELAWS FIi2 Bl RPFA FFRIES WM HIAERRHER .

(DERE

ERREHEER SHRMFT AR Web IR 55 890

E, B5RATEMSHEFEERNZHE LB TPREN
(91%~97%) . MTEMESEH K 2000 B, 2 4 FE &35 96.
3% ; M a5 H B NS 5000 B, BFAEEE K 91, 2%, XA
PAE R RZEM B E 50, LR RN, XHET R
BT RIS BRI F B2 H ARG » IR i 2 M R BB ARE
MREFHEHTRK.

55 I’ ,

50

/'/
4 //
L

30

Latency (s)

%200 300 400 500 800 700 800 900

Number of BPEL Descriptions

B4 RS BPELAWS HiR M X BB X R

S5EFREFZILE A UDDI &4 SUN JAXR Registry
CR¥HERERR 43% 24 AR LE 80ms) FIA T R 52h
REfiiR QWSDL 1B F#) StarWSDS R4t CF M2 HEH1E 84 %
AP HEERTE 324ms) ML, BT IR WER AR Web IR
FRITTBEBRBER RS ERENFNERTERNRS
FEIR . X 6B R RO - (LB T BA M AAA FRAR A

. 94 .
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¥l RPFA IR 55 IC L , 8 REARAEAR %5 WU BR 4 & M A FIZEE
BT (2) RGFERIE A RARFEAR , SR R 55 T L 5 B 4 A1 18
B, {87 % BPELAWS 2 ADFSA ) 5C i Bt 5% LI & 78 $2 B
RPFA B8 L IHFEE S HESE .

100

&

8

Rate of querying services (%)
&

3

75
2000 2500 3000 3500 4000 4500 5000

Number of Peers

M5 #HARNESERSEENXR

%t AEWMEDR Web [RERI T B, HTP BH
EBGRERMN AT EZHKE T LR Web R Zh6E
HHRIE S, BN GERIER S A S WA, 25 AR
TR RRSY HE TREITEIES M4 LR 4 ]
FRABREVIAITE R, 3 H M S R m IR AHET
P2P W%, LREREN, RAR S I B RHZETF Chord
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process {process}activity{/process) ggiséféc}’,i’ ,); ;3’,' éﬁu( ;f:‘; f I:I;>

(reply partnerLink=“pl” portType="“pt”

repl operation=“op”variable="“var”/) PA=({so,s1} . {(plsptiop,in) }{(so,(pls ptiop,in)>s1)}
ply {invoke partnerLin.k=“pl”gortType=“pt” 50251+ { (50> (plsptioprout)) sy strue) )

operation==“0p”inputVariable=“var”/>

(reply partnerLink=“pl”portType="“pt” PA=({sg.s1}»{(plaptsop+in) } {(so.,(plspt.opin),s1)}

receive operation="“0p”variable=“var”/) 50551805 { (50, (pLsptrop,out)),s1-true)})
({invoke partnerLink="“p!”portType="*pt” PA=({s .
T e . - =({soss1s52},{(pl,ptyop,in)},(plspt.op,out) },{(so.(pl,pt,
invoke “oar™ operation op ™ inputVariable 0p»in) ,51)} (s1,(pls pt.opsout) »s2)} 250552+ {(s0s (Pl ptyop,s
outputVariable=“zar”; /) out)) ,s1.true) s(sz strue) })
while activity | {(while condition=“cond”)PA, {/while) PA= f(PA1+Qut,1"qin,1)

n—1
sequence activity | (sequence)PA;,PA;,,PA,{/squence) PA=PA,U( 'L_Jlf(PA.- > Qout i > Qini+1))

Flow actiity | (flow)PAy,PAy .+, PAq(flow) PA=fCf (A PAG (G Gins s Qo) = )s (Gt s Qaaits

Qout yn )"*qm, )
(switch)
{case condition="cond; "YPA; (/case)
switch actiity '(.c.ase condition=""cond; ") PA; ¢/ case) PA= .Qof (fCPA; »@in>Gin ) > Qout i Qo )
{case condition="“cond,”YPA,{/case) '
{/switch)
(pick)

(onMessage partnerLink="“pl;”
portType=“pt;” operation="“op;”
variable=“var; ”)PA; {/onMessage)

pick PA= U fCf(PA; 1G>G » Qo Qo)

{onMessage partnerLink="pl,”
portType="“pt,” operation="*op,”
varialbe= “var,”YPA, {/onMessage)
(onAlarm)PAy{/onAlarm)

{/pick)
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