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Describing and Verifying Web Service Using Pi-Calculus

LIAO Jun TAN Hao LIU Jin-De
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Abstract  Using formal method is an effective methodology for modeling and verifying software
system. Describing and verifying Web services by formal method is an important research. Guar-
anteeing the validity of Web services composition is necessary for enhancing the value of services.
Pi-calculus is a kind of mobile process algebra which can be used to model concurrent and dynamic
systems, Web services and their composition are described and modeled based on Pi-calculus in
this paper. Some difference among the Pi-calculus and other formal methods is discussed. Rules
about applying Pi-calculus to Web services are explained and the method of working out agents
and channels is proposed. Relationship between Pi-calculus and Web services protocol stack is il-
lustrated too. Finally, a demo is constructed and the validity of composition model is verified.
Compared to process algebra method based on CCS, the Pi-Calculus can be used for describing

and reasoning dynamic system and appropriate for modeling Web services composition.
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myx)={y,x},
mly(x).P)={a} U (m(P)—{x}),
m(H)P)= fn(P)—{x}.
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TAU-ACT: ————— F R T, . P
z‘.P —>P
%k ¢ VERCH P
OUTPUT-ACT: ————— 5 AEfi 5 &
Ty.P P
Foav.P it oy SHERCH P
INPUT-ACT: e & fn(()P)
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x (W EH ¢, SUM N FIR 2 P ] LU i 304 o 1
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MATCH.

PAR: — L () N (@@=
PlQ—P'|Q
Ty _, ()
com, PP QA
PlQ—P'|Q {y/z}

() _, (),
PESP QTN

CLOSE. . ;
PlQ—(w)P'|Q
RES. P . P yEn(a);
()P —>(yP’
p-p’
OPEN . -5 VE T2 & ((y)P);
(WP —>P{z/y}
REP;PH—P.
'\P——>P'|IP
ENX 3. Pi-JHE S50 0.
PlQ=Q|P, (P|QI|R=P|Q|R),
P+Q=Q+P. (P+Q+R=P+(Q+R).

((OP)|1Q=()(P|Q) if €& fn(Q),
2(y) . P=x(2).({z/y}P) if =& fn(P),
(WMP=()Uz/y}P) if =& fn(P).
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Web RS54 A 1 —FiET . BRI T Pi- 53R
M. £ XLANG 11, Pi- B HEAITLR M WSDL st R
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£ 1 XLANG A Web FRE 5 Pi-RETEWNNXFR

Web M55 Pi- {5
Type Sort
Message Message
Operation Action
PortType Sort
Binding Interaction
Port Port
Service Process
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OrREET R L Web 175,

@ http://www. gotdotnet. com/team/xml_wsspecs/xlang-c
@  http://www. w3. org/ TR/2004/WD-ws-cdl-10-20041012/



638 it "

2 2005 4F

g |

UDDI |

PMERTN \\WS-Choreography |

i L Web

""""""" Ik

A | BPELAWS)

|( YWL-S I 554 EE]L

m~W%mE§|\W$L/‘K$Qwusm%%@/k

XML L2 |

SOAP |

sz |

HTTP/FTP/SMTP/I10OP, etc |

K1 Web IR 55 465 B EPRLER

bR b, Web Ik 55 U E iR 15 7 WS-CDL gk
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HAF WSDL #REWS 5 Pi-0 B 45 A oK, X FE M
TELE®A TH— W F N LR T
TE A P A — SO R E.

AScH, FEIER A TR Web R 551
ik e B S Pi-vE S N RS Aok R, 2
UL FE AR RS 1 AR 3 AR L B Web
JIk 55 A1 Web Iz 55 09 206 43 5 1] Pi- 18 55 37 i k.

T Web IR 55 £ n b Pi- 18 50 SF 2. A
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i (Process )

1E(Action)

‘ 38 i (Channel ) T4 #2 (Link ) | %it; I (Port )

Bl 2 Pi-fi A wE

IR — DA R T gfE, P RN A E A
T L Q R AR A T ST R R A T 1A
HGAE L AE R 6 — & SR . sh Ak y &1 E
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Request: & PRI 1T 5215 3K (Req)

AskInfo: 1T 5% ik 55 1 4 1 7] 25 7 AR 3 A9 757 oK
(Ask) ;

ProvInfo. % FACHLK % 7 (4 B AR5 oK & [0 45
AN U el N = S AN VL O i 21 B P 5

# AskInfo
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(Pro);

Refusal : 7T 52 Ik 55 M 476 % P AR AL (9 45 B A
HLER B R 10T 15 B, R BRI 2 & P /7 SR, &
HJC R AR 2L IR 55 AR 45 15 B (ReD)

Accept: BEWS I R & P o R TSRS 82 71T
FHK (Aco);

GetTicketInfo: 1T 5 R 55 1] #1552 B0 40 IR 5534 oK
T AT BRAG M IEEE (Get)

TicketInfo . HL 5240 iz 55 3% 18] A OCELHE (Tic)

RequirePay: 1T 5%l 55 17 4R A7 Al 55 22 R AF 3k (1
BEAEATHUE 6 5 T B8 & 7 B AR AT K S
17) (ReP) ;

InformPay ;4817 32 A IR 55 1) & AR & Ak
1R (InD) 5

PaymentFee: & F R BRAT ZIEH0IA (Pay)

PaySucc  ARAT AR 55 1T E RS, & P 2
3R (PaS) ;

Confirmation: 1T 52k 55 n] 2% 7 & i A fE B
TSN (Con).

Pi- {0 R s X Fh A2 3447 0 9 A 307 30, 7T LA
THAEM RN RGAT R B Web IR H G 192
OG22 WS 8 Pi- B 0 3 Ak AU 7 A e g
) B, (1) Ay R 510 3R 4 b i S 1 BE R (] i
Pi- 5 A AQEL) 5 (2) A 50 H AL ] e 3 3 A
WIE 2L L 25 Hh S PR B T A = A ).

MW 1. 2 bR 5 IR 55 AR D — AR
HL WYL Web lie 55 A& B9 T Web it 55
VE — AR B 2 75 XS A 5 e i R — il 55
HEAT P 32 28 6 0E A0 AR S5 B B ] g3 R R
JUAS AR 57 A AR,

MW 2. Y B LEPTS AR ) DL — 5 0
B CIEFFAT) e AR — il b P AT 50

MW 3. FFEE AR WA R B DA —

TR UL B3 SR HLI R AT e Ak, AR R DL 1
FLIN 13 Hh R Sy an il 4 Bl s i I

Ewﬁ@ ; < ﬁTm% mﬁﬁﬁ\\ |
(Llant) (Agnn(y) R %5 (Data) /
" /l\ ~_
g rims
3 e 55 21 &
(Lnnk) (bervmebystem)

Bl 4 Web M55 414 4k Pi-i8 B3 &

Hodr 2 & P ACH Client 5172 R4 Agency
Z B REIE , y AITEIRE Agency S5 HLEEEUE IR &
Data Z [A] {18 18 , = A 84T AT IR %5 Bank 5175
R4 Agency Z 8] B E , w HE P LH Client 5
AT AT S5 Bank 22 8] i) 38 1.

X R GEHAT BT Ch T I A b R R i i A
RAH R R A BB T RIS O)

LQ
¢c={x,w,Req,Ask,Pro,Ref,Acc,Inf,Pay,Con} ,
Client(¢) =x(Req) .x(msg) .([msg= Ask]

(x{Pro).x(msgl) .([msgl=Ref]Client(¢) +
[msgl=Acc]w(msg2) [msg2=
Inflw{Pay).x(msg3) .[msg3= Con]Client(¢)).

Al , 1T SR 55 AL SO AR 55 AR AT S A IR
55 03 B RN

SRS

w

a={x,y,z,Req,Ask, Pro,Get, Tic,Ref, Acc,
ReP,PaS,Con},

Agency(a)=

x(msg).[msg=Reqlx (Ask) .x(msgl) [msgl=

Pro]y(Get).y(msg2) .[msg2=

Tic](x{Ref).Agency(a)+

x(Acc) .z (ReP) .z(msg3). [msg3=PaS]x{Con).

Agency(a)).

HLEE B IR 55

W

d=1{v,Get, Tic},

Data(d) = y(msg) [msg=Get ]y (Tic) .Data(d).
AT AR 55
TX
b={z,w,ReP,Inf,Pay,PaS},
Bank(b) =
z(msg) [msg=ReP Jw(Inf) rw(msgl) [msgl=
Paylz(PaS).Bank(b).
AR 55 R 4 ServiceSystem H 1T 22 IRk 45 . #L
SEAHE IR 55 AR AT SO I 55 3 ] 4
¥fF ServiceSystem KV, { v,z & H NP LA
L Jr LUV AE N 2 R4 B 4
={x,w,Req,Ask,Pro,Ref,Acc,Inf,Pay,Con} ,
ServiceSystem & LU .

ServiceSystem(5) = (y,z) (Agency(a) | Bank(b) |
Data(d)).
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FoA S A B — IR 55 HEAT 20 B AR UE B A T A O
o3 B LA R Al S7 AU E LA Agency i, wl LA
H AR 5 R i) = ER 4.

5 Agency B PSR 55 43 E 1&

Bl 5o CA NETTHTT5E T L H RS . DA
2 T BRIBCHL S22 19 IR 55, 1 BA 1 58 5 AT ik
SR 55, AN RS A S R Lomon = 5500
B AR, A Agency ik R Iy =A%
L0555 Agency I =Sk AhEE A, =
AMIEAEZRIBEELL [,m.n FHE WK Agency IR
% Hiid B 5 ServiceSystem BY— L, i i3 X Fp
TR TT DAY A A IR 55 AT LAH 2L J7 UM/
FIRA A EA R R JE BT G IRFH S
TE AR # 52 A4 1 i )2 OB D IR 55

TEIXAS S v, Pi- 18 55 AT 78 53 B RE 1 R il ik 58
Bl EE R I BRI R R X R
Ge 4% LUE AL AT B
3.3 HRREHZHEEN

Pi- 7 R AT B CCS SR 3, 3¢ 3 1 366 3 i
2 e HOH SURRAE ; 3 [ 15 Pi- 1853 B8 68 1 AR 451 5
SRS, MBI E RE 5. AR, AT
FH B KAl i8R e 55 21 & 1 3h 25 28 4k, i s L Hidie ik
55— IR 55, 24 ST 4% 2l i S P, =
TR AT R 55 Agency . ik BB IR 55 55 V) e 31 &
173 I 55 A% 1 18 . AP 6 FTR.

B e T I

— -
wriim grilg” i
(Client) P (Agency) 7

\\ / : 7

— - ' — _

.

e "
" ( )
HATEARG ) Sy ) (BakData) /

" (Bank) 4 NS

e TR E T T e T e

Kl 6 Mzss iy shas bl

P

&l 6 FoR LR EAE I 55 Data 7645 1E i 55 1 L i
iy EE R FORE T A OO IR 55 A% Z ] FA AT
WHIE bak fF#E 25 T IT 55 Agency, #4 T Data
PR TAAEIE bak 180 B R A 6 Hh i 2
AV TBR1 A ) 0 BB R B T R 22 i I RE Y8 D .
Agency TE3REUE] bak 8 J5 , {8 7] f# H] bak 18 1 4k
SRil R M CBE IR 55 X R G OR UL A W AR
R

(bak) (y<{bak).Data’ | BakData) | y(2) . Agency’
—T>(ba/€) (Data’ | BakData | Agencyl {bak/z}).

RGN G K R 1S Agency AT LA
3 ok A% 0 B 38 Vs 0] 251 BN A 55 7
3.4 FIAPI-REXRGHITHEMRIE

flft B 046 T H 1Y H bR b B R 58 BT R I,
RV Bl A Pi- 18 A B T R A R R A
SEHAT N s WAL FR SR AL ST 5, 0 a) A1) ] Pi- 8 5
e HE T FR GERIAT A 5 () IR 36 S ASE 2 ) TE A L dn e 31
RYAT A GERE S kD[R] 2D A5 BRI AE R
INf, #0 B AT I BeAG Ay, DLORIE R 58 2 — BRI 5K
Bt I HAE T 5

Pi- i 55 A BRARZSHL T HE A Zh HLAE R LA
L, OO0 3 AR BLAE W J7 18] . — 2 X S5 B A
TsRAL AT B S PLSE N R 4R TR S S H 2
Robin Milner &M iE 5 &M A BHEIF AR RSP H
SR E RS, B LTE Pi-wl B 5] A T s AR
UGB, i HOR AL DL K 55 HORE AL A A A, DL IX 4
SR AN B AR R A Sh AL 18] A DX . 3 [R]
WG T RATRAET D R G2 W EM A )i
REG P BB RGE Q. WFKm P Z/AREEMQ Fr
AE 52 Y BT A7 A 55 AR ST QSR R GE P OAI Q 85 HLASE
PRSP A Q IR 1Y A AT S o 55 M 1.
X EBAUM S TR IR T AN, S
WLSCHRL4,5].

i Sy — B i 0 AR 1 I8 AR T 2, Pi-TE 5
A S AR G TE A P 60 RN AR OGN T B9 TR JACK
THA T Pi-HA AIEE PICT, W $AATHY Pi- i
B EPT LI AL (2 R AR T R VPAMPY 48, A3
KT New Jersey SML 1B T ik s 1) MWB
(Mobility Workbench) T. AP MWB T. B2 H T
BAEM TR 3 0F & R A sk P T A,
B R B g R F SML (R AR TR &) 14
A, ELAAAE A A9 2 IR DL R S 56 % S B SMIL/N]
110 K. %6 iF I A 51 52 560 2R 858 8 . Windows2000,
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SML/NJ 110. 0. 3 kit MWB’ 99 Rz, T It 5 7 1tk 5
B PG TR X 2H G Y Web [ 55 455 30 3 47 41 16 A 96 I
i MWB T B3R R K XG4T 1R 20 vl
DL SRR RE SCHY — SEBEAC R R . AN BRI B iR | b
6] 25 AN S B R AT g 25 O T A B0 e B ) e HE
IR — Sk g 5 0L i A5 2. T deadlocks fiy 4 W] LA
A RS S B (R SRR k) iR L, JF BT
LT step fn 2 & B H AT N AT R G470 W)
BB . 8 X B BE AL BRI L I IE AR SR LA
AMPRIT TR IR R E S R FH R E
M. X T AT S0 IE R g8 5 B I R SR — 2, SCHER[13]
ot T — b i B AR S IR W L %7 02
T CCS R G ny WA EE AN (1R B, PR o WL 5¢ 55 512 B
R PR SR AT A B R 5 IR 55 R G AR R R AT
N —BXOEN] T RGN T R H R X
T Pi- B R, A B B AR LE X A T RN RE
FEAE MWB TR p i L B AT R 8 % - AR
PIAT R R R 2R AT o BR R 30 3 45 A 1 5 X
O 561 H: ) R A A .
T U TAT 9 A0 B ehy , FRATDRE 20 P AR e A
N AR SRR BRAAEAE T Web RS540 4 i
FRrb XA B 2R % P B R R N R
GEBCTHHY E AR, RO ATT 2 52 B Y 2R 48 e i 2 % P AR
TR ARG, PTLAE 3 BEHET A Web IR 55416
Iz 2 % P AR T oK. P T8 Bk il AR X A
LA 3 BRHER 1) Web IS4 A 5% L
I 1% 7 A 1 L B2 PR AT 5 IR 55 R 4
SR A, QSR R GEE R K oK 2 P A A
B T IE AR R R 0V % 5 IR 55 2R Ge i ERE AT
& PAREL A XS R G RR E L
ReverseClient (¢) =
x(msg).[msg=Req]x{Ask) .x(msgl).[msgl=
Pro](x{Ref).ReverseClient(c)+
x{Ace) wlInf) wlmsg2) [ msg2=
Pay]x{Con) .ReverseClient(¢)) ,
Lrp
c={x,w,Req,Ask,Pro,Ref,Acc,Inf,Pay,Con}.
R ServiceSystem B E X, {Get, Tic, ReP,
PaS}I2Z Mk 55 Z G0 L WM E {y, =) NS R, X)
SNEATR AT WA AR Y T —A ¢ SIfE. 78 Ser-
viceSystem H ¥ « SIMETH L5 1 R H 5 R Service-
System JE ML EM ). AT LLE R, H L « shiE)E
ServiceSystem [ Al MZE S 1E S 5 ReverseClient 52
AR TR B E AT P AR ) Y 3 3 5 A0 5 A

)

i MWB T B/ step fir 243 5 B BF Rever-
seClient Y17 A I 25 ¢ 1 1EJ5 ServiceSystem [
FroA QAT LRI AR T Y A TR A S TN —
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Framework of Software Radio based on emORB which is be-

class prize of National Defense; Core

ing focused by National Navy who intends to use it; ABCBA
on which a securities administration system was successfully
developed and put into use.

Now Web services and pervasive computing middleware
(pvewCORBA) are used as middleware for integrating all of
the former works. Pi-calculus is used as a tool of formal
method to describing and verifying services and software
component composition. In this paper. several rules of de-
scribing Web services and a method of reasoning Web serv-

ices based on pi-calculus are presented.



