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Abstract

As a new computing model, Web Services are becoming more and more attractive. It is one of the
most important challenges of Web Services to ensure that the result of running composited web
services is consistent and reliable. Transaction mechanism is considered to be applied in web services
composition to generate consistent and reliable outcome. Nowadays, new transaction protocols and
standards based on traditional transaction mechanisms are proposed in consideration of Web Services’
characteristics such as autonomy, heterogeneous, long period and so on. Among the protocols, a
coordination protocol named WS-TX is a commonly concerned protocol for it has used the existing
and developing standards and can be actioned as a component in the web services architecture.

As we know that WS-TX is described by natural language and lacks of strict semantics, lots of
researchers apply formal method to do research on WS-TX. Howerver, the correctness of protocol
doesn’t imply that the scenarios applying WS-TX meet transaction needs. Thus pi-calculus is used to
model the scenarios applying WS-TX and a symbolic model checking tool named NuSMV2 is
adopted to check whether the scenarios meet safety and liveness. The main research works can be
listed as follows.

First of all, considering the concurrency of WS-TX scenarios, pi-calculus is adopted and the
mapping relation of elements of WS-TX scenarios and pi-calculus is proposed. Furthermore,
modeling rules of pi-calculus are studied. In order to verify the practicability of mapping rules, a
scenario about account transfer applying WS-AT which is a concrete coordination protocol in WS-TX
and another scenario about travel arrangement applying WS-BA which is another coordination
protocol in WS-TX are presented and modeled by pi-calculus.

Secondly, for existing model checking tools for pi-calculus can’t meet our command, pi-calculus
models are translated into finite state machine described by SMV language, which is the input of
NuSMV2. The translating rules from pi-calculus models to SMV language code are proposed derived
from the mapping from labeled transition system to kripke structure. Based on the rules, an automatic
translating tool named PiCal2NuSMYV is designed and implemented.

Finally, safety and liveness are defined respectively in WS-AT scenarios and WS-BA scenarios,
which are then represented in CTL (Computation Tree Logic). NuSMV?2 is used to checking whether
the coordination processes of account transfer and travel arrangement meet the properties described in

CTL. The result of model checking shows that the scenarios applying WS-TX have transaction
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properties and the WS-TX protocol itself is reliable. A method about how to analyse conuterexamples
generated by NuSMV?2 is presented lastly.

Keywords: Web Services, transaction processing, formal method, pi-calculus, protocol modeling,
model checking
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Web fi2-(Web Services) #BE7E Web LAATLLE T SOAP thiX#H TR H M F & T XA M.
SOAP(Simple Object Access Protocol) — fEjE3t R Ui P, R—FET XML AR+
BN, XRESARREP M BERAERT R,

WSDL(Web Services Description Language) —— Web fR%-#iid &S, & T XML # Web
MREEOHRER.

UDDI(Universal Description, Discovery and Integration) —— Zi—#iif. KBMERINNL, £
— PR % HR FR BRI o

Pi-E (Pi-Calculus) — —FRR#R IR, BIHRAMFBRAL.

WS-TX — OASIS ) Web REBEHHARZRLHEN Web REFH M, BF
WS-Coordination, WS-AtomicTransaction H1 WS-BusinessActivity = &4} .

WS-C(Web Services Coordination) — Web fR45-thifl, RAF EMELHAESR.
WS-AT(Web Services AtomicTransaction) — Web fR45JR T F4, £ WS-C ERE EEX T —
AMEFEFWRAREHTFHAAE “All-or-None” BHHIES).

WS-BA(Web Services BusinessActivity) —— Web R4\ %15 3, £ WS-C IR _EE T i
WAFEBI AR T thiRvEsh, XEmERLESERLEYEREEITERY L
KR

NuSMV2 — —HMFRRERERRI TR, ATRIEFRRERARTHEHFEBHRNT
X, BTRHSERRNASL.

SMVIEE — HHURATANSMV2KRALEHRIES .

LTL(Linear Temporal Logic) — £t Fi24 .

CTL(Computation Tree Logic) — & ¥:i8%, BT HZHFEHE,
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L1 REAREEREX

ERRMLH, FRITEBBIALHLNEFEREP, AREFHLNEBAMUUMKE
YR, ReRSRE, FANEERESHERTRERRR, XTUMAEH,. FEARPXLEER
R ENBEARMABURRH SR BEREE, XUEBEIBE PR RZIE T HL 7 P
FEPZEENRENEL, AT EHLRBIALHR, F2ERERER—BHEHIE
B, A ARRIEA RSN — B, FHLERARNZLEXREBRENERERAERR
T BEONHIREED, FHRETDEAMRMNARE LR AN ERNRELS,
BALERI, BALBRM, HREHFRITOELBEHERTRY, XA “All-or-None”
AT SCR A 4 O P 1 O 2

B Internet )% AT Internet N FHISESD, LA Web FIR 55 9 ZER 1T () AR 45 vH A R R
#J (Service-Oriented Architecture, SOA) MiETi4E. Web BREAEA—Fm Hii a0 it HARR,
Bk Web EEIRAE BERMAINFC. T EREF/HIER, 1 Web RS FEB LG HE
R T RASE—RERF O, BT Web RENBRLBIRREAFMS LRRARM
IR BB RAED), KRER Web REASPITRA B TR, HasREBHRETH
RAENZFRE. KRBT UMEHEEVBRA LS. BREENELERELREREN
AHEANHPBE T ZHFAMNA, BETF Veb RS BB MRERAME. BITREHK, FF
BRI, FHAEMSHNENE. RENTEEN—BHTERRFTHOER EHEANSFES
R E A E) Web Rge R, Rk, i Web R4 AT BT 45 SRR I AT {RAE R F — Btk
BIZERM. REEERT, AEREWBITRER T —BRE, £ Veb REAANAK— K5
B, R LR sl

BPEL(Business Process Execution Language, Mt 3 fEHITiES)WE N Web FR% L LK
R, FRABRMGTEMENBMTEENSE5EZRANMEA—BHD, TRRNEZMS
RN ESFE PR WS-TX iRl % 88 5 & REE M RS AR A K@
A, XREH WS-TX HCRFRA AR E R FERBRARRMKBET M. WS-TX thill2
OASIS(Organizatioan for the Advancement of Structured Information Standard, Z5¥J{L{5 BARE(R
ALY, #RT — MW AS AXNHBRFT ARSI ICHFN AT BIER, XF AL
WATBH T HE MLERBEEEMETT, BNEIAAFSMRE EH—BENER.

WS-TX WSUCh AR B FHLBRG T R R, WFIRIE WS-TX SR
ERHRE WS-TX sl T2 Ak 45 L AR R R, 2 308x X — o) B R FFF A«
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1.2 Web AR5 E 500 E MM RINK

BfA RAE Web FRETNL S MRS HFER Web IRETFRP RS RE, BITHEARRHL
WHREIRE. FRRMHRE EZEMLLTHED ST Web REHF B THA:

(D FARMAAERR T HE—LRRBEFE T HHERMMEEE, SHRBHBIT
54 H % ACID (Atomicity, Consistency, Isolation, Durability) $F#EMIEXK, &FIRHBTEM
PRESER, TIRH. KETRATHISEE. HRKESN Sagas! 01 HE—KRH
THEFSHMS, REATERAEZRBYEFRITHA CREMMELERFIEBIMHBRE.
RUFEHRAIRL RN ETFHARESERREOREST BESER, FHEZM
BRI ERFMKBIX RASHE—IE. Zhang FHWERM TN B ERZERE K
BEEEN, #—SMRTRUESN—BHAE"., EETEA¥MECERLSRHT—A
REFARMAEESHKESOER, AHTIVREERKENEM, ERRIEERAZNE
BB SR I TELSPITHRMKBRF BN, FEEMESREKD). PRBRRATIR
S RSNRE RS IMET AR, ST —METRAE R E SRR,

(2) BRI % Web [RE S BMEFHTHARCELR T Bix LERFR MRS,
EHARX Web REFFHEAMBERAR D, EFARBRIFRARZMH#ERETENAAR
% . Bocchi Z{RH T t-calculus™, ¥ Pi-gBAETH B, MATLBRISHE FUIHKES,
Butler FHMAZRMBERK EMAMZE T, RUXFHHRELLBIES SAC, RELH
MEHHBEHEESESRRERAZ—.

WHELUR, A THRAEENEFLERE T AHERRE, TYRAHEEIT)
BA BRI OASIS. OMG 1 W3C ERARZER &, —HBh FHEsmkEsELL
B R i, EEARE WS-CAF(Web Services Composition Application Framework)™”)\
BTP(Business Transaction Protocol)®#1 WS-TX!""), WS-TX HiF Web %, FIH THA HAME
FEHIT R bR, LI WSDL(Web Services Description Language)®. WS-Addressing®™ .
WS-Security™ 1 WS-Policy4%. iX{# WS-TX 7 Web REIFHE, 3 HE THE, &
A LMHEEAHEA— AN Web IREZEHIH, Web FRELEHIZEYE AR AL T BUEAT 3 540
WL AZAEMAH. Bk, WS-TX AR ZXEMRE. BifEHE WS-TX EH, K
F433% Apahe § Kanlula®FF¥E5 B . Sun #) WSIT(Web Services Interoperability Technologies)
FF5 55 B PRk i) WCF(Windows Communication Foundation)%i H ( £ % F NET Framework
3.0 &), EfMEL%LH T WS-Coordination F1 WS-BusinessActivity thi¥, 3 HERERA
¥ WS-BusinessActivity ¥ FI5EHE.

TAr R I Web IR F &R XIVRA B, RESBERT AN, RNT
WHRERAMRTEFHDIGE, KAZRXABRESTRE, BAHIHUHRFFMT, 8
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UARFEENNEHOAT, REEHREEN. HHXANEE EL2FHRARERRLTE
3t TR B S PR EET T HXH R Berger £HI RS PigH X AR B4 L E 2 I
BB BRI IUHAT T RAMRAED. BB KSR S LSRR T —HARBIEEN
FRUHED, FAXSANARBEN KNSR, fHBBRT Web REBLLELR, Haoir
i T B K WS-AtomicTransaction 1 WS-BusinessActivity H}. X225 80 ik 7 i1k
MR BLHRTIERTITEFRENMN. R, EEHAAXBEPERIEFFHN (W
WS-AtomicTransaction 1 WS-BusinessActivity) A& KERYE, HRARIEHHES NN
SRR R P RS BRI E TR K H .

AT ZRARRNLLE TS, ERTE—RWE Hagen FELBARTIERNE, AETE
I LA B RGBT B A S0 % B i —BUEP). WS-Coordination Bt R iXAE—FRIEL %
M B —BUHE R EMSUHESE, T WS-AtomicTransaction 1 WS-BusinessActivity Ml F SR fRif th il i #2
BAHS45E. Curbera %3 & BPEL WA 1F A Z RIMAMER X RFER M WS-TX K HhH L
TX, #RUBAAE Web R MIELE . Yang %L\ BPEL A WS-TX HERM, §%
WS-BusinessActivity VM, RN SAMEZEEARZEN—S, ELILFSHRESHEN
#1P%, Schafer X T MATKE KRG, HE—SF K WS-TX MIMAESE, TRLEHEZEAY
TRIBEM S B RTEOAMEERER, X AR A RO R R R ER A RAE k.

dxt ERAR, ASCEXHEH WS-TX hXKNAGRREHERAT RNEFFERIT
WR, Rt WS-TX MU REEHEFFAFERRIES %, UURIEER WS-TX BN
HBEBEBRERITHITR. X WS-TX PN RET R 5 RAEBE AT LA UE M A
BRREHREFFFHEATRSHRORT SR, XTLRIEUCR S AT .

1.3 A RA B NELRLH

ﬁ&% |
— HER > S (?’[‘L;ﬁj&
WS- Pi-i ¥ NuSM e
TX ¥z || PiEK svy ™ SMViZ V2HER g,
ik s ;S biid: B ARG I bon ] -

Bl 1.1 WS-TX P} R F i) Pi-i B AL RAE )7
WS-TX U A AL % F 45 IR L T 7%, BRI TR RERRLERIE.
FEXT WS-TX Wl R P, ¥ WS-TX BARF & B2 F AR RE D, &30k
TR, B 1.1 Sl T ARIHRME: WS-TX il Pi-m B AR .
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HER WS-TX MASRHAT Pi-RERE, B PEEHREEREAN SMV (AR T
R NuSMV2 HIRGHRES) BEAB, B3 SMV EEHIRMN WS-TX MAGRMEE,
R J5 18 F CTL(Computation Tree Logic, v+ & #:818)% WS-TX N 17 5 ML & fdk S 1T ik
HH NuSMV2 Rrlll RER TR R, IRERHEL, WETRME WS-TX BB 3H #1785
&, HEETUARHN WS-TX il B R E SR c g2 4.

EAXHEEFANBESANE, FETABHDDOT:

B—E &R, ARTAXREARMEREEXL. 7T Web S FLHENIFHH
R, HEHTEXWEERRTENNE.

F_%F Web REFHHBER. BMRT Web RE RABKHA, ERTH AR Web FR%E
S, LAK Web RSB E MBI T %, RIGXTH BT AXER WS-TX thilG#T T 247,

B=F BT Pi-REM WS-TX hilHBE. HESNT Pi-gBEURMAEMA Pi-
HEXN WS-TX thill S RTRE. HKX WS-TX PSP By st T THF
R, BUGIRIE PRE BN WS-TX thill RN R R T M.

FE Pi-EEENN SMV BFRE. Wik THHAERSN TR NusSMV2 fRE, 3
Pi-RF RS SMV BFFAUD M SNIZEAT TR, LI T A48 TR PiCal2NuSMV.

FRTE ET NuSMV2 i) WS-TX thil NI RR M R AT . 247 T WS-TX Yl Rl #t
MIYER, 3H CTL 347 T #d . ¥ WS-TX VYR F37 A0 Pi-R AR R0 4 SMV BFFRH,
£ NuSMV2 R R EWEHER, HxHRusRisiT T 2.

BAE BEERE NAIGE SRR T/RT T B4, B A SCRETRNAR I,

FX N BEARLHIME 1.2 i,

o
WeblR 555 % g

BIE Pi-iRE
BAUHSMVRIFRR
HHE ETNuSMV2HIWSS

PR AR R R R o

FAE BEERYE

WS- mmwxmméﬁ

B 1.2 RXALLEH
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E_Z Web RS EF IR

Web R4 £ 4 —FhH B A TS B BIMRE 2 M A, RiE Web lREA & HAT4HRI
—BHEHT R RHIA Web IRFMEEREZ —, XXKEBATLAFA Web IR HIH 5 il
AEHER Web REBEBHTHAR, 247 Web IS HFHMRITERE AP

2.1 Web BRE REHBEXHA

R ERKWebARST (Web Services) X H: Webf%y 2 —FEFRFMEMKEAR, &
AR WebUREERS, B MR RIEARREFE KRS T U ELERME. RIBEWICHKEX,
WebfRFG R LR —MKUFRZE, XM AARNRNOE3ERE. WebilRFBHRIFEN
ARFED (APD FRARN, BIELM%MERERS BN, BITEFFRZREHEX.
WebRFFTUERHEMAMEES TR, HFHHETERTFE L. WebMR%EHXML(Extensible
Markup Language, A" BFFRIE B REREAMEDRHER, BIcHEm ™ LLERE. ZFXML
(IWebfR 5 BT ARk WebtUH TR B . REHIERXMLEORHE, ERFANMHRE
F#ReERA. ERXMLASHARMER LM S, NARFRERERRE XA CHRIE
At IR AR XML. BT A =M ETXMLIEARNE A, B8N B WebfR % 5 35 _EAiaE:
(1) fE%xt2 9l (Simple Object Access Protocol, SOAP)™, 5 L7 WebfR4s #xE f138
Bl

(2) WebfR%- 1R E5 (Web Services Description Language, WSDLY*!, & X T ##fid
Web k45 HIHLH.

() Z—Hik. RIS (Universal Description, Discovery and Integration, UDDD)™”], ${
T MR WebfR 45 HIFRHENL ] o

g {
Webligpfis K __SOAPKML Y Webffi%ieit#
2.1 Web R H 4524

21 #5RT Web RFMEFREM, H—MRERUEVHRERULAS N, CEL
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WSDL #tiid ik 55 3 % UDDI fR% i &b M A4 . UDDI fR %5 B4R 435 ) WSDL #iRF iR 44
Sk, HAFEMER—A RS, EH AR UDDI R3S T RALRKNRS H KB 2R
%-#) WSDL #i5d LA K FR % (K9 i 2. FI P45 WSDL #iid Sk Hai& SOAP 18 EIR&# 1T H.

—A Web REZAANE . NHRRATREFRAHAKRBKEETT, £4 Web R4 7T A4
ARAFEREMRS . XFEIRL KT EA VAR REAMR . Bd44
M, TTUABIRRHT AL IR S LASE AN AL T K. Web BRAAE HIH R — BT % k)%
ABBAEEHFAEHMH, HEEXHETEFHEASREOEHNAR, fERBmRHTAR
ERUNHE, T/EENREBTHER. BEASHTENXT LS A% (Orchestration) fl4s
# (Choreography) BiFi TR, Gt —FERLMERE/REZER, F—MEHTL,
0 BPEL; MmN R—Fxt SRR, WA RFEREL AW BT HRR TR ERE Z BRI E,
3 WS-CDL (Web Services Choreography Description Language, Web R4 S HiRiE =)

BER, CE2HRATREVFREBRES HENHATUENASSR, il XLANG.
WSFL. BPEL fl StAC . XEEFRE—RIIMERBRIE, WLHREENASEN. TE,
BPEL B2 /%4 Web IR 4& £ L HArHE.

2002 £F IBM. BEA iR —&F KMFIAT BPEL fEA#E hifl Web IREHES . X4
HEME Gl Web FREBAEE, TTLLLIE Web RF KA. & SWHRE X FTHITLS
REF®ORSIEFHL, BPEL BRWAR T &S LE TR MMM E XTIl 4 i
M TR SM%—{k. BPEL B XMMEEAELTTHH THBE FRENE KK AL RIGZEE
S REMIT R SEBMKENTERET Web REBOHRTH, EZEOLI LXENE
BB RS #ES . BPEL WEE X T SXSKETENEMRE X DR E-DARLIE
FNEBE), EBEXTEMHEFTFIREMEHE. BPEL E3IAT —EREMHLBRGE Y
SREMPELCELEE, URATEXERERERBAKEIF RN RES LA ARG R
BREGAMER . MA BPEL XM G RE R

(1) BPEL ALl EARIREE L&l Af. fi, ERNEDNTE, KWl

RAANARMAE, JTHA BCHMRRE. EIIRNXREE BRI RR S #E.
HBFENFFHR LB R T #d S il ASLER S iR R R . Bk
B, MRAENEERXDNOSIE, RSN RERBRTANBRE RS .

(2) BPEL e[ LAARE XATHATU SRR . REMZERRERE TES NSk

MEHITH Web RFEZELHMEFMF, NTIRETZEHN. BRANREZRY

FEREHATE B HE X BPEL fifE, HE BPEL I{UKMT Web R4 HEUEH
XML g ank & RBAMME X T BHAIITER. 5, XRREOITUR
HENHKETEHRR BN, SHEFEN LI RFT S MmEERT X,

.
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B EZERA SCIMAME A & R MITh BRI L T GRS T RIRA T BERD), BPEL
o G0 R R AT S AT SR ) A 2 VR B P S AT REAE B ML 5 P Y A 3E IR
R A G TR RN, RRREINK0ERNSEA. NESFA Web RE5HM
JEkE, XRMEH BPEL BARSIAMEIR, BACIRHRARRBSLEENTAMLER
REFFR NIRRT 23085 Mk B BN TR HI R o

2.2 Web RSB ARIK
2.2.1 FERBE

&R BEXBREARN— N TENRERT, XEREEALHBELILIMM, B—IF
T4 160 AR B4,

BERETHRE REEEEFSIE-SHEREL, AN ESERN, WMEREHE
— i, B4 B A JE T (Atomicity). — B (Consistency). i 254 (Isolation) FI #F 4£ 4 (Durability)
Tg4MEYE, EiFRA ACID 5.

1 BT

HERBBEENZELELRT, HPOBENEFEEABBELARIMY. EEMRENT—
AMERERT, WRFSHFTERENRRLABRN, SERMH RS UTIRE.

@ —BH

BERATHE R LAREERBEN—N—BHERERE S —A—BUHERE. —NHFNZX
B HE T XS LR TR (Bl giym). £l T — MM ESE, RN
F—BHRE. i, EXREBENERT, — M —BNESHRY € ESE LRTE
SBHLAR.

(3) Rt

—AEEORTAEERHEELTH. ER—HFEFTRASNMELIFRIT, TES
HABNMRIAMSLIIT. TREPIT—RIIBEHB RN EF T BTHBATEN.

@) HAt

—ANEE—BHRT, HEEEPEIBHSRRAALRN. ETROLERERSES
PR HPATE RA LW

{PEHS ACID B RHSNBENEERS. £¥EES, EMELEHRETHARNFS
BRI XMAT I H S BT P RRIT L AT R B 510 ACID 54, TTLLES SR
R RRENHIRHRIZHIPLERARIE ACID #5tt.

HEMATMMUNATHEE, ENAHTLAERE. WETREZHZAMNES, BEA—
NBEEDFB TR, HEB—BNER. LMBHMRTRETRK, ERITHSRE ORD



Web R H &AL WS-TX IR 5 RAE

AT A WP PR OQFEZRIT B kPP ENNNE. BRSREEALHN, BEATM.
LEFEERATAHRIER, MARXRLHKERANSERERO T ENTAR, FELE
REPRERFH4HRE, it SN AS, NEEE, BRIERE. HENIONAE
B, UR—EHITHRINERE AT HENE. 2HRREESEPREEAA, Tie@dgE+
BREREEVEHELSE. B, MHAREFEEIHANG, ¥ REAKEENSSHE
RUNARIE Y 38T B & 45 4, thin Web FRS F 45 b B iHi WS-TX H1 BTP.

2.2.2 Web BR 5 P RYEE & o) 3

Web fIR 45418 04T B — BRI AT SE B K] DU A HURIR AR, Web RS F 45 5164
RBEEREAR, —4 Web REFHBIEEAN Web RS, CHENMFEFAR. ZETFH
S AL E SR AT . BT E L, Web REFHRIABM/AN. EIVRVEAERERE
AU, T B RATTIREAHE BN . Bril, Web REBLRI T HE— SN EAHETE
SRR, I HBUA THEHES ACID FHHET I LAY, UXRKES (Long-Running
Transactions, LRT) METCY. 3 BOFLAVFRHRESARBREHC, TS
W LUB R ACID Rt — BB R, FE# X LAY BRRANE S SR THME,

(1) HEHF% (Nested Transactions) ‘

BREESAUHESREAFSAERFISMY, FREEXEESTFHEFH, RESET
BEGREARER. ME-IRXFEPLET, BEFAHFESEPIE. KSR/ IENE
FRARRBEEFSH ERTERAN. FHKEFSASATEANRA: OEELRERDL
REU{TLEREYE: QUIHRAHERE T REFMRE; OREWRABELTLIRMIT,

(2) FifikEF S (Open Nested Transactions)

FBURE R & BT F F AR TUZE &7 RBAR S ERS., EFREES
F, HEFFMTILERCERIMOTFFSITIMERE, URER, TEFEWUELRES
TR ARTBERRIE. WELRFLPIET, TLETEREERTMFELMITH
ERAERAE— Bt

(3) Saga F4HHM (The Saga Transaction Model)

Saga BEEE AVER— M KBIBITHNESYARTFESOREN, BAFELHF A5
ZHXBREAMETHES, DTFHEBITRMABRAMERS, W& BRI AR
Ro ERY, —A saga FFRA—ARH ACID FEMH —EPTRFRNFHEST,---T 4
Bl XEFHELENN—AIMETFS CT,--CT,_, . MB— saga FTEE KK T 3 ERREIKE,
KB4 m E MR R AL RITIMEFF L CT,,, - CT 4.

@) FA—EHELHR (The Split-Join Transaction Model)

i —EHBHERRBEZHI AN HREMROFEH LA NG R EERE—R
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R MEMARKE R #4183

W31, S RI R open-ended EE), XELFEFRIFMEN, FEFLMKHE, RRIBATH
&1, HiEZhZRREHLE.

(5) R4 (ConTracts)

RAR—FEEANESAER— MBS EZEHRHHM. & h—A T XH0Es GF)
LB A S MBAT VR (A 4. BRARPITLAR AT HEMRE . RA—BTRHRK,
CREIZIRE H BB IRHAT T A4

(6) KB1TiE3h (Long-Running Activity)

KETE M —AITRTAR, XEiTEThECHEIRESBAARY. EF3hH
FEITRABARR T LA S B A R A b8 s 58S ECA (Event-Condition-Action) 375 1#.

Web fREBAABEREAHAFLZLBRGAN BERAFUTRMEA:

(1) Web REMFLHLEEFEBBALUR, XEREBFNSEERARNIELH

FREY, ATELENS 55 BRTARANALR, BERF LB EEEERHE.

(2) Web REFETHREETRKIE, MEARSREATEBFLEITFRAIE AT

Fansbi . REGEDIBMERRRFEKSTHATEEES, R, X5
#f ACID BHEHIMPR, BN ACID EXRBELABNTEBFFIILE, LRIERH
PEA—Btk. Besh, RATHMIIRA 5 5% ) W 40 B By T 5 BUR UR A B [ .o

ATRRULERE, BHAMEXTETEERKNFES I TIP (Transaction Internet
Protocol) HIFRILAHRNARER (20 Web FR%) MFLHLE. HENEXTUFHEFMN
BTP(Business Transaction Protocol) F T\ % 3% &b 2 . BTP X e 5K 5 45 AL B 3T IAA 9 ACID
BT BHES. ATHRZHEZRNEE, THP Pl (Tentative Hold Protocol) B HK T .«
THP Yl SeVF AN K F 4 A B 2R T R — 3008, XK KD T “BUH” %k, EEFRERR
B2 Pi-BEN THP YT T 2 RBRAER" *1, ) T Kl 45 A ERAN 2 45 40 4 B8, WS-TX
PETIE. WS-TX 5 Web IR% 7 REK &4, & BPEL BAERM, B2 TLRM ZXRE.

2.3 Web FRFZF B 5B WS-TX

2002 4€, IBM 5#4#k8I3 T WS-Transaction 1 WS-Coordination, F% TR Web fR%
sk % R HATIE = BPEL M2 . 5, WS-Transaction #4474 WS-AtomicTransaction
1 WS-BusinessActivity, FF3835EFrIRAEELE OASIS. 2007 4 5 A, OASIS EfXMAELIE
A Web IREBFHAHE WS-TX 111 JRER A OASIS 4.  WS-TX HiiR 92 4 L 351
S AAN AR RAAT AN GRS R DGESS. KR RIH BT LR R B &4
MEEELTAMGE R TIAE LR AR %A

WS-TX iR BE= N RAEHS AR, B4 5R: WS-Coordination (Web R A,
E % WS-C), WS-AtomicTransaction (Web RE R FE %, ®iE N WS-AT) LK

9



Web RS F & A THL WS-TX B R L HT 5RIE

WS-BusinessActivity (Web Rk %%3h, B5HX WS-BA). WS-C Bk M TR IE N
HERFEBFBANAE. WS-AT & XTHELBSEZRENEESARESODED
Wo WS-BA WIE X T KAMARENFTHFENETREDENDN. =EE—RTHE, B8
BUCLFENFELEHRRE. THERURLEHRERRENEF0MY, HEEESHA
IR T 1E,

2.3.1 Web BE %518 WS-Coordination

WS-C R4t T —AMIFREIPHRIES, AN RAAHRLH & T LAZE s RE B3 B S MEhAD
WA MR, A& B H . HanfE 20 8RR E LY (I WS-AT)
MERMKARLEEHIE SN (1 WS-BA) #AT UEXMERDPHITEN, UF25E
RBEAZ ML R.

FERANE WS-C 27T, KM HILMHS:

(1) ¥E3) (Activity): H—F5] Web R LRI ThEEA ST RA LT,

2 5% (Participant): EHPHEA Web RS

(3) thiA#HE (Coordinator): MiEzIS5#H K AEMRIT ALK,

(@) thiAERE (Coordination Type): WIEVMAIIEN B MRIFHER. I WS-AT Pl
E X W1 iREAE % AtomicTransaction,

(5) thiAth (Coordination Protocol): HAEEFTHMAELESEEHERXELE. W
WS-AT ¥ 52 X Completion 1 2PC(2 Phrase Commit) B EHH).

(6) thHiA_ET3C (Coordination Context): LT XAl LA ENER—MFIREF, 1T AT
ERMRRF LT WAL TXEERUTHES LT, AR L TXEHERE
RESTHMIIE. EHHTFES N NHEFREEIAR B, BFE— MIARIRE.
KT iR R A B R A R Q3 D45 B CUE PR R 55 BE 5 4 1 1 A TR i

A Coordinator

CreateCoordinationContext Register
Activation Rc:gistrationj
service service

Coordinator

Protocol Protocol Y
l Service Y ) E

B 2.2 thiRARSARSE

Protocol X

Protocol
Service X

10




BRMEMRAFR L FARI

HAEEERRE—MRE—ARSE (Coordination Service), EH &AM YHAKELR KM

RS, MRS FRE N RTURS . B 2.2 80T HRARFSHARLSEH, HRWT:

(1) BIEMRS (Activation service): WEMRFRAL T IRYE &M AXRT IR AN K Hh
FAPURE A LT XK ThEE.

() EMBRS (Registration service): HEMAR S 4 N IR FF IR 6 T A RAK BB B I Th g

(3) hiAHRS (Coordination Protocol Service): IRIEMAIMNEIRMIRSE, HTFHA
W B LR, Ll Web IREG MR, 1 WS-AT Hhl 4 Completion 1 2PC i)t 5}
HEHRENSEEZBCRRS, BREFEXT HiEHBZHRMREER.

( N
Coordinator
Activation Registration Coordination
i . Protocol
Service Service '
Service
-
@ Return ,' ‘ v

/ \
Context ; @\ P

Create

Context @ | [CoerBypation @ Coordination
Registration Servyce Service Location
Request Locatipn ) )
\  Registration

\ Request

—p i B \
Application k Participant
—= it Service & Proagate Service
Context

B 23 thif TR
B 23 #RTHALENTE. EPRABAAWT:
@ EBhREE (B Application Service) 1K | Coordinator (34% Coordination Context,
Registration Service, Coordination Protocol Service).
@ WMEBEFERPAEMNHALE, REAMME Coordination Context, HFHEEFT
Registration Service f¥15] Fi#s k.
@ MAMRBAUTE, FEHREE M EMRSE B CHS]H Mk A 246 5K
Coordination Protocol Service L.
@ BEMREBFEHKEEFTEME Coordination Protocol Service 15| Fi kiR 14575 3h
Rk,
® EHREEKKARFEZTEEH Web RS (B] Participant Service), HH7ELER
3k 31 Coordination Context ¥% Il %k %14 K ) SOAP Head H1.
FEBAA,A, Participant Service {#H Coordination Context 5] Registration

1




Web IREE &R WS-TX BB 5RAF

Service {151 F#b b4 B O M BUAHRZH Coordination Protocol Service L. #H RS
RO LFMTIH RO AN E.
@ EMREHESREEFEME Coordination Protocol Service 15| H il i& B4
Participant Service.
Bl E 7 MEBRE G, @), Participant Service 1 Coordinator 2 [B]& I #2 T X )
BR, e LURIE B AR thill FFshst S 3EA A B MR phmid 2.

. 2.3.2 Web BE %5 & T E % WS-AtomicTransaction

WS-AT 7 WS-C 2Rl b5g X T —/MNEFH % (Atomic Transaction) VHAKE A TR
F “All-or-None” B¥MES). RY¥FHFERFTESEEZRAREMBYANRLEHENEE
KR WS-AT EX T =ZMBEFHEL I AL completion. volatile two-phase commit 1 durable
two-phase commit.

BRTHEERE “All-or-None” B, BEERTMNEDIHLZRMEN, NEFEHEA
W, NEFIHRERATRM. B—MHABRFERT EHRE, CERBBEREHESN
GR. WAEEIERSBEERERRERTALENE. WRSEEHBRERVECHER
TishiaaT, WRAERZFANES . WRASEERERUTFEP LS 5ERAEFIN, thiF
EPIEFARES). B (Commit) BIERTRSEEREINMZ RSN ERALI X HEIRAT
Ro ik (Abort) BT SEEHFERIMEREERRBAREDL. BFFLBIFHER
ENAPRAH. ERE—BHMERAKEENL, FUNAERFRREEER—BUHES R0
BIATE € W] AAX £ A —BUER AP R E B BUER S

BEFE—NRTFEFELE, BPRNHEFLHAEEEMN—MMERS (WS-C BILH),
BAARS RFERMER. —BEWARSEMTR, ZFRRSAMEFH—IFNEEL,
I HEE—AEF LTI, ENMRAETHEFFEMBRENGIH. E0E LTI
LVE, BFmNARFRALS Web IREXE, PLERERNERTAE. SHFUEREHER
WH, BRmEfiasid BT SHESHR R e 8 MARNEE.

—BALENNABRRIEBTRT, EFHREZEEXNTES. BEHOPILERHE
ZHFRAEMBBRIRA (Durable2PC) thill; S5EWIBR A HEIBHITERME, ik
BEPHRBERE X REPRFNRIR.

TEAH WS-AT & XH=AMhRHHR:

1) Completion Protocol

it fE M Completion thHil, MHBEFEHFMAERERTERTILEFES. EFEER
JG, BREISNABRF—MRE. B 24 HEERTIHAEESNABRFZ MEZARHEBZEN
RELHRE, FHEREMELHEES.
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BRMERRKERLEAEX

Coordinator generated Initiator generated

Lot |

&l 2.4 Completion PhiUIR A5 ¥ Kl
hiAE T AR % Committed F1 Aborted 8, TIR A LL&iE Commit 1 Rollback #
Be R21AHEXTHREANARFESHE X,
% 2.1 Completion PHXHH B A X

HE | HRRES X

Committed | HHAE | WEINB/E, MAEFFEHRERERTES.

Aborted hiAE | KEHEE, NHBRFIEDRERETILES.

Commit | MHEF | WAMEE, WAFNENHERFEA5HM T LEHRE, EHLT
Active RAEMBXES.

Rollback | MAHERF | KEWEE, WAFMENARFCL2KIETWHHE, ERLT
Active RENPILHE.

2) Two-Phase Commit Protocol
Two-Phase Commit(Bi B B 3L, 2PC)UMYR—MMAIML, BHAXEXEA S 5E WM
HBRFEEMNGEREE—BHERE  FH BRIR T MR A B AL Volatile 2PC il Durable 2PC.

Rollback _— _— T

ReadOnly or Aborted
ReadOnly or Aborted

Coordinator generated Participant generated

> -

2.5 BMBIRT MRS HE
Bl 2.5 #id T A BRI R EH B E, WA T IARFNSSERAHE B R,
PhiE T LA % 3% Prepare. Rollback 1 Commit {68, 5 5#& W LLURIE Prepared. ReadOnly,

13




Web IR % F 5 A TMY WS-TX MR SRIE

Aborted 1 Committed J§ 8. & 2.2 WHEX FHAZENSE5EEHSHE .

£ 22 FNBRIHITEEHEX

HE | HERER aX
Prepare hiRE | KEHEE, 25EMEHA S B EXEE K4 REITRR,
T Active REMS 5 ETLLET RIE Aborted, Prepared B
ReadOnly HRH#HITRR. MRS EENLUWESATH, BELI
Ki& Aborted R, WMASBLEMEECEETTRR, WLHAE
BRE S AT R R R R
Rollback | WhiAE |KBIWEE S5&FMETILHEHNFS. LTHERERENSE
FIBMRIE Aborted 1 BIF EMBR LI F L MFHEFRBHES.
MREEERTRLUIFES, WLFARPRERE Aborted 1 8.
Commit hiRE | KEHBE, 258 MEERTLHFES . Commit 148 RAEES—
BrEt /et B2 5 EARERRRTEAHRE. MRBEER
THANES, NS 5HKE Committed 1§ BATHIAE .
Prepared 5% | KIHER WAERESEE BARE T IFERERIERFS.
ReadOnly | 5% |KEHERE, WAZNESSERERIERFSIHHCLBHE
%, BEEHABEENE_NR.
Aborted 5% |RIEBE WRENESSECZSTILFEHTHES.
Committed | Z5% | KWEWMEE, HARMESSECARTIFEBHTHS.

B T £ 4:H) Durable2PCCREA MBI BIBT BUIR S MY, IR F F 4 B HHUE T # Volatile2PC
GERTABHMBIRZD) i, BREENBIET T Durable2PC Z 47, TitRAsRERY
BUEATF Durable2PC SEMZ/E. XMMNERHNERE, RENFAREESER R
M. Bk, N—AIRRORE (BImENMIEERE) HEFNESRARASTEET RER
BRATHRAE, WA TFREEAEBEEETEMNFR, TUEEMBELE. R, EFLL
BREZIREATEBNEREESH BANRFALFEE.
Volatile2PC FEFHBARR MNZ M T —MEF B il :
(1) EFFHLEFH Durable2PC ZE, FiHH Volatile2PC A 95 5& M@, ¥
AUEZRFEIE. X REMARES SRELLBHEIE.
(2) PRERFHATTEER Durable2PC Hhil.
() —EHZLESY, Volatile2PC HHYHIE _BRBIIT. BR, FHiXEH LR
BAT, FLLALELPRAH AL,
BFFERBERE Web RS ERIIHERIMERRN ACID EHLEB L. ZHEkE
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BRMEMAKFETLEARL
A AILAL EAFZE R S 45 RO BEAR Y, SR AShRAER R Tk FRIEHERF AP S IREFA0SE ST A
2.3.3 Web AR %5\l %755 WS-BusinessActivity

WS-BA £ WS-C HIERE b 52 X T #ifhlk%-7%3h (Business Activity) YR 2R T ¥ 87 3),
LR L &5 B R AL BN S AR E R PT SR P RENR T B EENES B AL,
RIIESNEE R AR R AMERE S R . WS-BA EX T AR ARRAMBRKEE, £
—FriAR R AT DL B — R iR A S .

B PMEZEE 278 AtomicOutcome (JRFHiH) ! MixedOutcome (REHH):

(1) AHF AtomicOutcome PHAXH I AR L AR THANS EER LA X IEE M2,

() RH MixedOutcome HAXH AR LARTHENZEEIE-BERE, BE

LR EANS 5E & EAME.

B A T4 B : BusinessAgreementWithParticipantCompletion (2 5% £3h58 /)
AgreementWithCoordinatorCompletion (P3E# EBh5EM). T HHAT R SEHAH:

D BusinessAgreementWithParticibantCompletion 17308

£ BusinessAgreementWithParticipantCompletion ¥MYF, FifishFFihU—NEah R A6
g, NREERTHFEVRTRLEEBN I, HFEEWFEDEE (HLMEBZRIERE KD
NBEEELHZ 5%, BAFEHRTRTEREREE. H-, WRTFHEHERT, HE
BN TER A, BAELARIMEECEIITHIIIE.

NotCompleted

NotCompleting

Coordinator generated Participant generated

> Lo

2.6 BusinessAgreementWithParticipantCompletion R 7% #: €l
2.6 #& T BusinessAgreementWithParticipantCompletion thill [{PR A5 3 . P& 7T A
&% Close, Cancel. Compensate. Failed. Exited 1 NotCompleted iR, M2 5&H A AKIE

15



Web fIj% 395 thifl thill WS-TX AT 5 RIE

Completed. Fail, Compensated. Closed\ Canceled. Exit 1 CannotComplete §8. [Fif, #hif
FHNZH5EMTLLRIE GetStatus 1 Status 8. R 2.3 BN TFHRERNSEHESHE X
% 2.3 BusinessAgreementWithParticipantCompletion HH - i B A& X

HE

HEREH

X

Close

thiRE

WEIHBIG, 2 5% MBI SEHIR BN SR, AURIE Closed
H B RE LS.

Cancel

thiRE

KEWEE, SE5ENETRATHECEBEENY, BAKE
Canceled B{, Fail 1§ 8. WRTIEBRIIHIRGE, S2E5EMNEZR
1% Canceled {H 8, XH FIR ERDES; WRITEREHR
TIEE, 25FNZRIE Fail HR.

Compensate

R

KEHEE, 85%MEDERN TN ZEME, BARE
Compensated 4% Fail 1§ 8. MR LIEWRIIIME, B5%
&i& Compensated 18, X¥RMLRIMLES; MBIAEX
BRIAME, B 5% K& Fail A

Failed

A E

WRERHHBES RS 5%, 2E5ERENRBRMEN AL
BRIELAMOFEATERMA 4, S2E5FIRHLHE).

Exited

iR

WREREHEEEILZ25E. 25EKBIHERAENRE
BRBSEERIHSELES, 258 8HLWES.

NotCompleted

whiRE

WRAERHWHBFELSE5E. 25HKENBENEDRE
BREZE5EFARTREULPIHXHTASELE, 85
HRAESMAMES, Bl LHTESD.

Completed

KEHRE, HRENESSECERRT 5HERIRXK
BURALTR, PMAHE U IZClosedi # Compensateil B &R i
EHMBELER. REZHBE, 258 HES54E,

Fail

KBWBE, WAXEMES S H  Active. Canceling 1
CompensatinglRS T AkM, S5&HMIRERESRAE, hia
WK EFailedid B, FHMH R EE.

Compensated

SE5EREHBERHYITED. HMAEKRIINBFMESS
HEZHRIHMET FAERXPELE, SLs5Z0RE.

Closed

SHEREHBERHHAES. HRERIINBEMESS
HELRYHEKT HiXEH, hAZEELESERRE.

16




BERMEMRKFR L EAR I

23 (48
HE HEREH X
Canceled 5% | s5ERENHBFEHLNES. HAFKIIKERNESS
HORBIEE T FARXNEELRE, Fies5E0RE.
Exit 5% |WIWEAE, WAEMESSERAESEVERES), 25%
AREMTEREHEGE, 25FELTBNSHEFHEX
M TAECLBMIEE. X TT—MMUEE, hRELAL
HExitedi# 8. REL T Activedl# CompletingR&H 2 5# 4
At RISExitiH 8o
CannotComplete | 5% | WEWMRE, WRAEMNESEERFESMLEES), 25%
RUE M TAERBBRF, 258 CETHRHEWEFIHX
MTHECLEREE. N FT—IMHUEE, hRELAR
i%NotCompletediH B . £ Ri%CannotCompletel§ BJ5, B5%&
ARFS 5 AHESREFATE. RELTActiveRENZ5
%) ﬁEﬁiﬁCannotCoﬁlplete"/ﬁ B
GetStatus WiRE. | REFREHBRAREGIXN T LETARE, x5 NIEE
5% | 4EPRE. GetStatusiH BABER 7 HIRE .
Status thiR&. | Statusi BRI A GetStatusiF K H B M NH B .
B5%

2) BusinessAgreementWithCoordinatorCompletion #pi{
BRTTFTEHIAEBEITREELSFEIP X ILEERNS S EH,

BusinessAgreementWithCoordinatorComplete #}i{#! BusinessAgreementWithParticipantComplete
il R—HE, REETUBHME. EFEIRIIFFLEHERN, ERBREHEENE,
RERTREBAELLAFRIRETLEHBENERE. RETFHEIFBBEE
BusinessAgreementWithParticipantComplete B EMII—H, FEHTE. A4 A WS-BA KL
Bl 3% & 1% B 9 & BusinessAgreementWithParticipantCompletion i , K ¥t iX B A %}
BusinessAgreementWithParticipantComplete P {EEANH, HiE4/ A 2 W ICER[10).

24 KB

EEHERMAT Web BB RIARBAR. HIKt Web RS HF%S HBHTT 247, H
BT Web REFHELEAFHR LB BENRF. RENIAA Web IR HFH B EMBA R
TTHH. BEEANAT Web REFL AL WS-TX.
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Web [ %5 3% thiA X WS-TX MR T SRIE

FZE ET Pi-RER WS-TX thill i @&

WS-TX WCA A A B BB TR RTTE:. R, WFIRE WS-TX Bl B )
IERtE RS WS-TX Wil A T2 Rk & T U AR RN . TR 5 Web RS54
BATHRA T A B AN TR AF s AR Web RS 395 AT A 4etE, o8 SRR AT ARG x 43 A5
WA EEHEEER, ETRERENITEAETUANF BsbRR AR LS R FH
RESHY, NN, RBRANTEYE.

BT Pi-RE MWL, Baviett, URNERMTEYE, PiREE B X Web %
ERBEHBGHITRR LRI Y. AZRHAER Pi-BEX WS-TX NAGR#T K.

3.1 Pi-REEES

Pi-5 H Robin Milner 2, ELUHEFEMNBINEREARRES, B4 CCS(Calculus of
Communication System)f %8, HEAHHLEILT (name) FIHEE (process), M2
BB LTFRERERY. 5 CCS AR, PiHEERTLMERS CCS Tz RN RAE
LASh, EVTLMEREE R, XREN PiREPHREENRTRS, MRERIEZF. PiE
HABTERRE SR Pi-EE T LA R BRE WM R R L.

A x. ys 2 ¥NEFRFREF, P QERIFHERER, A, B, CEAXEZRER#
BARIAR, W PiREAEEE MR T

P=0|a.P|[x=ylP|P+Q|P|Q|( x)P|'P| A3, y,0+*,3,)

a=tlax)|a<x>

Hep:

() ORTZHE, Hathu;

() a.PRr-ZLMEa FERARME P WITH. Pl B EE LT 3 Hal4shte, i
RS R W E SRR A TTE): AR a(x) RENEEa
BEZ—2F: MR a <x>RREFxHEHEBE oY, Z2FHBHPHH
EASE

() [x=ylPRFRLLF x My HENPITHEP;

@) P+QFRFEEPTHBEPHQ:

(5) P|Q#wes PAQIATIEATHIRRE

6) (vxX)PRALFx WRFEHEP N, REHEP AHT R,

(7) 'PRTHE P HESKREH:

18




BRMEMARKER AR

®) Ay Yy5r-+sy,) WEBERRR . BIHEIRRFLARIEX
def
A, %,,000,%,) = P(i# j> x 2 x;), XEXRIM y, B, A,y 0,)
AT AR AREP .
Pi- B AT U FE TR RS (Labeled Transition System, LTS) 4, Wk 3.1 By
7. Pi-EMEBE BT & AR B IITIREME, RPHBEMTARS, BBHEREN
WEHURRASFRGTEES). £ PHRET, BET AR X RRZEREE Z 8K
THEMXR. BENENXRZFRLENS. BEEMSHIUERRE.

P'=P,P—250,0=0'

STRUCT PREFIX ———M—
P'—25(Q' aP—=>P
sum_——=F_ matcH —2——F
P+Q——P' [x=x]P—=2—> P
a ] _ a(x) ' a<u> [}
PAR P—-)P,bn(a)ﬂfn(Q)-ﬁ. COM P—=25P' 0——"50
Plg—-P'|Q Pl0——>P'{u/x}|Q'
P—=5Q,x¢a OPEN P2 ,pP a#x
(vx)P—2>(vx)P' (w)P—225 p!

B 3.1 Pi-E EEBIE X
3.2 E6 WS-TX Y ia =1 Pi- B EEE A%
321 WS-TX il igm TR S Pi-RE T RMBRGT K Z

F Pi-B AR WS-TX R FH 7 5% (¥ 2 1) B R a3 WS-TX S R &G54 A Pi-
HERER, HEEA BB R

(1) WS-TX MRS 5ENTEDME Pi-EHMER TR

() WS-TX MAZRI&S5E WA Pi-RERR,

(3) BA WS-TX NS REA M BN PHEEERR.

Pi-EEMEATERREBRANEE, HRRNTLEETEERIT. MWS-TXMNASHR%
% 55 BB Bt R A B ST AR ELRIER, T 38 B 2 i @ f5 MAcH s Bk e
B, WS-TXR A RTPHES 54 R BRNMBAREN, FHkEES5EEAPI-RESR
— AR, PHEERERERRNER, A EREENAREE. 25E0ABER
MFRHESE5EMHRERN, NS5ERENTABRETHROME, FUAREXES
5&MmingE, XEP-REETHE S MERRERAZUMBEE—H, 25&FZRNZELA
DA S it IRV B R A AR B HE, BT LUE PR A B [ 5k k2
AN EXR, NOIRRENTHEN2E5E. B5ERAKN, S5EANERART
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Web %5 5% il il WS-TX ML HT 5 RAE

BHENITH, EAMSEETUNRLE, TRELIOHALE. Eik, BAAWS-TXNA
GRWP-REHERAS S EHERIFRRRT.

2 5FANEFESEERT, HEMEEBS A PHEENEF . BB S5EEEEN
e LU HiEE: 2 BB MRS RILLEHATRNUT I, BB MRS 5N —4EiE;
LW BLERS R T RAEEN, SINZLEE, BENMAIRAOEBFRY. XM
MERRATHATEERH, B PHEETEFHEE, NTTROEEBMN RS, R
R E.

3.1 WS-TX MR TR S Pi-RH T R IBASKR

WS-TX Rl %5 Pi-iRH

5% M
EEEE 2% (GEE)
HE Z2F (KR

B “H Pi-RERER WS-TX NHBR=ARE” BOREmEt, B ws-TX M
HGRARENEH G PHEFETTROBAXR, R 3.1 fon. RPK WS-TX MASHRIELNR
EERERNES, BHAESEEET SOAP HGHTERFEHH A BB R IR OEE, £
3.1 HET 6 PR E X WS-TX M A7 R =R
(1) &25FR5INEE, BENZDHHEBRHFREGE. B ERH BB A Pi-EE
SilinE A

@ ZE5EMR Pi-EED— MR, §A PRRERRREE KRS 5EZ AN
RHXFR, EAZE5EMN PIREHRRE.

() BA WS-TX MASZRAEN PigE-h— ML, X PR B HS 55 REN
HFITRETR.

£ WS-TX MR M Pi-RERE P20 RR— MIZ S, EHF A —ERFEAN
RARHR, MATREHEENES. 55 £ PREPEENHBTRESTRNASR
FHRAEKHE BEARTHTREMSEXEENHE HUASERERENHER.

3.2.2 WS-TX 1SR A= RY Pi- R H 2 &M N

Eit PHEE IR ELTUEN, PHERNRETIEETNERMER. SEHERER
ABHE. BHEIE. Wt EEMITRMN. WS-TX MARRS 5EEHMIMERR L
LA P-RE X ARMEERER, SIENAAHRTSE5ENIAETIR. THUSEE
RESERMMAE R AHZER, B WS-TX U Pi-R B RAEHN.

AT HARAMAEA Pi-REX WS-TX MAGRETEE, BEFASEEANB, A
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R SRR ER L FEARIT

B ZRAFEBREEE c. BIER 3.1 HBHRXR, 8 AN B HLAHPRES HIBRS At E P
0, BilfE#EE c FHEFx.

U1 258 ABTEE c MBHBS B, RANA', BA BN PHREMHEP',

WHEEREHN M, MR A BT PR E B R
P=x<M>.P'

KB M AIRR, EXN—HLRFHER. i WS-TX A% R &5 5&REiT SOAP th
PAEE RN R, BT Ri% Failed 4 BAMERIZERBMERH, ZEFEBE—BHIM . FEM
Wi Pi-iE ELEE AR B BRFIR, MN—ALERHR.

B2 25% AKE B ETEE c RRKMHE msg, R msg HHE m, WERAKA";
MR msg HHE my, UWRHKA"; oooee o BA'BSHH PHEEMHREPL', A"BEAHP",
m A A M, m S M,, WX A BT PiRE RSN

P=x(msg).([msg =M,1P'+[msg = MZ]P"+---)

msg HF A REE x HEMER, ERSINNAREF . E8E x PEERHER I M, B M,.
FEARME i, Wil x W DMEREE, BEXEHFMEAX—6N. Bl WS-TX SR
KESEEERTHREEHE, ANAES5ERNEFEERRE, IUAFEABEE.

I3 25%5 AL T —MRESIMERIA A", FA B A P-REMSEREP', A3
YEBa AMETTENE T, IR A BEAT PR ETEIRN:

P=z.P'

BFAESIERATT NN, X WS-TX NG RET PIRERER, W LAZBSASIE,
¥ PR P ERER.

B4 255 ABL—RIINETNERRIAN A A", A BSHH Pi-mE MR P',
A"BUST A P, WX A AT Pi-RE R

P=P'+P"

B5% ARAAABRA REAABPITERREN, HFAREER. BMIERLE,
ABARBIA' BLARAR A", FIER Pi-EE MR T ER.

BN 5 2E5E ARRHA WA RIIEIAT, ¥ A BEH PHREMHEP', A"BEA
P", Wizt A #4T PiRERERN:

P=Pp'\P"

HITE—RA TS 5ENASHEKR. bl b Pi-mEHEPA P XN WS-TX M
W%, P'RMP"EXNNSEE.

Pi-HEET M B SR ENS 5E T A, BEBRREER Pi-EEx WS-TX N
BRHHTREMERM. 7 PG, HRAHERRRARTINE N —MERKRH LR
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Web fR %5 45 hR B WS-TX MR 217 5 RAE

A—AEBNWA. £ WSTX NASRMEMEES, FA2E5EMMLMHENESSH
AREBHEEES.

3.3 WS-TX thill i B in = e

32 WEHT WS-TX MASRN PR EBE I, AW — R Am Lok 5%
PR Pi-REARERAEAN R WS-TX R Rt T

3.3.1 WS-TX il in =

TS, BEIXE—NGR: ASWURHRITAERE. XERELSIUHEETERIT
Bl BB MM LHEE K — A ER. EX—HRP, APEEARITRERE.

RERPEZERITEK, A, RITREHERBITES K, B. ARIOTERR
£k A BEMHSSHEEEKS B P. BTERKIEFTKS A 5k B BAs8iE, B
“ARFPEROESH” 5 “BIKFEMER” BEMEEEALBTREARIM, FLUSEH
WS-AT PMSUR T2 B4R T Hbk (K1 1R 1L 2 - WS-AT 0¥ Durable2PC il Volatile2PC FIFMRAT =,
REERRFEAR, BMNRER—HEN, FUXERRAFEENEN, Bhifd B
Durable2PC 77 AT . X BBRE X ERITARWBRITESITINE FAA R Sk~ &
WKy Web B . B 32 HRTHKS 5EXEA.
ig%@gﬁm,a

BRI Bmem

LI
WebfR % BOLH

AT Ve
Webfi % WS:AT
A

bz A NE A 0 D= BT A ZEINE R
- > - >

32 RiTHKSEETHE

ETTMIERRIER, TERNABMRITHESVDERTAN, UHREAEHEETH
9. RTEZBXWHFENTE, REREHEFERE—TAEN, FERRENEMNEE
WIE ORI BB RIGELY) MiEH. EXMSHRT, 8- RANELERTE
HXE, RER, MPRETIRNE RTREEARESEEEN. AW, &RBMEF
FERBPHITEMATORHERSEEN, BAEBMERT, EAFANIESRE, B
LARHABARE, ERFELABHE. BHEXMRITRBLEHRF, WS-BA H WS-AT
REFEH AT WS-BA HFHHERNN, 855 ENTRAMBE LHER, HEFAME,
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BHRMERRKFR AR

ENETHERETZEANE, WITZHSRA LR AE X35 WS-BA RETHF
BEH: RAMHARESRY. AT HER, RTEERERMETREIRARE. B33
AT RS EE LA,

e
D AT
pime ST
$HiRHR
FeBE R BB FE RSB
- > a—-c---oSCC >

33 RiTRHZ2EERXEA
332 WS-TX Wl R BIA S0 PR e s

AR RATH KA RAT ZHP O AT RS TER, AL ZERS. AN, R%E
[BEIRSEERSERNNBR, MABBATRRESZNMHEE, il WS-BA FH) GetStatus 1
Status R . BTFSE5EEMHEBZMIERE N, REARITERR WS-C M TFER#IT
BEL AT AR, KEAHTENLE, BB RIEE—E RELENRE I 8 P 4%t 77 Bl

[ stecacion) | ] #eprocess) |

| Tl Crame) RH B Lo | | WOEo) |
[ 3.4 Pi-RH i A
HTRENFE, HH P-EREREP RS KRN ASR. B34 AHTRAGRSSE
5 P-REEATRONNRR, EHA T RABHZLE, P RBREEEERHHE,
Q #EMBERMHE.

Transfer Money ) Communication
Application Bank Service
X y
Coordination 2z Agricultural
Service Bank Service

3.5 WITHK PiEERE

2



Web BREH 45 AN WS-TX ML 5RAE

Travel Agent
Application

X y

Coordination z

Flight Booking

) .
Service

Hotel
Reservation

Service

Service

B 3.6 iwiT & Pi-IE R A
BIER 3.1 MBS XR, BRITHEKANRT ZHEMZ R Pi-g R E, 25/ 3.5 fE 3.6

PR

RI2BHTHE IS POHE. BESXHEERR.

R 3.2 BATHIRERE. BES XNET RN EE

. WEAK HERA X

Transfer Coordinating TransferCoord ¥k PRS2

Transfer Money Application  Transfer BITHRNHRF

Coordination Service Coordinator  P}A3% Web fR%

Communication Bank Service ComBank ATIERAT Web %

Agricultural Bank Service AgrBank RNRAT Web R4

x x FATHR N R 55 P R 28 2 18 A i
y y ABRIT Web FR%-55 thiR28 2 9] 18
z z RAVBRAT Web R4 55 iR 28 2 I 388

KIIHHTE 36 PHHE, BESXHNEEER.
#3.3 RATRHEHR., BEE XNEERANER

B, WEZHK HERAX aX

Travel Coordinating TravelCoord  ¥MRATZHWMALE

Travel Agent Application ~ Travel ATREN AR

Coordination Service Coordinator  tHiA % Web R4

Flight Booking Service Flight KHLITE Web %

Hotel Reservation Service ~ Hotel RETRIT Web R %

X X TRATRE N AR5 th RS Z R #EE
y y KHLITR Web R4 5 thiA s 2 Y
z z FAETUT Web JR% 5 A2 2 () #3818

TR & 2.4 Completion P3CIRAF #: B F0 Bl 2.5 BB BURAS thiUR 55 B B xR4T 55
WS FRAT iR B, AT RN R ESREERE TN S YANBE—T, XER
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BRMEMAKRER L FAR

BYR, REMEEETEENHE.

7 x WP EERTNEH: Roliback, Commit, Aborted, Committed.

#y5 z BEPEENHEEMAR, B: Rollback, Commit, Prepared, ReadOnly, Aborted,
Committed.

(1) BITEKNRAEF

RITHKNAEFRENMEKIBORES, EHALRED, NARFTUEFHERL
ERTERFILRTHES. ERFLEHE, BRESNARF—ME. NHEFSHHARHK
H#4% Completion Hhill, FHXMNH) Pi-IHFHMERRWT
a = {Rollback,Commit, Aborted ,Committed},

Transfer(@) =X < Rollback > x(msg).[msg = Aborted]0 + X < Commit > .x(msg2).
([msg2 = Aborted )0 + [msg2 = Committed]0)

(2) PHRA%E Web R%

HARAERERS . EMREADEDRS, MNHASETERE—MIRNTRE,
RAEDALRE, FAREEMER BB BARRS RIENERN. FeBuEks. S
R4 R R IR S MR — N EA— A% Web lRF—RHSMR AR S . thRSR AT
BEMMELRE, CRRNHBFRRNRZETIEEE, REESEE GUERIT Web R
RARMVARAT Web BR%s) XEERAMBIRTHN, HANABRFREESTRIER, XN
#) Pi-H H A RERB I T -

b = {Rollback, Prepare, Commit, Prepared, ReadOnly, Aborted , Committed},
Coordinator(b) = x(msg).[msg = Rollback]y < Rollback > .y(msg2).[msg2 = Aborted]
Z < Rollback > .z(msg3).[msg3 = Aborted]x < Aborted > .0 +[msg = Commit]
¥ < Prepare > .y(msg4).([msg4 = Aborted]z < Rollback > .z(msg5).
{msg5 = Aborted]x < Aborted > .0+ [msg4 = ReadOnly]z < Rollback > .z(msg®6).
[msg6 = Aborted]x < Aborted > .0 +[msg4 = Prepared]z < Prepare > .z(msg7).
([msg7 = Aborted]y < Rollback > .y(msg8).[msg8 = Aborted % < Aborted > .0 +
[msg7 = ReadOnly]y < Rollback > .y(msg9).[msg9 = Aborted]x < Aborted > .0 +
[msg7 = Prepared]y < Commit > .y(msg10).[msg10 = Committed ]
Z < Commit > .z(msg11).[msgl1 = Committed]x < Committed > .0)))

(3) BT Web k%

TERAT Web REEAZEEZ SR BRTHXNTHR. EH BB, CERECRA A
BHHR, MBERPENEEDIE. EE-NRERN, HRABSKRITREBSRER LK
HE. MBECEREE, ERAB_NEMRTERGRICEENES, FRMARRE
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Web R4 H % hil il WS-TX BRI 58RI

HAMER. BN PHRESERRWT:
¢ = {Rollback, Prepare, Commit, Prepared , ReadOnly, Aborted , Committed},
ComBank(¢) = y(msg).({msg = Rollback]y < Aborted > .0 +[msg = Prepare]

(¥ < Aborted > 0+ 7 < ReadOnly > .0 + ¥ < Prepared > .y(msg2).

([msg2 = Rollbackly < Aborted > .0 +[msg2 = Commit]y < Committed > .0)))

@ RART Web %

RARAT Web IR B #FEAITHBRAT Web R%—H1EH S 5 8 SHH BIR UM K.
W P EHBERRWT:
d= {Rollback, Prepare, Commit, Prepared , ReadOnly, Aborted, Committed},

AgrBank(& ) = z(msg).([msg = Rollback]z < Aborted > .0 +[msg = Prepare]
(z < Aborted > .0+7Z < ReadOnly > 0 +Z < Prepared > .z(msg2).
([msg2 = Rollback)z < Aborted > .0 +[msg2 = Commit]z < Committed > .0)))

() BMRITHKDALE

BRI ALER R 2 5E A LERNEN, X Pi-RERBRTHS 55 RBNHT
R '

TransferCoord(d\U b U & U d) = Transfer(&) | Coordinator(b) | ComBank(Z) | AgrBank(d)

T KR 3% 2.6 BusinessAgreementWithParticipantCompletion JR A5 #: B X} e T T e
RIRHAT Pi-RE . MR P BN B S RBFFEREPHE XNTE—H, XERHK
B, R & EEPEENHER.

£ x BEPEEHHEH: Aborted, Committed.

#y 5 z Wil $ %% B, H: Aborted, Committed, Close, Cancel, Compensate, Failed,
Exited, Completed, NotCompleted, Fail, Compensated, Closed, Canceled, Exit, CannotComplete.

(1) WRITRHENHER

£ WS-AT i, Completion Wl 5E SOREFIMAIT B IFLE, TIFE WS-BA Hhilsh#
VA= XRBHWN, FLEMHATFE, BA WS-BA BHTFKESHHE, NABRFLE
B ERI. B, AXMENAEFREMARNTAL RN L, H Pi-REHERR N
Lk
é = {Committed, Aborted},

Travel(€) = x(msg).((msg = Committed]0 + [msg = Aborted]0)

(2) A% Web %

5RITHRKGR TN RR—H, BT NDRRER— M SRS, REBIERS.
MRS AR BUR S I Z R — k. MABRARELHNEIE, WRSE5E
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i

FEMZEMRKFR LRI

TS Web FREFIRIEHIT Web k%) Mg, NRNABRFRERIRINHEE: WRREF
—ANRIFREE, MREAMEE 2 RTINS 5H PATIMERAE, R RN AR KSR KRIH B
MEFANSEEHTRBRIRIE, WinNHRFRERTAMHE. XXM PEEHERR
mF:
f~‘ = {Aborted,Committed, Close, Cancel,Compensate, Failed , Exited , Completed,

NotCompleted, Fail, Compensated, Closed , Canceled , Exit, CannotComplete},
Coordinator( f') = y(msg).([msg = Exit]y < Exited >.Z < Cancel >.

z(msg2).((msg2 = Exit]z < Exited > X < Aborted > .0 +[msg2 = Canceled]

X < Aborted > 0 +[msg2 = Faillz < Failed > X < Aborted > .0 +

[msg2 = CannotComplete]z < NotCompleted > X < Aborted > .0+

[msg2 = Completed]z < Compensate > .z(msg3).([msg3 = Compensated]

X < Aborted > .0 +[msg3 = FaillZ < Failed > X < Aborted > .0)) +

[msg = Fail]y < Failed > Z < Cancel > .z(msg4).([msg4 = Exit]z < Exited > .

X < Aborted > .0 +[msg4 = Canceled]x < Aborted > .0 +[msg4 = Fail]

Z < Failed > X < Aborted > .0 +[msg4 = CannotComplete]z < NotCompleted > .

X < Aborted > .0 +[msg4 = Completed |z < Compensate > .z(msg5).

([msg5 = Compensatedx < Aborted > .0 +[msg5 = Fail]z < Failed >

X < Aborted > .0)) +[msg = CannotComplete]y < NotCompleted > Z < Cancel > .

2(msg6).((msg6 = Exit]z < Exited > X < Aborted > .0 +[msg6 = Canceled]

X < Aborted > .0 +[msg6 = Failz < Failed > x < Aborted > .0+

[msg6 = CannotComplete]z < NotCompleted > X < Aborted > .0 +

[msg6 = Completed)z < Compensate > .z(msgT).([msgT = Compensated]

X < Aborted > .0 +[msg7 = Fail]z < Failed > X < Aborted > .0))+

[msg = Completed)z(msg8).([msg8 = Exit]z < Exited > .y < Compensate > .

y(msg9).((msg9 = Compensatedx < Aborted > .0 +[msg9 = Fail]

¥ < Failed > X < Aborted > .0)+[msg8 = Faillz < Failed > .

¥ < Compensate > .y(msg10).{[msgl0 = Compensated]x < Aborted > .0 +

[msg10 = Failly < Failed > X < Aborted > .0) +[msg8 = CannotComplete]

Z < NotCompleted >y < Compensate > .y(msgl11).([msgl1 = Compensated]

X < Aborted > .0 +[msgll = Failly < Failed > X < Aborted > .0) +

[msg8 = Completed]y < Close > .y(msg12).[msgl2 = Closed]z < Close >.

2(msg13).{msg13 = Closed]x < Committed > .0))

() KHITE Web k%
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Web fR% 595 thiA il WS-TX MR 5 RAE

EHUITEE Web RS T30 R M ARRE B B eBmER, MRTERAT WE RN 45L%
&3 MRBIEBNEHHARNE— SRS MBRIMEES, WHTIMERE, HEth
RR/ERTTRAER: WRETRIES, NEARERT Web REUBITER T, BERIE
Ko BN Pi-RAS#RERWT:

& = {Close, Cancel ,Compensate, Failed, Exited , NotCompleted , Completed,, Fail,

Compensated, Closed, Canceled , Exit, CannotComplete},
Flight(g) = y < Exit > .y(msg).([msg = Exited]0 +[msg = Cancel]
¥ < Canceled > 0)+y < Fail > .y(msg2).({msg2 = Failed)0 +
[msg2 = Cancelly < Canceled > .0) +y < CannotComplete > .y(msg?3).
([msg3 = NotCompleted]0 + [msg3 = Cancelly < Canceled > .0) +
¥ < Completed > .y(msg4).((msg4 = Close]y < Closed > .0 +
[msg4 = Compensate)(y < Compensated > .0+ 7y < Fail > .y(msg5).
[msg5 = Failed10) +[msg4 = Cancel]y < Canceled > .0)

(4) RIBTHIT Web fR%

RETUT Web fR% 5 CHITE Web IR LIEME, EEF R AR KRB S 5EH
ML, MRZHATWEERY LEL%ES); WRBTRUGFEHARME—EHRS.
- MREAMERS, WRTHMERE, FRhASRETERIER: WRERTRIES, WRHE
PUTE Web RFBLATIZR T, FERIWER. BN Pi-RESRERAWT:

h= {Close, Cancel ,Compensate, Failed, Exited , NotCompleted, Completed, Fail,
Compensated ,Closed , Canceled , Exit, CannotComplete},
Flight(h) = Z < Exit > z(msg).({msg = Exited]0 +[msg = Cancel)
Z < Canceled > 0)+Z < Fail > .z(msg2).([msg2 = Failed]0 +
[msg2 = Cancellz < Canceled > .0) +Z < CannotComplete > .z(msg3).
([msg3 = NotCompleted]0 +[msg3 = Cancel|z < Canceled > .0) +
Z < Completed > .z(msg4).([msg4 = Close]z < Closed > .0+
[msg4 = Compensatel(zZ < Compensated > .0+ Z < Fail > .z(msg5).
[msg5 = Failed10) + [msg4 = Cancel]Z < Canceled > .0)
() BMRATZADELE
BMRIT AN ATERE S 5E AT ELRNEN, X PigEHETHSEEREN
TR
TravelCoord(¢\ f U g U k) = Travel(&) | Coordinator(f) | Fi light(§) | Hotel(k)

I HRAT R AIRAT ZHER AN RS T PR, RiET ALK Pi-HE R
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BRMEMARFEREFARI

AN TAT
34XBNG

AEMET PiRHEN WS-TX XN BT TH . BENET Pi-RE, 247 T 41t
LB Pi-RE TR REX WS-TX NS RPLES Pi-RE TR OB K RHET
THS, IR PR M RFITR T WS-TX Pl AR Pi-EEREMN. B, &
R WS-AT RIRITH G RANA WS-BA MIRIT ZHEAR, R EN#ITT P E 2K,
WE TR AN AT Tt
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Web R4 B4 AT WS-TX B2 51 E

EME Pi-REBRY SMV EFERR

F=EERMFH PI-REN WS-TX NAZRET T BE, BRIAA X Pi-E AL TR
ALK A 3 45 20 MWB(Mobile Workbench)?#1 HAL (History Dependant Automata Laboratory) ™
T R SRR MR E R . B4 MWB 2 —FHEYE R0, LR Pi-E MR A0 FHatE,
FEIEHR. FUFEFME, RENEREETRORIE. T HAL BRTHTIT NS
PrEOR A R, BHT HAL BITRH Pi-RERIERE N FSM (Finite State
Machine, HRRREN), BREZHIRERENE. HTF NuSMV2 £ on-the-fly FiARLH
WAETHRIE, £—ERE LRRTRSBENE, AXEEACHENEERRMTR. £EK
TAERIE PiEE A SMV EFARE LAER A NuSMV2 TR,

4.1 EF NuSMV?2 HERIE M A %

NuSMV2PIR—AFHROHEUBM TR, BTFRIEERRERAREHLNFEE
(Temporal Logic) HI¥H, BTHSHBERNAL. £FH NuSMV2 #ITHEERNN, Y% ’
HERIEMRAEA SMV &5 R A RRSIB RS, R4 A LTL(Linear Temporal Logic,
LB P8 48) 8k CTL(Computation Tree Logic, 80 FK i BHHTHIE. NuSMV2 i
TR, BERERESIE RENHAREZEK RN RZERTHE TR NuSMV2
HAEAFPHRRAN BBIHL, MAMH on-the-fly BEARLIINAEILRIE, XE—EEEL
R TRESBENE. SHERMANTA—#, EREFHHEH, NuSMV2 2411 KA.

THZ AN AR RGN SMV 755 F#id 7K # LTL/CTL.

NuSMV2 FIAET (F#F SMV i58) Rt H FHRAERRERZE. CRENTHE
4itl: Booleans, bounded integer subranges 1 symbolic enumerated types. ‘E ¥ foif & X A%
BRUMA FHA. £HEH SMV BSHITRAN, TTLUIBE M AL S A ETHER (modules),
HEGMERTHEEFIUE IR, X—TRENERA R REE TR . —4 SMV BFATHEH
BHh—Main HR—FF15, Main BREESH. —RERB=ANEETELAM: VAR,
ASSIGN I SPEC. VAR ¥4 FE X RE, ASSIGN #4H FHAZRNMHBHEITIXER,
SPEC B2 A T A RAERIEMMR, £/ LTL/CTL #id.

CTL M LTL RHMIEEA N FEE, HIEXZFEFOfMEE R Kripke Z5HIFTx
MR ENS. £ CTL P, HEEHEFREFA—IMACHREFHEMFATRERL: T
FELTL F, HFEEFNRE THEA M EHREFHMELHK R LHEN.

LTL T EATHAFMEYE: REtEE. K28 E A THRAERHTRER o KA H
R (Gp), TEHENHRIER R R—E R (GFy or G(¢ > Fy)) . LTL & CTL f
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HREMARFER L FAR

FH#. CTL AFS HERENT, BENMREMRULHRNENRERSIFGEEN, ETUERR
M3, BIRRK RRRHE K.
CTL Rk KA T
() EFETFHER—/ CTL KidA:
@) WmRaF PR CIL £ER, FaaefH-a R CTL KiERX, HP e HEMTM/R
HEERF (AV, )
@) WRaMPRCILEER, B2EXa, EGa, ElaUB]#R CTL Kk,

EpUg

B 4.1 CTL RIEAETFENX
41 8HT CTLEZXREM LN S . EXa RREE (E) —FNRE s FFANKR,
EXEBRBFHT A X REaHE. EGa RAFE—EMRE s FHRMESR, X4
Bt a £8 (G HE. ElaUB) RAFE—FMRE s MR, EXEBETHEE (V)
PR a HiWR. LEM CTL £F (K AFa RREFEHRETFRL a #HE) LA
EEAEFRR, WK4ALFR.

RAICTLHFEX
5T FX
AXa =-EX(—a) XEHARBRE, T-REaHL
EFa = E[TUq] 48R, o BREHRE
AGa =—EF(~a) SENBR, a2k
AlaUB)=-E[-fU-~a A-SIA-EG-f MFTANKE, B3 LKL a KL
AFa=ATUa] MEANER, o BEHE

0K CTL RHERRANHE K. LTL L CTL SO THAMBZEFARME, XTFLIL
BIVEAT 8 W IR 58]

4.2 Pi-REERI | SMV EEFRIDRYER

BT MWB 2 SHERZE TR MBIE, T HAL ZAERSBERE, REFFALPSILR
¥ Pi- BRI SMV BRI, {#H NuSMV2 TR, SCER[S6)4 T %k UML
RSB S D TR 178 XTI TERAT AT AR RE, # UML REEEAR Pi-gER
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Web fR% H% iR HHY WS-TX MR SRIE

ZR, BFET UML REEMEXEBR PRRERAREAN SMV BFERB, FHHTHEIA
W, BIFRFHER. %55 LTS (Labelled Transition System, #xE2BERE%) 5 Kripke 44
KRR REFRITER, RAXRLEBIXEFREZ NS, ERENASE RIPREEIE
B RIELRE, ST UMLREERE E 8 &4.

JCHR[5414% BPEL RUBD440A Pi-RE, BT Pi-mE LA SMV EFABEHTEERN .
AT Pi-RE AL SMV BIFRIBN, 545 Pi-gE %k FSM L8 FSCR(53)),
B4 FSM #4L A SMV BFPAUHS. Z07 MR S ZE T8 FSM WA 5 5 R R AR 1.

DLEFEERRRAR, TIRIS6IM T EA LS RRERE, ERBEH; IR(S48 RS
RESERERER T, THEAZRRB] —FAMER Pi-i5 BRI B> R 098 A5 B R
BHEM. NARFIRREBIERZLIIN, 3 Pig s ERAR N SMV BFRE.

42.1 it Ef

Pi-i#$ /B T LTS (Labelled Transition System, ¥7 S 3XERZ), M SMV BF BT KS (Kripke
structure, Kripke 45#4). LTS 55 KS WX HIZEF LTS BiBEIHERRFRL, M KS @ik
SRR RIERS. 1B LTS M KS FItEFF SR ENMETFRF AN (State Automata),
AT MNP LTS 3 KS M TFF iR PR E R3] SMV B RN .

TS B4 H LTS MKS MESL, BURM LTS B KS #5#%™),

EX4.1 BRERERE

FESRERAR—NMUTAM =(S,1,4,R), K+

o SHREMES:

o DHTIHRENES:

o AWHR. FEHIENES, WHEEre4;

o REFEERR, RS Sx(AU{r})x S, TE(r,a,5) e REA—ATE, ¥HAr—2>s

R

SE X 4.2 Kripke%#J

BREAPHBETHSNES, KripkeSHR—ANMNTAM, =(S,,1,,R,,L,), Hb:

o S, NHRREE;

o I, c S, RTHHREE:

® R, S, xS, XTrREMMEERR, WVs, €8,, 3s,'eS,, HB/(s,,5.)eR,;

o L: S, o2Y MiFicKH, WHEMEs, €S,, L(s,) BEERRERLOETF

WEHES.
X4 3 WRSEB RALTSBKripke S5 HIKS IS
BERSEIBRLEM =(S,1,4,R), HEHS LAEAT M, H4KripkeZ T BLE X
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M, =(S,.1,,R,,L,),

° S, = Su{(r,a,s) lacA,reS,se S,r—‘1——>s} ;

o [,=1I;

* R = {(r,s) | r—’)s} U{(r,(r,a,s)) | r—")s} u{((r,a,s),s) | r—"—-)s} ;

o AP=AU{L}, #FrseS, acd: L(s)={L} BL ((r.a,9))={a}.

LTSEIKSHE B R ELTSH MBI EAKSFHRER R, WELTSHHRIIKE (r,a,5) &

KSTRBANBERR(r,(r,0,5)) ¥1((r,0,5),5) &7 (r,a,5) HKSTHHMERE.
32 WAHT A PN RERTEEM BRI, XEEEHMNR PHRH BTN
FE. FHXLTERROBEHNEARERERBT LTS, KZh “ETF P-RENFEESRTIRE”
(Pi-Calculus Based Labeled Transaction System, &k LTS, ) , FHE%H LTS, H5E X.

EX 44 ET Pi-BENIRSTIRSE

ET PiREMFSTERER—MNURAM, =(S,,1,,4,,R,), .

o S, AREMES:

o I c A AVHEREHES:

o A =4, VA, u{ttu{ctu{p} AERESE, A, APi-REF AN KR
FL3fE a(x).[x =Var) &S, A, WPi-REPHRLEIET <x>HEE, 7 hP-R
HRRASMTEE, ¢ APHRETIERERE, o APHREPHIITERME.

o R S xA xS REAMRESHEERENBIXR, REbFLA—IEIE.

5XHR[S9)F I LTS & XAR, LIS, B 4, HHSH.

RELE S, PHOREH P(ie N ) ¥R, VP,P(,jeN*,i#j), B#P . iR PR

HHEREHIEWT:

(1) Ei Pi-EEHRERERRERTE, WB—RW,

() HBHEHFLEEMAZS, +;

() MTFEHFER, NEERL, NGREKKEHP(ie N AMDEIR, BKA 1,

ATERWFR, HEPLMAS, 7

@) S, FHIRA0 H NIL B

THEKEE — AN EFIR TS PR EHBRORERELE.

N P(a,b,Var,Varl,Var2)=a <Var > .a(msg).([msg =Varl].0+
Bl. ki quﬁﬁﬁﬁ[msg =Var2)b <Var2>.P(a,b,Var,Varl, Var2))
% P E RRETEE, W 4.2 Fir.
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a<Var> .a(msg).([msg =Varl].0+
[msg = Var2)b < Var2 > .P(a,b,Var,Var\,Var2))

a<Var>
a(msg).([msg =Varl].0+
@ (msg =Var2)b < Var2 > .P(a,b,Var,Varl, Var2))

a(msg).[msg = Var2)

0 . @ b <Var2 > .P(a,b,Var,Varl,Var2)

b<Var2>

. P(a,b,Var,Varl,Var2)

B 4.2 Pi-RE R ORERTE
ZPREE P RHTIRR, Bl S, = {NIL,P,P1,P2,P3}.
LTSEIKSHIH SR RLTSF HIaEBRS AKSHIRE . ERTPREMFSRIRLLTS,

F, FEAARR: Bl WA BT, BERHT. TEITREXRENERENER T W
¥ LTS, B4t hKS. '
SEXN45 WRBESTRE LTS, BlKripke KS Hmst
BERSRERL LTS, €XAIM, =(S,,I,,4,,R,), FAHMHKripkeZi# KS & X%
M, =(S,,1,,R,,L,), WRINTFMH:
(1
Vs,s, €8, ,Va<Var>e 4, c 4.
(s;,@ <Var>,s,)eR,
=s,,8,,a=VareSs,;
A (5,8,)€R,
A (s,a=Var)eR,
A (a=Var,s,) R,

& (1D #RT LTS, #RREHNZST R SR ML T infTst b KS FreR
SHRERFR. ZBEA a =Var RrRBHEER R KS PHRRE.

AT R KS ¥4t SMV BFF, MERERR state, 8 Vse S, WAKE state
IMEME, MP(GeN")®r (PIXMs, P2XMs,, P3XtRis,, ~-); FRNMAEER
FERE a B TIIAER o, 8 a PEBRRHEIER 2 IKMEHE. £4F (D T,
HBEWT SMV B HR:
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VAR
state :{P1,P2,---}
a:{Var, -}
ASSIGN
next(state) = case
state=Pl&a=Var:P2;, (1)

esac;
next(a) = case
state = P1:Var; (2)

esac;

EULBEFRBY, a=Var BEEM/RRER, HWATUEEREER. KRR T a=Var
EATERSERGERE. BTFEV)PH state= PLAEFE a=Var (HIEDQ)VTLHES
), EFRERQ)EEAR:

state=P1: P2,
MU EAETLAE H, ERMHIMET, a=Var HAREER), HEXRHZEHE Var.
(2)
Vs,,s, €8, Va(x).[x=Var]e 4, C 4,.
(s,,a(x).[x=Var],s,)eR,
= s,,a=Var,s,, €S,
A (s,8,)€ER,
A (s,a=Var)eR,
A (a=Var,s,)eR,

&4 (2) #RT LTS, FHEMRENZERMASEARRHE LT 0B A KS R
ANAETXRR. XEMHa =Var RMNIEXPK KS PHRE. £ PHREERF, —4
HBEMMAN S~ HEROAY, B Pl RN M KS . FEIANSIMERSEEMF

(1) FESEEBET, 44 () THUNM SMV RBFBEEFEEXERE, a=Var &
XEEEARRER. £E4HF () F, MKSLBIWT SMVEFHB:

35



Web RS- F 45t Pl WS-TX IR 5RAF

VAR
state: {P1,P2,--}
ASSIGN
next(state) = case
state=P1&a=Var: P2,

esac;
EMASET, a=Var hRRER, HEXREHEERE-MFHHELE, WREHE
A Var R 55— i
(3)
Vs, €8,,T€4,.
(s,,7,8,)€R,
=5,5,,TE€S,
A (5,8,) € R,
A (s,7)ER,
A (7,8,)€R,
EPHEEYT, 7 RAABETIE, RRMIRN S RARA REFEMEE. X T FiLE
BHPERE, BKSPHSs s, M7t ZMREBER—IREs, sel,. sHEMTRMH:
Vs'eS,.(s',s)eR, = (s',5)eR,
Vs'eS,.(s,,s)eR, = (s,s)eR,
€))
Vs,,8,,8,€8,,6€4,.
(5,6,5,)€R,
Vv (5,56,5,)€R,
=5,,8,,8,6 €S,
A (s,6)€R,
A((Gsp5,) € R A (G,5,)€R,)
v ((sl’SS) ER A(5,8;)€R, ))
#P-HEP, EEIEHFIRELRENIE REME, ERFHMEEERIT.
WA KS &H3p, REs, GRE ¢ TUAIHB—MRE. BREHF (4 TLEBK:
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Vs,,8,,8,€8,,6€4,.
(516,5,)€R,
v (5,6,5)€R,
=5,,5,, 8,6 €S,
A ((s5,) € R,
Vv (5,,8,) € R,,)
XM () F, BRBIWT SMVEFFR:
VAR
state: {P1,P2,P3:-}
ASSIGN
next(state) := case
state = P1:{P2,P3},

esac;
(5
Vs,,8,,8, €8, p€4,.
(51,05,15) € R,
=355, |5,p€S,
A (51,8, ]5,) € R,
A (s.p) € R,
A (pss;|s;) € R,
fEPIHEEP, HTHEHAREERENSE, REMN, ERFHMHBHTIT.
WEEKS B, RE s, 5RE p TUSHE—RE. BEEHS (5) TLEER:
Vs,,8,,8, €8, pEA,.
(5,0,5,18,) € R,
= 5,5 |5;,p €S8,
A (8,8, ]8) € R,
e SMV BF, HTITHRZ T ERRS R BT WS TX NHSRZ5EERPE
118, 7€ SMV B RERR ST ERTHE. WTHEE (5) FxNg sMV BFEAB:
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VAR

P1Process : process Pl(a,c);

P2Process : process P2(b),
MODULE Pl(a,c)
MODULE P2(b)

ERFBFH oy ¢ WK PLIBY, b AR P2 MBS H. XB MBSV A SINE
&,

4.2.2 #3%MM

THERHRIEE X 4.5 B —RFIOAMNRZA DA SMV KBRR Pi-gHERERER,
ETHEORAMNFES “—>” WELA PHRIHEBRRIER, ALHRXRNK SMV RBER.

1 A WS-TX NS RIMAT RN PR EH R R SMV RN ERH.

P=R|PF,|--- - MODULE main

XE PLA P2 A WS-TX MRS RTINS 5E#E.

N 2 WS-TX SR A S 5E BT IEEDS S SMV BRFER BV HER, T8
ZAHBES, BOMREBOBSEAEINPEEREONENES, 8 nl AMAZIES DX
NREHIGE.

MODULE main
VAR
P=P|P, a:{Varl,-,null};
B=--a<Varl>- -  b:{Var2,,null};
P=--b<Var2>..  ASSIGN

init(a) = null,
init(b) := null,

N 3 WS-TX NGRS 5ERBBS N SMV BFFHRHATHFRER, FHERIMZRK
ABEEHBRER, FERNSECHRNERTERIINEES.

38




B MEMAKFEB #0083

VAR
P1Process : process Pl(a,c);
P2Process : process P2(b);

P=R|PR
B =---a<Varl>.c(msg)--- —

_ E Pl(a,
B = <Vard>-- MODULE P(a,c)

MODULE P2(b)

U 4 —A Pi-REHREMH A — LR state, BRMMBEAZHEBRERE S, PHHT
HAE, X8 state FAIRERHERS.
BN 5 ZE state FHEABRIFNER REBER, HERF N LIPREFRMLAE.
ASSIGN
next(state) := case
state=PF, : B,
state=P,&a=V2:P;
state=P, & a=V3:F,;
state=P, & a=V4.P;
state =B, :{P,,Ps};

P =a<V1>.B,

P, =a(x)[x=V2]R, 5
P =a(x).((x=V3)F +[x=V4]F)
Ry=E+h,

I 6 AR x K next(x)iEA)FIHIEE:
ASSIGN

next(x) = case

1:x;
esac;

P ERBERERMEA TRRNERSRERE.

B 7 WER R o BE CRE) EBAIMEBERREZR, KT —REL MM S E,
Fe A A EME R AT PR SAT IR,

ASSIGN
P,=a<V1>.B -  next(a):=case
state=PF, V1,

# P BRI SMV B KBS AFE . B AR PR EMEHITIRR, REHREM

W) BRI 7 AT 4.3 WHEHRE LA BNt 3 3 B 3 H# TR PiCal2NuSMV.
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Web JR&F 5 IHATML WS-TX MBI M 5RAE
43 #%35 T A PiCal2NuSMV #9i&it 5L

FRER—MN P HREIE] SMV RS0 B3hH# TR PiCal2NuSMV. i 4.3
Fim A% % TR PiCal2NuSMV HIZEAZEH . PiCaRINuSMV 34 A = KA M Pi-igE X AM
% BHUERBA SMV =A%, Pi-RE AR TE P-RERER ML AR AL
AR R, G Re A 2 T 4 365 4 Pi B b SMV BRI AR T,
SMV PP 884 SMV BEF W RR T B H0h SMV BPRIB A,

PiCal2NuSMV
Pi-E XK HBIE % SMVZ = B
DS L e 2 | L
P [ | — | SMVEFF
B IR [ ]| |[ e f
wEAH | [ C —
menm | = RS L || L o
—/ & Lo Hr | Pl‘-
HE RS 7 - I A
(remgistmess ) ( sMvBRAERE )

4.3 PiCaNuSMV Z A%

PiCal2NuSMV R A AR A Pi-RERER M MET LTL/CTL It #ER S .
Pi-lHEREA I HAH T REM PR EREM AR, HhB—FHBEREARD SMV 2
FPH main BER: #EFUERXHE—ITHRHRLEM—&HMA, B LTLSPEC & SPEC F k.
PiCal2NuSMV Kt AT S SMV AR SCAM Pi-REVRIRBUE . SMV B
B M:R PHRARIERN N SMV BRI XARR, KA BAE T HR#ER AR
Pi-iRE AR R PIE SO A7 R Pi-R AR MG B, AT NuSMV2 P4 ) K 451 (48
Bifs B, RN HSE4EMR PiCal2NuSMV Al NuSMV2 T A¥E#%.

PiCal2NuSMV WA $hAT 30 HRAF XU R AL P HH FATLLE CSDN £
http://download.csdn.net/source/1976669 T #.

43.1 Pi-RE XA B R

Pi-EHE AN BRATIE PHERRARXNIEREREUAINERRER, SA=8: #
BT EEAHTRIE X247, ANTLR (Another Tool for Language Recognition) % 4% FH 3k
BYeRIX— TRk,

ANTLR B—AMHHETR, UETREEETERESEFIEESNER. H T
£ P-REMEAEAEBESNER, RAS5 MWB IABEHAMM Pi-WEER, H
EBNF(Extended Backus-Naur Form, ¥ ERHEHER)E 4.4 iR,
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Pi-i%H EBNF X HLh.g HEBA, 17 1 Bk A R84 PiCal.g. T 2 B X T Wik
SIS, WRREXWFEHRAME. ANTLR 5/ LLE)XE, k=5 X TE—4 token FIFY
BROFHNMCH 5. 173 4 token 4 (tokens command), Bl FAHEHERTF—IH I LK,
BEFHXANFER RN REREMM AR S 2R, HANFSZ2HRHREER T —RNEE
%o 1T 4 31T 19 A PiEEGESANIME X, 4T 20 BT 25 b PR AR IUA E X . PiEH
f¥) EBNF FELHATE X7 AR A TR Pi-RE XA R AR E & XAFEH, RT

RIEE 4.4 FRASH.

1 grammar PiCal;

2 options {k=5;}

3 tokens {AGENT ='agent; EQ ='='; LPAREN ='(; RPAREN =');
LSQUARE ='T; RSQUARE ='1; LANGLE ='<; RANGLE ="
COMMA =''; PLUS ='+; PARALLEL='; DOT ='}
REST =", OUT =1"; NIL ='0", SILENT ='t;}
/*PARSER RULES*/

4 multiDefn : agentDefnt;
5 agentDefn : AGENT agentld EQ process;
6 agentld : NAME LPAREN nameList RPAREN;
7 nameList : NAME(COMMA NAME)*;
8 process : sumExpr;
9 sumExpr : expr(PLUS expr)*;
10expr : inputExpr | outputExpr | silentExpr | parallelExpr | LPAREN sumExpr RPAREN | NIL;
11 inputExpr : inputAction DOT match;
12 outputExpr : outputAction DOT expr;
13 silentExpr : silentAction DOT expr;
14 match : matchExpr | (LPAREN v_matchExpr=matchExpr
(PLUS v_matchExpr=matchExpr)+ RPAREN);
15 matchExpr : LSQUARE NAME EQ v_match=NAME RSQUARE expr;
16 parallelExpr : agentld (PARALLEL v_agentId=agentld)*;
17 inputAction : NAME LPAREN v_value=NAME RPAREN;
18 outputAction; OUT NAME LANGLE NAME RANGLE;
19 silentAction : SILENT;
/*LEXER RULES*/
20 WHITESPACE  : (\]'''\¢|\n'[\u000C")+ {$channel=HIDDEN;};
21 NAME : (LOWER_CASE | CAPITAL_LETTER) BASE NAME;
22 fragment BASE_NAME : (LOWER_CASE|CAPITAL LETTER|DIGIT|' ''$'\")*;
23 fragment DIGIT 1109,
24 fragment CAPITAL LETTER: 'A'..'Z';
25 fragment LOWER_CASE  : '2'.'z};

& 4.4 Pi-iR 57 ) EBNF
Pi-REMAFS A 45 iR, —4 Pi-REEDPCa)HE T4 Pi-IERIEHK (Agent)
A, T—% Pi-EREAE—MERIR (Agentld) F—%RER (Expr) HAk. B Pi-
BEEPRTENE, PiCalNuSMV BRIEARXSHAE: WMARER (InputExpr). FHEER
(OutputExpr). ¥ #F#RE K (SelectExpr). H47RIER (ParallelExpr) M LR A, (SilentExpr),
B4 A& 8 Expr K. W5b, LeafAgentExpr 2551 LeafNilExpr tb4k7& B Expr 2, B3R
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AMFRER, WAFEFRER, FRHAEEL R, LeafAgentExpr BR7HFHBEIFR,
LeafNilExpr KR RZHEIRR.

Match PiCal
®value : String &agentList : ArayListcAgent>
Sexpr; Expr
1,.'l 1.7 Agentld
Agent ®agentName : String
Matchs agertid - Agerid | o————%names : Siring
®matchs : ArrayList<Match> Sexpr: Expr
‘ ) LeafNilExpr l
InputExpr
&channel : Channel E@————?‘;TA/ LeafAgentExpr
&matchs : Matchs %opSinto Strng <F——®agentid : Agentid
? ‘1..‘
Chasr:ngl ParallelExpr
ame : String ist-
Q?actionType St SelectErpr &exprList: Arraylist<LeafAgentExpr>
&value : String SoxprList ; ArrayList<Expr>
1“’
OutputExpr Expr S
lentE
®channel : Channel |, &pStateindex . int ’Qnemlii r.XEp;pr
QnextExpr ; Expr SopState : String pr-
Bl 4.5 Pi-E AL HEE
4.3.2 ¥iRiE R 2R

HHEREHATIE PEEAFLEMRIY SMV BFERELEH, Ait—S8%1LR SMV &
FARBIT TR, HHuERS TAETRE 422 ELHAS W, K0 0REs, HERY Pi-
HERBRHTRR GEERR), REIREHL 1 B0 7 #1755 GEBRER).

Expr FiRHt T getPState()J5 5T Pi-R BB MIRIR, KIT/EFRBERE: Expr PHE— G
AITHHAE pStatelndex, FFRMUERFH P’ M HBNEEHER - FHERS, R
BEvEE a1, D& R —REXIRR.

Pi-HH TR S SMV B Z[EFEBST KR, BRI 4.2.2 BN 1 30 7 ¥ 5AB5
HTFE—A Pi-RETENAFEWERD, FA-MHEREFE, HHERERZRA.

B 4.6 #ART SMV BEMAFLEH. —4 SMV BF (NuSMV) B=#2HK: Tk

(MainModule), F#itk (SubModule) FItEFHHiiR (Property)e —4> SMV BFFLRFE—
FREIMERANORE, TREESIEEN TR, ]SRN Ritid . MainModule
1 SubModule #R4kA& B AbstractModule 2. AbstractModule X I/ EH: HHREZHK (name),
S8 5K (paramList). ZBFR (varList) FMEFHFHERTIFE (subModuleList). B
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(Variable) #iid 7 —MEEMFATREMKEME. MHENRTEM, Bitx SMV EFHF
SR AALREAT LA7S 2 NuSMV2 7T LLRBI SMV B 30 A .

NuSMV

roperty : Property

SmainModule : MainModule
&subModuleList : LinkedHashMap<String, SubModule> [———1&pitemList : ArrayList<String>

0.1 Property

MainModule

Y

/S e

SubModule

X

AbstractModule

$ename : String

SoparamList : LinkedHashSet<Stiing>
BovarlList : LinkedHashMap<String Variable>
RpsubModuleList : LinkedHashSet<SubModule>

]

1.*

0. SubModule

StateCase

RpreCunditList: LinkedHash Set<Condition>
&nextState : String

1.
L’T

' [ Variable
v Condiion
type : int &varName : String
@range : LinkedHashSet<Sting> Qvarvalue : String

* &initState : String &opType : int
&nextStateCaselist : LinkedHashSet<StateCase>
=

| B 4.6 SMV BEFF W7 45 K

| 43.3 SMV BFFEE

l

r

SMV R4 384 SMV BB NFERT A oh SMV BFRBXCA, IR =4 Pi-
HEHERALEGE, AR NN REIREHER.

1 /**

2+ WiERFHEL, WLsMvEEMERRRZModule.

3 %/

4 public String toString(){

5 tttttt

6 this.genModuleDecl(); //F=4ModuleHiBirA

7 this.genVarDecl () ; [ /PR R R E

8 this.genProDecl () ; [ /FEEFTHE R A

9 this.genAssignStmt(); //F=HEASSIGNES A
10 this.genFairnessStmt (); //F=4EFAIRNESSH# &
11
12 return this.moduleString.toString();
13 }

4.7 BEHH SMV R A A REF

B 4.6 P55 SMV BFLRMBEMN, RENGMRER oString)7E, FLZER
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XHZHEFTR SMV B2 LR MICAHIH. i AbstractModule 2] toString() 7 1B 4.7 Frs.
H, 17 6 BT 10 HHIER SMV BFEP—/MESR R BRI,

4.4 KENG

FEXHMAER SMV BFRR Pi-EERGHT THA. B AT T A A BIE Pi g K
RIEEAL N SMV BB, XA T NuSMV2 SRR T A REAAES SMV BRI,
HAMAT NuSMV2 MIHERIERTES CTL. SRJ5M LTS B KS M HX RN MK SR Piwl
HEH SMV BEFRABHELAN. BREREZFHRANR T HLRT BsEKRTR
PiCal2NuSMV.




BRMZEMRKREB L FARX

BHEEZ ETF NuSMV2 & WS-TX 105 FAE R4 & 4 47

BRRRR N THARGHTHERRR UARARL R FER D EIF A ERIRS. A
RREL B, WSTX B TEARARNIWAN ZXE. —FH, EANET
WS-TX il it RN, A kie HIER, MXEHRNAHEARI, JHxis
HRORMEIHRRENANR: H—HHE, WSTX BTG RAFHRAFES
ABEER A RETRN, R WS-TX Ml MM RH e E e RSN, X
BHAERIE WS-TX XN A R EEARMARL, RIEXHERUTEREFER
WS-TX XM A BIRTR. ABRMEHE =2, ENEMHARR, HEZFEPHRRITHEKRK
ITRHSSREHHTEERN, R ARLNRE RIS HEUARDINESRETE. R
SAHIT NS

(1) WHRATEWARIT ZHR R RS AT Pi-EE B,

() ¥ Pi-REEREAR SMV BFFAE;

(3) ¥/ CTL H#id N SRR,

(@) £ NuSMV2 #EATHRUR I 247 o

F—PHEE=ECEER, B_STLMEHBNELIN PiCa2NuSMV H# TR MK,
AEEENRBE=SHEND.

5.1 WS-TX il B A R 53 #f

X WS-TX WM ARG RBIES N “REURIE” F “HEHRIE” ©, W 5.1 FoR.
“REWRIE” NEWLRAE WS-TX X MMASRRETHLESFE, T “FHERE” W
RAEWR LR WS-TX thill A 5 thiiS 5& M.
r--WS-TXWB‘(@Fﬁ%ﬁH‘J%KQB&iE—ﬁ

#FFﬂ!ﬁ
0 EAK

ERAH EWTE

A 5.1 WS-TX MU RIS R TE AL RAIE 7 B HESE
WS-AT thiSl R A2 KB BUR T MY ZE A A IR T R, B s () ACID B4 451,
T WS-BA A FKF%, TEE™RN ACID ¥, BT WS-AT thils WS-BA Hhilt i
RHRAT “REH" 5§ Wi HRFRRA—H, TERIIN4E.
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5.1.1 WS-AT F HinmER o

X 5.1 WS-AT &4t

o TaEME (Stability): FH—ERTHPIE, RLKERFEZMRE.

o —3# (Consistency): BEHIFAS EHEBEAMRRY, BAHFIE, RUf—HHMHREL

5 —#aik.

% WS-AT MAHRRZAENRIERD TRIENAGRRETHEF . XEMRES
REFRFEYE. ERTEKSRP, REHRLNARREKNHERERFKE Commited 8
Bi# Aborted 1 BJ5, ARANEE NS 5E THBIT Web BRERRWBIT Web FRE) Ki%
Rollback 8. XEM—BHER T FEMREFEN—B. ERITEKSRP, —BHER
BRAT Web FRF AR AVARAT Web k55 B4 & 5 1888 K% Committed 7 &, B4 £ K% Aborted
W, AaE—ANKR% Committed 18, TiH—AKiE Aborted H .

€ X 5.2 WS-AT #5#:

o EFHZEY (Non-Blocking): £5# 5ihil#E & LUABIHN ML ILRE.

o EFAH (Non-Triviality): MRFHNSSEHRLT, WRETRLSILFENSES

REHEE.

Xt WS-AT N B3 B iE th RAE R A T RAE WS-AT thilld 5 RE T, M EHGET th
WRRLILH, ARBARERELEELIERE, CRRRSEE GUERIT Web JREFIR
WARIT Web fR%5) B2 FHARRKRIZE Committed, Aborted (% ReadOnly i &, TithiF%
BAHS MEKNHERF K% Committed 3% Aborted H 2. FFAMRHGNB5EHLL
ik, EAFERBRHEN Aborted K 1ERE, FAXR—MER-BHMEMRNER, XEF
BRA LARAT, AN LA D] Committed 25 1EHPIRA, B12 545351 thif 28 & % Committed
HA.

5.1.2 WS-BA [ fia = BIER S #7

WS-BA HHUEHR Web FR%F 44 HLMHRAED, BRI AT—RAIRFHHE
M. BRVEEEBARETFEFSHERFHEMM ACID R, BEBE—BRIMUHERNS
8 WS-AT thil R R 2 2 REHERE X, TERNKS T WS-BA MABHRIMERK.

SEX 53 WS-BA 44

o TBEH (Stability): —EHANZIERE, BREKBRREAEZIME.

o —H# (Consistency): FiHMSEEBEATINEEERRE, BAFEMMEERR

&, AUR—HIERGER, MA—BIRIMEER.
SR AeMXF AR BRI R D T RAEEH WS-BA MMM A SRR T HLEBH 1.
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WS-BA il BRBET ACID F545tE, BHBLETERERNZRE—BEN. ERITE
R, REtRR—BhERRRTZHENARF RE Commited B Aborted I§8/5, th
RRAF RS 55 K% Cancel B ; —BHERBENHABKECHITE Web REFTIHHIT
Web fR45 ) Completed 18 J5 , thRZZ B4 M ENIKE Compensate 8, B4 KIE Close {H &

X 5.4 WS-BA 5t

o JEBHZEH (Non-Blocking): 5% 5thil#E W ASIMLMLILRE.

o EFAHE (Non-Triviality): MRFEMSEEHZELSES, BB EERTE

EAERLHRE.

WS-BA fyiEtEL WS-AT MIiEHS X—#, BRAXMRNNEHRZETE. £ WS-BA
MM ES, EHEHRRISESE CEHITE Web REFTEIIT Web fR%) B&MHE
[ thifia& & i% Closed. Compensated B Canceled #/8, A SR AR KIEMN Exited, Failed
&, NotCompleted it B, Tt 28 B & 2B & AT ZHE R AR T K i% Committed B Aborted 15 8.
EFAHREG NS EERSL L, BEAFEERLIL, FUMRBERZL, BHERTRER
255 K% Close HB.

52 £ T HEANZE CTL B9 WS-TX MARE MR

NuSMV2u] LU A B S CTLMILTLR R RAM MR, ZECTLY, MEEEARE TN
—AMEERREF M E TR L, MALTLY, WE&SEFNHRE TFHRN— 4T
REFHMELRZ LHNFEM. LTLRCTLHF&. B FCTLMRRMRNER, FFI0EH
CTLRH#IRPi-H HAR B I

5.2.1 WS-AT [ AR 1R A CTL ik

RIES. LI R 2ERERE S, TS HRAT RIS RN %0 2 R
W1 Bt thifa kN TR K% Committed/d B B AbortediH B )5, tHARA
fEERSEE (TBEBRITWebRFFRUWHBITWebIRS) KiXRollbackiH R . {FHCTLIER:
EX ((x=Committed | x=Aborted) -> EG !(y=Rollback & z=Rollback))
B2 —Bitk: SEHRAT WebfR % RIAR AL RAT WebfiR 45 B4 #8 1 H5 i 28 R 1% Committed
B, BEA#R%AbortedH B, A E—NRECommittediH B, TH—Ki&AbortediHR.
FCTLA#R
EG !((y=Committed & z=Aborted) | (y=Aborted & z=Committed))
HR3 PR R RIT Web /% B 4 # < A U i % K 38 Committed . Aborted 8{ %
ReadOnlyiH 8. fEFCTL#ERAR:
AF (y=Committed | y=Aborted | y=ReadOnly)
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HR4 JRFHEM: RARAIT WebfR % B 4 H 2 1 b 8 88 K 1% Committed . Aborted 5%

ReadOnly{H 8. {ERCTLH#IR A :
AF (z=Committed | z=Aborted | z=ReadOnly)

HRS MR ARRAH R FRTHIKN R R Committed s # Abortedil B .

{EFCTL#R K :
AF (x=Committed | x=Aborted)
tie P AY: FHES5EHRHIARRECommitted B . HACTLHEEY:
EX (y=Committed -> EX z=Committed)

5.2.2 WS-BA R iz R Ay CTL $#ik

BRIES. 1290 RAEMREEIE X, TS AT ZHE S RN %% R 5 -
W7 RBEt: —BUMARRRTZH N AR F R i%Commitedi¥ Aborted it B /5, A%
AHRNZEH RECanceli B FHCTLI#RN:
EX ((x=Committed | x=Aborted) -> EG !(y=Cancel & z=Cancel))
8 —Btt: ZEHhASCE] KT R Web/R % RIS B TIT WebfiR % ffICompleted i 55 »
WAREARENTRECompensatell§ B, B4 Ki%Closeli B HACTLERN:
EX ((y=Completed & z=Completed) -> EG !((y=Compensate & z=Close) | (y=Close &
z=Compensate)))
PR AEBRZEYE: EHLITE WebfR% A4 M 1A% K i%Closed. Compensatedsi,Canceled
R, BEZIIARRENExited, FailediNotCompleted¥ 8. 1£HCTLHE N
AF ((y=Closed | y=Compensate | y=Canceled) | (y=Exited | y=Failed | y=NotCompleted))
R0 JEPHEME: FBHIT Web R % B L 484 1 ) 8 28 R i% Closed . Compensated 5
Canceled§ 2, B& DA% KX MExited. FailedsiNotCompletedi¥ 8. {#FACTL#RN:
AF ((z=Closed | z=Compensate | z=Canceled) | (z=Exited | z=Failed | z=NotCompleted))
11 JEREEEYE: YRR RS FIHRAT 2 HE N AR P &% Committed B Aborted i .. {8
FCTLAR A :
AF (x=Committed | x=Aborted)
tR12 EFAE: HASTRNS 5EYRIZECloseld 8. MFACTLHRA.:
EX (y=Close -> EX z=Close)
# SMV 2P, CTL ¥R R SPEC X7 H M. LLE 12 £H KM SPEC AI8IFR
EFR#RMARRE GRITEKMRITRZE) 25 THRAXAHP, 4 PiCal2NuSMV
HIA .
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53 £F NuSMV2 fUiERIETI R H o4

AAKEt 5.2 W TERE . HEH 3.3 WHTRK PREETIRER 44 PiRE
# EBNF #TEE, S5 PiCal2NuSMV TR AEHIRGIMC AR . RJ51E PiCal2NuSMV %
BAEAREHIAERHRE SMV BFARE, /4 NuSMV2 FRABTRER . RITHK
FRAT R HERIHE O 20 TR A TR

A ICLRAIEH %4 H: CPU Pentium Dual E2180 2.00GHz, W7 1GB. BA-&:N:
Windows XP %4, NuSMV24.

5.3.1 WS-AT R Bins RN R 54

£/ PiCal2NuSMV T BARB17HMk SMV BFERB LK% 1. £ print_reachable_state
FTENHBRITH K R4 FSM RASNE 5.2 Frn. REIEH 284 MAIERA. [ check_ctlspec
LA 5.2 W MR 1 Bl 6, MME R 5.3 Fiow.

NuSMU > print_reachable_states
HERURBURBBHRURBEBRBRERBERBRBEBBUBRBRABBRARBURBUBRRRUURARRURRUARUEARAR
ystem diameter: 29

jreachable states: 284 (2°8.14975) out of 1.57203e+007 (223.9061) /
HESHHBBRUURRARRBBURBRRUUBUBBURSBREBURBURUBARBRURRRBBUBRBURBUBHRURARRS __j
uSty > hd

Bl 5.2 BATHIKER FSM REH
Bl 5.3 BRI RIA R WS-AT thill FARITH Ik A Rk R RAERFBERHNER. X
—HERHA T RITHKREREHEFSE, RAGTREBI-BHNER: RRtREHA
T WS-AT thill &5 &1,

NuSMU > check_ctlspec
—— specification EX ((x
11back>> 1is true .
—— specification EG 1{C{y = Committed & =z = Aborted) ! (y = Aborted & z = Committ
fed))> is true .
- specification AP ((y = Committed | y = Aborted> | y = ReadOnly) is true

-~ specification AF ((z = Committed | z = Aborted) ! z = ReadOnly) is true

— specification AF (x = Committed ! x = Aborted) is true

—— specification EX (y = Committed -> EX z = Committed) is true .
NusShU > |

B 5.3 ITHKEERNSE R
5.3.2 WS-BA [ Fl3g =M BAe M R o4

8 F PiCal2NuSMV T RAERikT ZHE SMV RV WLBE % 2. 4 print_reachable_state
FTEV M IRIT RH RS FMS RAEZNE 5.4 FiR. REHH 2874 MTIERT . 8/ check_ctlspec

Comnitted | x = Aborted> -> EG t<y = Rollhack & 2 = Ro_
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ATLARY 5.2 ¥ HtE R 7 BN 12, BIUGRE 5.5 Fir.

o WaSHV Interactive:
uSMU > read_model -i
uSMU > go

uSMU > print_reachable_states

HERBRRHBRBRRRRUBHURUABREBUBURBRARRURRUBBUBRUBBHURBRBURRRBUR BB BUBUBRBUR
ystem diameter: 23

eachable states: 2874 (2711.4888) out of 9.43488e+007 (2°26.4915)
iR innapusninsagERBERRURBABRBRUBRBRBERBRRBUBRBUABRBBRARBRBRY

usMU > _ =
Bl 5.4 HRAT RHERER FSM REH
B 5.5 MRS R (] WS-BA PHs AT 2 HEA Rl B R ARG ER X
—HERETRITZRERZ RS E RN BRI, RASTHRE/I—BMMNER: An
WA T WS-BA thill k5 BATEH.

uSMU > check_ctlspec
- specification EX ((x = Committed | x = Aborted> -> EG ?<y = Cancel & z = Canc_;
1>> is true

specification EX ({y = Completed & =z = Completed) -> EG ?*((y = Compensate & z:
= Close) | (y = Close & z =~ Compensate))) is true '
— specification AF ({{y = Closed ! y = Compensate) ! y = Cancelsd) } <({y = Exit:
d | vy = Failed) ! y = NotCompleted)) is true

specification AF (({(z = Closed | z = Compensate) | z = Canceled) | ((z = Exit:
d ! z = Failed> | z = NotCompleted)) is true
—- gpecification AF (x = Comnitted | x = Aborted) is true
— specification EX (y = Close -> EX 2z = Close) is true
uSMU > =

B 5.5 WRITRARTRMER

533 i—5B%

BARHN— KR R RERANHREROER TRBAHEN. REIMFEEFEREMNER
GEROHRERBES . T HRET— AL FIR G055 R

WS-BA JUE T ACID B445tE, HAMETHRORTFYS. RITZHIRFHRFHETUE
XA B5E—BRTHNEME. CHITE Web IRE R FHTLLERE CTL #id 4.

AG (y = Completed -> {(EX y = Compensate))

XL EH RN RmE 5.6 i, RAEMREGINKSE 3. Bl KRR, & HIT
5 Web RS ¥ 2% K% Completed 11 85, FRIBTHIT Web AR % 7 b 88 & 3% Failed i 8 %W
HEFZRW, BAVRBRER CHITRE Web fR% Ki%E Compensate 8, iLILHMN EERAE
%, ERAMAT RS RAHETRIEFH.
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Nusmu > read_model -i D:\SMU\bs\travel.smv

NuSMU > go
NuSMV > check_ctlspec —p "AG (y = Completed -> ?(EX y = Compensate))" ;J
specification AG (y = Completed —-> *(EX y = Compensate)) is false

as demonstrated by the following execution sequence
race Description: CTL Counterexanmple
race Type: Counterexample
|-> State: 1.1 {-
state = TravelCoord
vy = pull
2 = null
x = null
TravelProcess.state = Travel
CoordinatorProcess.state = Coordinator
FlightProcess.state = Flight
HotelProcess.state = Hotel
> Input: 1.2 {-
_process_selector_ = FlightProcess
running = @
HotelProcess.running = @
PlightProcess.running = 1
CoordinatorProcess.running = @
TravelProcess.running = 8
> State: 1.2 -
FlightProcess.state = P73 ;ﬂ

Bl 5.6 HRATZHSRB PRI R
AXH, REIRRE SMV REAHEK, FEHEXR PiCal2NuSMV A R Pi-iR HARIR
BT EAXUBHIED, BREEIHMT TR TRETR, Sl Pi-
RESABRORGINSE, MARET SMVERN, #8%REIMMTTAEEMTE.

54 KF NG

FEFRABRRKN TR NuSMV2 Xt WS-TX PR RAR#AT T RN . HEMMNT
WS-TX Wil A H R A M. REWNEE . REWRIEA TN ERAFN SRR
REZHE, EHRIEAE LRI AL RE . KN WS-AT F1 WS-BA il A5
REREMNEMSHIM CTL AT T KR M/EEH NuSMV2 BiET WS-TX AR 2T
REEWAE, RS REAT T 7. BIEXN NuSMV2 F=AF REIS 7347 T B %
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ERE BEERE

6.1 BXIT{ERSG

BPEL 2.0 MG+ 5% “BPEL iR K EH MR EEBMSTELEF, HHLSE
BHEEZAMAARND A —BHNOEALEY BPEL TEMAE, BRTULSE
WS-Transaction ¥R JUX A )8 . ” PhX B ) WS-Transaction MERE R WS-TX Hhill. WS-TX
WIAE AR AN FEL R B T ERAN= W REER. HWFREEEGHAER
T 3% WS-TX PhA 5 I IERHERAT TR, B8O WS-TX thil SLhrm i & F i
RESSHOMR. BT, F30RET M WS-TX WS B F 5T R ALRAE 45T IOHE 2.
6 PIHREXT WS-TX UMM S RGHAT R, KRS SMV BBPAUS, JHEmsR
B TR NuSMV2 % CTL RRMER M2 EWAEHETRNAMT. BERNKSEERH
WS-TX thill R Rl R 2 ReWMEE. REHRABIHRBRWT:

(D) %GHT WS-TX Pl A H R PR BB . HAX WS-TX thil A&+ 7T
ESPi-HETRNBHRRIITTHA, HEREMTRET WS-TX MAZRMEBEIN .
RIGHUNT WS-AT FHRITHIKIZR AN A T WS-BA MIRITRHEZ R, (R X
FNGRET PR, WIET BRI,

(2) BTN PIHREERF SMV BFABMHERTE. BN TRARRTEER
HABFRSBIERR S, REWRIE Pi-HERET LTS i SMV BB T KS fdF A, M LTS 3
KS B XA MR FH Pi-RE R SMV BEFFAIBMFEHRT %, R T WmifFH SMv RERR
PR A ERERM-LE N

(3) WHHLRT Pi-HERERXE SMV BFABHAE#BKT A PiCal2NuSMV.
PiCa2INuSMV #4324 Pi-RESCAMBIT R, HBEREBA SMV BFF-ER=K4a4. 4%
POER BRI TR, TRT SMV RABXR Pi-REHBERARN-EEMN, R T Pi-EE
ERF) SMV B 5.

(4) RAET WS-TX NS RMZ RGN, HAMMAT WS-AT HRITEKS
FRMEHT WS-BA MiRAT ZHSHRM R EHREET T E X RetiEhiNRERNE
SHEE, TSR INASG MW RN, REHH CTL diX&dkfitiT T#Hd. BEEH
PiCal2NuSMV TRE AN AR MR EREAA SMV BFABE, £/ NuSMV2 e 114
FIEAT THAR AT, RS RRB WS-TX Yl B R 7 5 R R ME .
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BARMEMRKEBR L FAR

6.2 F—FHHTIE

FEASCHERE b, ERT CLFFRE AT LT TH K3 — B R AL

(1) #H—PwE Pi-mEHENE SMV BFRBHERTE. 8T WS-TX thill A& A
hiAms5ERERN, AEEAEEE, FEEAPH WS-TX PSR ERNHF
AEefEiR s, fEER ER M Pi-REERE SMV B M SO BB X S 5@
R, MAREERET Pi-Ex I REERERFNTBINERES, ZRBREE
AT BAE T L BRI i AR AL B SMV B PRI R R A SRR LELZ—.

(2) #—P52# PiCal2NuSMV TR, FHIFREISHTIME. £ NuSMV2 #THE
BNARREIRET SMV BFREERN, #REIBHB PHREEETR TN RER
FEABMT. FL£L, AXALR PiCakNuSMV TANEZLHRBISHHMT %18,
PiCal2NuSMV TAERHIR T HBMEERE, KRS KEIKERAHR.

(3) ¥4 PiCal2NuSMV Rl NuSMV2 ¥ &% —#8, LR A0 Pi-RFRHITRIES M
EBMH TR, ‘
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MODULE main
VAR
state : {P1, TransferCoord};
x : {Rollback, Commit, Aborted, Committed, null};
y : {Rollback, Prepare, Commit, Aborted, ReadOnly, Prepared, Committed, null};
z: {Rollback, Prepare, Commit, Aborted, ReadOnly, Prepared, Committed, null};
TransferProcess : process Transfer(x);
CoordinatorProcess : process Coordinator(x, y, 2);
ComBankProcess : process ComBank(y);
AgrBankProcess : process AgrBank(z);
ASSIGN
init(state) := TransferCoord;
next(state) := case
state = TransferCoord : P1;
1 : state;
esac;
init(x) = null;
init(y) := null;
init(z) := null;
SPEC EX ((x=Committed | x=Aborted) -> EG !(y=Rollback & z=Rollback})
SPEC EG !((y=Committed & z=Aborted) | (y=Aborted & z=Committed))
SPEC AF (y=Committed | y=Aborted | y=ReadOnly)
SPEC AF (z=Committed | z=Aborted | z=ReadOnly)
SPEC AF (x=Committed | x=Aborted)
SPEC EX (y=Committed -> EX z=Committed)

MODULE Transfer(x)
VAR
state : {P2, P3, P5, Nil, P4, P, Transfer};
ASSIGN
init(state) := Transfer;
next(state) := case
state = Transfer : P2;
state = P2 : {P3,P4};
state = P3 : P5;
state = P5 & x = Aborted : Nil;
state = P4 : P6;
state = P6 & x = Aborted : Nil;
state = P6 & x = Committed : Nil;
1: state;
€sac;
next(x) := case
state = P3 : Rollback;
state = P4 : Commit;
1:x;
esac;
FAIRNESS
Tunning

MODULE Coordinator(x, y, z)
VAR
state : {P7, P§, P10, P11, P12, P13, Nil, P9, P14, P15, P18, P19, P16, P20, P21, P17, P22, P23, P26, P27, P24, P28, P29, P25, P30, P31,
P32, P33, Coordinator};
ASSIGN
init(state) := Coordinator;
next(state) := case
state = Coordinator : P7;
state = P7 & x = Rollback : P8;
state = P7 & x = Commit : P9;
state = P8 : P10;
state = P10 & y = Aborted : P11;
state = P11 : P12;
state = P12 & z= Aborted : P13;
state = P13 : Nil;
state = P9 : P14;

v
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state = P14 & y = Aborted : P15;
state = P14 & y = ReadOnly : P16;
state = P14 & y = Prepared : P17;
state = P15 : P18;

state = P18 & z = Aborted : P19;
state = P19 : Nil;

state = P16 : P20;

state = P20 & z = Aborted : P21;
state = P21 : Nil;

state = P17 : P22;

state = P22 & z = Aborted : P23;
state = P22 & z = ReadOnly : P24;
state = P22 & z = Prepared : P25,
state = P23 : P26;

state = P26 & y = Aborted : P27;
state = P27 : Nil;

state = P24 : P28;

state = P28 & y = Aborted : P29;
state = P29 : Nil;

state = P25 : P30;

state = P30 & y = Committed : P31;
state = P31 : P32;

state = P32 & z = Committed : P33;
state = P33 : Nil;

1 : state;

€sac;
next(y) := case

state = P8 : Rollback;
state = P9 : Prepare;
state = P23 : Rollback;
state = P24 : Rollback;
state = P25 : Commit;
l:y;

esac;
next(z) = case

state = P11 : Rollback;
state = P15 : Rollback;
state = P16 : Rollback;
state = P17 : Prepare;
state = P31 : Commit;
1:z

esac;
next(x) := case

state = P13 : Aborted;
state = P19 : Aborted;
state = P21 : Aborted;
state = P27 : Aborted;
state = P29 : Aborted;
state = P33 : Committed;
1:x;

esac;
FAIRNESS
running

MODULE ComBank(y)

VAR

state : {P34, P35, Nil, P36, P37, P38, P39, P40, P41, P42, ComBank};

ASSIGN

init(state) := ComBank;

next(state) := case

state = ComBank : P34;

state = P34 & y = Rollback : P35;
state = P34 & y = Prepare : P36;
state = P35 : Nil;

state = P36 : {P37,P38,P39};
state = P37 : Nil;

state = P38 : Nil;

state = P39 : P40,

state = P40 & y = Rollback : P41;
state = P40 & y = Commit : P42;
state = P41 : Nil;

state = P42 : Nil;

1: state;

esac;
next(y) := case
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state = P35 : Aborted;
state = P37 : Aborted;
state = P38 : ReadOnly;
state = P39 : Prepared;
state = P41 : Aborted;
state = P42 : Committed;
Ly,

esac;

FAIRNESS
running

MODULE AgrBank(z)
VAR

state : {P43, P44, Nil, P45, P46, P47, P48, P49, P50, P51, AgrBank};
ASSIGN

init(state) := AgrBank;

next(state) := case
state = AgrBank : P43;
state = P43 & z = Rollback : P44;
state = P43 & z = Prepare : P45;
state = P44 : Nil;
state = P45 : {P46,P47,P48};
state = P46 : Nil;
state = P47 : Nil;
state = P48 : P49;
state = P49 & z = Rollback : P50;
state = P49 & z=Commit : P51;
state = P50 : Nil;
state = P51 : Nil;
1: state; -

esac;

next(z) = case
state = P44 : Aborted;
state = P46 : Aborted;
state = P47 : ReadOnly;
state = P48 : Prepared;
state = P50 : Aborted;
state = P51 : Committed;
1:z

esac;

FAIRNESS
running

PR 2 IRITRHE SMV E2FRHS

VAR
state : {P1, TravelCoord};

y : {Exited, Failed, NotCompleted, Compensate, Close, Exit, Canceled, Fail, CannotComplete, Completed, Closed, Compensated, null};
z: {Cancel, Exited, Failed, NotCompleted, Compensate, Close, Exit, Canceled, Fail, CannotComplete, Completed, Closed, Compensated,

null};

x : {Aborted, Committed, null};

TravelProcess : process Travel(x);

CoordinatorProcess : process Coordinator(y, z, x);

FlightProcess : process Flight(y);

HotelProcess : process Hotel(z);
ASSIGN

init(state) := TravelCoord;

next(state) := case

state = TravelCoord : P1;
1: state;

esac;

init(y) = null;

init(z) := null;

init(x) = null;
SPEC EX ((x=Committed | x=Aborted) -> EG !(y=Cancel & z=Cancel))
SPEC EX ((y=Completed & z=Completed) -> EG !((y=Compensate & z=Close) | (y=Close & z=Compensate)))
SPEC AF ((y=Closed | y=Compensate | y=Canceled) | (y=Exited | y=Failed | y=NotCompleted))
SPEC AF ((z=Closed | z=Compensate | z=Canceled) | (z=Exited | z=Failed | z=NotCompleted))
SPEC AF (x=Committed | x=Aborted)
SPEC EX (y=Close -> EX z=Close)

MODULE Travel(x)
VAR
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state : {P2, Nil, Travel};
ASSIGN
init(state) := Travel;
next(state) := case
state = Travel : P2;
state = P2 & x = Committed : Nil;
state = P2 & x = Aborted : Nil;
1: state;
esac;
FAIRNESS
running

MODULE Coordinator(y, z, X)
VAR
state : {P3, P4, P8, P9, P10, P15, Nil, P11, P12, P16, P13, P17, P14, P18, P19, P20, P21, P5, P22, P23, P24, P29, P25, P26, P30, P27, P31,
P28, P32, P33, P34, P35, P6, P36, P37, P38, P43, P39, P40, P44, P41, P45, P42, P46, P47, PAS, P49, P7, P50, P54, P55, P56, P57, P58, P51,
P59, P60, P61, P62, P63, P52, P64, P6S, P66, P67, P68, P53, P69, P70, P71, P72, Coordinator} ;
ASSIGN
init(state) := Coordinator;
next(state) := case
state = Coordinator : P3;
state = P3 & y = Exit : P4;
state = P3 & y = Fail : P5;
state = P3 & y = CannotComplete : P6;
state = P3 & y = Completed : P7;
state = P4 : P§;
state = P8 : P9;
state = P9 & z = Exit : P10;
state = P9 & z= Canceled : P11;
state = P9 & z =Fail : P12;
state = P9 & z= CannotComplete : P13;
state = P9 & z = Completed : P14;
state = P10 : P15;
state = P15 : Nil;
state = P11 : Nil;
state = P12 : P16;
state = P16 : Nil;
state = P13 : P17;
state = P17 : Nil;
state = P14 : P18;
state = P18 & z = Compensated : P19;
state = P18 & z = Fail : P20;
state = P19 : Nil;
state = P20 : P21;
state = P21 : Nil;
state = P5 : P22;
state = P22 : P23;
state = P23 & z = Exit : P24;
state = P23 & z = Canceled : P25;
state = P23 & z = Fail : P26;
state = P23 & z = CannotComplete : P27;
state = P23 & z = Completed : P28;
state = P24 : P29;
state = P29 : Nil;
state = P25 : Nil;
state = P26 : P30;
state = P30 : Nil;
state = P27 : P31,
state = P31 : Nil;
state = P28 : P32;
state = P32 & z = Compensated : P33;
state = P32 & z = Fail : P34;
state = P33 : Nil;
state = P34 : P35;
state = P35 : Nil;
state = P6 : P36;
state = P36 : P37;
state = P37 & z = Exit : P38;
state = P37 & z = Canceled : P39;
state = P37 & z = Fail : P40;
state = P37 & z= CannotComplete : P41;
state = P37 & z = Completed : P42;
state = P38 : P43;
state = P43 : Nil;
state = P39 : Nil;
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state = P40 : P44,
state = P44 : Nil;
state = P41 : P45;
state = P45 : Nil;
state = P42 : P46;
state = P46 & z = Compensated : P47;
state = P46 & z = Fail : P48;
state = P47 : Nil;
state = P48 : P49;
state = P49 : Nil;
state = P7 & z = Exit : P50;
state = P7 & z = Fail : P51;
state = P7 & z = CannotComplete : P52;
state = P7 & z = Completed : P53;
state = P50 : P54;
state = P54 : P55;
state = P55 & y = Compensated : P56;
state = P55 & y = Fail : P57;
state = P56 : Nil;
state = P57 : P58;
state = P58 : Nil;
state = P51 : P59;
state = P59 : P60;
state = P60 & y = Compensated : P61;
state = P60 & y = Fail : P62;
state = P61 : Nil;
state = P62 : P63;
state = P63 : Nil;
state = P52 : P64,
state = P64 : P65;
state = P65 & y = Compensated : P66;
state = P65 & y = Fail : P67;
state = P66 : Nil;
state = P67 : P68;
state = P68 : Nil;
state = P53 : P69;
state = P69 & y = Closed : P70;
state=P70 : P71;
state = P71 & z = Closed : P72;
state = P72 : Nil;
1 : state;
esac;
next(y) = case
state = P4 : Exited;
state = P5 : Failed;
state = P6 : NotCompleted;
state = P54 : Compensate;
state = P57 : Failed;
state = P59 : Compensate;
state = P62 : Failed;
state = P64 : Compensate;
state = P67 : Failed;
state = P53 : Close;
1:y;
esac;
next(z) = case
state = P8 : Cancel;
state = P10 : Exited;
state = P12 : Failed;
state = P13 : NotCompleted;
state = P14 : Compensate;
state = P20 : Failed;
state = P22 : Cancel;
state = P24 : Exited;
state = P26 : Failed;
state = P27 : NotCompleted;
state = P28 : Compensate;
state = P34 : Failed;
state = P36 : Cancel;
state = P38 : Exited;
state = P40 : Failed;
state = P41 : NotCompleted;
state = P42 : Compensate;
state = P48 : Failed;
state = P50 : Exited;
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state = P51 :
state = P52 :
state=P70 :
1:z

esac;

next(x) := case
state = P15
state = P11
state = P16
state = P17
state = P19
state = P21
state = P29
state = P25
state = P30
state = P31
state = P33
state = P35 :
state = P43 :
state= P39 :
state = P44
state = P45
state = P47
state = P49
state = P56
state = P58 :
state = P61
state = P63 :
state = P66 :
state = P68 :
state=P72:
1:x;

esac;

FAIRNESS
running

MODULE Flight(y)
VAR

state : {P73, P74, P78, Nil, P79, P75, P80, P81, P76, P82, P83, P77, P84, P85, P86, P88, P89, P90, P87, Flight};

ASSIGN

Failed;
NotCompleted;
Close;

: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;

Aborted;
Aborted;
Aborted;

: Aborted;
: Aborted;
: Aborted;
: Aborted;
: Aborted;

Aborted;

: Aborted;

Aborted;
Aborted;
Aborted;
Committed;

init(state) = Flight;
next(state) := case
state = Flight : P73;

state=P73:
state =P74:

{P74,P75,P76,P77};
P78;

state = P78 & y = Exited : Nil;
state = P78 & y = Cancel : P79;

state= P79 :
state=P75:

Nil;
P80;

state = P80 & y = Failed : Nil;
state = P80 & y = Cancel : P81;

state = P81 :
state=P76 :

Nil;
P82;

state = P82 & y = NotCompleted : Nil;
state = P82 & y = Cancel : P83;

state = P83 :
state=P77:

Nil;
P84;

state = P84 & y = Close : P85;
state = P84 & y = Compensate : P86;
state = P84 & y = Cancel : P87;

state = P85 :
state= P86 :
state = P88 :
state = P89 :

Nil;
{P38,P89};
Nil;
P90;

state = P90 & y = Failed : Nil;

state = P87 :
1: state;

€sac;

next(y) := case
state=P74 :
state = P79 :
state=P75:
state = P81 :
state = P76 :
state= P83 :

Nil;

Exit;

Canceled;

Fail;

Canceled;
CannotComplete;
Canceled;
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state = P77 : Completed;
state = P85 : Closed;
state = P88 : Compensated;
state = P89 : Fail;
state = P87 : Canceled;
1:y;

esac;

FAIRNESS
running

MODULE Hotel(z)
VAR

state : {P91, P92, P96, Nil, P97, P93, P98, P99, P94, P100, P101, P95, P102, P103, P104, P106, P107, P108, P105, Hotel};

ASSIGN

init(state) := Hotel;

next(state) := case
state = Hotel : P91;
state = P91 : {P92,P93,P94,P95};
state = P92 : P96;
state = P96 & z = Exited : Nil;
state = P96 & z = Cancel : P97;
state = P97 : Nil;
state = P93 : P98;
state = P98 & z = Failed : Nil;
state = P98 & z = Cancel : P99;
state = P99 : Nil;
state = P94 : P100;
state = P100 & z = NotCompleted : Nil;
state = P100 & z = Cancel : P101;
state = P101 : Nil;
state = P95 : P102;
state = P102 & z = Close : P103;
state = P102 & z = Compensate : P104;
state = P102 & z = Cancel : P105;
state = P103 : Nil;
state = P104 : {P106,P107};
state = P106 : Nil;
state = P107 : P108;
state = P108 & z = Failed : Nil;
state = P105 : Nil;
1: state;

esac;

next(z) := case
state = P92 : Exit;
state = P97 : Canceled;
state = P93 : Fail;
state = P99 : Canceled;
state = P94 : CannotComplete;
state = P101 : Canceled;
state = P95 : Completed;
state = P103 : Closed;
state = P106 : Compensated;
state = P107 : Fail;
state = P105 : Canceled;
1:2

esac;

FAIRNESS
running
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- specification AG (y = Completed -> Y(EX y = Compensate)) is false
-- as demonstrated by the following execution sequence

Trace Description: CTL Counterexample
Trace Type: Counterexample
-> State: 2.1 <-
state = TravelCoord
y=null
z=null
x=null
TravelProcess.state = Travel
CoordinatorProcess.state = Coordinator
FlightProcess.state = Flight
HotelProcess.state = Hotel
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-> Input: 2.2 <-
_process_selector_ = FlightProcess
running =0
HotelProcess.running = 0
FlightProcess.running = 1
CoordinatorProcess.running = 0
TravelProcess.running = 0

-> State: 2.2 <-
FlightProcess.state = P73

<> Input: 2.3 <-
_process_selector_ = FlightProcess
running =0
Hote!Process.running =0
FlightProcess.running = 1
CoordinatorProcess.running = 0
TravelProcess.nmning = 0

> State: 2.3 <-
FlightProcess.state = P77

-> Input: 2.4 <-
_process_selector_ = FlightProcess
running =0

HotelProcess.running = 0
FlightProcess.running = 1
CoordinatorProcess.running = 0
TravelProcess.running = 0

-> State: 2.4 <-
y = Completed
FlightProcess.state = P84

-> Input: 2.5 <-
_process_selector_ = HotelProcess -
running = 0
HotelProcess.running =1
FlightProcess.running = 0
CoordinatorProcess.running = 0
TravelProcess.running = 0

-> State: 2.5 <-
HotelProcess.state = P91

-> Input: 2.6 <-
_process_selector_ = HotelProcess
running = 0

HotelProcess.running = 1
FlightProcess.running = 0
CoordinatorProcess.running = 0
TravelProcess.running = 0

-> State: 2.6 <-
HotelProcess.state = P93

=> Input: 2.7 <-
_process_selector_ = HotelProcess
running =0

HotelProcess.running =1
FlightProcess.running = 0
CoordinatorProcess.running = 0
TravelProcess.running =

-> State: 2.7 <-
z=Fail
HotelProcess.state = P98

> Input: 2.8 <-
_process_selector_ = CoordinatorProcess
running =0
HotelProcess.running =0
FlightProcess.running = 0
CoordinatorProcess.running = 1
TravelProcess.running = 0

-> State: 2.8 <-
CoordinatorProcess.state = P3

-> Input: 2.9 <-
_process_selector_= CoordinatorProcess
running = 0

HotelProcess.running = 0
FlightProcess.running = 0
CoordinatorProcess.running = 1
TravelProcess.running = 0
> State: 2.9 <-
CoordinatorProcess.state = P7
> Input: 2.10 <-
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_process_selector_ = CoordinatorProcess
running =0
HotelProcess.running = 0
FlightProcess.running = 0
CoordinatorProcess.running = 1
TravelProcess.running = 0
-> State: 2.10 <-
CoordinatorProcess.state = P51
->Input: 2.11 <~
_process_selector_ = CoordinatorProcess
running =0
HotelProcess.running = 0
FlightProcess.running = 0
CoordinatorProcess.running = 1
TravelProcess.running = 0
-> State: 2.11 <-
z= Failed
CoordinatorProcess.state = P59
-> Input: 2.12 <-
_process_selector_ = CoordinatorProcess
running =0
HotelProcess.running = 0
FlightProcess.running = 0
CoordinatorProcess.running = 1
TravelProcess.running = 0
-> State: 2.12 <-
y = Compensate
CoordinatorProcess.state = P60
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