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Abstract Component-based technology has become a main stream approach for software development, however, how to
maintain a high level of consistency of the component system after dynamic evolution is still lacking a generally accepted
standard. So a verification method was proposed to verify whether a component system is consistent after dynamic evo-
lution, Firstly, component model was proposed based on process algebraic, and a complex component system model
could be obtained by combination of the components model. Secondly, according to the component system model and its
state changes,an algorithm for extracting the external behavior of the component system was proposed,and a verifica-
tion standard of consistency of the component system was presented based on weak bisimulation theory. Finally, the be-
havior of the component system was obtained, and then these behaviors were converted into a format which is conve-

nient for Mobility Workbench to identify and verify. The case study shows that the proposed approach is feasible and ef-

fective,

Keywords Component, Component system, Process algebraic, Weak bisimulation, Dynamic evolution

1 5]

BEH KA TT BB AR I K8 T A=K i B F 2 O v
B AR . — B U, 2 T4 4R 2 4 T (Com-
ponent-Based Software Engineering, CBSE) J& ¥ i 55 i) #4 14
Wit A R AR RS . BEE RGNS N
FA SR L AR 15 T L A B B BT s o, AL S
1R GEAT Ry 2 75 e 2 0 AL RTAG 14 R G A T o 2 FI i 1 2R
Grah A WAL EW -5 7 B A TbR HE , 12 PRE 3h 2538 76 S it 7T
SR BB, BESh A WALRTS M4 5 HAbAG {4 2 8] ]

il

Z|H H#:2016-10-20 3&1E H . 2016-12-27
(2014Y012) , Z R FH R ARFRIFT R ST H Q1D 38,

WL 932 BAT R AR — 3L

N7 AR R SR AL RTE 59 R G — bk R, [/ Sk
S BT T 1) 3 A5 A A (A B AL S R AT — 3L
PERYBAEA TR PRI TAE. SCRRL3 4 i T & T AFAT
AR R R G AT B e LB AR, Z T
BRI RSB HRATOEERERT —8 KA S
HAF L FR B IE J7 9 » BRI AR SCHR Y T —Fb o Ttk AR AR AR
B R G ALRT G — SRR R 7 vk . SCHRL 42T Petri
TR Kb TR HEAT A, - 1E R GEAT )2 T A — 3
PELIIR, AT AE BRAIE SRR 2 G220 BEAT 0 IE B RO RT4R T84 1

AT EER EHRPEES (61379032, 61262024, 61462092) , AR E BB ITRH MR E 4

B BAA1992—), 5B, A, FRMR T EN R BT RS E B 1963, 5, B, W HERIF,CCF BAAR, FEMFK TN
RUTREELE:;M FEHA973—), &, 18+, BlEEE, FEWR T NG EEE KA TR, E-mail: linying@ynu. edu. cn; B/MNE(1993—),

2 Wi, CCF A By, EZBFST7 0 0 B¢ TR RS A B 2 5 2

M (1993 —), B, W44, B 5T W b SUSRF TR 4

WAL B FI(1989—), &, Bk AR , BB TT MR S AL . BT



114 B

B, 45 AP R G K HBh AR A — B SR IE T 5 81

RIEM B EREAKEA Petri TRBATHITEH SR —
AR Petri MAGLFRGEAT A BRI R ARAE , BEASAG 1 1L
BT B —S5ME b HE BB AT , AR XEME B L 90 UE R AL R SR — 2
Mo ASCET HERRABOH PR ANH 1 R GEHEAT A, R
IR s 1T A AR L, R 0 B8 i I R AR AT £
AIPEEAT TR A RSB BE A 1 R G T o . SCRR
[5-6 15 T BB EA AL, JE ALt R T H 1k B
XMRE I, BARG T AR 1T oA — B BRI, (5
BRSNS EAT A B SRR A B BAR B 47 S — Bk
P, R A SCIR Y T —Fh BRI XA 14 R GEAR RSN IR AT A T
AT SR IR B AR T 5 AL B0 i — B B TR v
SCHRL7 T it a] B sh LSS B3 2R 8 AL RS BRoRAS AT Rt
AT, A AT I (8] B s HLAE B 54 T B UPPAAL Xf R4 HY
B A ME LAY FITE PE ML , (B 18] B S HLICHE XA 1 R G0
4T S HEA TG 20 ) 221 I 51 G0 BB S8t 1R 2T s i 5
RIATEE » BARR 8] [ Sh U AL AT AR 4 2 18] 5947
HER B BGHAT A, (B LA ] 3 sh LSRR IR A 6947
N AL H RBE SRR B A 2 L FF A BE SRS e, PR T
WA TR Z [ AR AT . AR S BT LLSR BGHERR AR
B XA PR REA T AR, TR R O SRR AR X M R TN
WREANE B I R BEATH R SR IR 2 M R AT
RGBT FE 55 BRI BE b SCRpR A 24t
PR ML RE RS SR 1 R GE S AS AR B — U SRIE

Lr b, ASCH e T A i — PR TR Ak e
Rk R ot FCAA 1 32 ELAT O B PR A , 3 T A A Y
FHEI SRR BE BOAR R RGUREAY ; FOUK, 48t — R ARSI T
PRI W, FF T 59 ARG ROk E S R GEsh A ALY
Ja B SN — BT A ; e J5 A P A h % uE T A
MWB S B iE A4 11 2R G AL R ) — B RS .

A FETTHRAET

(DTER A AR BERE b, BT 32 B R A
KR T DAL B (8 T ALRTS 17 0 — BT S i 1
RGAL,

(1= M R G RSNIAT NP IR A, KB T 1
R GRS IRAT R P ISR BT A 31k

()FTF Milner 1955 R ZIBT - 1 TR G
BUJEAT A — B e .

ASCER 2 TR T HE T RRAR I A R S
BEALHTE RGEAT A — SR UE T B SEHE IR 26 3 TR
B T Tk AR A R R R T A I R e
B2 4 W T RGN A A AR A A
R , UL B R BB AR R AT 0 — SRR e 55 5 4
PA—ATEL A BT R G0 0 I UE A Qe 68 F AR SCHR H 19
H TR AT R AL AT M R G T A — 2
PERRUETT ¥ BS BES23OFRET — BRI,

2 ETHBERYNMGEER —BIERIES EHRE

PERRARK R, L Bergstra 1 Klopt™™ F 1982 4R . #F
RRACHC LR ) SR LA ZE AR I sh ok ik B 24 F47 IF

RIESNERRIRG BB A RO X HE T AR 4 R Gt AT
3R 5 R, AR AEGE T LA 1 RGTHPIRAS RORASHe 19
AR FFN AT 20, H32E — 2 X M 1 R G AL R 8947
T—BERIE . A SCLIE K23 Bernardo $2 Hi 19 B/
B PAS R T A T B SR i3 B s A7 B UEAG 1 R SE i AL
BiIJG BN ERAT 9 — B R AR, 5 92 tH—FF AT 10 A BE SR 16
WA R G AR E 28 — SRR i, WA 1 B7R .

;‘f; ( R THERBNA A h
= Hy A A

g #e

#* WAL

# HFEH £3 RFHESH %X

MR GEANEAT A AR HK it R GR ARG SMERAT A
kR — BN

# R R A I A4
% Hatk R GEAIATH AAEH
;‘E
—HMERIET A
MWB
BRI E S R |

W1 MRS SE BRI

AR B R AR SCHR (9 2 T AR AR A P AR S
WA BRI R G RT AT — BRI T ¥

3 ETHEARHMAGEERAGRERZER

3.1 M@

SCHRCLL PREAT R M5 | AR IS , Xy 4 18] £ 375K / i
S ORMAERST TIRARI R . AXETEAKPIZR, 5
AT R GRS S ¥ 1 18] B B K R M R
PR R G RS S A — B RIEA R T
JR AR — AN TR 2 MR AR IR B 1 R GE ) B R IE .
T HBE MR AIINE 2 Fi7R. DA PRERL. HR IR
SO RARS & O WFREDRADECE R0<t<n),
HAFENR S5 45 0 B R3E ORHE R 3 O BER 8 O ek

O— W&#D (M hnn=12..n)
—iERkED (M Ann=12..n)
¢ —- JEEE (MCInn=1,2...,n)

2 HpFEER

EX 1 R —ARTd, C=(Nc, IE, IE,
ILc,Ac,Pey, Hor:

(1) Ne Rt Hr 255, B4 1 —pRiR.

(DI Fontt C XAMRIER S O£ IE={Tter,
Itey s+ Ite, } , PR — AN DO Ite; € IE RAWHLH I
TWRAMRSED, B —H RS R O 7 BARAE Te =

{ali ’aé [ ’aiﬁ } °



82 it A OHL A

2017 4

B IE Tty C XHHMER RS B O £4, KM
—A D Ite; € IF RGN FRERED, BEA&—
HERA P O ARAE Tre;={al a5 0al o

D ILe BN EEXRR, B—HEFNBERE
il, € ILc , JERALE LR il = (Ite; , Ite; ) , Hor, Ite; € IF N\ IR,
Ite; € IE , FR Ite; INTRIERTE D, Ite;, RSO, —
T 0 B R W B IR 45 48 1 Tees NGB (055K » AT 8 2t
RO Ire; 1m MM & 2537 HTE K ; 55— Fh I B 240 14
SRR R SREE O Tre; 185K FLAh A 4 B3R Il g 45 5%, AT S8 o
B0 Ire; 1a) HAth# 4 & 25 FTHIEK

G)Ac Fnfkr B SO SEE. HEFBRES . TR
MPNEITESRE, il A8 AR AE Frn, A=EE AR .

(6) Pc Tt A7 i, B BGE i PA B XL E
SC 3R T AR RS0 32 AT R PR 53R 5 BTE , Pe X R
F—AJu8H(Se, Tey , Hr:

D Se FnHRZBATHAEZS B RRESE, S HHIHH
RE s Srine WA IERE

2) Tc=Sc X Ac X Sc Tt Hb R BAT A FRARES
i, TTRA=TR Gra,s’ )ETe F#m, K s,s’ €Sc,a€

Ac BHE s —=s' s BRHPERSMEEAT RS FESIE a T AR
A s HWBEPRE "o RO C RTFLE Gra, sH Gy a,
S FIRHFETERIE AL, Eod 5,57, € Scya€ Acy s’ #5

HRAECP R FHITHEBEM | "B A T AE T+
EZXBRTRENT IR R P ERBRCMHEE—EN &
A3 R0 R X AR A B S S e B SR AN AT SR B s SR
A RN FT LA th 2 M A 5 AT A iR, B
EE R G RIPATIE G IS R 4 R G RS H 56
R. ZMHEHERMBGERGEE XNT, P EE&THH
REMPATIE X .
3.2 HYRHZEER

EX 2RSS WHEREE—MHTH, M= (Nu,
C¥ + Lags Su) » Hoth

(D Ny ARG B FR

(DC ={C|C=(N¢, I, I8, ILc ,Ac,Pc) )}
HRMES .

(3)Lm FTrnAa 55 M-St AN 4R, (R BL T M R G
W SHGZRIMHEERER, Kb e Xt HEs L e
Ly SEXKH =08 1,=(Cn, Ite: , LC: ) , 7E L; T

DCn AFERRR P — B FR;

D Ite; € IE N IR, FonMEM A2 B MEED;

LG Fntiifk Cy SR G HZE R,

xﬁm‘/\*ﬁﬁﬂ’aff/zy# Ci=(Ng,»I?,, It ,ILc, , A, » Pc,)
M C=(Ng; » It; s I&; s IL¢; s Ac; » Pe; ) » TR C; W3R C;
FR LR 4582 O Ite,ﬁ!'liiﬁéﬂ’ﬂ Ite AT LR C: FC; 3R
R/ M5B8, e(C:,C) Frm s 5 HI R #4181 f 3 0
FEREERN a(C;,C) , Bt O Ite P T EBRIELTE
TR A AT BB AE B O B3t shE R 25 .

(D Sy Ron R GRS

S SRR 5

Sn } (Si 6

SM_ S19829°%%

Sc; » 0<i<<n) » Spe HPTIRAIRES 5 Spiva WA IR

EX SHHREHPATESD & SHMS BHMHRER
FIARFBRE, i S={s1,5, )8 ={a"s -,
s} U BRI 00 2 — i A st A1 R G2 RpIR A5 4 7T A
A EHE a JORES S B FPRE S .

DAENE a€ AR, B (siva,s) € Te, , R, 35 TR
G C A<G<n, j 7D T 5 A 5=5;;

DB IE o€ Ite, Ite € e(C;,C;) (1<<i, j<n,i7#j) , R
(sisays: ) E Te, H(s; sa,s; )€ Tg » [ B, X A4 14 2R 45 P9 Y
okt C A<<k<n,k#i#)) B ss=so

4 MERSEMBITAZEBRBEREAEARNE
ER— B A N

4.1 MERGENBITAHAHBREREXAEXRNE X
1 RGURAS W2 B — BRI 4 s ES R 1, £
FENTRATT RS E RSN AT IS I S . X SehAE T LASh
LI RGE TR, ENHERCERAEIFGIE THAER
GRS AR AL , QPR X 26 B R GRS H B 1 SRR
B SRR PER I A 24 TAE, R, A SCER Y T — R T IR
BEMR et Bk iR 1 RGeS MAT A R AR ER B B K 4R
BEY, ZEENT R,
ik 1 MRS TARARERSE ARG
Input:int Start;int End; Graph g
Output: String process/ /#{: RGSNFAT R EE B R E R
1. Begin
2. Stack s;String process
3. Init (@)s//FIIRALIE , B & B i TS A58, TR M 14 R GE IR
B A DR FEORSH B EHE
s. push(Start) ;
5. While (!s. isEmpty())
6. {int v=getAdjUnvisitedVertex(s. peek());//18B|R i E, 5
BRBUTEME  EATER A TS
7. If (v==—1)//MFEREAE
8. {s. popO;}
9. Else {s. pushO;}
10. If (1s. isEmpty) &.& End==s. peek())//—BRE 5
BRIOEE, DHERABFRARER
11. {process=printStack(s) ; // MR BI4% 0 %y AR o B9 35 T
3k, BshfE
12. process—+ = process+“—+";
13. s. popOs }}
14. Return process;

15. End

EPATE L Z IR R RS FORE AR hE T
Z I Graph RR7s , H b B R fO0M AR GRS A,
BB THHRES HHS (Start) RERRENT S5 S
(End), BT s Z B3 B RBCR S B shfE. %8
B et iR Graph, H R IR Start Ak, KRG, B
it A While 1535, ZEIE3F H A FARTURE T &1 s EE P E
BAFTLAZEE A AREEA XA A s B R ViR E
IRAT A (FH AdjUnvisitedVertex BEECEFIWD . f0RA , W



114 B

B, 45 AP R G K HBh AR A — B SR IE T 5 83

RrRBNAPRAET RARG R B, BHARTURE T A s, 3
RRIGTCE N A RORAS I, 31 Bl th AR Fh e 2R, B ARTIOIR S
T, EEHAT While fE3F BH ZE 4 K25, W& Graph o W FF
BEIRASY At BN RORAS T R BT 10 sh 1 13 51 (R
ARG SNIRAT D F AR E
4.2 MHEREHTELE—HERIEALN

A SCSINERAT 0 9 B2 4t AR 1 R R AL — B R B
UEAEN . i TFAT 0 U SR T AR 1 5130 Xk 4 14T g 1 WL
2, R e X AR EA TR AL S AL Z R I R M
A GEH AR P RLE AT » WU PSR L , i3 1k
BRAR PE AL R JS JF BA ROR 22 52 » B8 38 AL R AT A )
LRI REAETERKZEM. H T I, SMRAT 8 — SR
PR 0 A TGS MR PF R GEHAR BE“ R I P 2R Y
1700 BT HIIEZRGE A R 1 D R AN T R 1 » PR 3 ol
R SIS B FA B EOR B — B S AR, B R R
SMERBEMLEEE B “SNERAT R A SR AN ok WS ZI i “ N
7R7.

EX ACGHERAD PA EMRETILKR B AHEKRMY
KER, Y EAY Tl i, & (Ei, Er) € B, WX B A #:4E
a€ Act T 5 » FHIPIAZRAF R 2 -

A
F= El_)Ellvle\uﬁE Ez/’Ez |_)E2/9E_(E1/9E2/)GB;
A

(DFE E—~E, W1 B/ E |>E’', B(E,E)EB,
S HEHIC R ME A IS M (Observational Equiva-

lences) % &, AT 7R K By ~pEy , i == (g=a; -
A A
a,) »aFNBWEEIVET © B, BVE a=1 , Wa=¢,c TRES

BAEFE), B M a=a,

Hig o 25 5 PR I OSSO o 28 5 0 A 1 SR
ALRTHR I 2 G HOSNIRAT S 5 TG B 2R e AN 2
RSN R i T RGN A RGN %

A PESNIRAT o 3R A T A S 20T LARIEE 1L 5 (94
P RGE Messaion HESE BB A BER S RGEM PR
AL 1 18] B 52 LA » B X Al 8 AL 5 A PH AR BRI Sh R AT
%ot P SR ULH- B 225 WTTARIE T 3L i B 1 &
GEETABLE) DI RERIH P R SR W B 257 AR 1
¥k R G AR ST o — BRI . 40— SRR v B
> IR IEAGRT G A R GE SN EAT ot A — PR e v
WRHA AL fa B 1 R S AR A R BRI — 3L
£ » B S AR T LLSEHE R o

— BRI G R 50 R ALRT A ARG M
9 NERAT S FREAL G B 1 2R BT Mewtuaion B SN ERAT A0 16 22 550
HERRR AP R G SNAT N, BEL G
W R G SEACRT M R R G 2 — BUE R R IE M=
Muoluﬁmz o

EHTHIHE SRR REHAT ShA A, Hrh—
3 A AL T L 2O M R G AL AR RTH 1
AGE M SNRAT R S AE B 1 R GE Mot BIINIRAT T
Wi R 4, BVENT 2 18] 255 EARAUSC R AR 280 AT L UL 8 1k
B JE M1 R GRS ERAT S5 4, B AL R A R e P Y
FIPES5 A R GE v AL B AR 1 22 8] B S B AT M SR AR A Y
W R — MR, RG] DURE AL S5 M R G S5 S AL RT
BRI 2R G R — B RE L B M= Mowntion o

5 ZBISH

5.1 MLEEZIFITENHNERERE

R T B EA SC BT R M 1 R SR AL R S — B S e v
WL RAAT HARN, U— N2l N ENHRSGE—M L
HELINFITEM RGN BIR B, 266 M%7 51
FATEM LA 9 XM AS 5 H AP IRH R TR EIT RS
4% 45 (Online Train Ticket Booking System, OTTBS), fli
3 FiR.

B E
( DataBase )
3 EH L E#iT PEETT
E (R;gist)f | E(ln{ﬁ*;camh) ‘ E $-Ogin) | E (Ti?v:tv;k) FigketChange)
A <4 4

E Y AN (A PrrY:
4 - — = — FH — — 23

(UserView ) (Controller%emer)\ - - (Bank)

B3 M EERIIEITRM RS

&l 3 v, 9 2t 443 )2 : P BB (UserView) | 4% il 2%
(ControllerCenter) | Fi 7 3 /I (Regist) | F P2 & 5% (Login) \f§
B2 ] (InfoSearch) | 4 B2 #i 1T (TicketBook) . iR B2 5 ¥ £
(TickeChange) ¥4t i (DataBase) fI4R 47 & 4 (Bank) , #4
RGN B EL RN T P AT EN B A R A
M350 A A5 BT IR B, (B2 A SR B X 4 B AT W 5]
HIRFENRE, WS HATEN I8 5 A4 7T LA A G
IR TIRE. PR RZ EEFEER T SE 1R RS R

%, ControllerCenter #4 {2 5K #44 Bank 58 iU F F* £E4R 3¢
AR OB E R KR . Y P R EME R ESE NS
BERT, TicketChange #¥/4:-2: X1 #3914 ControllerCenter % H 1K
HAWAF EAWERE R, K4 Regist 14 Login, 1
14 InfoSearch. ¥4 TicketBook F1#4y/4 TicketChange 75 %1
SR PR B2 7] BORCHE PEAR /4 DataBase, 35 Z SER H ),

o EELRS TR G R G R MG R G AL
15 MR oh 8z, How, #44 ControllerCenter Wi i M B 552



84 i B/ AL B %

2017 4

O Tteconmller User 3% Y B9 15 3K, 8 2 # 0 Tteconoller Regist »
Ttecontrolter TfoSearch A1 It€Controller Login 43 5 1) # 14 Regist, #) 14
InfoSearch 1 14 {4 Login & i Hi 9 i& K, 8 P 48 & £
{Ttecontrolier User s [t€Controlier Regist ? 3 < It€Controller User s [t€Controller TnfoSearch
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Ltecomrottercenter_TicketChange ) 3

Itecourotier vser = { login, logout, regist, regist_r, get Train-
Info, getTrainlnfo_r, buytickey, buyTicket_success, buyTic-
ket_failurechangeTicket,changeTicket_r} ;

Tteconrotiercenter _Login = { buytickey,buyTicket_success,
buyTicket_failure,changeTicket,changeTicket_r};

TteCourotierCenter_TickerBook = { Tecoup srecoup_ry ;

Tteconrotiercenter_TicketChange = { Tecoup s recoup_r} ;

e {1 teControtter Regist » [t€Comrotier_Login » [t€Controtier_TnfoSearch 3
Itecomrotter_TickerBook » It€consrolter_TickerChange » It€Comrolier_Bant } 3

TteComtier Regis = {regist,regist_r,checkrepeat ,checkrepeat_r} ;

Ttecourotier_1ogin = { login, logout , checkaccount , checkaccount_r ,
loginfailure,loginsuccess} ;

Itecourotter_mfosearsn = get TrainIn fo, get Trainlnfo_r} ;

Ttecomrotter Tickerboor = {buyTicket ,buyTicket_success,
buyTicket_failure};

Itecourotier TicketChange = { changeTicket ,changeTicket_r} ;

Itecourotier_pant = {recoupsrecoup_r,refund,refund_r;

ILsc : { { Itecomrotier User, It€Controtier Regist ) »

{tecomrotier User » Itecontrotter_mmfoSearch ) »

(I teController User » I teController_Login s

{ItecomrotierCenter TicketBook » 1t€Controtier Bank ) »

{tecomrotiercenter TicketChange s It€Controtier Bank ) 5

(I tecontrotterCenter_Login » [t€Controlter_TicketBook 7 »

{IteConsrotterConter Login 3 [t€Conrotier TicketChange ) 3

Ag (AL AL AR}

AL { login, logout, regist, regist _r, getTrainlnfo,
getTrainlnfo_ r, buytickey, buyTicket _ success, buyTicket _
failure,changeTicket,changeTicket_r,recoup,recoup_r};

A% { regist, regist _r, login, logout, getTrainlnfo,
getTrainlnfo _r, buyTicket, buyTicket _success, buyTicket _
failure,changeTicket,changeTicket_r, recoup, recoup_r, re-
fund, refund _r, checkrepeat, checkrepeat _r, checkaccount,
checkaccount_r,loginfailure,loginsuccess} ;

Al @;

Psc : {Ps = P[ ControllerCenter |1

P[ ControllerCenter |y = regist. P[ ControllerCenter];
P[ ControllerCenter ], = regist _r. P[ ControllerCenter ],

A
P[ ControllerCenter], =login. P[ ControllerCenter s

N
P[ ControllerCenter]; =logout. P[ ControllerCenter ], P

[ ControllerCenter |Fin = 0},

¥k Bank BHRLIT -

Bank=<I¥ ,1%,I§,ILg ,Ag, Pg)

1§ . Bank;

15 + { Ttecomrotier_pan } 3

Ttecorotier_pant = { recoup, recoup _r, refund, refund _r,
buyTicket_success,buyTicket_failure};

I§ : ®;

ILp : ®;

Ap:{AL, AR Al };

AR : {recoup, recoup _r, refund, refund _r, buyTicket _
success,buyTicket_failure};

AR :®;

Al :®;

A
Py . {Pg =P[ Bank 15
A
P[ Bank i, = recoup. P[ Bank], + refund. P[ Bank ], ;

A
P[ Bank], = recoup _r. P[ Bank], + refund _r. P
[Bank]; ;
A
P[ Bank]; =buyTicket_success. P[ Bank]; + buyTicket_
failure. P[ Bank];
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N
P[Bank]; =logout. P[ Bank |pin.

P[ Bank |z ig} o

HRYEE L 2 P RGEHIE L ELRIN FEIT R4 R
4: (Online Train Ticket Booking System, OTTBS) iR U1 -

OTTBS={(NwuC¥ s Ly »Su>

Norrss : OTTBS;

CStrps : {UserView, ControllerCenter, Regist, Login, In-
foSearch, TicketBook, TickeChange, Bank , DataBase} ;

Lorres : { (UserView  Itecoroter vser s ControllerCenter ;

(Regists Itecourolier_Regist s ControllerCenter) ;

(Logins Itecousriier 1ogin s ControllerCenter) ;

(InfoSearch, Itecouroiier mfosearch s ControllerCenter) ;

(TicketBook s Itecomroier TicketBoot s ControllerCenter) ;

(TicketChange s Itecomurotier TickerChange s ControllerCenter) ;

(Bank s Itecouniier_pant s ControllerCenter) ;

(Regists Iterygiy_pua » DataBase) ;

(Login, Ite1 gin_pua s DataBase) ;

{InfoSearch, Iten, fosearch Dt » DataBase) ;

(Logins Itecomrotiercenter_Login » ControllerCenter) ;

(TicketBook , Iter;kepoot_nue » DataBase) ;

(TicketChange, Itetiheichange Duta s DataBase) ;

(TicketBook s Itecmriiercenter TickerBook s ControllerCenter) ;

(TicketChange , ItecuroiterCerter TiketChange s ControllerCenter) s } 5

Sor1Bs : { Stserview » Skegist » StufoSearch » Stogin » SDutaBase s STicketBook »

STicketChange ’ SBank ’ SConzrollerCemer } o
Y& OTTBS FH-454E X 3 hE st
HPRAS R, QiR 4 s .

B ARE OTTBS

0
ek S
\,\)‘!‘\c
@—recoup—)@—recoup r"@i buyT; @
Icke \
e

B4 BT RGNS BB GBI

HFRITRGEHAT A, T BXA 4 Bank 3517 30 253
£k, BRI A P45 FAALA] - 44 44 Bank M FH P 9 4R1T R G815 H
T P BRI R ST R SRR AT R A K P AR S RS
PIERBNAE , e Ak S Wi J5 1) 245 SR A BUAH L IR ARAT R 48
W B A B RS IE BN SRAR A 2 s E {5
FAMK T LI S, IR A% BRAT RGUIE B A R EE i ok sh
V& buyTicket_success [PATHEL B MR AFAEHH
15 Ak P AT LA SE33 S2, MIZR1T R ALK B BB R 2e )
AN ENAE buyTicket_failure BIBATHERR A P, i T A B4R
TTRGH B NS E S BB A o 28T B2 5
Gy B A BUX P AR R 9 AR BUARAT R H B, B
WHeAE 14 Bnak (19 2538 6 5 XA P

S—hiE 16 77 X 4 14 Bank 8 4k J5 1949 £ Evolution-
Bank, MR 40T (H o SRFRs A Kk P A8 0 R s 1k
H 0 RRIRAE BT FARAT R G B B RSN «

EvolutionBank, = {I¥s1 » Itp1 » Ifp1 » ILgs1 5 Agp1 » Prp1)

1551 : EvolutionBank, ;

I I LeControlier_EvwolutionBank1 } 3 1L€Controtier_ EvolutionBant1 = {r€COUP 5
recoup_r, refund, refund _r, buyTicket _success, buyTicket _
failure} ;

Ifp1 : ®;

ILgp: : ®@;

Agp: :{ Al » Afe1, Al } 5

AL : {recoup, recoup _r, refund, refund _r,buyTicket
success,buyTicket_failure} ;

Afp : @;

Al {2}
A
Pgp: : { Pes1 = P[ EvolutionBank; 11

A
P[ EvolutionBank, 5 =recoup. P[ EvolutionBank, ], +
re fund. P[ EvolutionBank, |, ;

N
P[ EvolutionBank, ], = recoup_r. P[ EvolutionBank, ], -+
re fund_r. P[ EvolutionBank, ] ;

A

P[ EvolutionBank, |, =1,. P[ EvolutionBank, ]
A

P[ EvolutionBank, |3 =t,. P[ EvolutionBank,; |,

A
P[ EvolutionBank, ], =buyTicket_success. P[ Evolution-
Bank, Js +buyTicket_failure. P[ EvolutionBank, Js

A
P[ EvolutionBank, ]; = logout. P[_ EvolutionBank, Jfi.

P[ EvolutionBank: Jrin, i_ o

PR T » AR SO FEXHEAL S R 1 R GEREA TR » 5 —
s Ak 77 2 3 S AL JE B R GE OTTBSpuuion PR S5
BLE U 5 BR .

b\s‘f‘

o@D

B 5 ST B I R GRS e B GRR A3

S R A6 75 A 14« Bank 38 4k J5 #9494 Evolution-
Bank, FIHRINT (FH o SReRm k& - R 8 H N3 31E,
v 7y SRFIR TR BUARAT RS B NI «

EwolutionBank; = ( I¥sz » Itss » I¥pz » ILgns s Arnz » Prg2 )

I : EvolutionBank; ;

IEgs o {1 LeController_EwolutionBank ) 3 [t€Controlter_EvotutionBanks = { recoup

recoup_r, refund, refund _r, buyTicket _success,buyTicket _

Sfailure};
gz : @
ILgg; : @;

Agp: : { A2 » Alpe , Al } 5
Akpy : {recoup, recoup _r, refund, refund _r, buyTicket
success,buyTicket_failure};

AII?BZ:CI);
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Al e
A
Prs; : { Pegz = P[ EvolutionBanks; 5

N
P[ EvolutionBank; 15 =recoup. P[ EvolutionBank; ], +
re fund. P[ EvolutionBank, ]: ;

N
P[ EwvolutionBank; |, =recoup_r. P[ EvolutionBank; |; +
refund_r. P[ EvolutionBank; ; ;

A
P[ EwvolutionBank; |, =t1. P[ EvolutionBank; ]

A
P[ EwvolutionBank; s =1;. P[ EvolutionBank; |; + 5. P
[ EvolutionBank; ],

A
P[ EvolutionBank, ], =buyTicket_success. P[ Evolution-
Bank, )5 +buyTicket_failure. P[ EvolutionBank, s

A
P[ EvolutionBank; J; = logout. P[ EvolutionBank; Jrin,

P[ EvolutionBanks; ] ig Yo
5 AP AL 07 s A WAL S M R S8 OT TBSkvotuion2
HPRAS R ANIE 6 FiR .

A)'@—bumiket success—)@\
Oé'o

v
O @@, ®
ol
"@—buyTlcket l'axlur\°%0

Bl 6 S5 mhiE AT BRI R GRS B GRR o)

FIFHE 4— & 6 it REREHRER RE D 1153
BEALRT AR OR [ sh A i A 7 s LR 8 RGN 1T R
i&ﬁﬁﬁ%iﬁﬁ%i\“»ﬁﬂ@ 7—& 9 B

W R u{,D-unw/ @ comate 2

ot QOLSEHTE V33T

login. . _r.logi
refund. refund r.changeticket f.logoutt

nInfo.getTrainInfo_r+
checkrepeat. checkrepeat_r.regist_r.login.check . check. r.logi .ch

angeTicket.getTicketInfo,getTicketInfo r.refund, refund r.changeTicket r.logout )
regist,checkrepeat. checkrepe regist_r.login. i

angaTicket.gatTicketInfo, gatTi tInfo_r.getTrainInfo.getTra AIIII/( r. r.logout+
regist.checkrepeat. checkrepsat_r.regist r.login. “bu
yTicket.getTrainInfo.getTrainInfo r.recoup.recoup r.taol.taoZ.buyTicket 53, logout+
regist.checkrepeat.checkrepeat_r.regist_r.login, r.logi by
yTickot.gotTrainInfo. gotTrainInfo_r, rocoup, rocoup, r. taol, tac?, buyTicket, failure, logout+
regist.checkrepeat. checkrepeat_r.regist_r.login. checkaccount , checkaccount_r. loginfailure

B8 AT LR I R GESMRAT R A

r.logi Leh
refund r.changeTicket r.logout+
s . logl

r.changeTicker_r. Jnj‘-mb

r. Logi: b

regist.checkrepea

B9 ST R E I R GESMRAT R R A
HIESC 4 AT AL 5 — A AL 7 AL R A 1 R 5
OTTBSkotion FEARTHIF A R GE OTTBS 2 [H] A 55 H AL
KA A A A7 B LS A 1 R S8 OT TBSewonionz 5

HEALRTR R4 OTTBS Z RN 255 ERIUX R,
FEW R o T B K AT S A 1 R GESMERAT A i
REGER BB Fe il PLEE B s IET A MWB gER
IR IF R A TR DT I, 45 R 43 5 a0 & 10 Fi &
11 BiR . &R EW OTTBSkowmion 5 OTTBS Z [8] # 5L R 55
HREHISER, T OTTBSgvowson WA J2 5 8 3 — B0 5 i 1 W)
AR GE OTTBSpwowion 5 OTTBS Z A2 H KR, B
W8 —Fp i Ak 75 B AL B 14 2R 5 P 9 4 44 Evolution-
Bank, 5542 S8 b H A 1 2 18] B 2 BAT R AR A
Biwk R — 3R, B, WTRRIEEAE WG RS
OTTBSgwtuion FEAHTHIA M R GE OTTBS 2 & — R
. W OTTBSpowioz 5 OTTBS REFEM K FR, FILEE —
Ak 5 AL 5 19 EvolutionBank, 5 OTTBS Hyr iy H Al 14
PRI BAT R AL EAIES , BIA T B — B AR R % 3h L
J R BB

C:\lUsers\Adninistrator\Desktop\PItool>snl GSMLload=nub.x86-win32

The Mobility Workhench
(MUB’ 92, version 4.135, built Thu Jan B8 13:13:41 2004

MUBYagent Q<getTraininfo.getTrainInfo_r,regist,regist_r,login,buyTicket, recoup,r-
ecoup_r. buyTicket_success,.buyTicket failure. logout getfxcketlnfu qet'l'lckat!nfn_r
-changeTicket,changeTicket »r.refund.refund r.ch X
nt,checkaccount_», loginfailure, xugmsucce.s)-guhamlnfo getTraininfo_r.B+regi
ket _checkrepeat .checkrepeat_r.regist_r. login.checkaccount .checkaccount_r.loginfa
ilure.@+loginsuccess.(buyTicket.getTrainInfo.getTrainlnfo_r.recoup.recoup r.<huy
Ticket_success.logout.@+huyTicket failure.logout.B)+changeTicket.getTicketInfo.y
etTicketInfo_r.(getTrainlnfo.getTraininfo_r.changeTicket_».logout .@+refund.refun
d_r.changeTicket r.logout.@>>
MUB>agent SicgetTrainlnfo,.getTraininfo_p,regist,regist_r,login, buyTicket,recoup,
ccoup_r. busTicket_success, buyTicket_failure, logout, gctl'n:ketlnfn,get]'n:h:tlnfo
+.changeTicket.changeTicket ».refund,.refund r.ch
ount,checkaccount_r. loginfailure, lwgmsu&cess)ﬂeﬂ'raullnfv g:t'lra:ulufo_r B+reg
ist_checkrepeat.checkrepeat _r.regist_r.login.checkaccount .checkaccount_x.Cloging
ailure.B@+loginsuccess.(buyTicket.getTrainIlnfo.getTrainlnfo_»r.recoup.recoup r.t.t
. (huyTicket success.logout.B+buyTicket failure.logout.@> +changeTicket.getTicketl
nfo.getTicketInfo_r.C(getTraininfo.getTrainInfo_r.changelicket_r.logout.@+refund.
refund_»r.changeTicket ».logout.8>>>
MUB>ueyq Q S1
The two agents are equal.
Bisimulation relation size = 25.
MUB>

B 10 SE—FhEE AT B AT S RGESNRAT A — B R eSS R

C:\Users\fidninistrator\Desktop\PItoo1>sml PSMLload=mwb.x86-win32

The Mobility Workbench
CMUB’ 99, version 4.135, built Thu Jan 08 13:13:41 2604)

MVB>agent Q<{getTraininfo.getTrainlnfo_r.regist.regist_r.login,buyTicket.recoup.r
peoup_r.buyTicket_success, buyTicket_failure. logout.getTicketInfo, getTicketInfo_r
-changeTicket.changeTicket_r,refund,refund_r,.check i _»
nt.checkaccount _», loginfailure, loglnsuccess)~get1‘ralnlnfo getT:alnlnPo_r B+regi
st.checkrepeat.checkrepeat r.regist_r.login _r.Cloginfa
ilure .B@+loginsuccess . (huyTicket .getTrainInfo.getTraininfo_r.recoup.recoup_r.C(huy
Ticket_success.logout .@+buyTicket_failure.logout.@>+changeTicket.getTicketInfo.g
etTicketInfo_r.<getTraininfeo.getTrainlnfo_r.changeTicket ».logout.B@+refund.refun
d_r.changeTicket_».logout.@>>>

MUB>agent §2<{getTraininfo.getTrainlnfo_r.regist.regist »r.login.buyTicket.recoup.
recoup_r, buyTicket_success, buylicket_failure. logout. getTicketInfo, getTicket Info_
r.changeTicket,changeTicket »r.refund,refund_r.ch t.check _r,check
ount .checkaccount_», loginfailure, 1ug;msucc=as)—get1‘ra1n!nfo getTram!nfn_r B+reg
dst.checkrepeat.checkrepeat_r.regist_r.login.check ~r.loginf
ailure.B+loginsuccess.(buyTicket.getTrainInfo.getTrainlnfo_r.recoup.recoup r.t.<
;t.buyTicket__succ:ss.lugout.aét.huy'lil:ket___failul‘e.lnguut.O)'changeTinket -getTicke
tinfo.getTicketInfo_r.(getTrainInfo.getTrainlnfo_r.changeTicket_ ».logout.@+refun
d.refund_r.changeTicket_r.logout.B>>>

MuB>veq @ S2

The two agents are NOT equal.

’HWB)

B 11 SRR A B AR E A RGESNRAT A — B RS R

GRIE XA SIAREALE S B R GAT N IR
FERTEIA 1 R Ge A7 R 9 ) B, B A4 R SR v LR G —BUME R
RO ), A5 SO FERAREUR T — i A AR TE Ak
IR SN ER A FAT g, 3 3 M 5 4 0 2 S B A 14
REGMWEAL, I8 WA RGESMIRAT R SR U L BR R T M 4
REAT R ; R EF AR 05 TR IS RS T4
REEARETT A — B E R S UE RN 76 B LRl b R
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