57 1 H Ee = % Vol.45 No.7
2017 47 H ACTA ELECTRONICA SINICA Jul. 2017

HEL 3 8 55l 55 Uit A I 1) RT3k g %

Fieif' % m' e
(1. RGeS CH - BOR U TR A SR 00 2, BRSP4 ¢ 71011952, BepG I R HURL 27 e, BR U P 22 7101195
3. WP RFRAXRGE GRS TR W E LR, LI 200092 ;4. LR TR 2% B , 2B R 232001)

W OE. BTHS5IS TN (E-commerce Business Process Net, EBPN) 2 —Fh 3L T Petri [ iTE AL R 745
HYTH )l 55 SRR A TR T BORIN 2, B85 T 4 B i S LA DG  , WT AR G b 2 R4 T I A Ll 55
A B TR 5 R P T R P A B AR B R A 0 AR B 8 k. B X EBPN RYZS M RIS A B 1, i — DR AR
T EBPN [yl 3E #1545 1 T w] SR BR R A B AR R S0 B DR EE 8. O T W TSk A B B MEBE 1 BP0
AR ATSE T EBPN [RERIY) J ik, o SCT VIR E , #3E T EBPN (940 Bk EBPN 180 vy g 7T I F- AR AT
IREHRRAS B W 20 B S T

KEWR:  WTRS; WHSHFE; Peui K

hMESES.  TP30I XEAFRIRAG: A XEHE. 03722112 (2017)07-1731-09

FBFZ4# URL: http://www. ejournal. org. cn DOI: 10.3969/j. issn. 0372-2112.2017.07. 025

Reachability Analysis Methods of E-Commerce Business Process Net

YU Wang-yang' > ,HUANG Zhao'* ,FANG Xian-wen*
(1. Ministry of Education Key Laboratory for Modern Teaching Technology ,Shaanxi Normal University ,Xi’ an,Shaanxi 710119 , China ;
2. School of Computer Science ,Shaanxi Normal University,Xi’ an ,Shaanxi 710119 , China ;
3. The Key Laboratory of Embedded System and Service Computing , Ministry of Education , Tongji University ,Shanghai 200092 , China ;
4. Faculty of Science ,Anhut University of Science & Technology ,Huainan ,Anhui 232001 , China)

Abstract: E-commerce Business Process Nets ( EBPNs) are a novel formal model for describing and validating e-
commerce systems at design and application level, integrating data, control flows, and relevant attributes. Data errors and
non-determinacy of the data states during the trading process can be depicted with the help of EBPNs. For static and dynamic
properties of EBPN  reachability analysis methods are further studied,and construction algorithm of Reachability Data State
Graph (RDSG) and related conclusions are given. In order to reduce the complexity of analyzing EBPN, referring to the
program slicing, slicing of EBPN is studied. Slicing criterion and algorithm are defined and constructed. Slicing technology of
EBPN can be used to reduce the complexity of analyzing EBPN.
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P, (Sdone) ], [ Mldle, TIdle, Sldle, goodOrder, PrePay ]
>, <[p,(MlIdle), p; ( orderIDF, gross ), p, ( Paid ),
P, (Sdone) 1, [ TIdle, SIdle, goodOrder, PrePay ] >,
<[p,(MIdle), p, ( orderIDF, grossF ), p, ( Paid ),
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FHIC A 8503 B 07

4 EBPN WY1 R 7%

R O) R AR 6 Ry AT I L B AR AN ZE 3,
B FORSCTE AR Py i BEAR B SR 2B 47 20 B, AT i /)
REFF oA (0 BB T 4k U1 ) AR iz B B 4k
B rp. SRR (19,20 J ST 1 J5URY Petri (9 1Y D) A 452
AR, AT PAREAR SR Petri (9 T RE40 28 5 14 70 ME 2. AR SC
RIS Petri [ U) - HEAR K6 U1 05 1% 51 A EBPN,
DAGHE SRS H KAt R 1) 73 A IRME. T T 45 AT G E

EX 13 WEN=(P,T;F,D,W,S,G) l—~> EB-
PN [, U EN B8R HER (AL Q) , Horfr, A = <My, a

> =<M,,(B,5,) >R EN MPIREHERE, 0 H—A>
JERTEE,Q CP.

TES3 AT EBPN R I it , A7 B R 2 fr— 2656
R EAIRES TN T 225347 BT A RS, ZE X i Ol
T, T EA O 53X AR AH S A IR AR A R ) i
DUt OB AR ) B, o, @ 7R G BRI RS i
TPERT A = <M, , o, > K812 EBPN By 4] 16 $ 48 1k
A A HEN o AW 46 B RS T F IR IR
B RS X F B

EX14 YEN=(P,T;F,D,W,S,G) }—" EB-
PN, (A=<M,,0p> = <M,,(8,5,) >,Q) N EN
— YR HEN. 455 —A EBPN W EN = (P, T ;F ,D’,
W.,S,G),A =<My,an>=<M,,(B,5,)>NENH
VIHRERRA  Ho, M, = M, 1, B CB, Vpe P CP—
8,(p) =8,(p) Wl EN'J& EN {— A1 K, F 51 4 %
Ul 2«

(1)EN & EN ff)—A~FWM, 0, P CP, T CT,F C
F,DCD,SCS,VfeFCF,W () =W(f);VYteT C
T,G6 (1) =G(1);

()X T EN MG B RAE A = <My, 00 >, IR

I3
TAE— AT o = 4,01, 15 <M, 00 >——

L, N
<M, >, <M, ,a, > —><M, ,a,> JFH dp,
€Q—t, e piIRAtE EN FOEYHEEIRIRE A =
<My,a, > T, [FREGEAEG — T o =ttt fF

. L L . , t,
15l:<ﬂ40 ’a0> <M|,O(]>,"',<M"_1,O("_1>

<M, o, >.

EN J& EN f)— A1 F IR 4 EN 8K EN f—4
TR &0 (D) R T EN J& EN By—A> - R Jir 235 22
(A F. ARSI BT S (19 Q J7 i, 457 (2) i i 4 A8 5T
FERBOHA , %)W T JE R R AT o B M T
T 45 EBPN (Y] {38k, ik 2 iR,

&2 #iE EBPN 14

HIAEN=(P,T;F,D,W,S,G),(A=<My,ap>,0)
W L.EN = (P T ;F D', W .S ,G)
. P=0QT=0,F=0,0D=0,W=0,8=0,6 =;
2. P,CPAHTEA= <My,0 > FHIH token BIPEFTES
3. While” Q#J Do
3.1 For £—4~pe Q Do

T =T'U p;P =P'U' T,

End for
32 Q=P -0Q-P;

Repeat

4. F =F(P,T);
5. D' = W(P' ) uw(e,p" )l p' ,p"eP' el
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petste py

6. W ={W(p HUuWw" p)lp ,peP i "eT
p’ e’ l';l”E 'p”};

7. §'=D'NS;

8. G =16(t)1teT!

MRPEAAE 2 A R AT, 5800 2 K5 Q FHOCGHY, BE
SERE] Q HIARHER T ISR A, 45 T ANBER I Q 1Y
Jr SCRESAE. 3035 2 DR HEN S i) Q THER BEAT )5 1)
WL IEA = <My, > T KRB Q L% token [
FRIFEI . For JEER 3. 1 3R [l —> p e Q IHTHEZ
AL LA BGX AR T A TSR R BT, R L A B YD B2 . 2P
PR 3.2 AT TR SRR QK%K While JEFRIIIINA p e
Q MBS K BT 2 P AT 1RSI 2 (05 1) 3k g
AR UG MR AR S T IA token 1Y J2E T it , 2345
1k, IR FE IR IA AR AS X Q MR B ARE. A
$%4,5,6,7,8 JEARIL EN (HABLLHS 3. [k EBPN
FRITCR RO AT BRI, 53k 2 19 )5 170368 Py 1 2 2]
R 3.2 IR, ELEIRIIR R IRAS R k. BRI
JESET P i) EBPN fYICREL, o OCIPL +1T1).

B3 SCrk 12 ] i g — AN SE B /Y EBPN FEY,
T UL 52 PR 2% 28 5 Ml 55 i . AE XA 5
{orderID, gross | A SCHEREIC R, — MRIAALT ¢, 1T

TEAE 5y 52 T B 30 BB R TT R THAG py pa B py 53511
A —1~Z& AN TListen, MListen A1 SIdle 1 token , 3k
FIRETT FIZK A TPP CAUERUF—IR3C 5. WITREER
BN <M,,ap > = <[p, (TListen) ,p, (MListen ) , p, ( SI-
dle) ] .0 >. 4 py ,p, il p, EBINA token [EHEE, R3S
CTENL 14 A £, T 20 D 55 A 7 3 R v ) e .
RS AR AR FAR R 238 THIR RS

h T HTiZ% EBPN B8 (1 58 by — 3Pk, SCHR[ 12 ] 4
T eI AR RIS A 56 A BURIR S (T [E] 4
Fes  FARREERRSAE B2 WaCk[12]). 7E4r bt /2
H IR OGRS EUIE TT R { orderID , gross | K HAH AR
A, BURT LARI Y R 0 7 2Rl b o A 52 2% B e 4~ 15]
T BRORTE S =07 AT (TPP) 28 5 58 iU 194K
A, 00,0, fil & ,py T pio SRH token LIRS APIRAS B4
AT EUE C— DOV R HEN (A, Q) = ( <My,00>,Q) =
( <[p, (TListen) ,p, (MListen) , p,(SIdle) ], >, { ps,
Pro b ) FET LY HEN R H5E: 2 T13 [ 3 7R EBPN
YL (AN S iR ). U i R TE R R S < M,
oy > T BEIEFEI py F p o (IR —ERI3F M. ZJ5,i84711%
YR, AIA) R (AT S RS I Can &l 6 o) A
23 ALK RS TE 537 e — A BAK S Gy IR S i g
A6, V1 1 77 12 0] LA T REAR AT 38 43 A (R MEE.

Shopper

i {Mfailed} Py P
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tu 1y

pll
; h Ord
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! ~ orderID} {gross °
yd AN ‘ ~~_ _orderID} (Stailed}
{transactionID}y . NG P {Mwait} Mwait} =~ _ I {Swait}
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O" ______ s ~ _orderID} p,
555555 -~
P, —— {gross, < {Swait}
» é ? Tpaid) t, Mwait}~ ==~ _ orderID} S~o SAb T
<AL norma
10 {Tpai . tionID)} Py {transactionID } Finishord, ~~
ransactionID} (" V4 — — — — — — — — — =<
{ - /O< nishorder v « {transactionID} ~ | Sendpaymess t, Input:PreSendP Lo
-7 NS Output:SFailed
. ~
. PPTDetilye Z {Pending} S~ P,
2 SNa ~
; >~ - Py D, AN N L
gross, -~ .
{Tdonel  eriny (N {Pending} N {PreSendP}
~ : {transactionID}»
» O {gross, > [8,(orderID)A3 (Pending)] N SendPurchD 41_8
3 orderID} S endPurchDone
M Finishorder2

t
5
~ {PreDone}
=~ {success}
S8 s P
~ 11

{orderFinished} S~ Pag
\Q\\ {success} {PreDone}
~ ~ -
~

P7 ~

~~PurchaseDone
t

{Sdone}

{transactionID} P
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P Py hopperOrder; % ?
(TListen} Miisten; © e e Tistdley 6 | 4
) I B Place an| h <M >
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)4 ~~9oF eriD} Swait} 3
/ 15 Mwait} =~ TOSS, wa1 <M, >
o Lot o Ol g e”fﬁ) e
-1 088
P, |{Tpaid} 3 . “$~\\\\rderlD} ’Swalt} l . l Iy
Py {transactlonlD ________ g;]gllesrh Mwait; T~ ! 7 <My, & 2>
‘ T transactlonID ~ {\transactlonID} paymess ‘ T My, 01> <My o> ., b
, Detaisf - SO8 (PrebendP} fs | 7 <M az>
) ~Oh A A My, 012>
‘ Tdone} rdess]D} N *_ PrdSendp} T <My, a 4>
P {transactionID} ¢ 1y s l <M, a 2>
3 8
SendPurchDone | M3, o 13>
‘ | t l <Ms, a 5>
! P l <M, @ 23>
| <M, o0 14> 4
‘ : l <Ms, 0.6>
: 5] i <My, 0 24>
‘ ] : <M, a.7> t
- 7{tra@nong - l <Ms, a 25>
153
<My, 0 26>
El5  E2fREBPNESHI Y U] El6 Pl A AR
TAEHE A
5 K-
5 g:él:ﬂilcl

FF XA 5 EBPN S RY (1 n] 3k (Al 1, F 55 1 Al a8 B4
RSB R 3 7 3 DL A e B 538 (G SRR F D)
F AR BF 95 T EBPN (Y] F 05 3%, At Al A T R AR
EBPN R 3E 43 H7 B MEJE. SR, X F 548 EBPN £, 7
WAL T, IR AR K () RATY SR AR AE 5 R e, i — 20
5% EBPN 57 () SCIRHE B4 43 B 7571 , LA S EBPN A5 750
SEF R R I, N — T EE Ry . TR
FF A HT EBPN B2 AT 5 40 i TR T —25 1

£ & 30k

[1] 360 HIK M Ze 4. 2014 4 rb F il 445 [ OL . ht-
tp://zt. 360. cn/1101061855. php? dtid = 1101062360&did
=1101205488,2015 - 03 -20.

(2] HE HIGMZEE AL (CNNIC). 57 35 YR E HHERZE & R
IROLGE 4R 45 [ OL 1. http://www. cnnic. net. cn/hlwizyj/hl-
wxzbg/ hlwtjbg/201502/t20150203 _51634. htm,2015 — 02 - 03.

(3] JAJE & JRBLAE ) Bebk, L. o 7 7 55 B I



&%

7 TAETE < B R 55 Ml 55 R R A R] IK BT i 1739

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

(12]

[13]

[14]

PE[T]. B 72742 ,2000,28(9) ;13 - 15.
ZHOU Zhan-fei, ZHOU Dian-cui, WANG Gui-lin, QING
Si-han. Fairness in electronic commerce protocols[ J]. Acta
Electronica Sinica,2000,28(9) :13 —15. (in Chinese)
LEUNGWATTANAKIT W, ARTHO C, HAGIYA M, et
al. Modular software model checking for distributed sys-
tems [ J ]. IEEE Transactions on Software Engineering,
2014,40(5) .483 - 501.
THOMAS K. State of Application Security Report [ R/
OL]. https://www. securityinnovation. com/comp-any/
news-and-events/ press-releases/ state-of-application-secur-
ity-report. html,2015 - 10 - 08.
HOGLUND G,MCGRAW G. Exploiting Software ; How to
break code[ M]. USA ; Addison-Wesley Professional ,2004.
B A SO A S, B BT AR 19 55 I R 3
PERCE T IEEFEL T ). 27T ,2016,44 (3) 1699 - 708.
HUANG Ying, HE Ke-qing, FENG Zai-wen, HUANG Yi-
wang. Research on adaptive approach for business process
configuration based on ontology[ J]. Acta Electronica Sini-
ca,2016,44 (3) :699 —708. (in Chinese)
VAN-DER-AALST W M P. Service mining:using process min-
ing to discover, check,and improve service behavior[J ]. IEEE
Transactions on Services Computing,2013,6(4) :525 —535.
BRI RS R TR Web IR55 205 P AT M AETE T S
DUACFERI SRS [T ). HL 72741, 2011,39(12) 2842 —2849.
BI Jing,ZHU Zhi-liang , FAN Yu-shun. Behavioral compat-
ibility analysis and optimal control policy in web services
composition[ J]. Acta Electronica Sinica,2011,39(12):
2842 —2849. (in Chinese)
LIU Guan-jun. Some complexity results for the soundness
problem of workflow nets[ J . IEEE Transactions on Serv-
ices Computing,2014,7(2) ;322 -328.
DU Yu-yue,JIANG Chang-jun,ZHOU Meng-chu. A Petri
net-based model for verification of obligations and ac-
countability in cooperative systems[ J]. IEEE Transactions
on Systems, Man and Cybernetics Part A-Systems and
Humans,2009,39(2) :299 - 308.
YU Wang-yang, YAN Chun-gang, DING Zhi-jun, et al.
Modeling and validating E-commerce business process
based on petri nets [ J]. IEEE Transactions on Systems,
Man and Cybernetics ; Systems,2014,44(3) ;327 - 341.
YU Wang-yang, YAN Chun-gang, DING Zhi-jun, et al.
Modeling and verification of online shopping business
processes by considering malicious behavior patterns [ J/
OL ]. IEEE Transactions on Automation Engineering,
2014 ,DOI:10. 1109/TASE. 2014. 2362819.
WANG Rui, CHEN Shuo, WANG Xiao-feng, et al. How
to shop for free online-security analysis of cashier-as-a-

service based web stores [ A ]. Proceedings of the 32th

IEEE Symposium on Security and Privacy (SP) [C].
CA,USAIEEE Press,2011.465 —480.

[ 15] LIU Guan-jun,JIANG Chang-jun. Secure bisimulation for in-

teractive systems [ A ]. Proceedings of International Confer-
ence on Algorithms and Architectures for Parallel Processing
(ICA3PP) [ C]. Switzerland ; Springer ,2015. 625 - 639.

[16 ] NEUMANN P. Principled Assuredly Trustworthy Com-

posable Architectures [ R ]. SRI International Computer
Science Laboratory,2004.

[17] R HE. Petri B 538 [ M. b 50 HLAR Tk iR

t,2006.

[18] HU He-suan,ZHOU Meng-chu, LI Zhi-wu. Liveness en-

forcing supervision of video streaming systems using non-
sequential Petri nets[ J]. IEEE Transactions on Multime-
dia,2009,11(8) ;1457 - 1465.

[19] LLORENS M, OLIVER 7J, SILVA 7J, et al. Dynamic sli-

cing techniques for Petri Nets [ J]. Electronic Notes in
Theoretical Computer Science,2008,223(26) :153 - 165.

[20] YU Wang-yang, DING Zhi-jun, FANG Xian-wen. Dy-

namic slicing of petri nets based on structural dependency
graph and its application in system analysis[ J]. Asian
Journal of Control ,2013,17(4) :1403 - 1414.

EEET

FiEFE 51983 L. R TRTER
SFHUEBE, BN BRPE I G~ 3 B LR 22
BEPFIm. EZWF T8 Petri [ 3515 o T L HL
TR AR AT

E-mail ; ywyl191 @ snnu. edu. cn

" B(EWREE) 55,1977 4, T E A
IR 1 o, I SR8 R e DR 2 1L s

b FEIR . B R BV VI R 2 T LR 27 2 B U,
TSI 1) At A 45 TR 55
_;_ y E-mail ; zhaohuang@ snnu. edu. c¢n

FEX H,1975 4EA, WL TR B

S I R 2 O T K B 5 S |
- A S, SR BT ) Petri [ BT £ 2 R
- TN sitE.



