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Abstract: The Business Process Modelling Notation 2.0 (BPMN 2.0) choreography is a de factor standard for capturing the interactions
between business processes. Flow-oriented BPMN 2.0 choreographies can exhibit a range of semantic errors in the control flow. The
ability to check the semantic correctness of choreographies is thus a desirable feature for modelling tools based on BPMN 2.0
choreographies. However, the semantic analysis of BPMN 2.0 choreographies is hindered by the lack of formal semantic definition of its
constructs and the corresponding analysis techniques in the BPMN 2.0 standard specification. This paper defines a formal semantics of
BPMN 2.0 choreographies in terms of a mapping to WF-nets. This defined semantics can be used to analyze the structural errors and the
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control flow errors of BPMN 2.0 choreographies with analysis techniques of Petri nets. The proposed mapping and the semantic analysis
have been implemented as a tool. The experimental results show this formalization can identify the semantic errors of choreographies
from the BPM Al process model library.

Key words: business process modeling notation 2.0; choreography; Petri net; formal semantics; semantics analysis
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AR ERT 5 . BPMN 2.0 £77E 3 Folt 3 A 2 7Y 1) ity 38) oy (1) Ml 55 0 #2330l A2 4 i1l (orchestration) « 4 i (choreography)
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B S TR T R A Bk — 2, BPMN 2.0 AR AU FH B SR 15 5 41 g HE (1015 S 438 118 SUAETEA—E0R —
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(2) 1& Bl Petri W 1) 4 TR HE BPMN 2.0 2 HE 0 A7 78 (115 SCER 2240 9 A 0 I 14D 485 4 ) fa i 1)
Xt BPMN 2.0 & HE2EAT 18 L4 1T
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TH BRI T 5 g HE (0 3 ST
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1 513 (sequence flow). g HE I O FAEWE 1 Fs, i ARG 30 F4. oSG AN S (flow object);
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Fig.1 A core subnet of BPMN 2.0 choreographies
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F S CT AR MHAERIE S Call;

(3) ERFMMES E=(ES VE' VES) A(ES nE' nE" = @), BIRI N 3 MAMZ IS 43 5l A 1
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(4) G ZEMRIES,
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(5) FcOxO REBEMNRINES.

i — RO g TR R, 2 0L 3L 6.

EX 6(4mHE). k2 — 4 Jud Chor ={CPs, Calls,map, ER}, H.H,
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ORI SUR N
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NTE X RS R N T wmAE R R R E 0O, FBHINHA MBI R .o M g LN
in(x) ={x|x € 0,(x,0) € F}; 0 W17 2058 SN out(x) ={x|x € O,(0,x) € F}. JeAb G HE G ) x M HU0H B 2m A
rec(x); x IR IEH B RN N send(x).
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(1) VeeE®,in(e) =D Alout(e)| =1, BIFF US4 H R A — /M i, i Joii NI

(2) VeeE" |in(e)l=1nout(e) =D, R4 R F4H H R — N N U, i o f i

(3) VxeCAUE' |in(x)| =1 |our(x)| =1, BIGsHEWE B 5 o 18] 4R A — N\ A A

(4) VxeCA,rec(x) # D Asend(x) =D Urec(x) =D A send(x) = D, BI 4 HE v 3 R 3R 2= B 7] {9 % 3% B F:
HE,

(5) VxeG"UG™ UG™ | in(x) |=l/\‘0ut(x)‘ >1 BIFEAT 43 XM OG . HEAL s v s W OG . HEAh 354 1 36
KRGEH—MRNI, 2 T — % i,

(6) VxeG™” UG UG |in(x) [>1A|out(x)| =1, BIIFATICIR MK . AR S IF R HEfh 35 I M
KHBEA — M HiR, 2 T — AR

(7) VxeG,3yeCAn(x,y)e FUTyeCAA(y,x)e F, B 05205 g HEIE B A .

EX 8(R¥ZwHE). W Chor ={CPs,Calls,map, ER} & — 4, Chor & R 4HE Y HALY CPs AL
e R R MR, H ER 2 RFRI.

2.2 N

A AN HE AN AR RS e HE KRR, T ) 2 BT 1 7 SR T L A8 2 A B R A

(1) BN 13 TT R SRR A 2 e R, P S B 2N R R AT 2 SR SR E, A 2 et R —
FA AN i i T b F 0,

(2) MU 235 GRS 2 AN H NG, AT 5 B A 2 AN SN HE R (F0F) & I R OGATIE, i 2 B e
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Fig.2 Transformation rules
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[R5 — 5 T, 0 7 2% e 4 R U £ 41 P Ao 3 A AR A6 2% £ i A\ YA B 8 9 AT 90 A A B DAL T, XA
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AR, FRATTUR REME SR A R Z G HE I S AR T FR AR 4% A R D a3 e e A AR T R R AT
e, A4S B A g .

3 SRHER TAER M AYAR ST

TR E SR G HE B AR R RS AR ARG, RATIE AR IE e R 2 AP AR AR E M AR IE
HR b 5 AR T S A R (1 20 I S A S A AR T T G HE e I S B AT O, tau X S AT
NAE AR L A AT I A5 A0 9 23 38T AN A A T T AL AR
3.1 HwHES . B WXFFIIR

3R T BPMN 2.0 el p HAEOF MRS M. a5REM) WSS PO L R (FFAT I
Koy HEMECE RO . HEAd SR <) B Petri (4 7 B RS

lidat Petrifi /5 £ Fth s Petrifd )} F BhE Petrifid
T4 9 1 ~ H il gt U ATt D :
O start O
type_eventName end
Stk e o

D Al —{ )
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B Petrild /i Fit 15 Petrif<d /i £
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Fig.3 Mapping events, choreography tasks, sequence flow and gateways onto Petri-net segments

B3 HrF. SiHES . AT SCE] Petri [ F B A e 5t

AR E 3 ME (1) TFAG SRSy Petri PO — DN ERT. — MRS AT K —MRK R, H
Rezbn 5 ZIE AR S ar 40 start BN IS REAS X 73 TF A6 R R SR A, 200 L O bn 5 AR5E . (2) + [ ik
Sty Petri W B —ANER 5 ARIE, HOREZAR 5 AT (AR T i 44 08 SR 1A S A SRR AN X ) R TR SR
KA S I bR 5 AT (3) 4 R FF A st Ay Petri R —ANEERT. — MR 5 I R — MR R, HiZ
PRSI AR5 fir 4409 end. W R AN IX 70 5 R A 1 28, 400 He i S bR 5 T
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G HFAE S5 WS 0 Petri X AR B — MR 5 25, HLZARIE AR 5 i 44 R RO 3 _BRUC_mHEAE 55 44 (A 2
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1T, F%9 While-do FEFR, & 4(a2) T 7R; 2 — MR R T 5 1 22 K EE AT BN do-until 13, 40 & 4(a3)
Hr7 While-do B3 WS Jy ¥ Petri 9 F B i 18] 4(ad) s ;do-until 9835 WL D911 Petri 1 Fr Br an 1] 4(a5) s,

2 S FEAT (4 HEAT 55 T AR OR S HEAT 55 5290 10 FFAT $0AT L 521380 B () B AE Ve vk i 48 58 sk B — A2
S AT 10w HEAT %5 7T B[R] — Sm HEAT 55 16 0 AN 85 DL AT 40 XMW OG5 R ATIE R W 06 5 2 A& BT AR &, i
4(b2) FIT7R. 22 S0 AT B G HEAT 55 WIS D 1 Petri 1 B 40 P 4(b3) BT 7R

% S B AT (R g HEAT 55 F DA R 2 A G HEAT 55 S48 0 B A7 B0 AT, L 51 30 B () BLAE B b E B 3 e s b, —
A2 S AT B G HEAT 55 7T B A — R AT 55 10 0 A8 WL F AR S 2 A RTARE B 4(c2) s, 2 52 SR AT
) 2 HEAT- 25 Wk 559 €47 Petri 9 F7 B 2n 18] 4(c3) i 7.

=
@) FRAERA A (bl) LB A ) (e1) BLBIE A
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Fig.4 Mapping standard loop choreography task, parallel multi-instance choreography task, and sequential
multi-instance choreography task onto Petri-Net segments

B4 bRAEMEIR K9 HEAE S5 2 S IFAT I 2 HEAE 55 0 22 S0 R AT A 4 FIEAE 55 21 Petri 9 )1 BUAK S5

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



1102 Journal of Software #AF3#% \Vol.29, No.4, April 2018

3.3 FiHE

THRHAAT N — DML g HE B 5 IR T8 A BAT IR AR F AR A S A 10T G HE R S
Petri W J Bt (1 7. 7E Petri (4 v Bt sub_start 2238 HI T 8581 4 (19 7T 40, sub_end A2 3E H - A 1 2 HE ) 45
WAL A_B_ml AT @B HT % m1, 83T B_A_m2 i T @ 8w HEAE %5 m2.

T O LLRA 2 AP S A Z R O T fa b, BATTHE 7 g HEBR ) D9 A RER AT B — (K T dR S A0
G

- B i sub start A B ml B_A_m2  sub end

(j—*mIH—*mZ—'o

Fig.5 Mapping a sub-choreography onto Petri-net segments

5 FomHER Petri 1 B A S
3.4 WEtRREE

BPMN 2.0 Zi HE IR A6 IRZS T IS B2 Petri W (KA 0A R A R 38 T BB A0 63 IR 25 P A B AEURE 6t T 20 1
FRAEANTT A6 1068 IS 19 P T PR IR0 — AT X G e o A T s A 2 ) P i R SR IR G B 6 .

A B ] A_B.ml B_C_sub
O m f— & —0O =) o—-0-{—0={0-{0
E C I~ sart __--—"" "~ <end
/'l \\\ ,-"—"’ \‘“‘-.
// ~. ()‘ ,<H -C) » .(‘} » I() I 'E)
O'__m-,,_~ n::‘i \O sub start B.C m2 C B m3 sub end
c_| [

Fig.6 Configuring initial marking of choreographies
K6 BEmALEIRIR
3.5 BREFHIFLE X
AT A A E X BPMN 2.0 4 HE 1) A G W 1R B S, L 52 9.

E X 9(BPMN 2.0 /HRIFERIENX). W Chor={CPs,Calls,map,ER}7%— " R ¥ HE, Chor $i WL N — 4 TAE
WP, T:F M), Hrh,

P=U,ccp, {p,le€cpE}U - HFiEFE
{p.leccp.E}U — G
ey xy)epFaxecpGP Axecp.G™ nxecpG™ Axecp.G™ Ay ecp G 1)
~yecpG™M Ay ecp.GT Ay gcpGHIU — B HO () RS TE S5 B B
{p,1ge cp.GPvgecpG”™vgecp.G* v gecp.G*MP — HEAh E A ) X6
T=Uyecps {tya leccpE L — FFan S
{t,ileccpEF}0 — G A
{tyy. .le€cpE}O — ) A @
{tw 1€ €cpG™T UepGTU o TIPS
{sender _receiver_a 1@ € cp-CTHU — gHT 5%
{t.ur | g € cp.Call}) — T g A
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F=Ueep, (P tan) L€ € p.ES}U AR GE AL
{(ts P e € cp.E"}U — SRR
{G6 peyy) (P M1 (3, 9) ecpFAxecp.GP Axecp.G™M Axecp.G™ Axecp.GPY
AyeepG P Ayecp.G™ Ayecp.GT Ay ecp.GP U — S EE () W SGT0 I8 P F1
{(x, )| ((x,y) ecp.F Ay e cp.G*® Uep.GP? U ep.GEP U cp.GM) v
((x,y) €cp.F Axecp.G™® Uep.G™ Uep.G™ Uep.G™}) — SHHAWEEE (FH4F) Pk 2 1 5
M(Ps)=1  —BEAFFURFAR S SR B FE BT A s AN B 4
7 B T 2008 SO, ()58 S Ik T3 S AF . S SA L 5 H i 3803 (A1) X DG T 9 19 e 700 B kA
HH () W S WL T K (2) 58 SR IR P AR AR SRR AR R R F A JRAT ORGSR 55 B g HE
SRS T Ok, v AT 100 SR WA 7 A e 8 AR ST (3) /8 IR B TP A Stk o S5 R F AL 5 HE b B (AR ) M 5%
T6 M 7 B B 5 HE A B (SR ) I DG A D% 11 17 B0 e 5 7T ke . (4) 58 SCHE B K% Hh JF 463 = AP 0 12 A il P 8 T ok
SRFIT oK 75 R A S, R G HE b AN 2 I 5% 5 X 5C B AH . BT A, (B) Hh 7 5E U A B (S A1) W 5k
A R FR, R 75 U5 50— S -5 HE At Bl () W S S RITA]

4 4%t BPMN 2.0 47HE

4.1 IR T RSS2 B ToK BPMN 2.0 48 8E B sh i o8 TR M. 26 4.2 Fi 18 BPMN 2.0 48
HE A AEAE 1 159 156 4.3 58 T 48 F Petri I ) 20 B 50 R g HEBEAT 8 SCAM T
41 THRgHS5IH

P 7 2 FRAT S e 45 T H Chor2PetriNet (#4514, 3 1, YaoQiang BPMN Editor & —A™ B AL 1K) 2 F1F 2 45
a5, H DLOI 2 HEA Y Pre-processor I LAY g HEASE 2R 30 AT Tl Ak 38, 4 1 SCAH 148 45 44 A (8] 1 2 HE AR 204 4b 2R R
¥ gm RSB  Transformer FR4EZE 3 742 H A w5, LUK R A4 4 HERE B % 46 0y TARVA . % TR DLEEF XML #%
X9 BPMN SCEEAE SN, BLFE T XML 4 2 f PNML SC At (Petri net markup language, i #% PNML)®UE %
H . PNML J& 171k Petri P15 7Y 1) 4 4 ST A A% 20, L 47 b & AT 3 22 A Petri I ) AR RN 43 B 1 2L BT S 4.

YaoQiang BPMN XML ; N XML J o ./ PNML Petri
Editor 47/}3!’MN File » Pre-processor BPMN File > Transformer 7 NetFile

Fig.7 Structure of Chor2PetriNet
& 7 Chor2PetriNet ff 45 1)

®

42 RN EE

FEH BPMN 2.0 2w FIFWLS Dy ARV I Al #2 v AT 30 T BPMN 2.0 gl b A7 78 1) 45 4 7 T FH 4% ) 3 75
THD P I AL 45 440 75 T (1) e 02 46 e FE TC T UR A 25 R BRE T T BPMN 2.0 7 R 2 r i 2 1k 11 45 4 20 0 4 1
77 TP 0] R i g FE 2 H BB S . VBRI FEAT 55 T [HI X I 28 o] @ it 47 18

(1) RS> TR LR AR B R F A . BPMN 2.0 AR vHE A 29 K052 - JF 0 250 FH ok 6 7 2 1k (1) JF 468 45 R =440 ok
Feon g HE I S A I HES D I AR AR, U S HES R B b 373 M 25 SRR T ) 2 T DA A T 445 G R ik
DEEREAE, Mg AEA B B 5 R Y S5 A A) 1) 28 BLAEAT AL 45 o & 8 o A TR AR A5 i g
GRIUE - EE

(2) ¥ 7 dmHEE 30 F1 A3 A B U (the basic rule of choreography activity sequencing). B T4 HE />
SR ORI, PR g HE h ) 2 5 3 R BEE I S PR R WA B R PR K338 SR R S HE 1) 3 L BPMING 2.0 BR#E R
LORN T Gt HF A 0 G A 55 00 200355 A2 2 VS 300 0 10 (1) ik AR KLU, B 45 I 0k s H1IF A 25 (B 1 AT 55 40 ) O 9 6
RIEH BANRT R IAAL S S 5 W, 2RI H A BRI R HAE S R B EE AT’ 9 s itk
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TG HEE B0 P 512 A 1 G

SSP Client M ssp SSP Client SSP Client_SSP_Invoice SSP Client_SSP_Compliance
Forward

“Orwe Clanfy .| Compliance
Invoice Compliance Confirmed

SSP_SS5P Client_Compliance

r

Fig.8 A choreography without start events or end events and the corresponding WF-net

B8 TCIT AR B4 AR 1A G HE JOns B2 18 TA At I

E [ c \
O~ m_[— m =) @'U’O’D 'O'D;O 'l]d'O
A - sta ABml CAm en
Fig.9 A choreography violating the basic rule of choreography activity sequencing and the corresponding WF-net

9 IR TG HETE B P 1 0 5 A KN £ 20 HE K oxT R A Ok

(3) ZHF A7 AE W 5 SR B ANILIE ] AL AE BPMIN 2.0 4 Hl b, 74T 09 9 55 At 19 5 FR) 78 T 7 SR 7 14 14 m i
PR & 10(@) s Dy 34T I 5 AR A 0 5% TR e SR 3G 0. B 10(b) Bt 7= Dy HE A I 5 R AT 94 5% 18 1 i
KT

T C_A_m2

m2
LA ]
o{+>< =
start tau M end

C
m3 (@)

[a ] C A m3
(C

C_A_m2

m2
LA ]
Q—O< —
C start  pl tau end

m3
() C_A_m3

Fig.10 Choreographies with mixed gateways and the corresponding WF-nets

K10 9 598 FH 1 R B EL R 2 ) AR 3 Y

(4) FHEAAAEIERL TE BN BEAE 55 g HE A7 AE /K TEIE DT B 9 HEAE 55, BIBE S HEAE 55181 10 77 1) 9 HE A7
FETCVE AT B Gt HEAE 55 00 T Gt Hl vt BLBE BRI B 175 10, 3% SN 7 28451

) tau2
ml

e A Jaw
m2

B start B.C_m2 en

M

Fig.11 A choreography with a dead choreography task and the corresponding WF-net
Bl 11 AEAE SR HEAT 25 1 G HE J FE X8 2 1) A% U Y
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43 o

Bt R G e P AR (0 4 2 ) FRAN TR K 2 ) RN 24 Ay T AR A I P 65 A i) R S I A5 Petri I
{19 43 BT B AR Xt L3 A7 A
B of i (L) 2 HE 5 2 0 A4 B 5 RS A e b 288 A 2 490 IS g T 3 D, T b 24 1) R 240 g e
XoF L (1 A i ) R 2 5 A7 R AR ST A R D s BT B JE AR O A (K AR B 8 BRI AR R M R AR SE SSP
Client_SSP_Invoice (14425, W &7~ Z g HEB /D> FF- 46 S 4448 1T SSP Client_SSP_Compliance )& 4975, U
Fon iz gm R 4 R A
Bl of v 8 (2) - HE 3 2 1 G R 30 0 0 5 A ) 4 b 2H i R A S R AR S, T 2 ] R R 4
SRR W S P AT S X P A 408 5 AR S 18] 19 0T DL 1 R, RIS 4k bR 5 AR I AR S 4 R IR R 3% A 0 A H LA
AT AR bR 5 38T AR5 4 7P B R % B e s R 9 BT B9 TR M 5 2655 283E C_A_m2 HI Kk i%
N CIMATIER SR E 2 54 & AR B, R Z g HE R T 5538 I T S Hk 75 30 77 41 1) B A= 1
Bt 0oF (3): G HE Hh 19X D% 20 28 AN UL IC, 447 L 288 g HE 8 460 WO S5 9 A 8 I S, 2 b 28 ) R 24 A 00 Sk 2 1) A
WX R A7 AE P-T S5 H 8 T-P 45 K4 1) 1] £ 76 B 10 Fzm 1) A 9 9 () Y, AR T tau FTEE BT pd FE R T T-P 4544,
W) % 7% 1% G HE P A7 A6 R G SR T AS DG i 76 P 10 F oo (1 T AR S (b) v JZE i pl ANAZSE tau FERR T P-T 454, 3%
N G HE A7 LR I R A AS T i
BEXT(4) S HEARAE GRS VBRI BEAT 55 45 0 288 U 2 48k Bk S5 g AR 30 D), T8 b 258 ) R0 24 A A e oz
AT R A B A LR P 1L BRI AR A AREE A B_m S SUAR T, U 7 1% g HE P A7 7R AU 4 HEAT 55
BN AS & B 4 .
b0 Hh TR F R B2 A 1 T A A R ) 65 A ) R e R i A 8 kg Xt A AT Y 1 5 ) 4 AT B SR 43 T
] AL H 5 ) e A B ARG I AR IS X R R 1 A7 R AR I BB O S BT I R AR A A A R I A 4R
P 5 AR AT 18] F) AT LA A 0 T A 97 IR o R 75 A7 A P-T 5 A4 B T-P 485 4 A 5 0 A 6 85 R 00 S5k 7 ) T 10 37 I 2 75
Fagiil
HoF A T ARSI 2 T AEAE P-T G505k T-P 4584 B TR W 75 & BLIX — i 4, T 48 BPMIN 2.0 #iHEZ:
Chor2PetriNet [ &5t 42 1) PNML SCEEAE 9 —A Petri 361 T E.:WoPeD® 4 A {# ] WoPeD 3 4T
sl
of AW A S8 0 R R 5 A7 R AR S B AT D A BT ) JE SR N A X — A L T4 BPMIN 2.0 ZeHES
Chor2PetriNet F Bt = £ 1) PNML SCHAE 8% 1 A 8% 1 X g7 k.
et A T AE A P R 408 A5 28 5 D) 1 R DL i) R, T 4 BPMIN 2.0 428 Chor2PetriNet [ 2 e St 77 A= 1)
PNML ST 5% 2 fdm N ff S0 2 6f gk 47460,
Bk L RIARIE. 45 8 — A PNML STER % H 2 S0 fF b 2 5 A7 7E B8 00 25 IR S Bl 5 4R 28 (AR5
#9944 :checking_transition.
1 N :PNML SCAE;
i M A AR R X R A AE T AR O 2 AR S B T AR VR WX R AR AR SR B N AR I % T AR AR A T
G802 AR T
BEGIN
fif A PNML 31
BEHUPRZE N (transitiony I TC RTINS T o,
BEHURR 2y are) I TG RN & ARC Hi;
WHILE T AR R IR B T 3R
BEGIN
T HEE — SR AR IR IC R t AR IR
WHILE ARC H 7 7E AR IR TR
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BEGIN
M ARC HHAEE — DR IRI T HK arc JEARIAE;
IF arc HJYR /4 t THEN
source_flag=true;
IF arc i) H 45 #09 t THEN
target_flag=true;

END
IF source_flag!=true THEN
BEGIN
% AR R TR AR AE S R AR AT
Break;
END
IF target_flag!=true THEN
BEGIN
i 32 AR R ) A LR AR N S AR
Break;
END
END

IF source_flag==truentarget_flag==true THEN
A 2% AR VR AN A AE T AR NS B 8 8 AR A
END

Bl 1:LLE 8 AU T i TAETR MVE R EIE 1 AN, % 1B R H 35 5T SSP Client_SSP_Invoice H T4
=3 483 SSP Client_SSP_Compliance FJi 5 2. RN, R g Fl G 20 I 46 0 A0 45 2R 4
B3k 2. K DAHAR KRS AT 18] IR AT I 28 E — A PNML SO 0 %0 vh B 75 718 38 IR R HE TG 30 7 41 2

AR B AR E
$:44 checking_ visibility.
i ON:PNML ST

Bt 232 AR I v A 3 g R B0 10 2 A U P AR B2 AR R AN A A 3 4 R I B0 81 R A

F (A2 5T
BEGIN
BT PNML SCAF;
BEEAR R (transition) ) TC R RN ES T +;
WHILE T W R B bR IR G 3
BEGIN
MT HATE— AN RPEFR IR0 E t AR E;
THEARIE t G R IG5, iE N
WHILE t**H R AR IR B TG R
BEGIN
M AT — A R BEAR IR TR VIR IR
IF bR 5 AIEAU IR EFH AR t R IER S EWE THEN
BEGIN
Oz AT VB R T R BN T 41 0 B AR B,
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t_flag=true;
BREAK;
END
END
IF t_flag!=true THEN
0 HH 2 AR R AN A LR 3 S S HE VS B0 0 AR ) ) AR AT
END
B 2:CAE] 9 fa i B B AR AR R LVE 2 B N B9 2 BRI H A8 3T C_A_m2 k1635 8 C H AT IK
AF3E A_B_ml RIEE N AL BICE N BARE C_A_m2 M RIEEAZATIRAIE A_B_ml 25 KM, R 4
HEE ST G IS B0 e 210 1 2 AR R0

=

5 X I

51 #MTAMMERIEX DGR

ACKAE ] BPM AL SRR 7 B0 (http://bpt.hpi.uni-potsdam.de/BPMAcademiclnitiative) { 52 & -k 4
HEAR TS 1 HE R .BPM Al 2 B Db S22 AR SR B I H T BF 228 58 AR 2 F &, & R ST 52 A\ A
ARG & SR AL E LR A T R G)E T K E N SR IRATILIRG 422 A gmHEi R 58 i 4 A5 LA
AH I 0 G AR R 2o g o B N 07 Q) 0 a2, B A B T 10 AN B AR 1) 2 FIE R,

{8 H Chor2PetriNet "L B X ik 10 /> HEAL T AT WS 5 46, 49 3 7 5% B2 I AR VR M9, L% 13847 1% LR
BT A HL T ) B R B T

(1) WAE4G;

(2) #1E R4 Windows 7 JEALAR 64;

(3) 4bFELER:Intel(R) Core(TM) i5-3470 CPU @ 3.20GHz;

(4) JDK:1.8.0_65;

(5) Eclipse: Mars.1 Release (4.5.1).

Table 1 Evaluation results of Chor2PetriNet
1 Chor2PetriNet ff)S2 6 iF 4t 45 R

Iig ks TAERM " ®

2 % B FRREGRE  FENE R hadiE A | M ms) bR

1 6 1 1 0 6 7 0 98 T4 W

2 11 2 7 29 14 11 127 R X R A AS L iR

3 17 2 1 0 21 19 2 136 TH MR

4 4 0 0 0 9 8 2 1003 TCFFUE N2 R A

5 8 5 3 0 32 19 10 119 IER R 4k

6 29 14 14 4 49 43 13 196 R X R T AR T i
R gm RS ST 5

7 7 2 1 0 9 9 0 104 P

8 8 2 3 0 21 13 8 109 NiERE RS

9 1 4 6 1 22 15 9 136 ¥R 2 R AR JC i
TCTF I A = G

10 10 3 1 0 17 17 0 129 HEVE B A A

Fm

R LE 1IN 5 A% 5 P B BPM AL LR A (18 G SO 40, AR 2,38 128 2 51 R 184Nk
P RS . HEM B (AR M SC B FAT IR SR R R 1SR 3 IR T4 TR WU e 5 15 3
(K AR, % TAR RN R A IR bn 5 2280 e AT M HCR.3R 1 5 4 FIS TR 1 W S 36 (R it 8] (B
ms).Z& 1 (55 5 B o 1 g HE ) 20 45
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Table 2 The mapping between the numbers in the Table 1 and choreography file names

R2 R LN S50 HESCE 4 U
75 E R 19 3 4 75 ok I ) 31 4

1 2012-02-23_ABC RFQ choreography 2 2011-05-10_Plan and book trip choreography shared
3 2011-03-02_Fulfillment process-choreography diagram 4 2011-04-15_Test choreography diagram

5 2011-03-30_Choreography diagram scenario 6 2011-10-22_Assignment 2-choreography diagram
7 2012-02-23_ABC RFQ choreography diagram 8 2011-08-08_Choreography diagram scenar

9 2011-10-24_SSP choreography 10 2011-10-24_Chorigraph_withall

VR R, (1) e It 8] 32 A A T 4 Ak P O ) AR e S A e I ) e 99 Ak B I ] P TR g R S
ey A G HE I S e A T [ T AR A S T8 S K S HERLS S Petri P B.(2) 7E BPM Al FRAR B i v 22 4
FTERATVR I, i HE S 5 72 AR TR SR R D TRIR AR BAS R . 3 s 7 4 HENE 20 5 1 114 25 A D) R 2 v 1Y)
FKBBUARPLRE AR HAT S5 AT W, 55 1. 3. 4. 10 XF R4 HESR D P dh A s 4 ok 4 5
520 6. 9 XL GRHEAAE W SR RURILEL 55 7. 10 S gmHE IR T 4 HESE B0 5 41 1 3 A ).

Bl 3: 16 12 R B EF L AR ER LTS 7 0 R A gmHE, B 12 287 SkA5 12 s o LS AR I AR
PR AE TAEF P b A8 5T start % S A& T 46 94, A8 3T end W 8% F 2 45 g5 14, 485 Customer_Sales_verfiy % i
M) & % HEAE 45 Veriy RFQ,Z8iE Sales_Customer_ask X B ) 2 4 HE AT 4 Ask for More Information, %5 it
Customer_Sales_provide % 5 /& 4 HE4T- 55 Provide Clarification, 38T Engineering_Sales_analyze %3 i 42 4 HE
T4 Analyze the RFQ and Provide L&M cost Estimates, %2 iE: Finance_Sales_add i b7 (1) /& 4 HE{T: % Add overhead
costs and generate pricing portions, A8 i Sales_Customer_generate X 5 [ /& 2w HEfE 55 Generate Sales Quote,ZF it
Customer_Sales_receive X 5 [ 2 4 HEE 45 Receive Sales Quote /% Fif p2 Hi kAt ok 55 W o6 4= B 218 X # A,
ZmHEE & T g HENE B0 5 B A 3 AU, LR R AR AR A A 3E Engineering_Sales_analyze k1%
N Engineering, S AT 3XAFiE Customer_Sales_verfiy )% 1%% A Customer. Ui ~ Sales,ZFiE Engineering_
Sales_analyze ) K1k #H AR RBIEN S5 #.

Fig.12 An example of BPMN 2.0 choreography and transformation to WF-net
Bl 12 BPMN 2.0 gk 3 TAF it 9 % 46 1) 491 7

5.2 izt R A U ) — B 1

AL 3 LA T G HER] T AE X A S () BV R R 3 SR A T S S R0 £ I A A A v Ak
FIU) 1 TE RS 1 DG ER R UE B BPMIN 2.0 Sk 55 Bl 56 AE i) AR I8 0 R0 AT S S5 A7 A 5148 b e S 00 D) f — 3550 1k 3
AT, Bk R a1 12 B 36 145 % BPMIN 2.0 4mE(§ H Chor2PetriNet T B A= BT B2 ) TAE ;56 2 45,
HEHE BPMN 2.0 i v HL 20 rb st g FlE O35 SR, S AN 107 204 il BPMIN 2.0 gl B2 ks 5 3B 8 R 48,58 3 45,
B i A ) AR, A8 B WoPeD LB A= it 7 ¥ ] 3 B 5 4 55 B he 538 KGRk BIE NS 5 25 1
N5 5 25, MHAAR 5 7 RG-S 00k B AR 753 2 55 BRI O R 25 2, W2 g HERD T IR 2 AT S50 14
B M AT RARZEA BB 2 56 T A5 5308 R 480153 EASHLI 4 728,385 2% SRk [11].

R SR T — SO (SR R A58 ELRBEAU O R 1) A B R I BPMIN 2.0 G HE -5 B S AR R ) A S T ]
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TR ARAT NS B LI 3 55 TR UL O AR AR D9 AT 9 S ARG B0 B T AN 2R FH 328 58 4 s i TR O 2%, iR A
A T R A B AR B AT tau AR W BT F AT AT W AN T LR R R AT 2
FRANFFAT I W SIS 7 A2 1) Petri 19 B 23 H B tau A2 5. il T 5 ELAEAUL 5 22 J0 ik BN W] L3 4 AT Uit
AR SCAN R 5 EABAD IR R T A A A AN X 70 25 5 OO IR ATL, 5 AN 10 2 11 1) T PRI S5 40 Dl o AP 0 T 0k B R
% 1&g HEE SRS N B BT 23 SCE5 R TR A SO AN SR S 55 A

BEXTER 1 rh B2 1 g HE B L W S A p Y AR ST 0, AT T3 Ik N T W 4 75 3O AR R 3R AT T — S
B G5 SRR, 28 3 5 A A SR — Bk .

BPMN 2,084 F— 1. 1 FHChor2PetriNef: 1kt - CAE MR

N R A

BN PN

‘mmm:wmwwmwm TR TR AR

Fig.13 Testing conformance of the mapping rules

B 13 000 e g R D) g — ek
6 MEXI{E

FH R A K AN BPMN A R 24 v i 1) 5 2 A (108 3018 SO S S lE @ IS 5 11 2008 SO R Sk (115
SCOFHTIE 3 A5 AT X L.
6.1 S mABILRIE X E X

BPMN 2.0 #RufERIZIAE T B AR5 5 52 T il i30T 38 OB, P B SR8 SCE SLIK S i 1O 34T 18 3,8
VR BRI TR o g AT AL B UE AT BT IR A, SR [2, 121814 F AR [ A A Ak v e LT
BPMN % fill i T 20iT X

SCHR[2)4# F Petri A5 LT BPMN 1.0 4 il 4 1918 S B 32 H 7 BPMN A1 45 7555 31 Petri W G E 1)
e B S 2R IR AE A A Kb 2 TT LA Petri X & O 0 M B AR X BPMIN HEAT & BRI,

SCHR[L2]45 FH P 2 55 40 U (graph rewriting rule) 23 XL T BPMIN 2.0 i ifil] 758 (AT 18 X AZSCHREE L T
BPMN 2.0 it 4B T 2@ S il 1 AT 18 X5 I 3 5 000 T 2 S0 G ) 0 AT 18 SCTA] ) B B2 B R IX R
R T Ak 2 AN 3 ORI B IE B 1 AR AT LLUE S BPMIN 2.0 i A B 2 3 0 0 20 Sk 56 b 41 1Z 8 3R
1 B BAT T8 SCIE T ALAE — AR B 4 T SRR SE B BPMIN $h AT 35 0 T B — Btk A% Dy 3% ek TR
B8, SCHR (1345 FH P 2 5 00 U0 R 3 ST BE KB BPMIN 2.0 2 il 1 4 HO AT 18 L.

SCRiR[14,15]48 FI#EFR AR CSP B 5E LT BPMN 1.0 Zit il 748 (1915 S 33 RE M BT Ab 2 - A5 35 T LA A P
T 38 SR AR [R) 1l 52 )2 0l 25 it AR A 28 () 1 — S50k B AT 5, — T, 2 T LA S M 45 98 R A 2R 40U38 A 2
(RS P SR HEAT RO, B ST B AT SR, — AN S R AE 24 /NI Py R B i 5 — T R T DAL 45
TR T (38 F 1 R 3 AT ARG 481 4 FE BE 4 (deadlock-freeness) AT IE 7 45 5 (proper completion). i@, /£ Mk 45 ¥t
A LA S, FE G TG R 1 S5 R T 5 PR o R R I AR DA G B4 A (soundness checking).

SCHR[16]4 ] YAWL 5 LT BPMN 1.0 il 7 4E HJiE B3 H T BPMN JGER ] YAWL JG 3 FIMU 6 R
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TXFE IR B Kb e B2 ] DU P YAWL (1 56 30E 5 A S e 4% i FE2 AR 7R ) 5 B8 RV ek gk AT A

SCER[17M B3R $ COWS(calculus of orchestration of Web services)JE & X 7 BPMN 1.0 2w i T-4£ 1
T LK RE R 4 b i 3 T 9 28 SO, AR AN AU AT LA S b 45 37 R A 70 33t 47 B AS I, 318 T LA b 45 3 RE A
BN (R B S PR B B SRS B HEAT 8 B 55 SCHR 2,14, 1514 Bb, 12 SCHk A 428 il 30 R0 08 ot 5 A 5 T S8
X7 BPMN 1.0 T4 135 L.

SCHR[1818 FH £ 1 B 7 32 48 LTL(linear temporal logic)f 05 X T BPMN 1.2 4 il T8 I $h AT 15 S FEf
WILFAb A —J7 T E LTL AEZE T, A5 AT LAl 8- Y R A% B 1) b 5 M o A7 R 0 53 — 5 T3 AT LAY BPMIN
1.2 PSR AT AR SO,

SCHR[L914 7 — Fi 485 24 o 6 11 7 vk K A IR AR i 15 1R 5 TiIPLM(Tsinghua InfoTech product lifecycle
management solution) & S TARE i IR AR 55 4 94T 540 () Petri W, /8 Ff WoPeD X Petri P iE4T 7 AT SEHELS
IE.TiPLM & —Fh2Al BPMN i il ) i F2 B 1E

5 FIR SCHRAE L, AR SOOI 2 BPMN 2.0 Zai 1R T8 2038 S S A 4 ) 10 71 2048 SCE S 75 B Sl =
f#)/&,BPMN 1.X(BPMN 1.0.BPMN 1.1 Fl BPMN 1.2)+ H 4 & il 652 54 ) SR 18 A GmHFASE A % 3 MK 5L vk
i, JEEX 4 N E AT TR S iR TOESET 76 L AnE 45 4 30 U 208 RN AT1E S BPMN 2.0
S HE BV SO, F T B — SO RIS — B, 38 AT AR D9 T 20k 23 i 1R 222, S 3R gk (03T S b B R LD

5 SCHR[12-17148 B, A8 SCRT i AR B X AE T2 (L) RVEXT RAS SCRVE TS 5 2 BPMN 2.0 2, 173X
M R DGV B R R L (2) A B A T E A R A A Petri B E U4 HERIIE AT S T L8 SR
A FH AR 2 At 2 204K ¥ 5 U i TR 248 40 CSP. YAWL., COWS. LTL. graph rewriting rule.

Table 3 Semantics of BPMN orchestrations
# 3 BPMN Zwilil ({135 X

Sk Xt % 75 i Hig Ju

BPMN 2.0 kg™ BPMN 2.0 4 i HRES B L B
SCHR[2] BPMN 1.0 % i Petri nets T SR, A FAE AR Pl T 4
CHik[12,13] BPMN 2.0 % il Graph rewriting rule B L, — BRI PR T4
CHik[14,15] BPMN 1.0 1% csP I 7 e o A, 5 A A 2 T 4R
HiR[16] BPMN 1.0 )4 il YAWL B B A I, A PR T 4R

SCHR[LT] BPMN 1.0 {4 1 Cows A ELPE AR, E AR P A B R

SCHR[18] BPMN 1.2 1% LTL i R G, 3 SO P T AR
SCHk[19] TiPLM 1) TAE i i fe Petri nets £ HAE A P T4
N BPMN 2.0 %k Petri nets B SURZ) A8 S5 bt 25 1l 1 5R

5 2 SC T A S A AR AU 2 SCR [2]0 SCRR (9] BT itk 1y TAE . SCHR[2]48 F Petri I 205 ST il (1918 L, 52
M B AS SRS AR B X IR TFo(1) ASSCE XOIFRAEAE . SRR whIa SR HEA B0 (3 0) W9 56 A 2 1A
S Petri W B 1 B 07 25 SCHR 28 [715(2)  SCHR[2148 FH 2 T i 4 110 5 50Ks e 545 30 1) Petri (RS 2 & A
—> Petri I, 17 A SCAE FH AL DG 22 4 W S 45 21 1) Petri I R BEAL & — A Petri I RF (10 4 Kb 2 AR S B 7= 2
) Petri [ L A7 58 /0 () B¢ fiT.(3) SCHR[2]HH A b e U6 28 31 Petri 9 B IR ISt 17 AR SC28 B8 73— p5 SCRiRk
[191f# H Petri MTERGE X T TiIPLM TAER AR ML E 3714 H WoPeD X Petri AT T & B IGHIE, 5 2
A EC AT TAE I X BIET2(1) 76 TIiPLM AR @R 4 FIFREE. ZE . TR
R MASE X b BT R A 5 MRS R, SRS, gmdvash. SR anm o, o gn HEVE 2
B AT S5 AR I g 45 (2) TIPLM AR iR AR % 2 AT 45 (hierarchical task), 4S5 B8 2 VI T AR SC5E S G
HewT LLAEAT J2 R4 1T G
6.2 HmHABEEBESHERNIBILEN

N E S HE, KR g HEEE S R T Sk 1 40 BPMIN 2.0 B 8] (collaboration diagram, f&iifk CD),
Web IR % 2 HEFI 2978 = (Web services choreography description language, fiifk WS-CDL)E!, Let’s Dance!,
IPN(interaction Petri nets)??, 2 }i¥ (conservation protocol, féiFk CP)PS ik kb s HE ML 1E = 7] A A 8 B
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T 28 SO S HE BT 5 AR BAA T 08 LR HEE R S R AR A0E U 805 5 A 45:CD. IPN 1
2T B ARG T A8 S g HE R ARSI [L, 2426148 AN [E] 1 77 5 X1 9k T 2038

NT X RN E X, 5 BPMN 1.X(BPMN 1.0, BPMN 1.1 fil BPMN 1.2)# tt,BPMN 2.0 # &k #2H T 4a flk
(A 2 FLA Sk 0 BT BPMIN 2.0 #R kML) R T 1 SR8 35 iR 7 BPMIN 2.0 4k (1038 S (R B 481
SRR R SUAAAE U RN — 8

SCHR[241458 H Pi 58 T Let’s Dance FJE 2UTE SCIXRE (R B Ak 2 2 T 71 2005 S, A8 38 T DAAE 6 44 HE
F) RT3 14 (reachability) 3E 4T 23 BT 14 1) R 24 g 20 W7 A P 88 00 2 [0 2 75 5 A2 58 ELABE AU O 2R 1) 1) R

SCHR[25]48 B TE) B 3hAL(timed automata) 205 T WS-CDL 4 B #8115 SC X AR 00 I Ak A 3 T
PE1E S AR 7T LS UPPAAL T EL S X Gt HEHEAT &2 07 A ASr il 5 dn A AR &y T s T 264 A S 261
(pre and post conditions). &2 J& 7 (implication properties) Fis [8] BR il (time restriction).

SCHR[26]% T B R HE R A AR AR A B A 658 B U m HE A ) BAE % BPMN 1.1 37 /&N iBPMN, FE{F
22 B3 Petri FI(IPN)E R E ST iIBPMN [T 18 SCIX AR 3 A A - — 7 T, 8 A 3 AT 38 S ok 2 HE AR RE 1)
S Sy — 5 T AT LA Petri XA 3 AT B R K S HEAS B HEAT A B S AT

SCHER[2714 % BPMN 2.0 il 48 A E A0 5T LOTOS NT & X 7 H I B X REMM A b 2 3 T T R
ST EAKE BPMN 2.0 #E4T BT SE 3L (realizability) 73 #7.

5 R SCERAR B A SO I /2 BPMN 2.0 RHEFITEGE SCE R 4 NRHFEBOE S . k. Ak, GHE
X A4ANHE AT TS iR TAESAT 7% BN & 45 S0k [24-26] 43 51041 % (10 9w HE @ 4545 5 /2 :Let’s Dance.
WS-CDL. iBPMN, i 4% 3L G 12 BPMN 2.0 gk H Ak Hi i an .

53R [24-26140 B, AR SCHT A AR 10 X B 7E T 9% (R FE R BE0E 5 R HL AR SR i I dm HE R ARE 5 2
BPMN 2.0 i, 17 3 6 STk 43 1) 57 0 2 G Ath 4 HF 2 45547 5 :Let’s Dance. WS-CDL 1 iBPMN.

555 AR S AR AL IR 2 SCHR [LRN SR [271 5T 80 AR, SCHR[L148 ) B 2898 S ik BPMN 2.0 4mHErE
XA A — G A S A Petri B, HERfE LT BPMN 2.0 g HE B TR S SCHR[27]458 FH 1 F2 A%k
LOTOS NT & X 1 BPMN 2.0 g 38 X, T A< SCfd i Petri /9 5E . BPMN 2.0 4 HE #1535 SCHR[271 5T i T4
PIIX BITE T (1) SCHR[27]52 L GmHEE SO, BR i) X 96 00 2002 P48 16, R — AN n AN 3R — A
XERLETISRA n AN 70 SCASCE PR 15(2) SCRR[27TBCA 5 FE M IE 45 ) 2 A 1E.(3) SCHR[27IR S e bt
PEI 1 G HEAT 55 A0 T g HE 1 % X0 SCE S

Table 4 Semantics of choreographies
=4 GFEmE X

e E L RS J7 i g 36
BPMN 2.0 477 BPMN 2.0 HARE S B UL 23
Rk [24] Let’s Dance Pi calculus AL I PE A R TR
AR
. ) . ik A
XHR[25] WS-CDL Timed automata 4 PR 26 P B 4 EHIR T4
P[] PR Al
e . . B UL e
SCHk[26] iBPMN Petri nets P PR T4
SLHR[27] BPMN 2.0 ZwHE M2 E LOTOS NT 5 U B T4
A BPMN 2.0 4t Petri nets giﬂﬁ Pl T4

6.3 HRHENIIBX

mHE NS S5 EMEMNESRMA,FHEEERNENS 58 AR THRSES 5H WL HE, 58S
535 R0 B BEHERR S S HE PR 3 — B b 48 5 — AN R B T 2 R R A A S 5 FH IR X S 5
V61 49 A2 TEL RS T UG T 7 R 0 I 33K B 22 7T S Bk 20 9 1) P i B4 0 Ik, S ik [4,22,23,29-341 6] 2 HE 3R 47 1 AT S B
SEMT IR KRBT A4y 3 J5 R T AL T Se B A ik 3T B R AR K ] S B 40 A O v AN R
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T Petri I ] S I 24T 725

BT BB ML AT SE I 2 BT O 2 A X B T e s O S R HE, SCER[231BA E SR N T AL B, R B
PEH T i B BT SEILFR A B 3 N 4 Ak oA HE (lossless join) . [F] 25 e % (synchronous compatible). H
¥4 P (autonomous). 7 It & il b, SC Rk [29-31] &1 XF 2 35 B WA T 25 #2725 1 4% 4 (synchronizability
conditions), H % 23 15 B 150 14 R S I 23 A 8 45 D Xk [R] 5 M S5 AR IR R 56 SCHR [32) £ KT B R A 3 1 2305 T
(arbitrary-initiator protocols), #& ti T — /™ #7 (K78 43 26 47, F T A 30 2 1 B 0 W] S B 1t SCRR [33]9% T 2 i
TORT SR 0 78 40 0 B2 A W AT S IRk o AT 6 480 g of )25 M RN 3 12 (weelI-Formedness) FE AR 0, M 1T BT 43 FH B AT
(AT DR AP R ) T JEL RS TR ARG ) T L 2 438 W S0 P T S R AT BhAR N,

FE T FRAR B AT ST 3 b 7 v A e T B B S g HE T3S, SRR 4] BAERR AR LOTOS NT £
TE AT, 32 HH— ok b B e S e SN e 9 5 T LOTOS NT 5& S EFE 33k 2 1) 7 723, A5 B4
[ B K6 T RSP AE AN RR B S IR N M E B T SR AT BPMIN 2.0 4w HEF28, SCHR[27] LAEE R
fRE LOTOS NT E AT A EE R, 128 H —Fh I gnHE T L 409 LOTOS NT & SCIR kR 3348 2 1 77 75, A Bl HLASE
LI A B 6T TR 5 38 45 PR35 A0 5720 045 B35 T G HE (0 PT SEBLPE HEAT R 00 78 e R Al b, SCRIR[34]48 tH — P B b
FIHESE, T E 356 UE WSDL. 23 i 3URT BPMN 2.0 4 #f (4 TSI E.

T Petri RO AT 2B 40 M1 5 12 SCHR[22] LA Petri B/ AT QAL ZE Rl F IPN 58 U4 HE, 3 M 90 52 EL B0 A
B SR EEIRE T IPN AT SEBLEREAT 7007 8 Internet FREE T AE7E R L% LR, [8] 4 26t 57 25 3 45 3R
B2 g HE 00 v] LI HEAT b AR 7 VR R BE A AT [FD @S AR R IPN B9 R] SE LM, RS REXT FOB IR E IR T
IPN (] SEILAEBEAT 73 1T

5 TR SCHRAR L, AR ST T S48 BE S0 T AN IR B A 2, 3T BPMING 2.0 g SR I B T 1) BRI S X
FEAE (AR SCE R, QRGN e« BE R HEAT % S5 IXRE 0 S5 BRI AE T DA 0 5 TR DR g IR 1 9 SR
ST T AT S (9 A 5. R R, AT SR S A A B R TR B R SR HE S R RS 5 R I S — B A R A g A
B I 7 P T VR ARAE, U V8 B A S HE 5 R 8 5 5 o 1) A SR TS AT AR S B i S A AR ST AR U AT IE 5 FE T
BPMN 2.0 #2450 %of 44l 14 2285 440 249 3R G HE G 30 7 51 1 2 A A )

7 HERIE

BPMN 2.0 A 1 3 25 b g HE B/ T 3 U A B IR 43 BT 3 AR 3 8 BEAS 6 BPMN 2.0 g HE BIAE ST 8 2k,
JE i 25T BPMN 2.0 2w HE 3 T AE 7 WA Tt 481 B Petri WHER 8 X 4w HE 98 SL; LUk A B Petri 9 192 BT A,
2 BPMN 2.0 Zig HE H A7 7 16 15 SCEE 15 B 240 2y T AR 308 9 1140 &5 A4 1) 38 5 1 5 1) R, % BPMIN 2.0 4 HERE AT 15 S o3 #T;
B, B ik 5256 3R 0 X A AL AT LR B] BPMN 2.0 4 HE 77 78 B4 R

ASCHET % R I W RS I8 S0 R — B I TAEE A2 32 BPMN 2.0 %ifEEIZ 551
Wit B, %F BPMN 2.0 S HEREAT 7T SEIUME 7347 LA J AR Petri X Hh 2 L 04 10 7L, 1 50 1085 G55 52 21 IR 4 HE

References:

[1] OMG. Business Process Model and Notation (BPMN) Version 2.0. 2011. http://www.omg.org/spec/BPMN/2.0/

[2] Dijkman RM, Dumas M, Ouyang C. Semantics and analysis of business process models in BPMN. Information & Software
Technology, 2008,50(12):1281-1294. [doi: 10.1016/j.infsof.2008.02.006]

[3] W3C. Web Service Choreography Description Language (WS-CDL). 2005. http://www.w3.0rg/TR/ws-cdl-10/

[4] Salaiin G, Bultan T, Roohi N. Realizability of choreographies using process algebra encodings. IEEE Trans. on Services Computing,
2012,5(3):290-302. [doi: 10.1109/TSC.2011.9]

[5]1 Petri CA. Kommunikation mit automaten [Ph.D. Thesis]. Institut fur Instrumentelle Mathematik, Schriften des 1IM 2, 1962.

[6] Yuan CY. The Principle and Application of Petri Nets. Beijing: Electronic Industry Publishing House, 2005 (in Chinese).

[71 van der Aalst WMP. The application of Petri nets to workflow management. Journal of Circuits, Systems, and Computers,
1998,8(1):21-66. [doi: 10.1142/S0218126698000043]

© TEBREEEEIEDT  htp/ www. jos. org. cn



K& % :BPMN 2.0 43697 KB L Fa 47 1113

[8] Billington J, Christensen S, van Hee KV, Kindler E, Kummer O, Petrucci L, Post R, Stehno C, Weber M. The Petri net markup
language: Concepts, technology, and tools. In: Proc. of the Int’l Conf. on Applications and Theory of Petri Nets. Berlin:
Springer-Verlag, 2003. 483-505. [doi: 10.1007/3-540-44919-1_31]

[9]1 Eckleder A, Freytag T. WoPeD 2.0 goes BPEL 2.0. In: Proc. of the German Workshop on Algorithms and TOOLS for Petri Nets,
Algorithmen Und Werkzeuge Fur Petrinetze, Awpn 2008. Rostock, 2008. 75-80.

[10] BPM academic initiative. http://bpt.hpi.uni-potsdam.de/BPMAcademiclnitiative/

[11] Milner R. Communicating and Mobile Systems: The Pi-Calculus. Cambridge: Cambridge University Press, 1999.

[12] Dijkman R, Gorp PV. BPMN 2.0 execution semantics formalized as graph rewrite rules. Lecture Notes in Business Information
Processing, 2010,67:16-30. [doi: 10.1007/978-3-642-16298-5_4]

[13] Gorp PV, Dijkman R. A visual token-based formalization of BPMN 2.0 based on in-place transformations. Information & Software
Technology, 2013,55(55):365-394. [doi: 10.1016/j.infsof.2012.08.014]

[14] Wong PYH, Gibbons J. A process semantics for BPMN. In: Proc. of the Int’l Conf. on Formal Engineering Methods. Berlin:
Springer-Verlag, 2008. 355-374. [doi: 10.1007/978-3-540-88194-0_22]

[15] Wong PYH, Gibbons J. Formalisations and applications of BPMN. Science of Computer Programming, 2011,76(8):633-650. [doi:
10.1016/j.scic0.2009.09.010]

[16] Ye JH, Sun SX, Song W, Wen L. Formal semantics of BPMN process models using YAWL. In: Proc. of the Int’l Symp. on
Intelligent Information Technology Application. Washiongton: IEEE, 2008. 70-74. [doi: 10.1109/11TA.2008.68]

[17] Prandi D, Quaglia P, Zannone N. Formal analysis of BPMN via a translation into COWS. In: Proc. of the 10th Int’l Conf. on
Coordination Models and Languages. Berlin: Springer-Verlag, 2008. 249-263. [doi: 10.1007/978-3-540-68265-3_16]

[18] Lam VSW. A precise execution semantics for BPMN. Int’l Journal of Computer Science, 2012,39(1):20-33.

[19] Zha H, Aalst WMPVD, Wang J, Wen L, Sun J. Verifying workflow processes: A transformation-based approach. Software &
Systems Modeling, 2011,10(2):253-264. [doi: 10.1007/s10270-010-0149-9]

[20] Bultan T, Fu X. Specification of realizable service conversations using collaboration diagrams. Service Oriented Computing and
Applications, 2008,2(1):27-39. [doi: 10.1007/s11761-008-0022-7]

[21] Zaha JM, Barros A, Dumas M, Hofstede AT. Let’s Dance: A language for service behavior modeling. In: Proc. of the 14th Int’l
Conf. on Cooperative Information Systems. Berlin: Springer-Verlag, 2006. 145-162. [doi: 10.1007/11914853_10]

[22] Decker G, Weske M. Local enforceability in interaction Petri nets. In: Business Process Management. Berlin, Heidelberg: Springer-
Verlag, 2007. 305-319. [doi: 10.1007/978-3-540-75183-0_22]

[23] Fu X, Bultan T, Su J. Conversation protocols: A formalism for specification and verification of reactive electronic services.
Theoretical Computer Science, 2004,328(1):19-37. [doi: 10.1016/j.tcs.2004.07.004]

[24] Decker G, Zaha JM, Dumas M. Execution semantics for service choreographies. Lecture Notes in Computer Science, 2006,34(3):
163-177. [doi: 10.1007/11841197_11]

[25] Cambronero ME, Diaz G, Valero V, Martinez E. Validation and verification of Web services choreographies by using timed
automata. Journal of Logic & Algebraic Programming, 2011,80(1):25-49. [doi: 10.1016/j.jlap.2010.02.001]

[26] Decker G, Weske M. Interaction centric modeling of process choreographies. Information Systems, 2011,36:292-312. [doi: 10.
1016/j.i5.2010.06.005]

[27] Poizat P, Salalin G. Checking the realizability of BPMN 2.0 choreographies. In: Proc. of the 27th Annual ACM Symp. on Applied
Computing. Riva del Garda, 2011. 1927-1934. [doi: 10.1145/2245276.2232095]

[28] Roohi N, Salain G, France V. Realizability and dynamic reconfiguration of chor specifications. Informatica: An Int’l Journal of
Computing and Informatics, 2011,35(1):39-49.

[29] Basu S, Bultan T. Choreography conformance via synchronizability. In: Proc. of the 20th Int’l Conf. on World Wide Web.
Hyderabad, 2011. 795-804. [doi: 10.1145/1963405.1963516]

[30] Basu S, Bultan T, Ouederni M. Synchronizability for verification of asynchronously communicating systems. In: Proc. of the 13th
Int’l Conf. on Verification, Model Checking, and Abstract Interpretation. Philadelphia, 2012. 56-71. [doi: 10.1007/978-3-642-
27940-9_5]

© TEBREEEEIEDT  htp/ www. jos. org. cn



1114 Journal of Software #)4F33% Vol.29, No.4, April 2018

[31] Gudemann M, Salaiin G, Ouederni M. Counterexample guided synthesis of monitors for realizability enforcement. Lecture Notes in
Computer Science, 2012,7561:238-253. [doi: 10.1007/978-3-642-33386-6_20]

[32] Hallé S, Bultan T. Realizability analysis for message-based interactions using shared-state projections. In: Proc. of the 18th ACM
SIGSOFT Int’l Symp. on Foundations of Software Engineering. Seoul, 2010. 27-36. [doi: 10.1145/1882291.1882298]

[33] Basu S, Bultan T, Ouederni M. Deciding choreography realizability. In: Proc. of the 39th Annual ACM SIGPLAN-SIGACT Symp.
on Principles of Programming Languages. Philadelphia, 2012,47(1):191-202. [doi: 10.1145/2103656.2103680]

[34] Gudemann M, Poizat P, Salaiin G, Dumont A. A framework for verifying choreographies choreographies. In: Proc. of the 16th Int’l
Conf. on Fundamental Approaches to Software Engineering, Rome, 2013. 226-230. [doi: 10.1007/978-3-642-37057-1_16]

Mt 3r 5 Sk
[6] =5 X Petri X R EE 5 M A AL 5T B 7 Tl HE 4, 2005.

£ % (1982—), 5, EI)IIEHIIJ\ o Bl
$2,CCF I 4 17y, 3 B0 Fe AT B 1 T
R & FE A

B /Z(1986—), 5, 1, Y i, 3 HEAF 75 4
ol %5 3o 7R A 2

BASCE (1992 —), %, 2, FE AT SN
b 25 3 P E

Z{2(1963—), 5, Tﬁi H % A S,
CCF w2l 2= I, 32 B 50 SR A B A A2

B (1981—), 5 & ##%Z CCF Lk 4
J\,Iﬁﬁﬁ AR A LA 2 21 B0 42 4,
B R LT

B4 (1963—), %, 14 L B 5¢ b4, 1 LA
i, 2 B T B TR R G T S

© PEBEERKEFIFEU  hapy/ www. jos. org. cn



