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A Simulation Verification Method of the Business Process Model
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( North China Institute of Computer Technology, Beijing 100083,China)

Abstract:SOA software architecture has become the mainstreain technology‘of distributed solutions.As the business

process model is the core of SOA system design,it is significantly important whether there are some flaws in it. Therefore,the

effective verification method of the business process modelfis quite critical. To meet the verification requirements of the

business process model,this paper offers a solution to the collaborative simulation of the heterogeneous model,and puts

forward the simulation verification framework of thé business process model based on HLA.Through the simulation of

the business process and the network deployment,the verification of the function and time characteristics is effectively

implemented.The experimental results show that the,proposed method can effectively find the design flaws in the business

process.

Keywords:business process;simulation;verification

1 5|5 (Introduction)

B & BRI R BRI R RE 5 B R G T BE H 3T
A%. BHTAFEKAEMTEEE S FRTAR, BERGE
RS _ER B A TG U L R G T B
I EEINEN A TA R — 8, TR
WEAL . TR P A 2R 20 58 0 SR T B 4 R i e
EX—HRT, WS RLESOA(Service Oriented
Architecture) Wiz 4 ,

HLHY BT SO A Y B T 3o P A A o S 28 S 55 9t
PR, HARBEAUE I RGO, AR RS, @i
JIR 45 56 WU ok B BB A ah A R G, I, kg
AR IE S M B X R G AR B, fRRERon
Patton?t CERFINEAY TAIRIR TS, BB BAEER BpEan
REH KR, 7RG LI BUEZ Z b A A 2 T By
B A8 S e b 9 FH R 10045 22451, 0 SR P KU it

PLZ ARG, B % B R 9% AL AR BT B BB & i 2
M RECA b, BRI, WPl g5 AR R T RIS E, X
RO AR K 3 KA 7 AL

2 X33 (Related research)

HAl, 5 Eefifi & (Model Checking), R
AT R R GRS A AR AR B T # S T U 44T
Wi 2 A RN AL AR BE R T SRAT RE T R T, 5 I T B
TAERLIAIE ) 5 A OB W AR K, 40T BT UMLAR
Ry,

() EZSHIBLES A 5 ¥

BLAUAS A T 2R A RS I R AR ST 8 S
AT, B R ARG APIRES 2 ARG 1% R G2 1 2
B PER, AR R G BURRE I R S — HUAS I 2 45 R
B, ARG E T EEEGETIE MG E, ETPI-
WS BT Petril By 7 A AEE TR I Y vk . 3X



2 B I

201743 H

SEIGIE T VAR R G A A T A R L (U Petri [ F1 E 2]
PUREAL), 5 BRI 2555 H sk TR, Bk psCRn iR 55 1
R TR — ., SRR A IS T AR, EW
XSG ) 2 MR RIS A 25 SMVAISPINESE:

RAS 2 (VG R AR UG 2 v 75 AR i — A JC 4 1) A
K TX O EAFTER R, [ TG A A RS
LTRSS, BEZRIESE TRF XA, fi
e BT AMEFMEEARTTEERT MR AR

FFU) B RE P RIS s i 1 B E AR P OB E PR 2 A

RV B R RSB B — AR T 5.

R A A AE— & R BRME . EXT KR e R G AT
PG A B, RS A [RIERE R8T L-F- N W] sl e, BT X DA
RGNS EHATITRIE R BROE IR IR HE b 32 2 B BLR A
REJTRIRR S, X T R K b iy — L LT R FE AR S ik A8 ) A
JE, WHELAX RGE R SR A TEARIEAT IR s LA A TR AL
BRI T B2 M 2R, RS —0ARIE, WA E A
EERGEN T EFE—EME, MERME, Bk
g —F AT Ik, W DA PR RS A Y bk )
O g T A R, R T R RPIR S AT SR
A5 IR Ty ¥ AT AR B B 4 B R e B B A dE AT R
A, JUHIE A I 55 i R A A A X 2 5 R 3 A iR M R
ey M AYE VSR TE, W] DASHXT & G0 2 Prrfg A Ak
T EEFR AR AT I 3

Q) BhASRRL IR 3

RN 22 TR 70 R Go T & 5 30 0 34 ) il w1
R BEATIUERY T vk . H BT P AT X T T BIF 5 A % 8
A, SR SE AN UML BB AGNA T T . UML(Unified
Modeling Language )t AL 5 i abeh v TR 8 1Y 3 I Rk
F, BGER UMLBREL i & e, Ao —
SR AR ROR, AR R T T LERAME. TR IR R
SR UMLB TR B s, A N 03 5 32 5 30 1 IR B A 5%
B A E S, X — TR A S s TAE, i
k., FiEUMLEBAIAT AT IR ER &, A LURF SRR iy
N RS R RHIES, WTrung Dinh—Trong#l
Nilesh Kawane& A4t} 7" —FhEH % UMLA AL 5 55 R A K
PR, A EETUMLERE ., EahE . 3R A Rk
DAY () mT I C PRAT A, AR P 7 5 S ) 00k 3 0 2 o )
AR 61, B JE B AR B AT EEAT I R, B
BT as R 5 R G0 R A — B0k SR B k4 A A1 7 i) 1E 1
P, BT UMLP ZEAIIE HARA T AT, S0 sh
APAT R T EARE E A, HE2 B MO TR 1 B2 St

Rt HMARMEE R — e B R &, Hit, UML
BRI AR H AR, A REFE— LR,
3 HREYLEIEAE K 3242 (The modeling process and
model verification)
3.1 W EREERAERIETE
A SCHR AL S5 iR AR AR A O e AR AN B 1 PR . MR
ZE R, S5 AR AR ) 2% 50 B A T TR AR HL S | S
AT ESAT, MMTEEA TR L,

v
-

e =6
RESE

‘ ETHAR RSB REK S (55 ‘

}

‘ 1 E{E B ‘

v

‘ R E R

A1 kSR A B Ay A RiEE A2
Fig.1 Business process model simulation and
verification process

by bb g AR AL R R BRI, — R
TR P BOR S [ BEAT RO 5 T 1) 25 R S A B AR AL A R 4
S B B 19 2% 0 PR, A G R SE 1Y 19 2% AR A 0 BB
AT, BT XA R E RO, RAEME A —
W0 B G BEAT O B, DGR 2N L 08 & 4% A B LA
HEEGI%,

H Tk 55 R AR AU ) 2% AR AR AU R A AN R A 1 B
SIEERT O ESAT, BEGESET - EFEHTLE, X
LA X A O BRI AT R B, BRI — A, R
TETHLAR ARG 07 Bk, e Hd s, @l
P75 R 07 FUL AR T R BEAT AT N th, AN 2R By B
R, Ea il AT bR E B Be A% L BRIl 55 i RE A AL 1y
BT,

3.2 ll.%l}ll.*i*;ﬂ{ﬁg

MR 55 AR AR 4, eFEStateflow i H1E R Rl
FRAEER T R T A, 5% LigMatlabfA AISimulink
BRI, Stateflowdfifh B LRI A E, o T2
B BT AL, B 4h, Stateflowidif-R 4t £ E R § AL
i, PASEEZZIIZ .,



52055535 TR P DS PR 0 B UE T IR 3

P25 T i i Stateflow T8 (5% 45 % i AR S5 1 AR 5
Bl Horlk g5 i RE o 1 2l 260 ] Stateflow Hr AR HEAT
Tk s I B Stateflow T L RS HEATREAR s FBAM IR
B Bl fEMatlabr H475E 3, SR )5 TEStateflow H1 AM L
RGP iR

B2 4% A Stateflow 3 dk S iR AZBE A 2 AR

Fig.2 Modeling business process models using Stateflow
3.3 MEHEREFE

OPNETR HuiE A HE AP ETH, HRENZEMHE
BB 30, MBI R R, 1 R 2 A7 5 OSTAR
e, LI T M4 Z2—TCPZ~1PZ—1P# %2 - ARP
E-MACIZ-WHZNEZ0TE; NMEDIFERKERE,
RO T = ZRELE, BIRJE R (Process) B, DURASHL
FAAR L s HU AT (Node) AL, HH R [ P 38U A
B, SRR B BRI, = R HISEERE T
W, B, PIKTEEXTN, AT M4 aH XA B
NRE+Ar5R, RAME, Tl HRE=Z B0, AU
R R STy 3, R AC R B A, (8 7
PUE, BN A 45 R G0 R R AR T AR, R34
T OPNETE LAY/ N Ry I A

B3 4% FIOPNET # 369 & B 3% W

Fig.3 LAN built using OPNET

4 ETHLAMSHEEEX & {AE 77i%(Co simulation
of heterogeneous model method based on HLA)
F Tl 55 AR AR R A 9 25 B AR AR A T AN B 07 L5 |
B, AR SE PR B AR X R AR (R AA IRAFAE AL, i
LT — RS SR R B A & 0 BT K

AR A HLABL G AR e 53 i R BU B A 05 L )
HLAFARME G RIEEEAHF KA bR, ZARMER 2 H 1
Sl E B EAESR, RRAS 5 O L ATE T B & b
AR BT, (AR F R0 B2 B BRI HEAT HEAE, M
i 6 JE A K R G 0 LA kY. HLAGE A B AR A R Y
PFERL B, R T a0 e ol 2 AR A A IR,
PP CE HEAT &N A Z [ A A2 L% 3, BRI, HLA
HE T HRBN, A PARLE B I (Federation ) Fl S AL 51
(Federate) 153, mZ 8 — M THIEZ LA T A
B IAT IR

RTI(Run—Time Infrastructute)iEHLA®: N LT K E &
S, ST HLAMZ OEA e 0 B8 L7 R &t fliz
TR . R, P24t PORE IS T BTN, N2 EE E M
M5, BERERFHY ek, ST 05 E RS 4 H IR
“HIERIA” . HLAR AR HERR AN K 4FR

7

P

IEHORR 5 IR AR 5 TREF PR 5

rifte RTIftE

A VN

| SEATRE RS (HLARTD |
I

f AL (2 |

B4 HLA# Z 45 24 B
Fig.4 HLA logic structure

RTURAF BB SR BEG— RO ST T3, P
RZAHEHLA P BORER Z5K, a4 HRTIELSRTI
HEZEWZE, ATABTIRG AT E, S8R R
HTR] 25 S AN IR F

RIEHLARARBUS], L5 G A LHREMRA TR M, 37
T —EETHLAR SRR G 07 Bk, %k B2
SERINEISER . HOZIE TR, a5 B AR IS
1112 BARLE AT R fl M 4 F F A, (TES
RBCE . AT DA E MR TT S AR, s T
R B G2 1T)E TTEE A IR MR T
B A (5] B IR

ﬁﬁ?&m ‘
RIE S ) [RESS3 % FEZEHE | AR
naz { ] [ -] |
IRl I
JL

it Simulink37%

Simulink RTT R

OPNETHE5E
| oPwer R ftm

(i ESRRIESE ‘

H5 A THLAW LSRR LA

Fig.5 Structure of business process model based on HLA



B I

RTHCE R PATRAE A 657

{ R H

N2
I 5 | RTUAEEREY |

[
BRI BT o < D7 LRV

[ =
S A /AT B R (Rl

)
T B 54 R

I | RGBT |
VEMA Rl

B 6 RTIX AT HRAZ
Fig.6 RTI proxy execution flow

— IS, FEATIE A, TS AT A IR T
TAEs eAh, BRFRR AR/ 2 ) B T AR
PR R T3, MV 2 &R, "R Z &R
it MATLABASCHRFZ 442, A FIHS—Function B i 1EER
KA OPNET A2 AR, WA BB H +
Wr R Ty KBt

® [fwction Update (block) 7]
= | bl remlt;
"@ - | et = QR bockBisghra (6. ut);
0= el (et
Seapd 0= | bk wk()ta = 1; .

L Modul 0= s n
odulg
|s P

Level-2 h-file Scopet

RegisterData S-Function 14 woid mesPunetion( int nlhs, smreay oplhel], 460 sths, const mekery pehel] )
51

1 if (nrhe = 7)

Stop Simulatis mo |
4 B el bt tin celating = CaanbRSealas )

] {ederate, shject, Jookabed = maGetSealargehali])y // WA SHERHIN
0 fedorate sbject.tine, constrained = (int)msGotSealar (prhe(2]);

time display | &' fodorate ohioct.tiaestes ® mxGotSealar oehal3) um
—l— e ————

B7 S_Function 5 I RT 14X, 22

Clock

Fig.7 S_Function implementation ‘of the RTI proxy
5 ARG 55LIAIEF(System implementation

and experimental verification)
51 ZRGgigit5K

AR SCHR H 5 LR IR T VA S PR [ AL AR SR 4 AL A0 [ 8 I
Ne MTHHGIBEEGEIRET SHNARSEREREZ, AT
RS m A EBRCE,, FATTREA R B 5 BT A R L
b, XA B R o B A BRI AT S — R
il P FRAT B T A Ay EAE A, %A R % A B
f5 A3 BT N GO B AR BRI AT 5 — i 4a . Rz At
WA T G0 — MR A AR, 820 70 U0 B A v iy 7= AR 1Y
EAE B G — R BIR R, RTESRE, SR
r TEMEHRE B EE S, HTHRE. MR &
PSR 73 HT

201743 H
RG]
% Wik ‘ g WEAR ‘ % RIS ‘
<L
BHR
% ﬂ%ﬁﬁ‘ % W%Kﬁ’ % Lt ‘
=5 =g
s
iR
% e iati] ‘ % T | % fe s Lt ‘
i =t
BB 8

B8 Ak SR ARy A I E R A
Fig.8 Business process model simuldtien verification
system structure

RGMFHCHHETTEVS 20108 P T % . REMH
MRS, DFE NG T Z IR B A, 2R )56 M 01 X
LA Wl S R O E AR 3 AU 5 LG BE T AE ML g, ARG R AR
HOTEER; TESIEGET R A, R0 =M A i
BRI XS BB 7 B ARG 0T BB, AR5
P BRI IS 05 s 07 Bod A2 = A B AH A5 B A7 Az
FERCE R MO A RS, BRI RO AR, WA
G M ZR ot TR AT 8500, 58 U A0 FLRIE
UGN
5.2 SCIRIRIE

SR T AR SR I 55 R AR A B U VA AT A R B
HE, AN SCABEHE KA1 R 55 5l 55 SRR AR oA R B A A A T i
RSy, SCRd AR S AR A B L A BRI, T2
RIS G A B, 5 BB K B L BV R PR T iR
RCERIBRE o

S RIS HR N, H BT S E 2. 8l KRS
R o SCRAF AR AR AR 1R 55 . AR i B b R
MOl 55 R PRA0 BRFEAE AL E, B IRSEI M EIREA
(LB PR =A BRI T A, LT30S R, HIRSR
IR BREE R R DL, ARSI AN 92 T AR AR
FIFTR. BRICZAL, BT ARI5EEX MR HAT T E,
I ULRERSGE T M 28 DT B DL, O T IOFRAR S I T iR AP
SAAT IS TR 0 2 9 AT TR EE SRR L

T PAT I ] 6.6s

WEE TR 26.40%

FRCFH R 41.90%

FAETFY R 10M/s

|
B9 £z R

Fig.9 Experimental result




52055534 T M DL R ) R R T R 5

HIZ SR WA FETREGRAG 7T, BEASMER & BLPE BN
TR PR AT 53 SOA AT R s ZEARTIRR ATy TET, W]
PASRBUBE R ATI ), T s 2 PR L A 25 i S5 B, REfS
SRR AT,

6 #5if(Conclusion)

2% SCHR A 0 BT BOVA AL BEAT IR AIE , ARSI R &
EIA RS, 5 EAERIIE A LG, R AR
W RGELPRISIT A RER I R BIE, BRItz Ah, ks
it 5 Ml 45 BE 7 (4 19 25 A5 4 R R EA T @A, O EAT IR A
B, RefESCRE R N AT AT

MEEEERGE AR, MNARGHTZ M EEER R
K B LR . A T — 25 TAER 3 — 5 i 52
W R Gel 55 BE ST BRI Z, H 4Bk S5 AR B 3 i 1 g
B, AT RESE X 2R Ge AT B8 S TR Y 0 LI IE s BRI 2
b, R EAERLBTEE A 55 AR BT AL T 05 IR E, AR
Wy 5E A AL BE 1R 5
S ik (References)

[1] B Homes.Fundamentals of Software Testing[J].European Journal

of Endocrinology,2016,150(3):243—255.

[2] M Dabaghchian,M Abdollahi Azgomi.Model checking the
observational determinism security property using PROMELA
and SPIN[J].Formal Aspects of Computing,2015,27(5):789—804.

[3] MAH Sadi,et al. OPNET/Simulink Based Testbed for
Disturbance Detection in the Smart Grid[J].Cyber &
Information Security Research,2015:17—-26.

(4] FHZ,F 2 THLA/Agent® 38R 2 % 542 83843 R TS
17 Bt (J]. 8 J1 & % B 354K,2016,40(17):22-29.

(5] #2446, # B R, E L A TEHF T G845 TN (). €T
S 4R.,2016,44(1):115-122.

TEEEN:
FF01986-), 5, Wik, TRITHIRI: KO, %
B %

% #(1976-), B, WL, BFERSE L RS R
), HIGHE.

o HH19864), 2, fldk, TARENE.HFIEAUR . HOA, 4K
I %

#ER(982-),0 1, WL, SR LB AFRGE. KR
), ARIGHE.

(L3%EE4477)

M, B BB IERSC M, RS, FET R A

2, BAURERER S, BB T IO E .

SE Xk (References)

[1] LuoXiaomu,et al.Abnormal Activity Detection Using
Pyroelectric Infrared Sensors[J].Sensors,2016,16(6):822.

[2] Xiong]Ji,LiFangmin,LiuJian¢gEusion of‘Different Height
PyroelectricInfraredSensorsyfor Person Identification(J].
IEEESENSORS JOURNAL,2016,16(2):436—446.

[3] AiHong,ZhengYuning.Characterization of a Traffic
ManagementySystem Using Pyroelectric Infrared
Sensors[J].NSTRUMENTATION SCIENCE &
TECHNOLOGY,2015,43(3):319—-333.

(4] BT, 7R L FoRE2401 69 36 B B 5T % & R KB1E R4
IR T HAK,2006,11:18-20.

[5] RAZE, T4, EmAE KA T518 7 E5nRF24L01 L £
NMEBEHAGERT(J].LFHBERFFR(AAASF
#8),2013,27(1):64—69.

[6] ™0 o 4 SMRE A %3] LR A2 LR 2012,
2:65—67.

[7] KM 1k &4, 7T % STC153 R MAnREF240169 LK 17145

FRZAT)].E R LS HAK R L A ,2014,26:5760.

[8] £ gh4R M % 4R % [DB/OL].http://www.docin.com/
p—461210304.html.

[9] & B A Lr PR 55 6 []]. R IF L IR F IR (A A
5 1R),2009,9(3):62—64.

[10] # o, 7k 3530 K TPICHE A L4k #h X 4r sMRE £ 46931
#H[J]. &M F 5 AK,2008,31(1):53-56.

[11] W48, % FF o L FnRF2401:% B 64 7 2 H 8813 []].2006,
29(1):248-250.

[12] T 7KL, 3% 5% K TnRF240109 &M% R 4%t [)]. P
FHHAZ S HAF),2008,27(4):45—47.

EEE AN

X A2(1995-), 5, ARVE . PHRGE. AR TRELHBZL.

A AR(1982-), B, Ht, v RS EHRE ST

. ARSGERSEE .
o E(1996—-), 2, ABHVE . FFFRaE. Pl LA
k.

32£(1996—), 55, AR PRI B LEIH AL,

ol A.(1996—), B, ABME BTN T TE.

# i (1996—), B, ARV BTG AR TREKHASME.





