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Optimizing the Reliability of Flexible Workflow Based“on the N-Version Programming

WAN Jie-Long
(Department of Computer Science and Technology, 'féngji University, Shanghai 201804, China)

Abstract: To improve the description ability and reliability of the workflow management system used in large
enterprises, this pape; proposes a flexible workflow model based on the N-version programming. Compared with the
traditional workflow model, the model applies the N-version programming method on the key node in the workflow to
significantly enhance the reliability of the workflow management system. Furthermore, how to maximize the reliability
of the N-version programming method is described to meet the practical needs of the model application. Finally, this
paper introduces the realized workflow model and the corresponding system in detail. The experiment result shows that
the new modeling method is high efficient and satisfactory.

Key words: workflow model; Fault-tolerant strategy; N-version programming; reliability optimization

%

R, AL RS LRG0 A L W o, %
AT B L T LA (B A B, AR REH

TAERX —ME& E 20 2] 90 AR LK, —
JER R X IR B AL S D M |8 Tt oo e

1993 4, [ pr LA BLEK B (Workflow Management
Coalition, WFMC) ] i 37 b5 & % TAF B B ARTFAGIEAN
AR AT B B, A T SEBRAN [R] TRVES ™ b 22 ) 1) L
BRAE, WIMC 2R 4 ARG UM e R i L R R S
Fo N A VAR I T — R IR HE, IF45
TARSE M AR SR AN B A G e R A
HNLSCR N4 BahECE A 3.

TAER AR BB, O 2 N Tkl 453t
PR AL R, Al 55 1 FE S AR AL T 5 A7 7 1
SERFEL AR B A Al A B B IR AT Internet )

@ WA []:2012-04-16; 5 EIE LA it R]:2012-05-28

52 Wi5TJT % Research and Development

AEUURE 2 FEVE K2R ()RR 0 00 A SR BE 1Y
SCFF; Q)RR AT SR AN R, (4)BEAT AR 2 A 1
HEAETEAE.

TARGE ARG A A R SR L B 1
W, JEOCHEAE T AR RUBE A &, AR B X)
M5 R M BTN, AR T ARG b (1 SEBL AR
FUR I, AR g B (WA SO W 5, BT
CUAT (AR 7 VA B X SR AR RS, 1 g X T
ARGATREVENERT. A BE R, IR BT NP4
SIS LB REME B i RGE AT FEVEROBLA], AU AR

© PEREEBRLEHTT

http:#/www.c-s-a.org.cn



2012 4E 521 % A 12

http://www.c-s-a.org.cn

i H LR g N

AT R T — NG BN AR REAS 1 56 X — Rk, %85
TCP R i H 5 2 2% 2 AR A5 B

N il AR5 515 1P (N-Version Programming, NVP) &
i Avizenis il Chen - 1977 4E 5 REE K, 22— FhFI
TUARDUEE AR BAT IR N AN DRSS AR
[FIPAT [F)—MT55, 28— BURIAT 45 R E I AT55 1
RS R, ARG A TR T, R N A
FE P B BRSSO I AR A (¥ SEERAN A4S, DA
MR B ER) O R GE 2 R TR BAKIG S R G v]
SEVE. B Web JRSHIAM TAER RN I, 1RZ 5
SRR S SRAL R 2 AL VE 2 D RE A s AR ALY Web ik
55, XAEF N AR B B R AR A L S AR S )
AT, SR EE RIS 7E TAERABTRI N N RATRE
PRt A = R G v SE PR R, S i AR
PRUFA AR, DRI o B DR AR 243k
S R A AR TS A E 5 K

ESE SRV L T UEIPNINE T EN o
AR, R AR R, B A L
VEVRBIY K RGeSk, FEALGE M AR F A LAt b
VG5 JURE O Y A B I A AL, DA SR T TR
RGN A FENE. B S A B N T I SE oK,
A5t N AR ¥t I rTSEvEDUAL. BB man th—A
RIUBAE W35 2 1R AR S, S E i @ BT VA
BRI AT 5 RG] Sk B

1 NVPZEAE A R g ] SE M
TR ) A SRRy VR AT A 22 By (1) A3t
WO TR 4 ER, HV 5 SRR th R

(TR ()% ISk s, P O e i

SRS R, O R ML SRR,
@Mﬁ&lﬁﬁ@ﬁ%%ﬁﬁ%%w%ﬁﬁ%%ﬁ%
AT, S b R 5 AR L S A A 2 A .
SEAE T A A P A 00 BE 7 ) N B S5 I 52 2 S5 17
B BB R B S ), SCHRIB] S I N P BE i
5 ML AR, 4 78 ST T AR B ) Bl T
—E R LR T B G (R R ), R
HE T 200 % 18 ) A R BAAT 1ok o 1) 2R 46 T i)
R, T AR b 555 B AT B E A R HL
5. SCHRITIR A UMLAE M BB 2, JR48 L T
UML 375 3l e 31 AR 0 A B e RE 22, (B0 T 0k
B S HE. ok, ATRLRELE § T AR R R 5T

BRI JIIEFIRESE b, T = R T A R
W (RS2 R, AR HMERAIE T A AT (AT Sk

AR SRS PR A VEATAE ), BN
R AR, FIHT NROATR P B A L, S
TAEGRAR O 25T R R R, AR AR A T
FOUME VLR 5 L], CAOREERT Tk 45 PR BT (1)
BRI RET). N RRAFE P Bk 28 A AN REAT 2%
TRAE RGO AT, I HLRE8E IR 48 v AR R
PAT (R FEAR T L\

AR (Flexibility) $ii6 2 B ARV At Pt
A s i AN ALK FERE ™. IR S IR 1R,
Slack 711 Nigel HEHR e 15 15 0 S5 145 45 1 10 52
PEf% 15 455 T 3 L2 (Range flexibility) 711
I % (Responsiveness flexibility)2 /™4 RS i [ 3z
PEIRFE TAEL R G i N A0 S AR AV B e AH N AL 3 (1)
ARASTE FEL iy B Rk 2 4 AT I 2R G AE Wi S Ah AR 1k
AT AH R FE AN, T 75 LI IR ) 45 28 5 Jle AR

FE TAERIAT ORERErh, RIS A7 A 3 0 i 3 %
R, ATHAR BB A I AL A IE BT B R A
TAER SR, E AR AR FE vh 5] N 204 Sem, B
i KR BB i LAER RS HAT I Fe b ()AL ORiE L
VER AT B 22, 76 A 70X b SR AR A A A B B
BT, AT S T (R T AR R IAT LR P 1 4k 453
B G (Fay bk S e A (28R AR 1 i R
A7 -3 012 S0 el RS A 0 B £ T
RIS e ety e (1 i 5 2% 1]

11 BT TIERATA SRR

< ARSI A 9 SE 3L T BPEL(Business Process
Execution Language, M45UfE$hfTiE ), BPEL SR
FREEFIZR N 25 (W AL FE 50 S AT L, T A3k
i fE. KT BPEL TAEURIFAR R L 5 i fE K,
AR PR AN SRR AN B, AR KA
5 g Eh MY FEAES R B receive. reply Al
invoke Y BI#RIH R IANARI%. S5HTE 3 B2 switch.
pick THENFEREREER, while T REPIT—NES,
HRAAMW L. AT S 45 S B O B R I AT
SE, RIS TR I BAR B

WHE AR AR B 1R, e SRR (K AR i
HERE, ST AR B R R G LAER
B TE B Jn, B % R AT AT 8 AR
L, AT LA B AR BB AT — AT i R AN

Research and Development W3¢ 7% 53

© hEAEFEER ST

http:#/www.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2012 4E 521 % G 12 3

Bl AF PAT IR B A G AT S T SR 2 IR
T3 ARSI BPEL o i TAERBALZ th n
MR I E Web k%511 invoke 5320 45 1M k.
TETLRBNEBL T, AT 3AT BT vV, %
R, BRI AEEE N Ry, ARSI TR k]
FEPE AR R A 3 TR SRR (K AT ST R:

R=T[R"
i=1

1.2 &TF NVP AT 41k

N JRAEE PR T2 — Rl SR R AT S U AR
PR, T N AR ok AR R gt A%
TRITAT AR, B AE T X AL S0 AR AT
I IARY TR = A S, BT AR T SE 4 A BLSe H, f
BE 52 ) TAERPATAAN IR F A N AT 7
BT AT AT SEELAL, Haﬂthﬁi@?““*%ﬁﬁé@%ﬁﬁ‘ﬂ
SR BT ERE N S, T h
fALA, o A HE P REAN I B 10 0 3 TR 45 4 0
Si(i=1,2,+++,N). [l AR —tE, H—ARSES Si
N BNl X, BRISIENG, S={Sin,Sia . Sini}- X T4
— NN IRIE IR SS, ry Fon AT EENE, Cy AT

XFih sl A R HAEIE IR 55 255 Si={Si1,Siz,***,Sini}
A MiE S FERIMI=1. T8 M EIANECY 1, )
I BN A — MRIE R S5 EATHAT; 5 ML
KT 1, WHE 3 2 AMEER S K N BRAREF 1
T AT

TAERIENESIEES AL Ay, -+, Ak, TSN A 5L
55460 Sii=1,2,+++N), FIH N BT FAEA LI L

TR AT FEEOR A ) 46 4% LR LR A

ibfe G VP SRR IE3c P SILIR 2 o SN

.“max‘]l[ R
i=1
N
st D¢, <B

i=1 jeM;
Hmi=1, MiEs;.

AR SCHR[12], ZTUAR LA )2 NP-hard 1] 8,
T 19 F055 LA LRI AR AT SRR B A 2,
LAl MO BT AT R IR S TR A R A
b AR LA SZ IR v SRR, b e AR VR R AR
T A IE M A A R R BT &

54 Wi5TJT % Research and Development

2 FETNVPI) CAR A A s 4]

B T AE AR o S5 B Y 2535 5 T
TG N BT 258U, 7 TR R
TP p B 1 PRI FoR vk 25 AR
AU e {55 B 5 A AT IE )32 R 4 HE PR 2 (b
FT-N), WUZEah i T N AR P i v 20 L
.2 NS S5 B AL P e 2L,

,———

¢ FT-N Y

’

_———

gx{@ﬂmwé%%m

2 45 T AN ROBIE S B 1 AR WA A S
(B 75 BOR B BRRE AR ] 1) AR S AR AR K07 )
ftoe s g AT AR, KRUBAE i 3h 1 2 A 4
MEEE N R IR R HER . RATIE W) Bl 7 45k ik
HIHURI A BB DPIE S J e IR VIR o e 25 45 2R

FEE  fEAES

H H SW o}

» H : S ? M \I \I
' '
i [am sk TR AP iR ',' h
ZTHE ,
4 ’
® <
I -’
#l Le-mTTTTI-- -
ﬁ -
4
¥ i @3 2
WHEREE BRI A o .
Lib*ll-—**
HHBHETE AR ey

B2 RBUBEAL 0 5 B 1) AR S
WA bk T AR R (i fE 3R 58, ] Oracle

BPEL Process Manager {0 TARmER T H, JHikT
AR AL SEB (RS RL FL SR, X TAR R ALLE R4

© PEREEBRLEHTT

http:#/www.c-s-a.org.cn



2012 4E 521 % A 12

http://www.c-s-a.org.cn

i H LR g N

A FEPE T A R AT I AE. TARRBR 84T PC
PRI W% Intel Core i5 CPU. A7 1G X 2 XUl iH, #
Yk %48 Windows XP SP2.

PNESC 38 1 AR g 55 0 A A AL R vhmT DAk
W, AR N RT3 o AL T TAER T
ZVECL AT RE VR AR R, Rk, SRA
IR LA N RO FE P BV B WL I A S A 5
AT Z LRI TAERARL, K5 N RRASFE P13
TEAAEHLHD T CAE SRR R .

FEH#ASH
FHEHE:
SCRTB A FRata) -
HATERRRH:
TEITE: 5 &I

EiEABR AR S EE? 1000 ms
ErGEHER Y 2

BPEL JRH5ERE

Tue Feb 14 22:37:41 CST 2012
17031 ms
200 PEEFE

JRENIE R BB
IBENIRFRERR: Loyt -
BENIERFEL BHE
Worker #47 BRAE
Worker #A2 GRAHE): BHAE
Worker #32 (REET): BriAfE
W FRAEIR
R FHE T ME BAE AR
1000 2260.1 m: 0 m= 6312 m= §8.7l isfgec
X NI\ 1t ’ 32530
B3 ANV LA A0 i
Eh#MEER
FHsHE: Tue Feb 14 20:51:54 CST 2012
SRR AR 16582 ms
FHTHAER: 200 A2
JEFE: e
EHR B AR R TEE? 1000 ms
EhERITER Y 2
BPEL [RHHAE
BMIEFEIE (R BRAE
BEFATR (R : ZHAE
BuiEFLE AEET): ME
Worker $5f2 (Fo)ME): ME
Worker 4512 (Hkf): BRME
Worker $5f2 (RHET): BRAE
ARRERS
HEL FHME FME BAE RE

487 2235. T ms 0 ms 7123 ms 63.27 i/sec

B4 KAl NVP AR BN T AR

bk ik 2 GhIRHR S T LLR L AR AR AL
TR AR R4 51 1000 1, 1L
WEAT Sl 967 41, WG 2 B BRI T A
FIIIEAT AT 1) 1000 412 FE.  ph Ll L 15 8 S
LB 5O TARFHAAT KRB 55 10 L ARV vy
Ve .

3 ik

A, 20 AR 3R G R 0 3 BRI E T AR
Vi B A GAE W SEVE LU R AR E A AN, TR
S AR SR ST 0 TR TE R T, % T Rl 4
PRSI ARG, ASCHR T —FhE T N RT3 %5

(o2

R K ARV RT3, M B TR G AR ALY
I N AR P B AR, AR IE AR TG B
BN REIAT, AR THEEAS ARG A ] SE4E
T KRR 075 B0 1K) A SR S 1EAT 73 A LA K%
DI FCSEIG (AR W], A SCRT R (B I R
AR AE R SO OL R AR T I AT S

S 30k

1 WFMC. Workflow Management Qoal{io& Technology and
Glossary(WfMC-TC-1011). Technical’ Report Workflow
Management Coa{ition, F__;russels, EQG.

2 WfMC. The ‘Norkflovv— Reference Model. WfMC-001003,
1998. '

3 B, R, R AR BOR SRR B A7 4R ,2000,
11(7):899-907.

4 Wang WY, Sha JC, Tan DF. Comparison of Petri net based
and UML activity diagram based workflow modeling.
Journal of System Simulation, 2006,18(2):504— 507,510.

5 Ashraei N, Berman O, Cutler M. Optimal design of large
software-systems using N-version programming. IEEE Trans.
on Reliability, 1994,43(2):344-350.

6 YU T, SR — R R RS AR R AT IR
1F2#4%,2002,13(4):833-839.

7 Jiang P, Mair Q, Newman J. _Us?i\UML to Design
Distributed Collaborative{ Workﬂ?z\’/rvs: m UML to XPDL.
IEEE Computer ﬁ?ciet)ﬁ_zoo&

8 Huang LH, Ge YL, Fu.XL. Conceptual Frame-work of the
Fjeiibility 6f Business Process. Systems Engineering-Theory
& Practice, 1999(10):63-68.

9 Nigel S. Manufacturing Systems Flexibility an Assessment
Procedure. Computer Integrated Manufacturing Systems,
1988,1(1):25-31.

10 Zhong DH, Qi ZC, Xu XS. Optimizing the Reliability of
Web Services Composition Based on the N-Version
Programming. Computer Engineering & Science, 2008.

11 Carey MJ, DeWitt DJ. Of Objects and Databases: A Decade
of Turmoil. Proc of VLDB’96. 1996:3-14.

12 OMG. Persistent State Service Specification version 2.0.
2001.

Research and Development W3¢ 7% 55

© hEAEFEER ST

http:#/www.c-s-a.org.cn



