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Performance Analysis of Workflow Process Based on Stochastic Well-formed Workflow
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Abstract Quality-of-Service (QoS) in workflow processes encompasses various non-functional issues such as perfor-
mance, dependability and security, etc. The management of QoS metrics directly impacts the success of services
participating in workflow-based applications, Therefore, when services are created or managed using workflows or Web
processes, the underlying workflow engine must be able to estimate, monitor, and control the QoS rendered to custom-

ers. An approach was given to give QoS of workflow processes based on the decomposing algorism and numerical analy-
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sis of stochastic well-formed workflow(SWWFEF) model.

Keywords QoS, Stochastic well-formed workflow, Process performance

1 B8

FERT TR AR S, A% QS ERNEHAH
BEYWEIS 5 HPRESETRI. Wi, 55E A TAERRK
Web 3#8 K QIS TR 5 0, 20 TAER B & A BRe
A R B B B AE 4 F P QoS AR SCIK 6 T S B TAE
FHEFRI QoS AMT (FFET M R BE B2 R G iz A 1)) .

B SCHRUT AT T 18040 15 HIBE AL Petri X3 T 4E i
HIPERE. R TR ERSIR AR R R T B TR
T2 by STt e L 45 4 e #2580 B B0 9 A M D) O ABE
& AT AEM AR R ZAb 2 . Pt EE AT R F AR L Y
FE#HL B # T & % (Stochastic Well-formed Workflow, SW-
WE) 35 RUE 55 15 AR AR S 3, 38R 0 TR M3
FEEWF A RE T B AR R AT

ACH 2 F4R 4 SWWF-net B2 45 3 H LT SWWF-
net 45 5 TAETRARHY QoS 4M47: 4 4 38 F Bk SLHI BT &
I AT S M A

2 SWWF-net

i van der Aalst BBH B TR R B —ME R Petri K.
— R, TYER M E— NI THiRA B, & TR E

FR H#9.2010-05-20 348 H . 2010-10-14
(60773034,60970001) %% 8l .

i flo, AURRABRBWIFHAMEGER, HEHALT . 841F
FHE—&BEL, -1 XEFH—NEHETREESR
Bz, 2 EFELTF-THREEN. AHETE LT —
TERAER . TERPNASNHETHLMEE, BT
TEFRAER . HRATE RIS, 2B EiNEs
ISR, ©F 77k FB TR 8 T4 0 M B9 45 48 R A S
FELA B AT Fri H B SWWF-net Z B, 88 — T LIEFR R H
E X,

THEF M (Workflow net) ™™ B —R i TAERHRE X
#) Petri W, W BB TR/ R: H - TR RESNITHERNE
—XHETREERT i o, FERT { AR AZEE M ER o WA
A3E. FEFT i flo BRI RIRMRIR— TAERHR NS
BLE 1 iR, ETEREHERE S, EF i PH—MEE
TR NEHMBY TERZE; ER o PRI HERE
EAAE R SEF) . 5 AR E TR M AR FEE M B &
RHE ST A MR .. B MEFMEHERNZRS FE
BIHAL TR, R T TAERE M B — A R BT s A T AR
— S NEEFT i BIFE AT o MIBRAR, KT R T B X &K
BRM—T . MR- HEAET W ERT o DI
i, M E—FMERERELHET  ZEEW TERNZ
RZEEM

AR ER 973V E SRR 5 & B MR H #4 (2010CB32810D) R H AR E ST H

i WQ976—), 20, T, BT, FEMTTH 1A Petri W BB KA AT , E-mail ; x05547@ yahoo. com. cn; BEEE (1974—), B, i+,
BB, LB 71020 Petri MELG S A LR TH: A ARFLERES S RIFS,

o 226 -



B 1 A TR RS T AER M
ENX 1(WF-net) —4 Petri W N, =(P;T; HE—H
WF-net, :_‘I-!lﬁa‘ii

Die P, HIEER, B i=4.

2)0€ P, R IEEN . H o™ =¢.

DY nePUT, R E—&KM 1 Blo MEER E.

WF-net A% gt fa], B4 TAEREH AR NI LERER
T.HBMNFELEMFHNE., Fl, RITEDERDSTERM
B — e TR AT R, LERE TR RN ZHRES
HERAHRER, FRABPREIEI. XHEET
Te G 5] AR RIHEARL L5

A0 WE-net HES M T 241, 2 Poisson 4345 1 B3k A
) R HE B A B AR 55 B (R R MRS R E—RL. BRI THE
SWWF-net BJ5E X,

E X 2(SWWF-net)
WE-net 34 5104,

DN, B—1 WF-net,

DT REFESR . BRMEFE.

3P BIEFES  RARRE.

Dr=_rilri={pby, pbrs>*s pb} ymEN,i=1,+, | P|,
ph ERVEBARMES. T )EF(p.EP.LED B
i AR L.

SDp={pli=1,, | T, r, Er} RAEFMEIERES,

IA={:|i=1,, | T, n ER}RAES RS RES .

3 EF SWWF-net ffJ QoS 447

SWWF-net - F M54 1 4k 7K T WE-net, R bt & 4
R RD) REE i T B AR R B R
W 2 iR,

(1) MR

©>EHOHEHO

(24T (LSRR

i

2 WF-net R AR

DT B b B X :

TENGU B b B A 55 B PAT RIBUT #1780 . bR
BRI MESPITEEEPATRE—MES . £E 2O B
—MMESPITREREPITE —MEF.

2)FFATBE

FEFAT B S P JLME 55 B LA B BUAT . 7ERE 2(2)
H,3 AT S AT LLRI AT .

3 BB B

FEEFR R B P, WL ME S A - B AT =
H—AMES . E 2O PR, W R E B S AT, B
R EFJEHHEAT T B8R,

4) T B 52 ol A

R EE B, RS TTUREERITS
W B 2 REUES T WG, TSRS EE IiTEH
K.

Ny =(P,T,r,Fyu,A) —4 SW-

¥R Hh

LB ERE TR IS 8 BT K —1 T4,
R THER— MRS B AT . E R I, X A T4 5
AL AR . A Web R4 HIMLERT , — MRS 4
LR T B B RPIT I % B 4 — A FEARZ AN AR 45 1
SRR, N T 38— A TR I BT ST
&, T FE AR BB X AT M

M F—ATAERRKE, EAE SN L6 FR. £ITE
WIEE T, X FEA AR BB B R, X T8 sF
P B b 2R, FRA P00 0 B 2 S B , S 4% B I
% AR LB e 2, 4 E RO RE B R 1R, AR kB
FRETRIIRME. BRI RPe BR LA TR HE, A

RPe= T (pbo 5%

pEP\p " 22 11
A B R SR R A L R HERE T I8 RZ RN A i)
B T 5 B R (AR R T S R R B, TES W
YR MT S5 1 FF V5 21 3k 3200 B 45 Sk T 38w Bz B 1) )
%

3.1 EEmAAE

B [E] 2 Web R %5 QoS #—4> &l B LM RER I,
S AT 55 AT HE (8] Fo 37 B 2 B IR 45 R s AR R 2
LR TS BRI A B R R A A 55 e L i 5 B
B . AT 55 ey S Ak (R Xk 7 F 3 E 95 b BE— AR 55 BT 7 A
(8, 3 B A (6 o] 3R 43 B A A~ 2 R4 - S5 A e fi] A IR 4% B
), S5 f il Tl B R AR 55 7 BT i BRI R SR 1 L T B
it Fo M ELB fB] , P FE HEBASESR VST SEIR 4F . HEBASESR
18 82— IR 55 e PO B LA T3 T R A AL B BRAE Z A7, 21T
3 bt E. B ERIE RIS SRS HAEN
W], b B A E) AT 55 Ak 2R AR 55 ST 7 B BSF ], L R IR 45 1Y)
PATIS ], we S E6F ] A ) 45 AR AR A B R — D)
S8 AP BN,

KE 8RB AR YRR FTRR AT A RRSE T
TR AR AN LABL . B0, SR B I B ST o R o R
FAEP LA 22 Hh B — (R AT FA A R SR S A, 4R
8053 A 3B W PSR R S S 14 £ A2 A 7 N T8) L i 1 590 9 A 2
SERER AN 2 AR G A BB 5 AT AR 48 23K i T R A
e 55 iF IRT R AR AFE B A . 5 FE LA B IR, YE A A AR
SYAR B RE)TIZ R TS TR O £ SO S
23 RIARA R R ARAL I — TS KOS FRFR B A BL0AE
5 REEIPAT.

MHEBA P50 (B0 A3 1, R A R — IR R,
SR 69 A 55 I (R4 45 46 3000 A0 » 130 HEBABE R FR g T R B K
BAP 2%, BRATT AT ECHRE L o A S oy e 8] 2 =0 A R
HtE— A0 5 B AR (g oy R B[]

XF—AMEF 1 Rk, BEHBERN b REER 2,

R, AR 11 IV, 3 p= 25, WA

WT=—"F =M
! /1,-(1’“ ) Ai(/\.‘_ i)
P # L @
=WT. T . S I R S
R=WT.+ST. Ai(Ai_}li)_‘—/\{ Ai

KA WT: #1 ST, 43 RN S5 A (R1 A0 55 6 ]
3.2 EFRIEHAM QoS 97
NTIHEEA SWWF-net R i ¥ 88 RUBE, B 58 5 it
], AT 0T SWWEF-net Az AW BT B Al 3 F 3k
o 227



B 4 Fh B AE i B B 1A (A KL

M F—MILE n AMES BBF R U, 82w B A ]
9 n AN 5w o B (8] 2 4 B

Ti=3Rr=35—1- 3

i=1 1A

M F—MMILE n MES B FHATEER B, 82 e 5z Bt
R n A 55 Wi O B ) 22 R A R AR, B

Tp=max{R;,i=1;"*,n} 4

MF—MLE n MEF WEBRRUL B pb HiERE
BRE R, 5B B & 2 (8 A IR b A AR AR X R, 1 K o
RLETHE] Dy

1

TS Ziglpbi XR, =i§1pbi Xlz — 5

AT EERARU, BAVA N kFER e MR AEHRK
B, R, BEEREE A IUTS T REEIER . K S8
N lo; o B BB M0 R A ]
1

N;
TI =r,>< Elo,-(l—lo,')KﬂXKX—_——
K=1 A T

1

i T

=fj><[1;(_1;ilo,-)Ni] ®

A o, X A=l 'REEE K KR, r, RIFTIEE
B M,

BT EAERWHREREAR, BATHT LR — A5
FERFREHERN MR R, HEE X SR AR A
i
3.3 SWWF-net £ QoS &7 &%

A/ 28 B ik SWWE-net 1R 88 B 8 19 B4k
#Hy:, HPSRIAMERBANT .

ig: LBIFHE;

rp: G LA T BB AR

T: SWWF-net &I {52 B AT A] 5

n ZHRE . ARBEANEESETRRBENSE .

®iE

Step 1 H®iA cm,n,lo,A;

Step 2 HHE/ANETMERETBEIIFRALA A;

Step 3 B cm SRR E B EIFMARE 1

Step 4 Xt I B4 ig R HH rps

Step 5 X4 ig TH Step 7 Step 10, HB| R M EMNAETE
Hiks

Step 6 #RFIFTA RIBF BRI Hr 28 5F (¥ e R Bt i) 5

Step 7 $RBIFTA BT TSR U AR LR KW B A ] 5

Step 8  IRFUFTA A3 BRI 13 55 4 78 X Y e g o 1] 5

Step 9 RBFTA M BE ST E SN AT MR T E] 5

Step 10 H& cm B EATH T,

EWRET 5B 2 AR IR (2 T EEFAME S W 5L BT
. %3 HRBCAEENERIIT 0, B BFAE ML)
FA., F4EREIOHBEES N LHATFENEER, £5
B 9 BHE om FENLHA TR, XPE 6594
BEXG)—REOHEFERPHAEEAERNNLGE. &5,
10 BAREESLH) T B AP B B fh B R 58 A
. B EAT AR

T = zflRP,- X T; D
KoL RP; F1 T, A BRS¢ A~F B BB b ZRF0E R B (]

e 228 -

N
=r; Xlo; X X 2 (1= lo)* ™!

4 B

EFEEPANLPIRIEE T SWWF-net (B8
HREATATH .

& 3 —A SWWF-net ##,

Bl o RN T 2 M B bRV T 1 1D IR Y B e

3 SWWF-net 7]

IR, A ENIESF R E H 8- ME S Hone 5L i
6], BRI e 1 45 .

£1 28R

© A R;
1 2 6 0,25
t2 6 10 0.25
t3 5 10 0.2
1 8 20 0.083
ts 7 16 0.111
ts 4 15 0. 091
t7 5 10 0.2
g 4 8 0.25
to 5 22 0. 059
t10 6 20 0. 071
tin 9 19 0.1
t12 10 12 0.5
13 6 25 0. 053

BEPHE - MEFEF o TUERER HRKREE
WHECH 10, BEE REH R IR S 8Ch lo,=0. 33,

BETR, ATE SRR ERELHAFE.

Bl 4 BRI 4 P S2fFE.

BELEHFEE, F—-£REREXNOITEE 567
E R BE B,

B, B — BT E R RN

RP,;=0.4X0,3=0, 12

R I E T 3 AR h #4304 0. 28,0, 18
o, 42,

BT RBEMTE I FEOMNE. LE 3N FE 8
T

8 3ANTFERE, A —MEHBR pstr ps , S RIETE] N
_riX[1—=A—lo)™]

A

=0, 03928(s)

WRERS s 0o BIF X R, XEERATTHRER
(3T H A A8 T i e 7 ) 1]

Ts, =0. 039280, 254-0. 071=0. 36028(s)

IREHE , BATVB BT S 6,20 F 00 ML , Fo0a B B
1]

Ts, =0. 09140, 059+0. 1=0. 25(s)

Bk & BT 4R S2 IRFE1T 89, BT LA 3R A7 8 =X i il B2
e o)

T =0, 2X0, 2X[1—(1—0. 33)"°]



Tp =max{0. 36028,0. 25} =0. 36028(s)

T T BIES I X A AT PCRMUF 9, Bt s A
B EE 3 AT B R R N 1)

Ty =0. 250, 2-+0. 36028+0. 053=0. 86328(s)

IR , L 3 S T A R ) Dy

Ty =0.795(s), T ==0. 82(s), T} = 1. 153(s)

B AL 52 R

T=0. 12>0. 795+0. 28X0. 82+0. 18 X0. 86328+

0. 42X 1. 153=0. 96465040. 96(s)
RN RE BT SE B

B4 sEErE

A3 WE-net #5807 &4, 42 Poisson 2215
BB 5k Bt ] 038 00 A 00 R 45 B 8] R 48T 45 B R e —
5 T REPLR M TAER PIERE L. 256 HEBA 45 (9 R 3T
BEAEM RAEFPATIH LS SRR R —MESF . S

&xiE

T BN 45 B IO B 45 b CC A R A 2w O B R B B
X, AR B IEHE S I T S0 PR B w37 e 18] , 5 2
G54 B R E TR F 4D SWWE-net R 52 AL 1H]
A% 3 B S 5 B S 19 4 HA AR R A3 B 1 FRE BT Y 007 » 1 1
T RAMLE A TG PR R R R A A . 7RSSR IR IE R
IR Rk B

& % x &

[1] Tan Zhangxi, Lin Chuang, Yin Hao, et al. Approximate Per-
formance Analysis of Web Services Flow Using Stochastic Petri
Net{ C7] // Proc. of Third International Conferencem Grid and
Cooperative Computing (GCC 2004). 2004 ;193-200

Son ] H,Kim J S, Kim M H. Extracting the workflow critical

o

path {rom the extended well-formed workflow schema[J]. Jour-
nal of Computer and System Sciences, 2006,70(1):86-106

[3] van der Aalst W, van Hee K, Workflow Management: Models,
Methods,and Systems{ M ], The MIT Press,2002.271-272

[4] Aalst W. Workflow Verification: Finding Control-flow Errors
Using Petri-net-based Techniques[ M. Springer-Verlag, 2000
161-183

[5] Sadiq W, Orlowska M. Applying Graph Reduction Techniques
for Identifying Structural Conflicts in Process Models[ C] // Pro-
ceedings of the 11th International Conference on Advanced In-
formation Systems Engineering. 1999:195-209

[6] Workflow Management Coalition Terminology and Glossary( WF-
MC-TC-1011) [R]]. Workflow Management Coalition, Brussels,
1996

[77 Sadiq W,Orlowska M E. Analyzing process models using graph
reduction techniques[ ] . Information Systems, 2000,25(2):117-
134

[8] Li Jiangiang, Fan Yl;shun. Zhou Mengchu, Performance Mode-
ling and Analysis of Workflow[ ]]. IEEE Transactions on Sys-
tems, Man,and Cybernetics, 2005,34(2) ; 229-242

[9] Kleinrock L. Queueing Systems: Computer Applications[ M.
NewYork; Wiley, 1974

[10] Trivedi K S. Probability and Statistics with Reliability, Que-
uing, and Computer Science Applications [ M ], Prentice-Hall,
Inc. ,1982

(LBF 212 7)

[2] #MER FE.INER & —METHEENREEERBERE
[0, ARAb 23R . H B3, 2003, 24(6) . 527-530

(3] EbesE,EZEN . RBR ETEESENREBEREALERE
[J0. #ft2#4% , 2008,19(6) ; 1283-1300 o

[4] Traina C, Traina A, Wu L., et al. Fast feature selection using
fractal dimension[C] // Proc. XV Brazilian Symposium on Data-
bases. 2000

[5] Barbard D, Chen P. Using the Fractal Dimension to Cluster
Datasets [ C] // Proceedings of the Sixth ACM SIGKDD, Inter-
national Conference on Knowledge Discovery and Data Mining. 2000

[6] de Sousa E P M, Traina A ] M, Traina ] C. SID; Calculating the
Intrinsic Dimension of Data Streams [ C] // Proceedings of the
2006 ACM Symposium on Applied Computing, 2006

[7] Wong A, Wu L. J,Gibbons P B,et al. Fast Estimation of Fractal

Dimension and Correlation Integral on Stream Datal{ ] ]. Infao-

mation Processing Letters, 2005,93(2):91-97

[8] Alon N,Matias Y,Szegedy M. The space complexity of approxi-
mating the frequency moments[ C] /1996 ACM Symposium on
Theory of Computing. Philadelphia, 1996 ;22-24

[9] Thorup M, Zhang Yin. Tabulation Based 4-Universal Hashing
with Applications to Second Moment Estimation[ C7] // Procee
dings of the Fifteenth Annual ACM-SIAM Symposium on Dis-
crete Algorithms, 2004,18;608-617

[10] Anna O, Rasmus P. Uniform Hashing in Constant Time and
Linear Space[ C]//Proceedings of the Annual ACM Symi)osiurn
on Theory of Computing. 2003;622-628

[11] Carter J L, Wegman M N. Universal Classes of Hash Functions
[J]. Journal of Computer and System Sciences, 1979, 18 (2).
143-154

[12] Charikar M, Chen K, Farach-Colton M. Finding Frequenf Items
in Data Streams[]]. Theoretical Computer Scierce, 2004, 312
(1):3-15

» 229 -



