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(W,Rl,C,R), K.
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MR 55 MBI B X Fe A 8 RI FEARL O; AT

EX 4 BEARBS TAERMN WS Br#Re
ZJLXAR Rs CRI x Re, AA- T HRFERS MAER
A = Lagh e FTESCH—A n x o B5EHE, 2F, a
= 0 & a; = 1o

EX5 VRI,Rp, % Ry, T O, 1, 10R
a; =1H ny =0, ny a; = Oo/q‘»\a;j = ay, -5
BRI A" = {aghaw, B—n x o 5, H
EP,ab:Oﬁa;jz 1,

aj = 1 FRYEERIRA M Ry, SHF65 Rl, BOIR
7,82 0 = 0,

W48 E X 2 FIE 3, - Bk H AR S5 46
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ZTF CTMC WEE B HTIT R,

YT FREYE] CIMC, & P(s;,s;) RFEHER
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emtE] ¢ B AERIBGS s, BEBIH TR 5; #2R
B4 N5 W

R(Si,Sj,t)
=PriE . < £, X(7541) = 51 X(7,) = s
:L;;.’Qx(l—exp(—Pixt)) (1)

BEBRTHARARSESE 0 = {0,0,,,0,1,n
RARPIPHLEMEHEE, 0,(1 < i < n) BRE i
PNEFRHRRS . 0, FPIRE Sy = 0,1}, 05
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XFTHEMRS R, BRERTHRFHARS
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Ap = X 4
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WHEE Re(2) ATRA A
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2.3 ZBAMmMBEMRRER

B0 Web fR55 A £ QoS Blbw, PATHE R ik
BRETUBERZBERRRE, Wik, EHRT
v RO R R RS I BELA: o

AEH) QoS BB TAFRE 4, TF
BARK QS BF, B inEHTEH—4LE[0, 1]1E
BN, HERE T, MM FRRSRIELEILH R
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FRAEX B B Rk Q, "W EITRR , Q. /A EA
FIFRR, Q. AT RIHEITIR, Q R, R
W F ) 4 BRATE, BT 2 QoS BARH) sk
Froh s B R AT AL 8 T T B BE A2 MR
A,

2.3.1 FITO

HE—MNRFPITHR F,, ok Rad—1
FHFPATHES, B X = {XlaXZa'"aXls% F F,
MRBIRS s & = (81.8,.85.8u AR X,
I QoS #8inE, ER— M IU4EFENLI &; ¥ = {1,
Voo, ¥, | FR X FRRBIBHRE SRS %, X, €
Y:,';i’i = {5’;‘1,5’;'2, 5’,’3,5%4% TR Y; H QOS#E?*/%{E,E
WR— LRI &, & KRR THEERS
X; AT ES IRED AR & 5 £ TR B BAT BLARBEL
Apgh; & XM R FAMERENLE &, REYE & 2 H
FHRERS X, RSB ATEER; &, RRTE
HEREDIAE B, 74 FR Y, B9 QoS TEHRME, B4 FINE B
A B FT P MR TSR A RS B, O, R,
BIH—ME, w; XPRLSE j R TRRIIE . TSR
fi# P1 R ABIRIAT U BRI A,

P1.

4
max F(Xjaéj,T,jailj,Tq',Tm,Tb) = Ewk X '@:’.k
k=1

(6a)

4
(Dlwr =1 w € [0,1] (6b)

k=1
éjl = mln( T]]’ Toj - Ts - Tos’ Qt) (60)
s.t.<éj2s Qs (6d)
éj?} X 5’]’3 = Qa (66)
\éj4 X 5’;’4 = 0 (6f)

P1 BAREHE & 2 B Am RO Rk 4R
&0, W E R —A BRI R, B,

Ty - T, - T, 2% X, BRI G55 Y, B
BB E R R EE, T, %R Y, BF 5t
], T, Fm Y, BEASRUER LR, T, =AY
RO, T, SHRCYETRARSS X, BT 5
2.3.2 fadaTa kA

NIRRT, BE A BB LHFE
[FRE R f R S ST IATHY , B IR B R — R IRR
FlEimE PR S . AT @EIFTHITH R
TR, RE 5 S B A EEAF KRS . Hit
HOTRTHRETFEE R, HEHTIITAR F.,
B L DI TPIT X XEBIEE L M XEREMN
RIS E P EFRHIBIERRRS., £ Z =
(21,22, 2, } FARXMBT R I MHFRITHX
YRS RIS X = | X, Ko, oo, X, (X C 2) %
ARAX L AHTPITH LR IERS &£; ¥
= ¥y, Yy, Y} FOR X TR BBRIBHLUR S R 5
§ = 51a52a"‘,5l;} F X B QoS f8HE, ER—1
I x A BERBENLAERE; 7 = {5’1’5’21"'a§’l;% XMNF Y
) QoS FEHRME, B R —A I, x 4 BEFEVIIERF. Xt
T4k F,, B&AE 1, NI TIIT 0 XHENE—
NEIRIRS PR IR S, AT oG S 3 )

B P2 B o
P2.

4
max F(Xaéa’yaTdaToj,Tos,Tg): Ewix‘@i
i=1
(7a)
&
Dwi=1 w€l0,1] (7b)
i=1

%’lm(fj1) < min(j ,2,i~r~!,zm( T,

Jj=

minl (Toj -T,-T,), Q) (7c)

j=1,2,,

5=~

éjz = QB (7d)
s.t. 977!
lm
H(éﬁ X 5’]’3) = Qa (7(‘3)
j=1
lm
H(éﬂ x 74) < O (71)
j=1
X; = X(X; € X, X; € X,(X;, > T))
&(X;—~> T))) (7g)
- 18}, ¥ = max Vs 4 i = 20}, ¥,
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min (T, - T, - T,,) RRFHRIRSE X TR

j=12,m 0

SRHGURSJE ¥ 10 55 7 X4 R 40 /1 BE B B .
_min | (1,) FURVEWIS I X oh 0 s v e

j=12,

B/NKRBIE (X; > T;) M(X; > T;) FAJNT
BERS X X BRI ITTESD, X, € X,X; €
X, X; = X;, IH T, 8 T, X0 [Fl—A ¥R IR 51156
£

72 P2 o AR FBIME B B R B AR A4
R B T SRR AT M AR AT R4k, AT
ER SRR MR () R T K
2.3.3 HePdTaR

TEWBEPAT I I b, IR U8 BT 7 S PAT 45 2R
BB PAT R TE SR IAT, TP AT 4
Bk MRA T N AT EEWITS A . T
BIATSh, BT IR WS HEFBENL N , BE3
—K, FIRRS FHERE R B PIT B
R—RFNF AT WE 3, B IR TEIF B ELR
Pl,

3 AR E

AT R B RBENLIRI R, £ B iR Ye R
BRI A R A AR R =, Ko, B R0
o B R HAER R4 , 2SR AR A0 D ER 2 3R

maxE[f(X,6)]

s.t.

Elg(X,0)]=8 j=12,,p (8)
A, X B—PRERE, § B— 1 EAEEEREE
HH P (0) MBENLIE, £ AT BARERE, g B4
WEE, E[-] RECFHEMEE T, X RN REHL
MR B EERE, T B EERBY T
%, EAS REC AR R B B T B AT
FERTER . RAELENED /R REER SIS E
Web R 451 o] P AR S0k, MAh , B AR 5 B [ 0
MR% BARMSECN A T A BIREGIM .

TE2 #6,,8,,,0, BMSTHBENE &,
8:(i = 1,--,n) RABECH A, FEE M it R &
~ Es(A;), WX R T 1r<niii1n3,~$ﬂlr<rlial<xn3i % B EE ]
F=ikH

E(mind;) = (252)7 (9a)
sisn i=1

E(max8;) = 25 (ix A)™ (9b)

<isn =1
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M. oA
P(lmiinngi > T)

= P(é\l > Ta'naé\i > T”'agn > T)
=P >T)xxP& >T)x-xP&,>T)

= exp(= DA x 0
i=1
BFUA, mind, £ 4% B A 00, 2% mind, -~

Ex(2)4), M E(mind) = ()37,

T E(maxd) = DG x )7, BHX

BRL10]FERIEN.

BB, &, 71 75 AT £ 1 5,0 RM ST HOBERI 2
8, NPT AR 5 B A AR IR A tE 1, 1R
HEREHLE B RMEZRIM 0 I 5 R W] R LA R E B 2 1Y
G510, AT E REDLZ M ML R TR) BB 6 8 O B 4K
LMK

933 5E SRR ] R RAG B 2 MR TR R Y
BOUR, AT, XD BE A E B I LB R 8]
HATHAT I il s R (R R 4 5 AL TR R, W)
¥ L AR 2 47 45,78 (multiple choice multiple
dimension knapsack problem, MMKP), 3CHA[9] fr#2
HH R & W LR K % MMKP, %75 ¥ RB7E
ZIA M RPN AT #ERSFARR,
1R AR EE PR RS B TIIT SO R R
— MRS EA I

T TEE T BORIS B AT Y 5, R A 40
XREFABEMBIERAXBEERRG KM, THES
H SES AT OB

B 1A TR SISIITI fEFEE

WA AR TAERN W HERSTHEFy
= {Fy,Fy, ", Fy }o

WA R TR RAERATH R 0 =
{01, 0%+, 0nt0

2| LR\ R Py FWRTEH, Xk
Fy Bﬁl‘ﬁm%ﬁ%ﬂﬁﬂﬁﬁﬁPwi,Pwi € {Py, Pyl

BW 24 Py FHOVHEERR EPy

SR 3 RNEEEE EPy H¥ o K E S0
AR BRI P CPy o

AR A MR Py = P, REAA—TREE
&, ARG HERARE , RASSCER T EAEBT
R3] CPy KB,

BB S5: 4 Py, = P, i, W02R QoS 1817 f B RMS
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Wk, [ A BN, RS X ERBLRE
CPy WB AL R REMEB K, REB LW
FEWR , RABIEREXBERE CPy KL
BB 6: X TF CPy, YHWARES ML R
(X1, X5, -} B, 25 R SR A A P O S A BB 15 5
KBRS, 183 CPy WBAEM X, X FTR KB
HARRS Y™ BIANS R Fy BIBERITH R
B8R 7. F L, TRBHRES R M RAERITH Mo
B HBREPITHESAE 0 = {0, 03, -+, Ouls
P miFRm Su AP ERERE Su, LK
BB IR S5 B P Su, AE . BB B HRIE Sd
FARBRIESNZ IR E R R . A BX 2R 2
B0, Fln , #2495 PR SR B, AN T B i
THEBIARFIS &, 4R , AR U8 B8 R e, B A~E
S IZEHER F — A B AT R . B, B
FA PO S N AL S ) R ER SR e, B R T
(1) Bk AR B A E N RER,
RBARAL B WE Sd, BT SR N B ATV
Mo

(2) RZ,BRBA TR, SR Su, A
Su, , FTHEREE R — B, Bk RO B P TU A
Su, NTEERERITIFR, M Su, Xk 5 8 B EPATHE
KB, Su, 3o RERGSE SO BT o

4 % B

LA SOE 3535 T , N ZEA~ Ak =2 il ll 55 B4 il i £
W A BIRBAE AR K 8 . EEBI—RA—AE
FERBE A AL K T R 5589 23 R (FR 9 PAuto-
car) 171 BHY fR] 400l 45 42 (0B 2 T 7R) o PAutocar
AR I RIFIRRE BT HE . B RE R
ol AR TERL . 27 i) PAutocar B B35 J42
ZITRAZ P ER MELERTERSE) , Ao
B — MR E R, X R— Sl B
FE PR 553 AR, A AL P SRIT 8, U
B R Al b R B 52 O™ B B BT R R B . &P
RXFTRITH)G, B 55 B R BNIT R
S B PR RS BT IR BlE RS R BCIR 5
%o

B2 TH4eFRENELRE

FET R SC 1, R AL 7= 5 E i B 29 IR R 5
TAER M, TERAERS TIERMS, B 8 Maf
Rl = {Rl,,Rl,,RI5,Rl,,RIls,Rlg,Rl;, Rlgt, 51 VBk
HHLAMRS 0 = {01, 05,03, 04, 05}, T HHE{HTIH]
T, 258 E. 8 RRALRSMA SOE 37
BHIREIGIIALDE T5 = { Ty, Tey, Toz» Tos, Tost, A 16
ANH] FR R IRAR S Ro = {Rp1, Rp2,++, Rpisd o X
F Ro;(Rp; € Rp), EWRBRFETICH (S,
Si—2a"'aSi—ki% , K, k BREIRIRSH Rp; PEIR
MR 55 B4 &

KRR SR E R E 2 0 TR #
B 130K Fy = {le, Fy , Fy, FW4""’FWB%0
VIHATHAT R Fys, Fiys LR Fyy (AN 3 FF7R) 9
151k B UE AR SC B £2 H B 70 A0 S TAE IR ShAS HA T

REDLER I ¥k
HFEN 3, - THEE M EEDNT .
r1, 0, 0, 0, O, 0, 0, 0, 0,

LLeLeLe e
e
LR
oo oo o0 oo

SR
SR
meLfLeLeeeer

SANAN RS e
S
S e
SR
Lreeeee

fLeLLrre e

-0, 0,0 1-
AR, R, AT Fyp M Fys AT, Rl AR
Fyy WHAT, BRIBEXL 2 BEX 5,830 R Fios
Fys F1 Fyy BB -BRHFHR RS HERE B( Fyy, Fys,
Fyy) VA BB -RIRIRS MAERE A" (Fy, Fus, Fua)

— 289 —



BEAREIR 201043 H $£203% E3H

B3 FREHRERY—HFTHTIR

BA
B(FW21FW31FW4) = B(TZ’ T3’T4)

1, 1,1, 0, 17"
- [1, 1, 1, 0, 1]
0,1, 1, 1,0
A (Fyz, Fiz, Fya) = A(T2, T3, Ty) =
1,0,0,1,1,0,0,0,1,0,0,0,0, 0, 0, 17"
1,0,0,1,1,0,0,0,1,0,0,0,0, 0, 0, 1]
0,0,000,0,1,1,0,0,0,0,1,0, 0

b b b

b b b b

MNFoR Fy, M Fys, RERSETRAR N

{Sl—la'" ’ Sl—k1 1S4—1"" aS4—k41 SS—la'" ’ SS—ksa
So-15""" 5 S9_k,» S16-15"""» 516-1:16%
FH Fy WEERSEICH

{S7—11'"aS7—k7158—11'"aSS—kS’SB—l""aSl3—k13%

R 1MFR2H, E[T] FRfret MEHEE,
E[ C] FRBAMIEE, E[R] R REHREME,
E[A] R HHHAEMHE, we RARRIRIRES IR
R, R RARBRSHEERE, I, po REE
HHEL RS BB AR, 1) TARBKIBHLURS A
DRI, Ru RARBRFARRFHEE, A€
LR~ AR~ o~ Ao~ Ru FIELA R T 1 C B9 7 %K, R
A B BT EL AKX (4)M(5)BF ],

®1 BPEALARFOMAE BHEREEE

BRI AR % Ru o 2o
0, 1.0 0.01 0.93
0, 0.9 0.03 0.97
0; 0.9 0.04 0.98
04 0.98 0.02 0.95
0s 0.91 0.02 0.96
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T2 AERFEYEBEEUR QoS HiME

WRR% ELT] E[C] E[R] E[A] m X
Si-1 1.5 60 0.91 091 0.08 0.97
Si-2 2.1 45 0.93 0.9 0.03 0.4
Si3 1.8 55 0.91 0.3 0.1 0.9
Si-4 3.5 35 0.91 0.93 0.06 0.98
S4-1 1.7 50 0.8 0.91 0.08 0.9
S42 1.0 70 0.97 094 0.05 0.93
S4-3 4.0 30 0.8 0.91 0.09 0.9
Ss_1 1.6 58 0.8 0.86 0.13 0.98
Ss_2 1.9 50 0.92 0.94 0.03 0.9
Ss_3 2.5 43 0.86 0.93 0.04 0.91
S7.1 2.0 45 0.9 0.9 0.07 0.%4
S22 1.8 50 0.83 0.84 0.16 0.9
S73 2.2 46 0.91 0.92 0.05 0.98
Ss_1 2.8 39 0.8 0.92 0.04 0.9
Ss2 2.5 40 0.91 0.87 0.1 0.97
Sg-3 1.9 45 0.8 0.88 0.08 0.93
Sg_4 2.4 36 0.9 0.89 0.07 0.9
So_1 3.6 38 0.92 091 0.06 0.9
So_2 2.2 48 0.8 0.8 0.07 0.93
So_3 2.6 40 0.88 0.86 0.12 0.98
So_4 3.2 35 0.91 0.92 0.04 0.9
Si3-1 1.5 48 0.9 0.95 0.03 0.91
Sz 1.8 40 0.95 0.9 0.03 0.97
Si3-3 2.1 36 0.9 0.8 0.11 0.98
S 2.9 32 0.91 0.92 0.06 0.4
Si6-1 1.2 50 0.93 094 0.04 0.9
Si6-2 1.9 42 0.94 0.9 0.08 0.9
Si6-3 2.1 39 0.92 0.91 0.07 0.98

QS I ER W = {0.25,0.20, 0.35,
0.20},QoS #E#RI IFRMELR Q, = 2.8,0Q, = 65,0, =
0.91 LI % Q, = 0.93,T5(X;) RABKIBHL MRS Im
A SOE 3R MatE, To(X;) R HHia I,

HT2H Fy, Fys fl Fyy IF700750 R, B
TR LAY, P2 IE S, B 1 TR . 4
X = {Si.1,512, St B, F(X) RBFEKME
0.897, X =A41h { Fwa, Fys, Fyat BIBAEPATES S
& {0s, 01,04}, AHETSRAEBHES R HPITH S

HTFEETEE ARSI MTHEERER
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A multi-objective stochastic decision approach for
execution sites of decentralized workflows

Sun Hongjun, Fan Yushun
(Department of Automation, Tsinghua University, Beijing 100084)
Abstract

Aiming at the deficiencies of execution performance for decentralized workflows in service oriented enterprises
(SOE), the paper proposes a novel dynamic (run-time) execution site optimization algorithm based on stochastic deci-
sion. The proposed method extends the service workflow net with soft constraints and hard constraints, and takes it as the
foundation of site optimization. Then, the stochastic characteristics of Web services and the dynamic characteristics of en-
vironment are analyzed. For the purpose of obtaining optimum of combinational quality of service (QoS) , the dynamic ex-
ecution site optimization is formularized as stochastic programming models under multi-objective in accordance with the
four control structures of fragments. Accordingly, the optimization algorithm is used to solve the above problem. Finally,
an example is illustrated to verify the feasibility of the approach. Compared with existing researches, the proposed method
improves the execution performance of distributed workflow observably, and avoids the resource botileneck from concur-
rent execution actions effectively.

Key words: decentralized workflow, model fragmentation, execution site, stochastic decision, linear programming
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