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Abstract: The Internet provides an open, dynamic, and uncertain environment. A composite service in this environment faces more
failure threats caused by resource faults and component failures. The existing failure recovery measures can improve the availability of
composite service and at the same time, bring the negative impact on service performance. In this paper, an analytical model considering
failure recovery is proposed to quantitatively analyze the performance of composite service with the failure probability and recovery
ability through synthesizes the fault taxonomy and recovery strategies of service failure. Queueing Petri nets (QPNs) are used to model
the occurrence of failures and the corresponding recovery handling processes, which focuses on targeting the service executing process
under retrying and replacement strategies. The inner structure of server node and link QPN models considering failure and recovery

impact are expatiated and depicted. On this ground, a performance model of composite service with decentralized execution is given, and
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five interaction relations are taken into account. Finally, QPME tool is used to simulate and compare the performance measure results
under different failure rates, failure styles proportions, and recovery strategies. The numerical results show that this method can
quantitatively analyze the impact of failure recovery measure on service performance, and can also be helpful for providing rational
solutions to implement failure recovery measure for information service system in uncertain network environments.

Key words: composite service; decentralized execution; failure; recovery; interaction; queueing Petri net

8 1] R 55 44 2 48 ) (service oriented architecture, fiiFR SOA)! M i 21 2 A [F) 4 (1 T (10 IR 4% =k 520 52 2k 4%
B AAEN. MG, S8 RINE S, AN 85 RS R G0 L4880 T i DR IR 45 42 15 AV
P R B RS2 Wil (service level agreement, [ FR SLA)AL H., 75 B 4 & MR 45 FA IR 45 i (quality of
service, fRIFRX QoS)BEAT 43 H 1 T .

7E SOA B T R4 s P Fabr T A RS fe ki, 2B, Mgy IR . 130, fRE). ArFEE,
HYE. AR TP, 2t A S AR FEA FE AR T R 4 M7 iR, 0 SCRR[3 1 BE KL Petri X DPAY 1HI
] I 45 4 28 45 K () P i SCHR[4 182 H 6 21 5 1Y) Web IR 45 1) P BB N AT 58 PR S0E AT PR B 29 AT R B AT LASE 284 07 2% 5
BR[S1EH UML R4l Web IR 55,88 5 51 NAE K] L By F g JR ] SR ASE AR 04 g ¥ UML A58 R EAT 15 Bl dit,
SEI A G R 55 T A5 A 1R 23 B SCBR[61TA 2y 20 5 Ak 45 1) ) S R i 10 PP A AN 2% I R 48 T A7 AT B A%
(1132 4715 DU R 55 1) (IR A% B B il A V) 3 2% 1 3R 45 M 3 A7 3 55, RIDGS PR P B o] s PR 2R 49 ) s 5t 0 i o, A
ANTRVIBAT 3y 5¢ A1 1R FH 2 50T 1) 5 ZR AT SR AH MR TR A X 4 B Al 5 7 AR 45 414 11 ol S P R0 LAt 1 18, O
Xof AR R 55 20 G (R STEAT 17 43 A7, 8 ) oSOk 18 it SCR[8 1R FH HEBA I 43 1 R AU ) R I 2 2 Web IR 55 ¥ 1
AE, B 5 T R B 194 26 PR e B 1) 17 122 777 925 PR i P 90 TR SRR [9 10T 98 5 R i 15 2 56 W FRD B T 194 6l 55 F P e A
AR TGV 25 22 LA 5 AR 45 I A X

FIRTHFORE PE e . TEEME L TR PR 55 2 TF b B0 Y5 A 2% 8 2R A5 T Mk A AR D0 AS (] P 52 it g il 25
fe 0 sg . S b R4 R AR A AR T A 45 T R R TR 0 R M ST B AR TT DA v AT A (R
0T R 257 R0 Ak A, A A5 2 i 53U TR Bl 45 R A7 AU B A 0 T I, BUR SR A AR W] R AP R I T B
DT it 56 T ] 2 S8R P B I 205 IR 45, A AT S AN AN ) SR B 2 3k ) R A e L MR O3 AT B HL A 55 SR s () AT R 28 06t
P B 1) 56 ), A2 B0 5 BT AG 280 1) 2R 280 Wk 2SI I AL A 118 S B 480 1 U 00, 2R A b S LA 4 A P R % 52 PRI BB
S, A SCAE o A I 45 BB TR A 5 2 T 3 R v AN (28 8 380 IR 45 BAAT B BB o T 5 P i st 3 3850190 K 2008 12 BT
R EL OV 23507 Wk S A% L IR 551k B 1A 48— 3028, VR AN 2% 3501 2 R 07 0T 42 v 2R 0 I 45 Tt ) A 1.

T ST A AR SS TE REAR AY 1 Sle B A ST AR Y R B 1 M BB TR 3 T R R AR I T R ) 4 A R
P BE RS 0 FEBA VST O 1o ot IR 4% X6t 5 5k K2 IR 4% I Ta) (1 S8 B 9, 15 L e R R F e b (A IR 18] . HEBA K B L
WK A5 ) I BT T R, SR 5 AR 3 L0 St LSO 2R 400 &5 ) B0 2 230 I 45 % 5 A8 1 R e B R s AL IR 25 0 %2
1) 2, S RE AT 2R 40 1Y) 2 PH I 40 U B S8 48 b e 0 (RS HE AR 2 |l T A 445 B E /N TS5 M AR AL ) By,
ISR 452 o 7 B 0175 . U EG Y TBEGT T i O 225 P T RV 45 T 905 3 T T 2R 2SR TR R A A R R SR A
R A TR B ARG WK S R AE A TR R RS B T 51 R R SAT D A8 DX ) P 2 v (R A 2 B A BT AS TRD B AL
Petri WU2TDLIF SUAR 70 22 45 1A AN S S5 K RN B 24T 1 o B A G TR 1 R 40 b ] 6 & 2 1A 45 FloIR S 46 L K B E 2
B 20 2R AR TG SRR R A WAL G IR RS h A E B R B EAT b o 5 T2 EaR B 25 4k ke gt o7
AT 2 TP RS 1.0 AR I 2H 45 JIR 45 1 REASE 0L 4R 70 — AN 2 IRl 55 A 45 iy v B8 634 A BUE I 2R 805 R B
AN [7) 2R 300K 5 5 6 5o P B ) S

HEBA Petri M (queueing Petri net, i FX QPN)! 4K A& il Az i 1 HEBA 9 AB TR RIBE AL Petri 199 (A1 2, 1OE fE 5 2t b
B B YR (1B AT 1 A, R RT DA 22 5 AR G R AR OC 3R, B TN R R A AT 4 1 T A7 R R RS 5 20 1
R EAT h LA AT A G 26 2B TS0 & R 2 W Fi8 b, e AR e b A8 00 25 23 M 2 W 0 AL 5 I
25 PE A B R IR, T 25 5 VP LA IR 45 HOIZ A IR S BN Petri 190 Ft 35 ACME 2 L BT 5%, V4N A 48 0] 0 SCik[13,14].
Kounev % A IR 7% TAE 2 W1, HEBA Petri W AT AR 80 1) 5 5 VP4 A T3 AT g il ik i 0110 B 4% AR 4yt o) 43 A1 =X
FR TN M R G AT G BRI, ] T RGP RETO0I L f6 07 MR R 7R 2 P e A 2R A SCHE AR HEBA Petri M1
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RGNS bR AR 10 T 358 A 13 R 55 3 2547 D R 48838 H B B0 0 1 55 2 75 ) 2 2% (0 T AR R 2 O
RS S AN 221 1 45 A 25 PR 1 e A nT PR AR B 21

AT 1A A S5 1 73 BT IR 26 2 9 70 Wi I 5% 1K) R 8 AR 5 40 B2 SR xt Pk BE PR S 565 3 1Y
o8 HA I 25 BE AT RO HEBA Petri 4 7%, R b Ak b 5725 R R A0k S A 201 45 IR 55 1k RE AR 855 4 1l i )y 3T
S AT AN R R BB P AR IRIEE R A RV S SR 1 B4R 2 45 M 55 TR E AR R AR A 20k 5 5 1 R Sh SO F e
EEl e 2 (N

1 ASRBZHIERIT

9T WL SRR T SOA R BIRS RS h LA 19— A AR 4 #2 e — e 45 2 4 n LA
LR K. 2 2R B ST RIS A6 0 F - RIS gL R 48 ms AT SeR 84t TR AR 46 IR 25 1
PAT BB PRI 74 b AT (centralized execution) s 2 75 B AN ) b0 S8 BT A IR 45 14 R R R B0
&8, M 55 2 1A AS Je A2 B34S B DRI A7 7 M R ORR 300, 23 A /N R IR 9% 38 45 49 BUIMAT (decentralized execution)
J5 2 AV M 55 2 TB) 4 RN 5% Ui i 7 8 I 4 A8 L R i 5, A R T sl D A A . $R Al B IR S i LS A
g KA JE IR 55 2 0 AR SO 43 BT 46 IR 45 V0 42 e ) R
EX 1 FF(sequential)). ks S; 4047 56 55,5 A TF AT 12 4E Si>S;.
EX 2(E & (iterative)). 5 S EH AT k K, icME uSik).
EX 33 & B & (concurrent-unite)). k45 S Al S AH EL AL AT, U FBAT 58 B J5 A 25 U FH s 4k 10 i 2%
(%), 121 SilS;.
E X 43 %L & (concurrent-join)). k%5 Si Al S AH TS IAT AT A — /N AT 56 B8 Ji5 78 0T LU s 4k 1) IR
% (8), 07 5545 1 — AN 2 4E Sl
TE X 5(% A (conditional)). 19K ik 45 P0AT 56 B8 )5 4% R — 58 IR 4% R 28 B £ S 1 S b ) — AN IT A AT 10 A
Si(p) + Slglfp).
EX 6. HA g5 13 B AT BRI — Ao, Bl CS={N,S,CL,IS,NS,RN,RL}:
(1) N,S,CL 43l 2 A7 BT s dla s ] IR 4 4 0 e 254 0 02 L v e 25 A B 2 0o i e 358 D) 285 Sl 52 it 147 8
FUAL, B TSI 1 19X 285 s R0 £ 401

(2)  ISINXN—> {>,6,| 1+ 21 R AS B R BRBL I > g LA IR R . R RS . HRIL
HRIEAM KR,

(3)  NS:N—>S™ 211 14 (11 7T FH i 25 B8 B NS(ND)=Si={Si.1,Si .- . .,.Sim} FE 7% T 51 Ny (0] R 2548, 2L Pp Sy 21
AONG IS § AT RS

(4)  RN:N—(0, 1)1 £ I IB AT AN K20 B 28 RL:CL—>(0, 1) A2 B I it 0 T8 A5 AN 2 355 6 ME 2 W 40 5 o 1
0, R I TR R R AN 1.

— A EBAT A G RS IZAT R 1 PR RS S AT R I IE KBRS PSR S S, Al S5, 10 4F
S$1>(821S3).81 XN S,|S3 ISR 55,5583 B A Sy i 4k Mk 55 (£E). S, Ml S5 A6 Z5HR 5¢ B A HE M T JG 48 e 55 Sy Mk
% Sy b T HE G 7 3% BAT sl G JEN G 4k B I R S5 B S51S6.S5 A S [N 3 3015 40 B A 7 047, R

ANSE IR LAV FH 5 4K B 46 R B IR 45 4 S + SUP) S, ol B BIR A 45 (42 3% Hh BRAT BUME R N p, S B3 P A AR
FN(1-p) LB AT T LB AR HEIR A $1>(S,/S3)>184(K)>(S51Se)>( S3P + 547",

Fig.1 Decentralized execution of composite service
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4 S; {1714 38 BY i 7] (sojourn time)y St, AT 57 BE (reliability) & Rey, MIAN [ A2 HL 26 R R MU2H & W 451 3438 By
I A) St FTAT4E B Re LA 1.
Table 1 Computing St and Re of interactive services

Fz1 IMERESAHK St A Re

St Re
52|53 maX(Stz,Stg) Re,xRes
1654(K) kxSt (Rey)*
SsiSe min(Sts,Ste) Sts<Sts ? Res: Reg
SiP 4 g{-» pxSt;+(1-p)xSts pxRe;+(1-p)xReg

FFRIRE R AT ,S2(Ss BV~ 113 B I () iy 45 Je 5 F8 (9 i 95 ok, vl 5 B2 e R A g5 3K I e s R R SRR,
pS4(K) IR~ 157 BN T2 FR S M 55 10 kA, T 5 R i T 52 ORI 8 o 5 i BRI JF R A5 R &R T, 85186 1
573 W T B e 5 6 PP R 25 R R, T JEE e 506 50 1A R 45 TR AR A R R TR, S+ S{P 1 £ T Y I ()
PR 2 B T 32 HOAN [) e 95 P AR 24,306 P 30 Ry, I i 246 445 R ) L B A0 vy AR T, T R R R Ry
TE P I ) 1R T S AR M B S 0 2 I 5 AR P IR 2 A T O AR A AT L AT I AR I 1R 2L 5 I 5 1
RE BT IR 2.

2 BRERBEHE

M55 B MR S5 3 BEAFIBATAT hy X3 2 25 5 K 1) i 729, 2 I 55 R8I — AN B A RRAE I 85 R A2 KRB0
ST I TAEE B R RS

SOA 14 & 45 ¥4 it 3= 820 AL HE &% Aii (publishing). & Pl (discovery). #H % (composition). 4§ 5E (binding) I $i,
47 (execution), 5 — AU #5 1 fit DR] g i S8 58 S B30 45 1A P 2 28U A S 3 B 9 sk 5 0 R % TR 45 BAUAT i 1
R, PR G ASE SRAT B B LA AR (0 e i £ 22 15 3145 5 A 2 R4 o).

20 A MR 45 VR R AT P 3 B 7 8 0 BT IR 25 1 b PR I 45 Tk e o I 45 % %0 28000 A 49 0 4 56 . £ T 4
ot A i 114 I 55 % 2R A0 I T i SRR A 25 O N T S B s A RAEAT IR S 1 s Tl R — a5 )
PRAGE I8 T4 70 M 55 28 A 2 39 18] 16 1% % 6 O A 2R R0 I 45 TR PAAT K 2 UL, A 25t Bl 2 e ¢ b ol T I 45 % it
B AT R AV, DAL IE A B 1) 2 RO AT R AR A B 2 ASE A SR Ak R T vkt SR A A R R A B A R 1)
0T 2 Sl A Ay i B A TR Py — 5 4 R A B a8 2 2885 | B o 4 R T O T 3 B0 45 256 1 B0 48, 8 4 gl VA N A5k
oSz

MRS R — AR SR HEFIR X 4 0 AR ST Y BOAT 45 RS2t N L SE R i B R —
AN RUTE B I B, A (] 5 25 208 B R0 P A2 SR S 0T 1 AT b RS2 AR AN [T .38 2 IR T AT B B 45 2 3%
1015 A 3 RN T I ) 2 U, 20 7 7 A SRR SR DL 5000 45 SR A ey Dk 2 S g 120210,

Table 2 Failure and recovery in services execution

R2 MNFPITH RS KR

RELA R KBS RAER RS SR s
MRgs B RO, BT R R TeAEHAT B, R ER

ANEFEHR B IRS H4 AL PN ik
el 19 R 35t BRI ANIERGEE R B IR [0 45 2R i, Bk
AR I 55tk 5 TR R 2 SLA ik, B

U SRS I AT LR ST 55 B TR AT, e R LU AR T K T 3 R A R SR 2 i e AR R AU TR
I 55 (5 ) B A 55 4 8PS 20T AR08 AU 55 B ARAT, 5 BB it 0 55 SR A 1) I 4 M 55 (2 ) P ) o A 2 4 R
52 B B SRS W (1 R AT ¥ 20 U0 TR A 3 DAL Ay e 8 R A T DA A 2 B KV R B 2 B A e, T i
55 1R BE R WA 1 PAti 7 30— S0, BT BLAS SR 2% 18 RIS J50 4 ol SR, DL B AR R 3 08 1) S 1
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FIL b, IR 55 FRD 9 R8s DRI MK SSRGS 5 A A LA SR A A5 SR 28 23 AR AR DR A, 5 R T 0] 2R 280k A
HR 3T PO A 4 VB2 SRS s Y e I3 52 R I I KR 25 () IR 55 R D 6 AT D 22 AL 4 2, T
BT 0 30 1Y A5 B3 R R AN B3 I S0 55 ()42 B2 17 SR, TAT I3 B 300 1) (1 4 55 1 SR AIOKS 4 25 3 AR T
YRS HEME TS R 55717 s BT R AR AR A, A N N i PR AT DA ) 20 2% 18 A8 AR AR A B P R R £ 11 IR o, A
SN IRV OGS 5 AT DA S [y BET R R T L 73 I LU 4 3%

o T IIRB TR e 52 SR 14 9 200, B R 45 4 1 AR 38 B A 55 N SR8 4 A

o IT JEERAAAT 1B AT 55 45 SR AR A N R0 e 55 45 SR 0 i 0 20 (03 SRORE 25 5, DR IE N R R AR S5 0 2

ARELANER YR, TT AR 528 IR IR 551 R R L8 52 i (1 R 55 45 R AR i 4 Ja 4R IR 55 (52);
o I KRB AREALSZ T IR 55 AT 55 Ak BRAE A5 HO AT 55, At 405 SRR AR A 95 4 2 1 SR AT (RT g A2 X
SRANT ), IR 5 AT A BROBUR FE T AR S 45 2R 8 S B8R S AR 1

o IV IRACAF IR oy AN AR BE, 25 50 B A 55 38 2 S8 0 AR 55 K2 5 NF 38T 4his AT

G155 R AU A e 55 AT S T 70 D A7 R AT R B S P AN B B8R R A S BAT — € I
A RIR AT ARSI, B2 JA AR 55 AR SR AT, LRSS S5 $hAT 58 B ) 2 R BUAN AT IR RS e 280 A2 14710 A
() AE 55 AT B 715 2 IR 2 S0 FURFF 0 2R 280 T D S 5 000, B 24 I 5571 s T A6 5 B T A 52 S0 s e e 1 45
e 55 38 31 2R 20T AP A0 25 1 Y 1) L

N T S M A 2R A SRS AR 55 B PR SR W A SORE Y B AP AR B B £ 20 A A L B

D) ARG FTCR,

2) RS RBIE A 5T SR AL FLI AR 4 A

3) %ﬁ%ﬁﬁ*%%m%ﬁ%ﬁJ%JV%%ﬁ%Mﬁm@ﬁﬁ%ﬂ%&imﬂﬁk
i=l

4) P IRSS T SR LS SE RIS T, T8 R AT AR I ) AR AR oA
5) Mg B 1 RO g K I R A T AR I TR i 3R oo A
6) T R AR O I W R Y IR RAT 58 B T LA SR K S )i A A K A1

3 E-THEPA Petri MBI REIEIR

3.1 ARSSHERRIEE

M4 HERR ) QPN BB 2 B 78 07 HE AR % I A2 1T (immediate  transition), 7] B 3 7 15 18 J i
(ordinary place), 7 1% £k i) |5 Pl 2% 7= BA 31 J2E BT (queueing place). £ 82 B 9 IR 4% (5E) B 25 380 )22 B Input [7) % B Ak 24
RIEAT S5 AW s. T HE I8 A7 10 SR B0 o IR 25 BE B I AR S 8715 LP(G/MY/1/FCRS BAAIN) AL B IS B AR IT: Ity BEADL
5 AR R A B R AR R AAT 55 A W s B NE BT SL R HI A5 a R oR, & AR 5 It filt & J i Hi 21 22 BT Output;
TR A KA AT 25 S s BN JE T SL G FI 55 £ 3R, S AR3T It fol ok 5 K 32 0l B B 2 T LP, DURE DA% S FiE 3R
.

Qi s s Waf a,f _s»@

Input | g, LP It SL Ity Output

Fig.2 QPN model of the service link
B2 iRSSHERRFIHERA Petri B &R

2 7R AT R 26 3455 A{x}—B{y} R A th A8 T i % 15 (firing mode), 4l x 7E— R AST o
HHZEFT AR Ly TEUEFE T B H.
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Table 3 Firing modes of transitions in link model
%3 WAL AT il A AR S
AT fi K AT i A
Ity 1: Input{s}—>LP{s}
1: LP{s}—SL{a} Its
2: LP{s}—>SL{f}

R M XA AT I T G Bk SR, e SR S AT RSt I A (A8 T 128 o B DR, T H ke T
AR AR 2 (0 g A B (firing weight), RIF& A (R4 AZE 1ty (1P AN A2 A 300 A B BUAEL 73 30 wi(D AT wy(2),
G RBME o FRRWT

1: SL{a}—>Output{s}

Ity 2: SL{fL—>LP{s}

W (2)

= _ 1
w () +w (2) M

L

32 RETAER

45715 R QPN BEAL 8] 3 B, A €8 05 HE 2 7 I [A) AR 3 (timed  transition). BA 1 FE Bt NP @l 452 IR 45715 s
AR BRERAT AL G/MM/PS BAFI BB n A CPU IR S5 15 . BAF 2 FT NP s AR 7E 2R R0k 00 2 v FH S 7 4 B
R MRS RLES G/M/N/PS BAF LR R 52 5 MR 55T 45 N2 S0 35T 4R 1R 1% DL IR 259 i B R RRISAT &
Z RS MRS 0T LU 2 AN A B I 55 4 L DRt £ o0 BT AN 4B T 55 16 P A2 450 P 0 vk e e, T 4
TAZA A S A5 X BTT RN T AR AR IR 451 s b Ny B RSB AT IR SS Sy A i, AT AT AL &
WA M S RS s Fon A MRS S A& SRS o o, i IRS S, AR S w #
71,3 A AL B0k 28 B IR AN VAR 23 AT 81 3 v R AR R 1 LB s P R 10 R 1.

\'

; \
O

Repl

C1,C2,C3

D L S
Cy

SF fr, NFi ft, NF,

DT

ow s,

Fork

2
o =

Fig.3 QPN model of the service node
K3 S5 R IHERA Petri B &R

IR F () i B D BE AN TR AT BL 2y S i 3 2%

. AT AR OAE s,0 M woASRE s AL GRS TSR 5 A Fork Bl &R o HiILE SR 45 1Y
OW fir i, 4 it w e vy 1) BeA 2 e 25 1% EW 4 b &1 3 v I AF S h 3ROSR A s,0 50 w;

o TRRBA LT AR KRR KA IR S 86, E R £ ROk 3 RIS | 3ROR £ f
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175 g Fow fi,f B f AN T SF AR R UK AR 2%, 60 35— A G/M/oo/IS BAF. 24 S 35 A I AR ST ft,
fih S AE T N, T KA B T ARKE fty (i K5 4 B £ S e F,, s R0 £ TP — A SR 204
f(i—l 2,3, 4) 0 H I ph 2 0 2 IR MRS piy (i) 2 BT o ] A0 PR AR T i fl R 2K (0 BAR K S

LA iy BTy Modei) A IV LIL I wi (0,60 ik 2 UL w ()5 % pupi

by = @)

Z 1 (D)

o REHILM, %??%JH&%E%H/I\HH’J@ AR S SR T A PRAT IR B X AN R R R,
It 55 A5 20 1 G W SR ) (R AT 2 AN TR ).
R AU T A ISR RO IR S5 AL I 5 M (VR Fo vV, X R A 11, — o e R AL B 1),

Table 4 TImpact of failures for service node model
R4 RPN MRS KBRS
KR BEAG)  HAMG)  WENPNP)  Hint)  BHENPNP)  SEi(nts) B

12 — — — e — — J
e X X J X X X X
11 2% v J J J X X X
v 2% X X X X N X X

Pt A BRI R [0,1]:1 2754 AETE, FOUFASIT fih 4250 7R 2 MANAELE, 28 (AR IT fid 2 2814 o B0 48 1) UL
*s.

Table 5 Using control tokens
x5 A ]

AW Eiipa 1= 0=2% 1k AW iR 1=feVF 0=2% 1k
ro OWEBRATSEY 1R 1 v REAIEANAESS  TRIKIVE ARSI %
C T4 8l BRI K THRNEIVE | e NP 1 NP H. fFHi ATAT 75 50 S
[ EEHN HHRIME TRIEKIVE| e NP Al NP H. 5 i AL 5 3
Cs (A AR TROKIVE | d NP BINPEFHLM v % IV 2R 4b
Cy AE55 58Ik 111 2K BR4h 111 2% 7 NP o NP'E M AfhE IWES IV B 4b

BT LIRS R 45T A Y E’JWTLE&HT-

1) AR IK IR S5 () 3 14 9T Fork,OW A1 EW 3 1 383 nto 1) 37 AU RUAL 54T 25 2 W s,r,0 B8 w.idk A
(1) 4 AR JEJIT SPo Hh 2 Rrdlk— 20 Ab B

2)  ARIT nt A 3 Rl R B G A AL T RORA B R AR T 28R i R AR {1,2,3 ) 3552 38 21 AT
5 KA h BT SP ;2 SR A T 25, T 281 IV 2820 30N A5 T fty 25751 NFs o 1) 784
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Table 6 Transition firing modes in composite service

R 6 AR IHR > AL kA AR K

AT fih R AR BT fiih R AR

CUg 1: Ni{s}—>Lio{s}+Lis{s} Cio 1: IPy{s}—>Lys{s}+Lss{s}
cUs | 1:Ly4{s}+Ls4{s}>CU{s} co, 1: CJ{s}—>Ls{s}

it, 1: CU{s}—>IP, {kss} 2: Cli{s}oLssis}

ity | 1: 1P {s} >N, {s} con 1: CJy{s}—Le{s}

its 1: Ns{k*s}—>IP,{s} 2: Cla{s}oLesis}

4 LW

41 XWHEHE

QPME(queueing Petri net modeling environment) 84 4a 242 — 2 3L F QPN [ M fig @4 1T H Kounev % A
i H] QPME X J2EE #k. B {7 & 1 fg U & 5 EFE )Y SPECjAppServer2004 HEAT HEAE, 1) 5145 J & W,QPME 1.
LA AR g b Sz N T 2R 455 110 1 fi A A0S

A QPME X4 H RS- e R AR AL L IR 45717 s BRI 20 45 M 45 A5 B AT 7 L, 23 BT 7R AN [ 1) 2 350 HR
28 F0 P S I ) T B P R AR L (0 R B i IR B R AR S AT %5 s (WA Ik 28 (throughput)X  FH S 34 1 )& 15 (]
(mean response time)T~ 7 s A ] # (utilization)U . 1155 s 1% K F (loss ratio)L Fl 58 B % (accomplish
probability)A, 1 ELEE I B (5 X 1) (c.i) A 95%. KT L RIS AR s B I IR R 3 55 2 38500 A 1 32 32 AT
S5 4k o BIIAAT A H0H (0 b2, 58 IR R F8 T RS2 AT 45 s BT 58 LA HE 31 4k IR 45 (4R I R 28

M55 715 s s B 6 s, K F T s e BA B RS 2 3 5 BA 71 Pt Q(G/M oo/ ISYRE AU AR S [ AT 55 7 AR V.
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Fig.6 Experimental QPN model of service node
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Table 7 Firing modes of transitions in experimental node

RTSEIRT R FORT I (K AR T fih S A

BT i 2 A5 50 BT fih 2 A5 5
1: NF3 {fi } >FR; {f;} 1: FRy{fi}+NFs{v}—>SC,{c,}+SC;{c,}+SC {c3}
rty, 2 : NFg{fz}—)FRz{fz} rt, 2: FRz{f2}+NF5{V}—)SC1{C]}*’SC]{Cz}*’SC]{Cg}
3: NF5{fa} >FRa{fs} 3: FRa{fa} +NFs{v} —-SC, {c1}+SC, {C2}+SC; {C3}
1. NFs (s} >FRs {s} 1 FR3 {8} >SPy (s}
rty; 2: NF(,{O}—)FR3{O} rty, 2: FR3{0}—)SPO{0}
3: NFo{W}—>FRs {w} 3: FRy {w} —>SPo {w}
1: Q{s} >SPy{s}+Q{s} 1: SPo{s}+SCy{ci1}>SP;{s}+SC, {ci}
Nty | 2: Q{o}—>SP{o}+Q{o} Nt | 2: SPol0}+SC,{c1}—>SP, {0}+SCy{ci}
3: Q{w} —>SPo{w}+Q{w} 3: SPo{w}+SC;{c1} >SP1{w}+SCi{ci}
. ¢
:Z 1;ZE;ii;::i:i:iﬁiZ?ﬁSCdcd Nte | 1: NFa{f;}+SC1{C1}+SC, {2} +SCy {Cs}—>NFs{f,}+SCs {2} +NFs fv}

i QPME HAG W AR 3 AN S 455 I T) AR S ) B 4348, B B SR F — > BA B J9T (G/ M/ 1/PS) Ik ) AR ST ¥ 21
A ) AR AR E AR IS T ROk BN SR TV 28R WA 1) 2 BA B A 2 7 R0 i 45 1% a5 1) 5 4.
FRi 73 BIASALL T 28~V 28 S B0 1 S I 1) 23 AT EE P SA K B ER FH R IR 45 RO EY (1) s AR AT IR B0

B 4571 r BA A P IO 0 0 ¥ B LR 8, 3L HPY AT 45 BT JIR A 1AL 43 A, MR 45 Adk BER IR i) R0 2 358 Ak A2 1) Ok A4

oA RN R BRI IR 23 53 A -

o pn(1)=5%;
* Pn(2)=45%;

Pn(3)=36%;
pn(4)=14%.
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Table 8 Queueing places used in service node QPN model
&8 MRS KU BAA Py e LR

JE P AW WHARME BAISRA SIS p,
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SF () () G/M/w/IS 0.000 02

FR, (1) 0 G/M/1/PS 0.000 1

FR, {f,! {0 G/M/1/PS 0.007
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Table 9  Firing modes of transitions in Experiment 4

RO LK 4 IR AST il A B

BT i A AT 5
cUo 1: Ny {s}+RP {r;} >L 2 {s}+L 3{s}tRP{r;}
2: Ni{S}+RP {r} L {s}+L13{S}+RPi {12}
cu 1: Laa{s}i+Ls 4{s}+RP2{r;} >CU{s} +RPy{rs}
3 2: Lra{s}+Ls4{S}+RP>{rs} >CU{s}+RP,{r4}
- 1 No{r}+RP {r1 }+RP2{r3} >N {r}+RP; {r,} +RP,{r4}
' | 20 Ne{r}+RPy {r2} +RP2 {14} —>Na {r}+RPy {11} +RP, {r3}
rp, 1: Ly {s}>N¢{s}
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ct 1: CO{s}+CA{a}—>{}
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Fig.11 Simulation result of Experiment 4

Bl sz 4 T RS R

3 M S0 2 R AT IR 5 NG TR BT SF S H py d N I R AR 2 R B 1 3 i B )9 D AT 5
S8 SRR I AN 7] A2 96 T MR 45 71 NG I SR S0V 00 28 45 e 55 B A R 1) S i AN T 10, AR QT R

1) FEIF RIS AE TR AR N (K RO B A AR L5 W 55 (K RE S Wi 23y 1 A B, BA N AN )28
Jt SF ¥ py #HUAE 0.000 02 2 5.2 N, H py BUE K T 0.000 02 I, KA N, A 2K 244 A1, 21 & ik 55 1)
- B8 W N2 I TR) 9 A AT 55 5 OB 82 85 2 N B9 py B/ T 10,0000 02 I BT N 1R 2R 280 11 P IR, 21
3 MR 55 [0~ 350 i J3 I 1) 22 A AN K (B 55 5 BOBE AT T3 v o ] DL, 24 N (R RO A R T N 1)
RIBCRE A RIS N Ny PR~ 850 W 7 IR ) FE N 9 5 B 5 i 76 1 AT IR 95 9 A R , T 55 5 IO 5 U A
Ny A N3 X /] 5 5

2)  FEEERAFR TN RBORAEFR M REAR S T B G MR S5 1 2000 1 I [ K 92 A 55 58 UOBE A PR
2 w5 e R N PR A R (K=3) JBOK T L6 2 45 R 45 ek 1 5

3)  AEIFRILA KA TN (1RO B AR AR AL 15 Wi 55 (1 P RE S i the 20y 5 A B, BL N A1 N 1R 22 P

© HEBEERAET hipd/ www, jos. org. cn



RE 8RR IR A B A IR S AL AR S AT 711

SF # p; #BELAE 0.000 02 4 .24 N5 # py BUE KT 0.000 02 I, Bl N B 2 23002 B BRAR, 41 & IR 45
S5 i [ BT 1) AT 55 56 O 26 28 A AN DR 24 Ns 1) py B /N T 0.000 02 IS Bl Ns PR 2K 28026 1) BALK,
S B TR 45 11 3589 v 7 N 8] 99 20> AT 45 58 BOME 564 5. B b ] DL, 22 Ns 1) 2R 380K A2 BRAIG T N 1 2R sk A2
R, NI N 1) P 347 1 7 Bsf (1) AT 45 56 O3 Bl Ns 58, B B 8 58 58 A IR 25799 s e B 17 Ns FUR 4
GRS T 305, XA T H R I GRS H IR NI DO 24 R 25 1 e 5 il () 2R ALt 34 L 451 4%
4)  FEEAFRFR TN, BIRROR A R BT & 5 S04 A 55 101 2 i 1 F 180 95 2 AT 55 5 St 2R 38 m R
AT B Ik AT L, NS + SOP PR IE PR MER p=30% B FFAE T N, X045 IR 55 MR 1
AR
SR 4 P B RN 1 S A T B g5 AL A R IR — B (B AE B AR LU 6 R AP 2
S FUSC R PR, T B 20 A I 45 1 22 B0 A8 o0 R R R AT JE B B 52 ) L v B3 40 v T A1 8 1) 17 460 5 n 42 2% e ik
AU Sl A A S B VS 5 100 A MRS58 AT Tk R 1 3 BT 8 ) 3 2 A PR 9, 11T 55 - HEBA Petri MY (9475 2T
AT 5 VR BE RE R A5 IR 25 (1 3 R AT b, )RR 8 = o B L BE AR AR, B A B DR BB TR R AR SC U I 1
AR 25 N A 3 53 AT T ERREANA BL 0 2 ASR W T-HEBA Petri 199 A4 B8 2 AT B 284 190 A 250 2k

5 LRiE

TEAHRE S AR EE R KSR A5 5 AN T e KA e T SE Mz AT A e g5 v SR 4t
(K9 AN W35 £, 2 5 1 55 (0 405 4 BE 00 52 2%, 20 285 88 i, BIAT (10 28 68 20 T 5 9208 3 8 BE ) AN AL DA W AR S AT
X BAAT I 5 W 55 384T 3 5 SN RZBAR ML 3 T 2 THERN Petei W IR 20 45 1 55 P RESEASE L5 20 #7051k
T VRN M 55 L5 IO AN [R) A 9K 2R, 26 FEAN (] (189 2R A S RIS TN ) e 52 SR ) 1P R 1) 5% iy ) P HIE BN Petri 14
X i 55 B e AN Ml 9571 s HEAT A, JF AR MR 95 10 A8 T 0% AR 2B AL 5 IR 55 O P RE VT A B R AR e R AL
QPME 1.01 #P-IGUE T P REAL AL ) 52 B 20 8 0. 529 45 AR W1, 07 WL RS 52 B0 2R 0% . P IR () T
AR A AE AL A3 IR 55 PR REVE A FH IR 52 Wi, AT AR g (X AT PR AT Rk 5 BAT 4145 M 55 1k B 20 A VAR B, AR S
P IT R AL A T
1) IZT5 1% 855 A1 H LB R 0,8 AN [7] e Bt 32 e PR 2 2001 0 AN ik 52 SR R 4T T 0 M, AN T
TR T R A5 253847 LA
2)  RERBORK S AL B G HEBR Petri 194 FUL M I AR 7%, JU G 00 75 8 SR R I 95 715 R gAAT I R A
IS, AT A o R 280 1 VK SR A B A1 DA %k P 49 S 204 (1 20 A AT 28R e 17 Pk SRAT DA 1D 5 20 ) AL
3)  AEFHHEBN Petri WXl BERR A AEA RIS H R R RS R JFRILE &) N
J R A A B 55 AT T SR, RE R MR S o 7 00 il 55 AT 1 ok, B T A e R A R
4) 5 ECARYE RE Sy A E BE S 6 AN [R] YK 52 D5 1% IR A P A 3R AT A W, Tt EL A 1 v At A
AT BT AN 28 PRI T 1AF SR 55 2R 48 R R AR SRS St T SR IR B
ASTLIET AR 55 K0 BRI TR0 2R R4 A8 52 I 1) i M1 K0 A1 B RS AR 4519 m 3R 2RI 5 I B BoAT — 2
)5 BRAE AE R — 25 1) A rb BT 4k 22 58 35 41 5 MR 55 1k RE 23 e 2 240 416 2R 28 I U A e 52 S 1) 5 F 23 A s
2.0 FATRERIE T T DL A A2 215 1 55 B P B2 1 DI 4i t 1 B 20 AT ASE 284 T A AT ) J 2 2R 5.

Bt 0 Kounev L3 AEHEBN Petri M5 H AT QPME 1.01,%5 T A SCHIFFT T A (19355 Bh. 90 B B 44
P 5 A SR A B A S S R

References:
[1] Papazoglou MP, Traverso P, Dustdar S, Leymann F. Service-Oriented computing: State of the art and research challenges.
Computer, 2007,40(11):38-45. [doi: 10.1109/MC.2007.400]

© HEBEERAET hipd/ www, jos. org. cn



712 Journal of Software #fF% 4R Vol.24, No.4, April 2013

[2] Hyun LS, Ryeol SD. Web service QoS in multi-domain. In: Lee S, et al., eds. Proc. of the 10th Int’l Conf. on Advanced
Communication Technology (ICACT 2008). Gangwon-Do: IEEE Computer Society, 2008. 1759—-1762. [doi: 10.1109/ICACT.2008.
4494123]

[3] Teixeira M, Lima R, Oliveira C, Maciel P. Performance evaluation of service-oriented architecture through stochastic Petri nets. In:
Proc. of the 2009 IEEE Int’l Conf. on Systems, Man, and Cybernetics. San Antonio: IEEE, 2009. 2831-2836. [doi: 10.1109/ICSMC.
2009.5346593]

[4] Sato N. Trivedi KS. Stochastic modeling of composite Web services for closed-form analysis of their performance and reliability
bottlenecks. In: Kramer B, Lin KJ, Narasimhan P, eds. Proc. of the ICSOC 2007. LNCS 4749, Berlin, Heidelberg: Springer-Verlag,
2007. 107—-118. [doi: 10.1007/978-3-540-74974-5_9]

[5] Zarras A, Vassiliadis P, Issarny V. Model-Driven dependability analysis of Web services. In: Meersman R, Tari Z, eds. Proc. of the
Move to Meaningful Internet Systems 2004: CooplS, DOA, and ODBASE. LNCS 3291, Berlin, Heidelberg: Springer-Verlag, 2004.
1608—1625. [doi: 10.1007/978-3-540-30469-2_48]

[6] Cao KQ, Gu Q, Ren YX, Chen DX. Reliability and performance analysis of Web service composition based on DTMC. Computer
Science, 2009,36(1):179—-182, 196 (in Chinese with English abstract).

[7] Cai KY, Bai CG, Zhong XIJ. Introduction to reliability models of component-based software system. Journal of Xi’an Jiaotong
University, 2003,37(6):551-554 (in Chinese with English abstract).

[8] Xie B, Chen Y, Sun XH, Jin H. Performance under failure of multi-tier Web services. In: Werner B, ed. Proc. of the 2009 15th Int’1
Conf. on Parallel and Distributed Systems. Shenzhen: IEEE, 2009. 776—-781. [doi: 10.1109/ICPADS.2009.84]

[9] Abudhagir US, Shanmugavel S. Performance optimization of tree structured grid services considering influence of error rate. In:
Proc. of the 2009 Int’l Conf. on Information Management and Engineering. IEEE Computer Society, 2009. 471-474. [doi: 10.1109/
ICIME.2009.60]

[10] Lu CL. Queuing Theory. 2nd ed., Beijing: Beijing University of Posts and Telecommunications Press, 2009 (in Chinese).

[11] Wang YZ, Lin C, Yang Y, Shan ZG. Research on manageability of grid service model method and management strategies. Chinese
Journal of Computers, 2008,31(10):1716—1726 (in Chinese with English abstract).

[12] Lin C, Wang YZ, Yang Y, Qu Y. Research on network dependability analysis methods based on stochastic Petri net. Acta
Electronica Sinica, 2006,34(2):322-332 (in Chinese with English abstract).

[13] Bause F. Queueing Petri nets—A formalism for the combined qualitative and quantitative analysis of systems. In: Proc. of the 5th
Int’l Workshop on Petri Nets and Performance Models. Toulouse: IEEE, 1993. 14-23. [doi: 10.1109/PNPM.1993.393439]

[14] Kounev S, Buchmann A. SimQPN: A tool and methodology for analyzing queueing Petri net models by means of simulation.
Performance Evaluation, 2006,63(4-5):364-394. [doi: 10.1016/j.peva.2005.03.004]

[15] Kounev S. Performance modeling and evaluation of distributed component-based systems using queueing Petri nets. [IEEE Trans.
on Software Engineering, 2006,32(7):486—-502. [doi: 10.1109/TSE.2006.69]

[16] Kounev S, Nou R, Torres J. Autonomic QoS-aware resource management in grid computing using online performance models. In:
Glynn P, ed. Proc. of the 2nd Int’l Conf. on Performance Evaluation Methodologies and Tools (VALUETOOLS 2007). New York:
ACM, 2007. 23-25.

[17] Nanda MG, Chandra S, Sarkar V. Decentralizing execution of composite Web services. In: Vlissides J, ed. Proc. of the OOPSLA
2004. New York: ACM, 2004. 170—187. [doi: 10.1145/1028976.1028991]

[18] Kang XT, Liu XD, Sun HL, Huang YJ, Zhou C. Improving performance for decentralized execution of composite Web services. In:
Bilof R, ed. Proc. of 2010 IEEE the 6th World Congress on Services. Miami: IEEE Computer Society, 2010. 582—589. [doi:
10.1109/SERVICES.2010.38]

[19] Briining S, Weilleder S, Miroslaw M. A fault taxonomy for service-oriented architecture. In: Cukic B, Dong J, eds. Proc. of the
10th IEEE Symp. on High Assurance Systems Engineering. Dallas: IEEE, 2007. 367-368. [doi: 10.1109/HASE.2007.46]

[20] Tang Y, Jin KY, Zhou K, Song CY. Fault taxonomy method for Web services. Journal of Hu’nan University of Technology, 2009,
23(2):73-76 (in Chinese with English abstract).

[21] Avizienis A, Laprie JC, Randell B, Landwehr C. Basic concepts and taxonomy of dependable and secure computing. IEEE Trans.
on Dependable and Secure Computing, 2004,1(1):11-32. [doi: 10.1109/TDSC.2004.2]

[22] Guo SC, Yang B, Huang HZ. Modeling and analysis for grid service reliability considering node recovery. Journal of Xi’an Jiao
tong University, 2008,42(6):693-697, 790 (in Chinese with English abstract).

[23] Wu M, Sun XH, Jin H. Performance under failure of high-end computing. In: Verastegui B, ed. Proc. of the ACM/IEEE Super
Computing Conf. 2007 (SC 2007). New York: ACM, 2007. 1-11. [doi: 10.1145/1362622.1362687]

© HEBEERAET hipd/ www, jos. org. cn



RE 8RR IR A B A IR S AL AR S AT 713

[24] Kounev S, Dutz C, Buchmann A. QPME: Queueing Petri net modeling environment. In: Werner B, ed. Proc. of the 3rd Int’1 Conf.
on Quantitative Evaluation of SysTems (QEST). Riverside: IEEE, 2006. 115-116. [doi: 10.1109/QEST.2006.44]

M Hh 3055 S0k

[6] Rk DX AT BHr MR IE & RS- AL A rh 25T DTMC ) al S vk R B 20 A+ SEHLRF%,2009,10,36(10):179-182,196.
[71  Z&TF 0, A BRI AN ZE R A 3R 8 1) AT M PP ASE 28 1 A1 22 Al K 2 2441 ,2003,37(6):551-554.

[10] Fhif 3 HEBA R 5 2 i,k 3T b 5T M Fi 2% H A A, 2009,

[11]  EJCH MR 3, 50 W I 45 ] 7 3 Pk A 7Y SR AE 5L v AL 24 412,2008,31(10):1716-1726.

[12] #RP,F TC 5 44, W47 55T BEAL Petri W9 1) 199 48 1T {5 Mt 4 23 B J7 325001 90 HEL T 272 41,2006,34(2):322-332.

[20]  FHIM, AT B AR AR B Web JIR 45 2R 043 8325 08 e ol K 2% %4 41%,2009,23(2):73-76.

[22]  #BBLE AU, T BB 2 HE YT RO K2 R T 1 PR IR 25 T S R AR 5 A3 BT TR 4 A8 8 K 2% 2% 41, 2008,42(6):693-697,790.

M 3%

(1) HEBA Petri 9 () 3 A HE 25
QPN 1T LB A b & S —A )\IE4L(P,T,CI7,1 7 Mo,Q W), o,
®© P RIAETAH BRIET (place) 5 (P1Pas----Pp);
@ T IR BRARIT (transition) 8 75 (b, . tr);
® PNT=@;
@ C PR, C:PUT — D CHEREAPET p AW B — A B AR C(p) JEREAAILT t ARG 3] — A
AR C().ARAUZ Ui,p ATt o 1A 2 W (token) # 8 T U4 S 2
® 171 "4l PxT 1A ) BT 1) DG I s 28 A A5 0 BT (p,t) e PxT
I=(p.0),1"(p.):C(O—>C(P)ws;
® M, N CPN ARG FR RS T A peP #I My(p)eC(p)us;
@ Q=(Q,Qu (a8, Gp)), FHh,
o Q PRI BAFU T
o Q,c P ERWEIAFIERT H Q NQ, =T
o W pi A BAF R BT, IR 4 0 R s EAA C(p) T A VE I A S py A 38 2 BT, TR 4 0 S TR
B null;
W= (\NI,WZ,(WI,WZ,...,V\I‘T‘)), /H\L["a
o W, T Ko 255E,;
o W, cT RRBFINAET, H T =W, UW,,W, "W, = 2;
o Wie[C(t)> 9 IR T AT ceCt) AT Uikt 2 N A AR TE, M4 wie)Hiid T 5506 ¢ 47 KK
TR AR T St i IS S (R 26 53 A BRI R € A I I AR, IR 4 wie) iR T 5 e © A7 D% IR ik A I fl
R W RUAH.
QPN 45 #) 70 2% .35 BA ¥ [ JiT (queueing place). i@ JZ JiT (ordinary place). I [i]483iT (timed transition). [
Ff A8 if (immediate transition). 3K (arc) 144 ¥ (color token).BA 51 22 AT i ids EL A5 B8 AL AR 45 4R 10 (1) Mk 45 b BEAT
h ELEE BA 1 (queue) B A7 i (depository). 3 18 22 JT i 18 1] fit 1) 22 40 JR SR 2 (B A BRR B0 ); I8 [A) AR ST ik B
F E R AE P L5 AR 2R ZEARAS 10 o8 3 I AR A R 2R GRS SO 6 A SR 1 = SRS R 4 2 R ) 2R R
AR A TR TR AN [ S B P I 45 S 441
(2) MRET S MIHEBA Petri PR 7R H AR T Hl A
3 AR HIA LR 10 AR 11455 AX) > (R0 x 7EARTH i FE P A 3T 5 1 5%

© PEBEBSAITT  hip:/ www. jos. org. cn



714 Journal of Software #f+% 4R Vol.24, No.4, April 2013
Table 10 Firing modes of transitions (rt;, ft;, et;) in service node
F 10 MRS AU ARIE vt f A ety Mk A A
AT fin A L3S i A
1: NF; {f;}+NFs{v}—>Repl{r} 1: NFg{s}—>Redo{s}
rti | 2: NFs{fo}+NFs{v}—>SC{Ci}+SCi{C2}+SCi{Cs} | rt: | 2: NFg{o}—>Redo{o}
3: NF3{fy} +NFs{v}—>SC, {c,}+SC 1 {C,}+5C {3} 3: NF¢{w}—>Redo{w}
1: NF, {f}>NF (f;} 1: NFo {f;}+SR{r} >NFs {f; }+NFs {v}
ft 2: NF; {f} >NF, {f,} 2: NF2 {f,}+SC {c|}+SC; {c2} +SC) {c5}
2| 3 NF {f}oNRy {fy) @ —NF3{f,} +NFs{v}
4: NFl{f}—)NFz{f4} 3 3: NFz{f3}+SC6{C4}*)NF4{f3}
1: SCs{z}+SC,{e;}+SC,{e,} 4: NF{f4}+SCy {1} +SC; {c2}+SCi {cs}
oty —S5Ca{e1}+5Ca{er}+SC4s{d} —NF; {f4} +5Cs{z} +NFs{v}
2: SCs{z}+SCs{e1}+5C;{e2}+SC5{d} .
—SCa{e1}+SC4{e2}+SCy{d} ety 1'SCS{ZHSC“{e‘}+Sc4{fézsfe“{;i}sc (62} +SCs 1}
ft, | 1: SE{f}>NF; {f}+SF{f} ST RTINS
Table 11  Firing modes of transitions nt; in service node
F 11 RS A AT oty I il R B
E3is bR A AT fitl R A5
1: Fork{s}—>SPo{s} 1: SPo{s}+SC; {C1}+SR{r} —>SP, {s}+SC, {c;} +SR{r}
nt, | 2 OW{0}—=>SPo{o} 2: SP({0}+SC;{c;}+SR{r}—SP {0}+SC; {c;}+SR{r}
| 3 EW{w}>SPy{w} 3: SPo{W}+SCy{C1}+SR{r} —>SP; {w}+SC, {¢1} +SR{r}
4: Fork{r}—SPy{r} nt, 4: SPo{s}+NFs{v}>NFs{v}
1: SP,{s}—>SP,{s} 5: SPy{0}+NFs{v}>NFs{v}
nt; | 2:SP;{0}—>SP,{0} 6: SPo{W}+NFs {v} —>NFs{v}
3: SP, {w}—>SPs {w} 7: SPo{r}>SR{r}
RN e 1 NP {5}+5C, {63} +5C; {62} >SPs {5}+5C, {65} 15C: {e1}
: SP3§3/}} +SC6{{(;;4}}:SC6{{$;4}} 2: NP {W}4SC, {C3}+SCs (€2} »SP5 {W}+SC, {C3}+5Cs {e2}
nts | NE 5P 6{5}“_)NF {53}4 3: NP{0}+SC, {C3}+SC,{e2} >SP3{0}+SC, {C;}+SCa {2}
. NF“{fHS;{O}_)NF"{O} 4: NP {8}+5C, {C3}+SC; (€2} —>SP; {8} +SC, {3} +5C3 {€2}
6. NF. {11-+5P tw} >NFofw} 5: NP {W}+SC1{C3}+SCs{e2} —>SPs {w}+SC, {C3}+SC; {e2}
4 3 6 6: NP {0}+SC; {C3}+SC3{e,} »>SP3{0}+SC; {c3}+SCs{e,}
1:5P2{8}+3C, {C2} +SC, {1} NP {83 +5C1 {c,} +5C. o1} 7: NP’ {S}+SC {Ca} +SCa{e2}>SPy {8} +SC {Ca} +5Ca s}
2:5P,{W}+SC; {C2}+SCs (€1} >NP {W}+SC,; {C2}+SCa e} Nty | 8¢ NP'{W}4SC, {01}+SCs 6s} 3P (W14SC) (Cs}+SCs (en}
3: SP,{0}+5C,; {C2} +SCy{e1} »NP {0} +SC; {C2}+SC, {1} 0 NP {0} +S0, {Co1+SCy {621 —5SP2 10}+SCs {Ca1 #SC fe]
4: SP,{s}+SC;{C2}+SC;{e1} >NP {s}+5C, {C,} +SCs {e;} 10: NP{s1-45Cs {d} ->5Cs {d}
nty | 3F SPAWIESCI{Co}+SCs e} NP (W) +SC: {Ca} +SCs o1} 115 NP {w}+SCs {d1SCs d}
6: SP,{0}+SC;{C,}+SCs{e;} >NP{0}+SC,{c,}+SCs{e;} 12: NP{0}+SC4{d} —>SC4{d}
7: SP,{S}+SC; {C2}+SC4{e1} NP’ {s}+5C, {C,}+SCq e } 13 NP {51 45C. (d} —sSC. fd
8 SP>{W}+SC, {C,}+SCaler} i NP,E\SI\,}}XSC-*}{{J;S&{J}
NP} +SC, {C}+5Cafer} 15: NP’ {0}+SC {d} —>SCs {d}
9: SP,{0}+5C,{C;}+SCa{e1}— NP'{0}+SC; {C,} +SCafei} ‘ d g

BRZE (1977 =), 5, 1T I K 42 AW 4 2 U
ili,CCF 2 b3, 3 B0 T 400N 194 46 5 ik 55
S

E-mail: jgu@seu.edu.cn

FER(1960—), 5%, 1 L 8z, i LA
Jill,CCF w2k 23 b3, LSBT T~ — AR
P 5 1 2 G 0 T L R P % 2 4, v
SEICE R

fl. E-mail: jluo@seu.edu.cn
i

ERE(1967—), 5,18 &, B, 1l L
Jili,CCF i 2 2% b3, 22 BB ¢ Ul Ay Y 2% 22
G IS5 T AL U S R AU BOR.

E-mail: Jx.cao@seu.edu.cn

2= 5(1978—), 5, 1 1 5 #2 CCF 75k
S5 TR SN T 1 4 i R 4
Ho BB 25 741

E-mail: xchlw@seu.edu.cn

© PEREEBEARETT

http:// www. jos. org. cn



