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Abstract The workflow net with data tables (WFT-net) has been proposed to verify the soundness of business processes.to en-
sure the correctness of business logics and the satisfiability of data requirements. In some cases, the static data refining strategy
may not reflect all possible execution situations of the business process,which can cause problems such as poor detection accura-
cy. To this end.a new dynamic data refining strategy is proposed in this paper. First.a method for evaluating the status of tables
and predicates associated with the written data element in the current state of the WFT-net is given,to capture real-time changes
in data-flow status,and to fully reflect all reachable states in process execution.so as to avoid the loss of the execution path. In
addition, when the process execution is caught in a loop that will cause the data-flow status to be updated infinitely, the data as-
signment rules are appropriately adjusted to avoid the consequent infinite state. Then, the soundness of the business process is
verified based on its all possible execution situations. At last. experimental results based on different business process instances
show that the dynamic data refining strategy is able to improve the accuracy of soundness verification.

Keywords Petri net,Data tables,Soundness,Data refinement, Loop structure

R4S Y A 4k B O T 8 WE A B E, W WFD-net™?,
WDGH , DPNIMY , WTCnet™ , {HJ2, X 26 T/E I K % &k
551 Bl Y R AR 52 BOHE B R 22 L, TR R R 4
TR B B 29 A BT SR (R RR B 75 350

1 3l

i

TE LA W/ 55 VAR 4 B AR G0 vk, N 1L 0 Yl 55 i AR B
AR S S BB AT O SR DA I s 2 A Ll 5 U R

RS R B IE A0 VERLE S AR A T O L B R OR W]
SISy . — TR A EED SR R R U S T TR
il TEFE AL I I H 26k AT AR T AR R M (WF-neo) #4746
PUTEST R A AE Sl 5 T R AN T e 2 R 42T L R IE
WABE R E D S SR R TC W IE W BA R RES L |
20 AR A T R A A BN . O b A RO U Y £ R AR R

FH H 1 :2020-07-20 & & H#:2020-08-20
HEeWH . BHKE AW LT H (2018 YFB2100801)

g ke 3 ) R, SOk (16 W 4R T A A RO R 0 TAE
W (WET-net) , JF NBHE TR M EF W T SRS,
HL3E TR 20 B0 SR I TE Tl S5 R 1 A HRE L A
AR TT R AR — RS AR I8 24 /7 550008 T4 A0 SC I3 1] 7 R
AT ARG B 2 )5 HOR MR (B 0R DR RN S . X P B4 G
oW H S E i (U

AR SCE A TF R4 COSID) L35 3 b0 — 4E S 3R BUkh 7o 15 .

This work was supported by the National Key Research and Development Program of China(2018YFB2100801).

EEEH  DEMN(cgyan2@163. com)



100

Computer Science FTHEMLFI2:  Vol. 48,No. 7, July 2021

SEBR Ll S Y AT OO0 O R K RS R B A
W22 1 B RS B R AR B AT AR W R AR L B
I8 70 28 4R 24 I — B RS R 1B 7T R 2 5 BOPE AR T sl AR AT A
FEAR PR S5 1F B B 20K 72 T SCHEAT B . MG st gt , B e
WET-net {4 A B & G 38110 o (E 2 76 0 25 8000 R 6 3w
T AR E A

LWL, T LR R TR i pe b 3 1) B B T R AR
B 5 I R AR A 21 T R PR R DG 106 3 1) 110 R A AT R A RS
o ALY ke T BT Y Bk A s ey b AR 2 ROHRE R SR I
TS B TR A R DR A TR R SE R 7 S e, AR SO SEAR
I R R PAAT 24 IR 5 0 Bl 5 B T 3R AT R ORS L 4x T
Wl 7 AR BT AT T BE B PRAT AR 5 AR BT X 2 S EUR AR S TR
IR T SHT A1) 07 P 205 4 3 204 R 4 U (0 L DU IR o 0 A 45 44 )
PRAT U L L DR 785 T IR S o i G 3 A3 B I T 4 A T
Y IE T

2  WFT-net £ %!

SR RO AT 2 L AR T 7 B 3R S ML Z AT, S8 [ B WE T-net
AR A Fo FLAR G A& A48 2 A ML) AT sk D R B

EX 1 878 DN=(P.T.F,%.%,0,,0,,G) &—"1
WFET-net, £+ .

(D(P,T,F)&&—4 WF-net ;

(D DRE— A BRBHE R

DA={Ry s R,V E— D RRBHEE, b R, R,
SRR

WO, ={rd,wt,dt} T 1 B — B E Y8 T E B AE, Hp
rd: T—>27 swt: T>27 . dt: T—27 50 M BRSO B R4
P A0 25 PREK 5

(5)0, = {selyins upd ,del} R {1 — 21 B % F 484, H
Hhosel . T—27 2 25 ) B0 22 Hh oo 2l A @ P 09 bR 28 PR, ins
T—2" J& 4 TC A4 A BB P 0 FR 28 BRE upd : T2 TE
Bl 3R ool v AR AR R P B E 09 BR 2 SR AR T del: T—>2" J&
W B3 5 40 2% J0 A1 1) o 25 BRE

6)G: TG ~F T RE I8, K GnRR~F T
PRE SRS BT DR BRI E I= (x vmy s e, ) B
— AR FIRR L O T27 U 27 F R 5 3 TR AR S B 59 S0 98 o
EHEIRERAES

WEFT-net #8584~ 20 1 8 47 R S — A4l B, 8 X
nr.

EX 2 DN=(P,T.F.2,2:04.0;,G) & —4 WFT-
net, ¢=(m,0,w,0)4& DN [{—PHE, K,

(Wm:P—>N JLERMN (P, T, F) §4riH &5 Hp
N={0,1,2,} HAE B4 ;

(D0: 9T, |} FRRBANPIRITE d WRERS 0D =
THRRd CELEHdWS WA 0(d) =T, 0(d) =1 %
TN d A SE S d WMBRWA 0(d) = | ;

Dw: % =T, | }FREBEMEIER R MIRERE, 0(R) =
TH#/RR T L %2 /X R #1791 1616, Wk R 2
B XL w(R) = | #78 R KE X;

(o I {true.false, | } TR A ~ 19 AR,

o(m) =true /R 1 NEH ,o(m) =false £ n FB LM o)=L
TR d KB A7 IdREL; (1) (D=1 Vw(R)=_1, M
Holm) =1,

E—NBE c=Gn.0,w,00 P, (0,0,0) FCREHE TR
T34k s p: G {true, false, |} F/R B A7 TR BCAY AR AS
£ 45 B (true) B (false) H R E L (1),

EX3 DN=(P,T,F.% %,0,,0,, G)&—4 WFT-
net, BT € THEBE c =m0, w.0) HHE, B ¢[2), 4 H
4

(Dmlt);

) vderd)  0(d)="T;

(3 VYRE sel() Uins() Uupd (@) Udel(t) :w(R)=T;

(WD 9(G()) =true,

I MR RS A E N E . 2 ins(R)ERR
WINEIE R Py T AR LS del (R)FR R R T ER 1Y
TCAM R LA s upd (R) 7™ R VB 4T 19 JT 44 ) i 42
P B UR 15 2 BB T B LN wpd (R .

EX4 DN=(P, T, F.% 90,,0,, ®E—" WFT-
net, fERLE c=Gm.0,w.0) BRI AT (€ T Wifih k25 =4k
—NHELE S Cidh o [oC, Hr .

C={(m",0 & ") |mlt>m’

NYdEwt(): 0 (dD=T)

ANYdeEdi() . 0 (d)=_1)

ANCYRE ins(t) :0' (R) =w(R) Uins(R))

ACYRE upd(D) 0/ (R) =w(R)U upd (R)\upd(R))

N(YREdel(t) :0' (R)=w(R)\del(R))

NCY 7€ 4y (o) N Cwt (D\dt (D) F D=6 (m) = 1)

ANYa€ENVd,REL (x): ( (d)=T N (R)=T)=>
¢ () € {true,false})

ANV €ty (0N Gt Udt () Uins () Uupd () U
del())=Q=>¢ (1) =0(x))},

XS5 DN=(P,T.F,2,%,0,,0,,G)&—"1 WFT-
net, ¢ flc' 3 DN BITARCE . C HIC' 2 DN P34t B 4

(DWRAFAE 1€ TR c[OCMFR ¢ 8 C A —DBRK
A 2 (must-step) »iC K ¢ >, Cs

(D WMH >, C H " €CWE, B Lo, MARM ¢ 5]’
H—AT]BE & 4 (may-step) , I N >y’ 3

OURIFE DB E T I covcrssc, TR ;> ppcin
O<<i<n) % co=cac, =" UFR ¢/ W\ ¢ A fE Al 35 (may-reach-
able) , W Fx ¢ 8] ' FE7E — 45K N n 19 AT B8 & A B 42 (may-
path) .30 ¢, ¢

WIE C,={c}.C,=C,H C:.,={x€C' | IyEC,
3C:y = C UL €C IV € T —a[e) ) UFR C e 4R
A] 35 (must-reachable) . WWFR ¢ 3] C A7 — 4K n AU IRIE
A &k #AE (must-hyper-path) ,iCH ¢ > Co

4 C. A e R BT A A BE AT 35 e A B AR A .

EX6 DN=(P,T,F.% %,0,,0,, G) &—14 WFT-
net, co==Cmg, Oy wos00) NHITEEE.C, HX I EE, —
A LTL-FOARE A = (A, 4, ) F/R DN 75 B 2 1 %%
AR . AR R LU A A4 DN 25 Y,



B /)Nl L 45 < HE T WET-net B0 iE-A FVE Y 3 25 000 R 5 0K i

101

(1)DN J& ¥l A # A, B .

DYc€CN\C,, T, €Cric >puycys

2V c€C, :c[m]=[end] =c€Cy;

IVieT,.Veel, :c[t),

(2)DN S&E4R A B 2 B ALY DN W 2 BT A $oiis 22
KLEIVA € AN:DNEX,

WET-net ) HABAA ML &35S WL SCHRCL7 ], AR A A

3 HUHITF
TERE 19 WET-net #5048 76 % 42 9= {aid ) »aid fI{E K
A BHIRQ .

HEMBEE o = ((start], {aid > 1}, {R=
{Caid )} oAm— L) TIEH o= [start ], | {Caid)} s
{L}),VZWPI*nctHfHEDUjCFfL%*ﬁ*EﬁﬁF%%ﬁEE‘ZE@
AR 2 B K B TR aid W HREIR AR aid,

M aid, o B UL BT 2 L 76 00 B2 v R PR BROA RUBAT — IR
B3 TR 65— 1, — () — 1 R AR IT 1, 2 REAE ,
1B ¢ R AT —
R
Aid
aid,
SEIEITES

select Aid from R
where Aid=aid

[ 7 y: -Null(select Aid
from R
where Aid=aid)]

dt: aid

rd: aid

[my: Nul/(select Aid
from R

insert into R(Aid) values(aid)| ~ Where Aid=aid)]

o
Q

13

L =é "
o

rd: aid s t
A A wt: aid
insert into R(Aid)
values(aid) select Aid from R
where Aid=aid
[ 7 : Null(select Aid|
from R Ps
where Aid=aid)]
ho

[~ 7 1: Null(select Aid
from R
where Aid=aid)]

(b) FE A 55 2 4 KR TR/ FARAE 5 T TR

K 1 WFT-net 524
Fig.1 Example of WFT-net

co: [starf],{L},
{(@id)}{L}

J

( o [p2].{aida}, > ( cy: [m]{andl}
{(aid))}, {tlue} {(aid,)},{false}

o g [Lnd] {aid,},
\(aldl)(aldﬂ} {false} {(aid,),(aidy)}, {false,

cs: [plAL
{(aid)),(aid2)},

¢ [pal, \a‘d }
{(aid, )(ald )}, fa]se,

v
s
{
I}

L}

cs: [pa].{aidy}, o], {aidy }, ¢ [ps] {aida}, cn: [ps) {aidy },
{(aidy),(aid2)}, ((aldl) (ald )} ((aldl) (ald )} {(aldl) (aldv))
{false} false} false} false}

’m lln

12! [end],{aid,}, ¢13: [end],{aid, },
((aldl) (aldv)) (ﬂldl) (ald )}
{false} {false}

B2 1 7E A B M R T A Y T ik
Fig. 2 Rechability graph of Fig. 1 based on static data refinement

FE1% WET-net ., R AT 0, Ml 1y EFH aid 15 #AE.
I 2 W] LI Y o, R T oﬁfiﬁﬂl?’i}:,aid WK A aid
M aid, STEAE ISR 7 K false, WAL AR T o B KA, X
SERRMAT — EETEIER £ — ¢ BIEIEW LR, [, Y4
L AEBLE o PR S aid BIRTIRE aid, F aid, W& AL IE
W N false,ﬁtﬁﬂﬁﬁ‘ to B RAER AR 1o 5 TR T
Kb X E AT (o WARBEIAT, B FIEAET., mukH
Wri% WET-net ZE8 122 A G,

AL, A LERSE o PAE)E aid TEBWAE aid, €
Q R4 7 BEAEITAL K true, WIS T ¢, A & AL, fi &
t BUATE HAGER ¢, — 1y, [RIVERL AR T o R 43 Bl 9 46 725 3T
WHT 3% WET-net $IA M E# 16 202 6 3 .

25 1 TR A B M Y 5 AR R LR B B RS R
L2 T ST 85 1 T R e SR s O R 2 B RO O Y S e A
b, JE R IE B S ol 55 R A A B . BRI AR SO I S
B RS B SR s EAT AR AL

4 d]lb\?ﬂ?&*ﬁﬁ%mg

Sy BT DR 990 SR 0 FE AT Sy M B O A AR ST SR (17 ]
e A 5 e T 0 B AR ST 3R A T 7 R i AN T A
AL AR AR AS (T H B0 R 1 304D LA BRG] I A AT g Y
IREE N (S B . wmEE M, B8 0 R 725 RS 148
i I R D0 S A TR R G TS 2 2R BB — IR 5 T A5 2
FIRE (B o K Pl B K A SR s SR AR R S 1Y

SR, b 38 35 b 3 e 2 B0 G 2 SRt 2 T T 40 BR &5 4 T
ﬁﬁégﬁﬁﬁﬁﬁﬂﬁﬁﬁi@ TB 80T AT S0 I B JE vk OE
1B, Bl S8 1 AT AT R E T vttt B IABLH
ca =L pyAaid, ) {Caidy) s Caidy) } o { false}) G . 28T ts B K&
HEAL i HE AR S B R SR W B i R 1 BB AR R 4 T
BARTOR SN aid HEATWRAERE M, B85 R — 21 & — i
WIE o BEPPAE S true ROAFHRAE  I20E X R — >80 9 TC B A
B3 W ) o TEFBLE T ARIE 6o A REMN M E 6, X4
ffifg s, MR E . WBES —HIATIER o —1, . B RIE B, W0




102

Computer Science FTHEMLFI2:  Vol. 48,No. 7, July 2021

B 3 . % WET-net (435 6 57 2R & FR 17,

e [p] {aids), )
{(aid,), (aldz)},{ false}

V(e psl, {ald }s (o] [P:] {aidy}, ! [Ps] {aid, },
|ttt | | {@d) i), | | (Gid) i)

i true} {false} {false}

v ocist [p4] {aids}, Cig: [cnd] {aid,}, [ [cnd] {aid, },
| {(aid)),(aid>), (aldl) (aldz)) (aldl) (aldz)}
i (ald1)} {false) {false} {false}

Yl ! E

¢t [ps]{aids}, \ 1 (" cio [!75] {aids}, Cito! [!75] {aid,}, Cirrt [[’5] {aid,}, :
{(aid)).(aidy), | 1| {(aidy).(aidy), {(aid)),(aidy), {(aidy).(aidy),
(aidy)}, {true} ) i (aldﬂ} {false (aids)}, {false} (ald‘;)} ’false}

1 ¥ i 10 1
ez [pal faidy}, iy [end] {aids}.) (g [end] faida).) (eas: [end] {aid}.

{(aidy),(aid>),(aid), 1| {(aid)).(aidy), {(aidy).(aidy), {(aidy),(aidy),

(aidy)}, {false} i (aud;)l {false} (aldq)} {false} (ald;)‘ {false}

Is oo oeeoooomsooooooooooooooooee

I3 1 MIER 15— o £ A R A B RS BRI T 1Y AT
Fig. 3 Execution of loop 5 —ty in Fig. 1

based on non-static data refinement

BRI 3 ] B, 5 AN T 2o 58 AT BR o A6 PR AT IR Bk & Ik
PEIR AN T2 3 10, FURRTE AR S5 1 3 o 97 4 25040 A5 5 OR & ok B
RS TCRREE A, B0 AR R E G ER 1 — 1o RBHAT — K,
X R £ &3, AR AT B A BCE o Z )R MR AT Ak L N i &
ty. DL BRI B ATES R H 2 s FE A2 WFT-net B9 11
i B 1% WEFT-net 753§l i 4 48 1 40 8 2 R A # Y .

FEAR E e PR FE AT s 48 1 FE 8 1, AR SO0 3 AR i S 4

PEAE R MG 4T U0 F 2 . WET-net M ¢, AT T F 5 -

o, PRECE ¢ UBIEILE d EBLE c WAET e B,k
%‘“HE - A 3 5 2 AR e SR s X @ AT A L A5 3RS MR 1 4R
B VY EMN B c AT REN KR E & . H DN 17
HE—ANHEEF RIS d HEWET O ik 25 R AL
6 ¢ K Vo R T e BE L LR MR E S Vo fER J
FE o B e TR AR RS A WL VOB d fE e e B
B X L S R AR A V.

DR 1 Il B 25 0000 O R W 28 L AR W R A 22 L R T
AR R AR A 2 A B 2 AR OG 1 I 1 R AS R B R ST R AT
TG 048 4% 140 08 =2 oA R 2o 1 50 W 0 R 3 5 R 1 Sl S 4
TEAE R E X PR N s SHIEE HR R BN RB W T .
DN J&—A WFT-net, ¥R E N o, WV AEIRITE 4
TEFLE ¢ $ARKT ¢ 5 AR R ORI ESE . WM o Bl c A
n (n=>1) %% ] G AT 38 PR A% L 15 45 X RF 1 B A2 X0 7 1) A 3 & 2F 7
B A st tinte, A<i<n) B, = {z; | 1<<i<<n},

T TR ERIL, A BoRR d MEE. 2RS4 X
BRI A BIE RS L, R85 d M E 0 i A 18 36 1 48
A VY BT BRI 1 TR
ik 1 AR d MREHERELSE VY
Hi A :—1 WFT-net DN,c¢,.d,c.t,By
iy s — SRR IR AR V)

LA VS =0, 9F 358 B
2. Bg=Q A Iy=0 then
3 (FTEE: t€E AT EC, : co>may¢ iy cAc'[0) then

Ayl — el
4. S V=V

5. else

6 M BTk — o0& IR vy

7. end if

8. else

9. il %7 then

10.  for VR € %, do

11. TERC & o F# d 0670 Rih i T A (R 8] v’ s

12.  end for

13, M BV H T3t

14. end if

15.if ;7 then

16.  for Vm € My:0(d)=T=0s(x)=T do

17, if Vi AR C R AR =l (resp. ) then

18, M By Hse st — Al N B (resp. ) I ICFE d; (resp. di) B
# VY

19.  end if

—AER AR vy

20. end for

21. end if

22.if V€ Eo: (g tyoeteety, A IUEGT
0(G(t")) then

23. BBk Vi i A i GO R ITE

24. end if

U Uli;,,: \{l"'li;m p.de

25. end if
26. fith Vi =V,

B, G181 AT LR AETFI o nnatt BEATCE
ca= (Lpi)daid} s {Caid) s Caid) ), {false}) 5 AG IR ¢ —
to TEREH: 1 A Sl BB RS RS T B AT IS OL an 8T 3 rh i 4k
MEFT/R . 24 aid 7€ co % s B I, 7143 Vo = {aid, » aids ,
aids } W ¢ & o, B VI =% = {aid) said; saids } . A3,
Vi =laid, said, saids said, } WL o st tatitotsto (845 15 €
OVHAFTE o €650 Ut \tg s t0 Vi1 aid € 0(G(110)) 1 V)

aid
A aid, BETE o 13 G(no) R L AT 3 Vi, = Vil

{aid, } = {aid, said, saids } .
R LA ERR o BF SRR L IE IR £ — 6o B FFPRAT T 25 BE

BN ERAT I o S0 BE AT 5, AR X A IE#HI 1Y,
B, B 1 TR By Bl A B A SR M BEAE AN X R R AT g
AT BEAR W AT T . IE 58 S e WET-net #5 l 3E BT 78 1) WEF-
net fY4 M,

5 SKESHT

5.1 RSB TARE5EH

25 E WA B, A U T CPN Tools B4l WET-net 7£ 3]
B SR R BT A R B A BUAT I O, 399 WE T-net 9 &
PP, DA 1 A A8 %% WET-net B9 8088 75 2R B4 aid
HAEP M — kA PP 56 2 B BRI T .

(1)1 CPN Tools H4ii A WET-net #3541 & 4 (a) fF 7%
P v e U ME XS B WEF T-net (9 95 il 5 LA B 28 3F b 09 8048 oo
FARAERIUE 20 50, 21 €0 [RTHE X 07 AR 3 - 09 3008 PR R A

()5 AR E MW IR TE &, AT 1 4 7] R AR AR 3 19 7 51
TE M AR o e IR 1 0 S B U0 R RS R (4 L G



B /)Nl L 45 < HE T WET-net B0 iE-A FVE Y 3 25 000 R 5 0K i

103

BEMRTLE o= ([start],{ L}, {Caid) s { L), AT
AT RAETEIN titatstatits tatstststotstro 3T FEH . aid WK B
Loty sty sts sty BB aid FREHR 5 IR,

(3D K 5 4 A8 5 U7 )5 90 8 5 A 5000 G e 1 T R A5
F KA CBD end FEFT) . 25 AN HE, W WFT-net A& ;#5766
DU 560 TE 2 1 R 2 00 B3R 2 2 5 0 AR TR T B T R A AN
W2 W WET-net A& 3L 20 2 L 10 5% B A 242 3T A7 7 91 b
WA A B BT A, M WET-net NG #; &0,
FIE WET-net JE & H B, GlU, ntatstatitstatitotstotstio 18
“aid, said saidy said, said;” X 4 AR AE B E T A8 B 1k &
S FLBOHE BE P ORTE A R e 4 B R BN T ok a4
(DY iR, HA AT 00 5 M 28 oL, e A R FE R B . S50
WEL B 1 WET-net 7€ 8) 2 8008 K # R ws T2 & 220 .

< CPN Tools (Version 4.0.1, February 2015) - o X
Motiv Exam. - Binder 0

Al

r

None |
(a)CPN Tools H1) WFT-net
¥ CPN Tools (Version 4.0.1, February 2015) - o X
Motiv Exam. - Binder 0

n,r) TR
1' ("aid1") MA [r="aid3"]
R i) 1 "aid1"|

Aid
None |
@ hibbhlzhlylshilylglslotsty
¥ CPN Tools (Version 4.0.1, February 2015) - o X
Motiv Exam. —_ Binder 0

17 (Maid1")++1" ("aid2")++1" ("aid3") 1" ("aid4")++1" ("aid3")

d
t9 t10
Y 1(1 “aid A [r="aid3"]
4 1" "aid2"++

1" "aid3"++
Aid 1" "aid4" |

None

(o) 72 5T %2 A2 B A — 2H B R MR M i 37T 285

K4 2F CPN Tools $ Uk 1 & 31k
Fig. 4 Soundness verification of Fig. 1 based on CPN Tools

5.2 LBHIEELERDH

ARFTE e B F SCHRLL7 F AR R E AL B WET-net 5§
WE-net fl WED-net 1£ 3% 15 Fl 73 #7 BE 71 75 11 3847 X L , 45 2R
1 g, WET-net #8835 18 1 40t 19 B0k 5 0 12 4
Ws A7 77 A R EOE S A USE IR T WED-net B2 LAE E X
B SE SO Al A B0 IR 25 00 SR KR L 3 AT AR I B 22 5 B A
it AR AR S 55 3 AR B T R

F 13 P T A U  UEAR Y Y A

Table 1 Comparison of three workflow verification models
A WF-net WEFD-net WEFT-net
. BT B B\ B
x4 -3
B I3 L kit 3l
o 3 s AR E
T % PN iR
i HEE KEDE
# 45 T4 7 A T4t 4 I AN N
#iE A A ¥ A 3E A A
O —E
A — B AL
% % A K AT A
313 ’ HAE T4 HAEE K.
HEE K, HHEFRMLX
A 45 i A2 Bk P
A
T wHE BRREE
. " (R4 & 4.
(E 4. (C %N .
B M e o TR,
77 A T 7 4 [
. 5 iz
X & i) xR D (BEEEE £

7% SC S KO R YR T SCk 17 ) By 8 A Ik S 4, AR
0 AT SR 45 RN G B SR AL AT T RS R L A
A3 EATH WE-net, WFD-net il WET-net 1 %1, i {5
RIREARFEWE 2 iy, AL H K WED-net fl WFT-
net B FRAS 5 H WE-net B9l —3. Wik, ® 2 IF%K
H1 iy WED-net F1 WET-net A% il 3 A

*2 LR
Table 2 Benchmarks

WE-net WED-net WET-net

BM ;
Irl Ipl |Fl 9l gl lal a1 gl

BM1 16 11 32 5 10 5 2 10
BM2 17 13 36 4 6 4 1 8
BM3 19 13 38 4 8 4 2 12
BM4 17 13 34 5 6 5 2 6
BM5 10 9 20 3 4 3 1 4
BM6 16 12 32 5 8 5 1 8
BM7 13 10 26 3 4 3 1 6
BM8 19 12 37 3 8 3 1 8

S Ut B AR SC T W A RO L FATTAE CPN Tools k4T 1
TR S g, w1 A, AT 4 B 2 F WE-net, WFD-net
1 WET-net (75 3l 25 5080 K 45 58 16 R ) 36 JiF ik £ 52 4] (1 &5 31
LRI 3 A,

23 3T WF-net, WFD-net fil WFT-net 56 3F 45 52 %) 1t
Table 3 Comparison of experimental results based on WF-net,

WED-net and WET-net

Sound
BM WF-net WEFD-net WET-net
control flow control flow control flow data flow

BM1 yes yes yes yes
BM2 no yes yes yes
BM3 yes yes yes yes
BM4 yes yes yes yes
BM5 yes yes yes yes
BM6 yes yes yes yes
BM7 yes yes yes yes
BMS yes yes yes yes

MR 3 AT LA Y K I 2 S 3 2 45 B L HOR , WE-
net Ml WEFD-net #§ 5% il 3 7 47 46 90F . TC ¥ #3855 Bk &
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GEALAE BRI R . R L X B RO RO TR A R SR
PAFTE— S8 55 P AR BT B BE AR W B2 A Z AR SR I
KAEBIAZKRIRES . I, WET-net 45 8 55 0 & 2 1 46 0
HERA W,

RIE S ERF P IR C E T , BATHE T WFT-net #7  Jp
AR 0 SCHIR 17 T T 3 285 0000 S s R A S 3t 58 2 i
R W TR I T 30K 86 S B 0 e L 5 2R AR 4 A

F 4 AR S A B RS R R T B 3R IR 45 2R X L
Table 4 Comparison of experimental results based on static

and dynamic data refinement

Sound on static Sound on dynamic

data refinement data refinement

BM

control data . control data o
flow flow WETnet flow flow WET net

BM1 yes yes yes yes yes yes
BM2 no - no yes yes yes
BM3 yes yes yes yes yes yes
BM4 no — no yes yes yes
BMS yes yes yes yes yes yes
BM6 yes yes yes yes yes yes
BM7 yes yes yes yes yes yes
BMS no — no yes yes yes

A 3 B S AR R A B . (SR, 7 S 50 R A OR
T .BM2,BM4 # BMS8 #8187 FE4 , B 4% i i N & 2 i
B 50408 0 1 A B TR AW, BT DL S AN R RN A
BRI, PR A SO Y Bl A B0 RS SR s R R U L R R
T A B 50T 14 O W b

LERIE X WET-net BT 5, K4 A9 B0CHE RS 1k 5K & Rk
IE S MR 0 A B . BHEAS B RO E D AR S M B A
AR Ak, A RESE S EL R BT AT RE M AT B . AR IR RE 1
HEAT (A B 56 UE 2 TR, 45 SRR ER Y .

H T B RS 2 T B R 1Y RS 5 e R
EL L OPTRA N A B N N R N s o Y N
KE 3 T — 200 30— 25 AL 50U G 0 R 0 RS 1 0808 7T 3% 1 TR
AB AR A A ] LU T AR
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