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Abstract: Aimed at fuzzy Petri nets (FPN) existing membership single issue, intuitionistic fuzzy Petri nets ( IFPN)
was constructed for knowledge representation and reasoning by combining intuitionistic fuzzy sets theory and Petri net theo-
ry. Firstly, IFPN model was constructed for knowledge representation, and the issue of negative proposition representation
was solved by introducing inhibitive transfer arcs into the model. Secondly, the algorithm based on matrix operation was
presented , the issue of fact reservation in reasoning procedure was solved by modifying token value’ s transfer rules after
transitions being fired,and the issue of transitions repeatedly being fired was inhibited by modifying firing rules of transi-
tions. Lastly, the algorithm was analyzed,and the feasibility of proposed IFPN model and algorithm was proved through an
example. The result indicates that IFPN is an effective extension and development of FPN,and it describes the reasoning re-
sult more delicately and comprehensively.
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Rules, FPRs) (AR R G R AF @B T Y B C G
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TN IRAEAEA — B R, 4R T — M & &
P ) — B OB Petri ) ( Consistent Fuzzy Petri
Nets, CFPN) , FH [7] — J2¢ JiT [i) Fisf 3 7% Ji iy R0 R0 405 iy L. B
ST R T ST RS 5 R FPNOJE 2 Ak A A
B, AT Petri WA IFA T2 BLRE T (HIHE 1 1 45
RAr @5 RER T 1.

Bl AR R RN H 15 52 2%, L 509 FPN JEAREAR
B R HR RN TG K. 22 B i AT T,
PRI T ZF0 Y FPN B Xiaoou Li 6" i T —Fh
HAX 268 J1 W A 38 W B Petri M ( Adaptive Fuzzy
Petri Nets, AFPN). Hu-Chen Liu 2" 451 T —Fh 3 75
H & WA R Petri % ( Dynamic Adaptive Fuzzy Petri Nets,
DAFPN) iz B AT 2 2535 v 68 77, R 1T 6E B o fff b
FORE I MFET WU L KRG Victor R L Shen ™
H T —Fl & AR Petri B ( High-Level Fuzzy Petri Nets,
HLFPN) , #& [l %277 IF-THEN #1 IF-THEN-ELSE #{I],
AT ELAT T Tk 45 52 1] B B ). Witold Pedryez ™! 7£
FPN il AR ) 5 2=, 2 7 A5k B (1] Petri (9] ( fuzzy
timed Petri Nets, ftPNs).

AR, FPN 5 7 vz N FH T A0 3R R A i
BT A B DL K S S 4, (R X
FPN (i 5% 16 26 5 FR T 6 Zadeh BB 4E ( Zadeh Fuzzy
Sets , ZFS) FHIG I Petri NS AHSS . ZFS SR B —Fr
B2 (RPSR e B sk e R 400 s ORORISE , R e iR TRtk
AN BORIME S, ok s IR A FPN FE 4k 7k
ZFS s py [l sf, o Ak k1 JHL SR i B o — ik . T Lo
TR £E (Intuitionistic Fuzzy Sets, IFS) D)y a7 —
AR R PES AR E B R B, AT DA R rh
SRS, T A b 2 1T 0L S R AR
JoT, Xt ZFS f A5 1 — R ge AR . S itk AR S
H4 IFS JHiS 5 Petri i A 25 & #4 8 IFPN £E81 H T
AR RS FNAERE. G L 78 IFPN 28 v | ASD 6 5% 7%
I AB AR T fih 8 5 PE T token L 14 4336 3000 D J% 2% 7F
P il e S5 1 L TR T A R 2, SR R B RN AR A
A H 52 i k5 () R

2 HRRMERERER

Atanassov X FLSEROBISE 25 Hh 0 2 X
BN (HEBRIE") & X R— At
WX ER—EREEE A N
A:%<x9MA(x),')’A(x)>|x€X} (1)
Hop, (2) : X—[0,1]fy, (x) :X—[0, 1] 53 H]FR A
1S5 S R RAE SRR pR B, BT A ERTA 2 e XLl
JEOsp, (x) +y,(x) <1 HRJEE p, (x) MRS &

v (o) BRAURBG A FF K BIR <pa, () 1y, () > S LA
M X LS (A,
A= JY<M1(x) A (x))/x,x e X (2)
WX = {x, 0y, x, | B Al
A= 211<M/1(xi),’}/4(xi)>/x“xi e X (3)

XFF X PR E O TR AR 7, (v) =1 -, (%) -
v, (%) J A ¥ x [ EH 9 F58 5 ( Intuitionistic Index) , P& x
Xt A BILEBR AR L (Hesitancy degree ) i) —FP B2, 4%,
XNFH—PreX, 07, (x) <1, HXT X i fg—1
— R A AL (x) =1 -, (2) = [1-p, (%) ] =0,
VxelX.

X2 (HREBMELEABI ) B A M B it
X B E N R A
(DANB = { (o, () Apy (), (x) Viyy(x)) 1 Ve X
(2)AUB = { <x5:u‘A(x) Vg (x) v, (x) /\73(75)> |'VxeX!

(3)A=A"={{x,y, (%) u,(x)) lx e X}
(HACBoVreX,[w, (2) <p,y(x) Ay, (x) =y, (x) ]
(5)ACBoVYxeX,[p (x) <py(x) ANy, (%) >y,(x) ]
(6)A=BoVxeX,[p(x) =p,(x) Ny, (%) =y,(x) ]

3 ET IFPN RERFIART

3.1 EREMrEEXH

FPRs &/ E RN 5 ZFS BUEHZE 4179, B
AT AR R SRR B O 8 SR RO 4 B Y
TIRE  (EAEAESR 8 B B — I S, U, AR A =)
55 1FS SSAHSS &, 10 8 B0 Az 20 ( Intuitionis-
tic Fuzzy Production Rules,IFPR) i FHIIRAIZR.

i R ={R,,R,, -, R, | ;&2—> TFPR 4, HLI R,
AL AWT

R,:1F d, THEN d,(CF,,\,)

Hrfrd, fild, 2 E B A, 4 BRI R, 1
AR SR FIZS 1S, BT BN 6, F1 6, ;CF, F1 A, 5353
FRAM R, BRI AF BEFABI(E ; 6, .6, .CF, Fl A, Sy H WA

ZH k(3,5 14 FPRs AU 28, A SCRF 3 ILAY TF-
PR ZEAIF G R an R LR

(1) 257 1. 5% IFPR

R,:IF d, THEN d,(CF,,A,)

ik 6, = (u;,v;) sA, = (a,,B,) ,CF, = (Cu, ,Cy,) ,

(1) Y HACHF 2w =y, <B; B, R, A #
N, IR d, FEAE R 6, = (my,y,) , For
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i =wy % G, @) Cy.),
{'yk :'y/. + C’yl —’)/j X C’yl ( 1 )%E’fi%’llﬂﬁﬂ‘ﬁﬁﬂjza”% sﬁi’Ri j%ﬁ}ﬁ

(i) HAZ&AF T, d, EEAE.
(2) 2671 2. HAA S WEHT#E 25 F /Y TFPR
R.:1F d, AND d, AND---AND d, THEN d,(CF,,A,) %
0., = (s V) (m=1,2,-n), A, = (a;,B,),CF, =
(Cu;,Cy,),
(1) 25 HAE R i 2
min(#ﬂ sMp sttt ’Mjn) =, max(')’,‘l Yo Vi ) <B,
I, R, AW, Bl o, BN 6, = (u,,y,) , Her
= min (e oo 5o, ) X G,
yk:max(y/.],yﬂ,-",ym) + Cy, (5)
- max(‘y‘/l Yot ")/ju) x Cy,
(il ) HA AT, d, Y EAEAE.
(3) 26281 3. HA NI HT#2 5% F /Y TFPR
R.:1F d, OR d, OR---OR d,, THEN d,(CF,A,)
ATLASEM AN n 250000
R, :IF d, THEN d,(CF,,X,)
R, :IF d, THEN d,(CF,,X,)
R, :IF d, THEN d,(CF,,A,)
i d, (m =12, ,n) EAEN 6,, = (> V) 2 A =
(a;,8:) ,CF, = (Cu,;,Cy,) , AN R, ¥ d, (I FLAE N 6, =
() SENMHRN R, (m =12, ,n) W d, (EEH
O = (Wi sVin) »
C1)WRSEFEMHM R, R, -, R, P — SR B
Z2 A RN 0 T S0 U] R, B 15 L R, HR Y d, Y B
HAEH 0, = (., y,) , Ho
M = max (sl s oiby, )
{')’k =min(y, Y Vi)
TEEN A R, (m=1,2,- n)
@4 HACY R 2wy, = oy, <B; B, R, A H
N, eI R, ) d, AR 64, = (s Viw ) > FE
{mm = X G
Yin =Yin + C¥: =¥, X Oy,
QHABZM T, R, T d, EAE 0,, = iy > Vi)

(6)

|

AAE.
Cii ) WSS 0 R, LR, -+ R, FRA RN, T
KU R, AR, Bebt R, i d, BIEAR 6, = (wy,y,)
AR,

(4) 2870 4. A HHE5 81 TFPR
R,.TF d, THEN d,, AND d,, AND---AND d,, (CF,,A,) f&
Wd WEMEHN 6 = (u,y,) A = (a;,8),CF, = (Cu,,

M,d, (m=12, n) BN 0,, = (W Vi) » FoH:
{I‘Lkm =p; % Cu, (7)
Yin =, + Cyi =y, X Oy,

(1) HABZEANE T, d,, B E(EARE.

(5) 2880 5. LA o450 IFPR
R,:IF d, THEN d,, OR d,, OR---OR d,,(CF,,A,)

P T2 R (10 0 0 i 3 45 SRR W S, S A i B
TERLIU 2 AR SO i,

3.2 BHEMRERT

HE— BRI E v i R I i AR A i AT RE [
BFFETE. QnALINAE S, = { R, ,R, |, Hirh
R, :IF d, AND— d, THEN+ d,

R,:IF d, AND d, THEN d, AND— d,

J G R R A S S e A, SRk 9 g 5 A
AUEF R 1 & S SCER 17 ] A W) %) 122 e 4
IR It RN A i AL, (L 3K 2 1 IS 28 1) 52 2 5 S
HR 05 ] P Lk SR T 2 T 43 930 38 75 i B8 4% 4 A 4 i
14 75 i L, L A7 A S T8 3% 75 AN W — TR 4 38 45 R OF I 4%
[ AL SCHiR [ 6 ] JE i A0 A 75 i 71 ) FHRLfoe Ay 2% oy AL A
FRI ek i E FIBELAHVE T (i 4an R, vh— d, 7R pE
T d, kR B ERT A R I E A bR & -7
K DX AR B AR VR (B A A & e B Ok IR 55 %
I, FRPEHEE T A -7 B A 5 AL 0K, s FHLAG
YEHT) , ) 1 F Tl — J2 JUT [) B 3 7R JB i A0 A0 75 i
AT R SR TR (1 2 .

ARSOK X R R T k5 A TFPN BRI FF3R0R
R e ) S AR A i L DN S, T AL 1 2R,

Ay CFy

. —‘»Qau

D -
4 Ps
(D aen

y 23

s(F—f
23 Ds

ps

E1 FMEESHKIFPNALE
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3.3 IFPN HIENX
EX 3 (HWEHH Petri %)
IFPN A] 3¢ SCA—A> 11 Jod]
IFPN = (P,T,D,1,IN,0,0N,5,0,Th,CF) ,

N

(1)P = {Pl sP2s 5D, } %gﬁﬁﬁafﬁﬂf%ﬁ;

(2)T =11, 1y, 1, | RE—DHERBTES;
(3)D=1d,,dy,,d | =—PNARMEUES, P
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=D, PNTND =Q; 1 %5

(4)1.Px T—10,1} — A F27 MJEFTE] 25 5T ( %1 IFPR 5 IFPN R % R
AR ) (9 nox m dES A E R RS M, A T R IFPR 4 IFPN 7
](Pi,tj) :1;7|':|<IJ—I\IJ [(piat/‘> :0,;5\:[*31.21,2,"',71,].:1,
. R, (R 51 N

(5)IN:P x T— {0, 1} J&—~ 3% I T 8] 45 5 R; %5 1 fOA P T
CANATEIFLIN ) B noxom 2k S A 55 R R0 R , HLoH 14 i d, JE T p
7;?%% I;pi ,%)W%Eﬂﬂ?%'ff%ﬁﬁm P; igjtggﬁpfm% d, T Py 19 token {H

IR IN(p, 1) =158/ IN(p, ;) =0, Hri=1,2,

PIAT,INCp, ) =L &M INCpo ) ' R, Bt y R E
---,n,]=1,2,---,m;

(6)0:Px T—10,1} J&—A- WASEE B BT (M K MR MR
FLFNZ58) 19 noxom el IEFE RS I, HOAR B T R R; {915 ] 1 %

O(p,,t;) W AN 258 YA ¢ 3 p, W IE5 RN
BF,0(p,,t,) =15 /W O(p, ;) =0, Hrpi=1,2,-,n,j
:1,2,...,m;

(T)ON:P x T— 10,1} j&— KR WAL iF 2]
CFL RN S5 ) 1Y nox m 4E 5 A e R S e , L0 B
JCE I(p, o) W R ANF 2504 M AEAE e o B p, W0 4%
FBIRET ,ON(p, ,t;) =1; W ON(p,,1;) =0, K i=1,
2’...’n’j:1’2’...’m;

(8)6:P—D R i fir 5 4 /L 2 (8] Y — — XoJ g %
., s(p) =d;

(9)60=1(8,,6,,,6,)" J&—" n 4EF] [ i, F£ox
JEE T ) token {EL (B i 850 ) AR S0MED) , b 6, = (e,
¥ s E ORI, RoR PR T p, AT d, 1 I
{8 s ALY ) 1 LA ACAE 6° = (6),60,-++,60) " = ((u!,
Y (e ys) s ()™

(10)Th = (A, , Ay, A,) " Je—A m 4EF [ o, 36
AR TE I A (RPRLIN S B 25040 ) , K AL = (o,8,)
S E RO, RN AR ¢ Y BIE (RPELN R, )5 3l
H2c) 5

(11)CF = diag (CF, ,CF,,--- ,CF ) H—" m xm
LR, FoR A AT (5 B, o CF, = (G, , Cy,) h
— ELEAE A, R B R, (AT A5 B 5 Cu, /R KL R,
AL BE A SRR FRAE BAR L, Cy, R BN R, W] {5
JE R O R B, FRAEE A5 B

FEIE1 FPN & IFPN 454

IEBR M p, TR d, (i=1,2,--,0) N H
WA TEEL m, (x) =0 B, Bl R 45 . () +y,(x) =
1, BB 22 Jr v 1 L A oy A A i T ABERY i L, TFPN
B fE 8, T FPN, ir L FPN J2& TFPN f4) 45 43
3.4 EFIFPN HARIIRERTRFiE

IFPR £ 5 IFPN #5 #I B9 X N oC R 0K, o F 3%

AR 1 PR 0 26 2, 1T LIRS IFPR £E WSt o

IFPN.

(1) fA iy IFPR [y IFPN A7

A; |CF; 4;\CF;
y? 4 - N 4 e

(@) 22Tl R T

| ) AR

E2 f& B KIFPRAJIFPNAL R

Horb 2SI p; FA py 4 ) 3% s F D) P I 2 % A1 i A
d,- *ﬂ%ﬁ%ﬁﬁﬁ@ d, 3P; i P H1 ) token {E 9,- = (/*Lj 9'}’,‘) 0 0,

= (we,y,) PANFIR d RN d, (INEAE; A, = (o, 8,) TR
ARAE ¢, BB ELCRIRIN R, BBIME) s CF, = (Cu,, Cy,) &
ARARIE ¢ (AT BE CEDRLI R, I PIAE L) L 6,.6, A, FI
CF, N H BB EL
M HACE R w = a,y, <B, 28I ¢, A REfh &
(B R, ) L p, 1 token {EL (B d, M EAH) 6, =
(,uk,yk) ,/E\:':F':
{m =p; X Qu, (8)

Y =Y +Cy, ~7; x Gy,
(2) BA G BEHTHE 441 IFPR /) IFPN #5171

. (a) ATl R w7
B3 AAEERAR &4 NIFPRIGIFPNEE!

(b) 2R ATl R )i

RS d, (m=1,2,-,n) Fl d, FEAEI> 51N 6, =
(/Jvm"yjm)ﬂ] 0, = (s v )5 A, = (e, B), CF, = (G,
Cy:).
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2 H A A B2 min (uy o pns o p) =,
max(y, , Yy, y,) <B; B, 0, ARl & (RD R, N F) ,
p. 19 token {H (B d, (W EL(E) 6, = (w,,y,) , Hor:

oy =min (e, s 5 oy, ) X G,
{n =max(y;, Yy, 0y, + Oy, max(y, v, 50,y XCy,
(9)
(3) HA Hr B AT 42 4544 (1) IFPR 1) IFPN 557

A CF;
e SRR
Dn é‘lF\\ N
i
A, |CF,
s~ (D

th i tn

Pp P D2 : Dk
P A CV( P CV(
a(*)—~ a(* )~

tn

pﬂ(a) AR XL fi 2 i ” (b) AT A )5
B4 RAHTEATHE %4+ B IFPREGIFPNAE

B d, (m =12, n)F d, EME5H1H 6, =
(Wi s Vi) T 6, = (s v, ) 5 A, = (@, B) , CF, = (Cu,,
Cy,).

W Py Py 0 A m APERT pyspps 5Py
(1<m<n) Ry token {H [F] I} i /& M =0, Y, <PB; , ) A
ity e, iR (RGN R, BEHT) ,p, #Y token {H (B
d, IEAE) 6, = (., y,) , o

= max (p; X Cu; uy X Gy oy, X Cu,y)
{’yk = milrl('yjl +Cy, =y, xCy,,y, + Cy,
=¥ XCy, ey, + Gy =y, X Cy,)
(10)
(4) BA A HGEZE11 IFPR 1) IFPN 57

Din
(b) AR Tl R )5

(@) Il R wi
Es5 BEHARALLHIFPRIFPNALR

5 p; P sPi > 5P B token (B 535004 6,6, ,6,,,
0, 26 = (u,y,)
0,=(my>yu) (i=1,2,--,n),A, =(a,B),CF, =
(Cu:,Cy,).
L HACY R L w =0y, <B4 ARERRZ (HD R,
W) \pys Y token (EL(BP d, IEAE) 0, = (e ,y,) ,HeH:
{,LLM =M X C,u,l

(11)
Yu =7+ Cy -y, x Cy,

4 EHF IFPN HIBE %

4.1 IFPN 899 B

Sh Bt ] TP A7 AR 4 B, 5 B o LA T
P 5] 5 =k S ) £ 8 A T ) T 42 i 2

(1) FHLHR

SR BB RS A TFPN e FH 5t 8 v 2425 5T ¢ b
J5 , 6 P T B token ELSE T, T4 A TG token {13
FERAS. (5 FPN ik i 2 15 B (token fH) B9 3,
{5 B A T T I B e U 5 E A T R
SR T 3ORH 21 7 i B 5 e o B A SR 1 B 4
PRI BT 2 , S ARANAF A R YR A 388 fry 5.

TR B WA 92, Nazareth "™ 42 Hy S 3T 3 2 14
A i N T 8 o — S O B A TR, 3% vk A e
ISR A 2% 5. C G Looney ™ i 1 42 ffil token {8 , K5 %)
& token B3 7E% A JE BT T4 token (9 Rl A 1A 51t 1
FIF , WA 0 7 6 S5 B2 1 [ 5. Gao Mleimed 45 5
MO PR B 3k B TR B T S S0 i H . AR SOE i g
kA ST fith 2 J B JIT token 1L 14 1% 326 HLOU) , i ke TFPN i
R R v S B i i)

B A 78 3T ¢, fith %% BT, J4E 7 o 4 token {6 =
(67,6,,,0)" = ((ui, v, (ua,ys) s (ue, v ) T,
o 6f FTRPEFT p P Y token {H. BT ¢, fih 2 I, A BT
1 token {H N
0" =(0",05, 0" = ((u' v ), (' ys) o,

(' ),

Horp

C [0, p,e0(1,)NON(1,)

= 0 ON(t,) FE 5
. {05‘, p, e 0(1,) NON(t,)’ (1) F1ON(t,) Fom

ARIT o, W LR TR

T8 A8 AR T itk & 5 T T token {E R 4% 38 RO, B
PR B T TS UPAT B8 L TFPN B 48544, DA T 8 4 1 e
MCHEF R R,

(2) 300 A5 A Py R A2 Sl 2 (ol S 0 D) 2k )

FEFET TFPR A HE# I 7 epr G SR 00 00 % iy 45 2%
WA MR IR ATZ I S 22 HRE I — UK. AH 7 b 7E 3
T IFPN [ R ik 2 vy, 5 A8 3 A i AR T I A A8 Ak,
M[ZAR T e 22 LU RE fil & — k. T =5 5245 B4R B8 5 (B 6
AJEFITY token {HAF B (R 8 ) , 281 (1) filk &2 250k — B
W X T80 L & 2 i A8 5 B A Ak &, AT R 3K
R PATR — Z I, 38 m A S ZE 31 5. N I Naza-
reth""*’ $ Hy S A5 ANA8TT39 i — A R AL & B token fEL )
PEFT AR Ml A 5, 34 JE P ) token (B 2%, DA T 38E
B TASTE M T fih 2, (HIX 2338 e i i 8 B L 5 30
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U [ B A 3%

ARSI AERE T TFPN AR 3% v 3 i 4 W 1
AR T AR AT TR R T A A X — P IR ok
G AR T I E AT i . R TR AT, R BT A AR
JIT B A5 25k A AN DR T S I B 45 580 A TR ST s B
Bfih K.

4.2 E-T IFPN H#EE %
4.2.1 EXETF
T AT AR B E SR AT
(DREFT®:C=AQB, H
C=(¢;)par = ((quis0y,) ) s
A=(a;),
B=(b) =y, by,) ) s

by, ,a,; =1
au; :max{xl lx, = { },
0,a;,=0

) by;,a; =1
C‘yi—mln{yilyi—{l’aij:() }

) MEEF@:C=A®B, K
C=(c;)pen = (e, ¥¢) ) pens
A= (ay) o = ity y3,) e
B=(b;) = (b, v0,)) s
¢; =max(a;,b,)

= (max(pa;,ub;) ,min(ya;,yb,))

3) IWEHFO:C=A0B, K
C=(cy) pnn = (e, 7€) ) ns
A=(ay) = ((pay,va;) ) 0
B=(b;), 0= (b, yb;)) s
c; = (pey ;)

~ (/.Laij,mij) Jua; >pb, and ya, <yb,
_{(0,1), other

(4) lEHF O =4 © B, Hrp

C =(c ,cp,c,)"

= ((ue, ye,) , (uey yey) ,oe, (ue, ,ye,)) '
A=(a,,a,,,a,)"

= ((pa, ,ya,) , (ua, ,ya,) -, (pa, ya,))",
B =(b ,by,,b )"

= ((uby,¥by), (b, y0,) 5o, (ub, ¥b,)) "
¢; = (ue;,ye;)

(ua,,ya,) ,uc; =pa; and ye, <ya,

_{(0,1),0ther

(5)HREHATO:C=AOB, Hrh
C=(c;)pen= (e, v¢5) ) pns
A:(a,;,-)mxlz((Maij")’aij))mxzs
B=(b;).,=((uby,yb;)) s,

;= (¢y)
= (,u,ai]. xub;,ya, +yb; —ya, X’ybij)

(6) ] £ A5 78 55 F neg

CHO=(6,,0,,,0,)" = (7)) (1ayy2) 5o,
(v, "

negf =neg(6,,6,,+,0,)"
=neg (1) s (2o y2) oo (s v,))
= ((yism) s (ya o) ,""('ynu““n))T =0

4.2.2 EFIFPN (IHEEE %

ARG 46 A Tal B AN IR IE 19 M, 75 R 2 805k
s 57 P B4 RS2 L AR AR FEAR 3R IR AR SO i
FEE I HE T TFPR ) TFPN A58 — ARG 26 0, B AR
R R AFAE ] .

EX 4 (EHEKE, ATk A IFPN 1A
W AR & — AT, popy R ERT, IR p, e 1(1,)
NIN(t,) I H p;e 0(r;) NON(1,) JUFR I p, H W] ik
P WM p ELHEVT 35 p,, H p, ELEE VT 3K p, , AR N p,
AIIK py. BT DA p, LA P IK 00 P2 TR S S5 Bk R p, 1Y)
HAET] IA4E (immediate reachability set) ,ic 5 IRS(p,).
JIA DN p, AT 35 10 P i A B 26 S R Ol p, 1R T GR 4R
(reachability set) ,i 2k RS(p,).

i TFPR £ S o n ASam i, m 25 B0, X6F 1 1Y)
IFPN #HUA n AR R, m A8 T, W HE T TFPN (%) 4fE 2
BT

EiE 1 ET IFPN B %

Input: iy ATEFEREHRE 1, iy AT RS HTRG IN, B i IR R A
O, Ky AN REAE MG ON, BT R R Th, MU A AT {5 CF, dr i Ay
WG ELLE 6.

Output : FEFT ) token feL ( BN A ELAE ) , 35 FUKEL £

AL HL (CHIT TFPN AR g JE B B ) < /6 IFPN LR 25 3 p, e
RS(p;) , AT ep 7 (0] . S U BRIV FHIHE B AR .

Stepl FIRILITAHIA, 2 k=1,0""=¢" = (6),60,--,6))" =
D) L (8 98) oo () o)) T R A Y ELAE (0, 1) #oms
WIRERERA py_y =po = ((0,1),(0,1) ,+-,(0,1))".

Step2 TR AR I SFRU A, RIKE 25 A28 5T 1 I8 i A
JITHY token {E SE KR BN A PRI Y token fi, 2554
pi = (0 05+ p0 )" = (Cout oot ) s (ot oy ) o+ Copt oy ) )"

wit (b)) =1
ﬁimmw:}
. ) =1

pY; :max{y[ ly, = {M?_] INGn) <1 }

B py=(I"®0,_ )DUN"®8,_,) (12

Step3 (Ml ARy B & fih & ) ) W B4 A8 A 9 A5 8 A 2 A
KFFERIHIA

o puf :min{xi lx; = {

~
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pi P11 (U3 EHfERLAALE A, B o) = ((0,1),(0,1),-+,(0,1))"

WIS py FPIC T A 06 B i 2 1) A8 3T 0 R0 U IR oy, =
(0,1),(0,1),++,(0,1)) ™, M40 &5 0, by i iy e 0 0° , it
0" = 0" T Ak .

Stepd 475 5T S5 A5 R B (EL AT LA, B B AT DA AR ST
fih & I«

pi=p @ Th (14)

Step5  AFiEfil &G, IA LS R A B :

@S, = CFOp,, 1
Sy o= (stashusi)”

= (b ooyt G ooy oo Gtk
s = Cuj X puf
{syf = Cy} +py} - Cy} xpy}
@Y, = (s y65, - 05"
= (Opt ot s Qmayys) oo G yyi)) '

Horp
9, 0(p; 1) =1
%U«?:maX{xflxi:{Syj?’ON(P[’LI_) -1 }’
0,0(p;,t;) =0 and ON(p;,t;) =0
syE0(p ) =1
T)’f=n1in{yl_lyl_:{SMJIF,ON(])I.,:/) -1 }
1,0(p;,t;) =0 and ON(p; ;) =0

Epn = (0®S,) D(ON®S,)
=[0®(CFOp," ) ]®LONR(CFOp,") ]

Step6 5T FE ) token E.( IV i B e SO -
0 =0 @Y, = (6,65, -,05)"

= (b yh) (b yh) e (kv )T (16)
AL BRI T d85L.
Step7 KT 4fE FIL I 75 4 ok
QIR 6% = 08 BRLS T B AR A 0 I, S k= k41,

3| Step2.

(15)

4.3 BEEOW

ENS (PR, &5

R — A T A A A T, R PR 2% %6 I A 1
Jif (Source Places) ; U1 5 — ™ 6 i 5 A1 i 126, s ik
T 25 2T (Sink Places ).

EX6  (E")

S — AN E TIE BT p, AR p AT LA AR 1,1,
et MU L DA U I FF 4B token EL, WU A5 ST 91
Loty oo ot IR p f—AN 842 (route ). 1SS IT FE 1)
Loty e, AT DURVRHE i %, MIBRIZ IR A% 03 Bl i 72

EE2 p,=((0,1),(0,1),,(0,1))" JE:4fe s
ZER T 21 AR B A

E (1) % p, =((0,1),(0,1),-+,(0,1))",
K (14 ~16) A Hl p, = ((0,1),(0,1),-+,(0,1))",Y,
=((0,1),(0,1),-,(0,1))",6" =6""' @Y, =6"", It

JEARE LS SR T S A

(2) % p, #((0,1),(0,1) -, (0,1))", AT
R AN KT B, thaX(14) vl Al p, =p, © Th =
((0,1),(0,1),--,(0,1))" fFhar, durt ¥, = ((0,
1),(0,1),,(0,1))", 6" =6"'@Y, =6"". Itlhp, =
((0,1), (0, 1), -, (0,1))" A& ¥k 3 25 3 1) b 22
1.

EIE3 0 =0 RHERA R FTELME

e PR AR T, TE B S

EIE4 MBI LIEA R B RGN G 45
H I<k<h +1,h 75 IFPN BRI b ) 5 4K B A2 1 28
THH.

MERR (1) SGHF i e B A 1 vT LAAE AT BR & A 2R
Jri &k

RBEAESS b AEERZE gt 0" = 0", W ARMR I s B
3, HEHLE A4 .

(2)HIE 1<k<sh +1

(i)iEk=h+1

B35 h Fe7R TIFPN ABE RS b () 5 K A2 A A8 50 H
HMTATUENT Y k= b+ 1 I LGS ., = (0,
1),(0,1),-+,(0,1))" & 6" =4¢".

EH1 6 = (6186 6" =l oy (o)
e ()

07 = (o e T = (ul T,
(b ™) e Gl oy

R p, J9i% B K A28 B 8 45 126 T, o IO 4 28 3T
b, WIZEAE AT RIZE h B RI5E b+ 1 25 i p, (=1,
2,3, n,j#i) T Y token {0 A1 67" 524, AP
0" 10" R T LG BT Y token {E AN ], HAth 11
JIT B token {B 58 4> AH [, 17 45 A~ 228 3 1) 45 350 A - 5
B AT token {HAH G, 58 By i 1 4 BT token
(E 3

FFLALE Rk =h Fl k= h + 1 I 448 19 55
iﬁi@/\ph 7Fﬂph+17i‘ﬁ|ﬂ- Hﬂﬁ(l?’)ﬂ%ﬂl’;u =ph+1@Ph =
((0,1), (0, 1), =, (0,1))", M4 #E 2, p i Hfi 3
4k

(il ) FRUE k< h +1 BT

Mh=j,j<h+1 B, WA fi & A8 I 1) S5 380
AT AR W B, WA p, =p, © Th=((0,1),
(0,1),-++,(0,1)) ", BLAt 28 3 AP fk . MRG0 (14 ~
16) W[ 6" ANFEASAL, BT LA k < h o+ 1, $fE 3 a] fig
S5

ZE TR E PR IE.
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FEES LA ENRIEN O(nm’). =((0.6,0.3),(0.7,0.1),(0.5,0.3),
UEBH {5 TFPN A5 v ASAEAE i IR A 06— B 1 (0.7,0.1),(0.8,0.1),(0,1),(0,1),

OUN  HEBBE I B 24 EE R O Chnm) I kD #3855 (0,1),(0,1),(0,1))

DB RIEL, R B IR B IE O, BDHEEAE 3 T b+ 1 rl 1100 00 0 0 07

K (h 27 IFPN BRI i e K B AR AR 240 H ) LB 4 001 1000O0TO0O0

BN EEEZRE RN O((h+1)nm) =0((m+1)nm) , B 000010UO0O0TO00O0

% O(nm?). o 000010000
B LA A5 TFPR AR S HAg n AN, m 2500, % 00 00O0O0O0O0O0O0

N 1) IFPN B8 n ANFEFT, m 728 5T, WL T IFPN (i) LOOOO OO O 1 0 0

WERE B IRE N O(nm?). 00 000 O0O0O0 0 07
i . 0000O0O0OUO0O 0O

5 SCOHISEIER ST [Nzoooooooooo
FUNEE S, anF - 000 0O0OT1O0TO0O0

R,:IF d, AND d, AND d, THEN 71 d (A, =(0.2,0.6), 0000O0O0OO0OOT10O0

CF, =(0.7,0.2)) LOOO 00 00 00 0 Ol
R,:1F d, AND d, THEN d,(, = (0.3,0.6) , 00 00 0O0O0O0O0 07
CF,=(0.8,0.1)) 0000O0O0T10UO0O0
R,:IF d, THEN 1 d, AND dy(A, =(0.1,0.7), 0 0000O0OO0OTLOO
CF,=(0.6,0.2)) 0000O0O0OUO0OT1O0
R,:1F d, AND 1 d, THEN d, (A, =(0.2,0.5), 000 0O0O0O0O0O0 1
CF,=(0.7,0.1)) LOO OO OO OO0 0 1l
R.:IF d, OR 71 d, THEN d,, (A, =(0.1,0.8), 00 000100 0 07
CF,=(0.5,0.3)) 00 0O0O0O0OO0TO 0O

R,:IF 71 ( 71d,) THEN d (A, = (0.5,0.4) ,CF, = (1, ON - 000O0O0OO0OT1O0O0O

0)) 000O0O0O0OOOTO 0O

Horbr Ry AT LLSERCH AN P S AL 00 00 O0O0O0O0O0

R :IF d, THEN d,, (A} =(0.1,0.8) ,CFL =(0.5,0.3)) L0 O 0OO OO0 OO0 0 0l

R:.IF 71 d, THEN d,,(A2 =(0.1,0.8),CF: =(0.5,0.3))
R, 7EE] 6 Jir7s iy TFPN R AL rh ] Ll Z2 0. LI 4 S, 1Y
IFPN #AIGNE] 6 T 75,

.
ts
El6 MNILES, HIFPNALR
Bl n=10,m=6,
0" =(6,.,6,,.,6)"
= (9D, (e ys) e (Y "

2

Th=(A,,Ay,A5,A,,A%,A%,)
=((0.2,0.6),(0.3,0.6),(0.1,0.7),(0.2,0.5),
(0.1,0.8),(0.1,0.8))"
CF =diag(CF, ,CF, CF,,CF, CF. CF>)
= diag ((0.7,0.2),(0.8,0.1),(0.6,0.2), (0.7,
0.1),(0.5,0.3),(0.5,0.3))
po=((0,1),(0,1),--,(0,1))"

HEFE SRR AT

(1) HEFETF 4R, 4 k=1
p, = (pb,py, -, p6 )" =((0.5,0.3),(0.5,0.3),
(0.8,0.1),(0,1),(0,1),(0,1))",p, =p, Op, =
((0.5,0.3),(0.5,0.3),(0.8,0.1),(0,1),(0,1),
(0,1))",p, #((0,1),(0,1),--,(0,1)) ", HfEFR4kLE.

pr=p, @ Th=((0.5,0.3),(0.5,0.3), (0.8,
0.1),(0,1),(0,1),(0,1))",Y,=((0,1),(0,1),(0,
1),(0,1),(0,1),(0.35,0.44),(0.4,0.37),(0.48,
0.28),(0,1),(0,1))",6' =((0.6,0.3),(0.7,0.1),

-
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(0.5,0.3),(0.7,0.1),(0.8,0.1), (0.35,0.44),
(0.4,0.37),(0.48,0.28),(0,1),(0,1))",0"' =6", ¥
AR,

(2) thbf k=2
p, = ((0.5,0.3),(0.5,0.3),(0.8,0.1), (0.35,
0.44),(0,1),(0.48,0.28))",p, =p,Op, = ((0,1),
(0,1),(0,1),(0.35,0.44) ,(0,1),(0.48,0.28))" ,p,
#((0,1),(0,1),-+,(0,1))" HEHgkss.

p>=p, @ Th=((0,1),(0,1),(0,1),(0.35,
0.44),(0,1),(0.48,0.28))",Y, = ((0,1),(0,1),
(0,1),(0,1),(0,1),(0,1),(0,1),(0,1),(0.245,
0.496), (0.24,0.496))",6 = ((0.6,0.3), (0.7,
0.1),(0.5,0.3),(0.7,0.1), (0.8,0.1), (0.35,
0.44),(0.4,0.37), (0.48,0.28), (0.245,0.496) ,
(0.24,0.496))",6° #6' , HEFHLkSE.

(3) ILht k=3
p, = ((0.5,0.3),(0.5,0.3),(0.8,0.1), (0.35,
0.44),(0.496,0.245),(0.48,0.28))" ,ps =p;Op, =
((0,1),(0,1),(0,1),(0,1),(0.496,0.245), (0,
1)) "0y #((0,1),(0,1),-+,(0,1))" HfEHE4kL:.

py=py @ Th=((0,1),(0,1),(0,1),(0,1),
(0.496,0.245) ,(0,1))",¥, =((0,1),(0,1),(0,1),
(0,1),(0,1),(0,1),(0,1),(0,1),(0,1),(0.248,
0.4715))",6° = ((0.6,0.3),(0.7,0.1),(0.5,0.3),
(0.7,0.1),(0.8,0.1),(0.35,0.44),(0.4,0.37),
(0.48,0.28),(0.245,0.496), (0.248,0.4715))", ¢’
=0, PR LKL

(4) teif k=4
ps = ((0.5,0.3),(0.5,0.3),(0.8,0.1), (0.35,
0.44),(0.496,0.245),(0.48,0.28))" ,p, =p,Op; =
((0,1),(0,1),(0,1),(0,1),(0,1),(0,1))", 3
5O A R A TR
=6 =((0.6,0.3),(0.7,0.1),(0.5,0.3), (0.7,
0.1),(0.8,0.1),(0.35,0.44),(0.4,0.37),(0.48,
0.28),(0.245,0.496) , (0.248,0.4715) )"

3 Ao S A 36 40 T LA & AR SCHRE S A TFPN 48578
WP RTE 5HA AR Z A FEA LR LA

(1) AR SR AN i [R] ) 2 7 i A8 A 45 iy A
FOTEIF ARG I E T A H R T A

(2) B9 11 Step3 38 2 384 i I W7 434> A8 3 1) S AL
WARBRKFIAAEA X —5, i T AT EL
fiil %, G T A AR

(3) B35 Step6 fR T =552, kO 1 R AR

RIER SRR B AT 6 S PR R 72

(4) 55T FPN MR 5 AH b A SR 1 36T
TFPN FHER 7 2 19 70 IR T FPN #3045 5 s Jg i o —
YR BE  HEFREE S o 1 AR SRR B, R A5 SR A R
7N SR G AT, B4 B % WS B G R d 1) FLAE
J3(0.248,0.4715) , 3% d,, SR8k 0. 248, E K8
A 0. 4715.

6 #hit

ARSCKE TFS BE 5 Petri (LIS AHZE A, M8 T IF-
PN A5 T 1R A 7R R B, A e T TFPN A58 780 v
) F , 36 TFPN 4 35 A rp = S £ v s
T A F A fioh 2 5 I

SEA BIE ¢ B AR SO Y TFPN SR T LA FPN
SRR — R B, TS T SR B, 45 IFPN
XoF IR ) 2 7 ST o 0 2+ ) ik R R A B 0 e
R EE L R h T A R T Petri W 1 [ TE $i A A
HATIBRRE ), (A HEHLRE DS [ o s 17 0F HAR & T 48
R,
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