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Abstract: As an improved model of fuzzy Petri net, adaptive Petri net (AFPN) has got the learning ability from
neural network. But AFPN still depends on offline training data, while actual environment is so complex, vague and
changeful that AFPN seems slightly inadequate. This paper proposes an approach based on fuzzy logic and
feedback theory to improve AFPN. The approach introduces feedback mechanisms into AFPN to enhance the
adaptive ability in dynamic environment. In addition, the approach embeds fuzzy logic theory into the
representation of context information. Thus, the uncertain context information management is more conformable
with person’s sense. The approach is also able to learn the parameters of membership function by using the back
propagation algorithm of neural network. At the end of the paper, an experiment is designed to demonstrate that the
approach is feasible and effective in fuzzy reasoning.
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PR LR T R R S . T SCHERE (context reasoning) i Sz I 1] Ab B AN Af 2 B SCH— o5 vE, T i
By CROAHEELE A BN SR BN SO RS

AR,V ZWF9T N AE R SCHEBE 7 0T R A A A HE 5 38 3 T RDFEAT oWLEIx) FF
SCHTE AR, LUK R S ) & (0 T SCAR R R HE BELAF B08T 0 B R, 3 4L AR HEEE T H AT FacTRIfI

¥ O 10 5 [R) 50 SC IR0 DU) 5T DG 17 7 A HH T PR 0% v AT W S W HEREVS 28 RE TR IA B R
AR BEHe P SR 0 R, WA RO e bR SCHEFR 7 v HE BT R ) 22 RUASH 8 Tk VF 2 R G AL AR T R
PR AR

T D0 P A B 7 v A R T S R A HE 7 N 2, — AN R A 3t — A 1f-Then 15 AR 0 LI
AP 4 AH A AH N 1 B AR B s 18t T 1f-Then 5 R80T N0 B 4ERN A AR L 20, 2 T 248, 5 TSI ABL
Xt 3 HAR %8 5 th Petri Net(PN)MU R T A 0 BIF 5% 1A At 6 - 0000 (03 B2 5 95, 46 PN KRl B IT 4R 1.

ARSCH L AT A AT PN IR RE TR AR 2 15 fal ik 5 15 S BOH Petri M (adapt fuzzy Petri nets, [ #8 AFPN), 3
XTI Al i 2 ) R AR TR B AR50 3 TR A BB Petri W [ IV 2% ) J5 vk (feedback adaptive fuzzy
Petri nets, fij FX FAFPN), %t AFPN AT teidk, 76 1% 7 2 vh i N S B ol K ASOR 12 0 0 12 5| A B SO R IR, JF
R I 1 A 6 B9 e FE S B AT N 2 ) A4 B SCHIER BN .58 4 345 11 5256 B8, IR 04T W03 49 47, X
13 BB B 2 06 4 T o i e 45 4, R N — 20 TR T 2.

1 #HXIE

PN it % 1R I 1 2 T 90 T 2 8, JF 3 AT Hb 3% 7 I 30 00 R AR T T A ff SIS R B B, ) DK B A5+ B
2% YU TP S e B o BRSO B SCIK i LA B bR SO RIA e ) Chen™ e PN fJERE 4RI T
FER Petri W (fuzzy Petri net, f&F% FPN),FPN & & T 1081 7 A2 2RI U P 0 AT %60 YR 94 18 (R AR e 1) s R BRI 7
EE v E BRI SR A TR AR B A R s E 722 2 a8 00,3 A I AR R E BUE, BER e 2 AR
BB RSCEATHERELLE 7E FPN BJERE B 5] AP M BR, L T —Fl B IG NBORE Petri 9 (adapt fuzzy Petri
nets, fAj Bk AFPN)FE Y {2 005 o 28 j4 4% v 1) J2 1) 14 9% (back propagation, fRjFR% BP)&.k 51 A 2 FPN A v I}
FPN o (R B AT IS 1R 2 ST 1324 15 304 4 T 5 SR A A0/ 358 2 3 TR PAY FROAUAE 36 R  JE O 7 R S SE B
Ty AT R AN 52

SR AFPN ATHAR T 59 2 I 5 SR Bl TV 38 W 30 &S AR A I 3 s RS P AL HE#E T ELYE AFPN ol i 5
S JS SR i R B LB T AN S 1 AEL R & L S ] A S L SRR ON B A SCHE ARPN PR RE it £ L T Y S At R A
I Petri W [958 W 2% ) J7 = (feedback adaptive fuzzy Petri nets, i #X FAFPN),EIZE AFPN 1 in A S i3k MLl 3 3k 3
A 2] R AR SR A ol R IE Y. B A5 3% s T ELAG AR 18 R B0 5 | WA ) s A 15 T BE AT A AT
AR 2 R0 B 10 275 N R X A A5 0T B B A B T — AL SUME, O B SCE AR A AT — S K
%E[M].
2 AFPN

AFPN HEBE 73 A5G NS A FA &0 77 2K, I Be AR 10 M AL 3 IRAT FI I AT by Ik FH A28 10 2% 1) BP 5325,
EHRERAT 2 BE M AES .
2.1 AFPNf&4t

AFPN t 9 JuA A, B AFPN ={P,T,D,1,0,c, 8, ThW} , 51 P={p,, p,,-.., P} 7 JE JIT 45 ri 10 7 B4R
T ={tu .t} RN B L A R S D={d,d,,...d }, ¥ AR A, B |P[=|D| ,

PATAD=G;1(0)=T — P* &% X\ (Gt ) bR 20, e WA 5 21 26 T TS s @ = P — [0,1], 72 FE T ) I 117 iy A8 11
HSLE, B=P — D Jt— AW, SO B T 45 A Ry L2 [ — — X R &R The T — [0,1], th 02 — AN e g, 2 5t
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FERARTE &5 it eT) & XM — B A4, Th={0,4,..A} ;W =W, UW,, HW, =1 [0, FW,=0-[01]
NG AU RS B LA TR 1P TR BB R ) AFPN .

Table 1 Sample of fuzzy inference rules
F1 B4

Rules Description

Rule a IFAAND BTHEND ON (4, 4,)
Rule b IFCTHENEON (4,,1,)

Rule ¢ IF DAND E THEN G ON (4, 1z5)
Ruled IFFTHEN GON (4,,4,)

FE AFPN R 4% RIS I — A 556, JF L A it 45 SR 0 5.0 D i o o, sl 1 R RO ¢ AR d xf
I R e, G Al R e Ol B T, 1 R a AR b XN T veeT W R B el(t)
2 e (PW,) =Th(t) , j=12,...,n JErb n SR NP BT I ECH  BR 51 B8 B 45 5, FL H 78 BT 9 JC9CJE e (R, )
Q) E SCAERAT 22 A i R[] — A EE DT, P L A R ¢ R0 d g [l — AN ZE BT d, e (P) R
P it S B e B DR — A, BTy 2 3X(2) s, ek R i it P BT xR ) R

Fig.1 AFPN model structure
Kl 1 AFPN RLALE

1
@)= 1+e”"2?=1(a(Pu)'Wu) M
a(P) =max(a(Ry,), a(Ry,)....a(Py)) (2
22 REfEEFS
AFPN AU W 7 T BEAS G510 S8 K 5 00 AR AN 25 5 1 72 S S AR 22 36 IR D 1), 1T AFPN LA
i o 4% [ R BB R E DR 0P mT D P i 2 R 4 1) 2 20 S0 2 >, FLIE L PR T o Petril PR R 1K) W {ELAEAS
SRR R S 1) A 40 SRR U
BEAFPN BR300 24,4 b ANEEPERT Py, j=1,2,...,b J r SRR AR AT 2 20 R AR e O E, T
AR @) I o (P) T o (P,) 48 T 2R P (USRS | MR A SO 52 b e 0 00 2 b .
1or
E=2Y L2 @) =al () ®3)
# t(n) & AFPN (K58 n 21— ARSE, () e T, t(n) M A IR L R B 43 530 D Wi W™ L WS I 24 15 72
Brek BE A A () R, et x =12, m =145 n-1 2 ERAIT B ek B2 1R 2 5 (4) KA, 2 K (B) h o,

365t X =12~ LA AREE FEHE YIS AT 0 BB~ 1 X=1,2.00m =1, G =n =20 -3,..21.
oE E  0@"(P))

= 4
aWiin) o(a™ (Pj ) aWiin) @
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OE OE 6(0(”)(Pj)) a(tJt("’”(P,-))
aw(nfl) :a (n) (n-1) (n-1) (5)
» (@™(P)) (@ (P)) oW,
SR T 1 — B BRI S AN AR AT 1 1 () PIAUE W (q) 2 04T 2 3T PR 2, n A S (6) 1 BT s 2L A ok il
G2 A, x=12,.,m=1,q=n-2,n-3,...1 . WIE I 2 K & 2% 329050 22 A0 B8 £ 8 T8 52 bR vk B
E < ¢ (eNERZFRAUE) N 155 124 3.

oE

WD (k +1) =W, (k) -
X ( ) X ( ) naWDEQ)

(6)

3 WMHEFE3)

7E FAFPN A JLHE B8 2 FE TR0 7= A2 AU (1F-Then 8 1) (0 AR 45 8. 1 T 580K 28 B 80 1 BEfi 4k, A ifg
A5 — S5 S 1 2 W s R R 22 4 0 U], B T R L 22 b 00 i B S5 IR B — o AR R T BRI R
NS ABHL, H30 3 o 1 2 Ok 45 R A ) 0E.
3.1 BRANEWIZIE

FE Bk 25 ) ST B R SO, e TR AT OB AL R R AE R — 4 bR SO N — 4 (S RS B
(linguistic value,membership degree), B S & (¥ 5545 w] DU ik — 2H 0f 2 50 52 J5 o 0000 R HAS B (F, (3, %),
£ (72 X)s s £ (70, X)) e n RORAE SUIE AR, 1 =1,2,..0 2 092 B BR S 4040 w38 B, i SR T 30°C

A AT 15°C AiA I8 o) T4 FAE IR IS ZEAN S TR I N RS TR )3 ¢l 8 T AR e AR B — 4 A B3R
AN AN B (e, ) 21 AR L SRR B e B A K (7) TR B4R vy =y, = 7, =5 B0 TR 28°C A X T
“HRTH LS 0.923 0, AR T erh K FLSEE O 0.2780, A% T IR K B8 O 0.001 5.
14 x> 30 1[H°]Z %[Lm]z

E[xio)z e (75, %) =€° 10 < x<30; fp (7, x) =4€" 7 ,x=10 @
et/ x<30 1, x<10

B> 2 (4)~ 2 2 (6) T 41, 4 2 190 45 11 sz o) AL 4% 2 o0 R AR IR ZEACU B E 55 R 2l I 0 4% AR R 1EAT B

I A 2D R S SN B ECSE RSy, 1 =1,2,.,0 , 0 RS TR0 A T A A 2 8, LA 2 ST A R
(6)Fr7~, Hhi=12,..,n.

OE ok 9a™(p)  a@P(p)). oE

72

fhigh (r,x) =

o A oy o I EntOmiE ®
T SR B X, W, SBT3 | ARIRUEL NET, = 3 x,W, I | 31805 (0%
AR, a;, a® 5350 50§ VF 5 H 0 i R SR ek T R T RIS T, 4 s 3 A s (9) R A 5
(10), 3+ Downstream & J P BT j BT AT BL3% T i S TG 4 4 1180,
;fﬁ=%a—%x%—a9wﬁ ©
E o 0-a)T ol a) (o —a®)x, (10)
6Wji j j keDown ~ K k k k ji

[t 25 206 11 2581 9 24 2 (6) 1 24 2% (8), AR IBT IR 52 57 25 31, 1 5308 25 1 4552 b v ¥ 1 i 1 T
32 RIS

CEHERE R SE 2 (I 2% S R A HBAT REAR T AT S 002 50 35 PF A 3R 56 8 R I 5 2 % 25 (0 R BRI A2
R 4B A
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j—fj—f ..... ;f } S A B m S S R R B, 7 ST e 2B U 000 A T E N R e T
). A Q) AT A R (L0) I 40, AR RN — 4 B R S0, & R SRR S U R S AN 7 8 3 A R (1) HEAT R )
F A 30D I B2 1A JH BAIK 40 U 25 2 =1 2% IF AT L i 5 A 7 6 56 15 J 0 3 56 25 1

A
AN

oE oE
® Dok =g (k) -0 =
WO rik+1) =y (k) -7 o

Wi (k +1) =W (k) -7 (11)
3.3 #IETIE

FAFPN [N 4 2 3k 2 e 4 G s

(1) ORI AR H AR SR 8 eR BOKE R 4% BT SO AR i — 2 S R ) SO, T S I v A
W PN &I ENE 11 a(A), a(B), a(C) ;

(2) WA ARG S50 51 IR 2 WIER S 80, 0 T 28T B Th ={A, Ay, ..., A, 7T LU SR8 5 AT HE 3 1R RS,
Vo (L7 ]N, AT A1 BRSO, B LR A A A/ X6 T2 = 2850 26 mp, e P R4 SRS 2R Yy A S50 26 1) AR D SR il K,
YRt K T e A SIS o T4 I 2 AR vl o, 1 R4 K41

(3) VIR LA HE AL, 05 T BT A7 19 500, 2R 370 e (PyeWy) = Thit) 5 IHA L IC IR AR 245X () H 4 28 2
TR 4 T A 120 AR 45 SR AR A T R 5 25 A B2 E RN BP BV RS 8L B R 2 AR IR BT B

(4) MH.2 BT E)E 53— A5 GRS WAL, a0 SR S R I R b HE B 45 SR BAR N
SARHUEL R AR AD)F 7O #E— SRR RS

4  SEISFONR AR

T B AE FAFPN %% X 08 AT W T — ME R &R 4 2 WA 55 4 4% & %8 (conference
environment recommendation system,{##x CERS). A 1#8IE K B INETiE . F7 A8 108 E P58, CERS IF & MR 4 25 i
HNR LT IOEEIE . W . 5K, TR A RS I, U S Y A
P BAT 10 T ¢ BB A AT B IS L RIS SO HE R R T RS
4.1 KIGINE

tHT CRES ¥5 S (1) JL 0 FZE T BUIR 22, W 26 [ IR ST 2% 0 1 8 08 T8 n 7 488 7 552 36 4 A v A A D mh AR G
I7H 18 SR 3t 36 AN BT EAT U .

1, x>70 1, X >0.6
Fign (740 %) = l[ﬂ)z Fign (77:X) = i(xiﬁ)z
e’ "/ x<T70 el ") x<06
%(L“O)Z E[ ><-0.4]2
fhumidity =4 fone (75 X) =7 7, 10<x <70, f 0 =1 frge (75, X) =7 7 7,02<x<0.6 (12)
1 x-10 1 x-02Y
foign (75, %) = ez( e ) ,X=10 foign (76, %) = ez[ & ) X=0.2
1, x <10 1, x<0.2

FR ARSORN 2 AR I R 2 2K (7) A0 2 5X(12) s £ S5 s 52 o 54 70 0 0 2 ¥ P2 AN N kAT Bk £, T 3R ¢
Je BTSN A ORI HEAT HE A, AR R L 2, Hoh R1 R 2 WU B R2. 3R 7R 2 L3 A AT O i
J¥,R3 Hrn 5 4 NH R4 Somxd 2l i3 1 LA FAFPN 18] 2 7R AEK 2 +h, AFPN ={P,T,D,1,0,a,
B ThW} L P:{Pl,llpz,l ----- Pls,lvpl,zvpz,z ----- Pla,zvplo,slpn,s ----- P]_S,S} T ={t ., te} o Th={A, 4. A}
Wo ={a4s tt-s g} s Wy =Wy Wo g Wig 3 Wy 5 W 5, Wi 3 P RE AL B SO, 2 RO A R X R K A
A A 2 AP B A 3] 22 A G5 R B SR I R S T Tt D4 7 9 2R IV B S e KR 5 R A A 4 2R
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Table 2 The fuzzy inference rules
F 2 BB A H

1. If Rl is “High” and R2 is “High”, then R3 is “High”;

2. IfR1is “High” and R2 is “Medium”, then R3 is “High”;
3. IfR1is “High” and R2 is “Low”, then R3 is “Medium”;
4. If Rl is “Medium” and R2 is “High”, then R3 is “High”;
5. If R1 is “Medium” and R2 is “Medium”, then R3 is
“Medium”;

6. If R1 is “Medium” and R2 is “Low”, then R3 is “Few”;

16. If R3 is “Low” and R4 is “Many”, then R4 is “Keep”;
17. If R3is “Low” and R4 is “Medium”, then R4 is “Up”;
18. If R3is “Low” and R4 is “Few”, then R4 is “Up”;

P10,3

- () ) -
Wz Hip
P22

Fig.2 The Petri net of CERS
2 CERS ] Petri [ 557 |

4.2 &R
FEA T IR o0 BT SE 56 R, I 20 45 1 AR &8 S 2 A8 0G5 1) 2 B0AEL 16 k- 73 281 117, DL T o A 4 B A
SHOER ISR T SN ) TISE B EE I
W, =0.6,W,,=04,0<i<10;W,, =08 ,W,,=0.2,9< j<19.7¢ 250 MillZsE I b A kAR EL
B B8 in, AFPN I FAFPN FOARUE 2% > B 23 S an 1 3 i 4 Fir 7~ 1] LIS I 5 31, B AUE #8170 i, 1 HL
FAFPN [F)31T 1 5 58 KT AFPN [ T 38 5 B EE FAFPN B, 48508 200 08, AR JhE A J 0T T VAl , 1T 4F
AFPN B3| 350 IR i A

—e— 1 1 0elc10

W i2,0<i<10
—e— | 1,9¢]<19
W 290019
_b S = s 0 — P g
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Fig.3 Weight learning process by AFPN  Fig.4 Weight learning process by improved learning on AFPN
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4.3 LI

LEIAR 5 BT, I 2R 4R 5 DR AR b i BAR 48 R 2 R e v 10 7 SR8 B0, BRZE A R A B R S04 88k AR TR
R IR 55 11 37 7 47 0, 4 A (UL B R O, N 80)=(26°C,0.35,37) I, 88 T AN MR I3, dn S e o A 1
FBIANECY a, NS bR NECh o, T H: B AR K AR 55 #E 32 2 U & AN RN R AR 10 20 82 15 43 3 K

2 . 100%, x100% Fl ———— x100% . [F b J 45 HE 75 R 9020 S 522 31 i Ab VIR ST 45
a+b+c a+b+c a+b+c

S FRATTAE 500 ANFEAFE EREAT IR A, LI SR8 250 AN, R AR 250 AN, EE S EUE R
BT W=0.5,4=0.01,%% 3 2% 2k 0.05, R B3R 70 Jy 0.00 5, Hrh W Al 4R =852, I8 Tl 3 S 42 911 &5, 4B 2 T T
FRACR AR 15 5, AT DU R P PN AR I R HSE, IR Sy 2 56 v 48 A0 B U AR K 22 B A % 8 AR AZEE /N A g it e
ZLRAF A AE 1 000 K2 2] 2 ) AW 2% 2] S50 W Ry, BT U 25t RS 28 7E I 2R A ANt 4 B i il & 45 R ) 5
B~ di B 5wl LARE SR BB 2 0 x5 4% 3] 2 G AR MR AR RIS B IR A R E Rk i TR R,
1 AES 800 225 1 000 YR I 25 & 5 op mT LAt ZE VIR « R A7 R T AR SE R0 7 S i i R 4 I A iR 2R 1)
.43 5124 0.80%,3.16%H1 1.28%, 77 % 4 0,0.001 3 F1 0.001 7.7 H. 240 e N5t e 70 I3 45 1 45 50t S 1 2R o
SO S5 RATFIR 2 AR %N 3.12%F% 3 T 1.20%.

a0
. ——on training data
; &‘ = test data wilh leackack
! —+— tersl ceta wilkut lescbeack
-
i o

L mbars (N
-
et

B ey

..........

10 200 300 40 S0 60 700 80 900 1000
trinng times (T)

Fig.5 Experiment result
K5 scisi Rt

5 HRiE

ALV AFPN, ASORIE 45 JR BT 42 T FAFPN, RITE AFPN Hh N S AL R 3@ W 2% 2] 07 ¥k, 0 e 7 vk
BEAT T B4 A SE R 0 AIE AT R AU 2 4 PS5 | AR BT ST, 1 3 S REAT A AT AR,

N D RO AR ) B SO R G 4 (FLECA) M e R FH stk 2 3 3%, 46 L R T 47 3 2 Ak 4k
JIR 55

BUgt AR BAT R A SO AR 4 T SCR AN B 2 AN [ 2, TSR T BRI S T AT L
RIS RS AN S 1 3 7s Tkl
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