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A Timed Fuzzy Petri Net Model for General Purpose
Real-time Fuzzy Control
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ABSTRACT

In this paper, we propose a Timed Fuzzy Petri Net (TFPN) model as a new model of real-time fuzzy control.
The TFPN model, which is useful for fuzzy inference and fuzzy control, is an integrated model of Timed Petri
Net and Fuzzy Petri Net. Additionally, a Timed Fuzzy Control Language is defined as a textual specification
model of fuzzy control rules, and proposed a TFPN modeling method. The TFPN model is a Petri Net formal-
ism of fuzzy control systems. Execution rule is consisted of marking(i.e., fuzzyfication) and firing(i.c., inference
and defuzzyfication) procedures. A simple case work by using TFPN model shows us computing time of infer-
ence and defuzzyfication is low and uncertainty and visibility of fuzzy control rule are modeled effectively.
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HEZY ZP)l3 ‘@ez AWM HA =
HR21e T8¢ ‘WA Q(fuzzy Petri net)4] 34
§ 24 E® HA FE[3, 6~10, 13~15, 21], &&F

*o] ERL 19944E5 A3 AT A G FRAA Qujof
o3 A2HAS
T4 8 Q9:3du 3y AQANFH
Tt 439 40 et 2 AL AL
EEHSF:19959 109 249, AASE 1996 129 259

[5, 11, 19], 2RE A& HAH Ald 4312, 18]
% PLC (programmable logic controller)& 918 A A
2 2yYRoje L£H2 At 2, 71&84 ¥R
YEe ¥ 9 /d ¥ =33 FFNL §48
®. .99 Fag F3Q ¥4 (concurrency), ¥l F 7]
“J(asynchronous) ¥ ¥]& A A(nondeterminism)E &
FHo 2 AYAe £32 Atk FPNE 284§ A
Aot WA 73 (production rule)e] 71A1 A EA[S,
9, 21]3 & L3, HA 2, vHA QL A
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A Aol REL o] thEA gUct F, #HA) I H
A Aoy Al2de] m¥s Y BN FEAT A E3n
Atk E3H, AND 2 OR Heho] A4 o hg @
2 3o AxAio] gleulle, 17, 21], olel g x4
o] Ago] sv€Eh

g, golMe 4 Alade] B8448 82
oz vislalr] fa REA LY T2AAE I
o 23 ‘2~ # 2¥ d(stochastic Petri net)[23]& ©]
48 F = Ao, #HA o]gL 7|weg dte FPN
Ty BRAAAE Jehi 7o) RE32, 28]
g, A A= A @ A8 23 3317] Y8 A
7+ @’ (time, timed £+ temporal Petri net)[24, 25]°]
ALEEY, A7 840 BEAAES =¥ sle Y, A
@ w2 deo] S 4 FHA =¥ E ol§
3t F& Hold.

QY RYPEL 3 g3 A" H 49 AFd

‘dEjZalo] (A E E°], CIM (computer integrated -

manufacturing) 2 9 A4 Al 2d)RE HEY Al
221 'dR ZHA(AE Eol, RRE Ao F)7tA
ol R E Aol JFHOR o) &5]o] ArH26, 27]. §
3], ‘Al A2 A7 CIM2] 4 AU oo, A}
A ZA, Aol = A, 8, Y 2 FA-By
ZHlell CIMe] tiy-#e] Hjgo] Aadrh A,
‘PLC 2)’9] AJA & A o]7]= F2 relay ladder dia-
gramo|u T2 Qojz dslng, Ay, 8%
4 2 #32 ByAgdol HAogn(27, 29, 30], A2
9428 2 eyl B P ooz PLCHA S 3
317171 oyl B4, ‘HA =2 Ao 7](fuzzy logic
controller, FLC) W4'2 B84 4 A& sidsz
.02, 28, 29, 30), #4H8, =21¥ 2 Ao H Ao
2 £ A3, AE AAR ARE Aoke FHol
Ao, Be ol Aol A o2 8 7HH, A
o T3] WPA-§ 7HA8st717l off e d ol
Aok E=F, WL HX) Alofzie] o] o]H I Ao
TAEY £42 93 2o} RF 3o}

olg} @& ulFolA, B AP E HA Qi A
Y ERE 53 Ao EAHE B4, wid
A L B8UAS 44 2¥38lstn, 71&E9 PLCS
FLC 4o @HEL sidd & e Ay #1%
HE 2 d(timed fuzzy Petri net, TFPNY 23 & A A
gtoh. TFPN2 32 B 848 Alo] 73 o] Wa) P4,

Wy 28 ¥ o, & A7E 7% 7I(actuator) 9
Aojo] HLsle= RO R A, ‘TFPN Aol o] ©
o} 2 Ao whake Ye g HA Aol o]& L AA
3t 2lo] o}, Qo] 38 A YoM M2
28 7548 AAEle Aottt £8, 22712 2
AP Mg o]2H oz AP Hol& JE A 4
A FFoA 0] g = UEE 3t Aol A7 =
Holn, o]F &, A2 B A77 A Hoj2
CIMe] H&t9] A& #HA Aloj71§ TFPNRE S
o] &3l |2t P EE A A gt

2 =29 273 e YutH Ao Al 2"le] 4]
7 Ao Alade] A Pa 28 AIH HX
Ao doiE Felstth 33 A= TFPN-& F 93l
TFPNER & 3} & AAste, 4ol 1 54 2
53 7L AAg 5P e e E 2
o] H=R) Ao EAE AR st MAIE ¥y A
£ AAE Rt oz 6FddME 7]E2 HA
E7 TFPNO] v Aol &% A ANE &7
A A A) et

2. Hiof Al2A9n} ARKY X HI0 210{(TFCL)

AY A Ao AlA"E Ao] o) Al AEhe) A
Mg 8 Aol AR E Y53, Y Mot
(FLCoA) E= Z2aY(PLCAAM)C.2RE Hof
A E Bol, AR, 75 AT B)E 73 71EIE
HEn2 A Aoyl o] FojZct £ ATl E
olnl T} & AF FErIY FF ATE HA
A ojdte ojtk. Ay Al Ao] AL [He 1]
2}

(A9 1] Ao} A28 =(SEN, ACT, !fsew, Ifacrs 1,
CONTROL)
» SEN ={ sen,,...sem,,...sen sy - A4 ZHAIHISEN
[30)
o !fsen:SEN—>SF X a: AlA] o] 8 g4 SF={(
SF),..,{SFisp}: A A% ¥4 A%
SF;:{a;, b;1—10, 11: AN A% B4 (a;9 b
e A% g9 FA9d e F ).
a¥ [0, 1JAFo] o] A Al X](threshold) 3§
* ACT :{act,,...act,..act 4cri }: 7571 A ACT
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o!f scr: ACT—>AF: 757 #ol& §F
A7), AF={AF,...AF .5 }: 757 A% &
A%
AF;:la;, 1100, 1): 87 AL &+ (a9
b A% ¥4 AT B T H)
* CONTROL < SEN X ACT: #lo] ¥3-o]y TFCL
(FE¥H) £& TFPN(ZAZFH) 2 =3 34
o I1: A 42 & (partition)
Msev:SFS A BEINAE B0, Msent
o sen,oll #o® AL g9 HJPelrh
Mucr:AF2l 75718 B8 & &, Maw
2 act ol ¥ A9 AL g9 Fgtelnh)

AIZH 2] Aol Ao(timed fuzzy control language,
TFCL): #& AdlA Fosion, Ao Al=d9
CONTROLR-£& H2E 2 FAF N2 7
Z] A o] Aololt}. TFCLE 7I&2] HA) Ao AAE
7 fAlsY HAE dejolug siA|Ado| Aoisn
W HQ Al 2" Aol F3E vy szt oY
t} o] EAlEe 2AZ Held TFPNE Y& o] &30
24 i s 4 2l TFCLE TFPN} =23
o2 FYF vl BEAE 7/HNER, TFPNL2 ¥
B £ A2 TFPNF 71 o3 Haldoh 28 A
o}gto] AxAE 9 4 =% NOT)AND)OR ©]
o, (aeAolFE)L 71E9 = A F3A6, 9,
14, 21]413 IF-THEN#= 2 715 A%, o= o
21} &, 7129 A2 A4 FEHL HAAY AENY
F&(mply)S JeEPRAT, £ 28 MY =
Az pE719 Aol P(EE, AT BAF,
fd= AaP22, 28DE el o3-S (S Ao
TE))e] o & Bl

(] Rulei : IF (2% =v-¢-%t} (0.2) AND 5% = ¥1} (0.3))
AL ASTSF AR AAM2 A2 YA A2
ZAHAF A ZAAA G A2

L J

THEN (&3 = e #E<9) (0.9).
A7 A5 A A=
A| o] 3 2] g A

L J
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3. A|ZHH mx| fE2|'3(TFPN) 28

3.1 39

TFPNE 32 # o] Al 2% o] CONTROLY-£| of
& &3 715 (executable), ¥4 H(formal) ¥ =33
(graphical) WA 9 24 mgozx At @, HA
a9 Hx) Ao AEdg FEHE =¥ el

(32 2 TFPN:(P, T, L O, 4, X, oy
*P=(CP,NP, @, ifcp V): Ed0| 2= (902 B)
— CP={cpy...cPn}: ZZ(condition) E&l o] &
TR Yo ¥Y)

Tseni - CP 2] sen;’d &8
—NP={np,,...np,: Q¥ normal) Z gl o] &=
-@={e,..@,): Z7Hintermediate)Z &l o] =
—Ifcp:CP>SENXSF xo: 27 Ego]2d

g el g5 (Fo)Ed (A, M
A £FFQANIHE BAR). o= [0, 1]
Atole] AR A
—-2:@—[0, 1]: & Al Z(certainty factor)
e
e T=(CT, MT, NT, if i EQAAA (Fh2 £ d)
—CT={ct,...ct,,}: Al(contro)EA XA A3
R gz ¥9)
Mai CTS actyd £8
— MT={mt,..m,}: Hh(maximum)E@ XA 3
elz HdE EA)
—NT={nt,...nt,} ALEAAA ZJg
—fcr:CT— ACT X AF: A|o] &g o] 2o i d
golg &
(@l (FE7¥F, FEIALEF)Y &
H2 23
e: TP EAAAM O {18 H4(Zl(arc)2
xH)
«O: TP ERANHL2REH 29 FH(E=
xH)
eu:P—[0, 11: 32 vl FF (@A B2
BAY)
oX:P—>{0, 1}:EZ "7 5 X@p)E #p(EE
F)IE EA)
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on:CT—5: 9= A3 #4 (5,=[LB; UB], ¥
A1ZE F3telw LB ztZ 3t A4 3 e
A5 @)

23 TFPNL 28 2 MEY /dE o] &3o
F488 5 Atk (29 Do) & A9 Ao 34
& TFPNOlA & W] ‘73& AEY’(rule subnet,
RSN)2 3Astey, zt RSN ‘%3 2 E'(condition
module, CM)3} ‘A o] 2 E(control module, TM)°] &
7 Fol2 @2 dAH U & TFPNWlA o
SE2UE NEHopgitt.

* |[RSN|=|CM| = |TM| = |@|=Alo] 73] #

¢ RSN;=CM; UTM; U @ = TFPN, RSN; 1 RSN;
=4,

¢ RSN& ‘o] & 7}35(biseparable)’ 18] X o] U Fo)
(@ AAsE CMIA TMLE IEH).

eCM;ix 17014l 2UEHol2E 7HAH Ao
ERNAL EA8A4 get

e TM= 17el 4] AERAAE 7HAY =3
Edlol2e EAA gt

O e

% oe o A= =L

FHSROW PTE ) RSN,
8 MEURSN)

<BHAOTFA> R IF (<ZT¥S) THEN (<401>) ().

(23 1) (o FaD| 283 (07|M, cp; : (sen,,
SFJ, -7} ) N Ctk: (actk, AFk ))

(Fig. 1) Modeling of (Unit_Control_Rule ) (where cp;
:(senj, SF), a;), cty:{acty, AFy))

3.2 TFPN 235} 4y

Aol Al AEL 9138 TFPNE 3L Aojg AlAde
22E 1 Ao 73 @ A% Ry ¢ £ A
t}. AE717 HY TFPNRE § AHEsle] Ao A~
g8 A & A9, TFPNRE 2 H3HQ Ao 73
o] B4 g Alo] $ole}, Aol F3E P AY
MM E o]&" & Uk 2l B HlMe TFCL
Ee Alo] #Ho2RE TFPNEH S Fale W

& A A g (B 1) TFCLE TFPNo 2 23y 313}
gy nd.

A% wg o) AL, $4 (AA) R (FFDE
ZAZYola9 Mo ERAoR 2tz u st
(S F A (ZUR)S} (Ao R)E =¥ 3lst
o2, CM3 T 2 @Z 7A4% RSNE derl
Z} RSNE2 (AIF) (F, @9 737 dA)E
a2yste] A FHo) ol § TFPNE At &%
A wysie] A9 43 WHE Aoz H{

Me =ol F3o 2y} (SHAA7A) Riv
ok} (29 13} go] (2R )E CMLE, (Holy)
= TM22, CM3 TMALol & FHEdH o~ @,2 %4
Zt 2y 2§, @+ ‘THEN' & 9luvj g} 3 9 &
AE pe @0 F9&s R htel RSNog 4
LT & Yk CMieF T™M, 2] WiRe 4 =
g AL (¥ 20l MAE & = ol g =33
THE o] &5t AA TFPNE AT (R 2)o) A
OREgd & 233} F3& 7|&9 A7 Wi&l6,
8, 9, 10, 14, 16, 20, 21]& ¥} tt2¢}). ¥ OR=EF
AEAAATer FEIGY, ¥ EHolxF
3htel upFe] 0 A-HF, A gho] 0) F&t =0
nExax goung vel st 73E FA sk gt
NOT® #%, ‘82 &’'(inhibitor arc)[l]2 AF&3}3
k. ¥ Ao e BE Qo #HES A2 §
2)81H A TFPNE A9t (21 2)& &4 Aol
THEY =Y} & KA

Q@) AA Aol 73 2Y3R E RE A 7
Eo] gtatn &8 THY FA(Y ol 2y UE
ANHez 233 grhola & o, o]E el 53
A)7HE 28 #A|(partial ordering)E [ 9] 3|3 2t}

(A4 3] &9 Ao F27e] 8 B4

e =3HR;, SEQ R):R;= R Zi¥(happened
before) ¥ t}.

e WHE(R, ITR R;): R; SEQ R, R, W& g9}

e H3)(R, PAR R): " (R; SEQ R) N "(R; SEQ
R). Ri% Re Sg Aol

o £7|(R, FORK R;):(& SEQ R;) N (& SEQ R) N
(R; PAR R)). R;% Ri= B Alel A|zhgc}.

e AFHR, JOIN R):(R; SEQ &) N (R; SEQ &) A
(R, PARR). RSt R vl 571 e2 FadT
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(E 1) TFCLZ TFPNZ2| (S AA (285 YY)
{Table 1) Correspondence between TFCL and TFPN

<AX> % <ZauATA

ZUENo)2 R <A, ANAGYS, YA Ye 2 FoE o
 AA sen ZaEHol~ AR sem¥l $% Ko
sen,8] M Agk Tt} ZRAFO)2 cpRal SAR (R, HA o) AA), cp*=Hep)
<7F¥71> R <A AYA> Ao2@qAR % <87, FEIASYS> Y2 KoJ¥ ol
® 7¥71 aay AolEdlol~ AUS) actll ¥4 Koo
ac,d] AAgk TecaHll®] AERAA cilis] AAF, Fuip™, (F, R A% 1Y),
(A71A, e a®] AU YR
<@ YA olTFE> T4 g RSN)
- <Z24>9 WA =24 - 21 2ECM)
- <#Ho§>9] HA =2y - Ao] 2FTM)
- <e> - @9] Hol¥, 1
<Al 7YY TFPN A 7=
<A&H-AY ZAFol2 R Aoled A Mol Soid o] dlole] wjo]x
<BAZIY> ol 13 Aozl 939 YNEALY, QukEdols R A
2E 3y Y R Adedxis) 9 Ay
2] B e Aol o % =g 3
Ao B3 AEAA M ¥

(H2) (ZHS) % (Ho{sHe 283 73
(Table 2) Modeling rules of condition and event part
in a unit control rule

=2 Z2R(CM) MO{(TM)

B ‘”O“""’OO @O—u'ct

30
lO—»d—-Oe eO-’C’ct’

(® B0l BN @& Folast @A 22t getFdol 29 dERAAY

NOT @
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Q=

(@) IF (cp=SF (@) THEN (ct=AF) (3).

cpl

—of it
)| —of 2

(c) IF (cp:=SF; (@) OR sz'SFz (@)
THEN (ct;=AF; OR ct;=AF;) .

p2 @

ctl

wp

() IF (cps=SF: (a1) AND cp=SF; ()
THEN (cti=AF; AND ct,=AF3) ().

) —-Icu

—bol ct2
(d) IF (NOT cp;=MF; (@) OR cp:=MF: (@)
THEN (ct;=AF, AND NOT ct;=AF2) (3.

cpl

cp2 @

cpl

cp2 @

(ZAFAN LY Hol#-& op: <sem SF, &> °l2 7HY)

(2% 2) Mof 2@ TFPN 283 0fl
(Fig. 2) Examples of TFPN modeling of a control

rules

RSN|D

OO

rsn[ |

RSN; RSN RSN;
@ €2 (ORL ©) w8
RSN,
: A
sy “N‘%q CD\A‘—.DRSN’
@ &7l © 2% ® 3% We

RSN;
RSN;

@® dzng
(3 B0l B7I8A g FAol2s =AML A2 Yol L9 YUEAXNHY.

(¥ 3) dol 7alEtel BE A0 HE (Hoji
2 Eghe| a5 U4y

(Fig. 3) Modeling method of {control_rule_set ) ac-
cording to relationships between control rules



¢ 4% vlEHmutual exclusion) (R, ME R):[ 7 (&
SEQ R)IN(& SEQ R)IVI(& SEQ RN (&
SEQ R))). RSt R;F 1709t Mels)o) Alztg T,

¢ 4% 1 Hmutual inclusion) (R; MI R;:[(R; SEQ
&)V (R; SEQ QIA(R; PAR R). R} RF 3
ox 1757} Al Ze o).

(@A F3A)L 14 ME rog oln mys}
BEoz [ 39 AL (29 3)9 FH za}
AAs MA) TFPNS FAHoz2 vy} of
H AAEE doz wyslsles Wy e ¢naEA
22 7lEst7l YL F Yol gEsot e 2[i),
TFPNEH S 7¢ bz AAE ¥HS Fusid =
& ghgic,

TFPNE dF9| ‘dolgd dojn, 349 tdFx
7} 10] 2 2 ‘ordinary’ o)t} £&, ‘# =] n}7) g4
pe Edol2e] HAE AY s ‘EE 07 g4
e EE 50 £ 171)& 238 uetA, Fgo]
2o B2 HEZ vl)e AP Ho 2 0 E= 1
7F EAslnz, E& o7t 33 3chd ‘C/E net
(condition/event net)’s] UYFolty. E3|, P/T net
(place/transition) net){1]ol A v} 4 u'E “u": P—

1
Min{cp7*,cp3 x4
»
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€

NAAF)"2 Jeosjug, Egolides a9 EE
o] B3 A=A/t EAE 4 Aok TFPNE #H=) v}
2 B poll A Fdo] 29 HAIHF, 03} 1A}e] o} 4
FIE EE £2 1551, TFPNL 28 A 4579
EZo] EA3ln] 5Y 9] 5L P/T net3} go}7rh
gukstd, F@d AdoA, zAAd5e] N9 AsE
03} 1ALo] 9] d4=9] A9} i Figo]7] Wil
t}h whebA, P/T nete] A9 (1l A “u": P N"& “u
:P—1/N"2 dl ] gcd, TFPNelA “u:P—0, 1]”
9} ol B g TFPNE P/T-nets} g 539 ny
AL ¥ F Uk

[£44 1) TFPNL ‘ordinary’ Yoln), EZ uv}zut 1
& E ‘C/E net's] dFolty £, P/T-netd}

& 529 2ol
4. 5 1y o 2o 9y

4.) 0z 2py

AMgozRE o AME 2358 2AEY o)l x
o] M A v AAKF, ¥R sHfuzzyfication) 3}
A), Al o5 Mz L HAGE File FP (Y9
L FHE8 o) 2o Ao},

-’ ........................
/\ cp1*
| SF1
) A S Chlk
A opl(& )
sen1(MA{gt)
1 """""""""""" mz.
sr‘x
a2 2 x|
0 A CPARK)
sen2{MI M gl)

ct1(i)

al WM

o moigt Yel

23

o ik~ ()

29 Mozt HH

(a8 4 Hx| 0} 2 HX| M3 A (“IF(cpI=5F1 (@]) AND cp2=SF2 (¢2))
THEN (ct/=AF1 AND ct2=AF2) ()" 72l9| 2] o)
(Fig. 4) concepts of tuzzy marking and fuzzy firing (modeling of a rule, “IF(cp I=SF I (x 1) AND
cp2=SF2 («2) THEN (ct I=AFI1 AND ct 2=AF2) ()")



550 StRFEMINS =FX| HIM K 3% (96.5)

A=A o} : 20 EFY 0] 29 3, sen;2RE 23
gtol AR, n, e BE ZAFH |2 cpol O
8 (714, cp;el #Hol &2l (sem;, SF;, ayolet &),
& B o] FAlol HeldHZ, ¥ v}3)).

if (SF;(sen)) 2 a)) then cp} = ulcp;) = SF;(sen,)
else cp} =plcp))=0. (A7) X, p& H A v} Fgoly
cp} € cp;el HAUY)

AutE o)A npol AS, npi=unp)=[0, 1]oI9,
FUEY o2 @2 S, @9 dlojEol A, o,
@ =u(@)=[0, 1] x 1,

(QEE v}7:if (p7 ) 0) then #p; =x(p;)=1
eise #p;=X(p;)=0. (4714, x& E& u}7) §oln
#pie ple] EE £9))

¥ AA sene= A T (o] AP O E oy
o] ZHEH L cp,E(F, ZHEd o)L AR sen;
o HEt £ 1) 2 RHSHE 2, sem; gho] Y85
A sen 9] BE ZUEY o) aE0] PyHog HR
S L 00] 49 HAIZE e SYo)A2EL EE
ol EHF, Edo] Lo E)). FREHo| 2ol e
#AUeg ugldle HA 5A] g 7@ d8 &
o, (19 4 713 '] AH&H e FH[2~88] (2
# 2-bpol ¥ 3 g Bt

42 st oy
e =8 948 Fdol= ip;9) O ZE
&9 EdolL opol W3, #ip;=1°12 #0p,=0°]
LE ‘d38l7Mg(enabling)'olgt gt} WMo
A28 49 ol s, 1) N 1) =6, OUE)) ={¢t;}
L O ) ={t;1017 ¢,9 ¢ el Falrbsrolel &t

(1) H A FE(fuzzy inference): Yuk ¥ HPEJANM
o Fa #PE ouigrt. Ho EAAL HaAx
# A 67 pol W G 2o, ¥ Yty
¢ EHRAREL FA Hado 7 Harlsol
I IS O] 28 Fd ol ip,9) opoll h3HA,

o7t AMEAAAR] FANDY 9n| & 28):
Opk‘ = Mm{ip,‘}}

Vip; € It)

ot7t HUEMXAHQ 7 (ORY] 2ol & 2H]):
op* =Max{{ip}}
Vip; € 1t)

e A31¥ vl o] Ade 55 gohiip=0, #ip;
=0, #p=1

o] ¥ &L il el min-max A4+ F3|[2, 2812
283 Aolny, 7|&2 HA YEI6 9, 14, 16, 20|15
o] F& & F2 o] g3}

(2) ¥ ¥ A 3K defuzzyfication): A ER A ;0] 3
3} AL ovl i, TF7) act;9] Ao AHF, E
A Hl XA A HE ke Aol o7
Me MEE ‘2A FAWE o] &3t v HAAE F
k=)

(DA 1) A2 A ZE3E 5 Al 2 H 8 Ket) 9 Olct)
el 2 & Ediol 2 ip; € op;ol i3l

8;=ILB;, UB]=nlct)=AFTGp?), ip?=0, op=34;
#p; =0, #0p;=1.

(& 2)l 93l g MolEWXXA Y43 Fgol
28 17 olol(ZF, ipe o FYT 948 Edolx
), AFTE ctol 48 757 A% &5 AF°] ‘Y
B A (inverse relation)olt}. AFe ©AHone-to-one) 3t
F71 opye g, A §(inverse function) &) 312
2ornz, JEA Ad& At (0¥ 99 2
£% ¥22 59 MEE B ol AAY ==
28 FE7 NS &5 AF7E RAHAESH,

eipt=A ZA%:ct;® AA AL HNF, B3l A
A ATHE §=AFT(NE A€, AL §47}
A olatd, §;=[(a; + b)/2, (a; + b)/2]e1™ &5
Yot} o]2l gt AAJEIANES 2= TFPNE
38 A7 d24]0] Eh

eip? > ;)0 e Aol A YAE, A
3} XA A7HE 6= AFTGHNE ALs Y, 730
Aef7t Aok F, ipt =0l [a;, 17 &2 Ut
o2 (LB, UBJZEH 7t Eth. uta}A, ol2) &t A



JEARHES 2t TFPNS ‘703 Alzt o
[25]0] €t} 28922, TFPN& TPN9 vy
olg} & = Uc}.

A& 501, (28 DM Z FH AEAANLE
o] Ao} A|ZF F3F 4= kg o] AlAtET)

(@)é=nlct)=AF (u(cp) X 1)
(b)6,=nlct ) = AFT (Min(u(sen,), p(sen))) X ) AND
d2=nlct) = AFT (Min(u(sen,), u(sen,)) x 1)
(©)8,=nlct)= AFT (Max(u(sen,), u(sen)) x 1) OR
o:=nlct) = AFT (Max(u(sen,), u(sen,)) X 1)
(d)é,=nlct) =AF,T(Max(l —ulsen,), pspsen)) X 1) AND
d:=1-nlct) =1AFT (Max(u(sen,), u(sen,) x 1)

W Hehi27) o]do AJERA Aol Wy Mt
=8t ‘%3 F 3Hconcurrent firing)'3} 12, M3} =%
HslE EARAM] 28 Zgolx o]9o EESS
A PHl & ‘EE fA’0]8) o)), AqEMANA
Aol actid £ n, 2 A ERRHEo] F4]
o HalElw, Halel Aol ‘ZA FAW ) o3y
HA A} HEsta, actol A A Aoy A7t
HY AR AFE oE T nFoM A A
ZAlo AHslsl= Aol Ed M e CFact;@
8}i1(F, CFact; < nact,), CTact i 2] 2E cto thsh,
ct;®l AEHT AR U E a;, bi2} 81 5,2 B9
g (LB, UBJ2} 8t&h. &, «;= AF{a;) = AFb), ip*=
AF{LB)= AF(UB).

(A 2] 5;2 7HA(AA) w; 2 F-A T4 mAL:

piroll & A7 AP AL g4 AF= =0,
a), H=6=UB—LB; 2 Eo|=ip* 7}924
e A6 =19 W) £= AR = FY(@
p* (1Y o) =3 s, A3 2A FHE ohH
o] At

o 3w, =[(b—a) +(UB—LB)| x Gp*)/2
@pre ct;o] FYF AY Edol2) m
o FA BN m=(a; + top; + b)/3 )
71 A, topi2 6;=ILB, UBJ9 3% AHelt}. &,
top;=(UB;+ LB)/2

HE AT HX| HOIE AS AIZEY HA HE2|L 551

AAs A%, (4 DS 421 Ee Akl Ee) @
43t pon, 92y EE 34 =30 Ao &
AX 2 FBJ) L2 e Y 239 F¢ A
g3 AAH L 72EeA g2 A7) 2aH 1 AL §#
F ZHE FHE Rol22, (4] g AHgEE Fa
7d giki gaEn A F4e A4, 2ol (g, bl
o] topA| oA Eol7t 1) ¥R 9 & A7 4
Zy o] yolgt 7A F4E 242 LS % LMol 3t

3, 82 HZL HE e Holst FA FHE A4 RS
2L RMolE} &,

LS =(top—a){2, RS=(b—top)/2, LM =(2 X top + a)/3,
RM =02 x top+b)/3 (3)

watA, T A4 zte) 2A FHE m=(LS X LM
+ RS X RM)[(LS + RS)=(a + top + b)/3°] "}k (¥
2ol A, 2 Azt FAHA A top=bold, A&
2z} 2z} o] AL top=qg7} o} Arhal o] 3L,
(A 2= $de 7 A E HY ol 2y
o2 FE BA FAL 7 Aojn, dA F
A FATE 237 Ao Alche) o) FEs B
A 4L (2] 92 ANG F JATHAEN 7 Qe

m=(—LB’—axX LB—a’+UB>+bxUB+b?)/
3xXWUB—LB—a+b) Y]

@714, LB} UBE 2zt Ajthe) 2eo] o) ol
R A @tolx, ash b= ol B R A ghol
o (4 2)= R4 28], WA 137} 228 AT, (4
A 54 43, 44 53, B4 73 2 kA 187}
2295 (4 2t (4 97t} 9348 W37 A8,
N At & £8Q) $A(EE B3) Y7 Akt
29 A4S, m2 mrel 934 (4 5)sh gol (4 2)el
top=(LB+UB)2 2 UB=b A&z} (4] 4)e
b=UBE tY ¥ zkzte] zpolsh puk.

H A= |m-m'|=|(—LBXa—LB’—axb
+LBXb)/(12Xb—6xa—6Xx LB)| (5)

d& Eol,a b LB UB7} 2Z}7} 0, 3, 1, 3] &= z
zZ Altbe] Ze] A, (A 2)o oF A e 1.
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7333330] 0, (2] 4)ol}l o3 A 3h-& 1.6666670]™ Q
3} 0.0666667°] ALl (4] 3) 2 I, &) 1 $
2 A gy FAZHL Qe 2/3 (Holge
A ERE f€ Zoid, oS e o3 f=dc}
[2}.

_fxf(x)dx/_[xf(x)dx = f,’, x? dx/_f,’, xdx=2/3

(A 3] &4 AMo] AR Aa(FA FA) 1o ALt
&7 actie AFHOE 44 Belo AQ Aol
o8} RAFHEZ, meFolA AHAN FAl) P32}
He o] ERXNME I CFact, 9 et T2 6, my
3 o ZRE (F, 4 13 2) O3 go] ;§ 8o
TE7NZ B

r,-=§(mk><a)k)/>k:(wk) @)

ol & o, “RI:IF (cp!=SFI) (al) THEN (cti=
AFD (AD."2} “R2:1F (cp2=SF2) («2) THEN (ct2=
AFY) A2)."E dhtel AA send TE 7] actoll h§
Aol FRAE(A7|M, cpiT} cp2e send Aojste %
A Zg o]l 2o, ¢t} ¢t 2% act& Aol AE
@Adolch)eldt stn, ulepl) 2al, ucpd) = «28
3zl 571 A% FEL (Y 59 gol, cpl*=
0.3, cp2* =05, AFl1=lal, bl|=[2.5, 9|, AF2=[a2, b2
=[5, 10l. 61=(LBI, UBN=[3, 8], 62=[LB2, UB2=
(7, 10), top1=5.5, top2=9.58} 7}R 5+,

mi=(al+topl +b1)/3=75667, m2=(a2+ op2+ b2)/3
=(5+8.5+10)/3=7.833,

wl=[bl—al) +(UBI-LBI X ipI)/2=1.275,

w2=[(b2-a)+ (UB2-LB2 x (ip2*){2=2.125

t=(miwl +m2o/(w! + w2)=1.021

et T2 Rl §4 Ao A7 443
< 7.021 ()7} €t}

43 T@N OH=

(DA 9 £4:TFPN| 27] EE v}7& &
sl 2} AAgte] g 2 Eolrz JYsW,
TFPNE F8)o] A|ZEn, 8 A3 'cgy T’
(&, E2DE 4T @& 34 2 (uninterpreted)
B¥olnzft], 3 A2 9ul st sid
tt. TFPNe| =94 ad=e ‘€8 oi4eo 284
28 Z(TMRG)'$ ‘H =) v}7o] =24 12 Z(FMRG)'
2 FEHY, TM3 FME 42 EE ng o § %)
npldole} & of o= wo) Aeler)

(Rl 4 =24 28 X :(NODE, ARC, Ify. If,)
*NODE: =% A%, ARC: 3 M A%
¢ TMRGA A :[fy:NODE—>TM: S0 Hoig
Ed vz
TM={p; | #p;=Xp)=1, p, EP},
(4714, p*= TMRGS 7z3d EX4d Jge
FA gor Fa AU $olt})

ip2*=0.5

ipl*=0.3

al LB1 a2(4.5)

6 7 8 t 9 10
top1(5.5) LB2 UBI t bl UB2=top2~b2
7 (7.021) top2(8.5)

(28 5) & o AR M2 PH SA) 2] Hidt o)

(Fig. 5) An example of calculation of a composit con-

trol time constant t



* FMRGOIA :{f\NODE—>FM: ==o] 2ag 5
Z] v}
FM, ={{p;, p*) b*=u(p)>0, p; €P}

eyt o AYEAXNMAY A*:Uf,>T: 544
Al Ee, B3 F3hE EAANA(S)E HoF

e AAERANMY A$:If:ARC—>CT x1: 3.4
o daE &, 93 A3he EAANANE)FH &4
HA) Ao F g A5

[$4 2] %8 TFPNel gt TMRGE #3838 FMRG
© st

(Z%) 2 o7 Meole Hd Pl AR F)2
847 EA(RE Bdolxd EZ ngA)ElH, &
Hol ol 17] £E 0709 EE(F, EE vhH)o] &
Astuz, M2 o vty e & Fe 22 &
#3lch NODE++= vt Zet2ull e nigd @ 429}
2 5(Z, INODE|=[MI), M2 #&M9 oj7lge
2 A A Aol xug £ {3
wa}r], §3 TFPNoll il =94 adZe #3s)
ot 28y, TMRGS = €8], FMRGE ZF E#jol&
o 03} 14fele] A FgH(F7)o] EAsER, V&
o] P/T net[l]# #o] 279 ==& vt ug}
*), FMRGE F§tsir}.

dole EE vt TMol A ER A A Eo] H 3= o]

t,
N2e B2 07 TMo] 8 4 Uokd, & T™; -

bivy

™o 3T, TME TME3E Eaxu
Hal Ad2 4 Lyt 98 EE 297E
(token reachable)'sltta @t 543 EE 71 o
A3A FAHA ‘BEH(conservative) o™, 2} £
oo EF 47} 174 o]3tY o ‘QhH H(safeness)’ o]
2t gk £8 EZ F71 KA 013 A S-S K-/
A(K-boundy ol2t @k ‘6| =22 TFPNoJA A3
E71%5 3 ERRAol = H$E vehld, H=
Zo] gl o, TFPN& ‘4 ZH(live)’ ol&} dic}. ‘7
#(open) Woldh, do} 2y 3s L Pol9e e
2R FFS Ue 2 oujg}) o E B9, ¥ 4
Ag goz 2y dod, AAe ol e
R NE|9 oAX] EE AHYE 2&) et
Halslug o] 3% dle sptdol fcrh Aol
obd @& ‘o ) H(closed) °] t}.

HE ZAIZHHA HO& 218 AlZFY TX| TERILE 553

(54 2] EE ol L ‘etA & o] xqt ‘¥) g &F 0|},
EZ mgAL AX9 Y gkel oM FA =,
TFPN2 ‘7’ d w3o|r).

(3 9] 212%E] TFPNY 7} Ego]2ole 7] E=
07 EEn EAslng, ES vl e 7|&9 C/E
netol A 9] 72} FUE D ook TFPNL (B
)% (29 3)o we} m¥sEng, 83 gL
Fast A Frkdoh wElbA, v BE&FH o). £3],

eIz EZ nRe 2HEY o)~ HX
Z(

o

(&, AAM, AN AL &4 2 dANERE A
2 H =z ghell <& AR =Ew, A ke TFPNe 9
nang Zojxug, TFPNS /43 Jo| "o}

>

Qxgg amze of (2} 6-(a)oll A, 27 H=A
algo] {cpt=ulsen)=09, cp3=u(sen))=08, cp}
=u(seny)=0.7} & W, (Z, ES vl {cp,, cp5 cd3)
nt, 3 nt0l F3rhssin, ol FEF npt=Min
{09, 08} =0.8°]1, MZE vbAL {(npl0.8), cp£0.7)
(3 W9 g2 #xgd)e] Aok oldl, mt, nf, B
nt;0) A37bed, meel HaFE @' =Min{08, 0.7
X 1=0.7¢09=0.63°]" N2 vlFL {@(0.63)}°]
doh o ntgt AEHA N2E v AL {(2p(0.63), np;
(0.63)}7F =1, ct, 3 ct,7b Al AsEA skt
Aol Ryt FREC) oju, Zt FE7q AaAA=
Aol AZE b & A7 §,=nict)=AFT(0.63)°]
4o (29 6-(b)e EE v =84 1 T8 Ho)
W Pl A3 7MY Pl @ B2 AA)E AHE
stE2A vy £71 ZAHAT6MANN 1Az 2
&), &7 v AEMAHo] HaE © 7=
o BRE 2A2EE (19 6-(c))o A Bt

4.4 HE HX| MO A|2"e] T8

(28 )& 2 AFdA AAIF TFPNE o] &3
£ HX Ao} Al2Ho] FZE BT A7+
7)) RE L RE B g Fos MY B A
22 MS-Windows #7391 A Visual Basic®. 2 GUI
& 3o, £87 59 27 HAE Turbo C
2 S A 7leg gFFolth
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np2 cpl : <senl, SFI, 0.5>
ol @ nel npl\/'l\ ( 4 cp2 : <sen2 SF2, 0.5>
“__.. “a ’@ cp3 : <sen3, SF3, 0.5>
o2 @ - :LL b @:09 » !
3 @“-}/ ;I cl : <actl, AFI> |
ct2

n3 ct2 : <act2, AF2>

"P

IF (cp1=SF1 (0.5) AND cp2=SF2 (0.5) OR cp3=SF3 (0.5) THEN (cti=AFf) AND (ct2=AF2) (0.9)

@ Aol 9] TRCL# TEPNS] of (A& #4589 dioledjol2E J=)

(1): 1-2-4-8—¢  (0.83,0.89) 2): 1-26-6—-¢ (0.72,0.72)
@): 1—2-5-8-11—¢ (0.72,0.72) (4): 12810119 (0.63,0.83)
5): 1-+2-6-~10—¢ (0.69,0. (6): 1+3-6—+10-+11—-¢ (0.63,0.
(7): 1—3-6-10+9 (0 (8): 1-3-7-+10+11—¢

(®): t-3—-7-10+¢ (0.63,083) (10): 1-3—7—¢ {0.63,0.69)

© FB NA2 R (w2 3 &

(08 6) TS TJejze} =& AIRAL of
(Fig. 6) An example of reachability graph inference
sequence

HE Ho| AlH

A

AJDZHE]

2&7Im

TFPN "l

(28 7) TFPN#& 0|28 H& WX| H|o| A|ARe| 7=
(Fig. 7) The organization of general purpose fuzzy
control system using TFPN model
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BEGIN TFCL
MEMBERSHIP
Sensor A

Actustor N

END
RULESET

RI: IF (A=A Null) THEN (N=N_Very_Large)
. R3: IF (A=A_Small) THEN (N~N_Modium).
) RS: IF (A=A _Large) THEN (N~N_Zero)
END
RULE-RELATION

Rei2: RI Ml R2 Ml R3 Ml R4 MI RS MI R6.

END
END T¥FCL

A Null: ((0,1), (05,0.75), (1.0,05), (15,025), (2.0,0).

A_Zero: ((00), (0.5,029), (1,05), (1.5075), (1), (25,0.75), 3,05), (3.5,025), (4,0)).
ASmall: (2,03, (2.5,025), (3,05), 35,075), (4,1), (45,075), (505), (5.50.25), (6,0)).
A Modum:  ((4,0), (45,025), (505), (55.075), (6.1), (65075), (7,05), (7.50.25), (8.0).
A Lage:  ((60), (65,025), (7,0.5), (7.50.75), (8,1), (8.5,0.75), (3,0.5), (9.5,0.25), (10,0)).
A_Very_Large: ((80), (85,0.25), (9,05), 95,0.75), (1a.1).

N_Zero: ((400,1), (500,0.75), (600,0.5), (700,0.25), (800,0)).

N_Srmall: ((400,0), (500,0.25), (600,0.5), (P00,0.75), (800,1), (900,0.75), (1000,0.5), (1100,025), (1200,0).
N_Medium: ((800,0), (900,0.25), (1000,05), (1100,0.75), (1200,1), (1300,075), (1400,0.5), (1500,0.25), (1600,0)).
N_Large: (1200,0X1300,025), (1400,0.5), (1500,075), (1600,1), (1700,0.75), (1800,055), (1900,0.25), (2000,0)).
N_Very_Large: ((1600,0, (1700,0.25), (1800,05), (1900,0.75), (2000,1)].

R2: TF (A=A _Zeto) THEN (N=N_Large).
R4: IF (A=A _Medium) THEN (N=N_Small).
RE: IF (A=A _Very_large) THEN (N=N_Zerc).

Rell: RI FORK R2 FORK R3 FORK R4 FORK RS FORK R4

Rel3: RI IR RL. Rel4: R2 ITR R RelS: R3 ITR R3. Rel6: R¢ TTR R4. Rel?: RS ITR RS. RedB: R6 ITR R6.

(08 8) =8 =E{ Holel TFCL
(Fig. 8) TFCL of a motor controller

5. Alal| AT Al 2E| MO AlAY

Hd 2 Aol A2dB1]& AF AN AZRH
T& ARE 238 AR Ao] F3F o] &35t =
E(FE7D)9] 3 -F N& Aolste 6709 #3E 7t
A g Al 2otk 3 [31]9] WM E 6749
HA &L e FEF IN| x 1| Hole &
£, INI2 NFdHe A3 +), A=A #A FHmaximum)
2 35t HAFHoE 109 HA F5& BEG A
F3oz, udA AFEFA FAWE TN AT Y&
dech debAd, g2 e At Fol a7dr.
ANz M, 757 2 A% g5 APES OGS
2} g

o AA AFHEH):SEN=nd={A}

* 757 AHE L) :ACT =N ={N}

o AF AM A% T4 JYHED):SF=A ={A_Null,
A_Zero, A_Small, A_Medium, A_Large, A_Very
_Large}

o RE(T7E7) AL &5 JAHEY:AF=[IN=
{N_Zero, N_Small, N_Medium, N_Large, N_Very
_Large}

()TFCL 2% :(O2¥ 8)& HE ¥ Ao A=H
o - TFCLE ¥Rl Z+ AE9] YA & 0°]
o Aol FHES 9 Fix e 10]8) 74 Fn),

(Q)TFPNZ ¥ : TFCLE 2 33X AAIZ
£ 43 (I 9)9} T2 TFPNEE S A& +
o} Z} FA S 2AF-9 AojR7 @Y Aejojng,
TFPNT 2% o] -$ st} o 7]1A, 2H o] RPM 3k
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(a) TFPNR Y
(a) A TFPN model

CP=(cpl:<A,A_Null,1>, cp2:<A,A_Zero,1>,
cp3:<AA_Small,1>, cpd:<A,A_Medium,1>,
cp5:<A,A_Large,1>, cp6:<A,A_Very_Large,1>}

CT={ctl:<N,N_Very_Large>, ct2: <N,N_Large>,
€13:<N,N_Medium>, ct4:<N,N_Small>,
ct5:<N,N_Zero>, ct6:<N,N_Zero>}

() CPst CT| #oH(Z #4 @484 DBE 44
(b) Labels of CP and CT

ntl ne2line3 1ice2(1800) 8
.....

(© E€ 5] =e4 JdZ (1-1739)
(c) A token marking reachability graph when I=1

ne2fint3

nel
@ <cpl,0.5>, <cp2,0. <@1,0.5>,<@20

ctiffct2(1800) m8

<np2,0> <npl,0> cees

@ HA v} g4 A= 0=173%)
(d) A fuzzy marking reachability graph when I=1

(78 9) =& 2E Mo{e] TFPN2Y
(Fig. 9) TFPN model of a motor controller

(&, Na)< ZEHE 232§ AJEAXHA A
AlZE #3682 FE T ok AR A gellae) =
BEYol2E0] nRHnz, AMAHA =E4 1
2 g a7l E7besd, (29 %)% (de 1=1
d A9 gy QP EL Bk (29 1003 ¥
£ Ce 138 3l ue §4 MAXT 35 @'
< 2% [31)9 Aot vmste] v} 17} 7.5 o %
23 [311¢] g3 v ml S w20 P wye
2 Zd A" ) Jebdg ¢ F 9o a8,
B Al 97e TFPN2 SAE3 Wy v, 93

A3 2 A AL A e 8 & BeA
ol Alo] FH o} ¢heste 2 TFPNS X & /NEES
ol &3} o2 Qlth

6. ¥ UR

6.1 7|E Hx| J2} 6jm

)Edol2 2 E&: 812 44 #3E& =33
o, Edolxel EEL HA DA, 6, 8, 9, 13, 14,
15, 16, 19, 20} & =0{[7, 10, 21]1& YELRAIRE, A



o] Al2dg w¥ g Ao A A2, 18, 13]
v Ay #x) W12, 1818 JEbdo A3 =g
2E3e A4 24 A 9 A AE e,
89 8 15 20, 221 A7 #Hx] YoM &
gol 2o 4 F(FEx, Aol MF)E A #HolE
3}3tA) ¢k, 0x} 14bo] o] Al AAU(EE, W)
% sty o EEL iR E WA FA(EE,
o], A 2 Ag 2 ) HANEE, HEHE[1S),
FAE(13], dA=[8) B2 A, AAX o] 4o
Fgore B0z 7133t HE YolME E2Y 4
g v AT, HA M EE] HAZGE 2
At} #HA Qo EEL F4H([7), AEl(12, 18]
2 Ao/ deEl1012 &A= 7 g

TFPNo A Ego] 29l EEL, Aojo] 24 WA,
TFHZE B AR £5 99 Aoy Yoz
Ko HE 2oz A Faolad EE2e
17} olalgt 2 gt} B9 &4 §7T I}
A, ‘ZEF EZN0 FAMsIoh 27e] #HRAghe
EZ9 £4do2 e, 03 1Xk0le] A% g

RPM(8] Ti=)
2000

HE ZAIZ HX] HOHE 218 AIZHY HX| HE2|W 557

Zeth 28 [26M e AA S HESE SERY B
ol AAE w@ssin Y9, TFPNA A= Al
Me BdolaR, 787 EdRMog 7zt vy
e A, Ed 2d28 ¢ 23} 7t

QEJIANPY:ERARHAL 7]&9 HAJA H=|
HAZEe] #§&-& 9v]3A|Y, TFPNo A& ‘92-3
H(F, Ao 715)& JeEMTh 8 Bof, 44T
Ee Ao “if p then g°9 AL, 71=2) GTq)
A pot g 742 AA 2 A8 FA(EE, g0 Y
B, p O—|—~0O q2 233} stA%, TFPNo) A
€ 2 23 D Ao(F=HE YehY, p O—
1qZ 2333t} 7]& g 32, pH g7l 2% &
gol22 RYPsHB R, AP 75 7I(q #d
¥ BA7E XEE Ao 73& =Y 7pA Ao
Astdch BFE YoM E Egol2g EAdAAL 7}
Zt 2% AR(EE, 71%)8 Jellleg, TFPN2
Ha o] £¢ A=Yk

71 HA Yol ME A2 A F3F 22 A
E(EE, 7FFAN2, 18], A2 g7, H=FS8), fuzzy
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date(13) 2 YAA16]) == A §5(1518 EA
el Rgft). a8y, TFPNOlM & EWFAAR
ohel Ealol2oe H2 AFE Fo3ta o,
Aol A A ANEE FHEH 2o BAH
o} =8 daAvr TEE AR A4 73 =¥
7] A8, E8 22, 279l M = B2 FHY EARA
S8 Agsleg, 99 F2E IDAAAL, FIAA
® B Aol Mttt TFPNAXME EF 99 /g
2 H7iye] $4e F4358% 0 OREEE 2y 3
srl9s) ‘HYERAN L 7} Folatglrt
(3) Z(arc): TFPNSIA &= FA 9 =8l & YEhl?)
A ‘B4 & AHEE 71E HA YE FAME
(71=h [16]9r 24 9 22 38 7z} 883l Y&
Bolth. &3 [10, 2|0 305 QAR EE §4
€ 7932 den, £ Y(Pr./T net)ol HA 7}
Ag 27He ATRUIME £ole] WAE 50 Bo
B2 Ro3tan ok Fo o9} & #o|Bo] R
9 7lalAo)l sl o2 TFPNol A e ol #o)
£& #4934 gert
@) A3} 73712 HA doll EP M Fsirt
¥ 22U Y Edol 2 HA Y HEE, AFE
8ol Fo1z |l AIR] ol o] ALl A= Flo] 0 o]}
(8] =& 0.5 0] 3{19]Y wl Hatgch QAR AFolt
23t Mg HEEHA g A= UoHT, 15). 3
7HeE EXdAA HEF Y EH o2y BEL
AbA 5] A 10, 12, 15, 21] BF s, 9, 11, 13, 19].
53], £ l6]o] B ¥ Y E20] A"
Roz2 Fostx YA, 19 =FWe] o M=
B #7E N 5, H3% 949 B2 ¥
2 FAE BEHASA R o ok, gol »
g Mo EZL oprisit}:, E TFPNAME ¥
T 2 2 F3t (S, HaF YdFEZ L AA)
& AMgEtn Ytk
HZ 2 BT ¢ FES A% HA YEY A
[5~10, 14, 15, 19, 21}, EAX A e} Hale} 8 A4
25 A4 #H9 AL(F, FB)L FE2 ANL22
F3A g, TFPN# 20l M & & Ao] 3] Hg
(5, Aol A9 L Ao ND2E 44 Yehdd. &
@ 2000 M= Aol AlF2E o] &3l PLCZE2 1Y
€ AAdste $AE 9t AXT, TFPNA & Al
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22 A AIZFS TX| Ho{ 210i(timed fuzzy control language, TFCL)2| Q| :

<TFCL> == BEGIN TFCL
MEMBERSHIP
HEpizen
END
RULE-SET
O
END
RULE-RELATION
(EM)
END
END TFCR
HABSTED = Sensor [(MNEP
FREFRD]
Actustor [<IEIBP
GBS
MNEpe= NN B

(AP == (<@ @b ) | . HRBD
<P == Qe
@z 0 — 0511

2p

) { ( pID> ) )
AR 7= nokE2D | KD hoE2D

AR = QIO  ( TAEIE L | HRBRD

AOAITE == <CIPACIED | <O B0

(EIRI0EP = CRORAIIED : F (GE2ND) THEN (RIOI

oAX2D == NOT <EZRAYAP | andX2b
<andX2D = o X2D | <andXZD AND <orX2d
<o 2P e TARNYRP | X2 OR <ZAHAS

»
CEHRIYRP == MNP = <10l (( <ARP B
MM == senl | sen2 | . | sen

QDAXP == 0| — 105 (|1}

RO == <notROP | <RIOKF> <notA0P

<notROP == NOT <RIOIHKIRGP | <andRROP
<endRIOP == <orRIOP | <andIOP AND <orRI0P
<orRIOP == <HIORTP | <orROP OR <ROHNIAP
TIERROP == <RBWIP = Oj0fEke>

<EID == actl foct2 | - | acty

<OI0|ES> == Very-large | Smel | Medium | Large | —

OS> == 0| — [05 [ |

REpe = R R2 |- | R

NG ~ EHEP | QP AP

SRR == ANAD : -

@ == P AR P

GHED == AR | TP

HNHED == Rell | Re | - | Rk

<ANOIXP == SEQ | ITR | PAR | FORK | JOIN | ME

IV 22 AN U W EDL 3R Y

& HE| 9 N8 SBR LIEH

QAL T & 130]4 W, & A4, ‘()= ‘AF7F & Ye.
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22 TFPN =8 12|15

Procedure Execution()
Define symbols and functions
p# = {0,1} /I EeolA ple] EEG(ESH)) [
cp* = lsen) > o Il ZAFd L cpl RAT) G4/
& = Wew) = AR Gp®  /f ANEJAXNA casl MAPH B4 //
T™Mo, TM. /finitial and current Token Marking //
ETS // enabling transition set //
CETS /| concurrent enabling transition set //
Input
sen; ff cp7t RAIF MM gt/
Output
& ) et BB} FE 7|9 AN T/
Reachability graph
Initialization
Edit TFPN (graphic or textual), internal_data_structures, place_transition_membership_batabase
Get TM,
for Yp,EP, do p*=0 end_do I ps 2212 //
print “intial marking is", TM,.
repeat
/] making proceduré j/
for Vsem<=SEN concurrently_do /] get Puzzy Marking //
Get sensor inpwt sen,.
Get fuzzy making.  (i.e., for VGE Nem d0 y* = {sen) end_do)
end_do
Update TM.. (i.e, for vpeP, if p*> 0 then #pe=1.)
Find CETS. (i.e., for VIET do (for VipEI(t), VopsO(), it (#ip~1 and #ope0) then LEETS)
end_do.
for Vt, tEETS do (it ((QNIY= and O(I(Y)={¢} and O((D)={t} then 1,3cCETS)
end_do.)
Panition CETS by act,  (i.e., CFach = (i 4=CETS and {Exeen})
/i firing procedure
for V4,ECETS concurrently_do /| Breadth-First Reachability Graph generation //
if ENTUMT
then Inference. (i.e., it t=NT then for VipElt), VvopeXY)
op*=Min{{ip/} else op*=Max{{in/]) end_it.
VipeEl(l) Yipel(t)
ip*=0, #py=0, #0pr1) [/ update marking //
print "when”, {,, "is fired next marking is”, TM,.
clse (i.e., cheCFact)
Fuzzy firing. (i.e., for Vipel(®, VopesO®, & = Xcd = AF'(yY)
Defuzzyfication. (i.., Get 7 from &/s.)
Controt actuator act; by 7.
CETS = CETS - CFact;.
Reset all tokens. (i.e., for VpEP, #p=0, p*=0)
Get new marking. (for VopeO(t), #opm1, op*=5)
print “when”, CFact “is(are) fired with delay of*, 7, "next marking is", TM..
end _if
end_do

until no more sensor input or enabled transition.
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28 c H@ 26 Mol 2 @3 FXE

1 [ ZaEA029 HAR% | AGATEA S, G o R FATE m  [ER7A% | EW [ ¢
(ki) t (RPM) | [31)
1 cpl*=0.5, cp2*=0.5, | 61=[1800,2000], 52=[1400,1800] 1678 1673 | 2000
©I=150, mI=1833, &=300, m2~1600,
LS cpl*=025, cp2*=0.75, | §1=[1700,2000], 8§2={1500,1700] 1641 1625
I=87.5, mI=1816, &2=375, m2=1600,
2 cp2*=1, 52=[1600,1600} 1600 1600 1850
25 | cp2e-075, cg3*=025, | gor m:’,&;%_[”),lm] 1473 1484
3| cp2*=0.5, cp3*=0.5, 5:’_ ;fzgo,r&}“g_[‘f&?‘ﬁ'lm 1400 1400 | 1550
35 | cp2*=025, cp3*=0.75, | /=300, mI=1600, @=300, m2=1200 | ;37 1315
32=[1300,1900), $3=[1100,1300)
4 cp3*=1, @1=175, mI1=1600, &2=375, m2=1200 1200 1200 1350
83=[1200,1200)
45 | cp3*=0.75, cpa*=025, | I=400, mI=1200 1073 1200
33=[1100,1300], 54=[500,1100]
5 cp3*=0.5, cpd*=0.5, @I=375, mI=1200, &~175, m2=800 1000 1000 | 1100
33=[1000,1400}, $4=[600,1000)
5.5 cp3*=0.25, cpd*=0.75, @I=300, mI=1200, =300, m2=800 927 915
i $3=[900,1500], 54=[700,900)
6 cpd*=1, @l=175, mI=1200, &~375, m2=800 800 800 | 900
34=[800,800}
65 | cpa*=0.75, cp5*=025, | 41uq00. mI=800 759 775
34=[700,900], §5={400,700]
7 cp4*=0.5, cp5*=0.5, al=375, m1=800, @2=87.5, m2=583 2 726 | 800
$4=[600,1000), 35=[400,500]
1. *=025, cps*=0.75, 671 560
5| opAv=025, opS*=0T5, | e300, mI-800, =150, m2=567
8 | cpseel, 84=(500,1100], 85={400,500} 533 500 | 700
@I=175, m1=800, @~187.5, m2=550
8.5 | cp5*=0.75, cp6*=0.25, | 85=[400,400] 561 511
al=200, mI=533
9 cp5*=0.5, cp6*=0.5, 55=(400,500], 56~[400,700] 567 528 | 550
al=187.5, m1=550, &2~87.5, m2=567
9.5 | cp5*=025, cp6*=0.75, | 55=[400,600], 86=[400,600) 561 si1
@l=150, m1=567, &@=150, m2=567
10 | cp6*=1, £5={400,700], 56=[400,500} 533 500 | 550
@l=87.5, mI=583, @~187.5, m2=550
56=(400,400]
1=200, mI=533
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