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Discrete and Continuous Mode Algebraic Type
Fuzzy Flip-Flop Circuits

AR E* e M FE** . Laszlo T. Koczy¥** - -k #& pe*
Kazuhiro OZAWA*, Kaoru HIROTA**, Lészl6 T. K6CZY*** and Ken OMORI**

Abstract

Algebraic fuzzy flip-flop circuits, in discrete mode and continuous mode are
presented. Alegebraic fuzzy flip-flop is one example of general fuzzy flip-flop concept
which has been defined as the extension form of the binary J-K flip-flop. Two types
of the algebraic fuzzy flip-flop, which are reset type and set type, are defined using
complementation, algebraic product, and algebraic sum operations for fuzzy negation,
t-norm, and s-norm, respectivery. Unified equation of the reset type and set type of
algebraic fuzzy flip-flop is derived for the purpose of realization of hardware circuit.
Based on the equation, two types of hardware circuit, which are discrete and continuous
mode are constructed. Moreover the characteristics of various fuzzy flip-flop presented
before are investigated such as min max type fuzzy flip-flop in both discrete and
continuous mode, and algebraic fuzzy flip-flop presented in this paper. Finally, the
performances (i. e. propagation delay, power dissipation, possibility of VLSI implemen-
tation, and noise immunity) are discussed from a viewpoint of various fuzzy flip-flop
on discrete mode and continuous mode and algebraic fuzzy flip-Aop circuits presented in
this paper.
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FEIER - TWAZ ERRLEI 2T, &7 7 4+ BAXAVWTERBRIA 77V 4 7
) o T m .y TOARDEELFITOERE AT av— v VRIDBAR Ui, TR
PATHIRSERGE 7 7 D4 BEXYAVCERLLE min mx D7 >0 4170y 7F7ry 7
BLTREBE®—F ([0V, 5V] OBEE% (0, 1] © 7 » V4 HRNEIEALLD) K XD
@Ik & 5 1+ & & & IC (C-MOS IC) AV o ER OO RB L HK 2 Tw5HD,
KETFCIL, 77 P4 BE, t-/ VA, s/ VAW TEHRIR Y £y MR, €, FEY
P47V 9T 7ry TR 1ILOXE, RER RENOBERCIIEEL, #bhi2250
RnbY 2y b B, &, FHOFMEELEIAT R —ROBU LT WREBARBAE 7 > ¥ 4 7
Yy F7ry 7ELCOEEYITIe EHEROAMNFHCH L TIHAEEY 2 v—-Ya v
FUHALMRLTVW39, Eb, REMREAE Y > 24170 » 770y 7OEHARCKTE,
[0, 11 ®7 > ¥ 4 {fix {0000, 0001, 0010, -, 1111} D16{H (4bit) CHEBERBE LA O
L 25 D 22 2 D 4bit 7 — 2 R WINCAR T DML QR O BRI 2R, i, 3D
i, [0V, 5V] OBEBEMCREATHAME E e — V2 X 2EBL-DOWTHEEEOII
BT o fco MBI, ARLTRE LEEEER T — F & RiER e X 2 REFNBRE 7 » &
47Y 977y TETTRBRY LcBHRBERM = — VL @KEE min max Brr24 7Y
vy 778y TEREDHIEREELBOMNIT LI,
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2 J-K 7Y vy 770 5 7TOHBERNICEBOLAIBHEIBRAEL Y » VA BE, t-/ V4,
s~/ NAERACT T » P4 ~ADEEBRT M, Ve, b7 ,2,4, 70,770y 78 L
TEHHET 7

Qr+1)=J@) ® QWO G® (KHO® ®©Q (£) (1)

RsG+D=U@ ® QW) ® (XK)® ® O (2)
TET, Ve UARE t-/ A, -/ ARELTERERL DO, RER, REMEALV
T(1), (2)R&J|EMLBE, (3), (DDAREHE D,

Qr(t+1)=J@®)+ Q) -2 J()Q() — K@) Q)+ J()Q(2)*

+J@OQMK@)—J@HOK@BQM®:  (3)
Qs+ 1) =J®+ Q) —=J(OQR) —JBMK(®)Q(®) — K()Q(t)*?
: +JBOKBDQ@®: (4)
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DYy b, ey, PRIAKBUENE Y » 24 7Y v 77 8y TOADEERDOWTE,
A ER T o R T CREBEE LT 59,

REBREAR 7> 24 7Y » 770y JABRORBR R SHH(3), (4)Xhb, Vb,
vy b BOWE: R K — R BT A 0ELH D, T2 T, R(1), (2)1BHLA
BUTFTOXS e HR(5)%%Ex, chic2lli J-K 79 » 77wy 704 DDKAKE LR
T OCER a0, ai, as, -, s KRET D,

QUA1)=(ao+ a1 J(t) +a:K(£) +asJ(£)K(£))
+ (bo+0:J () + b K () + 0:J () K (£))Q(e)
+ (cote1J(8) +c2K(2) +eJ() K(2))Q(2)? (5)

1) J@&)=0, K()=0D¢ & Gt

aot0oQ(8) +coQ(£)*=Q(8)
ao=0, by=1, ¢=0
2) J@)=0, K()=1D&& (V4y )
as+Q+6:)Q(8) +c:Q(£)*=0
a:=0, be=—1, =0
3) J@)=1, K(®)=0D&,E (2o )
atQ+6)QE)+aQ()E=1
a=1, h=-1, =0
) J@)=1, K(O)=1Dkt ¥ (I
(1+a)+(Q—1—14bs) Q () +c:Q()*=1-Q(¢)
as=0, b=0, ;=0
CDISRRESRIBRBIDUTOL SR (6)%2B8%,
QUAD=J)+Q()—-J()Q()—K()Q(L) (6)
Thi, RERREAB 7247V 770, 7OEHBERNET S,

§3. REBEARZMB I 27V v 770y TOAHNEE

REBRENBE 7> 247V » 77 ey 7OBHER(6))CESELO AMNFHELHEB > ¢
a V=Y 3 VL Wb LI, R1(a~e et DfERERT, 22Tk, QG Dfizth
Xt 0, 0.25, 0.5, 0.75, L.LOWWME LicHEOHPIER Qt+1) DIEi%RT, TXRTOBH
K2IEJ-K 7Y »77ry 7O 4o08RHHE @K, Ves b, €, 1, KERD 288
L7 7y V4 ~NORERIEIEOR T B, T, EHA1OLEOLIL L 5 CHIEELTR
THHEDOH 5~ PETCEBA Sh 3, AHNBEIL TOBETHHEDOEh EE Y- T
Whe Fh, T JO=K(G) =0.5 08 QQ) Ofilictrb b HAM Q(e+1) 43.0.5 &
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§4. REBMAKPBR I (7Y w770y 7EE

4.1 RERERYE R

REBRBEAB 7 047 v 770y 7OEHRARESEZOEK L LEDLZ LT B,
ZIZT, F4 s ICEAGCTORBLY LD LT, BEHA(6)IESEEMBILE
75 &, FEBMN2D, MERMNSHOUNELED, ZhiXRAROMYEXERTIEHEEHE
LWz ETlrvy, ¥t 2fHRBEhiT —20mE, RUORNOHBCIURTEALATHTE
50T, TOHELESERTHLELHD, £ T, LB LcHBER 7> 7Y 57
7o, 7ERORAXEBLTR(6IXLUTO L 5 EH LK O@BILD b0 KER &
THZERTT B,

RU+1)=J)(1-Q())+Q()(1—K(#)) (7)
CORBETLDE, EANCIFEREN2D, MEBN1SOTRWC RS, MWH (0, 1]
PAKBINOEREDME LTHEL bR D7 > ¥ 4 i3, 4 bit TRBET2Z &+ %, 2%,
o, 1] % {0000, 0001, ---, 1111} DIGMETHEMER T I LiwT D, Fi, BRI
DORBEEZEELTA bit 7 — 2% YIWCUBT D LT3, K2FAREBRRYRT, 7
g, 7 FAMFL 8D AND 7 — + & UFICEME LTV 5, 4 bit X 4 bit DRERT O LR
(38bit £, £Z T, 8bit THBIhLF— 2% 4bit N3EUT B2 20MARYH
WTwb, 2% b, 8bit TREIIh{F—2DTHRL4bit 2110000 & & L7 4bitDF— 2121
TNz, THL 4bit AA0111LLT D & X3 )& T 8bit % 4bit KERTHIO0TH2, FHI1CE
BRC a2 T - cEBER A RT, ZOBRROBIFRER L 16bit S~V Frave.—% (7=
» 7% A 7V 5MHz) D 1/0 #— t oD AMINEE XA TIT oo #RIX4,096E B h DT

M : 4X4 Binary Maltiplier
A : 4 Bits Binary Full Adder
Ly, Lz : Latch

D : D type Flip-Flop
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B HEBREIAERERE7 >4 7Yy T 7 ey o BRER

RTOPBEFCBHE LB HDOABNIZH T,

4,2 HHBEMBE— FICLDEER

T, [0, 11T b2 7 > 2 4% 0V, 5V] OUKTBEMBTERELT »» 7E
BRI AREHREME 724 7Y » 770, 7AKOBELXITS, 22 Th, HBOMHKL
B bEBER(6IEUTOLSZERT 5,

QG+1=J)+Q()— (J(O)+ K(£))Q(t) (8)

hy, SEEfe- FCI3REMRERY >0 479 » 770, 7EBOEEFX LT S,
Bt — FREB L 3OOBEE— VMFTEAREAVGTEEYHDZ EATESD, K3 @IE
MlcEBE Y RTo FH 2 KL LB AT » BB ER2RT, ANEJ@), K@) iz2>

w o 2
'i; -
w—=ea | e
13V
Bl i
X r:—@l,
-8 Aty—
K@) i
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2 w?
[7 g ¥ -svi l
Clock =

M : Analog Maltiplie
D : D type Flip-Flop
a) MRBEMH=— Fic k5 {REREHRE
M3 FgBHEM e~ FICI3REBARENB7>2 4 7Y » 770 5 JEHOEKER
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FEH2 EHBEME— Fic X5 REMNRENE 7
247V 77R y TEIROMKIEE

3.1 msec

Clock ] l I
1.7 msec

o [ ]

——

1.7 mgec

02

b) ERBEOLS v I/Fae—1

3 AEEfe — Fic k5 {ETH EGFR
Ty 479y 77e ., 7RROEKEK

D min ¥— MEbh ey, 7FESLEORMALELNRD, ZD7ey 7{EEMNhigh(GV) DL &
2OHDY Y IANE R = FERKIZF— A FIRTOAUMOHAE QG) & &b, HWAMNT
bh12BD0% Y 71 &+t — A FEARKLOMNBEME LTRFEIh D, £OH, Hhftix2
DHDOY Y A&t — 1 VAR ShKROMAILHiL 2, chb 2204y L&k —1 F[E
BOBE24 $ v 7R3 EA 1 ¥ 7F 4+ — b ELTRT, BERPOELBHTIEI € —
FTORAETHSHH, FHOHKBICEEMTEREIRS,

§5. MinMax #7747V 770y 7EKEOMERELSE

FTTEHRELT-> T 5, MEBEMEY & BEBEF min max 24 7772479y Fom
TEECZCRE LHBEREMT & BEEROREMRENE Yy 4 7Y » T e, 7E
MOMEBHYTI. ARDEMCELTE, mnmax By r2 7907984 7RHLT,
CCTRELLREFRENRE 7> 247V » 77 ey 7RIERNCHBCHREOEN it >
FoTwd, UTIEKMICH L TOEAMEEERE 1 ITRT, BROKEERE: TTL IC
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RHERARERB 7 >4 7Y v 770y JEIR

1 GlSTTEEGD L BEEEY min max By, 170y 77 ey JEKEREBREME7 » 2y
7Y v 77wy 7RO FE
Algebraic F? Min max F*

Discrete Continuous Discrete Continuous
igtal propagation 274 nsec — 900 nsec 330 nsec
Total number of .
transistor ‘ <300 2850 100
Power dissipation 2. 75W 1.2W (Max) 1.48 mW 1.3W
Possibility of VLSI possible impossible possible impossible
Used IC TTL IC linear IC(RC4200, C-MOS IC —_—

LF356, LF398)
Expression of fuzzy ’ 4 bit parallel voltage 4 bit parallel voltage
value i ov, 5V] fov, 5v]
Fundamental cell of | 4X4 multipliers | analog 1-, min, max 1-, min, max
the circuit 4 bit full adders | multipliers, ana- gates gates
log adders
Noise immunity good fair good fair
The number of power 1 3 pairs 1 2 pairs
source (x£6.5V, %5V, (3:6.5V, £15V)
£15V)

PRACCHE L-BERERARKRBRERNRE > > 242 » 778 7RG EREELD LT
W5, BEBEE min max 7>y Y4 7Yy 7oe ., JEIBIIEIRERCBI LTI 4bit v /= F
a— Favaav—z2alAl LERIHMTIOTHICLELOLTHARREINAD T VIR
2B 2,850 HER K LT B, LL, C-MOS IC DA AWTERI MR I T
1, B LTRAER L Bbh%, BROHRENCH L T BHMERND min max B
BIFE AR b Ay K 4 KB LT MRT + v a4 IC BV B ER mE AR Ty
%, ¥fc, BEOHDLT 4+ 2212 IC ZRVEERZ1DEIL- T 5B,

§6. &

i

2fHJ-K 7V 92770y 7D s P4 ~OIBELTEHRS A £y M, ©, tBv
CazYyTomy Tk, 1nbOX, RER REMOMERTHE—2TV, RERREGR
T7rPa7)y7Tr .y FELTOBERT > TOAMBDERIHER TS 7R LI,
REBRENE 7 >4 7Y o Tomy 72 J-K 7Y » 778y 70824 2DEEKES
YRELEER7 y P4 OB L LT3, COEH K-S E [0, 1] 07 7 o 4 il
{0000, 0001, 0010, ---, 1111} D16fH (4 bit) KEEBGELLTHEDF + v 2 4 IC #B\vT@E
BROMBE LT, ¥, [0, 1] 7 > o1 fiBE [0V, 5V] DiliBEMCHEZ TR S
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MERIEfT— Ve X DAL LT - foo BEIC, LABICIRE Y UAHSRIE € — F & MERAT
B ominmax M7 o479 o 77e, FAMEOFEREELZULM LI,

2 £ X W

1) T. Yamakawa, T. Miki, and F. Ueno: The Design and Fabrication of the Current Mode Fuzzy
Logic Semi-Custom IC in the Standard CMOS IC Technology, Proc. of ISMVL (IEEE), pp. 76/82,
1985.

2) T. Yamakawa: High-Speed Fuzzy Controller Hardware System, Proc. of 2ad Fuzzy Systems
Symposium (by 1FSA Japan Chapter), pp. 122/130, June, 16-18, 1986 (Tokyo).

3) M. Togai and H. Watanabe: A VLSI Implementation of Fuzzy Inference Engine toward an
Expert System on a chip, Proc. of 2nd Int. Conf. on Al and Applications (IEEE), pp. 192/197,
Dec., 1985.

4) T. Yamakawa and K. Sasaki: Fuzzy Memory Device, Preprints of 2 nd IFSA Congress (Tokyo),
pp. 551/555, 20-25, July, 1987.

5) K. Hirota and K. Ozawa: Concept of Fuzzy Flip-Flop, Preprints of 2nd IFSA Congress, (July
1987 Tokyo), pp. 556/559.

6) K. Hirota and K. Ozawa: Fuzzification of Flip-Flop Based on Various Fuzzy Logical Operalion,
Bulletin of the college of Eng. Hosei Univ., No. 23, March, 1987, pp. 69/94.

7) K. Hirota and K. Ozawa: Concept of Fuzzy Flip-Flop and Its Hardware Realization Based on Min
Max Operations, Proc. of Twenty-first Asilomar Conference on Signals, Systems, and Computers
(IEEE), 1987.

8) K. Hirota and K. Ozawa: Fuzzy Flip-Flop Circuit Using Digital Technique, Proc. of 4 th Fuzzy
System Symposium (IFSA Japan Chapter, May, 1988, Tokyo), pp. 115/120.

9) K. Hirota and K. Ozawa: Fuzzy Flip-Flop as a Basis of Fuzzy Memory Modules, Fuzzy Computing
(Theory, Hardware and Applications), North-Holland, 1988, pp. 173/183.

10) AR, W, ERER7 24079 » 7 m» 7, WESR, 111-C, 1989, HIFIA,

11) K. Hirota and K. Ozawa, Laszlé6 T. Kéczy, and K. Omori: Discrete Mode Algebraic Fuzzy Flip-
Flop Circuit, Proc. of International Workshop on Fuzzy System Applications, (August, 1988,
lizuka Japan), pp. 39/40.

12) K. Hirota and K. Ozawa: Fuzzy Shift Registers Using Digital Processing Technique, Moscow
International Conference Fuzzy Sets in Informatics, Sept. 20-23, 1988, Moscow, p. 3l



