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(A Constructing Theory of Multiple-Valued Logic Functions based on

the Exclusive-OR Minimization Technique and Its Implementation)
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Abstract

The sum-of-product type MVL (Multiple-valued logic) functions can be directly transformed into
the exclusive-sum-of-literal-product (ESOLP) type MVL functions with a substitution of the OR op-
erator with the exclusive-OR(XOR) operator, This paper presents an algorithm that can reduce the
number of minterms for the purpose of minimizing the hardware size and the complexity of the cir-
cuit in the realization of ESOLP-type MVL functions. In Boolean algebra, the joinable true
minterms can form the cube, and if some cubes form a cube-chain with adjacent cubes by the inser-
tion of false cubes(or,false minterms), then the created cube-chain can become a large cube which
includes previous cubes. As a result of the cube grouping, the number of minterms can be reduced
artificially. Sincé ESOLP-type MVL functions take the MIN /XOR structure, a XOR circuit and a
four-valued MIN /XOR dynamic-CMOS PLA circuit is designed for the realization of the minimized
functions, and PSPICE simulation results have been also presented for the validation of the
proposed algorithm,
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[E%% 2]
(Sa, Stanr+,Ss Sy, S1)E F N9 #hor HriEEr
% RO=(S,, Stn, ,S) 2 CO=(§,;,-+,S) = 7#I3}
o, ¥4 el ROS COs EHEES 47 2 %1
o ztz} 2-Kkit EFIS & 73S 473 FIe R ERE
Ao Z2E ks PRSI (F7 ik WEF) ;5 Heiky)
B = (Sa, Swu. Si: S, S8 o] &L
=3
R WL ohe 2o
HH 1. A, ASRO 2 B, B, COd W, A=A &=+
B=B,2] 282 FHo| HiE uf o] TFEES
kEATTRESICHIL Tele, o] FIHE 9 & T
BE o|gth

BHIEA, (XY : Z) 2 2:R7C EFIE 3 e +
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Bk 3:

Fp(X,X1)=2-[(0;0e(0: 1)a(0: 1)a(0 ; 2)a(1
;0)e(l; De(l:3)e(3;2)e(3:3)],
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Xa

lo 1 2 3

oz 2 0 1
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32 1. F(Xp, X))ol C-E%) 75
Fig. 1. C-array cubes for Fs(Xz,X,).

4-1 : FE o £RE FH
Fu(X,X1) @ &,
Fp(X,Xy) 1 (0:{0,1,2), (1:40,1,3}), (3:42,3}),
({0,1} 5 {0,1}), (10,3} 2}, ({1,3}: 3).
4-2-1 : 3t FHE 4gd FHo ARV
Fo(X, X)) : [(0:{0,1,2}), ({0,1}:{0,1)], [(O:
{0,1,2)), ({0,3}:2)],
[(1:{0,1,3D), ({0,1}:{0,1N1], [(1;
0,1,3D), ({1,3}: 3)],
[(3:42,3), ({0,3}:2)], [(3:{2,3D),
({1,3:3)1.
4-2-2 @ 3t TR0 fik: L B FE2.9 Hih
[0:{0,1,2}), (10,1} : {0,1N] : =(1:2),

[0:{0,1,2}), ({0,3};2)] :=(3:{0,1}),
[1:{0,1,3}), ({0,1} :{0,1})1: =(0:3),
[1:40,1,3}), ({1,3t:3)] :=(3:1{0,1}),
[3:{2,3}), ({0,3}:2)] :=(0:3),
[3:{2,3}), ({1,3}:3)] :=(1:2).

4-2-3 : {88k FHARE F2
Fp(X;Xy) @ (1;2),(3;{0,11) 2 (0;3).
4-3: FE-AREO kagd THY 25
Fa(Xy, X)) 1 (0:3),(3:0): -(0;0), (3;3).

gi-k 5 : HRR{L Egcle &H
]FM(XZyXl) "Fu(Xz,Xl)O]F«tz(Xz,Xl)
¢ F4l(X29X1) )
@ (3:3) =Bl
Fu(X,X)=1-[(0;3)e(3:0) ]l - [(3:3)®
(3:3)]
1 - [(0,3},3)0(3;{0,31)]
@ (0;0) =B
Fu(X,X1)=1" [(0;3)a(3:0) ]el - [(0:0)e
(0;01
-1 - [({0,3},000(0:{0,3})]
(FlXsX1))



FXs,X1)=2 - [(1:{0,1,3De({0,1}:{0,1}) Je2 -
[(3:{2,3})e({0,3}:2}) ]
=2 . [({0,1}:{0,1,3)0({0,3}:{2,31]
@ (1:2) #3A
Fi(X,X1)=2 - [(0:{0,1,2D)e({0,1}:{0,1}) Je2 -
[(3:{2,3)e({1,3}:3}) ]
=2 - [({0,1};{0,1,2D0(1,3}:(2,3D]
@ (3:40:1}) s2A
Fi(Xe X)) =2 - [(0:{0,1,2)({0,3}:2) &2 -
[(1:{0,1,3)e({1,3}:3) ]
=2 - [({0,3};{0,1,2)0({1,3%{0,1,
311

wpebd, 13 19] MR {LE EHete Yol 7@ 2
o} Fuot 3709 FpFoll A 242t ololel & RS g
24 7% 5 Ak 29 32 9ol 7 Ha(EE, |
HS AFEE %) BHE HAs T FH Aol
o},

#19 #HIE 4 Haeli234ds) Hggste] By, T, Sasao
ol A= 4742) 2ElE SOP7} 2¢ 4 2 (9) 9} o] 7
&) o},

Fu (X, X)) =U0,35{0,3),
Fi(Xe, X1)=1(0;{0,1,2]) . (1;{0,1,3} . (3;{2,3}.
(9

M.Perkowskil?! #ike {0,1}2] B—iiHo] tisted
Karnaugh-map 5#:3 o] #87} 3t g A9 yisl=e
= S BFIS Floll 13 H5HT xlinking & AAI8)
o fiEe s B3t e ol 17 59 (10) 3 2ot
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XZ Xz
01 2 3 01 2 3
012 2 0 0 00 0 0 1
X112 2 0 0 X110 0 0 O
202 0 0 2 2[0 0 0 O
310 2 0 2 31 0 0 O
(a) (b)
02l 2. Fy(X,, X)) ol C-EF 7B
(a) 2-Ec% 7B
(b) 1#2% 75
Fig. 2. C-array cubes for Fy(X,,X;).
(a) Cubes of 2-array,
(b) Cubes of 1-array.
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X2 Xz
01 2 3 0o 1 2 3
o fiho o @ oo o o g
XX1 [0 0 0 0 X1 |0 0 0 O
2 {0 0 0 0 210 0 0 0
3 |Mo o o0 3| Do o@
(0:0) (3:3)
(a) (b)

[~ I ]

(3:{0,1}
(e)

a2l 3. Fy(X,Xy) ol vig C-EiFl 729 FE-ARE
(a) 183 FE®  (b) 1H% FE@
(c) 2-85 FEO (d) 2% FEO@
(e) 2-F2%) FEO

Fig. 3. Cube-chains for C-array cubes of F,(X5,X,).
(a) 1-array cube®, (b) l-array cube®,
(c) 2-array cube@®, (d) 2-array cube®,
(e) 2-array cube®.

X2

|0123 2 3
210 0 o |
2/ 0 0 0
0 0 0
mo 0 ¢

(a)

2! 4. T. Sasao''e] SOP firg L.
(a) 2-E%) FE8
(b) 1-E8% FE
Fig. 4. The SOP minimization of T.Sasao!l,
(a) 2-array cube,
(b) 1-array cube.
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Table 1. MOS parameters!®®) used in simulation.
Item NMOS PMOS Item NMOS PMOS Item NMOS PMOS
LEVEL 3 3 TPG 1 1 VTO 0.70 0.78
PHI 0.762 0.7 KP 4,48E-5 4.3E-5 THETA 0.067 0.09
NSUB 4.1E16 6.5E15 TOX 2.5E-8 3.8E-8 NFS 1E10 1E10
LD 1.8E-7 2.8E-7 JS 1.5E-5 1.5E-5 RSH 30 64
MJ 0.93 0.502 CJSW 7.61E-10 3.12E-12 MJSW 0.28 0.325
CGSO 2.4E-10 3.55E-10 CGDO 2.4E-10 3.55E10 CGBO 3.4E-10 3.4E-10
GAMMA | 0.70 0.75 VMAX 5E4 4E5 X] 6.1E-7 4E-7
CJ 3.46E-4 1.6E4 PB 0.74 0,74 XQC 1 1
X2 Xz =
| 00 01 11 10 00 01 11 10 V- EERER S A0
00 0 o | 0 K ol ME SiHHE Ko MBERES A fil
Xy 01 $ 0 Xy 01 0 L Bgel-S MIN-XOR# S 4 PLAR Bl
1t 0 1n |t 0 At #27% %ff PLA F.J Pelayo'®l7} $#254@ Lit-
10 A o 10 0 eral Generator(LG) HEE AM835l9 MINmE &
(a) " {b) W 2 ghfEstal XOREK = BREEE #hfFshs &

12l 5. M. Perkowski'?'¢] xlinking f#im& {2
(a) 183 FEO
(b) 1-85 72O
Fig. 5. The xlinking minimization of
M. Perkowskil2!,
(a) 1-array cube @,
(b) 1-array cube @.

@  FelX,X)={0,3}-)0(0,1};3)0(1,3}5{0,11)
(“-",2 don't carerq)

® Fu(Xy, X)) =(0:{1,3D0(0,3};0), (=,
3Nol{1,3}:3)).

(3:{0,
(10)

T.Sasaol™& & Fikd) F—3 #5271 32} 2
21}, T.Sasaol¥lo A= L#RITHIR-E o]-&3l opti-
mal expansiong T¥OZA FH B WSt F
#HROE BB 2ol B4 Hikeltl. T.Sasaol!
+ M.Perkowskil?le} zto] {0,119 B—HihE o] &3}
o] Karnaugh-map J#ik= o] ##5E 3 sy
=& ALFIEE Holl 57HA] fiRg{b MRS wEF o=
g3atg.ov}, Karnaugh-map ik 68487 Ll oA 3
Aol EEhS XSk Aok A& fwoco] #BES
Fike FHE BfEc] vny BPeA) gdoenz FH ¢
EHEA EE7) FEeFol wgstci AbS

BB RARE ARE AMESIHT ¥ MIN/XOR
PLAx= LGHEE-MIN FE-XOR Fmel #E8 2=
o}, CMOS:# 2 £33 MIN/XOR PLA2| Yut
QA mgsEel A" 9 35 oYU 13 63 ¢
o}, o1 6914 MIN @] LGEEsE ANEFK] +9
(threshold ) ol #HEs= RS M H3kH, LG mpge
r7f 2lE g 1 ERoll = faims ke 2lelE AUE B
72 Fro] HRRR ol 211 fetk-delE MOSH 72
ANDi#EREA A 51 ELe] #4-8 JERAUT o] HE& n
gigro] diste] st 2 KUEHRS MIN@Eg <&
EHu =g g@EstA gk, MIN /XOR PLA9] XOR
FHE Hiksle XORACIEE ##: (absolute dif-
ference) @l ol&] 7aizc}. &, BmERgo o
) e o] F fpEKRS BhERE C, Gt 34
Hi Cox= YIlv#=5y (bounded-differnce) AfEol] ¢
s (11) 2 zo] BRI 5 AUt

Co=(Ci©Ck)+(CkOC,-.) (11)
&, C.oC,=C,—Cs, if C,2C,

= 0 ,ifC.<C

, 4714 ¥V C., C,&€{CrCi}

%, (1DNM CeTd 4 C, Ci Ce{0,Clolzz
C=Cd B%& Co=00]1, C;#Cd F5-E C71 i hy
Hez2 Z#%Ho s XOR #EHES A% 4 k. XOR
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e e R e U E{? T T
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hEs Dr: :ij TR
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e e " ©)

38! 6. MIN/XOR 55-CMOS PLA 2] #iks}

Elol JH

Fig. 6. A structure of MIN /XOR dynamic-CMOS
PLA and its timing chart.

(a) PLA plane,

WHE MBS CMOSE |3t 19 79 2} 23l
MIN /XOR PLA®] Btk #& S 9sta] & sHxolX e
ol fimefl EE

F{X)) = 1X,°" @ 2X,? (12)

of st 27 67 2 #Eke 4E MIN/XOR dy-
namic CMOS PLAE #m3lz, PSPICEZZ 3o
2 AEgoldg A5t F (12)9 PLA= 218914
FHIHo] 270o| B2 FIEMR 2707} 2899, #E} 1710
22 #Ee) LGHEE 1707 279t oo, (12)9] 3
A e Y #Ee MINFEEA ] § fEme) LGalk 2
wE HWE 0,1,2,3 4 oA 07 10] AND &
Hodow, =4 2|81 d #pES ok 3 fpEsdl LGE
Bel v thhig 5 200 i3S AT AND sEgs= o),
T3 (12) 9] F #EKAA MINEEKS] M-S 4719
wE A sEse EREcl2E MINEKS XOR
F# Alole] BB EmEAAY PMOSHFS W/L H
g #isste] T 2lel Y mrEY FEkol sl gele R 9
gl 17 26 slgsle BHS @Esles st
oz, XOR FEIME 2¥ 7¢ XOR £F& AL
3t F 2lElE #H REel XOR mE S 2yt
(12)ol th3t PSPICE AlEdlolA #Re 19 8% ¢
o, & Alg#olAdd A AL&3 MOS stetdlels &
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Fig. 7. CMOS implemention and PSPICE simu-
lation results of the XOR circuit.
(a) CMOS circuit, (b) input current,
(c) output current.
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Table 2. Main characteristics of MVL PLAx announced recently.
B 4 Tirumalai & | Kuo & Fang!” Sasao!! Kerkhoff & Pelayo & This paper
Butler!® Butleri Ortega‘¥!
HEF anp/or /MAX MIN /MAX MIN/MAX | MIN/TSUM | NOR /TSUM MIN /XOR
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HFE 27 nk(271-1) k*(nr+r-2) k(nr+r-2) kn nr+m nr+m
R & CCD - Bipolar P2CCD MOS MOS
e /8 2 r r Programmable r r
iR k*=TR %R mgrel £EE B, m=H 7, n=%8% &
r=radix.
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¢ By o RIEE BAEIE BEH-S 10nSojt),
o] rtolze LG Ot ERBEmBElys Haoe)
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Fig. 8. PSPICE-simulation results of (12) imple-
mented in four-valued MIN/XOR dy-
namic-CMOS PLA.
(a) input current,
(c) output current,
(d) power consumption.

(b) clock signal,
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