Vol. 19 No. 5

" # 2 =

B X;

RFHAEBCELDITE 3 EREMBOMEIL"

X*t'
E“‘

2 A S I 1
ﬁ*#tt % E E

X & B
E B R

Abstract

A practical method of minimization of multiple-output-functions of ternary switching
circuits is presented in this paper.

First, a given multiple-output-function is expanded into a minterm-expansion-form.
Every multiple—output-term consists of a variable-part and a function-part. These terms
are transformed into &-terms. Second, from these &-terms, new terms are derived by
means of CONSENSUS in the three-valued logic, and every redundant term is removed.
In this way, all of the multiple-output prime-implicants are generated. Finally, all sets
of the fewest multiple-output prime-implicants necessary to represent the given multiple-
output-function are obtained completely.

All of these processes are carried out by a computer. It is noted that the algorithm for
the minimization depends largely on a new CONSENSUS extended from the method

presented formerly. This method is quite novel in the minimization of multiple—output-
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functions on three-valued logic.
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Table 1 Truth table of the one-
variable function
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3.
B—ZE¥D 1 EHGRERMEEORER S X URE
i,

TP09123. p8adibr = 10616,
xa,a,a,+xb,p,b,=xd,dld,
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Fig.1 Multiple-output three-valued
logic network.

Table 2 Truth table of the multiple-output
three-valued logic function.
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F(X) -G(X)=F(X)
F(X)+G(X)=G(X) (15)
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Table 3 An example of multiple-
output-function.
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HTH3B. Enig,

(Pr%02)i<Pu+0, (24)
T3 TOTEDD, O Ok ThENRERE
B F(X) ofROESLAESHNE »iUoEH
kREHNELET L,

(B, %0.)i <F(X) (25)
ThHby, Lih-T, .
F(X)+(®,%0,)i=F(X) (26)
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CONSENSUS iz £~ T, 52 o h7-BHERBEWEHKD

TRTOSHAFRAEERT L, RicChs &b

PVEBNEOBHNEELBRT 5L TH 3.

(a) BHAEHADER

(a-1) BRI REZEIERBUHK F(X) 2K
BEFLORAN)OFicEDL, 1} e~JHE 2K &-
HcaET 5. HASRERINE, COoRELEE
2HOmAEIZ, ThEN 1 -1, 2] e-IHEL T
mz a*

(8-2) 1 HAHEEET CONSENSUS % {E 3.
hsfho 1 EEHARIcESSh B, cht
1EHATICIA, COHICAEINE 1ESES
HEBL. DEEHFLOIESHAFEMENL LS
T TRET 5.

Ric, 2HBHMNFEHETLEERURELFTS.

(a-3) 1EBHNFELZHSHNE BLU2k
LHAFEET CONSENSUS %eb, chbsfio
Hizggshiohidch% 2 BSHATE ML, C
ORCEEEINI 2HEHNEFEERL. DEEHLL
2REHBINEMBENLSLEETREAT 3.

(a~4) Jikic, 2HBHNACEEGINBZ1IES
HBAEERL.

Y Eo#fE (a-1)~(a4) TEEHNCESNETN
TOHSHAFER, SAONSEIBHREEKF(X)
OHEHAFHETHY, LI F(X) oFxrToSE
HEFRERL T 39,

(b) FBHATEDER

5z 5 SERBAE f1, fo o fa BENTL
B/NEREL, BoNcB/NEE () TRhwSHEH
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FHELOSAWFREFEELT, VbW B EHEKEE
3. IEEOFTRISHAFEA T, icxisl, FdBh
He kexicd 3. GaEER T.od sphid, ¥
OfFE ¢; OFIOZAIC * B2, BUniE, ZA

Input data,

Generation of £-terms.

Ta.
et R R oot
DEUNEROBS NTERD . icv=22= f{)NSEiJSUS of
CONSENSUSand g S e terms.
inclusion_check. iov=3 i_type%yszl{% g*;
7. WE{EDH e

HEEE (Table2) TH5Z>N5n EmEHK 3 ER
HEM F(X)ico0 T, AIoMifko7T v ) X 4
CESLHER a5 a2ERLI.. AF0r 5 A
B, 1B 4 vFal5u 3HOES AV s
SH(TZr—t+5 v 40025y 7)), 2HOY 77l

a6 (TEY75 50W) THEREh T3, Table4 !icv-"—icv*l.l
CHEMXTEZ SN2 EIEKS HREEROMH (D

Stop.
Hi{kHl% Fig. 4 (RE~42THBR) TR ANTF (To Fig. 3)
— 2 RANEREH AR EE LN “8” Fig.2 Generation of multiple-output prime-
” B &5 Tabled OBBEDUT f1, f2 OIEIC implicants.

“120002---00220001---21” TH 5. kb, 23, 1 .
WO e-TEAART 5. Fig.2 BTk, HE Table 4 An example of multiple-output-function.

£¥ icv 2T 6. (a-1)~(a—~4) ® CONSENSUS Tnputs Outputs

LEAMHRRESEO MR E 4 52 FAOBRRETS. 2 =2 = £ fi
CONSENSUS 2, BMS»sTTEDH DV RERE 0 0 0 1 2
DS ES L HOBECEOTIEENTTELEL ; g g i ﬁ
2 x, COBEABIEL, iRD 2 D CONSENSUS 0 1 0 0 0
NEBIFT B, 5B 2 HEBITHCEOTRIEE2” : : . . :
bt BB ONWT HFERIKLET 5. Chick 0 2 0 2 1
D, 6.(a) DRIEHEELHTEND. ZORRE, Lor O
Fig. 4,3 0ZHAFABBONS. 0 0 1 0 0
wic, BHATHEOBR (Fig. 3(KHER)) O ; . . : ,
we, @Eﬁﬁﬁ(:&lC&ﬁénf&ﬁd‘ﬁtgﬂjﬂIﬁ 0 1 1 0 0
LoBAEFEEEICLY, (Fig.4,4) OFHNEHEE ; i i g g
pEBSNG. THAO - 1 HOR/NAE, FIHED 0 2 1 0 0
EROMESSHANEREENENEDLTVE. — 1 2 1 1 0
fic, P IO ER BB IR S N BN : 2 ; : >
BEi ST ATOSMATHCEAINE L% 1 0 2 0 0
ST, CHUCH SHATEOER (Fig.3) 13 KD PO N
EIBFIETTONE. 2T, SHAFHEEOGIICE 1 1 2 2 0
HLT, ZORASBHELTHOERNACDNT, Ch 3 ; ; : g
288 TIZHNEED S AEBOEHNTHEEZR 1 2 2 0 2
RT20%, ROXSNWIYVE2ERANTRET 3. 2 2 2 0 !

ToAhY Y EOKBIB/NADKRE I IcELL, £0
EHRENENRNAD LFICHIEL TV B, AU\
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2OPHMEAE 1,1,-,1) Tty FT B THITRA
DE/NEREEL T AfEE»OSH 71 1T (Fig.
4,4) OIFMO*TOBEE D 5 B, BRDHK LR

2%HE S OTOSHNEHELBRT 3 28K
T35 COLIZBERENBHATFHOES (FE
3) OREZTOEEABE. #ov2OELHFHCL A
mi<T 2,1,--,1) &L, EERUBELTS. 77
BOB/NE ¢, 2 8ET 3 BHAEE: P, EH N,
AV EOME (PL1,--,1) %51, (1,2,-,1),

» (P, Po, Py) OESIEAIH, RELSH
HEHOTNTOMERICOWTHET Z. 24, L
OEIELRITLT, BRINAFHATHOMEK &
Zh U ANc BRIV SHATEORPDEE mst & %
HEL, BEROSCEHATEOMRBKRSNG. <
ORR, LEELENNEFHOMAETRTRDBCE
MNXD. Bk, BEELLERVDSHNTHEDHE
&, #5RLHRE 2. Fig 4 OB TRUAERLS
MAhFEHoMEL 4B N5, £0tho SET-1icD
WTILUTO XS NmBRERTERINS. 1,
ABDEHERRDIIH 920sec TH » 7-.

F(X) =210 25202, 23200, (1 1) +---

v 210220 2000 2020 (2, 0) 4o

(From Fig.2)
(Start. )
Reservation of prime-implicant >
table in_memory.
i

st =The number of
mulhple output prime- mphcants

Setting of counter

Selection of multiple-output
prime=implicant (i =The number of the selected
multiple - output prime - implicants.).

Storage of the class of the selected
rime-implicants.

{ Removal of redundant-sets. »

Print of results.

Cstor)

Fig. 3 Selection of the fewest multiple-output
prime-implicants.
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ver 4 210120 252020 230204 (2, 0) @n
(EhHE)

9. & & e &

ARANTETFHERIK L2 ZEIEREEYOGH
DTN T YV XLLZDHABT OS5 LICDNTH
~Nfz CORMHABHEBEICBEO TR Y TRENS
EREREOEERIICEEEANT 2 itk
b, ERIFSEIMRBEROBHAEREART

#8 INPUT=DATA & I
3,2 1
120000200022000012200022000 j
220001100002000001200000021

=% E-TERMS ##

TYPE  FePART _ VaPRARY I -’
2-TYPE 01 200 200 200 X
11 020 200 200
10 200 002 200
10 020 200 020
11 002 200 020
10 002 002 020
1n 200 200 002
10 020 020 002
10 002 020 002
01 020 002 002
1-TYPE 11 200 200 200 ]

13 020 200 200 f
01 002 020 200
11 200 002 200
10 020 200 020
11 002 200 020
10 020 002 020
11 002 002 020
11 200 200 002
10 020 020 002
10 002 020 002
01 020 002 002
o1 002 002 002
## PRIME=IMPLICANTS. we
TYPE  F=PART  V=-PART i
1-TYPE 01 002 002 022 |
11 200 202 200 |
31 002 020 200
2-TYPE 10 022 020 002 |
01 200 200 202 .3
o1 220 200 200 Y
10 020 200 220 [
01 021 002 002 S

## MULTIPLE=OUTPUT PRIME=IMPLICANTS TABLE #»

essesnne LR TR
»e

L 2]

»
*
.

VB4 UE LN
.
L
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SET=1
1=-TYPE PRIME=IMPLICANTS.
F=PART V=PART
11 200 202 200
01 002 020 200
2«TYPE PRIME=]MPLICANTS,
F=PART V=PART
10 022 020 002
01 220 200 200
10 020 200 220
01 021 0102 002
11 200 200 102
11 002 201 020
10 200 102 200
10 012 202 020

SET=2
1=TYPE PRIME=IMPLICANTS,
F=PART V=PART
o1 002 020 200,
2-TYPE PRIME=IMPLICANTS,
F=PART V=PART
10 022 020 002
o1 220 200 200
10 020 200 220
01 021 002 002
11 2000 200 102
11 002 201 020
10 200 102 200
01 200 201 200
10 012 202 020

SET=3
1=TYPE PRIME=IMPLICANTS.
F=PART V=PART
01 002 020 200
2-TYPE PRIME=IMPLICANIS,
F=PART  Vv=PART
10 022 020 002
10 020 200 220
o1 021 €02 002
11 200 200 102
11 002 201 020
10 200 102 200
11 120 200 200
o1 200 201 200
10 012 202 o020

SET=4
1=-TYPE PRIME=IMPL[CANTS.
F=-PART  V=PART
o1 002 020 200
2-TYPE PRIME=IMPLICANTS.
FePART  V=PART
10 022 020 002
o1 021 002 002
11 200 200 102
11 002 201 020
10 200- 102 200
11 120 200 200
01 200 201 200
10 012 202 020
10 022 201 9020

Fig.4 An example of computer-minimization
for a two-output network with three-
input lines.
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VBSICHEANT, JHBicu3fenEions.
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