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AT RBARREFTEMGGER, FEEERTTHR 0, BRHRAERTZH, R
B BBRNARTEE RRE: MREELRIFEZEHAASHE, MERAXMOEEMH
REEAE; A RS SLNRBESHER - BB, BRI, BAXEH
%, #LU—B, RHEABR. i fRESENERERMAER O, h & R EHA RRE
AL EUMmM— M REAZE T OZERE Y, RESRREEROARYE ZRRIBINE
w, HEMRESHWEY TBETHREER.
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A=z gA+1-0A+0. A=z gA+e-0d, (1)

B gA=o(A+A) = oA c. HIFBBERME?, ¥ - EEEEE, MARTKR, {150
z—
62{1, oA =0 (B pA = oA);

o (2)
0, oA =0 (EloA=4)

(1) NER, B A=«BIKEE, BES z 8 M1 A+« BITFREF. EHUHGR:
(1) FFBEOBFHE (c=0), BHHEAE, W PMOS AHE. 2) FBR1BFHAB (c=1), W

1 1994-05-24 WH, 1995-01-03 =8
?e HBMMBEEM d (don't-care) il XE c HAFRHRHBAR (RBERR) WELHEHE. RIEXR [4] ©
EB (), gA=0o(A+A).
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NMOS fi#E. (3) AARE, FHH «c RHFVERFHGER. (4) LK, «HE B8
BT el 13O0, 1ARFRIFXRAE +Vpp, oA ERFXEM, HUEREENAR
MEHR, AXP z~ 2 RRBES, a~g RRBEHRES, A~GERME (1) ANFFXE.

SI®1 (1),A=z0d+e0A < A=x*9A+c0A. (2) 2(A 1 B) = z-o(AB)+£-0(A+B) <=
At B=x-o(AB)+c-o(A+ B).

i (1) BRERY.H.(A1B)=21(A41B)=(z14)1 B-1% (3.044e-04)-0B+eB =
z-o(AB) +¢e-o(A+B), XHE (1), # (2) RL.

X1 A|B=x-o(A+ B)+e-0(AB).

LRt SBAFXERMFRCE. SEREXFAT | - +. BRFL

<(A|B) =z -o(A+ B) +£-o(AB). (3)
512 (1) O(ATﬁ) = o(AB) o(m ) (2) A-B = {j”TBB’ izz(l)y

AllB, Ye=0;
A+B-=
AtB, He=1

i A+B 2R, (AT B)+o4+B) B (A1 B)++-o(AB+AB+AB) . Ee=1,
bk g S5i8 1
A+B=22=2 1. (A+B)++%-o(AB)—=-A1B, £c=0,A+B —4% _ + ,(A+B)+

o(A+A)=1
0-o(AB) —==2_ A|B.
ER1 FXzZHEAFEH) (1)At1B=B1A A|lB=B|A.2(A1B)tC=A1%
(B tC), (Al|B)IIC = A[l(B||C)- (3)A 1 B|IC = (A|IC) t (BIIC). (4)(AlB)tC=A1C|Bt C.
(5)AllAtB=A, At (A|B)=A

{f A1B|C=x+-oATB[C)+¢ o(ATBIC) 2220) . (AB+C) +e-o(AB+C) =

+-o((A+C)(B+C))+e-o((A+ C)(B + €)) 222V, (@[IC) T (BIC)) +¢-o(AlC) 1 (BICY) =
(4lic) 1 (BJC) .

#@B1 .(A1B---1G) =z-oAB-
- g(A+B+---+G)+e-o(AB---G).

EX2 oAk A b Ak =1 TiAi = 21 0A1+ T2 Ap -+ Tp oAk e o(A1Ar - Ay),
K={1,2,---,k}. 2, € B, ={0,1},Vi,j € K, (z: ®z;) - o(A:4;) = 0. Hth | W& “IHE” =W,
EXMNEKiAT, ARMA LDREAAN*, MIAHEEE,; Hzy=x=-- =z, WIHLAF
RIFR; —BITEIREHREEHBUHNFRER. BREWIRTES, 440,

EE2 (RRMERXF)DAts=A Ate=c Als=xAle=A, @ste=c cte=c,
xtx=x¢llx=x«x=%¢|e=¢,

i Allx=x-g(A+ ) +e-olAd %) 2L x.14¢-0=

E
33 ,A=c- oAte oA— sA=T gA+7-A.

—

G)+e-o(A+B+--+G). (AIB---|I6) =
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ik E_=z_A=m=(f+oA)(E+oA‘)=5'0/{+E'oA xR f'oi'i'
E®| 7(b)

BRI T I I0RE) (1) (ATBT---TG)=;(?4‘T‘E---16),m=
2AIBl---11G) . (D) heynidi =Ly '

iE FAVi,jeK, (z:0z;) o(Lid;) =0, UL _ zAi = Ticx Ti-0di + ¢ [Liex 0di =
(ZieK Ti- oA + [Lex OAi) : (E + ek O/i’i) =EY ick E.-~oAl-+E.-eK TioA; (OA:' + D i oXj) +
EH*GK 0di = ZiGK 5;'01{;' + EH:‘GK 0d; = Eiexfi : Oj‘i + Enzex OZ.' =I.-

% FEFFB, BHRHEE, 4 e =, 8 e[Legod 224 e[, po: , BRHUSFBR
A2, H24TF KBS ON BFIM OFF B E#, i DC AR, M FRIFE c #2, AR
XA th 5 5%, W PMOS f&EL N NMOS R E, FECARENN f(4.B,- 1) .

EE4 FXRBBE) (VAT (A B, 1) = A1 f(* B, 1) (@AIf(4,B, -,
1) = Allf@e, B, 1) .

i A=, () BRAY; RZ4 A=c, Betf=c, (1) PHRE. REIEH (2).

514 ce=1=—=,4A=1, e=0=A=0,

iE 1A=1-0A+e-0A=—"_og(A+A)=1,

B f(A,B,--,G,1,|) RE A, 31B4Ror. ENSARSMAMARHEO M1 2EE
fh, XM (S + Vpp) MFXMELE FE 1(F0) MERR. 8 f(4, B, G, 1,1, %,6)le=0 =
f(AB,---,1,]|,%,0), FRAFEOBFHRA,

EE5 (BENER) (VFAB,- 11,0 = f(AB, - I11,%. @F (4B,

B L) =F(A, B, 1,150, BF(AB, - 1, %€ = f(AB-,1,Il,%8).

i % (R4|,0,+) F ( B, 4+1) HAKF, M RPFE—TE A, RPH—7

®AXNGFHRMEXN, BWO: R RR——met, WE: 60)=x0(x)=1; HVABER,

0(AtB)=ATB=A|B, 6(A|B)=A[B=A4A1B, XR=R, WXF M| EHERAR
HFEAM, € R PEREYR y=f(4,B-,1,],0,«) "B RPH §=f(4,B, |, 1,%1), 8&
7 5(1) R, IARKIE R 5(2) A1 5(3) .

EEE6 (BWMKF) (F(AB - 1,0,%) =oF(4,B, -, |,1,%1), oF(4,B,-- .1, |l,% 1) =
WF(A, B, I1,1,0,%) .

E'Ojc

1 Hl

i 1F(A B, 1,1,0,%) = oF (A4, B, ,1,II,0,%) ==2= oF(4,B,--,1,|,0,x) =25
oF(A,B,--,|,1,%1) .

ERT ((FIMTEHEOLE) Iz A) T F(By,Ba, 1) =N yn(4i T F(B1, B, -,
1) -

iE aTHHENX 2 # (1) XHEH.

K | ERERNAN (REREMMN), SFEFXEHTHEBT ERIIA. BHE
FRuErREE THRRERFEAR.
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3 ZRERFEABEALE

AERBINTE S BAFEES, REMAR XPEFSSERFSRNEHEES. AXA—4
5HRREATORELEAEIEEE . REMRRE 8, BARF RRBOER X5
MREBPGEME, HHBEERRMERER, BYMRNLEANZERTHBERR, RHFX
AMSERBIEEHEHES c BB (ceBy) . RBHAERSNBRTER HE oA =0)

AR FEH K2 A=1), &%

A_{<a>=a*+’a.'e, TR

.ae 5
<a>=a* +ae, R FEH; ®

H

<a>=<a>, <a>=<a>; (6)
Hif o RAEREERAGREIR; <a> BrBHBAE o, KBFEH,; W<a> XrEHR
WAL, HRVPEH. FEXRHERLENXY, 28 EHE (6) X. didt NMOS “3” |7,
“H57 07, ‘a8 1T “REIE MTREEFH 0<e>, o< a>t<b>), ol<a> | <b>),
c<yT>) ,<zF> (e=1)., PMOS “F” (1, “5” 1M “BK” TRRH 1 <a>,1(a>
| <b>), 1(<@>1<b>) (€ =0). CMOS “J” {1, “5” [THM=AIIEFTHko<a>| 1<a>,

o< a>t<b>) 1(<a> || <b>), o(<b>T<ab>) , <ab>.? BA<a><b>, -, <g> &
A7Ba"'7G! mu_t:ﬁﬂ?ﬁﬁﬂ%mjo

—

3I5 (1) <a>=s<m<ad>=e¢, <a>=ce<a>=+ (2)9<ad>=ga, <a>=a.
(3)o(<a>T<b3) =ab, of<a>[<b>)=a+b.

iE AT SIE 2(1) M (5) AHEH.

EEY(RKEER) <a>tf(<a><ae><b><p>,- 1) =<a>1 f(xe<b>,
<b>, N5 <@>tf(<a>,<a>,<b>,<b>,-, 1) =<a>t fle, %, <b>,<b>,--, T,
15 <a>|llf(<a><a><b><b> N =<a> fle,%< b><b>-4]])
<a> |f(<a>,<a>,<b><b> - h)=<a> |f(x.e,<b> <b>, -, 1)

it wIehEH 4 518 5 HH,
FER9 (1) <a>f<a>=g <a>|<a>=+(2)<a>| <e>t<b>=<a>|<b>,

<a>t(<a> | <b>)=<a>t<b>.

ifE RAEES, HE/H.

BB 10 <a>T<b>|<e>i<e>|[<b>|<ec>=<a><b> | <a>t< ¢ >,

(<a>||<b>)t(<a>||<e>)t(<b>|[<e>)=(<a>|<b>)t(<a>|[<ec>).*

3 CMOS i« ARFFH, FRy=o(<b>T<ab>) 1 <¢Tb>£ 0-(b-ab) +1-(ab)+cbab+ ab=ab+eb ;
§b=on‘j: y:E(‘ﬂ:H);EWJ- bzlv!/:ao —_

4 SH/RRYEEW AB + AC + BC = AB + AC il 2XBAMM. 54 B8 SHRRMARX A A=0,
A+A=1A+AB=A+B, A(A+ B) = AB B 1 #4l.
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R 11 (BFEE) f(<a><a><b> <h> b [)=<a>t fire,<b> <b>,
OB <@t fle %< b >,<b>, 1) = (< a > |f(e, %< b >, <b>,0 0, 1)) T (<a>
| f(x,6,< b >, <.l.>.>’ E

i f=+1f-2B% (ca>|<a>)tfERBLca>tf|<a>tf, BhEES £H.
TE U N —BRFEE, FEBESBZE. 00(<a>ema) =< b>cp N 6(<a>)

Hah g
36 <as HeE g5 > LBl Gy ToS cBIN0 Gy TS Il
<a>, Tas - <H—0 g
if <da>=A Xk [3) 0§+*-ozﬂ- 0A+*0A=1-a+*-@ 2e=1  atea =<a>.
ER T
A TR B B

R 12 (REER) | = fi(<a><b> |, hxe) =L, zfil<a><b>, |1
+8), (Vi,j € K,(z: ;) o(f: ;) = 0).

iF HER3MERs HE/H.

ER 129z AR, ¢ HEFTE. WHEBE o TAHEEHBRTF, e TERARE
B, TRELREE 12 H%H.

B2 .f(<a><b> - tixe)=zf(<a><b>, - 1 ],*8).

ST (1) o(fl<a>,<b>, -, 1L o) - flca>,<b>, - [, 1,%,6) =0, (2) o(fl<a>,
<b>, o hlhew)+ fl<a>,<b>,o Lt xe) =1,

i & f(<a>,<b>, - hhex) = fl<a> <b>,-- |, hxe)=+, “KAHX =+, AY
EHMe KX 2e=0, W (fl<a><b>, [, 1,+0) ERIBIRE gy G5 oo

Hlx1) =+, Bl f(<a><b>, |, 1,%0) =0, SBREFE; ©c=1HEAFZEFE,
EHZRYEAREN A «, B5I1H 7(0) BoL. REIESIR7(2) .

BH I3(BMERE) of(<a><b> -, hs1) = 1f(<e><b> 1 ],0,%) = of(<
a>,<b> -l hxelif(<a>,<b> -1 e *) .

iE &ESIB 7, FeBEXLAR_EEARRY +, HLEF X+, WEIEXHNAKRE
e, BEFBRE, TR f(<e> <b> - hlheolof(<a> <b>, - |, 1,%¢e) = 1 f(<a>,
<:l'>'>,---,T,||,e,*) +0-0f(<a>,<b> -, %e) _BIBA f<a@>,<b>, 1], 0,%) .

EE 13 MEHE 6 £0, LH A —Z B RAL AR BB (PMOS, NMOS #1 CMOS %) ,
R, RRMEHBTHELSEERESHERS, —BNBER=SELK: 19(<a>, <b>,
ol elof(<a> <b> 1, %), o(fd) =0, BIEE 12 FIEE 13 o[ Hiin FER:

ik (4

So(fl<a>,<b>, o |, T,%e) et o(?(<a>,<b>,---,II,T,*,e) BEZ o

S— 0( (<a>7<b>y"'v”v17

. ¢ Ig
*E), BB e RYE of HAE, KB of 25 ¢ XX,
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EE 14 19(<E>, <'i7->7 U 1T1 ”1 *7E)I 0f(< a >1< b >7' o 1T7 ”7*16) = Og(<-a‘">y <-I'7'>7" )

sl if(<a>,<b> - 1L, *%8) =e9(<a>,<b>, -, 1|, * el 1f(<5>, <%>,---,T,
ll,*,€), o(fG) =0 .

A fil<ay > <az > 4R ABERE TR, XEH, T—RFXRNEL,  .fi(<
ay >,<az >, 4 |) BB ETLERTRME F(<b >, <by>,---,1,|) HRESHEA, N\

BREEBE. EBTRAESRENRAZMEER; RZ, REANELELARATELRE, Tik
ABRRE, ERITRENE—F. WRERNEZBHAENTRERNGSEA, NWERBHIR
Frig, SER LA TRABBFOHE M TTL (TRAFREEBARTEE. BRI12H

BERATARRGEKE: CMOS, I’L, 4], TTL fzhZEi, KB, 7“0+, "

B, AERATSAL BEEHES BRAE—THXER. RELE—H#RES. RENRK
=05 RERNEMSTREBSHAE, EHF VISIAgH#TEEREN, S THERE
BESHAERE, ARSHANAXMER; RENBAXHARNERER, KHMNN
HAREBR, ZBBHRIE. MERTHBS THANRERE.

¥ “FOOTE” B “HMHRWE, Wiz lRa 4 akitit B8, B OFFf
ON BE%) 4> %1%+ NMOS 1 PMOS X M#&, £ T DC BFINIXI N EF B, TRIEHRIHE
KHFLROEBIT YRS -, EHETL g CMOS R/ B HERME.

4 HALBHRAIFTE

B EEBREGRABABOAR., AR REGTEE, BHTHEASISBE, 68
A ERARBER X A LR, @iBEABE PRI,
ﬁ@tg Ci E%*W% Z.‘fl'(< a; >,<az >, aTv “) E‘Jﬁﬁy E t ﬂ] t+6t N’%ljﬁ:}\fgaﬁ

A v(t) Moyt +6t), WiEHhy My . BABRHBEC RERER, Me=y, Hbly
T R mE A
yj - z,fi(< a; >7 < az >a U vTv ”)le=y.-7

=z;-ofi(<ar > <az >, L)+ 3 ofi(<a >, <az >, 1), i€k.

BB BT XM, RN

y;+ =Ij€N:l:.']fij(< a>,< b >y '7T7 ”)|E=y.'

=3 mjofis(<a> <b> M) +u []ofii(<a> <b>, - 1),

JeN JEN

Vj,l EN, (:l:.‘j@.’l:,'[)'o(ﬁj'ﬁl)ZO, iEK, N={1,2,---,n}. (7)

g‘!s 0f(<a'>7<a'->7<b>a<"".>7"'7Ta"7*75)=f(a167b157"'1.7+a110)7Oj(<a‘>7
<E>,<b>,<-l;->,--'-,T,||,*,€)=?(a,ﬁ,b,5,---,-,+,l,0)=f('¢i,a,5,b,---,+,-,0,l).
if & (B,,+,1,0) M  H,1,|,x¢e ) WM, » B PE—xK a(H a), HHEHE
. - s T
<a>(E<a>)WHBMEIP (a=0<a >, a=9<a>),B0: H- BR——4, HRE: 0(x)=
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LoEe)=0V<a><b>cH O(<a>t<b>) =o<a>T<b>) —BL (<i><b>) =

ab, X8(<a>[<b>)=a+bC MEXTLREH B H HEH. TR/ H FHE—F&
<y>=f(<a><a><b><b> -, |l,xe) MM B Y y=f(a,abb-,e+10, X
B y=o0<a>, B3IHE 8 R,
ERISEBER) |, . Fi(<a><d><b>,<b> 1, %¢) = Licx i Fi(a,a,b,b,
-, 0,+,1,0) + & [Lcx Fi(@,a,b,b,--+,+,,0,1), Vi,j € K, (z: D ;) - o(F;F;) =0, BP (2; ®z;)-
Fi(a,ab,b,---,0,+,1,0) - F;(a,a,b,b,---,0,+,1,0) =0,

W 513 8 MIEX 2 HEHRH.
MAzR 15, (7) XTHBEN

y? = Zzij 'fij(ayavb’gv""'7+’1’0)
JEN

+yi Hfij(ava)zvbv'"7')+)071)7 "'EK (8)
JEN

EROBPR =1, BH ¢ = fi(<a>,<8>,<b>,<b>, 1 ey = T -ofi(< a >,
<@>,<b>, <>, ) Fucofi(< a>,<@>,<b >, <b>, - 1) ARAAH

y:’ = zifi(avav b7 57 T, 9, +) + yifi(a) avgv b7 Tt +1.) (9)

(@) ®)
Bl shkak
(~(9) AEERBRETE. MR EHRE EBHARNKEENL, HFRKEHRET

B, dtEdEEE., XM AEERTEARERSSEE, LB 1) AREER T
. HHE 1(a) B

Y =2<d> lemy, =T -0+ y1 &, (10)
Y7 =< 110> || < P> lemy, = d(d + 0) + yor1d + ¢
=¢+3/2?1 (11)

S M 0(<a>T<b>)=ab 8(< a>T<b>) =ab,0(<a>1<b>) =ab,---,0(<a> || <b>)=a+b, & H &
L UHBERWE S o, b B2, Bl <a>, <b> % M Bh —” UHMEATRZ F,
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B (10) 1 (11) XiEth vy 71 yo PHE, WA D), SEFBEERL—.
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PERFECT DIGITAL CIRCUIT THEORY AND
TERNARY ALGEBRA

Fang Zhenxian Liu Ying

(Department of Information and Electronic Science, Heilongjiang University, Harbin 150080)

Abstract This paper deals with a perfect digital circuit theory by using only one algebra which
keeps to follow the Boolean algebra’s laws and overcomes the difficulty with which the Boolean
algebbra is faced. The new theory provides a good expression of any realistic circuit’s structure
which contains the signal, network and load. Several theorems on the switch operators “t,||,1”
and on the relations to transform from one type of circuits into another are proved. Based on these
theorems a state equation method is proposed for analyzing dynamic circuits.

Key words Perfect digital circuit, Ternary algebra, Switch operation, Transform theorem, Dy-

namic circuit
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