Vol.31 No.2

2
ACTA B ECTRONICA SINICA Feb. 2003

1 1 2
(L , 315211;2. , 150080)
: : « )
N+1 , ,
N ) ,
;o N+1 ; ; ;
TN384 A 0372-2112 (2003) 02-0303-03

Universal Grcuits Theory for Binary ,Multiple-Vaue
and Adabatic Crcuits

FANG Zhenrxian" ,WAN G pengrjun® L IU ying?
(1. Indtitute of Gircuits and Systems, Ninbo University , Ninbo, Zhgiang 315211, China;
2. College d dectronic enginesring, Hellongjiang University , Harbin, Helongjiang 150080, China)

Abdract: This pgper presents a universd circuits theory for binary ,muitiple-vaue and adiabatic circuits,i. e. theory o three
eszrtid circuits dements dgnd ,network and load. A versatile N + 1 vaue dgebra isfirgly defined ,and then by meansof N + 1 va-
ue agebra the operater trangorm theorem and some multiple-va ue circuitsformulae are proved. In order to put it to good use ,the comr
ponent level circuits gructures is deduced from N-vaue circuits function or flip-flops characterigic equation. The above theory is ex-
tended to adiabatic circuitswhile N tendsto irfinity , that quartitative andys s and synthed sfor adiabtic circuits are made with uni-
versdl theory under the regtrictive condition ,such as the cross coupled adiabatic flip-flops and adiabatic synchronous sequentid circuit

which are vertified by Gonmputer smulaton.
universde circuts theory; binary ; multiple-vaue and adiabatic circuits; N + 1 vaue dgebra; adiabaic synr

Key words:
chrorous sequertid circuit
1 N+1 % = N X=y
[1 3] 0, ’
1 X <f > ,
«<B>E : [2] [3]
. , ' <h>= *f +£F, & (0N} (D)
, N+1 ,N=2 n b ,
n N oo . N=N- b=a+h b=a-'b, 1),
1,r N'/2 , r-1< *<r, o
1 H + - - + d.01 * N' N +1 <ab>=<a>1t<h> (2a)
. +,,-,1 0O, :Vx,y H. <atb>=<a>l<b> (2b)
() x+y=max(x,y) ,x y=mn(x,y) ,0<1l< < *< , Xi 0 K={1,2, ,k},
r< <N; .
_ . . - 2 i <fs>= $xfs +& Sfs
, X - , X _ : . 5 )
(Z)Y‘:yTx={y ,X={N, ' . 24 2,
X, - X,

:2002-03-08; :2002-06-10

(No. 69973039) ; (No. FOI-13) ; (No. 01J20300-27)



304 2003

Vi,j K, x#x, f =0

1 <F(a,b, ,+,-,N,0)>=F(<a>,
<>, ,I,1t,*g). : (
2 ikXiFi(<a>’<B>' o, ) ) , [2 5]
= Y pF(a.b, + N0 ’ b
K .
+€ zKF(a,b, J+ N0, Vi K, ) (2381
x #%, FF=0. Q" =D (¢ ) (74)
1 2 [2,3] , . 1 b4t D7 4)
, 5 ’
’ Q*=D*¢+D"9P,
’ D =Qf =DP+Q$,D"=Q =D+ QP  (7b)
2 0 (7b) ( ) “
<f > (<f>=* ( ). ¢ '
). f N : B (18 2 (70)
f=i . b =bi =i , o :ﬁ( £=0Q,
b =6i+b =%, (2 : <% > Q+_Q1< aa >+|£:Q’ (8
f>1>0 . <as=<las, Q1:D<$>|€=erQ2:D<¢>|E=QZ
a,a>t (t=Vn); a>t Q =< ¢>| @<®>|e -0,
N - a>t, a<N -t, a, QU =0<P>q<P>le-q ,Q =0<>|@<P>]c-q,(9
a<N - t=t (¢t =|Vre|). t , t ,
<(p> < & >, (p &i
<"t0%a> =< gy >,
<"%%a>=<go >=<ar y>=< %%a> (3
R , xtR< @& >
=x<a>" : [3.,4],
( iR R ) i(i=1,2, ,N -1, (@HESED AR (OBESEDMEH
i<k >=o<b >R y<h>Fj=i/(N-i) (40 1 D
d (8,9 D , 1(a,
W<@d> 4<P>"= <> »1<b?+zaf‘>R, b G ’
Vi,j K L, x#x, a&lp=0,KnL=P (4b)
i>j, jR=KkRIiR, k=ij/ (i- ] (49 4
€ =0,N i 0 N' i
‘ , ’ 7 (6 91 7
’ ( ) ’ - N , ,N+1 ,
E o ' g " ‘ " (1) ¢ ¢ [0.1],
, , F {0,1}.(2
) ‘ T ' F , ¢ ( 0 )
[2,3] . (1) ,
: N+1 N ) s< F> = dF+EF, [2]
4 SRR €Y =1 <F> , ¢ : ,
(2 .(3) =0 i €, 1 2
(4 ‘ 5, £=0,



2 305
Q" = xs F>=-0= _in F+Q YZXiFi (12) 0 .
2 ' ' QB QA Q 4, 32ns, 4 X
’ , x=1,0,
, GG By
OVIOS PlNl P2N2 ! 1 4
MW, 1L.2W,0. 7R W,0. 44 W,
y GGy ahc . TEW (6.9]
B by By y 2, B b ' '
by . 2 Sl 0wy
’ (12) 1 2, ( . ng”.((m
oo oo ), i
C3+ :4>2< a>1t(<b>1l <c>) e oy HOD :
- = = ezt ANARA NN A AR ARN DR
=¢$(a(b+c) + G a(b+c) =a(b+0) o, 200
— ol 1 . 11 DN |
=A(b+c) (13a) Uvzé‘l'm 05 s 10 144
Cr =4 < G >|o< C3>|€:cl
_ — — — 4
=$C+0G+C G+ CG=% a(b+c) =a(b+¢) N+1
(13b) , ( )
o :¢2<a>ll(<b>1<c>)|€:04 ‘ "
=d(a+bc) +C (a+ bc) = a+ be (3¢ ) “ ” ,
+ € ,
G =4 <G> o(Cle =g, ( )
=hC+0C+C G+ G=%a(b+ o = a(b+ o (13d) '
, CB+ Ctl+ ,C1+ C2+
[1] [M]. : ,
. . 1994,
Q G ( ) (2] 0]
Q = a(b+c) ( ) (14) ,1999 ,21(6) :806 - 813.
[3] , . [J]. 11999,
. 2 (14) , 21(4) :536 - 542.
. [4] [J].
5421BCD , ,2002 ,24(4) :563 - 567.
x=1 ., x=0 . [5] , . [J].
(14) 0 5421BCD ( ,1999 ,27(5) :11- 14.
, 3) ;5421BCD 6 [6] - avos  [J].
1001 0 0 r 2000 ,2(7) :779 - 784.
= x03Q0.T= X+ Qs+ Oy (15) [7] WU Xurwe ,M Pedram. Low-power desgn on sequerntia circuits usng

1 (15),
Qs Qo

5421BCD

(8]

[9]

Tflip-flops[J] . Int.J. Hectronics,2001 ,88(6) :635 - 643.

A GDickinon ,J S Denker. A diabatic dynamic logc[J]. IEEEJ. o
Slid Sate Arceuits,1995,3C-30(3) :311 - 315.

K W Ng, K T Lau. Low power flip-flop desgn on PAL-2N dructure
[J]. Microdectronics Journa ,2000 ,31:113 - 116.

,1936 ) )

11966 , , ,

,1948



