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(X, 11) (X, 1Y)
TB RM (X,15,) -
a,b R a=(-1-),b=
(1-0),
1 a®b=a—-aNb=(-1-) - (-1-)N(1-0)=
{(01-),(111)}. 4)
n , m /. 4 , a®b ,
(SOP) )
f(xlaxza"'axn)=zz_:pfa (1) 2
i=0 [13].
Lpi . Z
pi . 2
xlﬂxzv'“7xi"“’xn|y1>y27“'7yi3“"ym’ (2) 2 A B T S
{0,1,-}, 1 r s
0 B A={a,a,,ar}=Ua,, B={b.b,,+.bg}=Ub,,
{0,1,u}, u A B
() (Cube), A®B:(iL:Jla,)®(lej) =£Jl(a,- ®(le,»))=
x {0,1},1<i<n, 2) . R
Ula, —a,N(Ub)) =4-4NB, )
C. & ) s s
f f ai®(91bj):ai_aim(glbj)
a; B
(l) s
a,.®(@]bj)=(---((a,.®bl)®b2).--®bs). (6)
(2 -7 2 A ={--01,1--1},
<<y>> B, ={000—,11--} :
: (--01) B 1--1) B
3 - - . :
N XY Xy 2 (——01)® B, =((-—01)® (000-)) ® (11— —)=
(X, [N, [ V) 2 (1-01)U0101)} ® (11--)=
. 2
1-0)®(11-- 0101)® (11— -)}=
XN V)2 5 {1-0h®I1--)U {010 ®11--)}
{1001,0101}
(4) 5 (1--D®B ={10-1}
: A4, ® B, =1{1001,0101}U{10—-1}=
(X,|7)®(X,|Y,)=(X,|Y,) - {1001,0101,10—1} . 7)
XN, (€) 1 4, B
:® , 1(a) 4y, 1(b)



2 , 37
By, I(c) 4 ®B, . (7 RM
{1001} {10-1} , 1(c) , RM TB
{1001}. 1 , 2 A,
B, A B, 2 , ‘€177
, A®B =4-4B,.
~ XX, XyXy
1 1 pl
! CD XX, T .~ XXy e
I © 1 I
R dBRnD FLFf 1|1} (P
\L_IJ ED 1 p‘/ 1
(2) (b) (© 1 1
) }
(a) TB (b) RM
1 , )
Pw Pv Cl CZ s
C C®C 2(a) B > fTB =
1 - -
1 ? ) xx, +xx,;  2(b) RM ,
1  Two_covers_shp dsj (C, C3,) y Py 7 y
=xx, ®x,x, .
Input: The cubes sets of C; and C; v e ™ M 2(a)
. - . , . a
Output: The cubes in C,=C, ® (5; ) ceprn 2(b) 1
For any cube P,, in C}, and any cube P,, in C, ccpas ccp> )
while (P, P, #D){ , 1 1=0, copms RM
C=(C,—{PLHU(R,®P);}
3 . ®) 2(b)
RM , RM
. n ’
f, Cerr 5 . , RM
M[Cer] Cerr , RM
Exr ,
E =(M[C,.]/2")x100%- ®) , 2
, . 2 P q,
[14].
: f poq=(p-pNeUg—qNp)=
,  Ct ) f (Pr®U(@®p). (10)
Jfav ]Ca Can Cf 2(b) B 2 , b= (Ol - _),
Ca Cen"- p2 :(__01)9
Cerr : Cy, Ca 2O, ={(01-—)®(—— 0D} U {(--01)®(01--)}=
Ca, Cr. Cerr {011-,0100} U{1-01,0001}=
C,.=(C-C.NCHU(C, -C,NC,)= {011-,0100,1-01,0001} , 1n
(€, ®C)U(C, ®C)). ©) . 4
TB 14+x=1 s RM 2(b) ““77”
16 1=0, RM 2 RM
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: (€)) G Cy , "
2 Double shp dsj RM (Crm) stepS
Input: The products of RM function; >
Output: Cry after double sharp disjointed; Cerr , Cerr
For any two products and ¢ in Cry;
while (pNg = D) Cenr w ,
Con=(Cry — 2,4 U (p0q) 5 } Cerr
4 N:(Wiz” |E6Ce"), (12)
i=0
S 227 9€Cone Cenr
fa . [ P v
; foh 2 , 2
177 =X, +
2 s NN X XN, C, ={1-01,011-,0001} .
) B )
> 2(a) > faij = ;3)54 + ;IXZ )
, Cp=Cy s =1——0L01-—} Cp TB
) R 3 step 1.
s step2 Crc Cap, step 2
, C, =9. step3 , C,={——0L01-—}, C, =
{1-01,011-,0001}, ¢, ®C,,,=10101,010-}.
3 (010D  (010-) ,
, Cr s Cap p=(0101), g =(010-),
, Cor pPcq, C,=(C,—p)=(010-).
(12) Corr 2'=2.
3 Get_error_cover(C;,C,,C,.) 2(a) 4 , 2(a)
Input: Cr, Cap; 2/(2M=1/8.
Output: Cerr; , 2(b) RM

Copy Ctto Cimp;
If Cyp is in RM form, Then
Double_shp dsj RM(Cyp) ; //step 1
Two_covers_shp_dsj (C;,C,, ); //step 2
Two_covers_shp_dsj (C,,,C,, ); //step 3
C,.=C. UC,,; //step 4
For any two products p,q in Cer,
while (pNq =) {
if (pcq) C, =(C,-p):
else C_=(C,-p)U(p®q); }/istep5
step 1
) RM )
; step2

RM

step 4

f e =%, ®xx,, C={=—01,01—~}.

3 stepl C,,={1-01,0001,011-,0100}.
step2 C, =3, Cchap.
step3 C,®C, ={0100}, C,.=
(0100) . Conr ,
1/(2%=1/16. 2(a)  2(b),
2
5
: TB
RM C

Windows 10, CPU
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2 .
3.0 GHz, 8 GB, i5 PC o 2
MCNC s PLA. ilo
TB s s Nigs esp espresso
> » NLts FPRM FPRM
> 5 > NLtS,app
, . Exr ) ) . Dimp
(D espresso )
B ; (2) (13) (13)  Nis org
; 3) ) 1
10 5 Nis esps 2 NLis FPRM,
TB ms.
. RM , D, - N o = Nusap (13)
FPRM , 10 Ny e
, 1 2 ,
RM s 2. TB RM
1 TB
/0 Nigsep Nisapp Dimy% Epp/% t/ms ’
fSIm 88 319 277 1317 073 117 40
amd  14/24 444 383 1374 039 60 ’
dd - 919 72 57 2083 037 9 ; RM ;
ibm  48/17 882 736 1655 0.3 190 )
ti 47/72 1835 1588 1346 0.04 211 )
inl  16/17 972 846 1296 <0.01 90 RM ,
sa02  10/4 421 371 1188 012 50
x6dn  39/5 641 556 1326 0.0 70 6
cht 4736 253 221 1265 138 90
ryy6  16/1 624 552 11,54 034 145 , TB
2 RM RM
/0 NisrrM Nits app Dimy% Epp/%  t/ms
fSIm  8/8 264 220 1667 4.68 137 )
amd 1424 210 177 1571 010 29 RM
dd 919 6227 2321 6273 622 118 , RM
ibm 48/17 20145 15856 2129 11.10 31519 RM
ti 47/72 91528 68626 2502 0.19 1769 , RM
inl  16/17 49041 35665 2728 051 351 ,
sa02 104 13013 5005 61.54 539 2410 40 ,
x6dn  39/5 108085 71006 3431 2.16 1350
cht  47/36 594 518 1279 321 129
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Error rate calculation of logic functions using disjoint sharp product operation

YING Qiuhong, WANG Lunyao*, CHU Zhufei, XIA Yinshui
( Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China )

Abstract: In this paper an error rate calculation algorithm for two logic functions is proposed by comparing the
differences between their logical covers. The algorithm mainly includes the disjoint sharp product operation and
the double sharp product operation of logical covers, which are employed for the two covers disjointed operation
and the common part deletion respectively. Using the proposed algorithm, the difference of the logical covers
between two TB logic functions, or RM logic functions, are extracted and the error rate can be obtained by
calculating the number of minterms in the extracted cover. The proposed algorithm is implemented in C and
tested under MCNC benchmarks. The experimental results show that the proposed algorithm can carry out the
error rate calculation for both TB functions and RM functions. Furthermore, it runs faster and is more efficient
for large functions.

Key words: approximate computing; error rate calculating; logic optimization



