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Abstract: As a kind of basic operation, polarity conversion is largely involved in the polarity optimization of Reed-
Muller (RM) logic circuits, especially for large-scale circuits. The rate of polarity conversion has a direct impact on
efficiency of the polarity optimization. A mathematical model is established for area optimization of XNOR/OR
circuits, which is a kind of basic realization of RM logic circuits. A novel polarity conversion technique is proposed
by combining the superiorities of the existing ones. Based on the features of the novel conversion technique, an area
optimization is proposed for large-scale XNOR/OR circuits. Experimental results show that compared to other

conversion algorithms, the proposed polarity conversion technique can significantly improve the area optimization
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of XNOR/OR circuits.

Key words: XNOR/OR circuits; Polarity conversion; Area optimization

1 3&

ERZHEREARET AND/OR/NOT [
Boolean #Z AT XNOR/OR 5 XOR/AND [f]
Reed-Muller (RM )& 4 p Fh e ik 77 L2 ARk i)
RM HL i 5 A LU V) Boolean Hi M B B2 [
SERE S /N TIRE DR SR G el . RM 184
HL % (1 28 & D0 A0 1E 75 51 8RB 2 B 038 1 %
@[3‘410

PPEARAL 2 RM B A 2R 2 —.
[ At RM(FPRM) 241 5, n ZHE FPRM
R R HCAT 2" A e A, X6 R 2" AN RTAN R )
FPRM JEFF:. FPRM i@ P LAk B LA 1
AR — AN e, A H AR R B E . A

2011-12-09 ¥, 2012-03-22 g[ml

E R B RRIEIE4:(61076032), WIVTAA 5 s B QT 1 AT H
(2011R09021-04) FIHIT.44 F AR 5E4 (Y1101078) Bt B iR
SEEEE: EIEE  wangpengjun@nbu.edu.cn

WS — AR IS, 75 BAE B AR M e 4 A
("] Boolean J&& JF =8 7 — e ME T 1 FPRM JE T 43
BUFRFPEAG AR B R T 3, 7 B0 1 H A ek 4k
X HPEAL

AN TR FR B — R 98 R R s BT, SE
X FEL B A T AR I DA RN BE AR AT B A s K
FURE e B R A PR A A A R T R B AL S99, B
{EELEAT 0 TR) P 3RAS ) @ R DA A o o P I KA
IS, B0 A5 PR BN P e A TR B DA S B TR A
P B A FVPA BT 7 B (A I () R 2RI, AR P 4 6
(P Pete B B s i LA R IR 3%

ASCE RM HLE ) XNOR/OR SEHUE, #)
P HL B 1 R A 1 2 A 2 2 S [ e A XNOR/
OR HLES AR I BCA AL 255 T Bl M 46t
FEARICH, & — Pl AR PR e e B R AR A3 5
e FEL B A e 0 5 TR RIS XNOR/OR HY
%5 N FH T 2R A P A 40l AR 2 R B TR AV



1768 BT 516G 8 %R

%34 %

di i L S8 R A SO $R e e R AT AR AL 5
IR AR

2 XNOR/OR HEEHEF L HIEF R EY

FERE R B @ X V) XNOR/OR eIt
CIEZN/

2" 1
fi(xuxw“'vxn):@H(d]'"'sj) (1)
j=0

Hobt, TR G R TR Gy g, OTI
TSR 5 ORI, Ry
T, 7, =0

Sj = (& +dy ++3,), @ :|
ke{0L-n—1}; d e{0l}, d =0KnRs,
TEFIER I, d, = 1 RN AR IE D
ML @, MR o (0 RAKEUE, & (AR
1.6, = O, ¥ SUFRZPE

PRI AR B A R AR BN ) B, AR R
— A HARBERR R Z R B — A ) R, AR AR
PEo AT RL R OB R R B R A Rk i =
by 1ty g rdy, G A0 R NARE g BUEMKE, X
Gttt . 7R I E B XNOR/OR EFFA T,
TN T B LUER B A e — B, ]
It IR P RO P B AN REAE — SR IA 2 R i H R
KEE, A n AR R 2" AN E R, BEMR
P R — AN 2 B XNOR/OR KIAT

(1) A%, XNOR,/OR Hii 1 £ #i A XNOR
FIAZ AN OR M, HE AR T th PR 4] 1)
HORLTR o BT Z 5T TR NS S R ERA—,
WE TR A B2 HT 564 2t NI T 20 — N
I, FRLABAD AT 1B 2 IS F R R T A

B (2 EZHA OR [Ts; AI4M# R m, A~
i OR 1, W

:i'k:xk@ékzi

k=1

L (DG 5 OR 1R 4 X XNOR ]
(% H a] 43 )44 35X (5) Fal (6) T 5

num_or = 22:1[% . [z":j_k — 1]] (5)
=0 h=1

o1

num_ xnor = Z d; —1 (6)
J=0
A (1)F 7 XNOR/OR HEAITTEL J i %70
T
271 n

J; =num_or+num_xnor =y d;-» j —1 (7)

XNOR/OR HLES HIFRGAY, 0] ] 52 2k 2y «
FERPE 25 48 R AR i A T, BN . n BTN
XNOR,/OR i T A A, i 8 mT i an R i B2 i i
FR:

min J, (8a)
st gi) <A (8b)
i=0,1,2,--,2" —1 (8¢)

3 (8a) WAL HAxs 2 (8b) /R LR BE T LR
A, WL BRI REI 29, W] DA R S AN T
FSC ) SRR 5 /N1 30 \ 305 2 (8c) 3R B Il i 1)
PeAt ] .

3 [ElEHRE XNOR/OR HEEERMILE L

[ e A XNOR/OR, HL BB PE DAL A2 SR 1)
CHGRRIE” T, /RS L ER AR A DAL W] R S
ZE MG SEI s YR N T SE e > 14 1, SR
3 254 FR R Al LAAE A58 R IS T) PN A5 T R 9
filt o AT E S AR IAT AR R T VR A — R
AR MRS ¥ T s NG 4 B s R I e e b
AR BRF i, R FH 28t A% S ) T A K R A
XNOR/OR HL% () A A 502
3.1 #E! XNOR/OR H &R 453K

LT PRI RR A 2 45 S A 5 R B WLk
REGEREVL . PIRIESE . HIRFE T ENR T
T e (AR B B ), DR EL A o v P Al e
e HAE T oHENLSEEL, Moo & W, HET1%R
FEAR MBI e 3 AR (1)Boolean 45 F[H]
JEWPE XNOR/OR. JETT A AR MR 5 (2)
ANTEIRR P R [ e A XNOR/OR. i I = [m) g AR 14
L2 Z I AT
3.1.1 MR I T RIS, Wl A A s
IR AL EE, W] BA1S 2 AN Boolean % i I+ 2
XNOR/OR B4 J& I X 1 A 51 e A P i 46 5
R RN SEE 1 ESAIER R SE R FE 0 Bk
T XNOR/OR J& 3o SCHR[BPR % FEY M th
Boolean A RIEZMME T ) XNOR/OR EFF X
ML, W EYE 20 LR PR SR 6 B
W OR T A A8 B A7 A IR AR BE 58 me P2 46k
AR AR ST, SCHR 6] 4 T AN R AR A% TA]
(1) XNOR/OR et 4538 (5% 3), AT AL TR T
WO LA B TAD A e gk SRR B R AR B, AR
BT IR I ] o

DA b 3 i A e S0 R T H AT s A 2 7
%, BRI A GER— A AR AT . B LK
ARG, MR AT TR SRS N . STHR (6]



o557 3

A

FLTH AR XNOR/OR ML A AL

1769

WA AT HE A 75 INSE 2, 32 Boolean
JEFF A XNOR/OR i FF 2K ] (1 Bl 51 e 4 1 4%
P (L 4), WM T PR 4 R I 3R [
LR S E
3.1.2 FBEURMEIRIEAR  ZHE 4 HR, RSO
PEIAT MBI R AR 5505 3 ML, SRR b 4%
B (0L 5), H TR YE XNOR/OR JeJt
ORI — WX R e F e VbR

BIR1 GWRE (THE) A7 S EREAS B P A
A S 1) AR A

FH 2 MBS XNOR/OR JEIFAME 1 4
OR TiJFA, Al HACHIAREA AR A FE 0 {8
(AL B LA SECH (8 A nz ), DA EEAT 4 FEAA =2
2" —1 /M8 OR il

IR 3 RIUP R 2 AR I A OR T

WA G AETA OR WUH IR R (045 )i
A HRIF A OR i), A3 Hk OR T4 e sk e Jr X

(9) W =4 F R AL f 1 MY XNOR/OR i€
TF 2o AR TR 5025, i R O 5 %5 . XNOR/OR
JEFF A RECanZ 1 iR
f=0l10367) =[] +2 +7,) 0 07,00 (9)

F1 FEREXNOR/OREF R B HIFHITHIR M MR E X

MR AL B

100

S STICE Y

0 0

11 111

il
1 0

11

AR 1, % OR BRI Gt 3k 2 s,
H# 2 W15 eR £ FARPE 5 R XNOR/OR Jé it
» s (10) s
f=0]](0,3,4,6)= (z, + z, + ;)
O Oz, +T) O T
3.2 MR HEE
BT “RIESIK” AR H e i B ARER
PER— A B 0, A SR AR R RS2
AR R H T T N T ple M e 4 iR
DSRS0 g I MRS R SR, 4t — Pl s ke 1A%
KHAE XNOR/OR HL T AR A S 1%

(10)

3.2.1 FBARIEBINENERE XNOR/OR
AR AL LI R e Mo H A, & & 1 e it
XNOR/OR HLEE M PEfE S, LAk i — ki) X
VS RN T W

R SFE AR IE N AR, A BT .
GG AT A A B, 5 S N FE R A -
f=a/J, o HhpBrEmA(T), o G
3.2.2 HRMiBA LR 3 ML 5 #E T AR
PER IR B R, LI R Re U IR R T
HH ISR ) PR A S S 57 2>, R P A ik B
PR N RIS P B — 4 JREUAS i R NG ks 73 T A M A2
DABE s i A AR P R0 OIS L B AT AT AR AR
RIS T FIOLAC RS FE I EA T4 b, SR R TR
REAIE 1) R SRV AT R0 1) P 98 R P i (1) S A A
BT AR . B RESTVE A R A ARV
JUTEER LB AR, 2SR A R BEN L A4
T L A .38 H o

N T PRI XNOR/OR. HEL I B A
P3G R A SR SCHR[13] T 4 i 2 J A A s 1 It
JPAE R, AR VP AR B T A P A AR PR AR
A IR B 3 DY s P42 00 DAl M R AR
WIATHAC VL MR m S/ DB E AR Mk
DS SEI S B R

BB AR VPG AN AR R ) B (AR 1t — 3dF
B 3] AR S B s ) R A, 5

BB MYRMIE A, . AR P B HE
FHEB,

W3 i RPN B RN, R
WHBE B, (BENKR A, FF), Eidm—100%E
AT AT VPAG A 18— e A 3 7 W«

AFARGNE, DT m = 4 PR G {14,
182,30,65} A5, 5 W LA g £ 3 g Uy 72 1k Ty i o
LA IR P 2 B R R 25 HE A R an =X (1) .

0415 132 4
4037 2 3 1 4
A=l 306 B3 124 M
576 0 41 3 2

AP A, =1 RWESPEE 1 AR (14) M
o5 3R (30) A ER AT 1 B FERIEE 2472 3 1 4]
RIS T A vk 4 5 58 2 SR P (182) [R) 2E B

2 ORI H IR 41+

OR Tl 000 001 010

011

100 101 110 111

L 1

1




1770 BT 516G 8 %R

%34 %

(CART A AR Sk 182 A — b sl T T AH e A7 B
RV H/NEIRHERE e 182,30,14,65; 11 A Bl %0 H
REEES 730 R 0,3,4,7,

YD IR 3, TER 4 AR 1) B R g i 7
B3 kAR, DAAER 1 AR TR i, 4%l 8
W PR S R, 3 BRI EE Rl <14,
30>, <14, 30,182>, <65,14, 30,182>, HZFH|H
MEPEER 9(=5+1+3), AR 24(RI 4 [1IF Ie) Pl ik
DM i — 2% B i A o
3.2.3 MARMACEL LT UL LH Rtk 4 R
R SE WA G [ T, IR FEAR AL 5k
VEA RIS Z s, R KA XNOR/OR HLE%
AR, HAAR AR sk 3 .

% 3 mMRMILEERAKED

Begin algorithm
Initialization:  individual population size, = max_generation,
D, P,
individual _population] |;
Read_in_ circuit();
Polarity _conversion();//obtain ~ XNOR/OR  expansion  with
polarity 0 by algorithm4
t=20;
While ¢t<max_generation
Best traversal sequence(); //order the individuals of the
current generation
1 =0;
While ¢ < individual _population_ size
Individual _evaluation();
1+ +;
End while
store the best();
reproduction();
crossover();
mutation();
End while
Output the memory unit;

End algorithm

4 RWHERSHH

AR HT RAR A e B R AT AR A 23
KH CIiES Y, 1F Pentium IV1.60 GHz, 1.00 G
WAL NTHSENL BT O B0, AT PERE L
L
4.1 FHEAR IR A RE MR

K 10 NN HURE MCNC U 0 57
WMEE AR, IF 5 3.1 TR B IR R e st
ITPERELLEL . 3 4 F1 25 B34 RURS: o R ot e K

K T A AR . XNOR/OR I IS 8] o
THE AR B RSEE 2 R, S S 2~
538 5 MR R
AT, e SCEE AR T3 0 6 B
T BRI PR 40 (Y I 8] 1 49 6 Save; b
10 10
Dot =t
Save,; = *=——=L—x100% (12)

10

Z ti,/s:
k=1

WRIEE 4 FroEds, s LA B R 500 A
R

(1) 53k 3 FEE b AHAT A0 2 Ak 4 HAT
SR IR AR 3, SRl 2 55 208 SR (1) 35 /N RS
FOL B AR Ml g 1T 5, BN AR i 4/ RML 12
RN S AR U AE Boolean 4R RM 245 (6] i3E4T
HESERITER

(2) X (12) T E AT EE 4 A THEE 20 &
5 MITEE 3 IR R B 75.9% 1
84.8%, R [FZELAF T R HAT I BEH A T LU 2%
P e AR 0 (1) 35 5

(3)[FAIFE = (12) THE A3 5% 5 AN T502: 3
R 4 IR 28 25590 0 84.8% M 97.9%, #*
A SC Tl MR A e B R (B3 5) AT A ek
T W W RCRAR B

(4) 5 v Ll 25 45 00 3R FEL 3845 1 A e 2 488 P ) mT DA
R B S RUBII O, SR Y RS AT i)
2 80 T 0 () I D) 2 38 o Wy R 2 HUE
Frp N KIUAR EE e, 2 I X TR R i i T B
PAKEA AT .

4.2 ERRAAE RGN

H FEIRAN R M A 3 B R X KA. XNOR/
OR HLEEMLA T ERCR M, R 5 51T 6 ML
KEAE MCNC FEuEf g5t 3 Fhm ALK 10
DRI S5 R 3 FhEEI R A B R 5%
VER R 2R S, I RSN 3E 4k AR E 38 43 ) v
€M 200 F 500, A2 X AN 4 53 0 E R 0.6
F0.01. H¥E C ARSI 5k A
I AR e 5 B0 4 e BB ik g A — AR P 4
Hrs Bk BAESTE A LR 5N e DR VAR 3t [
M A S . 2 5 T /N T RRUR S FEAR PR A 3 b
A2 IsAT M B R4 R .

SR BAE SRR _EASRE IR RF IS AT 5 1
i, 7ECL ESHORE N S HEEAT 10 RIS
T B EERR M . 38 5 Bk (1) BIAKE,
FHEG TR F 55 25 SR W (R 380 /N USSP B A PR A4, BA
TOR AR B A A 4 2R TR (1) 5 R e % A ME AR



o557 3 IR FETRT R R e HOR ) XNOR/OR LB AL AL 1771
& 4 FEMRIEE IR E X 5 HRAT (8 (ms)
DN H B i\ /OR T Hik 2 3 H 4 k5
squarb 5/9 ~0 ~0 ~0 ~0
inc 7/48 125 ~0 47 ~0
conl 7/68 78 ~0 31 ~0
rd84 8/120 422 47 234 16
9sym 9/420 4813 187 906 16
clip 9/256 1500 78 1250 16
life 9/40 968 188 344 31
sao2 10/18 672 328 828 109
ex1010 10/167 18765 2328 3860 140
cm8ba 11/1264 118032 1484 27516 375
5 3 AL EZBEITRE
IZAT N [H] (ms)
D F B A /OR T H R RN AR FeR L
Bk A Bk B "] C
alud 14/9440 597 15378,15888,16363 121 69 44
cml62a 14/12416 26 16213,16273 8 22 9
tableb 17/116 256 58641,10513,8465 182 121 82
sct 19/442368 31 251328,423878 103 108 74
pcle 19/163840 16 466991,515503 69 89 62
duke2 22/172032 55 1057792 16 37 11

BRI B . (2)% T LAE 3 BRI IR A4 %%
SRS I IR S, AR LS 2 i
DI Sk ORI R oK, IFAEREL
R o v 5 A R — AR R 1 e 2D 18 AR i ) I
F, PO S R G N BEE, A R
B TACTT RIEEATIN ], A5 3 BT P AR
o

5 #Eig

Reed-Muller(RM) & LA XS T Boolean Hi
A 5 K LUR P I A5 T T ) A4 AR 5 Dk ok
B O, LAIAR. DHFESEVERe LA H bR
(1) RM 32 %5 H B AR MDA R 4R L 25 S AL
) —TE SN o ARPERE A —Fh A AR, K
HAAET RM 2 B iRt A ferp, 4kt
JEE X BEARACAN T SRR R o AL T
RM &5 Z ———XNOR/OR Hi i 4
DA B AR s SR T i A0 B oy R AR AR
BN s BT 2R R e BORBE— DR T —Fh
& H T RRHIEE XNOR/OR HLEK (I THI AR LA %
BEAE I g R AR R A5 4R, IR A It e 4

BOARRS TN L AR A v it T AR A 2 4
LT E
2 % 3 Wk

[1] Rahaman H, Das D K, and Bhattacharya B B. Testable
design of AND-EXOR logic networks with universal test
sets[J]. Computers and Electrical Engineering, 2009, 35(5):
644-658.

[2] Jassani B A A, Urquhart N, and Almaini A E A.
Manipulation and optimisation techniques for Boolean logic
(J]. IET Computers and Digital Techniques, 2010, 4(3):
227-239.

(3]  EMSE, 2% HET OKFDDs ) Reed-Muller 4R Atk ML FE45
A, BT SEREAR, 2011, 33(4): 932-937.

Wang Peng-jun and Li Hui. An algorithm of Reed-Muller logic
mixed-polarity conversions based on OKFDDs[J]. Journal of
Electronica & Information Technology, 2011, 33(4): 932-937.

[4]  Nouarddin A, Maher H, and Marek P. Synthesis of reversible
circuits with No Ancilla bits for large reversible functions
specified with bit equations [C]. The 40th IEEE International
Symposium on Multiple-Valued Logic (ISMVL), Barcelona Spain,
May 26-28, 2010: 39-45.



1772

LI I IS S i

34 %

[5]

(6]

[7]

(8]

(9]

(10]

(1]

Tan E C and Yang H. Optimization of fixed-polarity
Reed-Muller circuits using dual-polarity property[J]. Circuits
Systems Signal Process, 2000, 19(6): 535—-548.

Wang P J and Chen X X. Tabular techniques for OR-
coincidence logic[J]. Journal of Electronics (China), 2006,
23(2): 269-273.

Yang M, Wang L, Tong J R, et al.. Techniques for dual forms
of Reed-Muller expansion conversion[J]. Integration, the VLSI
Journal, 2008, 41(1): 113-122.

Almaini A E A and Zhuang N. Using genetic algorithm for
the variable ordering of Reed-Muller binary decision
diagrams[J]. Microelectronics Journal, 1995, 26(5): 471-480.

Jassani B A A, Urquhart N, and Almaini A E A.
Minimization of incompletely specified mixed polarity
Reed-Muller functions using genetic algorithm [C]. The 3rd
International Conference on Signals, Circuits and Systems
(SCS), Medenine, Nov. 6-8, 2009: 1-6.

Jassani B A, Urquhart N, and Almaini A E A. Optimization
of MPRM functions using tabular techniques and genetic
algorithms [J]. The Mediterranean Journal of Electronics and
Communications, 2008, 4(4): 110-125.

GRS, i1, BRAEHE. JETRBEAR RMJRIT RES R-1F
G RTFRE L [T). WK 2 4R (BEFIR), 2006, 33(4):

417-419.

Yao Mao-qun, Fang Ping, and Chen Xie-xiong. Conversion of
RM expansion coefficients and OR-coincidence expansion
coefficients based on tabular method [J]. Journal of Zhejiang
University (Science Edition), 2006, 33(4): 417-419.

Yang M, Xu HY, and Almaini A E A. Optimization of mixed
polarity Reed-Muller functions using genetic algorithm [C].
The 3rd international Conference on Computer Research and
Development (ICCRD), Shanghai, March 11-13, 2011:
293-296.

Zhang H H, Wang P J, Gu X S, et al. Least operation
traversal method applied in optimization of logic circuits[C].
The 8th International Conference on Application Specific
Integrated Circuits (ASIC), Changsha Hunan, Oct. 20-23,
2009: 887-890.

T &, 1976 S, BIBUR, WU OSBRI LR

o FEHIES 5 .

EMSE %, 1966 R4, R, WLARSI, BTN K

OHE i B BE AR LR A 22 4t R Bk AR ST

Wi A, 1975 R, RS, WS I A R R B

L.



