o LW B F F 2 % T Vol.20 No.6

1998 ££ 11 B JOURNAL OF ELECTRONICS Nov. 1998

— O] AT M DS B PR RN 5T |

LTmE Xk ERL

(exipmi2EETREA 126 54 4 100088)
*(PEBERAEREHFRA 5 100080)

OB A CRE-FEERRSMAIREETE, TELSEETEE AR RN —
FERAEIL L B R R BT A R0, ARG ITEE AR, XPAKHMART HEMEH
M, ¥IREREHEPKE. BEESEANSENMNFREARBIENENTELE
SN BHE.

R4RiE AN, BE, e

pEE  TN918, TN-052

1 5| &

GRS HIDAE L, FREMAF L. RIDHER. REER, ERREFFIE
BEBEBEHER. BIHIYL, B SRR EREDSEREROBRER 3,
HRIFLEM IR Z e BA BIRER, B IR R o o s A B 18 S A 8
—BoTk. MTWEMEREHAT, CILHRE, T LR FFA, AT RETYR
BEEIFENE M. LA, BT HANEMEHETIEREDRGTE -0, E-
BT TR AIH Hopfield | i [7] £ & M %54 £ W 25 MR B A 9 R B AR /N, BB/, VZ4LRE
TR, SBOXEIREITREM A4 A2 BIRE, JFEHLEENT (Regs 14
), TRXEL L.

AR SR [7, 8] ERAESM G FERD Ty SR P 22 ) 4R A H 0 2 ST SR RIRR VR — 2 BF
5L, Bt —FlBTH ALE T R B R — R MBI 2 P R0 T R, T E B4
FREMBAE XMFR, FHEHSHEE. )5, MIEKEDMEME RO, 2 IJH%,
AEFRLI R RRW MR, BE S L IERERN RGP
2 FEMEEMEREEEER

2.1 FLHMEARHR

BX ZH (n, M, dwin) 8 C B M Ao I TRBHES, EXNMESE, EEFHA
BFREAEERTRET doin , B duin K58 C M REHER.

AR FRUEBNHRE XSS EBHERE, KESABY (n,k, don) HSTF
LA (n, 2%, dmin) . SN, M TFEMES AT, BFEYR/NEESTHTHE/MUA
HE, §

Winin (C) = dmin. (1)

Xt FAELHES, BEERSBFR/MHER —BAMEE, 4 0=/{0,0, 0} XL

g C BT, WA
Wmin(C) Z dmin~ (2)

! 1997-08-01 cF], 1998-04-10 EHY
ERAARERZEREITE (S 69772035, 69896240)



848 B OF OB ¥ % 20 %

X ( g X
L ‘j 1 .. T} L‘rJ @m&&wg
LT u Wne] Um

L

4

CJ ... [C]wams

X X2

U3
Wn, | Wn+l, W1
:ﬁ_—‘l - L 3~ [COwemas
W)

A1 WEMERHAWER

2.2 ATHBGNEREHEY T C(n, M, dwin) , EF M MEF X1, X, -,
Xu, BOBEFE 0 ATHA XM = (2,23, -, 2h), o € {0,1}, HARRLH 2 M 45 15 AR
REWINE 1 s BF M AMET, MAR 0 MER, §MEAR—MEBER, —
EM>n, BIHET I HREMTRER:

uz(t+7—)=llizn:a’t.]u,](t)_el}7 Z=1,,M (3)
i=1

\ 1, Hz>0, o . . —

XE o] = {0 o ) AR ¢ 4R, 6 RIS | WL 7R

EWIER, a; RAMEIT j EINETT | FERN AN, LRREXMNRBRTRN

Ut + 1) = [[AU() - ). (4)

XFP LR 4% 5 Hopfield IR, WETZ ARELE, HTEH. HENZEKE
REMET, WREMBASLAYONESE, BT HHBRERIEXTFRe.

| E30#R (7, 8) M EHBERANE, XENHETRRTE C FHHIART, BEAL
0={0,0,---,0} FEMEHGRERE, FHEKERA—EF 0BT, WRoeC, NF—
MHZTHHARLEE. ETARIMELER, XA EHZNL, FIEREREFRGER
TVHERFE, BAKEDFBIEYMTRER), BE T FETEE.
3 HRREFEIIE

RIS C = (X', X2, XMy WD|IE e DMEIR, BIEREIRIGEER dmin > 2¢ + 1. WG
ZMEXTT C HATIRIG T 2 AR B B (E 58 E P2 AT,

F—¥ BEARRE. MAXLX XM AERINGREE, MARHITAHE: &
ERUE ape =0, X TFEFEE X .

Wa(X")], %4Xx"#{0} p=h HX}=1
Y ~1/[Wg(X™)], %4X"#{0} p=h HX!=0; 5)
T -8, %x* = {0} p=h

Qpk s Lp £ h.



6 34 DRSS —HUETESENRBHLNERARA 849

LR Wy(Xh) B X HRHER, 8 H MR B 2 1/[Wnax(C)], Wnax(C) =
maxh{WH(X")}
£=9 HMERE. TR C, #EMENEERENT:

_[ememn uX"= (o ]
ah_{l-s—eAh, wLxh £ {0}; ©
XE
A = { YWr(XM],  HX"# {0}
" s, 24 x* = {0);

LR, e B EATEFE/AD, BAREZIRHEN: 0<e <1/[Wha(C)].

EIE WEEBRAVX" e C, & X" My fRhEmABERBEER, BF da(Xhy) <e,
MR EER /D eAh , BIMIEKE (5), 6) RPN ERERELRE, VEERESE L MHE
JTHWE, B

up =1, u, =0(Vr#h).
B (1) %4 C AEIE 0 BBFRY
(a) MFHE du(X M y)<eWy, H

dH(Xh’y) _

_ —e>0, =1.
Wy (X0 £> Woun

e €
—E— >l—-——m—m4m8M =14+ ————
(1—e—eln) 21 Wa(Xh) l+e Wa (X

Ahy—eh =1
(®) MF du(X"y)>e+1 My A

dH(Xha yl)
W (Xh)

e+1 e 1
—(l-e— <l-—4T - __ = -
(1—e—eAp) <1 W (X7 +E+WH(X") WH(X")+E’

Apy' =0, =1-

@e<m,ﬁiAhy’—0h<0¢uh=0.
() ¥FVr#£h, Bda(X"y) <e=>dy(X",y) >e+1, WABMAN vy,

dH(Xra y)

Agy—0, =1~ A Y
y=b =1- 3 %

-(1-eg-el;) <0, #u,=0.

(2) 4 CHEBRF X"=0, HAETHFALRIEHR 1). ¥F Xr=0, &

(a) ¥du(XMy)<e, F: Apy—0,> -eB+e+eA,=e>0=>u, =1,

(b) 2 dy(Xhy) 2 e+1, H Ay -0, < —(e+1)B+ec+eAy, = —B+e. H
B2 1/[Wimax(C)], € < 1/[Wmax(C)), Bl Any’ —0h <0 =>uf, =0,

() ¥Vr#h dy(X*hy)<e=>dy(X",y)>e+1, bH Ay~-6,<0=>u. =0, EH

LREHERE. YINFEE/PMER duy > 2e+1, 3 (5), (6) RIFBHE, HSWES
HEBEA C THEMEFR——XEH, HERETY e MR, THTKRT e MER
LT, BEMEEMETHRIEN R 0. HEBRNIERIRTA, WEMERDE
BN FRSEBEEE R — SR A KGR D, MEESERTHNXEME 0B
FHERABREER., NTHBET X (7, 8] FE L& FLMES A IFDBA RRE.



850 BT OB % % 20 #%

4 TFEICI R 25
R B IFA T XTRS O HEATIIGRIE, BETT LA SR A0 A%t 36 1 —#Exd#R{5 78 (BSC)

RIRGFUEITIRAD. TRRDASEE FT LUK e AT A B A o — A T SR R T (R . L AR
(EPuEES I

(1) HEVIHEENZE R a;; =0.

(2) L85 C FRRFIEREAR, & (5),06) R EHEMEHNAH, BE.

(3) HINZRUHEAR y EWEF LR

(@) MREHE—h WETHIE, Boun =1, u. =0(Vr £ h), WFEBRY, HHE LB
KRR C R T. WR v =0(Wr), My HET e MERHH, THERER.

(5) ®ZE (3) HWHBETE, EEHK.
TE: 3CHR (7] FHEFSEXST y = {0} +e'(¢ <e) Ry :d(y',c) > e+ 1 BHIHEEH v =0,
EFELRFELE T HEFHRIBAT e THBFEERBF 0. MARBTEELT
XPETE, T Fe RN, E T LAYER AR 7 T PR R

B TR EIATR R TR, HMETIERIEDIEITHH30, KRR FIE
ZAERD B A PRI W IE B ERS . NTHERA T e R mm a3t TE
2 —171 i DA U B

Bl C Hn=_8mELtEER B

Cy = {11110000}%, Cy = {00001111}7, Cs = {11001100}7, C4 = {00110011}7,
Cs = {11000011}T, Cs = {00111100}7, C; = {10101010}7, Cs = {01010101}7.

WLUE S LR RSSECE 8, 8, 4) , WEATYIE e = 1 MR, BFEITER. g
MRiFLaEE 8 MHERIT, | (5) RFEHAREHER, EEMHRILA 1 - < 0.25),
A=A =1/[Wi(XM)) =1/4,eA =1/4,0, =0y = --- =03 = 3[4 —c . WEREILEE
&, YEEEF: y={01110000}T . &t —KERTE: Aiy—0 =3/4—(1—-eA—¢)=
3/4~1+1/d+e=e>0=>u =1, B—IWHETHE. XETHIRBRRIE, MFvr£1,
Ayy—6, <0, 1R~ XFEAMBIRIISFE Y Cy = {11110000}7 , 4 EAKIL y = {00110000},
. Ay—-=06,=2/4-1+1/44+e=—-1/d4+e=-1/44+e <0 <1/4) =>u; =0. ]
FVr#£1, Ay—0, <0=u, =0, BEMEICHIEEWREBBISTFETE 2 LM LR,
HIFEX.
By BRI R KR EREE T OEREN SR ZERE T

2 £ X #

[1] Macwilliams F J, et al. The Theory of Error-correcting Codes. New York: North-Holland, 1977.

[2] Bruck J, et al. Neural networks error correcting codes and polynomials over the binary n cube.
IEEE Trauns. on Inform. Theory, 1989, IT-35(4): 976-987.

B #HXsE, M. RBEEDY. JLR ARMEHRE, 1992, 304-456.

[4] HXE ALHSREERRESMEDINME WA 5 ATEE, 1991, 4(3): 22-27.

[5) Jin Fan, et al. A new class of nonlinear error control codes based on neural networks. JSJO, 1995,
3(2): 109-116.

(6] ik % WEMESEREBR/MINEREEE. JLRmEARE2R, 1994, 17(2): 23-26.



6 3 TS — T A TR iR A0 2 R SR R T 851

[7] Espositom A, et al. A neural network for error correcting decoding of binary linear codes. Neural
Networks, 1994, 7(1): 195-202.

(8] Lifang Li, et ol A modified learning rule of the neural network for error correcting decoding.
Proc. of ICONIP’95, Beijing: 1995: 562-565.

A NEURAL NETWORK FOR DECODING OF NONLINEAR CODES

Ma Xiaomin Yang Yixian Zhang Zhaozhi*

(Dept. of Infm. Eng., Beijing University of Posts and Telecommunications, Beijingl00088)
*(Institute of System Science, Academia Sinica, Beijing 100080)

Abstract A decoding strategy for nonlinear codes using a neural network is presented.
Within the capacity of error correction, it can correct and detect errors of general nonlinear
codes which have some specific code distance with zero error probability. This paper describes
structure of the neural network, learning algorithm and theory analysis. Finally, one decoding
example: nonlinear constant weight code is demonstrated to prove the availability and values
of theory and application.
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