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Z& . R, BSBAE. EFHEA. Mg, EEHIELE. MR, EN
B, CEEHE. Bk, FANE. YRR, Bk ESTm), B8
BHRAMES. MAECERX R R BRI R T RER, Rz
B T HE .

FE S FERE AR, RS20 S NEAE. 07 "% EEEIH
e, RECEEADEE TEERS TXENABCANPIR T, ©FELKNE
2 TEENIEERYIRER T MR, BEEOR. SOREEMAFET#
RN MEFIUR, FHRATTZE2

CBeF SRR AN R 2R RRIX R EEHEK BN HEEAD,
BB A TR A 1) B I A B S BUE IR R BOR B B P N R B,
i S RIAER SR, BPREE 5] AR B AHE.

M FERE SR R e BT R A R N B 2K, B T ER TR M3
PO, EUTRN T LTS AR SR, “ AR R BB SUSE R ]
IR, X MR—TIBE AR NI SERR B P B B SRR “ B EIK R,
A5 75 B0E il S R 1 1) R ) B ARG, BRI BB TR MU E, HE T,
EENBH— AR : MEENRE ROBEEIRAT %, LN H &
FIRVE ST 5. BUFER LA R nfTie A 40y TRRM R K br 1.

A ATIEF THOE BARKR SR FEMFR L, UWREHFARNETL
Rl AR,
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Hil

BB ENNBZBENRRE, 50 LK, B8HY A%, . &
B . Hie . REZFUERBULMEEGR T ENRIZ T BRI ERRNA, &
X BATIRA T GRDMEAFE T H. BT EETVREMNLRFE, M 20 14 50
FERRES, RETHEARENSHAEHEER. FRHSHEEFRENEER
TP R EERO RIS A4S IR A, ARFE PR RILRFEA.

20 AW, BFIFEAE FEERNERF R UEFHAEFERKHR)IEE.
FEEW b AR TYWERFFT NS, 7R AR R, LR
b, R B EETRHT I R R TN, BT ENR FEAHEENAR
FHAREE, ERLROHRMRE, MEFEE SN ER &S, REEFY
PABURFAT A SCHRRIX 77 T AR T4,

52 BB EmrE—f, d8RERERTEENE F B ILI B E
{RBEZ —. 1995 4ELLRT, ANTEHEA Y P E T 404 i Rt & SUR 1S L E R A
£ XEHTETFYEKSHRESTUBIERN (R EHM . MR SHRMHEEE
Wi, LA . BTANESES). 1995—1996 4, BETAMEEYE T INEGEER
B, Peter Shor il Steane EYE FIEERNMESERBSMEHA R BES
ABTRLE B LR RER (B) Pauli HF 04,0, M 0,). ZET U, Shor #4E
Wit R B — AR TAEE [9,1,3]], H 9 METMNMAETY 1| LETHIR, 5%
MR 2 HEAN. BEEATTIRIER o KR E 7 AAMBAER 5 62, 1998 47,
Calderbank, Rain, Shor 1 Sloane %4 i & F 245 M0 M BCE R B ER T3
KE—FREME NN, R B T2 IEME T2 [ REKE.
G, BETENBCET SRR, 58S K AR, RE2RAUEEAIEIET
WEZIFHETHERY (BT RM B, BT RS 5. BFREJLAESE), MTERRT
WEETFRAMEE WTFRTZ2ABTH. FMETSEHEMFA. 7EE8 77,
2001 SEERIIHIEFH BT ([5,1,3]]) LM T BT TIRE.

g bprd, RRETHEBERRE TRENHE, HERATHEIRE. B
15 PBEMEZH— N AT SR, Bob R BRI X &R PR — TR
FH. ABHEHNEN AR TFAARBHERNEARSBESNEEER FEPLE
FHEBERHEENE, MHEEYEY SRR FERE RIS X T P80+
BB RATRES HABFRIEH. BRIIFEFESHERAANL TR
B M HIX 7 B TAE.
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F1E KHELYED

ABNERZETHEN, ERES2RAUEEEEVINEKR. 5%, 874
HEREEYE LI LS RAEEAR, BRFSEANMSERY AL
AAMZAL, . 5B A% SR, SR B/ R IR THRISE
TEEZ AR MacWilliams {HERSF. M TRAYUEBKNAFEZLE, THESH
CASE N BT A SESHE — P ER. K, WS FNE TAMEEE T & ARG
TFE R A, B LUE SeAr A S 451,

LBABEEREMIZRGE, IEFEE, FEANMASEBIEEFH4HE
MEXREESNE, XTELRASNELHNERANAR, TS RERBENL
AR, 4 Van Lint[L0O] B MacWilliams, Sloane[MS77].

11 SRS R LA R R
A5 R B T LR BT F AR

z y=x4€

RAFELRGER o HREK07, HREARIRE D HIER o FTUBITRBIRRE
y=z+e BINFERFENS y ZEHERIEI y B (B4, EmH Bz
HEER &, AR A EFHIK R FTEZHER =y — «(4I4H).

WHREELE 16 MSH {0,1,2,---,15}, BT UREMMEAER Bk
TFHRSEERNF). o] L8 — 36 BT

n=a3 22 +a-22+a1-2+a0 (a;€{0,1}) (0<n<15)

RIGHE n RARW I Fy = {0,1} EKH 4 FIFE (a3,a2,a1,a0). ATIX 16 4
BRWRFEF, b4 ERMEZDHE V="F; HETHHE:

0 = (0000), 1 = (0001),2 = (0010),3 = (0011), - - ,
13 = (1101),14 = (1110), 15 = (1111)



2. B1E LA

WMRRFTEELE 2 A3, PEHAERE « = (0010). BnfEiERERR,
WingA—fr e, RS RAEN ¢ = (1000), MAKHBEAE y=z+e =
(0010) + (1000) = (1010). YA B R y ZELEHHNREEGH, FH v = (1010)
EHBRXK, EWHRERFERKER 10 = (1010)(AIEETE), LiTRERHE
B 5= (0101) MEBFHR (1111) 2. Frol, XA EERERA RS2 4
RS

ATHEGERERAUMES, FEERSMEEMRMERE IR — RS
Bl FRELEA BEMER (a3,02,01,00) ER 3 IRTTEE (a3, a2, a1, 00,a3,a2, a1,
ag, a3, az, a1, a0), BAK 12 M ZmmE. TE, 16 M5 B%EAES R F32 FiH—
MFHRE:

C= {(a:.’na27a17a’07a37a27a17a0aa’3aa'27a1)a0) [ az,ag,al, ag € ]FZ}

C PRIREM A 5, ETRF R, T F2 I 212 - 24 MNaEHARBE,
RETEXK.

MARARREF 2 WBF 2 = (001000100010) FE4 5. MREER™4 1
LR, BN Bz — AL 4, BT € = (10000000 0000), MBS y =z +¢ =
(10100010 0010) AREF, TRR T KRB, #—F, BRUGELRERR 12 fid
HURE 1 AR, AR GE WRERISE, BT y B 12 13 B=T (81 4
fr), EPN S, FIAAETESE 1 7, AIMTHREISE 1 WHsEAr, TRERNMER
A z = (001000100010). WREERE 2 AL AR, IO € = (10000100 0000),
KR y = (101001100010) AARIEFE, BT A 2 ME48HR, (EAREHE M4
. XRYFLREZETRAE 2 MR, BT E 1 4R, BREE BT
EMAEERES. Bl HE5HEF 3 A4k ¢ = (100010001000) B, WE y =z 4+ ¢ =
(101010101010) 2%, FIUARBRKRIHIR. XNEFERGERE 2 M4EMYIE 1
frth, XERBEAAFEEZRZEDSE 3 AR, HFEFERNMSERETE 3 AR
(I = = (0010 00100010) A z' = (10101010 1010)).

MIXABF AT B g5 LR LA
(1) 16 M5 BER N, ZREMERAKR 4 EE (BAk 0 8 1) BT

LL (& = 4 = log, 16 M5 BAI%D). BE, AEEERREAMERS, RITERNME

4

B 12 BERAEE (n = 12 LK), TSR JE R g = 5 = (MR

R BE). Fril, XM THEE (B3%) A ERERRERT LM,




C L1 AN R HEAYE RS -3

(2) ARBFZIEN HH7" MHRE, RS TSR IR

(3) BREREEBFAUER S, MBI T “ASEHmD” I« S48 BN R
UMD RKIRE K (= 16) MEBHMR V = Fi(n = 12) FH K MEE, AR
HFH “FHRAL” R, NTIHRFRMEEES. WA FEERERXARRK
W y MEREREFER z. TR, —MEAUHEBINERRARTHK

zeC &

Y=+ Yy—e=zx
AT U EEWRH#R, AL DA% 2 AR K B S

EX 111 —h g AYEE C £ g THRKF, L n EREZNE Fp FH
—AEBETRE. C PR ¢ = (01, o) € C MIBAE, o WA %, © S
B IC| R K, T k= log, K MG C 45 &4, © MIME © s ek,

1<K<q"ﬂﬁno<k<n,}>&ﬁﬁo<§<1.
BREZEL C AR

EX 112 MFFHEINEE v = (v, ,v.), H wa(v) Box v BER

SEHANE, MHE v ) Hamming & & (weight), Hf
wr(v) =#{i|1<i<n,0#£v; €Fy}
MEAANE v= (v, - ,vn) M u=(ug, - ,un) K Hamming & & & X A XBE
BRI, RBK dp(u,v), B
dg(u,v) =#{i|1<i<n,v £u} =wy(u—v)

AR, ZEHEFEZET, 18 dy(u,v) F wy () BHieHR dlu,v) f wlv). B
MU, Hamming FEEH LR =AM J#i

(H1) d(u,v) >0, 3FH d(u,v) =0 ZHEMNEH u = v;

(H2) d(u,v) = d(v,u);

(H3) (ZAAZER)d(u, w) < d(u,v) + d(v, w).

EX 1.1.3 R CEEKA K THEB W CCF)), IC 22 BRXHC
K& EEA C KA ARESZEK Hamming BEB B /ME, RoRA d(C), BI

d(C) = min{d(c,c') | ¢, € C,c £ '}



4. BI1E SR

THERRY, B/NERXAMESH LR E TREMM %)

I 114 EHAHE C HRIES d=dC), MBTHE <d-1 124,

BT Y E < [%] 4 (X2, HEAFHK o, [o] AFHL o] <a<[o]+14#

EH (o], F o 8JEHIHRS).

MR BRHEEF z e O, FEPERANT < d-1 MR, B we) <d- 1.
WK FHFRE y=x+e WREH 1< we) <d-—1,6#£0, W y#£z B—IFH,
d(y,z) = wly—z) = w(e) < d-1, X C FAEFIHEE o’ (' # z), WE d(2, ) > d,
Bt y # /. XEREH y AR C PIEMILE, NTTARE < d- 1 A4,

BAER w(e) < [%] Wy — 2+ 2J5, dz,y) = wle) < [E] TRt

2
FRAE 2 € C (z £ o), HEAHAZERM

'!/=-IL'~:|—€ d(ya :I;’) 2 d(xla :E) - d(ZE, y)
<454 ", >[5]] >d- [—d - 1}
2
d—1
& =l 2’ > |:T:|

KREY ¢ RFETBEDS g 1 Homming BRENIE—BZ, BOE  B5
5 BRMBY, RAR ERAEIEY, Bl C TIAE < [”’;—1] frk
{iFEe. ]

XA EEERR R, MRS M BSE R KRR,

PALESH ¢ T C HENEESH: BK o SR 4(REH K =
¢ = [C)), WK C WB/NESE d = d(C). EEXAMMBBRRR (n, K, d), RE
[n,k,dlg. HEEE d, TR (n, K)q B [n, k.

2 A ERD B R B A T TR R LT BA:

(1) HfEPEBE R AT B2 8595,

(2) X T 5 R EERD, B I A SR AR A R D B, X AP R4
MEAETRE FBUBERREH.



1.2 4EIEKA 5.

KFHEE (1). HMUBBEAEESE n, &k, d BEFEXTH, —MFRE C
Wi © AR GEAROER) HE 4 Rk (AERNE), ER S HHIHATT
B, IZEE K o B, R & BK (AN K — ¢ 1BK), —Bokis, B/
BEE d AR, B, 25 n kb d 2 0H — R, KA T4
I STT Y — B R AR5, TR BIK L BT R SR A X F AP 21 47D,

KT EEE (2). —BORE, HERBHERAES LI, I K BERRK F? +
C B K MEY. EEFNEERIEEE, £ETEPIERCORHE. FrifEEs
%, MRERE y =2+ ZERBEHFNFELEREEMNBTE z. € 1.1.4 HiE
BRI T —MEESES: BKKE y 25, 5§ C THABTZEMULLE, Kb, 5
y # Hamming BR @&/ DB MIFE z EKIEHEHRSE L. BR, XAR—NF
HIEE. T HHE M RS, BRSO R B M I B2 (gt
B R SHBER AL LT RERA ST R). ZIARARBER, MR EEH
4.

1.2 2B R

EHNHALEHYEB=ABE n, k(BH K),d UK ¢ ZHEF—EXER, Hit
REANF. UTFEEER K > 281 0F 2 MEF). ‘

EE 1.2.1(Hamming /&) £ AL C = (n,K,d)g, W
[£52]
n _1)\¢ n
q >K(z§=:0(q 1) (J)
n . .
b- A (k) = nl/il(n — i)l

i NFEANRE v e Fa FBE r (0<r<n), L Blv,r) BRE v
Hamming Bi8 < r BIFTH B BEBRHES:
B(v,r) = {u € Fg | d(u,v) < r}

ML v ABRG . r AERREIER. AREE, XABRIEER (BIERF BB, )|

’ x-S ()



.6 F1E ZRAUEH

R o TR W - — | 5| BB O BT
K MR B(e,r) (c€ C). R c M1 ¢ £ C FARMBE, W dc,d) > d BF
o — 2 [d_;_l] <d—1<d HEARERATLIR Ble,r) M B(,r) PEX. X%
B K PR B(c,r) (c € C) BRAMHZL, BN EBEAZHE Fr 29, FHik

" =1Fgl > 3 1B(en) =K - N, (’"z F;_ID

ceC

IXBIEH T 28 1.2.1. O

ENX 1.2.2 53] Hamming 7 (BIEHE 1.2.1 FHRIAZAENER) BN
FAH,.

i OEABE KT, Hamming ABMUMHM AR BREFERS
B (n, K, 2r+ 1)y HETWTH—NFERIUTEE: BBEF—% (KN ¥80 r B
B, RES IR ZE Fro 20 tHE 10 FRERETLRTLEBEMSE: BT
2.2 1) Hamming IBRFIZ 5, BB A™ Golay 1 [23,12, 7], A1 {11, 6, 53 RIEFE A
K5, MEAKELEBER C = FHSEH (n,q",1),) MIBEH (n,K,d), =
(2r+1,2, 2r+1); FI=70f% GHgA r > 1), W C = {(0,---,0),(1,--- ,1)} C F+L,

FEIR 1.2.3(Singleton V) E AL L4 (n,k,d),, N

nzk+d-1

ERR & C RAEE n,k,d)y, NEN acF, BEKN n -1 K
Co={(c1, -+ ,en—1) € ]FZ_I | (1, ,en—1,a) € C}

B Cala € Fg) X ¢ MIEHARE, FEFKH C, FRE ) |C =[C| =K.

acF,

FEELERA o € F,, 78 (O] > fq{— T C, BN <n 1 %',> d). b FiE
AT ELE (0, K, d), HE d > 2, WFFT (n— 1> fqi,> d)  HATE
q

AL g O (d,> ﬁd) (R, BRRBAEEY d 6  TRESH ¢ 4

S @%%gq,EﬂKgqﬂ—d“.EHK:q’CEIfnkgn—d+1.ﬁEEE. a



13 & % T

ENX 1.24 #HRn=k+d-1 qtEMg MDS 2O,
TS S22 MDS BB K5 T

Hamming 5 fll Singleton AR R SEBRISHITHEFBEMEM. TEHRA
W R AR — DR A

EH 1.25 #2<d<n K>1. &%
d—1
K;@(q—l)i <q
WAEELEEA (n,K+1,>d), 89948,
WERR EEF? =& o, FBEL ¢ BP0 d— 1 HFRKIR Ble,d - 1),
d--1
EHHEBH V = (") (- 1), BEFEBERE V < g7, FiLL Fr FHEERE o
i=0

REFER Ble,d— 1), Bl d(c,d) > d. FTLAEG {e,d} KIBEA (n,2,> d)g. —RHE,
W 1< M<K, HAHFESEH (n,M,2 d)y B985 {c1, - ,em} CF2. L § 7R
M R B(c;,d —1)(1 i < M) B4 T

M
1S1< Y |Bles,d— 1) = MV < KV < ¢"

i=1
RRAFERRE ey €F?\S. B ey 5 AR dles, emr1) 2d(1<i< M), ER
H)aﬂ {Cla' n ’CMaCM—I—I} H@?ﬁ?ﬁ (TL,M-f— 1, Zd)q m%EEX M:K7 %EEDE O

T OEH 125 PRIFAR Gilbert 1 Varshamov F 1952 SEFSIE H K, ik
GV f. EH 1.2.5 KB RIEMEER, B %MER 125 PHAERB TN, &8
REEW TSmO, 3% B B AREFR. —H3 30 £2)5,
RETHREJUAR, 4 F 1982 FERBMIELIERMYAGTE HBHATRER
i GV R

1.3 & H B

EX 1.3.1 Fp F8AF, HEFZEE C BBHEKR n K ¢ TR,

@ XML L: ﬁﬁﬂ%ﬁ?—ﬁéﬁ%&ﬁﬁ%, Y £ A% KPR B ] 43 (maximal distance
separable) I




8. FB1E  BMAHEE

S FRMER C, HEBH k = dimg, C, W K = [C| = ¢*, \TT k LR ZLEMH
rifs B B—4E, BT ¢ BREHN, BEEEZRE, FEXN ¢ PERHIME
F oM, c—d BMRBFE. BT, &M C MEB/NEER

d(C)= {d(c,d') | ¢, € C,c # ¢}
={w(c—={)|c,d € C,c# '}
= {w(c} | 0#ceC}
B d(C) &F ¢ $IEFBF Hamming ERKR/ME.

SHR [n, k], RN C B F —A k% F, WETZM, AT BLUER C
B2 F, 2 vr, - o, 2o
v = (@i1, @iz, -+ Gin) (aij €F,1<i<k 1<) < n)

FREMSFHE—FRR
c=bivy + - + by (bZ € ]Fq)

= (b1, - sbx)G
Hb g B F, EB&K kI kx n(k 1T n 5) 3R
v ay a2 - Q1n
A
Uk ar1 Qk2  ° Ggn

G MRS C M— AR (48) B, TR K = ¢* AU B BIFR L K
KIS EFR (b1, ,0k) (b € Fy), RI1EBRST

QOZF];_)FZIL7 So(bh"'abk):(bl’”'7bk)G

XE F, KU, REE oF) = Imp REKMN C. XHELHHBHA
D, o BMERE kALK b = (by, -+, bk) WERIBKA n BT o) = bG =
bivy + - + brvk.

LR MR T I — LR g e, NTTRT DL —/MEREE T e, B—F |, —4
LMD [n, ko (B Fy K~ k% F, HRTEZE) & n TG (21, , o) FTHREMT
B

biizy +bi2z2 + - + binTn =0

bo1z1 + baeza + - + b2y, =0
2171 1 022%2 2nTn (1.3.1)

bn—k,lml + bn—k,2x2 + st bn—k,nxn =0



