1. KBEHE

—HEEER AW ZJCEE "o (Binary Operation) fB—1{EH A x A ¥
VEZ| ARYEL B Ax A= {(z,y)| 2,y € A} -
Bl £ute—E —JTEHR

o

A={1,2,3}

N W |-
=N W N
W R N W

1
2
3

PR o((1,2) =3, =MLl 102=3FTR,
AR NEEBEE RS Uk ERDEME SN T EEFP
AR A o
EE 1.1. B (Groupoid)
B o REER SH—EZTER Al <50 >BEE—EHIL
PITR— < 50> AIREEMME .
(1) #E5E&M (Associative Law)
Va,b,c€ S ,ao(boc)=(aob)oco
(2) BEAITCE (Identity)
HreecS HMEHMPIE—TTE aecS ace=coa, e <S5 0>
HIEALTTER o
(3) RITFE (Inverse)
Feel <So>MEBEMITR  AIME boa=aocb=e B b BEE a
KR IR o
(4) ZTH#aTE (Commutative Law)
Va,be S ,aob=boa,
(5) Z¥H (Total Symmetry)
Va,be S ,ao(aob)=band (aob)ob=a,
(6) &% (Idempotent)

VaeS ,a’>=aoa=ao



(7) B¥ 8 (Semi-symmetric)
Va,be S ,ao(boa)=0bo
(8) #%E (Unipotent)
dee S ,st.Vae S, ,a’=co
(9) BRI THE (Latin Property)
Va,b€ S, aox=band yoa=>b > HIHE S FEME—#E ,
EE 1.2. B (Semigroup)
BERGENENRBRESLR .

E& 1.3. 2.8F (Monoid)
HEHEMITTHRNPHRE LR

E&E 1.4. # (Group)
MR < Go > B—HLEE , WH ¢ PREFETERLERITE | A
<Go>B—F,

EFE 1.5. 2THEE (abelian group)
HE BN S .

EE 1.6. BIIEE (Quasigroup)
HER T HENRIE R .

8 1.7. B RENVBRLEER—F

1 1.8. BT HENSHE

1 1.9. 2HFERYELOURE L 5 AT A BRI BEDURE

W 1.10. 2BFERYEE 20 5 B TR Ry B OURE o

B 111, FREA BB < Q0 > FENRERGER 0 2T H

mE 1.12. FREHWECF < 00 > FENTEERHER |0 = 1
3(mod 6) o

2 2 = a2
fin  fR FW
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PUT BT — (B E 2R R bl — A5 R R B 7% o

¥

AR AR

E& 1.13. T&F (Subgroup)
S HCG,MA <Ho>H <G o> &2, 0l HBEEGHTE,
— L H<G TR,

DUTRIEERE A H RER G HTE .

TEB 114 5cB—HHAHFCG, Al H<GHEEHME H+6, MEHP
H TEEREITE 2y, zoy € Ho

MR RER BRI DLEN | DU A o7 K3, H 2y~ ZKETR 2oy~
FrLL  REGAILEH < a >= {d|la€Gi€Z} < Go <a>—BREBRE
B o &£ (Cenerated) W FHE . B G =<a > K, G BiE—ETEERE (Cyclic
Group) o
(Gf) Bl TR EEH AR BEEEH L14ANET

EE 1.15. B8R (Coset)
HSH<GUFKaeG, Bl aH = {ah|h e HY B H —ELEERE | 1M

Ha={ha|h € H} RIf% H H)—HGERE .

(5f) BREE AR _EBHITT

fied 1.16. % H < G, AIEREEN o,b € G, |aH| = |pH| TTH |Ha| =
| Hb|



mE 1.17. 4 H < ¢, AIERERN ob € ¢, TR «H = bH B
aH NDH = ¢ o

o 1.18. 4 H <G, Al G IR BRAFEeR%E (H) (BAERE (H) B
S

EIHE 1.19. (Lagrange’s Theorem)
W H<GH|G < +oo, Bl [H||G]

EIE 1.20. IEFHFEE (Normal Subgroup)
S H<GHHREE acG, aH=Ha Bl HE GHIERTE U
H<GERTRo

FEI M aH = Ha AT LARGG R o *Ha C H BIW] , THE R HEE G,
EHWEEFHESERTE .

B THENAESE | TS A Her R E TR K2 T (Factor
Group) o

TEFE 1.21. (Factor Group B Quotinet Group)
B H<G,CGg={aH|ac G}, H (aH)* (bH) = abH , Hl < G/, >
& —#E o

(&%) FH |, AT LU Gy = {Hala € G} o

AR REENHFEMEBHEFIBNES 72 $RIME "+,
< 7Z,+ > B—RHE ENTHE-ER nZ H’ﬁf/fﬁ cn BIEEEH B
BOTELY , INESEHR  EMRE 2, = {0,1,2,--- ,n—1} , Hit 7=
i+nZn = {i+nklk ez} & nz B—EERE | A RBER T RAMNE
=7, , HFp BRER,

T 1.22. FIREEKE (Homomorphism)

T <G, x >l < Gy o> B . —~HKE ¢: G — G, MR
RV 2,y e, plexy)=p)opy), o BEBZH G BRE G, B—{EHF
B



(51)

(1.) ¢ 1-1 ”+” Homomorphism ~ Monomorphism o

(2.) ¢ onto ”+” Homomorphism ~ Epimorphism o

(3.) ¢ 1-1 & onto ”+” Homomorphism = Isomorphism ( [FIFEEKE ) .
EE 1.23. [A58 (Homomorphic)

ERAE— B G, BE G, WEBER B G, 8 G, FE (Homo
morphic to) » (Gy N—TEH G, FIFE )

(1) BB REEERE B e EH e FE e 26, BRE .

EFE 1.24. HREEKE (Automorphism)
T < Go>FB—HE, Ml ¢ HEFECHABRE , WBRE G
A B FERE R .

BB FEBEER 1-1 BB, e R —E ¢ BIREREES , B0 E
& BETC R AT HESE 2 — A SRR B R

ond 1.25. HE#ERE (Automorphism Group)

BT <G o>, AR B RBRBY B—EEE  Ef —tE
BREHHIEE (Composition) o

BT ARERME B EWMEEEN RS

EE 1.26. I (Ring)
<R+, >BRE—MER  WRTIIEGmE -

(1) <R, +>B—RHE,
(2) <R, ->5B—%H,
(3) Va,b,ce R, a-(b+c)=a-b+a-c( FEE).

EE 1.27. ZHIER (Commutative Ring)
BEREZBERBIAER

& 1.28. B (Unit)
fE—EES | RFEATE-KRU 1 £r , WEBEENET,
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(5f) BEYEES KWK . —~BIART | —HAEET . BT HE
. BIRAREBTHEESR .

BT <2+, > EEEANLEE  RL A FRESERF
RIS WRIEFNOT | 8D BN Nk R — RIS
e

EE 1.29. FE (SubRing)
MR <R, +, >—M@EE RCR,ME<R, +, >tHE—H
B A RBERERNTE,

mE 1.30. ¥ R B—HEEFETHRHER  AEPERE—MEec R, <
a>={an|n € R} TPH R—EHFE .

EE 1.31. B (Ideal)

BT REB—E IBRN—HETE. URHPL R FHE—FETHE n &
WEnI CI, B I EEZE RAAEIME (lft Ideal) , W& In C I B TEAIS
REVEEME , FAR2AEALEEEEN 1 BER RIV—EEE,

(%) FERHER | AEEMELEE

md 1.32. E—HEFETHZHRER RH VaeR, <a> B RH—{H
HAE

(5%) bt nE BB e R FHE (Principal Ideal) , E&FEF HEH—
A,

R —EFFRRHE R = Rz, NERBSERAENES , Tl
RE—EEBETHREE ., FE n=2>+1,<2>+1> & R[z] —H
B,

EE 1.33. BIFREUE (Characteristic)
T RE—BR . MRFE—FEEEH n ESVaec R, na=0, 8 n
B R WFFEUE | LA ch(R) = n TR o TR n NETFE , B ch(R) =0,

Bl. ch(Z,) =m , ch(Z) =0,

EE 1.34. FRIEEE (Division Ring)
T REBEEBHEITNE . IR R PR o WTRAERERITE | A
R EREREE



EE 1.35. 88 (Field)
— "] LAZZ R BR B R IE 8 o

& 1.36. IR (Finite Field)
HEEBRZETENEBREERE

T 1.37. BRERFE
T<F, 4+, > RERRE A P REBRGE

R AREERR 2, , £F p REH . MREEB-EFRE
EAEE p? AR, B —ROER pf TR k>1, HITREHERE
HEEEE . ERCLERZNIENE—EEE

EE 1.38. NAJ 9 (Irreducible)
— (AR P ZEN  WRR TAS KEBEZINEE R MR
FRIA QIS BRI 2 2 EHK .

(5%) F HEZREAIA A A RABEBE , #1A1, & F=RE 22 +1
A SEN LA BRE F=C R 7, K, 2*+1 5L LA g .

T 1.39. Flrl_ () o BBOREGEER 1) TR (H1 F).
RE RBESF =7, W LRI~ 2, OFTAEZ kF RESHE
R A AE ISP o T .

5 TS Galois MR A HNEREM , BF ¢ TR AERE
— A GF(q) RER , H—KREMR "¢ BEBHIRGH . LLTHME
— S IR REH— LR

EZE 1.40. (Primitive Element)
MR —EEFFRFERSTREATUEX—ETE o RS, Hl o
MBEE F I primitive TTE

T 1.41. 5 F BE—BRE B < . > B—1ERE ., (F*=F\{0})

EECHEEA FZFEA FPAFEESR primitive THR o
Bk BRMEEBHERAGETCENERE B2  ERHEETHHE
BARTRE | hE—SET,



EE 1.42. FEZE[M (Vector Space)
o F —fE . —EMF F RREZEHE (F—vector Space) 15— {H

RHEE <V, + >, ERIFEELUTH 5 HEE -

() Vac F,ae€V ,aa €V o (B , Scalar Multiplication)

(2) YVa,be F ,a €V | a(ba) = (ab)a o

(3) Va,be F,a eV | (a+b)a=an+ba,

(4) Vae F,a,0€V ;ala+ ) =aa+af o

(5) la=a. (1 5 FFREBEMITE)

ELEMERT , v LRBREAE M FRTCEAERE

EE 1.43. HMEMHESE (Linear Combination)
TV R—EME FREEHE S ={ulicl} BV FH—HEAE
FTREIES o R o = Yo, Ef g, e F LAl o /& 5 PR ERYRIEM

el
& . R {zaiai o € F} _ v Bl S SRR R MER (Span) V. DL
el

<S>=V XK,
Bl. rr B—M RMEZM , R AILAH e1,ep, -+ e, B, HF ¢ =

(0,0,-+-,0,1,0,---,0) 1 S i AME ) ,i=1,2,---,n; RPHWALIH 5 =
{(1,0,0,---,0),(1,1,0,0,---,0),---,(1,1,--- , 1)} Fr B -

EE 1.44. HMHEBIL (Linear Independence)
—itl V PRAE {on]i € 1} R (M0 F) FEGHE HHEE
aiEFHZaiai:()H%‘:,%ﬁ/‘/\ﬁﬁﬁﬂ/‘]iel,ai:(Jo

el

Bk

E&E 1.45. HMHEMK (Linear Dependence)
AR (MR F) B —H A B R SREHEEK (Dependent) o

E& 1.46. EE (Basis)

TV RME FRAEZERE . MR B = {s]icl} B—MRERL (
fif F)EE T B FRIEERALER vV, ] BEREREZR V (i
B F) B —HEE



& 1.47. BIRHMEZEMH (Finite Dimensional Vector Space)
— A F A EZEE v ARAEWR AR A &R, Rlthm 222
[E1 5 IR AR [ & 22 [

T 1.48. 4 V Bl F BRRMEZR | AT M EE S 5 A EHE
A

H? R EHARRERRES  BENAEEHMEERRZ N E R
FIBTAE R (Dimension) , PA dimV 7R |, FTlA dimR™ = n o

EE 1.49. B—EERENTREZDLREBRGTH

s2HA.

4 F B—EERE . B 1 e F and ch(F) < +oo, .. ch(F) =p, p
REH .. Wit F M\”A~TI¥’§§ GF(p) o M a B—{& primitive TTH , m
RR/NIEBEHE o = z gt , B € GF (p) » B2, BIMEEN
n>m, o WATLLERK 1,0,02, - om ! BRI E AR - T
FAE LU La,a2, - am! H’Jrf?lét%ﬁé‘i%ﬁﬁﬂé o HFSE TR —
{ERR RS (RS GF(p)) BIEE BT {1,002, am 1} AT LB BEA
B2 F (MR GFp) N—HEE B2 |Fl=p". n

AREER — IR BRI

EE 1.50. [FI#EH (Isomorphic Fields)
HF R FORWER , MR PG W P B R, D
F=F RN

(5F) FAE—MEH FELE P8 11 B o, i Vo, B F L p(a+p) =
p(a) +¢(B) , pla-B)=pla) (B) o

(&) < F,- > BEER & = F\ {0},

sEAR. - SRERBEARHEE |, BTl P = 74 x Zgy, x -+ x Zg, , HH
d; BB o & m = lem{dy,dy, - . d}y , Bl m < didy---d, o S
(ar,a2,- ,a,) B F* FRI—EITE  AMELTKRE of =1,i=1,2,--- 7
B (a1, a0, ,a.)™ = (1,1,--- 1) B F* WEALTTR (FHE ), - Vae F*,
am=1,af 2"~ 1WEM ;0B didy---d, B L, m>didy---d, | |
m=dydy---d, , JI , (di,dj) =1, BRI (a1, a0, ,a,) B generator o M



EE 1.51. M EEAHRITRNERELDRE

2. ()
H Lt @B ] LB ERBIM -  ERHEMEER p~ &I LR
B—EERE 2R L3

EE 1.52. HREENVERE m MEE—ME (MiF 2,) TNFDEEE m X
LR o

S 2% E.R.Berlekamp AT Y Algebraic Coding Theory o
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2. EPHER

EEERNELEARARKEABRWEER . a0 HEm B IS —
R (Message) R —HEE (Channel) EEH A AR BRENEET
E. BTER EHEEREERENHERZT , AR—FEAENFEERZE
B AR IR, TERTBEE A S ERAVIFILZ T |, BRI AR LA 5 iR
% o

2 BRMARA 00,01,1011 BRER 2 A/, THEF  EEE
REARREH 1800, R , ERAEEERNERT , —UIEHN ; T8 |
PR EER TR e Z BT (Noise) , 1B F , KEE  EF HIAE. W
EREEER B0 o1 B 11, BRIZBEER AR R T |, MiE R R EER . R
£, 2 000,011,101,110 RAREHR | 2, W, TIUEF , #EE R A 68
rFeE E o011 #ER 010 B HPAUEF R E—ERR 010 F , Frld
TMFE . —EHEET ) AN, $EEMEHHIE » EXE—HEHENE
T, eERER S | A D EIRIEENAR 2 RMEMREE
WRIAE .

WEF MG EG Ll r) TIER A AT RE YR (Mission Impossible);
DUF 2 —{@EfFF . 45 000000,010101,101010,111111 2 BIRER 2 ", T
PEF , RREER (—M[) ELE 40 110101 SREINFE , EEFER
BMBERAGPE FHELSEEZZ 010101 . BAIAE 111111 BEETIE 7 38
ERMFEEARIFEE , 22, ZFHEEHERKEKREAENE . &
PEAVARGT T G ENE  EMESINEET

BTHERR HWERERSER , B TREMATERENFEE (Digit, bit)
HEE 1, FK=GF©2), MLAK" = {(z1, 29, ,2,)| 2, € K,i=1,2,--- ,n}o
BTHBERZR K" THRE (11,20, ,2,) TUUEBER v125 - 20 o

EE 2.1. Bl (Code)
—fi Kr I FEEMBRERER n B (Code) o

1. ¢ = {1101000,0110100,0011010,0001101, 1000110, 0100011, 1010001} *&
—ERER 7 RS .

EE 2.2. BHF (Codeword)
—(AEBEFHEEBREBET

11



&) £—F ik FRRERBEERERE » BIF (word) .

EE 2.3. EHE (Distance)

T x = a3, By = yryoys -y, B K" EPE’JEWI Al 7 82 5 1y
FEBE (Hamming Distance) &K d(x,y) = [{i|z # yi,i ;nH o —
EEHE ¢ WIERE d(C) BIEFERS d(C) = min {d (x, y)|x y € C’ and £y} o

R 2.4. EEER—ER (Metric) , RENRERE TFI=Feff -
(1) dx,y) =0 EHMEE x=yo,

(2) d(x,y) = d(y,x) Vx,y € K" o ( E7B )
(3) dix.y) < d(x,2) +d(z.y) Vx.y.z € K" o ( EARER )

EE 2.5. ZJLiH (Binary Code)
B K=GFQ2) K K" FERZITHE .

TEE 2.6. H 1M (Linear Code)
HEIE C F K NAET2EEE  C TBREMIEDS

EE 2.7. JHE (Weight)
x e K", x BIIIRERS wt (x) =d(x,0) = [{i|z; #0,i =1,2,--- ,n}| o

ined 2.8. d(x,y) = wt(x+y) o
iR 2.9. B wi(x) = wi(y) , dx,y) B—1HE .

AEE

aed 2.10. wt(x) +wt(y) > wi(x+Yy) o

jm]

g 2.11. B ¢ BRRMHEE | d(C) = min {wt (x)|x € C and x # 0} o

2. AB 0c 0, ATl d(C) < min{wt (x)|x € Candx #0} «» B, &
x#y K, dx,y) =wt(x+y) >min{wt(x)|[x €Candx#0} ,x+y € C,
BRHE o n

miRE 2.12. AR O /& k MERTERIERS  J © TR 2k EIEE

12



@R 2.13. WIE ¢ B K SIREE B oA LT (2 - 2) AR
=0

EO

B, F— MBI & EfR . -

EE 2.14. H{EHE (Dual Code)
FOCB—EEnBEE M ct={ueKk"|u-v=0,VveC}
Fre O AT .

AT RIS E R LB A S B ERENERNE MR L
C, Hl ¢ R 2 B HEE (Self-dual) o

inRd 2.15. - B—RKE o SR, T EE dim(C) = kK, dim(C*) = n—ko
B, ¢ WEEREE O R FERERA I R0 2
FEIHE 2.16. (Hamming Bound)

<%C%~%En,ﬁ%d%ﬁ%,%kﬂwécg}gw,ﬁ¢
5= 751

EE 2.17. 58EM (Perfect Code)
e d RETH, EFERELAEEAFABRREFAN ¢, BREETER

Bl.n=7,d=3( BREBENHTF)
C = {1101000, 0110100, 0011010, 0001101, 1000110, 0100011, 1010001,
0010111, 1001011, 1100101, 1110010, 0111001, 1011100, 0101110,

0000000, 1111111} o

- (1 ()]

B T bt AR SR 7 NERE IR (7,4,3) 58 £ 05 | thm] LUK kST /5
EANEEKE .

0100111 } o
1001011

Hl ¢ B—MHE%RME (7)  £E  EME ¢ & Empl TR
HIBHS | CRYHE G EE A (7)

0011101
FC=({veK'|vH=0, H' =

13



GO En=23,d="7RFOATIEETER  SEBGKET
MR BRT LA TR EBZIN, MR K =GF@B) ,n=11,d=5,
WATLAE A SEE .

EE 2.18. RE o, M &k LIRS d RARMETLL (n, b, ) -1 FxR |, A
RATERE  ABE (n, k)1

EE 2.19. £ (Generator Matrix)
O R—E (n, k)15, HILL C WEERSI A B EKH & x n M
MEE C WAEBERE .

1110

5. ¢ = {0000, 1110,0111,1001} £ (4,2)-H15 , G = -

1001
G/: -H_ZIEEIO
0111

i 2.20. R ¢ B—MF (n, k) , AIAHFE—BEERKER  EER

() FIEOT R AR R A A 4 RAERE (Standard)

BT ERERE | RENTERTLUEFET . BS—@ 0,k -BE
o BT, A RREEEEOALTLE 2 @, ERATLD | HEF
RS . BIE, SR  NFRAREAL B4 v e K BE , va R
FAEEE S A RIS ERARE—EEFET | 5 TR MR
(Encode) , ¥ u=vG ., MR ¢ BEENESHERE | Rl o BFTE £ ELE
BHFHRAR v,

[ 1001

] f— PR

Bil. (1,1) = 1110

R T B B o R ¢ BORER | B RS
BIEESE o HREEREF NG « EREHE  Fi  RM
TE £ k/n BB AR ZS (Information Rate) o

BT FAEBAEERE —E (n, k)25 BT DU SR 4
R e AR SE T S Y S o

14



ooRg 2.21. 0 B O WAERER ¢ B Cc (AERER Al cr =0,
B WS i NE—FHE ¢ WE—FIHEE  KEE . ]

TEE 2.22. BHHEE (Parity Check Matrix)
B OH' R C WAERERR  BEE ¢ HER

(3) R H & o (AR SR c FE—-BF v, vE=0. K#
K, BATAT LUSEHE —18 n x (n— k) BEERE B, B TR —HER T
BAHES Bl ¢ = {v|vH =0} B— (n, k) .

g 2.23. 7 H B C WEHEE MWH H HEE ¢ — 1 I ERT
Rl d(C) >t

Bl C PR ONBFMEEIE . _

T 2.24. — @ (n, k,d)-BHEWME d<n—k+1,

FBER. B H B (n,k,d)-H5 C WUBLEHERE Bl B 8 nx (n— k) BUEERE , AT
DLAEMBENHIFNEES B n—ko AT , d(C)=d , BTl H H#) d—1 F
RIEBE—EREBINES RPEr—k>d—1 Bld<n—-k+1, N

TEE 2.25. ;e RFEBES SRS (Maximum Distance Separable Code, MDS Code)
W d=n—k+18 (nk d)-HBEBZRAERHIFE

T 2.26. 7 C F— (n,kd)-H  AITFIECLEE .
(1) d=n—k+1,
(2) 1£ C WRZEERE S | B8 o — K FIERBIRIER IR ES -
(3) f£ C WAEBJEREY | E£E kTR EBRERINES .

NI A A A R L A i R E R A | T A% B AR UTE B
WL ENER  REENRRRENEINT w, REEER wH #0,
SIAGESERERELT . TR BMET W E EEIRS

EE 2.27. ZJTEE (Binary Symmetric Channel , BSC)
Bk 0 B¢ 1 B A IEMEREEUEABEE

15



EE 2.28. AJFEE (Reliability of BSC)
B —E TR R E AR AR AT S

UL, ESEMMERE 1 - EH E R ERET QR ZH ENE o 5
21 TIEFRE ; B RETUS 15> p> 1. TR p= 1 B | #04E
AR T EETE .

A RUAEREZ N B BELBENEENES A BRT
RER1-10° ARERNEESEY 7 BFE BCEEEES 1
HIFTE S | TSI S

11

11 :
11p"°(1 - p) + <2 )p9(1 —p) et (11>(1 —p)" & 1P —p) 11 x 107

FTUARRIE 10 g E8—EFmERENHR  RRFERUEHR 8640
FEE BERARRAEEE

R BEERN K PRY  SEFERRN E—EFR, EE5E
(H¥#A BEE 1, IRATIAE R BE, W —2k , E4E — (¥ R AR R
A LAREIR (7) , A ERER#ER W, F#FRER g AR

12 12 12 12 )
< ; )plo(l—p)2+<4 )pB(l—p)4+- : -+<12> (1-p)** =~ (2 )1010(1—10)2 ~ 661071

B, BERMETES % KK 2000 B G BREE - EFHIRE B
EHREARNYE  ERE—EARAER RSB T —% B 11 5 12,
BRAZEN o RMALRILT WJZZ[U(WB@#‘H,%R%‘?ﬁﬂ&ﬁ%%&%ﬂﬁﬁ
AARRNEDY , ARREAREER X FRENEETREE . At £
HEEFRY , (AK— 1lnﬂgﬂﬁﬁ%%lﬁi@w§T !

PERTE AL |, M SR — @S AR EHE - EFRRIRE
R AEEEE T0%I 1, TUEER—ERES n FER | B8
EREEBUN o BT, RS ¢, (v, w) REHEZE v TTRE w BIBEZE | L
THIEERIL -

16



AnRE 2.29. ¢, (v, W) < ¢,(vo, w) iff d(vi,w) > d(ve, W) o

Eﬁﬁﬂ' 4_3\ dl = d(V17W) ) d2 = d(VQaW) 5 E\IJ ¢p(V1,W> = pnidl(l —p)dl ,
Gp(Va, W) = p" (1 — p)© o HLERW A BIF] G5 . |

FIRABERAIRES | RSB T

(1) 5EZ AR EEME (Complete Maximum Likelihood Decoding , CMLD)

MABBENFR w, 1M v e RME—REL w T, ERFRER
#E v BERNT  IRE w HEBEINBF I — | AEEE—E
EEENT .
(2) NFEZERAAEEM (Incomplete Maximum Likelihood Decoding , IMLD)
AR (1) R EEEME (WEL L ) &BEEIRH TR BERE

iE o

Al ERI DIESRERRER T | R EANWR GG/ MRS AT,
ERERRRT |, R PARAEERERERNNRC TET | EERE,
7 A SRR AR RE TR B ME — B BRI B b R BE I LAE IERU IR 3

2 BffETam MLD BRI 58 .

E&E 2.30. 0,(C,v)=1E CH | EE v HIEREMILE v FIBEZR
F'ﬁ‘o[’j ep (C’V) = Z ¢p(V,W) )

weL(v)

B L(~v)={z¢c K"d(zv)<d(zy),yecC\{v}}o

MR 7E L(v) PE—EFHEREER v, MH | EFEERER
IEHERY -
Bl1. ¢, = {000,111} , p = 0.9 , L(000) = {000,001, 010, 100}

0,(C1,000) = ¢p(000,000) + $p(000,001) + ¢p(000,010) + ¢p(000, 100)

=p +3p*(1 — p) = 0.972

Bl2. ¢, = {0000,1010,0111}

0,(C5,0000) = 0.8019 , 6,(Cy,0111) = 0.9558
(L(0000) = {0000, 0100,0001} , L(0111) = {0110,0101,0011,1101,0111,1111})
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M EEAFF  RMTUBR | MRBEBNRET T T gEmRE
RS R E R IEMETERGS | TS L FE SR BRI SR EEMNS
EREME TR | B0 ¢, Sk ¢y = {000,011}, FR52 , L(000) = {000,100} T
L(o11) = {011,111} » Kt | IEREME T | hRRHBAT]ZE .

EE 2.31. HIEZ (Word Error Rate)
Pem«(V) =1- Hp(C, V) o

(BF) M AT EE n=7,d=3, B¥EEB1-1-p)"-701-p)
(7) o

HRTER A, SR AR E A VIS RRE  DUT 2 LB
A o

EE 2.32. iER I (Brror Pattern)
MREERN v ERERR w, Hle=v+w BREREREREA

& 2.33. t—FEHHEIEE (t-error Detecting Code)
REF (I IR/ NT ¢ RIFT R SRR T i 3R | TR 72 ¢ — 8 (IS o

EE 2.34. t—FE B IEW (t-error Correcting Code)
] DUEIE RN ¢ MR E SR N B | A - IR

EE 2.35. MRHME c WEES «, Bl B (- 1)-sEEEmE 1
|| -BEEE IR

BHR. HE u

TE3E —Ei R FE i s eI MR IS AU o

NI R E] , W% C ZARIER |, AL FEE—EZEER 0 EEHRE
Bl veC,vH=0, L, B wBEIEINFE  §RBEMNIERE wH
GIrER 0, wH PREEBEZEIK (Syndrome) « wH Z—1f (n — k)—#
MR ERARE o BARE  EEERBIFE K B 2+ BREHET
VE . Bla0 , BT ¢ FBF v, vHE =0, TIATBE w+ C FIF 2,
zH =wH .

T 2.36. 4 C B—EME  HE C AR MRERveC dE
R EE R R e , HIEIN w=v+e , ME wH = eH , JRE w Hd e ﬁ
MIRIBIEUE .

|
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K, & w BB FE , RERE w+ ¢ EEREFR R —EMER
NSOGB (Coset Leader) BN 85 R T2 = ( Al gE ) o B §8 R 2 A] DAME —
ERE , IEHER TR UBFIEE . ArlL  BIEFIE 58— L0 1
BREMERME - REME (CL.),

BN —EE S EF#ERENGRENEREEH ;| &
HRBRMEREBHIAFFEEEL D EFGRE  ERE w 2BREERE
w+ C IR BRI REBE B — CL. Bl —E IR .

19



3. —LEISHIENR

PERTERYES 3 , BMIAEAR ¢ BRER n (S | AEEBRESHE
B ERILLBIRHITE log, |C|/n , WELRRAEBEIE n HFET | A log, O]
EANFRAERAL  BPRE ¢ BREHBIME O NERUE & KRR | £
MBS ¢ AR .

BN ARERHBIBILEE A | RIE & 58 0 SOOI EEES
HERER A A SR U RREGEEERNEE P, = > A1 -p)p

(A, RITHS i WETH ) hELEA , BHEE L WA T L, AL
LR, R BRI ART | TE BT (5 SRR
(Good Codes) H—##E M .

T 3.1. 7 p REREENIRE  ¢=1-p REEFHEE AP
TEN >0, IR R< C(q) = 1+ qlogaq + plogap LA n R R—E"
FAE—E TR ENARE E>RMAE P, <co

FEER. WK

FtEy C(¢q) TR 2 BSC BB & (Capacity) o

BB IR . Shanon EVFHNBBHORERL | 1RGSR . T
e, AR EREXEN  MAREEREE—HES | WEFTiEER R
BT HET - RERERENRBEmEREWT , TR
FHCREAPIR , RFIERM T ZVHR » FEE—&F , KFIEE
W R HH AR B .

EE 3.2. EHHE (Hamming Codes)
T HHIPIHEANR 08 r— MEFREFER, I H & 2 —1) xr#Y
A . BILL B RSB BBERERE 2 — 1 EAB M b &

CH B (201,20 —1—1,3)-f

3
2. 0 Bk REZE M« ABFES [ HARKRETUEL . =

20



iiRd 3.4. BRFEN r>2, H, B5EERE

$ZHA.
221 21—y -
o — 1 N 2 — 1 =2 °
0 1
t

1110100
FERTRNPTFE r=38EN . B H= | 0111010 | B, C B®i2H

0011101

A & R AT AT B A 2R B — 1 o

& 3.5. FEME (Equivalent Codes)
MR EWBEERABFNIFRFRBRZE  AEREBHEEE .

.
0000 0000
o 0L, 001
1100 1010
1111 1111
T 3.6. FTENMME 20— 1,2 —1-r3)-HEH 1, FE,
A, KBTI EHE R TLGETME B RN R u

I 3.7. B (Decoding)

BERBENFR y , MBAERS RE—EFHEHE , AIE yo A0,
HHRLEEE—5 0 (B 15)) 8 yH =1, , I DR | EiE
TR ARATH ST

E’ﬁ‘Eﬁ % (y—el)H:yH—Ier:G,F‘ﬁJ/\Xy—el eCo,
AL H, PTDAE IE—E$E3R . R, 7, \TDUMEIHRIESERR . =

& 3.8. B (Extended Code)

T CR— (nkd-1, Hf d BEFE . BER C PRBFLNRE—
EFEESEEFOMERES SRR (n+ LEkd+1), 1
B CHEEN DL C &R,

21



FLUH, £ (2r,27 — 1—r,4)-T5 , ER LIS (0 —EgEER .

t

11111111

+ Y o~ 00011110
Bl. Hy &—18 (8,4,4)-15 , ERVEZ B AR H = 0
01100110

10101010
EIE 3.9. Hy B—H ¥ {HH (Self-Dual) o
BB, O HAYIETREER B BT . u

T 2RES 3w A0 R B Y B S FR R B RO B LT 15 55 — (E T RV 2L

(1) IIA—{EZE F RS R IR R R
B HENF A R s Ry BERE R A B LR H R o

(2) FE—EFELBERRBFNRE
FERALE R EERY o

(3) EH—LEHEF (Expurgating Codewords) o

(4) TIA—LH5F (Augmenting Codewords) o

(5) JOA T=1111---1 URIIAE R .

(6) ZHEFE—LBFEEHEFRRH—ELE .

BT EairysE AR, — AR A DUSHE SR 2 ([l AR T S
SERIEES | AT B TR o FEEZRT , Se/m i —TE IR

EE 3.10. FEH (Simplex Codes)
—{EE=AT H, KA 5, TBREFIER

(FF) 35 H BAS B M 2 o (B B - i BE BE AT 2 — 1A BB i 8
fa1.
Sy = {000, 011,101,110} , d(S,) = 2, T EAEE M @ FHEHEHE 2.,
S5 = {0000000, 0110011, 1010101, 1100110, 0001111, 0111100, 1011010,
1101001} , d(Ss) = 4 , T B EE M AR B HZE 4,
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MRS S, ={v|v+1eH}, Rl EmEFrHe 2R E A EH A BRI
J/\/L%EH o

000/0[000

0 0110011

Sy : Sy 10110101

0 110(0(110

Sret - 1 % ool1l111
S, S+ 1 011[1[100

1 101[1]010
110[1]001

BRETEE | — > | @EE6TE
(22 -1-r4) | < | yo17-2-24)

(-1 -1-73)

i $H8 ( Dual)

SRR 5
(27 —1,7,277)

—PE Reed-Muller & ( 2) S RAg—& Reed-Muller &

(2. r+127) | < | oo

23



BT b L ER — {1 SRR A 5 AR A ] RO 2 2 5 ¥R T 45 AN ) RO RS | 2K
P90 T DUR P T 8 o SRS B — R A8 i B B RO B  DUT
B [ulv| KEFRE we & kv e, MEBFEE L FINBEFR
B O BREM G NRE

EE 3.11. BHERYM (Direct Sum)
O HECTHNBREmEn FREERE, B C = {|uv|jueC, vely)
%01553‘02 E@%D,L\/{CZC&@OQ 43»%7,]_:\‘0

fiRE 3.12. O\ P Cy B (m+n, |Cy| - |Cs|, min{d(Cy),d(Co)})— HE o

GH) HB @0 F—EREME  FUE O HEZEE G
ko EEET ARG REE | R S TS B AR

S —(EAE DR L (ufu+ v] 5, BB | w B v R A
EEgEIRYeS

il 3.13. & C, 8 ¢, 7 RIS FERFERT (n, My, d)—TE K (n, My, dy)—F | I
Cs={|ulu+v|jueC, vel} B IERR R (2n, MlMg,mm{Zdl,dg})—ﬁ% o

2. R TR HEREEARE  MAERMKETE 4(0) -

T a=|uutv,b=|u+Vv| B C FHENWEBTY . WIX
v=v', Hld(ab)=2d(u,u)>2d - FER—FH MR v#v, 0l dab)=
wt(u+u') +wt(u+u' +v+v) >wt(v+v')>ds o [

A B M = EBEEE R . & H =
{v =wz12923 - 7| X765 - - - 71 € H3} | H1 5 2 HE A 0L B R B ) R 2R B
BRI . B oy 8 o, FE  FRULEFIEE (7,4, 3) -5 |, B2
R ERE O B H, D515 (8,4,4)— G MHEHE  IRENEMEE—Em
A LS B — 7R HE R B o

& 3.14. ERWEEH (Extended Binary Golay Code Gay)
Gau={la+x/b+xlat+b+x[labeH;, x€ Hj}o
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M 3.15. GL, = Gos

I, 4 a b ABIE T P HEENAR X QIR T N—HEENHE,
AT EEREE {JafOfal, [O]blb], [x|x|x|} Tt 12 { G BT  EFH G 19
—ARE  HAESEBETRIELYSES T HESEEEE (Orthogonal
Basis) , Al G3, = Gas (7) o "

% 3.16. d(Gas) = 8 o

B8, WSLEFOBFE MR 1 B T 1)d(Gu) o R
d(Ga) =4, IAFE—~FEIZ OWBEF , w=lat+txb+xlat+tb+x|,E
RIS 4 . P w 9B —/INERS ( =84 ) IS A, Frll , &
TH— RO EET x—0orT(7) o Bl x =0 (1HRBHY) . &
& , |a/bla+b| KR 4, ER2 T ATRERY , FRLAGEE |

ﬁ% 3.17. /‘Iéf G23 ﬁr G24 H"Jf{f\fﬁl}%_@:ﬁ% ( i\hjﬁ_‘{i ) , E\U G23 ﬁ_‘%%ﬁ%o
sa A,
223

23 23 23 23

()= ()-G)-()
(BE) 18 Goy HINFER s IR FHEIKE S | BHESKE 759 £E . B
TR —1M8 5 — (24,8,1) FEF (5-design) (?) o

T EERE G, BHE , BARTLLE ZRE 6k (Quadratic Residue)
R RERE . B H 1 x 1L IAE 0T

(11011100010 |
10111000101
01110001011
11100010110
11000101101
10001011011
00010110111
00101101110
01011011100
10110111000

1 01101110001 |

=212 (d(Gas) = 7) n

%
I
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(35) HE—FITF 0 BALE R 1,2,4,5,6,10 , 38 6 [HETE 2, F & o2 ATHER]
BRI .

.
1
B’ 1
B4 B = : 7&G:[B|Il2]o
1
| 111111111110 |

B FA ¢ BERER | M UEEH—E (24,12,8)— 1 Ga |
EHENEME S TE-&L) BERARE .. B —-RENE K BHEE
Rt — AN E R DUES (23,12,7) -1 ; (B , CHEFNTHEERN Gy &5
BE 27 CHEEREE , H2% McWillians K Sloane HAE : HA F |
S.L.Snover 7£ 1973 £ EHLER (23,22, 7)1 ( A —ERME M ) # e
Gy F1E o

HPREREER Gy WRE 7B AIERE FREET .

EE 3.18. MEEF (Weight Enumerator)
T OR—RER n FBIER A BIE ¢ PIER BT, A
Alz) = Y A REERR C WIRET T {4}, AIBRE C KIS

i (Weig;lt Distribution) o

MR dC) =8, FTLL A =0,i=0,1,2,---,70 B As L EBETE—
Bk . BT HEHE  BIEE ¢ W—EERKERS

1
1
a- 1 I 0 B’
1 0
| 0000000000001 11111111111

FT LA — {8 Goy I F R AR | LI R o
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%8 3.19. 81 | L | R| € Goa, L=1ls- 1o, AR R = rirg- 110, HIl
’L, | R ’ EC;24 ) :/H\:EFI L/:7’17’27’127’11-”7’3 , R/:l1l2l12l11...l3 o

BB, & o = (Lir)(lara) (liors) (luara) - - - (Isr12) |, Bl G BYEE—7

1110000000000]011011100010| #f FERK [0101000111011|110000000000| o 35 fEF
PRIEFRZLAT 751 1,3,7,8,9,11,12 BUFD ; FBEATHEBE 2 51 E5E 11 57
DS EREEHIZM , Ll MxE—JHIHAER | 1T|0|, ER
RBE—FIMT, HR Te Gy, FTLEHRBFE . |

B Goy TR EAIINMES B 4 RS H, FTAREATRERE i = 0,4, 8,
12,16,20,24 Bf A; # 0, ; HERE 3.19 , R | L | R | € Gos , wt(L) = 4,
wi(R) = j . B Goy PEE—BEF | L' | B | EWE wtl) = |
R)=io. PR, RN EHES THIMR o

ind 3.20. Gy TR ENHES 4 8 20 WIBEF
SEHA.(BE )
Fir A& R INRE R i T ] UEFIAY ST E HI 2K - e 2 St HmiE 11 512K
BHBEE EEEEEMERE Y, FRLL|L|R|+|0|T1|=|L|R|.
A = Ag = 2((2,6)—BY) + 2((6,2)-H) + (131> + (141)
11 11 11 11
() )] () (0) =0

Ay =22 -2-2x759 =2576 , BEHTE C =Gy ,

wt

A(z) = 1475928 + 2576212 + 759216 + 22

BUERKEE C=H BNMEET . RTHEER 2 -1=n,
BEIARE M AR AR B Py — 1 FIZORA, Rl g DU =/ 0]
(1) M=, (2) MR i — 1 FIF Ry —31 | BUk (3) MIf% 0, By DA
B =R RS

(2 _ 1) = ZA1+ (n—z+2)Al_2 +AZ’_1 o

il &% H-

S

FEETE - M HA =01, . EEIEILK .
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i < 7_1 1) Zi_l - i[lAzzl_l + (n -1+ 2)Ai_22i_1 + Ai_lzi_l]

i=0 i=0

(14 2)" = (A + 2422 + 34327 + - - - + nA, 2" 1)
+n(Agz + A122 + Az + - + A 12" + A2
—(A12% + 24523 + 3432 + -+ A 12" + A2
+(Ag+ Az + -+ A2")

(1+2)" = A'(2) + nzA(z) — 22A'(2) + A(2) ,

A A(2) - (14 nz) = —(1— 2)A(2) + (L+2)"
TR Av=1,

R, A(2) = A (1 +2)" + 25 (1+2)7 (1-2)% o (7)
Pn=1540,

Alz) =31 +2)"+ Z(1+2)*(1 — 2)*

= §(1+ 72 +212% 4 352 + 352" 4 212° + 720 + 27)
+2(1 =322 432 — 20 — 2+ 323 — 325 + 27)

= +(8 4562 + 562" + 827)

= 14724720+ 27

EEATEHFREFE B T, AEMER 0,3,4,7 NF , MEM2

Al 1,7,7,1 1
TiE — B B R BAMT A8 BT 35 15 A T A2 05

I ool

op

H = ; By WE w BEAS e BHS e BEE 12 1
FOBRTS (AMES 1, HEAMERR o; 1 b, RIE BRIE i 7,
FEEEHIEEE I (Decoding Algorithm |, IMLD)

HE s=wH,

B0 wi(s) <3, Hle=|s|0],

BUNEPHEAE i e {1,2,---,12} ,wt(s+b;) <2, HBle=|s+b;| el
FE sBo

- W b=

28



5. R0 wt(sB) <3, Hle=1|0]|sB |,

6. BRANEPREM i, ic{1,2,---,12} ,wt(sB+b;) <2, Hle=|e; |sB+
b; |

7. ARMEIRE | RIEKREER .

\ I ,
Se=|e|e |, FIAZEERE H = B],ﬁif%s:wH:eH:
e/+e//Bo

R wite) <3, Al ¢ 8 " LB —EERMESKE 1,

() wt(e)=0,Hls=¢  HIt |s|0| BHERA EREBENE wi(s) < 3
RFEELE .

(ii) wt(e”) =1, Bl s = e + b, , AMEREME , i € {1,2,---,12},
wt(s+b;) <2, BERFEEERIVES |s+b; | e | o

(iii) AR () B i), B wi(e) <1, EEENA sB
sB=(e¢'+e"B)B=¢B+e"(B*=1), NI s HE

(iv) 2R wi(e) =0, RIFEFRA e = | 0| sB | o (wt(sB) < 3)

(v) R wi(e’) = 1, BIFEEE—M8 i, (5 wt(sB+b;) < 2, $EEAE
|e;|sB+b;|o

(vi) BRERERE  RAFERESR

Bi. & v I E] w = [001001001101]101000101000] o

s = 110001001001

wt(s) = 5, BRBE 2 F | H— b, HF wis+b) <2,i =5,
s+ b; = 000000010010 , fr LA#&ER £ |000000010010/000010000000]

v = [001001011111]101010101000| o

Problem. Decode [000111000111|011011010000] o
f&: v = [000011000111]011010000000| o
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4. {BIRI® (Cyclic Codes)

R FE 2 YA AE o T LAGE IR R Y R BB 8 2 (Shift Register) , AT LA
TEERAS R S BAPTRU B ; 28 F A B Ar eV BUR A S TR R/ | R NI
H BRI I BF BR A

ERMEPEERES  ERME oS T

HETLR - -
i ( Output ) ¥ A (Input)

—»@—»

s BA i
o105 T
5.
F/'I\ Ffl\
< <4+— < < <
to : Time 70" ap ay as as
t; : Time ”1” aq ao as ag + as + as
ty : Time 727 as as ap+as +as aj + ag+ as

ﬁ)ﬂ/\/{ ) ﬁu%—‘ﬁﬁ&ﬁ (ao,ahaz;as) = (17 1,0, 1)

to : 1 1 0 1
t1: 1 1 0 1 O
ty 1101 0 0
t3: 1 01 0 0 O
ty: 1 1 0 1 0 0 0 1

top: 1101 0 0 0 1 1 0 1 0 0 O
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M —2 , wuE] AN ET A4 pOEE 7 EBFERIEE | RS
BET o

EE 4.1. THFETH (Cyclic Shift)
ZD‘\ V= (CL()’ ay,Q2, - 7a‘n71> ) E‘IJ v H/\jﬂai’;%q.i@ 7T(V) = (a”*17 Qo, @1, "+, anfz)o

K 7 (v) = v o

EE 4.2. TEERHE (Cyclic Codes)
MREEHE CF  EvecHlrv)ec Ml C BREEES . B C
FFRIERERE | C B R 2R IETEERETE (Linear Cyclic Code) o

WRBEBRE R T ERE R v = (a0, a1, a0, ,a,1) HEHE
AKREKR , IR ap + arz + apa® + - + a2 o IR 7(v) = 2(ap + a1z +
CL2£132+' . .+an_lx"—1)m0d(g;"— 1) = an_1+a0x+a1x2+- . -—I—an_gxn_l , EFH @%
REE (an_1, 00,01, ,an_) , EWRE 7(v) . It , BEFEAILUERKE
ZIEARRE S 2 7 (v) HER *(ag+arz+- - a1 2" )mod(x™ —1)o

PAF am — 1 a] DA#AAY, 27 + 1 , ErHRER o c GF(2) HIRALR o

EE 4.3. 4 R, = Pl n o, Bl 0 C R, B—BBERBHLER
W5 C & R, H—EEHE

sEHA.
(<) KlfE o B—EHHEE HEHPE fr) e CK 2 fx) e 0, At
C RIBES .
(=) 9 flz) e C, g(x) € Ry AR g(x) = by + by 4+ bya® + - - + b2 1|
Al f(2)g(z) = bof(x) + bz f(x) + -+ + bpyz™ ' f(z) B—EE f2) NTERFR
FrfEE TR, KB f(2)g(2) € C o L C BB © Z R, B—E3EE,
u

TE 44 5 CB—RER n EEREEE , 90) £0 5 ¢ PREZERN
ZIEA B C =< g(2) >, RIRFE C FIRBEHEH g(x) HRIKREHN L H
= o

B, FRRENTEBERE ¢ PHSERES o) R, »

31



IR 4.5. R0 ¢ RAEHEEEREBMNE C=<g@) >, B g(@)|2"+1,
5B, MARRE u
IR 4.6. B g(=) IREBE n—k, Jl C =< g(2) > B (n, k)15 o FIKF

R g(2) = go + v+ ga® + -+ + gopz™* , BILLITH G B ¢ B—{E4 R
"R

go 91 92 ° Gk O o o0 --- 0

0 9 g1 g2 - Gnkr O 0o --- 0

G=10 09 9 9 - Gatr 0 -~ 0
i O 0 0 - 0 90 g G2 - Gn—k |

. {g(2),29(x), -, 2" g(x)} B CH—HEE.
HEH 45, RMERBREBRER o+ + 1 2R KXEIR] ; Ff—

M SR T oL T A e — (B TS n
Bl. 2" +1=(1+2)(1+2+2%)(1+ 22 +2°)
1 1 01 000
A 1+ o+ 2° RAERBEE  Al4mgmmg |00 L00
001 1O010O0
0001101

WM, B o +1 AR —FRBHE LIS — 4w
LA o

EE 4.7. T 1 H R, F—EEE , ¢ RYER 1 WIEEE . i C
B —EAZIE e(z) BEFEREAEBI (Idempotent generator) & HMEF ¢ = e(x)
H [e(@)]? = () = e(z)

il 4.8. @ C =<e(z) > H e(x) BEREERK | Bl e(v) B C BIREE

JG
BH. 4 a(x) € O, B a(z) = b(z)e(z) , b(z) € R, « I e2(z) = e(z) , FTLA
o [ |
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B T RE R BB E R AR ? FEUTHAIF . B n =
TR, B oeln) = ag+ ayx + x4+ -+ agz® |, HP e2(x) = e(z) , FTEA
e a2 +ada? +adat + ade + a2t + ada® +adab o PR, BRFIRH &

(v) =
(r) HH o BEFBHREE o> OREGTES | EEE 2i(mod 7)
&S BFEEERBORTH  BlicS o 2imod 1) e S, ERF ¥
e(x) B —RIEMREE 1B J e(o) (9 TRE | MRENRMIIR 1 FE,
1 c(o) T8 o RS 1 o o WREHE 1. EERRESRM
o+ WETRARFOSEET

EE 4.9. lEEERE (Cyclotomic Coset)
Sy, 8y, -, Sp MBI Z, WIEIRERGE S HMES

g

k
=1
(i) Vie{1,2,--- ,k},j€S;< 2j(modn) € S; o

Bl {0}, {1,2,4}, {3,5,6) B Z, RUTEEREREE

Bl. {0}, {1,2,4,8},{3,6,9,12} {5,10} , {7,14,13,11} B Z;5s BITEIREREE -
(5) BB ENFEENRIESME o +1 FTEANKETH , MEREN KN
KEARFHRIRE

Bl. 2B +1=(z+1)@2+z+ D)@ +2+ D)@ + 22+ D@ + 23+ 22+ 2+ 1) 6

EE 4.10. (HBIEH ) W f(2) € R, , A f(o) REFHELHAN T E R
B f(o) B, FEFRBEIRBEA LR REEGRENHE

FEA. fHE (8% ),

FROABESH n =7 HRNEREERAEGE EMZ0,1, v +22+2*,
Pl 1o+t 1+ 2442 et St a2 a2l DA
Kl+z+22+---+ab,

HEL , E—BEBR T AR EIE KL R (generator) & RS
2, HREBEREERAB B E AN E
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TE 4.11. TEEE ST RS BEER T DR S —EESE AR S E

=,

B B C=<g@)>B—BEH. HEHE 45, g(@)|2" + 1, Fil 2" +

| = g()h(x) , FB 0 BEE . FM 2+ 1 WEERBRHEE () o Ei

(g(2),h(x) = 1 » EHEEIARIR: | —EBAERMELER a(e) & ba) , 1S
a(x)g(x) + b@)h(z) = 1 (1)

4 e(z) = a(z)g(z) , At e(x) e C

B (1) e(z) = a®(2)g*(x) + a(z)b(z)g(x)h(z) = a*(z)g*(x) = €*(x) € Ry o
HHb B ocx) € ¢ BEEWNET , B cx) = da)g(x) , BFH ()
c(z) = d(z)g(w)a(z)g(z) + d(x)g(x)b(z)h(z) = [d(x)g(z)][a(z)g(x)] = c(z)e(x)

BFLL < o () o= C . TIE (o) B C HUBATEE | 9

() R <e(x) >=C , BMMWATLAFI A e(o) ZREBRE A BAER | AEAE
B 4.6 FT7R o

R’ LENE R RPTEE L —EEEREE ¢, EUERNRNERKS
HA, —HERLEN , ~EEEELLEX ; D7 BAF , EMEEN
HBEWT

H L ER HFREAER L HN
gi(z) = (L +a+2°)(1+ 2% +2°) e1(z) = g1()
g(r) = (1+2z)(1+z+2%) es(z) = 23go(x)
gs(x) = (1 + 2)(1+ 22 + o) ex() = 5(2)
ga(x) = (14 ) ea(r) = (z + 2° + 2°)ga(x) = e2(x) + e3()
g5(x) = (1 + o+ %) es(z) = zgs(z) = er(x) + ea(x)
gs(z) = (1 + 2% + 2?) es(r) = 23g6(2) = e1(x) + e3(z)
gr(x) =1 er(z) =1

B o 190 1+ 1+z+2° . 1+22 425 FURE , TLERK L E
ARELELEAWME ; MEFEERLHKRE e1(2) « ex(z) K es(2) PT
HE TH () er(@) +ea@) +es(z) =1, es(x)ej(z) =0 ,1<i#j<3o

EE 4.12. BUHEA (Code Sum)
C L O, RSB RERS C1+C = {a (@) + e (@) ¢ (x) € Ci L i = 1,2}
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T 4.13. ¢ ¢, # ¢, BERE  EMWERSEREEEERLER
SRR gi(x) « golz) ; en(x) « eo(x) ; B O+ C AR L HARBEEREE KL
HAD A ged(gi(2), g2(2)) B e1(2) + ea(x) — er(w)ea(w) o

FEER. MM AEBBHE =I5 e(z) = e1(x) + ez2(x) — ex(z)ex() B O+ Cy 1Y
#%Eﬁi%lﬁ—ﬁ FFYW e(z) BEMTE o W c(z) € C1+Cy Bl c(2) =
c1(z) + () o
c(@)e(z) = (c1(@) + c2(2))(e1(2) + e2(x) — ex(x)ea(x))
= c1(z)er(x) + c1(x)ea(x) — 1 (x)er(x)ea(x)
+eo(x)er(x) + co()ez(x) — co(z)er(x)ea(x)
= c1(x) + c1(z)ea(x) — cr1(x)ea(x) + ca(x)er(x) + ca(x) — co(x)eq ()
= c1(z) + ca(x)
Fr LA e(x) BARFER C +Co , IREN € + 0y =< e(x) >, [

BT ERBERIES | BTA0 e LU BN (B | T e 58 /Y
SRR TR ERE

EE 4.14. i&/NEAE (Minimal Ideal)
— {8 R HRIEE M MERRT 0o A BREEMHEHEEEGRENE
FHB (Proper Sub-ideal) , B M 5 R By—{EM/NEIE

T 4.15. R f(2) = (v + D) fi(0) folo) - fulw) B fi(w) BTN AT 53R
LIER (MR GF)) , Bl— (R BN 75 B B 2 1 2
SEAR L0 K LD =12 ks

. TR
BTHERT, L2 £HK F) .

T 4.16. F a"+1= (z+1)f1(2) fo(x) - fulz), HF f(2) B,
BIATELE b+ 1 /NS IR b+ 1 BIEREE C1, Co, -+, Cryr , FAIRFE
TR FEREERLEHADT I ei(), ean), - eri(z) BIRE

(1) 61<I>€J(I):0,1§Z§£]Sk+lo
k+1

(i) 3 eie)=1o

i=1
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AMEMM  EENEERER ¢ B UER—K ¢, W, ARTEHEE
L EAMAT LA ¢ MEREER L EANMRRERK
sBRA. MRS () 1 ) s P CinCy =0, AT ei(2)ej(z) = 0(i # j) |
FHHRE O+ O NEFEREKLERR e1(x) + ea(z) + - + expa(z) o 2RTM
CL+Cot -+ Cr =< 1>, FTLA (i) 53

BTREEE IS . HRAR G+ Co+ -+ Cpyy BIER/NEES B

B<rtl>=<folx)>,< fix)>, -, < fulx)>, llktf_fcﬁﬂ’]ﬁf—ﬁ%
C=<gla)>,C=YC; , B 1C{0,1,- k} B (fix) g(x)) =10 B
e(x) S Zej(x) ,]:,E\:EP I,g{0,17"',k}&ngCo(C: >, Cy) [ |

AT R HBHEA TS
EE 4.17. MR e(x) BERE C WEEERZHEN  Hl C WEKLHRK
g(x) = g.cd(e(x),z" + 1) o
. HEHE 411 EBHEMIEE a(x)g(2) +b(@)h(z) = 1 FH a(z)g(x)
e(w) , MH (a(x),h(z)) = 1, FTLL (e(x), 9(2)h(z)) = (a(z)g(z), h(z)g(x)) =
g(x)o _
H C WFEREERLSEN (o) , BRI LOKRHE ¢+ WEFRERZEHRA .
T 4.18. B 1" +1=g@)h(z) ,C=<g(z)>,C" =< h(z) >, e(z) B
CHFEREMLHEN A O WERERZEHRAR 1—c(2) , T C+ BIFHE
EREZERAE 1 —c(@ )
BBV () e<h(n) >,
c(x)(1 —e(x)) =

) (h(z)]e(z))
FTlh 1 —e(z) BEAITTR (uit), BAREFELEKLZER . H—HERE
R Ct =< *h@Y) >, BTl |V elz) € ¢, c(z) = d(z)z*h(z7) |

c()(1 —e(z™)) = c(z) — c(x)e ( )
= c(z) —d(z)x*h(z Ye(z™) = c(z) —d(x)z*a(z a™(1+2") = c(z) o W

EEERR  WFIREEERBAEERE .
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TEE 4.19. #HEZE (Syndrome Polynomial)
T CO=<g(x)>, HIRFINZERX (BF) wi) WERSEIEER
s(z) = w(z)(mod g(x)) , INETA w(z) BREA g(2) FTEEIRVER -

R deg(g(x)) =n —k , FTEA s(x) BIREUL/INE n— &, BELRER s(2)
BHE-FARES n-rHNFE (ME),s. RE, |WE fﬁnb%}m% e(z) , All
w(z) = c(x) + e(z) , s(x) = e(x)(mod g(x)) , ATEL e(x) = a(z)g(x) + s(x) , T
TE degle(z)) <n— kB | e(z) =s(z) , &AM S ERBRIEEEE

BTHERHE  EE—-HEENEHEEZEELENTF. 7 0
Fi—nx(n—k) B i 705 71, 188 hi(x) = 2%(mod g(x)) Frit
FERT n — k HEM = L i=1,2,---,no
Bl. 5 C=<g)>,g(x)=1+z+2> , n=TURn—k=3,

ho(z) = 1(mod g(x)) hy(x) = 2* = z + 2*(mod g(x))

hi(x) = z(mod g(x)) hs(x) = 2° =1+ z + 2*(mod g(x))
hy(x) = 2*(mod g(z)) he(r) = 25 =1 + 2%(mod g(x))
hs(x) = 2°(mod g(x))

1
0
0
FillH=|1
0
1
1

O R R R O =k O
= == O = O O
L 1

BRIE 8 wx) =1+2° + 25 WEZE | wx) =14 z(mod g(x)) ; IR
A E | B (1,0,0,0,0,1,1)H = (1,0,0) + (1,1,1) + (1,0,1) = (1,1,0) , &
J@%%ﬂt}@ 1+xo

miE 4.20. BANEIRFRE wz) , IBIRZEHDRTS ENAER wH , w
5 w(z) FrE R E .

BT o _
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BT REB WA . EEMQ:ZE'J A, BRI T EAE R FEER
SR /NI A & Coset Leader , B wH HIRFEZERET | EHE/NEIHN
HERE SRR (Eror Pattern) BITJEIE  EREFEMNEEETHE % &
AR IEHEML RS o AT, B A S EERE T ELREME—H Coset Leader 2
AT LAEHBERE d RANET | 78 BBt RE » FTLAEIE 7 | JREIME—HY Coset
Leader N HIRE

B, RE e(v) BEERA | T HH ER—EeR & T IR &/ A
& o WE—2K ve(z)(mod 1+ x™) HW2—1F Coset Leader , HZ2FrBRIERSE
AETE (7)) « BRHRMABEFITHZI—(E e(x) ZHRE K MEHE s(x) B
BA , Rk, U RYEEE AT PAK B S .

BIRISHRISEEE (Decoding Algorithm for Linear Cyclic Codes)

E wz) WEIKE | 51E s(z) = w(x)(mod g(z)) o

Vi=0,1,2,--- ,n—1, 58 si(z) = 2's(z)(mod g(z)) o

T s BEER s(x) B n—k HEAE .

B owt(s;) < |5 B e(x) = 2" 75 (z)(mod 1+ 2™) FSFTKEYSERAL .
Otherwise |, A 2K .

2B, HE s(z) = e(z)(mod g(x)) , FTEA 2s(x) = s)(z) = a’e(x)(mod g(z)) o
BRI elo) FTE IR A RAEAERAR 1] B BB—(8 Coset
Leader ; HABEIE | LA AKE e(x) = 27 si(2)(mod 1 + 2") o F5 T BEIE
&bt T?J: MRAT , wit (si) < [952] o |

A

Bl.n=15,g(x)=14+a* +28+27+2°%,7d=5",
W H| w = 110011100111000 o
w(x)=1+z+ 2t + 25+ 2%+ 2% + 210 + 211,
s(r)=1+z+2>+a*+2°+a0 +27,

()

/
1

V)

st(z) = 2°s(z) = 1 + z(mod g(z)) o
Bl s, HOAIES 2 < |51
e(z) = 25 %sk(z)(mod 1 + x'%) = 210 + 2
c(z) =e(x) +w(z) =1+x+ 2"+ 2° 4+ 25 + 2% «—— 110011100100000 »
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(5%) EHEEEE A REBETERERIZNH v'e(x) B Coset Leader
PN BB i T deg(a'e(x)) < n — k SEEGEFA] LASERK . AT, B
PARBREBER e(x) BMIEERIT .

BIRE. Decode 001000000110000 o
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5. BCH I

BCH XF =1 A Bose, Chaudhuri & Hocquengham , {7 #E H 2
RIS EERECHMRE . XL FIHKEREERBG R E &
M, BCH LA FEM 2 4 2K

T A RAERE F =GF2) FH—ME primitive TR , HEER 8 &
LRt < Fr,. > BAEBITR (Generator) o ( < F*,- > BIEEREE . ) AT,
Fr={1,8,3%,38%2} . IS GF(2") (I TCE T LLHREUNE r FIZIER
xon , WEAT DL r #EAER KRR Fi L g KB UIERERE .

e 5.1. § 8B F = GF(2") T H)—{& primitive 7T , H W0 T s, B

C={v|vH =0} H, .
o
g
H=| p
52;—2
BBE. 18,52, Y BAER 0 TR » A E u

EFE 5.2. (2-error Correcting BCH Code)
T H B THRIER B gl e GF2), BILL 0 S48 R B
5P LUSE IE WS {E $5 7R Y BCH 15 o

1 1
s B

H = 52 66

52’“72 63(2’“ —2)
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iRl 5.3. T IEMESE R BCH /5 ¢ M g(x) = my(2)ms(z) BAERS
HAWEEREE  E@ m;(z) B g BEMNR/INGEK (minimal polyno-

mlal) o

- 21"_2 . .

=12 R % n=2 —1,v=uuvv,-1 €C, /E\'J Z Ui(ﬁzﬁgz) =05 Ll%
i=0

ERET A h() = X vl = 0 HIRE 8 B B h(a) o v o B

my ()| h(x) B ma(x)|h(x) , BRE (ma(x),ma(x)) =1, Bk ma(z) - ma(z)|h(z),
Kt ¢ C< g(z) >, XRB g(z) e €, FTA C =< g(z) > [

iiRd 5.4. £ FAIERER n=2"—1,k=2"—-1—2r,

BO. WATEH degmi(v) = degms(z) o BRI degmi(z) = v, FTBL 51 =
{52i‘0§z’§r—1}’ =r; BIEFER s; = H(ﬁ?’)y(@éiﬁr—l}) o B
s o fBR L E () = ()7 B 302 =3 2(med 7 — 1), 3 =
3.2 (mod 2" — 1) , JREN j =i FBERE , Fill s5=r o u

FERT IR < B, B EE— T AT .
S 5.5. T ar, a9, 00 55 GF(2) FIEEFRITCE | AITHIERE A Y17
FIAMER TT (+a)o

1<j<i<t

B R o =0 B (i £)) detA=0 FTL T (0 +a)| detd T8

1<5<i<t

I F 32 B9 R B R BT 4S5 _

T 5.6. ¥ C =<g(z)>ME (z+ 8™ (x+ 72 (z+ 7Y g(2)
Hef g 8 GF(27) B primitive TG , Bl d(C) >0 o

s2EA.
1 1 ce 1
ﬁm—i—l ﬁm—i—Q . Bm+5—1
FH=| (@) (e ()

(ﬂm—i-'l)”*l (6m+.2)"*1 (ﬁm+5'—1)"1
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HP CHEETERE i WE—-1THEE ) , MEE -1
), EME G RMEKNME (HEHE 55 ), PR CHAE o NBFE
RIIEZEAE 6 Bl d(C) > 6 o ]

HPRHIEEHER BCH 15 C =< my(z)ms(z) > , FTLA
(€ 4 8) (x + 0°) (x + B°) (x + 8 ma (x) mg (z) , BB d(C) > 5, WELE KT
DIEEm SR BT HERER , LB ¢ REEERE (Designed Dis-
tance) o

BT AREMIZRET Lkt BCH WEHY RS /7% o

T w BIRENT  wo w@) o Bl s = wH = [w(8),w(5)] = [s1,84] , 38
Y s, B sy 2RI r—HEAE . MR R BEMERESE  s=0,ERES
g MR —EEREL | Bl e(2) =2, Bl wH = eH = [e(B),e(8%)] =
(6, 8%, 1B s; = st (ZHRX ), MBEDHEHK ; RREBENH D ZEW
{5 3R

B ERFRE R e(v) =2 + 27, Bl wH = [s1,83] = [67 + 57, 5% + Y] ,
s

B+ 37 = sy(x) and 3 + 3% = s3(z) (1)

TR 8% 4 83 = s1(2)(s2(x) + 3119, HERS

s3(x) + S%(ZE) _ ﬁi-i-j (2)

s1(x)
B 6, 5B a4 (B + )+ 5 =0 IR 6
BB (1) 8 (2), 3, @ 58 o2 +si(o)y + |2 + s3(e)] = 0 BIRAHR

FAEEBHIERRZIERAEZ R (Error-Locator Polynomial) o

I s (v) B sy(z) B2 r—HEME T GF2) IR R ER R
HBEZFHE
Bl.n=15,r=4, s(z) < 0111 « ',

sal) < 1010 o 5, 3 sf = G914 B2 = 12 4 5T = 2

FrLh SERRMLE L HAE 2+ 'y + 32, PRMIRE g # 58 | EHhEE
BAM e(x) = 2* + 213 = 000010000000010 o

&ll_‘
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Decoding 2 Error-Correcting BCH Code (IMLD)

Algorithm (Generator Polynomial m;(z)ms(z) )

M w o w(@), Rose=w(B) L ss=w(f) o

MBI sy =s3=0,Hlc=w, (RAEER)

BRI s; =0, 53 #0 HIZEKER o (Retransmission)

RN s =s3 Hosy =6, Bl e(z) =26

CBIARR P siy+2+st = 0 BHERMMR 5 8 57, Jl e(a) = 2’ +a7,

IR ERGRERTE Gr2) REEREEERR | R GEER % W
fldl |, BEREZE

2B, RUEDAERA . |

S Ot e W N

BRE. §n=15,C=<1+4+a*+a0+2"+28>,
Decode (1) 110111011101100 , (2) 110011100100000 o
Bfd &% .
GF(2') = ZZ[x]/< 1+az+a2t>

1 1000
3 0100
320010
3% 0001
B 1100
3 0110
35 0011
37 1101
31010
3 0101
B9 1110
g1 0111
B2 1111
B3 1011
B4 1001
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6. Reed-Solomon Codes

Reed-Solomon 1% % 5 &1 HY S5 HE H FE A & BE Y — 1 ; E AT EBIR 22 E
(NASA) KERIMAKZEHEZE (European Space Agency) #VERE |, M EER
JERRA BRI F BB 2 B E — R R B -

RS- ERKREG BCHAE , TR G ZREBFFENFERTHR
ER GFQ) TRITTE , EMLE GF2) RRTTE | 6 CHBFEAT
HIENZHEARE GPE) EH , ER  IRBFENRER n, AIFTARE
R ZEAREE /N n o

EE 6.1. (RS(27,0) 1)

—{l RS(2",0) TR —EM Gre2) KRR, EMX g(x) = (v + )
(x+4m2) - (x4 pmtt) REBRSER , Hf 5 /7 GF(27) B—1fE primi-
tive JTG3& o

EHE 6.2. 4 C £ RS(2,0) B, BILI TR R E .

(1) n=2"—-1,

(2) k=2"—6,

(3) d(C) =46

(4) |C] =2
BB BT ) ZINHBRERAEH . HEHE 56 ,4(C) >0, B RAEHE
22 d(C)<n—k+1=(2"—-1)— (20 =0)+1=4¢, FTLAEE, ]

FTLAERE 2 2.25 , A1 RS(27, 0) W2 — R KEERE S B (MDS-
Code) , AT AR BIEHFHIEES - B4t , —18 RS(27,0) Wt ] LU g —{H
n=(2"—1)xr B ; ERAR RS(2",6) BH , FRDHIKE GF(2)
R MR F R T E SRR R | BT DUERE 1 =T,
MERE Bt A EEFNEE

EE 6.3. HEREKE (Burst Length)
% vV = (Uo,Ul,"‘ ;'Unfl) %_‘:ﬁrﬁ‘li > ;H;‘EP U; ;Ei vj 5}5”%22%755\ 0
HWE—EARRE—ETE  AEHRRE Iv) EBBE j—i+1.

. v = 1000100 , bi(v) =5 o
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TEE 6.4. BEFERREE (Cyclic Burst Length)
TERHERREE cbl(v) = min {bl(wk(v))| k=1,2,---}, EBAEN (v) & v
Bk RIEBRETH o

Bil. v = 1000100 , cbl(v) =4 o
MRULHAFTAKE cbi(v) , BIZ 231+ 2Y)mod (1 +27) = 1 + 2%

EE 6.5. AT IE | EREREZRIIBIE C (1 burse error-correcting code)

B Hyxnony 55 C HRIBEERE AR ERRREDS KL 1K n—k
AR GBI ERERE (B HRE ), Al ¢ TRUELE | (HRRIER
WBE R " AT IE | EERER  RBUS .

(5F) A1 B3 E S P B R R R | IR ET AR |

B bl < 1o (I—cyclic burse error-correcting code)

miRE 6.6. 4 C F —cyclic BEIR AR IEMS | HIZE (FR I A& pon #8 3R AU
(z) = ¥ (x)(mod 1 +2) ,0< k<n—1,¢(z) BREVNE 1 9L TER

Bl. T glx)=1+z+22+2>+2° , n=15,C =< g(z) >, Al C EEELFEIE 3
fEEER  EERAUEERERS 3 FAERER

)

B, B 5 (ESE LRI 2 (15) (25) (1) (105) 576

B, MeREMEBILHE 64 ; ALk %EEETTHE, wim EE AR
BEERAAE 61 EEK . (A2 FIRIMER _

BT EABES  BERBER LRBAES | BHMAKE wx) B, &
THE s(v) = w(x)(mod g(z)) , RBEETH s;(2) = 27s(2)(mod g(x)) , BEFIE
F—1ME j , BT deg(s;(x) <1—1, Bl e(x) = 2" 7s;(x)(mod 2" + 1) BFTK
f#8 R A (Error Pattern) o
. [F BB BEMKEIR w = 111100100001010 , BIF A _ERAEEE | ek
15 su(z) = 14+ 2%(mod g(z)) IBFE e(x) = 215~ 4(1+:1: Y(mod x5 +1) = zM + 213,
Bt LAIERERT v £ 111100100000000 o
Bl.Sn=15.C=<1+a2+2*+2°>,
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FRISHVELIS (RS 1% )

HE RS BHFRA—ERE 0 8 1, & GF©Q) ¥HTE , A
EHEREENRE  TMEERKHEZRNAE (Location) , T HEHE
EHNERSK (Magnitude) o BTHELZR  EROAME HERY (Error
Location Number) 2RFE7R : DL g1 RxE j HME , PERAUBEKRE
LB, B (n=2"—1), BERHEHRBEARRE GF () FIITTH .

Bl. 7 RS(8,3) ¥, & v = 32310000 , WE] w = 5264570000 , Bll e = 00340000,
W s+ 85 =p1+8) =0 =1; BENERER 52, BREE 5

BT 2R ERET 2 n] F — 1 v R 2R R T

B, C=RS2,5 BEKLHRZESR g(x) = (v + 7 (z + f7+2)
(x4 ) Het g B GF(2) BI—EZARIT (primitive T ) ; HP
d(C’) >0, % 1= P;—IJ y 1,02, , Qe gﬁi bi, by, -+, be ﬁ%”%%gﬁ{ﬁﬁﬂlfg
R <t BTAHBEHH T au=0,et+1<i<t.a@ERREREERK
H iR L E R E S, W IE—FRELAGE | BEARIFI T LA IE ¢ g5 | 3K
MEZEBRFEROMLERS a1, a0 .0, ; WWREERES  EEEFHE
WEH | W BRFREEE

BAE 58 -1 EECR (Syndromes) s;(2) = w(37), m+1 < j < m+5—1o

1

HIP w(z) = (@) + e() , e(z) = ;) e;xt

n—1 n—1 t .
s = w(@) = e(#) = T () = X el = X bal o

EE BMRE -1 EALER , EMSRAKERS 2 [HRAH
ay,az, -+, ap, byby,- o by o A EERAREAANERIESERX AT
LB RELE

4 on(z) = (a1 + x)(ay + x) - - (ar + )

=og+ o+ ot 4t (*)

BT a,ay, - a0 ; TBBKH 00,00, 0010 () —HET (%),
AT LUK RAA GF(2) BT R R AL TR Z a1, a0, a0 0 ) R
o Ry 2 BLa A 3 B R2[F 5k Ebiaf sy
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=1 i=1

t i t . t . t .
0= (Z blaf) 0'0+ (Z bzaf) 0'1(12'4‘ R (Z bmi) Ut_l(lz_l + (Z blaf) (Ig
=1 4
= 8j0'0 + Sj+10'1 + -+ Sjth,lO'tfl + 5j+t

ﬁ)ﬂ/\/{ Sjtt = Sj00 + Sj1101 + -+ Sj44-10¢-1 o

MEF FHEEIH Sty Smyas o Smpae , W EAKER

Sm+1 Sm42 Sm+t 0o Sm+t4+1
Sm+2 Sm+43 0 Sm4i41 01 SmA+t+2 (**)
Sm+t  Sm+t+1 " Sm42t—1 O¢—1 Sm+-2t

B () PRSI AER M AT LUE A TR BUS | At DLEZ AR R w3
00,,01, " ,0t-1 ﬂiﬂ%ﬂﬁ%ﬂﬁﬁ&ﬂé ) E%%EEE% t {ﬁggﬁﬂ%ﬁ/‘]ﬂk(ﬂ ) ZZ[]
REL o, =0, AIF] LIHERNREE (Rank) BH .

m—+1 t—1
1 r -1 biay 0 0 1 a - a
a;  ag Qg 0 byad ™t ... 0 1 ay -+ ab?
t—1 i1 t—1 m+1 t—1
ay oay o 0 0 <o bay 1 a - a
A}
ﬁ—«r 00,,01, " ,0¢t-1 _lﬂ‘l’/{q\l{ﬁ ai, Qg, -+ , a4 7T£§FIJFH
m+1 m+1 m+1
ay as ceeay by Sm+1
m+2 m+2 m+2
aj as ceeoay by | Smt2 (#5)
m+t m+t m+t
ay as ceeay by Smt

FUAT LR 01,0y, b o
BEA

LEE s;(0)=w(@) , m+1<j<m+2t,
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| SmAt+1
S
20 KM =| M : e

| Sm4-2t

3. ()
4. RH ay,a9,--- 0, ( AR BEEHERX )
5. K by, bg, -, by ()

Bl. RS(24,7) 85, g(2) = (L+2)(B+2)(8 +2) (B +2) (B +2)(8°+2) , m = —1,
t=3,GF@Y =2ltl_ | o

w(z) =1+ B + B3 + 3%2° + 25

so = w(3°) = 47

s =w(B) =1

sy = w(3?) = 3

s3 = w(B’) = g**

1= w(3*) = 3°

s5 = w(B°) = BT
gro1 B ] gt B Bt

M’[l 3 ﬁmﬁg}(_)[o ﬁ1267ﬁ6]
B g2 g | F 0 0 0 | 0

. 71 00 Iox
L wte) =2, =
st w2 | 4| 7] | ]

KB 0g=3°, 01 =
oalr) =3+ p0r+22 PR =0%,a=p0"

A [; ;] [’;1]:[517]W%blzw,@:ﬁwo

Fill ¢ = w4+ e = 1543253239100000000 »
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B, [ EFITRIZES | B T R E SRR+ o

(1) 08366°3%3%3°3°3000000 o
(2) B0B7052/3%3310000000 o
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7. RSHE (18)

ﬁﬁ@ﬁﬁ%?ﬂﬁiéﬂ%lﬁﬁﬁ’ﬂ%% =

v = (vg, V1,02, , 1) < f(z) = ZU%
it LA—1E n f‘érﬁliﬁﬁ”‘fﬁ’éﬂﬁ%ﬁﬁﬁﬁz% n—1 REEN—L , LI
B SREAE 4 f:GF2) — {01}, 8l f ATLUA o —#Em &%
RHZE, IREL vy = (£(0), F(1), F(B), -+, F(77)) o
Bl. Gr2%) = 2ol | L4 s o, BB — primitive B, BIE v, = (54,0, 1,
32.1,0,0,0) | | g(x) = B*+3%+ 3302+ | EEREKE ¢ GF(23) — GF(2%),

TE 7.1 9 plo) B g(z) BEMER S BE GFE) WiKE , Kb 5 C
GF(2")o Bl p(z) = q(z )E’JE‘E%M#%“J‘B’\FW%E’J a€sS, pla)=q(a)o

BREFRIMAERBAKRE k-1 ZEK (M GrEer) ) fTEES
ABEESEGRICRAT LKA R, B — AV IEF R (Scalar Product),
REGZHECE R —EREZRM | {1,222 - 251} Bl —H &R
K

T 7.2. % F (S— GF2) WMEER ) BRMEMPE GFe) BXRER
AP k-1 ZHEAFKWES Al R 22— (n,k,n—k+1) MDS i , &
EP n<2,

BB S Ss5cere) B S =n.

HES , MR £ SRS L REEBEH C) =n—k+1, H
7 F, EP@% v, RT 0 2 HERERZHE k-1 HSER o, AT
wt(v) =n—(k+1), A d(F,) > n—k+1, BRHEH 2.24, d(F,) < n—k+1,
PﬁL/{Hm 0 ]

EPEEABENBBERTH R, A —EeERE  EHAE
B A — B A

EE 7.3. (nth roots of unity)
EES={acF=GF2)|a"=1} B 18 n RAR

20



EET7.4. HR acGFQ)MHE o* =1, Filh n|2r—1, LT 22— GF(2%)
BB+ B gr2t) = Zolx ]/< l4zrt+at>,0 B — 1@ primitive JTLHE - P
& {1,300, I E—EIXREIE 1 5 KGR ; M 3 RABE
{1,5°,8"} .

EE 75. 4 5 = {acF=GF2)|a"=1} MH p(x) 8 (=) BERHE
S BRZE GF(2’") HIRERE o J p(x) |, q(x) RERE— ?ﬁﬁzéﬁﬁ%&ﬁ:%
p(z) = q(x)(mod (1 +2™)) o

i2HA.

(<) B3 deg(p(z)) < deg(q(x)
deg(p(z)) < noVaesl, qa) =
RER—HE .

(=) aesS, Bl pa)—ql)=0, FTLL (1+2™)|p(x) —q(z) o |

) BB ()Zh( )(1+x)+p($),
h(a)(1 + o

T 7.6. % 5={acF=GF2)|a" =1}, 8 F, B—EfF GF) 1Y
(n,k,n —k+1) TR .

Bl AEHE 72, AR %sg?mﬁﬂﬂﬁfzéﬁﬁ HEEAENA]

le\ = (P(l),P(ﬁ), ) (ﬁn 1)) , 5 = {17ﬁ7527"' 7571—1} ° /%
( ) = ( x), A deg(P'(x)) <k-1, )5)?1«){ vy € C; B2 vy = (P(0), P(6°),
P(p"-

H,PQ1), FTMEMOERFZA Gy , €EEE _

Bl. p(z) = gt + B2+ P2+ 2% (ZHERX L +a+2°)
Al v, =(0,1,6%1,3,0,0) ,
vy = (1,4%,1,5,0,0,0) < (5* +2)(8° + 2)(8° + 2)5° o
T 7.7. B (Transform)
n—1
BV () = Vot Vie+ Vo +- -+ V, 12" ' B—ZHR , Bl o(z) = 3 via
=0

% V(Q?) E@_‘{'ﬁﬁmEﬂu&E v(ﬁj) - Z ‘/iﬁw = Uj yJ — OJ 1727 = 1 °
=0

DUERERAARE , 5 A = (ay) = (39, Bl Vo, W, V)4 =
(Vo, 1, s vp_1) FTEA (Vo, Vi, -+, Vilt) = (o, U1, - -+, Un_1) A7 6
(5%) HP 3 2 1 BY primitive n AR | FTL A A[# | —i% A UIEBEH
FREYE [ (Finite Fourier Transform) o

o1



T8 7.8. ﬁﬂ% 6] =11 primitive n 7](7.277@ , () = nilvia:i = V(z) =
i=0

nZ_:l Vo' BB KRB AV, = v ),

i=0

2.
Mﬁw=iﬁﬁ”’f(f”“ﬁ h
_ﬁm(zmmﬂ ?

HPRE k=K, Zﬁk " = n(mod 2) i} n|2r—1,)3ﬁu%§‘§&,/7j:
1=0
BISS g =1 BT B k- A0 BB 1= 0 B
i=0
nil k=i £ EFR R A : Bt DA nil Bk=i)i = | R 2)=V; (k=17j)o [
1=0 i=0

T 7.9 FS={acF=GF2)a" =1}, BIFTEHRE/NE n—5+1 %
FEHREHE (MERR ) EER—M g(x) = 1+2)(B+z) - (B +2) B
4R EANTEER MDS 75 | B8N 6 & GF(2") FRI—{# 1 #Y primitive
n KA

B8, %O( ) %7@%( ﬁ'ﬁE AEPABENZEAR o) . BFE
Clx) = ZC-’E ; ()’ ( )t BAE & gla)|c(x) B L Vi =
n—5—|—1n—5—|—2 on—1 c( =0l deg(C(z)) <n—6+1, N

(*) FESIERER T U Transform FREE | L | £ 4ERE
WEF— o
Bl. & rRS(23,5) AEKZEHRE g(v) = (1 +2)(8% +2) (5 + )

:56+ﬁ5x+ﬁ5x2+ﬁ2x —1-1' PN (66 65 ﬂS 62,1,070),

g(z) KB G(2) = Zﬂﬁﬂ’ﬁ7ﬂo

G(zx) =g(67" 1)96+9(ﬂ7 2?4 g(B7°)a’

= o + Bx? + 23 = x(B* + Bx + 2?) (3

B, AERK (G(8°), G5, -, G(B%) = (85 5° 5% 6%1,0,0) , BRE
i RS(2%,5) BRI LB EHZEHARBE —R , ZRRZRATH FER K E
AT B o (B zp(x)(mod (14 27)) , deg(p(x)) <3) o

P &
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HIP {z,2% 2% 2—HEE 6 ME

x — (1,3,8% 8% 64,3, 3%
22 — (1,53% 64 3%, 6, 2, 3°)
(1,365 6% 35, 6, 5%

FTLLE G(z) = Blo + Ba? + 2%, ENNAER R E

1 g p g gt s
1 pgr gt g s g
1 g g g B g

(8%,5,1)

RS,
o BRI KRB BB .
He, BB w, = w) =c)+e(a)

(Error Polynomail)
TREH L % W(z) = C(a) + E(z)
W(z) =3 w(B"a' =3 [e(8"7) + (8" )]’

% A

K& g(B)=0,i=m+1,m+2,--- m+05—1

Flh e(p)) =0, JREN E,_; = e(f) = w(f) = s; forn —i =m+1,m +
n+d—1
2’.” ’m+5_1 ° EEB/\/\ E(.T) = Jrz: Elxz ) ﬁﬁl’\/{ ) I}/%Tﬁﬁﬁﬁ/‘j EQ,El,"' ,Em
i=0
i A4, HERERELLE Syndrome s,_; K& o 8 T RET a0l K

B AR KR FREL o

B, EE—THRYERD ; R pF B—EEBRAE A o(8") =0,

(BE) o+ BB £ HIERS o, £0.0)

B4 W BB =e,, FRBLo(BYE@BY) =0, k=0,1,--- ,n—1,38

KR 1+a"o(z)E(x) , MBI o(z)E(z) = 0(mod 1 + 2™) |

H (4) , 0By + 01 Epp1 + -+ 0ooEre =0 ( ath R B )

23

(4)
(5)



MR EER 6 - 1 f B, BES , frLUEREFMRKH 00,01, 04 ;
BAERKHER B, o
Bl. RS(225) 1, m=—1,t=2,g(x) = (1 +2)B+z)(+2)(B+2),
w = (8° 03,8 6%1,0,5%) ,

Eo:w(ﬁo):LEﬁ:w(ﬁ):ﬁg ) E5:w(ﬁ2):63,E4:w([33):1

CH1 Eo, Es, s, By, BFEK B3, B, & Ey

(1) &R 00,01, (oalz) =22+ oz 40, M E—ZNEESE )
oo=1,0, =0
Sy
(2) Bs=E,+Es =03+ =05
Ey=03FEs+E, =3 +p32+1=0
By =03FEy+Es=0+p%*=/
(3) E(x) =3 Exa* , (Eo, By, -+, Es) = (1,0%,0,8%,1, 3% %) o
(4) e=(E(8°),E(B),---, E(8%) = (0,5°0,0,0,0, 3%) o
(5) ¢ = 35654532100 o

B, FIHE—FEMM R 7 B | w il E—FRHE .
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8. B+RIBFRFEIEIS (Burst Error-Correcting Codes)

i TH E AR BB AT R R AE IR $8 3% (Burst Error) AR TEIRAERFE R (Cyclic
Burst Error) , 7E38 —EH EM 82T RIS .

IR 8.1. MR ¢ B AEIE | EFRERN (0 k) B Bli<n—k,

SBEH. Te=cier-e, BEERE HEFEE ,=081,1<i<l,e, =0,
k> 1WA RERE  —3@E 2 Hfs o ATLAEIE | HEEEREER | ATl
B 2 HSERAE MBI ER ERE 2 EARNERES | ( KESD 2 |
Syndromes ) , At C BIHEE r mZ RE n -1, 8Bl I <n -k, [

B R 1B n— &, EHRAVEIERNIERHE N TR
&7tk RS BRI IERE

TR 8.2. ¢ C B—1MA RS(2r,2t+1) B , i C HIEH ¢ HAYEFERH
REZTCHEE , (FFULCHEES r(2—1)) . Al C BAILIEIE | EHR
PRI EE R i <n(t-1)+1,

BEA. B O HEIR O TSR —EERE PR 0 =0 +¢ BRKFIW
7, HAER o WERZE o, &L EL « AR (7) G UEENER
B, R LRI LUOKRE ¢ By v, ETEE o BIRATK . _

Bl. RS(2%,5) ATLABEIE 4 (ERERER . (r=3,t=2)

BT SET R IEB LR RER |, Bl —EElFEiRERE
EAIHE S (Interleaving)

B, 0 s ARER n BT 5 = (v, vin) , 0 =
1,2, s, EREF R NEFEHLE

V1,1,V2,1, " Us1 5 V12,V22," " Us2 5 " ; Vin,V2n, " Usn ;
AERE T RBREEE s Wi (Interleaving to depth s) & .

38 R 2 R DU R BB B A UK s MERS IR s x n 2EREHT s 31
B IKTTRYIERS , REE 1T, BREZT, o
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. 00110
0101

1
01
111000
0
1
1

10101
00110
11000

U1
Vg
Us
Uy
Us
Vg

R - 101011 | 011101 | 001001 | 110110 | 100010 | 010100
(depth 6)

EE 8.3. BEx—HlFHERRS REZ I —EiEREREMTE  #
RIS P LUEIE | (HRFR SR | MEERFEER s NinEE% | QWL
FIERIRER SR BT LR ol o

. SEMET IR ERE AR ; of [EEFR R B R 2RA B |
HRFEEFENS &8 | EFRER | FEEF R IR SUIERER# .
_

—RE s TR ENER , BRMEDE  F£1RE ~ 87 s @
FREMAL AELEE . HE WP -ELRERGE .
1.
~ UG HJ:&J (S = 3)

codewoeds —— »

A 101011
.S, 0,1,1,1,0,1
0,0,1,0,0,1
1,1,0,1,1,0
1,0,0,0,1,0
v 0,1,0,1,0,0

i

TR | RS B0
DA BB ER AR 2 s-frame delay interleaved (SFDI) FYEEE o 75
ERRRITE S T ATREE ERREREBRME S T .
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EIE 8.4. BRE—AHFRL AX I A RERIUMTE AE C 2
AT DASE IR 1 {7 5% 88 5 0 B0 LUK (BB T2 AR SFDI AT |, RIE (E S 7]
DA IE 1(sn+ 1) fESE =R

:2HA. B i(sn+1) ERRERNPASRE—EBFRIES | EHRH
o, AR DUEIE o _

FERE. TR EH 8.4 (Assignment 5(1)) o
FEEMFER L BRMERT (Encode) B | & H AWM BEERE C, & Co

& 8.5. BN (Cross-Interleaving)
/%\ 4 Bl Cy %/DJU% (n1,k1,d1) Bl (HQ,kz,dz) %%'liﬁ% o

Encode —
Message M| C Interleaved to depth ky —» EEE ko H =
. Interl d to depth ”s” Encode .
HiE Hrereaved to deb - EHi O, B Message

( WA LLA s—frame delay ) A C,

EE 8.6. A LA , IRFMEBEFRZE —HiERERLZE Al
B s<d —1FF AJHEIE s(dy— 1) ERERER

B, 4 ¢, 8 o, BYE BRI -

10001110

01 0011QO071
G, =

001010171

000101171

—_
(e
—
—
(@)

Go=|101010
001 01

—_ =

Ci: (8,4,4)-M  Cy: (6,3,3)-1F
Messages : my : 1000 , mo : 1100 , mg : 1010

o7



Encoding : Cross interleaving C; with C5 , depth 3.
c; = m1G; = 10001110

¢y = me(G1 = 11000011

c3 = msG1 = 10100101

111, 010, 001 , 000 , 100, 101, 110, 011

l use (G5 to encode

111000 , 010101 , 001011 , 000000 , 100110 , 101101 , 110011 , 011110

l depth 3

111000 | 000000 | 110011

010101 | 100110 | 011110

001011 | 101101 -— T—HNE—EBF
100110101010001011011000001011010001 -

RIBER 8.4 6 ERRERALUGKELE . BERRRITELY 6 HF
BPE  WEIRTR
011001101010001011- -
2 [m] JR 2T 3

001000 , 100101 , 111011

RN

SHARAINLIE (ATRE )
FIH ¢, ATLAB R AR

BT ARG ELF RIS SE (Flagged) , 7RE]

INRE 18 M EREENER A LS EMAE ¢ XF , PR
c; = *x 01110
¢y = * % x00011
c3 = * x x00101

EIERED AT LUER ¢ ;R (7) -

o8



9. RS IRRVER

BIL/M R (Erasure) IS o HF® RS B BUE R EIE LB
EAEGE BRTHAVEZ/ERNEHERNVERS Y, FREIEHEMEIE
E,ER EENS e AE—LHEROME | 6B

EE 9.1. (Erasure)
—{& ”Erasure” & —{E P HEFERE (Magnitude) BIFERALE o

Bl 1. RS(22,2) # C , ML

31 0
08 1

£ GF(2?) ¥ 0,1, 8, 82 73 B 00,10,01,11 .

0 0 0/0 0 0O0DO0OG 0|0 B BJ]001 101
0/0 1 10008 B B|]01 010 1

# B 01101008 1 A1 11001

1 82 0/1 011 00/1 0 A|10O0O0O01

0 4 1/0 001 10[/0 1 8200101 1

B 4 1/01 11108 0 B2/0100 11

2 0 1|1 100 108 8 p2|1 11111

1 1 1/t 010101 B8 B|l1 007111

b ct b
C

00 0/00O0[0 0 0

01 1/1 0 1[0 0 0

11 0[0 1 1/0 0 0 &

1 0 1{1 1 0/0 0 0

1 0 1/0 1 1|1 1 0
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W] 011 100 000
FERRNIE (RS(22,2) 1) B 81, ' £ Eraswre, Tl oy =6 BT AE
FE R AT DA ERBIER w = (3,0,0) o

EE 9.2. 45 C R RS(2,0) BB H w B ERERF . INRFE P L -
(BB R E B e (ESERR | Il w A] DU IEMERR IS R 142 2e+2 <016

8. & B B o A Eraswes TGRS , A BFTEERUEMKNVES
Al A — B BN Z Erasure FUSERAIE | AT

op(z)= [ (x+3)=By+Biz+-+ Bz  +2° |
pieB

oalx) =o0p(r)oa_p(T) o

% O'AfB(.’L') = AO +A1.CL' + .. 4 Aeilxe—l 4 x° 7
ete .

oalw) =l (@ +a), LR
i=1

ete
Il (z+a;)=(Bo+Bix+- -+ Be_jz5 ' +2°)(Ag+ Az +- - -+ Ae 12 +2°) (¥)

=1
. _ ete . ) .
(*) REEES Zbiai =s;,m+1<j<m+6—-1, fﬂZEfk?\ a; , AJ
=1
LIBE
(B()Sj + Blst + -+ Bg_18j+5_1 + 5j+5)A0+

(Bosjt1 + Bisjya + -+ Be1Sje + Sjper) A+ +

(BoSjte + Bisjies1 + -+ Bec1Sjpere—1+ Sjtere) =00 (**)
TE 2 s; = Bosj+ Bisjy1+ -+ Be1Sjie1+ Sj4e , m+1<j<m+0-1
KB By, Bi, -+, Beet , Smats Sma2, - Smis—1 e OHET, BT LA

Sty Sty St 1 ATRASKHIZR o (6 =1~ > 2e)

&5} (**) { Smtet1 = Aosjn+1 +o Tt A€—13m+e

*

* _ *
Sm+2e = A08m+e +o At Ae—lsm—i—Qe—l
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GRS A, Ay, Ay RRSERIALE 2R E LK ; i
®“AEA A RS B BIBE R EOR L SR E A , u

BT RBEMANFBHEED (Shorten Code) o & —HABBEMBIF % | &
] — s E  RETEEREELE 0 WEFRHARGREEEE
SeATE | QBN AT S5E H — RS R B EEERE A E A g8
{5l 2. (Shorten RS-code)

Bl 1 HHY RS(2%,2) BRBE—FEMLERE "0 , MEE o) =
{00, 51, 326,15%} - :5 18 (1) HHY "1” RERB—EMNE  IREREN
s BALE , AL C(s) ] o
Bl3. FCEBRS25)M n=22-1k=28-5lUKd=5,

WREHE 00227, BEHNEER 225-227=28 , HE LB FE I E T K
RS BER)FHE , FTl d =5, k=24, [A3E C(223) B—1H (32,28,5) 15 o

CD HJEXET (Design of Compact Disc)
i B85 .

1. EHERUEE (Spiral Track) o

) WWEEATERRNEL  EERLES | RER 0, WEH 0
w2 lR% 10 {H

3. HRE—3tA 2 @ | JRANEEERE H 16 R TR ERT .

116 WARTBR (07, 0) , 0= , 5 B GF() HRITERATERM 8
A& o

5. STHIESE (Stereo) — KRB ATEE , —%—f TSR (Tick),
BHE 4 {I%%EE/J GF(QS) ZTCE My, Mags1, Magyo, Magi3 o

6. 6 {H Ticks GE—FE , BE 24 1 mow, magr1, -+, Manrraz, Masi2s o

7.4 Oy = C(227) : (28,24,5)—RS % o
RRER 24 AR RBHRER 28 NIEFE .

8. 1 ¢, BIIEF H 4-frame delay interleaved #2238 o ( 2% p.56 ) , K&
R 28,

A
9. @ v, = (Ul,t7U2,t+4avB,t+87 T 7028,t+108) o
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10.

11.

12.

13.

FEHS.

14.

15.

16.

BRI R E t 79, B THIHITE

Cy = (Ul,ta V2,4, U3¢, " " 7U28,t) o

e, H (32,28,5) RS B C(223) MRABEK v, , AR IDA —1E FHZRZE
HEETRH "byte” |, BE—EARERS 33 BT vo

(Eight to Fourteen Modulation) 7£ v A E—HFHARES 1T
TRERA , Hbrim 4 CEHRESERE 1 2EZPE™RME 07,
&%E 10 8707 ; MMAR 3 fi2RAKREEES - (MEBFES
EEE ) WRmE GEEHE 0 WRE . && B TRE B
A 27 fil bits KRR —EAEHRIFAL -

BEME , —ERE 6 8 Ticks FTEKAERE “JTFR 24 x8 =
192 fif |, WEHRHE K 33 x 17 + 27 = 588 fiFEHRE .

C, AJ LA IE 4 & Erasures , Cy, 7] DUBE I — 1 $5 3R & 5 HI H % {E $ 5R
(flagged) o

H > 4-frame delay interleaving B3 , £ C, T ERHEREE 5
fgEaR  EEBEMESET 71T, PEMENBEREELETKR
15 x 588 + 3 x 17 = 8871 HYIF UL FE I LA IE . Al B P EFAR
(Audio bits) £ 15 x 1924+ 3 x 8 = 2904 , f£ CD b, HEERE 025 &
53 o (n = 588)

6 & Ticks ( EE ) L1, Ry ; Lo, Ry ; -+ - ;Lg, Re R LR 22 R DA BB
EFEIRRIS SR | BN, Ly, Ly, Ls, By, Rs, Rs, Q1, Q2, Lo, Ly, Lg, Ry, Ra, R,
Hrh @1, Qe B R R (Bytes) o
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10. Reed-Muller & Preparata %

FEEZFHRMETB I MEBERFERR Reed-Muller i ) 1535 A% A W e
2R A E — i BRI B

r BE Reed-Muller 5 (JEEERE ) RM(r,m) ,0<r<mo

1. RM(0,m)={00---0,11---1} , RM(m,m) = K*" (n=2"),
2. RM(r,m)={(x,x+y)|x€ RM(r,m—1), y€e RM(r—1,m—-1)},0<

r<mo

Bl. RM(0,0) = {0,1} , RM(0,1) = {00,11} , RM(0,2) = {0000, 1111} ,
RM(1,1) = K2, RM(2,2) = K* RM(1,2) = { (x,x +y)|x € K2, y € {00,11}},
4 G(r,m) B RM(r,m) BB | 5

G(r,m—1) G(r,m—1)

Glr,m) = 0 G(r—1,m-—1)

[ 5o

G(0,m) = [11--- 1y om

| G(m—1,m)
G(m’m>_[ 00---01 ]
.
1 1111] G(1,2) G(1,2)
G(1,1) = ,G(1,2)=10 10 1]|,G0 3):[ ]
0 0 G(0,2)
0011

EIE 10.1. ( Reed-Muller By HE )
T RM(r,m) 5% (n,k,d) # C o Hl

(1) n
2) d
05 ().

(4) BB r>0, RM(r—1,m) C RM(r,m) o
(5) Ct=RM(m —1—r,m),r<m. (C* 5 C BHEE )

2™
2m—7" o
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sRBA. (BN )
BRI m ] DUE 2B o
Gir—1,m-1) G(r—1,m-—1) ]

(@) Glr=1,m) = 0 Gr—2,m—1)

G(r,m) =

G(r,m—1) G(r,m—1)
0 Gr—1m-1)|°

W Gr—1,m—-1) 8 Gir—2,m—-1) 258 Gir,m —1) & G(r — 1,
m—1) BFEE (FERERR ), LG —1,m) B G(r,m) BT,
WFE - m

2) BB RM(r —1,m —1) C RM(r,m — 1) , FTLAE x € RM(r,m — 1) &
yERM(r—1,m—-1) K x+yeRM(r,m—1), HEMER & x#y
R, wi(x+y) > 271 Xowt(x) > 277 BTl wt(x,x +y) > 277,
H—FH R x=y,Myc RM(r —1,m —1) , Fit LA wt(y) >
2m=D=01) = gm=r t(y,0) > 27" BH  FEAEE @ y , ERINE

Bomr Bl d=2m, ]
(3) & G(r,m) BIEZE , dimRM(r,m) = dimRM(r,m — 1) + dimRM (r —
Lm—1) o R, HEREERIER dimRM(rm) = 3 (m) . m

i=0 \ ?

(5) P dimRM (r,m)+dimRM (m—r—1,m) = 2™ FT AR EEFEBH RM (r, m)
B RM(m—r—1,m) P EEMEEET . ¥ (x,x'+y) & (x,x+y)
73 B F5E W A BB Y A & | AT LA

(X, X' +y) - (x,x+y) =% -x+ (X +y) - (x+y)=x"y+y -x+y -y =0
(BEIRER ), (5) /BF n
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S—HINBY RM (r,m) 18,
T K=GF(2), 8l km fgmEa] AT A LAY | — i
EEEMEYER (Standard Ordering) o

a=(ag,ay,as,  + ,ay_1) € K™= o(a)= > a;2° (*)
i=0

B K2 MRER/NEKES (0,0, (1,0), (0,1), (1,1) , T K* BJE
EHEFE 000,100,010,110,001, 101,011,111 - 5 , EHE—EE Kk HIE
B K (EKE f A LLAER 2m HRER , WHERA 27 HRE v =
(f(00---00), £(10---00),--- , fF(11---11)) ZRFER , BER v = (f(uo), f(uy),

< fugm o)), HH o(w) =i o
BTEME RMr,m) B, ZFAENMB-ERAECENEHE . 71 C

o I (zi+1), M
{071727"' 7m_1}:Zm,IE% f](x(),l’l,"' 7=Tm—1) = { i€l

1 =¢.
frAERTERS v o
Bl.m=3,1={1,2};8]v;,=(1,1,0,0,0,0,0,0) o
# 1={0} Al vi=(1,0,1,0,1,0,1,0) o

g 10.2. fi(zo, 21, ,Tmo1) =1 EHWEESPIEN icl, z;,=0,
g 10.3. 51,75 z, WMEFES , Bl v, - v, = wt(vuy)(mod 2) o

s2BA. BHIG , Eﬂi% %ﬂi’\ K™ T mflﬁ;-e_u fr(wi) f5(w) = fros(ui)

(7 .l[:t Vi Vy = Z fr(w) fr(w) = ; frus(wg) = wt(vrus)(mod 2) o 6%
7E, ﬁzﬁTLMUFHJ:fLE’J%EAX E—{8 RM(r,m) 1 . |

g 10.4. & C B—E RM(r,m) W, Bl C =< {v/|I C Z, B |I| <r} >

SO B (v 1C 2 B 1] <) BB THES Bl C BREY
s ( )H’Mﬁlﬁtﬁ%(f’ﬁ%)oIﬁt,*'JH%LxTEﬁﬁF?EJEEJLlﬁ‘Z?% G

1=0
B\ < |J) BEE || = |J WERZT , FE—E j #HE fi(v) <
fru) HE i > B fr(w) = fr(w) o n
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5. RM(3,3)

(1111111 1] v
1 1110000 Vi2}
11001100 Vi
101010710 Vo)
G33_
1 1000000]| vy
1 01 00000 V{0,2}
10001000]| wvpouy
(10000000 vpu
(o) + (1) = )+ (5) -
0 1 2 3
5. RM(4,4)
(1111 111111111111 v
1111111100000000 Vi3
1111000011110000 Vi
Giy=|110011001100T1100 Vi
10101010101010T10 Vo)
(1000000000000000O0][ vy

V{O} - (f(07 070)’f<17070)’f(07 170)’f(17 170)7f<0707 ]‘)7f(170’ 1)’f(07 1’ 1)7
£(1,1,1)) = (1,0,1,0,1,0,1,0)
vio1y = (1,0,0,0,1,0,0,0)

(5%) :EME Gss MRTE TR G(3,3) — B 2
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Preparata Codes.
FEE IR HE S 3 M ] AR H —FE AT EE Y Distance Invariant B E(HE o
i& AR & F055 [EHUE (Strongly Regular Graphs) 5 —264811L .

FEIE 10.5. Distance Invariant (D.1.)
—EARER n W C , MR ¢ PRERERY v # o WEHR
1<i<n,|{w|dw,v)=1i}|=|{z|d(z,u) =i}, Bl C B DLW,

ERBRMFAEOBB AT, T B —ERARE S 2, 2. GF2) —
Ko

&UC EH X(U) = (a0.ar, ) , HH
AR U, 0<i<2—2;
a21_1 , MRoev; Mk
7/‘b°

.
X({8% 3%, 3°0)(r =3) = (0,0,1,0,0,1,1,0) o
X({0}) = (0,0,0,0,0,0,0,1) o
X(4) = (0,0,0,0,0,0,0,0) o

EFE 10.6. (Preparata Codes) (Extended) P(r)
P(r) ={[X(U), XU,V € GF2), [U| Tl V| #EEE, S u=3 v

uelU veV

S ud+ (z u)3: S ARBAH -

uelU uelU veV

. GF(23) = Zel_ +z+ad >
U= {57ﬁ275570} ) V= {507ﬁ7527537ﬁ670}

S u= B+ 32+ +0=010+ 001 + 111 + 000 = 100 = 3° ,

uelU

S =004 B+ 52+ 53+ 3 +0 = 100+ 010 4 001+ 110 4 101+ 000 = 3 ,

veV

Sut=3+3+3+0=110+ 101 + 010 + 000 = 3* ,

uelU
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S =04+ +5+ 32+ 31 +0 =100+ 110+ 101 + 001 + 011+ 000 = 3¢,

veV

RS 52+ (300 = B2+ 1 =
B X (U), X(V)] = [01100101,11110011] € P(3)

(&%)
(i) P(r) BREE o1 MBS .

() "0° BEB U VITE  EERARER U 5 V] SEEE, 5
RECERNBRBRELE .

BTHEHP BDILE, RMFTEUTHSIHE
S 10.7. B ae X u, [X(U),X(V)] € P(r) AKX [X(A), X(B)] € P(r),

uelU

HI [X(UAA+ ), X(VAB)] € P(r) o ( XAY = (X\Y)UY \X), X +a =
{z+ao|ze X})
S2HH.

(1) [UAA + o B |VAB| BEEBEAZEE .

2) X z= ) (Wt+ta)= > y+alUAA

2€UAA+a yeUAA yeUAA

= Y Y= y+t2y=2yt2u= > Yo

yeUAA yelU yeA yev yeEB yeVAB

® oz o 5 Qg

reUAA+a reUAA+a

= 2 (y+a)3+< 2 y)

yeUAA yeVAB

=> w+a)P+X (y+a)P+ (Z y+ Zy>

yeU yeA yev yeB
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=Y vr+ad v+l Y y+ad U+ Y P +a Y v’ +ao* Y y+a®|A]

yeU yelU yelU yeA yeA yeA
3 2 2 3
+(Zy> +(Zy> (Zy>+<2y) (Zy> +(Zy>
yeVv yeVv yeEB yev yeB yeB
=X+ = > v u
yev yeB yeEVAB

HEFR Extended Preparata W5 T EHRIER (7) , HE2EH —EMNFRMERS
HEUREE  REBHESE o E@EBF  AEHEBIBHERRS TR 0
HFH /NI | Wt 2 A EE T o RUEEAERIA] .

HES® 10.8. 0 P(r) ,n >3,

B, JE X(U),X(V)] € P(r) IS [X(UAU +a), X(VAV)] 2
P(r) T | G . ]
HEER 10.9. £ P(r) 1, TR d([X(U), X (V)], [X(A), X (B)]) =i, Bl [X(UAA+
a), X(VAB)] BIIIRER i o

FBEH. B d((X(U), X(V)],[X(A),X(B)]) =1, BT d([(X (UAU+a), X (VAV)],
[X(UAA +a), X(VAB)]) =i o
XHEB [X(UAU + ), X(VAV)] =0 , #EFE . ]

R EERE ¢ A5 BOIEENINGE « IS F 8, ER—EEH , frblUTRI %
] LIEE o

M58 10.10. P(r) B—ME DI 1 .

i

EE 10.11. d(P(r))=6,r >3,
BBl (fE)

(i) P(r)HE—BFEFHEFE (XU), X)), ERIMES 4, d = wi(X(U))+
wt(X(V)) = |U|+ V| = 1EE
(i) B d£2,d#44. ((E) [XWU),X(V)] € P(r) = [X(V),X(U)] € P(r))
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(iii) G U= {0,u} |V ={w,z,y, 2} EFaE

W=+ PP+ u=wt+r+y+zHu#A0.Hld=6, |

EE 10.12. #PRMERNTE r >3, P(r) Tt .

fBEH. 5 U = {0,u1} , V =Azy,y1,21,w1} , A={0,us} , B = {2, ys, 22, ws},
Al [X(AAU + u1), X(VAB)] £ [X(AAU), X(VAB)] BIFEBER KR 4, I
AR[EE , ATRL [X(AAU), X(VAB)] € P(r) , B2 [X(AAU), X(VAB)] =
[(X(U), X(V)] + [X(A), X(B)] , &E# |

BB Extended Preparata i Y # i S #1517 N AE LAWK
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11. BNREdFHEELET (Codes and Designs)

R E—FEE P(r) FEREF | M EHBER | FIHESTLUEE
B LTHEEA{ULE Por) KX FEHAR L,

T SCZ,, vy = (ag,ar,a9, ,a,1) , BFE i e SK ,a =1,
0<i<n—1,%Ba=0, %, E—M@27 WFESEHE—E_TH,
EHRRER n o
B, {{0,1},{0,2},{1,2}} C 2% R FERIEHEE C = {(1,1,0),(1,0,1),(0,1,1)} =
{110,101,011} »

E& 11.1. 35T (Design)
—EEER V=2, NFE B 2 B—EFES .
EE 11.2. EAHEKET (Block Design)
= vy L= N\ Zn
_EEER V - 7, WEARE S ( : ) B—ETES Eh1<k<
n o

E&E 11.3. NE2EAMEET (Incomplete Block Design)
k<mn E@E}%ﬂ—%&gﬂ- o

EE 11.4. DA B EARET (Balanced Incomplete Block Design)
FE—EA RGP MR EMETCRHRAE &K SR EMET | A
BT EAN T2 EMARE  HBEORE—BBRES DA ERTR,
— (AR~ T2 EmMARE (BIBD) #BELL (v,k\)-RFTRR , Hf
V]i=wvo

EE 11.5. FLHFHERET (Pairwise Balanced Design, PBD)

MR ABPEHEE | B A —-ERER -RIHTRER , AIHBE
RECHEPERRET , DA (0, k, ) -RETRT | K RFTE AT REIE A K/INAT Y 56
PN

= o

Bl. B = {{0,1},{0,2},{0,3}.{0,4} . {1,2,3,4}} Bo— (5,{2,4}, 1)~ it ,
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E&E 11.6. t—F%FT (t—design)
EE ¢ FTREHBRAEME A BAETRRIRE Pt — (v k) BRETERTR o

FF DL BIBD & t = 2 H9RE}
Bl 3%t (3 (8,4,1) X&)

{{1,2,3,4},{5,6,7,8},{1,2,5,6},{1,2,7,8}, {3,4,5,6},{3,4,7,8},{1,3,6,8},

{1,3,5,7},{2,4,6,8},{2,4,5,7},{1,4,5,8},{1,4,6,7},{2,3,5,8}, {2,3,6,7} }o

mied 11.7. & B B—1fH t — (v, k,1) 5T, A B I IHER—ERER v
BEBEAS /NS 20k — ¢+ 1) BYBUE

B, EWEEMERZS RE t — 1 ERFE TR . |

B - HhIEAH B AT B ¢ — B ET P AR H R i B (E A F R IR AR — A,
B BB XA 2 7 Code with Constant Weight” o ZEZFHIK A (n, d, w) KFEM
MEFEFEENAE,
EE 11.8. A(n,d,w)

A(n,d,w) =max { |C||C WRES n, Bl ¢, SEBEONETS w).

Bl. A(n,d,w) =7 (FIF - STS(7) =~ (7,3,1) &it o)
ER—REA SR T U HFN BB R (BREREF . )

TE 11.9. ¥ 0 B—ATEN (n,k,d) B, ERBEHIES BT
FTHENESTEH—M® t+1) - (n,d,1) R, HF =41,

Bl B ) BEMER  RMREZHEE +1 HRE LR
—Hy d—5HN7]

B, WAE 0 2—ATES  LBFES.O , BEELS ¢ BIIK (Bal) 7]
DIEBREN n—RERESEEAN , MABEKEREAFRNES P, (E
BEt+ 1 {ATEAHENRE w LRGEERE— (H— ) BKA | EFEKN
b (BT ) v ERINERLER T EEEBFHENESLEEE
Frfe €A t + 1 ETR - (7) AL, EHEE ]

Bl FEBFR Gy B4 (23,7,1) &5t
HEMBEMNERGTEZ2%E V.Pless FTE& R Introduction to the Theory of

Error-Correcting Codes o

bR TR RGP DR EBEES | R LA E BT ERE
—fHE ¢ TTHE (¢ T—ER2) -
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EE 11.10. I T /[ (Latin Square)
— M8 n xn KIS L = (1], li; € Z, , WREE Z, PREEITRAE
SRR —K B LR n BERLT M .
EE 11.11. }EH T /7E (Orthogonal Latin Squares)
WAE n BERLT AR L =[], M = [m;) EABEE (L LLM FR) &
Huﬁ% {(lz] m”)|1 <l j <’I’L} :ZTZL o
EE 11.12. GHEEEMNR T H R (Mutually Orthogonal Latin Squares, MOLS)
Ly, Lo, L M85 « (AAEAMHZEERSLT GEEHMEE Li1L; | 1<
1#7<no.
T 11.13. $RArEERR T H ¢, BEE -1 HEHEENL TS
& o

B DK =GF() K =GF\{0}, A s € K°. 4 L) = [IIY] = [is+]).
LW, LO) .. L) BFTK "

MR AAERERR T 7 DIEE —EZEERS] (Orthogonal Array) o
.

2 2
1

0 0
Fl lololol1l1]1]2]2]2
T lol11210l1]2]0]1]2

=

LW lol1]2(2|0]1[1]2]0
L@ lol2]1(2|1]0[1]0]2

EFE 11.14. TE[EF] (Orthogonal Array)
—HRE s B n {EREEL] | (s,n)-FERES] , B—1E s x n? BIEF,
RIS R o EEFH (£, T ) HEHEE.

T 11.15. — @ (s,n)-BEMBIIEFEENLEGGR s - 2 HAHEEERN
n FERLT JTREFETE o
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EE 11.16. H—1E (s,n)-HEMIFERTLAEB—~FHRE s, B -1
H) n ToHE o

B, EBIFTERAIITRER 3 TS RE 4 BEEE 3 —3F 9 HIF .

EE 11.17. o EERET (Partial Orthogonal Array)
FEESE 11.14 1 n? S m < n? BIT]

(5%)

(i) B = E R A] DISGE B .
(i) EEMESHLEIEMFRERE .
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12. imiSIEERIEEIFSRE

Assignment 1
L HMERRERE m DUEH p , Sk — @R Z, T B AR 78
#) m REHERA .

2. T An,d) RERER n, RS « WBEHBHFRZHBFH , AKX
A(8,3) , A(9,3) & A(10,3) -

Assignment 2
1 1E Goy F, BEIE w = 0001 1100 0111 0110 1101 0000 , Bl IE FERYHE
FRATE 2
2. I HER
A(z) - (14n2) = —(1—22) - A'(2) + (1 + 2)", A(0) = 1.

Assignment 3

1. # A Decoding Algorithm for Linear Cyclic Codes 2R 15 .
(n=15, g(z) =1+ a* + 2%+ 27 + 28).
Decode 001 000 000 110 000.
2. M BCH Y 1 i S IR 2R AR
(n=15,g(x) = (1 +z+a*) (1 +2*+z%).
Decode (1) 110 111 011 101 100 and (2) 110 011 100 100 000.

Assignment 4

L & O RSELT) T g(x) = (La)-(B+o)-(F+a)-(3+)-(32)-(F+a),
i GF(2) Bt A % R 1+ o+t .

Decode (1) 03233°3%32353° 3000 000 and (2) 3037032323310 000 000.
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2. M Transform FJELSAEDS | HAE (1) # (2) B L&

Assignment 5

1. 51&% 7s-frame delay” RER FRIFEREE
B O N S
2. A EH HiE 0 EE t &

100. . . 0000100. . . 00001 =

k%8, En>i>kF, Kmax|{v|]j>t>k}| (ve K",

Assignment 6

L&MW {v]1CZ, B|I|<r<m} RB—HRERINES
2. Br>3K , EHAPr) =6,
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Assignments ( SEBRS )
Assignment 1 1-4 PREEEE

1.1 $REENERES » IKEH p, AKE—EGR z, AR 58
H) m REEA
Sol.

Before we solve the problem, we need to give some definitions and lemmas.

Definition 1 :
An irreducible polynomial over a field having a primitive element as a root

is called a primitive polynomial.

Definition 2 :

Given an extension field £ of F, and o € E, where « is algebraic over F.
If an irreducible polynomial p(z) € F(z) such that p(z) = 0 having 1 as the
coefficient of the highest power of x appears, p(z) is called a monic polynomial

of a.

Definition 3 :
m(z) is called the minimal polynomial of an element o € GF(p") if m(x)
is the monic polynomial of « of smallest degree with coefficients in GF(p") that

has « as a root.

Definition 4 :

Given any s so that 0 < s < p™ — 1 and let r be the smallest number with
p™s = s(mod (p™ — 1)), where p is some prime and m € N. The cyclotomic
coset containing s, denoted by Cy, consists of {s, ps, p®s,--- ,p"s} where each p's

is reduced mod (p™ — 1).

Lemma 1 :
In a field F of characteristic p, (x £ y)? = 2P £ y? for any x and y (variables

or elements in F).
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Lemma 2 :
Let m(x) be the minimal polynomial of an element « in a finite field GF(p").
Then the following facts hold.

(i) m(x) is irreducible.
(ii) If v is a root of a polynomial f(z) with coefficient in GF(p"), then m(z)
divides f(x).
(iii) m(z) divides 27" — .
(iv) If m(x) is primitive, then its degree is r. In any case the degree of m(x) is

less than or equal to r.

Lemma 3 :

Every finite field has a primitive element.

Lemma 4 :
GF(p®) C GF(p") if s divides r and an element o« € GF(p") is in GF(p®)

'
o = .

Lemma 5 :
Let f(x) be a polynomial over GF(p) and let a be a root of f(z) of order n
in the multiplicative group of some field F. Let r be the smallest integer so that

p"t = 1(mod n). Then a,a?, o’ .-+ aP" are all distinct roots of f(x).

By Lemma 3, we have a primitive element o« € GF(p™). Let m(x) be
its minimal polynomial. Now we must prove that if u is the element of the
cyclotomic coset containing 1, then m(z) = [] (z — ') and m(z) is what we

1€Cy
want for problem 1.

Proof :
Since « is a primitive element in GF(p™).

Then its order is p™ — 1.
Let my(z) = J] (x —ab).

i€Cy
In Lemma 5, nis p™ — 1 and r is m — 1.
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2 (s . .
= a,aP,aP” -+ oF are all distinct roots of m(x).

= my(z)|m(x).

Now,
mi(z) = [] (z—a)
i€Cy
= 2" — (0P, b’ .- Lo Vo 4+ (_1)r+1(a1+p+p2+...+pr)

By Lemma 1, for each coefficient 3 of m; (), u” = u.
By Lemma 4, all coefficient of m;(z) are in GF(p).
Therefore, m;(x) = m(x).

By Lemma 2(i), m(z) is irreducible.

Since m(x) has primitive element « as a root,

m(z) is a primitive polynomial.

By Lemma 2(iv), the degree of m(z) is m — 1.

Therefore, m(x) is what we want.

For example :
For GF(2Y),ie. p=2,m=4, C; = {1,2,4,8}.
The minimal polynomial of the primitive element « is

zelg (z—a') = (z—a)(x — a?)(z — a*)(z — o) = 2* + 23 + 1.
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1.2 495 A(n, d) fRERERZ n, IBEER  NEBHRZIBEFE 50K A8,3),
A(9,3) B A(10,3) o
Sol. (1) A(8,3) =20

Before we resolve this problem, we need to give some definitions and lemmas

as follows:

Definition 1 :
An (n, M,d) code consists of M (> 1) binary vectors (called codewords) of

length n such that the distance of any two codewords is at least d.

Definition 2 :

Let C be an (n, M,d) code. The weight distribution of C' with respect to a
vector u is the (n 4 1)—tuple of integers (W;(u), ¢ = 0,1,--- ,n, where W;(u) is
the number of codewords v € C' such that d(u,v) =1. )

Definition 3 :
Let C' be an (n,M,d) code. The distance distribution of C' is the (n +
1)—tuple of rational numbers (Ao, Ay, -+, A,) defined by 4; = & > W;(u) ,

. ueC
1=0,1,--- ,n.

Lemma 1 :

Let C' be an (n,M,d) code with distance distribution (Ag, A, -+, A,).
Then the quantities (By, By, - - - , By,) are nonnegative, where B; = M~ > A;K(1),

=0
k=0,1,--- ,n. and Kj is a Krawtchouk polynomial, defined by

Ki(t) = 2(-1)1’(2:;) (;) k=01, ,n.

To apply Lemma 1, let C' be an optimal code of length n and minimum
distance d. Then M = A(n,d) =1+ Ag+ A1 + -+ + A,

Suppose L*(n, d) is the optimal solution to the following linear programming
problem : choose real variables Ay, Agy1,- -+, A, S0 as to maximize

L=As+Ag1+ -+ A,

Subject to the constraints

A;>0,1=d,--- ,n.
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B,>0,k=0,---,n.
where By = M~} (Kk(O) + > AZKk(z))
i=d

Then plainly A(n,d) <1+ L*(n,d).

Lemma 2 :
Let C be an (n, M,d) code with M = A(n,d), and suppose that M is odd.
Then By, > M?(Z), k=01, ,n.

Lemma 3 :
If d is even, then A(n,d) = A(n —1,d — 1).

Lemma 4 :
A(n,d) <2A(n —1,d).
Now, we want to prove A(8,3) = 20.
By Lemma 3, A(8,3) = A(9,4).
First, we want to prove A(9,4) > 20.
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Since Golay [1] found a (9, 20,4)—code.

000 011 110
000 000 000
101 011 000
101 100 001
101 000 110
100 110 010
010 011 010
011 110 000
011 000 101
100 001 101
000 110 101
110 010 100
011 010 010
110 000 011
000 101 011
001 101 100
110 101 000
010 100 110
010 010 011
011 111 111

A(9,4) > 20.

Second, we want to prove A(9,4) < 20.

As usual let C~ be an (8, M, 3) code with M = A(8,3) = A(9,4); and let C
be the (9, M,4) extended even weighted code, which have distance distribution
(Ag, Ay, -+, Ag) with Ag =1and A) = Ay = A3 = A5 = A; = Ay = 0.

Using the linear programming we have decided previously, now we need to
maximize Ay + Ag + Ag subject to A; > 0, B, > 0, and Ag < 1.

= Ay + As + As < 203

=M <21

Suppose M = 21.
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9
Then, by Lemma 2, we can replace By > 0 by By > ﬁ <k:>
Since M is odd, A, < %.
Hence in this case, in spite of the extra inequality, all constant terms occur-
ring in the inequalities are multiplied by 22, so M < 1+ 22(201) < 21.
Hence A(9,4) = A(8,3) = 20. [

Sol. (2) A(9,3) =40
It’s known that A(9,4) = 20.
By Lemma 4, it follows that A(9,3) = A(10,4) < 40.
Next, (10,4)—code can be represented as the union of ten affine squares in
F3° which can be obtained from each other by cyclic shifts.
One of the squares consists of the following four words:
(1010000001),
(1100101100),
(0001010111),
(0111111010).
A cyclic shift over five places transforms a square one into a parallel one.
Hence, the code can also be described as the union of five affine code, which
can be obtained from each other by shifting cyclically.
It’s a matter of straightforward verification that this code has minimum

distance four.
Thus we have proved A(10,4) = A(9, 3) = 40. |

Sol. (3) 72 < A(10,3) < 79

Definition 4 :
Ap[n, d,w] code is an (n,d) code in which all words have weight w.

Definition 5 :
Aln, d,w| denotes the maximum number of codewords of an [n, d, w| code.
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Lemma 5 :

Let C be an (n,d) code with d even and with weight distribution W;, i =
0,1,---,n. Furthermore let P and Q be upper bounds for A[n,d,1d + 1] and
Aln — 1d+1,d,1d + 1] respectively. Then

Wi tga+(P=QW, 19y +P > Wi<P.
i=n—1d+2

=n

Lemma 6 :
Let C be an (n,d) code with weight distribution W;, ¢ = 0,1,--- ,n. Then
Y (n—1)W; <n-A(n—1,d).

i=0

It is known that A(10,4) = 40.

By Lemma 4, it follows that A(10,3) = A(11,4) < 80.

But we will prove that this bound cannot be achieved.

Let C be an (11,4) code with 80 words and with distance distribution A;,
1=20,1,--- ,n. It can be assumed that only even weights occur.

Then the constraints in the linear program we’ve described previously are
Ag=1,A42>0,4>0, A3 >0, Ajp > 0,
1149+ 3A4 — Ag — bAs — 9449 > 0,
55A¢) — Ay — bAg + TAg + 35419 > 0,
16549 — 11A4 + 5Ag + bAg — 75 A9 > 0,
33049 — 6A, + 1045 — 22A5 + 9040 > 0,
462A0 + 14A4 — 104 + 14 A5 — 4249 > 0,
and
M = Ao+ Ay — Ag + Ag + Aso
should be maximized.
With the additional inequalities
Ag + 4459 < 17 (by Lemma 5), and
11Ag + 7TA4 + 5Ag + 3As + Ajp < 440 (by Lemma 6),
the following unique optimal solution is found
Ag=1, A, =34, Ag =28, Ag =17, A1p =0, and M = 80.
The most important conclusion is that these are no words in C' at distance

ten from each other.
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Now consider the code of length 12 consisting of all 80 words of C', each
with one extra bit which is always zero together with all 80 complements. It can
be checked easily that this is a (12,4) code with 160 words.

But Best [2] has proved that such a code cannot exist. Hence A(11,4) =
A(10,3) < 79.

Since Julin [3] found a (10, 72, 3)—code.

Thus A(10,3) > 72.

Hence we’ ve proved 72 < A(10,3) < 79. [
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Assignment 2

(0001 1100 0111 0110 1101 0000).

2.1 Decode w

Sol. We use decoding algorithm, IMLD, to solve the problem.

a. Compute s =w - H.

]12

o 0o 0 0 0 0 O0O0 0 0

1
0

1
0
0

0o 00600 0 0 0 0 O

1

0 0 0

0 oo 0 0 0 0 0 O

1

0O 0 0 O

o 0 0 0 0 0 0 O

10 0 0 0 0 0 O
1
0O 0 0 0 0 0

0o 0 0 0 O

0 0 00 0 O
1

0O 0 0 0 0 0 O

0 0 0 0 0

1

o 00 0 0 0 0 O

0 0 0 O

1

o 0 0 0 0 0 0 0 O

0 0 O

1

o 0o 0 0 0 0 0 0 0 O

0
0
1

0
1

o 0o 0 0 0 0 0 0 0 0 0

1 0 0 0 1 O
0

1

1
0 0 0

0 0 0 1
0

1
1

1
0

1
1

0 0 0 1
0

1
1

0 0 0 1
0

1
1

1
0

0 0 0

1

0 0 0

1
1
1

1 0 0

1
1

0 0 0

1
1

0 0 0 1

1

1

(101101101010).
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b. Check whether wt(s) < 3.
wt(s) =7 > 3.
Thus we continue the next step.

c. Check whether there exists i € {1,2,---,12} such that wt(s +b;) < 2,
where b; is the :—th row of B.

wt(s+by) =8, wt(s+by) =4, wt(s+bz) =34,
wt(s+by) =6, wt(s+bs) =06, wt(s+bg) =23,
wt(s+br) =4, wit(s+bg) =8, wit(s+bg) =23,
wt(s+by) =4, wi(s+byy) =6, wt(s+b) =4
Since wt(s+b;) > 2 for Vi € {1,2,---,12} thus we continue the next step.
d. Compute s- B
s B = (111001111101).
e. Check whether wt(s- B) < 3.
wt(s- B) =9 > 3.
Therefore we continue the next step.
f. Check whether exists ¢ € {1,2,---,12} such that wt(s- B+b;) < 2, where
b, is the i—th row of B. If yes, e = | e; |s- B+ b; |
wt(s- B+by) =6, wit(s-B+by)=8, wit(s-B+bz)=_6,
wt(s- B+by) =2, wt(s-B+bs)=4, wt(s-B+bg) =6,
wt(s-B+b;) =6, wit(s-B+bg)=4, wi(s-B+by) =06,
wt(s-B+byy) =4, wi(s-B+by)=06, wi(s-B+bp) =4
s.e=|es|s- B+ by | =00010000 00000000 0101 0000

Thus the original message is w + e.

w + e = 0000 1100 0111 0110 1000 0000. |
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2.2 BRI TR

Sol.

A(z) - (1+mnz)=—(1-2% - A()+ (1+2)", A0) =1.

Lemma 1 :

It 3‘3 +a(x)y = f(z), then y = [ f(z)el @z gy 4 cle= [ ale)de,
A(z)- (L4 nz) = —(1=2%) - A(z) + (1 +2)"

dz 1—22 1—22
By Lemma 1,
n 14nz _ 14nz >
A(z) = [f —(ii)g -ef 1—Zdealz—l—c] e =R

= | o Mgy c} (42T (1—2)"

(1-2)"2

r n—1
_ fﬂﬂyzdz+%-u+z>%"m1—@ﬁ"

(1-2)"%

1

[ 1 (1+z)% _1-n 14n
- B e +el-(I+2)72 - (1-2)>

Since A(0) = 1.

)
"C_nJrl'

n n+1

Therefore A(z) = =5 (1+2)" + A5 (1 + )T (1—2)".
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Assignment 3
3.1n=15 g(x)=1+2"+ 25+ 2" + 2% Decode 001 000 000 110 000.

Sol.
d =5, w= 001000000 110 000, w(z) = 2* + 2% + 21"
By "Decoding Algorithm for Linear Cyclic Codes”,

a. s(z) = w(z)(mod g(z)) =1+ 2* + 27.

b. si(z) =z s(z)(mod g(z)) =1+ x + 2t + 25 + 25 + 27.
shiz) = 22 s(x)(mod g(x)) =1+ x + 2> + 2% + 2°.
sh(z) = 23 - s(x)(mod g(x)) = v + 2* + 2® + 2° + 2°.
sh(z) =2 - s(z)(mod g(z)) = 2% + 23 + 2* + 28 + 2.
st(z) = 2° - s(z)(mod g(x)) = 1+ 2 + 2° + 2°.
sg(z) = 2% - s(z)(mod g(z)) = v + x* +2° + 27.
sh(z) =27 s(z)(mod g(z)) = 1+ 2? + 2* + 2° + 2°.
sg(z) = 2% - s(z)(mod g(z)) = v + 23 + 2° + 2° + 2.
so(z) = 22 - s(z)(mod g(x)) = 1 + 22

c. so(x) = (101000)

d. Since wt(sg) =2 < [(d—1)/2] = 2.

Thus e(z) = 279 - sp(z)(mod (2 + 1)) = 2° + 28.
Therefore,

c(z) = e(x) + w(z) = 2* + 25 + 2% + 2° + 2'° + 001 000 101 110 000. M
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32Letn=15C(z)=<1+a'+ 20+ 27+ 2% >.
Decode (1) 110 111 011 101 100 and (2) 110 011 100 100 000.

Sol. (1)
w =110 111 011 101 100.
wx)=1+z+z3+at + 25+ 27+ 2% + 2% + 2™ + 212,
g(x) =1+ 2" + 2% + 27 + a8
=(Q+az+a2Y) Q+z+22+2°+ 2
O =<my(z) -my(z) >

(1 1] [1000 1000]
JCRCE 0100 00O0°O0°71
pr B8 0010 00O0T1°1
g B0 0001 0101
gt B 1100 1111
g1 0110 1000
JCRRCE 0011 0001
H=|p5 g5 |=(1101 0011
g B 1010 0101
g0 B2 0101 1111
g1 1110 1000
g 33 0111 0001
g2 o 1111 0011
ge B9 1011 0101
B4 B2 1001 1111

By ”Algorithm Decoding 2 Error-Correcting BCH Code (IMID)”,

a. wx)=1+z+a3+2t+ 25+ 27+ 28+ 2% + 21 + 212
s1(z) = w(B) = 1101.
s3(z) = w(B?) = 0000.

b. Check whether s; = s3 = 0. — No, continue.

c. Check whether s; = 0, s3 # 0. — No, continue.

d. Check whether s} = s3. — No, continue.
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e. Check whether y? + s1y + (s3/s1) + s2 = 0 has two different roots.
y> + 87y +(0/87) + g = y* + BTy + g1 = 0.
Let the above equation has two roots : 3¢, 3.
:{&+wzmmzw
B = s3(@)/s1(x) + st(x) = gH
= The two roots are % and 32
coe(z) = 2%+ 2'2
Thus ¢(z) =e(z) +w(z)=1+z+ 22 + 2> + 2 + 2% + 27 + 28 + 2% + 21!
«— 111 111 011 101 000. |

Sol. (2

](3}2 7 Algorithm Decoding 2 Error-Correcting BCH Code (IMID)”,

a. w= 110011 100 100 000.
w(z)=1+z+z*+2°+ 2%+ 2%
s1(x) = w(F) = 0000.
s3x) = w(3*) = 0000.

b. Check whether s; = s3 = 0. — Yes.
Thus ¢ = w = 110 011 100 100 000. [
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Assignment 4

4.1 For RS(2%,7) code, g(z) = (1+z)-(B+1)-(8%+2)- (B3 +x)- (B +2)- (8°+x),
m=-1,t=3, GF(2Y) = Zy[z]/ <1 +z + 2" >.
Decode (1) 08336° 323553198000 000 and (2) 408708235510 000 000.

Sol. (1)
w(z) = BPx + fa? + [P + BBt + [2ad + 025 + p027 + BB,
a. so(x) = w(p°) = g
si(z) = w(p') = B
s2(x) = w(p?) = g
s3(r) = w(p?) = 32
si(z) = w(Bh) = B
s5(2) = W(0F) = 0~
pgyoprogtt | g
boM = | g2 g | @
[514 g5 52]
B e e
~ o
0o g B
(g4 52 g | 32 ]
~ o
L0 0 0 |

c. Since rank(M') =2

e =2.

00

[ g1 2

512 ﬁM

I

01

-]

=09 =0", 01 = '

614
ﬁZ

|
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d. oa=o0o+oww+a°=(a+2)(az+z)=p"+p"2+2°

=a =0 a=03 - (Error Location).
1 1] [w 3
e. =
g g by Che
b =03 b =3 .. (Error Location Number).
Thusc=e+w

= 083%53° 3% 326° 3103000 000 + 0520 000 3°00 000 000
= 0086°5 326" 313000 000.

Sol. (2)
(lL‘) — ﬁ_l_ﬂ'?mQ _’_/8121.4 _’_ﬁSLUS _}_ﬁ?}xﬁ +.T7.

a. so(z) = w(p") = g

si(z) = w(p') =Bt

s2(7) = w(?) = 5.

s3(z) = w(p?) = p¥

so(x) = w(B') = .

s5(r) = w(p°) = j3°.

510 ﬁll ﬁlQ | 513

b. M/ — ﬁll 512 613 ’ 514 ]

512 ﬁlS ﬁM ’ 50

0O 0 0 | 0

BIO ﬂll ﬁ12 ’ 513
{0 0 0 | 0]

c. Since rank(M’) =1
Se=1.
61000 — 611

= 09 = 0.
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.opa=o0p+a2=(a;+z)=0F+zx

=a =03 .- (Error Location).
. Since 1-b, = (%,
Sy =p60 (Error Location Number).

Thusc=e+w
= 5037042333310 000 000 + 04°0 000 000 000 000
= [BY5706263 5210 000 000.
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4.2 For RS(2%,7) code, g(z) = (1+x)- (B+1) - (°+x), m=—1,¢t =3,
GF(2Y) = Zy[z]/ < 1+ x + 2 >.
Decode (1) 0823333235 3°3000 000 and (2) B0G708232 3210 000 000.

Sol. (1)
w(z) = BPx + fa? + [Pad + BBt + [2ad + [025 + p027 + B8,
Ey(x) = w(B°) = p'.
Eu(x) = w(ph) = g2
E3(z) = w(p?) = g1
Ep(x) =w(p?) = 52
Ey(z) =w(pt) = p°.
Ey(z) = w(p°) = B2

a. By 1.(1), we have g = 37, 0, = 3.
b. Ey = " Ey + 7E = 5.
Ey = 3" Ey+ 37 En = 3.
Er = " Ey+ 37Ey = 5.
Es =" Es + 37Ey = (.
Es =" E; + 3By = (°.
Ey =" Es+ 3 E; = 3%
Ey = 3" Es + 3TEe = 3.
Ey = p3"E,; + 3TEs = 3%
Ey=p"Es + "By = (.
14
c. BE(x) =Y Epat
k=0
= (Eo, E1, By, B3, Ey, B, Ey, Eg, E7, Eg, Ey, Evg, By, Erg, Bz, Eua)
— (™, 30, 313, 810, 313, 33, g4 g1, 5. 38, 32, 30, 32, B4, B12).
d. e=(E(8°), E(B"), -, E(B"))
= (0,/3,0,0,0,0,3°0,0,0,0,0,0,0,0)
e.C=WwW-+e
=(0,8%8,0°, 3% 6%, 3% 6", 3,0,0,0,0,0,0)
+(0,8%,0,0,0,0,3°,0,0,0,0,0,0,0,0)
= (0,0, 8,5, 3% 3% 33,5, 3,0,0,0,0,0,0). |

95



Sol. (2)
w(z) = B+ f72% + 221 + (325 + 320 + 2"

Ei(z) = w(ph) = g
Ei3(x) = w(5?) = 2
Ep(z) = w(p?) = p13.
Ey(z) = w(ph) = g
Ei(z) =w(p°) = .

a. By 1.(2), we have oo = (3.
b. By = BE, = .

Eg = fEy = 3.
E; = BEy = (.
Eg = BEs = (3°.
Es = BE; = 3.
E, = BEs = 3*.
Es = BEs = 3"
E, = BE, = (°.
By = BE; = (3.

c. E(x)= i Epa*
k=0
= (B, B, By, B3, By, Es, By, Eg, By, Es, By, Evg, By, Erg, Es, Ey)
— (B0, 33, 32, B, 32, 1, 80, 81, B0, B4, 30, B4, 813, 312, g,
d. e=(E(B),E(B'), -, E(6"Y))
= (0,4%,0,0,0,0,0,0,0,0,0,0,0,0,0)
€. C=W-+e
= (ﬁ,0,57,0,ﬁ12,ﬁ3,ﬁ3, 1,0,0,0,0,0,0,0)
+(0,31°,0,0,0,0,0,0,0,0,0,0,0,0,0)
= (3,8'°,57,0, 62, 5, 3%1,0,0,0,0,0,0,0.
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Assignment 5 5 and 6.2 PR 3E

5.1
EE : BRE-EBRFRS AR - ERREERMTE B ¢ 27l

I | (BRI B DR IR SFDI R EE | BIRTHIE ((sn + 1) BURE
R

FBER. FEM B —E At SFDI
1&5&%%3@ n 1.3%)3;% n E’JEEJ% :

Vo = (U(]Ou Vo1, " -+ UO(n—1))
v = (0107011, : U1(n71))
VU(n-1) = (U(n—l)Ovv(n—l)la T 7U(n—1)(n—1))

Jo i Vo0, Vo1, " ** 5 Vo(n—1)5 V105 V11, " * * 5 U(n—1)(n—1) LIRHIAE » BOE » 1
Z* ko BUE (i + 55, 5)

ARy LUT 514 A1 &

1. #35& (0,0) LT
Bk (0,1) EREEFE

%ﬁmm—nimﬁi
R (1,0) FRIBE

Bk (1,n—1) FEF

B’ (n—1) +s(n—1),n—1) EREF
2. Fdh EEHFRITE 2 B0,
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B EEREI {0<z<n+(n—1)s,0 <y <n} PEBE (2,9) LEFH
BRI RFE nr +y

= vy REENRFE n(i+sj) +j =ni+ (ns+1)j

RiEEE R , SFDI Hi#4

= i such that v, Vigq1, , Vigp HE g

= & ni+ (ns+ D BN ni + (ns+ 1) (x + 1) (B FEHHE

= HIARPER (ns+ 1)1 +1 PHRAFER

FH R M H#EE R 4], SFDI AJ B IE (ns + 1)1 FIEER AU SEER u
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5.2 T M50 W R 15 1 2 [ 258 (AT R
(1) F—TEER o EBA K% —EMR o [EERZRH]  ZBEIAE | 10100
1000 BB —EFE o (EEUS o, B —IEERY 0 EEE 3.

DI EZEARHEE |40 00---0 A 100---0, 010---0, 001---0 , ---
000---1 %va’fé‘ﬁﬁﬁﬁﬁﬁﬁﬂ n+1 1I IIJTE’J TJEXEZ‘? codeword EP
BERELLER 1 B9 codeword # o

1%%%%%%~f 1 BB —ME 1 —3HF m @ bits, BIEREER m T
S HERHEFEE @1, forz =23, ,m; PEEEMER]
uﬁiﬂ:fﬂzzk b EHF %‘é%a 1Ht1l§&%%wvﬁ e El d

" WM EE SIEEEE Bla.b,c.d) , EME%%F»&WET%&H;@/\
AT -

o b LY b a—bc—i(d—c+1) T z+y—1
B<aab7cvd)_2( 1) Hb EFIH C:p

He 7y ARER 0 (BIFRIS o« AN
HEY b [RTSER BRI o HHA M

gt )y RS c EFERR o, BEFEDE i AKX
##}5’\ d+17 E’Jffﬁ/\ﬁl

K b H AR eV BH FER

L4n+ Y ((n—m—l)iB(m—x,w—l,k,j))

m=2 r=2

BTHEEEEATFRHEN  RET—HE/NEAKESE , EFE/NNMEX
— & rEEt H L \‘EH’J@ E’—*Nﬁﬁhﬁﬂﬂ?ﬁ?%&&ﬁﬁﬁﬁ
EE KM codeword ]]infé{.%z

combicount=0;

for (i = 0;¢ < n;i + +)combilist[:]=0;

void combination (int level, int n, int a, int b)

{

int i, prev, flag;

99



if (level< n){
combilist[level]=0;
combination (level41,n,a,b);
combilist[level]=1;
combination (level+1,n,a,b);
} else {
for (lag=1, prev=-1, i =0;i <mn;i++ ) {
if (combilist[i]l==1) {
if (prev>=0) {
if (i—prev—1 < al|i—prev—1 > b) flag= 0;
}
prev= i
}
if (flag) combicount ++;
}

}
I I I B B8R 15 B combination (0, n, &, 5) BIA]

(2) B—EFAY o (EHMRE—EREL o EEHZRH .

BHREMMEL L 1 8 codeword , HRHEMESE B HE A H , A Itk R
BROE R o @ o MfkxE—EER o o HERF &5 ARIT,

n—a—b

HEHE Xoo = 2 S Bn—a—-b—z,2—1kj) B>,
gl
n—a—b>0

FrLARIHERE 00---0 NEZRWVEE A , AL RERFTERE—F
1 B codeword ERIH] ,

BREX codeword Y n @ bits UL E S AR 1,2, n, EMHE—F
VEME « & BIEE—EER o 85 « — 1 MxE—EEN o FHE
Bn—ao, AIRBLTRR

Jj<x—-1<k N jH1<xz<k+1
n—k<zx<n-—j
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BB -k -G+)=mn—-§)—(k+1), FFAATHIE n-—k>j+1 H

BEBn—k<z<k+1810] RZRIFZEE j+1<z<n—jBHIT
2k—n+2 n—k>j+1 H2k-n+2>0

X, =4{ n—2j n—k<j+1 Hn-2j>0

0 otherwise

B THEEEMTFRHEN , ’NE T —E/NEXKERE | EE/NK
iRt E LA ARNE | S8 HE Rk HmE
FEERP codeword Wi & E {E#

combicount=0;

for (i = 0;i < n;i + +)combilist[i]=0;

void combination (int level, int n, int a, int b)
{
int i, prev, flag;
if (level< n){
combilist[level]=0;
combination (level41,n,a,b);
combilist[level]=1;
combination (level+1,n,a,b);
} else {
for (lag=1, prev=-1, i =0;i <mn;i++ ) {
if (combilist[i]l==1) {
if (prev>=0) {
if (i—prev—1 < a||i—prev—1 > b) flag= 0;
}
prev= i
}
if (n—prev—1 < a||n—prev—1 > b) flag= 0
if (flag) combicount ++;
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}

}
IS I b 1K B3 15 A combination (0, n, k, j) BIA] o
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Assignment 6

#HH {vlICz, B|I|<r<m} B—EREINES .

Proof.

BMBHE r=m BHIL . (B r<m, HIFIEERNES B R
BIAEANTE BALEE %?lﬁ%_[.ﬂ/]xm o)

B, BBRZRE o PEERAKN "1, THEES w,) , fla0,
w(vy) = 2™ — 1, T w(vy,) = Oo—ﬂ[,_Z\[f{al,alz, cLat,t<m,

a; € Zm o BAIEEH w(v,) = 22 - BRABEES fiy) =1,y PEE
BIHYTRNSE %‘Bgfﬂi’\o MEEEENSE TLM B FTUREK
EEHRE I FHEESEES 1, PR w(y) = 22 0

HEARIES 18 J BRI w) # w(vJ) At LR o, KR
w(vr) ERA/NE EETHE AISEIREEEADT

11 1 - ... L 1] v
1
A 1
1 0
1
(100 0 - .- 0] wvgz,
R HAFSRAREE n
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6.2 r >3, BW AP(r) =6,
=

215 1. B2 X (U), X(V)] B Pr) 8 codeword . I FRIEHLE P(r) &9
codeword :

(a) [X(V), X(U)]

(b) [X(U+a),X(V+a), BHEE acGF2) .

i2HA.
(a) () |[V| Ul &2 1EE .
(i) Dv=>uo

veV uelU

(iii) > v+ <Z v) (HB [ X(V),X(U)] € P(r))

veV veV

:Zu3+(zu)3+<zv)3 (EB Sv=u)

uelU uelU veV veV uelU

= 3

uelU

= [X(V),X(U)] € P(r) |

(b) () |V +a|F1|U+ o BEEBE
(i) > w

ueU+a

= % (u+a)

uelU

=S u+tUla (KRB U 2EH, U |Vie=0)

uelU

=> u=> v

uelU veV

= E: v

veV+a
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(i) O u3—|—( ) u)3

ueU+a ueU+a

= > (uta)+ (Z (u+a)>3

uelU uelU
3
- T wrar+ ()
uelU uelU

= Zu3+(z u)3+azu2+a2 > u+a?U|

ueU uelU ueU uclU

(KR ZUZZ(ZU)2:sz)

uelU uelU veV

= > +ad v+a? > v+ad|V]

veV veV veV

=Y (w+aP= >

veV veV+a

= [X(V+a),X{U+a)] € P(r) |

W 2. B BEH, AIEE-FEFTLR v c GFP2) , FEE—RHEF
TRy HR =2,

F2BH. & 5 B GF(2) BY primitive element |, TREXFLE 5, 50, 5 HEF () =
(") =" H a+#bRIFER 3a=3b(mod 2" —1) = 3 [ B o — 1, HRHEE
2" —1=4x22-1=(3+1)x 2721, FTLARHERN 27 — 1 = 22— 1(mod 3) =
2" —1=0(mod 3) for r > 2 even , 2" — 1 = 1(mod 3) for r > 1 odd A HF
FAE 5o, 30, 50 R (8°)° = (8")° = 6° H a £ 0 NEBBERFE = HEH
— , B REREFEENA

TA={PlycGF2) Hy#0} KR y#0=y"#0 HARBETAME
— MR ATA (Al =27 -1,

= EE . |

EE. E r> 3K [ 2 odd, BH d(P(r) =6,

2R, B P(r) T& distance invariant , Fr A REZ B IERE codeword FY weight
BNl . ERIBEA P(r) FHY codeword Y395 even weight , BT LA R B F weight
2 K weight 4 B codeword NEFERIT]
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BE% [X(V), X(U)] € P(r) weight 5 2: R |V| f |U| &2 EE , HiR
BEIE 1 (a) , BR|UI=2,|V]|=0. BIRESIE 1 1), BEU=1{0,2} B
t£0=>2+0+£0, BEFE.

BE% (X (V),X(U)] € P(r) weight 5 4 : KRB |V| 1 |U| FRIBE
HREBIE 1 (), BE U =4, V] =0 (U =2, |V| =2 K&
M) o AREBEIE 1 (b)  BR U ={0,2,y,2} , v,y z EBEHEFRHEE . Al
Py + A+ @yt =0=> (@+y)(e+2)(y+2) =0, BB z,y,2 BN
MEKEITE

B |UI=2,|V|=2.REFIE10L), BRU={0,2},V=1{yz},
yz: BAMEE B B+ =P+ 282 =2 0=+ 2= PP =22 =y =2 (IRIE
Hiwm2) BEIFE

= & r>3K B AP(r) >6. LTHEE AP(r) =6

B&E& v,y € GF(2") H 2,y REBEAEE | H#m 2 7S HFEIEHE—
HIFEE 2(x,y) TG 22 = 2° +o° BOL - WIREPIBERFEBREWN «,y #HE
AN z+y+20z,y) 0, BIBR e +y+2(2,y)=0= 2(z,y) =2z +y , UH
(z+y)P=* 4+ =22yt =aylz+y)=0=>24+y=0=>2=y, HIF
JERIHIUATRETE 2,y FEFHTMHEE B P =2+ Rao+y+2#£0 R
AL o BLREE 2 = o, HIRTHER o° = 0 BEIFE , BURFT A LA RSB 2Ry
vy, 2 HREHATEE . UL T TR for v,w

vtw=xr+y+z
V=2t P+ 2P (Y 4 2)°

A oA H c+y+ 200 +(@+y+2)20+2° +9° + 22 =0 5 HP

A=ty Raoty+z40, FIABRMAREG v=2+y+2#£0, w=0 BfF
= [X({0,2,y,2}), X({0,z +y + 2})] € P(r) , IFE o [
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