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FFE S5 M %L El

The fundamental problem of communication is that of reproducing at one point
either exactly or approximately a message selected at another point. Frequently
the messages have meaning; that is they refer to or are correlated according to
some system with certain physical or conceptual entities. These semantic aspects
of communication are irrelevant to the engineering problem.

—GC. E. SHANNON, 1948

A B FE AR AL R < 3081 9 — D7 B PE — 2 M5 ., 3 — 07 R JECR 0 b 3 0t ) 6 2 o
Ko MH L IXLEAFBRA & M, BTG R ey I HE S SR . A IE T T TR
() AN AH O

—— 4 ,1948

FERECEMN -2 RENE, HHEEMERZLMEAROBIAERS 2%
Lo MEREURANHHEAEERDAL, NERAEER  BHRYE5NEZLE IR
R A BOR GEE AR BRI 5 RIS 2 R B Gk 22 422 B
HEENEA HICHE . R0 R B E 2R 05 B AR R 00 8 5L 5% 0, M 41k A5 BALE 2 58 0 B
POAL 2y — AN B BRFAE . L BB SR 3 e 5 0 R ol 5 06 0 22 4 R R ML) AL 2 R
M B, ARTEST G BB B A5 B Sl T A et S, (R B R A R A 5
W 245 22 4 F) — 6 Bl R

1.1 BB FH#HF L

EIACEI Pl B 2 BCE L . B, A B08 VAL A0 RIS R&
PRBCSF X S R0 BOE Y h BT 7 2R 46 B SO T g B ) T L o 5 4 % B4 26 2% op
B BOF R — R [ I 00 7R R A 2 — S 3 FH S, — 7 T R B S T R T2
) 50 S U 3 B 2 5 O 45 2 4 v B9 IO 57 — 7 T T L4 3 48 7 52 91040 g 75 4 , 5 B i
5 B M, P A5 2 il 52 1) B

L1.1 G ARl

1. 8
[(EX 1-1] B GCRESES . IFEGCHELT —FRBUEE ", £ L TR/ H,



e BFBE LR EAHR

(D) BREHAERS W EE 0,0 EGHEH a-bEG;

(2) B BHBAL ML a.0EG, H (ach)oc=as(boc) ;

B GHEHNITC e . NTE a€G, A ace=coa=a;

D) MFE a€ECHEEH a T a '€G i aca '=a 'ea=e,

WFR G ¥ B — A8 2 (G, 0,

LAE G WBR A — B T WS 8, T AT LR 5T e o ik X} e 1=
BRI & AL TCHICH 1oa BETEIC R o XIS RET =, W SR T HIE N 0,4 FY 3 TG 12 Sk
—a, REMITENEL R ABE . A RET TR B BR L BR N A FREE 2500, B N PR R

LR E SCHY (3D A C4) 1T LA B — AN 25 - 0 F G AR AN TE @b 338, B2 ax =0 Fl
ya=b#1EG PHM.

HHECG, O H L IEAT a6 € G A acb=boa, MFK G NASHBE T Abel BE.

(6] 1-1]  BHE 2 X F X @ ME BB+ B —4 Abel B H A BT 0.4F —
B a TR —a,

(61 1-2] FIRKEZ, XTHn MEBEIHR— W87 6 Abel HE PR R B BB n 19 in
M. 2, XFHin HIRIEB AR B AR R4 70 5 e pt i,

AU T A% 2 I v 1 A — 1 e

SERELa].[6].[c]€Z,,

1 ([a:H—I:/)])—H:(']:I:a+‘1)+c']:[a]+(|:b]+[c]);

(2) [0]+[a]=[a]+[0]=[a];

(3) [a:H—[n*a]:[71*a]+[a]:[n]:[0]0

AT A, O 1R BB T, [n—a 12 [a MY 3 TG .

[EX1-2] ®HEGH—ME2FE, 08 HASERG BB - Z T AL — A BE 51
BHREGM—FRE, E HEGHW—ANTR.H HAG, MFK H BGCH—THETR.

(Bl 1-31 (Z, )RR, +)WEFHE, (R, +) R (C, +)WEFEE, XE T RREE
HIIIEIZ I . 2 Ron R B E R £R RKSE , C E TN UNCR L

[(EX 1-3] BGE-MHUWEGPE - NTEa BN E - bEG HAFTE— B
LR b=a' , MFR G B—DMERRRE .0 RN G BI— A T ‘

[(EX 141 B GRE—IMEE.a€EGa WHE X HEE =1 B B /N TE B B0 ¢ (B8 X R Y
IEREBAFTERIE) o NSRS AR I IE B ¢ RIFAE B4 a IR X Koo,

SRR G R—ANHEa €GN (' |kEZVIE K G B — P8I F B, RO o 4 B 7
MR @ s R a BHH 0] )| =1,

%?ﬁ%’?ﬁﬂﬁ?ﬂ@%ﬂiﬁiﬂo

(E® 1-11 £ G BIFTE— I B RAFE— A TT e, BEfl ea=ae=a, X F G WMWL&
JC a #EWAL .

[(EHE 1-2] X TFREGHME 1 TTa K. 7EG BEE-ADMHERFEE—NTTa ', BEfE
l=g lg=0%,

KTARBEA TH EER A G,

[E# 1-3] (Lagrange &#)% G 2—MHRBE.H 26 B—FREW I H| | |Gl (xR

THIRGIWEF) Wik, iR a €GN o KRG,
2

aa



BIF EBELABESKa ——

KFIERBEA LU R AR

(D) EARERFRAOZMEHAR. R GE DR BIEHHE, A% n 88— ERN
Fd.GHBRIFAE—1TMRd MTFRE.

(2) B GRE—NDH MR a €GN, W a* BB R t/ged(t,k),

2. &

[EX 1-5] —AHR,+, X)ZHBENHE T I &MFH R LK @8+ (FRN
2O X7 CRR R T2 ¥4 5L, FF ELWJE LA R 214

(1) (R,+)&—A Abel B, B8 TH 0 75

(2) BE“X"EAEEHBIXMTAER ab,cER A aX (bXc)=(aXb) Xc;

(3) T Xd ek i 4B, BRS FRA B ab,c ERVA aX (b+c)=(aXb)+ (aXc) F(b+
I Xa=hXa)+(cXa),

— S, T RIEBE, — DR LA BT T,

(B 1-41 R={FrA %) . R %t F %@ hn vk Mk kil B R M — 3%, B TRk
BLR B&AH BT,

MR DR, +, X)EHRFM X HEN a.6ER,H aXb=bXa, MFHHFR,+,X)
R A IR ,

(B 1-51 BAE Z 5CFi % Wik Mk s Y i — 13585,

(6] 1-6] FIRBKE Z, LT n ik MR EIE R —HIE,

(B 1-71 & Flz XA F LA —n 2R H RN ES M Fla X FL2mR M
ik 5 o B H L — N R

[EX 1-6)] #RE—IH,a,bER, H a#0,670,{H aXb=0, M a,b HNEHT . HE
AEZHFHFRIAEZTHTFIK,

AERTHPHEEER — R, (Z,+, O hiEE 2] X [1]=[2]x[4].E[1]#£[4].

KFHRALLTFHERENMER.

D E—NZHEFE, N FTEMEZER » UEANIEERANTT a0 KU BA ab" =
Cab)™,

2) E—TEBEAFHFHRBERNHEERBT a#40,ab=ac=>b=c;a7#0,ba=ca=>b=c,
B id ok, FE— BB ARAE — N E KRB AR A EATHT.

[EX 1-7] —4 3 R M ff— 855, B .

(1) FiEE AWM ab=ba;

() REHAIITE 1:la=al=a;

(3) REAZENHF . .ab=0=>a=0 38 b=0,

X8 ,a,0 ATLER BIEETT.

3.8

[EX1-8] FRELEAPWNLENES X FEXTMZES+H7M“ X", 3 B iR
T 3IMNEMHMRBRELER I iICh<F,+,X>, 7 f{fick F.

(1) FRTTRXTFTBR "M Abel B, H BN ITH 0,

(2) F\{0} X FiBH“ X" i Abel £,

3) WFVYasb,c €EF, Nl /A, B .



- BB EARK

(atb) Xe=aXc+bXc
cX(atb)=cXat+cXb
PRI EASACAT LLBEAT 0 L 0 3338 B, 0 W] LA SE B R 8 B () R AR — A o
AR BCR G H 3 R B B R )3
(X 19 # F & — A0 AR AT A m =1, 1414+ 1520Cn A~ 1A, WA F 1

FEAER O, B0, F MRE RS D01 = 0 M /N E &% m,

(50 1-8] BB Z RR AL RA 1A —1 AL, R4 BECE Q.50 8k
R A B C 13 19 035 A v 38 55 F IR URSAE K 0 f K.

(EE 141 Z, 2GS HACY o REB. R 0 RN Z, BEHER n,

KT AR AT AR 5B S R — A R A R A RS 0, TR A 2

[(EX 1-10] WER-ME.FREE WA FHE MR FAEFE NZEASHE K1
BOIER FNE MF8LHKRE I F 5,

*Eﬂﬁbﬁ)ﬁ@?ﬁ‘ﬂ’\lﬁ??%@ﬁl‘ﬁ,%ﬁﬁﬁﬁ?ﬁﬁﬁﬁiﬂﬁﬁﬁfﬁ;@ﬁ“ﬁf@’l‘ﬁ?fﬂ’ﬂﬁﬁﬁ@'ﬂﬁﬁﬁ
3, B WFR R EBR A 3R F b i g E A B B A BRI F By .

FERZHTHFEML TR G b L8 B RS 25 L A5 BRI 2 — A 0 0 3 3 S il A PR 38K
PAB#ESK Galois 945 F 45 . BRI Galois 8, 3F LA GF(@) %5, b ¢ 26m 45 PR B B

KTAMRBA L TR R,

(1) AR AFFAEVERME— MO MR F RN H R4 F a8 ZEREANTE, G
FERB p MR =1 A4 | F| = p s )R 2 3B RO s FE IR 8 S ) A e e —
W — DB R p" B4 R X AN ik Fe 88 GF(pm)

2) AR FHOBE F, B—0 Nk q=p" WAERE, p 2Z8 0 F, K854 FA4 G
Py Honlmy RZ0H nlm, W F, BB —ANH N p 9 F58, 1 B a€F, & F, H—P %,
HHMNY " =a,

(3) F; =F\(O) K F R A~ H g— L RURTRE. U A BT 1) a € F, 4 at =
au SRR F, 0RAERETUME F; 094 RIEHH F, 00450, 34 olg— D A BT
CHREC (o) WRH AL bR, 4R ANF 2 LS 1026 B0k B0

C B F, QU = p) R AR p BB m=1, 0 F, BAEE Y p o L T
HH a,bEF, M 1=0,4(a+b)" =a" +p .

i p ARB AR €2, I —FEW T a ' €L, T aa ' =1 mod po W
TERL p BRIARE R, Z, N — A B, B3 L GF(p) k. E&uEW, AR GF(), H q
DN p Bp" (p REHD .m>1, LEHAR GFpHRBE R,

2 a€GF(p™) . W a " 7R BT 5 B8k m— 1 8 /N 2 10 2

a=a, 2" 'ta, ;2" '+t a, x+a,
A R I p MRE. 15— T0% o N SOBRZTR, () —BE R m BB
N p BB B AR AT 24 2 i

(1) GFCp™) By

2 a,b€EGF(p"), H a=a,, " a, Pt taixtas 6=0, 2" Vb, px i
bix+by , M c=a+b=c, ,z" o A Etere o xtc , HiH c=a;+bmod p,0<i<<m—1,

4



FI¥ FBELASESRM

(6] 1-9] 7 GF3*)d,# a:2:cz+I+2,b:212+2x+2‘.ﬂﬂ c=atb=x*4+1,
(2) GF(p™) K Fe =
#a,bEGF(p")a 5b WFME LW FAAME ., HEH 0, 2 HBKMRHETF

m—1

Wibm KA, BARTHEHRA f(OBZ, #E d=ab, W d TEREKd = >

i=0

(ab,-)x'mod f(x) ,

(%] 1-10]  @kH) 1-9YF# f(2) =2 +22+1,d=ab= (22" +2+2) 22°+22+2),

(1) &3k ab=z"+2"+1.

(2) BB f(o) =2 +22+1,18 d=222+22+1,

4. ZWIR

ABAEBLOP 7 A BEUR Q. LU R 8 ¥R, C b9 — TE 2T 19 21K T B — 1N 3F
RKPITLUE X RBURF— M8 F EREm.

[EX 1-11] £Tiak

f()=a,tax++a,x"a, EF,i=0,1,2,,n

R @, 70, BB SR F M n RETR,ICH deg f=n, 38k a, N f(O E TR,

Y OB BB 0 B B () RBZTRXAH 0 R, 45 deg(0)=—oco,

& f(x) = DJaa’, gx) = D) ba' € Fla] B m=n, B a,=b,,i=0,1,2,,n, 0|
i=0

i=0

()5 g%, e f(2)=g(x).
F L&k ESICMFl2]. FTHEX Flz]PFRmEmMREZE .,

W flx) = Z ax’ , glx) = Z bix' € Flz] .4 M=max(n,m), X n<m b}, %% .

Aol = Atz = ' =8 =05 % n>m B}, 4 5 b1 = by =-=0,=0, JJ:ISH“J‘sf(I)ﬂI g(I)Hf
53 35 B

M M
f@ = D) az',gx) = D) bt
i=0 i=0

M
EXIEZEE: f(2) +glx) = 2 (ai +b)x" , B f()+glx)EF(2), 4

i=0

Aut1 = Ani2 =" =i — 030,11 =bp12=2=b, 1, =0

Bh, £() N g () 8] 43 B B B
min m+tn
Fla) = z axt ygla) = 2 bx’
m+t £

ENFFIBE . f(x) « glz) = Z (2 abi; )xt VBIR f(x) « g(x) EF(x),

BHWAE(Fla], +, « YR—AIF, 8 ¥R Z K LTI,
(61 1-11] BB EZTRR f() =2 +2+1.g(x) =22 +2€ Z,[ 2], il
fO+glo)=x+2+1, f(x) » gx) =2+ 2" +2*+=
ZIAR Fla] 58I Z 5% 26100, 6 ¥ 2 2L 7 6451,
KR T RBOR Z I RS, TR FLaHBIA T R %4 2520 0984, & 1046
FHAAF Z B



[(EX 1-12] —AHZWK p() €EFlx]HHA F EM AR AZ T, 238 deg p=1. 100
P(OFE F EACE LA BNINR A — 3% p(2) = f(o) g, Horf f(x),g(a) € Flx], M
deg f=0 B deg g=0, ’

H, BT — M HEEBIN, p(OWEKX R AEHHM 1,

[EE 1-5] CERBRER f(2),g(x) € Fla],g(a) 70, W Fla A7 TEME— ) — X £
Wi g()Fl r(2) fH1E f(2)=q(2)g(x) +r(x),deglr(x) ]<<deg[g(x)], IR q(2)FM
R, r(OBRMAR, BHIC r(2)=f(2d)mod g(x), ¥ r(x)=0 i}, 5k g B f(2),IF
R g fF(OBHER, B ()R g ER1EHm gl [ f(2). Y r(x)FA0 B, Bl g (2)
RERR £ iBH gt [, |

(% 1-12] & (O =2+2+ 22+ +a+1,g()=2"+2+1€ Z,[2], N f(x)=
g+ +x+1, H f(x)mod gla)=z2*+x+1,

KU FREFNER . 0 #E FlahE X ARKXHME. R (e Fla]& ()
HR, R g MBER MR ()2 (O g@BARRK. ¥ (M gl AR K
Bolsmmm B EIRECN 1 MARRK d@ g (O g B EE AR IEHN gedl f(2),
g(x) ], #%E ged (0,00=0,

W ooed[ f(2),g(x)]=1 B, Bt f(O M g() HE, BEHEA D -, KRNI RHE
i) 22 30 =X B B v A R S A AR 9 Euclidean 895 . KA, 7E FlLx Jrp to A AH R ) ME— P 5K
o3 ik e B

[EHE 1-6] Fla]HE—ERBWEZHAXAI 53R Fla P AR EHRECH 1 WA
HEZWMAE F P EHZRIF XA 420 AR ME— e (I RAHHENERR DY
W) o

[EX 1-13) &% f(2),g(x) ym(x)EFlz],m(x)FZ0, ME m(x) |[ f(x)—g(x) ], MFR
FC) N g()BE m() R4, 1B f(o)=g(x)mod m(x),

ZWMAMRRAXMBEHRFVOFARXAEELMAER. “BEn(OFRR"E Fla P H—1
FEMRR. MK FRW Flz1532K, f(OWRIRER FloJPhHAE (OB m(2) R K250
RITHBHES. SEHEPTHEEARNE B m(oO RIREHEHEALEFGRLY .,

A Flzl/m(2) %R Flz]JPRBUNT n=deg m() WL EWET R MES , LW EHEm (D)
HEMBEZE ., Flal/m()TERE m () WAk FIe s T IE B — 38 30, F5 R 22 0 X 0 43 2K
W, #—2 MR m(RF EARATAZI, WAL m () B[54 28 ik a7 LUVEBR % M TATE AR
—A iR, XRARECEE TP R AR T

[EE 1-7] MR m(o) € F()FE F EARAI, 0 Flz]/m(x)&—4 4.

mOEHE 1-7YJL R F=2Z,(p NEBO .m(R—Nn KA AZHA, M F[x]/
m()f— B R p" AR, X R, 0] N AT 2 £ 01 2k M i 9 5 2 b R I A BR R
MART A Z TR EFAER? AMTELIEW , B A BRI F AT ZE R IEZEE n, Fla b —
SEAFTE n WA AT A Z TR, AU, AT T A4 2T AR s 8 =X

1.1.2 ¥ Heat

BOL MR BB RN — I BES L EEEBESMARZ2TR P A ERLEEN
A .
6.



FIF FBELEmpzsLa —

.

1. EBEERHY

BBEAT BT Nk ARk Z S8 W] LABOR L 2 B (H R — RO BB AR v B 51 A
FROETE DA B R RR M

[EX 1-14) & a 1 b BHEE 6740, MURFIERLL ¢ {15 a=be, WIFR b BBk a, KWW bla,
HFR b & a BEF T a 8 b ARTEL. TR IR ARER o WIAR & NEEBR 0, R O A as

HH B B 1 8 S, 7 BDS HHREBR A A0 BE A T

(1) blb;

(2) w2k blasalc, W b]c; !

() MR blasblc, MXEEEE .y, F bl (axtcy);

4) W blasalb, M b==+a,

[ 1-8] W a flb ZBE6>0, MIFEREE g, r 15

a=bg+r, P 0r<b

IFEHBE g, r H ERFMAME—RE. LB ERR R, UL B Rk, b, 8% g
PRAa b BRI B r BRM a 0 RIS I AREL

[(EX 1-15) & a,b, - c RARNMALRTHELE WL TEME DKM, B JRIE
ITE B KA A% 8 M (asby -+, BR ged (asbyey0):

(1) d fEa,b,c INILAEL B dla,d|b,,d]c; :

(2) d & a,b,c TR NLIE D ERH, BIANSREE d) 1R a.b,00 e BIALIEL N di<d,

BB a,b,c BRAEXAKN D, WREMNALIZF, NG HMEMNHLSLHEHA
AARZA UL ENMNBE RAABLAFAEIFHEME B, AN RRAAH—& 2 IE

W Casby =1 MFK arb, e RERK. WHRab,-c PAEEPAREREB, WFK
R

[EH 1-9) ¥ ab,c N3 NEEE,H a=bgtc, H ¢ HEHL M (a.0)=(b,0),

X FIEBE a, b, M HUE R 1-9Y 5 RBR 1, AT LR a0 BB KA A (a,b) XTI
PR PR HBRYE . BRI T -

L ro=b,r,=a,b<a;

HArbEroro=rig+r,0<rn<r;

HrEr:n=rg+r,0<rn<<rn;

F 71 B 72t T2 =T 1 Gt 7 s O <t 1 3

7w BR w7 =70

ERER :ry>rn > >r,  >2>0,

M EIRE I RBREARLEERELAE ., H,

(asb)=(rosr)=(rsr) =" =(rp1,r,)=(,,0)=r,

DR L B A e A S 1 N AT LASK (a0 5 3B AT ISR 7 2 sa+tb=(a,b) B — 4L B B0 fit
AR T -

HEEEEEE 217 .88 @b =r,=r, : =710 1qu 1 XBBE (@ D) RRK 12070 1 1
BABKHAS HHEENBERE 3T rn=ru s 1w 2@u . RAER, HE 1. 1 18
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