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%%k« X R1a4% « HK(Claude Elwood Shannon ,1916—2001 )£ B ¥ % ,13
Eiegdl A, 1948 FHFRE(ARREH KK &) (Bell
System Technical Journal) L% 8 & £ 7 F £ #53 L(HB 1%
MBFRE), V9F  FRXABREELERAT A %
MREGBI(RE THEAE). EXFERIF, FRN
RTBRHEAAFM L HTARRAAYREB , RETHRE
WM FARK, FMATREZ T BRAETFHFR ER
G EEGHF—RAEANE, XHRALEIRARE
AN FE,

1.1 SRN%=

FEREREFRNBELM, CEMEERFRANRRENE LR REXRK— 15

BB TR, .
FEREBRIHIRER 1948 EF R EFEHILX “A Mathematical Theory of Commu-



2 ERCEMHE

nication”, 4 T B 7E MR 7S {530 P A R0 B AE B B0 R A, B R AE X A S0 B o A s R
RABREH T ERTRBEETWEE, FEMNEELE T THENEEMAR, E—KEHT
(EFY T R

FERAEEGEP AMMEESHEMEEAMXA, A AHEREFEL. #0, 24 A0
B — B R, BB T R, AR EER THEER.

MTBEIRBE MR EREFRTRMNBEERANERNFTNE, RITSBBHKET
REKFERE MURHEBRRRNEACEZNENAST RNEIANGEERRE, FURGE
MZEATUERE. BAEHERFEER? AMNTEA DT URARFEEEREZRNE
B#E.

1928 4, M43 (Hartley) HAERH THAEREE MBS, - MHEFSH NG
BRAENEE R BUER MBI X BOoRRR . LN, S 38— A BE T AT BB A WAP 45 2R .
IE TE AN ST B LS RATB MBS R EHREBHEEBE log, 2=1 bit, M —4+HEHI%K
FHLURR O~ FHEE MRS, TU— M+ HERBFEH log, 10=3. 322 bit KIf5
BE. XBXHEL 2 HE, FERKENAA bit,

MRFRE TG T HERMAKER M - EEIHENEEERN S BN
ERMEX, EESHEAGHAFEEE R, G, WB—BUREE T, MR E®HE L
HIATREHER 9020 IR A MRITEMWBLREREHHBNGEERSHBANBLERE
EERNAIENEEREX. :

—MHEBZHUSEAFEE EEEAERAAHEE, - MM AELAHIEHENHEE
RASTHEMERRN, MEFEN B RBEN T HBRRBOEBRIMAREE. b, &
BRETN NSRRI, RN TERSHAIER AR EREAHER, i@, BRI
BATEDAMRER  HETAREE ATRETHFE. Bk, FRENEREHR
THFEFANIHEENHR. IHEFTRELNEL.,

RFERIEF R AR EEREEVE, REARER N EHREEILES. B
B, E AR AL EFHEE TR —BR—RUERHELEN KD, EEERT,
RATICTH B AREILE RN, T & X 2l B R RN AR BSRFR . o, ik —
BORE T AR5 AT LA — N BEPLAE B SR R m » T 1 D 45 2R T LUR: IE T a2 13X 7~ R A 3
B ARV ESER.

BATEENHE = HANAHEBRHRDEXNEELR  AXNEE H AR
Xt BR) SRR R R

I(x;) =—log p(x:) (1. D
BEEANZRXNMHEFNCUENEER URERKEBLETHREENRFER.
MREERBEREE , HEERBERBEXARPIIFER.
FEREANERREEN A FREALWAAAEBEEN FIRRE, FRIEGFE
FEENERRRAIGEN. GRBE NARFEENAEITS, B
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H(X) =— > plx)log p(z) 1.2
i=1

KB ¢ RAFHERHEBNN. FEMRFFERIFHARHESHEN XA, ot &R EE
WMHBHEBFYHENERRE. N, BAGHEEANHETHRLEARANGERE
W —HRBENMNEREEEMERAXWMEENENELEARR, EET UM
B AT 3 B 8 2R 3X 115 YR (I B — 1804 4 B8 T A0 ) B9 P B9 R i e '

FERES . FROAREESE TR R LEMOHER, KEERBETHEE. FEE
BEEETEFIE A" KEREGSR).

AR TEMRER EE SRS HRT B AR UEE — R EW S CRE
L RENEENETHFENERMR. TUGFETUER, MAESAHARRFEN
BEHATE, BHRE—MRZHE L. REIFNELE L, RE—HEX FEM—
MEERE. T ANFERBE—HK, MEX EEEARBRKN WML,
B—THENMARKAFEATRAKERMEREWE L. S, F—WSR BRI E
FI TR AMAEZ N TAER AT BB A A [ B9 5 SCR 4 (8, B B 42 i i 18 B B ik
BAR. FUERELENE L EFSFL T HEE —ENRRHE.

1.2 SRIENHARNR. BNIARS

BERIENEEIME BRAREEEN S0 BEBENEBMNERRRE AL SH
FuwREMEYEHEZN. 1S ERRHNTARARAMNNAEERF MEAEFRES5E
BA XM B RNt &8, mE=NIRA VS8R OHEY BRI WME A Y EEE.
EXREZEAFELSFFPERFERNAE. FEREELREZBR N REEHR BT
XfEB—FER%,

FEERNHARMER XWEFRA, CEFANGEEREREHMER — 15—
BB, i 1.1 FR .

A HE  MECFR MR
5 l ame |- E2eE s
T —]
e

K11 BREAGER

XMEMANAESRE AR EE AN FEERANWBFRE CRELEWEN
KHBERRE HERE URRR EEALXMHNEHERL. FEURBHNELEX
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MEREREFEZ ATMELVREFRETHEB N AMMLERBEE B AR ALE
M, HNEERBEGFHTREEMA RN,

EEA—NMEERERET HE T REEBEHNERRUETE . A —-TEREAN
BUORUEE . UAGERARENEE(EE). BERERNIB PR B4 SH RS,
FRUA—-TRER. ATHEGFEAHNHETRESHEGEPERNFES . BEBVEMA
MRS EXRIEBZNERTRESR, TIUEMAREE,

XMEFREFTEDR S ML

) 5

BMEBFEREFEEEMBEEFIINE. FETURA &Y VBRREMEY.
i, &I RESEGEE BT EHFNSR BRI EERREBENELERER, AR
MEBREDHBE-MEE. SHEAREEHEEGEEEFID.

HEAEEMHARMER . XF.F5. 5. AL BR.A%E. HaLfE
BAENS FHEAMHERX BLEFRITHAENZR. HEBWEGS . EERNRE.
R mE BRI A HEN,.BENE -t NIt A EERMEILARS
B RDERR B,

(2) HiGH

HORREHEEREAEFEAANYER XMYBERIFES (MEFES L
B .FES . EWESH . FEHEWENE EEHBMERIK,

MBS A ERAEESANEERDSS. FRASNENEERFENITRE (H
ERE),REFEEARNBAR, XRENTREREGRANWARE. SRABNIHNE
KEGFRAEMBRAEGRERAY. FERAERITERFGEERMNTRETA B KX
FRBGF A ORBEARN — BN, 2 AFY BER . thin, BFHEE
BEREAAHETMIAEE, UERBEEARNERE, MATiLXERNBHA, AHXE
EENUMEE XENTEREGREERNTRN.

ELRMERRED  TRENABRHEERALFEN BEARE LT ZHER
AEHTIRBS HEXSIHAEEN TR, MERTEERTE ML BETLIT, XX
FER T AR M. AR T 3REA B, A — & B 5K 4 X ¥ oAb 7 32 1800 785 30 JR Ok A9 1K
B, METUAF—ENRERKE, W R REAFEUBERERNEL .

(3) f5i&

FHEBBEGRALRMAHEHENESNERREINBBRNENREE, BEFHEK
ERBEEANYEER. FHEHRTEBESUIN EAFHESNIER. ARXWERE
R, LR FEEEVAR BR LA . TRBHEAB SR A RS, XEEE TR
HEKERNEE, T UHEFSRARE, FELTUELMYEWES.

EEEDSIABREMTHR, XE—MEMHREIFTR, ITHHTEERL LERE
HARsm=An THMESHEEZOLFTSREE TR . EREH - MRERF-LN, B8
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ERFFEHOESE, SR EERHNERBMT FHROGES. BEBEMNLS TS
RUSEERNKRE FHRGFEERBINRENE. BT THRRELERLA I,
FRUEHE RS AME B ZE YR EERSHRER,

(4) FHEaH

FEREEFHESHNEENT TN ABEESHTR TR, EREEHETERY
HE. PEBOTHREREELBHEMEEEDLSE. FESTERVHEERLEAGEER
HEWHE .

5 518

BFHEREMEEENNR, NEZHANWA VERHMEEY.

UERINMF B RKEZFRAREENER, ERE-MERA—-NMEE,.FE 4R
WREEA., ZFHMNEFNELAT(RNEER GENLNES , THRERESFHE
REEMGEERMETEERSR. AN, BEEE—ITRA. SR HEREE, W
T EBEENEZMNA LA A2 15 5 5008 5, 500 7 T4 19 395 B (A 38 15 B R A
EYHEE.BEEAMEGRENER, AN EFNFEEEERBERYZA A E
FEBHEE.

EELHRHEXLTINMERRENEBRA BARKYEE, #EHWTF.

O ffaRfER? WEERFR?

Q@ ERBEFRENMLETEEEIERERY

QO MF—-ITEHE, EAAGEENERRRUEEFBIEZ D7

@ NTHREXREBERGEEER N EFREBNIBFHNEINERFSEREZ LT
XELELEEEFB. IERE—-—CHAINE.

O EEREEFARAETRUZBEGFESENGEAAHREHGFRMERERIL
FHB! XEERGERDG . WERE_CHAINE.

® MEMNERFEEN AT —CBENAE FIRTNELHBFSHENREZ D7 XER
REGFEHEB WEREF=ZCHINE.

BETLEER, MRRINXEREHRA THENER  BAERITEGRENRKAETH
AR I, Rt TIERHRGE REMR S R

EXE, BRI AEREHNBESHNFERSERRERITNEF.

(1) sk Ef5 TR 415K B - T L0 H R 48

mTEEENTENH. R TENMXHTENFREREHRRE. 3 E/ 20
ZEG,BALBH 20 FAR R X E LSO 45 B vk 1] i, B o 8 8 B BB E S0
EREFRENFEERREHH 30K LS.

(2) A WfEE KRN BERUE R PR RERNRE

BRI B R 2SR H A 300 bit/s, B &, 78 &1 % 18 2% 59 3 # )\ 4 800 bit/s F|
33.6 kbit/s, DA R BT FHEHRB G K BHBASH T T REE —KRE/ B



6 ERItERHRE

BORUTHAERER &),

) REREFRFEBHONA EERFSESR

ERESHGHMT, BFFES(WREE TR S ME KRB R LURE K T#%
HEFRREEEMBAREEILRME N HGER, JL+HER, AMI7ERX 7K TE
BRTEXRM#HRE. CCITT XTKEBENKN BT RBERFED N 1972 F K
64 kbit/sFEMRE] 1992 F 89 16 kbit/s. FEBBNIEIRH,1988 S EK¥ GSM IndEH B BT B
R FE R 13. 2 kbit/s, M 1989 R EH CTIA tr¥EFHIEF HBEEREA 7. 95 kbit/s, H
BT » 75 P28 B9 3 AT E T 100 bit/s, B RILTE H R IR,

BT, XERRMBI AR —BA 3 FEg.

(D FXELR - XBHERGERIE. TEEIREHRSEROW . HREFREMN
FRRIAGENLIR, AEFENNE FEFARULFRAGERDELFEE, RAE
i ARG R RS R, B BB SRR RS L. XHSN
FREBCHEMERS.

@) —BEEL .- EHRIREFEER. TEUEHREEAHNLAERNE,RERRFER
BHNEN, EOERAEER FSIBBEMB G A A6 S 5 B A i
WU RREEILE.

@) I ERR - EREERE, AMNEEERNTEANE, MECQFERESFERAE
K AR SRR, WEGRH ALERE OEE BEZ HEEEEBTE.
EXE, EEAFRL P AERERNFE,

FREFTEHAERFELREOAE.
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XTEENEREILIERGRS:

1) BEE@E :—1THHMERESEFTESHNERR, ERHBEHNATERRE
B, R —BETHEREEAXNMEEFAaNELR.

Q) BEFRME . —IHHFAUXTFATEHNERR, WNSKXTHAAHX
THXTHRERE.

Q) PHARRE . BRFEM . EHEFAEIERERFFTEETHTHFEER,
ERREROFHYFAFES, LORBF-—BETHRRFLTHTHELER.

W FHEFRE)  — M HARFEHRTA I EHENFYEBE, KN4 XK
WRSFERRTRARHXSHERR.

RAIVER TR B BPEVE BRI T 5| AKX 8.

2.1 BERNOER

2.1.1 HIEE

EERTROVE.FREHPOHEE(EPRAIRES, ME4RENIREES



8 ERLEMER

HUYREPBMBRNEX BEBDN AHEEBK, FHEEURFSENELRERRR
K. MERZEHF AHBEER, —BHALREARBEN, HHFEHESER K, &5
BILFEATBEHRAMEH BN LRAFERKWEFEE R, KEXHEHF, EHHZFH
HE  ABEEN MEEE ORI AGEE  FIEEEN 1 NHEEGHEEUR A
SHEANUEMEER. BEBIEANEBEER [(CORZREHREBE p(zOWRHE,
FHH Ix) R R T AR

(D) I(x) R pCx) KB IR R R . Y p(2))<p(ax))BF, I(x ) > 1(x,) , R/,
HEREMABEHEX, FHEREUETATNBERERER LK,

(2) tREBEHT Y p(x:) =0 B, I(z;) >0 Y p(x)=18f,I(x;)=0,

) NER#ES L. WML ARNEEFRENERENETENS
PIEENELRZAM AR ER k.

AT DAERA , 5 B UL B A ARG REE XX B

EX2.1 MnE4GEERREIAGFALEBREG N HGHMA, L F8 2,
RS p(x) , NEHBERETFELH

I(z;) =—log p(x;) =log 2.D

1
()
I(x) ME2.1HAUEIN LRAGEENEXERW
EABEZMMEHERX. £EHNEXEI0,1]HN, A
FEREIERM,

IxH)REBEFEME L EFH o REUR . FTHEHS
z; REBABEER KRN EREH o KEUE . BARE
Wz TEFARITRBRERENGFERE. EXRFEED,HHE
 REUE . BIEREREBERMDIWEE, L (OB

K21 HAffER ETWEEHERD . EHRABHEER. XEENHE

BT I(x) KA RBEYE, Z RBXAKPMIFEEE.

EiE BB SEANBIESRX,

(D) BEBTEHER 2,5 B BB ALK HL4F (bit, binary unit) . 2 p(x,)=1/2
B, ICx)=1Dbit, EREFT 1/2 WEHEF 1bit HERFSR. i, —BHIEHH
Ef—FiBERYEE Lbit HEERE., KIFEGRLTREANGEREAN, ¥
WK 20,2 A, BE HBVARESF bit B4 B BA7 (bit, binary digit) , 558
BEMRRE, BERE, ] SO HHRFRAREL 1 bt WEER.

(2) ZEHATB L e BB, HIE B EKNENA N L (nat, natural unit), HRHE
SPRATEEGHERAL ¢ HREBEBRTE.

1 nat=log, e bit=1. 443 bit
Q) ITREAMUI0AEEFE. HU 10 AXNBR MEFS BB B

0 1 px)



