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ENA,EHFEEEYD, SHEBMAMERNEHRRCIES SR,

EREE G REAMBSEC T F R R MEM L, 1948 4, F R (Shannon) KX T W iR
(FEEZEFRICHEEIE, AEET TRS¥ME X, ASEHISEY 7T AR EHES
Wit EE RO E LBEN TR SSELME, A T IR EFERREARREK,
Bz TEEREBHEIS. 1958 4, BRNAET R TREREFHEREMXTRERLH
FERHE. BEXKER, EMELR, BFRANERREH#HL BHA R, w5 At
MEFHEREBRH ARG, HRAULMELEBBIANEIHENR,

FEREICEGERBEENER, BER TEBERN TR FEMEAREN, 50T %
PR E BAESIRR, T EERENRITARBFRWHEAAREIEL. AT
FREW, RIOEALE R, TERS OPEE, FXUIE., 2IRERFLUGEERRNE
o, A EAIEE H ok AIRERE B UE JREEN

R 5 BB AR HRE, EIEFFRENEREREHRE R, XFRRESTEN
A AU B IS S RITE A BE . SR MBI E M PR E R i MR
BRORES. B MRBHREAN, LA EERBEEN T, AT ESHER TE 22
W1, IS TR TE R BAEDIRSC R, FI A FTRE B & F R, RI MR R T 7
HHTE BRI THEZRINER  AETHRMRES FEER HEHE AT
T RIS AR, R TR A B BRE AT RE A RS EIR, ER Y M RS E
REETHEM AR R,

& 4B R I E A B ERE BRNEAIRE, RE 2 H3HE R EERE
R SR A AT BT ITE . W TREA R BN RDIHET T IHRAR S ITE,
TR EE 2SR X TR AR R S RO , U AR T BEAT R B s X T
i KB W FE BRI, R R e B R R, AT HE R AERA
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FRIEREFEGMEGNEAERLS, ENERERRR X THEEMEBH
/:EXZJ:E"J FEMNEFERERSRPREHGEREE N LERHARER, HIRA R
PHE TR BB RICIZEBRR SRR R B BRI B BUREM R IE AR FE A
%‘I&Tf*@%ﬁuz%ﬂﬁiﬁgﬁé’ﬁ% o RJE NAEX S EMHE BLESLFRMEEEE
LB TEARFTRAN Yﬁb*ﬁ%"%%%i%ﬂﬁ R LG & 2 ISR R, X
Lk

1.1 #BE5ER

15 B (Information) ¥ A — & v 2 17, Fobt 5% SOk BB1R

BEREHFER FEAMGEEER. ZHERH—IT A FRE, B ERH—F N
fa, 1?%#%9’31%@%313@ FRNRBFEIEO. BaftaRERR? FIEHEE
BOFE AR B AE BRE, ERE DM R (Message) . M B AR AE
H‘Lﬁ;#ﬂ@ﬂ:ﬂ‘ﬁﬁ,ﬁﬁiﬁgﬁﬁﬁo HETESERL HHBARETHER. BEH
RIYBIHIE S TEFBE DL, REEH Sk ki R I R R SOEH, T s
H(Signal) ., FERGERWEE, FERAETHER. HHERE, FERENRER E
WL B BRI R E, R R N E B ERYIE L. [HEEHEN
P, A5 R, REEERE R MR AR S, ENHENT T AAREN AR
NARTHE PR R AR AT B R — 8, MZE B R MBrER
Ko BRUNFLA SRR Gk E P IR B TR MR A, AR SRR L
FHRAA LR JUAEEA AR5 ERENERRE, ST R S YRR E
DR SCRZIR R R O BRSO N R R AL

AT G ER TR E B E L RHTEMERAR T B RAE,
EHEANEE SRS & B AHE BRI, (SR S 8B AT B E ;£ B
EAE,EEE TR LR I T EERFEN TR L T RHEH
I%ETJEEIEE’J%%I‘E],?%U\?y’li’%’%1%7~%1§,§\o TJuiéF%?i%l‘?Tﬁ%&B‘Jﬁ@ ?ﬁl@?ﬁ
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LT (ST AR B Ok BRI I, (UK -, Tl R R R
Y T E R A AR T AN E XA T T T A REE 1
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BB RHE . T, (5060 B AR B AR A ROk B % TS 0 2 R 1 R
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ABE BB, LT R— ARG iR . SRR E Y, iy
REPER , AEMER/ N R R AN |, MR E A ARES EERENTY, KA
A 0. RZ, BE/NHZY), I AT REE /N, AW G RN 0, B A S BLAY
W), AT Ko EE ARG, 8RB &R, R W, 550
JRRBUA 2, 5% 8 B 15 B R EALAY EUHRE (bit) , BIFR be A5 ep  BRIEG FRA A A Z A, 9 BRIA
STEERBUN 2, 6140, log? LA 2 NIK p BIXTH, BRI, AR SE S0 0 BUAE R p, U
XA

I = log(1/p) = - logp (1.1)
HEBYIRATEE, WO ZEHRAER .

Z IR LABOG B, B BN FRAT R SO 248 LT 5L AV S (R B i BRI A
RESFHAM BRI, MK BFEEHM Y EZFHAFELZM,

I = log(1/(pip2)) = log(1/p) + log(1/p,) = - logp; — logp, = 1, + 1, (1.2)

B B R—RAHEE M, BEERENATHEEAREERREGHES
B BREHRAHHE X WEBRBERNp (o), WEERHBKH KR A BEE N
-logl p(x) ; ZFHEAREREETRE, MR RAAGE,FE TR EBKE T XNH
B REFRAHEMAHERHENMHRT . FHRAERNEERSF T HERIAHEN
AHERE

R, —BER FHEEERLIRPSZRRE TR, FEKBIHETEALRE A
E4, REWNK, FREREART X THRAHEBHRR, WEEH BN A HE M
SHBEERTEL . AHEENB/NEERERE T8, KA ERBO MR
(ERRTRENGER. BEXTRERE  AEMERISEMZ B, HH RRFLKITE
HE X, REBRIINHEEN v 2B KR Y HEGTREHTABRTHENXTHEX
RIEIRMER A p (2 y), HULFTE LG RABHERE - logl p (21 y) IURE TR Y ER
FHB X MEENAREE ., SITPHME, GRASELKFHE Bl - loglp(x1y)1]
INFREAFEFENFHEE] -loglp(o)}]. —EZEREFERBHTHERE,

1.2 B #fE &

1.2.1 Z81

1. ERIBHIEX
BB X Mm NS ay, a0, a3, , a, | AR TRE A TRV BRFRREZERE
B XHMERR TERGER.
BAEHERE TS BN pr,p2.pss s prs TABERRE
P(X) = (p1,p2, 3+ 2 pm) (1.3)
kg, RO DBEL BFREABSTFHWBERESSN
I =-logp, (i =1,2,,m)
FrUMER & B BN FRH L AERN



H(X) = Z;Pili = - Zpilogpi (1.4)
A, HOX)WMEERG (BT ) E AR, L L1, E RMEBEFH ZEXFEIMTEN
RHERE

R XN S—BE ARG E AR T EE LR ARG, &R EER
WREHBR T, FENEMEEFS P FYMREREN HOMNEER. MXPMEX
FiFL ERBERET EHEMEERASHERBNEER.

FERBHOE BT EREAEHERERN, EEIBTESS XA BFHEE, 5
MR AR —FAHE B, R BT LAE RN B B B, R BR AR p(ay) WIE XBKE
W H(XY) = - 2, > p(ay)logp(xy) s AL p(x | y) ATE M H(X 1Y) = -
DI p(aw)logp(x | y), ENERHEMEIFLL¥BE,

1] EBEES AB.C.DANS, RS HIN 3/8.1/4.1/4.1/8, (1) REFSH)
HiE B AE RIS B8 (2) RIFE & 55 /¥ 5| ABAABCDBADCADCBDABCABABAACAAADCA
BCDACBABCABCABAACBDDCAAABC B )31 . B G BAFEY BAFS BIE R

(1) CHERESME p(A)=3/8,p(B)=1/4,p(C)=1/4,p(D) = 1/8,

BEAKXON.D,.E/FBHNBEBE N

I(A) = log8/3 = 1.415(b)
1(B)=1(C) =logd =2(b)
I(D) =log8 = 3(b)

BRIEAR(1.4) EHE RN

H(X)=3/81(A) +1/4I(B) +1/41(C) + 1/81(D) = 1.906(b/f¥%5)
(2) R SFEIIFREHE 234 4144 B.134 C.74 D,
S BIERA
1=231(A) +141(B) + 131(C) + TI( D) = 107.546(b)
TS EREEN
H =107.546/57 = 1.89(b/fF5)

e EEM HOX)REREEXKBRASHRIT PR, REEMMER; MEAE
FEFIWEY BIEE H RARREVEENSE R, B R MR FHA F L. IR
B IEREE AR,

[B2] —EBRENMERBAERN p=(x,1-x), HHEBBEEE « KELH
ZH(x)o
WB:H(x)= - xlogx — (1 - x)log(1 - x)

x 0 0.1 0.2 0.3 0.4 0.5

H(x) 0 0.47 0.72 0.88 0.97 1.0

HEEHA: (1)x=08f, - xlogx N 0- o LR, HIELIAENEHE
1 .

lim( - xlogx ) = lim
=0 0



(2) B 1.1 R, HRY v =058 1 - x<0.5, FTEL 4y
H(x)Lh x =0.5H % F58, 7€ x = 0.5 LB KME.

2. EREHEXRMR

(1) At BTHEREN O<p < WEL HXHHK
KF 1B, 55 log(py) <0, BILTEA

H(X) =0 (1.5 o 05 i

(2) XFRHE m A p (EBBINF ERH HOBUER m11 —asmnEos
A, HENZ—R BRBRTHERS MRS AT, W
SEEBANFES BEABMMERT L, HE X2 TR AR RBY TR R4
S5H8MH AL FREBEEXEN, TIEHER (a1 ay.a3) (L0 .5 35) 0 (0 T X)),
REM RS, E BB —F, XERHERBEREFEEMER,

(3) MM (FIRFT 5SS AHE B AR B RE, B

H(X) =logm

B R ERE MBI HEERRN p(X) = (p1, p2,p3s s pn), AHE—HEHILRE
Y= (¥ ¥2: 930 ym) R i = 1/p(i=1,2,1,m),

B R AEM,E () REILRE y BN BRI RE WBEYLREL £y, WG TTF
HEAKTHIVEE v S a0 RS, XM ERASER . BARBHXRA

X

E[f(y)] < f(Ely:]) (1.6)
B ST o) < £ prs) (1.7)
B £y H Loy ESRAN
émlog( yi) < log(lz__m;piyi)
RA 5= 1/p; 18
izr:;l’ilog(pi) < 105( gl’i i) = log(m)

i

Bf H(X)<logm
T 2 A A DR A6 15 TR AF 5 M BER 7 A
pr=p2=p3=""=pn=1m ' (1.8)
FE TR, B2 (1.4) X T BB E SO AR 1 B BE RIS B SN
Hy = logm (1.9)

m RFRFEFEFEH. FHilk
H(X) < Hy (1.10)
SEMEERAHERRRNEE, FERERREE - BFB LS —BHFSHEL,
B S 2 B LA SRR 1 B B R B LY R, BT AR SR TR
T ENE L EMEE/DN, WF 2 h e ERE HEE R,
3. BRMELE
5B N B[ RS B 4 SR A B B SO AR R AR, A Ry (BRI S BOFoR .
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MENMF S FHRERMEN HXOMBER, B, M LA a5 A %65 B8
MR B &, LU R, R (BB En. BR
Ry, = RgH(X)

WEEOL T FEEASHMBERNEAFTENE, AP EFSNRKEEMER
(BPE R R A B[R, —STfE TR MBI 2 log2 = 1b, ;X R R I ATH AL 1 A7 A fif
Ib IR . £IT(M TOEIR, HE KR logM s AT — M ERERFSEA R M =2k,
ELan A\t SRS FHEERF L. TEE ! M tff5SHRRXEEMBEERE
kb,

1.2.2 EZBIZEFEHIERH

SEhREE SRS FRAREBEEARREINFS MEMASFI. YFMHHARFS)
(k) FoeE ) e, S BB FE: — B E TR, [FIRERFEF IR E S
BEE BT B ; —RFFIRTE FRZBIB B IR, MFHE—E-E, B iHenE
BEFREE, IME R FA B RARER B 22E . XT8N, 7 B AP oLk 1
B FRZRAFESE T R ERE I ICALGE IR ; FAFZ B E G OCBR 45 TR Al 480
Hitle 5%

WEBFRILICIZEREAEKEN N WFSFI X X Xy, BURFSHENFR
A= 1a, a2, a3, a, | PR ER, & FHBRMBAEEIHNH p1, oy pss s
Pmo BTFFF X hEFRFEGI T, FTLUFS X, X, Xy HBUEER Y

plxyxyay) = p(x)p(a)play) (1.11)
FHt, 75 X, Xy Xy 85 B4
H(X, X, Xy) = EZ'“Zp(x]xz'"xN)logp(xlxg"'x,v) (1.12)

N %, Ty

K¥R(LIDRAK(1.12)18
H(X, X) - Xy) = >, ST p () plag) - play) -

| 2

[logp(x;) + logp(xy) + = + logp(ay)] =
S p(x)logp(x)) + 2 p(x)logp(xy) + -+ + 2 p(ay)logp(xy) =

H(X)) + H(Xy) + - + H(Xy)
Rﬁizj:%qzﬁ{%@,fl(xl) =H(X,)="= H(XN),%B%?$H%{§%% H(X),FTUE

H(X Xy - Xy) = N+ H(X) (1.13)
E XASTRFI WIS 4N
HN = H(X]XZXN)/N (114)
MR EIM TR SR T AT S (R
Hy = H(X) (1.15)

1.2.3 BICIZEBRNERESE
AICIZE RS N & S Z B (B IRAE & A5 22 8] 52 A 4



p(xyxpay) = pla)plagp | 2)p(as | xy2p) - play | xyxpan_y)  (1.16)
MR, KR (1. 16)RAR(1.12) 8, T H
H(X\ Xy Xy) = H(X)) + H(X,1 X,) +
H(X;1X,X,) + -+ H( Xy X, Xoo Xy _y) (1.17)

A& H(X,) = - 2, p(x;)logp(x,)

H(X, 1 X)) == 25 20 p(xi22)logp(xy | 2y)

R

H(X; | X1X;) = - Z >, Zp(xlxzxa)logp(xa | x1%2)

% z %3

H(X]v l X X2 XN 1) = - Z E Ep(xlxz xN)logP(xN i X1X2 """ XN_ 1)

*

H(Xl)BH(le XI)ZH(X3| X1X2)> /H(XN| X1X2 XN-I) (118)
XEBGEH H(X,) = H(X,| X)), GEMAERIBSAHIES , B35 AR
5]

H(X; 1 X;) = - E Ep(x,xz)logp(xz b xy) =

- Z Zp(xl)l’(xz I %) logp(xy | %)

N

FIREHEAER

iz_m;Pf(yi) sf(gpm)
SR p. 1 p(x0) 3 2 (2l 51) o f(3) 3 = yilogy, KBRS i (B )7, R Bt 22
i
Zip,-f(yi) = - > p(x)p(ay | x)logp(xz | 21)

!

il
f(2p) = = (piyi)los( 2ip)
8
me = ;P(M)p(xz | %) = Ep(xlxz) = p(xp)
A | |

f( me) = - p(xz)logp(xz)
RAR



- > p(x)play | x)logp(x2 | x1) < - p(x3)logp(x,)

P XS D ) SR AN, B
H(X;| X)) < H(X;)
X FPAR B RUE TR, H(X,) = H(X,) ,AAA B, BIAR RHEHZ5 R
H(X) = H(X; | X)) (1.19)
VRS G VI oy fut VA = 8
5 XASRIEI MBI S B N Hy = H(X, Xo - Xy) /N, 72K (1. 16) 9, 43 BIBUF 51
KER 1,2, N R (.17), 7%
H(X,)=H =H(X)
Hi=H,=H(X,lX,)
Hy=Hy= H(X31 X, X,)

H.,\>12HJ\2H(XA\'|Xlxz"‘XN-l)

GEfLREE ISP
(1) FEIREF S AR T R S5 B
Hy < H(X,) = H, (1.20)
XIS GRS .

(2) BEE PR N I3 K, 5755 2 18] B AR T 29 RS hn , i S B K £ el s, (3
HITI S BT B M S BN . &R Hy = logm FREICIZSMIETRNE B,
HEEPS|

HyzH = Hy = Hs = = Hy.1 = Hy (1.21)

(3) BEHEFHKE N K, FRA SR Hy SEB&EEH Xy X Xy Xy B

PSRN, 2 N> o B
He = limHy = lim H(Xy | X Xy Xy (1.22)
MR R, R R PR ETRRI(E B

(4) M FHICIAER, RAERBEA RS EX ERFEERFIFSE, W H, Hy,
Hy, o HyERE TSR, XERAARKFFIRGEATHICILERK 2R
B, B RAEE VR TS5 K I B 51 R AR A — B TR P AT R e T RS S
JF B SMATE S JCER  BRZ R BUEE L

[#13] HACIERE BT S AP S H R FEN p(010) =0.8,p(011) =
0.1, REMB KM Hy TS H, Hy Hy FIARERAE Ho o

#&. (1) KM H,

{5 VR ZE M L G102 , A R s B B, B

Hy =logm =log2 = 1(b/f¥%5)

(2) AR A,
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HIHEERELENTS X =0, DR p(X),
B p(010) =0.8 %1 p(110) =0.2; 8 p(011) =0.1 %1 p(1i1) =0.9,
FIH p(x2) = 2oplxx) = 2 pla)plxs | xy)

il, x2=0lflif
p(0) = p(0)p(010) + p(1)p(011) = 0.8p(0) +0.1p(1)
B
: ; 0.2p(0) = 0.1p(1)
E R E— R
p(0) + p(1) =1
&5
p(0) = 1/3;p(1) = 2/3
TEH
Hy = H(X) = - (1/3)log(1/3) - (2/3)1og(2/3) = 0.9183(b/ £5)
(3) FHFSHE H,
EREHKE R 2 BES] X, X, =(00,01,10,11) , HEERATH p(x,2,) = p(x))p(x,|

x|)i’f‘ﬁ,§ﬂ
p(X Xy) = (1208, 1x0.2 2x0.1 2xD.9) _ (0.2667,0.0667,0.0667.0.6)

H(X,X,) = —0.266710g0.2667 — 0.0667log0. 0667 — 0.066710g0.0667 — 0.6log0.6 = 1.4716
H,=H(X,X,)/2=0.7359(b/fF5)

(4) FHFFEH H,

(S % KRR 3 BIES X, X, X, = (000,001,010,011,100,101,110,111) , FAE & AT
B

p(xlx2x3) =p(x1)p(x2|x1)p(x3|x1x2) =p(x1)p(x2|x1)p(x3|x2)
HE., HTFOAERGE REERFMAX, M ERP p(alax) =plaslx). HHEAR
A
p(X,X,X3) = (0.2133,0.0533,0.0067,0.06,0.0533,0.0133,0.06,0.54)
iR LA H(X,X,X;) =2.0249
Hy= H(X,X,X3)/3 =0.6750(b/FF5)

BR A Ho=H = H,= H; FIE,

(5) tRBR%E H.

1% 2

H(X, 1 X)) == 25 2 p(mynp)logp(xy | 21) =

I 2

— 0.266710g0.8 — 0.0667log0.2 — 0.06670g0.1 — 0.6log0.9 = 0.5533(b/ Ff5)
= R A
H(X; | X1X3) = - Z ZP(xIxeS)logP(xs | x1%7)

AR s |
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H(X31X,X,) =0.5533(b/ 8 5)
Ehr b, B TEREEMAS REERPME, N22 UG, KRR ERE 750K B i
Ak, B LA N— oo Bt
H. = lim Hy = JLI{;H(X;\,'|X1X2"'XN-I) =0.5533(b/fF %)

1.2.4 BRIXER

1. BRPXEFENE L FEER

ZRAFICILERM S Z B8, BURARERT S 2 I8 LB AR , BB (A 5 2 4]
KBTS, TR, AMMEH D RB R EE SR BEES/ N TFRET VTS 2T
FEREK BB KT N WFSZRIAFIEXRIK, N AR KE, KBKE V=28, F5H
IR L, WA — B DR BL AR CBR K NV =3 i, S = =M%, M SR BRE
TR RERK R N+ 1EE, M N S RE R G R

BRI, SRR R GRS TR AR R, BRI R N S,
OIRBRAGHE A TR — DT EEE . S/RRIRGFHRMBIRCEKKE N N, IFER
MRS EEL N NS, BARIEZE A LA EN N M5 AR, B 55%oR
B (B I AR 6 HK SR SE A AR, B RS KRB AR E Bk, BIfER N=21
— B BRBRAG IR, B S R AE IR T A MR S — R, AR LA 3, BREER
M ABL L AR T L AR AN TE T8 A BRI 7 SRR AR B, I TR S 14 1 D) S B

2T MEES FAME S KBRS SIA TORET LS R HE R ER SIS E
HIXEE N -1 MBS EXAZFA SRS, BTFHARFSHRE n MSHES. K
BHRN-1HFSHELE L= WARKER, REHREHKERAE L. HEME
LAREFTHHNEEm MESHABER, TREFNPHLTXKRBEE . TR
RIS K EARER SR 2B S E A REE R MRSIERR S
F) 187 B[] R

2. REBBERSEE

ST AEMD/RBRGEE, SRET R BHFSHMEN B ER .. R, EEFIIH
FEA, M ATRF S BB AE A KRR, AN AR S TE R WAL, X ML RS H B
FRESHERSEHERANAES HELFLABNFSHR, TENFSHE 7, #¥%
A 2 RS WRBHE T

(4] S RBREROCHMEZGESE p(0100) =p(1111) =0.8,p(0101) =
p(1110) = 0.6, R ERRERF SKHBI X RIRSHBHE,

W T ORBREEMXKE N 3, B MFS S ERE 2 MESH KK, REdH 2
BB, IEH 4 MRE. 43810 E,=00,E,=01,E,=10, E, = 11, EHB KRN

p(OIE) = p(11E;) =0.8; p(01 Ey) = p(11 E3) = 0.6,
RIEH AL SR S 4 PREFSIKEBIX R R
p(11E) =p(01E;) =0.25p(11 Ey) = p(01 E3) = 0.4;

E =00 %1 0725 %4(0] 00= E,, R SHBAER P(EE) = p(01E)) =0.8;



