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X, Y ML, Z=X+Y.WH I(X;Y)=0 A

I(X;Y | 2)=H(X|Z)-H(X|Y,Z)=H(X | Z) >0
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3.1.15 Jensen &1,
e ER R f MBELAR R X, A

Ef(X) > f(EX)
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B e SR e AU SRR T Se SRR BRI AU, kT —F KR AR ILIZ, 7TEL
21 R AUE SORACZ.

fQx+ (1= Naz) < Af (21) + (1= A) f (22)

SEBR BT DA AR 02 Je SR FOR R BUE. (F234) 7T 53K R B E PR I EE
(Fi1d).

Jensen ANEEIHUE A O] DAS B2 090, IXANUEBR 5 v LR B, FF HAEIRFE
HoAhth 77 1R D8 X A ke B (— Al 2 R RN . A — D2 F R 1
PIRAE M B EATE XS RIEM), A LA AR UE B 7.

Jensen NEFXREXITRIEZEMIEFABBEPEEEENA, TEASEEIE.

3.1.16 FIA Jensen FFIIEERMEXTKERYIEf2 14
it AN p(o) FISCHEE, B A= {z:p(x) >0} WAk >, q(x) < O(FN g Flp
(SR RTREANRD). AR B 3R SRR AN

D(pllq) = Zp ) log i;
(z)
(

q
:—Zp(x)logm
q(z)
logZp 1og ()
—logz
A

>0

3.1.17 FIF Jensen AEHERIERAERIRE
id p(x) = I%I M 35150 3 A, A

D(pllu) =Y plx)log Mii
- Zp )logp(z) + Zp(w) log | X|
~ log|X] - H(X)
>0

H(X) <log|X]|
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nu\

HHAY X RN EI A, 555 AL

3.1.18 XIEFAMAZER
X{l‘a:jlzﬁléﬁ a;, bl(l = 1, 2, c ,n), ﬁ

Zal log <Z al) log ’ i1 bl

EAZIM U EPRIXNAFERMAT, NMiZZMH Jensen AFEF AT BIE] . AN il
AR BT B — DA R I RBOER, BR — N AT Jensen ASEIATUE],
A DB MR A, b EEAIERE R, BT RA S, B

3.1.19 S/RE} Lk

p(x,y,2) = p(x)p(y | ©)p(z [ y)
ME X Y. Z M /RBEREE. 10E

X—Y 2

BRI GE Y B, X Z Mo R —, FRCRES
Z =Y =Y

R A
X =Y —=g(Y)

3.1.20 HEFEM—IRBIXE
WRIHMEAT—FPIRES do, 00, -+ 1,4, J, KIAE n > 0, BEALEFE {X,,,n > 0} 3
J& Markov 5

P{Xn+1:j|X0:i07' Xn 1_Zn 1a _Z} P{Xn+1_]|X _Z}

WIFR X, NS E[A] Markov #E.

B b BN S S FOE AR T TR A o AL, A T 22U 0 b 3
A, VR F N B AR L R BF B AN S S M. TR, BREBHEREEN
PR DIMESE 9 “25 8 4urikaEs, T EERKETLR,
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3.1.21 HWLELFR

X Y s Z, WA
I(X;Y) > 1(X;2)

HAEW7 IR AR . M AR BIEEGEN, Mg — DN ENAREIT; #—5
M AR R ARTENT SN AR EONE, SERGEN. BE LT

(XY, 2)=1(X;Y)+ [(X;Z]Y)

=I1(X;2)+1(X;Y | 2Z)

HF X =Y — Z MRS RBREE, 7 1(X;Z|Y)=04E Y B, X, Z J55).
NHFEMFEIESME, I(X;Y | Z) >0, Fibini

I(X;Y) =2 1(X; Z)

X EANA—TERE . IE: H(Y | X) < HY | f(X))
fEAT: AFAE Sy R A] R
Y - X — f(X)

FH e b FEAN S
I(X;Y) =2 I(f(X);Y)

HY)-HY | X)>HY)-HY | f(X))

HY | X)<HY | f(X))

3.1.22 ZHBEAFER

MWL X =Y - X BIGiFE X, i P =p{X #X}, H
H(P,)+Plog|X| > H(X | X) > H(X|Y)

BETRBAVHSX—AFEXAERR . WRTFTIA, X[ TR A S 20 B
T2 s — A s A A R

MEENAFERPIE A I AR T 8T I, M2 g — R T% 15—
ANE, XEEERNIZERRR N A+ B=C+D, Hh D=0, A<A, BLB,
MW\ A+B=C+ D EE A+ B >C.

AN REZEM MR, BEFENEX MR E. RIEXNNKR, A =H(P),

21



ZE&ERFIIETF = R

nu\

B'= P.log|X|, C=H(X|X). \C HERATUIEX M RIFHERI H(X,Y | X).
EHERR Y, A WS, Y MAZBURER R, B, WAOTMO T C8 4
T (CHRIET B — B IILE).
ET RN RAIEMAERRTTE.
5 SUREAR & )
1, X#£X
{O,X:X

EE MG RIT

HE X |X)=HX|X)+HE| X, X)
—H(E|X)+H(X|E, X)

RS R TR H(E | X, X) = 0, YT

H(E|X) < H(E)=H(F,)

il
HX|EX)=p(E=1)H(X|E=1,X)+p(E=0H(X | E=0,X)
<p(E =1)log|X
= Pelog")(|
Jir LAR] 75

H(P.)+ P.log|X| > H(X | X)

M2 T JaEn A%, FHEGECEALEN, AR LR AFIE X5
AMEVEGIFIA.
Pt AN L AT GRS TR A 15 2]

1+ P.log|X|>H(X|Y)

A 2
HX|Y)-1

P>
log [ X
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4.1 FEARAZR

R-mRREED, 1 HERERIER AL, NP6 lE B IR
AR X —FHATHE BRI —FE AR e B, MRS A A EE
RS Wt ) PR E B — A B AR T, AR AR R4 SE A, AT LA Bh3RAT
B Ky s 2 1) SR B T L 2 Y SR R X R mT DA B R ATTER AR B 5 S R e 2 R AR
o, DARHRE YRR (538 S i 18 R E W] A A TR & S 2 PR ).

R

4.1.1 KBRS
WX, RIS X, ERTALE >0,

p{| X, —X|>e}—0

FEIX — F T FAT T TC A A2 A U 8

4.1.2 SER¥ERE

1 —
_ZXi AR EX
n

i=1
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2 & F KT =R

4.1.3 At E TR
¥ X1, Xo, .., Xy iddo~p(z), %4 n B9 KNE

4.1.4 HAILE
KT 4340 p(r) HIIEEE LAY RFED 21,20, 2, € X" IS, HIFL

2 ) (g, ) < 2709

FEIX—MES, FERAER N — 0o, HEBAEXR ¢ — 0. X T EELER n M
e, FOAT LA B AL 4R

4.1.5 HAVEHIMR
1. AR A E P T R TE R (01,20, 1) € AV, A
H(X)—e< —%logp(:vl, e z) S H(X)+e
2. M n SRR, DARRMER B TR (JLT) #2mmEd g nE, U
p{AM} >1-¢

XA H T2 73 1 E PR SR A B T A

3. WAL TTERANE EFR
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RN IR R 7 2R SR R i, BD

1= > p(a")

neX™

> ) pa)

x"eAgn)

aneAl™
_ 2—n(H(X)+€) ’Agn)‘

4. MAETLENHE n EBARBHTE: 4 n 2B KNA
}Agn)| > (1 —e)2nHEO=)

XA IE B 75 EEA A SR AR M AN S A B 1 5 2 SRk, R

1—€<p(a:”€A£"))

= > ")

z"eAgn)

a:"EAgn)
— 9 nHX)-2) | 4]
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5.1 FERNR

84 BB B ERE, PURATRERAT - IE/NEL K WL 50T
sy SR BIREE, ZORTHER R (XS H S R T, SRR %
THE A ESRAE PR AT T UHEL, B Lol B 25 W AR RS AR R 2R R 1) 26 F
AR EEAE).

R -BEEEGHEER

5.1.1 FEFfidiE
SRR K E n M “Imig” [, 15EG

p(Xl :I'l,XQ:ZEQ,...,Xn:In)

=p(Xipu =21, Xop =22,..., Xy = Ty)

5.1.2 D/REIKE

1. EX
p(Xn-‘,-l = Tnp+1 | Xn - xann—l =Tn—-1y--- 7X1 - xl)
=D (Xn—i-l = Tp+1 | Xn == xn)
2. RoRTTIk
— AN RIANAR 1 5 R AT SR AE 58 4 H H AR S IME R R 56 0 P = (P;) R
fiE, Hr
Pij:p(XnH:j‘Xn:i)

3. AA[Z)

A LR REET UM EERESET A IR PR 2 Z—EERE, HERMER
NIE, TIFRIE 2R AT REER—AN AT 1

4. AR
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PN ARSI E A S HARBERERRKAR TN 1, WKz
IR ] RABE AR A .

5. I ANAR
STAEER a,b € X(FHER), A

p(Xpn1=0b|X,=0a)=p(Xo=0| X1=0a)

Y, PR RE e RN TR AR, A RE AL

6. “FAIrAm
FAE n+ 1 WZPRES RIS n N2 AR, FR A5 A s
.

7. PR R AT AR
A Sy R R BE TR AR S IR M AR AT, i By 2R Al R Dy PR A

8. PR AffAE M
HAMRIRS Y /R RPN ATARNFIERE, NWERERSHE— ME
BVIAAA IR, 4 n aE TSN, X, B0 T PR .
5.1.3 f{=xR

UMW IRAEAERS, FEALIERE BR 2 E SO
H(2) = lim %H(Xl,XQ,...,Xn)
RNTTEHERR, EXTH—1TE
H(2) = lim H(Xy | Xo1, X9, X1)

n—oo

FHA, W FREMENEE (SRE, BXEETFRIMAR, FrilaiREs.
ATTL) AR B R BEREE AT AR XA AT IS R), A - FERES

H(Z) = H(Z)

RKTRAERX — W EETHRA RS AT ARRAR S/RBEREE, it
JiiEN

H(Z) = H(Z) =lim H (X, | Xo1,..., X1) = lim H (X, | X_1)
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0, R RR R R p, HB RN P, £
H(Z) == niPylog Py

XIS, — R TR EE. RATUIYI AR A B A% A T LA L
FAT T IRFIRRE, T LA H 208 2o AT AR A5 GRS MR AE . (EL R 7R TS0 2
BRI PR AT BT HE, B DU WIS A R, SES .

5.1.4 MNIE LREHFZEIREER

AN AR R T L, 7 EERRA A8
fa 2 athis an T~

LomgES: {1,2,...,m}

2. WIRLE: Wi; >0, HA W =Wy RS2 mEEL, W, =0
3. ML AERA: {X,}, Hd X, e {1,2,...,m}

4. MR P = %

5. RS (I0EL W, TRUNEW EHEHE X):

W;

Hep W, = Zj Wij» W = Zi,j:j}i Wi

6. MEZ.

5.1.5 BIMZEZEIED/REKE

3¢ L 3 R IR B RAE AR AN, SR T IS B R R )y
. BANK RIS R G5 1 KR I AR, 7 A FER A o R g (% 7T LA Bt — 2
B

1. PAAN AT 2 NE] PR AE A S B TR o 38 Ok
T 2R — MRS, WAAFEIR A2 2 s AR . T fd sy
TAEER p,q)

p<$n+1 ‘ .T}n) = Q<xn+1 | xn)
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D (p(zn)llg(zn)) + D (p(@ni1 | 20)lg(znys | 70))
D (p(n)llq(n))
D (p(zps1)lla(zns1)) + D (p(zn | Tns)la(@n | 2nt1))

D (p (Ina In-i-l) Hq ("Env xn-&-l))

iXﬁEE?*HXﬂ%EHEﬁ D (p(mn ’ anrl)HQ(xn | xn+1)> 2 0, E'_)Eﬂu?%‘iu
D (p(en)llg(xn)) Z D (p(wni1)lq(2ni1))
X HEAIEM AR BRI E, FIRRE— N ERAE 578 58 BGIE .
2. PRGRATRERE, K0 H(X, | X1) BE n 5900

H(X, | X)) > HX, | X2, X1)

(Xn | X2)

(Xn-1 | X1)

IXFPARARE I IR, R RIS (AR D ok e IE

H
H

.

3. VEMVEREESIN H(TX) > H(X)
EER], X BEEfE A A AR e

H(T'X) > H(TX |T)
(T7'TX | T)
(

(

X|T)

H
H
H(X)

X HEFRZ Y BN AR K e BUE .
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6.1 FERAR

EK—EmRRENE N — X—BF 2R RIS ERmEER, N TR
T AFAE I E 1 W ——Kraft A%, BRI AR ALK RN, RS gmiE ., AR,
Shannon-Fano-Elias #mf3%. &M it I, FIH Kraft ASSEHE 4 € LK
FEHIRE S A BB 5, 45 8 MRS ATREAT I K 2 gitD,  JE 15 K & 4w A 1 RS Jo > HUkr

6.1.2 BIAEFELNERE R

1. AREr 7 9mhG
x# 2 = C(z) # C ()

2. ¥ gt
C(xizy---xy) = C(x1) C(x2) - C (x4)

3. ME—TFIEER: RS AEE R

4. AU w e, BOA AR TR AR RO ETSR, BB (FRATE,
FTULRDI RS, DONE B “RrgR” RIrifE e idy). X—EEEZTHERIRE
(A =)
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6.1.3 Kraft 7%
ST D T RER EREI RS, R 1 L, . 1, DZ

ZD‘“ <1

XANAGE AR WIS TE SR, MR B b 2. 2250, 1R S
HBL—TEH , 25 AP 91 ZOR A E /& 75 Al AR R R A, B ELFE N Kraft A5
By

6.1.4 ==wMEKHRF
HREAGIRAT p FM— D JuFBER, B K e B 2

Hp(X) < L* < Hp(X) +1

6.1.5 &R
AT . THEIDK
l(z) = (log L—‘

p(x)
FET- LA IERT AR, BT SO LR 8 AR ) BE R B A S et

6.1.6 MRXSHE——WHNEHD

L gitdJrse: (Hote it & f SN MERI0) X pra a5 v 1)t BUBER BEAT HEP
BRI PN A A /L (BT RIS IS 715 s BCELRT) 2R e EERT
bR, ELBIFTA T RN . AR R B 5 2.

2. FEME: A4S EGH 2
X =1+k(D—1)

3 EBER: MABBEN, HERERTIIREWRE 2 KR, LR
R TREE R, LB R FE AT,

6.1.7 Shannon-Fano-Elias Z&fg
L gmid % Bt EEIER Bt oAk

F(r) = 3" pla) + 5p(a)

a<x
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RIEI F(z) 8 1(2) B | F(2) )i 16N @ Ho%D, i

1
l(z) = {log m-‘ +1
2. i JERTSERY, W1 (HERIDK 1)
L < H(X)+2

3. UEWIAERTZRAY (FHE): Bk R0 A0 R B0 =+ X TR L, 1

Fa) — |F@) o < gy < 202

Vi | F(2) |1 TAEXNE) [F(z — 1), F(z)] W9, HEUREGT 1(z) BLE NG
AR X AR, XREREAN X A AT — A TC R, T DL AT,
6.1.8 =FP4RAISLLER

1. Shannon-Fano-Elias 4wfid: A& EMEIEEN, SCIIRCRE R A EHF,
KB K

2. BN TGN, AT WEEMK
3. MR E G, FHEMIEMN, FFEy, MR KRE
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7.1 FERNR

X K TR T . X R AR RS, A S A R
X

FEFEERE

7.1.1 BEXiclZiEE

HAA T BER X 7 BER Y MR BRE IR RE p(y | o) MR AR 2%

SRR T XS R BRI, 5 P s A TE k. (GEHL A & I8 H L i)

1.

7.1.2 BHEAREIZEENFERE

C' =maxI(X;Y)

p(x)

7.1.3 EEZREITE
I B I BB S G A B, MR, 2 T R H .

EEAETELERN

1. HAZEAME (5 SR &R B )
2. MIRASTE A G AR B

3. ORI (R ERAE IS, XA ESES)
4. 45 RIS & 1E (AR R4 1

5. 5 FHpr

p(x)) (X ER 5 ZEEH)

PURR/fEIETEH (Z38)
THRITEAMSTEES 8 KRN IE.
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1. HiE B0 f#
FER R AT B5E BN

I(X;Y)=H(X)-H(X|Y)=HY)-HY | X)

FE S PR R B AZ G BT Rh o e ? RATTIIE S, RS TE T 2 45 € i
Y JE X g (H(X|Y)=0), NEFEF

I[(X;Y)=H(X)- HX|Y)
S, JATEFE R (RERN—FTHE)

[(X;Y)=H(Y)- HY | X)

2. BMaEITRE (DEELEEM)
AL 20 i
I(X;Y)=H(X)— HX|Y)
I FLVE R B X R RTHE S H(X | Y) = 0. FT DAL BAS B R R g AR
T H(X) s RAE RISRAE. A A (8 1R B AT 45
C =max[(X;Y) = max H(X) = log | X|

p(z) p(z)

EANEYES S N ERI VR N R iy v e il

p(x) = m

3. BRI R (FREH)
M FEAE ] 70 A
I[(X;Y)=H(Y) - HY | X)

SRR B €. SRIF SRR 2R L 5 1

HY | X)=> p@)HY | X = x)

TeEX

WRIEAEIE, WA R (1 R 0 A, RIAT SRS 2264, 45 F ORI
HEAES R H(Y) BHKE.

PATTRTE A IR AR, =4 AFEI 2 o A I A S e KA. (B B B9 R i )
AU, R RES ARSI A, FTEL, BB DL, FRATRNEZER
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WREER XL (EIEMREBIE NS ATHE S 1T B,
FEANZE RS BN (15 D0 N A2 AR R A 20 A ), BRIV =% A\ A A 53 2 A B g 4 8 A
MIIZI o347, AT AR SE B AR 210 A, IXBIEIER R ARG EAR
A3 CRFRIE”, M ZE SR A BB A VR — BN p(x), SRR RIEH K
WA, MR H(Y)(ZRA p(x) KIRE), MRS A5 KME.

SZEFE, FEREXRMBHUEEEES AZX. BINETRUZAFFIIRTE
MBANEERETHETE.

714 FEREVWESE—MRE—FRRE_TEE

fs FH 28— o) it
I(X;Y)=H(X)-H(X|Y)

H 25 @ I AN 2B e R, Bl H(X | Y) =0. I
I[(X;Y) = H(X)
HUR ARG YE, ARSI A, 1 H(X) BUSERRME. Bril
C = 1;1(25(]()(; Y) = max H(X)=log|X| =1 ¥/ {FHEMEH

I8 B {5 T8 B R 1R AR 241N
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7.1.5 FEREITEE _MEE — X X518
1-p
0 0
P
y4
1 1
1-p

FH T4 tH 45 08 IS R AN REME— B E N (48R 2 E0G DLER XA ), B DAS R 28 — Fb
S
I(X:Y)=H(Y) - HY | X)

MRIEE RN, R R E

HY | X)=> p)H(Y | X =)

reX
SR e R fan N - BB B X 2 ) A o0 A, BT T S5 2% 1

HY | X)=> p@)HY | X = x)

=p(X=0HY | X=0)+pX=1H(Y | X =1)
= p(X = 0)H(p) +p(X = 1)H(p)
= H(p)

AR HY) MEKE N TRAMEE, BT HREXRE (R miaE i
—ATHERR MR B 73 AT —— AN EEIUELNA), P AT A R 20 90 Ar i) At R A 229 20 73
A IXFERUAT LA SE , ARSI A, i H(Y) BUSHRKNE

max H(Y) =log|Y| =log2 =1 LF

p(z)
bk, BIEFEEN

C=maxI(X;Y)=maxH(Y)—-HY | X)=1-H(p) s/ fFEfMH

p(z) p(z)
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B REE R R AR AN

7.1.6 FEASITESE=RE—F TiEREE

B T4t 25 0 N R AN REME — T e N (AR 2 UG DUAS /IR ), BT AASE A 26 — b
Sy
[(X;Y)=H(Y) - HY | X)

MRIEAEIETH A, B ek 2 P S 1

HY | X)=> p@)HY | X =)

reX
SR e R fan N\ - BEER AR AN B 2 ) S A oA, BT B2 A

HY | X)=> p)HY | X =)

— (X = O)H(Y | X = 0)+p(X = DHY | X = 1)
=p(X =0)H(e) +p(X = 1)H ()
= H(a)

B SER H(Y) B, X TRAMEIE, i T3LAERTR, BT R B
WA — IR R ()
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Uy R AR50 A1 R
p(Y =0) =p(X =0)(1-a)=p(l—a)
p(Y =e)=p(X =0)a+pX =1a=a
p(Y =1)=pX =1)1-a)=01-p)(1 -q)
HE T AT DA 55050 2o A 1R 465
H(Y) = 3" —p(y) log p(y)
yey
—p(1 —a)log[p(l — a)] —aloga — (1 —p)(1 — a)log[(1 — p)(1 — a)]
—p(1l —a)logp — p(1 — a)log(l — a) — aloga — (1 — p)(1 — a)log(l — p)

)
—(1=p)(1 —a)log(l —a)
= (1 —a)H(p) + H(a)

FrBL, Al fEiER &

C=maxI(X;Y)=maxHY)-H(Y | X) = max(1—a)H(p) = (1—a) 4/ (5iEMH

p(z) p(z) p(z)

B B{F T8 2 B 1R AR A N

AE=NNBN BN =MEREIE T X—E AR LA B KR

7.1.7 XFREE
EL%VM?%@p@Mﬁ%E%%ﬁEﬁEﬁ,E%%ﬂﬁﬁ%ﬁuﬁﬁi%ﬁ
WIS, HoRomXFRAE & W L 59X FR(EE R ER, By PAn] BLRTAR [E) 2 =003
IT{518 ﬁ%ﬁﬁ)
7.1.8 FEXIREE
RIEFERMERIEE p(y | x) PAEEMWAT IAHE R, HIrAZIRTEREN > p(y | 2)

HHSE.
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7.1.9 SBXEENFEREITE

AR EIAT M, BT E N IR A REME T E R (K2 BRI X
FE), B U 55 —Fh o) i

I(X;Y)=HY)-HY | X) <log(Y) — H(FEFMFHMEFERIAT)
X B2 R H I S AR RN, AT TR B IS IX MBI TS RO

= p@)ply | =)

TEX

X RN, B p(e) = o B, ICEB RIS UR R o(FH), A

= p@)ply | =

xGX

|zﬁy!

reX

B Y B2 00 A, 5K AE log(Y) RE @%ﬁﬁ
Lo LA, SN0 p(x) = o M, BFUEER &, A

C =log(Y) — H(FRBARIERENAT) ke /fEE MM

7.1.10 HEGENESE—EELEL

HEEHEREES B E— ] DIEREZES RN T, 55— R g
R A Y B G R, 7R A SR A A R

BATE SR S E IR 8. 28—/ MEEMM AN RERN Ay, fnh 7Rk
NV BAMEERRMATRER R Xy, BHTEERN Yoy Hd X 1 X, TEAT,
Wi MYy SEEEA (EﬂEEWi/\ “CSEAMAL” MBI IR R AN A —
&) WEMEENEERREN C, BNMEEMNEEREN Cy, FERMIFHIEN
FEAE C.

PAMEIE A 77 AT LA IR A

_ )X Mo
Xy, MEFE( —a)

T X MNP T ERB—EMEIMES ARG, —RILCERITES]
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9<X)_{ 1, X=X,
2, X =X,
SIATMTENENZRETHNEEEENSE, &L [(X;Y) WRIE, AMTREX

Bk fE.
I(X;Y,0) =1(X:0)+ I(X;Y | 0)

=I(X;Y)+I1(X;0]Y)
HFAETHRARME (X=X, 8 X =X,) 5t Y =Y, &2 Y =Y, e, &

6 = g(V). FrUR i KB REE
X—=>Y >4

TRA I[(X;0|Y)=0. Wn L2 HAF B RRE
I(X;Y)=I1(X;0)+ 1(X;Y | 0)

=H@O)—HO|X)+al (X;;Y1)+ (1 —a)l (Xy;Y5)
=H(a)+al (X;;Y1)+ (1 —a)l (Xs;Y3)

Xt AT R F 1
H,(Oé) +Cl — Cz =0
Hor X .
H =—1 —a—— + log(1 — l—a)——
(@) 0ga —a——+ og(l —a) + ( a)(l—a)an
11—«
= log
ey 15 X
IOg —a = Cg - Cl
BT AT A
2¢1
RS TRTe>
Fr LA 135 E S
2¢1 21 2C2
C=H Ci+ ————+C:
(201 +202) T et e e
2¢1 2¢1 2¢2 2¢2 201 2¢2
- _201 + 2C% log 2C1 4 9C2 - 201 4 9Cs log 201 4 9Cs T 201 4 9C Cl T 201 4 9C2 CQ
1

= o e 27 o 2% + 2 10g(2% +2%) — 2% 10g 2% + 2% log(2 + 2%)

42010y + 2920y
= log (2" +2%*)

40



ZE&ERFIIETF = R

nu\

I I T8 2 B I AR A1

_ Xl *E%K 2012?202
Xy MR 22

2C142C2

A Xy A X AR 20 AT (8 45 HL R A5 T8 3 {5 T8 A & AR R 20 AT
AT P — AN B AR AR 2 — PP Bac 2 i G

20 =201 4 9%

PATAT UL, X RER AT DAy SR AT, BT AN 2 IR B A
SLARTEFRIG,  FFIBCE BE TE A B 2

20 =) 2%
i=1
RN X THEGEENEERENEREUEE.

7.1.11 R
15N (M, n) BBRGEEH

log M

R = ECAR /A5 0

2. ks AEFE ([2°R),n) WOFFH], R n— oo i, BAREME A" — 0
3. WHRASHARLF: EERBEMETABEN LR

7.1.12 RGN TEBIICIZEERNS

R
Crp=C =max I(X;Y)

p(z)

BA ARG TE A . (A IR XSS L A F KAL)

41



e
=
&
4
&
ord
du
I
=

\niy
JUy
o0
fIk
SE
¥
H

8.1 FERZR

Wi, DABARR B AR S0 . MR S B Ay MERR . e i
— IR ARG RS A&, THREIE. AX—ENFES G, BN
MERBIALLRES]), XEFHBEES. MR, SXENESENRE

X R
8.1.1 W4k

1. EX: ESMNREPIMREERBOCN f(x), Wkl

B(X) = - / f(2) log f(2)dz

EE, MR ER (X)), TEEEREREN H(X). ZEBEHE

\\\\\

2. WK
—YEIEAS AT (R THEASSZ SRR

X ~N(0,06%), ¢zx)= e 27

HA 15N
h(¢) = — In ¢d
(@) == [ otz
2
:_/(p(—%‘z—ln\/ﬁ)dx
s
= E2[ii2] +%log27r02

1
= 3 In2rec? L4

1
=3 log2meo? LU

42



BFERFIHET =1 R

X BRI RES, NAH T LTy,

T S AL B TE S A3 AT S IR I, ok B30 eR B R 2R 55 B pR B R R AN AR
(SR RN, FERME), HFHRMABM LSRN 2 Ine JEA, B
PAZRN AL, XFEROR N T R Eue B (BN IES A % R AT E e 15
). FEERIX B2 DS B 1 45 5 T B BOR E ki DL 2 R R
AT B A AR

FA=AHTGE, FIAMERSRAR. C X BMEREERECA f(z), W g(X)
R B N

EMXH=—AM@K@M

FERLFH IR, XA SRR R S N, RIEESR ARG 05 (R (8 2 A
BT A S AU R A T AT B e, Rl DA FHBE LA R IR T
ZEE AT B 45 2R

3. o AT B HUR
H(X®) +logA = h(f)=h(X), % A—=0
FIBSHUBAF, A RIIBEAREGEIR X MAHEE, FAAHERRER
JER ) RE
8.1.2 TS KEKARRY /LIS

1 AESEMRE LR EUCN, Jesl S f(x) B 2RJE %S o Hois H 1
HRON eI, R R BN RN BOs TR AR g () BBV T BRI O
iNpi

+oo

f(x)g(x) dx = E[g(X)]

2. WTHMERBERB D EA e BB, BVOHEBI RS 556 =R AL, 7
HIREERS (S5 R B B R e Bl 2), BITHE A7 M A i 1 o

hox) = - [ s

8.1.3 HAAMWMYKE
LB RN E MR B AL (21, 20, ..., x,) BIBENLE R MBS T B A

h(X1, Xo, -, X,) = —?/:ftﬁﬁlogf(x”)dx”

43



BFERFIHET =1 R

2. RS T 95
ZICIERIIT N, (1, K) MR E RN

1 1 T (g —
f(xl,...,m—Wexp(—§<m—u> )

W
h(Xy, Xo, -+, X,) = —/f(x") In f(z")dx"
B H(x” WK @ — )~ (V) |Kr%} da
1

& [5@:” S u>>] ALY

n 1 "
= §+§ln(27r) | K|

1
=5 In(2me)"| K| Z3%F

_ %10g(27re)”|K| g

SZRESTHHNHIBREERER. ZEZWN. ERARTUEEFAERE 27T
LA AR 2/, ETIX-H, A ANERRITE, BRI A
2o R HFACON 2 TT RS WGl e L, ) FH A 20 46 ) P Jo A 2L e

8.1.4 LSS
WX V) = - / F(.y) log f(z | y)ddy
8.1.5 1EXIE
[t
D(fll9) —/fl 5

8.1.6 HIEE

= [ e loe LEY) g
1065 = [ o) o 5575
2
I(6Y) = (X)=h(X | ¥) = h(Y)=A(Y | X) = h(X)+h(V)~h(X.¥) = D(f(x,)[1f(2) ()

44



R F I KT = R

8.1.7 k. HXKE. EEEMNMR (KIEMEEEHIAE)

1.

FARHRAE S (BB —FE): D(f]lg) = 0, MHALY f =g WS o (B EE
AL, F Jensen AZEIEH, Jensen A& IEELLELARIEH)

HAERAES (FIEE—H): 1(X;Y) >0, HEMY X, Y ML S55 M7, (FE
R IERAL, AT AR ST 1S

SRR (B S SRR, BB h(X | Y) < A(X), 4HY
WXL Y S

T R EE SR N (R B #F) -

h(X1, Xoy o, Xn) = ) h(Xi | X0, Xs, -+, Xiy)

PRI (RS i )
(X0, X, X)) < Y h(X)

HAF B EESGEN (R 25 T00 /o i s G, AT —#F) -

I(X1, Xg, o+, X YV) =) T(X5Y | X, -, X3)

i
AR HA SRS (RS —FF) -
h(X + ¢) = h(X)
FTAEMRIESH MM BHRER, RITMEERRZTHEER.
RET#F A EEm (FERARE):
h(aX) = h(X) + log al

il
h(AX) = h(X) + log | det A|

XA FoREMAR TR, X ZRLAE X—PMERESRETRES
m!

T SR S — e [ R (R BRCAN (R -

45



BFERFIHET =1 R

H e — Ml
h(2X | X) #0

PN TS T %A B, 4 T X UUE, 2X BARZHEN. R
BB IS, o 2B EUBENIZA 0. (HRX TR Rk UE,  H TR0 i i BUE
MG B EIFAERCH (AREwtUE, SO TT R AT LA e v, |
FRIEEFER, BOXAMEE, MMETTRNEGE T 0 X R
h(2X | X) = —o0), FrEATGIEWTE XA KA RN 0. XRFBEFANERM !

HREEE, 5 XY M, WE

WX +Y | X)=h(Y | X)

X—FMRAEMMERAEE (ME2MAMBEYIRFNLEEM, nsHh
518) NEERETETEERE

10. V07 ZHERELE S NI, 125735 US55 oK
0 g NAEEMG, HEMEN 0, WIT B4 EN K = E[XX'Y, ¢, Fox
HN 0. T ZERHEAN K = E(X X' IES . R R AR e, A

0 < D(gll¢x)
_ 9
—/gln¢kdx

:—h(g)—/g(c—%) dx

~ i)~ ( f(or-aas - E2)

11. AFEPRHI T, s
DhZRZMR, T ZERNFEHINE P I IER A0 S 5 K
PIEZIR, F8E050 A1 B 5 K1

46



e
=
&
4
&
ord
du
I
=

S8
il
3
]
TiIF
%

9.1 FERZR

X -BRXITRET N EZEANR. X B EENELB L EERGER, W%
%%Eﬁ,ig%%%%%ﬁﬁﬁtﬁgﬁﬁ BT AR E G E R IR
ﬁ%*%ﬁ@@%?%%t*é AR EEREERRIE. s E
SEROPEVICFN @%FF§MF"@Eﬁﬁ\&uﬂ?m%ﬁﬁﬁ“@im 208

X ai%%gﬁf
9.1.1 SHfEE

Yi=X;+Z;, Z;~N(O,N)

RNy

Forp T4 A5 5 IR 1y

HIETUNERERSORESE 3

9.1.2 SHEENGEERE
1. X : DEREIN P HEEERNEEREE XN



BN RE IR A(Y) BERE. BATRTIEA W, X TR Rskid, HAaHie
T IR A R B RAE. BT S B A AT 2 DR ATER 1, AR A AT
Tl T DA A PR . TR ISR AR

ElY?’] = B[(X + 2)%]
= E[X?| + 2E[X|E[Z] + E[Z?]
<P+2-0+N
=P+N

Var[Y] = E[Y?] — (E[Y])> < E[Y))< P+ N
FTCL, S NRAISIE S 0, Bhir 20 P IESH ik, BREER &

5) ks £ i

1
C= max I(X;Y)zﬁlog(leN

f(x):E[X?]<P
AT EE RS E A BRI 2 T EREEEN. NEW LF, X%Lﬁﬂ
B IC I B E G E A TR RN, XM — AR EET: LEE
it 77 2 T8 5 DNk e 7 5 8 H) S ARGl o0 g Ak 2 E&%m%%“m,MA%m
B OB SR, 7 2 e R A N %) PR A 5 s RO SR ), PR 45 e B ] 2% A
5E [ AT P LS A3 70 Mg ik 1 oK.

9.1.3 HhRAMREE

L AGIEGER: 2758 W il EBOESRAT T BUER 2 72, ([EWEEE P/NoW iR
BN DU B, XM P57 U2

P

101
&N

FrCAH 10 X BUERI T P/ NoW sEBr K/ GEES NERMAITE ST ZE
L 10 AJE)

48



|

2 & F KT

au

2. RFEMELLINE S AERTHH U H I 7 — DRI EARRE L, R
AE LR 2 [R] 2 AN I S RIS T, 2 0 P R R A2 R 4t R 7 A R R Ak 3
AR H BeAEMEL P/ N T2 /0, SRR BRI =47, HEEER

AP PR L 74 35 gt BT ]

3. IHE A b
= - z 7
C =Wlog (1 + NOW) tbie/ 7
r— OFf :In(1+2) =
PR A 2
log, 2 = ——
GIEES b b
C—>W'NO—W’10§26= ﬁol()gw Lo/ ¥
9.1.4 HESHEE

1. fEEMR.

Z|.

X, Y,
Z,

X, Y
. "

X, Y,

49



Ny
o

[Quy
&
Fr
&
AN
pulyy
4a

=

Z; ~ N (0, N;)
XoF T N BIR ) DA L B 28 T 2 PR A

el

3. BEERE
C=max ] (X1, Xo, -+, Xi; Y1,Y2,---, V)

A {5 18 A5 TE A R TSR

I(X™Y") =h(Y™) = h(Y™ [ X")

X"+ 27| X"

I

> =
—~
>.<
J
E

TR, A RIS A, B RMEIE AR

P 0
0 B
<X17X27"' 7Xk)NN 07 . .

HLAE ELAAEO R ) R DA ] 7y e 3K —MICAE IR, 38 A B H 31
18 12 NBAE T 45 BV KA

2 (X TR R AR R AR AN T R
ghipzln), B AR SRR KA SR RN,
LAPET

J(Py,--- 7Pk):Z%10g<1+%>+)\(ZR)

%t P, RS HTH




fiets
b =v—N;

Hob v NFHC BRFER] P (ARG, PreMEIER 2

P=(v— Ni)+
H v 2
d (w-N)F=pP
KHEP) () FoR
(2)* = r, #Hrx =0
0, #Hzr<0

T U, JAEE T —MRBHKSHEENEERENGE—EK

& ESEKRE v i1
Y (w-N)=P
RIGHET IR P,
b= (v—Ny)

AR HARN P AR ART, WBIAE] 7 Emai R, S, w2
T ERKEIEX MR ECN 0, AR EE LikigiE, AR P, A824F
gilib}

9.1.5 Siffi¥xtlEEEE
1 (EE R TR B (0 IR v 125 TS 010 2 G v (0 o e M 75 2 o O T s, B

A T8 H A5 T8 1) e 7 2 ST )
MiX BEHS 2 mrE A E(EE, eMEENREAMY, REHEX

B, BUEERB L, MBI ZREE K, A .
PUAEJAT 45 H s R e P (58 BT U 34 -

W Z) ~N(0,Ky), Ky AEXTAHRE. &

Hrp Z, ZAMSL, Z = (Zy, Za, .
$oir R £ Mgk 7 {5 T 0T T N 1 Dy 2 PR o) 0 A2 e )~ 2 Dy R R (R0 B8 v B 5 —

o1



1 2
- Z E[X] <P
FEX BN TS BHRTTAE, 45 HIX AN BRI ) —Fh S ik

1
—tI‘(Kx) < P
n

C=max[I (X1, X, -, Xp; Y1, Yo, -+, Y))

A e 5 T ) (5 T8 2 B SR AL AR DAL B Se b AT HLA5 2 0 i

I(X™Y™) = h(Y™) —h(Y™ ]| X™)
=h(Y") = h(X"+2"]| X")
= h(Y™) — h(Z")
=h(Y"™) — %1 g(2me)"| K 4|
< %10g(27re)"|KX + Kz| — 5 log(2me)" | Kz|
= llog |Kx + K|
2 | K|

AIFBR R AT ETEAN LD, X AR PE R R T M AL, 20K
W7 ZHEREAT 5 AR (#Hﬂé%ﬁﬁﬁﬁﬂ’]ﬁh,L‘,\’@,_IIJLH%%L, AR B
IR AT, a] DAEIR S0 0 i B R AR AL EE. S5 ANER, b —1
W, HMRFEIGE, ARERANEE; RINRFEKRBED FHhihEERERETIIR
HIBRKAE). AT 2 1 A U] SR o 5 ZZ 38 B AT 21 A o KA. X LA =
BN EZNAEFR, MEBEAFN.

K| < i Ky
i=1

KTREANAERXMUEH, FTAEX B S . BAX Fp R REAT 71 2 ) )
MERR#R IS /EIX [ TURFE B Yy, T HLA2 EE .

I5: HERENERFSATUREN ST EST M FEERE, EitE
MFIAZTIEST AT EHITOIE.

it X = (X, Xy,...,X,) ~N(0,K), NH

1
h(X) = 5 log(2me)"| K|

52



1
hX;) = §log 2meK;;

T O B AR R, T

n n

1 - 1 1
h(X) = 5 log(2me)"| K| < S hX)=> 5 log 2me Ky = - log(2me)” 1%

i—1 i1 i—1

FirAn] 45 .

K| < ZKii
i—1

B T EAFSANGES,  BATHT LA a7 i A 1T B A5 R A 4y
TP T Z R FEAT A1) A B KA.

FA AN GE R A VR ERAT, X T 0 A eAAAEBR B S AL T, 45 B XS A e
AT P OR B KME. IR E I EEMEESENRH, K, X A%, Fril
HFEE Ky XA, SRR KiEeg KME. HREXE, BT K,

AFERHERE, FrABERRS il Ky + Kz X AR HAT 5 XS & K fE 2
RER. BT ABRATE S6x Ky BEATX L.

Kz = QAQ"
SR IETRATIT 18

|Kx + Kz| = |Kx + QAQ™|
= Q- [QTExQ+Al-|QT] (LA =Q"ExQ)
=|A+ A

< H(Azz + )
i=1

FRATEIR i 5 TE AR TR 7 DR, ATAS TR (e P (S TE A BIHTE A
R A

il

A= (v— )\i)+

FiLl, SHi el SENEEs SRS LR A o et s by
S B HEAT A 4k
Kz = QAQ"

23



R F I KT = R

SRIEIET ARG A (RO F8 75, BTN R AT HE K R AR,
Ay =(v—-X\)"

SRIG Ay, I f A AL
A=QTKxQ

HIEIECE e

TRV H A=l H AR 2 5 S IR TS IE S R AR, RIEKIA.
o M EEIE, JFRCA LRI EEH , ERERAIN 2, HsehIrAs
2ok, I H IO B A FRE /KL, X B B SRR MR AR BOR
NN BAT ] EE R R

9.1.6 SEXMIEENABU—HFEMES
3ok HEL L 1) L 52 WA SRS RIRAE R RO X £ 1L 7T 5.
fil:
1 2 2
A= 21 2
2 21
SRIEASHNE T, 473 T-1AT Jont s,

i
BB A R 5t
A—1 =2 -2

paN) =detM —A)=| -2 Ax—-1 -2 |=A=-5O\+1)?
-2 -2 -1

FTEL, A RHEA A =5, Ay = —1(55). # F AR MOM B AASAE 11
(5] —A)x =0
e

x = (1,1,1)T

o4



BFERFIHET =1 R

AT B AL (FRATT TR R it 2 R A v T 58 A 7 V2K R AT ) 4 B ) R R TR A2 4k
€= %(17 I, 1)T
T A= —1, KRk
(=1 —A)x=0

it

xy = (—1,1,0)", x5 = (—1,0,1)T

BEATARUE IR A4S

1 1
e = —(—1,1,00", e5 = —(—1,-1,2)"
2 \/5( ). es 6( )
FrUAn] 153 IE S HiRE T
11 _1
V3 TV TG
T: <61762763> = \/Lg \/L§ _\/Lg
L 0 2
V3 NG

HAX AR5 2% A1 7o uxd BARFAEAR 6 A1 F

5
TLAT = -1
-1

X B IHA S LK MR E AT REPE XS SEXSFRIEFE AT A LRI PR 15 SR Rr ik
LI BIRFAEAE s SRAERE N RFAE (RS B KR AL [ B RHRFAIE 1) B AT fl Ry
PRAEIEAZA s SEFRIE IR SR 5 AORFAE P RS R R R,  BION AT 75 22 (0 IE A2 HR
B, TR FH AN RE R 2EAT 1SS 79 2 PR JEUREL B X A3 TG A BRI R AR AR (FE 2%
PEAREEIR HUER] 1 SEX FRAERE — € AT LAX f1k)

FHIEEMFFHERERRBE LB P EMREN, XEFEHREH— TS
FRIEZALRYIRIEERE (LA TR, M2 1 sideE).

W oay,ay, ..., o 72 n BERIRAS RN — 413 (X B R IEASATVERS T X R
B FRRFAIE ) B A AIE ). B Seh o H—A0 (RERL BT B R A X = 5 X
RIRFIE ) B AL ), 2 N

1

- [e%]

95



-0
s
m

W4 = R

IRIGRT iy JHEATHRAE. N TSEILIERS, ERME a, LIEHAE ) LR
By = oy — (042781) €

WIERILIA 1

_ By
718,
BT A — N EHAT IERA L. H—4k, BRI ER0bsE AL 45
k—1

Br=on— Y (ane)e
=1

B

1Bl

€ =

9.1.7 wRIENSHHEENEERSE
1. WEiR:
XHFIeid s (e BARSNSL) s EIE, &G Zﬂﬁ‘bﬂ1a RS ¥
XFELIZ (EFEMSR) MEifEE, RESIEIER 7 EEm.
2. HidlLmEER G IER &:
o mE

& |Kx + K|
C, = max l L
Lir(Kx)<P 2n | K|
A ST
Cprp = max S lo |Kx 17|
" Lir(Kx)<P 21 | K 7|

n

TR R, fFEEEA R AR B

3. RO TAICHZ m i (E TE (5 T8 2 52
SINRGREEREERTT, I HZAZIRIR G 7350

Corp < Cut HAE/AER

ol
C(n,FB < 2Cn

4. UEW] BRSSPI E e A
X A FEAN UL A I IR IR, XS AR A S5 UM AN SE 2 e I AT A
BRWHINEM R, ZIMAETREE b th g i sm i XA B AR SCH Ty . i AAE 552
RIS A m] e FH 2.

26



|

2 & F KT =R

o

KT N2 BRI XL, b B B ARt &R AT Z ARG
SOBHT e EE S, EEIRATRTE A o4, ([SESER T LU | Ky |
MKy + Kz| WHEL S — a0l 2@ LM o7 ZH R E R R, B
NN T H=AEERIRS, BEREHITIT A, &3 — N Rk
FVIANG RN R LG N, 525 AR %

o Kxiz+Kx_z=2Kx+2Ky

Kxiz = B|(X + Z)(X + 2)"]
=EXX"+ZX"+XZ" + 27"
= BEXX"|+E[ZX"|+ E[XZ"|+ E[ZZ")
Kx 7= E[(X - Z)(X - Z)T]
=EBIXXT - ZXT - X7V + 22"
= EXXT] - E[ZX") - E[XZ"| + E[ZZ"]
2]

Kxiz+Kx_z =2(E[XX"|+ E[ZZ"]) = 2Kx + 2K

o XWFARGCEMFE AL B, #5 A— B RAGUER, WA |Al > |B
X#ITHIR A FR OB RITITE, FIAESTHIRSE.
it C=A—-B.X;~N(0,B), Xo~N(0,C), A

Y = X, 4+ Xo ~ N(0, A)
EUIEM |Al > |Bl, FTUAEACRIE A(Y) = h(Xy), [FIRFEE—ARIERR
WMAEXANHMERZERZEIMR. AN, kK HERERD (B2
FIESAF) . EROIRNL A SF. X HEIRATRI 2% A 0e sk o>

h(Y) = - log(2me)"|A]

WV

(Y [ X5)

(X1 | X2)
(X1)
log(2me)"| B]

Il
N = > N

o [Kxyz| <2"[Kx + Ky

57



e
=
&
4
&
ord
du
I
=

AU IRATTIER] T —A 45k
Kxiz+ Kx_z=2Kx + 2Kz
WA=2(Kx+Kz), B=Kxiz, C=Kx_z T/, FIF E—%41H
[Kx+z| < 2" [Kx + Kz|

o SFAEFEMME A. B, Mo<A<L, A DA+ (1 —-NB| > |AMNB
AW HNEV AR ERNEEZRNEE. M EEIERERERE, &
B 0] LU A2 U IR A0 W7 22560, sEm A O Bk g, — 12
ER&MEE (XERBINTIN B/ AERMENLMEEE—XTRREHL
TEMLMEE), ATUERS—MHEHESRERIUXAPENEE
—, AR B ES ORERE, FASIANRMTE—RATH
FR SRR
i X ~N(0,A4), Y ~N(0,B)

L R
Sl 2, MR-
PL K
X, #6=
7 , 0 =1
Y, #0=2
TRHE
Ky =M+ (1-\B
T7, A

%log(Qﬂe)”P\A +(1—=X)B| > h(2)
> h(Z]0)
p(0 = ai)h(Z | 0= a;)

—p(0=Dh(Z|0=1)+pO =2h(Z|0=2)
“A(Z]0=1)+(1-Nh(Z]|0=2)
—AR(X [0=1)+(1— (Y |0=2)

= M(X) + (1= Ah(Y)

=\ %10g(27re)”|14| +(1=A)- %10g(27re)”\B|
= log(2me)"| AP B

(S48
oo



o |Kx 7| > |Ky|
MEFEAT AN IRANEE S, AR S B IV . 2[R B 7 Z 50 R A4 i e
WA E, A

WX"=2Z") =Y WX, = Z; | X' = 271

=1

> WX - Zi | XL 27 X)

=1

=3 W-Z | X, 27 X))

i=1

= zn: h(Z | X8 27N X)) (HFR(=2) =h(Z) +log|l]| = h(Z))
= Zh(Zi | Z7Y)
= h(Z")

5. S5 IERT:

o Corp <Ch+ 3% HORE/MES

Corp= max - log X2l
" Lir(Kx)<P 2N | K 7|
1 2Ky + Ky
< max —log——F—-%
L r(Kx)<P 2N | K|
1
= Cp + 3 EEARE /AL Ha
M n,FB < 2Cn
1 K K
Cn — max R log M
L(Kx)<P 2N | K|

|%KX+Z + %KX—Z}

1
= max — log

Lir(Kx)<P 21 | K|
1 1
1 K 2 |\ Kx_z7|2
> max _10g| x+2|? |[Kx 7]
Lir(Kx)<P 2N |Kz|
1 K 2
Lir(Kx)<P 2N |K 4|2
B 1
_2 n,F'B

29



Al

-,
(s

REIEIR

Al
Juy
fk

10.1 FERZA

XTI TR I AE R, LI BA R 2 B R 5Kk
R HTHE, R R ER—E . X BRI EH Ak, HI184—T
RIFFRA KB e 8L R, IR 55 (e,

R B R RN R

10.1.1 FHRELEHEP

B N BT, X EAR LT R SOV R O T IR AE IR S
.

X EEUE I, JATAT MR IO R R giS s X TELRE R, JRATRIETCIBIATH]
Z /D R G IERE I A — NS, WU R RA AR T R H g,

MA—NAEE, HELTERARGEA R RIN. BN EE, WRBFRHA,
T FRATR] CAREAT SRR FE R Rt He e, RIS Vs gm s nT ASE R, T RA 15 Vs g i gk 22
i BB O B [ i AT S iR AR Rs. IRt SR VPR B0 TR IR gm i e A A ). H52
RERIE KRG WO 5 BRI, SR ReERE B em R (F0r
TAERBIERAIER). Friiil, SEMA RN, BRINTFERBEBLEMERERNE
X, RUEBREGENFRFRIELR. X— 5 EHHTT R 2 XA L

BEZ, I—ERRNRLEREHMZ: THEETRNARITRERR THEERNT
., BEEERHNRME, BERARTERAFSHEABIEERER.

10.1.2 (kEEE

BRI T E R AHE TR SO VR ECAR DL SRR 7, R ABATE Fe 2 R H
BEATREAL. H AR TR U P

L BHEE: WPRE (REMFRE)



Ed(X,X) = p(X # X)
XBRA AT EHUME, WA R oA
2. BEAHY: FIIRERK
d(z,2) = (z — &)
X RE— BTG, WIESS.

FERNA, BATWT T E S B2 R8 R A 3 P ABRAT IR TR L R R
—ANERE—HF A

A A
dmax = max d(z,2) < 00
reX,2EX

HARCK MR R, — B H 24 L 3 R B SBR R A R 5% 31 R S ok
HIERRAREER, R ANMER, RANEGEK . W SZR b RS 5 A ERATH)
TR KHAE .

10.1.3 FHELHEMBEHKE
(277, ) 5 UL
1. 4wt pRi %L
fo: X = {1,2,--- 2"}
2. PR
gn {12, 2" & A

HAREE SN

D =Ed(X", gu (fa(X™)) Zp 2", gn (fu (27)))

10.1.4 ZFREKEEFH
WK (R, D) RAIEMN, HAEE—A (27, n) TRIA, H15

lim Ed(X", g, (f, (X™)) <D

n—oo

EARATIERRAN (R, D) M7 RRE X W42 NRE D, RREXIEA
RIS RN AR SRR O R R HpR L

XARFRARBHE L, PIERBE, BINTANAEEXNEX, MEESE
REERY. AEBRIE, W THOLFEDAAEE, REREAFRHRLT, RRAEREM
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BFERFIHET =1 R

XFRLEE B AR R B A, NI RA I 5 B AR R AL

10.1.5 EERLEERH
BRI BRI E

RY(D) = min I(X: X)

p(#l2):, 5 p(@)p(lz)d(e,8)<D
AN E S E X ARG TR T, W2 K E RSN A T IREE IR

P s NG, WX TIXAME BRRE R 42 RIEAF R ZR (F

M%) TSN EARR, EE /M.

10.1.6 EEXRLKERHMEETEMEER

(1) 78 A

D

(EREES
C' =maxI(X;Y)

p(z)

ERNMEIEN R mEE ), RIMPOZFEERSHFHE, Riz5FERILX. H¥Y
HERESHFEENREEGR, AHRERTENEESENZMW, ERENEIRTSIL
BN EBEFHIEEEEXBERNERASE, NMEFEEFEEN SEEREE K.

BRI H R E SO

RD(D) = min I(X; X)

p(2|2):22, 5 p(2)p(2]z)d(z,E)<D
B BB RARBAN ERIEREER, E5FETK. AEMRBEEDLIREBE
FHEEREREIRINEERSE, MNNEHE SR KA RIS FEREEA L.
FTbL, fER(BIER BN FATRRAF pe) FREEERKE, MEERREERE
TAFE p(2 | 2) THEAG R HRME.

10.1.7 EERKLKEFBOKFEILFE

RN AR (5 B AR R H BRI g iE, Haadgrs]—
(Hy 45

&

A H Ja

o HERMR: I(X:X)=H(X)-H(X | X)
FEBEEOC IR IE KEIE R BRI 7, WATTHR 7 IR AS R 70 i 7
X AERE, 77 E, FOEATRENEZ S ar), B H(X) 24
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BFERFIHET =1 R

o SIANKE (XEBAV A& HIIEIE):
BRUER:
Tt (Blan: ZTABFIEIR) 5%, SINXBARENGEZ

HX|X)=HXoX|X)<HXaX)

ERWSESE
0, ==z

XoX=dxzi) =
1, x#zx

T (Fin: BHHASHER) 2%, SINXBRENFXEF
R#EEREN
H(X | X) < H(P.) + P.log|X — 1

HT P.=ple #2) = Ed(z,2) = D, FrRAEX BN KERZ
H(X | X)< H(D)+ Dlog|x — 1
EEIFR: SINERREXRENHZER
MX | X)=hX-X|X)<hX—-X)

o KRR H(X | X) B KME
FESINKEGE, Ehr ERMFERMIZE H(X @ X) 5 (X — X) 1
KAB. B SRAFE A F K B U B 4 s R A R B KA 499

2. BE ST AL IR
SEBR b R A R S S LI K H(X | X)), 5 H R R AU E.

3. RAgtim FHE

XA GRS, IR D) ZBEIX — . SR ERRAEIE, FRATE R MR 2K
FOR B 20 5 R IR N (U RNE RS R R 5, MRS AR UE, P AR KRR
HOEAR U, ML BEBA] ERR RS 2 s B, JRE D 2 is KI5 2 1 e
HUE AR, X T RTE 0 i h 30H F 8 2l— 4 AP R J K TR FHE
I, AN ZARE S AL S B Rl 2 205K, RISRAR R BN %N 0.

e FHEL A SR AL SE PRl B, it AT T SRS 2R R R R Oy 0, 15211
D w2 mAH D.

ETR=NDNT, BIOTAENOF AR RREERERBOKBET HE R =M3]
ANKERTTIE.
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10.1.8 ERRXERHOREGF—HEIER (NAXE), AR

RN, BT A eSS AME IR DO R BT AR R R HOR AR,
FINKEITTE N B
BT BAE B AT

I(X;X)=H(X)- H(X | X)
RIEGINKRE. X T B, RANKRER, SJINKRAERTTEN
HX|X)=HX®X|X)<HX o X)
FE A SR SR8 1) B R AB B AT 159 BLAE B B /M.

I(X; X) = H(X) — H(X | X)

(
= H(p) - H(X ® X | X)
> H(p) — H(X & X)
> H(p) — H(D)

XHE H(X & X) < H(D) BT FR 5 A e 1 s i R 20010, hF

N 1
0<p(X®X =1)=E[d(z, )] <D<min{p,1—p}<§

AR R oA (ZHON p) BIRSTE 0 < p < § WBEE p BB, Brif

H(X @& X)< H(D)

XAERATTE R 75— B JAI0 E 555 OL I SR A, AT el 0, 5585
ALl
H(X® X)=H(D)

Bl p(X # X) = D. FrLl 13 it id

"I

i — W REE IR A, XD R R ((HR R 5 ), B4 AT SR AR ) 5 2%
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HRECN 0, BEINR D. 2
H(p) = H(D) =0

&
D = min{p,1 — p}

i BRIk, B TS RUEIRAE DU R B & T R R R

R(D) = H(p) — H(D), 0< D <min{p,1—p},
0, D > min{p,1 — p}.

10.1.9 EERREERBOKBEGF—ERIEE (XRELE), FIRA%E
AEFR

XN, BRATTI 1 B I S AT (S IRAE DOV R LR AR R ORI, 5INR
R B E
FREMES {1,2,...,m} E¥IINAREIR X, A5 RAEENDYIRE, &l

i, 3) = 0, ke =2
T 1, e # &

SRAZURI R K FLR AL
B SERATR BAS B HEAT 20
I(X;X)=H(X)-H(X|X)
RIFFINKE. T ZofE, RAMNBHKRK, JINKRENERTREARSE
H (P.)+ P.log(|X| —1) > H(X | X)
MR, P.=plr#2) = FEd(z,2)=D. HRHERLERS
H(X | X) < H(D) + Dlog(m — 1)

A SRS E A 0 B AL B RT3 ELAR R /M EL

I(X:X)=H(X)-H(X|X)
> logm — H(D) — Dlog(m — 1)
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MRS AL AT MR 2% v AN N 5 5 B 26 P AT R

R 1-D, WmHi=xu
p(Z|x) = b T T

m—17

e — B RHE I FHE. X — D AR B ((HR5E 5 ZN), BRI TR KA 2%
FIRECH 0, MBI D. SR KEEEN 0, A48 D = 1 — m. 25 EFi, #AkH
BN

logm — H(D) — Dlog(m—1), 0<D<1-— %,

R(D) =
(D) {O, D>1-=.

XHEEATRE LN M TEEE, BRI ANRA (EREE, KHEK
Bk RAEE N, BT PR 2, FroUE H T ReSs i & A SN R B, Sebnfi
A EORIE R H R B RAMRAT A A WEIMP N ER B LA, BRI HE A
KE). RERZ=H, WALIASFERIIANELE; MRFEREZ T, MATIHZE
IEAFNGIANKE.

10.1.10 EERRKERBKEGF—ZFEER (FHIRELREH)

K /NTIRA RG] 72, SR EIEIR NV (0, 0°) P NiRERHEZER MR
RECPRAL.
ESEBATR BAZ BT 0 R

I(X:X)=H(X)-H(X|X)
RIBIINKE. TP IRERE, BINKREMTTEA
MX | X)=hX—-X|X)<hX—-X)

P SRR S AT I 1 5 K ML BT P45 LA B d /) ME.
I(X:X) =h(X)—h(X | X)
= —log2meo? — h(X — X | X)
log 2mec?® — h(X — X)

>

> ~log 2mea’® — h(N(0, E[(X — X)?)))

0.2

WV

NI R N RN RN =

S
0?
S|

RFERATGER T 25—, BRI E 555 AL KA F. Al A el 1, 555 8
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BB MEE Ny i EE, kRS Z ~ N(0, D).

Z ~N(,D)

X ~ N, - D) X ~NQ©,d?)

B G — B RE I A, X — P LU B (/R 5 BN ), B2 AT TH SR AR I 22 2%
HRHOHN 0, 1FRIXNE D. 4

0.2

1
| —
20gD 0

/
=
D =qo?

s TR, BNTEE) T B SRR T I 159 ok 2RI T Ik OB A

llogZ, 0< D<o,
R(D)=¢ 2 °P ,
0, D > o°.

10.1.11 HESHERENREERE—NEKE
T E BRI R R ERECR R R X — A — N E A, EFIREE L H

L, HENGRER.

FIEA m MMALH S ITER X, ~ N(0,07), BURHER

d (Xme) - i (s — 25)°
=1

R(D) = min I (Xm; Xm)
f@m|zm):Ed(X™,X™)<D

SRR AR AL, B e x EAR B AT . 1 LA SR A e b, R AL

67



|

o

2 & F KT =R

T R E VR EAE R BN, I P v A R O R B SR AR AT B S5 R

I (Xm; Xm> — h(X™) —h (Xm | Xm)

- ih(}g) - in:h (Xi | Xi-l,f(m)
>ih<xi>—ih(xi|f@)
- i[()@&)

AIFER s BB TE R E TE A R, X A RR ZOR AR 1. I hoA% 31 H 3fe
SREINLIES:

0, D> Z?:l Uz‘z‘

y
|

D,:{ A, HEN < o2

o, WHRN > o?
A RS

i=1

XHERATHL L O AT T R R B R BRI =20, Hd B B e/ IME SR ARG FHE
KA EEE, ET5 S0, WA EEHEE—FE, X7 G I
=" X, ~ N(0,02), HEIMEEANSIEE, MRS ZN(0,D;).

KRR ITEAIN S R, an TR R AR T X AN R

2
9

A2 A2
9 96

Dl D‘ D6
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R F I KT = R

au

AR — TR BB S SRR Rk B R R SEAC AR 7S,
1. B B IR 7 2 B NI RHEFE, 2N o2(i = 1,2, n)

2. D HISE—ANXEER Dy =0 -n. 240 < D < Dy B, REDETENTFE5

3. D W AKX LS Do =02 +0% - (n—1). 24 Dy < D < Dy B, KRESE
TIEN: TTEBNREESRE NI 2, RaHAEIEF ik R, idT7
ZN o WEIRM S j, WERHDIBEN Djy =0, NT E#7H
Dy =(D—of)/(n—1)

4 I ERIRIE, B WEEAK I (D, D). FAET I, SRR S0
I TR (- 1) MEBSTRKIRI I ZMR Dy = o2+ S5
ST AT B, TR 4 sk

5. ML BAGSFTAEIRA AL T A B &7 ZHERRRE, B D=3 o?
N, ZE BB AR 0. JF HLF BN B, SR IRHORNE, IR
0(D =301 of Bl2ImFHH)

10.1.12 XPRERHBFAITERME TR TR EAERHAIFN
XN AT — A BB S50 — R BRI AT 2 1k AR i 5 f L PR 28 2K L bR
.
1. d(z,7) = d(z,%) +a, FH a>0

R(D) = min I(X; X)

(i) B(d(z,3))<D ’

= min I(X; X)
p(&|z): E(d(z,2))+a<D

= min I(X; X)

p(&|z):E(d(z,2))<D—a

=R(D —a)
2. d*(x,2) = bd(x,z), HHb>0
R*(D) = min I(X; X)

" p(#]a):E(d* (2,2))<D

= min I(X; X)
p(z|z):E(bd(z,2))<D

= min I(X; X)

p(ile):E(d(z.2)) <2

-x(3)
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BFERFIHET =1 R

REANARSREVOLE. INEA T ERVEE, JFHZmRE G ef —1E%
WA ERBSX RN, A7 (TR H e —, B EEa
XML IR N HARH ).

T RETEER X ~ N(0,0%), REEBEON d(z, i) =5(x — ) + 3, REFKEN

#.
i
B SR A BT (T 3 P R L M
an:{ﬁ%%<KD<¥,
0, D > o2
FF LT 0456 T A, (e SR R L O R FLAR R 7 2 R
SRR KRN

R(D) = Ry (D; 3>

TR
1 502
R(D): ilogD—_?), 3<D<50’2+3,
0, D> 502 + 3.

FERT I A8 70 BA 18 TAASSANEIRAE DO R T R KRR B = (S ATy
RERE N HRREREEE, AR 14558 R F ek Hoan o 51N BA5 B i/ MAE IR
. EPrE XA S, WRBE—ITREIMNKERE. XN, FATA MR %E:

L HeAl: g IR U AR D 3828 1R SR oA B 3R R BBOR A I 1) . 3o 45 IR AR
PRAGE BATAE IR R B 2 A gy it mT DLELRE R ) L (R S5 R EAT #e
k.

2. fir s ARIELE MR B S in R FL SN BLAS B MERIR AR, JF AR
TS EE IR R R BOR RS, BAT28 AP 7 SRR AR, SE R R R
HORAR.
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RE FELMEEZR:

11.1.1 Equivocation

Equivocation AR 2% 3 fa o B SCEUE SHIRAZ AR AR E BE, FIP B EEA %,
B H(M | E) Ml H(K | E). XHEEATEEFEESE Equivocation ITEF.

1. H(M | E) < H(K | E)

H(M|E)<HM | E)+ H(K | M, E)
K, M| E)
K|E)+HM | K,E)
K| E)

(
H(
H(
H(

9. H(K | E) = H(M) + H(K) — H(E)

H(K|E)=H(K,E)— H(E)

= H(K,E)+H(M | K,E) — H(E)
= H(M,K,E) — H(E)

= H(M,K)+ H(E | M,K) — H(E)
H(M) + H(K) — H(E)

11.1.2 T&E

TURBERIE SN
Dy =logG — H(M)

He G AAATRER N K75 B S5
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SR TUAR B 2 SN
p-Dv
N

—ANEER: N KRFPAIE SO SRR TN E RN TIURE.

H(K | E) = H(K) + H(M) - H(E)
> H(K) + H(M) ~ logG
— H(K) — (log G — H(M))
— H(K) — Dy

B LA
H(K) — H(K | E) = I(K; E) < Dy
11.1.3 M—RIES
ME— R B E O B M — e P T B R E SCKE, RS

H(K|E)=0M1 N.

(K| E)

(K)+ H(M) - H(E)

(K) +NlogG ND — NlogG
(

Frblnl £3

11.1.4 SEERZEMY
SEBAR M TR B KA AL K — (B

1. I(M;E) =0
PSSO, M SR REZREAT T W SC R . SR AT S
H(M | E) < HK | E), B I(K;E) = 0, BB SOt AR GEkIUE (3500 15

S
.

2. H(M | E) = H(M)
HEHOAERRETR, 7GRS0 — 850550

3. I(K:E)=H(E)— H(M | E)
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o H TS 2 2518

HK|E)=H(M)+H(K)—-H(E)

QR
I(K;E) = H(E) — H(M)
X
I(K;E)=H(E)— H(M | E)
Fr LA

I(M;E)=HM)—HM|E)=0
KT TEEREEDERM HK) > HE), WEHEREDT.

H

H(K) K[ M)
E|M,K)+ H(K | M)

(
(
(B, K | M)
(
(
(

E|M)+H(K |E M)
E| M)
E)

WV

H
H
H
H
H
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4
&
ord
du
I
=

s2CHRELINE

U4 5p, 358 p) MR (k)
W XY, Z NEEEENAR R, UV NESEENIAE, WL TS R
)

(A)H(g(X)) < H(X)
(B)&EX, YL, WHH(XY)=H(X)+H(®Y)
(CYWU) = I(U; V)

(D)(X:Y[Z) < I(X;Y)

(b) BVF D Je5hE RMm K G A MR ()

(A)D =2,1; =2,3,3,4, 4,4, -+ 5.0+ 4,

(B)D =2,1; =1,3,3,3,4,5,6,6,6

(C)D =3,1;=1,2,2,3,3,3,4,4,5,5,5,6,7,8,8,8,9,9,9,9,9
(D)D =4,1; =1,1,1,2,2,3,3,3,4

2.(BEE 4 7p, L8 7p) AIWHE (RN RS, (AT EEU B EER; A AIWOeEE, 2]
B2 HY S )

(o) EBEHLASEE X, Y A 2, W K AR 10 25 /R e

X =Y = (Z,W), Wp(x,y,2,w) =p@)p(y | 2)p(z,w | y)

JlEs)
I(X;2)+ I(X;W) < I(XGY)+1(Z; W)

(b) Q/\IE—/\*E%K/\W (p1,p2s - -y pn) FI—NEEH m(0 <m < n). EX
g =1- Zpi, A
=1

H<p17p27--'7pn) g H(p17p27"-7pm7Qm) +Qm10g<n_m)
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nu\

3.(HRIE 4 4, 35 16 4y) MG

(a) A =AU EBEENA R XY, Z, #FEMEHE 1(X;Y) =1 bit ,
I(X;Y | Z)=0bit, W XY, Z FIBEMRSMH N .

(b) HEESFENLE X Y, NG N(ux,uy,ai,aﬁ,()) WU=X+Y,
V=X-Y, WHFR I(U;V) = —

(c) ZFEFEHIAE X, B 6 ™ME {A, B,C,D,E, F} , HEERKIN 0.5, 0.25,
0.1, 0.05, 0.05 A1 0.05. MiE %L EM PTG R 26 (FRERH 4 MnRMEG, 4
W oa,b,c,d). HIHBEKE N

(d) W—HLHBIEEE, 55 REIE 200 ~ 3600H 2, {EMt A % = 1000, Ni%
EHEREIER A

4.(10 73) REHLAZ R X, Y BIBUE S BIAN x1, 20, My, g0,y B Z =X +Y
(1) WS X, Y M5z, i HY) < H(Z) ¥ H(X) < H(Z).
(2) BLH—AMI T, 13 H(X) > H(Z) H HY) > H(Z).
(3) WHIFEH A5, RERAISETHRIRS, B H(Z) = H(X) + H(Y).
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2 & F KT =R

o

5.8 9r) —HU/NSHE 3 x 3 x 3 AL AR E PIRA 1. IX A S AE R ELAT R (1 55 18] 2 18],
MIXA G5 18] 27 it B R EBBAS G 1] R 2 AR R Y. lan, AvEdm G4 3 M H. K
BERE LI RE A R

6.(10 73) 5 RE s K 2 gwbi Il . (BE T 2 IR 7 AT LA I (R U 45 H
Pr>p2 > > Pme

(a) UEMI: XMERH oo K2, aniion] e H BB 745 R po > 2/5,
MZF 45 70 BE RIS A LA O 1.

(b) XMERR) ke R =65, WG TR BLEE B AR pr < 1/3, WizT
REor BE RIS P BE b T 1.
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nu\

B 3 355 = R

7. (12 ) FHBHRBEENIFBREERNEER R
(a) BJE n A58 RAHE B o MR EE BB, IR,

XO——»—»Xl—n—-.-—»Xﬂ _l»@—bxn

HPhRAMBIER FIRRZBZRY p, IEMIZBBREESEN T o mEE, B
HIRFEM AR

p= 51— (-2
(b) CRMETE BRI
[P0 - 0]
p— 0 P2
;- 0
[0 - 0 Py |

Hrf P, Py, .., Py &2 N MEHUSIENEERER. 2 C1,Cy, ..., Cy £x N NE
HUEIEN AR, RZ(EENEE.
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$.(6 43) 48 BEHELBL T 4 B R4
o) RIHRIT A f(2) = %Ae—“m'
b)Y = X1 + Xy, H (X1, X2) ~ N (a,b, 08,62, p).

N

9.8 /) HREFH B M{EE

Z,~N(0, N,)

X —g)a h

Hrh Z) ~ N(0,Ny) F Zy ~ N (0, Ny) NPT R e s GBS 2 1 By A Ba,
W2 B1Ny > BoNo. [FIEMIINZEFBLLINN Bi1P + BoPy < 5.

()8 BUATE A {5 8 45 1k B3 T8 A 0 T A B XU E B I TE 2

)P =1,8=2,N;, =3,N, =2, = 10. RFGIEHFE.
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[Quy

BitE D4 & 7

—_

0.(8 73) — M=4EpSrIFREE B IR (X1, X2, X3), /\EP X1, Xy, Xy BMEHAZE

3

ZE 2 8 M 4. RHF T RERAEERE, D= ZD Z( — )% REEHEM

= i=1

11.(6 70) BREAES {1,2,...,m} EXSAMKER X, EHREEERNNIIRE, B

i 3) = 0, Wz =2
) We #£ 2

RAGIRFIR R H R
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s 2 IHIREINE R

L(BFRE 4 5y, %8 4p) R (£ik)

(a) ¥ ;xx NEEBENASE, U,V SRy E, LR &5 X aA 4
(A)H(g(X)) < H(X)
(B)&EX, YL, WHH(XY)=H(X)+H(®Y)
(CYWU) = I(U; V)
(D)(X;Y]|2) < I(X;Y)

FEEAT -

(A) IE#f. AT ZEHRRR, HATELERE 2 RIE R, IER_ENKE

W H(X,g(X)). BATIEER H(X, g(X)) AR AR, 2Fmar bl

ujﬁfa())mﬁ%.
— i

OR e e
(b) MTAET X =2 5, g(X) = g(e) e, LR 0.
(c) FHA My VU AT 1.

(d) T AP S TR N, g(r) T,

SE nbzy AR ZEgTIPAY
H(g(X)) < H(X)

CIEGEa RN
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|

a
m

(B) 1EAA. B AGEHALEIR X AT Y BOAE U4 18] 2050

X ap Qaz -+ Q
[X - P]:
P(X)3 b1 P2 - DPr

i=1

Y: b by - b
v - P b
PY): ¢t @ - ¢
HH0<q<1G=12,.. ZM—l

HEUR X MY HHTE&%EE’J?"?%, N SR A A5 TR (XY),
(XY) : {(aibj) i =1,2,...,m57=1,2,...,5)}

L4

p(abj) =p(a;)p(bj) =pig; (E=1,2,...,m7=1,2,...

s S T S T S

S5 plab) =3 pla)p) =33 pig =1

i=1 j=1 i=1 j=1 =1 j=1
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ZZp a;b;)log p (a;b;)

i=1 j=1

== Z Zpin log pig;

i=1 j=1

= — Zzpi% log p; — ZZZ%% log g;

i=1 j=1 i=1 j=1
= ZQj {—sz'logpz} + sz‘ {_qu logq]}
j=1 i=1 i=1 =1
=Y GH (pi,pa )+ Y piH (41,60, 0)
Jj=1 i=1

= > g HX)+ Y pA(Y)
= H(X)+ H(Y)

BT LA R RRAL. SRBR b, 3RS R i (0108 R SR I e B AR R R T PR B,
PR BT ML B HUE R X MY #RIEEEIE (XY) M, SFTEE X MY
FHEBZAL BEAER (XY) BR—HERZENFEERE FTEE X MY
FEHRE NS RMEMTIEEEZM (4 X MY AGH e, M IEES T
RIS, A R B AN [FIRE B ). 8 R ) TN R A R S PN R B AT

— MR
(C) HiE. &=Ml: U A0, %] LRSI, WU) = log% = —1 W, TV IRMMER
A, #AE I(U; V) > 0. Fﬁumﬁ%ﬂm
(D) #5iRD SEAHALAS BAS B X — 502 OL R, BER X - Y — Z MY
IRAREE. 0T —RITE L, 71 X, Y, Z 18 1(X;Y|Z) > [(X;Y).

R XY MOrBR T, I(X;Y)=0.id Z=X+Y,

I(X;Y|Z)=H(X|Z2)—HX|Y,Z)=H(X |Z) >0

HY AREE, WabhiE—3558 (XY | 2) > 1(X;Y)=0.
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AVD =21;=2,3,3,4,4,4, -+ 5,0 1, -

(

(B)D =2,1; =1,3,3,3,4,5,6,6,6

(C)D =3,1;=1,2,2,3,3,3,4,4,5,5,5,6,7,8,8,8,9,9,9,9,9
(D)D =4,1; =1,1,1,2,2,3,3,3,4

AT
(A)id S =327 (k — 1), Febh 1/2 JaHSRrAT 75
k=2

1 z  n—1
5_55222 T ontl
k=2

&P

Fr AR & BB RS 223K . (B)
271423 %3421 42542 x3>2 423 x3 427142 =271 423 x4=1
(©)
3T 432 X243 3 x34+... <3432 x24+3 3 x34+ <3t x2T=1

(D)
47 %3442 %x2443x344 %<4 'x34+44?2x34+443x4=1

O.(FHEL 4 45, 3 8 49) HINGEE (5 IMTIons, WIEEUMISRIED, 25k, WU
SR S 1)
(a) BRBENLASE X, Y A 2, W # i F 0 /R ek

X =Y = (Z,W), 8lp(z,y,z,w) =p@)ply | ©)p(z,w | y)

JlES)
I(X;2)+ I(X;W) < I(XG5Y)+1(Z; W)

(b) 45— MRS (p1, s, ..., ) FI—EEEL m(0 < m < ). EX
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H (p1,p2,--,pn) < H(P1,D2, -, Pm, Gm) + gm 10g(n — m)

(a) *F.
R
Ph H 0 Ak B AN A5 20 4
I(X;Y) > I(X;(Z,W))
TFRA

(X :Y)+1(Z:W) = [(X;Z) — I(X; W)
>I(X:Z,W)+1(Z:W) = I(X; Z) — I(X; W)
— H(Z,W)+H(X) - HX,W,Z)+ HW)+ H(Z) — HW, Z)
= —H(X,W,2Z)+ H(X,Z)+ H(X,W) = H(X)
—HW | X)—HW | X,Z)

— [(W;Z | X)
>0
(b) XF.
AR
CESTIR |
H (p1,p2,. - pn) < H(p1,p2,- -, Pms Gm) + @m log(n —m)
RIS A
- Zpi logp; < — Zpi log p; + ¢ 10g ¢m + g log(n —m)
i=1 i=1
Bl 2 Z=4iF R
- Z Di logpz < dm log dm + dm log(n - m)
=m-+1
MIENE R 53 A1
_ [ Pmt1 Pn
(r1,72, oy Tnem) = (—,...,—>
qm dm
R INENERT T, b r =rg=--- =7, &, A
H(ri,re, ..., Tom) < log|n —m]|
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e
(=
&
4
&
ord
du
I
=

B
- Z &logp— < log|n — m)|
= Om O
&P
— > pilogpi+ Y 10ggm < gmlog|n —m]|
Al

— Y pilogpi < gn10g g + g log(n — m)

i=m+1
JIr UL i ’EAHIE, B

H(p17p27' .. apn) < H(plap2a s 7pmaqm) +qm10g(n_ m)

Horp 255 O

4

Pm+1 = Pm+2 = --- = DPn

3.(FF 4 4y, %16 4r) A

(a) HEND LB HBENA R XY, Z, A8 1(X;Y) =1 bit ,
I(X;Y | Z)=0bit, W X,Y,Z WEEMER2 MmN

(b) 4y EELLFNAZ R X\ Y, WA N (1, gy, 02,02,0) . U =X+Y,
V=X-Y, WHEER I(U;V) = :

(c) BRERENIEE X, B 6 ™ME {A, B,C,D,E, F} , HMRKXN 05, 025,
0.1, 0.05, 0.05 A1 0.05. & ZFEYAE BRIV TTRE R EM (FEEERH 4 DN IoEM L 5
W a,b,c,d). FIHEKEN

(d) W—HLHBIEEE, 5% MREIE 200 ~ 3600H 2, {EMELH % = 1000, %
B EEEEA

B (a)p(X:i,Y:j,Z:k):p(le—i,Yzl—j,Zzl—k):%.
2 2

(b)log% 1(e)L15 PUERIAE B (d)381 HuE /R,

W

(a) HT

I(X;Y)=H(X)-HX|Y) < H(X) <log|X| = 1tL4F

FrUAR BN, &SR], A
H(X)=1k4F H(X|Y)=0

Bl X RIS (p(X =0) =p(X =1) = 1), H&AE Y B X g, W T
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|

2 & F KT =R

o

MY =X 8&F YV = - X. FAHEFEENX, FHEERN O MEXH, 4% Z 1
BHE X, Y M7 HRRAMTESE —ANE0 AR, —Hae— NN — M —e,
A2 Anl e —FE ., B4 Z Mg, XY #oie &
(p(z,y | 2) =pz | 2)p(y | z) =1).

ZE BT, A4S R R IR AN

p(X=iY =4, Z=k)=pX=1-i,Y=1—jZ=1—k)=-

(b) ESEMRIEIR A MR LR BT A2 X ~ N (my,02), Y ~ N(my,02), XY
WAL AR U = X +Y ~ N(my +my, 05 +02), V=X-=Y ~N(m, —my,0; +0,).
FEA R B, IR ZER Ay, SERN ZFHEZZ, TTERNZFHZ.
TR
h(U) = V) =

A EAR B0 i 5

[log 2me(a? + 07)] LLAF

N | —

I(U; V) =h(U) + (V) = h(U,V) = [log2me(o; + 0})] — h(U,V)
TX B FRATT 75 B R B G MR AR T30 88 B s i iX — 1 . RATIAE R A e

h(AX) = h(X) + log |A

(-())

A, 7

g

HATHIA N |A| = 2. #ETAT1F

h(U, V) =h(X,Y)+1log2 = h(X)+h(Y)+1= [mg%m@@y+%@g2mmﬁﬂ+1w%3

1
2
FRUAnI 1R, HAEEN
I({U;V) = h(U) + h(V) = h(U,V)
— [log 2re(0? + 02)] — % [log 2me(o?)] +—% [log 2me(o7)] +1

2, 2
= logM —1 AR

00y
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-0
s
m

W4 = R

(c) PUTCHa R E%mh%, ka2 2RI MR I

X =6=1+k(4—1)

S 1 < k=>5/3 < 2. WITCEEBUR k. FTUARERINFM R EMRDECN
2x (4—-1)+1-6=1

TN 1 AT Gt id I o R SR EEAT it

f - RS

a A 05 05 1.0
b B 025 0.25

d C 0.1 0.15

ca D 0.05 0.1

ch E 0.05

cc F  0.05

cd G 0.0

MK N
1x (0.5+0.25+0.1) +2 x (0.05+0.05 4 0.05) = 1.15  PUEHE 25 AL

() AR AR A

C = Wlog (1 + %) Lo/

@R, W = 3600 — 200 = 3400Hz, P/N, = 1000. {715

1000
c7:34mmg(1+§ﬂﬁ>:a%1tb%/ﬂb
4.(10 47) BENLAZ & XY WHBUES AN 21,20, o 2 BT Y1, 90, oY W Z =X + Y.

(1) W X, Y M5z, B H(Y) < H(Z) #1 H(X) < H(Z).

(2) WHL L —AMI T, 13 H(X) > H(Z) H HY) > H(Z).

(3) VEIAFEAT AT, RIAISETRIRRS, Bl H(Z) = H(X)+ H(Y).
fiFE T -

(1) XKL AN, RTEETRHEP—A BOIAGITRE %418, ATk
%ﬁ%%w,&Mﬁ%ﬁWHhﬂ()_MX+YHﬂH(Hrﬁ%5ﬁﬁ 1H H2h
At | XY Mor, F HY)=HY | X). Xk, R 404, FREVRgsiear
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BFERFIHET =1 R

DI H(Y | X) < H(Z). BEHSRAE MR, Tl R G 4 6 A
b KRR, R, RN H(Y | X) = H(Z | X).
HZ=X+Y %, p(Z=z|X=2)=pY =z—2| X =ux). i,

H(Z|X)=) p@)H(Z|X =xz)
:_Zp(x)Zp(Z:z|X:x)logp(Z:z\X:x)

:Zp(x)Zp(Y:z—x\X:x)logp(Y:z—x]X:x)

=Y p@HY | X =a)
— H(Y | X).
XFE, JAITA1R
HY)=HY | X)=H(Z|X) < H(Z)

3 XS PRI 45 1 [F) B AT A
(2) IXFPEGI R, —AE R Z = X + Y OvFEE, ZAEREKAE
Gtk RT3 21 20 L A F. Bk, a0

1 =1/2
x_<pnlbop /
0, p=1/2

HX,)Y)=HX,X+Y)=HX+Y)+ HX | X+Y)>HX+Y)
A
HXY)=HX)+HY | X)< HX)+ H(Y)

XEE, BATEE HX,Y) B3 7T HX +Y) Fl H(X) 4+ H(Y) ZEE &R
H(Z) < H(X,Y)< H(X) + H(Y)

BATE AN A EAR I EEZA, BIATBRIABEER. XTI AEA, %5
WAL R HX | X4+Y)=0, IBET X +Y MBUEE X NEf, witd Yy N
B FHEOARER, SEROLAME HY | X)=H(Y), Bl X\ Y J7. gE5HA
FMAAR, H(Z) = H(X)+ H(Y) WOL&MHN: XY FRD—ASHHER.

5.(8 47) —H/NSTE 3 x 3 x 3 WINL A RRE IRk 1. 1X R STEAH F AR b5 A 2 [H],

88



BFERFIHET =1 R

MR 5 18] 28 5 55 CRIBA b5 18] FORER AR R 0. B, fvEeiaf s alf 3 AN e, K

BEFE L AR RS 3.

b -
IEE LR BERLAS B R . 5 e S, SR W, A W
Hity: W, = 6.

fite: Wy, =5(j =1,2,...,6).
IR Wy, =4(j = 1,2,...,12).
Tim: Wy, =3(j=1,2,...,8).

FTLL 2W = S"W; = 108. A5 FFa s A

6 1
T
o, = 15 =1.2..6)
1

M3, ﬁ(] =1,2, ,12)
r .

Ha; = %(J =1,2, 78)

HIF A2 Al

G RIRHr TS
3 3 44 5 5 6 6
H(#') = log(108) + 8 (108 log 108) 12 (108 log 108) 0 (108 log 108) * (108 °8 108)
= 2.03 L4

6.(10 73) 5 RIS JK = G At m L. B Vi J2 RO MR 24 A s kPR BTy 25 HY
PL>Dpa >t > P

(a) UEMI: XMERM ool K2, anisn] e h I 2 745 IR po > 2/5,
MZF A5 70 BE RIS A BE L O 1.

(b) XERH —Jcha R E205, WAt I S PR pp < 1/3, WEZF
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BFERFIHET =1 R

750 BC IS 7 R R B 1.
UER -
(a) RAETL. e fiiss po MRS AR 1 > 2. B py XERZEIRS T BL 00 I3k, FFEL C,
Fon bl o ISy, HEER Coo HILIMER KT 2/5, W Cor, Cro, Cri (F% HBLBER
Hi i BEHRES) HBLIBER AN T 3/5. Horp Cho, Oy HBLAIBER /N T 2/5(F5 W JE3%
& Cor tHIBEREL Cro, Cry HILREZOR). BEEPRE 002 % 12, 1o #pR 002, XAEAE
PRI D AR BATRIE NS R 22 e fihy, WA St 5B F &, Brbh
I, =1.
(b) RIEE. B po FIEFKE [ = 1. W p XIRSEEL 0 IRk, FFRL C, &
AUz TR, R Co HILRIMER /N T 1/3.Ch0, Cy PIANSEE HBUBERATK
T 2/3, MHAPDLAE - NMEEMERT 1/3, WA Cro. HIIERT, ¥ 0z #4 10z,
B 10z #05 0x, XFEAEAF TR . (B IRATRIERS K 2652 KA, WXk
B ERART G, BTL L > 2.

1 B TE R A A%, P A IE R AT SO, FAEAF ISR = EA 2.
T 73 L.
(a) SRy, FATH MG, JF HRFE R 3 IRAETFIL. XS &2,
PONEATE B D EES po BIRSTAKREE, A RIEMEA ST 1, BRI RAEE 2
YA 2 B, X AETERG R i e A g R R ER S 3 IR G H K.

i
mopyopp 1
Py p1 Py
pé Y2
Py

HI AL 3 S A

/ / 2
p3+p4>p1>g

Il
2 2 1
1 (o) AN <l1-Z2_Z_°2Z
%! (P3+p4) D1 55 5
S ply > py > plys W

/ / / 2
p3+p4<2><p2<3

M J&E. BT CAr R Ss pr RS EE/NT 2, BN 1.
(b) JEWE. AL EH 8T, MEEM TR =k s, FEFE. TR
BLss py RSN 1, WIBEBHENER & IFRBHE el T &5 —k L4, WAZ5 &
FE. ik B
P> Py > (D5 + 1))

90



1
pr+py+(ps+py) <3xpr<3x5=1

3
W J&. Bt Begs py BORS7AC BE il 1
762%)%ﬁ$ﬁﬁtﬂﬁﬁﬁﬁm%tﬁi
(a) B n A58 FE RBSL — Jo MG E A I, 2B Fs.

Xo~[BSCl> X, >+~ X, ., ~[BSJ—~X,

S A SRRy p, LR BRI AR T — A eAt B, A
IR

p =5 - (-2
(b) EAMEE R MR
_pl 0o --- 0_
p_| 0P
D 0
_0 e 0 pN_

EP Pl,Pz, PN x% N 4\%‘%&%@5@%@5@. 4 0, Co,....Cn Fm N AE

(a) BEAS TR RS IE R Fe A2 U ARy

I-p »p ]
p 1-p

M E B S5 B B MR R A* = A" N T SRIGFERERT n IR, FRATTE Jex HRE
TR (FF 8.1.6 TTH AN T HEFEXT AL ). KB EBRGHER

A:

A=T7""

=
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A, =A"

=T T
0 (1-—2p)"

%u+u—mm>§a—a—mm]
s1—-(1—=2p") A+ (1-2p)")

MR R P 15

p=5 0= (-2

(b) EHEERSHEERAE R 1, %5 T DARR g N A BSUS I Py, Py, .. Py HO3E
B, O LR N S BRI N o, DA, AT LAHEA R SRAR IR
(5 R 5 E A .

FATE Hi PSR IR B, 25— MM RERA Ay, iR
NV B OAMSERMAEEER Xy WIRFREEN Vor Fob A R X, SO,
Vi B Yy S8t 097 (BRI 52 r” B R A A He S N 7
). 0 AMEBIEEAR N O, B AMEEIEEERN Gy BERMIBISH
(EH%E C.

P AL & 77 ST LA A

X — X1, *%%Oé
X, MEE(1-«)

T X MMAPEN T EIRB-EHRSMESE BB, —RIOLERITESI
ARMEZE. id
1, X=X

0(X) =
o {2, X =X,
SINRMEZENENZBIWIEEEEMNSE, B 1(X;Y) BRE, AMSERRA

EKAE.
I(X;Y,0)=1(X;0)+ I(X;Y | 0)

=I(X;Y)+I1(X;0|Y)
HTAETHARE (X=X, X =X,) Gl Y=Y, &2 Y =Y, &fer, Bl

0 = g(V). BT LA D AR R e
X—>Y—>0
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TR [(X;0|Y)=0. MrLIEEI A5 BHRIE

I(X;Y)=1(X;0)+I(X;Y | 0)
—H() — HO| X) +al (X:Y1) + (1 - a)] (Xa: Y3)
=H(a)+ ol (X;Y7)+ (1 —a)l (X2;Y5)

Xt AT R 215
H(a)+C—Cy=0
Hor 1 1
H'(a) = —loga — a——— + log(1 — l—a)——————
(@) s Oéaln2+ og(l —a) +( O‘)(l—oé)an
1—a
= log
AT 15 1
log =0y, —C
IS
2C1
@ 2C1 + 20>
P AT i
201 201 202
<2C1 +202) oo roa Ut oo oa 2
201 201 202 26’2 201 202
= _201 -+ 202 10g 201 + 202 - 201 + 202 log 201 + 202 + 201 I 202 Cl + WCQ
1
= 50 9Gs [—291 1og 271 + 20 1og(29" 4 2C2) — 22 10g 22 + 202 1og(2° + 272)

+291C 4 2920y
= log (2" +2%*)

B PEE A R AR AN

Cl

20 2

X =
A Xy A1 X B 7 A A5 H0 LA 1k BIM5 T8 R A
B ar DAl B A AR AR B R A B iz g

2¢ =201 4 2
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|

2 & F KT

au

= R

PATAT ORI, X RERG AT DAfa] SR AT, BT AN 2 IR R

S AFIEIRER, JFERE B IE RS L
20 =) 2¢
=1
FrUAA R, (S8 RN N
C = logz ¢
=1
8.(6 73) 73 it BLLATR 20 A B0 46

. . 1
(@ﬁ%h%%ﬁf@=§mﬂm
(b)Y:X1+X2’ :/H\:EP (X17X2)NN(a,b,0'%,O'§,p).

=
+rd

—
5
~

> q 1
hU):—:/ EAE““Pn§+JnA—AM|dx

1
:—lng—ln)\—i-l
9
=m§%ﬁ

= log%6 ELARE

(b) X F— AL A, AR B A, 8068 5 NHiBAR B IE rs A, JRJAR
RS FE PR A, PR B AR R SEROSRR 0 A5 BIBRATZE 1 “IA G A T pR 07 BT,

EHHTRIESSA, AU EREM AR
Y ~ N (a+b,07+ 05 +2po107)

T RS A R i T 45

1
h(f) = 3 log 2me (07 + 05 + 2po103) HUFF

9.(8 4r) HREIH Bk F i {EIE
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Z~N(0O, Ny)

'XI rl

HA Zy ~ N (0, Ny) £l Zy ~ N (0, Ny) FML I e s e BUE S 1) B A B
W2 BiNy > BaNo. (BRI TN FEAINA B1P + SoPa < .
(a) B HUATE I {5 8 45 1 A5 T8 A AT R AR AL B AU S E R 2
D)By=1,8=2,N; =3,N, =2, =10. RI#FIEHEE.
fiFE T -
(a) FFBCRITE BRI, Sl n] DAAS 3

5 X ﬁ1N1 - 52N2
(b) RIGHEINENB PL=6+1=7, P,=3 [RIEXEN

C= %log(l + g) + % log(1 + g) = L.53Lu4F /(5 1Bl

10.(8 73) — D=4EMSIHFR S ITEIR (X, Xo, X3), H Xy, Xo, Xy WEHANE, 7
3

3

ZEoRE 2. 8 Ml 4. RHF R EREEE, D= Z D; = Z (z; — )%, RiIZEIRM
=1 =1
FERERERE R(D) .

firtt
FLFE RO KA AT 1
e 0<D<2x3=6H: P
KRBT 553 B0 (3, = E)' i p SRR )
1, 62 1, 1728
R(D) = Zﬁloga = Elog 3
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|

2 & F KT =R

o

.6§D<2+4x2jygt
REGIN (2,7, 7). VLI SR ITREN

e 10<D<2+4+4+8=14Hi:
REAYHCN (2,4, D). ILAF R L E R HCN

o D214Hﬂ':
KREDTN (2,4, D). M RLEREN

R(D)=0
Zr BTk, FRFERECH

1 1728
§IOgF, 0< D <6,
log —, 6 <D <10,

R(D) = ¢ 1gD8

—log — 10 < D < 14,
5 ogD, 0 <

L 0, D > 14.

11.(6 70) BREAES {1,2,...,m} EXSAMKER X, AREEERNNIIRE, B

i 5) = 0, ke =2
AR I We #£ 2

SRAZUR I R R AL
fif
B SEARA T EAS BT 4
I(X;X)=H(X)-H(X | X)

A SINKE. R ZoufEiE, RANIRE, SINKRERITE N EATER

H(P.)+ P.log(|X| —1) > H(X | X)
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HBEH, P.=p(x # 1) = Ed(z, ) = D. HFEAERE
H(X | X) < H(D) + Dlog(m — 1)

A SRS (0 B R AR B W] 43 B4 B /ML

I(X:X)=H(X)-H(X|X)
> logm — H(D) — Dlog(m — 1)

NS AL AT R 2% i AN I 55 B 26 A AT A

1-D, WHi==x
piele)=y D_ L

m—1
BB — 5 R TR I UL i — 5 B (R 2 55 780K ), LB A AT SR AR 1 2 5k
BB 0, RN D. A% % EEECN 0, W D=1 % v LT, %K
A
R(D) = o m
0, D>1——

1
{ logm — H(D) — Dlog(m—1), 0<D<1——
m
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e
(>
&
e
&
g
du
I
=

lF1d

ATILRRET TREAE (FBRREANRT), WEEAWRERRIHEAIK—1
SEENA AT G B IRIE MG B Tk / W 2% 25 8] 22 4 o e s FE RO IR IR . —, A
SRR IR PR B B LK T TR M 52 20 520k, mT DUUR 58 R FE 52 2]

UL AT SCAREEMTHE, B 5 E R vaEiRIE.

()

JEng: —SOREE
HsmAtE L 7 =
WE NAE
AT P 5
HHRATIR F 48
W EHEIR IRl &
IR T e I3
S AR R R
R IR AL T
WEA Y AE$5 5
RGN BLH
T NF AR
R XK KUBLRL S
BRI TR VD IR
PRUENAT 0 AN i i B
PRI A5 2 25 L
ABANEZIR
7 e A
e S X U T NI SR
BTG B TR
PNLIE-F/5:t M

— VIR
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Ny
o

[Quy
&
XS
&
AN
pulyy
4a

Hsm At FE L T =
WE NI
HBEREIE

IR W I
AR IR IR R
RGN B
T N AR
R Xk KRR TR
ERA AT VD IR
PRUENATTI) B IR N0t i B
PRIA A5 = W L
B NEZLK
7 SRR AR T
ISSERNRISEA NG = diva
fR ENATIE B TE %
PNLIES/R:HA
— VIO
KA BRA ]
PR 35 BRAL
RABRA K
TREEH) T
KA BRA R
T NRART 5k
KA BRA K
IRBIE IR 2 2
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