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T(A|B)=T(B|A)T(A)/T(B), T(B)= T(B|A)T(A)+ T(B|A’)T(4’) (2.8)
WR (B, By, ..., Bx}HIR U H)—A%5, W

T(A)=).T(4|B)T(B,) (2.9)

DINHRRERE 2: W 3HfF4E X=x F Y=y P(x)=P(X=x;), P(y)%[F3. NI
P(x,|y,)=P(x)P(y,|x)/ P(y,), P(y,) = ZP(x,-)P(y,- | x;) (2.10)
P(y_/ |x[) ZP(y,')P(xi |y/)/P(xi)’ P(xi) ZZP()/F,)P(X/ |y/) (2.11)

BT xR X, AXFERERSL, Bl
PXy)=PyiX)PX)/P(y;) (2.12)



Pl X=PXy)P(y;)/P(X) (2.13)
Hrb PXyy) A& X B JE3aME oA, RIA—GI, 0T DLRIE — AR ARG, 1T POyX) A2
v MBS R R, n NSRBI B — > Shannon {5 18R 1K &%), AR & B P4
ARGERFRI, 3 BB — 4
TUHHETERE 3. WA F4E2 X=any M P(XE 4), P(X)=P(X=any), T(4,)=P(XE 4;), N
P(X | A4)=P(X)T(4,| X)/T(4,), T(4,)=" P(x)T(4,]x,) (2.15)

T(A, | X)=T(A,)P(X | 4,)/ P(X), T(4,)=1/[P(x;*| 4,)/ P(x,*)]

x;*=argmax[P(x, | 4,)/ P(x;)] (2.16)

fERE: (2.15) T(4)/& P(X14) B VA —40 R 5L 7R Q2. 16) 7, T(4)2 T(AX) I A —4 R 5L,
T AR RS T 15 J B POXA) PO LR I 8 15 (RS A e 52 —) RN x
IR U EE 1R 2, (2. 16) T A
P(X)=2 T(4))P(X | 4,)

SR, MR T — ), I EASRE 8 POOWA SR IT M, B POo)+POo)t. . +P(xm)>1.
Freh ERAEAL . DU HE 2 3 R A A 58U ARFRI, K2R P4 R im0,
M T(A7NX)FE D I — AL .
DIMHrEIE 33ERR: B S MR P(X=any, XE4)) (X=any Hi& X HB), W

P(X=any, X€ 4))= P(X=any| X 4)P(XE 4~ P(XI4)T(4))

P(X=any, X€ 4; )=P(X € A4, | X=any)P(X=any)= T(4,|X)P(X)
TRH

P(X| A/) = P(X)T(Aj | X)/T(Aj), T(Aj|X) = T(A/)P(X | Aj)/P(X)

KA P(X|Ap R~ E— A0, BT T(4)=X  P(xi) T(4)lx). A TAX) 2 A — 10, #22.6)4%
A b, AregE|
1= T(A4)PCi*|4)/P(x*), Bl T(4))=1/[P(x*|4))/P(x*)]
TEEE.
T LA DU ER B F8 3 1958 — A AR AT DL E 35 R
T(A, | X)=[P(X | 4,)/ P(X)]/[P(x,*| 4,)/ P(x,*)] (2.17)

1 EWERT T(41X), PXA)F PX) =& Z A% .



T ' (4| X)
1
— P
\ X
0 B
x;™*

1 DIMETERE 3 1 T(4)X), P(X4)F PN Z BRI X
Figure 1 Relationships between 7(4X), P(X|4;) and P(X) in Bayes’ Theorem 3
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Figure 2. Three sets form a cover of U, indicating semantic meanings of y1, y2, and y3.

TERXRANMIFH,  T(A)+T(A2)=1, W T(43)=0.3, NIZAHEMREZFZ 1.3, 1 Y Mgt iEe
—ALH, Z AR 1. Pyl KA/, Eeln P(y3)=0.2, P(y1)=0.3, P(y2)=0.5,. I [ % K& o] A BBE & 4 5
M PCYIRE] A1, Azy Az WIRFIE BRELEL 1, v2, y3 LA BREL

XT3, YRR, X RIRFEAR SEELE], — MR (x(6), y(0) (¢ FaRBHEX T 5) 8,
Y)EARAEE]L PESCRERAEE, BUE AWM EFRE NS ERAFR, nEEReE
AW WS AN AR PR FEA T 22 R 2N E Y 15 ORI A R, AR5 R A3 i



FII y; IE SCR1 POOTS BIRER T POXA) (D ER ), VMR, BRIR FRMSE SR, BEA
WGBR R B ENGR n NEF R EERE, MAEANSRZ R 2" NE A6 kT 2
B, YIZREER R BR H y) F ys FIEAE R B (n=2), BN T(A2/X)=1-T(41|X); 11 KA5 AL bR s
REZT LR 22=4 . RS NIRRT REERE B2 K NREEN y. 75y EFRTiE T, 25H
MR NER G, Lhinsxd T 17 %, EBE AR ym H ys= “X BAH 18 S FERN” 5 EREK.
RETEARIE A X RAR, RAGNAERE LB 8 E B K1 ;.

DR RO IR ZHE TR I 207 A A B R 8 2 20 o R 24 o4y
RPN 181, N[R) Z Ab R

1D 25 RREG e BERE, REGE X, AN PTG e 2R iEEa

RIBER P RREL, MRABEBERKEANDZE, 5FRRE IR LT S S
2) RAENEESEM PG X (BEFHQ2D)M(3.14)), FEME R EDRREE CE
H e T KRBT 2601 i F CA R 28051, POOZRIL)E , THFIAR AL 52 0 sl R B AR

Z bR IE 5 5y I B FIRE AT DU BbR S 1), WA Z AR, BATTUCRH A 1
First-order-strategy [7- PHEE 43 FF,  ELAN(xr; y1, y2) 1T BAG3 Bl Ger, y) (e, y2). 5T 2 SEAF BLAR 25 A5
WA PR AL FRRO), LA oy, 3 1) 20 R G, y) B (e, y1). SRR B SE 1115 BB E MER 0 A P(X, Y).
BT PXY), TSR 2RSSR E S A, AT Z R R RE R X =24 1
KH, B X R—4E, AEZHREEESRESER 2). FHERINMAEE X 2—48, FAT
WR—YEIL R 2 YE, W R R E R

BN 2.3.1 WR—AKIFEAR, HMR A

P(X]y))=P(Xly; 72 HI))=P(X|4)) (2.18)

W FRATTRR T A T AR ——LL A A T ORI, FREEASESR 2340 2 T 1140 A5

U P(Xy) 2 8 M, REEQ.17)F12.18),

T(4; | X)=[P(X | y;) | POV [P(x;*[ y,) ] P(x;%)] (2.19)

AR e 2, A BT LTS
T(A4, | X)=P(y,|X)/ P(y;lx,*) j=1,2,...,n (2.20)

He xR PO E S (TREAIE— D)W . B SR8 0 K. A
IXFEAT AFEA#(2.20):  P(X|y)=P(X|4)i, EAE R HUE TR R ok 5

RHAEW, B8 POOFEATENIE 02K, TN PO AR, 28 G IE R, G0k 4, 2 iE i &
W& AR AT P(X)/PX)SET 0 B R =1/T(4)), It H P(iX)= P/ T(4)).

EH 2.3.1 WR-ADEZEREARD T PX) 5 PXY)/PX)ET 0 B e, WA LR E|— 4
HEWEAE ) S0, AT PARE— MRS BRI E ), 518 P(X4)=P(X]).

IERR: 258 4 REHIES. 4 T(U41X)= [P(Xly)/P(X))/c, W T(41X)5T 0 8 1, Frilen b
VE TS I AR PR AR DU e 28 3,

PXA)=T(AX)PX)/ TA)=[PX]y)/ ) T(4)), T(4j)=1/c

¥ T(4)=1/c RN _ETH 2105 015 2] P(X(A4)= P(XD)).

FHE A RBES. #HQ.19)F12.20), ATLISE] T(41X) 0,11, FTLL 4; 245 1. JEEE.

T R A SR AU T VR R S E N RE R T, R Z AR RS NIIE Ry 2K



S AR R (B A B MR IEE ARG I N — 58, Bl yamy Hoys), BRI Y 2 X IR
B RISy IR, I ARG ARG, JATEPE MR RN — . BIEEE y i3
Y, *(X)= arg min 7(4;) (2.21)

T(4;1X)=1

PR R, BRI E 2 3 #&UE’JE@L@IETL S0, FH R A DL S o A=
SRR )R AT, PR ERATIFA LW R, Y MRBRAREE S ERIN, mfmHZS8
PG FARRR AL, I IR SUAR 2 U (8 e A e AU SR 1 DU ) i 2 8 73 SR 2K,

3. BUERAZERTHITES

3.1 M Shannon {EEEIIEX{E1E
Shannon {5 B RHHHK PX)NEIR, W PY)AETE, W THMERMEENNEE

Py, |x) P Ix,) . Pnlx,) P(,Vj|X)

POJM)PUA%)n-PUAm)C>PUAX)

PY | X))o 3.1)

Py, %) Py, [x) .. P,lx,) P(y, | X)
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Figure 3 Illustration of GPS’s positioning. (a) shows that the user is in a car, P(X) is changing, and the indicator has
deviation; (b) shows that the user is in a high-speed train, P(X) is a line, and the indicator has deviation. The round

point is indicated position and the star is the user’s most possible position.
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fii. B 3 SR BATR UM SRS bR A P02 Y e T S8 I DAL T SR TE AT A R Y.
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Figure 4 [llustration of semantic information measure. The larger the deviation is, the less information there is; the less



the logical probability is, the more information there is; and, a wrong estimation may convey negative information.

XA U AE St Popper FYEARR: (SEBi)@ AR M8, Jf BEAHEA 0 (5 K2 MR
R) > FHEEMBK, KEAEZE EARYAEN, FmAEHEE.
G TOORAAGE.8), #15E
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3.4 UREFENERZENXA

Akaike 7R TR KL 5 B2 AR R, SR1T, B3RS X KL 15 BRMUIREE 2 18] (1) 5%
TR e, BN y A NAEEAR A x(1), X(Q2), ..., x(N)E U, EATHKE N; ML F 73 A LA
&, Hdvx G N4 4 NARKE, 58 P(Xy)=Ny/N,. FEEE log(briERBRED R X KL 58
Z IR A&

P P(x,|0.
logn[%} i ZP( v;)log }())ZIJC;):N/I(X;Q,) (3.12)

i i

XEAFE y RV, S 20728 log(BRIEIAR L), "EANE CEAE B R AR
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N. P(x|06.
Zﬁlogl_[{ o ‘/)} T PONL PG | log— = )

Hopey |5 P(x,)
—I(X;0)=H(X)-H(X | 0) (3.13)
H(X|0)=-3 Py} P(x,| y,)log P(x6))

Hrb HX0)2 X B SRR T2 305082, OIS 0, i PO)AAE, BT L KA R #HE
WU SEAN T B R SCHAS BN, 28 55 iE B : Shannon FLAE E& 15 CHAF B LFR s LA ek BOREE A
ARFEI, PIEARSE.

3.5 IBYIREMHL—TTALE Shannon {518

Pl —MESUEESE G TR — DTN 0 80— 474801, 625 ..., 0,). 43 7E Shannon {5
BT 0;, it oAt S bl 2 4R 7y KR 2 T, 1X). ?Eﬁ

- 70, |x)
(0,1 X)= arg maxI(X;0,)= arg maxZP(x | y.)log (3.14)
T(6,X) T(6,X) / T(ﬁj)
I(X. 0) "] LS B KL BE S 2,
P(xly) P(xly;)
1(X;0)= Y P(x,| y,)log P(x,|y,)log— 2/ (3.15)
Z‘ P(x,) Z P(x,[6))

BN PX|O)=P(Xy)Bt, JE—T0RN 0, FrLAXE I(X; o)k, ST KL ER I(X; y). R4 Dt
SEHE 3 AT LA E]

TXO1X)=PO1X) P(yjbe*)= [PX]yp)/ POVIP( x| i)/ P )] (3.16)
EG16)EEH RFEAN P M. G144 WiEE LA NMERN S b SRR

SRS KIS, I THO XM UL 7 AN POy XM DL i, 25 SRAR R BT AR AT G Dl
WTHEEEAR L, bk Uy v o8 hn s s DU 37 e 2 2.

3.6 BXERENRATZRANSHEED R —IZESLXMEES K

MM R RS, FRATAT LUEIE(3.16)43 ] n ML FI EAE R (B — B U E1E), XLk
AR B AR Z RN Z B8 0 BREL WA, FRATHT PUEE(3.14)15 25X L 1 AH
PR FHIXAEI AR R A, WS AT D s DU e 38 3 75 2055 S UL S i)
FESAF) X AT WLIE,  AS N FAE B N e 458 27 2
7(6,| X)

v, *(X)=argmax log—-—— (3.17)
’ v, 7(0))
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PRI I, LA S N AR Y BN AE, .21 .
USRS ANTT IR (EE an3RAT TR A A A B8N 0 55 e, B0 AR 7 TN ST 7 TR
GF A ZER), BT R REE s Z, W] 2408 S8 BN ehr s, B

T, |x)

3.18
o) (3.18)

Y, *(Z)=argmaxZP(x,. | Z)log
K2 FE B TR ANAE, IXAELE R p*, HOZ AR R /).

DK A AT DA FR S RS AR bR 1S B EAE BB, T R T(OX)+T(OX)+.. +T(O0X)#1, 23552
HURT DA SR A Oy B S SRR R BOR A, BT RN AR 1) ELAH R B0 S BOW I A F 25 R At
R R B ZEOE A, e, X RRFERE, yi= “X2/ME7, KARERMIR), HREmmT A
Logistic I RIR: yo= “X RFEN" (FHBEGRIEMWN, 4=(XX=18}), yi= “X REHRN"
GRIBREOTHEE 2BS A MRR), . EESIEEART,  TRERMIRE, &R n Mis
2%, RERENSEOL S — RN, — Mg G, R R E R FRE A X IE2T
P2 S Tt ).

I R E R, BRATAT LSRR Y Z A S 7R LA X, T(01X)<T(0:4X)
i, ngﬁ/ﬁ‘?yk.

SEEIASTT W) 702K, AEA T BRI A A AR R, R R 18,

4. FELEFEZRATMET. KIEMESEE

4.1 EFHRIEF GPS FIBENEEM L

BATHBEN AR R Z RN, ZEC={z1,22, ..., zw}. KIENEHE Z, & v BB ARG
Y T X, MR- IS SR, X RUEREREA i, Y 2R, RATHFEAS ML 50 A vFAN ke
36— MRV ekt FRA TR, X2 HEWE, YRFiRiES, Z 2B S 8dE; T
DRG0, X e BB BRI, Y &M, Z R EdE. T GPS, X &4 H
GPS 2 B M/NERSERRAL B, Y /& GPS FREMFTIRALE, Z /& GPS &3 =N TP EMEEE.

HF IR, BATTULH X R MBUR &——H DR, @, DElsaee, B e
Wr, SN, ERGARZEZ AR, Hande o Al 10 2 [a481k. 455 P(X, Z)(WR4E 1T 25 k51
RENF C H— KI5 {Co, Cr}» FRATHAT PR H T IRBIULFER I T yo £ 1, NI AT BASK H 2 4R
7325 BB T(Oo| X) R T(62)X) A8 L ULH-Hr 50 P(X]00) A1 P(X16). 1 S5 SR BR 7 B g o 0
A 2ARYESN Z TR B IR SN R 22 AR 50— K, I @, MW RIMER, x Al x 2 HET
T RAREE S yi A o AEARYE Z T 73 AR 2. AR TII k2 20 K 43 { Co, €1} » B¢ X AL Shannon B
=5 IOG V)EGE CHAE B I 0)(F & X ).

X F RS ER S), X U={xo, x1}, V={o, ). HH xo R EEHRE, x £HAHRE;
Yo=K B IAYE, =K B ZEC={z1,22, ...}, ZWE TR {Co, C1}y ERFIREE Y=A2)
AHELHf €
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X Cy Vi

by

X0 Co Yo

T

B 5 R4 5 E (e % Shannon 518, HF S REH P 75 2 B0%)

Figure 5 Illustrating the medical test. The test can be abstracted as a 2x2 Shannon nosy channel. The Shannon mutual information

changes with the dividing point z’.

= 2 FR AR g 6 DA B PR ME 28 U (S BBUER A (semsitiviity ), 41 o Az 56 DA 9 14 FADARE 258 MU RS S
P (specificity) 2. A5 (1) U FIRF = 444 B Shannon {518, WI5E 1 B,

F 1 EF QBB R MM Shannon {518 P(Y)X)
Table 1 The sensitivity and Specificity of Medical Tests Form a Shannon’s Channel P(Y|X)
HAW x1 FL xo
RIARERHTE 1 PO =BUE P(yilxo)=1-F¢ 71k
RSB yo  POro)=1-8UEM:  P(opro)=Fi 51k

WRBATAE IR R et A, PIVEROR a0 Toms, T4t A SER K B TOn )=
T(yolxo)=1, T(vileo)= T(yolx1)=0. {HZRHXFERITE AFIE, A —DMREIFEE, s iy KEE.
N, FRATT R EE RTINS 56 () A5 ¥ (confidence level)——F b For, FEH b=1-p|F R~
15 P (no-confidence-level, BEZEVEKF). y; I EAE KA AT & A

T01X)= b +bT(yj|X) 4.1)

BERAYE yi MEEE by, MBS br*y BIVE yo MBS bo, MBI bo”. MR ZAAG 56 115
SETEW 2 P
R2 EFREMNBENFEE—ERITEE b # by
Table 2 Two No-confidence Levels of a Medical Test Form a Semantic Channel 7(6|X)

HAW x BRI xo
I RBAYE . Toix)=1 T(v1[xo0)= b1’
6 565 A2 B o T(yo|x1)= bo’ T(volxo)=1
RIER(3.16), B MUALHIAE 2
br’*= P(yixo) P(ilx1);  bo’*= P(yolx1)/P(yolxo) (4.2)

22 S AUSALE LROAT LR FER kg A 2 4724, EACR B ROE UE B, e s A
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EER SR e, AN
LR =P(y1x1)/P(ifxo)=1/b1"*=1/(1-b1*);  LR™= P(yolxo)/ P(volx1)=1/bo’*=1/(1-bo*) (4.3)

Horp b2 AT ) IEBAEEE, 72 0 A 1 2284k, Al LRYIEAHSG H——X R, bo* [F] 2. M\
(42)M@4.3)E, FRAAIRAE N BT 5 /N R ZEAEIN, B ARDS T4500s 1 B Bl /il T AN 2
AR 1) LU BB /N RS W SRR R R, Le st R T, FRATT A B B D R K.

A7 EREUEE, RENSTURYE Z, kst v, RREALR Z ERIMAMER 0 X
Kullback-Leibler 15 2. i £k :

1(X;012)=> P(x,| 2)[(x;;0,) » j=0, 1. (4.4)

IEFE Y. I(X; 01|2)>1(X; 60| Z) W3k yi, FIIE yo. XFERL2 = HE—ANB 40 FE A 2%,

WA, 2 IR T 22, T 22 S EH? 26 RIE 272 2 R iU 2 FRA 15T LURYE 1(x;
zi)=log[ P(xilze)/ P(x) VEFE Y, B I(x1; zi)>1(xo; zo) WHESE y1, 3 WESE yo. (HRIXFEAR BRI 0T 22
FERBEMORIR D /MR FLE IR, BAREIRIE 2 *sE i R EAS B I(X; 0). ik, FANTEH 3%
RI7i%, JaTHR K.

HFF GPS, WE%HE F 52 GPS A H =N BRI, FHE U587, BATT LIS 3]
BRI —— e AR oR B AL &= 1 RSk 2. UE GPS (1) Shannon {518 2

P(y; | X)=Kexp[-| X -x,-Ax[ /(2d*)], j=1,2,...,n (4.5)

Horb x RPHRALE, B y="X=x" [ x;; KZRE Ae RARGME, datrfimzE, MAREX
G.16yat A AL iR X518

T*(0, | X)=exp[-| X —x, |" /(2d*)], k1,2, .., n (4.6)
H x=xtAx IR FEL FRECON. . SRS SUEE AR
4.2 BN DIERRAEIE

EE 2, B THREIE y;, BATHEAIW N ERAREE? fErl Al L, HiEE -,
BT ? & yi= “NEEREAR L7 M= ONEESES L B TART vingEs, H
FAE R U T(0X)F T(021X) (5 55 36 Bl B /N B G R B ms A, FRATTEEmT AR 1(xi; 60), k=1, 2 241
AT R ELRI S R BRSO F T DU e, 438 yy By, (P18 UG B

160 = 3 PO |0j)10g%0|k;"), 1,2 4.7)
Hort P(xi|0)2k EVE SCUUM RN . P s 701X BLR IR FRAE 10X Ouy)IB iR 1 v

HARAE S B RO,y BIRIEA], i, k=1, 2 502 A RRiEA. RN EEE PXI6) KR
P(X|0k+), MIFRHEFI(E BB KN yesfi 2 B

PL b8 ) Shannon (FIEH R EN, B y=AZZ €C), K1 {C, Co ..., Cu}RELEM. T
1175 & Shannon {5385 C (XI5 AT AR, Anqa] FHIEAR 7 iR A et ki 43, 159 206 P 20 BBl sR
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J& 1A i KK Shannon {Zi4.
43 RFEECREZLCM B3R)REE, AN SEAEESMEXAARE

B EE R ARG DT, [H2E PSR TX0) I KAk I(X. 6), iX—id FEn] i “ & U51E
VLRC Shannon {538 "(VLHC I). 7E P(X]60)=P(Xy)EX T(X|0; )< POyl X)X BT j BOLES , 1 SCHAS B I(X;
O)ik B KAE, 55T Shannon HAZE I(X;Y). (H2RIEK, 2 POlX)o< T(OIX)N FTA j)AR L ReHm
Shannon H.{5 B8iE L EAFE. el X518, A REAA/EHEIF Shannon il (LL a5 /L), £
B LZHE UE R, FHXFE Shannon {51E A 15 1L Shannon {518 VLR E X AFE (ULAC 1D). {FiE AL
AR CM Sk )se AR ULHC T ATULED 11 fak Ry,

24 W HES Shannon {5 B R K E R R(D)Y- 81155 R(G) R (610, Hh G RiBE X HER
FIRIR, RIZE45E G H/) Shannon HAZE. ATEGEMIMI SR : J8IIE UEE Shannon
= TEAH B VLA FIEAR AT PA4E 24 Shannon H.45 S KAL) Shannon {518, ‘& e T iE X HAZ BRI
UBRFE I R, AU LB RGBS B E RSB 6).

a R(G) Rmax = (_7'1I11:|x
' Matching II-3rd

Maiching 11-2nd ,—: Matching
I-3rd

Matching 1I-1st *—\atching I-2nd

G

Atk ~ Matching I-1st

== g

0 "

6. BFQEFAEITAERKS. SMENGEERE—K RO RHtI%k. T | £15 6=/, H=E— DB NEE; TR
I 18K RE R(G) RENAHLEANTRER. EE ITE | FIITE || ATLUES RFI GIABIRAME Re 1 G

Figure 6. Illustrating the iterative convergence for tests and estimations. Each semantic channel ascertains a R(G) function
curve. The matching I is for G=R and a new semantic channel; the matching II is to increase R to the top of a R(G) function.

Repeating the matching I and matching II can maximize R and G to obtain Rmax and Gmax.

5 X ASTEVLEL Shannon /£ WIEN(3.16)H78. %55 R R HRHTISHE A ST R, &
1145331 Shannon VLHCIE A58 771k &
P(y)exp(I(X;0, | Z)] =12, .n (4.8)

P(y.|Z)=1 ’
¥;12) EEZ P(y,)expU(X;0, | Z)T

M s->o0, P(ZBIRES G MEHER S, BUET (0,1}, bHARMEMMERERZ, bE Z, WA
v 1 0)2)i8 5K, BATHAE Z RIBIAENT G, &8 y=AZ|Z €C)).
5 4.3.1 XHFE 4 Frstilt, ¥ ZzeC={1,2, ..., 100}, Z55%E xi1 Al xo I P(Z1X)FE B 43 A
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P(Zx1)=Kiexp[-(Z-c1)%(2d:d)],  P(Zxo)=Koexp[-(Z-co)*/(2d?)]

Hrp K Ko 2 VA—H0HE L P(x0)=0.8; co=30, c1=70; do=15, d1=10. 3R{# Shannon H.AE KT
A=

KRB N PO PZX)SF KA A P(XZ) (BAREMEA ). e TTIRIRI 7 s
2, U 22=50, f PR

DLHE L AR T %% DU (B AR HUE 8 1)

K% Shannon f5I& 1) 4 NMERME, WANAEE b M b * MR Z M T(00)F T(0,);

TUANME B8 L=1(x; 6) (IRIER(3.8)), =0, 1;/=0, 1;

R ANF Z B P EATE SUE B LG 0112) T IX; 001Z) (S P 2% Hh £R).

VGHE 11 FIH R@.8) it € BIkI4r. iR S LA M, WAL 7 s z4=2, 1R
S5 mMEL R VLA L

EARTFE: —RIEAG 22=53; PIRIEE 22=54; =RIERG 22 A2, IS z+=54. fREE.

5 4.3.2 —4> 3X3 Shannon 1518 FE R THRIR I AR, B TVEFEL), P(xo)=0.5,
P(X1):0.35; P(XQ):O.IS; 6‘0:20, C1:50; 02:80; d0:15, d1:10, d2:10. *ﬁ@ﬁﬁﬂ%ﬁﬁﬁ”ﬁj\/ﬁ Zl*ﬂ] Zz*.
FAPHARFRR A (1) 20°=50 Fl 2°=60; (2) z1’=9 1 z’=20(1R Z= ) —%1).

EREER: XHF), E 4 RIS, B3 2%=35 Al 2¥=66. %tT(2), £ 11 WIS, FFES
B z*=35 Fl zp*=66. XF T(2), EHT 51 =FE BB 7 Frox. o] WA SnT .

{4 1 (bin) A} 1 (bi)
z'  z' . X2 | 2)

' n -I' I(X:2|2) 1(X:y0|2) . IXnD _.
0 |rmtm— ” ———7 - = <1

D e -$ Z

IXn2)

IfX: 0| Z)

(a) (b)

B 7 S AR ZE N HIEAR. (a) oIS AT a0 = 25 B MR IERI AR MR (b) SR T IEARI S = %5 2

HENNHEITt PN

Figure 7 The iteration with bad start points. (a) shows that at the beginning of the iteration, three information curves

cover very small positive areas; (b) shows that at the end of the iteration, three information curves cover much larger

positive areas.

A _EHPIAEFAT L, F CM S50 KA A5 T8 AN E I A R AL SR B AT A 1, DRk HL AT e .
iy HLYSSACRT LI R(G) R EUAS 2 ELOIE R, AT SR i K L AR R AN K AR B TR 2 A s ),

U R, TR SRR LA AR W, excel ST http:/survivor99.com/leg/CMiteration.zip
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T FEE VR BOR B /N e RVEBY, AT REGSE CM VAT BRI R S B A S, CM AR
EPRO21 CM B P T B RH A T 3 B A FRAT 7 VAR AR bR, (H 2 CM B FH T Aan B A Al
TR TR GBI S Nty e, HOs R bhymi AT 7 VA B R TR mT REPEAR K. BEVE4H 43 #r IL[13].

AT DA CM BRI B — R, bean RATR. X gt a7 DU CM BEfRRaE Sk,
Shannon {518 R WUE 5 AV, TE SUE T8 R BT AR 7 20, 18 {FIEVCAC Shannon {538 (VTAC 1)
MR VLA YL; Shannon {FEVLECTE X AFE(LAS IDF 2 HEILECEEME. 15 X {FE A Shannon
B IEA] B UCHCATEAR, w2 Pl & FvE AT O A ELUCHC, AR E(R3E. BRE S NAZEL S IXFE
puaip

44 M EZHATRAERE

CM A1 EM ByEBARAL, tn] H TR G (—FP 5 3K). BORFEAR AT PO HE M 2%
W2 A (P A & 7 0 A PRI AL LU PH(Y)IR G 7= AR, FRAT R BB (A2 n A, BRI Z
PH YRR S 4 0> FIRTISANIR], T FEA O HE, R BRI AR AR 2010 P(X0)——T&Tid A
OX)—— M P(X)R AT REFE (AR BE R AT RER), AHXS (B Kullback-Leibler PR &)H(Q||P)/S FI /).

FRATTCAPS A v 7 o0 A bR B HOTR A OB M Bk Ao TR AR A AR 2 BT VIR 1L
P(Y)(HL B 562, BRI A e 107 2 A e 4L

P(X10)= K;exp[-(X-¢)*/(2d))*], j=1,2 (4.9)
FIUANZH (1, e, di, do). Hobh K RH— 1L 25 RETFHHEREBE. BUER N =5
ILEC H-a: 4 P(ylX)s&ilit PONOF P(Y)F=4E1, T EM B35 E-stepB, R

P(y, | X)=P(y)P(X[0)/Q(X):  Q(X)=3 P(y)X[0)> j=1,2,com  (4.10)

ILEC I-b: 25028 POy P (1)=X:P(x)P(yix)~P(y)). W% H(Q||P)<0.001 &AL 3.
UGHE 1 FE9 ek 48 POAS S 5 KAE CHAS B(BEN G):
P(x,10)) P(x;10))

P(y,)log—— (4.11)

G=I1(X;0)= ZZP(X) )

j O(x,)

X5 % B ULAC 1T-a.

Bl 411 —NMEESHERG TR 3 s, % RYEESZH Shannon HAS B, GHE 52 FHEKE
NEAFE. RPERTEHESHMN P*(Y) SOERFTNENSER PY). ERISGEFRE 7 s,

R3 R<RETHEBESHIMERER ERREE 5)

Y L PHXIY)A PX(Y) W24 Wk m 24
H(Q||P)=0.410 bit H(Q||P)=0.00088 bit
c d PX(Y) c d P(Y) c d P(Y)
i 35 8 0.7 30 15 0.5 35.4 8.3 0.720

» 65 12 0.3 70 10 0.5 66.2 11.4 0.280
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Sampling distribution P(X) and predicted
distribution Q[X)

0.6
05 0.0400000
0.4 0.0300000
0.3 0.0200000
02 0.0100000 e
o 0.0000000 — T—
0 . o o o o "CeOSHSARTSRREBRRE RS R
start Lb R1 La b RZ Lla Lb R3 e b R4 La Lb RS
——G* —@—G —8—=R ——RG e P(X) afx
(a) (®)
B8 (a) RAREENRSE: (b) 5 XERE HQIPHEE 0.
Figure 8 (a) The iterative process of the mixture model; (b) H(Q||P) is close to 0 after 5 iterations.
CM BERWSGERR:
P(x, |6.) P(x.|6.)
R, =1,(X;Y)=> > P(x)——LP(y,) log——= (4.12)
o (¢ 4 i
5 O(x,) ! O(x,)
B UL,
R,—G=)_P(x)logQ(x,) =H(Q|| P) (4.13)
Ry=R+H(Y|[Y™), HY |[Y") =3 P"(y)loglP" (»)/ P(»))] (4.14)
J

HH R 72 Shannon FL{5 E. R RG)RE @ 10, R(G)ELAE G I R ME/IME. FINILED I
Bk G, ULED XI-b f8F H(Y||Y™)=0, DLEE Il-a fiz/Mb R (fE3K R(D) RS HOV A Bk 2 Aot A
FIULHC 11280, By AARHE(4.13)F1(4.14), H(Q||P)TERF—DuvN, RBLIEARULSL. KN R(D)pRAEE 1]
IR E)28), R(G)A2 R(D)IIEARLEMIC), FrLL R(G)ZBIRT. R(G)-G 2wk 1, H/MER
ME—1, BT LEA A RSk, IEEE.

A EM VA SGIERBAIL, CM SVEUSIE B 2235 TS 2, AR St B B A 02 3R
TTHANEIESEZSHA PO T CM 5k, 253K, CM FyRIA B Sk kAR 5 Il
%, KRZLE 412K 1 EM FyRSRZAE 17 IREEADY, BATEHRE] R A1 G A& B 1 i
70121, IXi) CM SRS A T §E. I 25 754 EM SR SIGIE BB 32052 2 IR Bk 5%

5 45iE

5 =R DU Sy B2 CAT PP DL 4075 B (DU 4 K AT Shannon 8 F (PR I9E ™,
BT UM ) ) SR R (B SR B B0 AN S i) X 14 S B 3 20 A (B )R HE LR iR KL,
TRt P LA ANALLSR R B0 (B S0 1 I B0 MR 25 5 A0 ) AR UL SR H 1 ) ) JEC 1L B 0 (BB 45 PR ARFALE R ).
HAE VRS, TR FAE s AT AR AT LU SR DL el i & SAAE SR S OB [FIREIE . 7R
AR, ) LA i E S RIS 2R FE R AL (B AEREA RS R, 55 B0 I U
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SHENCAL T R B —— e ol R AT, SRR e ORAIE:  DRERY 8 S Wi 3 2) 45 ik
PASRAE N (PR 18 S5 BN 5 258 3R ALE S EIRTT AR & 4)18 S VUM il He & 4% S i)
DU S FT00 (R RRAE DL et 307 2 22 2 AR B F900).

MG SCBAE A ER RS2, KRB WAE NIrROE# I RO MRS NITKROEH D K).
PRAL TS 7Y 5 2 U5 N\ BRAZE )15 AS B ILAC Shannon 518, RRMALIK Z AR, AL
DU H7 e 5 ml i 2 o R R A5 A FIIY) Shannon {538 VLTS A E. PR 16 AH LT FCRIIEAR
HEZNIE SCE(E L. 76 Shannon 1538 AN 2 I (RIARZEIE BN A A 2 1), FRATT 0T LU A 45 8 T
LB (CM IR AREE) 5 8 SR AR ELA S K LA B AR AR FE PRI S0 A ik T, SR g 2 A de /AR
RRTR SRR, RSN, FRATI AL, CM SVE AR, WS el sE s M. W LUREE, 58
=R DU e BAMEE VLR A A E 2 N A

BOM AR 3R AR R UL U 69 U A 3R G 38 SRR 1991 S48 0P XA A 007
) A e SR UR). RERAA B, PR R BT 85 UF SR R LS A AT R

A FEMEL:
D FEVCECEVER TS, AR & B Ll (Excel SCAF, A ULHH) R4k
http://survivor99.com/lcg/CMiteration.zip
2) RTASWEVLE BT http:/ /survivor99.com/lcg/ CM/Recenthtml @35 EM
s CM Sk g i@t EM HERES AT ?
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The Third Kind of Bayes’ Theorem for Semantic Communication and

Statistical Learning
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Abstract The first kind of Bayes’ theorem proposed by Bayes describes the symmetrical relationship of
two logical probabilities. The second kind of Bayes’ theorem used in Shannon information theory
describes the symmetrical relationship between two statistical probabilities. This study proposes the third
kind of Bayes’ theorem which describes the asymmetrical relationship between a statistical probability
and a logical probability. According this theorem, we can obtain a likelihood function from a truth function,
and can also obtain a truth function from a likelihood function or a conditional sampling distribution. The
semantic information measure is defined with log normalized likelihood. A group of truth functions form
a semantic channel, which indicates the multiclass multi-label logical classification of a sample and may
be used as a predictive model. To train a predictive model by a sample is to let the semantic channel match
the Shannon channel. To select hypotheses or labels with maximum semantic information or maximum
likelihood criterion is to let the Shannon channel match the semantic channel. Letting two channels
mutually match and iterate, we may achieve classifications, tests, estimations, and mixture models with

maximum likelihood more conveniently.

Keywords Bayes’ theorem, semantic information, truth function, likelihood function, multi-label

classification, tests, estimations, mixture models
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