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(9 DL 307 32 SCRsast i 3 LS & . tVFIX R4 & IE & Bayes il Fisher Ay 226 2.

Shannon K H Gt 1M 33 37 28 L5 518, Fisher 25 A K H PG =% 23 37 FH T B AS 56 1)
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ANGrAT P(xlf), BATEBA 6; FERAIRTE H(Pyyj||Pejgy)/), &5 FEBUHR R /N
Yi Zilﬁo
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JBEKT [27), AdixA~ BAF X A EAF KPR S PO)(JE TH ) «
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By (x| X) =2 P(x|0,)P(0, | X) 28)
J

FOTRIA x 0SB 5 A
P,(x)=Y P(x|0,)P(6,) (2.9)
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B, M BIREIN Po)KHT 0. 100 4AEA D AR KIS, T x (195045 BAZ ST K
FERG R BIMER AT P(x), 110 Po(o) ANRETRIE. 55—, MM UM, e anqm
PN P(x)i, U7, AR AT LR MR R A POyn)13 215 56 7 A
P(xly). HAZMH BL, AT BT H MR R B R 2L, WARAREE P ()i
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BT LA, SN T FeS A% Gl DU S 300, BATT 75 B — By S50 R Ak R Bl DL et S Y
A3 00 45 TR e 26 e DL 3 5 iR A 2 45 R

3) XTFHWHIR
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P(x).
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7E BL 1, BIOMER PO)KI v BROBOERE, IAFEE BN . Py IAE B,
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3)P(OX)TE O 7 18] (1) 73 AT G Bl BEAE A ROT B R4 /N, AREARIRREE, B i@ i i 21
— i, X At MAP 5 MLE 19201 0%, FrlL, BUBERISE ] AL A AN H) vk ik
=T, WREW. JETHHe o ZE DR iR, X2 R R R

2.3 MW BBIFF N2 T EIZE DU

Bl 1 XFF HIV RERLLE, pi=BHE+, yo=FAE-; xi=f HIV, x0=3%F HIV. X T%id
NBE, JeBoMEER P(x1)=0.002. Fuie ERHERIN, JEREEZ P(xly)=0.5. BLENR A
NIRZARNEE, Hrhz —RBIERPERE AR, P(x)=0.1. &M 1)P'(x))=0.1 i, BIx
FHAE AT HIV R 2 207 2)ReARErS B — TR H T A RN ?

AT, IS ABHG IO EE, FRAF 2] P(n|01)=0.5. (H2¥ s fa AT, Jald
AT P)ZE T, LARTAS B BUR B P(x1]61)=0.5 BRAEZL T o Bt LAMBLSR J5 92 AN RE R 3 1 5
ST, FRARPLIX A ] BTC R

WMEH Bl, WEAHAEHAINE. BERE Po1)=P (x1))=0.1, ERAT: FEHR
P(x1|00) A REAF 2 DL 5 562

SR, LBI A LUR 25 G i peix AN 1) . e i DU A B g g v, (HOR B0
—BHEFAEE) . HES LR LBI 45 RAFE 5.4 7).

B2 x RRAFFER, yi= “BEEN", AT AR BIEL8 5 A PRI S50 5
i P(xlyr). BUTES— N, ) (EFRUUAAR, JRIG A8 P(x).

DB “RREEN” FoRER x* 5 (R, WBAGERET, R BEEN I ERE N
ANF P o) B AR

2)RF G 3T P (xly1 2 F ).
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B 1 R y= “BEN” FIMNERFESAR P’ (x| is true).

Figure 1 Solving the denotation of y1="x is adult” and P ’(x|y: is true).



WARE H Ply) AR, ANIREE S, ANWAE— Nk, rTRiEdeskih e
N7 ANEED yy T EAEBRE), AMERUEE S AF P ) TR . SR 5 AN E N 1) P (x))H
— i1

P'(x)/ Y. P(x), x = x*
P(x]y, is true) = x2x* (2.11)
0, x < x*

SR, BHACNIE, ORISR, EBA W R SRESIMER k. R R
EN” ARIE RV, AR BRES, BRENNES LSBT, EAMR
WE? IXHtse LBI 15 Jc B AR VL1 n 5

3 BTHEZRELAY: PR =Fh U e

3.1 X7 RN SR AL ERR

T AETE T LR AAE S

® il ——RLEE LA, R, 2R

o WIRMAR ——RBONEIMEER, 45w S I 2 A B AR A 2 (R R I B .

® fEtE, AMSREE——F T R

® [Z/LJ¥(degree of belief)—— D13 3= SCEFR WUH-HiE Rk 2 (BT BARE RN

-3 3= S (LN Jaynese) ) N E 2 ZHMA (3], {H/2 BI SLhrHE P(0)2E LM i
Mg . BT EEEA — P AEAN T AR IR FE AR OC o
®  fffiiF B (confirmation measure) 8 {5 FE—— AN AR E [17,28) NGNS HF
FEEE AT RS2 S M GIEYE SCREL A ), BRUEREAE-1 A0 1 2 8], AT AR AR E T &
® E{5/KF(confidence level) [29) ——5t & — MR LG BT o5 BT A 491+ (EA41
ENDPIELE], AR 0 A1 2 (AR, B REIEE L, AR AR
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yoy Y RBUET VAN TR y MEEHLAER, B YEV={p1, ys, ..., ya}. ST TEMEE y;, F1E
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EX 22 BNAES “=" "RBENEHRNSITEEER (BRRMER) — i PO=x)—
—RAUME, JFHFE SR P(x); W X PERAZLE, ATH P PX)FER P(X=x). [F
FEth, RATH PO)EL P(NEIR P(Y=y). BITBRBTHS “€” R EHMIZERE.
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A — LR AR I T — 1, BRSO — I R 3 B R EER R R AL T(0x) 1 5
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Figure 2 Relationships between 7(4,1X), P(X|4;) and P(X) in Bayes’ Theorem 3
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Fig.3 The Bayes’ theorem 3 is compatible with the random sets falling shadow theory about fuzzy sets
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Figure 4 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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Figure 5 Illustration 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.
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Figure 6. Semantic communication model for machine learning. In tests, estimations, and predictions,
information comes from that the sampling distribution examins the likelihood function; the receiver’s undstanding
and the sender’s classification are continuously optimized with maximum semantic information criterion.
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1X). TRAWSH0N LBI 2

T * — . — T(ej |xi)
0,1 X)= argmaxI(X,Qj)—argmaxZP(xi |y)log—=—— (48)
7(6,1X) 760,x) 5 T,
I(X. 0)n] LS AN KL R 3 1) 22,
P(x.ly) P(x|y.)
I(X;0)=) P(x,|y,)log——=->» P(x,|y,)log——— 4.9

BN Y PXN0)=P(Xy)i, Ja—I0R 0, FrLAXE 10X 0)fK, 5T KL {55 I(X;y). fi4E



-7 B 3 T P(X|6;)=P(X]y;) T AR
THG1X)=P(yjlX)/max[P(|X)]= [P(Xy;)/ P(X))/max[P( X] y;)/P(X)] (4.10)

EREESEKFEAR MAESHUET, @) BIE S R /NEAR S5, SRk
JERE R, FH 70 X) (s S LS T 0 R FH 4 A% MR 26 R 50 POy X DU 30 70, 45 SR AH ).
FrUAAN BT AHLE, LBI B 02 Dl e 4 2.

HERMAFNEFIR POOTT R ETE POy XIS, BATAGIERE X MRS, T2
PXy)F1 POyl X IE L . ARG FRATIAS 31

T*(@, | X)=argmax I(X;60,)=arg max Plybx) log 1@, |x) 4.11)
! ro T e T P(x) T D TO,)
k k
WL AR e B, AT LRI AFRRE ¥ ZEPES KR INIE X,
TOXO<TOWONS s 3, L5 pi.
TEFTAAREZE S, ATREA LepRB 2 AR AN ik yy” 2y KIS E, IIRATAT L/
ANEAERER T P(Xyy) Rl P(X]yy ) ZR— A L AE oA 3L

T*(0,|X)=argmax I(X;0,)

T(9,1%) 4.12)
— T(9j|xl‘) ' I'T(9j|xi) “
—argmaXZ[P(xiﬂy,f)log—+P(xi’yj )logm
-1

]
r0,x) 3 7))

WATHI T iE, TEHE oMt [42), EIXEFEAMRE, B EAE Sl
JET EAMOPE R —2, XXFEAR D BRIR G, 322000 RAEw . (H2 FA
NIE S LR BRI K, AHEG BN kbt RO ERIEHTE 26/ =25 IE
Bl S ABIRAS s B R CE S AR, AR RIEE AR BN
WAL B B T4(0)X) R RS R B8 PO X) A POy | X)yE 2%, TR PTG,  FTbAk
T SEBR EARFTA AR E SEBIHERREESN 1o A RIEE M g, A5 R L], fdE
P(X)o TSI FH 5 R ABh AR v DU Bl K1 A EHE IR 308 5 1

T % Shannon fFIE &N, (HEEEAHEIHER T, i, XFs5epAnT i
Yt AT R REARTE WL B0 Z € C Wl X (e85 A P(2Z)I, FRAT 175 X 2 pR 8L Y=h(Z).
1E W Z) A E BT, AT ZE A w5, AR FEARENE S Bk ok . X g
2 R K XCEAR B A AR & R Shannon 158 G A5 1E:

T, |x,
T*(¢9|X):argmaxl(X;c9|h):argmaxZT(C.)ZP(x[|C.)log—( %) (4.13)
7(0,1%) e 54 / 7(0,)

J

Hrb T(C)=P(ZE C)), (Z)F1 P(Z1X)—iEEHiE | — Shannon {518 o X x& —>f- I B 5 = vl
EHAEREE——FELRCMEZ, 5 6 Tk,

4.4 GPS E B ARSI PRI
R GPS /N ER = T EMBE S A RE, ZE/E 4, FATATUARYE Shannon

BEMIERGRZE . [RUCHFZ  EL Shannon (518 /2
P(y,| X)=Kexp[-| X -x,-Ax[ /2d*)], j=1,2,...,n (4.14)



Horbx 2 priehi B, M y="X=x""1 x; K2R A ZRAGWE, d2mdEmzE, A
AR 2 4 DL S HE AT B R A IEA0TE UETE R (N o)

T*(0, | X)=exp[—| X —x, [ /(2d*)], k=1, 2, ..., n (4.15)

Horb vt Ax, JRBERR  FEL FEEO0N. . SO SUEE AL SRALL, #EAT LAHI % LA Shannon
{BIEH IR UEIE,

e GPS 32 B FIRPLH TR ZERMS)ECR, ZF - 4, L2 200 K. £ GPS %%
BN 8 A AR, M EAR AR POOSEHE “ /N GEAERE ML AN L 20 R AR B/
ZEAEIZ S /N b IR FRA 2 B e ) TR B BTN o I 1 At /T L POX)0) BARKEA 341 P(XTy)),
ERN AR RS

»¥=argmax [(X;6,]y,) = argmaxZP(xi |6’j)10gM (4.16)
k k 7

T,
Horf P(xi|0) 2R3 GPS 75 2 (F138 SCUUH S . T(Ober) A2 0 35 e 1R FLAE PR KL

H AR E B R,y BRI Dyl B ARTER). WEREOAIEL P(X|6) 172 P(X]60k%),
W yedR BT 2915 SR HCOR, KRR .

4.5 45 DU HTHERR AN DU Hr 28 b A

DU S0 L (BT) AH 32 4 DL S0 S FH (L BI) A A< DL 387 28 273 ) 2 -

M:HMX%JK%%ngJMXFZPWJHXWﬂ (4.17)
LBI: T(ej |X) — T(ej)f)lzg()(;| 91) ’ T(ej): l/max |:P(PZ)§)|(§1):| (4.18)

P SR R P S 56 i . (ER P X 5 S

1) BI A5G 56 RIR MR P);  PoX)ZME A — 1L 5230, FIREA AR OC .
i1 LBI & RSB R AR MR AT P(X); T(O)=Z A — L R AR A
Ko

2) BIR 6 ()5 IRER A0 P(OIX), 11 LBI SRAEFRE y; SRR 60, A 21 E01H B4 4L
T(0}X). BI 1] POX)2& &R E: 0 22 X RRESMHPH— T,
e ALK, T LBIHY, T(OXRUTHEBMERE: 4% X%,

3) BI R EIR Z IR R EL P(X|O)FR 2 6 FEAR XA ), 17 LBI R —AMUAA
R P(XG), — X;BL PX)).

EE VN XSS My UE SN E R, R RO FRAT TSR (A 2 T ) X R R
AT PX)6)), XK TERIMMERTE. BN NEEREBCEMELE, EFENA
THEERE, WAOTAMERER I P(X6), EHEAE PO P’ (XN, R HAHRL 530 #E 2 7
i P(X|0). X IERATHF I HEN.

TATVZ i LUK FLAR R Ei T AN SRy S 80N e MR s P(nilX; 0)=P(v))P(X10)/P(XO)A T
T LA AL

1D RfE POXO) LLER e, RONIEHAFIE Poy); MR TOX0EE S, JEH

T(OX) e LR MR SR B —HE, A POO—EERE2E X 15 SR 4 A1



PX|0)=P(X]y;)»
2) TOXMEKRER 1, BRREEEIME, #Tidl2, WETHAERESERE,
Wy B v T A BR AT DARIR O “X R0 X7
DR A FH LA B BORT AU R ML R R 8, 18 S B iR FIRERe it — e EBE X A
f) & 157K F CF(Confidential Level), 7£ 0 Al 1 Z[A484k, H4h, i S5 8T Eb R —
N EFRRRE A RHIEE CM(Confirmation Measure), fE-1 Fl 1 2 [A]284k, & B8 52 7
(VENL 5.4 7).
A8 FH 5 KT AT S HE A A B SR B 8 XUfE BAS TE, fRiid o MSIe B MK
AT MLE B K5 38 Al MAP FEEAN R (0 I T s ;528 T X BHRE A B S 40

MLE: 6 *=argmax P(X;|6,)= argmaxZP(x[ | ))logP(x;]6,)
. 0 . ) ' .

(4.19)
0,*= arggmax P(0,|X;)=arg ;nax P(0,)P(X,;|0,)
MAP: '
=argmax[ZP(xl. | ))1ogP(x; [6,)+1log P(6,)]
. i . :
(4.20)
P(X.|0. P(x,|0.
0,*= arg;fnaX(P(;;()’) =arg mélxzilP(xi | /) log%
MSI: - i 4.21)
7(0,]x)

=argmax » P(x, |j)log——-
er Z (x, | )log 70)

MSI 1 MLE s& %50 1, {E2 P 1 X A2

D)X e RANER B I ER AN [R] o MST AR 75 B8 KAL) 2 bR ffE(normalized ) BASR BE. A1 H
PXOAKH T 240, FrLl MSI Al MLE %6471 o

DMSI A BB E N BB D HR B T, DRI S B, A DUR e B
TR SR PR R S A TE R, TR R B B AR A5 A RS 2 . MST AR PR 2
PAAERR A AR AR S BUETI . SELL.. 1 E, DB ALY & (7 2T
21), BN EIENALRRZ RN 37 & (PR W), FUE R B E TN SN

MSI Al MAP ) 3 32 [X 5] 2«
D P RUASE] . MSI >R BUE B& B0H R80T A 2R R B 12450

2MAP WE R F 2R T FEAA KIS, 205 THA MLE Z55) 835, At A
MSI AFEEE . FEARIRRIS, = Fhflith 75 2 R & 20 POIOYARTR], #855 THEAR D A P(X])).

4.6 FOKIE AF B HE N ey e IE MK B /MR 227 77 (RLS) #E N

AT MST AEN A — ANRFRR KtV A2 55 B RLS HEI [42].
R AT FAR R B EE T LKL 2 3(4.3)753 2]

1(X;0,)=-logT(0)~ > P(x, | y,)(x, —x,)* / (2d *) 4.22)



41155 — Tl /& Bar-Hillel-Carnap 15 /5, 25 T T IA X 1R 227 05 o #0017 70 A0 B4R R Eiry
HHE HAE B AR 4.4 5]

I(X;0)=H(0)-Y.> P(x,y,)(x,—x,)"/(2d }) (4.23)

AT HO)/2 Y WIS, 5 Z00E AR T7 . L, doRiE SfE S HE N Ap
HRARAL—/NMREER RLS #E . HOX) R MAERRZE, AT RLS #EN AR R Z D H(O)E
KT IEMMEIT. 10X 0)mfa 4 2k s . /MR Z AN B 52 “Joid (B 248 e,
T B K A S HE NG “ DR T (2 (ko DR Ay e R SUAE 2 HE US540 T8 K
ASRAEI, By LAAT DA T e 2 de R AR AE I 1) RLS 7R

AT ) RLS N R B IE WA G 2 50, ISR ST 40 [42]). ffe e e i B2 4L
G, RmEizAeee . (A, W BT RATER], WAL T #FR RS RIAS -1 i)
AR A HE I e 25 B AR UE N o« H(O)WE N IEMIE T, 7 e K 7E A B (Barhillel-Carnap 15
BHFE [13)), BAFSmEE X [14), & . SN 2EME o8/ NIEERE R E
HOMEK . (HRRIZREREEA d /e SR, B d /N T MXPRZERR T o i AR 15 22 5
RETI R SO SR AT LR AR ERAR, ZAAXRZE/DN, BMEEREA 4 K. HEEA 4 K
T, BEGEEE HOWNT o BT ER HO)RGIEA d. (852 H(O)FHA PR 6 B AE & £ 1
B x. BEMGE, EHEEHREENIZ A, FREE d; 580 AR AL R £ 53 A 1 B 1
SHRERE T, RSN .

FEh, TO)ER PO Ko QIR POXOTEFEAN X (BI040 % FEAR N, R AR o 0K,
T(O)ILAEAR/N o KT IXFERI TN py, 15 EAEN FOVFABRIIAIR R ZE . EEanIRATAE 3 N 75
AIRE 100 % (GEIREREUN), Lhr 90 &, ML AR I REW 7T drv] fg 70 %
CEIMEZRECR), SLbr 60 &, XTMMZEZL 7. W UEBHENH T2 280, TO)mERE j
AN S AR B . i DAY SUAE SR I .25 8 1 SN i) @ (45 ). R 22 DU AH
bE, eV E D R A R —— Lo s b SO . R L IS R TK R, B AL
R R RV MR E AR 2 iR K.

BN MBI AT LAHES H RLS #EN], IR log P(O1X)=logP(0)+Hog[P(X|0)/P(X)],
logP(O)fh /2 1ETT R (44 ). ZEFHVNAXS o« BREATE DU s v, AR s 3h IR 2 240,
HARIAELL A PO, PO)HSEMASERMER KRR, el PO)ARETE R
. A 0 BIE5 2 A A JE38 A BB LG, PO)RIVE TR JR B BG 5, 1 AN AE 75 11 LR R
o HEENMSE

RLS AT UG RASRHE NG I 7o HSEARSA L UBRATA X AR %L P(X16))
I, ROZA TR EMEN . RARNIER Y G5 P(YX, O)FE LR ek B i g, R4
A e EIE NI G XS BRI AR, SRR A S X 1557046 P(X16),
MAEERAL Y E50 41 P(YX, ). TS RARAE IR HE N 5035 SUE BAEN A& & E . B
L, 40 SR FRAT T F00 % 22 eR B R P(Y1X, 0), AT R BE AR AR B AR E LA AR eR 8 P(Y1X, 0)/P(Y)
5 T(G1X)/T(0) . T~ logP(Y)EL logT() 2 IENALIT. BN P(NAE SR, FrblH
T(O1X)/T(6))7& fe b e 4

M2, HIZEME T(0)85 X A5 HO)RERT DL R IE AL o] 3, -t m] DUAE SRS AN -4 1)
B [45). WE G RRMAEE, XA B KR —A 8 —— @& B e A e RAR LR
TR U i 8



5. Shannon {S1EILACIE NG E— KB NEFESHK

51 RIEAZIRED K

YR Z R R RZAMH Y B DU E58, 782 ST Bt % lE il 4 . — MNMRATHI &
AL Z KA Z IR KRN A 0, BORBATAREA I AR 25 (B 5 T 1 71
FREZEVRAL “Yes” B “No” [46,43). AR ITIESZ KM, (HEGHAR. NFEZA:

DFRZE 2 2] RARA UAE oR B — 3@ R BRI, AR 3 549 22 18], BRI A R 7 541
7] 5

FAKRZE T LS ), B R E AR RN 2 21 (36 (4.12)),  PIFRHT LA

3) “Yes” B “No” mefeftZ /b /b, S/ DbWER R,

HZFRBAEIX B2 2 R PR s BN E 6% . RF— M (E A8 2
AR ARSI R R WH g NETE, HRATI 0K 1% (Binary Relevance)
[43), EEWEREZA 29 . RAARTIE, WRNEEGRER 2720 M. ANidsebrH 21
B2 ] DABHFF A B 221705

TNHHEZARZIEFED R R Y & — DR E(R FIREEE G %5), HEEK
HOARLGE. RTWNFHEZ AR W2 R PRS2, Pk,

N TARBIBRA MR P(XY), AT UM CE R I7 515 [47), EREER
S ZARZERE], LCWIen; yiy2), A SRR AL, LEA o p1), S0 R BB AT AR
e, ARIEFFE] PXY).

TESZBI AT ULES, o B K08 SUAE S HEN, 3B 28 o Rk U2

v *=f(X) =argmaxlogm (5.1)
' y, T(9))
YPTA A RIEMWNE, b E S N R A A BN B R AR AE T«
y,*=f(X)= argmin T(6)) (5.2)

y; with 7'(6;1X)=1
A e A= B NIRAE N . FTRAGE, AREESE SIS RIAR BRI (OB ANE , T AR R 106 £ M4 B 25 14
F R DL AT
AR SERANTT LR (LE BT THR A N A A B A7 B 5 e, B AR v T R AT
TR 9t IRANZE TR [45), FATRFITENEE A Z, W] 12038 SO J2 e I e P hr 28 k]
SRR, B

r@;|x)

53
76 (5.3)

yj.*=h(Z)= arg maXZP(xl. |Z e Cj)log
FETRIASHERS , B S A HMEBR AT DL /NR ZEAT R G Bk, BB A Bk ok
1)y, MR TO)RLE/D. XN RKRATIREF R “/DNEIPE 7.
XF AN W1 532, 153 BB h(Z) (€ A C)2x e Shannon {518 A1 5 2 AHULAC Y
EUEE, BrUASCESRE RS Bk, FATEMBEA % JFHR K.
AR FR 55 2 A2 BB, T E BRI 25 (1) S R B 50T XA 25 e H A AR 25
HAE RN ZHOE N—— B A B B KR BUH IR 548 T 1. KB @bl LL—[F
2], W(4.12), WATLAERhE ], WAl DA A . il X RORFER, BRERTUA: yi= “X



FeNET RN, FSRJE R EOT H Logistic BEGERIR: yo= “X RN (F R4
FAETHMIN, A={XIX=18}), yy=“X RERN” GRIERET A ZEH R38R,
FERR P REEAS T, BWAMMIRZE, &2 n MFRsE, XLRIE RIS HIL AT AL,
PR G, FGRIESRR R BRI A A —— X 1B IE R 7 2 Bl i ZE .

5.2 BEEETARSEIRNSIRELIMSR

BY NIRRT E A%, YEV={y1, )2, ..., yn}. HRIATHRZER
aEW={ai, a, ..., ag}; — NEEIRZERE TR TIRERA/REE A g DETHRZER L
HIEE 29 N and BEREIM B R R G428, EATRES 2" TR, ¢ MR /R 5L
HET XA RFEEIRE PSRN,  REAREA 27298, KZ WA BEARZE 2 R K
Kz TR R . I AEEIEVL SRR A VFRRAT R P AR D BOFRAE R 22 3] . (HAZE, A
SRR DA R T AR IR G hn84 2], I/ 3] TR &

o, WATEREFTE EBAR S T B MR AR, TR AH G IR ) il SRR ——
38 N ZARZEREBI 237 1 AR BERE G . W TR THR B TR IE A R R, FAEAR
TR 2] RMSLI) o RIEE P, S R L J AR5 1 SR I ek B A B A bR AR SR
JE AT B T BRI S, A S W RONER R R i, R EA
FRERMIE, T4 T(ON0IX)=T(01|X)T(6|X). tnRF IR A, W] FAHZ R, t
Wi T(6:N60: | X)=min[ T(61|X),T(6:)X)].

N T ATARE 2 i A AR AR, SRR R B s AT 2 g . FRATTAT DA

—Fh 5 Zadeh fM12 4 [32]1 A S AFRIMERZH [20], HHf
T(01N6, | X)=max(0, T(61|X)-T(62|X)) (5.4)

XL L AL B R —— R R AR T —— i (R 2 4 [48), ‘& UXT0,11%8
8] b kAR L U RN ZEEHSGER 7).

BERES PAEBMES 0={REN], 6=FERAN), Ba 4 MEIUREREAER
Hoghan & 7 Hr s g R DU KRBT R, RAE a) Aay I EE BREL T(0) N 6:°1X) whinBlsg
oy R

yi=“Xisayouth”  )2=“Xis an adult”
w | T6iN6xX) T(611X) T(6:1X)
g '
E
:: T(61¢N B¢ X) T(602N 0:°1X)
E
=
T(61 N 6|X)
0 15 18 35
Age X

B 7 AR TR AN BURRE, SRR KBS BT RAEL

Fig.7 Logical operations of truth functions make the fuzzy set algebra be a Boolean algebra



(ERS TAHSRPEAN] 1 IR 7452, ZAS 2 S P E SR i FE AL, IEZER A 4N
Bk, WREEL GO L [46,43); BAHBEHAEANGE A%,

5.3 A WSLH| —4r R K HEE PX)KIAR1L

TATCA =3 N B AR S R 3% 2 A AT B S 30 0 A POOZRAL, DA S o] A phe 2531
ANSP- 4857 R0 1 Ak, e

WA yo My BIRIbRZE . S 28 (g —4ER—— N T B8 Bihie (8, 5 i s s
2 e —4E . AN EAE RS T011 X0 T(Go|X) W] LU 53 Bl FH BRALEE A IRV, WL(4.8);
A LLRARSE, W(4.11), Heln—Xt Logistic BRALRIRIG . AT 07 vE A i@ & A S50 #%
MR R P\, 0T RRE, H—ERIE PO1|X;0)+ POr|X;0)=1. {HJ&HSE TR
ik, BAIEARER TOX+TOX)=1. W R A HEH R L -, 0
T(O1X)+T(OolX)=1 B L. I YeFE K EE VLR H Logistic R — 02K, &

1 )
T(491|X):W, T(90|X):W (5.5)
[EREEREN Y

T \x,) 1-T(6 | x,)

1(X;0)=Y [P(x,,y)log— " 4 P(x,, y,)log—— i

(X;0)= 2 [P(x, ) log @) e lee = ]

=H(0)-H (0| X)

PR (5.6)

1
11(9|Xﬁ::ZS[P(L,yJlogII;;azzg4<P(@,y¢ﬂogI:;;Z;3;]
H(0)=—P(y,)1ogT(6,) - P(y,)log[1-T(6)]

P(x)) P(x,)e """
:—P(yl)logZHe,u(X,,b) —P()’o)logZW

F BT 2 2t nT LR A HXGO)E B RIS H a 1 b, AR ZE T HOX) FIRAT 7
EFE, ERIENI HO)E et HAaFAb &

1) ] LARE RIS A AN-F-45 1) i 5

2) A RALSAVEE DU e 725+

3) fFIE PSS,  BEARIRIEH .

PR A X i 7 VE AN SR P AN BB B BOR INE S T 1, FRATTEGF rT AR B AN B0 T
PIEAE PR ABIAL . Xk,  FRES DA

BATLIAREE “ 2N B3R 7 BE S5 () S 56 73 A P(X)AEAL

WX FORERE, % yi= “EFEN7. Rk

1 1
POO=1-—

o O15(X=0)

T |X)=
(61 0)-—

—0.2(X-75) ?



3.0 1

2.5 1

2.0 I(X: 6,

y="Xisold"”
I, X)

151

1.0 1

Probability, true value or information

P(X) /
0.5 ' _
X 07) .
0.0 1 <
Dividing point x* /
-0.5 4
-1.0 1
0 20 a0 60 80 100
Age X

Bl 8 ZEANSFERISF KR . BEZFEAND LGN AT
Fig. 8 The optimized dividing point x* for label “Old person”. The x* moves rightward when old population

increases.

Kl 8 TR 7 A KRB HI R 73 i e ——"E B8 X f5650 70 A PO 4L ¢ B4R LT
i, ZEER I,
RICEIEN 538 LX) BENDEEE DT PXOTIISE ¢ 121

Table 1 The classifier f{.X) for y="0ld person” changes with P(X)

c Population density decreasing area Dividing point x*
PYT B AR R X 195 or=Ar=x%)
50 40-60 49
60 50-70 55
70 60-80 58

TER: XIHEE D R EOF B2 10 SR & S EUI A TR 1R R 0 A
P(xi, y1) AREER LA R PO X)L, T T EORREE 12 52 3 PR (1) AR PR 238 A . IR
et 2 SO SREE MR 7 s B AX) . “EFENT I SONVE RPN A0S X R AL . 30 A R)
SEZFNKI M FAER MR, 8 5 R RE P & BB MR 2 7, EREA R4
ke AT AR . BHENZHIREER, FIRE 70 B A HEFEN, 50 BHFERN. LT AR
R, 50 MEEFENT . R KL, MKZ MHIX A EE H PR E 50mm 4 5K
R KA (¥t DX AT g H B3R 5 20mm S5 KR 1.

5.4 AT JLSE — 43 80 B AR 7K P AIHIE B —— e P DU HHE R 0 B A5 A

FATLA L A 56 A5 i B s 56 AAS ] WL S2451] — 23 251K Shannon (FiE MG U(EiE, BIS
IKPRIHIE

%A 56 0] LA RC— > 2X2 A 87 Shannon 5 1E(WLIE 9). HH N SEFISE S & U={x0,x1}»
Hrf xo BARKBEGE, x1 RRBEGE; MHNRBEGE V=00)11}, yo TP, y TR



e, Eh Zze C FongE s, 22X AL Y=h(2)MRI7r mie X T AT WSEB7p 2K,
xo M1 x1 RIS EARZE, yo M yi 52 Z R IIFREE -

X 7z Y

X1 C) 1

8]

Xo Co Jo

T~

B9 BB EM. BB UBMEN 2x2 FHYEFE Shannon 518,

Figure 9. Illustrating the medical test. The test can be abstracted as a 2x2 Shannon nosy channel. The Shannon mutual

information changes with dividing point z’.

BApta s, S5MFMEZR Pyfx) YA BBURR I (sensitivity),  P(volxo) I ABURF 57 14 (specificity)
[48). HUBIEANRF 5 A4 i Shannon (18, 413K 2 PR,

2 BReA A A BURAE AR S A4 A Shannon {518 P(Y]X)
Table 2 The sensitivity and Specificity of Medical Tests Form a Shannon’s Channel P(Y]X)

Y YL Infected xi1 RIBYR Uninfected xo
Positive y1 P(yi|x1)=sensitivity P(y1]x0)=1-specificity
negative yo P(yo|x1)=1-sensitivity P(yolxo)=specificity

BRI AHT TS, S B Tonbe)=TOuko)=1, Trileo)=TOrolx)=0. WIETTREATES,
FLH ECH B BORTE O A 1 2 1. Wt AMEL yy A AT A RUR IS 3045, TS LA by,
T 08 B

T(1X)= by +b;T(1%) (5.7)
by =1y | 3y P A BRSO ML), R R B EUE, ATEAERE. TR MRS
s 3 FR

R 3 PRPANE A R AR B 1 A IE

Table 3 Two no-confidence Levels of a Medical Test Form a Semantic Channel 7(6|X)

Y BYE Infected x1 RIBYR Uninfected xo
Positive y1 T(O1|x1)=1 T(61|x0)=b1’
Negative yo T(Bo|x1)=bo’ T(Bolx0)=1

A5 4.10), PIMEGEIAEEE A
by*= P(yixo)/P(ilx1);  bo”*=P(yolx1)/P(yolxo) (5.8)
BATHEAACII A B IS UE BT, AF . (45 A0 P U (R I P B T (S o R R R L
( Likelihood Ratio )& ~— Malef £ 4F [50,51) . EXS525%, KA

LR =P(y1[x1)/POlxo)=1/b1"*; LR =P(yolxo)/P(yolx1)=1/bo’* (5.9)
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(Confidence Leval) [29]) , HJ

CLi=P(y|x1) /[P(1[xo)+P(yijx1)] (5.10)
HHUEY, — AR EEKT CL RIBIEEE b* 2 MR R 2 [29, 17):
1-CL/CL, if CL>0.5
* = . (5.12)
CL'/CL-1,1fCL<0.5

Hep cL=1-CL. b0 CLAE 0 F1 1 20484k, 17 p*7E-1 F1 1 Z A48 4. 4 CL=0.5 i},
b*=0; WIfEREN: PSR, HAGSCRE N 0. CL=0 ), b*=-1; WfERER, ARG
IF, R SR A AR L
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PRI Re 404, ) — P &5 R B KPS EUSE L), T2 A BE MK o Bk, B
3R CL=1-CL< a. tLIfEERS IR, N T BibsdR, AT RPIER CL” 8 b * A K
T 0. 1o FERIRIRAES 28T, RARE S, AT REEORPEME (F0 “2” ) ) CL” 8L b A K
T 0. 05.

AN bl UL i R0 b FH R MR bR RO B

2.3 1 8.  P(x1)=0.002, P(x0)=1-0.002=0.998; P(xi[y1)=P(x0y1)=0.5. 1R¥E(4.10),
ARy I EE R EL: T(0)x)=1 Al

T(61x0)=hb1"= [ P(xoly;)/P(xo)]/max[P( X] y;)/P(X)]=0.5/(1-0.002)/(0.5/0.002)=0.002
PF R — N TIRLAL, X TAER P'(x), TRLH DI BEEE 3 Rt x BIE%R. PR
P’(x1)=0.1 I, FH &8 = Ff DU By s 245 3

P’(x1]01)=P (x1)/[P"(x1)+b1’P’(x0)]=0.1/(0.1+0.002*0.9)=0.98

fREE.
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FERAEEKTFA 0.9” AT, BN EBFX A, Hhanie “ W6 R iR Z 75 1E 7
0.5 FEZ A EAF /K T2 0.97. GPS HI B AZ KL BAF KT 0.9 e 4 il iff 1F FE /2 1-1/9=0.89.

i BT, AR IE XAEE VAR R0 iR e A e Ay, 1 HLRE SR A A e, 8
J7 (R AROME R T o AN T LS4 43 28 (R 2R o0 MR 18] C, T AN A2 549 2 i) U)PE AR |
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e IS5 POX), 1RAESE0 6 1556 70 A0 DX [RAIAH B2 BAS 7K 027 5 i v i
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Shannon H.15 B R Z [A] A BLULHC R %L R(G). 1X— BREUEZE LT R(D) R BT S RA(D F&
FEIRE EIR D, G 215 HAERNR), e A R 8 EUUE B IUE SR UTEL S
2, BRI 7 PR B EUR AR R R [12-14). IUAEE RIS W] DL A R Bt
ML 2]. H GAUE D aT LA fR N FH e ML #ENU ) RLS #E A 2k FLAEN

Shannon fEFF O 3C & rh #2 AR L FEAE B3R (8], FF4&HH(E EH K ILKEL RD),
Shannon T~ 1959 it — 1418 T RD)EL (53], FHHRMAL T —A ZJufEiE M RD)RE#R
15T o PR B R ARAIE B2 A2 e /N R LRI (1), B LA Berger FHUAFRZ NS BRI IRI54].
JEImBS A (5 BELSEALY [55) AHRIEMMITE, Rk T RD) RS EHY ik
PR, BTSSR TP AR AR AR 2]

HEEIR POFISFEIR RN IR D I, A S8 s B R KRR EE

D(s)=>.>"d,P(x,)P(y,)exp(sd,)/ A,

(5.1)
R(s)=sD(s)—Y_P(x,)In 4,

Hirdy 2y Ron xR EE. RG) REHE G EE L=I(x; O)FNREE, BREE
wmdy; HEXHERTR G BRFAE LR D, fEXERE] =K Shannon H.AF & [k
/MA R, TRA52] RG)FEL [13]:

G(s) =2 2 1, P)P(y)2")/ 4=3 3 1,P(x)P(y )m | 4,
R(s)=sG(s)—= D P(x,)log 4,

m; =T(0,|x)/T(8,), 2, = P(y,)m
J

(5.2)

Horb my FEFRUERIREE, P(yy) myf/hi A& P(yilxi), WRUGHLF Shannon {518 P(YX). LA —4
R(G)EREHIFARAR R BRI (AT BEA XS FR) e — NXTFRIT —JufEYR R(G)EEE 13, 16 Wil 10
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Figure 10. The R(G) function of a binary source. As s=1, R=G, which implies that the semantic channel matches

the Shannon channel.
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A— /N GBI G o ﬁ%G@%%mmiﬁwﬁM WR MG S, BE VN T AN
FK—EMME MK, RG>0 mHKE —EEM R ZVEN. R=0K G AN, FEWERE
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6.2 CM BEyEH TR A5 FA ] Lse 6 424

ROTAARAL TS XAETE FH 142y, P38 UE B AR ——R 1(X; 0), THZEARE LS
BAR——K I(X:0).

XA AGTHRIA T WL 2, WMEBTRES CIH— RIS S={C1, C, ...}
Y zeCRE, BATRIER y;, B y=h(Z1ZEC). LTS — Shannon {5iE. 24 C HIkl%
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KT 7 o 1 2 Fie K ALSRAG 6 AN THELIA 2 B 1o R T A B IR Fh AR Sy I R SR e .
RE S B Y=h(Z), “FEIE X HAEE&Z:

I(X;(9|S) _ ZP(CJ’)ZP(xi | Cj)l(xi;ef):ZZP(Cf)P(xi |Cj)log T(Tej;xi)

J

(5.4)

BAEAR ) — DGR {xi, i}, WERFEAZW R, FATAT AR R P(X,Z). WRFE
KR, BATTLLHZEAE  PZX)(f5 F SR AR E N i S BAE, ). SRR
ATAT LATHS 44 1 Shannon {5 38 154 5 ME % R 24

P(y;|x)= Z P(z, |x,), =12, ...,m (5.5)

zeC;

A7 PCOR P(YX), BTS2 PIZ)AT I S0 KL 5 B3 A bR 2

I(X;0,|2)=) P(x,| )1, HH 1, =10g[T(8,|x)/T(0))] (5.6)

RAREERRISENREE:
Matching I: & X {5EVLAC Shannon {518 . H(4.10)453 2L FIFESHGE UE1E.
Matching II: Shannon {Fi&VLALE XAE1E. H T A :

P(y, ) =lim P(y,)m: / 2, i=1,2, ... (5.7)

Hodr my RAMELSAE TO)x)/T0). ZH(5.2). BRI, ER&IE, HBER
Matching I

ot B 2 s, HRMFRRE POIXNEMES CMFHER A, Shannon {5 1E 2
TMEFE ), f§ R F1 G ik ER(BL T —A R(G)BREMIZR A b X R ES5 40 T4 I 55

Y=h(Z)=argmax [(X;0,|Z) (5.8)

A L FUCECEE AT AR B8 Shannon HLAF EANE L EAG Bk & KM C XI5y it
AT 1R B KA A T 5 0 R BR R B AR v . RN kA b i A R R AW, 25
W, TR

N RG)BEEIEY] R S Rua=Gma ZE K 11).

a R(G) Rmax = Gmax
Matching II-3rd
Matching 11-2nd ;= Matching
I-3rd
Matching 1I-1st ;=% Matching I-2nd

“R=G

/ -7 Matching I-1st
% G




B 1. EFREANETAERKS. SMENEERE—FK RQ RHthik. L | #158 =R, HE— N FRIBXE
E; OLED || K RE RO REHRLATRER. ESICA | FIMTE || AJLUES R GIEBIFKIE Rar 1 G

Figure 11. Illustrating the iterative convergence for classifing unseen instances. 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 Rmar and Gmax.

AT AEIE AFIEE K2E Shannon {FIEAE_EICHIFHR. TEEBITH L4 — A=)
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FE BRI > AR A R R L ? XL FREE—P T, EE N LT, BEEIEAR
P HST5E . e — Mol a0

BE P(Zpe) i A (K 2 V1 — A 2 50):

P(Zx)=Kiexp[-(Z-c)*/(2dP)], i=1,2,... (5.9)

SEIG M 45 5E P(x0)=0.5, P(x1)=0.35, P(x2)=0.15; ¢o=20, c1=50, ¢2=80; do=15, di=10, d>=10.
FHPRAAN RS 55 (1) 20°=50 1 z2°=60(F4F FI—5F); (2) =9 F z’=20(1R Z B —%}).

EREER: X T(1), &AL 4 KUSL, 153 21%=35 il 2,¥=66. XF T(2), &A% 11 RHEL,
[FIFEAF 2 21*=35 Tl z*=66. X T(2), EAHTE M =2%E Btz & 12 Fros. o] RAEAER )
i E LT, BRI TR 2

{ 1(bir) A I (bivy
o' oz I(X:2|Z)

- | (X2 2) 7 Xl 2) PR (0 6 1v

RERa &

= I(Xw|Z) ItX:n|Z)

(a) (b)

B 12 3 S s AR Z I ISR, (a) Rk RO IR = 2645 B f 2L IERIER MR /1 s (b) R T I A8k
I =255 R 2R IE A8 2 UK.

Figure 12 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.
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CM FERIFEAR B AW /ML R-G, EHE R-G i 0, XHHE H(P|Po) ik 0.

BAVE B Em W A R &, R AT PO S5 2R),  PIaa b i B 4
A BRI

P(X0)= Kjexp[-(X-c)*/2d)’],  j=1,2, ... (5.10)

HIZHL o M d. Hoh K2 A— 1 R23. SRE I IRIERIEH.

BEERR oM IEREEGA EM HikHED:

Left-step-a: 4 P(y|X)2&iEiL PX|O)F P(Y)r=A 11, 25T EM Eikd () E-step [21), B

P, | X)= Pr)P(X|6))/ B(X): B(X)=Y PGIP(X[6,)r j=1.2...  (5.11)

Left-step-b: A% P(Y)(EM Bk AKX —2, VBEM X—HAE), BIEARAH T
AN T AHUR BB AR

P(y)) =2 PO)P(y; | x) =3 PO)P(y, | %), j=12,..

(5.12)
P(y;|x,)=P(x, |6’J.)P(yj)/ZP(yk)P(xi 16,),i=12,.;j=12,..
k

HZEPMAE, 8N PY). EFEM R Z: 1)H(5.11) 7242 1) Shannon {5 1& P(Y|X) A P(X)
1 PX|6)—REASARITHES, BPE,; P(x)P(Yix)#=P(Y). B FA 08 MEX I H(P|| Po)(J5 THIE
W); 2)i% — 5t BE IR/ INAF X
WEARE HP||PO)/INT— M ME,  Hhan 0.0001 ok, MR, M 4kaE.
Right-step: I3 048 280 RALIE SCEAS B

P(x,6))
G=1(X;0)= P(x)———LP(y)l1
(X:0)= XY P(x) =5 PO log

P(x,6))
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P(x;) e
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oAb POY) I B A 2% 2 2
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k

XIE/ EM &k E-step fil CM &L Left-step a FH 2IA .
AT P(Y), FAEE FHE) POypa)It B4 OF /0P(y,)=0. TREBIE P(Y):
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Table 4 Real and guessed model parameters and iterative results for Example 2 (R >R¥)

Real parameters ~ Starting parameters  Parameters after 5 Right-steps

H(P||Ps)=0.680 bit  H(P||Ps)=0.00092 bit

c d PXY) ¢ d P c d P(Y)
yi35 8 0.1 30 8 05 33 93 0.134
y 65 12 09 70 8 0.5 658 115  0.866

Q is not motnotonically increasing

< 1.000000
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Fig. 13 The iterative process as R>R*. H(P||Po)=R -G decreases in all steps. R is monotonically decreasing.
G increases in all Right-steps and decreases in all Left-steps. G and R gradually approach G*=R* so that
H(P||Po)=R -G is close to 0. Five iterations are needed for convergence.
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From Bayesian Inference to Logically Bayesian Inference:
A New Mathematical Framework for Semantic Communication
and Machine Learning

LU, Chenguang

College of Intelligence Engineering and Mathematics, Liaoning Engineering and
Technology University,
Fuxin, Liaoning, 123000, China
lcguang@foxmail.com

Abstract: Bayesian Inference (BI) uses Bayes’ posterior whereas Logical Bayesian Inference (LBI)
uses truth function or membership function as the inference tool. The LBI is proposed mainly
because the Bl is not compatible with classical Bayes’ prediction and has not used logical probability
in fact and hence cannot express semantic meaning. In the new mathematical framework, statistical
probability and logical probability are strictly distinguished, used at the same time, and linked by
the third kind of Bayes’ theorem newly found so that the likelihood function and the truth function
can be converted from one to another; a semantic channel that consists of a group of truth functions
can be directly derived from a Shannon channel. The semantic communication model is used as the
machine learning model. It has two parts: receivers’ label learning which lets semantic channel
match Shannon’s channel and senders’ label selection or classification which lets Shannon’s channel
match semantic channel. The Maximum Semantic Information (MSI) criterion is equivalent to the
Maximum Likelihood (ML) criterion, and compatible with the Regularized Least Square (RLS)
criterion. The two channels’ mutual matching can conveniently achieve multi-label classifications
with the considerations of the class imbalance and the changed prior distribution of instances,
without the need to consider the binary relevance. Using the Channels’ Matching (CM) algorithm,
an iterative method, we can achieve unseen instance classifications and maximum likelihood
estimations, which belongs to semi-supervised learning. Differently, the CM algorithm for mixture
models, which belongs to unsupervised learning, repeatedly minimizes the difference between
Shannon’s mutual information and semantic mutual information. The convergences of two kinds of
iterations can be strictly proved by R(G) function, wich is the improved rate distortion function R(D),
where G is semantic mutual information and can be understood as negative regularized distortion.
Some examples of applications to supervised, semi-supervised, and unsupervised learning are
provided. Theoretical analyses and actual computations shows that in most cases of machine



learning, the LBI can perform better than the BI. Finally, the LBI’s limitations are discussed.
Keywords : Bayes’ theorem; Logical probability; Truth function; Semantic communication;
Machine learning; Multi-label classification; Maximum likelihood estimation; Mixture models



