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Abstract: After long arguments between positivism and falsificationism, Carnap and Popper reached a
consistent conclusion: for uncertainly universal hypotheses, confirmation is necessary. Popper affirms that the less
the logical probability of a hypothesis is (the easier it is falsifiable), the more the semantic information it conveys
is if it can survive experimental tests. Carnap and Bar-Hillel proposed a semantic information formula
I=log(1/logical probability), which can ensure that the less the logical probability is, the more the information is.
However, it cannot express experimental tests or falsification. Both Carnap and Popper proposed confirmation
measures, which are not widely accepted. Now there have been many confirmation measures, none of which is
widely accepted. Based on studies on the semantic information theory, the author proposed an improved semantic
information formula /=log(true_value/logical probability), which can reflect Popper’s falsification thought
because the larger true value means that the hypothesis can survive test better. An uncertainly universal hypothesis
can be regarded as the linear combination of a universal hypothesis and a tautology. The ratio of the tautology is
the degree of disbelief. Optimizing b’ for maximum average semantic information, we can obtain the optimized
degree of disbelief or the disconfirmation measure 5’*. Then we can obtain the conformation measure b* using
b’*=1-|b*|. This conformation measure b* has the symmetry: hypothesis # with b* is equivalent to its negation 4’
with -b*. In comparison with the popular confirmation measures, b* has distinctions: 1) b* is compatible with the
confidence level in statistics and the likelihood ratio in medical tests; 2) it can be used for probability predictions

and reflect predictive quality; 3) it can be used to clarify the Raven Paradox; 4)it emphasizes that the less



counterexample ratio is more important than the larger positive example ratio, and hence is compatible with

Popper’s falsification thought.
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UELH = LAB A0 T X 2 F 45 R L, Carnap((P 42056 - SR ) TR SRR KK
WESE, B m AN E B I BIE[1-4];  [FIISR 2R AR AR IEAN 58 A PRI B A2 B2,
T2 A i R A AR e, BRI L AL RS AE XE B AT
WEDNFEIE AR TIRZ 5507, M2 R, RARGIEMAXE M 4. BE2R Shannon 15 5 it
[S17E TFE B R RS, HREEAREEE UELE, TERRNEAHEREEERTE K
BN, AT AN 2 AR E 2 R R 9 8 2% R0 AR 2R S IE BE ([4] 5 p98):
c(eh)=p(he)p(e) GLH h MK, e LT, p I BEMER); Jo RAMF A I 2 k6] -
c(e,h)=P(h,e)-P(e)P(h). /R4 Bar-Hillel L4 HiE UAE B A R[] I(p)=log(1/m,). FHH p
e, my IR, PR H (8], p96): B AR/, [FEEEK,
I AR LA LI R L. Carnap Al Bar-Hillel FrI{E 2 20 St 1 I /K 1) AR —— 12 4
MBS, 3 EEMK; (HRRA RS /R RS BE——I3o TEEEA K. B
P IR PR S UE B A, (H 2 Popper $2 AL IS ™ 77 14 A 3 ([9], p526): s=P(e|h,b)/P(e|b)
F1 s=logP(e|h, b)/P(elb)(FLHf b RTEHFNR. JER: KM P(e|h,b)TE R S 5842 P(e,hb)).
BRIA b SR, W LA, 22 JEiX N A S AL Shannon FAZ B A BIRTEGT 4. X
MNAREIA LS P(e)F Ple|h) B K2 TR TR A 2 5% Popper 1 H L&
AR([9], p388), FINLLEISE I HAZ 5, FrLARZmmiR /.

BAEREE AR CAIRZE. Tentori 25\ 2007 KFMCE[10] A5 7 JIAEEE S
MIRIERE ARG e R IEBT, eo /2B, ho st b IS E):

d(e,h)=P(hle)-P(h) (Eells, 1982; Jeffrey,1992)

r(e,h)=log[P(hle)/P(h)] (Keynes, 1921; Horwich, 1982)

n(e,h)=P(e|h)-P(elho) (Nozik,1981)

I(e,h)=log[ P(e|h)/P(e|ho)] (Good, 1984)

c(e,h)=P(h,e)-P(e)P(h) (Carnap,1962)

k(e,h)=[P(e|h)-P(elho)]/[P(e|h)+P(elho)] (Kemenv and Oppenheim,1952)

s(e,h)=P(h|e)-P(hleo) (Christensen,1999)
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BUE PSR VAN SCRFRERE (1], A1 A0 1 2 IA0ARA. Ik, ASHH 2 BORIEHE 15 R (R IE P A
0, SCRMRVIUESEH R IERI A UERE, SCRFH A B A R4 7 ok 5 B #IEE.  Ellery A
Fitelson [11] PEIET 2000 42 #fUEE A sRELRE R UF B 0 #R P4 (Hypothesis Symmetry,
fAIFR HS), B0 7 BIBIIEE f&-c, W ho FORRIEE Ak 2 1 c.btbln: =BT S48 2 AR, H
HIUEEE o=1; WEENTU A AR, HAIEER 107 LRI — N IE R i
N, HS &tttz —. EHART, n(eh), keh), Fls(eh)EH HS.

EFHIN, Gt FE T B 15K (confidence level [12], 45 4 CL)FIRAFIERE & 5L,
SR 2 KRR Bl . AR

CL= 5| b4 / (IEA1 LA+ S 51 A5 =P (B e)/[P(h|e)+P(h|eo)].
CL 1E 0 F 1 Z [WAR4k.  HfUE BE2 3 bl BAS AP SR sE I,  IX R0 A B0 i IE B AR 1 2



TIAN, KRR UL L v B T S A A it 1 L% B v AN E VE R SRR BE )
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i, BILEBIRE 0, IEGILLEIE 1, I By CL=0.5 i, 1ESB L] —FE, X
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S50 1L FrUAM AN ESR 2 AAFAAENT 18, — DIERERE S s IS 178, ROZ MR I bR iE 2

FrABRA 1A 58— NRIERE, 1) B HS SRR 2) MBS K CL % 3) i
R 4) BETT RS A 1FE.
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14181 Floridi HIE A5 B AF[15,16] . (HZIX LA AR FEAR U s WAB GG 56 —— R =
SEAMBE R AFFE Bl AR b= “ik = K220 %7 8L R =RER N, k=
FESLPRFER R 158, 204, 254, 304, 60 S, {FEERIZAM. K=HHK 20 %5
i, BREERE B ENZROR, HIGE 25 $,15 . 3k= 60 Z I, b IRGLHIME BN %R i
1. FTUABRAIA A — 5 UG B A 35 B R AR BRI N3G, tHAETE R ZE 3G K
RN

ASCAEE PR S BB [17-19] —BRIHES Shannon {5 015 3 15 Z B FH L.
BUAE R ILFTFE S B AT DU FUE Dy RRE, JF BAES A 3EAE. T — A iEUER
THERAFEBRENHE UE R AR, HBEWAHNmIEA R, S 55818,

2. FA Popper IEARERIENEE AN

2.1 HE¥Hk

BB TR X 4 IR R AR . iR A R R, e
® o —NMEYEAEELE; ERBUE e HIBENLAZ &, e 8l eise U={enes..., FHI—1 . e
RAE AR B AR PR SE TR P(e).
® h —MEREARE; HZPUE A PIBENAE S, A B b2 V={ho, hi,...} FHI—
®  P(hy): b BORFFIMESE, RIAZRBURMIII: P(hle) (h A, e )t h I
RRH, HKE@EENT 1
®  T(h):h HAIWCAERIMEER. B PR XA W Tu A2KEA]), P(Ta)— MK
JE 0, BN Tau DRSS T T(Tu) M T R BPIEETLR, BH T(Tw)=1.
®  P(e|0)=P(e|h; 7& FH )RR R EL, 0,2 U HAE by NEN e HIRLIBIEE 5.
®  T(hjle)=T(Gle)7e h WM FAE KA (SMFEMONEERED, BUET[0,1]. Wi E
BUET{0,1}, T(hjle) it /2 £ J 1) FLAH R B ERAR G RFAE BR 2. H s KB A2 1.
EFHA VI HE A AR =R [20] . B Fh DU 708 BE O DU ORI R R 4 ).
WHEAS 4, BE2Y, B & B WHME. TA)=P(xEA), T(B) R FE. Mi% & B AT LLE i s 2
T(B|A)=T(4|B)T(B)/T(A), T(A)= T(A|B)T(B)+ T(4|B’)T(B’), (1)
Ho B B AME. R, HA R — AR — AR,
55 T D3 2 L Shannon [8] G244 148 FH K -



P(e|h,))=P(e)P(h,|e)/ P(h,), P(h,)=)_P(e,)P(h, |e,)-

K, WATLIKTFRHR Y P(hle). 1F 5. HoAEh R AN BENLAS AP 1.
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FATHE DU 5 BRAE S B — A GETHBEAR AN — AN IZARBER 2 8] (P S P REATLAS B A A A

), 7505 AR o KR I R 0 5 = 0 DL B o B
P(e|6,)=P(e)T(0,]e)/T(0,), T(8,)= ZP(el.)T(ﬁj le) .

T(0,|e)=T(8,)P(e|0,)/ P(e).
BE TO|e)im RMER 1, ATRAHESH
T(0,|e)=[P(e|0,)/ P(e)]/ max[P(e|0,)/ P(e)].
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Fig. 1. The amount of semantic information changes with the deviation.
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3) FKEAJFT JE A (B AR R EAE A 0)1E BRI 0.
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Popper 8 h F1E H 52 SCA b E N R EIRNE, BI Vs(h)=Ctr(h)-Cte(h). ¥ hi ]
FLAB S TR ZE TR AL, 23 REU R AT T(60)x)=exp[-(x-x)2/(26%)], W b2 A K

I(e;6,) =logll/ T(0)]—(x—x,)* | 25" (®)

Ho log[1/T(O) R E N EE ;s (x-x)/ QDM MZE, REUBENZE . FTLA Kes; b))t aT LLE
SEIE L . SKEM[21] G 8 H, % Popper FIE HA4E L, FEA AT M/ MR IE B LR ]
LAY o B3 3 F 1og[1/7(0)]ED Carnap-Bar-Hillel (35 SUf& L SR ™ 5 1%, I Ies; hy)
SE SUEFLRE . IXFE, ATRPN/ME R & 328 A mT LAAR B LR
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SRR HZ, IR AN SR, RO SB35 g Bt AT
DAAR B IE (135 SUE B

X I(E;0)3KV¥) A5 2055 LHAS S . 7T LAIEBT Y P(e|6)=P(e|h)) B T(O)le)=<P(hjle), 15X
HAZ BIA R H A K H——Shannon HfE &,

T THT DAPS 2 A58 R 58 B an e e Ak S A9 R AL BRANE T, AT #3 2 Bff AE 5
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3. IWIEEHS R

3.1 & EEAAMSEM

{G4E % (Degree of Belien) A I FHkdis FMAEEE, A1 HRIBIRA I SR ELln “45 A | B”
PG FERE. ARG, ER M. Bl 2 398t f sRe A S REAE AR L]
AL EEE, ERFRM. MEE p RS b KR Z

b=1-b|. (10)
AMEEEbTE O A1 IR Ak, TS ATRE b 7E-1 A1 1 Z (AR 4k

WIREFRAL, X TEZESE. RAIR. B, ..., BOTAEEAME, ARSE. X
TEEFCE, BRATPEAEREZE S A TN R EREEAE IR Z : M T T, RAE
FERER . 15 S BB 2R B, AR T 10451 B 451 B A3 24 R P RS AT B, mT LA
BINFRA RSB RME 2. R T 3RATT LA S 2 A 56 491 1 BAS 36 A1 43 R (R BB IS RFAE — 53 2)
() Shannon {518, 15 XAF1E, FIAEE.

E VA H
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B 2 E2RHEA. BRI UIHECN 22 BB Shannon 518, 2 RALBHIE.

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

laboratory datum.

B 22606 ] LB R — AN 2X2 A1 Shannon {518 (WL 2). MR SLBIES 2 U={eos e1}»
Hrh oo BARKRBYE, er RBEGE ;s HMNIREEEG R V={ho, m}; ho TR, h R
FEME. 2 o Zze C R MEEHE. ho M1 by AR Z P PR AFRZE B T

BRI, SRR Philer) MU SUEBUBE (sensitivity),  P(foleo) MU A5UHRF 5 1 (specificity)
[22] . U AR B ) Shannon (518, 1% 1 Ak,

R EARR R EURYE R R A R AEIE P(HIE)
Table 2 Sensitivity and specificity of medical tests form a Shannon’s channel P(H|E)

BiKREER e BB ERF e
P(m|E) BUEME=P(h1|e1) 1-45 7 H=1-P(holeo)=P(h1]eo)
P(ho|lE) 1-BUB M =1-P(h1]e1)=P(ho|e1) K M =P(holeo)

Wk xF AT, VOB : T(4ile)=T(Aoleo)=1, T(Aileo)=T(Aole1)=0 (Ao Fl 4 /R
THMES). WERFTREAE, R NS, AR AL RBNAE 0 FT 1 2 (8], W—ME
Wy o TSRS A AN TS 3y, AT e by WL B R AR

T(G|E)= b +bT(4)|E),  j=0,1. (11
Hp bp=1-p |72 by P EHKEATERESORIG], tHEREIFEE, HEAMEE. AR
HEAE PR BN — B UETE, AR S S IR 2 Bk,

R 2 PRANMGE FER R A IR P 1 A TE

Table 2. Two no-confidence levels of a medical test form a semantic channel

h BYE e RIBRE e
BHYE A T(61ler)=1 T(61]e0)=b1’
BIE o T(Boler)=bo’ T(Boleo)=1

FATH mPVFoR R “RIRRAYE, HAMEERZ b7, EHATHIRARN A (05 F]

b' 1
P(e, | h)log . (12)

I(E; ") = P(e, | h)lo l +
( 1 ) (€0| 1) gbl'P(eo)"‘P(el) bl'P(eo)"'P(el)
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3. EEER IE; m"BEREE b TWIRE P(e1)=0.2; P(ei|h)=0.75)

Figure 3. Average semantic information I(E; 1®"") changes with b1’, where P(e1)=0.2; P(ei]h1)=0.75.
S bRl JE: i), B4 dlidbr=0, Sl TSI LR (5 B
bi**= Plnleo) P(hnfer); "
[ H ] 15
bo*=Plholer)/P(les). "

X IR AE B 855 T Kullback-Leibler 15 8.5 [23] . A IE ] LB P(ei|0)=P(ei|h) {3 %]
Fgsie. 4

P(e)) _ P(e)P(h |e) , (15)
b 'P(e))+P(e) Ple)P(h|e)+ Ple)P(h|e,)
K B oA R A (13) T b
2 P(hiler) = P(hleo))™ , WA (10)1(13), A2
bi*= [P(hiler)-P(hileo))/ P(hiler). (16)
R S 5 LR IEGI E 8, B P(hijer)<P(hileo)it, Fedi 1155
bi*= [P(hiler)-P(hileo)]/ P(hileo). (17)
g B A, RIS E
puo_ Phle)=Plhle) _ CL-CL' _ A7 EfB- S g5 EE A (18)

' max[P(h | e),P(l|e,)] max[CL,CL"]  FHEPNMERE

Horb max[ RO H A AR s CLy A2 i KBS KT I H CLi= P(hile)/[P(hilen)+P(hileo)];
CLy’=1-CL;.

3.2 RIF FRIEE

IUAETRAT T B0 T DU PR A BT B BIEE br*. A HS B IENIERA8) I A UK
ho i}, WEEE SRR S, TGZUEN. ] ho BURC Aus WIEGIAZ RSB, S22 k], +
AT
— P(ho |el)_P(h0 | eo) __P(ho |eo)_P(h0 |€1)

*_ = =—p *.
TN FEAEAE (19)

WATEAE b*(br1*8L bo*)F CL(CL1 BX CLo))k%&. K 4 BIR T b*BE CL 254k,




Kl 4 THIERE bl BLAS KT AR,

Figure 4. The degree of confirmation b* changes with confidence level CL.

AL B*BERT CL —FE MG I8 EF AL RE . AN b* -1 ) 1 284k,  RESE B S e
UEHE SRR 1 I E R E.

= 224G 06 o AR EE[22] LR1= P(hiler)/P(hi|eo) 7~ B8 BH P B AT 5. B RIARIEE by *
Z A T K R (KT 0 B):

LRi= P(|e1)/P(hleo)=1/b1"*=1/(1-b1¥). (20)

AL DLARAIE FE AR EE AT — — X R R

BATHA by B8 by * ey FH TR .

LM R P(hile) R P(e) Tl er K AEIHEZE P(ei|h)in AR (15)GiA R, A
(1) FAE BREL T*(01]e) Tl P(e) T o) A AE IEER 4 A (15) A2 il Fiv. PR RSN 1. AT L3R
PRIEURE 2% ) LR AL,

EE st SR HIV R 2056, BURTE 2 0917, 4FFPER 0.999. 24 Pe)7 Al 0.0001,
0.002 (3@ NFH)AT 0.1 (Frfa NBE)IF, AR BH k45 SR A HIV FIHER P(e1|01)=P(eilh1) 775
& 0.084, 0.65 F1 0.99.

AR, BEYE b FIRRIEEE br* BB (S /KT CLy K/ 3 EEL T 1 () 1 A 2 B
FEFE P(holeo) IR /NCR I A ZDY, T B o (IRATIEFE bo* BB 1E KT CLo K/ 32 BLHL R
TBHE R IE R 28 R RRURAE P(hulen) IR/, =22 SR FLgh i B A5 K P I — M. #iiERE
b*5 BAFE/KF CL 2Kl

B RAT BRI 2 301 0B RS 244G 56 1) AR AP A IR B R R, 284901, BH
PR TR 22 B RURME R 0.1, BIPERIERIZREDRE 12 1. XA, BARBHIE IR ZRIRN,
{ESEEA B XIS HUERE bi* Al CLy #8215 TR Ple0) B2 1. (B2, %
ATHIRRIEFE AR GLF 7 R IX B by, e IX B en) 5 H IHHIE AR /N, BRI 24 5 0
HALPHAPER IERAZR RN P(hler). THHT IR FE 2 U N EALBIPE ) IR 2, BRIV R
5] Ll A1) bl e K (4 TE A9 B 3] B R 2. R P M T0N A5 5 2 T 43 2 E AR RIS, E BH I R IR R TR
NG,

FEAMIT, FHMEIEFZR P(hle)2 0.8,  BAMEIEFR POoxo) R A 0.1, Ml st
1 P(hilxo)72& 0.9. I BHP4 () 1A A0 S 48] ) EE A5 72 0.8:0.9. 4% AT I A3, R s(e, ) bi*AH
It——s(e, h1)=0.8-0.9=-0.1 F1 b;*=(0.8-0.9)/0.9=-0.125 #ifr, HAMFHIFE AR KL A T
D O R 90N 2 15 N G 5w 1 = = o S = B2 N R =R N2 ) R L | = R
VLHAIEE KT 0 A ANA BRI

3.3 MFHHIEE ~XBESHIZR

KT ZASER[2, 13] MBI ET JE IS5 8 2

WL si= R E R BN fls= CHERMRTEMA L L E

WL — AN EAAES ISR, W ARE, SCF B b TR

REZNRT RS EIFER, HEMANSGRFH—A, SEh—A H2& FmEIHEH,
PR, XA HA RO

B 51 F s, (RSB ER RSN, (HRTEIFGNEE AN, FRATH ni RoR b F e [F
IR AEIIREL. 2 n=nootniotnortnn R KIS, nu/n HURBECEWEZE Py, e), j, i=0, 1. BIR 5
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A 52 RIS ELFRE 1o, AEFE 51 A0 52 IEBIANE nan A0 noo IASHHIAL. P S B Y LA A IE 451
T EL AN, i AP RO BAE P B AN TR

HARL st FIEGILE B = P(hile)y=nu/(ni+nor), SBILEBITE P(hi|e0)= P(hileo)=nio/(noot nio).
s1 HIHfIE BE A2

b1*=1—P(h1/eO)/P(h1/el)=l— "o / &l . 21
Ry 1y [ N+ 1y,
[FIBEAT1S 5o AIRAE S :
* n n
b, =1—-P(e,/ h)/ P(e,/ h))=1——"2 / 0__ (22)
ny 0 Ny T 1y,

BATHEL R L 24 n AR noo A1 nio ARKES, noo 3G HN 1 X5 1 1 S 51 EE AT P(hiJeo)
SR/, B PART LU —AN ER AT bG8, HAEEXT ho* AR/, A noo fRK
BF, moo BEHN 1, X bo*SZMA AR /)N,

Y n AKHARS, e REg2 S, JFHBEAMR, W—AERIES 5 0] DIE R
FESELL) P(holeo), 180 I LA P(hileo), MITISCHE s1. BEAHIHF s2. HIELE nio /N nou
KIS, noo B RN by * 500 B K.

Frbh, S50 WAE n AR EARR. BENH BT & WA S RIA RS, FrLlizfzid
ANFELE.

4. ERFITIR

B AE R A AT LU Flog(FABAZHMER), B T Popper FIEDNEAE, i%
HiAE Popper B ZIAGK™ [ 1 AXBUEHEZ A, EREMRIEZEMF M NAEHIE L5 51
ROy H BB R (AR, S BBk,

WL p* B HS XARTE, MGt BAE K LAUR GRS, BERBINB &,
HBE TR 5151718, Popper HUIE Dy B AEIE M WK : X T Aabr e, 161 2 X HERBmT
WAK AEARBIEINEZL. Fr B A Sk RS mt 2R BRI LERCK
MIEBIEE . FrLL, HTHiERE AR Popper MIEDY EARSEZS. UEONRIE SE(EEYN) ik
XESL, BT AT AL A sUAT AP SRR, IXNi% e PER AR R 45 2R

FEFATITTES, GEt B AR B IR X 73, R R, AR SO A& X 7
FEFRINAE M. R S R NOZ AR AL log A11d), ERMIEEN Z ST
(IR T ARt H BNZ AR ) —— U BIE E — I T R E BRI gt 45 ). BARA
2T (es, )FFAE— D FALBGRAFZ AR T(0le), HECHRTIEF %, HFARR
e; L Ay PRAESE. AT 1 (O RAIEAZ T MBI (AN X AR B AR S IR RAAAE e P A A
1 I AR K (correlation) RHEEAL, FTRAA A, RAEEA TP IR SC REBORRIFRET, TR —
FEORAKI RN “H5 A W B” BIBHIEEEA “25 B U A HIBRIERE” AS[F).

W ITEMGET ik — ERRRIE S, BE DOV EZRRINAE N R S
B, A NSRRI AR AR B CE IR RE. AT T GeitoA 20 (0 DUy 26 SO 5 i 2 LwERE
JUT 1B MR B U, BN AG T ME RN R A 00 W R B AR, 1 B2
IR, ZEG g, LAV X . BARWE AR, HREATH E
P(e|6)=P(e|y) BL T(O]le)o<P(hjle)E ST AL 2 [MZGEMR. KR T a2,
I ELAR TR 7 AN SERR[20]. BT HOTE S BIHEAMUE IR 3, A LB . EEANE
JERE A (4 52 Ryt — D W
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