AINGIE3 %

- 55 X 7

— BN I B HEV =

#I0T

WER. AR, B BiEPEHRRE
AE R ATE L 2 FHIRHRHE (paradigm)o
TERIGEEA 2L E AN, RELESER
HIRIE SR,

A HMERE R B2, FE. 1]
E—MH, TERAITHIE,

—. —EmEEE

JE B IR AL, A ik — B
A

& 27 SN R A AR R A9 AL
APh—EeEERLeHT
B, "y, AR Fieett
B B ELfTARA? b AR

R?

e TR B B A B VAP R, K
BREXANE, XE EEER, EFEMH
BREER [ReReR] NaEHaHn, A
RIMAREERTE, ERNERAYKE
[ (entropy) HIEE. FUEHEER (informa-
tion theory). BEME (ergodic theory)
HE, ELERFEHEERT,

[atid

jm

26

Wi, s&'—EFflT, 258
L, EAEFEE, EA—ERENRM, #
B, Bl 561 BEHED kKR
KR,

—. BRSNS
THERS HRE (BB FRET
SKIR)o BILHE 2T HIERIINK A, B,C =
e, B-HREH N, BETHZES R
AT DU 45
£ (LR, Il A 82 B, 57
ERKFHTE, G5 = RS R

B (1),(2),(3) 740, %2 81E C, B
B A E—H,

£-8: MasrWE—%, IO
D, E,F =4, B—HE&H 3N, Hh%E—



FHRE, R, F10 D 8 B, 2hliE
RRAFHI:E, [ =RAIERR:

A

HIER (4),(5),(6) =ZHEIEE, W4 ES
BITE F E B D E—#, FHEWHEES
a, b, co

B=F: i€ a,b,c PEWM, B0 a
B b, 3 RIERRT RS, 155 =] aER R

Bz, HIER (7),(8),09) Z&IEF, %
AR ¢ B b B ao

foam: =R H S, 3 AR
a0 Lt

=. PMISEIENE

ERETLAS X, BIELERN
R, WT:

HHE—RERRRE (2), AlA C #E
R N AHCHFEZR:

ikt 27

(i) ARFH, RS HEE B #zHhHK
L3
(i) 2R A & C &, RIAMEHE A #z
H B E,
HE, AR C BENHEEATRER L,
BETERE (1) WER. 1§ B #%
OB D,E,F =%, BHEE =K, £
B D FE WHERE=R: MEFHE, A%
W P EHERK MR D E F K ALK
EF HHKE: (IR D& F &, Q$H%E
D % HEK,
BRLWHE F = {a,b,c} E—H, T
B oa B2 b RMBER AR R, 2
SR c BB 1R o & 0 &K, QIS BE
b HIRES; MR o 8 b B, AI$H%E o H&K

<,

fEam: PR AIkH 2%, 3 HALE

P, BHIRERR

BENEY S —HE, ERMAER—ME
[RERE, 4 N ESHRE, Fa2mES
R RN, BB —EE, YA EHE
5, RN FEEBER, HFEMES]
H—RHERE, R — R R EERTE, 2%
REEREET, RAMEEE I EE(E
R ST B A R

fE RIS, 27 MR RE, B3 REk 4
R, BEETRERNE? CMEMTERHE?
MRS 12ME 30 XA ? — i s, N
MR EFER? ARAFFELR, R HEEK
% Al TE MR B n RIB?
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HPE—-BENE, JORE—E281
fguieek, B SR BN —E
. HE L, E RS —EREIE
Ho

£ N HMHE#G, 85 —-HKa®, EX
R —M, ERARME M RHMEEER
B [#A1](ignorance), N BAMARIE
B8R, BRGNS B2 —MUR:, 5l
BT AL I(information), # [T B
(%o

BEARTEE—R, BEH—% A
B, 18 T RRERD —E. BT
ZREZE [FAR ], REBEAT 2B,

B THE] BEAARESRLHAIE
BT (FHEBRAER TH—K), H2K
MERZ [EE](quantitative) FIEE, 1
BEER [EM](qualitative) il EFIFFTE
# [ERE] 2, HRFIBERN &R, R
= HEMEEIEAR A E M. HI, BMrfE

R

Yol T & —BFFaY SR8 7
FH AT R B — D EIRR Y TELE 5k | (ad-

ventures of an idea) Zff.

. SHSEEEAR

f#E THRZE](the Book of Na-
ture) ERIZRANEHREE B RA BN E
., REARGHRER Janus H—BEFLMH,
HERMELH. 255 (probability the-
ory) BLEMEE AN H R REBHT (caprice).
FAHE (uncertainty) 35— T8 17 % B H 2R
BUERE,

B REASCR R KRBT 5 BUE f il
(deterministic) EEFERERYFIEEIRS (cate-
gories), HIEMGHE, HITEAREBREERRA
ZT, BEGREEER (B —-ENHERA
%), FrsE BB, EUBT ], MEREE
fREBRET, FIREREIEMER, ] seB A
R, BERERE R ERIFER (outcomes),

HEREEEREERBERE, B
[FEREE BS | (random experiment), FA%f
(B REUERNRRE, IR RAEE
RIE N R RETHY, PN E—ER T+, BlElE S
BAER, FHHBIRARA, —BRFE&6 27K
PR FP R — 1, B LEATRE R B

o Q Kor—(EEMERATE TREH R
HIRE SR, AR AZER (sample space).
ME—MEERERQ = {H, T}, ERERT
i

Q={(1,1),---,(1,6),---,(6,6)},

BRAZEN—ETE A C Q SuM—FEE
# (an event), TfIH P(A) ZREH A
BAERBA (probability), ERAPOE1
Z I —{E 2,

BB B IR E — (H B AR
PR T —2 [FARE L BIA% & T Hm (EE
1

[RIGHe R g R | 2 [AZRH Lo
B AR T ROREMN, BER 1, TS
FEHLE, —BENBBE (surprise), &
BRI ARl EAEEmESE N, BE
R/, BMEEEIE R4, BRERET, SR
% AL Wik, ARKEEREESRER
%R, —(EEAREER/N, BRAET, M6



BEELHAR. 52, —EHEHFNALER
HBEARKEL
—RMmE, F—EfREREERE, F5HF A
HIRZEP(A) = p, SEHE A 84 RME
R
1= f(p)

B [ EREe?

HHEES—EXNBANES, FHE
[RER] GERE LR, REKMEH
[ —EAE, HEAE—REL f. Bl
m, & A B—ELAREH (sure event),
BIP(A) =1k, A B#EEMIEBTIAL.

HR, & p BUNE, f(p) 8K, A
(ii) f FR—MEE B E
#E—& FBE p MU, JEEEFERN
/NS, AT DURER
(iil) f FH—EEEH
B EHM R M — EREBE R,
E=EG A REE—DE fUE7 FRE!

flp)=a(l—p)", a>0, nEN
f(p)=—klogp, k>0
flp)=1—¢""

FRA R Lk =i, BE L, FEES
EXEHEE (1) & (i) BIGRE, EE—RE
[ IR, BRELERMT.

—EFER & Bl M AR A IR —
SRR — BT, TRHFL/NERE K

it 29

H, PlINE n REPRATBERERREHE—
{ESRR A /N BB n REMEALK
o B AR UG PR 2 E R B Sk =
— REFE R E B

TER—EEGHRERER. & A H
B HMEZEM, Al ANB #x A B B #
RAERIEMF, IR

P(ANB) = P(A)P(B)

Rt A B B 2MiH (independent), %
S MRS B AR B E T 2 L B DY
AL, FEEB AL EER T, FIFEH THE )
HURRER M

& A B RREELEMS, 5 p =
P(A), ¢ = P(B), 8l P(AN B) = pgo
A BENH B XEE, BMBE f(pg) B
AR HIE f(pq) B f(p), f(q) RATTERFR
e

A B4, HMABIALE f(p). HE
A, B BN, A B4% B BEE, &K
TIXBEALE f(q), T2 p £, WES
AR E f(pg)e BELZ,

(iv) f(pg) = f(p) + f(q)

EERERRMERT f ATk, =
gL, ()-(iv) —3RE f P, EmET
T A i R

L REE [ (0,1] — [0, 00)
R I (1)-(iv) B9MREE, B f A

f(p) = —Klogyp, K > 0.

503 | (iv) A0



30 BUEEE 283 ESTHE9A

H B ERE T A
f@™)=mf(p), YmeN (1)
e, SMEEBREn, BRME
fp) = fOM" ") = nf (")
R
fp'm) = —f( ) (2)
H (1) # (2) BB, HEEF FEEEH
f") =rf(p) (3)

HH f AEERM, SEEHFEEEH «, &
A

f®*) ==z f(p) (4)

SHEEREHEp, 0 <p < 1, Fz =

—log, p, fllp = (3)7 H1 (4) R4
F0) = F((5)7) = 1 (3)
=—Klogy p (5)

Hf K = f(1) HE () 8 (i) 40

K= f(3) > f(1) =

EEHTE,

BRI K = f(%) 1, SEEEDUE
—EERR(, mhﬁim 8 B
bit(fzJt, binary digit). #MmMAR (5) #
B9

f(p) = —log,p Dits (6)

IREEM A BIBRESE p, BEGH A %
EAEEINARS —log,p bits, B HE
f A WEEFEE (local information), &

—{EATESIIR, IEMH 8RR EEE 2
EHRMBMERERR, 52 1 bit 27
RS &

— B = D

HfeF 8 T E=E6T
H. EEES L, MEEGIHNE, ~5H
HEAR, BRMCHEZRRNE, &
FHMEAER,
Z. AT HE—EHRRE A HEE T E
Ko

A. Z—EAERRIEE—ER REFR (W05

HIE. RIEHIFZDHIF0.8820.2) i
AR TE
BHRRER [EBH | A,
[l 2

BB

AT & — A R 8 Tl
T AR

WM (Q, F, P) SRR ERREE
AR R R BB L, B — VIR A B AR
B, BN, RMEFEEREH (ran-
dom variable) HIf#:&

X:Q—=R

FEERATE B BB ISR RS R, R
BT DR (e 2, BIEFRE
LRl —REHERES, —EEAEE,  F
Fo

—fRimE, BE—-(EERER, LER
E—ERERE B X, i X RIER%(EE



L1, L2, .-+, Tn, TEH A, = {X = ZUk} i)
WESE pro AR

pe >0, k=1,2,....nH Zpkzl

k=1
HIHE (p1,p2, -, pn) PREREHXHR
AR 4fi (probability distribution). Bk
e Pl R 2

ol THTEIE S X R EH
W (P, ... py) B TAER AL ?

B H 2 F B EENRRZ —,
BERRENEE [ER] H RARL RE]
B [A]RE |, 7ERER B BRREZ iE AT RE
fee, HRETERCR, HE—EHKR, 3
M —1E [BE (a realization), RBEER
TEEBRZAH [RAR ] 8 [ATRERY | TR,
FERETE,

SE—EREKER, WERFEF A
BET, HMABINEFTEHRETALSR
—log, pro FIRFERARKIMT, FFIREE
FIRERAE Ay, WAJRERAE Ay, ..., FF, &
TR R, B4 A) BIREESR py, T
HAREZH RIALE, & — log, pr UL py,
Bk ROEE

S(p1,-- - pa) = S(X) = —kzlpk log, pi

(7)
Hrp#E IR0 log, 0FLE & FHlim, o plog, p
= 00 S(p1,...,pn) B S(X) BLEFEBA
BEEMHZLE (expectation) HFHE, &,
FINHEZR X BEED M (p1, ..., p0) B
1 (entropy), B~ E = (Shannon) 7£ 1948
F5 R —(EEERIRER,

k% ®? 31

RS R ERERE B, RIS
(p1,- - Pn), FTEBRHEAHEE HEERLE
EZER, ARIBHKE, BIF—RERK
Bh, BFIE A 2 TR, FEREE
S(p1,...,pn) BAEE,

EEE, EALRT, BREETER,
ERREHAER, EENREHRED M.
HE L, HARBELME (p1, ... p,) B9
SR, TREFIIEFER. FREE [T
FeTE M ], MiLBZR s, IR DR
A TR R ER 7341 5 FE A [R] B Ao

ARBEER g 2 0, B

1
m=—, k=12....n
n
HIERIHEES
1 1
H(ﬁa---aﬁ)zloan (8)

X Hartley A%, KIS Hartley 7
1928 FEEEFRAHMEBEEREEAR
T H,

AT UERGE —-EEFAERE (an in-

formation source), T &EH B AIAE R E
T1,To, ..., T, i HEERGE:
T
—
& AR — 2
—

MECHIHRE log, n, ERFHER
BRI —EE v, FISNREEAR, WE

I
= o

Bl —RENENRBESELIALR?

ERiEE#KE 21,000,000 A, BEA—
{ERERS, WARSE, MARERR

log,(21000000) = 24.3238 bits
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BI2: BEERN—EER, FEZ D7
B

—{EEE B ET 2/ NERAE R, Bl RER
EHSH5001TE 6005, —3F 500 x
600 = 300,000 fECE:, HExEE—E
EE 10 D MR ER R, PRRItE
10300000 mERIERY T, HASEEE. K,
BE—-HEHNALER

300,000 log, 10 = 10%bits

BRI E—{E e (el iR
1000 AFRIER, BELPAE? BEEH
76 10,000 &, #HEEZERHE 1000 {EF,
HAE (10000)1000 fEEGE, S BBERGE
At LUKCEEZ] 1000 EFATEHFAE &S

1000 log, 10000 = 1.3 x 10*bits

EEfFER—UZE [—FEEBERETES
#] (One picture is worth a thousand
words.)

B FAE L, —EZHE 'J?ﬂ%
%07 —fH [HE—] §2# ?%55, HARRS
P71 AR AEEEN S BEEE, HAR
y=E 2

H MG, S s EE AT, ZRk
[—ARERIFAE B | IR BERGE MRS RIFH R
BEE R B, —(GI B EREMAI A (R
EHCARES? (REREITIS? REREE
Yes B No FBEZRE R 0.5, HMETHRZEE
TEER, EMAFENAEESZ1 bit. H
T, B 5 REEAE, R— NS EERE
CICES

EMEEEM, BENALLAEHE—
HEEE, AMEER: EXEEEZE
1, RNE [E2EY ], I XER—AHIE
BIfFRR, T SCE LTI, FrH8ocE
AEZHAR. BLEARER, BEAEAEH
AraE e 2 EE.

Mz, BAREE EBE s A R
o, BRI TS Bt

T 8014 B L2218

B (7) AER, IR SERHE

BTAMHE:

(A1) S(p1,...,pn) > 0 LHEREKT <
FEREME pr = 1o
ERAEEHEAIEEHN HERE

HEREER, ER0,

(A2) S(p1,---Pn,0) = S(p1, .-, pn)
(A3) SGrs v 2) <SGy 77
(Ag) S(p1,...,pn) B—{EEER HETEH
(As) S(pr, .. ,pn) < H(L,... L)
ERTRERG G5, B &K,

803: Jensen FNEAEFHFEM: MR
[ BEETE [a, 0] EH—EMEE (convex
function), BIERER ©1,..., 2, € [a,0)]
PR M\ > 0,50\ = 1, i

Z AeTy) < i (9)

SH f(z) = —xlogy v R—{EMEEL, B

CL—O b=1 xk—pk,)\k—

§|>—‘



Ellr=s
|
=Y —pilog, i
=11
L | "1
<=3 =pr)logy (> —pr)
=1 =11
i
S( ) <1 st 4
coypn) <logon=8(—,...,—
% y D gQ n n

R, B R B A i —
T g —
SHRMEEEY X R Y, BEEAERY
BEREREY Z = (X,Y), SHs
BB (ry))o FiS

p@:Z’f’zj, q; = Z'f’@j

Il (p;) B2 (q;) 73302 X B Y B3
FR (r;) WAEE S(Z) = S(ry), &
XA EREMESBRZM: ZFER X,
BIFER S(X) = S(p); REBEMEH
B X =, ALY =y WEEEES
o= T/, WEH X = z; B Y B
MEEFEL B Sy, T, ..y iTm), BEE
AR, B X B Y B [MEETE] &

S(Y|X) Zpl (71, -y imm)  (10)
e, TfE
(As) 5(2) = S(X) + S(¥]X)

BRI, & X B Y Bare: Bl oy
A SY|X)=SY)x®A

)+ S(Y)

= Pi- 45,

S(Z) = S(X

Wikt 4®? 33
HJensen NERMAERS
S(Y]X) < S(Y)

RSk, —EEE H EWE (A) £ (A)
HyfGett, B H 24

H(pi,...,pn) = Zpkngpk bits
k=1
$eft 1 bit= H(L, 1)o RMEMHED,

R, BT DR I AE LR FERE
&N Fraf—ERED MR HEERE (A1)
£ (Ag) BB

NBERS R =

kESBHHEE, B TS,
BRERE, LPEH.

RFEF—R (BWE—REEKEER) 52
ZHAR?

PRI R 2P g i 20 2B 1B [ B B 8, R
B T F IR ST
(i) ﬁ%ﬁ%ﬁé‘%ﬁﬁiﬁiﬁ {EE R PARERE B

EE, WHF—-RATER [FEEE]

B [EEAE, E&Eﬁ%—ﬂﬁ“l bit ZFE

=

o
(i) wRERE =M, PR DR R BE
PR, F—XRIFIRERER2 [ T2
KAE] & [EEAK], W&RLHAE
log, 3 bits ZHEE,
HERRR, SR EHENER, TBRLSH
o
HRAE B 27 WO R R I RE ., AR TEE 7 43 B
A, B,C=#, 8&F n, n &k 27 — 2n KHE

A
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B I A B B R, HiE— R
Y%,

74~ 3 27 - 277,
PRI 5

E@EE%%%%%%
EEE@%%%%%%

ABRARAR log, 3, HILAZHITHATH

&
n n_27—2n_1

21 27 21 3
fem, n = 9. WM, RIFRIFBEER T RE:
SN, RBRENTRHEAERT _EIEHEL

HRERELFHFRRIME, 2750
BHRAREZL DT WA S EREEE
A E

(a) BRI HEREHENFL,

I 2T AU R B 251 % AR &
(Bi) 5 log, 27 bitse XEIFF n K% H]
1§ nlog, 3 ZHAE &, BHHK

nlog, 3 > log, 27

Hl4 n > 3. Filk, BOBHEIR.
(b) F41% M RIEHER
5 5 — OB T A AT,
B 2 x 27 = 54 HAIEE, EMAISE, 4T
BREES log, 54. B

nlog, 3 > log, 54

i n > 4o WL, RAOFHF AR,
BHE L, BMIERFEOBR, fTEF3
R, BETAR, S ARE4H, BABRE

RERF R n K% Al E AR
[IRE, RER AN RIE Fr & Y % R B B
BE,

RiE LR EER, IRRLSATEE N,
e, Al

nlog, 3 ~ log, 2N,
JREN
Ny~ (11)
2
8 AR i flET
BT REMEAR. TATH M,
BRBZERD, FARA
(i) En=2H8, N,=3=3!
(ii) & n =3 BF, Ny =12 = 3! + 32
(iii) & n =48/, Ny =39 =3"'4+3243°
A LB, BB —& n,
33

N, =3"+3%+...4+3" ! = 5 5 (12)

MfRIEEEANR? MR # AR (F. J. Dynson)
FIA=EMEERET (12) R, 28R (6]

ERERERES BHRET 2R, F
. f (12) N4, BF 5 2Kl E i B &
B2 40 F 12042,

BV S2IEL

TSR RIER B2 R Cla-
usius 7E 1864 5| AH)—{HEE M 2. Bo-
ltzmann 7 1896 58 FHEA 7 ) g ELBE 2R
BEEEYIRR. 19284 Hartley # Boltz-
mann KVEESERASRT, BF Hartley
A B (8) K)o 19484 Shannon FEHERE
B Shannon A% [B) (7) H]. Kolmogorov



£ 1958 F# Shannon WHIARE | AE 74
7, FIZRH ST/ (E & 77 R R AR, 5
MRS ER KRR, B8, HE A B
HIREIE, B H H TGN FEE.
HABE 2R AAE (Plato, 427-347
B.C.) FEH HiR &R, R
(i) MERMEHATFEAMN (ohiE2
BEdIFT)o
(i) TEGEES RS AR AT E (
B V2 TRAEE) HERAES A,
Fe& SRR, B T, BT 2R
% (B. Russell, 1872-1970) 3

i1}

FEF BT ) (Kepler)
ARG R EA | I TAEGARE
AL EBHE N,

HRAYHEEREY) (Wheeler) SUL5:

£#E RAEFT—MEATR
TGRS %, TR AL EFHF
HE. AR, o R—AATER
% (fractal), BIE %328 A5

Ho

THEE BRI, RIS S M, —F
HERMCAHEY, RERZ, 5 EthE
BMBIET LR, RARERAHRM
HEh, HPRMFEELEEN SR A, B
HERR—Ek, ¥ HEE (Shakespeare,
1564-1616) FES4F:

WAk % ®? 35

Lo RARGE IR F B M 6942 T, i
B i@ —f g5, H—ET
&, AR gsE A Iree! (If you can
look into the seeds of time and
say which grain will grow and
which will not. Speak then to

me!)
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