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#£IEEER B PLALABEREAESOAE (H12), #THKT —AAKKENLA, HP Sergio
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Richard Blahut # 2000 4 Shannon J # % & B 57 34 80 — 35 b Shannon fufs G Al & F WA
BT R EM:
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rock stars. But the name Claude Shannon will still be recognized at that time. It will still be taught in

schools.”
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XA HBARE, 7R EERERaT LA,
HEN GFRBHFEAY BT “FR”:
AR EL, HEREIR,
T EERER, KBEMHEK,
FHFENRE, LEEES,
AR AAZE, TIBHHMIT,
HPE (F@my BB T “58”7:
et R BRRA, oK EES.
BETWRAL, et LAARK,
ENFHAIEE, EEELRLE,
HEL5FAAE, ARABRIETR,
MZEFFER (BEEPBA) KRALUKRERHEERY “FR” —ANREL.
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R R KB (BRDUERS) TRme, B “FMFE. HA"O, X
FERBEAGFEEIAFT TN

EREPIHER “(F8” MRFEE PR Information, Merriam Webster Dictionary
Onlire ¥} Information & H T LZAE?, 1xF W Information B X EMYEEN . AT
Information AR SIUEHFH “FE”7 M3, X2 Information g1iFN “FHE” K
JFH. EERRKHERE, BEFEE—WHEXHEHEEE, #£4 Y5 Information
XF4E,

FERHME, FRESHBEE —@WX4, —BRUE BT LIA RIS K&
BRABEN—FHMEEA . TELBTUHE—EFEN IR, FHZFHFANT. S. Eliot 7 The
Rock XEHFHHIT TREAEMA, FEEMEZRRIRKE:

Where is the Life we have lost in living?

Where is the wisdom we have lost in knowledge?

Where is the knowledge we have lost in information?

HEL, BERRAERHA, ZESIREI—PMHENES, HAT AR BT
G R, BMERMAETHE, REWT.

(1D RERZE, SORAFEFR. HTHRERRETUER, FiXREREL
FEHAEXMER.

(2) —FHE, FRREWAEN, PR TFURBRENER: SF—HE, NREKIAA
X E BT BB AEAR R A, Bl “ A

(3) IFBLTURMTF—EWRIE, REERTEY. LEENFER.

(O FRFLMES . R7F. EHl. [FEIUERR LA G, THLER RE
FrElpifE R, MsS ARNEMERE BT “THR” thasEHe.,

REMSBWRHEREULAHERNEX, B FEENTHTHANSEARFBNE
FETi AW 563, BT Norbert Wiener #3542 iR A5 B BT H & X -

REHRIZE, REAYRERZRE.
Information is information not matter or energy.
Cybernetics(1948, p. 155)

1.1.2 ERHMRIZE

ATIAEMHBEYHERRRER, XBEREFRMRR A TET L. NEK
ERMRENS, AFEED, Wa, MEMNBERHER. ARAFHIBERAEZT

@ (EADUEFAM PRALTHEERPHESN ‘X", HdTREBAEA.
@ http: //www. merriam-webster. com/dictionary/information

@ TEYEURHHEREAN, XFr TR RRIHY, BES5H¥ LNTRERA FENN.
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B e, B R AR LR R CFE, RE X BIERI 4, HEEERE
BB T B, EMEHC, BT REEREVEHEEERX, HRE. RS RAH
M. A, TifEamSaERaasd, HERRAT ASAZERER, HILsm
G E AR . DIBESCHES B, Bk Morse H1FS (1. 3) kKik, THIAENH
Fi ASCIL 15, HH b, XFEMERANGE, TERTTEH#LAEIE S 64 & FIHTE
frE, WRAMETERIENRA, AR E R MEW, FA{EERNSAHR
Kk
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Bmmeeoeo Lommoeo Veeoomm 200 HN =N B
C mumomme M e = We mm mm 1006 mm =
Demes Nmmeo Xommeoomm fjeeeemm
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Heooo Remmoe S . e e
1 oo Seee 9 N D N N ¢
J opnm o mm T s iy _ N _ B 8 N |
B 1.3 Morse BB55

BEEHRFHRAMER, ARHELEHARBETHR. NMERERENIRERESR, £
FEBNGEEXRZTXEATSA, WREhs. LB ES, FRREBTHRIL.
HET, BERERZEH R PR E A

AEE P ERNBEBFE R LAY £ ®, FIESREEER TR RN TS,
MR GEFE LR R R A . BSARNKE, BRANFEZEERT
ZLL B BOE RS, TiH S BB 417 582 DNA 73, B —3 DNA B2
HREYBEFERNER, HEXERETFRIENNEMAT, EB A, T, C, GX 4 F/
WAAENFRIENEAER. XEKRE, ARFEFUERNEAGREENEKNE
ERIEFRERENREN, JETHRRAEBRNESE. BRIt ARFEFHFE
Hibpy B BE R AR, NXEEFAUEY, HREBNEEAEHMELE, WH
HIEHHERL.




s A 23, 1961 NATRL

MOLECULAR STRUGTURE OF
NUCLEIC ACIDS.

B 1.4 DNA MIREERHERKIDC B 1.5 Watson F Crick

REBESMERREITRAMEEZNEEREIFRNEE, BNRALEYZHEE,
WA AR RS PR IR S T A E B Ms. flan, HAESRAFEEN, THdE
HR BRI EL LU E 21 B A R R B R AL T EA BRI IME R

FF— SR A R A AR AME R MBI YRR, Flndr=F 45K LEGO BAZN
HOE 1.6 F1F 1. 7)) LEGO A FIFE 1974 FEH: " 6 B 8 MUK ik LEGO 1
ARBIH E/ 102981500 ZKAAC, MR, HEHLF, WREABEWTIETIORK, HHK
KU EAE; WMRRRGEENFESTE, Hemia Ry, RLESREE D, FE
UAHE, BRHATIRARBERELR.

B 1.6 LEGO k% B 1.7 LEGO fIE—BERBRETIH

FENEEARREABRETERRREATR. RiBFERNERTRENBARH,
HIBA A 2R . BT RS, dTNFERER, ERNTRERTEMEYE
B, MAENRACEMYE N, A MRIERE R 26 MBI, BREATEN
MFEME 25, REGEENBEARRE, W5 SRR RETRE A HERH
BHRARHRRER .

@ YR, LHELEMEESHAS. STRERE LR, X#E A LEGO Counting Problem.




1.1.3 ERHLE

SR, AREY K& B 4 (Information Processing) , BIXH{E B M. 5.
HHl. T, BRESERE. W LUBCT B PR ARG B A B AR . B B A F
AP RIE—ZIE, MR EGRETEE. ETRAMMIANERAEFER: 0
BEFE N ERESR LB, SR ARIKSE PR IREHEERER
B/, SO FIRAESE G EF R, ML EE, 28NS Es
it RE SRR R E G, CEERET —EaHE, BINERESHEREFER
. MERMIWAKES, FENRFEMNEGEGRE, ANBERERTRNRE;
HURHMRE SN RGHTEY, AlnERTEETEAENER. Wb, BEGMAHENL
REHMATBIER ST, FHRESNER, NMEREEHZER, RERIERR
e, kR, BFEERER—IMSAEHKES, 5190 8% 45 5 (Image Segmenta-
tion), BREANGETAABCGE TR EZRR 2 AETIMEEXXEH—FHEAR, B 1.8
RN Z ) Lena BRI T EHFEIMER.

—RM S, 15804/ Bk E S L, illD’CZli P50 R A3 55 P AL 3
AR E T HEEaLHE, W4HBER (Coding Theory), #3iR A (Pattern Rec-
ognition)&s. MFHME BT TEE BRIESS. 226, Hil. BESTRE, mEXEL
HiAd, FEAL M, RualfEEL, HUEERREAREGAE S AR T#TL
], BEENE, M TFE-BHTREBLAHE, S5 —SRATREEELELTEY
45, BkmTF,

1.8 EMLERF—5t Lena BRFHITHE

(D BERVEH . HbEw WRIEHRENESR, MSREEZRMENEE, BFE
TeE—H, FIInMEDERRRBBFEER, A @ EER—EER., Bk, &
EEREWAETER , AR R R BB RN EHE R, XENERENEEERE.
WA, A S EME RS WBOREN IR, FIINERSRER A A GIREEA
¥ “FR”, BREIFEIRBENETAR. At KEZEERIFENERE — EHNENERIT
HER, XA R TR RE.

(2) PEEEITHY . H PR EE WA R BE E MM RN ER, BENESHRAEEY
B8] 8 B (Time Complexity) f1 % 6] & £ B (Space Complexity), Ti— 3R Fix s
B 24 ¥t i0 S (Asymptotic Notation), BJl DL #Tit & 2% B ( Asymptotic Complexity)
B BALBEMMERE. B E RN EE BB, (RN R ERE, RAE




SAEFREEN LM E R F S, DR AEECRAE EEENAE T, KB
BUTXRME AL BBOR T 22 . (£ 515 BAL B DL SR ATAC B &, 17 H HIT A9 A 2 U 2 F A
HATIL T, IXFEREAKIN TG BALBRAY B BE . 25 (RIS 2% BE JU) % B 4k B AP K
MRS M E IR, IRAfFBAL BN GBS N A B A RIS, PR,

() FEWH. K EE LA EE B BEETE N A AR E RS, MEEHE(Ro-
bustness) . RAFAIE BB A SRR AL T S BEREMB RN E K2, LR
X R DRSNS B AL B R S 2R B A

15 BB ARAEA W R S, (AHEAREMLEAR LD EIE— 2R, IERL
A PR REAC T

1.2 {ERiHRE

1.2.1 Shannon 5 &Ait

AEaA 20 M4 LG, BEFA THWER, FERKERATRLHER,
Bl s, Bk, B, BEAEREHRE. FEARARERENFER, *FHSEMK
MR U RE R AR,

TEHEGBEEANE R EL RS, FERIONESERAAE -, BRHER. ik
MEEX 3 M E. WBCR BV, Wl EirRmE G mE R FE N, WERE R,
R H R B feifs B2 F 2R, ARE Lif, MRS EENTHtREE
MjE, 7 20 fth4d 20 4548, Harry Nyquist I Ralph Hartley X3¢ 26 [l fifE i 17— 26 3 fl
PR, 20 2455, Norbert Wiener HE— B 2 WA E (BHIB)Y (Cybernetics: or
the Control and Communication in the Animal and the Machine) P25 HE B HNEE,

1948 4F, Shannon PUHIFEMER S GREEHBCERIR) SR TR BB T 14,
fbe® . REHBR TLRME B WHEAMESR, 7F Shannon [FH 4, EIIAE B
#2 4 (Entropy) iIXM%, Shannon J5 R [E{Z1H -

My greatest concern was what to call it. I thought of calling it ‘information’, but
the word was overly used , so I decided to call it ‘uncertainty’. When I discussed it with
John von Neumann , he had a better idea. Von Neumann told me, ‘You should call it en-
tropy, fortwo reasons. Inthe first place your uncertainty function has been used in sta-
tistical mechanics under that name, so it already has a name. In the second place, and
more important y nobody knows what entropy really is, so in a debate you will always
have the advantage.

ARIE W, Shannon BT “fFE” XAZiE, WA “B” kbl E. Hxt,
72 Y B AE B B — R MR A R 0] AT KRR, Shannon XM E UABEE K
M T AT —SeRE R, RRAMYRWHE, HlES SRR B ERk.

AIAFHEAR, FEBXT#BH % SERM Information HEHFEIER, Inform FFig
#, Inform WMBEHREAGAZRNERESEE. ABBEFRNERERFRARBEITER,
FEERIBHBIRY, BREWIETHNESR., BHEEMTNEN, S5EFEEW KL




M4 H
NS AZEEEEEEA#E 2 —eEEER, TS EEENEEER,

1.2.2 BERSHEFER

Shannon ¥ B fEH A H T — MR EMER, A 1.9 Br7s. 7E Shannon Fr 45 98
{5281, {58 (Source) A& HE B (Message), XEE B4 EKWTITE. HTHENE
REMER, FTEBHBLREESHEX, WHRERAT—& AL DUME S S5 .
TR, HBEZTHE (Coding) Z 525 K155 (Signal), 253518 (Channe) 5%, 7EfE
D, BT EENDERRE, —BEFE TGS 1S3 EFRENBRE (Noise),
TER R E, —HEGHEPERIGESE, SEHERRANER, FEESEREL,
XM IR A A (Decoding) 1182, HE5RmASLL1ETE (Destination) ,

15 i IS &
ME 55 BCEIE MR
e

H19 BERGER

¥ EREFRGEAME, FBEBIRERFTR, WAREE 110 HRgeEs. &
WE A TR BB e, HEZHRENTRBHMERHEE. BE
FromtS s LART 1L 5T HR . 2L, &5 M REEEMRA G T MG ESRE, RIESS
RS REZ MR A G R . K FEERE, MM RE—SRE, §ARH
FEE S IRSIR R i, FFRETT A B LATR B0 R MR TR RS, B ) A5 T8 i R
BB A T B CLL SR A R TE .

fEi s
fw |l mes PR T A I .
. e

E1.10 EERGRHMLER

Shannon IE QIR T 7 A BEHURGE SRR, XTSRS BPRARIE, &5
SERME Y TEFNE SIS, IMAE IR FRBOE T IR I LAY .

fE Shannon it iR fE BIEVEE N, —BEXHES R G W& 4RI 4 A TH5E,
BME IR GRA , (E AT FLR  f3 R AR e A T 3R 2 AR R A U U R
M, EAMEHER T EE e B, T HARS T SLRREG PR E AR, A
PR R R MCBERIIEFTEOR, T LR F T

X AR, Shannon {5 EIE REERIBM EREY, SERMELIBAMEER
B3 RS AR RIS BT R T B AW K. B2 5030 15 R G B F P I ) 21
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LAE By 812 5K John Archibald Wheeler BT i —BORS i 35 BEAE A B IS -
I think of my lifetime in physics as divided into three periods
In the first period ... I was in the grip of the idea that
Everything is Particles.
.. Tcall my second period
Everything is Fields.
. Now I am in the grip of a new vision, that

Everything is Information,
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