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MTHAT CHANGED THE FUTURE

BN HFZRETES. 58, 518,
Y. AR, 5% H%. H58. @

— R - $LHE,
(£ 6945 ) (Love’s Labour’s Lost)

O BEKEFIFEL. —FEE



HENR R E AR AT AERY? DU T e iR BT

<2042 30 £, EF—BBFIUHENRARME, —NEBXAFEITIH
HRZEE, 25, XUXFHEER. FERRBENTENEGTEZH®R.
BELEKR, RITREE, MEF - LEERHEVFERRE,

< 198 F, —UHIRTRIEATHNMERRET —BRX, FeITRERER
g, URNERATELTEVENZENERELHES. NERHIHIE
BE DB THRBIR,

c1956 F, —MEFEXKFHELTIW. ZRSWHNBEHRRBEN. BR
KE, BARAVAIEERAR. ERBTHSERRNUREFTERKEZ
B, BNDBHHHA-—TREENSETRINER.

* 1969 &£, IBMATHN—BRRARRBAT —MEERARH#BIEETNE
#rE, BEl. BRASBALX FEBERZEAGTHEEILRES.
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Z ALGORITHMS
FATHAT CHANGED THE FUTURE

<1974 F, KEBHBEBEXRENHRARKRBT —MLITEY 2R
EH7%E, IS —AHENTUEEETENZBXROMBERER. ZERRA
RAABRREMR—FAEFENR. ZBXEERRIARHAERTIMEK
R, AEBEREFRFAENREBEITT T EA0M.

<1996 F, MAFEEAFETERERTFERE-IPERNERSIZE, LF
fE. fmelh T ARAT—EENERNE-—ITEFEX.

FERMER 21 HEBARENEKOER, ERHTELRE—AE
RIA BORR— LB R RHT . BT RRE AL
BRI EIFHFOEREE, WxeBEMEET 20 tg, A,
PRA KRB 44 NENRIRZIFERED? 4008, XA AR E R TR
BLF, WFHRER TSR TLH TR E, NHEHMEI =05
TREDT R BARREISCRS? BMER B A B FIRERVRE TN, i
RfEH THADFKER, HWRILE—R#HR? RETHIHTR T —IREL
255, BMERIMAE KT L7 AHREETGFR—IRS &7 REGHERES
HHALR T ST BEYRRBIRLE S T —EHEGEE (WaERRFR
5)? T EALESENES, FEIR R EGRECES TEEIIRD,
DMEZE iR P 2K ? e GAEFHFIRE LR T ATERE, Asi2E
REFFRER/NSRE FRARNE?

XS NENRBELFPHZERE T Z g BB R A, A, £X
SHOUTEN P BRI S S RiE X Em el ANEARIRE &4
B 7E T A R AR R X S S — RN B RERTHREILA N B R BE,
TR MR, BEMRIEIRE S TREMH R 2R iR,



#£—& s —RELHESH SRR A

Hik: RN

FHACYE, R—EARTFEIRERER “BE”, HHRLES
XMHF L ERZBBEERA “Bik™. ML EBBMELRZEA AKX 5
WE? LR AR X—MBlRFANERRE, BikE—IKEHAL
77 BINUFEEASI T R — AP R ER R A PR, AT/ RS
BEBIN— MR IR HIB T B KRBCF AR S, A BT
o RNMREWR—EHPRE, FHROPEWT: "Bk, o ENE
AROLBARI, B TEROBEARME, KRB Z M T —£;
F, OB TR, FRRERE SRR LB Z SN BRI — R A T
Zi=Y))| R (131 7 -

1 11
4844978 4844978 4844978
+3745945 +3745945 +3745945
3 23

KRN FAAWATEGTNAY,

HEBRRES B PYMRICREGE . FL b, XRBIERISHERAZ
—: B DAL BBIRET, A M ARBESHENE I, XA,
B TRV PRA W BA TN, REN S - EER AL,
AERAG 4, BELREST. BIHEERES IR E R IE X —5F
P REVRBIEERA KA, FARAHSBNERER. hin, A
—RBERAGR 1000 (rRYEGHN, IREERBAIEER, REXTHEEM
LKA

XFERBE SCA—R AT, HLBILRIRL TS, IRt &g sar
o XIRAETT LR LT BT AR thn, £ EEH
R &S, R —0 RN BHN AT T? B&UER
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ALGORITHMS cuTOR

MEAEMER LFIHFRE ST BT EERBFRERZN%, X
ZERARFRSR, HBESEAMAZT . XEEBHREEERELTI
BRI, FEMMES, WEY, MERZLURRERFEERR.
AREERAZRMT ARIEEBRIEER A T— A A&
AIERar— B R B (Church-Turing Thesis)., BATHAESR T HEERXLE
G, AR RATEF TR RRERRRR, DR —BERBER—&
T, FE, HREHE-RIEFRBOLTE X —JFEBEHR &R
W,

AERMNEE TRERM 4, HREEMHBEIEH 2BRAR? XK
T, HENEERERBEROESRE. B, ERbHEIARIMBR
EANFEMB AT, ROFEABAREF R —NHE. ERFEMYE
FERMFERS, BENSRAFEER -MHEAREN. GELM6T
AR B o b =c’, RERBAMRBFEEHEE = md’,) #R, i
AHFHERHERBEE R A NMRR—AFRE—A4K, Z2EH—F
ik, Bk, 2BNFEEEE, BELLHENBCHREIAN AR RIIEK
E—UHRERERNERER.

— RO LR AR?

XEFIH—ATHRRE: FAaAZRIEFRKR “RE™ 7 BENK
EHEBFE ALK, BRALEESIREGRR T ATABORERERE A,
F—5%, WRREEN—FvER, BRANBEEERHEETEIHAEX
M2l FFEBERRERE, BRRVREENIZGECHEEFRILKHE, m

FE4E— A P Bl i — /R A R TR T S . X T 22T E
SURBHFERRENS, THEISCFHEMEER M K ERE S FR.



£-& WE—iHNANERNSRBEHARE

B —EREBTENAFASXAY—HRTEEH
HENEVALEANRELZ NEF[/ABRFRIERAKR, EZFIF
E—HNENFERNBRNRECEF—HR TS EITENHZE
ARRBEZROCARNBAREZ MAIFEZE (REHF) . BEEZX
(BASTRRREREREZX) | BIEEH (BHk)  XEEZENG
AUEBHER MARRZAMRABETE—FHE BHLBAR,
FERANEXSHENAEFBERENAXERX, EXEEEAKNE
BT ENERATRAXZEEA, £XxEH. RREEZTITRRE
ERBAEZ. BANTFEBHENAATS . XEEEERILMMHE
HEEMHE.

—Hfe KBHPRH A £NWFsrmY, AHiEd LMEE&THEM
A F B4 TRk, 2R EH B & T HEMAFH THeit, AALFIE
ABBHITEARERZZNBIHAFSAZELAERLRE P,

F=rER, BETEMUEIAEEIEA, XHER T EZmMit
BHLBE—anCPU, WIMBLAR ML —FH XBIEA, X FARMERR
BT EMIEE—— RN IR E, A A REEE TR
FHEER? B0 FKEE BT AR HEIRENM A . ARz
FIRIASh, HEVLBZEES PR REE (An “Ba") figgikit (n
‘), FXLE, BRENTREIRZEBTEFLREoMRE, I
ARTULEE—%, RAEATEETXEERER, LELAHHE
PLBHERI A BEA — [ TRiRFE PR B

FREBFELERS 1, RIHRERTRRSER—EHANES, |
AN —Fr kB 4 1 B ROX MR RRGTRI R, B XX — (a1, Bk
BT ACHAER. £FBHEANE—1HET, Kot —ibget
HEBRZRVRIER. MEME, XL EFL R, A “HHC
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M, SILMBRXERRE AL AL, RAERBERELERZ,
HARSAHT xR (trick) XAMFRE K, FERLARE, FIFIERE
ARLE B 553 I N BB — IR M % F ml BB M 1E 28 Sp Susk sk & L AVHERR,
R, ABHRERET RS RESEA : ik g B bR & AR B
75, &M BARRAESA ATRER B

Bk, RI\ER, kS T AN AR TR Z R D ENFT. S
AR, EXEHRFEREEE - wPE - BB (G H Hardy) B (—
NBFEFRBIBEAY (A4 Mathematician'’s Apology) W, VEEIR B M2 R
BEEXABHCENRN . “RAF B . HMpEEX itk
AKFEZHE,” XEFERINAAE A T EREPESER B, FHik,
WITEAA B R BB — S&brit, SRS R ——hiF TLAX 4
FRIF- ERMRA: FEREDREIIIAIEE BRES E —REBA
Hikh BRI,

BT RRRBEFRRRIXERD, BRSIIZENEREW, hiFrgR
BHALZWTA TR P &AERE T, A A/MWREEs EBRMERN
BODRBWAT AR, FoEmMA TR EafFEHARSIFRSIER
HISCHE, T =N T M TIHES (PageRank) Hi— AT A FH
ORI VT B BE B O S M B AE S RS RV R T IR 4R R %

BIERMNALE X HFE, BRZHANMEREIRSGES, AREHA
BB AHRER, BRESIZBERE -LEZEMITEVB%2EE,
K, Hih—ERNREELEEWRAS, BHHEIA R EEREE
BIRE, FEEMALHME (public key cryptography) 2 XHE—
RS, APRERUH -2y (#akCihttpsiiidEhtp F3k), A
PEISHBIAHMEBR — T EH-—WEt & AP F B AR (key

exchange) KRIF—BREMTE. BUERRET BRI BIKI
JRE

BHEMEGR MRS (error correcting codes), XAKNZE EH
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HHHEHLE Be R SRR

EHBEAZIRBIN S EHE, FEL b, AHENRETREE £ LM
——/ME R B EITE RS, ARG T LALL T RALIABIFF ANE AR %
e B N BLEEIR, MALRES G BRER. MEDTLER
e e TR AEERARZ S, KREMEEHm,. CDMDVD, HERF
AT —EHEIINRE, Ak, MHEBNEELKRERT, UETHRNEEA
F'ENMFLE.

FBANEMMAE SR, NMBTEBIRBIAE S (pattern recognition
algorithm) , B IR BB AR AB KRR BB AR, HAE
HTHE & BREEHEILA SRR, BRIRIETIHEL
RBEEAEE R —wER, JHEMAKR—mHER, Fx b, #21
HLERE -4, SRLHEEFHTRIFEEAELXEEA, B1E 2011
£, BRI ESEEARNER. R/ A RERENRIRSFER
A, PRIEESHIRVIFEERMA, MEMAEXSEES (BHERER
FHL) kW TiETRE. —E a2 6 BRI Bk 0 E 7 H
FEREER 4, S5, BAEFIRBIWE R, BA e REH M
B, H, BAEMRT 3 MEEEH. REIHERIHIEA: HiLiBs
2 2% (nearest-neighbor classifier) , J%F M (decision tree) L f f£8 B 4%
(neural network) ,

BLEWE T EHEESE. EHEEEART 5 —AEHEIE RIS
KRB ROBREH, THEVUH PSS AR B ST RS, WiFeh
THE#AZER, LWiFEAH THEBBRIER, MEHBTFEFFL. A
AR T, EHEEANFREES . RIMMEAREERIRS, RMNA TR
AR R DUEL ESE LA AW 0T, AR O W S R T R BHELL
PEASAS . IR AR 1R AL Ry 5 GBI, fE4E/5MRA AlaE A
1B HR AR AL 5 GB 2R RIRIIR/h—EB4r

FAEVE THBEEF B HN - LEMED, X —FEMEAHLH—
B AR EPRR RN IR — R AR S, &

Btk



BERRH KRR

ALGORITHMS -

BXERBIHHEAR, BRINPLERR ELAE (BN WYL RE T
Facebook Z Kt MEG#TE ) MAHT TR HENEIRS, X—
BEEET —SHEENREEMT S, DRITENESETE R X —F
B, AR AR ENESR ARG HA SR,

EENLE, BINE&THRERTBEIBELAISUIREZ—: BTFE
#o. FEZT, ABFEX “€F° —HBFXELUPEATR. (RLiFs
B, IMHELLHEBEFERAR, TEMEENEELAHNANETLAZSR
e Hu s TUx iz 8. X— R GE, B2 EIB2RGHERS
IUNA=1:0)2% i

ETERMTEHAAFRNUA: 5HER - CLFENBRREE,
BINAmE TR -NROFEVNLRESHERNELZ. AERMNSBERM
BB, XANFBERVEEAF AL, XRATREYLBIEERIGE D
A — Lot AR BR, M IRATH RN E F A A ERTHX R E
M

F+—BEBNESBEHBREEN— S, R Rg ARk & B,
SAEZBREEBINL? SFK, BRNE2%XI THAENERER?

T, BRI —TABHIRE ., AR RIS MG S
kiR, HIIASEIRXARTGME, HibiRET ARG, BT
RS IRERABHEERR, AIUABEXASHBISIH, At, &
HBWILR THAXRE, HEABRERN “SREFEMEIR" ki
H, HEARE ERRITFE. XANRIGEFIH T —28mobetet, DA
MRATIRE RERFHREZ MR F R HERE LR XNERA,

BEARIRATIR T ABHIRGE, BREBRREBBLPRBBILEFHL,
AP FarER), EREMALMEED? X—REEFRE, BEAE
BRTHEEORERREIFRBES, ILBRIDRET U7 2Ea%KE. B
TR SRR, FBEHENLE, BB T —FHEES
HEREMMREWAED, Glim®Eg. B4, BERIRE. Bk, $&98 ‘L



#—% HE—UHENER AN SRBEANeE

KRS Kb LR MESHILERE .

P 2 BATR R X BB RV E %2

A xR N B BB S EILRBEZRA TRENET
Ko Aid, WIFRMHAREDRTE: FBILEHR Bt 4? LRERHRET
FEWEIEBR, IABHEAR—FRENBREFM. EREZFBE, R
AEBATRBIRLFTEHIER, WAXPEHATHRERE LR E
Ko WRWIFREEE— A FRERE, XERAM, than. Reutinfisid
“Za” PIMEIEUR ‘BEL” BREETHRES, BN ARESE
AT H S 2 R B s T BB B AR R T | R S A
AREIFELESHE, VREEE @B EAERSI%E,

FERTABE, RAKPF A —LEMBEHHREILAF . BREEM
BB RENA RIS LA SERNEERE,

At 2x R E? RALLLGRREH ., REEIR—MRIF
TR —FL L, REXNHE LHYTH, REMEE L, BEe4RE
ME R, RMERDVERCFMPER T EX—L2BNEZ. G, &
xtHCEEIFYRERR, LA T —MilEnESrRE. FEEIRT
G, REMATREI L2 ERE R ffia 2%, Xhi
BERONFE, REEESURMSREEL, BMBHRAES: RN
NI, {RIFRAER .
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G, AEMEENGLTNTE, RE—RYE
FRUTMNMBREUROBAIE, BERERE
%3,

CHdg- %3 H&ie) (Tom Sawver)



WS R AR TE = T HORIN, dak 25 A\ REEAT £ %k
WA, ERIRDSETFREZEXA 4 NS T AR A 2.
1228 | RO 15 B LA RIS B R B 5 R B A S AN, A0
Bl A R A TE LR AR B, BTk, A1 FRie,
G RS T R R B S 4t

#or b, WRTIERENERIRES, AMUGRHI R K
W REOER., O, BAKEHERIEATEEE E A TR
AL B B L B W 4, v A B AT LA R 25 28 TSR S HE I P 25 1%
&. BREBUNELRARMRERITERNEE, X em5ns
FHBLAL., Bk, Ex—ZHT 2, ROTEEIXHE— SR
TR TSR RN, ROTBSARXSEE, RIVERRST
fRE, MEIEWPWAEEFS LA (matching) FiHE4 (ranking),
X— PR — R PIR C A EAR . TR (metaword trick), 72K —
2, RATEEETHHEHEAIT S, BTa ko 5135 40 M T2 500
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ALGORITHMS
A FUTURE

PLACHIHE S

YRR —IKMZBRERN S RAEMN L7 DoXBE—FE BRI
A IESIRARE), RELULE, BEARANEENR.: KEMAEL. £
Lbrr, WERSIEFICRMHELA SR - RBUSCE B, (BXHA
W R RS BRI, BEIRMSBRIREHEA T A, TR E25E M.
FERER T —NMEF, ®dh#EigrILZE “London bus timetable” ({83 2y
HR AR ZIFR), WICEHBEUEZE ‘BRI 5 REIRLE” X4
B—AEX /M F- A2 T $23E] “London bus timetable” FYP T

UC e S I 0 BT A& FE R 5T

e

ReERFARANE: LRAHL, £F—NE (ER) ETRAEARTIRTTALR
BR, AELERLMEBRAELS HE (BE8) #THA.

EILBRSIETNTF L ERTERA. BT HERA LA “ad7,
MERINEAFAEREREFILNER, BZ SR 104, Bk, #
R EMBFMNKRE AP BRI, — MRS RSB
iR LA b, o L& DA R T B e 1— R L ACAY L HE
EEE—, RER TR EHAS T, RILEHE,

PATERAIRF ek tH a7 B9 JLA- i b 4R “HER™ . HEBR S

—AH B, EBERIFHILER B, ERRTVAFRE R P, &5



#oz BRJIFRI— R LERNES 4

AR EHEA RGN R RIE, 2002 4, EEG ZKERTIERTH
B EEAAEY, AEk. BEFIMSN L X E BT S0 BERE 30% LT,
[MSN B Ji= 9% T 37 0.5 h Live Search, 2 J5 X #ify #4445 (Bing), 122
JRILAE, WA G BuRaEY K, [FRRE R R R MSN B 1 3 6 4T e
T 20%LAF. AMIEEINA, FTREETARRTILEERLESET
HAAR D, Bk, Z2ATHRBE, BRSIENAHAHARENWRE
g, Ak, EARCLREN, BRIEET-ERIHARZR, ETH
fE, EBAEET R B,

AltaVista: 55—/ TR 51 i PURC B

HESIEREEENEENTETH? —MRERANBRVEES
BB —21 LB B R R B ThiFE—H 1k, FxXE, &
BB RRFMETHEREFRAENE LRI E, XNMRERUERE
Nl i BA NENGREZ], piB - A (Larry Page) FRift/RaE - Mtk
(Sergey Brin) £ 1998 sE4H %5 T —HetHHRHLEE A RisT — I R o 1%,
AE 10 48, 1A T ECAH T BRI ZR R BRI FEA,

ik, EBRMERNBARCKGFERZET., RFHELEHE
Infoseek Fi1 Lycos (FE AT 1994 £ ), LAKR T 1995 R 85514
[y AltaVista, 20 20 90 SEACFREARY JLAEH, AltaVista B3 & 0| B ESH,
M ERE R AT EYRE A, RGBS B T AltaVista 48
RERVRBE., AEURE R, A THEEIERCLREIIEHN L
B—ATEMEST XA, BAlRmLE, ZIREREREZER, E4ham
FRXA 4 NEIR B A 28, TATEM M HEZH (BASK) B
&—&R5|l—FFA.
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ALGORITHMS
Eu FUTLRE

HEREI

HoIWHASRFARRTIZETEEEMNER, BR5FEHBES]
R FXE, RIMWBBILPRBEERG L, than, ARKER
R T —EEALTHBEHEeEEBE, BREfasiys
FeRtiT 7433, Bk, BSRILRE L2 itBiR il ZrA B,

w4, “F517 IMWEFESHEBREN—TRR. RATEEEE
BERRAERSHUEERF GREERFTBEF) FIH, 58—/ 8E&T
WAH TXMESHANEE BHRTG), B, —FmMzshmH %
I WIF&E — AR “cheetah 124, 156" MIEKSIM. XAKIITERE
“cheetah” (5%9) XAIAFESE 124 TUAISE 156 TTHIE, (LLIRMAHHY
BB, RATLAERBRIRTIHER “index” XAVE, REZIZATEA
KEX—T,)

—MRABEIGLER, RESH1. 23N =ATTEH K.

a 3

cat 13

dog 23

mat 12

on 12

sat 13

stood 23

the 123
while 3

— A ATERRE AR,

BERMERIEHRIIAN—FBHIRIAERARNTERE, 35
“TU7 BAER T HEM LRI, mER5IENETERN EFEA s
BT =R, (H, LB ERAFRE NI —HEFAIEKE
ERERA LTI —ETEIRERLCE S F.) LRSS T4



2% HERSIFES—EHR LRANERDIH

SILBNIBREAGHFF, BRAEMNRH LEERG 3 ANMERTA
B, BA1rBlES T 1, 2503,

HEIFTLUAZX =AM IR —1%S] . BAEAHIAEE—TE L
HIFT A R BR PR, REHRFEBRNFEEXKSIER. RIOTLL
BERFARITR (word list) —FEXANFIFH & “a, cat, dog, mat,
on, sat, stood, the, while”, SRf5IHENLE —A 18— 3 {7 #4808 By
AWHE. HENLSRESESREMENTE, REERERERP T4
B E, RAERERE LBS, than, RATLASLBIES|#AE “cat”
HIAESE L TAE 3T, HAEL 2T, mHpid “while” RHIEE 3T,

BIX AR RS B, BESIERCLRELEFLEEMESR. i,
BiZfRm AE #IE “cat”, BRSIEFERRBEIN RITHRFM “cat” T,
(BAFBRERFBHTH, HEVERIEBEMI, SRR
RPLIRBAS R — AR, ) — BHEHIRE “cat” T, #BESIE
BREA K IZTI T I AFE— X H Rt 2% 1 TS 3 . B
REIEHERMWALRAE, RERTREETE R E, A, &1
A LS BHGXHERNAT, RSP ERRSIENMMETE ‘487
A PsARER L.

BES-AEEEANE T, LRITREE—THEIl “dog” B
B, EXAGFF, EERSIERBRAIES “dog” T, HiEETIRG 2 703,
MRAEIRZ AR, a0 “cat dog” WB? XFR/ARWRIELEFIKE ML & #in
“cat” 1 “dog” WYTUH. @ CAMES], EESIELRBRASEINE
R, BESIEELESPMERIFEARIE, RH BN BIEWBLETE T,
ERE “cat” EE 1TME 3T, “dog” EE2WME3IT., ZJ5, it
BHLRERETH XA G FIR, FHREM HRAERAFIRPHTG, £
XAGFr, 581 TS 2 TUEHERR T, 855 3 T RM HBARAFIER S,
HRAERMEE 3 T EN—kBmarp, 5ZREAMN—/ R
ERATEEHEARIARNAER. ki, & “catthesat” &REIFE 1 TTHAIE
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THAT HE FUTURE

3T A, EABNRE “cat” (1, 3), “the” (1, 2, 3) F1 “sat” (1, 3)
EXAFIRREATTE,

ERRE, BE - MERSIEITRRMALNES. REBRNRESIEAR
IRE AR, BIEST Ziadigthdant, TNEME, XFERGESE
STREHEARBRSIEMNFE, HAXMHERNERE LA, AEBE
BMNRSxRERX P Z—: wBiEEER., SEEREHEIFIR—AHE
ERA N, MmAEEETT—ERIRHBETIH PRI T, tban, “cat sat”
A il cat sat AT LR F RO, cat sat i) F AL B A
& “cat” 1 “sat” FWANRIAMITIE, AFBIENRTF: M “cat sat” FEiFIK
FIE L& IR “cat” )5 BIRBIA “sat” WA, £ EEIBITHEASW
TUH BRI A7, cat sat X IREE Ry s | A 3 T, {H “cat sat”
AR FRE—Rked, BES 1T,

— A ERESIEMAA R BT K EIEE VR ? 4kEETHE “cat sat”
EAEF, E—B R EHILIFA ) cat sat—EE, MRIRIRAPIREUE R
BRI TIFIER, EXAEF st B | TUMSE 3 TIHY “cat”
“sat” h—#¢, HBLTESE | TUFISE 3 T, Tuﬁ%ﬂ%ﬂui%%ET
RS LRI nE A iR RN M A T 1 fnilEm 3 k, HEED
Bk oy Prix e IR & B LA EFRBVIR T SR EM L HI, RLFSH, 8%
SIEFLUREEFREMI, BXMEIELGHFE, XHHRA W RERIRR
HE, HEREHEFETR, IFEEHHE A TRRES XN EIENMT
FIAENE, AR EEXAMMIT, o, RIVEXEITRENRE
— AN HEEATUEA KR /NEF, EIEMERSIELHNEEILNW
TR ERRRSS R,

®© EERXBERCIS. —FEHE

20



%oz @EFIFRI—ERF ERANERPIH

i B XK

ﬁ~m@m%mﬁ%E¢ ARSI EETRIFVEAN . BEERTGR

: REIMIZARBAFHIG, SEFEIANNMLE, XEMEHA
wm BMNRRRET MAENEPHIMLE. 3 NMEANMCER3, #
29 NMARGLE R 29, R AHE, BT = A T 4B S 4 4n T T
Firm, ®METHEE, BETEAZRERS —HEMEITEMEEFHFN
RIS RA R . BOFRXFREIBRSING B4 WM B (word location
trick) , #JLAFIF, AR K KEME TR BB, RKIIWE—17
“a3-5.7, XEW®E ‘a7 REHEESHIALT Kk, 2EITAHESA
iR, #FIIhBKE—T2& “the 1-1 1-5 2-1 2-5 3-17, X—47 "I LALLRSn
H, XABIEEPR A NI RIE “the” WWRAMKALE. bﬁﬁlﬁﬁiﬁ
Bk (LB 1fS5), F2HBEmKk (L& 1F15), FI3ITHHATL ]
w (& 1),

RGBT BTN B BG4 T RN A 2 ik T4EiE
FEIRXA A, EBRIPPREBMA XA FH RSB —kEEER. E&M
B —H#E, &HWEIE “catsat”, FE—PMEMIBRIIM—H. MES|H
RECAN R E, “cat” BUMLER 1-2, 3-2, “sat” WU ER 1-3, 3-7,
FIX BB BATMERIEEIH “cat sat” ME—FIRERIAPRERAER | |
30, HE5ZAr—#, BITEARHFEHFRIREELD HIE TiXEn
B — B TREX A BRI EL T, {EHA 2 LA IE B I 4% itk A
&, Esivi, MIBEEPFHIAX—ARES. BHRNE 1 TG B
WEHESME R, HA1E “cat” HIFEE 1 WAL E 206X 1-2 & L),
BATEGE “sat” HIAEE 1M E3XE 1B3ME& ). HnFE “cat”
BFALE 2, “sat” fEALE 3, WATBRAE “sat” BEHREWMILE “cat” 2f5
(B4 2 Z/Eehe 3) —HEBRNFEBAEIE “cat sat” HEH
BIERE 1 T, HMLE 2 4.
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BERKIARE X

ZALGORITHMS
F THAT CHANGED THE F

a 3-5

cat 1-2 3-2

dog 2-2 3-6

mat 1-6 2-6

on 1-4 2-4

sat 1-3 3-7
stood 2-3 3-3

the 11 1-5 21 2-5 341
while 3-4

MA: 3ARARET RAELE,
KA B a8 G5 7 A4 Ee#H &5,

BB CEXA LRFBRE, HEHLE. MNEERBHRXA
BilF, 2ATIHREEEHERATREZEEZAREATHEFLE. &
B, BINCEAHMEIE “cat sat” BT —kdvrp, (UGBS EEFERSIE
B (“cat” WIZE 1-2, 3-2, “sat” WYL E 1-3, 3-7), MIERBEMTT, X
R, FARMNAEFEEBTRSIFHOEANT, miEEHHA TRl ad
P E—mE# T EEREEE RN EENERS %4, \RRAEKaE TN
XHEMTE. 82 @ERSIFMATNGEMLE, RIMNMAEESEER
SIHHIJLAT, BREERRB—kEIEERGT, miBRHBREIE. X/ H5R
HYIA AL B AL RO BRI —,

FHEL b, RBEWHT “cat sat” XABIF, FRATZER T XE 1 HEE
HIACEE, {HEE 3 TUAEALEE, X553 TUAYHEEEAIZE | TUAYALER 75 AR 4H
ftl: “cat” HILAESE 3 TIMIMLE 2, “sat” HBUEME 7, FEIIATHE
A RER 2 ZEHBIARR 7, XHEERMRmME, £33 THAL
MBI “catsat” WyapHr, RE'ER L iAA I cat sat By,

JEAE B — T, A BRI EIEAEREE, #4006F, 8%
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£ BEFIERI—EHR ERANERDPIH

— TF AP A, E—EERSIER, AP UER T ER
“NEAR” kB MBLX—H, FE L, AltaVistai@ R 515 E R gt it
TX—Ike, EABEIERIARE. EA—IRRNGIT, RixE—&
FrAlRIIE R 5%, Fifjcat NEAR dog k3| “dog” RIFHRANPIEZN
HBL “cat” BT, HAVAMAIABEAEKTEEPABHATIHER? E
RAME, KERRESRAES, “cat” WRSINE 1-2, 3-2, W1 “dog”
HIFS IR 2-2, 3-6, AILASZLZIERH, %3 WeME—rlaeRyad . mES
3T, “cat” HMIMAENME 2, “dog” BN E 6, FIMLXMAIAZIAKIEE
B 6 — 2, &iRR4, B, “cat” WHHHIAE “dog” RIEANLEZ
M, s 3 TR Z i) cat NEAR dog fydn v, AT —#F, EERXK
HIRIPITR Z 2m8: AR HEMMITRKRNE—HR, R&%
TRSIHHIFEAT,

Ak, fEsEbrd, NEAREHXERSIEHFAHAEREE, JLFE
AERNEARE, BRELEFEERSIEREAIFNFEN. REmk,
AESIT NEAR ZHIRE H kb XL SCH ARSI EEREE. X2ZFD
BRERSIEAMHEREHMITNEARE ., BERMBETHER, RITEEAS
BAMRARBRSIEH G EERT 2 —: HARE,

HEAARE

BB E, RMN—EFETRENR: A—TRENE TR
HETA IR, AEIEMZARIAR, £ AR “HET T4
wREAERSIEREN LA DR XEPEH AT LA ar b H R R H
FRIG B .

EERMNEMABOEREEHEARNBE. — MR “He4™ REBRT
ft2? RIEMEEAZ “EAMIERLRL", i XM
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BARRO AR L

ALGORITHMS
FUTURE

WAL, HEYREERAER “MAXE” (relevance) XA RIEREZE
—ANERRTAEAN R EE WA L LHEE R Z 2F .,

#ABERGT, BRIZRAFBOERENEBEBRIGE, HE— T EFES
g h i A Ax iR malaria cause (REIEEK). BILEIE, RIFERSIEMNX
—ERRERA G BRI AMT, BERBEREXMAMI,
TEANZE, PRIRBRELANES 1 TUAERRE A X, M 2 SRR XN
NIk A=) — e E B THIEAR, RAEHERIGMER T “cause” F1 “malaria”
XEANE, Ek, %2 TiAHEL, 3 1 TUJCEEfnA i malaria cause 5 E AR
e, ATHENARAN, LR EYIE RIS MR, PR
BRI EE Mt XA fr b 3 T HES

also 1-19
cause 1-6 2-2
malaria 1-8 2-19

whom 2-15

MA: AARBRERGHARAR,
RB: AEFHARARTEEGEI Gy,

ik, FEE, FFRE R ELEXAGFREHER ER. &R
TRl SHAH 4TS R X T L BB e 2 1R iR AR BE AR W AR S EE R . FETEEIX A
i, “malaria” F1 “cause” FEF 1 TUH{NAHEE 1 /~id], WfESE 2 T+
WIFARE 17 i8], (idfE, BESIZERBTEERS TSR IMix—
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¥ WRIIFERS|—EMR LRANERPIH

R, TAUREIEFMT,) FHit, REHEIIFARIER “BE" Fian
T, EHRBENMTT 1 LT 2 FAAMKH:, FAMT 1 &iliEZ E
BERE LM T 2 I,

BiEZ, REMIALEEANEARZE ), BRSIEhOAENK
MFSBER RIE L, REERHEA. M ENTRE &8Ot MEbX w5 E
&, BiERIEA BT,

—ARAREFE, EARRART —AMafe—HEL,

EBMNEL T, BAEEA S 000 £ LLHT, B AsARERES,
T 1A E A AR A S F S | R AR . X M HBLLART, B—FE
BEREPHIMEZLER, A, £ T8, RITETHR-AFERD
M MRS BiZIHE X PRFER,: Ak (metaword trick), XtiX
— BRI Z AR BB E H, i AltaVista #2251 5 7E 20 40 90 4F
MR B R ATk E,

FCiRlFE K

FIHATA L, BAT—-EEEERARILE RO TUN, Af, fak£
B TTHA RS, BERE. bk, BEMER, THRITE—EIAA
TR BRI, BTk, BATHEREES IS b M i s
. Rk, ATRATRERFER, RIMRSSIA—BEEH: NITNTHS
A8, ZERTENEX. EEERTRITAEH=T0RG], FHHt
T —LEpRE

Kb b, BEREBESIE-FSFTMIEL, BNEETHRESLRS
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BERROHNAR L

ALGORITHMS P

BT AR, TR B — PR IE S M B R, LAE M4 YT 25 GE 1R 47
FIt B R BN, (45 M T 5% FE S SR A HTML, At HTMLAY
M A R EE,) brk. FREL B, B SHILEHER
WARH T IARIRE SR IAR B, bedn, B TUARETT 44 (IO TT iR 12
<titleStart>, i £ #3X A FR A I 17 7] RE & <titleEnd>, LAY, M TTIE
XCATREA LA <bodyStart>FF 4%, LA<bodyEnd>£53R, AELULET < 7
XS, BATHBEL R ZHOTEILEA L, AMEEE Rl X e s
FI#EE R “KT7 N7, AdEXE, XEFSMEEERE
filxF&, REHEMRIE, BXLeoriafn i # r e Bia X o 7k,

FEB—HORAE, ERATHRAALNLEAHA, RELARSEHNLET L FHT.

BT LHEME, XkERREINEE—KE—H, HERESE
Prgm S W TLRIAE T, TAEFE RIS 0 B 28 ih BoRIIAE . Rk ZEOML B
HARELLA FRENITHEBNE, XTFEEFELA “EFEMTTREARE”
IR —RBIUR FRENESRE—T. (&, ExBEFERNT
id], Zn<titleStart>F1<titleEnd> 2 F B REEERIEERY . 5 THEHARIRBI,
FEELWHTML F, JTiR#FRIERRE (tag), HTML dJF B 145 R ARG
bR A& <title>F1 </title>—— R W LAZEfE A “EBE W TTIEAL” R A E
T RXERE.)

FERlE—HFESIN, BEMATALGREIRANE, THHIER: IR
REQAFHIER BIR—FECAMERT. TUMERRT WA T
FI=/AMT IR, B TXKE, HRE CERTHRAENER
B, Ebgn, “mat” EYNE 1-11, 2-11, FRIR “mat” &2 1 TAYSE 11 4~id,
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EIE ERIIERI—EMT ERAWRER b I

WA 2 TWHYE 11 M. TR BERVRSR M —E, “<titleEnd>" AU 14,
2-4703-4, WEEY “<titleEnd>" £ 1 5. 5 2 T 3 THIE 4 4,

BRI FIANZR S @ A —HE R S TR R B A TR,
IR ERRFEAF AR, HTEAERELLERES I EIITHERE
RMsREHA LE T EXEENMAG, B0 EA0FIER., REE
EAWHE, ANBRSIEIFERINKCRENAHRER, FIEboat IN
TITLE X ARV 1) R &R B 7E M AR L& T 2407 “boat” HIMITL, 1M
EW@MﬁmBmwmAﬁﬂEEi¢@@“wmy(ﬁﬁ&)%@ﬁ
WERE, BASEERSIEHATLE XM ZHRAINAER, H—%
BRCIFEALUETIL R RS “WRIER” LW, AU IR B

a 3-10

cat 1-3 1-7 3-7
dog 2-3 2-7 3-11
mat 1-11 2-11

my 1-2 2-2 3-2
on 1-9 2-9

pets 3-3

sat 1-8 3-12

stood 2-8 3-8

the 1-6 1-10 2-6 2-10 3-6
while 3-9

<bodyEnd> 1-12 2-12 3-13
<bodyStart> 1-5 2-5 3-5
<titleEnd> 1-4 2-4 3-4
<titleStart> 1-1 2-1 3-1

L—KBYHAR (L) BE3,

dog: 53 27 (57

_______

<titleStart>: 1-1 2-1 3-1:

.......

<titleEnd> : 1-4 2-4' 3-4

&3 ¥ 4TI A4 % dog IN TITLE,
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SRR AT
£ALGORITHMS
fit THAT CHANGED THE FUTURE

FEFRR 8 — 1 SO 2 O B R LB R RCR . BB E IN K iR 47
E, UEERSMEE, B L, ES5ERRE, AROLLALH @
{# F e id] intitle EATARBIE &R . Bk, fEATKF A imintitle:boat, FFk
FfpEh A “boat” M., HOKXK!

LRATREE, E LEAKEPHEAPTARRNREIR, #BR5(%
AR AT A W dog IN TITLE, 4k, ##FEIIZRM “dog” HIKSI
i, Hugh2-3.2-7F03-11, Rfg XAaeA AHAER, BiFEN %)
18 51 2RI E <titleStart> F1 <titleEnd> FZ 5| T,

<titleStart> B2 5| & 1-1, 2-1 F1 3-1, <titleEnd>ZR ST 1-4, 2-4
Fn3-4, XEREUE E2MERE EESF, fRATLAZREARLEFIHE.

ZJE, BESIEFHAM “dog” WESIT, BEHA4h, EETA
WAy R A TERRE N . “dog” HUEE— A & B R AN 2-3, KK
A 2 W 3 AV, ik —FF a6 <titleStart>HY T, #BR5I ¥
HEE 2 TIRIARE R 2 ——BENR SIMAE — MR FELL “2-7 Fr4h,
BLABBEAI 2-1, BN 2 TR M E | AR Fes, FHER, #
FHOIRRMEF 2 TR EME R, FREIIERAEZER/ESIHIH
<titleEnd>, FILL “2-7 FRESIIME T, £X4FFPREEILE
PRI 2-4 /b, IS 2 TIRAREIES 4 MM iab4R.

BATE T AR AT A RERH E R BEERAE T, BNERENE
2 TIRIARRBANEE 1 A THF s, B8 4 MRS R, M “dog” XA 34
i, fa—PMRER: BA3IKT L, hT4, BRIVEE “dog” HIXKAR
RS HEAE—/ PR, B 2 TR %A ZE W dog IN TITLE AyfrH,

HABESIETUFEF ST “dog” B Adarh, hptk 227 (52
TR 74F), BEEARMNCLAESE 2 Tadmt, BT LLZRE 2-7
XA, FEET—Aard 3-11 (B—MEfRI) . XRR “dog” &3 3 T
£ 1 AE, TRIBANF AR 3 B 4 #Y <titleStart> 0 <titleEnd> T, F
LA “3-7 FEREVI. (B —AREEATEE, RINALEB TS,
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% WEIIFRI|—EHF ERANERPIH

& F LN Z i iy P B 5 EHFT 45, ) ExA-E s, DL “3-7
FFE4 HI TR A 3 1 M AR 4R <titleStart>#& 3-1, <titleEnd>#& 3-4, H{ET
2%, XWAITEFFHMAER TR, # Tk, RIMNXERAZE “dog” £
3-11 e R A TARBENB RS, ENEESIFRNT, ENHMEEE=
T, “dog” R# 11 /i, Wbr@MEE 1 AR F 44, B 4 AR,
A1 KT 4, FrLh “dog” HWyXikar iHEEARE Z )G, Wt AEARE
W. BT 3 H AR dog IN TITLE FyfrH,

TCIRE AR RELL 1 3R 5 | 2R LAAR vt v 280 0 3 B B2 AR e — A~ OS5 i A
W, LEAGIFREERTTEREN, HEUPISEARELLR B3B8
. BRI HARE A NRE. mErAE xR ERE LG
EE’JWJ?~F}?¢§§U%A&@F EHEMNZ A THEE R AR, #BRSIETLM

BREEFFEMT: BRSIERFEER/NES>FESIH, stasb AR, [
HEEMNE, BRSIEAFTEIENFESIT—K., SidHBERI7EEREE
FH2WHIEANGPE, BRE 3T R RAET AT BESIE
H& A & 8138 5| T <titleStart> F1 <titleEnd> iy FF i, A& M Z Bl B T B 2
FaksETERE, X B INERERNREEE.

PR A B TR TSR “GiEin” RKUOF Zartieh
NEAR &), BANMRIITEMER, [HBESIBITH LA E NI
EREMN, KRz #RSENAFTHEHEaNRERE, Mg
FIRM GIZ54y, HERRERRBAEII KBRS, thin, tr@hH “dog” HY
MR E 5RE XE BRI REH:, ELLEMTIEXHRK “dog” HIKT
KELZ., Hik, Y—2HPRARRNERdg, HESIERENTIIT
~’“d0g IN TITLEZE i (BIfEH A HRIFMBERX—K), LAFHRESR

RESRAXRMMNIT, miERZBFRIIIMT,
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BEAERR KRR R
EALGORITHMS _
% THAT CHANGED THE FUTURE

R IFPLACENF IR Z N E

BRE-NMRESIEFALE AESHEE. BRERMRER—TE X
HHLEE, WAHTFZARMNE T, RIDPFULAF, XL B A UL
W, REAREA M., Hik, REEATED HERIRA IR GERR G
A EBIERSIERSINAE, BRAX—AREE, A, WA EHER
FTTAER TR R T HIER S R B AESIR Xk,

T 1] 8 2% Y B A B ok AltaVista—— H b 8 R 51 BN e e T —— Bk
Theb e B B rh FIRB R ICE., BMIZATLAAE X — A, 2E A
AltaVista 7E 1999 4E3E A% H L HISCH: (REIMIREIERY (Constrained
Searching of an Index) WA T ICIAIERE, Ak, AltaVista B KET5HY T
Ao A R DAL R R AT i R RS . Eanide g
FUIERY, ARRICE O — A E SIS RS R, B — Rk AR DL i
TR . FaBATEE F—=h BN, —FEHaE LIl
ik AltaVista #57 W4t , HiEAHk—BREA MR R R BRI,
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=%

PageRank
— AT CRRER

LALGORITHMS

T CHANGED THE FUTURE

CEFREMY (Star Trek) FETTEVIFIHFRRIL
AEXE, oAt ENREE. HENERE—=
JL, BRSRNEMBEL.

—HH - AT (KA AIHGA)



MEEFLFRAE R, EEER ERANEROMY . BERS, FE
H—FERANLE . SRS ARA FIFERIEASE D NEE
R fbmisk, X% IHAEM 20 42 90 FE R LMK TG, L
BRI oK HELHT 50 4R, kR 1939 48, MR LHFIRMNKH &
JREMA A H ki, B (Hewlett-Packard) 5k £ ANFII 4R JE AN by i BT R
¥t (Palo Alto) # K - HAFlkE (Dave Hewlett) FIEFEH BB K T . JL
TEZE, BFER - Tl (Steve Jobs) FusEFER - (RZZJEWR (Steve
Wozniak) F 1976 47 ANFIAE RIS R B Fr i Ef ik, 2
Gl TAREFERITENATE., (REFRERAFCHTEE,
FeAT AR 22 R 58 — A S @ M —EEP E 4. SRR A% A
T, TRMBMNESITEE,) Ao, MEEMERPEIEEML, —
N EBARKOEESIZNSHIBEES AN, M MFIEREMN &
MASL T B — B EHF 4R, FHTF 1998 4 9 AEMESI A FE.

e, AKEEL FCLEEACHBRESIE—FL2 T — BFHBEE
HHAERFERARS 2 E, AR A AN IHEE LA, HE
BRI AREARZ X — H B ZVOURI RS BrE B4, R - R
AFNHIRE - AR A A B HERE T A F AN NEMEEE., 15 E



BAEREHKREE
2 ALGORITHMS
4 THAT CHANGEC THE FUTURE

T EIEWE, FAEMIMERBIAT 3ANARE, £EH (O AHHEN
ZEY (PC Magazine) FREAMATE 1998 FEEHELRT—EHRIMIEZ—.

XA BATRIRE B IETF R . E48 (D AHHREILAEY BIPE
w, ARABREEBRERASTK LIPS EE55R BI A5 R m R
R WK, RWreics E—ERIE, F-TELERESIET 44
HIRY 1994 £ 5, BESFFEERNAIKEAREIRI 4 FREKER, EE
& FEEELRZ IR Lycos 1 AltaVista g ? X — [a] BRI &Rl
Wi, HEEEMNREZ — LHEENZHEREH—m_ESTAK
SHARERFTHAR QB EL: — /I BEFRA PageRank YZE £,

“PageRank” RN : BEER M MITHEAREDE, htHE
BERAZNE - RTHEAEDL, MEMAARLE 1998 FH—B¥RE
BB (T KRR XA MK IEEE 51 %) (the Anatomy of a Large-Scale
Hypertextual Web Search Engine) WRFER TiX—Hik, EWMEICHRE TS
RHY, XBIEXHINE RS LA PageRank, L b, XX 1998 47
ERRKAREHTERBER, EREX—RZAEARMT AR, SXHITFE
21 L HIAE — N EEBRERHGA . PageRank Bk, fEAE, HM1H
BREX -RBHMFLAR A AR ERESR D FE, HRESAERERRME
MHRHIE R — R HEAEERRI G,

iR EE S (wh3

WIRA FREC LM T8 B4 BHEEENT EH—AEIE,
LfRAGER, URIEEHEI S WD, k2 5k K2 Ak ARk
EonEEERE, LMERERR SN,

S ANBIMNIR, EEBLEREEY, 1945 £— KA E RN FFLHFF
R FHEI—xXELRBIHEARL - it (Vannevar Bush) g T —
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#=% PageRank——ilATIB KRR

RARE AT RIS GREFTEY. EXEHETZRRdh, Mtk
TREATRIFHA, SFE—-SWHRIEZZ RS (memex) HIPLE. X
e AT AR S B shidE 7351, (BRDIRERA (X, RZE i Rir
KRB AR HEE AP R ARPEEREESL B A Bk T B — R —#
AIER, —FrRIERE.

A4k jesk (the hyperlink trick) #9RE, LHEFTOART, FMEHARAINTRA., #
FTINA AR ERE, ARANBRAA I LR EehieiE, SEEERAYBHGRRILKLE
HARHELS, BAMGRH AL (incoming link) , REEMHAH—A,

R A 1945 EREHI. BNERRSIERRETHAREENT
Hz—, ARG HKPageRankE RFIER, #H TR, RITHIFMHLLEK
Wik EiF PageRankig AR

Hfi# PageRank (Y3 — BB — L ABHERITRIE BBk, A—1
BT R REAE ¥ & B M BEX MHERR . BRIk IRX 2 2 dnfal il fE b 2488,
FHAMSKZERTX—TM. 04, EM—REERRDERINZEEE

SHIABE G @, EABFEEL, RMNBSZAERAMITHA . &
P—AE BB ERE", mB—NR “BEDERIE ., XA
MTEBHALE LB, 52 —ErEMAXEREBEENMIT. T&H
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SERRH KRR
ERLORRIEMR rune

THERRL, hRMNBERXEA-0E BRI TE B AR M LR
PRSI RIEM T 2 —RIM T, B R E Ly Xt R, M
#k M FoR IR

AR, XPA-a A HEARIZE R RS ERE? AER
BEDX PR 63 R X TR E R A S/ RKIIHE., BREkX
WER AR, BT ARSI R E T AT, Hik, ERASR
HEAMERRER T, BRrRiEtRer ik aE R RS E a8,

AERRE, RN EKEBRNTHESES, F8R5IE8E
XPIAEER A IR TT, FExt 4 by IR B SR X AT PR A K
ATRE. B, WRAVEWRSEAEEMRS . —FiE A7 SR HiHRaER
BH BN T —EXABFH, — M RARKERRE, =/4M
TUE W ERERY RS — AR T8 X S R O B A BE BB I HEA . 94K,
X PRI A AL NG AR U I FahHE 2, (BSER —FA FRY
Tk, RIREAEMER, — MRS BEEL AT LLR A IZ K 5T AT
RESZAMREHE WK™ WEks. EXA61T7H, BEFEIERS A
3, BRRRIEIER A 1, BRESRSIERAF-RRNERS, BT
W T HE 4 LLRRJERYE

RAIREC 2 I T — & AHR A LERX R “BaRiER” RS, —
ARIERRE R, ARHMEERERARERENT, mIEFMTE.
fn, REATHEERERENNIT EEE. ‘R 7T TEERIENE, R
Re7 BUXFERIPTARRERE — M ISR, S BB M
THHERkE. A, E3LT, BHEEL LM THEFEmIEE. B
b, REFEXANYRIIGIEG, BEEHERIAREM.
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=% PageRank——iLATHE CMER

PUE L

RATREE LR, AT AEXNMIRIFRA AR IR, kAF
KPEFE T ER B SHEEERIE? BABOLEMX— R, B4k
ST LEADEST, TERFTRR B —HEA R, THRIEXEA
PSR TEHIRE: BE, BFFBBRREEAEREHEET (B
H—1), EEVERBEA SRR B RAVET, miAkerINikl TF LT
RIS - TR

MARARME R, REERHAKE? RER, &£Fh—fFLE
FHEFAIRN, BILEFER AR BEEEREFRIESE
i BAPREX—BEAFNG “REHEIR” (the authority trick): REA® “M
H MR ZIRRR “RE” WiisEHias.

ity > > ,{r o e B,
2 ey ‘*"&% R e
N & o 3 o 'l
o v S aonie,
S
& &
e
PPt QA
55 il
e :
'_:; A » 5 Al
1@ B b e A"'; z s
%“i e :&l,n ) % 3
- £ 3 v 3
i‘ AT 2ralei : B
P ;&'3%’«' R o e

BERRGRE, ZEEFTEAARN: AAVEXERAARANMEOEEGAR, AT —
AEEROTABNE (FRFELEE) , AF—MRBRAFTLIFLAM-RBEHHEEIR, K
FERFAFHARHELBRAH RN, AABHARARE “BE HRAAEAREX,

EARMREF, EEEFRER RS EmNE — RAREE. HENL
WA RE B B FIEFIET - REEHAD BT WLRE R AR ER? A
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BERKI KA

ALGOR[THMS
HANGED THE FUTURE

A P F X E ). LR HEERESERAI E RS Ak, B
B TTRIRILEAR EIE (authority score) #BR: 1, {HANR—A-WITTA BEABEE,
FEHRIZ M T BB EEE AR AR TR E, hettil, mRXMY
WTTEER Z M TT, Aa Z W TR E g X AN Y I TR E AR AT E

THEHREATEIMMTDEREM TR EE LRIFH, XEDRE
R+, ERAERMITERRNER XEMTFSEEEAMRE, B
WA EED 1. BT EERFAEA RN EERSN, Mt
2, ORISR - IRERHTHIETUA 100 NMEABER:, BB BERRIREE S
1, BCERRER 100, BBHIRE RE - MREASERE, [HXAHEAR
BRANEER 2, RS HABASEOREERM (XA6FHRA
— AR ), BERIE MBI EE D 2. BRI TTHR RA — /5
ABESRE, (HIAEE 100, BFibfake 30 M TR EE 100, mEY
100 KF 2, BrLAMA%sHIM BT HE A LLRREHI &

AN ERBAR REWR” HREHF, RELETFAART,
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#=% PageRank——itAIHB CAOEEAR

BEbL )5 AR

B H S HEREERG, BNUPHE T A EEZRRRE, TR
HREILREMEBM RS . FER, XFGERITKAE., BHRR
A ATREFE AR I BALB 2 KR 9837 (cycle) HIZRP. TEHFIEVIHE
A AR AR o B R 8] HH R RO W T

TEMENFIF. BHEA, B, C. D, EA/MI., MRMAFLH,
BATTLLES ATRIB, AREXMBIFFRE, MMAERMNXEREA, #
BERER T HER, XWEKREA, BRE=AMAR T —E5H.

AR BRI — AT,
2|E, AAGIANEEL,

BHREAYEL, ARA, BRFEXZEERH, cNORETHL TP T L,

R, EEBEEARE, BT “REE" BE CHERERINE
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BOERRHNKEE

ZALGORITHMS
% UTURE

s aRk) RRBEIKERAT. BREXTHHFEREFL2FE. W
TWCHIDEAHAER, FHHEAMEEND 1. MITCHADEEMMITA,
Ft AR EE M T CMDREERF, Btk 1+1=2, BTN AL
BRREES 2, MEXMABRABMREME 2. (XERIIMFREH LEL
ﬂﬂ%ﬁﬁ}ﬁﬁﬁifﬂo) BIAEANREEZEEHRT: ANCHDABENER

, BLNESRIAREE 2, Midh 4. TRBUNEEDLFZER: KA
RENEE4. RREMNEEDEESN, EMNBRETHREE4. L&
REAVE LA L EA MR Bk 3L, ) Rk TR ANREERD
6, B4 6, Eh6, TRAKREMERN 8- (RI& TIE? BEEIEHIHST,
MR B E & —E 3.

XHUENEE, &4 “GAEER, SREAXS” BFE, mRE
M5LE A T EIERIEE, HANBEHEBRTHER TR EE.
IR FAVHLE B M TTFIE M T ERIIEE, RNMEEH R AMIIMRE
B, EHTXEMTELER, P TRERATRE.,

MALe AR, #HGFAEGEARRAREAT, BEFIAAENESNTI45E (restart) ,
FENKMRATATAE, HBEMAEFOLRE, FRAB NI EH 4657 R FRAITa,
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2=% PageRank———it A IR

SEBHIAE, AT AR #EFRDBENL U5 A] & 3% (the random surfer
trick) PIBIARMRRIXA “WBAE, BEELEN WA, EE: SV
) F AR A RATEA , FnE] B 814 R BRI B A E AR A R %
B, —ETRTHVLIGRZEROEAFE, RINMBREE—2oWH, B
HANREBHRBR . MILRZIERE S TEEZEIMNELRRS AETEZN
B, (BN BB E IR TR,

XA R MBS — A BT R BRI A P48, BREIHIR, Thlm &P
BTG 4 ) — A BT RE TR, SRIGRAIZM T LR A B, 2
JeREPLPkIE P — @ T Ad . AP EREITFFRIFM T, BEL
BB, XTEBRSREHT, 8- WITERRE TR
R — BT LB AT AW . EESEAN BT, EXABFH, BT
BRIZBAHHEMAE 16 T, ERRMTT, FikRFW T 2R
B, HhfRic TEARTILMERE#TS% . #liRE R HK G
For, BOAFAREDNE AHBHEE, BEAFLRRMILER BT
], XMEZBEEEL

BALTRE —-ANET A BRGE—AHEE, 85—/ EErER
TR (Kt 15%), ikiiREARN AR HE— 1 H A,
MR, ViRESEFF A SR, NN EREYLER M s,
R FT AN A TR E A 15% R AHER A MR E, SREAES
—f 5, XABLFSAERE. BEREST, EHraNE LR, x4
R R AR TT AT LS, EXT R BIRERTESE M T A FEHL8EE
#, HEMTICEFHITIE. £ MREFALHE, HiRFEXAEH TR
e, URER—m, RFP ALY RE BF B E BT AR
A 15%, XMBEATBEACBARE - MAMSHRE - ARERR LS
o B R AR R FRE.)

AHENEDX B RES ., BRARE T 1BFHsfiTE, A
FIHRFZF R T 1000 M, (43R, XHAEKREZ 100 /M EE
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BOERKHI N REE
ZALGORITHMS
ZALEORITEMS  rome

HIRITT, *F [ — B TR kTR T iR, X9, B
AW TUEBE R T £k, ) X 1 000 REHUL RIS R B RETE (THE)
. WRATLAEE], M DRITHRIREE %, F 144 K,

AMERERERE—FE, BATTLOED R IEE TR A F % B R IR S AL
B, BWEFsfT T —REL, BEBHRZFHR T B TME, (RFR
ST LK, ERER LSTRETAZERS! ) ZERTEE
mpLER, TRMASUFRRERES. JUREREETE RE) F
BINHE. fZarhisR—E, MTTDITHRIREEME, iR &
#7 15%,

BEAL UG 7] & B F A EAE R Z [F] A LB R T LABE 3 AT T M L HE
£ZWe? MBEHLTE R F LA T RS HE o b, EFRERITERRE—
AT ER iR, Bk, hROTEM TR R ZEREE (surfer
authority score) & X A—ZBEHLUFIRIZ TEAE ViRl M BT RIEL G, (77
ERRTRE, T5RZE R EEREFIRTR A M T E EHEETHEARER & R
4. BINKBE—HPLXEAE,

B, RMREU—THEERER. SERERnEELER,
—ANHE L EARRIM TR ZA mHeA . SR RE SR b hE
M, BA—TATFZEA SRR TS RERL K. TE (RE)
WM T DA BT BF A AR E— LUl By H A B TUER
F—UREREEBLES (15%).

Hx, EBRIMRBERERERS,., RELROTZEHE, ik HEMR
EMTAIREABEEAREL, —/ 0k B S BUE R RIS A BERE P IR E REUE I —
AHTRIHER . BEYLI R ZF A WA EX— R, Aft4? BAT—A%A
A& W GTRIEEZAREL , Ui E A W RE4kEE S — 1k B A A M TR BE
ARk, BERMNOEDHERIFE—A6F, EFER EEREFHIMITA
MC: XMAMRAE — AR, BEFMITANTGRENEEESRS
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=% PageRank——it ¥ CMIEER

.

ALy E AR, THE: 10007 RERFEARGHR K, KRB
AR REiFELAK S,

(13% VS 2%), EEERRTHEARZNIHE.

1007 ok 37 [B) A 4et F

TER, BEHLUI A& AR K A RE R I AR BE R R R A AT RAHBL &
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BEREAAH D

£ALGORITHMS
T THAT CRANGED THE FUTURE

WY EH T+ 5 R A5 FFREM, 046K %R TA B K %R TA AR — A
BEBARE, EOHOATERSEEEH “scrambled eges” (WE) HHELLLH,
BT, EMMTIBARBNREMEENSWMAAEETLE. W B
BB R T X, MBI FRENEEBHNKSE (10%), BETF =/
ABEEBTER R TTHA S F TR ENEE, M 4%E 7% A%,

FEMLUF R ED ZAET, FAIREERARE, AEBRERE
BIEEER, BEVLFRE AR RS EistE, R RAaTHBEST, &
MEeR S Hsfr — RV R EEL. ERE KRR ZE, BT
FPEET i EEFREITFREREE, EEE, 2R AR EEAR AT
FIHHE ., ARFNMTT RS EEERRREANRTERL (28%VS
1%) REXMANMTERE — AR, Fit, A% ER
iAW “scrambled eggs” (EH) FHELES.,

BELLRMNBERATSCHERBERGF: M FRONRELERTS,
@A, 39 B E T — IRl R, FIRiE
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£=% PageRank— il BT CHEA

- * ;
w Y
3 LN .\
i SO L -, e
S g Y R
2 S STRNS o e %
< 5 5 2 oo
5SS o WOS %
v:kx;:’ - o %
RN RS S >
:;-t‘ Th &#, 5 ;gx:*u,ﬁr o
TN = SR 2
s, ety b
% ¥, e B ¥, [ ""hf ‘b‘% IR @, £y
ORI R A, s »& o e
;?’V' RIS R (3 «"f’:{ 2 . AR
3 ) CAC N :, K )
k %) L) " &’l EJ 3
PR 3 RIS 3 o I s ,
FER s o s
S o ] e S Raeon
Y e e DQ\} e Q N 3 " ¥*«., k) *’,
neRed b { b
s Kl sy R D

FATAZRARMAIAH T (£39R) ShiFFAREML, MFRFERETLOEAMELEL
F R, REHLE~AEK (A-B-E—A) |
—8E, BIT—RENLHRZFNHEIRLRE S, TEP4 T LB
FITiFEIFEREE., BX R TR E R EE S T MR & HE
#, XEHEARWHEESIEEREERMEN: MTAHEES, ZE&
BfE, CFIDHHELREFIBE—4.

SEBR A PageRank

AT AL A BIZE AT 1998 LR M 12 BRI TR KRRHT R
BABXA MRS ) Pk TRV REER ., BT 2HR
Za, XERATRENMERERTIBHAER, S, BTREEREE,
B AFEBUAAE R 5 | R SKRR B AR FIA B FER OB L U5 (1 5 0 A A

Hrp—A~5 & F % A i PageRank Y KL0 . FBHE, RIGBEEELH
I EEAURMER Fil. BRATERE THRE, REEEREARAMMI TR
7, EXEAZFHARNTRRBA-E. Z—AEHmENRER, A
AT LASE A S R E R, AhHiRE A oM pItis. RikirsEE—
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BRI SREE
EALGORITHMS
m THAT CHANGED THE FUTURE

4~ 4474 BooksBooksBooks.com [ BBk 545 (BIFME) . @t A bt
HA, GlE—XHEARBMIT—an— 5 A F kX Se i 57 #B 5%
BooksBooksBooks.com, fF;x—YIMXRE S, Hik, anffER51Em
2~ Z i R By —FE S 1+ B PageRank 40 E, BooksBooksBooks.com fy#4 & B
MEELL KA PR S T, S EsrvHkafinE ZMHESH, XA
+ BooksBooksBooks.com 7 5/,

RS EFRX M AL (web spam),  (GX—ARTE A FI LS
PEhr 3k <e-mail spam>ZELL G RAY: B FHRAEW A P R HGE R, 20
TFHRRERRERPLHABMI,) M THRA#ERTIEmNE, MNHEER
TERBPIM S bRk — BEEHTHREREMES . than, 7£2004 48, ik
— RN RRBL, 630 HAMTIER R A 1 001 A Bk B T—iX
RAFAEE 4 NEENER, Bl FHREXERT, HREARENR, X
BE N BRER K Z BET R KB,

b, #RIEMNBLRGEEEXIT - HESTER, HEIIE
AWTEIRTEERL, MERRESKHEA, fE583% PageRank HEHVIR AT,
BH T RERXH A 3 1 T AR B S5 AR 17 W TTUHE & Y R B Y = AR F
Tl BroT, X RBEEGE F PR AE TR HEAE S (link-based ranking
algorithms),

7B HFEE 5 PageRank I+ HE A& R X, HiRIFENEEEE
BT RR TEE R, EEEANTBRM FizfTix 2L KK,
ARESEfT kb M. HEk, #ERSIEHAEE B HREIL UG A& R T E
PageRank {f: “E{/1ff FGERBENL U ) F B4l — 45 HHAH R B RV B 4
T, HUHREAFERRE, BRATAF RZELEARE A B ERAR ]
7, WEhERE THERSIEES 4, mdEanfIiE.

FHN, B/ E, BRI ARAEHE 2 ES:, ZLk
PageRank X KB TR MHEARZE£H L, BMEREMINIT 1998 £ L%
W R ARG SCr, ARAIBEA B8 A LIRS T Z Pt 22 45 Rk
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#=% PageRank— it BT KA

LHTERITIEE. EEMRATER), XTEARCEHES T ESERI,
HHREM EFE G 200 MEST BATIFE— A MTTREEE.

BT IARERIIEH R L E M2, PageRank L LI ER
AR —— AU WA D o A e 1) Eo A P TS A E —— AR A . EER X
— BB A T AltaVista, LEARA— /MBI B Al JLAE R R
AERZE, &F PageRankHIBLL B, 4K LRI R S| HEH WERR
BT B 75 i B HE S B W TU EE BT % . PageRank Ry — SRR IE ]
=, RELLEZEATR HihE B HRAI TR,
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ININ

FHE

LA
— FBBE S

L oE T e U

BAERXERBBNER SNABEI N HE
e,

Bugh - e,
{2 #8%A) (Covenant Woman)



MIERAEVE, WER T RS, Ml inwsEe B e HmaseEg,
USRI R RAEMERD 7. AR TREAEEL T EYAS . ik
AR A EE AN, RABERAKE LA RIT. THRILZE M
X—HRABLERT. —GHEVEEDE KB WS —&HEILE
F—REARNRES., R TENHORMAEE, BIHEHATERRR
SRR, WEEERSAEPREITRYME RS, £AE, RNESEET
BN AT By R 5% — ) @ L i P A ERRRAS BRI, B LA iy
HEYBSEMR 22— &8z (public key cryptography) ,

BEGXE, RETFSHE, S AERERRER SRE] UG R
g THESHHESR. sTURBETHERERENELL, DRRA
AMEBENE . FEREARED, MREEERE -BILEXHAEAN, K
HASERBZIE X R FE-TR2NFEHNEH N, XIFARRRIE
BLaEdE, (HEAREHLF M-I E, HK, mRELEIHEHE
BA, BIEEESENGEHFE, RUE, XEF THIEE: £T—
AR HE RPN (B2 m LEAR) HAEEEVRER, ks
XE&IHE.

XMIE A EYE AR -2 A L arhE i mE. K



SRR RE L
ZALGORITHMS
L S0 L S

S E IR R TH B ARl OB AR A B SR R THRAL, THEBRINE
ATLAAHEE R iR B 2R RN BT L, X L BAEEERBE ST E . Hit,
BB IR RN EA RN EEE, s SERER B

|

RIERIREA ® LIAEY R T O

[ISESREN:N w
H RS 2% Amazon.comfi 55 5%

(RIBIERI BT )

WA KK KRR, Bien AT —RYE A RRRENE A ASHRER, EFA
HOE, RS SR E, Mlke) itk LR LI —K 15 A F69F 5 4% % Amazon.com,
BE BN A R,

XA R, R BB T APl £, ERHHE
BERMER LZar, A AR &S 5000 B E T InEEYe? &
br b, anRIRELIERWIARGE RN, XNFHHERRERM, FAELZE
FABZ, UROTLEE AR 2D 2R B — 3. EIERIREHBAERA A
IR AZF G R, anRIREE R L%, WRTTIEAN A GER
BIRHIHE, B ALRIMARE! APNBRNEERNDET, BARTFRAMA
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gmE AHANE—RYRERREE

RAEBWT; 7 RE iR & E S —RRI IR RE R 6 AR AP 2508 B — B

ERE, HEVERA AR KR ER S EiRHER . H
i, YRE—k F1E A4 Amazon.com Lt YREVIHENLLFUEIRE
BHR RS EHA R DBIARS . HIRAYH YL Z BT ARFIIE D3I AR
Fakiid, HEXMEHREIEL RZBEISMEBEDEE . e
Z B 2Tk B AE (T i DR 2 W LR WA _E i A O B P 2R E R E

AT EBBE R RIKEL. B8, XRELITRR AR EIR . RIS
FERE BFE R TAEA BRI —FE, (BT 204 S AP F B R ARALH
B, MR TN REEEXFTFE . APMELDX —FRRM T4
Wi %E, ARRERIL TR,

R EINE

LRI AR H R B SKIE T 4h . BATRRGEWAE r2te, A
—EEERRARAE: E—ABHANOARE,. BAREFLE, WML
PR AR REFE—N BRI R, (REEBER AR — &SP
&, EXARRILAREBXANE. XAHBTRE-KEHARHFRS,
AFGERR, Bikxe—MREENERRRS, HE 13 92—
AN, R R A KA BGPTSR R, APPSR Rl AR
PR MERR, A/ E TR EELE.

Bk, ibRMNMRRFREERNERRRSAHT. B MGk
PAbfRiEs s BAR: B, S —SPiEEmEm R XA mE T, bt
an, RS ERCHINRIRA T, NERH A AR— &Kk, FX
b, RIEREBEEERKEERIE, TSR 322 5, Kk, Rix
FERHAZMDNEINRIR, FilR A sE fRFnp E i k2 I En 5B
BEHudlk., URetaextPIEfEYL. MR, PIARE, IDARAERRERIEAITE
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RAERROAKREK
£ALGORITHMS
R THAT GHANGED THE FUTURE

B0 BT R —RITERM S . aRRAMES, mERIAEBRNE
ARRSHH—/1%, RER[RE 3297

MERER . 329

Wde: B W TR T FAI2AM, HETHPET., MEETUALHEAFE
RN 8T, 2 X,

BfE, REMEERLCHLICHAERITMS, kv DoldiRE
iy S5 329 Fnp BT SHEIE, BEMER KRS, 329 %k 3224/
7, XARRE R GBEHBER RIS, B, FRATAEERRR
S&£0, REMBETEIRERMEERNENE. ERERTBINERE.

It 2axF T RER R BOAURFIFIEER —HARN, Wt REN
BHEZAIIER R ZE Y. BoeF 322, BOARMEENEX N, (B
AARGE, RATLMERXANEEZZAREREREMET, HENLEE
AR, RESE, A —HREAEEYE, RS FREA T
TRk, B s B B

NERRGARE, mRERETXAHEAR Mg —R—13%
ZEYPIFNIN—IRE ARAY RS X A AN BRI ——ReR B T EIB L
BREZFONFERIEMSERE] RN AEX Sk, BAERIE
LIREE, A —LHTERER.
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2RE APNE—RRAGHRISREE

B, HEILEANRERAELLERI TS 322 KIRL, sk
G, FEASITXHER AZBRTLAREATA FTRE . otn, (BORTRAME FIAEAHER,
F—A 3 R BRI I Sk s — A BIER 16 e s kRS, &, 34
BRI IMSH 999 Falfe, IARPFEXRLGUT 7 HERBATLAFIH
—NEEFTAE 999 N RERFIR, WMETEEE AR FERERARE
2. MHBEYULER AR 20 EmaeE 999 MERERS, HlAT
hEmpReRER, RNBERERT 3 RN FREDLZHH,

HE b, MURITEI R R — A E A BT, b “128 fizfn
%7, XEhR BRI ERANKE, AERgEERRe 47, 2R
HERER TR ‘M —&ME., MBUREF TR 30%, X
WA T R R BB, Bh 128 9 30% KR 38, Ffilaksnd
128 fir g 5 F AR AL — A 38 Gz ®, — A 38 L ZEEL 10 /9 36 1k
FHEEKR, T FE X BEAE MIAF BN B TR R X
L Z RN, —A 38 L E AR AR R R4,

XA ] AR AR BB R E T ERA E IR — A A E T
WIS R T oot b7, X BB — 2 AR & 07 A B URE s 11 B ok
BRI, MR, WA OB (block cipher) HIBLACHNZEH: A
T AR

B, KEAEEMREER/D GEER 10~154F8) #/h ‘B,
Hok, FERME—REESALMMARNE, BN ABARE—F
FUE E NSk, X EEHN 2L T ik, HEe LN E MR T B
HIR & E—AS, bbdn, HUNITTLLR “$5 97 200 B2 50 4 fiX S i BB 5
A BR oy AN, BIBLEER, FRR IR THR s X B iy B AT 24 16 4 4
pii At fEBLserh, XU EE g 2y —2t, Bl il A
SHEAT 10 “B” RELRLERIE, BREFIRESWRENM, ERNT

© HFTHUHBENEFRANAMS, REXBRE/NEIE, TEZ#HEK. 3TT
RSO AT, 4 RIS L b/ N B B e L (5 30% Sk B Flogl0 2= 0.3,
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BERKDKREE
2 ALGORITHMS
ERRPORIIENG rurne

Kk, FHEESEERBAL, HREREASLHETE, BERME
AR NERREFIMH R B RIZITIE 81, LIRB BRI, BERIHE.
EESERBR, RETHIREDR &R MEIRAE (Advanced
Encryption Standard ), B(FRAES, AESHEERC & LM AREEMH, Hir
MERCERME M 16 M akydh, Bi& 128 (&4, #E4T 10 RIRSBRIE,

AViE: S A e X A

FEECAL, —IERRY . BNCL5E DRI 4K 2 H0mEs:
AREVSVERE . BHE 2B, ERMZGERE A MES I, HXE
IR BRI . AL T —FFRER T _EZEY. £ LEGT
W, FEMRFPTEER FEFRERE, HSTRIMMA TE—RMNAMAT
URFAPTIE M/ N EI R H S, FRMEEMELZHY (REKPB R
MS) MFEATREME ., anRR, PIHEEMFEEREEN, RIVES
BLRIBERIWRR? VB A DMEFIR A L — P A B R AL A A7
(o, REEBE—URABE MR P ER B 545 UL AE (R 3 1 Sefh P A 7 — Tk B
EEILBIEKSE. FrAIaEERbHAFF.)

E—R, EMBIX—-RALUFEATRE, BELAEFE KO EGER
XA ERE, R ER MR —BRGT EAEE—MHREBEHAR
#: (Diffie-Hellman key exchange), {HEAHEEFRIEBUPHE &EXR (paint-

mixing trick),

BFHR S
B R, BROETEERERRRSNE, MEERFEE
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gz AHNE—RRERSRRE

S EREAR —FRRBIERER. (N8, XFRER, EERMNRRES
B, FAXFGEEBEEXAEBIEEFAER.) AERREMPEE. 7
EHFE—ABRN, SARARERREEHE, RONEAEHRRSIE
EHE—AEZMAFRBEGE, B0 ANBHE ZMARBEREE . XERD
FERTHRRET . S—MEEHEEREA R T RBI6, FERRE
R HEMARESAEBENER ERRES T (RARHSM “HF—F
RS BRHFIARE REBE BRLURERE ‘BaA BFHRAE
—ke” WA, {BfEd SO ARtk (shade) EERA LB & EFH
i, Hik, Rt UAd B GEmiuEPRAe THLEAENEE. M
HA ARl R R BB A G IMA THEREREEG, FARLAZ
RBIERET,

MAEESE — TN, RMN=AZS5EER—A, BNAEE
HT B EMCARRRE, (RAT AR e, £ AR A BIRIHE R
TRABUE. BRERNAZ A —R: EIR, FISEME R Z AT
BELHAFF . IRARERIEMEEHEARRRANR AR 55— &N
E TR ZERHR A BT IR, RATLAS BN b A —HEBURE, [H AR
HEBURHCE] B Al h R BhAR b, FHAARE R E, IWERE, Rk
WAREHE SRR BEIEE . REFNDERE, ABTAREEBLH
BURL, SRIETER A S Tty FFRIBURE . X, EMEERERRIA
HRATCASERR X SN SE SR BB T@ #R A 2 A FFRIANTE . AR RS
IR FEI AR A B0, 2R SFE, RELIIPTIEEEST TR “AE”
Pl , XERTHN,

intE, XABRHE & Uk B AT — e =8, X, IR
WIFEBRAGRIFINEA T 2X R, HAEER. RETHRE-TSARE
FAHERR, R E A — AR DR AR A 3 & e Sr 3 2 % |

B, BANZMEXWHRABIR, B LRk S S E e Hl e+
FRER AR, mAGRLLFEmEMEE, WRIFEK T X—BEs, &
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&i:‘kﬂélﬁhkﬁﬂi

ALGORITHMS
FUTURI

ML REVLIRFIPT A EE S T —Fp " =RIRER A BR . VR T LARE.O R
ARHBBEAT RO ATREZ BN TF R, Pt eI LAME R BURHE £ IR IR T B2 Al R
RARHIRANB & X Z .

BABRMBEFEEG APIME T EHED BERE T, RAIISRHE
e A

F—F. RNFERESEEF M BAHE .

PREVAAA B SR A FIE I S ER A BRI AR, HEfRt
ZRER G BRI 2 —. VRATLOEBAE R — MBI A AFAN G, H
RAZICEXFEIG, REK, REOFAANBUEILFHES M ER T
ABIEARE, BARHERPBERES T, RIERETRECEDTAE
B, PIEEE TERLGIIEARABE,

=¥ EF-MENAENHERDHRAFER, RATFRZH
ﬁ@ﬁ ATEE.

zai—#, WATLIEREMEIE., RIRME AR AFHERHES
H, ERARARE—#HAFEHE (MARFRMMEESE—-FAFER),
3 AR MMEXFAIFGE, FEARAFENR .

B=%. RUEESA—BAFIEN—BRABRCHE—F
REHE. XHERN A —FRAREGHE".

REL, FIBENAF—FAANRABESIRIAR, FEAMAIFRA
BEMRIAR ., aRMESER LENE, RHUIATF—RAREGHES
AE—MRECN—HEFE, TAIEEATF—HARABERLE W
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gmE AYmE —HRERSRE

ATARCER I i S

Bixbt, RAFEESBAKEBATF—HRARABEARNES, HID
B, HBEABRRAF N NEREEREERINM, SN —FREEHE
IR — 5 B A I VRS IR EURE, B ENBE B RIP R, DMEEMAEE
FINZERR, XMIEARFPTEERHSE : RIMAEGRIERHE A F—FANE
EBA, FHiRelE EEbR, mREFXBENE, BaTllfE—BR
e, (ERAVRBRBS TR, XEFRH R EEFEEMAL, TRER
N T BRHEAERE =P Z FrIE oL,

WAERLA KA T . MREXFHFAR—SIL, RATRESINERGHY
FERES LR FAPT AR 5 Rl — Rt =R A BIE, mALLRRME
b, BERWT:

RRIAF—RA  FEBENAT—FA
BEeHE RBeHG

TRESFAABIE P EMFAAEIR

BAHRAEREZY . HFTRRAARTUATRAF—HARSHE,
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BOERBRAAR L

ZALGORITHMS
# THAT CHANGED THE FUTURE

FWEL. RER—MFEENAF—RARSHRE, EEECH
A%, REMA—RUARE. BN, MEEER—MRNAT—H
AREHE, ERMNAR EREMFMA-BROBABE,

FHETIE, PREGHIVE T RIEREREABIE] LERIMEEE—T: REAC
HRANBIE (BERE) MAFEERNAF—RAERS %é(%ﬂéﬁ%%
ﬁﬁ,%ﬂ%%%ﬁ Bl —MREG., —HRLEM MR,
PR 1 T B ﬂ%ﬁ BElR? bl B ORAANBIE (RALE) MARE
“%—ﬂk@ B (RECMMIHK), FENELRABER: MW
SN —ﬁ&%éﬁ~ﬁ%%ﬁ XIEFURB W B AR & Bl —F,
wistR—FERERAHE, THNEERTBRHREAEREE —F
HIEE .

KFBIE

RIAF—FN  FIEENAT A
BABE RABE

FriEsE

TREIFAN HERE FERE FIIEERIFAN
Bt Bt Bita Bt

BHREGERZOT: ARRATERENEIAAIRERE, T kAF246%46
me.
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sz AYNE—HRERSRRE

AREEIR? A LM A RERIE—tr XMt =R BB ABATE? KB Z
MO AHNE PRSP AR RA A B, Thidh D TR A — PR R =R
BABUE, RFIFEESTST i, FARMREEREHRAFT A CHIR
ABit., #HR, REAIFERE CHRABEMAFHIGRAE—E, T
BREADE ‘O AF—FHAREBE, BWRAEREEP—FABA
Bl AEIEREA,

ik, FEABKERAMAFH ARSI E. WRBE RO
F—RNBABEM—EFEENA T —RARABARAE—E, &R
RAE T —WELE. —MRECIMBAERNR. BOFEH, MkZhE
RABEML, FENRABELT -HHEFR, LHRABERET,
mEAEE NG 37 Bkt MARBREZROEE. ROUFSH,
KA LLRE A E SR AR E KSR B, HELE, FRAME
PREVFANBILE, BoABARMEXEHECTEFZMANBGIE, BREEMmA
B AREFENASGIREZCREFRNVAS, MXESFBOAIRA B
BkE.

B A THRHE S1E3%

INRRERR T BRHE A 12K, RRASERURYELRM LBty
BHRROYLE. M2, BIBFAERERGHE. HBIERKT, mE
BafF, e, HEILEERERNZFFFaREZR, |
WEHRFNEAE—IRE LERESBBRZ, Hik, EARMFILERHAMM
AWM EEIRIT 8, RITEAB—& 0% B, RIENER
ET, ERBPHE A ERBRILEE T, RNFE—FHRMEIE (one-way
action) : RILAM—LEENE, [ERGRBUHMGTRIE., BRHR A1ERFRIRR
BRIER “RAHGE". H—EHEHESEREX—FFBORAS, HE
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BOERRAI AL
EREORITENE rorure

“OFT BAPERBIERAIBBNIA TR, Xhit At 2BEHE & R—H M
BIENEE.

BMNAEMTREGE, BB —LhEKY. THREBRMNEHE
H: B BARRE - MRE. BREEE, MELRIRE T, x40
AR, RENORALEKRS, REZERRESRERTHERERZEL,
mn, RBATVNEF S Fan, AREFRLLT, /335, EREXANRERE
5, REM3SFE, BREATBRATLAT . ISR EIFRAT—FF 4R HIBF S,

{EERELLASH, BAVEBRERX (43, ER. FIIEERFEXZET
H—AWe. X —K, BAVEFRERMEME TR, ERER
SnEanf A — A BERUA S — A8, BARFIRTE IR JLF—FE . fRApT i
Rl EE - EES, HXREEFEARL -, mIE—FEiet.
BERTEAE RS . AR AAFHLT, EREF ERAENT R VRF0
BT L 08 2 IR B AR AT R 5

4, BAEBMNEZMPIEFRLHERHE S e R B T

F—H. MEZR—F "BAHE" FENZE. RUMAEEEFE—
A TBAKRF.

RIEVRERET 4, PIEEEET 6. BERBHEHRE SRR TS
B HAAFHE, FIEAF—FRARABE, ATFHEIRHAT—RA
BRABOESMIEENATF RARAGBEH, B/ERIRIEAABIEIMA
FIEEHRIAF—RANRABE, DRELEMEGE ., ERBIATRHXE
PREHRES T, HRAREEABRARIERABSHREAUARE T KR, £
BT TR ZH, LB ERIREED B TEMXA 6.

W RGX AR TS RIFA KM PRFIPT GRS T B RN T
(4F06), T—HEtR:
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gnE AYINE—ARERISRBE

B RIMNEP—IAES 2FEF (RRKEREEIEX
PHATEE).

BRIEIRERET 7 EALFEF.
BEHRE SR T —FREE— B AT —RARABE. HRIMEL
RIE, FEBFHFRAFRAER. Rk, REMIT®E:

=% BROBAKF 4) MAFEF (7) HE. §3 "2
F—HRHABF" 28,

TRATLAAFF RO E AT, X PP AR RN SE AR Sl T IRV A —FRAN S
Fo 28 (LB T ) . FTEMERT B SRR NS+ T FRER .
ot B CRIRABF AT RFEER, HEMBHILIF—FAAEFE 42,

BFRAEREZ T BITERGAMBRRAF—FARF.,
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BERRONAF

ZALGORITHMS
# THAT CHANGED THE FUTURE

THEHREER T ENMRERRX—KEHEE.

BICHHRHRE A IERNIRE—F 07 IREEMERBIAT—FARSE
B, MA—HIRRRAAGIE, DIRELZmES6, XBERENFED
—B—#, RREAREEEHES .

BHE. RIBABENAF—RAKF (42) MROBALRTF
(4) 1R, SREHAFZWERT 168,

IR, FIEEE R IRA F—FAAETF 28 TR A B 6 A%, If
ANEFITFHRE TR ERERTF 168, HRALERETRETEY,

=
HEEH HEZEHA
¥ BF

PTG ERFAA

BF ¥

KFROERFTS . AAUAMELRTAXEEART, BTHETHAFFORT
nE,

L b, ARRIEMRITEBER, X— R84 ABF. PSSR
TREBSIVE L TRt R BB E R ER, (RRAERR =R A RR

64



gmE AYmE—ARERERRE

AET—E, HAEHASRNET: fELXERET -MEAABE, £
AR A FEURHA R A TR ABRA G E—E, RFENFELRELER
T k. RFETEREEN =A% 4. 6 Fn7 Mk, BE THRWEXEEA.
(FRATLAB CAIE, 4 x 6 x 7=168,) {HRZALARERREX—Bix, &
WS AARF 4FIH 6 T RENATFRAET “Ba”(HFE) /HH,
mpEELE R TXNREARTF. H—Jim, FEEREHRASTF 6 fn
H 43R 7 HHIATHRAHF “Be” (%) SHAEEN, mirhE
TR MRAF.

A VEBRHRE A e rp M —#, LERMRBIEF ARG R =
Y. BIAF—RABTFHIETE AP ERRER TF VT, AT BRI 28,
PR TEE 42, MBEEAT R TR 7. B, anRFFEmEMFIERE:,
BLAE D HAnEVRETA R, RATEENEEE 28 + 7=442 + 7= 68+,
s AT LAEE @I TH R 4 < 6 x 7=168 HHILZ®EA, T, FizHIL,
BNEFR S EHRR R BNMRIERER—FRREE, Bk
FRAFE AR, TR T 28, 428 7T, WraTCAH T
—LEROEE, HERMLEEPATLR, than, Rk 28 x 42 =1 176,
AR KEEHrEE T SEFNBUEHE & W IS R KR T4, EXE, it
MSERTERL 7, AEZFEHABRE A7, BEH 168 =4x6x7, {HFE
BERREANESRFERANTT, BA1176=4 x 6 x 7 x 7, 1HHiBE
BHMEREZ R T, EAMARE A BER:.

BLSEHE 1 P B BURHR & HE3%
Bl 1B BL T T HENE LR LRt SRR A L4
WEA . (5 FIBFHIBURHE A HLBIEE —Gial, BEANE “thElke”,

FEEPBAMRIZEA EM— 5 L. BRRENRE, RITFE—A
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[ &% 3 3 0) /W - b7
ZALGORITHMS
5 THAT CHANGED THE FUTURE

ERLAEFF RSB (LLanBRHES ), BEZRFRFXAERERE (b
sy BERH) MR ERE. STFENEBL TG P AT X R R, BE
BRVES 2 B BEE (discrete exponentiation) , 1 4 B #1E NI B FR 4 B i
X4 (discrete logarithm), BT &&EA —F 5 Eiibit B &I E
EEOH S, BEEREORE T RN FIROIBAR A MEIE. ERYBRER
BIES, BROFEERANEROEFEES. RIMTEFZES LK, R
HRABERAN, EHBELE TR —RILF TR TR E-A R
WIBTE R, Bob, MRREMBIETEYLOAMX T NE, B85
#Fi%.

FNTFENE AN EERABFESPERRABIE (clock arithmetic), iX
BERBNMARNARA: 8 bH 124080, BRAURERE 128, #4
M1 FFEREEF . — M 10 SBhITEE. F54 /DEITEZIATE 2 Ash
SR, B, EXA 12/ 8 R% A, 10+4 =2, EHEd, HE
WRXHBITH, BRTEANET: (1) #k/NeTURERS (E—14
LA LRER 12 /40M80F), (2) BFEM OmAEM 1 FAitHE.

T E R BT AR RN T BBR. R, S EREFER 0. 1, 2,
3.4, S5F16, ABRKANA THISMEBNE, REGRFE BT mE
FBNW, AENELERMA, RABEBRBRLL 7 FiERAKENT, & 12+
6, BATEEBFE MM, B2 18, KREHRINEZR 18 FHHA7(H
14), &4, FHBEEETRE.:

12+6=4 (Bhk/NAT)

ETEAGFH, BAIERR/NMASS 11, (FHEETTRE, BsMA
PRIBIR/DERR L, BAMER/DNIPA/NREA T ILBBRR ATRERE 4, )
FERFEERERLL 11 JERUAR I A KA, Bh 11 IR EET R 66 Fn 88 ixfEE
SR, TERJLARARRNA 11 #TH RG]
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guE AYIME—RREHERNE

7+9+8=24=2 (&hk/H11)
8 x 7=56=1 (Bhik/N\H 11)

LB SHXIATH, KFRAMLYEFS—MNOFHE, BB I K45 @it
HI2A%845, B BB HT, BMNARIV6=4—MK5F 4, e LEBELRNRT, &
LR B4 @1 e B IR6AN$ AL,

BAIRENE AN BEEMSR R &S (power notation) , X MBE&—
WA : RS T SMHRFHRERIRSET . FIBET6x6x6x6
ARHIE, RITLABE 6°, XEtRHg 6 LAY 4k, YRATLLKE R RE
PR R, than:

3*=3 x3x3x3=81=4 (%hk/H11)
72=7 x 7=49=5 (&hk/ K 11)

T O HIFH BoR T 8ok/ A 11 BHF 2, 3 706 BT 10 A5, X 7E
AT ERENPThIEsE R, EASEmEAN, HIREERE CIATXk
REHER R, LRITRBEBERE 1., X —ROE—THL 6, it
6'. T -Bifts 6%, B 36, (Bl FRAMEAMEIAANN 11,36 b 33 X 3,
X —TR 3, BHEX NS, RLFSIAARNETEE =
6 x 6 x 6, BEANERAIFH. BRICEHA BB A/NTE
T 6%, RE3, EATHE, RMNREEMAEMMERET6, Witk 3 x
6=18=7 (fhk/hH11), F—IR 7 x 6=42=9 (#hk/hHb 11), fkik
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&Iiﬁﬂémnkﬁﬂi

ALGORITHMS
FUTUR

R, HIBERR -

e, BANETEREEREL—NHEYEISLAERE P E A ERY
7. MZE—#, RAFMEEESRZ=—1E9, mEFXGh KRR
HEH.

B—%. FKHMEEEEEREF-—IBAKT.

n 2" 3" 6"
1 2 3 6
2 4 9 3
3 8§ 5 7
4 5 4 9
5 10 1 10
6 9 3 5
7 7 9 8
8 3 5 4
9 6 4 2
10 1 1 1

RRAEFTHIIA N HEF2 34660 104MF, Edo b LHBRHEY, EANTAR
B —BEFALGERAE—AFTHE,

ARIER AR ATRER B, BAVEEXAFF o EAIEE /DRBE. F
b, RIRIRESE 8 EAFAAN ST, MPIAEER 9. XM KF——8F0
S— AR ZEN, MAERRESBHESIERTERNLABEG, X
R FHERE “BRET — A HEEARSRT .

68



gmE AYHNE—RUGHSRRE

B4 RAMFAEEAFRBDAFEFER B S/ (K
BlepfEM 11) MB P EHRABRKHEFT (E2 HEH).

KT —— 1 B2 RATFBEH, (RRIMTE L TRHE
AR — TR AR T — B, TR, BURHE A KL S A1 SRR
EBURHR A, Bl AT —FATFBE, TEEET, ROBEH
ATFHF,

B=% BUFARTSHHE, RAOMEESE¥ECHRAA
BEMRAFAHFHER, 2EE—NMAFA—FRALKF (public-private
number, PPN),

Hbkdkil, REAREBAREEKL:

PPN =base FANEF (Bhk/h)

EANMANAXFEHRATREESBEE AR, HESRPHBRER,
FEHRMOGIFH, BITRERE 2% L —-TIRERBHEER.

RAIPPN =28 =3 (Bhk/N4 11)

FIEERIPPN =2 =6 (fhk/hA 11)

fEx—%2GE, RATUETHHWEREREX P, XEAFFANEK
FIEMY TRESEHE AR E =D HilfEr “AF—FNBEBE.
E—FH, RE—RMATFEEN—Fo R ABEHERES, HIERD
KNFA—FNBRABE, £XE, REAEFSAER B RN TR
KNFBTHIES.

FEML: RAUMEEEEERREXNTHATF—RARF. BN
HEMRARFHRES.
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BCERKIGRH

£ ALGORITHMS
7 THAT CHANGED THE FUTURE

XA R FERA RS :

B = M AR PPNRARE  (bhko /)

MAERIAR—H, AXFSHERLBEAE AR, BadS%H—
WHIFM, RASREAIEER.

ek EEP=6"=4 (Bhk/A 11)

BTSRRI A= 374 (Shk/hh 11)

B R 5 EBORIES 71 TIRE S,

RO A FF—FANSF FIEERIATF—FANEF

PR

A

REIFAA RIS EFAA
By ¥
AFEFBFREFZY . BTBREBAT—RAKF (3#6) BHA 1 A A H R

Bk ——ARTARIE, 3T @e 2% RETAN32IiTit£6, @322 Aas K H11
EAFERIRHAAAF, £, 6FT@S 27 LREHAE,

. HA, tREVEZEPIMPEERLERYHEE XAETH 2 4),
BUSEAEER KRS THIFrihm— G RER, BEXRESMAE - 7
BRI A FRIIRFFER S T &R s, (B IRFNPT AR AT E T 4 1= B A%
5y, BIHCRARE THEERLEESA,
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zmE APENE —RHBEH SRS

FHX AR B AR A — R, FEPHERESN, MAEX S TF 4
F (2#11), hiEXENMAF—FALF G F6), HMAREMHEH
EFAPR I R Z RV, Boh A RESREURANMT E T8 A BRL R
5y (FANBF).

AT O FN)IE

BEHR A BRI R AR A —EABMAERE T —REHR
MLEE BB EREST R MARN KR HIEZ —. AERMBRYIT ¥R A8
FE—Hh/RBEALZ B, X —HLHILLPREEIESE - @ FE (Whitfield Diffie)
DT - #/RE (Martin Hellman) )& Fa4, AT 1976 FEKER

AFHF

IREAF—RA  FIEEIAT—HA
e B

L # oy L

AFREERTFREFEOY: RAGPTEARFAATIEALKT, EIRARAH LR
Fieft K THAE BORK,
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BEER R AR R
ZALGORITHMS
# THAT CHANGED THE FUTURE

Tx—Hik, BRIRTE—AREME (UL “hps” Wk “hep” FF35), R
HIHH BB ERIMGAR 55 28 2 [RIER S B — ML B, RSl
FE—h R EYUHIS TR R RN BRGEZ—. m— B THEEY,
X PR & H o ek BE 3 FH 2 AT fifd B AR IS 2k B 2 R I B S AT N .

EHREEN—RESER, H8E—MH/RI2ILGIEIL Pz AR,
KPR B F ER R ANES - ERBF R, Bl 1ERRBR/MR
A (1), Bt EERSRRE R, HAaRREREAIAFFBRDRAD, B
LT RERIRA N B F AR/ (BA PR R BEAE A LB /NI RAA B F)
X Rk E A AR LAE A B rA aTRERA A By, HEHE—
M FERIRRIAF—RARF, £ LEGFF, JE 1A RTRERIE
AT, FHXARGAEFRDBMERBRT. MK, BIEHHREILHIE
krhiz AMEF SERALE MR KBER/D, XIEATRERRAS T
Z/ELANAATER (b—FL—H Lk £/%), BMEmMEL, hFE
Z/NOERATFHT, UBRENES ERRECAER—an R R4
W&, 1HF T IIXFHE,

HBE—FHREXABRFREZNEMRE. PRXNDAR—IE
HF—REIARESBRIERE. 3 —1TMABNERE. BEHWAE
FHARNHERR (primitive root), X BHREEHNBREK BB
HEE—ITUENE. BEFIURINEX. REIBE 26 HE
1 HARERR, E3NFRR2—3NBEAREMMER3. 9. 5. 4701
HrAE2.6. 7. 8710,

LA AR MM BEBE AP EARE, #RDPRPEABLABEAGIHEFRA,

AEMANEIE—HREHEREE T (BT) HEEENLHE
DHGZ—, HEILEZERMREE-FHREHEAERARRE L (key
exchange algorithm) , HA AR ZERLEE SN AR, GELLIRME WS
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gmE AYIME—RRERSRE

BEARAFELE, HEABEBERTME—&HE. MK, BHRHRE
BRELLRE R B BT IATHER, B —ANHEEY, HngdEa
EIEIEI R SEK . X F EBEW EfAERENS, FEAER—&
THEAZES THRIRXFHE—ZEERSILAER, BAERENTER
RENEDPRZE,

Bt F —EREFEEHIEROANME ., XREFEE BT 6E
BREKTELT, BRITEEEAERIE. EREZRFELERSEH, %
BIRAAMEBRBERCUTRMNCETHRIY. EEERAFEEH
—MEHRF EATER AR BEeT Bk, MRIRAE -EHEE—
B, BhoAH, RELNAPMEZRLEZRSA, INMETHEKREAR
ZRGM M RAAZ SN EFHAAmMK: PHE - =485 (Ronald
Rivest), Pl - 7b2k/K (Adi Shamir) FnEERHE - fF{E/RE (Leonard
M.Adlemen), LT A RSAVEL RS T % £ s T EZ 6T,

X RN HRERANERE, A R AME &% E, B3k
kIR & iR KRB IE—H/REVLHIFE RN, BHAEE 1976 45, 2
HeHFE, WRIRFNM] /R S M HRE R ZRSARIE —HLA, BtiEl& 1978
£, HXIFARZHFHLE! AMEREI, KEBFERERECEM
ERURG. FEL, IR HiBIE—#R/R2HLHIFIRSA BT
KEBUF B LB EGCHQMI B K, M1 LIER £ R o Fe e NERHL
FEXEF, EHE 1997 F£4 #F5.

RSA. #IE—Hf /R EBHLEIFIE A BN R (PR 4 20 B AR,
EIBER IR TR AR LR MR, @il AEEREBEENE
S, R ARME, BAERMERNREIIERSTELR SER fRER A 5T
B, RSAWJRBIHZTE 20 tit4d 70 ARG B I ARG HIE TEH, Wi
EFIEF] 2000 FLERA KB, EEFIRBPIIKRE F, XEBEE LT
EEFIRKRRIBEEAT T — IR KL & —— i 2 A R A AN R A
MIRF X —FHE,
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FLE

e seg
—— B EAOHER

=ALGORITHMS

MTHAT CHANGED THE FUTURE

ER—TAILTHEHRE—EE, itthEEBEEN
2H—BE,

#1988 - %% (John Locke),
(A %32% &) (Essay Concerning Human Understanding)



4y, BMEATRTHEATEIBER AR, 20t 40 £/
JURELIE 2y R SRYE = TAERIBFIE ABEELE - (V8] (Richard Hamming) %t
BXLFEE T HAEI MEREMFEENARHENL, RERKRARE
flbFl. Bk, MRATCAESR, BT HREYAERR A S BHant 8 A BN
Ermtla, A2 aE%, URRELX A BB XY .

REHFHAF R EF—k, HAREFAGEBHAFZT, H
LAREAFE], RAGRER, BARBRILELE, RALLREFAAN
B ReGRE, FRAKL: ‘e, RAEEAREEE, B

2¢ A BR R AR A HATH Y 7

ZULH R AU B B, &8 BN LEREINGIT. LR
FEOIE T8 —HUAMED . — R P oA (R BTN F 2 IE TH LR Fh iR
IR . A, ROWHBEIMERERESLIEBRRE, e
BFL, RERAERS,



&E*%E’Jhﬁﬁ?ﬁ

ZALGORITHMS

HRUTN B &M A ER TR

HEIA=ZHEATE, REZNTERMTHE, BETHENL
— AR, RIS BRER G ERCEE, FRE—-1THHRE
%, [HaREA UHREHBITHI B ABEHEE EEA TIE: FHBaREHm
Big, HREZRGEHEA LBEMA. (HREYLEEERNFREEE RS
AR, A& LRES DR ERKE.) BERAERBX—A, BR
—E R AR LA RRERHE SRR, IHRMHEILEATSEH 4
Mo B8, PRATDMB—SE 20 HE (Hoin, B —GEROMSHRE, ¥
MU A RITE), BRAREERLEARE, EEARRESRUUE
R EIGRSHRIE, Bk, FRAFEEEENIRITEIERENEXRER.

BfEmFEEEEE R - EXBR: BEsLELE—RA
FEFLHERT, BE—T AR LESIEEBRERETHL. FAAN, &
WABEAHERNE L THFEMEREBRTER. than, mRRETEA
HHBRIEST, RIERMPIRFLRBICR TEUEEREE. HHEXPE—
g s, ARG SRS ANEZTHL ., £ EEF0d, B3R
HEERERELLZTTALER. than, F— R X —
TR, XESBEFATRILEF S —ERER L ZENE. (BFE
ErRESMBR— S EE M, SAERRE TERTAT.) e —&HRE
LR Eic b e, TTRRESSEKEFENEEREL. (RRLLCH A CE
Lighk 5.34 EMRE, WX RIkEKbR#E 8k 8.34 5T, )

ik, AMIBEFROLTIRE SAXMNED, W HEE—LEE
B—iifriks, . BTl ¥—REZMFLT, @dfr
MAE R R IRMAR KA, MBH—HE, HEIELRFEERR
FERAXRER. ATILRIERERAMES, BEATIER. RIZR
H-NMEEAEEE 100 GBI RIS, (EBEABN, IREMEILAR
IMFIbREZ R, ) X 100 GBAHYTF 1 500 HTIXA, Eik, BIEURILAFGH
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g£rx HHEE—HALERHER

G 100 HTUE—MEIR, AREASRER (CF) Wad 15 MR,
X— AT A T Em R aRRTE—A 20 Jkpydkf:, REyHREHLE
B 100 FA-FI S s —k, THERVERFHhEAE 20 MER—E
AETREIREIL T, B EREE TRESBUA E KR A

RABENEIE, X THREIMS, FHFEKE 99.999 9% b’
AgEF. HEYVLSGHREEF EMERE T OREBRFLT, TIRER—
MR, [EMEARE—F, TR GSICEAERS. BiEke T
FiF. BABEARTEERERELS, BARENELFEERELE. #
U R R R T (E B AR EEX G DL — ey Wk
SERHEFRRIBEEIR N, ERBRELEM LA Z T, @4, CD (#ot
WE) FIDVD (Brilsidts) Famids b T RASH bR TR
HOROMR, $Es . ZHSAREIRE, HEimank R ARREHR, RITEA
REA BB Lo 2 —HEIRER? AREEHTFILX —# kR AR
HREVFFHRERER. &R, wRIRizHIERER, BERRR
A EREAEEHE W T A DARIEA IR B AR EBGE . m X/ iRE2am
Wz, ETAEXEYF, SHiRER LZ2WHRT .

HE W

ZolE — /A AT ERSE AT AT REATER S, H P EARA R A
MAER . BHRR—LEEAEFL AR, RARTEEILKIZER. WRE
ANFERIEERBEENELT, SEET— T RIESHERITKS, /K
ArRERERMNGELERE —k, LMEFHINSHELIR.

HREYLBREMEENRRE, BRERTH—SUHREIUILE BT LRME
TREGIK P REE LS VR, PRIV PR 5 213.75 E5T, EAFERE, W
BATE, B—NBFEHA 20% 2Ll MBARE, Hik, LRrIK
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&fiﬁﬂ%ﬁ‘]hkﬁ&%

ALGORITHMS
FUTURS

PRBE— kB kM, B/RAUATHER S 293.75 €. REAR, Rt
INERERFEST EWH, AR FEAIRER, BXP—/ % k8
Ky elae s, MIREA DS B, H@dsAELZIER (the reprtition
trick), FREEMRIFHMEMHEENAS. RIERIFEREHKBHS Kk, Hik
B TLAUF Rk

1. $ 5 2 9 3 75
2. $ 5 2 1 3 75
E®w3. $ 5 2 1 3 11
Z#H4. $ 5 4 4 3 75
£%s. $ 7 2 1 8 75

EE, Hh—sefmnai— g, wi—kEm (Fam2) &F
HEHIR, REAET, REMEIEWMILER, Bk sidEh 2
Pk ATERIEE ., HR, RATLMBMESRERREER T, T
F—#CF BT R4, RERHHIABMENINE., TEFIH THRAE
TR, Bk R HBLNE R AT

Fhi 1. $ 52 9 3 75
5 2. $ 5 21 3 75
Z5 3. $ 5 21 3 11
£ 4. $ 5 4 4 3 75
T8 S: $ 7 2 1 8 75
HIAAERESHEF: $§ 5 2 1 3 75

FHX MRS ERFEL, ILRIRELSF. RECRTE
¥, fEffm 4, B-ABER S, mfhm S B —ER 7. HiE
B, BMEAE 4 kERPR 57, MAE—KkEmEE 77, Bk, &
ERTRRELEE, ERBITREE —CENERA TIER 5. HBEE
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Fh%E AHEE— A ENHR

frdy, BATER2HIAT 4k, M4HIAT 1k, B2 mAFIREES
g BEARR AR, FOAR =FAlaet. THIELT 3k, 9 W
T 1k, 4 AT 1k, HREMEMNGLER, | 25A A HPIE.
WL xS TR B R X R 5, PRAT LA B e B AR AT R A BRI
5213.75 €T, MiXWIERIERRIE.

XA GIERE R, BRONELMRXAFM TH? EEMEE L, 2
Wl (BRI EFERBIAR. 5k, ITEENEREAE 20%,
MAE—ELH, HEIERAESRBEE T 20%0EEFERE. Kk,
WP E R, LT RIRAE RN ERI, ERRBRIEEZS
AITHRER: BRE RN, ETRMOVEE—NSELREA T
AERERITRE. FEHE, XREERREDCE. ROTRTFEMER
RS, BRI SRR L.

tedn, Rix&E—AB1FHRVEIRRAE S0% AR 20%, fRATLAE
REATEH 1 000 RARH, AR S K. EBRINERREE M8, WA
HAb R TAEREA—H . BTHIREE 50%, KA PR Eb
tehh 5, (Br—FRWRILMEEYLE. Fik 5 sHIL 500 k, Hibh
A4 (0~4 50 6~9) HRSHIIL S0k eda . BeERATRETH R A B HBLAY
AL 5 BRI BMEMHXA T EERER MR T RS, )
WRE LB ILEARBERTRE. SIMUENERET, BdEE—
FAFRAHERB LR, RATLILHBR AT St m B LRl k. (&
XEEGFr, BAVRIRERBELRE, HR, MR —TEBEEERETHR
&, JFERFIEWMEER, EEERBEARLBL, FEHNTAH—L
R AEX PR FB B SR ERRILRLS )

Hik, @dEHEREER, TrRaErrBres g, HiREi
A LREHH K, TEE, EELEEM TR BRI ARG RLE B,
4 R R AT RBUX AR/ NIRRT, BT E 1 000 REERIFAL, B
FETF#EARREME (Ri%H 200 Jk) B, B 1 000 ik iFEs
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BERRONKEE

ZALGORITHMS

AEE., RUE, HEITREEH - LLETERE RN TGS,

JUARIETE

BIEHENAEH L EHA R EEIER, RHERE—TFANE

» UMELLBRATRE TIREB B Y r R @3 RERE, XEEAR
WE,WT%AkﬁEﬁﬁE RER R L KRG IR Fid,
FEEBEBHIF T, REEIFINREREE L FEHE. HXERE
O, EREmITEYE, REFRMTFLLRURAETURE, HEYEE
FKAVRXE L RMRERD LR, AHE, TRAEMMERBHEE L.
FERRT—MER (REFER) i, ROSFIXMH “Min” k. |
B, BAMERRTS FEMUANL %, XFFELE ERIEFEAHEE
BN —&ERNITRHEE—RIAHEBASHMER, B ZHE—&E
KIARNEE . SWREIERAOEER, Rt E FAHEe, BIfE
XEITUATH B EEREER S E P B R T B PIX O 3 8 B AR
ATLAAE.

BB FERSUE. ZRIBRMZREIRBITREN S 213.75 EL#E

I — &R RBREEER, XEEER 20% WEEMILBRE T, Mz
R K “ 85213757 ARE, EBIMEXAN B TFERK—&KBE&HE
FfE BWERKY (FHkthid “TRI7) HE. EXANFTFH, RITAR
B LA B IR A AR B R

five two one three point seven five

EMNHRK, HTEEEE, IFHEPL 0% FHILTEHA
BEPLFRF. X ARIHEBAPIRER AL
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#5% S AAEREHR

fige kwo one thrxp point sivpn fivq

REERRFRA RVHR, BRIAA, EamEREHARREN, X5
PRI B AR EIERVRAT RS 5 213.75 T, XARMIZSHRF .

KBET, BABRNERT —-KIIKHE, MEEPRERRAZEL
AT AT M R BB 4T, anRBEFRR, 78 “fige” RFFEH
B—A 8, BERAE-AFEEERT, REXGES ERIHTH.E AR R
& “five”, BEAHBREUSMELER KIEHFREdBH “fige” H—IF
BERE T, SHEREEBHX LR, MRREIRR, B3 3677 KKT
—A %, EEP AN BB T, REDEMERGE RS, B
XEMHEPERATLR.

REBIMMEEFHEILRARZ MM LR, EXEL5EEFLLE
BERER, HENE Mo Br iz Lm o, @dxmsk,
LA AR R e iR B (B AHF AT A CaER), REHMUE (&
kAR HFAEN) . HELRZRRX LD MR “Rigx”
(code words), 7E_EWWIFIF, RIGFEEEHARIEBHILKTF, 40 “one”,
“two”, “three” %,

BAE R BHEAEBETCRICH (the redundany trick) FLR A AE R
T. HEH ‘B8 —UHBEIBEREXAFRTRI—HK, ERIX
A ERGF, FESRETF 0~9 (RINESBETASUI/MUL, 1EF
HERERR), B/ MFSEMEEE T -AMRBE, EXAGFH, #5
1 B EIRIBTRE “one”, 2 HRERIRIDFR “two”, fKiLeH.

BER—&GER, REAERUENHS, HEHFSHIFHMMAIR
By, Hk, REZEBRPOBESESAFTEGEERE. S{HSBEKEIN,
HREBHENENHY, BEEXREAFBIHIARLE, mRBREAHN
(fn “five”), R ATHHEGAMBNFFS (nS) BA., aREARE
BPIRET (40 “fige”), RERHILMBEANRBFHELE GX4FFF
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Eiﬁtil%ﬂ%ﬂ’lhkﬁii

EALGORITHMS
T

A “five”), BN TRRGFREERAMALAIFS (Bt s). £/

XA I B Fan T EFR
wm B
& %5

1 —> one

2 —> two five — 5 (5E4ItER)

3 —>  three fige — 5 (BBaRRILE)
4 — four twe — 2 (EBHIiE)
5 — five

ERAELFATEFOHKSG

Xt atE R, Kbk, HREVEFEMERE BN S—ARRLX
PTCHRAEKR . NS T EARREMLL, KEXNCLKA TE
ERARS T, HTRTHEILEERN TIEREAMEE. TR EBRS
217 —AHLHF, ZANFFHHTRELRZERNRA (7, 4) ARG
(Hamming code), XRBALE - LT 1947 G£7£ NURSLIR = & BIRYRED

—, ATABRZESE I ERTEN BT (BT URKEERTER,
DR T LR, HE 3 £/ 1950 £+ k. ) MBAERT
B R RS, (IR & B I X ST A F AR 0 Fn 1 58 hL.
B AT B B — BRI L 0 0 Fn 1 i9=FF e, Bk
AT R E R BT AR R AT X A B .

& w
7 =
0000 —> 0000000
0001 —> 0001011 0010111 — > 0010 (324 Ucf)
0010 —> 0010111 0010110 — > 0010 (EHHERITAD)
0011 —> 0011100 1011100 — > 0011 (B:ERHYICED)
0100 —> 0100110

HHENRA G RENRG, FHIAFRNAX—KAY (7,4) LARSL, 2&, ‘48" £
RABT I6ATRAWERBATHS A, ALUMALRAREHREF, 2EMNELE
AT,

84



gnE AHE——AMIENEHIR

BRULLASE, PR SHEEARIE — = —E . ERON, B4 4 L8
WA TIUR, AT —A 7 wEHRET, ERFDER, RELEARK
B T AHEFERELLE, MAFRTLLERK, REERBIEIRIT
B, PRiBUFSIEG, BLERNIEM O K& 1 #125E, WirtEry i s R—
A BJEATRESEREIRIIMRL ., A, XAERAEBRRIHEERRD,
7 A B AEDF rP RV R IR ABRE AR BI B E TCRERVZYIE . IRTHHE X ME
HRREEEE— LM, HEZE, RIMASEAEAT.

[ERBEIRE, A2 TURITHRAAEL S B B EF R E Z W
W, EREFEFRRZXWAERAEEAE, HEILFRERNER “RT”
(overhead) 825 ROLRIBAS . FRITURL A 24 W IR 1M B 1 IE BB I g K
EHERER, EREERHMEGEEER, FARLHAREE G TEH
Bo TURIEIAI IR R T URE ARG TR RALRR, EREpEF6#H
FIEEARILE, TRMHEA SAFRK, MEHBHERESR 6 M,
B TR ARG — Rk BRI R TBR K, BRFRINCLRI TIIRE
EARZRRGET, mEEEMNEIRAOBER EEeREA, XERDFE
TR THHEALE A T RER—mAEEE {ER—REE,

B EACAIE, WOETRHEERE AR AR EEE BFF, Bk
MitieE A FHEMERFMAFHEE BWESPREM. CD, DVD
FOTHEHLEE £ ER AR B AR AU RS, DASCBLBRAVAEIL SC o ML B2 BRI AT
Rk,

BRASHE IR
ERIIE, BATRTIE T REGIIAN E SR IR T 3. BEIER
FITCARAE AR F I 2T 8. (BB 55— Fi el BERI T S5 RE MR DR A 1]
B BATTLLEAE, TR DEPEMMEIR . (17 g
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BERKIOSREE
Z ALGORITHMS
7 THAT CHANGED THE FUTURE

FRAE - K IR MR IE Z R X BIE EEINI—IF
MREABEFESISHAERN.) ¥ FFLEkEmE, RANR—/A 5
BRBEBT, BAMRRENET AR, ERkERE—GHEEH,
mEYRATLA —EIERFTHEN, AIRIELLRMEN, XEHLEHEH
HIKRE . bban, JUPRTR ERRUEREME X —HA . BITRX—FHERA
“BUFNHERL” (The checksum trick), X 4 fy AHIEERBREESPIBA,

TR B, REBRMNFAHLBARTRFHRSESFELE,
XRE—ANEFEERIE, FEATREVIARTFHFERARE, RAERA
Bonfs B, AR rHEFERASE R, A, ERERARGH -,
EAIAHE B SRR FRE BN MA EMANE AR, BEX ARESE,
BEHEERRTHS (K 0~9) EHE, MAMERERFBAS (8
a~z) BEMHE., Aid, FELEERABHAS, RIOTERIEHFS2Z
) — SR R — 3. bhan, MFREEARFHF S — AU EEFR
Za— 01, b—02, - . z— 26, A, BIMNBEER—TIERETH
BERFEHEBMEAMTHALXEET: B EAMNFSHTHE LR
EMIFEE, KITH AR W FIFE AR TR e b,

FiXE, ®OBHATHREREMARERT4. REMBRHEERSL, #
BRBRITEEE THEELHIMRRERI—RIKRZA “BRgkm”
(simple checksum), HHE—ZHFHEMRERAKEMNHBRES . RAF
PHAH B HIFTAE Sm, RREERNERE M, RITHEFHREMR
P A Ie RN, bhtn. RIZHER:

46756

MAFRBRF 2FNHh 4+6+7+5+6 =28, HEMHAREHF K, H
MiX 55 TH BRI R AR IR AR 8,

{Eanfal i AGE A ? REIA. RAFAEREFSEHEA, KIFEGHH
BHIBE M ENE AR BRI, ZERABKEHEG, TR IR
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£nE AHE—ASENHIR

R, FARZARREEE, BRGIER. BAIENR, fbfl] “check”
(RR5) HEH “sum” (F1) ——X@REAIE “checksum” (HHF1) B
k., ke LRABIT. {8 “46756” MU BRIRAIRE 8, BT
XAk MR LB R AL -

467568

BUE, SUOH BN B IUE VR EE AR B AHER . BRI A1
HNE, b1t BNA &G — M 8 AR TEMAHE, RE&E—0
Bog—ib, HREMBEIRN, nREERX R EA HIER, B0
KU 4+6+7+5+6 = 28, REHESF s (k2 8), FERBE—hHk
MZADRE — L RRRELE, BREMF (MWHEE), FHibAHas,
HEEMMHIT T F4H., H—FHE, WRERPEEMHET, XMSkE
4 Bk 7 BEHLESD 3. BARSWEIZN T HE. .

463568

URAF 8 B — L& SRS, H BRI 4+6+3+5+6 =24, R
R BE 8 (4), 4 RS0/ 8 A, WA &
W ATER R R TR, &B, REREFERNE, ERRE
HI, REERRIERRA, R — XA, B —&k
I FE AT B A Ik, |

B X — A 247, RATRERE, Einmm) —A A8 A%
B “ZI RRAEREIN B A S LS E R RBME B, I, Bl
PEH TARELATNRSL, BATEREELEK, RINNELEI—K
(BeWeA) hAe pimlsEis |

B, SRR R ARG A R, AR, BRI
B LERAEIE SRR S RARERA R S — R A
FARE SR, (AR AR MIE AT, A T BT,
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&Iik*#)hd:ﬁﬂi

ALGORITHMS v

B TRB B XA HE R — L6 T

B
FHER 4 6 7 5 6 8
FAERNER 1 6 7 5 6
ARLBRAER 1 5 7 5 6 4
AHEL (RE) HiRMHE
2 2 8 7 5 6 8

FiaiE B (46756) Fnaim—4, HREMBEST (8), T—1THIH
BAE IR GE—AEE LA 4), HEEMAS, FXE, RIRA
AReliik B O, EREMMBANBFHSFES 8 ARKERM, FILiRE
IERE MR B P AR T AR . BiFX— AR A EH A R
RA—/R, BRIt iR IE Mz,

BT 47, BB -ZLHERCHEIRMEE: siFEAN BB

ZIHBHIREFNE LT 4, WA T 4 FIFEBREMN 8 AR, WHX
FZEBMARBMMBEIT —iR. R, &E—1TRE3 TR, X
WR—FHBFWLEIRAHEE, WAL, BEErMmLKER
M, miHX & RGEIRAEENRERE 0 8RB —
I BIHEEKOX KH B A AREMMIEIE B P AR

BRI, AT LA 3R I AR A AT — Lo iR SR R X A (]
B, FB-PREL-FHFOREMD, LERMRXMFOREIA “HrE”
BUEFN (staircase checksum), BFAixA~47H BT @ G e
TR, BREET - EERRE, BEENRSA 1. 2, 3Kk
Pfft, BUHHENBERER, RERZET—HEEEFHM, B8/ EEEmiZ
B L BT, B BERLL A — A R — 1By, &R, RRRY
RE—N, MEARBI—R, FHik, RERE:
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25 HHEE—BAEMHIR

46756
FZATRML, FrEsierndd 5 et BBk SR

(1 x4) + (2x6) + (3 x7) + (4x5) + (5x6)
=4+12+21+20+30
=87

R RRERE -8, hitd 7. Bk “46756” WM shR LA
AT,

B X —UIB UL BT 47 AnZR R TR 1) B B A R B B A 0 A
B LR ARUERE ST BMEITHE AL ER . RIE, FRATHTRIE AL
ERAMEIAHE S Z MW BT EARR RN, RRER AL
. tbfn, {HE “467567 &L

4675687

T, URBCENHER, PRIDARLARATANE 2z Rz, HERMER
e sl , AR EEIRBRGEER R AREM—FES . X401,
VRIEACESTFA B (R ARG 8 R M BE AU An 7) H—il, SREHEH
BHAMO R BELRF (46756 IR AR IZ 8), MBI E
HE (&RD 7). R TR G BB SFAHE A & X By A~ B F e Al
XA RIPIAMERIBRICAD) , PREk T LARIEX 4578 .8 B 42 IEFRAY
B2/ 0H IR,

TR ER T XA L AE L. XTkRARTEIRRR
JLP—E—#, BT ESTREMNL FErEREF, LEFm T —171Eh
BHMIGITF . SIHBRE CEIRE, BATRIX K BRIRE ARG
BRI 5 BEAATHERIA R (REAEFR 5 hiAR 8, Brssies
& 4MARE 7). SIHEPEPEEIRN, A AREMm MREAEER A A,
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RERRB KRS
ZALGORITHMS
A THAT CHANGED THE FUTURE

WERFE 3 ITHRIRREME 4 AR 8, MKEmE2mAR 7. |
EEMBMEL LR, HRHELHBHARCHEIRE, %H BRI E R
MARHEE., RPE 4TS XMER—A6F, KERREMHA
&= 8, ERAHHRERAREGHEBIAR (9MART), FHA172R%
EXFHERR. ERPERE—1T, RIMERITE BI—FMER: X%
SHEMLHERM BRI RARENAR (R IMAE8), HEAMBKE
mA—H (7)), A, FRAOBBRBNMARGEMMEIEIR, BABHENK
B EOH —AFFRER R R . RETER —EMME AR R EE
KIEW, HA— R RBIATEER . REHRAEERL, VReLERES 60
BFEIR.

[EE R TE e 2o

&
FRHEE 4 6 7 5 6 g8 7
HF—REIRNHER 1 6 7 5 6 5 4
BHEAHERNEE 1 5 7 5 6 4 2
AL (FE) #ig
MHR 2 8 7 5 6 8 9
S—&EHELR (K
E) SiRER 6 5 7 5 6 9 7

BERBN IR EATTER TOH TR, RMNFEZIRT, RIRHRERER
LAEk HEERIEFEA BRI RIHE £ 2% (T 10 i) . H50E%
KRS REE M AR KANHE L. @it —ERERREFF], itH
Fhaesk, WHRFEAIHERE, SEBE e — BT, Bl
B ATREE UREFIRY . REXTRAEMRE R, HENARZERR it
BE R ERRM, SRIEY, X&EHERERNHEEPHIER ERHE
BRHLH,
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#£n% AHE-—HAERNTHR

TR R SRR A R AR (BRI R R B
Wen), {EELIERURIRFNE B Ak B X K B 2 B0 BcE—— AR E 150
fir. (FRAEAZEHPRRERR THEHIS 0~9, WA _HEHI% 0Fn 1, —dk4l
BELEILAETETLEHRE.) AR, REMNKE (Baftk
FRIBIF—AER 2 fr, BELFESLRRdE R Rf—iE, i 150 )
REER. Ad, REFERRMEREROBRBAKEREEER, R
EIRERE, REEENBRBIRR, b, 3 TIE%KEERD, B
B — A FRAER R IR IR (4 150 f28), B RN B A 4 LR/,
Bhan, fRIEMRMEBER LT3 T —4 20 JERVER -4, #REEHE T—4 100
(r BB IR AR IS IE BRI IE Bt . SR AR IR A L R _R 3k kN
THZ—. BREEE, RENDXANRTACEATLES ] TFRA SR
¥R, BERX R B AN BT EE R, H A MHEZRAR oA/, ZEBLSE v
JUPEARATRER K.

FIRTE —FE, X B 0EJLCEEREARMY . HAREM—ERHK
BN R GEX KR AN B AR . X BB R LR R AR
Hn#EY A % (cryptographic hash function) AR, LHEER
BEON TR (S B BE AL 3 B VR BoErt . XRAIERILSTRF
8, FABiFmE 4 BEERREEIXA 20 vk a, JFELE
HAERT 100 RERYEFI%L, XA R SR R H R L
1 FR A 7 R B RE TS B X BT R

TENLHEAR
BEARANIE T BGEA, BUAETRATAT LA B 2] & 0 [y M Fn 20 18 15 5 1R
IR LT . BB mf e —R, EAERRELIER,

HLFERAEBHITTAAER, HELLLRNERZLXAFE, FARMMAE

21



i‘ki*%ﬂ]hkﬁ&%

ALGORITHMS
UTURE

BB TRARGFLaf &R, mRBFNRXERRAIXERS . &
MEWeE A iR BBl , (EIRFARSFA it EL LA
PR FER. RMNOEL—BRIVARBRESKE T, HE&FWE—IFH
ARG R An A A BLRY

Hik, BERMNZEE] S —ETREIRIET, ARPTIIRIER. K
AXFIURAIRIRE D], BRelbiRREEMN IR, ROPRIEA “E6L
$E3x%” (the pinioint trick),

IEANFRATIER IS A B P R — 3, BAVEMT LR T 0~9 A
HEITRE, BRELE, XREHTHERN, SFBHEEFERET
1A, PURAEX AR A B R e i B FITH A k.

AR, IEBIMRIZHEEEGE 16 My, X HFARZEAE
BRI A, nRIRAE —&KIEE, RHITREAK 16 (i kiybe, i
MACER LB, ARIHBEL 16 MM, A 0 kbak 16 %k,

ENAATIRAIE — B R EFHHAFITEE P 16 M8, FHHFIE—TMN
A, B LRATRIFE. RERERE:

4837543622563997

HHHEZ A «

4 8 3 7
5 4 3 6
2 2 s 6
3 9 9 7

T—%, RMHBEETHREM, HFFRmESTRIAN.
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#2aE AHEE—AMEMTHR

7
6
6
7

0 th 0 N

W N A

8
4
2
9

O W W

X R AN TR D SRR —4 . bban, BRIE ITHRE
N, REEUE 5+4+3+6 =18, HIREHSF %k 8.

EMNERN T —PETREE-ENEEREMN, HFENESTIH
JEEHB :

o W ® N

4
5
2
3
4

Wlw N & o
Sle »n W w
AN & & N

FoRrE—HE, REFRBAGERER. tl:z!lu ER/BE W
1, WERERE 3+3+5+9 =20, FREZF A0, ‘

IR TSR EFHIIFIA S, IR —k— A HRE
e, BTN EESA. B ERTERNGRIER. Bk, BEREE
BI4nF 24 AEHIH B -

483725436822565399784306

B, MRREZKE T & EMIEREROMNE, REERR
WS SRS BAGIH S, ATk I MRS EIRY LERATEA B
FRUH, BAAHY 16 BB BRI LER 4, A TULEHEEAELE,
BIEHI T ~AEEHIR, Hrh— AR T . BED RSO
RIBCRIRA, ARt aEE Rk B
BRI 24 Bri B A .

93



SRR AL

T CHANGED THE FUTURE

483725436827565399784306

REMIIE —PRERERFRA—ARITRIIGHES, &EF—fTf
B Ja—5I#Rx BIRE IR 46H B — R R SRR s T

HlWwW DN W s
WY N A~
QIO »n W W
AN N AN

o h 0 N

#Tk, RS -7 KA AR, KRR
[EFibFag—irm—7, HFEXPiERHREER.

oo o oo N

2
8
0
8

SO W N K A
00 WY 2 H~ o
O O|lv wn W W
A AN N

XBESHARAREBAE: REEH, DIRFRHHREERE, 2iXx—
REXRERE, RHEKLBEHLT, WEEER—H, FLh, mReEH—
B, IRATDABHESE, WEIRHBRA TRER EFR. [HamRHIA—/1@
fEHR, HRAH—ERBEMESMEENARE., EE, XA FF+H
BAAREZAE: B=FTHI S F00 AR, FFIH 3 08 RlEl, MR
FfERE P BRARTE T ik .
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#1% YHE—ASERHR

4 8 3 7 2 2
5 4 3 6 8 8
2 75 6| i
3 9 9 7 8 8
4 3 0 6
‘o s

RBET: ZEARZEHALEEAREY TRIVEIRHIMCE! &
REEREE =T (FARMTHKREMEIER), HiRbiEEtHRE
F 5 (FAHABTIRREEER) . IEMPREERE TEB BRI, 0k
SRR AT et B E A — R ——HEFR AR LAY 7.

4 8 3 7 2 2
5 4 3 6 8 8
2 [0 s 6| s 0o
3 9 9 7 8 8
4 3 0 6
s o s

HX B, JROVEA THIR, [HEEMIEE. EilE, RE
SHEIX— R BOAEA GRS FIER IE BRI BB i H 8 Y
TEIR, HATGERH, FREMREMARA 3, HERKNE 8, #miF
B, BREMFBEER S, BAOHEERATES, 53 2.

4 8 3 1|2 2
5 4 3 6|8 8
2 s 6|5 (5
3 9 9 7|8 8
4 3 0 6
4 31 0 6

rEETLLATRES Z/TREBILX —5E ., FEATHREEIAESE



BERKAARRE

ALGORlTHMS roRe

BT S, FIEIRIRETI—2., HIRFERBEEAMYET! & -SSR
=, AR IERRIRLE 16 A B0H B A BT RFIMHER R, ﬁ%EM
EEA, BERATR (HREBMEE—TM&E—5). &%

4837543622563997

XA —FF e BRI B AR .

EitBiL R D, E4ERHARE ““HFHEEB (two-
dimensional parity) , #F{EREIX AR EE A E BRRF—FE, THEN
FEACE R T2 REIE, M BRI Ah "%, REANH
BIRAERRARERRE (F75]) b, 3 EREHEAE L EERNT
BILARGP WA, BHAmEM—EITREREH. REXERREE
HREER, BREMRASHEMIFRIAFEREMEFNFRLT, TAS
HEVASL PRI REEERAHMUERIRIIAK,

BUSK SR b Y2 6 R (015

LYEERDT 20 ik2g 90 £ i, BB A BEVLIEARAA. BF—
TAMEERERE: RHUTEIHEYATE, AFELE LR, Lm@
EHEEREOARSEER, RECARMGFEFRERSS. HK, X
RSB AMED R AENEHRERE AT IURBIEA TN R LR Eh hik R
AET ., BINEFHHIFRORETSE - FK (Claude Shannon) FiEz
B WHBRIURLEEMNHEAR., SIECLTBTIRH: E&FEN
b3t A& BT ENE R AIRRIPER, EESRTE -HAUABDNEAH, b
BB 3 AR DA AR,

Ant, MUEBAR-AEXRT MR, XANFRERSERER
% (information theory), TWiffak £ 5 EHFH#ZKE BEIESEMIEL
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2a% HHE—HAEMNHR

HEFRFE - FRE 1948 FRERH—ERIL., BRN—FBHEPHX
Bah GRIEWE ML) (The Mathematical Theory of Communication)
FEBIBSOER A 5 BRRIKER", B3 - BEE (Irving Reed) iX
LFX BRI AL RA TR BHEM TREER W L
B OXERX). adxE BRI (R - L T R B
WHSERRA A E.” KX - BERBE—FRAMEALELRHA,
TP T ERE BE—F AL, AftoaREmitzs? FEd R
AT, ATREMRA bl — /ARy, SR BNIRAEERE SH IR BRK
KBS, ARSHEE, BERIMAER LI T HERVEIBRK
AR

IREER— T, FRGEBIER Tz, 1EHh 1956 FikfeF M A T 6E
K& CHEFEARTERRE) WHMEEARAEZ —, WBRE25T 58
BRIEIAL: AL, XhEx. R RRd, HahE 7T —H4S AL
BREMERE, XWBREREA -MHEAR T, EWEFFHMERREAH
AL ETE! .

FERW LB RHRBES T - ERWERTES, HAFZE
ARBITTTAM, BREE, WHARMEHT—SE LA ITEN
L, I AT SR EREANERSG S, BE—MP] (Reed-
Solomon) SR B —HRHERNN, XL ARYEGNRGE
HRIRZEIR, (5% 4 TTEGH (7, 4) RHARBEAAR, ARG
HEeE 7 BERBFHHN—T#HiR, |BE-PIIREBET—1A£2%
BRI AH (finite field algebra) AYEF 43, (BIRFILAAEEMHIR RS,
BEA TR R Z4E S {ERFE, CD. DVDMTFREYLEA
AR TEREE-mBIIR,

REFMER LRz ALRTZ, —REHATEAmIE EEiR, th
PP WHIBFRBELAKRK T, BAHER LI A THEILER X — B
WM. LA R T —Fh gk FRA CRC-32 B IE Ak MmIsEiR . &oAE
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BCE R SRS

ALGORITHMS
FUTURE

i 09 B B TCP A H R X et (i) #iE RERRE . &
BIMAERANBEBEERT, FHATCPHIEH ARELLRSER B
X et KA LB ERYER A EE F AR AIE . Hh—FhiR
TR IS FIE MDS, B —Fh& SHA-1, X WA FIENE TN &R
5, HIEEEERESRARARY, haebiEHILaEEIR. MDS &K%
LA 40 (i K, SHA-1 A I £9F 50 L, SHA-1 IR B Fnd
A Bt ik B EE A, AnSHA-256 (£ 75 fir %) FISHA-512 (#5150
%) .

258 B AR EDX I RHEARRCE R, B 20 48 90 4G, —Fhé
AR A R YR RS (low-density parity-check codes) HYJ59%552 Bk K%
. XU AR RBIEE ) IZ, TR ARSI R £ 3T AR
f&. TRIFERARZERZFHEDEBME, RHEBE—TXA4 ARBIKAY
RiR: E2EFHEES - WHERARS RHHTEIR S E TR,
AHE T BHANIAE B RIIR R
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S ERFRUEARANRF. EREZR
BNpEL T EEIES.

—%ik - $EE2 (Ada Lovelace),
B4 1843 R A5 FENER



R & ERINHEROSRE, HEIOEHNETBANED. H
a0, HENLE ¥ LA — BRI N SR K, TOAELF A
WHHRNESWEBRER ., 2 ERROHT, BT, B
L AR 452 = 25 oh i 9 B2 T 2 B8 12 9 T /0 PageRank iU, ix
e AR, TEREH RN TR R TES . (ARG A 7
FIHLLEHE T AT X BB

TAEARE, RAEHEN—A AREARARBNOGR: BRI
B EFIRBLEA TR —Esy, MAFTIRG. WHIRR, EFR5
MEBHIEES . ERKIGIT, WHE KRR Rk
W, SCHE B LR RS, Bk, ERRBATCAE SR E L,
U EMETRARIE T A0S, XERiR O e KRITER,

% BB MBI SMEEETE S HENETERILHATNE
B, A EIAA R RS, AENFEIIERE TS SRR RPN
Wikz—: Xk - BEBLT 1843 Fpt— & RENURIFEIRIR T RS
e, XA S EHBFR A H731% (Analytical Engine), fH7E%—
Wi, ME MBI T AT A ETA B A SRR R
fedr, —BRBHAILIE, HEHURER IR BT ARA LRIt e



SERKONKRHE
£ALGORITHMS
7 THAY CHANGED THE FUTURE

SR, MRIEEER . HLBFFMMERLE LHE, Xx—4
HESTHEER,

FiBHE, BINALEAERRILFZERAEILR. ARMNBBERTH
%k, BABAFERAR “Fae” XAFEHE “FR™. Bk, BRIRME
AL G R — 2o ar B AR £ MR —— A FDE BEERE T Ry & RO B
k., BARABETFEARFHELEHEA—IHB—SLEHNE, 25
iF], ABEGSEREHBACEL X Sedl . ATRELAS ANXELLE EHVRETHABE IR
B, RREARWNERHMAZRHEAERLT, HiZJLPREANEE,
HREALELEX S EBRAA, HELE BRI EZRHIEL, fEik
HRHR T — S e R IRES . AR, BATHEI=FX
FERUBE D, Br4Bsr 2% (nearest-neighbor classifier), ge3E# (decision
tree) LR A T2 M4 (artificial neural network), {H#E %, HATEX 2
RARORY R AT BRI R

IR RAT 22

MN—F15E, BRIRAESHEL G PELIE. HREILEEH
— A EMPERIRBEA TRARIRMER. @, EFIELRAL?
X—FER A RERZ—=: TERIMNES, ARAELCELRHLERIR
PHES LR Rt BHEBE. RINEHRSE A HHEIEFRBEIHFE
B2

ETTRIE— N RF TRRABINEAR 28T, BIOFESR S ANRL%
A FES, EX—NR—FEBLLRMRZRABR, BLAX A, 5
MR BT IRBEES R EE . HMMRIRECEOBIRYE o R A E
K/DEIS, XESRPIRA “BE", B—AIHAMET IR “%E” (class)
HBEERZ—. than, E—DARRBFEES, SRR —RKAR
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sr& EBRH—AZRPES]

K, TR T SRR IR B 5K S AR By o — S U A2,
KR IR — PRI 2 B0, Tk A iR R
“BREBET R R, SRR SUIE A BB A R A RO IS0 S
(Hetn, MFE. HE. XEBAUURLBRESE). FHik, HEILES
AL ER R T AT REA , H A sy S TR — A,

Ak, BTFRIERIMENS D F— A ERRIIES, ZAMEER
RBIFEBH T, Kbt SUNAEATE 104 TTEEE B, XA FBEE
HA 1043, BFEO. 1,2, 3, 4.5, 6. 7. 8519, HiL, EHRE
BESHFRASTIRPUROIR, B8R, KR % E KIS HRI
B, P EATH A E R AR R T, AR B A A
R IR B RS, HLE SRS R E L AT A S,

BB, HENIFRENET S TR 2B0MIA, 332 E, A%
WA KRN EEANIR . S A i AR R L R Bl
HEMBIT, RIT2ATOMERMETREMT SRS, XFEFHER
(BRI R BT 23] BT RN EBRR., ft, SRExR,
VB R RIS, PEREIE AR ISR, e, TSR ET
IR IR — A B A K B, RO A & 24 AR B AR i),
SATRERIZA LR CTFRMEE” | CFFRZET M CTEHEET. Eh
RAFEHATTE, REARRBRKIEE D FEWEA", MHEX
SR 25, BRSNS TR, MERELERE T
27, Bk, EREEEANEBNEE, RELHEE L ‘S8 T
RYAERR =BT %

R, EAREERE “HE R A I KL,
FT-HWESHE, HLHEIRRER TN S — s, LHEE
ST WA, A RN A BAREAAR (labeled data); B,
sy HAIAEA , 105 TIRIERA 1 T — B T F S8 F1E 5 AR EAE.
b MR — MR E (LR ), HEHLALE I 2R
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[ &7 3 J0pIv N RS
FRSRIENE e

R H B RrE . ZRE R REIRME— A RARCHRESR, @
EFEFARPR DR RN, HREYLREHEMARIRICHEARIZ,
S AR E BB ERRA UK, it B\ uE gk
Byg”, Bk, WERU, BBIRESSAMATER: HELEHE,
HRYLE T —EARIC NGRS 12 ko HKBTE, HREILTHHIA

Pric ISR A T4 2,
SUHIQ8C2)2%21209304924
002¢¥070723/7606637333a
H976a3124%¥955u325é694¢1
1 /9067728953 77700684 9
QAd3Y 7\ ) U4V 2845929 ¢+
2295818562/ 8889372721
1 Yy86735662Y¥6090S65039) 3
3357 934692329959 573267
123000127813\ 27R682¢
#¥73042-630200014714749
3331643492073/ (13418%
sPO7723¢62s51 1 143667024
36214131 7010294465S58473
brreb) 9957222509824 8%
107320\ 14163 A1 Gqql
757004365 9533348157R606
260279301054 1054Y3¢5
0918203789044 2717/
634723081 JdA30667S3A¢VLI
$0/710423255536920+40

TURELLEK S BB RMNESARRSARE, AT, THENGEFREENAFEER
FoEHEFO0, 1, - L9 AE T,
HiExE: A& (LeCun) F A& MNIST K48,

R AR R
THEHXANDRESRAERS: RERBE—-I ANKEEL, MBS

AS WA BHAIEIRBIED? REK, ZAGIFHrIoRESREELTE
R AT, BIEREAMLATT: — ARSI ERE R B LHEE
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g£A% BBRN—RZRPES)

ERBILX A ARIBUGH . Ak, REEH, BRITEERIZE 0%
2%, LEHAUURSE B BHbsE, FRMEX A AR T RER BB B 180,
0(00000080060000000008]
1evvvzdisrty e 1 7))
2(23222322222222912212]
3{3333%333333333333333
L{HHRY $HQAF YUY A S S 4FHRY
5|55 rC3Sss556555565S5|
6[666606666CH6C660666060]
1127231277221 77727911727
8|rr237598578848758183]

9/ 4297999790949 79799997]

ENGE-ASEB, FTHENTE-2FLEE, AXMHTF, FARERK (A FEK
F) AFRF—ARALNERERFOHRE, REALD, WNEHALLEHER,

#AEkik: FHE (LeCun) F A% MNIST 48,

THHEERT — LA TX -SSR, XKERE
2008 43 E ARt PR S — M X B RSP AmMa s E . (BiF R
XXX R LTI, XEHFELHMBTFE T ERILIHX,) AHE
THON, lE EHEF B REES, HHEETHEMEBYKiRBEN
EWMARE LT TRBRITRIC. W RIEEABEEEBYRICA ‘D,
A L F05E A ARIERY B B BARiC A “R7.

VIZRE a2 £ . SH - FREATEHE AREEASILIEA
W, RIMBEELM? 107 TRVERAEMRIR TXA61F. JIZEdEn L—
PEE R —#, EASMNERI T RACHR SR RRIFH A, ILRITE Sk
EHWEES, ARER, FHZABEMRFENE, RESXAESHK
JEFTRER TWR—3? XA SUPHR ERABMATES:, Hit “D”
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ALGORITHMS
FUTURE

D
DD R
D
BD
D
D
D
R R D R
R
R
D
R
R D

AT AL RN 4 S8, D" RAMREXAMMNEE, R* RAGRAFEA
1RRE 695

BERE: (LFMIE) , £LEXAA (Fundrace project) |,
PRAHYH ATRERIEI, B —ANELETHHESVE? XRS5 HER
RPN ANBME S, HEXREMEEREELMEAGHmIERE
EAGHA, Bk “R” 244,

AERETHE, BANIRIEER T4 A1 2WRIEERR, &HHB
BRI AR Z—: —FBHHENB LRI R B RER T k. &
ULAR” RS, EAHAFRZANE L—H. SRRE—1Ro%k
HIEEREAR, HREVIZEE HIFRERANFULE, Ho LS
RRIZRIEARRITM, £TES, XAHENEGA RS EIT R,

X — BB — AR BRTRABFRS KA BiIL4B” (K nearest-
neighbors) ; KA 3 8 5 XM/ NMNECF ., EXTREF, RERERSHK
AAULAR, FFEFREX LTI R P HZYGHRIS. FKATATLIFE 108 AT
BhERKHl, EXE, BRSEEIN—MHESHRERMEARE, H
B UL SRHERR R I NS HX AR R4 “R7. BB 14
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#£x8 HEBERB—NSRRES]

D
D ?
D R
D
BD
D
D D
R R D R
R
R
?
R D
R D

®AREARERSEIT R, FANEFTHRAREALRRATLTEGR, L@HETE
‘D", ATFFHEFMEZE R,

BAERR: (AFRIR) , e EK AR (Fundrace project) |
R 3ABIER S &, BRMNMRAKPERRERFEEEE, —KEXMKER
W AEX— R A ALK, REREMEE S8, T&EwH
% “D”. |

M2, BANEMEH L MBI ZRIE? BEREUR T EZLERAE, —8
HUh, Kb TEESZRNAFRE, BMMEBRELT ., XKL
AR, HARM T HAERIRAIRERANE, ARRERIRNRSE—
fi Bt A A is BCFR I . RAFHIHINT B Skhbr 255 813 H kA

AFRIZERIR © R 7 46
B EEIYIE, RAVFEFORELEAT LN, MERL. AN

M R AR H B — MR R A “Bol” A L. B
ta RARMERLIE LAOR T ok, JMAFEMAAS R ZANBEER, e
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BCERRIARRIL
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B UAMERE . HESNBIRRAERBL 104 TEHHIFBHFH,
BAVEELDR? BNFE—EHERTERANARFBHRF G Z A
“BEE”. 109 TTEELRR T XA —F5 8.

D
p 2 ? R
D
HD
D
0 D
R R D R
R
R
D
R
R D

 RAKAREATENHT. SREAMEAREA, FIFAEH R, 1250 AZARER
W, FIE#EY D,

BB AR (BHFMIR), £EEKAA (Fundrace project),

X—H A SR R FE G 2 X B, wiEiZEr
whHEpEE . XAELUE S EAEE—XBERE 1%EKRZEEEH
JECEIEE, ThDCHIEEFE 99% RYE R MIARZEGE ., B TRKST. (£
ERRBIES W, MANGEESET - EHLESR, ZFE IR EE.
FEARG,, BORFEHMIARAR —K/D, HETEGS.O.) EEPE
BB, BROGEFEIAFRKAFRNTS 2 B, d@dxhx s
FEMRRER WL, BRNGETALRER, X5k E G R ITERR
A, RAAEXRKERAROE ARG, FRER, XK EE
BAR %M RERER, FLXHAFE 2 BREMHEMIEN. B—F
., EEFETHH—T, RIMNEFAARRZTER (—4A25—49)
HIWGHIER . ARy EEBAERS RBHR N, FAXRKRTFBHRT
ERARLHT AR, FXL, XK EEGE 21% 5 R EGH,
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gxE EBIRI—ALEPES

-
1 % ,
-_— = b "‘.- (6% differencel
L2
- ? ﬁr {21% difference}
z .,.-

HABAFERTH “BH . AE—i7, HERF—KRMEFZRE, H5% L A0
B, H#BRFYRITIXARKATHES, ESABRPEHFEINS AT, LRAMHD R
WBGZEE “SEET,

HAERB: RA (LeCun) FAHMNISTHIE, 1998,

B b PR - B B R I BRI R 4B

RN TR T REFEEHF 2RI “BEE”, LB
—NERIRRERES T . BAVAKEVNZREIE—mER 105 TTEFRY
FEHTF—H, HATFELBL— IFih. XERERIRREIRERS
AIRESER AR HIF. BB TRE— T RIRCHFHTFBSHFN, &
KT HABTFHEF, DR A o RHE B LRI 4R, 12
B, BEATEXEE “Balidl” B, BOTEIERARS/DRIX B, @il
FEPRHFETRE. ARSI ERBo S8—HERRE .

GERF, ERAXF “BEAR” BEFENASRMEYLY, FRE
Bl 97%, ARANRNZATEXRE D XFREMRARN “Bieh” B
BEN., sHAREHNEEHEY, JESoRXSEFEEFT LHEH
EERedET 99.5%, X—RETREREME B ZHIEIEIRBIRGAHHLL, Hhans
FARGFYTHY “CRFFEML” (support vector machine) F1 “[EIHEFHL BL”
(convolutional neural network), EIF4REREITEIE % — 1 EIERE
o, RO B RS A NN REZI m S &2 T —&.

ZHEIRERA, BRHNRES AW Bzl #3 (%) Hrk
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MR T NATE
ZALGORITHMS
A THAT CHANGED THE FUTURE

SATYNGEAE, REBEHITH—Eretk, R BSARIRICHIFTEIE
%, WL, RAVLRTHLMIBL B 2 BRI BYE? (LSPRERL]
R TUIGREEE, HIRBDIEMNPLEBEMKRRNE, mEERERREL
SRHERRBEE] T RO B . XIER LR RFHIFTRRNY:: BINIRIUEM
HRAEIN B, ET 82, BRIEHAS—FokeE, £LF%H
H— M AEENAE,

20 MR YR

“20 A WK EHLEHE R A — R BIRIR 1 . 7EIX AR
B, —AMRBE AR, TR R LR AR 20 4R AEEE
HIZE LB E S 6. VREE AT A LARIREE 20 4 R REHA%AY
INEIE R, RESXA R A 2 BB TRURILE, BRE AL
AR A BEERAS A ABUF AL, FEBLX AUk — B ALIS , RIFAG IR
BE HFEET R CREEE. FRIEE EREARAR (B (REx
EEE%RE L), MFRENAREE, than, £ -AREE “eRHEHEE
Y BREARER, FABER TR, R REs/NT — A
B XA R RA RS E R T — MR A RS SR —E B
Bip—WED . EIIRRELE—FER, BAWERIRIE A — R
D,

Peg A E R — AR AT RN 20 AR, FHMELRT
—ANBITF . ER—ARERTHCORER. R REM R ER S
, WRAERE R TR, MUREEARER I —AER, &R
AR T RAER,

RLFER, XMEHIRBIR S REHLLER? ZER, MERER
BRMVIGEIE, RETREAS T — AR Ts RO TR,
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A% EBRM—AESRPES

LRI R—AFF, EANEFET - Az & MEAR K E
BERRE—MEAR, BRNEF=2hRIdE, —LREEARIM
e R EE A HlE 5 e T AU R, BRUERSIHNHES
Bk, XERVER ML EE AR — RN, B IRFA RN
BN, EXA—QRCEEENRT . RAILVET THEBER—/b
BB —AAEMEWRTHAINE. TR, BKEFHXFEEERNR
S, BHELEFIH TSRS A RRITEREARE. X/ FEER R T
Reoh T 1R HBE R R E AR S PRI HEA

RIEHEDT HRRH.

HER, BRSIZEELHRRENIXZZAHHIFHERMELIR ., X2
FEIERBIMEE RN RATEERBREIISGEE (FEMSLEIRIGF it
M), FRHEEHsICHAH “Brk” & “dEbBrRk”, FNZRER K&,
X IER KT A BER — LB 22 5 AE 2006 £, ABITRIL, XX A4
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i&é’éiﬁﬂéﬁlhkﬁﬂi

ALGOR[THMS

AR BATFHI O R B RANEZSARTER . B 113 THERRT
HAT175 H IR SRR Y — VR4

FEEBRERKEBT T2 ARIEYE, ¥ 113 TRYE BRI S
PR LT TUE AN SCFRIRATE . 2Rk filE & B WAL T AR
BT, CARFHEMTMTTRIHES, B TH S B/, BRI
ROR IR, X T BRI N RE, RRBEEERLL
B, XARFEMPBHREL 0% EA —ETEHERZ., BEAEE
M, XL RLR GE R TR .

human resource management study,
web based distance education
Magic language learning online mba certificate and
self-directed learning—various law degree online study, on
online an education an graduate an degree. Living it
consulting and computer training courses. So web
development degree for continuing medical education
conference, news indiana online education, none college
degree online service information systems management
program—in computer engineering technology program set
online classes and mba new language learning online
degrees online nursing continuing education credits, dark
distance education graduate hot pc service and support
course.

WA AR RE, IARBRAETHALT AGEL
ENCE S &1 7N
THAE: fFE (Ntoulas) FA, 2006 F,

EEABEBUARRERAGHIAT, MEX—HE: BIRKRRE
B EVRFE TS 1.7 54 M _ERIIZREDE A s E R, X “YIZ”
TIEBEE A “brk” & “Ebrk”. FREBHIRRFERAEX
NS, (BXR—RERA, e KHE#R,

ABATZATHEE B Do KSR, PR R ERZE P BAE

Hof—H AR
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grE EBRH—RERG3]

WHER. EAZEARBanf#ET? HEZEEBMPARLGTF—1 20 ARl
—H, HREHLAA KR TRERE — A, SRR R tER T EE
HEMEE, RE, HREILEINGERESS ARA, BRRTEARNE A F
BHIESR, HmEE XA AR ENTRERE. HRIL—EHX
Fh s AR SRR R IRRTE, ACZE TR RERE —RIZoRBIE 4%
RERERE, MRAROIESEL—FER “dn”, hetkil, £ah
R E bk TUE S EAR U —— T EAUBRREAS 1k A BT IR, HOe R

FIRTUERIER.
HE2 1 1000 Ky
RESH S B

LF 6% BT 6%

HEB BT 500 F93R 7 T
EHRAENES L

HELE A P EE
500 NMAME

AR MBI ARy, ERAFSEEAMETRENRGART,
FH AR FHEY (Ntoulas) FA, 2006 5,

B2, RERSRFNFISBITLUIRES, HERLHHN, WA

13



WAERRMLAE IR
2 ALGORITHMS
B TURT CAANGED T FUTURE

RRBEEM -k, )G, REAET B CREABRER, o KB
MIAR TR 3. AbAR 20 A RIRE YR —HE, fRdd BE (R 2 52 1) D SRR JEE D
), HIAMKERE. E4 L, REEOKRE, KoK Bk ES
. EELSBHGEL, BB EAEAMBREMNE N, BRI RE
REA TR TE S ROBNREFENERBRETE (FERFES T
HIRBIBGE 10 54)

£ N—85, BRIOSHBEMLE. Bt —FEBIRNEA, K
A BANER, il B2 AR b3 IR B b 2 2 105 iRy
=) &

The2 MLk

ME—-ERFHENIEEF R, A4S NENREZIRIEE DR 5 5
BERTHREILR 2R, HRRERATENIEDARRIHEZ—, RlkE
FHEERM2 - BR (Alan Turing) KR, BRDRE—LATRESEK.
TREIFFFRLEER., BRT 1950 £ REZHLZMILTC GHENLE 5EEE)
(Computing Machinery and Intelligence), U \EITHENIETRECHEER N

—AMRRESHEA, LTFETEBTH RN TIORY . RAARAE TR AL
T, #EAT atHmEET.
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#Frs EBIRH—RESRP%ES]

R BT E A T, XERSCT AT —MIHE RV A Z E AL
IRt 58, WA RFTE R “ERMIK” (Turing Test), {HAEX
BRXH—BANEL MR TB, BREE T ERHTREYUEINA N
RIAlREdE, it REBEETILG (TIkxET) WANGFEREB T,

60 45, AMMEmINAGERBERHEM TEIUABRENLIER.
BAIREIE X RERIG, HEIBZRANMER T 2R 3BF KB
—HBtr, Hp—NEERBEEANTHHL M4, (artificial neural networks),
TRIFRA PRI L

R/ 2

AP BRMNEBA THEML, TATE EZH LR EYME R
T AR T R, s Kb caigtg, SMmecinitbirs
MEITTHIE, METiEEE X EERR AR FILEES., Kh—dEk
RS AT ROk B 2 TTHIE S KR TREESN R XM ETiemn
55 (LLEE).

MR XEE S —ME R BR, EEMEZ, —THEITEL “H
A7 (idle), 4 “FK7 (firing), HEREM, MEITIHRA EREM
B HEIFKE, METETEREIINLERMERRE Shkih, #E
JCANAIERE (T FF K WE? iXEUR T HEBWBIME SHEE. E4 L, R
FEEAGSHERERBR, METLREFHI K TN, wHEThs
WE., HIgHRE, MmeTaBREKRARA “Em”, ESmEs
KEFFKR, Z—HBA—FTEEZBW 2L, MEITKb LA RRRA,
s lkhridstE A (excitatory) Foid|EERIA (inhibitory), S4EFHERIA
HISR AN, TomEHER AN SN S8 bR, Bk —A58 2Ry
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ALGORITHMS
FUTURS

WA TR ZR T K,

— ARG P B P2 I

ALHEMaEmeE — A RE /DB NIRRT RIUER, sRmER
fto BMNE—-FHSTHE— T ALHENEHEMBRA, XANEMRAE
RePE 2 i BRI R LR R Y. Z)5, Bl —AHE @)
RERIPH R 25 R AEEE “ R PHBRIAIE”

RMEMBE BB NHETHA 150, XNSHBRAET
WIE{E (threshold), MHEALBETRN, B A-PHEITTHGE B AN,
MRBMALSERTRETRIE, HETHIFK, TNHHOARRNE. TEBR
R T —AFh 2%, ACERHRATZ BB SRR B A48, EEr
i, BE=ANMABEAWL . PRAT LR X S A ARG h B H b b B 8 5t
Ao FARRATHIIREE R H ik H 2 X B RS TTHRFRILEES—
¥, Bh=RARATHEMEHRIMETRERS. ZTMETH=
RN E R . InRAR MR LR R, LB M RAREE
RBESIES, i, mRIAEL R, Bobsich “£=7 BUmA,
KRE-TBRE] BRAERES; RZ, BAKKREEMERR, dtid
HT—ABEDOHIES.

MRBANZEFATR L, XML RERNMET, BIHETH
BEAAE. BEEMZERANMEIT, RAEMITREAZERE AT
K (BRRHEES 2), fiB—THETAERAZ—RERBLEETT X
(BRIREAEA 1), XEERBRETEBELRT Mk, RiEELPEEIR
2t AR AT AR SR A A SR Y
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gxE BBH—AZRDAES]

-
BA
/=1, =0}
HHE threshold=1
WET
i
threshold=2

BEE=. BERTE.

T
D8, s

&=, EREFAHBHRTN,

REFHE: —AMEFLFAEAFLAL, THEAKE: BATHFEPFERE, “F
X” AR A, MAfHEERT, ATAGEY, HAKRERATH, EHEHAELS =,

FETHEGEE, ARTAOAT, B—FREAR:

“$59 7

BRXAIRHFEORE,

17



BRI R

ZALGORITHMS
A THAT CHANGED THE F

UTURE

o —AHERE RA7 AR, FELE, BRAABRRANR, KRMNEFLZILRHNAR
RMENEA, FIB—KABRERERT K%, RiR: %% - K& (Tom Mitchell), (LB
%3 ) (Machine Learning), *#&% —# R digdr (1998 ), R MZBS,

Fix B, RO ZESLEEES 111 TUH TR AR BT gk,
F£RER, YA THERRAR, JRERfHE MK 4L THRIES R,
SFXAAEE ERIAARBN S, REMIEARRBAIREESE. B
BATE T REER N RERMEE, BHRRHENENEEDE,

— A ROK BRI R P2 I £

Ve —/~REd i E F#H 2 S R D R I BLSE RIS Bl -, BATTHAL
BYHRA KRR BES. X—RERE AR — MR PR AR
FRIBRE., BREFTRIAKRAES—: AEANEMGL, FLARLM
&, AENBRELSAN, SAE-EAREKRMASE. LRERTHd—
Lhi+,

ExE, BMNEEFEREPRER, DELLRNMHEMEE S
R, FLb, XEEFPIREMEEHREA 30 G&FE. A, BIMBRBES
E, 2SRRI A T WRER H I AR &R

XA~ AR B P T LAl et 4 2 P 28 SR B A T ofe T B R B ——BI A 2 B
FHARISE, AEXNTARTEMFELAREKMAE. HAEXE, ®BINE
B —ANEASHIRE, UEFEHRRHEMEREME. RN BEIRE
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gxg EBRI—RZRY¥3

FE—HRARATBARHE.

HAER § 3
=] ﬁmm;é\\

N {WJEM

S {:} {:}
< //// '\* xm%
P

—MERAREEEAHERLE.

FEBRTXANMEREALY, XE—KBER, A BRER
W& b i F 2T s . X5k B BB B AV msh & AL IR
Mg, RERESE KM, XM mHMETRTmE— 1, RZ
WA 0, ZEMLEHRR, F=ANEHEBENGABGRBERESH AR RX
EEMMEIT, XMMEREE R ERLD, BRORTUUEIINGAE
@B rh R 2T ER . REHEE B RIAERE, ShEREHHAERSR
HENTREMENWMETHAER. RENERE, RERILESBHEZE
K. ICBEAEHBERIE A 30 GRE, Hik, BMECHRRERE
XEEURIR/DN, BETkE R hEVEE 30 x 30 =900 MRE., MEHFE=EA
FRIRAETE, Wb, XAMERIAREIA 3 x 900 =2 700 4~i&HE,

XA MG R R e IR ? X Eerh 2Ttk ARG RAE
e £, AFZMHARNNELERGEREKRERBNGTER, —1#H
FEMNEE, BERETZISITREFNER ., FLIsT—H, HRIMNE—
KEH, MERRNRGETREFERLMER,

AERRE, RIMMBERSER, ENKXERSITZE, RITERHK
ZAPRIETAR 2 700 AR, FEZREMSX “HET, B4 FTe
X FARR LT HAREZENE R E? ERANFBSATEANGTR
{5 8 Bh5E B

(1
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BCERRO AR L

2ALGORITHMS
& THAT CHANGED THE FUTURI

) R

FmB 2 BRI, BATHA TR REN MK E— A EMRAT
ML, HTRAERBE, BATHFRM=EEREERE.,

HWIEMHE 1. FS MW O ZEHEREE. XK HER,
e 2 B A TS S S R BIAE 0 0 1, AREEEHHEM P AIE, #
B2, FMKRRIESIETLLZ 0.0023 5 0.755, A% LH A4, HEL
FREEBIT . A B R AR — BRI B R AR R RiE A 55
B, Ak, =T 2HNRESRXE]L, mM—1T2BHNRFSKREEFEO,
B St L™ A 0~1 fI1E.,

HRIEHE 2. SANBFLETMBCRINTE, EWEmEh, WMETE
BR REMG BB ARNEL TRAAMEN, A, EXbkd, wE
MEZET BN EENBRERNR, EBNBER-MHFRE, M
FHHRAZEZINE, KPWERE (n51.2) RE TR G HEE
B Y E o X AERERER, K THMETRA TS K. KEIHR
WE (4n-121.8) RE T RIIFMEIHEEE —FS S X ERER,
H T2 TR A WTRERANE ., MER/N (400.03 2~ 0.0074) Fy%ERE
HH T MBS I AMMR/h, (EHRLF, WEHELN “K” K
N AR EMRER S, FHik, RAERMNMBRIGXER T REIER—
EITHEE L, XBEAHMBEFREAAFEEL.) A1 wHEitai
WARSRE, EMAGSEN#LMZE, MBS EENNEM
., K, KINERZWADZER/MUERKR, BikXaEtnnstEss
Al REAR ELHETH

HEEEE 3. BMEMERERL. RETERIME THENREES
7 (e 1) Sk (bano0) b MHFLIRZ O] ZE (B&0Fn1)
RERE. SWASFTETHEREN, MHSEET 0, YA BTNER
THER, WL 1. EA8MASTELRER, S7E— /1 8E0.5
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gxag EBRA—AEZRPES]

wrhiE s, Eedn, Rik— L TBER 6.2, REN 122 FEIATF
REL1BH 0.995 F H, XRFAMAEKR THRIME, HEER 6.1 BA
BILEME, MHEATEETE—A 045 Wt ., IMERENMFEMET L
A, AIEHEKEBMEIT, ERMNPOKMESEMNHS, XEK®RE, WtE
BOIE 1 SBENEE R TR RPREE: mif AR 0, MRS R T AFAR

FHB% .
> 8.1 — 0.99
ﬂ—;% 04* AE S
=)

25 AT oA —ANEERE,

EEER TR & MR T A T T, XA AT
Kok B EAMBREEA: —DUIRGE (BSHRE09), —/ M HhEHRR
%E (FSHRE0.6) M—THARENEE (F5RE04), X=14]
RRMATTERBES B2 10, 0.5F1- 3, X&EF SR EMER
M, BBEXAMEITTHERAESEREA 8L, FHA 81 ERRXTHE
TTHIRIE 2.5, HcbdRFEELT 1.

AL ST — A PR ER
AR O BRI, A TR TR B
L. Bk, BAEE (GOfE, TERAERTLHAER) BLAERE

B, XAEACCAHE Ciast), waTblhf (di:). Bk, Biwg
TCERAA BB RMEVEARIE. AT LU E RN E R SR & R /D
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BEEREM AT
£ALGORITHMS
i THAT CHANGED THE FUTURE

IS, BAZIEAERERETI LTS —#A AT,

FHFAN XL ERFERROMRISAS NEmED, HR, Bl
PAGE B2 I B B X SR B Y, Bt ds, X SeXlEARERE
BEVLIE. (CXBERRMIFIEEREE, HE kA LERRPA P BRX M
B.) 2k, HENLESRBE - NIIgEER, £xXA 614, -5k
BEA R —A AR R AT REVR UK PR AR I . XA A Sl iX AN
ALHE, PAE—ANEOR | ZiEfEE. R, EAXAHARRIGHE
A, BRATMEMERNBEE “BAR” EH, X8AETHBOAZ —TH
%, ILHmHESE TRENBEARME, i, RS TUISHEAEI5H
KPRBE, A2 BAMERE 1. FEi, %A R% b pTE %1 A A SR
—T, LMBELLMZ B EBARE 1 B EERE. RE—-TNGEE
AEEKRIASE, BAZESMEFMHRAGRBEHE— AR, UEILHHE
I BAR1E 0 #3h, fREIZCLMmEX M ERBEMFHTH TIE, ME—4
B AR BIIGEE, S0%IEREERIRBLURANEREE. 2K
BITEMAIGEARE, MERRGEELR ESAFIREKE, mFEAMER
SABR LR R R E A N AT E T

Lhr b, anfa it BRI EANX MR HYESE, EXEE
—BHABERENES. BRMNEENTARZTEMBY (multivariable
calculus), X—MRERFHERFREPER., 20, HENHEE! T
A, HEREXBEMARFE, TRHRZA “TEYLBE TR (stochastic
gradient descent), MiiX REATINGEHEMEZHLZHANTEZ—.

i X e G i A MR A, ERMNEFETRRE: HERERHF
BB MRS S, WRMFIAREMREN K E A%, ERMEEI
GMEA FislEREF. A, FrAXSEREsITEIL B %, mERKE
— /A~ BB R A RO X TR AR S FEHI K

IEBATBREBHE ML TRERAPRERIS, —BZEIRMBRER, M
WMABRBIB P RME TR T A EE, AT MR E, o
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grE BRSPS

RBAGER A G FEREZEEDB — R b (Feang B, KA
ARREE S R e A —KE f, Mﬁ#%ﬁﬁﬁ&%%ﬂﬁ%ﬁi ﬂ
HRMEAAETESER, BhirAREHERR - RuE
Eﬁ%ﬂﬁ%@¢,Eﬂ%%ﬁﬁﬁ%(%@k%ﬁﬁﬁﬁ%)imﬁé
&, mRZIAIHIEER (LA EER) BrahEe, RRKE
B R A R B R &R, B IR RS AR B AR R A L
TFHE— T Bl ERPABEE & & HBL X 0E — /R B A i 58 240 )
PEAR B A —F L b, RILPATLUE EX R AE B AR B & EE
KPR E R . HATTLAARZAKBEEER ‘287, FABIMHEAREE
(AT BLSE A AR FE YRR E R PHBE

KB AL FEO—ANFRAVEAHMARE (GLinBR) .

7% B B ik B AUE H R AR (T A 3 iR sn ok FR B A — e € Fn oz
B, XL A%W%ﬁéﬁﬂ,kiﬁﬁmhuﬂﬁ E N
ZER, BIEGMAENEERN &7 & ‘67 RUHPREHF KA.
KPABERILIRE N TM&EE%%%RE*E@# k.

7o, EREMER> WA S ERENE, B BT, X
HARIZARPABGER R, BAVELA BRI ERAREL. HER
BEHLATIEREDE? X H, |ALEF T ALERMREAN RIS &KL H4Eh
FIMBRERZNRINZ—: BUEREIT AR TREMB R R G 7L
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BEARRNNKREE
ZALGORITHMS
B PRTChoms THe FuTure

k. RIBOVEREDHANR, HIRMEITTZ ELERERGRE, Kk
o EEMSRIAFREENL. Am, SAIEARGERTZIN, XLERRE
IR AT A T ARVEREIT A

KFag MgwsER,
THAR: H4 - £/ (TomMitchell) , (MFBFI) (Machine Learning) , *#&%-
AR eAr (19985F) , A Mz B,

e2Yiip NUERE A

BEARTRAIBUEME A — /R 0 B | ZAMERIERIMLS, RILEFAE
BRIMNEZE LA RERABZAERZ —BE P ARRARBKMHE? EH
Btk AR .t 0.5 Rk BAh “ARPEEE”, KT 0.5 Rkt &SR
WA A KB,

ZIRBATRIREER S, T T —kER. MHKEERLSS
600 7k, FeHf 400 5kE AT ML, SRS FFIRAT 200 5K & A
KT KRR . EXNLRF, KAEMKXRARTHERE 8% EA.
HEZ, ERMAEMENRLERIEFF, HiRAL)85%E A “Hil
MIANRKRPHBE TS XA RSN, KPS ERGES HIERER. LEE
ATy REFR RN IERE . SR ERIRBIE LA
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gxE EBHT—ABRPES

T ERBBRMBESIN, IANMEMEMAGS, LEANEA B IER
rRME R A —RRIEERIRB, EEEAMAERIPAL, A, E
VH-RER (GMEFRZEETE) SAREARFFIFA—TEA
HAEEL, RUIB M T KRB, XZ0 AR HILAT L K B R 7 B
HAMES IR .

LER, THARMZR MK TEX /R LR ERELE T 85%. XEME
REER—RRpME, BEEYRNVEZEBHE,

PR R, BHERIARRK

EzaiiRst, BRIRNLERNWGSRALTERE (Al) B—AKHHE.,
B IRBIAC B & BE R AL RV A SR, anE . M Ailss, AIZCERYEE
FELZTT, BEHREVERRB . ELRIRYLEATIATEILE A
ANTERER RN H PLRARN . 1£ 1956 SR TRk F K E844T
H—k&W E, —/4H 10 ZRERKARR/MARA L EIS T X —488%,
ik AT XANEIEE —RETI R, EXRREEUBRE—KS
AABEHRRARE THREEHEE S —MIZTEXFH, Nt “HE
— A HENEERN BT, XAMENE S R T5 SR RERV R M H
HEAREMARA LA, 2 & — G Rl el "
BEFHIAS G TREAE, HREIED, MBI RHREE
FIREIE “EHE" PSR RBRBBMAERME, hINERFEERESHER
RYL= A FIHBAT A BITRE . BIER R SRR RATER B iR/ %
BABRAESZE, PERKMMAR 73X EMAT A Z B 05 5
i, ANLEREEEREHEENEERHREES, XEERHER
AREE L ARAEANEME . Bk, G2 AEEARERFBEFENE
W AN R REFT R T THRAVE R, TH R 7 2 R B T PR 27 R
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BRI A S
PSRN e

£, MIEER. XFHEEMALERERNS ST CEERR, JHE 1997 £
AR ZEER, IBMAERE T REIEX —FTM T A S ER L - REA
F & (Garry Kasparov),

[EEF, ATLEEERRISE LR EEER A ANNEE R, BTiE
FIRACRIRS HBRERADRIERZECLRME L. PIdERH R
AR P AR I RO T ARVEREE, HESH AR SSE A, L
Netflix FELEAR 5 FF 442 T H RN N EFHEER &, MERLESL
MRILTHE

B, BAHXEEFHINMOCEMRE Lo A TR A Rk
T BBEXARE, fE 1990 £ 5 ERENLEIEREH A MR —k £ 1
FHBHLIRITER SR, M EAREEEN B T RERAHRE . 1990
B, HFRIANERITHAETRGE, REANBE LS EERAR. &
o, #2010 4, HREIEBITXMES LR N4 LR T . HEHL
REIEEX — A A S AN E BRI S, WA BNIERRI RS Lht r
R THEARANES. HEEERRXERGI BANEXRESF BN G L
IR, WAV, B 2010 42, KEHATS NI LHIE % 2 Ak
YL ALRIAT A—F0 20 SR RTHIA GTE B BT L

£ 55 HI & 1 % MR B R MY AR 55 B B AR R LA IL I AE
F—BEME, TEEX U RBERIRAPRHRE X FHATEGRIER
By RefrLR, BIFeNiidEe. 2EHANEL —&KIEMo %
2. RN E— Rtz T RCEPR R S, X BRE L IEFHL
Mg A EeF4e (fat-fingered) SCAKIA, N—HERIEEE R P T
BYisWi NN, TEEIIKRZIRNRERE, UkREmENTEILA
PRt A &—XBRFE LA, Fit, XERHEERBIRIARSER
—LERMAG., AERLBINVABNZEREN “Fe", REMERR
FREEE L XER,
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— EHEE

2 ALGORITHMS

ED THE

EBMRE. MBERZMENE B R KRFAK
MEE, MNMHRTH, FHagabEmbERE
FEAFURARBEORBIRENRE, HEE
NHFTRBIEEG.

—fi - S,
(zm) @

O BCREKRFRAE, —iFEE



BA I3 B4 KIS IR RS . MR E R 2 RARBA -/ R
Frhet, RATCAE—ERR, befVhalegMERAS, BIERIRIIE
HHRESBE/MER, WES TRR. 25, AR b & H KRR,
TRELRERRIE B0, FELAVEMMRGR/NIREEEE (FEaEmL).

A NFEITHIRZ, BAMLA THEXE BMFERERE . HRYLSCH M
FRAEREIR, BEREMESBENIBRR, LI EFESEE. A5, €
M B EHLUR MR E M.

HREMARTEYL LA RBHIREAZIE, T ESE B C RIS
o B, AR, EgExtdak2HANEEENE, (BXFHENRE
BiRg: FXb, HRIWREAFRLEARESE. thin, FE2EEEERMN
REVHBRENE TES, APEERMEX—A; JUPTAEREERELL
FEERHE P B X R B IR T B R EE, B EgR R
i, EELRMFERIEVERN, ROFFHLET 7ES: wREIEAFE
RETE MR MaIE S EAERLE T RSE, BN B CHRRSIBESFIHE.

JEgE UL E B B A S Tz M. mITHY ZIP 43Kz RS
E&E D, BERERITA. RIRE TRetH S K EgEEF IR K
MREAE: & REMI AR, ZHAARMMNERERASRRE .



BERKHIKREE
2 ALGORITHMS
5T chiancEe THE FuTuRE

TS AR TR

R R RN R B RS RS RS, R
B, EAEGREENGIFR, SHEHELE, —MEREHESIES
— A B PE FEA A SERA ARB— /NSy, SRR HESLARIE -2 B — A
BT, ARIT, RS2 S BRI R RO SR A SO R A — e NS o A1)
MISFIHE A IES, BUELLRAIETE T THESIE, #4 TREL Rl
T (BRSSO R A AT AR, W82 R FE4R AR 455 1 SR S PR AR
AREERAMRARAE — FEE—AF, SRR SRR, £
HG R RBIRERIE LA, REM—AEELE . BREHTSIT
RE AT SRR K R, AR — RO TR AR BT R A R A KK S
WEK R,

RN VE LA REERGIFER? IRELA RAETTIROHRT, it
—HRRAE B LR KIR B BB, JHEZRE R B
PiVE? WKL, AK—HEERLM, AREMAABEEET. BTk
Hos R AR, SHRIBRIL, LERABIRRER T8/, BRLESR,
PR — /N IR RISy BB, BBE, S TAE A VBRI 8 A aThef
Wi, fR—A 40 MR, AJF, HiE—RR A RERATMA, 1
PG 40 515 B, BARA MTRIELREH T AR —A 21, e
T 40 35 FFHIME BAHME B DA AMBAZEG? YATE] BA
ARAEIE, (RABE “A—FALW, FNAAETE A3 K
B, RARAEZ 2ZHME, SRE—  EHMEESOEIT! A
PRV TER A RESE 2 B R T BT 40 MM BAZIRTS UL, (B fRAITEA
AR B,

PRt BiHh RS RIS, A ERGR TR, R AR
ZHER AR S RKHEAIR . SR, B—MA_2ROATL, Fit
URAEAEH YO 0, SRR T AR LR, B T P BELAS MDA
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stz RIBES—HEXH

=, XWRAESME, XRFEANEERENGT. FEERSE, HEHLD
HIBE G5 AR I — HRIE TRy . A4 BR R IR + 1 b AH R /Y
oy, Haa FFEFHEXE RO R X 55

RELECOSERE BRI UEESE, o, (RIRA TR —A 548
TR RIET T 7

AAAAAAAAAAAAAAAAAAAAABCBCBCBCBCBCBCBCBCBCAAAA
AADEFDEFDEF

MR E—FBLEANE, BE—-TMRE&MFAETRIFEREANODBRX B
B, fi AL AL AL AL . D, E, F* ARER, REERER
ATRESUL “21 4N A, RJER 104BC, #EFR 6 1A, E/52 3 1DEF”,
Fiban, ERPE KK LD TXBHE, RATEEE “21A, 10BC,
6A. 3DEF”, FEXAGIFH, {REEXAEE 56 A B IR S B8 H 45 B
TRE 6N FRBOFHEHE, IAFEBRN =02 HHENL
FHEF X FEr SIRHE R AT K EHED (run—length encoding), A
EHEEN TR TR KET @ET .,

AERRE, TERRKESDAEEFIFERRNEIERE LEH, B
Ehrrp A s, BRI b ERRES ARRMM. e,
EEYLBLH TR K BRSNS —FMEFRAE X 2 %S (Huffman coding)
IR GERER, BRIMMHEHRIAEREHEY. TERERDHTE
R, BIRHMESR R REHHES —HRDIENR, EXHSRAEAER
ffid . ERTERERIDES ABABABRZA S (HU2 3AB), {HRHF
HIHEXR 48 ABXABYAB @ AT T

FEFHEAMT A FREVEFHTERERD., AEX LR, FH
B, XHSEHRRETEN R, B REAIERIE., SRR
FREBEXER (WEEA, NEEIT), REBBkBEAA (F5R) Uk
MR (RIRXAERER), XILERTERKERDERETAES. H
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&I*ﬂéﬂ‘]hkﬁ&%

ALGORITHMS
UTURS

Bz mi AR IR, RAAERERUNBEEA X A

T2, HEHB%RMNEAB\ T —RFIERAPEIR, XEEmHEH
REABAEAMR (SEREZHEEChEREN), BEMEET O T H
SBRRE, EXE, BRIMASHREDHIRFEIR: FEek (same-
as-earlier trick) FNELF 53 (shorter-symbol trick), R REEXH A
FERR R RE AR B ZIP X, T ZIP SO A4 2R A A W b e 408 SC 1 B A T RY
. Bk, —BRERR TXHERE ER AR SR, R T i
BEWLAEARHS 5 1 1] LR Anfeliz FA R 4ERY

LT whs

BEOX AR VR ELER T IAES , @ RiERIEA DR FEEE

VIGDNQMYLH-KW-VIGDNQMYLH-ADXSGF-OVIJGDNQMYLH-
ADXSGF-VIGDNQMYLH-EW-ADXSGF

XEE SAFREFEELE ONERE—m, T2 THTS, A
EMRAEATUHERERS ML), MEBK—FEHOARLE 63 4~
BHELL, BATAEFRIHED? - HFRXIANBBETKENELR
5. FEKLE, REBHEBITSHIAN B HELEE T —k. Bk, &
X gy Bt , YReTCA@IE X E o ff 2 A& IR IR AT — ™
THEREHR, ERHAATF, REHLZANNN, SEHFEFHIEL
K—hiFre “HEE 27 4-F8, REEHMIE—mIFHETE 8 MFaE,

LEBANRBR X —RBARL PR M, BIFHIT 12 4~FRHER
BEEWg, REAEMERE, RfgkFrZESAR: “V. I, G, D, N,
Q. M, Y, L, H K, W7, {HETRAY 10 4~ F R0 Z AT i — L5 B AH
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gte BiRES—HRXHF

M, PFEIRFTLALE “back 12, copy 107 (¥tHl 12 A4}, #HF%E 10 4~
#), BTE 747325 AN, 8%/ 0Kk “A. D, X, S, G,
F, O, (HZGH 16 ~FRZ N KIVEE I, BIRATLLE “back 17,
copy 167 (¥t 17 A58, #BIE 16 N58), BTRW 10 MR
ZHIMER SRSy, Bk “back 16, copy 107  (%E 16 ~8:, HFE
10 M8E) BRATLAT . BT RMBANFBERER, FEZITARA
“B.W”, Bl 6 NF iR ZAEMESR, FILA#E “back 18, copy 67 (%
|l 18 A~ 8k, ¥E(E 6 A~F6F) (A,

ERMBREE - TEXNEHRE, BRAVHGEBbRE “back”, cfk
# “copy”, Hk—/~4n “back 18, copy 67 (¥zll 18 5, #FIHE 6 A4
F1/) FRE B4 HE B Ab18c6, Fitk b R e 4 Al LA E 45 K -

VIGDNQMYLH-KW-b12¢10-ADXSGF-O-b17¢16-b16c10-EW-b18¢c6

EAFHERRAE 44N TR, RBRFHER 63 /M58, BRITET
19 A8}, BEERGFFHRKER 1/3,

FIRTHER HEE — A A BIIEE ] YR an{e] i FHE B R X 48 FG-
FG-FG-FG-FG-FG-FG-FGiX &{HE? (FZAai—#, MirsARHEH—
sy, REAMWRFIEMEmEM,) HEFHFGH ILESR, EHIENTT
LLBAS R EG 4 4>, RGEH TR P54 . FG-FG-FG-FG-b8c8,
RETEAR TR, HRITTUABMBELY . XFE—AF—RELKRTEE

BARERRRBIIP B4 . “back 2, copy 147 (%E 2 4~EE, #F1%E
14 ), REBAb2cl4, EHEMHEBMBE T FG-b2cl4, ERF 24
FTRWEPSHERT, BAEBEPHE 14 407 8R? Ik b, RER
MEFERHEERTIEESEESR S, RASHEMBE, 1EHA]
— B Sk, EORTEBFBH 2ATRE, RIETFG, RERMN
KeHb2cl4 $54, FRBRNEE 2 4MFBHABPE. BARF 24 +H
(FG), kBN B X 2 M8 S BRHFEMBIRNCAENFEE,
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BERROAREE
HRCORTENE corne

HEREFG-FG, HHAEL T 2478 BEDSXL&, ERBiEm
FOCAMERERHEE L2, RS T FG-FG-FG, FiRi—ik—#E,
XEH 2158, TRERXGEZYE 24078, fRkEHE, EIRPET
BRI TR (TEXNMEFhae 144). EREBEECERTHER Tx—
A, BERESBIXLESHHEBMNMER: Ablc2507,

SERERT 5K

BHfRALA “EEFSER WESEER, ROEERARTUEN
FEHER TR, RZATTRETE, HREVIFAERFfEa, b, cixXk
sk, A ARVEEBUBCE A, AR IRIE — LB E IR AF R, (X
FhfE T BRI 7 2 AR BB A TER R R e A 2. ) tean, i
ALARIRE “a” 27 R3K, “b” m28 3k, “c” 29 3k, Mo+
“abe” BEETLALA “272829" HUFENAMEAETENL S, MfERE LB RSUT
ENFESR B2 Al , XE8r a5 BiEE “abe”,

%136 TTRIRAR A H T — A2 BFIEK, FIH THRENBIFEAER
100 NSRS X IR A AR, IRERE—T, AR
B RMEFEAEEMIALHEIASEER, E5IAEFHERIR
MOAE ARl WEREERX SR, HREIUEAERARERB TR
i, MR, WIFREE, HEIER-TRPBMLRS, XNREHRK
ATHEBRG. AL, XL RIPREHAEE, FEAS R
Rtk A — BB R Se e, B RABE T EALE A st . LA
ERTROBBEERS .

THERXRF SR, ERRNE-FLHLE T FEFZRAZHIIE

O JFiE: EERFRAEE 251K,
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grd BIBES—HRXEH

FHREG “007, HETREMA (“017) BIZ (“267) WIKEFHE, LAiKkMa
(“277) Elz (“527) B/NEF8, HETRERAFS, BE—RPKF
TR EIERIERIAARNFF, Ma (“807) FU (“997),

A2 EHLiZ A (3 X Lo A B RS A7 £ “Meet your fiancé there”
(ZAPIIRRIRIGR ) XADTEVE? MRE 8. REHEFREIER FH
B AR R ERTE—E -

Meet your fiancé there.

133131460051 414744003235274029 820046 3431443166

RS, FFEtzmZER Ry, NABX—SREE, §
B, X&IHE KR ERFEHEA—A 46 MLBAVFFEE TP “13313146005
14147440032352740298200463431443166” , 44k, AEKBIEXNFEHEE
R, AEX BRI ART S %, B TFRERTHERERE L
Zul, HWEILRR S BT ixt. REEEMAS FHFRY EEREF
B, BABNRBEBRAZAR T, FXE, XBEAMH “01” WA

1" REWER. R, B “02” WAk “27, —HBIFHI (“09”
AR “97), aRFANEFILA= “17, B= “27, RELKHE, MABRS
AIREE B EIEIHE. than, JHE “11237 "TUAHRRE “1 1237 (BHiEH
AAW) B “1123” (KBC) & “1123” (AABC), Hi, #HidtHEx—

ZEA. EFUMEFZERELAERLRI, BERBERESE
’l‘%ﬁ’ﬂ‘l*ﬁ?ﬁ%*ﬁ‘ﬂﬁﬁﬁ% BAND BB EE XA a8 E L |

B2 EEHFF S, FIAB PR 2R IZRBE AN B,
AN —BEZHEEA SR, AEEEMEED., EEFsERn
EABEL, mMRIREHEERBERZE LR, 4 EE’""?%‘J@%%’%?EE
B, BB AN&RsnE “USA” R “United States of America” (EF|IZ4
E) RHEE—RMNIANBREMARBEHXABA 34T E‘rfﬂﬁkﬁ’]’rh
i “USA”, MiEHARFRAH 24 N FRA RN ERGIERETE TRE D
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BEERRONRE L

ALGORITHMS
HAT CHANGED THE FUTURE

space 00 T 20 n 40 ( 60 a 80
A 01| U21 | o4l ) 61 | a8l
B 02 | V22 (| p42 | *62 | é 82
C 03 | W23 | qg43 | +63 | &83
D 04 | X24 | r 44 , 64 | 184
E 05 | Y25 | s 45 - 65 i8s
F 06 | Z26 | t46 .66 | 686
G 07 | a27 | u47 | /67 | 087
H 08 | b28 | v 48 : 68 | u 88
I 09 c 29 w 49 ; 69 u 89
J 10 | d30 | x50 | <70 | A90
K 11 e31 | y51 | =71 | A9l
L 12 £32 | z52 | >72 | £E92
M 13 g 33 153 | 273 | E93
N 14 | h 34 " 54 { 74 f o4
0 15 i 35 | #55 | 75 Io9s
P 16| j36 | $56 | 176 | 696
Q 17 | k37 | %57 | -77 | 097
R 18 138 | &58 | @78 | (98
S 19 | m39 | '59 | e79 | U99

HHIAFARE S ORTD,

K. PREniE “The sky is blue in color” (RZ3 ?E%) W4 B XA H)
Bl 24 M FRAK, SRR ME! EAhHLWR?
America” 0 “The sky is blue in color”
K —EIENERRREL S N KEE, MEdHEE— L EERD

“United States of
ZEIAT AKX BXBIET,

miEmdE— MR ERPERE, BRITAILTERENS.

IEERMSRFXANBEEAR E—-TTRBREF X, RINESL5H
B, BdERLEHBMAENSES, RIMBEN DR REKR, 75
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stE BiBES—AHXE

“e” 1 U AREPFEASESE, LRNSIAEEIRDRAEX
P FEE, B, “e7 &31, 17 24— FREAFER TR
T, BRNEFRE—THFR? BRIRIE “e” H8AE, " HINRK.
RAERERG T ERBRMZATEAAIFIDE ) “Meet your fiancé there”
(ZIIIREIARIER ) ML, Hi—ILA T 46 MF. BERNTATLURE
F 40 A%

Meet your fiancé there.

138 8 9 005141474400323527402982009 348 448 66

NERRE, X—HRIEABAGRIE. HEIHAFE R FRE A2
¥, HIEREALER “138890051...448 66”7, WimFn “138890051. . .
44866 —H, RERIAFBMTHA? BHFR S T, Hike 13889,
EEARE 13 5% “M”, 84K “e7, 93k “v7, HtHF 13889 By
MHRZ—REHIRK 13-8-8-9, FEIHIE “Meet”, {H 88 HERERHF T
‘07, BBbEF 13889 WETREYR 4y A 13-88-9, B “Mut”, FL b, FiL
WATLAERE, HA 89 RES—AMATRMWERMSS “07, FEIL 13889
M B —FATREYR 02 13-8-89, KR “Men”, RABIp LS PHX =FhwldE
HIRR R R E B

XR—GRAE! BOMEAERARIREREITE “e” 1“7 pEDit
X, BFET - IRESERNIRLRG. EsiE, HESEH—FEgHR
REIRHh. HIEMFRIMELYRMBR R F 8 HIM, RIMNEAIHER—
M BRE (RER “e” B8 ) W—8sg, &R —ALA8HIF
SKEIBRAC B ARED (ERFFS 87 f1 “¢” %) M—sr. BRRRIXARE
B, BAVLHHE Pt — SRR ERRBER, L8 9 FLAE
BRI TR =BG, BEHAKEL8H 9 L. 139 TIHE
PRBOR T —Fl X — B IR R 5 TE . — b s w23 TRm, 0
BAFULRE: ML 7 FFRH S FER R = RS, fEMLL 8 2 9 FFik
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BERKA KRR

ALGORITHMS
UTuRE

R FE R — R, FEMLEL0, 1, 2, 3, 4, 586 FF KK FHLE
FORTE —RERI R AL SRS, Bk, ISR $oF 13889 HIJ5 i A —Ff
(13-8-8-9, fRFE “Meet”) ——X i T HAb LT IEBRRASRI B FFFF
o A EMEEER T . RAGTH B RIRTRIDANT

Meet your fiancé there.

138 8 9 0051414744003235274029782009 348 448 66

RIS ER T 46 M 8eF, XRAFEAT 41 M F. FEkBF
AENET AR, BURE-FERNELE, TEHNKERSIERY
B, an, ABxE (REXF, BEERKR) ZREE 500 KB—S50 5
FRH IR, EEER TRIRERAIRFERESRE, AB3XF
HIE BRI/ E R 160 KB, AERERN=02—.

BE: RWFERAM?

WA, BIMEMRT R EIAREEL ZIP B 5T EEM
o FTHRAHKESE.

[:4}

ﬁ%_ :
HRILE A R RERERR 2 EER R, ibckhakZHER
BRGSO I, X4 SR B 8 VU it 75 AORHE .

TER.

HRILSRAEREHCE, EHEE HIL mﬁ? tedn, IR
HLUKREBEAEEIES, B2UHEIBMRETRIEIA “e” fn " BH&EE
&ﬂ%ﬁﬁﬁ%oﬁﬁ,H%ﬂéﬂﬁ~%mTﬁ%%%,ﬁﬁﬁiﬂﬁ
KEFHENFS, AERIEFHRERRAENTS,
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#tu BRIEESG—HREY

PBR=.

RN @ B OB A PR P SRR Bk S

LR AR HARFINRBEFFETEZIP X Erh, B NESFE A
REMRRS OFRIE) ZIPXfF. R, TRBKRESXHEESRIRRNET
R, FXE, EREMNZIPIHd, FEXHFHES R T /Ny, SO0
AR TR, RV R S RmB e T A X P, KB LR

space 00 T 20 n 40 ( 60 a 780
A 01 | U21 | o4l | ) 61 a 781
B 02| V22 | p42 | * 62 é 782
C 03 | W23 | q43 | + 63 & 783
D 04 | X24 | r44 | , 64 i 784
E 05| Y25 | s45 | - 65 i 785
F 06 | 226 | t9 | . 66 | 6786
G 07 | a27 | u4az | / 67 o 787
H 08 | b28 | v48 | : 68 | u 788
I 09 | c29 | w49 | ; 69 u 789
J 10| d30 | x50 | <770 | A 790
K 11 | €8 | y51 | =771 | A791
L 12 f32 | z52 | >772 | E 792
M 13 | g 33 153 | 2773 | E 793
N 14 | h34 | "54 | {774 | | 794
0 15 i35 | #55 | 775 | 1 795
P 16 | j36 | $56 | } 776 | O 796
Q 17 | k37 | %57 | -777 | 0797
R 18 138 | &58 | 6778 | U 798
S 19 | m39 59 | @779 | U 799

ERZEFTREGEFD, 5FB6RARIRRULKRET, AANFRAFEHXKDHRE
£27, ROAAZXNBFERTAFTASA TSRS, BXRIXFHHLALKRAKLE,
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SCERRNKE L

ALGOR!THMS
“UTURE

AIES: TRARTE, HLR—EHFEx

FHRCA L, BO—E#ETTIRTHRESE, FOAVREER TR
HEIHER—FFRERPEM, E-NFEHE— TR SERRA K
B, R, ARERERERESREZERRG L. ARESEELLIRE - ES
B ERTA R AR SRR KA, (BIFA E 2RISR
X, tegn, AHESHLSEHATOE RS MBEn st RAERRFE
NIRFFRER—H, EHEHL L BRSO B FEMRYLH AR
P HMERSEHAEE, RHERERGERTEMENE. RERKMEN
Bk —i, ERFERERE LT p SR A CD
fig ek i W SRR A B2

HE b, AREABRESSUE DRmPT NEH, ROTEE LK
W R R EALRE i, BEAERER, &R, SRETEERS
PUESGRIZR, BAELLVUASIE G A RERIERE /DN, BIFARER
WA E AR BRI+, (EEDHEFLERE. @ AR “H
HRH”, MuERIEAN A AT LAE BRI kR JLIL 72 X/ & RE R,
CAR A & 9 BB Fa 1B 5 95 B SRR DRV IR B SO 2 AT 8. R
A REFERCRD AL L Bud R AR, O YR AE e B R R BRY A iR
B, mARERSRERE, REEHILEFEVBRFSIME, Batt
ERRERERARE , X2RAEREEE S Z R REEA S
HIEE LR, X —EAFETARES “HRF” Kel. &T
Xk, BAVHRATILMIEITX—THERER.

HFEE

BHEGE— AR EA SR R B — R, LRI
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gt BiBERG—ABEH

FH—T “WIFF” #oxk (leave-it-out trick) ZnfilfEE O MR EizfH, HiT8%k
ETR—mAB R ET RN EEErmil. BArdkRE/h Gk, X
B/ NRERRA “BFET. BIRERE-MEIG, XMEEaRLURE, WA
PRH, RBSRZAMNERKE. 42, BITEELASTIRIXEHRE,
EABITANT, [HaRrE B RS ailf e, MEERRGRE.

FEHENPFENROBRRFE, 80 TRNGESCHE -/ 8T
&, tban, IERMNBIZEERBEFRBEEABIBA, 100 2B
F. H 100 REEE, OREKEBE, SORRFEFRE, 90 REEZKE
%, REKBERSTEHS, KhE M RERARE R b —LEbH /N HER
VB, HEERITISER 2 B REY “RATEE”. thin, R EIERN
HIFRHT EERL 1 920 x 1 080, XREMHEEGA 1 920 ZFn 1 080 7&K, &
FEBA 1920 L 1 080, hEh&@ M E T1RE] SrFaPLtiE A
FHIARIE, “megapixel” REANFHXRFRRE HRBENEE AT, FHik, —
£ 500 TREFMFIA BB EZITMEBLFINGRE, JURBTESIEEH
Ffa, BEMEAEIE 500 5, YBEEHETEN SR, Bg—4
AR, BMERETHEFRE.

TESRE EFHEARNERRER LEEEBINBITERRLZ. R
A 320240, ik, HAEARBBIRMELK (320 %240 =76 800), FFiFix
5k IR B SO  FEAR RS TE AT 5 A T8 230 KBRYFEfiE =], | KB4J4H
2T 1000 NMXAFH—EA LR —BRETHRFRMER. Bk, £ L5
BIEEASC T, T2 S FNZERZAET 200 Z48 8 FBHHE.

BATAT LA THEEE & BRI AR RS X/~ 3. BRTSERTIE
EMARER ‘WF —fFH—F. RFERREXLE R EXAFTF
H, ZEREBRIT IREITEE/NRE R, XK E 160 x 120 BIHT
MAREESERRF THERR. FHIXEAEBRRFRXEAMES Z— (4
57 KB), XZEAFERFNERRERERFRENNS Z—2—3KA
FEEBRTREREMS S ENERE. HATEERERBUNT —
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BOERREARE IR
ZALGORITHMS
& THAT CHANGED THE FUTuRE

Y———kRARFFH [, —IREEET A
Ry 1/4,
AT LA — R 5438 HHTHY 160 x 120 R KB g MfTEk
BRSIGREMF—TH—5, BB B 5K 80x60 HIFEf, &RERE
TEMATH. XkEFERXEGE/NT 3/4, HREEZFERAA 14 KB,

SR A RLE R ARG

320 x 24012 %
[230KB]

E4%

160 x 12018 &

BEE160 x 120%
[57KB]

[57KB]

80 x 6012 &
[14KB]

MREEB0 X 608 %
[14KB]

ERARARKGERE, LA THRREEBN, ARBRKZE N HRBIR, FRESEHE
A AGEE AN —KE R —RGTAr AL, FARBREAEHE N RESRIEE A R
KPHOREZXRE, EHFTLL, THEFRBAALEA,
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BtE BRES —ARXHE

Y FIRGA IR 6%, X—E45HLERA NG IEEEZ].

HiFiot, RIMNMEERARES, FEAGRRTFE. TERMER, H
BABHf R, ARV EGESHISCHE 2 —RIESIRE AN, BERE
TH o, BAHAP—EGETRFI0MER, TRV HHENX EEER R E
HIBERT 4. BiFRATTREEMRAE THRBBLIHEBREZ
B, EEE—AHBRFIATLL, BEXANGFE, HEHLESE THER
FELHAEBHIRE,

X—RENHR S R ERERAN ., GREZIKIMOLREHERE T R
B, BEERMEY LF-SHEHE, FIRER. ARBTLLEE R
e R B AL EFE X R, B, FIREMER 80 x60 B R
WA, TREETED B BINHIRHR X ISE B — L4 AR BRI, X
SEEN S W AR R4 FE” (compression artifact) ;. AN LR 40TH A
ik, 1A BEGERIIER T SRR T ORAIR b 5T B L FIBTRHE .

RSP FR T RA MRS EABE LRAH, HEX BHRM
By e AR A, RIS “WF ERLAEHA FESE,
BB PSR B AT/ O L, XHEE LEIF2—, 2 IPEG
B EgEg. JPEGRE —FE.OIRITIBEGRESEA, BEMR L EIuE
PfT (F) #WFE—17 (F]) PHRFHERGFRE., (FHEE TEWE, HE
REIBREFA/NS EEAEEL, 8 LG5I IPEG B Rk/A 35 KB, {8 JLEF0
R E Al B I E 25 B 4REE A JPEG #4538, BRI T
iBIR/hA 19 KBRYE, RE B R RIS T8 LA S ans Lk,
{Her Al 8 AR ERARE, HMREHBAFE, IPEGKRABLEAEE
HuthPE . BREHYIPEG EIM 43I RA 12 KB, REEFHREHHIAT
—EHRUR, EETRMEALHREMEE T —84 AR YIRS,

& TPEG iy Fr A BRI AR 1T Kt B R fb, 7EX B AR R, HiX
TR AR EARFE DAL, JPEG BRIk E R XI5 8 x 8 R FER/N
TS, BAGYEEHRMES, BE, EREEHNERT, 81055k
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BASRRE AR L

Z ALGORITHMS
A THAT CHANGED THE FUTURE

RFE 8 x8=64 M F. (RMNRIXXBRKEQBF—mRERFEREF,
MWL EA =FAFENBE, BFELFRN=fF, BEXERMNAEH
DX —HT,) mRBBAGH RE—MBiE, B hsieh— %R
%, MitEHLstEE “WF" 63 MF. MRFHHKE S H—FFIEAR,
RAELVBBFIBEKRA AR (WiF— R RERKERHHER), HELG
ATLAH AR FRET B, LB RGFRIERGEER, HEMERER R

JPEG [19KB]

JPEG [12KB]

BERAABEENS, RHHEEFLGSA LK, LERATT®AZALRIPEGA 44
EHA—KEAGFEBA, REGHNAARAERS, AHZKNHAMTHLRS, RTEHA
ARERMN, ZROAMZEATRIARLEGAAN—F, EHARNIHEEEG—HNRERE
Fo B TR H,
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#+% BIEESG—HRXEH

HE LB, FEEFHEE—KES, REph—LL3x8 ik, A
FRXF B RS, SR T LR ek,

I 8 x 8 M —FBIAEE A S —FEie (ki gEKRE,
FBREREG), 2 64 MEFhIFRESESETIRE 24 —MRRIE
A—ANERKIE, JPEGELEIA X LB, HefH THEREHE.
R 8x 8 HIFF A& Bt ult it €& (constant color) 842
5 (smoothly varying color) fJ4 A, B KERs15 Bk v LARE T,
HERHE MR RIS ERN T,

JPEG#TE B i ERCR RAT, (HX F AN ROCHYE? X 23
Refl A LS X s, m BAEA THRIFEARR . W3 lMAzuR
/M1E B . MP3 N AAC 250547 35 I FE s =l ¥ (3 TN JPEG —FER S 2
FHih. THMEHRI R, BAREASERIMESS, £IPEGH, LIk
FEHRA MR BE . i, FHESH-CRER 5 A E
BRI, FrAlg, AUMEEEXARFR/MIRWERA &
Me), Rl P 20 BR3: REAE AN AR Y R O O BRI BB

A FEHE R Y R BTEXR—— M T ZIP SO B e g8 5 ¥k 2 ———LALZT77
BEATREAPZ R R, X —REMRLLL S H RN £ L RhL
Z - /R (AbrehamLempel) DARAREEA - F7k (JacobZiv) T 1977 423K,

Ait, FEPIEHERERER, ROFEILPZERATH 30 £, 37
ELTHTHE - Bk, AL 1948 S£iETCEIREfE S BIR SR JUR
KRR, BARMSN&ED (FAE) M EEREZ—, |
AR T 1948 SRR FBHIIBSCE R ABR I LE T EE AR,

XHAERSR. Tk, AENESRELR BT E, P&
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L% 3 S:) - 47 3
ZALGORITHMS
i THAT CHANGED THE FUTURE

ok B TTARR, RIVEEAERMAE T UANEES, mE—A 3k
LA, CHELSBORERK, SEEE AP HEMNE AT, XU
LAfE A BIR “five” SRAKE T “57. BRREMUIE, & “fvq” XARAUEEIR
AL S IRBIAIAE, Fik, LERAERIh N AR R R INTTA
(I 3

FEHBETFIFHE: ENANEER BRI, REASHER—
NEGFEHRAERT SR 2 E AR “Gve”, FA—NEEHT SR
R (REHTRREMS “57), FAFRETAMLERE, £R%5H,
BRI AR QXTI WK, FHESERABRICETA,
LU R 2 53 — P B T A . Bk, WRESm—&EL, Fa
B RN — L2 SRR %

FitEER, T 1948 £ R MM BEER R T IS ST 25,
BaE 3B REERE R R, BREE TSR B Ak - %
(Robert Fano) AZIZERIM & B TiXx—HA, X—HEAELER—kE
40 (Shannon-Fano coding) frf, Tk b, B HIGHILRE LK
A SR B, BRATEA ST T EAABE%. RITR
Pt i, BRLERDRR B —AEERR, Bx— e
B, HIRER TAR, BhZIP SCHHRA T A 2 —.

FRFEEEEINE, REMINT7 RS X Rk, BHF 28
SFROELY: . BARGEEEARIEN T 28 BAFNESEAGAE, BTk
SR ENH k. R, HEEREETEE— 115 BRI HF A R
B, iSRRG R A IR R I S AT —. AR
BHOR, SO — (R E MR Tx— I, B3 T —FMeaEA e mnE
BAETTREEAEM S k., XAZERERTD - BXRES, lBA—BE
LT % B Gk fr 2 —— MR B BRI B — A BT, BRBHEN
R —FERVES R, B AT EEMEREE RS,
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B

—IBR—ETERYIETE
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FATHAT CHANGED TH

CREE BOR BUB T MARSUREE. ORF
BEEARS.”
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e RBIMEEL) Z GRLERED (The Adventure of the

Copper Beeches)



BERAT MR —/AN AMRE L& - HERHENHRGR (IR,
£ LS FT—2&5F, Fimk— A HEmNEs. e, MR
B DER—IRACHT T Ok, HoAER, BRAS KR (M) MEFEHIER.,
e, XANEEHRERNE, ESEERSL, BEHBA-AKETH.

XREAEMEMKERIA—RIEKE . BRKE, FHRKLE—F
AEEHATHINER, HE 21 a2 20, LMK RN FIELRITRE
ARk, xR EEEALL, 2Tk T40KeI 7T k32 0.
PR AR

R ALLX — B A RRE? R EARMEREOLRMPERE, BA
HEM, EMERNELBRERATIE. 5—BRBERRAPIME, X
—RBMELAFENREFES. &EAPME, LEWSERERAEET
B EZ2mtfTER. ~d, EEAXEEOLEFES —MEXEREN
B BIEE, EHEAZEEIAPAABERBIBR RN/, HE
A LR LR BER S BRI B R AR . HHRMLB KA A
20 22 70 £ RBIF AT R BAR AR A .

Vg Bt 22 BALE AR A EE R . e . iR
AR LI B R, XEREATRT LR PEAT LM



SRR AT

ALGOR!THMS
FUTURE

RBA—FHME R TR HTE S, WA UfEm A S TR LA A H Bk
FERIE L TREFRIE R, MiEAKEEE SIS ENEHENiIR. E£&
BITEE A — MR EE g EmAE (BEARS & 2% P BARR M
HARBA—F) ML PR R AT, ABCREBMBTHE, &
& L% IR BIERBATHIB T,

AREF, BAVE T REIEET G =FMEmMMEMESE. 5 H &
3¢ (write-ahead logging) . PAMTEX#E3E  (two-phase commit) F13& % £ #E
FE (relational database), ﬁ%@ﬁﬁﬁ%ﬁ%ﬁiiﬁﬁémﬁﬁﬁﬁ
RGBT E A, FRTE—FF, ROFSRATETERERTE
%&MWL,mw~ﬁ¢%ﬁ§ﬁ%ﬂ&°msHEE%MEM%“#
EHRIEIR” (to-do list trick) , WAV E LMK, 2/, B
SEEBEFHH BRI, AR AEBRRN “T&RREIR” (prepare-
thencommit trick) #§if, H&f5, BMSEL THER “BHRILIK” (virtual
table trick) AR, —BIXREAEERIHA,

{HAES ST IX SeBR 2 A, LERRM e IR THEREOE AR is Rk, BIA%K
WERMT 2, FLE, PEEESAMET BV CERF , “database” (%
) XA RIEHRRBREAREY, HRATREE T -8/,
ESE N, B REHERARE, BIRER T R itE e
HIR BRI, SIWEPHEER —TEXES.

EEMXEN G BREM A, WEBITERRE -MEEMILE
BT

FE3S Y, w265 DA RMA, #E 3T Y, Hidd 3l
¥, B HERe RN,

L&‘tnzFacebookiihdyspace$§it5cﬁlJﬁ EE AN SR RE xR
BRELH, i, XEHZTHEERIASMEETLELABFHERE. TH
mﬁmﬁﬁmm%%%ﬁz
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#AE BiBFE—8R-BENES

&F i BE

Z e 35 %

BE 37 HEE, Had

o 26 ZE, e, Sl
Frid 31 FRE, 4

HENBERRX AR (table), RMBE—ITEHOLS R H
& (FEXAFFEBE—AN) BHXROFELE. RNE-EREE—E
FRIER, — N ARERSLT . BORPEEW BIFLRAK, HAH
AW, BAIBFHEFRASFER-IK.

AR, LA EYRMG TR D IREE, EH BB rhRSS
LRI B AT . (BB BN ERERLETEH 25 %

BRMN#EABBEEMFINREBEN - H RSB — K
(consistency) , AT 1RBLh & LB, BB Mol Fik T —8cf:, miHAX
LR E BRFRIIEME., AR EREE, 8" B ETE
BHAREHETE, wRBAREDAFEZLL, RATARE T B FEHE 5
BAEEERI Y . A —F. A, —FHEA BRI AE? BR xR
HIRTPRATIE A L -

2F 3 Bx

B 35 HEr, #H
L 37 HEr, ol

REERBLREAED? NE—1TF, PREMBRHFEZNNA. HAFEZ
frkE, BEIERARCAZEBAAR. XER THANEA S, RF
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MEEARR AT E
£ALGORITHMS
i THAT CHANGED THE FUTURE

B ANERRR, ARERRBMLAMA. ARAKIN, XA —BRIBIT
YR, BRAERGF, R “BHE7 &R AT,
MLBERZRAFBE THE, EBXHCE TIHE—XMEREFLER
#hBE.

Kbr b, MFREMARIEER, XA —SIRESE#EL. TR
EEHEKEENF, FHIEgR R “nRAMBE 71§, L BLH
WFNA LR NS RES . anRAE N ERA — SRS RX FANRIHT
1, MNSWE—FHIRHE, WABRRN. ik, E&EERUIFER
EHR— B A TFRAL LI,

(EHAFRIA —BREE NIRRT, BAVEE T o0
FEAHP—FA—BE 0.

H% (Transaction) &G FIRERFHRFEHFHHREEMNEE, HEH
fRengfta, DREMAHABE, RNFEBEZHRITEILNHEA
HEL, ROTFEEREBREAFL: HEILBTFSRT—43— BT
Wi, EAEERAE EECENARE., RARBRETEICHRETRIE
BEBIRE. BNEMEME _ANFERAKAATS, HARKHEE.
BERMANFEFUTEIAEEE K AREALERE—F#4F L7E 500
NEFEA. (MERRIFEARAREZRLE, Tix BIHALEARKX K/
<sector size>, AH — TR FRILAFR 512 ~F1RIEE. MIAFERIHEZE
BE B LR TUK/ <page size>, (AfFEIREFET LA ANMFTRER.)
EAHENA P, BITAKREERE —EI&& LFHERN B /NS BRG],
FABRRIRZEBPREPITRT L KX 500 S FHH S ABRE, {HRA
WA RR AR B H A N E B,
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#NE BIBE—BR BN iER

RARMBEERHARR? BFEET - MEEERZNER: —#XK
B, HREVAEAMHESRAEEHF —TEBERE. FENZE, LRI
EH/ DR ARG HRR R A — K. LEENRABEAETH 200 4A~FFF,
FBEX IR, HREVLAIZRE - REHHEIT. HBFHERGR, X TEM
—AR/DEENBIRENS, EXRTIRFEERR LRI HRE.

FETRTXERRGE, RIMTMEMERBE.CT . F2XEIEERL
HENTEERERAMTRIESL., RIMAECLME, EEMTAREEDT
—IRHEA R VESEEL, DBIREEH & IFBONKRECE LRV BE, Bt
FAURTREAEILAI [A] At . an R U SRALAE X AR AT TR T £ 32 ' 2 R 1A 8% 88
25 HRNKER, [HBEREHEZATTHBTRIERE, ARk S0 %
EoMRET, T2, BARERRLETA—8RE!

FEXMELT, RBEHNA—BRERLRLFXMLAERL, B
b, FATEREE PG RFFEX —Rim EERIERE, LRI —AE
BRI 4R

BF .3
Z i

HE

s 7

XAEE R, A NETREIREFIH T =M A, BERES
RN B RN A, RMEE B R KX 4 AE i Ef, E
IPREGERY, X—EFRE RN E SR ATPAT i R A A Zaritie
B9, XBESERFK LI AR, RZRRINIER THE 17, EX
KREFG, EHEVAEIESITE R REERS 75, SUEEY
BT
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B&Iiﬁﬂéﬂ’]hkﬁﬂ%

ALGOR!THMS
FUTUR;

BF k.
£ T

HE x

e ¥

BEHEAL, BR—UIRS. BE, BORERFAFERE 17, £
FRTRT . BFE. MR FEYAER ERF A YL &0X A M2 Bk B 15
TWe? MAtEHBILERE, EFKMER TNTHEEH. LEES
BRATH —5R B —FE . FrambAEE R 7HA, HEE A S EEEh Y
Ko EtALEAFHPIA B,

BROLRENT, BAREREREE T8, HEBHE, —8HE
BHRMAELBANKE, R, HEAETHHTHICFMIEANBARAL,
FERB LR BENEE AL, XENEED? RIIAZEEZRE—
TEREAMBIEEN AL TR, SEEXHEATFEZLEIBIEEN, &=
Kk, BXFENTHEBSSAE, HHAT S TREC BRI E
. PREZEAREEENEXFENGT, —ERIERGERBEERF, £
TR M RGNS B

EFEFEA—BHIFEEEF LGS At TRAIERER, £8R
Ik P R B R R B, TR S — R R R

B BFR [ IaF-S5it] WARE

Flad

o
gLt

$ 800
L
K%

$300

B
3

wt
gl

$ 150

5+ Lo 2 sfe M Y S 2K % 200 SESTEIMBAI TR kIR 7. b0 T
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#AE BIBE—BR—BHMiER

BT —F, XTEREFHNT, SESMHBIPRBMIERERE, B
HEY S ERBE WA F] 600 ETT, HRBAIFRRBSHEME] 500 5T,
T ARRBA VX PR AR A s, BOR R AR S XAE

192K PR B R
FLid XE $ 600
Flod Fk $ 300
)i4-¥ 4 *E $ 150

BRIER, ML PSSR U TEREET, FLBATRAIK
P14t 1100 %57, {HBLZERR FUE 900 355 T, MMATGEE, 16 200
ETRIX L RAE T Wi LERAEDEMIMEIX—E 0, PSR
BG4 AR —, EXE, RITBE T —FE DR Bk ¥
B 5 TR S R — 3L

XAREE, BIEAEMBHEGTIE, E8— RS T
B, RATRAES MBI A SR —8: AMBRAMA, HBHRH
FIA B IIA ., R —hE R A B BOR AR AL SIS (R (il
R RE AR RER, AR R A E TR LA IR RIS,
B AR — BB B, ATFAE R e AL R 2 24 VR IR 2
B, Bax—RAZLAE, BAMNMEXEK P HABRBRALESD,
B R 2 AR R, Aok, AR TR W A2 B Btk
B, BREEMEET BT H, B EABLAX—ERA%: (1) LG
AT, fLIEE 1 100 358, (2) FEAIBUR, #F 900 358; (3) ETFHL
A, RO, X AR R BAR 8, BRSO R
ot e A e AL 2 B e

h 34k T FR R — B, BOEERIRARITRM T “HE” WM
A A R AR B P B R R — B, RS BERIRIE LR — A
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BERRMAKEIE
ZALGORITHMS
Z THAT CHANGED THE FUTURE

ik, MR —KBEHRAPITT —SEk, BLBEERGRTRES—
., X—MBEMEE, HEXAER. ZWERFRFTLARH M “begin
transaction” (FFREFST) XHHIESL, AREXTEIEEMH K& G A&
Hk, FLL “end transaction” (£ 1-ZFFS5) A TR, BIEERRIERF
A E SRS e, BMEBITHIEENT BV ERS PERRRHER.

PRI B, BABEMIZEIRE S —M TR fERIF
HEfE, HIEEM TR B E S I AR AR A, (HAnR B T FE N,
BFRAESWE —KELSRK, LHAEFRKKES, LAB&EREMHBE.
BAF A BB e X MR REYE, 7E36T “BIR” FSH (rolling back
transaction) ¥4 ifEl, ETHE, RBETAEFFRETHERRBIE,
BB SRR — B

Wt H AR R E, ROMOPEE L EEX T AR TR, R,
RRIRTEB TR AR TR IE RS LR KA, *hX—[aIEUA B
B2, B, XEAEK R MATEEZ. SREM TR SERITEN
ZibB e MR R IEI R, FTREE - EREN e, AN, HAbmE
HEELL R IRIE R G i, FRRR R IIRTR,. Hook, BIEXSEIZ 50 oAk 0 &
He, —SEriR M ANREAR S RIS : ST, REGA R SRR E X
PRefRVA L, XA LN REARZEMBIL FidF P A BRI,

FEARRRR S RE ST OFE—2£F5, PITHERNRE, R
JE#%1EESE) WRRLIFKEELF, FRkE. BXE, T-Hofminy
“BHEIMFIR" A E Y, CHEERCEES,

R EIFIRAT K

HARAE NERFHA K. BEAERMEGHHIHFE, RINEBILLIE
WHABEPANERARR DRSS Z —: FHEHRFIR. WIFRIFAERGIE
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#£/A\E BIRFE——8R—EthiER

FiF, [BRERREHA A, mRRE—KTH 10 THLS TR, e
B R B AR R AR R AR R, MR TIER
AR Zls0 CRGIZE “Bit” 2 ) W, —IKFEhEGFIERSITHLA M.
RIRAFAMEIE TR TES, B REFHHIFERBAELLIRIE.

B B 55 B T — P BRI D B ISIF R e . X R A TIRZ
h “ReBEIAIRT ALRAERE, RETEIFEFKA HE R EERT
X ARERFE, fFHFRFIRNEARBSELE, B — B8 ETHRIRR
EERE. BEAEEMESE M — A AEENRY, X, AE
hEE BBEER A T RBTIE R, £—WFSNEMBIESBBITE, €
IR RAE R B, REHRFEMEEE, MRFSRINTER, BT
REMiER A & rp B BIFIER, R =R, sk, LERERATEL
MRS R AT, BE, TEREMMBIEERSD, RIERE
B T AKRE SRR RIFR

WMEAE

L. FFasEERES
M P ZFR . J2F il K ARE

2. LBy Ek A
Flal ) $ 800 I 800 EITEE 2 600

Eyw
FLok Tk $ 300

3CBFLEMESK PR
KED = $ 150 HA 300 558538 500

ESH

4. & KRS

TERR H SRR 7 MR A R (anigdt) bJE, BT
AT RN
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REARRGKRHE

ZALGORITHMS
i THAT CHANGED THE FUTURE

BMER®

(BBl cLis 5
T R LYk ) W PR

2. FfLat RSO TEIK A%
ciRt] ¥E $ 600 HA 800 32T 600

E7T
it T §500

3. F LB A e P
a ¥ XE $150 WU 300 T4 500

ey

4 2RI S

RIFEECRAFZEE, HETBMAEMMERT .

EXAMIFRES . [RATHAYLESR S PRI AR TY8? FiniG
—HE, LEBAVBIR AR A TEFLR A PR 2 e, &k
Bim 2 E . WEVER, REEERREEAPRIMTEER:

MEARE

1. FHEAEERES
WP EZER L. 3=F il T PRE

2. BFLE X Ek 4
Lk = $ 600 M 800 3ETAE % 600

e
FLad Fexy $ 300

3 FLMM AR P A
KEe FE $150 HUM 300 25535 % 500

eV

4. 2 MR 5
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FAZE Bl 8RB iR

W, HEREVLBES Y, 8 ChirRE-HESHhEmtt, KA
HEPEE—LER. HAEPRFIL THEHRU-ES, Hl1ELREAED
LeiE ) DR RIE R AT, MEEDREHFTERIE? X—RIBHEE
SRR, XRAAEE] FJELE, B8 S+ ARNE—TEAHER
HIRCR, A% BERRT K, BRERELIK.

R X — R PRI AR AL A “idempotent” (FF%), HL—A&HREL
RS, BERRSREELmRFE, thin, FFHE I “tLiEp
S P AR 800 BT 600 L7, AEHLERIEIK FREAE X
AR 600 KT, WAMBE—HE. KL, wRBAEE B RdR%R
8, EHEPRIX—I, KIEREROHHITES), ARELES)
e AR AR TR AT e AT

Bk, EMBBHRE)S, BEERTREFRTERSBHFSHAE
GEDENR], W HACBEA R R FFWRAS , EAALL “LILFES” LR
M H EIE B SR RB 8, IRER PR T F S5 RFFMEATRIR . &
e SR S 438 % (replicated database) HYDHEFHEFE] “BlIK” —
REFHIRIE,

ARV 7

BIREF DA BI—Fg B NERERFPRLRE, B 2HS5
#WEFEFE (atomic), REWELZKNFLERTLAE [ afHFEIR T,
“atomic” WFEERAMME, BHRE “AWoHE". JHHBEIRERE K
TE B, WMHENEFEE. Bit, —ZRASHES RREs BE/
BiE. BAREBRSEIMTHR, EoBIELTRREGERE, BmEFS
MARFFIE— o
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BEERKR I ARRE
£ALGORITHMS
¥ THAT CHANGED THE FUTURE

I FEMFIRIERE TRNETEES, RERXRIET -8k, X
RBATHMBGF——— R BITRIE . e T RBEEE—F
F—/R@EE. Ad, BIERBFI—P, —BEHFAREZBH
R BE R AT fE . HRNIRATR R X IRBIMIBIESL A (locking technique)
LA, e EIIIRIERALT AT E RN E R i #TRE PR £ —
Bk, XS ERE, HAFLZHEEEERNGRRS . mAGhE
T FRAE R IR T — Fpii B v SR AF 5%, Boh EREBIEA—Sc.
Feilit, FebEIFIRARHER T RIEHIR, HHFRMREEER. T—
A B PEHE AR ——TRA R 2 HE R —— K5 A 8 1l BEL b A AT H50 808 25 2R Y L i
HEXHED.

T S BRI P a5 HE AR

FA WSRO BIR LR R R 4REE, £ PRBATEHERIAA T
FIRZAEAR” WHL, BTHX—ERNEHL, RMNFZRBERN S5HE
FERXRMEL: 5o, BNSEES, W2 R —BIEENZHHE N
B ES R A Hk, ARMEEIREFS LAPBGE, XA “H|
W OB I —kES . ERATERZIER AT, BRI T
XA

H IR
ST 5 B A BT IEAE AT RO S5, £ IR Ak SOV S o
FE DR RIS AT PR T . BRI B DT T R o i (R AP O B

. BRanit BV AATIE, Ko G BiRmEL TR? X HAE
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BAE BUBE—8R SR

HHEAILAAZREEBEZ— R RROER RN (BdhER T4
SR ERGIRIR) FImif e, XA RE S B BB RN AR
LHAFIEERE A VB, SREJFRBRRE. RUAR, FhBEIRFIRE
ARAE HBLX B DU AN RERS B RA T,

MRifn, E—LEE P RASREH IR E K. REBITER T IRAIIK
FUBEE, PREARBERRIS], HRAT T RE S il F™ B AU A AN 55 2841 . X AhidE
RTIEHR B A, RMBESITR TRITRREXR TRSMY. W,
A AT M S ERRI A R (5 VUFAE bt BRI Bl ) #FARHEA
PR EFIMERIHRE R ERNER . HEFRT LA R ESRE+
DE, BREATFLAF (Frplemar) Wik, XSed r BERERE
R, BT A REAE A X Fh R B R AVIB IR T REFIRRIBIR & 2087

BRI L) IZ 6 AR 5 %8, RA PG R LA ERIBHE e I,
Tty B B DUER AR D S il (replica) , FvA ¥ DU SE & 1Bk 24 & il
Bl & (replicated database) , @ %, EHlMAEMME B (BT
FRE SRR SR L E), FBRIER A —f RIS B AR
#, H—EHRMLEE,

Bl 20 B — AU R & B X 2 fR7E 2001 £ 9 A 11 H Mgy
FREALHMTHONFEFIEARZFPNELH ., BEIHEILLA LA
FEEFPENFE S, AR Es T AR Loy PRI E R E, Kb
O fr FREMR SR T ISR ¥ MEARZ T4 ST R % . A
2, BRAR AR ENFERERA — AR, EXHHIERT! X
fr% P AR MMSMERE G PR EBAR RS, A RUEFFRILS.

B, EHlBIREM “&h” —HERNEILBSAERANE., &6
RHEANFER ZN — BRI R E—t T Fah&ty, REERETED
BFRHEST, W A& 6@ E S RASERNEAN M %I Rgedttr
thig, B RER2 Jbh, 52, &R 3. — A EEE
BB AL(TIRTEEBSME W ARERI E 2 I,
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BCER R AKX

ALGORITHMS -

ik, RIBEL, FWIFA—EEBF: MRE—KED ZEHMIE—L%
W, XEBEAKWREEED . MK, SHIEEERR R 5dE
WA E IR L. Sk EhE—mmptn LB s e, g &
ALY ORY VAL it I

R, FHISHEALIEERRET . BERBFERER. B
AT B—HMAREMA—E, R —AEHld R8RS — N EHl&
W, XBBRATZE 2T XM EHI R —B, RS AT REHEWR
A-E R EFR SR . I T EIRES S, AT ER e
XAl

[R5

BREEENNE, LERMNZRARL-TESAERM L. BESEHYK
WEN—RIVEE, XA EAFLEHITUMRIEEIE E R, 2
AT ESRITHET, ROEBRERS TR, ELIREEFS TS
Hh AT

HEERIER, ARHERE T —SEEARTRESE R —TF 5. than, Hhir
HE W R IVBIE R MR ERIE, Wit EES MR T
A, X—FOAEEER, HAREE,

H—AEFERHIRGETHF SRR RIS A& A48E (locking) fY
BaREMESA R, E—NRICHEERESD, @ SFMHTEHES, (A
£—T, BMBITBRALTE LA EEK, HSREGLEBRL—X
FHESRTRAERVEERIEATLHRN.) E—REFEITH, KIEERN
—EiRar S REE, XRREE., thin, mREFARILFEY LE-APH
ERFNRFEL A A RIS, T FEREHS B ABIREP MR THE, XSEK
KAMERIER . Bk, FE5AMR “BiE” LEHaERrEosKiEE.
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gAE BiRFE—aR—Bdias

XERE LRI PARLE T, HMeBSTREEE. ERESEBARESD,
HEREPERTREY], HBIEK.

BF fFik BTH

Bm 21 mb@abc.edu

L]
: - .
RET 47 pedro@xyz.org

>

BF it BTERH

BFE EH BT

B

A

%4 (deadlock) : %A F HFAFBRRE XM T A —F
R, AMARRAT,

{2 @A R—u, €ids

MR, —KRGEE —HFSUEBARENENHS . —BiZHHS
BINSER, e “RRET ZaitEBUERI A SR, 25, HbFESEiEE
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WERRNKE L
ZALGORITHMS
™ THAL CHANGED THE SUTURE

S Z R R EE B .

E—F, RUPE-ATRENRRSTR, HXE5FB— MR
WL, HRYBEFRIRZ B, Edn EEFR, IERMNRIZATEES A
B ETT, E EETER, SBIREPRATRE. 25,
EAn EERPERTR, AR T B EmERMNI—1T, BOME TAS KIE
PREEBIB—1T, LEAN, ARAFEBEREP LT, BRITE
EPEE WA ERT X — SR L ERETR . R, ADEFRZEM
ERESHAENIT, (H—KAREE —RFSUEERT, EBELKYET
BEZFRAERAT! Nt ATREETBE R feYE. (BB AL EIm
FREERUATIRN A RESE 3R, s MR 7ERIAT B AT X i A BE . Rk BHRESE
AZERAGEBE. AFIBEASEH, BABMFHFEBHER D —HHES
AREBEAT. EMNSKEER T, ZBHSKEAZTE.

HRILBHE R LS MBOhE 788, 2 8ds Ei& e iafT
MFEAV R AR . S RIL—ASEBIRT, Horh—TZE BRI E S5 SBUH,
LAMELL S — T 55 7. (HIEER, BRAES S T8 h R R B 22 A
g —E, XERAABHK “BRT CeFo RN ESIEE D,
EBRNEADME T HHSESFEERRNVER ., 2ETFLHEMER, H380
FEWEBERA . BERIET, FHFLEE A HEEIR R A E K

ElRBEE X 7 BT RIERMHIFLEE R LI MEHELHEE
RBHIBIME R, AL BB EREE. (X5 ZariR T g,
BNERTHE A - HENELS LB LEL, LMEERTERPIT
BafE,) XELERAPIRAE DA, FXE, ERMFRAIERGFr, B
B EREFHPITHE B M. R “RHFLaR SRR P RN 800 SErA
73600 £IL” XFEMINRER S W — RBERILAN I ER KRB
600 £ 800 KIT, BZ: R—MFFFERE, BIRERFAE
BB RE (FanfehFEWFIR) HRERIE, BFHFESPREIRE,
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BAE BiIBFE—8R—BMNHER

PAEHRIHE IR

BAE, hIRNEZEHIEGEE T EESE SRS, X EryRE
& K —mrEHSTRESER T R BRI, o H R EE
XARRIIRLE . tegn, fRiRHF—HERIRFERS TR, mEbEH &
EEEEACIE PN

—AERPREXBEXRERHY . RXBI=AMEABE—BEE—
BRI LB, AT LEBIFEARR, LEHRATHEREEE R 20 H4g 80
FR, IRHERA BT, FHivezirfEd iFdAs, fRaEsd
7 TEFIH T —FeTRERI S BE — IR RZRIRT R, XN R 2
EAR, BRIRATELX AR A T REE A R IR . RIERERET AT
F8 /. T—FHMRITRESEP LNk, WEGRBER ZTF 8 K
REAZ., MRFAZ, REU “KEFT, ALIETR, HEFTHITEEH
N RIEREHTRIES T— WL, BHERNE., &fE, MMTHRIESE =
AR e — A, RHHRIRIEE, mRTE AEAER i L8 5f
=, VREtREMtHBAR e, BN —3:, HHTRIER A, 1Lk,

XA EEAER . Ban— A AR e b 8 MRy ARRERYIE,
RRE “ERT B2 THRELE, EFFKR. ALY, RTREH
HUBS B A, JFrBE i —AFtiEl, (Boh TiLEHR A TRER R, 1’
RIRITHRIBR BN “THER, A28 L8 iAAE, EIRIMH
B EmE e, REVRBITRIESFRHNE", —BEHcEX4FEE, K]
AEEEFT AR

PR, AR HER M ATRO NS T A BB R R B, B
B, RIEH T BHIFIRHE, BHEEA S 2 ARBE. —BRERIRIGEN
BN, PRAGEE & 2 B HuBaE A WIFRtAl, EEMAARmE, FHik, iR
R U BRERAMAITRIERERHIN, R, mR—IHEL PEAGE
BAT, B MrBREBEES A NTRIERIE. RIS RKIT Z8RA R
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BOERRO IR E
ZALGORITHMS
 THAT CHANGED THE SUTURE

BRI MR ZA “MERRER". BBy “mMa”
MrBt, BTTBRELL R” BB, B4R HWHT R, RRTEY
RV THA AN

ABHR, X—RILPENTRIEEMENEE., RERIMTPERER
WE, WAARMMNKES TRZHTREME T — A HERARE: ik
WS/ e 8 nii s, EIMMEBIBASBENERE S IE,
HER ERAABHR BRERRE “BiE” By, THediHMES “HEi”. than,
IR HABAITRIELRMIR, B AE AR — @ IEFE @i Z M,
RIES M 8 RME—HBEERFEVE? IRMARIZEUL, “XMAk, Hik
AREFEABA I AR B . EBHPLEER, BARSTRHARERT
ERRXGEIRTE.”

BAE, LRMEN— THARIER MM AEL TSR ED&ER, T
Blgrs Tix— 8k, —fkil, KPh -1 E6athFRESH “EE7
(master), EMPIRY, RRE=/TEHHBA, BFC, AREE. Rk
BE EFREPAT AR PEA —THEIENFES . BEMBAASE
FIFth, HTRABFEBEALBMBE AL, F, ABHEELSBM
C. BRICHWHISHES BRIREN, HERSHBEAFBHE. RFEBHC
[ AR BIR & EMTR BRI T X—F ., BTREHBRALR, R
A, BERCHE—HFFBE T —AHE (LLakeREE = A SoRRESIE
x), TEARMEESFSLAER, HFEMAAFEHGX—A—FRLE
168 WAYE ., HaRHAZHMMEMEN BIRERY, AGREHEZH
s R IEHEBHRINES, EHlRETRETRES (F 167 WEFR).,

B HATA L, JAOTMEG NP EWREEEER. fRHFHIER
ERMME R R, EMNRHEMNEFL2H? S5 XMMER, R
Fr— AR AR Stk —— PR M R F S E S B & hIEIR .
X REERIR A BT _E R rE FIREtEEURS , BEAR EASHIAA &K
BEIRER. DL, BRITEREABIRENIE.G: SaRamibg, Eigwm
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2AE BiBFE—8R—-BMMGERE

s
" 4
Sl

S x  ne
3
* H&
AR (7 AN # SR ,iiif
- s SRS
I ] ® A&
e ;‘lll‘- 5 E:E
. o f:
:uh
D ﬁiﬂﬂﬁ
- #lﬁ
* H &
KA i i #i
M |55

Hm
2 3
m
Ht‘*
H

* H &
&
= HE - z
bk & H '-‘-'-'A-’.‘;%; S
E H &
R EiR &
* :

MERIER: ZEAHNSABRAFIAANLF S (BFC) AT HRm— LKk, AR
ENB, TEAHGREREHAAMNSRRIAF S, —ZHAFHRELY, TFLH XL
FRAT L) o iR X R,
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SRR ARR L
EROSORIENG rurome

P
m
&

o
o
A
&y #
N 2
L l —
T 7
R, s
5 "
o -
H &

SR
BN
&)
W,
R

| i &
e e * B
=
4 ey
&
£  B& A
o
e
: £ A&
2y, : =
53 e
3 i x
= -

FEABRAEAOTRER LR ABRSA L —KBRF—H, ARENE, XFP—ALH
Sohdh, R, FAEAFRE B BE, LFEALMSALMDBRF 5,
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EAE BiRFE—8R—BMaR

AR EE? &E— A BIRELRES X R SR —E 5,

K FR BB ENNERIER

ERTERIBTA Gl 7, SIREE R b —kRA . EIRREIRRER
B IER D EA £RERNBIR A BB k. X REIREREA B
&, BRRBEEAERNEEE, BEARZRSEEEFEELASER 5 XA
#, B, —AATNEEREDLTFEBARIRAR, XEROEEIE
B, HEAEEATRER. HEFRTRAERIRENRE, BAK

ST, Wi RRSE I ERPHIRE, BEAP S BER
AR il

BN BRE N EZH/MIF: BRFFEE BTN T %A%
LR, AETERE, FlFP RAHFJLFAEFILITRE, EFER
REMHE, [Rl— R thiE AT R ZREEE,

B, EBRONTEBEIES A E B —sk R 7 ET i, 314
AEAEEHs —BEFEHX—FHE, BMOBE TEATE S BR, Rel
CAES, KIBESF 1017505 %] HEXANEEEREBEN—AHELY
B, BABRESAE 10x5=50 MRS, /LB EABOHIE T Ery
T, A aRELLRASE BFEERNFRNEIROL? than, (REEFRZIME
AAVENEIEERTE? REERBEMERE BEARNEND?

RATRECLBINE, AXRETIRENVAKREBHERSE TS 1R
B A%E, than, Z&2%ASMMARCHIO0 R, Mt TiREN
HYEE (BBREL. WifiERS) SREIFEREE T, fFifx
BEEESUMN G EAEAMmKE: —RkRBAMHEPEN EBPER, B—ikE
i SEIRERE MM .. XFABEREBE TEHREE S BN,

BAND LREBRIXFMERFENFLZ—: BERVEFEHBIERDT.
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AR KOAKRE L

ALGORITI

z HMS
% THAT CHANGED THE FUTURE

FEZ RES REE I BEs
FEHAVERT R ARCHI101 ZEHEA i e Bi% 610
AT HIST256 e ikl S mEBAR 851
Eis: MATH314 (GO Pt #i% 560
R MATH314 Moy HR BHEL Bz 560
[ Y e HIST256 BRI 15 sk SR 851
KEE MATH314 Mo HE FHEL iz 560
bR ARCH101 ZEEHEA HE T H IR 610
B4R HIST256 el SBEWEIR 851
B MATH314 o AR FHEb A% 560
B ARCH101 ZEEANIT e 3653 610
FHEE RES
AP & ARCHI101
AT HIST256
Bi%: MATH314
LEE MATH3 14
BEE HIST256
BEE MATH3 14
E /R ARCH101
FeSR HIST256
B MATH314
B ARCH101
RES RrEA i BiEg
ARCHI101 ZEHEA 7 e 5e st 610
HIST256 Bk 55 SR ik e 6 851
MATH314 s R FHbBae 560

170

WE: FEREGEEARES
AB: AAKRAZSHHARAMT MR HE




A% BiBF AR —BitaaEs

FHEFERT 1 10472509%F (10x2=204151) F1—A 3 174 5/
£ GBx4=12/m), 8324 WM, HR, —BHEFESOANTUA G
MR ZHE B
THRAMEIRR? BRE THEESBHEE: MEEEMEE
ERAETIREN AR, WHimERSAR, X&E8RmE TiREs|H
TR, REBAVEMET —ERERLIIX— . HAERRSHIAERS
W, WkRPEAE—A “BRES” 7, RNAKEES (RR2HEY) f
VEREE (RES) #7 TR, BEHS, XEEBHFRS. XN/NMIT
HEIBGRHA KR, ERBFBRZENE, mRERE ETHEES R —]
R, #idx—5 & E EXEREZER, _
ERFBAEAE B —NERRSE. mRBLIHTLIR, HRIBENTES
BAS., tein, RIZIEEMATH314 /2 E S M 560 254 440, fE—FH
o (LEWE), AUARMNITEEES. WA, Eafizaiihch,
XK EFBEREE—KESD, URBRBIBERE . BELES
E (LEKRE), REEE T REdk—EFiRE R — T,

2

X BA—RIERRE, ZAFERZERESFERRNRRRE
EEA, ASHBIREEE SMF2RDE. RESBRAFRT REE
RERGIF. toan, "REA —SRESBAFEMNR, WEES, BIE
SLARKESELE. FIRECHE —KPIMR, FIH MR B FilRbaL . B
Ho AN AR IE] . BAREBBIE X RSB EIE, UELLX %
EAER b7 WA ——XFE BB EE, MEMNERE ik
RO, BATEREAEMRER D “Ei™ X4,

ERBERES, RPRAT “Hi9” @EHOFIERA 87, b,
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&&*%ﬁhkﬁ&

H ALGOR!THMS -
FuTW

M Tl FRESEWHLIRERS, @ fEA 170 WHE 8 E
F#, BAMRAFEHEFT, HRRIKSEOHLIR, REERERE
S, FEIER 851, BIE 170 URERZ R G ikd, BMIEFHEHE
—AK, LRI S SHLRIRIRRS—thph2 “HIST256”, AR5k
4% “HIST256” {EAHMRMEMEH. BlIHRaS ﬁﬂ“‘HBU%”
AT, BRXTREBHOAY, REEZTHIEERS (8)851),
AT ER,

RES REALA HWE  pAS

FEA RES

@:

e E  HIST256

@: L@
\.

Rz igd: ARMBZEHIRNESET, ANBTLRRILAFoLiReES, RE
EAME “HIST256" 24 AF % —K AN, BARESEAFTHZLOAAHA, ANERKEEE
EHNLT, REKBTRGEES (851),

BRIXPEEHBIXDILET, RZEEERLULESRXERNE, X
MAFEFHAPER—AEIREML, BB VRS a0 A 76 48 5 in i h A 4

“epistemology” (IAIRIE) XA-BLiF, BARH#Mh, %TAMﬁ—ﬁ%# H
B IMLAZE K “epistemology”, #, VRIRPREEAEEILE S & k4
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BAE BB —BR—BMEMEER

NEE, REFHERKRARER, KESBEREHETEE, BHRIE
RETE bR, BOREERRIHENEAZRE, HEMNBUASHES, X
ZRABEERRAMHTRHBRERML D " W, HEElxBRITaa
SRMIE. HEIFEARE —F T REERNTUTERE SR B
B (B-tree), Bt 5 —F X BLRBER AR CHG T BHE, EARENE,
xF BRIFEFTABITIR R BT

FERATAL

BB FEOSLREBETRROHNEERET., ERAEME
MRE L. REAERERS BRERFEE-TEERDIRY, KiF
FEREA TR EI £ BTG R, WATRXLERA “BR", LEFENR
S WA R BME (T RO S BR 1  E 0 BRI A LR E
HEFRA st BB, HorBnmiER e,

BT BB R U B R R AR . RIRTATINEE 170 U B OBt e T
f, —ZHAPRA—ER, WRAE LFERRRNZE LT, BOEE
B —EIRI G IEAE LR, BRNSEUL T —f5E, F—PL2AE
—ikFER, FIHATARERZETHIT, XA LA &I (join)
PR RV BOE R R — A BB AR e . A FRIER BB 1K
BB —ITH S — SRR FLATE ARk, M PR E I ER IR P
HOSEI= AR, bLdn, HFATEIFE 170 TUREMIKRET, S6ER “iR
RS fFAR, SRBMA—KME 170 WIE —HRER—E N F4EH
N TIRRFAARRENFAEMENHEE S, AMITUER “RES” BA
BAHGX LMY, L8, FEERFEENLHTER, BERMNAFE
Hibts, FERIE, KIBEBE AWM (projection) #1E, FELLIRAN
HFFE A BCGRBATRE . BRI RE A RIER, SAMMERES
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i&&iﬁﬂélﬂhkﬁﬂ‘:

ALCORITHMS TR
v

BR—EEA BRI, BAEKRERE T T ERER:

FER il
HEAm R LIPSk ¢
HRAEH R EERE%
i Fribsas
RER Frrb sz

B 5 BERTBA%
BE5E FHELEI%
Ee/R A e LR
EL/R EERBIR
E2 ] etz
FHi EiiE k6,

BTk, BEESERS—FEAER (select) HEERIME, HRE
VERET —Eepril, —IKRRPER—ELT, HWMFHRIIT, BRI
B#R, EXANBFh, HROEIEEPEIZIROSE, BRRBRMNZEET
—R “HEEC BfE, RUEEEUIRA “FHLBER” BT, [ERIERAT .

FEZ Hm

bisii] P
RE B
BEE FHEbB%
FH FHebsas

HWRERT. RERNTFEAIRD —KMHRE, HFE “BHIF"
B, KM RkEZERGERER.

FEZ
Eisi)
RER
BEE
FH
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/08 BiBE—BR-BMmiR

RINAHEBELRM— I EEARYERIRR., R IRIE T3 B E E
HWIES SQLRAZE, MBLF&®ER Lt “EB™ #BIERIE LA 5
B, FASQLHH “BH” w4 PRt HER—EiTkEL, E—K
Bk B TR R Y, W mARIRARNRE (relational
algebra) , Herhpy “EHR” (UHTEBRIT. RARBEEE “&IF" W “#H
7 BE, XRBHRIEAFRPILEIREAENE RS B,

KRB

— AR H A BB A A TR Z BT Y B R FR rh B P8 FE AR A
KRRBIEE, XRZBAREHIBMBR QREM - B148 (E. F. Codd) 7E3
F 1970 -k ZHWIRE 20 DRI S0 CRBL SRR R IR X R ER)
(A Relational Model of Data for Large Shared Data Banks) 121, Fokls
LR HARBE R, BIEKERREIEELCFRE R —BERR, &
MREX TESBFHICEEE ENEXR R, £RER, HEJLMHRE
(NI Z AT T B R ARBARIE “EBC . “A3F” Uk “H4t”) ma®
HEBER, BIRJLPRA N XRZBIRENER, Bk, XA50EREK
WA m M ERIR Y, ERERER R P PFEEEARRRS
BAERER,

RWERZBEEHH T A ZHATRESHEINEE., S4RME
Watpht, VRRAFTREMEAN— RIS REWERIT T D), XERFHT
5. BPRRGEAHRAME R, EMKEES, BRI
RABEFEREE, REMEEEEEZHIICINNEE.
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&B’Zﬂ%ﬂélﬁhkﬁ&‘:

ALGORITHMS

Bvrpay Atk

T —BRAFEREN S, BWELFRAFBHERS NI EE,
EhBREAMEBRBEESRE, BEER, LEEEFRNRBRLEARAES
—EF, BIULAERAEMREDEHENEG L, BEESTRIMNNEE
AT RRIUTE SRR B B Fn R SEmT fatk . R HIMFIRAEARL T
FMNEFEES, AMERT ERHE P RIR-— 508 T 3h th RE (R —
Bk, XFIFRERRERE, 5ERTIRIZEAYHE & Rw BEE D —
B, IERBEIEEESIL, FehFIFIRERERIE T ks S —2
. HE5RTEREEENTERIHERE A, BOTHKE T EEH—
B R B R AR A,

R EN AT REAFNEBERN—U A2 R R Z A A
(fault-tolerance) —— R LM T A BT KL HERBIRR, HHF
REEMNTERELSE®E - #8F (Jim Gray), #&EZ VBRI EIE 2
K, BB TAHXESLEAIRE. [XEBLA (FHFLHE: BA5EAR)
(Transaction Processing: Concepts and Techniques), i%T 1992 £ ki
iR 14 NgieR, Pk ABREMER T 2007 FH—K, 5
B A CRIFERE R TR IR ILE, #7—KIRIFHaERTT, #&
B & IEBHE AR —LRi15, GitllE, HEMBRIESTES
. EANEREESHF - CEENOHER, WEEREELKXNT L
MR ERREN T ASRAEEHEE: HEUNDESEHEINILERL
W LBl —AEdRES, CDMELLAAN IR S0 Fix i R B R PR st
MR, A2, XRBIFHABRT), HEHBFEHR R T LS E
A9,
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BLE

BrEa
— AR EHERS

ALGORITHMS

MTHAT CHANGED THE FUTURE

HTUEPRESSHE. RORREZALER

. RIBEBBERER- - BEEC RIUEET
BE: cXiEhs.

—RRW - KRER, GUkie)



EXRBHRFmABES, BFENHLTFER “BrE4" (digital
signature) #& T . WFHEKE, HiAKTIL (digital) HFLEkREH
“MBFFRBRAR”. Wik, BT, EMEFIErIRERRRERE ).
BB — R, REGRER-THRF®RT. RIREIRRET, mitE
! BH—0E, ‘4" NEWEETRFEIRR, EAGERRES
SPRERIAE L (Wt thiE). oA B REElE— T HFLry, HX
REBHE I 2 A WE? AR X —FRBRI IR R BRI R .

B4 HIEd @A R

BrB AN AW XA AL ERLR. RUTFRE, &
MEEAERRE AR L ERETES . EEFLESI Mt o
HH—EAE., HRREE -, REBIREXARX, HIRETEL
XA, AEERERRCEESAELBITRY, WRREEMFREE
H? BA. EA L, EREHRIMHARERESL, ERRTREKRE
AE, BHAEMNSBERRABEDES, DIAEBEIERI S 6y, HARIRE



BRI KRE L

ZALGORITHMS
 THAT CHANGED THE FUTURE

e TESRITIERIR AT, BATRBEIRRBEMFRAE A,

A AAERTEL, A SRXBATRAESA—AMAR AT ELOLFH,
A% EBETHNE, RE: SRTFELAKISKH, ALALEETHNE,

Mo, BrEaELbraEh e RRR? ZEREFIR—IF4EH)
MBI : 5REBRBLEHMANNMBIAE, EA 2R ANREEN
BHERRAR, WRAETRIFRBIREX —RREEE, HFEamitHE
HLESSEIE. tban, AERMAMNETEISTERF, MENREHSEE
BFROARTFERAURBFEARTAN. RAENEEHER 168
HEs, an kBTN,

mPRET W, X EAFEMAREN. mRRGHAEAESES (TR
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Ers ATPEH—ETROHRRHIEES

B), RIS T EME RS IZRFENAT L, U8, XA
RiER %2, EREDIREER TIHZA AlfEEREMHTES T M5 A
Wi, Rz, MRELKRMSEE (I ETURE), fRENZEIRMkR
AR RIRIE. RIEIRINA B ST EE AR —MEFRFAE, H
AARER R T — BB M T B IR M., BihbATaEhlbs AL
WME, MANEARRSE) X E N R TEAL, AXEFLT,
R BRI T A PR G E ER

RERMELZBTEARWBRINA, (HiX 482 UG B —Ff
Mo Fk b, HRILBKMEIES FELARMRIEE L, KA -L2HHE
PR TR B ICHLAE R 52 4, AR ST ERYTH RN B 6y, LL
an, WZHbAELL “hitps” JFKRIR 2RSS SRS — VR AR ERT, AW
KERPIH BN E — M F E LU . Ber% 208 M TRIEY 284+
AR ESENE, Phan SIS s . (RTER SR T AR A W1 RE 22 Mo ix A
MM E.

R AT REE R B —FME L 4. — WX T RBA LT, EAM
HRME L, o, HEREEDZEBHHEFER, GRBLH0X 4
fit. IHARUBEIFERTRAEFTES] REK, PHEXFEMARNZ
HEARS, EFSLERAFHIANIBREN G, FEAT, RIS An{
B ARER DB I T A

AR A
BB T ELNMRBES PSR, MR E AR BRI
b, PRSI TE A, THERFG, ERMNEE ML
HELE S . ZEABAS RSB, W BIASCHE TSR0 R R KR T 5

Hh, ER, EXMBRT, —HC2EZHCETERMEIE, i,
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BEERRE SRR L
EORPQRTENG rrune

BB —RK L BEF “BAERBARLL A 100 XL, £,
Ravi” M FEPR. R4 REIGIER 4 (Ravi) HAEE TXHXC
HUE? BEREMTBE - ERBELE, RN ELEPRELHHE
ARVE S, IR, T, BUFSIAS B —Ae—ef]
HASRBEEA R P ELARNSE, XESCHE L R T T B sk
ERMNOEES RS, ERMNMRIRE 1440 “KRELMIT” (paper
signature bank) HIZEVMREETANELM. TERE—THRE
AWATHIBEEE G,

—BER—ANFEELARR X,

Paper
Signature Bank

Ravi RAN_;»
Takeshi ”/ak eShl

Francoise O’/RﬂCO(:\S‘_CZ

—ARAXHBEAEEP HAHRTFE L LRI,

ERUER AR A R LLER S EE L, BOTAFRELR
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ghE BFEBLH  XTEORREERE

REART, BREFLRENS AN, RER, BRIEXEHH THAD
HRERIR. BE, BMMRZEEEXIKRT. #ikL, ZHTHRTTEE
BHRENELBRBREENESL, ERIMNEXBEZZMXMATRERE. H
w, BAMREBREEATRMERFENESL. BOANEHE, X Rk
HEE. RARERERREWES S, ERLRAL, WREflfESHE
RIS £, AEEH, BIMEEELATTHEX—RIX—EAEE, &K
REARKZETRL, BROTHEREME, AffFELELR ERRTREN
. XA TEAGRME LR — K.

FHESE 4

BMNERRTEALANE - PRTLEMFRRZESL, RHA—FEREE
i, PRI B FRUHT RIS . VLIRS 58 (X6
Frigh @ hidk <Ravi>, B <Takeshi>F13 BiZR FL2Z <Francoise>) #RA K&
YWY, B 5EMARNEYHE—, BIRENEYE—MF, XA
R, B, BAUSEEEDECARMER . K AT reRlfEdaR
BRGENEY. B, ARMEESEAER - T HATRFERRE: &
MR AW ERES, UBRRAABMNNWRAERLS. WRBARLL
ROA —CR RS L, BARMNENEUMHZMEMERN. 5.
2R, BAEASAENETIT A RIS, BRI EESE—FE, B
AHARME—F. B BECY RS R BRE T ES, BITRX—&
M ERRA “SEEFEYHERR” (physical padlock trick),

AR, bW Zai—RERE, higERABBARLL 100 2T, mishEd
RELZBEA—FATEIEN G RILRX R, 52, HPRLLBEN
EERRRSE, AXALEBTFEEL. TERRX —EREEEs
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SR KO NKRE
2 ALGORITHMS
7 THAT CHANGED THE FUTURE

Ko PAEFNE—B XM, EEER “Big AW B RARELLZ A 100 %
L7, EHARE LA, NAESHIE—IZSCERE I, FRRScE R
FE—A MBI Ongirys FAEE RE, RAEE8IL). &F, H
R — U AT, HEY MR TRRARLL. TRAEWTHE
Fim. #EBRbU, LB TRER XML, R, XX BHRLLRK
—EZEAHERERNMFER, RAFELNCEDTRE, T, K
FTEAE SRR N — i A RIRI SO R ESE, (RTUURIERIR:, anRhns
MR TER, X -IHINBCREEL. R, BrEaRitmitt, mik
Faketh:, i, BRYEAESAFERL, BRENAERX—AT6EME.)

LRBBHIERT, FEAEEREFIRA R EH AL,

WFRELHE T R LAZRIER ST SR H 35T . RE
IA—EEREAE A C— KBTI O RSN, SHARLAHE
BEUL “4F, hifk, HERACRAVEIRL. BAERER REVPARRIT XA
BiFE.” EREMEM A HE (BREATREEHREE) WLIET, #8
RELZTFFHS, RrSiRENAE. RARANRLLH%ET. ‘Mg,
BRI A R A2 M — e A B R HEBARLAT AR BRI N, Ht A RTREX BRI N A
R, Hk, 2k, BWRARESXEXE, FLERIBEN. REEE
K # 100 E£C! 7

REX—FF Tk MRE 2, EX—INEGSHBESSAX KA. i,
PSR LA, RERWERE, BERNENRS . EHRAREL
LHEEWIEM SRR 2T, MbSURB A PR . (BRI 4RI LIER, 5¢

184



ghE BFBE—XMRIFRFEHIEERS

FEERE, RESFAGSBNRLL —EARNPR— LT AL
HPRIARL., K5, LBMIRLLITAADGER, R4EmER: “F, X
ARBEY, PhEF TRERIE T —m 30, HERP BRI TIEE
BB

BRI BHRLLT

1+ 100 £5¢

HBER R RRRRF e ATERIELEL, BEF—HIAHARERARN, FR—fekd
HEH L,

AR R X R R R DT i, BRAOMDFEEERE-REE=7, m
AT, I 182 MRABEARITHR, HRITEFRAR. Hik, 25
EARERIT - EAL, MELSRT T A ORI, T
BB T S AR HRAT

RABATRX SN BRI, T8 T WP R, Wi
BARLLFBIEVRES TRE, tHEN—2LE HIEA LSRRI
11, ERAT AR PIRAT PR FBNWT . R BIREFT s UE B A bk RE Xt
FFPNENT, TP IEF2 I B IR LR ERIER .
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SRR NAHIL
:
ERRCSRTENE rorine

AREHEBEZ L

ERIEH, BIMNCIEVARL SR ERKFELITEN LS. ©
o, RUAE, ROV LT R T HRIRE A LERSYHPIK
WHARL, Bk, TP AR RS F LBy B0 R B B
R, Bk, HOIMAREHEFTRE, EBEOTSIsER P ERE
(multiplication in clock arithmetic) 83, #NRRITEELRBRIHEK, F&E

BH R IR
Physical
Key Bank

Takeshi "
Francoise w

FHPRBREARE AKX, AT RO, ZFFRLFAXRZTRAYN,

i

ARBIAREMHENRFES, THEILERNSA/NMERK—8K/D
KEEFERTSBE LS, T, ERETROMES, RIOTEERM
KANEARE D, EARSEILFEH, UK ERERRHTT.

X—ER WA A B FEREE A 11 EABP R/, BAEMN & LK AHEA
RN FRER, BRETERSAH T —KE, FIH TR/ 11 BEAE
REBIFAE. tan, ERIEFIHHRE 7S5, THIBKE. &k -
AEBEARTEESR: 7 x 5=35, &5, BRMNREALREL 11 JGRIR
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#nx BFELE  AMERBRRGERS

%, 3511433 (HD33), &2, Hk, &ALERE2, NELE, BT
T8 S FIM B BZ 2. (IRLEERSE 7518 S IT—RFHAEE, 1R
AILABATEIE.) WRATLAAfTEIRK S — GG, LAk B CEMR.

FE4RSE 2 B, BRATFERMEA—TRNSKEBRRAFRE. £2
B, BMN—EESHILRE “EF" —RERPRLLHE (KRR
—ikR4K) WHE. IFRHEEFABERESHR. BENREFHR, AT
FIZEESERL. Bk, JOBEAN, HRILEHEBIFER—TT
FHBLULNEZEEBRES ., 2R, WRANTERIUER FX X875
HEAN, HEILEEBIEIHER FRUREERRE S, EFHERE
B ERA SRR, RATBR T RFENFEE, R REREMBOOER
X—[ER, iR ECEEAF SRR TR — 136 TIMESH T — A &EF
BN+ 2 BRI, EREGIE

1 2 3 4 5 6 7 8 910
1 1 2 3 4 5 6 7 8 910
2| 2 4 6 810 1 3 5 7 9
313 6 91 4 710 2 5 8
4| 4 8 1 5 9 2 610 3 7
5 510 4 9 3 8 2 7 1 6
6| 6 1 7 2 8 3 9 410 5
7| 7 310 6 2 9 5 1 8 4
8/ 8 5 210 7 4 1 9 6 3
9] 9 7 5 3 110 8 6 4 2
10|10 9 8 7 6 5 4 3 2 1

LEONANEE 28 W

Rk, HEAZEE-FAXESHHE, MELASEE-TERF
FRE, 0 “494138167543------83271696129149”, ik, bR,
RIMN—FHESRREZVHBFE 2. Xk, hiBREERH 87
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BRI NN L
FRLCORTENE e

B 57 XBEREANBFHR. AEEL: BRINELEHLSEEREES
PIEEIHEEN S, ETRE, BFERABERMABNETFHE.

e TixERE 2R, RIMBESFER “REEIEHR" BIEO
T FSRPEESHER R, hASTFE BRI R R,
REHUHERA S BT RERE -8R/, RIEEFELSR/NVIIE
B B0, (KhRE, —SH b EMBERELF, HPOX LM
WRBEEKIE,) AibFFREAEt, RikhigeEeE 11 AR, &R
PR D HED.

PR E R BARLL
Ff+100%E5T
P AE R IR
100 5T > )
N s |
b4
HE HH g2
5 ' 8

11 36, Hhi/hAll

PITHAE—ARTFEL, A—fe “B8° UG —FEFHL, BYRLEG—HEFT 4o
TRA—REHERE—ARTFTRE—FNE, BYRTE—FIFT AUGRTF R, 2ot
HERAKF (5) , HMRF—ARTF (6) , LULARCIHRIHKE, RALE (8)
AN EHRFEL,

WA, PAEMFTREBHEHE "8 ABURTE? Ik LirRaTE,
Hi g RIRIAMENX — . BIAERY BB B BT BARE (PR
KA, fE, BRMNAEELCE-FHENRFARNHE, B,
RIXHIZERHBR 57, MAE “ L8177 HESE 6 x S BLHER
FIZRH 8, (FRATLUAR MR ERATRNELS) X—dBAE LES
BETBHE, BASER 8 BRNALFHHENETEAL.
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#hE BFYEE —IMRAREHIERS

=R, mRBNEE AR MR “PI” BITHE, MY
“HEH haETRL. FER, H-FRBIHERNR RS E, XRT
BRBRERRED (FIZai—FERAMKAD), EXKRBENSFELL—NA
FEE— X R F 2 R AEE, REMIT Z ARERAHESIE T,

LAV XA BAAGT, BIgEPRA 11 A8/, 61k
AEBTF. ZERER, HXMRARE 2, BINELHE? MEHRRZE
EAERFE, WE, ERMNBEATEFSOES, EHNANETFRRNY
RERVBUERT ISR SARL SR, ZATIREDT, il # _ L HiH S FEARL AR R
FRREMET LANHE . RMELE LEhRid, HhigekiEe S A1 6 8
ER, #RE T EBEHE (BB FEHR) 8, BRI LINHE, RO S8
FBFERLIAR 2, BEIZRS, MBBEA—F, BRINEE TFEHAHES!
AR EEPR, RERERHMHEANE T HE 3" B LEE
B 77, RPIRLSRIFIREREAR 37, HMlHy, 27 #YLEER 17,
HEARCH AL R 27,

I 4 K T ] 35 BA
HE2 X H100%ET
P& 1 SR EAER P AR ] 9 AR
— 28 4 35 £+ 5=
2% 100E 7T —> | B4 X 100E T
hisE bz
HEa 5 22 i RiT/E%E 4
11 5&6, Shk/hAll 11 %2, fhi/hAll 5

—___>
11 56, Bk /hA1 11 52, Bhk/hHit

3
2

i

11 3%6, &hd/hhil 1L 562, Bk /Bl

TR AKFRAFHERTAL "L FEME BT —FiHE BFRLE—HE
TITRHREBAEH, BFRTRHAIFTRARESHLEARTFT LAFBRANRT. &
E®, LAIAEBAT —AMEFEL, RRHMIENFHT —FHE, PRBUHLERLEN LT
B, #FELAMFETHE, REFEHE,
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RERROAKEE
ERRPOREENE rrome

FEEERE T iZmA RIS T EA. RATHEEEREPREY
AR, R BHTHEMERHELE, SARRESH., BN, £4
StEERIER . Z—RIESRET HEGTHT T EHBMRR, EiXK
Ferp, WAMRERGER 11 1EABIKR/D, (B4R RIEATE A B FH 85
MARERRHR 2L, BRIVEXEERTENAERE, filE, E£8iE
9, MMBPHRRIER S, RPE-FRHER 47, LR 3. &
ZfRFFIRERK 47, BRHELE, RREXAARARE, BPFE T
Flg T —AHEIEIT, HEHR 87, 44 “67, HRMEBF—1TER
TELAZRWEMNEIL. ZPEERHEEER 87, HELHE 77,
BIAELMBER 27, SRHEARE, Hit, EAFRME,

HFESL (HF
%
_ g, ibwe | Mo (BB .
HE gt oms. | Ss 4, fopa| SHBIE? RONE?
HFBEL, & 5k,
£ BEHLA.)
4 3 4 2 S
8 6 8 = &
8 7 2 &, 7!

TRl — AR BT EL, XX FRAGEBUER 9, FAMEA S, WAMELHE,

EEEANELANE,

AR IR EB S ARG, REZSICEESAD A

R E RS

TN thiEE B AE R AN B BN BFER T

t, BEmOhEXRIHERIE L, FHEREERDE A TR, LM
REMBIEMST AN, BRIEEE —FHE, BARERNERHEE
&4, (BT HIEE ARHEDE.

PLAEEFERI B R/ AN F IR ? X EMSHRED? . niden]
DA Efi B CERRSOONMIARIE, A ATRESEE ML e, m
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——

1% BYEE—IXTHEHARHERS

TAARUEE ARG Z 0, aRBFEREIERA T B SRS/
{E, EMARSERRXEHEFHBIEMIES, F—F, ZMGELTE
HHE—LERAEERENAM ZETERNA.

BFHRBIT
B F
&ﬂ( @*"j(d‘ ERRe
Ravi 11 2
Takeshi 41 35
Francoise 23 15

BFRRRST, ARATOERAAEARFALSYIOIRE, AR, RITRKBEETAIA
A0 % 89 J EARRE Ao KO R AUR, AT AL B d A R AT B R AR TR EG &,

tetn, XA EEEER T X ZERITHIFRG 2RRELBAR NS
P—PHRBARBEERERIT. L. MATE-MRBITIENZ
BE=H. BAEZEE=Y), sk MERARE, iHehELA%
W, EAERR, BIAERIEBAATRLAGIE — N BAECE E PO B B T
P, HE—AME EERXMER AR, AERBITHER B
HEHEEEMOMNEZENHEE ., EAEEXEHPRE TH AN A&
&, MARHBRNEZENHE. Fit, STRAGHIRAREN Y
REFIPPA/MRE, MR, TR Ah RS R B/ MER ZE]
B LERRTX—HEOL,

REX-THER—MA B GE: RTEPRAAH, mEFPm
BRI AT, EAINR, LR “AF AREEFIH, BAE
AT A HEES, BOA|TER/DOBRPRMNOSHARL. HE
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WERKRONATE
*Z ALGORITHMS
i THAT CHANGED THE FUTURE

RPRX—ARFTERIME, EARERARRSYHEIEER. EIN 6+
B, WA —Engn, FEAREER ZESEMBREEITH %S
AN, WL, AEEEY L, SYHRRE “AFH", RENEERD
EH TR

AR BRI — AN EEIL A FRL: BRBMNEEEER
BAHHETR? X—REA ZMER. B— R EEEH—MRKH B
Kb bogm, aRBAMEH—4 100 2B R/D, A2 a@ i MR A5
i, BATREM 100 I E 2% E 100 KM E. X TRKT 100 (2%
FITHE, BATTLAKHEE R 100 Ao 5fysk, HemEEE e, HIHHE
PBERNA —FE LGB ERBERX — . KhriEile, HTEENHE
B, s B — R A INERR A R B L G i, KIH B REE A B B
(Ebzn 100 fi%) ., HANELEFERERINS MEG A, ENEFHAE
BRERRER, DBERAHE (n— A REE) WAEER, X BriEsh
REML. —FRBEAZEZBABERA/NME LR, ZBERERKD “TH
B — S —REREE. AREERL, RIMHERTHEY S
KX S STERNC) I

BHO—AEERE R XEKFHEUMALGEOREAHBE? 200y
RE, 2E5FMNEF LRAEMERERE, AR, REERR
“essentially” (&4 1) HEHMT | FEXN B FEIBEHY TARRRE
RIAIR, BRRREREISFE AR TR, EREA THIMER . anReh
KARAZH, AR/ N ZSMIIEIERT AT LAV 8, B0, 1B
MEERBL T FERAR 1A S 258, ARG ERSR/N
11 g E.

B, EHEEHRES, FUREHMKNAZHIEL T, B—8
D, WANEF/ERL BRI L P I B T, XN RE
B ——ARE HE—MRCEERIE, KPR b, XA AR TG RiRrE T
B, MEPOBEEEEEAELE: X~ AmIETS £ 58 L
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grE BEPELE —EMEARROIRRS

HEREDL, HAESERXKILERT 2000 £, Ad, BIIAS
TESLIE FHIRCAE BUIAETS, ABEmE, SH—E0E, HRUSGER
E—Fh A R L B R R A B T R AR R BRI (E .

MRIRAX—RBEARE, LIFERMEERRENEITE, R&
EHEE. BAOEYIARE “RE" HEA MR, LM,
ET 85, BAVEH—FARRG ECEREBMAL, —FXhkEts
LA %, Ba, AT LBREEMBEARIGHOIRERGE? £
BEFEERZ, A ASREERDE, XUERENTFE—REEZRERH MR
MR RGE. BN —NRER, R BREITRET EMBAEE T T
EHIERGTEZRl, FE—ERARBKE.

HTESRE T U2, RS IXEMRD  ERRE, ZaTdE,
HYERFAAR (SbHR), MARENELFN., RNbititd, &4
LK S 58 TULE RiESei/h (AFF) fESE (BIRRE), K58
BB B AR (FEX A RIS ARV B vp, BRAT T FHBR
JLBEBREE), RSEFHE—ZERITH, mBTaEEMAERPHAR
ARHRLIE, FIEFERBAET, HTAESER AR R —
& ERARRLEAR - —RdER RS T R ARRELLTR
HLAE S A AR EX R REESHE | | D AE TF RN RFE LI
HIRRE ., BAHRERA TN, ENARZIEMEBREBERMALE
k. mi—BIRENE THEARESIE, RS AN TESL.

B
EX—E0sy, BRIVEIRAERBORERS, K2 —FERLH
EHMELR TS ZIHIRSA, FREGEER FAmenRERE
(exponentiation) BftFZ:RVE, HL b, M2 FH 7 AI¥ P02 iR 5
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PSRRI E

ALGORITHMS
UTURE

MEMRRREPR: BRIOEFE - ERAREHEANBRRERSE, K5
R AR B RE L RS,

Hitk, mRE3s° 3 EBRHF SRR, XBRANEER “BLAFER
FIBRHE AR NANIRYL., R ERE 4, 3* (“3SMW4KE")
BURE 3x3x3x3, Boh, BATEBEILNEARIE, £ 3* HEEMHRR
i, 4 BERTETR S (exponent) BT (power), Wi 3 MI#EFRAJE (base),
FE— R R B EE B RRD “HRFIK” (raising to a power), &
EXAIH R KT (exponentiation), FIFEYE—FE, RIVELELEKES
B, AFTX WA GITEE 22 fEh B RN, BATE—FEA
Bo®3M7, FWETEBMH T —kE, Bora fin’ BE, #2413 20
RS (Bhk/hA 22),

n n3 n’ n nd n’
1 1 1 11 11 11
2 8 18 12 12 12
3 5 9 13 19 7
4 20 16 14 16 20
5 15 3 15 9 5
6 18 8 16 4 14
7 13 17 17 7 19
8 6 2 18 2 6
9 3 15 19 17 13
10 10 10 20 14 4

R 228tk Fhe ik F ok,

BEELBRAMEERFIRAT, BRENEEXL., B— T Mn=4 1
7o MBBRNAERME, LERE 4 =4x4x4 =64, {HR RSN 22
Ja, 64 FIRZE 2422 (44) 4220, XE A REI—TH 20 sk, %4
W, FEARRASENERT, VREEEH 47 = 16384, LLEIBITHI 22 A
BOEAFR 16 (AnRAREENLHR, 22 x 744 =16 368), XARRET n £2HB—I
16 Yk,
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g1% BFBE—RAMEARRGENTS

BAERMN B &I THRELRSEP IR FES. RosfEEX
FORT— o MR G 8, RABE—AGI5h: FRSRIESHE LB ARSI
AREER, BATARREREITXERE, MAEAGF—#, hfEahE
BIHAFEARN, FEXE, R 22 1EpR/D, ARA ki
iE, XMERTUARMA/DZIMNIERES (ZHIT L4, BV
SRt AT EAITR) . FERXABITFrh, higEEHE 3 fEAEEBIE. A)E, A
TR HEYeh R/ R E . BITHEE 2 TR -E5)AX
WHRY . AME—EEOFR, HEILREME AR RS, BY
MR SR /M B AR . X ABIF P, SR UEWITARLIE 7 X R
HTCEHR R HIE 3.

Prsfe K i ) 6 B R
K4 100 %57
BAREEBRARLLI | __ » : g | HERIEERMELL L
£+ 100 £5¢ *Q; £+ 100 1%7*:
iR '
s it
HE HH 4 ARt BiFE% 4
— —a
4 22 B3 KkFEE, 20 2 WMTKFEHE, 4
sk /N 22 fahk /g 22
R — —_—
8 2 B3IKERE, 6 22 BT IRGE, 8
Bk /hh 22 1 Shhc/hh 22
—_—> —_—
2BMIKERE, 3 2 BTKRHEE, 7
kN 22 shkc/h 22

REFRLH & LB,

RS T SR EEHE, DR ARSI LS4
HREGGF. mRHEHER “47, 42 “207: HAELLEBMEAR,
b e RS HER, Eik, BB S, ENASK/NZER 20,
(AEEE, WAILUALTHRBSMESXEHR.) JE, HAHRMRL
YHBERIENAENRFESL “20" B, #AHRBRTHIRIZEHK/N
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MERRMAKTE
ZALGORITHMS
7 THAT CHANGED THE FUTURE

REEIBURIE. (RRITFZETGIFHR—8, BRI 8FEARS——RE 191 I
WE.) REHMIRLLAELKRPRENTE, BERAMKD: HRERA
207 =4, YRETLAFN_LTTE AP pogs nt i, aniak RAEH B IChE (R4~
FrRrIERaL), £40HE., EEERTHEE “87 0 “77 B LitsE,

TRBRERTX—E8, XKREFRTELNRIELE. BHhai@mE
BlFf E—skERR—F (DBEHEE 47 f1 “87), #RAZHL. =
MAFHIHEBR “87, B4R 97, FERABK/MRARERE, 91
ZRZ 15, MFEHBALE. Hit, B=RHERWIE.

BFE4
(HFHEZ 4, fRUE &
N LB REYE | (ERSIZEL, ., "
HE SHE. WFE | REIRE 7 548 cEe? A hik?
T4, EEA ®.)
REHLEL. )
4 20 4 = &
8 6 8 P> &
8 9 15 =1 zZ!

P fTALFEAR MR EBFEL, XEPFEAGEBEN 3, ARAEH T, X0 H
22, WIHBARLAHRE, EEEZANAEL 2hE,

ARTBTIA , X R REE A AR FIok SHRLE B LA RSA £5 % A ¥l
miEf, ITEFHT220HE 70 EFREXRRREZRZENH =V EAEE
e FBHAMmME: ZPHE - F4H5F (Ronald Rivest), Flid - bk
/R (Adi Shamir) FOEEBEHEE - PfE/RE (Leonard Adlemen), RSARFHE
RATRERE 2, HARMNELEHAHAMENENEET T XNEF
BHAgRE iR, FL L, RSABER—FAAMENG], X&2—FMEFZE AN
fil——x BB, XWMELZBEERENERX R, 5%, &
MAKETRSAMKEFEAE, BRFTROAEFEEI T -HLHMEHNER
B AL ZAL .
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ghi BYEL X THRFAEHIEES

nfa £ RSA G FERh R/, HEBIMARMMTEIERRSIA, |
FERRMRREOS i B AR FEE XLy, BEEMRE, Ex—FRg%H, —H
WEHESE, 25EmERSITENAEHARE, B bEMAHEY
X1 REERAN AT AR AR URAE FE N EFE I BARLAN B/, Rt EE
B R AR BE . XS T BRI AR RIS R SRR BRFA

Z/OHEIBFFRINAHRSAR L S, (HEAGBEE, RSAZRTEW
WY XA AR TR Z R Bk N, B4 ABRPRE 2 —. %
B—T, XA ) E b B F—/> R R B, U R — ML T
YyHR TN BB 258 S A BB i 1 3, B R S 44
K5y R (integer factorization); ifi#k TR A RFIHHE (quantum
computing), AT ZR —FFLRSALLMERX A FHE, HEX LB Z
B, BATEEEFHTH T, BRRSAXENKTELILE “2e” 10
HIES R4,

RSA &R EH:

AT ELAIHNZ SR ERALSE —AFE. “BARMERN
EZAM? 7 MTRSAME, XAFBA LIRLA “BARBRIERAIAIF
BOR/NIIRLE T AR AEBUED? 7 "2/ 7 X — RS R
ERBWFFILREBEE, S E, RELME.: @i SaREn
FEANRHSE, B35, RIMTEHE., shRhiiFEs. B nEESIE
Z/NTRR/DN, RIS BRAT AT DA B o8 — 221 A el RERTHE DR, ELEI4k
Bl —REARIEMEARIHEDIE, Xt — - HERESSAEDENF
IR, RGP, PREs2& RSAHLHIME FLEXT KA PR/ h—rb ST
R, X, BMEERRFRRIBRITE, WEERAILEATES
WA TRERIERESE. ok, FRODSEAZ SRR G IR HESIE
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BCERRI KB

ALGORITHMS
UTURE

FEESGER, R, BATEMERARTRER iS40, Mgk
PrEU. IRBANRERG S ERERSE BB SREERZA
# iR (brute force) BATATCA— B HBIE 2 S R B Aok /)N,
Mk BB /A KR, B—FHHE, WRBEABARERLLE DB
R, BATKATREARRBT .

Fegn, 156 Sfedk EE AN EAREAL A, FRA1%05E % B N W LA FE— > B
(&, #KJEat i AR LEAEAITHARE, HEFREHRALAKERD
MRk AR R . A RIUEM, RRJL BB B AR RIE R E T E
6, MX-HEELRDBERERGEE ., IOEREFEHNALLLH
JRH.

RSA FERIR 55 eIk #

RZAiAIEE, BRINRSARNZR2MS -2 A8 REEER
2R ENBER, AEBX -BR, BINFEL0E -5 fE#
RSA #hok/NE R4 .

B, AB—-TEHEN: FEHHRERF 1 Ea FHAE TR
¥, tbgn, 31 BEFH, FARE 1x31 A5EF 31, H33HLEEE,
KA 33=3x 11,

W, BIVESITFHAEEN—WERADI g —4 B RSABIK
LR, BIAEMIIE — R EREFH AN EE KR, EX bixseR
BSABAMEK, Bizai—8, BRITANFRE. RixhighEET
EH 211, REHERBARTE, BRBA/N2x 11=22, Fhok/hFnhide
HEHRAHRE —EATF, (B—X R Z— 8 K/ NI B F
hsRkiR %, RAERI4EMmE . RSA 2RSSR BA HkERZXHANEK
H-FHREALERHESE, RZTFA.
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g% BYRE —ZTMRIARHIERT

X—HHERATNETEGRE THE, BEfTRMNVEZEBNT
Ko BMNTFEMERIRE, MENPAARREHRAHEE (BhA/hngi
8) HRHARRERESTE, BRI BEESh /N2 E
T, e S HEHREEDIE. 852, WRAEENRAGER
PhR/NERS R, ATREEPE RIS A, (2R, TREEH H bt
RSAHYTGEE . MBI/ DTSR o A T RERI K& T 2 —.)

FEXA/MIFr, RSB OFiser 2000 EHA
By: PR NERGNIE 22=2 x 11, {H4BhR/NEBE ST oK, K
HE PR AR T, b, REXNHTIEN “BE5 R RS
MR T8 e, BIEARE—A R BBl G e, FHexdbri
RSABPR/NERfEE .

Bt S R T RO AR, ROE X ek N ALk Z AR fr] 5K B BLA
B RR RS | T REFKETRAR . S NBUERITHE, F2
X P NME B R TTARIR B E REA TRKRSKANE—E— L6+
H, X —frE RA RSB e A K.

2 X 11 = 22

=5 =% &k
/J\

lml 1&1

1 x 10 = 10
FEHK

h

NGEFWAIRE 28 11) FERBERSEHR/ND (22),
BMEEHRA "E—" v, RERREISEHE, BTk, NER
BARBER 1, BRERESEINEIER, XRBT Th4gE $=°
RN, EXMIFHR, HNAFBERELSH 1 F25EE 110,
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BEARRONKRE L

ALGORITHMS
FUTURE

B b8 —shA/ g 1 x10=10,

XE, HRMBE T NS AREMRAOBER, X—BREAMZAH#H
ﬁ%ﬁﬁ%%i%%%%ﬂ%ﬁﬁ%:hﬁﬁ%ﬁ%%%ﬁ%?&
PAPR, BAFHAEF-_X/IMEE—HKN, ERER, HE
BEZ#HANION, SRR EARLN T, BATERRIUEFX
—AREN: HE 8 RLEHEBUEN8x3=24, FAWMK/NIOEE
4", FARMS "4" §4x7=28, RAWKNES 8" —HE
HE—H,

MENBNTHETHT . BEREESORINEZFNAREER
ERSARGHIEREHMPAR. HR, BINRUEEREANSE
BE—shk/ 22,

ERRSAH ., B4fRABNHART,

RO X — R HROA . SEHBEROTRPTFECIEELE 17 tikeg,
M FER R (Fermat) FiMgFR (Mersenne) #E47, Bkhi (Euler) Fnmii
(Gauss) POLE SR S —— e 3 TR ED B X — Rl T 5T
Bk, HaFZ AT T BECR LR, BEIIAHEMET 20 tih22 70 £48
KW, 5K RIEMEA B — bR R RS, REUER IZ5E,
AR H—F &S B T BB AEMENERTE 4.

fEXWTRERA SRS RV 2, REEE A, 20 e 70 £R5%
BT E b e B AL, R R LEIE R 8T S A B 2 3R
MEFREE, (AARRMILEMREA FE SRS, Fitk, &0 s i
B T3 RS Ind RSA HL,

H—HE, WEHBERE— &R TR XL RGN K A A 8%
FIEM: BE—FMILHEHIEHRRLN, B-FHLAEEE T —SRE
F. FRRAR AR KB BCEEE, MNP, BiRS R URRRIER®
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#1E BFER—XTEERRGERS

AR RAEE, Bk, REFRMAATREIREME, EEREN T
e Bt A A ] — i 2% e 2 AL AR R RER BB

RSA Mg A EHRB A

KB THBERSAR A EEHFEEZAKRBMARE, BEXK
RBRSASETFHEX —RITHEETEZHNBER, BERERX KR,
BRIMLHEREZTIEAESE: EEFO%D, WEBIHHBEEE
S—52 R gt e f (deterministic laws) 5., Bk, {Ran
VR 5% BT DR B — TR, BRI ERE S Rk
&, MIEZMHENLAERRIE 0 F1 1 ARIEITFENFI. BFX—F
RS —FAER, EFHTENSFRMNEEZANARNE: AREES
EEHEER, HERBETESE - RAE R, A EBFERNFE.
it EFHENRM RSN AFE ATRENE R R A TRE, T Lo fh
KRG, RATLAMER “SOBR° B kRN 2R TR iRo 5 R

XWE AR E R R R R, BBy BT & FIHHEIE
PITHE LS BT EYME 2HES 2 —. Hik, RIREER -G/
BT B TR IR, RERER R B — Db IERSAE
% BRSO RAFFE RN, EREFHRBE /N, BERSE 8RN
M FEEARLE R IR FA B HE A

FEHRT 2011 £5 FxLcrh, BEFHHENERERLERREL. W
RARAMNEREBAENE TR, HEAILEEFIHEISITHE
KERS R 15=3 x 5 BERS R T LHH B RSA Bk /NEMEZE I
! MAEAEERMETIHHENA, SAIFEEENREEERR. B
g, EAFERFIPREILAR —SEE S —— KBRS — R Bk RSA
4%,
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BERROAKREL
FREPSRTENS roroe

KERPEI B4

FEAZFL, BT RIGRBRL AP HEERSBTEA0E
K, —LEHHRIEERPRWSIT R I EEE SRR L, BXT4HK
ZPATE, EFELNFTEARERIETREVANE. RWBHGET
&, MR TR OFRGN, MRRGEEEL, HREILRSHERELE
FIASA “BRIF” B4, HEERMELREN “HE —hrR&kMtAE
B——xttk, [Zaifa, EREY, RESEELHERE—&/NME
ZHI AR ST (secure hash) HIHE., AR E L SR ITA,
HREBR—FKHFANHE: TN, RSB A EMTANESE . XK
AEFERLESE 180 TUEI A BoR,

B—H#EA, 2EAAEVHBFEELMNZE “RIT FEEaE0
SEATRRA/D, BRI, RATREIEERI T, SR TS5k, 7RER
KM F—KBEERRAT, FERLAEFR, FEAYNZEHAERAIANE
HL# (certification authorities), PR INENLOER G 4RSS 2%, ARED
NFTUAERX SR S 8 THRAPE L. Hit, SRRV E— /5T
Zakt, LSRR LAZEEIAFYAIRRE £4H5 ANER.

RATREELEER TXAHE: B, HHEVREE @ HEiAE
PMRIEZ &, BRITELAREENAER TR Bl RIE
— AR (RIRKAATRIIAL, 4nNanoSoft.com) EyiiiEIE, A
ME S —AHE GAIEPLH, fnTrustMe Inc) S MRAIE, AERIEAH
&, XANREELR L@ELINEYL (TrustMe Inc.) B+ % &8 51RET
BB —AAENA (ZnPleaseTrustUs Ltd.) JSUE. X HEEE I LATCIRY™
e, BERAIVKESRER—RBELE: BiT0MEEEERARRMAL? &
Zan FEFUR, —SreE AR IERIE N FTIERIRINENLA . VeriSign,
GlobalSign 1 GeoTrust F#B R A M AR INEN . EREERE, &
ZRINEVER R (BfE LM ) STERIN RS KA

202



#1E BYEE—RXTEARREHIERS

B, X BERFIEBHEERR L T - MEREERNE SRR,

B Y B ok
r
KBBEBRFELNERAGLH,
FEmR

EFRTIL, BRI “digital signature” (FFEH) X—EIETLIH
WAF GRS EMRFRIAREMESRE I, MELNIXGERHE I,
AR —tRIElE? BRE, —MHFELARRKE— N REZELEM
ERBMEMEEENHEE. M THE-FILEEZNRAHE, BHE
(BRMELZHRI D) #MAFE. Hik, EMAERREE S # LE 4R
HLRERILREET . LI TRRELER—FMRIHEE, UUEHE R
BEEHAIBIE.

X—ERBRIBR T BN LEMPEE, BFrELCRER
RUSERRER . BAERFESL, RIVIANELRMRASFE. SR
PLgid i & 25, HEEIERKERAIRERERNESL, X—fFX
BRI Z R SKBR AL &, TR BT E AR BV &
BRI Z—.
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Bt+E

A BTLL
—RLEERTsEE

sALGORITHMS

MTHAT CHANGED THE FUTURE

IR R R — L3 A e

—Bi%tE - !B (Richard Feynman),
1965 4% i RApIZ 4 3k ig 2



BAMIEL LIRS R L, BKBRENESR —XSRER TR
M & BILAURIERIVER . TL b, MIBATEE TR, RAKLL
NBE|: HHL2FERUEAAREARNBBIND? 20 RBATHEE R
EHREYIERMES L, BRMRERE. B, HRIETFSFARES
(REHFRHEMERWATERE) LRIAAL., FlanIEMIEX&E
B Z AR RERE, ARICAHT SRS B SEflEmi 2t TR,
HFENRTr (TR, XXBRURAN KA .

SR, EMMFRMELFZIHE, — T RERUNEZRERSHIRRT
WHARE., BWiFsERRX, FARAT -MEEBREENRSE, f—
FMESFAIT s PRRRFNES . XEREEBCRIFRER, BE2T
R A RERRRIE? WIHA, A RBREER A ZEE AL VRRENE
HG? EAE, BNSBAERLEEN: AL EIKZORRA
T, B—BEFL—&HE “THRE" mMAREEUARE—ERAT
FERTHEE N o BT B 2 BISTE A BT L, A ERRS KPS DENR
%, AYEBRERKEd “RAHE",

ARHERENTFER SR e BEE, BRIEMIEEES AR
B, ARVIHBE -SSR TIHHREIE, XRABNFERCHANFm, A




BERRAKE R
2 ALGORITHMS
i THIAT CHANSED THE FUTURE

FOE R —— R EEA, —fREE AN —T 20 fitd 30 £HRE
ARSI R T A HREE, e —aRENTHRALA S ZRIESR Rz
A B R AR E AN - BREF (Alonzo Church), HAEHHE
it BRI TR AR TFEIRHA V2 R AR S E AR
e - BR, K ailh iR RIAEREENAY. BRY
TS TR B EAER, NERIEFER. HBRIEFRNBL
B TR, fEAR, BALERESTMEROEL, Ef7—Rk&SETR
FEAFEIRAL S AT REGE A TR AL SE BRIIREE . X —BRBEHE T T — 3o X
TRFn ARt Y HE I 4R

IR . AT Rk T S

VLR SR L RN AR AT SRR 3 T ORE4R T, (AR aRsnE, BRIk
& ERETHATR T ER, BEFHLE, IEsRE. WS
REFRVER - S R B L EE HAVAYE, SRR oLk, & “Ae
7, WERTEECHEMERESSH (RUREATTRI RS —AFR
A AR, WX E) . [BEMAE 20 #H2g 80 F£ARF0 90 £ N
FT LRI NBTREIEIE, LI TRV B BRELL 21 g K
%, BRXx—RAFTFZIER, EFEEELEADREREE TR BB
WEX#ES. 52, —B—HIENERF RS T - TEROKEHRE
LR, MbIskAEME A —A B 3) TEARZE TR S8B0X —# BB i i A ]
W, XLk H B T BAE R DU R IR L R R alskisr.

XHARKIEABE - EE. AR T RGeS & RE AL
WFTA RN T A IR R E? B FERL, WA
XRE— 95 AR ITERRER IR AT et . BATEEARE THE], Axtik
AEXFPR AR R . WLUEIA AT ReR S TREE M A
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#+E (AT — R R R BT

Fref B R RERY AT .

fEiX B, EHALL A EFRE—LFE “FTLUEAA AR B,
B R FERZHREF, BEERNSRERFENIIT AT R
HiR, HARKE, RIEREREER. HERTIRASEH —ERAH
EME, HAE s ARERREERSS, MEKEARSIEERY. B,
5B RARETE BB UIXT LRI, M BEEMH RAUR A — L5 R wTHE
DB TLURERN, RERBEZHFEREHR (40 1+1=2), KEFEMR
REHEEE T 2REXMRLIEDAR (Han, “EMELS ZRA%
FRREDE S AHIRT) o X FMEERH AW RATENL: Brx AEA—8Ei—
SR A4RRE RELE B JC T 4 HERU ZR 5K

Hik, EHEIRES, HENBE “XATCLUEAAR TR B, A1
ARZWEXUPIEE B, SEKFHRFATRLI, MEE AR
FEXAATRESKEL, BAE AN AREBCAHEEREIEY Tix—a. #4Ha6)
¥, ‘10 WEBCAE T 3 ERMLLEHATER". B0l F_AERE
25 ATLAEBA T R E— A REMB BT A TN i v B R 18 1E it
W B SRR S

E—EHEL AR

ZUEBLX R AR DTN FF AT RERFFE, AT EER—FhBBeE xR
A RiE#: (proof by contradiction) HIHTTIER]. REBFRERM X —
BIGE A, Ehr EAMEREEFRDEEMNEE, 2% E8mEE
it. HARRET

—JF s, BMNERBETEMAAFL, AELHFREER 2R LA
SXTHA L.

209



BAERKRHAKRE L

ZALGORITHMS
7 THAT CHANGED THE FUTURE

1 RERARREFE 19 L 60 £,
2. TR F HERXERSHAENEL.

W, RIRBEHLTHEY. “WERFE - WEET 1520 4,7 X—
FERERAR? AMERER T EEAANFLINEARIE - RE-—-Tm,
R B RE R I R 7= B A R E ?

BAFTRERIELE, MEVKINSE AL TEAHERE. (1) BAA
R e 150 48, BRI AhiE - MEET 1520 F, Rl
£ 1670 3815 (2) MEREENRBRPEGE, BN LB ELER
HIETIRT, Wt KA 1670 47T (3) HXAWHE, B AFA AEBINE
KENKEETE 19 #2260 £, (4) Fk, MEAAREET 1520 4,

NS E MBI TX — . SH A% &I L RAV SR
B XRBARMEPX—B = 5L CMAENELTE. Fil,
BANEI H A= PR R B E AR R 7 1670 FRT—iX 5K E KK 4
£ 19 42 60 ERICIFSMFE.

ROAEZBHIR A EE, BEEH L2 G801, REREH T 58
B CARLOIE 10 8358k 6 000 k.7 X —Wi S REZRKR? RMLIF
RS IS, EIREMAEPEARYE? e, AAE8E TR, £L
ot TIREBZ SR

BATTUAA A RIES, B, HTRIEAR, Rikx—HSAHE:
AHTDRE 10 £8P 358k2) 6 000 k. aRRX—WTEAE, —oOlES
Bkzh % bik? SFHERE, 6 000 BRLA 10, HmtR—o%h 600 2k, BMEAR
REZLTR, RBUMEXIEFROEGRE, EF.O0RLHE0H 50K
E 150 kobpk, Bk, FBFAESCMELFE, HBEAR: ARDIE
10 53 B35k zh %) 6 000 kA,

MEHMRBIARIER R, ATLT SRR : RIFHEEEANFHS Y
&, EYRAEHETEIEWE AR, Bk, WRIZSHE. @d#ET—
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#£+% (FaWbiHE—FSRFRwRE

Lo dl, (REBFHENFHTHRLHAR., R, mRCSHMTHRER, SHHE3A
THE. ZIEBREEGRRR () Wbk,

BERK AU E AR A g, R%EHE “SRHT, HTAR, B
S AR XHAIEAN ., FHEZ, Xt RiEk. TRER T kX
— iR RIS 5 _EHE A G FE R AR -

E—ABl+ FEAHT

S (F#EFH) AT 1520 4 AHLUBE 10 535075

%k 6 000 7k
T (HS&H, BEH EENKELETE AU S5 ShBk
HoAHR) 1670 4E i 600 7k

WEHIEET 1520 ANHLOEE 10 538 AS

fj:‘ . LY =]
&1 SHR P 28k 6 000 7k

B H, BAFTRIEENKRERTR T . AEREL HizgEd R
EEM, AEE—AREMNIAREF PR fTRERTTERF. (EEERX
— & BIRET, BONFEBEZ -EANTEIEFA XSS,

ST AR PR

RIS HRERTREIEFIESTE. BilIS2ZBRERER
7%, FAlEREfTR—-HEIEFTSEIHEFRNER. HiHEXTE
B FX b, RERERREBEERDEX—F-M. B, FERR
BUHBEIEFBERETRERBIMRER, BRMNEBXERMBX
ZHEFBRESITTREBERRBIEE AR, BEREERNCFLER
Fr: BKRFN RREEERB D AR —REHIM 2Bk
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FORITARISCH A, anR e A Microsoft Word 3R 44T FF ({4 “address-
listdocx”, REMAFE AR —NRERFERK LAMIEFR, R
Microsoft Word #1447 H 34 “bank-letter.docx”, HELFEEZINERX BAR
THIEE XA, (INEREAINIR “docx”, BE FAAMEFRZEHE T i
ATEHRINE )

FHUHERMNEIREERS . RIOXFAFIT- 5 6 FOERR Rk B
PP, WmtR Microsoft Word#kff:, RARENHIFHHMARRZET. A
EWITRARBRERBERELL RN T — A Rz 7 — N LR X —
BLRESE, BRERKFHITTEILA R (RrTRER¥EREMK) RELS
TRE—TRER], AR CHER, — AR it EILE Pt &iE1T,
B CHEAEmA R, mEFaE AR RE LEFR, XE
T rEE T H A3,

HEBED KHFELSEHRN “abedtxt” XFEMNXHE, XS
FEMBIEMRAXHEEE "FH" (extension) “abed.txt” #Y
ERBME txt', ERXBHERERGHA— I XHENERHEXHE
S AXBAEE, tbn, "txt” XHEBREBEE XA, “html” X
HEEBEEMIT, M ".docx” XN & Microsoft Word XX, —£&
BRERGRIANEBXERE, REERERSDXH RERR™ 0
BEETREEET. EMLHPIEER “unhide file extensions” (ERXH/F
%) SRR ENTES.

—EAF XML BEOERMT,

I, HEIEFMATGEHELXE AL, thin, SR
H— RFRRASITFR, REESBFUBIMAA . SIRBHFE—A3C
BRI A SR, BFSAEHIMaG L. EARFTRBERL, RixBFE
BB IAERTERA , BNFFREE R T RAL LA 3. BATERIXE
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#+% A it — AR R

BEFERNE L, RERRE ERERED,

AERE, REXHIAREFR=ET -1 EERE. RIERGEM
% P B HHE RN, IR —A3CfER, IRA T2 F. 13
AEERFTIFERX R AT, BRBX—RRER, 52, R
PLRHER S E A AR SITEERF . X—UIREAMEBIN? THAE
FIH TIILF AT AL R IR G i, XEHEAXIERABRIERE LT,
WARER BT A A S —— AR BRIE R G A R R B3R FF,
AR TREZE, BNSREEMA LR, AEEFE, REBDE
WURTE Lo e b BIRTS, DARAME IR A SCF LB RR P T LU 2 R0
IRl %1 A SCHF 31T

T E %% = stuff.txt k% \ #4517 Microsoft Word % 4 £
Tk

‘ARSI stuffixt, ®BF FTAAR", EF Microsoft Word,

‘B BRERSMNINEEALE Z®E L E—> Microsoft Word g1k
#EAR., REH stuff.txt #EF) X A4S Microsoft Word BRIZA X %,

- B EFTFF Microsoft Word 844 . #£4% "0 XBH "HIHF &
&, MERTET FEXH . REEEstuffixt,

R ¥ —H 2 X MANBT—ANEA S5k,

=

R

el SRR S R R SRl
[FOF3HIFEL r oy HAEXTMM T (1trm i r e 0210°(¢d [ U1qF
2 Chttp://ns.adobe.com/xap/1.0/<?xpacket begin="»¢' id="WSMOMpCehiHzreSzNTc;
_3 _<xmp:xmpmeta xmins:xmp="adobe:ns:meta/"><rdf:RDF xmins:rdf="http://www.

Microsoft Excel 4 “photo.jpg” A ANBFTHI% R, Mk 2 REAL, 2E2HR, B L
R AR T NB AR AL A,
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REL, RFERABRFITAAIERRROCEA M, REFIHESHA
BRHIER, £ BT, RATLIE T H B R Microsoft Excel T FF
B 3 “photo.jpg” BHHEILRIE R, XAFIFHEIIRLELL, 2L
Rst, EBRFREBRFIBEIT T, HAERT —ShH,

FHEBFIFERERCLRRE T, ERMNZEMRE— K. REIZE
iR, HEIEBFES A SCHEFEETTEER £, @Y, X8R
FRIZFLL “exe” Z5E, “exe” f& “executable” (W[#f7) WIHEE, #*
APREE “execute” ($hfT) BsfTEF. BAUHEIEFALER /Y
X, BATTUHE—AHBIERFEAD S — RV TR . i,
Microsoft Word 2 JF7E i+ BN FLA X “WINWORD.EXE” 73, @it
X WINWORD.EXE{E A A Kz fTH R IERF, FREEHFI T EH
FrsRIELRS

F Microsoft Excel # & Microsoft Word, % Microsoft Excel 3T 7Ff X #+ WINWORD.EXE, %%|
R R EAL— S LREAEIL,

FETE—H, (EAEE R RE., Bdirx—xK%, REEL
T3 WINWORD.EXE, fEFKMIHHEHL L, WINWORD.EXE fi T3¢
J& “C:\Program Files\Microsoft Office\Officel12” Py, {HH B & BERT
1/MEFHE"JT§%1’13%éﬁ&&%’(%H’JMicrosoft OfficelfiAg., FEEFX XK Z

, WP EFREEREER “FRESCH” HIZhae. INER—, RTLUH
Eﬁ%?%%’l‘%ﬁiii&bﬂﬁf?i&ﬁﬁ—i% (CAR THEB—/ER),
I A — &2 F Microsoft Office,
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E+E (FABIHE—HERFEATERE

BATEEMEF—H8HE, WRA-NHEILEFE HEARAK
BITXARFR? bhan, n3 A X4 WINWORD.EXE fE A4 A SRiE T
Microsoft Word18? X —LRMRAS. TEERTRETEN LR
MR, MZERJLAGTF—, BFsiTRiF, HRE EVEESERE
HREG, (ACER—T.)

Mo, FraXeflFEREMG2? BRARMBRR, LR —&EE
TP B E RN R LR, BE, REZERX =85
BREEERIEEEENELT. £, ST TLEUHER SCHEDRA
BT, HEFEmBERAEL, BRIEmAXHRZESBRERBITHE
F. B, BRIMNMEH, HEVNBFEASCHFEET RIS -, RHik—
ABRFALAS—ABFEARBAXGET. £=, RNOFBRH, &
PR PR A & e A BT, BIBRChIE, %R =fiEsh
FIgER— B, BRITEET —HoFH — X EERRELALEH T —
Lo LSRR A BT,

It rLITThis program cannot be run in DOS
mode . LS
S T 1o0ABY«APT «APY A" «ADY«A -5 «EPY«A-A«OPY «hi
xagY«A- ! «&8O0Y«Rich&sY« PE LB
a1 | #¥ + o e+ 4 ¢ |
. pl 7 3gl & + ¢t LR
*.data ot 0 3 1 @ A.rsrc
s - 1 ( : P N ~ 5 ® A& O
& u
+t $r 6y pr £ ot @ 1 it &
2] 9= & [ 5 R™ b* " '- . e L &4 i- (Ju ¢
I X4 EGPYudj! Syx ~¢| 0 0l:DifAk ernel 3 2. &

B0 01 _Oufiswytaf O0f=PO O #..

i ot 0<0 %uaS-<

Bt>» <"§,fy RIAPY'—~t OY.A¢.{| F&d Wt o
et Of = oOMZf..- ;< O, OPE #.¢ #-°1 Oa 3!

Microsoft Word#& % & &, 477/ &) X # 2 L4 WINWORD.EXE, Bp{k & & Microsoft Word i
FEREAT e it EMAL A,
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B RFH SURE L
ENPERIENG v

HYERP Al BB AE

HHEAERATR RIS EIEE S —F X b, ARUBHEDRERIT
Bk FERES . RBTFSE, ERAMESERELIE S, HHKEEL
HER—NHEIEF, BitEIT. REX o8B iikicS
ZAHRHEOAE . FEE R, BRIGES BB T HE S it Rl
B,

—EapE—RIERF (Yes—No Program)

PbX—EH N AR TR, RMNREEE FEE B HE
PR . BAFBRENTA “B—&" 85, BEAXSRR) M —Refirym g
H—A X EHE, SHEERRNAE 22 HIE “yes” (&) B8iF “no” (&),
Ebn, FRIEJL& AT S T4 4k ProgramA.exe (I HHBEHLE)F, EANE
FF R BB BT B EHE :

ARAMNEEARER, RiEA S LR IX—4 R4 5.4 ProgramA.exe,
FAEE T B —A 44 ProgramB.exe i EHLESF, KA “no” W
EiF “yes” .

ProgramA F{1ProgramB #FJE % B 8 — L |, HAINAFEEM
Ao (P EfMEscEREI THA, BIITHUWEZEE,) HhEZ, BITMER
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Ft+u fFaWBiTR— R ERF A R

ERELTEMBA , BKSTEHRIAHRENEFNET.

FE Bl T —4> 4 K4 SizeChecker.exe (IR /T, 'ERXELE—LRFH
RAEBOGIT . BIZEFMA—DM, WRIHEXRT 10 KB, BAF®H
th “yes”, Rz “no”, mRA#MEE—A 50 MRS (RI%E
mymovie.mpg), & “FTHH X", HEH SizeChecker.exe, REESE BN
Tt

B, WRBAE—5K 3 KBI/NEFEREHE LisfrR—8F (Rix
A& myemail.msg), it B A -

A M, SizeCheckerexe il 2 & b % H “yes”, FH bF# ) “no”
e G RF
REBEETRXNMALREBRET, BATHKR Z A NameSize.
o RTBIFERBHMAHERNAR, mRXH£REF -1TFikK,
NameSize.exefi ! “ves”; R ZEiH “no”, X/A-FEFESE WBLLA] GE M
H? HREE L, FIABMAXGRAREEDE Ak (B0, X
BH AR, Wk AR ~H4AERE). Kk, NameSize.exe&—H i
s7, NERMARM 4
WAE e —5), LRI H LA 2 AR P R AR, AR
ELED R E LR P+, bbfn, 324 NameSize.exe U Rk/NAFH #) 8 KB,
I, AnS4R F NameSize.exe {E 4% A 15 17 SizeChecker.exe, #HitHh “no”
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(Bl 24 NameSize.exe &8t 10KB), {1 ZEFTLLiE SizeChecker.exe 7 H &
Liafr, Xk&SHi “yes”, B4 SizeCheckerexeZ AT 10 KB——33k |,
£32% 12 KB, 2{UIRY, FATWTLALE NameSize.exe fl B & 1EARIAZIT: H
F X4 “NameSize.exe” @& IE—/F8, HHFIZERE “yes”, AF
&N, BRMOBEACAIETHERMFIE 2 — S RFEHELS T, EERE
MPfTAREE, BESER TENER, HBREEESGE L.

AlwaysYes.exe: — i iBREFOR &R

BT A SCH: i th
ProgramaA .exe address-list.docx yes
ProgramA.exe ProgramA.exe yes
ProgramB.exe address-list.docx no
ProgramB.exe ProgramaA.exe no
SizeChecker.exe | mymovie.mpg (50MB) yes
SizeChecker.exe | myemail.msg (3KB) no
SizeChecker.exe | NameSize.exe (8KB) no

SizeChecker.exe | SizeChecker.exe (12KB) yes

NameSize.exe mymovie.mpg yes
NameSize.exe ProgramA .exe yes
NameSize.exe NameSize.exe yes

— LR ER—LARFGEE, EEAMLEA—ASE “yes” #9424 (d4oProgramA.exe,
NameSize.exe) Fo# H#r# “no” (4o SizeCheckerexe) X—A%HE “no” #5424 (deProgramB.
exe) ZHE&E A,

RAERMNEBZ - LEFBHIRE—TRF. BRIGEAEE R
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FtE fFarbitE—ASRF A TERE

FA&oh “AlwaysYes.exe”, IANERFESBMEAIH:, REA XA
A AGRR “yes” HUR—EREF, N AlwaysYes.exe S5t “yes”,
K2, AlwaysYes.exe 9% 20 “no”, ¥ AlwaysYes.exe fE5E £ i fT1E
fIFP 2RI ASCHE . IR IREY AlwaysYes.exe BUH A SCHEA R AT HATER T
(i i% & addresslist.docx), BFEEHH “no”, R IRE AlwaysYes.exe [
WA R ATIATERF (Ri%Z WINWORD.EXE), B/F&HH “no”,
MRRHA— N R—EEFENRA, BEXMe—SRFANAHE “no”,
AB 2 AlwaysYes.exe Xt “no”, A ERMA— DR ERMARM 4%k
mH ) “yes” MR —HEFR, AlwaysYes.exe 4 & #i “yes”, FH
Ak, WACLRETHE W T A XHERERF ] ProgramA.exe fil
NameSize.exe, T4 T AlwaysYes.exe | £ /N A [E1#1 A SCEER % H
BAE B 1T AlwaysYes.exe B & F L. EMRERPEE ~THEIMN,
AlwaysYes.exe fEia 4T H B FHai ) “no”, K 24 AlwaysYes.exe fE4 A — 4
XS “no”,

AlwaysYes.exe outputs

WA i
address-list.docx no
mymovie.mpg no
WINWORD.EXE no
ProgramaA.exe yes
ProgramB.exe no
NameSize.exe yes
SizeChecker.exe no
Freeze.exe | no
AlwaysYes.exe no

AlwaysYes.exe 3t % frir A d9drh, RA KEHE “yes” ¥R —FALA F 4 ik AlwaysYes.exe
ik “yes” £3X 2 31 & ProgramA .exe #= NameSize.exe,
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EROBEEEE 47, RBFERILIA T A ZAiRE HIAAH
Freeze. exeﬂ’]ﬁf“ Freeze.exe &—# B, RBITEIEFHA AR
HEZ—: BE “GE (RERARML). trATEA L, J—14
}Aﬁ%ﬁiﬁ&)ﬁﬁf%ﬁﬂé%ﬁﬁi (B “BR&”) T, EEMNELEWMAMT
MR, FERZIE, RE—FEEREXIERTF. RXEAER, KEE

AR EXAREHER., (AREEFERZICARKE, WEEFRE
! ) HENBFGEWERZMEE, AMERA 78", ®NES
NEFHREE, EEXMERY, BFOFTTHIT—IUKE A S5 RH
B—Lthtn, REBERSNKREIEFERLIR.,

AEER, BRIMNEAERBREXEERFIAY, RMNMATME
AlwaysYes.exe fE45 H X 4 — /MR FBHZE ABIR], FT3L |k, AlwaysYes.
exeIE LA HAF40, B RMIRTERS: AlwaysYes.exe {E H Hi A kT i
yes” Wit “yes”; RZWI%iH “no”., Kk, 4% AR Freeze.exe—
BRI P, AlwaysYes.exe 42t “no”, XM EFNELERKEE—
TEEINER.

YesOnSelf.exe: — 4~ fa) Ml AlwaysYes.exe {4

R ELME], AlwaysYesexe & —MHLEY, ARNEF, H
AERes T R HT TR . BAEAINE, RIFAREEX
—BF— RARMAR TERLARE ENELT, EXWMARIA. BE
TEFEROAR B — 4445 YesOnSelf.exe IR F. X5 1 AlwaysYes.
exe{l, HER B, SWMACHATHE “yes” BHEH “yes” A
W, RERAXHEZITASHB L “yes”, YesOnSelfexe A & Hi
tH “yes”s RzZM%H “no”, # T Z, #nR I, FFSizeCheckerexeff
YesOnSelf.exe By % A, B 4 YesOnSelf.exe £ % SizeChecker.exe gt {7 — &
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g+& HHaUitE—AERF AT

5341, LAFIE SizeCheckerexe 4% B S E A A S TR &+ 4
mTBMICEMER (WLE 218 TTHIR), SlzeCheckerexex_ﬁE%H’J’fé‘ﬂi
1 “yes”, L, YesOnSelf.exeiz T SizeChecker.exe &% “yes”., R
AT LASE FAAH R Ry HE B 43 tH YesOnSelf.exe m T H b Z M AL R,
B, mRBMAXHAR N E—DRF, 4 YesOnSelf.exe s H Zhi

no”, FRERT —L YesOnSelf.exe Hy i tH-——1F 2R B IEVRE R
TRPE—IT, EAEHSEHETIEZE, B YesOnSelfexe 17 A43EH
HE,

YesOnSelf.exe outputs
WA i
address-list.docx no
mymovie.mpg no
WINWORD.EXE no
ProgramA.exe yes
ProgramB.exe no
NameSize.exe yes .

SizeChecker.exe ves

Freeze.exe no
AlwaysYes.exe no
YesOnSelf.exe 7?

YesOnSelf.exeiz 7 $ M A d ., E—4 R “yes” ¥ EHREHFHEHE L “yes” &
R—TF 44, PpProgramA.exe, NameSize.exef=SizeCheckerexe, £ F %5 —HH Livi:, B H
ARKMAH HAOEH, XFESMBGL TR T AR,

RINEZEERGFX /NS H BRI F YesOnSelf.exe FH X I .
F—, B— T LRBJG—1T. YesOnSelf.exeiafTH FHIH M %M 4?
FizhE, RAWMEREN:, FRBRINENSBE, mEHHE “yes”, &
150 (FR$E YesOnSelf.exe JE X ), YesOnSelf.exe £z 1T B B bt iz H
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BERROHIKREIL
ERRTIREENR rrume

“yes”, XA MEE, HMRRFEHER, RERIAFEEETEMRR
Fr—%, HHSISERL “yes” BRIEWMBERMLIL.

HoE5 &, B YesOnSelfexeiz T H WM HI & “no” WE? XEBk
% (B 2R 12 YesOnSelf.exe fJE X ) YesOnSelf.exe 7Eia 17 B & I} b 1% 5
tHh “no”, FIZAET—#E, X—FUIRIHEE—E! (LI YesOnSelf.exe
Rtk . REHRE A ORI, BRERMAIEH. YesOnSelf.
exe fT 4 HH IR B AR & B — A HE S BRIk il z —#, (BB R
BABEA B ERAF X — A,

B, WIFEHREEEE M AlwaysYes.exe X —F . BB
HEMR AT, R, BEE, mRBRIREHELIRE T AlwaysYes.exe,
B £ € YesOnSelf.exe Bt X R F 5. At 47 B2 YesOnSelf.exe 5 Lb
AlwaysYes.exe F 4] #. . YesOnSelf.exe RELL — /- rRERV B A, TIEM
AR REHIHIA

AntiYesOnSelf.exe: YesOnSelf.exe )2 [

RAEKRE &)L, IERNMNEEIRN HiR, 22N BREIEAER
FRTRIER P AN R REAETE. (HENBLEN BiREX A, MNAREREK
B A X R A Al REFRAE R F o 3R W R FR AT T B 2% B AREY — SR A
A, FAh— B TR R E R F AR REATE, BTGB E
B REIR s e i SR F £ SHEER, BRIMEEEEEX A
A Bk, BIFFEZHAE -2 —SETFRERIES T

R %R A “AntiYesOnSelfexe”, TFa1HE LR, X
AR JFF YesOnSelf.exe JE ALl —F L b, BMABRF 8, H
AR YR T, R YesOnSelfexe Xt AR g Afith “yes”, 4
AntiYesOnSelf.exe &% [Fl—#i A& H “no” . 40 YesOnSelf.exe % 2 A %
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AfitH “no”, AntiYesOnSelf.exe &% E—#i ARiH “yes”,

TRRMAXHFRER—I R —BEF. AntiYesOnSelf.exe &< [0
WANEBFEBESLETHAERRH “no” 7

%} AntiYesOnSelf.exe 7 % 5 ) 3£ 25 1& |

& X 52 B RE Wi X AntiYesOnSelf.exe f7 4 F, 1HE M
UL HATAIABI 25 £ £ . B0/ YesOnSelf.exe Xt F7E H & ki 7R 4
H “yes” HIEIAKIH “yes”, RZHiH “no” ME, i, AntiYesOnSelf.
exe X FAEH & LBfTHHiH “yes” MUBMAMIE “no”, R il “yes”,
AntiYesOnSelf.exe &% HA A 6] TFI A8 : “BACHER & Lisfrit2
ARASTH ‘yes’ 77

ABAAIN, % AntiYesOnSelfexe (iR X A0 4. thiFr S
A, RS “MASCHIEE & Eisfhh RS ‘no’” BEEBALL S
HLXAFAER? AT LABATEE "Rl ‘yes’” BB, MAHE
BRI AR “Hil ‘no’” ? BERBTFAMSMHEEL “yes” ® “no” 2
SPRETE, L, IRFENEIRKEN, ENMRFERFAHE “yes”, &I
AReEBHERESHEE “no”, tuin, B ATRERHELD, HBE%E,
Ak, FATRTEAH —FREZR I SLAR H — A B RAVESE . AR A TR 50
— N EFAR—ERT, IBLIANTAE X R AT & FRah sk BEL
B—RFkESLHE “yes” B “no” £k, Wik, M} TE—GEF
maE, &£ “Ahith ‘yes’” EPWRMHALTEERNEN “Giif ‘no’”,

B, fRZ&IATEEXT AntiYesOnSelf.exe BT A 45 HAEH & AR A,
AEBMAXHRAZR—ANZ—E T, AntiYesOnSelf.exe #i4s B Z X AN [A]
B “MABRFEE S LT HHE ‘no’ ? 7 3t AntiYesOnSelf.exe
FANX—ERERTEIEYEE, FLARE REFFIHTE.
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% [ B I N1 7E 5> BT YesOnSelf.exe & Frfft#9 T 1, 4 AntiYesOnSelf.
exefillfE—ikM L REB/EIAES . FXL L, BINMTUEBEHE 221 1
IR, KA “yes” itk “no”, RZIFR., XA MB RN RE
LHXGKER, FORTE—H, BFBEEHEURSTE 1T, HIAMREERH DR
hiag—T, MEASCHAR— DR, YRATLLF R TTAE i R R,
MAEFEE R 2 ATy R SE B A fkE,

AntiYesOnSelf.exe outputs
WA it
address-list.docx yes
mymqovie.mpg yes
WINWORD.EXE yes
ProgramaA.exe no
ProgramB.exe yes
NameSize.exe no
SizeChecker.exe no
Freeze.exe yeé
AlwaysYes.exe yes
AntiYesOnSelf.exe 77?

AntiYesOnSelf.exeiz /7 £ Mg A &% . #8422 3L, AntiYesOnSelf.exe &2 & YesOnSelf,
exeRARMHEE, AMNEIKA—KTRE— fo i 221 We9—4#F, 22 “yes” ¥R AT
“no”, RZAK, e Pititth—H, HARRE—HFHRELRE,

REEMNERFBRE —fTEH, HFA122R T+ E AntiYesOnSelf.exe £ B
5 LisfrRamnt, — AR ET . ABBEN T X— R, ik
13t — & 1% f£. AntiYesOnSelf.exe £ FTUER IR . SHZEKA A
REHAE—GERFISERA, RITVEESKE DT AntiYesOnSelf.exe ¥ B &
EARABITR R AEE N, Bk, EPUSBERNEE “GARF
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%+ (ATt E—HSRF TV RAE

ot

Lo AIEAEER S “AntiYesOnSelf.exe& -7 —H BB ARF
H AntiYesOnSelf.exe, X2 HMNFEEMHELEE, Wik chE TEE
R,

BREFRA A 4T 15 ) AntiYesOnSelf.exe /£ H & biafriyit . Hti#F
fEFiF TRt (“yes” 1 “no”), HMFTEIX—FBERIZA AR, AT
B & BB FF.

TRWMAXHFRER— IR —EBRERF. AntiYesOnSelf.exe < El
%ﬁ—fﬂ@ :
AntiYesOnSelf.exe ZEB & LIiZ{TREEHH “no” 2

% AntiYesOnSelf.exe 1§ & HFEAMAH S AT A A ERHE, 28, AMERRH 223 T
@ RAIR, %1434 A X4 % AntiYesOnSelf exe # 4 F

Gl 1 (BiA “yes”™): REHA “yes”, IBLFHHE M K
ZEpZ “no”, {HRTEE L, HARBAYE E A& AntiYesOnSelf.exe 5
H (FiZ—BiEPFARELILLE CfE) — Bk, WHassh “no”, B2,
FATRIRIUERE T2k s A “yes”, ILHUA “no”, AF[FE! FE L,
BALER T —FE., (WREHRIEEHIARE, HAELRBBAZEE
A X — @ISR L., BNSETE/LIREARX—H#,) B
ABRNMBBT —FE, BATHHEER “yes” BIRIZLIRAEIL, Al
EL4IE, AntiYesOnSelf.exe {E B & LizfrhtaEH ARIGEL “yes”, it
Pl a1 55—l Ee

B2 (HHKk “no”): ZMREHA “no”, R L XHE A M & 5 &
MERME “ves”, BB —#, HBENL, HERBHNERE
AntiYesOnSelf.exe B4 tH——F ik, HithoHih “yes”, iz 2z, AN
MIUERR T 20 R4 4 “no”, LKA “yes”, Fn LG—#, HA1EFH
T—hexrE, BERBEAMHEEZ “n0” FRIRSBADEL, BINELIE
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BERFO MK
ERSCQRIENR rumune

B, AntiYesOnSelf.exefEH %J:iéﬁ'lﬂ’%%& AAEEHR “no”,

BEE LT TN LHEER T AntiYesOnSelf.exe £ B & bz 17X
BHIFF AT RRSI . XFEHRE—AFJE: AntiYesOnSelf.exe #iE L A—4"
B BRB—NARELER “R” & ‘67 AMREZ—4&RNE
Fro HRT, RATRIRIE-R T —/N ek A, 1fi AntiYesOnSelf.exe X 4~
WMABIHFAERE— LR X—FEERBNSEMRRI AR B
B, FHA T EESR B —/~47 R F AntiYesOnSelf.exe AR MU & — & Tk 1F .

BEMRPIZEET, At ARIEFE/NOHBARAKNECHREE T
AlwaysYes.exe, YesOn-Self.exe 8¢ AntiYesOnSelf.exe f 1L faf — 4>, & Ff
M REMARMRBEHERS T BN, XERFSWMER. £ LB
W, BAEH T R IUEH: &7 AntiYesOnSelf.exe S ] EFF £, {HIRATHEIE
B £ . AlwaysYes.exe fll YesOnSelf.exe i R a[GEGFAE! A 4?2 YRRLi%
RESEE], BT HEHIERIEE., BHLHRAESE 222 FUitidant AlwaysYes.
exe fRER IS &, XHHBE BAIEEBOIFFH YesOnSelf.exe B R EHY
ERZWIZSBES ., MinE YesOnSelf.exe 775, #4715 H AntiYesOnSelf.
xe R B FAENBERLARKES, B ARMAMSEEHBAN (3%
“no” HpR “ves”, RZIFR). B2, R AlwaysYesexefr £, B4
AntiYesOnSelf.exe L fEF £, {HFK T E £ 4018 AntiYesOnSelf.exe s 1] HE 7+
&, Kk AlwaysYes.exe A ] REfEAE., FIHERYIL 51 B 7R YesOnSelf.exe
R REAETE

ok, XBANEHs R —hEHA, RIOMOEL BIREIEH AT
BFAARAEE. A8 ESHH BiRe® S AR RREENEFAIH
F. BMNELABATRE=AAPERNBTRE TX— AR, B=1TBFER
— AR, EXEANBFH, BB EL AlwaysYes.exe, HFA
MFEHZ ek, XFEANEFEEHRLLE S ARMASTRFITA. B—F
M, AlwaysYes.exe RAN4EHBAMERF, FHAREECHFE, MEITE
ffE—8F, FEHERBRNIBAIBFERAZZEE “yes”, HEMALED
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g+% it — R ERFATEEE

2508, EAGERS HMEY . £ RNERF.

KRB AS ul fEE

BT HLSF BTN BRF B AU, XABRITFRERT)
S HMBRFHAHE Bl RSmit: B4k, ROEIEHXE R
FEARIRERAE, R FEJLIE, MRFEE TRNSARIES . B
—FRSBRRFEXHE—ANEF: %44 CanCrash.exe IR FFREHT
BT HHE EMNET S MBt, EXf CanCrash.exe i —2627 P&, s, &
NErEEE, BNSE—FE.

TroubleMaker. exe

g o

TroubleMaker.axe has ap and needs to :
close. We are sorry for the inconvenience. 4

FARM R GHFG 25 R, TR GRM R RURR 7 KA H T, 2 H0 B2 5 5 oA
faill, EAMKE S R4 TroubleMakerexe 25 Hf i, £V 3 & F S MK RESH KA,

EE B S ERBATER— ST RENVEF, IHRFERE
WHOUT Rt . B TanfigBixe-Fr FK b, XMFRES. BFRie
EHERZ ., Rh—MBAE LNREREFZRRLE. 54, HE
(IR HBIIEEREBR “HE 7 (undefined) , ETHREHLH, “SHKE L7
RATRER, B ARkSES R. Bk, LR RTR—FE
B iE, ARFHEALBRKUBFRUENZ RS, FXL, Xd
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TR L E 52 TroubleMaker.exe ] FHI R K,

RAERMNABIEABRBRZABEF ATV TESRE. THEE TR
R, Ml 1—F BRI R — BT CanCrash.exe, ARAEAR AR
FEAEREFIE N T fiilt, CanCrashexe &t “yes” FR&hsk, anffA
B AAL AT, N CanCrash.exe gt “no” FH&5E

PLLE 31115 CanCrash.exe it 261 RIS . L “yes” ARIHIE,
F#AM14 1k CanCrash.exe Sk, (TF4n FEFHTRH, 25T M ERLL
FTMENX—HL) 1EBNTHREZE EHIEEFF A CanCrashWeird.exe, K, 4n
R AL HATt, B4 CanCrashWeird.exe i X MR F &k & it (EREY

BFE BFTA

- WRMARERATL, HitHyes
CanCrash.exe - IR AMS BT, HiHno

) - WMRHARERADE, ARl
CanCrashWeird.exe - WMBEBAMNF A, #idno

|

- WRBAFE B & _bs T A, Al

CrashOnSelf.exe
- WMRBMAEE & BT B,
l HitHino
- MRMATEE S LIBfTH . Hidyes
AntiCrashOnSelf.exe

- IR H & s B, Bt

—FEAOANHFMAALS AT RAELGAF], RSB —/ 4L A4 AntiCrashOnSelf.exefk 2. &R
TH, ANTCAGF LEARASETRE, AR, EMMARE AT L—AMEAE R TR
B8 (it kA=) . Bib, ZOANMEARRTRAL.
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#+E FAUiHE—HERFAEHEE

IHEMESMWAELLT EE), R A KA S AT, W CanCrashWeird.exe 25
itH “no”,

B B 7= B9 T — 2 & # CanCrashWeird.exe #% # g — 1~ E LW U 2
., T8 H R b CrashOnSelf.exe, iX 45 F1_E — 264 #Y YesOnSelf.
exe—HE, ASCERFER B SEABARSITHIRI. FrRlEHHRE,
CrashOnSelf.exe SRl K AR, aRWARTFREER S Lizfr, W
CrashOnSelf.exe &#E Filit. K2, CrashOnSelfexe &£%#iH “no”., &,
M CanCrashWeird.exe £3 F] CrashOnSelf.exe R 5 : X —iZ B MIBAIESE
222 TS AT Always Yes.exe #5# i, YesOnSelf.exe fiH B —FE

B A8 F R PR B S — & Bk & 4§ CrashOnSelf.exe #% # 5%
AntiCrashOnSelf.exe, XHEHEH—FHEH TRFHITAH: MEHBALAR
8 @it AR, AntiCrashOnSelf.exeffi “yes”, {HinBHALEH § L
BT AS AR, AntiCrashOnSelf.exe 5 &S Bt .

BRAERNME T AR —LF ERIH F . AntiCrashOnSelf.exe ¥ H
ClEbmAsiTR SR EM42? RIBE B FHOHER, mRBABRG,
AntiCrashOnSelf.exe gt &%t “yes”, (FJ&, K AR AntiCrashOnSelf.
exe LR, BEAARERIAL “yes” HER,) SRMEH B H UM
R, RBAAR D, W AntiCrashOnSelf.exe b7 ji ifit——X — rith B 487
J&, TATELHeBR T AntiCrashOnSelf.exe B F Al GERIIT A, X B E
AntiCrashOnSelf.exe —FF 445k 1~ o] BEFETE,

B g, FATAILAA LT E o 7R RO B B UE B CanCrash.exe th <
AREFE. MR EWELHFE, BRINKBIEE DT LR ERK
AntiCrashOnSelf.exe——{H $% {1 & £ iIF B§ AntiCrashOnSelf.exe 4~ 7] §E 1F
. XRFEZA, HFEAIMERIL CanCrash.exe FEIEH4 AR,

229



B RRA AR E

ALGORITHMS
FUTURE

ELREAA A Al

X RN HIHHENFEP R, BERMREZ—#TT A
&, B’iNSLUEWN, %ﬁTT%ﬁA%%%&~A@Cm&wwmﬂ#m
B o AR P HPENR b el Re R B iRt R BT A W e

$ih,ﬁﬁ%ﬁ%ﬂﬂ#@%kmé-Eﬁﬁ&?ﬂﬁﬂamﬁﬁ
IEB— MR FERIZE R, xRS TR0, BR, LbhEE
AHETFIREN, R, BRI —ICAHEIBRFRERETERERMRBR
i, —NTERREFENREL: — N EHRUBIEBFREEGSEE
WERBRAEHETZE, MAER —NTER? XNTCAUEIET %%

T REEREL R IR BRI R E A RVEYLIEE (the halting problem),
BRI RBRTE T, TR R FRE R ML) AR 20 28 4 )
“AAHET, AFHE B A RE L RS AR TR RS, B
B, p—MRAREREENFTRNE: RAREES —/ 44 AlwaysHalts.
exe, HMIAIKIZZILR I “yes”, Rzt “no” EYLIEENLEF

WX FAEER, EVLRIBFAZCEREIEFMLL, JBATTLAEA
ZEACTR IR RRAR A ARGt (R R . FRATHERA T Bt R A el A, {BPREE
A b AT DA A AH E B 5 IR B VLR B A " e . Wi E, IEnfRBT 55
H, HEVRFEE T2 H A RBARHE .,

Al BERE PP bz FA A IR LL 2

BlegoX — R REFALMENRIXME, s -EHHRL T4
HAERE, SMBEMSILHENERK, SAXKEGH, E4F, 3l
RIRT HBEALEERAIRE 2 —. TMILIRE], AR BRA AR T feE T
HEILgR, APEHREIA ZBRRALRBRTFRE LR, XA HE
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gt+% FaabitE—HSRFTh g

R EAEEERA HES, o EeEFLLRIL eSS MRl

X—AENFL—AREERE—FA T ARM? AR HERER
FEIRMBNELFRPERTEILD? AKEABHETHHRE, A
foi A BE AL ERAS W] HE (RIS

AN REAUER

LEBATE SERE T — T AT H @M RALE AR SEFRem, & RR
WA A, ARTHEEX TR B KEREA RRKEm, FEEHA. $
—, AAHERAXREHREIEBFREERER, FAZERNMNFES
ERELN, i, £RERD, WEEE (WRERBAFEREEZN) R
HEZE, FFEZTHEEFEERASRRL. XhRELDERKRTHE
[7)f (Traveling Salesman Problem), f&j#7% TSP, TSP B ARIEFR AR 4N
T BRIRVRGHREMR LT (Ri%Z 20 45k 30 A8k 100 1Y), PREZI%
e AR Ui TRl 3k T A RELE RAT R A B b7 FRATTANIE XA (AL R
H—FxK b, AELEZENHFERT ARERS -/ IHHEILBRFIIR
WX S T B EE R . (MRS R)T T REE LB A 5 4 I RSk 52 BLiX
WLV, EKEkd, XHABLE, Hik, FETAHEX -FEHAEHRE
BATTLMEE PR R B,

AT HIEMERBER A RIE A RER : RATERIR o A TR
RFHIRRATHIERE, AR FEO TRt TRFVE R, &
MERE— T ERRIEE RIS, BRI EIBTRRINEHHEIRF
hETERIRETRE, ERMPARRERES - NREALART, FEERI
KEBHBIEFPERZERR. FXE, IRHENFRZER -
WIERAIRF AR, BAED 2L BB 7T R T 5
HTHMRARFRES, Kk, BFEADATHERERBEEH A
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BERRO NN
FPRCQRTENG e

WIS R T & .

AR FIE MR fN

AEHE R AR BEEBERWG? X—RESSE#S Y
TEh - HEENLREE, WEREY, BEMARBX %, 1%
BH, BT —-HREL. ARG A RERN LRI RARLL,
o N S A BN ZAEE RS, 52, SFENRTEBRRIA
B—AEXNANA 2 EUSEE £ 2 RFVIIZG, X—FREHAE
FEERZBEHIA. mRARGERE TR, A RGBT H
SERE, ALBAATEAR BV RRR A THE R —X 5it
B F A RERROR A AT HIE (R R E SKAR T JE .

LR, BATRERELLH EHURS B0 B [ R T R itk . B
MEKE, NRAHENLZRALPFEAT2EFEEZ, RAMLSEET
S ENBEFEFHAREE T RFERE. B, 2RHEFBRERR, A
ftlE “EET FEE R SRR AR R R
AE, XEHELRERERLHE, ETRMNVELAMERED, 3R
pER

XA RS - ERLE 1937 £ RBOIE XD AT HEERIR I ZE
A—BRAEANBKR, XEEXHTFZ APSILTREILBCY — %P
. AR, XRIECHIPREAE LB RELTERRZRMNEIE
“XTFAHEHF - (On computable numbers) FF3k, ZZRHLL “-----
R HERBIINF” (with an application to the Entscheidungsproblem) &
sk (BMNEXEASERITIRARERE — 8] ) E20#223048 4K,
“computer” ({+HAHL) XANHREFENELFBREZLAR. XTFEREKH,
—8 “UEI mE—A, REERRMEREAR. FHit, BRIBIGRE
PR FITFREEFT FEN RS AIERS T . BRI, &
RIGR T —MREIFRETENRHRILE GITERMSE, —& ‘YL B
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g AU E—HSRFATRERE

TATFRET TR . RIOCBoNE B FERREE HH A AT HE f5X 2l
a PIT — XA RN ELWETHET A AT HEEIRIE. HE—IR3CH
H—EoRH T MM EA VR DRTIRYE, BRE “PLE" (EA1EL
RHLRR) gEBATH THREAL” GEUTEAKRIR) SUTHIEMITE.

TRV LRREER AR A S KA B R “RT A HHEE T W3
FEABUREME T . XRIBICAUE L RMRR T HH BEYLF v — S i AR
FE, BWRATFEGR, 20T R AUHRDBGT, RUAREE
AU AR, (B, SRHENCERAHEAHN! ) £URE
FHRIES, WAATEI (BFTREHEAN) RAHFRTHER DA
HRLAER# — B R8I (Church-Turing thesis) T[4, iX—4&FRIEI W
2 - BRAFREE - ERAr B, PIREME - BERE (ZATREE) sk
TAHIERERIfFE, B L, PHLLEREIANARERE CHBRR,
{EERar I AR SR, BRI R AL ATHI TS,

X ER A RISEA BRI AW THR . 1H AN R+ [ SR ki A B BB
A—EREFFEANIRR, IR THEALE A 7P PR H 0
PRE. FRFERIREIACOE A TRIMRRIE R, W HBERTHERE RN
R BOWEE,
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M=z, RTINVESMTHRERDEZREES - EL
(Stephen Hawking) #17MIA TP, EXH LN “FTHERE” (The
Future of the Universe) WIZ KIEV#iR], ELE 0WMHHBTN, THFE
B REHK 100 L4, B B EFFNFEE : “ M TRATU AT IR
ERIEARET.” HEk, AROE, HXHENEZOTNIEEEF
HHEKERIN 100 LERRB . BREOEMBINERE 7TReER £ 2 F
R,

(X AR PR IERATEZ T EYUE R BB RK, BOTERTHHER
BESAR “BR” 57 Hep s big? SAFNERRESHIG?
BERZEXENE, BMNEEESHETEERMIEFHEER —HRE, X
LREE TSRS —KREE, EEHNPNEHEZSHIUNFEBNEL
HEZERAIP.RGHEH —EEHY, EXRNTRFIHEFERE, BHEER
ETESTAF=REFRBOAE, AABERA “&”, HAAEKBRE
RRE “TERRGUT R U -HTE,

Bk, iEBAIBBEA - T - P - BHHPHAST, MGEMERBESE. &6
R RELEE BT E 20 B R AW, LIPRIE 21 g3
PARATHR AR, B 20 8 30 FMA - LFREHE LA, £ LER
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ZALGORITHMS

A, XSRS EERANECYE, EREFINERLCRPISFHAR. &
HmEFAE R T E ARG X R EERG . EHMFERY, Bk
WFELTERRHEFET —BRITE, FHEDEEHHEARFRLEEN
BEZMA, FSIFHERERBEERETXE.: RURKELAER
BENTBAEET 24, ERSERARILIERRTH “BX" —F&
ERIENA B EFERPNE E. M58, XEEPHE SHFT R A
ft; PageRank k&4 6+,

EE, FIEANHIEAR -ESSBEH RS 4., BRELARNE
20 {20 80 AE R & 90 AR WK, ik AR A S T 5 [A] M A
ZioAwEMEMLE T AMERATENR G R, Z2ieABBES IR T 249
B E RS, wREEEAMELEEEAR, HBEE, AZILEAH
P Ay R A B AEZEHE., MR, DB EIRE—Mesir £
BREHRHBMEAR: BB R R EREF AN AR, 1LE
SIFNHEA BB LS & R BT,

HEi, REBAEFTA T B IMEGSEERNE B LI, EHREE
RIEFTA A RELMMEL, FX b, MHRGM B —MBEARNEEDESE
e, BErREHAFIHNPAHERRRE. REHEHENRZEL—
IR R R R, REY . BFEMESFSEMEItL, HELRZ
EEER: BT 20 #4230 FR K, Bk, 20 L RAHH AL
LB FBINR, ERREI) ZE ST R E RS
PRI

Hik, BAMBEREMHEREFRBR: FHEARREAFHEDS (niche)
Bt hF R, MiXSRNEREEH KR SH/ MBS, 82,
BHFFINAXFEFER SRR, LRI ERBEEZBERE
Hh B
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#Ft—% He—EBEHRIEREIER

— [ BRI RFIE

LER, —SHNEREESUZSHABTRRIG M, AELRH
REXTRRAE R EB UL 4, B —SIHFRE AR H RIEWTHIE
Bo KR EREATERERFEEPHRGHEN (Fil2EE
RBD, MRAEEMLSANRENHHFAEEREEX S, KikAJE
WHEK,

B—A DAL SBR—HK LA “FRIRBHIL” (zero knowledge
protocols) FYBLEL, XEPh il —REERRIINE ik, DASEEl—Ebbb
FEHEALAEAS ANFITRERE: SNRIEAARE 2Lk E BHREkR,
THENEMRSGE . BHIRPENEERRZ —RIAELKME, B
Rz, EHERUUME LN R & BN, NimHERAER
AN, BAERMEATIENIRE BBASEEMARSR! IRTmIREI XK
iz IS, XE-ATRHNEREESRSHERIERELRTIR
e, HEATALL, BAERMETIZEM.

B—MRBARZE2ARAR AL HARBEBER M “Of
AME AR (distributed hash table) HIEER, XEEFRZE—FE RN KRS
——— B RIRS 5 R E BRI RS —FiEE BRI 5,
BRifi, ESEERPE, B2 SHRAM ARG KR RHE %36 L#EA
bR RS, BT RB AiMeAmE.

“FF L EEZE” (Byzantine fault tolerance) HiAMB TX—%. X &
— M4 NBEIHEE RS, AIMALRRBEERK, RARTa AR
. #HEFEATFRETENASMHZEMMRAER (RERMNAH
AALER). XEFFREERES —RAEZLANERERM, R
AR BZAARESBIERFE AT —HER.

239



&f*%ﬂhkﬁﬂ‘:

ALGORITHMS

HBRRE AN ?

BR THEMA 2 BB SERRP ABRITIZIN, BIMMBIFESHE, B
B “HR” B —RIMMEHAELERBWATRARMIAE—F&
TH-EERH e RAEEN, HEEXERARETIRNT. mRBATFE
BOREESREREEL, BEEEaRAEEZE. RHEMNHFERD
Frf ERVIFMER BRI QR P RX ek & &R
ARz, #TE— ST AN ESETRE. FA— 56, BT
HIEMS A k. £AMDS Ve R — B 5 LB MiRME, | 20
%%Eﬁﬁﬁfﬁﬁm SR H BLLAJG MDS B9 A 22 2 Gk B 4 AN &

» AMIAFEEFEEAMDS, R0, RINEFAZIHRE X —F%:
W%%E—¢%E¢ﬂ%5%ﬁ§ﬂ&ﬁ7m,MA&$£&M%H%5
B

2R, BINARXEERIFIFoR B ZEBRANIBFE KR E, §I%, MD5
figbs (RER—T, HIEEMRESHA-1 ), HXHABKREME
"R ERBHOEBBREREET . B, XIXEHFRKEHEIEET
Z, WA EREBMOEE, B, RATARBE MlAERX—
B, FREEFERRASETEEEMEN AR, ST HREE
(P AKRATREIEEAR R TR E B,

BAINFRTHA?

EAAEB R ARERBHA 2BAEEG? Xh—FEE,
A K BBMRESFREMHEIERESE AT EIR2mRER T
BEIRE. (EARBIEE, RBAMEY. YBIFHRETXABE, R
MRERRX B R B BME, B—Re—E0 BB hiEA T R EE
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#+—& Hit

S TEPFERIDER

W BHE R R — X SRR T AUE AR M IR RE B B AR . B3
REESSFURENAE BEBRARRE, FRENEAIZIIRE SRR
ERE, BREHRIES S R E S (FTRE) ABRD EBREkEE
—EXREL, WREMNWEREM, HE 28X EREEER
T, AMERARERENMMET. SAREIAA CERNRERENERE
AE—KE, BERA LS. SHUF SR, REAW TIFLEZNBOR
@, HESANGTF, LBREEEAIS@BYLE AT D0EE AT
R RRRE .

RERARENHI-NEREATE R, RPN
g, BYRER-TIANHREIFERE, BBEERFEER
*, ATCAHBEIBRERERM 4. BERCAL, BFELBEERE “%
7, SRR A TR, YRASEE RGN GELHRIRENE AT
Wb, VFEFEPREE, HETREIZEZAE XU E XK
P, g0 BRI KRN T RYLEE KA IEAERN TR —RRTR
RS DIEHE . Bt XABfE, BABREXHTHEIRZEREZWRE,
R R R 05 A EBLARRY T R,

fEix BAANRBRLERAERY ., BRIRRBSE T L FERTLER
HAXFHEIZ, A TREX A BARRER., BRURE H3C, BIaRREE
RENX L BAIRAEEITHAMEMN 2 LE T REMEHTEE, RAS
BE HFRET. RE, BAESEWRARBEACFEHER. cith
BRI EMR, H—HHE, K—HA%EBIEHABTFELTIA AR0%
(BATREABE HXHAIN) .

HEGBRES NIRRT ERE 2 HPIR RS EERE oL R4
. ZEMAFHLRRYE, HEIREHASFERESRERBITEILE
P, TEARFERH Java, C++ B Python EHBIESRE . Hik, smitm
R ENR AR L FER, HAARAR: IR TARBRERER
LG, BABIRENTE X —XHIH BB,
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BAMCLIGAHR AL H FHEHANE R, BINEIAA SRR
T2 fRFEREIR S EsS B A RG?

TR APRTGA) — AR 2 Wb, FRivF S8 anE A F W R,
FAR AL YRED M2 DT 2% BT B B FIE B (BLE). HFLUIRTRE
BIEL R B R ARFIFHE RWE, REFERE, mALEZ, FARM
BRI E BRI AITWRREI RGN (BARE), REXR
RIERVRE B R A ST “R U BEHLREARBOX M F %L 470" —(H
UREMEX A RRE, BOAMEHE R ZRIEF B AZIRIMEE S, RELET
BN ES BIER AT HE (B1E),

CEEVRRERBIE 2 6]+, EXEFFH, HRERIALIFEER
BRSUREHEHIGR. i, EMREHSPFHRBR, XIHEER
BHFEEN, RNERAWSLLIEEREBLMHERERA XmMIA,
A TE—2 B EHHREESHERE R Z—t R — 2L RKIFRE
S E A,

RAER—BREE —MERE GRS I T X—Bis. BHH
HREE: RACKHNTABRBERRRELR. EHEER.
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o5t

RZXFBREEN. HEEDEHFBENEE, B
HERFAARTI—R, RAEXEHUERATEER
REFRAE.

KR - BRR,
(X 3-9L) (Song of the Open Road)

WEHE. BEMRARRERTBIHAE
B, NIREA=L - k. BHRHE - N
R, &Zw - BFH., RARHEF - ZHKLER.
BRR - LR FARNFTRER - ZXEFR.
BhE - ZXEXER. BUXE - ZER-EXK.
R - ZRWE. "HIT - KUIR. FH
T - KFHEX, BB - Bz, K - K
BF.OBW - B BR BRRE. EH
R BRE. 8 - RRET. FTHK - B9,
5 - EEFEF - FEEBH. XEEENE
WHRKHMEAT BRORE. RUERFHE
MITFIEiL BREE TRARHA.

B ERELT T HBBMEWR.

O EABEEFE,
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FUTURE

BB - KYIRG T T REBNEREBMAE R FIRRBAIRA,
AERUADMBINLEARER L, ABREHEHE - TENBAELH
WK 2 R R =B ES.
PAEBERZEHZ ST ENRERTNEBFXN AR TIUT HASF
ANE B,
BrR - XEBNER - EFHEIERR TITENRRMNER. £
e HERRIESTHIMIEA —BEHFAIREK,
HONEFRHATT —EER.
HEU EABABMURRNEE. ABHBNERERHIET.
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As explained on page 8, this book does not use in-text citations. Instead, all
sources are listed below, together with suggestions of further reading for
those interested in finding out more about the great algorithms of computer
science.

The epigraph is from Vannevar Bush'’s essay “As We May Think,” origi-
nally published in the July 1945 issue of The Atlantic magazine.

Introduction (chapter 1). For some accessible, enlightening explanations
of algorithms and other computer technology, I recommend Chris Bishop’s
2008 Royal Institution Christmas lectures, videos of which are freely avail-
able online. The lectures assume no prior knowledge of computer science.
A. K. Dewdney's New Turing Omnibus usefully amplifies several of the top-
ics covered in the present volume and introduces many more interesting
computer science concepts—but some knowledge of computer program-
ming is probably required to fully appreciate this book. Juraj Hromkovi&’s
Algorithmic Adventures is an excellent option for readers with a little math-
ematical background, but no knowledge of computer science. Among the
many college-level computer science texts on algorithms, three particularly
readable options are Algorithms, by Dasgupta, Papadimitriou, and Vazirani;
Algorithmics: The Spirit of Computing, by Harel and Feldman; and Introduc-
tion to Algorithms, by Cormen, Leiserson, Rivest, and Stein.

~ Search engine indexing (chapter 2). The original AltaVista patent covering
the metaword trick is U.S. patent 6105019, “Constrained Searching of an
Index,” by Mike Burrows (2000). For readers with a computer science back-
ground, Search Engines: Information Retrieval in Practice, by Croft, Metzler,
and Strohman, is a good option for learning more about indexing and many
other aspects of search engines.

PageRank (chapter 3). The opening quotation by Larry Page is taken from
an interview by Ben Elgin, published in Businessweek, May 3, 2004. Vannevar
Bush’s “As We May Think” was, as mentioned above, originally published
in The Atlantic magazine (July 1945). Bishop's lectures (see above) con-
tain an elegant demonstration of PageRank using a system of water pipes
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to emulate hyperlinks. The original paper describing Google’s architecture
is “The Anatomy of a Large-Scale Hypertextual Web Search Engine,” writ-
ten by Google’s co-founders, Sergey Brin and Larry Page, and presented at
the 1998 World Wide Web conference. The paper includes a brief descrip-
tion and analysis of PageRank. A much more technical, wide-ranging analy-
sis appears in Langville and Meyer’s Google’s PageRank and Beyond—but
this book requires college-level linear algebra. John Battelle’s The Search
begins with an accessible and interesting history of the web search indus-
try, including the rise of Google. The web spam mentioned on page 36 is
discussed in “Spam, Damn Spam, and Statistics: Using Statistical Analysis to
Locate Spam Web Pages,” by Fetterly, Manasse, and Najork, and published
in the 2004 WebDB conference.

Public key cryptography (chapter 4). Simon Singh’s The Code Book con-
tains superb, accessible descriptions of many aspects of cryptography,
including public key. It also recounts in detail the story of the secret dis-
covery of public key cryptography at GCHQ in Britain. Bishop’s lectures (see
above) contain a clever practical demonstration of the paint-mixing analogy
for public key crypto.

Error correcting codes (chapter 5). The anecdotes about Hamming are doc-
umented in Thomas M. Thompson’s From Error-Correcting Codes through
Sphere Packings to Simple Groups. The quotation from Hamming on page 60
is also given in this book and derives from a 1977 interview of Hamming by
Thompson. Mathematicians will greatly enjoy Thompson’s delightful book,
but it definitely assumes the reader has a healthy dose of college math.
Dewdney’s book (see above) has two interesting chapters on coding theory.
The two quotations about Shannon on pages 77-78 are taken from a brief
biography by N. J. A. Sloane and A. D. Wyner, appearing in Claude Shannon:
Collected Papers edited by Sloane and Wyner (1993).

Pattern recognition (chapter 6). Bishop’s lectures (see above) have some
interesting material that nicely complements this chapter. The geograph-
ical data about political donations is taken from the Fundrace project of
the Huffington Post. All the handwritten digit data is taken from a dataset
provided by Yann LeCun, of New York University's Courant Institute, and
his collaborators. Details of the dataset, which is known as the MNIST data,
are discussed in the 1998 paper by LeCun et al., “Gradient-Based Learn-
ing Applied to Document Recognition.” The web spam results come from
Ntoulas et al., “Detecting Spam Web Pages through Content Analysis,” pub-
lished in the Proceedings of the World Wide Web Conference, 2006. The
face database was created in the 1990s by a leading pattern recognition
researcher, Tom Mitchell of Carnegie Mellon University. Mitchell has used
this database in his classes at Carnegie Mellon and describes it in his influ-
ential book, Machine Learning. On the website accompanying his book,
Mitchell provides a computer program to perform training and classifica-
tion of neural networks on the face database. All the resuits for the sun-
glasses problem were generated using slightly modified versions of this



program. Daniel Crevier gives an interesting account of the Dartmouth Al
conference in AL’ The Tumultuous History of the Search for Artificial Intel-
ligence. The excerpt from the conference’s funding proposal (on page 103)
is quoted in Pamela McCorduck’s 1979 book, Machines Who Think.

Compression (chapter 7). The story about Fano, Shannon, and the discovery
of Huffman coding is taken from a 1989 interview of Fano by Arthur Nor-
berg. The interview is available from the oral history archive of the Charles
Babbage Institute. My favorite treatment of data compression is in Infor-
mation Theory, Inference, and Learning Algorithms, by David MacKay, but
this book requires college-level math. Dewdney's book (see above) contains
a much briefer and more accessible discussion.

Databases (chapter 8). There is an over-abundance of books providing an
introduction to databases for beginners, but they typically explain how to
use databases, rather than explaining how databases work—which was the
objective of this chapter. Even college-level textbooks tend to focus on the
use of databases. One exception is the second half of Database Systems,
by Garcia-Molina, Ullman, and Widom, which gives plenty of details on the
topics covered in this chapter.

Digital signatures (chapter 9). Gail Grant’s Understanding Digital Signa-
tures provides a great deal of information about digital signatures and is
reasonably accessible to those without a computer science background.

Computability (chapter 10). The chapter’s opening quotation is from a talk
given by Richard Feynman at Caltech on December 29, 1959. The title of the
talk is “There's Plenty of Room at the Bottom,” and it was later published
in Caltech’s Engineering & Science magazine (February 1960). One uncon-
ventional, but very interesting, presentation of the concepts surrounding
computability and undecidability is in the form of a (fictional) novel: Turing
(A Novel about Computation), by Christos Papadimitriou.

Conclusion (chapter 11). The Stephen Hawking lecture, “The Future of the
Universe,” was the 1991 Darwin lecture given at the University of Cam-
bridge, also reprinted in Hawking’s book Black Holes and Baby Universes.
The televised A. J. P. Taylor lecture series was entitled How Wars Begin, and
was also published as a book in 1977.
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