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> 19984, EAAMLE9EK TR BT LRI ER AT
B, Google B Sergey Brin #= Lawrence Page £ Fl 6] (% Bt EHf
39 AR K S A L)

» Google % F kR T —A 45 K3k googol (#F 1 EH 100 40,
PP A AR 10100) RaMiRBE X, RIEEAAMNRBR L HE
THRAE &GRS

» Google 'E 7 89/ 8)4% 4 7. To organize the world's information and
make it universally accessible and useful

> BETZ, RMNEAFL, BREINEINAZTHY, 2FK
A IRE, RtIL & 51 E eyt

» Ok, AR AR K G E AT BB AL A F R AT LR
1R % B A4S &
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> M Hakk (Web spider) ™ MR % (Web crawler) . #33(
(ant) . A% T A (automatic indexer) . M %A (WEB
scutter) , R—H “AHIERNE” 9EF, REHL—FH
zh B A (Internet bot)

> %R ks T — kAR ARE A F a9 (URLs) P&, % R4k %
R A, CATA A W@ LA ARk E, e

BEN—K " Fippl&k ", B RITEER " (crawl frontier) . 5%

3B b 69 36 hE A% e B — B R HE IR 17 19

> EERF TR B REE, &a"*%m & e R e — 2 B 1A R AR T 3
ijFRéizé’Jﬂﬁ, e & £ o9 T o7 A

> DR TREEET L, TLERAE ML RR TR AL AT
e zﬂif"?i%ixd)ﬂi‘/%T
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> e REGEIA-ARNT, REIZRIIN—EARE ARG,
m’l]ﬁ’ce%ﬁd" LRHBACEAEE, THELEEMHAT. IHA
E B pN ‘F’i‘ﬁiT%“ﬁﬁ&J&%ﬁ@é’Jﬁi—

» Sergey Brin #= Lawrence Page #9 % K #8k 2 :
AR EEZHRGEEINCHEERN MK ER L TR K
&

> S0 R THER L AA T — B AT A R P T — Rkl
AFWITE, UWATHERNARE R
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> BAEE—ARNA P, AI(P) RAELTEM
> BERT P A I AN e Rk itz b o) — Mg H AT P,

MR P 89 R0 R PTA 45 534 1 T 69 AL F AT 7T #k 69 & &
P 9 e fe

v
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BEZ, WwEKNCEEINRA P, ORRTESH B, R4
1(F)

BH AR CRA IR AA R 4
BT HE—AR TG EENE, KAVE A Jo il F A 45608 89 S T
B E Bk
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AR 4k 4E %

EZ—ANENE, MRAAREMESE Chyperlink matrix) , H = [H;j],
$iATH I TE N
1
-, &U%Pj € Bl
Hij=11
0, LEXRFHTARL

EEE| H A — LR
> PR 69 AR R AE R 8Y
> RAEM B X —F| 69 R TR A TR, CHHE—FFA 1
> FrR L EAE R LS Ae R 1 6 HE AR Ay FAALAE %

A
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FAEm =

> AMNEEER AR [ = [[(P)], £AFEHHHRA TR T4
Fo— & B H B

> ATEE LR RAEFTAERA [ =HI
> T2, ME] REEHANEHIEAL R ILagE

> AR AR H 9-F42%F (stationary vector)
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%% (power method) /&2

> ik AeRY™™ T3t AL

b > el > > Aa] AR GHESD L v, v, .. v AR
5 5 6 3 4 16 A A 1

> WAEEE by T ADRA by = crvr + cvz + -+ 4 ¢, (a1 #0)

AFby = 1 A¥vy 4 o AP vy + -+ - + ¢, AP v,
= cl)\’fvl + 02)\]2“112 4+ 4 cn)\kvn

st B G )

2|
i HA’Cb I ST vy, SR AR T I/\
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Perron-Frobenius theorem
For real square matrix with positive entries
» has a unique largest real eigenvalue

» the corresponding eigenvector has strictly positive components

every non-negative matrix can be obviously obtained as a limit of positive
matrices

> the existence of an eigenvector with non-negative components

» obviously the corresponding eigenvalue will be non-negative and
greater or equal in absolute value than all other eigenvalues

primitive matrices <= irreducible aperiodic non-negative matrices

statements of the Perron-Frobenius theorem for positive matrices remain
true for primitive matrices
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Gershgorin circle theorem

» Ac (Cnxn, R, = ij&i |aij|
» D(a;;, R;) be the closed disc centered at a;; with radius R;

> every eigenvalue of A lies within at least one of the Gershgorin discs
D(ai;, R;)

> the eigenvalues must also lie within the Gershgorin discs
corresponding to the columns of A
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H A% 5 kT ARE| — AT R a9 4L &

> HBAE XA R — AR A PR, H4EE H & — A XA 7 5,
W FE— PR B IR B — AN R

> WA, H KAH n=25010i74%] (2.5 x 1010, 20124)
> Rtk SR THAA 0, B H #

> FREPENR T -FH4H 10 484, s, F¥HRE, F—
IR T 10 AT AEZO

v

HEAVEEBMAR KR FEx (power method) #9747 &k KB 4EHE H ¢9-F4
Ok
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%% (power method)

AESEE H (A2 07]) A—AMFIEER 1, A SFIEENER <1

Rt

— MR B IF s B FAAeE T

HI",

k=0,1,2,...

I &tme [0, #mEu T L2m2 57 I

Ik—i—l —

IO Ji 12 I3 14 160 161
1 0 0 0 0.0278 0.06 0.06
0 |05 ] 0.25 | 0.1667 | 0.0833 0.0675 | 0.0675
0 |05 0 0 0 0.03 0.03
0 0 0.5 0.25 | 0.1667 0.0675 | 0.0675
0 0 | 0.25 | 0.1667 | 0.1111 0.0975 | 0.0975
0 0 0 0.25 | 0.1806 0.2025 | 0.2025
0 0 0 0.0833 | 0.0972 0.18 0.18
0 0 0 0.0833 | 0.3333 0.295 | 0.295
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ARMAREZAGZANPAA:
> FF IR BRIk ? (BpiaH %ok)E, TP fe IFHL LR —#F
)

> KSBEHFRAZERGAMIERE [0 AR EAXER?
> TRHHFELLTL ST RMNBLHEL?

AR T EmE, LEREANHEEHRAL !
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A H = [ } Tkt A2

> AR RGERMHFAAA 0, IHEXMAEERFANSRTZ
] 6 A8 3 & B A4S &

> FEATHR Py XA Bk, EHFNERTER, R
MR P RIRT —F 2, 2488 WA LT R T

> XA AT R AR A £ (dangling nodes) , K72 &A1
LA R K R & B A AR S X ARG 8
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H & FAL A5

> HEERMFMEAHALE R LSRR

> EIAB, LZRMNTE AR, —#456 KMNBEILEFS
AR R — N2k G —AFMA

> Blde, BAVEFESH I MEZOFR R P, L P — AR5 F4
MFFE T WR Py, R4 T**ﬁ%‘%i‘] MR P, #9mERA 1/

> TR TRMAK, KA T AFEEAERT P, Lo
2 HAMAT Py #%E AR P, 9514 T)/1;

> R EMNEETRRA P, RLAEMNLARRZR—AHEECHRA TR

k. XERE .

=Y

pPieB; 7

o RKAe R PTA4EIEE] P, (9 T Py #4748
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H &4 AL MEFE cont'd

> EBHEIATALLEZ LR RAEFEG FTA2AAR, Bk I(P) = T.
RLA— AR THE AT ABRBE AR AEZXZANAR T
&4 8t 1a]

> BAR, IRHERAPEEAE AP o EEAMEAIE R T,
EEMAEZEE SNFTRAEBAAEENEEE L, INMNRTEH
b AR fT4k 4R

> AT RGBS RIT, BMNERMIBCERT AR LA
B, HRAVEE & ET AR AT — AR |

> RS THARRAEIE H o TIE: 530 F FA A 0
B VIR F A I K 1/ K7

> MHEATETRAPHERES IHBEEREEERREGET. &
fAR1E G B9 AT 4ETR A S
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BTZ, AN P EERART P AE, FERMNGERNINLT

> SEME S A —ANRIFEGE R, B ATA LK AE R LA 1
Bp, S A FLALSE %
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g
K

L

ERE S RE H @R EGSEFE ZLIERF AdT
MR T EEEGIVGEANTHA 1/n, ERELHH 0. N

S=H+A

i E, Bk AT R BT AR K 69 A8 45 4R 1)

T%_
> AMBE, AMNETRER S 38 THIEML L O EGE

> HARERE R RAOIH, EXAEHYT, T LA
BT 1 SR, S S ML T LA |\ < 1
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BAVB R SEIE S G RFAEE A N B
L= > [Ao| > [A3] > - > [\,
SHEME S, B R THIEE N O EaZAE—NERZ v, (X
—BIRE—EFEALTH AR — 2 L)
FrandsaE I° Eax I° = civg + covg + - -+ + cuvyn, A
It = SI° = cjv1 + cadava + - - - + CuAnUn,
I?=8I'=cjv + 02)\302 + -4 cn)\%vn,

IF = S 1 = iy + 02/\’2%2 + -4 cn)\]flvn.

L j>20, BAMASEEGEIEDTL, BN — 0. Ah
I" 5 T=cvy, BHANEFHEMLG—MFiEaE.
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> | lRERBET O, A2 N 08 Ehk

0.65 0.35
Bldm, HETRLEMRS = [0.35 0.65]

EAEMEG AR N\ =1 & Ay =0.3
T R ARina = IV e B R R EARiney FAE = T

104

0.5

05
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BEEEES = [0.85 0.15}

0.15 0.85

HRBIEAEH N\ =1 R Ny =0.7. TUAEH, KPP &EE I sz -F42
WEIOREZRRKS, BATHE ZMFIEER KX

10

0.5

05
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2 BAVT AFEF)

eI inrr
17010001
0j1]0j0]0]|O
0jo0|1]0|0]|O
0jo0|0|1|0]|O0
0jo0|0|0]|1]|0O0

AZAFRLT, @57 I8 KB

> EEFSEME S 69 H AR R |\ = 1, BERATHR R EAAT
PRI L

> A THRIE |\ <1, &AMNERFESE S A AR (primitive) 4%

> X ERE, HEAm, STHHAANHERTZ, ELEAAR
W, RAKRE—ARRET m MBS TAB X FE AR R

> HBAVEF B de AT E4E 1% S AFEIF— AR REAEE, A it 2
|)\2| <1
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#EIE S RFAREWE T A

00 0 0 0 0 0 0 0
1/2 0 1/2 1/3 0 0 0 0 0
/20 0 0 0 0 0 O 0
0O 1 0 0 0 0 0 0 |0
0 0 1/2 1/3 0 0 1/2 0| 7 |012
0O 0 0 1/3 1/3 0 0 1/2 0.24
0O 0 0 0 1/30 0 1/2 0.24

0 0 0 0 1/3 1 1/2 0 |04 |
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> EEEATEAR TAH AL A 0. ZAERMEETRN: FATE
HALC R MR C, TREFAERZLR T

> — AR, AAVA LA R T E B LA A E
> l\o—];‘q@/&ﬂ;’ ZE\{%]@/&\T—A/]\/J\M?%, EFT@*E&ﬁ*E%F/fJ\

1 (3) 5 7

11’--m¢’ 6 8

> EXANTIEY, AEZHENIEEFTIE, 2IXAEEH DI

> EheATE P X FTEERGPT 4, TERAMRT -4 “E&
PRKAE” , HALTIASR A E B ARAR HE T Bl CKART P
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> XAEH R EALESE S AT (reducible) BF; H4LBP, S 7T VAE A&k
4o T 893k AS X

> TUAER]: e RIEME S AT Y, MN—2 BE—ANFTH LN EY
A&

> AR, e RETLHETARNAN, —EEAE—FEEEM R
A FEALAF EATT U E — AR B F AR, IBAFREAF
% R 5%%Ei8 49 (strongly connected)

> 2R, E@REWIAP T RRREBL. WmIREB P&
$E1%E S RIAFT 2949
SEM%E S REMIENE, BRERECH —NTFEmE. &MNTEEE S HL
» AR, Md|l| < 1;
> R4, Kim-FfamE e TR 1A E
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G — M5 B

> AFE| KRR BT 46944, KAV ERABLE M T8 75 X
> AR X H4EE S
> RERMYAT R A LadsadE b B —A

> RH AR A EATEEEG A T, AR T P eiEE—A4

> ATHMEBE, ARIA—AANTO0R 12085 o RERE
REAUBK 4 0 77 R A T )

> HESEIE S 697 XA ERN o
> MANKAEFET NN BGEER 1 -«

> EFE G AMAIESE, BACRMASESFES.

> dtd, JEMEGEAALHAE, RIGARRLRTY.

WA AN L8 n xn4E%ERN J, WEHKIEE (Google matrix) :
G:aS+Uf®%J
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Fa=1, N G=25. XERE KN @302 IR4E 0 1 25 AL 4424

Fa=0, NG=1/n. LHPEMNEHZ-MMEETAIRAZ
R ARH EAEG ML, LB RRT RGN EARELEN

B, KMNFELE o AP T 1, ARFRIER &R 4
%ﬁﬁﬁ#%ﬂéﬁk

A, LA FI—AFIA. FHIUE, RECQMSR LR B H A
KEAR GG MRE | Ng| 5 89

At S G AE M, TRIEY T H ABEG A [\ < a
XERE Y o BT L, FoRelisR ZHamg
VERBZANT BT HE, a=0.85
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BAETTHEIER 1 P] (PeR™™) | HL#EAEHITHR
/A B ¢ 4P 10
Gr] o [0 r= (g Sl =l o]

g r 1L ¢"STP) _[1 4TSTP
[ng] st (1 P]= {gﬂ] [1 STP]= {ngl ngsTP] = {0 g?TSTP]

[g;f] (1/n)J7[1 P] = L%TT] [1 (1/n)JTP] = [g)TTll ((11//:))3;(5?;}

| b e
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HHHF M E [
ATy R R R B —AN R 2 A 250 {Lhy Fr4ETE (20124F) !
> R EAF A E R T IXAYEAS, © A EAAESE S T AG R T A K
S=H+A.

> A BSFEER L THR (AP TR TEELN 1 694E%)
G=aH+aA+ 1—Tozj7

> M
(6%

]__
GI* = aHI* + a AI* + —— JI*.
n

> SE[M%E H B2 K9 AAAE0; FHRE, —FIFAA 10 /4ATAIE
K. K HIP 9/, AE R4 10 AREPT

> AesE[E J —KE, M AT LEHRAEIG. K AIF 5 JIF M
FRmBEEESREAR AL AT 2EHFA
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Y o BARAEE T 0.85, MkARA48, &% 50 2] 100 Kk RAKA
ey 2 e — AN LT (0.85%° ~ 0.00029576)

> HHBIANARKAAE BILRT TR

» AR, MIRHLRE. Bh, RRNOAE, LEZHAAE,
T INE

> HOR, RIS AREE LE AR W) T B A A N S AR M IR B L 2
A8 )

> HAERG, PHRAIMAARZEHAE KR RHFOE ]

> o T EIE T A B W AT AR ES, —EA
124 2 AR H 53 FF % (Google Dance)
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HITS algorithm

L — e F A A ) P 24 B9 AR ik 25 M R AT M AHEA B9 3k

B3 — 428945 -F £ Hyperlink-Induced Topic Search (HITS) &, &
Jon Kleinberg #2, €& Teoma 4% 5] 4 a9 3 a4

> a good hub represented a page that pointed to many other pages

» a good authority represented a page that was linked by many
different hubs
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