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A m
[|A|| = max &: max ||Ax||ym (2.5)
0£xevn |[x|[yn x|y n=1

000000 mxnO0O00000000000000000000000000000
m=n00||-|[ym =|-|ly»=|/-],0000A||D [|A|,0D00000000
00 A, 000000000000001-0000000000000000000
000000000000000000000000000000000000
|Af[1 = max HAXMF=H?X§:h%ﬂ (2.6)

|1 =1

[1x[]oo=

1Al = max (| Ax]| = max > Jay| 2.7)
J

0000000 A, 00000000000000000000000000000
00p(A)000O0

A) = A
p(A) Agﬁﬂl

D00 ¢(A)0J0D ADDOODODODOOODODOODOOOOD* g
00ooo0oooooo||-|.000000 ADODOOOOOOO)]-|,000000
0DADOODODOO|A|,O0DO00D [64]0

p(A) < |[A]l. (2.8)

232 00O0OO
0000000 xO0bbod xObobooobobbooobbooxuobooooao
gobooobooboboobbox>0000b0o0ob0o0obboOoboboobbooobOon
00x00000 (000000000000 x>00000000000
O00C0C0O00 AQOOOOOD ADODOOUOOOUODOOOOODOODO ADOO
0000000000000 00 A>000000000000DO00OODDOODOO
000000 A0DOO00ODOO0OOOOOO0OOO0D A>00O0O00DO00O0ODO

*20 operator norm0 0 00 00 Onatural normO0 00000000 (induced norm) 00000
2l o(A)000 ADDODODOOOOD
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000000000 10000000000 Pupxs (n>1)00000 (stochastic
matrix) 0 0 0 *220

0000 P.x, 0000000000000 p(P)=1000 35000 PODOODOO
goooo IDDDDDDIZt(l...I)DDDDDDDDD

P1=1 (2.9)
0000000000|1|jee=100 (27)00 ||P|le=100000000 (2.9)00
000000000 100000000 (2.8)000

1< p(P) <[Pl =1 (2.10)

000000000000 POOOOOOOOCO
p(P)=1 (2.11)

gooo

233 0ODOOODOO

0(21)0000000000¢+-10000¢t00000000O0DOO0OOO0OOO0
00000000 t¢t-1000000 5;000000000000¢000000 550
ggoboboooooboooooo

P(X; =8| Xi—1 = 5;) = pij (2.12)
DDDDDDDDDDDDDDDDDDDDD})M@):pijDDDDDDDDDDDDDD

ggoboboogobobbooooboobboooboboboooooboooobobooog
pdobooooooogooodob p;00dobboduoodoooogooogg

ann = [pzy] (213)

0000000000 PODOODOOODOODODODOODOOODOODOD POO
oooobdobooo loboobobooboobbooboboooboobOooooo
ggoboboooobobobooooobooon

22000000 100000000000000000000000000 100000000000
O”row-stochastic’0 000000000 O0OOO
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0000000000000 000000 Dy, Dy, ---, D, 0000000000
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r>200000000000000O000O0DO00DOO0O0DOO0ODOOOr=10000
000000o0o0oo0oo0ooOoooUoU0oU0oooooooooooooUo [e0]O

235 0000
00000000 *p = (p1,p2,--,pe) 0 Y pp=10000000000000

k
000000000000 000000000 A0000000000000000
tp(k) 0000000000

'p(k) = (p1(k),p2(k),....pn(k))  DODO p;i(k) = P(X) = S;)
D0O0'p(0)0000000000000000000
'P(0) = (p1(0),p2(0),...,pn(0)) OODO p;(0) =P(Xo=5))

p;(0)000000000000000000000 $,000000000000
000000 'p(0)000001000000000000000 ‘p(1)000000

*231,2,...,HDDDDDDDaij#ODDDDDiI:II:IDD jo00000000a;; =00000000
gogoboooobooooooo
*24 000 20000000000000000000000000000000000000
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pi(1) = P(X1 = 5;)
:P(X1:Sj/\<X0:Sl\/X():SQ\/...\/Xo:Sn))
:P((X1:Sj/\X0251)\/(X1:Sj/\XOZSQ)\/...\/(Xl:Sj/\XQISn))

I
NE

P(Xl :Sj A Xo :Sl)
1

.
I

I
NE

P(Xo = S;)P(X1 = Sj|Xo = S;)
1

.
I

I
NE

p;(0)psj
1

.
I

D00 350000 'p(l) =tp()POD0OOOOOOMN?2) = 'p(1)P , p3) =
tp(2)P, ...00000000 A0DDD0O0O0OODOO0OOOOO0p(k)="p(0)P"
DOoO0o0O00o0O0o0o0

zP = i 0000000000000 O0O0 00000000 POOOOO
O stationary distributiond**0000P* 0 kDO0O0O0ODOOODOOOPH! = PF
D00 (fp(0)PHP =tp(0)P* =tp(O)P* 000000 20 p(O)PPOO0ODDOO
00000000000 % 00000000 PODOOOO 100000000000
ooooo?

000000000000000p(k) 00000 *p(0)000000000000 'x
0D0000 (600000000 [42)35)0000000023.60000 2370000
2380000000000000000000

2.3.6  Perron-Frobenius 0 O O

00000 AOU00DO0OO0O0O00DO0O00D0O0O000D 42000000 AODOO
000 p(A) =det(A—-NOO0O r000000000 algebraic multiplicity 00 00O
algmult,(r) 000000

1. p(A)>00000D00 r=p(A)000M0
2. reo(A)
3. algmulty(r)=1

*25 0000 (invariant distribution) 000 0 *260
*27000000000000000000 (29)00 (2100000000000 10000
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4. Ax=rx00000000O000O0**x>0000000
O0'yA=rilyOOODOODOOOOOOOy>0000000
5. 0000000000 pOOOO0ODOOOOOO
—Ap=rp, p>0,lplh=1 OO
-~ A0D0O0O00ODO0OO0O0ODOO0OO0DOO0 pOO0OO0OOOOODOOOO
oooag
DO00000 pO0 Perron J00000000000OD0OD0ODODODO tqO
DOoo0ooooooo
- 'qA =7r'q, 'q>0,||'q1=1 OO
-~ A00000000000O0D0000000 {q0000000000000
0oog
000000 f*q00 Perron00000000
6. r0ADDDOOODDO*000000000000

2.3.7 Primitivity

D0000000000 ADOOOOOOOO000000 primitive 000000
35]0

A\"  pt
gm(—)::?ﬂ>o (2.15)
— 00 T qp

DDDDr:p(A)DDDDpDDDtqDDDDDDD AO0O PerronOOQOQGQOQg
Perron OO0 QOQOQOQOOO

00000000000 AO primitive 00000000000000000000
0@Gi)00000000000(35)0

(i) 00D A00ODOO0O0O0UODO0OO0OO0 1000000000000000 A O primitive
gooo

(i) OO AOOODOOOA™ >007m>0000000000 ADQ primitive 0000

primitive 00000000000 [35]0

28 0000000000000 D0000000000000000000
2900 AeCr*" 000000000000 000000O0O0OO0 r=p(A)000000O0O0O
(spectral circle) 0000
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238 OD0O00ODOODDODOODOODOOD

00 P,x, 00000000 DODO0OODOODODOODOOODODO PO primitive O
gon hmPkDDDDDDDDDDDDDPDDPerronDDDDD ‘fx00000O
PerronDDDDD 1/n0000000000 POODODOOOO 1000000 (2.15)
ogn

) ce. Tp
k 1\t t
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a good hub is a page that points to many good authorities;

a good authority is a page that is pointed to by many good hubs.
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Because dangling links do not affect the ranking of any other page directly, we
simply remove them from the system until all the PageRanks are calculated.
After all the PageRanks are calculated, they can be added back in, without
affecting things significantly. Notice the normalization of the other links on the
same page as a link which was removed will change slightly, but this should not

have a large effect.
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putation of PageRank, then add them back in after the weights have stabilized.
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