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Ta pabnuatikd Tov PageRank



%
& H apyikn eSicwon abpoiopotog

- To PageRank pioc oehidog givar to dOpotoua tov
PageRank tov cehidmv mov deiyvouv 6° owtn:

H(P,) = Z r(ﬁj)

PjEBFT-_ | .f|

* To wpofAnua pe tn eClcmon avtn €lval OTL 0EV EEPOVLE
10 PageRank tov celMdwv mov “deiyvouv’ ot P,

* To mwpofAnua emAVONKE pe ETAUVOANTTIKTY O10OTKOGTO
* Apyikd kdOe cerida €yt to id10 PageRank, ico ue 1/n
*  AxolovBolue v mopamdve EEICMGCT ETAVOANTTUCE,

Tu. HMMY, Iovemotiuo Oeccaiiog



o "-\.:'

s s, -: = i

ﬁ-‘? |
_,n..".'..-'.

H enavoAinmtikn otodkocio (1/2)

* 'Eoto o0t 1, (P;) elvan To PageRank tng ceridag P,
otV emovaanyn k+1:

rie1(P;) = Z ?TS?)

PjEBFﬁ. J

* H dwowacio Eexva pe ro(P;)=1/n yio xédBe cerida
« 2vveyiletal pe v eAmion 0Tt TEAMKA B cuYKATvEL
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H enavoAnmtikn otodkocio (2/2)

* Epoapudlovtog tnv ETOVOANTTIKY OL00IKAGIO GTO UIKPO

YPAPN U0 OPIGTEPD, LETA OTTO UEPIKEC EMOAVAATYELS
gyovue Tov mivako oeSld:

N\

0! ©

N

Iteration 0

[teration 1

[teration 2

Rank at Iter. 2

TU(Pl) = 1/6
TU(PQ) = 1/6
?“U(Pg) = 1/6
?‘0(P4) = 1/6
?‘0(P5) = 1/6
?“[)(P@,) = 1/6

T](Pl) = 1/18
T](PQ) = 5/36
T](Pg) = 1/12
T](P4) = l/4
T](PE,) = 5/36
?‘](P@) = 1/6

?‘Q(PQ)

?‘Q(Pg) = 1/36
?‘Q(P4) = 17/72
?‘Q(PE,) = 11/72
?‘Q(P@) = 14/72
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PageRank: ITapdaostypo 1

Page A Page A
--""""--.___ Page B 1.49 --""--._____ Page B

0.78
Page C > Bage C
1.58
Page D
Fage D Awerage PE: 1.000 0.15 |

1t took about 20 iterations before the network began to settle on these
values

* Look at Page D - it has a PR of 0.15 even though no-one is voting for
1t. So, for Page D, no backlinks means the equation looks like this:
PRA) =(1-d)+d * (0)=0.15

* Observation: every page has at least a PR of 0.15 to share out

« But this may only be in theory - there are rumours that Google undergoes
a post-spidering phase whereby any pages that have no incoming links at
all are completely deleted from the index

Tu. HMMY, Iovemotiuo Oeccaiiog
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~ PageRank: ITopdaderypo 2

E:xternal Site A

External Site B

Product

External Site ©

/:‘ External Site D

Average PR: 0.378

About
041

E:xternal Site A
0.22

Product
041

External Site B
0,22

Links
0.41

External Site
022

id

External Site D
022

« As you’d expect, the home page has the most PR —it has the most
incoming links! But what’s happened to the average? It’s only 0.378!!!
That doesn’t tie up with what I said earlier so something is wrong

somewhere!

Well no, everything is fine. But take a look at the “external site”
pages — what’s happening to their PageRank? They’re not passing it
on, they’re not voting for anyone, they’re wasting their PR!!!

Tu. HMMY, Iovemotiuo Oeccaiiog




PageRank: ITapdaostyuo 3

External Site A
About 0.24

1.1

External Site B
0.34

Product
1.1

Esxternal Site ©
0.34

Links
1.1 External Site D

0.34 _‘

Average PE: 1.000

 That’s better - 1t does work after all! And look at the PR of our home
page! All those incoming links sure make a difference — we’ll talk more

about that later.

Tp. HMMY, Iovemotmo Oeccoriog
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External Site A

About

External Site B

Product

arre

External Site C

External Site A
0,23

/ External Site D
>

About
0.84

External Site A
0.23

Rewew Rewew Review Eeview q
A B C D

I |

External Site A
0.23

External Site A
0.23

Fewview & Bewview B Eewview C Eeview D
0.23 0.23 0.23 0.23
I
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f PageRank: ITapdaostypo 5

About
0,69

Hame Product

1.92 0.69

Iore
0.69 |

* Our home page has 2 and a half times as much PR as the
child pages! Excellent!

* Observation: a hierarchy concentrates votes and PR
Into one page

Tu. HMMY, Iovemotiuo Oeccaiiog



f PageRank: Ilapdostypo 6

Home - About
1.00 1.00
a .
L
More Product
1.00 * 1 .00

* This 1s what we’d expect. All the pages have the same
number of incoming links, all pages are of equal importance
to each other, all pages get the same PR of 1.0 (1.e. the
“average” probability).

11
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PageRank: Ilapddstypo 7

Hoine About
1.00
%
¥ —
More Product
100 P o 100

* Yes, the results are the same as the Looping example
above and for the same reasons

Tp. HMMY, Iovemotmo Oeccoriog
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ﬁ PageRank: ITapdostypo 8
We’ll assume there’s an external Site A

site that has lots of pages and 10
links with the result that one of '

About
1.09

Product | o ?;jit; IB

1.09

the pages has the average PR of
1.0.

We’ll also assume the
webmaster really likes us —
there’s just one link from that
page and it’s pointing at our
home page

More
1.09

* In example 5 the home page only had a PR of 1.92 but now it is 3.31!
Excellent! Not only has site A contributed 0.85 PR to us, but the
raised PR in the “About”, “Product” and “More” pages has had a lovely
“feedback” effect, pushing up the home page’s PR even further!

* Priciple: a well structured site will amplify the effect of any
contributed PR

13
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PageRank: Ilapddstypo 9

Site A | | Home Abaout
1.0 1.66 1.56
¥
More Product site B
D. 78 1.48 0.78

* Well, the PR of our home page has gone up a little, but what’s
happened to the “More” page?

* The vote of the “Product” page has been split evenly between it and
the external site. We now value the external Site B equally with our
“More” page. The “More” page is getting only half the vote it had
before — this is good for Site B but very bad for us

Tu. HMMY, Iovemotiuo Oeccaiiog



PageRank: ITapaoetypa 10 (1/2)

Site & I Home ]'1 = About
1.0 2,49 1.64
% r 3

¥
More Product Site B
162 o 171 0.51

« That’s much better. The “More” page 1s still getting less share of the
vote than 1in example 7 of course, but now the “Product” page has kept
three quarters of its vote within our site - unlike example 9 where it
was giving away fully half of it’s vote to the external site!

- Keeping just this small extra fraction of the vote within our site has
had a very nice effect on the Home Page too — PR of 2.28 compared
with just 1.66 in example 9

15
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ﬁ PageRank: ITapdderypo 10 (2/2)

* Observation: increasing the internal links in your site can
minimize the damage to your PR when you give away
votes by linking to external sites.

e Principle:

 If a particular page is highly important — use a hierarchical
structure with the important page at the “top”.

 Where a group of pages may contain outward links — increase
the number of internal links to retain as much PR as possible.

* Where a group of pages do not contain outward links — the
number of internal links 1n the site has no effect on the site’s
average PR. You might as well use a link structure that gives the
user the best navigational experience

1
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PageRank: ITapddstypa 11

Page A Page A
1.44
Page B Page C Page D Page B - Page C Page D
1.57 073 0.46

« Lets try to fix our site to artificially concentrate the PR into the home
page. That looks good, most of the links seem to be pointing up to
page A so we should get a nice PR

*  Oh-1t’s much worse than just an ordinary hierarchy! What’s going on
1s that pages C and D have such weak incoming links that they’re no
help to page A at all!

- Principle: trying to abuse the PR calculation 1s harder than you
think

Tu. HMMY, Iovemotiuo Oeccaiiog 17



ﬁ? PageRank: ITapaderypua 12 (1/2)

Page A
1.20

M e T =

A common web layout for long documentation is to split the document into
many pages with a “Previous” and “Next” link on each plus a link back to the
home page. The home page then only needs to point to the first page of the

document

In this simple example, where there’s only one document, the first
page of the document has a higher PR than the Home Page! This is
because page B is getting all the vote from page A, but page A is only
getting fractions of pages B, C and D

Tu. HMMY, Iovemotiuo Oeccaiiog 18
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PageRank: ITapaderypua 12 (1/2)

Principle: in order to give users of your site a good
experience, you may have to take a hit against your PR.
There’s nothing you can do about this - and neither
should you try to or worry about it! If your site is a
pleasure to use lots of other webmasters will link to 1t
and you’ll get back much more PR than you lost.

Can you also see the trend between this and the previous
example? As you add more internal links to a site it gets
closer to the Fully Meshed example where every page
gets the average PR for the mesh.

Observation: as you add more internal links 1n your site,
the PR will be spread out more evenly between the pages

Tu. HMMY, Iovemotiuo Oeccaiiog
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Page A
331.0

Spam 1 Spam 1,000

0.39 . 0.39
) f

Average PR 1.000

let’s see if we can get 1,000 pages pointing to our home page, but only have
one link leaving it

Yup, those spam pages are pretty worthless but they sure add up!
Observation: it doesn’t matter how many pages you have in your site, your
average PR will always be 1.0 at best. But a hierarchical layout can strongly
concentrate votes, and therefore the PR, into the home page!

20
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L Zvurepdoparto (1/2)
L =4

* From the Brin and Page paper, the average Actual PR of
all pages in the index 1s 1.0!

« So if you add pages to a site you're building the total PR
will go up by 1.0 for each page (but only if you link the
pages together so the equation can work), but the average
will remain the same.

- If you want to concentrate the PR into one, or a few, pages
then hierarchical linking will do that. If you want to
average out the PR amongst the pages then "fully meshing"
the site (lots of evenly distributed links) will do that -
examples 5, 6, and 7 above.

21
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Yvumepacuoro (2/2)

Getting inbound links to your site is the only way to
increase your site's average PR. How that PR 1s distributed
amongst the pages on your site depends on the details of
your internal linking and which of your pages are linked to.

If you give outbound links to other sites then your site's
average PR will decrease (you're not keeping your vote "in
house" as 1t were). Again the details of the decrease will
depend on the details of the linking.

Given that the average of every page 1s 1.0 we can see that
for every site that has an actual ranking in the millions
(and there are some!) there must be lots and lots of sites
who's Actual PR is below 1.0 (particularly because the
absolute lowest Actual PR available i1s (1 - d))

22
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§ Avomapdotoot Tng ETavIANYNG pe Tivoko:
¥ * H mponyovuevec eEicmoeig vroroyilovv to PageRank
TOV GEAO®V U, celion KAOE popd

* Mg yprion mvaxkov avtikadietovue 10 cOppPoro X
* Ewoayayovue
* tov mivaxa H, kot

* 70 1 X n d1dvoouo wT!

* O H eivon évag row-normalized wivakog
vepovvosoewv pe Hy=1/| P;|, eav vrapyer covoeopog
ard tov kKOuPo 1 otov J, arhwg Hy=0

* ITapoio mov o H &yer mv 10100 un-undevikn doun pe tov

OVOOIKO VKO YEITVIAGEMV, TO UN UNOEVIKA GTOLYELD TOV
H eivon mBavotnreg

2
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[Tapdoeryuo avamapiotToons UE TvaKo

[0 1/2 1/2 0 0 \
0 0

0 0 0
|13 13 1/3 0
H=10 o

0
0
0 0
0 0 1/2 1/2
0 0 0 1/2 0 1/2
\0 0 0 1 0 0)

* Ta un-pnodevikd otoryelo, TNEC YPAUUNG 1 OVATOPIGTOVV
TOVC €EEPYOUEVOVE GUVOEGLOVE TNC CEMOOG 1

* Ta un-pundevikd otoryeio TS GTAANG 1 AVATAPIGTOVYV TOVG
EL0EPYOLEVOVE GLVOEGLOVES GTY GEAID 1

* H mponyoduevn eEicmon yivetal topa:

ST _ _(F)T

Tu. HMMY, Iovemotiuo Oeccaiiog
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Eniooon ¢ avamapdotoonc Ue mivako

Kd&be emavainyn g mponyovuevng e€icmong amottel Evav
rtoAlamhactoopod, apo O(n?) rolvrtiokdtnTo

O H eivan yevikd moAd apoatdc (sparse), apo

*  Amnoutel pkpd amodnKevTikd yOpo

* O moAlamhaoctaocudg ivorl o otkovoulkog og oyéon pe to O(n?)

Amontei poévo O(nnz(H)), 6mov nnz(H) sivor o aptBudg tov pn-
UNOEVIKOV

Metpnoeic oetyvouv 6tt 1o nnz(H) ~ 10n

Apa vToAoY16TIKO KOGTOG TG Taéne O(n)
H emavoinmtikn dwdikacio eivor amid po linear
stationary process: givor 11 Kootk power method ntavo
otov H

O H powaler pe oroyaotino wivaxa mbovorntwv uetdfoong,
ouwg sivon substochastic, ywrti vaapyovv dangling
nodes, onA., yopic eEepyOUEVOVC GVVOEGLOVC

2
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% [IpoBAnpato TG EMUVOANTITIKIG OL0OIKOGLOC

* Oa cvyKAivel;

* Kdérto and moieg mpodmobéoeic 1 1010t teg 0V H Ot
CUYKAMVEL;

* B0 cvykAivel og KOTL TOV £yel “podNUOTIKO VOO,

* Oa cvykAivel 6e €va 1 TEPIGGOTEPO OLLVOGLLOTOL

* H odykhon e€aptdror omd to apyikd didvoopo T,
* IIoco ypryopa Ba cuykAivet;

Tu. HMMY, Iovemotiuo Oeccaiiog



- H..
T S
= o
.
. -

[IpoBAnpato TG EMUVOANTITIKIG OL0OIKOGLOC
* Apyikd, N ETOVOANTTIKT Ol00IKAGIo CEKIVIOE E
tOT=1/neT (6nov eT civon Sivvoua-ypauun pe 6io 1)
IIpoékvye 10 TPOPANuUa TS Katafédpag (rank sinks)
* 0eMdeg mov aviavovv cuveyme to PageRank toug

* XT0 TOPUKAT® Tapddetyo 10 KOUPBOg 3, EVE GTO TPONYOVLEVO
TOPAOELY LD, | opuddo TV KOuPwv 4, 5, kot 6

0 (2)
o

* Metd o6 13 enavarqyelc, t13T=(0 0 0 2/3 1/3 1/5)

Tu. HMMY, Iovemotiuo Oeccaiiog
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% [IpoBAnpato TG EMUVOANTITIKIG OL0OIKOGLOC

* Emniong, xaBmc o1 kduPor avédvouv cuveymc To
PageRank tovg, pepikoi dev €xovv kaborov

* Torte, moo gival to vonua e tasvounonc ue fdon to
PageRank, 6tav n mheiovomta éxer PageRank ico e 0;

* Yrapyel 1o TpOPANUO TOV KOKA®DV

O——0)

* Eav, Eexvioovpe pe nOT=(1 0), kotalfyovue o€
ATEPLOVT OLXOIKOGTO
* Xt0 Svouopo 7OT=(1 0) ywo dptio k
+ Y10 dtdvoopo TOT=(0 1) yia weprrto k

Tu. HMMY, Iovemotiuo Oeccaiiog
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YnevOoon evvoidv Markov chains

Me 0mo100MTOTE OLAVLGLIOL EEKIVIICOVUE, OTAV EQPOPUOGTEL M
power method oe évav Markov wivaka P, cuykhivel ce Eva
Lovadko BeTikd didvuca, To omoio amokalsiton stationary
vector

[IpobmoBeoelc chykonc

* O P eivan stochastic: o1 ypoppéc adpoitovv oto “1”

* O P sivon irreducible: to vroxeipevo ypaonua givon “strongly-connected”

* O P givan aperiodic: Yo omoecdnmote oeMdeg P ko P; vrépyovv povordrio and v
P; omv P; (ue omotesdnmote emavaAyelc) 0molovdnmote PnKovs, ektog ard éva
TEMEPAGUEVO GHVOAO UNKDOV

Irreducible + aperiodic = primitive (mpmtoyevnq)

Ta TpofAnquata cvykiione tov PageRank Oa Eenepactovv edv
o H tpomomonbei, dote va ikavomoiel Tic mopoamavem
TPoVTOOECELC

Tu. HMMY, Iovemotiuo Oeccaiiog
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% IIpmipeg mpocapuoyEC oto PaciKO LOVTEAOD

L= * Ot Sergey Brin kot Lawrence Page 6¢gv
ypnopomoinoav v évvolo ¢ Markov chain, aAAd
v €vvolo Tov random surfer

* Metd amd “ameipo ypovo ta&idlov’, T0 TOGOGTO TOV
YpOvoL mov o random surfer wepvd oe pio oeAida, givon
EVOL LETPO TNG CNUAVTIKOTNTOS TNG GEALOOG

*  AvoTuy®g, vdpyovv Tayidec Yoo tov random surfer

* pdf
* 1mage
- data tables

Tu. HMMY, Iovemotiuo Oeccaiiog
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& IIpocoppoyn croyaotikotntog (1/2)
| = * Ovypoupéc 0T tov H aviikedictavion pe 1/ne’

* Apa o random surfer, 6tav cuvavtioet £vov dangling
node pmopel amd kel va, LeTOPEL G OTOLONTOTE GAAAN
ceEAlOQ

* Tov otoyaoTiKO Tivaka wov Tpoékvye omd tov H tov
cvuPorilovue pe S
* [ to yphonua pe Tovg 6 KOUPoLC ivar 0 TAPAKATO:
(0 1/2 1/2 0 0 0 \
1/6 1/6 1/6 1/6 1/6 1/6
1/3 1/3 0 0 1/3 0

S=10 0 0 o 1/2 1/2
0o 0 0 1/2 0 1/2
\0 0 0 1 0 0

Tu. HMMY, Iovemotiuo Oeccaiiog 31



N
% [Ipocapuoyn otoyaoctikotnTog (2/2)

* O S napdyeton and pa rank-one update tov H
S =H + a(1/ne7)

* a, = 1 edv n oerida 1 eivan dangling node

* a, = 0 edv n oelida 1 dev givon dangling node

O S &ivar cvvdvooudg tov apykov H pe tov rank-one
nivaxa a(l/ne?)

H mpocapuoyn avtf eyyvdtot 6tL 0 S eivol TivoKog Uiog
Markov chain

Agev gyyvatal OUm¢ T cVYKAMOoN

Tu. HMMY, Iovemotiuo Oeccaiiog
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ﬁ [Ipocapuoyn npotoyévetog (1/2)
L =4

O random surfer dev akoAlovdel TAVTH VTEPGVLVOEGHOVC
* EykatoAeinel v mhonynon kot petafaivel o€ €va “tuyoio”

URL

* “TnieperagéipeTor’ (teleportation step) ko Eexva
Eava TNV TAONYNoN
* IIpoxvrtel o mivakac G, Google matrix

G =0aS + (1-a)1/neet
* o (EMnvikd dlpa) Exet Tiun petacy 0 kot 1, ko eAEYYEL TO
TOGOGTO TOL YPOvov ov random surfer akolovOei
VITEPGLVOEGLLOVG 1] TNAEUETAPEPETOL
* H tedepetagpopa eivar Toyoia, yioti o mivakog
TNAEUETOPOPAC E=1/neel civas OLLOTOHLOPPOC

Tu. HMMY, Iovemotiuo Oeccaiiog



2VVETEIEC TNG TPOCAPUOYNC TPOTOYEVELOC

O G eivon stochastic: KvptdS GLVOLAGUOS HVO
GTOYOOTIKOV TvaKkov S kot E

O G eivon irreducible: kdBe celido cuvoceTan dueco
ue kabe GAAN

O G eivar aperiodic: o1 Bpoyot (G;; > 0 yio k6O 1)
onuovpyovv aperiodicity

O G civan primitive: exe1dn G > 0 ywo kamwowo k (ya
k=1)
* Yrdpyet éva povodikd mtl kot 6tov eQpaproGovE THV POWer
method otov G, 6o cvykhivel 6” avtd

4
Tu. HMMY, Iovemotiuo Oeccaiiog 3
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ﬁg 2VVETEIEC TNG TPOCAPUOYNC TPOTOYEVELOC

* O G givor mToAd TLKVOC, EVTVYMS UTOPEL VO YPOPEL OC
rank-one update tov woAb apood wivoko
vrepovvoéonmv H

G=0aS+(1—a)l/nee’
— a(H + 1/nae’) + (1 — a)l/nee’
=aH + (ca+ (1 — a)e)l/ne’
* O G givon teyvnTodg

- To stationary vector dev vapyet yio. tov H
* AMAG vrdpyet Yia tov G

Tu. HMMY, Iovemotiuo Oeccaiiog 35
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H: mo\0 apoidg, substochastic wivakog vrepouvdéoumv
S: apatdg, otoyaotikog, mboavac reducible mivokoc

G: teleimc TKVOC, 6TOYAOTIKOG, TPMTOYEVIC TIVOKOC

E: teleiong mokvoc, rank-one wwivakac TnAepeTopopdc

n: opOuoc cedomv otn punyovn e Google

o: TopAUETPOC Hetacd 0 ko 1

nl: stationary row vector, PageRank diavvopua

al: dvadikod ddvoopo dangling nodes

Tu. HMMY, Iovemotiuo Oeccaiiog
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H péboodoc tov PageRank

mov givatl amAd 1 power method spapuolouevn otov G

Tu. HMMY, Iavemomo Oscootiog 37



~ To mapaostypo ypoapnuotog pue 6 KopPfovg

/2\ /i\

G=9H+(9 | [+a|7Pr/ea 1111
0 1
\o/  \Y

(1/60 7/15 7/15 1/60 1/60 1/60\
1/6 1/6 1/6 1/6 1/6 1/6
19/60 19/60 1/60 1/60 19/60 1/60
1/60 1/60 1/60 1/60 7/15 7/15
1/60 1/60 1/60 7/15 1/60 7/15
\1/60 1/60 1/60 11/12 1/60 1/60)

?TT:(.03721 05369 .04151 .3751 .206 .2862)

Tp. HMMY, Iovemotmo Oeccoriog
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ﬁ? Y moAoyiopndg tov dravvopatoc PageRank

* To wpoPfAnua umopel va meptrypael Le OVO TPOTOVE

* Enilvon tov mopoakdtom TpofAnUotog 1010810vOoUATOV TOV Tt
' =71G
lte=1
* EniAvon tov ypoppukov opoyevoHs GUGTHUATOC Y10 TO T

™ (1-G)=0"

fe=1

Tu. HMMY, Iovemotiuo Oeccaiiog 39



% Y moAoyiopndg tov dravvopatoc PageRank

* XTO TPMOTO GVOTNUA, O 6TOYOG ivan va, Bpebel To
KOVOVIKOTTOINUEVO KLPLapYOo aploTEPO 10001AVLGLLA TOV
aVTIGTOLYEL GTNV Kuplopyn WoTIUn A =1

* 2710 0€0TEPO GVOTNUA O 6TOYOG Elval vo Ppedel To
Kavovikoromuévo apiotepd null vector tov (I-Gr)

* H &llomon kavovikomoiong vdpyet yia va eyyvn0et ot
t0 ! givau SLavuoua TOAVOTHTOV

4
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Power method vroloyiopuod tov PageRank

Eivon n maAiotepn ko amAovotepn uEO0OOC EVPEGNC TNG
Kuptapyng (dominant) 1610TUNG KO 101001VOGUATOC
eVOG Tivaka

Apo umopet va ypnoiuomoindel yio 0PEGT TOV
stationary vector uog Markov chain

- To stationary vector givail amld To Kvpiopyo oploTEPO
1010014VUG L0

Eivon eoupetikd apyn nébodog, petaéy tov Gauss-
Seidel, Jacobi, restarted GMRES

[ttt ypnoomomdnke;

Tu. HMMY, Iovemotiuo Oeccaiiog
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ﬁ? Power method vroloyiopuod tov PageRank

* Eivol mpoypopotiotikd oman

* Epoappolouevn otov G pumopet vo, ypopel og papuroyn
otov oAV apod H

(DT _ _(R)T

—ar®Tg  — l—a )T ee
n

—ar®TH 4+ (ar®Ta+1—a)e’ /n

* Exteleiton mavo otov H ko Oyt méve otovg S 1 G
* AmoOnkevovtor uovo ol a, e

Tu. HMMY, Iovemotiuo Oeccaiiog 42



Power method vroloyiopuod tov PageRank

Ot dAAeg nEB0OOL avarykACovTal Vo TPOGTEAAGOLY T
oTolyEila Tov mivaka, evd 1 power method pévo
OLLUEGOV TOV TTOAAOTAOGIOGLLOD OLOVUGLOTOG-TTIVOIKOL

Extoc and v amwobnkevon tov H ko a amaitel povo
Vv owodnkevon tov ! kot Oyl ToALATAL dtovOGLOTA
OT®C o1 dArec uEbooot

Amotel TOAD AMYyEC EmOVOANYELC Y Vo, EmITEVYOEL M
GUYKMON

* 50-100
To epdTNUO TOV TPOKVITEL ElvO OO TO10/TO1OVC
napdyovtec e€optdtar/kabopileTar n cvykKhion

Tu. HMMY, Iovemotiuo Oeccaiiog
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PvOuog cvykiiong (1/2)

O acvurtoTKdg pLOUdS cvYKAIoNG The power method
otav epapudletar oe kdmolo Markov wwivaxa e€aptdton amd
TO KAAGLO TV OLO 1OL0TIUMV TOV £YOVV TO UEYUAVTEPO
ueyebog, Ay, A,

['la Tovg 6TOYOGTIKOVG TivaKeg, OTtwg 0 G, 1oyvel 0Tl A, =1
Apa n oVvyKMon eEapTdTal omo TNV TN TOV A,

Eneion o G eivon mpwtoyevig, 1oyvet 0t |A,|<1

H g0peomn tov eival ypovoPopa, omodTe 0EV Eivarl @POVILO VL
GTOTAANGOVUE TOPOLC Y10, VO EYOVUE U0 EKTIUNGN TOV
pLOLOV GUYKAIONG

Tu. HMMY, Iovemotiuo Oeccaiiog
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PvOuog cvykiiong (2/2)

2TIC EMOUEVEG olopaveleg Ba deiEove OTL AV OL 1OTOTIUES

tov S givar o(S)={1,u,, s, 1t} Ko Tov G givar
o(G)={1,A,, A3, }, TOTE

M= oy, k=2,3,...n

H ooun tov Iaykoouiov Iotov eivon té€toto mov kabi6Td
moAL mlavo va woydel ott |, =1 (1 || = 1)

Apa Ay(G)=a (1 2,(C)=a)

Me 0=.83, onuaivel 0t petd ontd 50 emavoAnyelg
a>0=.85°0 =~ .000296, onA., 2-3 Béceig akpifetag wov sivat
OPKETA IKAVOTONTIKEC 0T TO ranking cuvovaletal pe 1o
TEPLEYOUEVO

4
Tu. HMMY, Iovemotiuo Oeccaiiog g



