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Today's topics

. Searching the Wes

. Link Analysis
+ HITS : Huss & Authorities

+ Page Rank

. Modern Wes Search

. Link Analysis beyond the Web
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"
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"



Searching the Web

Search Engine
- -

:

problem : how to rank

( web ) pages related
to e given topic

Information Retrieval
-

automated strategies To

search in libraries
,

Soeutfe peepers , repositories,

e • f

in response to Keywords
based queries

- -

-

. list of keywords
"

inexpressive "

synonymy
polysemy

.

"

disrergitcg
"

: given e topic
we find pages ori Hen by

Many kind of "

authors
"



.
pages ere dynamic end

always scheryrhf
•

"

nevus search
"

features
.

" scarcity
"

vs
"

abundance "

Filters
-

• what is
"

important
"

?

Cen the Structure of
the Web

,
dominated by

links
, help us to

find suede
"

filter 's
'

First attempt :

couldnt " words " on

documents



HITS : Link Analysis using
Hubs and Authorities

I.DE peg -

→informationcontained '

between
"

pages can be used as well

count
"

in
- links

"

-

. Select documents on

e guen topic
.

"

in
- links '

ere e

measure of
"

authority
"

of e

page on Such

e topic
" implicit eudersmoemt

"

from the community



List Finding
query :

"

newspapers
"

b
•

i

-

{

-

A

be here "

intuitively correct
"

results

.

"

Lists
"

: fefes Thet provide

many different out - links to

other pages .



e page hes e
" list value "

② the sum of in - links received

by all Ages they link To

< ⑧ : - t

11 .
t

② e - +

e
-

t

.

- t

-1

Assumption : pages behaving
as hits have a better

sense for where the feed
results are

.

I " Authorities
"

ere competitors 'd



the Principle of Repeated Improvement

we went to weight lists '

links more heredity .

¥

-I :-•-

g

÷
'→

Ekg-stepherewe
an refine Hues at

beth hides



Hubs and Authorities

pages thet we ere belly
for :

" obtlontee ,
"

pages with high
-

list value
"

"

hubs
"

Hp : hub C p )
,

auth Cp )

initial
. ftp.huscpjaouuthcpt

= I

Authority Update Rule

Hp : auth (p) = ;÷Z hubli )

n : # pages connected to p

Hob Update Rule

Hp : hub Cpk If auth Ci )
n : # pages p connects to

( p,

i ) are edges



lets decide k es the told
number of steps

I
. Ip : hobcpj-ovthlpt.ee

2
. for K steps

2e . apply wth update role

2b
. apply Bob update rule

3
.

normalize values

auth G) =  
the

Zeethcij ,

hub Cp ) .  

I

S

-
total

=d.
normalized values converge when

K → a

STABILIZATION :

int
. values

-
ore infant



Stehlin

: hinting velvet for
hubs end authorities are

properties of the links
structure

-

"

Equilibrium

"

-



Page Rank
" Endorsement

" viewed as

passing directly from one

" important
"

node to another .

Endorsements are recdiuee by
in - links end passed

across oof - going WKS
basic definition ( number of
steps )

I
. Ip : PrEp ) -

- ten in :# pyx

I
. for K steps

2e . apply
" basic PR

update role "

PR (p )= -2Preis
-

is out ( i )
n : # if pages connected

to p
Ci ,p ) are d

. edges
oof C i ) : # of outgoing links

of page i
.
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Repeat the PR update
rule fo K steps



PageRank at Equilibrium
PR values of all nodes

convergewhen k → a

( but for some
"

degenerate ceased

Equilibrium if we egply our PR

update rule
, then our limiting

values do not change

-



Scaling the definition of PageRank
"

degenerate cases
"

the problem : i - some networks
Some nodes receive ell the

PR values of the meteorite

Repeating PR update role
PRC F) = I PRG ) =L

Hp ( p # feat ) PRG ) -

- o

I I on here degenerate
uses in the

OUT Component of the Qs



the problem : ihre do not here

path beak to Some

ether nodes

solution
Tets force this Fluid

"

To Shreeve beak To other

modes "

sometimes "

select e
"

Saling factor "

( damping factor
"

)
"

s
"

S E I o
,

I ]
Scaled PR update Rule ( SPRV)

-

Pr Cpl =$÷Z:%g t

( I - S ) IN
the limits of SPBRV rule :

k - see : all the PR values
are Unique

values defend on
"

s
" (s e To . hard



Random Walks

randomly clicking from on

fge to another
, picking

each page wth egad
probability .

Follow links for e Sephora
of k links

claim : the probably y being
et page X after k steps

is the equator of the
basic PR update rule

additondintuixom.PRO ) is

the limiting probability Thet
a random walk across

hyperlinks will end up at K

as we sum the Welk for
larger end larger number L

steps .



Tthing
.

the
"

leakage
"

of F end 9
hes e naturel interpretive

the probability of converting
to I

,
end once it reeds

F or 9
,

then it is Huck
-

forever "

Solution : ahh prob .
S :

I chick
on an hyperlink

with prob .

I - S :

I jump
To a randomly

Selected node
.



Applications of Link Analysis
to Modern Web Search

Google today doesn't
use PR

ouyn.vn
( paper : Got )
Hilltop ( en extension of Hits)

anchor texts
-

dicky behavior
- -



SEO ( Search Engine
Optimization )

Company
sax

reverse engineering ef
SE 's rankingfunctionsg

Sksdefine me measures

perfect results one

mowing targets
"

It is a

genre
- theoretic

principle



Link Analysis = Beyond the Wes

citation analysis

" impact factor "

of Journal
average number if attaboy
received by papers

published in thet gourd

"

influential weights
"

↳
"

Page route
"



Apply Pr to scientific
" Finding sweaty ,

Mr
Gems doth Eagle PageRank

"

( root )

dataset : correlation
a Rector J

getaways f
references

0¥53
-

correlation

BIT 00
µ

outliers are

papers with
" limited

"

number

of otetoug -

but highly
influential



•

"

Finding Sc.Geen
Pros

Cons
u

-

Pr to help I
to discover indicators

"

gems
"

car charge
our behavior

-



Take Home Messages
.

t0
to find important

nodes :

- HITS
- PageRank

they one both iterative ( K steps)
-

T

. ( Modifications of ) Both methods
are

wised
in modern Wes

Search engines end other

domains
.

Indicators change social behaviors :

" perfect results "

aremacingtargets.Limiting:

for K - so same values are

returned after each iteration

.

Pref
? next

. . .

•

Algorithmic

? HIGH ,

but numerical methods exist
To Solve the problem very
efficiently I e.g .

the

pwermethdl

)


