
Lecture 11

Network Science

the Structure of
the Web



Today 'S Topics

. the World Wide Web

. Information Nets
, Hypertext ,

and Associative Memory
.

the Web es e Directed
Graph

. the Bow - tie structure of
the Web

.

the Emergence of Web 2. o

Chapter 13

The Structure

of the Web



Information Network

units : are pieces of information

links : relationships between
such units

.

en example : www

a' tether networks

To reduce the Web in terms

of measures we studied
so for

short paths , great component,
9  e -

. which is the informative
power of the underlying

graph structure ?



the World Wide Web

created by Tim Berners Lee
1989 - 1991

n
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A wey to exchange documents
vie the Internet

• web page : public
. browser : connects to the Internet

hyperlinks
-

-

→

hypertext :

-

organization of
information using e

network metaphor



Networks ofcitations
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Wikipedia pages
T.B.tn

.
aes influenced by the

pioneering work of Vannevar
BUSHI

nwe

seen
information
with e

not
river
process
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"

meme
"

tech
. dance thet i - plenty

The idea of associate

memory .

Gigantic BRAIN
" As We May think

"

peper ( trust



the Web and its Evolution

Navigational function
I

To transport the user

from one page to

another C not linearly)

transected function
to

e hhk may trigger
a server side script
thet amputees input and

creates u
on the fly

"

a web page .

-

we focus on the old
fashioned web Thet was

mainly
"

newgeteoud
"



the Web esse directed Graph
-

why ?

e) we an Letter understand
the legend relationships

expressed by its links

b) break its structure into

smoker units

c) identify iuportent pegs
A Yeattss

IfIgregarines
No symmetric connections

We have e

"

from
-

end e
" to "

Beth
and Strong

comedy
-
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We here annectens

We homie components



Strongly Connected Components ( Scc )
-

Breaker et d C 1999)
they used Altavista

Aumap
"

of the Web

drooling the graph into few

large pieces

First step ⇒ theyfound the

Giant Scc

only one containing e

significant treater

of ell the nudes

they started from
"

starting
pages

"

: teach Large
ampoules web Ates

(
" tagsconnected Component )



it



Web : or GIANT SCC

Teachability and paths
A

. . :
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→
B.
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the largest subgraph s
.

t
.

I an find paths leedy
from e node to another

end back : SI
-

Kort.

.

other augments

IN : from every node in

IN there is e path
lead .g to Scc

OUT :
nodes in the Scc

one connected to nodes
In OUT

,
no Wey Seek



the bow - Tie structure
-

tendrils : nodes reachable
-

from IN
Tireeoh nodes in

.

the OUTq WE

.

,
⑦Discounted an parents

Weekly baneful Gupeuat :

IN t OUT -1 Scc e- tendrils



.

tendril
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the Emergence of Web 2. o

• from 2000 on

a
" invented

"

Sy e group of
Technologists led Sy Tim o ' Reilly

thefor forces
e

.
web authoring styles ⇒ more

user generated content

2
. personal online deke moved

from the personal computer To

the Web ( email
,

calenders
,

photos
,

videos
, . . . )

3 . linkingstyles ⇒ not only
between pages

,

but also
between people

lteunples : Wikipedia
,

feabek
,

twitter
Gmail

,
- - -

New ideas thet een be studied
with networks

an

software
Thet gets better the

more

people
use them

• the v of thecrogag the heytail



Ferge
. Directed Graph Analysis

helped to better understand

the Web ( end influenced
the Web itself es we

know it today )
. Networks es an abstraction

to find Components ( Scc )
and to drive their evolution

- social networks ( online )
- reputation systems
- Recommendation Engines

AHof them are governed
by laws that can be

investigated by means of
networks



Directed Networks

.
Asymmetric Relationships

.Bxpbrc Directed Nets

with Python.
Topological Grt

notebooks : 16
.

Directed Networks

17 - Adjectives
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