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Figure 6.1 Random and Scale-Free Networks. The degree distribrtion of a
random network follows @ bell curve, telling ws that mon nodes have the same
nember of links, and nodes with @ very large number of limks don’t exive (rap leff).
Thus & randam nctwork i siesilar fo @ national highuway network, in which the
wodes are the cities, and the (inks are the major kighways conmecting them. Indeed,
most cities are served by roughly the same number of highnayr (bottom lefi). In
conirddt, the porver law degree distribution of a scale-free network predices thar
et modes have anly a fer links, held ogether by a fenr highly conmected hubs {rop
eaghe). Vissally this is wery simelar to the air traffic system, in which a large neember
of meall airports are connected to each ather via a fev magor hubs (bottom right).
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What Are We Talking About Today?

1.Graphs & Networks
2.The Internet & The Web
3.Search Engines
4.The Web 2.0
5.Communities & UGC

7.Web Presence

Figure 11.1  Paul Baran's Networks. In 1964, Paul Baran began thinking abows
the optimal structure of the Internet. He suggested that theve weve three posiible ar-
chitectures for such a network. lized, de lized, and dustributed- d

warned that both the lized and de lized thar dominated com-
munications systems of the time were 100 vulnerable to attack, Instead, he proposed
that the Internct should be designed to have a distributed, mesh-like archit
(Reproduced with permission of Pasd Baran.)
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Your Main Printed Book &) )

! QD
Linkad a book first published iAl28@i24510 BaraaasAmericar

physicist of Hungarian origins born in 1967, and best know
the field of networks.

As far as these lectures and your assessment are concerne
maiprinted bgo have to read, understand, and be able to

Apart from the initial péefesi@fll the rest is downloadable file
| 1 ke t hi skEanddnkstabe visitesladi ng n
But | oromi se: when | say

t el | aboutE this book, | m
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Your Main Printed Author

=YY
Barabasl Ainked. How Everything Is Connected to Everyth
What It Means for Business, Science, aRdresesy@Ganibitdg
Massachussetts cﬁﬁﬂﬂe(ﬂﬂ. image creditxtiata.chisa.edu.cn
So |l etes beg lgh T
through 8 of Linked |
Linked But... Wait a minute! |
.%:‘ Pages 1 through 8 of Link
2,523 words, and 15,302
i If we read them, It will tak
“““““ s tharl 6 minutd®o much!
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UL 1 n kiExaemts from pages 1 through @L Lo

L et émne execemidYolyr lecturer has abridged pages 1t

(Well... this cutting has left a logical gap, in fact. But you wi
notice it, and get the meaning just the same.)

Through the following three pages of this presentation, we
excerpts from pages 1 througbiO®, taigidng, 126 digits

Our reading should take less than 4 minutes.

(In case you need to listen to the full monty, or simgiyklenow
before holding the book in your liAnfie &hd an
http:Kiwimilano.it/dct/links2@DA&sp#Networks
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Euler in Konigsberg

was a Swiss mathenmaticibard Ku#@17/783), who wanted to s
mind puzzle.

Theown of Konigsberg is crossed by
Pregel, having an island connected —
oridges.

KONni gsbergers wo
the seven bridges and never Ccross timmn s

regel River. Selving the Kinigsberg problem meant finding a route around the

e C

city that would require a person to cross cach bridge only once. In 1736, Leonhard

.
t W I C e ’? Euler gave birth to graph theory by replacing cach of the four land areas with nodes
. (A 10 D} and each bridge with a link (a to g, obtaining a graph with four nodes
and seven iinks. He then proved that on the Konigsberg graph, a route crossing each

link only once does not exist. .
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Eul er UGraph, and HisProof

Euler solved the problem by thinking of islands and walks ¢
mathematical tagpsntandinesmaking apaanh

Whatas Eul eres proof ?

To quot e B aoddnhnfobri e
links must be eitheaiienr thend point_~
of the journey. A continuous path tha
through all bridges camhave staanu
one epointThusuch a path cannot exis tuumam i

K pi:of ( ) land area D caught between the two branches

graph thatrinase than two wathheamdd i

ieg\awbﬂk 0 graph mryby lacing each fheﬁ:mr ndrmwx.&ﬂade
(A 1o D) and each bmigz fink (a to g), o g 4 graph with four nodes

n u I I I ber Of lI n d’sem links. He th pmwd .Fm n the Konig .réerggmpfr,ammemmgeac‘h
link only once does not exist. .

e S
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From Graphs To Networks

But the proof as suchaslneev ant here. Weé
mathematics or be mathematicians. What matters is that in

pegan to haveHbaasediew of the world.

Durirtge centuries, we have céme Lo
points asdedis linedieksand his grapt
anetworks
Today, we @galsaconnection between

webpages. L

woul regn person to cross each bridge am’ once. 736, .[mn rd

Wel |l , Eul er és Koh“mr“g”m;ééw;m i

link only once does not exist.
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The Internet " on

As you know, webpages travel by thacrdtﬂﬂ)thneallnmet
which is obviaustyiwork -

In 196240l Baadvised oratinéitectiofth
Internet, which was soon to come, ur
Aacentralizene is too vulnerable:
Aadecentraliope might be better;
Abut the only real solution wouldbe ¢ L= == =
adistributaétwork. Tt e et

soarned thar borh the limed and dec lized thar demiinared cov-

munications systenns of the time were too vadnerable to avcack, Invsead, ke proposed

Today web pages always arrive, SO &uumsi sy it
they may travel through the Internet following any of many
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Scale- Free Networks, and Hubs

Still talking about different sorts of netw
has proved that most netwuarks=anahwa |,
networwhich connect major citiesone ai -
city having about the same numbercef ro ! o0 i
Nodes of such ehiciind
regularty;) a scgaecording Exll Curve N b 4
Most networks, insteadi<behidimsing a =iz w”'wf?%"’iw

huc o rand nnw:d{m:n:‘.rm national kighway network, in which the
. - itier, the major highways connecting then. I n‘dmn"
few hub airports. Some nooldsag&neg mar === i

met modes have only a fese links, held together by a few highly connected hubs e‘mp

more links than the other nodes. s o
Most netwadisnect accordirgtotzawMosetworks ataldéree
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Bell Curve and Power Law

Bell Curve) This Does Not Happen Power Law)|Distribution This Happens
4 )
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The Web & Search Engines Lo
ASA5

Does thiéoriVide Waehave like most networks? Yes, it does
nodes (or websites)dnavenore timds all the others. Tindg are
Obviously, sisaech englikesGoogle or Bing link to a lot of otl
websites, they ardadhermmiineldise s
And which websites do seanib@agineshen you search
according tokmmwordlSearch engines display first the websi
a higher number paéoérding to the chosen keywords. They
first the most linked sites.

Conclusion?ribihe we Jithieetteour websit@ken search engines
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A felwubwith a large
number of links makes t
Central (ofrthe Web.
Conversely, most websi
are eithéorOUT
Continents

They tend to béeomiels
Eif still indexed by searc
enginésnd can ultimate
turn intelands
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Web OligopoliestlLike Google Or Bing be anah)
Since the Web behaves like most networks, it iIs not surpris

websitélong to a oligopohsahd becamementstionger.

Each timesgardor something in Google or Bing, youfaccep
that Google and Bingraou enhance their &laigs as

But t hhereés mor e. Thi nk ab

Google |» Bing
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Social Oligopolies ULike Facebook

Each time you post something on Faceb
contribu@ make Facelaulger

And, moving to tourism, each time a tou
commentslopAdvissiie/he contributes to

make TripAdstisorger

Why? Becausgy tis@meone posts on

Facebook or TripavisorléspieGenérate
Conterghe/he confirms thatlibhbgadten
addeew lint@ them, and makes$rtirerar
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Ranking, SEO

The evaluation that search engines provide of a Webpage

webp@glids s | es meeusking ed 1 n te
Although ranking is referred to a single webpage, it is widel
whol e websit elkosepaagnkirigi ng i s

To qgquote Wi kipedi a, ea goo
supply of interested visitors/customers, while a poor one sil
obli vion, no matter how go
There is a whole indusgig@alterdh Engine Optdedicated to

obtain good web rankings.

The most simpteof meagucer r a n RageRgnki s G
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PageRank

.01

To quote Wikipedia once again,

e P a g eliRkeanakysisialgoritam
Enamed after Larry Page and usedby_
the Google Internet sear€h engine
that assigns a numergiging .,

to each element of a hyperlinked set o

documents, such as the World Wide /,
Web, with the purpose of measuring,igs

relativenportarwsa t hi n t he se
image creditd¢d_ogo
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PageRank: Industry and Academia

The PageRank algorithm may be applied to any collection
reciprocal quotations and references. The numerical weigh
any given element E is referred to as the PageRank of E al

The name traaldmanfseoRena thkeHBPageRankgoroce:
been patented (U.S. Patent 6,285,999).

However, the patent is aSsegifecdt/nivargitnot to Google.
Google has exclusive licarsthegiatent from Stanford Unive

The university received 1.8 million shares of Google in excl
patent; the shares were sold in 2005 for $336 millions.
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Ranking Tools Lzl
QY

How do we come to know the PageRank of algmeniictieby
of a specific website?

Some dedidatei@re available on the Web, to retrieve inform
and how much webpages and websites are visited.

Moreover, dowlbado exist, that provide an easy and relative
comprehensive access to this sort of ranking data.

For instance, your lecturer routinely relies on Simila®veb a

&) SimilarWeb
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SimilarWeb
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