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_ EDUCATION

, "’& . IS NOT THE LEARNING
X OF FACTS, BUT TRAINING
THE MIND TO THINK

- Albert Einstein
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http://ww

Hyper Text Transfer Protocol
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i+ : Facebook

www.bbc.co.uk (24 Dec 2010)




TSR ¢ Telecomm Networks
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New Faculty builiding of University of Ljubljana, Slovenia

- Cortus

Courtesy of Ljubljana university incubator technology transfer
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%mWJ% Random-Graph Networks
. /J\ﬁﬁmé% Small-World Networks

?ﬁﬁ)ﬁm% Scale-Free Networks
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Network Topolbgy (Structure)

PILEEATTER ©  Tim (node, vertex)
£ (edge, link)
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PEE

o TIHJE (degree) 1 E474T (degree distribution)

o BBEE A SPHERERE (average path length)
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B - B
nodel =3, node2 =3, node3 =2,
node4 =1, node5=1

RS

LOF e S =

> B

A7
I




PR A SRR AR

d12_1 d13:1 d14:2
dp3 =1 dy, =1
d34 =2
Total = 16
SEHRERE:

L=16/10=1.6
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> BRHIE S (1735)
> BENLEREE — Erdos - Rényi (1959)

* FAT:
> /INEFRERE - watts - Strogatz (1998)
> TIRERRA - Barabasi — Albert (1999)
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° . — —o (d)

(a) &L fully-connected network
(b) T 2& ring-shaped network

(c) 22K star-shaped network

(d) 2 2% chain-shaped network
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Random Graph Theory

Paul Erdos Alfred Rényi
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RN 1 JHZ(Poisson) 714f
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[Mustration of Erdés-Rényi randon-graph network model
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Small-World Networks
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CHAIN-LINKS

by
Frigyes Karinthy

(1929, Everything is Different)

Planet Earth has never been as tiny as it is now.

... anyone on Earth, at my or anyone’s will, can now learn in
just a few minutes what | think or do.

We should select any person from the 1.5 billion inhabitants

of the Earth — anyone, anywhere at all. He bet us that, using
no more than five individuals, one of whom is a personal

acquaintance, he could contact the selected individual using
nothing except the network of personal acquaintances.
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Small-World Networks

--- Nature, 393; 440-442, 1998

D. J. Watts S. H. Strogatz
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Regular Small-world
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Scale-Free Networks

Science, 149(3683) : 510-515, July 30, 1965

Networks of Scientific Papers

The pattern of bibliographic references indicates

the nature of the scientific research front.

This article is an attempt to describe
in the broadest outline the nature of
the total world network of scientific
papers. We shall try to picture the
network which is obtained by linking
each published paper to the other papers
directly associated with it. To do this,
let us consider that special relationship
which is given by the citation of one
paper by .another in its footnotes or
bibliography, I should make it clear,

hastrasea » that thin Leand wintiira +allas

Derek J. de Solla Price

chine-handled citation studies, of large
and representative portions of literature,
which are much more tractable for
such analysis than any topical indexing
known to me. It is from such studies,
by Garfield (7, 2), Kessler (3), Tukey
(4), Osgood (5), and others, that I
have taken the source data of this
study.

Tnnidanna nf Dafavannoc

percent of the papers contain no ref-
erences at all; this notwithstanding, 50
percent of the references come from
the 85 percent of the papers that are
of the “normal” research type and con-
tain 25 or fewer references apiece. The
distribution here is fairly flat; indeed
about 5 percent of the papers fall in
each of the categories of 3, 4, 5, 6, 7,
8, 9, and 10 references each. At the
other end of the scale, there are re-
view-type papers with many references
each. About 25 percent of all references
come from the 5 percent (of all papers)
that contain 45 or more references each
and average 75 to a paper, while 12
percent of the references come from the
“fattest” category—the 1 percent (of
all papers) that have 84 or more refer-
ences each and average about 170 to
a paper. It is interesting to note that
the number of papers with n references
falls off in this “fattest” category as
1/n2, up to many hundreds per paper.

These references, of course, cover
the entire previous body of literature.
We can calculate roughly that, since
the body of world literature has been
growing exponentially for a few cen-

turian (AY  anmd arahahklo andll sanfinna
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Scale-Free Networks
--- Science, 286: 509 (1999)

A.-L. Barabasi R. Albert
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B} K= Norte Dame University
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(Derek J de Solla Price, Science, 1965)
(Barabasi-Albert, Science, 1999)
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p=2/20=1/10 %

p=4/20 = 1/5
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(a) (b)

Random Network versus Scale-Free Network
(200 nodes)

BENL.PAZE versus JTohRERIZ
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number of nodes

most nodes are
average linked

number of nodes

<- hode dedree -> highly linked <- hode dedree -> highly linked

Random Network versus Scale-Free Network

RENLINZE versus ToHRERILE
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HEBELM Internet vs  H4ER WWW

The Internet: Connecting Computers The Web: Connecting People
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H B Internet

Data:1995-1999, at both domain level and router level

« JZLHEERIR-EKJE Average distance

» L =4.0 (small)
> > EELRRE/INERRLE

+» FE434n Degree distribution

» =R power law: P(k)«ck™, y=22

> > BERETIRERLE
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Chen (2011)



J7 4R WWW

S. Lawrence (1999): 800 million documents (8 {2777 )

=

ZHPEE, Average distance > /NEFRRZE
A
> B D=19

« E4534G Degree distribution > TARRERIZ
> WE Outgoing edges: P(k)~k7” (r=238~2.72)

> AJE Incoming edges: Pk)~k™” (r=2.1)
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J7 4EM World Wide Web

H B Internet

WWW /N SR Z& A7 2 To PR E P2

Internet
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Nature 408 307 (2000) news and views feature

Surfing the p53 network

Bert Vogelstein, David Lane and Arnold J. Levine

The p53 tumour-suppressor gene integrates numerous signals that control
cell life and death. As when a highly connected node in the Internet breaks
down, the disruption of p53 has severe consequences.

p53 ERZFIEAENESTE -
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HENRRZ— -

- “T1# p53 MR TAEEE
5B BRPIERENTEL - BN
BRI —1 » B ERLE




3
A

BRECE AL

MNEEFBPNEEN
HRAH (BN
R oA R 5
/INHEFR 2%

i eongicsal-:
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lethal

Red:

Green: non-lethal

Orange: slow growth

- unknown

, 411: 41-42, 2001

H. Jeong et al.,



2B C. Elegans fHZE 2K
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L. A. N. Amaral et al., PNAS (2000)

TR ~300 THELTT ZE L ~7000 ZEfH
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Anhibitory-target
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A Characterized pyramidal neuron ® Dendritic fragment
- Synapse ® Cell body in EM volume

D. D. Bock et al., Nature, 2011
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—— provider-to-customer ¢dge
————- peer-to-peer cdge

Tierl

M. Bazhenov et al., . 2002 S. 1. Caietal., . 2004



HUMAN BRAIN CELLS, OUR
UNIVERSE AND THE INTERNET HAVE
VERY SIMILAR STRUCTURES!!

2013 by ma 13 in U 2gorize andtagged

D. Krioukov et al., Scientific Reports, 2012
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Language Networks (Romaine, 1992)
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tEEhENES, EhES AT —. Beijing is the capital of China and one of the biggest cities in China.
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cities in
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BXFEMLE: N = 253, F = 408. BRI N = 198, E = 279.
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Why the loT is attractive

10B*

Market Size (units)
.&;

0.1B

The loT is an enabling technology that
will serve thousands of end products

Cell phone

Time

loT

Source: Cisco



Total number of things

T E Bk

Everything is Networked Together  Internet
of Things

50 billion
Things | connected

on the Internet devices by 2020

Things talk to
each other and
Connected ' the Internet
Things
Things talk
directly to the
Internet
No direct

connection to
the Internet

Time
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/NHEFSEL (1967)

Stanley Milgram, P& K2 Harvard University

R - EREREYHRA A - rfsET
2/ D] A A 7

ER: 6

Alice > B > C > D 2> E 2 F - George

S. Milgram, The small world problem,
Psychology Today, May 1967, 60-67.
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%l 1: Duncan Watts £E Science (August 2003) g5t @ AT I

—ESNH ST T > BT 60,000 NEEZE (3KHE 166 ER) >
5 181 “BEN (IBE B NMEZRE) REFHME » &G
HEARN BRI LT T 5~ 7 MHPRIRE

51 2: Facebook Data Team #E20114E11H21 HEAF » il T1IHE T
7.214Z, /> Facebook JEERFH P (fE&ERALOM 10%) - @ETHF
690 12, SRBLLS - RIF TR P Z [AVBLESE R A 4.74 NHHRRY
[E]B% o (20164F Facebook $R45 © 3.57)
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Kevin Bacon A %%
Z[E I E Kevin Bacon FIEMEER “FEE =9

> FNRMNERER—SBEZEEL - BUA
A Z A —FRED ( "EE =1)

> 1994 4£, CNN TV HY Stewart Show 3 H &
TRME—ANA R ¢ M ey S S REN LAk
—NEG > [Efn (%) A Bacon Z [E]HY
"BET 2%/ (A BX/0EAME G
BT TER R EER ) 7

> SEE SR T EVE A —E R
MBacon Ay “BEE" N =3



http://www.cnn.com/SHOWBIZ/9610/25/kevin.bacon.game/bacon.lrg.jpg

Kevin Bacon /NH 4%

Sustin Pogers:
The sprr who

shagged me

EEEE)  |Robert Wagner

Marilyn
Monroe

Let’s make
it legal

Charlie
Chaplin

EL AR



Bacon Number (as of 2020-1-1)

Kevin Bacon Number

# of People

o

O INO NP W=

|
|
|
|
|
|
|
|
|

|

Total number of linkable actors: 432907
Weighted total of linkable actors: 1377703
Average Kevin Bacon number: 3.182 <4

https://oracleofbacon.org/onecenter.php?who=Kevin+Bacon



https://oracleofbacon.org/onecenter.php?who=Kevin+Bacon

PHIF & /B P45

LA
"

TR BHER EL: GEEXE




Erdds Number pJz%

" Erdos —4E&R T 1600 ZRi8L

H 500 ZNEfEE
" 205 REFN83S IE » SEIFPNHER 2 BiEX
* Erdos number P& 2/ M E FRITE AR E P25

Pal Erdos

(1913-1996) _\L%{ﬂ.\,,fég_[__—l;- .
Erdos 5 & ZEIHY “BEE" 2%/) 7



K Erdés Number 2 2

- .l‘|‘ ‘A".‘

SIS ALY
C. K. Chui G. R. Chen

/ISR |

Borosh, I., Chui, C. K. and Erdos, P., On changes of signs in infinite series,
Anal. Math. 4(1), 3-12, 1978.
Chui, C. K. and Chen, G., Kalman Filtering with Real-Time Applications,
Springer-Verlag (1st ed., 1987; ... ; 4th ed., 2009)
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¥z Euler
(1707-1783)

Academic Genealogy

(A = B means that A was PhD adviser of B)

BLESIAZERIERRR

X F7 L. Euler = J.-L. Lagrange = 1.-B. I. Fourier = G. P. L. Dirichlet = L. Kronecker

- M. Lerch 2 M. Plancherel 2 A. Edrei = S. Hellerstein = C. K. Chui =2 G. R. Chen [5[{25
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S HT Gauss

(1777-1855) RBESMAZENTER AR




SEUESE 2

8T Gauss
(1777-1855)

Academic Genealogy

(A = B means that A was PhD adviser of B)
B LS ZERIER R

= Hdf C. F. Gauss = F. W. Bessel 2 H.F. Scherk = C.C. Kummer =

J. von Neumann
- H. A. Schwarz - L. Fejer > G. Polya = A. Edre1 &> S. Hellerstein >
P. Erdos

= C. K. Chui =2 G. R. Chen [FEi5%



It 1Is a small world after all
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