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Society:

Six degrees

S. Milgram 1967
F. Karinthy 1929

WWW:

19 degrees
Albert et al. 1999
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Erdos-Renyi model  (1960)

Connect with ) -
probability p Pal Erdos

1913-1996
p=1/6 ( )

N=10 Poisson distribution

(k)

- Democratic

- Random P(k)~ e-<k> <k>k/k!




IS Sop e

® \Watts & Strogatz 1998

— BRI, PLE M &hGiE IR M M 1Z 2 AR R A
AL LA 72 A A, - D.J. Watts

Regular Small-world Random

-Hixﬁiﬁ

P = D . } P = 1 LT, CHENESE. ACADNDY (0 SCIENCES
Increasing randomness
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® A-L. Barabasi & R. Albert 1999
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log P(k)

log k
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Yeast protain network

2

Economic Networks

Social networks

YeMItATRIETA
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Complex Adaptive System

® Hidden Order (John Holland 1994, SFI)
— & M M
® CAS L5 it B A

— R -REARTY . E N R RIS AL
A AU
— SWARM (Santa Fe Institute)
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Complex Adaptive System Model

[nformation

<

MATERIALS & MORPHOLOGY

B

Energy

< DETECTORS X RULESYSTEM X EFFECTORS >

Information
filtering.

identification,
.-1 COMPression /__
7y J ey

Scale

. :]/ Space

z

(RN LN RN NN RN AN RN IR
Time

ARANRAARA

Lorcommuotion
Communication
Ml pulation
Expulsion

e

__ENVIRONMENT

Feedback

Adaptive
Learning
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Humans have only about thrﬁe times as many genes as the
Ys
so human complexity seems unlikely to come from a sheer quantity of genes.
Rather, some scientists suggest, each human has a network with different parts
like genes, proteins and groups

DROSOPHILA MELANOGASTER HOMO SAPIENS
(Fruit fly)
- ] Ty B AT AT In this example the fly has 1 ] 1 BT AT AT
I'.."J "'.'|U II'r'|I1 Lol Ll st 40 genes, and the human / I'."J “'.'|U Il'r'hj Lodl Ll Lo

rF

In the generic networks shown, the points
represent the elements of each organism’s
genetic network, and the dotted lines show the inter-
actions between them. Humans have many more ele=

Sources: Dr. Albert-Laszld Barabdasl, University of Motre Dame; Sclence; Celera Genomics

Complex systems

Made of
many non-identical elements
connected by diverse interactions.

v

NETWORK

Steve Duenes/The New York Times
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R 4 P B SR AE AT BN PIAL A 3

O AT LN AT 9%

— MATRENIBINEMRA, Web W& LA —f& 5 2 W% FT A
A LR B WARE (scale-free) . KA i(CIustering)
Fatk M &g E R M (hierarchy)., 22 EXREME R (AX) 6
Xk A AEH RFHL (Barabasi 2005)

- ZMLE, WebR& ¥, B3R EN ROGWE LR FEEN R
AR S EAN ML, bk T4 T EMPageRank. HITS%
Fik. FIAE, HFREIEMGER LR AH AR, K3
MEL TR RIRE. (SIGIR 02)
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and the structure of an information network

® \Why topological structure reflects content
distributions?
— From structure to content? (Link analysis?)
— From content to structure? (Semantic Web?)

Micro Structure + Micro Attributes

Sl

Thus : Pageranking etc should be
modified to be more reasonable and

effective



@ X T : WEAPTHHEARZNT &TEA—NTHR
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® .5 HFE R

® I T4

— RS T AFMHRZNAGFENZHFMGFIZRERIXEENKEZ
— RAEAEFSEMNLKXFZ (ML kR snapshot)

Link density community
Kleinberg etc, Science 294 (2001)

K-cligue community
Palla etc, natural (2005)
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Delta-Closure Community

ZHE (R AN EAEFE FAR M ESL

— Transferrlng Probablllty : A

— Random walk: P=P(D)x A +P(D,)xA> +--+P(D,)x 4"
— Delta-closure: Vn, € sﬁjZ; P, =5(i # J)

nnnnn

K15.11 CiteseerH 1) Y /N 18 SCAE X word associ@?ﬁﬁﬁ%@ﬁ?%&
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— Disassortative mixing
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Now we are close to knowing just about everything
there is to know about the pieces.
But we are as far as we have ever been from
understanding nature as a whole
Barabasi, 2005
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