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1. Spatial Distribution of Nodes
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Examples(continue)
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2. Many Real Networks
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Small-World Network Model
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Scale-Free Network: P(k) ~ k™7
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Extreme Attack Vulnerability
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Cascading Failure

AT A T R E R
5 R A EARTRR AN S

D [ I8 A5 EE
& JHPEXR/NTw N DR

'I'I'lll I

9

9

& &, 2004 4 3

2003 4 8 H 14 HALKALREMEEF I T 5 &
AAbkALEEREE A (NERC “August 14 2003 Blackout”), & UF,

LRI REEIZDOWT, IEEJ 2003 4£ 8 A

Sept 4-5, 2014 — p. 9




Blackout in US 2003
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Avalanche Dynamics
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Problem of Interdependency
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3. Self-Organization
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Micro-Macro Interaction
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4. Design of Spatial Networks
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|. Selfish Pref. Atach. II; oc kY
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Typical Spatial Net Constructions
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Random Apollonian Net
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Pref. Atach. on a Space
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Optimal Design
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Il Link Survivals
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Coupling Models
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Initial Configuration: UDG
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Network Genetration Methods
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Modification: Adding Shortcuts
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From Organizational Theory
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Quantitative Analysises

Shortcut Effect:

Internet AS, Delaunay Tri., Apollonian SF :
Y.Hayashi, and J.Matsukubo, Improvement of the
robustness on geographical networks by adding
shortcuts, Physica A, 380, 2007.
Y.Hayashi, Necessary Backbone of Super-highways for
Transport on Geographical Complex Networks,
Advances in Complex Systems 12(1), 2009.

Multi-Scale Quatered Net
Y.Hayashi, Evolutionary Construction of Geographical
Networks with Nearly Optimal Robustness and Efficient
Routing Properties, Physica A 388, 2009.
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Simulation Results
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Good Structure without Hubs
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High Reachability of Packets
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Average Path-Length:
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Robustness against Failures

va—h A b & % dGE

0.8

0.6

S/N

04 |

0.2

0

LS
PR 30%
RS 30%

0

0.2 0.4
Fraction f of failures

A

©

4+

06 08

s | &
35 B /0 PR 30% < .
£ ARS 300 +

<S>
N
ol

LOANAA
=t o ‘AA“AAAI,A

0 0.2 0.4 0.6 0.8
Fraction f of failures

= ) —RBRERDOEFE .23, LSD 0.6 05 PRE RSD

0.81Z 1) I

Sept 4-5, 2014 — p. 32



Robustness against Attacks
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ll. Recursive Divisions
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Multi-Scale Quartered Net
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Good Properties of MSQ Nets
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Bounded Path and Face Routing
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Generalized MSQ Nets
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Random Walks with Splitting
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Combinatorial Analysis for U.R.Div.
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Exact Solution for U.R.Div.
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Branching Diagram of (ny,n9,...,)
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Approximative Analysis for U.R.Div.
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Gamma Dist. gy(x)
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Mixure Distribution
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Universality
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Biological Foraging
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Preferential Routing
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Basic Property
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Search Problem
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Inhomogeneous Adaptive Search
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Scaled efficiency by density
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Peak of Efficency \n for N,
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V. Partial Copying
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Analysis of P(k)
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Another Analysis
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Singularity: Non-Self-Averaging
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State Transition in Urn Model
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Markov Chain in Copying Net
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5. Hot Topic: Onion-like Structure
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Strong Robustness and Efficiency
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6. For Future Network Design
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App
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Appendix 2. Optimal Topology
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Appendix 3. Self-Averaging
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Appendix 4. Clasification
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Appendix 5. Random Drift Model
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