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Introduction: Some Examples

Food Web, Biological Networks
Wireless Communication Networks

Power Grid, Highway & Air--line Webs
CNN, VLSI Circuits

Metabolic Systems
Internet, WWW , HT TP




Internet, WWW

(William R. Cheswick) (K. C. Claffy)




HITTP, Telecomrn Networks

(BradleyHuffaker) (Stephen GEick)
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CNN, VL3I Circults



Food Web, Blological Networs
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Several Typical Networik Models
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Networr Syncnrorization Criterlal
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Tirne-In va’r'raft\Com olex Dynarmical
Networks Mode!

T n
x; = (Ti1, 242, -, Tin) €ER

Inner coupling matrix A = (a;;) c RV

nxn

Coupling configuration matrix C = (¢;;) yyn

Dissipative conditions




Tirne-Var /rf}wrrmle,< Dynarnicel
Netwo rk%J oclel

T n
x; = (Ti1, 242, -, Tin) €ER

Inner coupling matrix:
Coupling configuration matrix: C'(t) = (¢;;(t)) yw n

Dissipative conditions:

Assume that there are nosolate clusters That is, the coupling
configuration matrix C(t) is anirreducible matrix at any time t.
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Networe Syncnronizatiorn

Network Synchronization Comp@< Dynamics

Typical networks: \

Typical dynamics: \

Robusiness  Fragility
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syncnronizaollity of Regular Coupled Networks

Opservation:

will not




Useful Syncnronization in Engineering

Examples
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Flarrmnful Syncnr@@]on In Internet

N
N

Synchronization occurs when separate TCP connectign
share a common bottleneck router

\
\

Two processes can become synchronized si
both synchronized to the same external clock

Multiple clients can become synchronized as they
services from a busy (or recovering) server

Periodic routing messages from different routers ca
become synchronized



FOpUsStness Vversus rrggmr /
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Two Basic Proolems of Network
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Periodic Orplis Synchironizatior of
Tirne-Invariant Dynarmical Networks




Stanle Of@l\S/ nchronization of
Tirne-Varying Dynarnical Networes




Crnaos-syrncnronization of
Tirne-Varying Dynarnical Networks
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time-varying
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Meudrnurn Syrncaronizapility Set
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A maximum

synchronizability set \\
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Physical Meaning . Synchronous Cormrmunicatiorn
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Syncnronizapility Matrix
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Rarfark 3
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synchronizability matrix S ™
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synchronizabiity
matrices
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Control of Carnplex Networks

N
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Control of Carnplex Networks

Coordinated Control

Data Traffic Control

Adaptive Control

Pinning Control
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Control of Carnplex Networks

Switching Control

Control of Communication Networks

Control of Complex Ecological Networks



Pinning Control ofComplex Networks

nodes .

possible to control a few nodess(1ch\
to realize the same goal
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Pinning Contrel; An Example
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Pinning Confr&t{elect]ve scnerme
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The ey Faciors_in Pinning Cornirol

(D

Q)

Network Structure

Coupling Strength

The number of Pinning Controller
The Pinning Approach

Trade-off ?



Two Chnzl Ag{ru FLUndarnernizal
COuestions In Pinning Conirol



P]nn]ﬁ@A@tfve Conirol of
Comoplex-hNetwores




P]nn]ﬁ@A@tfve Conirol of
Comoplex-hNetwores
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Network Model:
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armnple

Experimental Results: "
(26/500=5.
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Conclusions
maximum synchroniza Q/
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synchronous communication \

synchronizability matrix \
robustness '

synchronizability \\
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