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Axtell R: The emergence of firms in a population of agents (1999).
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Emergence by nature (empirical view)

: Some researchers view emergence as an “innate” property
of natural systems and inspires research to discover and explain
emergent behaviors

Emergence by design (operational view)

. Some researchers view emergence as a property that is
“designed” Into systems and Inspire research Into
technigues to generate desired emergent behaviors
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Meta-stability is the ability of a non-equilibrium state to persist for some period of time.
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Emergence by Design

Distributed Systems
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Type 1: Coordination problems
Agents are better off if they take the same action.
. Cascade / Herding (economics)
. Gossip algorithm (computer science)
. Consensus problem (control theory)
. Synchronization (physics/complex netv%%s)
( ’

. Coordination game (game theory) (/%
/i
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self-driven particles. Phys Rev Lett 1995; 75: 1226-1229.
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Consensus Problems

“Consensus means to reach an agreement regarding a certain
quantity of interest that depends on the state of all agents.

More specific, a consensus algorithm is a decision rule that results in
the convergence of the states of all network nodes to a common value.

Consensus: Convergence of the states of all agents to a common value

Xi = Xj = = Xconsensus

29 -BIRE O 07(E L)



Synchronization in Complex Networks

Synchronization: Prevalent appearance in physics and biology

Homogeneity iIs important for better synchronization

30 -BIEEDOFR 07(FLL)



Synchronization in Globally Connected Networks

Observation:

No matter how large the network is, a globally coupled
network will synchronize if its coupling strength is
sufficiently strong

Good — If synchronization is useful

G. Ron Chen (2006)
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Synchronization in Locally Connected Networks

Observation:
No matter how strong the coupling strength Is,
a locally coupled network will not synchronize if its size Is

sufficiently large

Good - If synchronization is harmful

G. Ron Chen (2006)
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Synchronization in Small-World Networks

Start from a nearest neighbor G. Ron Chen (2006)
coupled network small-world network

Add a link, with

probability p, 5
between a pair
of nodes

—>

Good news: A small-world network Is easy to synchronize!

X.F.Wang and G.R.Chen: Int. J. Bifurcation & Chaos (2001)
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Consensus & Synchronization: Network Topology

Connectivity of networks does matter for synchronization

Network A Network B Laplacian matrix
§ \é} CZ{ 7\Q Ky {0,-1}
k2
A,=0.238 A, =0.925
{0.-1} k.

Laplacian matrix = Degree — Adjacency matrix
A ;= 0is always an eigenvalue of a Laplacian matrix

A/ A, :algebraic connectivity is a good measure of

synchronization.
Fiedler, “Algebraic connectivity of graphs,”

, 1973, 23: 298-305 34 -BIEEOFER 07(E W)
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Type 2: Dispersion problems:
Agents are better off if they take the distinct actions.
. Stock markets
: Minority games

35 - RIEEDZER 07(F 1)
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Ising Model
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Ising model MDA (1)
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Ising model D& F (2)
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Emergent market behavior
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The El Farol bar problem

K

Agents gain if they are in the minority side.

40 - BIRE Q8 07(F L)



Minority Game

Behavioral Rules in Minority Game

input output

-1 -1 -1 -1

-1 -1 +1 -1

-1 +1 -1 +1

-1 +1 +1 -1

+1 -1 -1 -1

+1 -1 +1 +1

+1 +1 -1 -1

El Farol bar at Santa Fe +1 41 41 | 41

D. Challet and Y.-C. Zhang,
Physica A 246, 407 (1997)

100

next winning group

7 R Ronding i m
:g - c.o.o=1 41 41 -1 -1 +1 +1-—
EEE E /l_ ; . Sfeedback
12-0 2‘0 .I‘}ID 6‘0 BIO 10-0 % % ]V % <L€l
" ] action —= Qg
The number of people in the bar L
minority rute — |+1
W. B. Arthur, -

Amer. Econ. Review 84, 406 (1994).
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The networked Minority Game

1000.0

S Sco

00 2000 4000 G000  BODO 10000

00 o1 1 10
alpha = 2'm [N

What if we connect the
The Minority Game players by networks?
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Substrate networks determines volatility
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Give-and-Take GEYSLY)

(1) FIBEMETELLEE GEEICES), REFBIKELE
(2) FIBERBTELAREEE, REIFSH LSRR

(w®)=0N@A () =)=a(t+D)=0  Gain
(@) =DN(a(t)=0)=a(t+1) =1 Gain

(w(t) =D (a (t) =1) = a;(t +1) = random No gain
(w(t) =0)(a (t) =0) =a,(t +1) =random  No gain
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Agent vs. Social Atom

D. Green (2006)
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Repeated Games on Networked Agents

v’ Types of pair-wise interactions

N=50
. , ) ¥ i
Prisoner’s dilemma game |
dCoordination aame [T7 7777777777777
9 (177771117
N=50 //777 7777

QHawk-dove game .
dChicken game //%ﬁ
(battle-of-sexes game) /

DA S

Local model Small-world model Random model
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Simulation Results

(1) Dilemma game (2) Coordination game (3) Hawk-Dove game
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The Potsdam Stalemate
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o . —. Fax. \—FDEEEFEFERC

M ()Nt BLTEELLVREEN 2
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Churchill
| (S8aissors)

July 1845 The differences in the personality
types of these leaders becomes apparent durin
an impromtu game of RPS at the Potsdam conference
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RSP Games: &£ ap{A ) ZFR ¥,

L4 RBH{%

Kerr et al. Nature (2002)
(1) a pair plays Rock-Paper-Scissors,
(2) winner replaces loser

*R + P—2P (Paper wins)
« P + S—2S (Scissors win)
* S+ R—2R (Rock wins)

coexistence of 3 trains, R,S,P

Sl SZ 83
Agent Rock | Scissor | Paper
S, 0 -1 1
Rnr\k) O 1 _1
S, 1| o -
Scissor) =1 0 1
S, -1 1 0
Paper I —1 0
: Rock
: Scissor
: Paper
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Agent B
e S S, S, (S1, S2, SO)=(1/3.1/3. 1/3)
Agent A (Rock) W M
T o7 A 2 FuaNesBo T TOMEHE
57
(Rock) 1T — \A / (A+1)/3
S, 4 ) 1/ &
. 3. IN\L—IsiEfE
(Scissor)
01— M /| G n OB ONE BT SRHOR
S, A 1
(Paper)  NA \O N1 MAEDFFOF: A
~— (S1,S2), (S1,S3), (S2,S1),

(S2,S3), (S3,S1), (S3,S2)
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0:Rock, 1: Scissor,2: Paper, #: 0, 1 or 2
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Agent B

S, S, S,
Agent A (Rock) g:issor) (/ng_er)
4
s, 1< oy’ A
(Rock) 2 / \O/‘\/
N ~— N
S, g p > 1 <\\/ 0
(Scissor) A1 Y
S, A 1
(Paper) ) o) ) 1
~—_
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BOIDET JL: Flocking Formation

Craig Reynolds, "Steering Behaviors For Autonomous Characters”,

BROI—S1tobD3DDFTENIL—IL

OB NATEIA R FE

Cohesion Separation Alignment
{hEID 5,;}) fE I
ECIZL=LY DS HHOE L

115 E, o Foo mmme F,

HnaBcETsn F, =F +F +F
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Agent [ZfE<AH [W] I%’;&ﬂ7_€7__>:/JV)L
- . - W, \_ .
Fﬁ:Fd+Fg+Fm:(mQ_]§JeD+V%Q/ -
¢H::jFﬂ5dDi
P i = W;c D; —w;s log D
FABLG [ 5| DB cohesionld separationIH
(separation) i (cohesion)

0 i I—SrUhpT—S1
D). rEDhL R L
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Optimization in Complex Networks

The fitness function
e The minimization of E( A1)

E(A)=Ad+(1-A)p 0<4,d,p<1

e |t involves the simultaneous minimization of distance and

number of links.
= A :weight of two objects dand o p=(%2a-,-=r§ﬁ1
0 : network density o

e d: The normalized vertex-vertex distance
. 1 linear
d = D/ D" D:U” >.di  D™=(n+1)/3
2) i<j

* d;: The minimum distance between vertices
68 - BIREDF1R 07(F W)



The optimization algorithm

A AHBW
010 010 7 =100
—= |1 00|—>=|1 01 p(0)=0.2
000 000 7=}
V=2/(2j

Cost

|( NO 1: E(A™" < E(A)?
A—ADEW VES

Fig. 1. Basic scheme of the minimization algorithm. Starting from a given adjacency
matrix A the algorithm performs a change i a small number of bits (specifically, with
probability v, each a;; can flip). The energy function e is then evaluated and the new
matrix i1s accepted provided that a lower cost 1s achieved. Otherwise, we start again
with the original matrix. At the beginning, A is set up with a fixed density p(0) of = 1))

ones.



Optimized Networks

n-1
The degree entropy H<{pk})=—§ P logp,
* p, : the frequency of vertices having degree k

3

N2 g 4

The topology ranking

C: Star networks

B: Scale-free networks

S S A: Exponential networks
0 01 02 03 04 05 06 07 08 09 1

. D: Densgsimabwardiss L)




Network Creation Game

- _ [Fabrikant, etc, 2005]
A simple model for formation of networks

 n players which correspond to vertices in a graph
e Each player can decide to add edges to the graph.
* The cost of function for each player Is:

/ X j v\
Number of Distances of i from
edges built by i the rest of the graph

Weight

N -BIREDOFR07(EL)



Social Cost
@ Social cost when the strategies s; are mutually disjoint:

C(G) = Zcz- = Z(m

=alE|+ ) da(i,j),

]

Si

+) dali.j))
=1

satisfied by all Nash equilibria and social optima.
@ A trivial lower bound:

CG)zalE|+2|E/+2(n(n—1)—-2|FE)|)
=2n(n—1)+ (o — 2) |E|,

the equality is achieved by any graph of diameter at most 2.
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Basic Results: Social Optimum

C(G)=z2n(n—1)+ (o« —2) |E|

@ o <2
@ The social optimum is the complete graph
— maximize |E|

@ a > 2
@ The social optimum is the star
— minimize |E|
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Basic Results: Nash Equilibrium

ci(s) =a-|[si| + 7 dgis (4, 7) _

Any Nash equilibrium cannot miss any edge whose addition
would reduce the second term by more than «
@ o<l
@ The complete graph is the only Nash equilibrium
— of diameter 1
@1l <a<?
@ The worst Nash equilibrium is the star

— of diameter at most 2, |E| minimized
@ The price of anarchy is

C'(star) (n—1)(ex — 2+ 2n)
tar) = - =
pls ’llj G{I‘ln} n{n _ l}{ﬂT_E + 2]
1 4 —2a 1

2+a n(2+a) < 24«

<2
-3
@ o> 2
@ The staris a Nash equilibrium, but worse one may exist
4 -RIREOZFK07(F W)



HHYIZ: Five Stages of Research

1)
2)
3)
4)

)

Observe: Gather data to demonstrate power law behavior in a
system.

Interpret: Explain the import of this observation in the system
context.

Model: Propose an underlying model for the observed behavior
of the system.

Validate: Find data to validate (and if necessary specialize or
modify) the model.

Control: Design ways to control and modify the underlying
behavior of the system based on the model.

Focus on control issues (guidance) : Lots of open research

problems in the study of emergence (complex systems)
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X DEL:

How to control smart agents with ICT

(ICT: Informatlon/Communlcatlon Techpcglolgv) .
n vigatio ystems

e Smart intersections
* Smart highways
* Smart ‘skyways’

» Smart dispatch of urban emergency vehicles
» Smart routing of people and vehicles

Smart agents often change their behaviors by getting
Information on the aggregate using ICT

Congestion controls in a networked world should
receive much attention
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Network (Graph) based Coordination and Controls

Formation control

. e e 5
o

‘\”
MH\\

“-h__._—’

Formation switching using
balanced graphs

,L
“?@

Control of leader-based networks

25! oy 25
20 /1 20
15 EVERE 15
10} SR 10} &
5 K| S
Y 5 N
O IV 0
5 : 5 _
-0 10 -
s o -15 _
20  -10

Alignment for Collections of Vehicles via Leader
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Question time




