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“ P|nn|ng Control: Motivations

Directly control every node in a huge-scale network

may be practlcally ImpOSSIble & unnecessaryl
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Pihing Control: Basic Problems

» Feasibility: Can the goal of control be achieved by only
directly control a fraction of nodes?

--- Control Science
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» Efficiency: How to selec
that the goal can be achieved with a low cost?

--- Network Science
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Plnnlng Controlled Synchronization

N
X = f(x)+c> a.IX; +u,

=L

N
X =f(x)+c> a,Ix;, k=1+11+2,-

j=1
Objective: Stabilize onto a homogeneous equilibrium

% () =X() ==X () =X

Linear Error Feedback: [INEECICHEDY
Wang & Chen, 2002




Fea5|b|I|ty Stability Criterion

k=12,---,1

j=1

N
X =f(x)+c> a.TIx, k=l1+11+2 N

j=1

D = diag(d,,d -

WanQ e ZNEN, 202
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EfflClency of Pinning Control:
Two Pinning Schemes

BSpecifically plnnlng scheme

lRandome plnnlrﬂig scheme

Wan &‘ Chen __2002




Plnnlng Control of a BA Scale Free Network

HERandomly

BSpecifically

B3000 nodes and about 9000 edges
Wang & Chen, 2002




Case II: A Modified Vicsek Model
Average direction @ (k) =<6& (k—-1)> +A6H

Constant speed V. (k) =V,




Different agents may have different influencing abilities

y . P(r)~r~ ye[2 x
_____ & =
| 'Fl\é—ferogenei’ry !

Vicsek model:
J—0

W. Yang, L Cao & X Wang, PRE, 2006
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Model H(t +1) =< H(t) > P(r)~r7 ye[2 x)

S: largest cluster

r(y) : S=1 (global syn )

y T, r(7)T

Heterogeneity ‘

L=50 n=1250 v=0.1

Heterogenelty beneflts consensus!

PR N | N
elc 1 ka7 :j_:'_ﬂ = _.i:: "
& .2004 SJH" . BmE




BT

L

 Pinning Control Scheme
d6Goal: achieve direction consensus in an influence network
with a desired direction by pinning a fraction of agents.
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. »5Specifically pinning control

',’ O /\‘ control f% agents with largest radii
' 2L = » Randomly pinning control
e (l o/ \ control f% randomly chosen agents
4 ’.‘/{\ = - > fixed same direction
r o \
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The Largest Desired Cluster S,
P(r) ~r7 ye[2 x)

Heterogeneous Homogeneous

"L:SO N=1250 v=0.1 <r>=6
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ng Controlled Flocking

HAlignment ESeparation

BCohesion
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Flocking with a Virtual Leader

. . q, =p,
0; =Py Py =4, {pyzfy(quy)
U; = —jE%:(t)tiW(HqijID,;.Separ;c_rl;jgg & Cohesion
- %:(I)Wij(pi -p;) Alignment
jeN. (t
_Cl(qi - qy) _Cz(pi = p)/) Tl"OCkiﬂg A\‘/‘ P
L

A

Olfati-Saber, IEEE Trans AC, 2006




Plnnlngy Controlled Flocking

\V e
A (,.p,)
=
Uninformed agent |37 Z V. (HqIJ H W (p; - P;)
AN (07, TR N JEN()
Separa’rién & Cohesion  Alignment
)
Informed agent
. Ui =~ Z Y Hqin_ Wij(pi_pj)
JeN; (1) JeN;(t)

—,(¢,—q,)—c,(p,— p,) Tracking

H Su, X Wang & Z L|n (2009) IEEE Trans Automatic Control




Case IV: Pinning Controlled Social Learning

ARERAENFHELZER?
S ETT FA AL ELARZ R 3LiH ?

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

| Learning on Net

12 Best Consensus ?
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Controllabe ?

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

study: Who Is sinc

State space (8 = {6’1, (92,“', 0 }

n

True state G*c(®

. . |
|| Private signal S

' Likelihood function ZL Bilg) =1
S

" Network structure

Belief 1 (0)

Complex Networks & Control Lab, SJTU


http://www.rapidbbs.cn/

3ayesian+ Consensus

Ii (Sti+1 | g)ﬂi,t (9) 4 Zaij ,Llj’t< 9)
mi,t(Sti+1) i

Bayesian Consensus

Hi ,t+1(‘9) = i

m; ; (Sti+1) - Zli (Sti+1 | e)ﬂi,t(g)

=0

[Jadbbaie, Sandroni, and Tahbaz-saleh 2010]

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

(> SUROWIECKI ¥

he Wisdom of Crowds : g%”f&'&?é’é"j

(a) The social network is Strongly connected;

(b) All agents have Strictly positive self-reliances;

(c) There exists an agent with positive prior belief on the true state;

(d) There is no other state that is 0bservationally equivalent to the true
state from the point of all agents in the network.

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

Arning with uninforme

Suppose that

(a) The social network is strongly connected;

(b) There exists at least one informed agent and all self-
reliance of informed agents are strictly positive;

(c) There exists at least one agent with positive prior belief
on the true state;

(d) There is no state that is observationally equivalent to
the true state from the point of all informed agents in the
network.



lal learning with uninformed age

In a component of Wealink

=== Informed  Agents === Informed  Agents
— Uninformed Agents E — Uninformed Agents

=100

N=1157, two states, two signals {H, T}

Prior beliefs: uniform distribution in [0,1], a;=0.5



cial learning with uninformed age

In a power-law network with tunable exponent

—— Random Salecton
—— andom  Salkectan = —sbr— Specifcal Sebcton
—— Specifcal Salection

Fragarion

Praparion

N=1000, two states, two signals {H, T}

Prior beliefs: uniform distribution in [0,1], a,=0.5



Similarity Breeds Connection:

Homophily Principle in Sociology

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

Socilal learning with similarity-based communication

t+1

+ ), 1 (0)

jeN; (1)

u(6)+u(6,)=1

Confidence radius

Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

Social Learning with Bounded Confidence
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Complex Networks & Control Lab, SITU


http://www.rapidbbs.cn/

The Wisdom of Crowds
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_Number of nodes

The larger the group, the smaller the confidence radius

needed for asymptotic learning.
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Controllabe ?







