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Project Objective

1. Develop a mathematical model which
predicts how opinions regarding smart
grid technology and consumers’
willingness to purchase electric vehicles
are spread through an online social
network

2. Use this model to optimize smart grid
public education approaches

Sandia National Laboratories
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“This low level of understanding about the way in which electric powertrain
vehicles work will have profound consequences for vehicle sales,” said Stephen

Popiel, senior vice president of Synovate Motoresearch.
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In order for the implementation E

of smart grid technology to be
successful,

Consumer support is

essential - There are many
questions

Are there health risks associated with this
technology?

What is the charge time for Plug in Hybrid Electric

Vehicles?
d off peak
on peak an
s between omissi ons?

' : ce
are the differen carbon

ow does this affect
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Why Online Networks?

Currently:
Growth of Facebook Since 2004
il —r—— ‘More than 750
+ B 3 [ ] [ ] ]
76406 - million active
o]
= 6e+06 | users
« 56406 |
g 4e+06 | o
2 3e+06 | *41.6% of the US
2e+06 1 population has a
1e+06
- . e Facebook account
0 5 10 15 20 25 30 35 40
Active Accounts by 30-Day Months Since Sept 2004 .50% Of Facebook

Wilson

users go on daily

*People spend over 700 billion

«JNO
minutes per month on Facebook AR D

population goes
on Facebook daily

Facebook.com
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Have added new aspects to the

Online Social Networks: |2 " e communicate

- Information spreads more quickly

 Users are influenced GO U e [e

by: .
A greater quantity of people 0@
* People located at large " my Sp%g%

geographical distances away from them

* People who they do not have strong
Of kut

relationships with

facebook.
flickr Linked [f}].
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Online Social Network Analysis

Display scale free and small
world properties

Scale Free Network : ‘&

Characteristics: ﬁiﬂgi”ﬁ \ﬁ\x
\ 1)

‘Degree distribution follows £ £ *

a power law U= .“\i ; N/ 1 :
Degree: The number of ’R// \ / 7*:\{/ o i/
connections a node has v o% 7 NI\ /T NE

3 i/ N

e Existence of “hubs”
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“~ < Online Social Network Analysis

e
Small World Network i-l{ LN
Characteristics: PRt =
Ay i, T4
*High clustering coefficients DA “’";{;.’5
Short characteristic path il I8
lengths L'-"J:"'ﬁ'f': ,H
g Ve N Ve N
A LS/
e B

T;
(ki — 1)

Clustering C icient = C = Z
ustering Coef ficien Z, 05+ %
L

T; = Number of triangles withvertexi || k; = degree of i

111! Sandia National Laboratories




Scale Free Network Creation

Barabasi—Albert (BA) model

; degree distribution - loglog scale
107 ¢ T

m Start with a small number of nodes

= Every time step add a new node 0 *
which makes connections a certain i *
number of existing nodes

[
I

probahility
=
_*.

= The probability of a new node 5 (0
connecting to an existing node i *%*
depends on i’s degree (Preferential i fiigw
Attachment) f N
P(i) = Ej kj P(k)“‘vkﬂ: BegleE
P(k) = k2451
k = degree

N =4900
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Small World Aspect Addition: Large Clustering

Coefficient
Relative Preferential 1o . HagrERicIbinian - oplogiecle
Attachment Model T
*Adds an adjustable clustering i -
coefficient to the BA model .| A
= 107 * i
ki g e :
Pli) = r o ]
f © 2jk /X - . Sk ]
1'3'35- F HREH e,
ki hy - !
Pli)=(1—-2 —I—ﬂ -4 , o . o
(I) ( )Z; kj Zu hu mm” " =
degree
0<d<1) P(k) = Jo—2.343

d: Controls the amount of clustering N =1024 || Cppy=03962 || 9 =0.7

,f'..z', The University o/ Vermont ﬂ'l
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Degree Distribution-1024 Nodes

_ e 1 ; :
S S ‘ 10 100
S o
. 2
No Clustering 3
P
(0=0)
0.0001

degree (k)
Power law is

Degree Distribution- 1024 Nodes ~ cOnserved

1 | .
‘ == 100
Ej 0.1
Clustering
a=0.7 E 0.001 [ .
( ) gé,, y=2.5519
_ g 0.0001 B
0.00001 degree (k)
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1024 Nodes- Clustering Vs. o

0.6
0.5 /

0.4

0.3

Average Clustering Coefficient

0.1
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Degree Vs. Clustering Real Facebook Data

Coefficient (9=0.5) Degree Vs. Clustering
Coefficient
102
0at 0.2 . . . . . ; .
nelk % []18 B
~ D'?-o E} 016
| g 014}
S o5t o o 012;
Zy = 01}
E 2
; D.S-GD% @ 008
02l O 006t
0.1 i 0.04
q TRl ooy  gog . o0 0 200 400 600 800 1000 1200 1400
0 10 20 30 40 a0 B0 70 80 a0 .
degree Social Degree

Wilson
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25 Node Network

117! Sandia National Laboratories




Presentation Outline:

Obijective
Motivation
Network Structure
Opinion Propagation
a. “Nowak” Model
b. Multivariate Linear Model
« Standard Simulation
« Strongly Opinionated Individuals
«  Current Work — Group Conformity
5. Future Work

BN =

O o,
3 T ..-., ‘:" B
&

I s S
o T S
£ Y (3 e :, o

- -y * '
s LR
1e University o] Vermont

i I.!_




Opinion Propagation — Original Considerations
("Nowak™ Model)

m Network: XY Cartesian (not Scale Free)
m Social Impact Model

m Predicts change of attitudes in a population resulting from social

impact
Si -
=
iy =NZ|¥-L
Ns d; = distance between the agent i and the neighbor
No =number of neighbors with different opinion than agent i
T % ~ | Ng=number of neighbors with the same opinion as agent i
J— d.
— A2 i
lp = Np |2 0
Original algorithm from Nowak, 1990
‘t.lil_fl1 The University o/ Vermont
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“Nowak” Model: Results_

Iteration: 1 Iteration: 33

= lterations: 100
= Number of agents: 400

m XY axis: network laid
- out in Cartesian
coordinates

m White: attitude value
“O”

m Black: attitude value
“1”

Iteration: 66 Iteration: 100

Sandia National Laboratories
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Multivariate Linear Model

m Assumption: opinions are likely to be influenced by the attitudes and
beliefs of peers

- Uses a weighted average

Opinion Update

=,

Jikt+1 = Oig,e T mﬁm; Wi (Ojk,t — Oiker)

I Parameters:
_ e :
W- . — 1 — |1-Mj|+[0 1t =Oirtl k kt_ attltud? or issue |
U 2 Oik,t = agenti’'s opinion on k at time t

W;; = social distance between i and |
M; = mutual friend weight

! Original algorithm from Macy, Flache 2009
E'E', The University o/ Vermont ﬂl‘ Sandia National Laboratories




*Realistic to actual
social networks,
with the
assumption that a
given individual
can only interact
with a small
number of people

Multivariate Linear Model: Side Note

Facebook - Distribution of Users’ Interaction Among Their Friends

% of Users (CDF)

100

80

60

40

20

L[S T0% Interaction Cumulative Frac. _
/& 90% Interaction Cumulative Frac. s
4+ 100% Interaction Cumulative Frac. -
ut 1 | i ;

0 20 40 60
% of Friends Involved

80 100

Conclusion Drawn: User will only interact with a small subset of
social links, so connections must be weighted

Graph taken from Wilson, 2009
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Multivariate Linear Model: Mutual
Friend Weight

Scale-Free Online Network

*Understanding the weight of
each connection is crucial
towards understanding how two
given nodes might influence each
other

*We define weight by the number
of mutual friends two people have

[1-M;|+|0 k=0 t]
1. . = | — J J% L
n Ly, t+1 1 2




Multivariate Linear Model: Results

initial opinion distribution
:'.i“'cﬂlff.'fb i?b‘.‘.%,. o ®y

opinion

Using:
« Scale Free Network — P(k) ~ k202
* 1024 Nodes
* Clustering Coefficient = 0.0632

400 600 800 1000

1200
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Multivariate Linear Model: Results

opinion distribution - 1,000,000 iterations
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Multivariate Linear Model: Results

opinion distribution - 2,000,000 iterations

1~
0.8~
0.6~
04 ° ° .. * ° .. ° o: e ® o° ° % *
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o, O .O., ..’.? "! O~ .oo [ Y o. Qe f. g ’. .’ \ °
s & é’“‘?a v ‘-q':"’-"ogq? TR IS ALY JOR PO
E 0 ? %? .".. ."..‘. &’0.‘&0 .Q O‘ [ ) "Q " ?o" \” ..‘
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Multivariate Linear Model: Results

opinion distribution - 5,000,000 iterations

0.8~

0.6

0.4

opinion

-0.41

-0.81

1 { { \ \ [ |
0 200 400 600 800 1000 1200

node

Conclusion: Opinion values converge to the mean with the presence
of several outliers
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Multivariate Linear Model: Why Outliers?

Degree vs. Opinion

opinion distribution - 5,000,000 iterations

0.8
0.6/~

0.4

® o
021 °* o
g .
— ° [ [
[
g o |l!ll;|----.-.- . .
& [ ] °
9
0.2 e
0.4
0.6
0.8
- I I I | I |
0 5 10 15 20 25 30
degree

Conclusion: Those high degree nodes tend to agree with the majority in a fewer
amount of time steps.
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Strongly Opinionated Individuals

Sociological Question: If a small percentage of the group is strongly
opinionated and not influenced by the beliefs of others, how does this
affeCt the group as a WhOIe? initial opinion distribution

PR S AN S S G L
0.8 :. .'...‘ o..:' - ... - ¢ o:‘
,' . ".:. .'3"'. ] s - :
. . 0.6..~.u o f. ..o .\. .. \;.$., t .{: .:"0..0 ::.:. ‘.
Mathematical Approach: T T T
»Assign some nodes a strong I . I BT A A R *
- . S e el o,
opinion value R Rt P i PR
» These nodes must maintain that %_0_27 . -'f--.,..'..‘;. e P T f e
strong opinion value throughoutthe | ‘elows o 00 om e a0t o Wy
s . 04F e . [0S e o 00 e .o.... '.'.o .. .
simulation R N R L
08 e o T T e e e T e
_08*. -.‘:“3. <t ...'o‘...":.° :'..0 .::. ” .
d .... e © .oO ° o .o' .
&'. o’. ‘; " .’o ° . }.B ...$..
_10 200 400 60((1) 800 1000 1200

1024 Nodes
Threshold Value = .8 or -.8
Number of Susceptible Nodes = 200

(1) Sandia National Laboratoris




Multivariate Linear Model:
Implementation

opinion distribution - 5,000,000 iterations
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The effect of several strong opinions on a group as a whole:
It takes longer for a group to agree
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Current Work — Group Conformity

Sociological Question: How might confo?mity in a friend group
affect polarization in society?

Wy
N T

Mutual Friend Weight “M”

AN

Mathematical Approach:
*Take average opinion value of those higher-weighted connections (those within
friend group)
5 Oavg = (01 i O3 el 04)/3
* If O,,4 is influential (e.g. > .7 or < -.7)
‘Have O,, = value closer to O,

117! Sandia National Laboratories




Multivariate Linear Model:
Group Conformity

Iteration = 1

initial opinion distribution
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Multivariate Linear Model:
Group Conformity

Iteration = 75,000

opinion distribution - 75,000 iterations
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Multivariate Linear Model:

Group Conformity

Iteration = 200,000

opinion distribution - 200,000 iterations
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Multivariate Linear Model:

Group Conformity

Iteration = 300,000

opinion distribution - 300,000 iterations
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opinion distribution - 1,000,000 iterations

Multivariate Linear Model:
Iteration = 1,000,000

Group Conformity

0.8
-0.6—

-0.8

117! Sandia National Laboratories

1200

800 1000

600

node

Observations: Opinions seem to polarize at first away from the mean,
but the majority eventually overpowers the groups and the opinion

values will converge to zero.
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Future Work — Educational Implementations

How does opinion propagation change with implementation of
education?

“Forcing Mechanism”
1. Advertisement — influence a large range of nodes randomly
- TVAd
« SmartGrid display at Ecco Center in Burlington
2. Offer a Class — set a condition or bias for a random set of
nodes
» Classes currently offered at UVM
3. Computer Game — pick a cluster to implement with this
* Proposed at Champlain College

117! Sandia National Laboratories




References

Albert, Réka, and Albert-Laszlé Barabasi. "Statistical Mechanics of Complex
Networks." Reviews of Modern Physics 74.1 (2002): 47-97.

Fu, Peihua, and Kun Liao. "An Evolving Scale-free Network with Large
Clustering Coefficient." The Institute for Electronic and Electrical
Engineering (2006). Web.

Hedstrom, Peter, and Peter Bearman. "Multivariate Linear Models." The
Oxford Handbook of Analytical Sociology. Oxford: Oxford UP, 2009. 256-61.
Print

Nowak, Andrzej, Jacek Szamrej, and Bibb Latané. "From Private Attitude to
Public Opinion: A Dynamic Theory of Social Impact." Psychological Review
97.3 (1990): 362-76.

Wilson, Christo, Bryce Boe, Alessandra Sala, Krishna Puttaswamy, and Ben
Zhao. "User Interactions in Social Networks and Their Implications."
EuroSys (2009).

e—

| Sandia National Laboratories

gy




