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Today 'S Topics

. Structural Balance

. the Balance theorem

• Applications of Structural Balance

• A Weaker form of S
.

B
.

• Generalizing the definition
of S

.

B
.
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"

Positive end Negative

Relationships
"



Positive and Negative Relationships
- -

friendsand enemies

conflicts
, disagreement

controversies

,
distrusts

,
.

. .

Structural Bolena Theory :

f- nerve work to

understand
the tensions between

opposing forces inside

a couple system

local . effects can here
-

• 224 at

a network level



Structural Balance
-

setting : anplete graphs
( cliques )

links : I t
,

- )
original sources :

. Heider I 1969 )
. Horary &

Cartwright ( 1950g)

crucialidea
-

: reasoning on

Social - psychological behaviors
-

between nodes

→
stressed :

will make
e choice

H
WillYeerdn

behave
-

-

a the enemy of my
enemy is e

friend "

I

-

signs may
- - change after

alliances



Structural Balance Property
÷1 : a labeled ceuplete

graph is balanced if
every triangles is belong

-  ,

Pr represents a hint of
a Sood system that

has eliminated all t

unbalanced Triangles

unrealistic but useful as

a first step



The Balance theorem
-

if we an divide the

graph

in two

groups where nodes are mutual friends
inside eeeh group and enermies are

between nodes in the two groups
,

then the graph is beloved

Two

opposite

factions

this is the only Wey
for a graph to be

balanced
.

Proof by Horary ( 1954 )



Ptt *

i
.

e complete labeled graph
. balanced

is .

⇒ everyone is friend
OR

I will find two

groups X end Y
-

A : node

X : as the Set of friends
of A

4 : as the set of enemies
of A

Ci ) every nodesin X are friends

Cii ) every nodes in y are friends

Ciii ) In ex
, Ky c- Y

x end y are enemies
.



proof ( Gut 'd )

ciii )

eil
c i ) -

ftp.t.Bcp.lt & PI ⇒ ( Be ) :p

( i ) true

ACID ) :
-

& PI ⇒ (D,E) : +
(A,

E ) : -

C ii ) true

G.3) :
 +

A, D ) : -

& PI ⇒ (B
,

D ) : -

( iii ) true

D



Applications

*
"

seppr¥ybl
"

*eE¥¥ete

But
-

we went to use thy
basic honour a - complete

graph to study dynowadPes.

-
-

How a couplet graph
mighteyeglassin the search

ANALOGY?tSelena ?physical
systems reconfigure

themselves to

mini
ze

their energy
Some examples follow



International Relations

-

due search for behave

⇒ a slide to a herd
to resolve opposition

between two sides



Trust
,

Distrust and Online Ratings

Slashdot
, ebay

Epimbns , trip Adtisor
,

.

.

Guha et al ( wet )
n

�1� pinions "

distrust car be

propagated

Leskovec et al
. ( 610 )

"

signed networks in

bad me.be "

Bdeace theory



Aw=kerfor=fStr=Balance
O . @ 0

tr
⇒ t.toO_O

-

•
+

€0.Eto
-

+

-

@ is more likely
to happen their

the @

( PZ) there is no triangle
in the graph s .t

.

we have two positive
edges end one negative

edge



Vay
Beleuadnetworkstheoremamplete

graph & Pz

OEFEIEE

more Fragmented decomposition



proof ftp.oeaupletegrephllebeled)
• balanced according P2

we went to
prove thet

,
from

A 's perspective :

Ci ) in X every pair of
nodes here e pestle
relationship

Cic) in X +3A ) erodes are

enemies

Cio )
'

with
-

" everyone
cis Kii ) else

r

Ci ) : LA, C ) : -1

C Ap ) .

.  +

⇒ seen group

Ci i )
'

: CA.rs ) :+

Kic ) : t

( AID ) :
-

⇒
(Be D ) : -



It

Ceci ) :

@,
D ) :  -

CA
,

E ) : -

( B
,

D ) : -

-

if CD,
E ) : t .

. i -
the

Seine group
friends each

other

but enemies

with A and

he X

it ( D
, E) ÷ - they will

be in

two different
groups .

D



Generalizing#efinitionofStructuralists
Let 's telex the

%
mplete

graph assumption
Stueturd Balance in arbitrary nomampkte

ergot
Tuofopproedhl

" -

-

-

these
two

definitions

are equivalent



ch~E.IE#forGenerdNetsAorory
: the

proof
contains a method

to check bolena

start
to yet the ,

p

is
not

a M

f i
balanced

← ←

the cycle proves there
is no wayoffdividing
in X and y0¥: we heck e

cycle with
.

en
odd number

of
a

-

"



Example

000



( cont 'd )

claim : Atieredgraph
is balanced iiff itcontainsno cycle with

an odd number of
negative

edges



procf
we

look fora bdenad

divisionbetween

too
sets X end y

convert the graph
to

a reduced form
.joggers

with only measure
edges

2) to solve the problem
in the reduced graph



( cont 'd )
we collapse
groups in svpltnodes

.
reduced qreph



C cent 'd )

reduced graphs how buy
nee edu edges

Let 's label each node

with X or y

I . if this division is possible
⇒

balanced division
or

-

2
.

Look for e cycle
with on odd number of

negative 82ns

⇒ we on find such
' i¥q%g;↳÷;

me



÷
"

in literature : this is

aquiudeut to find if the
graph is bipartite



Kent 'd ) BI
⇒ output : to produce different

layers .

×

iayefm
Y

leyerz § ) ,

×

layer } *
If we do not find such on edge :

we have found a

balanced division !



a "

or
:de:bYE !

O
root

0

*÷*§§"
Co  i

-

-

K layer



- ApproximatelyBoteuadets

•

complete

labeled graphs
.

weekex

definitions
of balance

. we look for groups
of nodes where

only a Treanor
( majority) of edees arepodia
O¥⇐÷%0

Read it in the book !



Take HomeNestea
if we have signed networks

we an study how to

apply

Beef
to find :

. if there is some

#
of toward

" balance "

. some

ex_p@ions.f

. conflicts
between different factions

• relationships

dynamicsWe presented proofs containingmethdstooheckbdance
( i.e.

,
look for cycles with

an odd number of negative
edges )

Application to social media :

dotted
!

We also need

morevdid.NL


