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Motivation

== : POSitive edge
=== : negative edge

> Signed networks can represent opposing social relationships such as
friend-foe, trust-distrust, agree-disagree, ... etc.
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Motivation

= POSitive edge
=== : negative edge

> Signed networks can represent opposing social relationships such as
friend-foe, trust-distrust, agree-disagree, ... etc.

> Groups are formed of people who interact positively with each other
or who have the common enemies.
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Motivation

== : positive edge
=== : Negative edge

> Signed networks can represent opposing social relationships such as
friend-foe, trust-distrust, agree-disagree, ... etc.

> Our goal is to detect conflicting groups where intra-group edges are
mostly positive and inter-group edges are mostly negative.

Tzeng, R.C., Ordozgioti, B., Gionis, A. Discovering conflicting groups in signed networks NeurlPS 2020 2/13



Motivation

= POSitive edge
=== : negative edge

> Signed networks can represent opposing social relationships such as
friend-foe, trust-distrust, agree-disagree, ... etc.

» Our goal is to detect conflicting groups where intra-group edges are
mostly positive and inter-group edges are mostly negative.

» REBOUND aims to mitigate the polarization, filter-bubble, and fake
news and conflicting groups are closely related to these phenomena.

Tzeng, R.C., Ordozgioti, B., Gionis, A. Discovering conflicting groups in signed networks NeurlPS 2020 2/13



Motivation

= POSitive edge
=== : negative edge

> Signed networks can represent opposing social relationships such as
friend-foe, trust-distrust, agree-disagree, ... etc.

» Our goal is to detect conflicting groups where intra-group edges are
mostly positive and inter-group edges are mostly negative.

> Different to signed clustering [5] and correlation clustering [1] that
partition the entire network, we allow neutral nodes to exist.
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2-PC [3]: detecting k = 2 conflicting groups

> Given G = (V, E; U E_) with unit weight, the objective is to

2onep) IE+ (Sl — 1E-(Sh)I) + 2 sicpo) (1E-(Sh, Se)| — |E4(Sh, Se)l)
51MS=0 | Unepz) Sl

)

where E(Sp,S¢) = {(i,j) € E:i € Sp,j € S¢} and E(Sp) = E(Sh, Sh).-
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2-PC [3]: detecting k = 2 conflicting groups

» Given G = (V, E; U E_) with unit weight, the objective is to

2oneUEL (Sl = [E-(Sh)]) + X hziep (1E=(Shy Se)l = |E+(Shy Se)l)
51MS=0 | Unepz) Sl

)

where E(Sh,SZ) = {(I,j) €E:i€eSyje 5[} and E(S/-,) = E(Sh,Sh).
> ldea: prefer the $;, S, that

> have many consistent edges and few inconsistent edges, and
> the size of 51 U S, is as small as possible.
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2-PC [3]: detecting k = 2 conflicting groups

> Given G = (V, E; UE_), the objective is to

2 ne2)IE+(Sn)| — |E-(Sh)1) + 2 hsie o) (1E~ (Shy Se)l — |E4(Sh, Se)l)
S$51NS=0 IUh€[2] 5h| ’

> Denote A € {0,+£1}"*" the signed adjacency matrix of G.
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2-PC [3]: detecting k = 2 conflicting groups

> Given G = (V, E; UE_), the objective is to

2ohep) IE+ (Sl — 1E-(Sh)I) + 2 s1e2) (1E=(Sh, Se)| — |E+(Sh, Se)l)
51MS=0 | Unepz) Shl 7

— Dohe] 2o )eE(Sy) Aid T 2ohtecp] 2o ) eE(Sy 50 (—Ai)
51NSy=0 | Unelz) Shl
xT Ax

XTX

= max{ i x € {-1,0,1}"\0}. (1)
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2-PC [3]: detecting k = 2 conflicting groups

» Given G = (V, E; UE_), the objective is to

2 one UEL (Sl = 1E=(Sh)1) + X hziepo) (1E=(Shs Se)l — |E+(Sh, Se)l)
51MS=0 | Unepz) Sl

)

_ Chele) 2(i)eE(sy) Aid + Lhgecip) (i) (sy,50) (A
51MS=0 | Unepo) Shl

T

= max{XXTAXX :x € {—1,0,1}"\0}. (1)

» Solving Eq (1) is APX-Hard and the current best O(n'/3)-approx
algorithm [2] is based on SDP.
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2-PC [3]: detecting k = 2 conflicting groups

> Given G = (V, E; UE_), the objective is to

2onep) IE+ (Sl = 1E-(Sh)1) + 2 psicio) (1E=(Sh, Se)| — |E+(Sh, Se)l)
51MS=0 | Unepz) Sl

)

2ohel2) 2o g)eE(sy) Aid T Dntee) 2o0.0)eE(S,,50) (T Ai)
51M$=0 | Unepo) Shl
XT

Ax
xTx

:x € {—1,0,1}"\0}. (1)

» 2-PC [3] proposed a more practical O(n'/2)-approx algorithm by
randomized rounding the leading eigenvector of A.
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2-PC [3]: detecting k = 2 conflicting groups

> Given G = (V, E; UE_), the objective is to

2ohep) IE+ (Sl = 1E-(Sh)I) + 2 psico) (1E=(Sh, Se)| — |E+-(Sh, Se)l)
51MS;=0 | Unepz) Sl ’

_ 2ohel) 2(i)eE(sy) Aid T Lhzec) Do) eE(Sn s (TA)
51NS=0 | Uhe[Q] Sh‘

= max{x):—fAXX :x € {—1,0,1}"\0}. (1)

> In this work, we are interested in detecting k > 2 conflicting groups.
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2-PC [3]: detecting k = 2 conflicting groups

Given G = (V, E; U E_), the objective is to

2ohep) IE+ (Sl = 1E-(Sh)I) + 2 s1cpo) (1E=(Sh, Se)| — |Ex-(Sh, Se)l)
51NS,=0 | Unep2) Shl ’

Dohel2] 2o(i)eE(Sy) A T 2ohteerz] 20 ) eE(Sn,Se) (T Ai)

51NS=0 | Unep2) Shl
TA
= max{=2% :x € {~1,0,1}"\0}. 1)
X' X
> Observation: Eq (1) limits to detect only 2 conflicting groups, but
the idea of the objective does generalize to k > 2!
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Our approach: detecting k > 2 conflicting groups

> Generalize the objective of 2-PC [3] from

2onep) IE+ (Sl = 1E-(Sh)I) + 2 sico) (1E=(Sh, Se)| — |E+(Sh, Se)l)
51MS=0 | Unepz) Sl .
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Our approach: detecting k > 2 conflicting groups

> Generalize the objective of 2-PC [3] to

2berk IE+(Sh)l — [E-(Sh)I) + = 2 hzieik (IE=(Sh, Se)l = 1E+(Sh, Se)l)
1, 1Sk | Unepz) Sl '

The weighting to prevent the inter-group edges from dominating the objective.
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Our approach: detecting k > 2 conflicting groups

> The generalized objective is equivalent to

el L(ier(sy) A+ 1 Lngeelk] D)ersys) (A

(2

Sty Sk | Unei] Sl
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Our approach: detecting k > 2 conflicting groups

> The generalized objective is equivalent to

Sheld Z(iiyers) Ani + 1 Lgeet 2iek(s,s)(“A) @)

max
Sty 5k | Unegx) Shl

> Introducing the indicator matrix X € {0,1}"** with X;. = [;. if i € S;.
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Our approach: detecting k > 2 conflicting groups

> The generalized objective is equivalent to

. S hell] (i) E(sy) Aid T T bt (i) E(sy.50)(—ALT)
1,55k | Uneix Shl

(2

> Introducing the indicator matrix X € {0,1}"* with X;. = I;. if i € S;.

» The numerator of Eq (2) can be written as

(A XX — ﬁ(A,XJkXT —XXTYp = ﬁ(A,XLkXT)F,

where Ji is the k X k matrix of all 1s and L, = kI — Jj.
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Our approach: detecting k > 2 conflicting groups

> The generalized objective is equivalent to

Tt Diiets) A T T Shpteld Sebsys) (A
Sty 5k | Unex) Shl

» The numerator of Eq (2) can be written as
T 1 T T 1 T
(AXXT)p = = (A XIXT = XXT)p = - = (A XLXT)F,

where Ji is the k X k matrix of all 1s and L, = kI — Jj.

> Observation: the EVD of L, = Udiag([0, k--- , k])UT is useful if choosing

&)

1/Vk ca(k—1) 0 - 0
1/vVk —a ok—2) - 0
U= : : . :
1/Vk —c1 - Tt Ck—1
1/Vk —c —c cee —Ck—1
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Our approach: detecting k > 2 conflicting groups

> The generalized objective is equivalent to

S helk] () E(Sy) Aid F T oheelk] 2o(i)eE(Sy,5e) (—Ai)

max (2)
Sty 5k | Unefx] Shl
> With Y = (XU). 2., the numerator of Eq (2) can be written as
L(A XL XY = L(A (XU). 2:((XU).2) TV = Tr(YTAY)
k_1 ) k_1 ) 5,28 5,28 k—1 .

> Observation: the EVD of Ly, = Udiag([0, k--- , k])UT is useful if choosing

1/Vk c(k-1) 0 0
1/Vk —a ok—2) - 0
U= : : :
1/vVk —c1 - cre Ck—1
1/\/E —C1 —C2 —Ck_1
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Our approach: detecting k > 2 conflicting groups

» The generalized objective is equivalent to

Cheld Ziipersy) A T o1 Dnseein) ()eE(s, 50 (—Ai)

max 2
Sy, Sk | Uneix Shl @
> With Y = (XU). ., the numerator of Eq (2) can be written as
1 (A, XL XT) Kk (A, (XU). 2.((XU).2)T) k Tr(YTAY)
= .. .2 = r .
PR F=3 1% 52 22) )P =g

» The denominator of Eq (2) can be written as

| Unepig Snl = Tr(XTX) = Tr((XU)T(XU)) = Tr((XU)](XU).1) + Tr(YTY)

= kTr((XU)]1(XU).1) =

. Tr(YTY).
: 1 r( )

> Observation: the EVD of L, = Udiag([0,k---,k])UT is useful if choosing

1/Vk a(k—1) 0 0
1/Vk —a aok—=2) - 0
U= : : :
1/vVk —c1 - Ck—1
1/Vk —a - c —Ck—1
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Our approach: detecting k > 2 conflicting groups

— Tr(YTAY .
> The objective becomes max (7T) subject to
vernxt—m\{o} Tr(YTY)

Y = (XU).2. and X;. € {0, h,--- , .}, where
1/Vk c(k—1) 0 - 0
1/vVk —a ao(k—2) - 0

u=| : o -
1/vVk —c1 —C2 e Ck—1
1/\/} —C1 —Cp —Ck_1
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Our approach: detecting k > 2 conflicting groups

Tr(YTAY)

max _—
yernx(—0\{0} Tr(YTY)
Y =(XU).2 and Xi. € {0, h, -+, I}, where

> The objective becomes subject to

1/vVk ca(k—1) 0 0
1/vVk —c1 aolk—2) - 0
S :
1/Vk —ac - Ck—1
1/Vk —ac - cee o —Ck—1

> The constraint is equivalent to requiring Vj € [k — 1],

1Y, €{g(k—j),0,—¢}" and
2. Yis = ci(k —0) implies Y = 0,Vj > L.
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Our approach: detecting k > 2 conflicting groups

Tr(YTAY
> The objective becomes max M subject to
vernx(k-0\{0} Tr(YTY)
Y = (XU);’2; and X,'7; S {0, Il,;, s ,/k’;}, where
1/Vk ca(k—1) 0 0
1/vVk —a o(k—2) - 0
U= : : ;
1/Vk —c1 —c2 cee Ck-1
1/Vk —c —c2 cee —Ck-1

> The constraint is equivalent to requiring Vj € [k — 1],
L YiJ € {CJ(k 7j)707 7Cj}n and
2. Yie = ce(k —£) implies Y;; =0,V > £.
> This suggests an algorithm that decides Y. 1, -, Y. 1
sequentially!
Tzeng, R.C., Ordozgioti, B., Gionis, A. Discovering conflicting groups in signed networks NeurlPS 2020 4/13



Our approach: detecting k > 2 conflicting groups

Tr(YTAY
> The objective becomes max M subject to
vermxt—m\{o} Tr(YTY)
Y = (XU);’g; and X,'; < {0, Il’;, s ,/k’;}, where
1/Vk ca(k—1) 0 0
1/vVk —a o(k—2) - 0
U= : : ;
1/Vk —a ) cee Gkl
1/Vk —c —c cee —Ck-1

> The constraint is equivalent to requiring Vj € [k — 1],

L Y e{g(k—),0,—¢}" and
2. Yo = ce(k — £) implies Y;; = 0,Vj > £.

» Let’s finish the rewriting by combining with the meaning that:

v, ci(k —j) impliesi € S;, Vj e [k—1]
" —cj implies i € S, ifj=k
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Our approach: Spectral Conflicting Groups

Tr(YTAY
> The objective becomes max (7T) subject to
vernxt—m\{o} Tr(YTY)
G(k—j), ifi€s;
Vieln],Yi; =40, if i € U1 S or i & UpepSh - Vi € [k — 1],

. . . k
—cj, ifi € Uh:j+1sh
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Our approach: Spectral Conflicting Groups

N~ Tr(YTAY .
> The objective becomes max (7T) subject to
vernxt—m\{o} Tr(YTY)
Gk—j), ifies;
Vieln], Y =<0, if i € U1 S or i & UpepSh - Vi € [k — 1],

-, if i € UE_;,15h

> Main Idea: suppose Sy, --- ,Sj_1 are determined, find S; by solving

T AUG-1)
x* = argmax x AT x (3)

xe{k—j0,-1jn XX
> Let A® = A and AU~ results after removing Upe[j—11Sh from G.
> After Eq (3) is solved, we know S; = {i : x;" = k — j}.
> Repeat the same process to decide the remaining Sjt1,- - , S«.
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T AUG-1)
x* = argmax x AT x (3)

xe{k—j0,-1jn XX
> Let A® = A and AU~ results after removing Upe[j—11Sh from G.
> After Eq (3) is solved, we know S; = {i : x;" = k — j}.
> Repeat the same process to decide the remaining Sj1,- - , Sk.
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Our approach: Spectral Conflicting Groups

Algorithm 1: SCG(A, k)

A A
fort=1,--- ' k—1do
r() < Solve-Max-DRQ(A(~) k — t) if t < k — 1 then
St —{i ¢ UZLS; i) = (k= )}
Alt) o Alt=1).
AY 01 and AY) ¢ 0y forall i € S,
else 5k71 —{i¢ U 15 t) =1} and
S+ {i ¢ ULS; “ 1};

end
return Sy,..., Sk;
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Our approach: solving Max-DRQ problem

xTAU-Dx
x* = argmax ————.

+
x€{k—j,0,—1}" XX

(3)

» APX-Hard [2] for k = 2 and practical O(n'/?)-approx by 2-PC [3].
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Our approach: solving Max-DRQ problem

xTAU-Dx
x* = argmax ————.

+
x€{k—j,0,—1}" XX

(3)

» APX-Hard [2] for k = 2 and practical O(n'/?)-approx by 2-PC [3].

» Our approach is based on rounding the leading eigenvector of AU—1)
to a vector in {k — j,0,—1}".

Algorithm 1: Solve-Max-DRQ(A, q)

Input : Square and symmetric matrix A, and positive integer g.
Output: The rounded vector r € {0, -1, g}".

v < the leading eigenvector of A;

(d1,r) < Round(v, q) ; // dv=sinf(v,n)
(d2, r2) <= Round(—v.q) ; // dr =sinf(v,r)
if di <d) then r + r;

else r < r;

return r ;
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Deterministic Rounding: Minimum Angle (MA)

> Rounding v to r* € argmin,c(q o _13-Sin (v, u) takes O(n?) time.

> For practical consideration, an O(n) algorithm is implemented.

Algorithm 2: MA(v, q)

{ik}f_;1 < Sort v and return the indexes such that v;, >--- > v;,;
(d, u*) + (00,0);
(kl, kz) — (O, n—+ 1);
while k; < ky do
Uy < set the iy, 11-th element of u* to g;
up ¢ set the jy,_1-th element of u* to —1;
if min{sin(v, u1),sinf(v, up)} > d then break;
if sinf(v, u1) <siné(v, u) then
(ki,d, u*) < (kg + 1,sin0(v, 1), ug;
else (ko,d, u*) « (ko — 1,sinf(v, up), 2);
end
return (d, u*);
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Randomized Rounding (R)

> Generalize the randomized approach of 2-PC [3].

q, w.p. |vi|/q

> Round v to r by setting r; =
~1, wp. |y

> It gives a O(qgn*/?)-approx to the Max-DRQ problem, which is tight
upto a factor of g.
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Experiment Results

» Real-world networks:

Bitcoin  WikiVote Referendum Slashdot WikiConflict Epinions  Wikipolitics

[V] 5881 7115 10884 82140 116717 131580 138587
|E| 21492 100693 251406 500481 2026646 711210 715883
|E_|/|E] 0.2 0.2 0.1 0.2 0.6 0.2 0.1
SCG-MA 14.6 45.5 84.9 37.8 102.6 88.8 57.5
SCG-R 5.0 9.7 39.8 7.3 16.2 39.4 55
KOCG [4] 4.4 55 8.8 26 45 8.7 4.8
SPONGE-k [5] 5.0 15.8 415 — — — —
SPONGE-(k+1) [5] 0.8 1.0 1.0 — — — —
» Synthetic:
(a) F1-Score vs n (b) Polarity vs n

SCG-MA
SCG-R

KOCG
SPONGE-k
SPONGE-(k+1)
GroundTruth

Fhtt

Polarity
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Summary

» Contributions:

» Connecting the EVD of Ly = Udiag([0, k,--- , k])U" to the
characterization of the conflicting groups in signed network.
> Generalizing 2-PCJ[3] with provable guarantee to k > 2.

» Future works:

> Is it possible to improve (’)(nl/2)—approx by other approach?
> Detecting conflicting groups in memory-limited setting or dynamic
networks.
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