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Signed cycles.

Signed graphs. The dotted circles encompass the clusters of vertices. Each edge inside
a cluster is positive, while each edge between the clusters is negative. For strongly
balanced graph there are exactly two clusters, while for weakly balanced graph there
can be more than two clusters.

Signed graphs G and G, both are strongly unbalanced. The only strongly unbalanced

cyclein Gy is the cycle on vertices v4,v9, v10, while G2 has many strongly unbalanced cycles.

Coatesdigraph and linear subdigraphs of (a) A2x2, where L and L; are linear subdigraphs
(b) Balanced C4 where Ly, L,, L3, and Ly are linear subdigraphs.

(Left) Evolution of the balance among the six major players of the World War | at different
time periods. Solid lines account for alliances and broken lines represent enmities. GB:
Great Britain; Ru:Russia; Ge: Germany; Fr: France; AH: Austro-Hungarian Empire; It:
Italy. (Right) Balance among the subtribes in the highlands of New Guinea[Hage, 1979].
Solid dark blue lines are for alliance (Rova) relations and red dashed lines are for antagonistic
(Hina) relations.

Variation of degree of unbalance U(f3,%) w.r.t § (a) WK (b) SD (c) EPN

Variation of degree of unbalance U(f3,<) of random networks w.r.t 8 (@) RN-I (b) RN-II
(<) RN-III

Variation of degree of Unbalance w.r.t length of closed walks for a given 8 (a) WK (b)
SD (c) EPN (d) RN-I

Variation of degree of Unbalance as a function of 8,k (a) WK (b) SD (c) EPN (d) RN-I
Accuracy of sign prediction as a function of 3,k (a) WK (b) SD (c) EPN

Examples: (a) A complete signed graph with negative cliques, ng’3 (b) Weakly balanced
signed graph corresponding to K§’3, (c) 3-regular star block graph.

Example of weakly balanced graphs. (a) A complete weakly balanced graph. (b) A
complete-cycle weakly balanced graph. (c) A complete-path weakly balanced graph.

(a) Eigenvalues of balanced (Blue) and unbalanced (Green) cycle graph Cyg. (b)Difference
in eigenvalues of balanced and unbalanced cycle graph Cigo.

(a) Digraph of matrix M, (b) Digraph of matrix M,

Example of a #-partition of (a) Digraph of matrix M, (b) Digraph of matrix M,
ZB-partitions of the digraph of matrix M

PB-partitions of the digraph of matrix M,

Examples. (a) Block graph with negative cliques. (b) U(Cs,{T3, T3 }). (<) U (Cs, T3, T3, 2).
(d) Mix complete graph. (e) Mix star block graph.
Digraph of matrix A (mK,, \vl) after elementary operations.

A non separable graph on 6 vertices.
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Signed graph or Signed network
Adjacency matrix of G

i-th cluster

Signed cycle graph on n vertices
Determinant of a square matrix A
Edge set of G

Characteristic polynomial of A
J-th eigenvalue of G

K, with m negative cliques each of order r
Complete graph on n vertices with positive edges
Linear subdigraph of A(G)

Mix complete graph on n vertices
Underlying positive graph of G
Negative edge set of G

Positive edge set of G

Signed path graph on n vertices
Permanent of a square matrix A
Spectral radius of G

Permanent polynomial of A

A signed tree on n vertices
Vertex set of G

Weight of L
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BCW Balanced Weighted Closed Walk

ucw Unbalanced Weighted Closed Walk
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