LECTURE 3: BASED ON CHAPTER 18 & 21

Network Bipartivity.
Computational vs. Algebraic
Approaches

Professor Ernesto Estrada
Department of Mathematics & Statistics
University of Strathclyde
Glasgow, UK

www.estradalab.org



TR Network Bipartivity

- bipartite graph

0O B
. 4= BT 0 A=A

Adjacency matrix spectrum

(see Chapters 2 & 5)



A Network Bipartivity

Bipartite Network How much bipartite?




ke Network Bipartivity

- Computational approach
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Bipartivity < No odd cycles

Bipartivity < Tr(sinh(A)) =0




mmmmmmmm 3] Network Bipartivity

Strathclyde

- Algebraic approach

Tr(exp(A)) = Tr(sinh(A))+Tr(cosh(A))
Bipartivity < Tr(exp(A)) = Tr(cosh(A))

) 2t

b Tr(cosh _ _
" Tr(exp(A4)) Zn:exp(zj) EE




mmmmmmmm 3] Network Bipartivity

Strathclyde

- Algebraic approach
; O\O d contribution to even CWs
. Q>< b contribution to odd CWs

b>a>0
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Network Bipartivity

Algebraic approach

E, .. Zcosh( ) Zsmh( .)_EEodd

bEE, >aEE,,,

even

aEE, +bEE, >aFEE,, +aEE

even even even

(a+b)EE,,, >aEE.

even

(a+b)EE,, +EE-EE,  >aFE+EE-EE

even even even

EE,, (a+b+EE)>EE(EE,, +a),

even even
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Network Bipartivity

- Algebraic approach
- bS (G) — EEeven > EEeven +a — bs (G+e)

)

.
o
X O
\O
b, =0.721
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mmmmmmmm 52 Network Bipartivity

Strathclyde
- (Another) algebraic approach
~ Zn:cosh(/lj)—zn:sinh(/lj)
- p =12 -
> cosh (4, )+ sinh(2,)
J=1 Jj=1
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oD Network Bipartivity

- (Another) algebraic approach

9 - » -
X0 X0 1X>0 X0
\O \O \O \O

b, =1.000 b, =0.658 b, =0.538 b, =0.462
- W O )
1X>0 1X>0 X0 [X>O
\O \O \O \O

b, =0.383 b, =0.289 b, =0.289 b, =0.194




_— Network Bipartivity

Strathclyde

Example

A grassland food wen in England

b, =0.766
b =0.532

Hyper-parasitoids

Hervibores

| Hyper-hyper-parasitoids
Grass

Parasitoids



(see Chapter 21)
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=[exp(=)], = cosh (4)—sinh (4)]

woon

qu =[—smh :lpq <0 —[cosh ] >0

pq

& <0 p and g 1n different partitions
“1>0 p and ¢ in the same partitions




Finding Bipartitions
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o Finding Bipartitions

1) Build the 6(-1) matrix

101 683 7.09 7.11 6.66 819 -562 -798 -729 -728 -9.02 -8.73
6.83 803 417 587 543 6.7 -631 -432 -656 -5.65 -7.28 -7.04
709 417 805 562 550 673 -542 -6.62 -430 -656 -7.29 -7.05
7.11 587 562 817 393 680 -568 -596 -6.62 -432 -798 -7.10
6.66 543 550 393 737 63 -539 -568 -542 -631 -5.62 -6.77
819 672 673 680 636 93§ -6.77 -7.10 -7.05 -7.04 -8.73 -7.28

D
I

-562 -631 -542 -5.68 -539 -6.77 |737 393 550 543 6.66 6.36
-798 -432 -6.62 -596 -5.68 -7.10 |393 817 562 587 711 6.80
-729 -656 -430 -6.62 -542 -7.05 |550 562 805 417 709 6.73
-728 =565 -656 -432 -631 -7.04 |543 587 417 803 683 6.72
-9.02 -728 -729 -798 -562 -873 |666 7.1 709 683 10.1 8&.19
-873 -7.04 -7.05 -7.10 -6.77 =728 636 680 673 672 819 938
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Strathclyde
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Strathclyde 3) Construct the anti-communicability graph

1 7
AN PTANN 3

C ={1,2,3,4,5,6)

C2

{6,7,8,9,10,11,12}




Strathclyde 4y Represent the partitions of the network

unh-usllwl‘@




A Finding Bipartitions
Example

Protein-protein interaction network of A. fulgidus




S Finding Bipartitions
Example

m Social network in a sawmill
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Strathclyde LECTURE 4: BASED ON CHAPTER 18

Topological Structural Classes.
= Graph vs. Network Theory

Professor Ernesto Estrada

Department of Mathematics & Statistics
University of Strathclyde
Glasgow, UK

www.estradalab.org




> Global Topological Structures

Strathclyde

local explor'ahon
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_—- Graph Theory

Strathclyde

Graph expansion

Let|S| <1/2|V’| and
SV 0(S) represents the number
of edges with exactly one

endpoint in S.

Edge Expansion
(Isoperimetric Number)

o(3)

¢(G): min —,SgV,O<‘S‘S@<+oo

1<)s|<2 ‘S ‘




mmmmmmmm & Graph Theory

Strathclyde

Graph expansion
- Theorem (Alon-Milman): Let 4, =24, 24, 2---2 4,

A <4(6) < \PA (A7)

A, —A, > SPECTRAL GAP

mplies




The Petersen graph A Ramanujan graph
n=10,¢=1 n=280,¢9=1/4



Graph Theory

¥ Graph expansion

S bottleneck S

o(S) << S|




we  Network Theory Approach

- Spectral scaling

Gii — le,i CXp (ﬂ“l )+ ZW?J CXp (ﬁj)
j=2
A >> A,
G, =y exp(4)

1 /11
mhy, =—InG.. ——
gt 2 )




v Network Theory Approach

Strathclyde

Spectral scaling
Iny,, 20.5InG, -b
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we  Network Theory Approach

Spectral scaling
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we  Network Theory Approach

- Does the eigenvector centrality a global exploration of the network?

Let G a non-bipartite network and let

N, (z) number of walks of length k starting at i

5 ()= N, (i)-[]zn:, N, (J')jl




Network Theory Approach

N )= 0,0,

p=1 j=I1

Z (P)=3>0 0,4

p= p=1 g=1 j=1

2. Z ;05
Sk (l) = nPZInFIn

Z Z Z ng,p(Dj,qﬂ’l;

p=l g=1 j=1




Network Theory Approach

Sk(i): n

Z Z ¢l,p¢l,q

p=l g=1

k — oo

ngl,igpl,pﬂ’{c
p=1
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we  Network Theory Approach

Spec’cral scaling (standard deviation of the scaling)

0.5

_ gﬂlz,i CXp (ﬂ'l )
G.

1l

Alngpl,i =In




s Universal Structural Classes

Class |

Alng, =0,VieV = ¢/, exp(4,)=G,
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s Universal Structural Classes

- Class Il

Alng,, <0,VieV = ¢! exp(4)< G,

1
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D=(7.91618)
E=(812,1317)
0.06 :
3 6 9 12 15

EE(i)




s Universal Structural Classes

Class 111
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Alng ,<0,pelV  and Alng , >0,geV
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s Universal Structural Classes

10°

Food web of St. Martin Island T T



s Universal Structural Classes

10' PR i PR R S S | L PR S R SR
10 10° 10’ 10

Odd subgraph centrality

PROTEIN STRUCTURE SPECTRAL SCALING




Universal Structural Classes

Strathclyde
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