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BIPARTITE NETWORKS



BIPARTITE GRAPHS

bipartite graph (or bigraph) is a graph whose nodes can be divided
into two disjoint sets U and V such that every link connects a node in Uto
one in V; that is, U and V are independent sets.
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Projection U Projection V

Examples:

Hollywood actor network
Collaboration networks
Disease network (diseasome)
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GENE NETWORK - DISEASE NETWORK
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Goh, Cusick, Valle, Childs, Vidal & Barabasi, PNAS (2007)



Ingredient-Flavor Bipartite Network

A Ingredients Flavor compounds B Flavor network
shrimp 1-penten-3-ol
= . white 2-hexenal
'§ wine 2-isobuty! thiazole
8 mozzarella 2,3-diethylpyrazine Prevalence
o) 2.4-nonadienal
© parmesan 3-hexen-1-ol
E 4-hydroxy-S-methyl...
=) olive 4-methylpentanolc acld
o oil acetylpyrazine 30%
% allyl 2-furoate
= alpha-terpineol
Q. parsley oga—cymoxmn
g cis-3-hexenal
O dihydroxyacetone 10 %
g Ll dimethyl succinate O
£ ethyl proplonate
= hexy! alcohol O 1%
o isoamyl alcohol »
garlic Isobutyl acetate
Isobutyl alcohol
lauric acld
wn limonene (d- |-, and d!-)
3 . scabion l-malic acid
L @ sesameoil methyl butyrate Shared compounds
E methyl hexanoate
o ‘ starch methyl propy! trisulfide
@ soy nonanoic acid 100
& . sauce phenethyl alcohol
; ot propenyl propyl disulfide 30
P - propionaldehyde
) A propyl disulfide
\ l,' p::;): p-mentha-1,3-diene 2
- p-menth-1-ene-9-al
terpinyl acetate
. sake tetrahydrofurfuryl alcohol
mussel trans, trans-2,4-hexadienal

Y.-Y. Ahn, S. E. Ahnert, J. P. Bagrow, A.-L. Barabasi Flavor network and the principles of
food pairing , Scientific Reports 196, (2011).
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PATHOLOGY



PATHS

A path is a sequence of nodes in which each node is adjacent to the next one

P.,in Of length n between nodes i, and i, is an ordered collection of n+7 nodes and n links

P, =ol5lhse00, 1 By = {0y 0) LG50 L1 505) w o L4, 50, ¥

* In a directed network, the path can follow only the direction of an arrow.



DISTANCE IN A GRAPH

Shortest Path, Geodesic Path

The distance (shortest path, geodesic path) between two
nodes is defined as the number of edges along the shortest
path connecting them.

*If the two nodes are disconnected, the distance is infinity.

In directed graphs each path needs to follow the direction of
the arrows.

Thus in a digraph the distance from node A to B (on an AB
path) is generally different from the distance from node B to A
(on a BCA path).



NUMBER OF PATHS BETWEEN TWO NODES

N;;, number of paths between any two nodes /and j:

Length n=1: If there is a link between iand j, then A;=1 and A;=0 otherwise.

Length n=2: If there is a path of length two between jand j, then A, A=1, and Ay A,=0

otherwise.
The number of paths of length 2:

NS,Z) — EAikAkj = [Az]ij
k=l

Length n: In general, if there is a path of length n between iand j, then A;...A=1

and A;....A;=0 otherwise.
The number of paths of length n between iand jis’

Ni(jn) — [An]ij

*holds for both directed and undirected networks.



PATHOLOGY: summary

Shortest Path

The path with the shortest
length between two nodes
(distance).



PATHOLOGY: summary

Diameter Average Path Length

l12 + 1153 + 1154+
+ o5 +los3 +lagt
+ o5 +l3a + 355+
lis) /10 = 1.6

154 =3

The longest shortest path in The average of the shortest paths for
a graph all pairs of nodes.



PATHOLOGY: summary

Cycle Self-avoiding Path

A path with the same start A path that does not intersect
and end node. itself.



PATHOLOGY: summary

Eulerian Path Hamiltonian Path

A path that traverses each A path that visits each
link exactly once. node exactly once.
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CONNECTEDNESS



CONNECTIVITY OF UNDIRECTED GRAPHS

Connected (undirected) graph: any two vertices can be joined by a path.
A disconnected graph is made up by two or more connected components.
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Bridge: if we erase it, the graph becomes disconnected.

Largest Component:
Giant Component

The rest: Isolates



CONNECTIVITY OF UNDIRECTED GRAPHS

The adjacency matrix of a network with several components can be written in a block-
diagonal form, so that nonzero elements are confined to squares, with all other elements

being zero:
[ 00 0 0\
0 0 0 0
1§ MR U (0

00 00001
0000 1
00 00 1
\ 0 0 01 0 )

(a)

-0 O

(b) / 0 0 0 ()\
1 00 0

()

00 0
00 0
\ 0 0 0

/
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CONNECTIVITY OF DIRECTED GRAPHS

Strongly connected directed graph: has a path from each node to
every other node and vice versa (e.g. AB path and BA path).

Weakly connected directed graph: it is connected if we disregard the
edge directions.

Strongly connected components can be identified, but not every node is part
of a nontrivial strongly connected component.

B
E
A B F
A
D E C
E D Cc G
G
In-component: nodes that can reach the scc,
Out-component: nodes that can be reached from the scc.
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FINDING THE CONNECTED COMPONENTS OF A NETWORK

1. Start from a randomly chosen node i and perform a 8FS (BOX
25). Label all nodes reached thiswaywithn=1

2. [f the total number of labeled nodes equals N, then the network
is connected. If the number of labeled nodes is smaller than N, the
network consists of several components. To identify them, pro-
ceed to step 3.

3. Increase the label n — n + 1. Choose an unmarked node j, label
itwith n. Use BFS to find all nodes reachable from j, label them all
with n. Return to step 2.



