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Representing infrastructures

e Random, scale-free & small-world
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Hierarchical networks

Infrastructure is hierarchicalt

Hierarchical communities?

Trees, HR+ and HR

1: Yerra and Levinson, 2005; Svendsen and Wolthusen, 2007

2: Ravasz and Barabasi ,2003



Graph spectrum/suite

« 8 network types; 1000 realisations
ER GNM WS BA HR+ HR  HC TREES

Random < > Hierarchical

* Energy, transport etc.




Metrics

Betweenness

* Number of shortest paths passing
through a node/edge*

Assortativity (via node degree)

* The similarity of a node to its
neighbours?

Betweenness:
Node 3: 0.83

Assortativity: -0.80

1: Brandes 20012; 2: Newman, 2003
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Transformed divergence

ER GNM WS BA HR+ HR HC TREES
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max betweenness centrality
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Failure modelling




Failure modelling




Failure modelling




Failure modelling

Calculate
metric
values

APL, number
& size of
components

Select
node to
remove

Remove
node &
edges




Non-hierarchical response
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Hierarchical response
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Synthetic networks

TREE

HC

HR+

graph type

GNM
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Infrastructure response
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Software framework

* PostgreSQL; Networkx; nx_pgnett; QGIS
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PostgreSQL

the world's most advanced open source database

] works_ba - Graphs

WP D[R BT D o - o< Jasman o]fieess [pscrm O[]

GraphID GraphName Nodes Edges Directed MultiGraph -
[PK] bigint | character varying character varying |character varying boolean boolean

S S 1 |ba_s03 o ba_909 0 Nodes |ba_909_0_Edges FALSE FALSE 1

2 2 ba_696_1 ba_696_1 _Nodes |ba_6£96_l_Edges FALSE FALSE 1

3 |3 ba_94 2 ba_94_2 Nodes  ba_94_2 Fdges FALSE FALSE

4 |4 ba 193 3 ba 193 3 Nodes |ba_ 193 3 Edges FALSE FALSE

5 |5 ba 19 4 ba 19 4 Nodes |ba_19 4 Edges |FALSE FALSE

'S A

= 1504 5 ha 15714 5 Nndsa ha 15M4 5 FA~racz FAT.SF FLT.SF 1: Barr S_L_ et al’ 2013




Conclusions

Characteristics of hierarchical networks

* Hierarchically-organised networks exhibit a

greater vulnerability

* Infrastructure networks can be hierarchical

L

affecting their resilience to perturbations

« Software tools for the analysis of complex

spatial infrastructures
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