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let dist be a |V|x|V| array of minimum distances initialized to oo (infinity)
let next be a |V|x|V| array of vertex indices initialized to mull

procedure FloydiWarshallWithPathReconstruction() is
for each edge (u, v) do
dist[u][v] + w(u, v) // The weight of the edge (u, v)
next[uj[v] + v
for each vertex v do
dist[v][v] + 0
next[v][v] + v
for k from 1 to |V| do // standard Floyd-Warshall implementation
for i from 1 to |V|
for j from 1 to |V|
if dist[i][j] > dist[i](k] + dist[k][]] then
dist(i][j] « dist[i][k] + dist[k][]]
next[i][j] ¢ next[i](k]

ok 3l JUli ) gy sl oy 5 55 S Apd ¥ IS

procedure Path(u, v)
if next[u][v] =
return []
path = [u]
while u # v
u ¢ next[u][v]
path.append(u)
return path

null then
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Abstract

The dependence of human activities on the electrical energy infrastructure has increased the strategic
importance of this infrastructure. The examination of various military operations shows that the power
network has always been the focus of hostile attacks on this infrastructure. Understanding the destruction
effects on various parts of the electric network as a result of hostile attacks, identifies important elements
and provides the possibility of forecasting and planning passive and active defense strategies. The main
purpose of this study is to estimate the spatial-demographic vulnerability of East Azerbaijan province due
to the destruction of power transmission infrastructure. To this end, a new method based on the use of
Geospatial Information System (GIS), graph theory and passive defense concepts is proposed and it is
determined that if a part of an infrastructure is damaged by hostile attacks, what geographical area and
how many populations will be deprived of the services of that infrastructure. The proposed method has
been applied in four different hypothetical scenarios (destruction of substations in Ahar, Miyaneh, Jolfa
and Tikmeh Dash) in terms of spatial and demographic dimensions to identify the effective elements of
simulated power transmission network of East Azerbaijan in Iran.

The results of the research show that the spatial and demographic vulnerabilities of the first scenario
(degradation of the 230 kV substations) are greater than the other scenarios. With the destruction of the
Ahar city power station, an area of 9190 square kilometers will suffer from power outages and 287,000
people will be affected. Compared to the destruction of substations in Ahar city, the destruction extent of
substations in Miyaneh, Jolfa and Tikmeh cities was 37%, 81% and 15% in terms of power outages area
and 35%, 81% and 44% in terms of population, respectively. The proposed method provides the
possibility of testing and estimating the effects of destruction of various scenarios and the model created
in other infrastructures such as oil and gas lines can also be used. The study of the proposed method
showed that graph theory has a high capability in determining, evaluating and identifying the
infrastructure of spatial-demographic vulnerability of the electricity network.

Key Words: Graph Theory, The Spatial-Demographic Vulnerability, Power Transmission Network, Passive Defense

* Corresponding author: Navid Hooshangi, Tehran, Iran



