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Emergence of Complex Networks by ACO and Its Application to Real-World Problems
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Ant Colony Optimization (ACO) is an algorithm inspired by ants’ collective behavior, and has been applied to various
optimization problems such as numerical analysis and combinatorial optimization. Inspiring by the concept of ACO, we
propose a purely bottom-up method that can emerge a novel small-world network from a random graph, its theoretical analysis
of the emerged network, its hierarchical architectures, and several real-world applications in the fields of information and

communication technologies and logistics.
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Generating a random graph with a link probability p,
and set enough ants at each node. p =<k>/(N-1)

=
£ < !
Each ant walks along each edge by spreading out pheromone. Each ant
selects a path with a selection probability p='in proportion to ‘
pheromone concentration and reversely proportion to distance d; on
each edge. At the same time the pheromone concentration decreases <o # Y
with a rate of p as time goes.

Update pheromone concentration: , _‘ e
T & (Lp) Ty + vy, Aty =874 4

Output the generated network using edges with
pheromone concentration more than a threshold Th.

End

Fig.1. Flowchart of ACO for generation of new
small-world networks from random graph.
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Fig.2. How to select a path for ants.
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N=100, p=0.1169697, p=0.05, At=0.5, Th=0.03
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Fig.3. Adjacency matrix with pheromone
concentration (left) and its corresponding networks
from two different viewpoints (right).
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Fig.4. Structure of n-Star Network with the number
of star nodes, n=1, 2, 3 and 4 at the center (left), and
a hierarchical structure for n-Starnetworks (right).
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Complete sub-network

Ilzig.4. Example of global airline network based on the
multi-star small-world network (n=7).
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Risk: Physical exposure (irf network
R{)=Liz1Haz, jepageqy i

Economy: average no. OLpassengers per flight distance
E()!u) = ]JN E:':l sth‘dge(ij L’J’}!(FUDU')

Convenience: average no. of passengers per flight distance

and no. of transits . v
Cﬁx) =1/(N(N - 1)) E(’.j.iﬂ' E(R,{)Epam(i.j) Ju/ D)
Iy, number of passengers between airports i and j.

F.J' number of flights between airports i and j,
Dij : geodesic distance between airports i and j.

Fig.5 The definition of R, £ and C where each metric is a
function of the number of passengers ¢/j;.

Initial metrics (R, E,, Cy)

Better metrics!!

Fig.6 An example of results that improved three metrics
better than those of a current domestic airline network.
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NOAA Tsunami Data and Information Tsunami recerd with more than 5m in

the past 1,000 vears
Fig.7 Geographical positions of 23,057 tsunami run-up events
in the last 1,000 years. The filled pink circles represent
locations where such events have occurred. Its depth in color
corresponds to the water height recorded in the catalog data.
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