
Shortest path optimizations
From graphs to ants



• I’m visiting Rome for only a few 
days, and I want to make the 
most of it. How I can plan my 
sightseeing in a way that 
minimizes the walking between 
attractions?
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Why this problem matters to you?
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Why this problem matters to you?

Optimization problems!
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Brute force

• Starting at the node 2 we can calculate the shortest path to the next node 
connected to it. Then re run the procedure for the next until we find a solution, 
this is called Breadth-first search.
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Brute force

1 2 3 4 5 6 7 8 9
1 0 1 1 1 1 1 1 1 1
2 1 0 -1 1 -1 -1 1 -1 -1
3 1 -1 0 1 1 -1 -1 -1 -1
4 1 1 1 0 -1 -1 -1 -1 -1
5 1 -1 1 -1 0 1 -1 -1 -1
6 1 -1 -1 -1 1 0 -1 1 -1
7 1 1 -1 -1 -1 -1 0 -1 1
8 1 -1 -1 -1 -1 1 -1 0 1
9 1 -1 -1 -1 -1 -1 1 1 0

Adjacency matrix
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Ants
Swarm Intelligence

Source: Pexels: Andre Moura.



Ants

1-Hotel

2-Trastevere

3-San Luigi

4-Piazza Navona

5-Pantheon

6-Fontana de Trevi 
7-Castello San Angelo

8-Piazza di Spagna

9-Mausoleo di Augusto

7

9
8

6

3

5

4

2

1

4

1.5

0.5

0.5

0.5 1.2

2

0.750.75

1

3

3.5

3

1.5



Ants
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Pheromone trails

https://www.youtube.com/watch?v=gPK4Oi2x0mQ


Modelling ant “social” behaviour
… with artificial ants

“The shortest path contains 
more pheromones due high 

traffic”



Modelling ant “social” behaviour
… with artificial ants

7

9
8

6

3

5
4

2

1pij =
wα

ijτ
β
ij

∑<i,k> wα
ikτ

β
ik
 with 0 < α < 1 and β ≥ 1

τ79

τij pheromones laid at ij edge
wij weight between ij edge



Modelling ant “social” behaviour
… with artificial ants

7

9
8

6

3

5
4

2

1

pij =
wα

ijτ
β
ij

∑<i,k> wα
ikτ

β
ik
 with 0 < α < 1 and β ≥ 1

τ79

τij pheromones laid at ij edge
wij weight between ij edge

Pheromones updates

Δτij,n = {
Q

L(Pn)
 if an ant n crossed ij

0  otherwise
Pn = {s, i1, i2, …, ik, f} vertex sequence

L(Pn) = ∑
j∈Pn

dj,j+1 path distance



Modelling ant “social” behaviour
… with artificial ants
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τij pheromones laid at ij edge
wij weight between ij edge

Pheromones updates

ρ evaporation rate

τij = (1 − ρ)τij +
−

∑
n∈ij

Δτij,n

−

∑  sum over all the ants that reached f

ρ



Ants in action 7

9
8

6

3

5
4

2

1

• Adjacency Matrix


• Weight Matrix


• Pheromone Matrix 

Pheromone MatrixWeight Matrix := d−1
ijAdjacency Matrix

dij



Ants in action
τij |t=0 = 1
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Iteration = 0



Ants in action
pij =

wα
ijτ

β
ij

∑<i,k> wα
ikτ

β
ik
 with 0 < α < 1 and β ≥ 1

τij |t=0 = 1

Iteration = 0



Ants in action

τij |t=0 = 1

τij = (1 − ρ)τij +
−

∑
n∈ij

Δτij,n

Pheromones




