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Contexte
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Problématique

Question centrale

Comment le trajet des abeilles permet-il d’approcher une solution optimale
du problème du voyageur de commerce en maximisant le rapport
nectar/distance traversée ?
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Principe

Figure 3
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Etape 1

Figure 4
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Code

Figure 5 Figure 6
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Etape 2

Figure 7
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Code

Figure 8
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Etape 3

Figure 9
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Code

Figure 10
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Evaluation globale

Définition

La qualité d’un trajet est :

QL = g
L et QL% = QL

QLopt

g : Gain accumulé par l’abeille (µL)

L : distance totale parcourue lors du trajet (m)

QLopt : qualité du trajet optimal
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Applications

Figure 11
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Reseau 1

Trajets

Figure 12

Evolution

Figure 13

Algorithme des abeilles 2025-2026 14 / 56



Reseau 2

Trajets

Figure 14

Evolution

Figure 15
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Reseau 3

Trajets

Figure 16

Evolution

Figure 17
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Distribution de fleurs

Figure 18

Figure 19

Algorithme des abeilles 2025-2026 18 / 56



Modèle de répartition du nectar

Hypothèse

La loi de variation est :

n(x , y) =
K∑

k=1

nk exp

(
−(x − xk)

2 + (y − yk)
2

2σ2
k

)

K : nombre de zones riches en nectar

nk : Amplitude dans la zone k

(xk , yk) : position du centre de la zone k

σk : étalement spatial du nectar
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k=1

Figure 20
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Application

Trajets

Figure 21

Evolution

Figure 22
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k = 2

Figure 23
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Application

Trajets

Figure 24

Evolution

Figure 25
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Problème

Figure 26
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A.A.

Figure 27
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Glouton

Figure 28
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2-opt

Figure 29 Figure 30
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Algorithme génétique

Figure 31
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Comparaison

Algorithme Longueur(m) Temps(s)

A. A. 9377.44 0.022721

Glouton 10240.03 0.025576

2-Opt 10711.15 0.192914

2-Opt + Glouton 9498.20 0.147456

Algorithme génétique 14770.24 0.737773

Table 1
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Problème plus réduit

Figure 32
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A.A.

Figure 33
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Glouton

Figure 34
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Programmation dynamique

Figure 35
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Comparaison

Algorithme Longueur(m) Temps(s)

A. A. 137.84 0.006793

Glouton 142.38 0.002389

Prog. dynamique 129.58 7.472813

Table 2
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Avec récompense variable

Figure 36
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Situation problématique

Client Prix(dh) Espace(m3)

1 100 0.03

2 200 0.05

3 300 0.06

4 150 0.04

5 1000 0.15

6 2000 0.30

7 5000 0.65

8 4400 0.60

9 2500 0.38

10 500 0.09

Client Prix(dh) Espace(m3)

11 150 0.04

12 230 0.05

13 140 0.04

14 10000 1.1

15 9000 0.95

16 210 0.05

Table 3
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Situation problématique

Figure 37
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A.A.

Figure 38
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Glouton

Figure 39
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Prog. dynamique

Figure 40
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Comparaison

Algorithme Longueur(Km) Gain(dh) Temps(s)

A. A. 60.16 32754.88 26.708585

Glouton 68.79 35358.41 29.488834

Prog. dynamique 60.76 31754.43 377.72155

Table 4
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Conclusion

Avantages

Rapide

Approche la solution optimale

Inconvénients

Ne converge pas vers une solution fixe

Sensible au départ
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Glouton
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2-opt
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Algorithme genetique
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Prog. dynamique
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Données numériques
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Coords des fleurs
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Traçage des trajets
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Contrôle de l’évolution des sols
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Coords des instances
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Carte de Casa
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Trajets de Casa
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