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Problématique

Question centrale

Comment le trajet des abeilles permet-il d'approcher une solution optimale
du probleme du voyageur de commerce en maximisant le rapport
nectar/distance traversée ?
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@ Introduction d'un algorithme
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Principe
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# 3éme étape: Recherche de solution optimale
def run(n_bouts):

historic = []
best_seq = None
r_max = 0
for _ in range(n_bouts):
seq = run_seq(historic,best_seq)
L = length(seq)
g = Gain(seq)
historic.append((seq,L))
if g/L >= r_max:
r_max = g/L
best_seq = seq
reinforce_seq(seq)
return historic, best_seq
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Evaluation globale

La qualité d'un trajet est :

_ _ _QL
QL_%etQL%_QL_opt

@ g : Gain accumulé par |'abeille (uL)

e L : distance totale parcourue lors du trajet (m)

@ QLops : qualité du trajet optimal
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Applications
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Trajets
Evolution
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Trajets
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Trajets
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© Vers des applications plus réalistes
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Distribution de fleurs
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import numpy as np
import random

random.seed(42)

all_points = [
(i, j)
for i in range(n)
for j in range(n)

random.sample(all_points, N)

1
F
F = np.array(F)

Nest = np.array((10,10})
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Modele de répartition du nectar

Hypothese

La loi de variation est :

ol X — Xi )2 — 2
n(x,y) =3 miexp (_( )2+ (v — yi) )
k=1

2
2ork

K : nombre de zones riches en nectar
ny : Amplitude dans la zone k

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

oy : étalement spatial du nectar
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Application

Trajets .
Evolution
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Application
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© Comparaison avec d'autres algorithmes
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Probleme
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list(range(N))
two_opt(tour)

Figure 29
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run_glouton(F)
two_opt(tour)
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Algorithme génétique
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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 0498.20 0.147456
Algorithme génétique 14770.24 0.737773

Table 1
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Probleme plus réduit
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Programmation dynamique
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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
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Situation problématique

Client | Prix(dh) | Espace(m?)
1 100 0.03 Client | Prix(dh) | Espace(m?)
2 200 0.05 11 150 0.04
3 300 0.06 12 230 0.05
4 150 0.04 13 140 0.04
5 1000 0.15 14 | 10000 1.1
6 2000 0.30 15 9000 0.95
7 5000 0.65 16 210 0.05
8 4400 0.60
9 2500 0.38 Table 3
10 500 0.09
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Situation problématique
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Prog. dynamique

Figure 40
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Comparaison

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

AL 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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@ Synthese
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Conclusion

@ Rapide

@ Approche la solution optimale

Inconvénients
@ Ne converge pas vers une solution fixe

@ Sensible au départ
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Glouton

36 def first(): 65 def run_glouton(F):

37 L_min = float('inf') 66 seq = []

- I 67 = first()

39 for k in range(1,N+1): cur = Tirs

49 L = dist[0,K] 68 seq.append({cur)

41 if L <= L_min: 69 gain = client

- e 70 steps = 1

44 return k-1 71 while gain < C and steps < N:
j: o next | 72 nxt = next(cur, seq)
b eT next(1i_c,seq): 2

47 L_min = float('inf') £ s¢q.append (nxt)

18 i=0 74 cur = nxt

49 for k in range(1,N+1): 75 gain += client

50 L = dist[i_c+1,k] 76 steps += 1

51 if k-1 not in seq and L <= L_min:

5 L min = 77 return seq

53 j=k-1 78

54 return j 79 seq = run_glouton(F)
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Algorithme genetique
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Prog. dynamique

64 for j in range(l, n):
5 cost = dp[(S, j)10] + DI[j, 0]

66 if cost < bhest_cost:
7 best_cost = cost
68 best_last = j

69

70 tour = [0]

71

72 current = best_last

73 current_set =S

74

—

for _ in range(n - 1):

76 tour.append(current)

77 _, parent = dp[(current_set, current)]
78 current_set = current_set - {current}
79 current = parent

80

81 tour.append(@)

82

83 tour = tour[::-1]

84

85 path = points[tour]
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Données numériques

1 # ler axe

2 M=8#nbr. d'itérations

gamma = 1.2 # coeff, de renforcement

( = 60 # capacité de stockage de 1'abeille (uL)

nectd = 5 # Quantité de nectar fournie par la fleur (uL)

# 2eme axe

N>=8

=60

10 N =40 £ nbr. de fleurs

11 n =20 # taille des aretes du domaine des fleurs (m)
12 nectd = 5 # Amplitude de 1a loi du nectar (uL)

13 sigma = 5 # Etalement spatial (m)

14

15 # 3eme axe

16 ¢ =0.00075 # cout de déplacement de la voiture (dh/m)
17 V= 3.3 # capacité de stockage de la voiture (m**3)

o0 —1 O LN = L3

w
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Coords des fleurs
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# reseau 1

F = np.array([(-25.00, -34.41)
(-40.45, 13.14),(0.00, 42.53),
(40.45, 13,14),(25.00, -34.41)]1)

Nest = np.array((0,-70.0))

# reseau 2

F = np.array([(0,80),(20,80),
(40,80), (60,80),(10,60),
(30,60), (50,60),(20,40),
(40,40),(30,20)])

Nest = np.array((30,-10))

#reseau 3

F = np.array([(20,70),(0,60),
(0,50),(0,40), (40,60)
(40,50), (40,40),(0,30),
(0,20),(40,30),(40,20),(20,10)]1)

Nest = np.array((20,-20))
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Tracage des trajets
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Controle de I'évolution des sols

10 def quality(seg):

il return reward(seq) / length(seq)
4

4

43 historic, best_seq = run(M)

45 T = list(range(M))

48 Qual_evol /= max(Qual_evol)

0 plt.plot(I,Qual_evol)
1 plt.xlabel("Ttérations")
2 plt.ylabel("0L%")

2

1

1

1

1

1

1

l

147 Qual_evol= np.array([quality(historic(i]) for 1 in I])
l

1

1

1

1

153 plt.show()
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Coords des instances
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Trajets de Casa

160 # nunérotaion des clisnts

1 for 1, n in enumerate(clients):
1 = G.nodes[n]{ 'x']

y = Gunodes(n]['y']

ax taxt(

162
163
164
165
166
167
168
169
178
1
72 ax.set title(f'L = {L0.2} b | g = {02 2} WD
173 plt.shouf)

)

x+0.0082, # petit décalage horizantal
y+0.0002, # petit décalage vertical
str(z),

fontsize=s,

color="black'
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