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Abstract

This study aims to identify the discriminatory variables affecting claim frequency and claim
severity in automobile insurance, as well as to model and personalize insurance premiums. To
achieve this objective, variables related to the driver, such as age and gender, and variables
related to the vehicle, such as vehicle age, value, and engine power, were used in addition to
the type of insurance coverage and the geographical area over the study period from 2012 to
2019.

After careful data preprocessing, Multiple Correspondence Analysis (MCA), combined with
the t-Distributed Stochastic Neighbor Embedding (t-SNE) algorithm and the K-Means
clustering algorithm, enabled a better understanding of the data structure, interactions, and the
possible existence of distinct segments within the insurance portfolio. The segmentation and
clustering process highlighted homogeneous risk profiles. Finally, predictive modeling based
on Generalized Linear Models (GLM) was developed to estimate claim frequency and claim
severity separately.

The analysis results demonstrated the possibility of dividing the insurance portfolio into four
distinct clusters through variable transformation and dimensionality reduction techniques
(MCA and t-SNE). A predictive pricing model based on Generalized Linear Models (GLM)
was also developed, using the Poisson distribution to estimate claim frequency and the Gamma
distribution to estimate claim severity. The findings revealed that individual characteristics
such as age and gender, as well as technical characteristics such as vehicle age, value, and
engine power, significantly influence the level of risk, whereas the geographical effect remains
limited. In contrast, the type of insurance coverage was found to have a clear impact on both
claim frequency and claim severity, which justifies the adoption of separate modeling
according to coverage type in order to improve pricing accuracy and fairness.

These results allow for a more accurate segmentation of automobile insurance risks by
assigning each insured individual to a specific risk category. This approach enhances pricing
fairness and increases the satisfaction of low-risk policyholders, while also reducing cross-
subsidization between good and bad risks. Furthermore, several explanatory variables,
including driver age and gender, vehicle age, vehicle value, engine power, and insurance
coverage type, significantly affect both the number of claims and their associated costs.

Keywords: Automobile insurance, pricing, Generalized Linear Models (GLM), claim
frequency, claim severity.
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Eaalgall AAIS 7 3gail) cBlalan ks il ¢ 5.4 Jgaad

0 54.578 0.17 9.2667 Intercept

0 -3.584 0.058 -0.208 Type.client.Société
0.175 -1.357 0.066 -0.0894 Zone2
0.077 1.768 0.065 0.1157 AC_Groupe 2
0.005 2.806 0.043 0.1195 AV_Groupe 2
0.567 0.572 0.073 0.0417 AV_Groupe 3
0.649 0.455 0.078 0.0356 AV_Groupe 4
0.873 -0.16 0.079 -0.0126 AV_Groupe 5
0.905 -0.119 0.078 -0.0093 AV_Groupe 6

0 3.631 0.061 0.2222 VV_Groupe 2

0 9.534 0.066 0.6289 VV_Groupe 3

0 12.877 0.084 1.0866 VV_Groupe 4
0.767 0.297 0.068 0.0201 cluster.1
0.049 1.966 0.067 0.1316 cluster.2
0.276 1.09 0.064 0.0695 cluster.3
0.173 -1.361 0.159 -0.216 3 CH
0.22 1.227 0.235 0.288 4CH
0.693 0.394 0.14 0.0553 5CH
0.373 -0.891 0.23 -0.2046 6CH
0.978 0.028 0.206 0.0057 7CH
0.728 -0.347 0.289 -0.1005 9CH
0.549 -0.599 0.078 -0.0466 genre.M
0.211 -1.252 0.075 -0.094 genre.ND
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Cipiall LIRS day Caalgal) AR ¢ dgal cDlalaa o il : 8.4 Jgaal)

0 60.119 0.153 9.18 Intercept

0 -3.685 0.058 -0.2133 Type.client.Société
0.145 -1.457 0.066 -0.0957 Zone2
0.023 2.274 0.062 0.1417 AC_Groupe 2
0.008 2.635 0.042 0.1115 AV_Groupe 2
0.681 0.411 0.073 0.0298 AV_Groupe 3
0.863 0.172 0.077 0.0132 AV_Groupe 4
0.746 -0.324 0.078 -0.0254 AV_Groupe 5
0.649 -0.455 0.076 -0.0344 AV_Groupe 6

0 3.564 0.061 0.2171 VV_Groupe 2

0 9.611 0.066 0.6315 VV_Groupe 3

0 12.81 0.084 1.0775 VV_Groupe 4
0.782 -0.277 0.059 -0.0162 cluster.1
0.011 2.546 0.063 0.1612 cluster.2
0.299 1.039 0.061 0.0636 cluster.3
0.205 -1.267 0.158 -0.2007 3CH
0.216 1.237 0.235 0.2904 4CH
0.626 0.487 0.14 0.0682 5CH
0.41 -0.824 0.229 -0.189 6CH
0.954 0.057 0.206 0.0118 7CH
0.752 -0.315 0.289 -0.0912 9CH
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(Al Eialal) AR 7 gail) cDalaa o il : 9.4 Jsaad)

0 65.335 0.14 9.1705 Intercept

0 -3.668 0.054 -0.1979 Type.client.Société
0.024 2.257 0.055 0.1238 AC_Groupe 2

0 4.499 0.055 0.2453 VV_Groupe 2

0 11.503 0.056 0.6395 VV_Groupe 3

0 15.245 0.072 1.0998 VV_Groupe 4
0.657 -0.444 0.054 -0.0242 cluster.1
0.004 2.908 0.054 0.1573 cluster.2
0.125 1.533 0.054 0.0825 cluster.3
0.258 -1.132 0.148 -0.1674 3CH
0.183 1.332 0.219 0.2922 4CH
0.47 0.722 0.131 0.0944 5CH
0.461 -0.737 0.212 -0.1563 6CH
0.999 0.001 0.192 0.0002 7CH
0.819 -0.229 0.27 -0.0618 9CH
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gl ualgad) 44l z sl cBlalaa cléd @ 10.4 Jgaal)

9609.12 7883.94 -0.1979 Type.client.Société
9609.12 10875.49 0.1238 AC_Groupe 2
12280.22 0.2453 VV_Groupe 2
9609.12 18213.99 0.6395 VV_Groupe 3
28861.75 1.0998 VV_Groupe 4
9379.44 -0.0242 cluster.1
9609.12 11246.25 0.1573 cluster.2
10435.81 0.0825 cluster.3
8127.6 -0.1674 3CH
12870.19 0.2922 4CH
10560.78 0.0944 5CH
9609.12
8218.39 -0.1563 6 CH
9611.32 0.0002 7CH
9032.81 -0.0618 9 CH
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0.055 1.916 0.116 0.2231 VV_Groupe 3
0.796 0.258 0.152 0.0393 VV_Groupe 4
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0.931 0.086 0.15 0.013 VV_Groupe 4
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import pandas as pd
path = "/content/drive/MyDrive/Colab Notebooks/fréquence_ 2019.xIsx"
df _freq = pd.read_excel(path, sheet_name="fréquence")

df freq.head()

mitére WLPOLICE BASE  OUTEEFFET amee DATE FOHEAMCE eiposition garantie Agev Ageéh ase-véh .. 0 Vovéh aome type-client age.C Age-client geme fréquence charge totale fréquencel
0 SO0 0bisgece SOUMTAM00M0T 40493000000 200 A0GETOO0O0D  OOATDG visqlane  AVA 9 W00 . 100 1000000 zonel  Pacar  ACY % F ] 0 00
1 MBI bisgace MB/MIAI00040 ABIT000000 2 4T0I0000000  04SR63 bsghe AV 5007 . 100 1000000 zonel P ACY M ) i 0l

1 SOM2/ZN00IY Ovokncend S0/ TZIZNINOII0 MGSTER 2013 L6R0NBE  09M6 woHnoende AV 1M . 100 1000000 zonel  Pariulier  AC O 0 i 0
3 QM0 Obrsglee S0MIZNIO0II0 NTEITEE 13 NNINRE  0M6  bisglae AV 10 . 100 1000000 zonel  Pariulier  ACH 2 N 0 i 0
4 D06M2/201400002 0vokincendi 206/ T121/Z004100002000 1640000000 2014 SN04O%OBE  099M6 whHncende AVE 10 004 . 100 1000000 zonel  Parioder  ACH L] 0 0 0
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def tester_plusieurs_découpages(variable_name, max_leaf_range=[2, 3, 4, 5, 6, 7, 8,9,10]):
X = df_freq[[variable_name]].dropna()
y = df _freq.loc[X.index, 'fréquence']

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.3, random_state=42)
results =[]

mean_y =y_train.mean()
y_pred_baseline = [mean_y] * len(y_test)

mse_baseline = mean_squared_error(y_test, y_pred_baseline)

for n_leaves in max_leaf_range:

tree = DecisionTreeRegressor(max_leaf_nodes=n_leaves, random_state=0)
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tree.fit(X_train, y_train)

y_pred = tree.predict(X_test)

mse = mean_squared_error(y_test, y_pred)

gain = mse_baseline - mse

results.append({

'variable': variable_name,

'max_leaf _nodes': n_leaves,

'mse_arbre': mse,

'gain': gain

b

return pd.DataFrame(results)

resultats_age_client = tester_plusieurs_découpages('Age-client')

resultats_age_vehicule = tester_plusieurs_découpages('Age.véh')

Rsultats_Valeur_vehicule = tester_plusieurs_découpages('V-véh')

!
0

@ os & W s WM =D

wariable
Age-client
Age-client
Age-client
Age-client
Sge-client
Age-client
Age-client
Sge-client

Age-client

max_ leatf nmodes
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O w o o@ o= &N W
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0095300
0.095917F
0095926
0095934
0.095937
0095942
0095936
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gaim

O 024
0O 00000E
-0 D009
-0 0D001E
-0 D025
-0 000029
-0 000033
-0 000028
-0 D D0=10
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4

variable max_leaf nodes mse_arbre gain
0 Agevéh 2 0.095343 0.000565
1 Age véh 3 0.095311 0.000597
2 Agevéh 4 0.095285 0.000624
3 Age véh 4 0.095252 0.000656
4  Ageveh 6 0.095251 0.000657
5 Ageveh 7 0095247 0.000661
&  Ageveh 8 0095252 0.000656
7  Ageveh 9 0095246 0.000662
8  Ageveh 10 0095243 0.000666
'E variable max_leaf_nodes mse_arbre gain
0 V-veh 2 0.095660 0.000248
1 W-véh 3 0095484 0.000424
2 V-veh 4  0.095439 0.000469
3 W-véh 5 0.095596 0.000313
4 V-veh 6 0.095572 0.000336
5 W-véh 7 0.095751 0.000158
& V-veh 8 0095745 0.000163
7 W-véh 9 0095767 0.000142
8 V-veh 10 0.095807 0.000102
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from sklearn.tree import DecisionTreeRegressor
from sklearn.model_selection import train_test_split

from sklearn.metrics import mean_squared_error

def entrainer_arbre(variable, max_leaf nodes):
X = df_freq[[variable]].dropna()
y = df_freq.loc[X.index, 'fréquence2']
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.3, random_state=42)
tree = DecisionTreeRegressor(max_leaf nodes=max_leaf nodes, random_state=0)

tree.fit(X_train, y_train)
return tree

tree_age_client = entrainer_arbre('Age-client’, 2)
tree_age veh =entrainer_arbre('Age.véh', 6)

tree_valeur_veh = entrainer_arbre('V-véh', 4)

import matplotlib.pyplot as plt

from sklearn.tree import plot_tree

def afficher_arbre(tree, feature_name, title):
plt.figure(figsize=(12, 6))
plot_tree(tree,
feature_names=[feature_name],
filled=True,
rounded=True,
fontsize=10)

plt.title(title)
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plt.show()
afficher_arbre(tree_age_client, 'Age-client’, "Arbre de décision - Age client")
afficher_arbre(tree_age_veh, 'Age.véh', "Arbre de décision - Age véhicule")

afficher_arbre(tree_valeur_veh, 'V-véh', "Arbre de décision - Valeur véhicule")
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def resume_depuis_arbre(df, variable, tree, nom_affichage):
seuils = sorted(tree.tree_.threshold[tree.tree_.threshold != -2])
bins = [-float('inf')] + seuils + [float('inf')]
labels = [f"[{round(bins[i], 1)} — {round(bins[i+1], 1)}]" for i in range(len(bins) - 1)]

classes = pd.cut(df[variable], bins=bins, labels=labels)

effectifs = classes.value_counts().sort_index()
total = effectifs.sum()
part = (effectifs / total * 100).round(2)
df res = pd.DataFrame({
nom_affichage: labels,
"Effectif": effectifs.values,
"Part": part.astype(str) + "%"
N
df_res["Groupe"] = [f"Groupe {i+1}" for i in range(len(df_res))]

return df_res

Générer les résumés par arbre
tab_age_client = resume_depuis_arbre(df_freq, 'Age-client’, tree_age_client, 'Age client')
tab_age _veh =resume_depuis_arbre(df _freq, 'Age.véh', tree_age_veh, 'Age véhicule')

tab_valeur_veh = resume_depuis_arbre(df_freq, 'V-véh', tree_valeur_veh, 'Valeur véhicule')

tab_age_client.columns = ['Age client’, 'Effectif client’, 'Part client', 'Groupe']
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tab_age_veh.columns = ['Age véhicule', 'Effectif véhicule', 'Part véhicule', 'Groupe']
tab_valeur_veh.columns = ['Valeur véhicule', 'Effectif véhicule ', 'Part véhicule ', 'Groupe']
tableau_final = tab_age_client \
.merge(tab_age_veh, on='Groupe', how="outer") \
.merge(tab_valeur_veh, on='Groupe', how='outer")
colonnes_ordre = [
'Groupe’,
'Age client', 'Effectif client', 'Part client’,
'Age véhicule', 'Effectif véhicule', 'Part véhicule',
'Valeur véhicule', 'Effectif véhicule ', 'Part véhicule '
]
tableau_final = tableau_final[colonnes_ordre]
import pandas as pd
pd.set_option("display.max_columns", None)

display(tableau_final)
Slaall puidia & 68 Gl g (Aldl am ) gL 15 (Galal)

garantie_counts = df_freq['garantie'].value_counts(normalize=True) * 100

labels = garantie_counts.index

sizes = garantie_counts.values

colors = ['#5DASDA', 'HFAA43A', 'HCFCFCF'] # Couleurs similaires a ton image

explode = [0.05 if Ibl == 'DASC' else O for Ibl in labels] # Mettre en valeur DASC
plt.figure(figsize=(6, 6))

plt.pie(sizes, labels=labels, autopct='%1.2f%%', startangle=90, colors=colors, explode=explode)
plt.title("")

plt.axis('equal') # Assure un cercle parfait

plt.show()
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age_vehicule_counts = df_freq['Groupe_Age_Vehicule'].value_counts(normalize=True).sort_index() *
100

labels = age_vehicule_counts.index
sizes = age_vehicule_counts.values
colors = ['#4F81BD', '#C0504D', '#9BBB59', '#8064A2']
explode = [0.05 if i == 0 else O for i in range(len(sizes))]
fig, ax = plt.subplots(figsize=(7, 6))
wedges, texts, autotexts = ax.pie(
sizes,
labels=labels,
autopct="%.2f%%',
startangle=90,
colors=colors,
explode=explode,
textprops={'fontsize': 12},
wedgeprops={'linewidth': 1, 'edgecolor": 'white'}
)
ax.set_title("", fontsize=14, weight="'bold', pad=20)
ax.axis('equal’) # Cercle parfait
plt.tight_layout()

plt.show()
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chevaux_counts = df_freq['nb.CH'].value_counts().sort_index()
chevaux_proportions = (chevaux_counts / chevaux_counts.sum()).sort_values(ascending=False)
limite = 0.02 #2%

labels_visibles = chevaux_proportions[chevaux_proportions > limite]
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autres = chevaux_proportions[chevaux_proportions <= limite].sum()
chevaux_final = pd.concat([labels_visibles, pd.Series({'Autres': autres})])
colors = plt.cm.tab20.colors
explode = [0.1if i == 0 else O for i in range(len(chevaux_final))]
fig, axes = plt.subplots(1, 2, figsize=(14, 6))
axes[0].bar(chevaux_counts.index.astype(str), chevaux_counts.values, color='steelblue’, alpha=0.8)
axes[0].set_title("", fontsize=11)
axes[0].set_xlabel("Nombre de chevaux")
axes[0].set_ylabel("Nombre d'observations")
axes[0].grid(True, linestyle="--", alpha=0.5)
axes[1].pie(

chevaux_final.values,

labels=[f"{Ibl}" for Ibl in chevaux_final.index],

autopct="%.2f%%',

startangle=90,

colors=colors,

explode=explode,

textprops={'fontsize': 12}
)
axes[1].set_title("", fontsize=11)
axes[1].axis('equal’)
plt.tight_layout()

plt.show()
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valeurs_counts = df_freq['Groupe_Valeur_Vehicule'].value_counts().sort_index()
valeurs_proportions = valeurs_counts / valeurs_counts.sum()
explode = [0.1 if i == valeurs_proportions.argmax() else 0 for i in range(len(valeurs_proportions))]

couleurs = ['#5B9BD5', '#ED7D31', '"#ASAS5AS', '#FFCO00', '#4472C4', '#70ADA47', '#264478'] # ou
plt.cm.Set3.colors[:7]
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plt.figure(figsize=(7, 5))

plt.pie(
valeurs_proportions,
labels=[f"{cat}" for cat in valeurs_proportions.index],
autopct='%.0f%%',
startangle=90,
colors=couleurs,
explode=explode,
shadow=True,
textprops={'fontsize': 10}

)

plt.title("", fontsize=11)

plt.axis('equal') # Cercle parfait

plt.tight_layout()

plt.show()
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charge_par_valeur = df_freq.groupby('Groupe_Valeur_Vehicule')['charge totale'].sum()
charge_par_valeur = charge_par_valeur.sort_index()
pourcentages = charge_par_valeur / charge_par_valeur.sum()
couleurs = ['#5B9BD5', '#ED7D31', '#ASASAS', '#FFC000', '#4472C4', '#70ADA7', '#264478']
fig, ax = plt.subplots(figsize=(7, 2.5))
left=0
fori, (label, pct) in enumerate(pourcentages.items()):
ax.barh(0, pct, left=left, color=couleurs[i], label=label)

ax.text(left + pct / 2, 0, f'{int(round(pct * 100))}%', ha='center', va='center', color='black’,
fontsize=10)
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left += pct
ax.set_yticks([])
ax.set_xticks([])
ax.set_xlim(0, 1)
ax.set_title("", fontsize=11, weight="bold')

ax.legend(loc="upper center', ncol=7, bbox_to_anchor=(0.5, -0.2), fontsize=9, frameon=False)

plt.tight_layout()

plt.show()
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zone_counts = df_freq['zone'].value_counts()
labels = zone_counts.index
sizes = zone_counts.values
colors = ['#5B9BD5', 'HED7D31'] # zonel, zone2
fig, ax = plt.subplots(figsize=(5, 4))
wedges, texts, autotexts = ax.pie(
sizes,
labels=labels,
autopct='%1.2f%%',
startangle=90,
colors=colors,
textprops={'fontsize': 10}
)
ax.set_title("", fontsize=11)
plt.suptitle("", fontsize=12, weight="'bold', x=0.15, y=1.05)
plt.tight_layout()

plt.show()
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client_counts = df_freq['type-client'].value_counts()
labels = client_counts.index
sizes = client_counts.values
colors = ['#5B9BD5', 'HED7D31'] # Particulier, Société
fig, ax = plt.subplots(figsize=(5, 4))
wedges, texts, autotexts = ax.pie(
sizes,
labels=labels,
autopct="'%1.2f%%',
startangle=90,
colors=colors,
shadow=True,
textprops={'fontsize': 10}
)
ax.set_title("", fontsize=11)
plt.tight_layout()

plt.show()
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df_grouped = df_freq.groupby('type-client')[['fréquence’, 'charge totale']].mean()

df _percent = df_grouped / df grouped.sum() * 100

fig, ax = plt.subplots(figsize=(6, 4))

x = np.arange(len(df_percent.index))

width =0.35

ax.bar(x - width/2, df _percent['fréquence'], width, label="Fréquence', color='#4472C4')
ax.bar(x + width/2, df_percent['charge totale'], width, label='Charge', color="#ED7D31')

ax.set_title("")
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ax.set_xticks(x)
ax.set_xticklabels(df_percent.index)
ax.set_ylabel("Pourcentage (%)")
ax.legend()

ax.grid(axis="y', linestyle='--', alpha=0.6)
plt.tight_layout()

plt.show()
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df_genre = df freq[df freq['genre'].isin(['F', 'M'])]

genre_counts = df_genre['genre'].value_counts()

labels = genre_counts.index

sizes = genre_counts.values

colors = ['HASASAS', '#4472CA'] # F = gris, M = bleu

plt.figure(figsize=(5, 5))

plt.pie(sizes, labels=labels, autopct='%1.0f%%', startangle=90, colors=colors)
plt.axis(‘equal’)

plt.title("")

plt.show()
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df_genre = df_freq[df_freq['genre'l.isin(['F', 'M'])]

moyennes = df_genre.groupby('genre')[['fréquence’, 'charge totale']].mean()
colors = {'F": '#ASASAS', 'M": '#4472C4'}

fig, axes = plt.subplots(1, 2, figsize=(10, 4))

moyennes['fréquence'].plot(kind='bar’, ax=axes[0], color=[colors]i] for i in moyennes.index])
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axes[0].set_title("")

axes[0].set_ylabel("Fréquence moyenne")
axes[0].set_xticklabels(moyennes.index, rotation=0)
axes[0].grid(axis="y', linestyle='--', alpha=0.5)
moyennes['charge totale'].plot(kind='bar', ax=axes[1], color=[colors[i] for i in moyennes.index])
axes[1].set_title("")

axes[1].set_ylabel("Charge moyenne")
axes[1].set_xticklabels(moyennes.index, rotation=0)
axes[1].grid(axis="y', linestyle='--', alpha=0.5)
axes[0].legend(["F", "M"], loc="upper right")
axes[1].legend(["F", "M"], loc="upper right")
plt.tight_layout()

plt.show()
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cols_categorielle = [
'Groupe_Age_Client', 'Groupe_Age_Vehicule', 'Groupe_Valeur_Vehicule',

'type-client', 'genre’, 'zone', 'nb.CH', 'garantie’

# Nombre de variables catégorielles
p = len(cols_categorielle)

df_acm = df_freq[cols_categorielle].astype(str)

mca = prince.MCA(n_components=6, random_state=42)
mca = mca.fit(df_acm)
eig = mca.eigenvalues_
eig_df = pd.DataFrame({
'Axe': [f"Axe {i+1}" for i in range(len(eig))],

'Valeur propre': eig,
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'Pourcentage d’inertie': eig / sum(eig) * 100
b
eig_df['Inertie cumulée'] = eig_df['Pourcentage d’inertie'].cumsum()
eig_df['Valeur propre corrigée (Benzécri)'] = eig_df['Valeur propre'].apply(
lambdal: (p/(p-1))*(I-(1/p))ifI>(1/p)else0
)

eig_df['% inertie corrigée'] = eig_df['Valeur propre corrigée (Benzécri)'] / eig_df['Valeur propre
corrigée (Benzécri)'].sum() * 100

eig_df['Inertie cumulée corrigée'] = eig_df['% inertie corrigée'].cumsum()

display(eig_df)

plt.figure(figsize=(8, 5))

plt.plot(eig_df['Axe'], eig_df['% inertie corrigée'], marker='0', color="'blue')
plt.title("Scree plot - Inertie corrigée (Benzécri)")

plt.xlabel("Axes")

plt.ylabel("Pourcentage d’inertie corrigée")

plt.grid(True)

plt.show()
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mod_coord = mca.column_coordinates(df_acm)
colors ={

'genre': 'red’,

'garantie': 'blue’,

'type-client': 'green’,

'zone': 'purple’,

'nb.CH'": 'orange',

'Groupe_Age_Client": 'brown’,

'Groupe_Age_Vehicule': 'teal’,

'Groupe_Valeur_Vehicule': 'darkcyan’
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}
def get_variable_type(mod_name):

for var in colors.keys():

if mod_name.startswith(var):
return var

return 'autre’
x =mod_coord[0]
y = mod_coord[1]
labels = mod_coord.index
point_colors = [colors.get(get_variable_type(label), 'gray') for label in labels]
plt.figure(figsize=(12, 10))
plt.scatter(x, y, c=point_colors, s=60)
texts =[]
fori, label in enumerate(labels):

texts.append(plt.text(x[i], y[il, label, fontsize=9))
adjust_text(texts, arrowprops=dict(arrowstyle='-', color="'gray', lw=0.5))
plt.axhline(0, color="gray', linestyle="--')
plt.axvline(0, color='gray', linestyle="--')
legend_handles = [mpatches.Patch(color=c, label=v) for v, c in colors.items()]
plt.legend(handles=legend_handles, title="Variable", loc="'best', fontsize=9)
plt.title("Projection des modalités (axes 1 et 2)", fontsize=14)
plt.xlabel("Axe 1")
plt.ylabel("Axe 2")
plt.grid(True, linestyle=":", linewidth=0.5)
plt.tight_layout()

plt.show()

159



&) yurial | dallosa 17 ‘"ga.hl\

mod_coord = mca.column_coordinates(df_acm)

contrib = mod_coord**2

contrib = contrib.div(contrib.sum(axis=0), axis=1) * 100 # En pourcentage

mod_coord = mod_coord.iloc[:, :2]

contrib = contrib.iloc[:, :2]

contrib.columns = ['Contribution Axe 1 (%)', 'Contribution Axe 2 (%)']

mod_coord.columns = ['Coordonnée Axe 1', 'Coordonnée Axe 2']

modalites_df = pd.concat([mod_coord, contrib], axis=1)

modalites_df_sorted = modalites_df.sort_values(by='Contribution Axe 1 (%)', ascending=False)
from IPython.display import display

display(modalites_df_sorted)
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cols_categorielle = [
'Groupe_Age_Client', 'Groupe_Age_Vehicule', 'Groupe_Valeur_Vehicule',
'type-client’, 'genre’, 'zone', 'nb.CH', 'garantie’

]

df _cat =df freq[cols_categorielle].astype(str)

X = pd.get_dummies(df_cat)

X = pd.get_dummies(df _cat).astype(int)

display(X)
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import pandas as pd

cols_categorielle = [
'Groupe_Age_Client', 'Groupe_Age_Vehicule', 'Groupe_Valeur_Vehicule',
'type-client’, 'genre’, 'zone', 'nb.CH', 'garantie’

]

X = pd.get_dummies(df_freq[cols_categorielle].astype(str)).astype(int)

# 2. Calcul du tableau de Burt B = X'X

B=XT@X

display(B.iloc[:10, :10])
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tsne = TSNE(n_components=2, perplexity=30, n_iter=1000, random_state=42)

tsne_results = tsne.fit_transform(df_encoded)

df _tsne = pd.DataFrame(tsne_results, columns=["TSNE1", "TSNE2"])

df_tsne['type-client'] = df_freq['type-client'].values

plt.figure(figsize=(10, 6))

sns.scatterplot(data=df_tsne, x="TSNE1", y="TSNE2", hue="type-client", palette="tab10", alpha=0.7)
plt.title("Projection t-SNE colorée par type-client")

plt.grid(True)

plt.show()
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K-Means (K=4)gs t-SNE 43 aladiuly Liduy) : 21 @alal)
n_clusters =4
kmeans = KMeans(n_clusters=n_clusters, random_state=42)
df_tsne['Cluster'] = kmeans.fit_predict(df_tsne[['TSNE1', 'TSNE2']])
plt.figure(figsize=(10, 6))
sns.scatterplot(data=df_tsne, x="TSNE1", y="TSNE2", hue="Cluster", palette="tab10", alpha=0.7)
plt.title(f"Projection t-SNE colorée par clusters KMeans (k={n_clusters})")
plt.grid(True)

plt.show()
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df_cout = df_cout.rename(columns=lambda x: x.strip().replace('-,

).replace('.','_').replace(' ', '_"))

—_— — A

df_cout = df_cout[df_cout['charge_totale'] > 0].copy()
df cout =df _cout.replace([np.inf, -np.inf], np.nan).dropna(subset=['charge_totale'])
qual_vars =

'type_client', 'zone', 'Groupe_Age_Client',

'Groupe_Age Vehicule', 'Groupe_Valeur_Vehicule',

‘cluster’, 'nb_CH', 'genre’
]
for cin ['type_client','zone’,'Groupe_Age_Client','Groupe_Age_Vehicule',

'Groupe_Valeur_Vehicule','nb_CH','genre']:
if cin df_cout.columns:
df_cout[c] = df_cout[c].astype(str).str.replace(r'\s+', ' ', regex=True).str.strip()

if 'nb_CH' in df_cout.columns:

df _cout['nb_CH'] =df_cout['nb_CH'].str.replace('’', ", regex=False)
if 'cluster' in df_cout.columns and not np.issubdtype(df_cout['cluster'].dtype, np.number):

df_cout['cluster'] = pd.to_numeric(df_cout['cluster'], errors='coerce')

df_cout = df_cout.dropna(subset=qual_vars)
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desired_refs = {
'type_client': 'Particulier’,
'zone': 'zonel’,
'Groupe_Age_Client': 'AC_Groupe 1/,
'Groupe_Age_Vehicule': 'AV_Groupe 1,
'Groupe_Valeur_Vehicule': 'VV_Groupe 1,
'cluster": 0, # entier
'nb_CH'": '2CH’,

'genre': 'F',

}
ref = {}
forvin qual_vars:
vals = df_cout[v].dropna().unique()
if v =="cluster' and np.issubdtype(df_cout[v].dtype, np.number):
ref[v] = desired_refs.get(v, df_cout[v].mode()[0])
if ref[v] not in vals:
ref[v] = df_cout[v].mode()[0]
else:
desired = str(desired_refs.get(v, df _cout[v].mode()[0]))
ref[v] = desired if desired in vals.astype(str) else str(df cout[v].mode()[0])
def term_with_ref(var, reference):
# cluster (numérique) -> référence sans quotes
if var == 'cluster' and np.issubdtype(df_cout[var].dtype, np.number):
return f"'C({var}, Treatment(reference={reference}))"
else:

return f"C({var}, Treatment(reference="'{reference}'))"

terms = [term_with_ref(v, ref[v]) for v in qual_vars]
full_formula = "charge_totale ~ " +" + ".join(terms)

full_model = smf.gIm(
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formula=full_formula,
data=df cout,
family=sm.families.Gamma(link=sm.families.links.Log())
).fit()
best_model = full_model
best_aic = full_model.aic
current_vars = qual_vars.copy()
print("AIC modéle complet :", round(best_aic, 2))
improved = True
iteration=1
while improved and len(current_vars) > 1:
aic_candidates = {}
for var in current_vars:
kept = [v for v in current_vars if v = var]
kept_terms = [term_with_ref(v, ref[v]) for v in kept]
formula_try = "charge_totale ~ " + " + ".join(kept_terms)
try:
model_try = smf.glm(
formula=formula_try,
data=df cout,
family=sm.families.Gamma(link=sm.families.links.Log())
).fit()
aic_candidates[var] = model_try.aic
except Exception as e:

continue

if not aic_candidates:

break
var_to_remove, cand_aic = min(aic_candidates.items(), key=lambda x: x[1])
print(f"\n Itération {iteration}")

print(f"AIC courant : {best_aic:.2f}")
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print(f"AIC sans '{var_to_remove}' : {cand_aic:.2f}")
if cand_aic < best_aic:
current_vars.remove(var_to_remove)
best_aic = cand_aic
kept_terms = [term_with_ref(v, ref[v]) for v in current_vars]
final_formula = "charge_totale ~" + " + ".join(kept_terms)
best_model = smf.glm(
formula=final_formula,
data=df_cout,
family=sm.families.Gamma(link=sm.families.links.Log())
).fit()
iteration +=1
else:
improved = False
print("\n Modéle final sélectionné par AIC :")
print("Variables conservées :", current_vars)
print(f"AIC final : {best_aic:.2f}")

print(best_model.summary())
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qual_vars =
'type_client', 'zone', 'Groupe_Age_Client',
'Groupe_Age_Vehicule', 'Groupe_Valeur_Vehicule','cluster’,
'nb_CH', 'genre'
]
for cin ['type_client', 'zone', 'Groupe_Age_Client', 'Groupe_Age_Vehicule',
'Groupe_Valeur_Vehicule', 'nb_CH', 'genre']:
if cin df_freqM.columns:

df_fregM[c] = df_freqM[c].astype(str).str.replace(r'\s+', ' ', regex=True).str.strip()
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if 'nb_CH' in df_freqM.columns:
df_freqM['nb_CH'] = df _freqM['nb_CH'].str.replace('', ", regex=False)

if ‘cluster' in df_freqM.columns and not np.issubdtype(df freqM['cluster'].dtype, np.number):
df_freqM['cluster'] = pd.to_numeric(df_freqM['cluster'], errors="'coerce’)

df freqM = df_freqM.dropna(subset=qual_vars)

desired_refs = {
'type_client': 'Particulier’,
'zone': 'zonel’,
'Groupe_Age_Client': 'AC_Groupe 1/,
'Groupe_Age Vehicule': 'AV_Groupe 1/,
'Groupe_Valeur_Vehicule': 'VV_Groupe 1,
'cluster': 0, # entier
'nb_CH'": '2CH’,

'genre': 'F'

ref ={}
forvin qual_vars:
vals = df_freqM[v].dropna().unique()
if v == "'cluster' and np.issubdtype(df_freqM[v].dtype, np.number):
ref[v] = desired_refs.get(v, df_freqM[v].mode()[0])
if ref[v] not in vals:
ref[v] = df_freqM[v].mode()[0]
else:
desired = str(desired_refs.get(v, df_freqM[v].mode()[0]))
ref[v] = desired if desired in vals.astype(str) else str(df freqM[v].mode()[0])
def term_with_ref(var, reference):
if var == 'cluster' and np.issubdtype(df_freqM[var].dtype, np.number):
return f"C({var}, Treatment(reference={reference}))"

else:
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return f"C({var}, Treatment(reference="'{reference}'))"
terms = [term_with_ref(v, ref[v]) for v in qual_vars]
full_formula = "fréquence ~ " +" + ".join(terms)
full_model = smf.gIm(
formula=full_formula,
data=df_freqM,
family=sm.families.Poisson(link=sm.families.links.Log())
).fit()
best_model = full_model
best_aic = full_model.aic
current_vars = qual_vars.copy()
print("AIC modele complet :", round(best_aic, 2))
improved = True
iteration=1
while improved and len(current_vars) > 1:
aic_candidates = {}
for var in current_vars:
kept = [v for vin current_vars if v = var]
kept_terms = [term_with_ref(v, ref[v]) for v in kept]
formula_try = "fréquence ~ " + " + ".join(kept_terms)
try:
model_try = smf.gIm(
formula=formula_try,
data=df freqM,
family=sm.families.Poisson(link=sm.families.links.Log())
).fit()
aic_candidates[var] = model_try.aic
except Exception:
continue
if not aic_candidates:

break
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var_to_remove, cand_aic = min(aic_candidates.items(), key=lambda x: x[1])
print(f"\n Itération {iteration}")
print(f"AIC courant : {best_aic:.2f}")
print(f"AIC sans '{var_to_remove}' : {cand_aic:.2f}")
if cand_aic < best_aic:
current_vars.remove(var_to_remove)
best_aic = cand_aic
kept_terms = [term_with_ref(v, ref[v]) for v in current_vars]
final_formula = "fréquence ~ " + " + ".join(kept_terms)
best_model = smf.glm(
formula=final_formula,
data=df_freqM,
family=sm.families.Poisson(link=sm.families.links.Log())
).fit()
iteration +=1
else:
improved = False
print("\n Modele final sélectionné par AIC :")
print("Variables conservées :", current_vars)
print(f"AIC final : {best_aic:.2f}")

print(best_model.summary())
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