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La logique floue

La logique floue
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La logique floue

La logique floue
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Etapes de ’implémentation de la logique floue

Fuzzification
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Etapes de I'implémentation de la logique floue

La prise de décisions multicritéres

Définition des variables floues et les fonctions d’appartenance associées

interest_rate = ctrl.Antecedent(universe_interest_rate, 'Interest rate')

interest_rate['Low'] = fuzz.trimf(universe_interest_rate, [0, 20, 20])
interest_rate[ 'Medium'] = fuzz.trimf(universe_interest_rate, [20, 36, 36])
interest_rate['High'] = fuzz.trimf(universe_interest_rate, [36, 100, 100])

Figure — Définition de la variable floue "taux d’intérét" et des
fonctions d’appartenance associées
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Etapes de ’implémentation de la logique floue

Moteur d’inférence

e Elaboration des régles d’inférence transcrites comme suit &
partir d’une étude statistique et des avis des experts :

rulel Rule(purpose_of_loan['Creation’
rule2 Rule(purpose_of_loan['Creation'
.Rule(purpose_of_loan['Creation'] & interest_rate_low['High'], loan_variable['Medium'])

( & interest_rate_low['Low'], loan_variable['Low'])
(
(
rl.Rule(purpose_of_loan|[ 'Development'] & interest_rate_low['Low'], loan_variable['Low'])
(
(

I
] & interest_rate_low[ 'Me m'], loan_variable['Low'])

= Rule(purpose_of_loan[ 'Development'] & interest_rate_low['Medium'], loan_variable['Medium'])
rule6 Rule(purpose_of_loan[ 'Development'] & interest_rate_low['High'], loan_ iable['High'])

Figure — Les régles d’inférence




Etapes de ’implémentation de la logique floue

Défuzzification

risk_simulation.input['Purpose of loan']
risk_simulation.input['Interest rate Low'
risk_simulation.compute()

result = risk_simulation.output['loan_variable']
print("Loan Variable:", result)

print("Linguistic Result:", linguistic_result)
return go(f, seed, [])

}

Figure — Code de la défuzzification
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Validation du modéle

Validation du modéle

Premier exemple

risk_simulation. input[ 'Sexe'] =1
risk_simulation.input[ 'Education'] = 3
risk_simulation. input['Activite'] = 0.1
risk_simulation. input['Assurance'] =1
risk_simulation. input[ 'Statut marital'] =1

risk_simulation.compute()

result = risk_simulation.output['Descriptive Variable']
print("Descriptive Variable:", result)

print("Linguistic Result:", linguistic_result)

Descriptive Variable: 14.999999999999996
Linguistic Result: High

Figure — Résultat obtenu a partir du premier cas "non assuré"
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Validation du modéle

Validation du modéle

Premier exemple

risk_simulation. input[ 'Sexe'] =1
risk_simulation.input[ 'Education'] = 3
risk_simulation. input['Activite'] = 0.1
risk_simulation. input['Assurance'] = 0
risk_simulation. input[ 'Statut marital'] =1

risk_simulation.compute()

result = risk_simulation.output['Descriptive Variable']
print("Descriptive Variable:", result)

print("Linguistic Result:", linguistic_result)

Descriptive Variable: 5.0
Linguistic Result: Low

Figure — Résultat obtenu a partir du deuxiéme cas "assuré"

Aymen SARHANE TIPE 12 /32



Validation du modéle

Validation du modéle

Deuxiéme exemple

risk_simulation.input['Purpose of loan'] =1
risk_simulation.input['Interest rate Low'] = 21

risk_simulation.compute()

result = risk_simulation.output ['loan_variable']
print(“Loan Variable:", result)

print("Linguistic Result:", linguistic_result)

Out[]:

Loan Variable: 7.015542328042326
Linguistic Result: Medium

Figure - R t obtenu a partir du premier cas "taux d’intérét
faible"
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Validation du modéle

Validation du modéle

Deuxiéme exemple

risk_simulation. input['Purpose of loan'] =1
risk_simulation.input['Interest rate Low'] = 4

risk_simulation.compute( )
result = risk_simulation.output['loan_variable']
print("Loan Variable:", result)

print("Linguistic Result:", linguistic_result)

Out[]:

Loan Variable: 2.711111111111113
Linguistic Result: Low

Figure — Résultat obtenu a partir du deuxiéme cas "taux d’intérét
éleve"
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Validation du modéle

Validation du modéle

o Dans les deux derniers exemples , le modéle agit comme
prévu.
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Validation du modéle

Validation du modéle

o Dans les deux derniers exemples , le modéle agit comme
prévu.

@ Vu la précision des régles d’inférence et sa conformité aux
résultats attendus, le modéle est a priori valide.
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Validation du modéle

Mise en marche du modéle

risk_simulation.input['descriptive_variable'] = Descriptive_variable(False)[0]
risk_simulation. input[ ‘behavioral_variable'] = Behavioral_variable(False)[0]
risk_simulation. input['loan_variable'] = Loan_variable(False)[0]

result = risk_simulation.output|['customer_variable']
print("Loan Variable:", result)

Customer_variable : 12.191834
Linguistic Evaluation : High Risky

Figure — Exécution du code
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Validation du modéle

Mise en marche du modéle

Interface graphique

L’interface permet & la banque 1’évaluation du risque de I'octroi
du crédit & partir du score obtenu .

[
=
im Bank CPGE
Sex: |1 Insurance: 1 Number of Paid Installments: |20
Education: 3 Leans Number: |5 MNumber of Installments: |20
Activity: [0 Cross Indebtedness: |0 Purpose of Loan: |1
Marital Status: 1 Unpaid Amount:  |-1000 Interest Rate: |21
Result
Run

score = 12,191834 - High Risky

Figure — Interface graphique
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Conclusion

o La logique floue permet de modéliser I’évaluation du risque
basée sur des régles exprimées en termes linguistiques a
partir des avis des experts.
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Conclusion

o La logique floue permet de modéliser I’évaluation du risque
basée sur des régles exprimées en termes linguistiques a
partir des avis des experts.

o Les résultats obtenus a travers la logique floue et ceux
découlant de ’expertise humaine sont vraisemblables si la
définition des fonctions d’appartenance est correcte et les
régles d’inférence adoptées sont précises.
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Merci pour votre attention.
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Annexes

Définition des fonctions d’appartenance

univers = np.arange(0, 1.01 , 0.01)

sex = ctrl.Antecedent(univers, 'Sexe')

sex['Woman'] = fuzz.trapmf(univers, [0.5, 0.5,1,1])
sex['Man'] = fuzz.trapmf(univers, [0, 0, 0.5,0.5])

plt.plot(univers, fuzz.trapmf(univers, [0.5, 0.5,1,1]), 'g', label='Woman')
plt.plot(univers, fuzz.trapmf(univers, [0, 0, 0.5,0.5]), 'b', label='Man')

plt.xlabel( 'Valeur')

plt.ylabel( 'Degré d\'appartenance')
plt.title('Fonctions d\'appartenance du sexe')
plt.legend()

plt.show()

Aymen SARHANE TIPE 20 /32



Annexes

Définition des fonctions d’appartenance

univers = np.arange(0, 1.01 , 0.01)

insurance_customer = ctrl.Antecedent(univers, 'Assurance')

= fuzz.trapmf(univers, [0.5, 0.5,1,1])
fuzz.trapmf(univers, [0, 0, 0.5,0.5])

insurance_customer|['Uninsured']
insurance_customer['Insured'] =

'g', label='Uninsured"')

plt.plot(univers, fuzz.trapmf(univers, [0.5, 0.5,1,1]),
), 'b', label='Insured')

plt.plot(univers, fuzz.trapmf(univers, [0, 0, 0.5,0.5]

plt.xlabel('Valeur')

plt.ylabel('Degré d\'appartenance')
plt.title('Fonctions d\'appartenance de 1 assurance')
plt.legend()

plt.show()
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Annexes

Définition des fonctions d’appartenance

univers = np.arange(0, 1.01 , 0.01)
marital_status = ctrl.Antecedent(univers, 'Statut marital')

marital_status['Single'] = fuzz.trapmf(univers, [0.5, 0.5,1,1])
marital_status['Married'] = fuzz.trapmf(univers, [0, 0, 0.5,0.5])

plt.plot(univers, fuzz.trapmf(univers, [0.5, 0.5,1,1]),
plt.plot(univers, fuzz.trapmf(univers, [0, 0, 0.5,0.5]), 'b', label='Single"')

'g', label='Married')

plt.xlabel('Valeur")

plt.ylabel('Degré d\'appartenance')

plt.title('Fonctions d\'appartenance du statut marital')
plt.legend()

plt.show()
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Annexes

Définition des fonctions d’appartenance

universl = np.arange(0, 5.1, 0.01)

education = ctrl.Antecedent(universl, 'Education')

education['Low'] = fuzz.trapmf(universl, [0, @, 1.
education['Medium'] = fuzz.trapmf(universl, [1.5,
education['High'] = fuzz.trapmf(universl, [3.5,4,

plt.plot(universl, fuzz.trapmf(universl, Bl 'b',label="Low"')
plt.plot(universl, fuzz.trapmf(universl, 'g',label="'Medium')
plt.plot(universl, fuzz.trapmf(universl, [3.: 5, & ‘r',label="High")

plt.xlabel( 'Valeur')

plt.ylabel( 'Degré d\'appartenance')
plt.title('Fonctions d\'appartenance de 1 education')
plt.legend( )

plt.show( )
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Annexes

Définition des fonctions d’appartenance

univers2 = np.arange(0, 3.01, 0.01)
customer_activity = ctrl.Antecedent(univers2, 'Activite')

customer_activity['Trade'] = fuzz.trapmf(univers2, [0, 0.6, 1,3])
customer_activity['AgricultureCraft'] = fuzz.trapmf(univers2, [0, 0.6, 1.2,2])
customer_activity['Others'] = fuzz.trapmf(univers2, [1.7,2.5, 5, 5])

plt.plot(univers2, fuzz.trapmf(univers2, [0, 0, 0.75,1]), 'b', label='Trade')
plt.plot(univers2, fuzz.trapmf(univers2, [0.75, 1.25, 1.75,2]), 'g', label='AgricultureCraft')
plt.plot(univers2, fuzz.trapmf(univers2, [1.75,2.5, 5, 5]), 'r', label='Others')

plt.xlabel( 'Valeur')

plt.ylabel('Degré d\'appartenance')

plt.title('Fonctions d\'appartenance de 1 activité économique')
plt.legend()

plt.show()

Aymen SARHANE TIPE 24 /32



Annexes

Définition des fonctions d’appartenance

descriptive_variable = ctrl.Consequent(np.arange(®, 21, 1), 'Descriptive Variable')
universe3 = np.arange(0, 21, 1)

descriptive_variable['Low'] = fuzz.trimf(universe3, [0, 5, 10])
descriptive_variable['Medium'] = fuzz.trimf(universe3, [5, 10, 15])
descriptive_variable['High'] = fuzz.trimf(universe3, [10, 15, 20])

plt.figure()

plt.plot(universe3, fuzz.trimf(universe3, [0, 5, 10]), 'b', 1label='Low')
plt.plot(universe3, fuzz.trimf(universe3, [5, 10, 15]), 'g', label='Medium')
plt.plot(universe3, fuzz.trimf(universe3, [10, 15, 20]), 'r', label='High')
plt.title('Fonctions d\'appartenance de la variable descriptive')

plt.xlabel( 'Valeur')

plt.ylabel( 'degré d\'appartenance')

plt.legend()

plt.grid( True)

plt.show()
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Annexes

Définition des régles d’inférence

rulel Rule(sex['Man'] & marital_status['Single'] & education['High'] & insurance_customer['Insured'] &
customer_activity['Trade'], descriptive_variable['High'])

rule2 = Rule(marital_status['Single'] & education[ 'Medium'] & insurance_customer['Uninsured'] &
customer_activity[*Trade"], descriptive_variable['High'])

rule3 Rule(marital_status['Married'] & education['Medium®] & insurance_customer['Insured'] &
customer_activity[*0Others"], descriptive_variable['Low'])

rule4 Rule(marital_status['Married'] & education[*High'] & insurance_customer['Insured'] &
customer_activity["Others*], descriptive_variable['Low'])

rules = Rule(education['Low'] & insurance_customer[*Insured'] & customer_activity['Trade'],
descriptive_variable[ 'Medium'])

ruleé Rule(sex['Man'] & marital_status['Single'] & education['Low'] & insurance_customer['Insured'] &
customer_activity[*Trade"], descriptive_variable['High'])

rule7 Rule(sex[*Man'] & marital_status['Single'] & education[*Low'] & insurance_customer[ 'Uninsured'] &
customer_activity[ *AgricultureCraft'], descriptive_variable['High'])

rule8 Rule(sex['Man'] & marital_status['Single'] & education['Medium'] & insurance_customer['Insured'] &
customer_activity[*0Others"], descriptive_variable['Medium'])

Rule(sex['Man'] & marital_status['Single'] & education['Medium'] & insurance_customer['Insured'] &
customer_activity[ "AgricultureCraft'], descriptive_variable['Medium’])

rulel® = ctrl.Rule(sex['Man'] & marital_status['Single'] & education['High'] & insurance_customer[ Uninsured'] &
customer_activity['Others'], descriptive_variable['High'])
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Annexes

Définition des régles d’inférence

rulell ctrl.Rule(sex['Man'] & marital_status['Married'] & education[*Low'] & insurance_customer['Uninsured'] &
customer_activity['Trade"'], descriptive_variable[ 'Medium'])

rulel2 ctrl.Rule(sex['Man'] & marital_status['Married'] & education[*Low'] & insurance_customer[*Uninsured’'] &
customer_activity['Agriculturecraft'], descriptive_variable['High'])

= ctrl.Rule(sex['Man'] & marital_status['Married'] & education[*Medium*] & insurance_customer['Insured'] &
customer_activity['Others'], descriptive_variable['Low'])

ruleld ctrl.Rule(sex['Man'] & marital_status['Married'] & education|*Medium*] & insurance_customer['Insured'] &
customer_activity['AgricultureCraft'], descriptive_variable['Low'])

= ctrl.Rule(sex['Man'] & marital_status['Married'] & education['High'] & insurance_customer['Uninsured'] &
customer_activity['Others'], descriptive_variable['Medium'])

rulelf = ctrl.Rule(sex['Woman"] & marital_status[*Single®] & education['Low'] & insurance_customer['Uninsured'] &
customer_activity['Trade'], descriptive_variable[ 'High'])

rulel?7 ctrl.Rule(sex['Woman"] & marital_status['Single"] & education['Low'] & insurance_customer['Uninsured'] &
customer_activity['AgricultureCraft'], descriptive_variable['High'])

rulels ctrl.Rule(sex['Woman"] & marital_status['Single'] & education['Medium'] & insurance_customer['Insured']
&
customer_activity['Others'], descriptive_variable['Low"])

rulel? = ctrl.Rule(sex['Woman"] & marital_status['Single*] & education['Medium'] & insurance_customer['Insured’
&

customer_activity['AgricultureCraft'], descriptive_variable['Low'])

rule20 = ctrl.Rule(sex[*Woman"] & marital_status['Single*] & education['High'] & insurance_customer['Uninsured’
&
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Annexes

Définition des régles d’inférence

<[ *woman* ] arital_status['Married*] ['Low'] & insurance_customer['Uninsured']
er_ ['Trade'], riptive_var *High'])
<[ *Woman*] & marital_status[‘Married* [‘Low'] & insurance_customer['Uninsured"]
ivity[ "AgricultureCraft'] ve_variable[ *High'])
& ['Medium'] & insurance_customer[‘Insured’]

riptive_va el'Low'])

atus['Married’] & education['Medium'] & insural tomer[*Insured']

y['Agriculturecraft'] iptive_variable[*Low'])
us['Married'] & edu ['High'] & er[ 'Uninsured' ]

ivity[*Others'], descriptive_ e[ 'Medium'])

'single'] & education]'Low'] & insurance_customer['Insured']
ity[Trade'], descriptive_v ['Medium®

)
ule27 = ctrl.Rule(marital_status['single'] & education[‘Low'] & insurance_customer[‘Insured"]

customer_activity['AgricultureCraft'], descriptive_variable['Medium']
ule28 = ctrl.Rule(marital : Single'] & education| "Medium'] & insurance_customer|'Uninsured']
us _activity[*Others'], descriptive_variable[ 'High'])

'single'] & education] "Medium'] & insurance_customer| ‘Uninsured'] &

rule29 = ctrl.Rule(m

c vity['AgricultureCraft'], descriptive_variablel High']
le3@ = ctrl.Rule(marital_statu 'single'] & tion['High'] & rance_customer['Insured*]
customer_activity['others'], descriptive_variable['Low'])
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Annexes

Définition des régles d’inférence

['single'] & edu ['High'] & in:
r_activity["others'], des ve_varia

tatus['Married'] & education['Low'] & insurance_ r[*uninsured'] &
r_activity[ Trade e e_variable[ *High*])

tatus|'Married'] & education['Low'] & insurance_cus ‘Uninsured'] &
ivity['AgricultureCraft'], descriptive_variable['High'])
‘Married'] & education['Medium'] & insurance_customer| *Uninsured*]

tvity[*Trade'], descriptive_variable[ Medium'])

L_status[ ‘Married'] & education[ 'High'] & insurance_customer[‘Uninsured'] &
ivity['Trade'], descriptive_ *High])

Rule(sex| ‘Woman'] & marital ['Low'] & insurance_customer['Insured'] &

r_activity['Others e_variable[ 'High'])

-Rule(sex|'Woman'] & marital_status['Single'] & educ ['Low'] & insura ustomer(['Insured'] &
customer_activity['Trade'], d v [ *Medium*])

Rule(sex['Woman*] & marital_status['Single’] & education['Medium'] &

tomer[ ‘Uninsured"
customer_activity['Others'], d tive_variable[ 'Medium'])

-Rule(sex[ 'Woman'] & marital status['Single'] & education['Medium'] &
[ *Uninsured"
cus

omer_activity['Trade'], descriptive_variable['High'])

.Rule(sex[ ‘Woman'] & marital *Single'] on['High'

insurance_customer[*Insured']
omer_activity['Others'], descri _var ['Low'])

Rule(sex[ ‘Woman'] & marital s['single'] & education['High'] & insurance_customer[*Insured’
customer_activity[*Trade'], descriptive_variable['Medium'])
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Annexes

Définition des régles d’inférence

_Rule(marital status['Married’'] & & i nce_customer[ 'Uninsured'] &
customer_activity['Others'],

.Rule(marital i & education['Low'] & insurance_customer['Uninsured'] &
customer t R scriptive_variable[ *Medium®])

-Rule(marit '] & education['Medium'] & insurance_customer|['Insured'] &
customer_activity['AgricultureCraft'], descriptive variable['Low'])

.Rule(marital 'Married’] & education['Medium'] urance_customer[‘Uninsured'] &
custonm [*Others'], descriptive_variable['High'])

.Rule(marital ['Married'] & education['High'] & insurance_customer['Insured'] &
custom ['Trade'], iptive_variable[ 'Medium'])
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Annexes

Définition de la variable de sortie et des fonctions d’appartenance associées

descriptive_variable = ctrl.Consequent(np.arange(®, 21, 1), 'Descriptive Variable')

universe3 = np.arange(0, 21, 1)

descriptive_variable['Low'] = fuzz.trimf(universe3, [0, 5, 10])
descriptive_variable['Medium'] = fuzz.trimf(universe3, [5, 10, 15])
descriptive_variable['High'] = fuzz.trimf(universe3, [10, 15, 20])

plt.figure()

plt.plot(universe3, fuzz.trimf(universe3, [0, 5, 10]), 'b', Tlabel='Low')
plt.plot(universe3, fuzz.trimf(universe3, [5, 10, 15]), 'g', label='Medium')
plt.plot(universe3, fuzz.trimf(universe3, [10, 15, 20]), 'r', label='High")
plt.title('Fonctions d\'appartenance de la variable descriptive')

plt.xlabel( ‘Valeur')

plt.ylabel( 'degré d\'appartenance")

plt.legend()

plt.grid( True)

plt.show()
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Annexes

Evaluation du systéme de contrdle et défuzzification

[N X ]
risk_simulation.compute( )
resu risk_sinulation.output['Descriptive Variable']

print(“Descriptive Variable:",result)

universe_descriptive_variable = universe3

descriptive_variable_low = fuzz.trimf(universe_descriptive_ le, [0, 5, 10])

descriptive_variable_medium = fuzz.trimf(universe_descriptive bl , 10, 15])
descriptive_variabl igh = fuzz.trimf(universe_descriptive_variable, [10, 15, 20])

degree_low = fuzz.interp_membership(universe_descriptive_variable, descriptive_variable_ result)
jegree_medium = fuzz.interp_membership(universe_descriptive_variable, descriptive_va dium, result)

degree_high = fuzz. interp_membership(universe_descriptive_variable, descriptive_var

print(“Degree of membership - Low:*, deq-'ee Tow)
print(“Degree of membership - Mediu
print(“Degree of membership - High:", degree_high)

max_degree = max(degree_low, degree_me degree_high)

elif max_degree
‘1mu\st1( res \lt “Med ium"

nn uistic_result = "High®

print(“Linguistic Result:", linguistic_result)
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