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'pip install scikit-fuzzy

'pip install kaggle

'mkdir -p ~/.kaggle

lcp kaggle.json ~/.kaggle/
!chmod 600 ~/.kaggle/kaggle.json

'kaggle datasets download -d uciml/breast-cancer-wisconsin-data

'unzip breast-cancer-wisconsin-data.zip

from sklearn.preprocessing import MinMaxScaler
from sklearn.decomposition import PCA
ort pandas as pd

bort numpy as np

oort skfuzzy as fuzz
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data = pd.read csv("data )

data.iloc[:, 2:-1].values

feature names = data.columns[2:-1]

pca = PCA(n_components=8)

X pca = pca.fititransform(x)

scaler = MinMaxScaler ()

X scaled = scaler.fit transform(X pca)

fcm params = {}

for feature idx in range (X scaled.shape[l]):




x vals = X :, feature idx].reshape(l, -1)
best clusters
if feature names[feature idx] in ["texture mean", "

best clusters = 2

cntr, u, , , ; _» _ = fuzz.cluster.cmeans (

x vals, c=best clusters, m=2, error=0.005, maxiter=1000, init=

feature gaussians = []
for 1 in range(best clusters):

cluster data = x vals[0, np.argmax(u, axis=0)
if len(cluster data) > 1:
mean = np.mean (cluster data)

sigma = max (np.std(cluster data), 0.1)

mean = np.mean (cluster data)

sigma = 0.1

feature gaussians.append((mean, sigma))

fcm params[feature names|[feature idx]] = feature gaussians
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with open("fcm results.json", "r") as json file:

fcm params = json.load(json file)
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fuzzify radius mean (value) :
if value < 12:

return {"small": .0, "medium": 0.0, "large": 0.0}
elif 12 <= value <=

return {"small": 5, "medium": (value - 12)

f 18 < value <= 25:

return {"small": 0.0, "medium": 2 5 7, "large": (value - 18) /

return {"small": 0.0, "medium":




fuzzify texture mean(value) :

if value <
return
elif 10 <=
return
0.0}
elif

return

else:

return

10:
{"soft":
value <=

{"soft":

20 < value <=

{"soft":

{"soft":

1,0,
20:
(P40]

30:

0.0,

0.0,

"medium" :

/

- value)

"medium" :

"medium" :

fuzzify perimeter mean (value) :

if value <
return
elif 50 <=
return
0.0}
elif 100 <
return
/ 50}

else:

return

50:

"small":

value <=

{"small":

value <=

"small":

"small":

1.0
100:
(10

150:

0.0

0.0

, "medium":

0

- value)

, "medium":

14

9.0,

10,

(30

9.0,

0,

/ 50

(15

0,

fuzzifyiareaimean(value):
if value < 400:

return {"small": 1.0,
400 <= value <= 700:

(700

elif

return {"small": - value)

0.0}

700 < value <=

"large":
1000:
0.0,

elif

return {"small":

700) / 300}

return {"small": 0.0,

fuzzify smoothness mean (value) :

if value < 0.1:

"medium"

"medium"

"medium"

return
elif
return

0.0}
elif 0.2 <

return

return

{"soft":

{"soft":

value <=

{"soft":

{"soft":

1.0,
(0.2

0.3:
0.0,

"medium" :

0.1 <= value <= 0.2:

- value)

"medium" :

: 0.

/ 30

: (10

: 0.0

9.0,

/ 0.1,

(0.3

0,

"hard":

"medium" :

/

- value)

"hard":

"large":

, "medium"

0

"large":

0,

00

- value

, "large":

0.

"medium" :

0}

/

(value - 10)

10, "hard":

1.

.0}

: (value - 50)

/ 50, "large":

0.0}

(value -

) / 300,

1.0}

(value - 20)

400)

"large":

"hard": 0.0}

"medium": (value -

- value) / 0.1, "hard":

0.1)

10, "hard":

/

/ 50, "large":

(value - 100)

/ 300,

(value -

/ 0.1,

(value - 0.2)

"hard":

/




fuzzify_compactness_mean(value):
if value < 0.05:
return {"low": 1.0, "medium": 0.0, "high": 0.0}
elif 0.05 <= value <= 0.15:
return {"low": (0.15 - value) / 0.1, "medium": (value - 0.05) / 0.1,
"high": 0.0}
elif 0.15 < value <= 0.3:
return {"low": 0.0, "medium": (0.3 - value) / 0.15, "high": (value - 0.15)
/ 0.15}
else:

return {"low": 0.0, "medium":

fuzzify concavity mean (value) :
if value < 0.1:
return {"low": 1.0, "medium": . "high": 0.0}
elif 0.1 <= value <= 0.2:
return {"low": (0.2 - value) . "medium": (value - 0.1) / 0.1, "high":
0.0}
elif 0.2 < value <= 0.4:
return {"low": 0.0, "medium": .4 - value) / 0.2, "high": (value - 0.2) /
0.2}
else:

return {"low": 0.0, "medium": . "high": 1.0}

fuzzify concave points mean (value) :
if value < 0.05:
return {"low": 1.0, "medium": 0.0, "high": 0.0}
elif 0.05 <= value <= 0.15:
return {"low": (0.15 - value) / 0.1, "medium": (value - 0.05) / 0.1,
"high": 0.0}
elif 0.15 < value <= 0.25:
return {"low": 0.0, "medium": (0.25 - value) / 0.1, "high": (value - 0.15)

/ 0.1}

return {"low": 0.0, "medium": 0.0, "high": 1.0}

fuzzify data point(crisp data point):

return {
"radius mean": fuzzify radius mean (crisp data point["radius mean"]),
"texture mean": fuzzify texture mean(crisp data point["texture mean"]),
"perimeter mean":
perimeter mean (crisp data point["perimeter mean"]),
"area mean": fuzzify area mean(crisp data point["area mean"]),

"smoothness mean":

smoothness mean (crisp data point["smoothness mean"]),

"compactness mean":




fuzzify concave points mean(crisp data point["cc

}

convert fuzzy to categories (fuzzy data):
result = {}
for feature, memberships in fuzzy data.items():
max category = max (memberships, key=memberships.get)

result[feature] = max category

return result
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apply fuzzy rules(data point) :

results = []

if (data point['radius ean "small" and
data point['texture ’ == " um" and
data point[':
results.append ("Be

if (data point['radi
data point['te
data point['com
results.append ("Relati

if
data point['
data point['cc

results.append ("

if (data point['area mean']

data point['smoothr
data point['peri
results.append ("Malignant")

15




v 53 e Y0

Azl odumo Ll Jlade pl il oo ot 380 ke SO 4 551 o g, > o ol o
ol S8 s 2l
1l 0aly ool (558,08 jskaie 4 (39 HeKloe I Al (pl o

defuzzify(results, fuzzy map) :

result counts = Counter (results)

count in

weighted sum = sum(fuzzy map[result] * count for result,

result counts.items())
total weight = sum(result counts.values())
return weighted sum / total weight if total weight > 0 e

fuzzy map = {

'Malignant':

o (U 3,1 V-7
il aid 8 18 Sl o ee Canlns sl eolo b Slae o o Slas
rociauciscore, roc_curve

sklearn.metrics import mean squared error,

data = pd.read csv ("da

data.rename (columns={"'co s mean'}, inplace=

data[features]

datal['«¢ e is'].map({'B': 0, 'M': 1

apply fuzzy system(row) :

16




fuzzy data point = fuzzify data point (row)

data point = convert fuzzy to categories(fuzzy data point)

classification results = apply fuzzy rules(data point)

fuzzy output = defuzzify(classification results, fuzzy map)

return 0 if fuzzy output < 50 1

predictions = X.apply(apply fuzzy system, axis=1)

mse = mean squared error (y, predictions)
print (f"Mean S Error (MSE): {mse:.4f}")

rmse = np.sqgrt (mse)

print (f"Root Mean Squared Error (RMSE): {rmse:.4f}")

auc = roc_ auc_score(y, predictions)

print (f"Area Under the Curve (AUC): {auc:.4f}")

1w ULL:).M: LS S @‘A&A W " (5‘).’ OJAT Cowd C.»Lu
Mean Squared Error (MSE): 0.1195
Root Mean Squared Error (RMSE): 0.3457

Area Under the Curve (AUC): 0.8540

WSl (oo 2y SIS A e (pl (0530 50 (Lo Cpimen

Confusion Matrix

15

True label

53 1.55)

H

Predicted Benign Predicted Malignant
Predicted label
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fuzzy data point = fuzzify data point(crisp data point)
data point = convert fuzzy to categories (fuzzy data point)

classification results = apply fuzzy rules(data point)

final output = defuzzify(classification results, fuzzy map)
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fuzzy sogeno rules(crisp data point, fuzzy data point):
rules = []

weights = []

if fuzzy data point['radius mean

weights.append (fuzzy data point['radius mean

rules.append(2)

if fuzzy data point['radius mean'] ['n
weights.append (fuzzy data point['ra

rules.append(4 * crisp data point['radius

_point['radi

weights.append (fuzzy data point['ra

rules.append (8 * crisp data point['radius n

20




fuzzy data point['texture mean']['soft'] > 0:
weights.append (fuzzy data point['texture mean']['so

rules.append(3)

fuzzy data point['texture mean']['medium'] > 0:
weilghts.append (fuzzy data point['texture mean']['medium'])

rules.append (5 * crisp data point['texture mean'])

fuzzy data point['texture mean']['hard'] > 0:
weights.append (fuzzy data point['texture mean']['hard'])

rules.append (7 * crisp data point['texture mean'])

fuzzy data point['perimeter mean']['small'] > O:
weights.append (fuzzy data point['perimeter mean']['small'])

rules.append (2)

fuzzy data point|['perimeter mean']['medium'] > O:
weights.append (fuzzy data point['perimeter mean'] ['medium'])

rules.append (6 * crisp data point['perimeter mean'])

fuzzy data point['perimeter mean']['large'] > 0:
weights.append (fuzzy data point['perimeter mean']['large'])

rules.append (10 * crisp data point['perimeter mean'])

fuzzy data point['area mean']['medium'] > O:
weights.append (fuzzy data point['area mean']['medium'])

rules.append (4 * crisp data point['area mean'])

fuzzy data point['area mean']['large'] > 0:

weights.append (fuzzy data point['area mean']['large'])

rules.append (9 * crisp data point['area mean'])

fuzzy data point['smoothness mean']['soft'] > 0:
weights.append (fuzzy data point['smoothness mean']['soft'])

rules.append(1l.5)

fuzzy data point['smoothness mean'] ['medium'] > 0:
weights.append (fuzzy data point['smoothness mean'] ['medium'])

rules.append (3 * crisp data point(['smoothness mean'])

fuzzy data point['smoothness mean']['hard'] > 0:
weights.append (fuzzy data point['smoothness mean']['hard'])

rules.append (5 * crisp data point['smoothness mean'])

fuzzy data point['compactness mean']['low'] > O:

weights.append (fuzzy data point['compactness mean']['low'])

rules.append (1)




fuzzy data point['compactness mean']['medium'] > O0:
weights.append (fuzzy data point['compactness mean']['medium'])

rules.append (3 * crisp data point['compactness mean'])

fuzzy data point['compactness mean']['high'] > 0:
weights.append (fuzzy data point['compactness mean'] ['high']

rules.append (6 * crisp data point|['compactness mean'])

fuzzy data point['concavity mean']['low'] > O:
weights.append (fuzzy data point['concavity mean']['low'])

rules.append(1l.5)

fuzzy data point['concavity mean'] ['medium'] > O:
weights.append (fuzzy data point['concavity mean']['medium'])

rules.append(4 * crisp data point['concavity mean'])

fuzzy data point|['concavity mean']['high'] > O:
weights.append (fuzzy data point['concavity mean']['high'])

rules.append (8 * crisp data point['concavity mean'])

fuzzy data point['concave points mean']['low'] > O:
weights.append (fuzzy data point['concave points mean']['low'])

rules.append (2)

fuzzy data point|['concave points mean']['high'] > 0:

weights.append (fuzzy data point['concave points mean']['high'])

rules.append (6 * crisp data point['conca

if sum(weights) ==
return 0.5
resistance = sum(w * r for w, r in zip(weights, rules)) / sum(weights)

return resistance

o2l defuzzyfication (jlge 4 isu 95w j0 1 4SS

PE-IWOURGE| PR I SN

data = pd.read csv("data.csv")

data.rename (columns={'concave points mean': 'concave points mean'}, inplace=

features = [
'radius_mean', 'texture mean', rimete an 'area mean',
L ~ aa ~ = |l T~ o~ N aan! "~ ~ = 1 1 ~an ! ' ~~ANncCasre 1A ~ ~anr !
smoothness mean', compactness mean', 'concavity mean', 'concave points mean

X = data[features]




fuzzy data point zzify data point(crisp data point)

classification resu fuzzy sogeno rules(crisp data point, fuzzy data point)

return 0 if classi ion result <50 e

data[features]

data['d 0 '] .map({'B': O,

predictions = X.apply(apply fuzzy system, axis=1)

accuracy = ) cy score(y, predictions)

{accuracy * 100:.2£}5%")
error = (predictions != y) .mean ()

print (f"Mean A olute Error (MAE): {error:.4f}"

{accuracy * 100:.2£}5%")

rmse = np.sqgrt (mse)

print (f"Root Mean S 0 S5 : {rmse:.4f}")

auc = roc_auc score(y, predictions)

the Curve (AUC): {auc:.4f}")

]y S s el s 4 gl
Accuracy of the Fuzzy System: 58.88%
Mean Squared Error (MSE): 0.4112
Root Mean Squared Error (RMSE): 0.6413

Area Under the Curve (AUC): 0.6704
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Confusion Matrix
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fuzzy sogeno rules with weights(crisp data point, fuzzy data point, weights):
rules = []
rule weights = []

idx = 0

if fuzzy data point['radius mean']['small'] > O:
rule weights.append(weights[idx])
rules.append (2 * weights[idx])
idx += 1
if fuzzy data point['radius mean']['medium'] > O0:
rule weights.append (weights[idx])
rules.append(4 * crisp data point['radius mean * weights[idx])
idx += 1

if fuzzy data point['radi can'] ['large']

rule weights.append(weights[idx])

rules.append (8 * crisp data point['radius mean'] * weights[idx])

idx += 1
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fitness (chromosome, data, labels):

apply fuzzy system with weights (row, weights):

crisp data point =

fuzzy data point = fuzzify data point(crisp data point)

return fuzzy sogeno rules with weights(crisp data point, fuzzy data point,

weights)

predictions = data.apply ( row: apply fuzzy system with weights (row,
chromosome), axis=1)

predictions binary = predictions.apply ( x: 1 if x >= 50 else 0)

accuracy = accuracy score (labels, predictions binary)

return accuracy + np.random.uniform (0, 0.01)
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differential evolution(data, labels, num generations=50, population size=200,
.9, CR=0.95):

num weights =

population = np.random.uniform(0, 1, (population size, num weights))

print (f"Initial Population:\n{population}")

best fitness = 0

best chromosome =

for generation in range (num generations) :

print (f"Generation {generation + 1}: Start")

fitness scores = np.array([fitness(chromosome, data, labels) for chromosome

in population])

27




print (f"Fitness Scores: {fitness scores}"

if np.std(fitness scores) < 0.001:

print ("Early stopping: No significant improvement."

break

new _population = []
for 1 in range(population size):
indices = list (range(population size))
indices.remove (1)
a, b, ¢ = population[np.random.choice(indices, 3, replace=
mutant = a + F * (b - <)

mutant np.clip (mutant, 0, 1)

trial = np.copy(population[i])
for j in range (num weights) :
if np.random.rand() < CR:

trial[j] = mutant[j]

trial fitness = fitness(trial, data, labels)
if trial fitness > fitness scores[i]:

new population.append(trial)

if trial fitness > best fitness:

best fitness = trial fitness

best chromosome = trial

new population.append (population[i])

population = np.array(new population)

if generation % == 0:

new individuals = np.random.uniform(0, 1, (10, num weights))

population = np.vstack([population, new individuals])

population population[:population size]
print (f"New Best Fitness: {best fitness:.4f}"
if best chromosome is
best chromosome = population[0]

best fitness = fitness scores[0]

print (f"Best Fitness: {best fitness}"

return best chromosome, best fitness
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best weights, best accuracy = differential evolution (X, y, num generations=100,

population size=20)

print (f"Best ights: {best weights}")

predictions = X.apply (
row: 1 if fuzzy sogeno rules with weights(row, fuzzify data point (row),
best weights) >= 0.5 else 0,

axis=1

Al LSS el Sldas Jud Voo slaw 4y g al a8 5 a5 0 Ve S o)l

:wlﬁdlgwgﬁ).&]d!ﬁom'ldmogw
Best Weights: [1. 0.34126449 0.31133564 0.44101582 0.54606682 0.66252893
0.17500638 0. 0.365610421. 1. 0. 0. 0. 0.082494590. 1. 0.86665403

0.1819447 0. 0. 0.30803898 0.94292311]

o Sdos byl B-Y-0

overall accuracy = accuracy score(y, predictions)

print (f"Overall Accuracy: {overall accuracy:.4f}")

mse = mean squared error (y, predictions)

print (f"Mean Squared Error (MSE): {mse:.4f}")

rmse = np.sqrt (mse)

print (f"Root Mean Squared Error (RMSE): {rmse:.4f}")

auc = roc_auc_score(y, predictions)

print (f"Area Under the Curve (AUC): {auc:.4f}")

el S s ool s 45 gl
Overall Accuracy: 0.3726
Mean Squared Error (MSE): 0.6274
Root Mean Squared Error (RMSE): 0.7921

Area Under the Curve (AUC): 0.5000
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"t numpy as np
pandas as pd

sklearn.metrics import mean squared error, roc_auc_score, roC_curve

fuzzify dataset (data) :

return data.apply ( row: fuzzify data point (row), axis=1)

convert fuzzy to categories (fuzzy data):

result = {}

for feature, memberships in fuzzy data.items() :
max category = max (memberships, key=memberships.get)
result [feature] = max category

return result

initialize population (pop size, fuzzy info):

population = []

for in range (pop size):
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rule features = np.random.choice (list (fuzzy info.keys()), size=4,

replace= )
rule conditions
{

nwe

eature": feature,
"fuzzy": np.random.choice ([f["fuzzy"] for f in
fuzzy info[featurel]),
}
for feature in rule features
]
output fuzzy = np.random.choice (["benign", "malignant"])
population.append({"conditions": rule conditions, "output":

return population

convert to readable rules (rule):
readable conditions = " AND ".join([
"{condition['feature']} IS {condition['fuzzy']}"
for condition in rule["conditions"]

1)

output fuzzy})

return f"IF {readable conditions}, THEN OUTPUT IS {rule['output']}"

evaluate rule(rule, data):
predictions = []

for , crisp data point in data.iterrows() :

fuzzy data point = fuzzify data point(crisp data point)

match =
for condition in rule["conditions"]:
feature = condition["feature"]
fuzzy label = condition["fuzzy"]
if fuzzy data point[feature] [fuzzy label]
match =
break
predictions.append (rule["output"] if match else

return predictions

evaluate population (population, data):
final predictions = []
for , crisp data point in data.iterrows() :
for rule in population:
fuzzy data point = fuzzify data point (crisp data point)
match =
for condition in rule["conditions"]:
feature = condition["feature"]
fuzzy label = condition["fuzzy"]
if fuzzy data point[feature] [fuzzy label]
match =

break




final predictions.append(l if rule["output"] ==
break
else:
final predictions.append(0)

return final predictions

crossover (parentl, parent2):

point = np.random.randint (1, len(parentl["conditions"]))

childl conditions = parentl["conditions"] [:point] +
parent2["conditions"] [point:]

child2 conditions = parent2["conditions"] [:point] +
parentl["conditions"] [point:]

childl = {"conditions": childl conditions, "output": parentl["output"]}

child2 = {"conditions": child2 conditions, "output": parent2["output"]}

return childl, child2

mutate (rule, fuzzy info, mutation rate):
if np.random.rand() < mutationirate:
idx = np.random.randint (len (rule["conditions"]))
feature = rule["conditions"][idx] ["feature"]
new fuzzy = np.random.choice ([f["fuzzy"] for f in fuzzy info[feature]])
rule["conditions"] [idx] ["fuzzy"] = new fuzzy
if np.random.rand() < mutation rate:
rule["output"] = "benign" if rule["output"] == "malignant" else "malignant"

return rule

genetic_algorithm(data, labels, pop size=20, num generations=100,
mutation rate=0.1):
fuzzy info = {
"radius mean": [{"fuzzy": "small"}, {"fuzzy": "medium"}, {"fuzzy":
"large"}],
"texture mean": [{"fuzzy": "soft"}, {"fuzzy": "medium"}, {"fuzzy":
"hard"}],
"periﬂeteriﬂeah”: [{"fuzzy": "small"}, {"fuzzy": "medium"}, {"fuzzy":
"large"}1,
"area mean": [{"fuzzy": "small"}, {"fuzzy": "medium"}, {"fuzzy": "large"}],
"smoothness mean": [{"fuzzy": "soft"}, {"fuzzy": "medium"}, {"fuzzy":
"hard"}],
"compactness mean": [{"fuzzy": "low"}, {"fuzzy": "medium"}, {"fuzzy":
"high"}],
"concavity mean": [{"fuzzy": "low"}, {"fuzzy": "medium"}, {"fuzzy":
"high"}],

"

[{"fuzzy": low"}, {"fuzzy": "medium"}, {"fuzzy":
"ﬁigh”}],

}

population = initialize population (pop size, fuzzy info)

for generation in range (num generations) :




{generation + 1}")
for i, rule in enumerate (population) :
readable rule = convert to readable rules (rule)

print (f"Rule {i + 1}: {readable rule}")

fitness scores = evaluate population (population, data)

print (£" t Fitn in Generation {generation + 1}:

{max (fitness scores)}")

new _population = []
for i in range (0, pop size, 2):
parentl, parent2 = population[i], population[i + 1]
childl, child2 = crossover (parentl, parent2)
new population.extend([mutate(childl, fuzzy info, mutation rate),
mutate (child2, fuzzy info, mutation rate)])

population = new population

return population

raw_data = pd.read csv("dat
labels = raw datal['c
raw data.rename (columns={

inplace=

features

final population = genetic algorithm(raw data[features], labels)

print ("\nFinal Population:")
for i, rule in enumerate (final population) :
readable rule = convert to readable rules (rule)

print (f"Rule {i + 1}: {readable rule}")

it (lgd Voo cpl Jols ool s 4y (iled o i 0ol ol Jeed Voo ool
Final Population:

Rule 1: IF area_mean IS small AND radius_mean IS medium AND compactness_mean IS medium AND
concavity_mean IS low, THEN OUTPUT IS benign

Rule 2: IF radius_mean IS small AND area_mean IS medium AND texture_mean IS medium AND
perimeter_mean IS large, THEN OUTPUT IS malignant

Rule 3: IF texture_mean IS soft AND area_mean IS large AND perimeter_mean IS medium AND
smoothness_mean IS hard, THEN OUTPUT IS benign
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Rule 4: IF concave_points_mean IS high AND concavity_mean IS medium AND radius_mean IS large
AND compactness_mean IS low, THEN OUTPUT IS malignant

Rule 5: IF perimeter_mean IS medium AND concavity_mean IS low AND perimeter_mean IS large
AND texture_mean IS medium, THEN OUTPUT IS malignant

Rule 6: IF texture_mean IS soft AND compactness_mean IS medium AND radius_mean IS small AND
concavity_mean IS high, THEN OUTPUT IS benign

Rule 7: IF concave_points_mean IS low AND texture_mean IS medium AND concavity_mean IS low
AND compactness_mean IS low, THEN OUTPUT IS benign

Rule 8: IF area_mean IS small AND perimeter_mean IS large AND area_mean IS medium AND
radius_mean IS medium, THEN OUTPUT IS benign

Rule 9: IF compactness_mean IS low AND concavity_mean IS low AND concave_points_mean IS high
AND radius_mean IS medium, THEN OUTPUT IS malignant

Rule 10: IF radius_mean IS large AND compactness_mean IS high AND area_mean IS medium AND
texture_mean IS medium, THEN OUTPUT IS benign

Rule 11: IF smoothness_mean IS medium AND concavity_mean IS low AND radius_mean IS medium
AND radius_mean IS large, THEN OUTPUT IS malignant

Rule 12: IF smoothness_mean IS hard AND texture_mean IS soft AND texture_mean IS soft AND
concave_points_mean IS low, THEN OUTPUT IS benign

Rule 13: IF radius_mean IS small AND concave_points_mean IS low AND area_mean IS large AND
compactness_mean IS low, THEN OUTPUT IS benign

Rule 14: IF smoothness_mean IS hard AND perimeter_mean IS large AND compactness_mean IS low
AND concave_points_mean IS high, THEN OUTPUT IS malignant

Rule 15: IF compactness_mean IS medium AND perimeter_mean IS small AND smoothness_mean IS
medium AND texture_mean IS hard, THEN OUTPUT IS malignant

Rule 16: IF smoothness_mean IS hard AND area_mean IS large AND concave_points_mean IS
medium AND area_mean IS small, THEN OUTPUT IS benign

Rule 17: IF concave_points_mean IS medium AND concavity_mean IS low AND compactness_mean
IS high AND smoothness_mean IS soft, THEN OUTPUT IS benign

Rule 18: IF compactness_mean IS high AND area_mean IS small AND radius_mean IS small AND
concavity_mean IS low, THEN OUTPUT IS benign

Rule 19: IF concavity_mean IS medium AND perimeter_mean IS large AND concave_points_mean IS
low AND perimeter_mean IS medium, THEN OUTPUT IS malignant

Rule 20: IF concavity_mean IS high AND area_mean IS small AND area_mean IS large AND
compactness_mean IS low, THEN OUTPUT IS malignant
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accuracy score (labels, final predictions)

{accuracy:.4f}")

final predictions = evaluate population (final population, raw data[features])

mse = mean squared error (labels, final predictions)

print (f"Mear Error (MSE): {mse:.4f}")

rmse = np.sqgrt (mse)

print (f"Root Mean Squared Error (RMSE): {rmse:.4f}")

auc = roc_ auc_score (labels, final predictions)

print (f"A Under the Curve (AUC): {auc:.4f}")

:@lﬁ}ﬁgomiwo@@lx
Accuracy: 0.6292
Mean Squared Error (MSE): 0.1459
Root Mean Squared Error (RMSE): 0.3819

Area Under the Curve (AUC): 0.8129
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t random

from sklearn.metrics import accuracy score, mean squared error, rocC_auc_score

generate rule (features, output labels):
rule conditions = []
selected features = random.sample (features, 3)
for feature in selected features:
rule conditions.append ({
"feature": feature,

y": random.choice (["low", "medium", "high"]),

output = random.choice (output labels)

return {"conditions": rule conditions, "output": output}

initialize population (pop size, num rules, features, output labels):

population = []
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for in range(pop size):
rules = [generate rule (features, output labels) for in range (num_rules) ]
population.append (rules)

return population

evaluate rule(rule, data, labels):
correct predictions = 0
for idx, data point in data.iterrows() :
match = all(
data point[cond["feature"]] == cond["fuzzy"]
for cond in rule["conditions"]
)
if match and rule["output"] == labels.iloc[idx]:
correct predictions += 1

return correct predictions / len(data)

evaluate population(population, data, labels):

fitness scores = []

for rules in population:
fitness = np.mean ([evaluate rule(rule, data, labels) for rule in rules])
fitness scores.append (fitness)

return fitness scores

crossover (parentl, parent2):

point = random.randint (1, len(parentl) - 1)
childl = parentl[:point] + parent2|[point:]
child2 = parent2[:point] + parentl|[point:]
return childl, child2

mutate (rules, mutation rate, features, output labels):
for rule in rules:
if random.random() < mutation rate:
rule["conditions"] [random.randint (0, len(rule["conditions"]) -
y"] = random.choice (
["low", "medium", "high"]
)
if random.random() < mutation rate:
rule["output"] = random.choice (output labels)

return rules

genetic algorithm(data, labels, features, output labels, pop size=20,

num rules=10, num generations=100, mutation rate=0.4):

population = initialize population(pop size, num rules, features,
output labels)
best fitness = 0

best solution =

for generation in range (num generations) :




fitness scores evaluate population (population, data, labels)

sorted indices np.argsort (fitness scores) [::-1]

if fitness scores[sorted indices[0]] > best fitness:
best fitness = fitness scores[sorted indices[0]]

best solution = population[sorted indices[0]]

print (f"Generation {generation + 1}: Best Fitness {best fitness}")

best rule set = population[sorted indices[0]]
print ("Best Rule Set:")
for rule in best rule set:

conditions = " AND ".join(

[f"{cond['feature']} IS {cond['fuzzy']}" for cond in
rule["conditions"]]
)
print (f"IF {conditions}, THEN OUTPUT IS {rule['output']}")

_population = []
i in range (0, pop size, 2):
parentl = population[sorted indices[i]]
parent2 = population[sorted indices[i + 1]]
childl, child2 = crossover (parentl, parent2)
new population.extend([mutate (childl, mutation rate, features,
output labels), mutate(child2, mutation rate, features, output labels)])

population = new population

return best solution, best fitness

data = pd.read csv("data.csv")

data.rename (columns={'concave points mean': 'concave points mean'}, inplace=

labels = data["diagnosis"].map ({"B": "benign", "M": "malignant"})

data = data.drop (columns=["diagnosis"])

features = [
"radius mean",
"texture mean",
"perimeter mean",
"area mean",
"smoothness mean",
"compactness mean",
"concavity mean",
"concave points mean",

]

data = data[features]

fuzzify(value) :




if value < 0.33:
return "low"
elif value < 0.66:
return "medium"
else:

return "high"

feature in features:

data[feature] = data[feature].apply ( x: fuzzify(x / data[feature].max()))

output labels = ["benign", "malignant"]

best solution, best fitness = genetic algorithm(data, labels, features,

output labels)

print ("Best Solution:")
for rule in best solution:

"

conditions = AND

".join(

[f"{cond['feature']} IS {cond['fuzzy']}" for cond in rule(["conditions"]]
)
print (f"IF {conditions}, THEN OUTPUT IS {rule['output']}")

print (f"Best Fitness: {best fitness}")

final predictions = []
for , data point in data.iterrows() :
prediction =
for rule in best solution:
match = all (
data point[cond['feature']] == cond['fuzzy']
for cond in rule['conditions']
)
if match:
prediction = 1 if rule['output'] == 'malignant' else 0
break

final predictions.append (prediction if prediction is not else 0)

final predictions = ['malignant' if pred == 1 else 'benign' for pred in

final predictions]

accuracy = accuracy score (labels, final predictions)

print (f"Accuracy: {accuracy:.4f}")

mse = mean_ squared error (labels.map ({'benign': 0, 'malignant': 1}), [l if pred ==

'malignant' else 0 for pred in final predictions])

print (f"Mean Squared Error (MSE): {mse:.4f}")

rmse = np.sqrt (mse)

print (f"Root Mean Squared Error (RMSE): {rmse:.4f}")




auc = roc_auc_score (labels.map ({'benign': 0, 'malignant': 1}), [1 if pred ==

'malignant' else 0 for pred in final predictions])

print (f"Area Under the Curve (AUC): {auc:.4f}")
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Best Solution:

IF perimeter_mean IS medium AND concave_points_mean IS low AND concavity_mean IS low, THEN
OUTPUT IS malignant

IF radius_mean IS medium AND compactness_mean IS medium AND concave_points_mean IS
medium, THEN OUTPUT IS malignant

IF area_mean IS high AND compactness_mean IS low AND concavity_mean IS low, THEN OUTPUT IS
malignant

IF concave_points_mean IS medium AND perimeter_mean IS low AND compactness_mean IS low,
THEN OUTPUT IS malignant

IF texture_mean IS high AND radius_mean IS low AND smoothness_mean IS high, THEN OUTPUT IS
malignant

IF perimeter_mean IS medium AND concavity_mean IS low AND area_mean IS high, THEN OUTPUT
IS malignant

IF radius_mean IS high AND perimeter_mean IS low AND concave_points_mean IS medium, THEN
OUTPUT IS malignant

IF concave_points_mean IS high AND perimeter_mean IS high AND radius_mean IS high, THEN
OUTPUT IS malignant

IF perimeter_mean IS medium AND area_mean IS low AND texture_mean IS high, THEN OUTPUT IS
malignant

IF radius_mean IS medium AND perimeter_mean IS high AND compactness_mean IS medium, THEN
OUTPUT IS malignant

5 5o ol V-¥-Y

accuracy = accuracy score (labels, final predictions)

print (f"Accuracy: {accuracy:.4f}")

mse = mean_ squared error (labels, final predictions)

print (f"Mean Squared Error (MSE): {mse:.4f}")

rmse = np.sqrt (mse)
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print (f"Root Mean Squared Error (RMSE): {rmse:.4f}")

auc = roc_auc_score (labels, final predictions)

print (f"Area Under the Curve (AUC): {auc:.4f}")
il SIS 4 ol s 4 s
Accuracy: 0.3146
Mean Squared Error (MSE): 0.6854
Root Mean Squared Error (RMSE): 0.8279

Area Under the Curve (AUC): 0.3791

43




A oo

Jol 9 B L aslio gY £45 (6515 pomnw

44




Y& 6B A

hb i Gacuskad pac Co e gl a5 Sl ) g9 (550 Sl gland iy AFS Y g (5510
loosls a5 oyl s 10 aiacns B 0iS oo S5 g o0 aiS" (FOU) coalad poe JI" T4y aS 030

6L°r°-‘-‘*~w’3u,5-“’)-’ aile gleo y)l5 0 Y g9 (5510 .08 S oS (el iy A g8 b ﬁLQ-." shyls

.oyﬁggoobbiga|odfggi

oS Slrwsgi A-Y

5 e9y90l Acgama g0 4 g digd oo (soi wliie wal (5,35 ,L L 5l leesls : laesls (g5lweslel )

YU g b > Cogac Jlobe Sy e lp fuzzify_type2 b ¥ g5 556 cogac b .Y
S oo Al |

S o S5g aen sl Y g ol slacugac slapply_fuzzy_rules &b : lacygac oS5 .Y
il 36 2l 29

sleatws 4 (threshold) aliw] G b awslio b 556 slo 9,5 aibin] wlol p gonaid . f

gl oo gaiaib (+) e b () Cute

2l o5 A-Y-)

as pd

sklearn.model selection import train test split

om sklearn.metrics import accuracy score, confusion matrix, roc auc score,

roc_curve
m sklearn.preprocessing import MinMaxScaler
-t matplotlib.pyplot as plt

oort seaborn as sns

data = pd.read csv("dat
data.rename (columns={"'co

data = data.drop(['id',

data['diagnosis'] =




data.drop(['diagnosis'], axis=1)

data['diagnosis']

scaler = MinMaxScaler ()

X scaled = pd.DataFrame (scaler.fit transform(X), columns=X.columns)

X train, X test, y train, y test = train test split(X scaled, y, test size=0.3,

random state=42)

fuzzify type2(value, bounds, uncertainty=0.1):

lower bound, upper bound = bounds

lower membership = max (0, min(1l, (upper bound - (value - uncertainty)) /

(upper bound - lower bound)))
upper membership = max (0, min(1l, ((value + uncertainty) - lower bound) /
(upper bound - lower bound)))

return lower membership, upper membership

apply fuzzy rules(row, feature bounds) :

results = []

for feature, bounds in feature bounds.items () :
value = row[feature]
lower, upper = fuzzify type2(value, bounds)
low output = lower * 0.3
high output = upper * 0.7
results.append((low output + high output) / 2)

return np.mean (results)

feature bounds = {feature: (X train[feature].min(), X train[feature].max()) for

feature in X train.columns}

X train['fuzzy output'] = X train.apply( row: apply fuzzy rules (row,
feature bounds), axis=1)
X test['fuzzy output'] = X test.apply( row: apply fuzzy rules (row,

feature bounds), axis=1)

threshold = (X train['fuzzy output'].mean() + X train['fuzzy output'].median()) / 2

X train['fuzzy class'] = X train['fuzzy output'].apply ( x: 1 1if x > threshold
else 0)

X test['fuzzy class'] = X test['fuzzy output'].apply( x: 1 1if x > threshold
else 0)
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trainiaccuracy = accuracyiscore(yitrain, Xitrain['LL

test accuracy = accuracy score(y test, X test['fuzzy

roc_auc = roc_ auc_score(y test, X test['f

print ( C uracy: {train accuracy:.2f}")

print ( S A y: {test accuracy:.2f}"

print ( ) C: {roc auc:.2f}")

el JS ol 4 ool s 4y gl
Training Accuracy: 0.86
Test Accuracy: 0.87

ROC AUC: 0.97
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.figure (figsize=(8, 6))

.heatmap (conf matrix, annot= , fmt="d", cmap="Blu

.Xlabel ("Pr
.ylabel ("True

.show ()

tpr, = roc curve(y test, X test['fu
.figure (figsize=(8, 6))
.plot (fpr, tpr, label=
.plot ([0, 11, [0,

.Xlabel ("Fa
.ylabel ("True Po
.title ("
.legend()
.show ()
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Confusion Matrix

True Label

Predicted Label
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igure (figsize=(8, 6))
system, data in metrics.items() :
lt.plot (data['fpr'], data['tpr'], label=f'{system} (AUC
_auc"]:.2
plt.plot ([0, 11, ] k label="Random
plt.xlabel ("Fa

G

.ylabel ("True Posit
.title ("ROC ve Compa on for Mamdani
.legend (loc="

.show ()

system, data in metrics.items() :

print (f"{system} Accuracy: {datal['ac

print (f"{system} AUC: {datal['roc
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ROC Curve Comparison for Mamdani Systems
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