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import pandas as pd

import numpy

from sklearn.
from sklearn.

from sklearn.
from sklearn.
from sklearn.
from sklearn.
from sklearn.
from sklearn.

from sklearn.

as np

model_selection import train_test_split, GridSearchCV
preprocessing import StandardScaler, LabelEncoder

linear_model import LogisticRegression
tree import DecisionTreeClassifier
ensemble import RandomForestClassifier
svm import SVC

naive_bayes import GaussianNB
neighbors import KNeighborsClassifier

metrics import (

confusion_matrix,
accuracy_score,
precision_score,
recall_score,

f1_score,

classification_report

from sklearn.
from sklearn.

feature_extraction.text import TfidfVectorizer
feature_extraction.text import CountVectorizer

import matplotlib.pyplot as plt
import seaborn as sns

import re
import nltk

from nltk.tokenize import word_tokenize
from nltk.corpus import stopwords

from collections import Counter

from imblearn.over_sampling import RandomOverSampler
from imblearn.under_sampling import RandomUnderSampler
from imblearn.over_sampling import SMOTE

from gensim.models import Word2Vec

nltk.download( 'punkt")
nltk.download('stopwords")
nltk.download( 'punkt_tab")
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[nltk _data] Downloading package punkt to

[nltk_data] C:\Users\habus\AppData\Roaming\nltk_data...

[nltk_data] Unzipping tokenizers\punkt.zip.
[nltk_data] Downloading package stopwords to

[nltk_data] C:\Users\habus\AppData\Roaming\nltk data...

[nltk_data] Unzipping corpora\stopwords.zip.
[nltk_data] Downloading package punkt_tab to

[nltk_data] C:\Users\habus\AppData\Roaming\nltk_data...

[nltk_data] Unzipping tokenizers\punkt_tab.zip.

True

df = pd.read_csv("Arabic Sentiment Analysis Dataset - SS2030.csv")

df.head()

text

(] 8lyall 598> @ @ W https://t.co/Mzf90Ta5g1
1 RT @__IHAVENOIDEA: pMuw)l 6 8ly0ll §gis. ht.
2 RT @saud_talep: Retweeted |yuiu duoid] dizd (...
3 RT @MojKsa: 3,ljg lgJ lgieuai il blyall §gb> ..
4 RT @abm112211: gl d>g3)l Jg gl @29l ol WJg...

df.info()

<class 'pandas.DataFrame'>
RangeIndex: 4252 entries, © to 4251
Data columns (total 2 columns):

#  Column Non-Null Count Dtype

0 text 4252 non-null str

1 Sentiment 4252 non-null int64
dtypes: int64(1), str(l)
memory usage: 66.6 KB

df['Sentiment'].value_counts()

Sentiment
1 2436
(4] 1816

Name: count, dtype: int64

import pandas as pd
import numpy as np
import sklearn
import matplotlib
import seaborn
import nltk

import gensim
import imblearn

print("Pandas:", pd.__version_ )
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print("NumPy:", np.__version_ )
print("Scikit-learn:", sklearn.__version__ )
print("NLTK:", nltk.__version_ )
print("Gensim:", gensim.__version_ )
print("Imbalanced-learn:", imblearn.__version_ )

print("\nAll libraries loaded successfully.")

Pandas: 3.90.5

NumPy: 2.5.2
Scikit-learn: 1.9.0
NLTK: 3.10.3

Gensim: 4.4.0
Imbalanced-learn: 0.14.2

All libraries loaded successfully.

from nltk.tokenize import word_tokenize
from nltk.corpus import stopwords
import re

def preprocess_arabic_text(text):

# Convert text to string
text = str(text)

# 1. Remove diacritics (Tashkeel)
diacritics = re.compile(r'[\u@617-\u@61A\u064B-\u0652]")
text = re.sub(diacritics, '', text)

# 2. Normalize Arabic letters
text = re.sub(r'[W]", 'V, text)
text = re.sub(r'c¢' ,'c', text)
text = re.sub(r's"' ,'s", text)
text = re.sub(r'¢' ,'t', text)
text = re.sub(r's" ,'s", text)

# 3. Remove Tatweel
text = re.sub(r'+", "', text)

# 4. Remove URLs
text = re.sub(r'https?://\S+|www\.\S+', '', text)

# 5. Remove English letters and numbers
text = re.sub(r'[A-Za-z0-9]', '', text)

# 6. Remove non-Arabic characters and punctuation
text = re.sub(r'[*\u@6@0-\UuG6FF\s]', '', text)

# 7. Tokenize
tokens = word_tokenize(text)

# 8. Remove Arabic stopwords
arabic_stopwords = set(stopwords.words("arabic"))

tokens = [
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word for word in tokens
if word not in arabic_stopwords

]

# 9. Reconstruct clean sentence
clean_text = ' '.join(tokens)

return clean_text

df["clean_text"] = df["text"].apply(preprocess_arabic_text)

df = df.dropna()

df.head()

text Sentiment clean_text

8l)all 593> @ © @ .
0 https://t.co/Mzf90Ta5g1 ! oyoll §os>

RT @__IHAVENOIDEA: s 3i0)l §si> .
1 ALl ht.. 1 oMwll olyall §gi>
2 RT @saud_talep: Retweeted dyoiil dizl 1 yodute Juswd Jly huiy apedid] aizd
3 RT @MojKsa: lg) lgiouni il °|)AJ|Z;?.35> 1 Jasll o5lsg lgiasi slyall §ois

JJS eee

RT @abm112211: ng 3| €l>9_).“ _).ol U\Jg U\J_g 9| <l>3_)J| uJ_g 3| €l>9).” )pl ng

df[['text', 'clean_text', 'Sentiment']].head(10)
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text clean_text Sentiment

blyall Goi> @ @ @

0 ol §g8 1
https://t.co/Mzf90Ta5g1 oyl $od>
RT @__IHAVENOIDEA: s 8ly0ll §gi> -
1 pﬂ.u.l}” B ‘oll.uﬂ” ol_,,cdl Vs> 1
2 RT @saud_talep: Retweeted |yjuiy dioidl diz  yoiwo Jaswdl J1j [y apedid] dizd 1
(- 898> 0)99...
3 RT @MojKsa: lgJ lgieuni il oI)AJIZ;L'IB'.S;b Jasdl oyl loiaai olyall §oi> 1
JJS .ee
RT @abm112211 U\.J_g _9| Cl>_9_).” _yol uJ_g U\J_g _9| ‘1?_9).” U\.Js _9| Cl>_9).” )pl U\JS
gl d&ag3ll... VI olyol...
5 RT @fatemaar7: ;3> JS izzgy b1y0lS Ll Wl clud o3> (wim>gy olyelS Ll 1
| elu... Jiaisy r.ls.w‘...
@Samar K_ & & & & &\n §98> (ogl e o
6 1,001 \n i oLl oWl gl=iay ¢lil olyall §g8> oyl 1
7 @AIIFCD @ShamsanM @AlyemenNor wo il Olgl=ll ogl> Guuw Fuwe 1
@space_dist @m?2r... Ciall pgilS pgiign...
8 ol s> wis Bhall Gois go Ul Wile €7 8887 229 ohall G U L‘:l':*j 1
9 RT @Dresraamohammed: Lulil) &y Jl§audl dled Jl pulid & Jlgudl 1
Jbai ... Bga> HluwillEg8s...
df[df['clean_text'].str.strip() == ""]
text Sentiment clean_text
1198 #NAME? 0

df = df[df['clean_text'].str.strip() != ""]

df.shape

(4251, 3)

>
1]

df['clean_text']
df['Sentiment']

<
1]

X_train, X_test, y_train, y_test = train_test_split(
XJ
y)
test_size=0.20,
random_state=42,
stratify=y
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print("Training samples:", len(X_train))
print("Testing samples:", len(X_test))

Training samples: 3400
Testing samples: 851

vectorizerl = CountVectorizer()

X_train_Bag_word = vectorizerl.fit_transform(X_train)
X_test_Bag_word = vectorizerl.transform(X_test)

# Define the Random Forest Classifier
rf_classifier = RandomForestClassifier(random_state=42)

# Define the hyperparameters for grid search
param_grid = {
'n_estimators': [100, 200, 300],
'max_depth': [None, 10, 20, 30],

# Initialize GridSearchCV

grid_search = GridSearchCV(
estimator=rf_classifier,
param_grid=param_grid,
cv=5,
scoring="accuracy',
n_jobs=-1

# Fit the grid search to the data
grid_search.fit(X_train_Bag_word, y_train)

» GridSearchcV @@ (@

» best_estimator_: RandomForestClassifier

.+ RandomForestClassifier Q'

# Get the best estimator from grid search
best_rf_classifier = grid_search.best_estimator_

# Make predictions using the best model
y_pred = best_rf_classifier.predict(X_test_Bag_word)

def evaluate_model(model name, y true, y pred):

# Calculate metrics
accuracy = accuracy_score(y_true, y pred)

precision = precision_score(
y_true,
y_pred,
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average="weighted'

)
recall = recall_score(
y_true,
y_pred,
average="weighted"'
)
f1l = f1_score(
y_true,
y_pred,
average='weighted'
)
cm = confusion_matrix(
y_true,
y_pred

# Create a report

report = classification_report(
y_true,
y_pred

# Output results

metrics = {
'Model Name': model_name,
'Accuracy': accuracy,
'Precision': precision,
'‘Recall’: recall,
'F1 Score': f1,
'Classification Report': report

# Plot Confusion Matrix
plt.figure(figsize=(4, 4))

sns.heatmap(

cm,
annot=True,
fmt="d",

cmap="'Blues"',

cbar=False,
xticklabels=np.unique(y_true),
yticklabels=np.unique(y_true)

)
plt.title(

f'Confusion Matrix for {model_name}'
)

plt.xlabel('Predicted Label')
plt.ylabel('True Label')
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plt.show()

return metrics

# Evaluate the model

evaluation_results = evaluate_model(
'RandomForestClassifier',
y_test,
y_pred

)

Confusion Matrix for RandomForestClassifier

True Label

Predicted Label

# Print the evaluation results

for key, value in evaluation_results.items():

if key == 'Classification Report':
print(value)

else:
print(
f"{key}: {value:.4f}"
if isinstance(value, float)
else f"{key}: \n{value}"
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Model Name:
RandomForestClassifier
Accuracy: 0.8566
Precision: ©.8722
Recall: 0.8566

F1 Score: 0.8521

precision recall fl-score

(7] 0.95 0.70 0.81

1 0.81 0.97 0.89

accuracy 0.86
macro avg 0.88 0.84 0.85
weighted avg 0.87 0.86 0.85

NPL

support

363
488

851
851
851

# Print the best parameters found by grid search

print("\nBest hyperparameters found by GridSearchCVv:")

print(grid_search.best_params_)

Best hyperparameters found by GridSearchCV:
{'max_depth': None, 'n_estimators': 200}

best_rf_classifier = grid_search.best_estimator_

y_pred = best_rf_classifier.predict(
X_test_Bag_word

# Define the Logistic Regression model
LR = LogisticRegression(random_state=42)

# Define the hyperparameters for grid search

param_grid = {
‘solver': ['liblinear', 'lbfgs']

# Initialize GridSearchCV

grid_search = GridSearchCV(
estimator=LR,
param_grid=param_grid,
cv=5,
scoring="accuracy',
n_jobs=-1

# Fit the grid search to the data
grid_search.fit(
X_train_Bag_word,
y_train
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» GridSearchCV Q) (@

» best_estimator_: LogisticRegression

» LogisticRegression ®

# Get the best estimator from grid search
best LR = grid_search.best_estimator_

# Make predictions using the best model

y_pred = best_LR.predict(
X_test_Bag_word

)

# Evaluate the model
evaluation_results = evaluate_model(
'LogisticRegression’,
y_test,
y_pred

Confusion Matrix for LogisticRegression

True Label

Predicted Label

# Print the evaluation results
for key, value in evaluation_results.items():

if key == 'Classification Report':
print(value)

else:
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print(

f"{key}: {value:.4f}"

if isinstance(value, float)

else f"{key}: \n{value}"

)

Model Name:

LogisticRegression

Accuracy: 0.8660

Precision: 9.8687

Recall: 0.8660
F1 Score: 0.8644

precision
(%] 0.90
1 0.85

accuracy
macro avg 0.87
weighted avg 0.87

# Print the best hyperparameters found by grid search
print("\nBest hyperparameters found by GridSearchCV:")

recall f1-score

0.78
0.93

print(grid_search.best_params_)

0.83
0.89

0.87
0.86
0.86

Best hyperparameters found by GridSearchCV:
{'solver': 'liblinear'}

vectorizer2 = TfidfVectorizer(

ngram_range=(1, 2)

)
X_train_TFIDF =

X_test TFIDF =

print("Training TF-IDF shape:", X_train_TFIDF.shape)

vectorizer2.transform(X_test)

NPL

support

363
488

851
851
851

vectorizer2.fit_transform(X_train)

print("Testing TF-IDF shape:", X_test TFIDF.shape)

Training TF-IDF shape: (3400, 66208)
Testing TF-IDF shape: (851, 66208)

# Define the Decision Tree model
DT = DecisionTreeClassifier(random_state=42)

# Define the hyperparameters for grid search

param_grid = {

'criterion': ['gini‘',
'max_depth': [None, 10, 20, 30]

# Initialize GridSearchCV

‘entropy'],

grid_search = GridSearchCV(

estimator=DT,
param_grid=param_grid,
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cv=10,
scoring="accuracy',
n_jobs=-1

# Fit the grid search to the data
grid_search.fit(

X_train_TFIDF,

y_train

» GridSearchcv @ (@

» best_estimator_: DecisionTreeClassifier

. » DecisionTreeClassifier ()

# Get the best estimator from grid search
best DT = grid_search.best_estimator_

# Make predictions using the best model
y_pred = best_DT.predict(X_test_TFIDF)

# Evaluate the model
evaluation_results = evaluate_model(
'DecisionTreeClassifier’,
y_test,
y_pred
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Confusion Matrix for DecisionTreeClassifier

True Label

Predicted Label

# Print the evaluation results
for key, value in evaluation_results.items():

if key == 'Classification Report':
print(value)

else:
print(
f"{key}: {value:.4f}"
if isinstance(value, float)
else f"{key}: \n{value}"
)

Model Name:
DecisionTreeClassifier
Accuracy: 0.8214
Precision: 0.8222
Recall: 0.8214

F1 Score: 0.8195

precision recall fl-score support

0 0.83 0.73 0.78 363

1 0.82 0.89 0.85 488

accuracy 0.82 851
macro avg 0.82 0.81 0.81 851
weighted avg 0.82 0.82 0.82 851

# Print the best hyperparameters found by grid search
print("\nBest hyperparameters found by GridSearchCVv:")
print(grid_search.best_params_)
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Best hyperparameters found by GridSearchCV:
{'criterion': 'gini', 'max_depth': None}

SVM = SVC(random_state=42)

# Define the hyperparameters for grid search
param_grid = {
"kernel': ['linear', 'rbf', 'poly']

# Initialize GridSearchCV

grid_search = GridSearchCV(
estimator=SVM,
param_grid=param_grid,
cv=5,
scoring="accuracy',
n_jobs=-1

# Fit the grid search to the data
grid_search.fit(

X_train_TFIDF,

y_train

» GridSearchcV @ (@

» best_estimator_: SVC

# Get the best estimator from grid search
best_SVM = grid_search.best_estimator_

# Make predictions using the best model
y_pred = best_SVM.predict(
X_test TFIDF

# Evaluate the model
evaluation_results = evaluate_model(
'Support Vector Machine’,
y_test,
y_pred
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Confusion Matrix for Support Vector Machine

True Label

Predicted Label

# Print the evaluation results
for key, value in evaluation_results.items():

if key == 'Classification Report':
print(value)

else:
print(
f"{key}: {value:.4f}"
if isinstance(value, float)
else f"{key}: \n{value}"
)

Model Name:

Support Vector Machine
Accuracy: 0.8731
Precision: 0.8779
Recall: 0.8731

F1 Score: 0.8711

precision recall fl-score support

0 0.92 0.77 0.84 363

1 0.85 0.95 0.90 488

accuracy 0.87 851
macro avg 0.88 0.86 0.87 851
weighted avg 0.88 0.87 0.87 851

# Print the best hyperparameters found by grid search
print("\nBest hyperparameters found by GridSearchCVv:")
print(grid_search.best_params_)
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Best hyperparameters found by GridSearchCV:
{'kernel': 'linear'}
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