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Configuration Manual

Hrishikesh Krishnan
22192727

1 Introduction

This configuration manual gives the information regarding the applications, software and
tools required for developing the BILSTM model integrating cGAN for data augmentation.
This guide is structured as following, where section 2 define system specification used for
this project, section 3 lists the software tools and libraries used for developing this model.
section 4 describe the configuration of deep learning in steps, the deep learning procedures
and steps are included in step 5.

2 System Specification

The experiment setup was done on personal computer. Specification of the system as follows:
MacBook Pro Mid 2015

RAM:16 GB

System Type-64-bit OS, x64-based processor

Operating System: Mac OS

Experiment setup: Anaconda Navigator [2], JupyterLab, Google Colab [1], Python
3.9.12 [3]

3 Software Specification
This section discusses the software used to build this model.

Google Colab
Jupyter Notebook
Python 3.9.12
Pandas

NumPy
TensorFlow
Matplotlib.pyplot
seaborn

VVVVYVYYVYYYVY



4 Configuration for Deep Learning

1. Download and install Anaconda2.6.0
2. Open Jupyter notebook with Python version and create new notebook in *. pynb’ file.
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S Deep Learning Procedures

1. Dataset required for performing deep learning was downloaded.

2. Necessary libraries were imported.

3. Combine multiple datasets into single dataset.

4. Sampling of data for efficiently performing deep learning.

5. Pre-processing and Encoding Dataset

6. Reshaping and Splitting of Dataset

7. Converting to categorical

8. Defining and Building BiLSTM model

9. Obtain Model Summary

10. Training and evaluating the model

11. Generating Predictions

12. Evaluate the BiLSTM using metrices like accuracy, precision, recall, F-1 score and
Classification report

13. Defining Conditional GAN- Generator and Discriminator

14. Training CGAN

15. Retraining BiLSTM using the output generated by CGAN

16. Evaluating the model using accuracy, precision, recall and F-1 score.

17. Visualized the model efficiency using confusion matrix, precision-recall curve and ROC
curve.

18. Saved the Developed model.

» LIBRARIES

import numpy as np
t pandas as pd
sklearn.model_selection import train_test_split
m sklearn.preprocessing import LabelEncoder, StandardScaler, label_binarize
sklearn.metrics import accuracy_score, precision_score, recall_score, fl_score, classification_report, confusion_matrix, roc_curve, auc
m tensorflow.keras.models import Sequential
tensorflow.keras.layers import LSTM, Dense, Dropout, Bidirectional
from tensorflow.keras.callbacks import EarlyStopping
f tensorflow.keras.utils import to_categorical
tensorflow.keras.layers import Input, Embedding, Reshape, concatenate
from tensorflow.keras.models import Model
tensorflow.keras.optimizers import Adam
import tensorflow as tf
import matplotlib.pyplot as plt
import seaborn as sns

» DATA SAMPLING

total_sample_size = 5000 £+ErTVSEFE
labels = df['label’'].unique()
num_labels = len(labels)

samples_per_label = total_sample_size // num_labels

sampled_data = pd.DataFrame()

for label in labels:
label_data = df(df['label'] == label
sample_size = min(len(label_data), samples_per_label)
sampled_label_data = label_data.sample(sample_size)
sampled_data = pd.concat([sampled_data, sampled_label_datal)



> DATA PRE-PROCESSING

data.columns = data.columns.str.strip()

data.replace([np.inf, -np.inf], np.nan, inplace=True)
data.dropna(inplace=True

label_encoder = LabelEncoder()
datal'label'] label_encoder.fit_transform(datal'label'])

X = data.drop('label’', axis=1).select_dtypes(include='number")

y = data['label']

scaler = StandardScaler()
= scaler.fit_transform(X)

» DATA SPLITTING

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)

» MODEL DEFINING

# BiLSTM model

def build_rlstm_model(input_shape, num_classes):
model = Sequential()
model.add(Bidirectional(LSTM(128, return_sequences=True), input_shape=input_shape))
model.add(Dropout(0.3))
model.add (Bidirectional(LSTM(128)))
model.add(Dropout(0.3))
model.add(Dense (128, activation='relu'))
model.add (Dropout(0.3))
model.add(Dense(num_classes, activation='softmax'))
model.compile(optimizer="'adam', loss='categorical_crossentropy', metrics=["'accuracy'])
return model

X_train.shape[1], X_train.shape[2])

input_shape = (
rlstm_model = build_rlstm_model(input_shape, num_classes)
early_stopping = EarlyStopping(monitor='val_loss', patience=5, restore_best_weights=True)




» TRAIN BiLSTM

rlstm_model.fit(X_train, y_train_cat, epochs=50, batch_size=64, validation_split=0.2, callbacks=[early_stoppingl)

» EVALUATION

accuracy = accuracy_score(y_test, y_pred)

precision = precision_score(y_test, y_pred, average='weighted')
recall = recall_score(y_test, y_pred, average='weighted"')

fl = fl_score(y_test, y_pred, average='weighted')

print(f"Accuracy: {accuracy}")
print(f"Precision: {precision}")
print(f"Recall: {recall}")
print(f"F1 Score: {f1}")

» CLASSIFICATION REPORT

print(classification_report(y_test, y_pred, target_names=label_encoder.classes_)|)

» ¢GAN GENERATOR
# Generator

def build_generator(latent_dim, n_classes, seq_length, n_features):
noise = Input(shape=(latent_dim,))
label = Input(shape=(1,))
label_embedding = Embedding(n_classes, latent_dim, input_length=1) (label)
label_embedding = Reshape((latent_dim,)) (label_embedding)
model_input = concatenate([noise, label_embedding])
Dense(256, activation='relu')(model_input)
Dense(seq_length * n_features, activation='sigmoid") (x)
= Reshape( (seq_length, n_features)) (x)
model = Model([noise, label], x)
return model

» ¢GAN DISCRIMINATOR

# Discriminator

def build_discriminator(n_classes, seq_length, n_features):
sample = Input(shape=(seqg_length, n_features))
label = Input(shape=(1,))
label_embedding = Embedding(n_classes, seq_length * n_features, input_length=1) (label)

label_embedding = Reshape( (seq_length, n_features)) (label_embedding)
model_input = concatenate([sample, label_embedding])

x = Dense(256, activation='relu')(model_input)

x = Dense(1, activation='sigmoid') (x)

model = Model([sample, label]l, x)

return model




» TRAIN CGAN

7 -aining CGAN

epochs = 20000

batch_size = 64

for epoch in range(epochs):

idx = np.random.randint(@, X_train.shapel[@], batch_size)
real_samples = X_train[idx]

labels = y_train_np[idx].reshape(-1, 1)

noise = np.random.normal(@®, 1, (batch_size, latent_dim))
gen_samples = generator.predict([noise, labels])

d_loss_real = discriminator.train_on_batch([real_samples, labels], np.ones((batch_size, 1)))
d_loss_fake = discriminator.train_on_batch([gen_samples, labels], np.zeros((batch_size, 1)))
d_loss = 0.5 % np.add(d_loss_real, d_loss_fake)

valid_y = np.ones((batch_size, 1))
g_loss = cgan.train_on_batch([noise, labels], valid_y)

if epoch % 1000 == 0:
print(f"{epoch} [D loss: {d_loss[@]} | D accuracy: {100xd_loss[1]}] [G loss: {g_loss}]")

» CONFUSION MATRIX

conf_matrix = confusion_matrix(y_test, y_pred)

plt.figure(figsize=(10, 8))

sns.heatmap(conf_matrix, annot=True, fmt='d', cmap='Blues', xticklabels=1label_encoder.classes_, yticklabels=1label_encoder.classes_)
plt.xlabel('Predicted")

plt.ylabel('True')

plt.title('Confusion Matrix')

plt.show()

» ROC CURVE
C Curve
y_test_bin = label_binarize(y_test, classes=[0, 1, 2, 31)[:, 0]
y_scores = y_pred_prob[:, 0]

fpr, tpr, _ = roc_curve(y_test_bin, y_scores)
roc_auc = auc(fpr, tpr)

plt.figure()

plt.plot(fpr, tpr, color='darkorange', label='ROC curve (area = %@.2f)"' % roc_auc)
plt.plot([@, 1], [@, 1], color='navy', linestyle='—-')

plt.xlim([0.0, 1.0])

plt.ylim([0.0, 1.05])

plt.xlabel('False Positive Rate')

plt.ylabel('True Positive Rate')

plt.title('Receiver Operating Characteristic')

plt.legend(loc="1lower right")

plt.show()




» PRECISION RECALL CURVE

Recall Curve

y_test_bin = label_binarize(y_test, classes=[0, 1, 2, 31)[:, 0]

precision, recall, _ = precision_recall_curve(y_test_bin, y_pred_prob[:, 0])
average_precision = average_precision_score(y_test_bin, y_pred_prob[:, 0])

plt.figure()

plt.plot(recall, precision, color='blue', lw=2, label='Precision-Recall curve (AP = %0.2f)' % average_precision)
plt.fill_between(recall, precision, alpha=0.2, color='blue')

plt.xlabel('Recall’)

plt.ylabel('Precision"')

plt.ylim([0.0, 1.05])

plt.xlim([0.0, 1.0])

plt.title('Precision-Recall curve')

plt.legend(loc="1ower left")

plt.show()

» SAVING THE MODEL

mo

cgan.save('full_model.h5")
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