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Optimizing Long-Short Term Memory (LSTM)
Algorithm for Enhanced Energy Efficiency and Green
Computing in Cloud Environments

Anmol Singla
X20259891

1 Introduction

The purpose of this configuration document is to present the essential information required
for conducting the proposed research study. The implementation was executed on a
conventional laptop computer. This manual presents a comprehensive set of instructions for
replicating the thesis work in a systematic and sequential manner. This document provides an
explanation for all of the artifacts that are included and attached to the report. This manual
provides an overview of code snippets related to data collection, model building,
experiments, and result evaluation.

2 Hardware Requirements

== Windows specifications

Edition Windows 11 Home Single Language
Version 22H2

Installed on 3/10/2023

OS build 22621.2861

Serial number PF2T3JRX
Experience Windows Feature Experience Pack 1000.22681.1000.0

Microsoft Services Agreement
Microsoft Software License Terms
Windows Specification

@ Device specifications

Device name LAPTOP-A6AMH2MC

Processor AMD Ryzen 5 4600H with Radeon Graphics 3.00 GHz
Installed RAM 16.0 GB (15.4 GB usable)

Device ID 8475F865-8809-4321-B1A4-B289540E65E8

Product ID 00327-36285-18421-AAOCEM

System type 64-bit operating system, x64-based processor

Pen and touch  No pen or touch input is available for this display

Device Specification



3 Software Requirement

For creating the script following tools and softwares were required

Programming Language Python3.6

Tools Google Collab

4 Dataset Collection

The dataset has been taken from the online public repositry i.e. kaggle:

https://www.kaggle.com/datasets/abdurrazig01/cloud-computing-performance-metrics

5 Importing libraries

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.preprocessing import LabelEncoder

import seaborn as sns

import matplotlib.pyplot as plt

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import LSTM, Dense, Dropout
from sklearn.preprocessing impert MinMaxScaler

from sklearn.model selection import train_test split
impert numpy as np

from keras.models import Sequential

from keras.layers import LSTM, Dense

from keras.wrappers.scikit_learn import KerasRegressor
from sklearn.model selection import GridSearchCW

from scikeras.wrappers import KerasRegressor

from sklearn.model selection import GridSearchCW

from sklearn.metrics impeort mean_squared error

from IPython.display impert display, Math

Importing required Libraries

6 Importing Dataset

df = pd.read_csv('vmCloud_data.csv')

df .head()

vm_id timestamp cpu_usage memory_usage network_traffic power_consumption num_executed_instructions execution_time energy efficiency ta:
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https://www.kaggle.com/datasets/abdurraziq01/cloud-computing-performance-metrics

7 Data pre-processing and transformation

: 'null values = df.isnull().sum()
print{null_values)

vm_id 200638
timestamp 200666
Cpu_usage 199838
memory _usage 288518
network_traffic 199481
power_consumption 288271
num_executed instructions 199686
execution_time 199827
energy efficiency 200042
task_type 199962
task_priority 199433
task _status 2083086

dtype: intg4d

Missing values

In [6]: |# Creating New Dataframe
new_df = df[['cpu_usage', 'memory_usage', 'network_traffic', 'power_consumption', 'num_executed_instructions', 'execution_time',

3

In [7]: # Fill numerical columns with the median
numerical_columns = ['cpu_ usage', 'memory usage', 'network_traffic', 'power consumption®,
"num_executed_instructions', 'execution_time', 'energy_efficiency']
for col in numerical_columns:
df[col] = new_df[col].fillna(new_df[col].median())

# Fill categorical columns with the mode
categorical_columns = ['task_type', 'task_pricrity', 'task_status']
for col in categorical columns:

new_df[col] = new_df[col].fillna(new_df[col].mode()[8])

Handling missing values

8 Label Encoding

In [12]: from sklearn.preprocessing import LabelEncoder

# Initialize the LabelEncoder
le = LabelEncoder()

# Llist of non-numerical variables
non_numerical wars = ['task_type', 'task_priority', '"task_status']

# Apply Label Encoding to each non-numerical column
for col in non_numerical_wars:

new_df[col] = le.fit_transform(new_df[col])

# Compute the correlation matrix
correlation_matrix = new_df.corr()

# Display the correlation matrix
print(correlation_matrix)

Label Encoding



9 Data Visualization

In [13]: import seaborn as sns
import matplotlib.pyplot as plt
# Plotting the heatmap
plt.figure(figsize=(12, 8))
sns.heatmap(correlation_matrix, annot=True, cmap='ccolwarm', fmt=".2f", linewidths=.5)
plt.title('Correlation Matrix Heatmap')
plt.show()

Correlation Matrix

In [14]: plt.figure(figsize=(10, 6))
sns.histplot(df[ 'cpu_usage'], bins=308, kde=True)
plt.title('CPU Usage Distribution')
plt.xlabel('CPU Usage')
plt.ylabel('Frequency')
plt.show()

CPU Usage Distribution

In [15]: plt.figure(figsize=(18, 6))
sns.boxplot(x='task priority', y='execution_ time', data=df)
plt.title('Execution Time for Different Task Priorities')
plt.xlabel('Task Priority')
plt.ylabel('Execution Time')
plt.show()

Execution time for different task priorities

In [16]: plt.figure(figsize=(12, 7))
df.groupby('task_type')['energy efficiency'].mean().plot(kind="bar")
plt.title('Average Energy Efficiency by Task Type')
plt.xlabel('Task Type')
plt.ylabel('Average Energy Efficiency')
plt.show()

Average Energy Efficiency by Task Type

In [17]: # Creating a pivot table for the heatmap
pivot_table = df.pivot_table(values=['cpu_usage', "memory_usage'], index='task_priority', aggfunc='mean')

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

plt.title('Average CPU and Memory Usage by Task Priority"')
plt.show()

Average CPU and Memory usage

10 Data Splitting and Model Building



In [19]: from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import LSTM, Dense
from sklearn.preprocessing impert MinMaxScaler
from sklearn.model selection import train_test split
import numpy as np

# Data Preprocessing
scaler = MinMaxScaler(feature_range=(8, 1))
scaled_data = scaler.fit_transform(small_df[['cpu_usage', 'memory_usage', 'network_traffic', 'power_consumption']])

# Create sequences from data
def create_sequences(data, seq length):
xs, ys =[], []
for i in range(len(data)-seq_length-1):
x = data[i:(i+seq_length)]
y = data[i+seq_length]
xs .append(x)

ys.append(y)
return np.array(xs), np.array(ys)

seq_length = 5 # Example sequence length
X, y = create_sequences(scaled_data, seq_length)

# Splitting the Data
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=z0)

Data Splitting

# Building the LS5TM Model

model = Sequential()

model.add(LSTM(58, activation='relu', input_shape=(seq_length, X.shape[2]}}ﬂ
model.add(Dense(1))

# Compiling the Madel
model.compile(optimizer="adam', loss='mean_squared_error')

# Training the Model
model.fit(X train, y train, epochs=5@, validation split=@.1, batch_size=64)

# Fvaluation
predictions = model.predict(X test)

Model Building

In [20]: from keras.models impert Sequential
from keras.layers import LSTM, Dense

def create_lstm_model(units=5@, optimizerz'adam'):

model = Sequential()

model.add(LSTM{units, input_shape=(X_train.shape[1], X_train.shape[2])}))
model.add(Dense(1))

model.compile(loss="mean_squared_error', optimizer=optimizer)

return model

In [21]: from keras.wrappers.scikit learn impert KerasRegressor
from sklearn.model_selection impert GridSearchCV

model = KerasRegressor(build_fn=create_lstm_model, verbose=8)

param_grid = {
"epochs': [1@],
"batch_size': [32],
"units': [5@],
"optimizer': ["adam']

¥

grid = GridSearchCV(estimator=model, param_grid=param_grid, cv=3, error_score='raise')
grid_result = grid.fit(X_train, y_train)

Creating Model



In [27]: from sklearn.metrics import mean_squared_error
import matplotlib.pyplot as plt
import numpy as np

# 'model_optimized' is trained LSTM model
# Generate predictions
y_pred = model optimized.predict(X test)

# Reshape y pred to ensure it is a 2D array with one column
y_pred = np.reshape(y_pred, (-1, 1))

# Reshape y_test to have the same format as y_pred
y_test_single_output = y test[:, ©8].reshape(-1, 1)

# Calculate MSE
mse = mean_squared_error(y_test_single output, y_pred)
print("MSE on Test Set:", mse)

# Plotting the training loss (MSE)

plt.plot(history.history['loss'], label='Training Loss')

if 'val loss' in history.history:
plt.plot(history.history['val loss'], label='Validation Loss')

plt.title('Model Loss (MSE) Over Epochs')

plt.ylabel('MSE Loss')

plt.xlabel('Epoch")

plt.legend()

plt.show()

Finding model loss over epochs

In [28]: from tensorflow.keras.models import Sequential
from tensorflow.keras.layers impert LSTM, Dense, Dropout

def build_model(input_shape):
model = Sequential()
model .add(LSTM(units=58, return_sequences=True, input_shape=input_shape))
model . add (Dropout(©.2))
model.add(LSTM(units=58, return_sequences=False))
model . add(Dropout(©.2))
model . add(Dense(units=1))

model . compile(optimizer='adam', loss='mean_squared_error')
return model

model = build_model(input_shape=(X_train.shape[1], X_train.shape[2]})

Building Custom LSTM

In [34]: print("X_test shape:", X _test.shape)
print("y_test shape:", y_test.shape)

X_test shape: (3999, 5, 4)
y_test shape: (15996, 1)

In [35]: y_pred = model.predict(X_test)
print("y_pred shape:", y_pred.shape)

125/125 [ ] - 1s 4ms/step
y_pred shape: (3999, 1)

In [36]: y_pred = y_pred.reshape(-1, 1)
y_test = y test.reshape(-1, 1)

print("Reshaped y_pred shape:", y_pred.shape)
print("Reshaped y_test shape:", y_test.shape)

Reshaped y_pred shape: (3999, 1)
Reshaped y_test shape: (15996, 1)

In [38]: # Truncate y test to match the shape of y pred
y_test_truncated = y_test[:3999]

# Calculate MSE
mse = mean_squared_error(y_test_truncated, y_pred)
print("MSE on Test Set:", mse)

MSE on Test Set: ©.87308321178428932

Reshaping data



In [39]: import matplotlib._pyplot as plt

plt.plot(history.history['loss'], label='Training Loss')
plt.plot(history.history['val loss'], label='Validation Loss')
plt.title('Model Loss (MSE) Over Epochs')

plt.ylabel('MSE Loss')

plt.xlabel('Epoch')

plt.legend()

plt.show()

Visualizing Model Loss over Epochs
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