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Mohan Sai Morla
x23418613

1 Introduction

This document provides an comprehensive overview of the software and tools used through-
out the entire project. It provides a clear steps and guidelines for installing all required
software dependencies for executing the project. Additionally it also provides an struc-
tured and systematic roadmap for successful project implementation by showcasing the
mechanisms used to achieve the desired outcomes. Considering the extensive resource re-
quirements and prerequisites associated with the Machine Learning algorithm and AWS
Cloud with serverless functions.

2 System Configuration

This section outlines the Hardware and Software Requirements for the project.

2.1 Hardware & Platform specifications

Type Tool & Platforms

Cloud VM Amazon Web Service EC2 (Amazon Elastic Compute
Cloud), Cloud9

Operating System Linux Ubuntu 24

Container Technology | Docker version 28.3

Performance/Load Apache JMeter 5.6.3
Testing
FaaS Openwhisk

2.2 Software specification

Software specifications Details

Python 3.12 version

Google Colab & Cloud 9 For Machine Learning - Python 3.12
Visual Studio Code Version: 1.97.0 IDE, OS: Windows 11

Note: This experiment was performed in Google Colab Notebook and Kaggle Note-
book considering high resource utilisation. If anyone attempt to replicate the experiment
on a local system, it is advisable to utilize Jupyter Notebooks.

GitHub Link for Project Code:
https://github.com/Mohannci/Research-Project-Artefacts


https://github.com/Mohannci/Research-Project-Artefacts

3 Implementation and Integration

3.1 Environment setup

I have used AWS for jmeter and openwhisk load testing, Kaggle Notebook for model
training and testing and Google Colab notebook for data visualization.
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Figure 2: Kaggle Notebook home page



= .
(¢/0 FinalEvaluationCode.ipynb ¥ & S

File Edit View Insert Runtime Tools Help

2, Share M

Q Commands + Code v + Text D Runall ~ Connect v A

ady mounted at /content/drive; to attempt to forcibl:
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3.2 Software Packages and Libraries

The models were implemented using Google Colab Notebook, utilizing the Python pro-
gramming language. The following packages and imports are essential for the proper
functioning of the models:”

Python is used to programme the suggested model. The machine learning project is
best suited for the Python programming language. Python is the best choice for machine
learning applications due to its consistency, platform freedom, ease of use, accessibility
to top-notch ML tools and frameworks, flexibility, huge community, and ease of use.

Pandas is an open source python library. It is a free and high-performance data
analytics tool. With qualities like extreme user friendly and creating a table like format
from given dataset which intern is very user friendly. It’s a library or tool used in machine
learning for a wide rage of fields like statistics, finance, economics etc.

Numpy:

Numpy (Numerical python) is a python library. It consist of multi-d array objects and
a set/collection of routines for the existing array processing. Mathematical and logical
operation in python are done with the help of numpy.

Sklearn:

Sklearn also known as Scikit learn is a python library used for pre-processing, visu-
alization and cross-validation algorithm. It is a library built on Numpy, Scipy and Mat-
plotlib. It is also used for data mining and analysis of data. Sklearn consist of various
classification, regression and clustering algorithms.

Matplotlib:

Data Visualization in python can be done wth the help of Matplotlib. It is for creating
two-dimensional graphs in ML from data set available in form of arrays. It makes use of
GUTI tool PyQt in python for creating user friendly graphs.

Keras & TensorFLow: Keras is a high-level, deep learning API developed by Google
for implementing neural networks. It is written in Python and is used to make the
implementation of neural networks easy. It also supports multiple backend neural network
computation. TensorFlow is an open-source library for numerical computation, large-scale
machine learning, deep learning, and other statistical and predictive analytics.



Complete Models Code ;¢ caveq

File Edit View Run Settings Add-ons Help

+ A x LD m > PP RunAll Code ~ @ Draft Session off (run a cell to start) Q)

~M v m

> #importing all required libraries

import pickle

#import imblearn

import numpy as np

import pandas as pd

import seaborn as sns

from sklearn import metrics

from sklearn import ensemble

import matplotlib.pyplot as plt

from sklearn import preprocessing

from xgboost import XGBClassifier

#from imblearn.over_sampling import SMOTE
<> from sklearn.preprocessing import LabelEncoder
from mlxtend.classifier import StackingClassifier
from sklearn.metrics import classification_report,accuracy_score
from sklearn.model_selection import train_test_split
from sklearn.metrics import confusion_matrix,accuracy_score
from sklearn.metrics import precision_recall_fscore_support
from sklearn.ensemble import GradientBoostingClassifier,AdaBoostClassifier
v from sklearn.feature_selection import mutual_info_classif,SelectPercentile
import warnings
warnings.filterwarnings('ignore")

B E > 8 Q9 0O
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+ Code + Markdown

Figure 4: Importing packages in Kaggle notebook.
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import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

import csv

import numpy as np

from datetime import datetime
import warnings
warnings.filterwarnings('ignore")

from google.colab import drive
import matplotlib.pyplot as plt
import seaborn as sns

import pandas as pd

import csv

import numpy as np

from datetime import datetime

Figure 5: Importing packages in Colab notebook.

3.3 Project Execution Phases

This section has the details of my project Implementation and evaluation.

3.3.1 Data Cleaning

First I have read the data then I listed down columns it has and calculated percentage
of inter-arrival times and at last checked for null values.
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> #stats of dataset
dataframe.describe()

[8]: end_timestamp duration
count 1.980957e+06 1.980951e+06
mean 5.663581e+05 3.347944e+00

std 3.518276e+05 1.850717e+01
min 6.682396e-02  0.000000e+00
25% 2.497272e+05  1.000000e-03
50% 5.040002e+05  3.100000e-02
75% 8.701523e+05  3.720000e-01

max  1.209600e+06 5.786200e+02

+ Code + Markdown

dataframe.dropna(inplace=True)

#checking for null values
dataframe.isna().sum()

app
func
end_timestamp
duration
dtype: inté64

oo 0 ®

Figure 6: Data Cleaning

3.3.2 Data Preprocessing

In these phase I have added few columns to the dataset because dataset has only 4
columns which will lead models to predict values incorrectly so I have added additional
columns like wait time, hours, minute, month, year so that models have enough attributes
to predict inter-arrival time accurately.

dataframetemp[ 'Hour'] = dataframetemp.index.hour
dataframetemp| 'Minute'] = dataframetemp.index.minute
dataframetemp['Year'] = dataframetemp.index.year
dataframetemp['Month'] = dataframetemp.index.month
dataframetemp['Day' ] = dataframetemp.index.day

dataframetemp.head()

app func end_timestamp duration start_timestamp date counter wait Hour Minute Year Month Day

1df88b603d2cb982d3e7961de... 155e47f8e7f751d0c845049456d01832013c61336a8cd8, 0.079491 0.078 0.001491 2025-05-31 1 0 0 0 2025 5 3
- . : : 00:00:00.001490900

13bab499129b97a134dac5d74... 155e47f8e7f751d0c845049456d01832013c61336a8cd8, 1421378 1.398 0.023378 2025-05-31 2 22 0 0 2025 5 &1
" " ) : 00:00:00.023377897

€308bab64ef97950b75b1c758... 155e478e7751d0c845049456d01832013c61336a8¢d8. 1201779 1011 0.190779 2025-05-31 3 67 0 0 2025 5 31
) h h h 00:00:00.190778889

€308bab64€f97950b75b1c758... 155e478e7751d0c845049456d01832013c61336a8¢d8. 365668120 350323 15.345120 2022005331 4 15154 0 0 2025 5 31
00:00:15.345119907

3ceal2d3efaed8be0f9a92f5d6... 155e47f8e7f751d0c845049456d01832013c61336a8cd8, 72.787311 38.983 33.804311 2025-05-31 5 18459 0 0 2025 5 31
cea’ efae e0f9a - e e Ci C adcds... . . 00:00:33.804311077

Figure 7: Data preprocessing.

3.3.3 Data Exploration

In these phase I have explored the data like what is the average inter-arrival time per
the day. Reason behind this exploration is it helps models to learn inter-arrival time of
functions Precisely.



> # Group by Hour and Minute, compute mean
edadf = dataframetemp|['Hour', 'Minute', ‘wait']].groupby(['Hour', ‘Minute']).mean().reset_index()
# Create a line plot for each Hour
plt.figure(figsize=(18, 6))
for hour in sorted(edadf['Hour'].unique()):
subset = edadf[edadf[ 'Hour'] == hour]
plt.plot(subset| 'Minute'], subset['wait'], marker='o', linewidth=2, label=f'Hour {hour}")
# Add titles, labels, and legend
plt.title('Avg wait by Hour & Minute', fontsize=14, fontweight='bold")
plt.xlabel('Minute’, fontsize=12)
plt.ylabel('Average Wait', fontsize=12)
plt.legend(title="Hour', bbox_to_anchor=(1.85, 1), loc="upper left')
plt.grid(True, hnestyle- --', alpha=8.7)
# Save the figure
file_name = "hour_minute_graph.png"
plt.tight_layout()
plt.savefig(file_name, dpi=3@8)
plt.show()
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Figure 8: Data Exploration.

3.3.4 Training Deep Learning Models

I have used three deep learning models (LSTM, BiLSTM, Multi-head BiLSTM) out of
these 3 Multi-head Lstm scored good mse and rmse scores and predicted 90.9% of warm
starts.



Model: "functional_15"

Layer (type) Output Shape Param # | Connected to

input layer 3 ( » 5, 1) e | -

(InputLayer)

bidirectional_2 ( » 5, 128) 33,792 | input_layer 3[0]..

(Bidirectional)

global average poo.. | ( , 128) @ | bidirectional 2[..

(GlobalAveragePool..

global_max_pooling.. | ( , 128) © | bidirectional 2[..

(GlobalMaxPoolingl..

reshape (Reshape) ( ,» 1, 128) @ | global average p..

reshape 1 (Reshape) | ( ,» 1, 128) @ | global max pooli..

dense 6 (Dense) ( » 1, 16) 2,064 | reshape[@][@]

dense_8 (Dense) ( ,» 1, 16) 2,064 | reshape_1[0][0]

dense_7 (Dense) ( , 1, 128) 2,176 | dense_6[0][9]

dense 9 (Dense) ( , 1, 128) 2,176 | dense 8[0][@]

add (Add) ( , 1, 128) @ | dense 7[0][@],
dense_9[0][@]

activation ( ,» 1, 128) © | add[@][@]

(Activation)

multiply (Multiply) | ( » 5, 128) @ | bidirectional 2[..
activation[@][@]

global_average_poo.. | ( , 128) © | multiply[e][e]

(GlobalAveragePool..

dense 10 (Dense) ( , 8) 1,032 | global average p..

dense 11 (Dense) ( ,» 1) 9 | dense 10[0][@]

Total params: 43,313 (169.19 KB)
Trainable params: 43,313 (169.19 KB)
Non-trainable params: © (0.00 B)

Figure 9: Multi-head BiLSTM model training

3.4 Testing and Evaluation
3.4.1 Phase 1: Deep Learning

Here we implement 3 experiments using 3 different algorithms namely : LSTM, BiLSTM,
Multiview feature focused Bilstm. All these algorithms use the same Azure functions
dataset.

These models will forecast 100 delay values which will be used by JMeter further to
perform the load testing experiment.
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Figure 10: Training Data results
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Figure 11: Testing Data Results

3.4.2 Phase 2: JMeter Load Testing

A total of 3 main experiments were conducted to validate the hypothesis put forward by
this research. Phase 1 experiments simulated the machine learning models to forecast
Wait times based on Azure Functions data. Phase 2 experiments were performed using
this forecasted values as an input to custom controller function for getting the docker



warm. In the background a process consumes the machine learning predictions and heats
function containers accordingly. Following are the steps involved in replicating the same
one AWS.

aws | ) [Alt+S nited States (N. Virginia .
[———=——== LAIEES 2] L @ @  UnitedStstes (N.Virginia) v voclabs/user3814062=x23418613@student ncirlie
AWS Console Home.

e EC2 > Instances > i-03c4dSdafch69460d Gl ®

EC2 <

Instance summary for i-03c4d5dafcb69460d (aws-cloud9-cloud9-x23418613-6dd19f59a4074edaB8045af884d0735fa) i

Dashboard ~ N N ~
(C) ( connect )( Instancestate ¥ ) ( Actions ¥ )
NN AN AN ,/

EC2 Global View |2

Updated less than a minute ago

Events
Instance ID Public IPv4 address Private IPv4 addresses
¥ Instances I5) i-03c4d5dafeb69460d I} 44.204.88.46 | open address |# 16 172.31.95.88
Instances
| T 1Pv6 address Instance state Public DNS
nstance Types _ @ Running [
Launch Templates ec2-44-204-88-46.compute-1.amazonaws.com | open
Spot Requests address
Savings Plans Hostname type Private IP DNS name (IPv4 only)
Reserved Instances IP name: ip-172-31-95-88.ec2.internal 0 ip-172-31-95-88.ecZ.internal
Dedicated Host:
edicated Hosts Answer private resource DNS name Instance type Elastic IP addresses
Capacity Reservations - t3.medium -
Capacity Manager New
- Auto-assigned IP address VPCID AWS Compute Optimizer finding
¥ Images 0 44.204.88.46 [Public IP] IO vpc-015a976441bdSaecs 12 (@ Opt-in to AWS Compute Optimizer for recommendations.
AMIs | Learn more (2
AMI Catalog IAM Role Subnet ID Auto Scaling Group name

. - I5) subnet-024ba6427a6¢6f07c 12 -
¥ Elastic Block Store

alumes IMDSU? Instanca ARN Mananad

Figure 12: AWS EC2 Instance Created.

B |8 | @ @ UniedStates NVgina) Y o corgians2-x2s41861 3@student ncirtle

AWS Cloud9 > Environments > cloud9-x23418613 ®

AWS Cloud9 < cloud9-x23418613 (" petete ) (" openin Clouds 17 )

My environments

- ~,
. ( Edit )
Shared with me Details Nkl

All account environments Name Owner ARN Status
cloudo-x23418613 5 am:aws:sts:070659114; d-role/voclabs/ @ Ready
user3814062=x23418613@student.ncirlie

. Description
Documentation | P

Number of members Lifecycle status
1 @ Created
Environment type

EC2 instance

EC2 instance Network settings Tags

EC2 instance i: Manage EC2 instance |2 :jl

ARN Instance type
5 arn:aws:cloudS:us- 3.medium (4 GiB RAM + 2 vCPU)
east-1:070659114. i 119f59240 10735fa

Storage
Platform EBS only
Ubuntu Server 22.04 LTS

Figure 13: Cloud 9 Env Created.

3.4.3 Phase 3 : Running the JMeter Test

Step 1: Verify git is installed on the VM (which it should be) with the command git
—version. Type sudo apt install git if it’s not already installed.

Step 2: Now clone the projects codebase from the Github repository with the following
command sudo git clone.

Step 3: Use the following commands to move the downloaded Jmeter files and ex-
ecutables to an appropriate location on the server

sudo unzip /apache-jmeter-5.6.3.zip



sudo mv /apache-jmeter-5.6.3 /jmeter
echo ’export PATH="$PATH: /jmeter/bin”’ ;j; /.bashrc
source /.bashrc

Step 4: Verify Jmeter install on EC2 can be executed sudo /jmeter/bin/jmeter.sh
—version

~ &» File Edit Find View Go Run Tools Window S

environment
openwhisk
openwhisk-devtools
actionloop-starter-Kit
docker-compose
java-action-archetype
java-local
knative-build
maven-java
node-local
terraform-wskdeploy-plugin
tools
o CONTRIBUTING.md
[E LICENSE txt
o README.md
project
jmeter
openwhisk
openwhisk-devtools
temp
jmeter.log
nohup.out
numpy-2.2.6-cp310-cp310-manylinux_2_17_x86_64.mal

pandas-2.3.3-cp310-cp310-manylinux_2_ 24 x86_64.me

python_dateutil-2.9.0_postO-py2. py3-none-any.whl

Figure 14: Jmeter Installation

3.4.4 Phase 4 : Running the Experiments

Make sure you're in the root directory cd /home/ubuntu/
Experiment 1:

10



Run the Jmeter test plan against the custom modules for “experiment_1_results.csv”
generated by the LSTM model:

./run_experiment_1_with_controller.sh

Experiment 2:

Run the Jmeter test plan against the custom modules for “experiment_2_results.csv”
generated by the BiLSTM model:

./run_experiment_2_with_controller.sh

Experiment 3:

Run the Jmeter test plan against the custom modules for “experiment_3_results.csv”
generated by the Multiheaded BiLSTM model:

./run_experiment_3_with_controller.sh

~ &» Fie Edit Find View Go Run Tools Window Support preview (@ Run . Share

1 @ invoker.py run_jm p_1.sh bash - "ip-172-31-95-88" x | @

voclabs:~/environment $ cd ..
*voclabs:~ $ cd project

voclabs:~/project $ ./run_experiment_1_with_controller.sh
=== EXPERIMENT 1: BilLSTM ===

Using ML predictions from: bilstm exp.csv

Cleaning up Docker containers...
6cla21098fde
6cla21098fde
1. Starting ML Controller for BiLSTM...
Controller PID: 8046
waiting 10 seconds for controller to start pre-warming containers...
[
1
2. Starting JMeter load test...
WARN StatusConsoleListener The use of package scanning to locate plugins is deprecated and will be removed in a
future release
WARN StatusConsoleListener The use of package scanning to locate plugins is deprecated and will be removed in a future release
W
ARN StatusConsoleListener The use of package scanning to locate plugins is deprecated and will be removed in a future release
WARN StatusConsol
eListener The use of package scanning to locate plugins is deprecated and will be removed in a future release
Creating summariser <summary>
Crea
ted the tree successfully using /home/ubuntu/project/openuhisk/outputprediction/experiments/experiment_1_with_controller.jmx
starting standalon
e test @ 2025 Dec 9 18:19:12 UTC (1765304352342)
waiting for possible Shutdown/StopTestNow/HeapDump/ThreadDump message on port 4445
Warning: Nas
horn engine is planned to be removed from a future JDK release
]
1
)
summary + 10 in 00:60:17 =  ©0.6/s Avg: 1202 Min: 214 Max: 2197 Err: @ (0.00%) Active: 1 Started: 1 Finished: @

Figure 15: Experiment 1 Execution

3.4.5 Phase 5 : Evaluating the Results

Experiments will generate have an additional results CSV file that contains cold start
information. These files were written directly to:

11



v outputprediction
experiments

[& bilstm_exp.csv

2 Istm_exp.csv

@ multiheaded_bilstm_exp.csv

apache-jmeter-5.6.3.zip

@ controller.py

Figure 16: Experiments Results

These files will evaluated based on their cold / warm start values for the respective
serverless custom function.

3.5 Data visualization

Using csv files generated by the jmeter I have visualized cold and warm starts percentage
predicted by the deep learning models I have used google colab for data visualization.

Count of Cold vs Warm Executions (Horizontal View)

warm 45450

Execution Type

cold

0 10000 20000 30000 40000
Number of Events

Figure 17: Multi-head BiLSTM Prediction

12



4 References

Amazon Web Services, Inc. (n.d.). AWS Lambda Documentation.
URL: https://docs.aws.amazon.com/lambda/

Harris, C. R., Millman, K. J., van der Walt, S. J., Gommers, R., Virtanen, P., Cournapeau,
D., ... & Oliphant, T. E. (2020). Array programming with NumPy. Nature, 585(7825),
357-362.

URL: https://numpy.org/

Hunter, J. D. (2007). Matplotlib: A 2D Graphics Environment. Computing in Science
¢ Engineering, 9(3), 90-95.
URL: https://matplotlib.org/

Python, P. (n.d.). Installing packages using pip and virtual environments.
URL: https://packaging.python.org/guides/installing-using-pip-and-virtual-environmen

13


https://docs.aws.amazon.com/lambda/
https://numpy.org/
https://matplotlib.org/
https://packaging.python.org/guides/installing-using-pip-and-virtual-environments

	Introduction
	System Configuration
	Hardware & Platform specifications
	Software specification

	Implementation and Integration
	Environment setup
	Software Packages and Libraries
	Project Execution Phases
	Data Cleaning
	Data Preprocessing
	Data Exploration
	Training Deep Learning Models

	Testing and Evaluation
	Phase 1: Deep Learning
	Phase 2: JMeter Load Testing
	Phase 3 : Running the JMeter Test
	Phase 4 : Running the Experiments
	Phase 5 : Evaluating the Results

	Data visualization

	References

