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1 Setting up Simple Django Web Application

1.1 Introduction

This section provides comprehensive and step-by-step guide to create, containerize, and deploy
this simple Django web application used for different phases workload in this research. The
application is designed as simple without any state for CPU-intensive service that generates a
measurable load within a Kubernetes environment.

1.2 Prerequisites

Before proceeding, ensure the following software is installed and configured on your local
workstation:

- Python 3.x with pip

- Django app

- Docker Desktop (or another Docker daemon, for this docker desktop is used)

- kubectl configured to communicate with your target Kubernetes cluster
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1.3 Building and running python web application
Building and running the simple python CPU intensive app —

prepare_phase2_synthetic_data.py @ prepare_phase0_synthetic_data.py B phase0_synthetic_traffic viewspy X

app > myproject >
import
from django.http import HttpResponse
import math
import

def home(request):

This is the CPU-intensive function.
try:
math.factorial(1000)
return HttpResponse("CPU-intensive task complete.")

except Exception as 91
return HttpResponse(f"An error occurred: {e}")

(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling_Project\app> python manage.py runserver 8080
Watching for file changes with StatReloader
Performing system checks...

System check identified no issues (@ silenced).

December 04, 2025 - 23:01:32

Django version 5.2.7, using settings 'myproject.settings’
Starting development server at http://127.0.0.1:8080/
Quit the server with CTRL-BREAK.

WARNING: This is a development server. Do not use it in a production setting. Use a production WSGI or ASGI server i
nstead.

For more information on production servers see: https://docs.djangoproject.com/en/5.2/howto/deployment/

[04/Dec/2025 23:01:34] "GET / HTTP/1.1" 200 28

Not Found: /favicon.ico

[04/Dec/2025 23:01:34] "GET /favicon.ico HTTP/1.1" 404 2367

<« > C ® localhost:8080

CPU-intensive task complete.

2 Building docker image and deploying application

1.1 Create docker file — dockerfile
This file will tell the docker to build the image using these python version, configuration
and app files, and to run gunicorn server in port 8000



nthetic_data.py prepare_phase0 e i ph synthetic_traffic.csv py dockerfile 1 X

dockerfile > ...

EROM python:3.9.18 slin bullseye

ENV PYTHONDONTWRITEBYTECODE=1
ENV PYTHONUNBUFFERED=1

WORKDIR /code

COPY app/requirements.txt /code/

RUN pip install --no-cache-dir -r requirements.txt

COPY app/ /code/

CMD ["gunicorn", "--bind", "0.0.0.0:8000", "--workers", "4", "--timeout", "120", "myproject.wsgi:ap

1.2 Building docker image and deploying the django app application
- Run command in terminal —
Docker build -t djnago-app:21 .

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> docker build django-app:v21l .
[+] Building 2.6s (11/11) FINISHED docker:desktop-1inux

View build details: docker-desktop://dashboard/build/desktop-1linux/desktop-1linux/f@758uxuzémeck

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> I

- Check all the docker images, run command in terminal —
Run following command in terminal
Docker images




PS C:\Users\ankur\Desktop\ML_Autoscaling Project> docker images
ﬂ Info - m In Use
IMAGE ID DISK USAGE CONTENT SIZE EXTRA

244b15a9af74 238MB 51.8MB
0d0edb425bfc 247MB 54MB
907e867e33d6 247MB 54MB
1b1a710c1002 247MB 54MB
9d6902a456¢d 247MB 54MB
S5ee644acbd66 247MB 54MB
e148d2e15b9b 247MB 54MB
926feec4cbbe 247MB 54MB
fb73d68d9aef 247MB 54MB
bcf15797d997 247MB 54MB
991bd4441caf 252MB 55.2MB
6862d733df22 252MB 55.2MB
94f6dcc5a83d 252MB 55.2MB
f05d442cc67f 242MB 52.4MB
cc70409e1c84 241MB 52.3MB
€321a5c92549 582MB 157MB
aadc48ce8960 46.4MB 15MB
fdd1722efdcc 596MB 183MB
115d77efe6e2 59.2MB 17.3MB
7ecf567ea070 47MB 10.8MB
c4d56c24daaf 22.2MB 6.03MB
162413173825 224MB 57.4MB
cd224d8da58d 1.49GB 437MB
7416a61b42b1 1.45GB 445MB
€0319735a832 252MB 55.2MB
9caabbf6238b 85.1MB 18.6MB
c6a9dllcc5co 211MB 57.7MB
c47449f3e751 129MB 28.7MB
399aa50f4d13 119MB 26.3MB
83c025f0faab 129MB 30.9MB
45710d74cfd5 93.5MB 20.7MB
ee65211290b2 1.06MB

BB PB

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> D

Create kind cluster and load image in cluster
Run following command in terminal —

o Kind create cluster -name research-cluster : to create cluster with particular

name

Kind cluster-info : To check the cluster running or not and in which port
Kind get clusters : To check if it exists with the name created

Kind load docker-image Django-app:v21 --name research-cluster

PROBLEMS {10 OUTPUT DEBUG CONSOLE TERMINAL PORTS

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kind create cluster ame research-cluster
Creating cluster “"research-cluster™ ...

e Ensuring node image (kindest/node:v1.34.0) &
Vv Ensuring node image (kindest/node:v1.34.0) &

e Preparing nodes @

Vv Preparing nodes @

e Writing configuration B

Vv Writing configuration B

e Starting control-plane

v Starting control-plane

e Installing CNI

Vv Installing CNI

e Installing StorageClass [

v Installing StorageClass |l
Set kubectl context to "kind-research-cluster"”
You can now use your cluster with:

OppPEPEBPPBPB X

kubectl cluster-info --context kind-research-cluster

Have a question, bug, or feature request? Let us know! https://kind.sigs.k8s.io/#community @

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl cluster-info

Kubernetes control plane is running at https://127.0.0.1:61551

CoreDNS is running at https://127.0.0.1:61551/api/vl/namespaces/kube-system/services/kube-dns:dns/proxy

To further debug and diagnose cluster problems, use ‘kubectl cluster-info dump’.

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kind get clusters

research-cluster

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl load docker-image django-app:v21l --name research-cluster
error: unknown command "load" for "kubectl"

Did you mean this?
logs
PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kind load docker-image django-app:v21l --name research-cluster
Image: “"django-app:v21"” with ID "sha256:8df1b5897d210fa29dccdda449a4f7385bb414b444b3c5e97949d64d4d5c5d54" not yet prese
control-plane”, loading...
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> []




- Add helm repo and update helm repo
Run following command in terminal —
o Choco install Kubernetes-helm -y
o helm repo add prometheus-community https://prometheus-
community.github.io/helm-charts
o helm repo update

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> Choco install Kubernetes-helm -\
Chocolatey v2.4.2

Installing the following packages:

Kubernetes-helm

By installing, you accept licenses for the packages.

kubernetes-helm v3.18.6 already installed.

Use --force to reinstall, specify a version to install, or try upgrade.

Chocolatey installed ©/1 packages.
See the log for details (C:\ProgramData\chocolatey\logs\chocolatey.log).

Warnings:
- kubernetes-helm - kubernetes-helm v3.18.6 already installed.
Use --force to reinstall, specify a version to install, or try upgrade.

Enjoy using Chocolatey? Explore more amazing features to take your
experience to the next level at

https://chocolatey.org/compare
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> I
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm repo add prometheus-community https:
//prometheus-community.github.io/helm-charts
"prometheus-community"” already exists with the same configuration, skipping
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm repo update
Hang tight while we grab the latest from your chart repositories...
...Successfully got an update from the "grafana"” chart repository
...Successfully got an update from the "prometheus-community"” chart repository
...Successfully got an update from the "prometheus-adapter" chart repository
Update Complete. sHappy Helming!s
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> I

- Install Prometheus kube stack for monitoring
o Create file monitoring-values-standard.yaml

' monitoring-values-standard.yaml X train_phase3_prophet_model.py predict_phase3_prophet.py @D

I' monitoring-values-standard.yaml| > { } prometheus > { } prometheusSpec > [] additionalScrapeConfigs > {} 0 > [] static_cor

o Run command to install the monitoring in terminal —
helm install prometheus prometheus-community/kube-prometheus-stack --
values monitoring-values-standard.yaml



PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> helm install prometheus prometheus-commun
ity/kube-prometheus-stack --values monitoring-values-standard.yaml
I1206 16:0©8:30.387376 25504 warnings.go:110] "Warning: spec.SessionAffinity is ignored fo
r headless services™
NAME : prometheus
LAST DEPLOYED: Sat Dec 6 16:08:18 2025
NAMESPACE : default
STATUS: deployed
REVISION: 1
NOTES:
kube-prometheus-stack has been installed. Check its status by running:
kubectl --namespace default get pods -1 "release=prometheus"™

Get Grafana "admin® user password by running:

kubectl --namespace default get secrets prometheus-grafana -o jsonpath="{.data.admin-pass
word}” | base64 -d ; echo

Access Grafana local instance:

export POD_NAME=$(kubectl --namespace default get pod -1 "app.kubernetes.io/name=grafana,
app.kubernetes.io/instance=prometheus™ -oname)

kubectl --namespace default port-forward $POD_NAME 3000
Get your grafana admin user password by running:

kubectl get secret --namespace default -1 app.kubernetes.io/component=admin-secret -o jso

npath="{.items[©@].data.admin-password}” | base64 --decode ; echo

Visit https://github.com/prometheus-operator/kube-prometheus for instructions on how to cre
ate & configure Alertmanager and Prometheus instances using the Operator.

o Fetch Grafana admin password to access the Grafana dashboard
Run following command in terminal —
$passwordBytes =  kubectl get secret prometheus-grafana -0
jsonpath='{.data.admin-password}";
[System.Text.Encoding]::UTF8.GetString([ System.Convert]::FromBase64Stri
ng($passwordBytes))

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> $passwordBytes = kubectl get secret prom
etheus-grafana -o jsonpath='{.data.admin-password}'; [System.Text.Encoding]::UTF8.GetString
([System.Convert]: :FromBase64String($passwordBytes))

P0a@LbZFnVbCVOHGBkOpdd8ByBTIL3cfKMABXRA7
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> D

o Create Deployment, services, pushgatway yaml file for kubernetes
* Django-app-deployment.yaml



$ run_phase0_load_generator.sh I' monitoring-values-phase0.yaml I' django-app-deploymentyaml X ([J -

django-app-deployment.yaml > { } spec > { } template > { } metadata > { } labels
i0.k8s.api.apps.v1.Deployment (v1@deployment.json)
sion: apps/vl
Deployment

metadata

name: django-app-deployment

matchLabels:
H: django-app

: django-app

ntainers:
django-app-container
django-app:v21
11Policy: Never

8000

"51om"
"256Mi"

monitoring-values-phase0.yaml ! django-app-deployment.yaml I django-serviceyaml X (I)

django-service.yaml > { } metadata > { } annotations > abc prometheus.io/path
io.k8s.api.core.v1.Service (v1 @service.json)
sion: vl
Service
ata:

name: django-app-service

"true’
'/metrics’
‘8000




* Pushwgatway.yaml

process_alibaba_data_scaling.py X @ process_alibaba_data.py @ process_data.py I pushgateway.yaml X

pushgateway.yaml > { } spec > { } template > { } spec > [] containers > {} 0

io.k8s.api.core.v1.Service (v1@service.json) | io.k8s.api.apps.v1.Deployment (vi@deployment.json)

apiVersion: apps/vl
kind: Deployment
metadata:

name: pushgateway

matchlLabels:
: pushgateway

apiVersion: v1
kind: Service
metadata:
name: pushgateway
labels:

app: pushgateway
: pushgateway
- name: http

: 9091
getPort: 9091

o Apply deployment, service, and pushgatway yaml file

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl apply -f django-app-deployment.yaml
deployment.apps/django-app-deployment created

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl apply -f django-service.yaml
service/django-app-service created

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> D

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl apply -f pushgateway.yaml
deployment.apps/pushgateway created

service/pushgateway created

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> I

o Check all the deployment and services are active and running
Run the following command to check in new terminal

Terminal 2 — kubectl get pods -w
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl get pods -
NAME READY STATUS RESTARTS
alertmanager-prometheus-kube-prometheus-alertmanager-0 2/2 Running
django-app-deployment-7d56c69b48-bh2s8 1/1 Running
django-app-deployment-7d56c69b48-bjqg8 1/1 Running
django-app-deployment-7d56c69b48-dw5f7 1/1 Running
prometheus-grafana-cf65bdf7c-xh4dgw 3/3 Running
prometheus-kube-prometheus-operator-6fc45cb74f-cbzbs 1/1 Running
prometheus-kube-state-metrics-5d7bdb7c86-mmb6z 1/1 Running
prometheus-prometheus-kube-prometheus-prometheus-0 2/2 Running
prometheus-prometheus-node-exporter-xchck 1/1 Running
pushgateway-78589bf75c-jvrwm 1/1 Running

OO OO0




- Run application, pushgateway and Grafana in kubernestes
Run following command in different terminal
o Termina 3 - Kubectl port-forward service/Django-app-service 8080:80

PROBLEMS ~ OUTPUT  DEBUG CONSOLE ~ TERMINAL  PORTS 6J kubectt + v (D W -

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl port-forward service/dj
ango-app-service 8080:80

Forwarding from 127.0.0.1:8080 -> 8000

Forwarding from [::1]:8080 -> 8000

Handling connection for 8080

Handling connection for 8080

[

<« > C @® localhost:8080

CPU-intensive task complete.

port-forward srv/pushgatway 9091:9091

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL PORTS X

o Terminal 4 - Kubectl

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl port-forward svc/pushga bJ
teway 9091:9091 !
Forwarding from 127.0.0.1:9091 -> 9091

Forwarding from [::1]:9091 -> 9091 bJ

€ 2> C @ localhost9091 Q K A D J, @ Verify thatit's you

Pushgateway Metrics

o Terminal 5 - kubectl port-forward svc/prometheus-grafana 3000:80

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl port-forward svc/prometheus-grafana 3000:80
Forwarding from 127.0.0.1:3000 -> 3000

Forwarding from [::1]:3000 -> 3000

& (] @ localhost:3000/login Q & A

=

Welcome to Grafana

Email or username

admin

Login using the same password generated using the command

9



€ > C @ localhost:3000/dashboards Q & % A O J, @ Verify thatits you
{9 Grafana o Home > Dashboez

@ Home
0 Bookmarks Dashboards

arrec @ Create and manage dashboards t

| 38 Dashboaras

Starred

Name Tags

g2 Alertmanager / Overview alertmanager-mixin
83 CoreDNS coredns  dns
88 etcd etcd-mixin

83 Grafana Overview

88 Kubernetes / API server kubernetes-mixin
88 Kubernetes / Compute Resources / Multi-Cluster kubernetes-mixin
83 Kubernetes / Compute Resources / Cluster kubernetes-mixin
83 Kubernetes / Compute Resources / Namespace (Pods) kubernetes-mixin
83 Kubernetes / Compute Resources / Namespace (Workloads) kubernetes-mixin
88 Kubernetes / Compute Resources / Node (Pods) kubernetes-mixin
83 Kubernetes / Compute Resources / Pod kubernetes-mixin
83 Kubernetes / Compute Resources / Workload kubernetes-mixin
82 Kubernetes / Controller Manager kubernetes-mixin
82 Kubernetes / Kubelet kubernetes-mixin

83 Kubernetes / Networking / Cluster kubernetes-mixin

Application, Prometheus pushgateway and Grafana are successfully running in the Kubernetes
environment. Now will deploy the different phases to run in this application where the
application will have the traffic load using hey and performance will be measured by
Prometheus and it will displayed in the Grafana dashboard — showing traffic count, cpu
performance, pods scaling up and down based on the different phases configuration deployed.

3 Phase 0 - Baseline Default HPA

3.1 Introduction

This is the baseline of the entire research — the default HPA in Kubernetes environment. The
CPU utilization will be observed in this phase and will be recorded for the future sequential
phases. This section will provide step by step guidance, configuration and execute for the
results to be compared with predicted phases.

3.2 System Prerequisites

Before proceeding for this phase, please ensure the following components are installed and
configured properly:

- A running Kubernetes cluster (kind, Docker Desktop, or a cloud-based cluster).
- kubectl command - line tool, configured to communicate with your cluster.
- helm command - line tool, for deploying the monitoring stack.
- The complete project source code, including all YAML files and scripts.
- Do clean the environment specially the Prometheus

Run the following command in terminal
Helm list
helm uninstall Prometheus
helm uninstall prometheus-stack
kubectl delete crd alertmanagers.monitoring.coreos.com °
podmonitors.monitoring.coreos.com
prometheuses.monitoring.coreos.com

O O O O
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prometheusrules.monitoring.coreos.com
servicemonitors.monitoring.coreos.com
thanosrulers.monitoring.coreos.com °
probe.monitoring.coreos.com

3.3 Core Configuration Files for phase 0

This Phase 0 research experiment is defined by a set of the following specific, isolated
configuration files:

- django-app-deployment.yaml —
Defines the web application that will be subjected to the load test and scaled by the
HPA — remains the same as of previous section and will be same for all the phases

- load-generator.yaml —
Defines a utility pod containing the necessary tools (curl, hey) to execute the load test
script within the cluster. It will be a separate pod that hits the server for load
generation from client side

load-generator.yaml 1 X load-generator-phase1.yaml predict_phase2_arima.py monitoring-valu

load-generator.yaml > ...

shared-data

8k

eady for Phase @ experiments.

VIV VYV VNV VIV

- monitoring-values-phase0.yaml —
A Helm values file used to configure the kube-prometheus-stack. It is critical for
enabling the Prometheus Adapter.

11



-phase0.yam| X hpa-traffic-phase0.yaml $ run_phase0_load_generator.sh monitoring-values-phaseO.yaml X (IJ

monitoring-values-phase0.yaml > { } prometheus > { } prometheusSpec > [] additionalScrapeConfigs > {} 0 > [] static_configs > {} 0 > [

crapeCor g
'pushgateway’
~val: 1@s

.cluster.local:9091"]

*{__name__=~"~simulated_traffic_users$", job="phase@®_ load_test"}'

"<<.Resource>>"

"namespace"}

matches: "~(.*)_users"”

"total_active_users”
sum(<<.Series>>{<<.LabelMatchers>>}) by (<<.GroupBy>>)

adapter-values-phase(.yaml —

A ConfigMap containing the specific rule for the Prometheus Adapter. This rule
translates the simulated_traffic users metric from Prometheus into
a simulated traffic per pod metric that the HPA can understand.

adapter-values-phase0.yaml X hpa-traffic-phase0.yaml $ run_phase0_load_generator.sh monitoring-value (IJ

adapter-values-phaseO.yaml > ...

http://prometheus-stack-kube-prom-prometheus.default.svc
t: 9090

*{_name__=~"“simulated_traffic_users$"”,job="phase@_load_test"}'
sum(<<.Series>>)

"namespace™}
"service"}




- hpa-traffic-phase0.yaml —
The Horizontal Pod Autoscaler (HPA) resource. It is configured to monitor

the simulated traffic per pod metric and maintain an average of 100 users per pod by
scaling the django-app-deployment.

adapter-values-phase0.yaml hpa-traffic-phase0.yaml X $ run_phase0_load_generator.s monitoring-value (IJ -

hpa-traffic-phase0.yaml > { } spec > { } behavior > {} scaleDown > [] policies > {} 0 > 3 periodSeconds

api ion: autoscaling/v2
izontalPodAutoscaler

: django-app-hpa-rps
ion: apps/vl
Deployment

django-app-deployment
i 1

: total_active_users

AverageValue

- run_phase0 load generator.sh -
The shell script that reads a traffic pattern from a CSV file and generates the
corresponding user load against the application.

- grafana-dashboard-phase0.json —

A pre-configured Grafana dashboard definition for visualizing the results of the
experiment.

3.4 Step-by-Step Execution Procedure

Execute the following commands in sequence from the root directory of the project in
separate terminal.

- Step 1 : once cleaned the environment to start fresh with the phase0
Run Following command to clean in the terminal —

13



Helm list

helm uninstall Prometheus

helm uninstall prometheus-stack

kubectl delete crd alertmanagers.monitoring.coreos.com °
podmonitors.monitoring.coreos.com
prometheuses.monitoring.coreos.com
prometheusrules.monitoring.coreos.com °
servicemonitors.monitoring.coreos.com
thanosrulers.monitoring.coreos.com °
probe.monitoring.coreos.com

o kubectl delete -f load-generator.yaml

o O O O

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm list
NAME NAMESPACE REVISION UPDATED
ATUS CHART APP VERSION
prometheus-adapter default 2 2025-12-06 20:05:49.8004503 +0000 UTC
ployed prometheus-adapter-5.2.0 v0.12.0
prometheus-stack default 1 2025-12-06 19:40:55.6365769 +0000 UTC
ployed kube-prometheus-stack-79.12.0 v0.86.2
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm uninstall prometheus
Error: uninstall: Release not loaded: prometheus: release: not found
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm uninstall prometheus-stack
release "prometheus-stack” uninstalled
PS C:\Users\ankur\Desktop\ML_Autoscaling_ Project> kubectl delete crd alertmanagers.monitoring.core
os.com
>> podmonitors.monitoring.coreos.com °
>> prometheuses.monitoring.coreos.com °
>> prometheusrules.monitoring.coreos.com °
>> servicemonitors.monitoring.coreos.com °
>> thanosrulers.monitoring.coreos.com °
>> probe.monitoring.coreos.com
>>
customresourcedefinition.apiextensions.k8s.io "alertmanagers.monitoring.coreos.com™” deleted
customresourcedefinition.apiextensions.k8s.io "podmonitors.monitoring.coreos.com” deleted
customresourcedefinition.apiextensions.k8s.io "prometheuses.monitoring.coreos.com” deleted
customresourcedefinition.apiextensions.k8s.io "prometheusrules.monitoring.coreos.com” deleted
customresourcedefinition.apiextensions.k8s.io "servicemonitors.monitoring.coreos.com” deleted
customresourcedefinition.apiextensions.k8s.io "thanosrulers.monitoring.coreos.com” deleted
Error from server (NotFound): customresourcedefinitions.apiextensions.k8s.io "probe.monitoring.cor
eos.com” not found

< PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> I

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl delete -f load-generator.yaml
pod "load-generator” deleted from default namespace

- Step 2 : Install and Configure the Monitoring Stack
The Prometheus monitoring stack, including the crucial Prometheus Adapter, must be
deployed first for the execution of phase 0.
Terminal 1 —
o helm repo add prometheus-community https://prometheus-
community.github.io/helm-charts
o helm repo update
o helm install prometheus prometheus-community/kube-prometheus-stack --
values monitoring-values-phase(.yaml
o $passwordBytes = kubectl get secret prometheus-grafana -o
jsonpath='{.data.admin-password}";
[System.Text.Encoding]::UTF8.GetString([ System.Convert]::FromBase64Stri
ng($passwordBytes)) — To fetch Grafana password
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o helm upgrade prometheus-adapter prometheus-community/prometheus-
adapter -f adapter-values-phase0.yaml

o kubectl rollout restart deployment prometheus-adapter
PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> helm repo add prometheus-community https://prome
theus-community.github.io/helm-charts
"prometheus-community” already exists with the same configuration, skipping
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm repo update
Hang tight while we grab the latest from your chart repositories...
...Successfully got an update from the "prometheus-community” chart repository
...Successfully got an update from the "grafana" chart repository
...Successfully got an update from the "prometheus-adapter™ chart repository
Update Complete. wHappy Helming!s
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm install prometheus prometheus-community/kub
e-prometheus-stack --values monitoring-values-phase@.yaml
11207 14:52:11.504044 23944 warnings.go:110] "Warning: unrecognized format \"int64\""
11207 14:52:26.534309 23944 warnings.go:110] "Warning: spec.SessionAffinity is ignored for headl
ess services™
NAME: prometheus
LAST DEPLOYED: Sun Dec 7 14:52:12 2025
NAMESPACE: default
STATUS: deployed
REVISION: 1
NOTES:
kube-prometheus-stack has been installed. Check its status by running:
kubectl --namespace default get pods -1 "release=prometheus”

Get Grafana 'admin' user password by running:

kubectl --namespace default get secrets prometheus-grafana -o jsonpath="{.data.admin-password}"
| base64 -d ; echo

Access Grafana local instance:

export POD_NAME=$(kubectl --namespace default get pod -1 "app.kubernetes.io/name=grafana,app.kub
ernetes.io/instance=prometheus™ -oname)
kubectl --namespace default port-forward $POD_NAME 3000

Get your grafana admin user password by running:

kubectl get secret --namespace default -1 app.kubernetes.io/component=admin-secret -o jsonpath="
{.items[@].data.admin-password}" | base64 --decode ; echo

Visit https://github.com/prometheus-operator/kube-prometheus for instructions on how to create & c
onfigure Alertmanager and Prometheus instances using the Operator.
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> $passwordBytes = kubectl get secret prometheus-
grafana -o jsonpath='{.data.admin-password}'; [System.Text.Encoding]::UTF8.GetString([System.Conve
rt]::FromBase64String($passwordBytes))
MLLzEky1eOAmGxQ5HbOAoznedvagd1T5dKy7G4ne

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm upgrade prometheus-adapter prometheus-commu
nity/prometheus-adapter -f adapter-values-phase@.yaml

Release "prometheus-adapter” has been upgraded. Happy Helming!

NAME: prometheus-adapter

LAST DEPLOYED: Sun Dec 7 14:53:52 2025

NAMESPACE: default

STATUS: deployed

REVISION: 3

TEST SUITE: None

NOTES:

prometheus-adapter has been deployed.

In a few minutes you should be able to list metrics using the following command(s):

kubectl get --raw /apis/custom.metrics.k8s.io/vlbetal

ectl rollout restart deployment prometheus-ad

apter
deployment.apps/prometheus-adapter restarted




- Step 2 : Deploy Application and HPA resources
Apply the code Kubernetes objects for the application and the HPA.
Terminal 1 —
o kubectl apply -f django-app-deployment.yaml
o kubectl apply -f hpa-traffic-phase(.yaml

PS C:\Users\ankur\Desktop\ML_Autoscaling_ Project> kubectl apply -f django-app-deployment.yaml
deployment.apps/django-app-deployment configured

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl apply -f hpa-traffic-phase@.yaml
horizontalpodautoscaler.autoscaling/django-app-hpa-rps created

- Step 3 — Deploy the load generator pod
Deploy the utility pod and copying the necessary traffic data and scripts in the load
generator pod
Terminal 1 —
o Kubectly apply -f load-generator.yaml

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl apply -f load-generator-phasel.yaml
role.rbac.authorization.k8s.io/deployment-scaler-role created

rolebinding.rbac.authorization.k8s.io/deployment-scaler-binding created
pod/load-generator created

Terminal 2 —
o Kubectl get pods -w
(Wait for the load generator pods to enter the running state before copying the

scrips and proceeding further)
PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl get pods

NAME READY  STATUS RESTARTS
alertmanager-prometheus-kube-prometheus-alertmanager-0  2/2 Running
django-app-deployment-7d56c69b48-bjqg8 1/1 Running
django-app-deployment-7d56c69b48-dw5f7 1/1 Running
django-app-deployment-7d56c69b48-fb89r 1/1 Running
load-generator 1/1 Running
prometheus-adapter-67fc66b55-crzgm 1/1 Running
prometheus-grafana-6db7b86cf7-z2xw7 3/3 Running
prometheus-kube-prometheus-operator-6fc45cb74f-s2hvq 1/1 Running
prometheus-kube-state-metrics-5d7bdb7c86-zdmdr 1/1 Running
prometheus-prometheus-kube-prometheus-prometheus-0 2/2 Running
prometheus-prometheus-node-exporter-22vb8 1/1 Running
pushgateway-78589bf75c-jvrum 1/1 Running

OO0 OO0

Terminal 1 —
Once the load generator pod is up and running
o kubectl cp data/phase0_synthetic_traffic.csv load-
generator:/data/phase0_synthetic_traffic.csv
o kubectl cp run_phase0 load generator.sh load-

generator:/run phase0 load generator.sh
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl cp data/phase@_synthetic_traffic.csv loa
d-generator:/data/phase@_synthetic_traffic.csv

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl cp run_phase@ load_generator.sh load-gen
erator:/run_phase@_load_generator.sh

- Step 4 — Make sure server is running for application and Grafana
Run following command in different terminal
Terminal 3 —
o kubectl port-forward service/django-app-service 8080:80
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PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl port-forward service/django-app-service
8080:80

Forwarding from 127.0.0.1:8080 -> 8000

Forwarding from [::1]:8080 -> 8000

Forwarding from [::1]:8080 -> 8000

Handling connection for 8080

Handling connection for 8080

Handling connection for 8080

<% PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> Kubectl port-forward svc/pushgateway 9091:9091
Forwarding from 127.0.0.1:9091 -> 9091
Forwarding from [::1]:9091 -> 9091
Handling connection for 9091
Handling connection for 9091

Terminal 5 -

o kubectl port-forward svc/prometheus-stack-grafana 3000:80

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl port-forward svc/prometheus-stack-grafan
a 3000:80

Forwarding from 127.0.0.1:3000 -> 3000

Forwarding from [::1]:3000 -> 3000

Handling connection for 3000

Handling connection for 3000

Handling connection for 3000

Handling connection for 3000

o since we cleaned everything new password is needed

Run command in terminal 1-
$secret = kubectl get secret prometheus-stack-grafana -o jsonpath="{.data.admin-password}"

[System.Text.Encoding]::UTF8.GetString([ System.Convert]::FromBase64String($secret
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> $secret = kubectl get secret prometheus-stack-gr
afana -o jsonpath="{.data.admin-password}"

>> [System.Text.Encoding]: :UTF8.GetString([System.Convert]: :FromBase64String($secret))
N2ZW2A8qVbqcQBc4HQY3qaQrHVSrEHfwdwsfweXL

- Step 5 — Execute the load
Initiating the load test from the load generator pod. This process will run for
approximately 60 minutes
Terminal 5 —

o kubectl exec -it load-generator -- /bin/sh /run phase0 load generator.sh

<2 PS C:\Users\ankur\Desktop\ML_Autoscaling_ Project> kubectl exec -it load-generator /bin/sh /run_
phase@_load_generator.sh

Initializing test: Cleaning up any stale metrics from previous runs...
Cleanup complete.

Starting Phase © Load Test (60-minute duration, 1 row per minute)

Processing new minute: Sending 922 concurrent users for the next 60s...
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Status code distribution:
[200] 156543 responses

Error distribution:
[44] Get "http://django-app-service.default.svc.cluster.local:80/": dial tcp 10.96.238.2:80:
connect: connection refused

Processing new minute: Sending 949 concurrent users for the next 60s...

Summary:
Total: 60.1922 secs
Slowest: 2.6647 secs
Fastest: 0.0051 secs
Average: 0.3570 secs
Requests/sec: 2791.5748

Total data: 4704868 bytes
Size/request: 28 bytes

Response time histogram:
0.005 [1]
.271 [73454]
.537 [64908]
.803 [22855]
.069 [4538]
.335 [1339]
.601 [458]
.867 [284]
.133 [157]
.399 [30]
.665 [7]

NNNRPRPRRPROOO®

Latency distribution:
10% in ©.1357 secs
25% in ©0.1929 secs
50% in 0.3018 secs
75% in 0.4659 secs
90% in 0.6369 secs
95% in 0.7666 secs
99% in 1.1312 secs

- Step 6 — Check pushgateway
It will show the phase0 load test after execution

€ > C @ localhost9091 a * A O = | @ Verfythatitsyou =}
(oY o oo o e

- Step 7 — Check command the data is pushing into the external for active users
Run following command in terminal 1 —
kubectl get --raw

"/apis/external.metrics.k8s.i0/v1betal/namespaces/default/total active users"
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl get --ra

{"kind":"ExternalMetricValuelList","apiVersion":"external.metrics.k8s.io/vlbetal"”, "metadata”:{},"it

total_active_users”,"metriclLabels"”:{"job":"phase® load_test"},“timestamp"”:"20

ems" : [{"metricName
25-12-07T18:24:237Z","value":"526"}]}
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4 Phase 1 — Benchmarking Perfect Foresight

4.1 Introduction

The step by step process of running, implementing the phase 1 with result are explained in this
section. Different files and there code understanding will be explained along with the live
commands run in different terminal simultaneously for the execution of the phase 1 and record
the results from metrics. And at last will monitor the Grafana dashboard to see the results on
the perfect forecast knowledge of the traffic.

4.2 System Prerequisites

Before proceeding, ensure the following components are installed and configured:
- A running Kubernetes cluster (example: kind, Docker Desktop, or a cloud-based
cluster), currently it was run locally using IDE Visual Studio Code.
- kubectl command-line tool, configured to communicate with your cluster.
- helm command line tool, for deploying the monitoring stack.
- The complete project source code, including all YAML files and scripts.

4.3 Core Configuration files

The Phase 1 experiment is defined by a set of specific, isolated configuration files:
e prepare data.py —
A preliminary script that processes the 8-day Alibaba dataset into a per-minute traffic
plan (final load test traffic.csv), which serves as the "future" for our simulation.

e live predictor hybrid.py —
This is the core scaler for Phase 1. It acts as the "perfect" predictor by
reading final load test traffic.csv to determine future needs. It also includes a reactive
safety net by monitoring live traffic from Prometheus, ensuring it always provisions
enough replicas to meet the maximum of either the future or present demand.

e run phasel load generator.sh —
The load generation script. It reads the exact same final load test traffic.csv file and
executes the user load against the application, minute by minute.

e django-app-deployment.yaml —
The standard Kubernetes deployment for the stateless Django web application.

o load-generator.yaml: A universal utility pod definition that includes a full build
environment with Python, hey, curl, and all necessary libraries to run the experiments
for all phases.

e monitoring-values-standard.yaml —
A clean Helm values file for the kube-prometheus-stack that enables the Pushgateway
but keeps the Prometheus Adapter disabled, as it is not needed for this phase.

o grafana-dashboard-phasel.json —

A pre-configured Grafana dashboard for visualizing the results of the Phase 1
experiment.

19



4.4 Step by step execution for phase 1
Execute the following commands in sequence from the root directory on specified terminal

- Step 1 — Clean up the phase 0 configuration

Run following command in terminal 1 —

o helm uninstall Prometheus-stack : Remove the monitoring and will apply
another for phase 1

o kubectl delete hpa django-app-hpa-rps --ignore-not-found=true : delete the
phase 0 HPA

o helm uninstall prometheus-adapter : To remove the adaptor from phase 0.

o kubectl delete configmap prometheus-adapter-rules-phase0 --ignore-not-
found=true : Remove adaptor mapping as its not needed for phase 1

o kubectl delete pod load-generator --ignore-not-found=true : Delete the load
generator pod and rerceat and copy the files for phase 1

o kubectl scale deployment django-app-deployment --replicas=1 : Delete all the
remaining pods and scale down to 1 if any extra pods are active

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm uninstall prometheus-stack
release "prometheus-stack™ uninstalled
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl delete hpa django-app-hpa-rps --ig

horizontalpodautoscaler.autoscaling "django-app-hpa-rps" deleted from default namespace

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl delete configmap prometheus-adapter-rule
s-phase® --ignore-not-found ue

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl delete pod load-generator --ignc

pod "load-generator” deleted from default namespace
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl scale deployment django-app-deployment -

deployment.apps/django-app-deployment scaled
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm uninstall prometheus-adapter
release "prometheus-adapter™” uninstalled

- Step 1 — Check the remaining active pods for phase 1, there should be 2 active pods

Run following command in terminal 2 —
Terminal 2 —
Kubectl get pods

s PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl get pods
NAME READY STATUS RESTARTS AGE
django-app-deployment-7d56c69b48-s6cat  1/1 Running @ 111m

pushgateway-78589bf75c-vx573 1/1 Running @ 108m

- Step 2 — Replicate the phase0_synthetic_data.csv to phasel synthetic data.csv for the
pods to scale up before the actual hits, this will be the perfect low load for the prior to
ML load to test how the scaling react if it has perfect forecast

phasel synthetic_data.csv

data > B phasel_synthetic_traffic.csv
1 645
922

614
526

20



- Step 3 — Install and configure the monitoring stack
Deploy the kube-prometheus-stack using the standard configuration that enable the
pushgateway.
Terminal 1 —
o helm repo add prometheus-community https://prometheus-
community.github.io/helm-charts
o helm repo update
o helm install prometheus prometheus-community/kube-prometheus-stack --
values monitoring-values-standard.yaml

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> helm repo add prometheus-community https://prome
theus-community.github.io/helm-charts

"prometheus-community” already exists with the same configuration, skipping

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> helm repo update

Hang tight while we grab the latest from your chart repositories...

...Successfully got an update from the "prometheus-community™ chart repository

...Successfully got an update from the "grafana" chart repository

...Successfully got an update from the "prometheus-adapter™ chart repository

Update Complete. #Happy Helming!s

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> helm install prometheus prometheus-community/kube-prom
etheus-stack --values monitoring-values-standard.yaml

11207 19:58:16.927710 48144 warnings.go:110] "Warning: unrecognized format \"int64\""

11207 19:58:16.927710 48144 warnings.go:110] "Warning: unrecognized format \"int32\""

11207 19:58:17.056506 48144 warnings.go:110] "Warning: unrecognized format \"int64\""

T1207 19:58:17 056506 4AR144 warnines<.en:11A1 "Warnins: unrecosnized format \"int32\""
11207 19:58:26.364997 48144 warnings.go:110] "Warning: spec.SessionAffinity is ignored for headless se

rvices"

NAME: prometheus

LAST DEPLOYED: Sun Dec 7 19:58:17 2025

NAMESPACE: default

STATUS: deployed

REVISION: 1

NOTES:

kube-prometheus-stack has been installed. Check its status by running:
kubectl --namespace default get pods -1 "release=prometheus”

Get Grafana 'admin' user password by running:

kubectl --namespace default get secrets prometheus-grafana -o jsonpath="{.data.admin-password}" | base
64 -d ; echo

Access Grafana local instance:

export POD_NAME=$(kubectl --namespace default get pod -1 "app.kubernetes.io/name=grafana,app.kubernete
s.io/instance=prometheus” -oname)

kubectl --namespace default port-forward $POD_NAME 3000
Get your grafana admin user password by running:

kubectl get secret --namespace default -1 app.kubernetes.io/component=admin-secret -o jsonpath="{.item

s[@].data.admin-password}" | base64 --decode ; echo

Visit https://github.com/prometheus-operator/kube-prometheus for instructions on how to create & configu
re Alertmanager and Prometheus instances using the Operator.

- Step 4 — Fetch Grafana password as the fresh installation was done —
Run the following command in terminal —
Terminal 1 —
$passwordBytes =  kubectl get secret prometheus-grafana -0
jsonpath='{.data.admin-password}";
[System.Text.Encoding]::UTF8.GetString([ System.Convert]::FromBase64Stri
ng($passwordBytes))
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PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> $passwordBytes = kubectl get secret prometheus-grafana
-0 jsonpath="{.data.admin-password}"'; [System.Text.Encoding]::UTF8.GetString([System.Convert]::FromBase

64String($passwordBytes))
s3PmekUPaP1EzWuoQhm@cDObFwlunv7GeSw9Kz5t

- Step 3 — Deploy load Generator
Apply the Kubernetes objects for the Django application and the load generator pod.
Terminal 1 —
o kubectl apply -f load-generator-phasel.yaml
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl apply -f .\load-generator-phasel.yaml
role.rbac.authorization.k8s.io/deployment-scaler-role created

rolebinding.rbac.authorization.k8s.io/deployment-scaler-binding created
pod/load-generator created

Terminal 2 —
o kubectl get pods -w

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl get pods -

NAME READY  STATUS RESTARTS  AGE
alertmanager-prometheus-kube-prometheus-alertmanager-0 2/2 Running 21h
django-app-deployment-7d56c69b48-s6cat 1/1 Running 23h
load-generator 1/1 Running 16s
prometheus-grafana-cc8679dcd-jsffr 3/3 Running 21h
21h
21h
21h
21h
23h

prometheus-kube-prometheus-operator-6fc45cb74f-wnfqj 1/1 Running
prometheus-kube-state-metrics-5d7bdb7c86-1w78c 1/1 Running
prometheus-prometheus-kube-prometheus-prometheus-0 2/2 Running
prometheus-prometheus-node-exporter-vwhlz 1/1 Running
pushgateway-78589bf75c-vx57j 1/1 Running
L]

OO OO0

- Step 4 — Copy phase 1 scripts experiment execution files to load generator pod

Terminal 1 —

o kubectl cp phasel live predictor hybrid.py load-
generator:\phasel live predictor hybrid.py

o kubectl cp run_phasel load generator.sh load-
generator:\run_phasel load generator.sh

o kubectl cp data/phasel synthetic_traffic.csv load-

generator:/data/phasel synthetic_traffic.csv

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl cp phasel_live_predictor_hybrid.py load-genera
tor:\phasel_live_predictor_hybrid.py
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl cp run_phasel load_generator.sh load-generator

:\run_phasel_load_generator.sh
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl cp data/phasel_synthetic_traffic.csv load-gene
rator:/data/phasel_synthetic_traffic.csv

Step 5 — execute the phase 1 experiment from 2 different terminals
Terminal 3 —
o kubectl exec -it load-generator -- /bin/sh /run phasel load generator.sh

<% PS C:\Users\ankur\Desktop\ML_Autoscaling_ Project> kubectl exec -it load-generator /bin/sh /run_phasel
_load_generator.sh
--- Starting Synthetic Load Test (low Volume) ---

Summary :
Total: 60.7724 secs
Slowest: 2.1001 secs
Fastest: ©.1101 secs
Average: ©.8228 secs
Requests/sec: 779.2850

Total data: 1326052 bytes

Size/request: 28 bytes

Response time histogram:
.11e [1]
.309 [210] |

.58 [1660] |
.707 [8633] |
.9e6 [28107] | T
.1es [7e32] |
.3@a [1209] |
|
|
|
1

.503 [347]
.72 [110]
.9e1 [25]
.1e0 [25]

NPRERRROOOOO
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Terminal 4 —

o kubectl exec -it load-generator -- python /phasel live predictor hybrid.p
PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl exec -it load-generator python /phasel_live
_predictor_hybrid.py

--- HYBRID SAFETY NET (FINAL): Correct Data Handling ---

[2025-12-07 22:11:26] Cycle ©O...
-> PROACTIVE: Future needs 5 pods.
-> SUCCESS: Prometheus reports current traffic is 645 users.
-> REACTIVE: Present needs 5 pods.
-> HYBRID DECISION: Taking MAX(5, 5) = 5 pods.
-> SCALING ACTION: 1 -> 5 pods.

[2025-12-07 22:12:28] Cycle 1...
-> PROACTIVE: Future needs 4 pods.
-> SUCCESS: Prometheus reports current traffic is 922 users.
-> REACTIVE: Present needs 7 pods.
-> HYBRID DECISION: Taking MAX(4, 7) = 7 pods.
-> SCALING ACTION: 5 -> 7 pods.

5 Processing Alibaba Data and Evaluation

5.1 Downloading the data using script

For ML prediction we need a dataset for this we have selected the Alibaba cluster 2018 datset
which is a 8 day utilization of system, it will be downloaded and processed to prediction and
evaluation.

5.2 Core file configuration

Create Download_dataset.py to download the Alibaba cluster 2018
machine usage.tar.gz
Process the Alibaba data create file — process_alibaba data.py to extract values for
machine 1 —m_1
Convert the cpu usages of Alibaba process data to traffic from minimum range to 200
to maximum of 2500 (assumption based) using python script file
process_alibaba cpu_traffic.py\
Train all 3 models and save trained model file for further evaluation
o Prophet Model — Create file train_prophet.py
o Arima Model — Create file train_arima.py
o LSTM - Create file train_Istm.py
Evaluate all 3 models to find out which model performs best with high accuracy and
least error.

download_dataset.py > ...

1 import os
import requests
import tarfile

print("--- Step 1: Data Download ---")

DATA_DIR = ‘data’ USES UR EXI E | DE

DOWNLOAD_URL = ‘http://aliopentrac : aliy cs.com/v2@18Traces/machine_usa
TAR_FILE_PATH = path.join (DATA_|

FINAL_CSV_PATH = os.path.join(DATA_DIR,

if not os.path.exists(DATA_DIR):
os.makedirs (DATA_DIR)

not os.path.exists(FINAL_CSV_PATH):
print(f”"Downloading dataset from {DOWNLOAD_URLJ}...")
try:
with requests.get(DOWNLOAD_URL, stream=True) as r:
r.raise_for_status()
with open(TAR_FILE_PATH, ‘'wb') as f:
for chunk in r.iter_content(chunk_size=8192):
f.write(chunk)
print(“"Download complete.™)
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process_alibaba_data.py > ..
import pandas as pd
import os
print("--- Step 2: Data Processing (Without Scaling)
DATA_DIR = ‘'data’
RAW_CSV_PATH = os.path.join(DATA_DIR, 'machine_usage.csv')
PROCESSED_CSV_PATH = os.path.join(DATA_DIR, ‘'alibaba_processed_data.csv')

TARGET_MACHINE_ID = 'm_1°
CHUNK_SIZE = 1000000

COLUMN_NAMES = ['machine_id', ‘timestamp’, ‘cpu_util_percent®', 'mem_util_percent’, ‘mem_;

os.path.exists(RAW_CSV_PATH):
print(f"FATAL: Raw data file not found at *{RAW_CSV_PATH}'.")
print(“Please run ‘download_data.py' first.")
exit()

print(f"Loading raw data from {RAW_CSV_PATH} in chunks to conserve memory...")
chunk_1list = []

csv_iterator = pd.read_csv(
RAW_CSV_PATH,
header=None,
chunksize=CHUNK_SIZE,
names=COLUMN_NAMES

chunk in csv_iterator:

filtered chunk = chunk[chunk['machine id'] == TARGET MACHINE ID]

process_alibaba_cpu_traffic.py > ...
i

import pandas as pd
import os
import numpy as

print("--- Step 2: Data Processing (CPU to Traffic Conversion) ---")

DATA_DIR = ‘'data’
RAW_CSV_PATH = os.path.join(DATA_DIR, 'machine_usage.csv')
PROCESSED_CSV_PATH = os.path.join(DATA_DIR, ‘alibaba_traffic_data.csv®)

TARGET_MACHINE_ID = 'm_1°
CHUNK_SIZE = 1000000
COLUMN_NAMES = [ 'machine_id"', "timestamp’', ‘cpu_util_percent’', 'mem_util_percent’', ‘mem_;

MIN_TRAFFIC = 200
MAX_TRAFFIC = 2500

if not os.path.exists(RAW_CSV_PATH):
print(f"FATAL: Raw data file not found at "{RAW_CSV_PATH}"
exit()

print(f”"Loading raw data from {RAW_CSV_PATH} in chunks...™)
chunk_1list = []

csv_iterator = pd.read_csv(
RAW_CSV_PATH,
header e,
chunksize=CHUNK_SIZE,
names=COLUMN_NAMES

chunk in csv_iterator:
filtered_chunk = chunk[chunk[ 'machine_id"] == TARGET_MACHINE_ID]
chunk_1list.append(filtered_chunk)




train_prophet.py
a1

import pandas as pd
from prophet import Prophet
from joblib import dump
import os

import

print(”--- TRAINING PROPHET (Raw Data / 8©-20 Split) ---")
DATA_PATH = os.path.join(’'data’, ‘alibaba_traffic_data.csv’)
MODEL_PATH = os.path.join( models’, 'phase2_ prophet_model.joblib")

if not os.path.exists(DATA_PATH):
print(“FATAL: Data file not found.™)
exit()

print(”Loading data...™)
df = pd.read_csv(DATA_PATH)
df['ds’'] = pd.to_datetime(df['ds" 1)

split_point = int(len(df) * ©.8)
train_df = df.iloc[:split_point]

print(f”"Total Rows: {len(df)}™)
print(f*"Training on first: {len(train_df)} rows")

print("Training Prophet (this might take 1-2 minutes)...")
model = Prophet(

daily_ seasonality=True,

weekly seasonality=

yearly seasonality=

uncertainty_samples=0

train_arima.py > ...

import pandas as pd

from statsmodels.tsa.arima.model import ARIMA
from joblib import dump

import os

import time

print("--- TRAINING ARIMA (Raw Data / 80-20 Split) ---")
DATA_PATH = os.path.join('data', 'alibaba_traffic_data.csv")
MODEL_PATH = os.path.join('models', ‘'phase2_arima_model.joblib")

print("Loading data...")
df = pd.read_csv(DATA_PATH)
series = df['y"]

split_point = int(len(series) * 0.8)
train_series = series.iloc[:split_point]

print(f"Total Rows: {len(series)}")
print(f"Training on first: {len(train_series)} rows (80%)")

print("Fitting ARIMA (5,1,0)...")
start_time = time.time()

model = ARIMA(train_series, order=(5,1,0))
model_fit = model.fit()

end_time = time.time()

print(f"Training finished in {(end_time - start_time):.2f} seconds.™)

dump(model_fit, MODEL_PATH)
print("SUCCESS: ARIMA Model saved.")




train_Istm.py
import numpy as np
from sklearn.preprocessing import MinMaxScaler
from tensorflow.keras.models import Sequential
from yers import LSTM, Dense, Dropout
from
import os

print("--- TRAINING LSTM (Raw Data / 80-20 Split) ---")

DATA_PATH = os.path.join('data‘’, 'alibaba_traffic_data.csv")
MODEL_FILE = os.path.join('models’, 'phase2_lstm_model.h5")
SCALER_FILE = os.path.join('models', 'phase2_lstm_scaler.joblib")

pd.read_csv(DATA_PATH)
= df['y'].values.reshape(-1, 1)

scaler = MinMaxScaler(feature_range=(0, 1))
scaled_data = scaler.fit_transform(data)

split_point = int(len(scaled_data) * 0.8)
train_data = scaled_data[:split_point]

X_train, y_train = [], []
n_steps = 60 L ¢

for i in range(n_steps, len(train_data
X_train.append(train_data[i-n_steps:i, 0])
y_train.append(train_datal[i, @])

X_train, y_train = np.array(X_train), np.array(y_train)
X_train = np.reshape(X_train, (X_train.shape[@], X_train.shape[1], 1))

print(f"Training LSTM on {len(X_train)} samples...™)
model = Sequential([

5.3 Execute python script to train and evaluate the model performance

- Make sure to activate the virtual environment to run python scripts in fresh terminal —
- Run following command in terminal —

Python train_prophet.py

Python train_arima.py

Python train_Istm.py

Python evaluate_model.py prophet

Python evaluate_model.py arima

Python evaluate model.py Istm

(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> python .\train_prophet.py
--- TRAINING PROPHET (Raw Data / 80-20 Split) ---

Loading data...

Total Rows: 61824

Training on first: 49459 rows

Training Prophet (this might take 1-2 minutes)...

21:59:52 - cmdstanpy - INFO - Chain [1] start processing

22:00:12 - cmdstanpy - INFO - Chain [1] done processing

Saving model to models\phase2_prophet_model.joblib...

SUCCESS: Prophet Model saved.

(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling Project> python .\train_arima.py
--- TRAINING ARIMA (Raw Data / 80-20 Split) ---

Loading data...

Total Rows: 61824

Training on first: 49459 rows (80%)

Fitting ARIMA (5,1,0)...

Training finished in 1.28 seconds.

SUCCESS: ARIMA Model saved.

O O O O O
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(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling Project> python .\train_lstm.py
2025-12-08 22:00:47.696335: I tensorflow/core/util/port.cc:153] oneDNN custom operations are on. You may
see slightly different numerical results due to floating-point round-off errors from different computat
refer using an ~Input(shape)” object as the first layer in the model instead.
super().__init__ (**kwargs)
Epoch 1/2
772/772 19s 22ms/step - loss: 0.0042
Epoch 2/2
772/772 27s 35ms/step - loss: 0.0022
WARNING:absl:You are saving your model as an HDF5 file via "model.save()  or ~“keras.saving.save_model(mo
del)". This file format is considered legacy. We recommend using instead the native Keras format, e.g.
model.save( 'my_model.keras')" or "keras.saving.save_model(model, 'my_model.keras') .
SUCCESS: LSTM Model saved.
(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling Project> python .\evaluate_model.py prophet
2025-12-08 22:04:09.444678: I tensorflow/core/util/port.cc:153] oneDNN custom operations are on. You may

--- Evaluating PROPHET on RAW Data ---
Test Set Size: 12365 rows
Forecasting...

FINAL RESULTS (PROPHET)

:299.8723
RMSE: 463.7895

VERDICT: Acceptable Performance.

(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> python .\evaluate_model.py arima

2025-12-08 22:04:25.859052: I tensorflow/core/util/port.cc:153] oneDNN custom operations are on. You may
--- Evaluating ARIMA on RAW Data ---

Test Set Size: 12365 rows

Forecasting...

406.8399
: 489.3435

VERDICT: Acceptable Performance.

(venv) PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> python .\evaluate_model.py lstm

2025-12-08 22:04:36.536955: I tensorflow/core/util/port.cc:153] oneDNN custom operations are on. You may
see slightly different numerical results due to floating-point round-off errors from different computat
trics® will be empty until you train or evaluate the model.

Predicting...

VERDICT: Excellent Performance.

6 Phase 2 — LSTM Model

6.1 Core file configuration

Create following files —

- Alibaba _traffic_data.csv : Traffic load sequence that hey will use to push in Django
app.

- Load-generator-phase2.yaml — for creating load-generator pod that will have all the
necessary file and will execute

- Phase2 brain_scaler.py — file that will be responsible for scaling the pods

- Phase2 traffic simulator.py — File responsible to run the traffic load from load-
generator pod sending request to http to Django app.
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Phase2 latency check.py — This file will tell the real time latency of the app
response.

Phase2 Istm_model.h5 and phase2 Istm_scaler.joblib — these 2 files are generated
after the LSTM model is trained

load-generator-phase2.yaml > { } metadata > @< name
io.k8s.api.core.v1.Pod (v1@pod.json) | io.k8s.api.rbac.v1.RoleBinding (v1@rolebinding.json) | io.k8s.api.rbac.vi.Role (vi@role.json)

rbac.authorization.k8s.io/v1l

deployment-scaler-role

["apps”]
[“"deployments”, "deployments/scale"]
[“"get", "1list", "watch", "patch"]

ersion: rbac.authorization.k8s.io/v1l
RoleBinding

deployment-scaler-binding

ServiceAccount
default
default

Role
deployment-scaler-role
oup: rbac.authorization.k8s.1i

name: load-generator

untName: default

- name: shared-data

phase2_brain_scaler.py > ...

import pandas as pd

import time

import requests

import subprocess

import numpy as np

from joblib import load

from tensorflow.keras.models import load_model

MODEL_FILE = "/data/phase2_lstm_model.h5"
SCALER_FILE = "/data/phase2_lstm_scaler.joblib"

DATA_FILE = "/data/alibaba_traffic_data.csv”

INPUT_METRICS_URL = "http://pushgateway:9091/metrics™
OUTPUT_METRICS_URL = "http://pushgateway:9091/metrics/job/phase2_brain”
DEPLOYMENT_NAME = "django-app-deployment™

REQUESTS_PER_POD = 50

HISTORY_STEPS = 60
LOOK_AHEAD_STEPS = 6
COOLDOWN_STEPS = 6
CONFIDENCE_BUFFER = 1.20

print("--- [BRAIN] Starting PROACTIVE AI Scaler with HISTORICAL SEEDING ---")




phase2_traffic_simulator.py > ...

import pandas as pd
import

import requests
import sys

import subprocess

DATA_FILE = "/data/alibaba_traffic_data.csv"
PUSHGATEWAY_URL = "http://pushgateway:9091/metrics/job/phase2_traffic"

DJANGO_URL = "http://django-app-service:80"
print("--- [REAL TRAFFIC GENERATOR] Starting (Using HEY) ---")

try:
df = pd.read_csv(DATA_FILE)
split_point = int(len(df) * 0.8)
test_data = df.iloc[split_point:].reset_index(drop=True)
except Exception as e:

print(f"FATAL: {e}")

sys.exit(1)

for index, row in test_data.iterrows():
target_users = int(row['y'])
timestamp = row['ds’]

metric_data = """
# TYPE current_simulated_traffic gauge
current_simulated_traffic {target_users}

6.2 Execute the load-generator pod and copy files

- Apply the load-generator pod in terminal
Terminal 1 —
Run the following command —
o Kubectl delete pod load-generator —force —grace-period=0 : delete the old pod
o Kubectl apply -f load-generator-phase2.yaml : apply the phase 2 pod
Wait for 30 second and check if the pod is active and running
o Kubectl get pods

- Once the load generator is active, upgrade pip , install hey, install libraries
Run the following command in the terminal —

o kubectl exec -it load-generator -- /bin/bash -c "curl -s https://hey-release.s3.us-
east-2.amazonaws.com/hey linux_amd64 > /usr/local/bin/hey && chmod +x
/ustr/local/bin/hey"

o kubectl exec -it load-generator -- pip install --upgrade pip

o kubectl exec -it load-generator -- pip install pandas joblib scikit-learn requests

- Once complete copy the file to execute in load-generator pod-
Run following command in terminal —
o kubectl cp data/alibaba_traffic_data.csv load-
generator:/data/alibaba_traffic data.csv
o kubectl cp models/phase2 Istm model.h5 load-
generator:/data/phase2 lIstm model.h5
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o kubectl cp models/phase2 Istm_scaler.joblib load-
generator:/data/phase2 lstm_scaler.joblib

o kubectl cp phase2_traffic simulator.py load-
generator:/data/phase2_traffic_simulator.py

o kubectl cp phase2 brain_scaler.py load-
generator:/data/phase2 brain_scaler.py

o kubectl exec -it load-generator — Is -1 /data : to check all the files exists in the
load-generator pod before execution

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl delete pod load-generator --force grace-period=0

Warning: Immediate deletion does not wait for confirmation that the running resource has been termlnated The resource may co
ntinue to run on the cluster indefinitely.

pod "load-generator” force deleted from default namespace

PS C:\Users\ankur\Desktop\ML_Autoscaling_ Project> kubectl apply -f load-generator-phase2.yaml
role.rbac.authorization.k8s.io/deployment-scaler-role unchanged
rolebinding.rbac.authorization.k8s.io/deployment-scaler-binding unchanged

pod/load-generator created

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl exec -it load-generator -- /bin/bash -c

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl exec -it load-generator -- pip install --upgrade

Requirement already satisfied: pip in /usr/local/lib/python3.11/dist-packages (25.2)
Collecting pip

Downloading pip-25.3-py3-none-any.whl.metadata (4.7 kB)
Downloading pip-25.3-py3-none-any.whl (1.8 MB)

Installing collected packages: pip
Attempting uninstall: pip
Found existing installation: pip 25.2
Uninstalling pip-25.2:
Successfully uninstalled pip-25.2
Successfully installed pip-25.3
WARNING: Running pip as the ‘root' user can result in broken permissions and conflicting behaviour with the system package ma
nager, possibly rendering your system unusable. It is recommended to use a virtual environment instead: https://pip.pypa.io/w
arnings/venv. Use the --root-user-action option if you know what you are doing and want to suppress this warning.
PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl exec t load-generator pip install pandas joblib scikit-learn r
equests
Collecting pandas
Downloading pandas-2.3.3-cp311-cp31l-manylinux_2_ 24 x86_64.manylinux_2_28 x86_64.whl.metadata (91 kB)
Requirement already satisfied: joblib in /usr/local/lib/python3.11/dist-packages (1.5.2)
Requirement already satisfied: scikit-learn in /usr/local/lib/python3.11/dist-packages (1.7.2)
Requirement already satisfied: requests in /usr/local/lib/python3.11/dist-packages (2.32.4)
Requirement already satisfied: numpy>=1.23.2 in /usr/local/lib/python3.11/dist-packages (from pandas) (2.3.2)
PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl exec -it load-generator -- 1s -1 /data
total 1964
-rw-rw-rw- 1 root root 1576363 Dec 9 18:39 alibaba_traffic_data.csv
-rw-rw-rw- 1 root root 9416 Dec 10 16:17 phase2_brain_scaler.py
-rw-rw-rw- 1 root root 935 Dec 10 12:32 phase2_latency_check.py
-rw-rw-rw- 1 root root 407408 Dec 9 18:39 phase2_lstm_model.h5
-rw-rw-rw- 1 root root 748 Dec 9 18:39 phase2_lstm_scaler.joblib
-rw-rw-rw- 1

root root 1809 Dec 10 16:17 phase2_traffic_simulator.py

6.3 Run the application and execute

- Run Django service, pushgateway and Grafana
Run the following command —
Terminal 2 —
kubectl port-forward service/django-app-service 8080:80
Terminal 3 —
Kubectl port-forward sve/pushgateway 9091:9091
Terminal 4 —
kubectl port-forward svc/prometheus-grafana 3000:80

- Once running then start with execution of phase2
Run the following command —
o Terminal 5 —
kubectl exec -it load-generator -- python /data/phase2 _traffic simulator.py
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PS C:\Users\ankur\Desktop\ML:Autoscaling:Project> kubectl exec -it load-generator -- python /data/phase2_traffic_simulator.py

--- [REAL TRAFFIC GENERATOR] Starting (Using HEY) ---
[2018-04-09 :17:30] ic: 1258 | Running 'hey' for
[2018-04-09 :17:40] i 1258 | Running ‘'hey' for
[2018-04-09 :17:50] ic: 1281 | Running ' ' for
[2018-04-09 :18:00] ic: 1235 | Running 'hey' for
[2018-04-09 :18:10] ic: 1166 | Running 'hey' for
[2018-04-09 :18:20] 1166 | Running 'hey' for
[2018-04-09 :18:30] Traffic: 1166 | Running 'hey’

o Terminal 6 —
kubectl exec -it load-generator -- python /data/phase2 brain_scaler.py

PS C:\Users\ankur\Desktop\ML_Autoscaling_Project> kubectl exec -it load-generator -- python /data/phase2_brain_scaler.py
2025-12-11 10:40:03.021579: I tensorflow/core/util/port.cc:153] oneDNN custom operations are on. You may see slightly differe
nt numerical results due to floating-point round-off errors from different computation orders. To turn them off, set the envi
ronment variable " TF_ENABLE_ONEDNN_OPTS=0" .

o Terminal 7 —
kubectl exec -it load-generator -- python /data/phase2 latency check.py

PS C:\Users\ankur\Desktop\ML_Autoscaling Project> kubectl exec -it load-generator -- python /data/phase2_latency_check.py
--- LIVE LATENCY CHECKER ---

Pinging http://django-app-service:80 every 2 seconds...

SUCCESS - Latency: 299ms

SUCCESS - Latency: 5ms

SUCCESS - Latency: 301ms

SUCCESS - Latency: 100ms

SUCCESS - Latenc 101ms

- once executed check pushgateway server — you will see following 2 groups running
means the execution is successfully and metrics are pushes successfull

€ > C @ localhost:9091 Y A D @ Verify that it's you

Pushgateway Metrics Sta Ip

Delete All B Groups
(53| job="phase2_brain" Delete Group

)| job="phase2_traffic" Delete Group

- Check Grafana dashboard

Home > Dashboards

Export ~
<« @ Lastihour ~ & Refresh

PROACTIVE CHECK: Predicted Future (Yellow) vs Actual Present (Green)

1.60 K

2025-12-10 18:33:00

19:00
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