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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 – 
 

 
 

 
 

 
 
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 
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1.2 Building docker image and deploying the django app application 
- Run command in terminal – 

Docker build -t djnago-app:21 . 

 
 

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

o Kind cluster-info : To check the cluster running or not and in which port 
o Kind get clusters : To check if it exists with the name created 
o Kind load docker-image Django-app:v21 --name research-cluster 
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- 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 

 

 

 
 

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

 
 

o Run command  to install the monitoring in terminal – 
helm install prometheus prometheus-community/kube-prometheus-stack --
values monitoring-values-standard.yaml 
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o Fetch Grafana admin password to access the Grafana dashboard 
Run following command in terminal –  
$passwordBytes = kubectl get secret prometheus-grafana -o 
jsonpath='{.data.admin-password}'; 
[System.Text.Encoding]::UTF8.GetString([System.Convert]::FromBase64Stri
ng($passwordBytes)) 
 

 
 

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

 
o Apply deployment, service, and pushgatway yaml file 

 

 

 
 

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 
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- 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 

 

 
 

o Terminal 4 - Kubectl port-forward srv/pushgatway 9091:9091 

 

 
 

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

 

 
 
Login using the same password generated using the command 
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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 
o Helm list 
o helm uninstall Prometheus 
o helm uninstall prometheus-stack 
o kubectl delete crd alertmanagers.monitoring.coreos.com ` 

podmonitors.monitoring.coreos.com ` 
prometheuses.monitoring.coreos.com ` 
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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 

 

 
 

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

 
 

- 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 – 
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o Helm list 
o helm uninstall Prometheus 
o helm uninstall prometheus-stack 
o 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 
 

 

 
 

- 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-phase0.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 
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- 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-phase0.yaml 

 

 
 

 
- 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 
 

 
 

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) 

 
 
 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 

 
 

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

 
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)) 

 
 

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

 
 

- 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.io/v1beta1/namespaces/default/total_active_users" 
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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: 

• 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. 
 

• 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. 
 

• run_phase1_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. 
 

• django-app-deployment.yaml – 
The standard Kubernetes deployment for the stateless Django web application. 

• 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. 
 

• 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. 
 

• grafana-dashboard-phase1.json – 
A pre-configured Grafana dashboard for visualizing the results of the Phase 1 
experiment. 
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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 
 

 
 

- 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 

 

- Step 2 – Replicate the phase0_synthetic_data.csv to phase1_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 

phase1_synthetic_data.csv 
 

 



 
 

21 
 

 

- 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 
 

 

 

 
 

- Step 4 – Fetch Grafana password as the fresh installation was done – 
Run the following command in terminal – 
Terminal 1 – 
$passwordBytes = kubectl get secret prometheus-grafana -o 
jsonpath='{.data.admin-password}'; 
[System.Text.Encoding]::UTF8.GetString([System.Convert]::FromBase64Stri
ng($passwordBytes))  

 

https://prometheus-community.github.io/helm-charts
https://prometheus-community.github.io/helm-charts
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- 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-phase1.yaml 

 
 
Terminal 2 – 
o kubectl get pods -w 

 
 

- Step 4 – Copy phase 1 scripts experiment execution files to load generator pod 
Terminal 1 – 
o kubectl cp phase1_live_predictor_hybrid.py load-

generator:\phase1_live_predictor_hybrid.py 
o kubectl cp run_phase1_load_generator.sh load-

generator:\run_phase1_load_generator.sh 
o kubectl cp data/phase1_synthetic_traffic.csv load-

generator:/data/phase1_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_phase1_load_generator.sh 

 



 
 

23 
 

 

Terminal 4 – 
o kubectl exec -it load-generator -- python /phase1_live_predictor_hybrid.py  

 
 
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_lstm.py 

- Evaluate all 3 models to find out which model performs best with high accuracy and 
least error. 
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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 – 

o Python train_prophet.py 
o Python train_arima.py 
o Python train_lstm.py 
o Python evaluate_model.py prophet 
o Python evaluate_model.py arima 
o Python evaluate_model.py lstm 
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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_lstm_model.h5 and phase2_lstm_scaler.joblib – these 2 files are generated 
after the LSTM model is trained 
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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 
/usr/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_lstm_model.h5 load-

generator:/data/phase2_lstm_model.h5 
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o kubectl cp models/phase2_lstm_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 – ls -l /data : to check all the files exists in the 
load-generator pod before execution 

 

 

 

 

 
 

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 svc/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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o Terminal 6 – 
kubectl exec -it load-generator -- python /data/phase2_brain_scaler.py 
 

 
 

o Terminal 7 – 
kubectl exec -it load-generator -- python /data/phase2_latency_check.py 
 

 
 

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

 
 

- Check Grafana dashboard 
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