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1 Introduction

This manual provides a guide for setting up the experimental environment used in the
thesis, "Maximizing Power E ciency in k8s using Custom Scheduler™. It details the
necessary hardware and software con gurations, Kubernetes cluster deployment, custom
scheduler implementation, and monitoring tool setup.

2 Tools and Technologies Required

To replicate the experimental setup, the following tools and technologies are required:



Category

Component

Version

Purpose

Operating Sys-
tem

Ubuntu Server

20.04 LTS (Recom-
mended)

Base OS for Kubernetes nodes

ible

Contz_ilner Docker .20'10'12 or compat- Containerization engine
Runtime ible
Orchestration Kubernetes 1.20.0 ‘or compat- Cluster management

eration

Kubernetes kubeadm, kubectl, | Compatible with|Cluster bootstrapping and
Tools kubelet Kubernetes version | management

Programming GoLang 1.18 or higher Custom scheduler develop-
Language ment

Monitoring Prometheus Latest stable 'rI;::rSne-serles database for met-
Node — Metrics Node Exporter Latest stable Host-level metrics collection
Collector

Power  Metrics Kepler Latest stable Power_ consumption metrics
Collector collection

_Utlllzatlon Mon- L oad\Watcher Latest stable Resource utilization monitor-
itor ing

!\/Iet_ncs Visual- Grafana Latest stable Metrics visualization

ization

Workload - Gen- stress-ng Latest stable CPU stress testing

Cloud Platform

AWS EC2 / IBM
Cloud

Bare-metal in-
stances recommen-
ded

Hosting the Kubernetes cluster

Table 1: Detailed Table of System Components, Versions, and Their Purposes

3 Kubernetes Cluster Setup

This section outlines the steps to setup a kubernetes cluster. The theis utilized a hetero-
geneous cluster on bare-metal IBM cloud machines but the steps are generalized applic-
able to other cloud providers or on-premise setups with Ubuntu Server 20.04 LTS.

3.1 Node Provisioning

Provision three Ubuntu 20.04 LTS instances: - Master Node: 4vpcu, 8 GiB RAM min-
imum (e.g., AWS EC2 t2.medium or equivalent) - Worker Node: 16 vpcu, 128 Gib RAM
(IBM mx3-metal) and 16 vpcu, 256 Gib RAM (IBM vx3-metal) (e.g., AWS EC2 m5.metal

and m5zn.metal)




3.2 Initial Server Configuration (All Nodes

1. Switch to root user: bash sudo -i

2. Disable Swap: kubernetes requires swap to be disabled. Edit /etc/fstab to com-
ment the swap line and then disable swap. bash

sudo swapoff -a
sudo sed -i 7/ swap / s/™\(-*\)$/#\1/qg” /etc/fstab

3. Install Container Runtime (Docker):

bash sudo apt update sudo apt install -y apttransport-https \
ca-certificates curl software-properties-common \

curl -fsSL https://download.docker.com/linux/ubuntu/gpg \

sudo gpg --dearmor -0 \
/usr/share/keyrings/docker-archive-keyring.gpg \

echo "deb [arch=$“(dpkg --printarchitecture) \
signed-by=/usr/share/keyrings/docker-archive-keyring.gpg] \
https://download.docker.com/linux/ubuntu “$(Isb_release -cs) stable™ \
| sudo tee

/etc/apt/sources. list.d/docker.list > /dev/null sudo apt update \
sudo apt install -y

4. Configure Docker Daemon: create or modify

/etc/docker/daemon. json to use systemd as the
cgroup driver. json { "exec-opts": ["native.cgroupdriver=systemd"],\
"log-driver":
"json-file", "log-opts': { "max-size": "100m™ }, "storage-driver': "overlay2" }\
Reload and restart Docker: bash sudo systemctl daemon-reload \
sudo systemctl restart

5. Install kubeadm, kubelet and kubectl:

bash sudo apt update sudo apt install -y apttransport-https curl \
curl -s https://packages.cloud.google.com/apt/doc/apt-key.gpg \
sudo apt-key add - echo "deb https://apt.kubernetes.io/ \
kubernetes-xenial main™ \

sudo tee /etc/apt/sources.list.d/kubernetes.list \

sudo apt update sudo apt install -

3.3 Master Node Initialization
: On the Master Node only:

1. Initialize Kubernetes with kubeadm: choose a Pod network CIDR (e.g., 192.168.0.0/16
for calico).



bash sudo kubeadm init --pod-network-cidr=192.168.0.0/16

After successful initialization, kubeadm will provide commands to set up kubectl
for the current user and a kubeadm join command for worker nodes. Copy these
commands.

Figure 1. kubernetes cluster init

2. Configure kubectl for current user:

bash mkdir -p $HOME/.kube sudo cp -i
/etc/kubernetes/admin.conf $HOME/.kube/config sudo chown $“(id -u):“$(id -g)

3. Install Pod Network (calico):

bash kubectl apply -f

kubectl create -f https://raw.githubusercontent.com/ \
projectcalico/calico/v3.28.0/manifests/tigera-operator.yaml

bash kubectl apply -f kubectl create -f https://raw.githubusercontent.com/ \
projectcalico/calico/v3.28.0/manifests/custom-resources.yaml

3.4 Worker Node Join

On each Worker Node:

1. Join the cluster: use the kubeadm join command obtained from the master node
initialization. it will look something like :

bash sudo kubeadm join <master-ip>:<master-port> --token
<token> --discovery-token-ca-cert-hash sha256:<hash>

3.5 Verify Cluster Status

On the Master Node:
1. Check node status: bash kubectl get nodes. All nodes will show ready status.

Figure 2: Nodes Ready Status



4 Custom Scheduler Implementation

This Section details the steps to deploy and con gure the custom scheduler

4.1 GoLang Environment Setup (On Master Node)
install GoLang 1.18 or higher
sudo apt install -y golang-go

4.2 clone and Build the Custom Scheduler

1. Clone the Scheduler repository: clone the custom scheduler repository as it is
published to my git which is public

bash git clone https://github.com/Ursvishnnu/custom-scheduler
2. Build the Kubernetes binary: after cloning checkout to scheduler-plugins folder
under build folder go to scheduler folder and run

docker build scehdulerbin:vl .

Figure 3: scheduler bin docker le

3. Build the Custom Scheduler: after building the kuberentes scheduler binary we
need to attach our custom scheduler con g to it/ go to 'scheduler-plugins/pkg/trimaran
/peaks/deployment’ and run

docker build customscheduler:vl .
after building push to you remote image repository so that kubernetes will\
fetch this image while deploying custom scheduler



Figure 4: Custom scheduler docker le

4.3 Deploy the Custom Scheduler to kubernetes

1. Create Kubernetes Deployment for the Custom scheduler: create an YAML
le like [5 to deploy your scheduler as pod in the

kube-system namespace

This Deployment will create your scheduler run along with Default kubernetes
scheduler

Figure 5: Custom scheduler deployment

2. Apply the deployment: Apply the above deployment le with the command
kubectl apply -f <deployment_fileName>._yaml

3. Verify the Scheduler status: After applying you can check the custom scheduler
will deployed into kube-system namespace



-6dfcff54d6-nhgbl

Figure 6: Custom scheduler deployed in kube-system

5 Monitoring Tools Configuration

This section details the setup of Prometheus, Node Exporter, kepler, Loadwatcher and
grafana for monitoring.

5.1 Prometheus ,Grafana and Node Exporter Setup

Prometheus will be installed on Master Node and Node Exporter on all nodes (Master
and Worker Nodes) to collect host-level metrics

1. install helm:

curl https://raw.githubusercontent.com/helm/helm/main/scripts/get-helm-3 | bash

2. Download and install Prometheus & Grafana via helm:

helm install prometheus prometheus-community/kube-prometheus-stack \
--namespace monitoring \

--Ccreate-namespace \

--wait \

--set prometheus.prometheusSpec.maximumStartupDurationSeconds=120

3. Reload Systemd and start Prometheus (Master Node):

bash sudo systemctl daemon-reload

sudo systemctl start prometheus

sudo systemctl enable prometheus sudo systemctl status prometheus ,
Prometheus Ul should be accessible at http://<deployed_node_ip>:9090 .
Grafana Ul should be accessible at

http://<deployed_node_ip>:3000
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