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1 Introduction

This configuration manual provides a structured and practical guide for deploying,
operating, and monitoring the cloud-native retraining pipeline developed as part of the
project Automated Efficient ML Model Retraining by MLOps Using Cloud-Native Tools.
The system integrates multiple datasets, data versioning, automated retraining, model
evaluation, model promotion, containerisation, and a fully end-to-end automated deploy-
ment.

Each section outlines the technical rationale behind a component, followed by step-by-
step instructions to support reproducibility. Where screenshots are required, placeholders
are clearly indicated for later insertion.

The system is built around the following core technologies:

e AWS SageMaker for orchestrated retraining.

e DVC + S3 for dataset versioning and reproducible pipelines.
e GitHub Actions for CI/CD automation.

e AWS ECS (Fargate) for hosting the FastAPI inference service.
e Amazon ECR for container storage.

e Prometheus + Pushgateway for telemetry.

e Grafana dashboards for drift and performance monitoring.

e MLflow for experiment tracking.

Figure 1: GitHub Actions Pipeline

2 Prerequisites

2.1 Local Machine Requirements
To execute components of the pipeline locally, ensure the following tools are installed:

Python 3.10+

Docker Desktop
AWS CLI v2
o Git

DVC with S3 support: pip install dvc[s3]

Terraform (optional for infrastructure provisioning)
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2.2 AWS Requirements

The AWS environment requires:

e An active AWS account.

e IAM role for SageMaker with S3 and ECR permissions.
e [AM role for ECS task execution.

e S3 bucket for:

— Dataset storage
— DVC remote storage

— SageMaker training outputs

e ECR repository for storing API container images.

2.3 Required Permissions
Roles should include:

e AmazonS3FullAccess (scoped to project bucket)
o AmazonEC2ContainerRegistryFullAccess
e AmazonSageMakerFullAccess

e AmazonECSFullAccess

e 1AM > Roles ® ®
a
Identity and Access < Roles (15) i @ Delete @i
Management (IAM) An 1AM role is an identity you can create that has specific permissions with credentials that are valid for short durations. Roles can be assumed by entities that you trust.
Q search 1AM Q Search 1 @
(| Rolename A& | Trusted entities | Lastactivity v |
Dashboard O AwsServiceRoleForAPIGateway AWS Service: ops.apigateway (Servic 13 days ago
v Access management ) AWSServiceRoleForECS AWS Service: ecs (Service-Linked Rol 11 minutes ago
User groups
|} AWwSServiceRoleForElasticLoadBalancing AWS Service: elasticloadbalancing (S 13 days ago
Users
Roles | AWSServiceRoleForOrganizations AWS Service: organizations (Service- -
Policies [0 AwsServiceRoleForResourceExplorer AWS Service: resource-explorer-2(S¢ 28 minutes ago
Identity providers -
) AWSServiceRoleForServiceQuotas AWS Service: servicequotas (Service- -
Account settings e
Root access management J AWSServiceRoleForSSO AWS Service: sso (Service-Linked Rol 13 hours ago
Te delegati it
:“p"my elegation requests (0 AWSServiceRoleForSupport AWS Service: support (Service-Linkec -
RoleForTr A i -
v Access reports AWSServiceRoleForTrustedAdvisor AWS Service: trustedadvisor (Service
Access Analyzer O ECSRoleCustom AWS Service: ecs-tasks
Resource analysis New ~ 3
o ) ecsTaskExecutionRole AWS Service: ecs-tasks 15 minutes ago
Unused access
Analyzer settings ecsTaskRole-iris-api AWS Service: ecs-tasks 15 hours ago
Credential report ) GitHub Identity Provider: arn:awstiam::3536 13 days ago
Organization activity
S3Role AWS Service: s3
Service control policies =
Resource control policies O SageMakerRole AWS Service: sagemaker 13 days ago

Figure 2: TAM Roles for Permissions

3 Configuring DVC and Dataset Storage

DVC enables reproducible experiments by versioning data alongside code. The project
uses an AWS S3 bucket as the DVC remote.



3.1 Initialising DVC

Run the following command in the project root:

dvc init

3.2 Adding the Dataset
The Adult Income dataset is added and tracked via:

dvc add data/adult.csv

This generates:
- data/adult.csv.dvc - Automatic entry in .gitignore

3.3 Configuring DVC Remote
Set the remote S3 bucket:

dvc remote add -d s3remote s3://thebrowntiger/dvcstore

dvc push

e Amazon S3 > Buckets > thebrowntiger

Amazon S3

¥ Buckets
General purpose buckets
Directory buckets
Table buckets
Vector buckets New
¥ Access management and
security
Access Points
Access Points for FSx
Access Grants
1AM Access Analyzer
¥ Storage management and
insights
Storage Lens

Batch Operations

Account and organization settings

» AWS Marketplace for 53

Objects (78)

@ IO Copy S3 URI

0 Copy URL & Download

Open 12

© 8 o

Delete Create folder T Upload

Obijects are the fundamental entities stored in Amazon S3. You can use Amazon S3 inventory 12 to get a list of all objects in your bucket. For others to access your objects, you'll need to
explicitly grant them permissions. Learn more 12

| @ Find objects by prefix
() Name
- 2025-09-19-14-55-45-614/
[ sagemaker-scikit-learn-
2025-09-19-15-55-37-455/
[ sagemaker-scikit-learn-
2025-09-19-16-57-49-669/
— [ sagemaker-scikit-learn-
2025-09-19-17-40-21-892/
— [ sagemaker-scikit-learn-
: 2025-09-19-17-50-30-169/
— [ sagemaker-scikit-learn-

2025-09-19-18-02-15-923/

- D3 sagemaker-scikit-learn-
- 2025-09-27-11-48-06-027/

O 3 sagemaker-scikit-learn-
—  2025-10-05-13-01-07-037/

| D sagemaker-scikit-learn-
- 2025-10-24-15-20-19-946/

) [ sagemaker-scikit-learn-
: 2025-10-24-22-18-56-178/

[ sagemaker-scikit-learn-
2025-10-24-22-29-25-743/

A | Type

Folder
Folder
Folder
Folder
Folder
Folder
Folder
Folder
Folder

Folder

v Last modified

v | size v | Storage class

1 ]

v |

Figure 3: Trained Models

4 Configuring SageMaker Training Pipeline

The training job is executed through a BYOC (Bring-Your-Own-Container) image.
The training script is located under training/train.py.

4.1 Training Container
A Dockerfile inside the training folder builds the image:

docker build -t thesis-training:vO06
docker tag thesis-training:v06 353671347542.dkr.ecr.eu-west-1.
amazonaws.com/thesis-training:v06

docker push




4.2

Running Training via DVC

DVC stage configuration:

stages:
train:
cmd :
deps:

- training/train.py
- data/adult.csv

outs:

python pipeline/run_training_job.py

- artifacts/model/model.tar.gz

- artifacts/metrics/metrics. json

eA

Notebooks

mazon SageMaker Al > Training

a

TensorBoard
Profiler

Partner Al Apps

¥ Model training &
customization

Training & tuning jobs
JumpStart model hub

HyperPod clusters
» Training plans
» Deployments & inference
» Model governance
» AWS Marketplace resources
» Data preparation
» Ground Truth

» Augmented Al

Tutorials

Documentation 12

Trainingjobs | Hyperparameter tuning jobs

Training jobs o
Q. Search training jobs
Name

thesis-training-20251119-153959-2025-11-19-15-39-59-667

thesis-training-20251119-002936-2025-11-19-00-29-37-107

thesis-training-20251118-232525-2025-11-18-23-25-26-174

thesis-training-20251118-190308-2025-11-18-19-03-08-384

thesis-training-20251118-190025-2025-11-18-19-00-25-251

thesis-training-20251118-120048-2025-11-18-12-00-48-272

thesis-training-20251118-120020-2025-11-18-12-00-21-178

thesis-training-20251118-105853-2025-11-18-10-58-53-592

thesis-training-20251118-004722-2025-11-18-00-47-22-362

thesis-training-20251118-003837-2025-11-18-00-38-37-615

My algorithms

AWS Marketplace subscriptions

@ Advanced search

Creation time
11/19/2025, 3:40:00 PM
11/19/2025, 12:29:37 AM
11/18/2025, 11:25:26 PM
11/18/2025, 7:03:09 PM
11/18/2025, 7:00:25 PM
11/18/2025, 12:00:48 PM
11/18/2025, 12:00:21 PM
11/18/2025, 10:58:54 AM
11/18/2025, 12:47:23 AM

11/18/2025, 12:38:38 AM

Duration Job status

2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed
2 minutes @ Completed

v

Actions ¥ Create training job
1 .5 @
Warm pool status Time left

Figure 4: DVC tracking

5 Evaluation Workflow

The model is evaluated using a SageMaker Processing job. The evaluation script

calculates accuracy and Fl-score on the Adult Income test

5.1 Running Evaluation
Command triggered through DVC:

split.

dvc repro

5.2 MLflow Integration

The manual includes MLflow for experiment lineage.
To track metrics locally:

mlflow ui




+ New

PR —— adult-income-xgboost Machine leaming v © § 98 Models [ Traces

R Models

We've automatically detected the experiment type X
Prompts ‘ i I | to be 'Machine learning’. You can either confirm or ®  Timecreated v || State: Active v SRR —

change the type.
T3 Sort: Created

Run Name Created T Duration Source Models

14 days ago = 24s [& trainpy

Figure 5: Model Experiments

6 API Containerisation

The FastAPI inference service is packaged into a Docker image and deployed on ECS
Fargate.




¥ ecs_service.tf
You | 1 author (You)
resource "aws_ecs_service" "iris_service" {
name "iris-api-service"
cluster aws_ecs_cluster.iris cluster.id
launch_type "FARGATE"
desired count al
platform version "LATEST"

deployment_controller {

BE = SEES
}

health check grace period seconds = 30

task_definition = aws_ecs_task_definition.iris_task.arn

network_configuration {

subnets [aws_subnet.public_a.id, aws_subnet.public_b.id]
security_groups ["sg-01465797f95e42fbb™] # existing SG
assign_public_ip = true

}

load_balancer {
target _group_arn aws_1lb target group.iris nlb_tg.arn
container_name "iris-api"
container_port 8080

}

deployment_minimum_healthy percent
deployment _maximum_percent

depends on = [
aws_1lb_listener.iris_nlb_listener
1
}

Figure 6: TaC setting up the AWS environment

6.1 Build and Push the Image

docker build -t iris-api:vi4

docker tag iris-api:v02 353671347542.dkr.ecr.eu-west-1.amazonaws.
com/iris-api:vi4

docker push

6.2 Testing the Container Locally

uvicorn app.main:app --host 0.0.0.0 --port 8080




Q Search

¥4 AskGordon BETA

Containers

@  Containers Jiew all your running containers and applications
Images
Volumes .
Container CPU usage Container memory usage

Builds

Models BeTA
@™ Only show running containers
*  MCP Toolkit BETA

Name Container ID Image Port(s) CPU (%) Last started Actions
Docker Hub

Docker Scout charming_dirac 41b6e62455bf 8080:8080 \ 13 days ago

sad_mclaren 24eb60a13b33 8080:8080 \ 13 days ago
Extensions
goofy_newton 5a2d6e24249¢c 8080:8080 . 13 days ago
dreamy_sinoussi 6996422396 8080:8080 . 13 days ago
stupefied_varahamihii 797cfecdabab \ 15 days ago
happy_pike acadd34e3f9a \ 15 days ago
great_grothendieck ~ a7795d26101f \ 15 days ago
stoic_curran 30bf399¢025d \ 15 days ago

kind_einstein 8ceec88f8bf2 \ 15 days ago

admiring_bardeen 3be79883a712 15 days ago

Figure 7: Docker Containers

7 ECS Deployment

The ECS Fargate service hosts the inference API behind an Application Load Bal-
ancer.

7.1 Key Components

e Cluster: iris-api-cluster

e Service: iris-api-service

e Task Definition: 512 CPU / 1GB RAM
e Listener: Port 80

7.2 Updating the Running API

aws ecs update-service \
--cluster iris-api-cluster \
--service iris-api-service \
--force-new-deployment




e Amazon Elastic Container Service > Clusters > iris-api-cluster > Services > iris-api-service > Tasks @ ® # 6
Amazon Elastic < Service overview ifo
Container Service
Status Tasks (1 Desired) Task definition: revision Deployment status
Express Mode New @ Active NS 0 Pending | 1 Running iris-api-task:20 @ Success
Clusters
Namespaces . . .
bkt Health and metrics Tasks Logs Deployments Events Configuration and networking Service auto scaling Event history Tags
‘ask definitions
Account settings
Last updated
Tasks (1/1) December 2, 2025, 22:40 (UTC) @
. Filter desired status —__Filter launch type
Amazon ECR 12 [ Q Fitter tasks by property or value Any desired status v Any launch type v 1 @
Repositories 12
Task v | Laststatus ¥ | Desiredst.. v | T.. v | Healthsta.. v | Createdat v | Startedby
AWS Batch 2 O IO f77c363ff62d4f8e8afa7ed6ae93fc2b @ Running @ Running iris-... @ Unknown 4 hours ago ecs-svc/545806167
< >
Documentation 12 Containers for task f77c363ff62d4f8e8afa7e46ae93fc2b 8 v
Discover products L2
Subscriptions 12 Containers (1)
| Q Fitter containers 1 5]
Tell us what you think Container name v | Containerruntimeld ¥ | ImageURI v | ImageDigest v | Status v | Healthstatus v | CPY v | Memoryha
iris-api 0 f77c363ff62d4fSe... 0 35367134.. I sha2s6:fd... @ Running @ Unknown 0 -/-

Figure 8: ECS Cluster Console

8 Monitoring Setup

Prometheus scrapes the FastAPI container’s /metrics endpoint and visualises drift
signals on Grafana dashboards.

8.1 Pushgateway Configuration
The API pushes metrics to the Pushgateway using:

push_to_gateway (http://108.130.158.94:9091/, job="
adult_income_api", registry=registry)

8.2 Prometheus Configuration
Prometheus scrape job configuration:

scrape_configs:
- job_name: ’adult_income_api’
static_configs:
- targets: [’http://108.130.158.94:9091/°]

8.3 Grafana Dashboard

Dashboard panels include:

e Drift Score (PSI)
e Prediction Distribution
e Feature-level PSI values
e Prediction Count




Grafana Home > Dashboards
Edit Export v | Share | v

< O Last5minutes v > @ Q Refresh ~

Dashboards Overall Drift Score (PSI) Total Predictions Prediction Distribution

271

Drift Score Over Time

[
19:29:00 19:29:30 9: 9:3 19:31:30

= adult_income_drift_score{instance=" ="176. == adult_income_drift_score{job=

Feature PSI Values

130 0 0 0 271 271 25.6 25.6 8.90 5.46 26.4 26.4 25. W) 2 & 1 261 27.0 27.0 26.7 26.7

Figure 9: Grafana Dashboard

9 GitHub Actions Pipeline

The CI/CD pipeline automates retraining, evaluation, model validation, container
build, and ECS deployment.

9.1 Trigger Conditions

Pipeline triggers on:

e Push to main branch

e Manual workflow dispatch

9.2 Primary Steps in CI/CD
1. AWS authentication via OIDC

2. DVC dataset pull

3. Run tests

4. Trigger DVC training and evaluation
5. Model accuracy comparison

6. Container build and push

7. ECS deployment
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°
= O BrindavanGanesan / Project-MLOps Q_ Type 7] to search O] .
<> Code (O Issues {7 Pullrequests () Actions [ Projects [0 Wiki @ Security |~ Insights 8 Settings

er Retrai 8 eline

ageMaker Retraining & ECS Deployment Pipeline #33 G Re-run jobs ~

() Summary
> Annotations

Jobs
© Retrain on SageMaker + Deploy ...

r + Deploy
Run details -

© Usage

9 Workflow file

Figure 10: Github Action Pipeline

10 Validation and Testing Steps
10.1 API Health Check

curl http://iris-nlb-ab5756f62e3cf9fb9.elb.eu-west-1.amazonaws.com
/ping

10.2 Prediction Request

curl -X POST http://iris-nlb-ab5756f62e3cf9fb9.elb.eu-west-1.
amazonaws .com/predict -d °’{
"records": [{
"Age": 39,
"Workclass": "Private",

x>

10.3 Grafana Validation
Check that:

e Drift values update after each inference request.
e Feature-level PSI is visible.

e Prediction counters increase.
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@ Project-MLOps ' Public

¥ main ~ ¥ 1Branch © 0 Tags Go to file Add file ~ <> Code ~ About

&M brindava Monitoring update 29c1c- 15 hoursago ' 119 Commits

B dvc jer 2 months ago
I _github/workflows

B .vscode

B app

B config

B data

BB docker/training

BB evaluation ex hm No packages published
BB inference

B infra Mo pdate Languages

B params 3w Python 77.8%

BB pipeline

B tests

Thesis project

Packages

® Shell 63%

Figure 11: GitHub Repo

GitHub Repo: https://github.com/BrindavanGanesan/Project-MLOps.git
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Conclusion

This configuration manual provides a step-by-step guide to setting up and running
the automated retraining pipeline. By following the described process, the system can
be reproduced reliably across different environments.
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