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Abstract

In this paper, we explore the orchestration of data pipelines on Amazon Web Services (AWS) using AWS
Step Functions and Amazon SageMaker. These two services provide a powerful combination to
streamline, automate, and scale complex workflows that involve data ingestion, transformation, model
training, and inference for machine learning. This paper delves into the architecture, components, and best
practices for leveraging AWS Step Functions and SageMaker to build efficient data pipelines. By using a
serverless approach, organizations can minimize infrastructure overhead, scale easily, and focus on
extracting value from their data. Visualizations such as diagrams and pseudocode are provided to guide
developers in implementing their solutions. By combining these two, we can create end-to-end pipelines
that handle everything from raw data ingestion, model training, and deployment to real-time inference.
We provide detailed architecture diagrams, flowcharts, pseudocode, and example scripts to simplify
implementation. The goal is to help data engineers and machine learning developers build scalable,
automated pipelines on the cloud without managing servers.

Keywords: AWS Step Functions, Amazon SageMaker, Data Pipelines, Machine Learning, Orchestration,
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Introduction

As organizations generate and collect vast amounts of data, the need for efficient, scalable data pipelines
has become paramount. AWS provides an extensive suite of services that simplify the orchestration of
complex workflows for data engineering and machine learning tasks. In this paper, we focus on two
essential services: AWS Step Functions and Amazon SageMaker.

AWS Step Functions allows for the automation of workflows by connecting various AWS services
through a serverless orchestration engine. Amazon SageMaker is a managed service that enables
developers and data scientists to build, train, and deploy machine learning models at scale. When
combined, these services provide a robust platform for automating end-to-end data pipelines—from data
ingestion and preprocessing to model training and inference.

In this paper, we focus on two key services: AWS Step Functions and Amazon SageMaker. Step
Functions enables you to automate workflows by connecting AWS services in a series of tasks.
SageMaker, on the other hand, provides the necessary tools to train, deploy, and manage machine learning
models at scale. Combining these two services allows you to build and automate complex workflows,
from data ingestion to model deployment, using a serverless approach. This eliminates the need to manage
infrastructure manually, thus improving scalability and reducing operational complexity.
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We will explore the architecture of these systems, walkthrough example code snippets, and use diagrams
to clarify how everything fits together. The goal of this paper is to demonstrate how these services can be
effectively used to create scalable, automated data pipelines. We will break down the architecture, discuss

key components, and provide technical diagrams, pseudocode, and practical examples to add technical
depth to the discussion.

Architecture Overview
Data Pipelines Using AWS Step Functions and SageMaker
To understand how to build these pipelines, let’s break down the architecture:

High-Level Architecture Diagram
Here’s a simplified architecture that shows the flow of data from ingestion to machine learning inference:

———————————— ¢

| Data Source (53,
DynamoDB, etc.)

| AWS Step Functions
| (Orchestrates Tasks)

| Amazon SageMaker

| (Model Training &

| Inference)

The pipeline starts with data ingestion from sources such as S3 (Simple Storage Service) or DynamoDB.
AWS Step Functions orchestrate the tasks, including data preprocessing, model training with SageMaker,
and model evaluation.

Key Components Overview

1. AWS Step Functions: Step Functions is like a "conductor™ in an orchestra. It helps organize and run
tasks in a specific order. You can connect different AWS services in a flow, where one task finishes
before the next begins. Step Functions are ideal for automating data pipelines, such as triggering data
preprocessing jobs, starting machine learning training, and then evaluating the model automatically.
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Flowchart Example for a Simple Data Pipeline:

e

| Data Ingestion
| (53, DynamoDB, etc.)

2. Amazon SageMaker: SageMaker is used to build, train, and deploy machine learning models. It helps
you manage the entire machine learning lifecycle, from raw data to deployed models. With
SageMaker, you don’t have to worry about infrastructure because AWS manages it for you.

Stages in a SageMaker Pipeline:

e Data Preprocessing: Prepare data (clean, filter, transform).

e Model Training: Train machine learning models using the preprocessed data.

e Model Evaluation: Test and evaluate how well the model performs.

e Model Deployment: Deploy the trained model to an endpoint for real-time predictions.

Key Components
1. AWS Step Functions:
o A serverless orchestration service that connects different AWS services into a unified workflow. It
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defines the sequence in which different tasks are executed, including triggering machine learning
workflows with SageMaker.

Example Pseudocode for an AWS Step Function Workflow:
{
"StartAt": "DataPreprocessing”,
"States": {
"DataPreprocessing": {
"Type": "Task",
"Resource": "arn:aws:lambda:region:account-id:function:data-preprocessing",
"Next": "ModelTraining"

¥

odelTraining™: {
"Type": "Task",
"Resource™: "arn:aws:sagemaker:region:account-id:training-job",
"Next": "ModelEvaluation"
h
"ModelEvaluation™: {
"Type": "Task",
"Resource™: "arn:aws:lambda:region:account-id:function:evaluate-model”,
"End": true

k
k
k

no

Amazon SageMaker:

e SageMaker provides all necessary tools for building and deploying machine learning models. It
integrates seamlessly with Step Functions, making it easy to automate model training and inference
tasks as part of the data pipeline.

Flowchart showing the SageMaker model training pipeline:
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Once the data has been cleaned and preprocessed, SageMaker will take over to train the machine-learning
model. The training process can be fully automated, and SageMaker provides built-in algorithms that are
optimized for performance.

Building the Data Pipeline

Step 1: Data Ingestion and Preprocessing

The first step in most data pipelines is data ingestion. Data from various sources (e.g., Amazon S3,
DynamoDB) is collected and passed through a preprocessing function. AWS Lambda or AWS Glue can
be used for preprocessing data and preparing it for model training.

Step 2: Model Training with SageMaker
Once the data is prepared, AWS Step Functions triggers SageMaker to train a machine learning model
using the provided dataset. This stage may involve hyperparameter tuning and model optimization.

Sample Code Snippet:
import sagemaker
from sagemaker import get_execution_role

role = get_execution_role()
sagemaker_session = sagemaker.Session()

# Define the training job

estimator = sagemaker.estimator.Estimator(
'image-classification’,
role=role,
instance_count=1,
instance_type='ml.p2.xlarge’,
output_path="s3://bucket/output’,
sagemaker_session=sagemaker_session

)

# Start training
estimator.fit({'train": 's3://bucket/train’, 'validation': 's3://bucket/validation'})

Model Deployment and Inference
After the model is trained and evaluated, the next step is to deploy it. SageMaker allows you to deploy the
model as an endpoint for real-time inference, which can be used in production systems.
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Diagram of Real-Time Inference Workflow:
4

User Request

SageMaker Model

(Inference Endpoint)

Step 4: Monitoring and Retraining
After deployment, it is essential to monitor the model’s performance. AWS Step Functions can be used to
schedule model evaluations and trigger retraining based on new data or degraded performance.

Conclusion

By combining AWS Step Functions and Amazon SageMaker, we can build fully automated and scalable
data pipelines that handle everything from data preprocessing to model deployment. Step Functions
simplifies the orchestration of these tasks, while SageMaker focuses on managing the machine learning
lifecycle. This serverless approach reduces the need for manual infrastructure management and scales to
accommodate large data volumes and machine learning workloads. The detailed architecture, pseudocode,
and code examples in this paper provide a solid framework for engineers and data scientists to start
building their own Al-driven data pipelines on AWS.
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