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• Operational challenges

• Landscape on AWS

• Training and inference on AWS

• Ops and governance

• Key takeaways

Natural language processing (NLP)

NLP – Natural Language Processing*
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NLP Challenges - Performance vs Cost

Large datasets long training time 

create bottlenecks

Training costs are an obstacle 

to experimentation and innovation

Infrastructure Distributed training Skills and time
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High training time  - Model Size vs Productivity

Transformers

65M

BERT

340M

GPT-2

1.5B

GPT-2 8B

8.3B

T5

11B

Turing-NLG

17B

GPT-3

175B

Megatron-Turing

530B

GPT-3 1T

1 trillion

MID 2017 2018 2019 MID 2019 LATE 2019 2020 MID 2020 LATE 2021 2022
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Time

15,000x increase in 5 years

Model RoBERTa

Dataset 300+ GB

Cluster 64 p3dn.24xl

Training time Several days
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NLP Ops - Pre-processing tasks 

Preliminary Tasks

Model Selection

Prepare Domain Data

Curate Features

Data Processing
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NLP Ops - Training 

Preliminary Tasks Training

Model Selection

Prepare Domain Data

Curate Features HPO/Task Tuning

Pre-Training

Experimentation

Incremental Training

Distributed Training

Data Processing
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NLP Ops - Deployment 

DeploymentPreliminary Tasks Training

Model Selection

Prepare Domain Data

Curate Features

Inference Scaling

Model Versioning

HPO/Task Tuning

Pre-Training

Experimentation

Incremental Training

Distributed Training

Model Deployment

Metrics/MonitoringData Processing
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NLP Ops - Governance & Automation 

DeploymentPreliminary Tasks Governance/AutomationTraining

Model Selection

Prepare Domain Data

Curate Features

Inference Scaling

Model Versioning

Trigger Re-training

Developer Tooling

DevOps

HPO/Task Tuning

Pre-Training

Security & Governance

Experimentation

Incremental Training

Distributed Training

Model Deployment

Metrics/Monitoring

Workflow Orchestration

Data Processing
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NLP Ops Lifecycle –Amazon SageMaker

SageMaker Pipelines, SageMaker Projects, SageMaker Model Registry

DeploymentPreliminary Tasks Governance/AutomationTraining

SageMaker Jumpstart

SageMaker DataWrangler

SageMaker Feature Store

SageMaker Model Registry

Amazon EventBridge

AWS Lambda

Amazon CodePipeline

SageMaker AutoPilot

EC2 CPU/GPU Instances

AWS Service Catalog

SageMaker Experiments

AWS Trainium

EC2 UltraClusters

AWS Inferentia Chips

SageMaker Clarify

AWS Step Functions

SageMaker Processing Jobs SageMaker Model Monitor
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Amazon SageMaker Training 
Compiler



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

The fast and easy way to train large NLP and deep learning models on GPUs

Speed up training by as 

much as 50%

Enable in minutes without 

any changes to workflow

Free to use on SageMaker / 

savings from shortened 

training jobs

Amazon SageMaker Training Compiler

Accelerate deep learning model 

training

Minimal code changes required

Lower training costs
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Enable Amazon SageMaker Training Compiler

from sagemaker.pytorch import PyTorch
from sagemaker.pytorch import TrainingCompilerConfig

pytorch_estimator=PyTorch ( 
entry_point='script.py’, 
instance_count=1, 
instance_type='ml.p3.8xlarge’, 
framework_version='1.12.0’, 
py_version='py3’, 
hyperparameters=hyperparameters, 
compiler_config=TrainingCompilerConfig(),
distribution ={'pytorchxla' : { 'enabled': True }})

pytorch_estimator.fit()

What can you expect ? 

• Add 2-line code to enable

• Supports single GPU and 

distributed training 

• 100+ supported models

• Best performance on AWS for 

smaller clusters
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Amazon SageMaker Training Compiler - decreases training time

Reduction in billable time

BERT base distilBERT RoBERTa base GPT-2

38% 26% 27% 54%

Training sample throughput1 (samples/second)

PyTorch

PyTorch with

SageMaker Training 
Compiler

73

96

47

81

62

84

137

170
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Amazon SageMaker -
Distributed Training
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Distributed training

Model parallelismData parallelism

Pipeline parallelism Tensor parallelism

Distributed Training 
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Data Parallelism

Data record

Data record

Data record

Data record

Dataset

Data record

Data record

Data record

Data record

Data record

Data record

Data record

Data record

Data record…

GPU 0

GPU 1

GPU

CPU

Data record

Data record

Data record

Batch

Data record

Data record

Data record

Batch

Data record

Slow, sequential processing

Faster, parallel processing

Fastest, parallel processing

SageMaker 
distributed 

library
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Data Parallelism –Storage Acceleration

Data record

Data record

Data record

Data record

Dataset

Data record

Data record

Data record

Data record

Data record

Data record

Data record

Data record

Data record…

GPU 0

GPU 1

GPU

CPU

Data record

Data record

Data record

Batch

Data record

Data record

Data record

Batch

Data record

Slow, sequential processing

Faster, parallel processing

Fastest, parallel processing

SageMaker 
distributed 

library

Combine with

Amazon EFS

Amazon FSx

for Lustre

Amazon 

S3 Bucket

Training 

job

FasFile
/Pipe mode
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Supports popular APIs like Horovod 
and DistributedDataParallel

Fully managed training on replicas 
on workers

Automatically synchronizes workers 
across multiple GPUs

Import 

Data parallel
Training script

Amazon S3
training dataset

Trained model 

Amazon SageMaker 

data-parallel training toolkit 

DDP

Distributed Data Platform

• Max Model size = Single GPU Memory

• Larger models -> OOM errors

• Model replicated across all GPUs

• Wasteful when model is huge

Data Parallelism –Takeaways



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Data Parallelism –Drawbacks

Out-of-memory error

GPU

GPUData record

Data record

Data record

Batch

Data record…
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Data Parallelism –Mitigation Options

Out-of-memory error

GPU

GPUData record

Data record

Data record

Batch

Data record…

Try first

Reduce data size

Reduce network size

Reduce batch size
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FSDP

Distributed Data Platform

Import model 

parallel
Training script

Amazon S3
training dataset

Trained model 

Amazon SageMaker 

Model parallel training toolkit 

Automatically partitions the model 
and sends subgraphs to devices

Analyzes variables and 
graph structure

Managed distributed training on 
pipelined microbatches

• Single model replica partitioned across 
GPUs

• Combine memory of all GPUs

• No model replication -> saves additional 
memory

• Servers communicate during forward and 
backward pass

Model Parallelism - Takeaways
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Amazon SageMaker Training & Inference - Enhancers

mxnet

• SDK - Compiler + Runtime + Profiling  

tools

• Enables graph & loop optimizations

• Scheduling and allocation operations 

• Integrated with major frameworks

• Purpose built for high-performance 

ML training

• 60% higher accelerator memory with 

800 Gbps network bandwidth 

• Integrated with major frameworks

• Purpose built for inference 

• Inf2 - 4x higher throughput

• Inf2 support scale-out distributed 

inference
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AWS Neuron SDK Samples

24

Neuron Model Compilation Neuron Dynamic Batching & DataParallel API

PyTorch Installation



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Distributed Training -
Architecture
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Provision instances

Amazon SageMaker 
Data scientists

Create training job

EBS/ 

NVMe

EBS/ 

NVMe

EBS/ 

NVMe

1

Amazon SageMaker - NLP Training

Experimentation
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Provision instances

Amazon SageMaker 
Data scientists

Create training job

Amazon 

S3
Amazon 

EFS
Amazon FSx 

for Lustre

Copy/stream data

EBS/ 

NVMe

EBS/ 

NVMe

EBS/ 

NVMe

1

2

Hugging Face

Distributed 

training

Serial 

training

Amazon SageMaker - NLP Training

Experimentation
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Training code
Provision instances

Amazon SageMaker 
Data scientists

Create training job

Amazon 

S3
Amazon 

EFS
Amazon FSx 

for Lustre

Copy/stream data

EBS/ 

NVMe

EBS/ 

NVMe

EBS/ 

NVMe

AWS Deep

Learning AMIs

AWS Deep Learning 

Containers

AWS CodeCommit

1

2

3

Hugging Face

Distributed 

training

Serial 

training

Amazon SageMaker - NLP Training

Experimentation
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Training code
Provision instances

Amazon SageMaker 

Amazon 

CloudWatch

Data scientists

Create training job

Amazon 

S3
Amazon 

EFS
Amazon FSx 

for Lustre

Copy/stream data

EBS/ 

NVMe

EBS/ 

NVMe

EBS/ 

NVMe

Model artifacts

Model 

Store

Logs & metrics

AWS Deep

Learning AMIs

AWS Deep Learning 

Containers

AWS CodeCommit

1

2

3

4

Hugging Face

Distributed 

training

Serial 

training

Amazon SageMaker - NLP Training

Experimentation
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Demo –Amazon SageMaker NLP 
model selection & experimentation 
with transfer learning
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NLP Ops and Governance
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NLP Ops – End to End ML lifecycle

Build custom SageMaker project 

templates – best practices blog

Learn more

https://aws.amazon.com/blogs/machine-learning/build-custom-sagemaker-project-templates-best-practices/
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Demo –Amazon SageMaker Pipeline
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NLP – Execute workflows and track ML operations 
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Automation Dev

Pre-Prod/Prod

Client

http

requests

Build stack

Amazon 

EventBridge

Code 

Repo

Build 

pipeline

Release 

pipeline

Code 

repo

Model 

registry
Container

registry

model 

artifacts 

containers

containers

Real-time

endpoint
API

Deployment stack

Trigger 

pipeline
Validate/

Register 

model

Train 

model

Prepare 

data

Model training state machine

scheduled 

trigger

model artifacts and lineage

You

Real-time inference deployment pattern



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Automation Dev

Pre-Prod/Prod

Build stack

Amazon 

EventBridge

Code 

Repo

Build 

pipeline

Release 

pipeline

Code 

repo

Model 

registry
Container

registry

model 

artifacts 

containers

containers

Run batch 

Inference job

Deployment stack

Trigger 

pipeline
Validate/

Register 

model

Train 

model

Prepare 

data

Model training state machine

scheduled 

trigger

model artifacts and lineage

You

Amazon

EventBridge

scheduled 

trigger

Batch inference deployment pattern



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

NLP Operations Lifecycle –Amazon SageMaker Recap

SageMaker Pipelines, SageMaker Projects, SageMaker Model Registry

DeploymentPreliminary Tasks Governance/AutomationTraining

SageMaker Jumpstart

SageMaker DataWrangler

SageMaker Feature Store

SageMaker Model Registry

Amazon EventBridge

AWS Lambda

Amazon CodePipeline

SageMaker AutoPilot

EC2 CPU/GPU Instances

AWS Service Catalog

SageMaker Experiments

AWS Trainium

EC2 UltraClusters

AWS Inferentia Chips

SageMaker Clarify

AWS Step Functions

SageMaker Processing Jobs SageMaker Model Monitor
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Link

LinkLink

Link

Link

Link

Link

Link

Link

Amazon SageMaker 

Training Compiler

Amazon SageMaker 

Training Compiler Samples
Distributed Training 

Options

Amazon SageMaker 

Pipelines Custom

Amazon SageMaker 

Project Templates Amazon Trainium

AWS Neuron AWS Inferentia

Amazon SageMaker 

Custom Project Templates

Get started

https://github.com/aws-samples/sagemaker-custom-project-templates
https://sagemaker-examples.readthedocs.io/en/latest/training/distributed_training/index.html
https://github.com/aws/amazon-sagemaker-examples/tree/main/sagemaker-training-compiler
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/general/arch/neuron-hardware/inf1-arch.html
https://docs.aws.amazon.com/sagemaker/latest/dg/training-compiler.html
https://aws.amazon.com/machine-learning/trainium/
https://aws.amazon.com/blogs/machine-learning/build-custom-sagemaker-project-templates-best-practices/
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-projects-templates-sm.html
https://github.com/aws-neuron/aws-neuron-samples
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Visit the Data & AI/ML resource hub

Dive deeper into these resources, get inspired and learn how you can use AI and 

machine learning to accelerate your business outcomes.

• 6 steps to machine learning success e-book

• 7 leading machine learning use cases e-book

• Machine learning at scale e-book

• Achieving transformative business results with machine learning e-book

• Tackling our world’s hardest problems with machine learning e-book

• Accelerating machine learning innovation through security e-book

• … and more!

https://bityl.co/FqdC

Visit resource hub

https://bityl.co/FqdC
https://bityl.co/FqdC
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Access the AI & ML learning plan courses built by AWS experts on AWS Skill Builder

• Get started with digital self-paced, on-demand training and

ramp-up guides to help you grow your technical skills

• Learn how to apply machine learning, artificial intelligence, and

deep learning to unlock new insights and value in your role

• Take the steps today, towards validating your expertise with an

AWS Certified Machine Learning – Specialty Certification

AWS Training and Certification

Learn your way explore.skillbuilder.aws »

https://bit.ly/3FnxDH7

https://explore.skillbuilder.aws/learn/public/learning_plan/view/28/machine-learning-learning-plan?la=cta&cta=topbanner
https://bit.ly/3FnxDH7
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Thank you for attending AWS Innovate – Data & AI/ML Edition

We hope you found it interesting! A kind reminder to complete the survey.

Let us know what you thought of today’s event and how we can improve the event 

experience for you in the future.

aws-apj-marketing@amazon.com

twitter.com/AWSCloud

facebook.com/AmazonWebServices

youtube.com/user/AmazonWebServices

slideshare.net/AmazonWebServices

twitch.tv/aws
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Thank you!
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