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Machine Learning Acceleration
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AWS ML Accelerators for Deep Learning

AWS Inf1
Powered by AWS Inferentia

AWS Trn1
Powered by AWS Trainium
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AWS Inferentia

• 4 Neuron Cores

• Up to 128 TOPs/chip

• Co-optimize throughput and latency

• Large on-chip caches

• Fast chip-to-chip interconnect  

• Ease of use!

• Supported in popular ML frameworks

• FP16, BF16, INT8

TPB 61

TPB 62

TPB 64

TPB 63

Memory Memory

Memory Memory

TPB 5

TPB 6

TPB 8

TPB 7

Memory Memory

Memory Memory

Neuron

Engine

Neuron

Engine

Neuron

Engine

AWS Inferentia

Neuron 
Core

Memory

Neuron 
Core

CacheCache

CacheCache Cache

Memory

Neuron 
Core

Memory

Neuron 
Core

Memory

CacheCache



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

AWS Inferentia – Sustainable performance

Measured 2-hour run, TensorFlow YOLOv4

0

0.5

1

1.5

2

2.5

3

3.5

p5 p50 p95

Performance-per-Watt

G4dn Inf1

Objects in an image, as detected by YOLOv4

>3x

>1.5x
>2x



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

AWS Inferentia – Up to 68% lower cost
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Co-optimizing latency and throughput
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Co-optimizing latency and throughput
N E U R O N C O R E  P I P E L I N E  F O R  L A T E N C Y - B O U N D  A P P S
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Alexa has deployed highly complex
text-to-speech model that generates
human-like speech, to support over 
100 million Alexa devices globally

With Inf1 instances, they have been 
able to lower their operating costs 
by about 30% over GPU instances, 
while achieving 25% better 
inference latency

AMAZON ALEXA
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AWS Inferentia - Customer adoption

Amazon 
Rekognition
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AWS Inferentia - Customer adoption

G4dn

Inf1

PyTorch BERT Throughput (Chatbot Engine)

2x Higher 
Throughput 

G4dn

Inf1

Video Analysis Performance

4x Higher Performance 
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AWS Trainium

AWS Trn1/Trn1n
Powered by AWS Trainium

B F 1 6 / F P 1 6 F P 3 2

840 TFLOPS
T F 3 2

3.4 PFLOPS3.4 PFLOPS

T R A N S I S T O R S  P E R  C H I P

55,000,000,000

Trn1
M A T H  
E N G I N E  
F R E Q U E N C Y

3 GHz

A G G R E G A T E  
A C C E L E R A T O R
M E M O R Y

512 GB

P E A K  M E M O R Y  
B A N D W I D T H

13.1 TB/sec

N E U R O N L I N K  
B A N D W I D T H  
B E T W E E N  C H I P S

768 GB/sec

N E T W O R K
C O N N E C T I V I T Y

800 Gbps EFA 
1600 Gpbs EFA
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AWS Trainium

2 NeuronCores

Tensor, scalar, and vector engines

Dedicated collective compute engines

Embedded general purpose DSPs

Support for custom operators HBM2E
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AWS Trainium

FP32

P R E C I S I O NR A N G ES

TF32

BF16

FP16

cFP8

UINT8

new

• Rich data-type selection

0

0.5

1

1.5

2

2.5

3

3.5

4

BF16/FP16 TF32 FP32

PF
LO

PS

P3dn

P4d

Trn1

P F L O P S  P E R  D T Y P E

>5x

>2.5x

1.4x



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

AWS Trainium

• Rich data-type selection

• Stochastic rounding

Round nearest even:

Stochastic rounding:

𝑊! Next representable FP value

Weight update

80% of the times
20% of the times

Mid-point

𝑊! Next representable FP value

Weight update

100% of the times

Mid-point
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• Rich data-type selection

• Stochastic rounding

• High bandwidth,
Low latency interconnect
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AWS Trainium

• Rich data-type selection

• Stochastic rounding

• High bandwidth,
Low latency interconnect

• Parallelized computation and communication
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AWS Trainium

• Rich data-type selection

• Stochastic rounding

• High bandwidth,
Low latency interconnect

• Parallelized computation and communication
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AWS Neuron SDK

Neuron Compiler

Neuron Runtime

Developer tools

Supports all major frameworks

github.com/aws/aws-neuron-sdkhttps://awsdocs-neuron.readthedocs-hosted.com

TensorFlow, the TensorFlow logo and any related marks are trademarks of Google Inc.
PyTorch, the PyTorch logo and any related marks are trademarks of Facebook, Inc.

http://github.com/aws/aws-neuron-sdk
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/
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End-to-end flow

Neuron Runtime

Neuron
Compiler

bin

HLO

NEFF

NEFF

User model

Neuron
Dev Tools

Distributed Training Library

EFA

ML Framework

FAL (Framework Adaptation Layer)
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AWS Neuron Compiler
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AWS Neuron Runtime
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AWS Neuron Profiler

Case study – weight-sharded Transformer:
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AWS Neuron Profiler

Case study – weight-sharded Transformer:
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Full framework 
integration, JIT,

Eager mode,
collective compute

Framework
integration

Scale up to
10K+ devices, 

integration with 
distributed training 
libraries, and EFA

Distributed 
training

Support for custom 
ops, dynamic shapes, 
new data types, and 
stochastic rounding 

Flexible and 
extendable

SageMaker, EKS, ECS, 
ParallelCluster, Batch, 

AMIs

Fully integrated  
with AWS

AWS Neuron Extensions for Training
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Case study: BERT-Large pre-training

• Bring your own model
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Case study: BERT-Large pre-training

Speedup

Accuracy
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Case study: BERT-Large pre-training

Speedup

Accuracy 
matches

• Bring your own model

• JIT-compile to Trainium

• See it run J



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Amazon EC2 Trn1
P O W E R E D  B Y A W S  T R A I N I U M

Purposely built for the most cost-efficient DL training in 
the cloud for a broad spectrum of applications

AWS is innovating across the chips, servers, and data 
center layers to provide end users with access to cutting 
edge hardware on-demand

Max developer efficiency with Neuron SDK providing full 
integration into PyTorch and TensorFlow

Seamless integration with AWS services like SageMaker, 
Amazon ECS, ParallelCluster and more
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Thank you!
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Tobias Edler von Koch Ron Diamant

We’re hiring!    https://www.amazon.jobs/en/landing_pages/annapurna%20labs

https://www.amazon.jobs/en/landing_pages/annapurna%20labs
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Q&A


