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Broadest and most complete set of Machine Learning capabilities
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Broad choices to meet your evolving development needs
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Distributed Training
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Distributed Training

• Real-life deep learning model training requires massive compute

• Training commonly done on large number of multi-GPU nodes

• Nodes need to work in parallel to complete training job 

• Shared access to data from all nodes is needed

• Training should be fault tolerant and resumable
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Compute Challenges

NLU Deep Learning models sizes:
• BERT Base – Neural Net with 12 layers, 768 hidden layer dimension, total of 110M parameters

• GPT-3: 175B parameters (2020)

• T5-XXL: 1.6T parameters (2021)

gpu

gpu

gpu

gpu

EC2 instance Hardware acceleration is a must:

Training time: 7.5 days on 8 NVIDIA V100 – 1 p3dn.24xlarge

Or 62 minutes on 2048 V100 – 256 p3dn.24xlarge 

P4d.24xlarge: up to 3.1x speed up as 

compared to p3dn for BERT models
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Storage & Memory Challenges

NLU models trained on internet scale datasets:
• Original BERT pre-trained on 16 GB of Wikipedia text (2500M tokens) & 11k books (800M tokens)

• T5-XXL: Colossal Clean Crawled Corpus 750 GB

gpu

gpu

gpu

gpu

EC2 instance

gpu

gpu

gpu

gpu

EC2 instance

gpu

gpu

gpu

gpu

EC2 instance

Amazon Simple Storage Service (Amazon S3)

Read intensive job:
Mini batch + data loader strategy during 

training is key.

GPU Memory bound:
Device memory limits the amount of 

sentences (data) at each training step.

Rule of thumb: Larger the batch size, faster the 

training! 

High Performance Shared File System

Amazon Elastic File 

System
Amazon FSx for Lustre 
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Networking Challenges

Gradient descent over multi-node multi-gpu architecture:
• Model + mini-batch data fits on single GPU: Data Parallel Training

• Model + mini-batch needs multiple GPUs: Model Parallel Training

Amazon Simple Storage Service (Amazon S3)

High Performance Shared File System

Amazon Elastic File 

System
Amazon FSx for Lustre 

gpu

gpu

gpu

gpu

EC2 instance

gpu

gpu

gpu

gpu

EC2 instance

gpu

gpu

gpu

gpu

EC2 instance

Amazon Elastic 

Fabric Adapter

Amazon Elastic 

Fabric Adapter

Fast GPU to GPU communication:
300GB/s in node (Nvlink)

400Gbps networking with EFA

Gradient sync strategy can impact 

compute cluster design!
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• EC2 UltraClusters of P4d – democratize 

access to supercomputing-class performance

• Available on demand via a pay-as-you-go 

model on AWS

• Over 4,000 A100 Tensor Core GPUs

• Petabit-scale non-blocking networking

• High-throughput, low-latency storage with 

FSx for Lustre

• Support for unlimited storage on S3

E C 2  U L T R A  C L U S T E R S  O F  P 4 d  I N S T A N C E S
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Distributed ML on p4d UltraClusters

EC2 UltraCluster

Amazon Simple Storage Service (Amazon S3)

High Performance Shared File System

Amazon Elastic File 

System
Amazon FSx for Lustre 
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Distributed Training Infrastructure

Distributed Model Training Infrastructure Sample

AWS CodeCommit

Amazon ECR

Amazon VPC
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roBERTa 3B parameters scaling performance

Using UltraClusters of P4d instances:

• 8x A100 40GB GPUs (reference 1x speed)

• 400 Gbps Networking with EFA

• 300 GB/s NVLink

2.7x speed up from previous 

generation instance 

(p3dn.24xlarge)

Drastically reduce model training times by distributing workloads across 

hundreds or thousands of p4d instances
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Accelerated Inference
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AWS Neuron
• High-performance Software Development Kit (SDK)

Easy to get started 

Integrated with major frameworks

Neuron Compiler

Neuron Runtime 

Profiling tools

Minimal Code Change

Deploy existing models with minimal code changes; 

maintain hardware portability without dependency on 

AWS software github.com/aws/aws-neuron-sdk

Documentation, 
Examples, & Support

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.

mxnet
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Native integration with minimum code change

• Run HuggingFace Transformers models on Inferentia with single line 
of code added

Sample code taken from docstring for BERT Base model: https://huggingface.co/transformers/model_doc/bert.html#bertmodel 
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Results based on running BERT-Large model end-to-end with TensorFlow, seqlen=128

Results based on running ResNet-50 model end-to-end with TensorFlow

Natural language:
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Bin-packing Models
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Problem Statement

• Given Nmodels with resource utilization

• Memory

• Compute

• Pack Nmodels into Minimum number of Bins (or) Instances

• Each Instance has a Max Memory and Compute Limit

• Calculate Model & Instance Assignment Matrix
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Mathematically

• 𝑚𝑘:𝑀𝑒𝑚𝑜𝑟𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑘, 𝑘 = 1 . . nmodels

• 𝑐𝑘: 𝐶𝑜𝑚𝑝𝑢𝑡𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑘, 𝑘 = 1 . . nmodels

• max GPU memory (Mmax) and GPU utilization of (Cmax)

• 𝑥𝑖𝑗: 0, 1 𝑡𝑜 𝑑𝑒𝑛𝑜𝑡𝑒 𝑀𝑜𝑑𝑒𝑙 𝑖 𝑖𝑛 𝐵𝑖𝑛 𝑗, 𝑖: [1 . . 𝑛𝑚𝑜𝑑𝑒𝑙𝑠],𝑗: [1 . . 𝑛𝑚𝑜𝑑𝑒𝑙𝑠]
𝑦𝑗: 0, 1 𝑡𝑜 𝑑𝑒𝑛𝑜𝑡𝑒 𝐵𝑖𝑛 𝑗 𝑖𝑠 𝑏𝑒𝑖𝑛𝑔 𝑢𝑠𝑒𝑑, 𝑗: 1 . . 𝑛𝑚𝑜𝑑𝑒𝑙𝑠

• Solved as a 0 – 1 KnapSack Problem

• Start with Trivial Assignment and perform Combinatorial Optimization
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Formulation

Objective: 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒෍
𝑗=0

𝑛𝑚𝑜𝑑𝑒𝑙𝑠

𝑦𝑗

Ensure allocation of each item to exactly one bin: ෍
𝑖=0

𝑛𝑚𝑜𝑑𝑒𝑙𝑠

𝑥𝑖𝑗 = 1

Memory Capacity Constraint: 

෍
𝑖=0

𝑛𝑚𝑜𝑑𝑒𝑙𝑠

𝑥𝑖𝑗 ∗ 𝑚𝑖 < 𝑦𝑗 ∗ 𝑀𝑚𝑎𝑥 , 𝑓𝑜𝑟 𝑗 = [1 . . 𝑛𝑚𝑜𝑑𝑒𝑙𝑠]

Processor Capacity Constraint: 

෍
𝑖=0

𝑛𝑚𝑜𝑑𝑒𝑙𝑠

𝑥𝑖𝑗 ∗ 𝑐𝑖 < 𝑦𝑗 ∗ 𝐶𝑚𝑎𝑥 , 𝑓𝑜𝑟 𝑗 = [1 . . 𝑛𝑚𝑜𝑑𝑒𝑙𝑠]
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Demonstration (Memory & Compute Constraint)

Generate Memory 

and Compute

Constraint based 

on Instance Type

Optimal 

Allocation

Color (model #)

Effect of Multiple Constrains is clearly observed
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Infrastructure

All measurements are taken between the Microservice pod and Model pods running on the cluster nodes.

AWS CodeCommit

Amazon ECR

Amazon VPC
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Customer Examples
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Inference @ Scale for Salesforce

• Serve 3,000+ models for inference on AWS

• Each model needs to be accessible through an API endpoint

• < 100ms Latency 

• Packed multiple models in each GPU/Inferentia instance

• Reduced cost over 15x

- $1578/hr in a traditional deployment to under $100/hr
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NFS FSx for Lustre

SLURM

Placement Group

ParallelCluster

L A R G E - S C A L E  N L U  R E S E A R C H  O N  A W S

EFA

• Strategic customer actively researching on NLP/NLU at scale

• Large scale ML system in production since 2019 

• Started with a 100+ p3dn cluster in 2019, added 260+ P4ds in 2020

• Expanded to 850+ P4ds, with plans to scale to 1100+ in 2021

• Single spine in a placement group for the lowest latency

• Periodically adds additional instances on-demand for special workloads

• Key infrastructural elements of the system:

• ParallelCluster for cluster management

• SLURM to schedule jobs

• FSx for Lustre

• EFA to support fast inter-node communications at scale

• 850+ nodes of P4d and growing

• Custom DLAMI built off of AWS base DLAMI

• PyTorch + DDP + NCCL
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L A R G E - S C A L E  N L P  S T A R T U P  O N  A W S

• CA startup aims to build the world’s largest NLP model (2T+ parameters)

• Decided to run on AWS after a POC to train a 50B parameter model across 

200 P4ds (800 A100 GPUs)

• Training workload is now in production across 875+ P4ds (7000 GPUs)

• Runs on EC2 with EKS orchestration and EFA for networking speedup

• Deployed in a single AZ, looking to extend architecture to span AZs.

• Key infrastructural elements of the system:

• EKS for orchestration

• EFA to support fast inter-node communications at scale

• 875+ nodes of P4d and growing

• S3 storage layer

• Custom DLAMI built off of AWS base DLAMI

• PyTorch + DDP + NCCL
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L A R G E - S C A L E  N L P  S T A R T U P  O N  A W S

• Israel startup trains large NLP models and builds apps based these models  

• Trained a 178B parameter model (larger than GPT-3) across 104 P4ds (832 GPUs)

• Launched in production after a POC to train a smaller model across 36 P4ds

• Being one of the early P4d customers, they used Spot instances

• Trained with dataset containing 300 billion tokens

• Applications powered: chatbots, writing (rephrase, sentence completion)

• Key infrastructural elements of the system:

• Custom solution for orchestration

• EFA to support fast inter-node communications at scale

• 104 nodes of P4d, used Spot

• S3 storage layer

• Custom DLAMI built off of AWS base DLAMI

• PyTorch

Elastic Fabric 

Adapter
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Scaling PyTorch
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Torch distributed stack

https://pytorch.org/docs/stable/distributed.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/docs/stable/distributed.html
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Fully sharded data parallel

https://engineering.fb.com/2021/07/15/open-source/fsdp/

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://engineering.fb.com/2021/07/15/open-source/fsdp/
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ZeroRedundancyOptimizer

Shard optimizer states and model weights

https://pytorch.org/docs/master/distributed.optim.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/docs/master/distributed.optim.html
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Torch RPC

https://pytorch.org/docs/stable/rpc.html

● Optimized Tensor 

communications

(TensorPipe)

● Remote memory management

● Distributed autograd

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/docs/stable/rpc.html
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Power SGD

● DDP communication hook

● Up to 10x speedup in DDP

● NCCL, Gloo, and MPI support

https://medium.com/pytorch/accelerating-pytorch-ddp-by-10x-with-powersgd-585aef12881d

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://medium.com/pytorch/accelerating-pytorch-ddp-by-10x-with-powersgd-585aef12881d
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Torch Elastic
Auto scaling fault tolerant distributed PyTorch jobs on Spot Instances

https://pytorch.org/docs/stable/distributed.elastic.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/docs/stable/distributed.elastic.html
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PipeTransformer

Elastic resource scheduling for frozen layers

https://pytorch.org/blog/pipetransformer-automated-elastic-pipelining/

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/blog/pipetransformer-automated-elastic-pipelining/
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Torch Profiler

https://pytorch.org/blog/introducing-pytorch-profiler-the-new-and-improved-performance-tool/

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/blog/introducing-pytorch-profiler-the-new-and-improved-performance-tool/
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Distributed profiling

https://pytorch.org/blog/pytorch-profiler-1.9-released/PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/blog/pytorch-profiler-1.9-released/
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CUDA Graphs

Coalesce small CUDA kernels

https://pytorch.org/blog/accelerating-pytorch-with-cuda-graphs

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/blog/accelerating-pytorch-with-cuda-graphs
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torch.fx

Compiler transformations in Python

● Operator fusion 

● Export to runtime

● TorchVision Feature Extraction

● Quantization

https://pytorch.org/docs/stable/fx.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/docs/stable/fx.html
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Torch data

● Modular versus 

monolithic 

datasets

● Interchangeable 

data pipes

● Composable 

multi-threading 

and multi-

processing

ListFiles
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Data, 

Label 
LoadFiles Decode Transform

stream

Expand 

URL 

Pattern

HTTP
Data, 

Label 
LoadHTTP

Files
Decode Transform

ListFiles

FS
Data, 

Label LoadFiles Decode Transform

Decode Transform

Decode Transform

https://github.com/pytorch/data

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://github.com/pytorch/data
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CAPTUM

Interpretability and layer attribution

https://captum.ai/api/saliency.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://captum.ai/api/saliency.html


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

TorchServe ensemble

https://pytorch.org/serve/workflows.html

PyTorch, the PyTorch logo and any related marks are trademarks of Meta Inc., formerly known as Facebook, Inc.

https://pytorch.org/serve/workflows.html
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Thank you!
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Arun Subramaniyan

Arunaws@amazon.com

Mark Saroufim

Marksaroufim@fb.com
twitter.com /marksaroufim

Github.com/msaroufim
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