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Why use data parallelism



Long training times slow down development

Model RoBERTa

Dataset 300+ GB

Cluster 64 p3dn.24xl

Training time 4 days

Credit: https://xkcd.com/303/



Scaling to more GPUs can reduce training time 

1 Node

Time-to-train: T hours

Cost: T * price

8 Nodes

Time-to-train: (T/8)/P% hours

Cost: (T/8)/P% * price

Example: With 90% scaling efficiency from 1 to 8 nodes, 
training time decreases by 86% and cost increases by 11%
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How does
data parallelism work



Quick overview of data parallelism
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Quick overview of data parallelism
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Gradient synchronization

Parameter server
E.g., TensorFlow 

ParameterServerStrategy

MPI AllReduce
E.g., Horovod, PyTorch
DistributedDataParallel
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What is hard about 
data parallelism?



Infrastructure

Generic group

Object Storage

High Performance Shared File System
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EC2 instance

gpu

gpu

gpu
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EC2 instance

gpu

gpu

gpu

gpu

EC2 instance

Amazon Elastic 

Fabric Adapter

Amazon Elastic 

Fabric Adapter

AWS Cloud

EC2 Cluster

Amazon Elastic 

File System
Amazon FSx 

for Lustre 



Performance

Small 

cluster
Forward Backward AllReduce Optimize

Larger 

cluster
Forward Backward AllReduce Optimize

Even larger 

cluster
Forward Backward AllReduce Optimize



How other solutions scale
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SageMaker Distributed
DataParallel: Main features



DataParallel in SageMaker Distributed

Presented at SC 20
https://www.amazon.science/publications/herring-rethinking-the-parameter-server-at-
scale-for-the-cloud

2018 Fastest Resnet

2019 Fastest BERT and Mask-RCNN

2020 Fastest T5-3B and Mask-RCNN

https://www.amazon.science/publications/herring-rethinking-the-parameter-server-at-scale-for-the-cloud


DataParallel  in
SageMaker Distributed

• Library for distributed training 
of deep learning models in TensorFlow, 
PyTorch

• Accelerates training for 
network-bound workloads

• Built and optimized for AWS network 
topology and hardware

• 20%–40% faster and cheaper than 
NCCL and MPI-based solutions. Best 
performance on AWS



DataParallel in SageMaker Distributed

Workers

on GPUs

Servers

on CPUs

SageMaker

control plane

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl

ml.p3dn.24xl



DataParallel in SageMaker Distributed

Amazon Simple 

Storage Service (S3)

Store your training dataset

Amazon SageMaker

Launch a SageMaker 

training job with data 

parallelism enabled

Amazon SageMaker

Includes a managed, 

optimized data-parallel 

training toolkit

Fully managed 
training on replicas 
on workers

Supports popular 
APIs like Horovod 
and Distributed Data 
Parallel

Automatically 
synchronizes workers 
across multiple GPUs



DataParallel in SageMaker Distributed

Model
PT-DDP

(samples/sec)

Throughput

SageMaker 

DataParallel
(samples/sec) Improvement PT-DDP

Scaling Efficiency

SageMaker 

DataParallel Improvement

Mask R-CNN
4 node p3dn.24xl

258 307 19% 70% 83% 13%

Mask R-CNN
8 node p3dn.24xl

545 617 13% 74% 84% 10%

BERT-Large
4 node p3dn.24xl 3017 4603 52% 55% 84% 29%

BERT-Large
8 node p3dn.24xl

7409 8551 15% 67% 78% 11%



DataParallel in SageMaker Distributed

PyTorch

• import horovod.tensorflow as hvd → import smdistributed.dataparallel.tensorflow as dist

• And, replace all hvd.API(...) to dist.API(...);

• Example: hvd.allreduce(..) → dist.allreduce(..)

TensorFlow

• import torch.distributed as dist → import smdistributed.dataparallel.torch as dist

• import nn.parallel.DistributedDataParallel as DDP →

from smdistributed.dataparallel.torch import DistributedDataParallel as DDP
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Using data parallelism in 
SageMaker with PyTorch



Using data parallelism with PyTorch
S T E P  1 :  A D D  dataparallel A R G U M E N T  I N  S A G E M A K E R  E S T I M A T O R

Enable SM dataparallel in the 
PyTorch Estimator in the 
SageMaker Python SDK



Using data parallelism with PyTorch
S T E P  2 :  M O D I F Y  T R A I N I N G  S C R I P T



Using data parallelism with PyTorch
S T E P  2 :  I M P O R T  A N D  I N I T I A L I Z E  S A G E M A K E R  dataparallel L I B R A R Y



Using data parallelism with PyTorch
N O  C H A N G E  T O  C O R E  T R A I N I N G  L O O P

No changes to model 
definition, core training loop, 
evaluation.



Using data parallelism with PyTorch
S T E P  3 :  R E P L A C E  P Y T O R C H  D D P  W I T H  S A G E M A K E R  D I S T R I B U T E D  D A T A P A R A L L E L  ( S D P )

1

2

3

5

Scale batch size by number of processes

Set number_replicas = number of GPUs in the 
cluster. Set the node rank in the distributed sampler

Wrap the model with DDP(model)

Pin each GPU to a single SDP process 

Save checkpoints on the leader node

1

2

3

4

5

4
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Using data parallelism
in SageMaker
with TensorFlow



Using data parallelism with TensorFlow
S T E P  1 :  A D D  dataparallel A R G U M E N T  I N  S A G E M A K E R  E S T I M A T O R  A P I  

Enable SM dataparallel in the 
TensorFlow Estimator in the 
SageMaker Python SDK



Using data parallelism with TensorFlow
S T E P  2 :  M O D I F Y  T R A I N I N G  S C R I P T



Using data parallelism with TensorFlow
S T E P  2 :  I M P O R T  A N D  I N I T I A L I Z E  S A G E M A K E R  dataparallel L I B R A R Y



Using data parallelism with TensorFlow
N O  C H A N G E  T O  C O R E  T R A I N I N G  L O O P

No changes to model 
definition, core training loop, 
evaluation.

Scale learning rate by the 
number of workers, using 
sdp.size()



Using data parallelism with TensorFlow
S T E P  3 :  R E P L A C E  T E N S O R F L O W  H O R O V O D  W I T H  S A G E M A K E R  D I S T R I B U T E D  D A T A P A R A L L E L  ( S D P )

1

Pin each GPU to a SDP process with local rank

Wrap tf.GradientTape with
sdp.DistributedGradientTape

Broadcast model variables from leader node to all 
other worker nodes

Save checkpoints on the leader node

1

2

3

4

2

3

4
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“Training of our simulation is something we 
continuously iterate on, but on a single 
machine each training takes days,
hindering our ability to iterate on new
ideas quickly. We are very excited
about distributed training on Amazon 
SageMaker, which we are expecting
to decrease our training times by 90%
and to help us focus on our main task:
to write a best-of-the-breed codebase
for the cell model training.”

Kristóf Szalay

Chief Technology Officer



Distributed training on SageMaker

Data Parallelism
This session (AIM402)

Model Parallelism
AIM405



Distributed training on
Amazon SageMaker

aws.amazon.com/sagemaker/distributed-training

Reduced training time

Support for popular ML 
framework APIs

Automated and efficient 
model partitioning

Minimal code 
change

Efficient pipelining

Optimized for AWS

Model Parallelism Data Parallelism

http://aws.amazon.com/sagemaker/distributed-training


Thank you!
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