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Trends fueling artificial intelligence (Al) innovation

DDDD

Large language models

Explosive growth of large
language models based on
transformer architectures

aws
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Self-supervised learning

Data scientists are no longer
limited to human-labeled
data for training models

||
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Open-source momentum

Increased momentum from
industry offering open-source,
pretrained models
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Al models are getting bigger...

Model size
(# of parameters)

SWITCH-C
1.6T

GPT-2

BERT-L
VGG16 YOLO, GNMT 340M
Perceptron Alexnet 138M 210M
1 62M
1957 2012 2014 2016 2018 2019 2020 2021 2023
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Challenges of LLM

EXAMPLE: TINYLLAMA-1.1B MODEL FOR INFERENCE

Model size = Parameters (1-billion) x 4 bytes (FP32) = 4.5 GB

TinyLlama-1.1B

Attention cache and
Initial weights (FP32) token generation

memory

Size comparison:
FP 16 =2 FP 32

* The required memory depends on input/output sequence length, decoding strategy, model architecture, and batch size BF 16 =2 FP 32
INT8 ="aFP 32

5
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Common challenges and trade-offs
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74
Performance Cost Ease of use Energy
efficiency
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AWS purpose-built accelerators for generative Al

AWS Trainium AWS Inferentia2
L
Pl =k
% 22 2 ‘ INf2 5
Trn1 B
g N
LT T T
The most cost efficient for High performance at the
high-performance training of lowest cost per inference for
LLMs and diffusion models LLMs and diffusion models
Up to 50% cost-to-train Up to 40% better price
savings over comparable performance than comparable
GPU-based instances GPU-based instances

aws
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Generative Al: Lay of the land using SageMaker
5o
v ¥

Applications
End-user facing B2B and B2C apps

End-to-end L A
applications v 4
I.Et%d—user.ficing apdp/s Model hubs
with proprietary and/or .
domain-specific models Proprietary (3

foundation models
Publicly available foundation models

A ) A
v \4 v
Amazon SageMaker

SageMaker JumpStart || Human-in-the-loop Studio Experiments Training Hosting A
PPS
A
% Models
Accelerators optimized for model training and inference workloads Platform
Examples: , Graviton,GPUs = == === ——- I
I Hardware
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Customer momentum for
AWS Trainium and AWS Inferentia
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Better together:
Support for AWS Trainium and AWS Inferentia

PyTorch % TensorFlow

o7
X OpenXLA @@@

AWS Neuron SDK

a Q OctoML :1! Weights & Biases
aws
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PyTorch, the PyTorch logo and any related marks are trademarks of The Linux Foundation.

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




AWS DEEP DIVE DAYS - GENERATIVE Al

Getting started with AWS Trainium and AWS Inferentia

Bring your
own model

Launch instances
(Trn1, Inf2, Inf1)

O PyTorch

AWS Deep

fTensorFIow

a Hugging Face

X OpenXLA

AWS Deep Learning
Containers

aws
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Monitor,
tune, scale

Modify a few lines
of code - run

Neuron SDK

https://awsdocs-neuron.readthedocs-hosted.com

https://github.com/aws/aws-neuron-sdk

11

PyTorch, the PyTorch logo and any related marks are trademarks of The Linux Foundation


https://awsdocs-neuron.readthedocs-hosted.com/
https://github.com/aws/aws-neuron-sdk

AWS Trainium

aws
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Amazon EC2 Trn1 instances powered by AWS Trainium

COST-EFFICIENT, HIGH-PERFORMANCE DL TRAINING INSTANCES

" % e High performance on training of popular NLP models on AWS
/

G & | -
£ Up to 50% cost-to-train savings

xt} Trn1 @
[T 1] Up to 4x network bandwidth

Instance Instance Trainium Accelerator . Instance On-demand
. vCPUs . NeuronLink . .
size memory chips memory networking price
Trn1.2xlarge 8 32GB 1 32GB N/A Up to 10 Gbps $1.34/hr
Trn1.32xlarge 128 512 GB 16 512 GB =S 800 Gbps $21.5/hr
Trn1n.32xlarge 128 512 GB 16 512 GB =S 1600 Gbps $24.78/hr

Trn1 available now in US-East-1 (N. Virginia) and US-West-2 (Oregon)

aws

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. 13
N1



AWS DEEP DIVE DAYS - GENERATIVE Al

Neuron SDK

ML environments that are:

| !
! l
! '« Lightweight
| . Pytorch, 1+ Portable
: ensorflow, . : e Scalable
AWS Deep |, oieE 0 C Consistent
Learning ! Neuron :
Containers \EVEETEEEN * |
I Your training I
W GPu:  cuDNN sripts 1 Packages:
| el 1+ Training code
J  CUDAtoolkit '« Dependencies
I —— === » Configurations
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High Level Workflow

import argparse
import os

if __name__

arser = argparse.ArgunentParser()
p ap g

Code
files

(B

parser.add_argument( . , default=50)

parser.add_argument( i , default=64)

parser.add_argument( - , default=0.05)

parser.add_argument( . ol, default=False)

parser.add_argument( , , default=os.environ[ 1)
parser.add_argument ( 5 , default=os.environ| 1)
parser.add_argument( ‘ , default=os.environ[ 1)
parser.add_argument( ) , default=os.environ[ 1)

args, _ = parser.parse_known_args()

from sagemaker.pytorch import PyTorch

pt_estimator = PyTorch(entry_point="pytorch-train.py",
role=role,
instance_type= "ml.trn1.2xlarge",
instance_count=1,
framework_version="1.6.0",
py_version="py36",
hyperparameters=hyperparameters)

pt_estimator.fit({'training': inputs})

aws Local laptop or desktop with

N 2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

E—

Amazon ECR

Container
registry

Trn1

Trn1

Trn1

Trn1

Trn1

Trn1

-

Amazon S3
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Ease of use

Import model from Hugging Face

Use DL Neuron containers

https://github.com/huqggingface/optimum-neuron

aws
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from optimum.neurcn import NeuronTrainer as Trainer
from optimum.neurcon.distributed import lazy load for parallelism

if model_args.model name_or_path
torch_dtype = (
model_args.torch_dtype
if model_args.torch_dtype in [“auto™, None]
else getattr(torch, model args.torch_dtype}

)

with lazy_load_for_parallelism(tensor_parallel size-training_args.tensor_parallel_size):

model = AutoModelForCausallM.from_pretrained(
model args.model name or path,

from_tf=bool(™.ckpt” in model args.model name_or_path),
config=config,

cache_dir-model_args.cache_dir,

revision-model args.model revision,

use_auth_token=True if model args.use_auth_token else None,
torch_dtype=torch_dtype,

low_cpu_mem_usage-model_args.low _cpu_mem_usage,

trainer = Trainer( I

model-model,

args-training_args,

train_dataset-train_dataset if training args.do_train else None,
eval_dataset-eval_dataset if training_args.do_sval else None,
tokenizer-tokenizer,

data_collator=default data_collator,
compute_metrics-compute_metrics if training_args.do_eval and not is_torch_tpu_available() else None,
preprocess_logits for_metrics=preprocess_logits_for_metrics if training_args.do_eval and not is_torch_tpu_available(} else None,

if training_args.do_train
checkpoint = None
if training_args.resume_from_checkpoint is not None:
checkpoint = training_args.resume_from_checkpoint
elif last_checkpoint is not None:

checkpoint = last checkpoint I
train_result = trainer.train(resume_from_checkpoint=checkpoint) I

trainer.save model()
metrics = train_result.metrics

max_train_samples = (
data_args.max_train_samples if data_args.max_train_samples is not None else len(train_dataset)
)
metrics["train_samples"] = min(max_train_samples, len(train_dataset})}
. c (BT . 16
trainer.log_metrics{"train”, metrics)
trainer.save_metrics("train”, metrics}
trainer.save_state()


https://github.com/huggingface/optimum-neuron
https://github.com/huggingface/optimum-neuron

AWS Inferentia2

aws
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Amazon EC2 Inf2 instances powered by AWS Inferentia2

HIGH PERFORMANCE AT THE LOWEST COST FOR GENERATIVE Al MODELS

I
g

| Up to 4x higher throughput and 10x lower latency

Inf2 {3 9.8 TB/s aggregated accelerator memory bandwidth

;

S Support for ultra-large generative Al models
Instance Instance Inferentia2 Accelerator . Instance On-demand
. vCPUs . NeuronLink . .
size memory chips memory networking price
Inf2.xlarge 4 16 GB 1 32 GB N/A Up to 15 Gbps $0.76/hr
Inf2.8xlarge 32 128 GB 1 32 GB N/A Up to 25 Gbps $1.97/hr
Inf2.24xlarge 96 384 GB 6 192 GB Yes 50 Gbps $6.49/hr
Inf2.48xlarge 192 768 GB 12 384 GB =S 100 Gbps $12.98/hr

aws
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Inf2 available now in US-East-1 (N. Virginia) and US-East-2 (Ohio)
18
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Large Model Inference (LMI) container

| Easily parallelize models across multiple GPUs to fit
o0 : : :
_e models into the instance and achieve low latency
Large ML models Jpaaf Deploy models on the most performant and cost-
with 100 billion + parameters sk | effective GPU-based instances or on AWS Inferentia
< Pre-built foundation software stack including PyTorch,
ﬁ NCCL, and MPI, Transformers-NeuronX, DeepSpeed,
ol Hugging Face Accelerate, and FasterTransformer

awg 20
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Large Model Inference (LMI) container on SageMaker

DJLServing

DeepSpeed, Hugging Face Accelerate,
FasterTransformer, Transformers-NeuronX

PyTorch

AWS
Inferentia:
Neuron

Base image

GPU: cuDNN cuBLAS

NCCL CUDA toolkit

aWws

N1
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Zero code setup:

DeepSpeed, StableDiffusion and

HuggingFace, FasterTransformer,
Transformers-NeuronX Handlers

Optimized environment with
minimal setup (less than 8GB)

Frameworks Support:

HuggingFace Accelerate and DeepSpeed,
FasterTransformer, Transformers-NeuronX

Model Server:

DJLServing - Multi-process execution with
auto-scaling and Ul

21


https://github.com/deepjavalibrary/djl-serving/blob/master/engines/python/setup/djl_python/deepspeed.py
https://github.com/deepjavalibrary/djl-serving/blob/master/engines/python/setup/djl_python/stable-diffusion.py
https://github.com/deepjavalibrary/djl-serving/blob/master/engines/python/setup/djl_python/huggingface.py
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Getting started with Hugging Face Optimum Neuron

Hugging Face

Neuron SDK

aWws
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Documentation & tutorials

Hugging Face

documentation

Code examples

Access GitHub

22


https://huggingface.co/docs/optimum-neuron/index
https://github.com/huggingface/optimum-neuron/tree/main/examples

Hands-on Labs

aws
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Getting started with this workshop

Fine-tune TinyLlama-1.1B model on ml.trn1.2xlarge and then deploy the fine-
tuned model on ml.inf2.xlarge

“great story, great plot,
although it is a bit too long” ‘

TinyLlama-1.1B l

— Trainium + Inferentia2 +
- ' || .
—+»  Neuron SDK Neuron SDK -’
Dataset
IMDb movie
review SageMaker

aws
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Getting started with this workshop

- As a participant, you will have access to an AWS account with any optional pre-provisioned
infrastructure and AWS ldentity and Access Management (IAM) policies needed to complete
this workshop

« The AWS account will only be available for the duration of this workshop - You will lose
access to the account thereafter

- The optional pre-provisioned infrastructure will be deployed to a specific AWS Region;
check your workshop content to determine whether other Regions will be used

- Be sure to review the terms and conditions of the event. Do not upload any personal or
confidential information in the account

aWws
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Step 1: Sign-in via your preferred method

aws workshop studio &

Workshop Studio Sign in

Signin

Choose a preferred sign-in method

Enter your personal or corporate email to receive a one-time password

Login with Amazon

Login with your Amazon.com retail account

Amazon employee

Login with your Amazon Corporate account. Only for Amazon Employees.

© 2008 - 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.  Privacy policy  Terms of use

aws 26
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Step 2: Enter event access code

 Enter 12 digit event access code -

aws workshop studio @ &

Workshop Studio Join event

Step 1

Enter event access code

Enter event access code

Step 2 Event access code

Review and join

Event access code
A 12 digit code that was given to you for this event

© 2008 - 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

aWws
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Privacy policy

Terms of use

27
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Step 3: Review terms and join even

aWs workshop studio (o] A v

Workshop Studio Join event

Review and join

Enter event access code

Event details
Review and join

Name Start time Duration
AWS General Immersion 9/23/2022 01:13 AM 12 hours
Day

Description

AWS General Immersion Day

Terms and Conditions

Read and accept before joining the event

1. By using AWS Workshop Studio for the relevant event, you agree to the AWS Event Terms and Conditions and the
AWS Acceptable Use Policy. You acknowledge and agree that are using an AWS-owned account that you can only
access for the duration of the relevant event. If you find residual resources or materials in the AWS-owned account,
you will make us aware and cease use of the account. AWS reserves the right to terminate the account and delete
the contents at any time.

. You will not: (a) process or run any operation on any data other than test data sets or lab-approved materials by
AWS, and (b) copy, import, export or otherwise create derivate works of materials provided by AWS, including but
not limited to, data sets.

. AWS is under no obligation to enable the transmission of your materials through Event Engine and may, in its
discretion, edit, block, refuse to post, or remove your materials at any time,

. Your use of AWS Workshop Studio will comply with these terms and all applicable laws, and your access to AWS
Workshop Studio will immediately and automatically terminate if you do not comply with any of these terms or
conditions.

| agree with the Terms and Conditions

Cancel

® 2008 - 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.  Privacy policy = Terms of use

aWws
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Step 4: Access AWS

Access the AWS Console, or

8Ws workshop studio

@ Event in progress
Ends in 10 hours 59 minutes 26 seconds.

AWS General
Immersion Day

1t dash
AW ral Immersion

Introduction AWS General Immersion Day
Basic Module

Adv
Event information

mentation Hol Start time Duration
9/23/2022 01:13 AM 12

AWS account access
AWS General Immersion Day
Open AWS consale

Workshop

Title plexity level

AWS General Immersion Day 100

Amazon EC2 Auto Scaling,
Amazon Relational Database
Service (Amazon RDS),
/Amazon Simple Storage
Service (Amazon 53)

Get started >

Topics
Compute, Databases,
Networking & Content

Delivery, Storage

Labs to learn AWS foundational services as well as key concepts for AWS security measures and architecture best practic

©2008 - 2022, Amazon Web Services, Inc. or its affiliates. All ights

aWws
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account

rved.  Privacy policy

Services | Q. Search for services, features, blogs, docs, and more  [Option+5]

Console Home

@ Introducing the new widget Recent AWS blog posts.

Welcome to AWS

Getting started with AWS [2
Learn the fundamentals and find valuable
information to get the most out of AWS.

Training and certification [2
Learn from AWS experts and advance your

skills and knowledge.

What's new with AWS? [4
over new AWS services, features, and

Regions.

Cost and usage info

ew Unified Settings [

Looking for language selection? Find it in th

generate AWS CLI credentials as needed

B & @ Nvignav -

Reset to default layou I

AWS Health info

No health data
ou don't have permissions

AWS Health. Please contact your
account administrator.

Go to AWS Health

® 2022, Amazon Web Services, Inc. or its affiliates. Privacy Terms Cookie preferences

29
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Step 5: Get started with the workshop

AWS workshop studio

AWS General
Immersion Day

AWS General Immersion Day
Introduction
Basic Module

Advanced Module

AWS Documentation Homep:

e

AWS account access
Ope! console
Get AWS CLI credentials

Get EC2 SSH key

Exit event

aWws

N1

(@ Event in progress

Ends in 10 hours 59 minutes 26 seconds.

Event dashboard

AWS General Immersion Day

Event information

Start time
9/23/2022 01:13 AM

Description

AWS General Immersion Day

Workshop

Title

AWS General Immersion Day

Description

Duration

12

Complexity level

100

AWS s

‘Amazon EC2 Auto Scaling,
Amazon Relational Database
Service (Amazon RDS),
Amazon Simple Storage
Service (Amazon 53)

Get started >

Topics

Compute, Databases,
Networking & Content
Delivery, Storage

Labs to learn AWS foundational services as well as key concepts for AWS security measures and architecture best practices.

© 2008 - 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.  Privacy policy

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Terms of use

aws workshop studio

AWS General
Immersion Day

AWS General Immersion Day
Introduction
Basic Module

Advanced Module

AWS Documentation Homepage

z

AWS account access

Open AWS console
Get AWS CLI credentials

Get EC2 SSH key

Exit event

@® Event in progress
Ends in 10 hours 57 minutes 12 seconds.

Event dashboard AWS General Immersion Day

AWS General Immersion Day

IMMERSIONDAYS

In this General Immersion Day workshop, through a mix of service explanation and hands-on labs led by AWS, you will
learn about AWS foundational services as well as key concepts for AWS security measures and architecture best practices.

The hands-on labs are largely divided into basic and advanced modules.

In basic modules, you can learn various features of each AWS foundational service. In advanced modules, you can learn
how to connect each service organically to create architecture like 3-tier web application.

© 2008 - 2022, Amazon Web Services, Inc. o its affiliates. All rights reserved.  Privacy policy ~ Terms of use
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Resources

000

AWS Neuron SDK
Documentation

O

GitHub
tutorials/project

&

AWS Neuron forum
and blogs

Neuron Containers
Documentation

PyTorch

Getting Started with
PvTorch Neuron

iiil|

1F TensorFlow

Getting Started with
TensorFlow Neuron

aWws
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https://aws.amazon.com/search/?searchQuery=Inferentia#facet_type=blogs&limit=25&page=1&sortResults=modification_date%20desc
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-intro/get-started.html
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-deploy/index.html
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-frameworks/pytorch-neuron/tutorials/index.html#pytorch-tutorials
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-frameworks/tensorflow-neuron/tutorials/index.html#tensorflow-tutorials
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[wrreres] Please complete the
_D% session survey.

Thank you!

Luca Perrozzi Dmitri Laptev Roy Allela

S e Architect Solutions Architect AIML Specialist Solutions Architect

NS AWS
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https://console.harmony.a2z.com/qrcode/
https://console.harmony.a2z.com/qrcode/
https://quip-amazon.com/LWw0AVKCsGjr/DKB-Chat-your-Data-Torsten-Saemann

Backup

aws
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Tensor parallel model

ALSO CALLED INTRA-LAYER MODEL PARALLELISM

A

Accelerator
device O

Accelerator
device 1

Accelerator
device 2

aws
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