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Accelerate research outcome with AWS

AWS Education & Research Team
Roberta Piscitelli, PhD, MBA - piscitr@amazon.com
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Why using AWS Cloud for Research and Education
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Clemson University - Natural Language Processing

https://aws.amazon.com/blogs/aws/natural-language-processing-at-clemson-university-1-1-million-
vcpus-ec2-spot-instances/

vCPU Distribution
The researchers conducted nearly
half a million topic modeling
experiments to study how human
language is processed by computers.

4. 2xlarge w3 Bxlarge ® o4 . Bxlarge i3.4xlarge

B mddxlarge ®cddxlarge ®rddxiarge @ md. 2xlarge

The 1.1 Million vCPU count
usage is comparable to the core
count on the largest
supercomputers in the world.
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NATIONAL INSTITUTE OF NUCLEAR
PHYSICS AND AWS WORK TOGETHER TO
ACCELERATE QUANTUM COMPUTING

RESEARCH

[ ]
We are pleased to partner with AWS in

what is an important element of our global

”n
strategy in quantum computing research.

Marco Pallavicini, executive board member of INFN.

INFN
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MeteOcean: Operational forecast

Daily 5-day hourly forecast running on C5.24XLarge machines

Atmosphere Waves
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Sharing & collaborating More than 60 istitutes involved
UniTrento - ICLUS

118 Castelnuovo, Garfagnana (LU)

APSS Trento, Trento (TN)

Aus| Romagna - Cesena, Casena (NULL)

Azienda Ospedaliers Universita di Padove, Padova (PD)

Azienda OUspadaliera Universitana Federico |I, Napoli (NA)

Azienda Dspedaliero Universitana Polidinico Vittong Emanuele, Catania (CT)

University of Trento’s Department of Information
Engineering and Computer Science used AWS to run a

International Project (https://www.disi.unitn.it/iclus)
where Al algorithms were used to analyze ultrasound
images of lungs to determine possible Covid infections.

o San Martino, Genova (GE)
rgrano Hospadal - AULSSE Berica, Vicanza (V1)
Policinico San Matteo IRCCS, Pavia (PV)
Policinice Universitario A. Gemel IRCCS, Roma (RM)
Maler Cibia Hospetal, Olbia (SS)

SOLUTION

Ospedcale Cwlle di Vioghers, Voghera (PV)
Ospedale dei Barmbini Viltore Buzzi, Mitano (MI)
{ : s [ 1 £ : A
Minimal pleural effusion Ospedale di Sanremo Astt Imperniese, Sanremo (IM)
\ Dspocale di Tione, Tione {TN)
b countries
= Augusta University - Departmant of Emerpency Medone, Augusta, United States of Amerca
7 "\_ Cane af thos ard vascular surgery, Gera, Gesmany
S 3 Consolidation Caontra Cosle Regional Meacal Certer, Martnez. Calfornia, USA
s Deephded VO, Marcesier, Unried Kingdom
Air inlet Dwepariment of Ooatedics and Gyrsoddofy - Uriversity Hospilals Leaven, Lauven, Begum
- OSP Muces, Medes, Algsria
E : Tacnoiogy, Eindhoven, The Nathertands
Unhversidade de S50 Paulo, San Paolo, Brasie
gy. Kharagou!, Inda
B redise) Insiiy . Jodhput, Inds
& Ing hoology Polna, Paine, india

o« o . . ’ ) Arcl, Unhaa Kingdom
More than 29 joint pubblications S U VR g
: W1, Barcdiona, Span
apital, Boston, USA
sity, Lansing, USA
rsily, Radaigh, United Stasas of Amence




Solutions and services for the entire research process

Interactive notebooks = Open Data Registry = AWS Marketplace
HPC (AWS Parallel Cluster)
Machine learning

= Cloud economics Training = Containers = Content delivery
=  Compliance =  Partner solutions = Streaming data u B!g da.ta qnalytics network
documents = Open source solutions = Eventdriven arch = Visualisation (NICE DCV) = Long term low cost
(e.g. ) »= 400+ instance types archival
=  Solution architects = Databases = GPUs, FPGAs, ARM,

= Professional services = Data lakes
= Data warehouses
= Single sign on
* Landing Zone = Bulk storage options

aws
!

© 2024, Amazon Web Services, Inc. or its affiliates.




AWS grant acceleration su
package

. . Digital Experiment & Grant
Ll "™ innovation |™P Prototype m Application
Build the Foundation Define Explore & Fund
Research Scope Deliver

aws
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Build research

aws
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Amazon EC2

The broadest and most in-depth computing platform
On-demand infrastructure
Scalable computing power

. Generation Characteristic
No long-term contracts or upfront commitments -

R5d.xlarge

Instance Dimension
family

aws
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S3 Object Storage - a new kind of storage

Amazon S3

S3 Glacier i i
S3 Standard  S3 Intelligent-Tiering S3 Standard-IA S3 One Zone-IA Instant Retrieval Flezilgl;:;?‘:eval DinG E‘?ﬁize

Access Frequency

aws
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The Italian National Institute of Astrophysics Explores
the Universe with the Cloud

¢ INAF
ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE
FOR ASTROPHYSICS

i | - ¥ o 4
Thanks to AWS, we were able to concentrate on science and simulations.
We were able to scale as soon as the project required us to do so. It was critical to obtain the required

power quickly T

‘o4

Marco Landoni, INAF researcher
' R s

Ny i

AWS Lamb,dé . Amazon Simple Storage Amazon Simple Storage Aniazon Elastic Compute
Service (Amazon S3) Service Glacier Cloud (Amazon EC2)



Lightsail for Research
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Amazon Lightsail
Create your Launch your Run your
for Research virtual cotynoptmer research a 2 cation simulations and

using your web and upload your data analyze your data
browser

o,



https://aws.amazon.com/lightsail/research/

Voice of the researcher: requirements

L 1 @

Reduce time to run Security Resilient data ingestion
Access research Maintain consistent security, Ingest datasets at scale
environments in minutes compliance, and governance

3 e

Integrated visualization Spend controls Universally accessible




Research Gateway

Secure, performant, and scalable research workbench that . ..




What are Research Gateway use cases? — |

, -
Ammmﬁ "DRAGEN  Tiaes

Machine learning
and analytics

nexctflow

€:)studio

High performance
computing

Analytics Genomics workflow Customized AMIs

<

Research budget
tracking

egress

Standard product catalog

Secure data egress and marketplace access

ere2O
R -

InCommon

TRUSTED ACCESS
PLATFORM

HIPAA regulations and
trusted research

BioContainers and
researcher tools

AWS data lake and
secure ingress

Research community
collaboration

Secure research
workspaces

e
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RONIN is a cloud orchestration and collaboration
platform, lowering the entry level to using the cloud
for researchers and research IT.

« Deployed within one AWS = RONIN o s “he@
account, serving man PROJECT DASHBOARD o

MARS PROJECT
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Research and Engineering Studio on AWS

Open source, easy-to-use web-based portal for
administrators to create and manage secure cloud-based
research and engineering environments.

Benefits:

* Minimize administrative overhead
* No cloud expertise required

* Flexible access to services

Use cases:

« Collaborate using shared research and engineering
environments

» Define and manage projects

« Enable access to AWS without creating individual
accounts




Acquiring data

aws
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DATA LAKES ' DATABASES ANALYTICS 1 MACHINE

The most EE
COmprehenSNe gg;igt?;ta KEY-VALUE BIG DATA PROCESSING
set of data

ANALYTICS
DATA WAREHOUSING

RELATIONAL INTERACTIVE QUERY

GRAPH




A complete platform for building and deploying edge
applications
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Formula 1 - computational fluid dynamics simulations

= - Os

AWS Graviton Amazon EC2 AWS ParallelCluster
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Data analysis &
simulations

> © 2023, Amazon Web Services, Inc. or its affiliates.



Services to enable HPC on AWS

ESXan




AWS ParallelCluster

O
AWS ParallelCluster is
distributed as a Python
package and is installed

using pip, the Python
package manager

Design your cluster

Based on your application
requirements, choose
design options in the
configuration wizard

Launch your cluster

Once you've configured your
cluster, launch it by running the
‘create’ command

N

6&@4

Log in to your cluster Submit job to
Once the cluster reaches your scheduler
the "CREATE COMPLETE"

status, connect using your
favorite SSH client

25



Agility and productivity -
GROMACS: Max Planck Institute

- 5 Ixamge 5a 2xlepe Sn. 2elange
SAxange [ P P — S 1S e
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""""" 4000 s (51208108 W (SO 1Zdame  sees gdon &large
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Y — S 2Axage w50 248lge
Drug discovery compounds
............... 3000 4
Pre-clinical development compounds #g —
Stage 3 <10
. . 1000 4
Clinical development compounds
_______________________________ 04 -~
Stage 4 $988888888888888828888888¢8¢8¢8
SEEEEEEE RS EEEEEEEREE RSN
Regulartory approval SESRRSESSSIE2C2RREEES RS2 R
Final drug ([am) §§§§53335333553"2§¥3¥§§§3¥¥
: o 0
https://pubs.acs.org/doi/10.1021/acs.jcim.2c00044# ‘_@' -){3(- t‘)%_?
W

aws Amazon S3 NICE DCV Amazon EC2  AWS ParallelCluster
S—?
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https://aws.amazon.com/blogs/hpc/running-20k-simulations-in-3-days-with-aws-batch/
https://pubs.acs.org/doi/10.1021/acs.jcim.2c00044

The-university of Nottinghams Crossbow project paves a
new path for biomolecular research using high

performance computing HPC and the cloud
r University of
| 3 Nottingham




Quantum computing at AWS

Amazon Amazon Quantum AWS Center for
Solutions Lab Quantum Computing

Democratise Provide Push the
quantum computing expert guidance boundaries
Access to state-of-art Cross-discipline support Researgh quantum
technologies algonthms and
State-of-the-art algorithms hardware

aws
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https://aws.amazon.com/products/quantum/

Amazon Braket - the AWS quantum computing service

A fully managed service that makes it easy for scientists and developers to explore

quantum computing

 Amazon Braket
Python SDK

» Jupyter notebooks

« Command Line
Interface (CLI)

aws
)
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Local simulators for rapid
testing
High-performance
simulators

Access multiple quantum
computers

Combine quantum and
classical resources

« Monitor algorithms in
almost real time

» Analyze algorithm
results and

performance



Local and on-demand simulators

Part of Braket Python SDK
Fast and convenient prototyping

Number of qubits based on
hardware

aws
)
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Quantum circuit with up to 34
qubits

Stores the full wave function state

Concurrency: Default 35, max 100

Quantum circuit with up to 50
qubits

Encodes quantum circuits into a
structured graph

Concurrency: Default 10, max 10

Quantum circuit with up to 17
qubits

Run multiple circuits in parallel with
noise simulation

Concurrency: Default 35, max 50



Available quantum computers

CaMPUTING INC.

aws
\-'1
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Multimodal analytics

PURPOSE-BUILT SERVICES FOR HEALTHCARE AND LIFE SCIENCES

Amazon Amazon Amazon
HealthLake Comprehend Transcribe
Imaging and Analytics Medical Medical
Transform genomic, Provide a complete view Understand medical Automatically convert
transcriptomic, and other of individual or patient context using natural medical speech
omics data into insights population health data language processing to text
aws >

~ 2 © 2024, Amazon Web Services, Inc. or its affiliates.




The AWS ML Stack

Broadest and most complete set of machine learning capabilities

Al SERVICES HEALTH Al INDUSTRIAL Al ANOMALY DETECTION CODE AND DEVOPS

[0 =N =D {"@ I' o .ﬁ& 3 oy

—AA = = [ ) . - -

2 & B i, | i & 0 & @

NEW A NEW NEW NEW NEW NEW NEW

mazon Amazon
Amazon Transcribe Comprehend AWS Panorama Amazon Amazon Lookout Amazon Lookout Amazon Lookout Amazon Amazon
HealthLake Medical Medical + Appliance Monitron for Equipment for Vision for Metrics DevOps Guru CodeGuru
VISION SPEECH TEXT SEARCH CHATBOTS PERSONALIZATION FORECASTING FRAUD CONTACT CENTERS
= > ) )\ et LE = N\ T Ve
B | - el = % < =5 © © il e
Contact Lens
Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon
Rekognition Polly Transcribe Comprehend Translate  Textract Kendra Lex Personalize Forecast Fraud Detector Voice ID
+Medical +Medical For Amazon Connect
ML SERVICES
SAGEMAKER STUDIO IDE
@ NEW NEW NEW T . . NEW .
Label Aggregate & Store & share Auto ML Spark/R Detect Visualize in PI(Ek Train Tune Debug & Deploylln Mana_ge NEW Hurpan
Amazon data prepare data s bz notebooks algorithm models parameters profile production & monitor Cl/CD review
SageMaker
NEW: SageMaker JumpStart
I NEW: Model management for edge devices I
FRAMEWORKS & INFRASTRUCTURE
- Dee
G GLUON P
T TensorFlow M1 e e Learnin GPUs & Elasti
ea g S astic Afl o
o Trainium Inferentia FPGA
6 h R P AMiIis & CPUs Inference
J pyTOTC Containers
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Automatic model fine-tuning & distributed
training

aws
~—F
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University of Oxford Introduces a Sector-Leading Image Recognition
ML Prototype to Augment Digitization in Numismatics

UNIVERSITY OF
Coln 0

Coin 1 \ Coln 2 Coin 3 af ()X lJ (h) ]_{ D
et .

Coin 4 Con S

Coin 6 Coin 7

First stage Second stage
Improve base image quality Visually search for items in collection



https://aws.amazon.com/solutions/case-studies/oxford-case-study/

SageMaker Canvas

Collaborate and send
models to data scientists
using Amazon SageMaker

Studio for review and

feedback

ALY
155
Amazon SageMaker Canvas

Build machine leamning
models without writing code

O o
|:]D
O

Browse, import,
and join data
Import data from disparate
sources and create new
unified datasets for
training prediction models

Pick target

Select values you want
to predict

Prepare and
analyze data
Automatically detect errors,
cleanse, and analyze data to
help determine if your data
is prepared for ML

Create model

Create ML models with the
click of a button

Generate and understand
predictions
Generate single or bulk
predictions and understand
predictions




Amazon Rekognition
Automated image, video, and text analysis

TEXT DETECTION




Singapore Eye Research Institute categorizes retinal
diseases using Amazon Rekognition

AutoML platforms like

aws 38



https://aws.amazon.com/blogs/publicsector/singapore-eye-research-institute-categorizes-retinal-diseases-using-amazon-rekognition/
https://aws.amazon.com/blogs/publicsector/singapore-eye-research-institute-categorizes-retinal-diseases-using-amazon-rekognition/

Amazon Comprehend

Discover insights and relationships in text Entities =5 Key Phrases

+ Custom Entities

Pl

(Personally Identifiable
Information)

Sentiment

< Document
« « = Classification

aws
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Generative Al is powered
by foundation models
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Generative Al (Foundation Models) refers to artificial
intelligence that can generate novel content

Al that can produce original Powered by foundation models pre- Tasks can be customized for
content close enough to human trained on large sets of data with specific domains with minimal

aws
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Generative Al is used for a wide range of use cases in
research

~ 2 © 2024, Amazon Web Services, Inc. or its affiliates. 42




How Generative Al transforms artificial intelligence
image generation, transformation, upscaling

Generated by Stable Diffusion 2.0. This
interior does not exist

Amazon
ST | © 2024, Amazon Web Services, Inc. or its affiliates. SageMaker — . 43




Large Models built on AWS

Clibrain develops Lince
Zero—the first large
language model (LLM)
optimized for Spanish using
Amazon SageMaker

aws
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Stability Al will build Al
models on compute clusters
with thousands of GPU

or AWS Trainium chips,
reducing training time and
cost by 58%

—

-

e "™

BloombergGPT,
Bloomberg's 50-billion
parameter large language
model, purpose-built from
scratch for finance, utilizing
AWS infrastructure services

44


https://aws.amazon.com/machine-learning/trainium/

New LLM development and refinement
UAE Technology Innovation Institute

Technology
TI l Innovation
Institute

Tll researchers needed an easy Tll utilized SageMaker's managed machine learning infrastructure
way to develop, iterate, and and tools to train, host, and deploy versions of Falcon with
distribute Falcon-40B LLM greater speed and experimentation. SageMaker provided on-
Experimenting at such maésive demand access to training clusters along with modular

scale was slowed by limited deployment options for easy distribution to varying client
computational resources and workloads—key for customizing model access.

complex on-prem

infrastructure. Researchers OUTCOME

sought more flexibility to
efficiently enhance, evaluate,
and provide access to Falcon
under dynamic capacity
requirements to empower their
team's foundation model
research.

v" Tll successfully implemented Falcon-40B by using SageMaker
and custom innovation. This allows TlI's contribution within
UAE's 2031 National Al Strategy, fostering economic growth
and social progress. Releasing UAE's Falcon 180B, World's
Top-Ranked Open Source Al Model will further encourage Al
academic research and scientific collaboration.



Predict molecular properties with specialized FMs

i i Easy integration into your current
Extensible Architecture o O o e

Supports Nine Modules

Mphafold 2 from
DespMind

OpenFold from Columbis
University

o0 STructure
OmugaFold fram Helixon
us

ESMFold from Facebook Al
Research

Nextflow from Seqers Labs

‘rotein Design

rtual Seresning

Arthvirtture Diagram

RFDesign anc L]
RFDifFusion from the
Univessity of
Waskengton

ProteinMPNN from the
University of
Washangton

DiffDock from MIT

AWS Drug Discovery
Workbench

Upload & Manage
Protein Sequences

Supports multiple algorithms within a shared user
interface



Innovating at the silicon level
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Amazon Sedrock

simplifies

JURASSIC-2 AMAZON TITAN
aws
~—1

© 2024, Amazon Web Services, Inc. or its affiliates.




None of the customer’s data is
used to train the underlying

model

aws
~—F
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How AWS supports Gen Al research

aws
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Publishing and sharing
research data

> © 2023, Amazon Web Services, Inc. or its affiliates.



Open data on AWS

AWS hosts a variety of public datasets to lower the cost and improve the speed of research.

Examples
N — aws * 1000 Genomes Project
Sentinel-2 * The Cancer Genome Atlas

kel e * International Cancer
e e e v Genome Consortium

* Landsat 8

« Common Crawl

« SpaceNet

« OpenStreetMaps

Landsat 8
CETT ETTEETD 00 Iy U e

A2 DA OMO00 o VR rragery ©f i Lind 3 (A croduced by the L eschae § es Reg u la rly u pdated

el

Liage excarales
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Monitoring at-risk bodies of water from space

The Bluedot Observatory uses Sentinel-2 .** S 215t
satellite data on AWS to monitor water |
bodies around the world

“The cost to process one month of data

https://aws.amazon.com/blogs/publicsector/bluedot-observatory-
keeping-an-eye-on-our-planets-water-resources/

@@ SENTINEL b
g~

aws
~—
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opendata.aws/bluedot

I Logan Project: Planetary DNA/RNA Reconstruction

Objective: Develop a search engine for DNA/RNA

Step 1 Registry of Open Data



Logan Project: infrastructure AWS Batch

aws

na?

Services used:

Batch

© 2024, Amazon Web Services, Inc. or its affiliates.

Monitoring

DynamoDB
CloudWatch
Grafana

Résultats
(S3)

\ :

Downloading and
decompressing
SRA data

Reconstruction

géenomes
(CPU/disque/RAM
intensifs)

Compress

results

56



Logan Project: computations performed

AutoScaling Grougs In-Service Capacity

2.18M Graviton vCPUs at peak vepus
30 hours of computation 200
equivalent to 3,500 CPU years 5o




AWS investments supporting research and education

AWS Training Academy Technical Support Proof of concepts
Demo/Immersion days AWS Research Scientists AWS Cloud Credits for
Research

Grant Proposals



Researchers have leveraged Amazon Research Awards support to innovate faster using the most advanced
tools available in the cloud.

‘>x

“Who we are shapes what we say “Building a model that can save as Cracking the code of how diseases
and how we say it” many lives as possible” affect the body

Staff writer Sean O'Neill Sean O'Neill

July 05, 2023 May 24, 2023 May 15, 2023

Amazon Research Award recipient Shrikanth Narayanan is How ARA recipient Supreeth Shashikumar is using machine ARA recipient Marinka Zitnik is focused on how machine
on a mission to make inclusive human-Al conversational learning to help hospitals detect sepsis — before it's too learning can enable accurate diagnoses and the
experiences. late. development of new treatments and therapies.
CONVERSATIONAL Al / NATURAL-LANGUAGE PROCESSING MACHINE LEARNING MACHINE LEARNING

https://www.amazon.science/research-awards



https://www.amazon.science/research-awards
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Thank you!

AWS Education & Research Team

Roberta Piscitelli - piscitr@amazon.com
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