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Artificial 
Intelligence

Big Data
Analytics

Modeling and 
Simulation

+ +
Running mission-critical workflows

Exploiting diverse, high-volume, real-time data
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Simulations produce 
data

Models inferred from 
data

Insights from data



Slide from Mary Hall, “How Programming 
Systems Meet the Needs of New Architecture 
Classes”,  2021 Salishan Conference



The key to success in the Exascale era
AGILITY

• Diversity, specialization, heterogeneity in processors 
and accelerators 

• Hybrid (physics + AI) models and workflows

• Increased power consumption of systems that deliver 
more sustained performance 
• Exceeding many on-prem data center capabilities

• Significant changes in technology are rapid compared
to traditional procurement cycles
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Need agile applications

Need agile procurement, aaS
consumption 



EARTH SCIENCES:  WHY HPE?

• The most advanced supercomputing 
technology & leading solution 
portfolio for the Exascale era

• Long-term customer partnerships

• World-leading software, accelerating 
time to results, reproducibility and 
resilience

• Advanced networks for predictable 
runtimes, high throughput and 
excellent scalability 

Experience Vision

Focus on TCO Reliability & Performance

• Over 40 years of unrivalled 
experience in the industry

• Systems at a majority of the 
world’s weather  centers.

• Industry-unique deep bench 
of environmental science 
experts. 

• End-to-end solutions from 
HPE: hardware, software, 
interconnect, storage, cooling 
& services

• Range of consumption models 
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Cray  - systems for R&D

HPE/SGI – systems for R&D 

HPE/SGI – weather forecasting

Cray – weather for forecasting
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NEW HPE SYSTEMS IN WEATHER, CLIMATE & OCEANOGRAPHY
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www.lumi-supercomputer.eu #lumisupercomputer #lumieurohpc ͚

HPE CRAY EX SYSTEMS FOR WEATHER AND CLIMATE RESEARCH IN EUROPE
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AMD EPYC CPUs, AMD Instinct GPUs

NVIDIA Grace CPUs and NVIDIA GPUs
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THE BEST OF BOTH WORLDS LEADS TO BEST-IN-CLASS ETHERNET

• Proprietary (single vendor)

• Limited connectivity

• HPC interconnect only

• Expensive/slow gateways

• Low latency

• Efficient for small to large payloads

• Full set of HPC features

• Very scalable for HPC 
and big data

Traditional HPC Interconnects

• Standards-based/interoperable

• Broad connectivity

• Converged network

• Native IP Support

• Low latency

• Efficient for small to large payloads

• Full set of HPC features

• Very scalable for HPC 
and big data

HPE Slingshot

• Ubiquitous and interoperable

• Broad connectivity ecosystem

• Broadly converged network

• Native IP protocol

• Efficient for large payloads only

• High latency

• Limited scalability for HPC

• Limited HPC features

Traditional Ethernet networks

CONFIDENTIAL

• Industry-leading performance and scalability

• Open Ethernet standards and protocols, plus optimized HPC functionality

• Innovative hardware-based congestion management, adaptive routing, and 
quality of service

• Application and fabric performance that competes with traditional HPC networks



HPE CRAY EX SLINGSHOT:  FEATURES FOR NWP WORKFLOWS

HPE Cray EX 
Slingshot 
was 
designed to 
eliminate 
this 
hardware  
problem. 

NWP Characteristics 

• Operational weather forecasting relies on 
repeatable run times

• Complex workflows, with many interrelated 
steps, are required to produce final forecast 
products

• Large HPC systems run multiple jobs at the 
same time, which may result in 
unpredictable run times due to use of 
shared resources like high-speed 
interconnect and storage systems

• Many NWP codes can be sensitive to 
network congestion and experience 
variable run times when network traffic 
exceeds certain levels

HPE Slingshot Congestion Management

• Hardware automatically tracks all outstanding               
packets

Knows what is flowing between every pair of endpoints

• Quickly identifies and controls causes of congestion
• Pushes back on sources… just enough
• Other traffic not affected and can pass stalled traffic

• Fast and stable across wide variety of traffic patterns

Suitable for dynamic HPC traffic
• Performance isolation between apps on same QoS class

• Applications much less vulnerable to other traffic on the 
network

• Predictable runtimes

• Lower mean and tail latency – a big benefit in apps with 
global synchronization
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The UM model and GPCNeT were run on two systems to compare network 
congestion effects on Unified Model (UM, UK Met Office code)

HPE SLINGSHOT ADVANTAGE

Network congestion is quite apparent on the 
XC40 system during the period when GPCNeT 
was running

HPE Cray EX
• 800 nodes, AMD EPYC Rome

• HPE Slingshot interconnect with Dragonfly topology

• 256 Gbytes memory per node

High rates of small messages does not cause 
network congestion and does not interfere 
with “normal” application communications on 
HPE Cray EX systems. 

Cray XC40 system 
• 484 nodes, Intel Broadwell

• Cray Aries interconnect  with Dragonfly topology 

• 128 Gbytes memory per node
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About the new system

Additional
resources:

Hosted by Oak Ridge National Laboratory (ORNL):  

• ORNL provides supercomputing-as-a-service on the HPC11 
Shasta system to the Air Force 557th Weather Wing. 

• The system enhances the Air Force’s capabilities to create  
higher fidelity weather forecasts and weather threat 
assessments so that U.S. Air Force and Army missions can be 
carried out more effectively worldwide.

“The system’s performance will be a significant increase over the existing 
HPC capability and will provide Air Force Weather operators with the ability 
to run the next generation of high-resolution, global and regional models, 
and satisfy existing and emerging warfighter needs for environmental 
impacts to operations planning.”

Steven Wert, Program Executive Officer Digital, Air Force Life Cycle Management Center 
at Hanscom Air Force Base in Massachusetts

First Shasta Supercomputer to Power Weather Forecasting
US AIR FORCE 557TH WEATHER WING

Read the press 
release

2 HPE Cray EX Supercomputers 
8 cabinets in a  Hall A/ Hall B 
configuration

• Each with 
800 AMD 
Rome (64c) 
nodes and 
256 GB/node

with HPE Slingshot 
interconnect
• 200 Gb/s bandwidth 

per port per direction, 
for congestion control

HPE modular software stack: HPE Cray OS, 
HPE Performance Cluster Manager + HPE Cray 
Programming Environment
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https://www.hpe.com/us/en/newsroom/press-release/2019/08/first-cray-shasta-supercomputer-to-power-weather-forecasting.html


About the new system

Additional
resources:

NCAR needs more supercomputers powerful enough to 
support both complex physics-based modeling and machine 
learning algorithms to: 
• Improve predictions of seasonal water supply, drought risk and flooding 

through detailed modeling and forecasting tools to inform water management 
experts, public utilities and farmers.

• Manage wildfire risk by simulating representations of physical processes in a 
region.  

• Foresee hazards and impacts of climate change from extreme weather 
conditions, such as thunderstorms, tornadoes and hurricanes.

• Understand the dangers of solar storms using three-dimensional simulations 
to enable predictions of potential disruptions to the earth’s atmosphere 
triggering space weather events that threaten communications systems and 
power grids.

“The resulting research will lead to new insights into potential threats ranging from severe 
weather and solar storms to climate change, helping to advance the knowledge needed 
for improved predictions that will strengthen society’s resilience to potential disasters.”

Anke Kamrath, director, NCAR Computational and Information Systems Laboratory

3.5 Faster and 6 x More Energy Efficient Supercomputer for Extreme Weather Research 
NATIONAL CENTER FOR ATMOSPHERIC RESEARCH (NCAR)

Watch 
video

Read the press 
release

HPE Cray EX Supercomputer
19.87 Petaflops

• 2488 nodes with AMD 
EPYC CPUs

• 82 nodes with NVIDIA 
A100 GPUs

• HPE modular software stack: HPE Cray OS, 
HPE Performance Cluster Manager + HPE 
Cray Programming Environment

• Open Container initiative standard – secure 
and flexible allocation of compute resources

Cray ClusterStor 
E1000
• 60 PB of storage

with HPE Slingshot v11 
interconnect
• 200 Gb/s bandwidth per port per 

direction, for congestion control
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https://www.hpe.com/h22228/video-gallery/us/en/f15c5965-e862-406b-b48c-2aebec9b8283/nationalcenterforatmosphericresearchdeploysthehpesgi8600supercomputer/video/
https://insidehpc.com/2021/01/hpe-to-build-35m-supercomputer-for-ncar-for-extreme-weather-research/


The World’s Most Powerful Supercomputer is in the UK … and … in the Cloud
UK MET OFFICE

HPE Cray EX Supercomputer

Cray ClusterStor E1000

HPE, starting with Cray, has been servicing the Met Office, one 
of the world’s largest weather forecasting agencies, for 
generations. Now Microsoft has partnered with HPE to take the 
Met Office’s new HPE Cray EX supercomputer to the cloud.

HPE and Microsoft have had a supercomputing alliance 
through Cray in place for years, working towards this 
supercomputing-as-a-service model. 

It’s now coming to fruition – and at scale - in the Azure cloud, 
enabling the Met Office to work and act on the insights of their 
data using AI, modeling, and simulation.

“This investment by the UK government is a great vote of confidence in the Met 
Office’s world-leading status as a provider of weather and climate science and 
services as well as in our national commitment to build a more resilient world in a 
changing climate, helping build back greener across the UK and beyond.”

Penny Endersby, Chief Executive, Met Office Additional resources: Read the press release
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https://www.metoffice.gov.uk/about-us/press-office/news/corporate/2021/met-office-and-microsoft-announce-supercomputer-project


AI FOR WEATHER FORECASTING

Rapid increase in the use of Machine Learning 

in the weather enterprise all through the 

forecast chain – where should I run it? 

AI has different needs – Storage, software 

stack, sometimes processors
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SmartSim

An open-source library to accelerate the convergence of 
AI, analytics and data science with HPC simulations. 
It enables the use of artificial intelligence (AI) within existing 
traditional high-performance computing (HPC) simulations 
by providing a new communication paradigm between 
simulations and AI methodologies. 

• connect models written in Fortran, C, and C++ to the 
modern data science stack online

• write AI models with PyTorch, TensorFlow, scikit-learn, 
and such, and use them immediately inside scientific 
simulations at runtime 

• scale to thousands of processors, all without writing to 
the file system. 



DATA EXCHANGE BETWEEN SIMULATION AND IN-MEMORY DATABASE 
Uses an in-memory database to transfer the data out of your 
simulation, it enables capabilities that can be used on the fly, at HPC 
scale, such as: 
• AI model execution
• Online analysis
• Computational steering (start, stop, and reset of a simulation)
• Near continuous training of AI models (training and AI model as 

new data from the simulation comes in) 
• Interactive visualization

1
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SmartSim

• execute, monitor and analyze simulations in a Jupyter notebook
• execute ML models hosted within in-memory storage (DRAM) for online inference, on CPU- or GPU-enabled nodes 

adjacent to or co-located within the simulation
• no communication via a filesystem
• ML-library agnostic - enables simulations written in Fortran to use tools in the rapidly evolving data science 

ecosystem



SMARTSIM WITH MOM6
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Gold standard in HPC—Technology for real-life applications, not just benchmarks 
HPE CRAY PROGRAMMING ENVIRONMENT ADVANTAGES 

• Parallel debuggers: 
Rogue Wave TotalView
and Arm DDT

• For advanced debugging, 
performance analysis and 
optimization tools additional 
insights into compiler needs.

• Providing consistency across 
all HPE Cray systems

• Supporting x86-64 (both 
Intel and AMD) processors, 
Arm-based processors, and 
NVIDIA accelerators 

• Automatic optimizations 
deliver performance for 
a new target through a 
simple recompile.

• Automatically exploits the 
scalar, vector, and 
multithreading hardware 
capabilities of the systems.

• Compiler optimization 
feedback for application 
tuning

Focus on compliance and 
language support:

• Languages: Fortran, C/C++, 
UPC and PGAS

• Programming models: 
OpenMP and OpenACC

Integration with 
debuggers for 

performance optimization 

Performance and 
programmability 

Fully integrated 
heterogeneous 

optimization capability

Focus on application 
portability and 

investment protection

HPE-supported compiler for AMD-based systems.
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Exascale Capability

+ Compute      
Heterogeneity 

+ Workload 
Diversification

Where are we heading?

+ Data-centric design

+ As-a-service 


