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Your software environment 
should not be your first 
research project



3
3

Spend less time configuring

More time discovering
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Faster onboarding

Faster discovery
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E4S: An HPC-AI Software Ecosystem for Science

5

Your software environment should not be your first research project
— Complex HPC software stacks can take days – or weeks – to configure correctly
— E4S provides a Spack-based curated, tested, and interoperable scientific software ecosystem
— Prebuilt containers and facility-ready installations accelerate on-boarding and researchers spend more time advancing science

Spend less time configuring, more time discovering
— Start quickly with ready-to-use, reproducible scientific software environments across laptops, clusters, clouds, leadership systems
— Use tested combinations of libraries, tools, compilers, and programming models optimized for CPUs and GPUs
— Focus researcher effort on simulation, analysis, AI, and scientific insight

Faster onboarding, faster discovery
— Use prebuilt containers, binaries, and Spack environments to get started quickly
— Reduce platform-specific setup and troubleshooting; deploy complete environments without building every dependency
— Help new team members become productive sooner and move rapidly from installation to simulation, analysis and discovery

E4S: one of the world’s largest collection of open-source GPU portable scientific libraries and tools 
— More than 100 open-source libraries, tools, applications for scientific computing
— Performance-portable programming models enable one code base across diverse systems
— Broad support for NVIDIA, AMD, and Intel GPU architectures
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E4S: Better quality, documentation, testing, integration, delivery, building & use

Quality Commitment
Community policies, improvement

DocPortal
Single portal to all E4S product info

Portfolio testing
Especially leadership platforms

Curated collection
The end of dependency hell

Semi Annual 
releases 

Release 26.06 – June

Build caches
10X build time improvement

Turnkey stack
A new user experience

https://e4s.io E4S Strategy Group
US agencies, industry, international

Delivering HPC software to facilities, vendors, agencies, industry, international partners in a brand-new way

https://e4s.io/
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Motivation

• As our software gets more complex, it is getting harder and 
harder to install and operate our HPC-AI workflows on 
GPUs correctly in an integrated and interoperable software 
stack on commercial cloud platforms!

• What makes for a productive HPC-AI environment on the 
cloud platforms? 



E4S: An HPC-AI Software 
Ecosystem for Science

https://e4s.io
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E4S 26.06: What’s New? 
• E4S is a curated Spack based distribution of 125+ HPC-AI packages.

• Compared with 25.11, E4S 26.06 adds a much richer agentic AI layer, deeper LLM inference optimization, and 
more workflow tooling around fine-tuning, serving, and domain-specific AI
• Sglang, MCP, langchain, langgraph, a2a, flash_attr

• Coding agent pi, NVIDIA NemoClaw, OpenClaw, NVIDIA NeMo, NVIDIA BioNeMo, Megatron, transformers, cupy
• Ray, peft, triton
• API: openai, google, anthropic
• Chemistry: rdkit

• Support for updated Rocky Linux 9.8 with Hopper and Blackwell, Ubuntu 24.04 LTS. 

• Spack 1.1.1 integration [https://github.com/spack/spack/releases/tag/v1.1.1]. 

• HPC Applications include: CP2K, DealII, FFTX, GROMACS, LAMMPS, Nek5000, Nekbone, NWChem, 
OpenFOAM, WarpX, WRF, Quantum Espresso, and Xyce with GPU support where available. 

• CUDA upgraded to 13.2 (aarch64, x86_64), ROCm upgraded to 7.2.3, oneAPI upgraded to 2026.0.

• Adaptive Computing’s Heidi web-based platform for multi-user, multi-node, ParaTools Pro for E4STM with Ubuntu 
26.04 LTS and Rocky Linux 9.7 cloud images on AWS, Microsoft Azure, Google Cloud, OCI, and IBM Cloud. 

• https://adaptivecomputing.com/ and https://paratoolspro.com

https://e4s.io

https://adaptivecomputing.com/
https://adaptivecomputing.com/
https://paratoolspro.com/
https://e4s.io/
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About E4S

E4S: Extreme-scale Scientific Software Stack

• E4S is an ecosystem for science and a community effort to provide open-source software packages for developing, deploying 
and running scientific applications on HPC platforms.

• E4S has built a comprehensive, coherent software stack that enables application developers to productively develop highly 
parallel applications that effectively target diverse exascale architectures. 

• E4S provides a curated, Spack based software distribution of 125+ HPC (TAU, Trilinos, PETSc,OpenFOAM, Gromacs, Nek5000, 
LAMMPS), EDA (e.g., Xyce), and AI/ML packages (e.g., Google ADK, NVIDIA NeMoTM, NVIDIA BioNeMoTM, Vllm, HuggingFace
CLI, TensorFlow, PyTorch, OpenCV, TorchBraid, Scikit-Learn, Pandas, JAX, LBANN optimized for GPUs where available).

• Base images and full featured containers (with GPU support) and DOE LLVM containers.
• Commercial support for E4S through ParaTools, Inc. for installation, maintaining an issue tracker, and ECP AD engagement.
• E4S for clouds: Adaptive Computing’s Heidi with ParaTools Pro for E4STM image for AWS, GCP, IBM Cloud, Azure, OCI.
• With E4S Spack binary build caches, E4S supports both bare-metal and containerized deployment for GPU based platforms.

• x86_64, ppc64le (IBM Power 10), aarch64 (ARM64) with support for CPUs and GPUs from NVIDIA, AMD, and Intel
• Container images on DockerHub and E4S website of pre-built binaries of ECP ST products.

• e4s-chain-spack.sh to chain two Spack instances allows us to install new packages in home directory and use other tools.
• e4s-cl container launch tool allows binary distribution of applications by swapping MPI in the containerized app w/ system MPI. 
• e4s-alc is an à la carte tool to customize container images by adding system and Spack packages to an existing image.
• E4S 26.06 released on June 22, 2026: https://e4s.io/talks/E4S_26.06.pdf

https://e4s.io

https://e4s.io/talks/E4S_25.11.pdf
https://e4s.io/
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Updated E4S website https://e4s.io
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Chatbot integration in E4S Website
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E4S Bot trained on E4S content on OpenAI’s ChatGPT
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E4S Documentation
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E4S: Bare-metal installation, Containers, and Cloud images
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Download E4S Containers: Rocky Linux 9.7 and Ubuntu 24.04 LTS

• Docker and Singularity
• ARM64 (aarch64), 

x86_64, and ppc64le
• Support for GPUS:

• NVIDIA
• AMD
• Intel

• GPU Runtimes:
• CUDA 13.2
• ROCm 7.2.3
• oneAPI 2026.0

• Languages:
• C/C++/Fortran
• Python
• Rust
• Julia
• Chapel ... 

• OSes:
• Rocky Linux 9.7
• Ubuntu 24.04 LTS
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E4S container images available on DockerHub
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E4S: CPU Rocky Linux 9.8 x86_64 Singularity image
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E4S: CUDA Rocky Linux 9.8 x86_64 Singularity image
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E4S: Expanded, curated collection of Python based tools for AI
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E4S: Intel oneAPI 2026.0 Singularity image supports Intel GPUs
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E4S: AMD ROCm 7.2.3 Singularity image
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E4S: CPU aarch64 Singularity image (macOS M-series, NVIDIA Grace)
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E4S: CUDA aarch64 Ubuntu Singularity image
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E4S: CPU aarch64 Rocky Linux 9.7 Singularity image
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E4S: CUDA aarch64 Rocky Linux 9.7 Singularity image
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E4S: CPU IBM ppc64le Ubuntu Singularity image
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E4S: CUDA IBM ppc64le Ubuntu Singularity image
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E4S Tools: e4s-cl: Container Launch tool for MPI applications

https://e4s.io/e4s-cl.html

• Distribute your MPI application 

as a binary with an E4S image

• While deploying on a system

substitute the embedded 

containerized MPI in application

with the system/vendor MPI

• Use inter-node network 

interfaces efficiently for near

native performance!
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e4s-cl: A tool to simplify the launch of MPI jobs in E4S containers

https://github.com/E4S-Project/e4s-cl

• E4S containers support replacement of MPI libraries using MPICH ABI compatibility layer and 
Wi4MPI [CEA] for OpenMPI replacement. 

• Applications binaries built using E4S can be launched with Singularity using MPI library 
substitution for efficient inter-node communications. 

• e4s-cl is a new tool that simplifies the launch and MPI replacement.
– e4s-cl init --backend [singularity|shifter|docker] --image <file> --source <startup_cmds.sh>
– e4s-cl mpirun -np <N> <command>

• Usage:
% e4s-cl init --backend singularity --image ~/images/e4s-gpu-x86.sif --source ~/source.sh

% cat ~/source.sh
. /spack/share/spack/setup-env.sh
spack load trilinos+cuda cuda_arch=90

% e4s-cl mpirun -np 4 ./a.out
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E4S Tools: E4S à la carte or e4s-alc: Customize container images

https://github.com/E4s-Project/e4s-alc

• Add new system packages
• Add new Spack packages
• Add new tarballs 
• Customize the container image
• Start with a base image
• Add packages
• Create a new container image! 
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E4S Tools: e4s-chain-spack.sh to customize software stack

https://e4s.io

Specify location of downstream
Spack installation directory

Source downstream Spack’s
setup-env.sh  

Install a new Spack package 
in downstream Spack directory

Load new package (valgrind)
using spack load
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E4S Tools: e4s-chain-spack.sh to customize software stack

https://e4s.io

Downstream Spack’s package
is loaded in your environment

e4s-chain-spack.sh helps 
customize the software stack
using upstream /spack 
(read-only in the container) for
package dependencies while
installing a new package in the
downstream Spack in your 
writable home directory.    



ParaTools Pro for E4STM

https://paratoolspro.com
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Key considerations for cloud-based deployment for E4S
• MPI - the core inter-node communication library has several implementations

– Intel MPI, MVAPICH2-X, OpenMPI
– Interfacing MPI with the job scheduling package (MOAB, Torque, SLURM)

• Cloud providers have different inter-node network adapters:
– Elastic Fabric Adapter (EFA) on AWS
– Infiniband on Azure
– Mellanox Connect-X 5 Ethernet (ROCE) on Oracle Cloud Infrastructure (OCI)
– IPU on Google Cloud (GCP)
– VNIC on IBM Cloud

• Intra-node communication with XPMEM (driver and kernel module support is critical)

• GPU Direct Async (GDR) support for communication between GPUs in MVPICH-Plus release

• ParaTools, Inc. building E4S optimized with MVAPICH-Plus for AWS, OCI, GCP, and Azure

• Using Adaptive Computing, Inc.’s Heidi/ODDC to launch E4S jobs on multiple cloud providers!
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Adaptive Computing’s Heidi/ODDC with ParaTools Pro for E4STM
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E4S on Commercial Cloud Platforms: ParaTools Pro for E4STM

https://paratoolspro.com and https://www.energy.gov/technologytransitions/sbirsttr

• ParaTools Pro for E4STM*

images in vendor marketplaces
support: 

• AWS
• Azure
• Google Cloud (GCP)
• Oracle Cloud Infrastructure (OCI)

• Supports SLURM and Torque for 
scheduling jobs on multi-node 
GPU accelerated nodes

• Shared GPU accelerated login node
with a VNC based remote desktop

• Adaptive Computing’s Heidi/ODDC
• AWS PCS and PC (x86, ARM64)
• Azure Cyclecloud
• Google GCluster

* Acknowledgment:
Supported by 
DOE SBIR Phase I and II
DE-SC0022502

https://paratoolspro.com/
https://www.energy.gov/technologytransitions/sbirsttr
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E4S on Adaptive Computing’s Heidi AI/On Demand Data Center (ODDC)

https://adaptivecomputing.com

• ParaTools Pro for E4STM

images in commercial cloud marketplaces

launched using Heidi

• Supports Torque for 

scheduling jobs on multi-node 

GPU accelerated nodes

• Shared GPU accelerated login node

with a VNC based remote desktop
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ParaTools Pro for E4STM on Commercial Clouds: AWS Marketplace 
ParaTools Pro for E4STM on AWS:

• AWS Trainium and Inferentia

custom AI hardware with 

NeuronX SDK

• AWS PCS and PC on 

x86_64 and aarch64 nodes

• NVIDIA GPUs 

• SLURM (PCS and PC) and

Torque (ODDC node/server)

• Also on AWS Marketplace in 

GovCloud (US East & West)

• Elastic Fabric Adapter (EFA)

• MVAPICH MPI 

[X-ScaleSolutions, LLC and 

The Ohio State University]
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ParaTools Pro for E4STM on Commercial Clouds: Azure Marketplace
ParaTools Pro for E4STM

on Azure Marketplace supports

• SLURM (Azure CycleCloud) and

Torque schedulers

(Adaptive Computing’s ODDC)

• Support for Infiniband Network

adapter 
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ParaTools Pro for E4STM on Google Cloud  Marketplace
ParaTools Pro for E4STM

Google Cloud Marketplace supports

• SLURM (GCluster) and

Torque schedulers

(Adaptive Computing’s ODDC)

• Support for Google IPU network

adapters
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ParaTools Pro for E4STM on Oracle Cloud Marketplace 
ParaTools Pro for E4STM

for Oracle Cloud Infrastructure 

(OCI) Marketplace

supports Torque (ODDC) and 

RDMA over Converged Ethernet

(RoCE) network adapters and 

GPUs on login and compute nodes  
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ParaTools Pro for E4STM on IBM Cloud Marketplace
ParaTools Pro for E4STM

for IBM Cloud Marketplace
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Using ParaTools Pro for E4STM image on AWS with Heidi AI/ODDC

Login to:
https://paratools.adaptivecomputing.com
with the credentials. Firefox private window
recommended. 
Click on Workshops tab and use code:70034

https://paratools.adaptivecomputing.com/
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Connect to https://paratools.adaptivecomputing.com
• Use Workshops tab and enter email, session code 70034
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Connect to https://paratools.adaptivecomputing.com
• Check your email, enter verification code. 
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Connect to https://paratools.adaptivecomputing.com

• Click here

https://paratools.adaptivecomputing.com/
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Connect to https://paratools.adaptivecomputing.com

• Click Remote Desktop
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Connect to https://paratools.adaptivecomputing.com
• You may have to enable pop-up windows and accept



50

Connect to Students tab with code 70034 at 
https://paratools.adaptivecomputing.com 
• You should see this racoon. Click on Terminal.

To copy text from
other windows
click on the
this button to 
access the 
clipboard
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E4S: Visualization Tools: ParaView
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E4S: Marimo Reactive Notebooks
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E4S: VisIt
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E4S: VS Codium Integrated Development Environment
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ParaTools Pro for E4STM: NVIDIA BioNeMoTM on IBM Cloud
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ParaTools Pro for E4STM: HPC-AI Software Ecosystem on Clouds
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TAU Exercise #1:
Instrumenting PETSc application using TAU’s 

Perfstubs interface
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Launching the binary using tau_exec –ebs

cd ~/examples/petsc-cpu
cat tau.sbatch
./compile.sh
sbatch tau.sbatch
pprof –a
paraprof & 
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TAU’s ParaProf Profile Browser: Source Code Browser

sbatch tau.sbatch
squeue –u $USER

# After it completes
ls
paraprof &
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TAU’s paraprof browser with PETSc
performance profile

paraprof

Choose 
Show thread statistics table by 
right clicking on 
node 0, thread 0. 
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Using pprof: TAU’s text based profile browser 

pprof –a | more

Here we see PETSc timers 
translated into TAU timers using 
the Perfstubs library. 

No modification to the source, 
build system, or the binary!   
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TAU Exercise #2:
Instrumenting PETSc application using TAU’s 

Perfstubs interface and generating callpath profiles
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Generating callpath profiles
Edit tau.sbatch
# add
export TAU_CALLPATH=1
export TAU_CALLPATH_DEPTH=100

export TAU_PROFILE_FORMAT=merged
mpirun …

% sbatch tau.sbatch
% paraprof tauprofile.xml
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TAU Exercise #3:
CUDA instrumentation using CUPTI 

(CUDA Profiling Tools Interface)
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PETSc CUDA: What it was doing 

% cd ~/examples/petsc-cuda
% ./compile.sh
% cat tau.sbatch
# spack load tau+mpi+cuda

mpiexec tau_exec –T cupti,mpi –cupti –ebs ./ksp…
% sbatch tau.sbatch

% paraprof & 
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TAU Exercise #4:
Generating CUDA traces for Perfetto.dev using 

CUPTI 
(CUDA Profiling Tools Interface)



67

PETSc CUDA with Perfetto Traces generated with TAU

Add 
export TAU_TRACE=1
export TAU_TRACE_FORMAT=
perfetto
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Generating Traces

% sbatch tau.sbatch
% firefox https://perfetto.dev &
Click -> Trace Viewer -> Open the UI -> 
Open Trace File -> navigate to tau.perfetto.gz
Open the four trace rows (one for each rank)
Use wasd keys to widen/shrink/left/right 
scroll 

https://perfetto.dev/
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Visualizing Traces with https://Perfetto.dev

wasd
W = widen
S = Shrink
A = Left
D = Right
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Visualizing Traces with https://Perfetto.dev

wasd
W = widen
S = Shrink
A = Left
D = Right



71

TAU Exercise #5:
TeaLeaf application
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Compiling TeaLeaf_CUDA application 

cd ~/examples/cuda
cd TeaLeaf_CUDA
ls
make
cd bin   
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Submit the CUDA job to run on four 
MPI ranks

sbatch tau.sbatch

squeue –u $USER

# After it runs

paraprof & 
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TAU’s paraprof shows the time 
spent in individual CUDA kernels

Left click node 0, thread 2 CUDA
kernels
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TAU Exercise #6:
paraprof 3D display
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TAU paraprof

cd ~/examples/tau

paraprof demo.ppk & 

Choose 3D Visualization
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TAU paraprof 3D visualization 

Choose Bar Plot and move 

Function and Thread 
Sliders

First mouse button to rotate
Second mouse button to 
translate (left to right)
Scroll wheel (or +/- keys) to 
zoom in. 

Try Scatter plot next
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TAU paraprof: 3D Scatter Plot
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TAU Exercise #7:
Julia instrumentation
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TAU paraprof

cd ~/examples/tau/julia

Launch all four examples
with tau_julia
paraprof
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E4S: An HPC-AI Software Ecosystem for Science! 

https://e4s.io
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E4S CI using GPU Clusters on Frank@UO

https://oaciss.uoregon.edu/frank
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Using your own cloud 
credentials with Adaptive 

Computing’s Heidi
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STEP 1: Subscribe to ParaTools Pro for E4S image on AWS Marketplace

Go to https://aws.amazon.com/marketplace
Login, then search for ParaTools Pro

https://aws.amazon.com/marketplace
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STEP 1: Subscribe to ParaTools Pro for E4S image on AWS Marketplace

Click on ODDC Server (x86) click subscribe
Click on ODDC Node (x86) click subscribe

Free trial for 
31 days! 
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STEP 2: Subscribe for a free trial at AdaptiveComputing.com for E4S

Go to https://adaptivecomputing.com
Click on “Start your free trial”

https://adaptivecomputing.com/
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STEP 2: Subscribe for a free trial on Adaptive Computing for E4S

Fill out the form and check the E4S box
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Conclusions

• Using E4S containers saves time

• Customize full featured or base containers using e4s-alc

• Substitute MPI in the container with your system MPI using e4s-cl

• Run on commercial cloud platforms



89

Acknowledgment
This material is based upon work supported by the U.S. Department of Energy, Office of Science, 
Office of Advanced Scientific Computing Research, Next-Generation Scientific Software 
Technologies program, under contract numbers DE-AC02-06CH11357, DE-AC05-00OR22725,
DOE SBIR DE-SC0022502, Sandia National Laboratories Contract PO 2542488, and NSF OAC 
award 2311831.

• https://science.osti.gov/ascr

• https://pesoproject.org
• https://ascr-step.org

• https://hpsf.io

• https://www.energy.gov/technologytransitions/sbirsttr

https://science.osti.gov/ascr
https://science.osti.gov/ascr
https://pesoproject.org/
https://pesoproject.org/
https://ascr-step.org/
https://ascr-step.org/
https://ascr-step.org/
https://ascr-step.org/
https://hpsf.io/
https://hpsf.io/
https://www.energy.gov/technologytransitions/sbirsttr
https://www.energy.gov/technologytransitions/sbirsttr
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