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ACES - Accelerating 
Computing for 
Emerging Sciences

https://www.hpcwire.com/2021/09/23/three-universities-team-for-nsf-funded
-aces-reconfigurable-supercomputer-prototype/
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https://www.hpcwire.com/2021/09/23/three-universities-team-for-nsf-funded-aces-reconfigurable-supercomputer-prototype/
https://www.hpcwire.com/2021/09/23/three-universities-team-for-nsf-funded-aces-reconfigurable-supercomputer-prototype/
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ACES
Accelerating Computing for Emerging Sciences

Our Mission:
● Offer an accelerator testbed for 

numerical simulations and AI/ML 
workloads

● Provide consulting, technical 
guidance, and training to researchers

● Collaborate on computational and 
data-enabled research.
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ACES Project Team
Project Management Board: 

● Honggao Liu (PI, Texas A&M University)
● Lisa Perez (Co-PI, Texas A&M University)
● Dhruva Chakravorty (Co-PI, Texas A&M University)
● Shaowen Wang (Co-PI, University of Illinois Urbana-Champaign )
● Timothy Cockerill (Co-PI, University of Texas Austin)
● Francis Dang (SI, Texas A&M University)
● Costas Georghiades (SI, Texas A&M University)
● Edwin Pierson (SI, Texas A&M University)

Advisory Council: 
Gabrielle Allen (U. Wyoming), Richard Gerber (NERSC),  John Goodhue (MGHPCC), Dan 
Katz(NCSA),  Victor Hazlewood (U. Tennessee), Anita Nikolich (UIUC), Barry Schneider 
(NIST), Carol Song (Purdue), and Dan Stanzione (TACC).

NSF Program Officer: Robert Chadduck (NSF OAC Program Director)
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A test-bed is Needed
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“A large number of accelerators have become 
available to accelerate computing workloads. 
Researchers need access to them on a 
platform where they can test them!” 
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Modern HPC  
● Built on Disaggregated HW
● Composable Hardware Platform
● Composable GPUs/Accelerators
● Composable Memory - Optane
● Modern Storage: NVMe-oF

Legacy HPC
● Built on Converged HW
● Static Hardware Design
● Fixed GPUs/Accelerators
● Fixed Memory
● Legacy Storage: SATA and SAS

A Modern HPC Platform Supporting Composable GPUs/Accelerators and Memory
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High Performance Computing  (HPC) 
Architecture Comparison
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Composability at the Hardware Level
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hprc.tamu.edu/resources

https://hprc.tamu.edu/resources
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ACES - Accelerating Computing for Emerging Sciences 
(Phase I)

Component Quantity Description

Graphcore IPU 16
16 Colossus GC200 IPUs and dual AMD Rome 
CPU server on a 100 GbE RoCE fabric

Intel FPGA PAC D5005
2
 

FPGA SOC with Intel Stratix 10 SX FPGAs, 64 bit 
quad-core Arm Cortex-A53 processors, and 32GB 
DDR4

Intel Optane SSDs 8
3 TB of Intel Optane SSDs addressable as 
memory using MemVerge Memory Machine.

8

Available through FASTER (NSF Award #2019129 )

https://www.graphcore.ai/products/ipu
https://www.intel.com/content/www/us/en/products/details/fpga/platforms/pac/d5005.html
https://www.liqid.com/products/liqid-elements/storage-class-memory/element-lqd4900
https://hprc.tamu.edu/resources/
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2019129&HistoricalAwards=false
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ACES - Accelerating Computing for Emerging Sciences 
(Phase II)

Component Quantity* Description

Graphcore IPU 32
16 Colossus GC200 IPUs, 16 Bow IPUs, and a dual AMD 
Rome CPU server on a 100 GbE RoCE fabric

Intel FPGA PAC D5005
2
 

FPGA SOC with Intel Stratix 10 SX FPGAs, 64 bit quad 
core Arm Cortex-A53 processors, and 32GB DDR4

Bittware IA-840F FPGA 2 Accelerator based on Intel Agilex FPGA 

NextSilicon coprocessor 20
Reconfigurable accelerator with an optimizer 
continuously evaluating application behavior.

NEC Vector Engine 24 Vector computing card (8 cores and HBM2 memory)

Intel Ponte Vecchio GPU 100 Intel GPUs for HPC, DL Training, AI Inference

Intel Optane SSDs 48
18 TB of Intel Optane SSDs addressable as memory w/ 
MemVerge Memory Machine.
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*Estimated quantities

https://www.graphcore.ai/products/ipu
https://www.intel.com/content/www/us/en/products/details/fpga/platforms/pac/d5005.html
https://www.bittware.com/fpga/ia-840f/
https://www.nextsilicon.com/home
https://www.necam.com/VectorEngineProcessor/
https://www.liqid.com/products/liqid-elements/storage-class-memory/element-lqd4900
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ACES System Description (Phase II)

Component Quantity Description

Allocatable resources   Total cores: 11,520

CPU-centric computing 
with variable memory 
requirements

120 nodes
(11,520 cores)

Dual Intel Sapphire Rapids 2.1 GHz
48 core processors
96 cores per node, 512 GB memory, 
1.6 TB NVMe storage (PCIe 5.0), 
NVIDIA Mellanox NDR 200 Gbps InfiniBand 

Composable 
infrastructure

120 nodes
Dynamically reconfigurable infrastructure that 
allows up to 20 PCIe cards (GPU, FPGA, VE, etc.) 
per compute node

Data transfer nodes 2 nodes
Same as compute nodes, 100 Gbps network 
adapter 
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Research Workflows - Accelerators (Phases I and II)

Hardware Profile Applications Supported

NEC Vector Engines

● AI/ML (Statistical Machine Learning, Data 
Frame)

● Chemistry (VASP, Quantum ESPRESSO)
● Earth Sciences
● NumPy Acceleration

● Oil & Gas (Seismic Imaging, Reservoir 
Simulation)

● Plasma Simulation
● Weather/Climate Simulation

Graphcore IPUs
● Graph Data
● LSTM Neural Networks

● Markov Chain Monte Carlo
● Natural Language Processing (Deep 

Learning)

Intel/Bittware FPGA

● AI Models for Embedded Use Cases
● Big Data
● CXL Memory Interface
● Deep Learning Inference
● Genomics

● MD Codes
● Microcontroller Emulation for Autonomy 

Simulations
● Streaming Data Analysis

Intel Optane SSDs
● Bioinformatics
● Computational Fluid Dynamics (OpenFOAM)

● MD Codes
● R
● WRF

NextSilicon

● Biosciences (BLAST)
● Computational Fluid Dynamics (OpenFOAM)
● Cosmology (HACC)
● Graph Search (Pathfinder)

● Molecular Dynamics (NAMD, AMBER, 
LAMMPS)

● Quantum ChromoDynamics (MILC)
● Weather/Environment modeling (WRF)
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1,100+ Software Modules!
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hprc.tamu.edu/software/faster/

https://hprc.tamu.edu/wiki/SW
https://hprc.tamu.edu/software/faster/
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mla command to quickly search for installed  software:

[username@faster1 ~]$ mla tensor
Using /home/username/module.avail.faster
Horovod/0.18.2-TensorFlow-1.15.2-Python-3.7.4
Horovod/0.22.1-CUDA-11.3.1-TensorFlow-2.6.0
TensorFlow/1.15.2-Python-3.7.4
TensorFlow/2.1.0-Python-3.7.4
TensorFlow/2.3.1-Python-3.8.2
TensorFlow/2.4.1
TensorFlow/2.5.0
TensorFlow/2.5.3-CUDA-11.3.1
TensorFlow/2.6.0-CUDA-11.3.1
TensorFlow/2.6.0
TensorFlow/2.7.1-CUDA-11.4.1
tensorboard/2.8.0
tensorboardX/2.2-PyTorch-1.7.1
tensorflow-probability/0.12.1

Python
Matlab
Keras
PyTorch
scikit-learn
Pandas
NumPy
Matplotlib
Julia
….
Compilers: C++, 
Fortran, Intel 
OneAPI, GNU, …
CUDA, OpenCL
OpenMPI, IntelMPI
...

Available Software Modules
https://hprc.tamu.edu/wiki/SW:Modules

https://hprc.tamu.edu/wiki/SW:Modules
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Graphcore IPUs (Intelligence Processing Unit)

14

https://www.graphcore.ai/posts/accelerating-resnet50-training-on-the-ipu-behind-our-mlperf-benchmark

https://www.graphcore.ai/posts/accelerating-resnet50-training-on-the-ipu-behind-our-mlperf-benchmark
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docs.graphcore.ai/en/latest/

https://docs.graphcore.ai/en/latest/
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Porting Tensorflow workflows to run on Graphcore IPUs
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www.graphcore.ai/posts/ai-for-simulation-how-graphcore-is-helping-transform-traditional-hpc

An accurate, numerical approximation was used as a reference against which the PINN solution was 
measured. The PDE was constructed with sinusoidal initial condition and homogeneous Dirichlet boundary 
conditions as follows: 

In the case where the fluid’s viscosity, v, is smaller than ~0.1π a discontinuous shock-wave forms at x=0. 

The PINN solution of the viscous Burgers’ PDE was calculated using TensorDiffEq, an open-source 
TensorFlow 2.X-based package developed by researchers at Texas A&M University. This solution was found to 
be in excellent agreement with classic numerical solutions, with both solutions becoming unstable for very 
low viscosity, whilst taking less time to complete.

https://www.graphcore.ai/posts/ai-for-simulation-how-graphcore-is-helping-transform-traditional-hpc
https://doi.org/10.48550/arXiv.2103.16034
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PyTorch ResNet50 - GPU vs IPU 
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Abhinand S. Nasari, Hieu T. Le, Richard Lawrence, Zhenhua He, Xin Yang, Mario M. Krell, Alex Tsyplikhin, Mahidhar Tatineni, Tim Cockerill, Lisa M. Perez, Dhruva K. 
Chakravorty and Honggao Liu. 2022. Benchmarking the Performance of Accelerators on National Cyberinfrastructure Resources for Artificial Intelligence / Machine Learning 
Workloads. In Practice and Experience in Advanced Research Computing (PEARC '22), July 10-14, 2022, Boston, MA, USA. ACM, New York, NY, USA, 13 Pages. 
https://doi.org/10.1145/3491418.3530772

https://doi.org/10.1145/3491418.3530772
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TF ResNet50 - GPU vs IPU 
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Abhinand S. Nasari, Hieu T. Le, Richard Lawrence, Zhenhua He, Xin Yang, Mario M. Krell, Alex Tsyplikhin, Mahidhar Tatineni, Tim Cockerill, Lisa M. Perez, Dhruva K. 
Chakravorty and Honggao Liu. 2022. Benchmarking the Performance of Accelerators on National Cyberinfrastructure Resources for Artificial Intelligence / Machine Learning 
Workloads. In Practice and Experience in Advanced Research Computing (PEARC '22), July 10-14, 2022, Boston, MA, USA. ACM, New York, NY, USA, 13 Pages. 
https://doi.org/10.1145/3491418.3530772

https://doi.org/10.1145/3491418.3530772


High Performance Research Computing | hprc.tamu.edu | NSF Award #2112356                                   

 Scaling on Composable Fabrics

19
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 MemVerge Memory Machine
HPL Benchmark

HPL baseline without MemVerge Memory Machine: 

================================================================================ 
T/V                N    NB     P     Q               Time                 Gflops 
-------------------------------------------------------------------------------- 

WR12C2R4      140000   384     1     1             569.21            3.21387e+03

HPL with same input and memory usage above 140G going to SSDs with MemVerge Memory Machine:

================================================================================
T/V                N    NB     P     Q               Time                 Gflops
--------------------------------------------------------------------------------

WR12C2R4      140000   384     1     1             600.93            3.04423e+03
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Intel FPGA PAC D5005

● Intel Stratix 10 SX FPGA family
○ Inline interfaces - 100 Gbps

● Fast code prototyping - OneAPI 
DPC++
○ Compile on CPU, validate 

design, then compile via 
FPGA

● Software
○ Intel Quartus Prime Pro
○ Intel FPGA SDK for OpenCL
○ Intel FPGA Add-On for the 

oneAPI Base Toolkit

21
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Intel FPGA PAC D5005
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github.com/pc2/fft3d-fpga

https://github.com/pc2/fft3d-fpga


High Performance Research Computing | hprc.tamu.edu | NSF Award #2112356                                   

https://portal.hprc.tamu.edu

ACES Portal - OOD 

Open OnDemand 
(OOD) Portal is an 
advanced web-based 
graphical interface for 
HPC users.

HPRC Portal 
YouTube tutorials

23

Interactive Apps: launch 
a software window right 
in your browser.

https://portal.hprc.tamu.edu
https://www.youtube.com/c/TexasAMHPRC/search?query=portal
https://www.youtube.com/c/TexasAMHPRC/search?query=portal
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Knowledge Base
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hprc.tamu.edu/wiki/ACES

https://hprc.tamu.edu/wiki/ACES
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Training Short Courses
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Primers: 

Linux
HPRC Clusters
Data Management
SLURM
Jupyter Notebook

Technology Lab:

Using AI Frameworks 
in Jupyter Notebook

 

Short Courses: 

NGS Analysis
NGS Metagenomics
NGS RADSeq/GBS
NGS Assembly
HPRC Galaxy
Linux
R
Perl
Fortran
OpenMP
MPI

Short Courses: 

Python
Scientific Python
PyTorch
TensorFlow
MATLAB
Scientific ML
Julia
CUDA
Drug Docking
Quantum Chemistry
and more...
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Advanced Tech Training
Technology Lab: Using AI Frameworks in Jupyter Notebook
https://hprc.tamu.edu/training
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https://hprc.tamu.edu/training
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Industry Credentialed Training
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https://hprc.tamu.edu/events/workshops/

https://hprc.tamu.edu/events/workshops/
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 Onboarding Sessions

Join us on a zoom session: 

Live support: M/W/F help sessions @ 8:30 AM CT
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Getting on ACES Phase I
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PIs can apply for an account 
and sponsor accounts for 
their researchers.

PI

GRADUATEUNDERGRAD

● Allocation is upon special request 
during this phase of deployment.

● You must have an XSEDE account!

● Applications are available at 
hprc.tamu.edu/aces/

● Email us at help@hprc.tamu.edu for 
questions, comments, and concerns

https://hprc.tamu.edu/aces/
mailto:help@hprc.tamu.edu


High Performance Research Computing | hprc.tamu.edu | NSF Award #2112356                                   

hprc.tamu.edu

HPRC Helpdesk:

help@hprc.tamu.edu
Phone: 979-845-0219
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https://hprc.tamu.edu/

