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ABSTRACT
The Validated Design for Government HPC, AI and Data Analytics is a single solution that is built 
to meet the demands of many current and emerging workloads. This architecture is designed 
to enable a single system to run high performance computing, artificial intelligence and data 
analytics workloads, all managed via a common framework.
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THE RISE OF A NEW HPC ARCHITECTURE FOR  
AI AND DATA ANALYTICS
In the Dell Technologies HPC & AI Innovation Lab, we spend a great deal of time 
developing very singular solutions that solve one problem very well, often using one type 
of hardware infrastructure. While these solutions work well for targeted high performance 
computing needs — such as our solutions for life sciences research, genomics and 
computer-aided engineering — many organizations now want to have a single HPC 
solution that works well for many different needs. 

These organizations want to be able to run deep learning workloads, HPC simulations 
and data processing analytics jobs all in one place. They don’t want to build three or four 
small clusters to do three or four different things. And the truth is, they shouldn’t have to 
because most of the underlying parts in these systems are similar. So why not build just 
one system that is managed by one group of system administrators, with one shared file 
system, that can meet all of the organization’s HPC needs?

This is the idea that gave rise to the development of the Validated Design for Government 
HPC, AI and Data Analytics. In this development effort, we focused on creating a versatile 
HPC solution that provides a customizable foundational layer to support different software 
stacks for specific tasks. Our goal was to build one set of foundational infrastructure that 
can be customized with different types of building blocks, whether it is accelerated or 
unaccelerated compute, whether it is a low-latency InfiniBand fabric or a more standard 
Ethernet fabric, whether it is Dell PowerScale scale-out NAS storage, Dell ECS object 
storage or parallel cluster file solutions. We envisioned a framework that organizations can 
tune, tailor and extend to build unique solutions for their current needs, while gaining the 
flexibility to later add new components and new software to meet their evolving needs.

This vision became real, with the launch of the Validated Design for Government HPC, AI 
and Data Analytics.

THE VALIDATED DESIGN FOR HPC, AI AND  
DATA ANALYTICS 
The Validated Design for Government HPC, AI and Data Analytics is a single environment 
that is tailored for a wide variety of HPC, AI and high performance data analytics 
workloads. The architecture provides a common infrastructure pool that can be assigned 
either to HPC jobs that are managed by a traditional HPC workload manager, such as 
Slurm, or to containerized AI and data analytics workloads that are orchestrated by the 
open-source Kubernetes container orchestration system.

Flexible workload management enables dynamic movement of jobs between Slurm and 
Kubernetes based on user demand, with a scalable shared filesystem to support both. 
Bright Cluster Manager provides a single-pane-of-glass management experience for 
the Dell hardware, Slurm and Kubernetes components. With Bright Cluster Manager, 
organizations can provision the hardware, operating system, HPC, big data software and 
deep learning software from a single interface. And for organizations that want an open-
source option, Dell Technologies provides Omnia, comprised of Ansible playbooks that 
provide a convenient way to install the software for the Validated Design.
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The architecture uses a building-block approach that gives organizations the flexibility 
to choose the compute, network, storage, filesystem and software features that are best 
suited to their use cases and workloads. For example, an organization might want to 
add certain components to optimize system performance for genomics, fluid dynamics or 
deep learning workloads. Because the optimum solution configuration will depend on the 
specific mix of applications and types of data analytics, artificial intelligence and advanced 
computing workloads, Dell Technologies provides recommended and engineering-
validated options, along with relevant criteria to consider when making these selections.

In addition, to help organizations move from a factory-installed operating system to a full 
Kubernetes cluster with a repository on GitHub, this Validated Design comes with a best 
practices guide and toolkit.

THE SOFTWARE STACK
In developing the Validated Design for Government HPC, AI and Data Analytics, our goal 
was to provide a solid foundation for more customized solutions built by our customers 
and partners. We essentially established a dividing line for validating and designing 
systems up to a certain point in the software stack. At that point, independent software 
vendors and open source project participants can come in and meet us at that line. 

This means that our development efforts focused on a lot of the lower-level software that 
enables HPC solutions for AI and data analytics. For example:

• We made sure the system BIOS, drivers, workload managers and other components 
that touched the hardware work together appropriately and efficiently. 

• We selected the OS versions that we found to be best suited to the architecture. 

• We made sure that optimized libraries, such as the Intel® Math Kernel Library and the 
NVIDIA CUDA Math Library, are available on the system or can be presented by a 
container. 

• We validated the performance of the workload managers — Slurm for a traditional 
batch-scheduled environment and Kubernetes for a more dynamic, flexible, services-
oriented container environment. 

• We made sure that a wide range of accelerators are supported, from FPGAs to AMD 
and NVIDIA GPUs. 

Key components of the Validated Design for Government HPC, AI and Data Analytics

Software
PowerEdge 

Management and 
compute nodes

Accelerators Networking Dell Storage

• CentOS
• Kubernetes
• Docker
• Helm
• Dkube
• Bright Cluster Manager 

or Omnia open souce

AMD: R7525, R6525, 
XE8545, R7525, R6525, 
C6525

Intel: R750, R650, 
R750xa, R650, C6520

• NVIDIA A100, A10 
or T4

• AMD® Instinct™ Mi100 
• Intel PAC FPGAs 

• PowerSwitch 
N3248TE-ON

• NVIDIA® HDR100 
• InfiniBand®

• Dell PowerScale F800 
scale-out NAS 

• HPC NFS Storage
• HPC BeeGFS® 

Storage
• HPC PixStor Storage
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REALIZING THE BENEFITS
With the Validated Design for Government HPC, AI and Data Analytics running validated 
independent software vendor (ISV) solutions, organizations can get on-premises data 
science projects up and running quickly. This is the case with the new integrated deep 
learning systems that run the DKube™ cloud-native machine learning operations (MLOps) 
solution from One Convergence on the Validated Design for HPC, AI and Data Analytics. 

This combination from Dell Technologies and One Convergence greatly simplifies the 
on-premises deployment and operation of GPU clusters for detecting disease in X-rays. 
DKube provides a comprehensive deep learning development engine that includes 
capabilities for rapid prototyping, automation, repeatability and productization. It gives 
organizations the ability to build models, to manage and curate data, to build workflows, 
and to set up model deployment pipelines. And they can now have that end-to-end MLOps 
experience via a single piece of software that runs on top of the Validated Design for HPC, 
AI and Data Analytics. 

But — to be clear — DKube is just one piece of software that might run in the system. An 
organization could simultaneously run a suite of different solutions in the system, all on the 
common infrastructure foundation. 

AN EVOLVING SOLUTION
The Validated Design for Government AI and Data Analytics is not a one-and-done 
solution. This is a solution that we are building on over time. Initially, we released the 
reference architecture for AI and data analytics with a handful of compute building blocks, 
but as we go forward, we are expanding the list. Going forward, our plan is to add new 
capabilities to the solution over time, as opposed to releasing new solutions. 

The core software stack will continue to evolve, as well. For these enhancements, we 
are working closely with our technology partners to incorporate the features important to 
provide to our customers. We are also continuing to expand the capabilities of our open 
source version of the software stack Omnia, which is really for the do-it-yourself customers 
who do not want to pay a software licensing fee.

In addition, as the solution evolves, it will have more network fabric options, more storage 
options, more compute options and more software flexibility than it now has. 

DKube on the Validated Design for HPC, 
for AI and Data Analytics
Dell Technologies and One Convergence collaborated to build deep-
learning platforms for detecting disease in X-rays. With proven expertise, 
data scientists can be up and running on a production-ready system in 
a few hours, scale with their requirements, and focus on deep learning 
rather than on infrastructure.

https://github.com/dellhpc/omnia
https://github.com/dellhpc/omnia
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KEY TAKEAWAYS
When it comes to building HPC solutions for AI and data analytics, system configuration 
can be a complex task, requiring a delicate balance of workload requirements, 
performance targets, data center constraints and pricing. Many enterprises don’t have the 
time to research, optimize and deploy advanced computing systems to deliver the required 
return on investment. 

Today, there’s a better path forward. With the Validated Design for Government HPC, AI 
and Data Analytics, engineers from Dell Technologies have done the heavy lifting, so IT 
leaders can quickly deploy scalable, modular HPC solutions tailored to the demands of 
their AI and data analytics workloads. 

Ultimately, this is a single solution that is built to meet the demands of many current and 
emerging workloads. This solution runs HPC, AI and data analytics workloads on the 
same system, enabling organizations to simplify deployment and management, and keep 
costs under control.

TO LEARN MORE
For a detailed look at the Validated Design for Government HPC, AI and Data Analytics, 
see the Design Guide. This document provides high-level guidance for building a 
converged architecture that allows organizations to run HPC, AI and data analytics 
workloads on a single infrastructure.

Dell Technologies HPC & AI Innovation Lab
The Dell Technologies HPC & AI Innovation Lab in Austin, 
Texas, encompasses a 13,000-square-foot data center that 
houses thousands of servers and a wide range of storage and 
network systems. The lab is staffed by computer scientists, 
engineers and subject matter experts who actively partner and 
collaborate with customers and other members of the HPC 
community.

The lab currently has multiple copies of the Validated Design for 
HPC, AI and Data Analytics up and running. Dell Technologies 
makes these environments available to customers and partners 
who want to have a hands-on experience, either in person or 
remotely.

delltechnologies.com/innovationlab

https://www.delltechnologies.com/content/dam/digitalassets/active/en/unauth/technical-guides-support-information/solutions/h18161-hpc-ra-for-ai-da-ra.pdf
https://www.delltechnologies.com/rw-rw/solutions/high-performance-computing/HPC-AI-Innovation-Lab.htm
http://delltechnologies.com/innovationlab
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