
DPU Accelerated Supercomputing

ACCELERATING
SCIENTIFIC COMPUTING
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EXPANDING UNIVERSE OF SCIENTIFIC COMPUTING

NETWORK

EDGE APPLIANCE

SUPERCOMPUTING

EXTREME IO

EDGE 

STREAMING

CLOUD

SIMULATION

VISUALIZATION

AI

DATA 

ANALYTICS
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HDR 200G INFINIBAND ACCELERATES NEXT GENERATION 
HPC AND AI SUPERCOMPUTERS (EXAMPLES)

8K HDR Nodes
Dragonfly+ Topology

9 PFlops
3K HDR Nodes
Dragonfly+ Topology

19.5 PetaFLOPS
2.5K HDR Nodes
Dragonfly+ and Fat Tree

35.5 PFlops
2K HDR Nodes
Fat-Tree Topology

19.3 PFlops
5.6K HDR Nodes
Dragonfly+ Topology

HPC/AI Cloud
HDR InfiniBand

HDR InfiniBand
Supercomputers

23.5 PFlops
8K HDR Nodes
Fat-Tree Topology

63.5 PFlops
4.5K HDR Nodes
Fat-Tree Topology

16 PFlops
3K HDR Nodes
Dragonfly+ Topology
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NVIDIA PLATFORM POWERING THE EXASCALE 
AI SUPERCOMPUTERS

ABCICINECAANL

JAMSTEC
C-DAC

Univ. of Fla.

LiU

Naver

Cambridge-1

Jülich
NVIDIA

2.8 EFLOPS AI Perf
HDR 200G InfiniBand

2.3 EFLOPS AI Perf HDR 
HDR 200G InfiniBand

10 EFLOPS AI Perf
HDR 200G InfiniBand

600 PFLOPS AI Perf
HDR 200G InfiniBand

NVIDIA Jülich CINECA ABCI
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INFINIBAND TECHNOLOGY  FUNDAMENTALS

GPU

CPU

DPU

Smart Networking Architected to Scale Centralized Management Standard
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IN-NETWORK COMPUTING ACCELERATED SUPERCOMPUTING

SUPERCOMPUTER

NET GPU

CPU

INFINIBAND

Software-Defined

Hardware-Accelerated

In-Network Computing

Pre-configured Engines
Programmable Engines
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IN-NETWORK COMPUTING ACCELERATED SUPERCOMPUTING

INFINIBAND

Software-Defined

Hardware-Accelerated

In-Network Computing

Pre-configured Engines
Programmable Engines

Programmable

Pre-Configured

Speed of Light

DPU cores

Data pre-processing

User-defined algorithms

SHARP (data reductions)

MPI Tag-Matching

Self Healing Network (resiliency)

NVMe over fabric

Data security and tenant isolations

200G end-to-end, extremely low latency

RDMA, GPUDirect RDMA, GPUDirect storage

Enhanced Adaptive Routing and Congestion Control

Smart topologies
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IN-NETWORK COMPUTING ACCELERATED SUPERCOMPUTING

INFINIBAND

Software-Defined

Hardware-Accelerated

In-Network Computing

Pre-configured Engines
Programmable Engines

SHARP

MPI Tag-Matching

GPU Direct

7X

1.8X

10X

MPI with Hardware Tag Matching

+ TM
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BlueField-2 DPU
HDR 200G InfiniBand with Arm Cores 

PCIe Gen3 and Gen4, DDR4

AI Application Accelerators 

In-Network Computing

LinkX Cables
Copper Cables

Active Copper Cables

Optical Transceivers

ConnectX-6 Adapter
HDR 200G InfiniBand 
PCIe Gen3 and Gen4

In-Network Computing

Quantum Switch
40-ports HDR 200G InfiniBand

80-ports 100G HDR100
In-Network Computing

1U system: 40 x 200G, 80 x 100G
Modular: 800 x 200G, 1600 x 100G

HDR 200G INFINIBAND DEVICES
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INFINIBAND DATA CENTER APPLIANCES 

SKYWAY
InfiniBand to Ethernet Gateway

8 x 100G / 200G ports InfiniBand

8 x 100G / 200G ports Ethernet

METROX-2
Extending InfiniBand to 

40km Reach 

UFM CYBER-AI
Cyber Intelligence and Analytics 

Management and Monitoring
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UFM CYBER-AI

Network setup, connectivity validation and secure cable management  

Automated network discovery and network provisioning

Network telemetry and traffic monitoring, congestion discovery

Performance, health and fault monitoring 

Centralized management for global software updates and configuration 

Job scheduler provisioning, network provisioning

Detects performance degradations, anomalies and usage changes 

Provides alerts of abnormal system and application behavior

Provides alerts for potential system failures

Management, Monitoring, Orchestration, Cyber Intelligence and Analytics 

Network Validation Congestion Mapping Prediction Dashboard

Real-Time Analysis Performance Monitoring Secure Cable Management 

https://app.powerbi.com/groups/c437a2b0-642a-4140-8596-9c9d708ef183/reports/1b0663db-3af5-4eab-9428-6d49642c27f9/ReportSection3bd3dee6032573c21a8e?pbi_source=PowerPoint
https://app.powerbi.com/groups/c437a2b0-642a-4140-8596-9c9d708ef183/reports/1b0663db-3af5-4eab-9428-6d49642c27f9/ReportSection3bd3dee6032573c21a8e?pbi_source=PowerPoint
https://app.powerbi.com/groups/c437a2b0-642a-4140-8596-9c9d708ef183/reports/1b0663db-3af5-4eab-9428-6d49642c27f9/ReportSection82438fe0783437c32d97?pbi_source=PowerPoint
https://app.powerbi.com/groups/c437a2b0-642a-4140-8596-9c9d708ef183/reports/1b0663db-3af5-4eab-9428-6d49642c27f9/ReportSection82438fe0783437c32d97?pbi_source=PowerPoint
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DATA PROCESSING UNITS (DPU)
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REINVENTING THE DATA CENTER
The Data Center is the New Unit of Computing

GPU

Accelerate Computing

AI & Machine Learning

DPU

Software defined,

Hardware-accelerated
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INTRODUCING THE DATA PROCESSING UNIT
Software Defined Data Center Infrastructure-on-a-Chip

To Software Defined Infrastructure 

on CPU
To Software Defined Infrastructure 

on DPU
From Hardware 

Appliances

Management Storage

Security Networking NVIDIA NIC

Software-defined Networking

Software-defined Storage

Software-defined Security

Infrastructure Management

Acceleration Engines

NVIDIA DPU with Arm Cores & Accelerators

Software-defined Networking

Software-defined Storage

Software-defined Security

Infrastructure Management

Acceleration Engines
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6.9B Transistors

8 64-bit Arm CPUs Cores

Dual 16-way VLIW Engine

100 Gbps IPsec

100 Gbps Video Streaming

5M NVMe IOPs

BLUEFIELD-2 
DATA PROCESSING UNIT
Data Center Infrastructure-on-a-Chip
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Multiple  OS

All Programmable Resources

Full Application on DPU

Open Source, Open APIs

Backward and Forward Compatibility

INTRODUCING
NVIDIA DOCA
Data Center Infrastructure-on-a-Chip 
Architecture

Storage
SPDK

Security
DPDK

Networking
DPDK / P4

DOCA SDK

INFRASTRUCTURE APPLICATIONS

ASAP2 CRYPTO RoT RDMASNAP

ManagementTelemetry

Infrastructure 

Management

Software-defined 

Storage
Software-defined 

Security

Software-defined 

Networking

https://developer.nvidia.com/networking/doca

https://developer.nvidia.com/networking/doca
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DOCA STACK

Applications

DPU

Management

DOCA-Libs

DOCA Driver and Runtime

RDMA
Verbs/DevX

Networking
DPDK/Kernel/P4

Storage
SPDK/Kernel

IDS/IPS/AR DPI 5T

SNAP

APU-cuNet

PGAS, SHMEM 

Security
DPDK/Kernel

P
ro

v
is

io
n

in
g

Security
SFT

Networking
P4-RT/ebpf/VMA

UCX, UCC, 

SHARP
Storage

Block storage services

ASAP^2

RivermaxBSD Sockets

O
rc

h
e

s
tr

a
ti
o

n

S
D

N
 A

g
e

n
ts

V
is

ib
ili

ty

Networking Security Storage HPC/ML MediaTelco

SNAPI

BlueField-2 DPU

D
O

C
A

To
o
lk

it

MPI
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INFINIBAND DPU
CLOUD-NATIVE SUPERCOMPUTING
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CLOUD NATIVE SUPERCOMPUTER

MULTI TENANCY CONFIGURABLE SERVICESBARE-METAL PERFORMANCE SECURITY
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BLUEFIELD DPU –
THE CLOUD-NATIVE 
SUPERCOMPUTING 
INFRASTRUCTURE PLATFORM



21

BLUEFIELD DPU - THE CLOUD NATIVE SUPERCOMPUTING 
INFRASTRUCTURE PLATFORM 

HOST

Management 

Isolation 

Security 

Monitoring

Applications

HPC / AI 

Communication 

Frameworks

HPC / AI Storage 

File System Client

InfiniBand Adapter

Acceleration Engines

InfiniBand Switch

Acceleration Engines

InfiniBand Bluefield

Acceleration Engines

InfiniBand Switch

Acceleration Engines

HOST

Applications

Management 

Isolation 

Security 

Monitoring

HPC / AI 

Communication 

Frameworks

HPC / AI Storage File 

System Client

MAGNUM IO DOCA

CLOUD NATIVE SUPERCOMPUTINGTRADITIONAL SUPERCOMPUTING
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BLUEFIELD DPU - HPC AND AI COMMUNICATION 
FRAMEWORKS OFFLOAD

21% Higher Performance

Eight servers, Dual Socket Intel® Xeon® 16-core CPUs E5-2697A V4 @ 2.60 GHz (32 processes 
per node), NVIDIA BlueField-2 HDR100 DPUs and ConnectX-6 HDR100 adapters, NVIDIA 
Mellanox HDR Quantum Switch QM7800 40-Port 200Gb/s HDR InfiniBand, 256GB DDR4 
2400MHz RDIMMs memory and 1TB 7.2K RPM SATA 2.5" hard drive per node.

Courtesy of Ohio State 
University MVAPICH team 

and X-ScaleSolutions
BlueField DPU Accelerated Not Accelerated 

BlueField DPU Accelerated Not Accelerated 

HOST

HOST

High Performance

InfiniBand

Network

HOST

BLUEFIELD DPU

Applications

CPU / GPU

MAGNUM IO

MPI 
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BLUEFIELD DPU - HPC STORAGE FRAMEWORKS 
VIRTUALIZATION AND OFFLOAD

HOST

BLUEFIELD DPU

Applications

CPU / GPU

High Performance

InfiniBand

Network
Network or 

Cluster FilesystemVirtual

DOCA STORAGE

STORAGE APP



24

HOST

BLUEFIELD DPU

Applications

CPU / GPU

High Performance

InfiniBand

Network
Network or 

Cluster FilesystemVirtual

DOCA STORAGE

STORAGE APP

BLUEFIELD DPU - HPC STORAGE FRAMEWORKS 
VIRTUALIZATION AND OFFLOAD

HOST

BLUEFIELD DPU

Filesystem Device

FS-SNAP Controller

Filesystem Driver

a.txt

/mnt/localdir

b.txt
c.txt

/mnt/nfsrdma

a.txt
b.txt

c.txt

a.txt
b.txt

c.txt
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SCALABLE HIERARCHICAL 
AGGREGATION AND 

REDUCTION PROTOCOL 
(SHARP)
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SCALABLE HIERARCHICAL AGGREGATION AND REDUCTION 
PROTOCOL (SHARP)

In-network Tree based aggregation mechanism

Multiple simultaneous outstanding operations

For HPC (MPI / SHMEM) and Distributed Machine Learning applications

Scalable High Performance Collective Offload

Barrier, Reduce, All-Reduce, Broadcast and more

Sum, Min, Max, Min-loc, max-loc, OR, XOR, AND

Integer and Floating-Point, 16/32/64 bits

Data
Aggregated 

Aggregated
Result

Aggregated 
Result

Data

Switch Switch

Switch

HostHostHost Host Host
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SHARP ALLREDUCE PERFORMANCE ADVANTAGES 
Providing Flat Latency, 7X Higher Performance
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Performs the Gradient Averaging

Replaces all physical parameter servers

Accelerate AI Performance

SHARP ACCELERATES AI PERFORMANCE

The CPU in a parameter server becomes the bottleneck
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INFINIBAND SHARP AI PERFORMANCE ADVANTAGE
2.5X Higher Performance

128 NVIDIA DGX A100

(1024 GPUs, 1024 InfiniBand Adapters)

NCCL AllReduce Performance Advantage with SHARP 
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MPI TAG MATCHING 
HARDWARE ENGINE



31

INFINIBAND MPI TAG MATCHING HARDWARE ENGINE

Matching List

Arriving 
New Messages 

Gather 
remote

data

Scatter 
to local
buffer

Expected MessageUnexpected Message

Wait for
software

Tag Matching

Posting buffers 
with Tags 

(expected messages)

Yes

No

Rendezvous
?

Hardware

Software
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HARDWARE TAG MATCHING PERFORMANCE ADVANTAGES
1.8X Higher MPI_Iscatterv Performance on TACC Frontera



33

HARDWARE TAG MATCHING PERFORMANCE ADVANTAGES
1.8X higher MPI_Ialltoall Performance on TACC Frontera
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HARDWARE TAG MATCHING PERFORMANCE ADVANTAGES
Nearly 100% Compute – Communication Overlap




