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DATA CENTER IS THE NEW UNIT OF COMPUTING

Monolit hic
Sof t ware-Def ined 

Dat acent er
Disaggregat ed,

Micro-Services,  Scaled Out
GPU-Accelerat ed

Comput er
DPU-Accelerat ed

Dat a Cent er Inf rast ruct ure

EVOLUTION OF THE DATA CENTER
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INTRODUCING THE DATA PROCESSING UNIT
Sof t ware Def ined Dat a Cent er Inf rast ruct ure-on-a-Chip

To Sof t ware Def ined Inf rast ruct ure 

on CPU
To Sof t ware Def ined Inf rast ruct ure 

on DPU
From Hardware 

Appl iances

Management St orage

Securit y Net working NVIDIA NIC

Sof t ware-def ined Net working

Sof t ware-def ined St orage

Software-defined Security

Infrastructure Management

Acceleration Engines

NVIDIA DPU with Arm Cores & Accelerators

Sof t ware-def ined Net working

Sof t ware-def ined St orage

Software-defined Security

Infrastructure Management

Acceleration Engines

Microservices East-West Traffic Storage Access Zero Trust Security
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DPU Cores for Inf rast ruct ure

Server Cores for Appl icat ions

Regular NIC Feat ures

NAIVELY MOVING WORKLOADS TO NIC CPUS DOESN’ T WORK

18 DPU Cores Replace 12 Server CPU Cores —
No Gain in Performance or Ef f iciency

Not  compat ible for higher bandwidt h wit hout  requiring 
signif icant  syst em modif icat ion

Shift CPU Workload 
to DPU Cores

Tradit ional Server – 30 Tot al Cores Server wit h Non-Accelerat ed DPU Of f load – 36 Tot al Cores

Regular NIC

Server Cores for 
Inf rast ruct ure

Server Cores for Appl icat ions
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DPU MUST INCLUDE HARDWARE ACCELERATION

DPU Accelerat ors and 8 Arm Cores Replace 
20 t o 120 CPU Cores —HUGE Ef f iciency Gain

DPU accelerat ors and 8 
Arm cores replace 20 t o 

120 CPU cores—HUGE 
ef f iciency gain

Arm cores run cont rol 
plane or securit y 

workloads requiring 
domain isolat ion 

Today’s Environment Of f load,  Accelerat e,  Isolat e

CPU

VMs Cont ainers

Inf rast ruct ure Management Sof t ware-def ined Securit y

Sof t ware-def ined St orage Sof t ware-def ined Net working

NVIDIA NIC

Accelerat ion Engines

NVIDIA DPU wit h Arm Cores & Accelerat ors

CPU

VMs Cont ainers

Accelerat ion Engines

Inf rast ruct ure Management Sof t ware-def ined Securit y

Sof t ware-def ined St orage Sof t ware-def ined Net working

Arm Cores Run Cont rol 
Plane or Securit y Workloads 
Requiring Domain Isolat ion 
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NVIDIA DPU ROADMAP
Exponent ial  Growt h in Dat a Cent er Inf rast ruct ure Processing

2020 2022 

1X

10X

100X

BlueField-2
7B Transist ors
9 SPECint *
0.7 TOPS
200 Gbps 

BlueField-3
22B Transist ors
42 SPECint *
1.5 TOPS
400 Gbps

BlueField-4
64B Transist ors
160 SPECint *
1000 TOPS
800 Gbps

2024 

DOCA —ONE DEVELOPMENT ARCHITECTURE

* SPECint 2k17-rat e
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22 Bil l ion Transist ors

400Gb/ s Et hernet  & Inf iniBand Connect ivit y (1-4 Port s)

PCIe Swit ch Gen 3/ 4/ 5 x32+x4

400Gb/ s Crypt o /  Securit y Accelerat ion

330M PPS,  80M PPS at  scale of  mil l ions of  f lows

18M IOP/ s Elast ic Block St orage

300 Equivalent  x86 Cores

42 ARM SPECINT2k17

128b DDR5-5600

CONNECTX-7

DATA PATH ACCELERATOR

PCIe GEN 5.0

DDR5 MEMORY INTERFACE

ARM CORES

ACCELERATION 

ENGINES

First  400Gb/ s Dat a Processing Unit

NVIDIA BLUEFIELD-3 DPU
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NVIDIA DOCA

Sof t ware Development  Framework for BlueField DPUs

Of f load,  Accelerat e,  and Isolat e Inf rast ruct ure Processing

Support  for Hyperscale,  Ent erprise,  Supercomput ing and 
Hyperconverged Inf rast ruct ure

Sof t ware Compat ibi l i t y for Generat ions of  BlueField DPUs

DOCA is for DPUs what  CUDA is for GPUs

Enabl ing Broad BlueField
Part ner Ecosyst em

CYBER SECURITY EDGESTORAGE
PLATFORM

INFRASTRUCTURE

Orchest rat ion

Management

Telemet ry

Securit y Net working St orage

Accelerat ion Libraries

DOCA
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BLUEFIELD-3 PROGRAMMABLE ENGINES

ARM 16 Arm A78 cores

Ful ly programmable OS

Apps/ services,  service chaining

Cont rol Pat h /  Slow Pat h

Memory t o Memory Accelerat ors

Dat apat h 

Accelerat or
16 cores,  256 t hreads

Programmabil i t y t hrough DOCA

Heavy mult i-t hreading appl icat ion 

accelerat ion

ASAP2 Programmable packet  processor 

f low pipel ine

Flow t able based

Dat a Pat h
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NVIDIA DPU SYSTEM ARCHITECTURE

DRAM

Syst em

Level

Cache

Arm CPU Complex

Dat a Accelerat ion PCIe Swit ch

Host

PCIe Swit ch

NIC Subsyst em 

SSDs /  GPU Net work

DPA

RDMA /  TCP /  UDP

ASAP2

Et hernet  /  Inf iniBand

DPA – Dat a Pat h Accelerat or  |  RDMA – Remot e Direct  Memory Access |  ASAP2 –Accelerat ed Swit ching and Packet  Processing 

Server Class CPU subsystem

Dat a cent er operat ing syst em cont rol plane

Isolat ed memory subsyst em opt imized for net working

NIC subsystem

Isolat ed boot  domain,  real t ime OS

Accelerat ing dat a pat h at  l ine rat e

PCIe subsystem 

Flexible EP/ DP assignment ,  PCIe swit ching,  NTB,  p2p 
communicat ion,  opt imized for IO

Data acceleration

Accelerat ing ARM workload
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DPU ACCELERATED SWITCHING AND PACKET PROCESSING  
Programmable Dat a Pat h |  Sof t ware-Def ined Orchest rat ion

BlueField

Bare Met al  Host

ARM

Hypervisor

SDS

SDN

NVMe Net

IO Processors

RDMA /  TCP Pipel ine

ASAP2 Pipel ine

Inf iniBand/ Et hernet

Virt ual PCIe Swit ch

BlueField DPU

Net work

Accelerat ed Sof t ware Def ined

 Virt io-Net / Ot her Emulat ion  eSwit ch management

 QoS & schedul ing  Connect ion Est abl ishment

 Telemet ry and st at ist ics  Key Associat ion

 Micro Segment at ion  Monit oring & St at s

 Encrypt ion (Ipsec /  MACsec)  IDS /  IPS /  WAF

 Tunnel ing (VXLAN /  GRE)

 NAT

 Rout ing

 ACL

Cont rol Pat hDat a Pat h
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100G OVS-DPDK – VXLAN & CONNECTION TRACKING
Fast er Performance |  Lower CAPEX 
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t o 120 addit ional 
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BlueField-2 P-series DPU,  100GbE Single Port  Card  |   AMD EPYC 7742 64-Core Processor

X86 &
Commodit y NIC

BlueField-2 X86 &
Commodit y NIC

BlueField-2 X86 &
Commodit y NIC

BlueField-2

~60X ~20X
~120
Fewer 
Cores

120
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DPU ACCELERATED STORAGE PROCESSING
Programable Dat a Pat h |  Sof t ware Def ined Orchest rat ion

Accelerat ed Sof t ware Def ined

 NVMe /  Virt io-Block Emulat ion  LVM /  RAID cont rol plane

 Dat a Reduct ion,  Erasure Coding  Key Associat ion

 Dat a at  Rest  Crypt o & Int egrit y  QoS Monit oring & St at s

 RDMA – RoCE /  Inf iniBand,  TCP  Namespace/ cont rol ler 

management

 Dat a-in-Fl ight  Encrypt ion

BlueField

Bare Met al  Host

ARM

Hypervisor

SDS

SDN

NVMe Net

IO Processors

RDMA/ TCP Pipel ine

ASAP2 Pipel ine

Inf iniBand/ Et hernet

Virt ual PCIe Swit ch

BlueField DPU

Net work

Dat a Pat h Cont rol Pat h
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STORAGE NVME-OF PERFORMANCE
Lat ency Det erminism |  IOPs Ef f iciency
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Collect ive of f load wit h UCC accelerat or 

Smart  MPI progression 

User-def ined algorit hms

1.4X higher appl icat ion performance

Accelerat ion Engines

Magnum IO DOCA

Accelerat ion Engines

Accelerat ion Engines

Accelerat ion Engines

Appl icat ions

Appl icat ions

Inf iniBand Swit ch

Inf iniBand Swit ch

Inf iniBand BlueField DPUInf iniBand Adapt er

HostHost

HPC /  AI 

Communicat ion 

Frameworks

HPC /  AI 

St orage:  Fi le

Syst em Client

Management

Isolat ion

Monit oring

Management

Isolat ion

Monit oringHPC /  AI 

Communicat ion 

Frameworks

HPC /  AI 

St orage:  File 

Syst em Cl ient

Cloud-Nat ive Supercomput ingTradit ional Supercomput ing

DPU ENABLES 
CLOUD-NATIVE 
SUPERCOMPUTING
Mult i-Tenancy wit h Zero-Trust  Securit y
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IMPROVING NON-BLOCKING MPI PERFORMANCE
44% Fast er for MPI iAl l t oal l ,  36% Fast er for MPI iAl lgat her

Source:  Cour t esy of  Ohio St at e Universi t y MVAPICH Team and X-ScaleSolut ions
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BlueField-2 DPU

Et hernet  NIC

SDDC Securit y Telemet ry

NAT |  DDOS |  Reverse Proxy

Game
Graphics

Driver
Video

DPU ISOLATES GEFORCE NOW CLOUD GAMING
Isolat ed and Secured Inf rast ruct ure |  More Concurrent  Users

BLUEFIELD-ACCELERATED

CLOUD GAMING SERVER
TRADITIONAL CLOUD

GAMING SERVER

10ms

Encode

5ms

Game Engine

40ms

Decode

5ms

User Input

10ms

Render

10ms

<100ms

GeForce NOW Pod

10ms

Game
Graphics

Driver
Video

Driver Accelerat or St reamer Accelerat or

SDDC Securit y Telemet ry

NAT |  DDOS |  Reverse Proxy
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Accelerat e 5G or AI – Ful ly fungible – Ful ly programmable

Support  for CUDA,  DOCA – Toolchains,  SDKs,  Libraries

Secure,  Isolat ed,  Accelerat ed dat a processing

Domain specif ic accelerat ion for 5G,  AI,  Net work Securit y

Ful ly opt imized dat a pat h

Appl icat ions

Appl icat ions

vRAN Core Net work

NIC

HostHost

DPU-GPU Accelerat ed 5G

Homogeneous,  Common Programming

Tradit ional AI-on-5G Plat forms

Het erogeneous,  Mixed Programming Models

DPU ENABLES 
FULLY INLINE 5G 
NETWORK PROCESSING
Off load,  Isolat e,  Accelerat e 5G Inf ra

Accelerat ion

VRAN Accelerat or 

(FPGA/ SoC)

AI Accelerat or

(GPU)

Bluef ield-DPU GPU

AI
Signal 

Processing

ASAP2

CUDADOCA

Aerial VRAN 

St ack
Core 

Net work
AI Apps

5T for 5G

UPF
Crypt o,  

DPI
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SUMMARY

The CPU can no longer do it  al l

Must  of f load & isolat e server inf rast ruct ure t asks t o a DPU

Ef fect ive DPU must  of fer hardware accelerat ion and securit y isolat ion

To enable such ef fect ive DPU,  need t o develop broad sof t ware eco-syst em t o ut i l ize hardware accelerat ion across 
variet y of  discipl ines (e.g.  HPC,  AI/ ML,  St orage,  Net working,  Securit y) - DOCA

BlueField-3 includes new dat a pat h accelerat or,  support s 400 Gb/ s wit h of f loads

NVIDIA DPU archit ect ure & DOCA is a comput ing plat form wit h r ich st ack  opt imized ideal for AI,  bare met al cloud,  
cloud supercomput ing,  gaming,  5G wireless,  and more

NVIDIA DPU Enables t he Dat a Cent er as t he New Unit  of  Comput ing
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