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THE OPPORTUNITY TO PROVIDE VR/AR/VGPU
OVER 5G

A Convergence of Visual Compute and 5G and a new Edge Topology

’Iﬁ\

|

i

Powerful GPUs Bandwidth and Low Latency Compute is at the Edge
Incredible compute capabilities redefining Both are required for VR/AR Very few hops - Low Latency
graphics




ENTERPRISE MARKET PENETRATION

The Debate of Whether VR is Viable in Enterprise is Over

Training
Entire Design Process, Possibly the Largest
Sales, Moving to Nurulize Market
Construction e
M&E

Virtual Production

Autodesk £

Automotive Location-Based Entertainment
Engineering, Design, Marketing/Sales Enterprise/Consumer



BY FACILITATING CHANGES TO THE FCX-001 DESIGN IN VR,

VIVE HELPED BELL SAVE TIME AND MONEY.




ENTERPRISE AR

Driving Value Propositions

DIGITAL MODELS ANNOTATED
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VISION

1977 HPC = 1997 HPC 2017 HPC

Today, everyone is a high-performance computer user, with
GPUs in phones, tablets, desktops, game consoles, and cars

6 <ANVIDIA



VISION

Power User Technology Pervasive

FUTURE VR

W N



FILM CGI: CONCEPT TO PHOTONS

Direction

1 |

Performance
Script Modeling
Characters Rigging Particles )
Costumes —  Animation —  Triangles Path Tracer CC?)rlT:)EOGS:’gedS
Sets Texturing Sub-D
Lighting
Simulation (Hours)



3D GAME SYSTEM

Direction
Performance
Script Nl\gggil:\;g
Characters = . :
Costumes Animation Particles Al HDMI Dés(')FIJ_lIay
Sets —  Texturing Triangles —Network Sync z
Lighting Simulation 2 MPix
Simulation

a

User Input

9 <ANVIDIA



/X THROUGHPUT INCREASE

3D GAME = MODERN VR =

(1920 X 1080 @ MIN 30 FPS) (3024 X 1680* @ MIN 90 FPS)
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Particles
Triangles

» LR A0 L shalfe Lpostexe L _FPMI,
—Network Maps Sync
Simulation

A

3

Shadow

User Input

* Includes depth of field, reflections, fog, color grading, motion blur, antialiasing

1"
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Particles
Triangles

Al
- Network
Simulation

MODERN VR SYSTEM

Head Tracking

Rasterization Time Warp

HDMI,
Sync

User Input and Tracking

2 “ZNVIDIA.



LENS DISTORTION

Rendered Image Optics User’s View

13 ZINVIDIA



Particles
Triangles

Al
- Network
Simulation

A

A

MODERN VR SYSTEM

Head Tracking

o Time Warp +
Rasterization gy | ens Distortion

HDMI,
Sync

User Input and Tracking

14
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Gaming as an Example

+ Motor Cortex is Fast

* Cortex to muscle -
10’s of ms

Right cerebral
cortex

- Hiding Latency May Trick \e 2 S _
the Visual System - aw Left side muscles

* But, you’re late on
the activity

rd segment

Spinal

15 <“ANnVIDIA



<A NVIDIA
RISE OF GPU COMPUTING

GPU-Computing perf

1.5X pey

1990 2000 2010




PASCAL

SHADER | COMPUTE

13 TFLOPS FP32

50 TOPS INT8

11.8 Billion xstr | 471 mm? | 24 GB 10GHz

TURING

TENSOR CORE RT CORE

125 TFLOPS FP16
250 TOPS INT8
500 TOPS INT4

10 Giga Rays/Sec

SHADER | COMPUTE
16 TFLOPS + 16 TIPS

18.6 Billion xstr | 754 mm? | 48+48 GB 14GHz

17
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3D GAME SYSTEM IS CHANGING WITH TURING

Direction
Perform;mce
Script Nl\gggil;gg
Characters .93 -
Animation ; Al Display
Cosét:tr;‘es —  Texturing — -IFgratr]éllgz —Network Sr,:fadéw Rasterization 1! AOI! Shade !#Post FX* Q%ACI’ 30Hz
Lighting Simulation 2 MPix
Simulation A

User Input



What is the 5G Topology? And, When?

- 4G
« US - 60ms

e Others - 30ms

+ 5G
* Sub 60ms inner ring

* 5ms outer ring

- Nested Latencies

* Geometry 5ms,
Haptics 10-20ms, Gl
40ms, etc...

19 <“ANnVIDIA



5G + VR/AR/VGPU AT THE
EDGE IS A SIGNIFICANT
OPPORTUNITY

Requirements:
Ultra Low Latency
High Bandwidth
Cutting-edge Compute
Cost Effective Delivery
Valuable Use Cases




Software/Hardware Stack Demands a Diverse Effort

Containerized
Edge Applications
5G transmission [ .
Enabling SDKs
Low Latency
Streaming
Fundamental GPU |
Drivers
Virtualization
5G Network
............... e - ;... ~ E V]Sual Comput]ng
: : and Al
Cloud

Orchestration

21 <ANVIDIA



Mission: A Learning Environment for Edge Providers/Users

+ Limited-lifetime and Quantity POC
Development/Learning Environment

- Define Next Gen. (GTM) Software/Hardware
Stacks

* Run multiple stacks

22 <ANVIDIA.






