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TWO FORCES SHAPING COMPUTING

40 YEARS OF CPU TREND DATA ALEXNET: THE SPARK OF THE MODERN Al ERA

GPU Computing

30-year era of Moore’s law is ending
Machines can learn with Al, but need massive computer power
Optimizing GPU systems, software, and algorithms is the path to 1,000X speed-up
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EXPONENTIAL GROWTH IN COMPUTING DEMAND

DATA SIZE GROWING

Al RESEARCH GROWING

Al MODEL COMPLEXITY GROWING

Zettabytes Generated

Papers Submitted to NeurlPS & CVPR
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NVIDIA CUDA-X IS THE ENGINE OF Al
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System Memory

GPU OPTIMIZED

SYSTEMS
With GPUDirect Storage

100 GB/s

i
NICs




100 GB/s
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CUFILE AND GPUDIRECT STORAGE

Architecture of the Stack

cuFile API

Application
For applications

APPLICATIO
NVFS Driver API

For filesystem, block, and storage drivers
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BANDWIDTH SCALES TRANSPARENTLY
Architectural Peak Bandwidth

Bandwidth (GB/s) 25 GB/s Peak Bandwidth (GB/s) 50 GB/s Peak
Bandwidth (GB/s) 100 GB/s Peak Bandwidth (GB/s) 150 GB/s Peak
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EXTREME FILE 10 BANDWIDTH
Up to 10x Bandwidth Per Core

Bandwidth (GB/s)

Bandwidth (GB/s) O_DIRECT + Copy
Bandwidth (GB/s) Buffered Read + Copy
Bandwidth (GB/s) GPUDirect Storage

4KB 8KB 16KB 32 KB 64KB 128KB256KB512KB 1MB 2MB 4MB

10 Size

Bandwidth per Core (GB/s)

Bandwidth per Core (GB/s) O_DIRECT + Copy
Bandwidth per Core (GB/s) Buffered Read + Copy
Bandwidth per Core (GB/s) GPUDirect Storage

4KB 8KB 16KB 32 KB 64KB 128KB256KB512KB 1MB 2MB 4MB

10 Size
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SCALED APPLICATION PERFORMANCE
Up to 20x Faster with GPU Accelerated TPC-H Query 4 Scaling on EXT4

Startup © Memory Alloc " Data Load mGPU Query 1 (Wamup) = GPU Query 2 mCleanup Startup mGPU Query 1 (Wamup) GPU Query 2 m Cleanup
(msec) (msec) (msec) (msec) (msec) (msec) (msec) (msec) (msec) (msec)

SF1K - Buffered Copy

SF1K - GPUDirect Storage . -

1K - GPUDirect Storage

SF10K - Buffered Copy I -

SF10K - GPUDirect Storage |
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SF10K - GPUDirect Storage _ -
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<A NVIDIA. DEVELOPER

F O R MO RE I N F O RMA I I O N Al / DEEP LEARNING  AUTONOMOUS MACHINES ~AUTONOMOUS VEHICLES  DATA SCIENCE

GRAPHICS / SIMULATION  HPC  SMART CITIES

HPC Al / DEEP LEARNING DATA SCIENCE

Join the GPUDirect Storage interest list in order to:

n and CJ Newburn | August 6, 2

Provide feedback _
Keeping GPUs Busy

Extend With Other f-iles Stems As Al and HPC datasets continue to increase in size, the time spent loading data for a given application begins to place a strain on
y the total application’s performance. When considering end-to-end application performance, fast GPUs are increasingly starved by
slow 1/0.

1/0, the process of loading data from storage to GPUs for processing, has historically been controlled by the CPU. As computation
shifts from slower CPUs to faster GPUs, I/0 becomes more of a bottleneck to overall application performance.

Just as (Remote Direct Memory Address) improved bandwidth and latency when moving data directly between a
Tec h n-ical b log a n d l-i n k to S-ign u p . network interface card (NIC) and GPU memory, a new technology called GPUDirect Storage enables a direct data path between
° local or remote storage, like NVMe or NVMe over Fabric (NVMe-oF), and GPU memory. Both GPUDirect RDMA and GPUDirect
h ttps . / / devb logs nv-i d -i a CO m / g p u d-i rect _ Sto rage / Storage avoid extra copies through a bounce buffer in the CPU’'s memory and enable a direct memory access (DMA) engine near
i o o the NIC or storage to move data on a direct path into or out of GPU memory - all without burdening the CPU or GPU. For GPUDirect
Storage, storage location doesn’t matter; it could be inside an enclosure, within the rack, or far away over the network. Whereas

the bandwidth from CPU system memory (SysMem) to GPUs in an NVIDIA DGX-2 is limited to 50 GB/s, the bandwidth from many
drives and many NICs can be combined to achieve maximal bandwidth, e.g. over 200 GB/s in a DGX-2.



https://devblogs.nvidia.com/gpudirect-storage/

NVIDIA.




‘M
Mellanox

TECHNOLOGIES

TECHNOLOGIES

Michael Kagan, CTO at Mellanox
© 2019 Mellanox Technologies 15



‘M
Mellanox Networking Delivers the Solution Villanox

Industry Leading Ethernet & InfiniBand End-to-End
25, 40, 50, 56, 100, 200Gb/s (and soon 400Gb/s)
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. Vaa
12.5GB/s of Storage to Every Tesla Pair Hetanox

PCI
Switch

PCI
Switch

Internal NVMe SSD storage
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Unlimited High Performance Storage when Networke fhi

Plus: Storage Networking

Advantages over s w [

Local Storage for GPUs ﬁ
“Unlimited capacity < Switch l-l:g:;‘ Switch DGX
“High Availability
"Higher Utilization

Dual port
|
Lower TCO Dual
" Less Power Ao NICs
“ Less Rack Space
. .
Easier Management e
- Lesstost Ethernet
Switches
o ot Soc NVMe-oF
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Now Storage & GPUs can Scale Independently

All because of Mellanox high
performance ultra low
latency storage networking
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NVMe, NVMe-oF & RDMA Protocols

W
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TECHNOLOGIES

Networked Storage

Network

Storage
Media

Blistorage
Il Protocol (SW)

[ Network

Protocol and Network
100 [

The Network
and the
Protocol

MUST get
faster

0.01

Target Software

SW-HW
communication

Software through work &
completion queues
\ in shared memory
IRy A [ B N IN" -~ "7 ° [
1 [} [}
1 1 1
1 1 1
Memory | : ‘
: R N :
Hardware

© 2019 Mellanox Technologies | Confidential 21 ‘



RDMA Performance

Efficient Data Movement (RDMA)

Application Application
Buffer  Network _Buffer

Kernel Bypass Protocol Offload

User

Kernel

Application
Sockets
TCP/IP

Driver

Hardware
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Microsoft Storage Spaces Throughput

12.00
10.00
100GbE
8.00 RoCE
No RDMA RDMA

With RDMA
2x Better Bandwidth

Half the Latency
33% Lower CPU

See MS demo: https://www.youtube.com/watch?v=u8ZYhUjSUol

© 2019 Mellanox Technologies | Confidential 22 ‘


https://www.youtube.com/watch?v=u8ZYhUjSUoI
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Industry Wide RDMA Adoption Millanox

NFS  SMB (CIFS)

File

SMB Direct

NFSoRDMA

RDMA

Object
RPM Ceph over RDMA )

Persistent Ceph
Memory

Windows Live
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NVMe-oF Performance with RDMA ffellanox
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Offloads 5 Mellanox

To Core

From Core. NN Compression
Compression Ratio . .
10x Improvement With Offload Secu rity <7
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Encryption = ; Cores

Allocated Cores

75% CPU Overhead
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Solutions

Pure Storage
FlashBlade
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(4) NVIDIA DGX-1

NetApp A800

(5) NVIDIA DGX-1
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(9) NVIDIA DGX-1 Servers
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Future Network Performance ftcllanox
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Future Storage Advancements

Ethernet SSDs
Remote Persistent Memory (RPM)
Computational Storage

NVMe-oF eSSD System

eBOF

eSSD

W

Mellanox

EEEEEEEEEEEE

Facebook Example — from OCP 2019

Architectural Options

MySQL / ZippyDB

MySQL / ZippyDB

RocksDB

FS [ Kernel
w ~3G8/5 RocksDB

FS [ Kernel

Drivers

100 MB/S
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