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AMD 1

Xilinx Acquisition Creates Industry’s
High-Performance and Adaptive Computing Leader

Non-GAAP EPS and
Free Cash Flow
Accretive in 1t year

Industry-Leading Diversified and Data Center Non-GAAP
Products Growing Markets Momentum Margin Expansion

6 AMD Corporate Presentation | 2022 AMDH
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Smart NIC DH#E1E
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SN1022 ;&I - IPsec 100Gbps x2 - XELERA
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P C I e P eer _t O- P eer (P 2 P) https://xilinx.github.io/XRT/master/html/p2p.html

» Direct data transfer between FPGAs or other PCle devices without using the host CPU memory

Not Supported

System Memory (Crossing different 10 Hub)

DRAM System Memory System Memory
DRAM

DRAM DRAM

FPGA Memory FPGA Memory FPGA Memory FPGA Memory

» P2P Example between FPGA and NVMeSSD
- https://github.com/Xilinx/Vitis Accel Examples/tree/master/host/p2p simple

- https://github.com/Xilinx/Vitis Accel Examples/tree/master/host/p2p bandwidth

AMDA
14 XILINX


https://xilinx.github.io/XRT/master/html/p2p.html
https://github.com/Xilinx/Vitis_Accel_Examples/tree/master/host/p2p_simple
https://github.com/Xilinx/Vitis_Accel_Examples/tree/master/host/p2p_bandwidth

Example : N-hop query for ML Feature Extraction

Graph patrtition-2

Graph partition-1 Graph partition-N
ena

O,A: o 0 O ® 6 6 0 0 O
.y o O o0 O [
o 0 O o o o O
o 0 © [ ] e—0
. I I I I | | | | |
Alveo 1

Alveo 2 Alveo N

Large number of U55C networked using Ethernet for big graph AMDZU
15
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Heterogeneous Accelerated Compute Clusters (HACC) program

» A special initiative to support novel research in

. . . AMDA1
adaptive compute acceleration for high XILINX
performance Computing (H PC) : Heterogeneous Accelerated Compute Clusters
» The scope of the program is.broad and Emmzircn Tuunois TINUS -l g ycia
encompasses systems, architecture, tools and

applications. https://xilinx.github.io/xacc/

Priority research areas for the HACCs include:

» This program was previously known as the

Adaptive compute acceleration

XACC program - Xilinx Adaptive Compute High performance computing (HPC)
Machine Learning
Clusters. Database acceleration
g Energy efficiency
(E5%) .
Compilers
A A https://jJapan.xilinx.com/support/university/ XUP-XACC.html IOT

https://japan.xilinx.com/program/developer-program/adapt-2021- Computer architecture

MY AL (FiE); L _ .
session-videos/xacc-researc-initiative.html AMDZ
16 XILINX



https://japan.xilinx.com/support/university/XUP-XACC.html
https://japan.xilinx.com/program/developer-program/adapt-2021-session-videos/xacc-researc-initiative.html
https://xilinx.github.io/xacc/
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ACCL: FPGA-Accelerated Collectives over 100 Gbps
TCP-IP - Architecture -

ACCL is a Vitis kernel and associated Pyng and XRT drivers which together provide MPI-like collectives for Xilinx FPGASs.
ACCL is designed to enable compute kernels resident in FPGA fabric to communicate directly under host supervision but
without requiring data movement between the FPGA and host. Instead, ACCL uses Vitis-compatible TCP and UDP
stacks to connect FPGAs directly over Ethernet at up to 100 Gbps on Alveo cards.

_ _ » MPI-like lib for FPGAS
» MPI for CPUs » MPI-like lib for GPUs

- Direct access to network

- OpenMPI - NCCL and RCCL
- Process on network data
CPU
CPU
..| —s | - -
am|t— BN .. [
— System Memory ._. et Memon
‘ - 1077 < network
network
GPU CONNECTX N

https://xilinx.qithub.io/xacc/publications.html Paper GitHub

AMDA
XILINX


https://xilinx.github.io/xacc/publications.html
https://www.research-collection.ethz.ch/bitstream/handle/20.500.11850/510849/H2RC21_Xilinx_submitted_version.pdf
https://github.com/Xilinx/ACCL

FPGA Collective - State of the art

» Existing FPGA-based collective solutions fall short in certain aspects

Solution Performance Flexibility Portability
Easynet High (~90 Gbps) Low High
SMi Medium (~40 Gpbs) Low Low
Galapagos Low ( < 10Gbps) Low High
ZRLMPI Low ( < 10Gbps) Low High
TMD-MPI Low ( < 10Gbps) High Low
ACCL(OUR) High (=80 Gbps) High High

AMDA
18 XILINX
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ACCL Overview

ACCL ; Accelerated Collective
Communication Library

https://qithub.com/Xilinx/ACCL

Host
Software

Control
hardware

Data-moving
hardware

AMDA
XILINX


https://github.com/Xilinx/ACCL

ACCL Host Overview

FP28 PORT

QSI;’ZB PORT QS

HOST

| app

python
driver || C++

PYNQ driver

XRT

- 0S

v

HOST
Memory

Main modules:

» Software Stack
- User application
- ACCL drivers (Python or C++)
- Xilinx Run-Time (XRT)

AMDA
XILINX



ACCL Host Software Example (Distributed NN Inference)

from pynqg import Overlay, allocate
from mpidpy import MPI

#receive binfile, ranks dict as inputs
ol = Overlay(binfile)

accl = ol.cclo
rank = MPI.COMM_WORLD.Get rank()
bs = 16384

accl.setup rx_buffers(nbufs=16, bufsize=bs,
devicemem=0l.bank®)
accl.configure_communicator(ranks_dict, rank)
accl.open _port(); accl.open_con()

txb=allocate((bs,), target=o0l.bank®)
rxb=allocate((bs,), target=o0l.banko)

ch = accl.scatter(root=0, txb,
rxb, from_ fpga=True, async=True)

ch = nn_accelerator.call(rx_buffer, waitfor=[ch])

accl.gather(root=0, txb, rxb, to fpga=True, async=False,

waitfor=[ch])

accl.deinit() #releases FPGA memory, resets CCLO

21

ACCL collectives:

» Initialize communicator
» Allocate memory

» Invoke collectives:
- Pass buffer pointers
- Move data to FPGA (optional)

» Non-blocking collective calls in host
- Asynch calls to pipeline collectives
- Chaining execution

AMDA
XILINX



22

ACCL FPGA Overview

QSE5>28 IERT

CMAC

TCP
protocol
engine
(POE)

Alveol

HOST1
— o ]
1 n PCle
python
i cct Offloadl XOMA - driver || C++
| Kernel ' PYNQ driver
CCLO
H ¢ ‘ | |Kernell | XRT |
[ 11 i
AXIS
Memory AXI HOST
(HBM/DDR) Memory

» Collective Offload engine (CCLO)

» Network Protocol Offload Engine
(TCP/UDP POE)

» Interfaces to external Vitis kernels
that access ACCL via:
- Streaming interfaces
- Off-chip memory (DDR/HBM)

AMDA
XILINX
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Send&Recv throughput

» Performance on U280 and U250 is
similar, showing that our design is
portable

» ACCL achieves higher throughput
than OpenMPI for messages larger
than 1MB

» Large message size to compensate
Initialization overhead

~
o

Throughput [Gbps]

=
o

o

w ~ U O
o O o o

N
o

—— ACCL

T = === OpenMPI

2KB 8KB 32KB 128KB512KB 2MB 8MB 32MB

Message Size

AMDA
XILINX
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Scalability and Resource Consumption

250001 —F— ACCL F2F

» All-reduce
- from 3 to 8 ranks
- message size 8MB
- 100 runs, average & variance

» Compared to OpenMPI, ACCL has
- Lower increase in execution time
- Lower jitter

» Resource consumption
- Major dedicated to TCP POE
- ACCL takes 15% LUTs on a U250
- Enough space for computation kernel

200001

— —J—~- ACCL H2H

—F— OpenMPI F2F

= —J— = OpenMPI H2H

515000-
I3
S 100001 —
5000 :'“""“'"""; _____ :—__—__:“__":
3 4 5 6 7 8
Number of ranks
Component kLUT DSP BRAM18 URAM
CCLO 78 56 169 0
TCP POE 111 0 813 1
UDP POE 23 0 115 0
CMAC 12 0 34 9
AMDA
XILINX



Versal™ Architecture - Comprehensive Overview

Adaptable Engines

@ » Re-architected for faster timing closure
* Tune for power vs. performance

- Adaptable to any workload Intelligent Engines
— ‘ * Al Compute

ADAPTABLE ENGINES

piEs e « Diverse DSP Workloads
. Dual-Core
Scalar Engines Arm®
Cortex®-A72 : Programmable NoC
« Platform Control cat u U - 4 Bandwidth
* Embedded Edge Compute & Guaranteed Bandwidt

pual-core IR | * Enables SW Programmability
cmg,:% Adaptable %0 Programmable 1/0
SW-Controlled Platform Management 2 s Engines c,'%}'t, * Any interface or sensor
cicssesescscssssescscs(®)  Paton ¢ * Includes 3.ZGb/.s MIPI
PCle Gen5, CCIX, CXL Controlley” — Protocol Engines
Q « 2X PCle® & DMA bandwidth —) « 400G/600G cores
» Cache-coherency = — - » Power-Optimized
WZ%Aeci / /EDR4 A
DDR4 Memory Cox o, ~"DDRd 7560

OG 0000000000 i
HBM B o s 18- I Dedicated Interfaces

00000 ‘ + 3200-DDR4, 4266-LPDDR4 112605 ' cymet  Cores

RF
* 2X bandwidth/pin il ‘ « Direct-RFADC and RF-DAC
) « SD-FEC
» | HBM — | Video Decoder Unit . .
= ‘ . 820GB/s Bandwidth > « H.264/H.265 decoding Transceiver Leadership
"= 1. 32GB Capacity « Up to 4x 4K UHD (or 32x 1080p) {me * Broad range, 1G —112G
* 58G in mainstream devices AMDA
25
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Delivering Adaptable Compute Acceleration

CPU

Single — Multi-Core

GPU
(Parallel)

ACAP

r

g

EEEEEN | Nue-EE-E
SW Programmable v v v
HW Adaptable - — v
Workload Flexibility v v
Throughput vs. Latency - - v
Power Efficiency R — v
Development Time With WEWW
& Complexity
Weeks Months

26

MDA
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Al Engine: Terminology

Versal Al

Al Engines
2x ARM

Cortex-A72

Adaptable
ARM Hardware

Cortex-R5

Al Engine Core

Fixed-Point
Scalar Scalar ALU Vector Vector Unit
Register " Register " "
File Non-linear File Floating-Point
Functions Vector Unit

Scalar Unit Vector Unit

AGU AGU Instruction Fetch

Load Unit A Load Unit B Store Unit £ bz Uit

Memory Interface Stream Interface

Al Engine Array

Al Engine Tile

27

a

v

ISA-based
Vector Processor

Al Vector
Extensions

5G Vector
Extensions

AMDA
XILINX



Al Engine Tile

Al Engine
> 1+ GHz VLIW / SIMD Al Engine
> 32-bit Scalar RISC processor

> Fixed and floating point vector units

Data Memory

> Each Al Engine can access 4 Memory
Modules (N,E,S,W) as one contiguous memory

Interconnect

> AXI-MM switch for config, control, and debug
> AXI-Stream crossbar for routing N/S/E/W streams

Number of Data Bandwidth per | Aggregate
Connection Type Connections Width Clock Domain Connection Bandwidth
(bits) (GB/s) (GB/s)
To North/From South 6 32 Al Engine (1 GHz) 4 24
To South/From North 4 32 Al Engine (1 GHz) 4 16
To West/From East 4 32 Al Engine (1 GHz) 4 16
To East/From West 4 32 Al Engine (1 GHz) 4 16

28

Program
Memory
(16KB)

32b Scalar
RISC Unit

Scalar ! .
Register Files Vector Register Files

Stall
Handler

Al Engine Array

Instruction
Fetch &
Decode

Unit

Fixed Point
512b SIMD
Vector Unit

Control,
Debug
& Trace

Architecture Manual am009 I

. Single Tile

Load & Store
Address
Generation
Units

Floating Point

512b SIMD
Vector Unit

Accumulator
Stream FIFO

<«— Core Mem Access
<+«—> AXI Stream

<+«—> AXI MM

<+«— Accumulator Stream

AXIM Switch

AXIS East

v
S2MME MEM MM2S
DMA I/F DMA

MEM I/F

MEM I/F

AXIS South

AMDA
XILINX


https://www.xilinx.com/content/dam/xilinx/support/documentation/architecture-manuals/am009-versal-ai-engine.pdf

Al Engine: Highly Parallel Processor Core

Fixed-Point
Scalar ALU .
Scalar Vector Vector Unit

Register : Register : .
=T Non-linear File Floating-Point
Functions Vector Unit

32-bit Scalar RISC Processor Scalar Unit Vector Unit Vector Processor

512-bit SIMD Datapath
Instruction Fetch
& Decode Unit
Load Unit AlLoad Unit BB Store Unit

Local, Shareable Memory Stream
» 32KB Local, 128KB Addressable Memory Interface
Instruction Parallelism: VLIW Data Parallelism: SIMD
Highly

7+ operations / clock cycle ‘ Parallel ’ Multiple vector lanes
« 2 Vector Loads / 1 Mult/ 1 Store » Vector Datapath
« 2 Scalar Ops / Stream Access « 8/16/ 32-bit & SPFP operands

Up to 128 MACs / Clock Cycle per Core (INT 8)

29 XILINX



Data Movement Architecture
Memory Communication Streaming Communication

Memory Memory

. . Al Al .
Pipeline = By Core = m—> Neighbor

i\ Al
Streaming
Dataflow N A " Multicast ' m '

Al
W
—— Memory Interface Cascadg ﬂ »m_’
—— Stream Interface Streaming
— (Cascade Interface AMDI
%0 XILINX




Al Engine Integration with Versal

0A0A
0E0E
v OO0
| N
(R0
m | N

- /0

> TB/s of Interface Bandwidth
>> Al Engine to Programmable Logic
>> Al Engine to NOC

> Leveraging NOC connectivity

>> PS manages Config / Debug / Trace
>> Al Engine to DRAM (no PL req’d)

31

Al Engine
Interface Tiles

PS / | / AXI-MM NOC Ext.
PMC SWICR__n »> DRAM

AXI-S

PL
Programmable

Logic
AMDA
XILINX
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oL I EE D
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® AT —DRIERESDE N
Jr ’_> /
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The World’s First ’0 Dark Silicon” Al Accelerator

Actual TOPS Achieved vs Dark Silicon

| | | |
Xilinx VCK5000

nVidia A100 2% 58%
nVidia A30 38% 62%

nVidia A10 35% 65%

nVidia T4 34% 66%

0% 20% 40% 60% 80% 100%

m Efficiency mDark Silicon

Near 100% efficiency: Achieving True Peak TOPS at Real Al Model Workloads  ampa
33 XILINX



Double Performance / Watt / $ vs Nvidia Flagship Al Cards

Perf/w

Xilinx VCK5000
nVidia A100
nVidia A30
nVidia A10
nVidia T4

0 20 40 60 80 100 120 140
Img/s/watt (ResNet-50 v1.5)

Perf/$
Xilinx VCK5000 | |
nVidia A100
nVidia A30
nVidia A10
nVidia T4
0.0 1.0 2.0 3.0 4.0 5.0
o Img/s/$ (ResNet-50 v1.5)

160

6.0

R((aismNge/tS-)S 0 Power SRP**

VCK5000 13,700 o7TW $2,745
A100 SXM 32,204 413W  $12,235*
A30 15,411 165W $4,787
Al10 10,676 150W $3,283

T4 5,423 75W $2,410

* A100 SXM pricing not available, using A100 PCle 80GB pricing instead.
SXM price is typically more expensive than PCle

** SRP captured from acmemicro.com as of Feb 22, 2022

AMDZ1
XILINX



Al Engine Delivers High Compute Efficiency

> Adaptable, ‘non-blocking’ interconnect
>> Flexible data movement architecture
>> Avoids interconnect “bottlenecks”

> Adaptable memory hierarchy
>> Local, distributed, shareable = extreme bandwidth
>> No cache misses or data replication
> Extend to PL memory (BRAM, URAM)

> Transfer data while Al Engine Computes

Compute Compute

Overlap Compute and Communication

35

Vector Processor Efficiency

Peak Kernel Theoretical Performance

ML Convolutions FFT DPD
Block-based 1024-pt Volterra-based
Matrix Multiplication FFT/FFT forward-path DPD

(32x64) x (64x32)

AMDA
XILINX



Al Engine Application Performance & Power Efficiency

Image Classification Massive MIMO Radio
(GoogleNet, <1ms) (DUC, DDC, CFR, DPD)
m Xilinx Versal w/Al Engine
m Xilinx UltraScale+
20X

40%
Less
Power

]
ML Inference 5G Wireless Power

AMDA
36 XILINX



Intelligent Engines Optimized for Any Al Application

Signal

a7,

Processing HHHL

<«— optimized —

Al Engine Architecture

1X 1X 1X 1X 1X
Compute

IES
11X 1X 1X 1X 1X

LUTs

» Optimized for signal processing AND ML
» Flexibility for high performance DSP applications
» Native support for INT8, INT16, FP32

37

A
AlE

AIE OPS/Tile AIE-ML

256 IENIEE

256 IENIL: 512
64l mNmi6 128
16 | BFLOATI6

6] Nt

161 P Pz

A
AlE-ML

a Al Inference

— optimized —

AIE-ML Architecture

Compute

Tiles 2X 2X 2X 2X 2X
2 111
Tiles

*Via software emulation

KB /Tile

1

Memory

Program
16 16
I Memory I

4
»
4
4
4

Optimized for ML Inference Applications

Maximum Al/ML compute with reduced footprint

Native support for INT4, INT8, INT16, bfloat16

Fine grained sparsity HW optimization

Enhanced FFT & complex math support AMDZ
XILINX



Intelligent Engines Optimized for Any Al Application

Signal

a7,

it

Y a Al Inference

Processing

<«— optimized —

2X INT8/16 OPs/Tile
4X INT4 OPs/Tile

k A — optimized —
>I E-ML

Reduced data
movement

Al o/ 11IE Al =1VIL K

Al Engine Architecture

1IX 1X 1X 1X 1X

AIE-ML Architecture
Reduced Al

PL Footprint Compute

INTS ES

Compute

IES
11X 1X 1X 1X 1X

2X 22X 22X 22X 2X
Tiles

LUTs

» Optimized for signal processing AND ML
» Flexibility for high performance DSP applications
» Native support for INT8, INT16, FP32

38

6] Nt

6] P2 42
*Via software emulation

L |4

KB /Tile
Data » Optimized for ML Inference Applications
32 [l . . .
Memory » Maximum Al/ML compute with reduced footprint
16 'i/rl‘é?rr;r; Bi6 » Native support for INT4, INT8, INT16, bfloat16
» Fine grained sparsity HW optimization
>

Enhanced FFT & complex math support AMDZ
XILINX



Multi-Precision Support (AIE)

Al Data Types Signal Processing Data Types

MACs / Cycle (per core) MACs / Cycle (per core)
64 8
32 4

16 2
8 8
o == ]
32x32 32x32 32x16 16x16 16x8  8x8 32x32 32x16 16x16 16 Complex
SPFP Real Real Real Real Real Complex  Complex Complex x 16 Real

AMDA
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Multi-Precision Support (AIE-ML)

Real Data Types Complex Data Types

MACS / CYCLE

MACS / CYCLE (PER CORE
( ) (PER CORE)
“ =
—
Lo
B ©
(q\|
Q Q
— —
N I
© ™ <
- o 0 i
32X32 32X16 32X32 16X16 16X16 16X8 8X8 8X4 32X16 16X16
REAL* REAL SPFP** REAL BFLOAT REAL REAL REAL COMPLEX COMPLEX

*32 Real X 32 Real is emulated

** 32 SPFP x 32 SPFP emulated using BFLOAT16 (following this paper). Not IEEE-754 compliant. Performances TBC
AMDZ1
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https://arxiv.org/pdf/1904.06376.pdf

Engines

RAM

Al/MLICRFT=-BIE V& S B

Intelligent Edge
Sensor & End Point

©

W XILINX

a VER§AL

VE2302
Al Compute (INT8x4)! 67 TOPS
Al Compute (INT8)?! 31 TOPS
AIE-ML Tiles 34
Adaptable Engines 150K LUTs

Processing Subsystem

Accelerator RAM (4MB) 4
Total Memory 172Mb
32G Transceivers 8
PCle® 4

Video Decode Unit (VDU) -

Power 2 15-20W

1: Total Al compute includes Al Engines, DSP Engines, and Adaptable Engines
41 2: Power Projections

Edge Aggregation &
Autonomous Systems

X
ooooooooo
.......
......
.....
.....
eee®
eee®
XXl

Accelerator

W XILINX

« VERSAL

VE2802

479 TOPS
228 TOPS
304
521K LUTs

Dual-Core Arm® Cortex®-A72 Application Processing Unit / Dual-Core Arm Cortex-R5F Real-Time Processing Unit

575Mb
32
v (PCle gen5 w/ DMA)
4
75W
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@ TV r—2a kKD RinEarJ49 00— 3y

Decoded
:‘:_, VCU Frames
g — . Buffered FPGA Accelerated
1080p 1080p Frames
b Find Crop and
‘} Alveo U30 416x416 224x224
L4

ML Job Deéeoc):ed ML Job
VMSS : Video Machine Management Metadata Management
Learning Streaming Server
VVAS :Vitis E 7747 SDK

(Vitis Video Analytics SDK) I}

TinyYoloV3 ResNet50
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%5&% iﬁﬁ ﬁﬁ:/Z7_- A Square Kilometre Array Observatory (SKAO) Telescope
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https://comtel-online.com/
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or imaging)

Search and
Timing Beams
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Ethernet Switch
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ARV b FFLAZXY-FLRO—F (EHT)
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APEX

y FU-TEATWE

JI-LX-95-9-ROATINERE
INTARIFTTT

11: PorF A 577 LEGLTERE o - ' : RS HEEE
Credit: Clem & Adri Bacri-Normier (wingsforscience.com) /ESO . 3 ARV VISRTS
£%) ALMA? Project- 7 )L X EimIEAIYIR2020FE R DB ED IO T4 7 (AIRXXE) f FISUETSE

NTL R IFET

E YIS )RERE
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66807 TF

(Credit: NRAO/AUI/NSF)

— TS590F—ILDREICHETI (201954H108)

K771~
=T

BE)MBTIT SV IR—ILIREADENDY https://www.elecs.co.jp/news/blackhole.html

By JSyhh—)LDIBEIZETD)  https://www.nao.ac.jp/news/science/2019/20190410-eht.html
e S UUIOIGION https://iopscience.iop.org/article/10.3847/2041-8213/ab0c96

T7IOUES | TIHIUES

BE) 7 TEEELT  https://alma-telescope.jp/about

https://github.com/casper-astro/casper-hardware#casper-hardware

E 3L XA A i &> TRIF L F-ACAFEEE 8 https://news.mynavi.jp/techplus/article/alma_project-9/ AMDA
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https://alma-telescope.jp/about
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https://alma-telescope.jp/assets/uploads/2019/01/ALMA2Project_201901.pdf#search=%27ALMA2Project_201901.pdf
https://news.mynavi.jp/techplus/article/alma_project-9/
https://www.elecs.co.jp/news/blackhole.html

YADDLE-MD

FPGA-based Molecular Dynamics Engine

YADDLE-MD is Snowlake’s groundbreaking molecular dynamics engine. Depolyed on Xilinx’s powerful
FPGA-based Alveo accelerator cards, the YADDLE-MD delivers extraordinary performance unmatched
by competing architectures. Moreover, YADDLE-MD has outstanding efficiency and scalability.

== dg] - 200 Gbps 3D-Torus
i s cross-node
« 10 Gbps Ethernet interconnection
between nodes v C between cards
. g2 ;
[On CPU side] pidd é g K ] @@) [On FPGA side ]
-] =
- No MD computing i g é N | @@) « Full MD computing
and communication T i N @@) and communication
« Dispatch s (( : : @@) « Pairsearch
« Monitoring - g, « Bonded/Nonbonded
« Collection - Long-range
16 Alveo cards per node electrostatics

 Integration
« Constraints
« Communication
@ SRR FE hitp://www.snowlake-tech.com/ AMDZ
XILINX
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YADDLE-MD

FPGA-based Molecular Dynamics Engine

Molecular Dynamics_]

) W Molecular dynamics modeling
RS § is used in drug research and
discovery

Summit Supercomputer, ORNL, USA
1024 nodes

1.1
A \
yﬂﬂnGreen %\ Scalable

When clustered

0.25 '
m . B

GPU FPGA GPU FPGA GPU FPGA {
Performance A00 Watt 100 Watt 16 Hundreds

=} -
16x U55C per node

http://www.ks.uiuc.edu/Research/namd/benchmarks/
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Cascaded FPGA Accelerator with PTU @ - Intellectual Highway

(Protocol Termination Unit ; TCP/IP Offload Engine) (melleowal Hignnays PIE)
ps://www.i-highway.com/
FPGAREDERGETARAT V)7 —2a vz B 5ICEH T DM
Multiple FPGAs are connected via Ethernet (25G/100G) without Alveo Alveo Alveo
any interaction with its host PCs. [Service
-> CPUIC B /—FRI CEE LR vk T — 15k M) FPGA [mp | mp oA [mp
Whole HW Implemented TCP/IP stack with security features Service
=> RELEEBELATUO—DER o N7y MEXEL .
Multiple TCP Sessions (over 10,000) which allows each
Data Flow to be conveyed in individual TCP Session et —— S L v — R L
=> BEBRT—5EUT4 Dynamic Service Switch
PTU Alveo U250

———— N - Alves 299 E R :".5' PYYTYERRTY D , Se rvice

o | e T — _ - | FPGA FPGA | mp
. Frasen ‘ — (Comami Py _J: ‘"":* Bl MY ’ i Y e k I A
; 2| =2 = "hymac : = g Alveo ’ ' Alveo

I 1 : : : Function Service
— : ! ! Alveo
3 :
SRR RN R RN NRNRERRRREET AMDa
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HPC: AvEa—4—XBEIL =71’ (CAE)

Ansys LS-DYNA

» LS-DYNA: ERRERTRY J L (FEM)
- FEM ZFRALCHEHRF O SMEEEE 2L —2ay
. EmROEHEEE DI AL —La B R

y KIFFESIaL—321d CPU TlIEEER VL E
TA)AR T—XTOFvDER

- TAEAERE => T—ET7VEANEDERT . T—2FLHHE
Foavy. avEa—K)Y—RERE

- FoFVT vl aDHAXIEER => KRELT—2E5ED
AEYTOEANME = HRELIE. BEEHEX

» Alveo U55C (3742 /4 DBREBZS
- TRIEEET OV IRENATZARKICAN)—32T
- T—A—N\RI. T—RL—/N A EBEEEEHNRITIXL
RBET —RAINATIAVEIEE
- 16GB HBM2 *E!J (32 HBM channels@ 460GB/s) > >4 JL
TNARIZAR = KELGT—R2LN ATV T IV ERIEFE

- LS-DYNAD 1—RAH5—RTIZCPUDSED 4 e EIR
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« National Crash Analysis Center [Z&5 Silverado €7 /L
« 700k DEFR (KR E L + VyFEE—L)
cBREavEL— AT

1,200 #

8 x Alveo U55C CPU

T DREE > 12M

nnzs: JEFTAEZD %L -900M

BfE (B): JIPCG VIL/A—DE{THR

CPU ETFJL: 427 JL Xeon Platinum 8260L @2.4GHz. 1.5TB AE!)
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LEWIS RHODES LABS —NPUsearch ™ Integrated Search-in-
Storage on Samsung SmartSSD® CSDs powered by Xilinx FPGASs

Neuromorphic Processing Unit (NPU) is the core of NPUsearch. Designed with
the fine grain parallelism, hierarchical structure, it is highly efficient pattern
matcher to accurately and rapidly scan data. Full content search of unindexed
data is regex accessible via JupyterNotebook or other Python-based interface.

51

CPU based architecture

NETWORK

> Inconsistent search capacity

> CPU-intensive cost profile

> Move all data to CPU to search
> Heavy network requirements

> High volume of data flow

> Unable to scale performance

NPU search-in-storage architecture

> Rapid, deterministic search
> Reduce CPU costs

> Move only data of interest
> Light network demands

> Minimize data flow

> Scalable search capacity

> Lower power consumption

Performance

<
R
5
L
e,éc [
Q{)‘o i1 Orders of
< | magnitude
I

CPU-based indexed search

>

Data Volume

edNPU
searc

96TB NPUsearch storage appliance

.
SSD — XILINX. ¢
Controller g FPGA

SAMSUNG

4TB V-NAND
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Auperatt 127Uk ETHABITY) 2—23Y

https://japan.xilinx.com/products/boards-and-kits/vck5000.html

Aupera VMSS (Video Machine Learning Streaming Server)
V) 1—2a IEBHDTIL HD hASHEDEE EMEGEY—X
Y R—bL. AT DHERNERFTEEETLET
BEHOHRBET L ZRFFICEITAIRE T, EEMMNDIELAT
VTHREDEWMEREEHILET, %ﬁn—d\@:xh (TCO) ’a_'f
IR TESENFHTT,

VCK5000 VMSS Pipeline

BufferNV12 19 C 108

1 1‘:3 ’ 24)

Alveo U30 [

VMSS
/ Client
Host CPU ‘

(224x224)
YoloV3 3x resnet18
VCK5000
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Advantage of VCK5000 VMSS

1. High stream capacity (1080p/30fps x32)
2. High throughput (2x Nvidia T4)

3. Low latency (avg 300ms)
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AMD Alveo Parallelism

Natively networkable for

Function level Pipelining scale-
el

time

Large number of Compute elements
and Custom super efficient circuits

[ ) | x PLRAM [ datancas,
L¥ L 3 rdces
Duiphe dls I FLRAM Timia
i » " = siraam
HOST ‘ F——1 . HKERHEL L
HBM | EI-I- |4 - Max K
e r——— 1 | MM g nces
mowwr | “'I | ard indicas
# srarnals M -
18 PE TR prmires dal hom
FrgaTdlial mli ol o W
L1 vk noeasrs
o ol Blan bbr
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out

32 memory channels for
parallel stall-free access

Custom Data Width and
Movement

L]
e ]

Vector Opl

1

Vector Op2

1

Vector Op3

Next
iteration
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» FPGAEZE DI TARRZEBIEREK DI DA—RF—X[ZDNTHEN 1=
» U TOHEEEENT CET/INTA—I AR HEEH. ARXNMZER

55

Memory vs Cache

Heterogeneous device architecture (Versal AIE/AIE-ML)

Flexible Data width/type, data type optimization, data movement optimization
Pipeline

Massive parallelism

Direct network

Compute near data

BRETDRZH Sz HHEE

Alveo, Versal, Vitis, HLS, Silexica, 547 73'J, Model Composer, ACCL (MPI-Like), ...
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