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» Al Engine (AIE) vs Al Engine-Machine Learning (AlIE-ML)
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» System Partitioning for Versal® ACAP

» Al Engine Power & XPE

» Summary
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Motivation for Al Engine

Al IS EVERYWHERE

5G Wireless Data Center Smart Machine
Radio Workloads Factories ADAS & AD Learning

—~
—_

R B oo

o |l

Technology Not Applications More
Scaling Moore’s Law / Dennard Scaling Compute Density Demanding
Performance & Power Scaling Real Time Capability
Traditional Single / Multi-core Power Efficiency

Dynamic Markets Require Adaptable Compute Acceleration

AMDA
4 XILINX
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uplic

Conceptual Device with High Compute

» Applications need (1) cost reduction, (2) power reduction, (3) more compute, (4) more programmability

» How does AMD-Xilinx meet the demands of these evolving applications?

16nm Generation _
(Zyng® UltraScale+™ MPSoC) /nm Generation

PL PL

Al Engine Array

B
PL  PL PL H o

GT p. | P P pL CT

PL

GT PL

Processing
System
& PMC

Processing
System
& PMC Pl

Goal: Increase Compute Density and Silicon Efficiency

AMDA
° XILINX
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Versal, Industry’s First ACAP

R EN s ADAPTABLE ENGINES INTELUIGENT £NG
Dual-Core
Arm®
Cortex®-A72 A\
Application ¥ Engnes
Processor TR -
——‘C—- Versa\® :
Dual-Core =
. KL Adaptab\e

Cortex-R5F Hardware
Real-Time

Processor Tngnes
» Heterogeneous Acceleration Managerer \
Network on Cnie
\ 100G WP\

» For Any Application

Multirate NS
Tinermnet PO

» For Any Developer MA Cores

AMDA
6 XILINX
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Delivering Adaptable Compute Acceleration

CPU GPU
Single — Multi-Core (Parallel)

ACAP

f

1]

.
LT T T D
Cache HEEEEN ._.—._=..=.

SW Programmable v v v
HW Adaptable - — _
Workload Flexibility v v v ~
High Throughput and Low Latency _ — v v
Device / Power Efficiency _ _ v v

Development Time
& Complexity

With ACAP Al Engine
fith LA P - =

Weeks

Months

© Copyright 2022 AMD
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Introducing the Al Engine

SW Programmable

Target Applications

o » 5G Wireless — Radio, Baseband
Deterministic » Data Center - Al Inference
Efficient » ISM — Computer Vision, Genomics
Icien » ADAS/AD — Embedded Vision
» A&D — Radar, Sonar
SIGNAL PROCESSING
ARTIFICAL INTELLIGENCE WIRELESS COMPUTER VISION

CNN LSTM MLP

Adaptable. Intelligent.

© Copyright 2022 AMD
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Al Engine

Hardened Compute, Memory, and Interconnect

Huge performance improvements vs. UltraScale+™ FPGAs
» Up to 8x compute density @ 40% lower power
1GHz+ VLIW / SIMD vector processors

» Versatile core for ML and other advanced DSP workloads
Massive array of interconnected cores

» Instantiate multiple tiles (10s to 100s) for scalable compute

Terabytes/sec of interface bandwidth to other engines

» Direct, massive throughput to adaptable HW engines
» Implement core application with Al for “Whole App Acceleration”

SW programmable for any developer

» C programmable, compile in minutes
» Library-based design for ML framework developers

© Copyright 2022 AMD

Real Time
Processor

iirate 80
PC\Ce\X DDR  HBM '58GbIS| cemet &
&C :

AMDA
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Al Engine: AMD-Xilinx Reinvents Multi-Core Compute

Fixed, shared

Interconnect

* Blocking limits
compute

* Timing not
deterministic

Traditional Multi-core

(cache-based architecture)

_____________________________

Block O

3l core | core | core
E
| 0

__________________________

Data Replicated

* Robs bandwidth
» Reduces capacity

10

Block 1

core | core | core [§

A
’ . . . ‘ ‘
* Deterministic *<—I—> :

Al Engine Array

(intelligent engine)

Dedicated | '+‘* A
Interconnect @::E

Non-blocking

Local, Distributed Memory
» No cache misses

» Higher bandwidth
 Less capacity required

AMDA
XILINX
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Software Programmable: Any Developer

9 Design

Frameworks
C/C++
ifixnet Tenfﬁ‘low Caffe

4G/5G/Radar Vision
Library L|brary Library

e Run

Programming
Abstraction Levels

Architecture
Overlay

Data Flow
w/ Xilinx libraries

Kernel Program
Data Flow w/ user
defined libraries

9 Compile

Al Engine Compiler

AMDA
11 XILINX
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Hardware Adaptable: Accelerating the Whole Application

Scalar, Sequential
& Complex Compute

Flexible Parallel Compute,
Data manipulation

ML & Signal Processing
Vector, Compute Intensive

Scalar

Arm
Dual-Core &
Cortex-A72 @

Arm
Dual-Core
Cortex-R5F

Adapt

able

Intelligent

Al Engines

:

Any-to-Any
Connectivity

Custom Memory
Hierarchy

TB/s of Bandwidth
PL-to-Al Engine

Heterogeneous Acceleration
from Data Center to the Edge

128 GB/s of
Memory B/W
per Core

Video + Al
Genomics + Al
Risk Modeling + Al
Database + Al
Network IPS + Al

Storage + Al

Delivering Deterministic Performance & Low Latency

12

AMDA
XILINX
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Al Engine Delivers Scalable Compute & Faster Compile

160

140

120

100

80

60

INT8 TOPs

40

20

13

Al Engine Compile
In Minutes

2,40
Al Engines
(133 TOPs)
\
- - DSP Engines
VU9P VU13P VC1902
(3 SLR) (4 SLR) (Mono)

Long Compile Time

(Hours to Place and Route)

© Copyright 2022 AMD

Example CNN Use-Case
» 343 Al Engine design (86% of VC1902)
» Ultrascale+™ P&R takes many hours

» Al Engine compiles in ~3 minutes

(Compile time for PL shell design not included)

343 Al Engines, 86% of VC1902

AMDA
XILINX



u

IC

Al Engine Application Performance & Power Efficiency

Image Classification Massive MIMO Radio
(GoogleNet, <1ms) (DUC, DDC, CFR, DPD)
m Versal® ACAP with Al Engine
m UltraScale+™ Device
20X

40%
Less
Power

]
ML Inference 5G Wireless Power

AMDA
14 XILINX
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Multiple Versions Optimized for Specific Applications

BEAMFORMING,

RADAR PROCESSING,
HIGH PERF. COMPUTING

Wil

— Advanced Signal Processing | Machine Learning =

» AIE: Version Optimized signal processing AND ML
» AIE-ML: Optimized for ML inference applications

CNN, RNN, MLP

» In following slides, we refer to Al Engine as the technology (common to AlIE and

AlE-ML) and to AIE/AIE-ML as the versions of this technology

16
© Copyright 2022 AMD
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Al Engine: Terminology

Versal® ACAP Al Engine Array

VAN Al Engines

Arm
Cortex-A72

Adaptable

Arm Hardware 4

Cortex-R5

PMC
Bl
[ [ [ | ==

Al Engine

Fixed-Point
Erolar o ALY Vector W vVector Unit 4
Reqgister - Register - -
File Non-linear File Floating-Point
Functions Vector Unit

v

a

ISA-based
Scalar Unit Vector Unit Vector Processor
Al Vector
Instruction Fetch Extensions
e Uit A RS Unic 6 liBTore unie ] & Becede Unit 5G Vector
Extensions
Memory Interface Stream Interface
v AMDD
o XILINX

© Copyright 2022 AMD
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Al Engine: Array Architecture

Array of Al Engines Tiles

* Increase in compute, memory and
communication bandwidth

—>

- /0
-

Modular and scalable architecture —
* More tiles = more compute

* Up to 400 per device
* Versal Al Core VC1902 device

DO0A
D00
H00E
L[] [m
HEEO
HEEC

Distributed memory hierarchy —
* Maximize memory bandwidth

Deterministic Performance & Low Latency

AMDA
18 XILINX

© Copyright 2022 AMD
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Al Engine: Tile-Based Architecture

Non-Blocking AXI-Interconnect
Up to 200+ GB/s bandwidth per tile
Communicate between Al Engine Cores
Access to PL and memory in the PL

1/O

a

ISA-based
ISA-based

— Memory Interface
—p Stream Interface
- Cascade Interface

' Local Memory

Vector Processor

Software Programmable
(e.g., C/C++)

Vector Processor

Program Memory

A

Application Specific
Vector Extensions

E.g. Al & 5G

Cascade Interface
Partial results to next core

19

© Copyright 2022 AMD

| Multi-bank implementation
Shared across neighbor cores
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Al Engine Tile

» Al Engine core

512b SIMD vector units
- Both fixed and floating point

- 16KB program memory
32b scalar RISC processor
256-bit load/read (x2) and store/write units with individual AGUs

» Up to 256KB direct core memory access

32KB local in Al Engine / 64KB local in AIE-ML

32KB north, south, east or west in Al Engine /
64KB north, south and west in AIE-ML

» Streaming interconnects

AXI Memory Mapped (AXI-MM) switch

- Configuration, control and debug
AXI-Stream crossbar switch

- Routing N/S/E & W around the array

» Debug/Trace/Profile functionality

20

Al Engine Array
EEEEEEEEEEEEEEEEEEEE
EEEEEEEENENEEEEEEEEE
EEEEEEEEEEEEEEEEEEEE
EEEEEEEENENEEEEEEEEE

Y-

D e SWest ]

Memory Access
AXI| Stream

AXI MM
Cascade Stream

- ——

Instruction Load & Store
FI\’/Irg%rgm Fetch & Address
(16KBr)y Decode Generation
Unit Units

Fixed Point Floating Point
%gg‘ﬁ‘ﬁr 512b SIMD 512b SIMD
Vector Unit Vector Unit

Scalar - .
Register Files Vector Register Files

Stall Control,

Accumulator

Debug Stream FIFO

Handler & Trace

© Copyright 2022 AMD

S2MM| MEM | MM2S
DMA | I/F | DMA

MEM I/F

AMDA
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Al Engine: Highly Parallel Processor Core

Fixed-Point
Scalar g ler ALY Vector Vector Unit

Register Register
File Non-linear File Floating-Point
Functions Vector Unit

Scalar Unit Vector Unit

- ‘ - ‘ - Instruction Fetch

& Decode Unit
Load Unit A Load Unit B Store Unit

Memory Interface SILEELL
y Interface

Instruction Parallelism: VLIW Data Parallelism: SIMD

7 operations / clock cycle Highl Multiple vector lanes
» 2 Vector Loads /1 Mult/ 1 Store ‘ ghly . » 8 /16 / 32-bit & SPFP operands (AIE)
» 2 Scalar Ops / Stream Access Parallel » 4/ 8/ 16 / 32-bit & BFloat16 operands (AIE-ML)

Up to 512 MACs / Clock Cycle per Core (INT 4 x INT 8) in AIE-ML

AMDA
21 XILINX

© Copyright 2022 AMD
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Data Movement Architecture

Dataflow
Pipeline

Dataflow
Graph

22

Memory Communication

Memory

Memory

B2

—> Memory Interface
— Stream Interface
— Cascade Interface

B3

Al Mem A\
Engine Engine

Mem
Al Al Al

Al

Al
w

Engine

© Copyright 2022 AMD

Streaming Communication

Memory Memory

Non-

 — N —
Streaming
Multicast _'w

Cascade

Streaming
AMD{1
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Tile Interconnect: AXIS

Al Engine Array

Single Tile Interconnect AXI stream switches

AXIS East i

e AXIS West

Each 32b AXIS bus 5 GB/s @ fclk = 1.25 GH

AXI Stream Master AXI Stream Slave Ports
Ports

ULION SIXV

>
4 to East 4 from East (,i_f
4to West 20 4 from West 20 -
6 to North 30 4 from North 20
4 to South 20 6 from South
m—_
Total

» Slowest speedgrade @ 1 GHz =» 144 GB/s total bandwidth per Al Engine tile

Note: B/W is shared with adjacent Al Engine tiles; Traffic between non-adjacent tiles affects the available B/W AMDZ

23

XILINX
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1/O

Al ENGINE ARRAY

» TB/s of Interface Bandwidth
- Al Engine to programmable logic
- Al Engine to programmable network on chip

Al Engine
Interface Tiles
» Leveraging NoC connectivit
ging . y PS / AXI-MM - NOC Ext.
- PS manages Config / Debug / Trace = ppyc % - - - DRAM
- Al Engine to DRAM (no PL req'd)
AXI-S
PL
Programmable Function
Logic
AMDZU
24 XILINX
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Al Engine to PL Interface

M_I-:ill_re_am - Pu‘(l ';!TFPH“ - .F\d‘l.l—n.'l'lEﬂm - |l"|.|'\.l -:IIIEﬂI'I'I - Nl bTrPH'I'I

» AXI4-Stream switches in the PL interface
tile directly communicate with the PL

- Handle most of the data movement to/from the Al .
Engine array | [ 1 | [ N v

HNoC
- Configurable bit widths (32b/64b/128b)

Array

AlEngine |2 |2
e |a

& x Gdb
8 x Bdb
& x Gdb
8 x Gdb

Programmable Logic

B seifion #AXI| Stream per Bandwidth per Bandwidth on
Communication Column Column VC1002

PL €-> AIE interface array
(Some columns are not available)

- North 32 GB/s ~1.3TB/s
- South 24 GB/s ~1TB/s

eeien #AXI Stream per Bandwidth per Bandwidth on
Interconnect Interconnect VC1902

- North 24 GB/s 1.2 TB/s

Within Al Engine Grid
(All columns are available)

—> South 4 16 GB/s 800 GB/s

Note: B/w calculation - 1 GHz Al Engine clock @ -1L speedgrade (0.7V), higher bandwidth is available with faster speed grade AMDZL
25 XILINX
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Al Engine to Programmable NoC Interface

Al Engine Tile
» In addition to the AXI4-Stream, the NoC Interface === S
tile provides a connection to the HNoC (horizontal
o
Switch
- 4 streams from Al Engine to NoC o
- 4 streams NoC to Al Engine Sstvrvff(‘:’;‘
» Each Al Engine to NoC can direct traffic between P
HNoC and the AXI4-Stream switch PL Interface Tile

Al Engine Tile

NOC Interface Tile

MM AXI4
I Switch

AXI-4

Stream

Switch

< 2oepau| Aely aulbug |y —»

- Aggregation of 32-bit Al Engine stream
into 128-bit NoC stream

vy

» The number of horizontal and vertical channels in
the device will limit b/w

Programmable Logic

Note: B/W calculation using -1L speedgrade (0.7V), higher bandwidth is available with faster speed grade

26
© Copyright 2022 AMD
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Data Movement Architecture: Device Integration

Compute
(AIE Array)
Fabric BACALEhEE Custom On-chip
(Programmable Logic) Logic Memory Hierarchy Accelerator
/O Processing Hard Memory
System Controllers
AMD1
o XILINX

© Copyright 2022 AMD
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Al Engine Delivers High Compute Efficiency

» Adaptable, non-blocking interconnect VECTOR PROCESSOR
Floxi - EFFICIENCY
) exible data movement architecture Peak Kernel Theoretical Performance

- Avoids interconnect “bottlenecks®™  ceeeeeeeiiii e

80%

» 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

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

Overlap Compute and Communication (32x64) x (64x32)

AMDA
28 XILINX
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Key differences

AMDZ1
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Computed Density/Efficiency Progression

+ Al Engine Architecture
improvements & optimization for ML

Echancad FPGA

W XILINX i ¥ XILINX
o VERSAL. » VERSAL.
; - v 2-4X _
= ol 1T Al/ML Al Engine for
T N Machine Learning:
o _ 4 > AIE-ML
o3 Real-time : Real-time
o 5X [|5X Signal Signal
E Al/ML Processing o Processing*
— + Al Engine * Similar performance expected for FFTs.
E ° - Some DSP applications might have higher
0 VIRTEX, | ZYNQ performances with AIE
2 Germrton 301C ‘ R
KINTEX”
Memcry and Bandwidth |

2017/18 2020/21/22 2023/24/25

AMDA
30 XILINX

© Copyright 2022 AMD



uplic

Versal Series with Al Engine

» Versal® Al Core Series

VC1352 VC1502 VC1702 VC1302 VC1902 VC2602 VC2802

Al Engines Tiles

Al Engine-ML Tiles

Intelligent Engines Al Engine Data Memaory (Mb
AIE-ML Shared Memory (Mb

DSP Engines

» Versal Al Edge Series

VE2002 VE2102 VE2202 VE2302 VE1752 VE2602 VE2802

Al Engine-ML Tiles
Al Engine Tiles
AIE/AIE-ML Data Memory (Mb)

Intelligent
Engines

AIE-ML Shared Memory (Mb)
DSP Engines

» Versal Premium Series

VP1002 VP1052 VP1102 VP1202 VP1402 VP1502 VP1552 VP1702 VP1302

DSP Engines

Al Engines Tiles

Al Engine Data Memory (Mb)

Intelligent

Engines

AMDA
31 XILINX
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Intelligent Engines Optimized for Any Al Application
BEAMFORMING, CNN, RNN, MLP
RADAR PROCESSING, « Advanced Signal Processing | Machine Learning =
HIGH PERF. COMPUTING ﬁa
AIE - OPS/Tile AIE-ML AIE-ML Architecture

AIE Architecture

256 NI Comout
ompute
1X 1X 1X 1X 1X 256 JLALS ol Ties [N I e N IS
Compute
- - EHEEE
11X 1X 1X 1X 1X No native support BALOAT16 Tiles
ol e o
16 | B s
UltraRAM . . . . . *Via software emulation (FP32 not IEEE-754 compliant)

LUTs

KB / Tile » Optimized for ML Inference Applications
» Maximum Al/ML compute with reduced footprint
» Optimized for signal processing AND ML 2l Mzrants )_(I ) pute Wi N Pl
. , L Y » Native support for INT4, INT8, INT16, INT32, bfloat16
» Flexibility for high performance DSP applications 16 Pogam i E ed v HW obtimizati
: » Fine grained sparsit optimization
» Native support for INT8, INT16, INT32, FP32 Memory NE grained sparsity Hv optimizat
» Enhanced FFT & complex math support
Versal® AIE-ML offers 2X Al Performance per Watt AMDZ
32 XILINX
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Intelligent Engines Optimized for Any Al Application

BEAMFORMING,

RADAR PROCESSING,
HIGH PERF. COMPUTING

— Advanced Signal Processing | Machine Learning =

CNN, RNN, MLP

AIE Architecture

AIE OPS/Tile AIE-ML

AIE-ML Architecture
256 JEENICI 1024 |
Compute

1X 1X 1X 1X 1X
Compute

Tiles

4X INT4 OPs/Tile

IX 1X 1X 1X 1X

2X INT8/16 OPs/Tile v 1 1 1 1
IES

Reduced data

LUTs

» Optimized for signal processing AND ML

» Flexibility for high performance DSP applications
» Native support for INT8, INT16, INT32, FP32

Versal® AIE-ML offers 2X Al Performance per Watt

33

movement
TO N P37 | EEaN 4
Reduced Al are emulation (FP32 not IEEE-754 compliant)
PL Footprint
T “—*Optimized for ML Inference Applications
2X Al Perf/W ximum Al/ML compute with reduced footprint
S » "Native support for INT4, INT8, INT16, INT32, bfloat16
16 |l P,\;Z?r:zr; His » Fine grained sparsity HW optimization

» Enhanced FFT & complex math support

XILINX

© Copyright 2022 AMD



M

Multi-Precision Support B AE-ML

Real Data Types Complex Data Types

MACS / CYCLE (PER MACS / CYCLE (PER
CORE) ) CORE)
0
(o]
«Q
Q Q Q
— — —
& © © m ™
2 “a =n al | m- I
32X32 32X32 32X16 16X16 16X8 8X8  8X4 32X32 32X16 16X16 16 COMPLEX
SPFP* REAL** REAL REAL REAL REAL REAL COMPLEX COMPLEX COMPLEX X 16 REAL

* 32 SPFP x 32 SPFP emulated using BFLOAT16 (following this paper). Not IEEE-754 compliant. Low accuracy mode
**32 Real X 32 Real is emulated
AMDA

XILINX

34
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https://arxiv.org/pdf/1904.06376.pdf

—> Memory Interface

A r r ay —p (Cascade Interface

» AIE-ML Array includes Memory tiles at the
bottom of the array

» All lines of compute tiles are identical in AIE-ML
- No snake shape of the cascade interface
- always from left to right and top to bottom
- Local memory is always East

- Accessible neighbor memories are always North, South
, and West

» Interfaces with PL and NoC stays the same
- However, no direct access to the AIE-ML tiles
- Interface through the AIE-ML memory tiles

35
© Copyright 2022 AMD
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— Memory Interface

INn terfaC es —— Stream Interface

-—p Cascade Interface

» AIE-ML tile has 2 directions for the cascade
iInput (North and West) and 2 direction for
cascade output (South and East)

» Cascade interface width is increased in AIE-ML

- to 512-bits in AIE-ML (16 lanes of 32-bit data or 8 lanes
of 64-bit data)

- 384-bits in AlIE

» Direct AXI4-Stream interface
- 2 X 32-bit input and 2 x 32-bit output in AlIE
- 1 x 32-bit input and 1 x 32-bit output in AIE-ML

» Stream FIFO only in AIE

36
© Copyright 2022 AMD
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AlE
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Core level

» Number of multipliers doubled in AIE-ML to 256 (int8 x int8) vs. 128 (int8 x
INt8) in AlE

» Added native support for INT4 and BFLOAT16 in AIE-ML

- Removed native support for SPFP32
- can be emulated using BFLOAT16 (not IEEE-754 compliant). Emulation following this paper

» Added support for 2:4 sparsity in AIE-ML
» Removed support for 5G specific extensions in AIE-ML

» Removed support for scalar non-linear functions (for example sqgrt, Sin, Cos,
and InvSqrt) and scalar floating point / integer conversions

AMDA
37 XILINX
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Memory Module

>

>

>

38

Memory doubled in AIE-ML to 64KB
DMA improved in AIE-ML

- Improved address generation to support 3D

addressing in AIE-ML

- Supports S2MM finish on TLAST and out-of-

order packets

- Compression (MM2S) and decompression
(S2MM)

Semaphore locks in AIE-ML vs. binary
locks in AIE

- 6-bit unsigned lock state

Al Engine Interface

© Copyright 2022 AMD

1od AIowan 1S9

Stream In _ Stream Out
Al Engine Interface 4

4 4
4 4

(S |
™

N
™

S2MM DMA (2) North Memory Port MM2S DMA (2)

South Memory Port

99¢

Al Engine Interface

1od Alows|\ 1se]

AMDA
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Mem O ry T| I O —— Memory Interface

—p Stream Interface

1/0O

» AIE-ML Memory Tile (AIE-ML architecture only)
- 512KB memory arranged into 16 banks
- MM2S and S2MM with 6 channels each

AXI4-Stream DMA

int - 6XMM2S
nterconnec STy

- 32-bit stream interfaces <
- 128-bit memory interfaces
- Support 4D tensor address generation » q
emory mappe
- Supports compression and decompression of the data 512 KB Memory Sxitch PP
- AXIl4-Stream interconnect with North and South
ports (no East and West)
» 1 or 2 rows at the bottom of the array
AMDQ1
39 XILINX
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Memory Tile

» For Each Bank
- 9 read interfaces

40

AXI-MM Read (inc. ctrl-pkts)
MM2S (MEM tile -1)

6x MM2S channels [0-5]
MM2S (MEM tile +1)

- O write interfaces

AXI-MM Write (inc. ctrl-pkts)
S2MM (MEM tile -1)

6x S2MM channels [0-5]
S2MM (MEM tile +1)

tomem read -1 <—

> tomem read +1

from MM2S -1

Bank O arbitration

(] -~ o Lo ] =+ Ly [an] -— (o] o -+ [fp]
ol |12 12| |2] |2| |2 =l |=| |=] =] |=] |=
= = = = = =
HEEIE RS E e
HEEHEEHIEIERE ol |B] D] |3 [B] |©
0
[ [ ]
| ]
1
eI .
]
UJJ |
1
AR
T =
______
() Y I

Bank 15 arbitration

Bank 0

Bank 15

MEM Tile

© Copyright 2022 AMD

from MM2S +1
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Memory Tile

o - ™ ) =T uy o - ™ ) -
MM BERE 2l E] 2] 2] |2
sl IElE S |E
SIS E R E e
HEIHIEHIEHIEHIE »| (B3] D] |B] |5
r]

_|
_I
_|
_|
_|
_|

» For Each Bank

- 9 read interfaces e ;
- AXI-MM Read (inc. ctrl-pkts)
- MM2S (MEM tile -1) e e 1 B 7 rom S 1
- 6Xx MM2S channels [0-5] ' I

=)
r
i

[
ﬁ;% s2vm 5 |

_______ A4

LIy

-i/ R A R R R TR TR \ W l/
- MM2S (MEM tile +1) N O O N O B )
Bank 0O arbitration Bank 15 arbitration

- 9 write interfaces
- AXI-MM Write (inc. ctrl-pkts)
- S2MM (MEM tile -1)
- 6x S2MM channels [0-5] Bank 0 Bank 15
- S2MM (MEM tile +1)

MEM Tile

AMDZ
41 XILINX
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AIE Cycles

AIE / AIE-ML Kernel Performance using AIE APlIs

Non-ML kernel performance (cycles) - lower is better

5000
4500
4000
3500
3000
2500
2000
1500
1000
- I l l . l
. [] - . .
2K FFT 2K FFT FIR 16t FIR 32t Matrix Mult Matrix Mult Color conversion Y Color conversion Vertical resizer LUT  Vertical resizer
(CINT16 x CINT16) (CINT32 x CINT16) 512 samples 512 samples 32x32x32 32x32x32 4k pixels uv 4k pixels 4k pixels
(CINT16*CINT16) (CINT16*CINT16) (CINT16 x CINT16) (INT32 x INT32) (INT16 x INT16) 4k pixels (INT16 x INT16) (INT16 x INT16)
(INT16 x INT16)
mAIE ®mAIE-ML
AMDA
42 XILINX
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Al Engine vs Al Engine-ML summary

- Al Engine Al Engine-ML

43

Array structure

Cascade Interface

Tile Stream Interfaces
Memory Load/Store (per cycle)
Int8 * Int8 Multipliers

Int4 * Int8 Multipliers

Format Native Support

Non-Linear Functions in scaler
processor

Tile Local Memory

Tile Local Memory DMA

Local Memory Locks

Memory Tiles

checkerboard

384-bits wide
Horizontal Direction

2*32-bit In and 2*Out 32-bit out
512/256 bits

128
128
Int8/16/32, Cint16/32, SPFP32

Yes

32KB

Boolean

No

© Copyright 2022 AMD

All lines identical

512-bits wide
Horizontal and Vertical Directions

1*32-bit In and 1*Out 32-bit out
512/256 bits

256
512
Int4/8/16, cintl16, BFloat

No

64KB

Support for 3D addressing modes
S2MM finish on TLAST and out-of-order packets
Compression/Decompression

Semaphore

Yes (512KB)

AMDA
XILINX



ML Performance Comparisons
Versal® Devices vs Nvidia Jetson Xavier and TX2

Al/ML Performance Benchmark Comparisons Notes: ,
1. Jetson benchmark data illustrates

maximum performance results
mVGG-19 * The maximum throughput
results were obtained
without latency limitation

Jetson AGX Xavier

B YOLOV3-tiny

Jetson Xavier NX m ResNet-50 and illustrate the maximum
performance that can be
mResNet-34 achieved
Jetson TX2 « https://developer.nvidia.co
® Inception-v4 m/embedded/jetson-
VCK190 96 AIES benchmarks

2. Versal Al Core VC1902 device on
5,000 VCK190 Eval Board with 96 AIESs
measured with hardware

VE2802 —/16,400 3. VCK5000 with 384 AIEs

measured with hardware. Batch
3.100 size=8, Latency=1.6ms
* Nvidia T4: 3,785 img/s
Latency = 2.1ms

VCK5000 384 AlEs

VE2302

VE2102 Iseem. 1,100

4. VE2802, VE2302, VE2102
1000 2000 3000 4000 5000 Img/s ResNet-50 performance simulated

o

AMDA
a4 XILINX
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https://developer.nvidia.com/embedded/jetson-benchmarks

Software and Tools

AMDZ1
45 XILINX



Al Engine Vitis™ Tool Flow

AMDZ1
XILINX



[Public]

Vitis ™ Unified Software Platform Guiding Principles

Extensive General and
Application-Specific

Libraries
All hardware accelerated

Single Software

Developer Toolkit
Cloud to Edge

Scalable, Unified Al Flow

For all Xilinx devices

Comprehensive

Technical Content
Continually Expanded
and refreshed

Improved Ease of Use
For Software & Al developers

Leverage Ecosystem

Well-defined and documented APIs

Consistent and compatible across releases AMDZ

>> 41 XILINX
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Q. VTS,

Unified Software Platform

Software & Al
Adaptive computing
Edge to Cloud

AMDA
>>48 XILINX
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Vitis Unified Software Platform
For Heterogenous Compute, Edge to Cloud

) .. TensorFlow ¥ XILINX XILINX MATIABR Partner
Domain-specific a VITIS & Vitis SIMULINK p Development
development Caffe Developmen

- nvironments
environments Al Video Analytics SDK = Blockchain Solution | Model Composer Networking

— - :
YItIS _ accelerated Vision & Image § Math & Linear S e N - Data Analics
libraries Processing Algebra

Compiler and Linker

. . : _ Debugger Analyzer
Vitis HLS RTL Kernel Wizard Al Engine Compiler

Vitis core
development kit

Xilinx runtime library (XRT)

Vitis target Vitis target platform
platform

AMDA
49 XILINX

© Copyright 2022 AMD
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Development Platforms for ALL Developers

Al & Data
Scientists

Application
Software
Developers

Embedded / SoC
Developers

Hardware
Developers

50

© Copyright 2022 AMD
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Vitis™ Platform Philosophy: Platforms and Subsystems

Programmable Logic + Al Engine Processing System

HW SW
Platform Platform

Subsystem #1 Firmware

PS

Subsystem #2 Firmware

Application

Subsystem #N Firmware

» Subsystems form the customer’s differentiating logic: Al Engine and PL kernels, operating under the supervision of the
processing system (PS)

» Versal platform provides essential infrastructure services (CIPS, programmable NoC, 1/Os, OS, drivers...)

» Platform insulates developers from low-level details; lets them focus on application development (SW, PL, or Al Engine)

AMDA
XILINX

51
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Vitis™ Development Flow for Versal® ACAP

Al Engine PL (HLS) PL (RTL) Platform

Vitis HW Platform XRT, Graph API
AlE drlver

AIE Kernels, Graph PL Kernels (HLS) RTL Kernels

AIE Simulation HLS Cosimulation RTL Verification

Vitis SW Platform

PL and AIE Integration (v++ --link)

Vivado HW Build

SIM Build

Timing Closure

Generate Binary (v++ --package)

SSW

A \ 4

Run on Device . HW Emulation Vivado® ML
] Profile
& o Vitis™ Platform
« VERsaL AIESIim EMU
Debug . AMDZ1
P

52 XILINX
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Al Engine API
(High-Level Intrinsic APIs)

AMDZ1
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Al Engine Programming

» Kernel Development is Difficult

- Long Development Times
- Hard to Maintain
- Difficult to optimize for performance

» Libraries / Frameworks

54

- Specific Functionality

- Do not address custom kernel development
- Internal library development is still hard and costly

© Copyright 2022 AMD

Application

User code

AIE
Intrinsics

=

Application

User code

Libraries / Frameworks

AIE
Intrinsics

AMDA
XILINX
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Al Engine API

Application

User code

» Al Engine API - Provides an easier to use
programming model through higher-level
abstraction that requires reduced knowledge
of the underlying hardware to achieve
optimized performance ﬁ

J

Application

Libraries / Frameworks

Intrinsics

User code

Libraries / Frameworks

AIE API

AIE
Intrinsics

=

o5 XILINX

© Copyright 2022 AMD
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Al Engine API - Portability

» Kernel code that is portable across Al Engine derivatives
- No need to completely rewrite to take advantage of the latest features

56

Application w/o AIE API

User code Libraries

ISA/Intrinsics ISA/Intrinsics ISA/Intrinsics

Application w/ AIE API

User code

AIE API

Libraries / Frameworks

AIE AIE-ML AIEX
ISA/Intrinsics ISA/Intrinsics ISA/Intrinsics

© Copyright 2022 AMD
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Al Engine APl — Reduced Development time

» Reduced Development time

- Equivalent performance

Easier to read code
Easier to maintain code

57

Image Thresholding

template <int N, typename T>

void threshold_16bit_orig( const intle* restrict img_in, intls* restrict img_out,

{

32

int image_width, int image_height)
1

v16intl6 * restrict ptr_img_buffer = (v16intlé *) img_in;

v16int16 * restrict ptr_out_buffer = (visintls *) img_out;

v16int16 * restrict ptr_in =(vi6int16*) ptr_img buffer;

v32int16 * restrict ptr_out = (v32int16*)ptr_out_buffer;

unsigned int temp_val=a;

v16intl6 chess_storage(WR2) data_bufl;
v16intl6 chess_storage(WR3) data_buf2;

v32int16 chess_storage(XA) constants;
v32int16 chess_storage(Xc) data out;

constants = upd_elem(constants, @, 8);  // updating constant zero_val value
constants = upd_elem(constants, 1, 188); // updating censtant threshold value

for(int j = @; j<(image_height * image width); j+=32) // 16x samples per loop ¥
chess_prepare_for_pipelining
chess_loop_range(14,)

i
data_bufi = *(ptr_in++); // imees+as | |
data_buf2 = *(ptr_in++); // in:00...15|r1:16+431] |

temp_val = 1t32(constants, 1, @, 8, @x1111,
concat(data_bufl,data_buf2), 8, @x96840288, @x@e0cads, @x3218);
data_out = select32(temp_val, concat(constants, concat(data bufl,data buf2)),
@, @, 0, 0x0000, 32, OxB6O40200, @xDe0CPaO8, 0x3210);

*(ptr_out++) = data_out;

XILINX INTER

void threshold

( const T * restrict img_in, T * restrict img_out,
int image_width, int image_height)

constexpr T zero = 9;
constexpr T threshold = 1@e;

for (int j = ©; j< (image_height * image_width); j += N) // N samples per loop
chess_prepare_for_pipelining
chess_loop_range(14,)
{
aie::vector<T, N> data_buf = aie::load v<N>(img_in); img in += N;
aie: :vectoreT, N> data_out;
aie::mask<N> m = aie::lt(threshold, data_buf);
data_out = aie::select(zero, data buf, m);

aie::store_v(img_out, data_out); img_out += N;

£ XILINX

© Copyright 2022 AMD

int16 find_max(const int16 *data, unsigned count)

{
const v32intl16 *pData = (const v32int16 *)data;
v32intl6 vec = pData[0];
for (unsigned i = 1; i < count/ 32; ++i) {
vec = max32(vec, 0, 0x06040200, 0XOEOCOAO08, 0x3210,
pData]i], 32, 0x06040200, 0OXOEOCO0A08, 0x3210);
}
vec = max32(vec, 0, 0x06040200, 0x0, 0x3210, 16, 0x06040200, 0x0, 0x3210);
vec = max32(vec, 0, 0x0200, 0x0, 0x3210, 8, 0x0200, 0x0, 0x3210);
vec = max32(vec, 0, 0x00, 0x0, 0x3210, 4, 0x00, 0x0, 0x3210);
vec = max32(vec, 0, 0x0, 0x0, 0x3210, 2, 0x0, 0x0, 0x10);
vec = max32(vec, 0, 0x0, 0x0, 0x3210, 0, 0x0, 0x0, 0x1);
return ext_elem(vec, 0);

template <typename T, unsigned N>
T find _max(const T *data, unsigned count)

{

aie::vector<T, N> vec = aie::load_v<N>(data);

for (unsignd i = N; i < count; i += N)
vec = aie::max(vec, aie::load v<N>(data + i));

return aie::reduce_max(vec);

AMDA
XILINX
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Al Engine API vs Intrinsics

» When to use Al Engine API vs Intrinsics

Reduced Development Cycles v
Maintainability v
Portability v
Performance v v
Direct Control v

AMDA
o8 XILINX
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VltlsT"" Development Flow for Versal® ACAP

AlE

AIE Kernels, Graph g

60

PL (HLS)

PL Kernels (HLS)

HLS Cosimulation

PL (RTL)

RTL Kernels

RTL Verification

PL and AIE Integration (v++ --link)

Generate Binary (v++ --package)

Platform

Vitis HW Platform

XRT, Graph API
AIE driver

SIM Build

(B)
C
o) AIE Simulation
0 |
<
| .
o
(¥ .
S
(B)
)} : :
o Vivado HW Build
o
&
o Timing Closure
O
[
©
@)
=
7))
=
>

y

Run on Device

b

A

Debug

HW Emulation

© Copyright 2022 AMD

SSW

Vivado® ML

Vitis™ Platform
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Connectivity Between Domains

61

) Bridge from D
AlE to HLS

Bridge from
< HLS to AlE (

) data (from AIE domain) tdata
AIE to RTL (AXI-Stream) RTL Kernel
) tready tvalid (PL)

o

data (to AIE domain) tdata
RTL (AXI-Stream) to AIE

{ tready tvalid

System Generator functionality
included in Vitis™ Model Composer

AMDA
XILINX

© Copyright 2022 AMD
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Mixed Domain Design: Al Engine + HDL (System Generator)

62

AIE Domain

System Generator Domain

Al Engine Design
Kernels, Graphs

Al Engine to RTL

Gateway RTL Design

© Copyright 2022 AMD

RTL to Al Engine
Gateway

AMDA
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Mixed Domain Design: Al Engine + HLS

HLS Design

Programmable logic

Al Engine to HLS

AlE to HLS

Bridge

AlE o HLS

> i I t_sample
= in_sample  HLS Kemnel out_samph

£

Model Composer Hub

polar_clip

HLS to AIE

-

Eridge from
HLS to AIE

63

Al Engine

Al Engine Design
Kernels, Graphs

© Copyright 2022 AMD

Al Engine to HLS

Bridge

AMDA
XILINX
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Model-Based Design — Simulation Support

64

Al Engine, HLS, and System Generator blocks all in the same design!

Heterogeneous Functional Simulation:

Britige froim

Al Engines

Programmable Logic

welr_peak d

3o |50
:‘.z.'a‘{ﬂm HLS Kemel  in_samph

AlE Kernel

© Copyright 2022 AMD

HLS Kernel

&

System
Generator

AMDA
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Model-Based Design — Simulation Support

Block Parameters: Model Composer Hub X

65

Model Composer Hub
Controls implementation of the model.

b4 Compilation | Hardware | Feedback
Target directory:

Jcode

Subsystem name:
aie_subsystem

Export type: | Al Engines

v Create and execute testbench

v | Allow partial matches during verification

Simulator for verification

Browse...

e

Simulation timeout (seconds)

.

. N
%86 Functional Simulator X86 SI m u I ator

OK Cancel Help

o " AIE SystemC Simulator )
¥| Al Engine SystemC Simulator ¥| Al Engine SystemC Simulator
¥| Launch Vitis Analyzer ¥ Launch Vitis Analyzer
Simulation timeout (cycles) 50000 Simulation timeout (cycles) 50000
Generate

© Copyright 2022 AMD

Block Parameters: Model Composer Hub X

Model Composer Hub
Controls implementation of the model.

Compilation | Hardware | Feedback

Target directory:

Jocode Browse...

Subsystem name:

aie_subsystem

Export type: | Al Engines
¥| Create and execute testbench

v Allow partial matches during verification

Simulator for verification

%86 Functional Simulator

Simulation timeout (seconds)

K Generay

OK Cancel Help

MMIUTL N

XILINX
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Hardware Co-Simulation

Model Browser

>> 66

Lywpen v
ﬁ Save v File Tools View Simulation Help
Gpit > @ OP® |- |w-|E-|FA-
i'e - e - -
xsdb - VCK180 - O x [N

&a | File Edit View Search Terminal Help

Match

[Common 17-259] Unknown Tcl command 'ls' sending command to the 0S shell fo ’I Match
- execution. It is recommended to use 'exec' to send the command to the 0S shell. g NMatch
golden3.h main.cpp v++ packa log | [Match

input®.h main.cpp~ v++ package 42209.backup.log Match

inputl.h main.elf v++ package 43740.backup.log Match

aie.merged.cdo.bin input2.h main.o v++ package 45282.backup.log Match
aie control.o input3.h platform.cpp v++ package 46725.backup.log Match
boot image.bif input4.h platform.h .log — Match
SMain.sh input5.h platform.o .log Match
input6.h sd card Match

input7.h sd card.img ’[ Match

lscript.ld v++.package summary Match

device program BOOT.BIN ! WMatch
1.4MB/s 00:03 ﬂ, Match

Match

Match

___Match

Match

“Match

Match

J[LMatch

y Match

Match

\ |1atch

“} Match

" ‘Match

Match

~ Match

Match

with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with
with

golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden
golden

Ending test w/ cu
Test passed.

sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample
sample

sample
sample
sample
sample
sample
sample
sample
sample

© Copyright 2022 AMD

UART - VCK180

990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
Done comparing Golden data for out3

| T=510.000
L

10129dsu) Auadoud

AMDA
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Code Generation

caraanc::

connect=
nect<
cardano::connect<

= Nets (N2, N1 32t coren 0. non:
> net8 (fir_32t_core0_0.0ut[0], fir_32t_co|

cardano::connect<
cardano::connect<

::stream > net9 (fir_32t_core0_0.out[1], Outl);
cascade > net10 (fir_32t_core4_0.out(0], fir_32t_|
::stream > netll (fir_32t_core4_0.out[1], Out2);

> net12 (fir_32t_coreI_0.out[0], fir_32t_d|
stream > net13 (fir_32t_corel_0.out[1], Out4);
cascade > netl4 (fir_32t_core5_0.out[0], fir_32t_¢
stream > net15 (fir_32t_core5_0.out[1], Out5);

nect<
cardano::connect<
cardano::connect<
cardano::connect<

nect<
cardano::connect<
cardano::connect<

cardano::connect<

> net16 (fir_32t_core2_0.out[0], fir_32t_(|

stream > net19 (fir_32t_core6_0.out[1], Out7);

» Graph Code from Al Engine sub-system

» HLS C++ code from HLS

» RTL code from System Generator =~

sub-system

67

Computing image

derivatives, Ix, Iy, It

=

Computing coeflicinet
linear equation

JE==l 3l — vold
N == ] = Lucas_Kanade(hls::stream= uint8_t =& Imageln, his::stream < uint8_t =&

=

e Q

© Copyright 2022 AMD

dhat_1

dha_Q

ImagelnDelayed, his::stream< float =& Vx, his::stream< float =& Vy)

» HLS INTERFACE axis port=Imageln

1@ HLS INTERFACE axis port=ImagelnDelayed
HLS INTERFACE axis port=Vx

 HLS INTERFACE axis port=Vy

HLS INTERFACE s_axilite port=return

12 HLS dataflow

eln_adapter_out1[2001[200];

CLK : i s
Sample clk :
end PID_Controler;

(39 downto 0):
(39 downto 0):

_1np!
Desired_input_buf
Error_gai
signal Error diff : s

signal
signal
signal
signal
signal

aHHHH

_integral

_diff gain

AMDA
XILINX
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Model Composer for Al Engine Development

Visualization (connectivity)

ascad t
R e L
{1 ) P sig ir
st t16 (c) D2 -
B e o |
fiir
. [
.
r rel
' " L - Al
L3 P Sign_ir cascadeout
AlE K
: ti6 (c) D2 —
ol CaSCadein data_out gy §
r_32t r
L—————Psign it
3 . 116 (c) D2 —
AlE Kemel data out m’:_\ a
P Even out
el CaSCACEIN Even out
r re3

graph.h

cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:
cardano:

‘connect< cardano;
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:
:connect< cardano:

'Stream > net/ (In2, fir_32t_cores_0.in[0]);
:cascade > net8 (fir_32t core0_0.out[0], fir_32t co
:stream > net9 (fir_32t_core0_0.out[1], Outl);
:cascade > netlO (fir_32t cored4 0.out[0], fir 32t c
:stream > netll (fir 32t cored4 0O.out[l], Out2);
:cascade > netl2 (fir_32t corel 0.out[O], fir 32t c
:stream > netl3 (fir_32t corel O.out[1l], Outd);
:cascade > netld (fir_32t_core5_0.out[0], fir_32t c
:stream > netl5 (fir_32t core5 0.out[1], Out5);
:cascade > netl6 (fir_32t core2 0.out[0], fir 32t c
:stream > netl7/ (fir_32t core2 O.out[1], Outb6);
:cascade > netl8 (fir_32t core6 0.out[0], fir 32t c
:stream > netl9 (fir_32t_core6_0.out[1], Out7);

© Copyright 2022 AMD
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Al Engine Library Overview

» Enable short development cycles

Provide pre-packaged kernels & examples

Quick learning & adoption of Al Engine design

Remove kernel level coding for common functions

Portability across Al Engine architectures (AIE = AIE-ML)
Allow customers to focus on delivering proprietary algorithms
Align to Vitis™ acceleration library infrastructure

70

DSP

+_
X =

Linear Algebra

u(

it 2

Math Communications

D (Restricted)

Vision & Image

© Copyright 2022 AMD
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Vitis™ Al for Versal® ACAP

Machine Learning with Al Engine

AMDZ1
XILINX



[Public]

Frameworks for Any Developer

Domain Specific
Architecture
(e.g. Al Inference)

TOOLS USER SUPPORTED FRAMEWORKS
N .
Frameworks ol Caffe FTensorflow @xnet  Zrrweee ’/ — . Architecture
; ‘L‘L - Overlay
New Unified Software Software Application
Development Environment  Developers Data Flow

w/ Xilinx libraries

Hardware

Vivado Design Suite Developers

e R i Kernel Program
- VERSAL. A\ T Data Flow w/ user
“ - defined libraries

Target Domain Specific Architectures — No HW Design Experience Required

AMDA
2 XILINX
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Accelerating Al Inference in the Data Center

€ User works in Framework of choice

* Develop & train custom network
» User provides trained model

@ Xilinx DNN Compiler implements network
» Targets Al Inference Domain Specific Architecture
» Quantize, merge layers, prune
» Compile to Al Engines

© Scalable across hardware targets
 Start with Alveo today

73
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Deep Learning Frameworks

O PyTorch L Caffe

" TensorFlow

~_~

Xilinx DNN Compiler

Xilinx Al Inference
Domain Specific Architecture

Alveo™ U200 / U250 ! VCK5000
S

.

vy

For more information on Vitis Al

AMDA
XILINX


https://www.xilinx.com/products/design-tools/vitis/vitis-ai.html
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Versal® ACAP Design Partition
(Al Engine vs DSP and Programmable Logic)

AMDZ1
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Intelligent Engines in Versal® ACAP - Al and DSP Engines

Al Engine 2D Array
VLIW and SIMD Architecture
C/C++ Programmable

FPGA Fabric DSP DSP48E2 Slice | S%. SPRE ASU S——.
LUT and Memory Hardened MULT & ADDERS et aetd Bead | Read [ Resd
ACC =ACC + (A X B) N *Wﬁ*;—t—»?
RTL Entry _— RTL Entry =4 p==d pPa=qd pand

ncreasing A A \ A
Capability *-‘—t—'“ >y -\4\—¢—>‘ -<—¢—>—0

—L
- |':. L,l

A A X 4
DSP48 Slice : a==d | B==q | B==q | p==
B A\ 4 A\ 4 \ / A\ 4
H S : ot @, —
| — 0 (- 3 DSP Engine
>DPp oL 1] e e — — Additional Features

;.?-’ RTL Entry

DSP58 Integer Mode

NEGATE—B
>
Increasing l W 58-bi P
Ca pa bil lty Pre-adder PaTtern L]
C—D squarin g detect

SPFP32 Native support
AMDA

XILINX
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Al Engine® 2D Array
VLIW and SIMD Architecture
C/C++ Programmable

Al Engines and DSP Engines

Why Al Engine?
» Massive compute performance
» S/W programmable (C/C++)

! } !
N s 1
, ad
w4

\ /

|t

0”0
S B
L
=
a
4
i
=
;T;H

A

2.1

» Fast compile — increase productivity

Why DSP Engine?

i

DSP Eng

B

\
=
y
L X A
N BN BN B
y \/ \/ y
A : s A : 3 A X s A
=< =g
y y

\ 4 A

ine

Additional Features
RTL Entry

DSP58+ Integer Mode

NEGATE4D

Pre-adder

squaring
]

()
Patter:
detect

n L

>> 76

» Existing RTL/HLS IP usage

» Additional features not available in Al
Engine, e.g. 58-bit Logic Unit

» Pre/Post processing to/from Al Engine

Why both?

» Versal® ACAP accelerates the complete application
» Al Engine efficiency + PL flexibility (inc. DSP)

AMDA
XILINX
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Designs with Versal® Al Core Device- DSP & PL v Al Engine

Key System Level Considerations
(Design Partition at the system level — not in isolation, i.e. not DSP vs AIE)

Data

Throughput

Compute

Compute/Func types

* Multiply

* Multiply & Accumulate
* FFT

* FIRetc

Data Widths
* AIE native 8/16/32 bit
« DSP & PL — variable

Vectorizable
* Can the dataflow be
vectorize

/ Latency

77

Custom Mem Hierarchy
* URAMs & BRAMs
+ LUTRAMS
* AIE Data Memory
+ 32 & 128KB
* Maybe external DDR

Type of Mem Access

* Random access

» Structured v
Unstructured Data

» Data reuse or sharing

Throughput or Latency
AIE can provide both

» Most applications lean
towards one or the
other

» Decisions on
partitioning likely to
affect those
parameters and need
to be understood

Movement

Power

© Copyright 2022 AMD

Data movement key

factor

+ Data into and out of Al
Engine array

+ Data around the array
(Cascade, AXI etc,)

* PL interface for Data

* NoC for trace & debug

Data Movement Libraries

* Must simplify the
problem for users via
utilities and libraries

AIE brings performance
» Perf/watt
« Perf/watt/mm?2

Managing these key
system level
considerations enables
Versal Al Core meet
expectations and deliver
the promised perf/watt

AMDA
XILINX
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Representative Al Engine Algorithms

o o » o

o o N

o o o o

o o o N

NN o
-

Datain H xxxxxx '_91 xxxxxx H x[na)‘
1

Data out

-1 _.2ﬂ(x£)
Foo = S fme ¥
n=l

) szl
finy = => Flxe ¥
Nn=0
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Linear Algebra
Matrix-Matrix Multiplication
Matrix-Vector Multiplication

Convolution
FIR Filters
2-D Filters

Transforms
Fast Fourier Transforms (FFTs/IFFTS)
Discrete Cosine Transforms (DCT)

© Copyright 2022 AMD
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FIR Filter Micro Benchmarks

___________AE__________|DSPs8

Filter 1:

» 32-tap real filter

* Symmetric

 16-bit data & Coeffs

* 1 Gsps input sample rate

Filter 2:
» 8-tap real filter

* Non-symmetric
* 24-bit data & Coeffs
* 500 Msps input sample rate

Filter 3:

» 32-tap complex filter

» 16-bit complex, data & Coeffs
» 1 Gsps input sample rate

79

Processor/Operator Performance

Resource Usage
16 GMACs (16 bits real)

Processor/Operator Performance

Resource Usage
4 GMACs (24 bits real)

Processor/Operator Performance

Resource Usage
32 GMACs (16 bits complex)

© Copyright 2022 AMD

32 GMACs @ 16-bits

0.5 Al Engines

32 GMACs @ 16-bits
8 GMACs @ 32-bits

0.5 Al Engines

32 GMACs @ 16-bits (real)
8 GMACs @ 16-bits (complex)

4 Al Engines

0.5 GMACs @ 27x25 bits

32 DSP58s

0.5 GMACs @ 27x25 bits

8 DSP58s

2 DSPs in DSPCPLX slice
0.5 GMACs @ 16x16 bits

64 DSP58s

___________|AE__________|DSPs8

__________|AE________|DSPs8

AMDA
XILINX
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Al Engine — Market / Application Diversity

Convolution + RelLU + Max Pooling[ N Fully Connected L

Feature Extraction in multiple hidden layers Classification in the oul

S

Data Center L
5G Wireless

Aerospace & Defence

Cable Internet
Connection

——
Adaptive —— _ Desktop or Laptop
cruise control 0 - Computer

High Spead Cable Modem o
Wireless Route

Wired

Test & Measurement

81
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Market Requirements and Trends: Wireless 5G

5G Complexity is 100X that of 4G
Still Evolving Standard

Peak | 20 - 100 | User Experienced
Data Rate | Gbps adsmmmmmmmmis Mbps | Data Rate

Area Traffic 10 : | Spectrum
Capacity | Mbps/m 4 % \Times Efficiency

|

//
Network Energy § 100 500 IMobility

Efficiency | Times km/h
. \E—/
Connection 106 1 Latency
Density | per km? msec
(1 per m?) (Radio Interface)

ETRI RWS-150029,

5G Vision and Enabling Technologies: ETRI Perspective 3GPP RAN Workshop
Phoenix, Dec. 2015
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_70/Docs

82

New Technologies in 5G

> Massive MIMO
> Multiple antenna, frequency bands
> Changing functional partitioning

________________________________________

I |I 1
I II 1
| | 1
: _ g o :I @) - - |
L o3 7 £ = i i :
| E8 9 @ S S Lo & s |
t B ¥ Q Q| o %) i O T s )
1 o @ [e) o | (@)] o3 @ = ko] ™ © | =
1 o © E o = C o @ = © <DE o <
tlom orte T ' c ©|| O o o S |
A = A T TR ™ Q = | 1) — ~ > c
! 5} = o< | = = 1) (e ,FE (@) (@) c ‘
s 2 3 S M = | E sl = 8 8 &
tQ — c | n o £ = 2 o g |
! % ; o L o — a < «+ 2« S
1 S 5 Q| %) - <« <
| D‘? c R % I| % + <+ < :—

< —
: © =2 m :: @ bin T )
1 i [a] = o 1
: ! I
- IL ________ II\ ________________ J\_____________________JI

Transport | 2—| 7 Modulation 1Q Linear iFFT/ DUC, CFR, PA, LNA,
& CTRL & FEC Switch Algebra FFT DPD, DDC Diplexer
AMDZ1

© Copyright 2022 AMD



[Public]

5G Wireless on Versal® ACAP

5G Wireless Infrastructure (i.e., base-station)

(777 e e - -
! — o | r ]
I o = Ei 9 1
| | £ T @ Ilso o
RS o | 1S58 5 g !
NI e 3£ - -
88| Sgll 2 £ N2l x| < | Digital Radio
- 2 = 2 c |! :
FHEE B gl g with ADC/DAC
< 2a 5
LSSlE 3 Iea sl <
[ e W= @p |8+ :
N @ i Il o | DPD Update
L1 C— | e e D

Compute Maps

(0 Al Engine N s E— 1 £ 3 G

Al Engines
Processing I/O
System
Control |
Maps to PS
DPD Update Programmable Logic

1: DUC: Digital Up Converter i
o Drect L ADCIDAC e e /0 Maps to PL
4: CPRI: Common Public Radio Interface AMD:'

83 XILINX
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Al Inference on Versal® ACAP

Convolutions

Fully Connected Layers

Pooling

single depth slice

SEEESTA

Al Engines
Processing ] 10
System i ' CoAc)
* Video -~ ' Programmable Logic >
« Genomics .
 Storage :
« Database ! i
* Network IPS o e : B GRECEEEEEEREE
« Risk modeling

*Figure credit: https://en.wikipedia.org/wiki/Convolutional_neural_network

84
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Activations

_-_—-
<

<
11
o

1
1
1
¥ 5

pe)

D - ——

-———»

<
n
o
x

ReLU/PReLU

=
C

- Feature

Map

Data

- Volume*

Custom
Memory
Hierarchy
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Al Inference Mapping on Versal® ACAP i

[Aoo Ao1] 5« [Woo Wo1] _ [Aoo X Woo + Agy X Wy, ]

Ay Ap Wi Wi Apg X Wy + A1 X Wy,

Scalar Adaptable Intelligent R
A | Al Engines B Engine M

Dual-Core Weight
Cortex-A72 Buffer Convolution EEEN
URAM Layers EEEEEEEN ====
LR Al EEEEEEEN EEEE ——+
Fully : EEEEEEEN X NENE — EEEE
. Connected Engine EEEEEEEN EEEN EEEE
Actlvat|9n Layers f 48 HEEN
Buffer (4x8) EEEN (4x4)
Max Cascade
(URAM) € C° RelU Stream (8x4)
-
——— » Custom memory hierarchy
P ble N k Chi . .
e J SIS € VOISR IE - Buffer on-chip vs off-chip; Reduce latency and power
» Stream Multi-cast on Al interconnect
- Weights and Activations
External Memory _
(e.g., DDR) - Read once: reduce memory bandwidth
» Al-optimized vector instructions (128 INT8 mults/cycle)
AMDZ1
85 XILINX

© Copyright 2022 AMD



Partitioning Example:
Vision Application
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Example Mapping for Vision Application to Versal® Al

Core Device

£

Sense

INT16 FIXED INT16

MIPI Scaling Histogram
Sensor & ISP Measure
Fusion Image Data Intensity Level

Pixel

S

Analyze Act

INT8 INT8 INT8 Floating Point Mixed

Al Object :
Region Crop Classification TrangTlﬂng Act
of Interest (CNN) (B,

Feature Decision

Custom Data-Flow, Custom Precision, Specific Compute

87

AMDA
XILINX
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Match Application Components to Heterogenous ACAP

Key is to correctly map into each domain!

INT16 FIXED INT16 INT8 INT8 INT8 Floating Point Mixed

MIPI Scaling Histogram

Object
Crop Classification
(CNN)

Tracking

Sensor & ISP Measure Reglon

. LSTM
Fusion Image Data Intensity Level of Interest ( )

N HeterogenOUS SyStem Scalar Engines Adaptable Engines Intelligent Engines
CPU Arm
_ Dual-Core
Compute engines FPGA e
AIE Processor
DSP Dual-Core Adaptable
%ort:ag;_ R5 Hardware
eal-lime
Processor
- Adaptable memory  LUTRAM, BRAM, URAM = | e
Accelerator RAM Managemer > EE——— e
Local AIE Memory
Net ork On Chip
HBM
DDR External Memory : /DMA) HW Dlrect
. . Wi
Flexible interconnect
AMDZ1
88

XILINX
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Match Application Components to Heterogenous ACAP

INT16 FIXED INT16 INT8 INT8 INT8 Floating Point Mixed

Scaling Object

MIPI .
Crop Classification[j Tracking

Histogram Al

Measure
Intensity Level

Sensor
Fusion

& ISP

Image Data

Region
of Interest

B3

(CNN)

Scalar Engines Adaptable Engines Intelligent Engines
» Scalar Engines Arm
Dual-Core
- SW programmable sequential processing Conex vz
. . . . Processor
- Complex algorithms and decision making | [
. . . : A Versa [
- Initial configuration and real-time management of Dual-Core Adaptable =4
the SyStem %Ort$¥fR5 Hardware i
Processor i
- Data transfers between DDR and Al Engine array R -
- Runtime configuration anagement — EO0SS
Net ork On Chip
PCIe& _ Multirate ok Dlrect
(- =
AMDA
% XILINX
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Match Application Components to Heterogenous ACAP

INT16 FIXED INT16 INT8

MIPI Scaling Al

Histogram
Measure
Intensity Level

& ISP

Image Data

Region
of Interest

Sensor
Fusion

» Adaptable (PL) & DSP Engines

- Flexible parallel compute, custom I/O and
memory

- Hardware acceleration of compute-intensive
functions

- Data processing that exploits heavy data
parallelism

- Deeply pipelined (video codecs),
- Bit manipulations (AES/SHA)

- Wide datapath

- Various bitwidth compute

90

INT8 Floating Point Mixed

Object

Tracking

Classification
(LSTM)

(CNN)

Scalar Engines Intelligent Engines

Measure
Intensity Level

Processor

Adaptable Engines

Versal
Adaptable
Hardware

Processing System Block RAM

DSP

UltraRAM .
Platform Engines
Management

Controller Accelerator RAM

Netgork On Chip

MIPI
Multirate 600G Direct
o ‘ Ethemet Cores 0 | RF

AMDA
XILINX
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Match Application Components to Heterogenous ACAP

INT16 FIXED INT16

MIPI Scaling

Histogram
Measure
Intensity Level

& ISP

Image Data

Sensor
Fusion

» Al Engines

- Acceleration of vectorized compute intensive

signal processing:
- Linear Algebra
- Convolution
- Tensor operations
- Transforms (FFT,DCT)
- 8/16/32 bit integers
- Single Precision Floating-Point
- Real or Complex Operations

91

INT8 INT8 INT8

Region
of Interest

Floating Point Mixed

Object _
Tracking

(LSTM™)

Crop Classification
(CNN)

Scalar Engines Adaptable Engines

Intelligent Engines

Measure
Inten5|ty Level

Processor

D

ing System Block RAM

UltraRAM TraCkmg
Platform (LSTM)

Management
Controller

PCle &
CCIX
(W/DMA)

Accelerator RAM

Net ork On Chip

Multirate Dlrect
LVDS
Ethemet Cores _

AMDA
XILINX
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Al Engine Power

» Up to 40X Performance Increase for int8

VC1902
140 i AIE Power Al Core family -1LL @100C
. 40
120
VC1702 35
100
" VC1802 30
% 80
o 25
(-]
£ 20
40 VC1352 ——Al Engines 15
i | ——DSP Engines
20 E 10
— e S
.—-—-'-'__ o i
0 | 5
0 500 1000 1500 2000 2500
SLCs (K) ! 0

VC1352 (128 Cores) VC1502 (248 Cores) VC1702 (320 Cores) VC1802 (300 Cores) VC1902 (400 Cores)

mDynamic = Static

» Power Per AIE tile 80 to 110mW

- Includes memory and interconnect
- Typical Vector Load is 30% » 70% and Memory R/W rate 10% » 30%

» Al Engines Enable Massive Compute Gains!
AMD{1

- With only minimal power increase
93 y P XILINX
© Copyright 2022 AMD
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Versal ACAP with Al Engine = Power Reduction

» Virtex® UltraScale+™ FPGA 8T 8R 200Mhz -> Versal® ACAP 16T 16R 200Mhz

2x Performance @40% lower power

FPGA = 8T 8R*
Versal Board ACAP = 16T 16R*

VC1902
DFE Subsystem (PL) ST S And 40% lower power
- AD -

.- LT -1 it o Gain aall DPD v10 "::"“""l” T ’ - "”“"""”"“"".”."-""—”"”"“"".”"E * 200 MHZ OBW

Stream

5G Data
: DPD
Stream frrieceneeeneeo el Datapath = T S;A':zﬁ;rrzuer:‘
on AIE SR

e

5
2
=
=3
L&)
=
S
E
2

2X Performance

50%+ Lower Power
AMDZ
XILINX
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AIE Power Model

» AIE dynamic power is modeled as sum of several components
- Al Engine Power (Core and Memory)
- Interconnect Power
- PL and programmable NoC Interface Power
- Top Level Power

» Good correlation with silicon when using accurate design parameters
- Internal correlation based on extracting design info from simulation

95
© Copyright 2022 AMD
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Al Engine Power: Engine

96

» Al Engine Power is a function of
- Number of cores used in design
- Kernel type

- Average “Vector Load”

INTS8, INT16, FP

Vector Load is the portion of time a core spends
performing power-intensive vector operations

This is different from the runtime ratio used by AIE
compiler, which is used for kernel mapping

Typical “Vector Load” in internal benchmarks is 30%-70%

For early estimation, the recommendation is to use the
default of 50%

© Copyright 2022 AMD

Al Engine Core

Data Memory

AMDA
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Al Engine Power: Local Memory

Al Engine Core Data Memorv | Intercon

Banks RMW Rate Tiles

» Al Engine Memory power is a function of
- Number of memory banks

- Memory banks refers to physical memory banks

- Each tile has 8 data memory banks
- XPE defaults to using all available memory banks

- Average “R/W rate”

- This is the portion of time when memory bank is accessed
with read or write

- 100% means every bank is accessed every cycle

- If a core reads from a bank every cycle, average R/W
Rate is 12.5%

- Typical Memory R/W Rate is 10%-30%

- For early estimation, the recommendation is to use the
default of 20%
AMDI

7 XILINX
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Al Engine Power: Memory Tiles

98

» For AIE-ML devices

» Al Engine Memory power is a function of
- Number of memory banks

Memory banks refers to physical memory banks
Each memory tile has 16 data memory banks

- Average “R/W rate”

This is the portion of time when memory bank is accessed
with read or write

100% means every bank is accessed every cycle

For early estimation, the recommendation is to use the
default of 20%

© Copyright 2022 AMD

Yo
Yo
Yo
Yo
¥

Shared Memory Tile

ME‘[‘I‘IGW ME‘H‘IDW ME‘[‘I‘IGW

8
0
0
0
N

20%
20%
20%

20%
20n84

e R e R e

20%
20%
20%
20%
2004
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PL and Programmable NoC Interfaces

Interface Array Power
Mumber of Streams | Power

» Interface power is a function of number of
interfaces to programmable logic (PL) or
network on chip (NoC)

- A PL interface is one AXI Stream

Power Model assumes 64b

Al Engine Al Engine

'y

Power error due to 32b or 128b is small T
XPE defaults to 1 interface (14 Streams) per 20 Cores

_| Memory Map _| Memory Map | _ _
“| AX14 Switch " AX14 Switch |

A

Y L

AXI4-Stream AX14-Stream
— Switch Switch -

t i

PL NoC
Interface Interface

- A NoC interface is one NoC AXI interface

Power model does not distinguish between
slave or master interface

A

PL Interface

-+——aaepaju] feuy aubug y——
A

Also does not distinguish between memory
mapped or stream interface

- Activity on the interface is assumes to be random HNoC NsU | | nsu
data

Power error due to lower or higher activity is oL
within overall margin

99 XILINX
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Interconnect Power

Interconnect

Al Engine |Interconnect

» Interconnect Power captures power consumes 12%
In AXI Stream within the array

100

Total interconnect power is a function of
Interconnect Load

- This is the percentage of ports used by escateg
the application Interconnect

» Mon-blocking
« Deterministic

Activity on streams is assumes to be random
data

Typical application has Interconnect Load <20%

Value is generated by XPE and cannot be edited
- Import flow (from AIE tools data) will use exact values

© Copyright 2022 AMD
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Memaory

Memary

Y

Y Y

/
Memaory
Memory

Y

"

Y Y

Memory

)
O Memaory

Y

Local, Distributed Memory

« No cache misses

» Higher bandwidth

» Less capacity required —

AMDA
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Top Level Power

» Top level power consists of components that are always on, including

- PLL power

- Shim clock power
- Shim does not have coarse-grain clock gating, so regardless of application, it consumes some power

- Shim clock power varies with device size (number of columns)
Top-level power in VC1902

0.448 - 0.089 = 0.359W (For a full AIE array <1lmW per core)

N

Utilization Dynamic Power Interface Array Power
AlE Core Type | Number of Streams | Power

PL Stream Memaory PL
bl NoC

MNoC Stream
Frequency (MHz) 1000.00

Data Memory Interconnect

Al Engine Core

Y - —— . —— - - - - - i
- . Vector | Memory | Memory | Al Engine |Interconnect| Vg,
Module Name Cores |Kernel Type| : : o , =S
. VI Load | Banks |R/W Rate| Tiles Load (W)

AMDA1
XILINX
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Al Engine Power Analysis in XPE

To enable the Al Engine Tab, select a
device which includes an Al Engine array

(AIE or AIE-ML)

102

Xilinx Power Estin

Versal™ Al Core Series, Vers

Create Design...

Settings

Add/Manage IP_||
Reset To Defaults l

Versal Al Core Series

XCVC1902

VSVA2197

-2MS Extended

0.80V

Typical

J

Total On-Chig

» Summa

AlEngine = NoCDDRMC  Clock | Logic = BRAM | 1

© Copyright 2022 AMD

XPE includes tooltip to help users enter
their design’s information

Al Engine Power

Utilization Dynamic Power

PL Stream Memaory
NoC Stream

Frequency (MHz)

| Enaine Cara Data Memary !
& Mumber of Al Engine | Average read/write rate per memaory

cores used in the bank.

Typical applications see Memory R /W Rate
Memow Memory ranging from 10% to 30%.

Cell background turns yellow when the
value is in the upper range of typical

g applications.
0 Cell background turns orange when the
0 value is above the typical range.
Intd 50% 0 20%
Intd 50% 0 20% 0 12% 0.000|
Int3 50% 0 20% 0 12% 0.000
AMDZA\
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3 Different Flows

» Manual Flow
- Users enter manually all the information in the Al Engine tab

» Complier Based Flow
- Users import the .xpe file generated by aiecompiler in <build directory>/Work/reports

» Simulation Based Flow
- Users need to run simulation with VCD file output enabled
- VCD file can be converted to .xpe file using vcdanalyze command

- vcdanalyze --vcd <vcdfile> —--xpe

- .Xpe file can then be imported into XPE

103
© Copyright 2022 AMD
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Versal® Al Core Series Peak Compute Capacity (int8)

Int8 Tops

250

200

150

100

50

VC1902 VC2602* VvC2802*

——Al & DSP Engines

——Al Engines

——DSP Engines

*VC2602 and VC2802 have an AlE-
ML array. Other devices of the series
have an AIE array

Notes:

1. AlEngine @ 1.3 GHz
128 int8 MACs per AIE
256 int8 MACs per AIE-ML

2. DSP Engine @ 1.15 GHz
3 int8 MACs per DSP

https:/mwww.xilinx.com/support/documentation/selection-guides/versal-ai-core-product-selection-guide. pdf

105
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Versal® Premium Series vs. Agilex Compute Comparison

» Peak compute advantage (DSP58 + Al Engine)

> INTS: 2.8X advantage
» CINT16: 2X advantage
» FP32: 1.7X advantage

» Agilex increases DSP 50% per LE over Stratix 10

> No direct response to Al Engine
» Addressing compute with more of same/similar
> 9x9 multipliers return to action (not in Stratix 10)

» Clearly optimizing for DC / ML with new:
> Int8 — ML inference optimization
» FP16 / BFloatl6 — ML training and inference EoU

» A&D & Wireless markets also targeted:
» Retaining features like Complex MAC
» Fmax reductions vs. Stratix 10 are evident

1: AMD-Xilinx results based on calculated compute capacity with DSP slices in Virtex UltraScale+ VU13P FPGA

2: Intel results based on calculated compute capacity with DSP blocks in Intel Agilex AGI040 FPGA and frequency using the fastest speed grade from Intel Agilex Device Data Sheet (DS-1060)
3: AMD-Xilinx results based on calculated compute capacity combined Al Engines and DSP Engines in the Versal Premium VP2802 ACAP

>> 106

RF Signal Processing Radar Data Cube Processing Al/ML Inference

(CINT16) (FP32) (INT8)
3.3X 2X 4.7X 1.7X 5.8X 2.8X
“ ‘ I ‘ ‘ I ‘ ‘ I
VU13P AGI040 VP2802 VU13P AGI040 VP2802 VU13P AGI040 VP2802

Remember: TOPs are only a first order metric for comparing
relative capability. Application-level performance is what really
matters and future benchmarks will be provided in these areas.
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https://www.xilinx.com/content/dam/xilinx/support/documents/selection-guides/ultrascale-plus-fpga-product-selection-guide.pdf#VUSP
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/pt/intel-agilex-i-series-product-table.pdf
https://www.intel.com/content/dam/support/us/en/programmable/kdb/pdfs/literature/hb/agilex/ag-datasheet.pdf
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Versal® Al Edge Series: Up to 4X Performance/Watt vs.
GPUs
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Autonomous System

Intelligent Edge Sensor or Edge Aggregation
(10-15 Watts) (7-10 Watts)

1.3X 3.3X

Performance/Watt Performance/Watt

= =
] ]
(D) (D)
- -
S 5
E E

Jetson Xavier Versal Al Edge Jetson AGX Versal Al Edge

NX VE2102 Device Xavier VE2302 Device

batch=8 (15W Mode)?
ResNet50 224x224 ResNet50 224x224, batch=1

1: Jetson NX Xavier: https://developer.nvidia.com/embedded/jetson-benchmarks, batch size and number not published

2: Jetson AGX Xavier: https://developer.nvidia.com/embedded/jetson-agx-xavier-dl-inference-benchmarks,

3: Jetson AGX Xavier MAX N-Mode and VE2802 represent the highest performing device configuration in their respective portfolios
Jetson AGX Xavier device power estimated by subtracting published memory & 10 power from total module power

© Copyright 2022 AMD

Images/sec/watt

CPU Accelerator
(26-45 Watts)

4.2X

Performance/Watt

Jetson AGX Versal Al Edge
Xavier VE2802 Device
(MAX N-Mode)?3

ResNet50 224x224, batch=1
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https://developer.nvidia.com/embedded/jetson-benchmarks
https://developer.nvidia.com/embedded/jetson-agx-xavier-dl-inference-benchmarks
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Al Engine Architecture Summary

Architecture

Compute 8x increase in compute density
Efficiency At ~40% lower power

High-throughput, low-latency
Heterogeneous

PL flexibility — accelerate the complete application
Custom memory hierarchy

Data center: Al inference

Programmable

Multiple o . .

Applications Comms: wireless 5G — radio (DFE), baseband, Wired — cable access
ADAS/AD: embedded vision
Frameworks; C/C++

Software

SW compile, execute, debug
Optimized S/W libraries
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