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Workflow Overview
Targeting all Versal Programmable Engines from MATLAB and Simulink

Al Engine Graph Code with AMD Vitis Model Composer \
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HDL IP Core with HDL Coder *“&m Lo

C Code with Embedded Coder | \ \L“:i

CO‘NTRO LLER

= Multiple programming targets
— Embedded C-code, HDL, VLIW Vector Processor

= One Simulink model

— Unified design and simulation environment
> MATLAB BEXPPO



AMD Versal Adaptive SoCs
and
AMD Vitis Model Composer
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AMD Versal™
Adaptive SoCs

AMDZ AMDZ\ AMDA
VERSAL VERSAL VERSAL

Al Edge Gen 2 HBM Premium

Al-Enabled 8K Camera 800G Test & Comms | Satellite-Based
Stereo Camera " 4 Infrastructure Internet Services
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AMD Versal ™ Adaptive System-on-Chip

Processing System Al Engine

Processing System

Programmable Logic
Programmable Logic

Al Engines
SW Programmable, HW Adaptable

%’

X

LUTs

DSP Engines

Breakout Integration of Advanced
Protocol Engines

Block RAM

UltraRAM

Network on Chip

I I

Programmable Network on Chip

112Gb/s

=R
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Introduction to AMD Versal™ Al Engine

First introduced in AMD Versal™ Al Core Series

$

Al Engine Al Engine
Tile Tile

Al Engine Al Engine
Tile Tile

* VLIW processor running at 1 GHz+ ‘ ‘
* Massively reduce development time vs traditional RTL

Software programmable

'\
DUAL-CORE ENGINES

2AT2
RM®CORTEX
A APPLICATION

pRocESSOR

Array of vector processors running at 1 GHz+

\ﬁi "ROGRMJ\MAB\—E
REAL SO i

* From 8 tiles on the smallest device (VE2002) \///MM/

* Up to 472 tiles on the largest device (VP2802)

ACCELERATOR RAM

Terabytes/sec of interface bandwidth

« Direct, massive throughput to adaptable hardware engines

AMDZ1
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Integrated Workflow for Al Engine Development

AMD Vitis Model Composer accelerates Versal
development by offering a productive environment within
MathWorks Simulink® for simulation, code generation,

and hardware validation.
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AMD Vitis™ Model Composer At A Glance

HARDWARE VALIDATION

Validate your design in hardware
with the click of a button

CODE GENERATION

Generate HLS, RTL, and Data Flow Graph
& generate test benches

PL- AIE SIMULATION

Co-simulate designs with PL and
Al Engine blocks

LIBRARY BLOCKS

Drag and drop Al Engine and PL-optimized
blocks from Simulink library browser

AMDZ1
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Al Engine Library Blocks

Simulink Library Browser v) (a) (x )
. Al Engine->DSP->Stream 1/O blocks
<@ counter vy By @ e @
AMD Toolbox/Al Engine
v Simulink 3{inio} out(o]
~ AMD Toolbox DDS Stream  out[0] p Hinl0)  DFT Swream outfo) FET Dynamic Point Stream
g Yinl] out{1]
» DSP DDS Stream DFT Stream FFT Dynamic Point Stream
Interfaces
Signal Routing Hinlo] outfo] p
Sinks DspP Interfaces FFT Stream Jinl0]  FIR Asymmetric Decimation Stream  out{0] Ainl0]  FIR Asymmetric Stream out{0] b
Sources HAinl1) outf1] p
IJOOISD T FFT Stream FIR Asymmetric Decimation Stream FIR Asymmetric Stream
ser-Defined Functions
» HDL
» HLS Hinlo)  FIR Halfband Decimator Sweam  ou{o] b Ninlo] FIR Halfband interpolator Stream cut(o] Ninf0] FIR Interpolation Stream out{o]
» Utilities b Signal Routing Sinks
: ggg:ﬂ::i:g::: ;ﬁlbg: HDL Support FIR Halfband Decimator Stream FIR Halfband Interpolator Stream FIR Interpolation Stream
» Computer Vision Toolbox
» Control System Toolbox Ninf0] FIR Resampler Filter Stream out{0] Ain[0] FiR Symmetric Decimation Stream out{0] Ain(0]  FIR Symmetric Sream  out{o] b
» DSP System Toclbox
» DSP System Toolbox HDL Support . . L )
Fixed-Point Designer Sources Tools FIR Resampler Filter Stream FIR Symmetric Decimation Stream FIR Symmetric Stream
» Fixed-Point Designer HDL Support
in[0] outfo] p Hinfo) 4
» HDL Coder Ninlo] 1DFT Stream outo] IFFT Stream Mixed-Radix FET Stream
» HDL Verifier Ainl1) out[1] p Hinl) out[1] p
Image Acquisition Toolbox - -
» Motor Control Blockset IDFT Stream IFFT Stream Mixed-Radix FFT Stream
» Motor Control Blockset HDL Support ; _
Report Generator User-Defined Functions inf0] out[0] p Nin
» Simulink 3D Animati Mixed-Radix IFFT Stream Ainll0]  Mixer Sveam  out(0] p Vectorized Sample Delay Stream  out [y
!mu !I'I nimation in[1] out[1] p M numSampleDelay
» Simulink Coder
» Simulink Extras Mixed-Radix IFFT Stream Mixer Stream Vectorized Sample Delay Stream
Stateflow
Recently Used intol ol
Window Function Stream
Nin(a) out[1] p
Window Function Stream

Bit accurate

AIE and AIE-ML devices AMDZ1
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Import Custom Al Engine Code as a Block

Simulink Library Browser ¥) (&) (%
=) [Ente*mard‘ term |w ‘ B~ @ = (3
AMD Tocolbox/Al Engine/User-Defined Functions

Sources A
String
User-Defined Functions AIE Class Kernal
ko Additi | Math & Di t o
K Insert e AIE Class Kernel Im pO rt COd e .

¥ Quick Insert
* AMD Toolbox

* Al Er‘lginE AIE Graph *
r DSP S .Cpp

Interfaces
Signal Routing AIE Graph * cC
Sinks .

sources AIE Kernel
Tools * h

User-Defined Functions AIE Kemel

» HODL

F HLS

b Utilities

Communications Toolbox
Communications Toolbox HDL Support
Computer Vision Toolbox

Trntral Cuortans Tasllbeos

rwv w o w

...and connect to other blocks

AMDZ1
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AMD Vitis™ Model Composer for AIE Development

MATLAB® & Simulink®
AMD Vitis™ Model Composer is a

model-based design tool that Al Engine Subsvstem
enables rapid design exploration Simulink/Vitis e J Y eiterd  Simulink/Vitis

e Model Data Data Model
within the MathWorks MATLAB® Composer/HLS Configurable Al
AIE Graph :
Engine Blocks
AIE Kernel

and Simulink® environment. /HDL Blocks
Graph Code

Generation

Composer/HLS
/HDL Blocks

Advantages for AIE-DSP Design
Flow:

« Automatically generate
Graph C Code for Al Engines

* Import HDL blocks in AIE
designs

* Heterogeneous simulation
with robust test bench
capabilities from Simulink®

Dataflow
Graph

AMDZ1
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Connecting HDL Coder from MathWorks to
AMD Vitis Model Composer
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Example — Polyphase Channelizer

Fs = 8.75 Gsps

CIRCULAR

BUFFER

Polyphase Channelizer Block Diagram.

Fc = Fs/M = 546.8765 Msps

POLYPHASE

FILTER

CYCLIC SHIFT
BUFFER

Fo = Fc*P/Q = 625 Msps

OUTPUT
BUFFER

From https://github.com/Xilinx/Vitis Model Composer/tree/2024.1/Examples/AIENGINE plus PL/AIE HLS/Channelizer

15
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https://github.com/Xilinx/Vitis_Model_Composer/tree/2024.1/Examples/AIENGINE_plus_PL/AIE_HLS/Channelizer

System Partitioning

Filter Bank

Al Engine

Programmable Logic

Input
Circular
Buffer

Output
Permute

DMA
Stream
Source

16

DMA
Stream
Sink
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0-Level Simulink Implementation

HDLCODE x

Channelizer MW * - Simulink

CE) @ @ D Code for E lavig M e;
IP Core Workflow | HDLProperty HDLCode Settings Target [RTL DUT [” Generate Build View [ Open Report Host Interface | Share
v Advisor Inspector ~ Advisor - Interface = IP Core Bitstream ~ = Code Script ~ v
OUTPUT | ASSISTANCE| MODELING PREPARE GENERATE CODE DEPLOY REVIEW RESULTS VERIFY SHARE =
Tools ~
5 < Channelizer MW x  AIE ChannelizerSubsystem RTL DUT Subsystem 8| T
£ | @ [FChannelizer MW » N (=
& |a 3
— °
9 | o
3 g
== =
2
= Vitis Model Composer Hub E
s
O S
double (c) [4] int16 (c) [4x1]
channelizer(1).i jouble{c) -K- © ] %
[4x1) [4x1] -
Channelizerin_0 ChannelizerOut_0 2
)
. _ |double (c) [4] intl16 (c) [4x1] int16 (c) (4)
channelizer(2).i -K-
3 [4x1] [4x1]
Channelizerin_1 ChannelizerOut_1
_ |double (c) [4] intl16 (c) [4x1] int16 (c) (4)
channelizer(3).i -K-
[4x1] [4x1]
Polyphase Channelizer = »
Channelizerin_2 ChannelizerOut_2
. _ | double (c) [4] int16 (c) [4x1]
channelizer(4).i -K-
[4x1] [4x1]
. int16 (c) [32x1] uint32 [32x1] uint32 (3. i
Channelizerin_3 1 f ' INPUT Channelizer, OUTPUT u Ehapnelizerolitis
32x1] [32x1] 32
h i _ fdouble (c) [4 K int16 (c) [4x1]
channelizer(5).i ) -K- o) FromComplex ToComplex
Channelizerin_4 5 ChannelizerOut_4
Y _ |double (c) [4] intl16 (c) [4x1] intl16 (c) (4)
channelizer(6).i -K-
% [4x1] [4x1] )
Channelizerin_5 ChannelizerOut_5
. _ {double (c) [4] int16 (c) [4x1] int16 (c) (4)
channelizer(7).i
[4x1] [4x1]
Channelizerin_6 ChannelizerOut_6
@ [4x1] 4 |
] ChannelizerOut_7
- ChannelizerSubsystem
» | Y

160%

auto(VariableStepDiscrete)
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Simulink Implementation

MODELING

HDLCODE X

A

- O x

—— sl 2

L —
]

p——

hectt (640,

CE) @ @ L} Code for E’ N i M (:
IP Core Workflow | HDLProperty = HDLCode Settings Target [RTL DUT I’ Generate Build View ) Open Report Host Interface | Share
v Advisor Inspector v | Advisor - Interface = IP Core Bitstream ~ | Code Script ~ >
OUTPUT | ASSISTANCE| MODELING PREPARE GENERATE CODE DEPLOY REVIEW RESULTS VERIFY SHARE =
o K 4r Channelizer MW ~ AIE ChannelizerSubsystem x RTL DUT Subsystem B -
£ @ [Channelizer_ MW » fziChannelizerSubsystem » g 1=
£ flm== N N ¥
S @ - s
[ 1)
3 o Polyphase Channelizer g
o
|| =3 =3
] e o a
ol 1]
e bz s
T T Pre—— y o
| ; | S}
X
o
(=
O
o
Q.
m

@

From MATLAB workspace

PL Target

CR—
]

Cm———

i = | |
|
|

Fancpsnin

slFuncysin s

T AE
. Targ et

=

s 14
T L

e

oo 1

oo

et 4]

_hI}'.“'-EI}?-L

Charnelzes NPT

2O——P

Chariieazar OUTPUT

To MATLAB workspace

auto(VariableStepDiscrete)
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Model Simulation

Channelizer

DEBUG FORMAT APPS
- o Stop Tame | inf
-
News Liorary
> = Print - Browser

Channelizer

& *aChanneclizer »

| |} a

- Simulink sponsored third party support use

PANELS

= — — =%
L} ~ —
» 0d
Running View diagnostics  45% T-1.687¢ ([  auto(variableStepDiscrete)
Simulink sponsored third party support u
SIMULATION FORMAT Apes PANELS LIRSS 2]
5 Open - 28 stog Tame [ine = —
ur LIS n .
Nevs Licary ” Pause 7
- @& Print - Browser - Spec
W' Dashb
® *aChannelizer ¥ %) Dashboard
Q [ a1 Ehae ¥ Chanca § [Cutput Dissiary Selucticn
e o D = @ e o @ > Dake = @) = [ TN ) PSR -
, jow e @ [ @ || c @ || ® R >
g | @ [~ - o = W@ || = - @ I
= = P AREL ORI | e JelllelaliL e —
oan o e = = veke - e o -®
o ow o~ @ o G ~ o »-@
== A e [ o ]
Sy P T - ) - ®
PR MY LU ]
P - @ P - @ Dt = - @ b
o » -~ 9 Y ) T ) om
iy »-9 ey = HD > @ — »-9 sy
e = U o V10 N1 O 1 | e
T . = = ke @ @ Ere
o G o - [ » po v o
B | - e T S o @ ||
LJ . s TN e =
. ==Y IR |
» =]
Running Mate Terminal View diagnostics  51% T=1.687e Bl auto(variablestepDiscrete)

ES

Channelizer Input

TIMATION MEASUREMENTS SPECTRUM SPECTROGRAM

SPECTRAL MASK  CHANNEL MEASUREMENTS

VBW = 1511

kHz RBW = 8.54492 MHz Sample Rate = 8.75000 GHz Updates = 144 T = 0.0000166544

ESTIMATI

Spectrum Analyzerl

ION  MEASURE SPECTRUM  SPECTRA CHANNEL

T

kHz Sample Rate = 625.000 MHz Updates

Spectrum Analyzer2

SPECTRUM  SPECTRA

Erequency (MHZ)

10.7934 iz R =610.352 kHz Sample Rase

Running

ESTIMATION ~ MEASURE ..

Spectrum Analyzer3

SPECTRUM  SPECTRA. CHANNEL -

= - -

0 7934 kHz RBW

16

Spectrum Analyzers

Frequency (MHz)

610352 kHz

VBW = 10.7934 kHz REW

wmple Rate = 625.000 MHz Updates
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Environment Setup for Deployment

’* Channelizer MW * - Simulink A ETE R

SIMULATION MODELING FORMAT HDLCODE %

CE) @ @ D Code for :; [':El\] |::J Lg °<g
IP Core Workflow = HDLProperty = HDLCode Settings Target IRTL DUT l” Generate Build View B Host Interface = Share
v Advisor Inspector ~ Advisor - Interface = IP Core Bitstream ~ Code Script ~ v
OUTPUT | ASSISTANCE|  MODELING PREPARE GENERATE CODE DEPLOY | REVIEW RESULTS VERIFY SHARE
Tools ~
5@ Channelizer MW x  AIE ChannelizerSubsystem RTL DUT Subsystem = -
2 | ¢ eichamier mw» EI efine POrLS 10r DIOCKS targeteda 1o
5 z
@@ g i i
B : Programmable Logic and Al Engine
z|= =
= s el Z
(& B o
= a0 g
Polyphase Channelizer i o - =
> S
% .~
_1> 0 o ]
E priaiy st e e coupoad a T 2
et = Jo>esfil
== — . will go through HDL Coder
m:ftbmm‘r.q o s e 4 :‘>uy
@ Charneizein ChammeizerOut 6
» | [ r— '
IP Core - Channelizer_MW/Channelizer/RTL_DUT ® x

General Clock Settings Interface Settings Interface Mapping Al Engine

R T —— . = Blocks targeted to Al Engines will go

source Port Type | Data Typse Interface nterface Mapping = o B
FB1Out Inport intl6 (c)... Al Engine FilterBank1l Slave Data Options th rO u g h AM D Vltl S M Od e I ( :Ol I l pose r
FB20ut Inport intl6 (c)... Al Engine FilterBank2 Slave Data Options
FB3Out Inport int16 (c)... Al Engine FilterBank3 Slave Data Options
FB4Out Inport int16 (c)... Al Engine FilterBank4 Slave Data Options
FB50ut Inport intl6 (c)... Al Engine FilterBank5 Slave Data Options
FB60uUt Inport int16 (c)... Al Engine FilterBank6 Slave Data Options
FB70ut Inport intl6 (c)... Al Engine FilterBank7 Slave Data Options
FB8Out Inport int16 (c)... Al Engine FilterBank8 Slave Data Options
Channelizerin_0 Inport intl6 (c)... Al Engine DFT1 Slave Data Options
Channelizerin_1 Inport intl6 (c)... Al Engine DFT2 Slave Data Options
Channelizerin_2 Inport intl6 (c)... Al Engine DFT3 Slave Data Options
Channelizerin_3 Inport int16 (c)... Al Engine DFT4 Slave Data Options
Channelizerin_4 Inport intl6 (c)... Al Engine DFT5 Slave Data Options +
Diagnostic Viewer IP Core - Channelizer_MW/Channelizer/RTL_DUT

76% auto(VariableStepDiscrete)
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New Workflow Access from the Simulink Desktop

= Access to HDL Coder workflows now available in the Simulink
Toolstrip

’i Ch lizer MW/Ch lizerSubsystem * - Simulink A - O X

SIMULATION MODELING FORMAT HDLCODE X

v —

(’g) @ @ E} Code for M o@

IP Core Workflow = HDL Property | HDLCode Settings Target ]RTL DUT I ¥ ‘ Generate Build View [ Open Report Host Interface | Share

v Advisor Inspector ~ Advisor - Interface = IP Core Bitstream ~| Code Script v A
OUTPUT | ASSISTANCE |  MODELING PREPARE GENERATE CODE EMBEDDED SYSTEM INTEGRATION x
Tools + y y
greatethlgore Pmjdec’: te IP ject F lected syst:
L T . enerate IP core and create IP core project for selected system
5« 2 Channelizer MW AIE ChannelizerSubsystem x RTL DUT N Y 2|
£ @ [lChannelizer_MW » f5/ChannelizerSubsystem » Build Bitstream -2
o — =1 Generate IP core, create IP core project, and build bitstream for -
= 2l selected system - =
0 | & o
] ‘ ®
o] IE 0 DEPLOYMENT ! r 3
o] s <
s . dib Program Target Device =}
= @ Program target FPGA device a
e g
& SOFTWARE INTERFACE ! @
. I 1 g
O Software Interface Model I B
Generate a software interface model with IP core driver blocks il

¥ for C/C++ code generation e o o
s i =)
T i )
|58 Deployment Settings | RS w18 ] o
P g
el D

v ——
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Summary

- AMD Versal Adaptive SoCs provide a heterogeneous compute
environment combining processor cores and programmable logic
with a powerful VLIW vector processing “Al Engine” to speed
signal processing calculations

Using HDL Coder from MathWorks with AMD Vitis Model
Composer enables users to target all the programmable engines
on Versal from a single Model-Based Design environment

MATLAB BXPPO
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For More Information

1. Visit MathWorks.com/AMD for more information on targeting

workflows for AMD Adaptive FPGAs and SoCs

2. Contact fpga_expert@mathworks.com if you want to evaluate

this workflow using HDL Coder with AMD Vitis Model Composer

MATLAB BXPPO
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