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Objectives

After completing this module, you will be able to:

01

Describe the

Versal™ Al
Engine DSP
library

02

ldentify various
components in
the Al Engine
DSP library

0K

Create your DSP

application using
the Al Engine
DSP library

04

Develop designs
using the following
tool flows:

- Vitis™ AIE development
- Vitis Model Composer
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Agenda 1. Overview of the Vitis™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary
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What Is the Al Engine DSP Library?

Configurable library of

kernels that can be :
Open-source library
used to develop 520
- for DSP applications
applications on
Versal™ Al Engines

Kernels can be

combined to construct El);?)m?:)e\/i(cjjeez:gv(/]i tﬁ
graphs for developing trl?is librar
complex designs y

Kernels are coded
using Al Engine APIs in
C++ and give access to

Al Engine vector
processing capabilities

Use the library
element’s graph as
the entry point
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Parameterized Solution Functions

Directories L1, L2, and L3 correspond to Al Engine
kernels, Al Engine graphs,
and software APIs for each function

Inclusion of an L2 element rather than
an L1 element is recommended

L3 directory not yet available

DSPLib

-
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Parameterized Solution Functions

Graph class declarations and
constants

DSPLIb
L2/include/aie

Kernel class definitions,
.cpp files, and L1/src/aie and L1/include/aie
corresponding .hpp files

VSt 9B 7elr sl L2/tests/aie/<library element> M
element
RAElEesites el L2/tests/aie/common/inc

classes

Reference model kernel L1/tests/aiel/inc/ and L1/tests/ m
classes aie/src n

Example wrapper designs L2/examples

AMDZ\
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Al Engine DSP Library Installation

- Download library from GitHub
« https://github.com/Xilinx/Vitis Libraries/tree/master/dsp

- Set the environment variable
- export DSPLIB_ROOQOT=<vitis-libraries-install/dsp>

-« Use the following options in the aiecompiler command to provide
the path
« -include=$DSPLIB_ROOT/L2/include/aie
« -include=$DSPLIB_ROOT/L1/include/aie
« -include=$DSPLIB_ROOQOT/L1/src/aie
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DSPLIb Functions

DDS / Mixer 2 ::aie::mixer::dds_mixer::dds_mixer_graph
FFET /iFFT Dl r:aie:fft::fft_ifft dit _1ch_graph
FFT Window s ::aie::fft::fft_window_graph

Matrix Multiply s ::aie::blas::matrix_mult::matrix_mult graph

Widget API Cast s ::ale::widget::api_cast::widget api_cast_graph

Widget Real to Complex Dl ::aie::widget::real2complex: :widget real2complex_graph
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Filters in the Vitis™ DSP Library

FIR Filters

Single rate, asymmetrical dsplib::fir::sr_asym::fir_sr_asym_graph

B Single rate, symmetrical dsplib::fir::sr_sym::fir_sr_sym graph

. Interpolation asymmetrical dsplib::fir::interpolate_asym::fir_interpolate_asym_graph

Decimation, half band dsplib::fir::decimate_hb::fir_decimate_hb_graph

Interpolation, half band dsplib::fir::interpolate hb::fir_interpolate_hb graph

Decimation, asymmetric dsplib::fir::decimate_asym::fir_decimate asym_graph

Interpolation, fractional, dsplib::fir::interpolate_fract_asym::fir_interpolate fract_
asymmetric asym_graph

Decimation, symmetric dsplib::fir::decimate_sym::fir_decimate_sym_graph
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Supported Combinations of Data Types and Coefficient Types

Data Type
v x v v v x x

INt16

Cint16 x v x v x x
Coefficient | INt32 x x v v x x
Type Cint32 x % x x v x x
Float % % x 4 v
Cfloat x x x x x v
v' Supported
x  Complex coefficients are not supported for real-only data types
x  Coefficient type of higher precision than data type will be supported in 2023.1_web
x  Mix of float and integer types is not supported
% fir_interpolate_asym and fir_decimate_asym variants do not support int16/int16
AMDZ1
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Parameters Supported by FIR Filters (1)

11

TP_FIR_LEN

TP_RND

TP_SHIFT

TT_DATA

TT_COEFF

Unsigned int

Unsigned int

Unsigned int

Typename

Typename

Number of taps

Round mode

Number of bits to shift
accumulation down by
before output

Data type

Coefficient type

4 to 240

0 = truncate or floor

1 = ceiling (round up)

2 = positive infinity

3 = negative infinity

4 = symmetrical to infinity
5 = symmetrical to zero

6 = convergent to even

7 = convergent to odd

Oto 61

Int16, cintl6, int32, cint32,
float, cfloat

Int16, cintl6, int32, cint32,
float, cfloat
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Parameters Supported by FIR Filters (2)

TP_INPUT_WINDOW._VSIZE

TP_CASC_LEN

TP_DUAL IP

TT_USE_COEFF_RELOAD

TT_NUM_OUTPUTS

12

Unsigned int

Unsigned int

Unsigned int

Unsigned int

Unsigned int

Number of samples in the input window

Number of cascaded kernels to use for

this FIR

Use dual inputs (may increase throughput
for symmetrical and halfband filters by

avoiding load contention by using a
second RAM bank for input)

Enable reloadable coefficient feature;
additional ‘coeff’ RTP port will appear on

the graph

Number of fir output ports

Must be a multiple of the number
of lanes used (typically 4 or 8); no
enforced range, but large
windows will result in mapper
errors due to excessive RAM use

1 to 9; defaults to 1 if not set

Range O (single input), 1 (dual
input); defaults to O if not set

0 (no reload), 1 (use reloads);
defaults to O if not set

>1
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Parameters Supported by FIR Filters (2)

TP_API

TP_SSR

TP_PARA_INTERP_POLY

TT_PARA_DECI_POLY

13

Unsigned int

Unsigned int

Unsigned int

Unsigned int

I/O interface port type

Parallelism factor

Number of interpolation polyphases that
produce output data in parallel

Number of decimation polyphases into
which data is split into for parallel
computation

0 = Window
1 = Stream

Min = 1; default to 1; Max =
limited by resource availability

Min = 1; Max=

TP _INTERPOLATE_FACTOR
Must be factor of interpolate factor
Min = 1; Max=
TP_DECIMATE_FACTOR

Must be factor of decimation
factor
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Agenda 1. Overview of the Vitis™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary
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FIR/FFT Design — MATLAB® Model

Vitis DSP Library Course: Session #2

100

FIR: Suppress 1-tone from a 2-tone input signal -
25 A\Jns

o m Tone #1

Tone #1 Frequency

FFT. Produce spectrum plot

75 190 15

50 4 S _150
[ -

s .. Tone#2

System Requirement ——
Filter #1 Impulse Response (29 taps)
Parameters Design 1 Design 2 , 06 ?

o U

SSR<1  SSR>l - | P
Sampling Rate (Fs) 400 Msps 2000 Msps P Pmpes
Tone Amplitudes 0.2&0.4 FIR Frequency Response
Tone Frequencies (MHz) 25& 150 100 & 750 i
Taps 29 taps (-60 dBc) AMDZ U S hﬂ/w
Vitis R
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Agenda 1. Overview of the Vitis™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary
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Types of Interfaces for Al Engine Kernels

4

2 Two Types of Interfaces

Window / Incoming data

/O Buffer

Interface Block by block

Outgoing data

Incoming data

Stream Streams of data

Interface
Sample by sample

Streams of data

Outgoing data

AMDZ\
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Windows and I/O Buffers vs. Stream Interfaces

Window Interface Stream Interface

Interface

« Takes ~10-20 cycles for
each window to get the

Latenc No latency (very minimal T T
y data lock y (very ) e D}M fli
«  Filling the data [T L .
. . 256 o Al En ir}e 1 7 ::: - St:ream Out
SRRV Two 256-bit reads and Two 32-bit reads and Eg| =] oo = e I
256-Dbit writ 32-bit writ llel 38|zl B o e - Stwcam n
one it write one it write (parallel) 22| =S oo | AlEngine - E
e oo ~ Error ;tatusi— ¢ ~ Execufion Trace
Sample Size Window size — max. 32 KB NA N ascato ot
. ile n T stallsignal 3 —25‘_
ProceSSIn A H S From EventLogi Mem Collision e 230 53
D g Sequential or random Sequential CooResn T St 5
ata OC| ese > ] ¢ E 4 'ﬁﬁ
South Interface Ctrl Registers Logic s:r,;‘;:uc.: ki Locks &
« Lock stall hl][
* Memory conflicts (ex: » Backpressure (stream
Challenges : Data Momary
accessing the same bank stall)
by multiple AIES)
AMDZ1
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Design 1: FIR/FFT Design Example Using Windows (SSR<1)

Step 1: Vitis™ DSP Step 2: Configure the Step 3: Configure the Step 4: Passing the Step 5: Connect the
Libraries FIR Parameters FFT Parameters Parameters CINES

Tone #1 FIRFILTER | > FFT |

Tone #2

Single rate, symmetrical xf::dsp::aie::fir::sr_sym::fir_sr_sym_graph

Single channel,
decimation-in-time

xf::dsp::aie::fft::dit_1ch

AMDZ\
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Design 1: FIR/FFT Design Example Using Windows (SSR<1)

Step 1: Vitis™ DSP Step 2: Configure the Step 3: Configure the Step 4: Passing the Step 5: Connect the
Libraries FIR Parameters FFT Parameters Parameters CINES

Symmetrical Single Rate FIR filter fir_sr_sym_graph

FIR Parameters

[ TP_FIR_LEN 29 ] Total number of taps

15 Number of bits to shift accumulation down by
before output

TP_SHIFT

TP_RND 5 Symmetrical to zero namespace firl {
. . tat t int WIN SIZE = ;
TP_INPUT_WINDOW_VSIZE 2048 Window size typade? cintis T DATA:
; typedef intlé TT COEFF;
[TP_CASC_LEN 1 ] Number of cascaded kernels to use for this FIR static constexpr int TP FIR LEN = 29;
static constexpr int TP SHIFT =
TP_DUAL_IP 0 Use dual inputs if set as 1 static constexpr int TP_RND =5
— = static constexpr int TP INPUT WINDOW VSIZE = WIN SIZE;
TP USE COEFF RELOAD 0 No reload static constexpr int TP CASC LEN = 1;
— — — static constexpr int TP DUAL IP = 0;
TP_NUM_OUTPUTS 1 Number of ports to broadcast the output static constexpr int TP_USE COEFF_RELOAD = O;
static constexpr int TP NUM OUTPUTS = 1;
[TP API 0 ] Set to windows mode static constexpr int TP_API =
— static constexpr int TP SSR =
[ TP_SSR 1 ] Scale throughput using parallelization }:

AMDZ\
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Design 1: FIR/FFT Design Example Using Windows (SSR<1)

Step 1: Vitis™ DSP Step 2: Configure the Step 3: Configure the Step 4: Passing the Step 5: Connect the
Libraries FIR Parameters FFT Parameters Parameters CINES

Single Channel DIT FFT fft ifft dit_1ch _graph

FFT Parameters

[TP_POINT_SIZE 256 ] Number of samples in a frame to be processed
[TP_FFT_NIFFT 1 ] Performs FFT (1)
TP_SHIFT 6 Excludes twiddle shift
[TP_CASC_LEN 1 ] Number of kernels to use
namespace fftl {
: : : : typedef cintl6 TT TYPE;
TP_DYN_PT_SIZE 0 Not to use runtime point size determine typedef cint16 TT TWIDDLE;
static constexpr int TP POINT SIZE = 256;
TP_WINDOW_SIZE 2048 Number of samples in the input window static constexpr int TP_FFT_NIFFT -
static constexpr int TP SHIFT -
. static constexpr int TP CASC LEN =
TP_API 0 Set to windows mode static constexpr int TP DYN PT SIZE = 0;
static constexpr int TP WINDOW SIZE = firl::WIN SIZE;
Selects the parallelism factor as a power of 2 static constexpr int TP _API = 0;
[TP_PARALLEL_POWER 0 } - 0to4 (1 to 16 kernel -lanes of processing) static constexpr int TP PARALLEL POWER -

AMDZ\
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Design 1: FIR/FFT Design Example Using Windows (SSR<1)

Step 1: Vitis™ DSP Step 2: Configure the | Step 3: Configure the Step 4: Passing the Step 5: Connect the

Libraries FIR Parameters FFT Parameters Parameters Kernels

namespace firl {
static constexpr int WIN SIZE = 2048;
typedef cintl6 TT_DATA;
typedef intl6 TT_COEFF;
static constexpr int TP_FIR _LEN 9
static constexpr int TP SHIFT

- : static constexpr int TP _RND = 5;

FIR and FFT parameters based on the design requirement etatic Constempr 1nt TR SEAE NN VEXZE = WEN SEIN)
: tatic constexpr int TP CASC LEN = 1:
raph : s ; : - . '
;;::;cflrl grap PUSLAE grapm 4 static constexpr int TP_DUAL_IP = 0;
’ static constexpr int TP USE COEFF RELOAD = 0;
private: static constexpr int TP NUM OUTPUTS = 1:
y; Fliter taps: static constexpr int TP API = 0;
std::vector<firl::TT COEFF> m taps = std::vector<firl::TT COEFF>(FIR1 COEFF); }_Etﬂtlf constexpr int TP_55R =1;

// Filter class; £111

using TT FIR = [fir sr_sym graphkfirl::TT_DATA,firl::TT COEFF,firl::TP_FIR_LEN,firl::TP_SHIFT, “°:°‘2::: cintlé S
firl::TP RND,firl::TP INPUT WINDOW VSIZE,firl::TP CASC LEN, t;sedef ircif i,

; : : “TWIDDLE;
firl::TP DUAL IP,firl::TP USE COEFF RELOAD,firl::TP NUM OUTPUTS, static constexpr int TP POINT SIZE g

TT
TT
firl::TP_API,firl::TP_SSR>; static constexpr int TP FFT NIFFT = 1;
// FFT class: static constexpr int TP SHIFT = 6;
using TT FFT = Fft7ifftgdit71ch49rapﬁFfft1::TT~TYPE,fft1::TT_TNIDDLE,fftl::TP_POINT_SIZE, static constexpr int TP CASC LEN = 1;
fftl:: TP FFT NIFFT,fftl::TP SHIFT,fftl::TP CASC LEN, static constexpr int TP DYN pTVSIZE = 0;
fftl::TP DYN PT SIZE,fftl::TP WINDOW SIZE,fftl::TP API, static constexpr int TP WINDOW SIZE = firl::WIN SIZE;
fftl::TP PARALLEL POWER>; static constexpr int TP API = 0;
public: N B static constexpr int TP PARALLEL POWER = 0;

BB PUR. Tl ot e hthess s SO ol yssre sl 0O
AMDZ\
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Design 1: FIR/FFT Design Example Using Windows (SSR<1)

Step 1: Vitis™ DSP Step 2: Configure the Step 3: Configure the Step 4: Passing the Step 5: Connect the

Libraries FIR Parameters FFT Parameters Parameters Kernels

ffra:i 1P rARALLEL  UWER>;
public:
input plio filt i;
output plio filt o;
output_pllo fft_o

TT_FIR fir _dut;
TT FFT fft dut; ( fir_dut.in[0])

(fir_dut.out[0] fft_dut.in[0]]  [fft_dut.out[0]]

firl graph(void) : fir dut( m taps ), fft dut()
{ EEER n e n ( PLIO fir_i ]

filt i]= input plio::create([PLI0 (i1 1| )plio 64 bits, data/sig £%):
filt o = output plio::create( PLIO 7ir o ,plio 64 bits,“data/fir o.txt");
fft o = output plio::create("PLIO fft o”,plio 64 bits,"data/fft o.txt");
connect<window<i*firl::WIN SIZE>>( (FILE i.out[0],  Fir dut.inld]) ) fir dut fft_dut
connect<window<4*firl::WIN SIZE>>( (fir dut.out[0], fft dut.in BE - _> _
connect<window<d4*firl: :WIN SIZE>>( (fir dut.out[0], filt o.inll ] ) ; filt_o.in[0O]
connect<window<d*firl::WIN SIZE>>( (fft dut.out[0], fft o.in[0] )}
}
};
AMDZ1
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Development Flow — Al Engine Toolchain

Al Engine
Design A ) |
Source Al Engine ol
(AIE Kernel) g ELF
Compiler File
Ex: FIR, FFT s — -

(Example: ML and 5G
Wireless)

x86 Al Engine '
Simulator Emulator Al Engine
Toolchain

Compile the design
Simulate the design (x86sim)
Simulate the design (AIEsim)
Analyze the performance

AMDQQ
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Makefile — Design Source, Platform, and DSPLIb

xilinx vckl9@ base 202310 1
platform=${PLATFORM_REPO_PATHS}/${PLATFORM_VER}/${PLATFORM_VER}.xpfm|
$(shell pwd)

PLATFORM VER
PLATFORM

PROJECT PATH

SIM OUTPUT aiesimulator output
&IRl_APP firl app.cpp ]
AIE OUTPUT libadf.a

SRC_PATH src

TARGET hw

WORK AIESIM
WORK_X86SIM

${PROJECT_PATH}/build/hw/Work
${PROJECT PATH}/build/x86sim/Work

DSPLIB INCLUDE --include=${DSPLIB ROOT}/L2/include/aie \
--include=${DSPLIB _ROOT}/Ll/include/aie \
--include=${DSPLIB _ROOT}/L1l/src/aie

Al Engine x86 Al Engine

Compiler Simulator Emulator

Al Engine
Toolchain
AMDZ\
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Makefile — AIE Compiler and Simulator

${AIE OUTPUT}: ${SRC_PATH}/firl graph.h ${SRC_PATH}/${FIR1_APP}

AIE Compiler ifeq ($(TARGET), x86sim)

V++ -Cc --mode aie --config aie config x86sim.cfg ${DSPLIB INCLUDE}
else ifeq (%$(TARGET), hw)
v++ -c --mode aie --config aie config hw.cfg ${DSPLIB_INCLUDE}

endif
X86 Simulator x865im:
x86simulator --pkg-dir=${WORK_X86SIM} --dump |& tee -a ${LOG_FILE} ]
AIE Simulator aiesim:

aiesimulator --pkg-dir=${WORK AIESIM} -o ${SIM OUTPUT} |& tee -a ${LOG_FILE}]

profile:
aiesimulator --pkg-dir=${WORK_AIESIM} -o ${SIM OUTPUT} --profile --online -wdb -ctf |& tee -a ${LOG_FILE}

throughput:

@../../scripts/throughput.py aiesimulator output/data/fir o.txt --iscomplex
@../../scripts/throughput.py aiesimulator output/data/fft o.txt --iscomplex

Al Engine x86 Al Engine

Compiler Simulator Emulator

Al Engine
Toolchain
AMDZ\
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Compile the Design

Set the DSPLib path export DSPLIB ROOT=/<PATH>/Vitis Libraries/dsp

Compile the design make aiecompile

: : echsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr ltl/makefile flow $ make aiecompile
v++ -Cc --mode aie r-config aie config hw.cfg --include=/group/techsup/cbalakr/dsp 1ib/2022.2/Vitis Libraries/dsp/L2/include/aie --inc
lude=/group/techsup/cbalakr/dsp lib/2022.2/Vitis Libraries/dsp/L1l/include/aie --include=/group/techsup/cbalakr/dsp lib/2022.2/Vitis L
ibraries/dsp/L1l/src/aie

Fhkkkk y++ v2023.1 (64-bit)
**¥*% SW Build 3860322 on 2023-05-04-06:32:48
** Copyright 1986-2022 Xilinx, Inc. All Rights Reserved.
** Copyright 2022-2023 Advanced Micro Devices, Inc. All Rights Reserved.

Running Dispatch Server on port: 33640

INFO: [v++ 60-1548] Creating build summary session with primary output /group/techsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr
_ltl/makefile flow/build/hw/Work/Work.aiecompiler summary, at Sun Sep 3 20:53:33 2023

INFO: [v++ 60-895] Target platform: /proj/rdi/xbuilds/2023.1 released/internal platforms/xilinx vck190 base 202310 1/xilinx vck190
base 202310 1.xpfm

INFO: [v++ 60-1578] This platform contains Xilinx Shell Archive '/proj/rdi/xbuilds/2023.1 released/internal platforms/xilinx vck190©
_base 202310 1/hw/hw xsa’

INFO: [v++ 82-31] Launching aiecompiler:]aiecompiler --config /group/techsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr ltl/make
file flow/build/hw/Work/aie hw.cfg

aietools : /proj/gsd/vivado/Vitis/2023.1/aietools

AMDZ\
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Simulate the Design

Simulate the design

make profile Emulate the design on SystemC model of AIE

make x86sim Verify the functionality

xsjapps54:/group/techsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr ltl/makefile flow $[make profilﬂ
@iesimulator]--pkg-dir=fgroup!techsupfcbalakrfgithub_cbalakrfmy_projects/tsc_2023}ssr_ltlfmakeTlle_Tlowfbuild/hw{Work -0 ailesimulator
~output --profile --online -wdb -ctf |& tee -a log

Running AIE Simulator in Online mode...

AIEsim feature license is found.

INFO: Executing config: /group/techsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr Ltl/makefile flow/build/hw/Work/config/scsim c

onfig.json

AMDZ\
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Analyze the Design — Trace View

vitis analyzer aiesimulator_ output/default.aierun_summary

Run - default - AIE SIMULATION 27.914 us

Summary
NAME VALUE lﬂ‘ﬂeoneo us 15.000000 us 10.600000 us 115‘900900 us 120‘000900 us 125‘000600 us

Graph

~Tile(24,0) _main_init |_| )::aie::fft::d... xf::dsp::aie:: fft::d... -xf::dsp::aie::fft::d... -xf::dsp::aie::fft::du.

Arra
b ~Core

LE Functions
Trace _main_init _main_init
Performance Metrics _main inactive
_fini inactive
_cxa_finalize inactive
> Core Lock Requests
»DMA
> Locks
» Network
> Tile(24,1)
» Interface Tile(24)
~Tile(25,0) _main_init xf::dsp::ale::fir:: ... [xfi:idsp::aie::fir::sr s... T::dsp:iaie::fir::sr_s... |xf::dsp::aie::fir::sr
~Core
~Functions
_main_init _main_init
_main inactive
» xfudspraienfirsr_sym:fir_sr_sym<cint16, inactive

_fini inactive

__cxa_finalize inactive

AMDZ\
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Analyze the Design — Graph View and Tile View

Input: PLIO fir_i (

-

Tile View

30

bufd . buf3
bufod m_firKernels[0] buf3d

-1 InWindary | cutvindow - q
=am # Memary Memory #® Stream

filter

fir_dut

bufdd
~dmal0] buf4

0] » 3
In[g] oo . .
> Stream Memory

Qutput: PLIO _fir_o (
.

m_fftKernels[0]

FFTwinproc

fft_dut

—
Memary ¥ Stream

buf2

bu2d Output: PLIO_fft o (
‘

i1_fft_256_tmp2

S

i1_fft_256_tmp1

Graph View
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31

Verify the Performance

Verify the performance  make throughput

W Thrc
FFT W Thro >

System Requirement

xsjapps59:/sales exceed/session2 $ Target = 400 Msps

Achieved - ~574 Msps

SSR<1 SSR>1

Sampling Rate (Fs) [400 Msps ] 2000 Msps
Tone Amplitudes 0.2&0.4

Tone Frequencies (MHz) 25& 150 100 & 750
Taps 29 taps (-60 dBc)

AMDZ\
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Agenda 1. Overview of the Vitis™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary

AMDZ\
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Design 2: FIR/FFT Design Example Using Streams (SSR>1)

System Requirement

SSR<1 SSR>1
400 Msps 2000 Msps
0.2&0.4
25 & 150 100 & 750
29 taps (-60 dBc)

Sampling Rate (Fs)
Tone Amplitudes
Tone Frequencies (MHz)

Taps

33

Vitis DSP Library Course: Session #2

75 100 125

s0_/40 % 150
25" " 175
0 200

Tone #1 Frequency

100

75 10 125
s0_#4F S 150
-
L
25" GV 175
0 200

Tone #2 Frequency

Tone #1

®

Tone #2

Filter #1 Impulse Response (29 taps)

v 06
=
2 04
=
g% .
0 [t foms
el
-0.2
[1] 10 20 30
Sampl

FIR Frequency Response

50 100 150 200
Frequency (MHz)

Real part

Real part

FIR FILTER

FFT

FIR Time-Domain Input (A)
05

Y

©

X FIR Frequency-Domain Input (A)

FIR Time-Domain QOutput (B)

(=]

0s
'U
2
l:n
E 02
-0.5

i it -
2

o i il T i Eo0s
i) i =
7 | =

-0.5 0
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Design 2: FIR/FFT Design Example Using Streams (SSR>1)

Step 1: Vitis™ DSP Step 2: Configure the | Step 3: Configure the Step 4: Passing the Step 5: Connect the
Libraries FIR Parameters FFT Parameters Parameters Kernels

Symmetrical Single Rate FIR filter fir_sr_sym graph

FIR Parameters

Parameters Design 1 Design 2 Description
TP_FIR_LEN 29 Total number of taps
TP_SHIFT 15 Number of bits to shift accumulation

down by before output _
namespace fir2 {

TP_RND 5 Symmetrica| to zero static constexpr int WIN SIZE = 2048;
typedef cintl6 TT DATA;
TP_INPUT_WINDOW_VS 2048 , . typedef intl6 TT_COEFF;
IZE Window size static constexpr int TP FIR LEN = 29;
static constexpr int TP _SHIFT = 15;
1 Number of cascaded kernels to use for static constexpr int TP _RND = 2
TP_CASC_LEN ) static constexpr int TP INPUT WINDOW VSIZE = WIN SIZE;
this FIR static constexpr int TP CASC LEN = 1;
] ] static constexpr int TP DUAL IP = 8;
TP_DUAL_IP 0 Use dual inputs if set as 1 static constexpr int TP USE COEFF RELOAD = 0;
static constexpr int TP _NUM OUTPUTS = 1;
TP—USE—COEFF—RELOA N load static constexpr int TP API = 1;
o reloa i i _
D static constexpr int TP SSR = 4:

TP_NUM_OUTPUTS 1 Number of ports to broadcast the output
TP_API 0 1 ] Set to stream mode

N\ )

TP_SSR 1 4 ] Scale throughput using parallelization AMDZ
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Design 2: FIR/FFT Design Example Using Streams (SSR>1)

Step 1: Vitis™ DSP Step 2: Configure the §| Step 3: Configure the Step 4: Passing the Step 5: Connect the
Libraries FIR Parameters FFT Parameters Parameters Kernels

Single Channel DIT FFT fft_ifft dit 1ch _graph
FFT Parameters
Parameters Design1l  Design2  Description
TP_POINT_SIZE 256 Number (i; samples in a frame to be
processe namespace fft2 {
static constexpr int WIN SIZE = 2648;
TP_FFT_NIFFT 1 Performs FFT (1) typedef cintl6 B TT TYPE;
typedef cintl6 TT TWIDDLE;
TP SHIFT 6 Excludes twiddle shift static constexpr int TP POINT SIZE = 256;
— static constexpr int TP _FFT_NIFFT = 1;
tati t int TP SHIFT = 6;
[TP_CASC_LEN 1 3 ] Number of kernels to use :t:ti; E:::t:::: iﬂt TP CASC LEN = 3;
static constexpr int TP DYN PT SIZE = B
TP_DYN_PT_SIZE 0 Not to use runtime point size determine static constexpr int TP _WINDOW_SIZE = WIN_SIZE;
static constexpr int TP API = 1;
TP_WINDOW_SIZE 2048 Number of samples in the input window static constexpr int TP_PARALLEL_POWER -
static constexpr int NPORTS 0 = 1 << (TP PARALLEL POWER+1);
[TP_API 0 1 ] Set to stream mode ;
TP_PARALLEL_POWE 0 1 Selects the parallelism factor as a power of 2
R - 0to4 (1to 16 kernel -lanes of processing)

AMDZ\
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Summary of Design 1 vs. Design 2

36

Design 1 (SSR<1)

FIR Parameters:
- TP_API=0
- TP_SSR=1

FFT Parameters:

- TP_CASC_LEN =

1

- TP_API =0 (window)
-  TP_PARALLEL_POWER=0
firl graph(veid) : fir dut( m taps ), fft dut()

{
filt i = input_plio::create("PLIO fir i",plio 64 bits,"data/sig i.txt
filt o = output plio::create("PLI lr 0o",plio 64 bits,"data
fft o = output plio::create("PLI ,plio 64 bits,"data/fff

connectqwindow<}*firl
#firl
*firl
*firl

connectqwindows=
connectqwindow=
connectqwindow=

LWIN SIZE>>( filt i.out[8], fir dut.in[0] );

::WIN_SIZE>>( fir_dut.out[0], fft_dut.in[0] );
::WIN_SIZE>>( fir_dut.out[f], filt o.in[0] );
::WIN SIZE>>( fft dut.out[0], fft o.in[0] });

Design 2 (SSR>1)

FIR Parameters:
- TP_API=1
- TP_SSR=4

FFT Parameters:

- TP_CASC LEN=3
- TP_API =1 (stream)
- TP_PARALLEL POWER =1

filt i[ii]
filt o[iil
fft o[ii]

connecti<stream=| filt i[ii].out[6],

input_plio::create(plio_fir i,
output plio::create(plio fir o,
output plio::create(plio fft o,

plio 64 bits,
plio 64 bits,
plio 64 bits,

JFilt if[did] );

connecfl=stream=| fir dut.filt o[ii], filt o[ii].in[©]

)i
connecfi<stream=( fir dut.filt o[ii], fft dut.fft i[ii] );
connecti<stream= fft dut.fft o[ii], )i

fft o[ii].in[0]

fname fir i);
fname fir o);
fname fft o);

AMDZ\
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Analyze the Design — Trace View

Analyze the design vitis_analyzer aiesimulator_output/default.aierun_summary

o w2 1dsp:: 1dspi:
f::d. .. xf::d f::dsp: f::dsp::ai
... efi: :dsp:: pef 2 dsp

fiid... |xf::d fiidspii... f::dsp
i:ds. sp d

f:i:d f:iids. f:idsp:: f::dsp::al

f::d fi:d f::dsp f::dsp::al

we. fizds. .. [xfiidsp::... fi:dsp::al...

Kf::ds...l}(f::dsp::a... f::dsp:iai...
. ::dl...].l'l::ﬁp::... xf::dsp::ai...
sd... efizds. .. fiidsp:ia... kfi:dspiial...

£ 1=
HHEEE
HER

AMDZ\
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Analyze the Design — Graph View

TP_SSR Scale throughput

|| FIR- 16 Kernels

U FIR — Qutputs

AMDZ\
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Analyze the Design — Graph View — FFT Tiles

AFRKernsls)
™1

8 = bute 23 _fi 128 tmr
-

traphsferData fitMain

a_fitkernels)y

- i ""’Q.i‘f;:.:! - -8 21_fft_128_tmp2

fithaan
bufad
buf i s 21 fit 128
" acony A
L ';uv, ] u Output: PLIO_fft_a 3|
fitmaimn o

m_combCutKernzI[1]

P n_outWilgetkernel Fifat (23, 1) m_cambinkermel[1 Yisia P
. e .
v T - - iz It cutthrazw Wt o - LY B
" /- TS PSS aumat DR g e
Se—y o
trarsferData Fifab (27, D) transferData fft_r2comb_main trarsferData

FFTstrprac bufad bufad _ .
m_cambinKemel [ bufs m_r2Comb({0! buf m_combOutKernel[o] Output- PLIO_fit o 2
FFTsubframe1 — - = _-H. »
- CutWndce mm ik con curthreszn o)
transferData ffit_r2comb_main trarsferData
bl
2 m_outWidgeti |
bu transferData

n(_ftkernels[1
s

7 12B_tmp2 116_fit_128_tmp1
1 el -

buf2 fitmaim
Fmyvdgetkernel busfd ra_fitkernelsio)

raz 17_fft_12B_tmg!
el "
fednsierData

Parameters

Design 1 Design 2 | Description

fithaain

TP_CASC_LEN Number of kernels to use

FFTstrproc

Use 2 sub-frame processors with 2 inputs
each

FFTsubframed

TP_PARALLEL_POWER

AMDZ\
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Verify the Performance

xsjapps59:/sales _exceed/session3 $ make throughput all?2

W Throughput: 807.57 (Msps)
W Throughput: 798.75 (Msps)
W Throughput: 805.03 (Msps) System Requirement
W Throughput: 803.14 (Msps)
B Throughput: 705.23 (Msps)
W Throughput: 704.75 (Msps) SSR < 1 SSR>1
W Throughput: 705.23 (Msps) _
B Throughput: 704.75 (Msps) Sampling Rate (Fs) 400 Msps [ 2000 Msps ]
Tone Amplitudes 0.2&04
Target - 2000 Msps Tone Frequencies (MHz) 25& 150 100 & 750

40
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Agenda 1. Overview of the Vitis ™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary

AMDZ\
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What Is the New AMD Vitis™ Unified IDE?
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AMD Vitis™ Unified Software Platform — IDE Refresh (1)

AMDZ AMDZ
Vitis Vitis
VITIS VITIS
IDE ANALYZER
Vitis™ core AIE Compiler GCC Compiler

development kit HLS Compiler HW Linker Analyzers Debuggers

AMDZ\
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AMD Vitis™ Unified Software Platform — IDE Refresh (2)

Vitis™ |IDE refresh
mostly updates the

graphical user
interface (GUI)

Core development
tools and workflow

AMDA
6MD1‘.| Vitis -
itis Vitis
Vitis
| Unified IDE
| 20231
(_ Initializing IDE
2 © Copyright 1986-2022 Xilinx, Inc. All Rights Reserved
C © Copyright 2022-2023 Advanced Micro Devices, Inc. All Rights Reserved
T

AIE Compiler GCC Compiler

HLS Compiler HW Linker Analyzers

Debuggers

don’t change

44
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How Can | Use the New AMD Vitis™ Unified IDE?

- Comes installed with 2023.1 as a preview along with the classic IDE

« Users just need to add the option --new to start the new IDE instead of classic
 vitis --workspace <worspace> to start the classic IDE
 vitis --new -w <worspace> to start the new IDE

* Note that workspaces are NOT interchangeable

AMDZ\

45 together we advance_



[Public]

Features of the New AI\/I VitisT IDE

1. Toolbar

2. Component Explorer

3. Central Editor

4. Flow Navigator

5. Console, Output, Terminal

6. Index of Transcripts

AMDZ\
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AMD Vitis™ Unified IDE Enables Component Design (Bottom Up)

Al Engine Component Settings

Config File;

Referring System Projects

47

- Al Engine component can be created in isolation from
the rest of the system
- Create with platform or with device (part)
« Run x86sim or aiesim
- Debugging
- Build the application targeting HW

- Component-specific Flow Navigator and Settings

- Reports are close to build/run actions—easy to follow

- User can link the Al Engine component to a system

later in the flow

AMDZ\
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Optional System Project

- System designer links Al Engine component, HLS
component, and RTL kernels
« Only needed during system integration and verification

Al Engine Component

HLS Component

Application Component

Platform Component

System Project

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 1:
Launch Vitis™
IDE

Step 5: X86SIM Step 6: AIESIM Step 7:
Compile & Compile & Analyze the
Simulate Simulate Reports

Step 2: Step 3: Step 4.
Create AIE Comp Add Design Files Add DSPLib

fiew Go Terminal Vitis Help

vitis --new -w <PATH_TO_WORKSPACE> S

v IDE_DEMO
Welcome to the Vitis Unified IDE

« Launch Vitis GUI

- Open workspace

49

The workspace has no recognizable Vitis
components.

Start by creating a component from scratch
or from examples

Create HLS Component
Create Al Engine Component
Create Application Component
Create Platform Component
OR

Switch to user managed mode to work with
makefile based AIE components or
accelerated applications in the workspace

v FLOW

&

E® Pmant O ®O0AO

Get Started
B Open Workspace

& Examples

Recent Workspaces

aiesimulator_output

gui_flow

HLS Development

Create Component

Tutorials

Analyze Reports

Open Recent Summary
Open Summary Folder
Open Summary

User Guide

System Development

Create Platform Component

Create Application Component

Al Engine Graph Development

Create Component
Tutorials

User Guide

Embedded Development

Create Platform Compone
Create Embedded Application
Tutorials

User Guide

Online Resources

Documentation

Videos

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 5: X86SIM
Compile &
Simulate

U I Step 2: Step 3: Step 4:

Launch Vitis™

IDE Create AIE Comp | Add Design Files Add DSPLib

Step 6: AIESIM
Compile &
Simulate

Step 7:
Analyze the
Reports

« Create AIE component

- Enter the component name

File Edit Selection View Go Terminal Vitis Help

New File Ctrl+N o n Welcome *

New Folder
Create Al Engine Component - Empty AIE Component
New Component h HLS
> Source Files

Al Engine
Open File... Ctri+O g

Application
Open Workspace ... Ctri+Alt+W Platform

Name and Location

Open Recent Workspace... Ctri+Alt+R System Project

Save Ctrl+s From Examples

Component will be created at /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_It1/ide_demo/aie_ssr_|t1

50
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Vitis Unified IDE — AIE Development Flow

Step 1: Step 2: Step 3: Step 4: Step 5: X86SIM Step 6: AIESIM Step 7:

Launch Vitis™ ) : : Compile & Compile & Analyze the
IDE Create AIE Comp Add Design Files Add DSPLib Simulate Simulate Reports

« Add the files by clicking
° f“’l_applcpp’ flrl_coeﬁ.h’ f”’l_graph.h Create Al Engine Component - Empty AIE Component

Name and Location > | > Part >

- Add the folder by clicking
- data

Add Source Files

Import sources including graph, kernels and data files for your component and select top-level file from the imported sources. You can also skip this step now and

add them later.

« Select the platform

IMPORT SOURCES

Create Al Engine Component - Empty AIE Component /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_It1/makefile_flow/src/firl_app.cpp
Name and Location > Source Files > Summary /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_|t1/makefile_flow/src/firl_coeff.h
T /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_|t1/makefile_flow/src/firl_graph.h

Specify a board, device, or platform you are compiling your component for

/group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_It1/makefile_flow/data

Part (@ Platform XSA

FLow —— Select top-level file firl_app.cpp v

Sources will be copied to /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_lt1/ide_demo/aie_ssr_lt1

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 1: _ : : Step 5: X86SIM Step 6: AIESIM Step 7:
iy 2 Sl 2 Sl Compile & Compile & Analyze the

Launch Vitis™ . : :
IDE Create AIE Comp | Add Design Files Add DSPLib Simulate Simulate Reports

O :l Welcome =~ {} vitis-comp.json :
r_it1
v IDE_DEMO
v [Al Engine]

> Settings
> Includes Al Engine Component Settings

v Sources
ale_ssr_It1

wprT platform: imevekiso base 2022101 . S@lected Platform

ssr_It1

8 firotxt Location: /group/techsup/cbalakr/github_cbalakr/my_projects/tsc_2023/ssr_It1/ide_demo/aie_s:

Added Design Files S

Compiler Settings:
firl_app.cpp

firl_coeff.h
firt_graph.h Config File: Select Config File

Top level file: Select Graph File
> Output
v Referring System Projects

None

v FLOW

Component aie_ssr_it1

v X86 SIMULATION
2% Build

Flow Navigator D

> REPORT
v AIE SIMULATOR / HARDWARE
2% Build

=

B® Pmaint & ®0AO0
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Vitis Unified IDE — AIE Development Flow

Step 1: _ _ : Step 5: X86SIM Step 6: AIESIM Step 7:
iy 2 Sl Sl A Compile & Compile & Analyze the

Launch Vitis™ : . :
Create AIE Comp | Add Design Files Add DSPLib Simulate Simulate Reports

IDE

- Expand Settings and open aiecompiler.cfq file

« Add the DSPLIib path

& >
\ I

[Al Engine]
include=/group/techsup/cbalakr/github cbalakr/my projects/tsc 2023/ssr ltl/ide demo/aie ssr 1tl

v Settings
- include=/group/techsup/cbalakr/dsp lib/Vitis Libraries/dsp/L2/include/aie
include=/group/techsup/cbalakr/dsp lib/Vitis Libraries/dsp/L1/include/aie

{-} vitis-comp.json
include=/group/techsup/cbalakr/dsp lib/Vitis Libraries/dsp/L1l/src/aie

\
1
1
,' 4 CMakelLists.txt
]

] i} [aie]
r Xchess:main:dart5.xarg5:-nd
\ aiecompiler.cfi

\—IA o P g

? Includes

v Sources

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 5: X86SIM Step 6: AIESIM Step 7:

Step 1: . : -
Step 2: Step 3: Step 4: Compile & Compile & Analyze the

Launch Vitis™ : : .
Create AIE Comp | Add Design Files Add DSPLIib Simulate Simulate Reports

IDE

Compile and verify : _ , -
tor x86 simulation Verify the functionality o

« Under X86 SIMULATION

« Click Build to compile the project for
x86 simulation

- Click Run for X86 simulation

« Verify the output directory

PROBLEMS OUTPUT X TASK: XB6 SIMULATOR FOR AIE_SSR_LT1 X TASK: READING X86SIM.OPTIONS x

- x86simulator_output > data
v X A > Executing task: x86simulator --pkg-dir=
« Output files generated: fir_o.txt and fft_o.txt 7 Build @
> REPORTS
- Compare the results with the golden b Run
reference 1 Debug EpL , s ha Jat C(ssrCoeffPhase) Starts at kernelStartingIndex:

> REPORTS

y returning zero

v AIE SIMULATOR / HARDWARE

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 1:
Launch Vitis™
IDE

Step 5: X86SIM Step 6: AIESIM Step 7:
Compile & Compile & Analyze the
Simulate Simulate Reports

Step 2: Step 3: Step 4:
Create AIE Comp Add Design Files Add DSPLib

Compile and verify

for AIE simulation Emulate the design on SystemC model of AIE

~ FLOW Launch Configurations

« Under AIE SIMULATOR/HARDWARE [ — 0'
- Click Build to compile the project ;SBISHA.—_,L;TIDN - B
- Configure the simulation SE—
Enable trace and profile > REPORTS
« Click Run for AIE simulation ;;tg

> REPORTS

- Verify the output directory
- hw > aiesimulator_output > data

Output files generated: fir_o.txt and fft_o.txt

Compare the results with the golden reference

AMDZ\
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Vitis Unified IDE — AIE Development Flow

Step 1:
Launch Vitis™
IDE

Step 2:
Create AIE Comp

v IDE_DEMO

v Settings
{-} vitis-comp.json

CMakelLists.txt

£ aiecompiler.cfg
> Includes
v Sources
firl_app.cpp
firl_coeff.h
firl_graph.h

> Output

v FLOW

Step 3:
Add Design Files

Subgraph View

> X86 SIMULATION
AIE SIMULATOR / HARDWARE
2% Build @
> REPORTS
D> Run
% Debug
v REPORTS
Summary

Vitis Analyzer S

Array

Reports Log

Trace

Performance Metrics

Lock Stalls Memory Stalls

STALLED TILE STALLED KERNEL

Step 4:
Add DSPLib

Buffers

STALLED PORT

START (PS)

DURATION (PS| PC

Step 5: X86SIM
Compile &
SIVEE

Step 6: AIESIM
Compile &
Simulate

r—2

buf4d

bufd m_fRtKernels{0} i1_fft 256 tmp2

i1_fft_256_tmp1

Interface Channels

RELATED STALLS BUFFER LOCK HOLDER

10410400

Step 7:
Analyze the
Reports

AMDZ\
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~ IDE_DEMO
~ [Al Engine]
v Settings
{-} vitis-comp.json
A CMakeLists.txt
1
£ aiecompiler.cfg
? Includes
v Sources
>m
firl_app.cpp
firl_coeff.h
firl_graph.h
~ Output
~ [ hw
> Xil

v [ aiesimulator_output

~ FLOW

Component aie_ssr_|t1

v\ggg

s o wnao

~ AIE SIMULATOR / HARDWARE

Z° Build &
> REPORTS
[> Run
{& Debug
v REPORTS

Summary

® Graph
Array
Log

® Trace
Performance Metrics

Profile

Graph * Trace x

P og @ a B8 A ¥ [

NAME VALUE

~Tile(24,0)
~Core

_main_init

~Functions
_main_init _main_init
_main inactive
> xfudspraiecfit:dit_1ch:fftifft_dit_1ch<cin inactive
_fini inactive
_ cxa_finalize inactive
> Core Lock Requests
» DMA
» Locks
» Network
> Tile(24,1)
» Interface Tile(24)
+Tile(25,0)
~Core

_main_init

wFunctions
_main_init _main_init

_main inactive

> xfudspraiesfirusr_sym:fir_sr_sym<cint16, : inactive
_fini inactive
__cxa_finalize inactive
» Core Lock Requests

» DMA

> Locks

» Network

> Tile(25,1)

Lock Stalls Memory Stalls Events

STALLED TILE STALLED KERMNEL

Vitis Unified IDE — AIE Development Flow

IDAOSOD{)D us ISAOE)OE)BG us IlO.GGB%GB us

/
4
7
U

Fi COTEITETEER COETEE e Cverm e ey (e err e

7
Su?

25.,000000 us

§
]

Kernels 1/0 Buffers Ports Nets Tiles Interface Channels

STALLED PORT START (PS) DURATION (PS) PC RELATED STALLS BUFFER

10410400
3116800

589600
593600

LOCK HOLD}
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Agenda 1. Overview of the Vitis ™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

« Al Engine Design Using Vitis Model Composer

3. Summary

AMDZ\
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Algorithm to Implementation: Challenges

Challenges %

Re-implement algorithm for efficient
mapping to architecture

TLAD
1\({I\’é\H\AUI,INK’

Algorithm
Developers

Algorithm Design &

Algorithm Exploration

Hardware-specific decisions to be made

Simulation performance becomes
a bottleneck
Specifications Verifying equivalence between algorithm
and hardware

Difficult to debug issues with hardware
implementation

Algorithm to Hardware

Implementation System Integration

RTL/Hardware

Engineer Vitis™ Model Composer

Bitstream/PDI
Generation

Provides better integration from
algorithm to implementation

AMDZ\
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Vitis™ Model Composer — Toolbox

Simulink Library Browser X

<@ & [Entersearch term ||l v | Bv O v @ | = @
AMD Toolbox

AI Englne lerary i Simgtlxi:n':nonlymed Blocks 1

Continuous
» Dashboard
Discontinuities
Discrete
Logic and Bit Operations
. . . Lookup Tables
Math O ti
Highly optimized blocks Math Operatons
. Messages & Events
" Model Verificati
targeting: ote i ocmes
. Ports & Subsystems
Si | Attributs
« Programmable logic Sgnal atriotes
. Sinks
S
« AIE Engines sources
User-Defined Functions
> Ad@itional Math & Discrete

AMD Toolbox }

Al Engine HDL HLS Utilities

HDL Library

(previously part of
System Generator)

» Al Engine

. » HDL
HLS Library > S
» _Utilities
» Communications Toolbox

» Communications Toolbox HDL Support

» Computer Vision Toolbox

» Control System Toolbox

» DSP System Toolbox

b DSP System Toolbox HDL Support
Fixed-Point Designer

» Fixed-Point Designer HDL Support

HDL library contains all the library blocks previously " onge Acauisiion Toolbos
contained in the System Generator blockset

AMDZ\
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) in
Vitis Model Composer

Simulink Browser

Al Engine > DSP > Buffer IO Blocks

. . Simulink
DSP functions in sync ol ’I"“ m}' I m
. . . . . v & pDs  out[D] FFT n[0] FFT Dynamic Point out[0]
with Vitis™ libraries atsré?goeﬁned Functions
B DDS FFT FFT Dynamic Point
» Additional Math & Discrete
b OUiCk Insert Ninfo]  FIR Asymmetric  outo] )|Inl01 FIR Asymmetric Decimation 0utfo] b Ninfd] FIR Haliband Decimator out(o] >
v AMD Toolbox - .
. v Al Engine FIR Asymmetric FIR Asymmetric Decimation FIR Halfband Decimator
Add the blocks: S T
° Fl R Sym metrIC Inte rfaces Jinlo]  FIR Halfhand Interpolator out(0] B Minf0]  FIR Interpolation  out(o] [ Ainlo]  FIR Resampler Filter  out(o] [
) F FT Slg nal RO uting FIR Halfband Interpolator FIR Interpolation FIR Resampler Filter
Sinks
So urces +'||.U] FIR Symmetic  outfo]p | Nin[0] FIR Symmetric Decimation out[o] B Ninfo] eET outo] p
TOOIS X FIR Symmetric FIR Symmetric Decimaticn IFFT
User-Defined Functions
o +mm] Mixer oulf0] Ainlo]  window Function  out[o] [
Mixer Window Function
Tone #1 FIR FILTER » FFT ——
Tone #2
AMDA
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Configure the Parameters — FIR Block

Block Parameters: FIR Symmetric x |
Jino] FIR Symmetric ~ out{0] [» | .
FIR Symmetric
FI R Param eterS 2 Symmelri Single Rate Symmetric FIR Filter block for Al Engines.
Forl a filter length of 'N', specify filter coefficients as a vector of
TP_FlR_LEN 29 Total number of taps ‘ceil(N/2)" elements.
: . c Main | Constraints
TP SHIET 15 Number of bits to shift accumulation down by B
— before output cint16 -
TP_RND 5 Symmetrical to zero F:r':;“’em“e”“ i .
TP_INPUT_WINDOW_VSIZE 2048 Window size Hf"”yf:'ttfft via input port
- 78 181 -376 19 734 -804 -562 2147 -1224 -3491 9535 20445] i
TP _CASC_LEN 1 l;IIuRmber of cascaded kernels to use for this S
29
TP_DUAL_IP 0 Use dual inputs |f Set as l Input window size (Number of samples):
2048
TP_USE_COEFF_RELOAD 0 NO reload Scale output down by 27
15
TP_NUM_OUTPUTS 1 Number of ports to broadcast the output Rounding mode:
Round to positive infinity -
TP_AP| 0 Set to windows mode Number of cascade stages:
1
TP_SSR 1 Scale throughput using parallelization

OK ‘ Cancel Help
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Configure the Parameters — FFT Block

FFT Parameters

TP_POINT_SIZE 256
TP_FFT_NIFFT 1
TP_SHIFT 6
TP_CASC_LEN 1
TP_DYN_PT_SIZE 0
TP_WINDOW_SIZE 2048
TP_API 0
TP_PARALLEL_POWER 0

63

Number of samples in a frame to be processed
Performs FFT (1)

Excludes twiddle shift

Number of kernels to use

Not to use runtime point size determine
Number of samples in the input window

Set to windows mode

Selects the parallelism factor as a power of 2
- 0to4 (1to 16 kernel -lanes of processing)

)

info] FET oul[tﬂ} |
FFT

FFT

Block Parameters: FFT

FFT block targeted for Al Engines.

Main Constraints
Input/Output data type:

cintl6

FFT Size:

‘ 256

Input window size (Number of Samples):

2048

Scale output down by 2™
6

Number of cascade stages:

1

J OK ‘ Cancel

Help
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Connect the Block and Run the Simulation

N FFT_Scope

File Tools View Simulation Help

QOP O AT |Fia-

Compare FFT Qutput

T Scope

FIR-FFT
1 PLIO (64) > FIR Symmetric i gk FFT P in
inpsd PLIO FFT
1400 160 180C
out
»in To Fixed Size
kl valid »—] FF
. FIR_5cope x | To Fixed Size 1
Vitis Model Composer Hub
File Tools WView Simulation Help kY
AR A =] 1 P 2
@- a0k - - E- Fi4- |
FIR_Output FFT_Comparator
Golden_FFT
rh =, o L rh at e
.JF.LI.IJI'LI.rr'J]lJf.L'_IJr_
T o 11 o e p <
AN TAV TRV TR s [ ]
L Ll 5 b ! . FIR_Outgu
N o Compare FIR Output vs Gqlden
Compare FIR Qutput vs Golden
- - - - FIR_Scope
FIR_Comparator FIR Golden Reference
Golden_FIR

FIR Golden Reference
, .

A Ay
EN AN

PR R T T
I L| IJ I L I I} 1 _|J M1
Ty HL.{“_J \NrEmNT

B00O

-5000 | -
| 1

64 120 740 160

FIR Scope
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Functional
Verification

Performance

65

Al Engine Kernel Development Flow Using Vitis Model Composer

Analysis

Run Simulation

Verify the Output
Compare to Golden Reference

Generate Code and Run Cycle-
Approximate AIE Simulation

Examine Throughput
Using Vitis™ Analyzer

Add/Modify Constrains
Add FIFO Blocks

4 ® b =

Step Stop

Back ¥ v Forward

SIMULATE

L.

pr

Vitis Model Composer Hub

o
6

Vitis Model Composer: two_tone_filter X
» B
Hardware Code Setti
Selection Generation ettings
~ two_tone_filter
FFT_Comparator Code Directory |_.fcnde | ) ’ n Generate I

& FIRFFT
FIR_Comparator
» Golden_FFT
» Golden_FIR
input0

AIE Setings  AIE Hardware Flow

AlE Compiler Options | {1 |

AIE Simulator Options | {} |

Create Testbench
Run cycle-approximate AIE Simulation (SystemC) after code generation

Simulation timeout (cycles) | 50000 | | Open Vitis Analyzer |

Plot AIE Simulation Output and Estimate Throughput
[ ] Collect profiling statistics and enable "printf’ for debugging

Collect trace data for Vitis Analyzer

e || o e | e |
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together we advance_




[Public]

Agenda 1. Overview of the Vitis™ DSP Library

2. Demo Design Overview

« MATLAB® Model of a FIR/FFT Design

* Design 1: FIR/FFT Design for SSR<1

* Design 2: FIR/FFT Design for SSR>1

« Al Engine Design Using the Vitis™ IDE

- Al Engine Design Using Vitis Model Composer

3. Summary

AMDZ\
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Summary

- DSPLib is a configurable library of kernels that can be used to develop applications on Versal™ adaptive
SoC Al Engines

- Distributed as free open-source code
- Download Vitis™ library from GitHub

- https://github.com/Xilinx/Vitis Libraries/tree/master/dsp

- Recommended entry point for all libraries is an L2 graph for your design
- Designing using FIRs/FFTs has been demonstrated using the tool flows:
- Vitis IDE

 Vitis Model Composer

« Automatic code generation by the tool

AMDZ\
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Next Steps — Documentation

- Tool installation: Get the latest Vitis™ tool release
- https://www.xilinx.com/support/download.html

- User guides
- Al Engine Tools and Flows User Guide (UG1076)
Al Engine Kernel and Graph Programming Guide (UG1079)

Vitis Model Composer User Guide (UG1483)
+  Supported MATLAB® tool versions and operating systems (UG1483)

Vitis Libraries User Guide
« https://docs.xilinx.com/r/len-US/Vitis Libraries/dsp/index.html

Al Engine API User Guide

« https://lwww.xilinx.com/htmldocs/xilinx2023 1/aiengine api/aie api/doc/index.html
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https://www.xilinx.com/support/download.html
Overview • AI Engine Tools and Flows User Guide (UG1076) • Reader • AMD Adaptive Computing Documentation Portal (xilinx.com)
Overview • AI Engine Kernel and Graph Programming Guide (UG1079) • Reader • AMD Adaptive Computing Documentation Portal (xilinx.com)
https://docs.xilinx.com/r/en-US/ug1483-model-composer-sys-gen-user-guide
https://docs.xilinx.com/r/en-US/ug1483-model-composer-sys-gen-user-guide/Supported-MATLAB-Versions-and-Operating-Systems
https://docs.xilinx.com/r/en-US/Vitis_Libraries/dsp/index.html
https://www.xilinx.com/htmldocs/xilinx2023_1/aiengine_api/aie_api/doc/index.html
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Next Steps — Training

- Tutorials

- Visit GitHub for more Vitis™ environment

flow examples

« https://qithub.com/Xilinx/Vitis-
Tutorials/tree/2023.1/Al Engine Development

« https://github.com/Xilinx/Vitis Model Composer

« On-Demand training:
* https://xilinxprod-

catalog.netexam.com/Search?searchText=

Designing+with+Versal+Al+Enqgine
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AMD Customer Training

| Designing with Versal Al Engine

Apply Filter

Design Process

O Al Engine Development
[ Board System Design

O Embedded Software
Development

O Hardware IP & Platform
Development

0 Machine Learning and Data
Science

O system and Solution
Planning

O system Integration and
Validation

Silicon

AMDO
WERSAL

ON DEMAND

Designing with Versal Al Engine: Architecture and Design Flow
-1
This content describes the Versal™ Al Engine architecture, how to program the

Al Engines (single kernel programming and multiple kernel programming using
data flow graphs), the data communications between the PL and A...

Designing with Versal Al Engine: Graph Programming with Al
Engine Kernels - 2
This course describes the system design flow and interfaces that can be used

for data mevement in the Versal™ Al Engine. It demonstrates how to utilize Al
Engine APIs and the Al Engine DSP library for faster developme...

Designing with Versal Al Engine: Kernel Programming and
Optimization - 3
This content covers the advanced features of the Versal® ACAP Al Engine,

including debugging an application in the Vitis™ unified software platform,
using filter intrinsics, implementing a system design in hardware, a...

Designing with Versal Al Engine: Quick Start

This course describes the AMD Versal™ Al Engine architecture, interfaces,
programming the Al Engine (kernels and graphs), usage of the DSP Library, Al
Engine development using Vitis™ Model Composer and debugging Al En...
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https://github.com/Xilinx/Vitis_Model_Composer
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https://github.com/Xilinx/Vitis_Model_Composer
https://xilinxprod-catalog.netexam.com/Search?searchText=Designing+with+Versal+AI+Engine
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DISCLAIMER AND ATTRIBUTIONS

DISCLAIMER

The information contained herein is for informational purposes only, and is subject to change without notice. While every precaution has been taken in the preparation of this document, it may
contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise carrect this information. Advanced Micro Devices, Inc. makes no
representations or warranties with respect to the accuracy or completeness of the contents of this document, and assumes na liability of any kind, including the implied warranties of
noninfringement, merchantability or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products described herein. No license, including
implied or arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations applicable to the purchase or use of AMD's products are as set forthin a
signed agreement between the parties orin AMD's Standard Terms and Conditions of Sale. GD-18

©2023 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, Versal, Vitis, and combinations thereof are trademarks of Advanced Micro Devices, Inc. MATLAB and Simulink
are registered trademarks of The MathWorks, Inc. Other product names used in this publication are for identification purposes only and may be trademarks of their respective companies.
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