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Objectives

Describe the 
Versal™ AI 
Engine DSP 
library

01
Identify various 
components in 
the AI Engine 
DSP library

02
Create your DSP 
application using 
the AI Engine 
DSP library

03
Develop designs 
using the following 
tool flows: 

- Vitis™ AIE development

- Vitis Model Composer

04

After completing this module, you will be able to:
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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What Is the AI Engine DSP Library?

Configurable library of 

kernels that can be 

used to develop 

applications on 

Versal™ AI Engines

Open-source library 

for DSP applications

Kernels are coded 

using AI Engine APIs in 

C++ and give access to 

AI Engine vector 

processing capabilities

C++

Use the library 

element’s graph as 

the entry point

Example design is 

also provided with 

this library

Kernels can be 

combined to construct 

graphs for developing 

complex designs
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Directories L1, L2, and L3 correspond to AI Engine 

kernels, AI 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

Parameterized Solution Functions

L1

L2

L3

benchmarks

examples

include

tests

DSPLib
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L1

L2

L3

benchmarks

examples

include

tests

DSPLib

Parameterized Solution Functions

Description Directory/Subdirectory

Graph class declarations and 

constants 
L2/include/aie

Kernel class definitions, 

.cpp files, and 

corresponding .hpp files

L1/src/aie and L1/include/aie

Test bench for the library 

element 
L2/tests/aie/<library_element>

Reference model graph 

classes 
L2/tests/aie/common/inc

Reference model kernel 

classes

L1/tests/aie/inc/ and L1/tests/

aie/src

Example wrapper designs L2/examples
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AI Engine DSP Library Installation

• Download library from GitHub

• https://github.com/Xilinx/Vitis_Libraries/tree/master/dsp

• Set the environment variable

• export DSPLIB_ROOT=<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_ROOT/L1/src/aie 

AI Engine 

Kernels

L1

AI Engine 

Graphs

L2

Drivers

L3

https://github.com/Xilinx/Vitis_Libraries/tree/master/dsp
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DSPLib Functions

xf::dsp::aie::mixer::dds_mixer::dds_mixer_graphDDS / Mixer

FFT / iFFT

FFT Window

Matrix Multiply

Widget API Cast

Widget Real to Complex

Filters

xf::dsp::aie::fft::fft_ifft_dit_1ch_graph

xf::dsp::aie::fft::fft_window_graph

xf::dsp::aie::blas::matrix_mult::matrix_mult_graph

xf::dsp::aie::widget::api_cast::widget_api_cast_graph

xf::dsp::aie::widget::real2complex::widget_real2complex_graph
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Filters in the Vitis™ DSP Library

FIR Filters                                        

dsplib::fir::sr_asym::fir_sr_asym_graphSingle rate, asymmetrical 

Single rate, symmetrical

Interpolation asymmetrical

Decimation, half band

Interpolation, half band

Decimation, asymmetric

Interpolation, fractional, 

asymmetric

Decimation, symmetric

dsplib::fir::sr_sym::fir_sr_sym_graph

dsplib::fir::interpolate_asym::fir_interpolate_asym_graph

dsplib::fir::decimate_hb::fir_decimate_hb_graph

dsplib::fir::interpolate_hb::fir_interpolate_hb_graph

dsplib::fir::decimate_asym::fir_decimate_asym_graph

dsplib::fir::interpolate_fract_asym::fir_interpolate_fract_
asym_graph

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

Data Type Int16 Cint16 Int32 Cint32 Float Cfloat

Coefficient 

Type

Int16

Cint16

Int32

Cint32

Float

Cfloat

✓ Supported

 Complex coefficients are not supported for real-only data types

 Coefficient type of higher precision than data type will be supported in 2023.1_web

 Mix of float and integer types is not supported

 fir_interpolate_asym and fir_decimate_asym variants do not support int16/int16

✓

✓









✓

✓









✓

✓

✓

✓



 

✓









✓

✓











✓










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Parameters Supported by FIR Filters (1)

Parameter Name Type Description Range

TP_FIR_LEN Unsigned int Number of taps 4 to 240

TP_RND Unsigned int Round mode

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

TP_SHIFT Unsigned int
Number of bits to shift 

accumulation down by 

before output

0 to 61

TT_DATA Typename Data type
int16, cint16, int32, cint32, 
float, cfloat

TT_COEFF Typename Coefficient type
int16, cint16, int32, cint32, 

float, cfloat
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Parameters Supported by FIR Filters (2)

Parameter Name Type Description Range

TP_INPUT_WINDOW_VSIZE Unsigned int Number of samples in the input window

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

TP_CASC_LEN Unsigned int
Number of cascaded kernels to use for 

this FIR
1 to 9; defaults to 1 if not set

TP_DUAL_IP Unsigned int

Use dual inputs (may increase throughput 

for symmetrical and halfband filters by 

avoiding load contention by using a 

second RAM bank for input)

Range 0 (single input), 1 (dual 

input); defaults to 0 if not set

TT_USE_COEFF_RELOAD
Unsigned int

Enable reloadable coefficient feature; 

additional ‘coeff’ RTP port will appear on 

the graph

0 (no reload), 1 (use reloads); 

defaults to 0 if not set

TT_NUM_OUTPUTS
Unsigned int

Number of fir output ports >1
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Parameters Supported by FIR Filters (2)

Parameter Name Type Description Range

TP_API Unsigned int I/O interface port type
0 = Window

1 = Stream

TP_SSR Unsigned int Parallelism factor
Min = 1; default to 1; Max = 

limited by resource availability

TP_PARA_INTERP_POLY Unsigned int
Number of interpolation polyphases that 

produce output data in parallel

Min = 1; Max= 

TP_INTERPOLATE_FACTOR

Must be factor of interpolate factor

TT_PARA_DECI_POLY Unsigned int
Number of decimation polyphases into 

which data is split into for parallel 

computation

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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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FIR/FFT Design – MATLAB® Model

System Requirement

Parameters Design 1 Design 2

SSR 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)

FIR: Suppress 1-tone from a 2-tone input signal

FFT: Produce spectrum plot
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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Stream 

Interface

Window /

I/O Buffer 

Interface

Types of Interfaces for AI Engine Kernels

Two Types of Interfaces

▪ Kernels process blocks from data streams that data flow graph kernels operate on

▪ Kernels consume input blocks of data and produce output blocks of data

▪ Kernels access the data streams in a sample-by-sample fashion

AIE Kernel Data 4 Data 3 Data 2 Data 1

Incoming data

Outgoing data

Data 4 Data 3 Data 2 Data 1

Block by block

▪ Kernels process blocks from data streams that data flow graph kernels operate on

▪ Kernels consume input blocks of data and produce output blocks of data

▪ Kernels access the data streams in a sample-by-sample fashion

AIE Kernel

Incoming data

Outgoing dataSample by sample

Streams of data Streams of data
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Latency

• Takes ~10-20 cycles for 

each window to get the 

data lock

• Filling the data

No latency (very minimal)

Windows and I/O Buffers vs. Stream Interfaces

Window Interface Stream Interface

Read & Write
Two 256-bit reads and 

one 256-bit write 

Sample Size Window size – max. 32 KB NA

Two 32-bit reads and 

one 32-bit write (parallel)

Processing 

Data
Sequential or random Sequential

Challenges

• Lock stall 

• Memory conflicts (ex: 

accessing the same bank 

by multiple AIEs)

• Backpressure (stream 

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

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

xf::dsp::aie::fir::sr_sym::fir_sr_sym_graphSingle rate, symmetrical

Single channel, 

decimation-in-time

FIR & FFT                                        

xf::dsp::aie::fft::dit_1ch
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) 

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

FIR Parameters

TP_FIR_LEN 29 Total number of taps

TP_SHIFT
15 Number of bits to shift accumulation down by 

before output

TP_RND 5 Symmetrical to zero

TP_INPUT_WINDOW_VSIZE 2048 Window size 

TP_CASC_LEN 1 Number of cascaded kernels to use for this FIR

TP_DUAL_IP 0 Use dual inputs if set as 1

TP_USE_COEFF_RELOAD 0 No reload

TP_NUM_OUTPUTS 1 Number of ports to broadcast the output

TP_API 0 Set to windows mode

TP_SSR 1 Scale throughput using parallelization

fir_sr_sym_graphSymmetrical Single Rate FIR filter 
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) 

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

fft_ifft_dit_1ch_graphSingle Channel DIT FFT 

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

TP_DYN_PT_SIZE 0 Not to use runtime point size determine

TP_WINDOW_SIZE 2048 Number of samples in the input window

TP_API 0 Set to windows mode

TP_PARALLEL_POWER 0
Selects the parallelism factor as a power of 2
- 0 to 4 (1 to 16 kernel -lanes of processing)
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) 

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

FIR and FFT parameters based on the design requirement
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) 

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

FIR FFT
PLIO_fir_i

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

filt_o.in[0]

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

fir_dut fft_dut
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Development Flow – AI Engine Toolchain

ELF 

File 
Runs on

AI Engine 

Compiler

Design 

Source 
(AIE Kernel)

Ex: FIR, FFT

AI Engine 

Emulator

x86 

Simulator AI Engine 

Toolchain

Step 1 Compile the design

Step 2 Simulate the design  (x86sim)

Step 3 Simulate the design  (AIEsim)

Step 4 Analyze the performance
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Makefile – Design Source, Platform, and DSPLib

AI Engine 

Emulator

x86 

Simulator
AI Engine 

Toolchain

AI Engine 

Compiler

Platform

Design Source

DSPLib
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Makefile – AIE Compiler and Simulator 

AI Engine 

Emulator

x86 

Simulator
AI Engine 

Toolchain

AI Engine 

Compiler

AIE Compiler

X86 Simulator

AIE Simulator
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Compile the Design

export DSPLIB_ROOT=/<PATH>/Vitis_Libraries/dspSet the DSPLib path

make aiecompileCompile the design
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Simulate the Design

make x86sim

make profile

Verify the functionality

Emulate the design on SystemC model of AIE

Simulate the design
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Analyze the Design – Trace View

vitis_analyzer aiesimulator_output/default.aierun_summaryAnalyze the design



30 |

[Public]

Analyze the Design – Graph View and Tile View

Graph View

Tile View
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Verify the Performance

xsjapps59:/sales_exceed/session2 $ make throughput

 Raw Throughput: 574.96 (Msps)

 Raw Throughput: 574.96 (Msps)

Target      → 400 Msps

Achieved → ~574 Msps

System Requirement

Parameters Design 1 Design 2

SSR 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)

FIR

FFT

make throughputVerify the performance
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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Design 2: FIR/FFT Design Example Using Streams (SSR>1) 

System Requirement

Parameters Design 1 Design 2

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

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

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

TP_RND 5 Symmetrical to zero

TP_INPUT_WINDOW_VS

IZE

2048
Window size 

TP_CASC_LEN
1 Number of cascaded kernels to use for 

this FIR

TP_DUAL_IP 0 Use dual inputs if set as 1

TP_USE_COEFF_RELOA

D

0
No reload

TP_NUM_OUTPUTS 1 Number of ports to broadcast the output

TP_API 0 1 Set to stream mode

TP_SSR 1 4 Scale throughput using parallelization

fir_sr_sym_graphSymmetrical Single Rate FIR filter 
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Design 2: FIR/FFT Design Example Using Streams (SSR>1) 

Step 1: Vitis™ DSP 

Libraries

Step 2: Configure the 

FIR Parameters

Step 3: Configure the 

FFT Parameters

Step 4: Passing the 

Parameters

Step 5: Connect the 

Kernels

FFT Parameters

Parameters Design 1 Design 2 Description

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 3 Number of kernels to use

TP_DYN_PT_SIZE 0 Not to use runtime point size determine

TP_WINDOW_SIZE 2048 Number of samples in the input window

TP_API 0 1 Set to stream mode

TP_PARALLEL_POWE

R
0 1

Selects the parallelism factor as a power of 2
- 0 to 4 (1 to 16 kernel -lanes of processing)

fft_ifft_dit_1ch_graphSingle Channel DIT FFT 
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Summary of Design 1 vs. Design 2

Design 1 (SSR<1) Design 2 (SSR>1)

FIR Parameters:
- TP_API = 0

- TP_SSR = 1

FIR Parameters:
- TP_API = 1

- TP_SSR = 4

FFT Parameters:
- TP_CASC_LEN = 1

- TP_API = 0 (window)

- TP_PARALLEL_POWER = 0

FFT Parameters:
- TP_CASC_LEN = 3

- TP_API = 1 (stream)

- TP_PARALLEL_POWER = 1
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Analyze the Design – Trace View

vitis_analyzer aiesimulator_output/default.aierun_summaryAnalyze the design
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Analyze the Design – Graph View

FIR – 16 Kernels

FIR – Outputs

Parameters Design 1 Design 2 Description

TP_SSR 1 4 Scale throughput

TP_SSR = 4

❑ 4 x 4 = 16 kernels
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Analyze the Design – Graph View – FFT Tiles 

FFT – 6 Kernels

FFT – Outputs

Parameters Design 1 Design 2 Description

TP_CASC_LEN 1 3 Number of kernels to use

TP_PARALLEL_POWER 0 1
Use 2 sub-frame processors with 2 inputs 

each

FFT – Inputs
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Verify the Performance

Verify the design make throughput

xsjapps59:/sales_exceed/session3 $ make throughput_all2

 Raw Throughput: 807.57 (Msps)

 Raw Throughput: 798.75 (Msps)

 Raw Throughput: 805.03 (Msps)

 Raw Throughput: 803.14 (Msps)

 Raw Throughput: 705.23 (Msps)

 Raw Throughput: 704.75 (Msps)

 Raw Throughput: 705.23 (Msps)

 Raw Throughput: 704.75 (Msps)

Target      → 2000 Msps

Achieved → ~2800 Msps

FFT

System Requirement

Parameters Design 1 Design 2

SSR 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)

FIR
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary



What Is the New AMD Vitis™ Unified IDE?
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Analyzers DebuggersCompilers 

AMD Vitis™ Unified Software Platform – IDE Refresh (1)

AIE Compiler

HLS Compiler

GCC Compiler

HW Linker

Vitis™ core 

development kit
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Analyzers DebuggersCompilers 

AMD Vitis™ Unified Software Platform – IDE Refresh (2)

AIE Compiler

HLS Compiler

GCC Compiler

HW Linker

Vitis core 

development kit

Vitis™ IDE refresh 

mostly updates the 

graphical user 

interface (GUI)

Core development 

tools and workflow 

don’t change
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How Can I 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
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Features of the New AMD Vitis™ IDE

1. Toolbar

2. Component Explorer

3. Central Editor

4. Flow Navigator

5. Console, Output, Terminal

6. Index of Transcripts
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AMD Vitis™ Unified IDE Enables Component Design (Bottom Up)

• AI 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 AI Engine component to a system 

later in the flow
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Optional System Project

• System designer links AI Engine component, HLS 

component, and RTL kernels

• Only needed during system integration and verification

AI Engine Component

HLS Component

Application Component

Platform Component

System Project
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Vitis Unified IDE – AIE Development Flow

• Launch Vitis GUI

• Open workspace

vitis –-new –w <PATH_TO_WORKSPACE>

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

• Create AIE component

• Enter the component name

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

• Add the files by clicking

• fir1_app.cpp, fir1_coeff.h, fir1_graph.h

• Add the folder by clicking

• data 

• Select the platform

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports



52 |

[Public]

Vitis Unified IDE – AIE Development Flow

Selected Platform

AIE Component

Added Design Files

Flow Navigator

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

• Expand Settings and open aiecompiler.cfg file

• Add the DSPLib path

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

• Under X86 SIMULATION

• Click Build to compile the project for 

x86 simulation

• Click Run for X86 simulation

• Verify the output directory

• x86simulator_output > data

• Output files generated: fir_o.txt and fft_o.txt

• Compare the results with the golden 

reference

Verify the functionality
Compile and verify

for x86 simulation

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

• Under AIE SIMULATOR/HARDWARE

• Click Build to compile the project

• Configure the simulation

• Enable trace and profile

• Click Run for AIE simulation

• 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

Emulate the design on SystemC model of AIE
Compile and verify

for AIE simulation

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

Vitis Analyzer 

Reports

Step 1: 
Launch Vitis™ 

IDE

Step 2: 
Create AIE Comp

Step 3: 
Add Design Files

Step 4: 
Add DSPLib

Step 5: X86SIM

 Compile & 

Simulate 

Step 6: AIESIM

 Compile & 

Simulate 

Step 7:
Analyze the 

Reports
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Vitis Unified IDE – AIE Development Flow

Vitis™ Analyzer - 

Trace
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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Algorithm to Implementation: Challenges
1
- 3

Algorithm to Hardware

System Integration

Bitstream/PDI 

Generation

Specifications

Requirements

Algorithm Design & 

Exploration

• Simulation performance becomes 

a bottleneck

• Verifying equivalence between algorithm 

and hardware

• Difficult to debug issues with hardware 

implementation

• Re-implement algorithm for efficient 

mapping to architecture

• Hardware-specific decisions to be made 

Vitis™ Model Composer

Provides better integration from 

algorithm to implementation

RTL/Hardware 

Engineer

Implementation

Algorithm 

Developers

Algorithm

Challenges
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Vitis™ Model Composer – Toolbox

60

HDL library contains all the library blocks previously 
contained in the System Generator blockset 

HLS Library

AI Engine Library

HDL Library

(previously part of 

System Generator)

Highly optimized blocks 

targeting:

• Programmable logic

• AIE Engines
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Design 1: FIR/FFT Design Example Using Windows (SSR<1) in 

Vitis Model Composer

AI Engine > DSP > Buffer IO BlocksSimulink Browser

Add the blocks:

• FIR Symmetric

• FFT

DSP functions in sync 

with Vitis™ libraries
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Configure the Parameters – FIR Block

FIR Parameters

TP_FIR_LEN 29 Total number of taps

TP_SHIFT
15 Number of bits to shift accumulation down by 

before output

TP_RND 5 Symmetrical to zero

TP_INPUT_WINDOW_VSIZE 2048 Window size 

TP_CASC_LEN
1 Number of cascaded kernels to use for this 

FIR

TP_DUAL_IP 0 Use dual inputs if set as 1

TP_USE_COEFF_RELOAD 0 No reload

TP_NUM_OUTPUTS 1 Number of ports to broadcast the output

TP_API 0 Set to windows mode

TP_SSR 1 Scale throughput using parallelization
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Configure the Parameters – FFT Block

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

TP_DYN_PT_SIZE 0 Not to use runtime point size determine

TP_WINDOW_SIZE 2048 Number of samples in the input window

TP_API 0 Set to windows mode

TP_PARALLEL_POWER 0
Selects the parallelism factor as a power of 2
- 0 to 4 (1 to 16 kernel -lanes of processing)
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Connect the Block and Run the Simulation

FIR Scope

FFT Scope
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AI Engine Kernel Development Flow Using Vitis Model Composer

Run Simulation

Verify the Output

Compare to Golden Reference

F
u
n
c
ti
o
n
a
l 

V
e
ri
fi
c
a
ti
o
n

P
e
rf

o
rm

a
n
c
e
 

A
n
a
ly

s
is

Examine Throughput

Using Vitis™ Analyzer

Add/Modify Constrains

Add FIFO Blocks

Generate Code and Run Cycle-

Approximate AIE Simulation
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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

• AI Engine Design Using the Vitis™ IDE

• AI Engine Design Using Vitis Model Composer

3. Summary
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Summary

• DSPLib is a configurable library of kernels that can be used to develop applications on Versal™ adaptive 

SoC AI 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

https://github.com/Xilinx/Vitis_Libraries/tree/master/dsp
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Next Steps – Documentation

• Tool installation: Get the latest Vitis™ tool release

• https://www.xilinx.com/support/download.html

• User guides

• AI Engine Tools and Flows User Guide (UG1076)

• AI 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/en-US/Vitis_Libraries/dsp/index.html

• AI Engine API User Guide 
• https://www.xilinx.com/htmldocs/xilinx2023_1/aiengine_api/aie_api/doc/index.html

• …

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://github.com/Xilinx/Vitis-

Tutorials/tree/2023.1/AI_Engine_Development

• https://github.com/Xilinx/Vitis_Model_Composer

• On-Demand training:

• https://xilinxprod-

catalog.netexam.com/Search?searchText=

Designing+with+Versal+AI+Engine

https://github.com/Xilinx/Vitis-Tutorials/tree/2023.1/AI_Engine_Development
https://github.com/Xilinx/Vitis_Model_Composer
https://github.com/Xilinx/Vitis_Model_Composer
https://github.com/Xilinx/Vitis_Model_Composer
https://xilinxprod-catalog.netexam.com/Search?searchText=Designing+with+Versal+AI+Engine
https://xilinxprod-catalog.netexam.com/Search?searchText=Designing+with+Versal+AI+Engine
https://xilinxprod-catalog.netexam.com/Search?searchText=Designing+with+Versal+AI+Engine
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DISCLAIMER AND ATTRIBUTIONS

DISCLAIMER
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