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Objectives

Describe the 
Versal™ AI 
Engine 
development flow

01
Introduce AI 
Engine Test  
Harness

02
Demonstrate the 
AI Engine Test 
Harness using a 
design example

03
Demonstrate 
Versal™ system 
integration using 
the Vitis™ tool 
flow

04

During today’s session, we will:
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Agenda 1. AI Engine Development Flow

2. AI Engine Test Harness

3. Demo – Polyphase Channelizer on Test Harness

4. Demo – Versal™ System Integration using the Vitis™ 

Tool Flow
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AI Engine Development Flow

Recommended flow:



5 |

[Public]

AI Engine Development Flow

Recommended flow:

• Challenges in Step 3 
• AIE simulation can become slow 

for complex graphs with large 

datasets

• Limited verification scope

• Design effort to move from Step 3 

to Step 5 is high
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AI Engine Development Flow

Recommended flow:

• Solution: 
• AI Engine Test Harness

• Transition seamlessly from AIE 

simulation to hardware
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Agenda 1. AI Engine Development Flow

2. AI Engine Test Harness

3. Demo – Polyphase Channelizer on Test Harness

4. Demo – Versal™ System Integration using the Vitis™ 

Tool Flow
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What is the AI Engine Test Harness?

AI Engine designers can do quick build and on-
board tests with VCK190

AI Engine 

Design

• Focus only on AI Engine design development

• Verify design on board using Test Harness

• Test Harness speeds up your development

• Precompiled data movers in programmable 
logic (PL) deliver stimulus and collect results 
from AIE array

• Software APIs on processor subsystem (PS) 
initialize device and run tests

• Packages design into boot image for on-board 
tests
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Features and Requirements

• 72-channel DMA engine 
(36 Tx, 36 Rx, each 
running at 5GB/s)

• Performance counters to 
measure throughput

• Verify correctness 
against golden I/O files

• Fast build time using 
precompiled .xsa

Features

• Data size <= 128KB and 
must be a multiple of 16 
bytes

• Test Harness is targeted 
for the VCK190 board

• AIE graphs must use 
PLIO interfaces
(GMIO interfaces are 
not supported)

Current 
Requirements
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Build Flow for Using the AI Engine Test Harness

• graph.h

• Original AIE graph with minor 

instrumentations

• Precompiled data movers

• Moves data from DDR memory to AI 

Engine graph and back

• testbench.cpp

• Program using Test Harness APIs to drive 

the HW tests

• Test vectors

• Test vectors can be loaded from files or 

dynamically generated by testbench.cpp

package_hw.sh (v++ -package)

Arm® gccaiecompiler

AI Engine 

Design
Host 

Application

Precompiled 

data movers

Programmable 

Logic
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Agenda 1. AI Engine Development Flow

2. AI Engine Test Harness

3. Demo – Polyphase Channelizer on Test Harness

4. Demo – Versal™ System Integration using the Vitis™ 

Tool Flow
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Background – Polyphase Channelizer Design

System Requirement

Polyphase Channelizer

Sampling Rate (Fs) 10 Gsps, AIE clock (Fclk) = 1.25 GHz

SSR 8

FILTERBANK
128-tap, 16 channels, 8 AI Engine 

tiles

DFT 16 AI Engine tiles

HLS blocks responsible for data buffering to 

support required operations, as well as transferring 

data from memory to design and back. These are 

mapped to programmable logic (PL).

AIE

PL
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Polyphase Channelizer on Test Harness

AIE-PL Interface 

Using the existing AIE Test Harness infrastructure

AIE

PL
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Polyphase Channelizer on Test Harness

AXI Streams Between 

DDR and AI Engine

36 PLIO Input 

36 PLIO Output

Include Test Harness Header

Use from Available PLIOs (Data Movers)

8 PLIO Input   |  8 PLIO Output

8 PLIO Input   |  8 PLIO Output
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Polyphase Channelizer on Test Harness

AXI Streams Between 

DDR and AI Engine

36 PLIO Input 

36 PLIO Output

To Run the Design on 

Board

• Initialize device and load 

xclbin

• Set data to feed AIE and 

fetch from AIE

• Run user graph

8 PLIO Input   |  8 PLIO Output

8 PLIO Input   |  8 PLIO Output

Include Test Harness Header

Use from Available PLIOs (Data Movers)
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How to Setup the Test Harness Environment?

https://github.com/Xilinx/AI-Engine-Test-Harness 

Tool requirement: Vitis™ 2023.1 software

Platform: Set up your PLATFORM_REPO_PATHS 

environment variable to VCK190 platform

% source setup.sh

% cd /examples/channelizer/

https://github.com/Xilinx/AI-Engine-Test-Harness
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Polyphase Channelizer on Test Harness – Hardware Setup

% make cleanall run TARGET=hw

SD card image: /examples/channelizer/package_hw/sd_card.img 

Use PuTTY: Connect to VCK190 board using USB serial port 

Use 115200

VCK190 board settings:

Set the switches on the board to boot using sd_card as shown in 

red, then flip switch shown in yellow to turn on the board
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Polyphase Channelizer on Test Harness – Hardware Validation

$ username: petalinux

$ password: petalinux

$ sudo su – root

Enter Password as petalinux

$ cd /run/media/mmcblk0p1/

$ source ./run_script.sh

• This shall execute APIs existing in host.cpp

• Counts the number of cycles to pump I/O data through 

PLIOs

• Confirms completion of execution on hardware with a 

“TEST PASSED” message
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Agenda 1. AI Engine Development Flow

2. AI Engine Test Harness

3. Demo – Polyphase Channelizer on Test Harness

4. Demo – Versal™ System Integration using the Vitis™ 

Tool Flow
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Vitis™ Tool Flow for Versal™ Devices

HW Emulation

VivadoTM HW Build

Timing Closure

Generate Binary (v++ --package)

Vivado

Vitis

RTL Kernels

RTL Verification

AIE Kernels, Graph 

AIE Simulation

PL Kernels (HLS)

HLS Cosimulation

SIM Build

SIMAIESim QEMU

SSW

VitisTM HW Platform

Vitis SW Platform

Linux + rootfs
PS App

XRT, Graph API

AIE Driver 

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

Run on Device
Profile

PL (HLS) PL (RTL) PSAIE Platform

Debug
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Versal™ System Integration – Vitis™ Tool Flow

Versal™ ArchitecturePolyphase Channelizer

AIE

PL
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Vitis™ Unified IDE – Getting Started

vitis –-new –w <PATH_TO_WORKSPACE>

• Install Vitis™ 2023.1 software

• Clone https://github.com/Xilinx/Vitis-

Tutorials

• Launch Vitis GUI

• Design files shall be sourced from 
Vitis-Tutorials/AI_Engine_Development/ 

Design_Tutorials/04-Polyphase-Channelizer

https://github.com/Xilinx/Vitis-Tutorials
https://github.com/Xilinx/Vitis-Tutorials
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Versal™ System Integration – Vitis™ Tool Flow

Polyphase Channelizer

AIE

PL
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Vitis™ Unified IDE – AIE Development Flow

• Create AIE component

• Enter the component name

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine Design

Step 4:
Analyze the Reports

<Component Name>

<Component path>
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Vitis™ Unified IDE – AIE Development Flow

• Add the files by clicking

• Polyphase Channelizer design files

• Select the platform

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine Design

Step 4:
Analyze the Reports
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Vitis™ Unified IDE – AIE Development Flow

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine Design

Step 4:
Analyze the Reports

• Under AIE SIMULATOR/HARDWARE

• Click Build to compile the graph
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Vitis™ Unified IDE – AIE Development Flow

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine Design

Step 4:
Analyze the Reports
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Vitis™ Unified IDE – AIE Development Flow

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine design

Step 4:
Analyze the Reports
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Vitis™ Unified IDE – AIE Development Flow

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine design

Step 4:
Analyze the Reports
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Vitis™ Unified IDE – AIE Development Flow

Step 1: 
Create AIE Comp

Step 2: 
Add Design Files

Step 3: Build AI 

Engine design

Step 4:
Analyze the Reports
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Versal™ System Integration – Vitis™ Tool Flow

Polyphase Channelizer

AIE

PL
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Vitis™ Unified IDE – HLS Development Flow

Step 1: 
Create HLS Comp

Step 2: 
Add Design Files

Step 3:
 Build the Comp

• Create HLS component

• Enter the component name
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Vitis™ Unified IDE – HLS Development Flow

Step 1: 
Create HLS Comp

Step 2: 
Add Design Files

Step 3:
 Build the Comp

Add the design files Select the platform Select the target flow
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Vitis™ Unified IDE – HLS Development Flow

Step 1: 
Create HLS Comp

Step 2: 
Add Design Files

Step 3:
 Build the Comp

• Build the HLS component
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Versal™ System Integration – Vitis™ Tool Flow
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Vitis™ Unified IDE – Application Development Flow

Step 1: 
Create PS Component

Step 2: 
Add Design Files

Step 3: 
Include AIE Kernel Path

Create PS comp Select the platform Select domain Select sysroot
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Vitis™ Unified IDE – Application Development Flow

Step 1: 
Create PS Component

Step 2: 
Add Design Files

Step 3: 
Include AIE Kernel Path

• Import application file

• host.cpp, found in ps_apps/hw_emu

• Import aie_control_xrt.cpp

• Generated after compiling aie_component, found 

in aie_component/build/hw/Work/ps/c_rts
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Vitis™ Unified IDE – Application Development Flow

Step 1: 
Create PS Component

Step 2: 
Add Design Files

Step 3: 
Include AIE Kernel Path

• Include AIE kernel path
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Versal™ System Integration – Vitis™ Tool Flow
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Vitis™ Unified IDE – System Project

Create system project Select the platform Select sysroot
• Kernel image, rootfs, and 

sysroot can be generated 

from PetaLinux or another 

Linux build

• To download prebuilt images for 

VCK190 base platform, refer to 

https://www.xilinx.com/support/do

wnload/index.html/content/xilinx/

en/downloadNav/embedded-

platforms.html

Step 1: 
Create System 

Project

Step 2: 
Link System Comp

Step 4: 
Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

Step 3: 

AIE & PL  Conn.

https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/embedded-platforms.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/embedded-platforms.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/embedded-platforms.html
https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/embedded-platforms.html
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Vitis™ Unified IDE – System Project

HLS component

Step 1: 
Create System 

Project

Step 2: 
Link System Comp

Step 4: 
Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

Step 3: 

AIE & PL  Conn.
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Vitis™ Unified IDE – System Project

HLS component AIE component

Step 1: 
Create System 

Project

Step 2: 
Link System Comp

Step 4: 
Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

Step 3: 

AIE & PL  Conn.
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Vitis™ Unified IDE – System Project

HLS component AIE component PS component

Step 1: 
Create System 

Project

Step 2: 
Link System Comp

Step 4: 
Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

Step 3: 

AIE & PL  Conn.
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Vitis™ Unified IDE – System Project

• Edit hw_link binary_container_1-link.cfg

• Connect PL kernels to PL kernels

• Connect PL kernels to AIE kernels

• Use system.cfg in vitis/final as reference

• For more information, refer to 

https://docs.xilinx.com/r/en-US/ug1393-

vitis-application-acceleration/connectivity-

Options 

Step 1: 
Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

https://docs.xilinx.com/r/en-US/ug1393-vitis-application-acceleration/connectivity-Options
https://docs.xilinx.com/r/en-US/ug1393-vitis-application-acceleration/connectivity-Options
https://docs.xilinx.com/r/en-US/ug1393-vitis-application-acceleration/connectivity-Options
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System
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Vitis™ Unified IDE – System Project
Step 1: 

Create System 

Project

Step 2: 
Link System Comp

Step 3: 

AIE & PL  Conn.
Step 4: 

Package Config

Step 5: HW EMU
Build & Run the 

System

Step 6: HW
Build & Run the 

System

• Flash sd_card.img into compatible SD card 

using Balena Etcher tool

• Insert SD card into board and power up. After 

boot up sequence is completed, log in using 
username petalinux and password 

petalinux

• sudo su – root and password 

petalinux

• cd /run/media/mmcblk0p1/

• ./app_component 

binary_container_1.xclbin

https://etcher.balena.io/
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Summary 1. Discussed AI Engine development flow

2. Introduced AI Engine Test Harness to rapidly take AI 

Engine graph from simulation to hardware

3. Discussed Versal™ system integration using Vitis™ tool 

flow

4. Demonstrate various flows using design example – 

Polyphase Channelizer
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Additional Resources to Get Started

• AI Engine Test Harness
• GitHub: https://github.com/Xilinx/AI-Engine-Test-Harness 

• Documentation: https://xilinx.github.io/AI-Engine-Test-Harness

• Vitis™ Tutorials GitHub: 
• https://github.com/Xilinx/Vitis-Tutorials 

https://github.com/Xilinx/AI-Engine-Test-Harness
https://xilinx.github.io/AI-Engine-Test-Harness
https://github.com/Xilinx/Vitis-Tutorials
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DISCLAIMER AND ATTRIBUTIONS

DISCLAIMER
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