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Mixed HDL/HLS Kernel 

Integration Example

❑ rtc_gen

✓ Verilog Kernel

❑ alpha_mix

✓ HLS C Kernel with 

Vitis Vision Library

❑ strm_dump

✓ HLS C Kernel

Mixed Kernel Design Example in Vitis Tutorials



Find the Example Design Resources

Get Vitis™ Tutorials Repository

 https://github.com/Xilinx/Vitis-Tutorials

Position of This Example Design

 Vitis-Tutorials

 Hardware_Accelerators

 Design_Tutorials

 03-rtl_stream_kernel_integration

Linux git command lines to get the example design
git clone https://github.com/Xilinx/Vitis-Tutorials.git
cd Vitis-Tutorials/Hardware_Accelerators/Design_Tutorials/03-rtl_stream_kernel_integration

https://github.com/Xilinx/Vitis-Tutorials
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AXI Stream MasterAXI Stream Slave

AXI Stream Slave AXI Stream Master

Core Function

RTL Kernel

Platform

RTL Kernel

▪ One AXI control slave port

▪ Control registers

▪ Memory buffer pointers

▪ Kernel start/stop control

▪ Zero, one or more AXI master ports

▪ Read/write data buffer in on-

board global memory

▪ Read/write data buffer in host 
memory (with Slave Bridge 

support in the latest platforms)

▪ Zero, one or more AXI stream ports

▪ Exchange data between kernels
▪ Exchange data between kernel 

and host (with QDMA support in 

the latest platforms)

▪ Core Function

Vitis RTL Kernel



Vitis RTL 

Kernel

Vivado Kernel Packing Tool

Use RTL Kernel Wizard to 

start RTL kernel design easily!

Wizard Generated Example Verilog Code Customer Core Function Verilog Code

RTL Kernel Wizard will generate 

example AXI control slave, 

example AXI master, integration 

wrapper, example testbench, …

RTL Kernel Wizard



RTL Kernel rtc_gen

▪ One AXI control slave port

▪ 6 kernel arguments

▪ Control interface: ap_ctrl_hs

▪ One AXI master port

▪ Data width: 32-bit

▪ One AXI stream master port

▪ Data width: 64-bit

• Generated AXI master and AXI control slave modules are used.

• rtc_gen_core module is hand coded Verilog modules.

• Generated top level wrapper is modified to instantiate rtc_gen_core module.

Example RTL Kernel Design with AXI Stream





AXI MasterAXI Control Slave AXI Master

AXI Stream MasterAXI Stream Slave

AXI Stream Slave AXI Stream Master

Core Function

HLS C Kernel

PlatformHLS C Kernel

▪ One AXI control slave port
▪ int type function parameters

▪ Zero, one or more AXI master ports
▪ ap_uint* type function 

parameters

▪ Zero, one or more AXI stream ports
▪ hls::stream& type function 

parameters

▪ Core Function

HLS C Kernel



Vitis HLS 

Kernel

Vitis HLS
Use Vitis HLS to design and 

compile the HLS C code into 

Synthesizable Verilog code, and 

pack to Vitis Kernel

Customer HLS C Code Vitis Accelerated Libraries

Vitis Accelerated Libraries provide 

a rich set of fully verified designs, 

which can easily used to reduce 

the design cycle.

Vitis HLS and Accelerated Libraries



HLS C kernel: alpha_mix

▪ Top function

▪ alpha_mix

▪ AXI Control Slave

▪ AXI Master

▪ bgr_img_input

▪ AXI Stream

▪ Slave: time_img_input
▪ Master: mix_img_out

▪ Vitis Vision Library Functions

▪ xf::cv::axiStrm2xfMat

▪ xf::cv::Array2xfMat

▪ xf::cv::resize

▪ User Functions

▪ mixing
▪ cvmat_stream_out

Example HLS C Kernel Design with Vitis Vision Library



Top level kernel function definition of alpha_mix.

Vitis compiling command line.

Example HLS C Kernel Design with Vitis Vision Library



Simple HLS kernel: strm_dump

▪ Simple module to convert AXI stream slave port to 

AXI Lite Master port

Example Simple HLS C Kernel Design



rtc_gen.xo strm_dump.xo

Vitis Link Tool

Platform

rtc_gen_test.xclbin

xclbin_rtc_gen_test.ini

[connectivity]
stream_connect=rtc_gen_1.dataout_axis_m:strm_dump_1.data_input

Use Vitis to Build Hardware Overlay (XCLBIN)

v++ -l                                         \
–platform xilinx_u50_gen3x16_xdma_201920_3 \
–config xclbin_rtc_gen_test.ini            \
–o rtc_gen_test.xclbin \
rtc_gen.xo strm_dump.xo



rtc_gen.xo alpha_mix.xo strm_dump.xo

Vitis Link Tool

Platform

rtc_alpha.xclbin

xclbin_rtc_alpha.ini

[connectivity]
stream_connect=rtc_gen_1.dataout_axis_m:alpha_mix_1.time_img_input
stream_connect=alpha_mix_1.mix_img_output:strm_dump_1.data_input

Use Vitis to Build Hardware Overlay (XCLBIN)

v++ -l                                         \
–platform xilinx_u50_gen3x16_xdma_201920_3 \
–config xclbin_rtc_alpha.ini               \
–o rtc_alpha.xclbin \
rtc_gen.xo strm_dump.xo alpha_mix.so



Write Host-side Programs

RTL / HLS

Kernel

Platform

Device Buffer 0 Device Buffer 1 Device Buffer n
On-board

Global Memory

Host MemoryHost Buffer 0 Host Buffer 1

Host Program Kernel Execution 

Control

Input Data Output Data

Input Data Output Data

1. Program FPGA

2. Identify Kernel 

3. Allocate host buffer

4. Allocate device buffer

5. Set Kernel arguments

6. Migrate input data from 

host buffer to device buffer

7. Trigger Kernel Execution

8. Waiting for Kernel Finish

9. Migrate outpu data from 

device buffer to host buffer



rtc_gen.xo alpha_mix.xo strm_dump.xo

Platform

XRT API OpenCL API

XRT

Host Program

rtc_gen_test.cpp

rtc_alpha_tb.cpp

SW

HW

Host program: 

rtc_gen_test.cpp

rtc_alpha_tb.cpp

▪ Use low level API for XCLBIN file 
loading and direct control register 

access

▪ Use high level OpenCL API for 

kernel arguments setting and 
execution control

▪ Support both hardware target and 

hardware emulation target

In the example host program, the usage of low-level API xclRegWrite / xclRegRead is illustrated. User can use 

these two functions to access the AXI slave register directly, which might be valuable for specific control schemes 
of some traditional RTL design.

Example Host Program with Different Level of API



Use Emulation to Verify Mixed Kernel Designs

RTL 

Codes

RTL

Kernel

HLS C 

Codes

HLS Kernel for 

hw_emu

pack

compile

target = hw_emu

XCLBIN file 

for hw_emu

target = hw_emu

link

XRT Env Variable

set to hw_emu mode

emconfig.json file 

generated from Platform

Normally compiled host 

program

Run the program 

executables 



Hardware Emulation – provides insight to the interaction details of the kernels, platform and software

Use Emulation to Verify Mixed Kernel Designs



Profiling – provides inclusive statistics information for software and kernel execution

Use Vitis Analyzer to Profile the System Designs



Profiling – provides inclusive statistics information for software and kernel execution

Use Vitis Analyzer to Profile the System Designs



(Video Playback)



Thank you!


