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1 Digital System Design with High-Level Synthesis in FPGA 

Exercise 1 

1- Create a Vivado-HLS project with the name of 

“basic_output_exercise_01-vhls”. 

 

2- Choose “basic_output_exercise_01” as the top-function name. 
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2 Digital System Design with High-Level Synthesis in FPGA 

 

1- Choose the Basys-3 board as the target FPGA platform. 

 

2- Create a new design file under the Source folder with the name of 

“basic_output_exercise_01.cpp”. 

3- Add the top-function as follows. As the function should return a 16-bit 

value, it has used short int as its return data type. 

1 short int basic_output_exercise_01() { 

2 #pragma HLS INTERFACE ap_ctrl_none port=return 

3  return 0b1111000011110000; 

4 } 
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3 Digital System Design with High-Level Synthesis in FPGA 

4- Synthesise the code. The report should be as follows.  
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4 Digital System Design with High-Level Synthesis in FPGA 

5- Generate the RTL IP and be ready for creating the Vivado project. 

 

 

6- Create a Vivado project. Choose “basic_output_exercise_01-vivado” as 

the name. 

 

7- Choose the Basys3 board as the target FPGA. 
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5 Digital System Design with High-Level Synthesis in FPGA 

 

8- Create a block design. 
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6 Digital System Design with High-Level Synthesis in FPGA 

9- Add the generated RTL-IP to the Vivado repository.  

Right-click inside the Diagram 
area and select IP Settings 

 
In the setting dialog, select 
Repository under the IP option. 

 

Click on the plus icon and 
brows the Vivado-HLS project 
folder. The Vivado tool 
searches the folder and add all 
generated IPs to its repositoty. 
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7 Digital System Design with High-Level Synthesis in FPGA 

10- Add the IP to the Diagram area by clicking on the plug icon in the 

middle of the diagram area. 

 

11- Select on the design port and make that external. 

 

  



 

 
 

Basic Output – Exercises Solution www.highlevel-synthesis.com 

 

Mohammad Hosseinabady  8 mohammad@highlevel-synthesis.com 

 

8 Digital System Design with High-Level Synthesis in FPGA 

12- Change the port name to “led”. 

 

13- Now create a constraint file 

Right-click on the Constraints 
folder in the Sources tab and 
select the Add Sources 
option. 
 

 

Make sure that the “Add or 
create constraints” option is 
selected. 
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9 Digital System Design with High-Level Synthesis in FPGA 

Click on the Create File button 
and select 
“basic_output_exercise_01” 
as the name. 

 

 

14- Add these constraints inside the created file 

# LEDs 
set_property PACKAGE_PIN U16 [get_ports {led[0]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[0]}] 
set_property PACKAGE_PIN E19 [get_ports {led[1]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[1]}] 
set_property PACKAGE_PIN U19 [get_ports {led[2]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[2]}] 
set_property PACKAGE_PIN V19 [get_ports {led[3]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[3]}] 
set_property PACKAGE_PIN W18 [get_ports {led[4]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[4]}] 
set_property PACKAGE_PIN U15 [get_ports {led[5]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[5]}] 
set_property PACKAGE_PIN U14 [get_ports {led[6]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[6]}] 
set_property PACKAGE_PIN V14 [get_ports {led[7]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[7]}] 
set_property PACKAGE_PIN V13 [get_ports {led[8]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[8]}] 
set_property PACKAGE_PIN V3 [get_ports {led[9]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[9]}] 
set_property PACKAGE_PIN W3 [get_ports {led[10]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[10]}] 
set_property PACKAGE_PIN U3 [get_ports {led[11]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[11]}] 
set_property PACKAGE_PIN P3 [get_ports {led[12]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[12]}] 
set_property PACKAGE_PIN N3 [get_ports {led[13]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[13]}] 
set_property PACKAGE_PIN P1 [get_ports {led[14]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[14]}] 
set_property PACKAGE_PIN L1 [get_ports {led[15]}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led[15]}] 
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10 Digital System Design with High-Level Synthesis in FPGA 

15- Right-click on the design_1 under the Design Source folder in the 

Sources tab and select “Generate Output Products” 

 

16- Right-click on the design_1 under the Design Source folder in the 

Sources tab and select “Create HDL Wrapper” 
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11 Digital System Design with High-Level Synthesis in FPGA 

17- Now generate the bitstream and program the FPGA 

Click on the Generate Bitstream 

 

Then click on the “Open 
Hardware Manager” 

 

Click on the “Open target” link 
and select the Auto-Connect 

 

Finally click on the “Program 
device” link to program the 
FPGA. 
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12 Digital System Design with High-Level Synthesis in FPGA 

18- Now examine the board and check the ON and OFF patten on the 

LEDs. 
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13 Digital System Design with High-Level Synthesis in FPGA 

Exercise 2 

Follow the steps of exercise 1 as follows 

1- Create a new Vivado-HLS project with the name of 

“basic_output_exercise_02-vhls”. 

2- Choose “basic_output_exercise_02” as the top-function name 

3- As all C/C++ data types are limited to 8-bit boundaries except the bool 

C++ data type, we use this data type to define five separate bits to drive 

five LEDs. 

void basic_output_exercise_02( 
  bool &led_0, 
  bool &led_1, 
  bool &led_2, 
  bool &led_3, 
  bool &led_4,) { 
 
#pragma HLS INTERFACE ap_ctrl_none port=return 
#pragma HLS INTERFACE ap_none port=led_0 
#pragma HLS INTERFACE ap_none port=led_1 
#pragma HLS INTERFACE ap_none port=led_2 
#pragma HLS INTERFACE ap_none port=led_3 
#pragma HLS INTERFACE ap_none port=led_4 
 
 led_0 = 1; 
 led_1 = 1; 
 led_2 = 0; 
 led_3 = 1; 
 led_4 = 0; 
 
} 

4- The synthesis report shows eight one-bit output ports. 

 

5- Generate the RTL IP. 

6- Create a new Vivado project with the name of 

“basic_output_exercise_02-vivado”. 
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14 Digital System Design with High-Level Synthesis in FPGA 

7- Add the generated IP to the Vivado repository. Also, add the IP into the 

Diagram area and make all its ports external and change their names as 

shown in the following figure. 

 

8- Create a new constraint file and add these physical constraints 

# LEDs 
set_property PACKAGE_PIN U16 [get_ports {led_0}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led_0}] 
set_property PACKAGE_PIN E19 [get_ports {led_1}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led_1}] 
set_property PACKAGE_PIN U19 [get_ports {led_2}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led_2}] 
set_property PACKAGE_PIN V19 [get_ports {led_3}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led_3}] 
set_property PACKAGE_PIN W18 [get_ports {led_4}] 
 set_property IOSTANDARD LVCMOS33 [get_ports {led_4}] 

 

9- Generate the output product, then Create the HDL Wrapper. After that, 

generate the bitstream and finally program the FPGA and check the 

LEDs. 
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15 Digital System Design with High-Level Synthesis in FPGA 
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16 Digital System Design with High-Level Synthesis in FPGA 

Exercise 3 

Follow the steps explained in the first exercise. 

1- Choose basic_output_exercise_03-vhls as the Vivado-HLS project name. 

2- Choose led_controller as the top-function name. 

3- The top-function would be as follows. 

 

1 char led_controller(char &lower_leds) { 

2 #pragma HLS INTERFACE ap_ctrl_none port=return 

3 #pragma HLS INTERFACE ap_none port=lower_leds 

  lower_leds = 0b10110110; 

4  return 0b01011; 

5 } 

 
 

4- The HLS report shows two output ports for the design. 

 

5- Choose “basic_output_exercise_03-vivado” as the Vivado project name. 

6- Note that the name of the IP is led_controller. 

7- Change the port names as the following figure 
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17 Digital System Design with High-Level Synthesis in FPGA 

 
8- The physical constraints are as follows.  

Please look at the port names and the indices of the upper_leds in the 

constraints. 
# LEDs 

set_property PACKAGE_PIN U16 [get_ports {lower_leds[0]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[0]}] 

set_property PACKAGE_PIN E19 [get_ports {lower_leds[1]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[1]}] 

set_property PACKAGE_PIN U19 [get_ports {lower_leds[2]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[2]}] 

set_property PACKAGE_PIN V19 [get_ports {lower_leds[3]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[3]}] 

set_property PACKAGE_PIN W18 [get_ports {lower_leds[4]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[4]}] 

set_property PACKAGE_PIN U15 [get_ports {lower_leds[5]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[5]}] 

set_property PACKAGE_PIN U14 [get_ports {lower_leds[6]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[6]}] 

set_property PACKAGE_PIN V14 [get_ports {lower_leds[7]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {lower_leds[7]}] 

set_property PACKAGE_PIN V13 [get_ports {upper_leds[0]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[0]}] 

set_property PACKAGE_PIN V3 [get_ports {upper_leds[1]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[1]}] 

set_property PACKAGE_PIN W3 [get_ports {upper_leds[2]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[2]}] 

set_property PACKAGE_PIN U3 [get_ports {upper_leds[3]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[3]}] 

set_property PACKAGE_PIN P3 [get_ports {upper_leds[4]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[4]}] 

set_property PACKAGE_PIN N3 [get_ports {upper_leds[5]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[5]}] 

set_property PACKAGE_PIN P1 [get_ports {upper_leds[6]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[6]}] 

set_property PACKAGE_PIN L1 [get_ports {upper_leds[7]}] 

 set_property IOSTANDARD LVCMOS33 [get_ports {upper_leds[7]}] 
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18 Digital System Design with High-Level Synthesis in FPGA 

9- Generate the bitstream and program the board.  

 


