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So Far…

▪Motivation

▪Comparison: FPGAs/ASICs/GPU/CPU

▪Domain specific Accelerators
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Today:

• HLS Setup, create project, examples

FPGA: Field Programmable Gate  Array
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HLS Setup on cmstrigger02
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Setup

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 4

https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md 

https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md
https://github.com/varuns23/TAC-HEP-FPGA/blob/main/hls-setup/readme.md


TA
C

-H
E
P
 2

0
2
6

Example
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Vitis/Vivado HLS
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Simulation and Synthesis

The two major purposes of HDLs are logic simulation 
and synthesis:

• During simulation, inputs are applied to a module, and 
the outputs are checked to verify that the module 
operates correctly

• During synthesis, the textual description of a module is 
transformed into logic gates
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HDL code is divided into synthesizable modules and a 

test bench:
• The synthesizable modules describe the hardware

• The test bench checks whether the output results are 
correct (only for simulation and cannot be synthesized)
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Vitis/Vivado HLS

• HLS is a very big system

• Try to focus on WHAT can be done

• HOW they are done will take more time (experience and learning)

• Vitis/Vivado is an Eclipse based integrated development environment (IDE)

• Allows you to get going instantly

• The code setup has two major pieces:

• A test harness

• Runs only on the host

• Top-level procedure

• Code destined for FPGA
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Vitis/Vivado HLS

• The AMD/Xilinx HLS tool synthesizes a C function into an IP block that you can integrate into 
a hardware system 

• Tightly integrated with the rest of the AMD/Xilinx design tools and provides comprehensive 
language support and features for creating the optimal implementation for your C 
algorithm 

• Following is the Vivado HLS design flow: 

1.Compile, execute (simulate), and debug the C algorithm 

2.Synthesize the C algorithm into an RTL implementation, optionally using user 
optimization directives

3.Generate comprehensive reports and analyze the design 

4.Verify the RTL implementation using a pushbutton flow

5.Package the RTL implementation into a selection of IP formats 
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C-Simulation
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Inputs to HLS
• C function written in C, C++, or SystemC 

• Primary input and the function can contain a hierarchy of sub-functions

• Constraints 

• Constraints are required and include the clock period, clock uncertainty, and FPGA 
target

• The clock uncertainty defaults to 12.5% of the clock period if not specified. 

• Directives 

• Directives are optional and direct the synthesis process to implement a specific 
behavior or optimization

• C test bench and any associated files 

• Vivado HLS uses the C test bench to simulate the C function prior to synthesis and to 
verify the RTL output using C/RTL co-simulation

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 10
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• C function written in C, C++, or SystemC 

• Primary input and the function can contain a hierarchy of sub-functions

• Constraints 

• Constraints are required and include the clock period, clock uncertainty, and 
FPGA target

• The clock uncertainty defaults to 12.5% of the clock period if not specified. 

• Directives 

• Directives are optional and direct the synthesis process to implement a 
specific behavior or optimization

• C test bench and any associated files 

• Vivado HLS uses the C test bench to simulate the C function prior to synthesis 
and to verify the RTL output using C/RTL co-simulation

Inputs to Vivado HLS

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 11

C input files, directives, and constraints can be added to project interactively 
using the Vivado HLS GUI

OR
 Using Tcl commands at the command prompt (Create a Tcl file and execute 
the commands in batch mode) 



TA
C

-H
E
P
 2

0
2
6

Outputs from Vivado HLS

• Primary output: RTL implementation files in hardware description language 
(HDL) formats 

• Using Vivado synthesis, you can synthesize the RTL into a gate-level 
implementation and an FPGA bitstream file 

• RTL is available in 

• Verilog

• VHDL

• Vivado HLS packages the implementation files as an IP block for use with 
other tools

• Packed IP is synthesised into a bit stream

• Report files

• Result of synthesis, C/RTL co-simulation, and IP packaging 

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 12



TA
C

-H
E
P
 2

0
2
6

Overview of HLS design flow
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HLS Pragmas

“Pragmas”: Instructions to tell your compiler how to build the hardware

• HLS tool provides different set of pragmas that can be used to optimize the design, reduce 
latency, improve performance etc. These pragmas can be directly added to the source code 
for the kernel.
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Terminology

• HLS file: C/C++ code that will be synthesised and run on FPGA
• Test bench (TB) file: C/C++ code that is run to test the HLS code. It calls 

the HLS functions and can run tests on their output, e.g. C asserts

• Tcl scripts: set of tcl instructions executed by the Vivado HLS shell

• Synthesis: C/C++ ➞ HDL lang (VHDL/Verilog)
• Project: Collection of HLS and test bench (TB) files

• Has a top-level function name that is the starting point for synthesis

• Solution: specific implementation of project
• Runs on a specific device at a specific clock frequency

• C simulation: HLS+TB files are compiled with gcc against HLS headers 
and lib and plainly run as any other executable

• C/RTL cosimulation: synthesized HLS code is run on simulator and 
results tested on the C/C++ test bench

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 15
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Create a new project
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Using Vivado HLS
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• Once connected to cmstrigger02

• Source the settings

• Go to /scratch/`whoami` directory

• Execute vivado_hls

Similar instructions valid for Vitis (use 

vitis_hls and corresponding settings)
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Creating Project
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• Create New Project 

• Enter the project name 

• Click Browse to 

navigate to the 

location of the project 

directory

• Enter the location to be 

used for your project
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Adding C-design

• Click Add Files

• Select all files that need to 
synthesized and click OK

• Specify the top-level 
function to be synthesised

March 3, 2026TAC-HEP: FPGA training module - Varun Sharma 19
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Add test bench files
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The test bench compares 

the output data from the 
“top-level" function with 
known good values 

If you do not include all 

the files used by the test 
bench, C and RTL 
simulation might fail due 

to an inability to find the 
data files.
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Select you target device
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Check 

• Family

• Package

• Speed grade,

• Resources available
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Target device
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• Solution Name: of your choice

• solution1

• Clock Period: in units of ns or a 
frequency value specified with 
the MHz suffix 

• 25ns

• Uncertainty: If no value is given, 
default is 12.5%

• Part: Click to select the 
appropriate technology 

• xcvu13p-fsga2577-2-e
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Vivado GUI
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Example
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Example: func_ex2
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Step-2: C-Simulation
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Run c-simulation
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Step-3: C-Synthesis
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Run C-Synthesis
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Synthesis output printouts – 1/2
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Synthesis output printouts – 2/2

February 27, 2025TAC-HEP: FPGA training module - Varun Sharma 29



TA
C

-H
E
P
 2

0
2
6

Step-3: Synthesis Report Review
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The syn folder contains four sub-folder

A report folder and one folder for each of the 

RTL output formats. 

The report folder contains a report file for the 

top-level function and one for every sub- 

function in the design

The verilog, vhdl, and systemc folders contain 

the output RTL files 
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Synthesis  Report
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Performance of 

the target device 

for desired 

algorithm



TA
C

-H
E
P
 2

0
2
6

Synthesis  Report: Resource Utilization
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Homework

3 March 2026TAC-HEP: FPGA training module - Varun Sharma 33

1. Run on HLS for the above example of matrix addition and check the resource utilization

2. Compare with a vector addition and matrix multilplication.

Share your resource utilization for all three cases and your observation about the same.
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Questions?
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Extra Slides
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Jargons

March 3, 2026

● ICs - Integrated chip: assembly of hundreds of millions of transistors on a minor chip

● PCB: Printed Circuit Board

● LUT - Look Up Table aka ‘logic’ - generic functions on small bitwidth inputs. Combine many to build the algorithm

● FF - Flip Flops - control the flow of data with the clock pulse. Used to build the pipeline and achieve high throughput

● DSP - Digital Signal Processor - performs multiplication and other arithmetic in the FPGA

● BRAM - Block RAM - hardened RAM resource. More efficient memories than using LUTs for more than a few elements

● PCIe or PCI-E - Peripheral Component Interconnect Express: is a serial expansion bus standard for connecting a computer to 

one or more peripheral devices

● InfiniBand is a computer networking communications standard used in high-performance computing that features very high 

throughput and very low latency

● HLS - High Level Synthesis - compiler for C, C++, SystemC into FPGA IP cores

● HDL - Hardware Description Language - low level language for describing circuits

● RTL - Register Transfer Level - the very low level description of the function and connection of logic gates

● FIFO – First In First Out memory

● Latency - time between starting processing and receiving the result

○ Measured in clock cycles or seconds

● II - Initiation Interval - time from accepting first input to accepting next input

TAC-HEP: FPGA training module - Varun Sharma 36
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