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AM D n Vivado Simulator Overview

Vivado Simulator Overview

i} IMPORTANT! This tutorial requires the use of the AMD Kintex™ 7 family of devices or AMD UltraScale™
devices. If you do not have this device family installed, you must update your AMD Vivado™ tools
installation. Refer to the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing
(UG973) for more information on Adding Design Tools or Devices to your installation.

Introduction

This AMD Vivado™ Design Suite tutorial provides designers with an in-depth introduction to the
Vivado simulator.

‘‘‘‘‘ VIDEO: You can also learn more about the Vivado simulator by viewing the quick take video at Vivado
E] Logic Simulation.

-_—l TRAINING: AMD provides training courses that can help you learn more about the concepts presented in
~ this document. Use these links to explore related courses:

e Designing FPGAs Using the Vivado Design Suite 1 Training Course
e Designing FPGAs Using the Vivado Design Suite 2 Training Course
e Designing FPGAs Using the Vivado Design Suite 3 Training Course

The Vivado simulator is a Hardware Description Language (HDL) simulator that lets you perform
behavioral, functional, and timing simulations for VHDL, System Verilog, and mixed-language
designs. The Vivado simulator environment includes the following key elements:

¢ xvhdl and xvlog: Parsers for VHDL and Verilog/SV files, respectively, that store the parsed
files into an HDL library on disk.

e xelab: HDL elaborator and linker command. For a given top-level unit, xelab loads up all
sub-design units, translates the design units into executable code, and links the generated
executable code with the simulation kernel to create an executable simulation snapshot.

e xsim: Vivado simulation command that loads a simulation snapshot to effect a batch mode
simulation, or a GUI or Tcl-based interactive simulation environment.

¢ Vivado Integrated Design Environment (IDE): An interactive design-editing environment that
provides the simulator user-interface.
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AM D n Vivado Simulator Overview

Tutorial Description

This tutorial demonstrates a design flow in which you can use the AMD Vivado™ simulator
for performing behavioral, functional, or timing simulation from the Vivado Integrated Design
Environment (IDE).

ﬁ IMPORTANT! Tutorial files are configured to run the Vivado simulator in a Windows environment. To run
elements of this tutorial under the Linux operating system, some file modifications might be necessary.

You can run the Vivado simulator in both Project Mode (using a Vivado design project to
manage design sources and the design flow) and in Non-Project mode (managing the design
more directly). For more information about Project Mode and Non-Project Mode, refer to the
Vivado Design Suite User Guide: Design Flows Overview (UG892).

The following figure shows a block diagram of the tutorial design.

Figure 1: Tutorial Design

Testbench
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The tutorial design consists of the following blocks:

¢ A sine wave generator that generates high, medium, and low frequency sine waves; plus an
amplitude sine wave (sinegen. vhd).

e DDS compilers that generate low, middle, and high frequency waves: (sine_low. vhd,
sine_mid.vhd, and s ine_high. vhd).

¢ A Finite State Machine (FSM) to select one of the four sine waves (fsm. vhd).

e A debouncer that enables switch-selection between the raw and the debounced version of
the sine wave selector (debounce . vhd).

e A design top module that resets FSM and the sine wave generator, and then multiplexes the
sine select results to the LED output (sinegen_demo . vhd).

e Asimple test bench (testbench. v) to initiate the sine wave generator design that:

Generates a 200 MHz input clock for the design system clock, sys_c1k_p.
Generates GPIO button selections.

Controls raw and debounced sine wave select.

Note: For more information about testbenches, see Writing Efficient Test Benches (XAPP199).

Locating Tutorial Design Files

1. Download the reference design files.
2. Extract the zip file contents into any write-accessible location.

This tutorial refers to the extracted file contents of ug937-design-files directory as

<Extract_Dir>.

@ RECOMMENDED: You modify the tutorial design data while working through this tutorial. Use a new
copy of the design files each time you start this tutorial.

The following table describes the contents of the ug937-design-files.zip file.

Table 1: Design File Contents

Directories/Files Description

/completed Contains the completed files, and a Vivado 2025.x project of
the tutorial design for reference.

(x denotes the latest version of Vivado 2025 IDE)

/scripts Contains the scripts you run during the tutorial.

/sim Contains the testbench. v file.

/sources Contains the HDL files necessary for the functional
simulation.
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Table 1: Design File Contents (cont'd)

Directories/Files Description

readme. txt readme. txt is a readme file about the contents and
version history of this tutorial design.

/uvm UVM example needed for Lab 5

Software and Hardware Requirements
This tutorial requires that the 2025.x AMD Vivado™ ML Editions software release is installed.

Refer to the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973) for a
complete list and description of the system and software requirements.

UG937 .(v2025'.2) December 3, 2025 send Feedback
Logic Simulation 7


https://docs.amd.com/access/sources/dita/map?Doc_Version=2025.2%20English&url=ug973-vivado-release-notes-install-license
https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG937&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2025.2&docPage=7

AM D n Lab 1: Running the Simulator in Vivado IDE

Lab 1

Running the Simulator in Vivado
IDE

In this lab, you create a new AMD Vivado™ Design Suite project, add HDL design sources, add
IP from the AMD [P catalog, and generate IP outputs needed for simulation. Then you run a
behavioral simulation on an elaborated RTL design.

Step 1: Creating a New Project

The AMD Vivado™ Integrated Design Environment (IDE), as shown in the following figure,
lets you launch simulation from within design projects, automatically generating the necessary
simulation commands and files.

Create a new project for managing source files, add IP to the design, and run behavioral
simulation:

1. On Windows, launch the Vivado IDE by selecting Start = All Programs — Xilinx Design Tools
- Vivado 2025.x - Vivado 2025.x.

(x denotes the latest version of Vivado 2025 IDE)
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AM D n Lab 1: Running the Simulator in Vivado IDE

Vivado 2025.2

Eile Flow Tools Window Help

AMDZ
Vivado

ML Edition

Quick Start

Create Project >
Open Project >

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >
Vivado Store >

Tcl Console
Q = ¢ Il E B §
start_gul
Sourcing tcl script '/home/] /. Xilinx/Vivado/2025.2/Vivado_init.tcl'

500 Beta devices matching pattern found, 560 enabled.
enable_beta_device: Time (s): cpu = 00:00:14 ; elapsed = 00:00:07 . Memory (MB): peak = 10280.832 ; gain = 234,484 ; free phy

<

Note: Your Vivado ML Editions installation might be called something other than AMD Design Tools on
the Start menu.

2. Inthe Vivado IDE Getting started page, click Create Project.
3. Inthe New Project wizard, click Next and enter a project name: project_xsim.

4. For the Project location, browse to the folder containing the extracted tutorial data,
<Extract_Dir>. Make sure to check the Create project subdirectory option and click Next.
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AM D n Lab 1: Running the Simulator in Vivado IDE

New Project >

Project Name

Enter a name for your project and specify a directory where the project data files will be
stored.

Project name: project_)csim|

Project location: C/Users/aavulac D

| Create project subdirectory

Project will be created at: C/Users/aavulac/project_xsim

/"_""'\

Note: The Create project subdirectory option is preselected.

5. In the Project Type page, select RTL Project and click Next.
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AM D n Lab 1: Running the Simulator in Vivado IDE

Project Type
Specify the type of project to create

El

@) RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

O Do not specify sources atthis time
) Projectis an extensible Vitis platform

Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation

1/0 Planning Project
Do not specify design sources. You will be able o view part/package resources.

Imported Project
Create a Vivado project from a Synplify Project File.

Example Project
Create a new Vivado project from a predefined template.

()

oo | [canea |

6. In the Add Source page, click Add Directories and add the extracted tutorial design data:
e <FExtract_Dir>/sources
o <Extract_Dir>/sim
Note: You can press the Ctrl key to click and select multiple files or directories.
7. Set the Target Language to Verilog to indicate the netlist language for synthesis.
Set the Simulator language to Mixed as shown in the following figure.

The Simulator language indicates languages which the logic simulator supports or requires.
Vivado Design Suite ensures the availability of simulation models of any IP cores in the
design by using the available synthesis files to generate the required language-specific
structural simulation model when generating output targets. For more information on
working with IP cores and the AMD IP catalog, refer to the Vivado Design Suite User Guide:
Designing with IP (UG896). You can also work through the Vivado Design Suite Tutorial:
Designing with IP (UG939).

9. Click Next.
10. Click Next to bypass the Add Constraints page.
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AM D n Lab 1: Running the Simulator in Vivado IDE

ew Project

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to your project.
Create a new source file on disk and add it to your project. You can also add and create sources later.

+‘
Index Name Library HDL Source For Location
. 1 sources xil_defaultlib ~ Synthesis & Simulation  ~  ¥./ug937-design-files
. 2 sim xil_defaultlib ~ Synthesis & Simulation  ~  ¥:/ug937-design-files
Add Files | ‘ Add Directories ‘ ‘ Create File

__J Scan and add RTL include files into project
] Copy sources into project

v Add sources from subdirectories

Target language: Verilog v Simulator language:  Mixed v

In the Default Part page shown in the following figure, select Boards, and then select either
AMD Kintex™ 7 KC705 Evaluation Platform for 7 series or Kintex-UltraScale KCU105
Evaluation Platform for UltraScale devices and click Next.

Note: The Add sources from subdirectories option is preselected.
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AM D n Lab 1: Running the Simulator in Vivado IDE

New Project x

Default Part

Choose a default AMD part or board for your project.

Parts | Boards

© To fetch the latest available boards from git repository, click on ‘Refresh’ button. Dismiss

Reset All Filters

Vendor:  All v Name: | Kintex-7 KC705 Evaluation Platform v Board Rev: Latest v
Q W, v,
Search: Q- v
Display Name Status  Vendor File Version  Part I/O Pin Count  Board Rev  Available IOBs  LUT Elements
Kintex-7 KC705 Evaluation Platform n 7K32567q000-2
Add Companion Card Connections Installed xilinx.com 16 XC 'g900-. 900 1.1 500 203800
< >

\
/

.

11. Review the New Project Summary page.

12. Click Finish to create the project.

se  Gde Reparts  Wndow  Layout  Wew e feady
= X » B o o £ Defauk Layout ~
PROJECT MANAGER - project_1

3 PRAOJECT MANAGER

Seurces T D] Pretect summary
- B NTEGRATOR a B & + o Overdew | Gasnbous
Crost Bock Dision Design Souwces ~
o featbroncty festbenchid (1] Settings
X oapen, dome

937G 3T Sevign-Mesiproiect_|

v SIMULATION wm_1
. testbench

Run Simutation

Target language
Sevalaer Unguage
Targes Semutator

3 Opan Elaborsted Design

Board Part
Hierarely
~ SYNTHESIS 2
Dispay nome:
i Pun Sorcheny Sourca File Properties. " o .
11
- o
- o B Repostory pathc  (proabukI/SWIRIZ025, 1_0519_1850/met shin64 2025, 1 e xhubiboaras u
e a | .
Board ovensew. Kintex-7 KCT0% Evatastion Platform
pertog v v
v ] >
Design Runs
a g o + %
Narne Constrants  Status WNS TNS WHS THS WESS TPWS TotelPower FaledMoutes Methodology ROAScore QoA Suggestions LUT FF
kb 1 comtes 1 Mot started -
impl_1 coratrs 1 Mot stwted 5
< »

Srow Prject Manager ctions Swiich 1o the Project Manager snrerment

Vivado opens the new project in the Vivado IDE, using the default view layout.
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AM D n Lab 1: Running the Simulator in Vivado IDE

Step 2: Adding IP from the IP Catalog

The Sources window displays the source files that you have added during project creation. The
Hierarchy tab displays the hierarchical view of the source files.

1.

Click the * icon in the Sources window to expand the folders as shown in the following
figure. Expand all * button can be used to view all the files at all levels of hierarchy.

Sources ? -0 8 X

Q| ||+ &
~ . Design Sources (1
> @ -~ testbench (testbenc|
> = Constraints
~ = Simulation Sources (1
w sim_1 (1
~ @ .. testbench (1
v @ dut : sinegen_demol! 1eq
@ U_DEBOUNCE_0: debounce(Mixed
@ U_DEBOUNCE_]1 : debounce(Mixed
v @ U_SINEGEN : sinegen(k ineg
7 U_SH : xil_defaultlib.sine hlgh
7 U_SM: xil_defaultlib.sine_mid
7 U_SL: xil_defaultlib.sine_low
@ U_FSM : fsm(Mixed) (f !
» = Utility Sources

Hierarchy Libraries Compile Order

Notice that the Sine wave generator (sinegen . vhd) references cells that are not found in
the current design sources. In the Sources window, the missing design sources are marked by

the missing source icon kd)

Note: The missing source icon is used to view only the missing sources. This is useful in viewing the
missing sources in larger designs.

Now, add the sine_high, sine_mid, and sine_1ow modules to the project from the
AMD [P catalog.

Adding Sine High

1.

In the Flow Navigator, select the IP Catalog button.

The IP catalog opens in the graphical windows area. For more information on the specifics
of the AMD Vivado™ IDE, refer to theVivado Design Suite User Guide: Using the Vivado IDE

(UG893).
In the Search field of the IP catalog, type DDS.
The Vivado IDE highlights the DDS Compilers in the IP catalog.
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AM D n Lab 1: Running the Simulator in Vivado IDE

3. Under any category, double-click the DDS Compiler.

The Customize IP wizard opens as shown in the following figure:

Customize IP X
DDS Compiler (6.0)

© Documentation IP Location C' Switch to Defaults

IP Symbol Information Component Name dds_compiler_0

Show disabled ports Configuration  Implementation | Detailed Implementation | Output Frequencies =
Configuration Options = Phase Generator and SIN CO5 LUT v
System Requirements
System Clock (MHz) 100 [0.01 - 1000.0]

Mumber of Channels 1 v

M_AXIS_DATA =
M_AKIS_PHASE + £ Mode Of Operation Standard v

Frequency per Channel (Fs) 100.0 MHz

SIN/COS QOutput Type  Integer v

Parameter Selection System Parameters v

System Parameters

Spurious Free Dynamic Range (dB) 45 Range: 18..150

Frequency Resolution (Hz) 04 3.55271e-07..1.25e+07

Moise Shaping Auto v

o ] [ |

4. In the IP Symbol tab on the left, ensure that Show disabled ports is unchecked.
Specify the following on the Configuration tab:
e Component Name: type sine_high
e Configuration Options: select SIN COS LUT only
¢ Noise Shaping: select None
¢ Under Hardware Parameters, set Phase Width to 16 and Output Width to 20
On the Implementation tab, set Output Selection to Sine.
7. On the Detailed Implementation tab, set Control Signals to ARESETn (active-Low).
8. On the Summary tab, review the settings and click OK.
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Customize IP

DDS Compiler (6.0)

© Documentation

IP Symbol

Show disabled ports

=+ S_AXIS_PHASE

aclk

aresetn

Lab 1: Running the Simulator in Vivado IDE

IP Location C Switch to Defaults

Component Mame sine_high

Configuration Implementation
SIN/COS Output Type
Output Width
Channels

System Clock

Frequency per Channel (Fs)
MNoise Shaping

Memory Type
Optimization Goal

Phase Width

Frequency Resolution
Phase Angle Width
Spurious Free Dynamic Range
Latency

DSP48 slice

Detailed Implementation Summary

Integer

20 Bits

Mot Applicable
Mot Applicable
Mot Applicable
Naone

Block ROM (Auto)
Area (Auto)

16 Bits

Mot Applicable
16 Bits

Mot Applicable
6

l OK l l Cancel

When the sine_high IP core is added to the design, the output products required to
support the IP in the design must be generated. The Generate Output Products dialog box
displays, as shown in the following figure.
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The following output products will be generated.

Preview
Q = &
-~ -
v sine_high.xci (OC

Instantiation Template
Synthesized Checkpoint (.dcp)
Structural Simulation

C Simulation

Synthesis Options

Global
®) Out of context per IP

Run Settings

®) On local host: Number of jobs:

Generate scripts only

Do not launch

Lab 1: Running the Simulator in Vivado IDE

El

The output products allow the IP to be synthesized, simulated, and implemented as part of
the design. For more information on working with IP cores and the AMD IP catalog, refer to
the Vivado Design Suite User Guide: Designing with IP (UG896). You can also work through the
Vivado Design Suite Tutorial: Designing with IP (UG939).

9. Click Generate to generate the default output products for sine_high. A dialog box opens
with a message that reads the Out of context module run was launched for generating output

products. Click OK.

Adding Sine Mid

1. Inthe IP catalog, double-click the DDS Compiler IP a second time.

2. Specify the following on the Configuration tab:

e Component Name: type sine_mid

e Configuration Options: select SIN COS LUT only
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AMDZ1

¢ Noise Shaping: select None

¢ Under Hardware Parameters, set the Phase Width to 8, and the Output Width to 18
3. On the Implementation tab, set the Output Selection to Sine.
4. On the Detailed Implementation tab, set Control Signals to ARESETn (active-Low).

5. Select the Summary tab, review the settings and click OK as shown in the following figure:

Customize IP X
DDS Compiler (6.0)
© Documentation IP Location C' Switch to Defaults
IP Symbol Information Component Name  sine_mid
Show disabled ports Configuration Implementation Detailed Implementation Summary

SIN/COS Output Type Integer
Output Width 18 Bits
Channels Not Applicable

=+ S_AXIS_PHASE
aclk
anasatn

System Clock

Frequency per Channel (Fs)
Noise Shaping

Memory Type
Optimization Goal

Phase Width

Frequency Resolution
Phase Angle Width
Spurious Free Dynamic Range
Latency

DSP48 slice

Not Applicable
Not Applicable
None

Block ROM (Auto)
Area (Auto)

8 Bits

Mot Applicable

8 Bits

Mot Applicable

2

OK Cancel

When the sine_mid IP core is added to the design, the Generate Output Products dialog
box displays to generate the output products required to support the IP in the design.

6. Click Generate to generate the default output products for sine_mid. A dialog box opens
with a message that reads the Out of context module run was launched for generating output

products. Click OK.

Adding Sine Low

1. Inthe IP catalog, double-click the DDS Compiler IP for the third time.
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AMDZ1

2. Specify the following on the Configuration tab:
e Component Name: type sine_low

Configuration Options: select SIN COS LUT only

Noise Shaping: select None

Under Hardware Parameters, set the Phase Width to 6 and the Output Width to 16

On the Implementation tab, set the Output Selection to Sine.
4. On the Detailed Implementation tab, set Control Signals to ARESETn (active-Low).

Select the Summary tab, review the settings as seen in the following figure, and click OK.

Customize IP X
DDS Compiler (6.0)
© Documentation IP Location C' Switch to Defaults
IP Symbol  Information Component Name sine_low
Show disabled ports Configuration Implementation Detailed Implementation Summary

SIN/COS Qutput Type Integer
Output Width 16 Bits
Channels Mot Applicable

s 5_AKIS_PHASE
aclk
aresetn

M_AKI5_DATA, +}E

System Clock

Frequency per Channel (Fs)
Noise Shaping

Memory Type
Optimization Goal

Phase Width

Frequency Resolution
Phase Angle Width
Spurious Free Dynamic Range
Latency

DSP48 slice

Mot Applicable
Mot Applicable
None

Block ROM (Auto)
Area (Auto)

6 Bits

Mot Applicable

6 Bits

Mot Applicable

2

OK Cancel

When the sine_low IP core is added to the design, the Generate Output Products dialog box
displays to generate the output products required to support the IP in the design.

6. Click Generate to generate the default output products for sine_1ow. A dialog box opens
with a message that reads the Out of context module run was launched for generating output

products. Click OK.
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Step 3: Running Behavioral Simulation

After you have created an AMD Vivado™ project for the tutorial design, set up and launch AMD
Vivado™ simulator to run behavioral simulation. Set the behavioral simulation properties in AMD
Vivado™ tools:

1. Inthe Flow Navigator, right-click Simulation and then click Simulation Settings. Alternatively,
click Settings in the Flow Navigator under Project Manager to open the Settings window.
Select Simulation from the Settings window. The following defaults are automatically set:

¢ Simulation set: select sim_1
e Simulation top-module name: set testbench

2. In the Elaboration tab, as shown in the following figure, ensure that the debug level is set to
typical which is the default value.
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3.

Lab 1: Running the Simulator in Vivado IDE

Settings

Project Settings

General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

IP

Tool Settings

Project

IP Defaults
Vivado Store
Source File
Display

Help

Text Editor

3rd Party Simulators
Colors
Selection Rules
Shortcuts
Strategies

Window Behavior

4. Click OK.

UG937 (v2025.2) December 3, 2025

Logic Simulation

Simulation
Specify various settings associated to Simulation &
Target simulator: Vivado Simulator v
Simulator language; Mixed v
Simulation set: sim_1 v
Simulation top module name: testbench B

Generate simulation scripts only

Compilation | Elaboration  Simulation Netlist | Advanced

xsim.elaborate.snapshot

xsim.elaborate.debug_level typical v
xsim.elaborate.relax v
xsim.elaborate.mt_level auto v
xsim.elaborate.load_glbl v
xsim.elaborate.rangecheck

xsim.elaborate.sdf_delay sdfmax v
xsim.elaborate.link.sysc

xsim.elaborate.link.c

xsim.elaborate.xsc.more_options

xsim.elaborate.xelab.more_options v

Select an option above to see a description of it

“ Cancel Restore...

In the Simulation tab, observe that the Simulation Run Time is 1000 ns.

With the simulation settings properly configured, you can launch the Vivado simulator to
perform a behavioral simulation of the design.

In the Flow Navigator, click Run Simulation = Run Behavioral Simulation.

Functional and timing simulations are available post-synthesis and post-implementation.
Those simulations are outside the scope of this tutorial.

When you launch the Run Behavioral Simulation command, the Vivado tool runs xv1og and
xvhd1l to analyze the design and xelab in the background to elaborate and compile the
design into a simulation snapshot, which the Vivado simulator can run. When that process is
complete, the Vivado tool launches xs im to run the simulation.
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In the Vivado IDE, the simulator GUI opens after successfully parsing and compiling the
design as shown in the following figure. By default, the top-level HDL objects display in the

Waveform window.

Eile  Edit Flow Tools Reports Window Layout \View Run  Help
=, >, ¥ B T “« » » 10 us viE C
& Q & Q W @ @ H ¥ < 1l +r &

o

0 Logic - e
1 Logic

ixed)  VHI
Ver

0 Logic
~ IP INTEGRATOR > % gpio_butons[1:0] 2 Aray

Create Block Design 1 gpio_switch 0 Logic

> 8 leds_n[3:0) X Aray

V' SIMULATION

Run Simulation

~ RTLANALYSIS
» Run Linter

> Open Elaborated Design

~ SYNTHESIS
> Run Synthesis
>

~ IMPLEMENTATION
» RunImplementation

>

~ PROGRAM AND DEBUG
i Generate Bitstream
> Open Hardware Manager i

sim Time: 1 us

Conclusion

In this lab, you have created a new AMD Vivado™ Design Suite project, added HDL design
sources, added IP from the AMD IP catalog and generated IP outputs needed for simulation, and
then run behavioral simulation on the elaborated RTL design.

This concludes Lab 1. You can continue Lab 2 at this time by starting at Step 2: Displaying Signal
Waveforms.

You can also close the simulation, project, and the Vivado IDE to start Lab 2 at a later time.
Click File = Close Simulation to close the open simulation.

Select OK if prompted to confirm closing the simulation.

Click File = Close Project to close the open project.

L bd e

Click File = Exit to exit the Vivado tool.
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Lab 2

Debugging the Design

The AMD Vivado™ simulator GUI contains the Waveform window, and Object and Scope
windows. It provides a set of debugging capabilities to quickly examine, debug, and fix design
problems. See the Vivado Design Suite User Guide: Logic Simulation (UG900) for more information
about the GUI components.

In this lab, you:

e Enable debug capabilities

e Examine a design bug

e Use debug features to find the root cause of the bug
e Make changes to the code

e Recompile and relaunch the simulation

Step 1: Opening the Project

This lab continues from the end of Lab 1 in this tutorial. You must complete Lab 1 prior to
beginning Lab 2. If you closed the Vivado IDE, or the tutorial project, or the simulation at the end
of Lab 1, you must reopen them.

Start by loading the Vivado Integrated Design Environment (IDE) by selecting Start— All
Programs — Xilinx Design Tools = Vivado 2025.x = Vivado 2025.x.

Note:

1. Your Vivado ML Editions installation might be called something other than AMD Design Tools on the
Start menu.

2. Asan alternative, click the Vivado 2025.x Desktop icon to start the Vivado IDE.
The Vivado IDE opens. Now, open the project from Lab 1, and run the behavioral simulation.

1. From the main menu, click File = Project = Open Recent and select project_xsim that
you saved in Lab 1.

2. After the project has opened, from the Flow Navigator click Run Simulation = Run
Behavioral Simulation.
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The Vivado simulator compiles your design and loads the simulation snapshot.

Step 2: Displaying Signal Waveforms

In this section, you examine features of the Vivado simulator GUI that help you monitor signals
and analyze simulation results, including:

e Running and restarting the simulation to review the design functionality, using signals in the
Waveform window and messages from the test bench shown in the Tcl Console.

e Adding signals from the test bench and other design units to the Waveform window so you
can monitor their status.

e Adding groups and dividers to better identify signals in the Waveform window.

¢ Changing signal and wave properties to better interpret and review the signals in the
Waveform window.

e Using markers and cursors to highlight key events in the simulation and to perform zoom and
time measurement features.

¢ Using multiple waveform configurations.

Add and Monitor Signals

The focus of the tutorial design is to generate sine waves with different frequencies. To observe
the function of the circuit, you monitor a few signals from the design. Before running the
simulation for a specified time, you can add signals to the wave window to observe the signals as
they transition to different states over the course of the simulation.

By default, the AMD Vivado™ simulator adds simulation objects from the test bench to
the Waveform window. In the case of this tutorial, the following test bench signals load
automatically:

e Differential clock signals (sys_c1k_p and sys_c1k_n). This is a 200 MHz clock generated
by the test bench and is the input clock for the complete design.

e Reset signal (reset). Provides control to reset the circuit.

e GPIO buttons (gpio_buttons [1:0]). Provides control signals to select different frequency
sine waves.

e GPIO switch (gpio_switch). Provides a control switch to enable or disable debouncer logic.

e LEDs(1eds_nl[3:01). A placeholder bus to display the results of the simulation.

You add some new signals to this list to monitor those signals as well.
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If necessary, in the Scopes window, click the % sign to expand the testbench. (It might be
expanded by default.)

An HDL scope, or scope, is defined by a declarative region in the HDL code, such as a module,
function, task, process, or named blocks in Verilog. VHDL scopes include entity/architecture
definitions, blocks, functions, procedures, and processes.

1. Inthe Scopes window, click to select the dut object.

The current scope of the simulation changes from the whole test bench to the selected
object. The Objects window updates with all the signals and constants of the selected scope,
as shown in the following figure.

2. From the Objects window, select signals sine[19:0] and sineSel[1:0] and add them
into Wave Configuration window using one of the following methods:

e Drag and drop the selected signals into the Waveform window.

e Right-click on the signal to open the popup menu, and select Add to Wave Window.

Note: You can select multiple signals by holding down the CTRL key during selection.

Objects Untitled 1*
Q o Q W @
Name Yalue

i GPIO_SWI... 0
> [ LEDS_n[30] X

@ Clk 0
@ clk_ibufgds 0
¥ & sine[18:0] [luluu

Add to Wave Window
¥ & sineSel[1:0]

> 3§ GPIO_BUT...
> 9§ GPIO_BUT...
> 55 GPIO_BUT..
& DONT_EATO
& DONT_EATH
& DONT_EAT2
@ DOMT_EAT3
s DONT_EAT4

Log to Wave Database

Radix k

B s e o L I =

Remove Force

Default Radix k
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Step 3: Using the Analog Wave Viewer

The sine[19:0] signals you are monitoring are analog signals that you can view better in Analog
wave mode. You can choose to display a given signal as Digital or Analog in the Waveform
window.

1. In the Waveform window, select the sine[19:0] signal.

2. Right-click to open the popup menu, and select Waveform Style = Analog, as shown in the
figure below.
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Q x| ® & Q &
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& iz ginl Vianiog Modull
< sineSefi o] L]

Rgname

Wasiomn Stile ] «  Digital
Signal Color . Analeg
nealeg Suft
st av aced
Feage
E Hem .

Fepverse G Oudar
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Morw Divider | Sim Tiene: 11

3. Right-click to open the popup menu again, and select Radix = Signed Decimal as shown in
the figure below.
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Logging Waveforms for Debugging

The Waveform window lets you review the state of multiple signals as the simulation runs.
However, due to its limited size, the number of signals you can effectively monitor in the
Waveform window is limited. To identify design failures during debugging, you might need to
trace more signals and objects than can be practically displayed in the Waveform window.

You can log the waveforms for signals that are not displayed in the Waveform window, by
writing them to the simulation waveform database (WDB). After simulation, you can review the
transitions on all signals captured in the waveform database file.

In the Scope window, right-click on dut under testbench. Click Log to Wave Database from
the options list. Select Objects in Scope option. The specified signals are written to a waveform
database.

Using the Tcl Command

Enable logging of the waveform for the specified HDL objects by entering the following
command in the Tcl Console:

log_wave [get_objects /testbench/dut/*] [get_objects /testbench/dut/
U_SINEGEN/ * ]

Note: See the Vivado Design Suite Tcl Command Reference Guide (UG835) for more information on the
log_wave command.
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AMDH Lab 2: Debugging the Design

This command enables signal dumping for the specified HDL objects, /testbench/dut/*
and/testbench/dut/U_SINEGEN/ﬁ

Note: * symbol specifies all the HDL objects in a scope.

The 1og_wave command writes the specified signals to a waveform database, which is written
to the simulation folder of the current project:

<project_name>/<project_name>.sim/sim_1/behav/xsim

Step 4: Working with the Waveform Window

Now that you have configured the simulator to display and log signals of interest into the
waveform database, you are ready to run the simulator again.

1. Run the simulation by clicking the Run All button P.

Observe the sine signal output in the waveform. The Wave window can be unlocked from
Main window layout to view it as standalone.

2. Click the Float button L5 in the title bar of the Waveform Configuration window.

3. Click the Zoom Fit button { to display the whole time spectrum in the Waveform
Configuration window.

Notice that the low frequency sine output is incorrect. You can view the waveform in detail
by zooming into the Waveform window. When you zoom into the waveform, you can use the
horizontal and vertical scroll bars to pan down the full waveform.

Figure 2: Waveform

testbench_behav tl.wcfg*

Q W @ g X ¥ « M M e % J x
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As seen in the figure above, when the value of sineSel is O, which indicates a low frequency sine
selection, the analog sine [ 19: 01 output is not a proper sine wave, indicating a problem in the
design or the testbench.

Grouping Signals

Next, you add signals from other design units to better analyze the functionality of the whole
design. When you add signals to the Waveform window, the limited size of the window makes it
difficult to display all signals at the same time. Reviewing all signals would require the use of the
vertical scroll bar, making the review process difficult.

You can group related signals together to make viewing them easier. With a group, you can
display or hide associated signals to make the Waveform window less cluttered, and easier to
understand.

1. In the Waveform window, select all signals in the test bench unit: sys_c1k_p, sys_clk_n,
reset, gpio_buttons, gpio_switch,and leds_n.

Note: Press and hold the Ctrl key or Shift key to select multiple signals.

2. With the signals selected right-click to open the popup menu and select New Group. Rename
it as TB Signals.

The AMD Vivado™ simulator creates a collapsed group in the waveform configuration

window. To expand the group, click * to the left of the group name.

3. Create another signal group called DUT Signals to group signals sine[19:0] and
sine_sel[1:0].

You can add or remove signals from a group as needed. Cut and paste signals from the list of
signals in the Waveform window, or drag and drop a signal from one group into another.

You can also drag and drop a signal from the Objects window into the Waveform window, or
into a group.

You can ungroup all signals, thereby eliminating the group. Select a group, right-click to open
the popup menu, and select Ungroup.

To better visualize signals corresponding to each design, add dividers to separate the signals
by design unit.

Adding Dividers

Dividers let you create visual breaks between signals or groups of signals to identify related
objects easily.

1. In the Waveform window, right-click to open the popup menu and select New Divider. The
Name dialog box opens to let you name the divider you are adding to the Waveform window.
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2. Add two dividers named:

3.

Q

e Testbench
e SineGen

Move the SineGen divider above the DUT Signals group.

TIP: You can change divider names at any time by highlighting the divider name and selecting the Rename
command from the popup menu, or changing the color with Divider Color.

Adding Signals from Sub-modules

You can also add signals from different levels of the design hierarchy to study the interactions
between these modules and the testbench. The easiest way to add signals from a sub-module is
to filter objects and then select the signals to add to the Waveform view.

Add signals from the instantiated sine_gen_demo module (DUT) and the sinegen module
(U_SINEGEN).

1.

In the Scopes window, select and expand the Testbench, then select and expand DUT.

Simulation objects associated with the currently selected scope display in the Objects
window.

By default, all types of simulation objects display in the Objects window. However, you can
limit the types of objects displayed by selecting the object filters at the top of the Objects
window. The following figure shows the Objects window with the Input and Output port
objects enabled, and the other object types are disabled. Move the cursor to hover over a
button to see the tooltip for the object type.
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2. Use the Objects window toolbar to enable and disable the different object types.

The types of objects that can be filtered in the Objects window include Input, Output, Inout
ports, Internal Signals, Constants, and Variables.

In the Scopes window, select the U_SINEGEN design unit.

4. In the Waveform window, right-click in the empty space below the signal names, and use the
New Group command to create three new groups called Inputs, Outputs,and Internal
Signals.

O TIP: If you create the group on top of, or containing, any of the current objects in the Waveform
window, simply drag and drop the objects to separate them as needed.

5. In the Objects window, select the Input filter to display the Input objects.

6. Select the Input objects in the Objects window, and drag and drop them onto the Input group
you created in the Waveform window.

Repeat steps 5 and 6 above to filter the Output objects and drag them onto the Output group,
and filter the Internal Signals and drag them onto the Internal Signals group, as shown in the
following figure.

Step 5: Changing Signal Properties

You can also change the properties of some of the signals shown in the Waveform window to
better visualize the simulation results.
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Viewing Hierarchical Signal Names

By default, the AMD Vivado™ simulator adds signals to the waveform configuration using a short
name with the hierarchy reference removed. For some signals, it is important to know to which
module they belong.

1. In the Waveform window, hold Ctrl and click to select the sine[19:01] and
sineSel[1:0] signals listed in the DUT signals group, under the SineGen divider.

2. Hold Ctrl, and click to select the sine[19:0] signals listed in the Outputs group, under the
SineGen divider.

3. Right-click in the Waveform window to open the popup menu, and select the Name = Long
command.

The displayed name changes to include the hierarchical path of the signal. You can now see
that the sine[19:01] signals under the DUT Signals group refers to different objects in the
design hierarchy than the sine[19:0] signals listed under the Outputs group. See the
figure below.

Viewing Signal Values

You can better understand some signal values if they display in a different radix format than
the default, for instance, binary values instead of hexadecimal values. The default radix is
Hexadecimal unless you override the radix for a specific object.

Supported radix values are Binary, Hexadecimal, Octal, ASCII, Signed, and Unsigned decimal. You
can set any of the above values as Default using the Default Radix option.

1. In the Waveform window, select the following signals:

s_axis_phase_tdata_sine_high, s_axis_phase_tdata_sine_mid,and

s_axis_phase_tdata_sine_low.
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2. Right-click to open the popup menu, and select Radix = Binary.

The values on these signals now display using the specified radix.

Step 6: Saving the Waveform Configuration

You can customize the look and feel of the Waveform window, and then save the Waveform
configuration to reuse in future simulation runs. The Waveform configuration file defines the
displayed signals and the display characteristics of those signals.
1. In the Waveform window, click the Settings % putton on the title bar menu.

The Waveform Options dialog box opens to the General tab.

2. Ensure the Default Radix is set to Hexadecimal.

This defines the default number format for all signals in the Waveform window. The radix can
also be set for individual objects in the Waveform window to override the default.

3. Select the Draw Waveform Shadow, as shown in the following figure, to enable or disable the
shading under the signal waveform.

By default, a waveform is shaded under the high transitions to make it easier to recognize the
transitions and states in the Waveform window.

You can also enable or disable signal indices so that each signal or group of signals is
identified with an index number in the Waveform window.

4. Check or uncheck the Show signal indices check box to enable or disable the signal list
numbering.

General | Colors C X

Radix i Hexadecimal W

Elide Setting. = Middie w
< Draw waveform shadow
Show signal indicas

+ Show grid lines

<+ Snapto Transition
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Check or uncheck the Show grid lines check box to enable or disable the grid lines in the
waveform window.

Check the Snap to Transition check box to snap the cursor to transition edges.
In the Waveform Options dialog box, select the Colors view.

Examine the Waveform Color Options dialog box. You can configure the coloring for
elements of the Waveform window to customize the look and feel. You can specify custom
colors to display waveforms of certain values, so you can quickly identify signals in an
unknown state or an uninitialized state.

The Waveform window configures your preferences. You can save the current waveform
configuration so it is available for use in future AMD Vivado™ simulation sessions.

By default, the Vivado simulator saves the current waveform configuration setting as
testbench_behav.wcfg.

In the Waveform window sidebar menu, select the Save Wave Configuration button s.

Save the Wave Configuration into the project folder with the filename tutorial_1.wcfg.

10. Click Yes. The file is added to the project simulation fileset, s im_1, for archive purposes.

TIP: You can also load a previously saved waveform configuration file using the File = Simulation
Waveform — Open Configuration command.

Working with Multiple Waveform Configurations

You can also have multiple Waveform windows, and waveform configuration files open at one
time. This is useful when the number of signals you want to display exceeds the ability to display
them in a single window. Depending on the resolution of the screen, a single Waveform window
might not display all the signals of interest at the same time. You can open multiple Waveform
windows, each with its own set of signals and signal properties, and copy and paste between
them.

1.

To add a new Waveform window, select File = Simulation Waveform = New Configuration.

An untitled Waveform window opens with a default name. You can add signals, define
groups, add dividers, and set properties and colors that are unique to this Waveform window.

Select signal groups in the first Waveform window by pressing and holding the Ctrl key, and
selecting the following groups: Inputs, Outputs,and Internal Signals.

Right-click to open the popup menu, and select Copy, or use the shortcut Ctrl+C on the
selected groups to copy them from the current Waveform window.

Select the new Waveform window to make it active.

Right-click in the Waveform window and select Paste, or use the shortcut Ctrl+V to paste the
signal groups into the prior Waveform window.
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6. Select File = Simulation Waveform — Save Configuration or click the Save Wave
Configuration button, and save the waveform configuration to a file called
tutorial_2.wcfg.

7. When prompted to add the waveform configuration to the project, select No.

8. Click the * icon to close the new Waveform window.

Step 7: Re-Simulating the Design

With the various signals, signal groups, dividers, and attributes you have added to the Waveform
window, you are now ready to simulate the design again.

1. Click the Restart button “ to reset the circuit to its initial state.

2. Click the Run All button b’

The simulation runs for about 7005 ns. If you do not restart the simulator prior to executing
the Run All command, the simulator runs continuously until interrupted.

3. After the simulation is complete, click the Zoom Fit button 3 to see the whole simulation
timeline in the Waveform window. Figure below shows the current simulation results.

a @ a g 3 = W M of o
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Step 8: Using Cursors, Markers, and
Measuring Time

The Finite State Machine (U_FSM) module used in the top level of the design generates three
different sine-wave select signals for specific outputs of the SineGen block. You can identify
these different wave selections better using Markers to highlight them.

1. Inthe Waveform window, select the /testbench/dut/sineSel[1:0] signal.

2. In the waveform sidebar menu, click the Go to Time O button 14 .
The current marker moves to the start of the simulation run.

3. Enable the Snap to Transition check box in the General tab of the settings window to snap
the cursor to transition edges.

4. From the waveform toolbar menu, click the Next Transition button !l'

The current marker moves to the first value change of the selected sineSel[1:0] signal, at
3.5225 microseconds.

5. Click the Add Marker button */
6. Search for all transitions on the sinesSe1 signal, and add markers at each one.

With markers identifying the transitions on sineSe1, the Waveform window should look
similar to the following figure. As previously observed, the low-frequency signals are
incorrect when the sinse1 signal value is O.

You can also use the main Waveform window cursor to navigate to different simulation times
or locate value changes. In the next steps, you use this cursor to zoom into the Waveform
window when the sineSel is O to review the status of the output signal, sine[19:01, and
identify where the incorrect behavior initiates. You also use the cursor to measure the period
of low-frequency wave control.
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TIP: By default, the Waveform window displays the time unit in microseconds. However, you can
use any measurement you prefer while running or changing the current simulation time, and the
Waveform window adjusts accordingly.

7. In the Waveform window, click the Go to Time 0 button 14 , then click the Zoom in button
o repeatedly to zoom into the beginning of the simulation run.

8. Continue to zoom in the Waveform window as needed, until you can see the reset
signal asserted low, and you can see the waveform of the clock signals, sys_c1k_p and
sys_clk_n, as seen in the following figure.

tatorisl_ 1 welg®
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The Waveform window zooms in or out around the area centered on the cursor.
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9.

10.

11.
12.

13.

Place the main Waveform window cursor on the area by clicking at a specific time or point in
the waveform.

You can also click on the main cursor, and drag it to the desired time.

Because 0 is the initial or default FSM output, move the cursor to the first posedge of
sys_clk_p after reset is asserted low, at time 102.5 ns, as seen in the following figure.

You can use the Waveform window to measure the time between two points on the timeline.

Place a marker at the time of interest, 102.5 ns, by clicking the Add Marker button "'r.
Click to select the marker.

The Floating Ruler option that is available in the General tab of waveform Settings displays
a ruler at the bottom of the Waveform window useful for measuring the time between
two points. Use the floating ruler to measure the sineSel control signal period, and the
corresponding output_sine[19:0] values during this time frame.

When you select the marker, a floating ruler opens at the bottom of the Waveform window,
with time O on the ruler positioned at the selected marker. As you move the cursor along the
timeline, the ruler measures the time difference between the cursor and the marker.

O TIP: Enable the Floating Ruler checkbox from the General tab of Waveform Settings, if the ruler does
not appear when you select the marker.

testbench_behav.wcig*

Qi aa X « KM +f f &

You can move the cursor along the timeline in a number of ways. You can scroll the horizontal
scroll bar at the bottom of the Waveform window. You can zoom out, or zoom fit to view
more of the timeline, reposition the cursor as needed, and then zoom in for greater detail.

Select sinesSel from the list of signals in the Waveform window and use the Next Transition
command to move to the specific transition of interest.
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As shown in above figure, the ruler measures a time period of 3.420 ns as the period that
FSM selected the low frequency output.

Step 9: Debugging with Breakpoints

You have examined the design using cursors, markers, and multiple Waveform windows. Now
you use AMD Vivado™ simulator debugging features, such as breakpoints, and line stepping, to
debug the design and identify the cause of the incorrect output.

1.

First, open the tutorial design test bench to learn how the simulator generates each design
input.

Open the testbench. v file by double-clicking the file in the Sources window, if it is not
already open.

The source file opens in the Vivado IDE Text Editor, as shown in the following figure.

Objects 4 ! ot v, testbenchy
Q & Q » @ B N/ BV

Mame Wahsg Data T, 2 timescale ins/ips
B sys_ov_p 0 Logic

% gpio_kutia.. 1
I gpio_switch 0
- % legs_npa0] 2 Ay
S| 0
] 0 Lagie
* 1 1 Lagie o
] o Lagic :

oo

Note: You can also select File = Text Editor = Open File from the main menu, or Open File from the
popup menu in the Sources window. You can also select an appropriate design object in the Scopes
window or Objects window, right-click and select Go to Source Code.

Using Breakpoints

A breakpoint is a user-determined stopping point in the source code used for debugging the
design. When simulating a design with set breakpoints, simulation of the design stops at each
breakpoint to verify the design behavior. After the simulation stops, an indicator shows in the
text editor next to the line in the source file where the breakpoint is set, so you can compare the
Wave window results with a particular event in the HDL source.
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You use breakpoints to debug the error with the low frequency signal output that you previously
observed. The erroneous sine[19:0] output is driven from the sineGen VHDL block. Start
your debugging with this block.

1. Select the U_SINEGEN scope in the Scope window to list the objects of that scope in the
Objects window.

2. In the Objects window, right-click sine[19:0] and use Go to Source Code to open the
sinegen. vhd source file in the Text Editor.

O TIP: If you do not see the sine[19:0] signal in the Objects window, make sure that the filters at the
top of the Objects window are set properly to include Output objects.

Looking through the HDL code, the c1k, reset, and sel inputs are correct as expected. Set
your first breakpoint after the reset asserts low at line 137.

3. Scroll to line 137 in the file.

Add a breakpoint at line 137 in sinegen. vhd. Note that the breakpoint can be set only on
the executable lines. The AMD Vivado™ simulator marks the executable lines with an empty

red circle ', on the left hand margin of the Text Editor, beside the line numbers.

Setting a breakpoint causes the simulator to stop at that point, every time the simulator
processes that code, or every time the counter is incremented by one.

4. Click the red circle “ in the left margin, to set a breakpoint, as shown in the following figure.

Observe that the empty circle becomes a red dot @ toindicate that a breakpoint is set on

this line. Clicking on the red dot @ removes the breakpoint and reverts it to the empty circle

\'}.

135: Q) gine <= (others => '0'):

136 else

137 @ count <= count + 1;

138: Q) sine h dly <= sine h;

139: O sine_m plus_l <= (sine_m(1l7) & sine_m(17) & sine_m) +
140 (sine_1(15) & sine_1(15) & sine_1(15

Note: To delete all breakpoints in the file, right-click on one of the breakpoints and select Delete All
Breakpoints.

Debugging in the Vivado simulator, with breakpoints and line stepping, works best when you
can view the Tcl Console, the Waveform window, and the HDL source file at the same time,
as shown in the following figure.

5. Resize the windows, and use the window Float command L3 or the New Vertical Group
command to arrange the various windows so that you can see them all.

6. Click the Restart button I‘ to restart the simulation from time O.
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7. Run the simulation by clicking the Run All button b’

The simulation runs to time 102.5 ns, or near the start of first counting, and stops at the
breakpoint at line 137. The focus within the Vivado IDE changes to the Text Editor, where it

shows the breakpoint indicator = and highlights the line.

A message also displays in the Tcl Console to indicate that the simulator has stopped at a
specific time, displayed in picoseconds, indicating the line of source code last executed by the
simulator.

sinegenvhd  x > tutorial_1 welg*
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O TIP: When you have arranged windows to perform a specific task, such as simulation debug in this
case, you can save the view layout to reuse it when needed. Use the Layout = Save Layout As
command from the main menu to save view layouts. See the Vivado Design Suite User Guide: Using
the Vivado IDE (UG893) for more information on arranging windows and using view layouts.

8. Continue the simulation by clicking the Run All button "

The simulation stops again at the breakpoint. Take a moment to examine the values in
the Waveform window. Notice that the sine[19:0] signals in the Outputs group are
uninitialized, as are the sine_1[15:01] signals in the Internal Signals group.

9. In the Text Editor, add another breakpoint at line 144 of the sinegen. vhd source file.

This line of code runs when the value of se1 is 0. This code assigns the low-frequency signal,
sine_1, with bit extension to the output, sine.

10. In the Waveform window, select sine_1[15:0] in the Internal Signals group, and holding
Ctrl, select sine[19:0] in the Outputs group.
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These selected signals are highlighted in the Waveform window, making them easier for you
to monitor.

11. Run the simulation by clicking the Run All button b’

Once again, the simulation stops at the breakpoint, this time at line 144.

Stepping Through Source Code

Another useful AMD Vivado™ simulator debug tool is the Line Stepping feature. With line
stepping, you can run the simulator one-simulation unit (line, process, task) at a time. This is
helpful if you are interested in learning how each line of your source code affects the results in
simulation.

Step through the source code line-by-line and examine how the low-frequency wave is selected,
and whether the DDS compiler output is correct.

h 4

1. On the Vivado simulator toolbar menu, click the Step button =.

The simulation steps forward to the next executable line, in this case in another source file.
The £sm.vdh file is opened in the Text Editor. You might need to relocate the Text Editor to
let you see all the windows as previously arranged.

Note: You can also type the step command at the Tcl prompt.
2. Continue to Step through the design, until the code returns to line 144 of sinegen. vhd.

You have stepped through one complete cycle of the circuit. Notice in the Waveform window
that while se1 is O, signal sine_1 is assigned as a low-frequency sine wave to the output
sine. Also, note that sine_1 remains uninitialized.

3. For debug purposes, initialize the value of sine_1 by entering the following add_force
command in the Tcl Console:

add_force /testbench/dut/U_SINEGEN/sine_1 0110011011001010

This command forces the value of sine_1 into a specific known condition, and can provide
a repeating set of values to exercise the signal more vigorously if needed. Refer to the Vivado
Design Suite User Guide: Logic Simulation (UG900) for more information on using add_force.

4. Continue the simulation by clicking the Run All button b’ a few more times.

In the Waveform window, notice that the value of sine_1[15:0] is now set to the
value specified by the add_force command, and this value is assigned to the output signal
sine[19:0] because the value of sel is still O.

Trace the sine_1 signal in the HDL source files, and identify the input for sine_1.

5. In the Text Editor, right-click to open the popup menu and select the Find in files option to
search for sine_1.
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6. Select the Match whole word and Enabled design sources checkboxes, as shown in the
following figure, and click Find.

' 2] Find in Files X

Find text in multiple files.

Eind what:

sine_| v '

Options

Match case
i+| Match whole word
Use:

Scope
+| Enabled design sources (5)

[] Reports (6)

+) Open in a new tab

@ Note: Files with size greater than 10 MB will be skipped.

| Change file-size limit

The Find in Files results display at the bottom of the Vivado IDE, with all occurrences of
sine_1 found in the sinegen.vhd file.

7. Expand the Find in Files results to view the results in the sinegen. vhd file.

The second result, on line 111, identifies a problem with the design. At line 111 in the
sinegen.vhd file,the m_axis_data_tdata_sine_low signal is assigned to sine_1.
Since line 111 is commented out, the sine_1 signal is not connected to the low frequency
DDS compiler output, or any other input.

8. Uncomment line 111 in the sinegen. vhd file, and click the Save File button s.

9. In the Tcl Console, remove the force on sine_1: remove_forces -all
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Step 10: Relaunch Simulation

By using breakpoints and line stepping, you identified the problem with the low-frequency
output of the design and corrected it.

Because you modified the source files associated with the design, you must recompile the HDL
source and build a new simulation snapshot. Do not just restart the simulation at time O in this
case but rebuild the simulation from scratch.

1. Insinegen.vhd, select one of the breakpoints, right-click, and select Delete All
Breakpoints.

2. Click the Relaunch button < on the main toolbar menu.
Note: If prompted to save the Wave Config file, click yes.

The AMD Vivado™ simulator recompiles the source files with xe1ab and re-creates the simulation
snapshot. Now you are ready to simulate with the corrected design files. The relaunch button will
be active only after one successful run of Vivado Simulator using launch_simulation. If you run the
simulation in a Batch/Scripted mode, the relaunch button would be grayed out.

3. Click the Run All button b’ to run the simulation.

Observe the sine[19:01, the analog signal in the waveform configuration. The low
frequency sine wave looks as expected. The Tcl Console results are:

[@3518000] LEDS_n = 0100

[@3523000] LEDS_n = 0001

[@3523000] LEDS_n = 0001

[@6008000] LEDS_n = 0101

[@6013000] LEDS_n = 0010

[@6013000] LEDS_n = 0010
t

$finish called at ime : 7005 ns : File "ug937/sim/testbench.v" Line 63
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Conclusion

After reviewing the simulation results, you might close the simulation and the project. This
completes Lab 2. Up to this point in the tutorial, between Lab 1 and Lab 2, you have:

e Run the AMD Vivado™ simulator using the Project Mode flow in AMD Vivado™ IDE
e Created a project, added source files, and added IP

e Added a simulation-only file (testbench. v)

e Set simulation properties and launched behavioral simulation

e Added signals to the Waveform window

e Configured and saved the Waveform Configuration file

e Debugged the design bug using breakpoints and line stepping.

e Corrected an error, re-launched the simulation, and verified the design

In Lab 3, you will examine the Vivado simulator batch mode.
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Lab 3

Running Simulation in Batch Mode

You can use the AMD Vivado™ simulator Non-Project Mode flow to simulate your design
without setting up a project in AMD Vivado™ Integrated Design Environment (IDE).

In this flow, you:

e Prepare the simulation project manually by creating a Vivado simulator project script.
e Create a simulation snapshot file using the Vivado simulator xelab utility.

e Start the Vivado simulator GUI by running the xsim command with the resulting snapshot.

Step 1: Preparing the Simulation

The AMD Vivado™ simulator Non-Project Mode flow lets you simulate your design without
setting up a project in the AMD Vivado™ IDE.

You can compile the HDL files in a design, and create a simulation snapshot by either:

¢ Creating a Vivado simulator project script, specifying all HDL files to be compiled, and using
the xelab command to create a simulation snapshot, or

e Using specific Vivado simulator parser commands, xvlog and xvhdl, to parse individual source
files and write the parsed files into an HDL library on disk, and then using xelab to create a
simulation snapshot from the parsed files.

Creating the Vivado Simulator Project File

An AMD Vivado™ simulator project script specifies design source files and libraries to parse and
compile for simulation. This method is useful to create a simulation project script that can be run
repeatedly over the course of project development.

The format for a Vivado simulator project script (prj file) is as follows:
verilog | vhdl| sv <library_name> {<file_name>.v|.vhdl|.sv
where,

e verilog | vhdl | sv specifies whether the design source is a Verilog, VHDL, or SV file.
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e <library_name> specifies the library into which you can compile the source file. If
unspecified, the default library for compilation is work.

e <file_name>.v|.vhd|.sv specifies the name of the design source file to compile.

i} IMPORTANT! While you can specify one or more Verilog source files on a single command line, you can
only specify one VHDL source on a single command line.

In this step, you build a Vivado simulator project script by editing an existing project script to add
missing source files. The command lines for the project script should be constructed using the
syntax described above.

1. Browse tothe <Extract_Dir>/scripts folder.
2. Openthe simulate_xsim.pr3j project script with a text editor.

3. Add the following commands to the project script:

vhdl xil_defaultlib "../sources/sinegen.vhd"

vhdl xil_defaultlib "../sources/debounce.vhd"
vhdl xil_defaultlib "../sources/fsm.vhd"

vhdl xil_defaultlib "../sources/sinegen_demo.vhd"
verilog xil_defaultlib "../sim/testbench.v"

4. Save and close the file.

You do not need to list the sources based on any specific order of dependency. The xelab
command resolves the order of dependencies, and automatically processes the files accordingly.

O TIP: For your reference, a completed version of the tutorial files can be found in the ug937-design-
files/completedfomeh

Manually Parsing Design Files

As an alternative to creating an AMD Vivado™ simulator project script, you can compile
individual design source files directly from the command line using the xvlog or xvhd1l
commands to parse the design sources and write them to an HDL library. You could use this
method for simple simulation runs, or to define a shell script and Makefile compilation flow.

Parse individual or multiple Verilog files using the xv1o0g command with the following syntax
format:

xvlog [options] <verilog_file | list_of_files>
Parse individual VHDL files using the xvhd1 command with the following syntax format:

xvhdl [options] <VHDL_file>
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For a complete list of available xvlog and xvhd1l command options, see the Vivado Design
Suite User Guide: Logic Simulation (UG900). The parse_standalone.bat file in <Extract_Dir>/
scripts or <Extract_Dir>/completed provide examples of running xvlog and xvhdl
directly.

Step 2: Building the Simulation Snapshot

In this step, you use the xelab command on the project script you previously edited
(simulate_xsim.prj)to elaborate, compile, and link all the sources for the design. The xelab
utility creates a simulation snapshot that lets you to simulate the design in the AMD Vivado™
simulator.

The typical xelab command syntax is:
xelab -prj <project_file> -s <simulation snapshot> <library>.<top_unit>

where,
e _prj <project_file>: Specifies a Vivado simulation project script to use for input.
e -s <simulation_snapshot>: Specifies the name of the output simulation snapshot.

e <library>.<top_unit>:Specifies the library and top-level module of the design.

Running xelab

In this step, you use the xelab command with the project file completed in Step 1 to elaborate,
compile, and link all the design sources to create the simulation snapshot. To run the xelab
command, open and configure a command window.

1. On Windows, open a Command Prompt window. On Linux, simply skip to the next step.

2. Change the directory to the AMD installation area, and run settingsé4.bat as needed to set
up the AMD tool paths for your computer:

cd install_path\2025.x\Vivado\
settings64.bat

Note: The settings64.bat file configures the path on your computer to run the Vivado ML
Editions.

O TIP: When running the xelab, xsc, xsim, xvhd1, or xviog commands in batch files or scripts,
it might also be necessary to define the XILINX_VIVADO environment variable to point to the
installation hierarchy of the Vivado ML Editions. To set the XILINX_VIVADO variable, you can add
one of the following to your script or batch file:
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On Windows -

set XILINX_VIVADO=<Vivado_install_area>/2025.x/Vivado
On Linux -

setenv XILINX_VIVADO <Vivado_install_area>/2025.x/Vivado
or

export XILINX_VIVADO=<Vivado_install_area>/2025.x/Vivado

3. Change the directory to the <Extract_Dir>/scripts folder.

The provided xelab batch file, xelab_batch.bat, is incomplete and you must modify it
using the xelab syntax as previously described to produce the correct simulation snapshot.

4. Editthe xelab_batch.bat file to add the following options:
e Specify the project file: -prj simulate_xsim.prj
e Specify the output simulation snapshot: -s run_sineGen
e Specify the library and top-level design unit: xil_defaultlib.testbench

For a complete list of available xelab command options, see the Vivado Design Suite User
Guide: Logic Simulation (UG900).

Save and close the batch file.

6. Inthe command window, run the xelab_batch.bat file to compile and create the
simulation snapshot.

xelab_batch.bat

7. Examine the xelab output as it is transcribed to the Command Prompt window.

Note: The xelab command also writes the xelab. log file in the directory from which it is run. The
log file contains all of the messages and results of the xe1ab command for you to review.

O TIP: You can also use the xe1ab command after the xviog and xvhdil commands have parsed
the HDL design sources to read the specified simulation libraries. The xe1ab command would be the
same as described here, except that it would not require the - pr 5 option since there would be no
simulation project file.

Step 3: Manually Simulating the Design

In this step, you launch the AMD Vivado™ simulator GUI by running the xsim command with
the simulation snapshot that you generated using the xe1ab command in Step 2: Building the
Simulation Snapshot. After you complete this step, you can use the Vivado simulator GUI to
explore the design in more detail.
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In the same command window that you used for Step 2, type the following command:
xsim run_sineGen -gui -wdb simulate_xsim.wdb -view xsim_waveConfig

where:

e run_sineGen -gui: Specifies the simulation snapshot that you generated using xelab,
and launches Vivado simulator in GUI mode.

e _wdb: Specifies the file name of the simulation waveform database file to output, or write,
upon completion of the simulation run.

e _view: Opens the specified waveform configuration file within the Vivado simulator GUI.

Note: You can use the waveform configuration file specified above, or use the tutorial_1.wcfg file that
you created in Lab 2 of this tutorial.

The Vivado Simulator GUI opens and loads the design (see the following figure). The simulator
time remains at O ns until you specify a run time. Run the simulation and explore the design by
typing : run -all.

Figure 3: Vivado Simulator Waveform Configuration
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In this tutorial, you:

Created an AMD Vivado™ IDE project

Downloaded source files and ran Vivado simulation

Examined the simulation customization features

Debugged and fixed a known issue within the source files
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e Ran a Vivado simulation in batch mode using the Vivado simulation executable and switch
options

UG937 .(v2025'.2) December 3, 2025 send Feedback
Logic Simulation 51


https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG937&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2025.2&docPage=51

AM D n Lab 4: System Verilog Feature

Lab 4

System Verilog Feature

AMD Vivado™ simulator now supports synthesizable as well as test bench/verification feature of
System Verilog IEEE 1800-2012. In this chapter, you will go through a System Verilog example

to learn about different debugging capabilities added in the Vivado simulator. You will use an IP
example design provided with Vivado.

Creating an Example Design

You will now generate an AXI-VIP example design.
1. Open AMD Vivado™.

2. Create a project with the name mySystemVerilog by invoking the following command in
Vivado Tcl Console.

create_project mySystemVerilog ./mySystemVerilog

Vivado 2025.1

Eile  Flow Tools Window  Help

AMD
Vivado

ML Edition

Quick Start

Create Project >

Open Project »

Open Example Project >

l[c:ea:e_p:o]ect mySystemverilog ./mySystemverilog I

3. You will create an AXI-VIP example design that includes the following features:

e Random Constraint

e Dynamic Types and Class
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e Virtual Interface
e Assertion
e Clocking Block
4. Invoke the following commands in Tcl Console:

a. create_ip -name axi_vip -vendor xilinx.com -library ip -version
1.1 -module_name axi_vip_0

b. open_example_project -force [get_ips axi_vip_0]

Now you have created an example design for AXI-VIP with the name axi_vip_0_ex.

Launching Simulation

You have an example project ready. Next, you will run the behavioral simulation. By default, the
simulation runs in a pre-compiled mode where the source code for static IP is not added in the
project. Run the simulation in a non-precompiled mode for a better understanding of the feature.
Invoke the following commands in Tcl Console:

¢ set_property sim.use_ip_compiled_libs 0 [current_project]

e Jaunch_simulation

This will run the simulation for 1000 ns.

Debugging Using Vivado Simulator

AMD Vivado™ simulator supports System Verilog feature. In this exercise, you will explore the
System Verilog feature using the following:

e Scope Window
e Object Window

e Tcl Console

Scope Window

System Verilog has a building block called interface. It differs in functionality when you compare
it with the module.
1. On the Scope window, click Expand All button <.

2. You can now view the IF and PC interface instances. The IF and PC interface instance icons
are different than the module icons.
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Scope — O 2l X
Q = o

Name e
v 1 axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive
v @ DUT
v @ ex_design

A

v @ axi_vip_mst
v @ inst

o PC

0 ch

v @ axi_vip_passthrough

v 3 inst
v o |F

o= cb

v @ axi_vip_slv
v 3 inst
v e |F

o PC

= ch

& qgiol

3. Right-click IF and select Go to Source Code. It will point to an interface definition.

Object Window

In System Verilog, all the net/variables are static type. They exist throughout the simulation. In
System Verilog, dynamic type is a new type along with static type. Class, Queue, and Associative
Array are some examples of dynamic type.
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Unlike static type variables (int a; wire [7:0] b;), dynamic type variables do not have a fixed size
throughout the simulation. Variables keep changing during run-time. Through Object window,
you can view the value of a dynamic type variable during the simulation.

1. Click Restart button 14

2. From the Scope window, select scope
axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive.

Scope I = I
Q |=|® o

Name e

| v 1 axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive |
v @ put
v ex_design

b

?
;

#@ axi_vip_mst
8 axi_vip_passthrough
8 axi_vip_siv

& qgibl

£ > v

3. Maximize the Objects window. As the simulation is yet to start, observe the Queue and Class
dynamic type in the Data Type column. The Value for Queue appears empty while for class it

appears null.
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) 3 miesMDaSEAZ0)

Obgacis T O X
Q o
HNami Valug Diata Type: '
W clock 0 Logic
8 reset lo Logic
W dore_sweni gt Evanl
» B emces _stabefd1.0] EXNDES_PASSTHROUGH  Enumeration
» B compartson_cni31:.0] 0 Array
& mat_monftor_transaction null Class ax_rmonitor_trangacton
BF master_moniter_transadion_gqueus{s] k| Curueld)
» RF masier_maoniter_transadion_queus_sice|31:0] [} i.n;,
& masi_gch_fransaction null Ciass ani_monitod_ransacion
& sk_monilor_transaction nul Class axi_monitor_bransacion
B shave_mioaiter_ransaction_gueue[s) L] gl
» WP slave_monier_transacion_gqueus_sipef31:0] 0 Array
B sh_sch_ransaction null Class an_monibor_transaclon
& mal_agenrd null Class and_msl_ageniiC_Add_PROTOCOL=0C_AX_ADDR_WIDTH=32.C
& wr_trans null Class ax_bransacion
B rd_Wans nus Class ax_Wansachon
» WP miesnMI0Ea10] X Array
» B mbestWADDRIEI0] 0 Array
v B0 mbestWBursiength[T 0] 00 ATy
HL_AxI_SIZE_1BYTE Enurmigration

L A |
4. On Scope window, double-click axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive to
see the text file.
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Scope x Sources S =
Q = | & o
Name .
1 glbl
~ {1} axi_vip_0_exdes_adv_mst_active_ pt_mem_ slv_passive
~ @ DUT
~ I ex_design
> @ axi_vip_slv
» T axi_vip_passthrough
> W axi_vip_mst
< > v

5. On the text editor window, click the circle on line number 95 to add a break point.
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axi_vip_0_exdes_adv_mst_active_ pt_passive_slv. comb.sv x« Untitled 2 x 2ENS
{proj/dsv_xhd/sunilkuftestcases/assigned_cr/2021.1/Doc review/axi_vip_0_ex/imports/axi_vip_0_exdes_a *
Q B B X N/ B = Q o
nitor_transaction v[ Next ” Previous ‘ Highlight [ | Match Case [ | Whole Words 7M
87 . QO .  #2ps; ~N
gg: O mst_monitor_transaction = new(“master monitor transaction™);

gal O ' forever begin

90 Q mst_agent.monitor.item_collected_port.get(mst_monitor_transaction);

910 O if(mst_monitor_transaction.get_cmd_type() == XIL_AXI_READ) begin

gz O monitor_rd_data_method_one(mst_monitor_transaction);

3. O monitor_rd_data_method_two(mst_monitor_transaction);

94 =

9% : O master monlter transaction queue sizert;

97 @ . end

98 Q) . end

99 . '

100 .  // slave vip monitors all the transaction from interface and put then Into tran
101 & initial begin

102: O #2ps;

103 O slv_monitor_transaction = new("'slave monitor transaction™);

1040 O forever begin

105 O slv_agent.monitor.item_collected_port.get(slv_monitor_transaction);

106 . O slave_moniter_transaction_queue.push_back (slv_monitor_transaction);

107 O slave_moniter_transactilon_queue_size++;

18 & + end

1095 ' end

110 ! v

< 2

6. Click Run All button, the simulation will stop at line number 95. In the Object window,
master_monitor_transaction_queue value appears empty.
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Edit Flow Tools Reports Window Layout View Run Help \- Quick Acce
>, M & X x |‘E L 10 us v

3

I+l

C

AULATION - Behavioral Simulation - Functional - sim_adv_mst_active__pt_passive__slv_comb - axi vip_0__exdes_adv_mst_active_pt_mem__slv_passive

Objects x Protocol Instances
Q
Name Value Data Type
1 clock 1 Logic
4 reset 1 Logic
14 done_event <event> Event
> W exdes_state[31:0] EXDES_PASSTHROUGH Enumeration
> B comparison_cnt[31:0] 0 Array
> B mst_monitor_transaction ‘{addr_ready_assert_time:00000000 Class axi_monitor_transaction
& master_moniter_transaction_queue[$] "} Queue(0)
> B master_moniter_transaction_queue_size[31:0] 0 Array
W mst_scb_transaction null Class axi_monitor_transaction
> B slv_monitor_transaction ‘{addr_ready_assert_time:00000000 Class axi_monitor_transaction
W slave_moniter_transaction_queue($] {} Queue(0)
> B slave_moniter_transaction_queue_size[31:0] 0 Array
% slv_scb_transaction null Class axi_monitor_transaction
> % mst_agent '{C_AXI_PROTOCOL:00000000,C_AXI ¢ Class axi_mst_agent(C_AXI PROTOCOL=0,C_AXI_AD[
W wr_trans null Class axi_transaction
> ® rd_trans ‘{s_cmd_id:0000003¢,cmd_id:000001 Class axi_transaction
> B mtestwiD[31:0] 0 Array
> B mtestWADDR[63:0] 0 Array
> B mtestWBurstLength[7:0] 00 Array
> B mtestWDataSize[2:0] XIL_AXI_SIZE_4BYTE Enumeration
> W mtestWBurstType[1:0] XIL_AXI_BURST_TYPE_INCR Enumeration
> B mtestRID[31:0] 0 Array
> W mtestRADDR[63:0] 3798330892 Array
> W mtestRBurstLength[7:0] 00 Array

7. On the AMD Vivado™ simulator toolbar menu, click the Step button ; It executes the
current statement that is on line number 95 where the simulation is currently waiting. At
this statement, you are pushing an element after the execution. Your queue will be populated
with a single element.

8. Inthe Object window, the master_monitor_transaction_queue valueis populated.
This way you can view the value of any dynamic type on the Object window.
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Objects Protocol Instances

Q

Name
14 clock
1 reset
14 done_event
> W exdes_state[31:0]
> & comparison_cnt[31:0]

v

¥ mst_monitor_transaction

v

& master_moniter_transaction_gueue(§]

v

@ master_moniter_transaction_queue_size[31:0]
# mst_scb_transaction
> W slv_monitor_transaction
% slave_moniter_transaction_queue[$]
> W slave_moniter_transaction_gqueue_size[31:0]
% slv_scb_transaction
> B mst_agent
W wr_trans
> W rd_trans
¥ mtestwID[31:0]
¥ mtestWADDR[63:0]

voowv

T =00
o
value Data Type A
1 Logic
1 Logic
<event> Event
EXDES_PASSTHROUGH Enumeration
0 Array
‘{addr_ready_assert_time:00000000 Class axi_monitor_transaction
| 4432 Queue(l)
0 Array
null Class axi_monitor_transaction

'{addr_ready_assert_time:00000000 Class axi_monitor_transaction

{3 Queue(0)

0 Array

null Class axi_monitor_transaction
*{C_AXI_PROTOCOL:00000000,C_AX| { Class axi_mst_agent(C_AXI_PROTO(

null Class axi_transaction
'{s_cmd_id:0000003c,cmd_id:00000! Class axi_transaction
0 Array

0 Array

Tcl Console

Like the Objects window, you can view the value of any dynamic type variable from Tcl Console

as well.

1. Click Restart button 14 .

2. From the Scope window, select scope

axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive present under the top module.
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Scope x Sources S =
Q = | & o
Name v N

1 glbl
~ {1} axi_vip_0_exdes_adv_mst_active_ pt_mem_ slv_passive

~ @ DUT

~ I ex_design
> @ axi_vip_slv

> § axi_vip_passthrough
> @ axi_vip_mst

< >V

3. In Tcl Console, invoke the report_objects command to display all objects present in the
selected scope. Also, the Queue and Class appear as object type.

Tcl Console ?2-0aX
Q X ¢4 11l B E @
Variable: {reset} Verilog -~
Event: {done_event} Verilog Type: Event
Variable: {exdes_state[31:0]} Verilog
1 } rison cnt(31:0]} Verilog
variable: {mst_monitor_transaction} Verilog Type: Class axi_monitor_transaction

Variable: {master moniter transaction queuel[$]} Verilog Type: Queue(0)

Variable: {master_moniter_transaction_queue_size[31:0]} Verilog

Variable: {mst_scb_transaction} Verilog Type: Class axi_monitor_transaction
variable: {slv_monitor_transaction} Verilog Type: Class axi_monitor_transaction
Variable: {slave_moniter_transaction_queue[$]} Verilog Type: Queue(0)

Variable: {slave_moniter_transaction_queue_size[31:0]} Verilog

Variable: {slv_scb_transaction} Verilog Type: Class axi_monitor_transaction
Variable: {mst_agent} Verilog Type: Class axi_mst_agent (C_AXI_PROTOCOL=0,C_AX
Variable: {wr_trans} Verilog Type: Class axi_transaction
Variable: {rd_trans} Verilog Type: Class axi_transaction
Variable: {mtestWID[31:0]} Verilog
Variable: {mtestWADDR[63:0]} Verilog
Variable: {mtestWBurstLength[7:0]} Verilog
{Variab'le: {mtestWDataSizel2:01} Veriloa z ™
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4. Invoke the get_value command to find the current value of an object. The get value of
mst_monitor_transaction is returning null as its Class type while an empty parenthesis
appears formaster_monitor_transaction_queue, Which is a Queue type.

Tcl Console ? -0 A >
Q = # Il B E o
get_value mst_monitor_transaction ~
null
get_value master_moniter_transaction_gueue
{}

5. Click Run All button b’ The simulation stops at the line where you have added the
breakpoint.

6. Invoke get_value master_moniter_transaction_queue command and note that it
is still empty.

7. On the AMD Vivado™ simulator toolbar menu, click the Step button i It executes the
current statement that is on line number 95 where the simulation is currently waiting. In this
statement, you are pushing an element after the execution. Your queue will be populated
with a single element.

8. Invoke the get_value master_moniter_transaction_gueue command and note 1
entry in the Queue. Like the Objects window, you can read the value of any dynamic type
variable in Tcl Console.

Functional Coverage

Functional coverage is a user defined metric that measures the extent to which the design
specification, as enumerated by features in the test plan, is exercised. It can be used to measure
whether interesting scenarios, corner cases, specification invariants, or other applicable design
conditions are captured as features of the test plan that are observed, validated, and tested.

The AMD Vivado™ simulator supports functional coverage. If your design contains any functional
coverage statement, the tool will generate a database (coverage database). To view coverage
database, Vivado simulator provides a utility named as xcrg (Xilinx Coverage Report Generator).
Refer to the Vivado Design Suite User Guide: Logic Simulation (UG900) for more information on
functional coverage and xcrg.

In the present example design, you will add a functional coverage code to view the utility of xcrg.
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Cover Group Declaration

covergroup my_cover_group @(posedge aclk);

m_axi_awlen_cp : coverpoint m_axi_awlen;
m_axi_awcache_cp : coverpoint m_axi_awcache {
option.comment = "cp with transition bins";
bins al = (1=>2);
bins bl = (1,3=>4,5);
bins b2[] = (1,3=>4,5);
bins b3 = (1=>2), ([4:6] => 11,12);
}
m_axi_bresp_cp : coverpoint m_axi_bresp;
endgroup
my_cover_group objl = new();

In this example, you are declaring a covergroup named my_cover_group and the sampling event
as posedge aclk. This covergroup contains three coverpoints. You can add the cover group

declaration code in the example design.

1. In Tcl Console, invoke the following command:

current_scope /axi_vip_0O__exdes_adv_mst_active_pt_mem__slv_passive/DUT/
ex_design/axi_vip_mst

2. Double-click axi_vip_mst scope to see the source code.
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Scope x Sources S R
Q = & o
Name Design Unit H N
~ 1} axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive axi_vip_0__exdes_adv_mst_ac \
~ @ DUT chip "
~ 11 ex_design ex_sim \"
~ 1} axi_vip_mst ex_sim_axi_vip_mst_0 \"
> I inst axi_vip_vl_1 _10_top \"
» 11 axi_vip_passthrough ex_sim_axi_vip_passthrough_ \
> 1 axi_vip_slv ex_sim_axi_vip_slv_0 \"
1 glbl glbl g
< v

3. The following file path appears in the text editor, copy the path and open the file.

axi_vip_O_ex/axi_vip_O_ex.ip_user_files/bd/ex_sim/ip/
ex_sim_axi_vip_mst_0/sim/ex_sim_axi_vip_mst_0.sv

4. In Tcl Console, invoke the close_sim command to close the simulation running previously.
In Tcl Console, invoke the close_project command and exit Vivado IDE.

6. To the file open earlier, add the covergroup declaration before endmodule and save it.
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if‘ ex_sim_axi_vip_mst_0.sv Uproj/dsv_xhd/aavulachig937/2025. Vaxi_vip_0_ex/axi_vip_0_ex.ip_user_files/bd/ex_sim/ip/ex_sim_axi_vip_mst_0/sim} . GVIM16
Fle Edit Tools Syntax Buffers Window Help

P - ot @ g B B £ % @O % b

m_axi_araddr(n_axi_araddr
m_axi_arlen(m_axi_arlen
m_axi_arsizeim_axi_arsize
m_axi_arburstim_axi_arburst

m_axi_arlockim_axi_arlock

m_axi_arcache(m_ax3_arcache

m_axi_ruser(1'B
m_axi_rvalidin_axi_rvalid
m_axi_rready{m_axi_rready

my_cover_group
n_cp : coverpeint |
100 m_axi_awcache_cp : coverpoint m_axi_awcache
301 option.commen t
102 bins al =

303 bins bl 1,
4 bins b2(1]

pasedge aclk
1

bins b3

7 m_axi_bresp_cp : coverpoint m_axi_bresp;
108 endgroup
09 my_cover_group objl = newl();

311 endmodule

7. In Windows terminal, invoke the following command to navigate to the script file

location and execute . /compile.sh, ./elaborate.sh,and ./simulate.sh to launch
simulation.

cd axi_vip_-O_ex/axi_vip_0O_ex.sim/
sim_adv_mst_active__pt_passive__slv_comb/behav/xsim/

8. Invoke the xsim% run -alland xsim% exit commands to run all and exit the
simulation.

The simulation stops after reaching the $finish statement. The AMD Vivado™ simulator has
generated the coverage database at the following location with the name (default name)
xsim.covdb:

./axi_vip_0O_ex.sim/sim_adv_mst_active__pt_passive__slv_comb/behav/xsim/
Invoke the following command to generate a report:
xcrg -report_format html -dir ./xsim.covdb/ -report_dir ./

This will generate a directory with the name functionalCoverageReport, it contains
a . html report. The following is the description of an example report:

1. Open dashboard.html file. The file contains details such as command, version, date, and
coverage summary that shows only 9.375% of total bins are covered.
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 AMD U

LWGEVGE Groups

Date Mon May 19 14:39:11 2025 IST

User aavulac

Version Vivado Simulator Coverage Report 2025.1.0
o fprojfxbuilds/2025.1_daily latest/installs/lin64/2025.1

e fVivado/bin/unwrapped/Inx64.o/xcryg -report_format
html -dir ./xsim.covdb/ -report_dir ./

Number of

Tests 1

| Total Groups Coverage Summary

Score |Inst Score

2. Click Groups button.
3. Click the link under group report.

Total groups in report: 1

Name (v]

Score Num Instances

axi vip 0 exdes adv_mst active pt mem slv_passive.DUT.ex design.axi vip_mst.inst::my cover group

4. You will see a detailed report as shown in the following figure:

AMD U

Dashboard Groups

Group - axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive.DUT.ex_design.axi_vip_mst.inst: -

Group Info : my cover group
Group Hier Name : axi_vip 0_exdes_adv_mst_active pt_mem_slv_passive.DUTex_design.axi_vip_mst.inst:my_cover group

Score |Num Insts[Avg Insts Score[Weight [Goal |Merge Insts[Get Inst Crvg[Per Inst [Auto Bin Max|Print Missing[Comment |
1 1 {00 [o lo [0 [64 Jo | |

Source File(s) : fproj/dsv xhd/aavulac/Coverage exmp/ug937/axi vip 0 ex/axi vip 0_ex.ip user files/bd/ex sim
[ipfex_sim_axi vip mst_0/sim/ex_sim_axi vip_mst 0.5y

Group Instancels] Info : 1 (Total
Name [u] _[Score [w)]Weight [Goal _|At Least|Auto Bin Max|Print Missing[Comment |

‘ objL 1 ‘mo ‘1 ‘54 ‘0 | ‘
Instance : obj1 -
Instance Info : objl

[Weight  [Goal [At Least [Auto Bin Max[Print Missing[s ized| t |

1 [100 [t | lo 1 |

Instance Variable[s] Summary : obj1

[Cover Points]Category[Expected|Uncovered|Covered|[Avg Percent]
[3 |Variables| 75 [72 [3

Instance Cover Pointls] Details : obj1

Name(w) |Expected|Uncovered|Covered|Percent (2)[Goal _|Weight [At Least[Auto Bin Max]Comment]
m axia..] |64 62 2 100 |1 1 64
maxia..]|7 u o 100 |1 1 64
m_axib.. ]|t 3 1 25 100 |t 1 64

Cover Points

Details of Instance Cover Point - obj1 = m_axi_awlen cp -

- Inst obj1

axi_awlen cp

axi_awcache cp
Em_axi bresp cp

Summary of Cover Point - m_axi_awlen_cp
[category’ [ [

[ [ [Covered|Percent
|uto Generatea Bins[64 62 2

Automatically Generated Bins for Instance Cover Point - objl ::

m axi awlen cp
Uncovered bins

Covered bins +

Details of Instance Cover Point - obj1 :: m_axi awcache ep -

Summary of Cover Point - m_axi_awcache_cp
[Category  [Expected[Uncovered|Covered|Percent
|vser Dafinad Bins|7 [7 Jo

User Generated Bins for Instance Cover Point - objl ::
m axi_awcache cp
Uncovered bins. .

Details of Instance Cover Point - obj1 :: m_axi_bresp_cp =
Summary of Cover Point - m_axi_bresp_cp

[category’ [ [ [Covered[Percent |
|uto Generated Bins |4 3 |1 5 1

Automatically Generated Bins for Instance Cover Point - objl ::
m_axi_bresp_cp
Uncovered bins

Covered bins +

This way you can view the coverage and change your test bench/seed value to improve the

coverage.
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Assertion

In System Verilog, you have the following two types of assertion:

¢ |mmediate assertion

e Concurrent Assertion

Immediate Assertion
Evaluated like an expression in ‘if’ statement.

always@(posedge clk)
assert(data == 4°b1010) ;

Concurrent Assertion

This assertion is based on clock semantic and use sampled value of their expression. These
assertions can expand over multiple cycle.

always@ (posedge clk)
al: assert property (a ##2 b);

a2: assert property (@(posedge clk) a ##2b);

In AMD Vivado™ simulator, the concurrent assertion of the second form that is used outside the
procedural block is supported.

1. In Tcl Console, invoke c1lose_sim command to close the simulation running previously.
2. InTcl Console, invoke reset_simulation command to clean the simulation directory.
3. In Tcl Console, invoke 1aunch_simulation command to run the simulation.

4. In Tcl Console, invoke the following command:

current_scope /axi_vip_0O__exdes_adv_mst_active_pt_mem__slv_passive/DUT/
ex_design/axi_vip_passthrough/inst/IF/PC
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Q - e,
. -

Name

v @ DUT

Scope X Sources

~v I axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive

~ I} ex_design
> 11 axi_vip_mst
~ $ axi_vip_passthrough
v 1 inst

w PC

1 glbl

w cbh

> @1 axi_vip_slv

) 1
o
Design Unit -
axi_vip_0__exdes_adv_1
chip
ex_sim

ex_sim_axi_vip_mst_0
ex_sim_axi_vip_passthr
axi vip vl 1 10 top
axi_vip_if
axi_vip_axidpc

cb

ex_sim_axi_vip_slv 0
glbl

5. Double-click the scope PC to open the source code.

6. Observe that line number 1144 onwards all the property declarations and assertions have

been used.

Code Coverage

Code coverage is a measure of how well the RTL code has been exercised by the test bench.
Code coverage is automatically extracted by the simulator when enabled. Vivado Simulator
currently supports four types of code coverage, that is, line, branch, condition, and toggle. When
you enable code coverage for any of the code coverage types, the tool automatically generates
the code coverage database. To view the coverage of the design, Vivado simulator provides a
standalone executable named as xcrg (Xilinx Coverage Report Generator) that can be used to

generate coverage reports by reading the coverage database.
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Code Coverage Functionality Supported by xelab/
Xsim

Line/Statement coverage with exact execution count of statements
Branch Coverage for if-else, if-elseif-else, switch case, ternary operators (?)
Detection and Highlighting of Missing else and Missing default in code coverage report

Condition Coverage with an exact count of the number of times a condition has been checked
and evaluated to TRUE/FALSE

Toggle Coverage for packed/unpacked reg, bit, logic, wire datatypes

Toggle Coverage for int, shortint, integer, byte datatypes, and non-dynamic struct members
Generation of code coverage HTML report by using xcrg

Dashboard view of code coverage of design

List of files, list of modules, hierarchical list of instances of module for the entire design

File Specific Code Coverage view, Module and Instance Specific Code Coverage view

Merging of Line/Statement, Branch, Condition, and Toggle coverage from different runs using
Xcrg

Note: Currently, Vivado Simulator supports the above features for Verilog/System Verilog and VHDL.

In the present example design, add a code coverage switch at elaboration to view the utility using
Xcrg.

1.

Under elaboration tab in settings menu, add coverage types, coverage directory, and
coverage database name as shown below and select OK.
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Settings s
Simulation -‘
Project Settings Specify various settings associated to Simulation [
General
Simulation Target simulator: vivado Simulator -
Elaboration
Dataflow Simulator language: Verilog
Synthesis Simulation set: sim_adv_mst_active__pt_passive_slv_comb ~
Implementation ) -
Simulation top module name:  axi_vip_0__exdes_adv_mst_active_pt_mem__slv_passive lz‘
Bitstream - = == = == ==
> IP Generate simulation scripts only
Tool Settings
Project
IP Defaults Compilation | Elaboration  Simulation | Netlist | Advanced

> Vivado Store
xsim.elaborate.snapshot

Source File
Display xsim.elaborate.debug_level typical v
Help xsim.elaborate.relax v

> Text Editor xsim.elaborate.mt_level auto -
3rd Party Simulators xsim.elaborate.logd_gibl v

> Colors xsim.elaborate.rangecheck
Selection Rules xsim.elaborate.sdf_delay sdfrmax -
Shortcuts xsim.elaborate.link.sysc

» Strategies xsim.elaborate.link.c

> Remote Hosts xsim.elaborate.xsc.more_options

> Window Behavior xsim.elaborate.xelab.more_options

xsim.elaborate.coverage name¥* DBl
xsim.elaborate.coverage. dirt cRunl
xsim.elaborate.coverage.type* sbet

xsim.elaborate.coverage library
xsim.elaborate.coverage celldefine

Select an option above to see a description of it

You should be able to see the following Tcl commands set in Tcl Console after the previous
step:

set_property -name {xsim.elaborate.coverage.name} -value {DB1l} -objects
[get_filesets sim_adv_mst_active__pt_passive__slv_comb]

set_property -name {xsim.elaborate.coverage.dir} -value {cRunl} -objects
[get_filesets sim_adv_mst_active__pt_passive__slv_comb]

set_property -name {xsim.elaborate.coverage.type}l -value {sbct}l -objects
[get_filesets sim_adv_mst_active__pt_passive__slv_comb]

2. Invoke the close_sim command in the Tcl Console to close the simulation running
previously.

3. Invoke the reset_simulation command in the Tcl Console to clean the simulation
directory.

4. Invoke the launch_simulation command in the Tcl Console to run the simulation.

Invoke the following command in the Tcl Console to dump the current coverage database into
the disk.

write_xsim_coverage -cov_db_dir cRunl -cov_db_name DB1
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6. Invoke the following command in the Tcl Console to read the coverage database generated by
Vivado simulator and export it as an HTML report.

export_xsim_coverage -cov_db_name DBl -cov_db_dir cRunl -output_dir
cReportl -open_html true

7. Now you can see the HTML report opened in the default browser as shown below.

AM D n DERLGEWE Files Modules

Date Mon May 19 11:09:12 2025 IST

User aavulac

Version Vivado Simulator Coverage Report 2025.1.0
Database Version | 2025.1.0

Platform linux

Report Directory | cReponl/codeCoverageReport

Stalement
Code Coverage Branch
Type(s] Condition
Toggle
Code Coverage Summary
Statement | Branch Condition Toggle
Total Files | Total Modules | Total Coverag Coverag Coverag Coverag
Score Score Score Score
1B 13 29 58.8714 42,4257 41.0622 3.94

8. Click on Files in the top right corner to see the File Specific Information.

A M D a Dashboard RUIEEE Modules

File[s] Summary

Statement | Branch Condition Toggle
Total Files | Total Modules | Total Instances | Coverage | Coverage | Coverage | Coverage
Score Score Score Score

18 19 29 58.8714 42.4257 41.0622 394

File Specific Information

> Total . Branch Condition | Toggle
File Modules: Lines
File Path Instances | Coverage Coverage | Coverage | Coverage
i Count | count Soriie || SOk S Score | Score | Score
1 |lnrojdsy_xhdiaawulaclug937/2025 axi vip_0_exfimports 1 1 0 0 0 0 0 0
{axi_vip_0_chip.sv
2 Iprojidsv_xhd/aavulaciug937/2025 Laxi_vip_0_gx 1 1 0 0 0 0 0 27.06
laxi_vip_0_ex.p_user_files/dlex_sim/simlex_sim.y )
Iprojidsy_xhd/aavulaciug937/2025 Laxi_vip_0_ex
3 laxi_vip_0_exgenlsources Libdlex simfipshared/f16ihdl 1 3 53,8462 13 13 97.3404 95,3704 3333
o _vip_ vl 1yl ds.sv
Iproydsy_xhd/aavulaciug937/2025. Laxi_vip O ex
4 | laxi_vip 0_exip_user fileshdlex sim 1 1 ] 0 0 0 0 1]
liplex_sim_axi_vip_mst_Qfsim/ex_sim_gxi_vip_mst_0.sv
{projidsy_xhd/aawvulaciug937/2025 Laxi vip 0_ex
_vip_0_exip_user lex
5 | fipléx_sim_ax_vip_passihiough 0 t 4 ° g @ 0 9 "
Isim/ex_sim_ax_vip_passthrough_0.sv

9. Click on Modules in the top right corner to see Module Specific Information.
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A M D ‘ . Dashboard  Files
Module[s] Summary
Statement | Branch ‘Condition Toggle
Total Modules | Totad Instances | Total Files | Coverage | Coverage Coverage Coverage
Score Score Score Score
19 20 18 588714 42 4257 41,0622 394
Module Specific Information
Instanc Statem Conditi
m Module Name: &[s] Hierarchical Instance{s] ent ;’;‘f‘ m Module definition in File ::;e
Count Score Score
axi_vip_0__exdes_adv_mst_active_pt_mem__siv_passiv _xhdiaavulac/ug937/2025.1
* chin & epuT # o " R Jaxi_vip_0_ewfimgons/ai_ i
axi_vip_0__exdes_adv_mst_active_pt_mem__siv_passiv Iprojidsv_xhdlaavulac/ug937/2025.1
2 |exsm 1 &.GUT ax_design 9 L] L] 2706 | faxi vip_D)_ewlaxi_vip_0_ex 2
aii_vip_0_exdes_adv_mst_active_p1_mem__sh_passiv
©.DUT.ex_design. .. H :
4 L g :&?E:—_m?:am_m_aum pt_mem__sh_passiv :3.846 :7.340 25.370 i &ﬁaﬁwgigﬁmzs,l p
axi_vip_0__exdes_adyv_mst_active_pt_mem__siv_passiv
#.DUT.ex_design. .
4 ex_sim_awi_vip_mst_0 1 :wwv?gg -?::gzs_am_mst_anme  pi_mem__siv_passiv o o o o mﬁtﬁ:vf:ﬁg?mzsl 4
5 o i_in h b0 1 :mﬁ;?i: __d;—:g‘.stam_m_mm > pi_mem__siv_passiv o o o o &ﬁgﬁiﬁﬁfmg?{zmil 5

10. Click on axi_vip_v1_1_21_top_default module under module name in module specific
information table and select statement coverage to see the statement coverage of the

AM D d . Dashboard Files Modules
Module Summary of axi_vip_v1_1_21_top_default [E ‘Statement Coverage of Module : axi_vip_vl_1 21 top_default
Instance | Siaiemers |Branch | Congtion |Toggle [ Mode Statement Coverage Summary for Module © ax_vip vl 1 21 top detaul
count. Scom Score | Score Score. .,uF.“n ) [Totad Lines] Totas Stasements|Covered Statements] Uncovered Stabements] Stalement Coverage Score|
B Sunement 13|13 7 6 53.8462
L] Beancn
g ol Litaiall g el ﬁ S Module Name | axi_vip_vi_1_21_top_detault
Module Fibe : 3 ipeojdsy ) Mad_wvip_0_exiaod_vip_0_exgenisources_Lbdlex_simipsh
Linetiumber | LineContent
Summary of Instancels] of module - axi_vip_v1_1_21_top_default
57 timescale Spa/lps
nianca Hars Conation | Togype 15708 { 5o Lo
Soore | Score. | Scome | Scone (1 pug | Coverage 50 (* BowngradelPldentitivtarnisgss"yes® *}
[istatement L wadwl i vip_vi_1 21 _tw
e axi_vip_vi_t_21_top &
wd_wip_0__exdes_adv_mst_active_pt 230768 | 484043 |a5.370¢ |0 4 ! %m -
DToggle !
FSa 62 parameter C_AKI_PRATOCOL -9,
Ao vip 0 exdes_adv et wttve Pl g sore | 723004 (708333 3333 |3 :g‘m & paraseter C_AKI_INTERFACE_MODE =1, //master, slave and bypass
oggie & parmsatar integer C_AXI_ADOR MIBTH -3
[ IStatement © e L :
wvater dnteger C_AKI_WOATA_WIOTH 3.
_wp_0_awdos,_ad_mst_active_pt ;
b e S Ll Cicendmon 56 paraseter integer ¢ ALI_ROATA_WIOTH -3,
Cirogge
o parasater integer C_AXI WIB_WIOTH -0
o paraseter integer C_AXI_RID_WIDTH -0,
8 parancter integer C_AKI AMSSER WLDTH -,
10 paraseter integar €_AXI_ARUSER_WIDTH -0,

11. Select branch coverage to see the branch coverage of the module.
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AMDL

Dashboard Files

Modules

Module Summary of axi_vip_vi_1_21_top_default

e —

in Fle ID ' =

e
Branch
3 538462 973404 |063T04 3333 3 0] Conslt
O Teage

Summary of Instance[s] of module - axi_vip_v1_1_21_top_default

= instance
Stamement | Branch | Congmon | Toggle Show
Teaecs Kame Score | Scom | Score | Score ':'mu'“m"" Coverage
[CiStatement
d_Mp_0_exdes_atv_Mmsl e D) 53 0069 |29.4042 483704 [0 4 m
[Mogge
oe_vip_0_wrudes_ach_mst_AEINO_PA | 39 4615 | 72,3404 | 108333 (3333 [5 E&c .
LlTogge
[CiStaemens
B4_Wp_0_ewdes_Bd_Il_aCVe DX | o, rees  |apanan|astsen [0 [e Fanch
[Tioage

Branch Cove: 5 S8 Mosdiae sl vl 1 21 g detaul
| i | Covetigs Scode|
[188 |183 |5 [97.3404 |
LinaNumber ‘Branch

1 #4 [e) Copyright 2016, 2023 Advanced Mitrs Devices, Ime. ALL rights resarved.
H W
El 4¢ This file contains confidestial and proprietsry information
4 4/ of AMD and is protected under U.S. asd intersational copyright
5 #f and other intellectusl property Lmws.
] #
1 41 DISCLAINER
L] #f This disclaimer is mot o License and does not grant any
] #¢ rights to the saterials gistributed berewith. Except as
10 /¢ otherwise provided in o valid License issusd to you By
n 4/ AMD, and to the maximus extest permitted by applicable
12 #F Law: (1) THESE MATERIALS ARE MADE AVAILABLE "AS IS~ AND
13 20 WITH ALL FAULTS, ANS AMO HEREEY DISCLAIMS ALL WARRANTIES
% /¢ ARD CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLADING
15 #/ BUT NOT LEMITED TO WARRANTIES OF MERCHANTABILITY, NOW.

12

Select condition coverage to see the condition coverage of the module.

AMDL

Dashboard  Files

Modules

Module Summary of axi_vip_v1_1_21_top_default

'l"ﬂnﬁi} St Conerage
[ Statement
3 L] Branch
ki Condtion
3 Toggie

Summary of Instance[s] of module - axi_vip v1_1_21 _top_defaunlt

| = condition coverage of Module 1 1 axi_vip_v1_1 21 top datault

]

Statement Condition| Instance
IrancyNas Scor ;::a Scone. x 0 File 1D g::tm
[CiSuatemenn
4_Wip_O_endes_ay_meLace | 1 onoy | agacus|asatos (o |4 e
CToggee
[Cistatamant
0 vip 0_exdes, adv mst_acve X | o0 sy | 72,0008 | 70833 |20.33 |5 o
Cltogge
C
W0_p_0_exdes_a st Pt | 30 7600 | apacua |46 7sos [0 fe e
[Toage
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Condrion Coverage Summary for Module - ad_vip vi 1 21 top default

Juncovered Condmions| |
|2186 |206 [10 5.3704
241 IC_AXE_INTERFACE_MODE ww 1) __THUE 2
(E_AXE_INTERFACE_HOOE == 1) __FALSE £
241 [runtine master == 1)__TRUE L
(runtise master == 1)__FALSE ]
241 {runtise_slave == 0)_ TRUE L
{runtise_slave == 8} _FALSE L]
242 L&_AXY_INTERFACE_WODE == 1) __TRUE 2
(€_AXT_TNTERFACE_MODE we 1) __FALSE 2
2 (runtise_slove == 1) Thut 1
fruntise_slove == 1) _FALSE 1
24k fruntise saster == 0)_ TRUE 1
(runtise master == 0)__FALSE L]
2 fruntise_slave = 0} TRUE )
Iruntise slave - B) FALSE 1
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13. Select toggle coverage to see the toggle coverage of the module.

 AMD IV

Dashboard Files Modules

Module Summary of axi_vip_v1_1_21_top_default

Instance | Staloment |Banch | Condition
count Score Score | Score

Togghe

Score

Module
dfninon
in Fi 1D

Show Coverage

3 S51B4E2 |O7.3404 |95.3704

s

¥

Statement

Branch

Cartion
&l Tegpe

Summary of Instance[s] of module - axi vip v1_1_21_top_default

| Toggle Coverage of Module 1 : lll_ﬂp)_l!l‘l;Zl_m_dlfllﬂl

Instance
o s [conmnl e 5 [
1 [Stsement
| Vp_0_surles_ach_mist_&INE Pl on o7gn | gpapes|asatos [0 4 e
CiMegaie
[Stasement
|-V 0_eucles_acke mst e P 55 see | 72,3404 | 102333 3339 (5 g’;ﬁ'ﬂm
| [Togge
[ Istasement
| 0¥ 0_exces_adv_mst_acve Rt | o aenn | apane3laTsos [0 (6 Sand .
o

Toggie Coverage Summany for Module axd wip w1 1 21 1op defauh

Total Bits{18 |6 33.33
Bits 0-=1|9 |2 22,22
Bits 1-=09 |4 4444
LineNumbiar Varlable -
{n] Type (1) Varlable (=] Toggle 0-»1 Toggle 1:30
0 e ALL Bits & runtiss saster ]
z hgie ALL Bits of runtise_slave

233 wirg ALL bits of run_slave_sode
Ea s wire ALL bits of run_master_mode

EE ware ALL Bits of run_passth_mode

6 wire ALL bits of cospile master mode
237 wire AL bits of compile slave mode

238 wire ALL Bits of master sode

e o 8 8 8 B =

2% wire AL bits of slave_sode

Code Coverage Exclusion Support

Vivado supports the code coverage exclusion feature for exclusion and inclusion of signals,
instances, modules, directories, and files. The support is available for both xelab and xcrg, the
generated report shows the exclusions and enhances the coverage score. The support can be

used for both Verilog/System Verilog and VHDL languages.

The exclusion file must be created and passed through xelab/xcrg command as

-ccExclusionFile <file_name>. The exclusion file support keywords and signs listed

below.

module
o file

e instance
e signal
o dir

e + (to include specific module/instance/hierarchy)

e - (to exclude specific module/instance/hierarchy)

e *(wildcard support)

The supported inclusion types are as follows:

1. Instance level exclusion:

a. Hierarchical paths are allowed for instance level. Can be just instance name as. For such
cases, all instances of that name in different hierarchies are also excluded (-) or included

(+).
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b. Wildcard on instance excludes (-) or includes (+) all instances of mentioned string.
. Module level exclusion:

a. Cannot have hierarchical level exclusion (-) or inclusion (+).

b. Wildcard on module excludes (-) or includes (+) all modules of mentioned string.
. File level exclusion:

a. Can be either relative or absolute path.

b. Wildcard after filepath<path/to/directory/*> excludes (-) or includes (+) all files in that

directory.

Lab 4: System Verilog Feature

c. Exclusion (-) or inclusion (+) passed to 'dir' keyword excludes/includes all files recursively

in that particular directory.
. Signal level exclusion:
a. Only toggle code coverage exclusion (-) or inclusion (+) are allowed.
b. Can be simple signal names or hierarchical signal names.

c. Wildcards can be applied to both simple and hierarchical signals. If specified after an
instance, all signals of that particular instance are excluded/included. If specified after
module ( :: ), the mentioned signals are excluded/included in all instances of particular
module.

xclusion (-) Vs Inclusion (+) Definition:

Exclusion (-): Mentioned string is excluded in file/module/instance/signal level in the code
coverage report as per keyword specified.

Inclusion (+): Only mentioned string is included in file/module/instance/signal level in the
code coverage report as per keyword specified. The rest is excluded.

For the current example design, you must create a file and add the exclusion and inclusion of

si

ignals/instances/modules/directories/files in the project folder.

../axi_vip_O_ex/axi_vip_0O_ex.sim/sim_adv_mst_active__pt_passive__slv_comb/

behav/xsim/

A sample exclusion file declaration.
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Figure 4: Sample Exclusion File

% exclusion.txt (/proj/dsv_xhd/aavulac/ug937/2025.1/a
File Edit Tools Syntax Buffers Window Help

5 A B P se KUE &RYEC BEE %O
file -glbl.v
dir -../../../../ax1_vip_0_ex.1ip_user_files/bd/ex_sim/ip/ex_sim_axi_vip_mst_8/sim/

module +axi_vip*
instance +axl_vip* -ex_sim*
signal -runtime_master]]

B w M

Generating Code Coverage Report for Exclusion Coverage Using
Xelab
1. InVivado IDE, go to settings and in elaboration and check for coverage options.

a. Set the xsim.elaborate.coverage.name value to DB1 (can be any name).

b. Set the xsim.elaborate.coverage.dir® value to cRun1 (can be any name dir).

c. Set the xsim.elaborate.coverage.type value to statement or s or branch or b or condition
or c toggle or t or a1l or sbct or statement branch condition toggle.

d. Set the xsim.elaborate.more_options value to -ccExclusionFile exclusion.txt.
2. Apply and Run simulation.
3. Invoke the following commands in Tcl console.

write_xsim_coverage -cov_db_name DBl -cov_db_dir cRunl

export_xsim_coverage -cov_db_name DBl -cov_db_dir cRunl -output_dir
cReport -open_html true

Generating Code Coverage Report for Exclusion Coverage Using
Xcrg
1. InVivado IDE, go to settings and in elaboration and check for coverage options.

a. Set the xsim.elaborate.coverage.name value to DB1 (can be any name).

b. Set the xsim.elaborate.coverage.dir* value to cRun1 (can be any name dir).

c. Set the xsim.elaborate.coverage.type value to statement or s or branch or b or condition
or c toggle or t or all or sbect or statement branch condition toggle.

d. Set the xsim.elaborate.more_options value to -ccExclusionFile exclusion.txt.
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2. Apply and Run simulation.

3. Invoke the following commands in Tcl console.
write_xsim_coverage -cov_db_name DBl -cov_db_dir cRunl
export_xsim_coverage -cov_db_name DBl -cov_db_dir cRunl -output_dir
cReport -open_html true -ccExclusionFile ./exclusion.txt

4. Now you can see the HTML report opened in the default browser as shown below.

AM D a EELLENGE Files Modules

Tue May 20 14:01:22 2025 IST

Date.

User aavulac

Version Vivado Simulator Coverage Report 2025.1.0
Database Version | 2025.1.0
PPlatform

linux

IReport Dectory cReporticodeCoverageRepon

Starement
Code Coverage Branch
Typefs) Condition

Toggle

Code Coverage Summary

Branch Conditon | Togle
Total Fées | Total Modules | Total instances | Coverage | Coverage | Coverage | Coverage
Score Seore Score

14 15 23 59.0935 429273 41,3029 49

5. Click on Files in the top right corner to see the File Specific Information.

AM Dzl Dashboard BTN Modules ‘

File[s] Summary

Statement | Branch Condition | Toggle
Total Files | Total Modules | Total Instances | Coverage | Coverage | Coverage | Coverage

Score Score Score Score
14 15 25 59.0935 42,9273 41.3029 49

File Specific Information

Statement Branch Condition Toggle
File ID | File Path Madules Count &anlms Cowverage | Lines Count gmnems Coverage | Coverage | Coverage
Soone Score Score Score
{proiidsy_dllamulaciugd3TI2025. Uax vip_0_exfmpons
1 m " vip D_chipsv 1 1 o 0 0 0 o o
2 tnroifdsy_chdlaavulache3712025, Maxi vip 0_ex 1 1 0 o 0 0 o 27.06

ta_wip 0_exp_user filesbdlex sim/simex_gimy

{proiidsy_xhdiaavulacheg3TI2025, ik vip 0_ex
3 {al_vip_Q_ex.gen/sources_Libd'ex_simiinsharedt16dhdl 1 3 53,8462 13 13 97.3404 95.3704 375
{axi_wip vi_1 W ds.sv

{reoidsy_chdlaavulache@37!2025 Uaxi vip 0_ex
4 (al_wip ©_exip_user flesdiex sim 1 1 o 0 0 Q [} 0
mmummmmwunmw

tnroifdsy_chaiaavulacheod3?I2025, Lk wip 0_ex

5 (i wip 0_exip user flesiidiex_sim 1
lipfexc_sim_axi_wip_passthrough_Q

[simyex._sim_axi_yip_passthiough_0.sy

6. Click on Modules in the top right corner to see Module Specific Information.
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AM D ‘. Dashboard  Files m
Module[s] Summary
Total Modules | Total Total Files | Coverage Coverage | Coverage | Coverage
15 2% 14 59,0835 429273 41.3029 4.9
Module Specific Information
Instanc Statem Condit
Modu | Modue Name els) | Hierarchical Instances] ent | Bench |on T | Toudle | ioguie definiion in File e
‘Count Score Score
" hip 1 axi_wip_0__exdes_adv_mst_active_pt_mem__sh_passiv 0 0 0 0 fprofidsv_xhddaavulaciug93Ti2o2s.1 1
eputT Jai_vip_0_exfimportsiax_ ..
axi_wip_0__exdes_adv_mst_active_pt_mem__shv_passiv Iproj/dsv_xhdéaawulac/ug937i2025.1
2 |essm . &DUT.éx_design 0 o o 2106 | fawi_vip_0_exfaxi_vip_0_ex.. &
axi_wip_0__exdes_adv_mst_active_pt_mem__sh/_passiv
&DUT.ex_design, ..
axi_vip_0__exdes_adv_mst_active_pt_mem__sh_passiv | 53.846 | 97.340 | 95.370 Ipeojidsy_xhdiaavulaciugdari2025.1
3 & vig ¥l 3 23 top detad 3 e.0UT.ex_design. .. 2 4 4 ns laxi_vip_0_exaxi_vip_0_ex .. *
axi_vip_0__exdes_adv_mst_active_pt_mem__shi_passiv
e.DUT.ex_design, ..
axi_vip_0__exdes_adv_mst_active_pt_mem__sh_passiv Iprojidsv_xhdiaavulaciug37/2025.1
£ £_aim @xi_p_mst 0 1 e.0UT.ex_design. .. ° o o 0 Jaxi_vip_0_exfaxi_vip_0_ex ., ¢
ai_wip_0__exdes_adv_mst_active_pt_mem__sh_passiv Iprojidsy_xhdiaawulac/ug93712025.1
5 £¥_sim @ vip_passihough 9 1 e.DUT.ex_design, .. o 0 0 9 axi_vip_0_exfaxi_vip_0_ex .. 5
axi_wip_0__exdes_adv_mst_actve_pt_mem__sh_passiv Iprojidsv_xhdiammlac/ugdazizozs 1
L] ex_sim_axi_yip_sh 1 e.DUT.ex_design. . L 0 0 o lfaxi_vip_0_exfaxi_vip_0_ex .. o
Iprojxbuilds
7 ax_yvip_pkg 1 axi_vip_pkg 0 0 0 0.09 | /SWIPI2025.1_0518_1814finstalls | &
Ninga/2025.1/da .,
8 |ad vio oka 1 axi vin pka BAATY, [ 24248 |10 Lo proiidulisioab L ey wesl. g

7. Click on the specified signal file and select toggle coverage to see the signal exclusion/
inclusion.

A M D n Dashboard Files Modules

Module Summary of axi_vip_vi_1_21_top_default | Toggle Coverage of Module 1 : axi_vip_vl_1 21 top_default &
nstance |Seatoment |Branch [Condeon [Toggle  [Mode |
coun. Score  [Score |Score  [Scoe (WECERE S
] Staterment
3 sage62  |97.3404 los3m04  [275 3 B
&l Toggle
Total Bits|{16 |6 37.5
Bits 0.>1]8 |2 25
Bits 1->0(8 |4 30
Summary of Instance[s] of module - axi_vip_v1_1_21_top_default
L rariad
s Fa Saatement 55:':" Condition | Toggee | 1447 | Shoi ‘ 0] | T:mi ‘ Vastable (3] | Taggle 021 | Togphe 120
Scoe L Score Score ('.ovu‘ane
nFen P g ALL bits of runtine_slave 1 o
[Clstatemen
axl_vip_0__exdes_adv_mst_actve_pt - [Banch L wire ALL bits of run_slave_mede 1 [
230760 | 45.4043 (253704 |0 4 Eicondition
Clrogge 2 wire MLL bits of run_saster_sode ° 8
[IS1aternent ns wire ALL bits of run_passth_mode L] 1
d_wp_0_exdes_adv_mst_acte_PX| 30 4615 | 72.3404 | 08332 |95 |5 &?:.:,?‘m 236 wire AL bits of compile_master_mode ]
UToggle 2 wire ALL bits of cospile slave_mode »
anl_vip_0_endes, adv_mss_actve 3| o0 2eon | 4o 00 a6 7500 " [!j?::‘bm 28 wre: ALl bits of master _mode 0 1
" ClToagh 39 wite: ALL bits of slave_mode o 0

Random Constraint

System Verilog has a random constraint, which is used to generate a random value. Using this
feature, you can even set the constraint on a random variable.
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For each simulation, the simulator is supposed to generate a fixed set of values. In this example,
randomize call is happening 10 times so each time the simulator is expected to assign a different
value on variable ‘b1. If you close the simulation and run it again, the simulator is expected to
give the same 10 sets of values as the previous run. This is called random stability.

module top();
class cl;
rand bit [3:0] bl;
endclass
cl objl = new();
initial
begin
for(int 4 = 0; 4 < 10; 4i++)
begin
#5 objl.randomize();
$display("At time %t the value is %p'", $time, objl);
end
end
endmodule

If you want different set of values, you should change the random seed value. In AMD Vivado™
simulator, it is done by passing - sv_seed option to xsim. In Tcl Console, you need to invoke the
following command:

set_property -name {xsim.simulate.xsim.more_options} -value {-sv_seed 2000}
-objects [get_filesets sim_adv_mst_active__pt_passive__slv_comb]

With seed, you have to provide any integer value. So just by changing a ‘seed’ value, you can get
a different value. You do not need to do compilation and elaboration again.

1. Add the following code in a file and name it as random. sv.

module top();
class cl;
rand bit [3:0] bil;
endclass
cl objl = new();
initial
begin
for(int 4 = 0; 4 < 10; di++)
begin
#5 objl.randomize();
$display("At time %t the value is %p'", $time, objl);
end
end
endmodule

2. Perform the following:
a. Invoke xvlog -sv random.sv command to compile the code.
b. Invoke xelab top -s top command to elaborate the code.
c. Invoke xsim top run -all command to simulate the code.

Observe the output.
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Lab 4: System Verilog Feature

3. Typein "exit" to leave the simulation and then re-run step 2c and notice the value is similar to

the previous one.

Note: If you are running this in the AMD Vivado™ GUI, exiting will exit all of Vivado and you will need
to do all of step two again, not just 2c.

4. Simulate the code with different SV seed xsim top -sv_seed 5000 and observe that the
value is different. Thus, you can generate different values without going through compile and

elaboration steps.
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Lab 5

Running UVM Example

AMD Vivado™ integrated design environment supports Universal Verification Methodology
(UVM) in Vivado simulator (XSIM). UVM version 1.2 is pre-compiled and shipped with Vivado.

Through this tutorial, let us take a UVM-based example and run it in Vivado Simulator.

Note: Go to directory ug937-vivado-design-suite-tutorial-design-files/ug937-design-
files/uvm of a tutorial that is downloaded at the start of Lab 1: Running the Simulator in Vivado IDE.

Creating a New Project

1. Create a new Vivado RTL project, targeting to the required device.

2. Add the directories src and verif to the project by clicking on the + button. Both of these
directories are in the Adder_4_bit directory.

New Project X

Add Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source file on disk and add it to your project. You can also add
and create sources later

|

Use Add Files, Add Directories or Create File buttons below

Add Files ‘ | Add Directories | ‘ Create File

Targetlanguage: | Verilog v Simulator language: = Mixed v

2) = Back Cancel
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3. Mention the UVM verification files for simulation only.

Lab 5: Running UVM Example

+ - 1t
Index Name Library HDL Source For
. 1 src ril_defaultlib  Synthesis & Simulation ~
. 2 verif ¥il_defaultlib | Simulation only | ~ |

4. After the hierarchy is updated, ensure to select adder_4_bit_tb_top.sv file as top

module.

Sources

Q =

$ + B 03

r

e

ST TSI Ol LS

Simulation Sources (16

W

sim_1

>

Verilog Header (1

?

-~ 00X
4

~

» SystemVerilog (12
> @ - adder_4 bit_tb_top (adder_4_bit_tb_top.sv) (4)
> @ adder_4_bit_basic_test (adder_4_bit_basic_test.sv) (4)
> @ adder_4_bit_coverage (adder_4_bit
» [ Utility Sources
Hierarchy

Libraries Compile Order

5. For UVM, you need to provide test name, here
the test name is adder_4_bit_basic_test. For this add
-testplusarg UVM_TESTNAME=adder_4_bit_basic_test

-testplusarg
UVM_VERBOSITY=UVM_LOW tO xsim.more_options
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Compilation | Elaboration | Simulation Netlist Avd b

¥sim.simulate,tcl post

ksim.simulate. runtime 1000ns
¥sim.simulate.log_all_signals

¥sim. simulate. no_quit

¥sim.simulate, custom_tcl

¥sim.simulate. wdb

¥sim.simulate, saif_scope

¥sim.simulate. saif

¥sim.simulate, saif_all_signals

¥sim.simulate, add_positional

Ksim. simulate xsim.more_options testplusarg UVM_TES..

xsim.simulate.no_quit
Do not quit simulation

6. Launch simulation.

w  SIMULATION
Properties
Fun Simulation

Fun Behaviaral Simulation
v RTL AMALYSI
> QOpenElg

~ SYNTHESIS
| . [ TUPTEA o ..-.J-.l-..-..-.l.-. |

This can run simulation for 1000 ns by default. Click run all

Ll

_' to complete the simulation. You can see fQII_owi_ng in Tcl

TEST CASE PASSH
NFO /proj/xbuilds/SWIF/:
[m test_top.env.ref_model] 1000
[uvn_test_top.env.adder_4_bit_agent sequencer.seq) 1000
[uva_test_top.env.adder_d_bit_agent.monitor| 1000
[uvn_test_top.env.adder_4 bit_agent.driver] 1000
[UVM/RELNOTES] 1

[UVM/COMP /NAME CHECK] 1

120_0327/installs/1in64/Vivado/2022.1/data/systen_verilog/uvn_1.2/x\nx_uva_package.sv(13673) @ 20045000: reporter [UYM/REPORT/SERVER] [uvn_test_top.env.sb] 4000

[TEST_DOKE]

[FNTST]

[ND_DPT_TSTNAME] 1

#+ Report :uunts by id
UVM_FATAL

UV ERROR 0
UVM_WARNTNG o

UVM_INFO : 8005

*+ Report counts by severity

Console, --- L¥M Report Sumnary --

Following are the steps to use UVM in Non-Project/Batch Mode:
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1. To run the simulation in non-project mode, change the current working directory to the run
folder.cd ./Adder_4_bit/run

2. For standalone simulation in Vivado you can source run_xsim.csh on Linux and
run_xsim.bat on windows or source run. tcl using the below command in Linux/
Windows. vivado -mode batch -source run.tcl

3. Once the simulation gets finished you can observe the UVM test results in the Shell or
command prompt as shown in the following figure.

Directory Structure of both project and non project mode:

e src & verif - Design and verification environment related files.
e Run - Location to run simulation in Non project mode.

e UVM_test - Project Mode XSIM simulation.
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Lab 6

Running GTM-Wizard Example

Overview

PAM4 encodes 2-bits of binary data into four voltage levels. Through this tutorial, you can create
an example to verify designs with PAM4 signals.

Since four voltage levels are not supported by implementation tools. So, the PAM4 connections
are created as regular single-bit wires. For simulation purposes, the PAM4 signals of the design
are made accessible in the test bench via integer ports of a special module (xi1_dut_bypass)
that gets generated as part of this flow. The generated bypass module is not part of the DUT but
has direct access to the PAM4 signals of the DUT. This module can be instantiated in the test
bench to directly drive/observe PAM4 signals.

Feature Covered

The following features are covered in the GTM-Wizard:

1. Detection of designs with PAM4 signals, designs instantiating GTM_DUAL and automatic
generation bypass module (xi1_dut_bypass).

2. Simple sanity check for the design that should instantiate bypass module.
3. A mechanism to view PAM4 signals in Waveform Viewer for XSim users.

4. Provide a way to generate a bypass module for export simulation flow.

In this tutorial, you would generate a GTM-Wizard example design, which uses a PAM4 signal. To
generate that, follow the steps below:

1. Create a project in Vivado 2025.x without adding a source/constraint file. Click Create
project, and then click Next until the Default Part page is displayed.

2. In the Default Part page, select Virtex UltraScale+ 58G and select parts as shown in the
following figure, and click Next.

UG937 .(v2025'.2) December 3, 2025 send Feedback
Logic Simulation 85


https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG937&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2025.2&docPage=85

AM D n Lab 6: Running GTM-Wizard Example

MNew Pr
Default Part
Choose a default AMD part or board for your project.
Parts | Boards

Reset All Filters

Category: | All v Package: All Remaining v Temperature: | All Remaining v
Family: Virtex UltraScale+ 58G ~ Speed: All Remaining - Static power: | All Remaining v
Search: O ~
Part IO Pin Count  Available IOBs LUT Elements  FlipFlops Block RAMs  UltraRAMs DSPs  BUFGs  GbTransceivers GTPE!
xovu29p-fsga2577-2LV-e 2577 448 1728000 3456000 2688 1280 12288 81872 80 0 )
Hovu29p-fs0a2b77-1-e 2577 448 1728000 3456000 2688 1280 12288 81872 80 0
Xovu29p-fga2s77-1-i 2577 448 1728000 3456000 2688 1280 12288 81872 80 0
xowu29p_Clv-figd2104-3-e 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
xowu29p_Clv-figd2104-2-e 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
Kovu29p_CIV-figd2104-2-i 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
xowu29p_CIv-figd2104-2L-2 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
xowu29p_Clv-figd2104-2LV-e 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
xowu29p_Clv-figd2104-1-e 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
Kovu29p_CIv-figd2104-1-i 2104 676 1728000 3456000 2688 1280 12288 81920 46 0
xovu29p_Clv-fsga2577-3-e 2577 448 1728000 3456000 2688 1280 12288 81920 80 0 v
I3 >

©) <Back Finish Cancel

3. Check the summary report and click Finish.

UG937 (v2025.2) December 3, 2025

New Project X
AM Da New Project Summary
Vivado @ Anew RTL project named ‘project_1" will be created
ML Edition

No source files or directories will be added. Use Add Sources to add them later.

Mo constraints files will be added. Use Add Sources to add them later.

@ The default part and product family for the new project
Default Part: xcvu29p_CIlV-figd2104-2-i
Family: Virtex UltraScale+ 58G
Package: figd2104
Speed Grade: -2

To create the project, click Finish

W)
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4. Under Project Manager, click on IP Catalog and search for gtm_wizard and then double-
click Virtex UltraScale+ FPGAs Transceivers Wizard.

IP Catalog

? aoa
Cores | Inferfaces
NEIEIEAY @ e, ™
Search: | O gtm_wizard (1 match)
Name AT AKI4 Status License VLNV

v Vivado Repository
v FPGA Features and Design

v 10 Interfaces
T Virtex UltraScale+ FPGAs GTM Transceivers Wizard Production Included ilink.com:ip:gtm_wizard_ultrascale:1.0
Details
Name: Virtex UltraScale+ FPGAs GTM Transceivers Wizard
Version 1.0 (Rev. 20)

Description:  gtm_wizard_ultrascale_v1_0

Status: Production
License: Included

5. Click OK on default configuration and click Skip on Generate Output Product dialog box.

ze IP
Virtex UltraScale+ FPGAs GTM Transceivers Wizard (1.0)

€ Documentation £ Presets IP Location | C' Switch to Defaults

[} Show disabled ports Component Name | gtm_wizard_ultrascale_0
Basic  Physical_Resources  Optional_features FEC_Options AM_S0G = AM_100G
~
System
GT Type GTME4
Transceiver configuration preset Start from scratch ~
("] selectto Enable Multi Rate configurations
Transmitter Receiver
TX Line rate (Gbis) 53.125 RX Line rate (Gb/s) 53.125
Transmitter PAM mode selection PAI4 v Receiver PAM mode selection  PAM4 v
TX User data width 128 v RX User data width 128 w
TXInternal data width 128 ~ RX Internal data width 128 ~
TKOUTCLK source THPROGDIVCLK RXOUTCLK source RXPROGDIVCLK
Differential swing and emphasis mode Custom v
Reference clock Frequency @
Requested reference clock(MHz) 156.25
Actual Reference clock(MHz) 156.25
Receiver Advanced Options @
Insertion loss at Nyquist (dB) 20 [0-60]
W
< >
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Lab 6: Running GTM-Wizard Example

6. On Sources window, right-click the generated XClI file, click Open IP Example Design, and

specify the location.

PROJECT MANAGER - project_1

Sources ? _00X Project Sun
Q = = + o Cores | Ir
W Design Sources (1) Q =
» TFE gtm_wizard_ultrascale_0 (gtm_wizard_nitraseala 0 oeeil
y  Constraints Source Mode Properties..
[ Simulation Sources (1) Enable Core Container
> & sim_1{1) # Re-customize IP... :
» Utility Sources
Generate Qutput Products. ..
__________________________________________ Reset Qutput Products...
Hierarchy IF Sources Libraries Compile
Copy IP...
=LA s Open IP Example Design...
F gtm_wizard_ultrascale_0.xci IP Documentation »
IP name: Virtex UltraScale+ FPGAs GTM Tran:
Version: 1.0 (Rev. 20)
Description:  gtm_wizard_ultrascale_v1_0
Status: Production ¥ Remove File fram Project...
License: Included
General Properties IP Disable File
Hierarchy Update r
TclConsole | Messages | Log | Reports | Dl (' Refresh Hierarchy
Q = £ + IP Hierarchy 4
MName Constraints  Status L)
A synth_1 constrs_1 Mot started
impl_1  constrs_1 Mot started SetUsed In...
Copy Constraints Set...
Edit Constraints Sets...
Edit Simulation Sets...
< 4+  Add Sources...

At this stage, you have an example ready to run the simulation.

Before heading towards simulation, here are a few things from the PAM4 point of view:

1. xil_dut_bypass module definition is generated on runtime by the tool that contains a

hierarchical reference to GTM_DUAL.
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Lab 6: Running GTM-Wizard Example

Sources

Qa = = + B

Design Sources (1)

» @ & gtm_wizard_ultrascale_0_example_top (otm_wizard_ultrascale_0_example_top.sv) (10)
? Caonstraints (1)

'

Simulation Sources (1)
W sim_11(1)

~ @ 2. gtm_wizard_ultrascale_0_example_top_sim (otm_wizard_ultrascale_0_example_top_sim.sv) (2)
[ xil_dut_bypass_i : xil_defaultlib xil_dut_bypass

» @ u_exdes_top : gtm_wizard_ultrascale_0_example_top (gtm_wizard_ultrascale_0_example_top.sv) (10
» Utility Sources

Hierarchy

Libraries Compile Order

?

IP Sources

-0 a X

This xil_dut_bypass module generation is controlled by the Configure Design for
Hierarchical Access option, which is set by default.
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o]
m

Project Settings

»

General
Simulation
Elabaration
Synthesis
Implementation
Bitstream

P

Tool Settings

~

~

~

v W

Project

IP Defaults
Vivado Store
Source File
Display

Help

Text Editor

3rd Party Simulators
Colors

Selection Rules
Shortcuts
Strategies
Window Behavior

Lab 6: Running GTM-Wizard Example

P
Specify various settings associated to IP.

Resource Estimation

["] Enable IP and BD resource estimation

Simulation

[+] Use Precompiled IP simulation libraries

[w/] Automatically generate simulation scripts for IP

I [v] Configure Design for Hierarchical Access I

Select preferred simulation model of IP: | il

Upgrade IP

[+ Generate log file

Default IP Location

Location that IP added to the project will have cutput products and customization stored.

IP location: | = =Local to Project=

IP Cache

Out of Context per IP Synthesis needs to be used to take advantage of IP Caching.

Cache scope Local

IP Synthesis Cache Location | c/fwork/docs/202

Clear Cache

Note: For old behavior, uncheck Configure Design for Hierarchical Access.

Once the design is created, you can run it either through 1aunch_simulation or

export_simulation.

e Launch_simulation:

>

1. Click Run Behavioral Simulation. This will run the simulation with Vivado Simulator.
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AM D n Lab 6: Running GTM-Wizard Example

B 1 0 B e [
Hierarchy |IF Sources Libraries Compili

Eun Simulation

Run Behavioral Simulation
w  RTL AMALYSI

P Run Linte
» COpenEla
Gelect an object to see

» SYNTHESIS

2. Once the snapshot is created and loaded, the simulation will stop after 1000 ns. Let us

look at xil_dut_bypass definition. Double-click xil_dut_bypass in the Scope window to
see the source file. Note the hierarchical reference from the top module to the leaf-level
instance.

xil_dut_bypass.sv ? —-0a X
chworkidocs/2024_1/ug937/ug937_files/ugd37-design-filesigtm_wizard_ultrascale_0_ex/gtm_wizard_ultrascale_0_ex.srcs/sim_1/imponts/hierkil_dut_bypass.sv X
Q » B B X 4/ B Q o

11 % AN

i* hier_bypass_mod )
module ®il_dut_bypass( CHO_GTMRXN xil 1, CHO_GTMRXP xil 1, CHL_GTMRXN xil 1, CHL_GTMRXP xil 1, CHO_GTMTXN xil 1, CHO_GTMTXP xil 1, CH1_GTMTXN xil 1, Ct

input integer CHO_GIMRXN xil 1;
| input integer CHO_GTMRXP xil 1;
| input integer CHL_GTMREN xil 1;
. input integer CH1_GTMRXP xil 1;
| output integer CHO_GTMTXN xil 1;
| output integer CHO_GTMTXP xil _1;
: output integer CH1_GTMTXN xil 1;
, ocutput integer CHL_GIMIXP_xil 1;

always @ (CHO_GTMRXN xil 1) begin

$root.gtm wizard ultrascale_(_example_top_sim.u_exdes_top.u_gtm wiz_ip_top.inst.duall.gtm dual_inst.CHO_GIMRXN_integer = CHO_GTMRXN xil 1;
end

. always @ (CHO_GTMRXP xil 1) begin

! §$root.gtm wizard ultrascale_0_example_top_sim.u_exdes_top.u_gtm wiz_ip top.inst.dual0.gtm dual_inst.CHO_GTMRKP_integer = CHO_GTMRKP xil 1;
, end

| always @ (CHL_GTMRXN_xil_l) begin

: $root.gtm_wizard_ultrascale_(_example_top_sim.u_exdes_top.u_gtm wiz_ip_top.inst.duall.gtm_dual_inst.CHl_GTMRXN_ integer = CH1_GTMREN xil 1;
. end
always @ (CHL_GTMRXP xil 1) begin

$root.gtm _wizard ultrascale_(0_example_top_sim.u_exdes_top.u_gtm wiz_ip_top.inst.duall.gtm dual_inst.CHL_GIMRXP_integer = CH1_GTMRXP_xil 1;
+ end

< >

00 0O 00

3

(o] o]

40
4

=

3. Right-click xil_dut_bypass and add to waveform.
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AM D n Lab 6: Running GTM-Wizard Example

Scope ¥ Sources — O 4 Object

o T ¢ & Q
MName ™ Mame
~ L gtm_wizard_ultrascale_0_example_top_sir > B
I xil_du - y
> @ u_exd Add to Wave Window . B |
| qlol Log to Wave Database » y B |
Go to Source Code y i
Go to Instantiation Source Code s
Set Current Scope To Active ¥
Generate VCD Ports >

4. Click Restart < » and run all.

5. Once the simulation is complete, section all signals of xil_dut_bypass in the waveform,
right click, and select Waveform Style to Analog.
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AM D n Lab 6: Running GTM-Wizard Example

% CHO_GTMRXN_x
% CHO_GTMRXP_x
% CH1_GTMRXN_x
W CH1_GTMRXP_x
Wil CHO_GTMTXN_x
il CHO_GTMTXP_xi Cut

Qi CH1_GTMTXN_x Copy
Wil CH1_GTMTXP_xi

Remaove Force

Delete
Find...

Find Value...
Select All

Expand

e3/ug937-design-£il 1 wizard ultrascale_(_example top_sim.s
Name 4

; gain = 1.465
Waveform Style +"  Digital
Signal Color 3 Analog

Analog Settings...

Radix » 5im Time: 89

6. Go to analog setting under waveform style and change the value like below for better
waveform.
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AM D n Lab 6: Running GTM-Wizard Example

| Analog Settings X

' Please specify the display settings for viewing the selected objects 1
as analog waveforms. [

Row height: 22 T pixels

Y Range
() Auto
(®) Fixed
Min: 0 Max: |4
Interpolation style: () Linear (®) Hold
Off scale: ® Hide ()cClip () Overlap

v Horizontal line Y Value:|4|

|:"_:':| Cancel Apply

7. Observe the analog value of signals.
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AM D n Lab 6: Running GTM-Wizard Example

Untitled 1*

Q W @ Q X ¥ = |4 M = 2 4 X ]

824,520,288, 411 ps|a

# link_down_latched_reset
atus
o link_down_latched
» simulation_timeout_check
> W link_up_ctr[10:0] 000

# link_stable 0
P CHO_GTMRXN_xil_1[31:0] 00000002
' CHO_GTMRXP _xil_1[31:0] 00000001
PCH1_GTMRXN_xil_1[31:0] 00000002
I CHA_GTMRXP _xil_1[31:0] 00000001
| CHO_GTMTXN_xil_1[31:0] 00000002
I CHO_GTMTXP_xil_1[31:0] 00000001
P CHA_GTMTXM _xil_1[31:0] 00000002
P CHA_GTMTXP_xil_1[31:0] 00000001

e

Note: For running the same design with third-party simulators, refer to Vivado Design Suite User
Guide: Logic Simulation (UG900).

e Export_simulation: The following are the two flows for export simulation:
e Export simulation with xil_dut_bypass generated:

1. Invoke command export_simulation -simulator xsim
-generate_hier_access on Vivado IDE.

This generates scripts in <your_local_path>/export_sim/xsim.

2. Inthe generated vlog.prj, observe xil_dut_bypass.sv. Thisis because
launch_simulation has generated and added this as part of the project.

sv xil defaultlib --imclude * --include tm wizard ultrascale © ex.srcs/sources 1/ip/gtm wizard ultrascale @" \

il dut bypass.svigiy

3. Invoke gtm_wizard_ultrascale_O_example_top_sim.sh it runs the simulation.
If you want to run in GUI mode, add - gui to xsim command of else part.
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AM D n Lab 6: Running GTM-Wizard Example

4. Follow step-3 to step-7 under launch_simulation and you will be able to see the same
waveform/output as launch_simulation.

e Export simulation without xil_dut_bypass:

1. Invoke gtm_wizard_ultrascale_O_example_top_sim.sh -gen_bypass.
2. It runs the simulation for delta time unit and generate hierarchical path in the log file.

3. In generated simulate.log, note down the entry
xilinx_hier_bypass_ports:gtm_wizard_ultrascale_O_example_top_si
m.u_e...

4. Generate xil_dut_bypass.sv byinvoking generate_hier_access -log ./
simulate.log on Vivado Tcl Console.

5. Observe xil_dut_bypass.sv generate in current directory.

6. Addthis xil_dut_bypass.svinvlogprjas sv xil_defaultlib ./
xil_dut_bypass.sv.

7. Invoke gtm_wizard_ultrascale_O_example_top_sim.sh it runs simulation. If
you want to run in GUI mode, add - gui to xsim command of else part.

ailate]]

8. Follow step-3 to step-7 under launch_simulation and you can see same waveform/
output as launch_simulation.

¢ Generating xil_dut_bypass for non-vivado project:

1. Create compile order of the design (<design>.prij).
2. Execute XSim simulator tools to generate the simulator log file:
a. xelab -prj <design>.prj -top <testbench-top>
b. xsim -R <testbench-top> --testplusarg GEN_BYPASS.

3. Verify <simulator>.log file generated and that it contains the
xilinx_hier_bypass_ports string with the hierarchical path information. For
example:

xilinx_hier_bypass_ports:tb.dut_i.gtmWiz_00.gtm_1i
in:integer:inl:in_varl in:integer:in2:in_var?2
out:integer:outl:out_varl out:integer:outZ2:out_var?2

4. Download generate_hier_access. tcl utility from GitHub:

wget https://raw.githubusercontent.com/Xilinx/XilinxTclStore/2020.1-
dev/tclapp/xilinx/projutils/generate_hier_access.tcl
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AM D n Lab 6: Running GTM-Wizard Example

5. Execute generate_hier_access. tcl to generate the sources for hierarchical
access simulation:

a. # /usr/bin/tclsh.
b. source generate_hier_access.tcl.

C. generate_hier_access -bypass dut_bypass -testbench <module>
-directory <path> -log <simulator>.log.Instantiate this dut_bypass
in test bench with proper connection.

6. Add<path>/dut_bypass.sv to <design>.prj.

7. Run simulator tools to simulate the design in <design>.prj.
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Appendix A

Additional Resources and Legal
Notices

Finding Additional Documentation

Technical Information Portal

The AMD Technical Information Portal is an online tool that provides robust search and
navigation for documentation using your web browser. To access the Technical Information
Portal, go to https:/docs.amd.com.

Documentation Navigator

Documentation Navigator (DocNav) is an installed tool that provides access to AMD Adaptive
Computing documents, videos, and support resources, which you can filter and search to find
information. To open DocNav, do the following:

e From the AMD Vivado™ IDE, select Help = Documentation and Tutorials.
e On Windows, click the Start button and select AMDDesignTools = DocNav.

e At the Linux command prompt, enter docnav.

Note: For more information on DocNav, refer to the Documentation Navigator User Guide (UG968).

Design Hubs

AMD Design Hubs provide links to documentation organized by design tasks and other topics,
which you can use to learn key concepts and address frequently asked questions. To access the
Design Hubs, do the following:

¢ In DocNav, click the Design Hubs View tab.
e Go to the Design Hubs web page.
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Support Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see Support.

References

These documents provide supplemental material useful with this guide:

Vivado Design Suite Tcl Command Reference Guide (UG835)

Vivado Design Suite User Guide: Design Flows Overview (UG892)

Vivado Design Suite User Guide: Using the Vivado IDE (UG893)

Vivado Design Suite User Guide: Designing with IP (UG896)

Vivado Design Suite User Guide: Logic Simulation (UG900)

Vivado Design Suite Tutorial: Logic Simulation (UG937)

Vivado Design Suite Tutorial: Designing with IP (UG939)

Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973)
Writing Efficient Test Benches (XAPP199)
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Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain
technical inaccuracies, omissions, and typographical errors. The information contained herein

is subject to change and may be rendered inaccurate for many reasons, including but not

limited to product and roadmap changes, component and motherboard version changes, new
model and/or product releases, product differences between differing manufacturers, software
changes, BIOS flashes, firmware upgrades, or the like. Any computer system has risks of security
vulnerabilities that cannot be completely prevented or mitigated. AMD assumes no obligation
to update or otherwise correct or revise this information. However, AMD reserves the right to
revise this information and to make changes from time to time to the content hereof without
obligation of AMD to notify any person of such revisions or changes. THIS INFORMATION IS
PROVIDED "AS IS." AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT
TO THE CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES,
ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS INFORMATION. AMD SPECIFICALLY
DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY
PERSON FOR ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR OTHER CONSEQUENTIAL
DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF
AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS

A SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE I1SO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING
OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY

TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

Copyright

© Copyright 2012-2025 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, Kintex,
UltraScale, UltraScale+, Virtex, Vivado, and combinations thereof are trademarks of Advanced
Micro Devices, Inc. Other product names used in this publication are for identification purposes
only and may be trademarks of their respective companies.
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