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1. About this Document

This document outlines the Ashling* RiscFree* IDE for Altera® FPGAs in with the
Visual Studio Code Extension, focusing on debugging HPS and Nios® V processor
applications projects. It details the capabilities and features of both tools, including
their interfaces, debugging functionalities, and integration methods. Additionally, the
document provides instructions for configuring and utilizing these tools to effectively
manage and debug application projects on HPS and Nios V processors.
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2. Ashling RiscFree IDE for Altera FPGAs

2.1. About the RiscFree IDE for Altera FPGAs IDE

RiscFree IDE for Altera FPGAs is Ashling’s Eclipse* C/C++ Development Toolkit (CDT)
based integrated development environment (IDE) for Altera FPGAs Arm*-based HPS
and RISC-V based Nios V processors.

The RiscFree IDE provides a complete, seamless environment for C and C++ software
development and has the following features:

e Eclipse CDT based IDE with full source and project creation, editing, build, and
debug support using the RISC-V GNU compiler collection (GCC) toolchain.

e Project Manager and Build Manager including Make and CMake support with rapid
import, build, and debug of application frameworks created using the Quartus®
Prime software.

e RISC-V GNU GCC toolchain with support for newlib or picolibc run-time libraries
using the Nios V Hardware Abstraction Layer (HAL) API for hardware access.

e Integrated support for Intel® FPGA Download Cable II JTAG debug probe.

e ROM or RAM based debugging support, for example, hardware breakpoints for
flash-based support.

e High-level Register Viewer based on industry standard System View Description
(SVD) files.

e Integrated serial terminal.

Related Information

e Nios V Embedded Processor Design Handbook
Describes how to most effectively use the tools, recommends design styles,
and practices for developing, debugging, and optimizing embedded systems
using the Nios V processor and Intel-provided tools (Quartus Prime Pro Edition
User Guide).

e Nios V Processor Reference Manual
Provides information about the Nios V processor performance benchmarks,
processor architecture, the programming model, and the core implementation
(Quartus Prime Pro Edition User Guide).

e Nios V Processor Software Developer Handbook
Describes the Nios V processor software development environment, the tools
that are available, and the process to build software to run on Nios V processor
(Quartus Prime Pro Edition User Guide).

e AN 980: Nios® V Processor Intel® Quartus® Prime Software Support

e Eclipse Documentation
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2.1.1. Supported Devices

The following devices support Nios V processor core debugging:

e Agilex™ 5

e Agilex 7

e Stratix® 10
e Stratix V

e Stratix IV

e Arria® 10

e Arria II GX

e Arriall GZ

e ArriaV

e ArriaV GZ

e Cyclone® 10 GX
e CyclonelV E

e Cyclone IV GX

e CycloneV
e Cyclone 10 LP
e MAX® 10

The following devices with SoC feature support Arm HPS debugging:

e Agilex 5
e Agilex 7
e Stratix 10
e Arria 10
e CycloneV

2.1.2. Quartus Prime Software Support

You can use Ashling RiscFree IDE for Intel FPGAs with Quartus Prime Standard Edition
or Quartus Prime Pro Edition software.

2.1.3. Intel Simics® Simulator for Intel FPGAs Support

The Intel Simics® Simulator for Intel FPGAs is a full-system simulator supporting the
software development process. It provides capabilities that include hardware and
software inspection, dynamic system configuration, hardware modeling tools,
scripting, and other features.

Ashling RiscFree IDE for Altera FPGAs provides a graphical interface to the Intel Simics
simulator for Intel FPGAs software that allows you to:

Ashling* RiscFrge* Integrated Development Environment (IDE) for Altera® Send Feedback
FPGAs User Guide
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e Control the simulation progress with a mouse and buttons in a GUI instead of
entering commands on a CLI (which is also supported).

e Debug target software using the Ashling RiscFree IDE for Altera FPGAs debugger
to view progress through your source code, set breakpoints, examine variable
values and register contents, and view stack traces.

e Integrate Ashling RiscFree IDE for Altera FPGAs and Intel Simics simulator as a
complete development environment for your target software. You can write your
target program, test it, run simulations, and debug it all in one location on your
target hardware.

Related Information

Intel® Simics® Simulator for Intel® FPGAs: User Guide

2.2. Getting Started with the Ashling RiscFree IDE for Altera FPGAs

RiscFree IDE for Altera FPGAs provides a consistent development platform that works
for all Nios V embedded processor systems. You can accomplish all Nios V processor
software development tasks within RiscFree IDE, including creating, editing, building,
running, and debugging programs. RiscFree IDE for Altera FPGAs supports Nios V
processor and Arm core debugging in multiple host operating system (OS) platforms.

Note: If you install both the Quartus Prime software and the Quartus Prime Programmer and
Tools in the same location as RiscFree IDE for Altera FPGAs IDE, it refers to the
required binaries from the Quartus Prime software installation directory by default.

2.2.1. Installing RiscFree IDE for Altera FPGAs

RiscFree IDE has two types of installation options:
e Bundled installation option when installing the Quartus Prime software

e Standalone installation which requires you to install one of the following to use the
debugger:

— The Quartus Prime Programmer and Tools

— The Quartus Prime software

Related Information
Operating System Support

2.2.1.1. Bundled Installation with the Quartus Prime Software

The RiscFree IDE is available in the Quartus Prime software installation package as an
optional installation component. For a bundled installation, select the RiscFree IDE
for Intel FPGAs component during the Quartus Prime Pro Edition software
installation.

Note: The RiscFree IDE for Altera FPGAs is not bundled with the 22.1std release of Quartus
Prime Standard Edition. Refer to the following sections for the RiscFree IDE for Altera
FPGAs standalone installation.

Send Feedback Ashling* RiscFree* Integrated Development Environment (IDE) for Altera®
FPGAs User Guide
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Figure 1. Selecting Components During Bundled Installation
¥ Intel® Quartus® Prime Installer - o X
Intel Quartus Prime Pro Edition 24.2.0.40 for Windows (What's New] intel
Name Download Size Install Size Download Status  Install Status | Description

= Wl Intel® Quartus® Prime Pro Edition

The Ashling RiscFree IDE for Intel FPGAs provides an
= V Intel® Quartus® Prime Pro Edition Software

Eclipse-COT based Integrated Development

V| Part 1 211G 140268 | 0% Environment (IDE) and debugger for the Nios ¥ Intel
V] Part 2 1224GB  1590GB | 0% FPGA processor and Hard Processor System (HPS).
= [ Questa™Intel ® FPGA and Starter Editions 222G 983GB | 0%
V' Starter Edition md3sum: 6291176adcd 1acBec]0a49210704ca
FPGA Edition gzl

N 33ba0cd62cf6207eb07b98deccabd9b450be2 1aac
= W Devices

V| Intel Agilex® 5 device support (Requires Intel Agilex® common files) 276G8  588GB | 0%
Intel Agilex® 7 device support (Requires Intel Agilex® common files) 240G8 849G

V] Intel Agilex® common files 975G8 114768 | 0%
Intel ® Arria® 10 device support 871GE 1108GB

v/ Intel® Cyclone® 10 GX device support (FREE. no license file required) 274G8  304GB | 0%
Intel® eASIC™ NS5X device support 001GE  001GB
Intel ® Stratix® 10 device support 1638GB  2657GB

= B Add-ons and Standalone Software

V| DSP Builder for Intel® FPGAs Pro Edition 007G8 01768 0%
Flexim License Daemon for Intel® FPGA software 001GE  001GB
Flexim License Daemon for Siemens ModelSim/Questa Intel® FPGA software 00168 001GB
Intel® High Level Synthesis Compiler 021GE  089GB
Intel ® Advanced Link Analyzer Pro Edition 240G8  594GB
Intel ® FPGA Power Thermal Calculator 039GE  054GB
Intel ® Quartus® Prime Pro Edition Programmer and Tools 13968 43768
Intel ® Quartus® Prime Pro Edition Help 003GE  026GB

0.61GB 2.29 GB

o= [

Download to:

V| Auto install after download

B After-install actions

Agree to Intel License Agreement
V| Create shorteuts on Desk
e V| Launch USE Biaster driver installation

] Launch USE Blaster Il driver installation
RIS CintlFPGA_prah24.2 v/ Install JTAG Server a5 a Windows service
Delete downloaded files after install

Disk Space Required Status
Download size: 33.51 GB Installation size: 62.60 GB e
0%
Disk space requiredk 96,11 GB Disk space available: 1723 G2

Downloaded: 0.00 GB / 33.51 GB

Help Log Download & Install Pause Close

Table 1. Installation Directory for Bundled Installation with the Quartus Prime
Software
Operating System Linux* Windows*
RiscFree IDE Installation <Intel Quartus Prine <Intel Quartus Prinme
Directory installation directory>/ installation directory>/
riscfree/ riscfree/
Quartus Prime Binary Files <Intel Quartus Prine <Intel Quartus Prine
Directory installation directory>/ installation directory>/
quartus/1inux64/.. quartus/bin6é4/..

Related Information

FPGA Software Download Center
Provides the latest version of the Quartus Prime Design Software.

2.2.1.2. Standalone Installation

You can download the RiscFree IDE for Altera FPGAs from the FPGA Software
Download Center.

Select the latest version of Quartus Prime design software.

N

Scroll down to Downloads, and click the Additional Software tab.

w

Scroll down to Stand-Alone Software.
Find RiscFree IDE for Altera FPGAs and click Download.

»

FPGAs User Guide
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Related Information

FPGA Software Download Center
Provides the latest version of the Quartus Prime Design Software.

2.2.1.2.1. Standalone Installation with Supported Quartus Prime Software

You can install the standalone RiscFree IDE for your system that has a pre-installed
Quartus Prime software.

The standalone RiscFree IDE debug utility requires the Quartus Prime binaries from
the installed Quartus Prime software directory: ../<Intel Quartus Prinme
installation directory>. Install the RiscFree IDE in the same path as the
Quartus Prime software. If you select a different path, you receive the following
message:

Figure 2. Installation Warning Message

You don't have Quartus Prime software or standalone Programmer and Tools
! installed in C:\intelFPGA\22,1std. You need to have either Quartus Prime software
or standalone Programmer and Tools installed in that directory before installing
this software.
Table 2. Installation Directory for Standalone Installation with the Quartus Prime
Software
Operating System Linux Windows
RiscFree IDE Installation Directory | <Intel Quartus Prine <Intel Quartus Prinme
installation directory>/ installation directory>/
riscfree/ riscfree/
Quartus Prime Software Directory | <Intel Quartus Prine <Intel Quartus Prine
installation directory> installation directory>

2.2.1.2.2, Standalone Installation with the Quartus Prime Programmer and Tools

You can install the standalone RiscFree IDE with the Quartus Prime Programmer and
Tools.

The standalone RiscFree IDE debug utility requires the Quartus Prime Programmer and
Tools binaries from the installed Quartus Prime Programmer and Tools directory. Install
the RiscFree IDE in the same path as the Quartus Prime Programmer and Tools: ../
<Quartus_progranmer _installation_directory>. If you select a different
path, you receive an error message. Refer to Figure Installation Warning Message for
the error message.

Send Feedback Ashling* RiscFree* Integrated Development Environment (IDE) for Altera®
FPGAs User Guide
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Table 3. Installation Directory for Standalone Installation with the Quartus Prime
Programmer and Tools
Operating Linux Windows
System
RiscFree <Quartus_programer _installation_directory>/ | <Quartus_programmer_installation_directory>/
IDE riscfree/ riscfree/
Installation
Directory
Quartus <Quartus_programer _installation_directory>/ | <Quartus_programmer_installation_directory>/
Prime qprogrammer/quartus/linux64/.. gprogrammer/quartus/biné4/..
Programmer
Directory
Note: Nios V processor tools are not available for standalone installation with the Quartus

Prime Programmer and Tools.

2.2.2. Getting Started with RiscFree IDE for Altera FPGAs

Writing software for the Nios V processor is like writing software for any other
microcontroller family. An easy way to start designing effectively is to purchase an
Altera FPGA development kit that includes documentation, a ready-made evaluation
board, a getting-started reference design, and all the development tools necessary to
write Nios V processor programs.

This section guides you through the most fundamental operations in the RiscFree IDE
for Altera FPGAs and the following aspects:
¢ How to create an application project for Nios V processor.

e How to import an application project and the board support package (BSP) project
required to interface with your hardware.

e How to build the application in Ashling RiscFree IDE for Altera FPGAs.
e How to run and debug the software on an FPGA development board.

Related Information

Nios® V Processor Software Developer Handbook: Nios® V Processor Software
Development Flow
For more information about Nios® V Processor Software Development Flow. The
chapter describes BSP generation from the hardware system and CMakelLists file
generation for application before importing the binaries into Ashling RiscFree IDE
for Altera FPGAs.

2.2.2.1. Ashling RiscFree IDE for Altera FPGAs Workbench

The term workbench refers to the RiscFree IDE for Altera FPGAs desktop development
environment. The workbench is where you edit, compile, and debug your programs in
RiscFree IDE for Altera FPGAs.

2.2.2.1.1. Perspective, Editors, and Views

Each workbench window contains one or more perspectives. Each perspective provides
a set of capabilities for accomplishing a specific type of task.
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Most perspectives in the workbench comprise an editor area and one or more views.
An editor allows you to open and edit a project resource (i.e., a file, folder, or project).
Views support editors and provide alternative presentations and ways to navigate the
information in your workbench.

Any number of editors can be open at once, but only one can be active at a time. The
main menu bar and toolbar for the workbench window contain operations that are
applicable to the active editor. Tabs in the editor area indicate the names of resources
that are currently open for editing. An asterisk (*) indicates that an editor has
unsaved changes. Views can also provide their own menus and toolbars, which, if
present, appear along the top edge of the view. To open the menu for a view, click the
drop-down arrow icon at the right of the view's toolbar or right-click in the view. A
view might appear on its own or stacked with other views in a tabbed notebook

For detailed information about the RiscFree IDE for Altera FPGAs workbench,
perspectives, and views, refer to the RiscFree IDE for Altera FPGAs help system.

2.2.2.1.2. Starting a Project

You can start a project in Ashling RiscFree IDE for Altera FPGAs, either by creating a
new project or import an existing project. The Project Explorer offers a list of
popular approaches to kick start your project

2.2.2.1.3. Navigating the Project

When you created a Nios V processor project, it appears in the Project Explorer
view. You can expand each project to examine its folders and files.

2.2.2.1.4. Building the Project

When building a Nios V project, you can refer to the following views:
e Console view displays the build progress.
e Make Targets view displays the makefile action.

e Problems view displays the compile warnings or errors.
2.2.2.1.5. Configuring the FPGA

To configure the FPGA, use the Quartus Prime Programmer from the Quartus Prime
software.

The project directory for your hardware design contains an SRAM Object File (.soT)
and the .gsys file. The .sof file contains the hardware design to be programmed in
the FPGA.

Related Information

e Quartus® Prime Pro Edition User Guide: Programmer
For more information about programming an FPGA with Quartus Prime Pro
Edition Programmer.

e Quartus® Prime Standard Edition User Guide: Programmer
For more information about programming an FPGA with Quartus Prime
Standard Edition Programmer.
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2.2.2.1.6. Running the Project

You can run a Nios V processor program using the RiscFree IDE for Altera FPGAs on
Run Configurations, such as an Intel FPGA development board.

To run a software project, navigate to Run and click Run Configurations. This
command conducts the following actions:

¢ Creates an Ashling RISC-V Hardware Debugging.

e Builds the project executable. If all target files are up to date, nothing is built.

e Establishes communications with the target, and verifies that the FPGA is
configured with the correct hardware design.

e Downloads the Executable and Linking Format File (.elf) to the target memory
e Starts execution at the .elf entry point.
To disconnect the terminal from the target, click the Terminate icon in the Console

view. Terminating only disconnects the host from the target. The target processor
continues executing the program.

2.2.2.1.7. Debugging the Project

To debug a software project, navigate to Debug and click on Debug Configurations.
This command conducts the following actions:

¢ Creates an Ashling RISC-V Hardware Debugging.
¢ Builds the project executable. If all target files are up to date, nothing is built.

e If debugging on hardware, establish communications with the target and verify
that the FPGA is configured with the correct hardware design.

e Downloads the .elf to the target memory.
e Sets a breakpoint at the top of main().

e Starts execution at the el entry point.

The RiscFree IDE for Altera FPGAs debugger with the Nios V processor plugins
provides a perspective, allowing you to perform many common debugging tasks.
Debugging a Nios V processor program with the Nios V plugins is generally the same
as debugging any other C/C++ program with RiscFree IDE for Altera FPGAs and the
CDT plugins.

For information about debugging with RiscFree IDE for Altera FPGAs and the CDT
plugins, refer to the RiscFree IDE for Altera FPGAs help system.

2.2.3. Creating the Project

2.2.3.1. Specifying the Project Location

The project location is the parent directory in which the RiscFree IDE for Altera FPGAs
creates the project folder. By default, it is in the same directory as the RiscFree IDE
for Altera FPGAs's workspace directory.

To place your application project in the created folder, turn off Use default location,
and specify the path in the Location field.
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FPGAs User Guide
12


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

2. Ashling RiscFree IDE for Altera FPGAs q Ite rQ
730783 | 2025.04.11 ™

An Intel Company

2.2.3.2. Specifying the Project Name

Select a descriptive name for your project. The RiscFree IDE for Altera FPGAs imports
the folder created previously to contain the application project files. You can still
rename the project if needed. Follow the naming convention below when specifying
the project name:

e The only valid project name characters are letters, numbers, and the underscore
(_) symbol.

e Project names cannot contain spaces or special characters.

e The first character in the project name must be a letter or underscore. The
maximum filename length is 250 characters.

2.2.3.3. Specifying the Project Type

Select the project type that is appropriate to your project. The project type determine
the toolchain, data, and tab that the IDE uses.

2.2.3.4. Specifying the Configurations

Select the configurations that you want to deploy on your project. By default, the
items in the list of all build configurations to be created are checked.

2.2.4. Building the Application

To build a Nios V project in the RiscFree IDE for Altera FPGAs, right-click the project
name and click Build Project. Depending on the speed of the host machine, the build
process can take a minute or two for a simple project, while building a complex
project takes longer. You can monitor the build status using the progress bar. During
the build process, you can view the build commands and command-line output in the
Eclipse Console view. The following message appears in the Console view when the
build process is complete.

If the project has a dependency on another project, such as a BSP or a user library,
the IDE builds the dependency project first. This feature allows you to build an
application and its BSP with a single command.

2.2.5. Run and Debug Configurations in the RiscFree IDE for Altera FPGAs

2.2.5.1. Opening the Run and Debug Configuration Dialog Boxes

You can open the run and debug configuration dialog boxes in two options:
e Right-click an application, point to Run As, and click Run Configurations.
e Right-click an application, point to Debug As, and click Debug Configurations.

Depending on which option you use, the dialog box title is either Run Configurations
or Debug Configurations. However, both views show the same run configurations.
Each run configuration appears on several tabs. The following table describes each
tab.
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Table 4. Run (Debug) Configuration

Tab

Description

Main

e This tab allows you to specify the application project to run.
e You can control the runtime parameters in the following ways:
— Specify the name for the configuration
— Specify the name of the project
— Specify the path of the application
— Select build configuration based on the location of the application

Note: The RiscFree IDE for Altera FPGAs sets these parameters to reasonable defaults. Do
not modify them unless you have a clear understanding of their effects.

Debugger e This tab allows you to control the connection between the host machine and the target
hardware.
e You can control the connection in the following ways:
— Select the Debug Probe in the Debug Probe Configuration, if there is more than one
debug probe available.
— Click Auto-detect Scan Chain to detect JTAG scan chain information of the target device
automatically.
— Use GDB Server Setup to debug the software application remotely.
— Use GDB Client Setup to communicate with the Ashling GDBServer via a TCP connection
using GDB Remote Serial Protocol.
— To modify GDB Server Setup and GDB Client Setup using the command line, you can refer
to:
e Running Ashling GBD Server for GDB Server Setup
e Running GDB for GDB Client Setup
Note: By default, the setup is generic. It can support all environments.
Startup e This tab allows you to configure options related to debugging your program. Example of the

options are loading images or symbols and setting breakpoints, which help you analyze and
troubleshoot your program during execution.

e You can use load image and symbol specifically for booting.

— If you want to download your program to analyze and troubleshoot your program during
execution, turn on both load image and symbols.

— If your program is in booting mode and you want to analyze and troubleshoot your
program during execution, turn off both load image and symbols.

Note: Nios V processor supports hart ID of 0 only.

OS Awareness

This tab allows you to enable OS-aware debugging and specify the operating system to use to
debug your design. The operating system are:

e FreeRTOS
e Linux,

e Zephyr

e pC/0S-II

You can also specify the location of the Python script for the RTOS.

Source You can specify the location of source files that are used when running or debugging a C/C++
application. By default, the source files are taken from your project.

Common When a run configuration is created, it is saved with the extension . launch. You can select an
alternate place for storing your run configuration, how to access it, and which perspective to use
while executing an application.

SVD Path The RiscFree IDE for Altera FPGAs supports Device-specific System View Description (SVD) JSON
format files. The files provide the peripheral registers viewer with detailed definitions. Typically,
they are obtained via the CMSIS Packs or xPacks that have been installed. You can use ZIP to
compress the file.
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2.2.6. Debug Information in the RiscFree IDE for Altera FPGAs

Debug perspective allows you to manage the debugging and execution of a program in
the Workbench. You can control how your program is executed by establishing
breakpoints, pausing started programs, walking through your code, and analyzing the
contents of variables.

The Debug perspective provides the following information:

e Every target that you are debugging has its stack frame for the suspended threads
e Every thread in your program is represented as a node in the tree

e The process for each program that you are running

The Debug view also controls the C/C++ Editor. The C/C++ Editor highlights the
execution pointer's location as you review your code.

2.2.6.1. Variables

The Variables view displays information about the variables in a specified stack frame.
When execution is paused, the updated values are by default indicated in yellow. As
with the other debug-related views, the view does not refresh when you run your
program. When the execution is terminated, it is refreshed.

Figure 3. Variables View

()= Variables X ®g Breakpoin & Expressio & Signals =i Modules == Disassem . Peripheral i Registers = 08

&5 B oo

=i int 2

2.2.6.2. Expressions

An expression is a code snippet that can be evaluated to yield an outcome. The
specific debug model determines the context of an expression. Some expressions
might need to be evaluated at a specific area in the program for the variables to be
referenced. The Expressions view contains information about expressions.

Figure 4. Expressions View
(x)= Variables 9 Breakpoin & Expressio X &+ Signals =\ Modules ¥ Disassem 7. Peripheral i} Registers = O
S % 1o
=1 int 3

o5 Add new expression

2.2.6.3. Registers

The Registers View feature allows you to see details about the registers in a chosen
stack frame. When your program pauses or ends, the Registers view highlights the
modified values.
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Figure 5. Registers View
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2.2.6.4. Memory

In Memory view, you can observe and modify the memory used by your processes. A
list of so-called memory monitors represents the process memory. Every monitor
depicts a memory region identified by its base address. Each memory monitor
supports a variety of predetermined data forms known as memory renderings. The
debugger supports five rendering types: signed integer, unsigned integer, ASCII, and
hexadecimal (default). The monitor creation automatically displays the default

rendering.
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Figure 6. Memory View
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Table 5. Memory View and Description

View Description

Memory Monitors Shows the list of memory monitors that have been added to the debug
session that is currently chosen in the Debug view.

Memory Renderings e Comprises the tabs that display renderings and are controlled by the
selection in the Memory Monitors pane.

e You can set it up to show two renderings simultaneously.

2.2.6.5. Disassembly

The Disassembly view displays the loaded program as assembler instructions mixed
with source code for comparison. An arrow marker highlighted in the view shows the
line that is currently running. It allows you to perform the following tasks:

e Set breakpoints at the start of any assembler instruction

e Enable and turn off breakpoints and set their properties

e Step through the disassembly instructions of your program
e Jump to specific instructions in the program
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Figure 7. Disassembly View
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2.3. Using Ashling RiscFree IDE for Altera FPGAs with Nios V

Processor System

2.3.1. Importing Nios V Processor Project

To import Nios V processor BSP and application project to RiscFree IDE, follow these

steps:

1. Click File O Import Nios V CMake Project.

2. In the Import Nios V CMake Project window, browse and select the location of
the Nios V processor BSP or application project.

3. Click Finish. The CMake driven application or BSP project is added to the Project

Explorer.

4. After you specify the location path, the project name is automatically filled in.
However, you can still rename the project if needed.
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Figure 8. Importing Nios V Processor Sample Project

Import <@pglc00334>
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Project name
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Related Information

AN 985: Nios® V Processor Tutorial

A quick start guide about creating a simple Nios Vprocessor system and

running the Hello World application. Refer to the tutorial for more information
about generating BSP project and APP CMakelists files.
L]

Nios® V Processor Software Developer Handbook: Nios® V Processor Software
Development Flow

For more information about Nios® V Processor Software Development Flow.
The chapter describes BSP generation from the hardware system and

CMakelists file generation for application before importing the binaries into
Ashling RiscFree IDE for Altera FPGAs.

2.3.2. Building Nios V Processor Project

You can browse the project files for Nios V processor project in RiscFree IDE Project
Explorer tab. To build the project, follow these steps:

1. Right-click the project folder and click Build Project.

2. When the build is complete, you can find the console prints as shown in the
following diagram.
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Figure 9. Console Prints

[ Problems ¥ Tasks B Console % [ Properties R E EHA=&E -
(Make Console [app] .

12:01:26 Buildscript generation: app::Debug in C:\Users\emco3\Desktop\software\app\build\Debug

cmake -DCHAKE_BUILD_TYPE:STRING=Debug -DCMAKE_EXPORT_COMPILE_COMMANDS:BOOL=ON -G "Unix Makefiles” "C:\\Users\\emco3\\Desktop\\software\\app"
-~ The ASM compiler identification is GNU

-- Found assembler: C:/intelFPGA pro/22.2/riscfree/toolchain/riscv32-unknown-elf/bin/riscv32-unknown-elf-gec.exe

-~ The C compiler identification is GNU 11.2.9

-~ Detecting C compiler ABI info

-~ Detecting C compiler ABI info - done

-~ Check for working C compiler: C:/intelFPGA_pro/22.2/riscfree/toolchain/riscv32-unknown-elf/bin/riscv32-unknown-elf-gcc.exe - skipped
-~ Detecting C compile features

-~ Detecting C compile features - done

-~ The CXX compiler identification is GNU 11.2.@

-~ Detecting CXX compiler ABI info

-~ Detecting CXX compiler ABL info - done

-~ Check for working CXX compiler: C:/intelFPGA_pro/22.2/riscfree/toolchain/riscv32-unknown-elf/bin/riscv32-unknoun-elf-g++.exe - skipped
-- Detecting CXX compile features

-- Detecting CXX compile features - done

-- Configuring done

-~ Generating done|

-- Build files have been written to: C:/Users/emco3/Desktop/software/app/build/Debug

12:01:31 Buildscript generation finished (took 4899 ms)

2.3.3. Running a Nios V Processor Project
You can download and run Nios V processor software project on the targeted Intel
FPGA using the RiscFree IDE for Altera FPGAs. To run the project, follow these steps:

1. Right-click the project folder (application or BSP) in the project explorer and select
Run As [0 Run configurations.

2. Select Ashling RISC-V Hardware Debugging 0 <Project Name>. Ensure the
Project and C/C++ Application match your project name and your
project .elf file, respectively.

3. In the Main tab, for C/C++ Application, browse to select the application
build -elF file. For example: hello.elf.

Figure 10. Run Configurations for Nios V Processor—Main Tab

Mame: | app

3,

Main | %% Debugger| = Startup | 88 0S Awareness | B> Source| ™2
Project:
app Browse...
C/C++ Application:
1)rilefni0sv{helIoworld_riscfree_24.‘l{soﬂware/app{buildiDefauhihello.elﬁ
Variables... Search Project... Browse...

Build (if required) before launching

Build Configuration: | Select Automatically -
Enable auto build Disable auto build
® Useworkspace settings Configure Workspace Seftings...
Revert Apply
Close Run
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4. Under the Debugger tab, set these settings:

e Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/development
kit)

e Transport type: JTAG

e JTAG frequency: 16 MHz

Figure 11. Run Configurations for Nios V Processor—Debugger Tab

Name: ‘ app

Main | %5 Debugger| = S‘tartup| 8&pg Awareness| 73 Source| | Common| &, SVD Pa‘th|
Debug Probe Configuration

Debug probe l Agilex SI/SoC DevKit1 « ‘ S Transporttype | JTAG b

JTAG frequencyl 16 - ‘MHZ

Target Configuration

Auto-detect Scan Chain

Device/ TAP selection

AGFBO14RZ4A(|RTIR: ~ I Core selection | Nios V (Ox08986E00)

[ | pe net halt the target [ ]Issue TAP reset
|§1 Reset mstatus CSR register

GDBE Server Setup

Additional command-line arguments | ‘

GDB Client Setup

Executable name: ‘ ${eclipse_home}/../toolchain/riscvaz-unknown-elf/bin, | Browse.. || Variables... ‘
Custom instruction ﬂle:‘ ${eclipse_home}/../debugger/gdbserverriscv/niosv_c | Browse.. || Variables... ‘
Other options: ‘ ‘
Commands:

l Revert “ Apply I

5. Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Select the options from Device/Tap selection
and Core selection.

6. Based on the OS you use, configure the OS Awareness settings as follows:
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e Intel HAL: No OS Awareness configuration is required.

e Other OS: Under the OS Awareness tab, turn on Enable OS Aware
Debugging, and select the OS version applicable to you as listed below:

— O0S: pC/0S-II and Version: 2.93.0
— OS: FreeRTOS and Version: 10.5.0
— OS: Zephyr and Version: 3.2.0

Note: Nios V processor does not support Linux OS.

Figure 12. Enabling OS Aware Run in RISC-V Hardware Debugging

MName: | app
2] Main | %5 Debugger | B Startup | 85 0S Awareness | B Source| ™2

+ Enable 0S Aware Debugging
0S:| FreeRTOS * Version:| 10.5.0 -
Cu FreeRTOS
Script | Linux
Zephyr

UC/OS-

Revert Apply

Close Run

7. Click Run. RiscFree IDE for Altera FPGAs downloads the program to the target and
you can find the console prints as shown in the following diagram.

Figure 13. Console Prints after Run Connection is Successful

I#! Problems = Tasks B Conscle X [£] Properties

app [Ashling RISC-V Hardware Debugging]
Ashling GDB Server for RISC-V (ash-risecv-gdb-server)
v24.1.1, 14-Feb-2024, (c)ashling Microsystems Ltd 2024.

Initializing connection ...

Connected to target device with IDCODE Oxc341a0dd using USB-Blaster-2 (16777217) via JTAG at 16.00MHz.
Info : Active Harts Detected : 1

Info : Core[0] Hart[0] is in halted state

Info : [0] System architecture : RV32

Info : [0] Number of hardware breakpoints available : 1
Info : [0] Number of program buffers: 8

Info : [0] Number of data registers: 2

Info : [0] Memory access -= Program buffer

Info : [0] Memory access -= Abstract access memory

Info : [0] CSR & FP Register access -= Abstract commands

Waiting for debugger connection on port 41715 for core O.
Press 'Q' to Quit.
Got a debugger connection from 127.0.0.1 on port 41715.
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2.3.4. Debugging a Nios V Processor Project

2.3.4.1. Download and Debug Nios V Processor Application

You can download and debug the Nios V processor software project on the targeted
Intel FPGA using the RiscFree IDE for Altera FPGAs. To debug the project, follow these
steps:

1. Right-click the project folder (application or BSP) in the project explorer and select
Debug As [ Debug configurations.

2. Select Ashling RISC-V Hardware Debugging 0 <Project Name>. Ensure the
Project and C/C++ Application match your project name and project .el T file,
respectively.

3. Under the Main tab, for C/C++ Application, browse to select the application
build el f file. For example: hello.elf

Figure 14. Debug Configurations for Nios V Processor—Main Tab

Mame: | appl

[E main| %% Debugger| B> Startup | 38 0S Awareness | B Source| ™2
Project:
app Browse...
C/C++ Application:
anyile/niosv/helloworld_riscfree_24 1/software/app/build/Default/hello elf
Wariables... Search Project... Browse...

Build (if required) before launching

Build Configuration: | Select Automatically -
! Enable auto build Disable auto build
® Useworkspace settings Configure Workspace Settings...
Revert Apply

4. Under the Debugger tab, set these settings:

o Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/development
kit)

e Transport type: JTAG

e JTAG frequency: 16 MHz
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Figure 15. Debug Configurations for Nios V Processor—Debugger Tab

Mame: | app

Main | %5 Debugger| [~ S‘[artup| &5 ps Awareness| 73 Suurce| [ common
Debug Probe Configuration

Debug probe lAgiiexS]!SoCDevK'rtu v‘ il Transporttype | JTAG -

JTAG frequency l 16

2, SVD Path|

4
=
I
P

Target Configuration

Auto-detect Scan Chain

Device/TAP selection

AGFEO14R24A(R1IR: ~ ‘ Core selection | Nios W (0X08986E00) w

|| Do not halt the target [ J1ssue TAPreset
[+ Reset mstatus CSR register

GDB Server Setup

Additional command-line arguments ‘ ‘

GDB Client Setup

Executable name: ‘ ${eclipse_home}/_ftoolchain/riscv32-unknown-elf/ ‘ Browse... I Variables... ‘

Custom instruction ﬂle:‘ ${eclipse_home}/../debugger/gdbserver-riscv/nios ‘ Browse... I Variables... ‘

Other options: ‘ ‘

Commands:

‘ Revert ‘ ‘ Apply ‘

5. Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Select the options from Device/Tap selection
and Core selection.

6. Leave all other settings as they are, including those in the Startup tab, as
sensible defaults have been set.

Note: If you turn off Resume, you can debug from the processor initialization.
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Figure 16. Debug Configurations for Nios V Processor — Turn off Resume

[ altera_avalon_jtag_uart_write.c [8 crto.s x

1la t0, trap_vector
csrw mtvec, tO

/* disable all interrupt */
1i t0, 0x88
csrc mstatus, t@
csrw mie, zero
csrw mip, zero
#endif

l

RTL simulations can ensure the

"
*

* Skip initialization if optimizin
N 3

*

[zl app.elf.objdump X
1sassembly of section .entry:

00000000 <_ reset=:

* Jump to the _start entry point in the .text section if reset code
* is allowed or if optimizing for RTL simulation.

Initialize the data cache if present (i.e. si
for RTL s:
ta cache tag
initialized so skipping this spesds up RTL simulation.

1.
M is already

*/
/* Jump to the _start entry point in the .text section. */
tail _start
o: 3c00006f i 3cl < start>

®=Vari % Brea & Expr = Mod . Peri i Re

i

ox0
0x0
0x0
0x0
0x0
0x0

0x0
0x0
0x0
0x0
0x0
0x0
0x0
6 0x0

The example above shows that the program counter is at 0x3cO, which is
displayed in the disassembly just after the reset vector. The processor jumps to
0x3cO0, which is _start (the beginning of the Nios V processor initialization).

If you turn on Resume, you can debug from the user application.

Figure 17. Debug Configurations for Nios V Processor — Turn on Resume

D Send Feedback

[ altera_avalon_jtag_uart write.c [ hello.c
2 #include <stdio.h>
2| #include <unistd.h>

=wvoid looper() {

for (int i =8; i < 1060; ++1)

printf("Helle world, this is the Mios V/m cpu checking in %d...\n",

1);

1

©int main() {
looper();
usleep(16660060) ;
printf("Bye world!\n");
fflush(stdout) ;
return 0;

1
E app.elf.objdump *

000036 <main>:
int main() {

36c: ffO10113 add sp,sp, -16
370: 00112623 sw ra,l2(sp)
374: 00812423 sw s0,8(sp)
378: 01010413 add s@,sp,16
Tlooper() ;
EEE:  fo9ffoef jal 314 <looper>
usleep(1006000) ;
380: 000T47b7 1ui a5,0xf4
384: 24078513 add a@,a5,576 # 4240 < alt_data_end+0xb4240>
388:  254000ef jal 5dc <usleep>

=Vari ® Brea % Expr = Mod % Peri iRt

]

T
» H# Floating Point Registe
» HICSR
» HAll Registers.

Name : pc
Hex:0x37c

The example above shows that the program counter is at 0x37c, which is paused
at the main function and is shown in the disassembly. The processor then jumps

to 0x37c, which is paused at looper().

Based on the OS you use, configure the OS Awareness settings as follows:

e Intel HAL: No OS Awareness configuration is required.

e Other OS: Under the OS Awareness tab, turn on Enable OS Aware
Debugging, and select the OS version applicable to you as listed below:

— OS: puC/0S-II and Version: 2.93.0
— OS: FreeRTOS and Version: 10.5.0
— OS: Zephyr and Version: 3.2.0
Note: Nios V processor does not support Linux OS.
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Figure 18. Enabling OS Aware Debugging in RISC-V Hardware Debugging
Name: | appwithoutload

E Main | %% Debugger | B Startup | 85 0S Awareness | B Source| ™2
g9 P 3

+ Enable 05 Aware Debugging
0S| FreeRTOS * | Version:| 10.5.0 -

Cu FreeRTOS

Script | Linux
Zephyr

UC/OS-I

Revert Apply

8. Click Debug. RiscFree IDE for Altera FPGAs downloads the program to the target
and you can find the console prints as shown in the following diagram.

Figure 19. Console Prints after Debug Connection is Successful

& console % f Problems (3 Executables 3 Debugger Console = 8

app [Ashling RISC-V Hardware Debugging]
|ashling GDB Server for RISC-V (ash-riscv-gdb-server).
v24.1.1, 14-Feb-2024, (c)Ashling Microsystems Ltd 2024.

Initializing connection ...

Connected to target device with IDCODE Oxc341la0dd using USB-Blaster-2 (16777217) via JTAG at 16.00MHz.
Info : Active Harts Detected : 1

Info : Corel[o] Hart[o] is in halted state

Info : [0] System architecture : RV32

Info : [0] Number of hardware breakpoints available : 1
Info : [0] Mumber of program buffers: 8

Info : [0] Number of data registers: 2

Info : [0] Memory access -= Program buffer

Info : [0] Memory access -= Abstract access memory

Info : [0] CSR & FP Register access -= Abstract commands

waiting for debugger connection on port 32877 for core 0.

Press 'Q' to Quit. .
Got a debugger ceonnection from 127.0.0.1 on port 32877.

9. Refer to the Debugging Features with RiscFree IDE section for further debugging.

Note: You can issue a debug reset using niosv-download -r command. This
command only resets the Nios V processor if the debug reset interface is
connected to the Nios V processor IP's reset input in your Platform
Designer.

Note: niosv-download (under <Intel Quartus Prime installation
directory>/niosv/bin directory) is only available for the Quartus
Prime software. This tool is not available for standalone RiscFree IDE for
Altera FPGAsRiscFree IDE installation with the Quartus Prime Programmer
and Tools

FPGAs User Guide
26

Ashling* RiscFree* Integrated Development Environment (IDE) for Altera® D send Feedback


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

2. Ashling RiscFree IDE for Altera FPGAs a Ite rd
730783 | 2025.04.11 ™

An Intel Company

2.3.4.2. Connect to a Running Nios V Processor Application

You can connect to a running Nios V processor software project on the targeted Altera
FPGA using Ashling RiscFree IDE for Altera FPGAs.
Follow these steps to connect to a running project:

1. Right-click the project folder (application or BSP) in the project explorer and select
Debug As U Debug configurations.

2. Select Ashling RISC-V Hardware Debugging O <Project Name>. Ensure the
Project and C/C++ Application match with your project name and your
project .el T file respectively.

3. Under the Main tab, for C/C++ Application, browse to select the application
build .el T file. For example: hello.elf.

Figure 20. Debug Configurations for Nios V Processor—Main Tab

Name: | appl

[ Main | % Debugger| B+ Startup | 33 0S Awareness | & Source| ™2

Project:
app Browse...
C/C++ Application:

anyile/niosw/helloworld_riscfree_24.1/software/app/build/Default/hello.elf

Wariables... Search Project... Browse...

Build (if required) before launching

Build Configuration: | Select Automatically -
! Enable auto build Disable auto build
® Useworkspace settings Configure Workspace Settings...
Revert Apply

4. Under the Debugger tab, set these settings:

e Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/development
kit)

e Transport type: JTAG

e JTAG frequency: 16 MHz
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Figure 21.
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Debug Configurations for Nios V Processor—Debugger Tab

Name:| app

B Main % Debugger| # Startup &8 OS Awareness| % Source| ] Common | % SVD Path

Debug Probe Configuration
Debug probe Agilex SI/SoC De ~ 4 Transport type | JTAG =
JTAG frequency | 16 v |MHz
Target Configuration
Auto-detect Scan Chain

Device/TAP selection  AGFBO14R24A(. ~ Core selection | NiosV (0x08986 ~

Do not halt the target Issue TAP reset
Reset mstatus CSR register
GDB Server Setup
Additional command-line arguments
GDB Client Setup:
Executable name: ${eclipse_home}/../toolchain/riscv32-unknown-elf/bin/riscv32-unknown-elf-gdb Browse.. Variables.
Custom instruction file: | ${eclipse_home}/../debugger/gdbserver-riscv/niosv_custom_instr.xml Browse... || Variables...

Other options:

Commands:

Revert Apply

Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Select the options from Device/Tap selection
and Core selection.

Turn off Reset mstatus CSR register

Navigate to Startup tab, go to Load Image and Symbols and turn off the
following features:,

a. Load Image
b. Set Breakpoint

c. Resume
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Figure 22. Debug Configurations for Nios V Processor—Startup Tab

Name: I appwithoutload

%= SVD Path

Main |7$" Debugger ‘ & Startup ‘ #0s Awareness‘ B Source| D Common

Specify hart ID for load and run commands lII

Load Image and Symbols:
[ ] Load image

(® Use project binary:

(O Use file: | H Workspace... || File System...

Image offset (hex): |
[+ Load symbols

(s) Use project binary:

() Use file: Workspace... File System...
| | |

Symbols offset (hex):

Run Commands

[JSet program counter at (hex): | ‘

[_] Set breakpoint at: | main ‘

[ Resume

| Revert H Apply |

8. Based on the OS you use, configure the OS Awareness settings as follows:
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e Intel HAL: No OS Awareness configuration is required.

e Other OS: Under the OS Awareness tab, turn on Enable OS Aware
Debugging, and select the OS version applicable to you as listed below:

— O0S: pC/0S-II and Version: 2.93.0
— OS: FreeRTOS and Version: 10.5.0
— OS: Zephyr and Version: 3.2.0

Note: Nios V processor does not support Linux OS.

Figure 23. Enabling OS Aware Debugging in RISC-V Hardware Debugging

Mame: | app

[E] Main | %% Debugger | B+ Startup | 88 0S Awareness | B> Source| ™2

+ Enable 0S Aware Debugging
0S:| FresRTOS * | Version:| 10.5.0 -

Cu FreeRTOS

Script| Linux
Zephyr

uc/os-l

Revert Apply

Close Run

9. Click Debug. RiscFree IDE for Altera FPGAs downloads the program to the target
and you can find the console prints as shown in the following diagram.

Figure 24. Console Prints after Debug Connection is Successful

3 console % fl Problems {3 Executables G Debugger Console = B8

" 2 »0E ro-o-
app [Ashling RISC-V Hardware Debugging]

lashling GDB Server for RISC-V (ash-riscv-gdb-server).
v24.1.1, 14-Feb-2024, (c)ashling Microsystems Ltd 2024.

Initializing connection ...

Connected to target device with IDCODE Oxc341a0dd using USB-Blaster-2 (16777217) via JTAG at 16.00MHz.
Info : Active Harts Detected : 1

Info : Corel@] Hartlo] is in halted state

Info : [0] System architecture : RV32

Info : [0] Number of hardware breakpoints available : 1
Info : [0] Number of program buffers: 8

Info : [0] Mumber of data registers: 2

Info : [0] Memory access -= Program buffer

Info : [0] Memory access -= Abstract access memory

Info : [0] CSR & FP Register access -= Abstract commands

wWaiting for debugger connection on port 32877 for core O.

Press 'Q' to Quit.
Got a debugger connectien from 127.0.0.1 on port 32877.

Currently, the program is running in debug mode. You can check the Debug tab on
the left side of the RiscFree IDE for Altera FPGAs.
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Figure 25. Debug state - Running

w & hello.elt

-© Thread #1 [TAP 1 (Hart 0)] 1 (Running)

_ B TR e | R ety

Note: Before you proceed to debug, make sure the debugger is in Suspended
state. For more information on how to suspend the debugger, refer to GUI
for Debugging.

Figure 26. Debug state - Suspended

e

w i Thread #1 [TAP 1 (Hart 0)] 1 (Suspended : Signal : 0:Signal 0)

10. Click Suspend icon in the Debug bar.

To verify the boot copier has copied the application successfully, continue with the
following steps:

11. Go to Window 0 Show View [0 Memory Browser.
12. Select Add Memory Monitor.
13. Provide the memory address 0x0 and click OK.

Figure 27. Memory Browser at Address 0x0

0 Memory x o 5o o EE| B § =8
Monitors db 38 % 0x0:0x0 <HexInteger> X | 5 New Renderings...

Address O - 3 4.7 3 - B - - F

ococoeooo [JERERERER 00000000 00G00000 0200000

00000010 000OE000 COO0000D 0OOOOE0O 000OEOO0

00000020 FCOLE113 00112023 00512223 00612423

0000030 00712623

00000040
00000050
00000DED 03F12E23 =
00000070 144000EF 3
000O0OE0  00E12303

0301242

14. Go to <Working directory>/software/app/build/Default folder.
15. Open the hello.elf_objdump file.
16. Search for Disassembly of section .entry.

17. The disassembly shows that the information at starting address 0 is 0x3680006f,
which is exactly the same as in the Memory Browser.

18. You can continue to verify section .exceptions.

Figure 28. Disassembly of an Application

Disassembly of section .entry:

000RE000 < reset=:

* Jump to the _start entry point in the .text section if reset code
* 15 allowed or 1f optimizing for RTL simulation.

*/

/* Jump to the _start entry point in the .text section. */
tail _start
o:  3680006f i 368 = starts
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2.3.4.3. Considerations when Debugging ROM-based Designs

A ROM-based Nios V processor design refers to the Nios V processor software
developed specifically to be stored in involatile memories, such as ROM or Flash. The
ROM-based designs are closely related to the booting implementation in Nios V
Embedded Processor Design Handbook.

Nios V Processor Booting from On-Chip Flash (UFM)

Nios V Processor Booting from General Purpose QSPI Flash

Nios V Processor Booting from Configuration QSPI Flash
Nios V Processor Booting from On-Chip Read-Only Memory (OCROM

Any write attempt by the debugger into a ROM or Flash is not supported because of
the ROM'’s read-only characteristics and the Flash’s write operation complexity,
respectively.

Thus, debugging ROM-based designs come with the following limitations:

1. The debugger is unable to download the application ELF into ROM/Flash. This is
affecting the Load Image feature in Startup tab.

2. The debugger is unable to set software breakpoint, which replaces instructions
with ebreak. This condition is affecting the Set breakpoint at feature in Startup
tab, stepping actions in Debug Bar and Toggle Breakpoint.

Once the application is booting successfully, Altera recommends implementing
Connect to a Running Nios V Processor Application along with setups in Unable to Set
Software Breakpoint to connect and debug the application.

2.3.4.3.1. Unable to download (Load Image)

You can program the ROM/Flash using specialized programming methods to load the
image into the involatile memories. For more information, please refer to Nios V
Embedded Processor Design Handbook - Nios® V Processor Configuration and Booting
Solutions.

Table 6. Programming Methods
Involatile Memories Programming File Programming Methods
UFM POF file Using Quartus Programmer under Internal Configuration mode.
General Purpose QSPI | POF file Using Quartus Programmer under Passive Serial or AVST mode with
Flash Parallel Flash Loader.
Configuration QSPI JIC file Using Quartus Programmer under Active Serial mode.
Flash
On-Chip Read-Only HEX file Memory initialized during Quartus project compilation.
Memory
2.3.4.3.2. Unable to Set Software Breakpoint
The Ashling RiscFree IDE setups breakpoints as software breakpoints by default. This
behavior applies to the Set breakpoint at: feature in the Startup tab, stepping
actions in the Debug Bar, and Toggle Breakpoints. You must perform the following
setups to switch from software breakpoint to hardware breakpoint.
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Setups Effects Related Breakpoint Features
Define the ROM memory region in Debugger RiscFree IDE for Altera FPGAs e Set breakpoint at: feature in
tab 0 GDB Client Setup U Command. automatically switches to Startup tab
hardware breakpoint when it  Stepping actions in Debug Bar.
;:J:an(;ciﬂoensl ar:xexgz:kegn};l\:nthm ale Any breakpoints within the Read-
Y y region. Only region
When adding breakpoints, click Toggle Manually setup a hardware Any user-added breakpoints within
Hardware Breakpoint. Refer to Hardware breakpoint. the Read-Only region
Breakpoint.
Follow these steps when adding breakpoints: Manually configure a software Any user-added breakpoints within
1. Click Toggle Breakpoint. breakpoint into hardware the Read-Only region
2. Right-click on the breakpoint symbol. breakpoint.
3. Navigate to Breakpoint Properties.
4. In Common, change Type from Regular
to Hardware.
Figure 29. Defining ROM Memory Region
GDB Client Setup
Executable name: ${eclipse_home}/./toolchain/riscv32-unknown-elf/bin/riscv32-unkn | Browse.. Variables..

Custom instruction file: ${eclipse_home}/./debugger/gdbserver-riscv/niosv_custom_instrxr Browse.. Variables..
Other options:

Commands: mem 0x0 0x6ffff ro
mem 0x200000 0x21ffff rw

The following are the settings in this example:

e Address 0 to Ox6FFFF is a Read-Only region. Ashling RiscFree IDE for Altera FPGAs
IDE automatically switched to hardware breakpoint when it identifies any
breakpoint within this region.

e Address 0x200000 to Ox21FFFF is a Read-Write region. The breakpoint in this
region remains as software breakpoints.

Figure 30. Type Option in Breakpoint Properties

Common

Class: C/C++ Line Breakpoint
Type: Regular v
File: Regular 6

Hardware

Line number: Temporary

Enabled |Hardware Temporary

2.3.5. Debugging Tools

2.3.5.1. View Variables

To launch the variables view, go to Window 0 Show View 0 Other... 0 Variables.
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Figure 31. Variables View
tx)=Variabl X 9 Breakp &7 Expres & Signals =i Module == Disass T, Periph i} Regist = 0

wlEde e o

Mame Type Value

MName @ 1
Details:1
Default:l
Decimal:l
Hex:0x1
Binary:1l
Octal:01

In this view, you can view the variables in your program. When you click on a
variable, it displays the number format for the selected variable.

2.3.5.2. Adding Expressions
To launch the expressions view, go to Window U Show View [0 Expressions.

Figure 32. Expressions View

()= Variables 9 Breakpoin 57 Expressio X &s Signals =\ Modules =2 Disassem %, Peripheral iii Registers = O

7o

E % X % 1ot i
Expression Type Value

o0 Add new expression

To add an expression in the view, follow these steps:
1. Click Add new expression in the view.
2. Type the expression that you want to display. Press Enter.
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Figure 33. Expressions View — Add new expression

(x)= Variables ©g Breakpoin &7 Expressio X & Signals =\ Modules =¥ Disassem &
]
Expression Type Value

] I

3. The expression and its value are displayed in the Expressions view. When the
execution of a program is suspended, all expressions are reevaluated.

2.3.5.3. View Memory

Ashling RiscFree IDE for Altera FPGAs supports memory browsers. You can view the
content of On-Chip Memory (RAM) or other memory devices. This example targets the
start address of On-Chip Memory (RAM) where an application begins.

To launch the memory browser, follow these steps:

1. Go to Window 0 Show View 0 Memory Browser.
2. Select Add Memory Monitor.

3. Provide the memory address 0x0 and click OK.

Figure 34.
0 Memory X my e [ |E| 5 |§| v 8§ = O
Monitors & R % m{ﬁNmRendenngs

Address 0 - 3 4 - 7 3 - B - - F
00800000 ololololo oloo o ololsllolo o Jalelo/o olalole]
00COEELO O0GDOO00O Q0000000 COO0000D O0OO0DOO
00EEEEZ20 FCOLO11Z2 00112023 2223 00612423
00EEEE30
[olololcloloilo]
[ee]o]ololos 0]
0DDOEOOB0  03F1ZEZ23
00OORETO  144000EF
OOOOBOOEO  OO0E12302 01012502

4. Go to <Working directory>/software/app/build/Default folder.

5. Open the hello.elf.objdump file.

6. Search for Disassembly of section .entry.

7. The disassembly shows that the information at starting address 0 is 0x36c006f,

which is exactly the same as in the Memory Browser.
8. You can continue to verify section .exceptions.
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Figure 35. Disassembly of an Application

Disassembly of section .entry:

0OOREEAR <_ resets: ) ) ) )
* Jump to the start entry point in the .text section if reset code
* 15 allowed or 1f optimizing for RTL simulation.

*f
J* Jump to the _start entry point in the .text section. */
tail _start .
0:  3680006f ] 368 < start=

2.3.5.4. Disassembly View with Registers View/ Stepping into assembler
functions

Disassembly view allows you to observe your program as it is disassembled. This
view is helpful when the instruction pointer enters a function for which it does not
have the source.

To launch the disassembly view, go to Window 0 Show View [0 Disassembly.

Figure 36. Disassembly View

[g hello.c x = B  -varia % Bresk < Expre B\ Modu ¥ Disas X . Perip HifRegis = O
#include <stdio.h= = 2
#include <unistd.h> Enterlocationhere | v | &1 fy |5 |&| o §

. 00000314: add sp,sp,-16
void Llooper() { . Y
o for (int i =0; i < 1000; ++i) { . ggggg;? :: gg’ééz?)
pr1n;f( Hello world, this is the Nios V/m cpu checking in d 00000320+ add s0,sp, 16
} 11 looper();
» 00000324: jal 0x2bc =looper=
- int main() { 12 usleep(1000000) ;
I 1 0 [clelololoic=l=H Tlui as, oxfa
» e 000a] ; 0000022c:  add a0, 85,576
rint‘;("E o worldinne) 00000330:  jal 0x56¢ <uslesp>
?ﬂ.ush(stgout)' ’ 13 printf ("Bye worldi\n");
Tetum oF ; 00000334:  luL as, 0x15
) ; 00000338:  add a0, a5, 556
0000033c:  jal Ox3bce <puts>
14 fflush(stdout);
00000340: 1w as, -2016(gp)
00000344 Tw a5,8(as)
00000348: mv ao0,as
0000034c:  jal ox222¢ <fflush=
15 return ©Q;
00000350: 15 as, 0
16 ¥
C00e0354: mv a0,as
00DO0358: 1w ra,12(sp)
0000035C: Tw s0,8(sp)
00000360 add sp,sp, 16
00000364 ret
start

To debug using the disassembled code in the Disassembly view, set a breakpoint at
the line you wish to pause. Once the debugger step into the line that you have set the
breakpoint, you can observe the change in the Registers view.

Figure 37. Disassembly View with Register View

[ghelloc  [Jaltextc [§cr0S  [J alteraavalon jtag uart wiitec i Registers X = B (9 Variables ® Breakpoints € Expressions 5» Signals B Modules I Disassembly X %, Peripherals =8
5B e 8 Enter location here. - 8 o5 =
[ 000002d0: ox2f0 <looper+52>
i R 6 printf(*Hello world, this is the Nios V/m cpu checking in %d...\n", i);
I T N ooz v
= 000002ds:  lui a5, 0x15,
0x40000001 000002dc : add a0, a5, 896
00 000002¢0:  jal Ox3adc <printf>
000002e4: w as, - 20(s0)
0x6 émooozea: add as,as,1
000002ec: | SW a5, -20(s0)
0x80808080 000002f0: 1w a4, -20(s0)
ox166ea c00002f4: L1 35,999
000002f8: _ bge aS,a4,0x2d4 <looper+24>
0x192e0 8 }
000002fc: nop
ox16fan 00000300: nop
ox16f48 00000304:  lw ra,28(sp)
00000308: w s0,24(sp)
0x0 0000030c:  add sp,sp, 32
liiis6 Ox3fe6d 00000310: |, ret
int main() {
Name : a2 main:
Hex:0x37 00000314:  add sp,sp,-16
Denm?lzss 00000318 sw ra,12(sp)
0:131.?67 0000031c: sw s0,8(sp)
El;'ar{-}lmll 00000320:  add s0,sp, 16
pefault:ss I3t Tooper();
00000324:  jal Ox2bc <loopers
usleep (1000000) ;
PN Ty
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2.3.5.5. Hardware Breakpoint

RiscFree IDE for Altera FPGAs supports hardware breakpoint when debugging on On-
Chip ROM or flash. Follow these steps to use hardware breakpoint:

1. Set a hardware breakpoint at main() by right click on the left-margin of the line
containing main().

Figure 38. Set Hardware Breakpoint
|

=int main() {
7

pori) .

IToggIe Hardware Breakpointl

Toggle Breakpoint Shift+Ctrl+B
Add Breakpoint...

Add Dynamic Printf...

Enable Breakpoint

Breakpoint Properties..

Breakpoint Types 4

2. To make sure the hardware breakpoint is in the correct location, you can check the
value in the tdata? register in the Window 0 Show View [0 Other... O
Registers 0 CSR.

Figure 39. Value int dat a2 Register

2 hello.c X app.elf.objdump X

»Vari % Brea 47Expr x mMod = Disa % Peri lifRegi
368: 00008067 ret §e ¢ %

8 #include <
a  #include <
void loopei

0608636c <nain>:

for (int i = 0; i < 1060; ++1) { int main() { *$pc void (410 0x37¢ <main+16>
printf(*ollo wortd. this s the Nies V/m cpu s rrolons 204 sp.2p, 16 stdata2 uint32.¢ Ox37¢ (Hex)
) a74: 00812423 S 50,8(sp) 4 Add new express.
) 378: 01010413 add s6,5p,16
ot maing ( Tooper();
BA:  f99ff0ef jal 314 <looper>
CeTEEpTTOb0000) ; usleep(1680000) ;
printf(*Bye world!\n") ; 380: 00074707 oL a5,0x74
FFlush(stdout) ; 384: 24078513 add a0,a5,576 # 14240 <_alt_data_
return 0; 388: 254000 f Jal 5d¢ <slesp>
| I printf("Bye world!\n");
3Bc: 00014707 ui a5,0x14
390:  13c78513 add 20,a5,316 # 1413 <_flash_rod
394:  69d030ef Jal 4230 <puts>
#flush(stdout) ;
398:  8201a783 w a5,-2016(gp) # 16398 < impure_
39c:  0087a783 v 35,8(5)
3a0: 00078513 v a0,a5
3ad:  7cdoloef jal 2370 <Fflush>
return 0;
3a8: 00000793 U 5.8
3ac: 00078513 v a0,a5
30:  00c12083 v ra,12(sp)
3b4: 00812403 W s0.8(sp)
3b8: 61010113 add sp,sp,16
3bc: 00008067 ret

Figure 40. Difference between Hardware and Software Breakpoints

. =int main() {
Hardware breakpoint b o Tooper();
. usleep(1000G00) ;

Software breakpoint ———» ¢ printf(*Bye world!\n");

fflush(stdout) ;
return 0;

2.3.5.6. Configuring Program Counter Manually

The RiscFree IDE for Altera FPGAs provide the feature to change the processor's
program counter during debugging. Note that, this feature must be used with caution.
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Changing the program counter can lead to inconsistent program states, unexpected
behaviour, or crashes if not done carefully. It is generally recommended for advanced
users who have a deep understanding of the program's logic and state.

1. Navigate to Startup tab 0 Run Commands 0 Set program counter at (hex).
2. Provide any instruction memory address in HEX.

3. You may refer to the objdump file to locate the interested instruction memory
address.

4. Start debugging, and the processor jumps to the specified instruction memory
address.
Figure 41. Set program counter at (hex) in Startup tab

Run Commands

B Set program counter at (hex): 0

2.4. Using Ashling RiscFree IDE for Altera FPGAs with Arm Hard
Processor System

This section provides guidance on debugging Arm HPS core using the RiscFree IDE
debugging tool. This tutorial is based on the Altera FPGA example design from Ashling.

Note: RiscFree IDE supports Arm HPS standalone debug.

2.4.1. Pre-requisite for Debugging Arm HPS Project

This example uses the Agilex 7 board. To prepare the platform you are planning to
debug, follow these steps:

1. Prepare a golden system reference design (GSRD) HPS .sof file or use a prebuilt
HPS .sof file.

2. Download the HPS .sof file to the Agilex 7 board using the Quartus Prime
Programmer and Tools.

Related Information

e Agilex 7 SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

e Cyclone V SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

e Stratix 10 SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

e Arria 10 SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

2.4.2. Importing Arm HPS Project

To import the Agilex 7 Arm Cortex*-A53 sample project and a pre-built .elf file,
follow these steps:

Note: Arm toolchain is not included by default. Follow the steps in the Toolchain for Arm
Processor section to modify toolchain configuration to include Arm GNU GCC toolchain.

Ashling* RiscFrge* Integrated Development Environment (IDE) for Altera® Send Feedback
FPGAs User Guide

38


https://rocketboards.org/foswiki/Documentation/AgilexSoCGSRD#Release_Contents
https://rocketboards.org/foswiki/Documentation/CycloneVSoCGSRD#Release_Contents_44_Locations_and_Tags
https://www.rocketboards.org/foswiki/Documentation/Stratix10SoCGSRD
https://www.rocketboards.org/foswiki/Documentation/Arria10SoCGSRD
mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

2. Ashling RiscFree IDE for Altera FPGAs a Ite rd
730783 | 2025.04.11 ™

An Intel Company

1. To open the Import wizard, click File 0 Import. In the Import wizard, select
Ashling Sample Projects [1 C/C++ Sample Projects and click Next.

2. In the Import Sample Project Wizard, select examples 0 agilex 0 cortex-
a53-sum and click Finish. The project is listed in the Project Explorer.
Figure 42. Importing Cortex-A53 Sample Project to RiscFree IDE
L4

Import Sample Project

Select the sample project to import into the workspace

~ [ examples
~ [ agilex
@ agilex-a53-sum
nios-v-sum
amald
cyclone-v
qgemu
_| stratix10

? < Back t | Finish Cancel

Related Information
Toolchain for Arm Processor on page 119

2.4.3. Setting Debug Configurations and Downloading Arm HPS Project
Using RiscFree IDE

To debug the project, follow these steps:

1. Right-click the project directory and select Debug O Debug Configurations.

2. Select Ashling Arm Hardware Debugging O cortex-a53-sum. Ensure the
Project and C/C++ Application match with your project name and your
project .elT file respectively.

3. Under the Debugger tab, set these settings:
e Debug probe: Agilex SI/SoC Dev Kit — Select the connected device
e Transport type: JTAG
e JTAG/SWD frequency: 16 MHz

e Core selection: Can select any core between 0 to 3

Send Feedback Ashling* RiscFree* Integrated Development Environment (IDE) for Altera®
FPGAs User Guide

39


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

q Iterd 2. Ashling RiscFree IDE for Altera FPGAs

730783 | 2025.04.11
An Intel Company

Figure 43. Debugger Settings for Agilex 7 Arm Cortex-A53 Core

Name: agilex-a53-sum
Main | % Debugger| I Startup | # Trace %~ Source ] Common|%. SVD Path
Debug Probe Configuration
Debug probe  Agilex 51/5SoC Dev Kit ¢ - Transport type JTAG
JTAG frequency 16 MHz

Target Configuration

Auto-detect Scan Chain

Device/TAP selection S10HPS/AGILEX_HPS/M Core selection Cortex-A53 (0x000000( ~

GDB Server Setup

Additional command-line arguments

GDB Client Setup

Executable name: ${eclipse_home]/./toolchain/Arm/aarché4-none-elf/bin/aarch Browse.. Variables...
Other options:

Commands:

Revert

Close

Note: The default settings for the current example design in the RiscFree IDE are
configured based on Agilex 7 device.

Note: If you are using a different Arm architecture, select the Arm GNU debugger
(GDB) (select GDB Client Setup 0 Executable name) manually.

*  64-bit ELFs: ${eclipse_home}/../toolchain/Arm/aarch64-
none-elf/bin/aarch64-none-elf-gdb.exe

e 32-bit ELFs: ${eclipse_home}/. ./toolchain/Arm/arm-none-
eabi/bin/arm-none-eabi-gdb.exe

4. Click Debug. RiscFree IDE downloads the program to the target and you can find
the console prints as shown in the following diagram.

Figure 44. RiscFree IDE after Program is Downloaded and System is Ready for Debug

© Console X =3Progress (%] Problems © Executables O Memory Browser & Debugger Console @ Memory L]
cortex-a53-sum [Ashling Arm Hardware Debugging]

Ashling GDB Server for ARM (ash-arm-gdb-server).

v22.2.0, 06-May-2022, (c)Ashling Microsystems Ltd 2022.

@@ #e-s5-=0

Checking for an active debug connection using the selected debug probe (SN: 1):
Connected to target device "Agilex” using USB-Blaster-2 (1) via jtag at 16MHz.
Waiting for debugger connection on port 52734 for core 0.

Press 'Q" to Quit.

Got a debugger connection from 127.6.0.1 on port 52734.

Related Information

Debugging Features with RiscFree IDE for Altera FPGAs on page 41
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2.5. Debugging Features with RiscFree IDE for Altera FPGAs

2.5.1. Debug Features in RiscFree IDE

2.5.1.1. Viewing Global Variables

RiscFree IDE has dedicated global variables.

To view the global variables in the application (.elF), follow these steps:
1. Go to Window [ Show View [0 Other... 0 Debug 00 Global Variables View.

Figure 45. Global Variables View

© Console = Progress . Problems @ Executables O Memory Browser @ Debugger Console @ Memory & Global Variables View
Name Type Value

2. To list all available global variables in the application (.elf), in the Global
Variables View tab, click the Add Global Variables icon. Select the required
variables to view in the Global Variables View.

2.5.1.2. Launching Memory Browser
RiscFree IDE supports memory browser.

To launch the memory browser, follow these steps:
1. Go to Window O Show View [0 Memory Browser.

2. View the target memory in the memory browser.

Figure 46. Memory Browser showing Target Memory

© Console = Progress il Problems @ Executables ( Memory Browser X & Debugger Console (0 Memory (2 Global Variables View me|Meg =0
px400 Go| NewTab

0x400 <Traditional> X

0x00000400 (C3ASCDAS 5120C131 €48C44F9 85ACC5A6 C59CE184 85BC01A9  1¥A.A-.1A-Q-CyCUD.A)x-AjA-~. .a.A°1.00.%. A
0x0000042C 892CESAE C1ACC5EC C53CC4AD CAECDAA4 CDACCSA4 C5EAS (C5ACCS8C E C1B9C7BC 449 C124c4n8 3, -A<Ar HA-1-AsAA-A %C1A-C.DHASA
0x00000458 S4A4ESAD C1A9C5A9 CA4B(71B8 CSABA4AC 9BACCI2A (54 4 CSADCS8E DOAC DSABC72C  -8HTX0*(GAGA: QUA-DA=A-. A-A-9°.,C0
0x00000484 CSACA7AD C9ACDSAD FAECD7AC 45ADC99D DSBC24FC EQAESSAD  -G-A%.~1-0-£1A. A-x16XA%0 . E-E-A-CigkD. 5-1-. %6
0x000004B0 C72CF561 C4 D53C41EC 05B4C5A8 D7ACE7AE 12E CSBCESAD C53CCSAC @b, (. AeAiADI0 8 A". 2a-A®cx. STA-8KA-C “5-AA
0x900004DC  CSABDSAE CDE DDACC48C CSECCIEC E1ACE1BF 85AF 850BC0B8 AAC 18ACCS85 A2944538 1FADCTAC  #0"A A-YiAiAia-a A --AAS. ~C-.
0x00000508 5SSACCSAC 445 DSEACSAC E1A; C585CSAE 4 C5A8C528 5AC CSEECDAC CS9CCEEC -A-Uva®.-AeDiA a®A.Adu. £(A"A-Uaa-11A-A-Vi£.A
0x00000534 DDACSDAC DDACCO2C CaAca73C 148CE7AE C7EACIAC ASACCIEC  ~.-V-£8A,A-VUAIS<G-A, 35 10¢. . XAXE-ABC>A-AIA-E
0x00000560 C5C8C5B7 CSABCSAC 4 DSACESFC 1184 CDACCAEC C5CDE124 84ACCSEC ESACOOBC  -AEANA9E-A"As .- ii8-0.A.A1A-T iA-. %~
0x0000058C C5DICDBS 5SEC CCAC84AC 2 DBACCS34 4 C588CDAC DAAC 4596CSAE C584CDEA 8OACFDAC  pfUA ~.-1. e:4A-p A-U-1.A ®A.E -y~
0x00000588 (30C459C BAF4 CSAC65AC 4 CSACCAAC C4 DSAE44AC 4 C768CDE8 C52A49AE .E.A-06 -e-ArA90-A-A|AA-D®0KC . AeThC. |eAT*A
0x000005E4 CDEECDEA C8ECCSEA DSACESAC F5A4C 548 D535CF90 E5BACSBC C529E5AC  &fife % GARE-A..~3-0"A5. T5OKAIANA 8x0rA-8)A
0x00000610 EAEEC7EA E1 DDBCCSES 1AC CSECFSA4 95ACDCAC CF98CD3C (4 85AB8DEC  &C18-01a8ANY-A%aHEIAIAIA-D-. <1.1 P
0x0000063C CS8EDSAL C5A 4 81BCC12C 58E E1B8CABC 45ACD (€58484AC (19CC429 CD8CCIAC C59CC5B8 €62C4D@B j0.A A%, YA & -~ AAA-AT M, A
0x00000668 CSACE1AC C524C143 E@BBESAC D57C15AC C4. CD2C878C C@BCCSAC ADACCSAD -4-Aish-a.a -.10 oo, Tu® NA-A-i-A-M
0x00000694 C7ABCSB6 4 C58CC7AC CSACDSA6 54BCCIAC c18cC384 5050790 9A C.A%6~C.A.A-310-A.3ha-A%TiA%a AL AiAX. . .AA

2.5.1.3. Debugger Console
RiscFree IDE supports debugger console.

You can launch the debugger console from Window 0 Show View [0 Debugger
Console.

You can enter debug commands and view output in the debug console. The GNU GDB
syntax is fully supported in the console.
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2.5.1.4. Specifying the SVD File

RiscFree IDE supports device-specific System View Description (SVD) JSON format
files which provide a high-level, textual description of registers and the associated
bits. Intel provides the SVD files as part of the Software Development Kit.

Table 7. SVD File Path

Operating System SVD File Path
Linux <Intel Quartus Prine installation directory>/riscfree/xsvd
Windows <Intel Quartus Prine installation directory>/riscfree/xsvd

To specify the SVD file in Debug Configuration, follow these steps:
1. Open the Debug Configuration window.

Figure 47. Specifying the SVD File

Name: | cortex-a53-sum

| I Main %Debugger:b- Startup | 5 Source | [C] Common |'#, SYD Path
SVD file (used by the peripheral registers viewer; may be .svd.zip)

File path: | ChintelFPGA_pro\22.2\riscfree\xsvd\agilex_hps.svd | Variables...

Revert Apply
Debug Close

2. Under the SVD Path tab, browse and select the SVD file.
3. Click Debug to start debugging.

2.5.1.5. Breakpoint Settings

RiscFree IDE supports SoC-wide breakpoint and core-specific software breakpoints in
shared code.

SoC-wide Breakpoint

A single breakpoint can halt all cores in active debug launches. To enable SoC-wide
breakpoint, go to Run 0 Enable SoC Wide Breakpoint.

Core-specific Software Breakpoints

This breakpoint can only halt a specified core if debug is running for common code
shared between multiple cores. To enable this feature, go to Window 0 Preferences
0 C/C++ U Debug [0 GDB and select Set breakpoint for active debug context
only. This option is unchecked by default. If this is unchecked, any breakpoint set in
shared code is applicable for all the cores sharing the code.
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2.5.1.6. JTAG UART Output Terminal

You can view the output of JTAG UART (juart) terminal in the RiscFree IDE via the
external tool configuration.

Figure 48. JTAG UART Terminal Console Print

B Console x [£] Problems @ Executables O Memory Browser & D: Console - Vari <1> = Vai. <2> (2 Global Variables View =0
] xR S8 28~

juart-terminal [Program] C\intelFPGA_pro\22.2\qprogrammer\quartus\bin64\juart-terminal.exe [pid: 5096] (1 Jun 2022, 2:54:03 pm) [pid: 5096]

juart-terminal: connected to hardware target using JTAG UART on cable -~

juart-terminal: "USB-BlasterII [USB-2]", device 1, instance @
juart-terminal: (Use the IDE stop button or Ctrl-C to terminate)

Hello world, this is the Nios V/m cpu checking in @...
Hello world, this is the Nios V/m cpu checking in 1...
Hello world, this is the Nios V/m cpu checking in 2...
Hello world, this is the Nios V/m cpu checking in 3...
Hello world, this is the Nios V/m cpu checking in 4...
Hello world, this is the Nios V/m cpu checking in 5...
Hello world, this is the Nios V/m cpu checking in 6... v

Related Information

Performing External Tools Configuration in Ashling RiscFree IDE for Altera FPGAs on
page 121

2.5.2. Processor System Debug

This section is a generic debugging section where the debugging steps are the same
for Nios V processor and Arm HPS debugging.

Follow the guidelines in this section to start debugging the program using GUI or the
GDB console after completing the steps from the following sections:

e Setting Debug Configurations and Downloading Nios V Processor Project Using
RiscFree IDE

e Setting Debug Configurations and Downloading Arm HPS Project Using RiscFree
IDE

Related Information

Setting Debug Configurations and Downloading Arm HPS Project Using RiscFree IDE
on page 39

2.5.2.1. GUI for Debugging
You can control the debugging process using the Debug Bar.

Figure 49. Execution Control in the Debug Bar

U U = 2 7 i
1 2 3 4 5 6 7 g8 9 10
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Table 8. Execution Control Using the Debug Bar
Debug Bar GUI Function Description
1 Resume Continues the debugging process until the next breakpoint, or until the

end of the debugging process.

2 Suspend Halts the running code while debugging.

3 Terminate Terminates the debug session. You need to relaunch the debug session
after terminated.

4 Disconnect Disconnects the debug tool connected to the RiscFree IDE.

5 Step into Steps into the next method call at the currently executing line of code.

6 Step over Steps over the next method call (without entering it) at the currently
executing line of code. The method is still executed.

7 Step return (out) Returns from a method which has been stepped into. The remainder of
the code that was skipped by returning is still executed.

8 Instruction stepping Switches to instruction stepping mode.

mode
9 Drop to frame Pops the current stack frame and puts control back out to the calling

method, resetting any local variables.

10 Use step filters Changes whether step filters should be used in the current Debug View.

2.5.3. Heterogeneous Multicore Debug

Heterogeneous multicore debugging is a method where you can debug two or more
cores that differ in architecture or micro-architecture (Nios V processor core and Arm
HPS core) simultaneously in the same integrated development environment.

By using heterogeneous multicore debugging, you can do the following:

e Simultaneously debug the entire integrated system in a single IDE.

¢ Real-time control of multiple processor cores that interact with each other.

The example uses Nios V processor "Hello World" project and HPS design example
provided by Ashling.

2.5.3.1. Importing Nios V Processor and Arm HPS Projects

To import the Nios V processor and Arm HPS projects to the RiscFree IDE workspace,
follow these steps:

1. Follow the steps in the Importing Nios V Project and Importing Arm HPS Project

sections.
2. After you import the projects, you can find the project directory in the Project
Explorer.
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Figure 50. Nios V Processor and Arm Cortex-A53 Ashling Samples Imported into
RiscFree IDE Workspace

it Project Explorer X =i
v 5 app
i Binaries
i Archives
kil Includes
(= build
[ hello.c
| CMakelLists.txt
v 15 cortex-a53-sum
18] init.S
L€ main.c
| cortex-a53-sum.launch

Related Information
e Importing Nios V Processor Project on page 18

e Importing Arm HPS Project on page 38

2.5.3.2. Setting Core Configuration

To set the core configuration, follow these steps:

1. Right click project directory (either HPS or Nios V application) and select Debug O
Debug Configurations.

Select Ashling Heterogenous Multicore Debugging 0 cortex-a53-sum.elf.
Under the Device tab, set these settings:
e Debug probe: Agilex SI/SoC Dev Kit
e JTAG/SWD frequency: 16 MHz
e Transport type: JITAG
Click the Auto-detect Scan Chain to list out all the available cores.
5. Under Core Configuration, select Cortex-A53 and Nios V/m.
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Figure 51. List of Available Cores for the Selected Target Device in RiscFree IDE

MName: heterogeneous_debug
Device % Source| ] Comman| 5. SVD Path
Target Configuration

Debug probe Agilex SI/SoC Dev Kit ¢ JTAG/SWD frequency 16 < MHz Transport type  JTAG

[ Issue TAP reset
Core Configuration
Auto-detect Scan Chain

Deb.. Device/Core Name

Debugger ARM GDB Server Cortex-A53 core configuration
0x6BA00477 S10HPS/AGILEX_HPS/N5X_HPS

= 0-Cortex-A53 Debugger| Target Application Startup
r 1-Cortex-A33 GDB Server Setup

r 2-Cortex-A53

- 3-Cortex-A53 Additional command-line arguments

0xC341A0DD AGFBO14R24(A|B)
[ 0-Nios V
0x031830DD 10M165(A|C|L)

GDB Client Setup

Executable name: ${eclipse_home]/./toolchain/A1 Browse.. Variables.
Other options:

Commands:

Revert Apply

| Debug ! Close

Set the core specific configuration for each core under the Debugger tab.

7. Specify the el f file for each core under the Target Application tab. In this
example, the target applications are added as nios-v-sum.el T for Nios V/m
core and cortex-a53-sum.elf for Cortex-A53 core.

Note: You can specify multiple .elf file for a single core.

FPGAs User Guide
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Figure 52. Target Application Tab Settings

Name: heterogeneous_debug
Device| & Source | ] Commeon| 7. SVD Path
Target Configuration

Debug probe Agilex SI/SoC Dev Kit ¢ JTAG/SWD frequency 16

[ Issue TAP reset
Core Configuration

Auto-detect Scan Chain

Deb.. Device/Core Name

0x6BAD0477 S10HPS/AGILEX_HPS/NSX_HPS
0-Cortex-A53

1-Cortex-A53

2-Cortex-A53

3-Cortex-A53

0xC341A0DD AGFBO14R24(A|B)

0-Nios V

0x0318300D 10M16S(A|C|L)

Debugger RISC-V GDB Serve -

o008

Load Image and Symbols

qq

Add Remove Remove All

altera.

An Intel Company

~ MHz Transport type  JTAG

Nios V core configuration

Debugger Target Application Startup | OS Awareness

DA..\hps_debug.el Specify hart ID for load command 0

@ Load image

Image offset (hex):

B Load symbols
Symbols offset (hex):

Revert Apply

|- Debug | Close

8. Set the breakpoint at a specific function under the Startup tab. This debug

example uses the default settings.
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Figure 53. Startup Tab Settings

Name: heterogeneous_debug
Device &+ Source ] Common | %, SVD Path

Target Configuration

Debug probe Agilex SIfSoC Dev Kit c JTAG/SWD frequency 16 MHz Transport type  JTAG

[ Issue TAP reset

Core Configuration
Auto-detect Scan Chain
Deb.. Device/Core Name

Debugger RISC-V GDB Serve - Nios V core configuration
0x6BA00477 S10HPS/AGILEX_HPS/N5X_HPS

® 0-Cortex-AS53 Debugger Target Application |Startup| OS Awareness

r 1-Cortex-A53

r 2-Cortex-A53

- 3-Cortex-A53 Specify hart ID for run commands 0
0xC341A0DD AGFBO14R24(A|B) Run Commands

0 0-Nios V

Set program counter at (hex):
0x031830DD 10M165(A|C|L)

B Set breakpoint at: main

B Resume

Revert Apply

[ Debug | Close

9. Based on the OS you use, configure the OS Awareness settings as follows:
e Intel HAL: No OS Awareness configuration is required.

e Other OS: Under the OS Awareness tab, turn on Enable OS Aware
Debugging, and select the OS as listed below:

— HC/0S and Version: II
— FreeRTOS and Version: 10.4.1
— Zephyr and Version: 3.1.0
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Figure 54. Enabling OS Aware Debugging in Heterogeneous Debugging

Name: heterogeneous_debug
Device| & Source| [T Common | 5z SVD Path
Target Configuration

Debug probe Agilex SI/SoC Dev Kit ¢ JTAG/SWD frequency 16 v MHz Transport type  JTAG

[ Issue TAP reset
Core Configuration
Auto-detect Scan Chain

Deb.. Device/Core Name

Debugger RISC-V GDB Serve Nios V core configuration
0x6BAD0477 S10HPS/AGILEX_HPS/N5X_HPS

= 0-Cortex-A53 Debugger Target Application Startup |OS Awareness
] 1-Cortex-A53
- 2-Cortex-A53 {8 Enable OS Aware Debugging
i ;Ccc;ii::snanmraounun B OsReoS__ v Version:
: (AlB) () {FreeRTOS
= 0-Nios V — |zephyr
0x031830DD 10M165(A|C|L) Sefi

Revert Apply

| Debug | Close

10. Click Debug when all configuration is complete. All cores selected for debug are
launched.

Figure 55. Heterogeneous Multicore Debug View in RiscFree IDE

%+ Debug X {4 Project Explorer E%|i» § =0
~ [& heterogeneous debug [Ashling Heterogeneous Multicore Debugging]
v i Core - 0 [Cortex-A53]
~ @ Thread #1 [TAP 3 Core 0 (Cortex-A53)] 1 (Suspended : Breakpoint)
= main() at main.c:32 Ox7fe004ec
v i Core - 4 [Nios V/m]
~ ® Thread #1 [TAP 2 (Nios V/m Hart 0)] 1 (Suspended : Breakpoint)
= main() at hello.c:16 0x324
wi ash-arm-gdb-server.exe [Core - 0 - Cortex-A53]
wm. ash-riscv-gdb-server.exe [Core - 4 - Nios V/m]
s aarcht4-none-elf-gdb.exe
s riscv32-unknown-elf-gdb.exe

11. To debug two cores simultaneously, go to Window 0 Show View [ Registers.
Then, make a copy of the existing debug view using the Open new View icon.
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Figure 56. Register Window

% Breakpoints =¥ Disassembly 'Y Registers * - Variables = 0

Name Value Description
%1 General Purpose Registers
8t CSR Open New View
%% All Registers

Pin to Debug Context

12. In the Heterogenous Multicore Debug View pane, select Thread #1 [TAP 3
Core 0 (Cortex-A53)]. Pin one copy of the debug view to Arm processor using
the Pin to Debug Context icon.

Figure 57. Arm Processor (Core 0) Register View

Registers <1> X
Core - 0: Thread [1]
Name
%% General Purpose Registers
54 All Registers

13. In the Heterogenous Multicore Debug View pane, select Thread #1 [TAP 2
(Nios V/m Hart 0)]. Pin second copy of the debug view to Nios V processor
using the Pin to Debug Context icon.

Figure 58. Nios V Processor (Core 4) Register View

Registers <2> X _ A=
Core - 4: Thread [1]
Name
%% General Purpose Registers
&% CSR
% All Registers
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2.5.4. Debugging pC/0OS-II Application

When you debug the uC/0S-II application, you can view the number of tasks, task
details, and queue list.

To debug uC/0OS-II application, follow these steps:
1. Launch the uC/QOS-II application.

e To open the uC/0OS Task List, go to Window [0 Show View [ Other O
HC/0S 00 pC/0S Task List

Figure 59. pC/O0S Task List View

@ Console =g Progress (&l Problems ) Executables & Debugger Console [B uC/OS Task List x [B uC/OS Queue List

Task Name Number Priority Start of Stack Top of Stack  Status
uC/Os-Il Idle 65535 20 Ox2d19c 0x2d528 O’ Ready to run
uC/Os-Il Stat 65534 19 0x2c99c Ox2cd28 @ Ready to run

The uC/OS Task List shows task details including task name, priority, status,
and stack details.

e To open the uC/OS Queue List, go to Window 00 Show View [0 Other O
HC/0S 0O pC/0S Queue List.

Figure 60. pC/O0S Queue List View

© Console =g Progress [£] Problems @ Executables @@ Debugger Console [ uC/OS Task List [H uC/OS Queue List X
Event Name Event Type Count Related Task Count  Event Address

Semaphore 1 Ox2c3ac

Semaphore 1 0x2¢3c0

Semaphore 1 Ox2c3d4

Semaphore 1 Ox2c3e8

Semaphore 1 Ox2c3fc

R B R

o0 o000

The pC/0OS Queue List shows details of all events and queues, including tasks
related to each event.

2.5.5. Debugging FreeRTOS Application

When you debug the FreeRTOS application, you can view the number of tasks, task
details, and queue list.

To display details of FreeRTOS Task List, enable the macro as below in the
FreeRTOSConfig.h.

Note: If you use the FreeRTOS BSP generated from BSP Editor, you do not need to manually
configure configUSE_TRACE_FACILITY in FreeRTOSConfig.h. The setting
depends on system.h (part of FreeRTOSConfig.-h #include), which can be
configured using BSP Editor GUI or niosv-bsp command.

Table 9. FreeRTOS Debug Configuration
Debug Information Macros Configuration Description
Task List configUSE_TRACE_FACILITY |1 To display task number of the project
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Figure 61.

Figure 62.

The configuration is as shown below:

#define configUSE_TRACE_FACILITY 1

To debug FreeRTOS application, follow these steps:
1. Launch the FreeRTOS application debug.
e To open the FreeRTOS Task List, go to Window O Show View [0 Other O
FreeRTOS O FreeRTOS Task List.

FreeRTOS Task List View

B Console =g Progress |% Problems (@ Executables &5 FreeRTOS Task List * @
Task Name  Mumber  Priority Start of Stack Top of Stack  Status

Task1 1 3 w27c10 0x29b24 ¥ Running
IDLE = 0 Ox2ed50 Ox27134 @ Ready
Task3 3 1 Ox2cT90 Ox2ebad & Ready
Task2 2 2 0x2a1d0 Ox2c0e4 & Ready
Tmr Sve 5 ] 0x2f8b0 Ox2fad4d Suspended

The FreeRTOS Task List shows task details including task name, priority,
status, and stack details.

e To open the FreeRTOS Task List, go to Window 0 Show View [0 Other O
FreeRTOS O FreeRTOS Task List

FreeRTOS Queue List View

B Console =5 Progress [2! Problems © Executables & Debugger Console [ Memory &5 FreeRTOS Queue List
Queve Name Address Max Length  Item Size  Messages Waiting Waiting T Waiting Rx
v TmrQ e2f7c0 8 16 0 0 1
v Related Tasks
Task Name  Number
Tmir Svc 3

The FreeRTOS Queue List View shows details of all events and queues,
including tasks related to each event.

Related Information

FreeRTOS* Real-Time Operating System section, Nios V Processor Software Developer
Handbook
For more information about FreeRTOS*.

2.5.6. Debugging Zephyr Application

When you debug the Nios V processor application, you can view the Zephyr Mutex
(Mutual Exclusion Object) List, Zephyr Semaphore List, and Zephyr Thread List.

To display details of Zephyr Mutex, Semaphore and Thread lists, enable the macros as
below in the prj.conf file.

Table 10. Zephyr Debug Configuration
Debug Macros Configur Description
Information ation
Enable Trace CONFIG_TRACING y To enable all the tracing function.
continued...
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Debug Macros Configur Description
Information ation

Note: All tracing macros have dependency to
CONFIG_TRACING.

Mutex List CONFIG_TRACING_OBJECT_TRA |vY To enable object tracking for mutex.
CKING

Semaphore List To enable object tracking for semaphore.

Thread List CONF1G_DEBUG_THREAD_INFO y To display thread details.

The configuration is as shown below:
CONFI1G_TRACING=y

CONFI1G_TRACING_OBJECT_TRACKING=y
CONFI1G_DEBUG_THREAD_ INFO=y

To debug Zephyr application, follow these steps:
1. Launch the Zephyr application debug.

e To open the Zephyr Mutex List view, go to Window 00 Show View [0 Other
O Zephyr Mutex List.

Figure 63. Zephyr OS Mutex List View

85 7ephyr Thread List &8 Zephyr Mutex List X | {8 Zephyr Semaphore List

0x88a0 Philosopher 4 1 -1

Ox8888 Philosopher 4 1 -1

0x8870 Philosopher 3 T 0

0x8858 0x0 0 2

0x8840 Philosopher 0 1 -2
1

b 0x8828 Philosopher 0

The Zephyr Mutex List tab shows details of all mutexes including handle,
thread owner, lock count, priority, along with any wait threads related to each
mutex.
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e To open the Zephyr Semaphore List view, go to Window O Show View [
Other 0 Zephyr Sempahore List.

Figure 64. Zephyr Sempahore List View

05 Zephyr Thread List o5 Zephyr Mutex List FZephvrSemaphore List X

No Semaphore information found

The Zephyr Semaphore List tab shows details of all semaphores including
handle, count, limit along with any wait threads related to each semaphore.

e To open the Zephyr Thread List view, go to Window 0 Show View 0O Other

0 Zephyr Thread List.

Figure 65. Zephyr OS Thread List View

a8 Zephyr Thread List X o8 Zephyr Mutex List o5 Zephyr Semaphore List

Philosopher 5
Philosopher 4
Philosopher 3
Philosopher 2
Philosopher 1
Philosopher 0
idle

0x85d0

-2 oxbofo
0x8508 -1 Oxagfo
0x8440 [} 0xa0f0
0x8378 1 0x98f0
0x82b0 2 ox9o0fo
Ox81e8 -2 0x88f0
0xB698 40 oxc0fo

2048
2048
2048
2048
2048
2048
512

Pending
Running
Queued
Suspend
Suspend
Suspend
Dummy

The Zephyr Thread List tab shows thread details including name, handle,
priority, start of stack, stack size, and status details.

Related Information

Nios V Processor Zephyr Design Example RocketBoards

2.5.7. Arm HPS On-Chip Trace

You can configure and capture the Arm HPS On-Chip Trace with Intel FPGA Download
Cable II. The following table shows the Arm trace sources that generate instruction

trace:

Table 11. Arm Trace Source

Arm Trace Source

Encoding Type

Description

Supported Device

(ETM)

and instruction trace

Program Trace Macrocell (PTM) PTM A real-time trace module providing e Arria 10
instruction tracing of a processor * Intel Cyclone V
Embedded Trace Macrocell ETMv4 The Arm trace source that captures data e Agilex 7

e Stratix 10

Follow the steps to enable and configure the Trace feature:

1. Launch Ashling Arm Hardware Debugging, and click the Trace tab.

Ashling* RiscFree* Integrated Development Environment (IDE) for Altera®

FPGAs User Guide
54

D Send Feedback


https://www.rocketboards.org/foswiki/Documentation/NiosVZephyrDesignExampleHelloWorld
mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

2. Ashling RiscFree IDE for Altera FPGAs a Ite rd
730783 | 2025.04.11 ™

An Intel Company
Figure 66. Trace Tab

Mame: . agilex-a53-sum
[5] Main | %= Debugger | & Startup | # Trace - Source | [ Common| %= SVD Path
[] Enable trace

Trace architecture Arm Coresight

Revert Apply

2. Click the Enable trace checkbox to enable the trace selected settings. The Trace

architecture defaults to Arm Coresight. The trace selected settings appear in
the following tab:

a. Capture Settings
b. Producer Settings
c. Trigger/Filter Settings

Figure 67. Capture Settings Sub-Tab

Name: | agilex-a53-sum

E Main %5 Debugger | B+ Startup | #] Trace| %~ Source | Common| 2, SVD Path
Enable trace

Trace architecture |Arm CoreSight

Capture Settings | Producer Settings | Trigger/Filter Settings
(@ On-chip

Device Buffer Configuration
@ Embedded Trace FIFO (ETF)

O Embedded Trace Router (ETR) RAM location 0x00100000 Size | 32 KB
[] Wrap-around

Off-chip

Revert Apply

3. Under the Capture Settings tab, set this settings:
a. Select On-chip.

b. Select one of the following Device Buffer Configuration:
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i. Embedded Trace FIFO (ETF) — stores trace data in small and fixed size
trace buffer.

ii. Embedded Trace Router (ETR) — routes the trace data to the system
memory. You need to specify the RAM location and Size .

c. Wrap-around — enables overwriting old trace data with the new trace data
when the trace buffer is full.

Note: Wrap-around is optional. If you do not select Wrap-around, trace
capture stops when the trace buffer is full.

4. Under Producer Settings tab, set this settings:
a. Select your preferred settings:

i. Cycle Accurate Trace — captures trace on all cycles even if there is no
trace to output on that cycle.

ii. Enable context ID — enables the tracing of the ASID and the current
process ID.

iii. Enable timestamp — enables timestamps in your trace.

b. For Encoding type, you can select ETMv4 or PTM. Refer to Table Arm Trace
Source for more details.

Note: ETMv3 is an older version of ETMv4 and not supported by Intel
devices.

Figure 68. Producer Settings Sub-tab

|| Name: | agilex-a53-sum

El Main |%% Debugger | & Startup | & Trace| & Source| ™
Enable trace

Trace architecture Arm CoreSight

Capture Settings | Producer Settings| Trigger/Filter Settings

] Cycle accurate trace [_| Enable timestamp
[ ] Enable context ID

Encoding type ETMv4 -~

Revert Apply

5. Under Trigger/Filter Settings tab, click the Enable trigger checkbox.
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Figure 69. Trigger/Filter Settings Tab

MName: | agilex-a53-sum
Main % Debugger # Startup  Trace| %~ Source [ Common | % SVD Path
Enable trace

Trace architecture |Arm CoreSight ~

Capture Settings | Producer Settings Trigger/Filter Settings

Enable trigger
Trace Action Address Core Access Type
Trace start point Ox7FEOO300 0 (Cortex-A53) Instruction execution P
Trace stop point Ox7FEQ0AAC 0 (Cortex-A53) Instruction execution
Trace include Ox7FEDOABO - OxTFED1250 0 (Cortex-A53) Instruction execution Remave All
Trace exclude Ox7FEDOAES - Ox7TFEOOAFD 0 (Cortex-A53) Instruction execution

Revert Apply
6. Click Add to bring up the Add Trigger dialog box as shown below:
Figure 70. Add Trigger Dialog Box
o O X

| Add Trigger

Create new trace trigger

Trace action | Trace start point o
] Address

| Core 0 (Cortex-A53) ~

| Access type |Instruction execution

a. For Trace action, choose one of the following options:
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i. Trace include— limits trace to the selected address range

ii. Trace exclude— excludes trace from the selected address range

iii. Trace start point— starts tracing when the selected address is executed

iv. Trace stop point— stops tracing when the selected address is executed
b. For Core, use the same core that you select in Debugger tab.

c. For Access type, select the only available option — Instruction execution
as instruction trace and to support trigger.

Once you complete the configuration, click Debug.

Open Trace view via Window 0O Show O View [0 Other 0 Debug O Trace.
Click Fetch, decode and populate trace data button on the top right of the
window to fetch trace data from the target and display in the Trace view as shown
below.

Figure 71. Trace View

B Console [f] Problems () Executables [l Debugger Console [J Memory 3] Trace X
Timestamp Cycles  Contextld CoreNo Address Opcode Disassembly Source Line
24662 7 e 0 b9 i

[sp, #28] sum += i;
[sp, #24] sum += i;
wl, wo sum += i;
[sp, #28] sum += i;
[sp, #24] for (int i = starc:
w0, #0x1 for(int i T
[sp, #24] for (int i
[sp, #24] for(int i
. [sp, #3] for (int i
for(int i
fe0O4ac <sum cortex a$3+28> for(int i
[sp, #28] sum 4= i;
(sp, #24] sum += i;

'
i
i
coo

1+4)

'
i
i
coccoocococoocoooooa

'
i
i

oo

28] sum 4= 1

w0, [sp, #24¢ sum += i

2.5.7.1. Trace Bar
You can control the trace process using the Trace Bar.
Figure 72. Trace View Bar Options

S| 4> M| >

1 2 3 4 5 6 7 8
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Table 12. Trace Control Using the Trace Bar

Trace Bar Function Description

1 Fetch Trace Fetches the trace data from the target trace buffer, decode and populate it
in the Trace view.

2 Clear Trace Clears the trace view and the target trace buffer data.

3 First Page Navigates the trace data when there are multiple pages of trace
information.

4 Previous Page

5 Next Page

6 Last Page

7 Start Capture Starts the trace capturing. Applicable only when you manually stop the

trace using Stop Capture.

8 Stop Capture Stops the trace.

2.5.7.2. Trace View

Table 13. Trace View Information and Description

Trace Information Description
Timestamp The timestamp value received from the target
Cycles The CPU cycle count information. The cycle count is available from the target for a

set of instructions only. Cycle count against an instruction represents the number of
CPU cycles consumed for the set of instructions starting from the last cycle count
received.

Context ID Context ID of the current execution. Context ID gives the information about the ASID
and the current Process ID.

Core No Core index of the core executing the trace data.
Address The instruction address executed by the CPU.

Opcode Opcode of the executed instruction.

Disassembly Disassembly of the executed instruction.

Source Line Source Line corresponding to the instruction execution.

Example Use Case: Disassembly View

Double click the trace row to highlight the corresponding source line and disassembly
in Source and Disassembly view. Refer Figure Trace View and the following figures
for more details.
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Figure 73. Source Highlighting — Debug and Disassembly Tab

£ workspace - agilex-a33-sum/main.c - Ashling RiscFree™ IDE

File Edit Source Refactor Mavigate Search Project Run Window Help
i el ﬂNew&onnection... v |t }¢| .~ BiE . | Y

5 #Debug % % Project Explorer E 4 ‘i‘* S|
8 v [T agilex-a53-sum [Ashling Arm Hardware Debugging]

v iy agilex-a33-sum.elf
w ¢ Thread #1 [TAP 3 Core 0 (Cortex-A53)] 1 (Suspended : Signal ;: SIGTRAP: Tr
= main() at main.c:35 Ox 7feD050c
w ash-arm-gdb-server.exe
w aarchBd-none-elf-gdb.exe

€ >
22 Disassembly X =ie|
Enter location here v|| & % slEl ey o8
32 int x=3,y=9, s=8; A
800880807 TeBBdac: mov w, #Bx3
GRROeERR7TeBRATE: str w8, [sp, #28]
BAGEABETTeBB4TL: mov wB, #Bx9
BRAGReRET feBRATE ! str wh, [sp, #24]
appeeeee7feeasfc: str wzr, [sp, #28]
35 5 = sum_cortex_as3(x,y);
pepoapRe7feeased:  ldr wl, [sp, #24]
POROBERATTEOB504:  ldr we, [sp, #28]
GeeaEe6a7 TeBB5aS bl Bx7TeBB498 <sum cortex a53>
¥ eeoeeooe7feBBsEC: str wd, [sp, #28]
36 xt=5; y+=5;
GRREAERAT7TCRAS510: 1dr wl, [sp, #28]
80BEOBAOTTERRS14:  ldr wh, [sp, #28]

Figure 74. Source Highlighting — main.c Tab

[& maine

~int sum_cortex_a53(int start, int end){

int sum = @;
for(int i = start; i <= end; itt)

{

sum 4= 15

return sum;

int x=3,y=9, s=0;

while(1)

{
s = sum_cortex_a53(x,y);
Xt=sj yies;

return 9;

B Console = Progress [£]] Problems {3 Executables 3 Debugger Console B8] Trace %

Timestamp Cycles  Contextld CoreNo Address Opcode Disassembly Source Line
168803134349 240 ) 1] 0x000000007£e004d8 e0 1f 40 bs ldr wo, [sp, ¥28] recurn sum;
168803134349  ——— 0 [ ££ 83 00 91 add sp, sp, #0x20 }

168803134349  ——— 0 o ] ret 1

168803134409 61 0 4] str wo, [sp, #20] 5 = sum cortex a53(x,y):
168803134409 a a ldr wl, [sp, #28]

168803134409 0 o ldr wo, [sp, #20]

168803134409 0 o add wo, wl, w0

168803134409 0 o str wo, [sp, #28]

168803134409  ——— ) o ldr wi, [sp, #24]

2.5.8. Debugging the Arm Linux Kernel

You can use the Arm Linux kernel for debugging on the Agilex 7 SoC devices using
Ashling RiscFree IDE for Altera FPGAs. Currently, specifically supported kernel versions
are 5.15.100-Its and 6.1.20-Its. Other versions can work with reduced functionality.
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2.5.8.1. Preparing Linux for Kernel Debugging

To allow kernel and module debugging, you must enable the CONFI1G_DEBUG_INFO
and CONFIG_GDB_SCRIPTS configurations during the Linux kernel's build process.
Use the following commands to enable the configuration parameters on top of the
default kernel configuration.

make defconfig

./scripts/config --set-val CONFIG_DEBUG_INFO y

./scripts/config --set-val CONFIG_GDB_SCRIPTS y
make oldconfig

You can also change these options using the make menuconfig command.

Note: Newer kernel versions define the CONFIG_DEBUG_ INFO automatically based on other
debugging options in the kernel. Refer to your kernel documentation for more details if
the above command does not successfully set CONFIG_DEBUG_INFO=y in the
resulting kernel .config file.

2.5.8.2. Debugging the Arm HPS Linux Kernel

Refer to the following steps to debug the Arm HPS Linux Kernel:

1. Boot Linux on the Agilex development board using a Linux kernel ready for
debugging.

2. Go to File O Import 0O C/C++ Executable then click Next.

Figure 75. Selecting Import Wizard

Import ] X

Select

B
Imports a CfC++ executable file. Will create a project and launch configuration For H]
debugging.

Select animport wizard:
type filter text
» [=General

» (= Ashling Sample Projects
~ ECfC++

@ C/C++ Executable

@5 C/C++ Project Settings
Existing Code as Makefile Project

3. In the Import Executable window, click Browse... and select the vmlinux
executable location on your computer. Click Next.
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Figure 76. Importing C/C++ Executable Files

Import Executable m] b

Import C/C++ Executable Files

Select a file or a directory to search fFor C/C++ executable Files.

Select binary parser: | EIf Parser ~

© select executable: | Facts/agilex_example.sdmme/linux-socfpga/vmlinux Browse...

Search directory: B

@ < Back Next = Cancel

4. Use Linux Kernel Debug for New project name. Select Ashling
Heterogeneous Multicore Hardware Debug for Create a Launch
Configuration, then click Finish.
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Figure 77. Choosing Project

Import Executable m| i

Choose Project

Choose an existing project or create a new one.

© new project name: | Linux Kernel Debug

The new project will let you debug but not build the executable.
Existing project:

Create a Launch Configuration: Ashling Heterogeneous Multicore Hardware Debugging

Name: Debug_vmlinux

® < Back Nexkt > Cancel

5. The Debug Configurations window appears. Use the Auto-detect Scan Chain
button, if you need to populate the device list in the Device tab in the launch
configuration. Perform and repeat the following steps for all four Cortex-A53 cores.

Figure 78. Creating, Managing, and Running Configuration

Debug Configurations o x

Create, manage, and run configurations
 No core selected

CEdPExX B Name: | Debug_vmlinux

type filter text T Device| % source| [ common| %, SVDPath

[Z]Ashling Arm Hardware | | [2798¢ Configuration

~ [EAshling Heterogeneous | || pebug probe AgilexSIfSoCDevk ~ | JTAG/SWD frequency | 16 ~ MHz  Transporttype JTAG

[Elashling QEMU Simulato Issue TAP reset
[]Ashling RISC:V Hardwar | || core Configuration
[Elc/c++Application

[Elc/c++ Attachto Applicz

Elojes+ Remote Applicat] Device/Core Name o Ox6BA004T7 S10HPS/AGILEX_HPS/N5X_HPS core configui
< EASE Script || 0x6BA00477 S10HPS/AGILEX

[E1GDB Hardware Debugg! O-CortexAS3
[£1GDB OpenOCD Debuggi -CortexAs3
aL.a"f“h Group ) 2-Cortex-A53
€4 Simics Attach to Sessiol CortexAs3

onsimi )
Simics Session 0XC341A0DD AGFBO14R24A(.
r O-NiosV

Auto-detect Scan Chain

aSanan

Revert Apply
Filter matched 14 of 19 items

@ Close Debug

a. For the Linux debug session, check all the cores that Linux is running on as
shown below.
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Figure 79.

Figure 80.
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Create, manage, and run configurations

CReBEBX B Name: Debug_vmlinux

type filter text
Device/Core Name

77 S10HPS/AGILEX

[ElAshling Arm Hardware [
~ [EAshling

[ElAshling QEMU Simulato

[ElAshlingRISCV Hardwar || &

[Elc/c++Application ~

[Elc/c++Attachto Applica

[Elc/c++Remote Applicati r

£ EASE Script

[£1GDB Hardware Debuggi

[£]GDB OpenOCD Debuggi

& Launch Group

9 Simics Attach to Sessiol

casimics Session

1-Cortex-A53

2-Cortex-AS53

3-Cortex-AS3

0xC341A0DD AGFBO14R24A(
0-Nios V

Debug Configurations o x

Cortex-AS3 core configuration

Device| & Source| [ Common| %, SVD Path

Debugger ARMGDBServer v

= [ocortexas3 Debugger | Target Application| Startup | OS Awareness
=

GDB Server Setup
Additional command-ine arguments

GDB Client Setup

Executable name: | S{eclipse_home}/../toolchain/Arm/aarch6a | Browse... Variables...

Other options:
Commands: set remotetimeout 10
set mem inaccessible-by-default on

mem Oxff FFFO003FFFFFFFF rw

—
Filter matched 14 of 19 items

@

Revert Apply

Close

Note: Altera recommends you specify a proper memory access attributes to
avoid unwanted or illegal memory access during the debug session. For
example, the memory access region configured for Agilex platform is:

set remotetimeout 10

set mem inaccessible-by-default on

mem OxFFFFO00000000000 OXFFFFOOO3FFFFffff rw

mem OxFFFF800000000000 OxFFFF802efFFfffff rw

Ensure you select the default path and then select aarch64-none-
1 inux-gnu-gdb as the GDB Executable name.

Click Target Application tab. Click Add. The Browse Executable window

appears. For Project, click Browse... and select the current project. For C/C
++ Application, click Browse... and select vmlinux as the executable. Click

OK.

Browse Executable Window

Browse Executable x
Project:
Linux Kernel Debug Browse...
CfC++ Application
vmlinux
Variables... Search Project... Browse...
Cancel “

C.
already loaded to the target.

After adding the executable, ensure you turn off Load image as the image

is
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Figure 81. Target Application Tab

Debugger ARM GDB Server o Cortex-A53 core configuration

Debugger | Target Application| Startup | OS Awareness |
Add | Remove || Remove All

Load Image and Symbols

Linux Kernel Debug | vmlinux|

Load image

Image offset (hex):

Load symbols
Symbols offset (hex):

d. Click the Startup tab. Ensure the configuration is as shown below.

Figure 82. Startup Tab

Debug Configurations & &
Create, manage, and run configurations _ﬁ\
CEeEX B Name: | Debug_vmlinux
type filter text Device | % Source| [ common| 2 svD Path
i Debug|Device/Core Name i
[ElAshling Arm Hardware [ 4 Debugger | ARM GDBServer Cortex-AS3 core configuration
~ [EAshling Hete 77 S /AGILEX.
[l Debug_vmlinux 0-Cortex-A53 Debugger | Target Application [Startup| OS Awareness
[ElAshling QEMU Simulato || ™ 1-Cortex-AS3 —
[ElAshling RISC-V Hardwar ||| 2-Cortex-AS3 S smiaing
[Elc/c++ Application ~ 3-Cortex-AS3 Run Commands
[Elc/c++ Attachto Applica 0xC341A0DD AGFBO14R24A( Set program counter at (hex):
[Elc/c++ Remote Applicati r 0-Nios V'
 EASE Script Set breakpoint at: main
[£]GDBHardware Debuggi
[£1GDB OpenOCD Debuggi
@ Launch Group
dsimics Attach to Sessiol e
©Jsimics Session
Revert Apply
Filter matched 14 of 19 items
®

e. Go to OS Awareness tab. Turn on the OS Aware Debugging checkbox and
select appropriate Linux kernel version.
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Figure 83. OS Awareness Tab

Debugger | ARM GDB Server " Cortex-A53 core configuration

Debugger | Target Application | Startup | OS Awareness
Enable OS Aware Debugging

0S: | Linux ~ | Version: | 6.1.20 -~
Custom Scripts

Script location

6. After you complete the configurations for all of the Cortex-A53 cores, click Apply
then click Debug. The debugger connects to the Linux running on the board, then
it stops the cores, and display the current code, as shown below.

Figure 84. idle.c tab

workspace.2- /h frad! k ilex/ashling-li bugging/23.10.11/artifacts/agilex_example.sdmmc/linux-socfpga/arch/arm64/kernel/idle.c - Ashlir o o X

File Edit Source Refactor Navigate Search Project Run Window Linux Help

(=182 & New Connection... |8t F-OvQ-idFiQiR~y | n B =CEE o4 <&
el Bt R i Q B B
4 Debug X B ProjectExplorer & # f = B8 Widlecx = g
~ [EDebug_vmlinux [Ashling Heterogeneous Multicore Hardware D iR s
~ i ST0HPS/AGILEX_HPS/N5X_HPS [Core 0] [Cortex-A53] struct arm_cpuidle_irq_context context;
~ o Thread #1 [TAP 1 Core 0 (Cortex-A53)] 1 (Suspended : Use . .
= 7 : arm_cpuidle save irq_context(&context);
pu_do_idle() at idle.c:32 OxFFFFB00009037ccc - =
rch_cpu_idle() at idle.c:44 0xffff800009037ce8 dsb(sy);
efault_idle_call() at idle.c:109 0xFFFf8000090441b0 wii();
puidle_idle_call() at idle.c:191 0xffff8000080d47e4 arm_cpuidle_restore_irq_context(&cantext);
o_idle() atidle.c:303 OxFFFFB000080d47e4 }
pu_startup_entry() at idle.c:400 Oxffff8000080d4a78 o/
est_init() at main.c:729 OXfff8000090382d4 * This is our default idle handler.
= arch_call_rest_init() at main.c:890 0xffFf8000099407e4 14 1 ki .
> i® S10HPS/AGILEX_HPS/N5X_HPS [Core 1] [Cortex-A53] z“‘ noinstriarch cpu_1dle(void)
> i S10HPS/AGILEX_HPS/NSX_HPS [Core 2] [Cortex-A53] ol /%
> i S10HPS/AGILEX_HPS/NSX_HPS [Core 3] [Cortex-A53] * This should do all the clock switching and wait for interrupt
12 ash-arm-gdb-server S10HPS/AGILEX_HPS/NSX_HPS [Core 0] s tricks
18 ash-arm-gdb-server S10HPS/AGILEX_HPS/NSX HPS [Core1] [ ¢ cole (s problems (@ Executables B Debugger Console X B~ =n

»<l ash-arm-gdb-server S10HPS/AGILEX_HPS/N5X_HPS [Core 2]

» ash-arm-gdb-server S1OHPS/AGILEX_HPS/NSX_HPS [Core 3] 'v' Suy rcpuriing fnstruciions, piiust sco.

g e <https: //waw.gnu.org/softuare/gdb/bugs/>.

»a aarch64-none-elf-g Find the GDB manual and other documentation resources online at:
s aarch64-none-elf-gdb <http://www.gnu.org/software/gdb/documentation/>.

»< aarch64-none-elf-gdb

. For help, t "help".
» aarch64-none-elf-gdb OF ME R Tyle chelh

Type "apropos word® to search for commands related to "word".
Warning: ‘set target-async', an alias for the command ‘set mi-async’, is deprecated.
Use 'set mi-async’.

7. Go to Linux O Processes [ List Running Processes, and then the debugger
shows the processes.
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Figure 85. Linux Process

@5 |inux process X

Address PID

OxfFFFF80000a0c 0
0xffFFO002800c 1
0xffFFOD02800c 2
0xffFFO002800c 3
0xffFFO002800c 4
0xfFFOD02800c 5
0xfFFO002800c 6
0xfFFO002800c 8

0xfFFO002800e 9

OxfFFFFO002800e 10
0xfFFFFOD02800e 11
0xfFFFFOD02800e 12
0xffFO002800e 13
0xffFFO002800e 14
0xffFFO002800e 15
0xffFFO002801b 16
Oxffffo002801b 17
0xffffo002801b 18
Oxffffo002801b 19
0xfFFFO002801b 20
OxfFFFFOD02801b 22
OxfFFFFOD02801b 23
0xffffO002801b 24
0xffffO002801b 27

altera.
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CMD
[swapper/0]
init", "
[kehreadd]
[reu_gp]

[rcu_par_gp)
[slub_Flushwq]

[netns)
[kworker/0:0H]
[kworker/u8:0]
[mm_percpu_wq]
[rcu_tasks_kthre]
[rcu_tasks_trace]
[ksoftirqd/0]
[rcu_preempt]
[migration/0]
[cpuhp/0]
[cpuhp/1]
[migration/1]
[ksoftirgd/1]
[kworker/1:0]
[cpuhp/2]
[migration/2]
[ksoftirqd/2]
[cpuhp/3]

8. Right-click a process in the list, then select the Watch option. The debugger
opens the process in the Watch window. You can now inspect its properties.

Figure 86. Inspecting the Process Properties

Address

85 Linux process X

0xfFFFB0000a0c 0
OxFFFFO002800c 1

OxFFFFOD02800c 3
0xffFFO002800c 4
0xffFFO002800c 5

PID

CMD

[swapper/0]
init”, "

0xFfFf0002800c|2  ____lIkthreadd

Y watch

[rcu_par_gp]
[slub_Flushwq]

The following figure shows an example of the Linux process properties.
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Figure 87. Process Properties

&1 Expressions X ik D | & X % |5 ot
~ ® (struct task_struct*)OxFFFFO00:  struct task _struck * OxfFFF0002800c8ecO
t-thread_info struct thread_info {}
- state unsigned int 1
» stack void * OxfFFf80000a510000
> (=usage refcount_t {..}
t)-pkrace unsigned int 0
td=on_cpu int 0
t)-wake_entry struct __call_single_node  {...}
t)-wakee_Flips unsigned int 1
t-wakee flip_decay ks unsigned long 4294892301
> » last_wakee struct task_struct * OxfFFF0002800e49c0
t):-recent_used cpu int 3
)-wake_cpu int 2
=0n_rq int 0
:=prio int 120
Name : flags

Details:2129984
Default:2129984
Decimal:2129984

Hex:0x208040
Binary:1808001000000001000000
Octal:010100108

9. Go to Linux 0 Modules 0O List Loaded Modules to show the list of modules. In
the example below only one module was loaded:

Figure 88. Linux Modules

&5 Linux modules x
Address Module Size

OxFFFFB0000106 strakix10 rsu 16384

10. Right-click a module in the list, then select the Watch option. You can inspect the
module properties as shown in the figure below:
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Figure 89. Module Properties

&1 Expressions X A % Yot
~ % (struct module*)0xFFFB00001C  struct module * OxfFFFF800001062440
|
6= list struck list_head {.}
> (= name char [56] OxFFFF800001062458
> (= mkobj struct module_kobject {..}
> # modinfo_attrs struct module_attribute  OxFFFF0002812b1000
> ® version consk char * 0x0
> =% srcversion consk char * 0x0D
> % holders_dir struct kobject * OxFFFFO0028269Fd80
» Syms const struct kernel_symk  0xD
> ® Cres consts32 * 0x0
69=NUM_Syms unsigned int 0
> (=param_lock struck mutex {.}
» kp struct kernel_param * 0x0
t3-num_kp unsigned int 0
t3=num gpl syms unsigned int 0

Name : state
Details:MODULE STATE LIVE
Default :MODULE_STATE LIVE
Decimal:®
Hex:0x@
Binary:0
Octal:@

2.5.9. Debugging Target Software in an Intel Simics Simulator Session

Ashling RiscFree IDE for Altera FPGAs provides several debug capabilities that allow
you to perform the target software debugging more easily than using the resources of
the Intel Simics simulator for Intel FPGAs. The Ashling RiscFree IDE for Altera FPGAs
GUI provides a friendly interaction with the target software, allowing you to inspect
source code, set breakpoints, and observe and update variable values and memory
content, among other features.

The Ashling RiscFree IDE for Altera FPGAs also allows you to perform a remote debug
session connected to an Intel Simics session that can run on the same host PC or a
remote system on the same network.

Related Information

e Debugging Target Software with Ashling* RiscFree* Debugger
For more information about debugging target software.

e Use Case: Debug Bare-metal Code Using Simics-RiscFree
For more information about the setup and procedure to perform debugging
using Riscfree IDE over target software in an Intel Simics simulation.
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3. Ashling Visual Studio Code Extension for Altera FPGAs

3.1. About the Ashling Visual Studio Code Extension

Ashling Visual Studio Code Extension is a set of code that runs in Visual Studio Code
and provides new or improved features for Altera FPGAs Arm*-based HPS and RISC-V
based Nios V processors. Ashling Visual Studio Code Extension provides a complete,
seamless Visual Studio Code based C and C++ software development and has the
following features:

e GUI-based debug configurations for Altera FPGA Arm HPS and Nios V soft cores
such as probe selection, device selection, core selection etc.

e Auto-detect feature displaying all the devices and cores in the FPGA, allowing user
to select the required core for the debug session.

e (CMake based project management support, allowing for the direct import and
build of Nios V processor APP and BSP projects.

e FreeRTOS and Zephyr RTOS aware debug support including tasks and event views.

e Nios V GCC compiler toolchain fully integrated with support for newlib or picolibc
run-time libraries using the Nios V Hardware Abstraction Layer (HAL) API for
hardware access.

e Integrated support for Intel FPGA Download Cable II JTAG debug probe.
e Custom instruction support and extensions for the Nios V processor.
e Assembly level instruction stepping support.

e ROM or RAM based debugging support (e.g., hardware breakpoints for flash-based
support).

3.1.1. Supported Devices

Table 14. Supported Devices

Feature Supported Devices

Nios V processor core debugging e Agilex 5

e Agilex 7

e Stratix 10

e Arria 10

e Cyclone 10 GX
e Stratix V

e ArriaV

e ArriaV GZ

e Cyclone IV E

e Cyclone IV GX

continued...
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Feature Supported Devices

e Cyclone V
e Cyclone 10 LP
MAX 10

Arm HPS debugging Agilex 5
Agilex 7
Stratix 10
Arria 10

Cyclone V

3.1.2. Quartus Prime Software Support

You can use Ashling Visual Studio Code Extension with Quartus Prime Standard Edition
or Quartus Prime Standard Edition.

3.2. Getting Started with Ashling Visual Studio Code Extension

Ashling Visual Studio Code Extension provides a consistent development platform that
works for all Nios V embedded processor systems. You can accomplish all software
development tasks within Visual Studio Code, including creating, editing, building, and
debugging programs. Ashling Visual Studio Code Extension supports Nios V processor
and Arm core debugging in multiple host operating system (OS) platforms.

3.2.1. Installing Ashling Visual Studio Code Extension

3.2.1.1. Prerequisites

Install the following software components before you install the Ashling Visual Studio
Code Extension:

e Quartus Prime

e Ashling RiscFree IDE for Altera FPGAs

e Microsoft Visual Studio Code

Note: The Ashling Visual Studio Code Extension supports only Quartus Prime Pro Edition
25.1 and Quartus Prime Standard Edition 24.1, including their latest versions.

3.2.1.2. Installing Ashling Visual Studio Code Extension for Altera FPGAs

Note: To select a specific Quartus Prime version, you can either modify the default Quartus
Prime environment variables or open Ashling Visual Studio Code Extension through the
Nios V Command Shell. Launching Ashling Visual Studio Code Extension via the Nios V
Command Shell ensures that the Ashling: InstallationPath is automatically
configured to the desired Quartus Prime version based on the environment settings
defined in the Nios V Command Shell.

Open the Start Menu and search for Nios V Command Shell. Then, launch it.

2. Type the following code to launch Ashling Visual Studio Code Extension.

$ code.

3. Click Extensions icon in the Activity bar.
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Figure 90. Extensions Icon in Activity Bar
File Edit
@ EXPLORER
v NO FOLDER OPENED
You have not yet opened a folder.
Open Folder
Opening a folder will close all currently open
editors. To keep them open, & i
instead.
BE‘ Extensions (Ctrl+Shift+X)
4. Navigate to Views and More Actions 0 Primary Side Bar [ Install from
VSIX....
Figure 91. Views and More Actions in Primary Side Bar
EXTENSIONS Of + ) Welc
L Ext ey Views and More Actions...
v INSTALLED
v POPULAR
Figure 92. Install from VSIX
EXTENSIONS ) Welcome X
ch Ext Views
Check for Extension Updates
“ INSTALLED ) )
Disable Auto Update for All Extensions
~ POPULAR
Enable All Extensions
. Python |z ; t Disable All Installed Extensions
& Microsoft Show Running Extensions
BE‘ Pylance Start Extension Bisect
formant, featu ich |z
e : Install from VSIX..
5. Browse to <Quartus Prime Installation directory>/riscfree/
vscode/<Ashling VSCode For Altera FPGA.vsix extension and click
Install.
6. Once the extension is installed, the Ashling icon appears in the Activity bar.
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Note: After the installation process, ensure that the C/C++, CMake, CMake
Tools, debug-tracker-vscode, Embedded Tools, Peripheral Viewer,
and Memory View extensions are also installed.

Figure 93. Installed Ashling Visual Studio Code Extension for Altera FPGAs

“ INSTALLED

—

Ashl VS Code Extension For Altera FPGAs

n for Altera FPGAs

Embedded Tools

s and RTOS data when debugging embedde..

7. Click the Ashling icon under QUICK SETTINGS and click Verify and Configure
Dependencies to set the debug environment. Ashling Visual Studio Code
Extension verifies the presence of Quartus Prime and Ashling RiscFree IDE for
Altera FPGAs in the machine and configures the path for build tools (Make, CMake,
etc.), compiler (Nios V GNU GCC toolchain), and debugger (GDB, Ashling GDB
Server, Intel JTAG Server, etc.).

Figure 94. Verify and Configure Dependencies
v QUICK SETTINGS
¢e% Open Plugin Settings
¢ Verify and Configure Dependencies

&

If the extension found the Quartus Prime and Ashling RiscFree IDE for Altera FPGAs
path successfully, the Ashling Visual Studio Code Extension reports successful
verification in the OUTPUT view.
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Note: Ensure that all dependencies have passed the verification process. If any dependency
fails, please consult with support.

Figure 95. Output of Verify and Configure Dependencies

[3:57:46 PM] Starting Quartus installation search...

[3:57:48 PM] Checking environment variables:

[3:57:48 PM] QUARTUS_ROOTDIR: C:\altera_pro\25.1\quartus

[3:57:48 PM] QUARTUS_ROOT: not set

[3:57:48 PM] ALTERA_ROOT: not set

[3:57:48 PM] Found Quartus installation(s) at: C:\altera_pro\25.1\quartus
[3:57:48 PM] Searching for RiscFree installation...

[3:57:50 PM] Checking for RiscFree at: C:\altera_pro\25.1\riscfree

[3:57:50 PM] Valid RiscFree installation found at: C:\altera_pro\25.1\riscfree
[3:57:50 PM] Verifying RiscFree toolchain...

[3:57:52 PM] Setting up VS Code configuration...

[3:57:53 PM] Setup completed successfully!

[3:57:53 PM]
Checking toolchain components...

[3:57:53 PM] Checking Ashling SDK Installation

[3:57:53 PM] Verifying Build Tools
Checking CMake........
Location: C:\altera_pro\25.1\riscfree\build_tools\cmake\bin\cmake.exe
Getting version........ 3.30.2
Checking Make........
Location: C:\altera_pro\25.1\riscfree\build_tools\bin\make.exe
Checking Ashling CLI........
Location: C:\altera_pro\25._1\riscfree\cli\ashling-cli.exe

[3:57:55 PM] Verifying Debug Tools
Checking ARM GDB Server........
Location: C:\altera_pro\25.1\riscfree\debugger\gdbserver-arm\ash-arm-gdb-
server.exe
Checking RISC-V GDB Server........
Location: C:\altera_pro\25.1\riscfree\debugger\gdbserver-riscv\ash-riscv-
gdb-server.exe
Checking QEMU RISC-V........
Location: C:\altera_pro\25.1\riscfree\gemu\gemu-system-riscv32.exe
Getting version........ 9.0.2
[3:57:56 PM] Verifying RISC-V Toolchain
Checking RISC-V GCC (32-bit)........
Location: C:\altera_pro\25.1\riscfree\toolchain\riscv32-unknown-elf\bin
\riscv32-unknown-elf-gcc.exe
Getting version........ 13.2.0
Checking RISC-V G++ (32-bit)........
Location: C:\altera_pro\25.1\riscfree\toolchain\riscv32-unknown-elf\bin
\riscv32-unknown-elf-g++.exe
Checking RISC-V GDB (32-bit)........
Location: C:\altera_pro\25.1\riscfree\toolchain\riscv32-unknown-elf\bin
\riscv32-unknown-elf-gdb.exe
Getting version........ Version unknown

[3:57:58 PM] Verifying ARM Toolchain

Checking ARM GDB (AArch64 ELF)........
Location: C:\altera_pro\25.1\riscfree\toolchain\Arm\aarch64-none-elf\bin
\aarch64-none-elf-gdb.exe
Getting version........ Version unknown

[3:57:58 PM] Summary

Components Found: 10/10

All components verified successfully
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If the extension couldn’t locate the Quartus Prime and Ashling RiscFree IDE for Altera
FPGAs path automatically, the Ashling Visual Studio Code Extension extension prompts
the Browse Now dialogue box. You are required to browse and select the location of
the missing component(s).

For example, the Ashling RiscFree IDE for Altera FPGAs folder can be found within the
Quartus Prime installation folder. (<Quartus Installation Directory>
\altera_pro\XX.Y\riscfree).

Figure 96. RiscFree Setup

8 X

Source: Ashling VS n.. Browse Now Download Later

The following messages appear when the missing component is found and configured
successful by the extension.

Figure 97. Verify and Configure Dependencies Successful
yment environment ¢ gured su

Source: As Extension For Altera FPGAs

# All required components are present.

de Extension For Altera FPGAs

Components: Checking ARM GDB (AArch64 ELF)... &3

ion For Altera FPC

3.2.2. Getting Started with Ashling Visual Studio Code Extension

Writing software for the Nios V processor is like writing software for any other
microcontroller family. An easy way to start designing effectively is to purchase a
development kit from Altera FPGA that includes documentation, a ready-made
evaluation board, a getting-started reference design, and all the development tools
necessary to write Nios V processor programs.
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This section guides you through the most fundamental operations in the Ashling Visual
Studio Code Extension and the following aspects:

e How to start a software project for Nios V processor.

e How to import an application (APP) project and the Board Support Package (BSP)
project required to interface with your hardware.

e How to build the application in the Ashling Visual Studio Code Extension.
e How to run and debug the software on an FPGA development board.

3.2.2.1. Ashling Visual Studio Code Extension Workbench

The term workbench refers to the Ashling Visual Studio Code Extension desktop
development environment. You can use the workbench to edit, compile and debug
your programs in Ashling Visual Studio Code Extension.

3.2.2.1.1. Perspective, Editors, and Views

Visual Studio Code has a simple layout that optimizes editor space while letting you
navigate your project effectively. The user interface is divided into five main areas.

Table 15. User Interface Descriptions

User Interface Description

Editor e Main area for editing your files.
e You can have many editors open side by side, both vertically and horizontally.

Primary Side Bar e Contains different perspectives such as the Explorer to help you work on your
project.

Status Bar e Provides information about the currently open project and the files you are
editing.

Activity Bar e Located on the far left-hand side.

e Allows you to navigate between views and displays extra context-specific
indicators.

e You can change the position of the Activity Bar.

Panel e An additional space for views below the editor region.

e By default, it contains output, debug information, errors and warnings, and an
integrated terminal.

e You can change the position to the left or right for more vertical space.
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Figure 98. User Interface
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A dot (e) indicates that an editor has unsaved changes. Views can also provide their
own menus and toolbars, which, if present, appear along the top edge of the view. To
open the menu for a view, click the drop-down arrow icon at the right of the view's
toolbar or right-click in the view. A view might appear on its own or stacked with other

views in a tabbed notebook.

Related Information
Visual Studio Code User Interface

3.2.2.1.2, Starting a Project

You can start a project in Ashling Visual Studio Code Extension by importing an

existing project.

3.2.2.1.3. Navigating the Project

After importing a Nios V processor project, it shows up in the Explorer and Ashling

Project View.

e To examine the software project’s folders, files, and source codes, refer to the

Explorer.

e To build and debug the software project, refer to the Ashling Project View.
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Figure 99. Explorer View

Figure 100. Ashling Project View

3.2.2.1.4. Building the Project
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To build a Nios V processor project in the Visual Studio Code, click Build Project. A
NOTIFICATIONS window shows you the build status at the bottom right corner. The
build process can take a minute or two for a simple project, depending on the speed of
the host machine. Building a complex project takes longer. During the build process,
you can view the build commands and command-line output in the OUTPUT view.

If the project is dependent on another project, such as a BSP or a user library, Visual
Studio Code builds the dependency project first. This feature allows you to build an
application and its BSP with a single command.
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Figure 101. Build Project

3.2.2.1.5. Configuring the FPGA

Before running your software, you must ensure the correct hardware design runs on
the FPGA. To configure the FPGA, use the Quartus Prime Programmer from the
Quartus Prime software.

The project directory for your hardware design contains an SRAM Object File (.soT)
and the .qgsys file. The .sof file contains the hardware design to be programmed in
the FPGA.

3.2.2.1.6. Debugging the Project

To debug a software project, click on Debug Configurations and select Nios V
Hardware Debugging. This command carries out the following actions:

e Creates a Nios V Hardware Debugging.
e Builds the project executable. If all target files are up to date, nothing is built.

e If you are debugging on hardware, it establishes communications with the target
and verifies that the FPGA is configured with the correct hardware design.

e Downloads the .elfto the target memory.
* Sets a breakpoint at the top of main().

e Starts execution at the el fentry point.

The Visual Studio Code debugger allows you to perform many common debugging
tasks. Debugging a Nios V program with the Nios V plugins is generally the same as
debugging any other C/C++ program with Visual Studio Code.

3.2.3. Debug Configurations using Ashling Visual Studio Code Extension
for Altera FPGAS

You can click the + icon beside the Debug Configuration to open the debug
configuration dialog box. Each debug configuration is presented on several tabs. This
section describes each tab.
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Table 16. Run (Debug) Configuration

Tab Description
Main e Specify the application project to run.
Debugger e Control the connection between the host machine and the target hardware.

e You can control the connection in the following ways:

— Select the Debug Probe in the Debug Probe Configuration, if there is
more than one debug probe available.

— Click Auto-detect Scan Chain to detect JTAG scan chain information of the
target device automatically.

— Use GDB Server Setup to debug the software application remotely.

— Use GDB Client Setup to communicate with the Ashling GDBServer via a TCP
connection using GDB Remote Serial Protocol.

e To modify GDB Server Setup and GDB Client Setup using the command line, you
can refer to:

— Running Ashling GBD Server for GDB Server Setup
— Running GDB for GDB Client Setup
Note: By default, the setup is generic. It can support all environments.
Startup e Configure options related to software debugging.

e Such as loading images or symbols, and setting breakpoints, which facilitates
software analysis and troubleshooting.

e You can use load image and symbol specifically for booting.

e If you want to download your program to analyze and troubleshoot your program
during execution, turn on both load image and symbols.

e If your program is in booting mode and you want to analyze and troubleshoot
your program during execution, turn off load image.

Note: Nios V processor supports hart ID of 0 only

Source e Specify the source code when the source code is not present in the compilation
path.

e This allows mapping of the compile-time paths for source to local source
locations. It is an object of key/value pairs and resolves the first string-matched
path.

For example, ""sourceFileMap™: { "/mnt/c": "c:\\" } maps any path

returned by the debugger that begins with /mnt/c and convert it to c:\\.

3.2.4. Debug Information in the Ashling Visual Studio Code Extension for

Altera FPGAs

Debug perspective allows you to manage the debugging and execution of a program in
the Workbench. You can control how your program is executed by establishing
breakpoints, pausing started programs, walking through your code, and analyzing the
contents of variables.

You can find the following information in the Debug perspective,:

e Each target you are debugging has its own stack frame for suspended threads.

e Every thread in your program is displayed as a node in a tree structure.

e Each program you are running has a corresponding process.

Additionally, the Debug view interacts with the C/C++ Editor, highlighting the location
of the execution pointer as you navigate through your code.
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3.2.4.1. Variables

The Variables section displays information about the variables in a specified stack
frame. When execution is paused, the updated values are, by default, indicated in
blue. As with the other debug-related views, the view does not refresh when you run
your program; it is refreshed when the execution is terminated.

Figure 102. Variables Section

v VARIABLES

v Locals

1: i

3.2.4.2. Expressions

An expression is a code snippet that produces a result when evaluated. The specific
debug model determines the context of an expression. Some expressions might need
to be evaluated at a specific area in the program for the variables to be referenced.
The Expressions section contains information about expressions.

+ WATCH
i: 1

You can see details regarding the registers in a chosen stack frame by using the
Registers View feature. When your program pauses or ends, the modified values are
highlighted in the Registers section.

Figure 103. Expressions Section

3.2.4.3. Registers

Figure 104. Registers Section
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3.2.4.4. Memory

You can observe and modify the memory used by your processes in MemoryView. A
list of so-called memory monitors represents the process memory. Every monitor
depicts a memory region identified by its base address.

Note: You must select little-endian in the MemoryView properties because the Nios V
processor is a little-endian processor.

Figure 105. Memory Viewer
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Note: To view memory, make sure the MemoryView extension is installed. This extension is
automatically installed when you install the Ashling Visual Studio Code Extension.

Figure 106. MemoryView
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3.2.4.5. Disassembly

The Disassembly view shows the loaded program as assembly instructions alongside
the source code for easy comparison. An arrow marker and a highlight in the view
show the line that is currently running.
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This view enables you to perform the following tasks:

e Set breakpoints at the start of any assembler instruction

e Enable and disable breakpoints and their set their properties
e Step through the disassembly instructions of your program
e Jump to specific instructions in the program

Figure 107. Dissassembly View
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3.3. Using Ashling Visual Studio Code Extension with Nios V
Processor System

3.3.1. Creating Nios V Processor BSP using Nios V Processor BSP
Generator

To create a Nios V processor BSP to Visual Studio Code, follow these steps:
1. Click the Ashling icon to open the Ashling Sidebar.
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Figure 108.

Figure 109.

Ashling Sidebar
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2. Go to Ashling Project View O Tools 0 Nios V BSP Generator.
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3. The method to launch the BSP Editor differs based on the Quartus Prime edition.
The tables below illustrate the differences between both versions. Follow the steps
corresponding to your version.
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e Quartus Prime Pro Edition

a. A Nios V BSP Generator window appears. Click the ... icon to browse
and select the .qgsys file for Quartus Qsys pro system file (*qsys).

b. Click the ... icon to browse and select the .qpT file for Quartus project
file (*qpf).

Figure 110. Nios V BSP Generator Window

= Nios V BSP Generator X

Nios V BSP Generator

Quartus Qsys pro system file (*qsys)

c:\quartus_design\ag7_hello_world_25.1\niosv_top.gsys

Quartus project file (*.qpf)

c:\quartus_design\ag7_hello_world_25.1\niosv_top.qpf

Create Using Altera Platform Designer

c. Click Create Using Altera Platform Designer to launch the Platform
Designer.

d. In Platform Designer, go to File 0 New BSP.
e Quartus Prime Standard Edition
— Launch directly from BSP Editor.

Related Information

AN 980: Nios® V Processor Quartus® Prime Software Support
For more information about the subsequent steps to create the BSP.

3.3.2. Creating Nios V Processor Application Project using Nios V App
Generator

Note: You have to generate your BSP before generating the Nios V Processor Application
Project.

Follow these steps to create a Nios V processor application project for Visual Studio
Code.

1. Click the Ashling icon to open the Ashling Sidebar.
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Figure 111. Ashling Sidebar
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2. Go to Ashling Project View 0 Tools 0 Nios V APP Generator.

Figure 112. Nios V App Generator
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V App Generator
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3. A Create Nios V Application window appears. For Existing BSP location, click
the ... icon to identify the App location automatically.
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Figure 113. Create Nios V Application - Existing BSP location and App Location

= Create Nios V Application X

Create Nios V Application

Existing BSP location

c\quartus_design\ag7_hello_world_25.1\software\bsp

Sample selection

hello_ucosii

App location

# Add application to the workspace Create

4. Select the sample code in the Sample selection.

Figure 114. Create Nios V Application - Sample Selection

The default sample selections are hello_ucosii and hello_world.

= Create Nios V Application X

Create Nios V Application
Existing BSP location
c\quartus_design\ag7_hello_world_25.1\software\bsp

Sample selection
hello_ucosii

hello_ucosii

" hello_world

¥ Add application to the workspace

Note: You can manually add your custom sample code folder to the following
directory: <Quartus Installation Directory>\niosv\examples
\software. Once you place the sample code folder in this directory, it is
available in the Sample selection drop-down menu.
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Figure 115. Manually Adding Custom Sample Code to Sample Selection Menu (in VS Code)

This figure shows the manually added sample code, which is
hello_from_niosvg.

£ Create Nios V Application X

Create Nios V Application

Existing BSP location

c\quartus_design\ag7_hello_world_25.1\software\bsp

Sample selection

hello_from_niosvg

hello_from_niosvg
' hello_ucosii

hello_world
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Figure 116. Manually Adding Custom Sample Code to Sample Selection Menu (in Quartus
Prime Installation Folder)

hello_ucosii 12/2/2025 4:26 PM File folder
hello world 12/2/2025 4:26 PM File folder
hello_from_niosvg 17/2/2025 1:15 PM File folder

5. Leave the Add application to the workspace option as default and click
Create. Once the application is successfully generated, you can find the prints in
the terminal as shown in the following diagram.

Figure 117. Terminal Prints

quartus_
. \quartus_design\ag?_hello world : \softwar
:\quartus_design\ag7 hello world 25.1\software\app\hello world.c”

I

2 Info: “c:\guartus_design\ag7 hello world 25.1\software\app\CMakelists.txt" was

generated.

Note: If you want to include more sources into the CMakelLists.txt, you can use
the up arrow key to retrieve the previous command (niosv-app) in the
terminal.

3.3.3. Importing Nios V Processor Project
Note: To run Visual Studio Code, use the Nios V Command Shell to execute it.

To import Nios V processor BSP and application project to Visual Studio Code, follow
these steps:

1. Click the Ashling icon to open the Ashling Sidebar.
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Figure 118. Ashling Sidebar
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2. Under QUICK OPERATIONS, click Add Folder(s) to workspace and browse to
the folder containing the CMake based Nios V processor application project
(<Project Directory>\software\app).

3. Repeat the same steps to import CMake based Nios V processor BSP project
(<Project Directory>\software\bsp).

Related Information

Nios® V Processor Software Developer Handbook: Nios® V Processor Software
Development Flow
For more information about Nios® V Processor Software Development Flow. The
chapter describes BSP generation from the hardware system and CMakelists file
generation for application before importing the binaries into Ashling Visual Studio
Code.

3.3.4. Building Nios V Processor Project

Follow these steps to build the project,:
1. Go to ASHLING PROJECT VIEW [ app O Build Actions 0 Build.
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Figure 119. Build Project

ASHLING

v ASHLING PROJECT VIEW

~ E app
v ¥ Build Actions

%% Build
4> Rebuild
== Clean

> &> Debug Configurations +

2. Select Ashling RISC-V GNU GCC toolchain.
Figure 120. Build Project—Select Kit

f_—’.: a Kit for build

[Scan for kits] Search for compilers on this computer
[Unspecified] Un ( g

Ashling RISC-V GNU GCC toolchain

3. Once the application is successfully built, you can find the console prints as shown
in the following diagram.

Figure 121. Console Prints

[build] [ 97%] Built target hello.elf

[build] [1e0%] Reporting memory available for stack + heap in hello.elf.
[build] [1@@%] Creating hello.elf.objdump.

[build] hello.elf

[build] * 111.86 KB - Program size (code + initialized data).

[build] * 137.96 KB - Free for stack + heap.
[build] [1@@%] Built target niosv-stack-report
[build] [1e@%] Built target create-objdump
[driver] Build completed: ©0:02:09.366

[build] Build finished with exit code ©

3.3.5. Debugging a Nios V Processor Project

3.3.5.1. Downloading and Debugging Nios V Processor Application

You can download and debug a Nios V processor software project on the targeted
Altera FPGA using the Visual Studio Code.
Follow these steps to download and debug the project,:

1. Go to ASHLING PROJECT VIEW 0 app 0 Debug Configurations. Click the +
icon beside Debug Configurations to list down the supported launch
configurations.

2. Click Nios V Hardware Debugging and specify a name for the launch.

FPGAs User Guide
90

Ashling* RiscFree* Integrated Development Environment (IDE) for Altera® D send Feedback


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

3. Ashling Visual Studio Code Extension for Altera FPGAs a Ite rd

730783 | 2025.04.11
An Intel Company

Figure 122. Debug Configurations

v ASHLING PROJECT VIEW

v B3 app
v ¢ Build Actions
% Build

&> Rebuild
=t Clean

> &> Debug Configurations

Figure 123. Create Nios V Hardware Debugging

Mios V Hardware Debugging
ARM Hardware Debugging

QEMU Simulated Debugging

3. A debug configuration window appears. An .elT file is auto selected from the
project in the Main tab. You can select a different _elf by using the Browse
feature.

Figure 124. Debug Configurations for Nios V Processor — Main Tab

nios-v launch

Ashiir v bug Launch Save | &> Debug

m Debugger Startup

C/C++ Appli

c:\quartus_design\ag7_hello_world_25.1\software\app\build\app.elf

Browse..

4. Click Debugger tab, click the drop-down icon to select appropriate debug probe
for the debug session.

5. Under the Debugger tab, set these settings:

e Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/
development kit)

e Transport type: JTAG.
e JTAG frequency: 16 MHz.

6. Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Make your selection for Tap selection and Core
selection.
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Figure 125. Debug Configurations for Nios V Processor — Debugger Tab

nios-v launch
Ast Hardware Debug Laur save  g> Debug

Main Debugger

bug Probe Configuration

Auto-detect Scan Chain

7. Leave all other settings as they are, including those in the Startup tab, as the
sensible defaults have been set.

Note: If you turn off the Resume feature, you can start debugging from the
processor initialization stage.

Figure 126. Debug Configurations for Nios V Processor — Turn off Resume

®. D niosviauv & = app.elf.obja
VARIABLES

warcH

This example shows that the program counter is at 0x3cO, which is displayed in
the disassembly just after the reset vector. The processor jumps to 0x3cO, which
is _start (the beginning of the Nios V processor initialization).

If you turn on the Resume feature, you can debug from the user application.

Figure 127. Debug Configurations for Nios V Processor — Turn on Resume

VARIABLES
WATCH

CALLSTACK

main()

This example shows that the program counter is at 0x37c, which is paused at the
main function and is shown in the disassembly. The processor then jumps to
0x37c, which is paused at looper ().

8. Click Debug in the top right corner of the launch configuration dialog.
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Figure 128. Debug Configurations for Nios V Processor — Startup Tab
nios-v launch

Ashling Nic Save g’) Debug

Main Debugger Startup Source

Load image

/ Load symbols

oject binary: c:\quartu 7_hello_world_25.1\software\app\build\app.elf

3.3.5.2. Connecting to a Running Nios V Processor Application

You can connect to a running Nios V processor software project on the targeted Altera
FPGA using the Visual Studio Code, and continue with the debugging session.

Follow these steps to connect to a running application and debug:

1. Go to ASHLING PROJECT VIEW [ app [0 Debug Configurations. Click the +
icon beside Debug Configurations to list down the supported launch

configurations. Click Nios V Hardware Debugging and specify a name for the
launch.

Figure 129. Debug Configurations

v ASHLING PROJECT VIEW
v B3 app
v &7 Build Actions
%% Build
> Rebuild
== Clean

> &> Debug Configurations

Figure 130. Create Nios V Hardware Debugging

Mios V Hardware Debugging

ARM Hardware Debugging

2. Specify a name for the new launch configuration.
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Figure 131. New Launch Configuration

nios-v IauncH

Please choose a unique name for the new launch configuration {Press ‘Enter’ to confirm or "Escape’
to cancel)

3. A debug configuration window appears. An .elT file is auto selected from the
project in the Main tab. You can select a different .elf by using Browse..
feature.

Figure 132. Debug Configurations for Nios V Processor — Main Tab

nios-v launch

Ashling Nios bug Launch save | &> Debug

m Debugger Startup

C/C++ Application

c\quartus_desigmag7_hello_world_25.1\software\app\build\app.elf

Browse..

4. Click Debugger tab, click the drop-down icon to select appropriate debug probe
for the debug session.

5. Under the Debugger tab, set these settings:

e Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/
development kit)

e Transport type: JTAG.
e JTAG frequency: 16 MHz.

6. Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Make your selection for Tap selection and Core
selection.

7. Turn off Reset mstatus CSR register.
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Figure 133. Debug Configurations for Nios V Processor — Debugger Tab

nios-v launch
Ashii Hardware Debug L save | &> Debug

Debugger Startup

Auto-detect Scan Chain

8. Turn off Load Image, turn off Set Breakpoint and turn off Resume.

9. Click Debug in the top right corner of the launch configuration dialog.

Figure 134. Debug Configurations for Nios V Processor — Startup Tab (Part 1)

nios-v launc

Debugger Startup S

Load image

/' Load symbols

® Use project binary: c:\quartus_desi 7_hello_world_25.1\software\app\build\app.elf
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Figure 135. Debug Configurations for Nios V Processor — Startup Tab (Part 2)

Run commands

Set program counter at (hex):

Set breakpoint at (hex):

Commands

python import gdb.custominsn,

source c:\altera_pro\25.1_b59\riscfree\toolchain\riscv32-unknown-elf\share\gdb\python\gdb\custominsn.py,
set custom-instruction-display on,

show custom-instruction-display

Resume

3.3.5.3. Considerations when Debugging ROM-based Designs

A ROM-based Nios V processor design refers to the Nios V processor software is
developed specifically to be stored in involatile memories, such as ROM or Flash. The
ROM-based designs are closely related to the booting implementation in Nios V
Embedded Processor Design Handbook.

e Nios V Processor Booting from On-Chip Flash (UFM)

e Nios V Processor Booting from General Purpose QSPI Flash

e Nios V Processor Booting from Configuration QSPI Flash

e Nios V Processor Booting from On-Chip Read-Only Memory (OCROM)

Any write attempt by the debugger into a ROM or Flash is not supported, because of
the ROM’s read-only characteristics and the Flash’s write operation complexity
respectively.

Thus, debugging a ROM-based designs come with the following limitations:

1. The debugger is unable to download the application ELF into ROM/Flash.

2. The debugger is unable to set software breakpoint, which replace instructions with
ebreak. This is affecting the Set breakpoint at feature in Startup tab, stepping
actions in Debug Bar and any user-added breakpoints.

Once the application is booting successfully, Altera recommends implementing
Connecting to a Running Nios V Processor Application along with setups in Unable to
Set Software Breakpoint to connect and debug the application.

3.3.5.3.1. Unable to download (Load Image)

You can program the ROM/Flash using specialized programming methods to load the
image into the involatile memories.
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Table 17. Programming Methods

Involatile Memories Programming File Programming Methods

UFM POF file Using Quartus Prime Programmer under Internal Configuration mode.
General Purpose QSPI | POF file Using Quartus Prime Programmer under Passive Serial or AVST mode
Flash with Parallel Flash Loader.

Configuration QSPI JIC file Using Quartus Prime Programmer under Active Serial mode.

Flash

On-Chip Read-Only HEX file Memory initialized during Quartus Prime project compilation.

Memory

Related Information
Nios® V Embedded Processor Design Handbook: Nios® V Processor Configuration and
Booting Solutions

3.3.5.3.2. Unable to Set Software Breakpoint

The Ashling RiscFree IDE for Altera FPGAs setup breakpoints as software breakpoint
by default. This behaviour applies to Set breakpoint at feature in Startup tab,
stepping actions in Debug Bar and any user-added breakpoints. You must perform
the following setups to switch from software breakpoint into hardware breakpoint.

Table 18. Switch to Hardware Breakpoints

Setups Effects Related Breakpoint Features
Enable Use hardware Ashling RiscFree IDE for Altera FPGAs e Set breakpoint at feature in Startup
breakpoint only. Refer to automatically switched to hardware tab
3.3.6.5. Hardware breakpoint when it identifies any e Stepping actions in Debug Bar
Breakpoint. breakpoint. « Any breakpoints

3.3.6. Debugging Tools

3.3.6.1. View Variables
To observe the Variables view, go to Activity Bar 0 VARIABLES [ Locals.
Figure 136. Variables View

~ VARIABLES

~ Locals

In this view, you can see the variables in your program. When you click on a variable,
it displays the number format for that selected variable.

3.3.6.2. Adding Expressions

To observe the Expressions view, go to Activity Bar 0 WATCH.
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Figure 137. Expressions View

1. Highlight the expression

2. Right click on the highlighted expression and click Add to Watch.

The WATCH displays the expression and its value.. When the execution of a program
is suspended, all expressions are reevaluated.

3.3.6.3. View Memory

Visual Studio Code supports memory browser. You can view the content of On-Chip
Memory (RAM), external memory, or other memory-mapped devices. This example
targets the start address of On-Chip Memory (RAM), where an application begins.

Note: You must select little-endian in the Memory View properties because Nios V processor
is a little-endian processor.

Follow these steps to launch the memory browser:
1. Navigate to OUTPUT and right click on it.

Figure 138. Enable Memory

Configure Keybinding

Hide 'Output’
Hide Badge

Move To

v Problems

v Output

v Debug Console

v Terminal

' Ports
MEMORY

Panel Position
Align Panel
Show Icons

Hide Panel Ctri+)

2. Click MEMORY.

3. Click Add new memory view to add memory address.
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Figure 139. Add Memory

Status: No debugger attached

08 00 8a 6b oc od oe of

4. Click Edit memory view properties, set these settings:
e Address: Hex/decimal constant or expression: Leave it as default
e Display Name: Leave it as default
e Format: 4-Byte

e Endianness: Little

Figure 140. Edit Memory View Properties

Figure 141.

Little

Cancel Ok

Figure 142.

ed, stopped

03-00 07-04 0b-08 0f-0c¢ 13-10 17-14 1b-18 1f-1c
Bcb0BO6T | 00000EE0 00000OPO 0©ODOOOPG 00OEOGAE 000DOOGE 0000DOGE 0OOOGO0O0O
fc0l0113 00112023 00512223 00612423 00712623 00al2823 06bl2a23 00c12c23

00d12e23 02e12023 02112223 03012423 03112623 03c12823 03d12a23 03el2c23
03f12e23 34202573 341025f3 34302673 18cb00ef 34151073 00012683 00412283
00812303 00c12383 01012503 01412583 01812603 01cl12683 02012703 02412783
02812803 02c12883 03012e03 03412e83 03812f03 03cl2f83 04010113 30200073
fdele1l3 02812623 03010413 fcad2e23 Te042623 fec42783 00078513 02cl2403

AINTIATT ARARNRNAT FFATA112 NAARTIRDI2 N1ATAATR AN1AAAT AAARAANRT 2 ANA17AR2

Go to <Working directory>/software/app/out/build/ folder.
Open the hello.elf.objdump file.
Search for Disassembly of section .entry.

© N o w

The disassembly shows that the information at starting address 0 is 0x3cO0006F,
which is exactly the same as in the Memory Browser.

9. You can continue to verify section .exceptions.
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Figure 143. Disassembly of an Application

Disassembly of section .entry:

20000000 <_ reset>:

* Jump to the _start entry point in the .text section if reset code
* is allowed or if optimizing for RTL simulation.

<t

/* Jump to the _start entry point in the .text section. */
tail _start
©: 3ceeeesf j 3ce <_start>

3.3.6.4. Disassembly View with Registers View Stepping into Assembler
Functions

Disassembly view allows you to observe your program as it is disassembled. This is
helpful when the instruction pointer enters a function for which it does not have the
source.

Follow these steps to launch the disassembly view:
1. Navigate to Activity Bar 0 CALL STACK.
2. Right-click on the item in CALL STACK and click Open Disassembly View.

Figure 144. Turn On Disassembly View

~ CALL STACK Pausedonstep [

looper hello.c_(5:1

Copy Call Stack

main (|

Open Disassembly View

To debug using the disassembled code in the Disassembly view, set a breakpoint at
the line you wish to pause. Once the debugger steps into the line that you have set
the breakpoint, you can observe the change in the Registers view.

Figure 145. Disassembly View with Register View

RUNA.. D nios-vlau~ % - gur £ Disassembly X

' VARIABLES G 0x000002fc 3 34 f Tw a5, -40(s0)
0x00000300 a0, a5
0x00000304 ra,44(sp)
0x00000308 - 0(sp)
0x0000030¢ ,5p,48

i 0x0 0x00000310

1 0x380 0x00000314 ,5p,-32

Locals

# Registers

sp: Ox3ffbo O 0x60000318 ,28(sp)

gp: 0x16b78 0x0000031c s0,24(sp)
0x00000320 : s@,sp,32
0x00000324 i zero, -20(s0)
0x00000328 0x348 <looper+52>
0x0000032¢ - al, -20(s0)
0x00000330 - i a5,0x14
0x00000334 a0,a5,256
0x00000338 j 0x40b0 <printf>

~ WATCH
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3.3.6.5. Hardware Breakpoint

Follow these steps to use hardware breakpoint:
1. In the Debug Configuration window, click Startup tab.

2. Under Run Commands, enable Use hardware breakpoints only and set 1
hardware breakpoint.

Note: Nios V processor only supports one trigger.
3. Enable Set breakpoint at: and set the location you want to set the breakpoint.

Figure 146. Set Hardware Breakpoint

Run Commands

’ Use hardware breakpoints only 1

Set program counter at (hex):

’ Set breakpoint at: main

Click Debug.
5. To make sure the hardware breakpoint is in the correct location, you can check the
value in the tdata?2 register in the VARIABLES [0 Registers 0 CPU.

Figure 147. Value in t dat a2 Register

Do @ = Del

VARIAL

This example shows how to use the hardware breakpoint with set the breakpoint. The
breakpoint is set at main, which is 0x37c that shown in tdata2. The breakpoint
pauses the execution at the first code within the main.

3.3.6.6. Configuring the Program Counter Manually

The Ashling Visual Studio Code Extension provides the feature to change the
processor's program counter during debugging. Use this feature with caution.

If not done carefully, changing the program counter can lead to inconsistent program
states, unexpected behaviour, or crashes. Altera recommends this option for you if you
have advanced knowledge and a thorough understanding of the program's logic and
state.
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Navigate to Startup tab. Click Run Commands 00 Set program counter at
(hex).

Provide any instruction memory address in HEX.

You may refer to the objdump file to locate the interested instruction memory
address.

Start debugging, and the processor jumps to the specified instruction memory
address.

Figure 148. Set Program Counter at (hex) in Startup Tab

3.4. Using Ashling Visual Studio Code Extension with Arm Hard
Processor System

The example in this tutorial is based on the Intel FPGA example design from Ashling.

Note: Visual Studio Code supports Arm HPS standalone debug.

3.4.1. Pre-requisite for Debugging Arm HPS Project

This example uses the Agilex 7 board. To prepare the platform you are planning to
debug, follow these steps:

1.

Prepare a golden system reference design (GSRD) HPS .sof file or use a prebuilt
HPS .sof file.

Download the HPS .sof file to the Agilex 7 board using the Quartus Prime
Programmer and Tools.

Related Information

Agilex 7 SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

Cyclone V SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

Stratix 10 SoC Golden System Reference Design (GSRD)
Provides the prebuilt .sof files at the Release Contents section for download.

Arria 10 SoC Golden System Reference Design (GSRD)

3.4.2. Importing Arm HPS Project

Note: If you want to test the pre-built .elf file, refer to the link provided in the Related
Information section. This extension does not provide the pre-built .elf file.

Follow these steps to import the Agilex 7 Arm Cortex*-A53 sample project and a pre-
built .elf file:

1.

Click the Ashling icon to open the Ashling Sidebar.
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Ashling Sidebar

ASHLING

\/ ASHLING PROJECT VIEW
v {¥ Tools
</> Nios V App Generator

B Nios V BSP Generator

“ QUICK SETTINGS
{83 Open Plugin Settings
<@ Verify and Configure Dependencies

Vv QUICK OPERATIONS

Add folder(s) to workspace

2. Under QUICK OPERATIONS, click Add Folder(s) to workspace and browse to
the folder.

Related Information

Importing Arm* HPS Project

3.4.3. Setting Debug Configurations and Downloading Arm HPS Project
Using Visual Studio Code

Figure 150.

Follow these steps to debug the project:

1. Go to ASHLING PROJECT VIEW [ agilex7-a53-picojpeg [ Debug
Configurations. Click the + icon beside Debug Configurations to list down the
supported launch configurations. Click ARM Hardware Debugging and specify a
name for the launch.

Debug Configurations

“ ASHLING PROJECT VIEW
~ B3 agilex7-a53-picojpeg
~ &7 Build Acti
< Build

> Debug Configurations RS
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Figure 151. Create ARM Hardware Debugging

Nios V Hardware Debugging

ARM Hardware Debugging

QEMU Simulated Debug

2. A debug configuration window appears, -elT file is auto selected from the project
in the Main tab. You can select a different .elf by using Browse feature.

Figure 152. Debug Configurations for ARM Processor—Main Tab

arm-hps launch

Ashling Arm HPS Hardware Debug Launch

m Debugger Startup Source

Project Binaries

C/C++ Application:

c\quartus_design\ag7_hps\agilex7-a53-picojpeg\Debug\agilex7-a53-picojpeg.elf

Browse..

3. Click Debugger tab, and click the drop-down icon to select the appropriate debug
probe for the debug session.

4. Under the Debugger tab, set these settings:
e Debug probe: Agilex SI/SoC Dev Kit (Name of the FPGA board/development
kit)
e Transport type: JTAG
e JTAG frequency: 16 MHz
e Core selection: Can select any core between 0 to 3

5. Click Auto-detect Scan Chain to automatically detect JTAG scan chain
information of the target device. Select the options from Tap selection and Core
selection.
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Figure 153. Debug Configurations for ARM Processor — Debugger Tab (Part 1)

arm-hps launch

&> Debug

Main Debugger Startup

Note: The default settings for the current example design in the Visual Studio
Code are configured based on the Agilex 7 device.

Note: If you are using a different Arm architecture, select the Arm GNU debugger
(GDB) (select GDB Client Setup [0 Executable name) manually.

* 64-bit ELFs: ${eclipse_home}/../toolchain/Arm/aarch64-
none-elf/bin/aarch64-none-elf-gdb.exe

* 32-bit ELFs: ${eclipse_home}/. ./toolchain/Arm/arm-
noneeabi/ bin/arm-none-eabi-gdb.exe

6. Leave all other settings, including those in the Startup tab, as sensible defaults
have been set.

Click Debug in the top right corner of the launch configuration dialog.

Visual Studio Code downloads the program to the target SoC and display its
progress through the console prints.
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Figure 155. Debug Configurations for ARM Processor — Startup Tab and Debug Button

arm-hps laun

Ashling Arm HPS Hardv ug Launch Save | £ Debug

Main Debugger Startup Source

Load Image and Symbols

v/ Load image

® Use project binary: c:\quartus_design\ag7_hps\agilex7-a53-picojpeg\Debug\agilex7-a53-picojpeg.elf

v/ Load symbols

® Use project binary: c\quartus_design\ag7_hps\agilex7-a53-picojpeg\Debug\agilex7-a53-picojpeg.elf

Figure 156. Visual Studio Code after Program is Downloaded and System is Ready for
Debug

3.5. Debugging Features in Ashling Visual Studio Code Extension

3.5.1. Debug Features in Ashling Visual Studio Code Extension

3.5.1.1. Launching Memory Browser
Visual Studio Code supports memory view. Follow these steps to launch the memory
browser:
1. Navigate to OUTPUT and right-click on it.

Ashling* RiscFrge* Integrated Development Environment (IDE) for Altera® Send Feedback
FPGAs User Guide

106


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

3. Ashling Visual Studio Code Extension for Altera FPGAs a Ite rQ

730783 | 2025.04.11
An Intel Company
Figure 157. Enable Memory

Configure Keybinding

Hide "Output’

Hide Badge

Move To

v Problems

v Qutput
Debug Console

+ Terminal

/ Ports
MEMORY

Panel Position
Align Panel
Show Icons

Hide Panel Ctri+)

2. Click MEMORY.
3. Click Add new memory view to add memory address.

Figure 158. Add Memory

No memory views ) €3 Status: No debugger attached

P0Pe0PEPEPEODERe 00 @] Add new memory ! @3 @9 8a ©b ec ed oe of
alelelalaleTelalaTelulalalelels b b fo b % H0 & B B

4. Click Edit memory view properties, set these settings:

Send Feedback Ashling* RiscFree* Integrated Development Environment (IDE) for Altera®
FPGAs User Guide

107


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

q Itero 3. Ashling Visual Studio Code Extension for Altera FPGAs

730783 | 2025.04.11
An Intel Company

e Address: Hex/decimal constant or expression: Leave it default
e Display Name: Leave it default

e Format: 4-Byte

e Endianness: Little

Figure 159. Edit Memory View Properties

Figure 160.

Endianne Little

Cancel Ok

Figure 161.

ug

0000000000000000 CERL 07-04 0b-08 0f-0c 13-10 17-14 1b-18 1f-1c
BcO0006T | 00000000 00000000 00000000 00000000 00000000 00000000 00000000
fc010113 00112023 00512223 00612423 00712623 00al2823 06bl2a23 00cl2c23

00d12e23 02e12023 02112223 03012423 03112623 03c12823 03d12a23 03el2c23
03f12e23 34202573 341025f3 34302673 18c000ef 34151073 00012083 00412283
00812303 00c12383 01012503 01412583 01812603 01cl2683 02012703 02412783
02812803 ©02c12883 03012e03 03412e83 03812f03 03cl2f83 04010113 30200073
fde1e113 02812623 03010413 fcad2e23 fe042623 fec42783 00078513 02cl2403
N201A112 _AAAARART _#£A1A112 AAR17R72 __A1A1A412 __AN1AAAT2 __AANAAATI _AA~124A2

3.5.1.2. Debugger Console
Visual Studio Code supports debugger console.
You can launch the debugger console from View [0 Debugger Console.

You can enter debug commands and view output in the debug console. The GNU GDB
syntax is fully supported in the console.

3.5.1.3. JTAG UART Output Terminal

You can view the output of the JTAG UART (juart) terminal in the Visual Studio Code
via launching juart-terminal in the Terminal window.
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JTAG UART Terminal Console Print

[niosv-shell] /vscode/niosv/niosv_booting $ juart-terminal

juart-terminal: connected to hardware target using JTAG UART on cable

juart-terminal: "Agilex SI/SoC Dev Kit on , device 1, instance 0

juart-terminal: (Use the IDE stop button or Ctrl-C to terminate)

Hello world, this is the Nios V/m cpu checking in O...

3.5.1.4. Debugging RTOS

Note: HMC/OS-II RTOS is not supported.
FreeRTOS
When you debug the FreeRTOS application, you can view the number of tasks, task
details, and queue list. To display details of FreeRTOS Task List, enable the macro as
below in the FreeRTOSConTig.h.

Note: If you use the FreeRTOS BSP generated from BSP Editor, you do not need to manually
configure configUSE_TRACE_FACILITY in FreeRTOSConfig.h. The setting
depends on system_h (part of FreeRTOSConfig.h #include), which can be
configured using BSP Editor GUI or niosv-bsp command

Table 19. FreeRTOS Debug Configuration

Debug Information Macros Configurati Description
on

Task List configUSE_TRACE_FACILITY 1 To display task number of the project
The configuration is as shown below:
#define configUSE_TRACE_FACILITY 1
To debug FreeRTOS application, follow these steps:
e Launch the FreeRTOS application debug. The RTOS related view is automatically

appeared in Panel.

Figure 163. RTOS Related View

Priority Base Priority State Run Count Stack Ptr Stack Start Stack End Min Free

Stack
running nknown 2t x2b5d0 unknown
unknown
Zephyr
When you debug the Nios V processor application, you can view the Zephyr Mutex
(Mutual Exclusion Object) List, Zephyr Semaphore List, and Zephyr Thread List.
To display details of Zephyr Mutex, Semaphore and Thread lists, enable the macros as
below in the prj.conf file.
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Debug Information Macros Configuration Description

Enable Trace CONFIG_TRACING Y To enable all the tracing function.

Note: All tracing macros have dependency to
CONFIG_TRACING.

Mutex List CONFIG_TRACING_OB | Y To enable object tracking for mutex.
JECT_TRACKING
Semaphore List To enable object tracking for semaphore.
Thread List CONFIG_DEBUG_THRE | Y To display thread details.
AD_INFO

The configuration is as shown below:

CONFIG_TRACING=y
CONFI1G_TRACING_OBJECT_TRACKING=y
CONFIG_DEBUG_THREAD_ INFO=y

Follow these steps to debug the Zephyr application:

e Launch the Zephyr application debug. The RTOS-related view automatically
appears in the Panel.

Priority Base Priority State Run Count Stack Ptr Stack Start Stack End Min Free
Stack

running unknown )x2b9b: b unknown 908

3.5.2. Nios V Processor System Debug

This section is a generic debugging section where the debugging steps are the same
for Nios V processor and Arm HPS debugging. Use the guidelines in this section to
start debugging the program with the GUI or GDB console after completing the
following steps:

e Debugging a Nios V Processor Project

e Setting Debug Configurations and Downloading Arm HPS Project Using Visual
Studio Code on page 103

3.5.2.1. GUI for Debugging

You can control the debugging process using the Debug Toolbar on the top of the
window.

Figure 164. Execution Control in the Debug Toolbar

Continue/Pause Steplnto Restart

> < v T O

Step Over Step Out Stop
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Table 20. Execution Control Using the Debug Toolbar

Function Description

Continue / Pause Continue: Resume normal program/script execution (up to the next breakpoint).
Pause: Inspect code executing at the current line and debug line-by-line.

Step Over Execute the next method as a single command without inspecting or following its
component steps.

Step Into Enter the next method to follow its execution line-by-line.

Step Out When inside a method or subroutine, return to the earlier execution context by
completing remaining lines of the current method as though it were a single
command.

Restart Terminate the current program execution and start debugging again using the

current run configuration.

Stop Terminate the current program execution.

3.5.3. Heterogeneous Multicore Debug

Heterogeneous multicore debugging is a method where you can debug two or more
cores that differ in architecture (such as Nios V multicore or Nios V processor core
with Arm HPS core) simultaneously in the same integrated development environment.
By using heterogeneous multicore debugging, you can do the following:

e Simultaneously debug the entire integrated system in a single IDE.

e Real-time control of multiple processor cores that interact with each other.

3.5.3.1. Importing Projects
To import the Nios V processor and Arm HPS projects to the Visual Studio Code
workspace, follow these steps:

e Follow the steps in the Importing Nios V Processor Project and Importing Arm HPS
Project sections.

e After you import the projects, you can find the project directory in the Explorer.
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Figure 165. Explorer View (Nios V Multicore)

~ UNTITLED (WORKSPACE)

v app

> .vscode

> build
M CMakelists.txt
- hello.c
v app
> .vscode
> build
M CMakelis
C hello.c

Figure 166. Explorer view (Nios V Processor and ARM HPS Core)

@ EXPLORER

“ UNTITLED (WORKSPACE)
v app
> ode
> build
M CMakelLis
C hello.c

v agilex7-a53-picojpeg

> .settings
> .vscode
> Debug
> src

3.5.3.2. Debugging Multicore Projects (Multiple Nios V Processor cores)

Follow these steps to set the core configuration:

1. Follow the steps in Using Ashling Visual Studio Code Extension with Nios V
Processor System for both Nios V processors.

The CALL STACK section, all cores selected for debug are launched.
To debug two cores simultaneously, go to Activity Bar 0 VARIABLES.
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Note: Visual Studio Code only display the debug information of a single core at
any given moment. It automatically switch between the cores based on your
selection.

Figure 167. Heterogeneous Multicore Debug View in CALL STACK

“ CALL STACK 5]

e ff‘l JUC PAUSED OM PAUSE

v §% hps_debug_config I ETES

4. To debug two cores simultaneously, go to Activity Bar 0 VARIABLES.

Note: Visual Studio Code only displays the debug information of a single core at
any given moment. It automatically switches between the cores based on
your selection.

Figure 168. Register Window

~ VARIABLES
~ Locals

i: B

" Registers

> CPU

3.5.3.3. Debugging Multicore project (Nios V processor core and ARM HPS)

Ensure you have completed the steps in Using Ashling Visual Studio Code Extension
with Nios V Processor System and Setting Debug Configurations and Downloading Arm
HPS Project Using Visual Studio Code. Then, follow these steps to set the core
configuration:

1. In the CALL STACK section, all cores selected for debugging are launched
2. To debug two cores simultaneously, go to Activity Bar 0 VARIABLES
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Note: Visual Studio Code only displays the debug information of a single core at
any given moment. It automatically switches between the cores based on
your selection.
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4. Ashling RiscFree Integrated Development Environment
(IDE) for Altera FPGAs User Guide Archives

For the latest and previous versions of this user guide, refer to Ashling RiscFree
Integrated Development Environment (IDE) for Altera FPGAs User Guide. If an IP or
software version is not listed, the user guide for the previous IP or software version
applies.
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5. Document Revision History for the Ashling RiscFree
Integrated Development Environment (IDE) for Altera
FPGAs User Guide

Document Version Quartus Prime Changes
Version
2025.04.11 25.1 e Changed the title and related mentions of Ashling RiscFree Integrated

Development Environment (IDE) for Intel FPGAs to Ashling RiscFree
Integrated Development Environment (IDE) for Altera FPGAs User
Guide.

e Revamped chapter Ashling RiscFree IDE for Altera FPGAs.
e Added new chapter Ashling Visual Studio Code Extension for Altera

FPGAs.
e Moved the topic Debugging with Command-Line Interface to the
Appendix.
2025.01.27 24.3.1 e Updated Table: RiscFree IDE Open-Source Components in Open-Source

Components in RiscFree IDE.

2024.11.25 24.3 e Updated Table: RiscFree IDE Open-Source Components in Open-Source
Components in RiscFree IDE.

2024.07.26 24.2 e Added Agilex 5 in the topic Supported Devices.

e Added new chapter Getting started with the Ashling RiscFree IDE for
Intel FPGAs. Moved the chapter Installation and Setup to be part of the
new chapter.

e Retitled Debug Setup for Nios V Processor System to Using Ashling
RiscFree IDE for Intel FPGAs with Nios V Processor System and added
the following subtopics:

— Setting Run Configuration to Download Nios V Processor Project
— Setting Debug Configuration to Debug Nios V Processor Project

— Setting Debug Configuration to Debug a Booting Nios V Processor
Project

— Debugging Tools

e Retitled Debug Setup for Arm Hard Processor System to Using Ashling
RiscFree IDE for Intel FPGAs with Arm Hard Processor System.

e Updated Appendix Performing External Tools Configuration.
e Updated Table: RiscFree IDE Open-Source Components.

2024.05.13 24.1 e Added a note in topic Graphical User Interface.

e Updated topic Importing Nios V Processor Project.

e Updated Table: Options and Description.

e Updated Table: RiscFree IDE Open-Source Components.

2023.12.14 23.4 e Updated Table: RiscFree IDE Open-Source Components in Open-Source
Components in RiscFree IDE.

2023.12.01 23.3 Added new topics:
e Intel Simics Simulator Support.

e Ashling RiscFree IDE for Altera FPGAs Interaction with Intel Simics
Simulator for FPGAs.

e Debugging the Linux Kernel.
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Document Version Quartus Prime Changes
Version

e Debugging in Intel Simics.
e Debugging with Command-Line Interface.

e Updated Table: RiscFree IDE Open-Source Components in Open-Source
Components in RiscFree IDE.

2023.07.20 23.2 e Added a link to AN 980: Nios® V Processor Intel® Quartus® Prime
Software Support in the topic Intel® Quartus® Prime Software Support.

e Updated Table: RiscFree IDE Open-Source Components in Open-Source
Components in RiscFree IDE.

2023.04.10 23.1 e Edited topic Debug Setup for Nios V Processor System to add the
mention of Zephyr and FreeRTOS.

e Updated the following figures:
— Debug Configurations for Nios V Processor —Debugger Tab
— Debugger Settings for Intel Agilex® 7 Arm Cortex-A53 Core

— List of Available Cores for the Selected Target Device in RiscFree
IDE

— Startup Tab Settings
— Enabling OS Aware Debugging in Heterogeneous Debugging
e Added new topics:
— Debugging FreeRTOS Application.
— Debugging Zephyr Application.
e Added Ashling RiscFree IDE for Intel FPGAs and OpenCSD to the table
RiscFree IDE Open-Source Components.
e Updated product family name to Intel Agilex 7.

2022.12.19 22.4 e Added new topics in Debugging with RiscFree IDE.
— Arm HPS On-Chip Trace

— Trace Toolbar

— Trace View

e Updated Table: RiscFree IDE Open-Source Components in Open-Source
Components in RiscFree IDE.

2022.10.31 22.1std e Added more devices to the Supported Devices section.

e Added links to the documentations supporting Quartus Prime Standard
Edition in Supported Devices section.

e Updated references from Intel Quartus Prime Pro Edition to Intel
Quartus Prime to indicate support for both Pro and Standard Edition.

e Added steps to download Ashling RiscFree IDE for Intel FPGAs in the
Standalone Installation section.

e Added a figure Installation Warning Message in Standalone Installation
with Supported Intel Quartus Prime Software section.

2022.09.26 22.3 e Updated the document title from RiscFree Integrated Development
Environment (IDE) for Intel FPGAs User Guide to Ashling RiscFree
Integrated Development Environment (IDE) for Intel FPGAs User Guide.

e Updated the features in the About the RiscFree IDE section.

e Added a note in the Standalone Installation with the Quartus Prime Pro
Edition Programmer and Tools session.

e Updated the RiscFree IDE launching method and added a note to avoid
the niosv-stack-report warning for standalone installation in the
Command Line Interface section.

e Added information on Nios V applications OS support in the Debug
Setup for Nios V Processor System section.

e Update the Setting Debug Configurations and Downloading Nios V
Project Using RiscFree IDE section.

— Updated the Debug Configurations for Nios V—Main Tab diagram.
— Added step on OS Awareness settings.

continued...
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q Iterd 5. Document Revision History for the Ashling RiscFree Integrated Development Environment
™ (IDE) for Altera FPGAs User Guide

An Intel Company 730783 | 2025.04.11

Document Version Quartus Prime Changes
Version

e Added note to state that RiscFree IDE supports Arm HPS standalone
debug in the Debug Setup for Arm Hard Processor System section.

e Updated the Setting Core Configuration section.
— Updated the Target Application Tab Settings diagram.
— Added step on OS Awareness settings.
e Added the following sections:
— Debugging uC/0OS-1I Application
— Help Content
— Open-Source Components in RiscFree IDE

2022.06.21 22.2 Initial release.
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A. Appendix

A.1. Optional Toolchain Configuration in Ashling RiscFree IDE for
Altera FPGAs

A.1.1. Toolchain for Application and BSP

The risc32-unknown-elf toolchain is included in RiscFree IDE by default. Toolchain
configuration is not required to build the software for current Nios V processor system.

To build an application or BSP with a toolchain other than risc32-unknown-elf,
perform these configuration steps to include the other toolchain to the build path:

Note: If you configure the BSP setting file to use the RiscFree IDE toolchain (risc32-
unknown-el ), do not perform this configuration.

Follow the steps below to include the toolchain in path of the RiscFree IDE builder:

1. Download the open source GNU RISC-V Embedded GCC package version
v10.2.0-1.2 or later that supports the necessary RISC-V Instruction-Set
Architecture (ISA).

2. Extract the package in <Intel Quartus Prine installation directory>/
niosv/ directory. Use the same directory for Linux and Windows.

3. Right click the project under the Project Explorer section and click Properties.

Go to C/C++ Build O Environment. Double click PATH variable to add the
toolchain path. Example on adding xpack-riscv-none-embed-gcc toolchain:

e Linux (add “:"” as a separator for multiple path variables):

<Intel Quartus Prine installation directory>/niosv/xpack-
riscv-none-embed-gcc-10.2.0-1.2/bin

¢ Windows (add “;” as a separator for multiple path variables):

<Intel Quartus Prine installation directory>/niosv/xpack-
riscv-none-embed-gcc-10.2.0-1.2/bin

5. Click OK and Apply & Close.

A.1.2. Toolchain for Arm Processor

Only the Nios V toolchain is included in RiscFree IDE. The CDT plugins from Eclipse
support cross-building for Arm.

© Altera Corporation. Altera, the Altera logo, the ‘a’ logo, and other Altera marks are trademarks of Altera

Corporation. Altera and Intel warrant performance of its FPGA and semiconductor products to current
specifications in accordance with Altera’s or Intel's standard warranty as applicable, but reserves the right to 1so

make changes to any products and services at any time without notice. Altera and Intel assume no 9005":2015
responsibility or liability arising out of the application or use of any information, product, or service described Registered
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To use CDT plugins for Arm using your own toolchain, follow these steps:
1. Go to File 0 New O C/C++ Project and click Next.
2. Select C Managed Build and click Next.

3. Select project type. The project type can be completely managed by CDT, CMake,
or make-based.

4. Enter Project Name as Test Bare-Metal or your preferred name. Select Project

type as Executable O Hello World C++ Project, and Toolchain as Cross GCC.
Click Next.

5. Enter Author, Copyright notice, and other details. Click Next. This step is optional.
Ensure Debug and Release options are enabled. Click Next.
7. Enter the cross GCC details as follows:

Devices Arria 10 and Cyclone V (Non-SDM Devices) Stratix 10 and Agilex 7 (SDM Devices)
Cross arm-none-linux-gnueabihf- aarch64-none-linux-gnu-
compiler
prefix
Cross <pat h_t o_t ool chai n_di r ect ory>/gcc- <pat h_t o_t ool chai n_directory>/
compiler arm-11.2-2022.02-x86_64-arm-none-linux- | gccarm-11.2-2022.02-x86_64-aarch64-
path gnueabihf/bin/ none-linux-gnu/bin/

Note: The toolchain varies for SDM and non-SDM devices. For details on the
toolchain, refer to GSRD of the device you use.

8. Click Finish. The project is created.

A.1.3. Modifying Toolchain Configuration

To change the toolchain options, follow these steps:
1. Right click project files (application or BSP) and select Properties.
2. Click €C/C++ Build O Settings.

Ashling* RiscFrge* Integrated Development Environment (IDE) for Altera® Send Feedback
FPGAs User Guide

120


mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

R altera.

730783 | 2025.04.11
An Intel Company

Figure 169. Modifying Toolchain Configuration
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A.2. Performing External Tools Configuration in Ashling RiscFree
IDE for Altera FPGAs

External tool configuration is a generic feature where you can configure the RiscFree
IDE to include tools based on your requirement.

To perform external tool configuration for juart terminal, follow these steps:

1. Go to Run 0O External Tools 0 External Tools Configurations.... Double click
Program to open a New_configuration window.

Rename the configuration as Nios V JTAG UART Output.

Browse and select the juart-terminal file in the following paths:

Operating System Path

Windows | Quartus Prime Software <Intel Quartus Prine installation directory>/quartus/
bin64/juart-terminal .exe

Quartus Prime Programmer and Tools | <Intel Quartus Prinme installation directory>/
gprogrammer/quartus/bin64/juart-terminal .exe

Linux Quartus Prime Software <Intel Quartus Prine installation directory>/quartus/
l1inux64/juart-terminal

Quartus Prime Programmer and Tools | <Intel Quartus Prine installation directory>/
gprogrammer/quartus/linux64/juart-terminal

4. Set the preferred arguments. In this example, set the arguments as follows:
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Connect to JTAG UART at cable 1: -c 1
Connect to device 0: -d 1

e Connect toinstance 0: -i O

Note: JTAG device chain index varies according to your setup. Run jtagconfig
--debug to obtain the latest device chain index numbering.

Figure 170. External Tools Configuration

Create, manage, and run configurations

H 9 ® Name: | juart-terminal
type filter text 'EMain &' Refresh| & Build| % Environment |1 common
~ QProgram Location
CAintelFPGA_pro\24.2\quartus\bin64\juart-terminal.exe
Browse Workspace Browse File System... Variables.
Working Directory.
[ CintelFPGA_pror24.2\quartus\bin64| ]
Browse Workspace. Browse File System... Variables.
Arguments
~c1-d1-i0
Variables.
Note: Enclose an argument containing spaces using double-quotes (7).
Filter matched 2 of 2 items IOWCOMmBNG NG pevert apely

@ Close

Note: The steps are also applicable to other Nios V tools (niosv-app and niosv-
bsp) under <Intel Quartus Prinme installation directory>/
niosv/bin directory. These tools are not available for standalone RiscFree
IDE installation with the Quartus Prime Programmer and Tools.

A.3. Debugging with Command-Line Interface

You can perform core debugging on the Nios V processor or the Arm HPS core using
Ashling GDBServer and GDB (GNU debugger) with a command-line interface. You
need to invoke the compatible executables based on the core architecture.

A.3.1. Running Ashling GBD Server

The Ashling GDBServer connects to the processor core with a remote GDB, which

allows you to debug the software applications remotely. The Ashling GDBServer must
be ready before running the GDB.
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Table 21. Ashling GDBServer

Processor Core Executables File

Nios V Processor <Intel Quartus Prime installation directory>/riscfree/debugger/
gdbserver-riscv/ash-riscv-gdb-server._exe

Arm HPS core <Intel Quartus Prime installation directory>/riscfree/debugger/
gdbserver-arm/ash-arm-gdb-server .exe

By invoking the Ashling GDBServer with ——help, you can get more information from
the executables’ internal documentation about the supported GDB MONITOR
commands. The table below lists the common options for starting the Ashling
GDBServer.

Table 22. Options and Description

Options Mandatory Description

--device <IDCODE> Yes Specifies the IDCODE of the target device.
Use jtagconfig to display the device IDCODE.

--autodetect true Yes Enable JTAG scan chain auto-detection on the specified
IDCODE.

--probe-type usb-blaster-2 Yes Select Intel FPGA Download Cable II (USB-Blaster 2) as the
debug probe.

-—tap-number <number> No Select the TAP (test access port) with the specified IDCODE
(when there is more than one TAP with the same IDCODE).

--core-number <number> No Select the processor core within the same device.
e Use jtagconfig to display the Nios V processor core

number.

e Refer to the Hard Processor System Technical Reference
Manual for the number of Arm cores in the device.

--jtag-frequency <frequency> No Specifies the JTAG frequency. The following are the valid
inputs:
e 1 MHz, 2 MHz, 3 MHz, 4 Mhz, 4.8 Mhz, 6 MHz, 16 MHz,
24 MHz
e auto-adjust (to specify the same frequency as
jtagserver)
--list-probes No List out all the serial number for the connected debug
probes.
-—instance <number> No Select the probe based on the serial number (persistent ID).

Apply Ashling GDBServer with —-list-probes to
determine the serial number.

--gdb-port <port> No Specifies the TCP port to connect to GDB.
Default TCP at 2331.

Related Information

e Agilex 7 Hard Processor System Technical Reference Manual

e Stratix 10 Hard Processor System Technical Reference Manual
e Arria 10 Hard Processor System Technical Reference Manual

e Cyclone V Hard Processor System Technical Reference Manual
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A.3.2. Running GDB

Once the Ashling GDBServer is ready, the GDB can communicate with the Ashling
GDBServer via a TCP connection using GDB Remote Serial Protocol. Start the GDB
with the application ELF file as an argument. To establish a TCP connection, use the
target remote:<port>command in the GDB.

Table 23. GDB in Ashling RiscFree IDE for Altera FPGAs

Processor Core Executables File

Nios V Processor <Intel Quartus Prime installation directory>/riscfree/toolchain/
riscv32-unknown-elf/bin/riscv32-unknown-elf-gdb.exe

Arm HPS core 64-bit ELFs:

<Intel Quartus Prime installation directory>/riscfree/
toolchain/Arm/aarch-none-elf/bin/aarch64-none-elf-gdb.exe
32-bit ELFs:

<Intel Quartus Prime installation directory>/riscfree/
toolchain/Arm/arm-none-eabi/bin/arm-none-eabi-gdb.exe

A.3.3. Nios V Processor Example

The following is the example of running Ashling GDBServer at port 54321 on Agilex 7
FPGA - Hello World Design on Nios V/m Processor example design.

$ jtagconfig.exe -d
1) AGF FPGA Development Kit on 10.107.209.7:3590 [3-1.1]
(JTAG Server Version 22.1.0 Build 174 03/30/2022 SC Pro Edition)
C341A0DD  AGFBO14R24A(-|R1|R2)/.. (IR=10)
Design hash 74DFB795DF11A555CEDF
+ Node 00486E00 Source/Probe #0
+ Node 08986E00 Nios V #0
+ Node OCOO6EO0 JTAG UART #0
031830DD  10M16S(A|CIL) (IR=10)

Captured DR after reset = (30D068376063061BB020D10DD) [98]

Captured IR after reset = (006AAD55) [32]

Captured Bypass after reset = (0A) [5]

Captured Bypass chain = (00) [5]

JTAG clock speed auto-adjustment is enabled. To disable, set
JtagClockAutoAdjust parameter to O

JTAG clock speed 24 MHz

Refer to the following steps to debug the Nios V processor application ELF in the GDB:

1. On the first terminal or command prompt, start the Ashling GDBServer. For the
rest of the walkthrough, this terminal is called as Ashling GDBServer.

$ ash-riscv-gdb-server.exe --device C341A0DD \

--auto-detect true --probe-type usb-blaster-2 \
--core-number 0 --jtag-frequency auto-adjust \

--gdb-port 54321

Ashling GDB Server for RISC-V (ash-riscv-gdb-server).
v23.3.2, 01-Sep-2023, (c)Ashling Microsystems Ltd 2023.

Initializing connection ...

Checking for an active debug connection using the selected debug probe (SN:
16777217):

Connected to target device with IDCODE Oxc341a0dd using USB-Blaster-2 via
JTAG at adaptive speed.

Info : Active Harts Detected : 1

Info : [0] System architecture : RV32
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Info : [0] Number of hardware breakpoints available : 1
Info : [0] Number of program buffers: 8

Info : [0] Number of data registers: 2

Info : [0] Memory access -> Program buffer

Info : [0] Memory access -> Abstract access memory

Info : [0] CSR & FP Register access -> Abstract commands

Waiting for debugger connection on port 54321 for core O.
Press "Q" to Quit.

On another terminal or command prompt, start the GDB and connect to port
54321. For the rest of the walkthrough, this terminal is called as GBD.

$ riscv32-unknown-elf-gdb.exe app_hal.elf

GNU gdb (GDB) 12.1

Copyright (C) 2022 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>

This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

Type "'show copying” and *‘show warranty' for details.

This GDB was configured as "--host=x86_64-pc-linux-gnu --target=riscv32-

unknown-el .

Type "'show configuration” for configuration details.

For bug reporting instructions, please see:

<https://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".
Type "apropos word"” to search for commands related to "word™...
Reading symbols from app_hal.elf. ..

(gdb) target remote:54321
Remote debugging using :54321
0x00000008 in ?? O

Upon success, the Ashling GDBServer responds with the following messages.

Got a debugger connection from 127.0.0.1 on port 54321.

You can start debugging the Nios V processor application ELF in the GDB with GDB
connected to the Ashling GDBServer.

(gdb) load

Loading section .entry, size 0x20 Ima OxO
Loading section .exceptions, size 0x29c Ima 0x20
Loading section .text, size 0x18bf4 Ima O0x2bc
Loading section .rodata, size Oxf70 Ima 0x18ebO
Loading section .rwdata, size 0x1bd8 Ima 0x1b9f8
Start address 0x00000354, load size 113144
Transfer rate: 6 KB/sec, 927 bytes/write.

(gdb) b main
Breakpoint 1 at 0x324: file sw/app_hal/hello.c, line 16
(gdb) continue

Continuing.
Breakpoint 1, main () at sw/app_hal/hello.c:16

To quit the GDB, use the exit command, and answer Yy to detach from the
processor.

(gdb) exit
A debugging session is active.

Inferior 1 [Remote target] will be detached.

Quit anyway? (y or n) y
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Detaching from program: app_hal.elf, Remote target
Ending remote debugging.-
[Inferior 1 (Remote target) detached]

5. Upon quitting GDB, the Ashling GDBServer responds with the following messages.
Continue to quit the Ashling GDBServer by pressing Q.

Debugger disconnected, closed connection to 127.0.0.1 on port 54321.

Q . .
Quitting. ..

Related Information
e Agilex 7 FPGA - Hello World Design on Nios® V/m Processor
e Agilex 7 FPGA F-Series Development Kit (P-Tile and E-Tile)

A.3.4. ARM HPS Core Example

The following example shows how to run Ashling GDBServer at port 12345 on Agilex 7
FPGA F-Series Transceiver-SOC Development Kit (Production 1 P-Tiles and E-Tiles)
GHRD (DK-SI-AGF014EA) with Ashling Sample Project.

1. Locate the Ashling Sample Project for Agilex 7 SoC Development Kit in <Intel
Quartus Prime installation directory>/riscfree/examples/
agilex/agilex-a53-sum.zip.

$ jtagconfig.exe -d
1) Agilex S1/SoC Dev Kit on 10.107.209.0:3560 [3-1.4.1]
(JTAG Server Version 22.1.0 Build 174 03/30/2022 SC Pro Edition)
6BA00477 S10HPS/AGILEX_HPS/N5X_HPS (IR=4)
C341A0DD  AGFBO14R24A(.R1]R2)/.. (IR=10)
031830DD  10M16S(AIC|L) (IR=10)

Captured DR after reset = (6BA00477C341A0DD031830DD) [96]

Captured IR after reset = (100555) [24]

Captured Bypass after reset = (0) [3]

Captured Bypass chain = (0) [3]

JTAG clock speed auto-adjustment is enabled. To disable, set
JtagClockAutoAdjust parameter to O

JTAG clock speed 24 MHz

2. On the first terminal or command prompt, start the Ashling GDBServer. For the
rest of the walkthrough, this terminal is called as Ashling GDBServer.

$ ash-arm-gdb-server.exe --device 6BA00477 \
--auto-detect true --probe-type usb-blaster-2 \
--core-number 0 --jtag-frequency auto-adjust \
--gdb-port 12345

Ashling GDB Server for ARM (ash-arm-gdb-server).
v23.3.2, 01-Sep-2023, (c)Ashling Microsystems Ltd 2023.

Checking for an active debug connection using the selected debug probe (SN:
16777217):

Connected to target device with IDCODE 0Ox6ba00477 using USB-Blaster-2 via
JTAG at adaptive speed.

Waiting for debugger connection on port 12345 for core O.

Press "Q" to Quit.
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3. On another terminal or command prompt, start the GDB and connect to port
12345. For the rest of the walkthrough, this second terminal is called as GDB.

$ aarch64-none-elf-gdb.exe agilex-a53-sum.elf

GNU gdb (GDB) 13.1

Copyright (C) 2023 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl._html>

This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

Type "'show copying” and *‘show warranty' for details.

This GDB was configured as "--host=x86_64-pc-linux-gnu --target=aarch64-none-

elf".

Type "'show configuration” for configuration details.

For bug reporting instructions, please see:

<https://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".
Type "apropos word" to search for commands related to "word"...
Reading symbols from agilex-a53-sum.elf...

(gdb) target remote:12345
Remote debugging using :12345
0x00000000FFe00000 in ??

Upon success, the Ashling GDBServer responds with the following messages.
Got a debugger connection from 127.0.0.1 on port 12345.

4. With GDB connected to the Ashling GDBServer, you can start debugging the Arm
HPS core application ELF in the GDB.

(gdb) load

Loading section .text, size 0x718 Ima O0x7fe00300
Loading section .init, size 0x34 Ima Ox7fe00al8
Loading section .fini, size 0x34 Ima O0x7fe00a4dc
Loading section .rodata, size 0x58 Ima O0x7fe00a80
Loading section .eh_frame, size 0x4 Ima 0x7fe00ad8
Loading section .data, size 0x758 Ima Ox7fe00ae0
Loading section .init_array, size 0x8 Ima Ox7fe01238
Loading section .fini_array, size 0x8 Ima 0x7fe01240
Start address 0x000000007fe00468, load size 3908
Transfer rate: 592 bytes/sec, 488 bytes/write.

(gdb) b main

Breakpoint 1 at Ox7fe004ec: file ../main.c, line 32.
(gdb) continue

Continuing.

Breakpoint 1, main () at ../main.c:32

5. To quit the GDB, use the exit command, and answer y to detach from the
processor.

(gdb) exit
A debugging session is active.

Inferior 1 [Remote target] will be detached.

Quit anyway? (y or n) y

Detaching from program: agilex-a53-sum.elf, Remote target
Ending remote debugging.

[Inferior 1 (Remote target) detached]
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6. Upon quitting GDB, the Ashling GDBServer responds with the following messages.
Continue to quit the Ashling GDBServer by pressing Q.

Debugger disconnected, closed connection to 127.0.0.1 on port 12345.

Quitting...

Related Information

e GSRD for Agilex 7 F-Series Transceiver-SoC DevKit (P-Tile and E-Tile)

e Agilex 7 FPGA F-Series Transceiver-SoC Development Kit (P-Tile and E-Tile)
A.4. Help Content

For more information about RiscFree IDE, go to Help O Help Content. You can use
the search bar to find the information about a specific topic.

A.5. Open-Source Components in RiscFree IDE

The following table shows the open-source components bundled with the RiscFree IDE.

Table 24. RiscFree IDE Open-Source Components
Open-Source Component Version Source Code Link Tag
Number
Eclipse CDT (C/C++ 11.6.1 https://github.com/AshlingMicrosystems/cdt cdt-RFI-v25.1.1
Development Tooling)
Eclipse Embedded CDT 6.6.0 https://github.com/AshlingMicrosystems/ eclipse-plugin-RFI-
eclipse-plugins v25.1.1
Eclipse SWT (Standard Widget 4.32 https://github.com/AshlingMicrosystems/ eclipse-platform-swt-
Tooling eclipse.platform.swt RFI-v25.1.1
cmake4eclipse 2.1.4 https://github.com/AshlingMicrosystems/ cmake4eclipse-RFI-
cmaked4eclipse v25.1.1
RISC-V GNU GCC 13.2 https://github.com/AshlingMicrosystems/gcc gcc-RFI-v25.1.1
RISC-V GNU Binutils 2.41 https://github.com/AshlingMicrosystems/ gdb-RFI-v25.1.1
binutils-gdb
RISC-V GNU GDB 13.2 https://github.com/AshlingMicrosystems/ gdb-RFI-v25.1.1
binutils-gdb
RISC-V Newlib 4.4.0 https://github.com/AshlingMicrosystems/newlib newlib-RFI-v25.1.1
RISC-V Picolibc 1.8.5 https://github.com/AshlingMicrosystems/ picolibc-RFI-v25.1.1
picolibc
QEMU (Arm and RISC-V) 9.0.2 https://github.com/AshlingMicrosystems/qemu gemu-RFI-25.1.1
OpenCSD 1.4.0 https://github.com/AshlingMicrosystems/ opencsd-RFI-25.1.1
OpenCSD
Eclipse IDE 2024-06 — —
GNU Make 4.4.1 — —
CMake 3.31.1 — —
continued...
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https://github.com/AshlingMicrosystems/OpenCSD
mailto:techdocfeedback@altera.com?subject=Feedback%20on%20Ashling%20RiscFree%20Integrated%20Development%20Environment%20(IDE)%20for%20Altera%20FPGAs%20User%20Guide%20(730783%202025.04.11)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

oo altera
730783 | 2025.04.11 ™

An Intel Company

Open-Source Component Version Source Code Link Tag
Number
GNU Arm 32-bit GDB (arm- 13.2 . .
none-eabi 32-bit)
GNU Arm 64-bit GDB 13.2 — —
(aarch64-elf 64-bit)
Java Runtime Environment 21 — —
(OpenlDK)
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