risc v assembly language programming
using esp32 ¢3 and gemu

RISC-V assembly language programming using ESP32-C3 and QEMU has become an
intriguing topic among embedded systems developers and computer architecture
enthusiasts. The RISC-V architecture offers an open-source alternative to traditional
instruction set architectures, providing versatility and flexibility for a variety of applications.
The ESP32-C3 is a low-cost, low-power system-on-chip (SoC) that supports RISC-V, making
it an ideal platform for developers looking to explore assembly language programming. In
this article, we will delve into the intricacies of RISC-V assembly programming using the
ESP32-C3 and the QEMU emulator, providing insights and practical guidance for beginners
and experienced programmers alike.

Understanding RISC-V Architecture

RISC-V (Reduced Instruction Set Computer - Five) is a free and open instruction set
architecture (ISA) that has gained popularity due to its simplicity and modularity. Here are
some key features of RISC-V:

e Open Source: The RISC-V ISA is open for anyone to implement, allowing for
customization and innovation.

e Modular Design: The architecture includes a base integer instruction set and various
optional extensions for floating-point operations, atomic operations, and more.

e Scalability: RISC-V can be used in a wide range of applications, from microcontrollers
to high-performance processors.

The simplicity of RISC-V makes it an excellent choice for educational purposes, allowing
learners to grasp fundamental concepts of computer architecture without the complexities
of proprietary ISAs.

Getting Started with ESP32-C3

The ESP32-C3 is a powerful SoC that integrates a RISC-V core, Wi-Fi, and Bluetooth
capabilities, making it suitable for IoT applications. Here’s how you can get started with the
ESP32-C3:



1. Setting Up the Development Environment

To begin programming the ESP32-C3, you will need to set up a development environment.
Follow these steps:

1. Install the ESP-IDF: The ESP-IDF (Espressif loT Development Framework) is the official
development framework for the ESP32 family. Download and install it from the [Espressif
website](https://github.com/espressif/esp-idf).

2. Set Up QEMU: QEMU is an open-source emulator that allows you to run RISC-V
applications on your computer. Install QEMU by following the instructions on the [QEMU
official website](https://www.qgemu.org/download/).

3. Install Tools: Ensure you have the necessary tools for compiling and uploading code,
such as the RISC-V GNU Compiler Toolchain.

2. Connecting the ESP32-C3

To connect your ESP32-C3 for programming:

- Use a USB cable to connect the ESP32-C3 board to your computer.
- Ensure that the drivers for the board are correctly installed, so your operating system
recognizes it.

Writing RISC-V Assembly Code

Now that your development environment is set up, you can start writing RISC-V assembly
code.

1. Basic Assembly Language Structure

RISC-V assembly code consists of instructions that control the CPU. Here’s a simple
structure of a RISC-V assembly program:

“Trassembly
.section .text
.globl _start

start:

li a0, 10 Load immediate value 10 into register a0
lial, 20 Load immediate value 20 into register al
add a0, a0, al Add values in a0 and al, result in a0
Continue with more instructions...



2. Common Assembly Instructions

The following are common RISC-V assembly instructions you should be familiar with:

Arithmetic Instructions: "add’, "sub’, ‘'mul’, "div’

Load/Store Instructions: 'Iw™ (load word), “sw™ (store word)

Branch Instructions: beq (branch if equal), "bne" (branch if not equal)

Immediate Instructions: 'li" (load immediate), “auipc’ (add upper immediate to PC)

3. Assembling and Running Your Code on QEMU

Once you have written your assembly code, you will need to assemble and run it using
QEMU. Follow these steps:

1. Assemble the Code: Use the RISC-V assembler to convert your assembly code into
machine code. Run the following command in your terminal:

" “bash

riscve4-unknown-elf-as -o program.o program.s

2. Link the Object File: Link the object file to create an executable:

“““bash

riscv64-unknown-elf-Id -o program program.o

3. Run the Program in QEMU: Execute your program in the QEMU emulator:
"““bash

gemu-riscv64 program

This will allow you to test and debug your RISC-V assembly code without needing to upload
it to the ESP32-C3 board.

Programming the ESP32-C3 with RISC-V Assembly

Once you are comfortable with RISC-V assembly programming using QEMU, you can move
on to running your programs directly on the ESP32-C3.



1. Writing a Simple Program

Here’'s an example of a simple program that blinks an LED connected to the ESP32-C3:
Tt rassembly

.section .text

.globl app_main

app_main:

Initialize GPIO for the LED
Code to configure GPIO pins...
loop:

Turn LED ON

Code to set GPIO HIGH...
Delay...

Turn LED OFF

Code to set GPIO LOW...
Delay...

j loop

2. Compiling and Uploading to ESP32-C3

To compile and upload your program:

1. Compile the Program: Similar to the previous steps, use the RISC-V toolchain to compile
your code.

2. Upload to ESP32-C3: Use the ESP-IDF tools to flash your program onto the ESP32-C3:
" “bash

idf.py -p (YOUR_PORT) flash

3. Monitor Output: Use the monitor command to see the output from your program:

“““bash
idf.py monitor

Conclusion

In conclusion, RISC-V assembly language programming using ESP32-C3 and QEMU



opens up a world of possibilities for embedded systems development. By leveraging the
open-source nature of RISC-V and the capabilities of the ESP32-C3, developers can create
innovative applications tailored to their needs. Whether you're a beginner or an
experienced programmer, mastering RISC-V assembly will enhance your understanding of
computer architecture and provide valuable skills for future projects. As you continue to
explore this exciting field, don't hesitate to experiment and push the boundaries of what
you can achieve with RISC-V and ESP32-C3.

Frequently Asked Questions

What is RISC-V assembly language, and how does it
relate to the ESP32-C3?

RISC-V is an open standard instruction set architecture (ISA) that allows for a wide variety
of implementations. The ESP32-C3 is a microcontroller from Espressif that supports RISC-V
architecture, enabling developers to write programs directly in RISC-V assembly language
for low-level hardware control and optimization.

How can | set up QEMU to emulate the ESP32-C3 for
RISC-V assembly programming?

To set up QEMU for the ESP32-C3, you need to install QEMU on your system and then use
the appropriate machine type and options specific to RISC-V. You can run commands like
“gemu-system-riscv32 -machine esp32c3 -bios <path-to-bios>" to start emulating the
ESP32-C3 environment.

What are the benefits of using assembly language
programming with the ESP32-C3?

Using assembly language with the ESP32-C3 allows for fine-grained control over the
hardware, potentially leading to optimized performance and reduced memory usage. It is
particularly beneficial for performance-critical applications where higher-level languages
may introduce overhead.

Can | use C and assembly together in my ESP32-C3
projects, and how?

Yes, you can use C and assembly together in ESP32-C3 projects. You can write
performance-critical functions in assembly and call them from C code. This is typically done
by declaring the assembly function in C and ensuring proper calling conventions are
followed.

What are common debugging tools for RISC-V assembly



programming on the ESP32-C3?

Common debugging tools include GDB (GNU Debugger) for RISC-V, which can be used in
conjunction with QEMU to trace and debug assembly code. Additionally, using logging or
print statements within the assembly code can help in understanding the flow and state of
the application.

Are there any online resources or communities for
learning RISC-V assembly programming?

Yes, there are several online resources and communities dedicated to RISC-V assembly

programming. Websites like the RISC-V Foundation provide documentation, while forums
and platforms like Stack Overflow or Reddit have active discussions. Additionally, GitHub
repositories often contain sample projects and tutorials related to ESP32-C3 and RISC-V.
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