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Introduction

For many enthusiasts, the Raspberry Pi
represents a gateway into the world of
physical computing and low-level
programming. While Python and Scratch
dominate the beginner landscape, there is a
powerful, often overlooked path that offers
unparalleled insight into how a computer
truly works: Assembly Language. This article
is your Raspberry Pi Assembly Language
Raspbian Beginners Hands On Guide. We
will strip away the abstractions and write
code that speaks directly to the ARM
processor. By the end, you will have written
and run your first assembly program on a

Raspberry. Pi running the standard Raspbian
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operating system. No prior assembly
experience is required, just a willingness to
explore the machine at its most fundamental
level.

Why Learn Assembly
Language on a Raspberry
Pi?

In an age of high-level scripting languages,
learning assembly might seem like a step
backward. However, understanding assembly
provides a deep appreciation for hardware-
software interaction. The Raspberry Pi uses
an ARM Cortex-A series processor, one of the
most ubiquitous CPU architectures in the
world. By mastering ARM assembly, you gain
skills that transfer to smartphones, embedded
systems, and many [oT devices. Moreover,
writing assembly on a Raspberry Pi with
Raspbian is a practical, low-cost way to
experiment. The entire toolchain is free and
built into the Linux environment. This guide is
designed to be a hands on experience, so
prepare to open a terminal and type
commands.
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Setting Up YWiff Raspberry
Pi for Assembly
Development

Required Hardware and Software

You will need a Raspberry Pi (any model from
the 2B onward works well, though the Pi Zero
is also capable), a microSD card with
Raspbian installed, and an internet
connection. Our primary tools are the GNU
Assembler (as) and the GNU Linker (1d), both
of which come pre-installed in Raspbian. To
verify, open a terminal and enter:

e 3s --version
e 1d --version

If these commands return version numbers,
you are ready. If not, run sudo apt update
&& sudo apt install binutils.

Choosing an Editor

Any text editor works. Nano is simple and
always available. For more features, install
Vim or use the Leafpad GUI editor. The key is
a plain text file with no formatting. We will
. bl 1 it]
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Your First ARM Assembly
Program

Our first program does something simple: it
exits cleanly and returns a number to the
operating system. This demonstrates the basic
structure of an ARM assembly program for
Linux on Raspbian.

Writing the Source Code

Create a file named exit.s and enter the
following lines:

.global start

_start:

mov r0, #42 @ Exit code 42

mov r7, #1 @ syscall number
for exit

svc 0 @ Supervisor call
to kernel

Let's break this down. .global _start makes
_start visible to the linker as the entry point.
mov instructions set registers. In ARM,
registers are like variables on the CPU. r0
holds the exit status, r7 holds the system call
number (1 is exit on Linux), and svc 0 tells
the kernel to perform the operation.
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In the terminal, navigate to the directory
containing exit.s and run:

as -0 exit.o exit.s
1d -0 exit exit.o

The first command assembles the source into
an object file (exit.o0). The second links it
into an executable named exit. Now run
./exit. Nothing appears on screen, but check
the exit code:

echo $7?

You should see 42. Congratulations - you have
just run a true ARM assembly program on
your Raspberry Pi!

Reading and Writing Data:
Hello World in Assembly

The classic "Hello, World!" program
introduces system calls for output. Instead of
printing to screen directly, we use the write
syscall (number 4). We also need to define a
string in memory.
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Creating the Hello World Program

Create a file hello.s:

.global start

_start:

@ write(l, msg, 12)

mov rO, #1 @ file
descriptor: stdout

ldr rl, =msg @ address of the
string

mov r2, #12 @ length of
string

mov r7, #4 @ syscall number
for write

svc 0

@ exit(0)

mov r@, #0

mov r7, #1

svc 0
.data
msg:

.ascii "Hello World\n"

Notice the .data section where we define the
string. ldr r1l, =msg loads the address of the
label msg into register rl1. The assembler
handles the address calculation. Assemble
and link: as -0 hello.o hello.s then 1d -o
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" n
vutput.

Understanding the Data Section

ARM assembly separates code and data. The
.text section (default) contains instructions.
.data contains initialized data. Using .ascii
defines a null-terminated string? Actually
.ascii does not add a null terminator, so we
specify the exact byte length. For null-
terminated strings, use .asciz or add .byte
0 manually.

Working with Numbers and
Arithmetic

Now we move beyond system calls to actual
computation. ARM provides rich arithmetic
instructions. Let's write a program that adds
two numbers and stores the result. We will
use the add instruction.

Simple Addition Program

Create add.s:

.global start

_start:

———MOV—FO—#5
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add r2, ro, ril @Qr2 =10+ rl
@ Now exit with r2 as the return
code

mov r@, r2
mov r7, #1
svc 0

Assemble, link, run, and check the exit code.
It should be 8. This demonstrates register-to-
register addition. ARM also supports
subtraction (sub), multiplication (mul), and
many logical operations.

Branching and Loops

Control flow is essential. ARM uses
conditional execution and branch instructions.
The b instruction performs an unconditional
branch. For loops, we often use a counter and
a conditional branch.

A Loop that Counts Down

Create countdown.s:

.global start
_start:

mov r4, #10 @ loop counter
loop:

@ decrement and test

subs r4, r4, #1 @ subtract 1,
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set flags Guide

oe— co00pP (\S i

rot—eguat
to zero, branch to loop

@ after loop, exit with r4 value
(0)

mov r@, r4

mov r7, #1

svc 0

Here subs (subtract and set flags) updates the
condition flags. bne branches if the zero flag
is not set (meaning r4 is not zero after
subtraction). This creates a tight loop that
runs 10 times. The exit code will be 0.
Experiment with different starting values and
conditional branches like beq (branch if
equal), bgt (greater than), etc.

Debugging with gdb and
gemu

Debugging assembly can be tricky. The GNU
Debugger (gdb) is your friend. Install it if
needed: sudo apt install gdb. Then
compile your program with the -g flag
(though for assembly we add --gstabs to the
assembler). For example: as --gstabs -o
loop.o loop.s and ld -o loop loop.o.

Then run gdb ./loop and use commands like
break.ostart,run;.stepiinfonregisters.
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Alternatively, you can use QEMU user-mode
emulation on your PC to test ARM code
without a Pi, but the environment is identical.

Common Pitfalls for
Beginners

» Forgetting the .global _start
directive: The linker won't know where
to start execution.

e Using wrong syscall numbers: Ensure
r7 holds the correct number for the
Raspberry Pi's 32-bit ARM Linux (e.g.,
exit is 1, write is 4, read is 3).

e Mixing ARM and Thumb
instructions: By default, the GNU
assembler on Raspbian assembles for
ARM mode. If you switch to Thumb, you
need .thumb and different directives.

e Not aligning data: ARM requires word-
aligned addresses for certain loads. Use
.align when needed.

e Off-by-one errors in string lengths:
Count characters carefully; newline
counts as one.

Next Steps: Interfacing
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with C and EE¥foring the
Hardware

Once comfortable with basic instructions, you
can call assembly from C programs using
extern and the .global directive. This allows
high-performance routines to be written in
assembly while the rest of the application
remains in C. Also, explore direct memory
access to GPIO registers for controlling LEDs
and sensors - pure assembly gives you
ultimate speed and timing control. The
Raspberry Pi's /dev/mem or /dev/gpiomem can
be mapped using mmap from assembly by
making the appropriate syscall.

Conclusion

This Raspberry Pi Assembly Language
Raspbian Beginners Hands On Guide has
given you the foundation to write, compile,
and run ARM assembly programs on your
Raspberry Pi. You have learned the basic
structure, system calls for 1/O, arithmetic, and
branching. Assembly language is not as
daunting as it seems; it requires careful
attention to detail but rewards you with a
deep understanding of the machine. Continue
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instruction set, explore the official ARM
Architecture Reference Manual, and try
creating your own small utilities in assembly.
The Raspberry Pi is an ideal, affordable
platform for this journey. Happy coding!



