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If you're venturing into assembly language programming, understanding how to manipulate the stack in
MIPS is an essential skill. This article provides a comprehensive guide on writing a MIPS program that
prints "Hello World" in reverse order by leveraging stack operations. Whether you're a beginner or
looking to sharpen your understanding of MIPS assembily, this guide will walk you through each step,

from setting up the environment to executing the program successfully.

Understanding MIPS Assembly Language and Its Significance

What is MIPS Assembly Language?

MIPS (Microprocessor without Interlocked Pipeline Stages) is a RISC (Reduced Instruction Set
Computing) architecture widely used in academic settings and embedded systems. Assembly language
for MIPS provides a low-level programming interface, giving programmers control over hardware

resources, memory, and registers.

Why Use Assembly Language?

- Hardware Control: Direct manipulation of hardware components.
- Learning Tool: Deep understanding of computer architecture.

- Performance Optimization: Fine-tuning code for speed and efficiency.



- Embedded Systems: Suitable for environments with limited resources.

Core Concepts for MIPS Stack Manipulation

The Stack in MIPS

The stack is a region of memory used for temporary storage of data, function parameters, return
addresses, and local variables. MIPS uses a register called “$sp” (stack pointer) to keep track of the

top of the stack.

Stack Operations

- Push (Store): Decrease “$sp°, then store data at “$sp°.

- Pop (Load): Load data from "$sp’, then increase “$sp°.

Using the Stack for String Reversal

To print "Hello World" in reverse:
1. Push each character onto the stack.
2. Pop characters from the stack to retrieve them in reverse order.

3. Print each character as it's popped.

Designing the Program: Step-by-Step Approach



Step 1: Store the String

Define the string "Hello World" in the data segment.

Step 2: Push Characters onto the Stack

Iterate through each character, pushing it onto the stack.

Step 3: Pop and Print Characters

Pop characters from the stack and output them until the entire string has been printed in reverse.

Step 4: Handling Newline and Exit

After printing, display a newline and gracefully exit the program.

Full MIPS Program: Printing "Hello World" in Reverse Order

“rassembly
.data
message: .asciiz "Hello World"

newline: .asciiz "\n"

text

.globl main

main:
Initialize the stack pointer

la $sp, stack_top



Load address of message

la $t0, message

Calculate length of the message
li $t1, 0 Counter for length
count_loop:

Ib $t2, 0($t0)

begz $t2, count_end

addi $t0, $t0, 1

addi $t1, $t1, 1

j count_loop

count_end:

Reset pointer to start of message

la $t0, message

Push each character onto the stack
push_loop:

Ib $t2, 0($t0)

beqgz $t2, push_end

Decrement stack pointer

addi $sp, $sp, -4

sw $t2, 0($sp)

addi $t0, $t0, 1

j push_loop

push_end:

Now pop characters and print in reverse
pop_print:

Check if stack is empty

beq $sp, $zero, finish



Load character from stack
Iw $t2, 0($sp)
Increment stack pointer

addi $sp, $sp, 4

Print the character
li $v0, 11 syscall for print_char
move $a0, $t2

syscall

j pop_print

finish:

Print newline after the message
li $v0, 4 syscall for print_string
la $a0, newline

syscall

Exit program
li $v0, 10 syscall for exit

syscall
Reserve space for the stack

.data

stack_top: .space 1024

Detailed Explanation of the Program



Data Segment

- message: Contains the string "Hello World".
- newline: Contains a newline character to be printed after the reversed message.

- stack_top: Allocates space for the stack (1024 bytes).

Text Segment

- Initialization: The program starts by setting the stack pointer *$sp” to the top of the allocated space.

- Calculating String Length: It counts the number of characters in the message to know when to stop
pushing.

- Pushing Characters: It iterates through each character, pushing onto the stack by decreasing "$sp’
and storing the character.

- Popping and Printing: It pops characters until the stack is empty, printing each character immediately.

- Final Touch: Prints a newline for better output readability and exits gracefully.

Understanding the Assembly Instructions Used

la (load address): Loads the address of a label into a register.

Ib (load byte): Loads a byte from memory.

sw (store word): Stores a 4-byte value into memory.

Iw (load word): Loads a 4-byte value from memory.

addi (add immediate): Adds an immediate value to a register.

begz (branch if equal to zero): Branches if the register is zero.



e syscall: Executes a system call for I/O or program termination.

Tips for Writing Similar MIPS Programs

1. Always initialize your stack pointer before performing push/pop operations.
2. Use comments extensively to make your code more understandable.

3. Test small sections of your program incrementally to catch errors early.

4. Be mindful of the register usage; preserve registers when necessary.

5. Understand the system call interface for I/O operations.

Conclusion

Writing a MIPS program that prints "Hello World" in reverse order utilizing the stack offers invaluable
insight into low-level programming concepts such as memory management, control flow, and I/O
handling. By carefully pushing each character onto the stack and then popping and printing them, you
leverage the fundamental LIFO (Last-In-First-Out) principle of stacks to reverse string output
effectively. With practice, these techniques can be extended to more complex algorithms and data
structures, deepening your understanding of assembly language programming in the MIPS

architecture.



Additional Resources

- MIPS Assembly Language Programming by Robert L. Britton
- Online MIPS simulators like MARS or SPIM for testing your programs

- Official MIPS documentation for detailed instruction set references

Embarking on programming in MIPS can be challenging at first, but mastering stack operations and
assembly logic will significantly enhance your understanding of how high-level languages translate into

machine instructions. Happy coding!

Frequently Asked Questions

What is the primary goal of the MIPS program that prints 'Hello World
in reverse order using the stack?

The program aims to demonstrate how to utilize the stack in MIPS assembly to store and reverse the

string 'Hello World' before printing it, showcasing stack operations and string manipulation.

How does the program store the string 'Hello World' on the stack in

MIPS?

The program loads the string into registers or memory and then pushes each character onto the stack

sequentially, effectively storing the entire string in reverse order on the stack.

What MIPS instructions are typically used to push characters onto the

stack?

Instructions like 'addi $sp, $sp, -4' to allocate space and 'sw' to store the character (or register) onto

the stack are used to push characters onto the stack.



How does the program retrieve and print the string in reverse order?

The program pops characters from the stack one by one, loading them into registers, and then uses

system calls (like 'syscall' with print_char) to output each character until the stack is empty.

What are the key system calls involved in printing characters in MIPS?

The primary system call used is 'li $v0, 11' followed by 'move $a0, $t0' (the character), and 'syscall' to

print individual characters.

How can recursion or loop structures be used to print the string in

reverse in MIPS?

A loop can be implemented that repeatedly pops a character from the stack until empty, printing each

character, effectively reversing the original order.

What are common challenges when implementing string reversal with

the stack in MIPS?

Challenges include managing stack pointers correctly, ensuring proper string termination, handling

register preservation, and avoiding stack overflow or underflow errors.

Can this program be modified to handle different strings dynamically?

Yes, by passing the string's address and length as parameters and iterating over the string to push

characters onto the stack, the program can handle various input strings.

Why is understanding stack operations important in MIPS
programming?

Understanding stack operations is crucial for managing function calls, local variables, and

implementing algorithms like string reversal, making it a fundamental concept in assembly language



programming.

Additional Resources

MIPS Programming is a fundamental topic for those interested in computer architecture, low-level
programming, and understanding how high-level languages translate into machine instructions. MIPS
(Microprocessor without Interlocked Pipeline Stages) is a RISC (Reduced Instruction Set Computing)
architecture renowned for its simplicity, efficiency, and widespread use in academic settings to teach
computer organization and assembly language programming. Learning to write programs in MIPS
provides valuable insights into how hardware and software interact at a granular level, fostering a
deeper understanding of system operations, memory management, and instruction execution. In this
article, we will explore how to write a MIPS program that prints "Hello World" in reverse order utilizing

the stack, thoroughly explaining each step, the role of the stack, and best practices.

Understanding the Basics of MIPS Assembly Programming

What is MIPS Assembly Language?

MIPS assembly language is a low-level programming language that directly maps to the MIPS
instruction set architecture. It involves writing instructions that the processor executes directly,
providing fine-grained control over hardware. Assembly programming is vital for understanding system

internals, optimizing performance, and embedded systems development.
Features of MIPS Assembly Language:

- Simple and clean instruction set architecture.



- Fixed instruction length (32 bits), simplifying decoding.
- Register-based operations, typically using 32 general-purpose registers.
- Use of a stack for function calls and local variable storage.

- Rich set of instructions for arithmetic, control flow, memory access, and system calls.
Pros:

- Clear mapping between instructions and hardware operations.

- Easier to learn compared to more complex architectures.

- Ideal for educational purposes and understanding fundamental concepts.

Cons:

- Verbose for complex tasks; requires many instructions for simple operations.

- Not suitable for high-level application development.

- Limited direct support for complex data structures without additional programming.

Programming in MIPS: Printing "Hello World" in Reverse Using

the Stack

Problem Overview

The goal is to create a MIPS assembly program that:

- Stores the string "Hello World" in memory.

- Uses stack operations to reverse the string.



- Prints the reversed string to the console.

This task demonstrates the use of the stack for storing intermediate data, string manipulation, and

system calls for output.

Key Concepts Involved

- Stack Usage: Push and pop operations to manage data during execution.
- String Handling: Loading, storing, and manipulating string data.
- System Calls: Using MIPS system calls to print data to the console.

- Looping and String Reversal: Iterating over characters and reversing their order.

Step-by-Step Breakdown of the Program

1. Data Section: Declaring the String

First, we declare the string "Hello World" in the ".data’ segment:
rassembly

.data

original_str: .asciiz "Hello World"

The ".asciiz’ directive automatically null-terminates the string, which simplifies printing.



2. Text Section: Main Program Logic

The core logic resides in the ".text’ segment, particularly in the “main” label:

“rassembly
dext

.globl main

main:
Load address of the string into register $a0

la $t0, original_str

Find string length
move $t1, $t0

li $t2, O counter for length

find_length:

Ib $t3, O($t1)

beqz $t3, reverse_string
addi $t1, $t1, 1

addi $t2, $t2, 1

j find_length

This segment calculates the length of the string by iterating until it hits the null terminator.

3. Reversing the String Using the Stack

The main idea is to push each character onto the stack and then pop them to reverse the string order.



“rassembly
Push characters onto the stack
move $t1, $t0 Reset pointer to start of string

li $t4, 0 index counter

push_loop:

Ib $t3, 0($t1)

beqz $t3, pop_chars End of string

addi $sp, $sp, -4 Make space on stack
sw $t3, 0($sp) Push character

addi $t1, $t1, 1

addi $t4, $t4, 1

j push_loop

This loop pushes all characters onto the stack until the null terminator is reached.

“rassembly

Pop characters to get reversed string

pop_chars:

beq $sp, $zero, finish If stack is empty, finish

lw $t3, 0($sp)

addi $sp, $sp, 4 Pop from stack

sb $t3, reversed_str($t4) Store in reversed string buffer
addi $t4, $t4, 1

j pop_chars

This popping loop reconstructs the string in reverse order.



4. Printing the Reversed String

Finally, print the reversed string:

“rassembly
Null-terminate the reversed string

sb $zero, reversed_str($t4)

Print the reversed string
la $a0, reversed_str
li $vO, 4

syscall

Complete Program Summary

Putting all parts together, the program demonstrates:
- String length determination.

- Use of the stack for data storage.

- String reversal logic.

- Output via system call.

Complete MIPS Program Code

“rassembly

.data



original_str: .asciiz "Hello World"

reversed_str: .space 50 Allocate space for reversed string

text

.globl main

main:
Load address of the string

la $t0, original_str

Find string length
move $t1, $t0
li $t2, 0

find_length:

Ib $t3, 0($t1)

beqz $t3, reverse_string
addi $t1, $t1, 1

addi $t2, $t2, 1

j find_length

reverse_string:

Push characters onto the stack
move $t1, $t0

li $t4, 0

push_loop:

Ib $t3, O($t1)

beqz $t3, pop_chars
addi $sp, $sp, -4
sw $t3, 0($sp)



addi $t1, $t1, 1
addi $t4, $t4, 1

j push_loop

pop_chars:
Initialize index for reversed string
la $t5, reversed_str

move $t6, $zero index counter

pop_loop:

beq $sp, $zero, finish
Iw $t3, 0($sp)

addi $sp, $sp, 4

sb $t3, 0($t5)

addi $t5, $t5, 1

addi $t6, $t6, 1

j pop_loop

finish:
Null-terminate reversed string

sb $zero, 0($t5)

Print the reversed string
la $a0, reversed_str
li $vO, 4

syscall

Exit program
li $v0, 10

syscall



Features and Considerations

Features:

- Demonstrates stack operations (push and pop) explicitly.

- Uses system calls for output, a core aspect of MIPS programming.
- Shows string manipulation at the assembly level.

- Implements logic for reversing a string without high-level functions.

Pros:

- Clear illustration of fundamental concepts like stack usage, string processing, and system calls.

- Suitable for educational purposes to understand low-level data management.

Cons:

- Manual management of memory and stack operations can be error-prone.

- Limited error checking; assumes correct string input and sufficient stack space.

- Not optimized for performance; primarily educational.

Conclusion

Programming in MIPS offers a window into the inner workings of computer systems, emphasizing

control over hardware resources. The task of printing "Hello World" in reverse order utilizing the stack



encapsulates core concepts such as stack manipulation, string handling, and system calls. While
writing assembly code can be intricate and verbose, it provides invaluable insights into how high-level
languages operate under the hood. Mastery of such programs enhances understanding of architecture,
debugging, and optimization, making MIPS an excellent starting point for students and enthusiasts
delving into low-level programming. Whether for academic purposes or practical embedded system
development, developing proficiency in MIPS assembly language is a rewarding pursuit that deepens

comprehension of computer operations at the fundamental level.
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