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Performing division in assembly language, especially on a simple architecture
like the LC-3, requires implementing an algorithm that mimics the long
division process. The task becomes interesting when the dividend is manually
set in register RO, and the divisor is provided in another register, say RI.
This article explores how to write an LC-3 assembly program that performs
integer division by repeatedly subtracting the divisor from the dividend and
counting how many times this subtraction occurs before the dividend becomes
less than the divisor. Such a program demonstrates fundamental concepts like
loop control, register manipulation, and condition checking in LC-3 assembly
language.

Understanding the Problem: Division in LC-3
Assembly

What is Division in Assembly Language?

Division is a mathematical operation that calculates how many times one
number (the divisor) fits into another (the dividend). In high-level
languages, this is abstracted by the division operator (/), but in assembly
language, especially on the LC-3, it must be implemented manually. The
typical approach involves repeated subtraction, where the divisor is
subtracted from the dividend until the remaining value is less than the
divisor. The number of successful subtractions is the quotient, and the
remaining value is the remainder.

Key Challenges in LC-3 Assembly Division

- Register Management: Efficiently managing registers to hold the dividend,
divisor, quotient, and temporary values.

- Loop Control: Implementing a loop that continues subtracting until the
dividend becomes less than the divisor.

- Condition Checks: Comparing the current dividend with the divisor to decide



whether to continue or terminate the loop.
- Handling Sign and Zero Cases: For simplicity, assume positive integers in
this implementation.

Designing the Division Algorithm

Step-by-Step Approach

1. Initialize Registers:

- RO: The dividend (manually set).

- R1: The divisor (set before starting).

- R2: The quotient (initially zero).

- R3: Temporary register for subtraction results.
- R4: Temporary register for comparison.

2. Loop Structure:

- Check if RO (dividend) >= R1 (divisor). If not, exit loop.
- Subtract R1 from RO.

- Increment R2 (quotient).

- Repeat.

3. Post-Loop:

RO holds the remainder.
R2 holds the quotient.

This approach ensures a straightforward implementation suitable for the LC-3
architecture.

Implementing the Assembly Program

Sample LC-3 Assembly Code for Division

“Tassembly

; Assume RO contains the dividend
; Assume R1 contains the divisor
; R2 will hold the quotient



; R3 is used as a temporary register for subtraction
; R4 is used for comparison

.ORIG x3000

; Initialize quotient to O
AND R2, R2, 0 ; R2 =0

; Loop start

LOOP

; Check if RO >= R1

NOT R4, R1

ADD R4, R4, RO ; R4 = RO - Rl (via addition after negation)
BRn END ; If R4 < O (negative), break loop

; Subtract R1 from RO
ADD RO, RO, R1

; Increment quotient
ADD R2, R2, 1

; Repeat loop
BRnzp LOOP

END
; At this point, RO = remainder, R2 = quotient

HALT
.END

Explanation of the Assembly Code

Initialization

- "AND R2, R2, 0  clears R2, setting the initial quotient to zero.
- The dividend should be manually loaded into RO before program execution.
- The divisor should be loaded into R1 similarly.

Loop Mechanics

- The loop begins with the label "LOOP".
- The comparison "RO >= R1" is performed by negating Rl into R4 and adding it



to RO:

- "NOT R4, R1" computes -R1.

- "ADD R4, R4, RO" computes RO + (-R1) = RO - RI.

- If "RO - Rl is negative (checked by "BRn END"), it indicates RO < R1l, and
the loop terminates.

- If RO >= R1, the subtraction is valid:

- "ADD RO, RO, R1" subtracts R1 from RO.

- "ADD R2, R2, 1° increments the quotient.

- The loop continues until RO < R1.

Termination

- When the loop ends, RO contains the remaining dividend (the remainder), and
R2 contains the quotient.

Handling Special Cases and Enhancements

Zero and Negative Inputs

- The basic implementation assumes positive integers.

- To handle zero or negative inputs, additional checks are necessary:
- Check if RO or Rl is zero before division.

- Implement sign handling for negative numbers.

Division by Zero

- The program should include a check for divisor being zero:
- If Rl == 0, halt or set an error flag.
- For simplicity, this is omitted in the basic version.

Optimization Tips

- Use shift operations (if available) to speed up repeated subtraction by
powers of two.

- Implement a more efficient algorithm like binary search division for
advanced applications.



Testing the Program

Example: Divide 20 by 3

- Manually set RO = 20, Rl = 3 before execution.
- Expected output:

- R2 (quotient) = 6

- RO (remainder) = 2

Test Procedure

Load RO with 20.
Load R1 with 3.
Run the program.
Observe R2 and RO for results.
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Conclusion

Implementing division in LC-3 assembly involves simulating the division
process through repeated subtraction and counting the number of subtractions
performed. The approach demonstrated in this article is fundamental,
leveraging simple register operations, loop control, and condition checks.
While basic, this method provides a clear understanding of how division can
be carried out at the low level, forming a foundation for more complex
algorithms and optimizations in assembly language programming. For
educational purposes, it highlights the importance of control flow, data
manipulation, and logical comparison in low-level programming languages.
Future enhancements could include handling signed numbers, division by zero,
and optimizing performance for larger inputs, all of which deepen
understanding of assembly language programming and computer architecture.

Note: To adapt this program for different inputs, simply load the desired
dividend into RO and the divisor into R1 before executing the loop.

Frequently Asked Questions



What is the primary approach to perform division in
LC-3 assembly language when RO contains the
dividend?

The primary approach involves using repeated subtraction to divide the

dividend (in RO) by the divisor (set in another register), counting how many
times the divisor can be subtracted before RO becomes less than the divisor.

How do you initialize the registers for division in
an LC-3 assembly program?

You set RO to the dividend, R1 to the divisor, and initialize R2 (the
quotient) to zero. Additional registers, such as R3, can be used as temporary
storage during the process.

What is a common way to handle the remainder after
division in an LC-3 program?
After the repeated subtraction loop ends, the remaining value in RO is the

remainder. You can store or display RO as the remainder, while R2 contains
the quotient.

How can the division program handle division by zero
in LC-3 assembly?

Before performing division, check if the divisor in R1 is zero. If it 1is,
branch to an error handler or set an error code, since division by zero is
undefined.

Can the division routine in LC-3 assembly handle
signed division, and if not, how can it be modified?

The basic repeated subtraction method handles unsigned division. To handle
signed division, you need to determine the signs of operands, convert
negatives to positives, perform the division, and then assign the correct
sign to the quotient and remainder.

What is a key consideration when writing an LC-3
assembly division program regarding register
management?

Ensure that registers used for temporary storage, such as R3 or R4, are

preserved if needed elsewhere, and carefully manage register usage to avoid
overwriting important data during the subtraction loop.



How can the division program be tested and validated
in LC-3?

Set specific values for RO (dividend) and R1 (divisor), run the program, and
verify that R2 contains the correct quotient and RO contains the remainder.
Testing with various dividend and divisor combinations ensures correctness.

Additional Resources
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When working with LC-3 assembly language, implementing basic arithmetic
operations such as division can be both an educational challenge and a
valuable exercise in understanding low-level programming. Specifically,
writing an LC-3 assembly language program that performs division, where we
manually set RO to be the divided, allows students and developers to grasp
the mechanics of iteration, condition checking, and register manipulation at
a hardware-near level.

In this guide, we'll walk through the process of constructing an LC-3
assembly program that divides two integers, with the dividend preloaded into
RO. We'll explore the logic behind division using repeated subtraction,
handling edge cases, and ensuring the output (quotient and remainder) is
properly stored and accessible.

Understanding the Problem: Division in Assembly

Before diving into code, it's crucial to understand what division entails in
the context of assembly programming:

- Dividend: The number to be divided (set in RO).

- Divisor: The number dividing the dividend (can be stored in another
register).

- Quotient: How many times the divisor fits into the dividend.

- Remainder: What's left after division.

Since the LC-3 does not have a built-in division instruction, we simulate
division through repeated subtraction-subtract the divisor from the dividend

repeatedly until the dividend becomes less than the divisor. The count of
subtractions performed is the quotient, and what's left is the remainder.

Setting Up the Program: Key Components

To build a robust LC-3 division program, we need:



- Registers:

- RO: Holds the dividend (initially set manually).

- R1: Holds the divisor.

- R2: Will store the quotient.

- R3: Will store the remainder.

- Memory labels:

- To store divisor, quotient, and remainder if needed.

- Control flow:

- Loop that performs repeated subtraction.

- Conditional checks to stop when the dividend < divisor.

Step-by-Step Guide to Implementing Division
1. Initialization

- Load the dividend into RO (manual setup).

- Load the divisor into R1.

- Clear R2 (quotient) to zero.

- Copy RO into R3 (to preserve original dividend if needed, or use R3 for
mutable dividend).

2. Loop for Repeated Subtraction

- Check if the current dividend (RO) is greater than or equal to the divisor
(R1).

- If yes:

- Subtract the divisor from the dividend.

- Increment the quotient.

- Repeat.

- If no:

- Exit loop; the current dividend is the remainder.

3. Store Results

Store quotient from R2.
Store remainder from RO or R3 depending on implementation.

Complete LC-3 Assembly Program
Here's a detailed, annotated example:
“Tassembly
; Division Program in LC-3 Assembly
; Assumption: RO contains the dividend (manually set)

; R1 contains the divisor

.ORIG x3000



; Initialize dividend and divisor

; For example: dividend = 20, divisor = 4
LD RO, DIVIDEND ; Load dividend into RO
LD R1, DIVISOR ; Load divisor into R1

AND R2, R2, 0 ; Clear quotient register R2
AND R3, R3, 0 ; Clear R3 (not strictly necessary, but for clarity)

; Copy dividend to R3 (mutable copy for division process)
ADD R3, RO, 0O

; Loop label

LOOP

; Check if R3 >= R1

NOT R4, R1

ADD R4, R4, R3 ; R4 = R3 - Rl (using NOT and ADD for comparison)
BRn END LOOP ; If R3 < Rl (negative result), exit loop

; Subtract divisor from R3
ADD R3, R3, R1

NOT R4, R1

ADD R4, R4, 1 ; R4 = -R1

ADD R3, R3, R4 ; R3 =R3 - Rl

; Increment quotient
ADD R2, R2, 1

; Repeat loop
BRnzp LOOP

END LOOP

; Store the quotient and remainder

; For demonstration, we can load them into memory or halt
; Let's store quotient in a memory label

STR R2, QUOTIENT

; Remainder in R3

STR R3, REMAINDER

; Halt program
HALT

; Data Section

DIVIDEND .FILL 20 ; Set dividend manually
DIVISOR .FILL 4 ; Set divisor manually

QUOTIENT .BLKW 1 ; Reserve space for quotient
REMAINDER .BLKW 1 ; Reserve space for remainder

.END



Handling Edge Cases and Validation

While the above code provides a basic division implementation, real-world
scenarios demand careful handling of:

- Division by zero: Check if the divisor (R1l) is zero before starting the
loop.

- Negative numbers: This implementation assumes positive integers. Handling
negatives requires additional logic.

- Overflow considerations: For very large numbers, ensure registers can
handle the values.

Here’s an example of adding a check for division by zero:

" Tassembly
; Check if divisor is zero
LD R4, ZERO
ADD R4, R1, R4
BRz DIVISION BY ZERO

; Proceed with division...
; (rest of code)

DIVISION BY ZERO
: Handle error or halt
HALT

Summary and Best Practices

- Repeated subtraction is the simplest method for integer division in
assembly, but it can be slow for large numbers.

- Always initialize registers properly before starting.

- Use labels and comments extensively to improve readability.

- Incorporate edge case checks to make your program robust.

- Remember that LC-3 has limited instruction types; creative use of logical
and arithmetic instructions is necessary.

Final Thoughts

Writing an LC-3 assembly program that performs division is a valuable
exercise that emphasizes understanding of low-level control flow, arithmetic
operations, and register management. By manually setting RO to be the
divided, you make the program adaptable for different inputs. This foundation
can be expanded into more sophisticated algorithms, such as binary division
or handling signed integers. Mastery of such fundamental operations paves the
way for more advanced low-level programming and systems design.



Happy coding!
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