
Compsci210 tutorial

Introduction to Assembly and LC-3 Simulator



 We have learnt 
 How to install LC-3 simulator
 Edit LC-3 assembly codes in editor
 Run simple programs
 Debug LC-3 by using Step Over button

 This tutorial will cover:
 Basic LC3 instructions
 Inputs and Outputs
 Branching for IF-ELSE, FOR loop, WHILE loop
 Subroutines

Tutorial revision



R5 === 101

R2 === 010
R3 === 011

From -16 to +15 === 01111

Similar to AND



Others: LDR, STR, LDI, STI



Always in nzp order

How far from current program counter to the LABEL 
address

So if LABEL is next line === 000000000

To Implement IF ELSE LOOP



 By getC and Out, you can input 1 character and output 1 
character at a time. In order to input and output more, you 
need loops.

 Loops can be created by using Br (branch operation)
 BR {n|z|p} Label
 BRn branch to Label if register is negative
 BRz branch to Label if register is zero
 BRp branch to Label if register is positive
  BRzp, BRzn, BRpn…
 BRnzp branch without any condition
 Clearer explanation: 

http://www.lc3help.com/tutorials/Basic_LC-3_Instructions

Branch operation



An If-Then-Else block 

A For loop block 



A While loop block 

A Do-While Loop block 



ASCII standard to encode characters



 Input and output: 
 Get characters from keyboard to memory/register
 Print characters from memory/register to screen

 Try running GetC.asm
 Program does: get 1 input from keyboard and print that out to 

screen.

 Operations for input/output can be used:
 Getc
 Out
 In
 Puts

Input/output(1)



 GetC
 It takes a character from keyboard
 Store it in Register R0 (ascii value)

 Out
 It takes ascii value stored in R0
 Print the correspondent character 

out to screen
 In
 It prints out a line ask user to input
 It takes a character from keyboard
 Store it in Register R0 (ascii value)

 Puts
 It prints out a String
 Look at printString.asm

Input/output(2)



 chapter7_code: 7.1.asm
 What s the program doing?
 Program multiplies an integer by the constant 6.
 Before execution, an integer must be stored in NUMBER.
 Result stored in R3

 Operations used: 
 Ld $(register), VariableName ;load value to register from 

memory
 And $(register), $(register), #(decimalNumber) ;bitwise 

operation
 BRp Label ;branch (goto) to a Label in memory if register is 

positive

Quick Demo:
Chapter 7.1 example (1)



7.1 example (2)



 Use LC3 Assembly Instruction set table to convert the 
following code to Binary ISA codes:

 AND R0,R0,#0
 NOT R0,R0
 AND R1,R1,#0
 ADD R1,R1,#1
 NOT R1,R1
 NOT R1,R1
 ADD R0,R0,R1


Exercise 1



 Use LC3 Assembly Instruction set table to convert the 
following code to Binary ISA codes:

 LD R2, Num1
 LD R3, Num2
 ADD R4, R2, R3
 HALT
 Num1 .FILL 5
 Num2 .FILL   6


 What do the codes do?

Exercise 2



 Do exercises:
 Input a number from 0 to 9
 Print out all the number from 0 to that number
 Example:

 Input: 4
 Output: 0 1 2 3 4

 Create an example to echo an user input, i.e:
 Hi, what is your name?
 George Alexander Louis
 Hi George Alexander Louis, nice to meet you.

Exercise 3 and 4



 Steps need to complete:
 Get input as a character
 Turn that character to int by:

 take away offset (‘0’)
 N = ‘5’ – ‘0’

 Make a for loop to print:
 N times.

 Start from 
 ‘0’

 Use BR wisely

Exercise 3 answer
.orig x3000
ld r6, zero0 
not r6, r6
add r6, r6, 1
lea r0, inputString
puts
getc
out
add r1, r0, 0
add r2, r1, r6
lea r0, outputString
puts
ld r0, zero0;
forLoop
out
add r0, r0, 1;
add r2, r2, -1;
brn finishForLoop
brnzp forLoop
finishForLoop
halt
inputString .stringz "Input: "
outputString .stringz "\nOutput: "
zero0 .fill 48
.end


