
COMP122

© Jeff Drobman
2016-2023COMP 122

ASSEMBLY Programming

Labs

email jeffrey.drobman@csun.edu

Dr Jeff Drobman
website drjeffsoftware.com/classroom.html

Rev 8-27-23



COMP122

© Jeff Drobman
2016-2023Lab Programs



COMP122

© Jeff Drobman
2016-2023Index

vAssembly à slide 3
vHello World à slide 24
vLab 1 (MIPS) à slide 35
vLab 4 (MIPS) à slide 53
vLab 5 (MIPS) à slide 67
vLab 1B (ARM) à slide 79
vLab 6 à slide 88
vLab 7 à slide 105
vLab 9 à slide 126
vProject A/B à slide 152 (not req’d)
vProject 1 à slide 157
vC à slide 174
vMisc Labs à slide 180

vLab 2 à slide TBD
vLab 3 à slide TBD
vLab 8 à slide TBD
vProject 2 à slide TBD
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Given Solution
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Computation Memory Program Control I/O

v ALU
§ ADD
§ SUB
§ AND
§ OR
§ XOR
§ NOT

v MULT/DIV [opt]
v BIT

§ SET/CLR
§ TEST

v COMPARE
§ CMP

v SHIFT
§ SHIFT (A, L)
§ ROTATE

v Reg-Reg
§ MOV

v Reg-Mem
§ LOAD
§ STORE
§ MOV

v Mem-Mem
§ MOV

v Stack
§ PUSH
§ POP

v JUMP
§ JUMP/GOTO

v BRANCH
§ BRA
§ BRCC
§ LOOP

v CALL
§ CALL/CALR/JAL
§ RET/RETFIE

v NOP

v I/O
§ IN
§ OUT

v Mem Mapped
§ MOV   PORT
§ LOAD/STORE

System Control

v Reset
§ RESET

v Power
§ SLEEP/HALT

Rev Jan 2021
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//numeric
int final x = 3;  à .eqv x, 3 //immutable
int x = 3;  à x:  .word 3
short y = 5;  à y:  .half 5
byte b = 2;  à x:  .byte 2
float f = 45.0;  à f:  .float 45 
double d = 55.0;  à d:  .double 55  
//non-numeric
char ch = ‘a’; à ch:  .ascii “a”
String s = “hello” à s:  .asciiz “hello”

.data Static data segment
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vMIPS
vARM

vx86
q Intel
q AMD

16-32 GR’s Dedicated Registers

v 4 Accumulators
q A, B, C, D

v 4 Pointers
q SI, DI
q BP, SP

v 5 Memory Segments
q CS, DS, ES, FS, GS, SS

v 64-bit
q Telescoping

v Includes specials
q Stack:  SP, FP
q Globals:  GP
q Zero

v 64-bit
q Paired 32-bit

Ø PC dedicated

AH  AL  
AX
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Registers
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Hennessy & Patterson

v $a(0:3) args
v $at, $k(0:1) reserved
v $v(0:1) values
v $t(0-9) temp
v $s(0:7)  saved
v $gp global ptr
v $sp stack ptr
v $fp frame ptr
v $ra  return addr
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Raspberry Pi 4 ARMsim
Event driven
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C

Machine -- binary

Assembly--MIPS
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2016-2023Assembly Example

Space for code

PIC18F
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Display
Buffer

Printer
Buffer

MIPS
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Memory Map
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MIPS

SPIM
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2016-2023System Call (syscall)

50-59 are GUI boxes

SPIM
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2016-2023System Call (syscall)

Load
address
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.macro

Embedded format specifier for “printf”
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2016-2023Macros with C printf



COMP122

© Jeff Drobman
2016-2023Lab

LAB 1

MIPS
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#include <stdio.h>
void main (void) {
printf(“Hello world!\n”;

}

#include <iostream>
void main () {
std::cout << “Hello world!\n”;

}

public class helloWorld {
public static void main (String[] args) {
system.out.println (“Hello world!”);

} }

//myfile.js
Console.log(“Hello world!”);

C

C++

Java

Javascript

Lab 1

Print “Hello world!”Python
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Basic

VB

C#

note:  line numbers!

OOP + GUI

OOP + console

DOS script (for console)
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2016-2023Comparison:  “Hello World”

x86
Assembly

PHP
Ø all console
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Python
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Lab 1
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ARM Gnu Lab 1



COMP122

© Jeff Drobman
2016-2023Lab

LAB 1A

MIPS



COMP122

© Jeff Drobman
2016-2023Lab 1A

vStore “Hello World!” 
q into data seg
q copy from data into heap seg

vPrint “Hello World!”
q Console
q GUI box
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OUTPUT
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2016-2023Java version of Lab 1A

CODEHeader

Copy to heap

Output

Static data
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2016-2023Memory “Move”

Load

Store
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MIPS Lab 1A

Static data

Header

CODE

Assembled Code

Load-Store
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*

*

Prim
EA
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EA:  address calculations
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2016-2023Assembled MIPS Loads

EA:  address calculations
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MIPS Lab 1A

Static data
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MIPS Lab 1A

Setup (init static data)

Code
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2016-2023MIPS Assembly

MIPS Lab 1A

Heap
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MIPS Lab 1A
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MIPS Lab 1AGUI Output:  Syscall 55

Use:  Syscall 55
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55
MIPS Lab 1A
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MIPS
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MIPS
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MIPS Lab 1A

Console prints

Lab 1A Lab 1B

Lab 1B

v Add 2 LOOPS
§ Hello
§ Name

v Add a Header
v Add Your Name
v Print Header
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MIPS

v Add a Loop

LAB 1 B

v Add 2 LOOPS
§ Hello
§ Name

v Add a Header
v Add Your Name
v Print Header
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2016-2023Lab 1B:  Add a Loop

MIPS Lab 1B
Hennessy & Patterson

while
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2016-2023Loop:  Hello

Java

Assembly

bgtz

For Loop

loop:

Ø By char

Ø By word
Hello loop
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2016-2023Lab 1B:  If-Then-Else

MIPS Lab 1B
Hennessy & Patterson



COMP122

© Jeff Drobman
2016-2023MIPS Assembly

MIPS Lab 1B

done

loop

?
Add name
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MIPS Lab 1B
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MIPS Lab 1B
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Java While Loop

vSimulating a Heap
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Java

Assembly

bgtz

While Loop

loop:

Name loop

Ø By char Use LB, SB

ü Check for null 0

Indefinite
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Java While Loop
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While Loop MIPS Lab 1B

mask

Use mask
Test byte=0

$t4
Fall out of loop

compare

A B C D

0 D00

andi
register

0 f00
0xff

mask

register

Extract a byte
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While Loop MIPS Lab 1B

mask

A B C D

0 D00

sb
register

Memory (heap)

A B C0
srl

0 C00

sb

lbu
register

Extract a byte
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What’s this?  A Branch Table Case Switch
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While(true)

SLEEP/WAIT
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MIPS
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MIPS Lab 1B

Console prints

Lab 1B Lab 1C

GUI

v SUB
v GUI IN
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MIPS

v Sub
v GUI In

LAB 1 C
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Java

Assembly

bgtz

write_heap($a0,$a1, $a2,$a3);

loop:
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MIPS Lab 1C
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MIPS Lab 1C

subroutine

Ø Add this

CALL

CALL

Sub

Setup args

args
$a0..$a3

$ra <- PC
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Java

Output

Input

Assembly

Assembly

55

54

SPIM code
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MIPS Lab 1CGUI Input:  Syscall 54

Use:  Syscall 54

Ø Add this
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2016-2023Memory Buffers:  Input

54
INPUT BUFFER

MIPS Lab 1CGUI Input:  Syscall 54
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What’s this?  A Branch Table

MIPS Lab 1C
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LAB 1 D

ARM
Port to
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2016-2023Hello World in Assembly

ARM Gnu

Call printf
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2016-2023Hello World in Assembly

ARM Gnu
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ARM Gnu Lab 1
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ARM Gnu Lab 1
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ARM Gnu Lab 1
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Svc 55

Cmp a1, #0
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LAB 6 MIPS
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2016-2023Lab 6:  Fibs in Arrays

Hennessy & Patterson

offset
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Print
sub

Print
inline

Lab 2
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# Compute first twelve Fibonacci numbers and put in array, then print 1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 1/2

?

Loop
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# Compute first twelve Fibonacci numbers and put in array, then print 1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 2/2

Loop



COMP122

© Jeff Drobman
2016-2023ALU Ops

MARS
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2016-2023Fibonacci:  Dr Jeff

1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 1/2

pseudo



COMP122

© Jeff Drobman
2016-2023Fibonacci:  Dr Jeff

1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 2/2

Loop
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2016-2023Fibonacci in Java

Lab 21st 30

Golden Ratio
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2016-2023Fibonacci in Java

Lab 2main
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2016-2023Fibonacci in Java

Print
sub

Print
inline

Lab 2
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Lab 2
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//C conversion to MIPS
int N = 5; // some value
int a[ ] = {1,2,3,4,5}
int b[ ]= {6,7,8,9,10}
for (int i=0; I<N; I++) {//swap

int temp = a[i];
a[i] = b[i]
b[i] = temp;

}
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Swapped
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LAB 7 MIPS
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Java:  non-recursive
Lab 7
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2016-2023Factorials Results

Lab 7
Java

MIPS assy

Long 17
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Lab 7
Java Long 17

int 20



COMP122

© Jeff Drobman
2016-2023Data, Macros & Code

Lab 7

Part A

Part B Use Subroutine
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multu
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Lab 7
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2016-2023Lab 7 Part B:  Mult Sub

PRIME?

L Shift X (*2)

A

0

Test
Y lsb Add X

1

Load X, Y operands into GRs

Return

DONE? Goto Loop

Loop

N

Y

Summing 
Partial 
Products
(bit-wise)

Ø Signed?

Skip add

Hint:  use mask

Mask: .word 0x0001

R Shift Y (/2)



COMP122

© Jeff Drobman
2016-2023Binary Multiplication

Unsigned Multiplication 

Y Multiple Op
0 0 none
1 1 add

1 bit at a time

Y Multiple Op
00 0 none
01 1 add
10 2 Shift-add
11 3 Add twice

2 bits at a time
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Signed 2’sC Multiplication 

Booth’s Recoding

Drobman MS Thesis
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Bit-slice 1971-80Drobman MS Thesis
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Bit-slice 1971-80

8-bit x 8-bit multiply

2x4-bit slices

Drobman MS Thesis
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2016-2023Lab 7 A & B:  .data



COMP122

© Jeff Drobman
2016-2023Lab 7 A & B:  Main

Exercise for the student
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2016-2023Lab 7 A & B: .data
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C or Java:  recursive
Lab 7

Store in array
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Java:  recursive Lab 7

2B

>>2B
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LAB 9 MIPS
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P&H Ch 7
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P&H Ch 7

0

Mask(n) & Pending(n) à INT(n)

8 interrupts
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2016-2023Interrupts & Exceptions

P&H Ch 7

0x20

0x34

0x00

0x34
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v MASKABLE
q NMI (non-maskable)

§ Power-ON Reset
q INT (maskable)

v VECTORED
q NVI (non-V)
q VI

v PRIORITY (PIC)
q High
q Low (High INTs “preempt” Low)

v INTERNAL
q Hardware events

§ Timers
§ ADC
§ I/O (S, P)

q Software exceptions

CLASSES INT’s (8)

u INT 0  (Pin 33)
u INT 1 (Pin 34)
u INT 2 (Pin 35)

u INT 7

v GIE (2) – global (2 groups)
vMask:  INT 0-7

ENABLES

à SAVED ON STACK

v PC
v STATUS
v CAUSE

v HIGH
v LOW

PRIORITIES

PROCESSOR STATE

MIPSGeneral
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x86 IRQ’s:  16 Intel
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INT’s Used:  4

vMASKABLE (3)
q 1 NMI (non-maskable)

§ Power-ON Reset
q 2 INT (maskable)

vVECTORED (2)
q 1 NVI (non)
q 1 VI

v TIMER (1)

INT

MI

NV

V

NMI Timer

Hierarchy:  Priority
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v Decode Pending Interrupts
v Allocate memory for Handlers
v Use Jump Table

q Order by Priority
q Test & Jump
q Handlers as subroutines:  jal à jr $ra

Lab 9
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Display
&

Printer
Buffer

Input
Buffer

Handlers
1-N

I: ---
Jr $ra
B: ---
Jr $ra
F: ---
Jr $ra
C: ---
Jr $ra

Jalr Br_Table

List of 
Subroutines

Br_Table:
La $t0, In_buf
Lw $t1, ($t0)
Beq $t1, “I”, I
Beq $t1, “B”, B
Beq $t1, “F”, F
Beq $t1, “C”, C
Error: ---

.ktext80000180

10040000

10010000

00400000

7FFFFFFF

Lab 9
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2016-2023MIPS Memory Config

Lab 9
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#ifDef
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2016-2023Lab 9 Program Structure

.data

.eqv

.macro

.text

subs

Main

.kdata

.eqv

.macro

. ktext

subs

Kernel

ISR’s

Lab 9

?
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Lab 9
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2016-2023Lab 9 Code Macros

Lab 9
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2016-2023Lab 9 Code Loop

Lab 9

“_ISR” macro
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Lab 9
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2016-2023Lab 9 Kernel Code/Data

Lab 9
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2016-2023Lab 9 Kernel Code

macros subs
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P&H Ch 7
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2016-2023Interrupts & Exceptions

P&H Ch 7
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2016-2023Exception Handler

P&H Ch 5
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2016-2023Exception Handler

P&H Ch 5
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1970 Wiki
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1970 Wiki

Mag tape

1st LSI-chip Computer
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v Part 1 – Interrupts
q Write C code to configure INT0 (High) and INT1 (Low)

v Part 2 – Timers
q Write  DELAY sub in C (2ms)
q Use Timer 0 for new DELAY sub (2ms)
q Write programs for:

§ Timer
§ Stopwatch (Counter)

New code.c

Add to old hello.c
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v Part 1 – Finish assembly/C programs for “Hello World”
q Assembly

§ Write DELAY subroutine
q C

§ Use (call) DELAY
§ Output message via Port B (same)

v Part 2 – Timers
q Write  DELAY sub in C
q Use Timer 0 for new DELAY sub
q Write programs for:

§ Timer
§ Stopwatch (Counter)
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Project A
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MIPS 32

vList all these instructions in MIPS32 (as in MARS)
q Loads
q Branches

Loads:
lw, lui, …

Branches:
b, beq, …

Ø Primitives & Pseudos* (flag with asterisk)

Ø Note:  both these classes involve an Effective Address (EA) calculation

Register (as base pointer) + Offset (as index)

Performed automatically
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MIPS 32
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1. Compare ISA’s of MIPS and ARM by instruction <Class.sub.instr>:  ex. <ALU.add>.  
Use the given slide as the baseline by identifying missing and extra instructions.

2. List instruction Formats (R, I, J) for each instruction class

3. Compare “Load” instructions of MIPS and ARM in detail (explain what each 
instruction does, what modifiers are used, and whether it is a primitive or pseudo-
op:

MIPS:  lb, lh, lw, li*
ARM:  ??

MIPS vs ARM
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v LDM
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2016-2023Lab

Project 1

MIPS
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vLogic simulators
Ø MIPS
Ø ARM

q Embest board

MIPS

MIPS
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vLogic simulators
Ø MARS Digital Lab Sim tool

v Functions (on LEDs)
q I=Initial(s)
q B=Blink (all on/off)
q F=Flash (Initials-sequential on/off)
q Z=Zero Flash (0-sequential on/off)
q C=Counter 
q Q=Quit
q Calculator (hex keypad – bonus)

v Use Jump Table
q Input letter for Command
q Test & Branch (beq)
q Add Handlers as subroutines

MIPS

v Command
Interpreter

§ I
§ B
§ F
§ Z
§ C
§ Q
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What’s this?  A Branch Table
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Display
&

Printer
Buffer

Input
Buffer

Handlers
I, B, F, C

I: ---
Jr $ra
B: ---
Jr $ra
F: ---
Jr $ra
C: ---
Jr $ra

Jalr Br_Table

List of 
Subroutines

Br_Table:
La $t0, In_buf
Lw $t1, ($t0)
Beq $t1, “I”, I
Beq $t1, “B”, B
Beq $t1, “F”, F
Beq $t1, “C”, C
Error: ---

.ktext80000180

10040000

10010000

00400000

7FFFFFFF

51            Q

v Command
Interpreter

§ I
§ B
§ F
§ Z
§ [C]  optional
§ Q
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APPLICATION – LCD/LED Modules

v Print your initials

v Optional extras
q Calculator with 

Hex keys

send letters/numbers to a 7-segment LCD

J à BCD = 00001110 = 0x0E
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.data

Command will go here
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2016-2023Proj 1:  Macros & Defines

.data

.eqv

.macro

Adjust as needed
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2016-2023Project Code:  Main

.text

“stop” = 3

Recognize “Q”?

In_buf
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.ktext

Jal print

.kdata

Complete this
New macros

“eret” in macro
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2016-2023Proj 1 Code:  Trap Handler

.ktext
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2016-2023Project 1:  Digital Lab
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.kdata

.data

MMIO:  LED patterns = 0x0e + 0x5e
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New Branch Table key Subs

Delay loop
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.ktext

Ø Blink!

Ø Key!

Ø Fiddle with this number (blink rate)
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.ktext
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.ktext
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§ unsigned int (0 to 65,535)
§ signed int (-32,768 to +32,767)

vIntegers (16-bit)

vChar string/byte (8-bit)

vFloating Point (“Real”) (32/64-bit)

§ unsigned char (0 to 255)
§ signed char (-128 to +127)

§ Float (32-bit single precision:  +-N x 10^64)
§ Double (64-bit double precision:  +-N x 10^256)

1.123456789 E+64
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#include <p18f4321.h>
void    ISR (void);  //declares ISR as sub after main
#pragma code Int=0x08
void  Intasm( )
{
_asm //use assembly code
GOTO ISR 
_endasm
}
#pragma code  //org main
Void main(  )

{
// do stuff here
While(1) {    }
}
#pragma interrupt ISR
Void ISR (void)     //interrupt svc routine
{   //do int stuff

}
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Void   ISR( );  //declare the “ISR” subroutine
#pragma code int_vectH = 0x08  //assign int “vector” for High Pri Int
Void   IntH( )  {
_asm //use assembly code here (no “GOTO” in C)
GOTO ISR
_endasm
#pragma code int_vectL = 0x18  //assign int “vector” for Low Pri Int
#pragma code  //main starts here (after the Ints)
Void   main ( )
{
ADCON1=0x0F;   //config Port B as input for interrupts
INTCONbits.INT0IE = 1  //enable INT0
INTCON3bits.INT1IE = 1  //enable INT1
INTCONbits.INT0F = 0  //clear flag
INTCON3bits.INT1F = 0 //clear flag
INTCON3bits.INT1IP = 0  //set INT1 to Low priority
RCONbits.IPEN = 1  //enable all priority interrupts
INTCONbits.GIEH = 1  //enable Global High priority interrupts
INTCONbits.GIEL = 1   //enable Global Low priority interrupts
While(1);   //wait for INT0 or INT1
}

PINS

u INT 0 à RB0
u INT 1 à RB1
u INT 2 à RB2

EXTERNAL INTS

SETUP

SET ORGS

Or use a “Call”:
ISR( )

PIC18F
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v Timer 0
v Timer 1
v Timer 2
v Timer 3
v Watchdog

Timers

vTimers
Ø Count UP or DOWN
Ø Preset start value
Ø INT on OVERFLOW
Ø Use INTERNAL clock

vCounters
Ø Use EXTERNAL clock (pin TnCKI)

MODES

v Clock pulse counter  
(a power of 2)
§ 2
§ 4
§ 8
§ 16
§ 32
§ 64
§ 128
§ 256

PRESCALER

PIC18F
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v Timer 0
v Timer 1
v Timer 2
v Timer 3
v Watchdog

Timers
#pragma code  //main starts here (after the Ints)
Void   main ( )
{
T0CON=0x06;   //config T0
TMR0H = 0XFF  //init T0 High byte
TMR0L = 0XF0  //init T0 Low byte =-16 (will count UP to 0)
INTCONbits.TMR0IF = 0  //clear Timer0 flag

T0CONbits.TMR0ON = 1  //start timer
While(INTCONbits.TMR0IF ==0);  //wait for INT0 or INT1
T0CONbits.TMR0ON = 0  //stop timer
While(1);    //halt
}

SETUP

RUN TIMER

Using Timer0 to create a 1ms delay, assume:
q 8MHz crystal (=2MHz Instruction rate)
q Prescale value = 128 (2000/128=16)

PIC18F
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F = C * (9/5) + 32
C = (F-32) * (5/9)

q (9/5) = 1.8 
q (5/9) = 0.555… 
à how to represent a fixed point number?
à Consider using BCD:

§ MULT by 18 or 556
§ divide by 10 or 1000 by shifting BCD digits right


