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❖Assembly → slide 3
❖Hello World → slide 26
❖Lab 1 → slide 37
❖Lab 1A (ARM) → slide 45
❖Lab 2 → slide 57
❖Lab 3 → slide 84
❖Lab 4 → slide 99
❖Lab 5 → slide 118
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Given Solution



COMP122

© Jeff Drobman
2016-2024Baseline Instruction Set

Computation Memory Program Control I/O

❖ ALU
▪ ADD
▪ SUB
▪ AND
▪ OR
▪ XOR
▪ NOT

❖MULT/DIV [opt]
❖ BIT

▪ SET/CLR
▪ TEST

❖ COMPARE
▪ CMP

❖ SHIFT
▪ SHIFT (A, L)
▪ ROTATE

❖ Reg-Reg
▪ MOV

❖ Reg-Mem
▪ LOAD
▪ STORE
▪ MOV

❖Mem-Mem
▪ MOV

❖ Stack
▪ PUSH
▪ POP

❖ JUMP
▪ JUMP/GOTO

❖ BRANCH
▪ BRA
▪ BRCC
▪ LOOP

❖ CALL
▪ CALL/CALR/JAL
▪ RET/RETFIE
▪ SYSCALL/SWI/TRAP

❖ NOP

❖ I/O
▪ IN
▪ OUT

❖Mem Mapped
▪ MOV   PORT
▪ LOAD/STORE

System Control

❖ Reset
▪ RESET

❖ Power
▪ SLEEP/HALT

Rev Aug 2021

RISC

CISC

OLD

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

.data Static data segment
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❖MIPS
❖ARM

❖x86
❑ Intel
❑ AMD

16-32 GR’s Dedicated Registers

❖ 4 Accumulators
❑ A, B, C, D

❖ 4 Pointers
❑ SI, DI
❑ BP, SP

❖ 5 Memory Segments
❑ CS, DS, ES, FS, GS, SS

❖ 64-bit
❑ Telescoping

❖ Includes specials
❑ Stack:  SP, FP
❑ Globals:  GP
❑ Zero

❖ 64-bit
❑ Paired 32-bit

➢ PC dedicated

AH  AL  

AX
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Registers
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Hennessy & Patterson

❖ $a(0:3) args
❖ $at, $k(0:1) reserved
❖ $v(0:1) values
❖ $t(0-9) temp
❖ $s(0:7)  saved
❖ $gp  global ptr
❖ $sp  stack ptr
❖ $fp  frame ptr
❖ $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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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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50-59 are GUI boxes

SPIM



COMP122

© Jeff Drobman
2016-2024System Call (syscall)

Load
address
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.macro

Embedded format specifier for “printf”
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Don’t Use This!
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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)



COMP122

© Jeff Drobman
2016-2024Comparison:  “Hello World”

x86
Assembly

PHP
➢ all console
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Python
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Lab 1
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ARM Gnu Lab 1
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LAB 1

MIPS
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❖Assemble into .data seg
❑ ”Hello World\n”
❑ <your name>

❖Print on Console & GUI
❑ “Hello World!”
❑ “Hello <your name>” 

❖End program
❑ Use “done” macro (optional)

Requirements
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OUTPUT
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MIPS Lab 1

Console prints

Hello Jeff D
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MIPS Lab 1

define

use

Termination

Don’t use
➢ Considered an “error”
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MIPS Lab 1

Static data

Header

CODE

Assembled Code

Load-Store

\n → newline
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MIPS Lab 1

Static data
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MIPS Lab 1GUI Output:  Syscall 55

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

ARM

Port to
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@@ Lab 1 -- Hello World
@@ by Jeff Drobman
@@version: 1D >3:57 PM 11/14/2019
@------------
@define
.equ exit, 0x11
.equ print, 2
@macros
.macro done
swi exit
.endm
@@---data---
.data
hello: .asciz  "Hello World\n"
.align 2 @align to word
name:  .asciz  "Jeff D\n"
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@--print on console using "@syscall=SWI"
ldr r0, =hello
SWI print
ldr r0, =name
SWI print
ldr r0, =heap @print entire string in heap
SWI print
@-----
@output GUI msg
mov v1, #55 @GUI msg code
ldr a1, =hello
mov a2, #1 @msg type is info
svc 55 @syscall
@------
nop @example
done @macro for exit
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ARM Gnu

Call printf
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ARM Gnu



COMP122

© Jeff Drobman
2016-2024Gnu Assembly:  Hello World

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



COMP122

© Jeff Drobman
2016-2024Lab 2

❖ Add to Lab 1
❑ GUI Input <your name>
▪ Check input sub (optional)

❑ Copy “Hello World!” (use loop)
 from data seg → into heap seg
▪ Use “lw, sw” pairs

❑ Print heap seg on console
❑ Print both strings in GUI box (code 59)
❑ Create & use “done” macro

Requirements
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Lab 2Java
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Lab 2
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CODEHeader

Copy to heap

Output

Static data
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Load

Store
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MIPS Lab 2

Setup (init static data)

Code
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MIPS Lab 2

Heap
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MIPS Lab 2
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MIPS Lab 2

Patterson & Hennessy

while

Test FIRST
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Java

Assembly

bgtz

For Loop

loop:

➢ By char

➢ By word
Hello loop

Lab 2

Test LAST
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MIPS Lab 2

Patterson & Hennessy



COMP122

© Jeff Drobman
2016-2024MIPS Assembly

MIPS

done

loop

?
Add name

Lab 2
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MIPS Lab 2
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MIPS Lab 2
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Java While Loop

❖Simulating a Heap

Lab 2
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Java

Assembly

bgtz

While Loop

loop:

Name loop

➢ By char Use LB, SB

✓ Check for null 0

Indefinite Lab 2
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Java While Loop Lab 2
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What’s this?  A Branch Table Case Switch

Lab 2
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Lab 2
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Java

Assembly

bgtz

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

loop:

Lab 2

return
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MIPS Lab 2
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MIPS

subroutine

➢ Add this

CALL

CALL

Sub

Setup args

args
$a0..$a3

$ra <- PC

Lab 2
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Java

Output

Input

Assembly

Assembly

55

54

SPIM code

Lab 2
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MIPSGUI Input:  Syscall 54

Use:  Syscall 54

➢ Add this
Lab 2
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54

INPUT BUFFER

MIPSGUI Input:  Syscall 54 Lab 2
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What’s this?  A Branch Table

MIPS Lab 2

#Sub entry point



COMP122

© Jeff Drobman
2016-2024MIPS Code Puzzle

While(true)

SLEEP/WAIT
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MIPS

LAB 3



COMP122

© Jeff Drobman
2016-2024Lab 3

❖Input 3 digits each (assign)
1. Hex number
2. Decimal number
3. BCD (un-packed) number

❖Process
1. Convert Hex → Decimal (as subroutine)

❖Output
❑ GUI message (lab title)
❑ Console

1. Hex to Dec Conversion

❖Code
1. Use “done” macro 
2. Convert all I/O code into subroutines
3. Complete “check” subroutine (add branch table)

Requirements



COMP122

© Jeff Drobman
2016-2024Lab 3

❖I/O
❑ GUI
1. Create subroutines for each GUI (54, 55, 59)
2. Integrate “check” sub into Input (54)

❑ Console
1. Create subroutines for each print (1, 4)

❖Strings
1. Add title string
2. Keep your prompt & error strings from Lab 2
3. Delete other strings (Hello, name)

❖Eqv
1. Keep pointer to heap
2. Keep pointer to input buffer (for 54)

Construction
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Manga Guide

Decimal Binary



COMP122

© Jeff Drobman
2016-2024Hex to Decimal

256xd2 + 16xd1 +d0
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Process (code)

Setup
Data
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Process (code)

Main

Console out

GUI in
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v

Also,

String bit = “01101001”;

int decimal = Integer.parseInt(bit, 2);
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v
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1. Find the largest power of 2 that is < N (decimal number)
2. Set that bit to 1
3. Subtract 2n from N
4. Repeat 1-3

Examples

1. N = 10  → 23=8 → 10-8=2 → 21 → 1010
2. N = 50 → 25=32 → 18 → 24=16 → 2 → 21 → 11 0010
3. N = 100 → 26=64 → 36 → 25=32 → 4 → 22 → 110 0100

A bit harder

Chunk into Hex

3x16+2=50

6x16+4=100

Algorithm
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➢ Unrolled loop
➢ For 3 digits

$t0 = decimal value

Print decimal value in string
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➢ Unrolled loop
➢ For 3 digits

$t0 = decimal value

Print decimal value in string
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Wrong answer:  0x51 = 81 decimal (ASCII code for “Q”)
Correct answer:  0x15c = 256+80+12 = 348 decimal
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LAB 4 MIPS
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❖Input
1. Set N >= 15
2. Create an array fibs[N]

❖Process
1. Generate a Fibonacci sequence for N
2. Store in array fibs
3. Print 8 numbers per line

❖Output
1. Fibonacci sequence for N (Console)
2. Print 8 numbers per line

Requirements
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Hennessy & Patterson

offset
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Print
sub

Print
inline

Lab 4
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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
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MARS
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1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 1/2

pseudo
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1
1
2
3
5
8

13
21
34
55
89

144

MIPS

Page 2/2

Loop
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Lab 41st 30

Golden Ratio
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Lab 4main
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Print
sub

Print
inline

Lab 4
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Lab 4
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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 5 MIPS
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❖Input
1. Set N = 20
2. Create an array facts[N]

❖Process
1. Generate a factorial sequence for N
2. Store in array facts
3. Use 32-bit integers
4. Detect overflow & signal:  Check “hi” !=0

❖Output
1. Count and header
2. Factorial sequence (Console)
3. Print 5-8 numbers per line
4. Signal when overflow occurs

Requirements
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➢ If you want to call a subroutine from within a subroutine
➢ You need to save/restore the first return address

1. Use a register (move)
2. Use memory (lw/sw)
3. Use the stack:  lw $t1,($sp)



COMP122

© Jeff Drobman
2016-2024Factorials

Java:  non-recursive
Lab 5
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Lab 5

Java

MIPS assy

Long 17
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Lab 5

Java Long 17

int 20

12
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multu
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❖mulo (with overflow) – pseudo 
❖rem – remainder (modulo residue %)

❖div – remainder in $hi (N mod divisor)
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Lab 5

Use same Print sub as Lab 4
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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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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)

➢ Signed?

Skip add

Hint:  use mask

Mask: .word 0x0001

R Shift Y (/2)



COMP122

© Jeff Drobman
2016-2024Factorials – Recursive

C or Java:  recursive
Lab 5

Store in array
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Java:  recursive
Lab 5

2B

>>2B
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