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“Hello World”: I/0 in MIPS & ARM

Number systems and radix conversion

BCD on LED

Moving data (memory <-> GR< -> FPU <-> CP0)

“Hello World” extended: loops, macros, functions/subroutines
Computation 1: Fibonacci (add, overflow)

Computation 2: Factorials (mult, overflow)

Bit-wise operations (bit masks, shifts); example: tic-tac-toe
Interrupt/Exception handler

10. Project 1: LED (MMIO, delay loops, speed slider)
11. Project 2: ISA design (logic design & sim new instructions)

2 3 3 3 3 3 3 5 5 7 8

LAB LAB LAB LAB LAB LAB LAB LAB LAB Proj Proj
1 2 3 4 5 6 7 8 9 1 2
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s Assembly = slide 3
**Hello World =2 slide 24
s*Lab 1 (MIPS) = slide 35
s*Lab 4 (MIPS) = slide 53
s*Lab 5 (MIPS) = slide 67
s*Lab 1B (ARM) - slide 79
s*Lab 6 = slide 88

s*Lab 7 = slide 105

s Lab 9 - slide 126

“*Project 1 - slide 157
*C—2>slidel174
** Misc Labs = slide 180

s*Lab 2 =2 slide TBD
s*Lab 3 —2 slide TBD
s*Lab 8 = slide TBD
“*Project 2 - slide TBD
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Programming as a Puzzle
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Computation

“ ALU
= ADD
= SUB
= AND

= OR
= XOR
= NOT
» MULT/DIV [opt]
* BIT
= SET/CLR
= TEST
** COMPARE
= CMP
« SHIFT
= SHIFT (A, L)
= ROTATE

4

L)

CAR)

L)

L)

Memory

*** Reg-Reg
= MOV
*** Reg-Mem
= LOAD
= STORE
= MOV
< Mem-Mem
= MOV
s Stack
= PUSH
= POP

Program Control

“* JUMP

= JUMP/GOTO
“* BRANCH

= BRA

= BRCC

= LOOP

s CALL

= CALL/CALR/JAL

= RET/RETFIE
« NOP

System Control

** Reset
= RESET
*** Power
= SLEEP/HALT

/O

*1/0
= N
= OUT

s Mem Mapped
= MOV PORT
= LOAD/STORE
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data Static data segment

//numeric

int final x=3; = .eqv x, 3 //immutable
intx=3; 2 x: .word 3

shorty=5; 2 vy: .half 5

byteb=2; 2 x: .byte 2
float f =45.0; = f: .float 45

double d =55.0; =2 d: .double 55
//non-numeric

charch =‘a’; 2 ch: .ascii “a”
String s = “hello” = s: .asciiz “hello”
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**MIPS **X86
< ARM d Intel
d AMD
16-32 GR’s Dedicated Registers
* Includes specials w4 SccAumuIators
Q Stack: SP, FP . A B CD
O Globals: GP ** 4 Pointers
Q Zero J si, DI
 BP, SP
& 64-bit % 5 Memory Segments
D Paired 32-bit D CS, DS, ES, FS, GS, SS
** 64-bit
: O Telescoping
» PC dedicated

AH AL
AX
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Registers
& Mars Coproc1  Coproc 0
PO @ MARS 4.5 Name Number Value
File Edit Run Settings Tools Help 5Zero 0 0x00000000
T R !ﬁ“ 1 0x00000000
| g 2 QO @ 2 0x00000000
‘;ij. - 0101 ‘ : ﬁ 0 * ' . ' : x ‘ 111 . ‘ ‘ @ sv1 3 0x00000000
4 0x00000000
: 1 5 0x00000000
Registers Coproc 1 ::2 6 o:omoooo
a3 7 0x00000000
Name Number Value 8 0x00000000
$8 (vaddr) 8 0x00000000 , tes - ettt
$12 (status) 12 0x00007f11 $t3 11 0x00000000
$13 (cause) 13 0x00000000 ;:; - o o000
$14 (epc) 14 0x00000000 $t6 14 0x00000000
_;H 15 0x00000000
. $s0 16 0x00000000
Registers $s1 17 0x00000000
$s2 18 0x00000000
Name Float [ |ss3 19 0x00000000
20000000 $s4 20 0x00000000
$70 0x $s5 21 0x00000000
$F1 0x00000000 $6 2 0x00000000
$f2 Ox00000000 $s7 23 0x00000000
$f3 0x00000000 | o PPessenn
$f4 0x00000000 26 0x00000000
$f5 0x00000000 g; gigmgm
$76 0x00000000 29 ox7fffeffc
$F7 0x00000000 30 0x00000000
$8 0x00000000 3 M
$f9 Ox00000000 0x00000000
$710 0x00000000 £x0660060
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Register use convention: /— Hennessy & Patterson —
Figure 2.8.1: What is and what is not preserved across a procedure call (COD Figure 2.11).

If the software relies on the frame pointer register or on the global pointer register, discussed in the following sub:
preserved.

Not prosrved

Saved registers: $s0-$s7/ Temporary registers: $t0-$t9
Stack pointer register: $sp Argument registers: $a0-%$a3
Return address register: $ra Return value registers: $v0-$v1
Stack above the stack pointer Stack below the stack pointer

*»* Sa(0:3) args

¢ Sat, Sk(0:1) reserved
s Sv(0:1) values

s St(0-9) temp

% Ss(0:7) saved

s Sgp global ptr

s Ssp stack ptr

s Sfp frame ptr

¢ Sra return addr
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arm Developer IP PRODUCTS TOOLS AND SOFTWARE ARCHITECTURES INTERNET OF THINGS COMMUNITY  SUPPORT DOCUMENTATION DOWNLOADSQ o

i

Running Software Writing Arm Developing
on Your Target Assembly Code Embedded Software

Transfer your executable image to Learn Arm assembly language with Building Your First Embedded
a target device. our curated resources. Image

Retargeting Output to UART

Learn more Learn more
Creating an Event-Driven

Embedded Image
Event driven

Raspberry Pi 4 ARMsim
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Learning about the instruction set

Assembly instructions are the fundamental building blocks of any program. If you are
going to write assembly code, you will need to understand what instructions are
available to you.

The precise set of available instructions for a particular device is called the instruction
set. The Arm architecture supports three Instruction Set Architectures (ISAs): A64, A32
and T32. Use these resources for more information:

e Learn more about the different instruction sets supported by the Arm architecture.
e Use the ISA exploration tools to discover the available A64, A32, and T32
instructions in easy-to-browse XML and HTML formats.

e Refer to the Arm Architecture Reference Manuals (A-profile, R-profile, and M-
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Learning about assembly language

Although the instruction set reference materials described in the Overview are
comprehensive, they do not provide the best starting point for beginners.

The following resources introduce the basic concepts of programming in Arm assembly
language:

e The Cortex-A Series Programmer's Guide explains architectural fundamentals and
an introduction to assembly language code, along with other useful information for
programmers.

e Arm Assembly Language: Fundamentals and Techniques by William Hohl is a
popular resource with the Arm University Program. This book discusses the basics of
assembly language.

e Embedded Systems Fundamentals with Arm Cortex-M based Microcontrollers: A
Practical Approach by Dr Alexander G. Dean includes a chapter correlating C
programming features with those in assembly code.

The Arm Compiler 5 toolchain (executable name armasm) uses a different syntax for
assembly code to Arm Compiler 6 (executable name armeclang) and GNU (executable
name as). Although the instructions are mostly the same regardless of toolchain, the
syntax around the instructions varies.
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Writing your first assembly program

Here are some examples that you can follow to get started with Arm assembly
language.

e "Hello World" in Assembly is an Arm Community blog post that shows how to build
a simple Arm assembly program with GCC, running either natively or with a cross-
compiler.

e Assembling armasm and GNU syntax assembly code in the Arm Compiler Software
Development Guide demonstrates another Arm assembly program, this time using
the Arm Compiler 6 toolchain.

e Using the integrated assembler in the Arm Compiler User Guide provides another
example.
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Mixing C, C++, and assembly code

Even though you can now write Arm assembly code, you probably do not want to use it
to hand-code your entire application.

You will probably want to write a small number of key functions in assembly, and call
those functions from your main application code. You might want to do this to make use
of existing assembly code, but the rest of your projectis in C or C++.

e Calling assembly functions from C and C++ in the Arm Compiler User Guide shows

Compiler 6 toolchain.
e Beyond Hello World: Advanced Arm Compiler 5 Features provides a similar
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Assembly--MIPS

addiu
Sw

S

Sw

Sw

Sw

Iw

lw
multu
addiu
slti

mflo
addu
bne
Sw
Tui
Tw
jal
addiu
Tw
addiu
jr

move

sw 38,

$29, $29, -32
$31, 20($29)
$4, 32(%$29)
$5, 36(%29)
$0, 24(%$29)
$0, 28(%29)
$14, 28(%29)
$24, 24(%29)
$14, $14

$8, 814, 1
$1, $8, 101
28(%$29)

$15

$25, $24, $15
$1, 30, -9
$25, 24(%29)
$4, 4096

$5, 24(%$29)
1048812

$4, $4, 1072
$31, 20($29)
$§29, $29, 32
§31

§2, $0

int

main (int argc, char *argv([])

#include <stdio.h>

int i;

int sum = 0;

for (i =0; 1 <=100; i =1 + 1) sum = sum+ i * i;
printf (“The sum from 0 .. 100 is %d\n", sum);

Figure 7.1.2: MIPS machine language code for

a routine to compute and print the sum of the
squares of integers between 0 and 100 (COD

Figure A.1.2). Machine -- binary

00100111101111011111111111100000
10101111101111110000000000010100
10101111101001000000000000100000
10101111101001010000000000100100
10101111101000000000000000011000
10101111101000000000000000011100
10001111101011100000000000011100
10001111101110000000000000011000
00000001110011100000000000011001
00100101110010000000000000000001
00101001000000010000000001100101
10101111101010000000000000011100
00000000000000000111100000010010
00000011000011111100100000100001
00010100001000001111111111110111
10101111101110010000000000011000
00111100000001000001000000000000
10001111101001010000000000011000
00001100000100000000000011101100
00100100100001000000010000110000
10001111101111110000000000010100
00100111101111010000000000100000
00000011111000000000000000001000
00000000000000000001000000100001
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VPASM  5.37 LAB4. ASM  10-12-2015 21:21:12 PAGE 1 PIC18F
MOV LW D*10°*
LOC OBJECT CODE LINE SOURCE TEXT MOVWE COUNTER
VALLE LFSR 1, DATAPTR
00001 #include <pl18F458.inc>
00001 LIST LOOP CLRF POSTINCL™
00002 ; P18F458.INC Standard Header File, version 1.10 Microchip 1 DECF COUNTER
Message[301]: MESSAGE: (Processor-header file mismatch. Verify selected processor.) BNZ LOOD
01714 LIST
00002 #include <lab4.inc>
00000100 00001 START EQU 0x100; address 256 locp COTC loop
000000 00002 org 0 ——y
000000 EF84 FO00 00003 GOTO _start
000008 00004 org 0x08
000008 0010 00005 RETFIE
000018 00006 org 0x018
000018 0010 00007 RETFIE
00008
000100 00009 org START
000100 0000 00010 ZERO DB 0
000102 0001 00011 ONE DB 1
000104 000A 00012 TEN DB D'10°
000106 OOFF 00013 ALL1 DB OXFF
000108 0000 00014 _start NOP
00015
00016 | Space for code
00003
00010A EF85 F000 00004 Toop GOTO loop
00005 end

SMPASM 5,37 LAB4.ASM  10-12-2015 21:21:12 PAGE 2
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MIPS ———
FFFFFFFF
Ire 7.2.1: Object file (COD Figure A.2.1).
A UNIX assembler produces an object file with six distinct sections.
Stack Display
Buffer
! Object file Text Data Relocation Symbol Debugging
header segment segment information table information
Currently
Unused
\ Printer
! Buffer
Heap
Data
Text
00000000

Typical memory layout for a program with a 32-bit address space.
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e e MIPS Memory Configuration

oxffffffff memory map limit address
oxffffffff kernel space high address
oxffffoeee |MMIO base address
oxfffeffff kernel data segment limit address
0x90000000 .kdata base address

ox8ffffffc kernel text limit address

0x80000180 |exception handler address

0x80000000 kernel space base address

-rConfiguration 0x80000000 |.ktext base addres
© Default Ox7fffffff user space high address

Compact, Data at Address 0 | px7fffffff data segment limit address
Compact, Text at Address 0 | o 7¢rffffc

stack base address

ox7fffeffc stack pointer $sp

0x10040000 stack limit address
0x10040000 |heap base address '
0x10010000 m
0x10008000 global pointer Sgp

0x10000000 data segment base address
0x10000000 .extern base address

oxoffffffc text limit address
0x00400000 |.text base address
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Figure 7.9.1: System services (COD Figure
A.9.1). SPIM

print_int 1 $a0 = integer

print_float 2 $112 = float

print_double 3 $112 = double

print_string q $a0 = string

flf'-i d_int 5 .,I,n—wgo—' (in $v C]

read_float 6 | fioat (in $10)

read_double 7 | double (in $10)

read_string 8 $20 = buffer, $al = length

sbrk 9 %20 = amount | address (in $v0)

exit 10 ’

Vpir 1'"1.‘,_':'1,)r 1 11 $20 = char 1

read_char 12 cnar (in 5»0]

open $30 = filename (string), [ file descriptor (in $20)
13 $al = flags, $a2 mode

read $ a0 = file descnptor [ num'c'nars read (m'
14 $21 = buffer, $a2 = length $20)

write $a0 = file descriptor. [ num chars written (in
15 $a1 = buffer, $a2 = length $30)

close 16 $a0 = file descriptor .

exit2 17 $20 = result |
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Services 1 through 17 are compatible with the SPIM simulator, other than Open File (13) as described in the Notes below the
table. Services 30 and higher are exclusive to MARS.

50-59 are GUI boxes

$a0 = address of
null-terminated string that
is the message to user
$al = the type of message
to be displayed:
0: error message, indicated
by Error icon

. l: information message,
MessageDialog i indicated by Information
icon
2: warning message,
indicated by Warning icon
3: question message,
indicated by Question icon
other: plain message (no
icon displayed)
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SPIM provides a small set of operating system—Ilike services through the system call

program loads the system call code (see the figure above) into register $v0 and argut

point values). System calls that return values put their results in register $v0 (or $£0°

code prints "the answer = 5":

.data
str:
.asciiz "the answer = "
.text
Load 1li Sv0, 4 # system call m for print str
address™ 1a $al, str # |address Jof string to print
[syscalll # print the string
1li $vo, 1 # system call code for print _int
1 b $a0, 5 # integer to print
|sysca11| # print it

The print_int system call is passed an integer and prints it on the console. print
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As an example, suppose that a programmer needs to print many numbers. The library routine printf accepts a format string and one
or more values to print as its arguments. A programmer could print the integer in register $7 with the following instructions:

.data
int_str: .asciiz Embedded format specifier for “printf”
.text
la $a0, int str # Load string address
# into first arg
mov $al, $7 # Load value into
# second arg

jal # Call the printf routine

The .data directive tells the assembler to store the string in the program's data segment, and the . text directive tells the assembler
to store the instructions in its text segment.

However, printing many numbers in this fashion is tedious and produces a verbose program that is difficult to understand. An alternative
is to introduce a macro, print_int, to print an integer:

.data
int_str: .asciiz "%d4"
o % .Macro
print_int($arg)
3 yav, int str # Load string address into
# first arg
mov $al, Sarg # Load macro's parameter
# ($arg) into second arg
# Call the printf routine

V4

macro

print_int
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The macro has a formal parameter, $arg, that names the argument to the macro. When the macro is expanded, the argument from a

call is substituted for the formal s.body. Then the assembler replaces the call with the macro's newly
expanded body. In the first call ojprint_int, the argumentis $7, po the macro expands to the code

la Sal0,_dnt str

mov $al,

jal prin

Ina second call on print_int, saylprint_int ($t0), the argument is $t0lso the macro expands to

la $a0, dpt str
mov $a1,
jal prin

What does the calllprint_int ($aol )I expand to?

Answer

la Sa0, dnt str
mov $al,[S$al
jal print
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#include <stdio.h>
C volid main (void) {
printf (“Hello world!
}

#include <iostream>

C++ void main () {
std::cout << “Hello world!

}

public class helloWorld {
public static void main (String[] args) {

system.out.prin ("“Hello world!”);
bl

Java

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

Python |Print “Hello world!”




DR JEFF

CSUN ° Ve MSOFTWARE
e Comparison: “Hello World™ ™ e

2016-2023
COMP122

20 END

Public Sub Main()

VB MsgBox "Hello, world!" OOP + GUI
End Sub
using System;
C# tnternal static class HelloWorld OOP + console
private static void Main()
{
Console.WriteLine("Hello, world!");
}
}

DOS @echo Hello World! script (for console)
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<?php » all console
PHP print "Hello world!";
2>

.model small

X86 .stack 100h
Assembly -data
msg db 'Hello world!$'
.code
start:
mov ah, 09%h
lea dx, msg
int 21h
mov ax, 4C00h ;
int 21h

end start
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/* CSUN COMP110 header
student: Jeff Drobman
ver date: 2-4-21
file: Hello.java
Lab 1: just Hello
*x/
//imports
import javax.swing.¥*;
//main class
public class Hello.java {
//static global DATA
static String hello = "Hello World!";
//main method
public static void main(String[] args) {
//OUTPUT
System.out.println(hello);//console
JOptionPane.showMessageDialog(null, hello);//GUI box
}//end main method
}//end class|



CSUN : 23 sorrware
Hello World in C & e

2016-2023
COMP122

Standard C Implementation

A traditional introduction to many languages is the "Hello World" program. In C, this looks something like
this:

$#include <stdio.h>

int main(void) {
printf ("Hello, world.\n");
return 0;

}
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Hello World in C++

(=)

—
// Name : HelloWorld.cpp
// Buthor
// Version
// Copyright : Your copyright notice
// Description : Hello World in C++, Ansi-style
//
#include <iostream>
using namespace std;
int main() {
cout << "!!1Hello World!!!"™ << endl; // prints !!!}
return 0;
}
[€) JHD-HelloWo... 2 | | g makefile | @ objects.mk | @ sources.mk »y =

11
12
13
14

16

iew Menu | Name : JHD-HelloWorld.cpp
Author : JHD

// Version

// Copyright : copyright JHD
// Description : Hello World in C++, Ansi-style
//===================================================================:

#include <HEEREL)

using namespace std;

'int main() {

cout << "!!!Hello World!!!" << endl; // prints !!!Hello World!!!
return @;

DR JEFF
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© Jeff Drobman
2016-2023



DR JEFF

CSIJN I I I Q Sgg};}gﬁﬁgE
swme Hello World C++ Extended © Jef robmar

COMP122

#include <iostream>
using namespace 3std;

int main () {
// Say HelloWorld five times
for (int index = 0; index < 5; ++index)
cout << "HelloWorld!"™ << endl;

char input = 'i';

cout << "Teo exit, press 'm' then the 'Enter' key." << endl;

cin >> input;

while(input !'= 'm') {
cout << "You just entered '" << input << "'. "

<< "You need to enter 'm' to exit." << endl;

cin >> input;

}

cout << "Thank you. Exiting." << endl;

-~
-

return 9O

-
r
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>>> print "Hello World!"
Hello World!

>>>

Last login: Fri Aug
Jeffreys-MacBook-
Python 2.7.10 (d
[GCC 4.2.1 Com

>>> print "Hello World!"
Hello World!

>>> I

13:38:24 on ttys000

¥r:~ jhdphd$ python

ault, Aug 17 2018, 17:41:52)

tlble Apple LLVM 10.0.0 (clang-1000.0.42)] on darwin

"credits" or "license" for more information.

A. HISTORY OF THE SOFTWARE

Python

Python was created in the early 1990s by Guido van Rossum at Stichting
Mathematisch Centrum (CWI, see http://www.cwi.nl) in the Netherlands
as a successor of a language called ABC. Guido remains Python's
principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for
National Research Initiatives (CNRI, see http://www.cnri.reston.va.us)
in Reston, Virginia where he released several versions of the
software.

In May 2000, Guido and the Python core development team moved to
BeOpen.com to form the BeOpen PythonLabs team. In October of the same
year, the PythonLabs team moved to Digital Creations (now Zope
Corporation, see http://www.zope.com). In 2001, the Python Software
Foundation (PSF, see http://www.python.org/psf/) was formed, a
non-profit organization created specifically to own Python-related
Intellectual Property. Zope Corporation is a sponsoring member of

the PSF.

All Python releases are Open Source (see http://www.opensource.org for
Hit Return for more, or g (and Return) to quit: l
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Binary, hexadecimal, and decimal equivalents for each character in “Hello World”

Character Binary

Hexadecimal Decimal

H 01001000 | 48 72
e 01100101 | 65 101
1 01101100 | 6C 108
1 01101100 | 6C 108
0 01101111 | 6F 111
00100000 | 20 52
W 01010111 | 57 87
0 01101111 | 6F 111
r 01110010 | 62 98
1 01101100 | 6C 108
d 01100100 | 64 100
NUL 00000000 | 00 0
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The Linux operating system, by default, configures the ARM processor to run in little-endian mode .

Address Contents
(Base 16) (Base 2)
Address  Contents S :
(Base 16) (Base 2) .
s 2 00432000 ...00000000
: 2 0043BFFC|01110010011011000110010000100001
00439000)00000000 0043BFF8 01000000101011101101111
0043BFFF|00100001 0043BFF401001000§11001010110110001101100
0043BFFE|01100100
0043BFFD|01101100
0043BFFC|01110010 (B) Viewed as 32-bifjbig-endianl words.
0043BFFB(01101111
0043BFFA[01010111
0043BFF9[00100000 Adivess Contents
0043BFF8|01101111 (Base 16) (Base 2)
0043BFF 401101100 7
0043BFF¢|01101100 i
00438FF4/01100101 00439000 ...00000000
0043BFF4(01001000 0043BFFC|[00100001011001000110110001110010
043BFF8[01101111010101110010000001101111
' & 0043 01101100011011000110010401001000
A) Viewed as bytes. : 7_
(C) Viewed as 32-bi{ little-endian Iwords.

FIGURE 1.6 A section of memory.
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**Store “Hello World!”

 into data seg
d copy from data into heap seg

**Print “Hello World!”

] Console
] GUI box
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OUTPUT

----JGRASP exec: java LablHellol22
Hello World!

---=-JGRASP: operation complete.

O Message

N Hello World!
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1 /* CSUN COMP110 header I
2 student: Jeff Drobman Header CODE
3 ver date: 1-16-21
4 file: LablHellol22.7java
5 Lab 1A: Hello basic
6 */
7 //1mports
8 import java.util.*;
9 import javax.swing.*;
10 //main class
11 public class LablHellol22 {
12 //static global DATA
13 static String hello = "Hello World!"; Static data
14 //main method
15 public static void main(String[] args) {
16 //simulate a "heap" = dynamic DATA segment
1 char[] heap = new char[1000]); //reserve 1000 bytes
18 char[] charHello = hello.toCharArray();
19
20 //copy to heap (all words)|
21 for(int i=0; i<hello.length(); i++) Copy to heap
22 heap[i] = charHello[i];
23
24 //OUTPUT Output
25 System.out.println(hello);//console
26 JOptionPane.showMessageDialog(null, hello);//GUI box
27
28 }//end main method
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@ Coproc1 Coproc0

Address Value (+0) Value (+4) Value (+

2x10010000 1 1L e H oW 0 \@ Name Number Value
Bx10010040  10\010%0  Na\0\G\® 1\ szero 0 0x00000000
Px10010060  \@ \0 \0 \@  \ \@ sat 1 0x10040000
i BENER——— 2 0x00000005
9x100100c0 \@ \0 \0 \@ \0 \@ \@ \@ $vl 3 0x00000000
$a0d 4 0x10040000
4 &  |0x10010000 (.da T8al 5 0X00000000"
$a2 6 0x00000000
Load $a3 7 0x00000000
\[T5t0 8 0x00000000
$tl 9 0x6666654a
$t2 10 0x10010018
Store ~|st3 11 0x1004000¢

A (+
| 0x10040000 1L 1L e H 0 ; 0 I\C

0x10040020 \0 \0 \0 \@ \0 \0 \0 \0 \€
0x10040040 \0 \0 \0 \o \0 \@ \0 \o \¢
0x10040060 \0 \0 \0 \0 \0 \0 \0 \0 \€
0x10040080 \0 \0@ \0 \0 \0 \0 \0 \0 \£
0x100400a0 \0 \0 \0 \0 \0 \0 \0 \0 \€
0x100400c0 \0 \0 \0 \@ \0 \0 \0 \0 \€

& & | 0x10040000 (heap)
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mips-Hello.asm
1 ## Hello World
2 ## by Jeff Drobman Header
3 ##
4 .data .
5 hello: .asciiz "Hello World" Static data
6
7 .text
8 1w stl,hello CODE Load-Store
9 sw $tl,hello
10
Assembled Code
lext Segment
Bkpt Address Code Basic Source
0x00400000 0x3c011001|lui $1,0x00001001 8: 1w $t1,hello
0x00400004 0x8c290000|lw $9,0x00000000(51
0x00400008 0x3c011001 lui $1,0x00001001 9: sw $t1,hello

0x0040000c 0xac290000 sw $9,0x00000000(51)
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w $t1,-100($t2) Prim
w $t1, ($12) %

lw $t1,-100

w $t1,100

w $t1,100000

w $t1,100($t2) %
w $t1,100000($t2)
lw $t1, label

lw $t1,label($t2)

lw $t1, label+100000

Ml

¥m DR JEFF
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Load word :

|Set $t1 to contents of effective memory word address

Load Word
Load Word

Load Word :

Load Word
Load Word
Load Word
Load Word
Load Word
Load Word

lw $t1, label+100000($t2) Load Word

1i $t1,-100 Load Immediate

: Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address
Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address
: Set $t1 to contents of memory word at label's address
: Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address
: Set $t1 to contents of effective memory word address

: Set $tl to 16-bit immediate (sign-extended)

1i $t1,100 Load Immediate : Set $t1 to unsigned 16-bit immediate (zero-extended)
1i $t1,100000 Load Immediate : Set $t1 to 32-bit immediate

la $t1, ($t2)

la $t1,-100

la $t1,100

la $t1,100000

la $t1,100(%$t2)

la $t1,100000(%$t2)

la $t1, label

la $t1, label($t2)

la $t1, label+100000

la $t1, label+100000($t2)

Load Address :

Load Address :
Load Address :
Load Address :
Load Address :
Load Address
Load Address :
Load Address
Load Address :
Load Address

Set $t1 to contents of $t2

Set $t1 to 16-bit immediate (sign-extended)
Set $t1 to 16-bit immediate (zero-extended)
Set $t1 to 32-bit immediate

Set $t1 to sum (of $t2 and 16-bit immediate)

: Set $t1 to sum (of $t2 and 32-bit immediate)

Set $t1 to label's address

: Set $t1 to sum (of $t2 and label's address)

Set $t1 to sum (of label's address and 32-bit immediate)

: Set $t1 to sum (of label's address, 32-bit immediate, and $t2)
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EA: address calculations

Address Code Basic Source

0x00400000 0x24090004 addiu $9,50,0x00000004 12: 1i $t1, 4 #next word
0x00400004 0x3c011001 lui $1,0x00001001 13: la $t2, abcd #address in .data
0x00400008 0x342a00000ri $10,51,0x00000000

0x0040000c 0x3c011004 lui $1,0x00001004 14: 11 $t3, 0x10040020 #imm
0x00400010 0x342b0020 ori $11,51,0x00000020

0x00400014 0x3c011004 lui $1,0x00001004 15: la $t4, 0x10040020 #address
0x00400018 0Ox342c00200ri $12,%1,0x00000020

0x0040001c Ox3cOdffff lui $13,0x0000FFff 16: lui $t5, Oxffff

0x00400020 ©Ox35ad2a2aori $13,%$13,0x00002a2a 17: ori $t5, $t5, Ox2a2a
0x00400024 0x8d4e0000 lw $14,0x00000000($10) 19: 1w $t6, 0($t2) #aaaa

0x00400028 0x8d4f000c lw $15,0x0000000c($10) 20: 1w $t7, 12($t2) #dddd
0x0040002c 0x8d510000 lw $17,0x00000000($10) 22: 1w $s1, ($t2) #aaaa

0x00400030 0x3c011001 lui $1,0x00001001 23: lw $s2, abcd+4 #bbbb
0x00400034 0x8c320004 lw $18,0x00000004($1)
0x00400038 0x3c011001 lui $1,0x00001001 24: 1w $s3, abcd+4($tl) #cccc

0x0040003c 0x00290821 addu $1,%1,%9

0x00400040 0x8c330004 \w $19,0x00000004($1)

0x00400044 0xad710000 sw $17,0x00000000(%$11) 26: sw $s1, ($t3) #aaaa
0x00400048 0xad720004 sw $18,0x00000004(%$11) 27: sw $s2, 4($t3) #dddd
0x0040004c 0x3c011001 lui $1,0x00001001 28: sw $s3, empty+4 #bbbb
0x00400050 0xac330018 sw $19,0x00000018(%1)
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Assembled MIPS Loads

Address Code Basic
0x00400054 0Ox3c011001 lui $1,0x00001001
0x00400058 0x00290821 addu $1,%$1,%9

Source
29: sw $s4, empty+4($tl) #cccc

0x0040005c 0xac340018 sw $20,0x00000018($1)

EA: address calculations

Address
0x00400058

0x0040005c
0x00400060
0x00400064
0x00400068
0x0040006¢
0x00400070
0x00400074
0x00400078
0x0040007c
0x00400080

Code Basic

0x00290821 addu $1,%$1,%$9
0xac340018 sw $20,0x00000018($1)
0xad6c0008 sw $12,0x00000008($11) 30:
0x24090100 addiu $9,$0,0x00000100 32:
0x240afffe addiu $10,%$0,0xffff... 33:
0x3c011234 lui $1,0x00001234 34:
0x342b5678 ori $11,%$1,0x00005678
0x3c011234 lui $1,0x00001234 35:
0x342c5678 ori $12,$1,0x00005678
0x012a6820 add $13,$9,$10 36:
0x214d0ced addi $13,$10,0x0000... 37:

Source

sw $t4, 8(st3)

11 $t1, 256 #short I

i $t2, -2 #short neg

L1 $t3, 0x12345678 #long I

la $t4, 0x12345678 #same?

add $t5,%t1,%$t2 #R format

addi $t5,%$t2, 3300 #I format--too large?
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Text Segment
Bkpt Address Code Basis Source
0x00400000 0x3c011001 lui $1,0x00001001 8: lw $t1,hello
0x00400004 0x8c290000 lw $9,0x00000000(351)
0x00400008 0x3c011001 lui $1,0x00001001 9: sw $t1,hello
0x0040000c 0xac290000 sw $9,0x00000000($1)
Static data
@ Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c¢) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 1 L e H o W 0 \@ d 1 r \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x10010020 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x10010040 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x10010060 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x10010080 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x100100a0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x100100c0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
QB 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values &4 ASCII



CSUN D) sorrware
mCuroNs M| PS Assem b |y SRET

2016-2023
cOMp122 MIPS Lab 1A -

## Hello World

## by Jeff Drobman

b2

#register map:

#stl=string data, $t2=heap pointer
.eqv heapHi, 0x1004

.data Setup (init static data)
#heap: 0x10040000

hello: .asciiz "Hello World\n"

10 . tex
11 #store word 1 1n heap
12 1w $t1, hello Code
13 lui $t2, heapHi

14 sw $t1, ($t2)

15 #store word 2 1n heap
16 lw $t1, hello+4

17 add $t2, $t2, 4

LCoONOULEH WN =

#print on console using "Sysca
li $v0, 4 #print code=

la $a@, hello #address (pointer)
syscall

nop #extra

preak 0 #System.exit(0)

- Mars Messages | iUl AS

Hello World
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MIPS Assembly
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Text Segment

Bkpt Address Code Basic Source

0x00400014 0x8c290004 lw $9,0x00000004(51)

0x00400018 0x214a20004 addi $10,$10,0x0000... 17:
0x0040001c 0xad490000 sw $9,0x00000000(510) 18:
0x00400020 0x24020004 addiu $2,$0,0x00000004 20:

add $t2, $t2, 4
sw $t1, ($t2)
1i $v@, 4 #print code=

0x00400024 0x3c011001 lui $1,0x00001001 21: la $a@, hello #address (pointer)
0x00400028 0x34240000 ori $4,%1,0x00000000
0x0040002c 0x0000000c syscall 22: syscall
0x00400030 0x00000000 nop 23: nop #extra
0x00400034 0x0000000d break 0x00000000 24: break 0 #System.exit(0)
N Data Segment
A (+8) Value (+c) Value (+10)
| 0x10040000 L L e H o W 0 |\0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x10040020 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0
0x10040040 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0
0x10040060 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0
0x10040080 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0
0x10040020 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0
0x100400c0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
€ » 0x10040000 (heap) Hexadecimal Addresses
Heap

Mars Messages | U4

Hello World
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MIPS Assembly

MIPS Lab 1A -

lext Segment

Bkpt Address Code Basic Source
0x00400024 0x24020004 addiu $2,$0,0x00000004(ED: 1i $v0, 4 #print code=
0x00400028 0x3c011001|lul $1,0x00001001 FZG: la $a@, hello
0x0040002c 0x34240000/0ri $4,%1,0x0000000
0x00400030 0x0000000c syscall 21: syscall
0x00400034 0x3c011001 lui $1,0x00001001 23: lw $t3, test #test "ABCD"
0x00400038 0Ox8c2b00dd lw $11,0x0000000d($1)
0x0040003c 0x21420004 addi $10,$10,0x0000... R4: add $t2, $t2, 4 #heap ptr
0x00400040 0x01402020 add $4,$10,350 y: add $a@, $t2, $zero #$t2->5a0
0x00400044 0xac8b0000 sw $11,0x00000000(54) 26% sw $t3, ($a@) #heap

N..AN AN AN NA..ANRNANANANAN « . i -1 L S BN P ——_ . |

@ Data Segment
Address Value (+0) Value (+4) V. lye (+¢) v Val
0x10010000 L L e H o W 0 \n d 1( r C B A\O \0 \0 \0 a
0x10010020 \@ \0@ \0 \0 \@ \0@ \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x10010040 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \ \0 \0 \0 \0 \0 \0 \0 \0
0x10010060 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x10010080 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x100100a0 \@ \0@ \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100100c0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0

Error in /Users/jhdphd/Desktop/mips-LablB.asm line 23:

\

Runtime exception at 0x00400038: fetch address not aligned on word boundary
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Use: Syscall 55 8. Hello World

[ ]

ﬁ J = I
f i
| e |

. . ._ WOk
$a0 = address of | \

null-terminated string that
is the message to user .

$al = the type of message #output GUI msg
to be displayed: li $v@, 55 #GUI msg code
0: error message, indicated la $a®, hello k
by Error icon li $al,1 #msg type is inf
. : information message,
MessageDialog e indicated by Information S EZIL
icon

2: warning message,
indicated by Warning icon
3: question message,
indicated by Question icon
other: plain message (no
icon displayed)
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55 ®
46 #output GUI msg
47 ] ECUT msg code |::> i AL} Hello World "
48 |la $a@, hello | < ].
49 |li $al,1 #msg|type is info i |
50 syscall L — |
LK
| \
O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+¢) Value (+10) Va
0x10010000 * *x = = \@ \n = = L 1L e H o W 0 \n d 1L r
0x10010020 u p n I t s t g n 1 r \ -
0x10010040 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x10010060 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x10010080 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x100100a0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x100100c0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x100100e0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
QB 0x10010000 (.data) a Hexadecimal Addresses Hexal
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22. load word: 1lw instruction

e tmmmmm - e e e +
I-type format: | 100011 | R, | R, | offset

dmmmmmmm tmmmmm - tmmmmm - e +
Effects of the instruction: R <-- M{[R] + [I_ 1" || [I, .1}

PC <-- [PC] + 4
(If an illegal memory address then exception processing)

Assembly format: 1lw R ,offset(R))

27. load upper immediate: lui instruction

- torm————— e e e e e - - +
I-type format: | 001111 | 00000 | R, | immediate |

- ————— +mm————— - e +
Effects of the instruction: R, <-- [I.. ] || 0; PC <-- [PC] + 4

Assembly format: lui R , immediate

31 26 25 2120 1615 0

wes S~ [ o G
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37. no operation: nop instruction
tecccccaa teccccaa teccccna teccccaa teccccaa tecccccaa +
R-type format | 000000 | 00000 | 00000 | 00000 | 00000 | 000000 |
$occcccaa $toccccaa teccccna teccccna $eccccaa tecccccaa +

Effects of the instruction: PC <-- [PC] + 4
Assembly format: nop (= sll R,0 shift logical left 0)

Exception Handling
When a condition for any exception (overflow, illegal op-code,
division by zero, etc.) occurs the following hardware exception

processing is performed:

EPC <-- [PC]

/
0~ 1010 if illegal op-code (10)
Cause Reg <-- 0 1100 if overflow (12)
| 07 || 100 if illegal memory address (4)
\ e etc.

PC <-- 80000180,
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MIPS Assembl Y By it

Console prints
SEETNOICEEE
Hello World
Jeff D Lab 1B
Hello World
Jeff D

-- program is finished running --

2016-2023
MIPS Lab 1A -
= S
1 <> Hello World x
I — |
f {
| ———
. S

lablA ) Lab 1B

«» Add 2 LOOPS
= Hello
= Name

«* Add a Header
+* Add Your Name

** Print Header
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MIPS ——— o
Hello Worldl

s Add a Loop

+» Add 2 LOOPS

= Hello

= Name
** Add a Header
*»» Add Your Name
** Print Header
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Hennessy & Patterson
PARTICIPATION o :
ACTIVITY 2.7.3: Compiling a C while loop.
m 2x speed
while . :
while (X ==y){ Loop: bne $s0, $sl1, Exit
// Loop body # Loop body

) j Loop

Exit:
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Java For Loop

Assembly

loop:

bgtz

28
29
30
31
32
33
34
35

//copy to heap (all words) using LOOP
for(int i=0; i<hello.length(); i++)
heap[i] = charHello[i];

|

Hello loop

» By char

» By word
#loop for Hello
loop: sw $t1, ($t3) #store in memory: heap
addi $t2,%$t2, 4 #adjust both ptrs
addi $t3,%t3, 4
w $t1, ($t2) #next word
subi $t0,%$t0, 1 #decr count
bgtz $t0,loop # !N and !Z
#end Loop
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parTiciPATION | 2.7.1: Example of compiling if-then-else into cond Hennessy & Patterson D Figure
ACTIVITY 29)

m 2x speed

f(i==j)f=g+h;elsef=g-h;

bne $s3, $s4, Else # go to Else if i = j

add $s0, $sl, §$s2 # £ =g + h (skipped if i = j) f=g+h f:g-h
J Exit # g0 to Exit

Else: sub $s0, $sl, $s2 # f = g ~-h (skipped if i == j)

Exit: .
Exit: l
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1 ## Lab 1B —-- Hello World

2 ## by Jeff Drobman

3 ##version date: 2-4-20 .2§ #end Loop

4 ##add: header, loop, macro, GUI out 27 #name -> heap

5 #register map:

6 #$tl=string data, $t2=string ptr, $t3=heap ptr 29 la $t2, name #ptr

7 #$t@=loop count (3) 30 sw $tl, ($t3) #heap

gre DR JEFF
lgl SOFTWARE

© Jeff Drobman
2016-2023

MIPS Lab 1B -

3 __##version: 1B- |oop >10-10-10
4| .data

5 header: .asciiz ==pe==\n"

6/ .align 2 #align to word

71 hello: .asciiz "Hello World\n"
8! .align 2 #align to word

9 name: .asciiz "Jeff\n"

10 #deTline
11 .cqv heap, 0x10040000
12 .text

13 #setup Loop: ctr=5t0

14 11 $t0, 3 #N=3 (not 2!)
15 #init

16 1w $t1, hello #data

17 la $t2, hello #ptr

18 la $t3, heap #0x10040000

33 1li $ve,
34 la $a0,
35 syscall
36 la $ao0,
37 syscall
38 la $a@,
39 syscall
40 la $ae@,
141 syscall

31 #--end write to hea
32 F-—print on console using "Syscall”

4 #print str code

header
hello

name

heap #print entire string in heap

28 1w $t1, name #data | Add name

‘ ?

11 $v0,
syscall

19 | #loop for Hello

20 | loop: sw $t1, ($t3) #store in memory: heap
21 | addi $t2,%$t2, 4 #adjust ptrs

22 | addi $t3,5t3, 4

23 | \w $t1, ($t2) #next word

24 | subi $t0,%$t0, 1 #count—-

25 | bgtz $t0, loop

10 #stop code

done

.macro done

1i $v0, 10 #stop code
syscall #stop
.end_macro
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Coproc 1 Coproc 0

Name Number Value

$zero 0 0x00000000

$at 1 0x10040000

$vo 2 0x0000000a

$vl 3 0x00000000

$al 4 0x10040000

$al 5 OX00000000

$a2 6 0x00000000

$a3 7 0x00000000

$t0 8 0x00000000

$tl1 9 0x6666654a

$t2 10 0x10010018

$t3 11 0x1004000cC
beq $t1,5t2, label Branch if equal : Branch to statement at label's address if $tl and $t2 are equal
bgez $t1, label Branch if greater than or equal to zero : Branch to statement at label's address
bgezal $t1, label Branch if greater then or equal to zero and link : If $tl is greater than or equa
bgtz $t1, label Branch if greater than zero : Branch to statement at label's address if $tl is gr
blez $t1, label Branch if less than or equal to zero : Branch to statement at label's address if
bltz $t1, label Branch if less than zero : Branch to statement at label's address if $tl is less
bltzal $t1, label Branch if less than zero and link : If $tl1 is less than or equal to zero, then se

bne $t1,%$t2, label Branch if not equal : Branch to statement at label's address if $tl1l and $t2 are n
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Text Segment Labels

Bkpt Address Code Basic Source Label Address A

0x00400000 0x24080003 addiu $8,$0,0x00000003 14: i $t0, 3 #N=3 (not 2!) mips-Lab1B.asm

0x00400004 0x3c011001 lui $1,0x00001001 16: lw $t1, hello #data loop 0x0040001c
0x00400008 0x8c290008 lw $9,0x00000008($1) header 0x10010000
0x0040000c 0x3c011001 lui $1,0x00001001 17: la $t2, hello #ptr hello 0x10010008
0x00400010 0x342a0008 ori $10,5$1,0x00000008 — 0x10010018
0x00400014 0x3c011004 lui $1,0x00001004 18: la $t3, 0x10040000 #0x10040000

0x00400018 0x342b0000 ori $11,5$1,0x00000000

0x0040001c 0xad690000 sw $9,0x00000000($11) 20: loop: sw $t1, ($t3) #store in memory: heap

0x00400020 0x21420004 addi $10,$10,0x0000... 21: addi $t2,$t2, 4 #adjust ptrs

T Tt TSttt T oTomrmmmt frtotTm ot T mEms - T T - v Data JTeXt /

Mars Messages Run /O

[ Data Segment
Address Val Lyl Maliiinds Maliariin). Ml Malue (+10) Value (+14) Value (+18) Value (+1¢)
0x10040000 1L L e H o W 0 \n d L r f f e J \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x10040020 \@ \0 \0 \0 \@ \0@ \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x10040040 \0@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x10040060 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x10040080 \0 \0 \0 \0 \0@ \0 \0 \0 \0@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x100400a0 \@ \0 \0 \0 \@ \0 \0 \0 \0@ \0 \0 \0 \0@ \0@ \0 \0 \@ \0@ \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100400c0 \0@ \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
€ B  0x10040000 (heap) B Hexadecimal Addresses Hexadecimal Values ASCII

ammiojcemm

Hello World

Jeff

Hello World

Jeff

—= program is finished running —-

Clear
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Java While Loop

**Simulating a Heap

11 public class LablHellol22 {
12 //static global DATA

13
14
15
16
1/
18
19
20
21
73
23

static String

static String

static String
//main method

public static

//simulate

int size =

hello = "Hello World!";
name = "Jeff Drobman0"; //asciiz
prompt = "Input name";

void main(String[] args) {
a "heap" = dynamic DATA segment
1000;

char[] heap = new char[size]; //reserve 1000 bytes

char[] charHello

hello.toCharArray();

char[] charName = name.toCharArray();

int ix = 0;

//heap index
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30 //indefintite
31 int ix2 = 0;

Oop for var-length name (until 0 char)
7/new index

32 String sx ""+ //use a String
33 while(trwe) {
34 char chx = charName[ix2++];
35 m) if(chx == '0') break; //check for null 0
36 System.out.print(chx); //log char
37 heap[ix++] = chx; //store in heap
38 sx += chx; //append to heap string
39 }//end while

Assembly Name loop

loop:

» Bychar Use LB, SB

v' Check for null 0
bgtz
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Java While Loop

42 //OUTPUT

43 System.out.println(hello);//console

44 JOptionPane.showMessageDialog(null, hello);//GUI box
45 System.out.println("Heap= ");

46 for(int i=0;i<ix;i++) System.out.print(heap([i]);

47 System.out.println("<end heap>"); //clean line

- =---=JGRASP exec: java LablHellol22
Jeff Drobman@

Hello World!

Heap=

Hello World!>Jeff Drobman<end heap>
Howdy 7jd
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mask

Use mask
St4

8

= o

38
39
40
41
42
43
44
45

) 46

47
48
49

46
47

/ DR JEFF
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——— While Loop MIPS Lab 1B -

.eqv heapHi, 0x1004 Oxff

.eqv mask@, 0x000000ff #Hy e mask n
andi |

#name -> heap :

lw $t1, name #data register Emm

la $t2, name #ptr ﬂ !

Loop_name: register n

sw $t1, ($t3) #heap

addi $t2,$t2, 4 #adjust both ptrs
addi $t3,$t3, 4

Ww $t1, ($t2) #next word

andi $t4,%$t1,mask® #mask byted
bnez $t4,Loop_name #icst hyted=0 <=3 Test byte=0

#repeat block for bytes 1, 2, 3
#—end write to heap Fall out of loop

ﬁ compare ﬂ

bnez $t1,Loop_name #test whole word=0000|
#—end write to heap
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8 .eqv heapHi, 0x1004

mask ) 9 .cov maskd, 0x000000ff #bytcl|

49 #try load from memory 1 byte at a time
50 la $t5,24($t3) #leave a gap in heap of 24 bytes
51 sb $t1,($t5)

52 lbu $t4, ($t5) . sri
53 beqz $t4,exit #test byted=0 register Emﬂﬁ :E

54 srl $t6,$t1,8 #next byte Sbﬂ Sbﬂ

55 #repeat for 2nd byte, etc
16, t5

56 sb $16,1{$t5) Memory (heap) D |

Ibuﬂ

57 1lbu $t4,1($t5)
register

58 bnez $t4,Loop_name
59 exit:
60 #—end write to heap

NuANNAANRAAN

A \n \nan \n

A \n \n \n

A "\ A \n

A \n \n \n

A \n \nAn \n

sb $t1,-100(5t2) Store byte : Store the low-order 8 bits of $tl into the effective memor
D @ Data Segment

Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) V
0x10040000 1L L e H o W 0 \n d 1L r f f e J o r D n amab
0x10040020 \@ \0 \0 \0 \0 \0 \0 \0 \0\0 D \0\@ m b \@ \@ \0 \n \0 \0 \0 \0
0x10040040 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0
0x10040060 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x10040080 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0
0x100400a0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100400c0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0
0x100400e0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0

A \n A \n
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106
107
108
105
110
111

54 / /CASE

55 int cNum = 1;

56 switch(cNum) {

57 case 1l: int x = 1;

58 break;

59 case 2: X = 2;

60 break;

61 o

What's this? A Branch Table Case Switch
) 10 .eqv cNum, 2 #case 1
check: nop 48 #check: Case= 1 or 2
beq §al, -2, cancel 49 1i $s0,cNum #$s@ <-cNum
beq §al, -3, nodata 50 beq $s0,2,case2]
beq §al, -4, exceed 51 #else
Jr Sra 52 casel:
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58 caseZ:

59 la $t5,24($t3) #leave a gap in heap of 24 bytes
60 sb $t1,($t5)

61 lbu $t4) ($t5)

62 beqz $t4,exit #test byted=0
63 srl $t6,%$t1,8 #next byte

64 #repeat for 2nd byte, etc
65 sb $t6,1($t5)

66 lbu $t4,1(%t5)

67 bnez $t4,Loop_name

68 exit:

69 #—end write to heap
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4| OnlineGDB bet2 Sendbird — Sendbird Calls Voice API & Video API: Increase in-app engagement with voice and video
online compiler and debugger for c/c++ & Fork this | P Run
. main.S
code. compile. run. debug. share. —Cx cr

sw $t4, 0(8t1)
1 11 $t4, 0b000O0VAO # turn off all leds
My Projects 52 sw $t4, 0(%t1)

Classroom new

Learn Programming switch_3:
5 11 $t4, 0b0OVVORAL # turn on first led
Programming Questions 56 # *t1 t4

Sign Up 57 sw $t4, 0(%t1)
8 shift_t4: #loop to make cycle through all & LEDs
sl1 $t4, $t4,

Login =0
nu 60 sw $t4, 0($t1)
61 beq $t4, $0, end # put END condition FIRST to avoid looping infinitely

jump_shift_t4:

end:

j end While(true)
nop
SLEEP/WAIT
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31. branch on greater than zero: bgtz instruction
e tommm——- tomm———- e L L L L L L +
I-type format: |000111 | R, | 00000 | offset
$mmmmmm - $------- +------- fmmmm e e e .

Effects of the instruction:

if [R] > 0 then PC <-- [PC] + 4 + ([TI_.1 || (1. .0 || 09)
else PC <-- [PC] + 4

Assembly format: bgtz R, ,offset

34. jump and link: jal instruction

Effects of the instruction: R, <-- [PC] + 4 |
PC <-- [PC, .J) || [I..0 || o
Assembly format: jal jump target

36. jump and link register: jalr instruction

Effects of the instruction: R, <-- [PC] + 4; PC <-- [R]
Assembly format: jalr R,,R,
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Console prints GUI ®

=EoE=

Hello World

Jeff D | <25 Hello World
Hello World —

Jeff D '

-= program is finished running -- | ﬁ

lablB > lab1C

% SUB
¢ GUIIN
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Hello World

* Sub
¢ GUIl In
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Java write_heap($a0,$al, $a2,5a3);

Assembly i

58 done #macro for exit
59 #end of main
60 #subroutine: write String to heap($a0..$%$a3)
61 write_heap: nop #sub label
62 loop: sw $al, ($a3) #count N= $ad
63 addi $a2,%$a2, 4 #adjust ptrs
64 addi $a3,%$a3, 4
65 1w $al, ($a2) #load next word
66 subi $a@,%$ad®, 1 #count—
bgtz g7 bgtz $a0,loop
68 #return
69 jr $ra

loop:
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1 ## Lab 1C — Hello World
2 ## by Jeff Drobman
3 #tversion: 1C- Loop >9-22-20
4 ##add: sub, GUI IN: prompt+INbuf 4
5 [Aregister map:
6 [#$al=string data, $a2=string ptr, $a3=heap ptr
7 #$ab=1loop count (3)
8 .data
8 .data
9 header: .asciiz ==sr==\n"

10 .align 2 #align to word

11 hello: .asciiz "Hello World\n"
12 .align 2 #align to word
13_name: .asciiz "Jeff D\n"

14| prompt: .asciiz "Input string:"
15| #define

16/ .cqv heap, 0x10040000

17| .eqv in_buf, 0x10040020 #input buffer
18 #macros

19 .macro done

20 i $v@, 10 #stop code

21 syscall #stop

22 .end_macro

(=)

MIPS Lab 1C -

DR JEFF
SOFTWARE

INDIE APPDEVELOPER

© Jeff Drobman
2016-2023
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23 #code Setup args
24 —texi
25 | #args(4) $a0-$a3 for call|"write_heap"
26 | \i $a0@, 3 #N=3
27 | \w $al, hello #data args
28 | la $a2, hello #ptr = $a0..9a3
29 | la $a3, heap #0x10040000
30 | #call sub for hello
31 jaUwrite_heap ca
32 #name —> heap Sub
33 i $a0, 2 #N=2 ,
34 \w $al, name #data 51 #end of main ,
35 la $a2, name #ptr 52 #subroutine: write String to heap($af..$a3)
36 #$a3->heap has been updated 53 #SUD label
37 #call sub for name 54 TOOp: SW sal, (%a3) #count N= $a0
38 jal write_heap CALL 55 addi $a2,%$a2, 4 #adjust ptrs
39 #—end write to neap 56 addi $a3,%a3, 4
$ra <- PC 57 1w $al, ($a2) #load next word
58 subi $a0,%a0, 1 #count—-
59 bgtz $a0, loop
60 #return
61 |ir $ra
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Output
[ J_O_ptiénPaﬁe.showMessageDialog(null, msqg);
i SPIM code

46 #output GUI msg

Assembly 47 i $v@, 55 #GUI msg code
48 la %$a@, hello 55
49 1i $al,1 #msg type is info
50 syscall

Input
//INPUT

String name = JOptionPane.showInputDialog(prompt);//GUI box

”

51 #INput GUI msg

52 i $v0, 54 #GUI msg code 54
53 la $a@, prompt

54 la $al, in_buf

55 1li $a2,20 #max input length

56 syscall

Assembly
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» Add this

Use: Syscall 54

|

GUI Input: Syscall 54

MIPS Lab 1C -

O Input

Input string:

=2 try this! |

Concel | (ORI |

$a0 = address of

null-terminated string that
1s the message to user

See Service 8 note below table

$al contains status value

0: OK status. Buffer contains the input string.
-2: Cancel was chosen. No change to buffer.

InputDialogString 54 [$al = address of input -3: OK was chosen but no data had been input into field. No
buffer change to buffer.
$a2 = maximum number of ||-4: length of the input string exceeded the specified
characters to read maximum. Buffer contains the maximum allowable input
string plus a terminating null.
51 #INput GUI msg
52 11 $v@, 54

53
54
55
56

la $a@, prompt
la $al, in_buf
11 $a2,20 #
syscall

L

4
UL
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4 .data
5 header: .asciiz
6 .align 2 #align
7 hello: .asciiz
8 .align 2 #align
9 npame: .asciiz
10 prompt: .asciiz
11 #¥derine

|x::+ *::-,\\.”n

to word

"Hello World\n"

to word

"Jeff D\n"
“"Input string:"

12 _.cav heap. 0x10040000
13 .eqv in_buf, 0x10040020 #input buffer

54

51 #INput GUI msg

GUI Input: Syscall 54

—7,

({

DR JEFF
SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
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MIPS Lab 1C -

Input

Input string:

Test this

.eqV

52 i $v0, 54 #GUI msg code

53 | la $a@, prompt
54 | la $al, in_buf
55 | li $a2,20 #max input

length

56 syscall

Cancel

NuANANANRAIAN

A \Aa A \n

A \nAn A \n

in_buf, @0x10040020 #input buffer INPUT BUFFER

_ \ | M

Address Value (+0) Value (+4) Value (+8) v

| oxwa«}aoa 1 1 e H 0o W uo \n d 1 r
|0x10040020| t s e T i h t \@ \@ \n s

X

0x10040060 \0 \0@ \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x10040080 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0
0x100400a0 \0 \0@ \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100400c0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x100400e0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0

A \n \n \n

€ »

0x10040000 (heap)

B o
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What's this? A Branch Table

106 #checks 1nj
107 check: nop

108 Dbeq §al, -2, cancel
108 beq §al, -3, nodata
110 beq §$al, -4, exceed

111 Jr $ra
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//INPUT
String name = JOptionPane.showInputDialog(prompt);//GUI box

/ /echo
System.out.println("Hello" + name);//console

v

----JGRASP exec: java LablHellol22

Hello World!
Hello Jeff
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Port to
ARM
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essors blog > "Hello World" in Assembly ARM Gnu

.Syntax unirieg

.global main

main:
@ Stack the return address (lr) in addition to a dummy register (ip) to
@ keep the stack 8-byte aligned.
push {ip, 1lr}

@ Load the argument and perform the call. This is like]'printf("...")' in C
1dr r0, =megsage

|bl printf Call printf

@ Exit from/'main'. This is like|]'return 0' in C.

mov #0 @ Return 0.

@ Pop t dummy ip to reverse our alignment fix, and pop the original 1lr

directly into pc — the Program Counter — to return.
{ip, pc}

@/Data for the printf calls. The GNU assembler's ".asciz" directive
automatically adds a NULL character termination.

me

.asciz "Hello, world.\n"
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essors blog > "Hello World" in Assembly ARM Gnu

We can assemble and run this program using the following (on an Arm Linux-like platform):

gcc -o hello world hello world.s
$ ./hello world

You should then see the text "Hello, world." on the console.

If you're using a cross-compiler (such as RVCT or the Code Sourcery edition of GCC) you'll need to run the
first step on your PC — probably substituting gcc with something like arm-none-1inux-gnueabi-
gcc — and then copy the output binary to an Arm target before running the program itself.
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LISTING 2.3 “Hello World" assembly listing.
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.data
i: .word 0 static int i = 0;
i }- .word 1 static int j = 1;
fmt: .asciz "Hello\n" static char fmt([] = "Hello\n";
ch: .byte ¥ et - Yo o static char ch() = {('a’,’B’,0};
ary: .word 0,1,2,3,4 static int ary() = {0,1,2,3,4};
(A) Declarations in assembly (B) Declarations in C

FIGURE 2.1 Equivalent static variable declarations in assembly and C.
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n VVorg Dize '
i 166 | | 328
0001000 03 00 A0 E3 80 10 9¥ E5 00 20 91 E5 01 39 A0 E3 11 00 .. &...A. .A.9 &..
0001012 00 EB 02 00 A0 E3 70 10 9F ES 00 20 91 ES5 OD 00 00 EB .&.. &p..A. .A ..&
0001024 68 00 9¥ E5 02 00 00 EF 58 00 9F E5 02 00 00 EF 54 00 h..A...iX..A...iT.
0001036 9F E5 02 00 00 EF 01 09 A0 E3 02 00 00 EF 37 40 AO E3 .A...%i. A&...i70 &
0001048 3C 00 9¥ E5 01 10 A0 E3 37 00 00 EF 00 FO 20 E3 11 00 ...A.. &7..1.8 &..
)000105A 00 EF 00 50 AO E3 00 20 83 ES5 04 10 81 E2 04 30 83 E2 .i.P &. .A...4.0.4
)000106C 00 20 91 E5 01 50 85 E2 01 00 40 E2 00 00 50 E3 F7 FF . .A.P 4..04..Pa.y
JO00107E FF CA 1E FF 2F E1 00 FO 20 E3 1E FF 2F E1 A0 10 00 00 yB.y/4.8 &.y/4 ...
0001090 BO 10 00 00 98 10 00 00 3D 3D 2A 2A 3D 3D OA 00 48 65 ..........**.. .He
JO0010A2 6C 6C 6F 20 57 6F 72 6C 64 OA 00 00 00 00 47 61 62 65 llo World ....Gabe
)00010B4 20 4D OA 00 54 79 70 65 20 49 6E 70 75 74 3A 00 81 81 M .Type Input:...
J00010c6 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 B1 B1 .......... 00000 nn

oo e
[00004000] $ 1682 | 3268
00004000 48 65 6C 6C 6F 20 57 6F 72 6C 64 OA 47 61 62 65 20 4D Hello World Gabe M
00004012 OA 00 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 .................
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Lab 1D (ARM)

perfect/very good, and
1. Loop-- good use of "cmp" to set up branch.
2. GUI output: what happens when you execute SWI55? You used reg “v1” but there is no
such ARM reg.

Svc 55

Cmp al, #0
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Lab 6: Fibs in Arrays

2.3.5: Example of compiling an assignment when an operand is in memory.

m D 2x speed

g=h+A[8];

# Temporary reg $t0 gets A[8)
1w $t0, 8($s3)

# g=h + A[8]
add $s1, $s2, S$tO

$s1 60
$s2 35
$s3 5000
$t0 25
Registers
8 + 5000
35+25

g
h
A's base addr

5009
5008
5007
5006
5005
5004
5003
5002
5001
5000
4999

Hennessy & Patterson —
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25

Al8]

offset

Memory



CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP122

Fibonacci Sequence

21

13

2

11

5

A tiling with squares whose side lengths are

successive Fibonacci numbers: 1, 1, 2, 3, 5, 8, 13 and

21.

The first 21 Fibonacci numbers F,, are:?l

_Fo Fi|Fo|F3 Fs Fs | Fg| F7| Fg| Fg |Fio | F11| Fi2| Fia| F1a | Fis| Fie | Fi7| Fis

0o 1

1313

21x21

1 8.8
x5

The Fibonacci spiral: an &l

approximation of the golden spiral
created by drawing circular arcs
connecting the opposite corners of
squares in the Fibonacci tiling; (see
preceding image)
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Fig | Fa2o

1/ 2 3 5| 8 13 21 34 55 89 144|233 | 377 610 987 1597 | 2584 4181 6765
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public class Lab2Fibsl122 {
public static void main(String[] args) {

int N = 12;

int[] F = new int[N];

F[0]=1; F[1]=1;

System.out.print("Fibs: " +F[0] +" " +F[1] +" ");

for(int i=2; i<N; i++) {
F[i] = F[i-1] + F[i-2];

.Pr.lnt - System.out.print(F[i] +" ");
inline }//end for
System.out.println("\n----- ");

printit(F);//call printit
}//end main
~ //printit sub
static void printit(int[] arr) {

Print System.out.print("Fibs: ");
b - for(int x: arr)
su System.out.print(x +" ");

System.out.println();
~}//end printit
}//end class

- =---=-JGRASP exec: java Lab2Fibsl22
Fibs: 1 1 2 3 5 8 13 21 34 55 89 144

Fibs: 1 1 2 3 5 8 13 21 34 55 89 144
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# Compute first twelve Fibonacci numbers and put in array, then print

1

.data 1
fibs: .word 0 : 12 # "array" of 12 words to contain fib values 2
size: .word 12 # size of "array" 3

.text

la $t0, fibs # load address of array 5

la $t5, size # load address of size variable 8

1w $t5, 0($t5) # load array size

1i st2, 1 # 1 is first and second Fib. number 13

[add.d sfo0, $f2, $£4]? 21

sw  st2, 0(st0)  # F[0) =1

sw  $t2, 4($t0) # F[1] = F[0] = 1 34

addi $tl, $t5, =2 # Counter for loop, will execute (size-2) times 55
Toop: 1w $t3, 0(st0) | # Get value from array F[n) 39

1w $td, 4($t0) # Get value from array F[n+l)

add $t2, $t3, $t4 # $t2 = F[(n) + F[n+l) 144

Ugop swW $t2, 8($t0) # Store F[n+2] = F[n) + F[n+l] in array

addi $t0, $t0, 4 # increment address of Fib. number source

addi $tl1, $tl, -1 # decrement loop counter

bgtz $tl, loop # repeat if not finished yet.

la $a0, fibs # first argument for print (array)

add $Sal zero, $t5 # second argument for print (size)

# call print routine.

1i $vo, 10 # system call for exit

syscall # we are out of here.

Page 1/2
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# Compute first twelve Fibonacci numbers and put in array, then print

1

######### routine to print the numbers on one line. 1

.data 2
space:.asciiz " " # space to insert between numbers 3
head: .asciiz "The Fibonac¢i numbers are:\n" 5

.text
add $t0, $zero, $al # starting address of array 8

add $tl, $zero, $al # initialize loop counter to array size 13

la $a0, head # load address of print heading

1i $vo, 4 # specify Print String service 21

syscall # print heading 34
out: 1w $a0, 0(st0) | # load fibonacci number for syscall

1i $vo, 1 # specify Print Integer service 55

syscall # print fibonaccli number 89

la $a0, space # load address of spacer for syscall 144

Loop 1i $vo, 4 # specify Print String service

syscall # output string

addi $t0, $t0, 4 # increment address

addi $tl1, $tl1, -1 # decrement loop counter

bgtz $tl, out # repeat if not finished

jr $ra # return

Page 2/2
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add $t1,5$t2,5t3
add.d $f2,$f4,$f6
add.s $f0,$f1,$f3
addi $t1,5$t2,-100
addiu $t1,%$t2,-100
addu $t1,5$t2,5t3
and $t1,5$t2,$t3
andi $t1,%$t2,100

Addition
Floating
Floating
Addition
Addition
Addition

2016-2023
MARS

with overflow : set $tl1 to ($t2 plus $t3)

point addition double precision : Set $f2 to double-precision floating p
point addition single precision : Set $f@ to single-precision floating p
immediate with overflow : set $tl to ($t2 plus signed 16-bit immediate)
immediate unsigned without overflow : set $tl to ($t2 plus signed 16-bit
unsigned without overflow : set $tl to ($t2 plus $t3), no overflow

Bitwise AND : Set $tl1 to bitwise AND of $t2 and $t3
Bitwise AND immediate : Set $tl1l to bitwise AND of $t2 and zero-extended 16-bit im
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1 ## Lab 2 Fibonacci

2 ## by Jeff Drobman

3 ##version: 1.0 >11-21-19

4 .data

5| header: .asciiz "Fibonaccl fsequence by Jeff D\n"
6

7

8

9

.align 2

fibs: .word 0:12
.align 2

size: .word 12
10| space: .word @x2@ #space 13
11 #deT1ine

12 #.eqv heap, 0x10040000 -not used 21
13 #macros 34
14 .macro done

15 1i $v0, 10 #stop code 55
16 syscall #stop 89
17 .end_macro

18 #code 144
19 .text pseudo
20 #set up pointers sd $t1, ($t2)

21 la $t@, fibs #ptr )
22 1w $t5, size #final sd $t1,-100($t2)
sd $t1,100000

23 subu $t1,$t5,2 #counter
24 #init 1st 2 numbers (1, 1) sd $t1,100000($t2)
25 li $t2,1 sd $t1,label
26 i $t3.1 sd $t1,label($t2)
. sd $t1,label+100000

Ll el S, sd $t1,label+100000(5t2)

29 Lloop_main: Page 1/2
30 add $t4,$t2,$t3 #next fib

Fibonacci sequence by Jeff D
1123581321 3455189 144
-- program is finished running --

00 U1l W N - -

v

:
N
:
N
:
N
:
:
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Loop

31
32
33
34
35
36

Fibonacci

. DrJeff .. =

sw $t4,(5t0)
addi $t0,$t0,4 #incr ptr

move $t2,$t3

move $t3,5$t4

subi $t1,$t1,1 #counter
bgtz $t1, loop_main

Fibonacci sequence by Jeff D
1123581321 345589 144
—-= program is finished running --

37 WCdll SUD TOF print

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

[1al print |

done #macro for exit

#---end of main-

#subroutine: print(sto=ptr, $tS=s51ze
|Qrint: nop #hub label
#print header

i $ve, 4

la $a@, header

syscall

#print fibs

la $t0, fibs #ptr
loop_prt:

i $v0] 1 ¥print int code
lw $a0, ($t0)

syscall

i $v0, |11 ¥print|char jcode
lw $a@, space

syscall

addi $t0,$t0,4 #incr ptr
subi $t5,%$t5, 1 #count
bgtz $t5, loop_prt

#return

jr $ra

Page 2/2
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13
21
34
55
89
144
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O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 o b i F c can e s i n e u q b e ¢ e J y D f f \@ \0 \@ \n
0x10010020 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \b \0 \0 \0 \r \0 \0 \0
0x10010040 \0 \0 \0 " \0 \0 \0 7 \0 \@ \0 Y \0 \0 \0 \0 \0 \0 \f \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x10010060 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0
0x10010080 \0 \0 \0 \0 \0@ \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0
0x100100a0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x100100c0 \@ \0 \0 \0 \0@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0@ \0 \0 \0 \@ \0 \0 \0
€ B 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII /
o Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+¢) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 18687 1702043753 1852142961 1646298275 1699356793 1142974954 1
0x10010020 1 1 2 3 5 8 13 21
0x10010040 34 55 89 144 12 32 0 0
0x10010060 0 0 0 0 0
0x10010080 0 0 0 0 0 0 0 0
0x100100a0 0 0 0 0 0 0 0 0
0x100100c0 0 0 0 0 0 0 0 0
€« » 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values] | | ASCII
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Golden ratio

From Wikipedia, the free encyclopedia

a b

o
/

©

~—
a+b
a+bistoaasais toh

Line segments in the golden ratio &l

a-+b

def
f— (p’

¢
b

a

w:

”2_*/3 — 1.6180339887 .. .|

b

a

s

Y
a+b

A golden rectangle with longer side a &7
and shorter side b, when placed
adjacent to a square with sides of length
a, will produce a similar golden
rectangle with longer side a + b and
shorter side a. This illustrates the

+b a

a
relationship —— = — = p.
a b

1

6

fr 15~ 20 15~
721 35 35 21 7 1

8 2856 70 56 28 8 1
936 84 126126 84 36 9 1

“10 45 120 210 252 210 120 45 10 1

347
557 1 1
89—

The Fibonacci numbers are the sums of the "shallow™ &3

diagonals (shown in red) of Pascal's triangle.
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- =---=-JGRASP exec: java Fibs

Fibs as gen:

1 1 2 3 5 8 13 21 34 55 89 144 233

377 610 987 1597 2584 4181 6765 10946 17711 28657 46368 75025
121393 196418 317811 514229 832040

final 3: 317811 514229 832040

Fibs from array: 30

1 1 2 3 5 8 13 21 34 55 89 144 233

377 610 987 1597 2584 4181 6765 10946 17711 28657 46368 75025
121393 196418 317811 514229 832040

Golden ratio convergence:

1.0 2.0 1.5 1.6666666666666667 1.6 1.625 1.6153846153846154 1.61904761904
29 1.6180339887482036 28 1.6180339887543225 27 1.618033988738303

----JGRASP: operation complete.

Golden Ratio
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7 public class Fibs {
8 static String spc2 = " ";
9 static int Ngen = 30, Nprt = 30, line = 12;
10 public static void main(String[] args) {
11 long[] F = new long[Ngen];
12 //call Generate method
13 genFibs (Ngen,F);
14 //call Print method
15 printit(Nprt,F);
16 //call Golden method
17 golden(Ngen,F);
18 }//end main
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20 //Generate method

21 static void genFibs(int N,long[] F) {

22 F[0]=1; F[1]=1;

23 System.out.println("Fibs as gen: ");

24 System.out.print(F[0] +spc2 +F[1l] +spc2);

25 for(int i=2; i<N; i++) {

26 F[i] = F[i-1] + F[i-2];

27 Print if(i<=Nprt) System.out.print(F[i] +spc2);//max limit

28 inline 1f(1i>0 && i<=Nprt && i%line==0) System.out.println();//15 per line
29 }//end for

30 //System.out.println("\nfinal 3: " +F[N-3] +spc2 +F[N-2] +spc2 +F[N-1]);
31 System.out.println("----- ")

32 }//end Gen|_

33

34 //Print method

35 static void printit(int N, long[] F) {

36 System.out.println("Fibs from array: " +N);

37 Print for(int i=0;i<N;i++) {

38 if(i<=Nprt) System.out.print(F[i] +spc2);//max limit

39 sub 1f(i>0 && i%line==0) System.out.println();//15 per line

40 }

41 System.out.println("\n----- ")

42 }//end print
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
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//Golden method
static void golden(int N, long[] F) {
int M = 13;//1st 10 + last 3
double[] gold = new double [M];
System.out.println("Golden ratio convergence: ");
for(int i=0;i<10;i++) {
gold[i] = F[i+1]/(double)F[i];
System.out.print(gold[i] +spc2);}
System.out.println();
for(int i=0;i<3;i++) {
gold[i+3] = F[N-1-i]/(double)F[N-2-i];
System.out.print(N-1-i +" " +gold[i+3] +spc2);}
System.out.println();
}//end Golden

58 }//end class
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Array Swap S

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

Ooo~NOULEEWNP

#MIPS by Jeff Drobman, 4-6-21

#reg map: $tO=count, $tl=xa, $t2=xb, $t3=temp
.eqv N, 5

.data

a: .word 1,2,3,4,5

spacer: .ascil "skexl&Ssckkx'" #3 words
b: .word 6,7,8,9,10

. Text

li $t0,N #loop counter

la $t1,a

la $t2,b

Loop: #for(I=N; I>0; I—)
Ww $t3,($t1) #temp=a

W $t4,($t2) #t4=b

sw $t4,($t1) #a=b

sw $t3,($t2) #b=temp
#update ptrs

addiu $t1,%$t1,4

addiu $t2,%$t2,4

#loop end

subi $t0,$t0,1

bgtz $t@,Loop #end Loop
#end of progran]
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ON Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 1 2 3 4 5 707406378 640034342 707406378
0x10010020 6 7 8 9 10 0 0 0
LT I
data

4

5| a: .word 1,2,3,4,5
6] spacer: .ascii "sckkk{ESSskkx"" #3 words
71 b: .word 6,7,8,9,10
8 .text

9 1i $t0,N #loop counter
10 la $tl,a
11
12
13

la $t2,b

Loop: #for(I=N; I>0; I—)
Swapped 14 1w $t3,($t1) #temp=a

15 1w $t4, ($t2) #t4=b

16 sw $t4,($t1) #a=b

17 sw $t3,($t2) #b=temp

18 #update ptrs

19 addiu $t1,%$t1,4

20 addiu $t2,%$t2,4

21 #loop end

22 subi $t0,%t0,1

J 23 bgtz $t@,Loop #end Loop

oN Data Segment

Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 6 7 8 9 10 707406378 640034342 707406378
0x10010020 1 2 3 4 5 0 0 0
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5 import java.util.Scanner; . 1
i *Java: non-recursive
7 public class Facts {
8 static String spc2 = " ";
9 static int Ngen = 30, Nprt = 30, line = 12;
10 public static void main(String[] args) {
11 long[] F = new long[Ngen];
12 //get Ngen
13 Scanner input = new Scanner(System.in);
14 System.out.println("Input N: ");
15 Ngen = input.nextInt();
16 /J/call Generate method
17 genFacts(Ngen,F);
18 //call Print method
19 1if (Nprt>Ngen) Nprt = Ngen;//limit
20 rintit(Nprt,F);
21 }77£nd main £
22
23 //Generate method
24 static void genFacts(int N,long[] F) {
25 F[0]=1;
26 System.out.println( Factorials as gen: ");
27 for(int i=1; 1i<N; i++) {
28 F[i] = F[i-1] *i;
29 1f(i<=Nprt) System.out.print(F[i] +spc2);//max limit
30 1f(i>0 && i<=Nprt && i%line==0) System.out.println();//15 per line
31 }//end for
32 System.out.println("\n----- ")
33 }//end Gen
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Input N: Java Long 17

| 17

Factorials as gen:

1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
|6227020800 87178291200 1307674368000 20922789888000|

Factorials from array: 17

1 1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
6227020800 87178291200 1307674368000 20922789888000

—— ke
Factorials by Jeff D
126 24 120 720 5040 40320 362880 3628800 39916800 479001600 1932053504 1278945280 2004310016 2004189184 -288522240
-- program is finished running --

MIPS assy
Y
O DatXSegment
Address Value (+0) Value (+4) Value (+8) Value (R Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 1952670022 1634300527 1646293868 1689356793 1142974054 1850277898 544503152 1769108595
0x10010020 3827566 1970302537 1919230068 561147762 0 1 2 6
0x10010040 24 120 720 5040 40320 362880 3628800 39916800

0x10010060 479001600 | 1932053504 1278945280 2004310016 2004189184 -288522240 | 0 0
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Input N: Java long 17

| 17
Factorials as gen:
1 2 6 24 120 720 5040 4032 362880 3628800 39916800 479001600

0
|6227020800 87178291200 1307674368000 20922789888000|

Factorials from array: 17
1 1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
6227020800 87178291200 130V674368000 20922789888000

- K

J e - ————— = g - - —— o —

Input N: int 20

Factorials as gen:

1 2 6 24 120 720 5040 4
1932053504 1278945280 2004310016 2004189184 -288522240 -898433024 109641728
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1 ## Lab 3 -~ Factorlials
2 ## by Jeff Drobman 28 .text .
3 ##¥version: 1.0 >12-12-19 29 #¥reg usage: |
4 .data 30 #t@-chts array ptr, tl=size decr N--
5 header: .asciiz "Factorials by Jeff D\n" |31 #I5=s1ze (constant) | |
6 prompt: .asciiz "Input string:" 32 ?50-factqrs++ (1..N), sl=last factorial (1i!)
7 err_msg: .asciiz "Input error!" 33 jal GUL_in #get N
8 .align 2 34 sb $a@,size #size=N
9 facts: .word 0:12 35 #set up pointers+counters
10 size: .byte 0 36 la $t@, facts #ptr+d
11 #define 37 lbu $t5, size #N--
12 .eqv heap, 0x10040000 38 sgbu $t1,$t5,1 #counter-1
13 .eqv in_buf, 0x10040020 #input buffer 39 U $s0,1 #1st factor=I
14 .eqv space, 0x20 #space 40 11 $s1,1 #1st factorial=1l
15 #.eqv heap, 0x10040000 -not used 41 sw $s1,($t0) #Ist num=1
16 #macros 42 loop_main: #calc factorials-=array
17 .macro done 43 addiu $t0,5%$t0,4 #incr ptr+4
18 11 $v@, 10 #stop code 44 addiu $s0,%$s0,1 #incr factor
19 Syscali #stop 45 Imultu]$s@, $sl1 #next product
20 .end_macro Part A 46 |mflo §si
21 .macro GUI_out(%msg) 47 SW 35S , ($t0) #->array
22 1i $v@, 55 #code 48 subi $t1,%$t1,1 #counter-1
23 la $a@, %msg 49 bgtz $t1, loop_main
24 1i $al,1 #msg type is info 50 #call sub for print
25 syscall 51 jal print
26 .end_macro 52 done #macro for exit

53 #---end of main-—-|

Part B Use Subroutine
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mul $t1,$t2,$t3 Multiplication without overflow : Set HI to high-order 32 bits, LO 3
mul.d $f2,$74,$76 Floating point multiplication double precision : Set $f2 to double-p
mul.s $70,$f1,$f3 Floating point multiplication single precision : Set $f@ to single-p
mult $tl1,$t2 Multiplication : Set hi to high-order 32 bits, lo to low-order 32 bi
multu $tl1,$t2 Multlpllcatlon un51oned : Set HI to hioh—order 32 bits, LO to low-or(

\"‘ - o . . - . - - i dem o

Move from HI register : éet étl to cbntents of HI (
Move from LO register : Set $tl1 to contents of LO (

L2 memlmdd VN e 2 Al

- Pmd o VN
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Multiply
g s ' rt ‘ 0 ' Ox18 .
J Xy -
6 5 5 10 3
Unsigned multiply
. : ; 0 rs rt 0 0x19
LU s ri
d : 6 5 5 10 6

Multiply registers rs and rt. Leave the low-order word of the product in register 1o and the high-order word in register hi.

Multiply (without overflow)

| Oxic ‘ rs ' rt ' rd ' 0 '2
mul rd, rs, rt - -
6 5 5 5 5

Put the low-order 32 bit of the product of rs and rt into register rd.

Multiply (with overflow)

mulo rdest, rsrcl, src2 pseudoinstruction

Unsigned multiply (with overflow)

mulou rdest, rsrcl, src2 pseudoinstruction

Put the low-order 32 bits of the product of register rsrcl and src2 into register rdest.
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Multiply add
madd rs, rt l0x61c| ':’ ] '; 100 [ (g
Unsigned multiply add
maddu rs, rt |0>;10| ':’ l '; l 100 [ ; |

Multiply registers rs and rt and add the resulting 64-bit product to the 64-bit value in the concatenated registers 1o and hi.

Multiply subtract
3 5 [oxac | s | n o | 4
msub rs, r 6 5 5 10 6
Unsigned multiply subtract
| Ox1c [ rs | rt | 0 | 5 |
msub rs, rt ; 5 . 10 6

Multiply registers rs and rt and subtract the resulting 64-bit product from the 64bit value in the concatenated registers 1o and hi.
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54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
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GUI_in: #sub-INput GUI msg Lab 7 —
#af@=1nt, al=status code

i $v@, 51 #int read

la $a@, prompt

;{:;a;;I in error Factorials by Jeff D
N = 126 24 120 720 5040 40320 362880 3628800 39916800 479001600
Lr Sra -- program is finished running —
in_error:
GUI_out(err_msg)
b GUI_in
¥sUDroutine: print(sto=ptr, $t5=size)

print: nop #sub label
#print header

i $vo, 4

la $a@, header

syscall

#print factorials

la $t0, facts #ptr
loop_prt:

i $v@, 1 #print int code
w $a0, ($t0)

syscall

li $v0@, 11 #print char code
11 $a@, space

syscall

addi $t0,$t0,4 #incr ptr
subi $t5,%$t5, 1 #count—-
bgtz $t5, loop_prt

#return

jr $ra

#--end of program--
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@ » Signed?

v

Load X, Y operands into GRs

Hint: use mask Summing

Mask: .word 0x0001 . Partial
Products
L Shift X (*2) (bit-wise)

R Shift Y (/2)

Goto Loog
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Binary Multiplication

Unsigned Multiplication

1 bit at a time
none
1 1 add

2 bits at a time

0 none
01 1 add
10 2 Shift-add
11 3 Add twice

DR JEFF
SOFTWARE
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Signed 2’sC Multiplication — Drobman MS Thesis -
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e Am2505 Multiplier

COMP122 Drobman MS Thesis Bit-slice 1971-80 —

2x4-bit slices

v

8-bit x 8-bit multiply
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Lab 7 A & B: Print

59
60
61
62
63
64
65
66
67
68

Factorials by Jeff D
126 24 120 720 5040 40320

Factorials using B multiply
15 23 119 719 5039 40319 362879
-- program is finished running —-

#call sub for print
la $a®, headerA

la $t@, facts #ptr
jal print

#repeat for B

la $a@, headerB

la $t@, factsB #ptr
jal print

done #macro for exit
#—end of main—

DR JEFF
SOFTWARE

INDIE APPDEVELOPER

© Jeff Drobman
2016-2023



CSUN 8 sorrware
Lab 7 A & B: .data & e
COMP122

1 ## Lab 3 — Factorials

2 ## by Jeff Drobman

3 #H#version: 2.0 >11-16-20 Parts A & B

4 .data

5 headerA: .asciiz '"Factorials by Jeff D\n"

6 headerB: .asciiz '"\n====\nFactorials using B multiply\n"

7 prompt: .asciiz "Input string:"

8 err_msg: .asciiz "Input error!"

9 .align 2

10 alignA: .ascii "seekFact Asecr=="

11 facts: .word 0:20

12 alignB: .ascii "skkkFact Bickkk=="

13 factsB: .word 0:20 #8 array

14 size: .byte @

#define



CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP122

S DR JEFF
i O ARE
Lab 7 A & B: Main s

2016-2023

35
36
37
38
39
40
41
42

56
57
58

#t0, $t8, =rfacts array ptrs, tl=size decr N—
#t5=size (constant)

#sO@=rfactors++ (1..N), t6,sb=last factorials
jal GUI_in #get N

sb $a@,size #size=N

#set up pointers+counters

la $t0, facts #ptr+4

la $t8, factsB #ptr+4

sub $t1,%$a@,1 #counter-1

Exercise for the student

sw $s6,($t8) #—>B array
subi $t1,$t1,1 #counter-1
bgtz $t1, loop_main



DR JEFF

254 soFTwaR

INDIE APPDEVELOPER

CSUN

CALIFORNIA

Lab 7 A & B: .data

E

STATE UNIVERSITY © Jeff Drobman
NORTHRIDGE 2016-2023
COMP122
.
O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c¢) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 t ¢c a F a ir o b s 1 e J y D f f =\n \@ \n \n = = = t ¢c a F
0x10010020 a ir o u s 1 g n i s m B it 1l ou \n ¥y L p p n IN\O s t u
0x10010040 n ir t I\ : g t upon r r e \@ ! r o * ok ok ok t ¢c a F * % A
0x10010060 = = % * \0 \0 \0 . \0 \0 \0 . \0 \0 \0 . \0 \0 \0 . \0 \0 \0 x \0\0 . . \0\0 . .
0x10010080 \0\@0 . . \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0@ \0 \0 \@ \0@ \0 \0
0x100100a0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 * ok ok ok t ¢ a F * * B
0x100100c0 ==k ok \@ \0 \0 . \@ \0 \0 . \0 \0 \0 . \0 \0\0 w \0\@0 . . \0\@0 . . \0\@0 . .
0x100100e0 \0 . . . \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
NANNINAIAN AN \nAn \n \n AN \nAn \n \n AN \nAn \n \n AN \nAn \n \n AN \nAn \n \n ANnA "N \n \k AN \nAn \n \n AN \nAn \n \n
€« » 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII
/4
O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 1952670022 1634300527 1646293868 1699356793 1142974054 1024065546 171785533 1952670022
0x10010020 1634300527 1965060972 1735289203 1830830624 1769237621 175729776 1886275840 1931506805
0x10010040 1852404340 1224751719 1953853550 1920099616 2191983 707406378 1952670022 707412256
0x10010060 1027418666 1 2 6 24 120 720 5040
0x10010080 40320 0 0 0 0 0 0 0
0x100100a0 0 0 0 0 0 707406378 1952670022 707412512
0x100100c0 1027418666 1 5 23 119 719 5039 40319
0x100100e0 362879 0 0 0 0 0 0 0
€ D 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII y
7
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Factorials — Recursive

C or Java: recursive

Lab 7 —

//call Recursive method
System.out.println("Factorials-recursive: ")
int x S
printit|(Nprt,FR);

factRec(Ngen)|;

I

int factorial(int n) {

I ne—"h
return 1;
else

return n x factorial(n-1);

51
2
D3
54
55
56
54

Store in array

DY
60

/ /Recursive method
static int factRec(int N) {

System.out.print("FR:" +N +spc);

1£(N==0) {
System.out.println();
return 1;}

sively

FR[N] =
return FR[N

r

}//

N * |factRec(N-1);//store

DR JEFF
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INDIE APPDEVELOPER

© Jeff Drobman
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Java: recursive

Input N:

17

Factorials as gen:

1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
1932053504 1278945280 2004310016 2004189184, )8

Factorials from array:| 17 \
1 2 6 24 120 720 40320 362880 3628800 39916800 479001600
1932053504 1278945280 2004310016 2004189184

Factorials-recursive:
FR:17 FR:16 FR:15 FR:14 FR:13 FR:12 FR:11 FR:10 FR:9 FR:8 FR:7 FR:6 FR:5 FR:4 FR:3
Factoritats—from—earreay—17+

1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
1932053504 1278945280 2004310016 2004189184

Factorials from array: m
1 2 6 24 120 720 020 40320 362880 3628800 39916800 479001600
1932053504 1278945280 2004310016 2004189184 -288522240

\

>>2B
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7.7 Exceptions and interrupts Spring 2020

(Original section")

COD Section 4.9 (Exceptions) describes the MIPS exception facility, which responds both to exceptions caused by errors during an
instruction’s execution and to external interrupts caused by |/0 devices. This section describes exception and interrupt handling in more
detail.Z In MIPS processors, a part of the CPU called coprocessor 0 records the information the software needs to handle exceptions and
interrupts. The MIPS simulator SPIM does not implement all of coprocessor 0's registers, since many are not useful in a simulator or are
part of the memory system, which SPIM does not implement. However, SPIM does provide the following coprocessor 0 registers:

Figure 7.7.1: Coprocessor 0 registers.

=== -]
name number

BadVAddr 8 memery address at which an offending memory reference occurred
. Count ‘ 9 ' timer
. Compare | 11 ' value compared against timer that causes interrupt when they match
i | Status 12 | interrupt mask ¢ nd enable bits
[ Cause [ 13 ‘ exception type é hd pending interrupt bits
TUUEPC T 14 address of instruction that caused exception
f Config 16 configuration of machine

E Feedback?

Interrupt handler. A piece of code that is run as a result of an exception or an interrupt.
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Figure 7.7.2: Thestatus/register (COD Figure EELIAELLIELE

Spring 2020
A7.1).
c

: £ 8o

8 interrupts 285 E3

SEDBES

15 8 4 10

Interrupt
mask

Mask(n) & Pending(n) = INT(n)
Figure 7.7.3: Thelcausejregister{COD Figure
A.7.2).

Branch Pending Exception
delay interrupts code
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Figure 7.7.4: Causes of exceptions.

Number Name Cause of exception
0x00 L nt | ;interrupt (hardware)

AdEL address error exception (load or instruction fetch)
AdES address error exception (store)
IBE bus error on instruction fetch
‘ DBE ' bus error on data load or store
0x20 ‘ Sys syscall exception
“"Bp | breakpoint exception
‘ Rl ‘ reserved instruction exception
CpU ‘ coprocessor unimplemented
Ov ‘ arithmetic overflow exception
0x34 ' Tr | trap
FPE floating point

~ Registers Coproc 1

m Name Number Value
$§”(vaddr)

Exception $12 (status)
code $13 (cause) |
$14 (epc) 14 0x00400080
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+» MASKABLE .
€ INTO (Pin 33) ** GIE (2) — global (2 groups)
D NMI (non'maSkabIE) ‘ INT 1 (Pln 34) ’:, MGS/( INT 0_7
=  Power-ON RV INT 2 (Pin 35)

L INT (maskable) 1
. & INT7
“* VECTORED PRIORITIES

O NVI (non-V)

Q Vi ** HIGH

< LOW

+* PRIORITY (PIC)
 High

O Low (High INTs “preempt” Low) _

¢ INTERNAL

O Hardware events “* PC ARSI 21112
[ T|mers ‘:’ STATUS
= ADC «» CAUSE

= 1/O(S, P)
L Software exceptions
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R x86 IRQ’s: 16 Intel

Typically, on systems using the Intel 8259 PIC, 16 IRQs are used. IRQs 0 to 7 are managed by one Intel 8259 PIC, and IRQs 8 to 15 by a second Intel 8259 PIC.
The first PIC, the master, is the only one that directly signals the CPU. The second PIC, the slave, instead signals to the master on its IRQ 2 line, and the master
passes the signal on to the CPU. There are therefore only 15 interrupt request lines available for hardware.

On newer systems using the Intel APIC Architecture, typically there are 24 IRQs available, and the extra 8 IRQs are used to route PCI interrupts, avoiding conflict
between dynamically configured PCI interrupts and statically configured ISA interrupts. On early APIC systems with only 16 IRQs or with only Intel 8259 interrupt
controllers, PCI interrupt lines were routed to the 16 IRQs using a PIR integrated into the southbridge.

The easiest way of viewing this information on Windows is to use Device Manager or System Information (msinfo32.exe). On Linux, IRQ mappings can be viewed
by executing cat /proc/interrupts orusing the procinfo utility.

Master PIC | edit)

« |IRQ 0 - system timer (cannot be changed)

IRQ 1 - keyboard controller (cannot be changed)

IRQ 2 - cascaded signals from IRQs 8-15 (any devices configured to use IRQ 2 will actually be using IRQ 9)

« IRQ 3 — serial port controller for serial port 2 (shared with serial port 4, if present)

IRQ 4 - serial port controller for serial port 1 (shared with serial port 3, if present)

« |IRQ 5 — parallel port 2 and 3 or sound card

IRQ 6 — floppy disk controller

« IRQ 7 - parallel port 1. It is used for printers or for any parallel port if a printer is not present. It can also be potentially be shared with a secondary sound card
with careful management of the port.

Slave PIC [edit)]

« |IRQ 8 - real-time clock (RTC)

« IRQ 9 - Advanced Configuration and Power Interface (ACPI) system control interrupt on Intel chipsets.[?] Other chipset manufacturers might use another
interrupt for this purpose, or make it available for the use of peripherals (any devices configured to use IRQ 2 will actually be using IRQ 9)

« |RQ 10 - The Interrupt is left open for the use of peripherals (open interrupt/available, SCSI or NIC)

« |IRQ 11 = The Interrupt is left open for the use of peripherals (open interrupt/available, SCSI or NIC)

« IRQ 12 — mouse on PS/2 connector

« |IRQ 13 - CPU co-processor or integrated floating point unit or inter-processor interrupt (use depends on OS)

« |IRQ 14 — primary ATA channel (ATA interface usually serves hard disk drives and CD drives)

« |RQ 15 — secondary ATA channel
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Hierarchy: Priority

**MASKABLE (3)
d 1 NMI (nhon-maskable)

=  Power-ON Reset Timer

O 2 INT (maskable)

«+VECTORED (2)

M 1 NVI (non)
d1vVi

< TIMER (1)
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»* Decode Pending Interrupts
*»* Allocate memory for Handlers

s* Use Jump Table
 Order by Priority
d Test & Jump
(J Handlers as subroutines: jal = jr Sra
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Lab 4: Memory

FEFFEFFE

7FFFFFFF

80000180

10040000

10010000

00400000

00000000

Display
Stack &
Printer
! Buffer
Handlers
C——
ktext LN
|
Heap
Input
Data Buffer
Text Jalr Br_Table

Typical memory layout for a program with a 32-bit address space.

Br Table:

—

La StO, In_buf
Lw St1, (St0)
Beq St1, “I”, |
Beq St1, “B”, B
Beq St1, “F”, F
Beq St1, “C”, C
Error: ---

Jr Sra
B: -
Jr Sra

List of
Subroutines

DR JEFF
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2016-2023

Lab9 —



CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP122

MIPS Memory Config

MIPS Memory Configuration

OxFIffffff
OxFIfFffff

|:> oxffffoo0o

Oxfffeffff

W) 0x90000000

ox8ffffffc
W) 0x30000180
0x80000000

—  0x80000000
ARRRRRR]
ess O | px7fffffff
ess 0 | py7ffffffc
___ | ex7fffeffc
0x10040000

) 0x10040000
) 0x10010000

0x10008000

0x10000000
0x10000000
oxeffffffc
0x00400000

memory map limit address
kernel space high address
MMIO base address

kernel data segment limit address

.kdata base address

kernel text limit address
exception handler address
kernel space base address
.ktext base address

user space high address
data segment limit address
stack base address

stack pointer $sp

stack limit address

heap base address

.data base address

global pointer $gp

data segment base address
.extern base address

text limit address

.text base address

Lab9 —
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Global Main

M P 1 2 2 2016-2023
<0 #ifDef
WAULEE Tools Help
v Show Labels Window (symbol table) , | R
Program arguments provided to MIPS program .l 10 m O @ @

v Popup dialog for input syscalls (5,6,7,8,12)
v Addresses displayed in hexadecimal
Values displayed in hexadecimal

(ecute

Assemble file upon opening

Assemble all files in directory

Assembler warnings are considered errors

Initialize Program Counter to global 'main' if defined Run 1/0O

_A_n | -

v Permit exten If set assembler will lnltlallze Program Counter to text address globally labeled 'main’, if defined.
Delayed brancmng

Self-modifying code
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Main Kernel

i

e
S e
meo
EN

subs
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Ooo~NOOUHEWNP

## Lab 4

— Interrupts

## by Jeff Drobman
##version: 1.0 >4.14.20
#Interrupt vectors:

# 0-3 active
.data
vector: .ascii "#cev'" #reserve 4 bytes

header: .asciiz '"Lab 4: Interrupts by Jeff D\n"
.align 2

promptl: .asciiz "Enter Int TYPE: @=NMI, 1=NVI, 2=VI, 9=Halt"
.align 2

prompt2: .asciiz "Enter Int Vector (0-15):"
.align 2

MMI_str: .asciiz "NMI interrupt!"

.align 2

NVI_str: .asciiz "NVI interrupt!"

.align 2

VI _str: .asciiz "Vectored interrupt!"

.align 2

Err_msg: .asciiz "Error: illegal Int Type"
.align 2

Halt_msg: .asciiz "Halted! Good-bye"

.align 2

Stop_msg: .asciiz "Stopped out!"

.align 2
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Teq $0,$0 #Trap: simulate INT<-1 (in ktext)

COMP122
27 #define
28 .eqv heap, 0x10040000
29 .eqv in_buf, 0x10040020 #input buffer
30 .eqv exc_seg, 0x80000180
31 .eqv stop,5
32 #macros -
33 .macro done 50 #xxISR macro->Trap
34 1i $v@, 10 #stop code 51 .macro _ISR (%str)
35 syscall #stop 52 la $a@,%str
36 .end macro 53 jal GUI_out
37 .macro print_mac (%str) 54
38 la $a@, S%str 55 b loop_main
39 1i $vo, 4 56 .end_macro
40 syscall
41 .end _macro
42 .macro msgbox (%str)
43 la $a@, S%str
44 i $v0, 55 #GUI msg code
45 1i $al, 1 #msg type is info
46 syscall

47

.end macro
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Lab 9 Code Loop

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

loop_main:

subiu $t9,%$t9,1 #decr counter
blez $t9,Stop
la $a0,promptl
Jal GUI_in #get Type in $ad
#Int TYPE Branch table (if-case)
beq $a®,0,NMI
beq $a®,1,NVI
beq $a0,2,VI
beq $a®,9,Halt
b Err #none of above
NMI: _ISR(NMI_str) ”
NVI: _ISR(NVI_str)  —°R  macro
VI: #get vector
la $a@,prompt2
Jal GUI_in #get vector in $ab
_ISR(VI_str)
Halt:subiu $a@,%$a@0,7 #chk for 9
bltz $a@,Err #<9
la $a®,Halt_msg
jal GUI_out
jal printStr
done #xxexit programik
Err: la $a@,Err_msql #default
jal GUI_out

Lab9 —

DR JEFF
SOFTWARE

INDIE APPDEVELOPER

© Jeff Drobman
2016-2023
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89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

#—END main Loop—
#tsubroutines followsx
#print $a@ on console
printStr:

i $vo, 4

syscall

jr $ra

#OUTput GUI msg

GUI out: #ptr in $a0

li $v@, 55 #GUI msg code

li $al, 1 #msg type is info
syscall

jr $ra

#INput GUI msg

GUI_in:

li $v@, 54 #GUI msg code

la $al, in_buf

li $a2, 4 #max input length
syscall

Lbu $a@, in_buf #return 1st byte
jr $ra

Lab9 —

DR JEFF
SOFTWARE

INDIE APPDEVELOPER
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129 .kdata
130 kmsg: .asciiz '"starting Interrupt handler...\n"
131 def_msg: .asciiz "Error: unimplemented vector\n"
132 .align 2 | -
133 end Kdata: .asciiz "ENDkDATA$$$s" |110 #—end subs— |
134 111 #xxstart handler code in kernel segxx
135 .ktext exc_seg 112 .macro push_k
136 #save state 113 move $k0, $v@ #save regs
137 push_k 114 move $k1, $a@
1;8 p;igt§$gc :ng#ﬁggt msg via macro [115 .end macro
139 mfc ' 116 .macro pop_k
140 addi $t0,%$t0, 4 #incr RA in EPC Y
141 mtcd $t0, $14 #EPC+4 (for ERET) 117 move $v0@, $k@ #restore regs
142 #—Branch Table— 118 move $a@, $ki
143 Beq $a0, 0, VO 119 eret
144 Beq $a0, 1, vl 120 .end macro
145 Beq $%$a@, 2, v2
146 Beq $%$a@, 3, v3
izg idgéiult 150 #—Vector Table—

151 v@: #ISR for ve@
149 #end Br table

152 vi:
150 #—Vector Table— 153 v2:
151 v@: #ISR for vo 154 v3:

155 def: #un-impl

156 print_mac def_msg
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125
126
127
128
129
130
131
132
133
134
135
136
137

Lab 9 Kernel Code
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macros
#xxstart handler code in kernel segxx
.macro push_k 189
move $k0, $a@ #save regs igg

move $k1, $al
.end_macro
.macro pop_k

move $a@, $kO #restore regs 194

move $al, $kl 195
.end_macro 196
.macro _print %str 197
la $a@,%str 198
jal print_str 199
b return 200
.end_macro 201

202

203

204

subs

#—end ISR's—
#—subs—
print_str: #$ab=string ptr
11 $v0,4
syscall
b newline
print_val: #fab=val
11 $v0,1 #int
syscall
#fall thru
newline:
11 $v0,4
la $a@,newln #"\n"
syscall
jr $ra
#—delay loop—
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. bly L
0x80000180 ol
mov $k1, $at # Save $at register

sw $a0, # Handler is not re-entrant and can't use
sw $al,|savel | # stack to save $a0, $al

# Don't need to save $k0/$kl

mfc@ $kO, $13 # Move Cause into $k©

srl $a0, $ko, 2 # Extract ExcCode field
andi $a@, $a0@, Oxf

bgtz $a0 # Branch if ExcCode is Int (@)

mov $a@, $kO # Move Cause into $a@
mfco $al, $14 # Move EPC into $al

jal |print_excp| # Print exception error message
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mfco
addiu

mtcO

$ko,| $14
$ko,| $ko, 4

mtcO

mfc@
andi
ori

mtco

1w
1w
mov

$k0,| $14

$0, $13
$k0,| $12
$k0, | Oxfffd
$ko, | 0x1
$k0, | $12

$al,] savel

$at, $kil

I.kdatal

save:
savel:

.word 0
.word 0

2016-2023

P&H Ch 7 COMP 122: Computer

# % % W

#

Architecture and

Assembly Language
Bump EPC Spring 2020
Do not re-execute
faulting instruction
EPC

Clear Cause register

Fix Status register
Clear EXL bit
Enable interrupts

Restore registers

Return to EPC
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Figure 5.7.10: MIPS code to save and restore
state on an exception (COD Figure 5.34).

ave GPR ydd $kl.8s5p, -XCPSIZE # so 3Ce on ack for stat
5w $ XCT_SP{sk] # sSa $sSp on stack
" $v( XCT .y $i # save SvD on stack
# save Svi, Saf, $si,. % | 3
1 $1 XCT RA(S) # save $ra an stack
SOmh.b afhi ‘\'l; v cCopy M)
%) ‘\1 » COpYy LO
SW $vO, XCT_HI{S$k1) # save Hi val n stack
SW $vi, XCT_LO(Sk]) # save Lo va n stack
Save exception mfch $a0. Scr # copy cause 3
registers Sw $a0, XCT_CR{Sk1) # save Scr valu 1 stack
e # save s-: .....
mfcl $a $s # y stat r t
SW $a3, XCT_SR{Sk ¥ save $sr o tack
Set sp DOVE $sp. Skl # sp=sp - XCPSIZE
Enable nested exceptions
and? $v0, $a3, MASKI # SvD = $sr & MASKL, enable exceptions
ntcO $vOD, $sr ¥ $sr = value that enables exceptions
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Call C exception handier

Set Sagp nove $ap. GPINI ¥ set $gp 10 point Lo heap area
Call C code nove $a0, $sp # argl = pointer to éxception stach
. v Jjal xCpt_delfiver § call C code 1o handle exception
Restore most Lo $at, $sp # tenporary value of $s5p
GPR. hi. Yo Iw $ra. XCT _RA(Sat # restore $ra from stach
e # restore $t0,...., $al
Iw $a0, XCT_AO($k1) # restore $a0 from stach
Restore status I $vO, XCT_SR{Sat) ¥ load old $sr from stach
registes i $vi, MASKZ # mask to disable exceptions

and $vD, $v0, vl
mtcD $v0, $sr

$vD = $s5r & MASKZ, disable exceptions

set status register

L

Restore §sp I $sp, XCT_SP(sat) # restore $sp from stach
”L: "”'t‘ Iw $vO, XCT_VO($at # restore $vD from stack
l::,mn:;::'d" Iw $vl, XCT_VIi(sat) # restore $v] from stack
registers Iw $kl. XCT_EPC(S2t) # copy 0l1d Sepc from stack

Iw $at. XCT _AT(Sat # restore Sat from stach
Restore RO mtch $kl. Sepc # restore Sepc

and returr eret $ra # return to interrupted instruction
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No dedicatstructlons [ edit]

Early models of the PDP-11 had no dedicated bus for input/output, but only a system bus called the Unibus, as input and output devices were mapped to memory
addresses.

An input/output device determined the memory addresses to which it would respond, and specified its own interrupt vector and interrupt priority. This flexible

Interrupts I [ edit ]

The PDP-11 supports hardware interrupts at four priority levels. Interrupts are serviced by software service routines, which could specify whether they themselves

could be interrupted (achieving interrupt nesting). The event that causes the interrupt is indicated by the device itself, as it informs the processor of the address of its
own interrupt vector.

_Interrupt vectors are blocks of two 16-bit words in low kernel address space (which normally corresponded to low physical memory) between 0 and 776. The first

word of the interrupt vector contains the address of the interrupt service routine and the second word the value to be loaded into the PSW (priority level) on entry to
the service routine.

Instruction set orthogonality | edit)
See also: PDP-11 architecture

The PDP-11 processor architecture has a mostly orthogonal instruction set. For example, instead of instructions such as load and store, the PDP-11 has a move
instruction for which either operand (source and destination) can be memory or register. There are no specific input or output instructions; the PDP-11 uses memory-

mapped I/O and so the same move instruction is used; orthogonality even enables moving data directly from an input device to an output device. More complex
instructions such as add likewise can have memory, register, input, or output as source or destination.

Most operands can apply any of eight addressing modes to eight registers. The addressing modes provide register, immediate, absolute, relative, deferred (indirect),
and indexed addressing, and can specify autoincrementation and autodecrementation of a register by one (byte instructions) or two (word instructions). Use of
relative addressing lets a machine-language program be position-independent.
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PDP-11/40. The processor is at the L=
bottom. A TUS6 dual DECtape drive is
installed above it.



CSUN == SOFTWARE
LAB: Interru pt S O eff Brobmman

NORTHRI 2016-2023
COMP122

“* Part 1 — Interrupts B CERIR
d Write C code to configure INTO (High) and INT1 (Low)

% Part 2 — Timers  Addto old hello.c
d Write DELAY subin C (2ms)
 Use Timer O for new DELAY sub (2ms)

O Write programs for:
= Timer
= Stopwatch (Counter)
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+** Part 1 — Finish assembly/C programs for “Hello World”
O Assembly
= Write DELAY subroutine
dC
= Use (call) DELAY
=  Qutput message via Port B (same)

** Part 2 —Timers
d Write DELAY subin C
J Use Timer O for new DELAY sub

O Write programs for:
= Timer
= Stopwatch (Counter)
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s List all these instructions in MIPS32 (as in MARS)
J Loads
 Branches
» Primitives & Pseudos* (flag with asterisk)
Loads: oo Rég_',:,';gm & BI;AI\]\(J:IIZ;U Branches:
lw, lui, ... = LOAD = BRA b, beq, ...
= STORE = BRCC
= MOV = LOOP

» Note: both these classes involve an Effective Address (EA) calculation
Register (as base pointer) + Offset (as index)

Performed automatically
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PROJECT FORM
Project 1

Requirements for Part A

¢ List all these instructions in MIPS32 (as in MARS)
O Loads
Primitives:
Pseudos:

J Branches
Primitives:
Pseudos:

Include instruction mnemonic (“lw”),

but don’t need to add all the EA format options (“100(5t2) + label”).
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MIPS vs ARM

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 modiifiers are used, and whether it is a primitive or pseudo-
op:

MIPS: b, Ih, lw, li*

ARM: ??
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MIPS:

ARM:

® Lb: Means to Load a byte (8 bits) on lower part from designated address to a selected
register. Thisis a primitive.

® Lh: Means to Load a lower half word(16bits) from designated address to a selected
register. Thisis a primitive.

® Lw: Means to Load a word(32bits) from designated address to a selected register. This
is a primitive.

® La:Meansto Load a designated address to a selected register. Thisis a pseudo-op.

e Li: Meansto Load a stated value you entered in the code to a selected register. Thisisa
pseudo-op.

® |ui: Meansto Load an upper half word(16bits) from value stated in code to a selected
register’s upper half. This is a primitive.

Idm: loads multiple registersinto the program stack and has 8 different variation in its use.

ia Increment After ea Empty Ascending

ib Increment Before fa Full Ascending % LDM

da Decrement After ed Empty Descending

db Decrement Before fd Full Descending
This isa pseudo-op.
Idr: Loads contents to a single register from memory address and it has 5 variations (word,
half word unsigned, byte unsigned , half word signed, byte signed ) of content length. This is
a primitive.
Idr: The same as|dr, but the memory address can be animmediate value. Thisis a pseudo-
op.
Idrex: loads the contents of memory address into register and tags the memory address as
true. Thisis a pseudo-op.
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s Logic simulators
» MIPS MIPS
» ARM

(J Embest board

Help

BHT Simulator
Bitmap Display
Data Cache Simulator

Digital Lab Sim

Connect to MIPS

Digital Lab Sim
0 1 2 3
4 ) 6 7
8 9 a b
C d 3 f
MIPS
Tool Control

Reset Help Close
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» MARS Digital Lab Sim tool
MIPS

unctions (on LEDs)

|=Initial(s)

B=Blink (all on/off)

F=Flash (Initials-sequential on/off)
Z=Zero Flash (0-sequential on/off)
C=Counter

Q=Quit

Calculator (hex keypad — bonus)
Use Jump Table

d Input letter for Command

d Test & Branch (beq)

d Add Handlers as subroutines

BLL

UOoODO00D0 0

s* Command
Interpreter

B
F
Z
C
Q
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Lab 1C

What's this? A Branch Table

106
107
108
105
110
111

- .
el T T _ =
- =" r |

check: nop

beq §al, -2, cancel
beq $al, -3, nodata
beq §al, -4, exceed

Jr §ra

DR JEFF
SOFTWARE
© Jeff Drobman
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+* Command

FFFFFFFF
Interpreter
=
7EEFEEEE Display Br Table: = B
Stack & _| La $tO, In_buf = F
e [ wsa s . 2
Beq St1, “I”, | = [C] optional
Beq $t1, “B”, B " Q
«|Handlers Beq 5t1, “F, F Table 1-3 ASCII Conver
80000180 | -Ktext L,B,F,C| | | BeqStL, “C”, C
Error: - Hex Character
) 41 A
I - 42 B8
2 Jrora | st of = =
10040000 B: - _ 44 D
— ' Subroutines pre £
Input ~| JrSra
Data Buffer Feoee 46 F
10010000 ) 47 G
Jr Sra
Text Jalr Br_Table C: - 48 H
00400000 Jr $ra i '
51 Q
00000000

Typical memory layout for a program with a 32-bit address space.
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Writing and Using MIPS exception handlers in MARS

Introduction

Exception handlers, also known as trap handlers or interrupt handlers, can easily be incorporated into a MIPS program. This
guide is not intended to be comprehensive but provides the essential information for writing and using exception handlers.

Although the same mechanism services all three, exceptions, traps and interrupts are all distinct from each other. Exceptions are
caused by exceptional conditions that occur at runtime such as invalid memory address references. Traps are caused by
instructions constructed especially for this purpose, listed below. Interrupts are caused by external devices.

MARS partially but not completely implements the exception and interrupt mechanism of SPIM.
Essential Facts
Some essential facts about writing and using exception handlers include:

#® MARS simulates basic elements of the MIPS32 exception mechanism.

» If there is no instruction at location 0x800000180, MARS will terminate the MIPS program with an appropriate error
message.

@ The exception handler can return control to the program using the eret instruction. This will place the EPC register
$14 value into the Program Counter, so be sure to increment $14 by 4 before returning to skip over the instruction that

caused the exception. The mfc® and mtc@ instructions are used to read from and write to Coprocessor 0 registers.

@ Bits 8-15 of the Cause register $13 can also be used to indicate pending interrupts. Currently this is used only by the
Keyboard and Display Simulator Tool, where bit 8 represents a keyboard interrupt and bit 9 represents a display
interrupt. For more details, see the Help panel for that Tool.

@ Exception types declared in mars.simulator.Exceptions, but not necessarily implemented, are
ADDRESS_EXCEPTION_LOAD (4), ADDRESS_EXCEPTION_STORE (5), SYSCALL_EXCEPTION (8),
BREAKPOINT_EXCEPTION (9), RESERVED_INSTRUCTION_EXCEPTION (10),
ARITHMETIC_OVERFLOW_EXCEPTION (12), TRAP_EXCEPTION(13), DIVIDE_BY_ZERO_EXCEPTION
(15), FLOATING_POINT_OVERFLOW (16), and FLOATING_POINT_UNDERFLOW (17).

# When writing a non-trivial exception handler, your handler must first save general purpose register contents, then
restore them before returning.
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send letters/numbers to a 7-segment LCD

Hexadecimal encodings for displaying the digits 0 to F

’:’ Pr|nt your |n|t|a|S Digit | gfedcba abcdefg a b ¢ | d e f | g
0 0x3F Ox7E on on on on on on | off
1 0x06 0x30 off lon | on |off off off off S

J > BcD = 00001110 = OXOE

0x79 Ox4F on |off off on on on on

2 0x5B 0x6D on on off lon on off on E : 9
3 Ox4F 0x79 on on on on off off on G
4 0x66 0x33 off on on off off on on E E:]
0:0 Optional extras 5 0x6D 0x5B on |off on on |off on on _D

6 0x7D Ox5F on off lon on on on on

[ Calculator with 7 |0x07 |0x70 |on on on off off off off
8 O0x7F O0x7F on on | on on on on | on

HeX keyS 9 Ox6F 0x7B on on on on off on | on

A 0x77 0x77 on on on off on on | on
b 0x7C Ox1F off |off on on on on on
C 0x39 Ox4E on off foff lon on on off
d Ox5E 0x3D off on on on on off on
E
F

0x71 0x47 on off off off on on |on
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.data —
1 ## Project 2 Digital Lab
2 ## by Jeff Drobman
3 #¥version: 1.1 >12-5-19
4 .data
5 header: .asciiz "Project 2: Digital Lab by Jeff D\n"
6 .align 2
7 prompt: .asciiz "Enter command: I/B/F/C/Q"
8 .align 2
9 | Com_str: .ascll "Now pertorming command: "
10 | filler: .asciiz "¥\Oxx" #I/B/F/C/Q +null ghes in byted-1
11 .align 2
12 Stop_msg: .asciiz "Stopped out!"
13 Quit_msg: .asciiz "user Quit"
14 newline: .byte Bx0A
H . - rSpace .
ig iﬁj‘ﬁfne byte 0x20 ¥space Command will go here
/ L\ 7/ T
* *x \0
oN Data Segment \

Address Value (+0) Value (+4) Value (+8) Value (+c¢) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 j or P t c e 2 ig i D Ia\ b a L J yib f f e
0x10010020 \@ \@ \n D e t n E 0 ¢ r namm : d / B / I / C [/ \F \@ \0 \0 Q
0x10010040 w o N f rep imro v g n a mmo :d n * % \0 \0 \0 \0 \0
0x10010060 p ot S d e p ' t u o e s u\@ u Q r \n\@ t 1 \0 \0 \0 \@ \0 \0 \0
0x10010080 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100100a0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x100100c0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0

€ ©»  0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values [ ASCII
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.data —

26 ¥#¥macros

27 .macro done

28 11 $vO, 10 #stop code
29 syscall #stop

30 .end_macro

31 .macro print_mac (%str)
32 1la $al@, s%sstr

33 1i $vo, 4 .macro

gg SZigaEO_O 17 .eqv hdlr_seg, 0x80000180
36 .mac?o msgbox (%str) 18 .eqv I, OX43 .eqv
37 la $a@, Sstr 19 e ?x,00262

38 1li $v@, 55 #GUI msg code gg 'Zq: C' @:43

39 1i $al, 1 #msg type is info 22 .egv Q' 0x51

22 Szigakgm_o 23 .eqv stop, 3 <« Adjust as needed
42 .macro getChar gg #:ZZ}gbdone

43 Lbu $a@, in_buf #load char —
44 .end_macro

- Ab

14 #define
15 .ecqv heap, 0x10040000
16 .eqv in_buf, 0x10040020 “input buffer
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45 #code
46 .text ©] Input
47 La $a@, header
48 Jal print & Enter command: 1/B/F/C/Q [
49 Li $t0, stop #limit = I ’
50 Lloop_main: - |
51 Jal GUI_in #get command
52 getChar #iaf= char Cancel _ |
53 la $t1, filler |
54 sb $a@, ($tl1) #cat char (drop in)
55 msgbox Com_str In_buf
56 Tnei $a@, Qx #Trap: calllhandler (in ktext) O @ [
57 #¥check for infinite loop|(#>stop) ReHTREE Value (+0) Value (+4) Value (.
58 subiu $t0,$t0, 1 #decr stop 0x10040000 \0 \0 \0 \O \@ \0 \0 \0 \¢
59 blez $t@, stopped 0x10040020 \@ \@ \n"Q  \@\0\0\0 \€
60 Bne $a@, Qx, loop_main Recognize “Q”? 0x10040040 \0 \0 \0 \0 \0 \0 \0 \0 \€
1 e s A mmaney )
62 La $a0,_ Quit_msg 0x100400a0 \@ \0 \0 \0 \0 \0 \0 \0 \\
63 (Jjal print . 0x100400c0  \@\0 \0\0  \0\0\0\0  \(
64 done #macro for exit#
:> o" ”
65 | stopped: stop” = 3 € ©» | 0x10040000 (heap)

66 La $a@, Stop_msg

67 Jal print

68 done #macro Tor exit#2
69 W===gng OT Main——j

Project 2: Digital Lab by Jeff D
starting command handler...
starting command handler...
starting command handler...
ktopped out!

-- program is finished running -—-
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— .kdata ktext
91 #start handler code 1n kernel memory 108
92 .kdata 109 .ktext hdlr_seg
93 kmsg: .asciiz "starting command handler...\n" 110 push
94 Istr: .asciiz "Display initials’ 111 print_mac kmsg #prt msg via macro
95 Bstr: .asciiz "Blink" 112 mfc@® $k0, $14 #EPC
96 Fstr: .asciiz "Flash" 113 addi $k0,$k0, 4 #incr RA in EPC
97 (str: .asciiz "Calculator” 114 mtcO $k0O, $14 #EPC+4 (for ERET)
98 Xstr: .asciiz "Error: bad command" 115 getChar #re-load: $af= char
99 .macro push 116 #--Branch Table
100 move $k@, $vO #save regs 117 Beq $a0, Ix, I
101 move $k1, $a@ 118 Beq $a@, Bx, B
102 .end _macro New macros
103 .macro pop_ret @, Complete this
104 move $v0O, $k@ #restore regs
105 move $a@, $kil
106 eret+——— “@ret” in macro _
107 .end_macro Jump target word address beyond 26-bit range
Jal print
Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x90000000 r at s g n it m o c d nam n a h r e L d \0 . . . \@ \0 \0 \0
0x90000020 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x90000040 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x90000060 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x90000080 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x900000a0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x900000c0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
& > | 0x90000000 (.kdata) B Hexadecimal Addresses Hexadecimal Values £4 ASCII
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ktext ——

# Trap handler in the standard MIPS32 kernel text segment

.ktext 0x80000180
move $k0,$v0 # Save $v@ value
move $k1,%$a@ # Save $a@ value
la $a@, msg # address of string to print
i 9%$vo, 4 # Print String service
syscall
move $v0@,$k@ # Restore $vO
move $a@,$kl # Restore $a@
mfcO® $k0,$14 # Coprocessor @ register $14 has address of trapping instruction
addi $k@,$k0,4 # Add 4 to point to next instruction
mtc@ $k0,$14 # Store new address back into $14
eret # Error return; set PC to value in $14
.kdata
msQ:
.asciiz "Trap generated"
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Simulating the Hexa Keyboard and Seven segment display

This tool is composed of 3 parts : two seven-segment displays, an hexadecimal keyboard and counter
'Seven segment display

Byte value at address OxFFFFO010 : command right seven segment display

Byte value at address OxFFFFO011 : command left seven segment display

Each bit of these two bytes are connected to segments (bit O for a segment, 1 for b segment and 7 for point

'Hexadecimal keyboard

Byte value at address OxFFFF0012 : command row number of hexadecimal keyboard (bit O to 3) and enable
keyboard interrupt (bit 7)

Byte value at address OxFFFF0014 : receive row and column of the key pressed, 0 if not key pressed

The mips program have to scan, one by one, each row (send 1,2,4,8...) and then observe if a key is pressed
(that mean byte value at adresse OxFFFF0014 is different from zero). This byte value is composed of row
number (4 left bits) and column number (4 right bits) Here you'll find the code for each key :
0x11,0x21,0x41,0x81,0x12,0x22,0x42,0x82,0x14,0x24,0x44,0x84,0x18,0x28,0x48,0x88.

For exemple key number 2 return 0x41, that mean the key is on column 3 and row 1.

If keyboard interruption is enable, an exception is started, with cause register bit number 11 set.

Counter
Byte value at address OxFFFF0013 : If one bit of this byte is set, the counter interruption is enable.
If counter interruption is enable every 30 mstructlons an exception is started with cause register bit number

0 MAISLT C . A AL . i
99 LED'left 0xffff0011 e LT
100 .cqv LEDrt, Oxffffeele a sal,

101 .eqv Jeff, Ox@e :> g; I_Ea ??3:1:;2:55
102 .cqv Drob, 0x5e #--Branch Tabl

103 .7aCro push
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, .data
O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x10010000 j or P t c e S i g 1D 1L a t b a L J y b f f e
0x10010020 \@\@\n D e t n E 0 C r n amm : d / B / I e \@ \@\0 Q
0x10010040 w o N f r e p imro - g n a mmo :d n * % \0 B \0 \0 \0 \0
0x10010060 p o t S d e p ' t u o e s u\@ u Q r \n\@ t 1i \o \u o \@ \0 \0 \0
0x10010080 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0
0x100100a0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0@ \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 '~ R
0x100100c0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \@ \0 \@
R
O Data Segment - kdata
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
0x90000000 r at s g n i t m o c d nawm n a h r e L d \n . . s 1 D\o
0x90000020 y a L p in 1 1L a it L B\@ s \@ k n 1 s a L F a C\0 h L uc 1
0x90000040 r ot a r r EN\O T r o d a b mmo C \@ d n a \@ \0 \0 \0 \0 \0 \0 \0
0x90000060 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0 \0@ \0 \0 \0 \0 \0 \0 \0
0x90000080 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0
0x900000a0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \@ '~ R
0x900000c0 \0 \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \@ \0 \0 \0 \0 \0 \0 \0 \@ \0 \0 \0 \0 \0 \@
€ » 0x90000000 (.kdata) H Hexadecimal Addresses Hexadecimal Values ASCII
I
MMIO: LED patterns = Ox0e + Ox5e
Address Value (+0) Value (+4) Value (+8) Value (+c) Valua fL10) Malye (+14) Value (+18) Value (+1c¢)
oxffffooeo 0x00000000 0x00000000 0x00000000 0x00000000 0x00000e5e 0x00000000 0x00000000 0x00000000
Oxffff0020 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
oxffffoo40 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
oxffffoo60 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
oxffffoos80 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
oxffffooao 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 Soodaatoe £.-04240200_
oxffffooco 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 o o Digita
€ B 0xffff0000 (MMIO) C v/ Hexadecimal Addresses v Hexadecimal Values
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New Branch Table

144
145
146
147
148
149
150
151
152
153

#—-—Branch Table—
Beq $s0, Ix, I

Beq $s0, Bx,
Beq $s0, Fx,
Beq $s0, Zx,
Beq $s0, Cx,
#bad command
_msgbox Xstr
pop_ret #return
#end Br table

ANT

key Subs

155
156
157
158
159
160
161
162
163
164
165
166
167

#load Initials sub
loadI:

li $t5, Jeff

sb $t5, LEDleft
li $t6, Drob

sb $t6, LEDrt

jr $ra

#delay sub
delay:

subu $t0, $t0, 1
bgtz $t0, delay
jr $ra

#HHtend subs

Delay loop
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Proj 1: “B” Handler &

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

ktext ——
i $al,|5 #num blinks-outside loop! > Key!
B_loop:

DR JEFF
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INDIE APPDEVELOPER

© Jeff Drobman
2016-2023

jal delay Digital Lab Sim

sb $zero, LEDleft

sb $zero, LEDrt

jal delay > Blink! |

sb $t5, LEDleft

sb $t6. LEDrt | |
L a—

subu $al, %$al, 1 ‘-

bgtz $al, B_loop
pop_ret

F:

msgbox Fstr
pop_ret

C:

msgbox Cstr
nop_ret

» Fiddle with this number (blink rate)

#delay sub
li $a@, 25%delay|(outside loop) Project 2: Digital Lab by Jeff D
delay: starting command handler...

subu $a@, $a@, 1 starting command handler...

bgtz $a@, delay starting command handler...

Jr sra | Stopped out!

#--end oT program--# —- program is finished running —

0
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190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
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INDIE APPDEVELOPER
F | as h ( F) erroesioren

ktext ——

e
jal loadl #reset
_msgbox Fstr
li $s4, 2 #num loops
li $t0, 5 #5/10000 delay
#doubly nested loop
F_outer: #reset patterns/loops
li $s0, 1 # L seg=1
li $s1, Ox80 # R seg=1
li $s5, 8 #num flashes per loop
F_loop:
sb $zero, LEDleft #blank L
sb $zero, LEDrt #blank R
jal delay
rol $s0, $s0, 1 #shift bit L
sb $s0, LEDleft
ror $s1, $sl1, 1 #shift bit L
sb $s1, LEDrt
jal delay
subu $s5, $s5, 1
bgtz $s5, F_loop
subu $s4, $s4, 1
bgtz $s4, F_outer
pop_ret
#—end Flash

AN Now performing command: F

/( Flash
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Zero Flash (Z)

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

#Zero Flash

L:

jal loadIl

_msgbox Zstr

li $s5, 10 #num flashes
li $s0, zero

11 $s1, 0 #blank

11 $t0, 5 #5/10000 delay
Z_loop:

sb $s0, LEDleft

sb $s1, LEDrt

jal delay

#reverse

sb $s1, LEDleft

sb $s0, LEDrt

jal delay

subu $s5,%s5,1

bgtz $s5, Z_loop
pop_ret

#——end Z

ktext ——
Input
Enter command: |/B/F/Z/C/Q
V4
Cancel _
Zero Flash
Digital Lab Sim
l 0
A
Il 2
¢ 2
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** Integers (16-bit)

= unsigned int (O to 65,535)
= signed int (-32,768 to +32,767)

**Char string/byte (8-bit)

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

¢ Floating Point (“Real”) (32/64-bit)

* Float (32-bit single precision: +-N x 10764)
= Double (64-bit double precision: +-N x 101256)

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

}
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EXTERNAL INTS - PIC18F —
Void ISR(); //declare the “ISR” subroutine

#pragma code int_vectH = 0x08 //assign int “vector” for High Pri Int = SET ORGS

Void IntH() {

_asm //use assembly code here (no “GOTO” in C) Or use a “Call”:
GOTO ISR 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 PINS
INTCONDbits.INTOIE =1 //enable INTO @ INTO - RBO
INTCON3bits.INT1IE =1 //enable INT1  SETUP ¢ INT1- RB1
INTCONDbits.INTOF = 0 //clear flag € INT2 > RB2

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 INTO or INT1

}
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Timers

** Timer O
s Timer 1
s Timer 2
s Timer 3
** Watchdog

PRESCALER

¢ Clock pulse counter

(a power of 2)
2

4

8

16

32

64

128

256

: (&) soFTWARE
Timers T
PIC18F
MODES
*Timers

» Count UP or DOWN
» Preset start value

» INT on OVERFLOW
» Use INTERNAL clock

*Counters
» Use EXTERNAL clock (pin TnCKI)
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#pragma code //main starts here (after the Ints)
Void main () Timers
{
TOCON=0x06; //config TO SETUP % Timer O
TMROL = 0XFO //init TO Low byte =-16 (will count UP to 0) % Timer 2
INTCONbits.TMROIF = 0 //clear TimerO flag & Timer 3

+»» Watchdo
TOCONbits TMROON = 1 //start timer ~RUNTIMER . 8

While(INTCONbits. TMROIF ==0); //wait for INTO or INT1
TOCONDbits. TMROON =0 //stop timer
While(1); //halt

}

Using TimerO to create a 1ms delay, assume:
0 8MHz crystal (=2MHz Instruction rate)
d Prescale value = 128 (2000/128=16)
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F=C*(9/5)+32
C = (F-32) * (5/9)

d(9/5)=1.8
O (5/9) =0.555...
- how to represent a fixed point number?
—> Consider using BCD:
= MULT by 18 or 556
= divide by 10 or 1000 by shifting BCD digits right



