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Lab Programs
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vol.1 1. “Hello World”: I/O (console and GUI) in MIPS & ARM
2. “Hello World” extended: loops, macros, functions/subroutines
3. Number systems and radix conversion
== 4. Computation 1: Fibonacci (add, arrays)
5. Computation 2: Factorials (mult, overflow)
6. Floating-point: Temperature conversion
Vol.2 7. Prime numbers (algorithms)
8. Tic-tac-toe: Bit-wise operations (bit masks, shifts)
9. Interrupt/Exception handler (trap with menu)

Vol.3 10. BCD on LED in real-time using MMIO, with commands
11. ISA design: create new extended/pseudo instructions
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*Assembly = slide 3
**Hello World = slide 26
s*Lab 1 = slide 37

0 1A (ARM) = slide 45
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Computation

“* ALU
= ADD
= SUB
= AND
= OR
= XOR
= NOT

“* MULT/DIV [opt]
¢ BIT
= SET/CLR
= TEST
s COMPARE
= CMP
¢ SHIFT
= SHIFT (A, L)
= ROTATE

Memory

** Reg-Reg
= MOV
¢ Reg-Mem
LOAD
= STORE
= MOV

s Mem-Mem
L MOV “cisc
%* Stack

= PUSH

= POP

RISC

Rev Aug 2021

Program Control /O
* JUMP *1/0
= JUMP/GOTO = IN oD
+* BRANCH = Ourt
BRA ¢ Mem Mapped
BRCC = MOV PORT
= LOOP = LOAD/STORE
< CALL NEW

= CALL/CALR/JAL
= RET/RETFIE
= SYSCALL/SWI/TRAP

s NOP

System Control

** Reset
= RESET
«* Power
= SLEEP/HALT
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.data Static data segment

//numeric

int final x =3; 2 .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; = d: .double 55
//non-numeric

charch =‘a’; 2 ch: .ascii “@”
String s = “hello” = s: .asciiz “hello”
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s MIPS **Xx86
*ARM d Intel
d AMD
16-32 GR’s Dedicated Registers
% Includes specials 4 SccAu?uCIa;ors
[ Stack: SP, FP . T P
O Globals: GP ** 4 Pointers
Q Zero Q Si, DI
O BP, SP
2 64-bit “* 5 Memory Segments
O Paired 32-bit Q Cs, DS, ES, FS, GS, SS
< 64-bit
Q Tel '
» PC dedicated clestoping

AH AL
AX
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MARS

File Edit Run Settings

MARS 4.5

OE RS 4 ¢%Ba% X006 0e0eee o

Registers

Coproc 1

Mame

£8 (vaddr)

$12 (status)

$13 (cause)
$14 (epc)

Value
8
12
13
14

0x00000000

@x@0aefflil —

dx00e00000

@gxboeeoooa

Registers

Mame Float l
570 2xoopoe00
571 dx00000000
$72 dxoopo000
53 @xboaeoen
T4 dx00000000
55 @xbopooen
$T6 Bx00000000
577 gxboeoeen
$T8 2xoopoen
59 dxdoeee00
710 2xoopoe00
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Registers
Coproc 1  Coproc 0

Mame Value
5 0 ] dx000a0000
Eﬁﬂ 1 dx00000000
Fﬂﬂ"“ 2 BxB2000000
svl 3 dx00000000
4 Bx00000000
$al 5 0x00000000
$a2 B BxB2000000
a3 7 gxoo000000
8 Bx00000000
$tl1 9 dx00000000
$t2 18 BxB2000000
5t3 11 gxoo000000
$ta 12 BIx0o0a0000
$t5 13 dx00000000
$tE 14 BxB2000000
15 @x0o000000
550 16 BxB2000000
$s51 17 dx00000000
$s52 18 dxoeao000
%53 19 gx0o000000
$s54 20 BxB2000000
$55 21 dx00000000
556 22 dx000a0000
%57 23 dxdoo00a00
24 BxB2000000
519 25 dx00000000
TR 26 Bx000a0000
sk1 27 0x00000000
Fap 28 0x10008000
fsp 29 Bx7fffeffc
£fp 30 Bx00000000
sra 31 0x00000000
FF"ﬁ 0x20400000
hi gxooo00000
lo EGLLT LT
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Figure 2.8.1: What is and what is not preserved across a procedure call (COD Figure 2.117).

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

ot preservs

Saved registers: $50-%s/ Temporary registers: $t0-$t9
Stack pointer register: $sp Argument registers: $al0-%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
» Sv(0:1) values

» St(0-9) temp

» Ss(0:7) saved

¢ Sgp global ptr

» Ssp stack ptr

» Sfp frame ptr

» Sra return addr

L)

)

CAR )4

D)

CAR)

D)

L)

)

L4

o0

D)

CAR )4

D)

(R )

L)

L)




CSUN B -2 e
Assembly o e

COMP122

arm Developer IP PRODUCTS TOOLS AND SOFTWARE ARCHITECTURES INTERNET OF THINGS COMMUNITY  SUPPORT DOCUMENTATION DOWNLOADSQ ;

———
uir

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 Usethe 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-
profile) for definitive ISA details.
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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

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 projectisin 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
S

S

S

S

S

1w

| w
multu
addiu
1 ti
oW $8,
mflo
addu
bne
SW
Tui

jal
addiu
1w
addiu
jr

move

§29, %29, -32
§31, 20(3%29)
§4, 32(%29)
§5, 36(%29)
50, 24(3%29)
$0, 2B(%29)
$§14, Z8(529)
s24, 24(5£9)
§14, %14

$8, §14, 1
$1, $8, 101
28($29)

§15

§25, $24, 3§15
$1, 30, -9
§25, 24(%29)
§4. 4094

$6, 24{3%29)
1048812

4, 34, 1072
$31, 20(%29)
$29; 529, 3
$31

$2, 30

int

#include <stdioc.h>

main (int argc, char *argv[])

int i:
int sum
for (] =

printf (“The sum from 0

<=100: i =1 + 1) sum =
100 is ¥d\n",

sum + 7 * -

Sum):

Figure A.1.2).

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

Machine -- binary

00100111101111011111111111100000
10101111101111110000000000010100
10101111101001000000020000100000
10101111101001010000000000100100
10101111101000000000000000011000
10101111101000000000000000011100
10001111101011100000000000011100
10001111101110000000000000011000
0o000001110011100000000000011001
00100101110010000000000000000001
aoloL0o1o00000010000000001100101
10101111101010000000000000011100
00000000000000000111100000010010
gooDo011000011111100100000100001
00010100001000001111111111110111
10101111101110010000000000011000
00111100000001000001000000000000
10001111101001010000000000011000
00001100000100000000000011101100
00LI00100100001000000010000110000
10001111101111110000000000010100
00100111101111010000000000100000
00000011111000000000000000001000
aoana0ooooo0noDananLoaonono1Ia0o0l
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VPASM 5.37 LAB4,ASM  10-12-2015 21:21:12 PAGE 1
LW LW D*riog-"
LOC OBJECT CODE LINE SOURCE TEXT MONWE COUNTER
VALUE LESE 1. DATAPTR
00001 #incTude <pl8F458.1inc>
00001 LIST LOOP CLRF POSTIMC1
00002 ; P18F458.INC Standard Header File, version 1.10 Microchip 1 DECF COUMTER
Message[301]: MESSAGE: (Processor-header file mismatch. Verify selected processor.) AHT LOOE
01714 LIST -
00002 #include <labd.inc>
00000100 00001 START EQU 0x100;address 256 loop COTO loop
000000 00002 org 0 J—
000000 EF&4 FO0O 00003 GOTD _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
000104 000A
000106 00FF
000108 0000

00010A EF85 FO0O

SMPASM 3,37

00011 onE DB 1
00012 TEN DB D'10°
00013 ALL1 DB OxFF
00014 _start NOP

00013

00016 | Space for code
00003

00004 Toop GOTO loop

00005 end

LAB4.ASM  10-12-2013 21:21:12 PAGE 2
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Ire 7.2.1: Object file (COD Figure A.2.7).
A UNIX assembler produces an object file with six distinct sections.
Stack Display
Buffer
I 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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MARS

rConfiguration
© Default

) Compact, Data at Address 0

| Compact, Text at Address 0

BxfFffffff
BxfFffffff
exffffoene
@xfffeffff
0x90000000
Bx8ffffffc
0x80000180
dx80000000
@x80000000
BxTFFFFffef
BxTFFFFrre
BxTFFffffc
Bx7fffeffc
0x10040000
x10040000
@x10010000
@xlooas000
@xlooe0000
0x10000000
Bxpffffffc
0x00400000

® @ MIPS Memory Configuration

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 addres:

user space high address
data segment limit address
stack base address

stack pointer $sp

stack limit address

.data base address

heap base address

global pointer Sgp
data segment base address
.extern base address

text limit address

.text base address

2016-2024

Memory Map
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System Call (syscall)

Figure 7.9.1: System services (COD Figure

A9.1).

T R

SPIM

print_int 1 $a0 = integer

print_float 2 112 = float

print_dauble 3 $11¢ = double

print_string 4 $all = string

read_int = ]numurhnivc]

read_float & | ot (in $10)

read_double 7 | double (in 57D}

read_string & $a0 =buffer, Sal=length |

sbrk a $al = amount 'aﬁumssun553+

exit 10 '

|i.r.1'.|.1-‘,_-:mr' 11 .Lﬂ.l: = char

read_char i2 | ehar (in $vi]

open | $20 = filename (string), | fike descriptor (in $a0)

13 $al = flags, $a2 = mode

read 14 $30 = file d-&s::-'ii::mr. 'nur_ﬂ chars read (In
$al = buffer, $a2 = length al)

write . $a0 = file descriptor, 'nur_n chars written (in
¥al = buffar, $a2 = length ral)

clase 16 $al = file descriptor I

exitd i7 $al = result

PR DR JEFF
SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024

MIPS ———
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Services 1 through 17 are compatible with the SPIM simulator, ether 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

$al = address of
null-terminated string that
1s the message to user
$al = the type of message
to be displayed:
{0 error message, indicated
by Error icon

. l: information message,
MessageLialog 33 indicated by Information
1con
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—like services through the system call
program loads the systemn call code (see the figure above) into register $v0 and argur
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
- li # system callfnr print str
¢uwm§?’1a Sal, str #Iaddresslﬂf string to print
[syscall] # print the string
11 Sv0, 1 # system call code for print int
1li $al0, 5 # integer to print
Isyscalll # 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 print £ 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 Sal, $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 angd 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 "%4"

. text .Macro

print_int{ Sarqg)
T sau, int str # Load string address into

# first arg

mov 3al, Sarg # Load macro's parameter
# (Sarg) into second arg
# Call the printf routine

v

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 shody. Then the assembler replaces the call with the macro's newly
expanded body. In the first call ofjprint_int, the argumentis $7, o the macro expands to the code

la $a0,_dnf str

mov Sal,

jal prin

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

la $%a0, gapt str
mov $a1,
jal prin

What does the calllprint_int.: $a0 }I expand to?

Answer

la $al, ok, str
mov Sal,
jal print
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Tools Help
v Show Labels Window (symbol table) , : ~ Run speed at ma
. Program arguments provided to MIPS program I 1@ @ @ @ @J

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

Assemble file upon opening
Assemble all files in directory
Assembler warnings are considered errors

Initialize Program Counter to global 'main’ if defined

v Permit extended (pseudo) If set, assembler will initialize Program Counter to text address globally labeled 'main’, if defined.
, ’ S i ,

.globl jnain
. text

main: .globl Declare the listed label(s) as global to enable referencing from other files
HtranvartT havy Tn fdaoar T(I11ca 11TRnrnl Tand Tnnnl



CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP122

Lab

Dr Jeff

Hello World

MIPS

DR JEFF
SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024



DR JEFF

CSUN : . ahal) Pl
STATE UNIVERSITY © Jeff Drob
= Comparison: “Hello Wor
COMP122 lab 1 —
#include <stdio.h>
C vold main (void) {
printf (“Hello world!
}
#include <iostream>
C++ volid main () {
std::cout << “Hello world!
}
public class helloWorld {
Java public static void main (String[] args)
system.out.prin ("Hello world!”);
bl
Javascript | //myfile.js

Console.log(“Hello world!”);

Python Print “Hello world!”
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20 END

Public Sub Main()

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

DOS gecho Hello World! script (for console)
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<?php » all console
PH P print "Hello world!";
o

.model small

X86 .8tack 100h
Assembly .data
meg db 'Hello worldlS®
.code
start:
mov ah, 09%h
lea dx, msg
int 2lh
mov ax, 4C00h ;
int 2lh

end start
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1 /* CSUN COMP110 header
2 student: Jeff Drobman
3 ver date: 2-4-21
4 file: Hello.java
5 Lab 1: Just Hello
6 */
7 //imports
8 import javax.swing.*;
9 //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|
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Standard C Implementation

Atraditional 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++

" =
Lc| HelloWorld.cpp &2

Vs

i

Hame : HelloWorld.cpp
S Buthor :
S Wersion

S Copyright ! Your copyright notice
// Description : Hello World im C++, Ansi-style
£

finclude <iostreams>
nsing namespace std;

int main() {
cout << "!!11Hello World!!!"™ << endl; /,/ prints 111!}
retorn 0:

H
JHD-HelloWe... &5 makefile objects.mk sources.mk 2, =
L L o9 L&
i e e e
iew Menu |Mame : JHD-HelloWorld.cpp
Author : JHD

£/ Version

// Copyright  : copyright JHD

Jf Description : Hello World in C++, Ansi-style

la
11
12=int main() {

13
14
15
16

#include <RI}

using namespace std;

cout << "!!IHello World!!!™ << endl; // prints !!!Hello World!!!
return &;

¥
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#include <iostream>
using name3pace 3td;

int main () {
/f Say HelloWorld five times
for (int index = 07 index < 5; ++index)
cout << "HellcWorld!'"™ << endl;
char input = "i"';
cout << "To exit, press
cin >> input:;
while{input '= "'m") |
cout << "You just entered "™ << input << "'. "
<< "You need to enter 'm' to exit." << endl:;

cin >> input:;

"m' then the "Enter' key." << endl:;

}

cout << "Thank you. Exiting."™ << endl:
return 0;
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»=> print "Hello World!"
Helle World!

e e

Last login: Fri Aug 13:38:24 on ttysoae

Jeffreys—-MacBook-AXr:~ jhdphd% python

Python 2.7.10 (dpgfault, Aug 17 2018, 17:41:52)

[GCC 4.2.1 Comp@tible Apple LLVM 18.8.8 (clang-18€@8.8.42)] on darwin
"credits" or "license" for more information.

==> print "Helleo World!"
Hello World!

A. HISTORY OF THE SOFTWARE

Python

T I

Python was created in the early 1998s by Guido wvan Rossum at Stichting
Mathematisch Centrum (CWI, see http://www.cwi.nl) in the MNetherlands
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
Mational Research Imitiatives (CMRI, see http://www.cnri.reston.va.us)
in Reston, Virginia where he released several versions of the
software.

In May 2880, Guido and the Python core development team moved to
BelOpen.com to form the Belpen PythonlLabs team. In October of the same
year, the PythonlLabs team moved to Digital Creations (now Zope
Corporation, see http://www.zope.com). In 2881, the Python Software
Foundation (P5F, see http://www.python.org/pst/) was formed, a
non—-profit organization created specifically to own Python-related
Intellectual Property. Zope Corporation is a sponsoring member of

the P5F.

A1l Python releases are Open Source (see http://www.opensource.org for
Hit Return for more, or g (and Return) to quit: [
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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 32
W 01010111 | 57 87
0 01101111 | 6F 111
r 01110010 | 62 98
1 01101100 | 6C 108
d 01100100 | 64 100
NUL 00000000 | 00 0




CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP122

Assembler Endian

N DR JEFF
SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024

ARM Gnu Lab1 —

est address. Some processors, such as the ARM, can be configured as either little-endian or big-endian.

The Linux operating system, by default, configures the ARM processor to run in little-endian mode .

Address Contents
{Base 16) (Base 2)
Address Contents :
(Base 16) (Base 2) ‘
00439000 ...00000000
: . 0043BFFC|01110010011011000110010000100001
00433000) 00000000 0043BFF8/01101111001000000101011101101111
0043BFFF|00100001 0043BFF4§01001000§11001010110110001101100
0043BFFE[01100100
0043BFFD|[01101100
0043BFFC|01110010 (B) Viewed as 32-bifjbig-endian| words.
0043BFFE[01101111
O043BFFA[01010111
0D043BFF9(00100000 Addrese Contents
Q0043BFFS8(01101111 (Base 16) (Base 2)
0043eFF (01101100 . :
0043BFF4(01101100 :
oo43eFFdlo1100101 00439000 «« QO000000
oo43srFdl01001000 0043BFFC|00100001011001000110110001110010
043BFF8[01101111010101110010000001101111
- : 004 01101100011011000110010§01001000
(A) Viewed as bytes. :
(C) Viewed as 32-hil| little-endian Iwnrds.

FIGURE 1.6 A section of memary.
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Requirements
s*Assemble into .data seg

J “Hello World\n”
J <your name>

**Print on Console & GUI
d “Hello World!”
d “Hello <your name>"

**End program
J Use “done” macro (optional)
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OUTPUT

—--==]GRASP exec: Java LablHellol22Z
Hello World!

--=-=]GRASP: operation complete.

i Message

Hello World!
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Console prints _
——mo——
Hello World 1 S Hello World '
Jeff D | | = |

Hello World f t

Jeff D ok

—— program is finished running —

Hello Jeff D
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Termination
5 .macro done {mm define
6 Lli %$vo, 10
7 syscall
8 .end_macro

34 nop # extra
35 done <{mm use
36 break @ # System.exit(0){mm Don't use

> Considered an “error”
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1 ## Hello World
2 ## by Jeff Drobman Header
3
4 .data . )
5 hello: .asciiz "Hello world”  Static data \n - newline
& &
7 text
8 lwsilhello  CODE Load-Store
9 sw 5tl,hello
a

Assembled Code

lext Segment

Bkpt Address Code Basic Source
0x00400000 @x3c011001|lul $1,0x000Q01001 j: 8: lw $tl,hello
@x00400004 OxB8c290000|lw 39, 0x00000000(%1
0x00400008 @x3c011001 Lui $1,0x00001001 9: sw $tl,hello

0x0040000c 0Oxac290000 sw $9,0x0O0O0OR0A(51)
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Text Segment
Bkpt Address Code Rosis Source
8: lw $t1,hello
9: sw $tl1,hello
0x0040000c @xac290000 sw $9,0xDO0RQ00R(51)
Static data ,
@ Data Segment
Address WValue (+0) WValue (+4) Walue (+8) WValue (+c) WValue (+10) WValue (+14) Value (+18) WValue (+1c)
Ax10010000 1 1L e H o W o e d Lo AR Y IR AR IR IRY A0 B AD AND A0 WE \D AD A0 B AD AND
Ax10010020 WO W0 B A\D WO OAD \D AD WO OAD \D AD WO A0 D AD WO OAD \D AD WO OAD \D AD WO A\ A\D AD WO OAD \D AD
Ax10010040 AR Y IR AR IR IRY AR IR IRY A0 WD D AD A0 B AD AND A0 B AD AND A0 WE \D AD A0 B AD AND
Ax10010060 WO W0 B A\D WO OAD \D AD WO OAD \D AD WO A0 D AD WO OAD \D AD WO OAD \D AD WO A\ A\D AD WO OAD \D AD
Ax10010080 AR Y IR AR IR IRY AR IR IRY A0 WD D AD A0 B AD AND A0 B AD AND A0 WE \D AD A0 B AD AND
Ax10010020 WO W0 B A\D WO OAD \D AD WO OAD \D AD WO A0 D AD WO OAD \D AD WO OAD \D AD WO A\ A\D AD WO OAD \D AD
Ax100100cH AR R IR AR IR IRY ] AR IR IRY ] A0 WD D AD A0 WB AD D A0 WB AD D A0 AWE D AD A0 WB AD D
@« B 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII
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Use: Syscall 55 ’ S, Hello World h

. . , ekl
$a0 = address of _ )
null-terminated string that
1s the message to user .
$al = the type of message #output GUI msg
to be displayed: L1 $v@, 55 #6UI msg code
{): error message, indicated la $a@, hello
}ib}f_E;'mr icon i $al,1 #msg type Is infc
. : information message,
MessageDialog 33 indicated by Infﬂrmaﬁun syscall
1con
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 ﬂmatput GUI ms;.u
47 I msg coae o Hello World i
48 [la $a0, hello => | |= |
49 |li %$al,l1 #msg|type is info i |
58 syscall : f

ﬁ A

\
@ Data ent
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Va

Bx10010000 * k = = "0 \n = = L 1L e H o W o vaod Lor
0x10010020 u p n I t s t g n 1 F ALY IAY ALY Y

@x10010040 AL Y NN W8 AB \@ N\ AL Y RN Y W8 AG \@ A\ AL BRI AN
@x10010060 W AB AB D WO AB AB AD O OAB D AD W8 A\B \D D WO A\B AD ND
@xleeleese A8 OB AR AD WO OAB AB A\D O OAD AD AD 8 A\B \B D WO A\B AD MO
@x10010020 AL BN W8 AB \B N\ AL Y RN Y W8 AB \@ A\ AL BRI AN
@x100100ch A8 OAB AB D WO AB AB A\D O OAD AB AD W8 A\B \B A\D WO A\B AD ND
@x100100e0 A AD AR AD WO AB AB ND O OAD D AD W8 A\B \B A\D WO A\B AD MO

MW A Ml L L T ] LU T T T A LU LA I ] L T I LU T A T A ]

- B 0x 10010000 (.data) E Hexadecimal Addresses Hexai
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@@ Lab 1 -- Hello World

@ @ by Jeff Drobman

@ @version: 1D >3:57 PM 11/14/2019
(O —

@define

.equ exit, Ox11

.equ print, 2

@ macros

.macro done

Swi exit

.endm

@ @---data---

.data

hello: .asciz "Hello World\n"
.align 2 @align to word
name: .asciz "Jeff D\n"
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@--print on console using "@syscall=SWI"
|dr rO, =hello

SWI print

|dr rO, =name

SWI print

|dr rO, =heap @print entire string in heap
SWI print

@output GUI msg

mov v1, #55 @ GUI msg code
|dr al, =hello

mov a2, #1 @msg type is info
svc 55 @syscall

@______

nop @example

done @macro for exit
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LaYNTaX uniried

.global main

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

push {ip, 1r}
@ Load the argument and perform the call. This is like]'printf("...")}"' in C|
ldr r0, =megsage

bl printf Call printf

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

mowr

@ Pop t dummy ip to reverse our alignment fix, and pop the original lr
@ valug directly into pc — the Program Counter — to return.

pop {ip, pc}

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

gcc -o hello world hello world.s
5 ./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-1linux-gnueabi-
gcc — and then copy the output binary to an Arm target before running the program itself.
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It wil v 4 j
®
f | i
- e s I &1
¥ " s ;
Mo ¥ ra, Pl fa | il
LISTING 2.1 "Hello World® program in ARM assembly
i1 i [ ] = mor
i
etu
LISTING 2.2  "Hello World® program in C.
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WEM LAY |
Addd e
[ AB65ALE t
F0RF
.'4:|'. 404
4
[
i
B
E
4 LU0 Pl i
104 Mg

page
1
4 "Hello Harl "
Jdext
globl mal
& This thie EEInn ] f =k i
t Wil print Hel World = and ther
®
stmfd cpl.l1r] @ push return address ont
ldr rld, =str @ load pointer to format :
printf @ printf("Hello World
mow rl, #0 & move return code into ro
1 dmfd spl.[1r)] @ pop return address
mow pCs: IT ® return Trom mair

page 2

data:0000000000000000 str
. Eax t: 0000000000000000 main
. text: 0000000000000000 $a

Lext:0000000D0000001E $d

UNDEF INED SYMBOLS
T nef

2016-2024

ARM Gnu Lab1l —

LISTING 2.3

"Hello World® assembly lsting.
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.data

i: word 0 static int i = 0;

j: Lword 1 gtatic int j = 1;

fmt .a5ciz  "Hellokn” static char fmt[] = "Hello\n";
ch: byte PR AR gtatic char ch] = {'A",'B',0};
ary: LWord 0,1;2,3:4 static int arv[] = {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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VVOrg Jize |

00001000 |5 168 | | 326
30001000 03 00 AO E3 80 10 9¥ E5 00 20 91 E5 01 39 AO B3 11 00 .. &...A. .A.9 A..
0001012 00 EB 02 00 AO E3 70 10 9F E5 00 20 91 E5 OD 00 00 EP .&.. &p..A. .& ..&
0001024 68 00 9F BS 02 00 00 EF 58 00 9F E5 02 00 00 EF 54 00 h..A...1X..A...AT.
0001036 9 ES5 02 00 00 EF 01 09 AO E3 02 00 00 EF 37 40 A0 E3 .A...i. A&...170 &
0001048 3C 00 9¥ E5 01 10 A0 E3 37 00 00 EF 00 ¥O 20 B3 11 00 ...A.. &7..1.08 A&..
J000105A 00 EF 00 50 A0 E3 00 20 83 E5 04 10 81 B2 04 30 83 E2 .X.P &. .A...A.0.4
000106C 00 20 91 E5 01 50 85 E2 01 00 40 E2 00 00 50 B3 FP7 FF . .A.P A4..0A..PA.y
J000107E FF CA 1E FF 2F E1 00 FO 20 E3 1E FF 2F E1 A0 10 00 00 yB.y/4.8 &.9/4 ...
30001090 B0 10 00 00 98 10 00 00 3D 3D 2A 2A 3D 3D OA 00 48 65 ..........**, . .He
J00010A2 6C 6C 6F 20 57 6F 72 6C 64 OA 00 00 00 00 47 61 62 65 llo World ....Gabe
70001084 20 4D OA 00 54 79 70 65 20 49 6E 70 75 74 3A 00 81 81 M .Type Input:...
J00010Cc6 81 81 81 81 81 81 81 81 81 81 81 B1 81 81 B1 81 B1 Bl .......civvennnnnn

VWG e

| 00004000 9 168 | 326k
00004000 4B 65 6C 6C 6F 20 57 6F 72 6C 64 0OA 47 61 62 65 20 4D Hello World Gabe M

00004012 OA 00 B1 B1 B1 B1 B1 B1 81 81 Bl B1 B1 81 81 Bl B1L Bl .....uivicnnnnnnna ‘
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perfect/very good, and

1. Loop-- good use of "cmp" to set up branch.
2. GUI output: what happens when you execute SWI 55?7 You used reg “v1” but there is no
such ARM reg.

Svc 55

Cmp al, #0
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Requirements

* Addto Lab 1

J GUI Input <your name>
= Check input sub (optional)

J Copy “Hello World!” (use loop)

from data seg =2 into heap seg

= Use “lw, sw” pairs
d Print heap seg on console
J Print both strings in GUI box (code 59)
J Create & use “done” macro
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//INPUT
String name = JOptionPane.showInputDialog(prompt);//GUI box
/ /echo

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

!

—===JGRASP exec: 7java LablHellol2Z2

Hello World!
Hello Jeff
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Lab 2

##add: sub, GUI IN: prompt+INbuf

#register map:

#$al=string data, $aZ2=string ptr, $a3=heap ptr
#$a0=1loop count (N)

.data

hello: .asciiz '"Hello World\n"

.align 2 #align to word

name: .asciiz "Jeff Drobman\n"

.align 2 #align to word

prompt: .asciiz "Input your name:"

.align 2 #align to word

ovfl: .asciiz "Error: max length exceeded!\n"
#define

.eqv heap, 0x10040000

.eqv mask3,0xff000000

.eqv hello_len, 3

.eqv name_len, 4

.eqv in_buf, 0x10040020 #input buffer

e ___ -
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1
2
3
4
5

7
8
9

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

IO/ /main class
puhlic class TLablHellonl22 {

DR JEFF
SOFTWARE

Java version of Lab 2

/* CSUN COMP110 header
student: Jeff Drobman  Header CODE
ver date: 1-16-21

file: LablHellol22.7java
Lab 1A: Hello basic

*

//imports

import java.util.*;
import javax.swing.*;

//static global DATA
static String hello = "Hello World!"; Static data
/imain method
public static void main(String[] args) {
//simulate a "heap" = dynamic DATA segment
char[] heap = new char[1000]; //reserve 1000 bytes
char[] charHello = hello.toCharArray();

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

/ /QUTPUT Output
System.out.println(hello);//console
JOptionPane.showMessageDialog(null, hello);//GUI box

}//end main method
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® Coproc 1 Coproc 0
Address Walue (+00 Walue {+4) Value [+
Ax12A10200 1T 1T & H o W ] b1 Name Number Value
Bx18010829 CRURUERY: LRI RY:] @
x180108.40 CRURTRY R R R $zero a dxeeo00n0e
Bx1@n10860 LT IR IR Y N8 @ e i) £at 1 Bx=10048008
Bx 18010880 (LR RURY: @
Bx180108a0  \@ \0 \B \@  \D \B \@ svo 2 0x2000000a
Bx12A108cn RY IR RY: LCRCRY: \@ svl 3 Bx00022000
£a@ 4 Bx1l0040000
& &  |ox10010000 (.4 Tal 5 X 00000000
sa2 ] Bx00000000
Load $a3 7 2x00000000
£t0 8 Bxeo000000
£tl 9 Bx6666654a
$t2 10 Px10010018
Store £t3 11 Bx1004000c

T

[ ===

B 18240089

>
v -
L 1 & H ] ;; (i} |\E

fx19840028
fxlde40048
010040068
fx10040060
B 10240020
fx19@400ch

VOB AD D
\B AR AD D
WB AR A AR
\D AR D N\D
\B A8 D \D
O AB NDAD

s I 4

ALY
\B AR
LU
\D A\
LU R
A\ AR

ALY
\B AR
ALY
\B A\
\B \@
ALY

\E
W
\E
W
AL
\E

0x 10040000 theap)
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i Hello World

## by Jert Drobman

it

ftregister map:

#itl=string data, $tZ=heap pointer
.eqv heapHi, @x1084

.data Setup (init static data)
ftheap: @xl@adosas

hello: .asciiz "Hello Worldyn"
« LBXT

#istore word 1 1n heap

w $t1, hello Code
lui $t2, heapHi

sw $tl, (5t2)

istore word 2 1In heap
1w $t1l, hello+d

add $t2, $t2, 4

=t

[y
~ O e L R

#print on console using "5Sysca
11 $v@, 4 #print code=

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

nop #exira

break @ #System.exit(@)

o L |k = = WD

Pud Pod

Mars Messages | UE e

Hello World
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lext Segment
Source

Bkpt Address Code Basic

0xPQ400014 Px8c290004 1w $9,0x00000004(%51)

0x00420018 0x21420004 addi $10@,%510,0x0000... 17: add $t2, $t2, 4
@x0040001c 0xad490000 sw £9,0x00000000(%10) 18: sw $tl, ($t2)
0x00400020 0Ox24020004 addiu $2,%0,0x00000004 20: 1i $v@d, 4 #print code=

0x00400024 0x3c011001 lui $1,0xP0001001 21: la %a@, hello #address (pointer)

2x00400028 0x34240000 orli $4,%1,0x00000200

0x0P40002c BOx0BAAABAC syscall 22: syscall

2x00400030 0x000002080 nop 23: nop #extra

0x00400034 0x0000000d break Dx00000008 24: break @ #System.exit(@)

@ Data Segment

Acld-a:—‘ﬁhe(—ﬂ} Ligteem=t 2 (+8) Value (+c) Value (+10)

2x10840000 1L 1L e H o W o ‘L-]\B AT Y \DOAB N N AL Y]
0x10040020 AU IR IR AR RN ) \@ \@ N\ O \@ \B N N\O \@ A0
0x10040040 AU AR IRV BN ] AT BT BN ] AU AR BN BN AU R IR Y] AR
Bx 10040060 \@ N NG N\O YO \B \B N8 \@ \B \@ \O \@ \B N O \G A\
0x10040080 AU IRV BN ] AU BT BN ] AU RN BN BN W0 NG A\D N\D AU
0x100400a0 \@ \D N N\O Y@ AR AR D \@ A8 O D @ \B N MO \@ D
0x100400c0 NG A\D A\D \D @ A8\ e @ \@ D \D @ \e D \D \@ e

& I:-'L}-l 0x10040000 (heap) |B 2 Hexadecimal Addresses

Heap

Mars Messages |G AE

Hello World
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Bkpt Address Code Basic Source

Bx00400024 Bx24020004 addiu $2,$0,0x00000004(E0: 1i $v0, 4 #print code=

0x00400028 Bxﬂcﬂllﬂﬂl‘ (Ul $1,0x00001001 FEB: la $a@, hello

0x0040002c Bx34240000)0r1 54,51,0x0000000

Px00400030 0xPOPOAAAC syscall 21: syscall

Bx00400034 0x3c011001 lui $1,0x00001001 23: lw $t3, test #test "ABCD"

Ox@0400038 BxBc2boddd \w $11,0x0000000d({$1)

0x0040003c 0x21420004 addi $10,310,0x0000... R4: add $t2, $t2, 4 #heap ptr

Ox00400040 Bx01402020 add 34,310,350 %: add $a@, $t2, $zero #5t2->%ald

Bx00400B44 BxacBbO0ed sw $11,0x00000000(54) 26 sw $t3, ($a@) #heap

@ Data Segment

Address Value (+0) Value (+4) Value (+8) \ Value (+c) Value (+10) Val

@x10010000 L 1L e H o W wnod L C B AN @ N\e Ne D
Bx10010020 AU IR IR IRY: AR AR IRY WO A\D D AU IR R R IR Y
Bx10010040 W8 A0 A\ D AU BRI Y AT Y BN Y AU R BN BN AU B
0x10010060 WO \G A\ A\D O AB NG ND AU BN AU IR BN A AU IR
Bx10010080 W8 NG N A\D AU BRI BN AU Y BRI AU R BN BT AU IR
@x100100a0 W8 \Q N A\D "B A\@ NG AD @\ NE AD AU R BN AR AU BN
Bx100100c0 WO A0 A\ \D O B N ND AU Y B AR AU IR BN B AU BRI

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

\

Runtime exception at @x@@480838: fetch address not aligned on word boundary
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Patterson & Hennessy
PARTICIPATION . .
ACTIVITY 2.7.3: Compiling a C while loop.
m 2% speed
Test FIRST
while

while (x ==vy) {
/l Loop body

Loop: bne $s0, $s1, Exit
# Loop body
j Loop

Exit:
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Loop: Hello

Java For Loop

Assembly

loop:

bgtz

28
29
30
31
32
33
34
35

Lab 2 —

//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 $t3,5t3, 4
lw $t1, ($t2) #next word
subi $t@,$t@, 1 #decr count
bgtz $t@,loop # !N and !Z
#end Loop

Test LAST
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parTiciPaTION | 2.7.1: Example of compiling if-then-else into cond Patterson & Hennessy [) Figure
ACTIVITY 2.0).

if(i==j)jf=g+h;elsef=g-h;

e S

bne %83, $s84, Else # go to Else if i = j

add $s0, %31, &s2 # £E=g + h (skipped if i = j) f=g+h f=g-h

i Exit # g0 to Exit

Else: sub $s0, %81, $s2 # £ =g =-h (skipped if i == jj)

Exit: )
Exit: l
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1 ## Lab 1B —— Hello World
2 ## by Jeft Drobman
3 ##version date: 2-4-28 _%% ﬁﬂﬂd I'-ﬂﬂﬂ|i
4 {##add: header, loop, macro, GUI out name —= neap
5 #register map: 28 1w $tl, name #data ﬁ? Add name
6 #$tl=string data, $t2=string ptr, $t3=heap ptr 29 la $t2, name #pir s
7 #s3t@=loop count (3) 30 sw 5tl, {§t3} #heap
3 ##version: 1B- [oop =>18-18-19 31 #--end write to heap _ _
4 .data ' 32 Fo—print On CONSOLE Using "Syscall
5 header: .asciliz? ":::#:1-:::"-‘”" 33 lj- $"-Ir@', 4 #,ﬂ‘.riﬂf ctr rode
6| .align 2 #align to word 34 la $E${ header
7| helleo: .asciiz "Hello Worldin" 35 {?EEEE el
g .align 2 #align to word 36 la $Eli ello
9 name: .asciiz "Jeff\n" 37 sysca
18 #defline 38 1la %$a@, name
11 .eqv heap, 0x10040000 39 syscall | | -
12 .text 4p la $a@, heap #print entire string in heap
13 #setup Loop: ctr=5td _ﬁ% izztﬂll
1i $t@, 3 #N=3 (not 2! - _
}g #infr { ! 43 11 $v@, 10 #stop code
16 1w $t1, hello #data syscall #stop _ |&=3 done
17 1la $t2, hello #ptr 43 _#break @ #5ystem.exit(d
18 la $t3, heap #0x18848080
19 |#loop for Hello imacr; dige# . ,
20 | loop: sw $t1, ($t3) #store iIn memory: heap S;Eigli #5?03 op coade
21 |addi $t2,%t2, 4 #adjust ptrs k== |00p ¥ d macro

22 |addi $t3,5t3, 4

23 | w $t1, (%$t2) #next word
24 |subi $t@,%t@, 1 #count——
25 | bgtz $t@, loop
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Coproc 1  Coproc 0

Mame Number Value

$Zero ] Ax00000000

fat 1 @x 10040000

v 2 @x 00000002

vl 3 @x 00000000

$ail 4 @x10040000

Tal 5 SEUGLLEEEEELED

a2 ] @x 00000000

$a3 7 @x 00000000

5t ] Bx00000000

$tl g @xbB666654a

$t2 10 @x10010018

5t3 11 @x1004000C
beq $t1,$t2,label Branch if equal : Branch to statement at label's address if $tl and $t2 are equal
bgez $tl, label Branch if greater than or equal to zero : Branch to statement at label's address
bgezal $tl, label Branch if greater then or equal to zero and link : If %tl is greater than or eqgua
bgtz $tl, label Branch if greater than zero : Branch to statement at label's address if $tl1 is gr
blez $tl1,label Branch if less than or equal to zero : Branch to statement at label's address if
bltz $tl, label Branch if less than zero : Branch to statement at label's address if $tl is less
bltzal $tl1, label Branch if less than zero and link : If $tl is less than or equal to zero, then se

bne $tl,%t2, label Branch if not equal : Branch to statement at label's address if $tl and $t2 are n
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Text Segment Labels
Bkpt Address Code Basic Source Label Address &
@x02400000 0x24080003 addiu $8,%0,0x00000003 14: 1i $t@, 3 #N=3 (not 2!)
0x00400004 Bx3c011001 lui $1,0xPOR01001 16: 1w $t1, hello #data
@xP0400008 BxBc290008 lw $9,0x00000008(51)
@x0040000c Bx3c011001 lui $1,0xPOR01001 17: la $t2, hello #ptr
0x00400010 Bx34220008 orl $10, 51, 000000008

mips-LablB.asm

loop AxP040001c
header Ax10010000
hello 0x10910008

0x00400014 0x3c011004 lui $1,0x00001004 18: la $t3, 0x10040000 #0x10040000 name Dc1oh10018

000400018 Bx342b0O00O0 ori $11, 51, 0x00Q200000
0x0040001c Bxad690000 sw $9,0x00000000(511) 20: loop: sw $tl, ($t3) #store in memory: heap
0xB0400020 Bx21420004 addi $10,$10,0x0000... 21: addi $t2,$t2, 4 #adjust ptrs

| Data |+ Text

[ ] Data Segment
Address Valuyealal Malue Lid Malup (LR Malue L) Malup (+10) Walue (+14) Walue (+18) Walue (+1¢)
Ax10040000 1 1L e H o W o “nod 1o f f e 1 O AE D NG @ AB D ND WO AD ND ND WO AD NO N
Ax10040020 BT Y Y Y 8 A8 D M\ \@ A8 A\D N AL IR RN Y- ] AU R N Y]
@ a

@x10040040 OB AD A, O OAD AR AD AR AD AR AR AD A WO AD AD ND O AR AD MO O A2 D ND O AR AD AN
2x10040060 8 N8 ND AD 8 NG ND NB 8 N8 \e B AU Y RN Y A A G ND \B N ND ND B NE D ND B N N AD
@x10040030 8 N8 N\D B 8 N8 he A8 8 N e A8 8 W D B 8 N @ ND B N Ne ND W N e \D B N e AB
0x100400a0 8 N8 N0 \D W8 N8 N0 \B W8 N8 \D B W8 N \D B LB A D ND 8 N D ND Y8 Ne D \D W8 N AD AD
@x100400cd B N N\O AR 8 N Ne A8 8 N e AR 8 N \D B \@ N B \D B N Ne ND B N N8 \D B N N8 AD

€| B 0x10040000 (heap) B ) Hexadecimal Addresses [ Hexadecimal Values [ ASCII

Mars Messages [0 iAe)

=——o——

Hello World

Jeff

Hello World

Clear Jeff

—— program is finished running —-
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**Simulating a Heap

11 public class LablHellol22 {
12 //static global DATA

13 static String hello = "Hello World!";

14 static String name = "Jeff Drobman0"; //asciiz

15 static String prompt = "Input name";

16 //main method

17 public static void main(String[] args) {

18 //simulate a "heap" = dynamic DATA segment

19 int size = 1000;

20 char[] heap = new char[size]; //reserve 1000 bytes
21 char[] charHello = hello.toCharArray();

22 char[] charName = name.toCharArray();

23 int ix = 0; //heap index
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COMP122 Java While Loop Indefinite Lab2 —
30 //indefintite op for var-length name (until 0 char)
31 int ix2 = 0; 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 UselB, SB

v' Check for null 0
bgtz
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COMP122 Java While Loop Lab 2 —
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

- =-=-=7GRASP eXec: Java LablHellol22
Jeff Drobman@

Hello World!

Heap=

Hello World!>Jeff Drobman<end heap>
Howdy jd
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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 }

What’s this? A Branch Table Case Switch

18 .eqv cNum, 2 #case 1

— ey — [ —
#-a.a.'.:'- Aonh e E el b

check: nop 48 #check: Case= 1 or 2
beq $al, -I, cancel 49 11 %s0,cNum #£s80 =—cNum
beq $al, -3, nodata 50 beq $s0,2,casel]

beq §al, -4, exceed 51 #Helse

jr §ra 52 casel:
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58 casel:

50 la $t5,24(%$t3) #leave a gap in heap of 24 bytes
60 sb $tl1,($t5)

61 lbu $t4, ($t5)

62 beqgz $t4,exit #test byted=0
63 srl %t6,%$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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Java write_heap($Sa0,Sal, Sa2,5a3);

Assembly i

58 done #macro for exit
59 #end of main
60 #subroutine: write String to heap($aé@..$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 \w $al, ($a2) #load next word
66 subi $a@,%a@, 1 #count—
bgtz 67 bgtz $a0, loop
68 #return
69 jr $ra return

—_—

loop:
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1 ## Lab 1C — Hello World
2 # by Jeff Drobman
3 #version: 1C- Loop >9-22-20
4 ##add: sub, GUI IN: prompt+INbuf S
5 ﬁkegisfer map:
6 [|#$al=string data, $al=string ptr, $a3=heap ptr
7 |#$ab=loop count (3)
8 .data
8 .data
9 header: .asciiz "'==sk==\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| .eqv heap, @x10040000
17) .eqv in_buf, @x18040020 #input buffer
18 #macros
19 .macro done
20 1li $v@, 1@ #stop code
21 syscall #stop

22

.end macro

DR JEFF

¥ | SOFTWARE

MIPS Lab2 —

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024
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23 #code Setup args
24 Teyt
25 | #args(4) $a@-$a3 for call|"write_heap"
26 | li $a@, 3 #N=3
27 | lw $al, hello #data args
28 | la $a2, hello #ptr [ 620, 8a3
29 | la %$a3, heap #0x10040000
30 | #call sub for hello Sub
31 Jal write_heap ca|L '
32 #name —> heap 76 wr 1te_heap:
gi ::i ii ﬁaﬁf;’:idm 77 loop: sw $al, (%$a3) #count N= $abd
35 la %aZ?, name #ptr 78 addl $a2, $a2, 4 #adeSt pi'r‘s
36 #$a3—>heap has been updated 79 addi $a3,%$a3, 4
37 #call sub for name
38 jal write heap CALL 80 1w $al, (%$a2) #load next word

39

#—end write to neap
Sra <- PC

81 |subi $a0,%$a0, 1|#count—
82 |bgtz $a0, loop
83  Frefturn

84 |jr $ra
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Output
[ JDptiBnPaﬁe.shnwﬂessaéenialnq{null, msq) ;

i SPIM code

46 #Houtput GUI msg
Assembly 47 1i $v@, 55 #GUI msg code

48 1la $a0, hello 33
49 1i $al,1 #msg type is info
50 syscall
Input
//INPUT

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

-

51 #INput GUI msg

52 1i $v@, 54 #GUI msg code 54
53 la $a@, prompt

54 la $al, in_buf

55 1i $a2,20 #max input length

56 syscall

Assembly
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» Add this e Input
' Input string: !
| = try this! |
Use: Syscall 54 =
|
ﬁ I Cancel ﬁ
|
See Service 8 note below table
$a0 = address of $al contains status value
null-terminated string that | 0: OK status. Buffer contains the input string.
1s the message to user -2: Cancel was chosen. No change to buffer.
InputDialogString 54 |$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

E2 L1 'E-'Ia'ﬂ, &4 #GUI msg code
53 la $a@, prompt

54 la %al, in_buf

55 11 $a2,20 #max input Llengt!
56 syscall
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4 .data ——

5 header: .asciiz "==w==\n" o Input

& .align 2 #align to word

7 hello: .asciiz "Hello World\n" A

g8 .align 2 #align to word Input string:

9 name: .asciiz "Jeff D\n" — | Test this| | '
1& prompt: .asciiz "Input string:" — |
11  #derine '
12 .eav heap, Bx1@040000 |
13 .eqv in_buf, 0x10040020 #input buffer Cancel _

.eqv |in_buf, @x10040020 #input buffer INPUT BUFFER
| \ / M
54 ‘ Address Value (+0) Value (+4) Value (+8) W
Bx10040200 1 e H o W o ood 1o
51 #INput GUI msg |mmmaaza| e T \@ \@ \n
52 1i $v@, 54 #GUI msg code BRI BAY AR EAY IR B Y
53 | la a8, prompt 0x10040060 @ AB AD N\ N8 AN ND AD Y8 AR A\D N\D
54 | la $al, in_buf Px10040080 @ A0 \D \D \@ A0 \2 \0 YO 0 \0 \0
55 | 1i $aé 20 #max input] length Ax10040020 WO AD D N\D \@ A\B \D N\D YO AD D \D
56 syscall 0x100400ch \BOAB ND ND W8 OAD ND A \@ AR D N
‘ 0x100400ed @ AB AD N\ N8 AN ND AD @ A\ AD N
‘ & | B 0x10040000 (heap) B

)\ DR JEFF
SOFTWARE
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What'’s this? A Branch Table

1nput
107 check: #Sub entry point

108 Dbeq %al, -2, cancel
1058 beq %al, -3, nodata
110 beq %al, -4, exceed

111 Jr 5ra

106 #HCh1eCKs




CSUN B8 e
MIPS Code Puzzle

COMP122
4| OnlineGDB bet2 B sendbird — Sendbird Calls Voice API & Video API: Increase in-app engagement with voice and video
anline compiler and debugger for c/c++ & Fork this > Run
. main.S
code. compile. run. debug. share. —

sw $t4, 0(%tl)
11 $t4, 0b00ROVGOR # turn off all leds
My Projects sw $t4, 0(%tD)

Classroom new

Learn Programming switch_3:
1i $t4, 0bGOGVOGA1 # turn on first led
Programming Questions 4 41 a4
Sign Up sw $t4, 0(%tD)

Loain shift_t4: #loop to make cycle through all & LEDs
. s11 $t4, $t4,

goo FEGES
beq $t4, $@, end # put END condition FIRST to avoid looping infinitely

Jump_shift_t4:
< j shift_t4

end:

j end While(true)

nop

SLEEP/WAIT
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Requirements
**Input 3 digits each (assign)
1. Hex number

2. Decimal number

3. BCD (un-packed) number
s*Process

1. Convert Hex = Decimal (as subroutine)
**Output

d GUI message (lab title)

d Console

1. Hexto Dec Conversion

s*Code

1. Use “done” macro

2. Convert all I/O code into subroutines

3. Complete “check” subroutine (add branch table)
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COMPHZ‘ Construction
4 / O
d GUI

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

d Console
1. Create subroutines for each print (1, 4)
s Strings
1. Add title string
2. Keep your prompt & error strings from Lab 2
3. Delete other strings (Hello, name)
*Eqv
1. Keep pointer to heap
2. Keep pointer to input buffer (for 54)
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Radix: Binary to Decimal -

Manga Guide —
EXPRESSING NUMBERS IN BINARY

EIGHTS FOURS TWOS ONES

/_/\
8+0+2+1 =)\]]J |0 (DECIMAL)

DR JEFF
SOFTWARE

INDIE APPDEVELOPE
© Jeff Drobman
2016-2024
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256xd2 + 16xd1 +dO
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Process (code)
Setup 5 #register map:

#$tO=calc result, $tl=hexu data, $t2=vallé

Data 7 ##

13
14

16
17
18
19
20
21
22
23
24
25
26
27
28

.eqv in_buf, 0x10040020
.eqv heapHi, 0x1004 #heap=0x10040000

.data

#setup

hex2dec: .ascii "xkxx" #reserve word & mark

vallé: .word 256, 16, 1 #int[] vallé={256,16,1}
#hex to dec: gen output string

hexu: .word @0x1050c #unpacked

hexp: .ascii "15c" #packed; start of output string
hexStr: .asciiz " in hex = in decimal: " #word align
title: .asciiz "Lab 3: convert Hex to Dec"

prompt: .asciiz "Input a new decimal number"
.align 2 #align to word

ovfl: .asciiz "\nError: max length exceeded!\n"
error: .asciiz "\nError: canceled or empty"

-_— - - . .
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Process (code)
Main 34 .text
35 jal GUI_msg
36 #convert hex to dec (use unrolled loop)
37 sw $0,hex2dec #init to 0
38 #perform conversion
39 jal convert
40
41 #print it all
42 #console
43 jal print_str
Consoleout 44  jal print_int
. 45 #GUI new dec 1input
GUlin 46 jal GUI_in
47 #stored in "in_buf"
48 _done
49 ##END of Main##
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46
47
48
49
50
51
52
53
54
55
56
57
58
59

#app specific sub)

convert:

b $t1,hexu+? #d2?

lw $t2,valle #vZ2, word!

mult $t1,%$t2 #/Hi,Lo]= d2xv2
b $t1,hexu+? #dl1 (next byte)
b $t2,valle+? #vli

madd $t1,$t2 #[Hi,Lo]+= dlxvl
b $t1,hexu+? #do

b $t2,valle+? #vo

madd $t1,%$t2 #[Hi,Lo]=dO*vo
mflo $t0@ #dec value

sw $t0,hex2dec

jr $ra



AAAAAAAAAA
TTTTTTTTTTTTTTT
GGGGGGGGGG

COMP122

P DR JEFF

B2 soFTwaRE

I/O Su bS © Jeff Drobman
2016-2024

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

717

#I/0 subs|

print_str:

i $v0,4 #print string

la $a0, hexp

syscall #print output string
jr $ra

print_int:

i $v0,1 #print int

move $a0,$t0 ##ab=dec value
syscall #print dec value

jr $ra

GUI_msg:

i $v@, 55 #GUI msqg code

la $a0, title

li $al,1 #msg type is info
syscall

ir €ra
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? Gourav Aggarwal - Follow
B.Tech from ABES Engineering College, Ghaziabad (Graduated 2023) - Feb 10

How do you convert a hexadecimal number to decimal in Java?

1 String hexadecimal = "AlF";

int decimal = Integer.parseInt(hexadecimal,;

3 System.out.println("Hexadecimal number: " +
hexadecimal);

4 System.out.println("Decimal equivalent:

N

+ decimal);

Also,
String bit = “01101001”;
int decimal = Integer.parselnt (bit,| 2),
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7 // 1imports - ———JjGRASP exec: java Bin2hex
8 import java.util.Scanner; > 1111

9 // xkmain classkxk converted to Hex / ASCII: F / 70
10 public class Bin2hex { >>| 0010

11 //main method converted to Hex / ASCII: 2 / 50
12 public static void main(String[] args) {

13 int[] dec = {9o,1,2,3,4,5,6,7,8,9};

14 char[] hex = {'A*,'B','C','D",'E", 'F'};

15 int ascii;

16 boolean error = false;

17 Scanner input = new Scanner(System.in);

18 //start input loop

19 while (lerror) {

20 String digit = input.next();

21 if (digit.equalsIgnoreCase("Q")) {

22 System.out.println("You quit");

23 System.exit(0);}

24 int bin = Integer}valueOf(digit,2);l //vs. parselnt

25 if(bin<@ || bin>157 { /7/Check

26 System.out.println("error: input out of range");

27 error = true;

28 continue;}

29 System.out.print("converted to Hex / ASCII: ");
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A bit harder

Algorithm
1. Find the largest power of 2 that is < N (decimal number)
2. Set that bitto 1
3. Subtract 2" from N
4. Repeat 1-3

Examples Chunk into Hex

1. N=10 2 23=8 > 10-8=2 > 21 > 1010  3,46.7-50
2. N=50- 25232 > 18 > 2%=16 > 2 > 2! > 11 0010

3. N=100 - 2°=64 = 36 = 2°=32 2> 4 - 22 - 1100100
6x16+4=100
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

DR JEFF
SOFTWARE

Lab 3 Code errors

. text

#convert hex to dec (use unrolled loop)
sw $0,hex2dec #init to 0

mult $0,%$0 #clear Hi,Lo

b $t1,hexu
(6 kt2,valle Jivo

madd $t1,$t2 Pt/Hi,Lo]+= $t1x$t2

b $t1,hexu+] #d1 (next byte)

b $t2,vall6f4 #vI > Unrolled loop

madd $t1,$t2 > For 3 digits

b $t2,valle+8 #v~2

madd $t1,$t2 #[Hi,Lo]=final dec value
mflo $t0@ #dec value

sw $t0, hex2dec St0 = decimal value
11 $v0,4 #print string

la $a@,hexp

syscall #print output string

1i $v@,1 #print int

move %$a@,%$t@ ##albl=dec value

syscall #print dec value  print decimal value in string
#convert dec to hex

#convert bcd to dec

done
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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s Text

#convert hex to dec (use unrolled loop)
sw $0,hex2dec #init to @

mult $0,%$0 #clear Hi,Lo

b $t1, hex
[wlst2,vallg #vo, word!

madd $tl1,%$t3 #[Hi,Lo]+= $t1x3t2

b $t1,hexu+l #dl (next byte) » Unrolled loop
1b $t2 vallp+4 #v] > For3d|g|ts
madd $t1,5%t
b $t1, hexu_ddo

b $t2,valle+8 #v2

madd $tl1,%t2 #[Hi,Lo]=fina
mflo $t@ #dec value

sw 5t0,hex2dec

11 $v0,4 #print string

la %$a@,hexp

syscall #print output string
1li $v@,1 #print int

move %a@,$t@ ##ab=dec value
syscall #print dec value
#convert dec to hex

St0 = decimal value

Print decimal value in string

#convert bcd to dec
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r [ ] Data Segment

Address Value (+0) Value (+4) Value (+8) Value (+¢) Value (+10) Value (+14) Value (+18) Value (+1¢c)
0x10010000 \0 \@ . \@ \@ \0 \0 \@ \0\0 . \O - \f c 5 1 d n i m i c e = 1 a
0x10010020 \0 \0 m \@0\@ \0\0 \0\0\0\0 \0\0\0 { \0O\O \@ \@ \0 \@ \0 \0 \0 \0 \0 \o \0 \o
0x10010040 \0 \0 \@ \O \@ \@ \@ \0 \0 \0 \0 \0 \@ \0 \06 \0 \0 \0 \0 \0 \0 \6\0 \0\0\0o\0 \o\o6\o\e
0x10010060 \@ \0 \0 \ NG \@ \@ \@ \O@ \0 \0 \@ \0 \0 \0 \0 \0 \0 \0\0 \0 \0\0\0 \0\0\0\0 \o0\0\0\@
0x10010080 \0 \0 \@0 \ \O \0 \@ \@ \0 \0 \0 \0 \0 \0@ \0 \06 \0 \0 \0 \0 \0 \0 \6\0 \0 \0 \0o\0 \o\o\o\e

@ B )x10010000 (.data) Hexadecimal Addresses Hexadecimal Values ASCII

Mars Messages Run /0O

15c¢ in decimals Q81
—— program is finished running —-

Wrong answer: 0x51 = 81 decimal (ASCII code for “Q”)
Correct answer: 0x15c = 256+80+12 = 348 decimal
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Requirements
s Input
1. Set N >=15
2. Create an array fibs[N]
**Process

1. Generate a Fibonacci sequence for N
2. Storein array fibs
3. Print 8 numbers per line

**Output
1. Fibonacci sequence for N (Console)
2. Print 8 numbers per line
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Lab 4: Fibs in Arrays

Hennessy & Patterson -

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

m D 2x speed

g =h + A[8];

# Temporary reg 5tl gets A[8]
1w 5t0, 8(%s3)

# g =h + A[8]
add 881, Ss2, 5t0

$s1 60
$s2 a5
$s53 S000
$t0 25
Registers
8+ 5000
35+25

g
h
A's base addr

5009
5008
5007
5008
5005
5004
5003
5002
5001
5000
43989

DR JEFF

SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024

{100 words)

25

Al8]

offset

Memory
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13=13

1 3 21x21

21

2«8

12
* b

8 The Fibonacci spiral: an o
5 approximation of the golden spiral

created by drawing circular arcs

.Iﬁl. T|I|ng 'I'i'”:h Sq uares WhﬂSE SidE IE‘ng‘hS dre = cﬂnnecting Ihe. D'Dl]ﬂ'Ei'[E COmers n.f
successive Fibonacci numbers: 1,1, 2, 3, 5, 8, 13 and squares in the Fibonacci tiling; (see

21. preceding image)

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

Fo|F1|Fo|F3 | Fy|Fs |Fg| F7 | Fg | Fg | Fig |Fi1| Fiz| Fia | F1a | Fis | Fae| Fi7| Fis| Fia| Fop
ol 1 1 2 3/ 65 8 13 21 |34 | 55| 89 144 | 233 | 377 (610 987 1597 | 2584 4181 | 6765
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Fibonacci in Java

public class Lab2Fibsl22 {
public static void main(String[] args) {

Print

inline

Print
sub

int N
int[]

= 12;
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];

= System.out.print(F[i] +" ");

}//end for
System.out.println("\n----- ");
printit(F);//call printit
}//end main

~ //printit sub
static void printit(int[] arr) {

System.out.print("Fibs: ");

for(int x: arr)
System.out.print(x +" ");

System.out.println();

. }//end printit
}//end class

DR JEFF

| SOFTWARE

Lab 4 —

-=-==71GRASP exec: java Lab2ZFibsl22

Fibs:

Fibs:

112358 13 21 34 55 89 144

112358 13 21 34 55 89 144

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024
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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
gsize: .word 12 # size of "array" 3

.text

la 5t0, fibs # load address of array 5

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

1w 5t5, 0(5t5) # load array size

131 €2, 1 # 1 ig first and second Fib. number 13

add.d $f0, s$f2, Sf4]7? 21

2w ' # F[0) = 1

sw  5t2, 4(5t0) # F[l] = F[0] = 1 34

addi 5tl, $t5, =2 # Counter for loop, will execute (size-2) times 55
Toop: 1w St3, 0(std) | # Get wvalue from array F[n] 39

lw Std, 4(5td) # Get value from array F[n+l]

add $t2, $t3, 5t4 # St2 = F[n] + F[n+l] 144

Ugop SW St2, B(5td) # Store F[n+2] = F[n)] + F[n+l] in array

addi 5t0, 5t0, 4 # increment address of Fib. number source

addi 5tl1, 5tl, =1 # decrement loop counter

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

la 5al0, fibs # first argument for print (array)

add $al, Szero, $t5 # second argument for print (size)

ljal print | # call print routine.

1li Sv0, 10 # system call for exit

syscall # we are out of here.

Page 1/2
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Fibonacci

MIPS

# Compute first twelve Fibonacci numbers and put in array, then print

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

.data

space:.asciilz
head: .asciiz

[CL 1] #
"The Fihnnacli

LEext
add $t0,
add 5tl1,
la Sal,
1li svo,
syscall

Szero, Sal
Szero, %al
head

4

Tw  5a0,
1li svi,
syscall

la £al,
1li svi,
syscall

addi $t0,
addi $tl,
hitz £tl,

out:

Loop

O7SED)
1

space
4

sto, 4
ftl, =1
out

jr S$ra

T e R R R R R R R W W

space to insert between numbers

numbers are:\n"

starting address of array

initialize loop counter to array size

load address of print heading
specify Print String service
print heading

load fibonacci number for syscall

specify Print Integer service
print fibonaccl number

load address of spacer for sysecall

specify Print String service
output string

increment address

decrement loop counter
repeat if not finished
return

Page 2/2

DR JEFF
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13
21
34
55
89
144
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add $t1,$t2,5t3
add.d $f2,574,5f6
add.s $f@,$f1,5f3
addi $tl1,%t2,-100
addiu $t1,%$t2,-100
addu $tl1,5t2,5t3
and $t1,$t2,5t3
andi $tl1,%t2,100

Addition
Floating
Floating
Addition
Addition
Addition

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 $tl1 to ($t2 plus signed 16-bit
unsigned without overflow : set $tl to ($t2 plus $t3), no overflow

Bitwise AND : Set $tl to bitwise AND of $t2 and $t3
Bitwise AND immediate : Set %tl to bitwise AND of %t2 and zero-extended 16-bit im
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1 ## Lab 2 Fibonaccl
2 ## by Jeff Drobman 1
3 #Hversion: 1.8 =11-21-19 1
4 .data 2
5|l header: .asciiz "Fibonaccl feguence by Jeff Dyn"
g %i;;?n inrd @:12 Fibonacci sequence by Jeff D 3
a| .align 2 ' 1123581321 3455 89 144 5
ol size: .word 12 —= program is finished running =- 8
18] space: .word @x20 #space 13
11 #derine
12 #.eqv heap, 0x18040808 -not used 21
13 #macros 34
14 .macro done
15 1i $v@, 10 #stop code 55
16 syscall #stop 89
17 .end_macro
18 #code 144
19 .text pseudo
20 #set up ﬂ?lﬂTE{S_ sd $t1, ($t2) ¢
21 la $t@, fibs #ptr
- S sd $tl1,-1e8(st2) E
22 1w $t5, size #rinal
i sd $t1,100000 .
23 subu $t1,%t5,2 #counter
LT . sd $tl,100000(%t2) E
24 #init 1st 2 numbers (1, 1)
55 1 $t2.1 sd $t1, label )
6 i $t3'1 sd $t1, label($t2) <
27 sd $t2, ($t@) #both 1's , [59 $t1,label+100008 .
' o " |sd $t1, label+100000($t2)<

28 addl $t@,%t0,8 #incr ptr
29 loop_main: Page 1/2
3p add $td,$t2,%t3 #next fib
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31 sw 5td, ($t0)

32 addi $t@,$t0,4 #incr ptr 1
Loop |33 move $t2,5t3 Fibonacci sequence by Jeff D 1

34 move 313,514 11235813 21 34 55 89 144

35 subi $t1,$t1,1 #counter —— program is finished running — 2

36 bgtz $tl, loop_main 3

37 wcdll sub ror princ.

38 [jal print | 5

39 done #macro for exit 8

4 #H#=——end of main 13

41 #subroutine: print(sté=ptr, Sth=size)

42 |print: nop #fub label 21

43 #print header

a4 i $ve, 4 34

45 la %a@, header 55

46 syscall 89

47 #print fibs

48 la $t@, fibs #ptr 144

49 loop_prt:

5@ L1 $ve) 1 Sprint int code
51 1w 3a@, (5t0@)

52 syscall

53 11 %v@, 11 ¥print|char code
54 1w $a@, space

55 syscall

56 addi $t0,%t0,4 #¥incr ptr
57 subi $t5,%t5, 1 #count

58 bgtz $t5, loop_prt

59 #return Page 2/2
6@ Jr %ra
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@ Data Segment
Address WValue (+0) Value (+4) WValue (+8) WValue (+c) WValue (+10) WValue (+14) Value (+18) Walue (+1c)
0x18010000 o b i F C C a n e s i n e u q b e C e ] y D f f @ AB AB AN
0x10010020 L1 IRY DAY . LAY Y B LR DAY . L1 Y Y . L1 Y Y B W8 B \D b W8 A\D AD A L1 Y Y
Ax10010040 AR IR B AR IRY O NDND Y AT BT BRY ' WO OND D AT AR IR A0 B AD ND A OND AND ND
Ax10010060 WO A AD ND WO AD ND ND WO B A\D D WO A AD D WO AD ND D WO \B A\D D WO OAD \D D VO B AD ND
Ax10010080 A0 B AD ND A0 B \D N A0 N0 AD ND A0 B AD ND A0 B AD ND A0 N0 AD ND A0 B AD ND MO OND AD ND
Ax10010020 WO A AD ND WO AD ND ND WO B A\D D WO A AD D WO AD ND D WO \B A\D D WO OAD \D D VO B AD ND
@x100100ch A0 WB AD ND A0 B \D ND A0 N0 AD ND A0 B A\D ND A0 B A\D M\D A0 N0 AD ND A0 B AD ND MO OND AD ND
@ B 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII
P
o Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
Axlegla0a 18687 1782043753 1852142061 1646290275 100355703 1142974054 i |
Ax10010020 1 1 2 3 5 8 13 21
Bxlealaa4a 34 55 89 144 12 32 ] a
Ax10010060 L] L] i L] L] i}
Ax10010080 a a a @ a a a a
Bx100100a8 a a a ] a a ] a
Ax100100c0 a a a @ a a a a
@B 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values] | | ASCII
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Lab 4: 10 per Line

## Lab 6 — Fibonacci

## by Jeff Drobman

##version: 1.0 >10-3-23

#register map

#$s0= size

#$t0= array ptr , #tl/tbh=loop ctr, $t2=F1 , !
.data

.eqv size, 28 #variable 1init
header: .asciiz "Fibonacci seauence bv Jeff

Line: 16 Column: 9 % Show Line Numbers

Clear

Mars Messages Run |/O

Fibonacci sequence by Jeff D

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
—— program is finished running —
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Gﬂlden ra.tl{) a-t+b 1 def 1+ /5
===, p= 1+v5 _ | 6180330887, .
From Wikipedia, the free encyclopedia 0 b 2
a b a b
& < o
¥ et 6 15 20 15 6 1
a-l— b o '{_1_;:'1'235::5.33}::fiéﬁ%fs}035562123T 8 1
. . %3936 84 126126 84 36 9 1
a+hbiIstoaasals toh gt 10 45 120210 252 210120 45 10 1
Line segments in the golden ratio . - - ;’;‘Zg:::?;ﬁ:}::";nbf;f;‘:gi::lf‘;strir:;i“ha”w &
""-\(-"_
a+b

A golden rectangle with longer side a &
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

a+b a

relationship = — = p.
a b
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====7]1GRASP exec: jJava 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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Fibonacci in Java

main Lab 4 —
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

DR JEFF

| SOFTWARE

INDIEAPPDEVELOPER

© Jeff Drobman
2016-2024
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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[1] +spc2);
25 for(int 1i=2; 1i<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 if(i>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 if(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 //Golden method
45 static voilid golden(int N, long[] F) {
46 int M = 13;://1st 10 + last 3
47 double[] gold = new double [M];
48 System.out.println("Golden ratio convergence: ");
49 for(int i=0;i<10;i++) {
50 gold[i] = F[i+l1]/(double)F[i];
51 System.out.print(gold[i] +spc2);}
52 System.out.println();
53 for(int i=0;i<3;i++) {
54 gold[i+3] = F[N-1-i]/(double)F[N-2-1i];
55 System.out.print(N-1-i +" " +gold[i+3] +spc2);}
56 System.out.println();

57 }//end Golden
58 }//end class
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//IC conversion to MIPS
int N = 5; // some value
intal ] ={1,2,3,4,5}
int b[ ]= {6,7,8,9,10}
for (int i=0; I<N; I++) {//swap
int temp = a[i];
ali] = b[i]
b[i] = temp;
}

W00 = OB W R

#MIPS by Jeff Drobman, 4-6-21

#reg map: $t@=count, $tl=%a, $t2=xb, $t3=temp
.eqv N, 5

.data

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

spacer: .ascii "socckliblsc" #3 words
b: .word 6,7,8,9,10

Text

li $t@,N #loop counter

la $tl,a

la $t2,b

Loop: #for(I=N; I=8; I—)
lw $t3,($t1) #temp=a

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

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

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

addiu $t1,%t1,4

addiu $t2,%t2,4

#loop end

subi $t@,%$t0,1

bgtz $t@,Loop #end Loop
#end of progran|
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e Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
@x10a10888 1 2 3 4 5 787486378 b40R34342 707486378
@x10010020 il 7 . a8 R 9 ? 18 a B a
4 . data
5| a: .word 1,2,3,4,5
6] spacer: .ascil "skexiblddx" #3 words
7l b: .word &,7,8,9,10
8 .text
9 1i $t@,N #loop counter
18 la $tl,a
11 la %t2,b
12
13 Loop: #for(I=N; I=8; I-—)
Swapped 14 1w $t3,(%t1) #temp=a
15 1w $t4,($t2) #t4=b
16 sw $t4,($tl) #a=b
17  sw $t3,($t2) #b=temp
18 #update ptrs
19 addiu $tl1,5%t1,4
20 addiu $t2,%t2,4
21 #loop end
22 subi %t@,%t0,1
l 23 bgtz $t@,Loop #end Loop
(N Data Segment .
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c)
Axlo0l0000 B 7 a8 9 18 787406378 640034342 787406378
1

2

3

4 5 @

@

@
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s Requirements
**|nput
1. SetN =20
2. Create an array facts[N]
**Process

1. Generate a factorial sequence for N

2. Storein array facts

3. Use 32-bit integers

4. Detect overflow & signal: Check “hi” =0
**Output

1. Count and header

2. Factorial sequence (Console)

3. Print 5-8 numbers per line

4. Signal when overflow occurs
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» If you want to call a subroutine from within a subroutine
» You need to save/restore the first return address

1. Use a register (move)
2. Use memory (Ilw/sw)
3. Use the stack: Iw St1,(Ssp)
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5 import java.util.Scanner; . ;
g| por- A *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 cenerate mecnod
17 genFacts(Ngen,F):
18 //call Print method
19 if(Nprt>Ngen) Nprt = Ngen;//limit
20 printit(Nprt,F);
21 }77end main
22
23 / /Generate method
24 static void genFacts(int N,long[] F) {
25 F[0]1=1;
26 N rials as gen: ");
27 for(int 1i=1; i<N; i++) {
28 F[i] = F[i-1] *i;
29 1f(i<=Nprt) System.out.print(F[i] +spc2);//max limit
30 if(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
|622TDEDEDH 87178291200 1307674368000 20922789888000

Factorials from array: 17
1 1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600
6227020800 87178291200 1304674368000 20922789888000

Factorials by Jeff D
126 24 120 720 5040 40320 362880 3628800 39916800 479001600 1932053504 1278945280 2004310016 2004189184 -288522248
—= program is finished running —-—

MIPS assy

[ Dat\Segment
Address Value (+0) Value (+4) Value (+8) Value [+S Walue (+10) Value (+14) Value (+18) Value (+1c)
ax10010000 1952670022 1634300527 1646293868 1689356793 1142974954 1850277898 544503152 1769188595
Qx10010020 3827566 1970302537 1919230068 561147762 a 1 2 ]
ax10010040 24 120 720 5049 40320 362880 3628800 39916800

@x100100680 479001600 | 1932053504 1278945288 2004310016 2004189184 288522248 | @ @
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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

|522TDEUEUG 87178291200 1307674368000 20922789888000

Factorials from array: 17
1 1 2 6 24 120 720 5040 40320 362880 3628800 39916800 479001600

6227020800 87178291200 130V674368000 20922789888000

) e - — e W P T

Input N: int 20

Factorials as gen:

1 2 6 24 120 720 5040 40320 \ 362880 3628800 39916800 479001600

0
5932D535D4 1278945280 004310016 ' 2004189184 -288522240 -898433024 109641728|

12—
Factorials by Jeff D
126 24 120 720 5040 40320 362580 3628800 39916300 479201600

—-— program is finished running --
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mul $tl,%t2,%t3 Multiplication without overflow : Set HI to high-order 32 bits, LO 3
d $72,574,%T6 Floating point multiplication double precision : Set $f2 to double-p
s 570,571,513 Floating point multiplication single precision : Set $f@ to single-p
mult $tl,$t2 Multiplication : 5et hi to high-order 32 bits, lo to low-order 32 bi
multu $t1,5t2 HULtlDLlLEtan unsigned : Set HI tn high- nrder 32 bits, LD to low=org

i . - . N

— i [ 1 i [

Move from HI register : Set $t1 to contents of HI {
Move Trom LO re-lqter : Set $tl1 to contents of LO |

Bl e cm B e e & e n = D e A -

PO . o e T -
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Multiply

Unsigned multiply

- . 0 rs | 0 | oxi8
mult rs, r - - -
B 5 g 14 |
| I 0 rs rt 0 0x19
muity rs, rt
[ 5 5 10 B

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

Multiply (without overflow)

 Oxle rs ' rt ' rd

mul rd, rs, rt -
f 5 5

=]

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

LM

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.

o
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Multiply add
| Oxtc | s n 0
madd rs, rt c ; 5 10 5
Unsigned multiply add
| Oxlc | s | r | 0 | 1 |
maddu rs, rt 5 5 5 10 6

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

Multiply subtract
msub rs, rt [ e | L = - )
: i 5 5 10 6
Unsigned multiply subtract
eub re ot loxtc | s | nt | o | 5 |
B e 6 5 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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‘ .
*mulo (with overflow) — pseudo
‘ ° ° O
w*rem — remainder (modulo residue %)
[ Extended (pseudo) Instructions ]
rem $t1,$t2,$t3 REMainder : Set $t1 to (remainder of $t2 divided by $t3)
rem $t1,$t2,-100 REMainder : Set $tl1 to (remainder of $t2 divided by 16-bit immediate)
rem $t1,$t2,100000 REMainder : Set $tl1 to (remainder of $t2 divided by 32-bit immediate)
remu $t1,$12,$t3  RBMainder : Set $t1 to (remainder of $t2 divided by $t3, unsigned division

“»»div — remainder in Shi (N mod divisor)

div $t1,$t2 Division with overflow : Divide $t1 by $t2 then set LO to quotient and HI to remainder |
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4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
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## Lab 5 —— Facts

## by Jeff Drobman

##version: 1.0 >2-19-24

#register map

#$s0= size

#$tO=array ptr , #tl=count, $t2=F , $t3=i++

.eqv size, 20 #variable init.eqv size, 28 #variable init
.eqv npl, 8 #no. per Lline

.data

title: .asciiz "Factorial sequence by Jeff D\n"
newLn: .asciiz "\n"

.align 2

space: .asciiz "\t" #2 spaces

.align 2

begArray: .ascii ">GEB"

facts: .word @:size #array allocation

.align 2

endArray: .ascii ">DNE" #END>
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v Lab 5 Setup
52 .text|

53 GUI_msg(title) #popup title
54 #set up pointers

55 la $t0, facts #ptr

56 li $s0, size #final

57 subu $t1,%$s0,1 #counter

58 #init 1st 2 numbers (1, 1)
59 1i $t2,1

60 i $t3,2 #factor

61 sw $t2,($t0)

62 addi $t0,$t0,4 #incr ptr
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

- B sorane
Main Loop
Lab5 —

loop_main:

multu $t2,$t3|#next fact
mflo $t2

#check hi for ovfl

jal checkHi <

sw $t2, ($t0)

addi $t0,$t0,4 #incr ptr

addiu $t3,$t3,1 #incr factor
subi $t1,%$t1l,1 #counter

bgtz $t1, loop_main

#call sub for print

jal print - Use same Print sub as Lab 4
done #macro for exit

#———end of main———
#subroutine:

checkHi: <wm

#1f hi<>0 then signal overflow
jr $ra
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Binary Multiplication

Unsigned Multiplication

1 bit at a time
-mm
none
1 1 add

2 bits at a time

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

DR JEFF
SOFTWARE

© Jeff Drobman
2016-2024
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Signed 2’sC Multiplication — Drobman MS Thesis -
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2x4-bit slices

i

8-bit x 8-bit multiply
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@ » Signed?
v

Load X, Y operands into GRs

{

: 1
Hint: use mask Add X Summing
Mask: .word 0x0001 : | Partial
0 | Skip add Products
L Shift X (*2) (bit-wise)
R Shift Y (/2)

}

Yy

Retur



e Factorials — Recursive 0 s

COMP122 o

C or Java: recursive

//call Recursive method

System.out.println("Factorials-recursive: ");
int x =| factRec(Ngen)|;
printit|(Nprt,FR);

int factorial(int n) {

if (n == @)
return 1;
else
return n * factorial(n-1);
}
51 //Recursive method
52 static int factRec(int N) {
53 System.out.print("FR:" +N +spc);
54 if(N==0) {
55 System.out.println();
56 return 1;}
57 3 = sively
Store in array factRec(N-1);//store
59 return FR[N];|
60 }/ /EnraTTRE
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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 2D04139134‘\ B

Factorials from array: m
1 2 6 24 120 720 040 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
1 =7

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

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

\

>>2B
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