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ULIX Assembler Example

push   int r0

add int r0, sp, #4

sub int sp, sp, #28

sub int r1, r0, #4

move int [r0 + -12], #23

move int [r0 + -8], #42

add int [r0 + -4], [r0 + -12], [r0 + -8]

sub int [r0 + -4], [r0 + -12], [r0 + -8]

div int [r0 + -20], [r0 + -12], [r0 + -8]

move int [r0 + -4], [r0 + -20]

mul int [r0 + -4], [r0 + -12], [r0 + -8]

move int [r0 + -24], [r0 + -12]

mod int [r0 + -28], [r0 + -24], [r0 + -8]

move int [r0 + -4], [r0 + -28]

move int sp, r0

move int r0, [r0 + 0]

rts
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Overview

• ULIX hardware recap

• ULIX hardware instructions and encoding

• CPU instruction cycle

• Memory access

• Instruction cycle proper

• Implementation of instructions

• The ULIX compiler
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Programming Model
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Parts of 32 Bit Registers

• 32 Bit Registers can be used as 16 and 8 Bit 
registers

– Use a size parameter in the machine instruction
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Program Status Word

• IRR, IER

• C1, C2 for comparison results (see later)

• Z for arithmetic (zero, see later)
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UNIX is Big Endian
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Instruction Set and Encoding
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Instruction Set Overview

• Arithmetic/logic instructions
– add, sub, and, or, xor, sl, lsr, asr, not, mul, div, mod, sdiv, 

smod

• Comparison instructions
– cmp

• Memory instructions
– move, push, pop, pushall, popall

• Jump instructions
– jmp, jxx (jeq, jne, jl, ...)

• Subroutine instructions
– jsr, rts, trap, rti

• Special instructions
– swap, nop, upcast
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Instruction Set Comments

• Standard notation:

– instruction destination, source

– Example: add r0, r1, r2

• Instruction set was designed to make building 
a compiler easy!

• Examples (of rather untypical instructions):

– pushall, popall : good for subroutines

– upcast: perform a signed upcast

• Example: upcast int r0, short r1
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Addressing Modes
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Instruction Encoding

• Instructions have

– Opcode: defines the instruction itself

– Size: defines the operand sizes

• byte (8 bit)

• short (16 bit)

• int (32 bit)

– Operands
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Opcodes and Size Encoding

...
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Operand Encoding

• Operand consists of

– operand type/addressing mode

– value (like register number or constant value)

• Four operand types:
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Register Encoding
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Examples
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Example Binary Code

// nop

0x18

// jmp #0 

0x11,  0x00,  0x00, 0x00, 0x00, 0x00

// move int M, #0x00

0x0C, 0x00, 0x02, 0x14, 0x00, 0x00, 0x00, 0x00, 0x00
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More Complex Example

push   int r0

add int r0, sp, #4

sub int sp, sp, #28

sub int r1, r0, #4

move int [r0 + -12], #23

move int [r0 + -8], #42

add int [r0 + -4], [r0 + -12], [r0 + -8]

sub int [r0 + -4], [r0 + -12], [r0 + -8]

div int [r0 + -20], [r0 + -12], [r0 + -8]

move int [r0 + -4], [r0 + -20]

mul int [r0 + -4], [r0 + -12], [r0 + -8]

move int [r0 + -24], [r0 + -12]

mod int [r0 + -28], [r0 + -24], [r0 + -8]

move int [r0 + -4], [r0 + -28]

move int sp, r0

move int r0, [r0 + 0]

rts
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CPU Instruction Cycle
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Instruction Cycle
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Memory Access
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Low Level Memory Read/Write
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MMU Function mm_map

• To be done ...
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High-Level Memory Read/Write
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Instruction Cycle Proper
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Filling Parts of Instruction Cycle

• Some additional helpful variables used ...
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Servicing an Interrupt
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Implementation of Instructions

• Basically done using C operations

• Example: SL (shift left)
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Example: AND
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Example: PUSHALL
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Example: JSR
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Example: TRAP
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Example: UPCAST
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Uff!
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ULIX Compiler
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ULIX Compiler

• Back end of GCC

• Written by Balthasar Biedermann

• Ready for testing ...
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Input

int main(void){

int a = 23;

int b = 42;

int c = a + b;

c = a - b;

c = a / b;

c = a * b;

c = a % b;

}
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Output
.text

.globl main

main:

push   int r0

add int r0, sp, #4

sub int sp, sp, #28

sub int r1, r0, #4

move int [r0 + -12], #23

move int [r0 + -8], #42

add int [r0 + -4], [r0 + -12], [r0 + -8]

sub int [r0 + -4], [r0 + -12], [r0 + -8]

div int [r0 + -20], [r0 + -12], [r0 + -8]

move int [r0 + -4], [r0 + -20]Zuerst werde

mul int [r0 + -4], [r0 + -12], [r0 + -8]

move int [r0 + -24], [r0 + -12]

mod int [r0 + -28], [r0 + -24], [r0 + -8]

move int [r0 + -4], [r0 + -28]

move int sp, r0

move int r0, [r0 + 0]

rts
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Input

int main(void){

int a = 23;

int b = 42;

int c = a & b;

c = a | b;

c = a ^ b;

c = ~a;

}
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Output

.text

.globl main

main:

push   int r0

add int r0, sp, #4

sub int sp, sp, #16

sub int r1, r0, #4

move int [r0 + -12], #23

move int [r0 + -8], #42

and    int [r0 + -4], [r0 + -12], [r0 + -8]

or int [r0 + -4], [r0 + -12], [r0 + -8]

xor int [r0 + -4], [r0 + -12], [r0 + -8]

not int [r0 + -4], [r0 + -12]

move int sp, r0

move int r0, [r0 + 0]

rts
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Input

int main(void){

signed char c = 4;

signed short s = c;

signed int i = s;

i = c;

s = (signed short) i;

c = (signed char) s;

c = (signed char) i;

}
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Output
.text

.globl main

main:

push   int r0

add int r0, sp, #4

sub int sp, sp, #21

sub int r1, r0, #4

move byte [r0 + -7], #4

upcast short [r0 + -6], byte [r0 + -7]

upcast int [r0 + -4], short [r0 + -6]

upcast int [r0 + -4], byte [r0 + -7]

move int [r0 + -15], [r0 + -4]

move short [r0 + -6], [r0 + -13]

move short [r0 + -17], [r0 + -6]

move byte [r0 + -7], [r0 + -16]

move int [r0 + -21], [r0 + -4]

move byte [r0 + -7], [r0 + -18]

move int sp, r0

move int r0, [r0 + 0]

rts
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Ausblick

• ULIX Assemblierer gerade in Arbeit!

• Bald möglich: beliebige C-Programme auf die 
ULIX-Hardware bringen


