Relatively Primer Assembly Language Specification
Relatively Primer Programming Model
The Relatively Primer has the following visible registers:

· 15 16-bit general purpose registers

· one 16-bit display register

It also has nine visible “I/O ports”:
· four hexadecimal displays

· four toggles to adjust the displayed value

· one toggle to obtain a number relatively prime to the number displayed.

The Relatively Primer has an Interrupt Enable Bit that controls whether or not interrupts are processed.

It is a load-store architecture, meaning that memory access is done solely through store and load instructions. All computations are operated on values in general purpose registers.
Assembly Language Instructions

Arithmetic Instructions

Addition

add RD, RS, RT

Store the sum of registers RS and RT in register RD.



Subtraction

sub RD, RS, RT

Store the difference of registers RS and RT in register RD.

Branch Instructions

Branch if equal to zero
bez R1, LABEL

Branch to the instruction at LABEL if register R1 is equal to zero.
Load and Store Instructions

Load Word

lw RS, RT
Load the 16-bit word at the address in RS into register RT.
Store Word

sw RS, RT
Store the 16-bit word register RT at the address in RS.
Load Upper Immediate
lui RS, IMM

Store the 8 bits of the immediate IMM at the upper 8 bits of register RS. The lower 8 bits of register RS are set to zero.
Load Lower Immediate

lli RS, IMM

Store the 8 bits of the immediate IMM at the lower 8 bits of register RS. The upper 8 bits of RS remain unchanged.
Load Address
la RD, LABEL
Pseudo-instruction

Store the address of LABEL at register RD.

Jump Instructions

Jump

j LABEL

Jump to the instruction stored at LABEL.

Jump Register

jr RA

Jump to the address stored at register RA.
Jump and Link
jal LABEL

Jump to the instruction at LABEL and set RA to the address of the following instruction.
Select Instructions

Set on Less Than

slt RD, RS, RT

Put 1 in register RD if register RS is register RT, and put 0 in register RD if RS is greater than or equal to RT.

Interrupt and Input/Output Instructions
Mask interrupt

MASKI

Toggle the Interrupt Enable Bit (IEB).
Return from interrupt

RFI

Return to the interrupted instruction.
Registers
$0 - Always zero
$1 - Always one

$ra - Return address

$at - Assembler's temporary register
$dr - Display register
$a0, $a1 - Argument registers
$v0 - Return value register
$t0-t3 - Temporary registers

$s0-s3 - Saved registers
Programming Conventions
$at is used by the assembler, and not guaranteed to be saved at any time. $a0 and $a1 are used to pass arguments into a procedure call.

$v0 is used to return a value from a procedure call. $t0-$t3 are not guaranteed to be saved through a procedure call, while $s0-$s3 are.
Sample implementation

#Main


.text


.globl main

main:


LA
$at, DISPLAY


SW
$dr, $at
#Show display register


J
main

# Get input

InputInterrupt:


MASKI


LA
$at, T0SAVE
#Save t0


SW
$t0, $at


ADD
$dr, $dr, $dr


ADD
$dr, $dr, $dr


ADD
$dr, $dr, $dr


ADD
$dr, $dr, $dr
#Shift left 4 times


LA
$at, INPORT


LW
$t0, $at
#Get input from in port


ADD
$dr, $dr, $t0
#Append input to display register


LA
$at, T0SAVE
#Reload t0


LW
$t0, $at


MASKI


RFI

# Find Relative Primes

RelPrimeInterrupt:


MASKI


BEZ
$dr, RelPrimeSkip
# Skip if display register is zero


LA
$at, S0SAVE

# Save registers to be used


SW
$s0, $at


LA
$at, T0SAVE


SW
$t0, $at


LA
$at, T1SAVE


SW
$t1, $at


LA
$at, A0SAVE


SW
$a0, $at


LA
$at, A1SAVE


SW
$a1, $at


LA
$at, V0SAVE


SW
$v0, $at


LLI
$s0, 2


# M = 2

RelPrimeDo:



# Loop starts here


ADD
$a0, $0, $dr

# a0 = N


ADD
$a1, $0, $s0

# a1 = M


JAL
GCD


# GCD( N, M )


LLI
$t1, 1


SUB
$v0, $v0, $t1


BEZ
$v0, RelPrimeExit
# If ( GCD = 1 ) Then Exit


ADD
$s0, $s0, $t1

# M = M + 1


J
RelPrimeDo

# Repeat loop

RelPrimeExit:


ADD
$dr, $0, $s0

# D.R. = M


LA
$at, S0SAVE

# Reload registers to be used


LW
$s0, $at


LA
$at, T0SAVE


LW
$t0, $at


LA
$at, T1SAVE


LW
$t1, $at


LA
$at, A0SAVE


LW
$a0, $at


LA
$at, A1SAVE


LW
$a1, $at


LA
$at, V0SAVE


LW
$v0, $at

RelPrimeSkip:


MASKI


RFI

# GCD - Calculate Greatest Common Divisor

GCD:


SUB
$t0, $a0, $a1


BEZ
$t0, GCDExit

#If (a = b) then exit


SLT
$t0, $a1, $a0


BEZ
$t0, GCDElse

#If (a > b) then


SUB
$a0, $a0, $a1

# a = a - b


J
GCD

GCDElse:


SUB
$a1, $a1, $a0

# Else b = b - a


J
GCD

GCDExit:


ADD
$v0, $0, $a0


JR
$ra



.data

S0SAVE: .word 0

T0SAVE: .word 0

T1SAVE: .word 0

A0SAVE: .word 0

A1SAVE: .word 0

V0SAVE: .word 0
