Machine Language Specification

Instruction Format


Our processor has four instruction formats.

A-type: Automatic 
I-type: Immediate

J-type: Jump

	0         3
	4                  7
	8             11
	12            15

	A-type
	op code
	RD / RS/SPECIAL
	RS/RT/
SPECIAL
	RT/AR


	0         3
	4                  7
	8                                     15

	I-type
	op code
	RD
	Immediate


	0         3
	4                 7
	8                                    15

	J-type
	op code
	RS
	Not Used (should be all 0)


Register Numbers:

0000

$zero


0001

$ar

0010

$bs


0011

$a0

0100

$a1


0101

$v0

0110

$v1


0111

$s0

1000

$s1


1001

$s2

1010

$s3


1011

$t0

1100

$t1


1101

$t2

1110

$t3


1111

$ir
Special Purpose Registers:

0000 
$pc


0011

$vr

1111 
$dr

Machine Language Instructions

A-type Instructions:




Instructions
Opcode




ADD RD, RS, RT
0000



SUB  RD, RS, RT
0001



LW    RD, RS, RT
0010



SW
 RD, RS, RT
0011



RV
 RD, SPECIAL   0100



OV
 SPECIAL, RS   0101




SLT   RD, RS, RT
0110



AND  RD, RS, RT      0111



BNE   RS, RT, AR
1001



BEQ   RS, RT, AR
1010
I-type Instructions:





Instructions
Opcode




LUI    RD, IMM

1100



LLI
  RD, IMM
1101
J-type Instructions:





Instructions
Opcode




JR
  RS


1110



JAL
  RS 


1111
Note: For all the above instructions, RS, RD, RT, AR represent general purpose registers. SPECIAL indicates a special purpose register should go in that spot. IMM indicates an 8 bit immediate.

Assembly Language Implementation of Main Program

# Register Usage

#

# $s0 – holds the constant 1 used for checking whether

#           the first input button has been pressed

# $s1 – holds the constant 2 used for checking whether

#           the second input button has been pressed

# $s2 – holds the address the program should jump to when button

#           1 is pressed

# $s3 – holds the address the program should jump to when button

#           2 is pressed

# Note: it is not necessary to keep these numbers stored, but as

#           instructions using them are executed extremely often

#           it is useful to have the values in registers.
#

# $t0 – use as temporary storage for addresses and calculations

# $t1 – holds the content of the display register while it is being changed

#

#

#main:

# Set the state of the button register to zero

# (no buttons have been pressed)

#add $bs, $zero, $zero

0000 0010 0000 0000
# Set the display register to zero

# this will cause the display to read all zeros

#ov $dr, $zero

0101 1111 0000 0000
# initialize $s0 and $s1 to 1 and 2 respectively

#add $s0, $zero, $zero

0000 0111 0000 0000
#lli $s0, 1

1101 0111 0000 0001
#add $s1, $zero, $zero

0000 1000 0000 0000
#lli $s1, 2

1101 1000 0000 0010
# initialize $s2 and $s3 to the addresses of

# button1 and button2 respectively (to be used

# as jump targets).

#lui $s2, 0x00
1100 1001 0000 0000
#lli $s2, 0x22
1101 1001 0010 0010
#lui $s3, 0x00
1100 1010 0000 0000
#lli $s3, 0x3a
1101 1010 0011 1010
# Poll the buttons for input

mainloop:
# perform bitwise AND between $s0 and $bs
# then compare the result to $s0 to see if

# button 1 (the button for reading the data from

# the toggle switches) has been pressed.

#and $t0, $s0, $bs 
0111 1011 0111 0010
#beq $t0, $s0, $s2
1010 1011 0111 1001
# perform bitwise AND between $s1 and $bs
# then compare the result to $s1 to see if

# button 2 has been pressed
#and $t0, $s1, $bs
0111 1011 1000 0010
#beq $t0, $s1, $s3

1010 1011 1000 1010
# load the address of mainloop into $t0

# and jump.
#lui $t0, 0x00
1100 1011 0000 0000
#lli $t0, 0x14
1101 1011 0001 0100
#jr $t0

1110 1011 0000 0000
#button1:

# This code is executed when button 1 is pressed

# We have recognized the button input, so clear

# the bit corresponding to button 1 in $bs
#sub $bs, $bs, $s0

0001 0010 0010 0111
# Retrieve the current value of the value register $vr

# which holds the state of the switches

#rv $t0, $vr

0100 1011 0011 0000
# Each 4 bits section of the display register contains

# the information for one of the digits of the 4 digit

# hex display. Thus, we need to shift the contents

# of the display register $dr by 4 bits to make room

# for the new data

#rv $t1, $dr

0100 1100 1111 0000
#add $t1, $t1, $t1

0000 1100 1100 1100
#add $t1, $t1, $t1
0000 1100 1100 1100
#add $t1, $t1, $t1
0000 1100 1100 1100
#add $t1, $t1, $t1

0000 1100 1100 1100
# Insert the new data into the 4 least significant bits

#add $t1, $t0, $t1

0000 1100 1011 1100
# Store the new display information in the display register

#ov $dr, $t1

0101 1111 1100 0000
# Load the address to return to the mainloop and jump
#lui $t0, 0x00
1100 1011 0000 0000
#lli $t0, 0x14
1101 1011 0001 0100
#jr $t0

1110 1011 0000 0000
#button2:
# This code is executed when button 2 is pressed

# We have recognized the button input, so clear

# the bit corresponding to button 2 in $bs
#sub $bs, $bs, $s1

0001 0010 0010 1000
# Retrieve the value of the display register

# This is the value n which we will plug into

# the Relativeprime procedure.

#rv $t1, $dr

0100 1100 1111 0000
# Store $t1 into parameter register $a0

#add $a0, $t1, $zero

0000 0011 1100 0000
# Store the address of Relativeprime into $t0

#lui $t0, 0x10
1100 1011 0001 0000
#lli $t0, 0x00
1101 1011 0000 0000
#jal $t0

1111 1011 0000 0000
# Return from the procedure. The result m should

# now be stored in return value register $v0.
#add $t1, $v0, $zero

0000 1100 0101 0000
# Now put the value of $t1 into the display register

# so it will be displayed on the screen.

#ov $dr, $t1

0101 1111 1100 0000
# Now load the address of mainloop into $t0 and return

#lui $t0, 0x00
1100 1011 0000 0000
#lli $t0, 0x14
1101 1011 0001 0100
#jal $t0

1111 1011 0000 0000
Assembly Language Implementation of Relative Prime Algorithm
# This procedure finds n given m such that gcd(n,m) = 1

#

# Input Parameters:
# $a0 –the value of input number n

# $return –stores the address to return to after the procedure

#               has finished executing

#

# Output Parameters:

# $v0 –the value m such that gcd(m,n) = 1

#

# Register Usage:

# $s0 –holds the value of input n

# $s1 –holds the value of the current m being considered

# $s2 –holds the constant 1

# $t0

# $t1– holds the return value from calls to gcd

# $t3– stores the address of end to be used as a jr target

#Relativeprime:

# Save all s-registers to memory

# Store the address of mem0 in $t3
#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x00
1101 1110 0000 0000
#sw $s0, $t3, $zero

0011 0111 1110 0000
# Store the address of mem1 in $t3

#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x02
1101 1110 0000 0010
#sw $s1, $t3, $zero

0011 1000 1110 0000
# Store the address of mem2 in $t3

#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x04
1101 1110 1110 0000
#sw $s2, $t3, $zero

0011 1001 1110 0000
# Store the input parameter (n) in register $s0

#add $s0, $zero, $a0
0000 0111 0000 0011
# Initialize m to be 2

#add $s1, $zero, $zero
0000 1000 0000 0000
#lli $s1, 2


1101 1000 00000010
# Initialize $s2 to be 1

#add $s1, $zero, $zero


0000 1000 0000 0000
#lli $s1, 1
1101 1000 00000001
#loop1:

# Load m and n into parameter registers to call GCD

#add $a0, $zero, $s0
0000 0011 0000 0111
#add $a1, $zero, $s1
0000 0100 0000 1000
# Save the value of $ar (which we will use to return from

# this procedure) into a memory location (mem4)

# Store the address of mem4 in $t3

#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x06
1101 1110 0000 0110
# Store $ar in the memory address stored in $t3

#sw $ar, $t3, $zero

0011 0001 1110 0000
# Store the address of GCD in $t3

#lui $t3, 0x20
1100 1110 0010 0000
#lli $t3, 0x00
1101 1110 0000 0000
# Use Jump and link to go to the GCD routine and store the address

# of the next instruction

#jal $t3

1111 1110 00000000
# take the return value out of $v0
#add $t1, $zero, $v0

0000 1100 0000 0101
# Store the address of found in $t3

#lui $t3, 0x10
1100 1110 0001 0000
#lli $t3, 0x3c
1101 1110 0011 1100
# if gcd(m,n) = 1 then we are done, branch to found

#beq $t1, $s2, $t3
1010 1100 1001 1110
# if the gcd is not 1, increment m and continue through the loop

# increment m. Note that the constant 1 is stored in $s2

#add $s1, $s1, $s2

0000 1000 1000 1001
# Store the address of loop1 in $t3

#lui $t3, 0x10
1100 1110 0001 0000
#lli $t3, 0x1c
1101 1110 0001 1100
# jump unconditionally to $t3

#jr $t3
1110 1110 00000000
# This label is visited once the problem is complete.

# The solution (m) is stored in $s1

#found:

# Store the solution (m) into return register $v0

#add $v0, $s1, $zero

0000 0101 1000 0000
# Restore the saved registers which were overwritten

# by this procedure call.

# Store the address of mem0 in $t3
#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x00
1101 1110 0000 0000
#lw $s0, $t3, $zero

0010 0111 1110 0000
# Store the address of mem1 in $t3

#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x02
1101 1110 0000 0010
#lw $s1, $t3, $zero

0010 1000 1110 0000
# Store the address of mem2 in $t3

#lui $t3, 0xf0
1100 1110 1111 0000
#lli $t3, 0x04
1101 1110 0000 0100
#lw $s2, $t3, $zero

0010 1001 1110 0000
# Jump to the value of $ar which is the address of the

# next instruction in the calling program.

#jr $ar
1110 0001 00000000
Assembly Language Implementation of GCD Algorithm 

# This procedure finds gcd(a,b) given positive integers a and b

# using the Euclidian Algorithm.

#

# Input Parameters:

# $a0 –the value of input number a

# $a1 –the value of input number b

# 

# Output Parameters:

# $v0 –the value of gcd(a,b)
#

# Register Usage:

# $t0 –holds the value of input number a

# $t1 –holds the value of input number b

# $t2 –used to store the result of slt calls for conditional jumps

# $t3 –stores the address of end to be used as a jr target

#         also used during the switch operation to exchange a and b

#

#GCD:

# Store the parameters in temporary registers

#add $t0, $zero, $a0

0000 1011 0000 0011
#add $t1, $zero, $a1

0000 1100 0000 0100
#loop:

# Store the address of end in $t3

#lui $t3, 0x20
1100 1110 0010 0000
#lli $t3, 0x28
1101 1110 0010 1000
# Store 1 in $t2 if 0 < b

#slt $t2, $zero, $t1

0110 1101 0000 1100
# If 0 < b, we are finished, jump to end

#bne $t2, $zero, $t3

1001 1101 0000 1110
# Store the address of else in $t3

#lui $t3, 0x20
1100 1110 0010 0000
#lli $t3, 0x20
1101 1110 0010 0000
# Store 1 in $t2 if a < b

#slt $t2, $t0, $t1
0110 1101 1011 1100
# if a >= b jump to else
#beq $t2, $zero, $t3
1010 1101 0000 1110
# this code executed if a < b

# switch a and b

#add $t3, $zero, $t1
0000 1110 0000 1100
#add $t1, $zero, $t0
0000 1100 0000 1011
#add $t0, $zero, $t3
0000 1011 0000 1110
# Store the address of loop in $t3

#lui $t3, 0x20
1100 1110 0010 0000
#lli $t3, 0x04
1101 1110 0000 0100
# Jump back to loop

#jr $t3
1110 1110 00000000
#else:

# store a-b as a then return to loop
#sub $t0, $t0, $t1

0001 1011 1011 1100
# Store the address of loop in $t3

#lui $t3, 0x20
1100 1110 0010 0000
#lli $t3, 0x04
1101 1110 0000 0100
# Jump back to loop

#jr $t3
1110 1110 00000000
#end:

# Once b <= 0, if the algorithm has run correctly

# then the gcd(a,b) is stored in a, so put a in the

# return register

#add $v0, $zero, $t0
0000 0101 0000 1011
#jr $ar

1110 0001 00000000
