Euclid’s Algorithm Assembly Language Specification

Euclid’s Algorithm Programming Model

The Euclid’s Algorithm requires the following 16 general purpose registers available to the programmer:

· Three 16-bit argument registers ($a0-$a2)

· Three 16-bit protected registers ($s0-$s2)

· Two 16-bit value register used to return values ($v0-1)

· One 16-bit return address register used to return to the point of origin ($ra)

· One 16-bit zero register ($zero)

· Two 16-bit temporary registers ($t0-$t1)

· One 16-bit temporary/unprotected register for use of the assembler ($at)

In addition, there are two special purpose registers:

· The PC will record which instruction the program is processing ($PC).  It will increment with each instruction.
· The Interrupt register will record the source of an interrupt to the program ($ca)
Note how the previous registers are all 16 bits in length. 

There are the following Input/Output ports and we will refer to them as if they were special purpose registers:

· One 16-bit register used for receiving the input of a ‘load number’ ($i1)
· One 16-bit register used for receiving the input of a ‘show relatively prime’ ($i2)
· One 16-bit register used for displaying the output of that relatively prime number ($o1)
The special purpose registers are not included in our 16 register set. 

Euclid’s Algorithm works on the load-store architecture – only load and store instructions can access the memory.

Assembly Language Instructions
The following instructions follow MIPS conventions unless otherwise noted in the documentation.

Arithmetic and Logical Instructions

Addition

Add rd, rs, rt

Places the sum of rs and rt in rd.
Addition immediate

Addi rt, rs, imm
Places the sum of rs and imm in rd.  Immediate needs to be a 16 bit word.  This is a pseudo-instruction that performs a lui, ori, and then add.
Subtraction

Sub rd, rs, rt
Puts the difference of rs and rt in rd.

Subtraction immediate

Subi rd, rs, imm
Puts the difference of rs and imm in rd.  Immediate needs to be a 16 bit word.  This is a pseudo-instruction that performs a lui, ori, and then sub.
Or immediate

Ori rs, imm

Puts the logical OR of rs and imm in rs.   Immediate needs to be a 16 bit word.
Or

Or rd, rs, rt

Puts the logical OR of rs and rt in rd.  

Load upper immediate
lui rt imm

Puts the imm in upper 8 bits of rt.  

Branch and Comparison Instructions

Branch on equal
Beq rs, rt, location

Branches to location when rs equals rt.  This is a pseudo-instruction which performs a lui, ori, and beq.  The Assembly Language programmer does not need to worry about how it is implemented.  The location needs to be 16 bits.
Branch if not equal

Bne rs, rt, location
Branched to location when rs does not equal rt.  This is a pseudo-instruction which performs a lui, ori, and bne.  The Assembly Language programmer does not need to worry about how it is implemented.  The location needs to be 16 bits.
Set less than

Slt rd, rs, rt
Sets rd to 1 when rs is less than rt.

Jump Instructions

Jump

J location
Jumps to location.  This is a pseudo-instruction that performs a lui, ori, and finally a jump.  This instruction takes a 16 bit address as location.  
Jump and link
Jal location
Jumps to location.  The address of the next instruction is saved in $ra.  This is a pseudo-instruction that saves the PC+2 in $ra.  It then performs a lui, ori, and finally a jump.  This instruction takes a 16 bit address as location.  

Load and Store Instructions

Load word

Lw rt, address
Loads to 16-bit word at address into rt.   This is actually a pseudo-instruction that performs a lui, ori, and finally places the immediate in register rt.
Store word
Sw rt, address
Stores rt into address.  The value of rt can be up to 16 bits.  
Interrupts/ Exceptions

Interrupts and exceptions are handled using hardware.  When the hardware detects that an interrupt has occurred, it will transfer command to a specified line in the Program Counter (PC).  Therefore, all the Assembly Language programmer needs to worry about is what will happen for each possible exception and write the corresponding code at the appropriate address.  This is similar to the vectored-interrupt approach found in MIPS.
Assembly Language Implementation of Sample Pseudo code
Gcd:

Ori
$a0, $i1, $0

Slt
$t1, $0, $a1

Beq
$t1, $0, exit



Slt
$t1, $a1, $a0



Bne
$t1, $0, Else



Ori
$t0, $a1, $0



Ori
$a1, $a0, $0



Ori 
$a0, $t0, $0



J
Gcd

Else:
Sub
$a0, $a0, $a1



J
Gcd

Exit:
Ori
$v0, $a1, $0



J
$ra

Relpr:

Ori
$s0, $0, 2



Ori
$s1, $a0, $0



Ori
$a0, $s0, $0

Loop:
Ori
$a1, $s0, $0



Ori
$s2, $ra, $0



Jal
Gcd



Ori
$t0, $v0, $0



Bne
$t0, 1, exit



Addi
$s0, $s0, 1



J
Loop

Exit2:
Ori
$v0, $s0, $zero



J
$s2

Interrupt:
Sw
$a0, Trap1


Sw
$a1, Trap2


Sw
$s0, Trap3


Sw
$s1, Trap4


Sw
$s2, Trap5


Beq
$ca, $i1, Load


Beq
$ca, $i2, Output


Lw
$a0, Trap1


Lw
$a1, Trap2


Lw
$s0, Trap3


Lw
$s1, Trap4


Lw
$s2, Trap5
Load:
J
Gcd



J
$ra

Output:
J
Relpr

Trap1:
0

Trap2:
0

Trap3:
0

Trap4:
0

Trap5:
0

