Relatively Prime Calculator Project:

Assembly Language and Machine Language Specifications

opcode = 4 bits

# registers = 16 registers

$0 => $0
/* holds 0*/


$8 => $s1

$1 => $at 
/* assembler temp value*/
$9   => $s2
/* end saved*/

$2 => $t0 
/* temp values */

$10 => $a0
/* parameter 1*/

$3 => $t1




$11 => $a1
/* parameter 2*/

$4 => $t2




$12 => $v0
/* return value*/

$5 => $t3




$13 => $ra
/* return address*/
$6 => $t4
/* end temp values*/

$14 => $HN
/* Dip Switch value*/

$7 => $s0
/* "saved values" */

$15 => $DR
/* Display Register*/

# special purpose registers = 3

$0 => $i0
/* Dip Switch interrupt address register*/

$1 => $i1
/* Shift button interrupt address register*/

$2 => $i2
/* Start button interrupt address register*/

Other special purpose registers:

$IPC
/* Interrupt Prog. Count.*/

$PC
/* Program Counter*/


16 bit instruction set

16 bit deep and tall memory

16 bit bus

*************

Instruction Set

     Register Type:
4bit opcode | 4bit RD | 4bit RS | 4bit RT

add 
RD, RS, RT
  opcode = 0000    //adds RS to RT, puts in RD

sub
RD, RS, RT
  opcode = 0001    //subtracts RS from RT, put in RD

sne       RD, RS, RT
  opcode = 0010    //sets RD to 1, if RS != RT; 0 other


slt
RD, RS, RT
  opcode = 0011    //sets RD to 1, if RS < RT; 0 other

     Immediate Type:
4bit opcode| 4bit Imm or RD | 4bit Imm or RS | 4bit Imm or RS

addi
RSD, IMM-8
  opcode = 0100   //adds IMM-8 to RSD, put in RSD

subi 
RSD, IMM-8    opcode = 0101   //subtracts IMM-8 from RSD, put in RSD

and
RSD, IMM-8
  opcode = 0110   //ands IMM-8 with RSD7:0

shift
RD, RS, IMM-4    opcode = 0111  //shifts RS by IMM-4 bits, put in RD

load
RD, RS, IMM-4    opcode = 1000  //load Memory address RS + IMM-4 into RD

store
RS, RT, IMM-4    opcode = 1001  //store RT into Memory Address RS + IMM-4

jit         RS, IMM-8
opcode = 1010  //jump signed IMM-8 instructions from the       next instruction if RS > 0,







sets $ra to the address of next instruction


jump 
IMM-12
  opcode = 1011  //jump signed IMM-12 instructions





from the next instruction

sets $ra to the address of next instruction

jr
RS

  opcode = 1101  //jump to address described in RS
     Special Type:
4bit opcode| 2bit SPRD | 6bit Unused | 4bit RS

PUT
SPR, RS

  opcode = 1100  //put RS into SPR

RFI


  opcode = 1110  //set IEB to 0x0000 (turn on interrupts) and







jump to IPC

**************

Pseudo-Instructions

lui RSD IMM-8

//load IMM-8 into the upper half of RSD


addi RSD, IMM-8


shift RSD, 8

clear RSD 

//set RSD to 0x00000000


add RD, $0, $0

bne RS, RT, IMM-8
//branch to signed IMM-8 if RS != RT


sne $at, RS, RT


jit $at, IMM-8

blt RS, RT, IMM-8
//branch to signed IMM-8 if RS < RT


slt $at, RS, RT


jit $at, IMM-8

**************

Assembly Implementation

main:


clear $t0


#Clear temporary register


addi $t0, DipSwitch

#Send dipswitch address to $t0


PUT $i0, $t0


#Give $i0 $t0’s value


clear $t0





addi $t0, Shift


#send Shift address to $t0


PUT $i1, $t0


#give $i1 $t0’s value


clear $t0





addi $t0, Go


#send go address to $t0


PUT $i2, $t0


#give $i2 $t0’s value

wait:


jump wait


#wait for input

begin:  


add $s0, $0, $DR

#put disp register into $s0


add $a0, $0, $s0


clear $s1


addi $s1, 1

for:


addi $s1, 1


#increment $s1 by 1 (i++)


add $a1, $s1, $0

#pass $s1 as $a1 (argument 1)


blt $s1, $a0, findGCD

#if(s1<a0){findGCD}


RFI



#wait for more input

compare:


add $a0, $s0, $0

#pass $s0 as $a0 (arg 1)


addi $t0, $0, 1


#set $t0 to 1


bne $t0, $v0, for

#if(1!=GCD){go to for}


add $DR, $s1, $0

#otherwise put n into $DR


RFI



#wait for more input

findGCD:


blt $a0, $a1, swap

#if(m<n){swap}


sub $a0, $a0, $a1

#m=m-n


bne $a0, $a1, findGCD
#if(m!=n){findGCD}


add $v0, $a0, $0

#return m


jump compare


#compare again

swap:


add $t0, $a0, $0

#swap m & n


add $a0, $a1, $0


add $a1, $t0, $0


jump findGCD

#go find GCD

Shift:


shift $DR, $DR,  4

#shift $DR left 4-bits


add $DR, $DR, $HN

#add dipswitches to $DR


RFI



#wait for more input

Go:


jump begin


#start looking for relatively prime number

DipSwitch:





and $DR, 0xF0

#clear bottom four bits of $DR


add $DR, $DR, $HN

#replace last 4 bits of #DR with dipswitch inputs    0111001000101111

0111001000100001


RFI



#wait for more input

**********

Machine Language Implementation

0000001000000000


#clear $t0

0100001000101000

#addi $t0, DipSwitch

1100000000000010

#PUT $i0, $t0

0000001000000000

#clear $t0

0100001000100100


#addi $t0, Shift

1100010000000010

#PUT $i1, $t0

0000001000000000

#clear $t0

0100001000100111

#addi $t0, Go

1100100000000010

#PUT $i2, $t0

1011000000001001


#jump wait

0000011100001111


#add $s0, $0, $DR

0000101000000111


#add $a0, $0, $s0

0000100100000000


#clear $s1

0100100000000001


#addi $s1, 1

0100100000000001


#addi $s1, 1

0000101110000000


#add $a1, $s1, $0

0011000110001010

1010000100011001


#blt $s1, $a0, findGCD

1110000000000000


#RFI

0000101001110000


#add $a0, $s0, $0

0100001000000001


#addi $t0, $0, 1

0010000100101100

1010000100001110


#bne $t0, $v0, for

0000111111000000


#add $DR, $v0, $0

1110000000000000


#RFI

0011000110101011

1010000100100000


#blt $a0, $a1, swap

0001101010101011


#sub $a0, $a0, $a1

0010000110101011

1010000100011001


#bne $a0, $a1, findGCD

0000110010100000


#add $v0, $a0, $0

1011000000010011


#jump compare

0000001010100000


#add $t0, $a0, $0

0000101010110000


#add $a0, $a1, $0

0000101100100000


#add $a1, $t0, $0

1011000000011001


#jump findGCD

0111111111110100


shift $DR, $DR,  4

0000111111111110


add $DR, $DR, $HN

1110000000000000


RFI

1011000000001010


jump begin

0110111111110000


and $DR, 0xF0

0000111111111110


add $DR, $DR, $HN

1110000000000000


RFI


