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Machine Language Specifications

Translating the assembly language into machine language is a fairly simple process. The first four bits of the sixteen bit instruction are the operation code (op) which tells the processor which operation to perform on the values. If the type of the instruction is an R-Type (for register type) then the next four bits are for the first register and the next after that are for the second register. These are the registers for which the operation is performed on. After, the value is stored in the register specified by the last four bits. If the instruction is an I-Type (for immediate type), the eight bits following the op code are for the immediate with the destination register as the last four bits. Finally, a special type (S-Type) is used with the first four bits after the op code for the source register, the next four for the immediate, and the final four for the destination register where it is stored. This type is only used for the shift logical left command.
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The following chart shows how the instructions are broken down into machine code.
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add R-Type 0000 rs rt rd

beq R-Type 0001 rs rt rd

jal R-Type 0010 rs 0000 rd

jr R-Type 0011 rs 0000 0000

lli I-Type 0100 rd

lui I-Type 0101 rd

lw R-Type 0110 rs 0000 rd

or R-Type 0111 rs rt rd

slt R-Type 1000 rs rt rd

sll S-Type 1001 rs small rd

sub R-Type 1010 rs rt rd

and R-Type 1011 rs rt rd

output R-Type 1100 rs 0000 0000

input R-Type 1101 rd 0000 0000

sw R-Type 1110 rs rt 0000

rfc I-Type 1111 0000 0000 0000

*small is a 4 - bit number

Immediate

Immediate


Machine Language Implementation of Sample Code

#0

#init:

#output r8

1100100000000000


#2, 4

#loop := r1

#li changed to a lli and lui


0100000001100001

0101000000000001

#6

#loop:


#r0 == r0 go r1

0001000000000001

#8

#shift:


#input r1

1101000100000000

#10

#r8 << 4 = r8 

1001100001001000

#12

#r1 or r8 = r8


0111000110001000

#14

#output r8

1100100000000000

#16

#go re


0011111000000000

#18, 20

#prime:


#S addr r1

#where the addr of S is at 0x00F4

#la gets changed to a lli and lui

0100111101000001

0101000000000001

#22

#r1 <= re

1110111000010000

#24, 26

#2 := r1

#li gets changed to a lli and a lui

0100000000100001

0101000000000001

#28

#while:


#r8 + r0 = ra

0000100000001010

#30

#r1 + r0 = rb

0000000100001011

#32, 34

#gcd := r2

#li gets changed to a lli and lui

0100010001000010

0101000000000010

#36

#go r2 re

0010001000001110

#38, 40

#1 v= r3

#top of r3 must be cleared with a lui

0100000000010011

0101000000000011

#42, 44

#endloop := r4

#li must be changed to a lli and lui

0100001110000100

0101000000000100

#46

#rc == r3 go r4

0001110000110100

#48

#r1 + r3 = r1

0000000100110001

#50,  52

#while := r4


#li must be changed into a lli and lui

0100000111000100

0101000000000100

#54

#go r4



0011010000000000

#56

#endloop:

#r1 + r0 = r8

0000000100001000

#58

#output r8

1100100000000000

#60, 62

#S addr r1

#li must be broken into a lli and lui

0100ADDRs0001

0101ADDRs0001

#64

#r1 => re

0110000100001110

#66

#go re


0011111000000000

#68

#gcd:

#r0 < ra = r2

1000000010100010

#70, 72


#exit := r3

#li must be broken into lli and lui

0100011001100011

0101000000000011

#74

#r2 == r0 go r3

0001001000000011

#76

#ra < rb = r2

1000101010110010

#76, 78

#else := r3

#li must be split into a lli and lui

0100010111100011

0101000000000011

#80

#r2 == r0 go r3

0001001000000011

#82

#rb + r0 = r1

0000101100000001

#84

#ra + r0 = rb

0000101000001011

#86

#r1 + r0 = ra

0000000100001010

#88, 90

#gcd := r3

#li must be split into a lli and lui

0100010001000011

0101000000000011

#92

#go r3

0011001100000000

#94

#else:

#ra - rb = ra

1010101010111010

#96, 98

#gcd := r3

#li must be split into lli and lui

0100010001000011

0101000000000011

#100

#go r3

0011001100000000

#102

#exit:

#ra + r0 = rc


0000101000001100

#104

#go re

0011111000000000

#106

#colonel:


# (r0) <= r1


1110000100000000

#108, 110

#2 := r1

#top 8 bits of r1 only need to be initialized once

0100000000100001

0101000000000001

#112

#r1 <= r2

1110001000010000

#114

#4 := r1



0100000001000001

#116

#r1 <= r3

1110001100010000

#118

#6 := r1

0100000001100001

#120

#r1 <= r4

1110010000010000

#122

#8 := r1

0100000010000001

#124

#r1 <= r5

1110010100010000

#126

#10 := r1

0100000010100001

#128

#r1 <= ra

1110101000010000

#130

#12 := r1

0100000011000001

#132

#r1 <= rb

1110101100010000

#134

#14 := r1

0100000011100001

#136

#r1 <= rc

1110110000010000

#138

#16 := r1

0100000100000001

#140

#r1 <= rd

1110110100010000

#142

#18 := r1

0100000100100001

#144

#r1 <= re

1110111000010000

#146, 148

#int0 := r1

#li must be split into a lli and lui

0100100111100001

0101000000000001

#150

#r9 == r0 go r1

0001100100000001

#152, 154

#int1 := r1

#li must be changed to a lli and lui

0100101011100001

0101000000000001

#156

#go r1

0011000100000000

#158, 160

#int0: 
#shift := r1

#li must be changed to lli and lui

0100000010000001

0101000000000001

#162

#go r1 re

0010000100001110

#164, 166

#reload := r1

#li must be changed to a lli and lui

0100101110100001

0101000000000001

#168

#go r1

0011000100000000

#170, 172

#int1:

#prime := r1

#li must be split into a lli and lui

0100000100100001

0101000000000001

#174

#go r1 re

0010000100001110

#176, 178

#reload := r1

#li must be split into a lli and lui

0100101110100001

0101000000000001

#180

#go r1

0011000100000000

#182, 184

#reload:

#18 := r1

#top 8 bits only need to initialized once with a lui

0100000100100001

0101000000000001

#186

#(r1) => re

0110000100001110

#188

#16 := r1

0100000100000001

#190

#r1 => rd

0110000100001101

#192

#14 := r1

0100000011100001

#194

#r1 => rc

0110000100001100

#196

#12 := r1

0100000011000001

#198

#r1 => rb

0110000100001011

#200

#10 := r1

0100000010100001

#202

#r1 => ra

0110000100001010

#204

#8 := r1

0100000010000001

#206

#r1 => r5

0110000100000101

#208

#6 := r1

0100000001100001

#210
#r1 => r4

0110000100000100

#212

#4 := r1

0100000001000001

#214

#r1 => r3

0110000100000011

#216

#2 := r1


0100000000100001

#218

#r1 => r2

0110000100000010

#220

#r0 => r1

0110000000000001

#222

#rfc

1111000000000000

#:data:

#S = 0
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		Assembly		Type		Op Code		next 4 bits		next 4 bits		final 4 bits

		add		R-Type		0000		rs		rt		rd

		beq		R-Type		0001		rs		rt		rd

		jal		R-Type		0010		rs		0000		rd

		jr		R-Type		0011		rs		0000		0000

		lli		I-Type		0100		Immediate				rd

		lui		I-Type		0101		Immediate				rd

		lw		R-Type		0110		rs		0000		rd

		or		R-Type		0111		rs		rt		rd

		slt		R-Type		1000		rs		rt		rd

		sll		S-Type		1001		rs		small		rd

		sub		R-Type		1010		rs		rt		rd

		and		R-Type		1011		rs		rt		rd

		output		R-Type		1100		rs		0000		0000

		input		R-Type		1101		rd		0000		0000

		sw		R-Type		1110		rs		rt		0000

		rfc		I-Type		1111		0000		0000		0000

		*small is a 4 - bit number
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