Mips Instruction Set

Version 5.1

MIPS Programmer Accessible Registers and Memory

The MIPS contains the following:

A program counter register that contains the address of the instruction to be executed.


PC = PC(31..0)
32 general purpose 32 bit registers.


GPR = GPR(0..31) = GPR(0..31; 31..0)
A byte addressable memory with 32 bits of address.


MB = MB(0..0FFFFFFFFH
) = MB(0..0FFFFFFFFH; 7..0)
Certain special purpose registers including:


LO = LO(31..0), HI = HI(31..0)

For convenience we will define the following registers and memory in terms of the above.

Ri = GPR(i), Note: R0 ( 0
Note: In place of Ri the MIPS assembler uses $i.

Thus, to add the contents of R8 to R9 and put the result in R10 the assembly language instruction is: add $10,$8,$9

MH(n0) = MH(n0; 15..0) = MB(n0)||MB(n0+1) 

where 0 (  n0 ( 0FFFFFFFEH and n0 is even.

M(n00) = M(n00; 31..0) = MB(n00)||MB(n00+1)||MB(n00+2)||MB(n00+3)

where 0 ( n00 ( 0FFFFFFFCH and n00 is a multiple of 4 

(i.e. n00 addresses a word boundary).

A detailed description of the assembly language instructions can be found in the MIPS R4000 Microprocessor User’s Manual available at http://www.mips.com/publications/index.html.

MIPS instruction format

I - Type instruction

	31        6
	5
	5
	16                       0

	Opcode
	rs

	rt
	n/offset


R - Type

	6
	5
	5
	5
	5
	6

	Opcode
	rs
	rt
	rd
	shamt
	func


J - Type

	6
	26

	Opcode
	raddr


Definitions: 016 ( n ( 116, 016 ( ofst ( 116, 05 ( sa ( 15, 026 ( addr ( 126  

rd, rs, rt ( ($0,…,$31) 

	Notation
	Interpretation 
	Example

	1k
	k bits of 1
	13 = 111

	0k
	k bits of 0
	04 = 0000

	n(k)
	The k th bit of n
	if n = 1000H then n(12) = 1

	||
	concatenation 
	02||13||04 = 001110000

	(n
	n(15)16||n  i.e. n sign extended to 32 bits.
	(7654H = 00007654H, 

(8654H = FFFF8654H 


Notes: Unless specified differently PC ( PC+4 for each instruction. $0 ( 0 even if written to. To be compatible with SPIM we assume branches are not delayed. 

	
	
	Arithmetic and Logical Instructions.
	Exceptions

	add
	rd,rs,rt
	rd ( rs + rt 
	If iov
 rd ( rd

	addi
	rt,rs,n
	rt ( rs + (n
	If iov rt ( rt

	addiu
	rt,rs,n
	rt ( rs + (n
	none

	addu
	rd,rs,rt
	rd ( rs + rt
	none

	and
	rd,rs,rt
	rd ( rs & rt 
	none

	andi
	rt,rs,n
	rt ( rs & 016||n
	none

	div
	rs,rt
	LO ( Int(rs/rt), HI ( rs % rt
	none


	divu
	rs,rt
	LO ( Int(rs/rt), HI ( rs % rt
	none


	mult
	rs,rt
	HI||LO ( rs x rt 
	none


	multu
	rs,rt
	HI||LO ( rs x rt 
	none


	nor
	rd,rs,rt
	rd ( ~(rs | rt)
	none

	or
	rd,rs,rt
	rd ( rs | rt
	none

	ori
	rt,rs,n
	rt ( rs | 016||n
	none

	sll
	rd,rt,sa
	rd ( rt(31-sa..0)|0sa or rd ( rt << sa 
	none

	sllv
	rd,rt,rs
	same as sll with sa = rs(4..0)
	none

	sra
	rd,rt,sa
	rd ( rt(31)sa||rt(31..31-sa)
	none

	srav
	rd,rt,rs
	same as sra with sa = rs(4..0)
	none

	srl
	rd,rt,sa
	rd ( 0sa||rt(31..31-sa)
	none

	srlv
	rd,rt,rs
	same as srl with sa = rs(4..0)
	none

	sub
	rd,rs,rt
	rd ( rs - rt 
	If iov rd ( rd

	subu
	rd,rs,rt
	rd ( rs – rt
	none

	xor
	rd,rs,rt
	rd ( rs ^ rt or rd ( rs ( rt 
	none

	xori
	rt,rs,n
	rt ( rs ^ 016||n or rt ( rs ( 016||n
	none


Constant-Manipulating Instructions

	
	
	Constant-Manipulating Instructions
	Exceptions

	lui
	rt,n
	rt ( n||016
	none

	
	
	Comparison Instructions
	

	slt
	rd,rs,rt
	If rs < rt
 then rd ( 1 else rd ( 0
	none

	sltu
	rd,rs,rt
	If rs < rt
 then rd ( 1 else rd ( 0
	none

	slti
	rt,rs,n
	if rs < (n
 then rt ( 1 else rt ( 0
	none

	sltiu
	rt,rs,n
	if rs < (n
 then rt ( 1 else rt ( 0
	none

	
	
	Branch Instructions
	

	beq
	rs,rt,ofst
	if rs = rt then PC ( PC + 4 + (ofst||00  

else PC ( PC+4
	none

	bgez
	rs,ofst
	if rs(31) = 0 then PC ( PC + 4 + (ofst||00  

else PC ( PC+4
	none

	bgezal
	rs,ofst
	$31 ( PC?, if rs > 0 then PC ( PC + 4 + (ofst||00        

else PC ( PC+4
	none

	bgtz
	rs,ofst
	if rs(31) = 0 and rs ( 032 then then 

PC ( PC + 4  (ofst||00  else PC ( PC+4
	none

	blez
	rs,ofst
	if rs ( 0 then then PC ( PC + 4 + (ofst||00  else 

PC ( PC+4
	none

	bltzal
	rs,ofst
	$31 ( PC, if rs ( 0 then then 

PC ( PC + 4 + (ofst||00  else PC ( PC+4
	none

	bltz
	rs,ofst
	if rs < 0 then then PC ( PC + 4 + (ofst||00  else 

PC ( PC+4
	none

	bne
	rs,rt,ofst
	if rs ( rt then then PC ( PC + 4 + (ofst||00  else 

PC ( PC+4
	none

	
	
	Jump Instructions
	

	j
	addr
	PC ( PC(31..28)||addr||00  
	none

	jal
	addr
	$31 ( PC+4, PC ( PC(31..28)||addr||00 
	none

	jalr
	rs
	$31 ( PC+4, PC ( rs  
	none

	jalr
	rd,rs
	rd ( PC+4, PC ( rs  
	none

	jr
	rs
	PC ( rs  
	


	
	
	Load and Store Instructions
	

	lbu
	rt,ofst(rs)
	rt ( 024||MB(rs + (ofst) or rt ( MB(rs + (ofst)
	yes

	lb
	rt,ofst(rs)
	rt ( MB(rs + (ofst;7)24||MB(rs + (ofst) or

rt ( (MB(rs + (ofst)
	yes

	lhu
	rt,ofst(rs)
	rt ( MH(rs + (ofst)
	yes

	lh
	rt,ofst(rs)
	rt ( (MH(rs + (ofst)
	yes

	lw
	rt,ofst(rs)
	rt ( M(rs + (ofst) 
	yes

	lwl
	rt,ofst(rs)
	let va = rs + (offst and assume Big-endian

if va(1,0) = 00 then rt ( M(va)

if va(1,0) = 01 then 

        rt ( MB(va)||MB(va+1)||MB(va+2)||rt(7..0)

if va(1,0) = 10 then 

        rt ( MB(va)|| MB(va+1)||rt(15..0)

if va(1,0) = 11 then rt ( MB(va)|| rt(23..0)
	yes

	lwr
	rt,ofst(rs)
	let va = rs + (offst

if va(1,0) = 00 then rt ( rt(31..8)||MB(va)

if va(1,0) = 01 then 

        rt ( rt(31..16)||MB(va)||MB(va+1)

if va(1,0) = 10 then 

       rt ( rt(31..24)||MB(va)|| MB(va+1)||MB(va+2)

if va(1,0) then rt ( M(va-3)
	yes

	sb
	rt,ofst(rs)
	MB(rs + (ofst) ( rt(7..0)
	yes

	sh
	rt,ofst(rs)
	MH(rs + (ofst) ( rt(15..0)
	yes

	sw
	rt,ofst(rs)
	M(rs + (ofst) ( rt
	yes

	swl
	rt,ofst(rs)
	let va = rs + (offst and assume Big-endian

if va(1,0) = 00 then M(va) ( rt

if va(1,0) = 01 then 

        MB(va)||MB(va+1)||MB(va+2) ( rt(31..24)

if va(1,0) = 10 then 

        MB(va)|| MB(va+1)||rt(15..0) ( rt(31..16)

if va(1,0) = 11 then MB(va) ( rt(31..24)
	yes

	swr
	rt,ofst(rs)
	let va = rs + (offst

if va(1,0) = 00 then rt ( rt(31..8)||MB(va)

if va(1,0) = 01 then 

        rt ( rt(31..16)||MB(va)||MB(va+1)

if va(1,0) = 10 then 

       rt ( rt(31..24)||MB(va)|| MB(va+1)||MB(va+2)

if va(1,0) then rt ( M(va-3)
	yes

	mfhi
	rd
	rd ( hi
	

	mflo
	rd
	rd ( lo
	

	mthi
	rs
	hi ( rs
	

	mtlo
	rs
	lo ( rs
	


� H is for hexadecimal, B for binary.


� These 5 bits specify which register is rs.


� Integer overflow


� rs and rt are treated as 2’s complement integers. The quotient is placed in LO and the remainder in HI.


� rs and rt are treated as unsigned integers. The quotient is placed in LO and the remainder in HI.


� rs and rt are treated as 2’s complement integers.


� rs and rt are treated as unsigned integers.


� rs and rt are treated as signed integers.


� rs and rt are treated as unsigned integers.


� rs and (n are treated as signed integers.


� rs and (n are treated as unsigned integers.
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