Ov erview of MIPS ISA

MIPS is a \computer family": R2000/R3000 (32-bit), R 4000/4400

(64-bit), R8000 (for scien ti�c/graphic), R10000 (64-bit)

MIPS originated as a Stanford pro ject: Micropro cessor without

In terlo c k ed Pip e Stages

MIPS compan y b ough t b y Silicon Graphics (SGI)

MIPS pro cessors in (older) DEC Stations and SGI pro ducts

MIPS is a RISC

MIPS Registers

Thirt y-t w o 32-bit registers: $0, $1,...$31 used for:

� in teger arithmetic

� address calculations

� sp ecial-purp ose function de�ned b y con v en tion

� temp oraries

A 32-bit Program Coun ter (PC)

Tw o 32-bit registers HI and LO used sp eci�cally for Multiply and

Divide

Thirt y-t w o 32-bit registers $f0,$f1,...,$f31 used for oating-p oin t arith-

metic (often used as 16 64-bit registers)

Other sp ecial-purp ose registers (see later)

MIPS Registers are part of the \state" of the

pro cess

Integer Registers F-P registers

32-bit 32-bit 32-bit 0 31 HI LO

PC

f0 f1 f31

$0 $1 $2

$31

MIPS Register names and con v en tions

Register Name F unction t

$0 zero ys 0 No-op on write

$1 $at ed for bler don’t use it!

$2,3 $v0-v1 expression ev al./funct. return

$4-7 $a0-a3 pro c./funct. call parameters

$8-15 $t0-t7 temp oraries;v olatile not ed on pro c. call

$16-23 $s0-s7 temp oraries should b e ed on calls

$24-25 $t8-t9 temp oraries;v olatile not ed on pro c. call

$26-27 $k0-k1 ed for O.S. don’t use them!

$28 $gp p ter to global static memory

$29 $sp k p ter

$30 $fp frame p ter

$31 $ra pro c./funct. return address

4

MIPS Load-store arc hitecture

ery op erand of a MIPS instruction ust b e in a register (with a

few exceptions)

V ariables e to b e lo aded in registers.

Results e to b e stor ed in memory

F or example, the HLL ts:

a = b + c

d = a + b

will b e \translated" to:

Load b in regist er rx

Load c in regist er ry

rz <- rx + ry

Store rz in a

rt <- rz + rx

Store rt in d

Of course, there are more v ariables than registers, so e need these

explicit load and stores.

5

MIPS Information units

Data yp es and size

� Byte

� ord (2 ytes)

� W ord (4 ytes)

� Float (4 ytes using single-precision oating-p t format)

� Double (8 ytes using double-prec ision oating-p t format)

Memory is yte addressable.

A data yp e ust start on an address enly divisible y its size (in

ytes)

In a little endian t e the one used in this class, the

address of a data yp e is the address of its est yte.

6

Addressing revisited 0 1 2 3 7 6 5 4 8 9 10 11

Byte (addr 0) half-word (addr 0) word (addr 0) word (addr 8) half-word (addr 8) Byte (addr 8)

half-word (addr 2)

Byte (addr 2)

Byte (addr 11)

7

SPIM Con v en tion

W ords listed from left to t but little endian within ords

[0x7fffebdo] 0x00400018 0x00000001 0x00000005 0x00010aff word 7fffebd4 byte 7fffebd2 half-word 7fffebde

8

Assem bly Language programming

or

Ho w to b e nice to y our lo cal T A

� use lots of detailed ts

� Don’t b e to o fancy

� use lots of detailed ts

� Use ords er p ossible

� use lots of detailed ts

� b er the address of a ord is enly divisible y 4

� use lots of detailed ts

� The ord wing the ord at adress i is at address i + 4

9

MIPS Instruction t yp es

There are few of them:

1. Arithmetic teger and oating-p t)

2. Logical

3. Load and store

4. Compare

5. h and jump w of trol)

10

Notation

Op co de rd, rs, rt

Op co de rt, rs, immed

� rd: destination register (result)

� rs: source register (read-only)

� rt: source/destination register (read or read + mo di�ed)

� Immed: a 16-bit v alue t)

11

Arithmetic instructions in SPIM

(Note: don’t confuse the SPIM format with the enco ding of instruc-

tions; e’ll see enco ding in a few utes)

Op co de Op erands ts

ADD rd,rs,rt #rd = rs + rt

ADDI rt,rs,immed #rt = rs + immed

SUB rd,rs,rt #rd = rs - rt

Examples:

ADD $8,$9,$10 #$8 = $9 + $10

ADD $t0,$t1,$t2 #t0 = t1 + t2

SUB $s0,$s1,$s2 #s0 = s1 - s2

ADDI $a0,$t6,20 #a0 = t6 + 20

ADDI $a0,$t6,-20 #a0 = t6 - 20

SUB $t5,$0,$t5 #t5 = -t5

12

In teger arithmetic

b ers can b e either signe d or unsigne d

If the b ers are signed they are ted in 2’s c omplement

notation.

There exists instructions for (+,-,*,/) of signed and unsigned tegers,

for example:

� ADD and ADDU

� ADDI and ADDIU

� MUL

T and MUL TU

F or add and subtract, the computation is the same for b oth but the

hine will signal an over ow when there is one for signed b ers.

13

Ho w do es the mac hine kno w if the n um b ers

are signed or unsigned?

It do es not.

YOU should w!

Y ou e to tell the hine y using the t instruction (ADD or

ADDU)

14

Instruction Enco ding

The ISA de�nes the format of an instruction tax) and what it

do es tics)

F ormat = Enco ding. h instruction format has t �elds

OPCODE �eld ys what the instruction do es tics)

OPERAND �elds y where to �nd input(s) and output(s) of the

instruction

15

MIPS Instruction Enco ding

MIPS is a RISC few (3+) instruction formats

All instructions are of the same size (32 bits = 1 ord)

The formats are t with h other (OPCODE in the same

place etc...)

16

I-t yp e format

An immediate instruction has the form:

Op co de Op erands ts

XXXI rt,rs,immed

Recall that e e 32 registers, so e need 5 bits h for rs and rt

W e w 6 bits for op co de (64 instructions...but see later)

es 16 bits for immediate �eld

rt OPC rs immed

31 26

25 21

20

15 0

16

17

I-t yp e format example

Example:

Op co de Op erands ts

ADDI $a0,$12,33 #a0 = $t4 + 33

The ADDI op co de is 08.

31 26

25 21

20

15 0

16 04 33

08 12

w ould that b e in hex?

18

Sign Extension

ternally

, the ALU deals only with 32-bit b ers.

What happ ens to the 16-bit t.

It is extended to a 32-bit b er y replicating the sign bit (msb)

in the 16 leftmost bits.

F or a p ositiv e b er will �ll with 0’s; for a e b er will �ll

with 1’s.

19

R-t yp e (register) format

Arithmetic-Logical and Comparison instructions require the enco d-

ing of 3 registers. The rest can b e OPCODE.

T o eep y of format OPCODE has a primary \op co de" and

a \function" �eld.

Also needs for a t in the case of SHIFT instructions (will b e

discussed so on).

The 16 bits used for immediate in the I-format are split to 5 bits

for rd, 5 bits for sh t, and 6 bits for function.

Op co de Op erands ts

XXX rd,rt,rs

rt OPC rs

31 26

25 21

20

15 0

16 rd fcn sht 11 5

10 6

20

R-t yp e Example

Op co de Op erands ts

SUB $7,$8,$9 #$7 = $8 - $9

31 26

25 21

20

15 0

16

11 5

10 6 0 8 9 7

0 34

21