Instruction Decode



What do we need to decode?

 What type of instruction
— Control, memory, arithmetic, etc

 What operation the instruction should
perform
— ALU operation
— Branch condition to check

e What resources are needed
— Input registers
— QOutput registers



RISC vs CISC

RISC__|_________________|__aisc

Fixed size Instruction size Variable size
Few Encoding formats Several
Low Instruction complexity High

Simple Cycles to decode Multiple

Few Fields to decode Multiple



Decoding multiple instructions
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MIPS Instruction Formats

Type R

Type |

TypeJ




Exercise

nstruction ______|Type ___________Fields

add R op =0; funct = 32

sub R op =0; func =34

addi I op=38

bne I op=5

j J op=2
Type R op (6) rs (5) rt (5) rd (5) shamt (6) funct (6)
Type | op (6) rs (5) rt (5) imm (16)

Type ] op (6) imm (26)




X86 instruction format

Instruction Opcode ModR/M SIB Displacemnt Immediate
Prefixes
Up to four 1-,2-,0or3- 1byte 1 byte Address Immediate
prefixes of  byte opcode (ifrequired) (ifrequired) displacement data of
1 byte each of 1,2,0r4 1,2,0r4
(optional) / \ bytes or none bytes or none

7 65 32 0

7 65

32 0

Reg/
o Opcode

Scale

Index

Base




How to decode x86 instruction?

* Decode instruction length

* Look for the first 8 bytes
— Up to 4 prefix byte before it

— Up to 3 bytes of opcode
— Sometimes look for ModR/M

* Look for operands
— Encoded in the opcode
— Extra bytes
— Look for ModR/M
— Prefixes may change the opcode size



How to speedup decoding?

 Store the instruction size in the cache
together with the instruction

* Have multiple simple decoders and one
complex decoder

e Convert instruction to micro-codes (uop) and
execute uops instead of instructions
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