Introducao aos
Sistemas de Computacao (3)

N\
ININ

Estrutura do tema ISC

4. Analise das instrucoes de um processador
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Analise de componentes
num computador

Componentes (fisicos) a analisar:
— a unidade de processamento / o processador:

»0 nivel ISA (Instruction Set Architecture):
tipos e formatos de instrugdes, acesso a operandos, ...

« CISC versus RISC
 paralelismo no processador: pipeline, super-escalaridade, ...
 paralelismo fora do processador: on-chip e off-chip

— a hierarquia de memoria:
cache, memoria virtual, ...

— periféricos:
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O processador: analise do nivel ISA
(Instruction Set Architecture) (1)

Ex. de cédigo C Mesmo codigo em assembly
int sum(int x, int y) _sum:
{ pushl %ebp
int t = x+ty; movl %esp, sebp
return t; movl 12 (%ebp) , Seax
} addl 8 (%ebp) , Seax
movl %ebp, sesp
* operacoes num processador? i:il sebp

* cOmo aceder a operandos?
* registos visiveis ao programador?

* tipos de instrugdes presentes num processador?
 formatos de instrugdes em linguagem maquina?
« instrucdes de input/output ?

* escalares multi-byte em memoria?
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O processador: analise do nivel ISA
(Instruction Set Architecture) (2) = . L

 operacdes num processador?
ININ\

Operacoes logicas/aritméticas num processador

— operacdes mais comuns:
 logicas: not, and, or, xor, ...
e aritmeticas: inc/dec, neg, add, sub, mul, ...

— n° de operandos em cada operacao
3-operandos (RISC, ...)

2-operandos (I1A-32, ...)

1-operando (microcontroladores, ...)
O-operandos (stack-machine, ...)

— localizacao dos operandos
 variaveis escalares, um so valor (em registos...)
 variaveis estruturadas (em memoria...)
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O processador: analise do nivel ISA
(Instruction Set Architecture) (3) ' L

7 « como aceder a operandos?
ININ

Modos de aceder a operandos

— em arquiteturas RISC
« em operacoes aritméticas/ldgicas: operandos sempre em registo
* em load/store:1 ou 2 modos de especificar o endereco de memoria

—em CISC, exemplo: |1A-32 (Intel Architecture 32-bits)

Type Form Operand value Name
Immediate | $Imm Imm Immediate
Register E, R[E,] Register
Memory | Imm M[Imm)] Absolute
Memory (Eq) M[R[E,]] Indirect
Memory | Imm (Ep) M[Imm + R[E]] Base + displacement
Memory (Ep, E;) M[R[Es] + R[E{]] Indexed
Memory Imm (Ep, E;) M[IFmm + R[E] + R[E;]] Indexed
Memory (,E;, s) M[R[E;] - ] Scaled indexed
Memory Imm (,E;, s) M[Fmm + R[E;] - 5] Scaled Indexed
Memory (Ey, Ei, 8) M[R[Es] + R[E;] - 5] Scaled indexed
Memory Imm (Ep,E;, s) | M[Fmm + R[Ep] + R[E;] - 5] | Scaled indexed
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O processador: analise do nivel ISA

(Instruction Set Architecture) (4)
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* registos visiveis ao programador?

' |

Registos visiveis ao programador (inteiros)
— em arquiteturas RISC: 32 registos genéricos...

— no |A-32:

15 8 7 0

Feax Fax Zah zal

$esi $si |

$edi $di l

sesp $sp I Stack pointer
$ebp sbp | Frame pointer
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O processador: analise do nivel ISA

* tipos de instrugcdes presentes num processador?
N\
l\l\ °

Tipos de instrucoes presentes num processador

ainatrminRan AAa inniit/Aaiidni it D

— transferéncia de informacao
 de/para registos/memoria, ...
— operacoes aritmeticas e logicas
* soma, subtracao, multiplicacao, divisao, ...
 AND, OR, NOT, XOR, comparacao, ...
« deslocamento de bits, ...
— controlo do fluxo de execucao
e para apoio a estruturas de controlo
e para apoio a invocacao de procedimentos/funcoes

— outras...
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O processador: analise do nivel ISA
(Instruction Set Architecture) (6)

Ex: instrucoes de transferéncia de info no 1A-32

mov S, D D<&S Move (byte,word,long_word)

movzbl S,D D<ZeroExtend(S) Move Byte-Long Zero-Extended
movsbl S, D D<SignExtend(S) Move Byte-Long Sign-Extended

push S %esp < %esp - 4; Mem[%esp] € S Push

pop D D<Mem[%esp]; Y%esp <%esp+ 4 Pop

lea S, D D< &S Load Effective Address | Pointer
D — destino: [Reg | Mem] S — source, fonte: [Imm | Reg | Mem]

D e S ndo podem ser ambos operandos em memoria no 1A-32
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O processador: analise do nivel ISA
(Instruction Set Architecture) (7)

Ex: instrucoes aritméticas/loégicas no 1A-32

inc D D& D +1 Increment

dec D D& D -1 Decrement

neg D D& -D Negate

not D D& D Complement

add S,D D&ED+S Add

sub S,D D&ED-S Subtract

imul S,D D&D*S 32 bit Multiply

and S,D D&ED&S And

or S,D D& DS Or

xor S,D D&D™S Exclusive-Or

shl k, D D& D <<k Left Shift

sar k, D D& D >>Kk Arithmetic Right Shift
shr K, D D& D >>k Logical Right Shift
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O processador: analise do nivel ISA
(Instruction Set Architecture) (8)
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Ex: instrucoes de controlo de fluxo no |1A-32

jmp Label %eip < Label Unconditional jump

je Label Jump if Zero/Equal

is Label Jump if Negative

ig Label Jump if Greater (signed >)

jge  Label Jump if Greater or equal (signed >=)
ja Label Jump if Above (unsigned >)

call Label pushl %eip; %eip < Label Procedure call

ret popl %eip Procedure return
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O processador: analise do nivel ISA

(Instruction Set Architecture) (9) [ Tegsws visIvers ao programauor 7

- formatos de instrugdes em linguagem maquina?

e inctriirAace do inniit/niitniit ?

Formatos de instrugcoes em linguagem maquina
— campos duma instrucao

OpCode OpCode|Operando (valor/localiz.)
(a) (b)

OpCode| Operndo1 | Operndo2 OpCode|OpndoqOpndo2|Opndo3
(c) (d)

— comprimento das instrucoes

 variavel (pros e contras; IA-32...)
e fixo (pros e contras; RISC...)

— exemplos de formatos de instrucoes
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O processador: analise do nivel ISA
(Instruction Set Architecture) (10)

N\
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Formatos de instrucoes no |1A-32

bytes lor2 Oorl Oorl 0,1,2,0r4 0,1,2,or4
Opcode MOD/RM SIB Displacement Immediate
- ~ -
- I Ve
- 1y ™ - -
- - 1 ™ - -~
PR 1 Y -
Mod Reg/Opcode R/M SS Index Base
7 6 5 3 2 1 0 7 6 5 4 3 2 1 0
(b) Instruction
bytes Oorl Oorl Oorl Oorl
Instruction| Segment OpScirz:;nd A(é?;:ss
Override . -
Prefix Override | Override
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O processador: analise do nivel ISA
(Instruction Set Architecture) (11)
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Formatos de instrucoes no MIPS (RISC)

R-type op IS rt rd |shamt| funct
Arithmetic instruction format

[-type op s It address/immediate
Transfer, branch, immediate.

J-type op target address

Jump instruction

Field size | 6 bits | Sbits | Sbits | Sbits | Sbits | © bits
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O processador: analise do nivel ISA
(Instruction Set Architecture) (12)

ARM Instruction Formats

3130292827 2625242322212019181716151413 1211109 8 7 6 5 4 3 2 1 O

f,f,‘:,ﬁ;‘,’;i‘:ﬁg cond |0 O 0| opcode |S Rn Rd shift amount | shift| 0 Rm
dat?ezrlgtc;s:::;g cond [0 O O| opcode |S Rn Rd Rs 0 [ shift| 1 Rm
— mﬁzﬂaﬂtﬂ cond |0 O 1| opcode |S Rn Rd rotate immediate
,mmedlgig/;ftgz cond |0 1 O|P|U(B|W|L Rn Rd immediate
,eg::tae?/:ftfgz cond |0 1 1|P|U|B|W|L Rn Rd shift amount|shift| 0| Rm
'°f:ﬁ:’,§ cond |1 0 o|p|uls|w|L| Rn register list
brandﬁiﬁﬂﬁ: cond IO L 24-bit offset

= S = For data processing instructions, updates condition codes
For load/store multiple instructions, execution restricted to supervisor
e

S —
mo
= P, U, W = distinguish between different types of addressing mode
B = Unsigned byte (B==1) or word (B==0) access

L = For load/store instructions, Load (L==1) or Store (L==0)

L = For branch instructions, is return address stored in link register
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O processador: analise do nivel ISA

T TUTTTIAdUS UT MMIouTuLutTo TITT IMTiyuayy

(Instruction Set Architecture) (13)

N\
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« instrugdes de input/output ?
» escalares multi-byte em memoria?

Instrucoes de input/output

— finalidade
e escrita de comandos
e leitura de estado

e escrita/leitura de dados

— tipologia:

* instrucoes especificas (requer sinais de controlo no bus...)

* idénticas ao acesso a memoria (memory mapped I/0)

Escalares multi-byte em memoria

;gt_%iirtg Little-endian
3a 2b 1lc 0d :
‘ | » 0d
> 1cC
»| 2b

»| 3a

Memory
Address

n
n+1
n+2
n+3

Big-endian

3a

inteiro
32-bits

3a 2b 1c 0d

2b

1lc

0d |«
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“ Little-Endian vs.
| Big-Endian

Little-Endian vs. Big-Endian
Origin of the terms

Jonathan Swift, Gulliver’s Travels

* A law requiring all citizens of Lilliput to break their soft-eggs
at the little ends only

* A civil war breaking between the Little Endians and

the Big-Endians, resulting in the Big Endians taking refuge on
ittle End
aE a nearby island, the kingdom of Blefuscu

Big-endians crack
soft-boiled eggs at  « Satire over holy wars between Protestant Church of England

and the Catholic Church of France

the big end, and
little-endians crack
them at the other
end in the story.
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