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Introducao

« 80386DX, 80386SX

« 80486DX, 80486SX, 80486DX2, 80486DX4
* Intel Pentium, Pentium-MMX

* Intel Pentium Pro, Pentium II, Celeron

* Intel Pentium IlI, Celeron

 Intel Pentium 4, Pentium 4 D, Celeron

* Core Duo, Centrino

 Intel Core 2 Duo, Core 2 Quad, Centrino
- EM64T, x8664
« EM64T # |A64
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Introducao

AMD 5x86, K5, 6x86

AMD K6, K6ll, K6llI

AMD Athlon, Duron

Athlon XP, Semprom, Turion

AMD Athlon 64, Turion 64
« AMDG64, x86 64
« AMD64 ~ EM64T

AMD Athlon 64 X2, Turion 64 X2
- AMDG4, x86 64

Transmeta Crusoé
Cyrix 5x86, M1
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UFRGS Modos de Operacao

UNIVERSIDADE FEDERAL
DO RIO GRANDE DO SUL

« Modo protegido
« Modo virtual 86
« Emulacao do modo real por uma tarefa de
modo protegido
* Modo real
* Modo original do 8086
* Modo default

» Modo de gerenciamento de sistema
¢ Introduzido com o0 80386SL
 Utllizado para funcao de economia de energi
« Enderecamento similar ao modo real
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Protection Rings

Operating
System
Kernel

Operating System
Services

Level 1

Level 2
Applications

Level 3
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Segment Selector
For Data Segment

Data-Segment Descriptor Privilege

Check
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DO RIO GRANDE DO SUL 1 General-Purpose Registers

Segment Registers
15 0

CS
DS
SS
ES
FS
GS

31 Status and Control Registers 0

I T
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General-Purpose Registers
31 16 15 8 7 0 16-bit 32-bit

EAX
EBX
ECX

EDX
EBP
ESI

EDI
ESP
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Segment Registers

Code
Segment

Segment

Data

Stack
Segment

o

Data
Segment

Segment

Data

Data
Segment

All segments
are mapped
to the same
linear-address
space
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31302928272625242322212019181716151413121110 9 8 7 6 56 4 3 2 1 0

o|D S A G
F|F F - F

AV
C|M

ID Flag (ID)
Virtual Interrupt Pending (VIP)
Virtual Interrupt Flag (VIF)
Alignment Check (AC)
Virtual-8086 Mode (VM)
Resume Flag (RF)
Nested Task (NT)
I/O Privilege Level (IOPL)
Overflow Flag (OF)
Direction Flag (DF)
Interrupt Enable Flag (IF)
Trap Flag (TF)
Sign Flag (SF)
Zero Flag (ZF)
Auxiliary Carry Flag (AF)
Parity Flag (PF)
Carry Flag (CF)
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UFRGS Registradores de Controle
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Reserved (set to 0)

Page-Directory Base

Page-Fault Linear Address

31 3029 30 1918171615

C|N A W
D W M P

=]
G
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Registradores de Controle

PG: Paging

CD: Cache disable
NW: Not write-through
AM: Aligment mask
WP: Write protect
NE: Numeric error
ET. Extension type
TS: Task switched
EM: Emulation

MP: Monitor coprocessor
PE: Protection enable
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Registradores de Controle

PCD: Page-level cache disable

PWT:. Page-leve write-through

VME: Virtual-8086 mode extensions
PVI. Protected-mode virtual interrupts
TSD: Time stamp disable

DE: Debugging extensions

PSE: Page size extensions

PAE: Physical address extension
MCE: Machine-check enable

PGE: Page global enale

PCE: Performance-monitoring conter enable
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UFRGS Relocacao
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« Em sistemas multitarefa, cada tarefa tera um
endereco Iinicial diferente. Como o
programador/compilador/linker sabera o
endereco inicial (e enderecos de subrotinas,
dados, etc...) da tarefa?

* Problema da relocacao

« Gerar apenas codigo com enderecos relativo
» Codigo relocavel

* Relocacao durante a carga da tarefa na
memoaria
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UFRGS Segmentacao
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 Associa-se a cada area de memaoaoria um valor de
pase e um valor de limite

» base=endereco Inicial
* limite=endereco maximo ou tamanho

» Todas as tarefas sao codificadas assumindo que
sua area de memaoria comecaem 0

« Quando a tarefa e selecionada para executar, be
e limite sao carregados pelo sistema operaciona
em registradores especiais na CPU
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« Endereco fisico = offset + base

« Soma feita por hardware a cada acesso a

memoria

» Enderecos sao verificados quanto ao limite
« Uma tarefa nao pode acessar a area das out

Descriptor

Base address

Other fields

32-Bit linear address
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Exemplo

« 64kB de memodria total

 Programa 1
« Tamanho de 16kB
» Carregado no endereco fisico 1000h

* Programa 2
« Tamanho de 32kB
« Carregado no endereco fisico 6000h

« Ambos acessam o0 endereco logico 3000h
« Tabela de segmentos no endereco fisico 0400h
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UFRGS Segmentacao
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* O seletor e descritor de segmento sao controlad
pelo sistema operacional

» O offset é controlado pelo programa de aplicaca
* Protecao
« Usualmente o descritor de segmento tem
algums bits associados que sao utilizados pa

determinar as caracteristicas de protecao do
segmento

* Permissoes de leitura, escrita, execucao

« Cache de descritor de segmento
« Evita dois acessos a memoria

+ Alterado apenas quando o registrador de
seletor de segmento € alterad@vron o vaerrewriages 22
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Linear Addr

(or Physical Memory)

FFFFFFFFH

Code

Code- and Data-Segment
Descriptors Not Present

il
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Linear Address Space

(or Physical Memory)

Code FFFFFFFFH

Not Present

— Memaory /O
Limit
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Linear Address Space
{or Physical Memory)
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 Local Descriptor Table (LDT)
» Global Descriptor Table (GDT)

System Table Registers
16 15

32-bit Linear Base Address 16-Bit Table Limit
32-bit Linear Base Address 16-Bit Table Limit

Eystem_ﬂegmﬂnt Segment Descriptor Registers (Automatically Loaded)
15 Registers g Attributes

Task - TP T s
Fie-:]}hﬁztgr g. Sel. 32-bit Linear Base Address Segment Limit I-I
2-bit Linear Base Address SegmentLimit | | ||
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(Il
|

Segment
Selector

Global
Descriptor
Table (GDT)

TI=0

First Descriptor in
GDT is Not Used

GDTR Register

Base Address

Local
Descriptor
Table (LDT)

LDTR Register

[ [ Limit |
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Descriptor

Base address

Other fields

32-Bit linear address
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Table Indicator 4+

O=GDT

1=LDT
Reqguested Privilege Level (RPL)
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24 23 22212019 16151413 12 11

Seg. D
Base 31:24 G Lirmit = Type Base 23:16
L

19:16

Base Address 15:00 Segment Limit 15:00

AVL — Available for use by system software

BASE — Segment base address

D/B  — Default operation size (0 = 16-bit segment; 1 = 32-bit segment)
DPL — Descriptor privilege level

G — Granularity

LIMIT — Segment Limit

P — Segment present

S — Descriptor type (0 = system; 1 = code or data)

TYPE — Segment type
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UFRés Segmentacao no Modo V86
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« Semelhante a segmentacao no 8086
» Seletores sao utilizados como base dos segmen
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Virtual Physical
address memory

space addresses

0-4K
4K -BK
BK-12K
12K-16K
16K -20K
20K -24K
° Paginagé,o 24K-28K :;;4|<-28|<
’, . 28K -32K 28K -32K
- Falta de pagina ok a6k \\
® Page-table 36K-40k. Page frame
40K -44K
* Endereco s
~ 4 -
e Virtual 52K -56K

1< 56K-60K Virtual page
. Fisico )

60K-64K
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oo]1]ojofofo]ojo]ofofofo]1]ojo

;_V_JL___—V—._/

Virtual page = 2
is used as an
index into the
page table

absent bit

12-bit offset
copied directly
from input

to guiput

r._A_—\,———————‘_A_———‘\
[1[1[o[oJo[o]o]ofo[o[e]o]1]o]o]
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UFRGS Hardware de Paginacao
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« Usualmente a tabela de paginas € mantida em
memaria e nao em registradores

* Registrador de base da tabela de paginas
« Translation look-aside buffer (TLB)
» Evita dois acessos a memoria
« Paginas também podem ter bits de protecao
associados
 Bit de presenca/auséncia
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Linear Address
31 22 21

Directory Offset

/S22 4-MByte Page

Page Directory Physical Address

Directory Entry -

1024 PDE = 1024 Pages

CR3 (PDER)

*32 bits aligned onto a 4-KByte boundary.
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Linear Address
31 22 21 12 11

Directory Table Offset

s
/1 12 4-KByte Page

10  Page Table —»| Physical Address

Page Directory

Page-Table Entry

—» Directory Entry

o
30 1024 PDE = 1024 PTE = 2?° Pages
CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.
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Logical Address
(or Far Pointer)

Segment ¢
Selector Offset Linear Address
| | | Space

Linear Address

Global Descripto ‘
Table (GD!IP} r — | Dir | Table | Offset | Physical

Segment

Segment
Descriptor

Page Directory

. Entry

Address
Space

Page Table

I

Entry

SegmentJ

Base Address

Segmentation
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3130 29

Linear Address

21 20 12 11

Directory Pointer —

Directory

Table Offset

/]

Page Directory

9

—» Directory Entry

9
-
-

12

Page Table

4-KByte Page

Physical Address

Fage-Table Entry

Pointer Table

Page-Directory-

Dir. Pointer Entry

CR3 (PDFTR)

4 PDPTE # 512 PDE * 512 PTE = 2?0 Pages

*32 bits aligned onto a 32-byte boundary
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Linear Address

Directary
Pointer

Fage-Directory-
Pointer Table

CR3 (PDPTR)

*32 bits aligned onto a 32-byte boundary
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Linear Address

"'1:I :]

Directory

4-MByte Page

Page Directory
- Physical Addres:

Directory Entry

1024 PDE = 1024 Pages

CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.
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« Segmentos mapeados em paginas ou hao

« Mapeamento de segmentos em paginas simplific
0 gerenciamento

Page Frames
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UFRGS Protecao de I/O
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» Existe um nivel de privilegio de I/O

« Apenas processos com nivel de privilégio
menor ou igual podem executar instrucoes de
/O

» Associado a cada processo pode existir um
bitmap de permissoes de I/O
« Apenas as portas habilitadas podem ser
acessadas
« Hardware Virtual
 Virtualizacao de dispositivos
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24 23

Last byte of bit
map must be
followed by a byte
with all bits set

— -

.
—
——

/0 base map must
not exceed DFFFH.

Task State Segment (TSS)

I/O Permission Bit Map
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* Registradores e opcodes ponto flutuante
* Na |IA32 opera em notacao polonesa reversa
» A partir do 80486DX passou a ser FPU

Instruction
Decoder and
Sequencer

Data Bus
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Sign.._ 7978 64 63 0

R7 I Significand

Control
Register

Status

Tag
Register
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Infinity Control
Rounding Control

r Precision Control

1514131211108 8 7 6 &5 4 3 2

Exception Masks
Precision
Underflow
Overflow
Zero Divide
Denormalized Operand
Invalid Operation
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FPU Busy

|— Top of Stack Pointer

151413 1110 9 8 7 6 5 4

3 2
GGDES Ulo|Z
21110 E|E|E

Error Summary Status
Stack Fault
Exception Flags
Precision
Underflow
Overflow
Zero Divide
Denormalized Operand
Invalid Operation

Condition

Code
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UFRGS Exemplo FPU
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.intel syntax noprefix

. text

. gl obal sum

# float sum(float a,float Db)

sum
push ebp
nov ebp, esp
finit
wai t
fld dword ptr [ebp+8] # a
f add dword ptr [ebp+12] #Db
fwai t
pop ebp
r et
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