8 April 2002

Important announcements


Homework

Labs

Projects
IA-32 Instruction Set Architecture


CISC:  Complex Instruction Set Computer


8086 – 16 bit computer


80286 – 32 bit processor with 16 bit bus


80386 – 32 bit processor with support for “modern” OS


80486 – floating point


Pentium – “superscalar” processor


Pentium Pro – “dynamic execution”


Pentium II – MMX: multimedia extensions


Pentium III – Streaming SIMD floating point


Pentium IV – SSE2, more Streaming SIMD

IA-64 Instruction Set Architecture


HP PA-RISC + IA-32 to 64 bits


Itanium
IA-32 specifications (these are huge!)


A recent Pentium processor datasheet

Software Developer’s Manual

1) Basic Architecture (426 pages)

2) Instruction Set Reference (966 pages)

3) System Programming Guide (760 pages)


Optimization Manual (396 pages)

IA-64 specifications (these are not so huger)


Itanium processor datasheet (80 pages)


Software Developer’s Manual

1) Application Architecture (234 pages)

2) System Architecture (532 pages)

3) Instruction Set Reference (956 pages)

Reference Manual for Software Development (134 pages)

Reference Manual for Software Optimization (34 pages)

Assembly Language Reference Guide (83 pages)

IA-64 Assembler User’s Guide (88 pages)


Software Conventions (100 pages)

IA-64 Web Based Tutorials
IA-32 Registers


Sparse and non-orthogonal


Typical 32-bit data register has four named parts

	EAX (32)

	
	AX (16)

	
	AH (8)
	AL (8)



General registers

	AX
	Accumulator register

Default source and destination for arithmetic and I/O

	BX
	Base register

Base of array

	CX
	Count register

Counter for loop operations

	DX
	Data register

Extension of AX for multiply and divide, Used in I/O

	DI
	Destination Index register

Destination for string operators

	SI
	Source Index register

Source for string operators

	SP
	Stack Pointer

Points to top of stack

	BP
	Base Pointer

Points to procedure arguments



Segment registers

	CS
	Code Segment

For instruction address

	SS
	Stack Segment

For local variables

	DS
	Data Segment

For global variables

	ES
	Extra Segment



	FS
	Another extra segment



	GS
	Another extra segment





EFLAG register
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Figures taken from Intel Architecture Software Developer’s Manual, Volume 1:  Basic Architecture
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Virtual Interrupt Pending (VIP)
Virtual Interrupt Flag (VIF)
Alignment Check (AC)
Virtual-8086 Mode (VM)
Resume Flag (RF)
Nested Task (NT)
/O Privilege Level (IOPL)
S Overflow Flag (OF)
C 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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Indicates a Status Flag
Indicates a Control Flag
Indicates a System Flag
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Floating Point registers



Eight 80-bit registers



Supports many data types

32 bit and 64 bit IEEE

64 bit integers

BCD integers



Organized as a register stack



Has its own “status word”


MMX registers



Eight 64-bit registers each is




One quadword




Two doublewords




Four words




Eight bytes


Streaming SIMD register



Eight 128-bit registers each is




Four 32-bit floating-point values

Addressing


Real-Address Model



20-bit address space with 16-bit registers
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Code

Error Summary Status

Stack Fault

Exception Flags
Precision
Underflow
Overflow
Zero Divide
Denormalized Operand
Invalid Operation





Segmented Model


Flat Model

Segment example


SS : BP = 2708 : 18D8


 27080

SS shifted 4 places
  18D8

BP


+    C 

address offset


 28964

actual address
ModR/M


Instructions can have



Immediate data



Displacement address



SIB – Scale/Index/Base



ModR/M – Mode and register

	7 … 6
	5 … 3
	2 … 0

	Mod
	Reg/Opcode
	R/M
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This table taken from Intel Architecture Software Developer’s Manual, Volume 2:  Instruction Set Reference
Example stack frame


int F(int a, int b) {



int x, y ;

	BP+12
	b

	
BP+8
	a

	
	return address

	BP
	saved %EBP

	BP-4
	x

	BP-8
	y

	SP
	


Types of instructions (not anywhere near a complete list)


Data movement


Memory ( Register



Register ( Memory



Register ( Register



Immediate ( Register



Immediate ( Memory


Stack instructions


Arithmetic



Add, subtract, multiply, divide, increment, decrement



BCD –packed and unpacked



Floating point




Includes SQRT, SINE, COSINE


Logical instructions



AND, OR, NOT, XOR



Shift and rotate


String operators


I/O operator


Control instructions



Conditional jumps



LOOP instructions




Using the CX register



Subroutine call/return

Let me count the ways
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Instruction

ADD AL,imm8
ADD AX,imm16
ADD EAX,imm32
ADD r/m8,imm8
ADD r/m16,imm16
ADD r/m32,imm32
ADD r/m16,imm8
ADD r/m32,imm8
ADD r/m8,r8

ADD r/m16,r16
ADD r/m32,r32
ADD r8,r/m8

ADD r16,r/m16
ADD r32,r/m32

Description

Add imm8to AL

Add imm16to AX

Add imm32to EAX

Add imm8to r/m8

Add imm16to /m16

Add imm32to /m32

Add sign-extended imm8to /m16
Add sign-extended imm8to /m32
Add r8 to /m8

Add r16to r/m16

Add r32 to /m32

Add r/m8to r8

Add /m16to r16

Add r/m32to r32





This table taken from Intel Architecture Software Developer’s Manual, Volume 2:  Instruction Set Reference
Indirect addressing to the max



ModR/M – Mode and register

	7 … 6
	5 … 3
	2 … 0

	Mod
	Reg/Opcode
	R/M




SIB – Scale Index Base

	7 … 6
	5 … 3
	2 … 0

	Scale
	Index
	Base



In most complicated situation, address of indexed data can be

[ Base + Scale*Index + Constant]
Many examples in C and IA-32 assembler
A pretty good on-line tutorial
A little IA-64


Talk by Allan D. Knies


and another talk by Knies

Registers

Instruction format

EPIC

Speculative execution
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REG - 100|101 |10 [

Effective
Address Mod | RIM

[EAX) 00 | o000 20 | 28 [ 30 | 38
[ECX] 001 21 | 20 [ 31 | 39
[EDX] 010 22 | 2a | 32 | 3
[EBX] o011 23 | 28 | 33 | 3B
[S18) 100 2 | 2c | 3 | 3c
disp322 101 25 | 20 | 35 | 3D
[EST) 110 26 | 2 | 36 | 3E
[EDI] 111 27 | oF | 37 | oF
dispB[EAX] o1 [ ooo 60 [ [70]
dispB[ECX] 001 61 | 60 [ 71 | 79
disp8[EDX] 010 62 | ea | 72| 7a
disp8EBX]; o1t 63 | 68 [ 73 | 78
disp8[-J[-] 100 64 | ec | 74 | 7C
disp8[EBP] 101 65 | ed [ 75 | 7D
disp8[ESI] 110 66 | 6 [ 76 | 7E
disp8[EDI] 1 67 | 6F | 77 | 7F
disp32[EAX] 10 | o000 a0 | s | Bo | B8
disp32[ECX] 001 At | A9 | B1 | B
disp32[EDX] 010 A2 | s | B2 | BA
disp32[EBX] o11 A3 | a8 | B3 | BB
disp32[-Jl-] 100 A4 | ac | Ba | BC
disp32[EBP] 101 As | ap [ Bs | BD
disp32[ESI] 110 as | aE | Bs | BE
disp32[EDI] 111 A7 | AF | B7 | BF
EAX/AX/ALMMOXMMO 11 [ 000 £ | es [ Fo | F8
ECX/CX/CLIMM1/XMM1 001 El | g9 [ F1 | Fo
EDX/DX/DLIMM2XMM2 010 E2 | A | F2 | Fa
EBX/BX/BL/MM3/XMM3 o11 E3 | es | F3 | FB
ESP/SP/ARIMMA/XMMA 100 E4 | Ec | Fa | FC
EBP/BP/CHMMS/XMMS5 101 Es | ep [ F5 | FD
ESI/SIDHIMMB/XMMS 110 E6 | EE | Fo | FE
EDI/DUBHMM7/XMM7 111 E7 | EF | F7 | FF
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