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'I IA-3 Processor AI‘C IteCtu re 8086, 8088 | 16 bit register, Z]C{f 1MB W2 2], real mode
80286 16 bit register, 2|} 16MB M| &2 2|, protected mode
80386 32 bit register, Z|CH 4GB |2 2],
protected mode with paging and virtual 8086 mode
80486 + cache memory, math coprocessor L} 7%}
IA-32 { | Pentium + 64 bit data bus, data cache, instruction cache
Pentium II + MMX instructions £ 7}, 64GB H|2 2], LHE 1 X 7§
Pentium III | + SSE instructions &7}, L= X 7§A
Pentium IV + SSE2 instructions =7}, LHE 1 X 74 (NetBurst)
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B Real-address mode
« 80862 % RC
= MS-DOSOI A At
B Protected mode
« 802860|40IM AIE|E SR B LC
« HE2] B3 Tl segmentation/paging 7|52 &gt
= Windows, Linux0j| A At
B System management mode(SMM)
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(cf) virtual 8086 mode
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real-address mode,
virtual-8086 mode 20 1M
32 4GB
protected mode
36 64GB
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AL F A (absolute address) = E2|X Z A (physical address)
« HEEZIo A

= 8086(E+= real mode)0f|A] 20 bit 3 7] > %[ IMB {2 2| & X 7Is

B segment?} offset2 A%t £ 4 A|H
= 80869] register= 16 bit 37| > Z|0}j 64KB H| 22| & X 7t
= 80860]|A] 16 bit segment registerE 2 F7I2 Al
220 bit {2 2|FE 4 M2

segment]4|8|E|3\

offiet 1) [2]4]1]09] 48E3:2419
= 4B249

address [ 4 [B[2]4] 9]

address = (segment << 4) + offset
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= code segment:
» data segment:
= stack segment:
B segment registers — ZF | JHEQ| A|RIE A S HE BT register
: code segment
= DS, ES (, FS, GS): data segment
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(cf) segmentQ] 20-bit A]= £ 4 9] UIQI4H|E
segment registerj| = ¢|16H| E 0t & Ztot

B segment offset
= segment A]

o T/

stack segment
= L0011
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B physical address = segmentA| &% A (20-bit) + offset(16-bit)
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memory
segment ol ey
registers —_—
cs W data seg 1
DS — I
ss_| || |dataseg2 |
ES
| stack seg |
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32 bit general purpose registers

EAX EBP
EBX ESP
ECX ESI
EDX EDI
16 bit segment registers
[ EFLAGS | cs ES
DS FS
| EIP | ss GS
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e ZIRIAE B2 HI
L]

AH AL || g bits + 8 bits

AX 16 bits
EAX 32 bits
32-bit 16-bit 8-bit (high) 8-bit (low)
EAX AX AH AL
EBX BX BH BL
ECX CX CH CL
EDX DX DH DL
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EBP BP ESI SI
ESP Sp EDI DI
16
32
EIP | | |

* 80386 O] OllA] 32-bit2 ZtEHE

AL S

32-bit 16-bit
ESI ST
EDI DI
EBP BP
ESP SP
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16 bit segment registers

CS

ES

DS

FS

SS

GS

EARIH

} — 80386 0] &t

2RI AE - segmentQ] A|ZH(base)F A X’Z0ll AFREH

SERC segment registerZto| L

8086 E = 20-bit segment A|&FZE A 9] 42| 16-bit
802860] 4t real mode

80286 Hz R C 24-bit segment A|ZIFE A E S A %0 HO|E

9] oIdl & (> segment selector@fil _'f'_E)

803860| 4 HZ R C

32-bit segment A|ZIF AE S
O] oldl A (2|1l 32-bit offset AIR)
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I ES S L A3t segment

IP (instruction pointer) | C}20f| A3 M2 0] 2| X]2] cs
offsetg Hat

SP (stack pointer) stack?| top {1X|2] offsetg Bt SS

BP (base pointer) stack segment0f| A Q] offset & ss
(frame pointer 2 2 £ 2 AIR)

B QIElA ZXIAH

EINESS| L& A3t segment

SI (source index) - data segment0j| M 2] offset H it

- string & AH0J| A source operand DS

QA Hat

DI (destination - data segment0j| M Q] offset H it

index) - string A A0l A] destination DS(E &= ES)
operand Q|A| &1t
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B Z A4 address = segment : (base + index + displacement)

segment base index displacement
8086 DS BX Sl DI 8-bit
80286 SS SP, BP ! 16-bit 24
80386 DS EAX, EBX, ECX | EAX, EBX, ECX | 8-bit
Yk EDX, ESI, EDI |EDX, ESI, EDI | 16-bit
SS | ESP, EBP EBP 32-bit A&
memo
IP Y
code
St s
— data
DI oS
SP — stack
BP —
Wﬂﬂl“m o g0
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EINESS

EAX, AX

EBX, BX

ECX, CX

EDX, DX

i =2l 1(flag) &IXIAH

B =oid A AH
= ZZANIAQ W SEQF ALHALLS LIEHU = 2RI

EFLAGS | |  FLAGS |

AN
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» ALHADLE LIEHHE HIE:
= SF(sign), ZF(zero), CF(carry), OF(overflow)
= AF(auxiliary carry), PF(parity)

» T2 HAM SZEE HI0{0tE= HIE:
= DF(direction), IF(interrupt), TF(trap)
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X Virtual Interrupt Pending
X Virtual Interrupt Flag (VIF)
X Alignment Check (AC)

X Virtual-8086 Mode (VM)

YO Privilege Level (IOPL)

Interrupt Enable Flag (IF})

Auxiliary Carry Flag (AF)

Indicates a Status Flag
Indicates a Control Flag
Indicates a System Flag

XKOW ;W mX RO XXX

EFLAGS 2| X|AH

Reserved bit positions. DO NOT USE.
Always set to values previously read

B Carry (CF)

= unsigned arithmetic out of range
® Overflow (OF)

= signed arithmetic out of range
m Sign (SF)

= result is negative
W Zero (ZF)

= result is zero
B Auxiliary Carry (AF)

= carry from bit 3 to bit 4
W Parity (PF)

= sum of 1 bits is an even number
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FPU Registers /éE"H:'lZE: ST(0) ~ ST(7)

Eight 80-bit Floating-Point
Registers Data Registers

16-bits | Control Register
16-bits Status Register

Tag Register
[] Opcode Register (11-bits)

| 48-bits | FPU Instruction Pointer Register
| 48-bits | FPU Data (Operand) Pointer Register
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e MMX, SSE, SSE2 2| X] A H
|

MMX Registers

Eight 64-bit

Registers MMX Registers

SSE and SSE2 Registers

Eight 128-bit ;
Registers XMM Registers

| 32-bits | MXCSR Register
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wm CISCRL RISC
sl
B CISC - complex instruction set computer
= large instruction set
= high-level operations
= requires micro-code interpreter
= examples: Intel 80x86 family
B RISC - reduced instruction set computer
= simple, atomic instructions
= small instruction set
» directly executed by hardware
= examples:
= ARM (Advanced RISC Machines)
=« DEC Alpha (now HP)
= SPARC
= PowerPC
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B Level 3: Call a library function (C++, Java)
= easy to do; abstracted from hardware; details hidden
= slowest performance
B Level 2: Call an operating system function
= specific to one OS; device-independent
= medium performance
B Level 1: Call a BIOS (basic input-output system) function
= may produce different results on different systems
= knowledge of hardware required
= usually good performance
B Level 0: Communicate directly with the hardware
= May not be allowed by some operating systems
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Application Program

OS Function

BIOS Function

Hardware
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OS Function

BIOS Function

Hardware
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