W 2% 66 Z2HM 35

i DFOIZE2EEC 712 35
L]

CilO[E] B2, 2EH B2

2f|%]| 2K
Central Processor Unit 22| ;[({g‘ J[(i(x)l
(CPU) H AR A| b 0
EIEIEEE
L Hof B~ J I_ J
Fa A

ALU:phE = ALt

CPU + memory + 1/0O

HIOVAI(CU): Ml A HIO] +
23 249450 53 57|18 bus
K|S CEERLT
=42 (Clock
== (Clock) i
i ull
B CPULt Bus S%2 220 7110 S5 SHLL B HZ22] 217] AtOI21f TH7|SEH
1 I%)ﬁ Cycle 1 Cycle 2 Cycle 3 Cycle 4
o LI L L] L
Address
B 1 22 ALO|2 SO ZITHOF SRb2 LWL
= 71701 BYO| £%oll MO 1 22 AH0|20| HQY o
. SV BUOE WS 2 AOIZ0| BRY £ ULt h g
- HIR2] 2 A0l L HE2| & D20l [17] AEj(wait state)
AtOI2E0] ZRY 4 ULt (CHS HIOIR| 1 &%)

» HEZ F2 EEE =017] /00 1% FHA| HIZE] A
= OH71 SENZE §ALE 22
= 220 2 HEE LHES SAME.

AR} o1 E 2| o]

1 cycle 7]

SAICH o g2

CPU read data




I 2 M A QL x86 & 2 MM

B IZMA-FBHOE YOt HIOIEE a0t FAI
= (0f]) CISCHIE: 80x86, 680x0
= (Of]) RISCH|IQ: Sparc, Alpha, PowerPC, ARM &

B x86 T2 MM
= IntelAlQ] E 2 M| A Q1 80x86 B! Pentium A|E T2 H|A Q] YHIA 0|
= 16H|E architecture: 1A-16
= 32H|E architecture: 1A-32
= 64H|E architecture:

IA-64 (ItaniumZ|Q): OFIB A QUS, R CHEE
Intel64 (AMDQ] x86-64 HZ 0| X| ) : 01 S 2

= AMDAIOIM = x86 2 T2 HAE HE T

A THS

mp X86 ZEMIA FAL
i
B x86 AlE T2 AN A
WE £3
8086, 8088 | (1978) 16 bit register, Z|C§ 1MB M| 2 2], real mode
- 8087 math coprocessor Iz Al

(1982) 16 bit register, X]C{ 16MB M| 2 2],
protected mode &7}
T - 80287 math coprocessor HI= At
l 80386 (1985) 32 bit register, |} 4GB M| 2 2],
0] & 3! 71d 8086 R E 7|2 717 protected mode
1A-32 - 80387 math coprocessor HIz Al
80486 (1989) + cache memory, math coprocessor L%}

p5 | Pentium (1993) + 64 bit data bus, data cache, instruction cache
Pentium Pro | (1995) Pentium + 36-bit address(Z|L}j64GB),

LE X 7§A, L2 cache

PentiumMMX | (1996) Pentium + MMX instruction =7}

IA-16 | 80286

SAICHE odEeIo 6

g ¥86 ZEAMIAM HAHHI%)
il

P6

P7

x86-64
P8/9

olg £d
Pentium Il (1997) + MMX instructions £ 7}, 64GBH| 2 2], LHEH X M
AMD K6 (1997) + 3DNow instruction
Pentium I11 | (1999) + SSE instructions &7}, LHE A X 74

Pentium M (2003), Intel Core(2006) : for low power
Pentium 4 (2000) + SSEZ2 instructions, Hyperthreading, NetBurst 1 &
Athlon(K7) | (1999) + MMX, 3DNow, SSE
Athlon64(K8) | (2003) + x86-64 (64-bit A 4F) instructions
Intel Core2 | (2006) + x86-64 (64 bit & A, SSE3, SSE4
Phenom(K10)| (2007) + SSE4a
Core i3/5/7 | (2008) + SSE4a, ;L Z7l{/d, on-die L3 cache
Atom (2008) + for very low power, on-die GPU

B EH11: http://en.wikipedia.org/wiki/X86

wm 'A-32 (x86) 2] 3% RE
ol

B Real-address mode
= 8086 LT
= MS-DOSOJ| A AlE, Windows 980IA = A7t
W Protected mode *
= 80286 O|AH0j|A AIRE|= EXFDE
« H22] E3¥ 8l segmentation/paging 7|5 & X8t (2862 pagingH|2l)
= Windows, LinuxOj| A At
B System management mode(SMM)
o TR RUE|, AJAR HOE FITE 50| 7|5 £ W
(cf) virtual 8086 mode
= protected modeOj| M real-address mode T2 13 2 43t
£ UEE ZAHUZ Ol SE RE

==

« HE| EHAZ EAOIAM 012] 7ie] MS-DOS T2 WS HUAL 4+

ol
AL 3

SAICHE YR Ry 8




A THS

=
z4 3%
F4 3%
« MUZA ZZH DR OHO| T AATE
o SCH HED FAZZE UGN HR22Q] FAZTE
EXNDEQH(MU)FA BY
g5 oC FAHE4 |F4£37037)|
real-address mode,
. 20 1MB
virtual-8086 mode
protected mode 32 4GB

SC|E HR2E| F4L F7

= 8086 : 20H|E (1MB)

= 80286: 24H|E (16MB) ... MHZFAZ7IE 16MBY

= 386 ~ Pentium : 32H|E (4GB)

= Pentium Pro, P6~ : 36H| E (64GB) = PAE (physical address extension)

e

O EeIAo 9

| 1A-32 g|A| A H
ul

B 3K AFE

» OIOIE/ZAE MZEOH7] A0HA Z2MAM LHol M3 &= 71442

H |A-329] g|R|AH

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

SAHICHE o dEe|d0] 10

HE gIXIAH
HE diX|£H

- GIOIE{2t 54 HEROR ALREIL 32H|E HKIAE

(cf) X860 XIAEIE HE HAIAHE S4 SE& 21 YLt

EAX (Extended Accumulator)
EBX (Base)

ECX (Count)

EDX (Data)

EBP (Base Pointer)
ESP (Stack Pointer)

ESI (Source Index)
EDI (Destination Index)

o dEg1A0] 11

[ ]

HE GIXAHS BE HZ2

8 8
AH AL || gpits + 8 bits
AX 16 bits
EAX 3 bits * 80386 O] 40| A
32-bit2 2rEHEl
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
G1A|CH St oaea|ol 12




| 3
EBP BP ESI Sl
ESP SP EDI DI
16
32
EIP | |

* 80386 O] &}0j| A 32-bit2 ZhEHE

32-bit 16-bit
ESI SI
EDI DI
EBP BP
ESP SP
L [Tk-Tom | o=zl o] 13

[ ]
| 3

Mg HKIAEC E4 BX AL

glX|AH EZTU L
EAX, AX - 24l LA, translate A AH2 accumulator
-AEY AL UAEH [O]E Hat
EBX, BX - baseZ& A H3t (8086,80286)
ECX, CX - 2O "= 314 =it (loop count)
- shift 814 H 3t (shift count)
EDX, DX -U=H AL ZREZ A Hat
- =24, L0 A 2] operand H it
ESP, SP - AEHO| top QIA] TAE H
(stack pointer)
EBP, BP - AHRO| HIOIE F4E Ht (KA[FH4L, DH7HEHSL)
(base pointer) frame pointer2til & ot
ESI, Sl (source index)| - HI2Z2] EE & HHO UM AL
EDI, DI (dest. index)

SAICHE odEeIo

14

i HI1TE 2XIAH
mlll

B NO1HE g|X|AE - segmentQ] AlZH(base)F A X| -0 Al2E!

16 bit segment registers

CS ES
DS FS — 80386 0] &
SS GS

B M| 1™ E (segment)
» HOE = AEE0F UH M2 I
» MOWHEQ| 37]

= 8086, 802862 Z|Ll 64KB (2'¢) - 16H|E offset F4A Al
= 803860] 42 Z|LH 4GB (2%2) - 32H| E offset £4& Al

SAICHE o dEg1A0] 15

HM1HE 57

B segment &%

= code segment: Dz AEE Eo
= data segment:

» stack segment:  A|FH, Df7HHS, Y20 B FL

B segment registers — ZF J| 1THEQ| A|2I: A HHE Hit

B segment offset

B M2 FL=MIAHE AXZFEL + O
nc

Al

i je1m}

= CS: code segment

= DS, ES (, FS, GS): data segment

« SS: stack segment base
offset

- segment ARt A0 ATHAQ F4
= 8086/286: 16H|E, 3860]4%}: 32H|E

S

A
» MOHE AEZEL XY WH2 % Ofl TFEkA AFOI7F AS

2
0z
[l
n
e
2

D2 OM0A ZolE OO, &4 S22 XY
SE XY

16




J0{ ZIH

4
m
o8

B H2HO0] ZEOIE(Instruction Pointer)
» MW CHS HAHOQ| offset ZAE M

B EIP (32H|E)

= 803860|AI0] HT D oA AL
B IP (16H|E)

= 8086, 80286

myp HZcE =&

B M2 FL

HZ22[2f Zk 2IX|0 &4 (address)7F B 018 - TH7H byte T

B H22] g2 HIolH =& A8

= 2 byte O] 2] HIOIE &= 271 O] H&EHQ 40| HIEZ|K MEE
80X86AIY L little-endian HHA1S AL — Ot HIO|EJ Wt =4

. memor
= 80386 0]%rQ] real modeOj| A Al register y
05 ug x4
2B a
05 a+1
SAICH o EZIA0] 17 SAICH o 2|0 18
IXT
] ]
31302026 272625242022 2120181817 1615141312 1110 8 8 7 6 5 4 3 2 1 0
m =01 gXIAH Yl¥lalvlal tul & lololi|zlslz],|al.lel |
o} A A= [ olofofofojofolofofo|b| tlt[&l4(Blo | & |BIF|R|EIR|Elo|Rlo|F|1|E
« Z2ZHNIAMO A JENRF ALE LS LIEH = SIA2H PP L
X D Flag (ID)—‘
EFLAGS I | FLAGS | X Virtual Interrupt Pending (VIP
/ X Virtual Interrupt Flag (VIF)
X Alignment Chack (AC)
3860"k| EIJg' X Virual-8086 Mode (VM)
- X PResume Flag (RF
X Nested Task (NT
X VO Privilega Lavel (IOPL)
151413121110 9 8 7 6 5 4 3 2 1 0 % overfiow Rag (OF
iraction Flag (DF}
| | | | |O|:|D|:| IF |TF|SF|ZF| |A|:| |p|:| |C|:| X Interrupt Enable Flag (IF)
X Trap Flag (TF)
5 Sign Flag (SF)
S Zero Flag (ZF)
= i >4 = = i S Auxiliary Carry Flag (AF)
. AEIZEI: ALZALE LIEHYE HIE: S Party Flag (PP
. SC Flag (CF)
= SF(sign), ZF(zero), CF(carry), OF(overflow) R
- . S Indicat Status Fl
= AF(auxiliary carry), PF(parity) C Indicatos a Control Fa\gg
. X‘“O‘l%aﬂj EEI\'"}\'I %ﬂ'% K'IIO'IUI'E HIE X Indicates a System Flag
. . . Reserved bit positions. DO NOT USE. EFLAGS E"XIiE'I
L] DF(dlrECtlon), IF(Interrupt), TF(trap) Always set to values previously read
a1 et (] 19 B[ fedim] oo 20




E ™E MMX, XMM 2||R]|AH
ulll ullE
m Carry (CF)
= unsigned arithmetic out of range

MMX Registers
B Overflow (OF)
= signed arithmetic out of range Eight 64-bit .
) Registers MMX Registers
B Sign (SF)
= result is negative
W Zero (ZF)

= result is zero
B Auxiliary Carry (AF)
= carry from bit 3 to bit 4

. Eight 128-bit .
B Parity (PF) Registers XMM Registers

XMM Registers (SSE, SSE2 registers)

= sum of 1 bits is an even number

| 32-bits | MXCSR Register
Pl et PRI T 21 ] ey oja=alolo 22
g FPU BIXIAE g MIHESN F4 XH
ulll il
B HSALH LKA AL m HEEA
HIOlE] 2IR|AH: ABHQLA = 8086(XE = real mode)0j|A] 20 bit 7] - Z|Cj IMB HI2 2] X 7t
80-bit Data Registers » 80286 HZ R EO|A 24 bit 7] > XL 16MB 22| X 7hs
S10) 48-bit Pointer Reglsters = 80386 0|4t ER¥ B EO)|A 32 bit 37| > XL} 4GB M| 22| ¥XE 7t5
‘ FPU Instruction Pointer D B MUZ AL EBE|A HELE A9 A
_— . paging2 ALROK| QO™: MUZA = HE2| F4
ST(2) ‘ FPU Data Pointer D . paging% kr%UIEI ’.‘j%—’f—i £HE22 =4
STG) B NIHE ZXIAEQ HIAHE AZF 24 A7
ST(4) 16-hit Conirol Registers ExnC segment registerzto] L
ST(5) Tag Register 8086 E &= 20-bit segment A|ZFFE 4 Q] 4] 16-bit
ST(6) Control Register 802860] %} real mode
ST(T) Status Register 80286 HZ I C %4—bit segment A2 E A E S X %0t EH|0] 9]
© olEl A (= segment selector2til HE)
803860|%F HY L E | 32-bit segment A|ZIFE A EE X %0t H|0] 2 9]
Opcode Register D oIl A (2|1l 32-bit offset AFR)

SAHICHE ol Ee|A0] 23 SAHICHE o =0 24




e real address modeOj|AL] FA X|d
=1
B segment?} offsetE A%t £ A4 A|H™
= 80869] register= 16 bit 7] > X|I} 64KB 2 2] & X 7t

|

sl
B physical address = segmentA]

A

k= A (20-bit) + offset(16-bit)

A

= 80860]| A 16 bit segment registerEg Z7I2 AF20t0] 169] Hij 4~ segment A 7]= X|C{64KB
>20 bit HIZ2]ZE 4 M2 )
15 SEGMENT DISPLACEMENT i
[ Offset ]
16-bit segment | 4 | 8 | E | 3 ] 1 (
15 0
16-bit offset 4y [2[4[1[0] [ [0
address [ 4 [ B[ 2] 4] 9] 20-bit
\’7
address = (segment << 4) + offset segment : offset
= 48E3:2419
= 4B249
‘ia 0
[ Physical Address (20bit) |
SAHICHE ol =e|¢0] 25 SAHICHE o dEe|d0] 26
T | Protected mode £ 4 X|7d
| ulll
B segment?} segment register memory
0 memory segment descriptor tables
<<4 registers (GDT, LDT) code seg }
segment code seg -
registers cs base/limit / .. data seg 1
CS data seg 1 DS
DS — SS base/limit / .. —H—
ss  — data seg 2 ES
ES FS base/limit / .. stack seg
GS |
stack seg 32-bit base, 32-bit limit
HR2E| FA =32-bit MIAHE A|ZEE A + 32-bit LEA £ A4
(RO A2 {2t M|IHEOQ]| limitE Lt =IO} Th)
ol Ee|A0] 27 a1 et o =0 28




ol [} = |3
mp # 2 AIIHE(Flat segment) 274 e 15 AOQHE o
] ] 3
B D= N OHEY}32-bit A HEZ| Z7H0] HE B ZtO2 152 AMQ| JIIHE HIOIEE 71
 TH HEZE THY HOAHEE AIE » K212 LDTO|| Ml 1™ E E9] segment descriptorS & 0| Sk,
= GDT(global descriptor table)0j] segment descriptorS 0| ot RAM
FFFFFFFF
3 | (4GB)
5 Local Descriptor Table
Segment descriptor, in the 2
Global Descriptor Table
00040000 26000
base address limit ‘ access‘ =] EH?;:W (1;;1:; A
00000000 00040 | ---- G, 00008000 | DODA —|
& 00003000 0002 8OO0
2
=z
3000
B Windows, Linux £2] 2 MIMl= CIE MIOHE RHEES AIZ0}X]|
00000000 il #U HOHE BRIZ2 AT
pulolujelom]| ojEa|A0] 29 pulolujelom]| o Ea|do] 30
g X86-64 wmg |ntel 64 64-bit M K| A
[ [ ]
] ] 3
B x86-64 (Intel64) m 87l{Q] HHE FA|AE F7I(R8-R15)
» G4H|E MHFA 7N WL ALEZ HIE0HE BHO HE B 64H|E PYX|AEH HE
= 1A32 x86 T2 N|AMLtQ| OjF B 2HE S M3 = RAX, RBX, RCX, RDX, RDI, RSI, RBP, RSP, R8-R15
* AMD7tMZ22 39 m E7pE X AEEE 32, 16, 8HIE HIXAHZAIR 7ts
» Z|XIAE O] 20j D (32H|E), W (16H|E), L (BHIE)E& AlE
B |A-32e SEIRE
« G4H|E BLC: Register Type With REX
64H|E = A, I| ¢ AR} Byte Reqgisters AL, BL, CL, DL, DIL, SIL, BPL, SPL, R8L - R15L
= - T 1 =
« MOTHEO|A HIZAY}, 2 MUZA AT AR Word Reaqisters AX, BX, CX, DX, DI, SI, BP, SP, RBW - R15W
. O¥ELC: Doubleword Reqisters | EAX, EBX, ECX, EDX, EDI, €SI, EBP, ESP, R8D - R15D
16H|E, 32H|E SOz ]S AMIISIIEE Tt Ouadword Registers | RAX, RBX, RCX, RDX, RDI, RSI, RBP, RSP, R8 - R15
L] =, = oo = == o S = O
« 32H|E £ 4, 16/32H|E T|HAtA}
pulolujelom]| ojEa|Ao] 31 pulolujelom]| ol Ee|do] 32




e CISCL} RISC
sl
B CISC — complex instruction set computer
« H2 20 BHOSE 2EE
= ST SEO NLFE AL

LS L A

= (0f]) Intel 80x86 | ™, 680x0H A

B RISC — reduced instruction set computer

« M2 50| I T HAOSE 1Y
= OIEQJIO0 It 7]1AI0] A&l
. (ol

= ARM (Advanced RISC Machines)

= Alpha (Digital, now HP)

= SPARC (Sun, now Oracle)

= PowerPC (IBM)

R}l =220

tg £U0H: BY

UELR-3-
=« 010|323 E(micro-code) 0Of] 2|3t 7|AH|IA] U=

e 86 BRH 1S Q4

ulll
B OTEAA
ey,
m E7|m A L pe—
= north bridge == _“
- M2l Kol o A

= south bridge

i 2 GB/s | M
- AZ3 A7 B =7

SPﬂ':! o m o
1ee o sP1 itar Hat Starage
=
. - Optional
SAICHE odEeIo 34

i 66 WEEI 248 24 -HA S
nllE

B PCI / PCl-express HA - £H7|7] Hl0{7]|F HZA

» PCIHA HH AA

= PClexpress HA: 114 213 AHAZA
B M=

= ROM (EPROM)

= DRAM, SRAM

= VRAM

= CMOS RAM — H{E{2] At
B H|[|R ==

= CRT RL|E{E == - VGA (raster scanning
« LCD EL|E| M =3 — DVI (¥4}, HDMI (

STeta

e X686 AFRE 18 24 -YUEY XE

oln

B HE XH KA (USB)
= USB1.x Z|C} 12 Mbps
= USB 2.0 Z|CH 480 Mbps
= USB 3.0 Z|C} 4 Gbps
B XEEAE UHL0]A
= ATA host adapter
= SATA (serial ATA) host adapter
H L E{A QIEE0]|A
= LAN - Ethernet, Wi-Fi — 2241 Ethernet ATA SATA
= Bluetooth
W PS/2 XE - 7|HC/OIRA
B EE DAL
H EEHTE
= RS232 QIE{I|O]| A, HO|E/RE H&2

SAICHE YR Ry 36




| ]
] 3

X >
UEH ALH - UEH YD Y

I

= H -

B Level 3: 12H0 84 T = (C++, Java)

= AF8017] 212, OIEI0 FLUMEAIES &2)

- 50| 7P LY

B Level 2: QMK MHIA B2 B &

B Level 1: BIOS (basic input-output system) A{H] A

= 2GHMIMI0 T2t C}E, device independent A{H| A&

= [
«» FU G

= A|AHIO| Di2fA CHE 27t LIS &+ Y2
= OFEQIO{0] CHOF X|2j0] 2P

« O 4501 &2

B Level 0: OFEQIO{0] =1 M2

« UH 2AHIKAE HEOIX] (S
= MS-DOS: ({2
= Window95 0] : H20IX] %

Ur0Z

e 120 ZEIWO| Y&
allE

Application Program

OS Function

BIOS Function

Hardware

A~
H -

Level 3

Level 2

Level 1

Level 0

a1 et ol g0 37 a1 et (G R Ry | 38
= ol1z=x= = AR
g OVUER Z2IWO| YR HI £F
il
Library Level 3
OS Function Level 2
ASM Program
BIOS Function Level 1
Hardware Level 0
a1 et o] dEe|o] 39




