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Modes of Operation

32-bit
(1) Protected mode
o Multitasking
e Protected memory @ 5 f[ﬁ'i}%?“j\ Tﬂ (I = JEE AR AR Y memory
AR i) [l = A
o Virtual memory : FZEAI=' 11" '] access fi) memory space 3# %[ 4GB -
(2) Real-address mode
. rﬁ’ﬁ?} DOS operating system ffi '] » A=V 1] (= #i& FV memory -
o AV % lH2 7 2V IMB(20-bit)fiy memory space ©
o TV OS {1 (Ex. Windows, Linux) - [{%) BHES U it rﬁ’ﬁfzﬁ’ﬁé‘
Real-address mode -
64-bit
(1) Compatibility mode
o F=f81IUN 5 B4-bit iV OS ﬁ:z?rﬁn‘ﬂ\ﬁ TE ?@%Eﬁrlﬁiﬁﬂ 7 16-bit FI
32-bit [IY x86 /! [F U
o = 32-bit ([ 1f~ Protected mode Af!{1] » 7] 'F'J‘ZT%?V linear-address space f|!
[F] 4GB -
(2) 64-bit mode
o [UE| T[] 64-bit OS VR -~ ﬁfpj H[Z]] 64-bit mode -
o [UE] 64-bit i OS 7 #h A i » fie ST 2Vt 22 64-bit fIY linear address
space °
o}{ﬁ’ general purpose registers 1 SIMD extension registers > f¢-8 {17 [1%(] 16
i » [ =" general purpose registers #% 5% 64-hit -
o E1¥FrE5 opcode - ffi operand size i I') 3 2] 64-bit [IY operand °




Memory Management

32-bit
(1) Protected Mode:

Pratectad Mode Protected mode fi* ¥ £ 16-bit p=L 32-bit [I/AH = -
15 L] L i "] table-based memory segmentation, paging

| Selechar || Effa:ﬁ-.ne.f-.d-:lresi[ﬁfﬂl N .o . . .
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P— 32-bit fiv effective address 71 16-bit {1~ selector (& FA'
. | . 2-bit fv Required Privilege Level, 1-bit fiy Table
| lpewaddes | Indicator, 13-bit i index) » & % ¢\~ ffi 32-bit i

linear address(:% 16K {fit memory segments 17— ) »
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, Paging kL7[E%FIfY » 32-bit fi physical address

i J‘}ffépaging & % > A HRL linear address % |
Physica r=as (PA)
e | SRR I ﬁl}%’érﬁ& physical address ffi*'] -

(2) Real Mode

Real Made Real mode ¥ £ 16-bit fy A = ffi 7
15 o 15 ] H _ i _ . , { [
s |[ & reglster based shift-and-add segmentation » {FIRL 1<
L | 1% paging -
55f 16-bit i effective addresses fit zero-extended
. Y= shift 4 bit iV 16-bit segment-base address

Linexr s | (I P o g & 11 address) » 7% %~
20-bit {1~ linear address ©
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32-bit fiv physical address > {EIE! & %F,Jﬁ:?if?v 1MB
H*J memory space ©
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64-bit
(1) 64-bit Mode

&4-Bit Mode

Segments!"] * real address+ 64-bit modef|

Virtual (Linear) Address

LRI
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7-64-bit modef| 1 » A E &~ [ I A
64 bits™- ] fiuvirtual addresses » §R7 5
PAE(Page Address Extensions) pagingifeifi =
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Compatibility Mode
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Basic Program Execution Reqisters

1. General purpose registers

Register Type Without REX With REX
Byte Reglsters AL BL, CL DL, AH, BH, CH, | AL BL, CL, DL, DIL, SIL, BPL, SPL,
OH REL-R15L
Word Reglsters B BX, O DX, DL 51, BR, 5P | AX, BX. CX, DX, DI 51, BP. 5P, REW
-R15W
Doubleword Reqlsters EAX, EBX, ECX, EDX, EDI, EAX, EBX, ECX, EDX, EDI, ESI, EBF,
ESl, EBF, ESP ESP. RBD - R150D
Quadword Registers M.A. RAX, REX, RCX, RDX, RDI, RS,
RBF, R5F, R8-R15




FIT kg toregisterf I [i2:
e EAX — Accumulator for operands and results data
e EBX — Pointer to data in the DS segment
e ECX — Counter for string and loop operations
e EDX — 1/O pointer
e ESI — Pointer to data in the segment pointed to by the DS register; source
pointer for string operations
e EDI — Pointer to data (or destination) in the segment pointed to by the ES
register; destination pointer for string operations
e ESP — Stack pointer (in the SS segment)
o EBP — Pointer to data on the stack (in the SS segment)
2. Segment registers
CS(code segment), DS, ES, FS, GS(data segments), SS(stack segment) [‘Jﬁ 16-bit
fi*J segment selector >+ 64-bit mode f[1 - CS, DS, ES, SS ¥/ £% 0> lﬁﬁ@ code,
data, stack =% £ flat address space - FS, GS [l[]%% exceptions o
3. EFLAGS (program status and control) register
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\ |
) Aalalo 5T v =g n] @

G F) G T N O e e
PIF .

* ID Flag (D4 |
L Wirtual Intermupt Pending (VIP)
{ \irtual Interrupt Flag (VIF)

Alignment Check [AC)
Virtual-30586 Mode (VM)
Resume Flag (RF}
Mested Task (NT)
IFO Privilege Level {IOPL)
Owerflow Flag (OF)
Direction Flag (DF}
Interrupt Enable Flag (IF)
Trap Flag (TF)
Sign Flag (SF)
Zero Flag {(ZF)
Auxiliary Camy Flag (AF)
Parity Flag (FF)
Carry Flag (CF)

olo|i|T]s|z
FIF|F|F|F|F

[ I T T Sl T T e

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

=

Reserved bit positions. DO MOT USE.
Always set to values previously read.

“ 64-bit mode f[1 > EFLAGS #L4FH %[ 64 bits 7Ll RFLAGS - [jij[*1fiY 32-bit
?&’ﬁiﬁr-’f » 1Y 32-bit FiERLEUS v EFLAGS -
4. EIP (instruction pointer) register
o [=register EIJF’?’J'&EFJ&iF%f[E{ code segment 1™ — {13k~ 1Y instruction fiy
offset -
o i1 64-bit mode |1 > EIP ¥LpE A £ 64 bits #41% RIP o



Offset

32-bit
o Displacement — An 8-bit, 16-bit, or 32-bit value.
o Base — The value in a general-purpose register.
o Index — The value in a general-purpose register.
o Scale factor — A value of 2, 4, or 8 that is multiplied by the index value.
& F’?J‘}f%@‘}* 7 S offset LA £ effective address » (=7~ Scale factor I'[ 9 - &
= {7 SR P RL TV - Y T RLEIRY i (25 complement) -

Base Index Scale  Displacement
EAX r.
EBX il 1 None
ECX EBX
EDX ECX > 8-bit
csp |+ || EDX + .
I:E'sl-’ [S=T=I 4 16-bit
ESl = 32-bi
= DI 8 32-bit

Offset = Base + (Index * Scale) + Displacement

64-bit

o Displacement — An 8-bit, 16-bit, or 32-bit value.

e Base — The value in a 32-bit (or 64-bit if REX.W is set) general-purpose
register.

e Index — The value in a 32-bit (or 64-bit if REX.W is set) general-purpose
register.

« Scale factor — A value of 2, 4, or 8 that is multiplied by the index value.

¢ RIP + Displacement — In 64-bit mode, RIP-relative addressing uses a signed
32-bit displacement to calculate the effective address of the next instruction by
sign-extend the 32-bit value and add to the 64-bit value in RIP.

Media Programming

MMX

el FRH D EJEAYSIMD execution model® | 4§ (=64-bit
packed integer data » {ELhLf7{fli*%/x87 FPU - [i*MMX==floating point{ii2i {7
AR 7] T MMX g 32-bitS=64-bitf st 3 2 B O ] -
32-bit

. f’[ﬁj 8 ([ 64-bit data register i {== MMX register -

o — #E[IV data type

— 64-bit packed byte integers (signed and unsigned)

— 64-bit packed word integers (signed and unsigned)



— 64-bit packed doubleword integers (signed and unsigned)
64-bit
« i+ compatibility mode == 64-bit mode » MMX ﬂJ? E“}fﬂlﬂ» M7+ protection
mode ﬁ'[ﬂ b kL memory operand foII"| [ ] l/ offset computation %

¢ specify o

SSE
F g upstpacked# Iscalar single-precision floating-pointfifs (= » SSEQ {1 =" ¥#
F+"SIMD execution model » 7 ffi " [x87 FPURLEZ=MMXE 9t AV [FIJ&HF
32-bit
. FA»I‘EJ 8 i 128-bit data register #i {= XMM register -
— {fAHH XMM_Foperationfiscontrol ~ status bitfiJ32-bit register » 7 [
MXCSR register -
o — FEi¥riudata type
—128-hit packed single-precision floating-point data type
o [% 1 "single-precision floating-point operationfi J?F“[ gt 5 B F 1 Fzexplicit
prefetching of data, control of the cacheability of data and control the
ordering of store operationsElfJ#F’, 'AJ °
64-bit
« +compatibility mode - SSEEIU;C’F',—?J HiEA[1 4 ("7 protection modeﬁ'[ﬁj °
o T164-bitmode > T} i I'| % VBB XMM register(XMM8-XMM15)

SSE?2
%+ 27 packed double-precision floating-point%*128-bit packed integers °
32-bit
o “h FEi¥rIdata type
— 128-bit packed double-precision floating-point
— 128-bit packed byte integers
— 128-bit packed word integers
— 128-bit packed doubleword integers
— 128-bit packed quadword integers
o [NELY FEpairs of packed double-precision floating-pointpiig e Frl | <o 75
XMM registers Hé,‘rﬁl;{rﬁyﬁ“ep VETET o BE R R[S S T Iﬁi%E'JfE?SD%WF
5~ Fprocessorp el
o [WELHEH +7128-bit packed integersprig (= > Frl"] 5fSIMDp Y operationfH 7
RIRERE ~ QISR igﬁi]a e JJa:Jﬂf?RSA authentication# IRC5
encryption3g ZSFI TR | iJEﬁ' Fl 2opy



64-bit
« +compatibility mode - SSEZEIfJ?F',—?J HiEA[1 4 7% protection modeﬁl[ﬁj °
o T164-bitmode > T} i I'| % VB8 {HXMM register(XMM8-XMM15)
o JESSEZEIfJinstructioan’ﬁlEl‘Eg?‘;@I"E?‘IJGPR i) ER L offset
computation™; 1% s specify -

SSE3
¥ programming environment == SSE2 % [ {24 |2 F | Friff (= [ data type >

- fLE5f 64-bit Y architecture e FE 5L o
64-bit
« +compatibility mode - SSEZEIfJ?F',—?J HiEA[1 4 ("7 protection modeﬁl[ﬁj °
o T164-bitmode > T} i I'| & VBT U8 {HXMM register(XMM8-XMM15)
o T EfSSEBEIfJinstructionﬁﬁiﬁfﬁéI"E?‘IJGPR i) ER L offset
computation™; 1% s specify -
. *ﬁﬂj} pSIMD instructionfl fit=" EI FVIELET > SSE3fs Ay T [ﬁj%ﬁf@i@*’{ﬁ’
12{fst-f=1 poRGEL R o
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Figure 12-1. Asymmetric Processing in ADDSUBPD
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Figure 12-2. Horizontal Data Movement in HADDPD



Conclusion

64-bit 1Y architecture fi! =15 1F | F > ?4\ 0S »J?Tg—‘ L"'JI'%F'SJ} 21 LR
ET«?E'E%FF[! (AIEEVDE ] BA-bit T fifffi = 67 64-bit FOREEAHY > Fl }EI fij et * T
FIri 64-bit UVEF' B %ﬁ/ o

E1EF > 64-bit PR > R S ”ﬁﬂrﬁﬁf%{[ﬁ?}"*@ﬂjj\ % > 1 32-bit i architecture
o SISV & 4GB fiY memory - ‘%ﬁ”— A R
PV R [ PHES 4GB B E | SO FVERES 5 Nyl RLT: 64-bit fuflE 7 F:IH' o SEPO A
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MiniGZip with ZLIB 1.1.4 fifi % feisn] =%

N B B o
I L 32 b 7 7 = fif
(B & &)

ESHE % 3.625 FJ 8.796 *| +145%
Athlon 64 3800+

LN iEd 1.203 #} 1.250 *} +3.9%

(R d 4.640 ) 7.828 +09%
Pentium 4F 3.2GHz

PR 0.656 * 0.719 *} +9.6%

WG ¢ ZLIB $R7 ST AMD 8 i (oA -

DivX £ {5 SRS

R o o B

. B 04 fib 7 32 fib 7 7=l }Ek@
(B )

FPS 3.74 FP/s 3.72 FP/s +0.5%
Athlon 64 3800+

En.FPS 35.71 FP/s 33.80 FP/s +5.7%

FPS 7.28 FP/s 5.97 FP/s +22%
Pentium 4F 3.2GHz

En.FPS 27.13 FP/s 21.09 FP/s +28.6%
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fY virtual memory fvZ i B;Lrﬂj {Eyjft PAE «;LjFlf”ﬁlF{ i 64GB pu 36-bit fiu
memory » SRR S HALIIR UK T3S TR
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