1 Overview of the AMD64 Architecture

1.1 Introduction

The AMDG64 architecture is a simple yet powerful 64-bit, backward-compatible extension of the
industry-standard (legacy) x86 architecture. It adds 64-bit addressing and expands register resources
to support higher performance for recompiled 64-bit programs, while supporting legacy 16-bit and 32-
bit applications and operating systems without modification or recompilation. It is the architectural
basis on which new processors can provide seamless, high-performance support for both the vast body
of existing software and 64-bit software required for higher-performance applications.

The need for a 64-bit x86 architecture is driven by applications that address large amounts of virtual
and physical memory, such as high-performance servers, database management systems, and CAD
tools. These applications benefit from both 64-bit addresses and an increased number of registers. The
small number of registers available in the legacy x86 architecture limits performance in
computationintensive

applications. Increasing the number of registers provides a performance boost to many such
applications.

1.1.1 AMD64 Features

The AMDG64 architecture includes these features:

* Register Extensions (see Figure 1-1 on page 2):

- 8 additional general-purpose registers (GPRS).

- All 16 GPRs are 64 bits wide.

- 8 additional YMM/XMM registers.

- Uniform byte-register addressing for all GPRs.

- An instruction prefix (REX) accesses the extended registers.

 Long Mode (see Table 1-1 on page 2):

- Up to 64 bits of virtual address.

- 64-bit instruction pointer (RIP).

- Instruction-pointer-relative data-addressing mode.

- Flat address space.

1.1.2 Registers

Table 1-2 compares the register and stack resources available to application software, by operating
mode. The left set of columns shows the legacy x86 resources, which are available in the AMD64
architecture’s legacy and compatibility modes. The right set of columns shows the comparable
resources in 64-bit mode. Gray shading indicates differences between the modes. These register
differences (not including stack-width difference) represent the register extensions shown in

Figure 1-1.

As Table 1-2 shows, the legacy x86 architecture (called legacy mode in the AMD64 architecture)
supports eight GPRs. In reality, however, the general use of at least four registers (EBP, ESI, EDI, and
ESP) is compromised because they serve special purposes when executing many instructions. The
AMDG64 architecture’s addition of eight GPRs—and the increased width of these registers from 32 bits
to 64 bits—allows compilers to substantially improve software performance. Compilers have more
flexibility in using registers to hold variables. Compilers can also minimize memory traffic—and thus
boost performance—»by localizing work within the GPRs.

1.1.3 Instruction Set

The AMDG64 architecture supports the full legacy x86 instruction set, with additional instructions to
support long mode (see Table 1-1 on page 2 for a summary of operating modes). The
applicationprogramming

instructions are organized into four subsets, as follows:

» General-Purpose Instructions—These are the basic x86 integer instructions used in virtually all
programs. Most of these instructions load, store, or operate on data located in the general-purpose
registers (GPRs) or memory. Some of the instructions alter sequential program flow by branching

to other program locations.

« Streaming SIMD Extensions Instructions (SSE)—These instructions load, store, or operate on data
located primarily in the YMM/XMM registers. 128-bit media instructions operate on the lower

half of the YMM registers. SSE instructions perform integer and floating-point operations on



vector (packed) and scalar data types. Because the vector instructions can independently and
simultaneously perform a single operation on multiple sets of data, they are called singleinstruction,
multiple-data (SIMD) instructions. They are useful for high-performance media and

scientific applications that operate on blocks of data.

» Multimedia Extension Instructions—These include the MMX™ technology and AMD 3DNow!™
technology instructions. These instructions load, store, or operate on data located primarily in the
64-bit MMX registers which are mapped onto the 80-bit x87 floating-point registers. Like the SSE
instructions, they perform integer and floating-point operations on vector (packed) and scalar data
types. These instructions are useful in media applications that do not require high precision.
Multimedia Extension Instructions use saturating mathematical operations that do not generate
operation exceptions. AMD has de-emphasized the use of 3DNow! instructions, which have been
superceded by their more efficient SSE counterparts. Relevant recommendations are provided in
Chapter 5, “64-Bit Media Programming” on page 233, and in the AMD64 Programmer s Manual
Volume 4: 64-Bit Media and x87 Floating-Point Instructions.

» x87 Floating-Point Instructions—These are the floating-point instructions used in legacy x87
applications. They load, store, or operate on data located in the 80-bit x87 registers.

Some of these application-programming instructions bridge two or more of the above subsets. For
example, there are instructions that move data between the general-purpose registers and the
YMM/XMM or MMX registers, and many of the integer vector (packed) instructions can operate on
either YMM/XMM or MMX registers, although not simultaneously. If instructions bridge two or more
subsets, their descriptions are repeated in all subsets to which they apply.

1.1.4 Media Instructions

Media applications—such as image processing, music synthesis, speech recognition, full-motion
video, and 3D graphics rendering—share certain characteristics:

* They process large amounts of data.

* They often perform the same sequence of operations repeatedly across the data.

* The data are often represented as small quantities, such as 8 bits for pixel values, 16 bits for audio
samples, and 32 bits for object coordinates in floating-point format.
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SSE and MMX instructions are designed to accelerate these applications. The instructions use a form
of vector (or packed) parallel processing known as single-instruction, multiple data (SIMD)
processing. This vector technology has the following characteristics:

* A single register can hold multiple independent pieces of data. For example, a single YMM
register can hold 32 8-bit integer data elements, or eight 32-bit single-precision floating-point data
elements.

* The vector instructions can operate on all data elements in a register, independently and
simultaneously. For example, a PADDB instruction operating on byte elements of two vector
operands in 128-bit XMM registers performs 16 simultaneous additions and returns 16

independent results in a single operation.



Mepesog

1 0630p apxuTtekTypbl AMD64

1.1 BeegeHune

Apxntektypa AMDG64 - npocToe Bce e mouwHoe 64-pa3pagHoe, COBMECTUMOE pacllMpeHue
NPOMbILW/IEHHOrO CTaHAapTa (ycTapeswei) x86 apxutekTypbl. OHO fob6aBnseT 64-pa3pasHY0 agpecaumnto u
Pacwupnaet pecypcol permctpa

4yTobbI NOAAEPKNBATL HOIEE BbICOKYIO NPOM3BOANTENBHOCTb ANA NEPEKOMMNUANPOBAHHbIX 64-pa3pAaHbIX
nporpamm, npu nogaepkke 16-paspagHbix yctapeswwunx un 32-

pa3pALHbIX NPUIOXKEHUIN U ONepaLMOHHbIe cucTeMbl 6e3 mognudmKaunum an nepekoMmnuaaLmn. 3To -
ApXUTEKTYpHOEe

OCHOBaHWe, Ha KOTOPOM HOBbI€ NMPOLECCOPbI MOTYT NPEeAOCTaBUTb LENbHYHO, BbICOKOIPDEKTUBHYIO
noAanep KKy ana obemnx: o6WMPHOro KoANMYeCcTBa CyLLECTBYIOLLErO NPOrpaMmMHoro obecneyeHmn n 64-
pa3psaHOro nporpammHoro obecneyeHus, Tpebyemoro 60/iee BbICOKOM NPON3BOAUTENBHOCTU B
NPUIOKEHUAX.

MoTpebHocTb B 64-pa3paagHoin X86 apxXxUTEKType Bbi3BaHA NPUNOKEHUAMU, KOTOPbIE agpecytoT bonblume
KonunuyecTtsa BUpTyanbHOM

N PU3NYECKOM NAMATH, TaKMe KaK BbICOKOIPPEKTUBHbBIE CEPBEPDI, CUCTEMbI YPaBieHMA 6azamn AaHHbIX U
CAD

WHCTPYMEHTbI. 3TV NPUIOKEHUNA U3BEKAIOT BbIroay v 13 64-paspagHblix agpecos 1 U3 yBeanyeHHoro
yncna pernctpos. Hebonbloe KOANYECTBO PErNCTPOB, AOCTYMHbIX B yCTapeBLen X86 apxXxuTeKkTypa,
OrpaHMYMBaET NPOUN3BOANTENBHOCTb B NPUNOKEHUAX C UHTEHCUBHBLIM BblYMCAEHUAMWU. YBEAUYEHNE YNCNA
pernctpos obecneymBaeT NOBbIWEHME NPOU3BOANTENBHOCTM BONBLUIMHCTBA TAKUX

NPUIOMNKEHUA.

1.1.1 dyHKumMn AMD6G4

Apxntektypa AMDG64 BKAOYAET 3TN PYHKLUMN:

* PaclwmpeHuns pernctpos(cm. pucyHoK 1-1 Ha cTpaHuue 2):

- 8 4,ONOHUTENbHBIX PErncTpPoB obwero HasHavyeHusa (GPRs).

- Bce 16 GPRs wupunHoii 64 6uta .

- 8 [onoNHUTENbHBbIX pernctpos YMM/XMM.

- YHMBepcanbHbI GanT-pernctp, agpecyowmiica ana scex GPRs.

- Mpedukc nHcTpykumm (REX) nonyyatowme A0CTyN K paclUMPEHHbIM perucTpam.

e INVHHbIN Pexum (cm. Tabamuy 1-1 Ha cTpaHuue 2):

- Jo 64 6UTOB BUPTYaNbHOIo agpecaumu.

- 64-pa3psaaHbIn yKasaTenb KomaHg (RIP).

- OTHOCUTENbHbIM cNocob aapecaumm AaHHbIX.

- ObnacTb NnpocToit agpecaymm.

1.1.2 PerucTpsl

Tabnunua 1-2 cpaBHMBAET PErUCTP U PECYPCbI CTEKA, AOCTYNHbIE NPUKAALAHOMY NPOrPaMMHOMY
obecneyeHunto, No pexnmy paboTbl. Jlesbit Habop cToN6UOB NOKa3biBaeT Hacnea0BaHHbIe X86 pecypcbl,
KoTopble aocTynHbl B AMDG64 apXuUTeKType perKnumbl:

HacnegoBaHHUA U amynaumnK. MNpasbit Habop cToN6UOB NOKa3biBaeT CONOCTaBUMble

pecypcol B 64-paspagHom pexkume. Cepasn WTPUXOBKA YKA3bIBAET PA3NMNUMNA MEKAY PEXMMaMN. ITU
Pa3NNunA PErNCTPOB (He BKAKOYAA pa3nyme WNPUHbI CTEKA) NPeACTaBAAT PaclUMPEHUA PErncTpa,
NMoKasaHHble B

PucyHok 1-1.

Mockonbky Tabamua 1-2 noKasbiBaeT, ycTapeBLUan x86 apxMTeKTypa (Ha3BaHHbIN YCTapeBLUMM PEXMMOM B
apxuTtekType AMD64)

noanep»xkunsaet sBocemMb GPRs. B eicTBUTENbHOCTU, O4HAKO, 06LLee NCnonb30BaHWE NO KpaliHel mepe
yeTbipex peructpos (EBP, ESI, EDI, u

ESP), noctaBneHo nog, yrpo3y, NOTOMY YTO OHU CAy»KaT 0COHOMY Ha3HAYEHUIO MPU BbINOJIHEHUN MHOTUX
WMHCTPYKLUMNA.

Hob6asnenune apxutekTypbl AMD64 BocbMn GPRs — 1 yBeNMYEHHAs LWUMPUHA 3TUX PErUCTPOB OT 32 6UTOB



K 64 6UTam — No3BOAAET KOMMNUAATOPAM CYLLECTBEHHO YAy4yllaTb NPOM3BOAMUTENBHOCTb MPOrPaMMHOIo
obecneyeHuna. Y KOMNUAATOPOB eCcTb bonblue

rTMOKOCTb B MCNONb30BAHUMN PETNCTPOB, YTODObI cCoaepKaTb NepemeHHble. KOMNMAATOpPbl MOTYT TaKKe
MWUHMMM3NPOBATb TPAPUK NaMATU — M TaKMM 06pasom

NOBbICUTb NPOU3BOAUTENBHOCTb — JIOKaNM3ya paboTy B GPRs.

1.1.3 Cuctema KomaHpg,

ApxuTtektypa AMD64 nogaepKMBaeT NOAHbIA HAbOP MHCTPYKLMIA ycTapelwBer X86 CMCTeMbl KOMaHA, +
A0N0NHUTENbHbIE UHCTPYKLUWK oNA

NoAAEPKKN ANMHHOTO pexxmnma (cm. Tabamuy 1-1 Ha cTpaHuue 2

UHCTpYKuMA NpUKNagHOro NporpaMmMmnpoBaHNA OPraHM30BaHbl B YeTbipe NOAMHOMXECTBA, @ MMEHHO:

* KomaHabl 0buero HazHayeHMA- ITO OCHOBHbIE Lie/ible MHCTPYKLMM X86 MCNONb3YHOTCA NPAKTUYECKM BO
BCEX Mporpammax. bBONbLMHCTBO U3 3TUX MHCTPYKLMIA 3arpyKaeTca, XPaHUTCA, UAK AEUACTBYIOT HAZ,
AAHHbIMM, PACNO/IOXKEHHbIMM B pernctpax obuiero HasHavyeHusA(GPRS)

AN NamAaTU. HekoTopble N3 MHCTPYKLUMIA U3MEHSAIOT NOCAeA0BaTe/bHbIM X0, BETBAEHUA NPOrpammbl

B APYrUX MmecTax nporpammel.

e MNoTokoBoe PacwupeHne npoueccopa SIMD (SSE) — ITU MHCTPYKLMW 3arpyKatoTca, XPaHATCS, UK
onepupyroT Hag, AaHHbIMU

Pacno/ioXKeHHbIMM npexae scero B pernctpax YMM/XMM. 128-pa3psaaHble meama UHCTPYKLUK
BO34EMCTBYIOT HA MNAALIYIO

nonosuHa pernctpos YMM. UHcTpyKumm SSE npeobpasytoT LenovmncieHHble 1 onepaymm ¢ NiaBaroLwen
TOYKOM B

BEKTOPHble (yNaKoBaHHbIE) U CKanApHble TUMbl AaHHbIX. [TOCKONbKY BEKTOPHbIE MHCTPYKLMN MOTYT
HEe3aBUCMMO U

OAHOBPEMEHHO BbINONHUTE OANHOYHbIA NOTOK KOMaHA, HaZ MHOXECTBEHHbIM NOTOK AaHHbIX, UX
BbI3bIBatOT singleinstruction,

WMHCTPYKLMU MHOXECTBEHHbIX AaHHbIX (SIMD) . OHM nonesHbl A BbICOKOIPDEKTUBHbBIX HOCUTENEN U
HaY4YHbIX MPUNOKEHUN, KOTOPble PaboTatoT C 610KaMK AAHHBIX.

® NHCTpYKUMM MynbTumegminHoro pacwmnpeHns — OHM BKAKOYAtOT TexHonornio MMX™ u AMD 3DNow! ™
TEXHO/IOTUYECKNE UHCTPYKLUMN. ITU MHCTPYKLLMM 3arPyHKAETCA, XPaHATCA, WA ONEPUPYIOT Hag, AaHHbIMK,
PaCcNo/IOXEHHbIMM NMpeXxae BCero B

64-pa3pagHble pernctpbl MMX, KoTopble oTobparkeHbl Ha 80-pa3psaHble X87 perucTpbl ¢ NAaBatoLen
TouKon. Kak n SSE MHCTpyKLMK, OHM NpeobpasytoT LEeN0UYNUCNEHHbIE U ONEepaLMn C NAaBatoLWen TOYKOM B
BEKTOPHble (YNaKoBaHHbIE) U CKaNAPHbIEe TUMbl AaHHbIX. ITU MHCTPYKLMWN NOE3HbI B MeANa NPUIOKEHMUAX,
KOTOpble He TPEOYIOT BbICOKOM TOYHOCTH.

NHCcTpyKuMin MynbTumeauiiHoro pacwmpenma, Mcnonb3yoTca Hacblwatowmeca maTemaTuyeckue
onepaumu, KOTopble HE reHEPUPYIOT

ncknroyeHns. AMD npeymeHbLNA ponb ncnonb3oBaHMa 3DNow! MHCTPyKLMK, KoTopble Bbinn
3aMeHEeHHbIN ux bonee adpPpekTUBHLIMKN AyH6AMKaTamm SSE. B cOOTBETCTBYIOLLNX PEKOMEHAALMAX
npuvseaeHsbl

lnaBa 5, “64-Bit Media Programming” Ha cTpaHuue 233, n B Pykosoactse Mporpammuncra AMD64
Volume 4: 64-Bit Media and x87 Floating-Point Instructions.

® x87 UHcTpykumn C nnasatoLlen TOYKOM — ITO MHCTPYKLMK C NAaBatoLLEN TOYKOM, UCNOJIb3yEMbIE B
ycTapeBwmnx87

npuaoxKeHuaA. OHM 3arpy»KatoT, XpaHAT UM BO3AENCTBYIOT Ha AaHHbIE, PAacnonoXKeHHble B 80-pa3pAgHbIX
perncrpax x87.

HekoTopble U3 3TUX MHCTPYKLMIA NPUKNALHOTO NPOrpaMMMUPOBAHNA COeAMHAIOT MOCTOM ABa uan 6onblue
U3 BbIWEYNOMAHYTbIX NOAMHOXKecTB. [Ana

npumepa, ecTb UHCTPYKLMK, KOTOPblE NEPeMELLAOT AaHHble MeXAy pernctpammn obuLero HasHavyeHma n
YMM/XMM unu pernctpbl MMX 1 MHOT1e LeI0YUCIEHHbIE BEKTOPHbIE MHCTPYKL MM (YNakoBaHHbIE) MoryT
Bo3aencTsoBaTb Ha YMM/XMM uan pernctpol MMX, HeCMOTPSA Ha TO, HO He oHOBpPeMeHHO. Ecan
WMHCTPYKLUMN COEAMHSIOT MOCTOM ABa AN 6onblue

NOAMHOXECTBA, UX ONMUCAHNA NOBTOPEHbI BO BCEX MOAMHOMECTBAX, K KOTOPbIM OHM MPUMEHSAIOTCS.



1.1.4 Meauna UHCTpyKLUUHK

Meauma MpunoreHna — Takme Kak 06paboTKa n3obparkeHnin, My3blKaabHbI CUHTE3, pacno3HaBaHMeE peyl,
b6ecnepeboHO BOCnNpomnsBogMmoe

BMAeo u 3D peHgepuHr rpaduKkm — MMeLoT onpeaesieHHble 0bLMe XapaKTepPUCTUKMK:

® OHM o0bpabaTbiBatoT 6o/blUME 06BEMbBI AAHHbIX.

e OHM YacTo BbINOJIHAIOT TY *Ke NOC/ie40BaTEIbHOCTb OMNepaunii HEOAHOKPATHO Yepes AaHHbIE.

e [laHHble YacTo NpeACTaBAAOTCA Kak HeOONbLUME KONIMYECTBa, TaKMe Kak 8 BUTOB AN1A MUKCENbHbIX
3HauyeHui, 16 butos ans ayamo

o06pasupl, 1 32 6uTa AnsA KoopanHaT ob6bekTa B popmaTe C N1aBatoLLEN TOYKON.
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SSE n nHcTpykumm MMX pa3spaboTaHbl, YTOObl YCKOPUTb 3TU NpUAoKeHUa. MHCTPYKLUMKN MCNoNb3yoT dopmy
BEKTOPHOM (MM ynakoBaHHOM) napannensHon o6paboTKM, M3BECTHAA KaK OAUHOYHbIN MOTOK KOMaHA,
MHOKeCTBEHHbI NOTOK AaHHbIX (SIMD). Y 3TO BEKTOPHOM TEXHOIOTUM ECTb CNeAYOLMNE XapaKTEPUCTUKMN:
e OaMH perncTp Moxet coaepkaTb MHOXeCTBO HE3aBUCUMbIX YacTel AaHHbIX. Hanpumep, e AMHCTBEHHbIN
YMM

PErncTp MoXeT cogepaTb 32 8-pas3pagHbIX 31eMeHTA LLe/I0YNCNEHHbIX AaHHbIX AN BOCEMb 32-
Pa3psAAHbIX 3/1IEMEHTOB AaHHbIX C M/1aBalOLLLEN TOYKON OAMHAPHOM TOYHOCTH.

® BEKTOpPHbIE MHCTPYKLIMN MOTYT BO34EMCTBOBATb HA BCE 3/1EMEHTbI AaHHbIX B PErMCTpe, HE3aBUCUMO U
oAHoBpemeHHo. Hanpumep, nHctpykuma PADDB, Bo3gelicTBytowas Ha 3/1IeMeHTbl 6aiiTa ABYX BEKTOPHbIX
onepaHpos B 128-pa3pagHbix pernctpax XMM BbINONHAKOT 04HOBPEMEHHO 16 CIOXKEHMI 1 BO3BpPaLLLAtOTCA
16

HEe3aBUCMMble pe3y/ibTaTbl 338 O4HY onepaumio.



The article deals with - technical description of the amd64 architecture
As the title implies Overview of the AMD64 Architecture the article describes features of a amd64 system

A mention should be made about General-Purpose Register’s wide in amd64 architecturelt

1) The text deals with different facts concerning the existing of black holes.

2) As the title implies “Black Holes” the article describes some discoveries of the American scientists.
3) A mention should be made about the comparison of different types of black holes.

4) Much attention is given to stellar black holes.

5) It should be noted that a lot of scientists are interested in black holes.

6) The text gives valuable information on/about the event horizon.

7) The fact that there is a lot of doubt about the existing of black holes is stressed in the text.

8) A lot of recent data are given in the article.

9) Modern equipment is mentioned in the article.

10) The text is of interest to the wide range of readers/to the second-year students.

11) The text is of great help to future astronomers.



