BikinmearA
x86-64

Marepian 3 Bikinefii — BiibHOI eHLUK/IOTIE A1l

x86-64 (Takok AMDG64, Intel 64, x64) — 64-6iToBa
apxitekTypa MiKporpoijecopa i BiamoBigHuii Habip
iHCTpYKLili, po3pobmneHi kommaHiero AMD. ILle
PO3LIMPEHHSI apXiTeKTypu X86 3 MOBHOK 3BOPOTHONO
cymicHictro.  HabGip  iHcTpykuiii  x86-64  Gyno
BIIPOBa/pKeHO KomriaHiero AMD Ha mpouecopax s
cepBepHux mnaTdopM cepii Opteron y kBiTHI 2003
POKY, [/ IMPOLIecopiB AOMAIIHbOIO BUKOPHCTaHHS,
rnoyrHarouu i3 npouecopis cepii Athlon 64 y BepecHi
2003 poky. Bci mopansiii mogeni nporecopiB (Athlon
64 FX, Athlon 64 X2, Phenom, Turion 64, a Takox
Mi3HiIHI Mozei Sempron) Tako)K Oy/iM OCHaIleHi LM
HabopoMm iHCTpyKLii. Lleli Habip iHCTpykuili OyB
JlleH30BaHWK OCHOBHUM KOHKypeHToM AMD —
KomraHiero Intel (3 He3HaUHWMM [IOTIOBHEHHSIMH) TIifl
Ha3Bowo Intel 64 (paniimie Bisomi sk Em64t i [a-32e) B
Mi3HiX Mogensix rnpouecopiB Pentium 4, Core 2, Xeon
Ta iHumx. Kopnopauii Microsoft i Sun Microsystems
BUKODUCTOBYIOTh /11 TIO3HaueHHs LIbOro Habopy
IHCTPYKLIiM TepMiH «x64», rpoTe KaTanor 3 (aiiiamu
/s apxitekTypu B guctpubytuBax — Microsoft
Ha3uBa€eThCs «amd64» (/7151 MOpiBHSIHHS: Ha3Ba «i386»
BUKOPHUCTOBYETbCA /i apXiTeKTypu [A-32, OoCKiIbKU
nepuIMM TiporjecopoM 1iiei apxiTekTypu OyB Intel
80386).
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ApxiTeKTypa BBOJUTBH /IBi HOBi 0COO/MBOCTI:

1. Po3wmpeHi perictpu:

= 8 pericTpiB cnisibHOro npusHayeHHsa (R8 — R15);

= BCi 16 pericTpiB cnisibHOro Npu3HaveHHsi 64-6iTHi;

= 8 HOBUX 128-6iTHUX pericTpiB SSE (XMM8 — XMM15);

= HOBWI KOMaHAHWUI npediikc (REX) ana foctyny A0 po3LWUMPEHNX PericTpib.
2. CneujanbHuii pexxum «Long modex:

= [10 64-6iT BipTyasibHUX agpec;
= 64-6iTHi BKas3iBkn KomaHp, (RIP);
= nnockuii (flat) agpecHumii npocTip.

IcTopisi cTBOpeHHs

AMDG64 Gyno CTBOpPEHO sIK anbTepHaTUBY A0 apxiTekTypu [A-64, mo po3BuBanack kommaHismu Intel Ta
HP. AHoHcoBaHO apxiTeKTypy Iiie B 1999 poii 3 noBHoto crienudikaiiiero B cepri 2000. AMD64 3
CaMOTO TIOYATKY TIO3WI[iF0Basach SIK €BOJIIOI[iIMHUN IUISX /0/laBaHHS 64-po3psiIHUX 00UMCTFOBATbHUX
MO>KTMBOCTEM [0 icHyrouol apxiTekTypHu x86, Ha BigMiHy Biz miaxoay Intel, mo cTBoptoBasa abCoOMOTHO
HOBY apxitekTtypa IA-64. Ilepumm mporecopom, 10 MiATPUMYBaB 110 TexHosorito 6y AMD Opteron,
KU OyB BunyiieHuid B KBiTHi 2003 poKy.

Hepo/1iKu apxiTeKTypH

OgpHiero 3 ocobmBocTeil poboTH 3 64-pO3pSAHUMU PericTpaMu € «3aTHPaHHs» IX BepXHBOI MOJOBUHU
KOMaH/IaMH, §IKi OMepyrTh 3 32-pO3psgJHUMU onepaH,anI/I.[l] Hamnpukiag, Bif 1oc/iizjoBHOCTI

mov eax, OFOFQAABBh
shl rax, 32 ; Tenep RAX = FOFOAABBOOOPOOOOOA
mov eax, 2

rporpamict Moxe ouikyBary, 1o perictp RAX wmictutume 3HaueHHs1 FOFOAABBO00000002h. OpHak e
He Tak: 3HaueHHs1 RA X micisi HaBe/ieHOT MOC/iIOBHOCTI oriepalliii JOpiBHIOE 2, OCKi/IbKKM KOMaH/ja MOV 3
32-po3psAAHUM orepaHZoM OOHY/I0O€ BCi BepxXHi O0iTv (TakMM uMHOM, ii MOBeZiHKA CTAa€ aHa/IOTiUHOIO
KOMaHZli MOVZzX). [JaHa moBefiiHKa TIpOI[ecopa € MOBHICTIO TPOTUJIEKHOI [0 BUTAAKY poboTH 3 32-
GiTHUMM pericTpamu i iX MOJIOBUHKAaMU, Jie BePXHsI TI0JIOBUHA 3HaUeHHsI 3aBX/IU 30epiraeTbCs:

mov ax, OFOFOh
shl eax, 16 ;, Tenep EAX = FOF00OO0OOh
mov ax, 2 ; Tenep EAX = FOFOOOO2h, sk 1 o4iKyBasiocs

3HauHUX HeJoMiKiB 64-X OiTHa apXiTeKTypa B 32-6iTHY He BHecJia. BapTo 3a3HaunTH JIUIIIe:

= TPOXW 36i/IbLLIEHI BUMOTY Nporpam Ao nam’aTi 3yMoB/ieHi 36i/ibLUEHHAM afpec | onepaHpaiB;

= BiJCYTHE CyTTEBE 30i/NIbLUEHHA NPOAYKTUBHOCTI: MPW NEePeKoMMiNALIT porpam MoxHa
OuiKyBaTU NPUPICT /iMwe B Mexax 5-15%;
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30i/1bLLIEHI BUMOTY 10 MiCLSt HA XXOPCTKOMY AUCKY 64-X 6iTHMMKN OC: cucTemi NoTPiGHO
36epiratn okpemo 64-x Ta 32-x GiTHi 6i6nioTeKN 41A 3ab6e3nevyeHHs CyMiCHOCTI.

Ha3Bnu

IcHye pexinbKa BapiaHTIB Ha3B Lii€l TEXHOJIOTII, SKi, 1eKOJIU, TPUBOIATE [0 TUIYTAHWUHU I MOXKYTb BBECTH
KOpHUCTyBauya B OMaHy.

x86-64. NepBUHHMIA BapiaHT. Came nif uieto Ha3Bow dipmoto AMD 6yna onyb6rikoBaHa
nepLua nonepeaHs crneuundikauis.

AA-64. Tak apxiTekTypy oXpecTvB NonynsipHuini HeodiliiHnin aosigHMK sandpile.org (BHiCLK
iHCbopmaLito NnpakTUyHO Bigpasy nicns nyonikauin nepwoi nonepeaHboi cneundikadii) 3a
aHanoriero 3 la-64, i Wo Ak i paHiwe Tak il HasmBae, Ak AMD Architecture 64.

Hammer Architecture. IHkoM 3ycTpiyaniacsa Ha3Ba no nepLumx sapax npouecopis, Wo
po3pobnanucs, oTpumanin Haseu Clawhammer (o6ueHbkn) | Sledgehammer (kyBanga)
IHKO/IM 3BaHMX NpocTo Hammer (MOI0TOK).

Amd64. MNicna sunycky nepwx Hammer'is B Ha3Bi apxiTeKTypu 3'aBusiaca Hassa pipmu-
po3po6Hunka Advanced Micro Devices. 3apas € oqiljiiHim ans peanizauii AMD.

Yamhill Tehnology. MNepLua Ha3Ba peanisadii TexHonorii Big Intel. IHkonn 3ragysanacs
Ha3sa CT (Clackamas Technology).

EM64T. MNMepwa odiyjiiHa Ha3Ba peanisauii Intel. Poswundposysasiocs sk Extended Memory
64 Technology.

IA-32E. IHKO/M 3ycTpivanocs cnifibHo 3 EM64T, yacTiwe A5 no3HayeHHs: 4OBIroro pexumy,
AKUIA B AOKyMeHTaUji Intel HasmBaeTbCa «Pexnmom IA-32E».

Intel 64. NoTouyHa ogoiliiHa Ha3Ba apxiTekTypu Intel. NocTynoso Intel BigMOBNSETLCA Bif,
HalimeHyBaHb |A-32, IA-32E | EM64T Ha KOpUCTb L€l Ha3BW, Aka Tenep € EAUHOI
oqoiLiiHOO ANA L€l apXiTEKTYpW.

x64 OdpiuiiHa Ha3Ba Bepcil onepadiinHnx cuctem Windows i Solaris, Takox
BUKOPUCTOBYBaHa sik Ha3Ba apxitektypu chipmamm Microsoft i Sun Microsystems.

BiamiaaocTti mixk AMDG64 i Intel 64

Po6oTa iHCTpyKuin BSF i BSR y Intel 64 Bigpi3HsAeTbCcA Big AMDG64, y BUnaKy Kosv mxepeno
[OPIBHIOE HYNO, @ pO3Mip onepaHaa 32 6iTu. MNMpouyecop Intel BCTaHOB/MIOE Npanop «Hysb» i
3a/IMLae BepxHi 32 po3psaan uifii HeBU3HAYEHUMU.

dopmaT OHOBJ/IEHHS MIKPOKOAY, a TakoX perictpy MSR, NoB'A3aHi 3 MiKpOKOAO0M,
Bigpi3HsTbCs Y AMDG64 i Intel 64. Intel 36epirae cxeMy OHOB/IEHHSA MIKPOKOAY TakKoH X, SK
BOHa bynay ix 32-po3psaaHuX npoLecopax.

Intel 64 He mae gesknx perictpiB MSR, siki BBaXXatoTbCA apXiTEKTYPHO BaX/IMBUMN Y
AMDG64, 30kpema: SYSCFG, TOP_MEM, TOP_MEM2.

IHCTPYKUiT SYSCALL/SYSRET Yy Intel 64 npavooTs nuwe y 64-po3psagHoMy pexnmi (He
npautoTb Y PeXUMI CyMiCHOCTi),[Z]:4'397 HaTOMICTb IHCTPYKUii SYSENTER/SYSEXIT
[03BOJIEHI Y 060X pe>|<v||v|ax.[2]:4'400 AMDG64 He nigTpumye SYSENTER/SYSEXIT y 060x
nigpexumax long mode.[31:33

Y 64-po3psagHoMy pexunmi 65nxHI nepexoam 3 npecdpikcom 66H (aHrn. operand size override)
Ait0Tb No-pi3HOMY: Intel 64 irHopye AaHunii npeduikec | komaHga Mmae 32-po3pagHne 3MiLLEHHSA
3i 3HaKOM, a BKa3iBHUK iIHCTPYKLiT He BiAcCikaeTbcs. Y AMDG64 3milweHHs 16-po3psagHe, a
BepXHi 48 po3psifiB BKa3iBHUKA iHCTPYKLIA NPOLLECOP OUULLIYE.
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Mpouecopn AMD npu BUKOHAHHI iHCTPYKUii FLD a6o FSTP Hag 80-po3pAgHUM 3HAYEHHAM
NaN npu3BoaaTb A0 BUHATKOBOI CUTyaLii 06p06KKN Yncesn 3 pyxoMoK KOMO, B TOI Yac sk
npouecopwu Intel Taky cuTyaito He CNPUUYNHAIOTb.

Y Intel 64 BiACYTHA MOX/IMBICTb 36€peXeHHs | BiJHOB/IEHHA 3MEHLLEHOr0 BapiaHTy CTaHy
cniBnpouecopa pyxoMoi KoMK (3a A0MOMOror iHCTPYKUih FXSAVE | FXRSTOR).

Y npouecopax AMD, nounHatoum 3 Opteron Rev. E i Athlon 64 Rev. D, 3HOBY 3'ABuiacs
obmexeHa nigTpumKa cermeHTauii 3a gornomoroto 6ity Long Mode Segment Limit Enable
(LMSLE). laHe HOBOBBeEeHHSA Npu3Havasiocs « s noserweHHs BipTyasnisaLii roCTbOBOro

64-po3psagHoro Ko,qy».[4][5]

Mpwn noBepHEHHI iHCTpYyKuieo SYSRET, AKLWO0 agpeca HekaHOHiYHa, npouecopn AMDG64
BUK/IMKalOTb 06p06HMK general protection fault 3 pisHeM npusineis 3,18] B Toi# yac sk
npouecopwu Intel 64 BUKAMKaOTb MOro 3 piBHEM NPUBINEIB 0.12:4-412

x86-S

x86-S — 3arporioHoBaHa 2023-ro poky ¢ipmoro Intel moganbiia eBomoLlisi cucteMu KoMaH[ x86-64,

CrIpsSIMOBaHa Ha CIIPOIeHHs i BiAMOBY Bij 3acTapimix pexkumiB i ocobmuBoCTei npouecopa.m
3arpornoHOBaHO BU/IYUMTH MATPUMKY 16- i 32-po3pspHuX omepaniiHUX cucTeM, ane 32-po3psifiHi
IporpaMy KOpUCTyBaua 3MOXKYTb BUKOHYBATHCA y 64-po3psgHoMy pexxuMi OC. BaXIUBOKH 3MIiHOKO €
MOYaTKOBE 3aBAaHTaKEHHs MPOIlecopa — BOHO BiZi0yBaTUMETbCS opa3y y 64-po3pspHOMY pexxkuMi (Ha
BIZIMIHY BiJl «K/IaCUUHOI 0» 3aBaHTa)KeHHS X86 y 16-po3psiiHOMY «peaslbHOMY» PeKUMi. TakoxX 3'IBUTbCS
MOJK/TUBICTb aKTUBYBaHHS 5-piBHEBUX TaOMUIL CTOPIHOK Mam'sTi 6e3 morepesHbOr0 MepeMUKaHHS Y
PeXXUM 3 BUMKHEHUMU CTOPIHKaMHU.

3arnporioHOBaHO BU/IYYMTH HACTYITHI 0COOIMBOCTI i pE)KI/IMI/IZ[B]

LLino3un cermeHTauii
32-po3psagHe kinbue 3axucty (VT-X Gifblue He eMyntioBaTUMe AAaHWNA PEXUM)
Kinbusa saxmucty 1 1a 2

[locTyn go noptis BBOAY/BUBOAY 3 KiNbLA 3. IHLWUMMKX C/I0BaMu, NporpaMy Kopuctysaya He
3MOXYTb BUKOHYBaTW iHCTPYKUii IN /OUT

«PsapgkoBi» IHCTpyKUiT BBOAY/BMBOAY INS Ta OUTS

PeanbHuin pexxmm (BK/IOYHO 3 Tak 3B8aHUM unreal mode), 16-po3psiaHni 3aXULLEHNIA PEXUM,
pexum BipTyasibHoro 8086

16-po3psgHniA pexnm agpecyBaHHs (Tak 3BaHuUil «unrestricted guest mode» BuyvaeTbes 3
VT-X)

MigTpnmKy KOHTpoepa nepepuBaHb Intel 8259 (eanHMn KOHTPOIEP NEpepuBaHb, WO
niaTPMMyBaTUMETBLCA NpoLuecopoM, byae X2APIC)

[eski 6iTn pexnmis onepauiiHol CUCTEMN, SiKi HE BUKOPUCTOBYHTLCA
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Ha gymky Intel, 1i 3MiHM f0TiuHO CIifytOTh 32 BUyYeHHSIM MiATPUMKU KepyBaHHSI a/IpeCHOIO JIiHi€0
A20 (2008 pik), i BuayueHHsM migTpuMKu 16- i 32-po3psigHux OC y firmware Intel (2020 pik).
[TigTpuMmKa 3acrapimmx OC y HOBUX IpolLiecopax peasi3oByBaTUMeThCA 3a J0IIOMOIO0 BipTyartisariii. (8]
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Mpouecopun AMD

AmM9080 - Am2900 - Am29000 (Berkeley RISC) -
Alchemy (MIPS32)

Ao x86

PaHHi x86 (16-6iT) Am286

Am386 - Am486 - Am5x86 - K5 - K6 - K6-2 - K6-II -

3HATI 3 BUPOGHULTBA IA-32 (32-6iT)
Duron - Athlon - (XP - MP) - Geode

Sempron - Athlon 64 (X2 1) - Phenom (I1) - Turion
AMDG64 (64-6iT) (64, 64 X2, X2 Ultra) - FX - Opteron - APU (Sempron,
Athlon)
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MikpoapxiTekTypa

HaGopwu iHCTpYKL,ii

AMDG64 (64-6iT) Athlon - Ryzen - Ryzen Threadripper - Epyc

Ununcetn AMD - Coketn AMD - Duron - Athlon (XP - 64 - X2 - 1) - Sempron -
Phenom - Turion - Opteron - AMD APU - FX - Ryzen

K5 - K6 - K7 - K8 K9 - K10/K10h - Bobcat - Jaguar (Puma) - Bulldozer
(Piledriver, Steamroller, Excavator) - Zen (Zen+ - Zen 2 - Zen 3 - Zen 4) - K12
(ARM64)

3DNow! - SSE4 - XOP - FMA - CVT16 - AMD64
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