BikinearA
x86

Marepian 3 Bikineii — BifbHOI eHIMKIONEAIT.

x86 (anrn. Intel 80x86) — apxiTekTypa MpoLecOpiB Ta sifpa MIKPOKOHTPOJIEPIiB 3 OJHOWMEHHOIO
crcteMor0 KomaH7. x86 abo 80x86 € 3arambHOI0 HAa3BOK MIKDOMPOLIECOPHOI apXiTeKTypu Ta
apxitekTypu po3pobseHoi Ha ii 6a3i obunc/roBanbHOI TeXHIKU. Briepiue peamizoBaHa B Iporiecopax
kommanii Intel. Apxitektypa x86 y 3Ha4HO B[JOCKOHa/lIEHOMY BHIVIsZAL i apuilforu?] JIOMIHYE Ha DUHKY
HaCTiIbHUX i MOGLIBHUX KOMIT'IOTEPIB Ta Ma/lX CepBepiB.

Ha3Ba x86 moxoauTh Bif octaHHIX 1udp y Ha3Bi nepioi Mogeni nporjecopa Ha ii 6a3i — Intel 8086. L1i
udpy TakoXK NMpUCYTHI y HasBax HactynHux mogened (Intel 80186, Intel 80286, Intel 80386, Intel
80486 To10) 11i€l poArHY IIpoLiecopiB.

Kpim Intel, 151 apxiTekTypa Takox Oy/la peajisoBaHa B Ipoljecopax iHIIMX BHpPoOHMKiB: AMD, VIA,
Transmeta, IDT Ta iHwmi. BaockoHaneHud BapianT 1€l apxirekrypu i3 pospsigaicTio 32 6itn
Ha3uBaeThcst [A-32 (Intel Architecture 32).
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IcTopin
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Mxepena
MocunaHHsA

IcTopis

Y 1976 poui dipma Intel mouana rmocuneHo mparioBaTd Haf MikporporiecopoM 8086. Po3wmip ioro
perictpiB B mopiBHsiHHI 3 8080 GyB 30iiblieHUil B/Biui, L0 AaJ0 MOXIMBICTH 36inblMTH HOro
npoAyKTHBHIcTE B 10 pasiB. Kpim Toro posmip iHpopmaniiHux mmH 6yB 36itsmenuii jo 16 pospsiais,
110 Aa/I0 MOXK/IUBICTb 30iBIIMTY WBUAKICTb Mepejaui iHdopMariil Ha MikporporLiecop i 3 HbOro B/Biui.
Po3mip Horo azipecHol IIMHY TakoxX OyB icToTHO 36iblIeHUi — fo0 20 6it. Lle fo3Bomo 8086 npsmo
KOHTpOJ/IroBaTy 1M onepaTtuBHOI nam'sTi.

¥ 1982 pori Intel ctBopua nporjecop 80286. 3amicts 20-po3psigHoi agpecHoi mvHu 8088/8086, 80286
MaB 24-pospsiiHy mmHy. Li foAaTkoBi 4 po3psay jaBanyd MOX/IMBICTb 30iMBIIMTH MaKCUMYyM I1aM'siTi,
1110 afpecyBanacs, 0 16 M6.

Intel 80386 Gy crBopenuit B 1985 porii. I3 36iblIeHHsIM LIMHU JaHUX 40 32 BiT, UMC/I0 agpecHUX
JIiHiM Takox Oyso 36inbieHe 1o 32. Came 1o co0i Lje po3iMpeHHs 03BOIUIO MiKPOIIPOLIecopy MpsiMo
3BepTatcs o0 4I'0 ¢isuuHoi mam'sti. Kpim Toro BiH Mir mpautoBati 3 16 TpusibiioHamu OaiiT
BipTyanbHOI nam'sti. IcHye Mogudikaris mpouecopa Intel 80386 — 386SX. 'onoBHa BigMiHHICTE Horo
Big 80386 1e 16-6GitoBmii BXiA/Buxin mwMHM AaHux. SIK HacHiZOK HOro BHYTpIlLHI perictpu
3aTlIOBHIOIOTECS B [jBa KPOKW. Bci mpomecopu cimeiictBa 486 MaroTh 32-po3psiiHy apXiTeKTypy,
BHyTpitHIO Kei-mam'site 8 K6 (y DX4 — 16 KB). Mogeni SX He manu BOyA0OBaHOTO CITIBIIPOL[ECOPA,
BiH OyB BUHeceHUii Ha miaty. Mogeni DX2 peani3ytoTh MexaHi3M BHYTPIlIHBOT'O MTOJABOEHHS YaCTOTU
(nanpuknag, nporecop 486DX2-66 BCTaHOBMOETbCS Ha 33-Merarepl{oBy CHCTEMHY ILIaTy), LIO
[I03BOJISIE MiJHATY IIBUKOAII0 MPaKTUUHO B/Biui, OCKiNIBKM e(eKTUBHICTb KelllyBaHHs BHYTPIlHbOL
Kell-aM'siTi cTaHoBUTH Maibke 90 BifcoTkiB. ITpouiecopu cimelictBa DX4 486DX4-75 i 486DX4-100
TpU3HayeHi Jyi yCTaHOBKU Ha 25-TU i 33-MerareplLioBi niatu.

Creopeni B cepesuni 1989 i 1995 poky nporjecopu Pentium i Pentium Pro 3HayHO BifpisHsmics 3a
CBOEIO apXiTeKTYpOIO Bifi CBOIX MorepeHMKIB. B 0cHOBY apxiTeKTypH Oysa MoK/iazeHa CyrnepcKanspHa

Mpouecop Intel 80486 DX2
Intel, AMD
16, 32 i 64 6iTn

1978 (16 6iTi), 1985 (32 6iTn),
2003 (64 6iTn)
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MosiBa

Tun
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IHCTPYKUiT

Peani3zauis
nepexoais
Mopsapgok
GaiiTiB

Po3swunpeHHs

Bigkputnii
AunsaiiH

3aranbHoro
Npu3HaYeHHA

Pyxoma Kkoma

3MiHHOT foBXuHu (Big 1 oo 15
6aliTiB)

YMOBHi

little-endian

x87, IA-32, x86-64, MMX,
3DNow!, SSE, SSE2, SSES3,
SSSE3, SSE4, SSE4.2, SSES,
AES-NI, CLMUL, RdRand,
SHA, MPX, SGX, XOP, F16C,
ADX, BMI, FMA, AVX, AVX2,
AVX512, VT-x, AMD-V, TSX,
ASF

4acTKOBO

Perictpun

16 6iTiB: 6 4acTkoBO
crewjanizoBaHNx pericTpis,
BP i SP — cneujaniszoBaHi;

32 6iTm: 8 3arasibHoOro
NPU3HAYEHHS, BK/IOYHO 3
EBP i ESP;

64 6iTn: 16 3aranbHOro
NPU3HaYeHHs, BKIOYHO 3 RBP i
RSP

16 6iTiB: onujiiHO (OKpemuii
cniBnpovecop);
32 6itn: x87,
SSE2;

onujiliHo

64 6iTn: x87 i SSE2, onuiliHo
AVX2 i AVX512

apxiTeKTypa, sKa i jaja MOXJIMBICTb OTPUMATH M'ATUKPAaTHY NPOAYKTUBHICTE Pentium B nopiBHsAHHI 3 Mogenno 80486. Xoua Pentium npoekTyBaBcs K
32-po3psHUH, [y1s1 3B'S13KY 3 PELITOI0 KOMIIOHEHTIB CHCTeMH BUKOPHCTOBYBaIacs 30BHIIIHS 64-po3psHa LIHa.
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Mpouecop | Po3pAAHICTb WWMHU faHNX PoGoua yactoTa, Mry

4004 4 0.75

8008 8 0.8

8080 8 2

8086 16 5; 8; 10

8088 16 5,8

80286 16 8; 10; 12; 16

80386 DX 32 20; 25; 33; 40

80386 SX 16 20; 25; 33

80486 DX 32 25; 33; 50; 66;75;100;120
80486 SX 32 16; 20; 25; 33

Pentium 32 60; 66; 75; 90; 100; 120; 133;
Pentium Pro | 32 166; 180; 200

Y Tabnuiji HUXKUe HaBe/eHi OpeH/N TIPOLIECOPIB, sKi 3rpyIIOBaHi 3a TIOKOJIHHSAMHY i € BXK/TMBUMU B icTopii X86.

Bnepiue

MokoniHHa npeacTaBnenmii Bipomi 6peHav npouecopis NiHilinalcbisnuHa agpecu npoctopy
1978 Intel 8086, Intel 8088 Ta KNoHK MepLui X86 MikponpoLecopu
! Intel 80186, Intel 80188 Ta knoHn, NEC V20/V30
2 1982 Intel 80286 Ta KNoHM (1: é?ﬂ;;ﬁ%: anis)ipTyaani) I/ 24-bit
3 (1A-32) 1985 Intel 80386 Ta knoHn, AMD Am386
4 (FPU) 1989 Intel486 Ta knoHn, AMD Am486/Am5x86
45 1997 gTégoe(;]St;iur—Ce, Cyrix Ill-Samuel, VIA C3-Samuel2 / VIA C3-Ezra (2001), VIA 32-bit (46-bit BipTyanbHi) / 32-bit
5 1993 Pentium, Pentium MMX, Cyrix 5x86, Rise mP6
5/6 1996 AMD K5, Nx586 (1994)
1995 Pentium Pro, Cyrix 6x86, Cyrix MIl, Cyrix Ill-Joshua (2000)
6 1997 AMD K6/-2/3, Pentium 11/111
2003 Pentium M, Intel Core (2006) o
1999 Athlon, Athlon XP 3851t piawivia (PAE)
! 2000 Pentium 4
2000 Transmeta Crusoe, Efficeon
2004 Pentium 4 Prescott
718
2006 Intel Core 2
2008 VIA Nano
8 (x86-64) 2003 Athlon 64, Opteron
2007 AMD Phenom
Intel Core i3/i5/i7, AMD Phenom Il
8/9 2008 48-bit thiznyHa gnss AMD Phenom
Intel Atom
2011 AMD Bobcat, Llano
9 (GPU) 2011 Intel Sandy Bridge/lvy Bridge, AMD Bulldozer Ta Trinity
2013 Intel Larrabee
2014 Intel Haswell
10 (x86-64) | 20xx
11 (x86-64) = 2020 Intel Tiger Lake

Oco0mBOCTi apxiTeKTypH

x86 € CISC apxiTeKTypor i3 3MiHHOIO [OBXHHOIO KoMmaHf. CyMiCHICTH HOBHMX MO/e/el MpoLecopiB i3 morepefHiMu Oya K/IHOUOBOI Y PO3BUTKY
apxitekTypu x86. ApxiTekTypa /ABiui PO3IIMPIOBaNach [0 OUIBIIOr0 po3Mipy MamMHHOrO cioBa. Ilepiii x86 mpouecopu Oynu 16-6itHumu. Y 1985 Intel
BuIycruia 32-6iTHui mporecop 80386, iforo apxiTekTypy HazBamu x86-32 abo IA-32 (Intel Architecture, 32 bits). ¥ 2003, AMD punyctuna Athlon 64, B
SIKOMY peasli3oBaHO pO3LIMpeHHs apXiTeKTypH Jo 64 6it, sike HasuBaroTb AMD64 (AMD), EM64T (Intel), un x64 (Microsoft). HoBa apxitekTypa x86-64
JOTIOBHM/IA i OCTYII0BO 3aMiHK/a X86 i mourHatoun 3 2003 poKy CTa/a HOBMM iHZyCTpiaNbHIM CTaHzapToMIO%CePeno?]
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IT03BOMEHO HEBUPIBHIHUI M0 MAlIMHHOMY CJIOBY AOCTyM fo nam'ari. ITopsigok 6aiiTiB y cinoei — little-endian (HaliMeHII 3HauyIpii 6aiiT Mae MeHIIy
azpecy). CyuacHi x86 mporiecopu rnepekiafjatloTh Habip komaHz x86 Ha RISC-mozibHi MikpokoMaHAM /7151 epeKTUBHILLIOro iX BUKOHaHHSI.

PeanbHuii pexxum

PeanpHuii pexxuM (real mode) — KmacMUHUI PeXXUM afpecariii, IKMii BUKOPHCTOBYBaBCs B MePIINX MOZe/isiX. BUKOPHCTOBY€E CerMeHTHY MOJie/Tb IaM'siTi,
sIka OpraHi3oBaHa HaCTYITHUM UYMHOM: afipecHuii npoctip B 1 MiB po36uBaeThcst Ha 16-6aiiToBi 6/10KH, sKi Ha3uBarOThCs maparpadgu. Besoro naparpadis
B 1 MiB — 65536, 1110 /103B0JIste TPOHYMepyBaTH ix 16-pospsiaHumu uriciamu. CerMeHTH mam'siti MaroTh po3mip 65536 6aiiT, i 3aBXK/au MOYNHAKOTHCS Ha
Mexxi maparpada. Afpeca KOMIpDKH TaM'sTi CK/Ia[@eTbCsl 3 ABOX YAaCTHH: HOMep maparpada, 3 sSKOro IOYMHAETHCS CETMEHT Ta 3MillleHHsl BCepeauHi
cerMeHTy i 3a3BMyaill 3anmcyeTbest sk SSSS:0000, e S Ta O — mricTHaAUATKOBI 1jidpr. SSSS Ha3MBA€THCST CErMEHTHOI KOMIIOHEHTOI0 afipecH, a
OOOO — 3miujeHHs. Afipeca KOMIpKH, sIKa BU/Ja€ThCS Ha LIMHY, SIBJIsi€ COO00 CerMeHTHY KOMIIOHEHTY TIOMHOXeHY Ha 16 ruttoc 3mimieHHsl. CerMeHTHa
KOMIIOHEHTa BMILIyeTbCsl B CIeljia/lbHUM pericTp, sIKMMl Ha3MBa€TbCsl CerMEHTHUH, a 3MilljeHHs B perictp IP(pericTp iHCTpyKLiii). Mikpornporecopu
8086/8088, 80186/80188 Ta 80286 Manu yOoTHPU CErMEHTHI pericTpu, TO6TO MOT/IM MPAL{IOBAaTH OJHOYACHO 3 YOTHPMa CerMeHTaMH TaM'sTi.

CermMeHTHi pericTpu Ta iX NpU3Ha4YeHHs:

= CS — CermeHT KoZly. BUKoprcToBYETLCA /18 BMOIPKU KOMaHA nporpamu;

= DS — CermeHT AaHux. BUKOPUCTOBYETLCA 3a 3aMOBUYYBAHHAM A/151 JOCTYNY [0 JAHUX;

= ES — [logaTkoBuii CErMeHT. € 0TpMMyBayeM [aHvx B KOMaHax 06po6ku psakis;

= SS — CermeHT cTeky. BUKOp1CTOBYETLCA /1A PO3MILLEHHA NPOrPamMHOro CTeKy;

= FS — [lofaTkoBuWil cerMeHTHUIA pericTp. CnevjanbHoro npu3HadeHHs He Mae. 3'ABuBcA B npoLiecopi 80386;

= GS — AHaJ0riyHO nonepeaHbLOMY, asle B HOBUX npoLecopax ¢ 64-6iTHOK apXiTEKTYpOlo Mae 0COB/MBUIA CTaTyC: MOXe
BVKOPWUCTOBYBATUCH A/151 LLUBWUAKOTO NEPEKOUYEHHS KOHTEKCTIB.

HesBa)karoun Ha Te, 1[0 CErMEHTHI PeTiCTPX MalOTh Creljia/IbHi IPU3HaueHHs], apXiTeKTypa NPHUITYCKae TIPH 3BepHEeHi J0 JaHWX 3MIHUTH OJWH CEerMeHT
Ha iHnmii. CerMeHTH KOZy, CTeKy Ta OTpPUMyBada PsyIKiB 3aB>K/JU BUKOPUCTOBYIOTH perictpu CS, SS Ta ES Ta He MOXXyTb OyTH 3MiHeHi. 3araibHuii 06'eM
ram'siti, sika aJipecyeThCsi B peanbHOMY pexxuMi ctaHoBUTH 1048576 Gaiit (miamaszon azgpec 00000-FFFEFh, abo y dopmati cermenT:3miuents 0:0-
FO0Oh:FFFFh). CermeHTHMII mifXiz J03BOJISE PO3AUIMTY BCHO NIaM'sITh Ha 16 cerMeHTiB, 5IKi TOUMHAIOTHCS 3 afipec, KpaTHUX 64 KOaiT.

3a geskuMu ajpecamu (i3MuHOi Mam'ATi MOXKyTb OyTH NPUCYTHI NPUCTPOI BBOAY/BUBOJY 3 BifOOpaKeHHSIM Ha Mam'siTh, JOJATKOBI TMOCTiiHi
3aram'sroByBadi, «BikHa» ram'siti EMS. 3asBuuvail KoxkeH Takuii MpHUCTpiii BUKOpUCTOBYe ofuH 64-KinobaliTopuil 670K mam'siti; BiAnoBigHo, ajpeca
KOMIpPKHU B afipeCHOMY IPOCTOpi NpUCTPOIo Oyzie 36iraTucs 3i 3MillileHHsIM y cerMeHTi am'siTi KoMIT'toTepa.

Taxo)X B peallbHOMY PEXHUMi BiZICyTHii 3aXHCT am'sTi Ta pO3Me>KyBaHHS I1paB AOCTYITY, TOMY BiH B)Xe TPaKTMUHO BUHIIOB 3 BUKOPHUCTaHHS. € PeXXIMMOM
3a 3aMOBUYBaHHSIM /IS BCiX Mogjeseil riporiecopiB x86.

3axulyeHnii pexum

3axuiieHuit pexxum (protected mode) — peXXMM 3 3aXHUCTOM TMaM'sTi, sKWH Brepiue 3'sBUBCsS B mpouecopi 80286 i Hagam 6GaraTopasoBo
B/IOCKOHA/TIOBABCsl. Mae Oinblily KifbKiCTh MipeXuMiB, 3a SKUMH MOXKHA MPOCIiAKyBaTH eBosmoLito ciMelictBa LITI. AHanoriuyHo peanbHOMY peXxumy,
TYT TaKO)X BUKODHCTOBYETbCS CerMEHTOBaHa MOJe/b TaM'sTi, aje B)Xe OpraHi3oBaHa 3a iHIIMM TMPUHLUIIOM: [i/eHHs Ha maparpadu BigcyTHe, a
pO3TalllyBaHHs CerMEHTIB OMUCYETHCS Clielia/lbHUMU CTPYKTYPaMH, SIKi pO3TallloBaHi B orepaTUBHIN mam'sTi.

IcHye ABa TUNM [IeCKPUITTOPHUX Tab/uLb: T00aabHa Ta noKanbHa. [1o6anbHa Tab/MLs ONMCye cerMeHTH orepaLliiiHol cucTeMu i posfiisie CTPyKTypH
JaHux. JlokanbHa Tabnuis Moxke OyTH BU3HA4YeHa I KOXKHOTO Tpoliecy. JJeCKPUNTOp 3aBAHTAKYEThCS 3 MaM'ATi B Kelll, IKMH € NPUB'SI3aHUM 10
KOXXHOT'O CerMeHTHOTO pericTpa Ta aBTOMaTUYHO 3aBaHTaXYEThCS B MOMEHT Horo MoAudikariii.

KoxxHui mporpamMHuil MOAy/b, SIKUII BUKOHYETHCS B 3aXMILEHOMY PeXHMi BH3HaAua€ThCs HOrO CerMEHTOM KOAy, onucaHum perictpom CS, skuii i
BU3HAa4a€ MOro npusijel 3a JOCTYNOM /0 JaHUX Ta IHIIMM MOZY/ISM.

ITporecop 80386, sikuii 3'sBuBCs B 1985 poryi, Ha BifMiHHY Bif cBOiX rnonepefHUKIB cTaB 32-6iTHUM. B HBOMY 3'sIBUJIaCh MOXK/IMBICTB a/jpecyBaTUCh 10 4
I'ib mam'sTi, 10 [J0O3BO/M/IO CTBOPIOBATH CETMEHTH NaM'sTi po3MipoM 3 Bech afpecHMi npoctip. ToMy HOBi omneparjiliHi CHCTeEMM BHUKOPHCTOBYBaIH
BHPO/pKeHY MOJe/lb OpraHisallii mam'sTi, Koy BCi cerMeHTH MOYMHAKTHCA 3 Hy/d. Taka mMoZenb oTpyMasa Has3By TJIOCKOI, i ajpeca 3a/ja€ThCsl OJHUM
LiuM 32-po3psaHUM UMCIIOM.

3MmiwaHi pexumu

CerMeHTHHI 010K KepYBaHHsI MaM'SITTIO CyYaCHUX TPOLIECOPIB, He3Ba)KArOUX Ha KapAWHaIbHY Pi3HUL{IO JBOX HOr0 OCHOBHUX PEXXUMIB, B 000X Mparjtoe
CXOXXKUM CII0COO0M.

Lle fo3BO/sSE OpraHi3yBaTH HeCTaH[APTHI PeXXUMU He omucaHi B odilifiHil JoKyMeHTallil, ajle iHOAi KOpHUCHI rpu HamucaHHi mporpam. OcKilbKu
Bi/IOMO, 1110 BHYTPILlIHI Kellli IleCKpUIITOPIB BUKOPUCTOBYIOTBHCS Y BCIX pe)KuMax, i came BOHU BUKOPUCTOBYIOTBCA J1 afpecallii mam'sri, Mpyv po3yMiHHI
JIOTiKK X poBOTH MOX/IHMBE 3aBaHTAKEHHSI B HUX HECTaHAAPTHUX 3HaueHb [Jis1 AaHOro pexkumy. Cxoxi HecTaHJapTHI peXXUMu oTpumany Hassy Unreal
mode Ta aKTUBHO BUKOPHCTOBYIOThCst BIOS'amu mepcoHanbHUX KOMIT'IOTEpiB. BaknnBo momiTuTH, 10 B miporjecopi 80286 Takoxk 6yna MOXIMBICTH
3aBaHTa)KeHHs HECTAHIAPTHUX 3HaueHb JJeCKPUITTUBHOT'O Kellly 3a JONIOMOTr 00 HefjoKyMeHToBaHOI KoMaHZu LOADALL, 1o Gy/o oco61MBO akTyanbHO,
ockinbky niporiecop 80286 He 03BossIB ckuaTy rpanopens PE (i3 3axuieHoro peXXumy BUXOJWJIM 3a [JOTIOMOIO0 TIOBHOTO Tlepe3aBaHTaKeHHs (aHIVI.
reset) mporiecopa, sike OyJ/10 Ha/j3BUYaliHO [TOBUIBHUM i Cepii03HO 1103HaYanoCh Ha MPOAYKTUBHOCTI).

CTtopiHKoBa opraHisauyis namMm'aTi

¥ nporjecopax nounHarour 3 80386 3'sBUBCS MO/Y/Ib KEPYBaHHs MaM'SITTHO, sIKe [JO3BOJISIE OpraHi3yBaTH BijoOpa)keHHs! CTOPiHOK mam'sti, 1o Oyso e
OJHVM TIPUBOJIOM IE€pexXoJy Ha IIOCKY MO/IeNb 3 TOSIBOI 32-pO3psiiHUX 00uKcieHb. BUKOPHCTOBYIOUM TPAHCIIALIFO CTOPIHOK oreparjifiHa cucTeMa
MO)Ke CTBOPIOBATH BjacHe JIHIMHWN aJpecHWH MpOCTip A KokHOro mpouecy. Crif 3a3HaudTH, L0 CTOPIHKOBWI O/IOK yNpaB/iHHS MaM'SITTHO
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JOCTYITHUM TIIBKY B 3aXUILEHOMY PeXXUMi.

PericTpu npouecopa

IP (anrn. Instruction Pointer) — pericTp, KUl BKa3ye Ha 3MillieHHsI (afpeca) iHCTpyKLiii B cermeHTi Koy (1234:0100h cermeHT/3MmilLjeHHsT).
IP — 16-6itHuii (Monoama yactuna EIP)

EIP — 32- 6iTHu#t aHasor (Mosoaiia yactuHa RIP)

RIP — 64-6iTHuii aHanor

CerMeHTHi pericTpu — pericTpy, 110 BKa3yl0Tb Ha CErMeHTH.

CS (anrn. Code Segment), DS (anr1. Data Segment), SS (anry. Stack Segment), ES (anrn. Extra Segment), FS, GS

B peanbHOMy pexkuMi poGOTH TpoLjecopa CerMeHTHi pericTpy MicTsATb ajgpecy novatky 64Kb cermeHTa, 3MmillleHuit yrpaBo Ha 4 6ita. B 3axuieHomy
pexxuMi poboTH TpoLiecopa cerMeHTHi PericTpy MICTSTb CeJIeKTOp cerMeHTa nam'sTi, Buziienoro OC.

CS — mokaxuukK Ha KozioBui cermeHT. 3B's3ka CS: IP (CS: EIP / CS: RIP — B 3axuiieHoMy / 64-6iTHOMy peXXuMi) BKa3ye Ha afpecy B MaM'sTi
HaCTYITHOI KOMaH/H.

PericTpu JaHUX — C/Ty>XaTh /7151 30epiraHHsi MPOMDKHUX 0OUKC/IeHb.
RAX, RCX, RDX, RBX, RSP, RBP, RSI, RDI, R8 — R15 — 64-6iTHi
EAX, ECX, EDX, EBX, ESP, EBP, ESI, EDI, R8D — R15D — 32-6itHi (extended AX)

AX (anrn. Accumulator), CX (anrn. Count Register), DX (anmi. Data Register), BX (aurn. Base Register), SP (aurn. Stack Pointer), BP (anrn. Base
Pointer), SI (aurn. Source Index), DI (aurn. Destination Index), RBW — R15W — 16-6iTHi

AH, AL, CH, CL, DH, DL, BH, BL, SPL, BPL, SIL, DIL, R8B — R15B — 8-6iTHi (monos1HKu 16-6iTHUX pericTpiB)
Hanpuknag, AH — high AX — crapiia nosoBuHka 8 6it

AL — low AX — moso/ia moyioBruHKa 8 6it

RAX RCX RDX RBX
I EAX I ECX I EDX I EBX
[ AX [ cex [ bx [ BX
[AH][AL]| [cH][eL]| [DH][DL| [BH][BL
RSP I RBP I RSI I RDI I RX
| ESP [ I EBP I ESI [ I EDI I RXD
[ sp [ ep [ st [ bz [ Rxw
[ spL | BPL [stL [[pILC [[rxB

nex —8..15.

Perictp npanopie FLAGS (16 6it) / EFLAGS (32 6ita) / RFLAGS (64 6iTa) — MiCTUTb TOTOYHMH CTaH MpOLiecopa.

Cucremni perictpu GDTR, LDTR i IDTR BBefieHi B mpouecopax rnourHaroud 3 Intel286 i mpusHaueni jyisi 36epiranHsi 6a3oBuUx ajpec mabauyb
Oeckpunmopie — HallB)K/IMBIIIMX CK/Ia/l0BUX CUCTEMHOI apXiTeKTypy Py pobOTi B 3aXUILEHOMY PEXXHUMI.

Perictp GDTR wmictuth 32-6itHuit (24-6iTHuit ayist Intel 286) 6a3oBuii agpecy i 16-6iTHuil Mexxa 2106aibHoi mabauyi deckpunmopig (GDT).

Buayma uactrta perictpa LDTR MicTUTb TiIbKH CeJIEKTOP A€CKPUTITOPA /10KaabHOT mabauyi deckpunmopie (LDT). Cam geckpuntop LDT aBTOMaTH4YHO
3aBAHTAXKYEThCS B nprxoBaHy yactuHy LDTR 3 miobansHOi TabuLi 1eCKPUITTOPIB.

Perictp IDTR mictuth 32-6itHuii (24-6itHuii st Intel286) 6a3oBuii agpecy i 16-6itHui Mexka mabauyi deckpunmopig nepepueatb (IDT). Y peansHOMY

pexuMi Moke OyTH BUKOPUCTAaHUI A/Ist 3MiHU MiCLisl pO3TalllyBaHHs TabJIHLIi BEKTOPIB TiepepruBaHb.

Bupuma vactrHa perictpa TR MicTUTh cenekTop feckpuntopa cermeHTa crany 3afaui (TSS). Cam geckpuntop TSS aBTOMaTUUHO 3aBaHTaXy€ThCsl B
npuxoBaHy yacTuHy TR 3 rnobanbHOI TabamLi eCKpUITOPIB.

3cyBHi pericTpu npezCcTaB/sIOTH COO00 MOCTIOBHO 3'€/JHAHY JAHIIIOXKOK TpUrepiB. OCHOBHUH peXKUM poOOTH — 3pYLIeHHs PO3psifiiB KOAY Bif ofHOro

Tpurepa o iHILIOTrO Ha KOYKeH iMl'ly]'le TAKTOBOI'O CUT'HAJTY. 3a NpU3HAYEHHAM peFiCTpI/I pOBpiBHﬂ}OTbCH Ha:

= AKYMy/SIATOp — BMKOPUCTOBYETLCA A5 36epiraHHsA NPOMiKHUX pe3ybraTiB apudMETUYHUX | SIOTiYHUX OnepaLiin Ta iHCTPYKL,ii

BBEOEHHA-BUBEEHHA;

= ®naroBoi — 36epiralnTb 03HaKN pe3ynbTaTiB apugIMETUYHIX i NOTiIYHMX onepaLiii;
= 3arasibHoro npusHavyeHHs — 36epiratoTb onepaHay apuMETUYHKX i TOFYHMX BUPasiB, iHAeKeH 11 agpecy;
= |HAeKCHi — 36epiraloTb IHOEKCK BUXIAHWUX | LUiSIbOBUX €NIEMEHTIB MacuBy;
= BkasiBHi — 36epiraloTb NOKaXKUYMKM Ha cneLjasibHi 06nacTi nam'aTi (MoKaxkUYMK NOTOYHOT onepaLii, TOKaXX4nK 6a3u, NOKaXKYNK CTeKa);
= CermeHTHi — 36epiraloTb agpecu Ta CefiekTopu CErMeHTIB Nam'sTi;
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= Kepytoui — 36epiratoTb iHhopMaLiito, Kepytody CTaHOM NpoLecopa, a Takox afpecy CUCTEMHUX TabnuLp.

NiunnbHNUK KOMaHA,
IP (anrn. Instruction Pointer) — pericTp, 0 MiCTUTb afjpecy-3MillleHHsI HaCTYITHOI KOMaH/H, 10 Ti/Arae BUKOHAHHIO, I[0A0 KoJoBOro cerMeHTa CS.
Perictp IP noB'szanwmii 3 CS y Burnsgi CS: IP, ge CS € mOTOYHKUM KOZJOBOIO CETrMeHTOM, a I[P — moToYHKM 3CyBOM ILI[O/I0 L[BOTO CerMeHTa.

Perictp IP € 16-po3psiiHUM pericTpoM-noKaxunkom. Kpim HbOT0, 10 CK/IaJy pericTpiB Lboro Tumy BxozsaTh SP (aHr. Stack Pointer — MOKa)XuuK CTeKa)
i BP (aur. Base Pointer — 6a30BUii MOK&XYKK).

MpuHUun po6oTun
Harpuknaz, CS mictuth 3HauenHsi 2CB5 [0 TH, B perictpi IP 36epiraetscst 3cys 123H.

A peca HacTyMHOT iHCTPYKLIii, 110 Ti/Isra€ BUKOHAHHIO, 06UMCITFOETHCS IIUISIXOM ITiZICyMOBYBaHHst aapecut B CS (cermeHTi Kozy) 3i 3MIILIEHHSIM B PericTpi
1P:

2CB50H + 123H = 2CC73H
TakyM uMHOM, ajipeca HacTYIHOI iHCTPYyKUil /151 BUKOHaHHS AopiBHIoe 2CC73H .

[Ipy BUKOHAaHHI MMOTOYHOI iHCTPYKLil pOLecOp aBTOMAaTUYHO 3MiHIO€E 3HaueHHs B pericTpi IP, B pe3ynsrari yoro peectposa napa CS: IP 3aBxju BKasye
Ha HaCTYIHY iHCTPYKILito, 1110 MiJ/ra€ BUKOHaHHIO.

JIMB. TaK0X

= Cnuncok Mikponpotiecopis Intel
= Komn'toTepHa nnargopma

Jxepeia

ITocunanusa

1. AMD64 Technology: AMD64 Architecture Programmer's Manual Volume 3: General-Purpose and System Instructions (https://web.archiv
e.org/web/20030802032632/http://Iwww.amd.com/us-en/assets/content_type/white_papers_and_tech_docs/24594.pdf)

2. |HwWi gokymeHTn Ha caiiti AMD woao AMD64-apxiTektypu (https:/iweb.archive.org/web/20080725164618/http://developer.amd.com/docu
mentation/guides/Pages/default.aspx#manuals)

3. Instruction tables. Lists of instruction latencies, throughputs and micro-operation breakdowns for Intel and AMD CPU's. Agner Fog,

Copenhagen University College of Engineering (http://www.agner.org/optimize/instruction_tables.pdf) [ApxisosaHo (https://web.archive.org/web/
20140730030310/http://www.agner.org/optimize/instruction_tables.pdf) 30 nunua 2014 y Wayback Machine.]

OtpumaHo 3 https://uk.wikipedia.org/w/index. php?title=X86&0ldid=38827820


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A8%D1%96%D1%81%D1%82%D0%BD%D0%B0%D0%B4%D1%86%D1%8F%D1%82%D0%BA%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_%D0%BC%D1%96%D0%BA%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D0%BE%D1%80%D1%96%D0%B2_Intel
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0
https://web.archive.org/web/20030802032632/http://www.amd.com/us-en/assets/content_type/white_papers_and_tech_docs/24594.pdf
https://web.archive.org/web/20030802032632/http://www.amd.com/us-en/assets/content_type/white_papers_and_tech_docs/24594.pdf
https://web.archive.org/web/20080725164618/http://developer.amd.com/documentation/guides/Pages/default.aspx#manuals
https://web.archive.org/web/20080725164618/http://developer.amd.com/documentation/guides/Pages/default.aspx#manuals
http://www.agner.org/optimize/instruction_tables.pdf
http://www.agner.org/optimize/instruction_tables.pdf
https://web.archive.org/web/20140730030310/http://www.agner.org/optimize/instruction_tables.pdf
https://web.archive.org/web/20140730030310/http://www.agner.org/optimize/instruction_tables.pdf
https://uk.wikipedia.org/wiki/Wayback_Machine
https://uk.wikipedia.org/w/index.php?title=X86&oldid=38827820
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://foundation.wikimedia.org/wiki/Policy:Terms_of_Use/uk

