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BBEJIEFHUE

[IporpammupoBaHue Ha ypOBHE sApa OINEPALlMOHHOM CHCTEMBI W, B
YaCTHOCTH, HAIMCAHHUE JIpalBEepOB, TPeOyeT IriIyOOKOro 3HAHUS MPHUHIIMIIOB H
MEXaHU3MOB YCTPOMCTBA ONEPALUOHHON CUCTEMBI.

[Ipyn HamucaHuM JpaliBEpOB pexuMa sJIpa NPUXOJUTCS UMETh JIENO C
TaKUMH, Bpojie Obl, JaJ€KMMH OT MPOrpaMMHCTa BEUlaMH, KaK CTpaHH4YHasd
OpraHu3alys NaMATH, NMEPEKIIOUCHHUE 3a]]a4, MEXAHU3MBbI 3alUThI U T. 1. Tak,
MHOTHE JpaiiBepbl TPEOYIOT SBHOIO YKa3aHUsS CBOMX OJIOKOB, KOTOpBIE HE
JOJKHBI BBITPY’KaThCsl HA TUCK HU MPH KAKUX YCIOBUSX.

[Ipennaraemoe  y4yeOHOe TmocoOM€ TPU3BAHO J1aTh  CTyACHTaM
IPEACTABICHUE O BO3MOXKHOCTSIX M CHOCO0AX HalHMCAHUS JIpalBEepOB s
onepannoHHo# cucrembr Windows 2000.

JUiss 3TOro B MOCOOMM MPEJCTaBIECHbl TPU pasjielia, CBSA3aHHBIE C
O0COOEHHOCTSIMU HaIlMCAHUS TAKOTO TUIIA APANBEPOB.

B nepBom paznene paccMOTpeHbl OCOOEHHOCTH PabOThl MPOLIECCOPOB
cemeicTBa 386+ B 3alIMIIEHHOM PEKMME — MEXaHU3Mbl padOTHl C MaMSTHIO,
MEXaHU3MBbI 3aIUTHI U TEPEKITIOYEHUS 3a/1a4.

Bo BTOpOoM paszgene paccMOTpEHbl OCOOEHHOCTHM  OpraHu3aluu
oneparmonnoi cucrembl Windows 2000 — ocHOBHBIE KOMITOHEHTBI CHCTEMBI,
NoJicCTeMa BBOAA-BbIBO/Ia U MOJEINb JIpaiiBEpPOB.

B Tperbem paznene paccMOTpPEHbl KOHKPETHBIE BOIPOCHI CO3AaHUS
IpOCTOrO JpaiiBepa M JaH TMpuMep JpaiiBepa BHUPTYaJIbHOIO JHUCKa C

H€O6XO)II/IMBIMI/I KOMMCHTAapHUsAMHU.



1 OCOFEHHOCTHU 3ALUIIJEHHOI' O PE)XXHMA 1386+

1.1 Opeanuzayus namamu 8 3aWUWEeHHOM percume

[Tpu pabore mporeccopa 1386+ B 3alIUIIEHHOM PEKUME HCIOJIb3YCTCS
JIBa METOJa OPraHU3allK MaMSITH:

— CerMeHTHas,

— CTpaHUYHasi.

Oneparronnas cucrema Windows NT, o kotopoit OyaeT WATH pedb B
JanbHEHIIeM, HCTIONB3YeT 00a ITUX MEXaHU3MA.

B 3ammmieHHOM pexuMe paccMaTpPpUBAEMOTO CEMENCTBA IMPOLIECCOPOB
MOKET OBITH ompezeneHo 10 8192 (21%) cermenrtos, nmpuueM, Kaaplii U3 HUX
MOKET UMeTh pasmep no 4 ['Gait (232 Gaitros). K coxaneHuto, ceMeicTBO
onepanuoHHbIX cucteM WiIindows MuHUMalbHBIM 00pa3oM  HUCHOJb3YeT
BO3MO>KHOCTU CETMEHTHOT'O PEXHMa: 3TO CEMEUCTBO MCIOJB3YET IIIOCKYIO 32-
pPa3psAHYI0 MOJENb MAaMSITH C Pa3MEPOM JIMHEHHOTO aJpECHOTO MPOCTpaHCcTBa 4
["Gaiira.

[Ipouiecc dopmupoBaHusi JTUHEWHOTO aapeca B 3aIUIICHHOM PEXUME
MoKa3aH Ha pucyHke 1.1. @opmar cenekTopa rnokaszaH Ha pucyHke 1.2.

Kaxnaplii cerMeHT B IpOIECCOpE OMMCHhIBACTCS 8-0aWTHOM CTPYKTYpOit
JTAHHBIX — OecKpunmopom cerMeHTa. JIeCKpuUnTop OmnpeAeiseT IMOJ0KECHHE
AJIEMEHTa B TaMATH, pa3Mep 3aHUMaeMON UM 00J1acTH (JIMMUT), €T0 Ha3HAUYCHHE
U XapaKTEPUCTUKU 3allUThl. [[JI1 yKa3aHUs KOHKPETHOIO CErMEHTa BHYTpHU
TaONMHIBI  JACCKPUNITOPOB  HUCIMONB3yeTcss  16-paspsiaHbiii  cenektop.  OnH
oTpeesieT HOMEP 3alUCH BHYTPH TaOJIHUIBI TECKpUNTOPOB. Muamamue 2 Outa
CEJIEKTOpa OMNpPEACSIOT YpPOBEHb MPUBWIETUM pPEXKUMA, KOTOPBIA MOMKET
BOCIIOJIP30BAThCA JTAHHBIM JIECKpUNITOPOM. TpeTuid OWUT oOmpenenser THIl

TaONMHIBI TECKPUNTOPOB — TiobOanmbHas wim JokambHas. OctampHbie 13



paspAaoB CCICKTOpa W OHIPCACIIAIOT MAKCUMAJIBHO BO3MOKHOC KOJHMYCCTBO

CCrMCHTOB, K KOTOPBIM MOKHO O6paTI/ITBC$I C IMIOMOIIBIO CCIICKTOpPA.

EWpTyantHeld NoMYeckdd agpec
15 o] 1 u}
CenekTop CMell eHWE
l% GOT wmm LOT
Tabnuua
JeCKpUNTOROR
BEaz0BkRIA ac
NeckpunTtop 40p _é
CEMMEHTE
31 ¥ u}
INMHEHRHEIR agpec

Pucynok 1.1 — @opMmupoBaHue TUHEMHOTO apeca B 3alIUIIEHHOM PEXUME

15 3 2 1 0

MHAeKc (HoMep cermeHTa) oM RPL

MHaukaTop Tabnuypl
AECKPUTOPOE:!

0: nokanbHan (LDT),

1: rmobansbHan (GDT)

Tpebyemblii
YPOBEHb
npUBUNErAA

Pucynox 1.2 — ®opmar cenexkropa cerMeHTa
JlecKpunTopsl PacloyioKeHbl B CHEUHUATBHOM Ta0JIMIEe JECKPUIITOPOB

GDT — Global Descriptor Table, pactionoxennoit B mamsatu. MexaHu3m padOThI



C II00aIbHOM M JIOKAJIBHOM TaOIMIaMH AECKPUIITOPOB IOKA3aH HA PHUCYHKE

1.3.

MHaonkaTop Tabnuuel
(GDT mnw LOT)

Global Descriptor

Local Descriptor

Tl

Segment Selector

Mepeeld QECKPUMNTOR B
GOT HE MCNONE3YETCA

|

Perctp GOTR —bl

Fervctp LOTR —m

Table (GOT) Table (LOT)
T =0 T =1
56 56
48 48
40 40
32 32
24 24
16 16
8 8
0
| Lirnit | Lirmit
Base Address N Base Address

Seg.Sel |

Pucynok 1.3 — Cxema paOoThI ¢ TJ1I00a1bHOM U JIOKAJIBHON TaOIUIIaMU

JECKPHUIITOPOB

B Windows NT omnpeneneno 11 cenekTopoB, M3 KOTOPBIX HamOoJjee

Ba’XHBIMU SABJIAIOTCS IIECPBBIC YCTHIPE:

Ta0muna 1.1 — Ilepsoie 4 cermenta Windows NT

Cenexrop Ha3nauenue baza [Ipenen DPL Tun
Hex (bin)

08 (001000) | Code32 00000000 FFFFFFFF 0 RE

10 (010000) | Data32 00000000 FFFFFFFF 0 RW

1b (011011) | Code32 00000000 FFFFFFFF 3 RE

23 (100011) | Data32 00000000 FFFFFFFF 3 RW




Kaxnaplii U3 3THUX YeThIpeX CEJNEeKTOPOB MO3BOJIAET aJpecoBaTh Bce 4
['CaiiTa  TUHEHHOrO  agPECHOr0  MPOCTPAHCTBA, MPHYEM  TPAHCISALUSA
MIPOM3BOUTCS B OJTHU U T€ ke (PU3NUYECKUE aapeca.

[lepBbie ABa cenekTopa UMEIOT TpeOdyeMblil ypoBeHb npuBuieruii DPL =
0 (mamBeictmii mpuoputer, DPL — Descriptor Privilege Level, yposens
NPUBWJIETHIM JIECKPUNTOPAa) W HCIHOJNB3YIOTCA JpailBepaMd U CHUCTEMHBIMU
KOMIIOHEHTaMH I JOCTylla K CHCTEMHOMY KOJAY, JaHHBIM M CTeKy. (31ech
CIIElyeT OTMETUTh, YTO U3 YETHIPEX BO3MOXHBIX ypoBHEW mnpuswmieruii 0 — 4,
NPEJAOCTABIIAEMbIX JAHHBIM THUIIOM IPOIECCOPOB, B OMEPALMOHHBIX CHCTEMAaX
Windows ucnionb3yrorcst b q8a ypoBHS — 0 u 3.)

Bropeie 1Ba ceiieKTOpa UCIHOJB3YIOTCS KOJOM I0JIb30BATEIbCKOTO
pexxuma Juisl A0CTyna K KOAY, JaHHBIM M CTEKY MO0JIb30BATENBCKOTO KE PEXUMA.
OTH celeKTOPHI ABIAIOTCS KoHcTaHTamu utst Windows NT.

[IpeoOpa3zoBanue napel cerekmop.cmeujeHue sl yKa3aHHbIX CEJIEKTOPOB
naet 32-OUTHBIA JUHEWHBIM aJpec, COBMAJAIONIMN CO 3HAYCHHEM CMEIICHUS
BUPTYaJIbHOIO agpeca. To ecTh, B JAHHOM CJIy4ae BUPTYaJbHbIM U JIMHEHHBIN
azpeca COBITaIAOT.

Hanuuwe B jgeckpunTope TMoOjs, ONPEEISIONEr0  BO3MOXKHOCTD
YTEHUS/3aNIMCU/UCTIONHEHUS KOJAa, MOXET HAaBECTH Ha MbICIb O TOM, YTO
MMEHHO Ha J3TOM YpOBHE MOXET OBbIThb BBIMIOJIHEHA 3alllUTa NaMsATA OT
HEBEPHOT'O MCHOJb30BaHUs. Hampumep, KoJ MNpUKIATHON TporpamMmbl B
MOJIb30BATEIILCKOM PEXHME HAXOJIUTCS B CerMeHTe ¢ ceiektopom 1Db. [lns
ATOTO CEJIEKTOpAa pa3pelieHbl TOJIbKO OMEPALIMU YTEHHS U UCTIOJIHEHUS. TO eCTb,
UCIoib3yst cenekTop 1b, mporpamMMa He cMOXXeT MOAM(PHUIIMPOBATHL CBOM
coOCTBeHHBIM KOA. OnHako, Ta e Mporpamma, oOpaiasch K AaHHBIM WU
cTeKy (cenexktop 23) Hailner cBOW KOJX MO TOMY JK€ CMEILIECHUIO, YTO U B
cerMeHTe 1D (Tak Kak s BCeX YKa3aHHBIX CErMEHTOB TPAHCISIHS

IPOU3BOAUTCS B OJHU M T€ k€ (U3MUECKUE ajpeca), HO PeXUM J0CTyna B



JaHHOM CJIydac IIO3BOJIACT BBIIIOJHATL OIICpAllMH YTCHUSA W 3aIIMCH. Takum

o0Opa3oM, 0a30BBIM CIOCOO HCMOJIB30BAHUS CETMEHTALlMM B OINEPaIl[MOHHBIX

cucremax cemerictea WIindows He o0ecrieunBaeT HaajIeKanei 3amuThl KOJa.
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0

Cenekrop | :| CueLyeHue |-%

GDT

3

BupTyaneHbIW agpec

0

b

—|BazoBbIn agpec

31

NuHeWHbIR agpec

31 22021

12011

Hamep
EMPTYaNEHOMD
pazgena

Hamep
EMPT a0 EHORA
CTREHM LD

CMeLLEHHE

EHYTIH
CTRaHULE

-

Faranor
CTREHML,

1024
INEMEHTA

Ynpaenawwuid pemctp CR3

T

Tabnuya
CTRAHML,

PusMYECKaA
CTREHWLE

1024
ANEMEHTE

4 Kfhakra

?

T

Bazoewld agpec
kaTanora
CTRAHML,

Bazoebld anpec
Tabnuuel
CTPaHML,

BazoewlA agpec
th MzMdECKOR
CTPaHHLE

SUINYECKUR
agpec

Pucynok 1.4 — Cxema npeoOpa3oBaHus BUPTYaJIbHOTO aJpeca B PU3NUECKUI

Cxema QopMupoBaHus JIMHEWHOro ajapeca W MpeoOpa3oBaHUs €ro B
dbuznyeckuil mokazana Ha pucyHke 1.4.

[Tocne dopmupoBaHus JIUHEHHOTO ajpeca 3aaeUCTBYETCS MEXaHHU3M
CTPAaHUYHOW OpraHU3alluy NaMsATU. 31€Ch CIEAYEeT OTMETUTH CIIeAYIOLIEe:

— KaXIbld KOHTEKCT NaMiTH (aApEeCHOE NPOCTPAHCTBO IPOLECCA)
COOCTBEHHOM TaOJUIIEH TPAHCIAIUN JTHUHEHHOTO

MIPEJCTABIICHO

aapeca B  (usnueckud  (agpec  COOTBETCTBYIOIICH  TaOJHIIBI

3arpyskaeTcs B ynpasisomnuii peructp CR3),



— KaXJbIH 3JIEMEHT TaOJHIIbI CTPAHULL COAEPKUT OUT, YKA3BIBAIOIINI Ha
BO3MOXXHOCTh JIOCTyla K CTpPaHUIE M3 MOJIb30BATEIBCKOIO pEXUMA
(Bce CTpaHMIIBI TOCTYIIHBI U3 peXUMa SIpa),

— K@XJIBIA 3JIEMEHT TaOJIHUIIBI CTPAHUI] COACPKUT OUT, yKA3bIBAIOLIUI Ha
BO3MOKHOCTH 3aIlMCH B COOTBETCTBYIOIIYIO CTPAHHUILY MTAMSTH.

He nano 3a0bIBaTh, YTO KaXKIbIil AJIEMEHT TaONHIIBI CTPAHUI] COACPIKHUT
Tak)Ke OUT, YKa3bIBAIOIIMA, IPEACTAaBICHA JIU JaHHAs CTPAHUIIA B OTIEPATUBHOM
aMsITH.

JIBa Ourta paspemieHus A0CTyna W 3amucd (OPMUPYIOT CIEIYIOUIUN
Ha0op mpaBuil pabOTHI CO CTPAHUIIAMU:

— CTpaHMIIA BCETa MOXKET OBbITh IPOYUTAHA U3 PEeXKUMa Spa,

— Ha CTpaHMIy MOXET OBITh MPOU3BEACHA 3alUCh M3 PEXHUMA SJIpa,

TOJIKO €CJIM YCTaHOBJICH OUT pa3peleHust 3amcH,

— CTpaHMIIa MOXKET OBbITh NMPOUYMTAHA M3 IOJIH30BATEIBCKOIO PEKUMA,
TOJBKO €CJIM  YCTaHOBJIIEH OWT JOCTyna K CTpaHulle U3
MOJIb30BATENBCKOTO PeXUMa,

— Ha CTpaHUIly MOXeT OBIThb MpPOM3BEIAEHA 3alMHCh U3 pEXUMa
MOJIb30BaTENsl, TOJBKO €CIM YCTAHOBJEHBI 00a OuTa (pa3zpeuieHus
3aMHCH U JOCTYII U3 MOJIb30BATEIHECKOTO PEXKUMA),

— ©CJIM CTpaHHIla MOXET ObITh MPOYUTAHA, OHA MOXKET ObITh UCIIOHEHA.

[lo yMomuaHUIO CTpaHUIBl MAMSITH C UCIHOJHSAEMBIM KOJAOM HE HMEIOT
pazpeiieHuss Ha 3anuch. [[03TOMy Npu MOMBITKE MCIONB30OBAHUS CEJIEKTOpa
JaHHBIX A7 MOIU(UKAIIMK KoJla OyJeT CreHepUpPOBaHO UCKITIOYEHHE.

Jlns toro, 4uroObl siapo omepanuoHHoW cuctembl (Windows NT) —
KOMIIOHEHTbl CaMOM ONEpPallMOHHOW CHUCTEMBl W JpaWBepbl — BCeraa
pacrojarajgiuch Mmo (pUKCMPOBAHHBIM BHUPTYaJbHBIM ajJpecaMm, HE3aBHCUMO OT
TeKyIlIero KoHrekcra namsatu, B NT ocymiecTBisercs oguHaKoBasi TPAHCIAIIS

JUIS BEpXHUX JIBYX TMra0aT 1uana3oHa BUPTYAJIbHBIX aJIPECOB.

10



I[JDI 3aIIUTHI KOJa OHepaHHOHHOﬁ CUCTCMBbI COOTBCTCTBYIOIIUEC 3JICMCHTBI
Ta6JII/II_H)I TPpaHC/KIOIUKU BHUPTYAJIbHBIX aJ[pCCOB B CI)I/ISI/I‘-IeCKI/Ie IIOMCYCHBI KakK

HCIOCTYIIHBIC U3 ITOJIb30BATCIILCKOTI'O PCIKUMA.

COOTBETCTBEHHO, JMAIa30H BUPTYyalbHBIX aapecoB 2 — 4 ['0 Ha3bIBaioOT
cucmemuwvim aopechvim npocmpancmeom (System address space), a quamnazon 0
— 2 I'6 — nonvzosamenvckum aopecuvim npocmpancmesom (User address space).

3mecy cieayeT u30eraTth IMyTAHHUIBI MEXIYy TEPMHHAMH a0pecHoe
NPOCMPAHCME0 NPoyecca — KOHTEKCT TMaMSITH MPOLecca — U NOJIb308AMeNbCKOe
aopecnoe npocmpancmeo. I101p30BaTEIBCKOE aaPECHOE MPOCTPAHCTBO — JTO
BUPTyalbHOE aIpPEeCHOE IMPOCTPAHCTBO, B KOTOPOM B MPHHIMIIE MOKET

HaXOAUThCA 000U MOJIB30BATEIBLCKUHN MTPOIIECC.

11




1.2 Cmpyxmypbl OaHHBIX 3AUUWEHHO20 DeHCUMA

[Ipoueccop ammapaTHO KOHTPOJMPYET AOCTYI MPOTpaMM K JIHOOOMY
aapecy B onepaTuBHOU mamsaTu. [Ipu paboTe B 3alTUIIICHHOM PEXXUME aApEeCHOE
MIPOCTPAHCTBO IpoIIeccopa ASIUTCS Ha

— rmio0ajabHOE — 00IIee I BCeX 3aaad,

— JIOKQJIbHOE — OTZIEJBHOE I KaXKI0M 3a/1a4u.

JIns mostydeHus IOCTyIla LEJEBOM aapec, K KOTOPOMY XOYET IOIYYUTh
JOCTYII TIPOrpaMma, JOJKEH OBITh OMUCAH IS TPOTPaMMBI. ITO O3HAYAET, YTO
y4acTOK (hU3UYECKOM MaMsITH, COJEpKAIUM HYKHBIM aapec, JOJKEH ObITh
ONMHCaH C TOMOIIBI0 HEKOTOPOTO OecKpummopa ce2meHma, KOTOPBIHA
MOMEIIAeTCS B OAHY U3 TPEX TaOIHI] JECKPUNTOPOB. JIOKanm3aIys dTUX TabJIunIl
OCYIIECTBIISIETCS C MCTIOJIb30BAaHUEM OJTHOTO M3 CUCTEMHBIX PETHCTPOB:

— gdtr (Global Descriptor Table Register — peructp TaOIHIBI
rJI00ANBHBIX JIECKPUNTOPOB), MMeeT pazMep 48 Out (6 OalTOB) U
conepxkuT 32-OuTHbI (OuThl 16-47) 0a30BBIA ajpec er0b6anbHOU
mabauysl deckpunmopose GDT u 16-O6utnoe (Outhl 0-15) 3HAUeHME
npeodena, pecTaBlsoNee coooii pazmep B 6aitax GDT,

— Idtr (Local Descriptor Table Register — peructp TaOIHIIBI JIOKATBHBIX
JNECKPUNTOPOB), MMeeT pa3Mep 16 OUT U COACPKUT celeKmop
deckpunmopa J10KaavHou mabauywvl deckpunmopog LDT, sensronuiics
yKaszaTelieM Ha JEeCKPHNTOpP B TaOJHUIE TIOOAIBHBIX JIECKPUIITOPOB
GDT, koTopblii M ONHWCHIBAET CETrMEHT, COACPXKAIIUN JIOKAIbHYIO
Tabauity aeckpuntopos LDT,

— idtr (Interrupt Descriptor Table Register — peructp Ta0IHIBI
JIECKPUIITOPOB TIpEephIBaHMi), uMmeeT pazmep 48 oOut (6 OaliToB) u
comepxut 32-OutHbld (OuThl 16-47) 0azoBBIA aapec madauybl
oeckpunmopos npepuvisanutl |IDT u 16-6utnoe (6utsl 0-15) 3HaueHue

npedena, peacTaBistoniee coooi pasmep B Oaiitax IDT.

12



Kpome Toro, B porieccope umeetcst 16-0uTHBIN peructp 3amaum tr (Task
Register), xotopsiid, kak u ldtr comeput ceiaekTop, TO €cTh, ykas3arelb Ha
neckpuntop B Tadiuie GDT. DTOT qecKkpuUnTop OMUCHIBACT TEKYIIHA ceameHm
cocmosnus 3aoaqyu 1SS (Task State Segment). Takoit cerMeHT co3maeTcs IS
KQKJI0M 3aJlayd B CUCTEME, UMEET KECTKO PErJIAMEHTHUPOBAHHYIO CTPYKTYpY H
COZICPKUT KoHmekcm (TEKyIee cocTossHue) 3aaaun. OCHOBHOE Ha3HA4YCHHUE 1SS
— COXpaHATh TEKYIIEEe COCTOSHUE 3aJ]a4l B MOMEHT MEPEKIIIOUECHHS Ha JPYTYIO
3ajauvy.

[Iporpamme, KOTOpas KelaeT UCIOIb30BaTh JAHHBIM y4acTOK MaMSATH,
JOJKEH OBITh COOOIIEH yKa3aTellb Ha COOTBETCTBYIOIIUNA JECKPUIITOP B OJHOM
u3 Tabnu neckpuntopoB GDT unu LDT. YkazaTens Ha JeCKpUNTOP CerMEHTa
B onHoi u3 Tabmun GDT wmm LDT, B 3aBHCHUMOCTH OT (yHKIIMOHAIBEHOTO
HA3HAYEHHS OINHCHIBAEMOrO JIECKPUNTOPOM YYacTKa MaMaTH (CEerMeHTa),
MOMENIAeTCs] B OJIMH W3 IIECTU CErMEHTHBIX peructpoB. Takum oOpa3om, B
3alMIIEHHOM PEKMME MEHSETCS pPOJIb CErMEHTHBIX perucrpoB. OHU Tenepb
colepkaT He aJpec, a celekmop WIN uHoexc B TaOIULE AECKPUITOPOB
cermeHTOB. (CamMO K€ Ha3Ha4eHUE CETrMEHTHBIX PETruCTPOB  OCTaeTcA
HEU3MEHHBIM — OHHU MO-TIPEKHEMY YKa3bIBAIOT HA CETMEHTHI KOMaH/I, JAHHBIX U
CTE€Ka, OJTHAKO MEXAHU3MBbI, HCIIOJIb3yEMbIE TTPU 3TOM, MEHSIOTCS.

Crpykrypa aeckpunropa cerMeHTa noka3aHa Ha pucyHke 1.5. Iloms
JECKPUIITOPA, YKa3aHHbIE Ha pUCYHKe 1.5, moapoOHO onucansl B Tabnuie 1.2.

[Ipu B3rIsiAE HA PUCYHOK 1.5, MOKET BO3ZHUKHYTh PsiZl BOIIPOCOB. [lepBbIii
U3 HUX — MOYEMY MOJsl, ONPEIENSIONMe pa3Mep CErMEHTa, HE PAaCOJI0KEHBI
HEIMpPEPBHIBHO, a pa30UThl Ha HECKOJBKO HEMOHATHBIX (parmeHToB? OTBET
npoct. Bee ompenensercss HEOOXOIUMOCTBIO COOJIIOACHUS COBMECTUMOCTH C
MJIaAMIUMH MOJIETISIMU TTPOLIECCOPOB.

BriepBbie 3aliuileHHbI peKUM MOSBUIICS B mporeccope 1286. OH numen

24-pa3psiHYI0 aIpeCHYIO IKMHY (MOT ajapecoBaTh 10 16 MOalT onepatuBHON

13



NaMATH) U ONIEPUPOBAJ C CETMEHTAaMH, pa3MepoM, He npeBbimatomuM 64 Koailt

(m1g pa3Mepa cerMeHTa UCIOJIb30BAIUCH 16 pa3psiioB).

Tun cemeHTa
Pasmep type_seg
base_3 CErMeHTa P | DPL B base 2
I [ S|P A
(16-19)
Xh 7 6 5 4 3 2 1|0 —\/—
b i b i any
asoBblil agpec . " aszoBblil agpec
cerMeHTa (24-31) GlD |0|U | limit_2 BanT AR cerMeHTa (16-23)
63 56 55 48 47 40 39 32
base_1 limit_1
N 4
Bazoeblil agpec cermenTta (0-15) Pazmep cermedTa (0-15)
31 1615 0

Pucynok 1.5 — Ctpykrypa neckpunropa cerMeHTa

[Tocme TOSIBICHHS TOJHOCTBIO 32-pa3psimHoro mporeccopa 1386
MOSIBUJIACH HEOOXOAMMOCTh B YBEJIMUCHUU pa3Mepa COOTBETCTBYIOIIUX TOJIEH.
OpHako u3 cooOpakeHUIl BCe TOU K€ COBMECTUMOCTHU (POPMAT CYIIECTBYIOLIETO
JECKpUNTOpa HE HW3MEHHWIH, a MPOCTO J00aBUIM HEAOCTAIOUIUE TIONs B
JIOTIONTHUTENBHBIX OaiiTax. BHyTpu mpoieccopa 3TH TOJIS HENPEPHIBHBI, H
Heyn00CcTBa eMy He TOCTaBISIOT. [I[porpaMMucTtam e MpUXOAUTCS UMETh JEIIO
¢ pparMeHTHUPOBAHHBIMH TTOJISIMH.

Bropoii Bompoc Takoil: Kak INpU MOJe pa3Mepa cermeHTta Bcero B 20
pa3psaaoB (ampecyemoe mpocTpaHcTBo — 1 MOalT) pasmep OMUCHIBAEMOTO
cerMeHTa Moxet focturath 4 ['6aitt? Bee neno B none epanynaprocmu G. Ecnu
3TO OWTOBOE moJie HuMeeT 3HaueHue «0», TO pa3Mep CerMeHTa B IOJe
o0o3Hauaercs B OaliTax, U HE MOXeT npeBbimarh 1 Mbaitta. Eciu xxe G = 1, To
pa3Mep CcerMeHTa BBbIpaXKAETCs B CTpaHUIAaX. Tak Kak pa3Mep CTpPaHHUIIbI
coctaBisier 4 Kb6aiita, To 1 M crtpanun no 4 Kbaiita cocraBinser B cymme 4

["Oaiita.
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Tabnuna 1.2 — 3HaueHune nojei JecCKpUnTopa CerMeHTa

Homep | KonuuectBo | CumBosnueckoe 3HadeHue Most
Oaiita | OuToB B mojsie | 00O3HAUEHHE
0...1 16 limit_1 Muagmue 6uter (0...15) 20-paspsgHoro moss
pa3mepa CerMeHTa, ONPEeNIIeMOr0 B SIMHHIIAX,
COOTBETCTBYIOIIHX 3HAYCHUIO OJIsSt
rpanyisipHocti G
2.4 24 base 1 butst 0...23 32-pa3psanoit 6a3el cermenTa. OHa
ompeneNseT  3HAueHWE JIMHEHHOro  axpeca
Hayvaja CerMEHTa B aMSITH
5 8 AR baiit, monsi KOTOpPOro ONpenessoT IpaBa
JIOCTyTa K cerMenty (tabnuna 1.3)
6 0...3 limit_2 Crapmmie Outel  (16...19)  20-pa3psaHOro
npeJelia CerMeHTa
6 1 U bur  nome3oBatens  (User). He  umeer
CIEUATBHOTO Ha3HAYCHMUS, MOJKET
UCIIOJIb30BATHCS o YCMOTPEHHUIO
IPOrpaMMHUCTA
6 1 — 0 — OuT He ucnonb3yercs
6 1 D buT pa3psiHOCTH OTIepaHIOB U aAPECOB:
0 — B mporpamMMe UCHOJb3YyIOTCs 16-pa3psiiHbIe
oTiepaH/Ibl U PEKUMBI 16-pa3psaHOii afpecanuu,
1 — B mporpamMMe HCIONB3YIOTCS 32-pa3psiiHbIe
oTiepaH/Ibl M PEXKHUMBI 32-pa3psaHON aapecaruu
6 1 G bur rpanynspHocTu:
0 — pa3mep cermMeHTa paBeH 3HAUEHUIO MO
limit B GaiiTax,
1 — pa3Mep cerMeHTa paBeH 3HAYCHHUIO MOJIA
limit B cTpanuiax
7 8 base_2 butel 24-31 32-pa3psaHoil 6a3bl cerMeHTa
Tabnuua 1.3 — baiit AR neckpunrtopa cermeHTa
Howmep CuMBoOJIMYECKOE 3HayeHue noss
oura B o003HaUYeHUE
Oaiite AR
0 A bur pocryma (Accessed) k cerMeHTy. YcCTaHaBIMBAaeTCS
anmnapaTHO MPU OOPAIEHUHN K CETMEHTY
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Tabmuma 1.3 (mpomomkeHue)

Homep | CumBonmnueckoe 3HaveHHE MO
oura B o0o03HaYeHHE
Oaiite AR
1 R Jlnst  cerMeHTOB Koja — 3TO OWT J0CTyma IO YTCHHIO
(Readable). onpenenser, BO3MOXKHO M YTEHHE M3 CErMEHTa
KOJIa TIPY OCYIIECTBICHUN 3aMEHBI MPEPHUKCA CErMEHTA:
0 — yTeHue U3 CerMeHTa 3arperieHo,
1 — yTeHue U3 cerMeHTa pa3penieHo
W Jli1sl cerMeHTa IaHHBIX — 3TO OUT 3aIvCH:
0 — MonuGuKaIus TaHHBIX B CErMEHTE 3allpeleHa,
1 — MoauduKaI¥s JAaHHBIX B CETMEHTE pa3pelieHa
2 C Jlns cerMenTa koja — 310 o6ut nogunrenus (Conforming):
0 — OOBIYHBIN CErMEHT KOJ1a,
1 — o JUMHEHHBIN CErMEHT KOoJla
ED Jlisi MHOTr03aJIadyHOTO PEKUMa OIPEILNIIET OCOOCHHOCTH
CMCHBI 3HAuUeHMsI TEKYIIEro YpOBHS mnpuBwiernid. Jlms
CErMEHTOB JaHHBIX — 3TO OWT pacmupenus BHu3 (Expand
Down), ciayXuT 1Jist pa3indeHusi CETMEHTOB CTEKa U JIaHHBIX,
a TaKKe onpeaessieT TPaKToBKy moutst limit:
0 — cerMeHT JaHHBIX,
1 — cermeHT cTeka
3 I but npennasuauenus (Intending):
0 — cerMeHT JaHHBIX WJIH CTEKa,
1 — cermeHT KOMIA
4 S Eciu S = 1 — sto 6ut cermenra (Segment). Jlns mroObix
CETMEHTOB B MaMsATH paBeH 1. Ha3HaueHwe W mMOpsIOK
WCIOJIb30BaHUS CerMeHTa yrounsercs outamu C u R.
Ecnu S = 0 — aTo OuT cucremHslii (System). Takoe cocTosiHue
Ourta S rOBOPHUT O TOM, YTO JAHHBINA JECKPHUIITOP OMUCHIBACT
CTCIUANBHBI CUCTEMHBIH OOBEKT, KOTOPBIA MOXET M He
OBITh CETMEHTOM B TIAMSTH
5...6 DPL ITone ypoBus mpuBmieruii cermenta (Descriptor Privilege
Level). ConepuT YncCIieHHOE 3HAYCHHE B JAMAINIa30HE OT ) 10
3 TPUBUICTHPOBAHHOCTU CEIMEHTA, OMUCHIBAEMOTO JTAHHBIM
JIECKPUIITOPOM
7 P but npucyrcrBus (Present):

0 — cermeHTa HET B ONEPATUBHOM MMaMATH B JAHHBI MOMEHT,
1 — cerMeHT HaXOJUTCS B JIaHHBI MOMEHT B OMEpPATHUBHOM
aMsITH

B neckpunrtopax cerMeHTOB, OTCYTCTBYIOIIUX B ONIEPATUBHOMN
namstu (P = 0), ans nmporeccopa AecTBUTENCH TOIBKO OalT
yrnpaBiaeHuss — goctynmoM.  OctanmbHble  0aliTBl  MOTYT
HCMOJIb30BATHCS  ONEPALIMOHHOM CHCTEMOM IO CBOEMY
ycMoTpeHuto. (B 4acTHOCTH, OHU MOTYT UCIOJIb30BaThCS st
YKa3aHHUs MECTa CETMEHTA HAa BHEIIHUX HOCUTENSX.)
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B mnpencraBinenHoi Bblie TaOmuile OWTHI, BXONAIIUME B MOJS THUIIA,
PacCMOTPEHBI MO OTAEIBHOCTH. YacTo I MX COBMECTHOW WHTEPIPETALUH
paccMaTpUBalOT KOMOWHAIIMKA ATUX OWTOB B IiejoM. B Tabmuie 1.4 mokazaHsbl
HEKOTOpPbIe KOMOWHALIMK 3TUX OUTOB.

Taonuma 1.4 — Tunuuable KOMOWHALIAN B ITOJIE TUIIA CETMEHTA

KomOunammmn
outoB B osie | Haznadyenue cermenra
type seg
000 CerMeHT JaHHBIX TOJBKO IS YTEHHUS
001 CerMeHT JaHHBIX C pa3pelIeHue YTEHUsI U 3alUCH
010 He onpeneneno
011 CerMeHT cTeKa C pa3pelieHue YTEHUs U 3alliCH
100 CermMeHT KoJia C pa3pelieHre TOJIbKO BBIIOJIHEHUS
101 CerMeHT KoJla C pa3pelieHueM BbIMOJIHEHHs U YTEHHsSI U3 HETO
110 [TourHEHHBIN CErMEHT KOJIa ¢ Pa3pelICHUEM BBITIOJTHEHUS
111 [TogurHEHHBIN CErMEHT KOJa C Pa3pelICHUEM BBHIMOJIHEHUS U YTCHHS W3
HETO

Kak BuaHo u3 comepxkumoro moJisi tuna B Oaitite AR, BO3MOXHBI J1Ba
NPUHIUIIMAIBLHO PAa3HBIX BHUJA CETMEHTOB: JAaHHBIX M Koga. CerMeHT cTeka
SBJISIETCSI PA3HOBHUJIHOCTBIO CEIMEHTA JAHHBIX, HO C 0COOOM TPAKTOBKOM MOJIS
pa3Mepa cermMeHTa. ITo OOBICHSAETCA CreUu(PUKON MCIOJIb30BaHUsl CTeKa (OH
pacTeT B HANPABJICHUM OT CTapIIMX aJpPECcOB MaMsITH K MIIaamuM). SICHO, 4TO
MoJie THUMAa OrPAaHMYMBAET HCIOJIb30BAHUE OOBABICHHBIX CErMEHTOB. B
YaCTHOCTH, MPOTPaAaMMHBIE CETMEHTBI HE MOTYT ObITh MOAM(PUUUPOBAHBI 0€3
NPUMEHEHHUS CIEeUUabHbIX Mep. JIocTynm K CerMEHTY JaHHBIX TaKKe MOXKET
OBITh OTPAHUYEH TOJILKO YTEHUEM.

Cucmemuvie ceemenmsl TPETHA3HAUYCHBI [JISI XPAHEHUS JIOKAJIbHBIX
tabmui neckpuntopoB LDT u cocrostaus 3amau TSS (Task State Segment). Hx
JECKPUNITOPBI OMpeAesitoT 0a30BbIi anapec, TUMUT cermeHta (1 — 64 Ko6aiit),
npaBa Joctyna (Y4T€HHWE, YTEHHWE/3alluch, TOJIBKO HCIOJHEHUE KOJa,

WCIIOJTHeHHE/YTEHNE) U MMPUCYTCTBUE CErMEHTa B (PM3UYECKOM MaMsTH (PUCYHOK

1.6)
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Tun cermeHTa

Bazoeblil agpec cermenTa (0-15)

Pazmep cermeHTa (0-15)

Pa3mep
base 3 CErMEHTA P | DPL | 0| t]ypel_se? base 2
h (16-19) 7 6 5 43 2 1 0 —\
N 4
baszoBLIA agpec ¢ \\ BaiT AR bazoBLIA agpec
cermeHTa (24-31) G|O|OL| limit_2 cermeHTa (16-23)
63 56 55 48 47 40 39 32
base_1 limit_1
N 4

31

1615

Pucynok 1.6 — JleckpunTop CHCTEMHBIX CETMEHTOB

bur AVL npoctynen st MCHoJjib30BaHUsl OINEpPalMOHHON cucteMoil. B
OaiiTe ympaBiieHHs J[AOCTYIIOM Yy 3THUX JECKpUNTOPOB OUT P ompexaenser
JnelcTBUTENbHOCTh (P = 1) unu HeaelcTBUTENBHOCTh (P = 0) comepKuMoro
cermeHTa. llome DPL B cucTeMHBIX cerMeHTax HCMOJIb3YyeTCs TOJBKO B
JECKPUIITOPaxX COCTOSIHUA 3aAa4. B neckpunropax JokaabHBIX TaOIHI] 3TO MOJIE
HE UCIOJIb3YeTCs, TaK KaK OOpalleHue K JOKaJIbHbIM JECKPUIITOPAaM BO3MOKHO

TOJILKO I10 NMPHUBUJICTHPOBaHHBIM KoMaHiam. Iloime Type seg (1 — 3, 9 — B)

OmpcAciIACT TUII CCIMCHTA!

o 0,8 — HemomycTUMBbIC 3HAYEHUS,

o 1 — nocTymnHbBINA cerMEHT cocTosiHU 3a1a4un 80286,

o 2 —Tabnuia JOKalbHbIX feckpuntopos LDT,

o 3 —3aHATBHIA CEerMEHT cocTosgHMs 3agaun 80286,

o 9 — IOCTYIHBIA CETMEHT COCTOSIHUA 3a7a4uu 386+,

o A — He omnpeneseHo,

o B —3aHATBINA cErMEHT COCTOSHUA 3amaun 386+.

HenocpenctBennas meorcceemenmuas nepedaya ynpasierus (KOMaHIaMu

JMP, CALL, INT, RET, IRET) Bo3MOKHa TOJIbKO K CErMEHTaM KOJa C TeM JKe

18




YPOBHEM MPUBWICTHA, TUOO K MMOAYUHEHHBIM CETMEHTaM, YPOBEHb KOTOPBIX
Beire, CPL — Current Privilege Level (nmpu stom CPL He m3mensiercs). Jlns
NIEPEX0JI0B C M3MEHEHUEM YPOBHSI IPUBUJICTUN UCTIONB3YIOTCS genmuiu (Gate),
Ha3bIBa€Mble Takxke wwrozamu. Jlns  kaxagoro cmocoba  KOCBEHHOM
MEKCEeTMEHTHOM Mepeiaun yIpaBlIeHUsI UMEIOTCS COOTBETCTBYIOIINE BEHTHIIU.
Wx wucnonb30BaHWE TMO3BOJSIET MPOLIECCOPY ABTOMATHYECKH OCYIIECTBIISTH
KOHTPOJIb 3amuThl. Benmunu evizosa (Call Gates) ucronb3yrores s BbI30Ba
IpoIeyp CO CMEHOW YypoBHs mnpuBwieruii. Bemmunu zaoauy (Task Gates)
UCTIONB3YIOTCS JIUIS TIepeKIItoueHus 3anad. Bewmuau npepwvieanut (Interrupt
Gates) u nosywex (Trap Gates) ompeaenstoT mpoueaypbl OOCITYyKUBaHUS
IIPEPBIBAHUMN.

Bentunu BbI30Ba MO3BOJIAIOT ABTOMATHUYECKH KOIMHPOBATH 3aJlaHHOE
YHUCJIO CJIOB U3 CTApPOro CTEKA B HOBBIM. BEHTWIN NpephIBaHUM OTINYAIOTCS OT
BEHTWJICH JIOBYIIEK TOJNIBKO TE€M, 4YTO OHHU 3alpelialoT MpPepbIBAHUS
(copaceiBator ¢aar |F), a BeHTWnIM JOBymIeK — HET. [l Kaxkaoro Turma
BEHTHWJICH HCIOJB3YIOTCS COOTBETCTBYHOIUE OJeckpunmopwl eenmunen (Gate
Descriptors). ®opmat qeCKpUITOPOB BEHTUJICH MTPUBEICH HA pUCYHKe 1.7.

B Gaiite ynpaBiieHHs JOCTYIIOM y 3TUX AECKPUIITOPOB OUT P ompeaernser
nerucTBUTeNbHOCTh (P = 1) unu HepelcTtBUTenbHOCTh (P = 0) comepXumoro
cermenTa. [lone DPL 3anaet yposens npusuieruii. [lone type_seg ompexnenser
THUI BEHTHUJISL:

o 4 — BenTmib Be13oBa 80286 (Call Gate),

o 5 —BenTwib 3amaun 80286 (Task Gate),

o 6 — BenTwib mpepbiBanusa 80286 (Interrupt Gate),

o 7 — BenTwib joBymku 80286 (Trap Gate),

o C — Bentuin Bei3oBa 386+ (Call Gate),

o D — BenTuib 3amaun 386+ (Task Gate),

o E —Bentunp npepsiBanus 386+ (Interrupt Gate),
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o F —Bentms moBymku 386+ (Trap Gate).

Destination Offset Tun cermeHTa Word Count
\\\ l lr
CmelleHne MecTa HasHayeHun (16-31) P DTL 0 tylpel_sTg ofofo0 ?On:?
63 56 55 48 47 40 39 32
Destination Selector Destination Offset
~ v
CenexkTop mMecTta HasHadveHus (0-15) CmelleHne MecTa HasHaveHunsa (0-15)
31 16 15 0

Pucynok 1.7 — @opmat 1ecKpunTopoB BEHTUIEN

[Tone Word Count wucnonp3yercss TOJIBKO B BEHTWISX BBI30BA H
omnpenensieT KOJUYECTBO CJIOB M3 CTE€Ka BBI3BIBAIOIIETO  Ipoliecca,
aBTOMATUYECKU KOMUPYEMBIX B CTEK BbI3bIBAEMOM mpoueaypbl. s cerMeHToB
80286 cnosa 16-OutHble, M1t 386+ — 32-OUTHEIE.

[Tone Destination Selector nmnst BeHTHiIeH BBI30Ba, NPEPHIBAHUN U
JIOBYILIEK 33JIa€T CEJIEKTOP LIEJIEBOr0 CErMEHTA KOJa, a JUJIl BEHTHJIA 3aJayd —
CEJICKTOp I1esieBoro 1SS,

[Tone Destination Segment 3amaer cmemieHue (aapec) TOYKH BXOJa B
L[EJIEBOM CETMEHTE.

[Ipu ucnosib30BaHUM BEHTWJIEH MOKET BO3HUKHYTHh HckioueHue #GP,
KOTOpPO€ O3HAauyaeT, 4YTO CEJIEKTOp YKa3blBa€T HA HEKOPPEKTHBIA THII
neckpunTtopa. [Ipu moneITKe UCMOMB30BAHUS HEIEUCTBUTEILHOTO BEHTHIIS (P =

0) Bo3nukaet uckiatouenue #NP (cMm. paznen 1.4).
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1.3 Ilpusunecuu

C camoro Hauana cie1yeT OTMETHTb, YTO MOHATHE NpuUsUIecut OTHOCITCS
TOJIBKO K 3alllMIIEHHOMY pEeXuMy IMpoleccopa. B peanbHOM pexnme rodas
IporpamMma BBITIOJIHSAETCS C HAUBBICIIMM YPOBHEM MPUBWIETUIN, U €1 TOCTYITHBI
Jr00BIe 00JaCTH MaMATH U JIIOObIE KOMaHIbI.

B 3amumeHHoM pexuMe Npoueccop UMEET YEThIPEXYPOBHEBYIO CUCTEMY
NPUBUJIETHI, KOTOpas YNpaBIAE€T HWCIOJIb30BAHUEM MPUBUIETUPOBAHHBIX
KOMaHJI M JOCTYIIOM K JECKpUIITOpaM U COOTBETCTBYIOIIUM CErMEHTaM.
YpoBuu mnpuBmieruidi HyMmepyrorca ot 0 go 3, npuuem 3Hauenue 0
COOTBETCTBYET BBICIIEMY YpPOBHIO HpuBmieruid. [lpuBuiierun obecneunBaroT
3aIUTY 33724, U30JIALHS KOTOPBIX IPYT OT JIpyra 00ecrneuynBaeTcs JJOKAIbHBIMU
TabauuamMu  JgeckpuntopoB. Kaxkmas dYacTh ONEpallMOHHONW CHUCTEMBI —
CUCTEMHBIE CEpBHUCHI, 0OpAaOOTUUKU NPEpPbIBAHUN U Ap. — pabOTaeT Ha CBOEM
YpOBHE MpUBHWIIETUH. 3aauu, JECKPUIITOPBI U CEIEKTOPbl UMEIOT CBOM YPOBHH
IIPUBUIIETHIA.

Ipusunecuu 3aoau (Task Privilege) oka3pIBarOT BIMSHHE HA BBHITOJIHCHHE
WHCTPYKIIMI U UCIIOJIb30BaHUE JECKPUNTOPOB. TEeKyIIMi YypOBEHb NPUBUJIECTUN
3agaun CPL (Current Privilege Level) onpenensercs aBymsi MItaaiimMu
ouramu peructpa CS (B KOTOPOM HaxXOIUTCS COOTBETCTBYIOIIMN CEIEKTOP
kojoBoro cermenrta). CPL 3amaun MOXKET M3MEHSTHCS TOJIBKO MPU Tepeaayde
YIPABJIICHUS] HOBOMY CETMEHTY uepe3 ACCKPUIITOp BEHTWIA. 3ajlaya HauuHAET
BBINIOJIHATBHCS ¢ ypoBHA CPL, ykazaHHOro cenekropom KOJIOBOIO CErMEeHTa
BHYTpH 1SS, Korja 3ajgadya HWHUIMUPYETCS C TOMOIIBI  OMepaluu
NEePEKITIoYEHU 3a/1a4. 3a/1aua, BRIMOIHsAEMasl HA HYJIEBOM YPOBHE MTPUBUJIETHIA,
MMEET JIOCTYll KO BCceM cerMeHTaMm, omnucaHHbiM B GDT, u saBasercsa camoi
MPUBWIETUPOBAHHOM. 3a7aya, BHIIIOJIHsAEMAass HA YPOBHE NMPUBWIETHNA 3, UMEET
caMbl€ OrpaHWYEHHbIC MpaBa I0CTyna. TeKylnii ypOBEHb MPUBUIETHI MOMKET

HU3MCHATBHCS TOJBKO IIPpHU II€PeAayuc yIpaBJICHUS 4€PEC3 BCHTUIIN.
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[Tpusmiernu neckpuntopa (Descriptor Privilege) 3amatores monem DPL
Oaifta ympaBnenus moctynmoM. DPL ompenensier HamOoONbIuiE HOMEP YPOBHS
NPUBWIETHI (HaUMEHBIIUE MPUBHWIETHH), C KOTOPBIMH BO3MOXEH JOCTYI K
nanHomy aeckpunropy. Cambril 3amuimmeHHsld qeckpuntop nmeer DPL= 0, k
HeMy wuMelT npoctyn Toibko 3amaunm ¢ CPL= 0. Cawmpiii 0e33anuTHBIHA
neckpunrtop umeetr DPL= 3, ero moryt ncnois3oBath 3agaun ¢ CPL=0, 1, 2, 3.
OTO mpaBWIO MPUMEHUMO KO BCEM JIECKPUIITOpaM, 3a HCKIIOYCHHEM
neckpunropa LDT.

Ipusunecuu cenexmopa (Selector Privilege) 3amarorcs mosem RPL
(Requested Privilege Level) — aByms wuagmumu Outamu cenekropa. C
nomonisio RPL MoxHO penyunpoBath aghexmusnsiii yposens npusunecuti EPL
(Effective Privilege Level), xoTopslii ompenensercs, Kak MaKCUMaJIbHOE W3
snauenne CPL u RPL. Cenextop ¢ RPL = 0 He BBOAWT AOMOIHUTEIHHBIX
OTPAHUYCHUM.

Koumponb oocmyna «k ceemenmam OaHHbiX TPOU3ZBOJUTCA TPH
BEITIOJTHCHUM KOMaHj, 3arpyxkarmommux cenekropsl SS, DS, ES, FS u GS.
Komannpr 3arpysku DS, ES, FS u GS gomkHBI CChUIATBCS Ha JIECKPHITOPHI
CETMEHTOB [IaHHBIX WJIH CETMEHTOB KOJOB, JOMyCKAarommx ureHue. s
noyiyueHus: gocrymna 3p@QexTuBHbIA ypoBeHb npuBuieruii EPL gomxeH ObITH
PaBHBIM WJIM MEHBIINM (110 3Ha4YeHHI0) ypoBHs npuBmieruii DPL neckpuntopa.
HckmoueHrneM U3 3TOro MpaBwiia SBISETCS YUTACMBIH MOMYUHEHHBI CETMEHT
KOJIa, KOTOpbIA MOKeT ObITh mpouutan ¢ no0biM CPL. Ecnu addexTuBHbIit
YpOBEHb MPUBUIIETHI HE pa3pelraeT AOCTYI, WM CChUIKA MPOW3BOAMTCA Ha
HEKOPPEKTHBIN TUM ACCKPHUNTOPA (Ha IECKPUTITOP BEHTUJIS WM Ha JIECKPUIITOP
TOJIbKO BBITMIOJHAEMOIO0 CEerMeHTa), reHepupyetrcss uckimouenue #GP. Ilpu
CCBUIKE Ha HECYIIECTBYIOIINI AECKpUNITOP BhipabaTsiBaeTcs uckiaoueHue #NP.

Koumpons  munosé u npueunecuti npu nepeoaie  YnpaeieHus

NPOU3BOAUTCS TpU 3arpy3ke cenektopa B peructp CS. Tum cenekropa, Ha
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KOTOPBIA ~ CCBUTACTCSl  JTAHHBIA  CENEKTOp, JIOJDKEH  COOTBETCTBOBATH
BBITIOJTHSIEMOW MHCTpYKIMK. Hapymmenue Tuna (Hampumep, CChIIKa HHCTPYKITAN
JMP Ha BeHTHMnL BBI30Ba) mopoxkaaeT wuckmoueHue #GP. Ilpu mepemaue
YOpPaBIEHUsI JEUCTBYIOT CIEAYIOIIME MpPAaBUJIa NPUBWIIETUN, HAPYILICHHUE
KOTOPBIX TaKXe MPUBOAUT K HUCKIIOUeHut0 #GP:

— xoMauael JMP umu CALL MoryT ccbliaThes Tu00 Ha MOTYMHECHHBIN
cermeHT koma ¢ DPL, OGonpmum wumu paBueiM CPL, 1ubo Ha
HernouuHeHHBIN cerMeHT ¢ DPL paBabiM CPL,

— TpephIBaHUS BHYTPHU 33Ja9d WIJIH BBI30BBI, KOTOPHIE MOTYT W3MEHUTH
YpOBEHb TPUBWICTHH, MOTYT TEpeNaBaTh YIPABICHUE KOIOBOMY
CETMEHTY C YpPOBHEM TIPUBWJICTHH, paBHBIM WIH  OOJBIIAM
npuBuieruii CPL, Tombko depe3 BEHTHSIM ¢ TEM K€ WM MEHBIITUM
ypoBHeM npuBmieruid, uem CPL,

— HHCTPYKIIMM BO3BpaTa, KOTOpPbIE HE MEPEKIIOYaloT 3aJauyd, MOTYT
nepeaarh ynpaBiIeHHE TOJBKO KOJIOBOMY CETMEHTY C TaKUM K€ WITU
MEHBIITUM YPOBHEM MPUBUIICTUH,

— TMEpeKITI0YCHUE 3a7a4 MOXET BBIMOJHATHCS C TOMOIIBIO BBI30BA,
nepexoJia WK MpephIBaHUs, KOTOPhIE CChUIAIOTCS HA BEHTHIIH 3a1ad
WIA CEeTMEHT cocTosHuS 3amaun (TSS) ¢ TeM K€ WM MEHbBIIUM
YPOBHEM IPUBUJIIETUM.

CMeHa ypoBHS TIPUBUJICTHH, MPOUCXOIAIIAS MIPU TIepeaade yupaBJeHUs,
aBTOMATUYCCKHA BBI3BIBACT TIEpEONpe/cicHre cTeka. HadampHOe 3HaueHue
ykazarens creka SS:SP st ypoBHs npusuieruit 0, 1, 2 conepxurces B TSS. [pu
nepenaye ynpapieHuss mo komangam JMP wnmum CALL B SS:SP 3arpyxkaercs
HOBOC 3HAYCHHME yKaszaTelsd CTeKa, a CTaphle 3HAYCHHS ITOMEIIAIOTCS B HOBBIM
crek. [lpu Bo3Bpare Ha TMpPeXHUW YpPOBEHb NPHUBUIETHA €ro CTeK
BoccTaHaBnuBaeTcsl (kak yactb wHCTpykiuu RET wmm IRET). Jlns BeI30BOB

NOANPOrpaMM C Tepefadyeil MmapaMeTpoB uepe3 CTeK M CMEHOW YpOBHSA
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NPUBWJIETHA W3 TPEABIAYIIETO CTEKa B HOBBIM KOMUPYETCS (UKCUPOBAHHOE
YHUCIO CJIOB, 3a7aHHOe B BeHTWse. Komanaa mexcermenTHoro Bo3spara RET ¢
BBHIPDABHUBAHHEM YyKa3aTelld CTeKa IPU BO3BpaTe KOPPEKTHO BOCCTAHOBUT
3HAaYCHHUE MPEIBITYIIEr0 yKa3aTels.

Ilpusunecuu u  6bumosas  Kapma  paspeuwieHuss  8600a/8b1600a
KOHTPOJIUPYIOT BO3MOKHOCTH BBITIOJIHEHUSI OTEpAlMii  BBOJA/BBIBOJIA H
ynpasieHust ¢aarom paspeuieHus npepsiBaHuii |F. YpoBenb mnpuBumieruit
BBOa/BeIBosIa ompenensercs moxem |OPL  (Input/Output Privilege Level)
peructpa aaros. 3uauenne |OPL MoxxHO m3mMeHATh Tobko mipu CPL= 0.

[Ipu CPL < IOPL na omepauuu BBOAA/BBIBOAA W yIpaBlieHUE (uiarom
paspeiieHust npepbiBanuil |F HuKakux orpanudeHuil He HakianbiBaetcs. [lpu
CPL > IOPL momeITKa BBOJa/BBIBOJA, BBIMOIHEHHAas ¢ 1SS kmacca 80286,
BbI3bIBaeT uckmodeHue #GP (otka3). Ecmu CPL > IOPL, a c 3agadeii cBsizan
TSS xmacca 386+, HHCTPYKIIMK BBOJA/BBIBO/IA MOTYT BBITIOJHATHCS TOJBKO TIO
aapecaM TIOPTOB, MJII KOTOPHIX YCTAHOBJICHBI HYJIEBbIE OWTBHI B KapTe
paspenieHuss BBOJa/BhIBoja, uMmeromeiicss B T1SS. [lombiTkn oOpameHus K
MOpTaM, KOTOPBIM COOTBETCTBYIOT €IWHUYHBIC OWTHI KapThl WJIM KOTOPHIC HE
MOTIAJIA B KapTy (€€ pa3Mep MOXKET yCeKaThCs ), BEI3BIBAIOT HCKIIoUeHUEe #GP.

ITpu CPL <IOPL momnsiTka Beimoanenust komana CLI wiau STI BeI3bpIBacT
uckimouenne #GP. HesBnoe ymnpaBnenue ¢uarom paspelieHusi npepblBaHUN
WHCTPYKIIUSMHU 3arpy3Kd WM BOCCTAHOBJICHUS PErHCTpa (raroB OJIOKUPYeETCs

0e3 reHepaluy UCKIFOYCHUH.
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1.4 3awuma

Jlnst obecriedeHus HaIEKHOM pabOThI MHOT03aJaYHBIX OTIEPAIIMOHHBIX
CHCTEM HEOOXOIMMO 3allIMIIATh 33a4M IPYT OT JApyra. 3alluTa npeaHa3HaueHa
JUISL  TIPEIOTBpAICHUS HECAHKIMOHUPOBAHHOTO JOCTyHa K TaMITH W
BBITIOJTHCHHSI KPUTHYECKUX (OMACHBIX JJISI CUCTEMbI) HHCTPYKIIUA — KOMaH/IbI
HLT, xoTopast ocTaHaBIMBaeT MPOIECCOpP, KOMAaH]I BBOJIa/BBIBO/IA, YIIPABIICHHUS
daroM paspenieHuss IPephIBAaHAN W KOMaH/, BIUSIONINX HAa CErMEHTHI KOJIa U
JTaHHBIX. MeXaHNU3MBI 3aIIATHI BBOAT CIICIYIONTNE OTPAHUICHUS:

— OIrPaHUYEHHE UCHOIb3068aHUS CETMEHTOB (HAIpUMEp, 3alpeT 3aIlKcH B
TOJIKO YWUTAa€Mble CErMEHTBhl JAHHBIX WU TIOMbITKA HCIIOTHEHUS
JAHHBIX, KaK KOJa); JUIsl UCIIOIb30BaHUSI JOCTYITHBI TOJIBKO CETMEHTHI,
JECKPUIITOPHI KOTOPHIX onucanbl B GDT u LDT,

— OTrpaHWYCHHE 0oCcmyna K CETMEHTaM depe3 MpaBuiia MPUBUJICTHH,

— OrpaHWYeHHEe Ha0oOpa BBIMOJHAEMBIX HWHCTPYKIIUH — BBIICICHUE
NPUBUNE2UPOBAHHBIX UHCMPYKYUL WIN ONepaluui, KOTOPbIE MOKHO
BBITIOJIHATH TOJBKO TIpH onpeeneHHbix ypoBusax CPL u IOPL,

— OTrpaHWYCHHE BO3MOXHOCTH MEXCETMEHTHBIX BBI30BOB M IEepeIadu
YIpaBJICHUS.

B 3ammumieHHOM pekMMe TIpW BBITIOJIHGHHMM KOMAaHJ[ IPOIIECCOp

BBITIONTHSET NPOGEPKY YC06UIL, TIOPOKIAIONINX UCKITIOUSHUSI.

HpO@GpKCl npu 3a2py3Ke CecMEeHNIHbIX pecucmpos.

MIPEBBIIIICHHUE JINMHUTA TAOIHIBI TeCKpUIITOPOB — #GP,

— HeCyHIeCTBYIOIIUM neckpuntop cermenta — #NP uu #SS,

— Hapymenue npusmieruit — #GP,

— 3arpys3ka HEBEpHOI'O JICCKPHUIITOpa WiIu Tuma cermeHta — #GP:

O 3arpyska B SS cerMeHTa KoJa WM CEerMEHTa JaHHBIX TOJBKO IS

YTCHHUS,
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O 3arpyska ympaBJSIONuX aeckpuntopoB B DS, ES wmm SS,
O 3arpys3ka TOJIbKO UCHOJHsEMBIX cerMeHTOB B DS, ES umu SS,
O 3arpyska cermeHTa gaHHbIX B CS.
IIposepra ccvinok onepanoos.
— 3aIUCh B CErMEHT KOJa UM B CETMEHT JAHHBIX TOJIBKO JIJISl YTEHUS —
#GP,
— YTEHHE U3 TOJBKO HCIIOIHIEMOro cermenTa konos — #GP,
— TMpeBbllIeHUE TUMUTa cerMeHTa — #SS nnu #GP.
IIposepka npusunecuit UHCMPYKYULL.
— CPL# 0 npu Bemomaernu komaua LIDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT, INVD, INVLPG, WBINVD, oneparuu ¢ perucrpamu DRn,
TRn, CRn — #GP,
— CPL > IOPL npu Bemosaennu komaug STI, CLI,
— CPL > IOPL mpu Bemonnenun uacTpykimi IN, INS, OUT, OUTS ¢
opTamMu, He pa3pelIeHHIMU OMTOBOM KapToi BBOAa/BeiBoIa — #GP.
ITpu BemonHenun komana IRET m POPF C HemocTtaTouyHBIM YpOBHEM
npuBuieruit 6utel |IF u IOPL B peructpe ¢uiaroB He U3MEHSIOTCS, UCKITIOUCHUS
HE TEHEPUPYIOTCS:
— IF ne mensiercs mpu CPL > IOPL,
— 10OPL ne mensercs, eciim CPL >0.
IIposepra npu nepeoaue ynpaenenus no nacrpykiusm JMP, CALL, RET,
INT IRET Bkito4aroT, Kak MPOBEPKY CCHIJIOK MO JUMUTY (B OMKHHUX (hopmax
JMP, CALL, RET BBITIONHSIOTCA TOJIBKO 3TH TPOBEPKH), TaK U MPOBEPKY
MIpaBWJI MPUBWIETUN TTPU MEKCETMEHTHBIX TIepeaadax 4epe3 BEHTUIIH.
Jlnst Toro, 4TOOBI 3amayMl HE BBI3BIBAIM CpalaThIBAaHWS 3allUThI, B
CUCTEMY KOMAaHJ[ BBEICHBI CICIHAIBHBIE UHCHMPYKYUU  MeCmUpo8aHus
ykazamenet. OHHM TIO3BOJISIOT OBICTPO YAOCTOBEPUTHCS B BO3MOKHOCTH

HCIIOJIB30BaHUA CCJICKTOPA UJIN CCTMCHTA oe3 PpHUCKa MMOPOKACHNA NCKITIOYCHUS:
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— ARPL - BripaBauBanmne RPL. Ilpu ee ucnomnenun RPL cenexropa
NpUPABHUBACTCA MaKCUMaJIbHOMY 3HaueHUIO u3 Tekymero RPL
cenekropa u nons RPL B ykazannom peructpe. Ecnu npu atom RPL
U3MEHUJICA, ycTaHaBnuBaeTcs dar vy ZF =1,

— VERR — npoBepka BO3MOKHOCTH YTEHHMSI: €CJIM CETMEHT, HA KOTOPBII
YKa3bIBAET CEIIEKTOP, JIOMYCKAET UYTCeHUE, ycTaHaBnuBaeTcs ZF = 1,

— VERW — npoBepka BO3MOXHOCTH 3aIllUCHU: €CJIM CETMEHT, Ha KOTOPBIi
YKa3bIBAET CENEKTOP, IOMYCKAET 3aMKCh, ycTaHaBNIuBaeTcs ZF = 1,

— LSL — drenme muMHTa CEerMEHTAa B PETUCTP, €CIU TIO3BOJISIOT
MPUBUJIETUH; TIPU YCIIEITHOM BBINOJHEHUHU ycTaHaBiauBaercs ZF =1,

— LAR — yrenue OaiiTa pocTynma JAECKpUNTOpa B PErUCTp, €CIU
MO3BOJISIOT MPUBUJIETUH; npu YCHEIIHOM BBITIOJIHEHUH
ycranaBiuBaetcs ZF = 1.

Hekotopsie  QyHKIMM  3alIUTHl  BBIOJHAIOTCS W MEXaHU3MOM

CTpaHHYHOW Tepeajipecalivivi, OJHAKO, B OTIWYME OT CETrMEHTHOM 3allUThl,
KOTOpasi MOXET OBbITh 000i/IeHa TOJBKO Ha HYJIEBOM YpPOBHE MPHUBUJIETH,

CTPaHUYHYIO 3alUTy MOXHO 00OWTH Ha ypoBHE moJsib3oBateins (CPL= 3).
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1.5 Ilepeknouenue 3a0au

JU1st MHOT03aJa4HbIX 1 MHOTOMOJIB30BATEICKUX ONEPALMOHHBIX CUCTEM
Ba)XKHA CIOCOOHOCTH MpOolecCOopa K OBICTPOMY MEPEKIIOUCHUIO BBIMOJHSIEMBbIX
3amay. Onepamnust NEpeKoYeHUs 3a7ad IMPOLECCOpa COXPAHSET COCTOSHUE
MpoLeccopa M CBA3b C NPEABIAYIIEH 3aJayeil, 3arpyKaeT COCTOSIHHE HOBOWU
3aJlayd U HAYUHAET €€ BbINoJIHeHHE. COCTOSIHUE KaKI0M 3a/1a4yu COXPAHSIETCS B
cermeHTe coctostHus 3anadu (TSS), KOTOpBIM, KaK M JIIOOOW JIPYrod CEerMeHT,
OMpeeIISIETCS JECKPUITOPOM (CM. pUCYHOK 1.6).

Heckpunrop TSS MoxeT O6bITh pactosioxkeH Toibko B GDT. Hu B LDT, Hu
B IDT on He moxeT ObITh pacmonoxeH. [Ipu mombiTke oOpameHus K TSS
CEJIEKTOPOM CErMEHTa C yCTAHOBJIEHHBIM (piaroM Tl (KOTOpBIM yKa3bIBaeT Ha
tekymyto LDT) renepupyercs uckimouenue obmieit 3ammtsl #GP. Uckimouenue
oOwIel 3aluThl TEHEPUPYETCS U B TOM CIy4ae, €Cld MPOU3BOJMUTCS MONBITKA
3arpy3KH celekTopa 1SS B CerMEHTHBIN PETUCT.

®nar 3aHgaTOCTH (B) B 110JI€ TUIIA TOBOPUT O TOM, 3aHsITa 3a/1a4a, U HET.
3aHATON SABJSETCS BBINOJHSAEMAs WM NPUOCTAHOBJIEHHAS 3ajada. 3HAYEHUE
nons tuna 1001b mugumupyer HeakTmBHYyr0 3amady, a 1011b — 3amstyro.
3amauu He SBIAIOTCS PEKYPCUBHBIMH.

[lepexitoueHne 3a7ad BBIMOJHIETCS MO MHCTPYKLIUU MEXKCETrMEHTHOTO
nepexoaa (JMP) unu BeizoBa (CALL), cchinaromieiics Ha CETMEHT COCTOSTHUS
3amaun  (TSS) wmm  Odecxpunmop eenmuns 3adauu B GDT wmm LDT.
[lepexntoueHrne 3aa4 MOXKET MPOUCXOJUTh TaKXKe MO anmapaTHbIM U
IPOTrPpaMMHBIM TPEPHIBAHUSIM UM HCKJIIOYEHHUSM, €CJIM COOTBETCTBYIOIIUN
anemeHT B IDT sBnsercs neckpuntopoMm BeHTH IS 3aaauu. Jeckpunrop TSS
yKa3blBaeT Ha ceaMmeHm, COJAEpKallMi TOJIHOE COCTOSIHME IIpolieccopa, a
deckpunmop 6ewmujisi 3a0aqyu  COJEPKHUT celekmop, YKa3bpIBAIOIUMKA Ha

neckpuntop TSS.
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Kaxxnas 3amaua momkHa MMETh CBsI3aHHBIM ¢ Heil TSS. 32-pa3psiaHbie
MPOIIeCCOpPhl  JomyckaloT W 16-OutHbiii dopmar TSS. Oba TuIa CErMEHTOB
coJiep;kaT 00pasbl PErucCTPOB MpoIleccopa, pa3ieibHble yKa3aTean CTEKOB I
ypoBHer 0, 1 m 2, a Takke OOpaTHYIO CChUIKY Ha 1SS BBI3BaBIICH 3amadu.
CBoboaHoe mosne TSS MOXKEeT HCIOIb30BaThCS MO YCMOTPEHUIO ONEPAIMOHHOM
cucteMbl. 1SS uist iporieccopoB 386+ COMEPIKHUT AIEMEHTBI, OTCYTCTBYIOIIHE B
TSS 80286: OuTOBBIE KAapThl pa3pelICHHs BBOJA/BBIBOJA W TEepEHAIIPABICHUS
IPEPBIBAHMI, a TaK)Ke OUT OTJIa04YHOM JIOBYIIKHU 1 (mpu 7=1 nepekiatoueHue B
TaHHYIO 33/1a4y BBI3BIBAET UCKIIOUeHHE OTinaakh). [locmeqaum sanementom TSS
386+ nomxken ObiTh OaliT OFFh. 3HaueHue mosst TUMHUTA AeCKpUnTOpa I 1S
386+ momxHo mpeBbimarh 0064h. CTpykTypa cerMeHTa COCTOSHHS 3aJaqd
MOKa3aHa Ha pucyHke 1.8.

Kapma paspewenus e6sooa/swicooa (1/0O  Permission Bit Map),
pacmosnokeHHasi B KoHIe 1SS 386+, mMeeT o oflHOMY OWTY Ha KaxAbIi aJpec
MOPTOB BBOJA/BbIBOJIA. PazperieHuio oOpailleHusi COOTBETCTBYET HYJIEBOE
3Ha4YeHHe Ourta. MakcuManbHbIi pazmep Tadmuibsl (2000h), cooTBeTCTBYIONIHIA
BceM 64 K aapecam, mokeT ObITh ype3ad tumuToM 1SS. TlopTel ¢ agpecamu, He
MOTABIIMMHU B YCEUEHHYIO TaOJIHIly, CYHUTAIOTCS HETOCTYITHBIMH.

Texymuit TSS unenTuduUIMpyeTCs CHEMUANTBHBIM PETUCTPOM 3amadn TR
(Task Register). DTOT perucTp COACPKUT CEIEKTOP, CChUIAIOIIMICS Ha
neckpuntop Tekymero 1SS. IlporpaMMHO-HEBUIMMBIE PETUCTPHI 0a30BOIO
aJpeca W JUMUTA, CBsI3aHHbIe TR, 3arpyxarorcs mpu 3arpy3ke B TR HOBOro
CEJIEKTOpA.

Jliist BO3Bparta ynpaBlieHHs 3a/1aue, BbI3BABILEH TEKYIIYIO 3a/lauy, WA €l
npepBaHHOM, ucnonb3yercss uHcTpykuus IRET. B peructpe dnaros mmeercs
¢nar Biaoxennoi 3amaun NT (Nested Task), koTopwlii ynpaBiser AeiCTBHEM

uactpykuuu IRET. Tlpu NT =0 IRET pabGoTtaer oObr4HBIM 00pa3oM, OCTaBasCh
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B Tekymeh 3amaue. Ilpu NT = 1 (texymas 3amaua — BioxkenHas) IRET

BBITIOJTHSIET MEPEKIIOUCHHE B TPEABIAYIIYIO 3a/1a4y.

Access
TR [ Selector Rights I TS5 Limit
15 o Pase Tpo TP aMMH G HEEHAHME &
# o pErHETPE
Base M-31 |E|I'l| '-'||:3|I||11 15-13) | ls'pl_ii_!yl Eass 96-33
L sloec o i]oleli
Bizza 015 Lmid 215
| BACK LINE I
=41 4 7]
1 S50 ]
=3 C Crex gna
1 — o | eeL 2 m
E5 P2 14 .
| TSE 15| KapTa nepeHanpaeneHHA Npepr EaHAH
CR3 107 kT i T I3 El i
EIP 0 s e aa s as
EELAD 24 255 FET FEN 2400230 e i
Eii 25
EL 20
ELix i w
ER a4
Eil 3 | Cacroanne
ERP 30 | rerwy el
E5) 40 | zapaum
| 44
ES 48 Kapra pazpew eHA eeogalks 3
[ 4C (10 Permission Bitmap)
ig gg i P FE] 16115 F i 1]
3 58 [&] 5 EC] EH 40f39 i
e Ao e e s
LOT G0_| G603 G54060E5405  G545sl654587  GE4R0065470  G547E Of.+1FFS
Bit higp Offset (0. 157 1T 64 G555 GAaS2eEn5aT  GA50f65510 655136551 GEA0) O +1FFC
JpctyiHo gna OC = i “FFh”
_ebug Trap Bit TS5 Limit= Offset + 2000h ?_-T
| ] - He HenonezwoTeA

Pucynok 1.8 — CtpykTypa cermMeHTa COCTOSHUS 3a/1a4u

Korpa muctpykiuun CALL, JMP umu INT BBIIONHSIOT mMEepekIroueHUE
3amad, crapeiii (kpome ciydas JMP) u HOBBI TSS moMedaroTcs 3aHSATHIMH
(MeHsieTcst 3HaUYeHHE TYPe B MX JIECKPHUNTOPax), U B MOJE 0OpaTHOM CCHUIKU B
HOBOM [SS ycTaHaBIMBAeTCs 3Ha4YCHHE cejekTopa craporo 1SS. MHCTpykumm
CALL u INT, mepexnrovarorue 3aqadyul, yCTAaHABIUBAIOT B HOBOW 3ajiaue OWUT
NT. TlpepwsiBanue, He BBI3BIBAIOIIEE TEpeKiIoueHue 3amad, copocut 6ut NT.
OTOT OUT MOXKET yCTaHaBIMBAThCA U cOpachiBaThecsl MHCTpyKuusiMu POPF u
IRET.

Cmena  Kowmekcma  conpoyeccopa TpH  TEPEKITIOYEHUU  3a7ad
aBTOMATUYECKU HE MPOM3BOJUTCS, TAK KaK HOBOHW 3a/laye COMPOIIECCOP MOMKET

u He mnoHamobuthcs. OmHAKO, €ciu Mporieccop OOHAPYKHMBAET TEPBOE
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UCIIOJIb30BaHUE COTMpOIleccopa Mocie MEePeKITIOYeHHs 3aaun, OH BEIpa0aThIBACT
uckmoyenne #NM. OO6paOoTuMK 3TOrO HCKIIOUYEHHUS CaM  OIpPEACIuT,
HeoOXo/MMa JIM CMEHa KOHTeKkcTa. Kaxaplii pa3 mpu MEepeKIIoueHud 3ajad
nporeccop yctanapimmBaer out TS (Task Switched) 8 MSW. Dto yka3biBaeT Ha
TO, YTO KOHTEKCT IMpoIleccopa MOXKET OTHOCUThCSA K JApyroil 3amaye. [lpu
BbinoaHeHnn uHCTpykiuit ESC umu WAIT, ecaun TS =1 u MP = 1 (conporueccop
MPUCYTCTBYET), BbIpabaTbiBaeTcsi uckiaoueHune #NM  (oTcyTcTByrommii

COMIPOILIECCOD).
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1.6 Cmpanuunoe npeobpaszosanue

CrpannvHoe ympapieHue namsaTeio (Paging), kak yxe ObUTO MMOKa3aHO B
pasmene 1.1, sABiIAeTCA CPEACTBOM OpPraHU3alMM BUPTYAJIBHOW IAMSTH C
BO3MOXKHOCTBIO TMOAKAYKK cTpaHuil 1o 3ampocy (Demand-Paged Virtual
Memory). B ornuuue OoT cerMeHTaluH, KOTOpas OpraHu3yeT HporpaMMbl U
JAHHBIE B MOJYJIA Pa3JIMYHOTO pa3Mepa, CTpaHUYHAsl OpraHu3anus padoTaeT co
CTpaHMIIAMU OJHMHAKOBOTO pa3Mepa. B MOMEHT oOpallleHHs] CTpaHHIa MOKET
IPUCYTCTBOBAaTh B (PU3MYECKOW ONEpaTUBHOM NaMATH, a MOXKET B HEH U
OTCYTCTBOBaTh (OHa MOJKET OBbITh BBITPY)KEHA HA BHEIIHIOW, HaIpHUMED,
JTUCKOBYIO0, mamsATh). Ilpum oOpamieHnn K OTCYTCTBYIOIIEH B (PU3HUECKOM
OMEpPAaTUBHOM MaMATU CTPAHUIIE MPOLECCOpP TeHEepUpyeT HUckitoueHue #PF
(Page Fault — orka3 crpaHuIel), a TPOrpaMMHBIH 0OpaOOTYHK DTOTO
UCKIIIOUYEHHSI (0OBIYHO SBJISIOIIUIICS YaCThIO ONEPAIMOHHON CUCTEMBI) TOJKEH
MOJIYYUTh HEOOXOAUMYIO HHPOPMALIMIO JUIS 3arpy3KH — «IOJIKAYKW» CTPAHUIIBI
C BHEIIHEro HocuTess (00bIYHO nucka). CTpaHMIbl HE CBA3aHbI HANMPAMYIO C
JIOTUYECKON CTPYKTYpOM MAHHBIX WIM NporpamMm. B oTimyme OT CEerMeHTOB,
KOTOpbIE€ SIBJIAIOTCS. MOJYJSIMM KOAOB M JAHHBIX, @ COOTBETCTBYIOILUE
CEJIEKTOPBl 3TUX CETMEHTOB — JIOTUYECKUMH UACHTU(UKATOPAMH ITHX
MOJAYJIeH, CTpaHULbI MPEJICTABISAIOT OJMHAKOBBIE MO pazMepy pparMeHThbl ITUX
MoayJier. Tak Kak ImporpaMmMaM U JaHHBIM MPUCYIIE CBOKWCTBO JIOKAJIBHOCTH —
KaKJas Tocleayromas CChUlKa Ha KOJAbl WM JaHHbIE CTAaTUCTUYECKU
pacroyioxkeHa BOJIM3U K yXe BbIOpAHHBIM KOJaM M JaHHBIM — B (DU3UUYECKOUN
ONEpPaTUBHON MaMSATH OJHOBPEMEHHO OOBIYHO XPAHST HEOOJbIINE (parMeHTHI
COOTBETCTBYIOIIUX CETMEHTOB, HEOOXOAMMBbIE AaKTUBHBIM IIpolieccam U
3amayaM. CTpaHW4YHas OpraHM3alvs NaMATH M TO3BOJISIET pPeann30BaTh ATy
BO3MOXXKHOCTb. B mpomeccope 1386, B KOTOPOM BIEpBBIC IOSBUIIACKH
BO3MOKHOCTb CTPAHWYHOW OpraHM3alMy NaMsATH, MOIJIM HCIOJIb30BaThCS

cTpaHuIbl pasmepoM Jjwumib B 4 KbOaiita. Haumnas ¢ Pentium’a, mosiBuiack
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BO3MOKHOCTh HCIIOJIb30BaHUs CTpaHMI] pasmepoMm 4 MoOaiita, a, HauuHas ¢
Pentium Pro, ampecHas mmHAa Tpoleccopa yBeIHUYWIAch JO 36 pa3psioB
(ampecyemoe mpocTpaHcTBo g0 64 ['06aiiT), W NOSBWIACHE BO3MOXKHOCTH
UCIIOJIb30BaHUs CTPAHUII pa3MepoB B 2 Moaiita.

baszoewiii mexanuzm CTPaHMYHOIO YIPABICHUS MAMITBIO HUCIOJIb3YET
JIByXypOBHEBYIO TaOJIMUYHYIO TPAHCIALUIO JUHEHMHOTO ajapeca B (PU3MUECKHid
(pucyHok 1.9).

JIMHeWHBIN aapec

3 22 1211 0
Directory Table Offset
12 CTpanuua (4 KbarTta)
10} T R :
Puzmqeckuid agpec
10|, KaTtanor ctpaduy
y (1024 PDE) FTE
— FOE

32 Page Directory (Physical)
Base Address - Bazoewf
CH3 (PDER) afpec KaTanora cTpaqMy,

Pucynox 1.9 — ba3oBblif MeXaHU3M CTPAaHUYHOTO MTPeoOpa3oBaHUs

Mexanu3m mpeoOpa3oBaHUsl BKJIIOYACT B ce0s TPU dTama: Kamaioe
cmpanuy (Page Directory), mabauysr cmpanuy (Page Table) u cobcmeenno
cmpanuyvt  (Page Frame). MexaHu3M  CTpaHHYHOTO  IIPEOOpPa30OBAHMS
BKuTIO"aeTcst ycranoBkoit omuta PG = 1 B peructpe CRO. B peructpe CR2
XpaHutes aunennsii aopec omxasza (Page Fault Linear Address) — aapec B
aMsATH, TI0 KOTOpOoMYy OBUI OOHapy)KeH TOCIEAHHN OTKa3 CTpaHUIbl. B
peructpe CR3 xpanutcs ¢usuueckuti adpec xamanoea cmpanuy (Page
Directory Physical Base Address). Mnaamue 12 OWT 3TOro perucrpa Bcernaa

HYJICBBIC, TAK KaK KaTaJIOT BCCIAda BLIPABHUBACTCS 110 I'PAaHUIC CTPAHUIIBI.
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Kamanoe cmpanuy pazmepom 4 Koéaiita comepxut 1024 32-OutHbIX
sarrucu PDE (Page Directory Entry). Crpykrypa 3anmucu PDE moka3ana Ha

pucynke 1.10a.

OS5_Reserved
) p PlP|U|R
a) BazoBuId agpec Tabnuubl cTpaHuy Pesepe (G| g|D|A|C|w]| /]| /|P
| | DIT|S|w
31 1211 9876543210
) ] PIPlUIR
bazoeblii agpec cTpaHuUbl Peseps |(G|O DA |C|lw|/|/|P
|| DIT|S|w
31 1211 9876543210

Pucynox 1.10 — CTpyKTypa 3JIeMEHTOB CTPAaHUYHOTO MpeoOpa30BaHUs
a — CTpOKa Karajora, 0 — CTpoka TaOJIUIIbl CTPAHUI]

N3 pucyHka BHIHO, U4TO B KaXIOW CTpoke coaepxkutrca 20 crapmmx
pa3psaaoB agpeca TaOMUIBl cTpaHull (MJajiire OWUTHI aJpeca BCErja pPaBHBI
HYJII0, TaK Kak ajpec TaOJIWIbI BCETJa BBIPOBHEH MO TPAHUIIC CTPAHUIIBI) U
HaOop aTpuOyTOB TAONMUIIBI CTpPaHUIl. 3HAYCHUS] aTPUOYTOB TIOKa3aHbl B
tabmuie 1.5. MagexkcoM moucka B Karajgore crpaHull sBistoTcss 10 craprimx
pa3psI0B JUHEHHOTO agpeca (22 — 31).

Tabnuya cmpanuy Tarxxe coctout u3 1024 crpoxk PTE (Page Table
Entry). ®dopmar 3amuceii B ctpokax PTE (pucynok 1.100) anamoruyeH
MpeabIIyIeMy, HO BMECTO 0a30BOTO ajpeca TaOJIUIbI CTPAHUIl OH COICPKUT
0azoBbIil (usuueckuit agpec crpanuiel (Page Frame Address). HaGopsr
aTpuOyTOB B 3alUCSAX MPAKTUYECKH COBMAAarOT (UCKIoueHue — Out 7).
NunexkcoMm moucka B TaONuUIle CTpaHUIl SBISIOTCS cienytonue 10 paspsaos
muHeHoro aapeca (12 — 21). Qusuueckuti adpec onepanda TOyYaeTcs W3
aJpeca CTPaHUIBI, B3SITOTO W3 TAOJMIIBI CTPAHUI[ U MIAAMUX 12 pa3psmoB

JMHEWHOTOo ajpeca (CMEIEHHs] BHYTPU CTPaHULIbI).
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Tabnuma 1.5 — 3Hauenune aTpudyTOB CTPOK KaTaiaora U CTPaHHUII

bur

O0o3Hauenue

Hasznauenue

P (Present)

bur mnpucyrctBus. P = 1 o03HayaeT BO3MOXKHOCTH
WCIIOJIb30BAHUS JAHHOW CTPOKH JIJIsl TPAHCISIMHK aapeca. J{is
TEKYIIET0 HCIHoJIHsIeMoro koma Out mnpucyrctBus PDE
JIOJDKEH OBITh yCTaHOBJIEH. [IporpaMMHBIN KOJI HE JOJDKEH
M3MEHSTH ero «Ha JieTy». Eciim P = 0, To Bce ocTanbHbIe OUTHI
JOCTYITHBI OIIEpAIlHOHHON cucTeme. B 4acTHOCTH, OHU MOTYT
WCIIOJIB30BATHCS JUISI yYKAa3aHHUS MECTOHAXOXICHUS JTaHHON
CTpaHHMIIBI.

R/W (Read/Write)
[W (Writable)]

D710 aTpulyT 3alIMUTHI OT 3anucu. ATpUOyT B CTPOKE Karanora
CTpaHHUI[ OTHOCHUTCS KO BCEM CTpaHHIlaM, Ha KOTOpbIE
CChIJIaeTcs JaHHas CTpOKa 4epe3 TalJMily BTOPOTO YPOBHS.
ATpuOyT B cTpoKe TaOMUIBI CTPAaHUI[ OTHOCHUTCA K
COOTBETCTBYIOIIIEH cTpaHuue mnamatu. [IpaBa pgoctyma,
omnpenensieMmbie Outamu 1 u 2, mpuBenaeHsl B Tadsmie 1.6.
Ecnmu arpuOytel 3amutel B PDE u PTE pasmuuner, TO
pe3yapTUpYylomiee 3HauYCHUE aTpulyToB JOCTyIa
ompezenstorca Tabnuneit 1.7. 3ammTa Ha YpOBHE CTpaHUIL
BKJIOUaeTcs ycraHoBkoir ©Outa WP (Write Protect) B
ynpasssitoniem peructpe CRO. IIpu anmapatHom copoce 3TOT
O6uT OOHYyIIsIEeTCS.

U/S (User/Supervisor)
[U (Usen)]

OroT aTpulyT oOmpenenseT JABa ypPOBHS MPHUBWIETHI:
nojp3oBatenb  (User) wu  cynmepmaiizep  (Supervisor).
[Tonb30BaTento COOTBETCTBYET YPOBEHb MPUBHIETHHA 3,
cynepBaiizepy — ypoBuu 0, 1 u 2. [lonpo6HOCTH puBeAeHa B
tabnunax 1.6 m 1.7.

PWT (Page Write
Through)

OtoT  aTpuOyT
KOULIMPOBAHUHU.

OIPECACIIACT INOJINTUKY 3aI1nucu npu

PCD (Page Cache
Disable) ?

OToT aTpuOyT 3ampemaer K3UIMPOBaHHWE NaMATH JJIs
oOCITy)KMBaeMbIX  CTpaHul wWiId  Tabmuy.  (ATpubyT
JICHCTBUTEIICH, HAYMHAs C polieccopoB 1486).

A (Accessed) ™

[Ipu3nHak pocryna. ITOT OUT yCTaHABIMBAETCS Mepes JT00bIM
oOpamieHreM (YT€HHEM WJIM 3alMchlo) 10 ajapecy, B
peoOpa3oBaHUU KOTOPOTO yYacTBYET JIaHHAsI CTPOKa.

D (Dirty)”

[Ipu3Hak, KOTOpPHIM MOMEYAETCS «Tps3Has» CTpaHuua (B
KOTOpYI0 Oblla  OCYIIECTBIEHA 3amHuch). OITOT  OUT
YCTaHABIUBAECTCS nepen oreparuei 3aIlncH, B
peoOpa3oBaHUU KOTOPOM y4acTBYET JIaHHAs CTPOKA.

PS (Page Size)

Drtor aTpulyT 3amaer pasmep crpaHuilsl (Toibko B PDE).
ITpu PS = 0 crpanuna umeer pazmep 4 Kbaiita. 3nauenue PS
= 1 ucnonp3yercs B pacmmpenusx PAE (Page Size Extension
— pacmmpenue pasmepe crpanuisl) u PSE (Physical Address
Extension — pacmmpenue ¢uszndeckoro aapeca), KOTOPbHIC
OyIyT onmucaHbl HUXKE.

B crpoke tabmuuel crpanun; (PTE) stor atpulyr He
HCIIOJIb3YETCSl.
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Tabmuma 1.5 — 3Hadenne aTpuOyTOB CTPOK KaTaJiora M CTPaHUIl (ITPOIOTKCHHE)

but O0o3HayeHue HaznaueHnue

8 | G (Global) Drtor arpubyT AEUCTBUTENCH IS IPOIIECCOPOB, HAUMHAS C
Pentium Pro. Ou ompexmensier Ta00albHOCTh CTPAHUIBI —
ITO3BOJISET MTOMETHUTH CTPaHUIIBI rJ100aIbHOTO

WCIIOJIb30BaHUs (HAIIPUMEp, CTPAHUIIBI siipa ONepaIllHOHHON
cuctemsl). [Ipu ycranosinenHom oute PGE B ympasistomem
peructpe CR4 crpoku PDE um PTE ¢ ykasarenmsmu Ha
ro0anbHbIe TAOMUIIBI HE OyayT aHHYJIMPOBAThCs B Oydepe
accormaruBHoi Tpancisuud TLB (Translation Lookaside
Buffers — ammapatHblii K311, B KOTOPOM XPAHSTCS MOCIEAHUE
ucnons3oBanubie PDE u PTE) mpu 3arpy3ke CR3 wunu npu
MEPEeKIIIOYCHUU  3a]la4, 4YTO YCKOpsieT OOCIy)KHBaHUE
BUPTYaJIbHOMW MTAMSITH.

9-11 | OS_Reserved DTO Mojie MOXKET MCHOJIb30BaThCsl ONEPAMOHHON CUCTEMOM
10 CBOEMY yCMOTpeHHI0. Hampumep, TaM MOXKET XpPaHHUTHCS
uHpOpMaIUSI O «BO3pPACTE» CTPAHMIIBI, HEOOXOAMMAs s
peanu3aii  3aMelICHUs. CTPaHUIbl 1Mo anroputMbel LRU
(Least Recently Used — nambosiee H0iro HE HCIOIb3yeMas
CTpaHHMIIA 3aMEIACTCS TIEPBOiN).

" Butel P, A u D MomudUIMPYIOTCA MPOLECCOPOM amIapaTHO B 3a0JIOKMPOBAHHBIX
MIMHHBIX IUKIax. [Ipm ux mnporpaMMHONH MOIUGUKAIMM B MHOTOINPOLIECCOPHBIX
cucreMax Heob6xoauMmo ucnoib3oBatk npepukc LOCK, rapantupyromuii coxpanenue
LIEJIOCTHOCTH JIaHHBIX.

Ta6nuna 1.6 — 3amuTa Ha ypOBHE CTpaHUIL

U/S (U) | RIW (W) | Paspemieno mpu PL = 3 Pazpemeno npu PL =0, 1, 2
0 0 Her Yrenue/3anuch
0 1 Her Yrenue/3anuch
1 0 Tonpko yTeHuE Yrenue/3anuch
1 1 Yrenue/3anuch Yrenue/3anuch

MexaHu3M CTpaHMYHOIO YIpaBJieHUs MPU OOpaIllEeHUU K MaMsATH MOXKET
nopoxaare uckiaoueHue #PF. OHO Bo3HUKaeT Tmpu OOpallleHuH K
OTCYTCTBYIOUIEH (HE MPEACTABJICHHOW) CTPaHMIE WM MPU HAPYIICHUH IpaB
JOCTyIa, ONpeneNsieMblX ypoBHeM mpuBwieruidi u oOoutamu U u W. [lns
uAeHTU(UKAMKM TPUYMHBI OTKa3a B CTEK momemaercss 16-OuTHBIM KoA
omuOKHu, popmMaT KOTOPOro mpuBeaeH Ha pucyHke 1.11. 3aeck Ha3BaHUsS OUTOB
COBMAQNAIOT C arpulOyTamMH CTPOK, HO HMX HasHaueHue apyroe. butr U/S

yKa3bIBaeT, MpU KAaKOM YpOBHE MpUBWIIETUN mpousouien otka3 (1 — ypoBeHb
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nose3oBarenns, 0 — cymepmaiizepa). but W/R ykaspiBaer, Npu BBIIOJHECHUHU
Kako omepauuu npowusormien otkas (0 — npu yrenuu, 1 — npu 3anucu). but P
yKa3blBa€T Ha NpPHYMHY OTKa3za (P=[/ — orcyTcTBME CcTpaHulbl, P=0 —

HapylLIeHUe 3aInThl). BUTBL, moMedeHHbIe X, HE UCTIOJIb3YIOTCSI.

[IpoBepka 3amuTBl Ha YPOBHE CTPAHMI] BBINOJIHSAETCS IIOCIE BCEX
IIPOBEPOK 3alIUThl HA YPOBHE CErMEHTOB. EcCAM mpH MONBITKE AOCTyINa K
naMATH cpadoTalia 3allliuTa CETMEHTOB, TO TPOBEPKA HA YPOBHE CTPAHUIL YK€ HE

BBITTOJIHACTCA.

Tabmuua 1.7 — KomOnHanus atpuOyTOB 3alIUThI

PDE PTE Pesynbrar

o|lo|lo|o|o|lo|o|o|r|r|r|k|k kR C
Rk |o|o|r|k|olor|k|lolor kool
o|lo|o|O|rR |k |k |FP|O|O0|O|FR |k k| Fk|C
R olk|lolr|lor|olr|or|lor|lor|ol=s

o|lo|lo|o|o|o|lo|o|o|o|lo|o|kr|k|k|k|C
L L L L I L I L L L L = = = =

15 3210

b
b
P
b
b
=
b
b
b
b
=
b
b
N-C

R
{|P
W

Pucynok 1.11 — dopmar koaa ommuOKu Py 0TKa3e CTPAHUILIBI
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Ecnu mpu kaxkmom oOpamieHuy K MaMsITH Tpoleccop oOparmmancs Obl K
JByM TaOIMIlaM, PacHoJIO)KEHHBIM B OMEPATUBHOMN MaMSITH, 3TO CYIIECTBEHHO
CHU3WIO OBl IPOU3BOAMUTEIBHOCTH CUCTEMBI. /[ mpenoTBpalieHus Takoro
3aMeJIeHHus B TIporieccope mmeeTcs Oydep accoruatuBHOW TpaHcasaiuu LB
(Translation Lookaside Buffer) mnst xpaneHus akTHBHO HCIOJB3yEMBIX CTPOK
TaOJIHI] CTPAHHUIL.
B mpomeccopax 1386 u 1486 ostoT Oydep mnpeacraBiseT CcoOoi
aCCOLIMAaTUBHBIN K3 Ha 32 CTpOKH TaOMUIl TpaHCHasuuu. Takoil pazMep Kaiia
MO3BOJISIET XpaHUTh UHGopManuio s TpaHchsauuu 128 Koalt mamstu. s
OOJIBIIMHCTBA MYJIbTU3aJaYHbIX MIPUMEHEHUH 3TO naeT 98% xoui-nonaganuii. B
2% cimy4daeB TPEOYIOTCS JOMOJIHUTEIbHBIE 0OpallleHus K TabIuIam.
B mpomeccopax Pentium mmetrorcst pasnensabie TLB i wHCTpYKIUA 1
nanHeix. B Pentium Pro m mosxke 3tu Oydepbl pa3aeiieHbl U IO pa3Mepy
ctpanuil (4 Kobaiita u 2 M0aiita/4 Mb6aiita).
Pabora  MexaHuW3Ma  CTPAaHUYHOTO  MPeoOpa30BaHUS  BBITISIAMUT
CJIEAYIOIIMM 00pa3oM:
— €clli CTpaHuuyHOe ympasieHue paspemieHo (6ut PG B peructpe CRO
yCTaHOBJIEH B 1), OJIOK CTpaHUYHOTO MpeoOpa3oBaHus moirydaer 32-
OWTHBIN TMHEHWHBIN aJipec OT 0JIOKa CerMEHTaIINH,

— crapme 20  pa3psgoB  modydyeHHoro — 32-OMTHOTO  ajapeca
CPaBHMBAIOTCS CO 3HAYCHUSMHM, XpaHsiumucs B TLB,

— B Ciy4yae KOII-TIOMAJaHUsl [0 Ha4daJlbHOMY aJpecy CTPaHHIIbI,
noydeHHoMYy u3 TLB, Beruncnsiercs ¢hpusndeckuii aapec U BHIBOJUTCS
Ha IIMHY ajpeca,

— €CJId COOTBETCTBYIOLIEH CTpoku B TLB Her, BBINONHSETCS YTEHUE

CTPOKH U3 CTPAHHUYHOI'O KaTajora,
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— eclM cTpoka uMeeTr OuT P = 1 (Tabiuiia mMpuUCyTCTBYET B MaMSTH), B
Hel ycTaHaBiauBaeTca OUT pgoctyna A W BBINOJHSETCS YTEHUE
YKa3aHHOM €10 CTPOKH U3 TabJIUIIbI BTOPOTO YPOBHS,

— €CJIM U B 3TOM cTpoke OuT P = 1, nponeccop 0OHOBISET B HEW OUTHI A
u D, Beuncaser ¢usmyueckuii ajapec CTPaHUIBI U BBITOJHSAET
oOpailleHre o 3TOMY aJIpecy,

— €CJM Ha KakoM-JInOo u3 3tanoB BcTpeuaeTcs P = 0, BeipabaTbIiBaeTCs
uckimouenue #PF, 00paGoTunk KOTOpPOro JOJDKEH 3arpy3uThb
BOCTPEOOBAHHYIO CTpPaHHUIy B OINEPAaTUBHYIO MaMATh; TaK Kak 3TO
HCKIIIOYeHne uMeeT Tun «otkasz» (Fault), mocme ero ycmemHoi
00paboTKU MOBTOPSETCS 3aIPOC JOCTYyMA K TOH )K€ sueiike naMsaTi

[locne renepamuu mnpoueccopoM HckiIoueHuss #PF  onepannonHas
CUCTEMA JJOJIKHA BBIIIOJIHUTD CIIEIYIOIINE JEHCTBUS:

— €eclid HeO0O0XO0JIMMO, CKOMMMPOBATh CTPAHHUILY C JUCKOBOIO HAKOMUTENSA

B (pU3MYECKYIO MaMSITh,

— 3arpy3dTb aJpec CTPaHUIbl B TaONHIly CTpaHHI] WU B KaTajaor
CTpaHMII,

— YCTaHOBHTH B OOHOBJICHHOM DJIEMEHTE TaOJIUIIBI OUT ipucyTcTBUS (P),
a Takke Outhl goctyna (4) u «rpsizHoctuy (D),

— aHHyJIupoBaTh TeKymmii PTE (3meMeHT Tabnuiel crpanuil) B Oydepe
aCCOIIMATUBHOMN TPAHCIISIINH,

— BEpHYThCA U3 00pabOTUMKa OTKa3a CTpaHUIbl U BO30OOHOBUTH paboTy
IpepBaHHON MPOrpaMMbl WU 3a]1a4H.

Bydepr accoumnatuBHol TpaHcisuuu LB mporpamMmHO HEBUIUMBI I
npukiaaneix 3amaad (CPL > 0). C stumu Oydepamu MoxkeT paboTath TOJIBKO
onepaunonHas cucreMa ¢ CPL = 0. OmnepauumoHHas cuctema J0JKHA
KOPPEKTHO CIE€HEPUPOBATH HAaYaJIbHbIE TAOJIUIBI TPAHCIALMU U 00padaThIBaTh

HCKIIOYCHHUA OTKAa30B. HpI/I HN3MCHCHHNHU Ta6J'II/II_I TPpaHCIIALMK, a TaKXE IIpU
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U3MEHEHUM OuTa npucyTcTBHS P B JOOBIX Ta0nMIax CcucTeMa JOJHKHA
aHHYJIUpoBaTh Oydepbl accomuaTUBHON TpaHcasamuu LB wactmano wnm
nosHOCThIO. OYHCTKAa BCEX AaCCOIMATHUBHBIX Oy(hepoB MPOUCXOAUT MPH
3arpy3ke ympasistomero peructpa CR3, BBIIOMHIEMOW NPUHYIUTEIHHO WIIH
npu nepexmodennn 3ana4. (Eciau ycranosnen out PGE — Page Global Enable B
ynpasisitoriiem peructpe CR4, crpoku B TLB, oTHOcsmmecss k rio0ambHBIM
CTpaHMIIaM, HE AaHHYJIUPYIOTCSL. )

JIns u3MeHeHHsT OTOOpaKeHHs OJAWMHOYHOM CTpaHulbl o4ucTKa [LB
MoxeT ocymectBisaThess uHCTpykimmerd INVLPG (Invalidate TLB Entry),
KOTOpasi, €CIM BO3MOKHO, OUHCTHT CTPOKY KOHKpPETHOHM cTpaHuibl B TLB, HO
MOXET OOHOBUTH U BeCh Oydep, €CIu TaKoi BO3MOXKHOCTHU HET.

B mpomeccopax, HaunHast ¢ Pentium, kxpoMe cTaHIapTHBIX CTpaHHIil B 4
KoOaiita, MOryT MCnoJyib30BaThCsl CTpaHULbl pazMepoM 4 MoOaiita. YBenuueHnue
pasMmepa CTpaHHUIbl CBSI3aHO C OONIUM yBEIWYEHUEM (PU3UYECKOTO 00bema
UCITIOJIb3yEMOM ONEepaTUBHON MaMsTH, U C YBEIMYEHHEM HAKJIAIHBIX PacX0J/I0B
Ha 00CITyXMBaHHE MaJeHbKUX CTpaHUIl. J{Jisl BKIIOUEHUS pacuupenus pasmepa
cmpanuywt (PSE — Page Size Extension) meo6xoaumo ycraHoButh Out PSE B
ynpasasitomieM peructpe CR4. Tlpu CR4.PSE = 0 paboraet 6a30BbIii BapuaHT
cTpaHu4HOTO TpeoOpazoanus (pucynok 1.9). [Ipu CR4.PSE = 1 mpormeccop
ananusupyer out 7 (PS, Page Size — pa3mep cTpaHMIIBI) CTPOKH Kartajora
ctpanuny PDE. Ecim PDE.PS = 0, sta cTtpoka cceuiaercs Ha Tabmuiy 4-
KWJIOOANTHBIX CTpaHUll, ¥ MpeoOpa3oBaHUE BBIMNOIHAETCS MO 0a30BOM cXxeme
(pucynok 1.9). Ecnu PDE.PS = 1, to pa3psasl 22 — 31 3T0l CTpOKH
NpeACTaBISIIOT 0a30BbIN (pusnyeckuii anpec 4-meradaiitHoit crpanuusl. (Ilpu 4-
Mera0alTHBIX CTPaHUIIAX ATl ¢ TabJUIIAMU CTPAHUI] UCKITIOUECH. )

MexaHu3M CTpaHUYHOTO MpeoOpa3oBaHus sl 4-MerabalTHBIX CTPaHUIL
npuBeaeH Ha pucyHke 1.12, a dopmar crpoku karanora (PDE) mms storo

CJIy4as IoKa3aH Ha pucyHke 1.13.
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JTIMHelHbIA agpec

3 22 21 0
Directory Offset
22,/ CTpaduya (4 MbarTa)
10 eTans; EpE

— ™ DuzMdecKMA agpec

— FOE

32 FPage Directory (Physical)
Base Address - BazoekId
CH3 (FOBR) ALPEC KATANOrE CTPaHWL,

Pucynox 1.12 — Ctpanuunas nepeanpecanus B pexxume PSE (ctpanuiib o 4

MG6aiiT)
31 22 2 1211 987 6543210
U HERE P|p|U|rR
basoebin agpec cTpaHuubl 3apesepBUpOBaHO nocrymno G| S|P A 8 u_la:r é /P
w

HocTynHO ANA UCNOMNb30BaHWA CUCTEMHBIMK NPOrpaMMUCTaMu
MpuzHak rnobanbHOW cTpaHuLbl
Paamep cTpaHuubl {1 — cTpaHuubl B 4 MbaiiTa)
MpuzHaK «pAzHoOW» (Moaud ML poBaHHOR) CTpaHKL bl
MNpu3Hak goctyna
ATpunbyT 2anpeTa KalWPOBAHWA CTPaHUL b
ATpUGYT NONUTHUKKW 3anKUCcK NpY KalwupoBaHuK (Write Through)
ATpnGYT ypoBHA NpuBunerud (User/Supervisor)
ATpWGYT 3alynThl OT 3an1cK
BWT npucyTcTBUA

Pucynox 1.13 — Ctpoka kartasora JJisi CTpaHuilbl pazmepom 4 Moaiita

Haumnass ¢ mpomeccopoB Pentium Pro, mommep:kuBaeTcs eIme OIUH
pexkuM cTpannyHoro npeoodpaszosanms — PAE (Physical Address Extension) —
pacuupenue @usuueckoeo adpeca ¢ 32-pa3psaHoro a0 36-pa3psgHoro. ITo
pacuiMpeHue BKIIOYaeTcsl ycTaHOBKOM B «l» Outa PAE B ynpasmnstoiem
peructpe CR4 (ipu aTom 6ut PSE urnopupyercs, u COOTBETCTBYIOIIHMI PEKUM
CTAaHOBHUTCS HEJIOCTYIHBIM). Y TMpoiieccopoB, HauuHas ¢ Pentium Pro, mmnHa

anpeca 36-paspsiiHas, OQHAKO, NONOJHUTENbHbBIE 4 pa3psja aapeca JOCTYIIHBI
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mumb B pexkume PAE  mpum paspemieHun cTpaHUYHOTO mpeodpazoBaHus (TO
€CTh, OJITHOBPEMEHHO NOJKHBI ObITh ycTaHoBIeHBI OuThl CRO.PG u CR4.PAE).

Ecnu paspemien pexum pacmmpenus ¢usnyeckoro aapeca PAE,

MPOIECCOpP MOIACPKUBAECT CTPaHUIIBI HECKOIbKUX pa3MepoB: 4 Koaiita, 2
Mobaiita u 4 Mo6aiita. Kak u npu 32-pa3psiaHoii agpecannu, CTPaHUIBI 3TUX
pa3MepoB MOTYT aJpecoBaThCsi HEKOTOPHIM HA0OpOM TaOJuWIl CTPAaHUYHOU
TpaHCISIUKU (TabMia KaTaJloroB MOKET YKa3blBaTh Ha CTPAHMIIBI pa3MepoM 2
unu 4 MoOaiita, a Tabnuua crpanul] — Ha 4 KWJIOOaWTHBIE CTpaHuUIllbl). JlJis
NOJJIEPKKHA 36-pa3psaAHON (U3HUECKON aapecallii B CTPYKTYPbl JaHHBIX
CTPAaHUYHOIO NMPEe0OpPa30BaHUsI BHECEHBI CIEAYIOIINE U3MEHEHNUS:

— Pa3psaHOCTh 3JEMEHTOB CTPAHWMYHON NEepeagpecalu YBEJIMYEHA /10
64 OutT, 4TOOBI B HETO MOI' TMOMECTUThCA 36-pa3psaHbIii 0a30BbIN
dusnueckuit aapec. Kaxnpiii 4-kunmoOalTHBIA KaTaJlor CTPaHUIl U
TaOJIMIIa CTPAHUIl MOXKET coJiepkaTh 10 512 3amuceit (BXOJ0B).

— B wuepapxuio TpaHCHSIUU JHMHEHMHOro ajpeca po0aBieHa HOBas
TabuIa, Ha3pIBaeMas TabauIel yka3aTened Ha TaOJIUIIbl KaTajloToB, U
pacrnojiokeHHas B repBbix 4 ['0aiiTax maMmsTu. Dta Tabiuia COAEPKUT
4 64-pa3psAHBIX CTPOKH, M OHA HAXOJUTCS B MEPAPXUU BBIIIEC TaOIUIL
katanoroB. B pexume PAE mponeccop noaaepxkuBaer 10 4 tabiauil
KaTaJorOB CTPaHULI.

— B ympasmsromem peructpe CR3 Bmecto 20-paspsigHOro mods
06azoBoro anpeca TaOJIMIBI KaTaJOroOB CTPaHHUIl HCIOJIb3yeTcss 27-
paspsHOe mojie 0a30BOT0 ajgpeca TAaOIUIBI yKazaTels Ha TaOIHIlbI
KatasoroB crpaHuil (cMm. pucyHok 1.14). B stom cinyuae peructp CR3
naspiBactcss PDPTR (Page Directory Pointer Table Register). Dto
noJjie TpeAcTaBiseT crapmue 27 pa3psaoB (QU3MYECKOro ajapeca

nepBoro OaiTa TaOMMIBI yKa3aTeled KaTaJoroB CTPaHHUIl, KOTOPBIN
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BBIPOBHEH MO 32-0alTHOU rpaHuile (MJIQAIIKe 5 TBOUYHBIX Pa3psiioB
PaBHBI HYJIIO).

— Tpaucnsuusa IuHEMHOro aapeca M3MEHEHA TakuM 0o0pa3oM, YTOObI
MO3BOJIUTh Pa3MeCTUTh 32-OUTHBIC JIMHEWHBIE ajpeca B OoJblIeM
(bu3HYecKOM aipeCHOM IPOCTPAHCTBE.

31 543210

bazoewil agpec Tabnuyel ykazaTenei KaTanoroB cTpaHuy

(wigiyr)
£
o
o
o

ATpuGYT 3anpeTa KIWWPOBAHNA CTPaHWULbI
ATpUGYT NONUTHUKKW 2aNKUCK NPY KalwpoeaHuK (Write Through)

Pucynok 1.14 — ®opmar ynpasmstomiero peructpa CR3 B pexxume pacmmpeHust

¢dbuszuueckoro aapeca PAE

B pexume PAE niponieccop Moxket paboTath CO CTpaHHUIIaMU pa3MepoM 4
KOaiita u 2 Mob6aiita. Ha pucynke 1.15 mokazaH MeXaHW3M CTPAaHHUYHOIO
npeoOpa3oBaHus B pexuMe pacimpeHus ¢usndyeckoro aapeca PAE npu
pasmepe ctpanull B 4 Kb6aiita, a Ha pucynke 1.16 — nns crpanui] B 2 Moaiita.
W3 pucynka BuaHO, uTo B 32-6uTHOM ympasistomniem peructpe CR3 xpanutcs
0a30BbIi aJipec TaOMUIIBI yKa3aTeaeH KaTajloroB CTpaHuIl. ITa Ta0auIa COCTOUT
BCEro M3 YeThipex 64-paspsaHblx 3ammcei. J[Ba crapmmx Owumrta (30 — 31)
JMHENHOTO ajpeca BbIOMPAIOT U3 3TOM TabJIMLIbI yKa3aTellb Ha OJHY U3 YEThIPEX
tabaui KaramoroB. Cheayromue 9 paspsgoB (21 — 29) nuneitHoro aapeca
BBIOMPAIOT AJIEMEHT M3 3TOM TaOJUIbl, KOTOPbIH MOXET OBITh CCHUIKOM Ha
TaONMIy CTPaHUI] WM 0Oa30BBIM aJpPEecOM CTpPaHULBI MaMsITH. YTO HMMEHHO
onpenenseT 3IEeMEHT ATOW TabNulbl, ompenenserca 3HayeHueM arpudyra PS
3anucu. Ipu PS = 0 3anuch onpenensier cChUIKY Ha TaOIUIly cTpaHull. Tornaa
pazpsanbl 12 — 20 nuHEWHOTO ajpeca ONpenessiioT CTpaHully, pa3mepoM B 4
K6aiita, B Tabnuie ctpanuil, a pa3psaasl 0 — 11 sSBIAIOTCS CMEIIEHUEM B ITOM

ctpanuine. Ilpu PS = 1 3anuce omnpenenser 0a3oBbIA aapec CTPaHUIBI,

43



pasmepom B 2 MoOaiita. Toraa pazpsasl 0 — 20 nuHEHHOro ajapeca SBISIIOTCS

CMEIIEHUEM BHYTPH BHIOPAHHOM CTPaHHUIIBI C 3TUM 0a30BBIM aPECOM.

INuHeHbIA agpec
3130 29 21 20 1211 o

Directory Poirter — i?l | Directory | Table | Offset |

YKA3ATENE KaTanoroe

12 CTpaHuua (4 KbakTa)

Tabnuua cTpaHdy
& 4 B12 BTE)

/ » Duzryecknid agpec
9, KaTa§1102rPCT aHKML,
’ ( 4 EE >
2 )2 —» FDE

4 PDPTE * 512 PDE * 512 PTE = 2?° cTpaHuvy,

Tabnuua yKazaTenei
HATaNOME CTRAHML,

—»[  POPTE

32 Page Directory Pointer Table
Register — PemcTp Tabnuy el
CR3 (POFPTR) YKAZATENBN KATANDrOE CTRAHHL

Pucynok 1.15 — Ctpannunoe npeoOpa3oBaHUe B peKUME pacIIuPEHUs
¢usnueckoro aapeca PAE mns crpanun pazmepom 4 Koaiita

¥

Ha pucynke 1.17 — 1.20 moka3aHa cTpykTypa 64-OUTHBIX 3JEMEHTOB
CTPaHHYHOTO TIpeoOpa3oBaHus JIJIsl pa3IMYHOTO pa3Mepe crpanuil. Ha pucynke
1.17 nmoka3ana cTpoka TabJWIIBI yKa3aTejleld Ha KaTajiord (HamOMHUM, YTO 3Ta
TabNHIa MOXKET COCTOATh HE OoJiee, YeM U3 YeThIpeX AIeMeHToB). Ha pucyHnke
1.18 mokasana cTpoka Karajora CTpaHuil, a Ha pucyHke 1.19 — cTtpoka TaOauIs!
CTpanuI] jyisg cTpanwi] pazmepom B 4 Ko6aiita. Ha pucynke 1.20 mokazana
CTpOKa KaTajora CTpaHHI] IJIsi CTPaHUI] pa3MepoM B 2 MobaiiTa.

Bce nokazanHbie Ha pUCyHKaX aTpuOyThl UMEIOT TE K€ HA3BaHUS U TO KeE
Ha3HA4Y€HUWEe, 4YTO W Ha pucyHke 1.13 1ns CcTpoku Karajora CTpaHULl s

cTpanwuIl pa3mepom B 4 Moaiita.
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INuHeHbIA agpec

a1 30 24 21 20 0
Directary Painter — | Directory Offset
YKSI3ATENE KATANOroe
21 CTpanuua (2 MbaiiTa)
9/
KaTanor cTpaHuy
(212 F'IZ?E) . —
2l ™ Pusnyeckuid agpec
A
Tabnuua yrkasaTtened . N
KaTaNoOroB CTPaHML, P PDE >
®  PDFTE >
32JE 4 PDPTE * 512 PDE = 2048 cTpaHuy
CR3 (FOPTR)

AN

Page Directory Pointer Table
Register — Pemctp Ta0aMykl
YKaZATENER KATANOMOE CTREHHL,

Pucynok 1.16 — Ctpanndnoe nmpeoOpa3oBaHUe B PEKUME paCIIUPEHUS
¢dbusnyeckoro aapeca PAE miist ctpanun pazmepom 2 Moaiita

HoctynHa ona
CHETEMHBIX
PDPTE NP OrPAMMUCTOE 3apesepBEMpOEaHD
i FIF
3apEzepEMPOBRHO Basoebid agpec Tabnuusl Hocr | Peseps |clw{Pes| 1
{ycTaHogneHo(E 0) YHAZATENEN HaTENOro0B CTPAHWL, [ ] [ 11 olT |
63 36 35 1211 9876543210

Pucynox 1.17 — Ctpykrypa 64-6uTHOTO 371eMeHTa TaOJIUIIBl yKa3aTenen Ha

KaTajgoru s pexuma PAE

HocTynHo AnA
PDE4K CUCTEMHBLX

NPoOTPaMMACTOE

3apesepEMpoOERHO Bazoee)d agpec Tatnuykl nocr|0fo]o A(PZ N lf ? =1
(ycTaHoENeHo(s 0) YHAZATENER KaTgNOroB CTRAHML, [ B e
B3 36 35 1211 9876543210

Pucynox 1.18 — Ctpykrypa 64-6uTHOTO 371€eMEHTa TaOJIHIIBl KaTaIoTa CTPAHUIT

B pexkume PAE st crpanui pazmepom B 4 KoGaiita
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JdocTynHo onA
CUCTEMHbBIX

PTE4K MPOMP M MUCTOR
2apeIEpEMpOBEHD Basoer)d agpac Tabnuybl Iocr.|G[o|D A(PZ P lf ? =
(ycTaHogneHo(E 0) yKasaTENgH KaTgNoros CTpaHuy, [ D|T]5 |

63 36 35 1211 9876543210

Pucynok 1.19 — CtpykTypa 64-OUTHOTO 371eMeHTa TaOJIUIIbI CTPAHUI] B PEKUME

PAE niia crpanun pasmepom B 4 Koaiita

JdocTynHo onA
CUCTEMHbBIX
PDE2M NporpaMMUCTOE
3 ape3ENEMPOBRHD Bazoes)d aapac Tabnuubl focr |G Plo A(Pj P lf ? P
(vcTaHogneHoe 0) YKAZATENEW KATFNOrog CTpaHML [ ] 5 DTS b
B3 36 35 1211 9876543210

Pucynok 1.20 — CtpykTypa 64-0UTHOTO 3JIeMEHTa TaOJIMIIbl KaTajaora CTPAHUI]

B pexxume PAE st crpannn pazmepom B 2 Mobaiita

B 3aBucuMoctu OT TuIa 3amucei, n300pakeHHbIX Ha pucyHkax 1.17 —
1.20, yka3aHHbII B HUX 0a30BbIN (pr3nyeckuii ajpec 0003HAYAET CIEeAYIOLIEE:

— B 2JIeMeHTe TaOauIbl ykasarened Ha kataimoru crpanui (PDPTE) —
dusnueckuit aapec nepBoro Oaiita katanora 4 KOaWTHBIX CTpaHUIL
(pucynox 1.17),

— B 2JeMeHTe Tabuipl Karainora crpanui (PDE) — dusudeckuit agpec
nepBoro Oaiita Tabmuiel 4 K6alTHbIX cTpanull (pucyHok 1.18) unu
dusnueckuil agpec nepBoro Oaita 2 MOalTHOUN CTpaHMIIbl (PUCYHOK
1.20),

— B anemeHTte Tabmuubl crpanul (PTE) — dbusnueckuii agpec mepBoro
Oaiita 4 KbaiitHOU cTpaHuIls! (pucyHok 1.19).

J171g Bcex pacCMOTPEHHBIX 3aIUCel (3a UCKIIOUEHHUEM 3amnuceil B Tabauie

KaTtaJoroB 2 MOaWTHBIX CTpaHUIl) OUTHI 0A30BOTO agpeca WHTEPIPETUPYIOTCS

Kak 24 crapmux paspsaa 36-paspsaHoro (U3MYECKOro aapeca, 4yTo TpeOyeT
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BbIPAaBHUBAHUS TaOIHI] CTPAHMI] U caMuX cTpaHuil 1o 4 KOGalTHbIM rpaHuIiam.
Ecnu 3amuce B Tabiuile KaTtanora CTpaHMIl yKa3biBaeT Ha 2 MOalTHYyIO
CTpaHMIly, TO Oa30BBI aJpec B 3TOW 3alHMCH WHTEPOpPETHpPyEeTCs Kak 15
CTapUIMX pa3pagoB 36-pa3psgHoro (U3HUECKOro ajapeca, 4YTO TpeOyeT
BBIPAaBHUBAHUS CTPAHUI] MO 2-METa0alTHOM TpaHUIAM.

Ecnu pazpemien pexxum pacmmpenus ¢puzudeckoro aapeca PAE, Bo Bcex
3aMucsax TaONMIbl ykaszateled karamoroB crpanul] (PDPTE) nomkeH OBITh
ycTaHoBJIeH ¢uiar npucytctBus P (out 0 B 3anucu). To ecTh, (yiar mpucyTcTBUS
P nomxen ObITh ycTaHOBJEH, eciau B3BeAeHbl Quiarm PAE (6ut 5 B
ynpasisitonieM peructpe CR4) m PG — Paging, crpanudHoe mpeoOpa3oBaHue
(out 31 B ympasmsromeM peructpe CRO). Eciu mpu paspermieHHOM pexume
pacmpenus ¢pusndeckoro aapeca PAE ¢nar npucyrcTBus pyar mpucyTcTBHS
HE YCTAaHOBJIEH BO BCEX YETBHIPEX 3aMUCAX TaOJMIBI yKa3aTelell KaTajloros
crpanull (PDPTE), renepupyercs uckimoueHue oouei 3amutsl (#GP).

@mar pasmepa crpanunsl (PS — Out 7 B 3amucu TaOIWIBI KaTajloroB
ctpanuly PDE) omnpenensier, ykaspiBaeT Ju JaHHAas 3aluch Ha Taonuiy 4
Ko6aitTHbix cTpanunl uinu Ha 2 MoOaiitHyo crpanuily. Ecnu duar copoiies,
3aMKch yKa3bpiBaeT Ha Tabnuiy 4 KOalTHBIX CTpaHUL, €CJIM )K€ OH YCTaHOBJIEH,
3amMch YyKa3biBaeT Ha 2 MOaliTHylo cTpaHully. OTOT (iar MO3BOJIIET B
npejaenax OJHOTO W TOro ke Habopa TaliuIl mpeoOpa3oBaHUs HUCMHOJIb30BAThH
onHoBpeMeHHO 4 KbGaliTHbie 1 2 MOaiiTHbIE CTPAHULIBI.

®naru goctyna A u «rpssHocti» D (6utel 5 u 6 B 3amucsx TabJIHI)
UCIIOJIB3YIOTCS B TE€X JIEMEHTAX Ta0JIUIl, KOTOPbIE YKA3bIBAIOT HA CTPAHMIIBI.

butet 9 — 11 Bo Bcex aiemeHTax TaOJMIl B PEXUME paCIIUPEHUs
¢dbuznyeckoro aapeca PAE ngoctymHbl 1711 mpOrpaMMHOTO HMCIOJIB30BaHUS.
(Ecnu cOpomien ¢aar npucyrctBust P, 10 JUisi IPOrpaMMHOIO MCIOJIb30BaHUS

JOCTYIHBI OUTHI ¢ 1 110 63.)
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Bce Outsl Ha u300paXeHHMSX DJIEMEHTOB TaONHIl CTPAHUYHOTO
npeoOpa3oBaHMsl, MOMEUEHHbIE, KaK «3ape3epBUPOBaHHBIC» WM, Kak «0»,
JOJDKHBI  OBITh yCTaHOBIEHBI B «0», W HEIOCTYMHBI [JII MPOTPAMMHOTO
ucnons3oBanusa. Korna ycranosnens! ¢aaru PSE w/unun PAE B ynpapmnstoiem
peructpe CR4, nporeccop reHepupyeT UCKIIOUCHHE «OTKa3 CTpaHulby (#PF),
€CJIM HE YCTAaHOBJICHBI B HYJIb 3ape3€pPBUPOBAHHBIE OUTHI 3JIEMEHTOB TaOJIMUIL
katanioroB (PDE) u tabnun crpanun (PTE), unu ucknrouenue oOuiei 3aniuThl
(#GP), ecnn He yCTaHOBJICHBI B HYJIb 3ape3epPBHPOBAHHBIC OWTHI 3JICMCHTOB
TaOJIMIIBI yKa3atelel katanoros crpanui (PDPTE).

Jl7is TOro 4TOOBI MPOBEPHUTH, MOAIECPKUBACT JIM KOHKPETHBIN MPOIECCcOop
paclIMpeHusi pa3MepoB CTpaHULl M (U3UYECKOTO aJpeca, JOCTATOYHO
MOTBITaThCsl  BBRIMOMHUTE KoMmaHay CPUID, kotopas mosiBuinace B Habope
KOMaHJl Mpoleccopa OJHOBPEMEHHO C YKa3aHHBIMHU paclivpeHusMu. Eciu
nporeccop He mopaepxkuaeT komaHay CPUID, To o He mommepXuBaeT H

YKa3aHHBIC PACIIUPEHUS.
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1.7 Pe3rome

[Tpu paGore mporeccopa 1386+ B 3aIIUIICHHOM PEKHAME HCIOIB3YETCS
JIBa METOJIa OPraHU3alUH NaMsATH — CETMEHTHas U cTpaHuyHasd. OnepalnroHHas
cucrema Windows NT, o koTopoii OyaeT HATH pedb B AabHEHIIEM, UCTIOIb3YEeT
00a 3TUX MeXaHu3Ma.

Kaxnapiii  cerMeHT B Mpoleccope  ONMUChIBaeTca  §-O0alTHBIM
0ecKpunmopom CETMEHTa, KOTOPBIA OMNpeAeNsieT IMOJO0KEHUE DJIIEMEHTa B
naMATH, pa3Mep 3aHUMAeMON UM O0JIaCTH, €r0 Ha3HAYEHUE U XapaAKTEPUCTUKU
3amuThl. [ yka3zaHMs cerMeHTa B TaOJMIE AECKPUNTOPOB HMCIOJIb3YETCS
CEJIEKTOP.

Cucmemmnvie ceemenmul TPEJHA3HAYEHBI U1 XPAaHEHUS JOKAJIbHBIX
tabmui geckpuntopoB LDT wu cocrosHus 3amau TSS. WX meckpuntopbl
onpenenstoT 0a30BbIA aJpec, JIUMHUT CETMEHTA, MpaBa JIOCTYNa U MNPUCYTCTBUE
CerMeHTa B (PM3HYECKOI MaMsTH.

3alMIIEHHBIA PEKUM UMEET YETHIPEXYPOBHEBYIO CUCTEMY NPHUBUIIECTUH,
KOTOpasl yNpaBliI€eT MCIOJIb30BAHUEM MPUBWIETUPOBAHHBIX KOMaHJ U
JIOCTYIIOM K JIECKPUIITOPAaM M CErMEHTaM. Y pOBHHM MPUBWIETUN HYMEPYIOTCS OT
0 no 3, nmpuuem 3HaueHHe () COOTBETCTBYET BBICHIEMY YPOBHIO IPUBHUJIETHM.
[IpuBunerun oOecneuynBarOT 3alUTy 3aAad JApPyr OT Jpyra MOCPEICTBOM
JIOKaNbHBIX TaONIUIl AeCKpUNTOpoB. Kaxknas yacTh onepalmoOHHON CHUCTEMBbI —
CUCTEMHBIE CEpBHUCHI, 00paOOTUUKU TpPEpbIBAHUN U Jp. — paboOTaeT Ha CBOEM
YpOBHE NMpUBUIIETUH. 3aauu, JECKPUIITOPBI U CEIEKTOPHI UMEIOT CBOM YPOBHHU
IIPUBUJICTUN.

JIiist HafgeKkHOM pabOThI ONEPAlMOHHON CUCTEMbBI HEOOXOAUMO 3aIUIIATh
3aJlayd  JApyr OT Jpyra. 3aiiura [peaHa3HadeHa Jisi MpeaoTBpalleHus
HECAaHKI[MOHUPOBAHHOI'O JOCTyla K IIAMSATH W BBIIOJHEHUS KPUTUYECKHUX

MHCTpYKIMK — xomanael HLT, koTopas ocranaBivBaeT mpoleccop, KOMaH
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BBOJIa/BBIBOJIA, YIpaBlieHUs (IaroM paspelieHus MpepblBaHUN M KOMaH],
BIIUSIIOIIMX HA CErMEHTHI KOJIa U JaHHBIX.

B 3amunieHHOM peXMME TpH  BBINOJHEHHH KOMAaHJ IPOLECcCop
BBIIIOJIHSIET NPOGEPKY YCA08ULL, TOPOKIAIOIIUX UCKITIOYEHUS.

JUIss MHOro3ajJladyHbIX OINEpPalMOHHBIX CHCTEM BaXHa CHOCOOHOCTh
nporeccopa K ObICTpOMY MEpeKTioueHuto 3aaad. Ormneparus MepeKIoYeHHs
3a/lay MPOILECCOpPa COXPAHSAET COCTOSHUE MPOLECcOpa U CBSI3b C MpeablaylIen
3a7a4ei, 3arpy’kaeT COCTOSIHME HOBOW 3aJa4d M HAYMHAET €€ BBINOJHEHHE.
CocTossHHuEe KaKI0HM 3a7a4d COXPAHSAETCS B CETMEHTE COCTOSHHUS 3amadu 1SS,
KOTOpPBIM, Kak W JIO00M Apyrod CErMeHT, OIpEeAeNseTcs] JAECKPUIITOPOM.
Heckpurirop TSS MoxkeT ObITh pacmofioskeH Toabko B GDT.

CrpannuHoe ympaBieHue mamsaTeio (Paging) sBisgeTcs OOHUM W3
BAKHEUIINX CPEJCTB OpPraHU3allMy BUPTYaJbHOM MaMSITH C BO3MOKHOCTBIO
NOJAKAYKA CTpaHull. B oTiMume OT CcerMeHTaluu, KOTopas OpraHu3yer
nporpaMMbl M JaHHblE B MOJAYJIM PAa3IMYHOrO pa3Mepa, CTpaHUYHas
opraHuzanus paboTaeT €O CTpaHUIAMU OAMHAKOBOIO pa3mepa. B MomeHT
oOpalieHus CTpaHHUIla MOXKET MPUCYTCTBOBaTh B (DM3UYECKOW ONEpaTUBHOU
naMaTH, a MOXET B HEM M OTCYTCTBOBAaTh (OHA MOKET OBITh BBIFPYXEHA Ha
BHEIIHIOK, HATPUMED, TUCKOBYIO, MaMsTh). [Ipu oOpaleHnn K OTCyTCTBYIOIIEH
B (U3MYECKOW OINEpaTUBHONW MaMsATH CTPAHUIE TMPOIECCOpP TEHEPUpPyeT
uckimrouenue  #PF (Page Fault — orkas crpanuier), a mnporpamMMHBIN
00pabOTYUK ATOTO UCKIIFOUYEHUS (OOBIYHO SIBISIOIIMICS YacThIO ONIEpPAIlMOHHON
CUCTEMBbI) JOJKEH TMOJYy4YUTh HEOOXOAMMYI0 MH(POPMALMIO MJisi 3arpy3KH —
«MOJKAYKW» CTPAHUILIBI C BHEIIHEr0 HOCUTENs (0ObIYHO Aucka). CTpaHUIbl HE
CBSI3aHbl HAIPAMYIO C JIOTUYECKOW CTPYKTYpPOM NAaHHBIX WM mporpamm. B
OTJINYAE OT CETMEHTOB, KOTOPBIE SIBISIOTCA MOIYJISIMU KOJIOB M [IaHHBIX, a

COOTBCTCTBYIOIIIHC CCJICKTOPEI OTHUX CECTMCHTOB — JOTHYCCKHUMHU
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UACHTU(PHUKATOPAMU ATUX MOAYJEH, CTpaHHIIbl MPEACTABISIOT OJUHAKOBBIE IO
pa3Mmepy pparMeHTbl ITUX MOYJIEH.

ba30BbIil MEXaHHW3M CTPAHUYHOI'O YIPABIEHUA MNaMATHIO HCHOJIb3YET
JIByXypPOBHEBYIO TaOJMYHYIO TPAHCISIUIO JUHEHHOTO aapeca B (PU3NUYECKUil U
cTpaHullpl, pasmepom 4 Ko6aiiT. DneMeHThl TaOIUI] UEPAPXUH CTPAHUIHOTO
npeoOpa3oBaHus COACPKAT HE TOJBKO 0a30BbIN (YM3WYCCKUN CICAYIOIMICH 1O
yepapxuu TaOJubl WIK CaMOU CTPAaHMIIbI, HO U LEJbIi HaOOp aTpruOyTOB, OJTHU
U3 KOTOPBIX OMNPEAENSIIOT CIOCOObl 3alllMThl Ha YPOBHE CTPAaHUI], a JAPYTHE
UCIIOJIB3YIOTCS B  peaju3alli JUCHUIUIMH OOCIYXUBAHHS CTPAHUYHOIO
MeXaHu3Ma Mpeoodpa3zoBaHUs.

MexaHu3M CTpaHMYHOrO MpeoOpa3oBaHMs MpU OOpalleHUH K HaMsATh
MOKET MNOpoXAarh HckiatoueHue #PF. OHO BO3HHMKaeT npu oOpalieHuu K
OTCYTCTBYIOUIEH (HE NpPEICTABICHHOW) CTPAHULIE WIM NPU HAPYIICHUH IpaB
JOCTyIa, OmpenensieMblx ypoBHeM mpuBuieruii u outamu U u W. [Ins
UACHTU(UKAIIMA TPUIMHBI OTKa3a B CTEK TmoMmemaercss 16-OuTHBIN KoOA
OIIIHOKHU.

JUist mpegoTBpallleHus 3aMeJICHUs], CBA3aHHOTO C OOpallleHUEM K JBYM
TabnuIaM B ONEPAaTUBHOM MaMsITH NpPH KaXIOM OOpalleHWH K MNamsITH B
nporeccope umeercs Oydep accorumatuBHOM TpaHcasiuu TLB (Translation
Lookaside Buffer) mis xpaHeHHs aKTHBHO HCIOJIB3YeMbIX CTPOK TaOJIHIL
CTpaHMII.

B mpomeccopax 1386 u 1486 ostoT Oydep mnpeacraBiseT coOoi
acCOLIMaTUBHBIN K311 HAa 32 CTpOKU TaOMUIl TpaHCHsuuU. Takoil pazmep Kaiia
MO3BOJISIET XpaHUTh UHGoOpManuw s TpaHchsauuu 128 Ko6ait mamstu. s
OOJIBIIMHCTBA MYJIbTU3aJaYHBIX IPUMEHEHUM 3T0 AaeT 98% kami-nomnaganuii. B
2% ciryyaeB TpeOyrOTCS TOIOJHUTENIbHbBIE 00paIleHUs K Tabauuam.

B mponeccopax, HaunHas ¢ Pentium, kpome cTaHIapTHBIX cTpaHull B 4

K6aiiTa, MOTyT MCIOJB30BaTLCS CTpaHUIIBI pazMepoM 4 MoOaliTa. YBeaudeHue
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pa3Mepa CTpaHUIBI CBS3aHO C OONIMM yBeIWYeHHEeM (u3ndeckoro oObema
UCIIOJIb3YEMOM OTMEpaTHUBHON MaMATH, U C YBEIMYCHHEM HAKJIATHBIX PacXOJ0B
Ha 00CIy>KMBaHHE MAJICHBKUX CTpaHMIL. J[JIs1 BKIIIOUCHUS pacuiupenus pazmepa
cmpanuywt (PSE — Page Size Extension) meob6xoaumo yctaHoButh Out PSE B
ynpasisroriiem peructpe CR4. Tlpu CR4.PSE = 0 paboraer 6a30BbIii BapHaHT
cTpaHudHOTO TpeodpazoBanus (pucynok 1.9). I[Ipu CR4.PSE = 1 mpormeccop
anammsupyer out 7 (PS, Page Size — pa3mep cTpaHMIIBI) CTPOKH Kartajora
ctpaann;, PDE. Ecoiu PDE.PS = 0, sta crpoka cceutaeTcs Ha TaOiuiyy 4-
KWJIOOANTHBIX CTpaHUll, U NpeoOpa30BaHHUE BBINOJIHSAETCA MO 0Aa30BOIl CXeMe.
Eciu PDE.PS = 1, To paspsast 22 — 31 3T0#l CTpOKU MPEACTaBIAIOT 0a30BbIii
dbuznueckuit anpec 4-meradaiitHoil cTpanunbl.  (I[Ipu  4-meraGalTHBIX
CTpaHMIIaX 3Tal ¢ TabJIMLIaMH CTPAHUL UCKIIFOUEH. )

Haumnast ¢ mpomeccopo Pentium Pro, mommep:kuBaercst emie OIuH
pexxuM cTpannyHoro npeoodpasosanus — PAE (Physical Address Extension) —
pacuwiupernue @uzuiecko2o aopeca ¢ 32-pazpsiaHoro a0 36-pa3psgHoro. ITo
pacuIMpeHue BKJIIOYaeTcsl yCcTaHOBKOM B «l1» Outa PAE B ympaBistoniem
peructpe CR4 (npu sTom 6ut PSE urHOpupyeTcs, U COOTBETCTBYIOIINA PEKUM
CTAaHOBHUTCS HEIOCTYIHBIM). Y TMpolieccopoB, HauuHas ¢ Pentium Pro, mmunHa
aapeca 36-pa3psiiHas, OQHAKO, JOMOJHUTENbHBIE 4 pa3psaa ajapeca JOCTYIHbI
muiib B pexxume PAE  mpu paspelieHud CTpaHUYHOro mpeoOpa3oBaHus (TO
€CTh, OJTHOBPEMEHHO NOJKHBI ObITh ycTaHoBIeHbI OuThl CRO.PG u CR4.PAE).

Ecnu paspemien pexum pacmupeHus ¢usnyeckoro aapeca PAE,
MpoIECCOp TMOACPKUBAECT CTPaHUIIBI HECKOJIbKMX pa3zMmepoB: 4 Koaiita, 2
Mbaiita u 4 Mo0aiita. Kak u npu 32-pa3psanHoil agpecaridu, CTPaHMUIIbI ATUX
pa3MepoB MOTYT aJpecoBaThCsi HEKOTOPHIM HA0OpPOM TabJvIl CTPaHUYHOU
TpaHCIsIIUKU (TabjvMiia KaTaJloroB MOKET YKa3blBaTh Ha CTPAHUIIBI pa3zMepoM 2

unu 4 Moaiita, a TabnuIa cCTpaHull — Ha 4 KMJIOOAUTHBIE CTPAHUILBI).
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JUist monnepxkku 36-paspsaHoil GU3HYECKON aApecalii B CTPYKTYPbI
JIAHHBIX CTPAHUYHOTO MPeoOpa30BaHUsI BHECEHBI CICIYIOINE U3MECHEHUS:

— Pa3psaHOCTh 3JIEMEHTOB CTPAHUYHOM Mepeaapecalud yBEIUYeHa J10
64 OuT, 4YTOOBI B HEr0 MOT IMOMECTUTHCS 36-pa3psIHbIA 0a30BbIN
buzuyeckuit agpec. Kaxnaplii 4-kuaoOaMTHBIN KaTajllor CTpaHUIl U
TabJIMIla CTPAHULL MOXKET cojiepkaTh A0 512 3anucei.

— B uepapxuio TpaHCISIMU JUHEWHOro ajapeca ao0aBiieHa HOBas
Ta0nuIa, Ha3bIBaeMasi Tabaullel yka3zareye Ha TaOIMIbl KaTajloroB, U
pacrnosoxeHHas B nepBbix 4 ['0aiiTax maMmsTu. Dta TabiuIa COAEPKUT
4 64-pa3psIHBIX CTPOKH, M OHA HAXOJIUTCS B MEPAPXUU BHIIIC TAOJIHII
katanoroB. B pexume PAE mponeccop noaaepxkuBaer 10 4 tabiauil
KaTaJoroB CTPaHMII.

— B ynpasmsiomem peructpe CR3 Bmecto 20-pa3psiaHoro mods
0a30BOTO ajpeca TaOJMIIBI KATaJIOroB CTpaHUI] HUCIHOIb3yeTcs 27-
paspsiiHoe 1ojie 0a30BOro ajapeca TaOIMIBI yKaszaTels Ha TaOIuIlbl
KaTajnoroB cTpaHull (cM. pucyHok 1.14). B atom ciayuae peructp CR3
HassiBaeTcsi PDPTR (Page Directory Pointer Table Register). Dto
moJie TPENCTaBlsieT crapiime 27 pa3psaoB (U3HUYECKOTO ajpeca
nepBoro OaifTa TaOIMIBI yKa3aTeliel KaTaJlorOB CTPAHUIl, KOTOPBIN
BBIPOBHEH 10 32-0ailTHOM rpaHuIe (Miaamme 5 TBOMYHBIX Pa3psioB
PaBHBI HYJIIO).

— Tpancnsuusa nuHEMHOro aapeca M3MEHEHa TakuM o0pa3oM, YTOObI
MO3BOJIUTh PA3MECTUTh 32-OUTHBIC JIMHEWHBIE ajpeca B OOJIbIIEM

(GHU3HUECKOM alpecCHOM POCTPAHCTBE.
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ok w DN

© © N o

15.
16.

17,

18.

19.

20.

1.8 KommponvHvie 6onpocwi

Kakune MeToapl Opranu3alny MaMsaTH peain30BaHbl B 3aUIUILIECHHOM PEXKUME
1386+?

Kakue metozs! ynpaBieHus MaMsIThio HCIOIB3YI0TCs B Windows NT?
KakoB MakcumanbHBIN pa3Mep cerMeHTa B mporieccope i1386+?

Kaxkas Mmogens mamsatu ucnosb3yercs B Windows NT?

Kak Qopmupyercst JTUHEHHBIH aapec U3 BUPTYAJIbHOTO B 3allUIICHHOM
pexnme?

YTto Takoe JECKPUIITOp CerMeHTa?

Uro Takoe cenekTop cermeHTa’?

Uem oTnnuaeTcs riiobanbHasi Tabyinila IECKPUNTOPOB OT JIOKATBLHOMN ?

Vkaxure nepsbie 4 cermenta Windows NT

. Uto Takoe TpeOyeMblil ypOBEHb TPUBUIIETHIL?
11.
12.
13.
14,

UYto Takoe ypoBeHb NPUBUWIETUN I€CKpUIITOpa?

UYro Takoe TeKyuid ypOBEHb PUBUIIETHI?

Kax dhopmupyercs puznueckuii agpec B 3alIUIIEHHOM PEKUME?

Kak 3agaercsa anpec Tabnuma TpaHCHASUUM JUHEMHOTO ajapeca B
duznueckuii?

Kaxk n xorna 3arpyxaercs ynpasisttomuid peructp CR3?

Kak mnpomeccop y3HaeT 0O BO3MOXKHOCTH JOCTylla K CTpPaHULE U3
MOJIb30BATEILCKOTO pekrMa’?

Kak npoueccop y3HaeT 0 BO3MOKHOCTH 3alIUCH B CTPAHULLY?

Yrto Takoe OUT MPUCYTCTBUS CTPAHUILIBI?

UTO NOpOUCXOAMT, €CIM MPOUCXOAUT OOpallleHHe K HEeNpeACTaBICHHOU
cTpanuue?

YTo npou30oHIeT NpHU MOIBITKE HCIOJIB30BAaHUSA CEJIEKTOPA JAHHBIX IS

MoaudUKaIK Koja’?
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21

22,

23.
24,
25,
26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.

40.
41.
42.
43.

. JIOCTYIIHBI 71 3J€MEHTHl TAaONHIBI TPAHCISAIHMHU BUPTYAIbHBIX aJpECcOB B
¢uznyecKkre U3 MoJib30BaTeIbCKOTO pexuma?

KaxoBbI cucTeMHOE M TIOJIB30BaTENIbCKOE aipecHble mpocTpancTBa Windows
NT?

UYro Takoe riiobanpHas TabInIa JECKPUTITOPOB?

UTto Takoe joKaiabHas TabauIa 1€CKPUIITOPOB?

Urto Takoe Tabnuia JeCKpUNTOPOB MpepbhIBaHUN?

UTo Takoe perucTp 3a1a4yu, U 4YTO B HEM XPAHUTCA?

Yrto Takoe OUT rpaHyIsIpHOCTH?

baut npaB noctyna aeckpunropa

Uto Takoe OUT pa3psIHOCTU ONEPAHJIOB B AECKpUNTOpE?

Yro Takoe OUT H0CTyNa K CErMEHTY?

Yro Takoe OUT 1OCTyna No YTEHUIO?

UTto Takoe OUT AOCTYyIA MO 3anuch?

Urto takoe 6ut npeanazHadyenus (Intending) u 11 yero oH Hy»eH?

Yro Takoe OUT cermeHTa?

YTo Takoe CUCTEMHBIE CErMEHTHI?

Urto takoe 6ut AVL?

Jnst wero ucnosb3yercs none DPL B cucTeMHbIX cermMeHTax?

Jlns yero ucnonszyercs nosie DPL B neckpuntopax JTOKaJIbHBIX Ta0IUIL?
Korga  BO3MOXHa  HENMOCpEICTBEHHAass  MEXCErMEHTHas  Iepeaada
yIpaBJIEHUS?

J1J1st 4ero UCTOAB3YIOTCSI BEHTHIIM U LIUTHO3bI?

Uto ucnosib3yercs AJisl BbI30Ba MPOLIEAYP CO CMEHOW YPOBHS MTPUBUIICTHNA?
JJ1s 4ero UCToab3yI0TCS BEHTHIIH 3a7a4?

Kakne mexaHu3mbl NO3BOJISIIOT KOMMUPOBATH MACCUB CIIOB M3 CTApOT0O CTEKa

B HOBBII?
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44,

45.

46.
47.
48,
49,
50.
o1,
52,
53.
54,
55.

56.

57.
58.
59.
60.

Kakoe wnckmroueHne BO3HMKAET INPHU YKA3aHUM HA HEKOPPEKTHBIM TUI
neckpunTopa?

Kakne mcknroyeHns: BO3HUKAIOT NPYU YKa3aHWW HA HEJIECWCTBUTEIIBHBIA THUIL
JAeCKpHUnTopa?

Yrto Takoe MpUBUIIETHH?

Ha xakom ypoBHE IpUBUJIETHI pabOTaeT MporpaMma B peajibHOM PEKUME?
JI71s1 4ero HyKHbI IPUBUJIETUN?

C Kakoro ypoBHs IPUBHWIETUN HAYMHAET BBITIOJIHATHCS 3a1a4a?

Kakoi ypoBeHb IpUBUIETUI UMEET CAMBIN 3aIUAILIECHHBIN TECKPUIITOP?
Kakoi ypoBeHb NPUBUIETUN UMEET CaMbIM HE3AIUILEHHBIN JECKPUITOP?
Yro Takoe 3¢ (PpeKTUBHBIA YPOBEHb MPUBUIIETUI?

Korma npou3BoanTcs KOHTPOIIb JOCTYyNA K CETMEHTaM JaHHBIX ?

B xakom ciydae BO3MOXKEH JOCTYN K CETMEHTY JaHHBIX ?

C KakuM TEKyIIMUM YPOBHEM MPUBHIETUHA MOXKET OBITh NPOYMUTAH
MOJUYUHEHHBIN CETMEHT Koja?

B kakom ciyyae npOM3BOAMTCS KOHTPOJIb THUIIOB M TNPUBUIIETUH TIPHU
repeaye ynpaBJjaeHus ?

[TpaBuna npuBmiernit gyst komanx JMP wnun CALL

[IpaBuna npuBUIEruii pY NPEPHIBAHUAX BHYTPH 3a]1a4U

[IpaBuia npuBHIIETHI [U1s1 MHCTPYKLIMM BO3BparTa

[IpaBuia npuBUIIETUM TIPU MIEPEKIIFOYEHNUH 3a/1a4
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2 CTPYKTYPA WINDOWS 2000

[Toncucrema BBOAa-BhIBOMA omeparmionHoi cuctembl Windows 2000
COCTOUT W3 psiia KOMIIOHCHTOB HCHOJNHHUTENbHON cuctembl OC, KOTOpHIE
YIPABJISAIOT AaIMIapaTHBIMU CPEJICTBAMH M TPEIOCTABISIOT HHTEPPEHCHI ISt
oOpamieHHsT K HUM CHCTEME W NPWIOKEHUSIM Tojb3oBarens. OCHOBHBIM
CPEACTBOM PaOOTHI MPUKIIAJHOTO MPOTPAMMHOTO O00ECIICUEHUS C arlapaTHbIM
obecnieueHneM sBistoTes ApakiBepel. B OC Windows 2000 wucmonb3yroTcs
pa3nYHbIE THUIBI JIPABEPOB, KOTOpPHIC MO-Pa3HOMY B3aMMOJICHCTBYIOT C
CHCTEMHBIMU KOMITOHEHTAMH U C TPOrPaMMaMHU IT0JIb30BaTEIS.

[Ipexxne, yem paccMarpuBaTh YCTPOWCTBO JApailBEpoOB, HEOOXOIUMO
JOCTAaTOYHO TOAPOOHO HCCIIEOBATh CTPYKTYpPY OIEPAIIMOHHONW CHCTEMBI,
MECTO B HEW TOJCUCTEMBI BBOJA-BBIBOJIA, a TaKXKEe B3aUMOJICHCTBHE
KOMIIOHEHTOB TIOJICUCTEMbI MEX/Ty COOOH M C CHCTEMHBIMH KOMIIOHEHTAMH.

VYrpoieHHas cXeMa apXUTEKTypbl omeparronHoi cuctembl Windows

2000 moka3ana Ha pucyHnke 2.1 [1].

Mpoyeccobl Monbznea
Mpoueccol MoacucTembl
NoAAePHKEN CODEUCOR Tenbckue OKDYKEHA
CUCTEMbI P NpUNoXeHWA PyK
DLL noacuctem
Monb3oBaTeNbCKUIA
‘ \ - pPeXum
Pexum sgpa
McnonHWTeneHaA cuctema Moaaepskka
HAapo Opaieepel YCTPOACTE OKOH W rpaduku
YpoBeHb annapaTHblX abcTpakymi

Pucynok 2.1 — Ynpomennas apxutexkrypa Windows 2000
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[ToHsiTHO, dYTO TpENCTABIICHHAs HAa PUCYHKE CXeMa JaeT JIWIIb
NpUOMMKEHHOE TpEACTaBiICHUE 00 dJIeMEeHTaX CHUCTEMBI U 00 WuX
B3auMoecTBuU. OAHAKO YK€ Ha 3TOM YINPOILEHHON CXEME MOYKHO 3aMETHTh,
YTO 3JIEMEHTHI OMEPAIMOHHON CHUCTEMBI Pa3CISIIOTCS Ha JBa Kiacca — OIHU
BBITIOJTHSIFOTCSL B TIOJIb30BATEIILCKOM PEKUME, IPYTUe — B pexkume sapa. [lotokn
MIPOIIECCOB  MOJB30BATEIILCKOTO PEKUMa BBITIONHSAIOTCS B 3alIUAIIEHHBIX
aJPECHBIX MPOCTPAHCTBAX IMPOIIECCOB (XOTS MPHU BHITOTHECHUU B PEXKUME sIpa
OHM TIOJIy4alOT JOCTYyN K CHCTEMHOMY HpOCTpaHCTBY). Takum o0Opazom,
MPOIIECCHl TOJJCPKKHA CHCTEMBI, CEPBUCOB, TPHWIOKECHHH | IOJICHUCTEM
OKPYKEHUS BBITTOTHSIIOTCS B CBOMX aJPECHBIX MTPOCTPAHCTBAX.

Cy1iiecTByeT 4eThIpe TUNA MOJb30BATENBCKUX MpoLeccoB [1]:

— (UKCHpOBaHHBIC npoyeccvbl noddepxcku cucmemwvr (System Support
Processes) — Hampumep, mporiecc o0OpaOOTKM BXOJa B CHCTEMYy H
JMCIIETYep CeaHCcoB, He sBistontuecs ceppucamu Windows 2000 (to
€CTh, OHM HE 3aIyCKaIOTCS IMCIIETYEPOM YIIPABJICHUS CEPBUCAMU),

— npoyeccul cepsucos (Service processes) — Hocutenmu Win32-cepBHcos,
Bpojme Task Scheduler (mmamupoBmk 3amad) u Spooler (cmynep
nevaT); MHOTHe cepBepHbie npuioxerus Windows 2000, Hanpumep,
Microsoft SQL Server u Microsoft Exchange Server, taxxke
BKJIFOYAIOT B CE0S1 KOMITOHEHTHI, BBHITTOJTHSIEMbBIC, KaK CEPBHUCHI,

— noavzosamenvckue npunodxcenus (User Applications) — ObiBaroT msatu
tunos: Win32, Windows 3.1, MS-DOS, POSIX u 0OS/2 1.2,

— TIOJICUCTEMBI OKPYKEHHUS (Environment Subsystems) -
IPEJIOCTABIISAIOT  TOJIB30BATEIBCKUM  MPUIIOKEHUSIM CCPBHCHI,
BCTPOCHHBIC B OICPAIIMOHHYIO CHUCTEMY, 4Yepe3 HaOOp BBI3BIBACMBIX
byHKIMH, 00pa3yst TaKUM 00pa30M OKPYIHCEHUE ONEePAYUOHHOU CPEObL.

Cnenyer oOpatuth ocoboe BHHMaHuE Ha anmemeHT «DLL momcuctem».

Ero mpucyrcrBue cBsizano ¢ tem, 4ro B Windows 2000 moib30BaTelbCKue
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NPUJIOXKEHUST HE MOTYT HANpPSMYI BBI3BIBATH BCTPOCHHBIC  CEPBUCHI
ONEpPAallMOHHOM CUCTEMBI — OHU pabOTalOT Yepe3 OAHY WIM Heckoiabko DLL
noocucmem (Subsystem DLL). Onm npeaHa3Ha4eHbl IS TPAHCIISIHH
JOKYMEHTHPOBAHHBIX (YHKIUHA B COOTBETCTBYIOIINE HEIOKYMEHTHPOBAHHBIC
BHYTPECHHUE BBI30BHI cucTeMHBIX ceprcoB Windows 2000.

Windows 2000 BkJTIO9aeT CIeayIonIiue KOMIIOHEHTHI pekumMa sipa [1]:

— ucnoanumenvras —cucmema  (executive), coxaepkamias  0a30BbIC
CEpBUCHI OIEPAIIMOHHONW CHCTEeMBbl (00eCIeUnBarOIINe YIPABICHNE
NaMsThIO, TIPOIlECCaMHd W TOTOKAMH, 3alllUTy, BBOJ-BBIBOJ U
B3aUMOJICHCTBHE MEXK]Ty ITPOLIECCAMH),

— sao0po  (kernel),  coxmepxkaimee  HU3KOYpPOBHEBBIE  (DYHKITHH
OTIEPAIIMOHHON CUCTEMBI (TIOICPKUBAIONIHE IUIAHNPOBAHHUE ITOTOKOB,
IAWCIICTYCPU3AINIO TPEPhIBAHUN W WCKIIOYCHUH, CHHXPOHU3AIUIO
MPOIECCOB U T. J.); SIAPO MPEIOCTaBIISIET TakKe HAOOp MpouUeayp U
0a30BbIX OOBEKTOB, UCIOJIB3YEMbIX WCIOJHUTEIBHONH CUCTEMOM st
peau3auy CTPYKTYp BBICIIETO YPOBHS,

— Opausepor ycmpouicme (Device Drivers) — npaiiBepbl anmapaTHBIX
YCTPONCTB, TPAHCIUPYIOIIME TII0Jb30BATEIbCKUE BBI3OBHI (DYHKIIHIA
BBOJA-BBIBOZIA B CICIHAIM3UPOBAHHBIC 3alPOCHI JJII KOHKPETHBIX
YCTPOWCTB, CETEBBIE APAUBEPHI U APaBEPhI (HAMTOBBIX CUCTEM,

— yposenv annapammuvix adbcmpakyut (Hardware Abstraction Layer,
HAL), uzonupyromuii s1po, IpaiiBepbl U UCIOJHUTEIBHYIO CHUCTEMY
Windows 2000 oT crenu¢uKyd BHEIIHUX YCTPOKMCTB W almapaTHOW
1aTQOpPMBl,

— noodcucmema noooepoicku oxkor u zpaguxu (Windowing and Graphics
System), peanusyromas (GpyHKIIMU TpaGuUecKoro MOJIb30BATEIHCKOTO
untepdeiica (GUI), 6onee n3BectHrie kak WiNn32-¢pyHKummu Momynen

User u GDI; stu ¢yHkimun obOecrneuynBaOT MOAICPKKY OKOH,
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AJIEMEHTOB yIpaBlieHUs WHTepdeiica Moibp30BaTeNsd U MPOPHUCOBKY

rpaduku.

B tabaune 2.1 mpuBeaeHbl OCHOBHBIE (Daliibl CUCTEMHBIX KOMIIOHEHTOB

Windows 2000.

Tabmuma 2.1 — OcHoBHBIE ¢ainbl cucteMHbIX KommoneHToB Windows 2000

Wwms daiina

KoMnoHeHTBI cucTEMBI

Ntoskrnl.exe

HcnonmauTtenbHas cucTeMa u AApPO

Ntkrnlpa.exe

VcnonHUTENbHAS CUCTEMa M SIPO C TOJICPIKKON MeXaHu3Ma
Physical ~ Address  Extension  (PAE), mo3Bostomero
UCIIOJIb30BATh 36-pa3psiiHyto aJipecario (ampecHoe
poCcTpaHcTBO B 64 ['Gaiita)

Hal.dll YpoBEHb anmapaTHbIX a0CTpaKIHii

Win32k.sys Yacte noacuctembl Win32, paboTaromas B pekuMe sapa

Ntdll.dll BuyTpennne GYHKIMH MOMICPKKA U UHTEPEUCH qucreTdepa
CHCTEMHBIX CEPBUCOB C (PYHKIMSIMH UCITOJHUTEIBHON CHCTEMBI

Kernel32.dll, Ocuosublie DLL noxcucremsr Win32

Advapi32.dll, User32.dll,

Gdi32.dll
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2.1 OcnogHble KOMNOHEHMbL CUCTNEMbL

Paccmorpum  Temeps Oojiee  MOAPOOHO KOMITOHEHTHI OIEpPaIlMOHHOMN
cucrembl Windows 2000, mpuMepHast apXUTeKTypa KOTOpoi Oblia H300pakeHa
Ha pucyHke 2.1. bonee moapooHo apxurekrypa Windows 2000 mpencraBicHa
Ha pucyHke 2.2 [1].

Npoueccbl MopcucreMmbl
NOAAEPKKH CHCTEMbI Mpoueccb! cepucoB Mpunoxenus OKpPYXEHHA
: I )

[Nucnetyep 1

ynpasneHus
cepsucamu

1

Svchost.exe

‘ [ucnetyep oyepeau I

neyatu (cnynep) ‘

Windows
Explorer

[ucnetyep
CeaHcos

| Ntdll.dll
CHCTeMHblE o T 1 Monb3oBaTenbCkwi
NOTOKM PEXHM

Y YY Yy YY VV Pexwum

QvcneTyep CUCTEMHbIX CEPBUCOB

Services.exe

(BbI3blBaeMble UHTepdheiChl pexuma aapa)

[ucnetyep ez |lse| 22| s | 88 @ 2 |58 29
seoga-bisofa | SE | 28 | &S| €8 | 88| 3 s |g&s| g8
g xa o ® s ® H] 2 < © S=9 -]
E R oz az Sz oz g 8 B2 85
- = ® @ = T o o - .o = o
» S - Oo =o o T T e 5 © =
Apaitseps! S B 3 95| 3 s £ g
yCTpoicTB =3 = = ES 5 3 s g
u haitnoson 3 z 2 = g

CUCTEeMb! 3 £ z

-8 o
fAapo

YpoBeHb abcTparuposanus ot o6opyaosanua (HAL)

AnnapaTHble UHTepdenchl
(WMHbI, ycTpoicTBa BBOAA-BLIBOAA, NPepbIBaHMs, TaitiMepbl, DMA, ynpasnenue Kawem namatv u 1. A.)

Pucynok 2.2 — Apxutekrypa Windows 2000
W3 pucynka BuaHo, uto B Windows 2000 umMeeTcssi TpH IMOACHUCTEMBI
okpyxenusi: Win32, POSIX u OS/2. Tlomcucrema Win32 3mech CTOUT Ha
nepBOM MecTe He ciydaitHo — 6e3 Hee Windows 2000 pabotaTh HE MOXKeET. DTa
nojicucTeMa o0pabaThIBACT BCE, YTO CBSA3aHO C KJIABUATYPOW, MBIIIBIO |
skpaHoM. OHa Hy)KHA JIaXKe Ha TE€X cepBepax, Y KOTOPhIX HET MHTCPAKTUBHBIX
nose3oBareseit. [logcuctema Win32 pabGortaeT Bcernma, a OCTabHBIC JIBE

NMOACHUCTCEMBI 3aITYCKArOTCs TOJIBKO 110 Tpe60BaHI/IIO.
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Kakune moacucremsr Oymyt 3arpyxensl mpu crapre Windows 2000,
ompejeNsseTcs 3HaueHWeM MmapameTpa Required B pasmene  peectpa
HKLM\SYSTEM\CurrentControlSet\Control\Session Manager\Subsystem. B
TOM MapaMeTpe MpPOCTO yKa3zaH CIHCOK TIOJICUCTEM, 3arpyKaeMbIX MpH
3aITycKe.

Kaxngas moacucreMa  OKpyKEHHUs — MPEAOCTaBISET  MPUKIATHBIM
IporpaMMaM CBO€ TIOJIMHOKECTBO 0a30BBIX CEPBHCOB HCIOJIHUTEIHHOM
cucrembl Windows 2000. DTo 3HAYHT, YTO MPUIOKEHHUE, CO3TAHHOC I OTHOU
MIOJICHCTEMBI, MOXKET BBITIOJNHATH TOJIBKO OTEpAIldU 3TOW TOJCUCTEMBI, U HE
mMoxeT apyroil. Tak WIin32-npunoxenuss He MOTYT ucmnojib3oBatb POSIX-
¢dyukuuto fork.

Kaxnpii ucnonugemsiii daiin (.EXE) nmpunamiexxur oaHOW, U TOJIBKO
onHoi mojcucreme. [Ipu 3amycke ero oopasa KoJ, OTBEYAIOIIUM 3a CO3JaHUE
mpolecca, MoJiydaeT THI TOJICMCTEMBI, YKa3aHHBIM B 3arojioBke o0Opasa, H
YBEJIOMJISICT COOTBETCTBYIOIIYIO MOJACHUCTEMY O HOBOM miporiecce. B Microsoft
Visual C++ tun ykaseiBaercs cnenuduraropom /SUBSYSTEM B komanze link.

OpHOBpEeMEHHBIE  BBI3OBBI  (DYHKIIMH  pasIUYHBIX  TMOJCHUCTEM
HEBO3MOXHBI. To ecTh, mpuinoxkeHuss POSIX MoryT BeI3BIBaThH TOJIBKO CEPBUCHI,
OKCTIOPTHPYEMBIC ATOU MOJICUCTeMOH, a mpuioxerust WiNn32 — TOJIbKO CEepBHUCHI,
SKCIOpTUPYeMbIe mozacucTemoi Win32.

Kak yxe ckazaHo BBbIIIIE, MPUITIOKEHHUS TOTH30BATENS HE MOTYT HAMPSIMYIO
BbI3bIBaTh cucteMHbie cepBuckl Windows 2000. Onu oOpamatorcs k DLL
noacucteMm. It DLL npenocTaBisioT 10KyMEHTUPOBAaHHbBINA HHTEphENC MEXKTY
nporpaMMoii W BbI3bIBacMOM el moacuctemon. DLL moacucrembr Win32
(Kernel32.dll, Advapi32.dll, User32.dll, Gdi32.dll) peanmsyrot dpynkuun Win32
API, a DLL noacuctembr POSIX peanusyet ¢pynkiun POSIX 1003.1 API.

[Ipu BeI30BE mprtokeHueM oaHoM u3 Gynkiuii DLL moacuctemMbr MoKeT

BO3HUMKHYTb OAWH U3 TPEX CIIy4YacCB:
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— OyHKIUS TOJTHOCTHIO peaTn30BaHa B IOJI30BATEILCKOM PEKHME
BHYTpU DLL moacuctemsl. To ecTh BbI30Ba UCTIOTHUTEILHON CHCTEMBI
Windows 2000 He MPOHMCXOIWT, W IOCIE BBIMOJIHEHHS (DYHKIHHA B
MOJTb30BaTEICKOM PEXHME €€ PEe3yJIbTaT BO3BpAIAaeTCs BHI3BaBIICH
(GYHKITHIO TIpOrpaMMe.

— @OyHkus TpebyeT OAHOTO WM 0oJiee BBI30BOB HCIOJIHUTEIBHOM
cucrembl Windows 2000. Hampumep, Win32-pyuakuuu ReadFile u
WriteFile oOpamatorcss ¥ BHYTpEHHHM HEIOKYMEHTHPOBAHHBIM
cepBUcCaM BBoma-BeiBoga — K NtReadFile wu NtWriteFile,
COOTBETCTBEHHO.

— Oynakuus TpedyeT BBINOJHEHHS KaKUX-THOO Omeparuil B Mporecce
MOJICUCTEMbI OKpYXKEHHUA. B 3TOM ciydae moacucTeMe OKpYKeHUS
nepeaaeTcsi COOOIIEHNE ¢ KIMEHT-CEPBEPHBIM 3alPOCOM BBITIOTHEHUS
Kakoi-11m00 omnepanuu. DLL mojgcucTeMbl B 3TOM cllydae BO3BpaIiacT
yIOpaBJICHUE BBI3BABIICH MporpaMMe TOJBKO TMOCTE TMOTY4YEHUs
COOTBETCTBYIOILIETO OTBETA.

Hexotopeie ¢ynkiuu, Bpoge CreateProcess wiu CreateThread moryt

TpeOOBaTh BHIMOJHEHNE U BTOPOTO, U TPETHETO MTyHKTOB.

Tak kak Win32 sBisercs riaaBHOW mojacucteMoit okpyxkenus Windows
2000, xox mis oOpaOOTKM OKOH M OTOOpa)KCHHS BBOJA-BBIBOJIA ITOMEIICH
UMEHHO B 3Ty MojcucteMy. JIpyrue mojacucTeMbl OKPY>KEHHS 711 BBITIOJTHEHUS
0a30BbIX (YHKIMII BBOJA-BHIBOJIA BBI3BIBAIOT COOTBETCTBYIOIINE CEPBUCHI
Win32. lanee Mbl paccMoTpuM Oostee moapooHo kommonentsl Windows 2000,

n300paKeHHbIE HA PUCYHKE 2.2.
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2.2 Iloocucmemvbl OKpys#ceHUs

Kak yxe Obputo mokazaHo, B coctaB Windows 2000 Bxoaut Tpu
nojicucteMsl okpykenus Win32, POSIX u OS/2.

[Toxcucrema WIin32 cocTOUT U3 CIEAYIONUX OCHOBHBIX 3JICMEHTOB:

— TIpoliecca mojacucTeMbl OKpykeHus (CSrss.exe), mpeaocTaBIsomero:

O TOJACPKKY KOHCOJBHBIX (TEKCTOBBIX) OKOH,

O TOMJIEPKKY CO3AaHUS U yJIaJICHUs MIPOIIECCOB U MOTOKOB,

o npyrue ¢yuknuu tana  GetTempFile,  DefineDosDevice,
TxitWindowsEX, a Takke HEKOTOpble (YHKIUH MOIICPKKU
€CTECTBEHHBIX SI3bIKOB,

— npaiiBepa pexxuma sapa (Win32K.sys), Bkirogaromniero:

O JWCHETYEp OKOH, YIPABISIONINA MPOPUCOBKON 1 BEIBOJOM OKOH Ha
9KpaH, MPUHUMAIOIWNA BBOJ C KJIaBHATYPhl, MBIIIA H JPYTUX
YCTPOMCTB, a TaKXKe MEepeAaroluii MOJIb30BaTEIbCKUE COOOIICHUS
MIPYIIOKCHUSM,

— DLL-moayneit moxmcucrem (Kernel32.dll, Advapi32.dil, User32.dll,
Gdi32.dll), TpaHcaMpyONUX BBHI3OBBI TOKYMEHTHPOBAHHBIX (PYHKIIHH
Win32 APl B BBI30BBI COOTBETCTBYIOIIMX HEJOKYMEHTHPOBAHHBIX
cepBucoB pexkuma siapa u3 Ntoskrnl.exe u Win32.sys,

— JpaiiBepoB TpauUECKUX YCTPOMCTB, MPEACTABIAIONIUX COOO0M
cnenuduaeckue I KOHKPETHOTO 000PYI0BaHUS JApaliBePhl TUCILIC,
NPUHTEPA U MUHHUTIOPT-APaBEPHI BUICOKAPT.

[Toncucrema POSIX (Portable Operating System Interface Based on
UNIX — mepeHocumMbIii nHTEpdeiic omeparmonHoi cucteme Ha ocHoBe UNIX) —
9TO  COBOKYMHOCTh  MEXAYHApOJHBIX  CTAHIAPTOB Ha  HHTEpP(]EHCH
oneparmonHbix cucteM Tuma UNIX. HaGop ¢yHkuuii, moCTymHbIN
npuioxeHusM POSIX 1o yMona4aHuio, CTPOTO OTPaHUYEH CEPBUCAMH,

onpenaensiembiMu ctangapToM POSIX.1. DTy orpannyeHus 3aKir04aloTCcsl B TOM,
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gyro npuinoxkenue POSIX ve moxet co3mare nmotok mwiu okHo B Windows 2000,
a Takke He Moxer ucnoiws3oBath RPC (Remote Procedure Call — crammapr
CEeTeBOr0 MPOTPAMMHUPOBAHUS, TO3BOJSIONINN  CO3/1aBaTh  MPUIIOKCHHUS,
COCTOSIIIIME W3 TPOM3BOJIBHOTO YHCIA TMPOUEAYP, YacTh U3 KOTOPBIX
BBITIOJHSACTCS JIOKAIBbHO, a 4YacTh — HA YJAJICHHBIX KOMIBIOTEPAX Yepe3 CEeTh) U
COKETHI (KOHEYHasi TOUKa KOMMYHHKAITMOHHOTO COCTMHEHN).
[Toxcucrema OS/2, xak u moacucrema POSIX, o0iianaeT orpaHHYEeHHOM
(YHKIIMOHALHOCTBIO U TIOJICPKUBACT JIUIIH 16-paspsaabie npuioxkenus OS/2
Bepcun 1.2 ¢ CUMBOJBHBIM WM TrpadUyecKUM BBOAOM-BBIBOJIOM. Kak wu
nogacucrema POSIX, moacucrema OS/2 aBromMaTtWdeckw 3amycKaeTcss NpH
nepBoid  aktuBm3anuu  OS/2-COBMECTHMOTO TPHUIOKEHUS U IPOJIOJDKACT
paboTath 10 nepe3arpy3Ku CUCTEMBI.
Monyme Ntdll.dll — cnenmanbaas OuOIMOTEKa CHCTEMHOH IMOIJICPIKKH,
HeoOxoauMass B OCHOBHOM Iipu wucnoib3oBanuu DLL-mogcucrem. Ona
COJIEPKUT (DYHKITUHU JABYX THUIIOB:
— wuHTepdeichl aUcreTYepa CHUCTEMHBIX cepBUCOB (System Service
Dispatch Stubs) x cepsucam ucnonnurenpHoi cuctembr Windows
2000,

— BHYyTpeHHHE (YHKIUU TOIACPKKU, HCIOIb3yeMble MOJICUCTEMaMH,
DLL noxcuctem v IpyruMyu KOMIIOHEHTAMH ONEPALMOHHON CUCTEMBI.

IlepBas rpynmna QyHKIUE mnpenocTaBisieT UHTEpderc K cepBHcam
ucnonauTenbHOM cuctembl Windows 2000, kKOTOpble MOXKHO BBI3BIBATH M3
MOJIb30BaTEIbCKOrO  pexxkuma. Takux ¢yukiuid Oonee 200, Hampumep,
NtCreateFile, NtSetEvent u 1. 1. BoNBIIMHCTBO U3 ATHX (YHKIHUN IOCTYITHO
yepe3 Win32 API, HO HekoTOpbIe U3 HUX JOCTYIHBI TOJBKO ISl BHYTPEHHETO
npumenenus. s kaxnoit u3 ¢ynkumit B Ntdll cymecrByer Touka Bxonma c
umeHeM ¢yHkuuu. B kozme QyHkumm comepxkutcs cneuuduyeckas s

KOHerTHOfI afrIaparypbl KOMaHAa IICPEXOoJa B PCEKHUM dApa [IJI1 BbI3OBa
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CUCTEMHBIX CEPBHCOB, KOTOpas TIOCJIE MPOBEPKH HEKOTOPHIX TMapaMeTpPOB
BBI3BIBACT YK€ HACTOSIINIA cepBrC pexkuma simpa u3 Ntoskrnl.exe.
Ntdll BxmrogaeT Tak:xe MHOKECTBO (DYHKITHH ITOJICPKKH, HAIIPUMEP:
— 3arpy3uuk 00pa3oB ((yHKIMH, IMEHA KOTOPhIX HaurHaroTcs ¢ Ldr),
— JUCHIeTYep Ky,
— (yHKOMKH UIS B3aMMOJEHCTBUSA C mpoleccoM moacucteMbl Win32
(pyHKIIMH, IMEHA KOTOPBIX HaunHatoTcs ¢ CSr),
— YHHUBEpPCAJIbHBIC TPOICAYPHl OHWONIMOTEK BPEMEHH BBITOJTHCHHS
(pyHKIIMHU, IMEHA KOTOPBIX HaunHaIOTCS ¢ Rtl),
— naucneruep APC (Asynchronous Procedure Call) mosib3oBaTenbckoro
peXuMa u

— JUCHEeTYEP UCKIIFOYECHUN.
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2.3 Hcnonnumenvrnas cucmema

HcnomautenbHas cuctema (Executive) HaxomuTcs Ha BEpXHEM YPOBHE

Ntoskrnl.exe (smpo pacmomaraercs Ha OoJjiee HHU3KOM ypoBHe). B ee cocraB

BXOJISIT CIIEAYIOIIHE (PYHKITUH:

OKCIIOpTUPYEMble  (pyHKIMH, JOCTYNHBIE JUII  BBI30BA W3
TI0JIb30BaTEIBCKOTO PEKUMA, Ha3bIBAEMBIE CUCMEMHBIMU CEPBUCAMU T
skcnoptupyromuecs depe3 Ntdll; GOJIBIIMHCTBO CEPBHCOB JAOCTYITHO
gyepe3 Win32 APl win APl npyrux moacucteM OKPYXKCHHsS, OJHAKO,
HEKOTOPBIC U3 HUX HEOCTYITHBI Yepe3 JOKYMEHTUPOBAHHbBIE ()YHKITUU
(marmpumep, LPC — Local Procedure Call, nokanbHbI BBI30B
nporenypsl, ¢yHknun 3anpocoB Tuma  NtQuerylnformationxxx,
cnenuainsupoBanubie pynkiuu tTuna NtCreatePagingFile u . 11.),
OKCIOPTUPYEMbIe (DYHKIIMM, JOCTYIHBIC JUIS BBI30BA TOJBKO U3
pekuma sapa u o onucannsie B Windows 2000 DDK  (Driver
Development Kit) wim 8 Windows 2000 IFS (Installable File System)
Kit,

OKCIIOPTUPYEMbIC (YHKIIMH JOCTYIHBIE JUIS BBI30BA TOJBKO U3
pexuMma sapa, Ho He omnucanHbie B Windows 2000 DDK  wnm B
Windows 2000 IFS Kit (wampumep, QYHKIUH, HCIOIb3yeMbIC
BUJICO/IpaiiBEpOM, paboTalONMM Ha JTane 3arpy3kd, 4Ybd HMEHa
HaunHaroTCs ¢ Inbv),

(GYHKIUH, OMpEICICHHbIC, KaK II00aIbHbIC, HO HE YKCIIOPTHPYEMbIC
CUMBOJIbI  (HampuMep,  BHYTpEeHHUE  (QYHKIUH  TOJJACPIKKH,
Bei3bIBacMbie B Ntoskrnl, ybu mMena Haumnarorcs ¢ 10p — GyHKIHH
NOJICP)KKKM JHMCIeTdepa BBOAa-BeIBOJa — miad ¢ Mi — dynkuun
NOJIIEPKKH YIIPABICHHUS TAMSITHIO),

BHyTpeHHHUE (QYHKIIMU B KaKOM-JIHOO MOJyJie, HE ONpeCIIeHHbIC KaK

r7100abHBIC CUMBOJIBI.
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HcnonauTeNnbHAas CHCTEMa COCTOMT W3  CISAYIOIIMX  OCHOBHBIX
KOMITOHEHTOB:

— Oucnemuep KOH@ueypayuu, OTBEYAIOUIUN 3a yIpaBiIeHUE CUCTEMHBIM
peecTpom,

— Oucnemuep npoyecco8 U NOMOKOS, CO3MAIOIINNA M 3aBEPIIAIOIIUI
MPOIIECCHI U TTOTOKH,

— CNPABOYHbIL MOHUMOP 0e30nacHOCmuU, PEATU3YIOIMUA OJTUTHKA
0€30MacCHOCTH Ha JIOKAIBHOM KOMIIbIOTEpE (OH OXpaHseT PecypcChl
OMEpPAIIMOHHON CHUCTEMBbl U KOHTPOJUPYET OOBEKTHI BO BpEMs
BBITTOJTHEHUS ),

— oucnemuep 6600a-6v16004a, PEATUIYIOIIUN anmnapaTHO-HE3aBUCUMBII
BBOJI-BBIBOJ] M OTBEYAIONIMN 3a TEPECBHUIKY BBOJA-BHIBOAA HYKHBIM
JpaliBepaM YCTPONCTB JJis JajbHeeit o0padoTKH.

— oucnemuep Plug and Play, onpenensiromuii, kKakue ApaidBepbl HY)KHBI
U1l TOAAEPKKU KOHKPETHOIO YCTPOMCTBA, U 3arpyXarolud HX;
TpeOOBaHUS  KaXJOrO0 YCTPOMCTBA K  ammapaTHBIM  pecypcam
OTIPENIETISIOTCS B TIPOIIECCE nepeyucienus YCTPOUCTB (B 3aBUCUMOCTHU
oT TpeOoBaHMil ycTpoWcTB mgucnerdep PnP pacmpenenser Ttakue
pecypchl, Kak MoOpThl BBOJa-BeIBOAA, IRQ, kxanaaer DMA u oGmactu
maMsaTH, a TakKe OTBEYaeT 3a TOCBUIKY COOTBETCTBYOIIMX
YBEJOMJICHH 00 M3MEHEHUSX B allapaTHOM OOECMEYEHUU CHCTEMBI
Mpu 100aBJICHUHN WJIU YJaJICHUU YCTPOICTB),

— Oucnemuep 91eKMpPONUmMAanus, KOTOPBIM KOOPAWHUPYET COOBITHS,
CBSI3aHHBIC C DJIICKTPOITMTAHUEM M TCHEPHUPYET YBEIOMIICHHS CHCTEMBI
yIOpaBJICHUS]  JJCKTPONUTAHWUEM IS JpaiiBepoB  (M3MEHCHHE
SHEPronoTpeOaeHuss OTIAEIbHBIX YCTPOWCTB BO3JAaraeTcsi Ha HX

IpaiBepbl, HO KOOPJUHUPYETCS TUCTIETYEPOM DIIEKTPOIUTAHUS ),

68



— noonpoepammer  WMI (Windows Management Instrumentation —
UHCTpyMeHTapuii ynpasienus Windows), mo3Bossiioinye apaiBepaM
nyOnuKoBaTh MH(OpPMALMIO O CBOMX pabOUYMX XapaKTepUCTUKAX U
KOH(pUTYpallk, a TaKXke IoJydaTh KOoMaHAbl OT ciayk0er WMI
I0JIH30BaTEILCKOT0 pekuma (rmorpedurenu napopmaruu WMI moryt
HAXOJIUThCS KaK Ha JIOKAJbHOM MaIIMHE, TaK U Ha JIIOOOM KOMIIbIOTEpE
B CETH),

— Oucnemuep K2uid, TIOBBIIIAIONINA MPOU3BOIUTEIBHOCTE (PailIoBOTO
BBOJIa-BBIBOJIAa 32 CUET COXPAHEHHS B OCHOBHOW IMaMSTH JHCKOBBIX
JTAHHBIX, K KOTOPBIM HEIAaBHO OBUIO OOpailieHue (3TO YMEHbIIACT
TaKke o0liee 4Yuciio oOpalleHu K JUCKY IS 3alucH, TaK Kak
MOANGUIIMPOBAHHBIE JaHHBIC MPEABAPUTEIBPHO HAKAITUIMBAIOTCS B
MaMsTH B TCUCHHUE ONPEICIICHHOTO ITepHoaa),

— oucnemuep GUPMYAIbHOU NAMAMU, PEATUIYIOIUNA BUPTYAIbHYIO
naMsATh — CXEMY YIpPaBJICHHUS TaMATHIO, MO3BOJISIIOIIYIO BBIICISATH
KOKJOMY TMpPOIECCy OOJBIIOE 3aKPBITOE aJpPEeCHOE MPOCTPAHCTBO,
00BEM KOTOPOTO MOKET MPEBBIIIATH TOCTYIMHYIO (PU3UUECKYIO MTAMSTh.

B coctaB uCmonHUTENbHONW CHUCTEMBI BXOIUT TAKXKE UYEThIPE OCHOBHBIC

rpynnbl QyHKIUN TOANIEPKKUA, KOTOPHIE UCTIOIB3YIOTCS YK€ MepEeUUCICHHBIMU
KoMroHeHTamu. K HUM oTHOCSTCS:

— Oucnemuep 00bekmo8, KOTOPBIM CO3/aeT, YNPABISIET U yAAISIET
00BEKTHI W aOCTPAKTHBIC THITHl JAHHBIX HCIIOTHUTCIBHOW CHCTEMBI
(OHM  UCTONB3YIOTCS  JIJIL  TPEACTABICHUS  TAaKUX  PECYpCOB
OTICPAIIMOHHONW CHUCTEMBI, KaK TIPOIECChl, IMOTOKH U pPa3IuvHbBIC
CUHXPOHU3UPYIOIINE OOBEKTHI),

— mexanuzm LPC (Local Procedure Call), xotopslii mnepemaer
COOOIIIEHUST MEXITY KIMEHTCKUM U CEPBEPHBIM MPOIIECCAMH HA OJTHOM

kommbtorepe (LPC sBnserca omrummsupoBanHoit Bepcueir RPC —
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Remote Procedure Call) u mnpencraBmser co0oi craHZApTHBIN
MEXaHU3M B3aMMOJICUCTBUS MEXKIy KIHNCHTCKUMH W CEPBEPHBIMU
MpOLIECCaMU Yepe3 CETh,

Ha0Op CTaHJAAPTHBIX OMOIMOTEUHBIX (QYHKIMN 1151 00pabOTKH CTPOK,
apuMeTHUECKUX Omepanuid, MnpeoOpa3oBaHUs THUIIOB JaHHBIX U
00pabOTKH CTPYKTYp 0€30MacHOCTH,

HOONPOSPAMMbBL HOOOEPIHCKU UCHOTHUMENLHOL CUCmeMbl, HaIpUMED,
JUTSL  BBIICTICHWS CHCTEMHOM TIMaMATH, JOCTylma K TaMITH C
B3aMMOOJIOKMPOBKOM, a  Takke JBa  CICUUAJbHBIX  THUIMA
CUHXPOHU3HUPYIOIINX O0OBEKTOB: pecypc (Recourse) u

obIcTpociicTBytomuUi MbioTeke (Fast Mutex).
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2.4 Hopo

Snpo coctout u3 Habopa pyHIaMeHTAIBHBIX QyHKIH [1] (B ToM ymce,
IUTAHUPOBAHUE MOTOKOB M CHHXPOHM3AIMS), KOTOPHIE PACIIOIOKEHBI B (aiiie
Ntoskrnl.exe, n MCIONB3YIOTCS KOMIIOHEHTaMHU HCIIOJIHUTEIILHOW CUCTEMBI H
HU3KOYPOBHEBBIMHU (aIIIapaTHO-3aBUCUMBIMH) CpPEACTBAMU — JUCHETYEPAMHU
NPEPBIBAHUI M HCKIOYEHUH, KOTOpPHIE HENOCPEICTBEHHO «IPHUBSA3AHBD) K
KOHKPETHOM armapaTHOM miargopmMme.

SAApo cOCTOMT W3 HU3KOYPOBHEBBIX YETKO OIPEAECICHHBIX M XOPOIIO
IPEACKAa3yeMbIX NPUMUTUBOB M MEXAaHU3MOB ONEPALMOHHOW CHUCTEMBI,
NOJJIEPKUBAIOIINX (PYHKIIMM KOMIIOHEHTOB HMCHOJHUTEIBHON CUCTEMBI Oolee
BBICOKOTO YpPOBHA. SIp0 OTAEIEHO OT HCIOJHUTEIBHOW CHUCTEMBI — OHO
peanu3yeT CUCTEMHBIE MEXaHWU3Mbl, HO HE YYacTBYET B NPUHSITHUH PEIICHHII,
CBA3aHHBIX C CHUCTEMHOW IIONUTUKOW. Bce Takme pemenus, Kpome
IUIAHUPOBAHUS U JTHUCIETYEPU3ALMHU TOTOKOB, MPUHUMAIOTCSA UCTIOTHUTEIBHOM
CUCTEMOM.

Bhe sapa ucnonHUTENbHAas CUCTEMa MPENCTaBIAECT MOTOKH U JpYyrue
pazziensieMble pecypchl B BHUJle 00BEKTOB. Jljig Kaxaoro oObeKTa HEOOXOAUM
JECKPUIITOP, MO3BOJIAIONINI MaHUITYJIUPOBATh UM, CPEACTBA 3AIUTHI U KBOTHI,
pe3epBUpPYEMBIE TIPU UX CO3IaHHUH, TOATOMY OOCTY>KUBaHUE OOBEKTOB TPEOyeT
HEMaJIBIX pecypcoB. Snpo peanuszyeT HaOop OoJjiee NPOCTHIX OOBEKTOB,
Ha3bBaeMbIX obwvexkmamu sopa (Kernel Objects), uro mo3BoisieT CHHU3UTH
U3IepKKU Ha ux oOciuyxuBaHue. OOBEKTHl sipa MO3BOJIAIOT  SIAPY
KOHTPOJIUPOBATh 00pabOTKYy JaHHBIX MPOLIECCOPOM U MOJAJEPKUBAIOT OOBEKTHI
UCIIOJTHUTEIbHOM  CUCTEMBI.  BOJBIIMHCTBO OOBEKTOB  UCIOJIHUTEIBbHOU
CUCTEMbI MHKAIICYJIUPYET OAUH WK 0oJjiee 0OBEKTOB si/ipa, BKItoYas B ce0s UX
aTpuOyThl, ONIPEICIECHHBIE SAPOM.

OnHa w3 Tpymnn 0O0BEKTOB sjpa, HasbiBaeMbIX ynpasasiowumu (Control

Objects), ompeznenseT CceMaHTHKY YIpPABICHHS Pa3IMYHBIMU (DYHKIUSIMU
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OIEPaMOHHON cUcTeMbl. B a1y rpynmy Bxomsat o0bekTel APC (Asynchronous
Procedure Call — acuaxponnsiii Bei3oB mpoueaypsi), DPC (Deferred Procedure
Call — orcpoueHHBII BBI30OB TPONEAYPHI) H HEKOTOPBIE OOBEKTHI,
UCITIOJIb3yEMbIE TUCIIETYEPOM BBOJIA-BBIBOJIA (HAIpUMED, OOBEKT MPEPHIBAHMS).

Jpyras rpymnmna o0beKTOB Ha3bIBaeTCsi oovexmul ducnemuepa (Dispatcher
Objects) peanmmsyer cpeiacTBa CHHXPOHHW3AIMH, TO3BOJIIONINE IUIAHUPOBATH
notoku. B aty rpymmy Bxomat nmotok sipa (Kernel Thread), mbrotexe (Mutex),
coowrtre (Event), cemadop (Semaphore), Taiimep (Timer), taiiMep OXHIaHHS
(Waitable Timer), u Hekoropbie napyrue. C momomplo (YHKIMA spa
UCIIOJIHUTENIbHASI CHCTEMa CO3/a€T OOBEKTHl s/pa, MAHUIYJIUPYET HUMH U
KOHCTpYHpYyeT  0OoJjiee  CIIOXKHBIE  OOBEKThI,  MPENOCTaBIsEMbIE B
M0JIb30BATEIBCKOM PEKHUME.

He wmenee BaxHOIl 3amaueil sapa sBisieTcss aOCTparMpoBaHHE WIIU
W30JIALUS UCTIOTHUTEIIBHOM CUCTEMBI U IpaliBEpOB YCTPONCTB OT 0COOCHHOCTEN
KOHKPETHOM  anmapaTHOW pealu3alldd  BBIYMCIUTENIBHOM cucteMbl. K
OCOOEHHOCTSIM KOHKPETHOW ammapaTHON peaau3alud OTHOCSTCS pa3ivuus B
00paboTKe TpepbIBAHUI W HUCKIIOYEHHMM, CHHXPOHHU3ALMS HECKOJbKHX
MPOLIECCOPOB U T. II.

ApXHUTeKTypa sipa HalejJeHa Ha MaKCUMaJbHYI0 YHU(DHKALUIO KOJa,
Jaxe JUIsl amnmnapaTHO-3aBUCUMBIX (QyHKuui. MHTepdeiicsl, noaaepxuBacmbie
AIpOM, YHU(PUUHUPOBAHBI U MOTYT HCIIOIb30BATHCS B PA3IMYHBIX aIMapaTHbIX
maTpopMax U KOHPUryparusx.

OpHako mMpu BCEM CTPEMJIEHUHM pPa3padOTUMKOB CHENATh MHTEPQPEHCHI
anmnapaTHO-HE3aBUCUMBIMH, HEKOTOpas 4acTh KoJa JIOJDKHA paborarh
HEMOCPEICTBEHHO C KOHKpPETHOM anmapartypod. OIHMM W3 MNPUMEPOB
anmnapaTHO-crenru(puIecKoro Kozaa MOKET CILY>)KUTb uHTEepPeiic,

MPEAOCTABIAIONINN MOIAEPXKKY Oydepa TpaHCIALUH MPOLECCOPHOro KHIIIA.
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Pasznuune kona 31ech OOBSACHSAETCS pa3iMuHOM peanu3aluedl Kd3Ila B pa3HbIX
apXUTEKTypax.

BTOoppiM mpUMEpOM MOXKET CIIYKUTh MEPEKIIOYEHUE KOHTEKCTa. XOTA
QITOPUTM TEPEKIIOYEHUSI KOHTEKCTa OJUH U TOT k€ (COXPAaHUTh KOHTEKCT
NPEABIIYIIEro0 NOTOKA, 3arPy3UTh KOHTEKCT HOBOI'O IMOTOKA, 3allyCTUTh HOBBIU
IOTOK), OJHAKO, CaM KOHTEKCT 3aBHCHUT OT alllapaTHON apXUTEKTYpbl
(cocTostHUE MPOIIECCOpPa U €r0 PETUCTPOB), peasiu3alus 3TONH PYHKIIUKU 3aBUCUT
OT armapaTypsbl.

TperbuM TpUMEPOM MOXKET CIOYKUTb Habop X86-crenuPUUHBIX
uHTep(deiicoB ans moaaepxkku crapsix mporpamm MS-DOS. Dtu unTepdeiics
NPUHIUIIMATIBHO HE SIBIISIOTCS NEPEHOCHUMBIMH, TaK KaK B JPYroi anmapaTHOU
aApPXUTEKTYPE OHH MPOCTO OTCYTCTBYIOT.

Jlnst Toro, uroObl oneparmonHas cuctema Windows 2000 Bce-taku ObLia
NEPEHOCUMON MEXJly pa3IMYHbIMU anmnapaTHbIMH apXUTEKTypaMH, B COCTaB
CUCTEMBbI BXOJHUT CIEUUATbHBIA KOMIIOHEHT, KOTOPBIA HM30JUPYET OCHOBHBIE
GyHKUMM siApa CUCTEMBbl OT anmapatHod KOHQUIypalMu — YpPOBEHb

anmnapaTHbIX a0CTpaKIuH.
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2.5  Vposenv annapamnvix abcmpaxyuu HAL

VYpoBenb anmapatHbix adctpakmuii (HAL — Hardware Abstraction Layer)
ABJIAETCSI  KJIIOYEBBIM KOMIIOHEHTOM, OO€CIEUMBAIOUIUM NEPEHOCHUMOCTD
Windows 2000 mexay pa3imuyHbIMU anmapaTHeIMU apxuTektypamu. HAL — 310
3arpyxaempli  Moaynb  pexuma  sapa  (Hal.dll), mnpenocraBnsromuit
HU3KOYPOBHEBBIN uHTep(deiic ¢ ammapatHod 1aT@opmoii, Ha KOTOPOM
Beimostasiercst Windows 2000. OH ckpbIBaeT OT OMNEPAMOHHON CHUCTEMBI
cnenu(UKy KOHKPETHOW ammapaTHod ruiatopMel (MHTEp(deiicoB BBOAA-
BBIBOJIa, KOHTPOJUIEPOB MPEPHIBAHUN, MEXAHU3MOB B3aUMOJACHCTBUS MEXKIY
IIPOLIECCOPAaMU U T. [I.), TO €CTh, BC€ (DYHKIIMH, KOTOPBIE 3aBUCAT OT allapaTHOU
apXUTEKTYPBI U KOHKpEeTHOU DOBM.

JItobas mnatdopmeHHO-3aBUCHMas MH(OpMalUs, Hy)XHas BHYTPEHHUM
kommornenram Windows 2000 wu npaiiBepam YCTpOKWCTB, MOJy4daeTcs OT
noanporpamm HAL, 4uro u oOecrneunBaeT NEPEHOCHMOCTh OMNEPALMOHHOU
cucteMbl. Mmenno mnostomy mnoanporpammsl HAL mnoapobHo omucanbl B
Windows 2000 DDK.

B cocraBe guctpubyrua Windows 2000 mmMeeTcsi HECKOJIBKO MOIYJICH
HAL (taGnuua 2.2), oaHako, MpH YCTAHOBKE CHUCTEMbI Ha KECTKHUM JIUCK
KOMITbIOTEPA KOMTUPYETCS TOJIBKO OJMH U3 MOJYJIEH.

Ta6numna 2.2 — Cnucok moayneit HAL

Wwms ¢aiina HAL | Tlognep:xuBaeMble CHCTEMBI

Hal.dll Cranyaptable nepcoHanbHble KomnbioTepsl (11K)

Halacpi.dll IIK ¢ ACPlI (Advanced Configuration and Power Interface -
Pacmpennsiii uHTepdeiic ynpapieHusi MMTAHUEM U KOH(QUTYPALUSIMH)

Halapic.dll IIK ¢ APIC (Advanced Programmable Interrupt Controller -
PacmipeHHbIi TporpaMMUpPYEMBbIi KOHTPOJLIEP TPEPhIBAHHIA)

Halaacpi.dll I1K ¢ ACPIl u APIC

Halmps.dll Muoromnporeccopubie [TK

Halmacpi.dll Mmuoronporeccopnsie [1K ¢ ACPI

Halborg.dll PaGoune crannumu Silicon Graphics (B Hacrosimiee Bpemsi He
BBIIYCKAIOTCS)

Halsp.dll Compaq System Pro
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JIoCTaTOYHO MPOCTO MOXHO OINPEETUTh, KaKoil MMeHHO Moaynb HAL
UCIIONB3YETCSI B KOHKPETHOM KOMIIBIOTEpPE. DTO MOXHO CJlelaTh Tpems
criocobamu:

1. Hamo otkpeith ¢aitnm \Winnt\repair\setup.log, HaliTu B HEeM CTpOKY
«...hal.dll =», m mocMoTpeTh MMs, CTOSIIEEe MOCIEC 3HaKa PaBEHCTBA
(mammpumep, "halaacpi.dll" — pacmmdporky cm. B Tabmute 2.2).

2. Hamo HaxaTh mpaBylo KHONKY MbImu Ha 3Hauke My Computer (Moii
Komnviomep) Ha pabodeM CToJie, BhIOpAaThb M3 KOHTEKCTHOTO MEHIO
nyHkT Properties (Ceoticmea), OTKpbITH BKIanky Hardware
(Obopyoosanue), Haxkatb Ha KHoOmKy Device Manager (HJucnemuep
ycmpoticmag), BbIOpaTh ycTpoiictBo Computer (Komnwromep) u
IIOCMOTPETH UM «ZIparBepa YCTPOMCTBa» (manpumep,
«OnuonporneccopHsbiii kommbioTep ¢ ACPIy).

3. Hago waiitm daiinm \Winnt\System32\HAL.DLL, HaxaTh Ha HeMm
MpaByl0 KHOIMKY MBI, BBIOPATh MYHKT KOHTEKCTHOTO MEHIO
«Ceoticmeay, BbIOpaTh BKIANKY «Bepcusy, u BIOpaTh UMS dJE€MEHTa
«BHympennee ums» — B TONe «3HaueHue» TIOSBUTCA UMS

3arpyxeHHoro (aiina (Hanpumep, halaacpi.dll).
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2.6 OcHogHble KOMNOHEHMbl NOOCUCTEMbL 8600A-8b1800U
Kak yxe roBopuiock, mojcucremMa BBoaa-BeiBoga B Windows 2000
COCTOUT M3 HECKOJIbKUX KOMITOHCHTOB MCTIOJHUTEILHON CHCTEMBI B IPAiBEPOB

ycTpoicTs [ 1] (pucyHok 2.3).

MNpunoxeHWa Win32-cepBUchl
& F 3
I I d /-‘_‘—'-\
L M
Oucnetuep PnP YcTraHaBnuBa- INF- 1
Cryiba WMI Nonb3oBaTerb- [« eMble \ CAT-
CKOro pexuma KOMMOHEHTbI bairsi
F 3 '
T MonbzoBaTeNbCKUA PEXAM peectp
l Pexum agpa \*—[’/
-y _____ Yy e ____
Moacuctema |~ _ ¥ i
BBOAa-BbIBO !
0A aa : Mpoueaypb [ucneTyep Oucnetuep OucneTuyep
' wDM WMl PnP aneKTpo- BBoAa- |
: nuTaHWA EblBOJA I
... f ___________________ l
OpadiBeppt F~ —— —— —— -~ "~ """ """t TTTTTTTTmTTTTT 1

Pucynok 2.3 — OCHOBHbIE KOMITIOHEHTHI [TOJICUCTEMbI BBOJIa-BbIBOIA
Kaxxnprii 13 KOMIOHEHTOB TOJICHCTEMBI BBOJIa-BBIBOJIA, M300paKEHHBIX
Ha PUCYHKE 2.3, BBIMOJTHSAET CBOU (DYHKIIHH.

— Jlucneruep BBO/AA-BBIBOJA TMOJKIIOYACT MPUIOXKEHUS U CHUCTEMHBIC
KOMIOHEHThI K  BUPTyaJbHBIM, JIOTUUYECKUM U  (DU3NUECKUM
YCTPOUCTBAM, a TaKkKe ompeaessieT UHPPACTPYKTYPY,
MOJIJIEPKUBAIOIIYIO JpaiBEpPhl YCTPOMCTB.

— lpaiiBep ycTpoiicTBa OOBIYHO MpeAOCTaBisieT HHTEep(delc BBOJA-

BBIBOJIA JUIsI YCTPOMCTB KOHKPETHOTO THIA. J[paliBEpbl IPUHUMAIOT OT
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JIUCIIeTYepa BBOJA-BBIBOJA KOMAHABI IS  YNPABISIEMBIX HMH
YCTPOMCTB U YBEIOMIIIOT JUCIIETYEP BBOJA-BBHIBOJIAa O BBINOJHEHUU
3TUX KOMaH[. JlpaiiBepsl MOTryT HCHOJB30BaTh AMCIETYEP BBOJA-
BBIBOJIa JIJII NIEPECHUIKA KOMaH]i BBOJIa-BhIBOJA APYTUM JIpaiiBepawm,
peanu3yronmM uHTepenc TOTo Ke YCTPOMCTRA.

HMucneryep PnP B3aumonelicTByeT ¢ AUCHETYEPOM BBOAA-BHIBOAA U
opatisepamu wun (Bus Drivers) — onmHOW u3 pa3HOBHIHOCTEH
npaiiBepoB ycTpoiicTB. OH yNpaBiISIET BBIACICHUEM anmnapaTHBIX
PECYpPCOB, pAaCIIO3HAET YCTPOMCTBA U PearupyeT Ha UX MOJKIIOYEHUE U
otkitoueHue. J(ucneruep PNP u npaiiBepsl mMH OTBEYAIOT 3a 3arpy3Ky
COOTBETCTBYIOILIETO JApaiiBepa Mpu 0OHAPYKEHUU HOBOT'O YCTPOMCTBA.
Ecnu ycTpoiicTBo 1006aBisieTcsi B CUCTEMY, B KOTOPO HE YCTaHOBIICH
HYXKHBIA JIpaiBep yCTPOMCTBA, KOMIIOHEHTbl HCIIOJHUTEIBbHOU
CUCTEMBI, OTBEUAIOIIME 3a TMOJACPKKY PNP, BBI3BIBAIOT CEpBUCHI
YCTAaHOBKH  YCTPOMCTB, TOAACPKMBaeMbIi  aucrerdepoMm  PnP
MOJIb30BATEIBCKOTO PEKUMA.

JlucnieTyep 37EKTPONUTAHUS TAK)KE B3aUMOJEHCTBYET C IUCIIETYEPOB
BBOJIA-BBIBOJA, YIIPABIISIET CUCTEMOM U ApaiBEpaMH YCTPOMCTB MPH UX
MepeX0/Ie B Pa3Iu4YHbIE COCTOSHUS SHEPTOMOTPEOICHUS.

[Mponenypsr momaepxku Windows Management Instrumentation —
WucrpymenTapuii ynpasienus Windows (WMI) o6pa3yroT KOMIIOHEHT
noctyna WDM (Windows Driver Model) WMI. Ouu mo3BossioT
IpaiiBepaM YCTPOWCTB BBICTYNAaThb B POJIM KOMIIOHEHTOB JOCTYIIA,
B3aMMOJEHCTBY co ciayx60ii WMI nmonp3oBaTebeckoro pexuma uepes
koMmrnoHeHT goctyna WDM WMI.

Peectp — 310 6a3a naHHBIX, B KOTOPOW XPAHUTCS ONMKMCAHUE OCHOBHBIX
YCTPOWCTB, TMOJKIIOYEHHBIX K CHCTEME, a TaKXe IapamMeTpsl

WHULMATU3AUY IpaiiBepOB U HACTPOUKHU KOH(DUTYypaLIUH.
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— INF-daitnel  ucnonb3yroTcsi a1 yCTaHOBKM  jpaiBepoB. OnHu
CBSA3BIBAIOT KOHKPETHOE aIllapaTHOE YCTPOWCTBO C JpaiBepoM,
KOTOPBIM U 3aHUMAaeTCs yrpasiieHHeM 3TuM ycTpoircTBoM. INF-daiin
COCTOUT M3 MHCTPYKLHH, OINUCHIBAIOIIMX  COOTBETCTBYIOIIEE
YCTPOMCTBO, HCXOJHOE M IIEJIEBOE MECTO HaXxOoxAeHUs (ailnos
npailiBepa U JOMOJHUTEIbHYIO HH(popmaiuio o apaiiBepax. CAT-
daiiapl xpaHsaT 1UGpoBBIE MOANUCH (DailyIoB JapailBEepoB, KOTOPHIE
NpOILIM UCHbITaHWEe B Jaboparopun Microsoft Windows Hardware
Quality Lab (WHQL).

— VYpoenb anmapatHbeix adOctpakiuii (HAL) uzonupyer npaiiBepbl OT
crienpruIecKux 0COOCHHOCTEN KOHKPETHOM almaparyphl.

BonpmMHCTBO omepanuii BBOAA-BbIBOJA HE TPEOYIOT ydacTHUs BCeX
YKa3aHHBIX KOMMOHEHTOB. (OOBIYHO 3ampoc Ha BBOJ-BBIBOJ BBIAAETCS
NPUWIOKEHUEM, 3TOT 3ampoc oOpadaThiBaeTCsl IUCIETYEPOM BBOJA-BBIBOJA,
OJIHMM WJIM HECKOJIbKMMU ApaiiBepamu ycrpoiictB 1 HAL.

B Windows 2000 moTOKH BBIMOJHSIOT OINEpallMM BBOJA-BBIBOJA HAT
BUpTYyaJibHbIMU (paitiamu. OnepanvoHHas cucteMa adCTparupyeT BCe 3arpocChl
Ha BBOJ-BBIBOJI, CKpbIBasi TOT (DaKT, YTO KOHEUYHOE YCTPOWCTBO BBOAA-BHIBOJAA
MOXET M HE OBITh YCTPOHUCTBOM ¢ (hailIoBOM CTPYKTYypOu. DTO MO3BOJSET
yHU(GULIHUPOBATh MHTEp(ECc MEXIY MPUIOKEHHUSIMU U yCTpoilcTBaMu. Takum
o0pa3oM, BUpPTyaJIbHbIN (Dailyl conmocTaBisieTcsl ¢ JIIOObIM YCTPOHWCTBOM BBOJIA
WIM  BBIBOJA, KOTOPBIM paccmarpuBaeTcss Kak  (ain.  [Ipunoxenus
MOJIb30BATEIBCKOTO pexXuMa (B JIFOOOW UCHOJHUTEIbHOM TOJICHCTEME)
BBI3BIBAIOT  JTOKYMEHTHUPOBaHHbIE (DYHKIIMU, KOTOphle oOpamarwTcs K
BHYTPEHHUM (YHKUUSIM TOJCUCTEMBbl BBOAA-BbIBOAA [UJIsl UTEHHUS/3alHUCH

daiina, uau Uil APYrUX Oneparui.
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3anpocsl, agpecoBaHHbIE BUPTYyalIbHBIM (pailnaM, gucneTdep BBOJA-

BBIBOJIA HAIPABJISIET COOTBETCTBYIOIIMM JpaWBepaM yCTpPOMCTB. lIpumepHas

cxeMa 00paboTKH 3ampoca BBO1a-BbIBO/IAa MIPUBEACHA HA pPUCYHKE 2.4.

PYHKLAW
noAAepKKN
ApaiBepoB
(fo, Ex, Ke,

Mm, Hal,
FsRfnT.4,)

4+—»| [1paliBepbl YCTPOUCTB peXuma Aapa

API| nonb3oBaTenbCKOro pexuma

I

CUcTeMHble cepBUCbl BEOAa-BbIBOAA (VEXXX)

'

AucneTyep BBOJA-BbIBOAA (fOXXX)

I

'

HAL-¢yHKUMK a0cTyna K ycTpoWCTBaM EBOASBbIEOAA

I

MopTel N peMcTpbl BBOAA-EbIBOAA

Pucynok 2.4 — Cxema 00pabOTKH TUIIMYHOTO 3a1poca BBOJA-BbIBOA
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2.7 [ucnemuep 8800a-6vi600a

Jucnemuep ssooa-evisooa (I1/0 Manager) onpenensier MOJeTb JTOCTaBKH
3alpoCOB BBOJA-BbIBOJA JipaiiBepaM ycTpoilcTB. lloacucrtema BBOZIa-BhIBOJA
yopaBisieTcsi  maketamu.  bonbliasgs — 4yacTh  3alpoOCOB  BBOJIa-BBIBOJA
NPEJCTaBISACTC nakemamu 3anpocoé esoda-évisooa (/0O Request Packets,
IRP), mepenaBaemMbIXx OT OJHOTO KOMIIOHEHTA MOJCUCTEMbI BBOJA-BBIBOJA K
npyromy. (MckmtoueHueM siBisieTcss OBICTPBIA BBOA-BBIBOJ, IIpu KoTopoMm IRP
He wucnoib3ytorcs.) Iloacucrema  BBOAA-BBIBOJA  MO3BOJSIET  MOTOKY
NPUWIOKEHUS YIPABISTH CPa3y HECKOJbKMMU 3alpocaMu BBOJa-BbIBOJA. |IRP —
ATO CTPYKTypa IaHHBIX, KOTOpas COAEPKUT HHQPOPMAIMIO, OMHCHIBAIOIIYIO
3ampoc  BBOJA-BbIBOJIa. (OHa UCIOJB3YETCS AMCIETYEPOM BBOJIa-BBIBOJA
CJIEAYIOIINM 00pa3oMm.

— Jlucneruep BBOAa-BriBoJIa co3naeT IRP, nmpenacraBustomuii onepamnuio
BBOJIa-BbIBO/IA, TMepenaeT ykaszareab Ha |IRP  cooTBeTcTByrOIemy
IpaiiBepy U yIalgeT MakeT M0 3aBEPLICHUH ONEepalliy BBOIA-BbIBOJA.

— /[paiiBep, nonyuuBmuii IRP, BBIONHSET yKa3aHHYIO B IaKeTe
onepanuio 1 Bo3BpaimiaeT IRP nucneryepy BBoga-BhIBOIA.

— Jlucmetruep BBOJA-BBIBOJA JMOO 3aBEpIIaeT ATy OIMEpaluio, JTHO0
NepeaaeT MmakeT APyroMy ApanBepy Ajs JaibHeHIe oopaboTKH.

JlucnieTduep BBOAA-BBIBOJIa HE TOJBKO co3faeT u yHuutoxaer IRP, Ho u

COJICPKUT OOIIMIA IS PA3IUYHBIX JIPANBEPOB KO, MCIOIB3YEMBbI UMHU TPHU
o0paboTKe BBOJA-BhIBOAA. briaromaps sToMy KOAy ApalBephl CTalH MPOIIE U
koMrakTHee. Hampumep, ogHa 3 Takux (QyHKIUN AHUCTIETYEpa BBOAA-BHIBOIA
MO3BOJISIET JIPAMBEpPY BBI3bIBaTh Jpyrue ApauBepbl. Jlucrerdyep ynpasiseT
Takke OydepamMu BBOJA-BBIBOJIA W TaillM-ayTaMH JIpailBEpOB, PETHUCTPUPYET
yCTaHaBJIMBaeMble B CUCTEeMy (aiioBbie cUCTeMbl. J[ucmeTdep BBOJA-BBHIBOJA

MPEIOCTABIIACT IpaiiBepaM OKOJIO COTHU TOTOBBIX (DYHKITHIA.
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Jlucretuep BBO/Ia-BBIBO/IA MPEAOCTABIISIET TaKKe TMOKHE CEPBUCH BBOIA-
BBIBOJIa, HCIIOJIB3YSl KOTOpble mojcucteMbl okpyxkenus (Win32, POSIX)
peanu3yloT cBou (yHkuuu. B uX UKCIO BXOASAT, HANpUMEpP, CEPBUCHI
ACHHXPOHHOTO BBOJIa-BbIBOJIA, MO3BOJISIONIME CO3/1aBaTh MacHITaOupyeMble
CepBEpHBIC MPUIIOKECHHS.

Yuudukanus ©u MOAYILHOCTH WHTepdeiica npaidiBepoB TMO3BOJSET
JUCTIETYEPY BBOJIa-BBIBOJA BBI3BIBATH JIFOOOH IpaifBep, HUUErO HE 3HAas O €ro
BHYTPEHHEM YCTpOICTBE U CTpykType. Kak yke roBopmioce, omeparuoHHas
cuctemMa oOpabaThIBaeT 3alpoChl BBOJA-BbIBOJA, KakK paboTy c dainamu.
HpaiiBep mnpeoOpa3yeT 3ampockl K BUpPTyaldbHOMY (hailly B ammapaTHO-
cnenuduieckrue 3ampockl. [[paifiBepbl MOTyT BBI3BIBATH APYr Apyra (depes
JUCTIETYEp BBOJA-BBIBOJA), OOecrednBasi MHOTOYPOBHEBYIO HE3aBUCHMYIO
00paboTKy 3alIpOCOB BBOJIa-BHIBOJIA.

Kpome cranmapTHbIX (QYHKUIMNA OTKPBITHS, 3aKPBITUS, YTCHUS U 3aIHCH
nojacucreMa  BBoaa-BeiBoga  Windows 2000  mpemocraBisier  psg
JIOTIONTHUTENbHBIX ~ (DyHKUIMNA, HampuUMep, AaCHUHXPOHHOTO, TPSIMOTO H

O0ydepu3zoBaHHOTO BBOAA-BHIBO/IA.
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2.8 Jlpaiieepvr ycmpoticme
JIpariBepbl yCTPOUCTB SBJISIIOTCS 3arpyKaA€MbIMU MOIYJISIMU PEXUMA SIAPA
(06b1yHO 3TO (aitnel ¢ pacmupenuem .SYS). [paiiBepbl 00pa3yroT uHTEpdeEiic
MEXy IUCIIETYEPOM BBOAA-BHIBOJIA M COOTBETCTBYIOIIMM OOOPYJIOBAHHUEM.
OTH ipaliBephl BHIMOJIHSIIOTCS B PEXKUME AJIpa B OJTHOM U3 TPEX KOHTEKCTOB:
— B KOHTEKCTE€ IOJbh30BATEICKOTO TOTOKA, HWHHUI[MUPOBABIIETO
(GYHKIIMIO BBOJA-BBIBOJIA,

— B KOHTEKCTE CHCTEMHOI0 MOTOKA PeXUMa sipa,

— Kak pe3yJibTaT MpepbhiBaHus (TO €CTh, HE B KOHTEKCTE IMpoIlecca WU
MOTOKa, KOTOPBIM ObUT TEKYIIIUM Ha MOMEHT MIPEPHIBAHMUS).
Panee yxe rosopuiock o ToM, yto B Windows 2000 npaiiBepbl He
paboTarOT HEMOCPEACTBEHHO C OOOPYJOBAaHMEM — OHU BBI3BIBAIOT (DYHKIIMHU
HAL. paiiBepbl 00b1uHO TumryTcs Ha C wiu Ha C++, TO3TOMY IPU TPAaMOTHOM
ucrojap3oBanun  mporenyp HAL  oHM  JIeTKO  MEpEeHOCATCS  MEeXITy
apxutekrypamu, nogaepxkuBaeMbivu  Windows 2000 Ha ypoBHE HCXOIHOTO
kojga. Ha ypoBHe JnBOMYHBIX (paliJIOB OHM MOTYT TEPEHOCUTHCS BHYTPU
ceMelicTBa ¢ oquHaKoBoi apxutekTypoi. B Windows 2000 nmeeTcst HECKOJIBKO
BHJIOB JIpaiiBEpPOB yCTPOKUCTB [1].
— /paiisepvl annapamuvix ycmpoticms, ynpasistonie (uepe3 HAL)
obopynoBanreM. OHM MOJy4arOT OT (PU3UYECKOTO YCTPONUCTBA WU U3
CeTH JIaHHBbIE BBOJIA WJIM 3alKCBHIBAIOT B JIaHHBIC BHIBOJA. TaKuMuU
IpaiiBepamMu SBISIOTCS JpaliBepbl IIWH, HMHTEp(eEiicoB, yCTPONCTB
MacCOBOM IMaMATH U T. 1.

— pausepvr atinosou cucmemsvt — 310 apaisepsr Windows 2000,
oOpabarpIBarome  3ampockl Ha  (palJoOBBIM  BBOJA-BBIBOA M
TPaHCIUPYIOLIME KX B 3alpoChl BBOJAA-BHIBOJA JJIsi KOHKPETHBIX

YCTPOUCTB,

82



— Jlpaiieepvl punvmpa ¢hatinogoii cucmemvl, KOTOPbIE OTBEUAIOT 3a
3epKaIMpOBaHue U MU(POBAHUE TUCKOB, MEpPEXBaT BBOJA-BbIBOJA U
JOTIOJTHUTENBHYI0 00pa0oTKy MHpOpManuu Tnepea mnepenadei ee Ha
CJIeIYIOIIUN YPOBEHb.

— Cemesvle pedupexmopvl U cepeepbl, SBISAOLIUECS JpaliBepaMu
(GalIoOBBIX CHCTEM, KOTOPBIE TIEPEAAIOT 3ampOChl (HalIOBON CHCTEMBI
Ha BBOJ-BBIBOJI IPYTUM KOMITBIOTEpPAM B CETH W MPUHUMAIOT OT HHUX
aHAJIOTMYHBIE 3aIPOCHI.

— Jpatieepvl npomokonios, peanusyroiue cereBbie mpotokosibi NCP/IP,
NetBEUI u IPX/SPX.

— /lpatisepvl nomoxoevix Quibmpos s0pa, TNpelHA3HAYCHHbIC IS
00pabOTKM TOTOKOBBIX JIaHHBIX, HalmpuUMep, TMpU 3aluChH |
BOCIIPOM3BEICHUH Ay M0 U BUICOMH(POPMAIUH.

VYcraHoBka JpaliBepa yCTpOMCTBA — €AMHCTBEHHBIN crioco0 100aBUTH B
CUCTEMY JOMNOJHUTENBHBIN KOJA pexuma sanpa. lloatomy npaiiBepbl 4dacto
UCTIONB3YIOTCSL JIMIIb ISl TOTO, YTOOBI TOMYYUTh JOCTYN K BHYTPCHHHM
(GYHKIHSAM WK CTPYKTYpaM JaHHBIX, HeIOCTymHbBIX Yepe3 Win32 API.

B Windows 2000 Beemena mnommepkka Plug and Play (PnP) u
sHeprocOeperame TEeXHOJIOTHH, a TaKKe pacllipeHa MOJENb JApaiBepoB
Windows NT, naseiBaemas Windows Driver Model (WDM). Windows 2000
MOXKeT paboraTh M ¢ japaiiBepamu, yHaciemoBanHbiMH oT Windows NT, Ho,
oueBUIHO, B 3ToM ciydae He Oymer Plug and Play u sHeprocOeperarommx
TEXHOJIOTUU.

C touxu 3penus WDM cyiiecTByeT Tpu THIA IpaiiBEpOB:

— Jpatieep wuner (Bus Driver), o0cayXHBarOInUid KOHTPOJUIEP IIHHBI,

ajanTtep, MOCT WUJIU JIIOObIE Apyrue yCTPONCTBA, UMEIOIINE T0YepHUE
ycrporictBa. Jlnms xaxgoro tuma mmebl (PClI, PCMCIA, USB) B

CUCTEME HMEEeTCsd CBOW npauBep. [Ind noanepKKW HOBBIX IIHH
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(VMEDbus, Multibus, Futurebus) ucronb3yrores apaiiBepbl CTOPOHHUX
pa3pabOTUYUKOB.

—  @ynxyuonanvroiii opaiieep (Function Driver) — ocHoBHOM apaiiBep
YCTPOMCTBA, MPEIOCTABIISIONMIUN €ro (YyHKIIMOHAIBHBIH HHTEpQEHC.
OYHKIMOHATBHBIN IpaiBep oOyamaer Hanodoee MOJHOM
uHpopManued o cBoeM ycrpoincTtBe. OOBIYHO TOJBKO 3TOT ApaiiBep
UMEET JIOCTYH K CHeU(PUIECKUM PETUCTPAaM yCTPOICTBA.

— Hpausep gurempa (Filter Driver) monnepxuBaeT TOMOIHUTEILHYIO
(YHKUIMOHAIBHOCTh YCTpOWCTBA (MM JpaliBepa) WM U3MEHSET
3ampochl BBOJA-BBIBOJA M OTBETHl Ha HHUX OT APYIHX ApPaiBEpOB.
Takue apaiiBepbl He 00s13aTenbHbl. X MOXET ObITh HECKOJIBKO. JTH
IpaiiBepbl MOTYT paboTaTh, Kak Ha 0oJiee€ BBICOKOM YpPOBHE, UeM
(yHKUMOHATIBHBIN IpaliBep Wi ApaiBep LIUHBI,

B cpene WDM ppaiisep muubl uHboOpMmupyer aucnerdep PnP o0
YCTPOMCTBAX, NOAKIIOYEHHBIX K IIHUHE, 8 (DYHKIIMOHAIBbHBIN ApaiiBep yIpaBIsieT
YCTPOMCTBOM.

HpaiiBep ¢uiabTpa HU3LWIETO YPOBHS OOBIYHO MOIU(MDUIMPYET NOBEACHUE
YCTpOMCTBA, a ApaiiBep (uUiabTpa BBICHIETO YPOBHS MPUAAET YCTPOIMCTBY
JOTIOJTHUTEIbHYIO (DYHKIIMOHAJIBHOCTh. Tak, ApailBEp HU3IIETO YPOBHS MOXKET
U3MEHUTh TPeOOBaHUsI YCTPOMCTBA K allapaTHBIM pecypcaM, HampaBlisieMble
nucrnieryepy PnP, a gpaiiBep BbICHIErO YpOBHS JJiA KJIaBUATYPbl MOXKET

00€eCreynTh JOMOJHUTEIbHYIO 3aLIUTY JTaHHbIX.
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2.9 Pesome

B 3T0i1 rnaBe mnokazaHbl OOIIME AaCHEKThl CHCTEMHOM apXHTEKTYpbI
Windows 2000. Paccmotpensr ximroueBbie komrmoHeHTH Windows 2000 wu
MPUHIIMIIBI X B3aUMOJICHCTBUS.

[Toncucrema BBOMa-BhIBOAA omeparuonHoi cuctembl Windows 2000,
SBIISIONIASCS OJHOM W3 BaXXHEHIIMX, COCTOUT M3 psAga KOMIIOHEHTOB
UCIIONHUTENBbHOU  cucteMbl OC, KOTOpbIE  YIPABISIOT  anmnapaTHBIMU
CpeICTBAaMU M MPEAOCTABISAIOT HHTEP(HENCH IIsi 0OpaIleHus] K HUM CUCTEME U
MPWIOKEHUSAM TOJIb30BATEIS.

Ocoboro BHuUMaHMsl 3aciyxkuBaeT sjeMeHT «DLL moacuctem». Ero
NpUCYTCTBUE CBsi3aHO ¢ TeMm, 4ro B Windows 2000 monb30BaTenbCcKue
OPWIOKEHUS HE MOTYT HaIlpsMYyI0 BBI3BIBaTh BCTPOEHHBIE CEPBHCHI
ONEpPAaLlMOHHOM CUCTEMBI — OHU pabOTalOT 4epe3 OAHY WIM HeckKoiabko DLL
noocucmem, KOTOpPbIE MPeIHA3HAUCHBI ISl TPAHCIALUHA JOKYMEHTHPOBAHHBIX
(GYyHKIIMIT B COOTBETCTBYIOIINE HEJOKYMEHTUPOBAHHBIE BHYTPEHHUE BBHI3OBBI
cucremHubIx cepsucoB Windows 2000.

B Windows 2000 umeetcst Tpu nmoacuctemsl okpykenus: Win32, POSIX
u OS/2. TMoacucrema Win32 31ech CTOWT Ha IMEPBOM MECTE HE CIIy4alHO — 0e3
Hee Windows 2000 paboTath He MOXKeT. DTa MojcucTeMa 00padaThIBacT BCE,
YTO CBSI3aHO C KJIABHATYpOW, MBINIbIO M dKpaHOM. OHa Hy)XHa Naxe Ha TexX
cepBepax, Y KOTOPBIX HET MHTEPAKTUBHBIX Mojib3oBaTeneid. [Togcucrema Win32
paboTaer Bcerna, a OCTaJbHbIE JBE MOACUCTEMBI 3alyCKAIOTCS TOJIBKO IO
TpeOOBaHUIO.

Snpo Windows 2000 coctout u3 Habopa GyHIaMEHTATbHBIX QYHKINH (B
TOM 4YHuCJle, I[UIAaHUPOBAaHWE TIOTOKOB M  CHHXPOHM3AIUs), KOTOpHIE
pacronoxkenbl B (Qaiine Ntoskrnl.exe, m wucmomp3yrOTCs KOMIIOHEHTaMHU

HUCIOJIHUTEIBHON CHCTEMBI M HHU3KOYPOBHCBBIMHA (aHHapaTHO-?)aBI/ICI/IMBIMI/I)
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CpeicTBaMH — JUCHETYEpaMH MpEPbIBAHUNA M HCKIIOYEHHUH, KOTOpPbIE
HEMOCPEACTBEHHO «IIPUBSI3aHBDY K KOHKPETHOM amnmnapaTHoi miatgopme.

SAnapo CcOCTOMT W3 HU3BKOYPOBHEBBIX IIPUMUTUBOB U MEXaHHU3MOB
ONEpPAalMOHHOM  CUCTEMBI, MOJJEPKHUBAIOIIUX  (PYHKIUA  KOMIIOHEHTOB
UCITOJIHUTENIbHOM CHCTEMBbI 00J€e BBICOKOTO YpPOBHS. SIpo OTIENEHO OT
UCITOJIHUTEJIbHOW CUCTEMBI — OHO pPEAIU3yeT CUCTEMHBIE MEXaHU3MbI, HO HE
Y4aCTBYET B INPHHITUU PEUICHUM, CBA3aHHBIX C CUCTEMHOW ITOJIUTUKOWU. Bce
TaKUe pEIICHUs, KPOME IUIAHHUPOBAaHUS M JHUCIETYEPU3ALNU TIOTOKOB,
NPUHUMAIOTCS] UICTIOJIHUTEIBHON CUCTEMOI.

KiroueBbIM KOMITOHEHTOM, 00ecreunBaronmM nepenocumocts Windows
2000 mexnay pa3auYHBIMU anllapaTHBIMH apXUTEKTYpaMH, SBIISIETCS YPOBEHb
anmnapathbix adctpakiuit HAL. HAL — 310 3arpyskaembIii MOyJIb pexXumMa sijapa,
NPEAOCTABIIAIONINI HU3KOYPOBHEBBIM MHTEpQENC C anmapaTHol miaTdopmoit,
Ha kotopoi BeimoiHsAeTcss Windows 2000. OH cKpbIBacT OT ONEPAIIMOHHOM
CUCTEMBI crelu(pUKY KOHKPETHOW amnmapaTHoil miuaTtdopmel (MHTEpdercoB
BBOJIa-BbIBOJIA, KOHTPOJUJIEPOB MPEPHIBAHUI, MEXaHU3MOB B3aUMOJACHCTBUSA
MEXJly TMpoleccopaMu U T. A.), TO €CTh, BCE (PYHKIMH, KOTOPhIE 3aBUCAT OT
anrapaTHOW apXUTEKTYpbl U KOHKpeTHOM DBM.

JIpaiiBepbl yCTPOWCTB SIBJISIFOTCSI 3arpy’KaeMbIMHM MOJYJISIMA pEXKHAMaA
a1ipa, KOTOpble 00pa3zyroT uHTepdelc Mexay AMCIETYEpOM BBOAA-BHIBOJA U
COOTBETCTBYIOIIMM O0OpPYAOBaHUEM. DTH JApaiiBepbl BBHIMOJIHSAIOTCS B PEKUME
A]lpa B KOHTEKCTE MOJIb30BATEIbCKOIO MOTOKA, MHUIMHUPOBABLIETO (PYHKIIMIO
BBOJIa-BbIBOJIa, B KOHTEKCTE CHCTEMHOTO TIOTOKA pEXHUMA spa WIM Kak
pe3ynbTaT mpepbiBaHus (TO €CTh, HE B KOHTEKCTE Mpoliecca WM MOTOKa,
KOTOPBbIN OBLT TEKYIIMM HA MOMEHT MPEPhIBAHNUSA).

B Windows 2000 BBemena mommepxka PnP u sHeprocOeperaromie

TEXHOJIOTHH, a TaKXe pacimupeHa mojaenb apaiisepo WDM. Windows 2000
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MOXET paboraTh W C ApaiiBepamu, yHaciemoBanHbiME oT Windows NT, Ho,

OYEBMJIHO, B 3TOM citydae He OyneT PNP u sHeprocoeperarommx TeXHOJIOTHil.
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2.10 Koumponvhsie gonpocsl

Ha kakue nBa Kiacca pasJeistoTCs 3JEMEHTHl ONEPALMOHHOW CHUCTEMBI
Windows 20007

YeM OTIMYAOTCS MOTOKHU MOJIb30BATENBCKOTO PEXXUMA OT IMOTOKOB siapa?
Kakue Tunel noap30BaTeIbCKUX MPOLECCOB CYIIECTBYOT?

Jlnst uero HyxHbl DLL noncucrem?

Kakne kommoneHTsI pexuma siapa ectb B Windows 20007

YTo Takoe UCIIOIIHUTEIIbHAS cUcTeMa?

JInst yero Hy)HO A1po?

JIns1 94ero HyKHBI ApaiBephI?

Yrto Takoe ypOBEHb aNMapaTHbIX a0CTPaKIINiA?

. UTo Takoe nojcucreMa OKpyKeHUs?

. Kakue moncucremsr okpyxenust ects B Windows 20007
. Korna 3amyckarorcst mocucTeMbl OKpYKEHUs?

. Kakast moncucrema okpyxenus Windows 2000 sigisiercst Ti1aBHOM?
. N3 xakux moacucrem coctout Win32?

. Ans gero nyxHa mogacucrema POSIX?

. Jlnst gero HyxHa nmoacuctema OS/27?

. Uro takoe Remote Procedure Call?

. dnst uero vyxen moayie Ntdll.dll?

. UTo Takoe qucreTyep CUCTEMHBIX CEPBUCOB?

. Urto Takoe BHyTpeHHHE (DYHKITUH MTOICPIKKH?

. UTo Takoe UCIOJHUTEIbHAS cucTemMa?

. JIJis 9ero Hy»KHa UCTIOJTHUTEIbHAS CUCTeMa?

. I3 4ero cocTouT NCNOTHUTEIbHAS CUCTEMA?

. Uto Takoe OKCIIOPTHPYCEMEIC (I)YHKHI/II/I, AOCTYIIHBIC U3 IT0JIb30BATCIbLCKOI'O

pexuma?

Uro Takoe skcnopTupyemMbie GyHKIHUH, JOCTYITHBIE U3 pexXuma siapa?
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26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40,
41.
42.
43,
44,
45,
46.
47.
48,
49,
50.
51,
52,
53.

Urto Takoe aucreryep KOHPUrypamuu?

J11 9ero HyKeH CTpaBOYHbIN MOHUTOP Oe30macHOCTH?
Urto nenaet qucneTdep BBOAA-BbIBOJA?

Yro Takoe mucnerdep Plug and Play?

JUIst 4ero HyKeH AUCHETYEP MIEKTPOINUTAHUS?

Yro takoe Windows Management Instrumentation?
Jlist uero HyXeH AucHeT4ep Kama?

UYro Takoe aucrnerdyep BUPTYaJbHOU MMaMsATH?

Jj1st uero HyXeH AucneT4ep 0ObEKTOB?

Yro nenaer mexanusm Local Procedure Call?

U3 gero cocrout sapo Windows 20007

JI71s1 4ero HyKHO SApo?

Uto Takoe 00bEKTHI sijpa’?

Urto Takoe ynpaBisitolue 0ObeKThI?

Yro takoe Asynchronous Procedure Call?

Yro takoe Deferred Procedure Call?

Jj1st uero HyHbl 0OBEKTHI AUcHeTYepa’?

B ueM cocTouT riaBHas 3amaya sapa?

B uem cniennduka narepdeiicos, noaaepKUBaeMbIX SIPOM?

J1Jist uero HyKeH YpOBEHb almapaTHbIX a0CTpaKuii?

Kax onpenenuts, kakoit Moayss HAL ncnosibs3yeTcsi B KOMIIbIOTEpe?

U3 yero cocrout noacucrema seoaa-seisoga Windows 2000?

Yro Takoe qucneTyep BBOAA-BbIBOA?
Uro Takoe peectp?
Jlist uero nyxHbl INF-daitnb?

Jlnst uero HyxHbl CAT daiins?

M3 yero cocTouT TUIIMYHAS CXEMa O6pa6OTKI/I 3alrpoca BBOI[a-BBIBOI[a?

YTto Takoe nmaker 3aIpoca BBO,Z[a-BI)IBOI[a?
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54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

Kak nucnerdyep BBOAa-BrIBOAa 0OpabaTriBaet IRP?

Urto Takoe apaiiBep ycTpoicTBa?

B xakom pexxume paboTaroT ipaiiBepbl yCTPOMCTB?

B kxakoM KOHTEKCTE BBIMOJHSIOTCS IpaiBEPhI?

Kak npaiiBeps ycrpoiicte Windows 2000 paboTtarot ¢ 060pyaoBaHuem?
Kakwue tunsl apaiiBepoB yctpoiicts ects B Windows 20007
Urto Takoe apaiiBep (aitiioBoit cuctemsi?

Jist uero HyXHbI IpaiiBepbl PuibTpa (HailioBoi CUCTEMBI?
Uro Takoe AparBEpHI NPOTOKOJIOB?

JJist uero HyHbI IpaiiBepbl NOTOKOBBIX (PUIBTPOB s1pa’?
Kak M0oxHO 100aBUTH B CUCTEMY KOJI pexKuma sijpa?

Yro Takoe Plug and Play?

Yro Takoe WDM?

Yro Takoe apaiiBep MIUHBI?

Yro Takoe QyHKIMOHAIBHBIN ApaiiBep?

Urto Takoe apaiiBep puibTpa?

Uro Takoe yHaciae0BaHHBIN JIpaiiBep?

90



3  CO3HAHUE JPAMBEPOB WINDOWS 2000

B Windows 2000, kak 1 BO BCEX OINEPAIMOHHBIX CUCTEMax CEMEHCTBa
NT npaiiBepsl ObIBAIOT CAEAYIOIIHUX TUIIOB:

— Jlpaiiepbl pexxuma sapa (Kernel mode drivers). OcHoBHOM THI

npaiiBepa. Ecam TOYHO HEM3BECTHO, KAKOTO WMEHHO THIA JpaiBep
HYKE€H, UCTIOIh3YIOT UMEHHO 3TOT THIL.

— TI'paduueckue npaiiBepbr (Graphics drivers). JlpaiiBepsl BHICOKapT.
OOGBIYHO OHM CO3/IAI0TCSI OJJHOBPEMEHHO C caMOi BHUaeokapToil. O4ueHb
CIIO)KHBI B HAIMCAaHWW, TaK KaK JOJDKHBI YUYUTBIBATH MHOYKECTBO
MPOTUBOPECUMBBIX  TPEOOBAaHMM W  TOJJICPKHBATh  MHOMXECTBO
CTaHJAPTOB.

— Mynerumenuiiabie apaiiBepsl (Multimedia drivers). JIpaiiBeps mis:

O ayIUOYyCTPOHCTB — CUWTBHIBAHHWE, BOCIPOM3BEIACHHE W CXKATHC
ayJINOJJaHHBIX.

O YCTpOHCTB pabOTHI C BUIECO — 3aXBaT U CKATHE BHUJICOTaHHBIX.

O TIO3WIMOHHBIX YCTPOWCTB — JOKOWCTUKH, CBETOBBIC IIEPhS,
TUTAHINETHI U TIP.

— Ceressie apariBepnl (Network drivers) — paboTa ¢ ceTbiO M CETEBBIMU
MPOTOKOJIAMH Ha BCEX YPOBHSIX.

— Virtual DOS Drivers — npaiiBeps! 11 BUpTyanbHbix Mamud MS-DOS.

HauGonpmuii wHTEpeC Mg MPOrpaMMHUCTA MPEACTABISIIOT JApaiiBephl
pexxkuma sipa. [Ipexae Bcero, HE0OX0AMMO MPEACTABUTH OKPYKEHUE JpaiiBepa,
cpeny, B KOTOpO# OH paboTaeT.

Kak yxe ObUIO TOKa3aHO, SAPO CHUCTEMBI IPEACTABISETCS HAOOPOM
OTICIBHBIX HW30JIMPOBAHHBIX MOJYJICH C YETKO OIpPEACICHHBIMH BHEITHUMH
untepdeiicamu. Bce gpaiiBeppr NT HMEOT MHOXECTBO cmaHOapmHulx
Memo0o8 Opatisepa, ONPENEICHHBIX CHCTEMOW, W, BO3MOXXHO, HECKOJIBKO

CHCHI/I(I)I/I‘ICCKI/IX MCTOJ0B, OIIPCACICHHBIX p8,3pa6OT‘{I/IKOM.
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CyiiecTByeT TpU THIA JIpaiBEpOB sjipa, KaKIbIH THII WMEET YETKO
OIpeICNICHHBIC CTPYKTYPY ¥ (PYHKIIHOHATBHOCTD.

— paiiBepsl  yctporictB (Device drivers), Ttakue Kak JpaiiBep
KJIaBHATYypbl WM JUCKOBBIA JpadBep, HANPSIMYHO OOINAOIIMIACS C
JIMCKOBBIM  KOHTPOJUIGPOM. OTH JpaliBepa TaKKe Ha3bIBAIOTCS
opaiieepamu HU3K020 YpoeHsi, T. K. OHHU HAXOIATCS B CaMOM HH3Y
rernouku apaiisepo Windows NT.

— Ilpomexyrounbie napaiiBepsl (Intermediate drivers), Takume Kak
ApaliBep BHUPTYaJIbHOTO HJIM 3€pKaJbHOro jaucka. OHHU HCIOJIB3YIOT
JpaiiBepbl yCTPOUCTB 151 OOpallleHHs K anmaparype.

— Jlpaiiepsl aiinoeix cuctem (File system drivers). [paiiBepbl
daiimoBeix cucrem, Takux kak FAT, NTFS, CDFS, nns nocryma k
anmapaType HCIOJIb3YIOT HPOMEKYTOYHBIC JIpaiBepbl M JIpaliBephI
YCTPOWCTB.

Hpaiigeppr  Windows NT  [0/0KHBI  yJIOBIETBOPATH  CICIYIONIUM

TpeOOBAHUSIM:

— MEePEHOCHMOCTh ¢ OJHOM TUTaT(GOPMBI Ha IPYTYIO,

— TmporpamMmHasi KOHQUTYPUPYEMOCTb,

— TPEpPHIBAEMOCTb,

—  MYJIbTHILIAT(HOPMEHHOCTD,

— O00BEKTHO-OPUEHTHUPOBAHHOCTb,

— TOJJIEep)KKa MAaKETHOTO BBOJA-BBIBOJIA C IMOBTOPHO HCITOJIb3YEMBIMH
IRP (3ampocamu BBOga-BbIBO/IA),

— mojaJep)KKa aCHHXPOHHOI'O BBOJa-BbIBOJIA.

Kaxxnas omepanmoHHass CHUCTeMa HMMEET MOJCNIb BBOJA-BBIBOAA JIJIS

yIpaBJICHUs] MOTOKAMHU JAHHBIX K MEepUPEPUNHBIM YCTPOWCTBAM U OT HHUX.

Monens BBoaa-BbiBoaa Windows NT umeeT ciieayromiue 0COOCHHOCTH:
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MeHekep BBoAa-BeiBoja NT mpencrtaBnsier uHTepdeinc s Bcex
JpaiiBEpOB peKKUMa s/ipa, BKIItoUas JpaiBepbl PU3NUECKUX YCTPOUCTB,
JpaliBepbl JOTUUECKUX YCTPOUCTB U ApaiiBephl (hailJIOBBIX CUCTEM,
omnepanyy BBOJA-BbIBOJIA MOCIONWHBIE, TO €CTh, YTO BBI30B, CICJIAHHBIN
IIOJIB30BATENEM, IPOXOJUT YEPE3 HECKOIBKO CIIOEB, TEHEPUPYA
HECKOJIbKO TIAaKETHBIX 3alpoCcOB BBOAA-BhIBOJA W 0Opamasch K
HEO0OXOUMBIM JIpaiiBepam,

MEHEIKEp BBOJA-BbIBOJA OINPENEIIIET MHOXXECTBO CTaHIAPTHBIX
Opoueayp, KOTOpble IOJKHBI OBITh pealn30BaHbl Pa3padOTUYUKOM
IpanBepa,

noao6Ho NT B 11enoM, IpaiiBepbl UMEIOT O0BEKTHYIO apXUTEKTYPY, TO
€CTh, UX YCTPOMCTBA U CUCTEMHOE O0OpYAOBaHUE MPEICTABICHBI KaK

00bexTs Windows NT.
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3.1 Cmanoapmmusie npoyedypwi

JItobo¥t  napaiiBep MODKEH peau30BBIBATH OCHOBHOE MHOYKECTBO
IpOLEAYp H, BO3MOXKHO, €II€ HECKOJIBKO JOIMOJHHUTENIbHBIX MOJIMHOMXECTB B
3aBUCUMOCTH OT pPa3HOBHAHOCTH AparBepa. Ha pucynke 3.1 mnoxkaszan
CTaHJAPTHBINA LUK paboTHl ApaiiBepa, 3aKII0Yaronuiicss B 00paboTke 3ampoca
Ha npepbiBanue IRP.

Hwuxe mnokazaHbl OCHOBHBIE NPOLEAYpPHI, KOTOPBIE JOJIKEH HMETh
KaXXIbIi JpanBep.

DriverEntry

NTSTATUS
(*PDRIVER INITIALIZE) (
IN PDRIVER OBJECT DriverObject,
IN PUNICODE STRING RegistryPath
)7
Kaxnpiii npaiiBep AODKEH HMETh HWHUIMAIU3AIMOHHYIO MPOLEAYPY,

KOTOPYIO MCHCIKCPD BBOIA-BbIBOJA BBI3BIBACT AaABTOMATHYCCKH, CCIH 3Ta

nporeaypa HassiBaercs DriverEntry.

Dispatch
NTSTATUS
(*PDRIVER_DISPATCH) (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp
)
Kaxnapiii npaniBep MOKEH MMETh, MO KpaWHEW Mepe, OJHY MPOUEIYpY

Dispatch.

Startlo (vnu Queue-management)

VOID
(*PDRIVER STARTIO) (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp
)
Ecim ppaiiBep yCcTpoMCTBa HE MOXKET 3aBEPIINTh BCE BO3MOYKHBIC

3alpockl BBOJA-BbIBOJa B ero Dispatch mpouemype, oH IOMIKEH UMETh JIMOO
nporneaypy Startlo, nu6o 3aBoauTh 0JHY WK O0Jiee BHYTPEHHHUX OYepelie U

YIIPaBJIATH COOCTBEHHBIM MEXaHH3MOM OTJIOKECHHBIX 3a1IpOCOB HA MMPECPbIBAHUC.
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3.2 JlononnumenvHvlie cmanoapmuwle npoyeoypol

B 3aBucuMocTH OT THIAa ¥ OT YPOBHS, 3aHUMAEMOTO APauBEPOM B CTEKE
00paboTKK 3ampoca Ha MpepbIBaHME, JIpailBep MOXKET 00Ja7aTh CIEAYIOIUMU
JOTIOJTHUTEIbHBIMU HPOLETYPaAMH:

Reinitialize
VOID
(*PDRIVER_REINITIALIZE) (
IN PDRIVER OBJECT DriverObject,
IN PVOID Context,
IN ULONG Count
)7

Brob6aBok k mporeaype DriverEntry npaiiBep MokeT UMETh MPOLEIYPY
Reinitialize, BbI3pIBacMyi0 OIMH HIM HECKOJIBKO pa3 B IPOIECCE 3arpy3Ku

CHCTEMBI TOCIIe TOT0, Kak DriverEntry BepHer ynpasieHue.

InterruptService (ISR)
BOOLEAN
(*PKSERVICE ROUTINE) (
IN PKINTERRUPT Interrupt,
IN PVOID ServiceContext // usually points to device object
) ;

JIroboit  gpaiiBep (PHU3MYECKOTO YCTPOMCTBA, KOTOPBIM T'€HEPUPYET
IpephIBaHMs, JODKEH HUMETh 3Ty MPOUEAypy. DTOT IpaiiBep BCEr/Aa CaMbIii

HU3KUU B CTEKE.

DpcForlsr unu CustomDpc

VOID

(*PIO_DPC ROUTINE) (
IN PKDPC Dpc,
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp,
IN PVOID Context
):

VOID

(*PKDEFERRED ROUTINE) (
IN PKDPC Dpc,
IN PVOID DeferredContext,
IN PVOID SystemArgumentl,
IN PVOID SystemArgument?2
)

JIroOo#i  mpaiiBep, umeromuii ISR nomken wumers DpcForisr wmm

CustomDpc.
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ff/—— E,
MeHexep

BBOAa-BbIBOJA
[/0 Status Block

{ Opadeep

PtrDeviceOhject

IRP_MJ_ 30K
Driver Ohject's - -
Entry Paints:
DriverEntry IRF_MN_XXX
arguments

DDDisp atch}(xx}

DDDisp atﬁthy
DDStartlo
DOUnload

PtrDiviceOhject

PtrFileOhject

~—/

DDInterruptService Hpaieep
Apaiieep DrDDpCFDrIsr - BLICOKOrQ
HW3KOr DDCustomDpc YHOEHA
YPOBHA DDSynchCritSection
DOCancel
DDAdapterControl (DM A,
andfor  e—1~1 | DDCancel
DDControllerControl Hpyrie DDloCompletion
DDlaTimer CTAaHAANTHEIE DDloTimer
DDCustomTimerDpc npoUenypel DDCustomTimerDpc
DDReinitialize Apaieepa DDReinitialize

Pucynok 3.1 — CrangapTHbie npoLeayphl ApaiiBepa

SynchCritSection

BOOLEAN

(*PKSYNCHRONIZE ROUTINE) (
IN PVOID SynchronizeContext
)

JIt0060i1 HU3KOYPOBHEBBIN JpailBep YCTPOMCTBA, Y KOTOPOTO AaHHBIE WU
PErUCTpPbl COMPSYKEHHOTO YCTPOMCTBA MOTYT M3MEHAThCS B ero ISR m npyrux
npoueaypax —JapaiiBepa, JODKEH HMETh OJHY WiM 0Oojee mpoueayp

SynchCritSection.

AdapterControl u/unu ControllerControl

I0 ALLOCATION ACTION

(*PDRIVER CONTROL) (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp,
IN PVOID MapRegisterBase,
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IN PVOID Context
)7

JIroboit gpaiiBep ycTpoiicTBa, mcnoib3ytomuii DMA, nomkeH wuMmeThb
nporeaypy AdapterControl. JIroGoli npaiiBep yCTpOHCTBa, KOTOPBIH JTOJIKCH
CHHXPOHHU3UPOBATh ONepaliy ¢ (QU3NICCKUM KOHTPOJUIEPOM ISl HECKOJIBKUX

YCTPOWCTB WITM KaHAJIOB YCTPOUCTBA, MoibkeH umeth ControllerControl.

Cancel
VOID

(*PDRIVER CANCEL) (

IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp
)

KiaBuarypa, Mbllb, NOCIENOBATENbHBIN, NapaIebHbIA, 3BYKOBOU
npaiiBepbl U JpaiiBep (aiaoBoii cuctembl umeroT mporenypy Cancel. JIro6oit
npaiiBep, 00palaThIBAIOIIMNA 3alpoCc B TEYCHHUE [IJIUTEIBHOTO MPOMEXKYTKA
BpEMEHU (B TE€YEHHE KOTOPOrO IMOJIb30BATEIb MOKET OTMEHUTH ONEpalluIo),

no/bkeH uMmeTh mporenypy Cancel. OObiuHO 3Ty MpoLEaypy WMEET BBICIIHMMA

JpaiiBep B CTeKe 00pabOTKH 3ampoca.

loCompletion
NTSTATUS

(*PIO_COMPLETION ROUTINE) (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp,
IN PVOID Context
)7
JIro6oi1 mpaiiBep BepXHEro ypOBHS, KOTOPBIN CO3/1aeT 3ampochkl K Oojee
HHU3KOYPOBHEBBIM JIpaiBepaMm, JIOJDKEH HWMETh, [0 KpallHEehW Mepe, OIHY
nporeaypy loCompletion miast ocBo6oxaeHus Becex cTpykryp IRP, co3maHHbIX
npaiiBepoM. Takum 0O6pa3om, JTFOO0M JpaiiBep BBHICHIETO YPOBHS JOKEH UMETh
nporeaypy loCompletion. Ipyrue npomeaypsl ApaiiBepa MOTYT cKa3aTh, YTOOBI
loCompletion Oputa BbI3BaHA, KOTrZIa BCE HU3KOYPOBHEBBIC JIPaliBEPHI

00paboTarOT TEKYIIHA 3apoC.
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loTimer u/unun CustomTimerDpc

VOID
(*PIO_TIMER ROUTINE) (
IN PDEVICE OBJECT DeviceObject,
IN PVOID Context
)
VOID
(*PKDEFERRED ROUTINE) (
IN PKDPC Dpc,
IN PVOID DeferredContext,
IN PVOID SystemArgumentl, // reserved for system use

IN PVOID SystemArgument?2 // reserved for system use
)

JInst oTCeKUBaHKS BPEMEHH, 3aHUMAeMOT0 TIPOIIeIypOil BBOIa-BbIBOIA,
WIA JUIs JPYTHX Leled, OmpeaesieMbIX pa3paOdoTUYMKOM, JIH00OH IpaiBep
JIo/bKeH wuMeTh mpoueaypbl loTimer w/mmum  CustomTimerDpc. loTimer
BBI3BIBACTCS pa3 B CEKYH/y KOT/ia paiBep BKIrouaeT Taiimep. CustomTimerDpc

MOJKET BBI3BIBATHCS B 00JI€E€ YaCTO HIIH HCPCTYJLAPHO HHTCPBAJI.

Unload
VOID

(*PDRIVER UNLOAD) (
IN PDRIVER OBJECT DriverObject
)
JpaiiBep noipkeH uMeTh mnpoueaypy Unload ecnim oH MoXeT OBITh

BBITPY>KEH BO BpeMsI pabOThI CUCTEMBI.
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3.3 CepsucHvle cucmemHble 8b1308bl

Jlis  BBITIONIHEHUS OOpaIllleHu K MHKpPOSIpY, PabOTBl C peecTpom,
naMsAThI0, 0OBEKTaMH, CHHXPOHM3AIMEH U Mp. CYIIECTBYeT HAa0Op (YyHKIIH,
HA3BIBAIOIIUXCS  QYHKYUAMU NOOOepicKu si0pa. PaccMOTpUM TOJBKO cambie
HEOOXOAUMBIE.

loCreateDevice

Co3nmaer HOBBIM OOBEKT YCTPONCTBA WM HWHULMAIU3UPYET €ro s
UCIIONB30BaHus  ApaiiBepoM. OOBEKT YCTpOWCTBA TMPEACTaBISIET COOOM
(du3nUecKoe, BUPTyaIbHOE WIIH JIOTUYECKOE YCTPOUCTBO, KOTOPOE HEOOXOIUMO

JIparBepy Ul NOANEPKKN JUHAMUYECKOTO YIIPABICHUS 3TUM YCTPOMUCTBOM.

NTSTATUS
loCreateDevice(
IN PDRIVER_OBJECT DriverObject, ykazarens Ha 00beKT apaiiBepa
IN ULONG DeviceExtensionSize, pa3mep 6110Ka 1mojib30BaTelbCKOM HHGOPMALIMU B
Oaiitax
IN PUNICODE_STRING DeviceName, ums ycTpoiicTBa (HHOT/IA OITyCKAeTCst)
IN DEVICE_TYPE DeviceType, tun yctpoiicTBa (mocieaoBareibHOE, TUCK, MBIIIb U
T.J.)
IN ULONG DeviceCharacteristics, mapamerpsl ycTpoiicTBa (BBIHUIMAEMOE H TIp.)
IN BOOLEAN Exclusive, napasmienbHOCTh JOCTyHA K YCTPOUCTBY
OUT PDEVICE_OBJECT *DeviceObject, ykazarenb Ha 00bEKT CO37aBa€MOT0
YCTPOWCTBA

);

loCreateSymbolicLink

Co3maeT CHMBOJIMYECKYIO CBSI3b MEKIY YCTPOWCTBOM U BUIAUMBIM

IIOJB30BATCJIEM UMCHECM.

NTSTATUS
loCreateSymbolicLink(
IN PUNICODE_STRING SymbolicLinkName, cuMmBoandeckoe uMsi, BUIHUMOE
M0JIb30BATEIIO
IN PUNICODE_STRING DeviceName, umMst ycTpoicTBa B IPOCTPAHCTBE UMEH S/Ipa
Windows

);
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loCompleteRequest

OObsaBIIIET MEHEIKEpY BBOAA-BBIBO/IA, UYTO O00pabOTKa TEKYIIETo
3aIpoca BBOJa-BbIBO/Ia 3aKOHYEHA.

VOID

loCompleteRequest(

IN PIRP Irp, yka3arens Ha 3arpoc BBOIa-BbIBOJIA
IN CCHAR PriorityBoost TOBBIIICHUE MPUOPHUTETA IpaiiBepa A1k 00paboTKH
3arpoca. 3aBHCUT OT 00pabaThIBaEMOT0 YCTPOMCTBA.

O_NO_INCREMENT npu omu0ke Uiy O4eHb
ObICTpO 0OpaboTKe 3ampoca
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3.4 Jpatisep eupmyanvrozco oucka

PaccMOoTpUM KOHKPETHBIM NPUMEP — ApaiBep BUPTyaIbHOro aucka. llo
Mepe HeoOXOIMMOCTH OyJaeM CHa0XaThb TEKCT MPOTpaMMbl HEOOXOIUMBIMH
ONKMCAHUSIMU.

JlpaiiBep co3mgaeT BUPTYaldbHBI JWCK, OTHOPMATHPOBAHHBIA 10
ymomganuto kak FAT. Bei6op aToro Tmna apaiiBepa 00yCIOBICH CIICTYIOIIM:

— IMpoCTOTa pealu3aluuu, He TpedyeTcss Koaa [uisi paboThl C

000py0BaHUEM,
— JIETKOCTh JE€MOHCTpAlM¥, HOpuUMEp He TpedyeT creuuuuecKkux
YCTPOUCTB, U MOXET OBbITh MPOAEMOHCTPUPOBAH IMPAKTUUYECKU HA
TF000H MaIllMHE,

— MaJblii 00bEM UCXOAHOTO TEKCTA, MO3BOJIIOIIUN U3YYUTh OCHOBHBIE
OPUHLINIIBI pabOThI, HE BIaBasACh B MOJAPOOHOCTH.

B menmsx 3k0HOMHHM MECTa M KOHIIEHTPALMU HA OCHOBHOM TEME OIyCTHUM
HE3HAYUTeNIbHblE, HO HEOOXOJMMbIE JETald — UHUOUAIM3ALUI0 U
OCBOOOXKICHUE TaMATH, TMOJyYCHHE TMapaMeTpoB U3 peecTpa, 00paboOTKy
OLIMOOK, — 3aMEHUB MX KOMMEHTapHsIMH, BKPATII€ OMUCHIBAIOIIUMU IIPOLIECC.

Haunem ¢ paccmoTpenuss ¢yukiuu DriverEntry — Ttoukm Bxoga B
NpaiiBep, CIyKalledl s MHUIMaTuW3auud nporpamMMbl. C Hee HayMHaeTCs
BBINIOJIHEHUE npaiiBepa. DyHKIUS yCTaHABIMBAET, KaKU€ CUCTEMHBIE BBI3OBBI

oHa OyzeT 00pabaThIBaTh U CO371a€T COOCTBEHHO BUPTYATbHBINA JTUCK.

NTSTATUS
DriverEntry (
IN OUT PDRIVER OBJECT DriverObject,
IN PUNICODE STRING RegistryPath

)

ApPryMeHTHI:

DriverObject — yka3aresb Ha 00bEKT, IIPEICTABISIONINI 3TOT JparBep.
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RegistryPath — yka3aTtenb Ha CTpOKY, 3a/IafOIIYI0 TOYKY BXOJa B peecTpe,
OTBEJICHHYIO JUIA 3TOro japaiiBepa. Uepe3 peecTp MOMKET OCYIIECTBISATHCS
KOH(UTYpUpOBaHUE ApaiBepa.

BosBpaimmaemoe 3HaueHHE:

STATUS_SUCCESS ecnu apaiiBep HOPMaJIbHO WHHUIIMATU3HPOBAJICS,

WHa4e KOJI OLINOKHU

{

NTSTATUS ntStatus;
UNICODE STRING paramPath;
static WCHAR SubKeyString[] = L"\\Parameters";

... CunTHIBaHUE TAPAMETPOB U3 peecTpa

...Manmmanu3anus oObeKkTa npaiiBepa W ero Touek Bxoja. COOTBETCTBYIOLIUM
3JIEMEHTaM MaccuBa DriverObject->MajorFunction TPUCBAUBAIOTCA ajpeca
MOJJIEP>KUBAEMBIX (DYHKITHH.

DriverObject->MajorFunction[IRP MJ CREATE] =
RamDiskCreateClose;

DriverObject->MajorFunction[IRP MJ CLOSE] =
RamDiskCreateClose;

DriverObject->MajorFunction[IRP MJ READ] = RamDiskReadWrite;

DriverObject->MajorFunction[IRP MJ WRITE] = RamDiskReadWrite;

DriverObject->MajorFunction[IRP MJ DEVICE CONTROL] =

RamDiskDeviceControl;

ntStatus = RamDiskInitializeDisk (DriverObject, &paramPath);

return ntStatus;

NTSTATUS

RamDiskInitializeDisk (

IN PDRIVER_OBJECT DriverObject,
IN PUNICODE_STRING ParamPath

)
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RambDisklInitializeDisk BBI3BIBACTCSI BO BPEMs  HMHHLHAIU3AIUN
dbynkiueit DriverEntry().

CozmaeT ¥ MHUIMATM3UPYET OOBEKT YCTPOHUCTBA s qucka. [lamsTh s
obpa3a BbIACIsAeTCA B HecBomupyemor —oOmactu. RamDiskFormatFat
BBI3BIBAETCSA JIJIsl co3/1aHus (aitnoBoit cuctembl FAT.

JIBa mapameTpa MOTYT OBITh 3a/IaHBI TIPU TTOMOIITH pPeecTpa:

— DiskSize onpenenser pazmep BUPTyalbHOTO JuCKa B Oairax. Eciu
CHUCTEMa HE MOXXET BBIJICIUTH JIOCTATOYHO MaMSTH, BO3BpAIACTCS
STATUS_INSUFFICIENT_RESOURCES. ITo ymom4anuto — 1 Mb.

— Driveletter wucronb3yercs aias ykasaHus uMeHH aucka. CTpoka
JI0JIKHA OBITH OYKBOM MM OYKBOM C IBOETOUHUEM.

ApPryMEHTHI:

DriverObject — yka3aTenb Ha 00BEKT, TPEICTABISIONINI 3TOT ApaiBep.

ParamPath — yka3aress Ha moakimou Parameters peecrpa.

Bo3zBpamaemoe 3Hauenue:

STATUS_SUCCESS ecnu apaiiBep HOpPMaJIbHO WHUIIMAIU3UPOBAJICS,

WHAaYe KOJ OLINOKHA

{

STRING ntNameString; Wwms ycrpoiictBa NT
"\Device\RamDisk"

UNICODE STRING ntUnicodeString; Unicode Bepcust ntNameString

UNICODE STRING Win32PathString; HWma Win32 "\DosDevices\Z:"

PDEVICE OBJECT deviceObject = NULL; Yka3aTeiab Ha OOBEKT
YCTpOMCTBA

PRAMDISK EXTENSION diskExtension = NULL; VYKa3areib Ha

cneuuduyeckue

JTaHHBIE YCTPOMCTBA

NTSTATUS ntStatus;

ULONG defaultDiskSize = DEFAULT_DISK_SIZE;
ULONG diskSize = DEFAULT_DISK_SIZE;

UNICODE STRING driveletterString;

WCHAR driveletterBuffer[sizeof (WCHAR) * 10];
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... Maunumanuzanus 1 cCYuThIBaHWE TapaMeTPOB KOH(MUTYpaLlUU U3 peecTpa

... Coznanue ycTpoicTBa «BUPTYaJbHBIA TUCK»
ntStatus = IoCreateDevice (

DriverObject, Ham npaiiBep ycrpoiicTBa
sizeof ( RAMDISK EXTENSION ) , Pasmep nomonauTENbHON HHPOpMaIUN
&ntUnicodeString, Wwms ycrporictsa "\Device\RamDisk™
FILE DEVICE VIRTUAL DISK, Tun ycrpoiicTsa
0, CBolicTBa ycTpoicTBa
FALSE, Ocoboe yctpoiicTBo. [paiiBep
oOpabaTsiBaeT

TOJIBKO OJTHOTO KJIIMEHTA

&deviceObject ); BosBparaer yka3aTenb Ha OOBEKT
YCTpOWCTBA

... Pa3menienue u O6Hy.]'ICHI/IC o6pa3a AUCKA, YCTAHOBJICHUC JAHHBIX boot CCKTOpa,
KOPHECBOI'O KaTaJiora u Iip.

... ®opmaTupoBanue QaitioBoit cucremsr FAT
RamDiskFormatFat (diskExtension, ParamPath);

... Co3anne CHMBOJIMYECKOM CBSI3U MEX Iy MMeHeM ycrpoiictBa "\Device\RamDisk" u
umeneMm Win32 "\DosDevices\Z:"

ntStatus = IoCreateSymbolicLink (
&diskExtension->Win32NameString,
&ntUnicodeString ) ;

RamDiskInitializeDiskExit:

return ntStatus;

Odyukums  RamDiskFormatFat we mnpeacraBiser wuHTepeca. OnHa
pa3MeuaceT BBIJCICHHBI 00pa3 JWCKa B COOTBETCTBHH CO CTaHIApTOM

daiinoBoii cuctembl FAT.

NTSTATUS

RamDiskCreateClose (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp

)

OyHKIMSA BBI3BIBAETCSI CUCTEMOM BBOJA-BBIBOJA KaXIbli pa3, KOrja
RamDisk oTkpbiBaeTCsl MM 3aKpbIBacTCs. Peanu3aliuss HUYEro HE BBIMOJIHSET,
MPOCTO KOPPEKTHO 3aKPhIBAS 3aIPOC.

ApTyMEHTHI:
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DeviceObject — yka3aTenb Ha 00BEKT MPEACTABISIEMOTO YCTPOICTBA

Irp — yxazaTenp Ha 3ampoc BBOAA-BBIBOJIA JIJISl 3TOTO BBI30BA
BosBpamaemoe 3HaueHue:!

STATUS_INVALID_PARAMETER ecnm mapameTpsl 3alaHbl HEBEPHO,

nHage STATUS SUCCESS.

{
Irp->IoStatus.Status = STATUS SUCCESS;
Irp->IoStatus.Information = 0;

IoCompleteRequest( Irp, IO NO INCREMENT ) ;

return STATUS SUCCESS;
}
NTSTATUS

RamDiskDeviceControl (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp

)
@Oynkius peanusyet 10Ctl hpyHKIMN

ApPryMeHTHI:

DeviceObject — ykazareiar Ha 00bEKT yCTpOMCTBA

Irp — ykazatesnp Ha 3ampoc BBOJA-BBIBOIA

BosBpamaemoe 3HaueHue:

STATUS _SUCCESS  ecnm  moaaepKMBaeMblii  3ampoc,  WHadye

STATUS_INVALID_DEVICE_REQUEST.

{
PRAMDISK EXTENSION diskExtension;
PIO STACK LOCATION irpSp;
NTSTATUS ntStatus;

... Nanmmanusanus
I1o yMOII4aHUIO — HEBEPHBIH 3aIIpOC
Irp->IoStatus.Status = STATUS INVALID DEVICE REQUEST;

Omnpenenser, kakast QyHKuus TpeOyercs
switch ( irpSp->Parameters.DeviceloControl.IoControlCode )

{
case IOCTL DISK GET MEDIA TYPES:

case IOCTL DISK GET DRIVE GEOMETRY:
... Bo3Bparmiaer mapameTpbl TUCKa, TaK HA3bIBAEMYIO T€OMETPHIO
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{
PDISK GEOMETRY outputBuffer;

outputBuffer = ( PDISK GEOMETRY ) Irp-
AssociatedIrp.SystemBuffer;
outputBuffer->MediaType = RemovableMedia;
outputBuffer->Cylinders = RtlConvertUlongToLargeInteger (
diskExtension->NumberOfCylinders );
outputBuffer->TracksPerCylinder =
diskExtension->TracksPerCylinder;
outputBuffer->SectorsPerTrack = diskExtension-
>SectorsPerTrack;
outputBuffer->BytesPerSector = diskExtension-
>BytesPerSector;

Irp->IoStatus.Status = STATUS SUCCESS;
Irp->IoStatus.Information = sizeof ( DISK GEOMETRY ) ;
}

break;

case IOCTL DISK GET PARTITION INFO:
... Bo3Bpamiaer undopmaruio o pasuene
{
PPARTITION INFORMATION outputBuffer;
PBOOT SECTOR bootSector =
(PBOOT SECTOR) diskExtension->DiskImage;

outputBuffer = ( PPARTITION INFORMATION )Irp-
>AssociatedIrp.SystemBuffer;

outputBuffer->PartitionType =
(bootSector->bsFileSystemType[4] == '6') ?
PARTITION FAT 16 : PARTITION FAT 12;

outputBuffer->BootIndicator = FALSE;
outputBuffer->RecognizedPartition = TRUE;
outputBuffer->RewritePartition = FALSE;
outputBuffer->StartingOffset =
RtlConvertUlongToLargeInteger (0) ;
outputBuffer->PartitionLength =
RtlConvertUlongToLargeInteger (diskExtension-
>DiskLength) ;
outputBuffer->HiddenSectors = 1L;

Irp->ToStatus.Status = STATUS SUCCESS;

Irp->IoStatus.Information = sizeof ( PARTITION INFORMATION );

}

break;

case IOCTL DISK VERIFY:
{

BrimonusieT mpoBepky HocuTensa. Oneparus UICHTUYHA YTEHUIO
PVERIFY INFORMATION verifyInformation;
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verifyInformation = Irp->AssociatedIrp.SystemBuffer;

irpSp->Parameters.Read.ByteOffset.LowPart =
verifyInformation->StartingOffset.LowPart;

irpSp->Parameters.Read.ByteOffset.HighPart =
verifyInformation->StartingOffset.HighPart;

irpSp->Parameters.Read.Length = verifyInformation->Length;

ntStatus = RamDiskReadWrite( DeviceObject, Irp );
}

return ntStatus;

default:
Hepacnioznannas ¢pyskius. Ommoka

break;

3aKOHUYUTH OMEPAIMIO BBOJIa-BbIBOJIA.
ntStatus = Irp->IoStatus.Status;

IoCompleteRequest( Irp, IO NO INCREMENT ) ;

return ntStatus;

}

NTSTATUS

RamDiskReadWrite (
IN PDEVICE OBJECT DeviceObject,
IN PIRP Irp

)

DTa npoueaypa BbI3bIBACTCS ISl YTCHUS U 3aMIMCH JIaHHBIX.

ApPryMeHTHI:

DeviceObject — ykazarenar 00bEeKT apaiiBepa

Irp — ykazarenp Ha 3anpoc BBO/Ia-BbIBOJIA

Bo3sBpaimaemoe 3HaueHue:!

STATUS_INVALID_PARAMETER ecnu mnapamerp HeBepeH, HHaue

STATUS_SUCCESS.

{
PRAMDISK_EXTENSION diskExtension;
PIO STACK LOCATION irpSp;
PUCHAR CurrentAddress;

.. IHnnmanu3anus u npoBepka Ha MPaBWIBHOCTh MapaMeTpa

.. HOJ’Iy‘H/ITB YKa3aTe€Jib Ha JaHHBIC ITOJI30BATC/IA B CHCTCMHOM KOHTEKCTEC
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CurrentAddress = MmGetSystemAddressForMdl ( Irp->MdlAddress

Irp->IoStatus.Information = irpSp->Parameters.Read.Length;

switch (irpSp->MajorFunction)

{
case IRP MJ READ:

... Urenue

RtlMoveMemory (
CurrentAddress,
diskExtension->DiskImage + irpSp-
>Parameters.Read.ByteOffset.LowPart,
irpSp->Parameters.Read.Length) ;
break;

case IRP MJ DEVICE CONTROL:
... IIpoBepka. Bcerna Bce B mopsijike

break;

case IRP MJ WRITE:
... 3amnuce

Rt1lMoveMemory (
diskExtension->DiskImage + irpSp-
>Parameters.Read.ByteOffset.LowPart,
CurrentAddress, irpSp->Parameters.Read.Length);
break;

default:
.. HT0-TO HE MoAIep)KUBAEMOE

Irp->IoStatus.Information = 0;
break;

}

Irp->IoStatus.Status = STATUS SUCCESS;
IoCompleteRequest( Irp, IO NO INCREMENT ) ;

return STATUS SUCCESS;
}

VOID
RamDiskUnloadDriver (
IN PDRIVER OBJECT DriverObject

)

DOta mpoieaypa BBI3BIBACTCS CHUCTEMOW Il BBITPY3KH JpaiiBepa.
TpeOyeTcst 0cBOOOIUTH BCE 3aHATHIE PECYPCHI
ApTryMEHTHI:

DriverObject — yka3arenb Ha 00beKT ApaliBepa

108



... OcBOOOX/TaeT BCIO BBIICIICHHYIO /IS IpaiiBepa maMsTh.
VY nanenue o0bekTa ycTpoiictBa. CHMBOJIUYECKAs CBSI3b PBETCSI aBTOMATHUCCKH
IoDeleteDevice ( deviceObject );

}
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HeKOI’I’lOpble BAJICHbIE COKpAUlEeHUA

APC
ARPL
CPL
CRn
DDK
DMA
DPC
DPL
DRn
EPL
GDI
GDT
gdtr
GUI
HAL
HLT
IDT
idtr
IFS
IOPL
IRQ
LDT
Idtr
LGDT
LIDT
LLDT
LMSW
LPC
Mutex

PAE
PSE
RPC

RPL
TLB
TRn
TSS
Coxker

(Asynchronous Procedure Call) — acuHXpOHHBII BBI30B IIPOIIEIYPHI

— UWHCTPYKIHS BbIpaBHUBaHUS RPL

(Graphical User Interface) — rpaduueckuii unTepdeiic moap30BaTes
(Hardware Abstraction Layer) — ypoBeHb anmapaTHBIX aOCTpaKIInit

(Driver Development Kit) — mabop mist pa3paboTku apaiiBepoB

(Direct Memory Access) — npsmMoii JOCTYII K ITaMsTH

(Deferred Procedure Call) — orcpoueHHBIi BBI30B MPOIEAYPHI

(Descriptor Privilege Level) — ypoBeHb MPUBHIIETHIA JECKPUIITOPA

— PETUCTp OTIAAKU N

(Effective Privilege Level) — a3¢dbexTrBHBIN YPOBEHD IPUBUJICTUI

— rpadudeckuii nHTEpdEc yCcTporicTBa

(Global Descriptor Table) — rmo6anpHas TabauIla JECKPUIITOPOB

— PErUcTp TaOIHIIBI IIOOATBHBIX IECKPUIITOPOB

— rpadudecKuii MOJIb30BaTEILCKUI HHTEPQEHC

— YPOBEHb alapaTHbIX a0CTPaKITUit

— KOMaH/1a OCTaHOBKH IIpOIIeccopa

(Interrupt Descriptor Table) —tabmuia 1eckpunTopoB mpepbIBaHUI

— PETUCTpP TaOJHIIBI JECKPUIITOPOB MPEPhIBAHHIA

(Installable File System) — BcrpanBaemas ¢aiiioBas cucrema

— YPOBEHb MPUBUIIETUI BBOJa-BBIBO/IA (B peructpe ¢aron)

(Interrupt Request) — 3anpoc npepbIBaHUs

(Local Descriptor Table) — noxanpaas Tabmuia 1ECKpUIITOPOB

— perucTp TabIUIIBI JIOKATBHBIX JECKPUIITOPOB

— KOMaH/1a 3arpy3KH TaOIHIlbl TI00aTbHBIX JECKPUIITOPOB

— KOMaH 1a 3arpy3Ky TaOJIHIIbI IECKPUIITOPOB MPEPhIBAHUIA

— KOMaH/1a 3arpy3Ky TaOJIHIIbI IOKAIbHBIX JIECKPUIITOPOB

— KOMaH/Ia 3arpy3KH CJI0Ba COCTOSIHHS IIPOIIeccopa

(Local Procedure Call) — nokanbHbIN BBI30B MPOIIEAYPHI

(Mutual  Exclusion) —  wMbloTekc, O00BEKT,  00ECICUMBAIOLIUIA
B3aMMONCKIIIOYAIOIINI JOCTYI K pecypcey, Fast MuteX — 3to mproTekc, He
JTOMYCKAIOIINI PEKYPCUBHOTO 3aXBaTa PECYpPCOB

(Page Size Extension) — pacmupeHue pa3mMepa CTpaHHIIbI

(Physical Address Extension) — pacmmpenue puzndeckoro aapeca
(Remote Procedure Call) — cranmapt cereBoro mporpaMMHUpPOBaHUS,
MO3BOJISTFOIIIMI  CO371aBaTh MPUIOKEHUS, COCTOSIIUE W3 IPOU3BOIBHOTO
qrcia IpoIeyp, YaCcTh U3 KOTOPBIX BBIMOIHIETCS JOKAIBHO, & 9YacTh — Ha
YIIAJICHHBIX KOMITBIOTEpax 4epe3 CeTh

— 3aIpallMBaEMbld YPOBEHb IIPUBUIICTHN

(Translation Lookaside Buffer) — 6ydep acconmaruBHON TpaHCIsIIAN

— PErUCTpP NOIIAroBOM OTJIAJIKU N

(Task State Segment) — cerMeHT COCTOSIHUS 321241

— KOHEYHAs TOYKa KOMMYHHKAIIMOHHOTO COCIMHCHUS
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Yuebnoe nocooue

Powun Anexceui Bacunvesuu

Opranm3aiys BBOIa-BBIBOIA.
Yacts 2. Jlpaiisepsr aiis WINDOWS NT.
VYyebHoe nocoodue.
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