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Beeoenue

B Hactosiiee Bpems onepannonnsie cucteMbl Windows NTS (Windows
2000/XP u 1. 1.) ABIAIOTCS HanOoJIee MOMYJIIPHBIMU, TTOATOMY JaHHOE y4eOHOe
nocoOue MOCBAIICHO UMEHHO ATOMY THITY ONEPAIIMOHHBIX CHCTEM.

WNuorna mporpammucTtam, KpoMe COOCTBEHHO HANUCAHUS NPUKIAJTHON
IpOrpaMMbl, MPUXOIAUTCS THCATh JApaiBep MAJid Kakoro-iubo YCTpOWCTBa,
KOTOpO€ HE€ TMOAJEPKUBACTCA CTAHJIAPTHOM KOH(UTYpalued CHUCTEMBI.
HecMoTpst Ha 6oJibliioe KOJMYECTBO TEXHUYECKOM JIUTEpaATyphl, MOCBAIIEHHOM
NporpaMMHUpPOBaHUI0O B  omnepanuoHHON cucteme Windows, mnpoOiaemMsl
HaIMCaHUsA JIpaliBepOB MPAKTUYECKU HE OCBEIIa0TCs. be3ycioBHO, ATOT BOIPOC
JIOCTaTOYHO CHenupudeH JUisi MPOrpaMMHUCTOB OOIIEro IUlaHa, HO s
CUCTEMHBIX MPOTPAMMHUCTOB 3Ta TeMa MpeACTaBiIseT Ooblioi uuTepec. Jlaxe
€CJIM TIPOTPAMMUCTY HE TPUJIETCS HEMOCPEICTBEHHO 3aHMMATHCS HaIMCaHUEM
IpaiiBepoB, 0oJiee rIyOOKOe MOHMMAaHNUE (DYHKIITMOHUPOBAHUS 3TON MOJCUCTEMBI
onepanoHHoM cuctemMbl Windows nacT Oojiee YeTKOE TMPEACTABICHHE O
BO3MOXXHOCTSIX (DYHKIITMOHHPOBAHUS OTEPAIIMOHHOW CHUCTEMBI B IEJIOM. OTO
MO3BOJIIET TPE3BO OIICHWBATh BpPEMEHHBIE BO3MOXKHOCTH CTaHIAAPTHBIX
JIpaiBEpOB M TPH HEOOXOJUMOCTH TOJYUYCHUS JYy4YIIUX BPEMEHHBIX
MOoKa3aTejaed MPOCKTUPYEMOM CHUCTEMBI B IIE€JIOM HAIMKWCaTh CBOW, BO3MOKHO
MeHee (YHKIMOHANBHBINM, HO OoJjiee OBICTPHINA apaiiBep. Tema mpaiiBepoB
JIOCTaTOYHO OOIIMpPHA, U HEBO3MOXKHO B paMKax OJHOI0 y4eOHOro mocoOus
HayuyuTh nucath JpaiiBepsl nox Windows NTS. Opnako, 3aech nenaercs
MOMBITKA  TOCJENOBATEILHO  U3JIOKUTH  OCHOBHBIE  TOHATHUS  JAHHOM
OTIEpaIlMOHHON CUCTEeMBbI (pa3zymeercs, ¢ yuyeToM [6]), a 3aTeM paccMOTpeTh
HECKOJIBKO MIPOCTENIINX MPUMEPOB IPANBEPOB.

JInst pelieHuss TOCTaBICHHOW 3a/ladyd JIOTUYHO HKCIOJIb30BaTh TMaKeT
MASM32 v.8.2, a Takke KOMIUIEKT pa3pabotku apaiiBepoB (Windows 2000

Driver Development Kit, DDK), koTopsiii MOxkHO OecriaTHO CKayaTh C caiTa



Microsoft (www.microsoft.com/ddk/). B kommiaexkt DDK BXOAST 1OKyMEHTALIHS
(mamka help), sBastomascs Hanbosaee TMOJHBIM HUCTOYHUKOM HWHGOPMAIMH O
BHYTPEHHUX  CTPYKTypax JaHHBIX W  BHYTPUCUCTEMHBIX  (DYHKIIMSIX
HCIIOJIB3YEeMBIX JpaliBepaMH yCTPOWCTB, BKIrOYaeMble (aitnel (*.inc) u3 manku
inc, mpUMephl peanu3aluil ApaiiBepoB yCTPOMCTB (Mamka src), yTUIUTHI (Tanka
tools). I'maBnoe, B DDK Bxomutr Habop Oubmmoreunbix ¢aiino (*.lib),
HEOOXOJMMBIX TIPU KOMIIOHOBKE 3aKOHYEHHBIX ApaiBepoB. B DDK ecth aBa
komruiekTa 3Tux (aitnoB — checked build u free build, nam Heobxomum free
build (mamka libfre) nms oxonuaTenpHON Bepcuun Windows, Ha3bIBaeMOM
CBOOOJHBIM BbITyckoM. DyHKIMKU U3 OuONMoTeuHbIX (ainoB (manka libchk)
otnagounoil Bepcuu (checked build) ornuyatorcs Gosee cTporoit mpoBepkon
ommnOok. Ho, yBBI, HE Bce TaK XOPOIIO HJis MPSMOTO HCITOJIB30BAHUS
BKJIIOYaEeMbIX (DalJIOB, COJEpXKAUIUX OINpeeIeHUs MPOTOTUIOB (QYHKIMH, a
TaK)ke HEOOXOJIMMBIX CTPYKTYpP, CHMBOJIbHBIX KOHCTAHT U MakpocoB. EcTh ojHa
npoOJieMa, 3aKiouaroniasca B ToM, 4to Bce onucanus B DDK nanwl u3 pacuera
ucrosib3oBanusi s3pika C, B TO BpeMsi KaK Mbl XOTHM BOCHOJIB30BAaThCS
«BEJIMKUM M MOTY4uUM» accembiepoM. Eciu ere ecth yTHINTHI, MTO3BOJISIONINE
aBTOMATU3UPOBATh MOJy4YeHue inc-(paitioB ans umeromuxcs lib-gaiinos, To
dbopmupoBanue inc-(aityioB, coaepKamux CTPYKTYPhl U KOHCTAHTHI,— 3TO B
OCHOBHOM PYYHOUW TpyH. DTy paboTy B MPHUXOAMTCS JIeJaTh CaMOCTOSITEIIBHO.
Ona He u3 KaTeropuu TBOpUYECKHX, HO B HTepHETE CcoBepliieHHO OecIIaTHO
MOXHO HAWTH JOCTAaTOYHO TIOJHBIE BEPCHUU KOHBEPTHUPOBAHHBIX  JIS
MCIIOJIB30BaHUs C acceMbiiepoM inc-paiioB, U TakuM 00pa3oM MOXKHO HayaTh

He ¢ HyJis [1].



1 KPATKHH OF30P APXUTEKTYPBAI WINDOWS 2000

1.1 Peowcum nonvzoeamelisi u pexcum 0pa

B Windows 2000/XP cymiecTByeT 4eTKoe pa3rpaHuyeHHe ABYX o0JacTei
B OIIEPATMBHON MaMSTHU U PEKUMOB MpoLieccopa sl UCIIOIHSAEMOro Koaa:

— o0JIacThb MCHOJHSAEMOIO0 KOJa B HENPHUBUIETHPOBAHHOM DPEXHME
paboThl mpoiieccopa (MOJIb30BATEIBCKOM PEXHUME) NIl MPUIIOKEHUN
MOJIB30BATEISI U YACTH KOMIIOHEHTOB OIEPALlMOHHON CUCTEMBI, U

— o0yacTb  HUCHOJHSAEMOrO0  KOJAA  ONEpPAalMOHHOM  CHCTEMBI B
IPUBWIETHPOBAHHOM PEXUME IIpoLieccopa (pexume sipa).

[Ton obOnacThio MCHONHIEMOrO KOAa Haa0 MOHUMAaTh 00JIaCTU 3arpy3KH
(Inama3oH agpecoB) B OMNEPATHUBHOW MAaMATH BBIYUCIUTEIBHON CHCTEMBI.
Windows 2000/XP — 32-pa3psaHas omepalioHHas cucteMa (64-paspsaHyio
BEPCUIO ATOU ONEPAIMOHHON CUCTEMBI B JAHHOM MOCOOMU HE paccMaTpPUBAEM),
U TMO3TOMY BCEM MPUJIOKEHUAM JOCTYMHO 110 4 ['0aliT TMHEHHOro aapecHoro
IpocTpaHCcTBa. Yaiie BCEro B CHCTEME YCTAHOBJIEH CYIIECTBEHHO MEHBIIMIA
o0beM (pU3nUeCcKoil mamMsATH, HO, TEM HE MEHEE, JUIs padOTarOIIUX MPOrpaMM 3TO
He3aMeTHO.  CrnenuanbHble  CHUCTEMHBbIE ~ MEXaHU3Mbl  00€CleYMBaIOT
BO3MOXKHOCTh BUPTyaJIbHOTO npucyTcTBUsA 4 ['6aiiT mamstu B cucteme [4]. Me-
nenue 4 ['6aliT BupTyalbHOrO (WM HE BUPTYaAJIbHOTO, €ciii Bbl MoxkeTe cebe
3TO MO3BOJIATH) AAPECHOTO TMPOCTPAHCTBA MEXAY I0JIb30BATEIBCKUMU
NPWIOKEHUSIMA M CHCTEMHBIMH MPOTrpaMMaMHU OCYIIECTBIISIETCS MOPOBHY:
nepBeie 2 ['0aliT TOJB30BATENbCKUE, OCTAIBHOE — CHUCTEMHOE aJpecHOe
IIPOCTPAHCTBO.

HcrnonHsiemMblil KO B MOJIb30BATEILCKOM PEXXMME UMEET OTPaHUYEHUS Ha
JIOCTYN K CUCTEMHBIM pecypcaMm, B 4aCTHOCTH, Ha MPSIMOW JOCTYyH K 000pyI0-
BaHMIO. DTO CBSI3aHO C JKeJaHWEeM o0OecrneunTh 0oJiee yCTOMYMBOE (PYyHKIIMOHU-
pOBaHUE CUCTEMBI MPU HAJMYMKM OIIMOOK B MporpaMmax mnosb3oBateneit. Hamo
y4uTBIBaTh, 4T0 WINAOWS mpoeKTHpOBaiaCh Kak MHOT03a7auyHasi i MHOTOITOJIb-

30BaTCJIbCKasA CUCTEMA, ITIOOTOMY Kpax OAHOTO IMPUIOKCHHA HE NOJIZKCH IIPHUBO-



AUTh K Kpaxy OHCpaHI/IOHHOf’I CUCTEMbI H, CJIICAOBATCILHO, K Kpaxy ApYyrux

ITOJB30BATCIIbCKUX HpPIJ'IO)KGHHfI, 3aIIYIICHHBIX HAa UCITOJIHCHUC B ATOM CHCTEME.

HpI/IJIO}KeHI/ISI OHGpaHHOHHOﬁ CUCTCMBI 1 APYTUC ITPpOrpaMmMbl, UCITIOJIHATOIINCCA

B PpCKUMC AOpa, HMCIOT MOJIHBIN JOCTyIl KO BCEM peCypCaM CHCTCMEI.

VYupomeHnas cxema apxutektypsl Windows [2] npusenena na pucyske 1.1.

Hapo | HpanBepbl YCTPOWCTB

OKOH U rpadpuku

YpoBeHb annapaTHbIX abcTpakyui

Mpoeccbl Monbanea-
Mpoueccbl MoacucTembl
noAAepXKu SEPEREOR Ternbckue e
cUcTeMBI P npunoXeHUA Py
) 4 \ 4
DLL noacuctem

MNMonb3oBaTenbeKu i
| \ \ \ pPEXKNM
Pexum sgpa

McnonHuTtenbHan cuctema Moaaepika

Pucynok 1.1 — Yopoiennas cxema apxutektypbl Windows 2000

Kak YXKC OTMCYAIOCh, B PCKUMC II10JIb30BATCIIA (1)YHKI_[I/IOHI/IPYIOT HC

TOJIBKO MPUKIIAJHBIE TPOrPAMMBI MOJIb30BATENS, HO M YaCTh MPOLECCOB CaMOM

ONEPALIMOHHON CUCTEMBI.

K KOMIOHEHTaM OIepaloOHHOW CHUCTEMBI, Pa0OTAIOIIMM B PEXKHUME

ITOJB30BATCIIA, OTHOCATCA:

— HCKOTOPLBIC IIPOLCCChI IMOAACPKKH CHCTCMBI,

obpaboTku Bxoaa B cucremy (Winlogon);

HalpuMep Mpouece

— mnpouecchl Windows-cepBUCOB (0 CepBUCaX MOTOBOPUM UYTh IMO3XKE).

B Buge cepBucoB 0GopMIIEHBI KaK HEKOTOPbIE CHCTEMHBIE CEPBHCHI

(mampumep Task Scheduler),

TaKk HW OTACIBHBIC KOMIIOHCHTHI

NpUKIAJHBIX Tporpamm, Hanpumep Microsoft SQL Server, a takxke

HEKOTOPBIE IPANBEPHI;



— TMOJb30BaTENbCKHUE NMpuiokeHus. Ha Tekymuil MOMEHT OHM ObIBaIOT
mectn TuoB: Win32, Win64 (B 64-OMTOBOII BEpCUH CHCTEMBI),
Windows 3.1, MS-DOS, POSIX u OS/2;

— TMOJCUCTEMBI OKpPYXEHHUS. ITO 4YacTh OMNEPAIMOHHON CHCTEMBI
(mporpaMMHbIe  O0OJIOYKH),  MPEJOCTABISIONIAS  MPUIIOKEHUIM
MOJIH30BATEIsl OMPEACIICHHBIN IS KOHKPETHOM MOJCUCTEMBl HAOOp
bynkiuii. Windows obecrnieurnBaer paboTy ¢ TpeMs IOJCHCTEMaMH
okpyxenus: Win32, POSIX u OS/2. Windows 2000 mocTaBinsieTcst ¢
nsyms moacucremamu, a B Windows XP, kpome Win32, He
MOCTABJISIIOTCA HUKAKWE JPYTHUE MOJCUCTEMbI OKPYKEHHUSI.

K xoMImoHeHTaM oreparmoHHON CUCTEMBI, pa0OTAIOIINM B PEKHUME s/Ipa,

OTHOCSITCSL:

— UCIOJIHUTENbHAsA CUCTeMa, oOecreunBaronas 6a30BbIMUA CEPBHCAMHU B
YacTH YIPaBICHUS TaMATHIO, TMPOIECCaMH M IMOTOKaMH, BBOJOM-
BBIBOJIOM U T.JI.;

— SApO, KOTOpOE  COJAEPKUT  OO0O0OIIEHHBIM  Habop  GyHKIUH
ONEPALIMOHHOM  CHCTEMBI,  CKPBIBAIOUIMM  pa3IM4Us  MEXIY
anmapatHeiIMd  TaTdhopMamMu  (Ha  pasHBIX  JTamax  Pa3BUTHS
onepannonnoi cuctembl Windows NT moaaep)xuBainch HE TOJBKO
nporieccopsr Intel, Ho u MIPS, Alpha AXP, Motorola PowerPC). fAnpo
MPEOCTaBIsACT  MPOUEAYypbl/PyHKIIMM W 0a30Bble  OOBEKTHI,
WCIIOJIb3YEMBIE HWCIIOJHUTEIBHOM CUCTEMOW MW JpalBeEpamMu s
peanu3anuu CTpyKTyp U (pyHKIM 60jee BeICOKOro ypoBHS. K Takum
GYHKIHUSIM  OTHOCSITCSL TUUJIAHUPOBAHHWE TMOTOKOB, JAHCIIETUYCPU3AIIMS
MIPEPBIBAHUNA, CHHXPOHHU3AITUS TIPOIIECCOB U T.JI.;

— JpauBepbl YCTPOUCTB;

— ypoBeHb ammapaTHbIX aOctpakuuii (Hardware Abstraction Layer,
HAL) — ©Habop HH3KOYpOBHEBBIX (QyHKIUH (okojO  92),

oOecrnieunBalONINI  CTaHIAPTHBIM HMHTEpErc B3aUMOJCHCTBUS C



anmnapaTHO-3aBUCUMBIMHU  3JIEMEHTAMU Ji1 (DYHKIHM, BbI3bIBAEMBIX
KOMITOHEHTAMHU  sJipa, JApPaiBepOB W HCIOJHUTEIBHOW CHCTEMBI,
MO3BOJISIONIMN  a0CTparupoBaThCs OT TOTO, HAa KaKOM KOHKPETHO
DJIEeMEHTHOUW 0a3e (uume KOHTpoJUiepa MpephIBaHUs, KOHTpOJUIepa
[TAIT) peanu30BaHO BBINOJHEHUE JOCTYNA K IIMHE, TAMMEPY U T.[I.;

— TMOJCUCTEMA MOJJEPKKU OKOH U IPaPUKH.

JpatiBepsl ycrporicts B Windows, B otinure or DOS, mis mommepskku
NEPEHOCUMOCTH HE oOpalarTcs K 000pyIOBaHUIO HAMNPSAMYIO, a UCHIOIb3YIOT
bynkuuu, npenocraBisiembie HAL. IpaiiBepsl yCTpOWCTB pexuma siapa
JEJISITCS Ha CIIETYIOIINE OCHOBHBIE KaTErOpHUU:

— JpaiiBepbl (aiJoBOW CUCTEMBI (HApUMEpP CETEBBbIE PEAUPEKTOPHI U
cepBepbl). He ctoutr moHumaTh OyKBaJIbHO, YTO pe4b HJIET TOJIBKO O
¢aiiioBol cucTeme oneparoHHON cucteMbl. Ha camoM niene MHOrue
busudeckue ycrpoiictBa (Hampumep COM-OpThI) IPEICTAaBISIOTCS B
cucteMe Kak (aitnbl, U oOpamieHue K HHUM OCYIIECTBIISETCS
MOCPEICTBOM BbI30Ba (DYHKIIMI, Kak K OOBIYHBIM (haiimaM, HO €O
cneruuyeckuM napameTpamu. Jlamee yke apaiBepbl (haiisioBoi
CUCTEMBI, TIOJIYYUBIIIME 3aMIPOC HA BBOA-BBIBO/I, OMIPEACIIAIOT, O KAKOM
YCTPOMCTBE UAET Peb, H BHI3BIBAIOT COOTBETCTBYIOIINE (PUZNIECKOMY
YCTPOMCTBY AparBEPHI CICAYIOIIETO YPOBHS;

— npaiiBepel ¢ mogaepxkoit Plug-and-Play (PnP) m ACPI (advanced
configuration power-management interface — ycoBepiieHCTBOBaHHBIN
uHTepdeic ynpapieHus KOHPUTypalye u sHepronoTpedIeHueM);

— JnpaiiBepbl, He mnomaepxkuBawonme cnenudukamuu PnP u  ACPI
(marmpumep apaiiBepsl nmpotokoioB TCP/IP, IPX/SPX u 1.1.), KOTOpBIC
pacmupsoT (QYHKIIMOHAIBHOCTh CUCTEMBI, TIPEIOCTABIISAA JTOCTYN M3

peXrMa IMoJab30BaTeNs K CHCTEMHBIM CEPBUCAM U ApalBeEpaM peKuma

sapa.



B cBow ouepenb, B KaxIOW M3 KaTErOPUM €CTh TPYIIbI JIPaiiBEpPOB,
KOTOpBIE pa3IUYalOTCd B 3aBHCHUMOCTH OT MOJENIU YCTPOMCTBA M MecTa
JpaiiBEpOB B 1IeNIOYKE 00pabOTKH 3ampoca Ha 0OCIyKMBaHUE ONepalii BBOJA-
BBIBOJIA.

Haumnas ¢ Windows 2000, Oputa BBemeHa mnojuepxkka PnP u
sHeprocoeperatomux texHosjoru (ACPI), yTo mpuBeno kK CO3JaHUIO MOJACIH
npaiisepoB, HaseiBaemorr Windows Driver Model (WDM). 3necwy peus uuer o
nuHelike onepanoHHbIXx cucteM NT, xots monens apaiiBepoB WDM u Oblna
panee peamm3oBana B Windows 98 u Windows Millennium Edition,
onepanmonHas cuctema Windows 2000 u 6onee no3naue Bepcun ymHeiku NT
HOJICP)KUBAIOT M TaK Ha3bIBacMble yHacienoBaHHbIe ApaiiBepbl (NT4), ecrect-
BEHHO, C HEKOTOPOI MoTepeil PyHKIMOHAIBHOCTH.

Monens WDM  npenycmaTpuBaeT — CyIIECTBOBAaHMUE TpEX  THUIIOB
JparBEPOB:

— JnpaitBep muHBL. IHTEpECHBIM MOMEHTOM SIBIIIETCS TO, YTO, B OTIUYHE
ot omneparnuonHoi cuctema NT4, Windows 2000 u BbIiie, MO3BOJISIOT
peann3oBaTh MOJJIEPKKY HOBBIX TUIIOB IIMWH, HE TMOIECPKUBAEMBIX
caMOM omepalMoHHON cucTeMo, He myTeM coznanusi cBoero HAL
(DLL), a Bcero nuiib 100aBJICHHEM CBOEroO jpaiiBepa IIHWHBL ITO
KpaiiHe cymiecTBeHHo Jyisi moctaBimukoB OEM-o6opynoBanus;

— (QyHKIMOHAJIBHBIN ApaiiBep;

— JIpaiiBep GuibTpa.

B pamkax 0000iieHuss moHsaTusi ycrporictBa B WINdows cyiiectByer
MOHATHE  KJacca yCTpoMcTB. BBeneHue 3TOoro  ypoBHS — abCTpaKIMii
COIIPOBOX/IAETCS HEU30EKHBIM TOSBICHUEM THIA APaiBEpOB, OTBEUAIOIINX 32
oOcyKMBaHHE yCTpOUCTB oHOTO Kiacca (Hanpumep CD-ROM), u npaiiBepos,
OTBEUAIONINX 3a pEIICHHEe TOT0 WM WHOTO YPOBHS B3aMMOJICHCTBUS C
KOHKPETHBIM 0o0opynoBaHueM. B pamkax »3TOro 1eieHus CyIIECTBYIOT

JpanBepPHI:

10



— KJIACCOB YCTPOMCTB;

— TOpT-ApanBepHI;

— MUHHINOPT-APAUBEPHI.

JlpaiiBepsl yCTpPOWMCTB B omeparoHHoi cucteme Windows Moryr
paboTaTh Kak B peXHME s/ipa, Tak M B MOJIb30BaTEIbCKOM pexxume. K mocnen-
HUM OTHOCSTCS:

— JapaiiBepnl BUpTyanbHbIX ycTporicts (VDD);

— JpaiBephl IPUHTEPOB.

BaxxHelmM KOMIIOHEHTOM HCHOJHUTEILHON CHUCTEMbI, OTBEUAIOIINM 3a
CBS3b C YCTPOWMCTBaMH, SIBIIICTCS TOJCHCTEMa BBOJa-BhIBoAA. [locTpocHme
MOJICUCTEMBbl BBOJIa-BbIBOJIA, KaK M JPYIrUX KOMIIOHEHTOB OIEpPallMOHHOM
cuctembl Windows mpu3BaHO 00€CIeYUTh MaKCHMAJIbHYI0 YCTOWYHUBOCTH
CUCTEMBI B 11eJIOM. [103TOMYy B COOTBETCTBHM C OOIICH JTOKTPUHOM pa3iesieHus
OTBETCTBEHHOCTH, CBSI3aHHON C peXMMaMu pabOThl B OMEPAIMOHHON CHCTEME
Windows, mpuioeHHUs TOJb30BaTe)II HE MOTYT 0oOpaliatbes K yCTPOWCTBaM
(mpaiiBepaM) HampsIMyl0, a JIUIIb 4Yepe3 MOCPEAHUKOB B JIMIE JAMCIIETUYEPOB.
HekoTopple KOMIOHEHTHI TIOJACHCTEMBI W JHUCTIETYEPHI, KakK, HaIpUMep,
mucneryep Plug-and-Play, paboTaioT kak B MOJIb30BaTEIbCKOM PEKHME, TaK U B
peXuMe sJipa, HO B IIEJIOM BCsS TMOJACHCTEMa W, B YAaCTHOCTH, €€ TJIaBHBIM
KOMIIOHEHT — JHCIETYEp BBOJA-BbIBOJIa palboTaeT B pexume sapa. B
HEKOTOPOM MPOMEXYTOYHOM IMOJIOKEHUU (C TOYKH 3pEHUs OCTYIMHOCTH W3
pa3HBIX PSKUMOB) OKa3biBatoTCs INf- U cat-¢aiiibl (XpaHsaT nuGPOBbIC MOAMUCH,
yIoCTOBepstonue arrectanuio jgadoparopun Microsoft WHQL — Microsoft
Windows Hardware Quality Lab) u peectp. [lucrmerdep BBOAa-BBIBOAA HE
TOJIBKO 00ECITeYMBaeT B3aUMOCBS3b MEKIY NPUIOKCHHUSIMH TIOJIb30BATCII |
JpaliBepaMH YCTPOMCTB, HO TAKXKe MPEIOCTaBIsACT OOIIUHN ISl ApaBEpOB KO/,
UCIIOJIB3YEeMbIld TpU  00pabOTKe 3ampocoB, YTO CYIIECTBEHHO BIMSICT Ha
MHUHHAMHM3AIUI0 KOJa caMuX ApaiBepoB. OH Takke 0OCCIICUMBACT YIPABICHHUC

Oydepamu 3ampocoB BBOJIa-BBIBOJAA W TPHU HEOOXOJAUMOCTH BBI3OBHI OJHUM
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JIpaiiBepoM JIpyrux i OpraHu3auudd oO0paOOTKM 3ampoca IO  LEMOYKe.
YmpoieHHas cxema OpraHu3alyy MOJACUCTEMbl BBOJIa-BbIBOAA [2] n300pakeHa

Ha pucyHke 1.2.

MpunoxxeHna Win32-cepBuchbl
A A A A
v A
Oucnetyep PnP YcTtaHaenuea- INF- 1
Cryxba WMI nonb3oBaTesib- (419 emMble CAT-
CKOro pexxuma KOMMOHEHTbI bainbl
4 A :
Monb3oBaTenbCcKUiA pexxKum PeRcTp
Pexim agpa 'y
SRY RV, USRI [(CUSUSHCTINIS, /ST Sy RN RO N Py
Mogcuctema | 3 L
BB0A,a-BblBO
04, Aa ! Mpoueayps! [vcneTyep OucneTtyep Oucnetyep
U WDM WML PnP aneKTpo- BBOAA- :
: nUTaHuA BblBOAA 1
e L f ___________________ :
fpavigeppl | T TTTTTTTTTTTT 1
: A
e :
| ol R ey K o X 6 2 8 e oL R et e b ¥ e o e o £ ___________________ bl
1
HAL |
1

Pucynok 1.2 — KOMNoHEHTBI MOJICHCTEMBI BBOJA-BbIBOAA

[Toncuctema BBoga-BeiBoga WINAOWS MpOEKTHpOBANach C  IEIbIO
o0ecrieyeHnss MaKCUMaJIbHOM T'MOKOCTH, KaK C TOYKHM 3pPEHHs] BO3MOXHOCTH €€
paciiupeHust apaiiBepamMu crneuu(puyecKux YCTpPOWCTB, TaK U C YYETOM
NOAJIEP)KKM MAaKCUMaJIbHOTO a0CTparMpoBaHUs YCTPOWCTB ISl MPHUKIATHBIX
ITPUIIOKEHHM. BaxubiMu MOMEHTaMU obecrieueHus o 100HOU
(YHKUIHMOHAJIBHOCTH SIBJISIFOTCS BO3MOXHOCTH JUHAMUYECKOM 3arpy3Ku (SIBHOM
WIM Ha OCHOBE NEPEUUCIIEHUs) U BBITPY3KH JpailBepoB, 0OOOIIEHHBIA BUA
(bopMHUpyEMBIX CTPYKTYp 3allpOCOB Ha BBOJ-BBIBOJ U AucrieTyepusanus. OqHumM
U3 UHCTPYMEHTOB PETrHCTpallMH, 3alyCKa, OCTaHOBA U BBITPY3KH JpailBEpOB

CIIY’)KUT MCXaHHU3M YIIPABJICHUA CCPBHUCAMM.
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1.2 Cepesucwi

CepBucel  (Services), wimm  CIyXObI, SBISIOTCA  HPOICCCAMH,
MPEIOCTABIISIOMIMMHI  JOTIOJTHUTENbHYIO (DYHKIIMOHAIBHOCTh B CHCTEME, HeE
3aBHCSIIYI0 OT WHTEPAKTUBHBIX JCWCTBHI TOJIb30BaTelsl. 1o €eCTh 3TO
NPUIIOKEHUS, 3allyCKaeMble 0e3 ydeTa TOro, 3aperUCTPUPOBAJICS JIU B CHCTEME
KaKoW-1100 TMOJIb30BaTel b WM HET, U JIOBOJILHO YacTO 3allyCK CaMOTo cepBHCa
MPOUCXOANT IO MOMEHTA TOSABIICHUSI OKHA PETUCTPALlMU NoJib30BaTes. B yactu
B3aMMOJICHCTBHS C CHCTEMOM CEpBHCHI MCIOJIB3YIOT «s3bik» Windows APl u
(GYHKIMOHATIBHO COCTOSIT U3 TPEX KOMIIOHEHTOB:

— Service application — cepBucHoe nprtokeHHe (WK ApanBep);

— Service control  program  (SCP) — mporpamma ymnpaBieHHS

CEpBUCOM;
— Service Control Manager (SCM) — nawucrerdep ynpaBJicHUS
CEPBHCOM.

Bech HeoOxomumerit APl juist peanuzanuy MexaHu3Ma JUCIeTYepU3aIiu
(SCM-(dyHKIIMH) CEpBHUCOB COCPEIOTOYCH B cucTeMHOM DLL-0nOimoTeke
Advapi32.dll (Advanced API).

CepBucHOE TpPWIOKEHUE — OTO JpaiiBep win o0bruHOEe Windows-
NpUIo’KeHUe (Yallle BCEro peann3yeMoe Kak KOHCOJIBHOE), UMEIOIIee JOTIOTHU-
TeJIBHBIN OJIOK KoJa, obecrneunBaronuii oopadbotky komana ot SCP u Bo3Bpar
€My OIpEIEICHHON CTaTyCHON nHGOpMaIiu.

SCP — cramgaptHoe Windows-ipUiIO’)KeHHE, HCIIONB3YIOMEe IS
yrpaBiieHus cepBucoM ¢GyHkimu u3 Habopa SCM-dynkiuiti. B ocnoBnom SCP-
NPUJIOKEHNE TPEAHA3HAUYCHO IS 3allyCKa, OCTaHOBAa M KOH(QUTYPHUPOBAHUS
CepBHCa, MHOTA 3TO MPUTIOKEHUE PACIIUPSET MOJUTUKY YIIPABICHHS CEPBUCOM
no oTHomeHnio K peammsyemorn SCM-dyHkinu. B pamkax omepannoHHOM
cucrembl Windows cymiectByroT BcTpoeHHble SCP, HO mis  yBEJIMYCHHS
BO3MOXKHOCTEH KOH(MUTYpUPOBAHUS CEpBHCA Pa3pabOTUUK MOXKET HamucaTh

CBOIO cOOCTBeHHYIO mporpammy SCP, BO3MOXHO, Jake HE pealn3ys €€ Kak
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OTJENIbHOE TPUIIOKEHHE, a BCTpauBas ee¢ (QYHKIIMU B OCHOBHOE IMPHIIOKCHHUE,
ucroyp3yromee  cepBuc. CepBHCHBIE TMPUIOKEHHUS  TOJBKO  KOCBEHHO
B3anMoieicTBYIOT ¢ SCP, m3MeHsIs1 CBOIO CTaTyCHYI0 MH(GOPMAITUIO B TIPOIECCEe
BeITIoTHEHU kKoMaHa ot SCM. Ilepen ucnons3zoBanueM SCM-dynkmuit SCP
HEOOXOJMMO YyCTaHOBUTH KaHan cBs3M ¢ SCM (ucrmonb3yercss (QyHKIUS
OpenSCManager). BaXHbIM MOMEHTOM SIBJISIETCS TO, YTO TPH YCTaHOBKE
J000TO TPUIIOKEHHSI, B paMKax KOTOPOTO TPEIOIaraeTcs HCIOJIb30BAHUE
cepBHCca, HEOOXOAMMO TIPEABAPUTEIHHO 3apETHCTPUPOBATH CEPBUC, BHI3BAB
¢yuknuto CreateService (peammsoBana B Advapi32.dil). Ha ocHoBanun
napamMeTpoB BbI30Ba 3Tod ¢yHKImH SCM co3maeT i1 KakIoro cepBHUca
VHTMBY Ty JIbHBIH paszen B BETKE peectpa
HKEY_LOKAL_MACHINE\SYSTEM\ CurrentControlSet\Service (ocHoBHas
uHpopmanmonnas 6aza SCM, nim ServicesActive database), kyna momermaercs
KaK IapaMeTp BHOBb CO3JaHHOTO pasjelia peectpa HH(OpMAIUsi O MecTe
PacCIoJIOKCHHUSI Ha JHUCKE HCIOIHSAEMOTO (aiiia COOTBETCTBYIOIIETO CEPBHCA,
€ro mapameTpbl IpHU CTapTe U KOH(PUTYpAIMOHHBIE HACTPOUKH (3T HACTPOUKH
MOMEIIAIOTCS B Mo/Apasaen Parameters co3ganHoro jisi cepBuca paszena).

SCM otBeuaeT 3a 3arpy3Ky Kak CEpPBHCOB, TaK W JIpalBEpPOB, MMOATOMY HE
YAUBUTEIBHO, YTO 3HAYEHUA HEKOTOPHIX IMapaMeTpoB SBHBIM 00pazoMm
YKa3bIBAIOT HAa KOHTEKCT TEKyIIero npuioxkenus. OOmuii tepmun (Services),
ucnonb3yembii  Microsoft mms o0o3HaueHHs Kak CIIy:KO, Tak ¥ JpailBepoB
YCTPOUCTB (OHU JIEWCTBUTEIIBHO BO MHOTOM CXOXH TO CTHJIIO pPabOThl U
XapaKTePy BBITOMHICMBIX (DYHKITHIT), 9aCTO BHI3BIBACT MYTAHUITY B ITOHUMAHHUH
porpaMMHOM JoKymMeHTanuu. HamOonee BakHBIC I HaIled NPHUKIIATHOMN
3aJla4yd TapaMeTphl CO3AaHHOTO paszielia peecTpa W UX BO3MOXKHBIC 3HAYCHUS

JUISL IpaiiBEpOB U CEPBUCOB MOKa3aHbl B Tabywmile 1.
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Tabnuua 1.1 — OcHOBHBIE MapaMeTpbl IPU PETUCTPALIMK CEPBUCA/IpaiiBepa U X

BO3MOXKHBIC 3HAYCHUA

Mapamerp

3Hauenue

Onucanue

Start

SERVICE_BOOT_START

©)

[paiiep 3arpyxaercs Ntldr win Osloader, to
€CTb, nepej 3arpyskoit OC

SERVICE_SYSTEM_START

o))

[HpaiiBep 3arpyxkaeTrcsa mocie 3arpy3ku u
VMHHIMAIM3ALIH IpaliBepa co 3HaUCHHEM

SERVICE_AUTO_START

@

lpaiiBep wimm  cepBuc  3amyckaercs SCM
aBToMaTHuyecku mociie 3amycka SCM-mporecca
(Strvices.exe)

SERVICE_DEMAND_START

@)

Hpaiiep wmm cepuc 3amyckaercs SCM  mo
TpeOOBaHUIO

SERVICE_DISABLED

(4)

HpaiiBep uau cepBUC HE 3arpyxaerci WU He
MHHINAIA3APYETCS

ErrorControl

SERVICE_ERROR_IGNORE

)

Kox ommOkm, BO3Bpamaemsblil IpaiiBepoM HIIH
CEpPBUCOM, HTHOPUPYETCS

SERVICE_ERROR_NORMAL

)

Ecmm npaiiBep wiam cepBHC BO3BpamacT KoJ
OIMOKH, BBIBOJUTCS IPEAYIPEKACHHIE

SERVICE_ERROR_SEVERE

)

Ecnm npaiiBep mim cepBHC BO3BpAIACT U €IIE HE
HCTIONIb30BANIaCh TIOCIEHSAS yladHas
KOH(UTypanusi, TO OHa ucroybs3yercs. Ecian oHa
YK€ HCTIOJIb3YETCs], 3arpy3Ka MPOJI0IDKACTCS.

SERVICE_ERROR_CRITICAL

©)

Ecnu nmpaiiBep it cepBHC BO3BPAIIAET U €lIe HE
UCIIOJIb30BANIaCh TOCIIeTHSS ynavyHas
KOH(HTryparys, TO OHa HCIOoJb3yeTcs. Eciau oHa
yke ucnonb3yercs, BeiBoautcs BSOD «Cunmit
9KPaH CMEPTH»

Type

STRVICE_KERNEL_DRIVER

()

JpaliBep ycTpolicTBa pexuma sapa

SERVICE_FILE _SYSTEM_DRIVER

@)

Jpaiisep ¢aitnoBoit cucTeMbl

ImagePath

[Tyth k ucnionHseMomy (aiimy

[Iyte k wucmomHsieMomy ¢airy npaiiBepa WIH
cepBuca. [lo ymomuanuio (aiin umiercs B mamnke
%SystemRoot\System32\Drivers

DisplayName

Nwms cepBuca

Nwms cepBuca. Ilo ymomyanuro ums ero paszeia B
peecTpe.

Ha xoHeuHOM »J3Tame 3arpy3ku ONEPAlMOHHOM CHUCTEMBI CHUCTEMHBIN

nporecc Winlogon (mepes MosiBJICHHEM JTUAIOIOBOTO OKHA C MPHIJIANICHUEM K

peructpainuu) 3amyckaeT SCM, KOTOpwIf B CO3MaHHOW BHYTpEHHEH Oasze

naHHBIX cepBucoB SCM HINET 3amvcu IpailBEPOB M CEPBHCOB C IMapaMeTPOM

Start, umeromum 3nadenne SERVICE AUTO START, u 3amyckaeT ux.
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1.3 Ilpumep npunosrcenus, uCnoIb3yOue2o cepeuc

B mnocnenytomux AByX paszaesiax MPUBEICHbBI MPUMEPHI MPOCTEUIIETO
npaiiBepa U paboraromieid ¢ HUM MporpamMmbi-cepBuca. OHU OCYIIECTBIISIOT
JIOCTYIl K PETUcTpaM IUIaThl, YCTAaHOBJIEHHOU B clOT ISA (Hampumep, MOAyss
UNIOXX-5 ¢upmer Fastwel) [S]. Beibop ycrpoiicTBa Ha mmHe ISA 00yciioBicH
0oJiee MPOCTOM CXeMOM MPOrpaMMHOTO B3aUMOJICHCTBUS C TAKUM YCTPOMCTBOM.
Ha camom pgene, 3To MOxkeT ObITh W TuTaTa, ycTaHoBieHHas B cioT PCIl, umm
T000i1 Apyrod CHUCTEMHBIM pecypc, oOpalleHHue K KOTOPOMY Ha YpOBHE
PErUCTPOB 3amlpelleHO U3 MpOorpaMM pexuMma TMosb3oBatens. [lpu sTom
YCJIOKHSIETCS aJITOPUTM B3aUMOJICUCTBHUS C YCTPOMCTBOM, HO MPUHIIUI JOCTYyMa
yepe3 MOpThl BBOJIa-BbIBO/IA ocTaeTcs. JpaiiBep HalMcaH Ha si3bIKe acceMouiepa,
KOTOpPBIM Haubosee 3pPEeKTUBEH PU HAMMMCAHUU JAPAUBEPOB, Ti€ TPEOOBAHUS K
MUHUMU3AIUU KOJa U, KaK CIIEJICTBUE, MAJO€ BPEeMs UCIIOJHEHUSI 00bEKTUBHO
HEO0OXOIUMBI

Ha mmctunre 1.1 npuBenen mnpumep peammsaumu SCP Ha s3bIKe
accemOyiepa. MUHMMAalIbHO HEOOXOJUMBIM MaTepuas, MO3BOJSIOMIUNA TOHSThH

paBuiia ¥ HOTAIMIO JJIsl O(OPMIIEHUS IPOTPAMM Ha ITOM SI3bIKE, MOKHO HANTH

B [3].

JIncTuur 1.1

; [IlpMep mpocToM HmporpaMMsl ynpasBJieHUMs cepBucoMm (SCP)
.386

.model flat, stdcall

option casemap:none

include D:\masm32\INCLUDE\kernel32.inc
include D:\masm32\INCLUDE\user32.inc include
D:\masm32\INCLUDE\advapi32.inc

include D:\masm32\INCLUDE\windows.inc
includelib D:\masm32\LIB\kernel32.1lib
includelib D:\masm32\LIB\user32.lib
includelib D:\masm32\LIB\advapi32.1lib

.data

hSCManager dd 0

hService dd 0

ALIGN 4

CardUNIODriverPath db "D:\masm32\BIN\CardUNIO.sys",0
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../../../masm32/INCLUDE/kernel32
../../../masm32/INCLUDE/user32
../../../masm32/INCLUDE/advapi32
../../../masm32/INCLUDE/windows
/masm32/LIB/kernel32
/masm32/LIB/user32
/masm32/LIB/advapi32
../../../masm32/BIN/CardUNI0

ALIGN 4
ErrMsgl db "Attempt of connection with SCM has
failed!'",0
ALIGN 4
DrvName db "CardUNIO.sys",0
ALIGN 4
ErrMsg2 db "Attempt to register the driver has failed!
",0
14
ALIGN 4
DrvNamel db "CardUNIO", O
ALIGN 4
DispNameDrv db "MyDriver",0
.code
start proc

; YcraHaBamMBaeM KaHan ceBasm ¢ SCM
invoke OpenSCManager, NULL, NULL,
SC_MANAGER_ CREATE SERVICE
.if eax !'=NULL
mov hSCManager, eax
; PerucrpupyeM gppamBep
invoke CreateService, hSCManager, offset DrvNamel, \
offset DispNameDrv, \
SERVICE START + DELETE, SERVICE KERNEL DRIVER, \
SERVICE DEMAND START, \
SERVICE ERROR IGNORE, addr CardUNIODriverPath, \
NULL, NULL, NULL, NULL, NULL
.if eax '= NULL
mov hService, eax
; BamyckaeMm gpameep
invoke StartService, hService, 0, NULL
; Ymamnsiem ppamBep
invoke DeleteService, hService
; 3akpmBaeM OEeCKPMITOP IpaneBepa
invoke CloseServiceHandle, hService
.else
; Ecim He ypanochk BapermMcTpmMpoBaTh CEPBMC, BHBOAMM O6 3TOM
coobueHne
invoke MessageBox, NULL, offset ErrMsg2, NULL,
MB_ICONSTOP
.endif
; BaxpreBaemM kaHan cBasum c SCM
invoke CloseServiceHandle, hSCManager
.else
; CoobumeHre B cllyyae HEBOBMOXHOCTM YyCTAaHOBUTEL CBSA3BL Cc SCM
invoke MessageBox, NULL, offset ErrMsgl, NULL, MB ICONSTOP
.endif
invoke ExitProcess, 0
start endp
end start
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JleficTBUS TIpOrpamMMbl 3aKJIHOYAIOTCS B CIEAYIOLIEM. Y CTAHABIMBAETCS
kaHa cBs3u ¢ SCM. Ecimm mpu ycTaHOBIGHHWHM KaHaJla CBS3H MPOUCXOIUT
omuOKa, BRIBOIUTCS coodmenue “Attempt of connection with SCM has failed!”
U TporpamMma 3aBepinaerca. B cilydae ycTaHOBIEHHs KaHala pPEruCcTpUpyeM
npaiiBep. Ecnu mpoucxoaut ommobKa perucTpaluy, BBIBOJUM COOTBETCTBYIOIIEE
coobmenue “Attempt to register the driver has failed!” u, 3akpsiB JecKpUITOp
SCM, 3aBepmiaem mnporpammy. B chmyuae ycmexa perucTpauuu ApaiBepa
3almyckaeMm JpaiBep, yHaalseM €ero, 3akpblBaeM JIECKpUIITOp JpaiBepa,
3akpbiBaeM geckpuntop SCM, 3aBepmiaeM mporpammy. B 3Toii mporpamme
JpaiiBep 3amycKaeTcss OAWH pa3, W IMOITOMY €ro JACHCTBHS HOCST XapakTep,
TOJIKO TIOJATBEPKAAIOUINI QakT ero padoTsl. Tenepp 60see noapoOHO.

Hns BezoBa SCM-¢pynakiuit SCP momkHa yCTaHOBUTH KaHajl CBSI3U C
SCM, ucrione3ys  pynkmuto  OpenSCManager.

[TporoTun ¢GyHKIUU BBITIISIAUT CIASAYIOIMUM 00pa3oM:

OpenSCManager proto

IpMachineName:LPSTR,

IpDatabaseName:LPSTR,

wDesiredAccess:DWORD

IpMachineName

VYkazaTenb Ha CTPOKY, 3aBEpIIAIOIIYIOCS HYJIEM, COACPIKAILYI0 HUMS
KOMITbIOTEpa. YcTaHaBiauBas d3ToT mapamerp B NULL, wbr
yCTaHaBJIMBAEM CBsI3b C JIOKATbHBIM SCM (Ha 3TOM KOMITBIOTEPE).

IpDatabaseName

VYkazarenb Ha CTPOKY, 3aBEpPIUIAIOIIYIOCS HYJIEM, COJACPKAIIYI0 UMS
OTKpbIBaeMoW 0a3bl. YcraHaBnuBass 3T0T mapamerp B NULL, Mbl
YCTaHABJIMBAEM CBA3b C JIOKAJbHOW, aKTUBHOM B TEKYIIUA MOMEHT
6a3oit nanapix — SERVICES _ACTIVE_DATABASE.

dwDesiredAccess
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[IpaBa nocryna, 3anpaiirBaeMble MPYU OTKPHITUU KaHaaa. MoTyT ObITh
CJICaAyromue 3Ha4YCHUS:
SC_MANAGER CONNECT (ycTaHaBIuMBaIOTCSi MO YMOJIYaHMIO,
napametp 0);
SC_MANAGER CREATE SERVICE (mnoctyn s BHeceHus: B 6a3y
JTAHHBIX 3aIFCH O HOBOM JIpaiiBepe);
SC_MANAGER_ALL_ACCESS (momnHbIi#t 1ocTy™).
Ecnu sta ¢pynkuus Bo3spamtaer He NULL (NULL roBoput 06 ommoke),
TO MBI IIOJIY4acM JCCKPHIITOP aKTHUBHOI 0Oa3bl JaHHBIX. CJIGI[YIOHII/Iﬁ mar —
3TO perucTpanys Haimlero jpaiBepa nyrtem Bbi3oBa (yHkuuu CreateService,
IIPOTOTHII KOTOpOfI BBITJIAAWUT TaK:
CreateService proto
hSCManager:HANDLE,
IpServiceName:LPSTR,
IpDisplayName:LPSTR,
dwDesiredAcces:DWORD,
dwServiceType:DWORD,
dwStartType:DWORD,
dwErrorControl:DWORD,
IpBinaryPathName:LPSTR,
IpLoadOrderGroup:LPSTR,
IpdwTagld:LPDWORD,
IpDependencies:LPSTR,
IpServiceStartName:LPSTR,
IpPassword:LPSTR
hSCManager
Heckpuntop 6a3bl Janabix SCM.

IpServiceName
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VYkazarenb Ha CTPOKY, 3aBEPLIAIONIYIOCA HYJIEM, COAEPIKALLYI0 MM
npaiiBepa/cepsuca. Jlnmaa mo 256 cumBosioB. COOTBETCTBYEeT UMEHHU
noApas3zeia B peecTpe.
IpDisplayName
VkazaTenb Ha CTPOKY, 3aBEpLIAIOLIYIOCS HYJIEM, COAEpPKaIlyIO
9PKpaHHOE uMs JpaiiBepa/cepBuca. JlnuHa p0 256 CHUMBOJIOB.
CootBeTcTBYyeT 3HaYeHHIO TapameTpa DisplayName B peectpe.
dwDesiredAcces
3anpaimuBaeMblid TUT gocTyna. MoryTt ObITh 3HAUECHHUS:
SERVICE _ALL ACCESS (monHblii ocTyn);
SERVICE START (moctyn Ha 3amyck japaiBepa/cepBuca);
SERVICE STOP (aoctymn Ha 0cTaHOB JipaiiBepa/cepBuca);
DELETE (moctym Ha ynaiienue apaiisepa/cepBuca u3 6a3st SCM).
dwsServiceType
Tunn cepuca, B Hamem ciaydae SERVICE KERNEL DRIVER.
CootBerctByeT 3HaueHuto napamerpa TYPE B peectpe.
dwStartType
Tun 3amycka, B HameMm ciydae SERVICE DEMAND START.
CootserctByeT 3Hauenuto napamerpa START B peectpe.
dwErrorControl
Xapakrep KOHTPOJIS OIuO0K, B HaleMm ciyvae
SERVICE _ERROR IGNORE. CooTBETCTBYET 3HAUECHHIO MMapameTpa
ErrorControl B peectpe.
IpBinaryPathName
VYkazarenb Ha CTPOKY, 3aBEpIIAIOLIYIOCS HYJEM, COIEpPKallyto
NMOJHBIM TyTh K (ainy 3arpykaemoro apaiiBepa. COOTBETCTBYET
3HaueHuro mapamerpa ImagePath B peectpe.

IpLoadOrderGroup
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VkazaTtenb Ha CTPOKY, 3aBEPLIAIOLIYIOCS HYJIEM, COAECPIKALIYIO UM
TPYHIIbI, B CIly4ae €CJW 3arpy>kKacMblil JpauBEP ABJISACTCS UYICHOM
rpynnsl. B nporuBHoM ciydae 3Hauenne NULL wnm ykaszarens Ha
MyCTYIO CTPOKY.

IpdwTagld
Vkazartenb Ha NEPEMEHHYIO, COJIEPKAILILYI0 YHHKAJIBHOE 3HAYCHHE
Tera, uaeHTuuuupyromee rpymmny. B npotusHom ciaydae NULL.

IpDependencies
VYkaszareib Ha MacCUB HMEH [JIpalBEpOB WIM TPYIN JparuBeEpPOB,
3arpy3ka KOTOPbIX JIOJKHA ObITh OCYIIECTBIICHA JI0 3aITyCKa TEKYIIErO
IpariBepa. MaccuB 3aKkaHUMBAETCs ABYMS HYJISIMM, UMEHA JpaniBEpPOB
WM TPYII Pa3ieiisitoTcss OJHUM Hyliem. Ecim 3amyck apaiiBepa He
CBSI3aH C MPEABAPUTEIBHBIM 3aIIyCKOM APYTUX JIPaliBEpOB, 3HAYCHUE
NULL.

IpServiceStartName
VYKkaszaresnb Ha CTPOKY, 3aBEPIIAOIIYIOCS HYJIEM, COACPKALLYIO HUMS
Y4ETHOM 3amucH (account), ¢ mpaBaMHu KOTOPOM 3aIlyCKaeTCsl TEKYIIU
npariBep. B cmywae tuma cepsuca SERVICE KERNEL DRIVER
napameTp COAEPKUT uMsi o0beKTa npaiiBepa. Eciu ucnonbsyercs ums
o0BeKTa JIpaiiBepa, MPUCBOEHHOE IMOACUCTEMOM BBOJIa-BbIBOJA, TO
NULL.

IpPassword
Vkazarenb Ha CTPOKY, 3aBEPIIAIOLIYIOCS HYJIEM, COJEPKAILYIO
[1apoJib YYETHOM 3aIlUCH, C IIPaBaMU KOTOPOM 3aIlyCKaeTCs TEKYIIHUM
npaiiBep. B cnmyyae SERVICE KERNEL DRIVER 3Hauenue storo
napaMeTpa UTHOPUPYETCH.

Ocranpubie  ¢ynknmm — —  StartService, DeleteService  u

CloseServiceHandle — 3amyckaroT, yoajisitoT U 3aKpbIBalOT ACCKPUIITOP HAIICTO
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npaiiBepa. Jlamee mpuBOASTCS NPOTOTUIB (YHKUMA ¢ OMMCAHUS UX
apameTpoB.

StartService proto

hService:HANDLE,

dwNumServiceArgs:DWORD,

IpServiceArgVectors:LPSTR

hService

JleckpunTop apaiiBepa/cepBuca.

dwNumServiceArgs
KosnmyecTBO apryMeHTOB, mnepenaBacMbIX cepBuUcCy. JlpaiiBepy He
[IepEIat0TCs apryMEHTHI, 1103ToMYy 3HaueHuss NULL.

IpServiceArgVectors
VYka3zaTenp Ha MacCHB yKa3aTeled, CChUIAIOIIMXCA Ha CTPOKH,
3aBepliarolmecss HyJieM. B cTpokax copep:kaTcs mepefaBaeMbie
ciyk0e apryMeHTbl. B HameM ciydae apryMeHTbl OTCYTCTBYIOT,
nostomy 3HaueHue NULL.

DeleteService proto

hService:HANDLE

hService

JeckpunTop yaansieMoi Ciy>KOBbI.

CloseServiceHandle proto

hSCObject:HANDLE

hSCObject

Heckpuntop 3akpsiBaemoro SCM, cepBuca, apaiiBepa.
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1.4 Ilpomomun opatisepa pesicuma s0pa

PaccmoTpum mrabion npocreiimiero npaiiepa (uctunr 1.2) [4].

JIncTuur 1.2

; CardUNIO.asm

.386

.model flat, stdcall

option casemap:none

include D:\masm32\INCLUDE\DDK\wxp\ntddk.inc

UNIO_ FPGAl_ BaseAdrr equ 0allOh
; 6asomBmM agpec FPGAl UNIOxx-5 nmpm mocraBke
MyDelay equ 100h

STATUS_IO DEVICE ERROR equ 0C0000185h

.code
ShortDelay proc ValDelay : DWORD
push cx
mov cx, ValDelay
@@delay:
dec cx
jnz @@delay
pop cx
ret
ShortDelay endp

EntryDriverUNIO proc DriverObject:PDRIVER,OBJECT, \
RegistryPath: PUNICODEJTRING

push cx
push dx
xor al.al
inc al

mov dx, UNIO_FPGAl BaseAdrr

; B KOHTPOJILHOM pPermcrpe ycTraHaBaumBaem BANK = 1
cli

out dx.al

sti

invoke ShortDelay, MyDelay

; B permcrpax Mackm kaHans 0-23 Ha BHBOSA

inc dx

mov al.Offh
cli

out dx.al
sti

invoke ShortDelay, MyDelay

xor al.al

dec dx

; B KOHTPOJIBHOM permcrpe ycTaHaBameBaeM BANK = 0
cli

out dx.al
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sti
invoke ShortDelay, MyDelay
inc dx
; bopmMmpyem mMnynec Ha 0-7 BRXOmax
cli
out dx.al
invoke ShortDelay, MyDelay
mov al.Offh
out dx.al
invoke ShortDelay, MyDelay
xor al.al
out dx.al
; BOBBpallaeM CHUCTEeMe COOOleHMe O HeynauvHOM MHULIMAIM3aLUKU
Apaneepa
mov eax, STATUS_ IO.DEVICEJRROR
pop dx
pop cx
ret
EntryDriverliNIO endp
End EntryDriverUNIO

Ecan uurarens 3HAKOM C JUHAMHUYECKH IOJKIIOYAEMONM OHOIMOTEKOU
(DLL) [3], TO mpHBEICHHBI NpUMEpP BO MHOTOM HAIOMHHUT CTPYKTYpPY
npocTeiiell auHaMuueckol Oubnmuoreku. Hano ckazath, 4YTO MEXIYy
npaiiBepamu U DLL ouenr MHoro oOmiero. Ilocme 3arpy3kum apaiiBepa
OMepallMOHHAas CUCTEMa INEepedacT yYIpaBJI€HHE Ha €ro TOYKY BXOJA.
[Ipennonaraercs, 4To BBIMOJHsIEMass (PYHKIMS TPOTpaMMbl, KOTOPOH TMepeaHo
yIpaBJ€HUE Cpa3y MOcie 3arpy3KH ApaiiBepa, — 3T0 UHUIUATU3AIUSA CTPYKTYP
U TIEPEMEHHBIX, HEOOXOAUMBIX JIJIsl AajibHEHIIelH paboThl ApaiiBepa, U OTYeTa O
BeInoaHeHHOM 3amade (“DriverEntry is the first routine called after a driver is
loaded, and is responsible for initializing the driver”, — uutaem mb1 B MSDN).
Toukoii BXxoma sABIsAETCS METKa, yKa3aHHas MOCje TUpeKTHBBI ENd, To ecTth B
HameM ciydae 310 EntryDriverUNIO (moxxeT ObITh M apyroe ums). B
MPUBEICHHOM TMpUMEpe Tocjie Tepeaauyd YIpaBJeHUs Ha TOYKY BXOJa
npoucxoaut dhopmupoBanue nepexoqa u3z 0 B 1 Ha ogqHoM u3 Beixo0B FPGALI -
mwiatel UNIOXX-5 (ucmomnw3yercsi cranmaptHas npommBka ¢00). PeansHOCTB
OTpaOOTKH JpaiiBepa MOXKHO HaOJ0AaTh, MOJKIIOYUB OcCUUIIorpad wim

CBCTOAMOA K COOTBCTCTBYIOIICMY BbIXOJAY ILJIATHI. ECTCCTBGHHO, 1A
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BU3yaIM3alliil  paboThl JpaiiBepa MOXHO ObUIO OOOHWTHCH W 0O€3 TIIaThI,
HanpuMep, BBIBECTH KaKOe-THMOO COOOIEeHHE, WM 03BYYHUTh 3TO COOBITHE Ha
muHamuke I1K. 3aremM B peructp €ax 3arpykaercs BO3BpallaeMblid MmapaMmeTp
(STATUS 10 DEVICE ERROR), Tem cambiM crcTeMe COOOIIAOT 00 OIIMOKE.
Ha sTtom paboTta (M «KU3Hb») JApaiiBepa 3aBepliaercs. Tak Kak TEeKyIIHd
npUMeEp SIBIISETCA TOJBKO IIA0JOHOM JpaiBepa, KaKUX-TM00 KOHCTPYKTUBHBIX
JeicTBUI B ApaiiBepe He mpou3BoAuTca. Koa ommOku BBIOpaH MPOU3BOJIBHO,
€ro MCIOJIb30BaHUE MMEJIO IeJIbI0 COOOIIMTh CHUCTEME O TOM, 4YTO paboTta
NpaiiBepa HE MOXET OBbIThb MPOJOKEHAa M €ro HEOOXOJUMO BBITPY3HUTh, UTO
omepamuoHHas cucreMa u caenaer. Ho rmaBHoe mocturHyTo. CoBepIieHHO
KOPPEKTHO, HCIOJb3ysl BCE <«JDKCHTJIBMEHCKHE» IpaBWia IIOBEICHUS B
ornepannonHoi cucteme WiNndows, mosrydeH MOJHBIA JTOCTYII B CBSITask CBATHIX
— K CHUCTEMHBIM pecypcaM OIEpallMOHHOW CHUCTEMbI, UMes HYJIEBOW ypOBEHBb
OpUBWIETMH  JJIi  MCIONHAEMOro koja. besgymHoe — mcnoib3oBaHHe
OTKPBIBIIUXCS BO3MOKHOCTEH MOKET MPUBECTH K HEOXKHUIAHHBIM pe3ysbTaTam,
B TOM YHCJIE, M K Kpaxy CUCTEMBI.

MoxHO CBOOOAHO YMTaTh M 3aNUCHIBaTh JIOObIE JaHHbIE U3 BHELIHHX
noptoB orepaTtopamu IN 1 OUT, uro 6pu10 Tak nmpuBbrdHo B DOS, 3anuceiBaTh
JaHHbIE B JIIOOBIE ajipeca MaMATH, HO OJHUM HEMOJAXOSAIINM ONEpaTOpoOM HIIU
HEKOPPEKTHBIM 3HAUCHUEM, 3aIICAHHBIM B TIOPT WJIU OIIEPAIIHIO MTAMSITh, MOKHO
NOJIyYuTh «cuHUM dKkpaHn cmept» (BSOD) na wmonutope. bombime
BO3MOXKHOCTH MPEATNOIaratT U O0NbIIYI0 OTBETCTBEHHOCTb.

Paccmotpum  mpotorun  DriverEntry (y Hac 93T0  mpouemypa
EntryDriverUNIO).

DriverEntry proto

DriverObject:PDRIVER_OBJECT,

RegistryPath:PUNICODE_STRING

DriverObject
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VYka3zarenb Ha 00OBEKT CO3/IAaHHOTO ApaiiBepa. Eciau roBoputs npoiie,
To peub uaetr o ctpykrype tuna DRIVER OBJECT, onucanHoil B
daitnne NTDDK.h DDK. YacTp moseii B 3TOl CTPYKType HEOOXO0IUMO
3alO0JIHUTh 3arpy>KEHHOMY JpaiBepy, UMEHHO MO 3TON NMPUYUHE €My
U TepeslaeTcs yKa3aTeab Ha 3Ty CTPYKTYpy. B HameM npumepe Mbl He
3aHUMAJIKCh ATOM pabOTOM, TaK KaK «HE 3aJepKUBAEMCsl Ha10Iro». B
NOJHO(PYHKIIMOHATBHOM JpaiBepe 3Ty paboTy MPUAETCS MPOeiaTh.
RegistryPath

Vkazarens Ha cTpykTypy tina UNICODE STRING, coxepxamryto
yka3zarenb Ha UNICODE-cTpoky, B KOTOpOW COAECPXKUTCI WUMS
paszena B peecTpe ¢ mapameTpaMyu WHUIMAIM3AIUY IpaiBepa.

Hano o0co00 mog4epkHyTh, YTO, B OTJIHWYUE OT IIOJB30BATEIbCKOTO
pexXuMa, B peKHME sipa ONEepaliOHHAs cucTeMa padoTaeT TOJIbKO CO CTPOKaMu
tunma UNICODE STRING. Tenepp HECKOIBKO CIIOB O KOMIWIALMU U
KOMITIOHOBKE JipaiiBepa. CTpoka KOMIUJIALMKN JOCTATOUHO TPAJUIIMOHHA U, €CJIH
MBI paboTaemM ¢ Masm32, BBITVISIAUT CIASAYIOMIUM 00pa3oM:

ML /nologo /c /coff CardUNIO.asm

Onuuy KOMIOHOBIIMKA, €CTECTBEHHO, OTJIWYAKOTCA OT OINIUM s
CTaHJApTHOTO UCHIOJIHAEMOro (Qaiina:

LINK /nologo /driver /base:0x1000

/out:CardUNIO.sys /subsistem:native

CardUNIO.obj

/driver

BrixomHoit ¢aiin — npaiiBep.

/base:0x1000

[IpenomnpeneneHubl agpec 3arpy3Ku JpanBepa.

/out:CardUNIO.sys

BoixonHoit ¢aiin npaiiBepa JODKEH HMETb COOTBETCTBYIOLIEE

pacipenue (10 yMOTYaHHUI0 — .eXe).
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/subsistem:native

Tun moacucTeMbl, HEOOXOAMMBIA I paOOTHI BBIXOAHOTO (haiia.
DTOT BOMpOC ObUT KPAaTKO PAacCMOTPEH B paszjiene, MOCBALIEHHOM
0030py apxutekrypbl Windows. Tlpu »sToM peyp 1A O
CYIIECTBOBaHMHU TpeX mojacuctem okpyxkenus: Win32, POSIX u OS/2.
[Tapamerp Native roBopuT O TOM, YTO HET HEOOXOAMMOCTH HHU B
OHOM M3 3THX mnoxacucrteMm. [paiiBep paboTaeT B «pOIHON» WU
€CTEeCTBEHHON cpele, TO €CTh ucnoias3yeT 0a3oBbii APl camoit

oreparroHHo# cucrtemsr Windows.
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o ok w DB

8.
9.

1.5 KoumponvHwie 6onpocul k pazoeny
Yrto Takoe NpUBUIETUPOBAHHBIN pEeXUM?
UYro Takoe MoJIb30BaTeNIbCKUN pekum?
KakoB 1uana3oH aapecoB, UCTIOIb3YEMbBIX IPUIIOKEHUSIMU?
Bo3MoskeH 1 TOCTyI K pecypcaM CUCTEMBI U3 MOJIb30BATEIBCKOTO pekuma?
Bo3MoskeH 11 1ocTyT K 000pyI0OBaHUIO U3 TOJIH30BATEIBCKOTO pexrMa?
Bes mm omepammonnas  cuctema  Windjws  NTS  paGoraer B
NPUBUJIETUPOBAHHOM pEXUME?
B kakom pexxume paboTaroT CUCTEMBbI MOAIEPKKHU?
B kakoM pexxrme paboTaroT CEPBUCHI CUCTEMBI?

B xakom PCKHUMC pa60Ta}0T IIOJCUCTCMBI OKPY)KGHI/I}I?

10.MoryT 1 apaiBepsl paboTaTh B MOJIB30BATEILCKOM PEXKUME?

11.Kakuie KOMIIOHEHTBI CUCTEMBI pabOTAIOT B pEKUME sipa?

12.]J151s yero Hy>KeH ypOBEHb almnapaTHbIX a0CTpaKiuii?

13.Kaxkue kareropuu apaiiBepoB pexxuma siipa umerorcst B Windows?

14.J1ns yero HyXHa mojiepkka PnP?

15. 151 yero HyxHa noaaepkka ACPI?

16.Yr1o takoe Windows Driver Model?

17.Kaxkue tunsl apaiieepos npeaxycmarpusaet Windows Driver Model?

18.YTo0 Takoe npaiiBep MIMHBI?

19.Yto Takoe GpyHKIIMOHAIBHBIN JpaiiBep?

20./1ns gero Hy»xey apaiBep buiabTpa’?

21.JIns wero HyxHbI Inf-haiinb?

22.]1ns1 uero HyxHBI Cat-paitiibr?

23. 13 xakuX KOMIIOHEHTOB COCTOMUT noacucreMa BBoaa-seisoaa Windows?

24.YTo Takoe cepBUCHI?

25.YT0 Takoe CepBUCHOE MPUIIOKCHHE?

26./1ns1 yero Hy»Ha IporpaMma yrpasiaeHus: ceppucom SCP?

27.]1ns1 9ero HyXeH AucTeTdep ynpapieHnus cepsucom SCM?
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28.Kakue mapamMeTphl HCTIONB3YIOTCS MIPU PETHCTPAIK CepBUCa WK JApaiBepa?
29.Kakue 3Ha4eHHS] MOXKET UMETh TlapameTp Start?

30.Kakwue 3HaueHus MOKeT UMETh mapametp ErrorControl?
31.Kakue 3Ha4eHUST MOXKET UMETh HapameTp [ype?

32.Kakue QpyHKIMH BBHIOTHSAET pacCMOTpeHHbIN npumep SCP?
33.Kak ycranaBnuBaeTcst kaHai cBsizu ¢ SCM?

34.Y1o mpouCXOaUT B Cllydae yCTaHOBJICHHSI KaHalla CBS3H?
35.UYT0 MpOMCXOIUT B Cllydae HEYCTAHOBJICHUS KaHAaJa CBS3U?
36.YT0 npoucxXoIuT, €CIIU HE YAAETCs 3apETUCTPUPOBATh JipaiiBep?
37.KakoBa cTpyKTypa MpOTOTHIIA JpaiiBepa siapa?

38.Yto nenaer onepalmoHHas cUCTEMa MOCIIe 3arpy3Ku apaiiBepa?

39.Uto0 Takoe Touka BXoja ApariBepa’
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2 UCITOJIP30BAHHUE TIAKETA NUMEGA DRIVER STUDIO 1A
HAIIMUCAHHUA WDM- JIPABEPOB YCTPOHCTB

Pazpabotka WDM — npaiiBepa ¢ ucnoib3oBanrem Tojibko DDK siBrisercs
CJIIO)KHOU M TPyNOEeMKOM 3amadei. [Ipm 3TOM IPUXOIWUTCS BBINOJIHATH MHOI'O
OJIHOTUIHBIX OIEpaluii: co3/laHue CKeeTa JpaiiBepa, Hanucanue inf — daiina
JUISl €r0 YCTaHOBKH, CO3JJaHUE MPUIIOKEHUS I TECTUpOBaHuA U T.1I. [Ipu sTom
MHOTME U3 3TUX OIEpaluii OJHOTUIHBI U CTaHAAPTHBL. YacTo Mpu HamMCaHUH
JpaiiBEpPOB NMPUXOIUTCS BBINOJIHATH OAHOTHIIHBIE ornepauuu. Hanpumep, ecnu
pa3pabatbiBaeTCs paiiBep ycTpoicTBa i miuHbl PCI, TO HaBepHsKa mpueTcs
CenaTh:

— BpYYHYIO HanucaTth .inf-(haiin a1 nHCTaUSILUK IpaiBepa;

— BBINOJHUTh KOH(QUTYpalUI0 yCTPOMCTBA MpH 3alyckKe JapaiBepa:
BBIIIOJIHUTH TPOBEPKY, MPUCYTCTBYIOT JIM HEOOXOIHUMBIE PECYPCHI
(mamsiTh, OpTHI, 3anpockl Ha IRQ B ycTpoiicTBe);

— HanucaTh MPOLENYpPbl YIpaBIEHUS SHEPronoTpeOjIeHueM (eciau OHU
HYKHBI);

— mnpounTtath u3 peectpa Windows HEOOXOIMMYIO KOHPUTYPAITHIO;

— HamucaThb MpOrpaMMy JUIsl TECTUPOBaHUS PpabOTOCIIOCOOHOCTH
apaiiBepa  (XoTs Obl JJiA  TPOBEPKH, MPAaBUIBHO JIM  OH
NPOMHCTAJUIMPOBAH W TMpPaBUIBHO JIM 00pabaThlBa€T OCHOBHbBIE
3amIpochl).

Bce mnepeuncieHHble omnepalMd — PYTUHHAs, OJHOTUIHAs padora,

CTaHJapTHAs JUIsl OOJIBIIMHCTBA IPaBEPOB.

JIist yCKOpeHUsl MPOEKTUPOBAaHUS U pa3pabOTKU ApaiiBEpOB YCTPOMCTB
noa Windows UCHOJIb3yIOTCSl TporpaMMHbIe MakeThl pa3Hbix pupm. Hanbonee
M3BECTHBIM MaKeToM siBisieTcs nporpamma DriverStudio ¢pupmer NuMega. s

paboThl ATOM MporpamMMbl 00s3aTENBHOM sIBIseTCS ycTaHOBKa maketa DDK
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(kenarenpHo — DDK 2000 xak HauboJiee yHUBEpCAIbHOTO) U cpeabl Visual C++
Bepcuu He HIke 5.0. XKenaTenbHo NCTIOIR30BATh TaKyt0 KOHGUTyparuio [6]:

— DriverStudio 2.01(nanee B Tekcte — DS);

— DDK 2000;

— Visual C++ 6.0 (manee B Tekcte — VC++).

B Hee BXOaAT crieyroniye mporpaMMbl:

DriverWorks — »3ta mporpamma SBJISIETCS OCHOBHBIM KOMIIOHEHTOM
DriverStudio. Mimenno c¢ momompto DriverWorks BeimonHsieTcsi pa3paboTka
npaiisepa noag Windows 98/ME/2K ¢ ucnonszoBanuem WDM. YcraHoBka 3Toit
nporpammbl obsizarenbHa. [lpu mHctamisiuu DriverWorks uHTerpupyercst B
cpeny pazpabdotku Visual C++.

VtoolsD — cpenctBo s pazpabotku .vxd — apaiiBepoB. JlaHHas yTuiuTa
HE 3aBUCUT OT JApyrux nporpamM DS wumu VC++ U MOXKeT He
WHCTAJTUPOBAThCsl. B mpuHIuIe, ecinu He mpeanojaraercsa pazpadorka .vxd —
JpaiiBEpOB, TAHHBIN KOMIIOHEHT HE SIBJIIETCS HEOOXOIUMBIM.

Softlce — kernel-mode otnamumk. DTa mporpamMmma MOXKET OBITH
MCTIONTb30BaHa KakK ISl OTJIAJIKH IpaBepOB, TaK M B IPYTUX LEJsIX. DaKkTHUIECKH
9TO OYEHb MOIIHBIA OTJIAJAYUK, KOTOPBIM MOXET TOoJy4yaTh JOCTYHn K
NPAKTHUECKH JIFOOBIM 3JIEMEHTaM CHCTeMbl. HemocTaTkamu ero SIBISIETCS €To
BBICOKasl CIIO)KHOCTh U HEYJ0OCTBO B 3KcIUTyatanuu. Pabora ¢ Softlce OniBaer
OllacHa MMEHHO B CHIJIy €ro OOJbIIMX BO3MOXKHOCTEH: J000€ HEBEpHOE
JelcTBUe OOBIYHO (haTalbHO MJii CUCTEMbl. XOTS, JJIsl OTJIAJAKU JpaiiBEpOB
YCTPOMCTB TPYJHO HANTH UTO-IMOO JTydIIiee.

DriverNetworks — wucnone3syercs s pa3paOOTKu JApaiiBEpPOB CETEBBIX
ycTpoiicTB. Ecin He mpeamnosaraercst pa3paboTka Takoro apaiiBepa, JTaHHBIM
KOMIIOHEHT HE SIBJISIETCS HEOOXOIUMBIM.

s nacTamsimun DS Ha koMIbIoTepe HE0OXOUMO TPOUHCTAIUTUPOBATH
naker DDK wu cpeny VC++. Ilocne 3T0ro MoKHO HauMHaTh HHCTAILIALUIO DS.

Cama WHCTAJUIALNUSA IMTPOCTa U HC OTIIMYACTCA OT IIpOoLecCa NMHCTAJJIIIUH TOTO KC
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VC++, nanpumep. Ilo ymomuanuio maker craBurcs B manky C:\Program
Files\NuMega\DriverStudio. 3nanue mytd k DS HeoOX0oaMMO TS JabHEUIICH
pabotel c mnOporpaMmMmoi. B nmampHelimiem Mbl  OyneM  e€ro  Ha3bIBaTh
<nyme_x_DS>. Ilpu mnepBom 3anmycke DS HeoOX0IMMO CKOMIUIMPOBATH
OMOJIMOTEKH, HEOOXOUMBIE ISl padoThL. JIJisl ATOTO CleayeT 3amyCTUTh Cpeay
VC++ u oTkpbITh NpoekT <myTh K _DS>\DriverVorks\source\vdwlibs.dsw. Bes
CyTb B TOM, 4To DS wucnosb3yer cOOCTBEHHYI0 OHOIMOTEKY KJIaccoB IS
HalucaHus JpaiBepa. JTa OUOJIMOTEKAa MOCTABISETCS B HMCXOIHBIX KOJax,
nono6Ho 6ubmmoreke MFC umm 6ubmuorekam moa UNIX. Tlostomy Tenepb
HEO0OXOAMMO OTKOMIMJIMPOBATH ¢ TOMOIIBI0 VC++ TaHHBINA POEKT.

Crout cpa3y MNpOBEpUTh OMNIMHU MPOEKTA U YCTAHOBUTH AKTUBHYIO
koH(purypauutro VdwLibs — Win32 WDM Checked (ecnu manupyercs
OTJIAXXUBAaTh CKOMMWIMpPOBaHHbIE ApaiiBepa) wian Win32 WDM Free. Tenepp
3allycKaeM  MPOEKT Ha  KoMmwismuwoo. B pesynprate B mamke
<myth_k_DS>\DriverVorks\lib\i386\checked mnosiBnsiercss Omubmmorexka vdw.lib
(mpu ucnonb3zoBanuu OC win2K) umu vdw_wdm.lib (win 9x). DS roroB x

pabore.
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2.1 Cucmema xnaccos DriverWorks

Bo3moxxHO, wuaes mnucath OOBEKTHO-OPUEHTUPOBAHHBIA JpaiiBep U
KOKETCSd Ha TEpBBIA B3TJISJ HEJIOTMYHOM, OJHAKO, mpu Oojee OJIU3KOM
3HakoMmcTBe ¢ DriverStudio u ¢ npaiiBepamu B 11€710M, OKa3bIBA€TCsI, YTO ITO HE
TaKk yXX CTpalmIHO W JO0BOJbHO yaoOHO. OOwekTHas wmojenb DriverWorks
oTpaxkaer apxutektypy WDM u mnpexacraiaser co0ol CHCTEMY KJIAacCOB,
MOCTPOSHHYIO Ha CHCTEMHBIX BbI30Bax. Llemp DriverWorks, ¢ ogHON CTOpOHHI,
OCTaBaThCS HAa JOCTaTOYHO HHU3KOM YpPOBHE MPOrPaMMHPOBAHUS, YTOOBI
3¢ (}eKTUBHO mHCaTh JpadBephbl, a C JAPYrod — YHNPOCTUTh U YHOPSIOYHUTH
npolecc pa3padOTKH IpaliBEpOB peKUMA AIpa.

B cootBerctBuM ¢ upaeonorueir DriverWorks npaiiBep mpencraBisiercs,
KaKk HaOOp OOBEKTOB. DTa K€ Hjes MPUCYTCTBYET U B "UMCTOWU" apXUTEKType
WDM, no DriverWorks ymnopsinounBaeT 3T OOBEKTbl U MPEIACTABISIET HX
sk3eMIusipamu kiaccoB. Kmaccbl DriverWorks Takke HECKOJIBKO YIPOLIAIOT
KOJl JApaiiBepa mo cpaBHeHuio ¢ DDK, nenator ero 0osiee KOMIAKTHBIM H
JIOCTYIIHBIM JJIsl TIOHUMaHusl. YacTo MOBTOPSIIONIUECS, PYTUHHBIE (PParMeHTHI
KOJAa [JpadBepa CHOpATaHbl BHYTPU METOAOB Kiacca. M 1O, 4yro mnpu
ucnoap3oBanuy nakera DDK 3aHMMano HECKOJIBKO CTPOK B MpOrpamMmMme, TENephb
MOYKHO BITOJIHE 3aMEHUTh BBI30BOM OJIHOTO €IMHCTBEHHOI'O METOA.

Taxxxe B DriverWorks mnpeasio)keHO HECKOJIBKO TOJIE3HbIX KJIACCOB:
Harmpumep kiacc KFile — moctynm k (aiimaM wiM KJacchl JUHAMHUYECKUX
CIIUCKOB U MaCCHUBOB.

Cama unes DriverWorks nanomunaer Visual C++ u 6ubnuorexy MFC.
MFC npexacraBimser co0OM  HEKyI  IPOCIOWKY, KOTOpas  OTACISICT
nporpaMMucTa OT KyTKoBaThix ¢yHKkuuid APl u mo3Bomsier co3naBath
O00BEKTHO-OPUEHTHUPOBAHHBIE MPOEKTHI, MPU ITOM OCTaBasICh HA JOCTATOYHO
HU3KOM YPOBHE MTPOrPaMMUPOBAHUSI.

Bropouem, B cucreme kiaccoB DriverWorks ecth ogHa 0COOEHHOCTH —

HCpapxus KJIIACCOB IMPAKTHUYCCKHU OTCYTCTBYCT. DTO BIIOJIHE €CTECTBECHHO: B
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cucteme kiaccoB DriverWorks mpUCYTCTBYIOT camble pa3iUyHbIe KIACChl —
KJIACChI, TPEICTaBIAIOMUE Co00i pecypcbl  ycrpoiictBa (muHMEM [T,
npepbIBaHuid, 00JacTedl MmamsTH, MOPTOB BBOJIA-BbIBOJA), CaMU YCTPOMCTBA,
KJIAcChl NIl B3aUMOJICUCTBHUS C peecTpoM, (aitmamu u T.. Eme oaHum
apryMEHTOM B TOJIb3y OTCYTCTBHSI HACIEAOBaHHUS SIBISETCS TO, YTO
pa3BeTBJICHHAsT UEpapXusi KIJIAacCOB MOXET CHHU3UTh  OBICTpOJACHCTBUE
nporpaMmsl. [{ns apaiiBepa, 3T0, KOHEUHO, HETIPUEMIIEMO.

B ocnoBe apxurexktypsl DriverWorks 5nexuT HECKOIBKO OCHOBHBIX
KJIACCOB.

O6wexm opatisepa (Driver Object)

OObexkT npaiiBepa sBisieTcss ok3eMiuisipoMm  kiacca KDriver. On
NpEACTaBIAEeT JApaiiBep B LEJIOM Kak Hekyko aOctpakuuto. Jlnsgs oObekTa
JpaiiBepa aOCOJIIOTHO BCE PaBHO, KAKUM O0OOPYIOBAaHUEM OH YIPABIISIET, 00OBEKT
JpaiiBepa 00 3TOM MO-HACTOSIIIEMY HUKOTJAa HE 3aayMbiBaeTca. Ero 3amaga —
oOecrieunTh MHTEpQENC apaliBepa € OMNEPALMOHHON CHCTEMOM: 3arpy3Ky u
WHULIMAIU3ALNI0 JpaiiBepa, €ro BBITPY3KY U T.I. A yIpaBJICHUE allapaTypoi
BO3JIaraeTcsi Ha Jpyrue OOBEKThl JpaiBepa, B YaCTHOCTH, Ha OOBEKT
YCTPOMCTBA.

Korna onepannoHHas cuctema 3arpyXaer JapaiBep, TO OHa CO3/1aeT IJIs
HEro COOTBETCTBYIOIIMI 00BEKT apaiiBepa [5]. KoMMOHEHT sijjpa onepaiimoHHOMI
CUCTEMBI — aucneTdep BBoAa-BbiBoAa (I/O Manager) — HCHONB3YeT OOBEKTHI
JIpalBEpOB Uil yHpaBlieHUs ycTpoucTtBamMu. Kaxapli apaiBep OTBEYaeT 3a
yOpaBJi€HUE OJHUM WU HECKOJbKUMHU OOBEKTaMH YCTPOMCTB. 3ampoc Ha
omepanvio  BBoAa-BeiBosma (/O request), TmMOCIaHHBIA  MPUITOKEHUEM
M0JIB30BATES], MOCTYIAET K AUCIIETYEPY BBOJIa-BBIBOA.

JlucrieTuep BBO/A-BBIBOJA OMPENEIIAET, KAKOM MMEHHO OOBEKT JpaiiBepa
OTBEYAET 32 COOTBETCTBYIOIIMI OOBEKT YCTPOMCTBA, W IMEPEHAIPABISET €My
3anpoc. Kpome ympaBieHusi o0beKTaMH YCTPOIMCTB, OOBEKT JpaiiBepa HMEeT

AOIIOJIHUTCIBbHBIC MCTOJbI, OTBCHAKOINMC 3da HHHIHAIN3AIIWI0 M 3aBCPIICHUC
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paboThsl apaiiBepa. [IporpaMMmucT co3naet cBoi mojkiacce kiacca KDriver mms
B3aUMOJIEUCTBUS C cucTteMoil. OH 00fA3aTENbHO JOJKEH COAEpPKAaTh METOA
DriverEntry — ¢byHKIIMFO, BEI3IBACMYIO IPU MHUITUAIIN3AIIUH IpaliBepa.

B  ommuune or oObmuHOro He-WDM  gpaiiBepa, mpouenypa
uHunuanuzauun  WDM-npaiiBepa BbINONHSIET BecbMa OTPAaHUYEHHOE YHCIIO
(GyHKUMI: B OCHOBHOM 3TO 3arpy3Ka HEKOTOPBIX BHYTPEHHUX NMEPEMEHHBIX Ha
OCHOBE JaHHbIX peectpa. WDM-apaiiBep HE HWHULIMAINU3UPYET PECYPCHI
yCcTpoicTBa mipu ctapte B Bhi3oBe EntryPoint. Jlyis 3TOro cymiectByer 0ObeKT
YCTPOMCTBA.

WDM-npaiiBep s3xcnioptupyetr meroa AddDevice, KOTOpBIA BbI3bIBaETCA
CUCTEMOM, eciaM OOHapyXeHO YCTPOMCTBO, HOJAECPKHUBAEMOE JIaHHBIM
IpaiiBepoM. OTOT METOJl OTBEYAaeT 3a CO3JaHuE OOBEKTOB YCTPOMCTB,
COOTBETCTBYIOIIUX CHCTEMHBIM (u3nueckuM oObekTaM ycTpoiicTB (Physical
Device Object, PDO).

OOBeKT npaiiBepa MOXET COJEpPKaTh JTOMOJHHUTEIbHBIE METOIbI JIJIs
pEeUHMIMANTN3ALMN JpaiiBepa Ha OoJjiee MO3AHMX CTAAMSIX 3arpy3Kd CUCTEMBI.
Takoil moaxox HEOOXOAMM, €CIM B CHCTEME IHPUCYTCTBYET HECKOJIBKO
JpaiiBEpOB, KPUTUYHBIX K MOPSAIAKY UX 3arpy3ku. Brpouem, Takue mpoOiieMbl
BCTPEYAOTCS HEYACTO.

B  npuHmune, XOpomo — CHPOEKTHUPOBAHHBIM  JpaMBep  JOJIKEH
skcnopTHpoBath MeTo Unload, KOTOpBIN BBI3BIBAECTCS MPU BRITPY3KE JpaiiBepa.
Ho Takue ciydau BCTpEYaroTCs JOBOJIBHO PEAKO.

Knacc KRegistryKey

Kak yxe Obu1o ckazaHo, apaiiBep oOpallaercsi K CUCTEMHOMY peecTpy
npu nHunuanu3anuu. CucteMHbIid peectp (registry) — cucremMHasi 0aza JaHHBIX,
OpraHM30BaHHAas B BUJE JEpeBa, MOXO0XKEro Ha JAepeBo Karamoros. Kaxmyro
BETBh JITOT0 JepeBa (peecTpa) Ha3bIBalOT pazzaenoM (key), Kakmplii JUCT —
napametrpoMm (value). JlaHHbIe, XpaHSIIMECS B peecTpe, MOTYT OBITh pPa3HBIX

THUIIOB: 11eJ10¢ (integer), CTpoka, Habop OANTOB.
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CucreMa no3BoJSET KaXAOMY JIpaiBEPY XPAaHUTh JaHHBIE B peecTpe. JTU
JaHHBIE MCIOJNB3YIOTCS JpaiiBepaMu MpH cTapTe W MHUNUAIu3anuu. OOBIYHO
JpaiiBep XpaHUT JAHHbIE B pasnene
HKLM\SYSTEM\CurrentControlSet\Services\<ums npaiiBepa>\Parameters\.

B DriverWorks ects kitacc KRegistryKey, koTopsiii obiierdaer qocty K
napameTpam peectpa. OH umeer Meroanl ans urenust (QueryValue), 3anucu
(WriteValue), ymanenust (Delete) 3nauenuii kimroueit peectpa. Ilpu BbI3OBe
koHcTpykTOopa KRegistryKey cpa3y ykasbiBaeTcs K04, ¢ KOTOpPbIM Oyner
CBs3aH CO37aBaeMblii 00BEKT. Jlajsiee MOXXHO M3MEHHUTH KIIOY IPHU IMOMOIIU
MeTona Reconstruct.

Obvexm 3anpoca Ha 6600-6b1800 (1/O Request Object)

OOBekThl 3ampoca Ha BBOJ-BBIBOJ, 00Jee H3BECTHBIE, KaK IAKEThI
3anpoca Ha BBOA-BbIBOA (I/O request packet, IRP — tak mMbl u Oymem ux
Ha3bIBaTh B JaJbHEHIIEM), NpeAHa3HAYeHBbl MJIs YIpaBJiICHUS JpaiiBepamu
pexuma siapa.

Ouznuecku IRP mpencraBnser coboil BecbMa CIOXHYIO CTPYKTYpPY
JAHHBIX, COAEPKAllyl0 MHOKECTBO IOJIEH, TAKUX KaK KOJ CTaTyca, yKa3aTellb
Ha Oydep monw3oBaTens, ykazarenb Ha IRP npaiiBepa Gosiee BBICOKOTO YPOBHS,
pasznuyHbie ¢ard ¥ T.1. MHOTHE U3 3TUX T0JIeH HEe UCIIONIb3YeTCs JpaiiBepamMu
pexuma siipa, HO HeoOXoaumbl aisi Toro, 4yTtoObl IRP Obul (yHKIMOHANBEHO
IOJIHBIM MHCTPYMEHTOM YIIPABJIEHUs JIpanBepaMu. 1o ecth, npu nomouu IRP
MO>KHO YIPABJISITH JIFOOBIM THIIOM JIpaiiBepa.

O6Men unHbopmanuend W ynpasiaeHue ApaiiBepamu npu mnomoniu IRP
BBITJIAIUT IPUMEPHO CIEAYIOIMMM 00pa3oM: KOrja MPHIIOKEHUE TOJIb30BaTEIS
MOCBIJIAET JIAHHBIE WJIU MbITAETCS MOJYYUTh JAHHBIE U3 YCTPOMCTBA, AUCIIETUEP
BBOJIa-BbIBO/Ia opmupyeT IRP u oTtnpasinser ero npaiiBepy, OTBeUYaroleMy 3a
naHHoe ycTpoiicTB0. OO0BEKT apaiiBepa moiydaet 3ToT IRP u mepenampanisier
€ro OJHOMY M3 CBOHUX OOBEKTOB YCTpOMCTB. OOBEKT yCTPONCTBA, MOIYYUB

HakeT, MOXKET JIN0O HauaTh ero 00pabOTKy HEMEIJICHHO, JTUOO0 MOCTaBUTh €0 B
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ouepesib, YTOObI 00pabOTaTh ATOT MAKET Mo3ke. UTO MMEHHO cienaeT OOBEeKT
YCTPOWCTBA, 3aBUCHUT OT Toro, kakod mpuimien IRP, or coctosHms oObekTa
YCTPOMCTBA U OT COCTOSIHUSI caMoro ycTporctsa. [locie Toro, kak maker Oyaer
obpabotaH, o0bekT ycrpoicTBa momuier IRP ¢ mndopmanueit o pesynbrare
ornepauuy 00paTHO IUCIIETYEPY BBOIA-BBIBOJA.

Kaxnprit IRP onuceiBaeT onepaiuio BBOIa-BbIBOA, KOTOPasi MOXKET ObITh
BBIMIOJIHEHA YCTpOMCTBOM. Jlisi Toro, 4ToOBl [paiiBep CMOT TMOJYYUThH
uH(pOpMAIUIO O TOM, KaKas UMEHHO Omepalus J0JKHA ObITh BhIMoJgHEHa, IRP
COJICP>KUT 1EJIbI HAOOp aTpuOyTOB: CTApUIUK U MJIAAMIANA KOABl (GYHKIIUHU, KOJI
cTaTyca W pa3jIMyHble MapaMeTpbl: YHCIO0 OalTOB, KOTOPBIE HOJKHBI OBITH
IIPOYUTAHBI, CMEIICHUE W T.II. 3a BpeMs cBoero cymectBoBaHus IRP Moxer
IIPOXOJUTHh HECKOJIBKO YPOBHEN HEPAPXUU APANBEPOB YCTPOMCTB B CUCTEME.
[loaToMy B makeTe pe3epBUPYETCS MECTO JUIsl COXPAaHEHUS JaHHBIX H
napamMeTpoB, HEOOXOIUMBIX MJisi CIEAYIONIETO JpaiiBepa B HEpapXUH — TakK
HazeiBaeMbiii "cTtek IRP", "IRP stack location". Korma o0bekT ycTpoiicTBa
oOpabaThIBaeT 3ampoc, TO OH UMEET AOCTYIl TOJBKO K TEM y4yacTKaM CTeEKa,
KOTOpbI€ MpeAHa3HAUYEHbl JUIs HUCIOJb30BAaHUS UM WJIH YCTPOMCTBOM OoJee
HU3KOTO YPOBHS, KOTOpoMy OyzeT nepeHarnpanieH [RP.

IRP wmoryr cosmaBaThcs Kak jamcnerdepoM B/B, Tak m camumnu
npaiiBepamu. Yamie BcCero 3TO MNPOUCXOAUT MPHU  BBINOJHEHUU (DYHKIMIMA
CreateFile, CloseFile, ReadFile, WriteFile u DeviceControl.

IRP moxeT ObITh YHUYTOXKEH, €CIIM HEOOXOIUMO OTMEHHUTH OTEpPAINIO
BBO/Ia-BbIBOJIa, HAIPUMeEp, MpHU 3aKpbITUU npuiioxkeHus. OobekT IRP comepxur

yKazaTellb Ha (DYHKIINIO, BEI3BIBAEMYIO ITPU YHUUYTOKECHHUH MaKETa.
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gt
MeHeKep

BBOAa-BbiBOAa
I 5 ™ 1/O Status Block
Opaneep
PtrDeviceOhject
IRP_MJ_XXX
Driver Object's LSS
Entry Paints:
DriverEntry IRP_MMN_XXX
DDDispatchxxx SRS
: X L
DDDispatchYyy - )
DDStartlo PtrDiviceObject
Sl PtrFileOhject

Apaiieep
BbICOKOrO
YPOBHA

DDinterruptService
DDpcFarlsr

ok DDCustomDpc

DDSynchCritSection
DDCancel

DDAdapterControl (DMA

andfor e— |

DDCantrallerControl Apyrue
DDIoTimer CTaHAapTHEIE

DDCustomTimerDpc npoueaypel
DDReinitialize Aparisepa

Apaieep
HW3KOro
YPOBHA

-+

DDCancel
DDloCompletion
DDloTimer
DDCustomTimerDpc
DDReinitialize

Pucynok 2.1 — Unartepdeiic ¢ apaiiBepom ripu nomouu IRP

Obvexm ycmpoticmsa (Device Object)

OOBEKTBI YCTPOUCTB SBIAIOTCSA JK3eMIUipamMu kiacca KDevice wmm
KPnpDevice. OTu Kiacchl SBISIOTCS KPAaeyroJbHBIMU KaMHSIMU apXUTEKTYpbI
DriverWorks: onu mnpencraBisitor coOoi kak Obl TpOrpaMMHBIA 00pa3 Tex
YCTPOMCTB, KOTOPhIE MPHUCYTCTBYIOT B cucTeMe. MIMEHHO OOBEKTHI yCTPOMWCTB
o0ecrneunBalOT yIpaBlieHUE U OOMEH JaHHBIMU C BHEHNIHUMH YCTPOMCTBaMH,
YVIPaBJICHUE HX pecypcamMud — JUHUSAMU nOpepbiBaHui, ka”aimamu LI/,
Jyana3oHaMyd  aJpecoB TMaMmsATH, MOpTaMU BBOJa-BhiBoAa W T.n. Korma
BhIITOJIHAETCS cucTeMHbI BbI30B THma CreateFile, ReadFile, WriteFile,
aucneryep BBoAa-BbiBoAa mockuiaeT IRP coorBercTByromemy npaiisepy. Ho
caM JipaiiBep, BepHEe OOBEKT JpaiiBepa, HE BBIMOJHACT HUKAKUX OINEpaluil 1o
00paboTKe 3TOro makeTa — OH MPOCTO MepeAaeT ero oOBEKTy YCTpPOWCTBa U

3a0bIBa€T O camMoM cymectBoBaHun 3Toro IRP. DTo ecrectBeHHO, Benb
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yhOpaBjieHHe (PU3NYECKUM YCTPOMCTBOM — HE €ero 3ajaada, 53TO JENO
COOTBETCTBYIOILIETO OOBEKTA YCTPOICTBA.

Knacc KDevice siBisieTcsi cymnepkiaccoM JjIsi BCEX KIJIACCOB YCTPOMCTB.
Ho na mpakTuke OH ceiiyac MOYTH HE HCHOJIb3yeTcs. Yallle HUCMonb3ylT €ro
notromka — kiacc KPnpDevice. DToT kiacc mpeaHazHadyeH Ui yIpaBICHUS
PnP-ycTpolictBamu, T.€. yCTPOUCTBaMH, KOTOPble KOH(DUTYPUPYETCS CUCTEMOM.
B naHHBIM MOMEHT NMPAKTUYECKH BCE YCTPOUCTBA ABIAIOTCS PnP-ycTpoiicTBamu.
[losiBneHne TakMX YCTPOMCTB CHIJIBHO OOJIErYuMiio >KM3Hb pa3paboTYuKaMm
npaiiBepoB: ucnoiab3oBaTh KPnpDevice HamHOrO mpore, a yacto u 6e3omacHee,
yem KDevice. B nganHom ciydyae Bce npoOnemMbl KOH(PUIypHpOBaHUS U
MHUIMAIN3alUN PECYPCOB 000pyA0BaHNUS JI0KATCS HA IJIEUYN CUCTEMBI.

JIro00l 00BEKT yCTPOMCTBA COACPKUT CTAHIAPTHBIE METOJbI 00PabOTKU
3alpoCOB Ha YTEHUE, 3alKCh U yIpaBiieHue ycTpoiictBoM (device control). Dtu
METO/IbI BBI3BIBAIOTCS TIPH BBI30BE cooTBeTcTBYIOMMX (yHkiuid API ReadFile(),
WriteFile(), DeviceControl().

Kaxnprii gpaiiBep comepKUT MUHMMYM OJIMH OOBEKT ycTpoiictBa. Kaxk
y)K€ TOBOPHJIOCh, OOBEKT YCTpOICTBa SBISIETCS SK3EMIUIIPOM Kiacca,
NOpOXkAEHHOro nporpamMmuctoM oT kjacca KDevice mmun KPnpDevice. [Ins
npuaaHus (YyHKIIMOHAIBHOCTU OOBEKTY YCTPOWCTBAa pa3pabOTUuK paiiBepa
MOXKET TIEpEoIpeeisiTh BUPTYyaJbHbIE METONBl CyINEpKiacca, BKIIOYas Te
METO/Ibl, KOTOpble 0OpabaThiBatOT paziuunbie TUmbl IRP, a Takke mo0aBisTH
CBOM CBOICTBAa M MeTOAbl B Kjacc. B mpouecce pa3paboOTKH MOKHO
UCIIOJIb30BaTh Kak uepapxuio kiaccoB DriverStudio, tTak u ¢ynkuuun DDK.
Brpouem, mis 6onpimHCTBa 3a1a4y 0e3 ucrnoiab3oBanus DDK BroigHe MOKHO
00OMNTHCH.

EcTtecTBeHHO, AenaTh BCe 3TO HAJ0 C OCTOPOKHOCTHIO. BHI30B HEKOTOPBIX
METOJIOB fABJIAETCS O0s3aTenbHbIM. [lepeornpeneneHue BUPTYaabHBIX METOJIOB
TaKKe TpeOyeT OCTOPOXKHOCTH: MHOTHME M3 HHUX COJAEpXkaT KOJ, KOTOPBIH

00s13aTeNbHO JOMKEH ObITh BhIMOIHEH. Eciam ero ygamuth, TO apaiiBep Oymer
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paboTtaTh HempaBwiIbHO (WM He OyaeT paborath BooOmie). B pesynbrare,
CUCTEMA, CKOPEE BCETO, 3aBUCHET.

OcTtaeTcsi OTKPBITHIM BOIPOC, KaK K€ BCE-TaKH JpaiBep, BepHEE OOBEKT
YCTPOMCTBA, ympaBiseT amnmapaTypoil? OduiuanbHO MPOBO3TIANIACTCS, YTO
Win2000 — mepenocumasi cuctema. To €CTh, €CIIM OHA XOpOIIO padoTaeT Ha
apxutekrype Intel, To oHa Takke MOXeT OBITh NMEpPEHECEHa M Ha JIpyrHe
cuctembl, Hampumep Alpha. Jlns Toro, 4ro0Oml cucTeMa ¢ MHHUMAaIbHBIMU
UCITpaBJICHUSIMU MOTIJIa paboTaTh HA KOMIIBIOTEPAX C JIPYroil apXUTEKTYpOu, U
o1 BBeeH HAL — ypoBenb abctpakumu anmapatypbl. OH A€HCTBUTEIBHO
abctparupyert apaiiBepa U OOJBIIYIO YacTh KOJa SApa ONEPALMOHHONW CUCTEMBI
OT TOro, Kak UMEHHO MOCTpOeH KommbioTep. Tenepsb pa3zpaboTuuKy napaiiBepa
CTAaHOBUTCSI a0COJIIOTHO BCE PaBHO, KaK HAa JIaHHOM KOMIIBIOTEPE peaIn30BaH
KOHTPOJUIEP NPEPHIBAHUN WJIM KOHTPOJUIEP NPSMOIO AOCTYIA K IaMsITH — BCE
pecypchl  ammapaTypbl Takke IMpEACTaBICHbl OOBEKTaMH. IJTO JIMAara30HbI
apecoB MaMSTH U TMOPTOB BBOAA-BBIBOAA YCTPOWCTB, JUHHUHM MNPEPHIBAHUN U
npsmoro goctyna k mamsata (IIIIT). Bce onu moryt ObITh peasiu3oBaHbl B
pPa3IUYHBIX APXUTEKTypax TIO-pa3HOMY, HO OOIIME MPUHIUIBI UX PabOThI
OCTalOTCS OJHMUMH U TeMH k€. COOTBETCTBEHHO, M HHTep(eiic Kiaccos,
peAN3yIOIIMX YOPABICHUE JOTHUMU PECypCamH, OCTAETCA OJMHAKOBBIM.
[IporpammucTam, Teneps He HYKHO 3HAaTh TOHKOCTH pa0OTHI alapaTHOW 4acTu
Ha 3TOM KoMIbloTepe — 3To 3amadya HAL u Tex mronmeil, KOTopble NEPEHOCUIH
CUCTEMY.

Ha npaktuke 3TO O3Ha4aer, 4To €Ciau yCTPOWCTBO, HAIPUMEp, MMEET
JIAANa3oH aJpecoB MaMsITH W JIMHUIO 3alpoca Ha MpPEepbIBaHUE, TO KJIACC
ycTpoiicTBa OyAeT cojaepkaTh JBa CBoWcTBa (naHHbie). OIHO U3 HUX —
s3emMIuIsip  kiacca KMemoryRange, «koTopelii Oyner pealu30BbIBATH
YIIPaBJIICHUE MaMATBIO YCTPOMCTBA, a Apyroe — sk3emIiursip kiacca Klnterrupt,
KOTOpBIM YIpPaBJIAET JIMHUEHW 3ampoca Ha MPEPbIBAHUE, U BCEM, YTO C HEU

cBs3aHO. Eciii ycTpoiicTBO OyJIeT MMETh HECKOJIBKO 00JIacTel apecoB MaMsTH,
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TO, COOTBETCTBEHHO, KJIacC YCTpoilcTBa OyAeT coAep aTh HECKOJIbKO
’K3eMIUIIPOB Kinacca KMemoryRange.

Hpyrum crocoOOM yOpaBi€HHUs YCTPOMCTBAMM SIBIISIETCS HAJIUYUE
ycTpoiicTB HuxkHero ypoBHsA (Lower devices). Kak yxe ObLIO OTMEUEHO,
0COOEHHOCTHIO apXUTeKTyphl WDM siBisieTcss Hamn4Iue cTeka IpaiBepoB, KOraa
npaiiBeppl MOTyT oOMeHuBaThcs IRP-makeramm wmexnay cob6oil. JlanHyro

CUTYAIIHIO JIETYE OOBSICHUTH TIPH MIOMOIIH PUCYHKA:

OucneTtyep
BBOAA-BbIBOAA

ycTponcTea 1

O6bexT
YCTPOWCTBA 2

O6bekxT
ycTpowucTea 3

‘LT IRP*

YCTpoHCTBO

Pucynok 2.2 — CTek ycTpoNCTB

Ha pucynke 2.2 wu3o0pakeH CTEK YCTPOMCTB, COCTOSIIMNA H3 Tpex
O00BEKTOB YCTpPOMCTB. YCTpoHCTBO |1 — camoe mepBoe (BepxHee) B CTEKe,
YCTPOMCTBO 3 — caMoe mociieaHee (HikHee) B cTeke. Toraa mo OTHOIICHHUIO K
YCTPOUCTBY 1 yCTpOMCTBO 2 OyIEeT yCTPOWCTBOM HUKHETO YPOBHS. Y CTpONCTBa
BEPXHEr0 YpOBHS AJis yCcTpoiicTBa 1 HeT. YCTpOMCTBO 2 MMEET U yCTPONCTBO
BEpPXHEro YpoBHs (YCTpOMCTBO 1) U yCTpOHCTBO HMKHETO YPOBHS (YCTPOMCTBO
3). Ans ycTpoiictBa 3 €CTh TOJIBKO YCTPOMCTBO BEPXHEr0 YPOBHS (YCTPOMCTBO
2), yCTpOMCTBa HWKHEIO YPOBHS Yy HEro HET, YCTPOMCTBO 3 HAaNpsSMYIO

KOHTPOJIUPYET 000pYI0BaHUE.
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Takolt wmeron ympaBieHuss OO0OpyJAOBaHHEM, KOrjJja B CHUCTEME
IIPUCYTCTBYET HE OIWH JpauBep, a Leas LENoYKa ApauBEpOB, MOXKET MMETh
cBOM mpeumyiiecta. [Ipeamnonoxum, Haimie (U3HMUECKOE YCTPOMCTBO — 3TO
KJaBuarypa, nojkiatoueHHas k USB — nopty. Torma o6bekt yctpoiictBa 3 —
npaiieep USB — mopra. YCTpoiCcTBO 2 BBINMOMHAET ACHCTBHS, CrelU(DUIHBIC
MMEHHO JUIsl JAHHOTO THUNA KJIABHATyp: YUTAeT JaHHbIE U3 IOPTOB BBOAA-
BBIBOJIA KJIABHATYPHI, "BUCHUT" Ha NpEpbIBAHUU, BBIINOJHAET JIOMOJIHUTEIbHBIE
byHkuuu (Hampumep, eclii y Hac MyJIbTUMEIUiHas kiaBuatypa). OH nepeaaer
KOl HaXaThIX KJIaBUII ycTpoucTBy l. YcrpoiictBo 1 He 3aBUCHUT OT TOrO,
KaKOM MMEHHO THUIl KJIaBHATYPhl NOJAKIIOUEH K KOMIbIOTEPY. OHO peannsyer
ouepeb KOJ0B Ha)XKaThIX KJIaBULI; peakunto Ha kinaBuiu CapsLock, Shift u T.m.

Ecnm B maHHOM ciydae y KOMIBIOTEpPA NHOMEHSETCS KJIABHATYpa, TO
HEOOXOJMMO YCTaHOBUTH TOJIbKO HOBBIM JnpaiiBep 2. Ecnu kiaBuaTypa
NEPEKIIIOUNTCS Ha JPYro Mmoprt, TO yCTpOMCTBO 2 OyneT oO0maThcs HE C
YCTPOMCTBOM 3, a C KAKUM-TO APYTUM YCTPOMCTBOM. B Takom ciydae cucrema
CTaHOBUTCS OoJiee TMOKOM, JIETKOM B MPOEKTHPOBaHHM, Oo0Jjiee HAAECKHON U
IIPOCTOW B MCHOJIb30BaHMMU. M IOJIB30BaTENI0, U IPUIOKEHUSAM CTaHOBUTCSA
aOCOJIIOTHO BCE PaBHO, KAKOM THUI KJIaBUATYphbl YCTAHOBJIEH Ha KOMIIBIOTEPE.

B nameMm npumepe moisiydaeTcs, 4TO U YCTPOMCTBO 1, U ycTpoucTBO 2
yhpaBisieT 000pyJoBaHUEM — KiIaBUaTypoil. Ho oHM AenaroT 3To He Hampsamyto,
a moceinasi IRP ycrpoiictBy 3. Jlnst Toro, 4ToObl Hall OOBEKT YCTPOMCTBA MOT
nepenaBath IRP- makerbl npyrum o0OBEeKTaM YCTPOWMCTB, BBEJEH KJIacc
yctpoiicte  HmwkHero — ypoBHa  (KLowerDevice, = KPnpLowerDevice).
EcrecTBeHHO, JUIi 3TOrO YCTPOMCTBO JOJDKHO 3HATh, KAk YIPaBIAThH
YCTPOMCTBOM HMKHETO YpOBH ITpy oMoty IRP.

Bnpouem, mogoOHasi cuTyalusi MMEET MECTO MPAaKTHUYECKHM BO BCEX
COBPEMEHHBIX OIIEPALIMOHHBIX CUCTEMaxX. TOJBKO B JPYrHX CHUCTEMAax 3TO

BBIPKEHO MEHEe SIPKO U HE JIeKJIapupyeTcs, Kak "oduinanbHas uaeosiorus’".
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3arparuBas TeMy YIpaBlE€HUs annapaTypoir, HENb3sl HE YIMOMSIHYTh €elle
00 omHOM cmocoOe ympaBieHHs ycTpoicTBamMu. MHOTAa HET BO3MOXHOCTH
ucrnoas3oBaTh kiacckl DriverWorks wumum  dynakimuun  DDK.  Hampuwmep,
HEOOXOAMMO  OOpaTUTCs  HEMOCPEICTBEHHO K IMOpPTaM  BBOJA-BBIBOJAA
KOMITBIOTEPA, B YACTHOCTH, K TIOpTaM YIpaBieHUs TpuHTepoM. Hampsmyro
clenaTh 9TO U3 IMPHUIOKEHHUS MOJb30BaTels, padoTtaromiero mog Winodws NT5,
HEBO3MOXHO.  Bce  monb3oBarenbckue  mporpaMmbl  pabOTalOT B
HEMPUBUJIETUPOBAHHOM  KOJIbLIE 3allUThl 3 ©U HE MOTYT BBIIOJHSTH
acceMOJyiepHble KOMaHIbl Tuma inp/outp. Ho napaiiBep paboTaeT B KoJIblie
3amuThl 0 U, (akTUYeCKH, MOXKET JIeJaTh BCE 4YTO yroaHo. B atom ciyuae
CJIeyeT TEepeolpeeiuTh METO/IbI Kilacca ycTpoiictBa, Hanpumep ReadFile(),
WriteFile(), DeviceControl() — mo6aButh Tyna acceMOJIepHBIC BCTABKU HITH KOJT
Ha CH, BBINOJHSIOMMI TO, YTO HaM HEOOXOAUMO cHenaTh (Yalie BCEro ATO
oOpallieHre K rmopraM BBOJAa-BbIBOJIa). Bripouem, mo0oe oOparieHue K nopram
BBOJIa-BBIBO/IA KOMIIBIOTEpPA HANPSIMYI0 MOXKET OKa3aThCsl OMAacHBIM. Ecim
MPOTPAMMUCT JIONMYCTUT OIIMOKY WJIM HETOYHOCTh B MAHUIYJSIHUAX C
napajjielbHbIM TOPTOM, TO OTO, CKOpEE BCEro, MpoimeT OecciaeaHo JIs
cucteMbl. Ho ecnu oH ommbercs mpu oOpallleHHMH K MOpTaM YINpaBiECHUs
TailMepOM, BHUHYECTEPOM WM JAPYTUMH >KHU3HEHHO BAKHBIMU YCTPOWCTBAMH
KOMITBIOTEPA, TO B JIYIIIEM CITydae CHCTEMa 3aBUCHET.

Obvexmul ouepedetl u byghepuzayusi 3anpocos

CKOJIbKO Omepanuii MOXKET MapajuiesIbHO BBIMOJIHATH Halle (PU3MYECKOe
ycTporctBo? EcTtecTBEeHHO, 3TO ompeaensercss caMOol MOPUPOJOM 3TOro
ycTpoicTBa. MHOTHE BUIBI 000PYI0BAHUS MOTYT OJTHOBPEMEHHO JI€NIaTh YTO-TO
onHo. Hampumep, mapasnienbHbIi TOPT HE MOXKET TepenaTh aBa OaiiTa 3a OJUH
pa3 Ipu BCEM HaIlleM KeJIaHWH, Beb (PU3nYecKu 3TO OAWH KaHay nepeaadn. Ho
Beqb IRP — makets! MoryT npuxoauTts B r00oe Bpemsi! [loaTomy OGOIBITMHCTBO
O0OBEKTOB YCTPOWCTB JOJDKHBI COJAEpXkaTh KaKOH-TMOO MEXaHW3M  JUIs

Oydepuzarnuu u ynopsimounBanus (serialization) 3ampocoB, Tak Kak 3a4acTyio
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TOJIbKO OJMH 3alpoc MOXET ObITh 00padoTaH B enuHuily BpemeHu. CaMbIM
OPOCTBIM U B TO ke BpeMsa 3((EeKTUBHBIM METOJOM Takoi Oydepuzanuu

ABJEACTCA OUCPCIb.

/ IRP
Obvekt | _—] IRk

O6beKT apanBepa / oyepeaun
\ IRP

O6beKT /
YCTPOWCTBA
IRP
[ /

\ ObbekT

ouepeam
pea \ IRP
IRP

Pucynok 2.3 — O0beKT ouepeiu, BHEPEHHBIN B 00BEKT ApaiiBepa.

OOBEKThI, BHEAPEHHbIE B OOBEKT YCTPOMCTBA, MPENCTABIECHBI B KJacce
KDeviceQueue. Ero Metoap! He TOJIBKO peaan3ylOT MAHMITYIISLIMIO C OYEPEIBIO,
HO U pemiaroT 0osiee MHTEIUIEKTyalbHbIe 3a1aun. Hanpumep, €cTh METO, CMBICI
KOTOPOTO MOXKET OBITh OomucaH TakuM oOpazom: "Ecmm ycTpoiicTBO ceituac
o0OpabaTbIBaeT 3ampoc W 3aHATO, TO MOMECTU HOBBIM 3alpOC B Ouepe/b, MHAYE
HEMEJICHHO Ha4yHu ero o0paboTky". IlomoOHbIe METONbl CHWIBHO 00JIeTYaIoT
3amaqy Oydepuzanum 3ampocoB Uil 00bekTa ycTpoicTBa. Ho Bo3MOkHA H
Jpyras CUTyalusi: yCTPOUCTBO MOXKET OJHOBPEMEHHO 00paldaThIBaTh 3ampOChI
pasHoro Buaa. K mpumepy, Haiie yCTpOMCTBO — 3TO IYIJIEKCHBIA KaHAJI CBA3U.
OHO OTHOBPEMEHHO MOXKET W MPUHUMATh, U TepenaBath nHpopmarmio. Ecin
MBI OyZieM HCMOJIb30BaTh g Oydepuzamuu BceX OJIHY OYepeab, TO TaKOM
noaxon siBisieTcss HedddexTuBHbIM. [loaTOMy cucTemMa mMO3BOISET O0BEKTaM
YCTPOMCTB CO3/1aBaTh JOMOJHUTEIbHBIE 00BEKTHI ouepeneii. OHU pealn30BaHbI

B kiacce KDriverManagedQueue.
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OTH  KJIacchl HWMEIOT METOJIbl, CXOJHbIE C METOAaMHu Kjacca
KDeviceQueue. Bnpodem, cuTyanuu, Korjaa ciaeayeT MpUMEHATh OoJiee OJIHOM
ouepeau s Oydepusaiuu 3arpocoB, BCTPEYAIOTCS HE TaK YK U 4acTo.

Obpabomka 3anpocosé Ha npepvleanue npu nomowu DriverWorks

B koHTekcTe AaHHOTO PYyKOBOACTBA OyJIeM CUYHMTaTh, YTO TpPEpPHIBAHUE
(Interrupt) — acMHXpPOHHBIN amMapaTHbBI CHUTHAJ, KOTOPBIH BO3HHUKAET, KOTIa
nepudepuitHOMY YCTPOWCTBY HEOOXOAMMBI PeCcypchl Mporieccopa. TepMmuH
"aCUHXPOHHBIN" O3HAayaeT, 4YTO MpephIBAHUE BO3HUKAET B MPOU3BOJIHHBIC
MOMEHTHI BpeMeHU (ecau BooOimie Bo3HuKaeT). [IpepriBaHuEe 3acTaBisieT
IPOIIECCOP TPEpPBaTh BBHIMOJIHEHHUE MPOTPAMMBI, COXPAaHUTh CBOE COCTOSHUE,
o0paboTaTh TMOCTYNHBIIMK 3ampoc (BBI3BIBACTCS TMpolieaypa o0paboTKu
npepbiBanus, Interrupt Service Routine, ISR) u B0O30OHOBHUTH BBINIOJTHEHHE
npepBaHHOW mporpamMmbl. [Ipum 3TOM OCTaHAaBIMBAIOTCA BCE OCTAJIbHBIC
MpOIIECChl U TIOTOKU OINEPAIllMOHHOM CHUCTEMbl BHE 3aBUCUMOCTH OT UX
MIPUOPHUTETA.

Jist  Toro 4TOOBI  YJIOBIETBOPSTH Pa3sHOOOPA3HBIM  TpeOOBAHUSIM,
BOZHMKAIOIIMM TpU paboTe pa3HOOOpa3HbIX YCTPOWCTB M MPOrpaMM Ha
pPa3IMYHBIX THMAX KOMITBIOTEPOB, OIEpallMOHHAas CHUCTeMa Mpeasaraer
KOHIICTIIIUIO YpOBHS 3ampoca Ha npepsiBanue (Interrupt Request Level), IRQL.
Bcero cymectyet 32 IRQL miis gaHHOrO niporieccopa, npoHyMepOBaHHbIX OT 0

10 31. IIpu atom 0 — caMblii HU3KHI1 IPUOPUTET, 31 — camblil BBICOKUH.

Tabnuna 2.1 — Yposuu IRQL.

31 COoii pabOTHI IIIMHBI

29 CO00ii B ey OTUTAHUS

3ampoc oT Apyroro mpoieccopa (B MHOTOMPOIECCOPHOI

28
cucreme)

[TpepsiBanust, JOCTYIHBIE YcTpoiicTBam B/B

Brinonuenue DPC

Uckmrouenne 3amuThl (page fault)
Passive level

45



Jlnst katacTpouueckux COOBITHH OMepalMoOHHAs CHCTEMa pPe3epBUPYET
camble NpuopuTeTHble npepbiBanus (31 — 29). Jnsg nporpaMMHBIX MPEPBbIBAHUIMA
— TMpepbIBaHUS C caMbIM HH3KUM mnpuoputeToM (2 — 1). PassivelLevel —
OOBIYHBIN pexxuM paboThl napaiiBepa. IRQL, mpemocrtaBisembie sl pabOTHI
CUCTEMHBIX YCTPOMCTB, HAXOIATCA IZIe-TO MOCPEINHE HyMepauuu ypoBHeH. O
TOM, KaK O3TH MpEphIBaHUS COMNPSTalOTCs C apXUTEKTYpOl KOMIIBIOTEpa,
3a0otutcs HAL.

EcTtecTBeHHO, B 110001 MOMEHT MPOIECCOP MOKET 00pabaThiBaTh TOJIBKO
OJIMH 3arpoc rnpepbiBaHus. OO0pabOTKa MOCTYMUBILIETO MPEPHIBAHUS MPEPBETCS
TOJIBKO B TOM CIlIly4ae, €CJIM IOCTYNHUT IpepbIBaHHE C 00Jee BBICOKUM
IIPUOPUTETOM.

[Ipy mpoeKTUPOBaHUM MPOLEAYPbl OOpaOOTKM MpEepbIBaHUS CIEAYET
MUHUMU3UPOBATh BpeMsi, KOTOpoe OyAeT 3arpadyeHo Ha ero obOpaboTky. B
OPOTUBHOM cllydyae Ipoueccop OyIeT CIMIIKOM J0iaro oOpabaThiBaTh
IIpepbIBaHUE, U HA OJUH IPOLIECC HE CMOMXKET BO3OOHOBUTH CBOIO padoTty. Korma
BbI3biBacTcst ISR, mepBoe, uYTO OHa JOJKHA CJenarth, 3TO COOOLIUTH
00OpyZIOBaHUIO, YTO 3alpoC Ha MpepbiBaHUE Toy4eH M oOpaboran. [locne
ATOr0 MOKHO 3aBepliaTh 00paboTKy npepsiBanus. Ho kak torma obpaboTarh
JAHHBbIE, TIOCTYNMBIIME OT YCTPOMCTBA, €CIM Mbl Cpa3y K€ 3aBEpLIMM
00paboTKy npepbiBaHusA? [ 3TOro BBEAEH MEXaHU3M BbI30Ba OTJIOKEHHBIX
nporeayp (Deferred Procedure Call, DPC). Ilepen 3aBepmiennem padotsl ISR
cieayer BbI3BaTh OTNIOkKEHHYIO npouenypy (DPC). DPC HauHeT BBIIOTHATHCS,
KaK TOJIbKO MPOIIECCOp OCBOOOAUTCS OT 00paboTku npepsiBanuid. DriverWorks
npenocrasisier kinace KDeferredCall, B koTopoM MHKaINCyJIUpYyOTCS JAHHBIE U
METO/1bl, HEOOXOIMMBIE JJIs1 UCTIONIb30BaHusl Mexanuzma DPC.

DriverWorks wuHkancynupyer Bce (QYHKUMHU, HEOOXOIUMBIE IS
oOpaboTku mpepbiBanuid, B kiacce Klnterrupt. Dx3emmisap kmacca Klnterrupt

JOJKEH OBITh CO3/laH, Kak CBOMCTBO B Kjacce ycTpoictBa. Ilycth B Hamiem
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ciydyae Kjacc ycrpoiictBa HasbiBaeTcss MyDevice, 00bekT kinacca Klnterrupt —

m_Thelnterrupt. [lanee B kiacce yctpoiicTBa onucbiBaercs pyHkius ISR:
BOOLEAN MyDevice: :Thelsr (void) ;

Hanee, B merone OnStartDevice cnenyer noGaButh kon i npuBsizku ISRk
YCTPOMCTBY:
status =
m ThelInterrupt.InitializeAndConnect (pAssignedResource,

Isr,Context, 0, FALSE) ;
rne Context - sBHaueHme 6e3 Tuna (void), nepenaBaemoe ISR.

&nbsplsr - azmpec ISR, npouelyph 0OpaboTKM NPEPEIBAHUN.
Tenepb 0CTaIOCh TOJBKO 100ABUTH B KOHCTPYKTOP CIEAYIOIINI KO/
VOID MyDevice: :MyDevice (void)
{

status =
m TheInterrupt.InitializeAndConnect (pAssignedResource,

LinkTo(Isr), this, 0, FALSE );

IOna orkjwoueHrs ISR cjienyeT BHS3BAThL MeTon Disconnect ().

EcTecTBeHHO, JaHHOE OINKCAaHWE HE MPETEHAYET OBbIThb MOJHBIM
ONMHMCAHUEM TaKOW BaKHOM TEMbI, Kak 00pabOTKa MpepbIBaHUI U CBSI3aHHBIE C
Hel mpoOnembl. Ho B mpumepe npaiiBepa, OMMCHIBAEMOM HHUXXE, OTCYTCTBYET
peakuyss Ha TpepbhiBaHUS, a HE YINOMSHYTh O HHMX Henb3d. s Oonee
noapobHoro o0630opa Tembl mnpepbiBanuii u DPC cremyer oOpaTuThcs K
nokyMenTtaruu DriverWorks i DDK.

Obvexmul 015 ynpasienus 000py0o8anuem

OObeKT ycTpoiicTBa ymnpapisieT ero padoToi MpH MOMOIIM ClIeHUaTbHBIX
O00OBEKTOB, YIPaBISAIOMUX pab0TOil 000pyI0BaHMS — MOpPTaMU BBOJAA-BBIBOJA,
MPEPBIBAHUAMM, NaMATbIO, KoHTposuiepamu II/II. JlpaiiBep co3maer 3Tu

OOBEKTHI JJI MPEACTaBICHUS (U3HUECKUX ITapaMeTPOB YCTPOUCTBA.
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BonpmmHCTBO  mepudepuitHbIX  YCTPOMCTB  HAXOAATCS HAa  IIMHAX
KOMITbIOTEPA. B COBpEMEHHOM KOMIIBIOTEPE €CTh HECKOJIbKO MHUH. OOBIYHO
MPOILIECCOP, BHEIIHASA K3II-MAaMATh, W OINEpPaTUBHAS NaMATh HAXOJATCS Ha
BBICOKOCKOPOCTHOM IIIMHE, apXUTEKTypa KOTOpoW creuuduyuHa sl JaHHOTO
Thna npoueccopa. lllnHa mpomeccopa coeaMHEHAa MOCTOM CO CTaHAAPTHOM
CKOPOCTHOM IIMHOM, HA KOTOPOIl HaXOAATCS KOHTPOJUIEPHI JUCILIES, HEKOTOPHIE
CKOPOCTHBIE YCTPOMCTBA. APXUTEKTYpa 3TOM IIMHBI MOXKET OBITH MPOIIECCOPHO-
HezaBucuMoil. [Ipumep takoit muubl — PCIl. DTa mmHa Takke MOXKET OBbITh
COEJMHEHa MOCTOM CO BTOPUYHOMW JIOKAJIIbHOM IIMHOM, 4acTo 0ojiee MEJICHHOM.
Ha Held MOryT HaxoAWThCS KOHTPOJUIEPHI AUCKOBBIX HAKOIUTENEH, CETEBBIX
aJarTepoB U T.II.

[lepudepuiinpie ycTpoiicTBa OOBIMHO MMEIOT "Ha OOpTY" perucTpel u
JIMANa30Hbl a/IpECOB MaMsATH, MPU MOMOIIM KOTOPBIX peanu3yeTcss uHTepdeiic
ycTpoicTBa ¢ cuctemoit. Ho mo6patbcest 10 HUX HE TaK MPOCTO: MPOIECCOP BEMb
(bU3UYECKH UCTIONIB3YET APYTUe MEXaHU3MBbI JIsl OOpalleHusi K CBOUM "poaHBIM"
opTaM BBOJA-BBIBOJIa U ONEPATUBHON MaMsTH. JJigs TOro 4To0bl 0OpaTUTCS K
MaMSTH U TIOPTaM yCTPOMCTBA, HAXOISIIErOCs Ha JIOKAJIbHOW LIUHE, MPOLIECCOP
JOJDKEH  BBIIOJIHUTH OTOOpaxkeHue (mapping) aapecHOro MNpOCTPAHCTBA
IIPOLIECCOPA U TOM LIMHBI, TJI€ HAXOAUTCS Hallle yCTPOUCTBO. B pe3ynbrare sTon
olepalry K y4acTKy MaMsTH, (U3NYECKH HaXOASAIICHCs B YCTPOUCTBE, MOMXKHO
oOpamiarbcsi, Kak K y4acTKy OIEepaTUBHOM mamsATd mpoiieccopa. [Ipu Takom
oOpallleHUH TIPOIECCOp TepeajpecyeT 3ampoc JokaapHOM mmHe. Ho TyT
ClIelyeT BCHOMHHUTb 00 OCOOEHHOCTSX apxXxuTekTypel Windows (ma u
MPaKTUYECKU JIFOOOW COBPEMEHHOM OMEpallMOHHOW CHCTEMbI): CHCTEMa
NOAJCPKUBAET  MEXaHUW3M  BUpTyanbHOW  mnamatu!  Ilonmb3oBaTenbckue
NPUIOKEHUS Tenepb paboTaloT B CBOEM aJIpECHOM MPOCTPAHCTBE, & CUCTEMA, B
TOM 4YMClie W JpaiiBepbl, — B cBoeM. Kyna ke Oyner oToOpa)keHa MaMATh

ycTporcTBa’?
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OtBet npocT. MokHO 0TOOpa3UTh MAIa30H aipecoOB YCTPOMUCTBA, KaK Ha
aJpecCHOe TMPOCTPAHCTBO CHUCTEMBI, TaK W Ha aJpPECHOE TPOCTPAHCTBO
MOJI30BATENBCKOTO Tporiecca. COOTBETCTBEHHO pa3iinyaThcs OYJET U Crocoo
JIOCTYTIA K MaMSITH YCTPOMCTBA U3 MPUIIOKEHHUS MOIb30BATENS: B IEPBOM CITydae
Oydep ¢ maHHBIMU IS 3alMCH WM YTEHUS OyIET MepemaaBaThCs IpaiiBepy U3
NPWIOKEHUS, a B JpailBepe 3T JIaHHbIE OYIyT MepechuiaThesi yeTpocTBy. Bo
BTOPOM CJIy4yae MPWIOKCHHE OyAeT MUcaTh W YUTATh JIAHHBIC B BBIICICHHBIN
€My VYYacTOK TMaMsTH, KOTOPBIM HAxXOIUTCA B aJpeCHOM MPOCTPAHCTBE
npoiiecca. Kakoit Mmexanusm BbIOpaTh — J1€710 pa3paboTurKa apaiBepa.

OOBEKTHI, TPEACTABIAIONINE aAPECHOE MPOCTPAHCTBO MEPHPEPHITHBIX
ycTpoicTB, mpencraBienbl  kimaccamu  KPeripherialAdress, KloRange,
KMemoryRange, Kloregister, KMemoryRegister. KPeripherial Adress siBisiercst
0a30BBIM KJIacCCOM JiJIsi  OOJBIIMHCTBA OCTANBHBIX KJIACCOB  YIPABIICHUS
Jara3oHaMy MMaMsITH U MOPTOB BBoja-BeiBoAa. Cam kiacc Kperipherial Adress
B OCHOBHOM, HE HCIOIB3yeTcs. VCIMOmB3yloTCss, B OCHOBHOM, CIICIYIOIIUE €TO
MOJIKJIACCHI:

— KloRange — pamana3zon aapecoB BBOJa-BhIBOAA. JlaHHBIM Kiacc
oToOpaxkaeT Juamna3oH ajapecoB mnoptoB B/B  u3 axgpecHoro
IPOCTPAaHCTBA KAaKOW-TMOO W3 IIMH B aJpPeCHOE MPOCTPAHCTBO
npoueccopa. [Ipu ucnonszoBanuu knacca KloRange MoxxHo yurate u
3aMuChIBaTh B IOPTHI 8, 16, 1 32-OUTHBIC 3HAYCHUSI.

— KIoRegister sBisiercsi albTepHATHBHBIM IyTeM JOCTyMa K IMOpTaM
BBOJa-BbIBOa. B Bume osx3emrsipa KloRegister Moxer ObITh
MEeP/CTABJICH OTACIBbHBIA MOPT-BBOJIa BBHIBOAA B JIMAMA30HE aJPECOB.
@®aktnueckn, KloRange — 3T0 HECKOJIBKO SK3EMIUIIPOB KJlacca
KloRegister, o0BbeauHeHHbIx B MaccuB. Co3marh  AK3EMILISP
KioRegister MokHO, UCTIOJIB3YS KaK CTaHAAPTHBIN KOHCTPYKTOP, TaK U
ucnonn3ys oneparop [] kinacca KloRange, nanpumep:

KIoRange m range;
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KIoRegister m reg = m rangel[6];

[Ipumenenne KloRegister ympomier mporecc mporpaMMHpOBaHUS U
yJlydilaeT YuTabeIbHOCTh IPOrPAMMBI.

KMemoryRange ucnonb3yercs AJjisi 0TOOpa)KeHHs Juara3oHa apecoB
MaMsTH U3 aJIPECHOr0 MPOCTPAHCTBA IIMHBI B aIPECHOE MPOCTPAHCTBO
npoueccopa (aapecHoe MNpocTpaHCcTBO cucreMbl). [locie Toro, kak
naMmsaTh OyJieT oToOpa)keHa, JpaliBep JOJKEH HCIOJIb30BaTh METObI
JI0CTyIa K MaMsITH, MO3BOJISIONIKE onepupoBaTh 8, 16 u 32- OUTHBIMU
3HAYEHUSIMH.

KMemoryRegister anamorndyen KloRegister, 3a UCKIIOYCHHEM TOTO,
YTO B JIAHHOM CJIy4ae OH MPEJICTABISET U3 CeOS OTACIBbHYIO SUEHKY
NaMsTH B aJpECHOM ITPOCTPAHCTBE YCTPOUCTBA.
KMemoryToProcessMap ucnonb3yeTcs Jjisi OTOOpakeHus auana3oHa
aJpeCcoB MaMsTH LIUHBI B aAPECHOE IPOCTPAHCTBO MOJIb30BATEIHCKOIO
mporecca. OTO MOXKET OKa3aTbCs OYEHb YJIOOHBIM: TOJB30BATEIb
MOYET HanmpsIMYyI0 OOIIAThCS C MaMSThIO YCTPOCTBA B MpOrpamme, Kak
c oObuHBIM Oydepom. Bmpouem, Takoe oOTOOpakeHHE CICAYyeT
MIPUMEHSTEH ¢ OOJBIION OCTOPOKHOCTBHIO: BO3MOXKHA CUTYaIlUsl, KOT/Ia
MOJIb30BaTENb 3aMYCTUT HECKOJIBKO AK3EMIUIIPOB MPOTPAMMbBI, U BCE
OHHM HAYHYT padOTaTh C MaMATHIO YCTPOMCTBA OJHOBpPEMEHHO. Bpsin

JIU CTOUT O6’bHCH5{TB, K Y€MY 3TO MOKCT IIPUBCCTH.

CTtouT OTMETUTh, YTO HEMajasi 4acTh YCTPOWMCTB MOKET OOIIAThCS CO

CBOEM MaMATHIO TOJIBKO CJIOBaMH. J[JlMHa cioBa 3aBUCHUT OT YCTPOMCTBA, U

MOKeT KosiebaTbca B mMpokux mpenenax. OObryHo st PCI-yctpoiicts — 32

B JAOKYMCHTAMN HACTOATCIbHO PEKOMCHAYCTCA HCIIOJIB30BATH TOJBKO

yKa3aHHbIE KJAacChl JUIsl YIpaBiI€HHUs OOOpyIOBAaHUEM. OTO CBSA3aHO C
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BO3MOXKHOM TE€PEHOCHMOCTBIO JpaiiBepa Ha Japyrue miargopmel. [lpu
WCIIOJIb30BAaHUM JTHX KJIACCOB, KOTOpPBIE, B CBOI OYEpEIb, HCIOJIB3YIOT
¢bynkuuun DDK  ang goctyma k 00OpyAOBaHHWIO, MPOLECC MOPTUPOBAHUS
npoiger 0e3005Ie3HEHHO, TaK Kak Juisl JOCTyla K YCTpPOWCTBY Oyjer
ucnionib3oBaH HAL. Ecioum ke mnporpamMMmMuct OyIeT MNObITaThCA YHPABIATH
YCTPOMCTBAMHM CaMOCTOATENBLHO, TO JpaliBep MpHUAETCS MEepenuchiBaTh MPH
MepeHoce Ha APyTyIo miathopmy.

EcTp emne onHa npuymHa, M0 KOTOPOM CTOUT KCIONB30BATh 3TU KIIACCHI:
BeJlb C HUMU pa3pabaThiBaTh JIpailBep HAMHOTO mpoiie!

Obvexmbl CUHXpOHU3AYUU

Kak u Bce Windows-iporpaMMmsel, JpaiiBepbl SBISIOTCS YacTblO
MHOTr'033JJa4HOM ONIEPALIMOHHON CHUCTEMBI, B KOTOPOM BBIMOJIHIETCS MHOKECTBO
IIPOLIECCOB U MOTOKOB. [IpaiiBep, Kak U mporpamMma, TakKe€ MOXKET COJEpKaThb
HECKOJIbKO MOTOKOB. Ilpu 93TOM, ecTecTBEHHO, BO3HUKAeT Mpodiaema
CUHXPOHU3ALHUH pabOThl TUX MOTOKOB, COBMECTHOT'O AOCTYIA K JAHHBIM U T.II
Oco0eHHO aKTyaJlbHOM 3Ta Mpo0JieMa CTAaHOBUTCS B MHOTOIPOLIECCOPHOI
cucteme. Windows 2000 npeaHa3znagaeTcsi 111 pabOThl B MHOTOTIPOIIECCOPHBIX
CUCTEMAX, U €CJIU NpeHeOpeub CUHXPOHMU3ALMEN IPU pa3paboTKe ApaiiBepa, TO
3TO MOJKET MOBJIEYb 32 COOON HENMPUATHBIE MTOCIEICTBUSI.

Jlns  pemenust 3amgad  cuHxpoHuzanuu WDM (M, COOTBETCTBEHHO,
DriverWorks) npennaraer pazmuunbie cpencta. IIpocredimum u3 0OBEKTOB
CUHXpOHU3auu siBisieTcs: 3amenka (Spin Lock), mpencraBieHHas kiaccom
KSpinLock. TlpuHiun neicTBHUs 3amieNKd OYEHb MPOCT: YTOOBI 3alpeTHThH
Ar000My JApyromMy MOTOKY B CHUCTEME JAOCTYN K JaHHBIM, HYXHO BbI3bIBAaTh
meron Lock 3amenku. JoO0H MOTOK, MNBITAIOMIMNACS MOJYYUTh JOCTYI K
3a0JIOKMPOBAHHBIM JAHHBIM, YCHET. UTOOBI CHATH OJIOKUPOBKY, HY>KHO BBI3BATh
meton Unlock.

Knacc mucneruepa KDispatcherObject sBisiercs cymepkiaccoM st

HCCKOJIBKUX Ba)XXHBIX KJIACCOB CHHXPOHU3AIHNH. OTU KJIACCHI YHOPABIIAIOT
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IaHUPOBIIMKOM Windows W TMO3BOJISIIOT CHHXPOHU3MPOBATH Kak padoTy
JpaiiBepoB, TaK U pabOTy MPUIIOKEHUS MOJIb30BaTeNs U JpaiiBepa. Bece kmacchl,
nopoxaeHHble oT KDispatcherObject, uMeroT J1Ba BaXKHBIX OTIUYHS:
— € 00BEKTOM JIMCIIeTYEpa CBsI3aHa JIOTHYECKas MepeMeHHass — QIIakoK,
KOTOPBI MOET HaXOIUTHCS B JBYX COCTOSHUSIX: CHTHAJIM3UPOBATH
(TRUE) u momuats (FALSE),

— €CJIM MOTOK BbI30BET MeTo Wait nucrieryepa, OH MPUOCTAHOBUTCS 10
T€X TO0p, MOKa JUCIIETYEP HE MEPEUIET B COCTOSIHUE "CUTHAIUZHPYET' .

[Tpu pabote ¢ oObeKTaMu AUCIIETYEPA U €T0 TOJKIACCAMU CIIEAYET UMETh
B BUIYy, 4YTO HENb3s OJOKUPOBATH IOTOK IpU OO0pabOTKe MNpepbIBaHUs.
[TocnenctBust OyayT aTaabHBIMHU.

Ilooknaccwt knacca KDispatcherObject

KEvent — ucnons3yercs il CUMHXpOHHM3aluMu paboThl MOTOKOB. Kevent
MOYTH HE OTJINYAETCS OT 00BEKTa JUCTIETIEpa.

KSemaphore unkancymupyer cucteMmHblii 00bekT cemadopa. Cemadop
oTInYaeTcsi OT oOObeKkTa coObITUS TeM, 4YTo umeeT cueruyuk. Cemadop
CUTHAJIM3UPYET B TOM CiIydae, €ciu cueTyuk Oosblie Hyas. Cemadopsl MOTYT
OBITh TIOJIE3HBI, HATPUMED, MTPU YIPABICHUN HECKOJIBKHUMH MOTO- KAMHU.

KTimer — Taiimep. Ilpu co3ganum Taiimepa ero (akok HaXOIHWTCS B
coctosiHud "MomuuT". BpemMeHnHo# unTepBan Taiimepa 3agaetcs GyHkiuei Set ¢
ToyHOCThIO 10 100 HCc. Ha mpakTuke TaiimMep yCTOMYHMBO pabOTaeT C BpEMEHEM
oxumanuss >= 10 mc. Korma mpoiiner yka3aHHbIM NPOMEXKYTOK BPEMEHH,
TaiiMep niepeiiner B cocrosinue ""curnanuszupyet". [loaknaccom Ktimer siBisercs
kiacc KTimedCallBack. B HemM mo wuCTeYeHMHM TIPOMEKYTKA BpPEMEHU
BBITIOJTHSIETCS BBI30B OTJIOKeHHOU npoueaypsl (DPC).

KSystemThread no3Bossier co3naTh HOBBII OTOK B ApaiiBepe. [ToToku B
JpaliBepe HWCIONB3YIOTCS B pa3HBIX IENIX. B OCHOBHOM 3TO — TMOJUIMHT
MEJICHHBIX YCTPOMCTB M paboTa Ha MHOTIONPOLIECCOPHBIX cucrteMax. Jlis

3aIycKa MOTOKa CIeAyeT co3/1aTh (QYyHKIHUIO, KOTOpas CTaHeT (PyHKIMEH MmoToKa
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U BbI3BaTh Meron Start. [ yHuuTOXeHUs moToka — Merod Terminate. [Tpu
paboTe ¢ MOTOKAMH MOYXHO HCIOJIb30BaTh BCE YIMOMSHYTHIE BBIIIE KJIACCHI
CUHXPOHU3ALIMH.

JlononnumenvHulie kraccol

DriverWorks mipempocTaBiser AONMONMHHUTENBHBIE KIACChl IS HYXKT
pOrpaMMHUCTa. DTO KIJIACCHI OYEpe/iei, CIUCKOB, CTEKOB; Kiacchl (DailyioB u
Unicode-cTpok; Kacchl CHHXPOHU3AIUH.

Crucku IpE/ICTaBICHBI KJ1acaMu KList, KinterlockedList,
KlinterruptSafeList. Ouu npeacTaBiIsIOT MAOJOHBI ABYHAIPABICHHBIX CIHCKOB
W CTaHJAPTHBIC METOJbI JUIsl BCTABKH, YJajeHUs U J00aBJICHUS SJIEMEHTOB.
Paznmuuatorcst atu kimaccsl Merogamu cuHxpoHuzauuu. KList He comepkur
HUKAKUX METOJOB CHUHXpoHM3amuu U 3amurtbl JaHHbiX. KlnterLockedList
UCIIOJB3YeT 3amenku (spin locks) msis 3ammThl BHYTPEHHUX CBS3EH B CITUCKE.
KlnterruptSafeList ucnonb3yer NPUCOCIUHEHHBIH OOBEKT MPEpPbIBAHUSA JUIS
3amuThl cBs3ed. 1lo aHanormyHOoMy HpHHLIMIY paOOTaOT IIA0JOHBI KJIACCOB
FIFO (crex): KFifo, KLockableFifo, KlnterruptSafeFifo. Kmacc KFile
WHKATCYJIUPYET METOABI JIJIsl paboThI ¢ daiimaMu. ITOT KIacc MO3BOJISET YUTATh
W 3aluChiBaTh JaHHbIE B (haill a Takke M3MEHATH aTpuOyThl (ainon. s
npencrasienuss Unicode — crpok ucnonb3yercs kiace KUstring. Metoss
JTAHHOT'O KJIacca TMO3BOJISIIOT BBITIOJIHATh CPaBHEHHE, KOHKATEHAIIUIO, TOCTYM K
CUMBOJIAM CTPOKHU U pa3HOOOpa3HbIe MpeoOpa3oBaHus TUIIA.

Cea3b Opatieepa ¢ npuniodiceHuem noib308ames

OueHb BaXEH €1Ie OJIMH BOIPOC, CBSI3aHHBIN C JIpallBepamMu: Kak UMEHHO
C HaluM OOBEKTOM YCTPOWCTBA MOXKET CBSA3aThCSA MPUIIOKEHHE WIH JPYrou
npaiiBep? BOJIBIIMHCTBO YCTPOMCTB B CUCTEME UMEHOBAHBI, XOTSI TEOPETUYECKHU
JIOMyCKaeTCsl CYIIECTBOBaHNE HEMMEHOBAHHBIX (anonymous) ycTpoicTB. CBS3b
C YCTPOMCTBOM MOHO YCTaHOBUTH ABYMSI METOJIAMH:

— npu nomown GUID,
— TIPY IHOMOIIH CUMBOJIMYECKON CCHUIKH.
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GUID (Globally Unique Identifier, rmo0aJbHO  YHHKaJbHBIN
uaeHtudukartop) — 16-6aiitHoe yHukanbHOe uncio. GUID ucnonb3yrorcs st
uaeHTuGuKau B cucteMe apaiiBepoB, COM-o0bekToB 1 T.11. B upeane, Bo
BCEM MHUpE He MOXeT ObITh NBYyX oauHakoBeix GUID, moatomy GUID moxer
ObITh  aOCOJMIOTHO  yHHUKAJIbHBIM  HACHTHPHUKaTopoM apaiBepa. GUID
reHepUpyeTCcsl Ha OCHOBE TEKyIlleW JaThl, BPEMEHH M HOMEpa CETEBOTrO
ajanrepa, eciau TakoW MPHUCYTCTBYET, M OOBIYHO YKa3bIBAE€TCS B 3ar0JIOBOUYHOM
daiine kiacca yCTpOWCTBa M MPOrpaMMbl, KOTOpas XOYET CBS3ATbCS C HUM

MPUOIU3UTEIIBHO TAKUM 00pa3oM:
#define MyDevice CLASS GUID \
{ Oxf£f779f4c, 0x8b57, 0x4a65, { 0x85, Oxc4, 0xc8, Oxad, 0x7a,
0x56, 0Oxo64, Oxa6 } 1}

Cumeonuueckas ccviika (symbloic link) moxoxa Ha nyTh K (¢aiiny U B
TEKCTE NPOrpaMMbl UMEET BU:
char *sLinkName = "\\\\.\\MyDevice";

Ecnu orGpocuTh mnUIIHKME CUMBOJBI O3KCIAIIA, HEOOXOAUMBIC IS
coomonaenus cuHtakcuca C++, TO CHMBOJMYECKas CCbUIKA OKa3bIBaeTCs
crpokoii \\.\MyDevice. YToObl MOHATH NPHHIUI PAOOTHI CHUMBOJNYECKOM
CCBUIKM, CJEAyeT 3HaTh, YTO B OINEPAMOHHOW CHUCTEME €CTh CHCTEMHBIN
KaTajor pa3jJMyHbIX 0OBEKTOB, KOTOPbIE MPUCYTCTBYIOT B CUCTEME: JIpaiiBepoB,
YCTPOMCTB, OOBEKTOB COOBITHIA, ceMadopoB U T.n. CUMBOJIMYECKAs] CChLIKA —
cnenupuueckuii TUM OO0BEKTa, KOTOPBIM OOECHeunBaeT JOCTYN K JPyruM
CUCTEeMHbIM 00bekTaM. CrHenualbHblil MOJKaTajJor CHCTEMHOro Karajora
3ape3epBUpPOBAaH Ui CHMBOJIMYECKHX CCBUIOK HA JpPYyrue  OOBEKTHI
orepalroHHOM cucteMbl. [IporpaMMa nonb3oBatesnss MOXKET 0OpPATUTHCS K 3THUM
CUMBOJIMYECKUM CCBhUIKaM npu nomoinu GpyHkuuii API.

Kak e cnenyer mpoektupoBaTh uHTep(deiic c¢ apaiiBepom? Cremyet

ucnoiabs3oBaTh GUID win CHMBOIMYECKYIO CCHUIKY?
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Nnentudukamus napaitBepa npu nomomu GUID cumtaercs Oosee
npaBwibHOW. CrienualibHble anroputMmbl rapantupytor, uyto GUID Oyger
JNEUCTBUTEIFHO YHUKAJIBHBIM. A KTO MEIIaeT pa3pabOoTUuKy, HaXOA[IIEeMyCsl Ha
JPYroM KOHIIE CBETa, TAKXKE CO3[aTh YCTPOMCTBO C TOM K€ CCBUIKON Ha HETO
\\\MyDevice? Boo0Omie-to, HukT0o. HO ¢ Ipyroil cTOpoHBI, ¢ HAITUCAaHHOW Ha
MOHSATHOM aHTJIMACKOM SI3bIKE CCBUIKOM ropas3zo mpoie oOpamarbesi, 0COOEHHO
Ha JTarne pa3pabOTKH JpailBepa, yeM ¢ JIMHHBIM U HenoHATHbIM GUID. Tak
4YTO, BEPOSATHO, Ha 3Tame pa3paboTKU W OTIAAKU JpaiiBepa Ui uHTEepdeiica
JpaliBepa C MPHUIIOKEHUEM JIy4llle HCIOJIb30BaTh CUMBOJUYECKYIO CCBUIKY, a

JUTsE KOMMepueckoi Bepcun apaiisepa — GUID.
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2.2 Ucnoavzosanue Driver Wizard

[Iponiecc pa3zpaboTku npaiiBepa npu nomomru DriverStudio Bo MHOTOM HallOMHUHAET
paszpabotky mpunoxeHus B cpene Visual C++ [6]. CozmaHue mpoeKkTa MPOUCXOIUT TpU

nomotu mMactepa DriverWizard, moxosxero Ha mactep Visual C++. MacTep BBI3bIBa€TCS WIH
u3 riaBHoro mentw (Ilyck = IMporpammer = DriverStudio = DriverWorks = DriverWizard)

win u3 cpeasl Visual C++ mpu momomu myHkra mento DriverStudio = DriverlWizard.
[Tporpamme DriverWizard cooTBeTcTBYyeT HKOHKA gl

Jlanee npu paboTe MacTepa MOSIBISIETCS CEPHs JUATIOrOBBIX OKOH, Ky/a
IIOJIB30BAaTCJIb HOJI)KCEH BBCECTH JO4aHHBIC, HeO6XOI[I/IMBI€ JJIA @OpMHpOBaHI/IH

CKeJIeTa JipaiBepa.

NT/WDM Device Driver Wizard (DriverWorks) - Step 1 of 11 0

DriverWorks ‘Welcome to Driverwizard!
You are just a few mouse clicks away from creating a device
driver for Windows NT or WDM.

Press F1 to get detailed help on any visible dislog.

Note: For Windows 3%, short project names (8 characters and
less) work best.

Choose a Project Name and Location:

Project Name:
|><DSP

Location:

[ceosP =

DriverStudio  Wizard Version: 2.0.1 [Build 53)
Copyright © 2000 Compuware Corporation. All rights reserved.

< Back | Next > | Firish | Cancel | Help |

Pucynox 2.4 — Ilepssiii mar DriverWizard

Ha nepBoM miare co3ganusi apaiiBepa HEOOXOJIMMO BBECTH UMs MPOEKTa
(B Hamem ciyqae — XDSP [6]) u nupexroputo mis npoekra. [locie storo —

Ha)kKaTh Ha KHONKY Next, 4TOOBI MEPEeUTH K CICAYIOIIEMY IIary.
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NT/WDM Device Driver Wizard (DriverWorks) - Step 2 of 1 0 1]

DriverWorks Choose one pf the following as your driver project type and
target operating system:

" Windows NT 4.0 Select this option if your driver
is for NT 4.0 and you want to
use the Driverwiorks C++
framework.

3 : Select this option if your driver
o+ WOM (Windows Driver Model] i for WDM and you want to
Windows 98/Windows 2000 | cc the Driverworks C++

framework.

Finish Cancel Help

Pucynok 2.5 — Bropoii mar DriverWizard

Ha BTOpoM miare ciemayer BbIOpaTh apXUTEKTYpy, MO KOTOpPOMl OyaeT
paspabateiBaThes npaiiBep: Windows NT 4.0 (koTopasi ceiiyac mpakKTHUYECKH He

ucnosb3yercs) umu WDM, KoTopyto HaMm U clieJIyeT BbIOpaTh.

NT/WDM Device Driver Wizard (DriverWorks) - Step 3 of 10 x|

. 7 |f your driver controls a hardware device, select the appropriate
DriverWorks [ ik

Select Hardware Bus

" None - driver does not control hardware

" ISA " PCMCIA
& POl " PNPlsa
" USB [WDM drivers only)

PCl Vendor ID

|1 933

PCI Device ID

|ssuc

PCI Subsystem ID PCI Revision ID
Issum 933 |01

< Back l Next > | Finish I Cancel Help

Pucynox 2.6 — Tperuit mar DriverWizard

Ha Ttperbem miare BbIOEpeM IIMHY, Ha KOTOPOM pacmoJiaraercs
YCTPOMCTBO, KOTOPOE OyAeT KOHTPOJUpOBaTh JpaiBep. Eciu 3T0 ycTpoicTBO
OyJeT MOAKIIYATHCS K OPTY KOMITBIOTEPA, HAMPUMEP K NapajlieIbHOMY, HAJ0
BbIOpaTh None, driver does not control any hardware. Eciu xe yctpoiicTBO
OyZeT pacronaratbcsi Ha OJHOW W3 IIUH KoMIbloTepa, HanpuMmep Ha PCI, Hamo
3a/1aTh AONOJHUTENbHBIE MapaMeTpbl. B ciyuyae PCI ycTpoiicTBa Hamo ykasaThb

CJIEAYIONINE TapaMeTpPhI:

57



— xoxn mpomsBoauTens (PCI  Vendor ID) — 4yeTklpex3HauHOE
MIECTHAAMATEPUIHOE YHCIIO, KOTOPOE OJHO3HAYHO HACHTH(PHUIIUPYET
pou3BoOAUTEINA ycTpoiicTBa. IlycTh B Hamem ciayyae oHO OyAeT paBHO
1999,

— xonm ycrpoiictea (PCI Device ID) — Taxke 4deTbIpex3HAYHOE
MIECTHAAMATEPUIHOE YHCIIO, KOTOPOE OJHO3HAYHO HACHTH(PHUIIUPYET
YCTPOMCTBO Hamiero mnpousBoautens. IlycTe B HameM ciaydae 3To
oynet 680C,

— ©oMmep noacuctembl PCI. OObI4HO MMeeT BU KOJ YCTPOMCTBa + KO/
npousBoutels. B namem cioydae — 680C1999,

— nHomep Bepcuu ycrporctBa (PCI Revision ID) — HOomep Bepcum
ycTpoiicTBa. B Hamewm ciaydae O1.

OTH KOJIbI BEChMa BaXKHBI: TI0 HUM CHUCTeMa Oy/IeT HaXOAUTh JApauBep s
YCTPOMCTBA. DTH ke KOJbI anmapatHo npomutsl B PCl-kaptouke. U ecnm konpl,
3a/IaHHBIC B JpaiiBepe (eciau ObITh TOUHBIM, TO OHU 33Jal0TCsl HE B caMoM (paiine
JpaiiBepa, a B MHCTAUIIIMOHHOM ckpurnte — inf-gaiine), He coBnaayT ¢ kogamMu

B PCI-ycTpolicTBe, TO IpaiiBep HE YCTAHOBUTCS.

The next few steps will ask you some questions about your driver
class.

‘WDM device drivers created by Driverwizard have a single
driver” class and a single "'device" classes. Drivers for NT 4.0
and earlier may have multiple device classes.

Driver Class This is the name of the
IXD P C++ class used to
implement your driver.

Eile Name This is the file name
IXD SP used for the driver
class implementation.

Usually, the defaults shown here do not need to be changed.

Finish Cancel Help

Pucynok 2.7 — YetrBepTtsiii mar DriverWizard
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Ha uyerBeproM miare macrtepa HEOOXOAMMO 3a/laTh HMMEHA, KOTOpHIC
DriverWizard npucBout ¢aitmy C++, KOTOpBI COACPKUT KJIacc npaiiBepa, H

camomy kiaccy aparisepa (Driver Class).

Select the types of requests that your driver will handle.
vV Read Handle read requests from applications
v wiite Handle write requests from applications
I Flush Handle flush /0 buffer requests

vV Device Control Handle Device 10 Control messages
from applications

I Internal Device Control  Handle Device [0 Control messages
from other drivers

Handle cleanup notihcations
o WD d

wers use ENE instead of shutdown

s
U

Unload W drivers are always urloadable

< Back | Next > | Finish I Cancel I Help |

Pucynok 2.8 — Ilatsiii mar DriverWizard

Ha marom mare ciemyer ykaszath, Kakue (DYHKITUH JODKCH BBITTOTHATH
JpaiiBep. ITO MOTYT OBITh:

— urenue (read) — oOpaboTKa 3aIIPOCOB HAa YTCHHUE,

— 3amuchk (write) — 00paboTKa 3apOCOB Ha 3aIUCh,

— copoc (flush) — 06s14HO 3TO COpOC OyPepa oOMeHa C yCTPOHCTBOM,

— ympaBieHue yctpoirctBoM (device control) — o0OpaboTka apyrux

3aI1pocCoB,
— BHYyTpEHHee YyIpaBiieHHe ycTpouctBoMm (internal device control) —

00paboTKa 3apocoB OT IPYTUX JAPAaiBEPOB YCTPOICTB.
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— Select queueing method

Most hardware devices can only process one 1/0 request at
a time. Low-level drivers usually use one or more queues to
serialize requests. Driver managed queues provide the best
performance and most flexibility.

" None - requests are not queued
" DriverManaged - one or more Startl0 style queues
o iSystemidanaged - single system-provided Startl0 queue:

—Wwhich functions are serialized?

Some requests can be handled immediately, while others
must be handled one at a time (serially):

[V Serialize all Bead requests

IV Seriglize all Write requests
™ Serialiee all Elush Buffer requests

< Back l Next > | Finish I Cancel I Help I

Pucynok 2.9 — lllectoii mar DriverWizard

Ha mecrom mare DriverWizard 3amaetr Bompockl 0 ciocobe 00paboTku
3anpocoB. Ommus Select queuing method BeiOMpaer, kakum oOpa3zom OyayT
Oy(epu3upoBaThCs 3apoChl HA BBOJ-BBIBO!

— None — 3anpocsl He OypepusupyroTcst B ouepeid. ITy OIIHUI0 JTydlle

HE BbIOMpATh,

— DriverManaged — npaiiBep COACpXHT OIHY WM OoJiee OIHOM
ouepeniel, B KOTOPOH COXpaHSIOTCS 3alpochl Ha BBOJA-BBIBOJ,
MpUILIEANINE OT APYTUX APAiBEPOB UIIH CUCTEMBI,

— SystemManaged — gpaiiBep HCIONB3YeT TOJBKO OJHY OYepeib
COOOILIEHUH.

Hano Takxe BbiOpath, OyAyT U Oyhepru3upoBaThCs 3aPOChl HA YUTCHHUE U
3aIUCh. YCTPOWCTBO MOKET OJHOBPEMEHHO BBINOJHATh KaKyH-TO OIHY
OTlepalyio, HampuMmep, TOJbKO UYTEHHWE WJIM TOJbKO 3alUCh, WJIH MOXET
BBITIOJHATh HECKOJIBKO omeparuii cpasy. UToObl rapaHTUpPOBATh HOPMAIBHYIO
paboTy ycTpoiicTBa B 3TOM ciydae, ciienyer OydepusupoBath (Serialize)
MOCTYMAIONINE 3ampoChl HA UYTEHHWE U 3alKCh, IMOMEIIas HX B OYepenb.
VYcranoBka uaxkoB Seralize all Read requests u Serialize all Write requests
no3BoJisieT Oyepru3npoBaTh BCE 3apOChl HA YTEHHE U 3allUCh, TOCTYMHAIOIINE B

O0OBEKT yCTPONCTBA.
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Identify parameters to be loaded from the registry when the
DRIVER starts.

| Name in Reg | Var Name | Type ‘ Default Val \
BreakOnEntry m_bBreakO... BOOLEAN FALSE

< Back l Finish | Cancel I Help ]

Pucynok 2.10 — Ceapmoti mar DriverWizard.

Ha cenpMomM miare mpenanaraercss 3ajaTh IapaMeTpbl, KOTOpbIE ApaiBep
Oynmer 3arpyxath u3 peectpa Windows mnpu crapre, Korjga cucTeMa
3arpyxaerca. [Ipu 3Tom 3amaercss mapameTrp peectpa, UMs IEPEMEHHOU, KyAa
COXpaHSAETCS €ro 3Hau€Hue, THUIl JaHHOrO IapaMeTpa U €ro 3HauyeHue o
yMOJYaHUIO. Eciv He MEHATh HACTPOMKH, TO BO BpEMs 3arpy3Kd JApauBep
yutaer U3 peectpa mapamerp BreakOnEntry tuna boolean, coxpanser ero
3HaueHue B nepeMeHHoW m_ BreakOnEntry. 3HaueHue mo yMoJYaHWIO HJIst
napametrpa — false. O0biuHO0 m BreakOnEntry ucnonb3yercss B OTJIaJ0UYHBIX
LENSX.

3anuch M CUMTHIBAHWME NApPaMETPOB U3 peecTpa IMO3BOJISAET ApaBepy
3a/laBaTh pa3JIMyHble KOH(PUIYpallMOHHbIE MapaMeTpbl, COXPAaHATh JIAHHBIE,
HEO0OXOIUMBIE TSI €T0 3aIyCKa UJIH padOTHI.

IIpu nomomm kHomok Add, Edit m Delete M0XHO COOTBETCTBEHHO

100aBJIATh, PEAAKTUPOBATH U YAAISTH MTAPAMETPHI.
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Define one or more device classes.

Rename... I

Resources I Interface | Buffers | Power |

Hardware resources... (R-click to add resource]

[=)- Resources Required
Memoary Range resource named 'm_Mainkdem'

AddI0 Potis).. | Add Memory Range... |

AddIRO... | AddDMA... |

< Back l Finish | Cancel I Help ]

Pucynox 2.11 — Bocbmoii mar DriverWizard.

Bocemont mar DriverWizard — oguH M3 caMBIX Ba)KHBIX MOMEHTOB B
paspabotke apaiiepa PCI — ycrpoiictBa npu nmomorniu DriverWorks. [Toatomy
OKHO MacTepa HECET OIrPOMHOE KOJMYECTBO HH(MOpPMAlMK U HJIEMEHTOB
yIpaBJICHHUS.

Ha manHOM mare npemsiaraercss M3MEHHUTh UMEHA KJIACCOB YCTPOMCTBA
JUIs. JaHHOTO JpaiiBepa. B crucke B BepXHEW 4acTH OKHA CIEAyEeT BhIOMpPaTh
KJIACC YCTPOMCTBA, KOTOPBIM CIEAYET IEPEUMEHOBAThb, W, HAXaB Ha KHOIIKY
Rename, MOHO 3a71aTh HOBOE MMS KJIacCa YCTPOMCTRBA.

Oxkno DriverWizard Takxe cOIepUT HECKOJIBKO BKJIAJIOK:

FResources | Intedacel Buﬂevsl Powell

Hardware resources... (R-click to add resource)

[=- Resources Required
Memory Range resource named 'm_MainMem'

Add0 Portis).. | Add Memory Range... |

AddIRG... [ Add DM |

Pucynok 2.12 — Bknagka Resource

Bxnaoxa Resource. Ha Hell omnpenensitoTcss OCHOBHBIC —allllapaTHbIC
pECYpChI, KOTOPBIE €CTh B YCTPOWUCTBE U KOTOPHIE OYJIET KOHTPOIUPOBATH ITOT
npaiBep. B ux uncie agpeca naMaTH, JUarna3oHbl IOPTOB BBOJIa-BbIBOIA, JIMHUU
3ampoca Ha IpepbIBaHUE W JTUHUM NPsIMOTO JocTyna K namsatu (DMA), kotopsie
HEO0OXOoMMMBI Il pabOThI JpaiiBepa. 3agaTh PECypChl MOXKHO TIPHU TTOMOIIH

KHOIIOK B HU>KHEHW 4acTHu BKJIaIKH.
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Hanpumep, 3amare auama3oH namsaTH, KOTOPYH HeceT '"Ha Oopty"
yCTPOMCTBO, MOXXHO, HaxkaB Ha kHONKy Add Memory Range. Ilpu sTom
BBIBOJAUTCS JMAJIOTOBOE OKHO, KyJa CIleAyeT BBECTU CBEIACHUS O HOBOM
JMana3oHe aJpecoB MmamsaTH: uMs oObekTa kiacca KMemoryRange, koTophiii
OyZeT KOHTPOJUPOBATH ATOT AUANA30H aJPECcOB, aapec 0a30BOTO PETUCTpPa B
PCI — 3aronoske (PCI header) nanHoro yctpoiicTBa, KOTOPBIN OMpPEAEINISIET 3TOT
JMana3oH aJpecoB, a TakXKe MapaMeTphl JOCTyNa AJisi JaHHOW MaMATH: TOJIBKO
yrenue (Read Only), tompko 3amuce (Write Only) u mnonHblii goctyn
(Read/Write). Takke MOXHO elle 3ajaaTh ONIUMU pasjeneHus aocryna (Share
options). DTU OMNIIMK MO3BOJSAIOT PA3ACIATh AOCTYI K PECYpCy: K HEMY MOYKHO
oOpamiarhbcsi TOIBKO U3 Kilacca JaHHoro ycrpoiictBa (Exclusive to this device),
u3 0ol yactu apaiiBepa (Shareable within this driver) wim u3 mro6oro
npaiiBepa B cucteMe (Shareable system wide). Bopouem, nnsi pa3paOoTku
MPOCTBIX JPAiBEPOB ITU OMIMH SBJISIOTCS OECMOJIE3HBIMH U U3MEHSTh UX HE
cTtouT. B Hamem ciydae Mbl co3/laeM Iuama3oH aApecoB MaMATH C UMEHEM
m_MainMemoryRange, onpezensiembiii HyleBbIM 0a30BbIM peructpom B PCI —

header'e, ¢ MOJHBIM JOCTYIIOM.

Add memory map rese x|
Name
Im_M aintden|

Lenathi

PCl Base Address Index
fo

Access is:

" Read Only
€ \Wirite Only
' Read/write

Share options, memory is:
% Exclusive to this device
" Shareable within this driver
" Shareable system wide

oK | Cancel |

Pucynok 2.13 — 3aganue quanazoHa agpecoB MaMsTH

AHaJOTMYHO MOKHO 3aJ1aTb MMapaMCTphbl ITOPTOB BBOAA-BbIBOJAA U JIMHUM

[TI1. ITapameTpsl 3aITpOCOB MPEPHIBAHUN CIIOKHEE: TYT MOKHO J1aTh YKa3aHUE
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DriverWizard'y co3aats ma6sonsl i kiaccoB ISR, DPC u ux ¢ynkumii (Make
ISR/DPC class functions).

Ecnu B nporiecce 3a1anus pecypcoB BO3HUKIIA OITHOKA, UM HEOOXOAUMO
BHECTHU KaKHe-IMOO M3MEHEHHUs, CIeyeT IICJIKHYTh M0 Ha3BaHHUIO pecypca B
OKHE ITPaBOM KJIABUILIECH MbIIIHA. [[0SBUTCS KOHTEKCTHOE MEHIO, B KOTOPOM HAJ0

BBIOpaTh MyHKT Delete, 4ToObI ynanuts pecypc win Edit — pemakTupoBaTs ero.

Resources Interface |Buflers| Power |

Device name
XDSPDevice

Open device by:
€ Symbolic Link: ~ [{DSFDevice

& Interface (WDM only)
Class GUID: I( 0x32b08a3, 0xd241, 0x446d, { Oxa

I~ Exclusive  If "Exclusive" is checked, only one handle
can be open to the device at any time.

Pucynox 2.14 — Bxnaaka Interface.

Ha Bknagke Interface 3amaetcss cmoco0, kakum oOpa3oM OyjaeT
OCYIIECTBIISATHCS CBSI3b IporpamMmsbl uiu 6ubnuorexku DLL ¢ npaiiBepom.

HanexubiM ciocoOoMm siBisietcs cBa3b npu nomoinu GUID knacca. GUID
— YVHUKaJIbHBI HOMEpP, KOTOPBIM OJHO3HAYHO HACHTHUPHUIUPYET KaKOH-TMOO0
o0vektT cuctembl. I[lpu nomomm GUID wuneHtuduimmpyrorcs HE TOJBKO
npaiiBepsl, Ho U COM — unTepdeiics! u np.

Hpyrum cnocobom peanuzanuu uHTEp(dEiica SBISETCS CUMBOIMYECKAs
CChUIKAa. JTO 0oJiee eCTEeCTBEHHBIM MyTh, TaK KaK MPOCTO yKa3aThb UM Kilacca

YCTPOMCTBA — TOPa3/10 MpoIIEe, YeM yKa3biBaTh HEMOHATHOTO Buaa GUID.

Hesoulces' Interface  Buffers 'Powerl

Select a method to access read/write buffers.

" Buffered For devices that are slow and/or transfer
small blocks of data, such as keyboard,
mouse, sefial, and parallel devices.

' Direct For devices that transfer large: amounts of
data in a short time, such as storage
devices.

€ Neither This release of Driverwizard supports
Buffered or Direct access only.

Pucynok 2.15 — Bxuiagka Buffers.

Ha Bxmanke Buffers onpenensercs wmeron, kakuM — oOpazom

Oydepu3upyroTcs 3anpockl K yCTPOUCTRY.
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bydepusuposannsiii (buffered) meton — npuroaeH s yCTpOWCTB TUMa
MBI, KJIABUATYPHl, KOTOPBIC MEPEHAr0T HEOONbIIHE OOBEMBl JTaHHBIX 3a
KOPOTKUN MPOMEXYTOK BpeMeHH. [Ipsmoii (direct) MeTon — UCTIONB3yeTCs TIpH
NEepechbUIKe OONBIIMX O0BEMOB HMHPOPMAIMU 32 KOPOTKHHA TPOMEXYTOK

BPEMEHU, HAIPUMEP, TPU OOPAILIEHUN K TUCKOBOY.

Resuulcesl lnterfacel Buffers Power ]

Power Management Support

WDM drivers must support power management.
Indicate the level of support for power management
for this device.

[~ Manage power for this device
I™' Enable wait/wake support

I” | Device requires an inrush of power at startup

Pucynok 2.116 — Bxiagka Power.

[Tpu coznanun WDM-npaiiBepa He0OX0AMMO 3a7aTh CIIOCO0 YIIpaBIeHUs
sHepronorpednenuemM. [Ipu nomomu ¢raxka YnpapisaTe 3HEPronoTpedIeHUEM
sToro ycrpoiictBa (Manage power for this device) MoxkHO co3aaTh B paiiBepe
METOJIbl YIIpPaBJICHHUsS 3HEPronoTpeOJeHUEM HaIIero yCTpoicTBa. B Hamem

IMPOCTOM CJIydac MbI HC 6y):[eM 9TOT0 ACIAaTh.

Define control codes used to communicate with applications or
other drivers through the Device |0 Control interface.

| Name | @2 l Ordinal | Method | Access
XDSP_GETMEM... N 0800  Buffered Any

< | o

add.. | Edt.. Remove |

Include File Name: IXDSPiocll. h

< Back l Next > I Finish I Cancel I Help ]

Pucynok 2.17 — [eBarsiii mar DriverWizard.

Koneuno, njs OoJsiee-MeHee CIOXXHOTO JpaiiBepa yCTpoMcTBa OyaeT
HEJI0OCTaTOYHO JIBYX 3allPOCOB HA YTCHHWE W 3amuch. Ha JIEeBATOM IIare MOKHO
3a7aTh KOJIbI yIIpaBJeHUs apaiiBepoM ycrpoiicTBa. Koa ynpasnenus (Device 10
control code, IOCTL) npocto npencraBisieT co0oi yncio, KOTOpoe mepeaaeTcs

npaiisepy. Kozawsl ynpaBnenwst B japaiiBepe o00paOaThIBArOTCS CHEIUATBLHOM
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dbyukiuen. B oTBeT Ha Ka) bkl KOJ ApaiiBep BHINOJIHSAET KaKoe-In0o JeHCTBHE.
Hampumep, B Hamem ciiydae OOBEKT yCTpolcTBa OyaeT BO3BpamiaTh
KOJINYECTBO MmaMsTH, koTopoe umeeT PCI-kaprouka. J[Jisi 3TOro 3amaauM Ko7
ynpasienuss XDSP_GetMemSize. [lns sTtoro HaxmeM Ha kHomky Add,

nosiutcs guanoroBoe okHo Edit 10 Control Code (pemaktupoBaHue Koaa

yIIpaBJICHUS ).
Add 10 Control Code (IOCTE x|
Parameter Name
[XDSP_GETMEMSIZE|
Ordinal
|0:200
Method
IBquered L]
Access
Jény 2
™ Queue [serialize) this request code
0K I Cancel l

Pucynok 2.18 — 3aganue koia yrpaBlIeHHs APABEPOM.

[Ipu 3apaHnu KoAa ynpaBieHUs YCTPOMCTBOM HYKHO YKa3aTh UMsI KOJa B
MOHSATHOM MPOTPAMMUCTY BUJIE, METOJ OOIIECHHS C YCTPOUCTBOM (MPSMOM WM
oydepusupoBannbiif). Takxke 3amaeTcss mopsaakoBeiii HoMmep koja (Ordinal) —
YUCJIO, SIBIISIIOLEECS €ro YHHKalbHbIM HOMepoM. Yucna, menbmue 0x800
UCIIOJIB3YIOTCS JUIsl CTAHJAPTHBIX KOJIOB, TAKUX, KaK YTCHUE, 3aMKCh U T.11.

3anpocel IOCTL Ttaxxe MoxHO OydepuznpoBath, NOJOOHO 3ampocaM Ha
YTeHHe W 3amuch. J[ns 3Toro Hajo ycraHoBuTh ¢uiakok Queue (serialize) this
request code.

Buu3y okHa Mactepa ykazaHO HMMs 3aroJOBOYHOTO (aiiia, B KOTOPOM
OyIoyT XpaHUTbCA KOJIBI YIPaBIEHUS YCTPOMCTBOM. B Hamiem ciydae 3To
XDSPioctl.h. HenyxHble KOAbl yHpaBJICHHS] YCTPOMCTBOM MOKHO YJajuTh,

Ha)kaB Ha KHONKY Remove uinu penaktupoBath, HakaB KHOMKY Edit.
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Additional options

Test Application
IV Create test console application

FEilename
|Test_><D SP

Debug Options
[V Enable Break at Driver Entry

IV Generate Trace Code

PSDX Specify default pool tag for memory allocations.
Enter four characters in reverse order.

More Options
I Enable Event Logging

I™ | Enable DriverSockets Support (T Client]

<Back | wews | [TFm ]  Cencsl | Hep |

Pucynok 2.19 — Jlecstsiit mar DriverWizard.

OnmauMm u3 pocrouHcTB DriverWorks saBnsercs t1o, uro DriverWizard
cpasy co3maer KOHCOJIbHOE MIPUIIOKEHUE IS TECTUPOBAHUS
pabotocriocoOHOCTH  JpaiiBepa. KoHe4YHO, Takoe TeCTUpPOBaHHE OBbIBACT
HEIOJIHBIM U MPUMHUTHUBHBIM, HO TIO3BOJISIET OIICHUTH, MPABUIILHO JI paboTaeT
npaiiBep u pabortaetr iu oH BooOmie. [ns toro, uro6wl DriverWizard co3gan
TaKoe MPUJIOKEHNE, HYKHO YCTaHOBUTH (hiaxkok Create test console application
(co3maTh KOHCOJIBHOE TPIWJIOKEHHUE I TECTHPOBAHHWSA) W yKa3aTh €ro WM.
Taxke MOXHO 3amaTh onmuu oTiaakd. OHM HEoOXOJUMBI TPU OTJIAJNIKE
npaiiBepa cpencreamu DriverStudio. Ilpu Hanmucanuu mpoCThIX IpailBEpOB ITH
OIIIIMH, CKOpEE BCETro, HE TTIOHAT00STCSI.

[Ipoiina Bce 3T mmaru, cienyeT HaxaTh Ha KHomky Finish. TlosButcs
OKOIIIKO, KOTOPOE COJEPKHUT CBEICHHUS O Karajmore ¢ (QailaMu TpoekTa
CO3/1aBa€MOTO JipaiiBepa, JUIsl 4ero mnpeaHa3HaueH Kaxawld ¢aitn. Ilocne
Haxatuss Ha kHOomKy OK DriverWizard crenepupyer Bce Qaitibpl Hamiero
TpaiiBepa, MPWIOKCHHUS ISl TSCTUPOBAHUS W TPEIJIOKUT OTKPHITH MPOCKT B

Visual C++.
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2.3 Komnunsayus u ycmaunoska opatieepa

[Ipoekt, crenepupoBanbiii DriverWizard, Haxonutcst B katamore XDSP.
B stom karanore pacmnosoxensl (aiiiasl padodero mpoctpancta (Workspace)
VC++: XDSP.dsw, XDSP.ncd u XDSP.opt u nBa karajora — sys u exe. 3/1ech
xe Haxoautcs Qaitn XDSPioctl.h. B Hem omucansl ympaBisiomue KOJBI,
UCIIOJIb3yeMble TIpU  OOpallleHud K JpaiiBepy C MOMONIbI0  (QYHKIHMH
DevicelOControl.

B karamore sys HaxomuTcsi creHepupoBaHHBIM DriverWizard ckener
NpaiiBepa U Bce HEOOXOAMMBIE ISl KOMNUISAUHU (aitnel. B Hamem ciydae,
uMeeM (paiiibr:

Function.h

3aroJIOBOYHBIA (ailyl, mpeAHa3HAYEHHBIM I omnpeneneHus (yHKLIHM,
BXOJIAIIMX B ApanBep;

Makefile, Sources

¢aiinsl ¢ nHpopmalmeit, HeoOX0IUOM 11 KOMIWISAUUU ipoekTa B VC++.

XDSP.h , XDSP.cpp

daiiibl, comepkalime Kiace apaiBepa.

XDSP.plg, XDSP.dsp

npoekT VC++;

XDSP.inf

CKPHIIT JJI1 HHCTAJUISIUU ApanBepa;

XDSP.rc

¢aiin pecypcoB IMpoekTa. B OCHOBHOM, COAEPKUT HHPOPMALMIO O
pa3paloTuuke qpaiiBepa.

XDSPDevice.cpp, XDSPDevice.h

(aiiibl, comepxkaire Kiacc yCTpoucTaa.

B karasiore exe HaxOAWUTCS WCXOJHBIA KOJ KOHCOJIBHOTO IPHIIOKEHUS
TextXDSP, npenHa3sHaueHHOTO HJisi TECTUPOBaHUS paboThl apaiiBepa. Ilpu

MOMOIIIM HETO0 MOXKHO YOEIWThCS, MPABWIBHO JIM YCTAaHOBIICH JpaiiBep B
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CUCTEME, a MHOI/Ia Ja)ke MPOBEPUTh, KaKk OH paboTaeT. XoTs Juisl Oosiee-MeHee
CJIOXHOTO JApaiiBepa MPUAETCS MUCATh MPOrpaMMy TECTUPOBAaHUS OTAEIbHO. B
KaTajore NpUCyTCTBYIOT (aiibl:

Makefile,Sources

daiinel ¢ mHpOpMarmen, HEOOXOMUMON TSI KOMIWISIIIUM TIPOSKTa B
VC++.

Test XDSP.plg, Test XDSP.dsp

npoekT VC++;

Test XDSP.cpp

MCXOJIHBIN TEKCT MPHUIIOKEHUS.

Teneps MOXKHO OTKpPBITH IPOEKT ApaiBepa B cpene VC++ U MocMOTpeTs,
yTO K€ MbI uMeeM. g 3toro Hamo 3amycTtuTh VC++ M OTKPBITH NIPOEKT,
ucnone3ys komanay File = Open Workspace. B mnosBuBIIEMCS 11anoroBomM
OKHE OTKpbITHS (aiina BeiOepute (aitn XDSP.dsw. Eciau Bce BbllieonvicaHHbie
JEHCTBHS BBIIIOJIHEHBI NPABIMIBHO, TO IPOEKT OTKpoercsa B cpene VCH+. [lns
TOTO, YTOOBI MPOEKT CKOMIWJIMPOBAJICSA MPABWIBHO, CIEAYET YCTAHOBHTH
nepemeHHble cpeabl DriverStudio. Jliig 3TOro Hy>KHO BbIOpaTh MYyHKT MEHIO
DriverStudio = Driver Build Settings: Ha skpaHe mOSIBUTCSI THaJI0rOBOE OKHO
YCTAaHOBKH ITEPEMEHHBIX CPEJIbIL:

Device Driver Build Settings x|

The environment variables relevant to device driver builds are displayed. To change the
current value, select the item and click the Edit button. Click the Accept button to keep
any changes or the Cancel button to revert back to the original values for environment
variables. Click the Shortcut button to create a Shortcut to SetDDKgo with command line
parameters for these environment variables.

Environment Yariable I Current Value I New Value |
BASEDIR cANTDDK

CPU i386

DRIVERWORKS CAPROGRA™T\NuMeq...

DRIVERNETWORKS

YTOOLSD

Shortcut...

Accept Cancel

Pucynok 2.20 — YcTaHOBKa 3HaYEHUN TEPEMEHHBIX CPEIBI.

JIns1 KOMITWISIMHA TpaBepa BaXKHBI 1BE IEPEMEHHBIE:
&nbspCPU — ompenenser apxXuTeKTypy Mpoieccopa, IMOJ KOTOPYIO

koMnuiupyercsa apaisep. He ctout 3a0siBath, 4To Win2000 mMoxeT paboTarh
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Ha 1uiatdopmax 1386 (kimaccuyeckue nporneccopsl Intel), 1A64 (64-pa3psiaHbie
nporeccopsl Intel) u Alpha. B Hamem ciydae Hago ycraHoBUTh 3HaUeHue 1386.

&nbspBASEDIR — nyts k nmakery DDK, ycTaHOBIEHHOMY B CHCTEME.
Jlnst Toro, 4roObl M3MEHUTh 3HAYEHUE OJHOM M3 3TUX TNEPEMEHHBIX, HAJO
HakaTh kHONKYy Edit: nuanoroBoro okHa. [TosIBUTCSI OKHO YCTaHOBKH 3HAUEHUI
MIEPEMEHHOM.

YcraHoBuB Tpebyemoe 3HaueHUE, HAXMHUTE KHOMKY Set. UTOOBI 3aKphITH
okHOo — Exit. 3amaB mepeMeHHble cpenbl, HaXmuTe KHONKY Accept. Temnepb
MOXHO KOMITWJIMPOBATH MPOEKTHI.

JpaiiBep MOKeT ObITh CKOMIWJIMPOBAH B JBYX KoH(purypauusx: Checked
u Free.

Checked — ornamounslit BapuaHT apaiiBepa. Takoi apaiiBep HeceT B ceOe
uHpopManuioo Uil OTIaAKU. EcTecTBEHHO, 4YTO Mg OTJIAJKH JpailBEpoB
HENPUTOJIHbl OOBIKHOBEHHbBIE OTJIAJYUKH, BXOJAAIIUE B KOMIUIEKT cpen VC+,
Delphi u 1.11. Bece onu paboTatoT B 3-M KOJiblle IPUBUIIETHH MIpOIIEccopa U Jaxe
HE JIOTaJIbIBAIOTCS, KAKUE JIpaiiBepa ecTb B cucTeMe. [ oTiaaku apailBepoB
OPUMEHSIOTCS CHeUMajJbHble OTJIAJUUKH, padoTalolue B peXUME slpa
OMepalMoOHHON cucTeMbl. B kadecTBe OTNaguMKa Jy4lle BCEro HCIOIb30BaTh
Softlce, mocraBisemsrii ¢ DriverStudio.

Free-npaiiep HE HeceT OTJIAJIOYHYIO uH(opmaruio.
AKTUBHYIO KOH(MUTYpalMi0 MOXKHO BBICTaBUTh MPU TOMOIIM ITYHKTa MEHIO
Build = Set Active Configuration:

Ocobennocth crenepupoBanHoro DriverWizard pabouero npoctpaHcTBa
COCTOUT B TOM, 4TO OHO comepkuT ABa mpoekra: XDSP u Test XDSP. Kak
HEeTpyaHO pnoragatbesi, XDSP — 310 mpoekt npaiiBepa, a Test XDSP —
NpWIOKEHUsT TecTupoBaHus. MHbopmaims 0 TpoeKTax BBIBOJUTCS B OKHE
Workspace cpenst VC++.

B xaxnpiii OTI€IbHBIA MOMEHT BPEMEHU MOKHO KOMITMJIIMPOBATH TOJIBKO

aKTUBHBIA TPOEKT. VM aKTUBHOTO MPOEKTa BBIBOJIUTCS >KUPHBIM HIPHUQPTOM.
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Crenarb akTHUBHBIM JPYroM MPOEKT MPOCTO: HAAO UIEJKHYTh Ha €ro Ha3BaHUU
MpPaBOM KJIABUILIEH MBIIIM W B BBIMABIIEM KOHTEKCTHOM MEHIO BHIOpATh MYyHKT
Set as Active Project (Caenatb akTUBHBIM IPOEKTOM).

Tenepp MOXHO BBINIOJHATh KOMIWISIIUIO TpoekTa. Ecnu B mponecce
KOMITWJISIIIAN TIOSIBIITFOTCS. COOOIIEHUsT 00 OMMOKax — 3HAYUT, Bl HE COBCEM
TOYHO CJEA0BAIN MHCTPYKLMAM, U3JI0KEHHBIM BBILIE: WM HE CKOMIUINPOBAIH
oubnmuorexu DriverWorks, ninm He yCTaHOBUIIN IEPEMEHHBIC CPEJIBI.

[Tocne xoMmwisLMu JApaiiBepa CIEAyeT CKOMIMINPOBATH TECTOBOE
npwioxenue Test XDSP. OHO A0MKHO CKOMIMJIMPOBATHCS 0€3 KaKUX-JIHOO
npooiem.

Ecnu Bce oneparuy mponuiu riajgko — MOKHO ceOs MO3/ApaBUTh: JApaiBep
roToB K pabore. XOTS, €CTECTBEHHO, OH HE BBIMOJHSAET HUKAKUX Pa3yMHBIX
neiictBuil. Termepb MOXHO TPOTECTUPOBATH HAIII IPANBED.

[Tocne xommwissiuu Mbl nodyuniu  (aitn  apaiiepa XDSP.sys. On
HaxoauTcs B Katanore ../XDSP/sys/obj/i1386. B »stom kartaimore OyayT
HaxoauTcsl ckoMmmuiupoBaHHbie DriverStudio npaiiBepsl. Ho nist uncTamismun
KpoMe caMoro apaiiBepa emie HyxkeH ckpunT XDSP.inf. O 00bIYHO HaXoauTCS
B camoM Kkarasiore XDSP.

Ntak, ayisi yCTaHOBKH JipaliBepa B CUCTEME MPEANOJIAraeTcs HaJIU4YWE B
cucteme PCI — kaprouku XDSP-680. Ilocne ycTaHOBKM KapTOYKU (WM
nepenporpaMMUpoBaHus ee u3 cpeasl Foundation) criemyeT mnepe3arpys3uTh
koMmmibtoTep. [lpu 3arpy3ke KommbioTep OOHApYKUT HOBOE YCTPOMCTBO H
noTpedyeT NpeoCTaBUTh ApaiiBep A Hero. Ecnu e He moTpeOyeT — 3HauuT B
CUCTEME eCTh OoJiee paHHss Bepcus apaiiBepa. [[i1s 3Toro Hamo OTKPHITH CIIUCOK
YCTPOMCTB, YCTAaHOBJICHHBIX Ha KOMIIBIOTEpE W OOHOBUThL JpauBep s
ycTpoiicTBa. s 3TOro Hajo ykasarh myTh K ckpunty xdsp.inf u k daitny
npaiiBepa xdsp.sys.

Ecnu xe Bbl pa3pabarbiBaeTe apaiBep, KOTOPBINA HE YIPaBISIET KaKUM-

a100 YCTPONCTBOM WIJIM 3TO YCTpPOWMCTBO He sBisercs PnP — HeoOxomumo
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IPOCTO YCTAaHOBUTH ApaiBep cTaHgapTHbIMHU cpeactBamu Windows: Ilyck =
Hactpoiika = Ilanens ympaBnenus —> YcraHoBka obOopynoBanus. Korma
Windows BBIBEET TMOJHBII CIHCOK THUIOB YCTPOMCTB M CIPOCUT, KaKoe
YCTPOMCTBO BBl XOTUTE YCTAaHOBUTH, BEHIOEPUTE CBOM THUIT YCTPOMCTBA.

[Tocne Toro, kak mpaiiBep OyAeT yCTaHOBJICH, HY>KHO OYJET MpPOBEPHUTH
ero GyHKIMOHUPOBaHUE. 3allyCTUTE CKOMITMJIMPOBaHHBIN (aiin test xdsp.exe ¢
napamerpamu test xdsp r 32 (komaHaa mpouuTarh 32 OaliTa U3 yCTPOMCTBA).

J10mKHO TTOSIBUTHCS COOOIICHUE, IIOX0XKEE Ha 3TO:
C:\XDSP\exe\objchk\1386>Test XDSP.exe r 32
Test application Test XDSP starting...
Device found, handle open.

Reading from device - 0 bytes read from device (32 requested).

B nmamHOM crydae TpHIIOKEHHE YCTAaHOBWIIO CBS3b C JpaiBEPOM U
MpounuTaio W3 Hero 32 Oaiita. OyHKIMS YTEHUS B JApaiiBepe HE OmpejelicHa,
MO’TOMY, €CTECTBEHHO, JpaiiBep BepHeT alpakanabpy. Eciam xe Oyxer

MOJIy4€HO COOOIeHHE BUA
C:\...Projects\XDSPdrv\exe\objchk\i386>Test XDSP.exe r 32
Test application Test XDSP starting...
ERROR opening device: (2) returned from CreateFile
Exiting...
— TO MPUJIOKEHUE HE CMOIJIO YCTAHOBUTH CBS3b C JpaiiBepoMm. Cremyer

nonpoOoBaTh NEPEyCTAHOBUTH ApanBep.
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2.4 Hapawusanue (hyHKYUOHATIbHBIX 803MONCHOCMEU Opatisepa

PaccmoTpum  moapoOHO — TeKCT  JpailiBepa,  CTEHEPUPOBAHHOTO
DriverWizard u BHeceM B HET0 HEOOXOIUMBIE U3MEHEHUS.

B npoekTte mpUCTCTBYIOT BCEro JBa Kiacca:

XDSP

KJ1acc ApanBepa;

XDSPDevice

KJIAcC yCTPOMCTRBA.

Takoke ecTh HECKOJIBKO TJI00ABHBIX (PYHKIIUN U IEPEMEHHBIX:

PNPMinorFunctionName — Bo3BpaliiaetT CTpoKy ¢ TEKCTOBBIM Ha3BaHHEM
kona ¢ynkuuu IOCTL. DTa QyHKIMS UCTIONB3YETCs PU OTIAAKE, KOT/Ia HAJ0
nepeBectr uncioBoe 3HaueHne koga [OCTL B cTpoky ¢ ero Ha3BaHUEM.

POOLTAG DefaultPoolTag('PSDX') — wucmosb3yeTcsi COBMECTHO C
BoundsChecker nnsi oTciexxuBaHuSt BO3MOXXHBIX CHUTYallUd TEPEMIOJHEHHUS
Oydepa u yTeuek mamsT.

KTrace t("XDSPdrv") — rio0aiabHBIii OOBEKT TPACCHPOBKH JApaiiBepa.
OTOT 00BEKT UCTIOIB3YETCS JJIS BBIBOJIA COOOIIEHUN TPACCUPOBKH MpU padboTe
npaiiBepa. Mcnonb3oBaHue 00BbEKTa TPACCUPOBKU aHAJIOTMYHO UCIIOJIH30BaHUIO
kiacca iostream B C++. BpIBOA OT/IAOYHBIX COOOILEHUHA IIPOU3BOAUTCS MIPHU
noMonu oneparopa <<. IIpuMmepsl HUCHOIB30BaHUS OO0BEKTA TPACCUPOBKU

HEOJIHOKPATHO BCTPEYAIOTCS B TEKCTE ApanBepa, HAIPUMED:
t << "m bBreakOnEntry loaded from registry,

resulting value: [" << m bBreakOnEntry << "]J\n";

B nmannom mpuMmepe OOBEKT TPacCUPOBKHM HCIIOJIB3YETCS [IJIsi BBIBOJIA
ctpoku "m_ bBreakOnEntry loaded from registry, resulting value: [" u 3HaueHuUs
jornyeckor mepemeHHoi m_bBreakOnEntry. Bce cooOmienuss TpaccupoBKu
MOXHO MPOYUTATh B oTiaguuke Softlce.

Haunem ananu3 Tekcra npaiiBepa ¢ kiacca XDSP (kmacc npaiiBepa). B

ctpoke 31  npu  momoum  makpoca DECLARE DRIVER CLASS
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nekinapupyetrcs kiacc napariepa XDSP. [lanee cinemyer meton DriverEntry,

KOTODPBIN BBI3BIBACTCS IPU MHULIUAIIA3ALMN JpaniBepa:

NTSTATUS XDSPdrv::DriverEntry (PUNICODE STRING RegistryPath)

//B cTpoke RegistryPath comepxmuTcsa kJjwou peecTpa,

// cucTeMa XpaHUT MHOOpMALMI O IpaiiBepe.

{

B KOTOPOM

//lanee BHBOOUTCS TPACCUPOBOUHOE CoOObmeHue, wuHOOpMMpyOIEe

// o BHBOBe MeToma DriverEntry:

t << "In DriverEntry\n";

//Tlocyie »TOTO OpanBep cos3maeT oOBeKT Params kjacca
// KRegistryKey u CuUMTHBaeT LOaHHHE U3

//peecTpa miga 3TOTO IpanBepa:

KRegistryKey Params (RegistryPath, L"Parameters");
//Idanee NpPOM3BOOMUTCH IPOBEPKa Ha yCIex:

if ( NT SUCCESS (Params.LastError()) )

{

//TexkcT, 3aKJIOUEHHEIN B Mapoc npenpoleccopa DBG

OTKOMIIMIIMPOBAH

// TOJBKO B OTJIAOOYHOM BEPCUMU

//OopamBepa.
#if DBG

ULONG bBreakOnEntry = FALSE;

OymeT

// UuTaeTcsa 3HauyeHMe MepeMmeHHOM BreakOnEntry peectpa:

Params.QueryValue (L"BreakOnEntry", &bBreakOnEntry);

// Ecim oHa NPpMHMMAEeT 3HaueHue true, TO MHMLUMPOBATH

// TOUKY OCTaHOBa B OTJaguMKe.

if (bBreakOnEntry) DbgBreakPoint () ;

#endif

//3arpy3UTs OCTalIbHEHE [IapaMeTpH peecTpa.
LoadRegistryParameters (Params) ;

}

m Unit = 0;

//BepHYyTbL ycCrex

return STATUS SUCCESS;
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Merton LoadRegistryParameters 3arpykaer u3 peecTpa BCe OCTaIbHBIC
napaMeTpbl, HEOOXOIuMbIEC [Jisi JpaiiBepa. Bmpouem, B HameMm JpaiBepe
TaKOBBIX HET, U IOATOMY (PYHKIIUSI HE BBIMOIHIET HUKAKUX MOJIE3HbIX JIEWCTBUIMA

(mpocTo 3arpykaet 3HaueHHE nmepeMenHoit m bBreakOnEntry).

void XDSPdrv::LoadRegistryParameters (KRegistryKey &Params)

{

m bBreakOnEntry = FALSE;

Params.QueryValue (L"BreakOnEntry", &m bBreakOnEntry);

t << "m bBreakOnEntry loaded from registry, resulting
value:

[" << m _bBreakOnEntry << "]\n";

Ha »ToM 3akaHuMBaeTCsi CeKIMA WHUIMAIM3alUu JApaiiBepa. Jlamee
cienyetr metol AddDevice. OH BbI3bIBa€TCS, KOrja cUCTeEMa OOHApY>KHUBAeT
YCTPOMCTBO, 3a KOTOpOE OTBEYAeT JpaiiBep (OOBIYHO 3TO MPOUCXOIUT MPU
3arpy3ke JapaiiBepa). B meton cucrema nepenaer ykaszarenb Ha (U3HYECKUHN
o0bekT ycTpoiicTBa (Physical Device Object, PDO). OToT 00beKT NpeACTaBIsCT
coOoit Hekuil Onok wuHoOpMaUU O (QUINIECKOM YCTPOWCTBE, KOTOPHIA
UCIIOJB3YETCSl OMEpalMOHHOM cucTeMOM. JlaHHBIM METOJ CO3MaeT OOBEKT
ycrporictBa  XDSPDevice. C  TOYKM  3peHHMs]  CHUCTEMBI,  CO3JAETCs
dbyHKUIHOHATBHBIN 00beKT yeTpoiicTBa (Functional Device Object, FDO).

NTSTATUS XDSPdrv::AddDevice (PDEVICE OBJECT Pdo)

{
t << "AddDevice called\n";
//3meck BHS3BIBASTCH KOHCTPYKTOP Kijlacca XDSPDevice.
XDSPdrvDevice * pDevice = new (
static cast (KUnitizedName (L"XDSPdrvDevice",
m Unit)),
FILE DEVICE UNKNOWN,
static cast (KUnitizedName (L"XDSPdrvDevice",

m Unit)),
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0,
DO_DIRECT IO
)
XDSPDevice (Pdo, m Unit);
//m_Unit - KOJIMYECTBO TaKMX YyCTPONMCTB B CHCTEME.
if (pDevice == NULL)
//He ynajochb co3ImaTb OOBEKT YyCTPOMCTBa. IlOXOXe, IpoM3olia

Kakag-To oummbdbka.

{

t << "Error creating device XDSPdrvDevice"
<< (ULONG) m Unit << EOL;
return STATUS INSUFFICIENT RESOURCES;
}
//ToNyunTs CTATyC CO3IOaHMS YCTPOMUCTEBA.

NTSTATUS status = pDevice->ConstructorStatus();
if ( !INT SUCCESS (status) )

/ /Tloxoxe, YCTPOMCTBO  COS3IOaHO, HO HeyIOauHO; Ipoms30uIa

ommbka.

{

t << "Error constructing device XDSPdrvDevice"

<< (ULONG) m Unit << " status " << (ULONG) status <<

EOL;

delete pDevice;

else

m Unit++; //YCTPOMCTBO CO3MAaHO YIAUHO

}

//BepHYyTbL CTaTyCc yCTpOMCTBA.

return status;

Bce. Pabora oObekrta npaiiBepa Ha 3TOM OKOHYeHA. Kak MBI MoOxeMm
BUJIETh, OOBEKT JApaiiBepa MPAKTUUYECKU HE BBITIOJHSIET KaKUX-TUOO0 (PYyHKIIMIM

YIOPABJICHHS amnmnaparypo, HO OH J>KM3HEHHO HEOOXOIuM [JIsi TMPaBUILHOU
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nHumanu3anuu apaisepa. B namem cnyyae HE TPEBYETCS BHOCUTH Kakue-
1100 U3MEHEHHs B TeKCT, chopmupoBanubiil DriverWizard.

OcCHOBHBIM KJaccoM JpaiiBepa SBIETCS Kiacc ycTpoiicTtBa. Kiracc
ycrpoiictBa XDSPdrvDevice sBisieTcss mnoakiaccom kiacca KpnpDevice.
KoHcTpykTop nosydaer ABa napaMmerpa: ykazareiab Ha PDO u Homep npaiiBepa

B CUCTCMC.

XDSPdrvDevice: : XDSPdrvDevice (PDEVICE OBJECT Pdo, ULONG Unit)
KPnpDevice (Pdo, NULL)

t << "Entering XDSPdrvDevice: : XDSPdrvDevice
(constructor) \n";
//3mecks mpoBepsgeTcd KOO OmmMbOKM, KOTOPYK BEPHYJI KOHCTPYKTOP
cynepkJjacca. B crnyuae
//yCHemHoro CO3maHusdg obbeKTa 6as0BOTO KJjlacca 3HayYeHue
nepeMeHHoy m ConstructorStatus
//®ymer NT SUCCESS.
if ( ! NT SUCCESS (m ConstructorStatus) )

//Omybka B co3maHuy oBbekTa yCTPOMCTBa
return;
}
//3anoMHUTE HOMEP IparBepa
m Unit = Unit;
//VHVLIMaaImM3aumMsa YCTPOMCTBA HUMXHETO YPOBHS. B poJaM yCTpPOMCTBA
HUXHETO YPOBHS B HAlleM
//noparvBepe BrHICTynaer PDO. Ho B cJyiyyae CTeka IpaliBEpPOB B
KadecTBe YCTPOMCTBAa HMXHEIO
//YPOBHS MOXET BHCTYIIATh OOBLEKT YyCTPOMCTBA IPYTOTro OparBepa.
m Lower.Initialize (this, Pdo);
// YCTaHOBUTL OOBEKT HMKXHETO YPOBHS IOJiS HaWlero gpanBepa.
SetLowerDevice (&m_ Lower) ;
// YCTaHOBUTH CTaHIAPTHYIO MNOJIUTUKY PnP IoJidg IaHHOTO

yCTpOMCTBA.
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SetPnpPolicy () ;

[Topsimox BBI30BA METOJI0B m_Lower.Initialize(this, Pdo),
SetLowerDevice(&m_ Lower) u SetPnpPolicy() siBisieTcs KW3HEHHO Ba)KHBIM.
Ero HapyiieHne MoeT BbI3BaTh Cepbe3HbIe cOOU B pabote npaiiBepa. He crout
penaKTUpPOBaTh TEKCT KOHCTPYKTOpa, crenepupoBanHbiii DriverWizard.

JlecTpykTop 00BEKTa yCTPONWCTBA HE BBIMIOTHACT HUKAKUX JericTBril. Ho
JUISL  CIIOKHBIX  JpaiiBepoB, KOIJAa  CO3JAIOTCS  CUCTEMHBIE  IOTOKH,
pa3HooOpa3Hble OOBEKTHl CHHXPOHU3ALMU U BBUICNSAETCS NaMmsiTh, TO BCE
CO37aHHbIe OOBEKTHI JOJKHBI OBITh YHUUYTOXKEHBI B JAecTpykrope. B Hamem

HpOCTGﬁHICM ClIydac HC CTOUT BHOCHUTH U3MCHCHUA B TCKCT ACCTPYKTOPA.
XDSPdrvDevice: : ~XDSPdrvDevice ()

{
t << "Entering XDSPdrvDevice: :~XDSPdrvDevice ()

(destructor)\n";
}

Meron DefaultPnp — BuprtyanbHas QyHKIuUs, KOTOpas ITOJDKHA OBITh
nepeornpesesieHa  J0bIM  O0BEKTOM  YCTpoWcTBAa. JTa 00pabOTYMK TIO
ymomyanuto ansa IRP-makera, y kotoporo crapmuid koA (GyHKUHUHA (major
function code) paBen IRP MJ PNP. JlpaiiBep 00pabaThiBaeT HEKOTOpHIE W3
TaKUX  TAKeTOB, Yy  KOTOPHIX  MJAQAIIMH  KOoA  (QYHKIMH  paBeH
IRP_ MN STOP _DEVICE, IRP_ MN START DEVICE u 1. (cMm. HIKe)
TaK)Ke€ MPU TOMOIIM BUPTyaldbHBIX (GyHKIMA. HO Te makeTwl, KOTOphIE HE
00pabaTbIBalOTCS OOBEKTOM YCTpOMCTBa, NepenaroTcss 3Told QyHkuuu. OHa
HUYETO C HUMH He JIeNaeT, a MPOCTO NMepeJacT X YCTPOUCTBY HUKHETO YPOBHS

(ecnu Takoe ecTh, KOHEYHO). He CTOUT 3MEeHSTh TEKCT ATOU (PYHKITUH.
NTSTATUS XDSPdrvDevice::DefaultPnp (KIrp I)

{
t << "Entering XDSPdrvDevice::DefaultPnp with IRP minor

function="

<< PNPMinorFunctionName (I.MinorFunction()) << EOL;
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I.ForceReuseOfCurrentStackLocationInCalldown () ;

return m Lower.PnpCall (this, I);

Meron SystemControl BbinonHseT noxoxyto ¢pyHkuuto ais IRP-naketos,
y kotopbix ctapmuii ko ¢pyakiuu IRP. MJ SYSTEM_CONTROL. On Takxe
ABJIETCSI BUPTYyalIbHOM (YHKIIMEH UM HE BBIMOJHIET HUKAKUX TTOJIE3HBIX
JIEVCTBHM, a TpocTo nepeaaet IRP-makeT ycTpoicTBY HUKHETO YpOBHSA. UTO-TO
MEHSTh B TEKCTE ATOTO METOJa HAaJAO0 TOJbKO B TOM CIy4yae, €Cld Hallle

yCTpOMCTBO sBisieTcss WMI-nipoBaiinepom.
NTSTATUS XDSPdrvDevice::SystemControl (KIrp I)
{

t << "Entering XDSPdrvDevice::SystemControl\n";

I.ForceReuseOfCurrentStackLocationInCalldown () ;

return m Lower.PnpCall (this, I);

Meton Invalidate BbI3BIBaeTCA, KOTJa YCTPOMCTBO TE€M WJIM HWHBIM
oOpa3zom  3aBepmiaeT cBoro  pabory: w3  ¢yskmuid  OnStopDevice,
OnRemoveDevice a Takxe nmpu BceBO3MOXHBIX omuOkax. Meroxa Invalidate
00BEKTa yCTPONUCTBA TAKXKE BbI3bIBACTCS U3 AECTPYKTOpa. Ero MOXKHO BBI3BIBATH
HECKOJIbKO pa3 — He MPOM30MAET HUYEro CTPAILIHOro; HO B Mertonax Invalidate
HET HUKAaKOHM 3aluThl OT peeHTepadenbHOCTH. T.e. ecnu mpu padore Meroaa
Invalidate Bo3HuMKaeT kakas- 100 ommOka u u3-3a 3Toro Invalidate momxen
Oyznet BbI3BaThcsl cHOBA, TO HU DriverWorks, Hu OC Windows He cTaHyT 3TOMY
Mmemiath. Pa3paboTumk MOKEH caM MpelyCMOTPEeTh TaKyl0 BO3MOXHOCTH U
OPUHATH MEpBI, YTOOBI TOAOOHAs CHUTyalusi HE TpuBelIa K HEXOPOIINM
TIOCIICAICTBHSIM.

B metone Invalidate oObekTa ycTpoiicTBa Bei3biBatoTCss MeToAbI Invalidate
BCEX PECYPCOB, KOTOPBIC UCMOJB3YeT ApaiBep: o0nacTeld mamsiTH, PETUCTPOB,

koHTpoJuiepoB DMA u t1.m. Ilpu 5TOM BBITIONHSIETCS TpolEeaypa, OOpaTHas
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NpoLEeIype MHUIMATU3ALUU: OCBOOOXKIAIOTCS BCE PECYPChl, HCIOIb3yEMbIE
00BEKTOM, 3aKPBIBAIOTCS BCE €T0 XHIJIBI, HO CaM OOBEKT HE YHUYTOXKACTCS U
MOKET OBITh MPOUHUIIMAIM3UPOBAH CHOBa. B Hamem mpocToMm ciayyae HET
CMBICIIa YTO-T100 KOPPEKTHUPOBATh B TEKCTE ATOro Mmeroja — DriverWizard Bce
caenan 3a Hac. Emie Obl, Beab Hallle YCTPOHWCTBO UMEET TOJIBKO OJUH PECypc —
nuana3oH aapecoB mnamsaTd. Ho mnpu mpoektupoBaHuu 0OoJee  CIOKHBIX
JpaliBepoB ciielyeT oOpaliaTh BHUMaHUE Ha JaHHbIA MeTol. Ecnu pa3paboTunk
n00aBJIIeT Kakue-IMOO CHUCTEMHBIE pecypchl BpY4YHYIO, TO OH JOJDKEH

BKJIFOYUTH COOTBETCTBYIOIIUHI KO B MeTo 1 Invalidate.

VOID XDSPdrvDevice::Invalidate ()
{

//Be3BaTh MeTOn Invalidate mug mmamasoHa amgpecoB IaMaTH.
m MainMem.Invalidate () ;

Hanee caenyet BuptyanbHas Qynkius OnStartDevice. OHa BbI3bIBaeTCA
npu npuxone IRP- makera co crapmmum kxoxom IRP MJ PNP wm kxomom
noadyukiuu IRP._ MN START DEVICE. OOblYHO 5TO NpPOUCXOJIUT TMPH
cTapTe JApaiiBepa TOCJE€ BBINOJHEHUS BCEX HEOOXOIMMBIX IPOBEPOK U
uHUIManu3anuii. B aToit QyHKIMM npaiiBep WHULUATU3ZUPYET (HU3UIECKOE
YCTPOMCTBO U TPUBOIUT €ro B pabouee coctosiHue. Takxke 37ech ApailBep
MOJIy4aeT CIUCOK PECYPCOB, KOTOPbIE UMEIOTCS B ycTpoiicTBe. Ha ocHOBE 3TOrO
CIIMCKA PECYpPCOB BBIMOJIHAETCS WX HWHULMAIMIUA. XOTS Mbl HE BHOCUM
W3MEHEHUN B JaHHYIO (PYHKIMIO, HO HEJIb3s HE OTMETUTh €€ OrPOMHYIO
BOXHOCTh. VIMEHHO B JaHHOW (YHKIIMM BBITIOJHIETCS WHUIAATU3AIIMS
YCTPOMCTBA U MOJYYEHUE CIHCKA €ro pecypcoB. [lo-apyromy Mbl uX NOJy4UTh
HHUKAaK HE MOXEM, T.K. UMeeM Jeno ¢ PnP ycTpoiictBom, 111 KOTOpOro cucrema

pacupeacisiet peCypCbl CAMOCTOATCIIBHO.
NTSTATUS XDSPdrvDevice::0nStartDevice (KIrp I)
{

t << "Entering XDSPdrvDevice::0OnStartDevice\n";
NTSTATUS status = STATUS SUCCESS;

I.Information() = 0;
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//3mechp mOpalBep MNOJiydaeT CIOMCOK PEeCypPCOB yCTPOMCTBA
PCM_ RESOURCE LIST pResListRaw = I.AllocatedResources();
PCM RESOURCE LIST pResListTranslated =

I.TranslatedResources () ;

// Hame ycTpomcTBo gBigerca PCI - KapTOUKOM ¥ B CBOEM
KOHOUITYPALMOHHOM I[IOJIE COHOEPXUT

//0a30BHE ampeca IOMalaz30HOB IMaMaTM U IIOPTOB BBOIA—BEBOIA.
[MonmyuyaeM 5TM IOaHHEE

KPciConfiguration PciConfig(m Lower.TopOfStack());

// VHuULUMAIM3MPpyeM KaxIBl OManasoH OoToOpaxeHrsa ampecosB. Temneps,
rnocJjie MHUUMAIU3aLNnn,

//0as30BHM ampec OTOOPaxeHHOTO Ouanas3OoHa B BUPTYaJIbHOM alpeCHOM
NPOCTPAaHCTBE

//npoueccopa MoOXeT ObTb [OJIydeH TI[IpM I[IOMOWM BBI3OBa MeTOona
Base () . dmBmueckuM ampec Ha

//uvHe ampeca LI - npwm nomomm CpuPhysicalAddress ().

status = m MainMem.Initialize (
pResListTranslated,
pResListRaw,
PciConfig.BaseAddressIndexToOrdinal (0)
)7

if (!NT SUCCESS (status))
{
//Heynmaua npu MHULMAIKSALUM OOJIACTU IaMATHU
Invalidate() ;
return status;
}
//Crona MOXHO 0O0BaBUTH KO, BBINIOJIH SO HeoBXOOVMYI0

VMHMLIMaJIrn3alunmwo, CH@LLM@MT{HVIO IOJIA
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//3TOoT0 yCTpOMCTEBAa

return status;

BupryaneHaga byHKLUA OnStopDevice BEIBEIBAETCH npu
OCTaHOBKE YyCTPOMCTBa. B 3TOoM ciyyae cucCTeMa I[OCHUIaeT IOpanBepy
IRP c CcTapuMm KOOOM IRP MJ PNP u KOOOM NOonQYyHKUUM

IRP MN STOP DEVICE. [Jpaieep OOJIXeH OCO00OOMTE BCE MCIOJIb3yeMue

pPecypcCH.
NTSTATUS XDSPdrvDevice::0nStopDevice (KIrp I)

{
NTSTATUS status = STATUS SUCCESS;
t << "Entering XDSPdrvDevice::0OnStopDevice\n";
//0cBOBOINUTE PECYPCH yCTPOMCTBA

Invalidate () ;

// 3Bmeck pmoBaByigeTCd KO, CHeUMOUUHBI OJIg IAaHHOTO YCTPOMCTBA.

return status;

Buptyanbnas ¢ynkumuss OnRemoveDevice BbI3bIBaeTCs MPU U3BICUCHHUH
ycTpoiicTBa U3 cucteMbl. Ilpum sTOM cuctemHas nonutuka PnP  cama

no3aborurcs 06 ynanenuu PDO.
NTSTATUS XDSPdrvDevice: :0nRemoveDevice (KIrp I)
{

t << "Entering XDSPdrvDevice::OnRemoveDevice\n";
// OcBOBOIUTL PECYPCH yCTPOMUCTBA
Invalidate () ;

// 3Bnech pmoBaBygeTcd KOJI, CHeUMOUUHBI o719 IaHHOTO YCTPOMCTBA.

return STATUS SUCCESS;
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Nuorga ObiBaeT HEOOXOAMMO OTMEHHTH o00paboTky IRP, yxke
MIOCTABJICHHOTO B 0Yepeb (TaKue 3ampoChl HHOTA MOCHIIACT AUCTIETYEP BBOA-
BbIBO/IA). Kora Takast cutyaiusi MOKET BOBHUKHYThH?

[IpeacTaBuM Takyl0 CHUTYyallMIO: B MPUIOKEHUHM TMOJb30BATENsl IOTOK
NocJai HalleMy JpaiiBepy 3ampoc Ha BBO-BBIBOJ U 3aBEPIINII CBOIO paboTy. A
IRP-makeT noman B ouepeab 3ampocoB U TEPIEIUBO KIET CBOEH odepenu Ha
obOpabotky. Koneuno xe, oOpaboTka Takoro "6ecxo3znoro" IRP-nmakera gomxHa
ObITh OTMEHEHa. [[7si 3Toro npailBepoM MOIJIEPKUBACTCS LETbI MEXaHU3M
oTMeHbl 00paboTku 3ampocoB. B Win2000 DDK mnonpoOHO omucaHo, moyemy
JIIOBOM npaiiBep NOIKEH IOANCPKHMBATH 3TOT MEXaHM3M. JTO CBSA3aHO, B
OCHOBHOM, C Tpo0JjeMaMu HaJIeKHOCTH U YCTOMYMBOCTH PAOOTHI CUCTEMBI.
Benr cOoii B gpaiiBepe — 9TO, MpakTUYECKH, cCOOM B sJpe OINEpPallMOHHOU
CHUCTEMBI.

B knacce KPnPDevice MexaHu3Mm OTMEHBI 3alpoca peaju30BaH IpU

nomomu Meroaa CancelQueuedIrp.
VOID XDSPdrvDevice: :CancelQueuedIrp (KIrp I)
{
//TonyuyaeM ouepenb IRP-mmakeTOB 3TOTO YyCTPOMCTBA.

KDeviceQueue dg(DeviceQueue())

//llpoBepuTsb, sABJsgeTcsa Jju IRP, KOTOPEM IOJKEH OHTHL OTMEHEH, TeM
IIaKeTOM, KOTOPEIM IOJIKEH
//6uTL oBbpadoTaH.
if ( (PIRP)I == CurrentIrp() )
{
//YHUUTOXUTEL IakKeT.
CurrentIrp() = NULL;
//Tlpu BEI3OBe MeToma CancelQueuedIrp ycTaHaBJaMBaeTcsa rJyiobasbHas
cucTeMHas
//zamenka (SpinLock). Temepb cienyeT ee COPOCUTEH.

CancelSpinLock::Release (I.CancellIrgl()):;

83



t << "IRP canceled " << I << EOL;
I.Information() = 0;
I.Status () = STATUS CANCELLED;
//0BpaboTarTs Clenyoimi IakKeT.
PnpNextIrp(I);
}
//YoanuTes w3 ouepenmM nakeT. ECIM 5TO YIaJoCh, TO
BepHeT true.
else if (dg.RemoveSpecificEntry(I))
{
// 2To ymasochb. Temnepb cOpacHBaeM 3allesiKy .
CancelSpinLock::Release (I.CancelIrqgl());
t << "IRP canceled " << I << EOL;
I.Information() = 0;

I.PnpComplete (this, STATUS CANCELLED) ;

else
{
//Heynaua. COpaceBaeMm 3alleliKy .

CancelSpinLock::Release(I.CancelIrgl());

dyHKLMI

Meoton Startlo siBnsiercss BupTyaibHOM (yHKIHer. OHa BBI3BIBACTCS

CUCTEMOMH, KOIJla ApaiiBep roTOB 00padaThIBaTh CIEAYIOLIMM 3alIpOC B OUEPEIU.

DOTO 4Ype3BbIYAlHO BaXkHasi (PYHKUMSA: OHA SBJISETCA JUCIIETYEPOM BCEX

3alpoCOB Ha BBOJI-BBIBOJ, MOCTYMAaeMbIX K HaimieMy apaiBepy. B dyHkumm

BBI3BIBAIOTCS 00paOOTUYHMKHU 3alIPOCOB HA YTEHHE, 3aMKCh a TaKKe 00padOTUMKH

BbI30BOB IOCTL. K cuacteio, ymubiii DriverWizard renepupyer CckeneT

(bYHI(I_II/II/I ABTOMATHYCCKH WM BHOCHTb HM3MCHCHHA B HCC B HAIICM IIPOCTOM

ciyyae He TpeOyercsa. B mpuHuune, B 3Ty (YHKIUIO MOKHO BBECTH KaKHE-TO

JOTNOIHUTEINbHBIE TPpoBepkU [IRP-makeros.

VOID XDSPdrvDevice::StartIo(KIrp I)
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t << "Entering StartlIo, " << I << EOL;

//30ech HaIO MPOBEPUTH, OTMEHEH STOT 3alpoC WM HET. OTO MPOM3BOIMATCS
// mpu nomonm Ber3OBa MerToma TestAndSetCancelRoutine. Takke 3TOT METOI
// YCTaHaBIMBAET HOBYI GOYyHKIMIO OTMEHBI TAKETOB, €CJIM 3TO HEOBXOIMMO .
// Ampec HOBOM GyHKIIM MeperaeTcs BTOPEM NapaMeTpoM. ECIMM OH paBeH

// NULL, TO BBISHBASTCHA CTapas QyHKLUMS. EC/IM MNakeT OOJDKeH OBITh OTMEHEH,

// byHrkuma BepHeT FALSE.

if

!T.TestAndSetCancelRoutine (

LinkTo (CancelQueuedIrp),
NULL,

CurrentlIrp()) )

//llakeT OTMEeHEeH.

return;

// HauaTb 06paboTky 3ampoca.

// BuOpaTh HEOOXOIMMYKD OGOYHKIIMIO

switch (I.MajorFunction())

{

case IRP MJ READ:
//YreHue
SerialRead(I) ;
break;

case IRP MJ WRITE:
//3anmnce
SerialWrite(I);
break;

case IRP MJ DEVICE CONTROL:
//IOCTL
switch (I.IoctlCode())
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default:
/ /Ml ofpabaTeBaeM MakeT, KOTOPBI HE IOJTKEH ObITh
// obpaBoraH. I03TOMy MPOCTO BEIXOIMM.
ASSERT (FALSE) ;
break;
}
break;
default:
// IparBep 3aHec B OUuepelb KAKOM—TO HEMOHATHLIA IIaKeT,
//OH He IoJkeH OhTh OOpPadoTaH.
ASSERT (FALSE) ;
PnpNextIrp (I);

break;

Meton Create BbI3bIBA€TCS, KOTJa IOJIb30BATEIBCKOE MPHUIOKECHHE

MBITAETCA YCTAHOBUTh CBSI3b C JIpaiBEpOM MpH mnoMmolu BbizoBa API

CreateFile(). OOb4HO HTOT 3ampoc 00padaThIBa€TCs B HaIleM OOBEKTE

YCTPOMCTBA U HET CMBICJIA MIEPECHUIATH 3AIIPOC YCTPOUCTBY HUKHETO YPOBHSI.

NTSTATUS XDSPdrvDevice: :Create (KIrp I)

NTSTATUS status;

t << "Entering XDSPdrvDevice::Create, " << I << EOL;

//30echb MOXHO BCTaBUTH KOI I[I0JIb30BATEJII, KOTOPHI HOOJXKEH OHTH

BEISBAH IIPM YyCTAHOBJIEHUNU

//TpuIoXeHueM CBA3M C YCTPOMCTBOM.

status = I.PnpComplete (this, STATUS SUCCESS,

IO NO INCREMENT) ;
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t << "XDSPdrvDevice::Create Status " << (ULONG)status <<
EOL;

return status;

AHajormuuHo MeTon Close BEIBHIBAETCSH IIpM paspeBE CBA3UM IIPUMIIOXEHNMA

C IpaliBEepOM.

NTSTATUS XDSPdrvDevice::Close (KIrp I)

{
NTSTATUS status;

t << "Entering XDSPdrvDevice::Close, " << I << EOL;

//30echb MOXHO BCTaBUTH KOI I[I0JIb30BATEJIsI, KOTOPHIA HOOJXKEH OHTH
BBI3BAH [IPU pas3peBE

//TpuoxeHmueM CBA3M C YCTPOMCTBOM.

status = I.PnpComplete (this, STATUS SUCCESS,
IO NO_ INCREMENT) ;

t << "XDSPdrvDevice::Close Status " << (ULONG)status <<
EOL;

return status;

B 9THx MeTo/1ax MOKHO BBECTU MPOBEPKU KAKUX-JTHOO YCIOBHIA.

Hanucanue npaiiBepa 3aBepuieHO. MOXKET CIOKHUTHCA BIEYATIEHUE, YTO
DriverWizard MoXeT npakTU4eCKu BCE M HaNlMCAaHUE JpaiiBepa — OY€Hb IpoCcTast
3amaya. Ho He cienyer 3a0bIBaTh, UTO PaCCMOTPEHHBIN JipaiiBep —pocTenias
JEMOHCTPAMOHHAS POrpaMMa, KOTOpast MPAKTUYECKHA HE BBINOJHIET HUKAKUX
noJIe3HbIX JeiicTBuid. Ecnmm Obl ApaiiBep ObUT HAaMMCaH C KCTIOJIB30BAHHEM
nakera DDK, To oH Obl UMeN MPaKTUYECKHU Ty K€ CTPYKTYpPY M MOUYTH TOT K€
koJ (mpaBma, He OOBEKTHO-OpUEHTHpOBaHHBIM). Ho B Takom ciyyae Bech

JpaiiBep MPHUILIOCH ObI MHcaTth BpydHyto, a DriverWizard renepupyer ckenet
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JpaiiBepa aBTOMAaTUYECKU. OITO CHJIBHO OOJIer4aeT IMpolecc pa3paboTKH
npaiiBepa, TO3BOJISASE MPOTPAMMUCTY HE 3a00THUTBCS O HANMCAaHMM CKeJeTa

ﬂpaﬁBepa " IIPpCOOXPpaHAA €0 OT BO3MOKHBIX ONIHOOK.
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2.5 KoumponbHhbsie 60npocul K pasoeny
Yro takoe DDK?
M3 xakux 3TanoB COCTOMT CO3JIaHHUE JpaiiBepa?
Jly1s yero ucmob3yeTces mporpaMMHbIi maket DriverStudio?
Yro HeoOxoaumo [yt pabothl B makere DriverStudio?
W3 kakux moayinei cocrout maket DriverStudio?
Jist uero Hyx)eH moxyns DriverWorks?
Jliis yero HyxkeH MoAyiab VioolsD?

Jlnst yero Hy»eH MoayJib Softlce?

© ©o N o a0 kR~ W N PE

KakoB cocraB cuctemsl kiacco DriverWorks?
10.Mmeetcst mu B cucteme kiaaccoB DriverWorks nepapxus?
11.Y1o0 Takoe 0OBEKT ApaiiBepa?

12.]1ns gero nyxeH kiacc KRegistryKey?

13.Yto Takoe 00BEKT 3anpoca Ha BBOA-BeIBO IRP?

14.Kto co3maer IRP?

15.Yto Takoe 00BEKT ycTpoiicTBa?

16./1ns gero nyxHbI kiaccbl KDevice u KPnPDevice?
17.Jlns gero vyxen kmacc KMemoryRange?

18.YTto0 Takoe cTeK yCTpOMCcTB?

19.Yt1o Takoe 00BEKT ouepeau?

20.Ins1 yero HyxHa Oydepuzarius 3arpocoB?

21.Kak oOpabaTbiBaroTCs 3anpochkl Ha npepbiBanus B DriverWorks?
22.YT1o Takoe KOHIIEMNIHs YpOBHEH pepbhIBaHUs?

23.Yto nenaer npoienypa o0paboTKU MpepbIBaHUs?
24.]1n1s yero Hy>KeH BbI30B OTJIOKEHHBIX TIPoLeayp?
25.[1ns yero nyxeH kinacc KIoRange?

26./1ns uero HyxeH kinacc KloRegister?

27.JInsa gero nyxeH kinacc KMemoryToProcessMap?

28.J1ns gero HyxeH kiaacc KDispatcherObject?
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