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Pa3paboTumkn a4pa UCMOMHUTESNBHOW CUCTEMbI FOBOPAT, YTO
OHO [AaeT nuLly BceMy ocTasnibHoMy. 1 3TO OTHIOAb He npeyBe-
nnyeHve! Ha nnoxom yHAaMeHTe HUYero XopoLLero He nocT-
poVLLb, M Ka4eCTBO Apa B 3HAYMTENLHOW Mepe onpepenset
NpOV3BOAMTENIbHOCTb BCEW OMEPaLMOHHOM CUCTEMBI B LIENOM.
B komnnekT noctaskm Windows NT BxoguT 601bLUOE KOMNMYe-
CTBO pa3Hoo6pa3HbIx agep (B TOM YKCre U HallyMeBLUee 94p0
i486C, no cnyxam 3Ha4NTENbHO YBENMYMBaloLLee GbICTpOAeN-
CTBUE CUCTEMbI). KaK OLIEHWTb MX NPOM3BOJUTENBHOCTL? O6bIY-
Hble TECTUPYIOLLME NakeTbl AN 3TOr0 He NOAXOAAT, U afieKBart-
HYI0 METOAMKY M3MEpPEeHUIn MPUXOAMTCA paspadaTbiBaTb CaMo-
CTOATENbHO C y4eToM apxuTekTypel aapa Windows u cneum-
thryeckoii HanpaBNEHHOCTY BO3NOXEHHbIX HA HEro 3afad.

BonbLUMHCTBO Nonb3oBaTenen 1 CUCTEMHbIX agMUHUCTPa-
TOPOB XMBYT C AOPOM, HA3HAYEHHbLIM ONepaLMoOHHOM CUCTEMON
npw ee MHCTannsALMmM, COBEPLLEHHO HE 3aAyMbIBasCh O TOM, YTO
€ro MOXHO 3aMeHWUTb OpYrM. B LUTaTHbIA KOMMEKT NOCTaBKU
Windows NT Bxogut 6onee gecsitka pasfiuyHbix sgep, U eLle
60sbLIEE X KONIMHECTBO MOXET ObITb HaAeHO Ha NMpocTopax
WHTepHeTa. HekoTopble Npon3BoAMTENM annapaTtHoro obecne-
YeHMa ONTUMU3UPYIOT fApa Nof CBOU MaLLMWHbI, M 3a4acTyto 3Ta
ONTUMamNbHOCTb COXPAHSAETCS HA 60NBLUMHCTBE OcTasbHbIX. Cy-
LLIeCTBYET MHEHVE, YTO ApeBHUe fapa (BCE eLle COBMECTUMbIE
€ HOBOMOZHbIMM Bepcuamm Windows) HaMHOro Npon3BOANTESb-
Hee COBPEMEHHbIX, XOTS U YCTynaloT UM Mo (yHKLMOHANbHOC-
™.

OtpenbHOro pasroBopa 3acnyXvBaeT UCTOpUs C SAPOM
i486C, onTMMM3npoBaHHbIM Nog 80486-matumHbl. OHO BXOAW-
no Bo Bce Bepcun Windows Bnnotb go NT 4.0, Ho 3aTeM Heo-
XugaHHo ucyesno, u Windows 2000 Bbiwna yxe 6e3 Hero.
OpHako ¢ Windows XP Bce BepHynocb BHOBb. [OBOPSAT, 4TO OHO
300POBO YBENWUYMBAET NPOU3BOAUTENBHOCTb CUCTEMBI. ABTOP,
3HaKoMbIn ¢ HUM ele co BpeMeH Windows NT 4.0, nogreepx-
[aeT — [a, yBenmMymMBaeT, 0COBEHHO Ha MEASIEHHbIX MaLL1HaX.
[nsa TeopeTnyeckoro 060CHOBaHUS JaHHOro hakTa 1 Hbina Ha-
nucaHa aTa cTaTbs.

PasymeeTcsi, camo no cebe aapo i486C He HACTOMNbKO WH-
TepecHo, 4To6bI yaenaTb emy 13 XypHasbHbix nosoc. [asan-
Te MbICNKTb 6onee rnobanbHo. Slaep MHOro, a MHCTPYMEHTOB
INS1 OLIEHKN UX NPOU3BOANTENBHOCTU HE CYLLECTBYET (BO BCS-
KOM Cny4ae B OTKPbITOM [JOCTYME HET HW OfHOro). Tem He
MeHee TakoW MHCTPYMEHT Mpu XenaHuM MOXHO paspaboTaTb
N CaMOCTOATENBbHO, O YEM 5, COBCTBEHHO, U COBMpPAKOCh pac-
cKasartb.

CtpykTypa sapa

fAppo Windows NT cocTOMT 13 ABYX KMOYEBLIX KOMMOHEHTOB:
executive system — UCMONHUTENLHON CUCTEMBI (fanee no Tek-
cty KERNEL), peanu3oBaHHoM B chaiine ntoskrnl.exe, n 6u6-
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NnoTeKn annapaTHbix abcTpakuun — Hardware Abstraction
Layer (cokpatyeHnHo HAL), npenctaenenHon cpaiinom HAL.DLL.
Ha camom fene nmeHa gannos MoryT 6biTb N06bIMU, U B 3a-
BMCUMOCTM OT TWMA SApa OHW BapbUPYHOTCS B JOBOSBHO LLMPO-
Kux npegenax.

McxogHas koHuenums noctpoeHns Windows NT npegnona-
rana cocpefoToHuTb BECb CUCTEMHO-3aBUCUMMbIN Kog B HAL,
MCMONb3Ya ero Kak (PyHaameHT Ons BO3ABWMXKEHWUS CUCTEMHO-
HE3aBVCMMON UCTIONHUTENBHOM CUCTEMBI. Toraa Ana nepeHoca
fiopa Ha HOBYKO nNnatdopmy 6b110 Obl JOCTATOYHO Nepenucathb
opvH HAL, He Tporasi HU4ero ocTasbHOro (Mo KpawHen mepe
TEOPETUYECKM). B OeCTBUTENBHOCTH Xe 3TO TpeboBaHMe Tak U
He OblIfI0 BbIMNOMHEHO, U GOMbLLIOE KONMMYECTBO CUCTEMHO-3aBU-
CVIMOrO KOAA NPOCOYUIOCH B UCMOMHUTENBHYIO cucTemy, a HAL
MPEeBPAaTMIICA B CMIIOLLHOE HarpoMoXAeHue Heknaccuuumpye-
MbIX (DYHKLWIA, TECHO NepennieTeHHbIX C UCMONHUTENBbHON CUC-
TEMOW, Tak 4YTO OBYXYPOBHEBAs CXema opraHu3auvu sgpa B Ha-
CTOsiLLiee BPeMS BbIrNAQUT JOBOSLHO YCIIOBHOM.

WcnonnutensHaa cuctema Windows NT peanuayeT BbiCO-
KOYpPOBHEBblE (PYHKLMW YNpaBieHNst OCHOBHbIMWU pecypcamu
(kaK TO: NamsTbIO, tharinamm, npoueccamu U NOToKamu), B On-
pefeneHHoM CMbICe SBNAACh OnepaLnoHHON CUCTEMON B MU-
HuaTiope. BonbLUMHCTBO 3TUX (OYHKLWIA €nabo CBA3aHbI C KOH-
CTPYKTVBHBIMU OCOBEHHOCTSIMU KOHKPETHOW annapaTypbl. OHu
MPaKTUYECKN He MEHSIOTCA OT OJHOW UCMOSHWUTENBbHOW CUCTe-
Me K Apyroi 1 OQMHaKOBO MPOU3BOAMTESbHbI (MM HENPOW3BO-
LVTENbHbI) BO BCEX fOpax.

0O60co6neHHas YacTb UCMOMHUTENBHOW CUCTEMbI, peanu-
3yloLlas Hambornee HU3KOYPOBHEBbIE OMepaLyn 1 TeCHO B3au-
MofencTayoLas ¢ 6M6NMOTeKoN annapaTHbIX abCTpakLmii,
Ha3biBaeTcst aapom (KERNEL). BonbLUMHCTBO SiepHbIX npoLie-
Lyp npefHasHadeHbl Ansa cyrybo BHYTPEHHEro 1Crosb30BaHWs
1 He 3KCMOPTUPYIOTCA (XOTSA MPUCYTCTBYIOT B OTNAA0HHbIX CUM-
BOJiax), a Te, YTO AKCMOPTUPYHOTCS, 0ObIYHO HAYMHAKOTCA C Npe-
tukca Ke (nognporpammsl sigpa) unm Ki (o6pabotka npepbi-
BaHWI B aape).

370 yxe TpeTbe YNOMWHAHUE AApa, KOTOPOe Mbl BCTpeya-
€M, YTO co3faeT onpepdenexHyto nytaHuuy. [laBavite nonpo6y-
€M pasfioxXuTb 06pa30BaBLUMIACA TEPMUHOMNOMMYECKUA KaBap-
Jak no nonoykaMm. Ha camom BepxHeM ypoBHe abCTpakLui
SOPOM NPUHATO Ha3blBaTb COBOKYMHOCTb KOMMOHEHTOB onepa-
LIMOHHOMN CMCTEMbI, paboTatoLLMX Ha NPUBUIErMPOBAHHOM KOJb-
Lie Hynesoro ypoBHs. CnyCTUBLUNCH MOHUXE, Mbl YBUAUM, HTO
S0PO OTHIOAb HE MOHOSIMTHO U COCTOMUT Kak MUHUMYM U3 OBYX
yacTeln: COBCTBEHHO CaMOro fapa 1 3arpy>xaembix ApanBepos.
fopo Windows NT peanuzoBaHo B ABYyX (hannax: 6ubnmoTeke
annapatHbIx abcTpakumin (no cyTv gena sensioLleecs Habo-
POM NEpBWYHbIX APaiBEPOB) U UCTMONHUTENBHOK cucTeme. Bbl-
60pOM UCNONHUTENBHON cucTembl pykoBoguT kntod KERNEL
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tharina boot.ini, NO3TOMY MHOTME acCOLMMPYIOT €€ C A8POM, XOTH
3TO W He COBCEM BEepHO, HO He ByfeM [oKanbIBaTLCs A0 CToN-
6a, Befib PyHOAMEHT UCTMONHUTENBHON CUCTEMbI — TOXE AAPO.
N ato ewe paneko He Bce! MNogcnctembl okpyxeHus (win32,
POSIX, 0OS/2) umetoT cBOM COOBCTBEHHbIE AApa, COCPEROTOHEH-
Hble B NPUKNagHbIX 61bnuoTekax HempuBMUNerMpoBaHHOrO pe-
XuMma TpeTbero konbua, u obwarTtcs ¢ agpom Windows NT
yepes crieumarnbHylo «MpocnoviKy», peanM3oBaHHylo B dairne
NTDLL.DLL. fAgpa nopcuctemM OKPYXeHWUs NpedcTaBnstoT Co-
601 ckBO3Hble NepexogHuky K sapy Windows NT u npakTudec-
KV NONHOCTLIO abCcTparMpoBaHs! 0T 060pynoBaHus. MpakTnyec-
KW, HO He cosceM! HekoTopas nopumsi CUCTEMHO-3aBUCUMOTO
Kofa npucyTcTByeT M 3fecb. MHoronpoueccopHsle Bepcuu
thainos NTDLL.DLL n KERNEL32.DLL gns cMHXpoHu3auum
NOTOKOB UCMONb3YIT MaLLmHHyo komaHay LOCK. B ogHonpo-
LIECCOPHbIX BEPCUAX OHA TEpSeT CMbICA 1 3ameHsieTcs 6onee
6bicTpopencTayoLei komangon NOP. HaeepHsika cyLlecTBy-
10T W Opyrue pasnunyus, HO A TakMe crneumanbHo He uckan, no-
CKOMbKY UX BIMSHWE Ha NPOU3BOAUTENIbHOCTb CUCTEMBI HE3HA-
YUTESIBHO.

M3 Bcero aToro 3oonapka Hac B nepByto ovepenb Oymet
WHTepecoBaThb AP0 UCNONHWUTENBHON cucTembl M HAL (puc. 1).

aAMHHMCTPUPOBAKME

Tunb! agep

Tun BbIGUpPaemMoro sapa onpefensierTcs Kak apXuMTeKTypHbIMU

0COOEHHOCTSIMM KOHKPETHON annapaTHoin nnatgopmbl, Tak u

NNYHBIMM NPEANOYTEHMAMI NOMNb30BAaTENS CUCTEMbI, 06YCNOB-

NeHHbIMK creundukon pewlaeMbix 3agad. CyuecTsyeTt no

MEHbLLUEN Mepe MATb OCHOBHbIX KPUTEPUEB KnaccudukaLmm

anep:

B tun nnatgopmel (Intel Pentium/Intel Itanium, Compaq
SystemPro, AST Manhattan);

B Konm4ecTBO NPOLECCOPOB (OQHOMPOLECCOPHBbIE Y MHOTO-
NPOLECCOPHbIE fApa);

B Konun4ecTBO YCTaHOBNEHHOM NamsTy (0o 4 16, cebiwe 4 6);

B 1un kKoHTponnepa npepsisatuin (APIC- n PIC-agpa);

B 1un kopHeoro nepeuncnutens (ACPI- n He ACPI-agpa).

OyeBMIHO, 4TO SAPO JOMKHO ObITb COBMECTUMO C Liene-
BbIM MPOLIECCOPOM Ha YpPOBHE ABOWYHOrO Koga M paboTtatb B
Hanbonee eCTECTBEHHOM LS HEro pexume (64-pas3psoHbivi
npoueccop, nogaepxuearLimn apxutektypy 1A32, cmoxet
paboTaTb 1 O CTaHOapPTHbIM 32-pa3psaHbIM S4POM, HO pasyM-
HbIM TaKoe peLUeHne He Ha3oBeLb). [laHHas cTaTba 06CyXaa-
€T BOMNPOChI OLiEHKN CPaBHUTENBHON NPOM3BOANTENBHOCTY Saep
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AAMUHNCTPUpOBAHKE

B pamMKax OfHOM annapaTHoi naaTdopMel, 1 Tema BbI6opa npo-
Lieccopa 3[ecb He 3aTparueaetcs.

MHoronpoueccopHble agpa OTAUYAKTCA OT MOHOMpoLec-
COPHbIX NPEXAe BCEro TeM, YTO OHU «BUAAT» BCE YCTaHOBMEH-
Hble NMPOLECCOpPbl M YMEKT C HAMU B3aWMOLENCTBOBATb, BO3-
naras 3Ty 3afadvy Ha cneuuanbHbI ApanBep, BCTPOEHHbIV B
HAL. Takxe B HUX kKapOuHanbHO nepepabdoTaHbl MexaHU3Mbl
CUHXPOHU3aLUmMK. Ecnn B MOHOMPOLLECCOPHBIX fApax ans npe-
LOTBpALLEHNs NPepbIBaHNA KPUTUYHOMO yyacTka Kopa aocTa-
TOYHO BCero nmwwb noaTaHyTh IRQL K BEpXHEMY YPOBHIO MM
3a6noKnpoBaTh NpepbiBaHua komaHgHon CLI, To B MHoronpo-
LIeCCOPHbIX iApax Takas cTpaTerys yxe He cpabatbiBaeT —Befb
Ha BCEX OCTasbHbIX MpoLeccopax NpepbiBaHUs paspeLleHbl —
W NPUXOAUTCS Npuberatb K CrMHAOKaM (OT aHrfMACKOro spin
lock — B3auMo6noKMpoBKa).

[ns 3aWwmThl y4acTka koga oT BMeLlaTensCTBa U3BHE CUC-
Tema B3BOAMT creuuanbHbliv onar, cknagbias noctynatoLme
3anpockl B cneumanbHyo odepedb. EcTectBeHHO, 310 TpebyeT
HEKOTOPOro KoNM4ecTBa NPOLECCOPHOTO BPEMEHM, YTO Hera-
TWBHO CKa3bIBAETCA HA NPOU3BOAUTENBHOCTU, HO APYroro Bbl-
X04a y Hac HeT. 3HaYUTENLHO YCINOXHAETCA U CXema AUCNET-
Yyepm3auumn npepbiBaHuiA, BeAb Tenepb oanH Habop IRQ npuxo-
OWUTCS OENUTb MeXAy HECKONbKUMWU npoueccopamu, a Tabnu-
Libl 06pab0oT4MKOB annapaTHbIX/NPorpaMmMHbIX NpepbiBaHMUiA
nogaepXmBathb B COrMacoBaHHOM COCTOSAHWUU. 3MeHeHMsa Koc-
HYUCb W NNaHMPOBLUMKA, @ TOYHEE CaMmoW cTpaTernn nnaHu-
pOBaHUs MOTOKOB, KOTOpas MOXET ObiTb peann3oBaHa Kak rno
CUMMETPUYHOW, TaK U N0 aCUMMETPUYHON cxeme. CUMMETpUY-

CummeTpuyHaa o6paboTka

Hble a4pa (a ux GONbLUMHCTBO) AOMYCKAKT BbINOMHEHUE KaX-
[0ro 13 NOTOKOB Ha NIto6OM CBO6OAHOM NPOLIECCOpe, acCUMMET-
PUYHbIE XE XECTKO 3aKPensaT CUCTEMHbIE MNOTOKM 32 OOHUM
13 NPOLLECCOPOB, BbIMOJHASA NONb30BATENLCKME NOTOKM HA BCEX
ocCTasNibHbIX. ACMMMETPUYHbIE fApa He BXOOAT B CTaHOAPTHbIA
komnnekT noctaskn Windows NT 1 06bI14HO NpefoCcTaBnaoTCs
NOCTaBLUMKamMn COOTBETCTBYIOLLErO 060pyAoBaHUs. ACUMMET-
PUYHbIE AApa HECKONBKO MEHee NpPOou3BOaUTESNbHbI, YEM CUM-
MeTpUYHble (OAMH M3 MPOLECCOPOB 6OMbLUYID YacTb CBOEro
BPEMEHW MPOCTaMBAET), OOHAKO MX HAMHOIO CROXHee «3a-
TOPMO3UTb», U CKOSbKO Obl MPOXXOPSIMBBLIX MOTOKOB HK 3anyc-
TUN 3N06HBIN Xakep, apMUHUCTPATOP Bcerga Moxet 06e30-
PYXXUTb UX, BEAb CUCTEMHbIE MOTOKM BbINOSHAKOTCA HA OTAESb-
HoM npoueccope! MHoronpoLeccopHble aapa cnegyeT ucnonb-
30BaTb TOSIbKO HA MHOrOMNPOLECCOPHLIX CUCTEMAX, B NPOTUB-
HOM Ccfly4ae Mbl 3HAYUTENbHO NPOUrpaeM B NPOV3BOAUTESb-
HOCTW, NPUYEM MHOrOMPOLIECCOPHbIE MaTEPUHCKME nnaTbl €
OfHWMM NPOLIECCOPOM Ha 60OPTY TPEOYIOT crneumanbHOro YHun-
poueccopHoro agpa (uniprocessor kernel), a pa6oTocnoco6-
HOCTb OAHOMPOLIECCOPHbIX AOep B TAKOW KOHUrypaumm Hu-
KeM He rapaHTupoBaHa (x0T 06bIYHO OHW BCe-Taku paboTa-
toT) (puc. 2).

Pa3psgHOCTb BHELUHER afpecHON LWWHbI MnaaLnx Moge-
new npoueccopos Intel Pentium coctaenseT 32 6uta, u noTomy
OHW He MoryT agpecoBatb 6onee 4 6 u3nMyecko NamsaTu.
MockonbKy Ang cepbe3HbIX CEPBEPOB 1 MOLLHBIX paboymx CTaH-
LM 3TOrO OKa3anoch HeJoCTaToO4HO, HauMHaa ¢ Pentium Pro,
LUMPUHA LWKHBI Bbina yBenuyeHa fo 36 6uT, B peaynbrarte Yero

AcummeTpu4Has o6paboTka

lpoueccop A Mpoueccop B Mpoueccop A Mpoueccop B
OnepaumoHHas Mons3oBaTens- Monb30BaTenb-
cHcTemMa CKWI NOTOK CKMIA NOTOK
Monb3oBartes- Monb3osatens- OnepauvoHHas Monb3oBarerns-
CKWIA MOTOK CKWW NOTOK cucTema CKUit NOTOK

OnepaumoHHas
cucTema

[onb3oBaTtens-
CKWIA NOTOK

Monb3oBaTens-
CKWIA NMOTOK

PucyHok 2. CuMMeTpuMuHas M acuMMMeTpuuHas obpaboTka
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Mbl MOMYYMSIM BO3MOXHOCTb afpecoBaTb BnioTb 4o 64 6 ¢wm-
3uyeckoi namsaTu. Mpu pabote B 06bIMHOM PeXUME CTPaHWY-
HOW afpecaumny YeTblpe cTapLumx 6uta agpecHom LNHbI O6HY-
NAOTCA, U YTOObI X 3a[eCTBOBaTb, HEOOXOAUMO NEepPeEBECTU
npoueccop B pexum PAE (Physical Address Extensions), otnu-
YarLLMINCa CTPYKTYPON TabvL, CTpaHMYHON nepeagpecaumm
nopaepxusarwowmnin 2 M6 ctpanuubl namatn. PAE-agpa He-
CKOMbKO Mpou3BoamuTesibHee 06bl4HbIX SAep, NOCKOMbKY 3aco-
BbIBAIOT cTapume 2 M6 agpecHoro npocTpaHcTea npouecca B
OfiHY CTpaHuLy, COKpaLLas TeM CaMblM U3LOEPXKKN Ha NEpPeKIio-
YyeHne KOHTeKCTa Mexay npoueccamu. Bbl MoxeTe 1cronb30-
BaTb PAE-Agpa, faxe ecnu y Bac yCTaHOBNEHO MeHee 4 6
hunanyeckon namsTh, 0OHAKO BbIUIPLILL B NPOU3BOAUTENBEHOC-
TV Npy 3TOM BYAET He 0YeHb CYLLEECTBEHEH.

B 3aBvcvmocTy OT TMNa KOHTposnepa npepbiBaHuiA, ycra-
HOBNEHHOro Ha MaTepuHCKON nnare, cnepyeT BblGUpaTth M0
PIC-, nu6o APIC-agpo. PIC-kKoHTponnepsbl nognepxuearoT
15 IRQ 1 BCTPEYAKOTCA TOMBKO HA MHOMOMPOLIECCOPHBIX MaTe-
PUHCKMX nnatax.

APIC-koHTpOnnepbl nogaepxmeatot go 256 1IRQ 1 MHoronpo-
LIeCCOpHyto 06paboTky. Ha nporpammHom yposHe PIC- n APIC-
KOHTPOMNMepbl B3aMMHO COBMECTUMbI, NoaToMy PIC-aapo fomx-
HO paboTaTb 1 ¢ APIC-KOHTpONnepoM, OgHaKo, BO-NEPBbIX, Npu
3TOM OHO yBUAMT BCero nuwwb 15 IRQ, a BO-BTOPLIX, Takas KoH-
durypaums He Tectuposanack Microsoft, 1 NOTOMy HUKakWX ra-
paHTUR, YTO CUCTEMA HE 3aBUCHET MpK 3arpyske, y HAC HeT.

MartepuHckue nnatel ¢ nopaepxkoi TexHonorun ACPI mo-
ryT pa6otatb kak ¢ ACPI, Tak u ¢ He ACPI-agpamu, npu 3Tom
He ACPI-agpa camocToATeNbHO pacnpeaensioT CUCTEMHbIe
pecypcbl KOMMNbIOTEPa U B3aMMOAENCTBYIOT C YCTPOMCTBaMM
Hanpsamyio, a ACPI-agpa Bo Bcem nonaratotcs Ha ACPI-KOH-
Tponnep, hakTUYeCKn ABNSAIOLLMIACA KOPHEBBLIM NepeyncnmTe-
neM, T.e. camoWi rnaBHOM LUMHOM KOMIMbIOTEPA, K KOTOPOW nog-
KNtoYeHbl BCe OCTasbHbIE LUKMHBI M YCTPONCTBA. M X0TA 3Ta LWMHA
BUPTYanbHa, NPOM3BOANTENBHOCTb CUCTEMbI 3HAYUTESNBHO Na-
naert, nockoneKy ACPI-KOHTponnep umeeT TeHOEHUMIO BeLLaTb
Bce PCl-ycTpoiicTBa Ha OfHO NpepbiBaHWe CO BCEMM BbITEKa-
fOLLWMK OTCIoAa NOCNEACTBUAMM.

MNonpo6bHee 060 BCEM 3TOM M MHOIOM [PYroM i paccKaxy
no xofy YrnybneHus BHYTPb CTaTbK, @ NOKa Xe COCPEeoTounM
CBO€ BHMMaHWe Ha Afpe Kak TakoBOM, NPUOTKPLIB YEPHbIN
ALLMK.

HO‘IBMV He npuroaHbl TeCToBbie NAKeTbl
Cpegun 1306ununs TECTOBLIX NPOrpamm, NPeAcTaBhEeHHbIX Ha
PbIHKE, MOXHO HalTW MHOXECTBO YTUAWNT ANS OLEHKMN 6bICTPO-
JENCTBUA LeHTpasbHOro npoueccopa, onepaTMBHON NamsTy,
BWAEOKAPTbI UM NOACUCTEMbI BBOAA/BLIBOAA, HO MHE Hen3Be-
CTHbI UHCTPYMEHTbI, NPUrOAHbIE AN OMPEAeNneHns npouseo-
OWTENbHOCTM fApa ONepaLMoOHHON CUCTEMbI.

A noyemy 6bl He Bocnonb3oBatbcd WINSTONE wunu
SPECweb967? lMNepsbiii UMATMPYET 3anyck peanbHbIX OPUCHBIX
NPWIOXEHWI, BTOPO — Beb-cepaepa. Pa3se Mx nokasaHus He
6ygyT oTpaxarb 0ObEKTUBHOE BIMSHME KOHKPETHOro agpa Ha
NPOM3BOAUTENIBHOCTb BCEV OMEepaLMOHHON CUCTEMBI B Lieniom?
Hert, He 6ygyT. N BoT nodemy. WINSTONE (kak 1 60MbLUMH-
CTBO €ro COMnneMeHHUKOB) NPOroOHSET TECTbI B MAeanM3nMpoBaH-
HbIX YCNIOBUSAX NMPU MUHUMaNbHOM KOIMYECTBE NMOTOKOB, NO3TO-
MY HaknagHble pacxofdbl Ha NepEeKIiYeHne KOHTEKCTa He yyu-
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TbIBAKOTCA. K TOMY Xe CTeNeHb «0T3bIBYNBOCTU» CUCTEMBI (MOL-
CO3HATENbHO accouumnpyemas ¢ ee NPoM3BOAUTENBHOCTLIO)
06YyCNOBNMBAETCS OTHIOAb HE CKOPOCTBIO BbIMONHEHUS Koda, a
WHTENNEKTYanbHOCTbIO MAHMPOBLLUMKA, MOBbILIAOLLEro Npu-
OpUTET NOTOKA B TOT MOMEHT, KOrja OH 60MbLLE BCEX OCTasb-
HbIX HYXOAEeTCH B NPOLECCOPHOM BPEMEHW (Hanpumep, npu
3axeate hokyca, 3aBepLUeHUM OXuaaeMol onepaumu Beoga/
BbIBOZA U T. [4.). HO TECTbI 3TOr0 He y4MThIBAKOT.

Honyctim, nepecyeT MUANMOHA AYEEK 3NEKTPOHHOW Tab-
NWLBI, HE3ABUCMMO OT BEPCUM fApa, ANUTCA POBHO OOMH Yac.
O3sHavaet nm 310, YTO BCE Aapa pasHoLEeHHbI? Bosce Het! 3a
KaZpOM OCTanuCh TakMe XMU3HEHHO BaXKHbIE aCNEKThI, KaK «M0f-
BWXXHOCTb>» (DOHOBBIX MOTOKOB CUCTEMBI, «HyBCTBUTENBHOCTH»
K npepbiBaHuam 1 T. . OgHO 94p0 JOCTOWHO obpabaTbiBaeTt
KnaBuaTypHbIn BBOL OOHOBPEMEHHO C pacyeToM, a Apyroe
XYTKO TOPMO3MUT, pearnpys Ha Haxatus C 3aJepXKOW B He-
CKOSIbKO CeKyHA. Hy 1 ¢ Kakum n3 Hux Bam 6ygeT npustHee
pa6otatb? A Befb TECTUPYIOLLEN NporpaMMe BCE PaBHO...

3angem ¢ gpyroi ctopoHbl. O6bIMHO TECTOBOE 3afaHue
COCTOUT M3 CEepuM NOBTOPSIOLLMXCA 3aMepPOB, BPEMS BbINOS-
HEHWS KOTOPbIX YCPeaHAeTcs. 3aMepbl CO 3HAUYUTENBHBIMM OT-
KNIOHEHMAMMW OT CPEAHEB3BELLEHHOMO 3Ha4YeHUs oT6packiBa-
t0TCA (HY Mano nu, MOXET, B 9TOT MOMEHT Havanach oTrpyska
KaLla Ha guck). Ecnv npogonxmTenbHOCTb OGHOro 3amepa co-
cTaBnseT He 6onee 20 mc (Lenas BeYHOCTb AN NpoLecco-
pal), 3a 3T0 Bpems MOXeT BOOOLLE He NPOM30WATW HU OOHOMO
NePEKSIIYEHNA KOHTEKCTA, @ eCAY OHO U MPOU3ONAET, TO BY-
LeT 6e3XasniocTHO 0TOpakoBaHo Npu 06paboTKe pesynbTaTos,
B MTOre Mbl NOYYUM «HUCTYHO» NPOU3BOAUTESNIBHOCTb MaLlu-
Hbl 32 BbIYETOM BKnaga onepaunoHHoW cucTeMbl. MoxHO nu
3Toro usbexarb? Yebl! B NpoTMBHOM Cnyyae pesynbrathl Te-
CTMPOBaHWA 6yoyT BapbMpOBaTLCA OT MPOrOHa K MPOroHy, u
NoNb30BaTeflb PACTEPSETCA — KaKOe Xe 3HavyeHue emy Bbl6-
patb? Befb Ha KOPOTKOM NPOMEXYTKe BpemeHu (nopagka 10 —
20 MC) n3oepXKU oT NOBOYHbIX IPEKTOB KpalHe HENoOCTo-
SHHbI U HEOAHOPOAHbI, NO3TOMY BblaBaTb HEOUMLLEHHBIN pe-
3ynbTaT Henb3as.

Ecnm Xe npogomxuTensHoCcTb 3amepa npesbiwaeT 20 mc,
nnaxmpoBwmk Windows aBToMaTtnyecku nepepacnpegenser
NPOLIECCOPHOE BPEMS TaK, YTOObI NEepeKoYeHNe KOHTEKCTa
OCHOBHOIO MOTOKA (M 3TUM MOTOKOM GyAeT TECTOBbIA MOTOK!)
NPOUCXOQMIIO Kak MOXHO Pexe, a ero HaknagHble pacxofbl
CTPEMUANCH K HyM0. ECTECTBEHHO, OCTasIbHbIE NOTOKM CUCTE-
Mbl CaXarTCs Ha ronogHbIN naek, paboTtas pbiBKamun (M, Kak
Mbl YBUAMM Aanee, Jaxe npyu YMEpeHHOW 3arpy3ke CUCTEMbI
Ha «MAOXUX» fApax NOTOKWM MOMyYaloT YnpasfieHWe He Yalle
YeM OAWH pas... B AecsATb CeKyHa. He «TWMKOB», a UMEHHO ce-
KyHZ! V1 XoTs uHTerpasnbHas npou3BoamTesIbHOCTb CUCTEMbI HE
TONbKO HE YMEHbLLAETCS, HO iaXe BO3pacTaeT, paboTath C HEN
CTaHOBUTCS HEBO3MOXHO).

To Xe camoe oTHOCUTCS M K uMuTaTopy Beb-cepeepa. [o-
MycTUM, OBHO AApo 06pabaTbiBAET CTO ThICAY 3aNPOCOB 3a MU-
HYTY, a ipyroe —CTo NATbAecAT. Kakoe 13 H1X NPOM3BOaUTESb-
Hee? A ecnu nepsoe 06CIYXMBAET BCEX CBOMX KNUEHTOB NnaBs-
HO, @ BTOPOE OTAAeT MHGopMaLMIo «MieBKaMmu» € naysamm rno
LecaTb-naTHaauaTh cekyHa? K coxaneHuio, 3BeCTHbIE MHE Te-
CTbl 3TOM0 OBCTOATENLCTBA HE YYMTBLIBAKOT M MOTOMY WX MOKa-
3aHus Npy BCe CBOe 06bEKTUBHOCTU TONMKAIOT Ha BbIGOP He-
npaBubHOro fapa. MoMHUTE aHeKAOT MPO MallWHy, KoTopast
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€3aMT 6bICTPO, HO TOPMO3WT MeaNieHHo? lNponsBoguTenb-
HOCTb — 3TO HE TOMbKO OTHOLLEHWE KONWYecTsa npogenaHHon
paboThbl K 3aTpa4eHHOMY BpPeMeHU, 3TO eLle U KavecTBO npe-
poctasnsemoro cepaucal

Cdopmynupyem rnaBHoe TpeboBaHWe, NpeabsBNSEMOe
HaMu K CUCTEME: NNIaHNPOBLLMK AOMKEH UCXMTPUTLCA Nepepac-
npegennTb NPOLECCOPHOE BPEMS MeXZy NoTokamu Tak, yTo-
6bl 06eCneYnTb HamyyLWwnin 6anaHc Mexay npousBoauTeNb-
HOCTbIO ¥ NNAaBHOCTBIO PaboThbl faxe npu 60JbLIOM Konmnye-
CTBE OLHOBPEMEHHO BbIMOMHSAIOLMXCA NOTOKOB. Tenepb Ans
LOCTUXKEHUS NOSTHOMO CHACTbsA OCTAETCA NLLIb HAWTU SAPO CBO-
e MeuThl.

06GV)KHBHI/I8 METOAUK TeCTUpoBaHunsa
CkaxuTe, Kakylo OM3NHECKYI0 BENWYUHY U3MEPSET 06bIKHO-
BEHHbIA PTYTHBIA UK CMMPTOBON TEpMOMETP. Temnepatypy?
HeT, o6beM. Kaxabii TECT N0-CBOEMY OObLEKTUBEH M HYTO-TO
N3MepseT, HO pesynbraT U3MEPEHUIN B 3HAYUTENBHON Mepe
onpegensietcs ero nHTepnpetayunen. O6LeM PTYTHOrO Lapu-
Ka MpsMO NPOMNOpLUMOHANEH ero Temneparype. ST0 XOpOLUO.
Ho npoussognTenbHOCTb He TemnepaTypa. 310 KoMnnekcHas
BE/INYMHA, U B MHOEKCAX NPOU3BOAUTENILHOCTU CTOSIbKO Xe
CMbICS1a, CKOMbKO U B KO3(MMULIMEHTE UHTENNEKTYaNbHOCTH
oTAenbHOro nHgmemayyma. Kro ymHee — leisenbepr nnm a-
nya? Kto cunbHee — KuT unu cnoH? Kakoe u3 Bcex saep ca-
MoOe Npoun3BoamTeNbHOEe? MOXHO CnopuTh A0 XpUMNOThI, HO B
Takon (HOPMyNMpoBKe BOMPOC He MMEET oTBeTa. Kak MuHU-
MYM Mbl JOMKHbI BbISIBUTE (DaKTOPbI, B HAUOOSbLLEN CTEMNEHN
BNWAIOLLME HA COBOKYMHOE BbICTPOAENCTBIE CUCTEMBI, U pas-
pa6otaTb afieKBaTHble METOAUKN TECTUPOBaHWUA, passnarato-
LLiMe BEKTOPHOE NOHATVE NPOM3BOANTENIbHOCTU Ha CKansapHble
BEJIMYUHBI.

Hvkakas meTogmka TecTMpoBaHus He 6e3ynpeyHa u oTpa-
XaeT NWilb YacTb peasibHOW AENCTBUTENBLHOCTH, MO3TOMY K
NOMy4eHHbIM pesynbTaTtam crnefyet OTHOCUTLCS € 6OMbLLIOK Oc-
TOPOXHOCTHI. Ecnu ®opmyna-1 e3auTt 6bicTpee, Yem KamA3,
OTCIOAA eLle He CreayeT, YTO OHa COXPaHWUT CBOE NpeumyLLe-
CTBO MPW NEPEBO3KE ABYXCOT TOHH KMUPMMYEN.

MeToguka TeCTMPOBaHMA TECHO CBSi3aHa CO CneLuduKkon
BO3f1araemblx Ha cucTeMy 3aaq (y aBTOrOHLLUMKa CBOW Tpe6o-
BaHMA K MalUuHe, Yy OanbHOGOMLLMKA — CBOM), NO3TOMY HUKa-
KMX KOHKPETHbIX PELLEHWA 30eCb He NPUBOAMTCS, HaNpPOTUB,
3Ta cTaThs NOKa3blBaeT, kak paspabarbiBatb TECTOBLIE METO-
VKN CAMOCTOATENbHO M Kakne Npobrembl NOLKUAAIOT Bac Ha
3TOM nyTW. A npobrnem 6yAeT MHOro.

Pa3HocTb TaiMepoB
CoBpeMeHHble MaTEPUHCKME NNaThl HECYT Ha BOPTY HECKOMb-
KO HE3aBMCUMbIX TANMEPOB, KOTOPbIE HUKTO He Kanubposan u
KaxXzpl U3 KOTOPbIX BPET Crerka no-ceoemy. PasnuyHble sapa
UCNOMb3YIOT pa3NnyHble TalMepbl Ana nofgcyeTa BPEMEHU U
CUCTEMHOMO NNaHWpOBaHWs, NO3TOMY OTTankmeatbesi oT API-
yHkumin Tvna GetTickCount nnm QueryPerfomanceCounter
LN CPaBHEHWS MPOU3BOAUTENIBHOCTM AL4ep KaTeropuyecku
Hegonyctumo! Hy BO BCSKOM criydae 6e3 Ux npefsapuTesibHom
KannmbpoBKMU.

MepabiM (a Ha IBM XT eLue 1 eaMHCTBEHHBIM) BO3HUK MPO-
rpamMmMupyemblin Tamep uHTepsanos — Programmable Interval
Timer, unn cokpatyeHHo PIT, 6a3unpyowmincs Ha MUKpocxeme
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Intel 8254 (cenvac — 82C54) n TakTUPyeMbIA HacTOTOW
1.19318 MI'y (certvac — nn6o 1.19318, nm6o 14.31818 My,
npu4em NocneaHas BCTPEYaeTCs HAMHOMO Yalle), 4To obecne-
4MBasno emy NPeBOCXOAHYIO MO TEM BPEMeHaM TOYHOCTb U3Me-
peHuin — nopagka 0.84 Mc (~1 MC C y4ETOM HakfagHbIX pacxo-
poB). B Windows npogomkutenbHOCTb OQHOMO TUKa Tanmepa
coctasnseT 10 mc. Kaxgele 10 mMc Tanmvep gepraeT npepbisa-
HWEM, M 3aKpensieHHbIN 3a HUM 06paboTUMK YBENMHYMBAET CUC-
TEMHOE BpeMs Ha 3Ty Xe BenuuunHy. Ecnm o6paboTymk no Ka-
KWM-nM60 NprMyYMHaM NpoMopraeT TaiMepHoe npepbisaxue (an-
napartHble npepbiBaHus 3anpeLleHbl UHCTpyKumen CLI unm ne-
penporpammupoBaHvem PIC-koHTponnepa), CUCTEMHOE BPEMS
Ha4HET OTCTaBaTb OT peanbHOro, CyLECTBEHHO CHWXAas TOY-
HOCTb U3MepeHuit. Xyxe Toro, pasmepeHHocTb xofa PIT pnane-
KO He uaeanbHa 1 BapbUpyeTCs B [OBOJILHO LUMPOKMX Mpeae-
nax. Windows ncnonb3yet PIC-TaiiMep B OCHOBHOM Afisi nna-
HUPOBAHMSA MNOTOKOB, a A1 M3MEPEHNS BPEMEHU CTPEMUTCS UC-
nonb30BaTh Apyrue, 6onee TOYHbIE TANMEPDI, U NEPEXOAUT Ha
PIT Tonbko Torga, Korga H1 OvH U3 HUX He JOCTYMEH.

Tavimep 4vacos peanbHoro spemenun (Real Time Clock unu
cokpatleHHo RTC), Bnepable nossumsLmMiica B IBM AT, 06bI4HO
TakTMpyeTcs yactoTon 32.768 KU, aBTOMaTU4ECKU OBHOBNAA
c4yeTymnk BpemeHn B CMOS, 4To He TpebyeT Hanm4ms nporpamm-
Horo obpaboTumka npepbiBaHuMin. Hactota 06HOBMIEHUA MO
ymon4anuto coctaenset 100 Iy, Ho npum xenaHun RTC-tanmvep
MOXET 6bITb MEPENPOrpaMMMpOBaH, U Toraa Yacsl 6yayT UATH
Unn mMedneHHee, unu GeicTpee. TOYHOCTb NMOKa3aHUA 3aBUCUT
Kak OT COCTOSHMUS nuTaroLLen baTapenkun (Kotopas BoobLLe-To
HUKakas He 6aTtapevika, a HaCTOALLMIA IMTUEBBI akKKyMynATop,
HO 3TO Y€ He BaXHO), Tak u OT JOBPOTHOCTM peanu3aunu
Mumkpocxembl RTC co Bcemu 06CyXUBaOLLMMN €€ KOMMOHEH-
Tamu. o 3aBepeHVsM Npou3BoauTENEen cpeaHee BpeMs yxo-
[a 3a [eHb COCTaBNseT nopsaka 1-2 cek, OfHaKo nmetoLLmecs
Yy MEHSI MaTEPUHCKWME NnaTbl BPYT HAMHOIO CUIbHEE, K TOMY
)€ HEKOTOpbIE 13 HUX OBHAPYXMUBAIOT 3HAYUTESIbHBIE «OUEHUS»
Ha BPEMEHHBIX MHTEpBanax nopsiaka AecaTbiX JOnen CEKYHAbI,
YTO OTHIOLb HE CMOCOBCTBYET TOYHOCTM MU3MepeHuid. K Tomy
xe HekoTopble Bepcun Windows neprognmyeckn CUHXPOHU3U-
PYOT CUCTEMHOE BPEMS C YacaMW peanbHOr0 BPEMEHH, HTO eLle
60nbLLUe NOAPLIBAET JOBEPME K CUCTEMHOMY BpeMeHU. cnonb-
3ys ero ANns U3MepeHus NPOAOIKUTESNIBHOCTM TEX UK UHBIX
NPOLLECCOB, Bbl MOXETE MOSYYUTb OYEHb CTPaHHbIN pesynbTar.
Yacbl peanbHOro BpeMeHu MCnonb3yoT MHOrME TECTOBbLIE NPO-
rpammel 1 nepenporpammuposaHve RTC-TaiMepa nossonset
hanscucmumposats pesynsrar. Windows 2000 ucnonbayet
RTC TONbKO AN Nepuognmyeckort CUHXPOHU3aLMK C CUCTEM-
HbIMM Yacamu.

YCOBEpPLUEHCTBOBAHHbLIA KOHTPOMEP MpepbiBaHUA
(Advanced Programmable Interrupt Controller, unu cokpatien-
HO APIC), B OCHOBHOM MCMONb3YIOLLMIACA B MHOMOMPOLLECCOp-
HbIX CcUCTEMAX, MOMMMO MPOYEN OCHACTKM BKIIOYAET B Ce6S U
HEKOTOPYI0 Mapoauio Ha TanMep, NpegHa3HayYeHHbIA ans nna-
HUPOBAHWS MOTOKOB W HE NMPWUIrOAHbLIA HU 0N Kakux namepe-
HUI BBMAOY CBOEW HEBBLICOKOW TOYHOCTU. OOHAKO MO HEMOHAT-
HbiM npuymHam APIC-agpa ucnonb3ayioT APIC-Talimep B kade-
CTBE OCHOBHOIO Tanmepa CUCTEMBI, MPX 3TOM BENUYMHA OLHO-
ro «Tuka» coctaenset yxe He 10 mc, a 15 Mc. EctectBeHHo,
yacbl UAYT C NPEXHEN CKOPOCTbIO, HO MOMUTMKA NaHMpoBa-
HUSA CYLLECTBEHHO U3MEHSIETCH — C YBENWYEHWEM KBaHTa CO-
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KpallatTcs HaknagHble pacxofbl Ha NepeksiloyeHne KOHTEK-
CTOB, HO YXYALUAETCA NNaBHOCTb KOMMYTaLMU MeXAY HUMK.
Mcnonb3oBaTth NoKa3aHWs cHeTYMKa CUCTEMHOIO BPEMEHMN Af1s
cpaBHeHusa npoussoguTensHocTi APIC-aaep ¢ gpyrumm agpa-
MW HeOonycTUMO, T.K. NOSTyYeHHbIN pe3ynsTaT OyaeT 3aBefo-
MO NOXHBIM.

MatepuHckue nnatbl, nogaepxwusatowme ACPI (Advanced
Configuration and Power Interface), umetoT cneumansHbli Tai-
Mep, 06bI4HO YNPaBfseMbll MEHEKEPOM 3NEeKTPONUTaHUs U
noToMy HasbiatoLLmiics Power Management Timer, unu cokpa-
weHHo PM. Ewwe ero Hasbisatot ACPI-Tarimepom. LLiTatHo OH
TakTupyetcs yacton 3.579545 MIy (takToBas vactota PIT,
pasgeneHHas Ha 4YeTblpe), 4To 06ecneynBaeT TOUYHOCTb M3Me-
peHuii nopagka ~0.3 mc. ACPI-agpa ucnonb3aytor PM-Taiimep B
Ka4yecTBe OCHOBHOIO TalMMepa CUCTEMBI, YeMy camu He pagpbl.
Yuncetsl o1 VIA, SIS, ALI, RCC He BNonHe KOPPEKTHO peanu-
3ytoT PM-Taiimep, YTO NpuBOAUT K 06BaNbHOMY MafeHuo npo-
N3BOJMUTENBHOCTW OMEepPaLMOHHON CUCTEMbI U CHUXEHWIO Ha-
JOEeXHOCTW ee paboTbl. MNpobema neynTca YCTaHOBKOW COOT-
BETCTBYIOLLEr0 naketa 06HOBNEHWS, NOLPOOHEE O KOTOPOM
MOXHO NpOYMTaTh B TEXHUYECKON 3ameTke Q266344. Pasyme-
€TCsl, UCTIPaBUTL annapaTHyto Npobremy (a B AaHHOM cry4vae
Mbl UMEEM AEN0 UMEHHO C HEel) NPOrpaMMHbIMU CPeacTBaMM
HEBO3MOXHO, U ee MOXHO NnLb 0601MTH. Ho faxe Ha npaBunb-
HOM yunceTe Npu BbiCoKoM 3arpyske PCl-lumHbl PM-Taimep He
ycneBaeT CBOEBPEMEHHO MNepefaBaTb CBOM TUKM, U XOTS OHW
NP1 3TOM He NponajaroT, 06HOBNIEHNE CHETHYMKA BPEMEHM NPO-
UCXOQMUT «pblBKamu», Ans npeogoneHns Kotopbix Microsoft
pekoMeHayeT cBepsTb NokasaHus PM ¢ nokasanunamu PIC/APIC
wnm RTC.

N ecnn PM HeoxwmpaHHo npbirHeT Bnepeq (jump forward),
060rHaB CBOWX COMIEMEHHUKOB, 3TOT 3aMep JOSMKEH aHHynu-
poBaTbCA Kak HedeWCTBUTENbHbIN.

CoBpeMeHHble umnceTsbl (1, B HacTHOCTH, Intel 845) copep-
XaT cnewmanbHbIN BICOKOTOYHBIN Taimep (High Precision Event
Timers, vunu cokpatieHHo HPET), TakTupyeMmblii 4acToTon OT
10 MI'y, npu KoTOpOW Bpems ofHoro Tuka coctasnset ot 0.1 mMc
npu To4HocTM nopsagka +0.2% Ha uHTepeanax ot 1 Mc go
100 mc. 370 OeiCTBUTENBHO PEKOPAHO BbICOKAs TOYHOCTb, MO
KpaiiHeln mMepe Ha Nnopsfok npepblBatoLLas TOYHOCTb BCEX OC-
TanbHbIX Tanmepos, ogHako HPET Bce elle ocTaeTcs 3aBui-
HOM 3K30TWKOW, W YMNCETbl C ero NOAAEPXKON Noka eLle He
0Y€Hb LUMPOKO PacrpoCTPaHeHbI.

MoMMMO 3TOr0 Ha MaTepUHCKON NiaTe MOXHO HalT MHO-
XecTBo Tavmepos, Hanpumep, PCI Latency Timer unu pgecat-
Kv TaiMepoB, 06CNYXMBAIOLLMX YUMCET, LUMHBI, NaMsATb U Npo-
yme cucTeMHble ycTpoincTea. MHOrMe 13 HKUX TakTUpyoTCs Ya-
ctotamu PCI- nnu AGP-LmnHbI, 4TO obecne4nBaeT JOCTaTOMHO
BbICOKYO TOYHOCTb U3MepeHui (Hxe, Yem y HPET, Ho cyLe-
CTBEHHO BbiLlLe, 4em y PM). K coxaneHuio, OHM B CBOEW macce
He CTaHAAPTU3NPOBAHBI U HA KaXON MaTepUHCKOW nnate pe-
anuaytoTes no-CBOEMY, ecnu BOOGLLEe peanvayroTces.

HekoTopble MCNonb3ylOT B Ka4ecTeBe Taimepa KomaHgy
RDTSC, cuuTbiBaloLLyt0 NOKa3aHWs BHYTPEHHEro cYeT4YmnKa
npoueccopa, Kaxabli TakT YBENUYMBAIOLLEroCH Ha MOCTOSH-
HYI0 BeIMYMHY (Kak npasuno eguHuly). [na npounupoeku
MaLLUMHHOrO Kofa OHa MOAXOAMUT Ha ypa, HO BOT Ha ponb 6ec-
NPUCTPaCcTHOroO METPOHOMA YyXe He TaHeT. HekoTopble ACPI-
KOHTpONNepbl AMHAMUYECKN M3MEHSIOT 4acToTy npoLeccopa
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WAW YChINASIOT ero B nay3ax mexay paboToi ana nyyLlero ox-
naxpenus. Kak cnegcteve — HenocpefcTBeHHoe npeobpaso-
BaHWe NpoLEeCCOPHbIX TaKTOB B UCTUHHOE BPEMS OKa3blBaeTCA
HEBO3MOXHbIM.

YTURUTY 0015 OLEHKM PA3HOCTU X0fda HECKONbKUX TalMepoB
MOXHO cKavaTb, HanpumMep, oTctofa: http://www.overclockers.ru/
cgi-bin/files/download.cgi?file=320&filename=timertest.rar. U
€CN BbIICHATCS, YTO Bally TaiMepbl MAOYT HEOAMHAKOBO, Ans
CPaBHEHUs MPOW3BOAUTENBHOCTU Pas3nuyHbIX agep 6yaeT He-
06XO0AMMO OrpaHNYUTLCA NKLLL OOHUM U3 HUX. HagexHee Bce-
ro UCNonb30BaTb AS1f CHATUS NOKa3aHUA CBOW COBCTBEHHLI
OpanBep, NOCKOJbKY cTpaTterys Boibopa TaimMepoB S4pOM CUC-
TeMbl B 06LLEM Cnyyae Hempeackadyema 1 MOXeT OTnn4aThes
OT BbILLEONUCAHHOW.

i =]
~Timers
ACPI Timer ticks per 1000ms RTC: 995ms ticks
CPU Frequency via System Clock: 733 Mhz
CPU Frequency [corrected by ACPI timer]): 737 Mhz
ACPI Timer Resolution: 3579545 hz | Set RTC rate |
RTC Resolution: 100 hz
~Clocks
CMOS System Error Start
3:37:45 -| 3:37:51 =|-6 SY"C| Stop
[ST: 3:36:26],[CT: 3:36:18], C-5:-7, 1000ms ticks, CPUCSYETT hhz, CRUGAXTST hha i’
[ST: 3:36:37],[CT: 3:36:30], 5.7, 204ms ticks, CRUCSYT3Z hhz, CRUCALTT hhz
[ST: 3:38 28] [CT: 3:36:21], C-5:-7, 207ms ticks, CRUCSIT34 Mhz, CRUCANTIT hhz
[ST: 5:36 28] [CT: 3:36:38], C-5.-7, 207ms ticks, CRUCSYT34 hz, CRUCANTT hhz
[ST: 3:36 300, [CT: 3:36:23], C-5:-7, 997ms ticks, CRUCSYT34 Mhz, CRUCANTAT hhz
[ST: 336 H],[CT: 3:36:34], ©-5..7, 207ms ticks, CRUCSYT3S hhz, CRUCALTT hhz T

PucyHok 3. testtimer sa paGomoit
Paccmotpum Hekotopble API-hyHKLMK, MCMONb3yeMble Tec-
TOBbIMW NporpaMmMamMu ans U3MepPEHUst UHTEPBAIOB BPEMEHM.

B GetTickCount. Camasa nonynspHas ¢yHkuus. Bosspalyaet
KONMMYECTBO MUNMMUCEKYHE, NPOLLEAWINX CO BPEMEHW Nocne-
[HEro cTapra cucTeMbl. B 3aBUCMMOCTY OT TMNA YCTaHOBMNEH-
HOro fgpa ucnonbayet nnéo PIT-, nnéo APIC-TaimMepsl, B CO-
OTBETCTBUM C YEM €€ pa3peLleHne cocTaenset nvbo 10 mc,
nméo 15 Mc, NpUYEM HEKOTOPbIE TUKU TanMepa MOryT OblTb
nponyLLeHsI (T.e. 32 30 MC He NPOU30MAET HW O4HOO YBenu-
YeHWs CHETYMKA). He pekomeHayeTcs K ynoTpesneHuto.

B GetSystemTime. Bo3Bpaluaet ucTMHHOE Bpemsi. To eCTb
(pyHKUMSA OyMaAET, YTO OHO UCTVUHHOE, a B AENCTBUTENBHOC-
T — NPOM3BOLHOE OT CUCTEMHOIO CHETYUKE, UHKPEMEHTU-
pyemoro kaxgble 10 Mc mnm 15 MC 3a BbIHETOM «CbeAEH-
HbIX» TUKOB M BPOXAEHHOW HepaBHOMepPHOCTM xoda PIT- n
APIC-TaiimepoB. Neprognyeckn CUHXPOHU3MPYET cebs ¢ Ya-
camu peanbHOro BpEMEHW, a ecnu 3anyLleHa cneuuans-
Hast MIHTEPHET-CYX6a, TO ELUE U C aTOMHbIMW Yacamu, T.e.
CYCTEMHOE BPEMS NPOABUraeTCs TPAEKTOPUEN MbSHOMO FOH-
LUMKa, efyLero no nepecev4eHHon MectHocTw. [ns name-
PEHUI BPEMEHHbIX NPOMEXYTKOB HEMPUrOAHa.

B timeGetTime. To xe camoe, 4to n GetTickCount. [JokymeH-
Tauus yTBEpXZaeT, YTO paspeLlarLlas crnocobHOCTb 3TON
doyHKUMM cocTasnseT 1 Mc, B feUCTBUTENBHOCTM Xe —10 MC.
CwuHxpoHHble nameHenus timeGetTime n GetTickCount nog-
TBEPXAAIOT, YTO OHM NUTAIOTCA OT OJHOMO UCTOYHMKA.
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B Sleep. YcbinnseT NOTOK Ha yKa3aHHOE KOIMYECTBO MUNK-
CEeKYHf, 3afiepXmnBas Ha Bpems ynpasneHue. TeopeTuyec-
KW MOXET UCMOMNb30BaTbCS N7 KanubpoBKu Apyrux Tam-
MEPOB U BbIYUCIIEHUS KO3MLIMEHTA NepeBoda TakoBOW
npoueccopa B CeKyHObl. [pakTuyeckun xe... Bpemsa oxu-
[aHVs NPUHYOUTENBHO OKPYINAETCs [0 BENWUYMHBI, KPaTHOM
«TUKY» OCHOBHOIO CUCTEMHOrO Taimepa, npuyem Ha Mmo-
MEHT BbIX0[a M3 CHA AaHHbIA NOTOK AOMKEH HAXOAUTLCA B
CaMOM Havane o4epean MOTOKOB, OXUAAOLMX BbINOSHE-
HUSA, B NPOTUBHOM Cry4ae emy npugeTcs nogoxaatb. Mo-
XeT ObITb, [ONN CEKYHLbI, & MOXET, HECKOMIbKO MUHYT — BCe
3aBVCUT OT pa3MepoB O4epem, a OHa HeMocTosHHa. Ha xopo-
LLO 3arpy>eHHON cucTeme NOTOK, NAAHWUPYIOLLMIA B3LOpEM-
HyTb 100 MC, pUCKYeT NMPOCHYTLCS... YEPE3 MUHYTY!

B QueryPerformanceCounter. Bo3spalLaeT Konn4ecTso TYKOB
Haunbosee TO4HOro Tanmepa, NpoLledLLnx ¢ MOMeHTa cTap-
Ta CUCTEMbI WNW... €ro NOCNERHero nepenonHeHus. sBns-
eTcsa nepexogHukom K yHkuumu KeQueryPerformance
Counter, peanusoaHnHoi B HAL. Windows XP nopgepxu-
BaeT HPET, 6onee paHHue cuctemol — HeT. Ecnv HPET an-
napaTtHO JOCTYMEH W MPOrpaMMHO NOAOEPXMBAETCS, UC-
nonb3yeTcs OH, B NpoTnBHOM cny4vae ACPI-agpa 6yayT uc-
nons3osatb PM, a He ACPI — nu6o PIT, nu6o Bo3Bpatar
HOMb, CUrHanuaupysa o6 owwmnbke. Ons onpepeneHws npo-
LOMKUTENBHOCTW OOHOrO TKa MOXHO MCMONb30BaTh (PyH-
kuuio QueryPerformanceFrequency, Bo3BpaLlatoLLyo ero
4acToTy B repuax. ATo camoe Nydilee CPeACTBO Ans npo-
(bVMPOBKU 1 XPOHOMETPaXa BPEMEHN 13 BCEX UMEIOLLVX-
Csl, 0IHAKO, KaK yXe rosopunocb, PM-Taiimepsl MOryT UATH
HETOYHO WMNN COBepLLATb HEOXMAAHHbIE NPbKKK Bhepes,
no3ToMmy, nokasaHus, Bo3palleHHble QueryPerformance
Counter, TpebyOT HEKOTOPO 06PabOTKM.

CuHXpoHM3aLma

Ha malumHHOM ypoBHE MEXNPOoLEeCCopHas CUHXPOHM3auus
obecnevmsaetca npedukcom LOCK, npepgocTaBnsiowmm Ko-
MaH[e MOHOMOMbHbIA JOCTYN K namaTu. Bce nocaratenbctea
€O CTOPOHbI OCTasbHbIX NPOLECCOPOB (ECNN OHW ECTb) 6JIOKU-
pytotcsi. O6b14HO LOCK mcnonb3yeTcs COBMECTHO C KOMaHAa-
MM, YCTaHaBNMBAIOLLWMW UM CHAMAIOLLMMK hrnaru, curHanm-
3MpYytoLLME O TOM, YTO YKa3aHHas CTPYKTypa AaHHbIX B HACTOS-
LM MOMEHT MOAMULMPYETCH NPOLIECCOPOM, U MOTOMY Nyu-
LLe ee He TporaTb.

MHoronpoueccopHble faapa copepxar MHoxecTso LOCK,
BCTPEYAIOLLMXCA B CaMbIX HEOXWOAHHbLIX MeCcTax, ¥ cbeparo-
LLWX BMOSTHE OLLYTUMBbIN MPOLEHT NPON3BOAUTENBHOCTH, NO3TO-
My MHOromnpoLeccopHble sapa Bcerna MeaneHHee. B ogHonpo-
LieccopHbix sapax Yacte LOCK y6paHa nonHocTbio, BMeCTe ¢
NPUMbIKAIOLWMMK K HUM bnaramu, a 4acTb 3ameHeHa bonee
6bicTpogencTaytommm NOP. O6Lias xe CTpykTypa sgpa co-
XpaHeHa B 60nee unm MeHee HeEM3MeHHOM Buge (puc. 4).

ACPI u IRQ
MpepbiBaHns — Mx MUryeckas pas3Boaka, HeUcCaKaeMblii Uc-
TOYHWUK CNyXOB, CMMETEH, Nereng u cyesepuin. MNonpobyem ¢
HUMUK pa3obpaTbCes.

Bce x86-npoLeccopsbl (3a UCKNOYeHNEM CTapLUMX MOAENen
Intel Pentium-4) ynpaBnstoT npepbiBaHMAMK Yepes3 creumnasb-
HbIN MHTEPMENCHBIV BbIBOA, 00bIMHO 0603Ha4aeMbIn kak INTR,

%4

BbICOKWIA YPOBEHb CUrHana Ha KOTOPOM CBMAETENbCTBYET O
MOCTYNneHnn 3anpoca Ha npepbiBaHve. poueccop npekpa-
LLaeT TekyLlylo paboTy, BbipabaTbiBaeT curHan noarsepxae-
Hua npepbiBanns (Interrupt Acknowledge) v CUMTLIBAET C LUKHBI
LaHHbIX 8-6UTHBLIN HOMEP BekTopa nepekpsiBaHus (INT n), ne-
peLaHHbI KOHTPOSNIEPOM NPepPbIBaHUIA, 0ObIYHO peanvayembiM
Ha MpaBHy4aTbIX NIEMAHHUKAX MUKPOCXeMbI 8259 u TeppuTo-
pyanbHO HaXOAALUMIACS B KOXXHOM MOCTY yunceTa.

3a Bbl4eToM 32 npepbiBaHWiA, 3ape3epBrpoBaHHbIX paspa-
60T4YMKamm npoueccopa, Mbl UMeeM 224 npepbIBaHUS, NPUrod-
HbIX AN 06paboTKu CUrHaNOB OT NepUdEPUNHbLIX YCTPOMCTB.
OsHavaet i 370, YTO BEpXHEe OrpaHWMYeHVe Ha MakcuMmanb-
HOE KOIMYEeCTBO OJHOBPEMEHHO MOAAEPXMBAEMbIX YCTPONCTB
paBHo 2247 HeT! HekoTopble 13 OpeBHMX NPOLECCOPOB MMEN
BCEro NLLb OVH BEKTOP MPEPbIBAHUS, HO 3TO HUYYTb HE Me-
LLIAI0 UM YNPaBnsAThb JECATKOM YCTPOMCTB OQHOBPEMEHHO. Kak?
[a o4eHb npocTo. YT0 Takoe npepbiBaHne? Bcero nuwwb cno-
co6 ycTporcTea 06paTuTb Ha cebs BHUMaHMWe. [pu Hanmuum
[OCTaTOYHOro0 KonmyecTa CBOGOAHbBIX BEKTOPOB 3@ KaX[blM
M3 YCTPOMCTB MOXeT ObiTb 3aKPenseHo CBOE NepcoHasbHoe
npepbiBaHne, 0AHO3HAYHO YKasblBatoLLiee Ha UCTOYHWK CUrHa-
na. 9TO CyLLECTBEHHO YNPOLLAET KaK NPOEKTUPOBaHME camux
YCTPOMCTB, Tak W pa3paboTKy 06CYXM1BAKOLLMX UX OpaiBepoB,
OfIHaKO OTHIOfb HE ABNAETCH He06XoAUMbIM. [onyyns curHan
npepbiBaHus, NPOLIECCOP MOXET ONPOCUTL BCE YCTPOWCTBA MO
o4epenm, BbISCHASA, KTO U3 HUX 3aTpedoBan BHUMaHus. Ecte-
CTBEHHO, 3TO JOCTATOYHO MeANeHHas onepauus, BolnMsatoLLa-
ICA B OECATKM QOMOMHMTESbHBLIX Oonepauunii BBoga/BeiBoda v K
TOMY e NOoTeHUMansHo Hebe3onacHas, T.K. ManewnLlas owme6-
Ka pa3paboTymka 060paYMBaeTCcs Cepbe3HbIMU KOHMIMKTaMW.
Kopoye rosopsi, AN JOCTUXEHUS HauMBbICLLEN CTabUIIbHOCTU
¥ NPOU3BOOUTENBHOCTU CUCTEMbI K&XA0E MpepbiBaHne [ONX-
HO MCMONb30BaThCs He 60nee Yem OfHUM YCTPOWUCTBOM.

KoHTpornnep npepbiBaHuid, ucnonbdyemsinn 8 IBM XT, nog-
LepXuBan BOCEMb annapaTHbIX NpepbiBaHWiA, 0603HAYEHHbIX
IRQ (Interrupt Request) 1 npoHymepoBaHHbIx oT 0 Ao 7. Homep
IRQ cooTBETCTBYET NPUOPUTETY NPEPbIBaHUS: YeM BOJIbLLE HO-
Mep — TeM Hxe npuopuTeT. Bo Bpems 06paboTku 6onee npu-
OPWTETHBIX NPEPbIBAHWIA reHepaLmsa MEHee NPUOPUTETHBIX NO-
[ABNAETCS U COOTBETCTBEHHO, HA0BOPOT, MEHEE MPUOPUTET-
Hble MPEepPbIBAHWS BbITECHAKOTCA 6onee NpUopuTeTHbIMU. Cuu-
TaeTcs, Yem 60sbLLE PecypcoB TPpedyeT YCTPOCTBO, TEM BbiLLE
[OMKeH 6biTb NpuopuTeT ero IRQ. 310 HeBepHO. Bbibop npep-
noytutensHoro IRQ, onpegensetca OTHIOAb HE «MPOXOPSIMBO-
CTblO» YCTPOWCTBA, a KPUTUYHOCTLIO NOTEPM NpepbiBaHus. [o-
nycTUM, CETEBAs KapTa, BUAA, 4TO BXOAHON Bydep npakTnyec-
KW MOMOH, a AaHHble MO BUTOW Mape MpOoJOMKaT NocTynaTh,
CreHepupoBana npepbiBaHne, KOTOpoe 6bINo BbITECHEHO MNpe-
pblBaHWEM 3BYKOBOW KapTbl, UMetoLLieil Bornee BbICOKWA npu-
OpUTET 1 CUrHANU3MPYIOLLIEN 06 OMYCTOLLEHUN BbIXOQHOMO BY-
thepa. Ecnu gpaviBep 3BYKOBOW KapTbl HEHAPOKOM 3amMelLLKa-
€TCH U YOAepXUT 06paboTHMK NpepbiBaHWS AOMbLUE MOMNOXEH-
HOro, BXOAHOW 6ydep CEeTEBOW KapTbl MEPENOSIHUTCA, U YacTb
nakeToB OKaxeTcs 6€3B03BPATHO yTepsiHa, U faHHble NpuaeT-
1 NepefaBarh BHOBb, YTO HECKOIbKO CHU3UT BbICTPOAENCTBIE
ceTun. flBnseTca nu ata cuTyauus HopmanbHon? [ns Koro-to
4a, a ans Koro-To u Het! MNoTepsiHHbIX NakeToB, KOHEYHO, Xallb,
HO ecnu NOMEHsTb NPUOPUTETLI MECTAMU, 3BYKOBas KapTa OT-
pearvpyeT Ha OfnyCTOLLEHWE BXOQHOro Bydepa CypoBbIM UCKa-
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XXEHUEM BOCNPOM3BOAMMOrO CUrHana, Yero B HEKOTOPbIX CUTY-
auuax HYU B KOEM Cnyyae [onyckatb Henb3sa. Hukakoro apyro-
ro BANSHUSA Ha MPOU3BOAUTENIbHOCTb BLIOOP NMPUOPUTETOB HE
okasblBaeT. HezaBucumo oT Homepa IRQ obpaboTka npepbl-
BaHWA 3aHMMaEeT 0OHO v To Xe Bpems. OT 06paboTkm ocTasb-
HbIX MPepbiBaHU OHa Takxe He ocBoboxpaet. MNpu ycnosuum,
YTO annapartHble YCTPOMCTBA N 0OCIYXMBaKOLWME MX OpaiBe-
pbl peann3oBaHbl NpaBunbHO (T.e. 6onee unm mMeHee 6e360-
ne3HeHHO nepexuearoT notepto IRQ n «oTnyckatT» npepbiBa-
HWE NpaKTUYECKN CPasy Xe Mocre ero BO3HUKHOBEHMS), Bbl-
60p NPUOPUTETOB HUKAKOW POMW HE UrpaeT.

KoHTponnep npepbiBaHuii N03BONSET 0OTOBpaxaTh annapat-
Hble IRQO-IRQ7 Ha 8 NtobbIX CMEXHbLIX BEKTOPOB NpepbIBaHUNA,
Hanpumep, Ha INT 30h — INT 37h. Torga, npu BO36yxaeHuu
IRQO, npoueccop crenepupyeT npepbisanne INT 30h, a npu
B036yxaeHun IRQ3 — INT 33h. B IBM AT konu4ecTBO KOHTPON-
nepoB 6bINI0 YBENMYEHO A0 OBYX, NpUYeM BTOPOW 6bin NOAKN0-
YeH Ha BXO[ MEepBOro, B pesynbraTe Yero KOMM4YecTBo anna-
paTHbIX NpepbiBaHuiA Bo3pocno fo 15. MNodvemy He 167 Tak Beab
0fHa W13 BOCbMM NUHWUI NpepbiBaHWiA Bbina n3pacxofosaHa Ha
KackagupoBaHue ¢ OpyrM KoHTponnepom!

HekoTopoe KonmM4yecTBO NpepbiBaHW PasoLLoch NO CUC-
TEMHbIM YCTPOACTBAM, HEKOTOPOE 6bIN0 BbIAENEHO LIMHE ISA —
TorgaluHeMy UHAYCTpuanbHOMy CTaHgapTy. FeHepaums npepsbl-
BaHMWIA OCYLLECTBAANACL U3MEHEHWEM YPOBHSA CUrHana Ha nu-
Hum cooTeeTcTBytowero IRQ. MoryT nv gBa wunu 6onee ycT-
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poincTe BUceTb Ha ogHoM IRQ? Hy BoobLLe-To MOryT, HO ecnu
OHW OfJHOBPEMEHHO CreHepupyoT CUrHan npepbiBaHus, To 4o
KOHTponnepa AOMAET NWLLb OOMH U3 HUX, @ OCTalbHble ByayT
MoTePsHbl, HO HX KOHTPOMNEp, HW YCTPOCTBA 06 3TOM He [0-
ragatotcs. Takas cuTyaums nonyyuna HazsaHue KOHMIMKTa, 1
ee rnocnencTeus BCEM XOPOLLIO M3BECTHbI. Bripoyem, ecnu npe-
PblBaHWS BO3HUKAKOT HE CAWLLKOM YacTo, TO 06a YCTpOMCTBa
BMOSIHE YXWBAIOTCA APYr C ApYyroM (B CBOE Bpems aBTop Aep-
Xan Ha OHOM NpepbIBaHWM U MblLLib, 1 MOAEM).

LLvHa PCI, npuwepwwas Ha cmeHy ISA, paboTtaeT Bcero ¢
YETbIPbMSA JIMHUSIMW PABHO NPUOPUTETHBIX MPEPbLIBAHWIA, YCIOB-
Ho o6o3Ha4aeMbix Kak INTA, INTB, INTC u INTD. Ha kaxnabii
CNOT nofgefeHbl BCe YeTbipe npepbiBaHus, 1 YyCTPOUCTBO MO-
XET MCronb308aTh J11060€ NOAMHOXECTBO U3 HUX, XOTA 0ObIY-
HO OrPaHNYMBAIOTCS TOMBKO OAHUM. JIMHWUK NpepbIBaHNA 0fHO-
ro CrioTa COeAMHAIOTCA C JIMHAMM OCTanbHbIX CIOTOB (a B HEKO-
Topbix Aewesbix nnatax Bce INTA, INTB, INTC u INTD Bewa-
f0TCA Ha OQHY NINHUIO NpepbiBaHus). [ng paBHOMepHOro pac-
npeaeneHVs npepbiBaHus no YCTPOWCTBAM Ha KaXAOM CroTy
MPOUCXOAMT poTaums npepbiBaHuii (puc. 5). JonycTuMm, y Hac
€CTb [Ba croTa: B nepeom cnoTe npepsbisaHue INTA (co cTopo-
Hbl YCTPOMCTBA) COOTBETCTBYET npepbiBaHuto INTA (co cTopo-
Hbl LWKHBI), NpepbiBaHve INTB — INTB 1 1. A. Bo BTopom crnoTe
npepbiBaHnto INTA (C CTOPOHbI YCTPOCTBA) COOTBETCTBYET
npepbisaHue INTB (co cTopoHb! WuHbl), INTB — INTC, INTC —»
INTD 1 INTD — INTA, B pesynbraTe 4ero yCTponcTBea, UCnonb-

BHeLHnA
[KoiCTHK Kamepa PnP-coBmecTMMbIi
MOJeM
|
Passeteurony | | PP -COBMECTUMAANY ocnanogarens.-
USB 3ByKOBad nnara HbIit MOPT Knaenatypa MbiLwb Tlnck
Ha LKHe ISA

USB-koHTponnep MocT PCI-ISA SCSl-agantep
ACPI- ACPI-
COBMECTHMbit LWuHa PCI COBMECTUMBIN
BEHTUNATOP aKKyMynarop
ACPI
KopHesoe
YCTPOICTBO

PucyHok 4. ACPI Kak KOPHeBO} IepeuuClIuTenb
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3ytowime npepbiBaHme INTA, okasbiBaloTcs passeLlaHsl no npe-
pbiBaHuaM INTA v INTB.

PIRQA# PIRQB# PIRQC# PIRQD#
PCl Slot 1 INTA# INTB# INTC# INTD#
PCl Slot 2 INTB# INTGH# INTD# INTA#
PCl Slot 3 INTC# INTD# INTA# INTB#
PCl Slot 4 INTD# INTA# INTB# INTC#

Pucysox 5. PoTauus annapaTHHX npepmBaHuit PCI-umHH

JvHum npepbisanmin INTA — INTB coeguHsitoTCS € BbiBOZA-
mn PIRQO — PIRQ3 koHTponnepa PCl-wmHbl, a oTTyga 4Yepes
poyTep (PCI Interrupt Router) nonagatoT B KOHTPOSIEP Npepbl-
BaHWN, TEM UM UHBIM 06Pa30M OTOBPaxXascCh Ha YETbIpE Ju-
HuM IRQ, He 3aHATble HUKakumMK ISA-ycTponcTBamu. MNockons-
Ky KONM4eCTBO ycTaHoBneHHbIX PCl-ycTpoicTB 06bIMHO MHOTO
60nbLUE HYeTbIpex (Mbl CYMTAEM TakXe W BHYTPEHHWE YCTPOW-
CTBa, Takve, Hanpumep, KaK UHTErpupoBaHHbIN KOHTpONep
USB, value Bcero noeeLueHHbI Ha INTD), HECKONBKO YCTPOMCTB
BbIHYXXEHbl AeNUTb OOHO NPepbiBaHne Mexay cobon. B otnu-
yune ot ISA, B PCl-LuMHe COBMECTHOE MCMOMb30BaHWE Npepbl-
BaHUIN ABNAETCH €€ HOPMaribHbIM COCTOSHUAM. [eHepauus npe-
PbIBaHWUI OCYLLECTBNSETCA HE NO nepexomy, a No COCTOSHWUIO,
1 YCTPOWCTBO MOXET YAEepPXMBAaThb NMHUIO NPEpPbIBaHNS B COOT-
BETCTBYIOLLEM COCTOSIHWM [0 TeX Mop, NoKa ero 3anpoc He 6y-
[eT obpaboTaH. TeopeTuyecku 31O fierko. MpakTuyeckn xe...
[Jaxe noBepxHOCTHOE TECTUPOBAHWE 0OHAPYXMBAET HOMbLLOE
KONMYeCTBO YCTPONCTB W OpaiiBepoB, HE BMOMIHE COOTBETCTBY-
OLLMX creunduKkaumam 1 He xenarowmx genuts ceoe PIRQ ¢
OPYrMMu (Mnn genaroLmx 3T0 HaCTOMNbKO HEYMENO, YTO Mpom3-
BOAWTENLHOCTL MajaeT B pasbl). CnepgosaHue cneundmkaum-
M NpPefoTBpaLLaeT KOH(NMKTbI, HO OCTaBASET Npobnemy na-
LEHUSA NPON3BOANTENBHOCTM B cunie. [Npy COBMECTHOM UCMONb-
30BaHVW NpepbIBaHNiA opaiBepa nonyyarT curHasbl He ToMb-
KO OT CBOMX, HO M OT YyXMX YCTPOWCTB, 3acTaBnss ux obpa-
LaTbCa K CBOEMY YCTPOWCTBY 3a MOATBEPXOEHUEM, U €Cnn
BbISICHATCS, YTO NPepbiBaHWE CreHepupoBano He OHO, 3anpoc
nepegaeTcs crnegytoLlemy apareepy B Lienoyke. A Tenepb npes-
CTaBbTe, YTO NPOM3OWAET, ECNM HA OJHOM MPEPbLIBAHUN BUCUT
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[LECATOK YCTPOWCTB W Apansep Havnbonee «6ecrnoKonHOro» n3
HWX MONageT B CaMblil XBOCT oYepean?

Ona BOCTMXEHWs HauBbICLIEN NPOU3BOAUTENBHOCTU Che-
[yeT, BO-NepBbIX, onTumansHo pacnpegenutb PCl-kapTbl no
crnotam (Hanpumep, ecnu y Bac Ha wectb PCI-cnotoB npuxo-
patcs aee PCl-kapTbl, TO, BTbIKas YCTPOMCTBA B NEpBbIA U Ns-
ThIi CNOT, Bbl BewwaeTe ux Ha ogHo PIRQ), no BO3MOXHOCTM
coBMelLas Ha ogHoMm PIRQ Tonbko HaMmeHee TeMnepameHT-
Hble YCTPONCTBA, T.e. Takue, KOTOpble reHepUpyIoT npepbisa-
HUa pexe Bcero. Bo-sTopbix, kaxgoe PIRQ gomkHo otobpa-
xatbcs Ha coe IRQ. Kakoe — He cyTb BaxHO (Befb NpuopuTeT
PCI-npepbiBanuii 0aMHaKoB), HO Tonbko ceoe. CoBMeCTHOe Wc-
nons3osanve ogHoro IRQ Heckonbkumu PIRQ 06bI14HO He npu-
BOAMT K KOH(PIMKTaM, HO HEeraTMBHO CKa3blBaeTCs Ha Npou3Bo-
OWTENBHOCTK, Bedb Apamneepa paboTatoT He ¢ PIRQ, a ¢ IRQ!

ACPI-agpa, pa6otatowme ¢ PCl-wmHon yepe3 ACPI-KoH-
Tponnep, NLLIEHbI BO3MOXHOCTW YNpaBsTe 0TOOPaxXeHnem
PIRQ Ha IRQ no cBoeMy ycmoTpeHuo. He MoxeT ynpaenaTb
3Tum 1 BIOS (B0 BCAKOM cnyyae neranbHbIMU CpefcTBamu).
Cam xe ACPI ctpemutcsa nosecutb Bce PIRQ Ha ogHo IRQ
(06b14HO IRQY), 1 NomeLLaTb eMy 04eHb TpyaHoO. Ecnu konuye-
CTBO ycTaHoBNeHHbIX PCl-ycTpONCTB HAMHOrO 60JbLUE YEThI-
pex, To pasHuua B npoussoautensHocT Mexay ACPI- n He
ACPI-agpamu HecyLLIECTBEHHA, NOCKOSbKY, Jaxe 0TKa3aBLUMCh
ot ACPI, Bbl BCe paBHO 6ydeTe BblHYX[EHbl pa3fenatb 0gHO
PIRQ mexgy Heckonskumu yctporcteamu. [pyroe geno, ecnu
Konnyectso PCI-ycTpoicTB HEBENWUKO M Haubonee Temnepa-
MEHTHbIE U3 HUX BUCAT Ha CBOWX MpPepbIBaHWsX, TOrga npu ne-
pexofge ¢ ACPI- Ha He ACPI-agpo pasHuua B 6bICTPOLENACTBIN
CUCTEMbI MOXET 0Ka3aTbCsl O4YEHb 3HAYUTENLHOW (TO Xe ca-
MO€ OTHOCUTCS U K HEYAA4YHO CPOEKTUPOBAHHBIM YCTPOMCTBAM,
HEe YMEIOLMM AennTb NPepbiBaHUs C APYrUMU U HE UMEIOLLIUX
LOOCTOMHOM 3aMeHbl, Hanpumep, AOPOron BUAEOYCKOPUTENb,
RAID-koHTpONNEp 1 T. A.).

K coxaneHuto, npocTo B3ATb U oTKNoUNTe ACPI Henbas,
MOCKOIbKY OH AIBMAETCA HE TOMIbKO MEHEXXepOM NMUTaHms, pac-
npegenuTenem pecypcos, HO eLle U KOPHEBbIM nepeyncnuTe-

Q= & &

@ AlDAS2 w385 | | Pecypc | OBwpe pec... | OMMCaHWE YCTRORCTES |;|
E‘@ FomnzioTen &) Ra 0o MEKAIOHMT ... CWMCTEMHEIA Takmep
CyMMEPHES 1H @IRQ m MoknoamT...  CTaHgapTHaa (101102 knasuwm) mnm knasmatypa PSi2 Micr. ..
sl e =L r.é‘i IR 03 [alaymniel MNocnegosaTENsHBIN NopT (COM2)
e ﬁ}yi IR 04 QG upl MocnegosaTensHeM nopT (SO
[]--ﬂé-ﬁcf:n;::z nnata =4IRE 05 MCknoYdT...  CTEHAapTHEI KOHTPONNER ndBk LMCKOE
IRQ 0s MeoknoumT... DS 1 vack
[]-- CONepaLMOHHAS CH @/ e = — ™
.[EH B — U ‘ L
g E,ipczizﬁ E‘IEPIRQ 03 QG upl CTaHLaRTHEIM X0cT-koHTponnep PCL - USE
F-CF2 MyneTimema E%PIR@ 09 [alaymniel CTaHRapTHEIM xocT-koHTponnep PCI - USB
- ¥paHeHre gaHHeE: || IRQ 03 QG Microsoft ACPI-COBEMECTHMMEA CUCTEMS
[+-5% Beog, @ IR 09 [alaymniel Matrox Milenniutn G450 Dual Head - English
F- g Cete 2 Ra 04 OB PCI Device
[+ Direct: b IRa 0c MeknioamaT...  Melwe PS2-coBmMeEcTMMEnA
El ; ¥eTpolicTEa IRQ oo MckniumT... Conpougccop
% ¥oTpolcTea W 1 &2 RA OF MekmouT...  MepeudHei kaHan IDE =

PucyHok 6. Bce PCI-ycTpoiicTBa Ha ORHOM NpepHBaHUM
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nem. ACPI- n He ACPI-agpa ncnonb3yloT pasnnyHble AepeBbs
YCTPOWCTB M NOTOMY B3aMMHO HecoBMecTuMbl. CMeHa sgpa B
0693aTenbHOM nopsake TpebyeT nepeycTaHOBKM CUCTEMBI, B
NPOTUBHOM Cny4ae Ta OTKaXeTCs 3arpyxartbcs. ITO cylue-
CTBEHHO 3aTpyaHseT cpaBHeHwe bbicTpogenctama ACPI- n He
ACPI-agep, NOCKONbKY nepeycTaHoBKa CUCTEMbI paguKasibHbIM
W HenpefckasyembiM 06pa3oM U3MEHSET ee MPOu3BOAUTENb-
HOCTb (puc. 6).

MpoaBuHYTbIE MaTePUHCKME NaaTbl UCMONb3YIOT YCOBEP-
LLIEHCTBOBAHHbI KOHTponnep npepbisannin (Advanced PIC nnn
cokpatleHHo APIC), nopgaepxvsaiowmin 256 IRQ 1 cnocobHbIn
pabotaTtb B MHOrOMPOLECCOPHbIX cucTtemax. OfHaKko B MOHO-
NPOLIECCOPHbIX KOH(UIypaumusax oH He 06ecneymBaeT HUKaKux
LOMONHUTENbHBIX NPEUMYLLECTB, T.K. KOMMYECTBO CBOOOAHbIX
npepbIBaHNI OrpaHNHMBaETCsA He KOHTponnepom, a PCI-LUmMHON.
K Tomy xe APIC-agpa He BNOnHe KOPPEKTHO paboTatoT ¢ Tam-
MEepOM, YTO CBOAWT Ha HET BCE WX NpeuMyLLecTBsa.

MepexnioyeHne KOHTEKcTa
Moa «MHOro3a4a4HoOCTbHO» BOMNbLUMHCTBO NONb30BATENEN NOA-
pasymeBaeT BO3MOXHOCTb MapasnesisHoro BbINOSHEHUS He-
CKOJIbKUX MPUNOXEHWIA: YTOObI B (hoHe urpan WinAmp, ckauu-
Bancs mp3 ¢ WIHTepHeTa, npuHuManack noyta, pefjaktuposa-
nacb 3MeKTPoHHas Ttabnuua v 1. 4. MyHMMansHon eguHuLen
ncnonHeHns B Windows sBnsietcs notok. [MoTokn o6beanHs-
I0TC B MPOLIECCHI, @ NPOLEeCcChl — B 3agaHus (jobs). Kaxabli
noToK 06nafaeT COOBCTBEHHbIM CTEKOM ¥ HAGOPOM PErncTpoB,
HO BCe MOTOKW OJHOro MpoLecca BbIMOMHATCA B eAyHOM af-
pecHoOM NPOCTpaHCTBE ¥ 06nafarT UAEHTUYHBIMU KBOTaMU.

B no6oi MOMEHT BpeMeHW Ha iaHHOM MpOoLeccope MOXeT
BbIMOSHATLCA TOMNBKO OAWH MOTOK, U €CNN KOSIMYECTBO NOTOKOB
MPEeBbILLAET KOMMYECTBO YCTAHOBJIEHHBLIX NPOLIECCOPOB, NOTO-
KV BbIHYXX[EHbl CpaxaTbCs 3a npoLeccopHoe Bpems. Pacnpe-
[leneHneM npoLiecCOpPHOro BPEMEHN MEXY NOTOKamu 3aHu-
Maetcs f4po. BeiTecHsoLwas MHOro3afa4yHocTb, peanM3osaH-
Has B Windows NT, ycTpoeHa npubn3nTensHO Tak: KaxaoMy
MOTOKY BbIfAeTCs OMnpeferieHHas nopums MallMHHOro Bpeme-
HW, Ha3blBaeMas KBaHTOM (quantum), N0 WCTEYEHUU KOTOPOM
nnaHnpoBLUyK (dispatcher) NpuHyaUTENBHO NEPEKNYaeT Npo-
Lieccop Ha Apyrow NoToK. YYeT NpoLiecCoOpHOro BpemeHu obec-
neymBaetcs 3a cyeT Tanmepa. Mepuogunyecku (pa3 s 10 mc unm
15 MC) Talimep reHepupyeT annapaTHOe npepbiBaHue, Npuka-
3blBaloLLIEe NPOLLECCOPY BPEMEHHO MPUOCTAHOBUTL BbIMOSHE-
HWe TeKyLLero noToka u nepegatb 6pasabl NpaBneHns aucneT-
yepy. [ucnetyep ymeHbLUAET KBaHT NOTOKa Ha HEKOTOPYIO Be-
Nn4KHy (06bIMHO PaBHyHO ABYM) 1 NIM60 BO30BHOBNSET BbINOS-
HEeHWe NoToKa, NIM60 (eCnu KBAHT 06PaTUNCS B HymNb) COXPaHs-
€T perncTpbl NOToKa B CreunanbHon 061acTv namati, Hasbl-
BAEMOIN KOHTEKCTOM (context), HaxoouT NOTOK, GOnbLUE BCEro
HY>XAatoLLMICa B NPOLLECCOPHOM BPEMEHW, BOCCTAHABIMBAET
€ro KOHTEKCT BMECTe C KOHTEKCTOM npouecca (ecnun aToT no-
TOK MPUHAZNeXMT Opyromy npoleccy) n nepegaet emy ynpas-
neHve.

MNMoTokn obpabatbiBaloTCAa N0 04epean B COOTBETCTBUM C
WX MPUOPUTETOM W NPUHATOM cTpaTterven nnaHnposanus. lNna-
HUPOBLLMK C/IOXHBIM 06pa3oM MaHUMYAUPYET C OYepenbio,
NOBbILLAS NPUOPUTETbI NOTOKOB, KOTOPbIE CAIMLLKOM AOMr0 XAy T
NPOLECCOPHOr0 BPEMEHM, TOMBKO YTO NONYy4Mnn GhoKyC ynpas-
NEHUsa UNK JOXAANUCh 3aBEPLLEHMS OnepaLmn BBOAA/BbIBOAA.

No8(21), asryct 2004
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ANropuTM NnaHMpPOBaHUs HEMpPEepLIBHO COBEPLLIEHCTBYETCS,
OfiHaKo, He BCe YCOBEPLLUEHCTBOBAHMA OKasblBAKOT 6raronpu-
SITHOE BMMSIHME HA NMPOU3BOAUTENLHOCTL. B obLem cnyyae
MHOrOMOTOYHbIE MPUMOXEHNUS [OMKHBI UCMONHATLCS Ha TEX -
pax, Nnog CTpaTernto NiaHUPOBaHMS KOTOPbIX OHWU OMTUMU3U-
poOBan1ch, B MPOTMBHOM Clly4ae MOXHO HapBaThbCsl HA HEOXM-
[aHHOE MafieHne NPOV3BOAUTENLHOCTM.

Mpy HE6GOMbLLOM KONMYECTBE NMOTOKOB HaKMagHble pacxo-
Obl HA UX NEePeKNYEHNs1 AOBONBHO HEBENWKMW, U UMW MOXHO
npeHebpeyb, HO MO MEPE HACHILLEHWSI CUCTEMbI OHU CTPEeMU-
TenbHO pacTyT! Ha 4To Xe pacxomyeTcsi npoLeccCopHoe Bpe-
ms? Mpexpae BCEro Ha crnyXebHble HyX[bl Camoro nnaHnpoB-
LUMKa (aHanu3 oYepeay, poTaumio NPMOPUTETOB U T. [.), 3aTEM
Ha COXpaHeHNe/BOCCTAHOBNIEHWE KOHTEKCTA MOTOKOB 1 NpoLiec-
coB. [MoCcMOTpKM, Kak BCE 3TO YCTPOEHO M3HYTPU?

[unzaccembampoBaHue NokasbiBaeT, YTO NIAHMPOBLLMK KaK
6bl pa3masaH no Bcemy sapy. Kog, NpsMo Unm KOCBEHHO CBS-
3aHHbIV C NNIAHMPOBAHWEM, PACCPEROTOYEH MO LecATkam yH-
KUMIA, GOMbLUMHCTBO M3 KOTOPbIX HE JOKYMEHTUPOBAHbI U He
3KCMOPTUPYIOTCA. DTO CYLLECTBEHHO 3aTPyOHAET CpaBHeHWe
pasnnYHbIX SLEP ApYr ¢ APYTrOM, HO He AieNaeT ero HEBO3MOX-
HbIM. HyTb NO3Xe Mbl MOKaXEeM, Kak MOXHO BbILESIUTL NOANPOr-
pamMbl NPOCMNMPOBLLMKA U3 SApa, NoKa Xe COCpenoTOHMMCS
Ha NEPEKITIYEHUN 1 COXPAHEHUN/BOCCTAHOBNEHNUN KOHTEKCTA.

Mpoueccopbl cemelicTBa X86 NofAepX1BaAKOT annapaTHbIi
MEXaHU3M YrpaB/ieHWs1 KOHTEKCTaMK, aBTOMATUHECKM CoXpa-
HSIS/BOCCTAHABNMBAsS BCE PETUCTPbI NPU NEPEKYEHUN Ha
apyryto 3agady, Ho Windows He ncnonb3yeT ero, NpeanouunTas
o6pabartbiBaTb KaXblii U3 PErMcTpoB BPYy4Hyto. Kakoe-To Bpe-
Ms aBTop gymar, yto i486C-a4po, HM4ero He 3Hatowlee o MMX/
SSE-peructpax coBpeMeHHbIX NPOLIECCOPOB M HE BKJoHaroLLee
MX B KOHTEKCT, BYZeT BbIMIPbIBATb B CKOPOCTM, OfHAKO napas-
nenbHas paboTa AByx W 6ornee MynbTUMEANAHBLIX NPUIOXKEHNI
OKaXeTCsl HEBO3MOXHOW. B [e/iCTBUTENBLHOCTM Xe 0Ka3anoch,
YTO 3a COXpaHeHWe/BOCCTAHOBIIEHWE PErMcTPOB COMPOLEeCCo-
pa (eCnu ero MOXHO Tak Ha3BaTb) OTBEYAIOT MALLUWHHbIE KO-
maHabl FXSAVE/FXSTOR, obpa6atsiBatoime n MMX/SSE-pe-
TUCTPbI TOXE, HO YTOObI BbIICHUTL 3TO, MPULLNIOCH NEPEPLITh
Bce Aapo — ot HAL fo mcnonHutensHom cuctemsl!

MepeknoyeHne KOHTEKCTA OCYLLECTBASETCS CIYXEeOHOM
dyHkumen SwapContext, peanusosaHHon B ntoskrnl.exe. 310
YUCTO BHYTPEHHSS DYHKLMS, U AAPO €€ He 3KCMopTUPYeT. Tem
He MeHee OHa MPUCYTCTBYET B CMMBOSbHLIX hannax (symbol
file), 6ecnnatHo pacnpocTpaHseMbix upmon Microsoft. Mon-
HbI KOMMIEKT 3aHMmaeT nopsgka 150 M6 1 HenogbeMHo Ts-
Xen AN MOOEMHOro CKauMBaHus. Pag yTunuT, Takmx, Hanpu-
mep, kak Symbol Retriever, o NuMega, no3sonsioT BbIGOPOHHO
CKauMBaTb HEOOXOOUMblE CUMBOJIbHBLIE (Dafbl BPYYHYIO, 3Ha-
YNTENBHO COKpALLIas BPEMS NepeKaqku, OAHAKO MO HEMOHATHLIM
npuyMHam oHW To paboTatoT, To HeT (Microsoft 6nokupyet goc-
Tyn?), NO3TOMY HEOOXOAMMO YMETb HaxoAuTb TOYKY BXOAa B
SwapContext camocTosTensHo. 1o nerko. SwapContext — eyH-
CTBEHHAsA, KTO MOXET MPUBOAWTL K CUHEMY 3KpaHy CMepTu C
HagrpobHon Hapnucbto «ATTEMPTED_SWICH_FROM_DPC»,
koTopon cooTBetcTByeT BugCheck kog B8h. 3arpysus
ntoskrnl.exe 8 IAY (unu ntoboii gpyron gusaccemonep), nepe-
YUCNUM BCE MEPEKPECTHbIE CCbINKKU, BEAyLME K (PYHKLUAM
KeBugCheck n KeBugCheckEx. B kakoi-To 13 HUX Mbl Haifem
PUSH B8h/CALL KeBugCheck vnu 4to-To B 3T0M poge. OHa-To
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n 6yaeT pyHkumern SwapContex. MpokpyymBas aKpaH gusaccem-
6nepa BBepPX, Mbl yBMAMM BbI30B pyHKUMKM HalRequestSoft
warelnterrupt, koTopas, CO6CTBEHHO, 1 NEPEKITIOYAET KOHTEKCT,
a B MHOTOMPOLIECCOPHON BEPCUM Apa eLle U MALUMHHYI0 KO-
mangy FXSAVE, koTopas TyT COBCEM HM K YeMy W KOTopas OT-
CYTCTBYET B MOHOMNPOLECCOPHOW Bepcun. K TOMy e MHOro-
MPOLECCOPHbIE BEPCUM HAMHOIO LLENEeTUNIbHEE OTHOCATCA K
BOMPOCAM CUHXPOHU3ALMM W MOTOMY OKa3bIBAKOTCH HECKOMbKO
MEHee NpoV3BOANTENBHBIMM.

OyHkuma HalRequestSoftwarelnterrupt, peanv3oaHHas B
HAL, 4epes KOpOTKWI NaTpybok coeduHseTcs ¢ PyHKUMAMM
_HalpDispatchinterrupt/_HalpDispatchinterrupt, coxpaHstoLimmn/
BOCCTaHaBNMBAIOLLMMM PEFUCTPbI B CBOUX IOKANbHbIX NepeMeH-
HbIX (He B KOHTEKCTe noTtokal) M Ha onpedeneHHoOM 3Tane ne-
pegatowux ynpasneHue Ha KiDispatchinterrupt, BHOBb Bo3Bpa-
wamwLlyo Hac B ntoskrnl.exe 1 peKypCMBHO Bbli3bIBAIOLLYIO
SwapContext. KTo xe Torga coxpaHseT/BoCCTaHaBNMBAET KOH-
TekcTbl? OkasbiBaeTcs — annapaTHble o6paboTunku. Crnmcok
yKasaTenew Ha npefycTaHOBMEHHbIe 06paboTHMKN HaxoamuTCs
B ntoskrnl.exe n cogepxutca B nepemerHon IDT (He nyTaTth ¢
IDT-Tabnuuer npoueccopal), koTopas, Kak 1 cnefoBasno OXu-
[aTb, He 3KCNOPTMPYETCA AAPOM, HO MPUCYTCTBYET B CUMBOJIb-
HbIX havinax. Mpu nx oTcyTCTBUM HANTU NepemeHHyto IDT Mox-
HO Tak: npocMatpueas Tabnuuy npepbiBaHnin N6bIX U3 Aaep-
HbIX 0TnagymkoB (Soft-Ice, Microsoft Kernel Debugger), onpegne-
NnTe agpeca HECKOSIbKUX HenepeHasHa4yeHHbIX 06paboTHNKoB
npepbIBaHniA (T.e. TakuX, KOTOPbIE YKaabiBatoT Ha ntoskrnl.exe,
a He K gpavisepy) u, 3arpyavs ntoskrnl.exe B gusacceménep,
BOCCTaHOBWTE MEPEKPECTHBIE CCbINIKK, BeAyLLME K HAM. 3TO U
6ynet ctpyktypon IDT.

[pyrve dhyHKLMM Takxke MOryT COXpaHsATL/BOCCTaHABNMBATb
TEKYLLIMIN KOHTEKCT (3T0, B YacTHOCTW, aenaet Kei386EoiHelper,
pacnonoxeHHas B ntoskrnl.exe), No3TOMy HaknagHble pacxo-
Obl HA NEPEKOYEHNe MexXay NOTOKaMM OKasblBaloTCs focTa-
TOYHO BESIMKM U BbINIMBAIOTCH B ThICAYM U ThICAYM KOMaHL Ma-
LUMHHOrO KOAQ, NPUYEM Kaxaoe Sapo MMEET CBOM OCOBEHHOC-
™ peanusaumn. Kak oLeHWTb, HACKOMbKO OOHO M3 HUX MPOM3-
BOAMTENbHEE Opyroro?

JlornyHo, ecnu Mbl YyroBOpUM SOPO MEPEKOYaTh KOHTEK-
CTbl TaK 6bICTPO, Kak TOMbKO 3TO BO3MOXHO, TO KOSIMYECTBO
NEPEKIIIOHEHIA B EAMHULY BPEMEHMN M ONPERENUT [0S0 HaKNag-
HbIX PacxXofoB B 06LLEM 6bICTPOLENCTBUN aapa.

CkasaHo — cgenaHo. Co3gaeM 605bLIOE KONMYECTBO MNO-
TOKOB (MO MeHbLLUEe Mepe CTO Unn Jaxe TPUCTa) U KaxXabIN 13
HUX 3aCTaBNSeEM LMKNMYECKM BbI3biBaTb yHKUMio Sleep(0),
NPUBOOALLYIO K OTHAYe KBAHTOB BPEMEHW U Kak CrneacTeue —
HEMeIeHHOMY NepeKoYeHNIo Ha Apyron NoTok. Konnyectso
NEPEKIOYEHNIA KOHTEKCTA MOXHO ONPERENUTL No COREPXMNMO-
My CrMeumanbHOro cHeTYMKa NPOU3BOANTENBHOCTK, OTOBpaxa-
emoro CuctemHbiM MoHuTopom, yTunuton CPUMon Mapka
PyccuHoBuya, otnagymkom Microsoft Kernel Debugger v MHoO-
MK OpyrvMK nporpaMmamu.

JmcTuHr 1. Msuepwrenb CKOPOCTM IMEepeKYeHusT KOHTEeKCTa

thread()
{

// orgmaeM npoueccopHoe BpeMst B BGECKOHEYHOM LMKJIE
while(1l) Sleep(0);
}

#define defNthr 300
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#define argNthr ((argec > 1)?atol(argv[1]):defNthr)

main(int argc, char **argv)

{

int a, zzz;
printf ("creating %d threads...", argNthr);

// cospaem argNthr noroxos

for (a = 0; a < argNthr; a++) J
CreateThread (0, 0, (void*)thread, 0,0,

printf ("OK\n"); thread();

return 0;

&22z) ;

}

CpasHeHve ACPI-sgpa c i486C-agpom Ha MallvHe aBTopa
(Intel Pentium-ll 733 My, 256 M6 SDR-RAM-133) o6HapyxuBa-
€T 3HAYUTENBHOE PACXOXAEHWE B UX NMPOU3BOAMTENBHOCTHU.
i486C-A0p0 NepeKnoHaeT KOHTEKCT HaMHOro 6bICTpee, 0COOEH-
HO Npu pa6oTe ¢ 6OMbLUMM KONMYECTBOM NOTOKOB. B obLuem
Cly4ae — KONMYECTBO MEPEKIIOHEHNI KOHTEKCTA 06paTHO Mpo-
NOPLMOHATbHO KONIMYECTBY MOTOKOB, T.K. KOHTEKCTbI HAJo rae-
TO XpaHWTb, a K3LW-NamsTb He pe3uHoBas. Ecnu sgpo penaet
MHOIO JIMLLHWX COXPaHEHMUI (O KOTOPbIX Mbl YK€ FOBOPWIIN), OHO
CyLLIECTBEHHO NPOUIPLIBAET B CKOPOCTU. TeM He MeHee, Bce fapa
CMPOEKTMPOBaHbI JOCTATOYHO MPaMOTHO U COXPAHSIIOT OTAINYHYIO
NOABMXHOCTb Aaxe npu paboTe C ThiCA4ammM NOTOKOB.

MepekntoyeHne npoueccoB TpebyeT AONOMHWUTENbHBIX Ha-
KnagHblX pacxofoB M NOTPedNsaeT HaMHOro 6onbLle NnamaTy,
MONYyTHO BbI3blBas cOPOC Bydhepa accoLmMaTUBHOW TpaHCnALmu,
MOCKOMbKY KaXAbIN U3 NpoLeccoB obnagaeT CBOMM afpecHbIM
NPOCTPaHCTBOM. Bbigenutb Kof, OTBETCTBEHHbIN 3a Nepekito-
YeHMe KOHTEKCTOB, HECNOXHO — OH BblAaeT cebs obpalleHnem
K pernctpy CRS3, 3arpyxas B HEro ykasaresnb Ha katanor cTpa-
Huy, (Page Directory Physical Address).

[aBaiiTe HEMHOr0O MOLEPHU3UPYEM HaLly TECTOBYIO Mpo-
rpamMmy, 3aMeHuB MOTOKK npoueccamu. OayH M3 BapuaHToB
peanu3auuyv MOXeT BbIrMAAeTh TakK:

JiucTMHT 2. JBMepuMTenb CKOPOCTM NEPeKJIOUeHNsI NPOLECCOB
thread()

while (1) Sleep(0);
}

#define defNthr 3
#define argNthr ((argc > 1)?atol (argv[1]):defNthr)
#define argProc "-666"

main(int argc, char **argv)
{
int a, zzz;
char buf[1000];
STARTUPINFO st;
PROCESS_INFORMATION pi;

memset (&st, 0, sizeof(st)); st.cb = sizeof(st);
if ((argc > 1) && !strcmp(argv[l], argProc)) thread();

sprintf (buf,"%s %s",argv[0], argProc);
printf("creating %d proc...", argNthr);
for (a = 0; a < argNthr; a++)
CreateProcess (0, buf, 0,0,0, J
NORMAL PRIORITY CLASS,0, 0, &st, &pi);
printf ("OK\n"); thread();
return 0;

[Haxe npu He6OMbLIOM KONMYeCTBE MPOLLEeCcCoB cuctema
3HAYNTENbHO «MPOCenaeT» Nnof Harpy3kon 1 Ha4MHaeT OLLyTH-
MO NPUTOPMaXMBATb, & KONIMHECTBO NEPEKITIOHYEHUI KOHTEKCTOB
cokpaLlalTcs NprubnmanTenbHo BABOE. i486C-34po No-npexHe-
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My OEPXWUTCA BNepeau, YTO He MOXET He pafoBaThb, K TOMY Xe
C HAM CMUCTeMa HaMHOro 6onee OXMBIIEHHO pearupyeT Ha BHe-
LUHWe pasfpaxuTenu (B YacTHOCTW, KnaBMaTypHbIA BBOA).
BbicTpogeiicTene nogcmMcTeMbl BBOAA/BLIBOLA CNELMANBHO HE
TECTUPOBAIOCh, HO MO CYOBLEKTUBHLIM OLLyLLeHnaM i486C u ¢
3TUM CMPaBNAETCA HAMHOrO ObiCTpee.

XKenatoLme NoAKPenUTb 3KCNEPUMEHTaNbHbIE AaHHbIE 806-
poWi mopumein gmsaccemo6siepHbIX NMMCTUHIOB MOryT CamoCcTos-
TeNbHO NPOaHaNM3nMpoBaTh (HYHKLMW NAAHUPOBLUMKA, ecnu,
KOHEYHO, yXUTpATCA BbigpaTth ux 13 sapal faneko He BCeM uc-
cnegosatenisam Hegp Windows yganocb 3To cgenatb...

3afymaiTech: ecnv SApo NbBUHYIO JOMI0 NPOLECCOPHOro
BPEMEHU TPaTUT Ha MEPEKNoYeHNe KOHTEKCTOB, HE O3HaYaeT
Nn 3TO, YTO HaMbONee UHTEHCUBHO BbI3bIBAEMbIMU (DYHKLMS-
MW OKaXxyTcsi yHKUMK, NpuHadnexalime nnaHupoBLUnKy?
3anyckaeMm Hally TeCTOoBYIO Nporpammy, noaknoyaem Microsoft
Kernel Profiler (unm no6on gpyrort npounmMpoBLLMK siapa no
BKYCY) 1 iaB eMy Ha c60p CTaTUCTWKMK Nopsaka AeCAT! CeKYHA,
BHUMATENbHO WM3Y4MM MOMYYEHHbIA pe3ynbTar:

JiucTuer 3. $yHKUMM sfpa, OPSMO MM KOCBEHHO OTHOCSUMECS
K IUIaHMPOBAHMIO

4484 ntoskrnl.exe ExReleaseResourceForThread
4362 ntoskrnl.exe KiDispatchInterrupt
4333 ntoskrnl.exe SeTokenImpersonationLevel
2908 ntoskrnl.exe KeDelayExecutionThread
2815 ntoskrnl.exe KiIpiServiceRoutine
300 ntoskrnl.exe RtlPrefetchMemoryNonTemporal
73 ntoskrnl.exe KeDisconnectInterrupt
41 ntoskrnl.exe ExFreePoolWithTag

[AnuTenbHoCTh KBAHTOB

HacTble NepekntioyeHns KOHTEKCTOB OTpuLaTenbHO cKasbiBa-
0TCSA HA MPOU3BOAUTENILHOCTM cucTeMbl, nosTomy Windows NT
nofoéupaeT NPOAOIHKUTENBHOCTL OOHOr0 KBaHTa ¢ TakMm pac-
4eTOM, YTOObI OHW NMPOMUCXOAMIIN KakK MOXHO pexe, Tepss npu
3TOM MOABUXHOCTb M CMOCOBHOCTb AOCTATOMHO OLICTPO pea-
rmpoBartb.

Honyctum, y Hac nmeetca 100 NOTOKOB, KaXAoMy U3 KOTO-
pbix BblgenseTca 100 MC NpoLEecCOPHOro BPEMEHW, MPUYEM BCE
MOTOKW UCMONbL3YIOT OTBEEHHOE UM BPeMs MOSHOCTLI0. Toraa
MexX [y ABYMS NepekIto4eHnaMU OQHOO Y TOrO Xe NoToKa Npoi-
et 10 cek! Bot Tebe, 6abyLlka, 1 MHOro3afayHblii feHb. ..
PasBe 310 HopmarnbHO, Korga Haxaras KrnasuLia oTobpaxaeT-
€Al Ha 3KpaHe Tonbko Yepe3 10 cek? Korpa ceTeBble KNUEHTHI
nonyy4atoT B Yac no YaHom noxke? A Bedb ecnv cepeep obpa-
6aTbIBaET KAXA0ro U3 KNUEHTOB B OTAENBHOM MOTOKE (4TO 5iB-
naeTcs TUMWYHOW cTpaTerven nporpaMMuMpoBaHUsA B
Windows NT), OH fomkeH yMeno pacnpenensits NpoLeccopHoe
BpeMs Mexay Tbica4yamu NoTokos!

Paszpabotunkn UNIX, nporpammupylolve He pagu AeHer,
a B CUJTy MCTOPUYECKON HEN3OEXHOCTH, CTPEMSATCS BblGUpaTh
BEMNWYMHY KBaHTa TaK, 4T06bl CEpBEP He Tepsin OT3bIBYMBOCTU
Jaxe npu nukoBow Harpyske. Paspa6otumkm Windows NT, Ha-
npoTVB, ONTUMU3UPOBASM CBOK CUCTEMY MO MaKCUMAasIbHYHO
NPOU3BOAUTENILHOCTL, MEHSI BENMYMHY KBaHTa OT BEPCUM K
BEPCUM TaK, 4TOObI COBOKYMHOE KONMYECTBO 06pabOoTaHHbIX
3anpocoB B eAVHULY BPEMEHM 6110 MakcmasnbHeIM. Begb npo-
W3BOAWTENBHOCTL — 3TO CUNa, a KOMPOPTABENLHOCTb U YIOT —
NOHATUS pacTHXUMble. MogHUMUTE KOMMBIOTEPHBIE XYPHanbI,
nonasete no VIHTepHeTy — Be3de nexar TONbKO CPaBHUTENb-
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Hble TeCTbl NPOM3BOANTENBHOCTU, HO HUTAE — OTHOLLEHWE Bpe-
MEHMW NPOCTOS KNUEHTa KO BPEMeHW paboTsl. JlagHo, ocTasum
NVPUKY ¥ Nepenaem K geny.

Windows NT nopoepXvBaeT ABa TWna KBaHTOB — AJIMHHbIE
1 KopoTkue. HesaBucMO OT CBOEro TUna KBaHTbl MOFYT 6bITb
Kak (PUKCUMPOBAHHOW, TaK U NepemMeHHON AfnHbI (KBaHTbI ne-
PEMEHHOW [/IHbI elle Ha3blBaoT AMHAMUYECKUMK). Bennuu-
Ha KBaHTa BblpaXaeTcs B YCMOBHbIX eAuHuLax, ouumansHo
Ha3blBaeMbIX quantum units. Tpu KBaHTOBbIX €AWHULIbI 06bIY-
HO pPaBHbI OAHOMY TWKY TaliMepa.

YnpaeneHvie TUNOM U NPOAOMKUTENBHOCTBIO KBaHTa OCY-
LLECTBASETCS Yepe3 cnegyowmin napametp peectpa: HKLM\
SYSTEM\CurrentControlSet\Control\PriorityControl\Win32
PrioritySeparation.

Ecnu 4-i4 n 5-i1 6UTbI, cuutas ot Hyns, pasHbl 10, cuctema
1Cronb3yeT KOPOTKME KBaHTbLI. TO Xe camoe NpoucxoauT npu
ONTUMU3aLMM NapaMeTpoB BbICTPOLENCTBUSA NOL UCMOMHEHWe
npunoxenun (MaHenb Ynpasneuus — Cuctema — [ononuu-
TensHO — NapameTpebl 6bicTpoaencTams). 01 — ykasbiBaeT Ha
ONMHHbBIE KBaHTbI (OHM Xe UCTOoNb3YTCsA NPy ONTUMU3aLMK Ch-
CTEMbI MOf BbINOMHEHWE CNyX6 B (hOHOBOM pexume). Jliob6oe
Apyroe 3Ha4yeHue BbIGMPAET NPOAOMKMTENBHOCTL KBaHTa no
ymonyanuto (kopotkme — B Windows 2000 Professional, gnumH-
Hble — B Windows 2000 Server).

Ecnm 2-11 1 3-1 6uThl paBHbl 10 — AnvHa KBaHTOB (OMKCUPO-
BaHHa; 01 — No3BONSAET NNAHUPOBLUMKY AVHAMWYECKU Bapbu-
poBaTb MPOAOIKUTENEHOCTL KBaHTa B 3apaHee OroBOPEHHbIX
npegenax. Jltoboe gpyroe 3Ha4eHMe BbIGUPAET TWM KBAHTOB MO
ymonyanuio (nepemenHsle — B Windows 2000 Professional,
thmkevposarHble — B Windows 2000 Server). Mpu ucnons3osa-
HUW OUHAMWYECKUX KBAHTOB NMaHUPOBLLMK MbITAETCA aBTOMa-
TWYECKN YBENMYMBATL NPOJOMKUTENBHOCTL KBAHTOB HEKOTO-
PbIX MOTOKOB, TEX, KOTOPbIM MPOLIECCOPHOE BPEMS HYXHee Bce-
ro. Bo Bcsikom cnyyae, NNaHMpoBLUMK JyMaeT, YTO OHO UM HYX-
Hee, a fiyMaeT OH NPUBN3UTENBHO TaK: eCin NOTOK 06CNYXK-
BaeT GUI-0kHO 1 3TO OKHO HaxoauTcs B ooKyce, NPOAOIXU-
TeNbHOCTb KBaHTa yBenu4usaetcs. Ecnu noTok noiHOCTbI0
1Cnonb3yeT BECb OTBEAEHHbIN eMy KBAHT, ero NpoAoKUTenb-
HOCTb yBenuuueaetcs. Ecnu... KOHKPETHbIA anroputM nnaHu-
pOBaHUs 3aBUCUT OT BbIGPAHHOrO AApa, M MOTOMY OAHW fApa
MOrYT 0Ka3aTbCsi HAMHOMO NPeanoYTUTENbHEE APYrUX.

[Ba MnagLumx 6uta 3afatoT MHAEKC B BYX311EMEHTHOM Mac-
cuse PsPrioritySeparation, pacnonoxeHHoM BHyTpy ntoskrnl.exe
1 MCNONb3yeMbIM MNAHUPOBLLUMKOM AN pacyeTa NPoAoIXu-
TEeNbHOCTU KBAHTOB aKTUBHOMO Mnpouecca. JTa nepeMeHHas He
3KCMOPTUPYETCH AAPOM, HO YNOMMHAETCA B CUMBOMbLHbLIX (haiit-
nax. Ecnm xe oHM oTCyTCTBYIOT, 06paTuTeCh K hyHKLUmMN PsSet
ProcessPriorityByClass, koTopas ucnonb3yeT nepsbIi 35IeMEHT
3TOr0 MaccuBa Kak ykasatesb Ha [pyroi Maccws.

Tabmuua 1. MopmenwbH:n psn kBaHTOB B Windows 2000 Professional
KopoTtkue JAnuHHBIE

ITepemenHblie 6 12 18 12 24 36
dukcupoBaHHble | 18 18 18 36 36 36

[N 3KCNepuMEHTOB C KBaHTamu crerka MogepHU3npyem
HalLly TeCTOBYIO YTWUIUTY, 3acTaBnsAs MOTOKM (Npouecchl) uc-
NoMb30BaTh OTBEAEHHbIA UM KBAHT BPEMEHU LIENIMKOM. A B nep-
BUYHBIN MOTOK BCTPOUM CYETHMK BPEMEHU, BbIYUCISAIOLLMIA NPO-
AOMKUTENBHOCTL MHTEepBana Mexay AByMs COCefHUMMW nepe-
KIIOYEHUAMU:
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JincTuur 4. JsMepuTens NPORONKMTENBHOCTM KBAaHTOB

thread()

{
int a, b;
while(!f) Sleep(0);
while (f !'= 2);
while (1)

{
}

for (a =1; a< 100; a++) b=Db + (b % a);
}

#define defNthr 300
#define argNthr ((argc > 1)?atol(argv[l]):defNthr)

main(int argc, char **argv)
{
int a, zzz;
SYSTEMTIME st;

printf("creating %d threads...", argNthr);
for (a = 0; a < argNthr; a++)
CreateThread(0, 0, (void*)thread, 0,0, &zzz);

f =1; printf("OK\n");

Sleep(0); £ = 2;

while (1)
{
GetSystemTime (&st) ;
printf("* $%02d:%02d:%02d\n",st.wHour,
st.wMinute, st.wSecond);
Sleep(0) ;
}

return 0;

}

Mog Windows 2000 Professional yxe npu 100 notokax
Bpems NporoHa ovepenu coctaenseT 10 cek, B TO Xe Bpems
nog Windows 2000 Server u Toro 6onblie. Bbirnagut aTo,
CKaxy 5 BaM, OYeHb yapydaiolle, u paboTarb B Takux ycro-
BMAX CTAHOBUTCA KpanHe guckoMopTHO. MNpuyem npuobpe-
TeHWe 6onee ObICTPOOENCTBYIOLLEr0 NpoLeccopa He YCKopsi-
€T 06paboTKy o4epeau, Befb NOTOKWU NO-NPEXHEMY UCMOMb-
3YI0T OTBEJEHHbIE UM KBaHTbI LENIMKOM, W XOTS YCMEeBaloT ne-
pepaboTtatb HAMHOIO 60MbLUE AaHHbIX, KaXAbIA U3 HUX, KaK 1
paHblUe, NonyYaeT ynpaeneHne pa3 B LecaTb cekyH. [Nepe-
X0[1 Ha AiBYXNPOLIECCOPHYIO0 MALLIMHY NOBbILLAET OT3bIBYMBOCTb
cvcTeMbl NpnbnuauTensHo B 1.3 pasa (gsa npoueccopa yMeHb-
LIalT AVHY oyepeau B ABa pasa, HO 3a CYeT nepexofa Ha
APIC npomomxnTenbHOCTb OOHOrO TUKa TaMepa yBenm4u-
Baetca ¢ 10 mc go 15 mc, utoro 2/15/10 ~ 1.3). OgHako ecTb
¥ Opyromn, MeHee AOPOroCTOALLMIA U HAMHOrO 60n1ee paaunKkarb-
HbI CNOCO6 peLleHns npobnemsl. OOuH LWen4yoK Mbin yBe-
NNYUT PeakLMOHHOCTb CUCTEMbI B NATb, @ TO U 6onee pas. He
Bepute? Hy Tak LenkHUTe No paboyemy CTory, 4TO6bl OKHO
HalLero TeCTOBOro NPWUIOXeHWs notTepano okyc. Barnanu-
Te Ha Tabnuuy BPEMEeHHbIX 3aMepoB, KOTOPYI MHE yaanoch
MONy4nTb.

Jiucrunr 5. BpeMs ofBpaGorku ouepenu u3 100 moroxos mpm mc-
NMONHEeHMM Ha nepejHeM nnaHe (cmeBa) u B (QOHOBOM pexume
(cnpaBa) Ha Windows 2000 Professional

00:14:48 00:23:10
00:15:02 00:23:12
00:15:16 00:23:14
00:15:30 00:23:16
00:15:46 00:23:18
00:15:59 00:23:20
00:16:11 00:23:22
00:16:27 00:23:24
00:16:41 00:23:27
00:16:55 00:23:29

Y10 npounsowwno? MoTokM ywnm B OH, UX NPUOPUTET Mo-
HU3MNCA, & BENMYMHa KBaHTa cokpatunach o MuHuMyma. U
XOTAi HaKnafHble pacxofbl Ha NepeknioYeHNe KOHTEKCTa BO3-
pocnu, Bpemsa 06paboTKM o4vepean COKpaTUrioch A0 2 Cek, C
KOTOPbIMU BMOSIHE MOXHO XWTb!

A Tenepb 3aKpoiiTe BCE OKHA C HECOXPaHEHHbIMW AOKYMEH-
Tamu, KOTopble Bam Xarnko noTepsTb, ¥ YBENUYLTe NpUopuTeT
TECTOBOrO MPUNOXEHUS XOTS Obl HA OAHY CTyneHb. Bucum? A
TO! MOTOKM TECTOBOrO NMPUNOXEHUS OTOUPAOT NPOLECCOPHOE
BPEMS Y BCEX OCTaslbHbIX NOTOKOB (BKMOYas 1 HEKOTOPbIE CUC-
TEMHbIE), ¥ OHN OKa3bIBAIOTCS HEPYHKLMOHANBHBI. TO €CTb (hyH-
KUMOHanbHbI, HO pa3 3a 10 cek, Yero ans 06paboTkM Knasma-
TYPHOrO 1 MBILLMHOrO BBOJA 60ee YeM HeloCcTaToyHoO. 3ab6as-
HO, HO i486C-a4po Npu 3TOM NpofoXaeT paboTaTk 6oree unm
MeHee HOpMarbHO.

UﬁGV)KﬂeHMB nony4eHHbIX pe3ynbTaToB
Pesynbratbl TecTupoBaHus i486C-agpa, nonyveHHble Ha MaLLm-
He aBTopa, NpUBEAEHbI HUXE.

Tabnuua 2. CKOPOCTH MNEPEKJOYEeHNsT KOHTEeKCTa NOTOKOB Ha
Windows 2000 Professional c oTgmauelt KBaHTOB BpeMeHM (mo-
TOKM MCHNONBBYWT HUYTOKHY® YacTh OTBEJEHHOTO MM mpouec-
COPHOT'O BpeMeH™u)

KoanuectBo KoamuecTBO nepex/IoYeH i KOHTEKCTOB 32 10 ceKyHx
TOTOKOB ACPI-siipo i486C-siipo
+50 7.701.161 8.002.734
+300 2.864.962 4.828.723
Tabmuua 3. CKOPOCTB NEpeKyoYeHMs KOHTEKCTa MPOLEeCCOB Ha

Windows 2000 Professional c oTgmauelt KBaHTOB BpeMeHM (mo-
TOKM MCHONbSYNT HMYTOKHY® UYacTb OTBEREHHOTO MM NpoLec-
COPHOT'O BpeMeHM)

KoanuectBo KoamuecTBO nepex/IoYeH i KOHTEKCTOB 32 10 ceKyHx
TPOLEeCCOPOB ACPI-siipo i486C-siipo

+50 2.923.719 9.638.651

+300 1.945.529 5.038.837

Tabnuua 4. CKOPOCTL MNEPEKNOYEeHMsT KOHTEKCTa NOTOKOB Ha
Windows 2000 Professional 6e3 oTpaum KBaHTOB BpeMeRM (mo-
TOKM MCIONBBYWT OTBEJEHHOE MM MNPOLECCOPHOe BPEMs LENMKOM)

KoanyectBo Kosn4ecTBo nepexio4eHnii KOHTEKCTOB 32 10 cexyHx
TIOTOKOB ACPI-sizpo i486C-s11po
+50 3.033 6.481
+300 2.086 4.166
Ta6auua 5. Bpems obpaborkum ouepenam Ha Windows 2000

Professional 6e3 oTpauM KBAaHTOB BpPEeMERM (MOTOKM MCIONBBY-
KT OTBEJEHHOE MM NPOLECCOPHOE BPEMS LIENMMKOM)

KoanyectBo Bpemsi 06padoTKku o4epean, cex
TIOTOKOB ACPI-sizpo i486C-s11po
+50 8 1
+300 15 2

Kak BngHo, 3T0 4p0 MMeeT MHOXECTBO NPenMyLLeCTB ne-
peg ctaHpapTHeiM ACPI-agpom. Kakoe 13 HMX ncnonb3osatb —
KaXAablii JOMKeH peluaTb caM. i486C-aapo He nogaepXxvnBaeTt
ACPI 1 noaTomy He cnoco6HO B NOSHOWM Mepe YNpaBnsaTb 3Hep-
ronuMTaHueM KOMMbloTepa, 04HaKo OTpULIATL ero CUMbHbIE CTO-
POHbI, NpaBo xe, He cTouT. OHO AENCTBUTENBHO YBENWYMBA-
€T NPON3BOANTENBHOCTb CUCTEMBI, U HUYEro MUKUHECKOTO B
3ToM pasroHe HeT. He Bepute? McnbiTante ero camu. Ans
3TOro B MpoLiecce YCTAHOBKM (NepeycTaHOBKM) onepawoH-
HOW CMCTeMbl JOXOMTECh, KOrfa Ha 3KpaHe MosiBUTCH CO06-
weHne «Press F6 if you need to install a third party SCSI or
RAID driver» (Haxmute F6, ecnv Bam HE06X0AMMO 3arpy3uTb
SCSI- nnn RAID-gpaiBep CTOPOHHEro NPOM3BOAMTENS), Ha-
xmuTe F5 v BbibepuTe U3 cnucka nmetowmxes saep «Standart
PC with C-Step i486» (CtaHpapTHbI KoMnbloTep 1486 cTen-
nuHr-C). Mocne 4ero NpogonXuTe YCTaHOBKY B 0ObIYHOM pe-
XUMe.

CHCTEMHBIMIaAMUHNCTPATOD



