3KCTpeMarnbHbIA pa3roH npoueccopa

KPHC KacIllepCKH, aka MBIIIbX, aka nezumi, aka souriz, aka elraton, no-email

HelpepbIBHBIE MOHHTOPMHI BHYTPEHHer0 COCTOSIHHS Npoleccopa  MO3BOJsIeT
3HAYMTEIbHO MOBBICHTH €r0 PAa3rOHHBbIA MOTEHHHAJT, ABTOMATHYECKH MOJACTPAMBASCH
NMoJ XapakTep 3aNMpocoB KOHKPETHBIX NPHJIOKeHHI, OCHOBBLIBAsICh HAa IOKa3aHUU
CYETYMKOB NMPON3BOJUTEIBLHOCTH, KOTOpPbIE JIETKO CYHTATH KPOXOTHOH acceMOJiepHOIi
NpOrpaMMoii

gsedeHue

[Ipoueccop mpexncraBnsier coOOH CIOXHOE YCTPOWCTBO, COCTOAIIEE W3 MHOXKECTBA
"pa3HOKATMOEPHBIX" y37I0B, TOHUMAs CIIOCOOHOCTD KaXJI0TO M3 KOTOPBIX CHIIFHO HEOJIMHAKOBA, HO BCE
OHHM "3aNmUTHIBAIOTCS" OT OOIEro reHeparopa TaKTOBOW YaCTOTHI M IIOTOMY MEHee TOHHMBIE OJIOKH
TOPMO3SIT BCE OCTaIbHBIE, 0OCOOCHHO KOI'J]a OKa3bIBAIOTCSI MHTEHCUBHO 33€HCTBOBAHBI KAKMM-HUOY b
"TSHKEITOBECHBIM" TIPUIIOKEHUEM.

MatepHuHCKHE TUIaThl U IPOLIECCOPHI TOCIEAHNX TTOKOJICHUN MOJACPKUBAIOT TUHAMUYICCKUN
pa3roH, OCHOBaHHBIM Ha TIOKa3aHUAX TepMonaTdnka. Kak Tombko TemrepaTypa KpHCTala JOCTUTAeT
TEePBOM KPUTUYECKOH OTMETKH, MaTEpUHCKAs IUIaTa YBEIMYHBACT OOOPOTHI BEHTHWIIATOpA, IBITAsChH
CHHU3UTH HarpeB. Eciy ke BEHTHIIATOP HE CIpPaBIIAETCS U TEMIEpaTypa IO MPEXHEMY MPOIOIKAeT
pacTH, TpPHU JOCTIDKCHUH BTOPOM KPUTHYECKOW OTMETKH IPOIECCOp HAYHMHACT JUOO BCTABIATH
XOJIOCTBIE LUKJIBI, MO0 CHMXKAeT TaKTOBYIO YAacTOTYy BCEX CBOMX KOMIIOHEHTOB, YTO IPHUBOAUT K
HEOIPaBJaHHOMY MaJIEHUIO TPOU3BOIUTEILHOCTH.

BoNbIMHCTBO CHCTEM IMHAMHYECKOTO pasroHa (KaK MPOTpaMMHBIX, TaK M AallapaTHBIX)
OCHOBAaHO HMEHHO Ha TEMIIEpPAaTypHBIX IOKAa3aHUSAX M HE TOJNHOCTBIO PEaNn3yIOT MOTCHIIHAT
Iporeccopa, MOCKOIBKY, KPUCTAaUT oOxamaeT OOJNBINION TeMIepaTypHOW HHEPHHOHHOCTBIO, KpoMme
TOT0, a0CONFOTHOE TTOKa3aHMe TEMIIEPaTypHl elle HA 0 4eM He ToBopAT! BOT 1 mpuxoauTces ocTaBIsATh
COJMIIHBIN 3amac "MPOYHOCTH" 1O YACTOTE, YTOOBI 00CCICUNTh CTAOWIBHYIO pabOTy CHCTEMBI. A 4YTO
elme MOXHO OXHIaTh OT TakuxX TpyOslx MeronoB?! MBIIIEX TpOBEN IIMPOKOMACIITaOHOE
HCCIIeIOBaHKE, JJTUBIIEECS HECKOJIBKO JIET, U B KOHEUHOM CYeTe, COBEPIIHBILEE HACTOSIIUI IPOPHIB B
00J1aCTh BBICOKMX CKOPOCTEH M HEIOCTIKUMBIX paHee TaKTOBBIX 4aCTOT.

pa3bop nosiemoe u KpyweHutl

[NocnencTBust 4Ype3MEPHOTO pasrOHA BCEM XOPOLIO M3BECTHBI — 3TO KPUTHYECKHE OIIMOKU
MIPUIIOKEHNH U "ToiryOble 5kpansl cMepTr'. C mepBOro B3IUIsAa HUYETO yIUBUTENIBHO TYT HeT. Kakoii-
TO M3 MOXIyJeH Ipoleccopa He BbLAEPIKAN W3/AEBATENbCTB M I0€Xall KpbIIEeH, BO3BPATHB
HEKOPPEKTHBIN pe3yibTar. Kakoe-To BpeMst MBIIIBX HE YACISUT 3TOMY BOIPOCY 0COOOTr0 BHUMAHHMS, HO
ITOTOM 3aWHTEPECOBAJICS U PEIII HCCIIEA0BATh: KaKOH ke U3 OJI0KOB COOWT yale Bcero?

HccnenoBanust Ha "romom" jkene3e 0e3 OMEpallMOHHON CHCTeMbl, Tokazanmw, 4to AJIY
(apuUMHUTHYECKO-TIOTHIECKOE YCTPONCTBO) COXPaHSET pabOTOCIIOCOOHOCTE M BCErla BO3BpalaeT
MIPaBWIIBHBIA PE3ynbTaT AaXe Ha 3alpeAeibHBIX TaKTOBBIX YaCTOTaX, MpPU KOTOPBIX CTAOMIBHO
3apemmBaercss MS-DOS, vy a Windows jaxke u He mbiTaeTcst 3arpykatbes! [louemy?!

CHIKaeM TakKTOBYIO 4acTOTY JIO TaKOTO ypPOBHs, MpH KoTopoM Windows ycreBaeT BBLAATH
COOOILIEHHE O KPUTHYECKOH OIIMOKE, COXpaHUB JIaMIl aMsTH (€CIIM MCKITIOYEHUE TIPOU30LLIO B S/IPE)
WM creHepupoBas otdeT Jlokropa BarcoHa (eciu MCKIIIOUYEHHE MPOM30IILIO0 HA MPHUKIIAIHOM YPOBHE).
AHanu3 NONYYeHHBIX MAAHHBIX JIONTO€ BPEMEHS HE JaBal HHUKAKOW OCMBICIEHHOM HH(OpMAIHH.
OmunOKK MPOUCXOAWIN O Pa3HBIM aJpecaM, OXBaTbIBas NMPAKTUYECKH BECh HAO0Op MHCTPYKIMH: OT
nenouyncieHHbx 1o MMX/SSE, n, xa3anock, 4TO SKCIIEpUMEHTHI (3aryOuBIINE HEMAJIO MPOLECCOPOB)
1opa MpeKpaIaTh, IIOCKOJIBKY, HUKAKOTO TIOJIE3HOTO BBIXJIONA OHHU BCE PABHO HE MPHUHECYT.

K Tomy ke, HEKOTOpbIE JaMIlbl C TOYKH 3pPEHHs 37]paBOrO CMbIC]IA BBHIMVISAEIN aOCONIOTHO
OeccMbICIEHHBIMH M Jake MucTHYeckuMH. Kak-to pas Jlokrop Barcon 3asBmi, 4To MammHHAS
komanzna XOR ECX, ECX Bo30Oyamna uckmodenue tumna Access Violation no anpecy C23BD2BA,
torna kak cam ECX pasasiicst 87h. Ho Beap aToro He Moket ObITh!!! DTO ke mosHas U abCcoIoTHAs
epyana!!! Mactpykmms XOR ECX, ECX BooOme He obOpamaercs k mamaru!!! Ho... mportokon
JlokTopa BarcoHa ecTb IpOTOKOJ (YUTall — JOKYMEHT) M OJHUM JBIKCHHEM XBOCTA B KOP3UHY €TO HE
BBEIOPOCHIIIE. ...

Osapenne, Kak 0OBIYHO, NMPHILIO MOCJIE XOpOUIeH TpaBbl, Th(y, TO €CTh BO CHE, TOYHEE HE
COBCEM BO CHE, a Ha IPaHHLE CYMEPEYHOH 30HbI, OTIEISIONMNA OJUH MUP OT APYroro, Korjaa mnocie



30 yacoB HeENpephIBHOTO TpaxaHbss ¢ JlokTopoM BarcoHOM, ThI CHMIIL HasBY, YTKHYBIINCH B
oyepeHOl (hparMeHT KoJia, BBI3BABIINI COOM:

00000000: 33C9 XOR ECX, ECX ; (HauajpHOe 3HaueHue ECX == 87h)
00000002: 33D2 XOR EDX, EDX
00000004: 3BC2 CMP EAX, EDX

Jiuctunr 1 uaerpykuus XOR ECX, ECX (a5 HarJsiAHOCTH BbIJIeJeHHAS MOJIYKUPHBIM
mpudTOoM) BhI3BaJa HaApYLIeHHe 0CTYNa, 00paTHBIIUCH K MaMATH no agpecy C23BD2BAh

Huuero ne Hnanomunaer?! Ilocroiite-nocroiite! Ho Benmp... azapec, BbI3BIBABLINI
HCKIIOYeHHe, cofepxut B cede Oaiirel nHCTpykmn CMP EAX, EDX u wactnuno XOR EDX, EDX, a
€CIIM 3amucaTh OIKOJABI 3THUX KOMAaHJ M CJIOXHUTh UX cO 3HadeHueMm peructpa ECX, momyuures:
C23BD233h + 87h == C23BD2BAh, TO ecTh TOT CaMblii HEMOHATHO OTKyJa B3SBINUICS ajapec
UCKITIOUEHHS (Hy 3TO paHbIle OH ObUT HETIOHSATHBIM, TETIEPh XKe BCE CTAJIO SCHO). 3amnucaB HHCTPYKIIUIO
XOR ECX,ECX B pgBomunom Buze (0001100111100 100) u wu3MeHHB Bcero OIMH OWT,
npespamatormmii COh B 89h, MBI OITy9IHM. .. MBI IOJTY9HUM BOT 4TO!

00000000: 338933D23BC2 XOR ECX, [ECX] [0C23BD233]

JIlucTuHr 2 npezu,lz]yumﬁ (bparmeHT KOJa, B KOTOPOM UCKaK€H BCEIro OJiMH 6I/IT B HHCTPYKIMHA
XOR (C9h = 89h)

Otopatb MHe xBocT!!! BOT Kak oka3piBaeTCs B _JNCHCTBUTEIHHOCTH _ BRITIISIETA MALTHHHAS
KOMaH/1a, BO30YAMBIIIAs MCKIIIOUSHNE U BbI3BaBIIas cooil. Cpasy BuaHO, uro AJIY TyT COBEpIIEHHO HE
npudeM. [Iponeccop ¢pyHKIMOHMpOBaN B 00mIeM-TO HcnpaBHO. Beck Bonpoc B ToM, nodyemy JlokTop
Barcon mnokazan He "XOR ECX, [ECX][0C23BD233]", a "XOR ECX, ECX"?! Jla notomy, 4TO
UCKa)XCHUE OHMTa TMPOM30LLIO B KAII-NMAMATH MEPBOTO ypPOBHS, a NPH COCTAaBICHUH oTdera JokTop
BarcoH Bo3BpaTniI HEUCKXKEHHOE COIAEPKUMOE K3MI-TaMsATH BToporo ypoBHs!!! OTkyna y MeHs Takast
YBEPEHHOCTb, YTO BCE UMEHHO TaK W mpoucxoamio? Tak Bejib MPOIECCOp HCIONB3YET pa3iesibHYI0
K3II MMaMATh MEPBOTO YPOBHS IS KOJa W JAaHHBIX, MOSTOMY, IMPOYUTATh HUCTHHHOE COACPKAMOE
WHCTPYKIINH, BBI3BIBaBIICH cOo0ii, JJokTop BarcoH mpocTto ¢pu3udeckn HE B COCTOSHUHM M 5TO MOXKHO
YCTaHOBHUTH TOJBKO KOCBEHHBIM ITYTEM.

Tak, 3HAUUT, rI1aBHBIA BUHOBHHUK — 3TO K31I? JlanbHeWIne SKCIIEPUMEHTHI MOKa3alld, YTO
Bce 00CTOUT UMEHHO Tak. [Ipuuem, cOOM MPOUCXOAAT B KO TaMSITH 00OUX YPOBHEH M BEPOSTHOCTh HX
BO3HMKHOBEHHSI HANpPSIMYIO CBSI3aHa C WHTEHCHBHOCTBIO KOUI-IPOMaxoB (T. € KOTAa IPUIIOKEHHE
oOHOBIIsIET OoJpIIoe KoMMdecTBa Koma/maHHbIX). C HOpyroil CTOPOHBI, UIMTENBHOE XpaHEHHE
KOJa/MaHHbIX 0€3 UX MOAU(DUKAIIUNH, CO3IacT APYIYIO YIpo3y — yrpo3y "3aruuBanus" 0aiT, 0COOCHHO
YacTO CIYYaIOUIYIOCs IPU HEKAYeCTBEHHOM ITUTaHUH.

W3MEHUTh TaKTOBYIO YacTOTy K3II-MOIYJSI HEBO3MOXKHO, HO... €CITH IMOPACKUHYTh XBOCTOM,
MOYKHO HAITH JIOBOJILHO ITPOCTOE M DJICTAHTHOE PEIICHHUE.

pykoeodsiwasi udesi

IIpomeccopbl  cemeiicTBa Pentium moOanep)KWUBAlOT  CUCTYMKU  MPOU3BOJUTEIHHOCTH
(performance-monitoring events), MO3BOJISIOIINE ITOJACYUTHIBATE PAa3IMYHBIC COOBITHS, B TOM YUCIE H
KOJMYECTBO KAII-NPOMAxoB — KakK pa3 TO, 4TO HaM HyxHO! IlumieM HecClokKHYI0 Mporpammy,
paboraronyto B (h)OHOBOM PEXHME M HECKOJIBKO Pa3 B CEKYHJIY CUMTHIBAIOIIME 3HAYCHUE CUETYHKA
K3II-TIPOMaxoB. 3a(UKCHPOBaB CTPEMHUTENBHBIH POCT KAUI-IPOMAXOB, CJIETKAa TOPMO3MM IIPOLIECCOP,
YTOOBI K3II B IPOMEXKYTKaX MEXAY 3arpy3Koil HOBOM moprueil TaHHBIX YCIIeBaJ MIPHOCTHITh. Tak ke,
OOHApY)KUB, YTO JaHHbIE B KOII MaMsTH JAaBHO HE MEHSJIMCh, OOHOBISIEM WX, NpeNoTBparias
BO3MOJXKHOE "3arHUBaHUE".

[TapameTpsr "TOpMOXKEHHS" W YaCTOTy OOHOBIICHHS NAHHBIX B KAII-MAMATH HEOOXOAMMO
oa0MpaTh SKCHEPHUMEHTAIBHO, JIABUPYS MEXIY MPOW3BOAUTEIBHOCTHIO M HAAEKHOCTBIO, IPHYEM U
MIPOU3BOANTEIBHOCTh, W HAJCKHOCTh OYIyT HAMHOTO BBIIIE YeM HPH OOBIYHBIX METOJax pasroHa.
MBpIbX B OCeHEe BpeMs OOHArIeN 0 TOro, 4TO repectan 3a00TUTCs 00 OXJIaXICHUU U Mepelelt
Ha OOBIYHYIO TEPMOIIACTy W JICUIEBbIE AJIOMUHHMEBBIC PaJuaTOpbl ¢ MEIIEHHO Bpamamomumcs (a,
3HAYUT, OECIIYMHBIMH) IIPOIEIUIEPAMH.

Bot xakue mpeumyniecTBa JaeT MporpaMMHbIN pasroH! IlpuueM KiFO4eBOM HCXOAHBIA KOJ
JIETKO YKJIaJbIBAETCSI B HECKOJIIBKO COTEH CTPOK M MUIIETCs (C OTIAAKOH!) 32 OJWH Beuep, IUTaBHO
MepeTeKaromuii B HOUb, IPOBEIEHHBIH 3a urpoi B 3D-cTpensHky mwin nepexonupoBky DVD B DivX —
3TO YK KTO 4eM OOJIbIIIe 3aHUMAaThCs JTIOOUT.



Kak Mbl 6ydem Oelicmeoeamb

CyeT4nKy MPOM3BOANUTEIHHOCTH IO Pa3HOMY PEalN30BaHBI B Mpoleccopax cemencTsa P6 (k
KOTOpBIM mpuHamIexkaT Pentium Pro/Pentium-II/Pentium-3) u Pentium-4. Hukaknx mpUHIHATTHATEHBIX
pas3ynuuii HeT, HO KO/bI CYETYNKOB MPOM3BOANUTEILHOCTH 1 HOMepa MSR-peructpoB cierka npyrue u
KOJ, TpenHa3HauyeHHBIH, ansi P6, momaB Ha Pentium-4, BBI3BIBaeT WCKIIOYCHHE, KaK MPaBUIIO,
3aKaHYMBAOLHECs royObiM 3kpaHoM cMmepty moj Windows NT.

I'maBHBIM 00pa3oM MbI OyZieM FOBOPHUTH PO CEMEHCTBO TpolieccopoB P6 1 B 3TOM ecTh CBOM
PE30H, BO-TIEPBBIX, OHM B HAWOOJNBIICH CTelmeHW HYyXnxaloTcs B pasroHe (Pentium-4 m 6e3 Toro
MPOU3BOJIUTENBHBI), U, BO-BTOPBIX, B OTJIMYMH OT Pentium-4 oHM HE MOIAECPKUBAIOT aBTOMATHUECKOE
CHIDKEHHE TAaKTOBOI 4acTOTHI IIPH NIEpETpeBe, yMEHbIIAsl CBOI pa3roHHbIH noteHiman. Ho, kak 661 Tam
HHU Ob1TO, TIepeHecTH ko ¢ P6 Ha Pentium-4 cmoxet 1000 MPOrpaMMUCT, Jake HAYMHAFOIIHHA, TaK
YTO HEe OyleT OTBIEKAaThCS Ha HECYIIECTBEHHbBIC Pa3IMuusl MEXAY ITUMH IUIaThopMmamH, a cpasy
nepenaeM K aemy.

IIpomeccoprl cemeiictBa P6 HecyT Ha cBoeM OOpTy JABa CYETYMKA IMPOU3BOIUTEIBHOCTH,
¢usnyecku npeacrapistone codoit BHyTpeHane 40-6utasie MSR-peructpsl — PerfCtr0 u PerfCtrl,
Ka)KIbII U3 KOTOPBIX MOXET ITOJCUMTBIBATH COOBITUS ONPEIEICHHOTO BHUA, KOABI KOTOPBIX 3a[af0TCs
npyrumu MSR-peructpamu — PerfEvtSel0 u PerfEvtSell coorBercrBenHo. OHM ke OTBEHalOT 3a
3aITyCK/OCTaHOB CYETIMKOB IPON3BOIUTEIEHOCTH.

Konpr coObITnii, KOTOpBIE MPOIECCOP MOXKET MOJCUUTHIBATH, HEPEUUCICHB B MPUIOKECHUN
"A" pyKoBOJACTBa IO cuUcTeMHOMY mporpammuposaHuio "Intel Architecture Software Developer's
Manual Volume 3: System Programming Guide". B uactHOCTH, coObITHE "IpoMax KdII MaMSTH

JaHHBIX" TPOXOUT 1o HoMepoM 48h, a "mpomax ka1 mamstu koga" — 81h.
Event | Mnemonic Event Unit
Unit Num. Name Mask Description Comments
Data 47H | DCU_M_LINES_ 00H Number of M state
Cache ouT lines evicted from the
Unit (DCU} DCU. This includes
evictions via snoop
HITM, intervention ar
replacement.
48H | DCU_MISS 00H Weighted number of An access that also

OUTSTANDING

cycles while a DCU
miss is outstanding.

misses the L2 is short-
changed by 2 cycles

(i.e., if counts N
cycles, should be
N+2 cycles).

Subsequent loads to
the same cache line
will not result in any
additional counts.

Count value not
precise, but still

useful.
Instruction 80H |IFU_IFETCH 00H Number of instruction
Fetch Unit fetches, both
(IFU) cacheable and
noncacheable.
81H | IFU_IFETCH_ 00H Number of instruction
MISS fetch misses.

Pl/lcyHOK 1 HOMEPA pasjIMIHbIX COGLITI/Iﬁ, 3a KOTOPbIMH MOYKHO BECTU MOHUTOPHUHI ¢ IOMOIIIBIO
CYETYUKOB MMPOU3BOAUTE/ILHOCTH

Urenue/3ammce MSR  permctpoB  ocymiectBiusiercs  komanaamu RDMSR/WRMSR,
JOCTYIHBIMH _TOJIBKO M3 HYJIEBOTO KOJIbIIA M IEHCTBYIOIMMH CJIEAYIONIMM o0pa3oM: B peructp ECX
moMmemniaercss HoMmep BeIOpaHHoro MSR-permcrpa, a B peructpoBoir mape EDX:EAX -
BO3BpalaeMoe/3anuceiBaeMoe  3Hadenue. Homepa MSR-perucTpoB Tak e MOXXHO y3HATh U3
PYKOBOZCTBa 10 CHCTEMHOMY IporpamMMupoBanuio. Tak Harpumep, Homep peructp PerfEvtSel0 nmeer
Homep 186h, a cTpykTypa ero ynpaisiolux MoJel npuBeeHa Ha



31 242322212019181716 15 87 0

| | u

Counter Mask N E N E E g s Unit Mask Event Select
% T R

INV—Invert counter maskJ

EN—Enable counters™

INT—APIC interrupt enable

PC—Pin control

E—Edge detect

OS—Operating system mode

USR—User Mode

* Only available in PerfEvtSel0.

[ Reserved PerfEvtSel0 and PerfEvtSel1 MSRs

Pucynok 2 crpykrypa MSR-perucrpoB PrefEvtSel0/ PrefEvtSell

CoOCTBEeHHO TOBOps, BCE, YTO HaM HYXHO 3TO 3aHECTH KOJ COOBITHS B PETUCTp
PerfEvtSel0/PerfEvtSell (Outbt 0-7), MacKy coObITHS, B JaHHOM ciydae paBHYIO HyJto (OuThl 8-15) u
B3BecTH (haxkok Enable Counter (6ut 22), 4yToObl HauaTh MOACYET COObITHH. ONHMCAaHUE OCTABLHBIX
OUTOB MOXHO HAlTH B JOKYMEHTAalUW, HAM OHM COBEPIIEHHO HE HHTEPECHBI 3a HCKIIIOUECHHEM,
noxkanyi, oyt USR (6ut 16), OTKpBIBAIOIMIETO0 K CYETYUKY JOCTYII C TMOJB30BaTEIHCKOTO YPOBHSI,
TIO3BOJISISL PEAIN30BaTh OCHOBHOHM KOJI B MIPOTpaMMe MPHKIIAIHOTO PEXXUMa, KOTOPYIO HAMHOTO TIPOIIIe
OTJIAXXUBATh YeM JpaiBep.

Ho Bce-Taxu coBcem 06e3 apaiiBepa 000HUTHCH HE TOIYYUTCSI, HOCKOIbKY HHCTpYKIMst RDMSR
Ha TPHUKJIAJHOM ypoBHE BO30yXmaeT HemsMeHHoe uckimoueHue. Kak xe ObT?! Intel mpenocrasmia
KpOILIEYHYIO JIa3eiky B Buje koMan bl RDPMC unratoieit TeKymuii cC4eTunK NpOU3BOAUTEILHOCTH B
peructpoByto EDX:EAX. Tekymmii — 3TO TOT, KOTOpPBIH JO 3TOTO OBUI YCTAHOBJICH KOMAaHIOMN
WRMSR, 3amycruBmmii MSR-peructp PerfEvtSel0 mmm PerfEvtSell. Ommako, mo ymomdanuio,
RDMSR ¢ mnpukmagHoro ypoBHA HEJOCTYIIHA M TpexIe, 4eM ef yaacTcs BOCIHOJIB30BaTHCS
HeoOxoxnmo B3BectH PCE ¢dnaxkok B pernctpe CR4 (6ur 8), MogmduimpoBaTh KOTOPHIA MOXKHO
TONBKO M3 HYJIEBOTO KOJBIIA, 3aTO IOTOM HacTymaeT Oiarogars!!!

[MonpobHee o0 cyeTYMKax IPOM3BOJUTEIBHOCTH M BCEM, YTO C HUMH CBSI3aHO MOXKHO
mpountath B paznene "Performance-Monitoring Events and Counters" pykoBoactsa "Intel
Architecture Optimization Reference Manual" wuam yxe ynomsHyTo# "OMOAMH" CHCTEMHOIO
nporpammucta "Intel Architecture Software Developer's Manual Volume 3: System Programming
Guide"

31 9876543210
PIPIM|P|P||T|P|V

Reserved (set to 0) C|GIC|A[S|E|S|V M| CR4
E|E|E|E|E|-|D|I|E

Pucynok 3 out PCE peructpa CR4 ynpasasier noctynom k komange RDPMC ¢ npuk/jagHoro
YPOBHs

Takum oOpa3om, MBIIIBX'HHAs MpPOrpaMMa COCTOMT W3 JABYX 4YacTed: KPOXOTHOTO
TceBlo/paiiBepa W TpHKIagHOH dwact. [lpaiiBep oOecmeumBaeT 3arpy3Ky HEOOXOAMMOro Kona
cobObiTust B coorBercTBytomuii MSR-peructp (PerfEvtSel0 mnm PerfEvtSell) n 3amyckaer cuerduk,
npeaBapuTenbHO "pa3diokuposa” komanay RDPMC.

Iockonbky, RDPMC crocoOHa 4YuTaTh TOJBKO OJWMH CUYETYHK (2 HaM HE0O0XOIMMO
OTCJIEKUBATh 10 MEHBIIEH Mepe IBa COOBITHS — IMPOMaxH KIII MaMsITH KoJa W JaHHBIX), JpaiiBep
nomwkeH obecniednBath [OCTL-uHTEpdelic ¢ NpUKIAJHBIM NPUIOKEHHEM, MO3BOJSS  eMy
TIEPEKITIOYATHCS C OHOTO CUETYNKA Ha JIPYTOH.

UroObl HE NEPEeBOJUTH INOHAIPACHY OyMmary, HIKEe OyIyT NPHBEICHBI TOJIBKO KIIIOYEBBHIC
(parMeHTHl KOJla, a BcE OCTAJIbHOE YMTATeNh Oe3 TpyAa JOMHUINET M caM. B wacTHOcTH, mpouemypa
MHULMAM3alUH ApaiBepa cpesi PoUYero A0JDKHA COAePIKaTh:



DriverInitialize: ; // mpouemypa MHMUMANIM3AUUM OpaiBepa

MOV EAX, CR4

OR EAX, 100h ; // paspemaem pocTyn k RDPMC C NpPMKJIQOHOTO YPOBHS
MOV CR4, EAX

JIuctuHr 3 pparMenT npoueaypy MHULMAJIM3ALNH ApaiiBepa

Crnemyronii Kox oOecriednBaeT B3aWMOJICHCTBHE IpaliBepa C TPUKIATHOW NPOrpaMMOi
yepe3 API-¢pynknmio DeviceIOControl, mepemarommii B IOCTL-xome HOMEp coObIThs, 3a
KOTOPBIM HEOOXOJUMO BECTH MOHHTOPHUHT. [0 COOOpakeHHSIM HArJISIIHOCTH, 37€Ch HCIOJIB3YEeTCs
BCETO JIUIIb OJIMH CUCTYHK MPOU3BOIUTEIHLHOCTH, yrpasiseMbiii MSR-peructpom PerfEvtSelO.

IRP MJ DEVICE CONTROL: ; // npouenypa ofpatorku IOCTL-3anpocos
; // HacrpauBaeMm perucTp perfevtsell nJg MOHMTOPMHTA HYXHBIX COOBITMIA
XOR EDX, EDX
MOV EAX, pisl->Parameters.DeviceIoControl.IoControlCode ; //HOMep COOHTMS
TEST EAX, EAX ; // ecnu KoOI COBHITMSA paBeH HYyJIO
Jz wrt ; // TO BEHpyDOaeM CUeTuMK
OR EAX, 10000h ; // mejaeM CUeTUMK OOCTYIIHEM

; // C NPUKIIAODHOTO yPOBHSA

OR EAX, 400000h ; // myckaeM CuUeTumk

wrt:
MOV ECX,0x186 ; // Bubupaem MSR-perucrTp PERFEVTSELO
WRMSR

JlucTunr 4 ¢pparmenT aApaiiBepa, 0TBe4aOLINii 32 BHIOOP HY>KHOT'O COOBITHS

[pu newHUIITH3AINH ApaiiBepa KpaliHe xKemaTensHo "oTobpats" moctym k komange RDPMC
C TPUKIAZHOTO YPOBHS M OCTaHOBUTH BCE paHee 3allylIeHHbIE CUETYMKH IPOU3BOJMTEIILHOCTH,
copocuB ¢unaxok Enable Counter B MSR-peructpax PerfEvtSelO/PerfEvtSell (xoxn, npuBeneHHBII
HIDKE ocTaHaBiuBaeT Tobko PerfEvtSel0):

DriverUnload: ; // npouenypa OeMHULMUIM3aAUMM OpanBepa

; // cOpaceBaeM OuT pce permcTpa créd nns 3anpera YTeHMs
; // cueTuuMkKa NPOUBBOOMTEJILHOCTM C IOJIb30BATEJIECKOTO YPOBHA

MOV EAX, CR4

MOV ECX, 100h

NOT ECX ; // Banpemaem mocTyn k RDPMC C NPMKIIAOHOTO YPOBHS
AND EAX, ECX

MOV CR4, EAX

; // OCTaHaBIMBAEM CUETUUK IIPOM3BOAMUTEJIBHOCTNM

XOR EDX, EDX
XOR EAX, EAX
MOV ECX, 186h
WRMSR

JInctuHr 5 ¢pparmMenT npoueaypsl JeHHUIUIM3ALNHA ApaiBepa

[IpuknagHass nporpaMMa NEpBBIM JIEIOM JOJDKHA 3arpy3uTh JpaiiBep (IycTb Ui
orpezielIeHHOCTH OH OyzeT HasbBaThesi 996.SYS), oTkpeIB ero ¢ nomomibio Gynkuun CreateFile. ITpu
3TOM YIIpaBJI€HHE MOTYUYUT MPOLeypa HHUIUATU3AIIH, OTKPBIBAIOIIAsl TOCTYI K MAIllMHHON KOMaH/Ie
RDPMC, HO camMH CYETYMKH TPOHM3BOJAUTEIHHOCTH €Ille HE 3aJaHbl, TaK YTO YHUTaTh, COOCTBEHHO
TOBOPS, HEUETO U He3aueM.

Her Hmkako#f HEOOXOOMMOCTH MHCATh 3arpy3Ky JApaiiBepa Ha acceMOliepe W JIydIle BCEro
BOCIIOJNI30BAThCS JUIS 3TOH 1€ si3bIKoM Cu:

// omnpeneneHus HEOOXOIMMEIX KOHCTAHT
#define PrefCtrlO 0x0000
#define DCU MISS OUTSTANDING 0x0048

// neckpunrop nparneepa 996
static HANDLE _996_handle = INVALID HANDLE VALUE;

int 996 init()
{



if (_996 handle == INVALID HANDLE VALUE)
{
_996_handle = CreateFile ("\\\\.\\996",GENERIC_READ,
FILE SHARE READ | FILE SHARE WRITE, NULL,
OPEN_EXISTING, FILE ATTRIBUTE NORMAL, NULL);

if ( 996 handle == INVALID HANDLE VALUE) return 0;
} return 1;

JIueTuHr 6 npukjaagnas GyHKUMs, 3arpyskaonias apaiBep B NaMsTh

Toxe camoe OTHOCUTCA U K QyHKIINH, Bb3bBatomeid DeviceloControl u mepenaromieii eit xox
HHTEpecylolero Hac coobiTus. Ha si3pike Cu OHa BBITIISIUT rOpa3io HarjsqHee:

int 996 select (int xCode, int REG)

{
DWORD x;
if (REG != PrefCtrl0O) return O0;

// ecnu nporpamMmucT 3abBUl 3aTPy3uUThL OpaiiBep,
// nanHas QyHKUMSA OeJlaeT 3TO CaMOCTOSATEeJIbHO
if (996 handle == INVALID HANDLE VALUE) 996 init();

// ecnu 3arpyska IOpaliBepa NpoBajMjiach CBaJMBaeM OTCoIa
if (996 handle == INVALID HANDLE VALUE) return O0;
return DeviceIoControl( 996 handle, xCode, &x,0, &x, 0, &x, 0);

JIuceTuHr 7 npukiaagHas GyHKIuUs, N03BOJSIOIIASA BRIOMPATh HHTepecylolee HAC COObITHE IS
€ro MOHUTOPHMHTIA

[Iponenypa 3akpeITHA ApaiiBepa momkHa mpocto Be3eBaTh CloseHandle, a Bce octanpHOE 3a
HAC cJelacT caM apaiiBep. Bripouem, apaiiBep MOXKHO M HE 3aKpbIBaTh. [IpH BBIXO/E U3 IPHUITOKCHHS
OTIEpaIMOHHAs CHCTEMA C/IENIAeT 3TO ABTOMATHUYCCKH.

int 996 exit()
{

if (996 handle != INVALID HANDLE VALUE)

{
CloseHandle( 996 handle);

}

return 1;

JlucTunr 8 npukyagHasi QyHKIUs BITPY:KaloUas IpaiBep U3 NamMsTH

A BOT NIpH CHATHH MOKa3aHUHA CO CYSTYMKOB IPOM3BOAMTENBHOCTH O€3 accembiepa yxe He
oboiitrce! Iy ympoieHus: mporpaMMHUPOBaHUS MOYKHO HCIIONB30BaTh acceMOJIepHbIe BCTaBKH, XOTh
9TO W SBJISETCS NPU3HAKOM JYPHOTO TOHA, 3aTPYAHSIONMX I[EPEHOC IMPOrpaMMbl Ha ApYrue
WIaTOPMBl U TPEMATCTBYIONICH €€ KOMIWIAIUA APYTHM KOMIWISATOPOM. [IpaBUIIbHBIM pelieHHeM
OBUTO OBI CO3JaHUE OTIICIEHOTO aCCEMOJICPHOTO MOIYJISL, HO TO CIHUIIKOM XJIOIIOTHO, TeM OoJiee, 4To
MBI ITUIIEM He KOMMEPUYECKYIO MPOrpaMMy, a BCETO JIUIIb IEMOHCTPAIIMOHHEBIN MaKeT.

// VIHULIMJIM3ALVS IOPAVBEPA 996
if (996 init()==0) return printf ("-ERR: 996 driver not loaded!\n") ;

// BHBOP COBHTNS [IJII MOHUTOPVHIA ¥ 3ANYCK CUETUMKA
996 _select (DCU_MISS OUTSTANDING, PrefCtrlO);

for(;;)
{
__asm
{
mov ecx, PrefCtrlO ; // umraem permctp PrefCtrlO...
RDPMC ; // ...u nomemaeMm pesysbTarT B EDX:EAX
mov _edx, edx ; // coxpausem EDX:EAX B...
mov _eax, eax i // .. .OIHOVIMEHHEIX TePEeMEeHHHX

// aHamms3 KoJI-Ba K3UW-TIpOMaxoB



//

Sleep(0); ; // oTmaeM OCTATOK KBaHTa U CIUM

}
JIMcTHHT 9 KIII0YeBoii (bparmeHT (l)yHK].[HPI, ocy[uecnmﬂmmeﬁ KOHTPOJIb 32 K3II-AKTHUBHOCTBIO

[Ipn cHATHM TOKa3aHUsI CO CYETYMKOB MPOM3BOMUTEIBHOCTH CIIEAYeT YYUTHIBATh, YTO OHH
BO3BPAINAIOT KOJMYECTBO KJII-MPOMAXOB C MOMEHTA 3allycKa CUYeTYMKA, a HE MEXAY IBYMs
COCEIHUMHU 3aMepaMH, TaK YTO JAENbTY MPUAETCSA CUMTATh CAMOCTOATENbHO. 11 ecnu 3Ta menbTa BAPYT
MIPEBBICUT HEKOTOPOE IOpOroBOE 3HAaueHHWE (337aBacMOe HAacTpOWKaMHM Hamleld IporpamMel),
HEoOX0AUMO "NIPUTOPMO3UTH" IMPOLIECCOpP, YTOOBI KAII YyTh-4yTh HPHOCTBUI. A KaK 3TO MOXKHO
caenats? Benp maxe ecnim MaTepuHCKas IUIaTa IOAJCPKUBAET M3MEHEHHE TAaKTOBOW YacCTOTHI
Iporeccopa Ha JIETy, KaXKAasi U3 HUX JENAcT 3TO MO-Pa3HOMY M y Hac IOJIydaeTCsl TPOMO3JKas U HE
YHUBEpCalbHas IIPOrpaMma.

Ha camom nene, Her Hmduero mporue! JlocTaTo4HO HPOCTO NMPEKPaTHTh OTAABATH KBAHTHI,
3arpy3uB mporeccop "Tymoi" paboToi, He TpeOyromei oopameHns K maMsaTi. Hanpumep, ckiragsiBaTh
JBa peructpa B mukie. Ilpu ycrmoBuM, 4TO B CHCTEME MMEIOTCS JBa AKTUBHBIX IIOTOKA, OIMH M3
KOTOPBIX MPUHAANEKUT MPUIOKEHHUIO, TOHSIOMEMY K3II U B XBOCT M B TPUBY, a JPYyrodl MOTOK —
TOHAT IMKJ B HallIed Nporpamme, Ha OXHOIPOLECCOPHBIX MaTEepHsAX OIEpallMOHHAs cucTeMa Oyner
BBIJICNIATh MPUIOKEHUIO TOJbKO 50% MAaIIMHHOTO BpPEMEHHM, CJIEIOBaTeNbHO, Harpy3ka Ha KoII
ymagaeTr. A eciu Mbl 3allyCTUM TPH HOTOKA, MOTAIONIME TAKHWE LUK, KAII-NPHIOKEHHUE TOIYIHT
TOJBKO 25% MamuHHOTO BpeMeHH! KolrmuecTBO MPOTOKOB M MPOIOIKUTEIBHOCTD BBINOJHEHUS LIUKIIA
MoAOMPAIOTCSl IKCTIEPUMEHTAIIBHO M ISl KXKAOTO MPUIIOKCHNSI OHU MHAWBUAYAIbHBI (a 3TO 3HAYWT,
YTO JUIS JOCTHXECHUSI HAaUBBICIIEH MPOM3BOANTEIBHOCTH MPHIETCS OTCIECKHBATH KaKHE MPUIOKCHUS
3aITyIIeHbl ¥ BEIOMPATh COOTBETCTBYIONIMH UM IPO(UIIb. MyTOPHO KOHEYHO, HO Pa3roH TOTO CTOMT):

MOV ECX, -1
cool:

ADD EAX,ECX

DEC ECX

LOOP cool

Jluctunr 10 quka, oTOMpaIMil MPoIecCOPHbIe TAKTHI Y MPUJI0KEHN s, HATIPSTAIOIero K3 u
Jalomiee eMy BpeMsl HA OCThIB

Ocraercst pazoOpatbes ¢ "3arHuBanueM" 0alToOB B "3acTosBuieics” kam-mamstu. Hy TyT Bce
npocto! XoTb MBI HE MOXEM HEIOCPEICTBEHHO OOHOBHUTH €€ COJCPIKHMOE, JIOCTaTOYHO IIPOCTO C
HEKOTOPOH TMEpPHOJUYHOCTHIO (ONpEeAeIsieMOl OIATh-TaKH YHUCTO IKCIIEPUMEHTAJIbHO) 3arpy’arb B
K31 TIOCTOPOHHHE JaHHBbIE (Hy TaM Mycop KakoW-HHOYyZAb), 3acTaBiisii IPHUIOKEHHE 3aHOBO
MEPEYNUTHIBATE OPUTHHAIBHOE COJCPKMMOE W3 OMEPAaTHBHOM HMaMATH. YUWTHIBas, YTO IMPOIYCKHAs
CIOCOOHOCTh COBpeMeHHBIX DRAM-KOHTpOIEpoB U3MepsieTcsi rHradaiTaMu B CEKyHAY, 0c000Tro
MajficHuss TPOW3BOJWTENFHOCTH 3TO HE BBI30BET, 3aTO IO3BOJMT Pa30THATh IPOIECCOp MO0
CyMacIIeAINX TAKTOBBIX 4acToT!

3aKJ/ilo4eHue

Pasron — 71e710 pUCKOBaHHOE, MOKHO HE TOJILKO HOTEPSTh JaHHbIE HA )KECTKOM JIUCKE, HO U
BBIBECTH MPOLIECCOP U3 CTPOSi, & TO M BCIO MATEPUHCKYIO iaty. Tem Oojee, 4TO TakoBas 4acTOTa B
OOJIBIIMHCTBE CJIy4yaeB HE SIBISIETCSl CaMbIM "y3KHM'" MECTOM M pa3rOH HOCHT CKOPEEe CIIOPTHUBHBIH
UHTEpeC.



