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KoHcTaHTuH Jlenuxos

B Hawe Bpems 6ONbWIUHCTBO AOMALIHUX KOMNBIOTEPOB NPUMEHAETCSA COBCEM
He B ObITOBbIX LleNiX — y¥e CTano 0OblYHbIM LeNOM NPOU3BOAUTHL JOMa
oLNGPOBKY BUAEO MK My3bIKU B peanbHOM Maclutabe BpemeHu (realtime),

d He UATKM oNna 3T0ro B cneunann3npoBaHHyO CTyauto.

DTO CTaJI0 BO3MOXHBIM B CBSI3U C YBEJTUYSCHUEM BBIYMCIUTETbHBIX
MOIIHOCTE COBPEMEHHBIX KOMITBIOTEPOB M BO3MOXKXHOCTE HOBBIX
Bepcuii OC. Hampumep, sapo Linux Bepcum 2.6 yke MMeeT IO~
NIePKKY TaK Ha3bIBaeMoOTo soft-realtime, To ecTh paGOTHI B peKUME
BBITECHSIIOLIEr0, MJIM TPUOPUTETHOro (preemptive), TJIaHUPO-
BaHUS, YTO MTOMOTaeT JOCTUYb XOPOILIUX Pe3yJabTaTOB MpU 00CITy-
>KMBaHUU OOJBIIOTO KOJIUYECTBA MPOLIECCOB WU BO BPEMS BbI-
MMOJHEHUsI aKTUBHBIX JTUCKOBBIX orepauuii. Ilom pesynbraramu
MMOJAPa3yMeBalOTCS TaKME XapaKTepUCTUKHU KaK OTKJIMK (response)
Salpa Ha KaKoi-1M0o CUCTEMHBIN BbI30B WM 3a1epxkKa (latency) B
ero pabore, CBsI3aHHasl C HATPY3KOM WM peanu3alneil airopuTma.
Bosiee Toro, cyuiecTByeT psii maTyeil, KOTOpbIe MO3BOJSIOT SIAPY
paborath B pexxuMe Tak HaszbiBaeMmoro hard-realtime, To ecTh C ra-
PaHTUPOBAaHHBIM OTKJIMKOM CHCTEMBI IpH JH000# 3arpyske. s
IIPOCTOTHI BOCIIPUSTHSI OyJeM Ha3bIBaTh soft-realtime «ierkum» real-
time, a hard — «rskenbiM». M mycTh Bac He IyraeT yacTtoTa
YIOTpeOJIEHUS CIOBa «IaTy» — BeAb Ha HUX Aepxurcs Bcs POSIX/
Unix-cucreMa, a Mbl TOBOPHM 3/I€Ch O €I0 Cep/lLle, TO eCTh siape.

| «Jlerkmnit» realtime |
Marum ot Con Kolivas
D10 HanboJIee TOIY/ISIPHBIC TIaTIU, KOTOPhIE UCTIOJIB3YIOTCS 00JTb-
LIUHCTBOM TUCTPUOYTUMBOB (Kak MUHMUMYM 3T0 Debian, Gentoo,
SUSE, Fedora, ALT Linux) B cBoux Kak Obl realtime-siapax. Emne nx
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OYeHb JIIOOSIT BCEBO3MOXKHBIE <«sIIpoieaaTen», HAIpuMep nitro
sources wi CKO patchset. [Tatuu -ck mo3BOJISIIOT TOOUTHCS 00Ib-
IIeH «OT3LIBYMBOCTH» SIipa TIPU paboTe CO 3HAYUTEIBHBIMU 00be-
MaMU BbIYMCJIEHUI, Mepefadye AaHHBIX WM aKTUBHOW JesiTeNib-
HOCTM CHCTeMbI BBO/Ia/BbIBOJIA.

Hx otnmuuTenbHble 0COOEHHOCTHU:

ITonHOCThIO M3MEHEHa pPaboTa IJIAHMPOBIIMKA SApa, Ternepb
MOXHO 00Jiee TMOKO peryJIMpoBaTh, YTO M KaK TUIAHUPOBATh U C Ka-
KHUM IIPHUOPUTETOM.

JloGaBiieH HOBbII BUI M1aHupoBaHusg — Batch (idle) scheduling,
MO3BOJISIIOIIUI TIeperIaHUPOBaTh MPOLIECCHl TAKUM 00pa3oM, 4TO
OHU BBINOJHSIOTCS TOJIBLKO BO Bpemst mpoctosi (idle) cucrembl. DTO
OYeHb YIOOHO I TaKUX 3a7a4 KaK KOMIUJISILIMS WIN JUIMTEIbHBIX
onepauuit Hanoxooue apt-get dist-upgrade. [py6o rosopsi, mpoiecc
BBIITOJIHSIETCS «B (DOHE», HE Mellast APYTHM.

JloGaByieH HoBbIM Bu rutaHupoBika — SCHED ISO, no3Bo-
JISTIOIMA 100uThes soft-realtime, To ecTb BO3MOXHOCTEN pPabOThI
MPUIOXEHUST, TPUOIMKEHHBIX K realtime (Ha caMoM Jiejie TaM BBe-
JIEHO OrpaHUYeHHME Ha 3arpy3Ky mpolieccopa B pexkume realtime).
DTOT TUTAHUPOBIIUK TOCTYIIEH HE TOJbKO IPUBUJICTUPOBAHHBIM
mnpoieccam, HO U OOBIYHBIM (NON-ro0t) MPUIOXKEHUSIM.

MuTepecHas Benis — swap prefetch. BMecto 6e3myMmHOro copachi-
BaHUS CTPAHMII MAMSITH B SWap CO3IaeT CBSI3aHHBIN CITMCOK TOTO,
YTO YXOIUT B (haiisl MoJAKAUKH, U, ECJIU CUCTEMa HaXOAUTCS B COCTO-



SIHUU TIPOCTOsI, BO3BpAIllaeT 3TU CTPAHUIIbI B MaMsITh B 0OpaTHOM
nopsiake. [J1aBHas vaest TaKOro MOBENEHUSI — €CJIM IporpaMMa He
HCTIOJIb30BaIaCh IOJITOE BpeMs U OblIa IepeBeacHa B swap, TO BaM
He MPUIETCS JKIATh €€ JOJTOr0 MPOOYKICHUS C IUCKA.

| Martum ot MontaVista |

OnauH U3 MepBbIX MaTyeil, MpeBpanalouuX apo N1eHCTBUTETbHO
B realtime-preemptive (TO €CTh ¢ BBITECHSIOIIEH MHOT03ala4yHO-
CThIO, IPUOJIMKEHHOI K realtime). OH pa3paboTtan Sven-Thorsten
Dietrich nHa 6a3e matua, HanmucanHoro MHro MonHnepom (0 HeM
MbI paccKaxeM 4yTh no3xe). [JlaBHas uaess — 3anpockl Ha Mpepbi-
BaHME TOMEILIAIOTCSl B OTHAEJAbHbIE HUTU UCIOJHeHus (threads),
KOTOpbIe OOPIOTCS 3a MPOLIeCCOp HapaBHE ¢ OCHOBHBIMHU ITpOLIEC-
camu. Kak ToiabKO Takoe IpepbiBaHUE HOOMBAETCSl CBOEH LU,
€ro HUTh UCTIOJTHEHUSI CTAHOBUTCS BBITECHSIOIIEH, TO €CTh MOXET
OBITh BBHITECHEHA IPYTUM IIPOLIECCOM, C OOJIBIIIUM ITPUOPUTETOM,
WJIN 10 UCTEUEHUU BPEMEHU 3aHATUS pecypca, 4To MO3BOJIsIeT 00-
CIYXKUTb 0O0JIbIIIE MPEePbIBAHUI, YEM ITPU OOBIYHOM MOHOTOJbHOM
0JI0OKMPOBaHUM/Pa30JOKUPOBAHUH SIAPA.

OcHOBHas MPUYMHA BCeX 3a7ePKeK B SAIpe — 3TO KPUTUUYECKHE
CeKIMM B KONE, 3alllMIIeHHbIE MEXaHU3MaMU OJOKUPOBAHUS
(spinlocks). [ToaToMy poxmaeTcst pe30HHBII BOIIPOC: a TToYeMy He
chenaTh U 3TU CEeKUMU BbiTecHsrommmu? s saep 2.4 yxe ectb
peanusainus — 3To PMutex, pazpaboTaHHBIM rpynIioi uccienoBa-
Tejaeil u3 MIOHXEHCKOTO YHUBEpPCUTETa, KOTOPBI M ObLI B3ST 3a
OCHOBY 114 gapa 2.6. KoHeuHo, cpa3sy Ke MOSIBUINCH MPOOIEMbI
peanu3anuu — B Bepcuu PMutex ObLT MpMMEHEH IMPOCTEUIITNIA
MeXaHW3M HacJIeIOBaHMS TIPUOPUTETOB: KaK TOJIBKO IMPOLIECC yC-
TaHaBJuBal ar 6JIOKUPOBKU (mutex), ero MpuoOpUTET YBEJIUYM-
BaJICSl, U OH MOT ObICTpeE BBIMOJHUTD CBOIO 3a7a4y U OCBOOOAUTH
mutex. BMecTe ¢ IpyrumMu yjaydiieHUsIMU 3TO TO3BOJSIIO M30e-
KaTh MHOTMX TPOOJIeM ¢ MCKaXeHUEeM MPUOPUTETOB MPU BHITEC-
HsIIo1lleM M1aHMpoBaHuU. B Bepcruu o MontaVista Ob11 MpuMeHeH
NIPYTOit MOIXOM — BCE CYIIECTBYIOIINE MEXaHNU3MBI OJIOKMPOBAHUS
ObUIM 3aMEHEHbl Ha HOBbIE (iarv OJIOKUPOBKU (3TOT MEXaHU3M
ObLI TOXOX Ha CYLIECTBYIOLIYIO pean3aluio ceMahopoB B sape).
To ecTb Bce KpUTUYECKUE CEKIIMU B SIAPE CTAIM BHITECHSIOIIMMM.

MoAMWGDHUKALUKM AALPa

K Tomy ke, mepeHecst Bce 3alpochl Ha MpepbIBaHUE B OTAEIbHbIE
HUTU UCIIOJHEHUS, PEIIWIN ellle OAHY MpobeMy: Terepb He BO3-
HUKaeT TYIMMKOBBIX CUTYallWii, CBI3aHHBIX C TIPEPHIBAHUSIMU.

K coxanenuio, He obonIoCh 6€3 JOXKU ferts. Tenepb HaIo
MePecMOTPETh BeCh KO silipa, T/Ie UCIIOIb3YIOTCsI OJIOKUPOBKH, 1
MPOBEPUTh €ro padoTOCMOCOOHOCTh (€CAM YTO-TO He paboTaerT,
BepHYTb ceMadopsl U spinlock Ha MecTo). K ToMy Xe He Bce KOM-
MOHEHTHI SIApa MOJKHBI OBbITh BBITECHSIIOIIMMU — HAINpUMeEp,
CJIOXXHO TIPEICTaBUTh ceOe BHITECHSEMbIM TUIAHUPOBIIUK SApa.
Ho pa3paborunku MontaVista naju Xopoliuii crapT BceM MpoeK-
TaMm soft-realtime, mokaszaB, 4To sapo Linux BIOJHE MOXHO cle-
JIaTh TAKUM, KaKUM HYXHO.

| Matuu ot UHro MonHepa |
Ycnex MontaVista 3auntepecoBail Muro MosiHepa, 01HOTO U3 U3-
BECTHBIX «SIIEPHBIX XaKepoB». VICTOpUS TJIacUT, YTO OH MPOTIa Ha
JIBa IHSI ¥ TIOTOM BBUIOXKWJI CBOIO PEaN3alNIo, HAa3BaHHYIO BIIOC-
JgencTBuu voluntary preemption, a 3arem realtime preemption.
WMHro cornacuics ¢ ocCHOBHOM uueeit matya or MontaVista, HO ¢
HEKOTOPBIMU U3MEHEHUSIMU:
» PMutex He mpumeHsuica. BMmecto Hero MHro mcrnonb3oBai cy-
IIECTBYIONMNIT MexaHu3M cemadopoB B ssape. Kak oH cam roBopui
BIIOCJICZICTBUU, OOBSICHSISI CBOE pellieHne, ceMadopbl paboTaloT Ha
BCEX apXUTeKTypax, a PMutex — Tosibko Ha x86. Bblio Gl 310p0-
BO peaju30BaTh HacjleJoBaHHUE MPUOPUTETOB uepe3 ceMadopsbl,
TOraa 3To OyAeT AOCTYITHO U PelIeHUsIM Ha 6a3e cemadopoB, U pe-
IIeHUSIM, TIepenrcaHHbIM U3 spinlock. OgHaKo B peaau3anuu vol-
untary preemption 3TOro Tak 1 He ObUIO CIeJIaHoO.
» BMmecTo mepenuchiBaHKUS KoJa Ha HOBBIII MEXaHU3M OJIOKUPOB-
KU OBUT TIPEIOXKEeH WHTePEeCHbId BapuaHT — (YyHKIUM OJIOKU-
POBKM HE U3MEHSUIMCh, MEHSLIACh TOJIbKO MOJIEIb UX MOBEICHMUSI:
Ternepb OHU MOTJIU ObITh OOBIYHBIMU OJOKUPOBKAMU, WIM «XUT-
pBIMH» ceMadopaMu.
» WHTO BBISICHWI, YTO JOBOJTHHO MHOTO OJJOKMPOBOK JOJKHBI
WCTIOJIb30BaTh CTapblii MeXaHW3M, a He HOBBIE «ITOJTUMOpPQOHBIE»
0710KMpPOBKHU. B ero matye coxpaHuyiock 0KoJio 90 «ctapbix» 0J10-
KMpOBOK (B Bepcuu MontaVista — 30), HO Giarogapsi «moJuMop-

Npoekt RTnetwork

CeteBo# realtime

RTnetwork (www.rtnet.org) — 370 nonbITKa pewnTs NnpoGnems! 3a-
Aepxek u konamsuin B cetu Ethernet npu nepepaye paHHbIx c nomo-
LbI0 CETEBOrO CTEKa, CneLyManbHO pa3paboTaHHOro ANA YCNOBUIA
CTpOroro peasbHoro BpemMeHu. OTAnuUTENbHbIE 0CO6EHHOCTU:

» peanusauua Open Source, 0CHOBaHHaA Ha OTKPbITbIX NPOTOKONAX
1 cTaHAapTax;

> MCNOJIb3YeTCA CBOW CETEBON CTEK, OTNIMYHBINA OT CTAaHAAPTHOW pea-
nusauum TCP/IP, uHterpupoBaH B UH(PACTPYKTYpPY Aapa Linux;

> ucnonb3yetca Ethernet kak TpaHcnopTHasA TexHonorus;

» ucnonb3yerca TDMA (Time Division Multiple Access) — ynyuien-
Hbli1 NPOTOKON ANA KOHTPONA Nepefayun AaHHbIX;

> UCNONIb3yeTcA CneuuanusupoBaHHbIW 3aronoBoK ana TDMA-
nepeaaun — RTmac;

> peanusoBaHo Kak pacwumpeHue ana RTAI (Real-Time Application
Interface).

WuTterpauma RTnetwork c FireWire
FireWire, Takxke nsBectHasa kak IEEE-1397, — 370 BbiCOKONpO-
M3BOAUTENIbHAA NOC/Ief0BaTeNIbHAA WHUHA ANA COeAUHEHUA
pa3so6ueHHbix (heterogeneous) ycrpoiicTe. llpeaHasHaveHHas
B OCHOBHOM [Nl NepeAayu AaHHbIX B GbITOBON 3/1IeKTPOHUKE
(Hanpumep, BbICOKOCKOPOCTHAA nepefaya BUAECOAAHHDIX),
OHa MOXKeT 6bITb C yCNexoM NpUMeHeHa B NPOMbILIIEHHbIX UK
HayuHbIx uenax. Moaaepxka RTnetwork ana FireWire nop 0C
Linux Bo MHorom noBTopsieT peanusauuio RTnetwork pnsa ce-
TeBoro creka. 06uweHue FireWire cteka u aagpa RTnetwork pea-
nusoBaHo yepes Ethernet-amynauuio, To ecTb nepeaasaemble
naketbl npeo6pasyiotca B Ethernet-naketbl gna RTnetwork
n FireWire-nakeTb! gna creka FireWire.
Takum o6pa3om, FireWire paboTaeT TaK Xe, KaK 1 BCe 0CTaJib-
Hble Ethernet-ycTpoitctea B RTnetwork.
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(uyHOCTM» HOBOTO GJIOKMPOBAHMUSI €rO MAaT4 MOJYYUJICS TOPa3o
MeHbllIe, yeM y MontaVista.

KoHeuHo, paboTa Haj atyeM MpojgoyKaercst (M 04eHb OypHO —
WHro BBIMTycKaeT Mo oJHOW HOBOUW BepcuU MaTya B Hemenmo). He
BCe TTOKa IJIaKO, HO HaJeeMCsl, UTO BCE Y HETO MOJYUUTCs, a ITaTd
BCe-TaKU BOMIET B OCHOBHOE siipo Linux.

| «Taxensbiit» realtime |

Terrepp mepeiiieM K TMPOEKTaM, IeTb KOTOPBIX — CHAeNaTb U3
Linux Hacrosiuee realtime-sigpo. «MMHTepecHO, 4yeM UX He ycTpa-
uBawT, HanpuMep, RT-nmatun?» — crnpocute Bbl. A BOT YeM: Bce
peanuszanuu soft-realtime He malOT 3agaHHBIX (WU AETEPMU-
HUPOBAHHBIX) MapaMeTPOB 3aAepPKeK, OHU JIUIIb MOMOTAIOT UX
cHM3UTh. Realtime-cucTeMa ¢ HerapaHTUPOBAHHBIMU 3a7ePKKa-
MM, KOHEYHO, MOXET CBOIWUTH 3BYKOBBIE NTOPOXKHU, HO BOT YII-
paBJIsATb ATOMHOM 3JIEKTPOCTaHLMEH, ObITh OOPTOBOI CUCTEMO
UCTpeOUTENsI-MepexBaTynka Win Mnpocto cynepobicTpbiM [RC-
crnam6oToM — Bpsia . M BooO1ie, HacTosiumii realtime moJkeH
HAYMHATBCS C OTKJIMKA B HECKOJbKO MUKpPOceKyHI. CylecTByeT
napa MHpOeKTOB, KOTopbie peanusyior hard-realtime Ha sape
Linux. 9to RTLinux u RTAIl/fusion.

| RTLinux |

MoxHO Ha3BaTh ATOT MPOEKT NMapIIMBOI OBLIOM cpenu cTaga Open
Source — peanuzauus 3akpbita mateHToM Ha [10. OcHoBHasI uaes
RTLinux (1 cyTh maTeHTa) — BCe amnmapaTHoe obecrieueHre yHK-
LIMOHUPYET MOJ yIIpaBJIeHUEeM MaJIeHbKOTO realtime-spa, a camo
aapo Linux BMecTe ¢ ero ImpoleccaMu 1 3aadyaMy SIBJIICTCS JTUIIb
OTHUM M3 HU3KOTIPUOPUTETHBIX TIpolieccoB realtime-snpa. C MUK-
POSIIPOM MOKHO OOIIAThCs Yepe3 CIeMaTbHBI MOIYTh, UMEIO-
LM OrpaHUYEeHHBIH Habop KomaHa. JIist oO1IeHUsT MUKpOsipa ¢
npukiaagHbiM 1O cyliecTBYIOT Tak Ha3blBaeMble KaHajbl CBSI3M
MuKposiipa u siapa Linux. Takum obGpa3om, realtime-MUKpOsSIpoO
KOHTPOJIMPYET BCE ammapaTHOe oOecrneuyeHne, U MOXHO rapaHTH-
poBaTh pabOTy B peaJIbHOM BPEMEHU BCEU CUCTEMBI B 1IEJIOM.

| RTAI/fusion |

PazpaboTtunku u3 RTAI cHauana xorenu rmoiitu mo mytv RTLinux —
TO €CTb M30JIUPOBATh OCHOBHOE SIIPO U AIpo Linux apyr ot apy-
ra, HO TIOTOM pellleHUe U3MEHUJIOCh B CTOPOHY siapa Adeos. DTo
HEKOe «CYIepsiipo», B KOTOPOM realtime-siipo M Kjiaccudeckasi
Linux BBITIOJHSIOTCST KaK OOBIYHBIE TIPOLIECCHI, UTO ITO3BOJISIEM UM
CBOOOMIHO 001IATHCS MeX Ay cO00ii. To €CTh, MbI UCITOJIb3YeM MHO-
JKECTBO BAapUAHTOB CBSI3M MEXIY CUCTeMaMH, 4ToObl realtime-
KOMIIOHEHT OTBETWMJI TIEPBBIM Ha 3aIllpoChl O0OPYIOBAHMUS, UYTO
saBiisgeTcs Oosee TMOKUM peuieHueM, Hexenu noaxon RTLinux.
K coxanenuto, ssaepHblii MOIYJIb UISI AOCTYIA K realtime-Kommo-
HEeHTaM SIipa Bce paBHO HEOOXOIUM, UTO YCIIOXKHSET pealn3alliio
noJib3oBaresbckoro I10.

Jns perennst 3tux npoosem Ounurnmn JIXXepoM, OIUH U3 pas-
paboTunKoB siapa Adeos, TIPeIIOKUIT CBOIO peain3alnio, Ha3BaH-
Hyto RTAI/Fusion (Bmocimencteuu Xenomai). OHa To3BosmMIa
MPUMEHSITh OObIYHbIE TTPUIOXKEHUs LinuX, UCIOb3yIOLINE CTaH-
apTHBIC BBI3OBHI silipa, HO TPU 3TOM BpeMsl OTKJIMKa (response
time) 3TUX MPWIOXEHUI ObLIO rapaHTUPOBAHHbBIM, TO €CTh MPHU-
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OMKeHHBIM K TpeboBaHusiM hard-realtime. RTAI/fusion moxet
paboTaTh B IBYX peXUMax:
> «YcuneHHbIl» — TapaHTUPYeET OoJiee HU3KUE 3aJePKKHU, HO ca-
Ma MporpaMMa J0JIKHa 3aBUCETh TOJbKO OT BO3MOXHOCTEH, mpe-
noctasisgeMbix APl RTAI. HekoTopoe KOJMYECTBO CHUCTEMHBIX
BbI30BOB spa Linux peanusyetcsa RTAI, Ho He Bce.
» Korna BBIMTONHSIEMBII MPOLIECC 3alpaIUBAET CUCTEMHBII BbI-
30B, KOTOPbIi HE MOXET ObITh pean30BaH B «yCUJIEHHOM» PEXU-
Me, TO CUCTeMa TIePEeBOAUTCS B CIEAYIONINI PEXIM, Ha3bIBAeMbIil
«3amuiIeHHbpIM». OH MOX0X Ha peanm3anuu oT MontaVista wim
WNHro MosiHepa, To ecTh JOCTYITHBI BCE BbI30BBI Spa, HO 3a1€PXK-
KU TOXE BbIllIE. «3alIUILIEHHbI» PEXUM 3alpellaeT BCe 3arpoChl
Ha MpepbIBaHKE BO BpeMs BBIMOJHEHUS realtime-3agaun, 4To Mo-
JKET TakXKe yBeJIMUMBATD 3a[I€PXKKU.

[Iporecchl MOTYT BBITIONHSTHCS KaK B «yCUJIEHHOM», TaK U B
«3aIIUAIIEHHOM» PEeXWMe — BCE 3aBUCHUT OH TPeOOBaHWI ITHUX
MPOLIECCOB U pealn3auuu JaHHbIX TpeboBaHuii B RTALI.

| NepcnekTuBbl

Kak npaBuio, B 3aKt04eHUE MTOTOOHBIX 0030POB MUIIIYT O TOM, KOT-
JIa TOT WJIV MHOM T1aT4d MOSIBUTCS B OCHOBHOM sijipe Linux, HO 1Toka Hu
OJIMH W3 OMMCAHHBIX MMaTJeii (3a UCKITIOYEHUEM, MOXKET ObITh, MOIM-
dukanuit -ck) He ObLT MPUHST OOJIBILIMHCTBOM pa3pabOTUYMKOB sIpa.
OCHOBHBIE TIPOGJIEMBI — 3TO CTAOMIBLHOCTD, KOTOPAsi MOXKET ITOCTPa-
JIaTh, 1 00bEM KOJia, KOTOPbI Haao nepenucarb. Bo3aMoxHO, Bce 9Th
WHULIMATUBBI CTAHYT XOPOILNUM KaTaTu3aTOPOM ISl OTKPBITHS BETKHU
2.7, a MOXET, U HET, TaK KaK Ha MPOBEPKY 3TUX MMaTYeii M UX JaJTbHEel -
1iee yiIydqIieHre U pa3BUTHE HEOOXOIMMO BpeMSI. |

JononHutenbHasa uHgopmauus

Ccbinku no TeMe

Liukn 3ameTtok o realtime-Bo3mokHocTaAx Linux Ha LWN:
> http://lwn.net/Articles/106016;

» http://lwn.net/Articles/106010;

> http://lwn.net/Articles/129511;

> http://lwn.net/Articles/108216;

> http://lwn.net/Articles/96494;

» http://lwn.net/Articles/105866;

> http://lwn.net/Articles/129211.

NopGopka narueit ot Con Kolivas ana saapa 2.6:
» http://members.optusnet.com.au/ckolivas/kernel.

Nop6opka natueit ot Con Kolivas ana aapa 2.4:
» www.plumlocosoft.com/kernel.

Linux + PMutex gnsa agpa 2.4:

> http://inf3-www.informatik.unibw-
muenchen.de/research/linux/mutex;

» http://inf3-www.informatik.unibw-
muenchen.de/research/linux/hannover/automation_conf04.pdf.

RTAI/fusion/Xenomai:

» www.rtai.org;

> http://snail.fsffrance.org/www.xenomai.org;
» www.rtnet.org.




