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0. OT aBTOpA.

[laHHaa cTaTbs NpeXxae BCero o nepcnekTrBax UCnosib3oBaHus L4 B KayecTBe OCHOBbI A5
HanuncaHus agpa 0S/2. A Takxe, Kpome peanunsauumn 0S/2 API, uenb COCTOUT B UHTErpaunm “vyxmx”
API. “Yyxxne" API, BmecTe ¢ cobcTBeHHO APl sgpa OS/2, npeanaraeTcs peaan3oBaTb NapaifienbHo
NoOBEpPX TOro XXe MUKposiapa. 3a 0CHoBy B3siTa cxema 0OS/2 Warp PowerPC Edition, peann3oBaHHas B
Havane 1990-x rr oupmon IBM.

TekCT NonyyYnncs 4oCcTaTo4yHo ob6beMHbIM. - B ABYyXx cioBax 06 3TOM paccka3aTb HEBO3MOXXHO; O
MHOrMX 06Cy>XAaeMblX 34eCb TEXHONOrMAX 60NbLINHCTBO HE CJIbILWAJI0 U O peanbHOM MONOXKEHNN
[eJ1 C MUKposiipaMy MHOrve UMeloT yCTapeBLlee npeacTasieHne; MHOroe 3a nocienHue 10 net
CWJIbHO N3MEHWI0Ch. AKLEHTUPYIO Balle BHUMaHWe Ha rnase “0630p npoekToB Ha 6a3e Mukposapa
L4". OHa cogepXunT TEXHOOM NN, KOTOPble COAEep)XaT BaXKHble NAEN U MOTYT SIBASTbCA OCHOBOW A4
peanu3aumm APl Tnasa “MnaHbl Ha byayuiee” coaepxuT obLLyto cxemy, B KoTopyto Bxoant OS/2 API
BMecTe ¢ API Linux 1 npo4ynmun APIL. Tak)Xxe N0e3HO ANa NOHUMaHNS COObITWNIA, MPONCXOAALLNX
nocnenHue 20 net B pa3paboTke MukposagepHoix OC, npoynTaTh rnasbl “UcTopus Bonpoca. MNMoHaTue
MUKposapa v npobnema NponsBoanTENbHOCTW.” 1 “Peanu3aunu L4”. ECin BaM HEUHTEpPeCHbI
TeXHNYeckmne NnoapobHOCTN N BHYTPEHHOCTN MUKPOSAPA, TO TEOPETUYECKNIA IKCKYPC B MEXAHN3MbI U
API L4 v nocneaytoLLme rnaBbl, MOXXHO NponNyCcTUTb. Haaewck, cTaTba ByaeT Bam nonesHon,
3aMHTepecyeT U NOMOXET B Bbibope 0CHOBbI Ans byayliero sapa u noagxoga B peanunsauum API.

1. UcTtopusa Bonpoca. MoHaTMe MuKposapa u npodbsemMa NnpomsBoOANTENIbHOCTH.

TpaAuLMOHHbIE OnepaLnOHHbIe CUCTeMbl, B TOM Yucne, 0S/2 n UNIX, B NX HblHELWWHEM BUAeE,
npencTaBasfloT cobon KNnaccnyeckne MOHONUTHLIE S4pa. TOo eCTb, ynNpaBiaeHne naMmaThio, hanioBas
CMCTeMa, MNJIaHNPOBLLMK MPOLLECCOB, ApanBepa - BCe 3TN Caybbl 6binmn cobpaHbl B 04UH 601bLION
KYCOK MCMOJIHAEMOro Kofa, UCNOMHAOLWNNCA C MaKCMMaslbHbIMUW NMpuBUAernsMm. HecMoTpsa Ha To,
4TO BO MHOMMX TaKUX CUCTEMax Obinn TakXe 1 NoAKJYaeMble ApanBepbl B BUAE OTAENbHbIX
thannos, 3TO No-NpeXxHeMy Hbl1 MOHOINT, B KOTOPOM KaXKAbl KOMMOHEHT, €C/IN B HEM BO3HUKAET
owmnbka, MOr UCNOPTUTbL COCTOSIHME BCEN CUCTEMbI. - Bce Mbl 3HaeM cuTyauuio, Korga apansep
MOXKeT “TpanHyTb” CUCTeMy 1 MOMOraeT TOJIbKO nepesarpyska.

Yxe B 70-x rr. pa3paboTymku UNIX CTONKHYyAUCh € npobnemMon paclimpsaemMocTi MOHOIMTHOMO fApa.
YBenun4ymsancs obbem Kofa B A4pe, KaXKAbll KOMMNOHEHT KOTOPOro MOr UCMOPTUTb APYrown
KOMMOHEHT M MOI HanpsiMyto MeHATb CTPYKTYPbl AaHHbLIX APYTMX KOMMOHEHTOB. 3TO YCNOXHASO
CTPYKTYpPY CBA3eN Mexay KoMrnoHeHTamu aapa OC; B3auMoaencTBusa Mexay KOMNoHeHTaMu 6biaun
04eHb CJIOXKHbIMU, N NMO3TOMY OT/IaBAUBaTb OWNOKY ObINI0 04eHb CIOXKHO. Takxke 3T0 Obla10 NI0X0 B
naaHe MOAYNbHOCTMU - TPYLHO OTAENNTb KaKon-HUOY b KOMMOHEHT A4pa U 3aMeHUTb ero Ha Apyromn
KOMIMOHEHT.

3TN HefoCTaTKM BblM YaCcTUYHO peLleHbl CO34aHMEM 3arpy>KaeMbixX ApanBepoB-moaynen. Ho Bce
paBHO, 0CTaBaNCb NpobaeMbl MOAYNLHOCTH, 6€30NaCHOCTU U YCTONYUBOCTMW.
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Bce 3To noTomy, 4TO

1. aapo o4eHb 60bLLOE, B HEM BeJsiMKa BEPOSATHOCTb OLWNOOK

2. KOMMOHEHTbI aA4pa UCMONHATCA B O4HOM aipeCHOM MPOCTPAHCTBE U UMEIDT JOCTYN K
CTPYKTypaM Apyr Apyra.

3. OHW WUCMOJIHAKOTCA Ha BbICLLEM YPOBHE NPUBWIErMIA, MO3TOMY MOrYT cAenaTh YTO Yyro4HO, B TOM
4yncne, NCNOPTUTb CUCTEMY

4. B3aMMOOTHOLLEHNs Mexay KoMnoHeHTamyn OC He orpaHuyeHbl; KaX bl KOMAIOHEHT MOXeT
MEeHATb CTPYKTYPbl aHHbIX APYrMX KOMMIOHEHTOB.

Bce 3T npobnembl peLlaemsbl, ecim

BbIHECTU BCE HEHYXXHOE 13 siapa

Pa3HEeCTN BCE KOMMOHEHTbI MO Pa3HbIM afpeCHbIM MPOCTPaHCTBAM

BBIHECTU VX Ha MOJIb30BaTENIbCKMIA YPOBEHb MPUBUNET WA,

Pa3fennTb CUCTEMY Ha MHOXECTBO KOMMOHEHTOB CO CTPOr0 3afaHHbIMU MHTEpdencamu.

Ll N =

K/l04OM K 3TOMY SIBASETCH KOHUENUMa MUKposaapa. MMKposaepHbId NoAXo4 CyLeCcTBYET yXKe 40Jiroe
Bpemsl, HaunHas ¢ 80-x rr. 20-ro ctoneTunsa. OagHUM 13 NepBbIX MUKpoaaep boino Mukposagpo Mach
(Carnegie-Mellon University). 3Tu nuccnenosatenbCckne NpoekTbl ObiAM HanpaBieHbl Ha CO3AaHune
HaOeXHOWN, Npon3BoAnTENbHON, Be3onacHon, pacluMpsaeMon n MOAYAbHON ONePaLMOHHON CUCTEMBI.
[lonroe BpeMs yaaBanoCb AOCTUYb MOYTU BCEX ITUX LENEN, 3a UCKTIOYEHNEM MPOU3BOANTENBHOCTH,
KOTOpas nepevyepkmnBana oCcTajbHble NpemmyLLecTsa. MNepsble MMKposapa 6biiv 04eHb MeASIEHHbIMY,
N Ha TOrgallHeM »xenese 6bl1M HEMOBOPOTNBLIMM.

To eCTb, Ha MUKpPOAAEepHble CUCTEMbI BO3J1arasoCh 04eHb MHOMO HaJexa 1 A0 noc/iefHero BpemMeHu
OHW He onpaBAbiBaMcb. CaMbIM MNOMNYASPHLIM MUKPOSAPOM Bbl10 MUKpoaapo Mach, paspaboTaHHoe
B YHMBepcuTeTe KapHern-MennoHa. Ha ero ocHose 6b1J10 peann3oBaHO HECKOSIbKO IOHUKC-MOA0BHbIX
cucteM. B Tom yncne, bonblune Hagexabl Ha 3TO MUKPOAAPO Bo3naran npoekT GNU, KoTopblii
MCcnonb3oBan ero ans paspabotkm csoen cuctembl HURD. Tak)Ke M3BECTHLIMY MpUMepamu
ncnonb3zoBaHma Mach bbiim Mac OS X (ucnonb3yet mogmduumnpoBaHHoe MMKposapo Mach ¢
obBa3kon 13 BSD-cepBMCOB 1 ApaiBepoB - Ha3biBaeTCsa 370 A4po Darwin); IBM Workplace OS -
N3HaYa bHbIA FPaHANO3HbIN NaaH 0bbeanHNTL Ha ogHOM deckTtone 0S/2, AlX, Windows, DOS, AS/400
M NpoYMe CUCTEMbI. ITOT nJaH bbbl YaCTUYHO peann3oBaH, XOTA 1 B 06LLEM 3aKOHYMCA Heyaaden.
/3 Bcero aToro Habopa OS Personalities 6binn peannsoBaHbl Tonbko OS/2 Personality n DOS/MVM
Personality. Mony4mBlumMncs npoaykT Ha3sbiBasica 0OS/2 Warp Connect (PowerPC Edition). OH 6bin B
KOHLe KOHL,OB NpefsioXeH Y3KoMY Kpyry KAneHToB IBM v LUMPOKO He peklaMupoBascsa n He
npogaBancs. 3Ta pa3paboTka OCHOBbIBaJACh TakXe Ha MOAMDULMPOBAHHOM MuKposape Mach ¢
obssa3kon Personality-Neutral (He 3aBucuMbIX OT Personality) cepBmucamun. Ha oCcHoBe 3TUX CEPBMCOB
Obl/IM NOCTPOEHbI KOHKPETHbIE personalities.

Tak>Xe U3BECTHO, YTO 1 Y KoMnaHuu Microsoft Bblna nonbiTka NCNoAb30BaTb MUKpoaApo Mach B
Windows NT 3.1.

Bce 3Tn nNonbITKKU B LLEeSIOM 3aKOHYUANCL Heyaa4ven (3a nckndeHnem MacOS X). naBHas U3 3Tux
HeyZay - 04eHb HM3Kas NPON3BOANTENLHOCTbL CMCTEMbI. HECKONBLKO UCCNenoBaTeNbCKUX rpynn
CTaNo M3yyYaTb NPUYMHBLI HU3KOro BbICTPOAENCTBUSA MUKPOSAep. bbinn pa3paboTaHbl KOMNPOMUCCHbIE
noaxonsl. Hanpumep, B Mac OS X n Windows NT gpaiiBepbl 6bi/11 BHOBb BKJIKO4YEHbI BHYTPb fipa, 4TO
Mo3BONAN0 A4OCTMYb Bonee BbICOKOW MPON3BOAMTENBHOCTM. M3BeCTHa Takxe rpynna un3 MIT (CLLA),
pa3paboTaBlian B UTOre 3sTuUx nccaenoaHun 3k3osapo (Exokernel) n rpynna n3 nHctutyta GMD
(TepMaHus) nog pykoBoacTBoM npoteccopa MoxeHa JinaTke (Jochen Liedtke), paspaboTasLuero B
NTOre CBOUX NCCAenO0BaHUN MUKPOAAPO L4. M3BECTHO TakXe, 4TO JInATKe No3)Ke COTPYyAHUYan C
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IBM. 9K3084p0 1 N0 CEN AeHb OCTAETCS 0O4€Hb MHTEPECHON U MHOoroobeLLaoLen KoHuenuunen, Ho
TaK 1 0CTanocCb B Ka4yeCTBE UCCNeoBaTeIbCKOro npoekTa. MoapobHOCTM ONYyCTUM, HO OTMETUM, YTO
3K3054p0 - 6osnee pagukanbHbI NyTb, YEM UCMOb30BaHNE MUKPOAApa. B oTanyme oT Mukposaep,
aK3044pa eLe 6bonee MMHMManbHbL. OHM COAEPXXAT MeXaHM3Mbl, HO He CO34atl0T NMPMMUTKBOB, @ BCS
OC peanunsyeTcsa B userlevel B Buae 6ubnnotek ¢ APl. 10po ToNbKO pa3rpaHn4mMBaeT pasHble “Library
0S”. To ecTb, nog OC B 3K3054epHOM Noaxoe noHUMaeTca Habop 6ubnnotek ¢ API. Exokernel. B
oT/n4mMe OT 3K3054pa, L4 - 3TO He NPoCTOo UccnefoBaTeIbCKUIN NPOEKT, OHO 04eHb BypHO
pa3BmBaeTca. HecmoTps Ha cMepTh JlInaTtke B 2001 rofy, MHOXECTBO ero nocnefoBaTtesien
NPoOAO/KAT nccnefoBaHns. Ha gaHHbIM MOMEHT pa3BuTume L4 yxe nepeLuso B CTaguto
KoMMepYeckux pa3paboTok (Hanpumep, pa3paboTka kommepyeckon Bepcumn OKLA ot Open Kernel
Labs (AscTpanus), ncnosnbsyemon B Embedded yctponcrsax). ok-labs

JInaTKe BbIABUHYJI MHOXECTBO O4eHb MJI0L0TBOPHBLIX AN ANA MOCTPOEHUS AeNCTBUTESNILHO
3 heKTUBHOrO0 MUKPOALPA.

BbIACHNNOCH, YTO KJIIOYOM K 3TOMY SABSISETCA

1. MMHMMaNbLHOCTbL camorO MUKposapa, HE0BX0ANMOCTb COXPaHUTL B AAPE TOJIbKO XXU3HEHHO
Ba)KHble MeXaHW3Mbl U MPUMUTUBDI.

2. 3aBUCMMOCTb CaMOro MMKposAApa OT apXUTEKTYpPbl MaLUUHbI U ONTUMKU3ALIAA NOS Hee

3. onTMMK3aumMa MexaHu3ma nepegadn coobuieHnin (IPC), Ha KOTOPOM OCHOBaHO BCE
B3aVMOLENCTBMNE MeXY YacTAMU CUCTEMbI

4. 3b(peKTMBHAA peasnsaumnsa nepektoyeHns KOHTeKCTa NpoLLeccos, B TOM Yucie,
3(p(peKTUBHOCTb NepexooB B/U3 spa B N0JIb30BaTENbCKUIA YPOBEHb.

To eCTb, NPON3BOAMTESNIBHOCTb HEe SBNSETCSA PyHAAMEHTaNbHbIM HEeA0CTaTKOM NMOHATUA MUKPOALPa.
OKa3zanoch, 4TO ec/i C YMOM peann3oBaTh BCe HEOOXOAMMbIE MEXAHWU3MbI, TO MOXXHO AOCTUYb O4EHb
BbICOKOW NPOM3BOANTENBHOCTW. 1 BCTPEeYaa B IMTepaType HECKONbKO 06LMX OLLEHOK
NPOM3BOAMTENILHOCTM MUKposapa Ans cnydasa L4. Ecam cpaBHMBaTb MUKPOSAEPHYHO CUCTEMY C
MOHOJINTHOW Ha npuMepe aapa JInHyKca, cornacHo obuensBecTHbIM hakTam (5 Bugen 3T undpsl B
HECKOJIbKMX MONYNAPHbLIX CTaTbsAX, B TOM 4MCie, B CTaTbe TaHeHbayma citkit n B 15), nopT JInHykca
Ha Mukposapo Mach noa Ha3BaHuem MkLinux, MmegneHHee “pogHoro” agpa Linux npumepHo Ha 20%.
L4Linux - napaBupTyann3oBaHas Bepcus Linux Hag MUKposapom L4 - meaneHHee Bcero Ha 2-5%, 410
NPaKTUYECKN HeOLWYTUMO. 3aMeTuMm, ewle 470 L4ALinux He oNTUMM3NMPOBAH NOA MUKPOSAEPHYIO
cTpykTYpy OC. - 3TO NPOCTO MOANGULMPOBAHHOE AN paboTbl B OKPY>XXEHUN L4 MOHONNTHOE S4P0
NIMHYKCa. Tak 4T0, ecn peann3oBaTb MYyJIbTUCEPBEPHLIN aHANOr IMHYKCa, TO MPOU3BOANTENbHOCTb
Mora 6biTh elle 6onblie. Ewle 3aMeTuMm, 4TO B OTAEbHbIX cydanax LALinux moxeT 0broHaTb no
npounssoanTensHOCTK native Linux. Ha 3arnasHon ctpaHuue L4HQ [4hg BUCUT HOBOCTb, YTO MO
TecTam Imbench npon3BoANTENLHOCTL NEPEKNOYEHNS KOHTEKCTa B Wombat
(mapaBupTyanusoBaHHas Bepcus Linux oT NICTA) onsa npoueccopa XScale no 30 pa3 BbllLEe, YEM B
“poLHOM” NINHYKCE, 3a CYeT ONTMMU3aLLINM NPOU3BOANTENLHOCTU NepPeKkIloYeHNa KOHTeKCTa B
Pistachio-embedded.

3BeCTHO TakXe, YTO NPOU3BOAMTENIBHOCTb MEXaHU3Ma MeXNpoueccHoro B3anmonenctens (IPC -
InterProcess Communication - B ;aHHOM cnyyae - nepegaya coobuieHunin) B L4 Ha 1-2 nopsagka
npesocxoanT nponssoanTenbHoCTh IPC B Mach. (Bosiee ToYHble U AeTasbHble LNMPbl MOXHO HaWTK B
ctaTtbe JlInaTtke “Towards Real Microkernels”). Tak»xe M3BECTHO, 4TO COrJlacHO TecTam
NpPon3BOAMTENBLHOCTK, L4 06roHseT fa)ke Takyto 3aC/lyXKEHHYI0 KOMMEpPYeCKyto pa3paboTKy Kak
Mukposaapo QNX Neutrino. 'padukn ¢ cpaBHeHueM npounssoguTensHocTn L4, Mach, QNX n gpyrumx
MUKpOSLEep A BUAeN B Clangax nekuui rno L4 ipespeHckoro TexHnyeckoro YHuBepcmTeTa
(pa3paboTumk L4/Fiasco) TU-Dresden.
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YT0 KacaeTcsa MUHMMaNbLHOCTU. Ecnm cpaBHuBaTh Mach un L4, To Mukposapo Mach 66110 o4eHb
FPOMO3AKMNM, Y Hero 66110 60blie COTHU CUCTEMHBIX BbI30BOB, OHO Coep»Kano B cebe nopsaaka
100000 cTpok Koaa, 3aHMMano okono 500 KbanT Ha aucke (no kpanHen mepe, sepcus n3 0S/2 PPC,
KoTopas bbina B popmaTe ELF n gnsa RISC-npouecopa). L4 xe Ha 1-2 nopagka KOMNakTHee.
OpuruHanbHasa peanunsauma L4 copepxana Bcero 7 CUCTEMHbIX BbI30BOB, C/IOXXHOCTb ero bbina
nopsaaka 10000 cTpok Kofa, Ha Aucke oHo 3aHumaeT npumepHo 100 K (popmaT ELF, nnatgopma
Intel; naHHble ona L4Ka::Pistachio), a BOT B naMsATy oHo 3aHMMaeT Bcero 12 Kb6awnT! (Mo gpyrum
JaHHbIM - 32 Kb6anT, 3TO 3aBUCUT OT BEPCUM SPpa; HEACHO, O KaKOW BeEPCUK Benacb peyb). MosTomy
L4 Tak>Xe 4acTo Ha3bIiBalOT HaHOAAPOM (nanokernel), NOCKONIbKY ero pa3mep Ha 1-2 nopsagka MeHbLUe
KJlaccmyeckoro Mmukposgpa. Kpome Toro, pasmep ncxoaHunkos L4Ka::Pistachio nono Bce nnaTtdopmsl
BMecTe - 0K0/10 8 M6. MoHATHO, 4TO TOJIbKO HebObLIAs YaCTb 3TOr0 cobupaeTcs No4 KOHKPETHYIO
nnaTgopmy.

Takxxe, opuruHanbHoe Mukposapo L4/x86, HanncaHoe Liedtke, 66110 onTuMU3nposaHo nof 486
npoueccop 1 6bl10 HanucaHo Ha accembnepe. CoBpeMeHHoe Mukposiapo L4Ka::Pistachio yxe
HanucaHo Ha C++ co BCTaBKaMun Ha accembnepe, 1 COAEPXUT generic 4acTb (He3aBnCUMyo OT
apXUTEKTYPbI), 4acTu, cneunduyHble 4118 KaXKA0N apXUTEKTYpbl, YacTu, cneunduyHbie ans
OTAENbHbIX NAaTHOPM, 1 CKNenBatLero koga. To eCTb, NPUCYTCTBYET ONTUMU3ALMA NOL KaXKAYH0
NnaTopMy 1 apxXnTEKTYypy.

MexaHu3M nepefaym cooblieHnn Takxe 6bl1 ONTUMU3NPOBAH. bblM MCMNONb30BaHbl 0CObbIE
YXULLPEHUS TUNa nepefayv ManeHbKUX coobLLeHN B perncTpax npoueccopa, nepefayun CTpok He
KOMMpOBaHMeM, a Nno CCblJIKe 1 YCTaHOBKW BpeMeHHoM 0biacTu pasgenseMon naMaTu 4N ciy4vas
nepepayn 6onbwnx 06beMOB AaHHbIX. Mpon3BoanTensHOCTb onepaunn IPC bbina 4OCTUrHYTa
HaCTOJIbKO BbICOKOW, YTO BPeMS BbINOJIHEHUS 3TOW onepaumm CPaBHUMO C BpeMeHeM BbIMOJIHEHUS
CUCTEMHbIX BbI30BOB B Linux. Takxe, B L4 OTCyTCTBYeT NoHATME NopTa (KaHana ans nepegayu
coobueHmn, kak B Mach). OHO 0Ka3ai0Ch JIMLLIHEN CYLLHOCTbIO, peanun3aLns KOTOpor NoHWxana
NPOU3BOANTENBHOCTb.

Hy 1 MexaHW3M NepekNioYeHNs KOHTEKCTa ToXKe Bbl1 ONTUMU3MPOBAH (NoApPoBHOCTEN, K
COXKaNeHUo, He 3Halo ;)).

2. Peanusauuu L4 n nx asoniouums.

(3TOT pa3zpen saBnseTCa nNepeckasom ctaTbn B aHrnnnckon Wikipedia npo L4: L4-wikipedia)

L4 - 3T0 He NPOCTO Ha3BaHWe MUKPOSAPaA, a Ha3BaHMe APl n cemencTBa MMKPoOsiLep, OCHOBAHHbIX Ha
3ToM API. APl L4 nmeeT HECKONbKO pa3/iMyHbIX peann3aunn n sepcuin. OCHOBHbIMU ABASIOTCS Ha
HaHHbIN MOMeHT L4/Fiasco, HanncaHHoe B [lpe3neHckoM TexHnyYeckoMm YHusepcutete (TUD,
epMmaHus, L4/Fiasco) n L4Ka:Pistachio, HanncaHHoe System Architecture Group yHuBepcmTeTa
Kapncpyas - Karlsruhe University (Ka). L4Ka (Toxe epmaHus).

NcTopus HavmHaeTcs ¢ Havana 1990-x rr.

a)L3

Opu1ruHanbHoe MUKPOALPO, NPeALecTBeHHNK L4, PaspaboTaHo MoxeHom NluaTke. [Jokasano
NPaBUNbHOCTb MAOEWN, 3aK/0YAIOLLIENCS B TOM, YTO XOpOoLo NpopaboTaHHbLIN NerKOBECHbIN MEXAHU3M
IPC B coyeTaHuMmM C onTuMmnsaLmen sapa 4S9 KOHKPeTHOW NiaTgopMbl AaeT BbICOKMIA NPUPOCT
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npon3BoANTEJIbHOCTHN. L3 66110 04eHb CTAabUNBHBIM 1 npon3BoaoNTENIbHbIM, N NCMNOJIb30Ba/10Cb B
HEeCKOJIbKX onepaunoHHbIX CUCTeMaX.

6) L4/x86 ("Lime Pip")

Bepcusa L4, HanucaHHasa JinagTke Ha accembnepe. JinaTke yBuaen, 4To 84po MoxeT bbiTh elle bonee
MWHWMabHbIM, 4eM L3, 1 peluns HannucaTb HOBOE A4PO, Peasim30BaB MHOXECTBO Y/y4LLEHN B
6a30BbIX MEXaHU3MaxX 1 B NPOU3BOANTENBLHOCTU. [103TOMY, 4TOOLI 4P0 6bINO MaKCUMaNbHO
NPOVM3BOAMTENbHBIM, OH PeLLna ero HanucaTb Ha acceMmbnepe. L4 Npon3Beno peBoioLNIO B
pa3paboTke Mukposgep. Cpasy MHOXXeCTBO OpraHu3aLmin U YHUBEPCMTETOB CTaslo n3y4yaTb L4. B ToM
yucne, IBM, rge Jinatke Havan pabotaTb € 1996 r. B IBM Watson Research Center JlInatke u ero
KOMNern npoaosKuUnn nsyveHune L4 n MuKposaepHbIX CUCTEM B LLeJIOM.

B)L4Ka::Hazelnut

B 1999 r. JinaTke Bo3rnasun Systems Architecture Group B yHuBepcuteTe Kapncpys, rae oH
NPOAO/IKNA NCCNENOBAaHMNA MAKPOSALEPHBIX CUCTEM. KaK [OKa3aTeIbCTBO BO3MOXHOCTY MOCTPOEHMA
BbICOKOMNPOW3BOAUTENIbHOIO MUKPOSIAPA Ha A3blke BbICOKOro ypoBH#A (proof of concept), rpynna Ka
pa3paboTana aapo L4Ka::Hazelnut. OHo 66110 HanucaHo Ha C++ 1 paboTano Ha apxuTekTypax IA32
n ARM. Peannsaumsa bbisia ycrnewHon, Npon3soaMTeNbHOCTb 3aMedaTeslbHOW, 1 € BbiNyCKoM Hazelnut
pa3paboTka aapa Ha accembnepe bbina npekpaleHa.

r) L4/Fiasco

MapannencHo ¢ pa3paboTkon L4Ka::Hazelnut, B 1998 r. B I'pynne OnepaunoHHbix Cuctem
Ipe3neHckoro TexHnyeckoro YHusepcuteTta (rpynna TUD:OS) 6bina HavaTa pa3paboTka cBoen
peanu3aumm L4 Ha C++. OTa pa3paboTka 6bina Ha3BaHa Fiasco. Mo cpaBHeHuto ¢ L4Ka::Hazelnut un
ero HacsefHnkoM L4Ka::Pistachio, KoTopbIn N03BONSET NpepbiBaTb UCNOJIHEHNE A4pa TOJIbKO B
onpefeneHHbIX TOYKax UCNoHeHUS, Fiasco ABnseTCa NOSHOCTbIO BoiTecHsAeMbIM (fully preemptible)
(32 UCKOYEHNEM OYEHb KOPOTKMX aTOMapHbIX Onepaumnin), 4To No3BosseT LOCTUrHYTb Manown
3agepxkun npu obpaboTke npepbiBaHuia (to achieve a low interrupt latency). 310 66110 NPU3HAHO
HeobxoanMmbIM, Tak Kak Fiasco ncnonb3yetcs B pa3paboTke OC XeCTKOro peanbHOro BpEMeHM
DROPS, Takxe pa3pabaTbiBaemon B TU Dresden.

n) L4Ka::Pistachio

[0 Bbinycka L4Ka::Pistachio n HoBenwunx sepcuin Fiasco, Bce Bepcun L4 6binm TeCHO NpMBs3aHbl K
COOTBETCTBYIOLEN apXUTEKTYype npoueccopa. Cnegyowmm 6onblwimMM Wwarom B pa3sutum L4 bbina
pa3paboTka nepeHocnumoro APl L4, KOTOpoe COXPaHAN0 BbICOKME XapaKTEPUCTUNKM
NPON3BOANTENLHOCTY MPU YCJIOBMM NEPEHOCUMOCTH. Mpun coxpaHeHnn 6a30BbIX KOHLEMNLWUIA, HOBOE
APl BBOAMWJIO MHOIO pafnKanbHbIX U3MEHEHWI, YYHLLAIOWNX NEPEHOCUMOCTb, BKJIOYAI0 NOALEPXKKY
MHOIOMPOLECCOPHOCTM, UCKNOYAN0 TECHYIO B3aUMOCBA3b MeXAy TpedaMn 1 agpecHbIMU
npocTpaHcTBaMu (CM. HUXe). Takxxe, bbinn BBeaeHsl user-level thread control blocks (UTCB) n
BUPTYasbHble perncTpbl (CM. HUXe). Bepcua X.2 API, B peanusauunn L4Ka::Pistachio, HanncaHHoOM ¢
yuctoro fimcta B 2001 roay, Tenepb hOKYCUPYETCS Ha BbICOKON NPOU3BOANTENBHOCTY B COYETAHUM C
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NepeHoCMMOCTbIO.
e) HoBble Bepcum Fiasco

Takxxe, 3a 37K rogbl 6onbLINe N3MeHeHNS npeTepneno a4po Fiasco. OHO Tenepb NogaepXXusaeT
6onbLIoe Yncno nnatgopmM, Bkatodasn IA32, 1A64, Heckonbko ARM-nnatgopM. MHTepecHo, 4To bbina
pa3paboTaHa Bepcus Fiasco-UX, KoTopas 3anyckaeTca Kak user-level npunoxxeHue Linux. Fiasco
peanunsyet psag pacwmperHui L4 V.2 API (cM. Huxe). CoobeHuns IPC o nponcxoasawmx
NCKNYUTENBbHBLIX cnTyaunsax (Exception IPC) no3sondatoT aapy coobuwiaTts user-level nporpammam 06
NCKNIOYMTENbHBIX CUTYaumax npoueccopa. Takxe, 6o gobasneHsl UTCB, kak B APl X.2. Kpome
3TOro, Fiasco cogepXuT psf MexaHU3MOB A5 YNpaBiieHUs KOMMYHUKaLNOHHBIMI NpaBaMu, a Takxe
notpebneHmem pecypcos aapoM. Ha ocHose Fiasco pa3paboTaHa cuctema user-level cepsncos nog
Ha3BaHueM L4Env, KoTopasa cpeaun npoyvero COAepXXUT napasupTyann3oBaHHYO Bepcuio Linux
(Bepcum 2.6.x), Ha3biBaemyto L4ALinux.

X) pa3paboTku YHuBepcuteta HoBoro KOxHoro Yanbca (UNSW) u NICTA

Takxe pa3paboTka wna B YHuBepcuteTe Hosoro KOxHoro Yansca, (UNSW, AscTtpanus), rae 6biam
peann3oBaHbl Bepcun L4 ans HeCKoNbKux 64-6UTHbIX apxUTekTyp. Tak boiam paspaboTaHbl L4/MIPS n
L4/Alpha, nocne 4yero opuruHaneHas pabota Jinatke 6bina HasBaHa L4/x86. Kak u opurnHanbHas
paboTa Jlnatke, agpa UNSW 6binmn paspaboTaHbl Ha cmecn C n accembnepa, bbian HanucaHbl C HYNS
1 6binn HenepeHocuMmbiMn. C pennsom L4Ka::Pistachio UNSW ceepHyn cBou pa3paboTku L4 n BMecTo
3TOro ctan paspabaTbiBaTb 04eHb OT/IaXXeHHble NopTbl L4Ka::Pistachio, Bknto4as camyio BbICTpyo 13
BCEX MMetoWwmnxcs, pa3paboTky gnd ltanium (36 umknos npoueccopa 3a onepauunto IPC). 3Ta rpynna
Tak)Xe NpoAEMOHCTPMPOBana, YTo Apansepsbl B user-level MoryT naBaTb TaKyio Xe
NPOM3BOANTENLHOCTb, KakK ApanBepbl B sape, n paspabotana Wombat - BbICOKOMOBUABbHYIO BEPCUIO
Linux gna L4, paboTatowyto Ha apxutekTypax x86, ARM n MIPS. Ha npoueccopax XScale Wombat
NPOLAEMOHCTPUPOBAN NPON3BOANTENIbLHOCTL NEPEKYEHMA KOHTEKCTa, B 30 pa3 6osiee BbICOKY!IO,
4yem B “pofHoM” Linux. 14hg. T'pynna ERTOS opraHusauwuu NICTA, kyaa nepeba3supoBanmcb
pa3paboTymkn UNSW, npogonxaeT pa3BmBaTb CBO Bepcuto Pistachio (NICTA::Pistachio-embedded),
HanpaB/ieHHYI0 Npexe Bcero Ha embedded u real-time npuMeHeHus.

3) pa3paboTku Open Kernel Labs

NICTA co3pana KoMMepyecKyto KoMmnaHuto nod HaseaHnem Open Kernel Labs (OK Labs), ons
NPOABMXEHNS Ha PbIHKE PeLLEeHUI (B OCHOBHOM, BCTpamnBaeMsbix) Ha 6a3e L4. OK Labs
pa3pabaTbiBaeT cOBCTBEHHYIO KOMMepYecKyto peann3aumnto NICTA::Pistachio-embedded, BmecTe C
Wombat n Iguana. 3Ta cobcTBeHHasn Bepcusa L4, Wombat n Iguana HocuT Ha3BaHune OKL4.
“KommepyeckocTb” OKL4 He oTMeHsieT cBoboaHoCcTK ee nuueH3nn. OKL4 nuueHsnpyeTca nog BSD
NINLLEH3NEN U €€ UCXOLHUKN OTKPbITHI.

3. 0630p npoekToB Ha Oa3e Mukposagpa L4.

L4 nocTpoeHo TakmM 0bpa3om, 4To Ha ero 6aze MoXXHO NOCTPOUTL NpakTudeckn nobon APl OHO
abCcTparmpyeTcs OT KOHKPETHbIX aJrOPUTMOB YNPaBAeHUS NaMATU 1 MPOYUX CTPATErNiA, HO
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npenocTaBiseT MexaHU3Mbl 419 peann3aumm nx (CTpaTerunn) B Nnpon3BoabHOM Buae. Takxxe OHO
noaaepXXmnBaeT MHOMO annapaTHbIX NAaT¢OPM, UMeeT NOALEPKKY MHOronpoLeccopHocTy (SMP) B
aape. NMoaaepXxnBatoTca gpanBepbl B User space 1 3anyck 04HOBpPeMeHHO HecKoibknx OC Ha ogHOM
Mukposgpe. Kpome Toro, nogaepxmBaeTcs codgaHune kak OC peanbHOro BpeMeHu, Tak 1 06bl4HbIX
OC c pasgeneHunem spemeHu; kak OC ans embedded npumeHeHui, Tak n desktop OS; MOXHO
peann3oBaTb pasfiNyHble CTPATErnnN NIaHNPOBLLMKA NPOLECCOB (M ynpaBieHNs NamaTblo).
MooaepXnBatTCa TakmMe BO3IMOXXHOCTU Kak orthogonal persistence (noka 370 ewe HUrae He
peann3oBaHo, HO 6a3oBble MexaHn3Mbl nMetoTcs L4-checkpointing), BO3MOXHOCTb (hOPManbHOIro
LOKa3aTeNbCTBa NPaBUALHOCTM arOPUTMOB MUKPOSiAPa (MOKa He peann3oBaHo, HO paboTsl
BeayTcs; OK Labs obellaeT B Te4yeHne b6amxanwmx 2-yx 1eT BbiNyCTUTb NEpPBOE MUKPOSAPO C
MaTeMaTU4YeCKN A0Ka3aHHbIM OTCyTCTBMEM owmnbok (formally-proven bug-free microkernel) OK Labs).
Bce 3T BO3MOXXHOCTM Npefonpeananam nosaBleHne MHOXXECTBA NPOEKTOB OMEPaLMOHHbIX CUCTEM,
OCHOBAHHbIX Ha L4. 3aecb Mbl NONbITAEMCA KPaTKO ONUCaTb CyLLECTBYOLWME NPOEKThI, YEM OHM
MOryT 6bITb HaM None3Hsbl. Mpexae BCero, Ha MOV B3r/iaj, O4eHb BaXKHO, YTO BCE 3TW NMPOEKTHI
nmetoT 0bwyto 6a3y 1 BO3IMOXXEH X 3amnyCK 0AHOBPeMeHHO (3anycTuTb L4Linux n WinCE Ha oaHOM
necktone ¢ 0S/2 - it's cool!). XoTs cenyac n CywecTBYOT pacxoxaeHusa B APl pa3Hblx peanunsaummn
MUKPOSAAPA, HO CYyLLECTBYIOT CTaHAAPThl - OHW NMPUHUMAIOTCS U pa3Hble peannsaunm paHo unn
No34HO AO/KHbI COrlacoBaTh CBOW APl CO CTaHOApTOM.

Tenepb, COBCTBEHHO, 0 NMPOEKTAX U UX NOJIb3e A5 NPOeKTa Mo pa3paboTke aapa onepauoOHHOWN
cuctembl OS/2.

Ha faHHbIN MOMEHT CYLLEeCTBYIOT TPpY KPYNHenLwmnx LeHTpa, pa3pabaTbiBatowmnx MUKPosApo L4 n
MPOEKTbl Ha €ro OCHOBE, UX Mbl yXKe yroMuHaaun. 31o YHusepcuteT Kapacpya, TexHuyeckun
YHusepcuteT Jpe3neHa n aBcTpanunckas opraHunsaumsa NICTA (B ABCTpasMNCKMIA LLEHTP No
pa3paboTke L4 BxoaaT YHuBepcuteT Hosoro KOxHoro Yanbca (UNSW) n noyepHsia coupma NICTA
Open Kernel Labs). Kaxablin U3 3TUX LEHTPOB NapananenbHo BeayT pa3paboTkmn CBOUX Bepcui
MUKPOSAPa, OCHOBaHHbLIX Ha HUX userlevel cinyx6, onpeaunoHHbIX CUCTEM, @ TakXXe CpeacTs
pa3paboTku.

1) Paspabotku YHuBepcuteta Kapnacpys

pynna u3 YHneepcuteTta Kapncpya (“rpynna Ka”) BegeT pa3paboTku Ha OCHOBE CBOEro MMKposaApa
L4Ka::Pistachio.

a) uccnepoBaHusa B obnactu persistence

Persistence nepeBoANTCA KaK “NoCcToSHCTBO”. (K COXaneHUto, He 3Hat pPyccKoro aHanora 3Toro
TepMUHa). NpPUMEHNTENbHO K KOMMbIOTEPHbLIM CUCTEMAM 3TO 03Ha4YaeT CBOWCTBO CUCTEMbl COXPaHATb
CBO€e COCTOSIHME NoCJie nepe3arpy3oK U KpaxoB. TO CBONCTBO OKa3blBAETCA O4EHb BaXKHbIM,
Hanpumep, B C/ly4ae O4eHb ANANTENbHbBIX HENPEPbIBHbLIX BbIYUCIEHUA; OBbIYHO B 3TOM Cayvae npwu
nepepbiBe B BbIYMCIEHMAX MPOrpaMMa caMa siBHbIM 06pa3oM COXpaHseT Ha AUCK BCe
NPOMEXYTOYHbIE pe3ynbTaTbl, YTOObI MOTOM UX MOXHO BbIJI0 NPOAOIXUTL C TOr0 Xe MecTa.
MONHOCTbLIO OPTOroHaNbHasA persistent cuctema B naeane No3BoaseT NporpaMmmaM He 3a60TUTHCA O
COXPaHEHMNN MPOMEXYTOYHbIX Pe3y/ibTaTOB Ha OUCKE, a TaKXXe No3BOJIAET NoJib30BaTesl0 He
60aTbCS NOTEPU AaHHbIX NPY CTy4alHOM NageHun cuctembl. B3ameH 3Toro, Takas cuctema bepet
3a60Ty 06 3TOM Ha cebs, CoxpaHAa NPOMEXYTOYHbIE COCTOAHUS BCEX MPOrpaMM nosib3oBaTens u
BCEX YacCTen CUCTEMbl He3aBUCUMO ApYr OT Apyra, NpuyYeM 370 CBOWCTBO peannsyeTcs Npo3payHbIM
obpasom [sia nporpaMM, No3Bosias UM He 3ab0TUTLCA 0 COXPaHEeHWM pe3ynbTaToB CBOEN paboThl.
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MpruMeHUTeNbHO K MUKposApy L4 okasbiBaeTcs, 4To ANna peannsaumm orthogonal persistence
npakTu4eckn He Tpebyetcsa mogmdukaumm 6a3oBbIX MEXaHN3MOB MUKPOSAAPA, UK e TpebytoTca
TOJIbKO MUHMMasbHbIe ux Mogudukaummn. B pabote L4 checkpointing ob6cyxaatoTcs BONpochl
persistence n MexaHu3Mbl 419 ee peannsaumm 4na Mmukposgpa L4. 3Tn MexaHn3Mbl OCHOBbIBAKOTCS
Ha cucTeme userlevel nengxepos (Npo nenaxepbl CM. pa3aen ob ynpasaeHMm namaTbio).

Tak>xe, MOXXHO NPUBECTM CCbINKy Mo Teme: MpoekT Unununium (BOT Takoe XUTPOe Ha3BaHMe)
Unununium, 1 XOTS NPOEKT 3TOT HE NMEeT OTHOWeHMNSA K L4, HO OH MMeeT OTHOLLEHMNE K MOMbITKaM
peanunsaumm persistence.

MpumeHeHne naen persistence K 06bI4YHLIM ONEepPaLMOHHBIM CUCTEMAM, TakUM Kak OS/2 - UHTepeCHbIn
BOMPOC; NOKa HEN3BECTHO, MOXKHO SN 3TY NAEK UHTErpupoBaTb B CUCTEMY, COXPaHMB Kak b0
NpeXxHUn 06anK onepaunoHHON CUCTEMBI.

6) TexHONOrMKM BUPTYanM3aumm

Takxe, 6onbwon NpoekT rpynnbl L4Ka 3aHnMaeTca nccnegosaHmaMmm B 06nactu npuMeHeHmns L4 B
Ka4yeCTBe OCHOBbI A1 CUCTEMbl BUPTYasibHbIX MawuH. NogobHO nprMeHeHuo runepsm3opa Xen
Virtualization, L4 Tak)xe MOXeT CNYyXUTb rMNepBM30pOM, 3aMyCKas HECKONIbKO MrOCTEBbIX
OnepaunoHHbIX CUCTEM B BUPTYasibHbIX MalUMHAX. 9TU BUPTYaJsibHble MaLLWHbI HE 3aHMMATCSH
IMySiauMen Ha YpOBHE UHCTPYKLUMI NPoLLeccopa, Kak BupTyasbHble MawwmnHbl Tuna VirtualPC, a
TOJIbKO OrpaHMymMBaoT Habop pecypcos, AOCTYMHbIX FOCTEBOW ONepaLMoHHON cucteme (0bbem
namaTh, Habop AOCTYMHbIX YCTPONCTB W T. MN.), @ TakXXe UCMONb3YIOT TEXHOJIOMMIO
napasupTyanusauuu. MapasmpTyannsauuns - 370 MOANPUKaLUSA TOCTEBON ONepaLnoHHON CUCTEMbI
TakuM obpa3om, 4Tobbl OHa paboTana He C peasibHbIM 0bopyaoBaHMeEM, a ¢ abcTpakLumamm,
npeLoCcTaB/seMbIMU FMNEPBU30POM. B KayecTBe npumepa MOXXHO MPUBECTY NapaBnpTyaIn30BaHbIn
Linux - L4Linux. L4Linux npeactasnseT cobon obbiyHOE A4p0 JINHYKCA, MOANDULMPOBAHHOE TaKnM
obpa3om, 4To OHO paboTaeT c obopynoBaHueM Yepes abcTpakumm L4. M3mMeHeHUs 3aTparmeatoT
nnwb HeboNbLLIYIO YacTb aapa. Hanpumep, apaneepsl Linux He 3aBUCAT OT apXuTekTypsbl. L4
npeacTasnseT cobon NPOCTO eLle OAHY apXUTEKTYpy, Ha KOTOPYIO NOPTMPOBaH Linux - B ero agepese
NCXOOHUKOB MOSABASETCA NnoakaTanor 14 B katanore arch.

To ecTb napasupTyanmnsosaHHasa OC - 310 He OC, 3anyuweHHasa B npobupke, kak Windows,
3anyweHHas nog Virtual PC. 3To BnosHe camocToATensHaa OC, HO A1 BO3MO)XKHOCTU 3anyCka
Heckonbknx OC 04AHOBPEMEHHO OHa 3aMyCKaeTCsa B 04€Hb “TOHKON” BUPTYalbHOM MalUMHe, KOTopas
1) abcTparnpyeT obopyaoBaHue ot OC (nogobHo Tomy, kak HAL B Windows NT abcTparupyet
Xeneso ot aapa Windows - 3T0 ToXXe pa3HOBMAHOCTb BUPTyanan3auumn) 2) oTaaeT 4acTb
obopyaoBaHusa ogHon OC, 1 YyacTb - ApYron.

CTpaHuua npoekTa uccaegosaHunm supTyanmsaumm L4Ka: Virtualization

Ana nccneposaHum BupTyanm3sauum npoekT Virtualization L4Ka ncnons3yet mukposgpo Pistachio B
KOMOUHaLMKM C MeHe)XepoM pecypcoB marzipan. Marzipan 3anyckaeTcs Kak root cepsep u
MO3BONSET CO34aBaTb CUCTEMbI B3aMOLENCTBYIOLLMX BUPTYasibHbIX MaLLWH, Pa3fensoWwmnx Mexay
cobon pecypcbl KoMnbloTepa. Marzipan BegaeT pa3geneHnem pecypcos (NamsaTh, YCTPONCTBA) Mexay
BUPTYanbHbIMW MalLUMHaMK, @ TakXe NpefocTaBnseT CpeAcTBa A5 UX B3auMoaencTens. Takxe
marzipan no3sonseT 04HUM BUPTYasibHbIM MalnHaM “nybamnkoBaTbh” CepBUCHl, @ APYrUM - HAXOAUTb
3TV CepBUCHI Yepe3 NocpeacTBo marzipan.

Marzipan asnseTcs ocHoBoM Ans npoekTos Drivers un Afterburner.
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i) MpoekT Afterburner

MpoekT Afterburner aBTomMmaTu3npyeT Co3aaHve NapaBUpPTyaIn3NPOBaHHbLIX BEPCUIA FOCTEBbIX
onepaumnoHHbIX cucTeM. ITo Hanbonee BaxxHo ans Tex saep OC, koTopblie bonblie He
noAdepXMNBalTCA N He pa3BmBaloTCA (Hanpumep, agpo 0S/2, ay, IBM'epsl!). Afterburner nossonsetr
[OCTUYb HENTPANbHOCTN (HE3aBUCUMMOCTIN) KaK MO OTHOLUEHWNIO K FMnepBru3opy, Tak 1 N0 OTHOLIEHWIO
kK rocteson OC. OH no3BonsieT co3naBaTb “virtualization-friendly” agpa, koTopble MoryT paboTaTb
6e3 n3MeHeHMIN Ha pa3HbIX rMNepBn3opax, Ha AaHHbIA MOMEHT 3T0: L4, Xen v.2, Xen v.3, a Takxe Ha
ronoM xenese. 104 3T0ro MCNoJsib3yeTcs MOHUTOP PeCypCoB marzipan, a Takxe crnewunanbHbIi
mMoaysb afterburn-wedge. Wedge 3aBucuT OT runepsunsopa U 415 KaXX40ro runepsusopa OH CBOW.
MpoekT Afterburner 6biCTpo pa3BmnBaeTca. [04 Ha3ad 9 CKavymBasa 1 cobupan NCXOAHNKM
napasupTyasM3oBaHHOro Linux'a, ocHoBaHHOro Ha Afterburner. Torga MHe NpuWNOCL NPUMEHUTb
naTyun K ncxofHukam Linux, Xen u binutils (13 binutils afterburner ucnonbsyet accembnep as). Mpu
3TOM accembnep Bbin 3anaTyeH Tak, 4To OH Npu komnunsaumm agpa OC co3pasa cneumnasnbHbIn KoL,
roe “virtualization-sensitive” MHCTPyKLUN 3aMEHSAINCL Ha 0COBOLIN KOA, IrAe BCTAaBASINCH Bbl30BbI
wedge. C Tex nop NpoLuen rog 1 MHOroe N3MeHUI0Ch. 9 noka He NpoboBaa HOBbIE BEPCUM
afterburner, a u3 rnasHon cTpaHmubl Afterburner TpyaHo NOHATL, Kak cenyac o6cTonT aeno (Ha
CTPaHULEe HanMcaHo O4eHb ABYCMbIC/IEHHO 1 MOBEPXHOCTHO, U S A0 KOHLLA TaK W He MOHAJ, KaK Xe
OHO Ha caMoM fene paboTaeT; Hafo byneT elle pa3 cKavyaTb UCXOOHUKM U MOCMOTPETD...).
HaCKo/IbKO 5 NOHAN, AeNo ABUXEeTCA K TOMY, 4TO B ByayLiemM BO3MOXHO NpYMeHeHue 3TOro NpoeKTa
K BuHapHukam agpa (1??). Kak g noHan, “virtualization-sensitive” nHCTpyKUMKM naTtyaTCs Tak, 4To
MeCTO BOKPYr 3TUX MHCTPYKLUMIA 3abnBaeTca nHCTpykumammn NOP, ocTaBnsa MecTo 4ns
nocneaylowen 3aMeHbl UX 4pyruMm NHCTPYKLNAMI BO BpeMsa BbinonHeHus (?7) (The Afterburner
automatically locates virtualization-sensitive instructions, pads them with scratch space for runtime
instruction rewriting, and annotates them.) To ecTb (Kak s NOHsA), BO3MOXHO aBTOMaTU4eckoe
naTyeHne buHapHuka agpa OC, n B pe3ynbTaTe nosyyaetcs OC, 6e3 nsmeHeHn paboTatowas Ha
Xen, L4/marzipan n Ha ronom xenese!. ECn 3TO Tak, TO 3TOT NPOEKT o4eHb BaxeH ana 0S/2. 31o
NO3BOJINT HaM, He UMesi LCXOOHWKOB A4pa, 3arnyckaTb €ro Ha pas3/IMyHblX FrMnepBn3opax, Ha SaHHbLIN
MOMeHT - Xen u L4/marzipan. (x0T, He noMeLlaeT AN TyT TO, 4TO MHorue OS/2-nporpamMmsl
cogepxat 16-buTHble parMeHTbI?... )

Ha Afterburner Tak)xe 0CHOBbIBaeTCA CBOS NapaBupTyann3oBaHHas Bepcus Linux ot Uni. Karlsruhe.
(KpoMme Hee ecTb elle aBe Bepcum L4Linux). Mo cpaBHEHUIO C UCXOAHbLIM JINHYKCOM, U3MEHEHUS
3aTparusatoT TOJbKO A4p0. [NpunoXxxeHnsa 0bbIYHOr 0 JIMHYKCa He TpebyloT nepekoMnunsaunm n 6es
n3MeHeHnn paboTtatoT Ha L4Linux. L4Linux - 3TO TONLKO NpuMep napaBupTyann3oBaHHom OC,
“NoAoNbITHBLIN KPONMK” ANA 3KCNEPUMEHTOB B 3TOM 0bnacTw.

ii) MpoekT Drivers

MpoekT Drivers Drivers no3sonseT OC, 3anyLWeHHbIM B BUPTYasibHbIX MallMHax Ha ocHoBe L4 1
marzipan, UCcrnoJib30BaTb ApanBepa yCTponcTs apyr apyra. OC, B KOTOPOW 3anyCKaloTca ApanBsepa
Ha3oseM Driver OS, a OC, ncnonb3ytowas gpansepa nepson OC - Client OS. BHyTpu Driver OS
3anyCKaeTcsa NpuaoXXeHne-mannep, TpaHcanpytowlee 3anpockl oT Client OS-oB B (hbopMaT 3anpocos K
aapy Driver OS. Takxxe 3TOT Mannep no3BonseT “MynbTUnaekcuposaTts” gparneepa Driver OS mexay
HeckonbkuMu OC-knmeHTamun. bonee Toro, NyTeM 3anycka Heckosibkux konui Driver OS, B ka)kgon
N3 KOTOPbIX 3aMyCKaeTCsa onpefesieHHbIN paniBeP, MOXXHO U30/IMPOBaTh pa3Hble ApanBepbl B Pa3HbIX
BMPTYyasibHbIX MallnHax. To eCcTb, Hanpumep, gpanBep AMCKa 3anyckaeTcs B ogHon VM, a fpansep
ceTeBoOW KapTbl - B Apyron VM. Ecnv nepsbi pansep ynageT, ero MOXXHO pecTapToBaTb BMeCTe C
ero BUpTyasibHOM MaLUMHOW. [pn 3TOM, NafieHne 0AHOMN BUPTYasbHOW MalUMHbI HE 3aTparmsaeT
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BTOpPYto VM, TO eCTb Apansepa 1) n30ampoBaHbl ApYyr OT Apyra 2) UX MOXXHO pecTapToBaTh.
IlpanBepa 3anyckalTca B CBOEM HEM3MEHHOM Buae. KpoMe Toro, OHM 3anyckatoTcs B user level, Tak
4YTO NafeHns AparBepoB He 3aTparvBalT APYrnX onepaunoHHbIX CUCTEM. DTOT NOAXO0A NO3BONAET
MCNoJb30BaTb HEMOAUMDULMPOBaHHbLIE ApaiBepa legacy-onepaumoHHbIX cucTeM. Moka
napaBupTyasiM30BaHHbIE BEPCUN, 4S8 CayYas Wnpokoncnonblyembix OC, UMeeT nnwb IMHYKC. To
€CTb, 3TOT NPOEKT AaeT BO3MOXXHOCTb MCMNOJIb30BaTh Npexe Bcero, Aparneepa Linux. BO3M0O)XHO
co34aHune napaesupTyannsnposaHHon ReactOS, n Toraa MoXXHo 6b110 661 NCNOJIb30BaATb
HemoangpuumpoBaHHble gpaneepa Windows. (Tak»xe BO3MOXHO, 4TO 1 Microsoft noBepHeTCs K HaM
ANUOM 1 cHu3ongeT fo obpaboTkm Windows npu nomowm Afterburner - Bce BO3MOXXHO, OTKPbIIN Xe
OHW, Hanpumep, ncxogHnkm WindowsCE...). Ecnm ypactcs Afterburner npyumennTs K 0S/2, To
BO3MOXXHO TakK>Xe MUCMoJib30BaHNe HeEN3MeHHbIX Apaneepos 0S/2 nyTem 3anycka B BUPTYyanbHON
MallnHe coBpeMeHHoro aapa 0S/2 o4HOBPEMEHHO C HOBbIM, OCHOBAHHbLIM Ha MUKpPOAApe (XOTS, He
ABNSETCA N TYT NPEnATCTBMEM UX 16-6UMTHOCTL?...).

2) PazpaboTku NICTA

a) Kenge/lguana/Wombat

Kenge - 310 Habop BuUbAMOTEK N MHCTPYMEHTOB ANS pa3paboTku. B ToM yucne, gna paspaboTku
Lpansepos, paboTbl C KOM-NOPTOM, KOHCOJbIO U T. N. Peanu3auuns ovepenen, cemadopos, paboTa c
TanMepoM, hopMaTaMu UCMONHAEMbIX (hannoB 1 npoyee. IHCTpyMeHTbl BKAOYaoT cBow IDL-
komnunaTop Magpie, a Takxxe build environment, 0CHOBaHHbI Ha SCONS. SCONS - 3TO 04€Hb yA06Has
N OpUrnHanbHasa yTuanMTa aBTomMaTusaumm cbopkn, nogobHas make, KOTopas 3aBUCUMOCTI MeXAY
NCXOOHUKAMUN CTPOUT Ha CreLmansbHOM 06 beKTHO-OpUEHTUPOBAHHOM fi3blKe. (“06bekTHO-
OpUeHTMpPOBaHHbIE MenKannbl”). HanncaHa scons Ha a3bike python.

Kenge conepxuT yxe rotosbll Habop userlevel cepBncoB, COCTaBAAOLWMX MUHUMaNbHYO OS
Personality, Heobxoaumyto Ana peannsalmm MUHUMaNbHON NHPPACTPYKTypbl: Name server, root
server, cepsep, peanusyloLwnini NoAAepXKKY nociefoBaTesibHOro nopTta. 3ta MUHUManbHasa OS
Personality HaueneHa npexze BCEro Ha BCTpavBaeMble NPUMEHEHNS, COAEPXKUT MUHUMAIIbHYO
NHPACTPYKTYPY ANS yrpaBAeHUa NaMaTbio U 3aWmnThl. IMeeT Manyto Harpy3sky Ha Kew (small cache
footprint). Takxe, no3sonseT paboTaTb Ha cncTeMax H6e3 NoALEPKKM BUPTYaNbHON NaMATK, 4TO
4acTo TpebyeTcsa BO BCTPaMBaEMbIX NPUNOXKEHUAX. Tak)Ke NMeeTCs CBOS NOACUCTEMA ApaiiBEPOB.
370T Habop userlevel cepBncos Ha3biBaeTca Iguana Embedded OS Personality.

Ha ocHoBe cepBMCOB Iguana peasim3oBaH TakXXe BbICOKOMOBULHbIN Linux server no4 Ha3BaHWEM
Wombat.

6) L4/Darwin aka Darbat

Mo aHanornn ¢ Wombat (mapaBupTyannsoBaHHbIM Linux) CyLecTBYeT NPOeKT Noj Ha3BaHWEM
Darbat, nunn L4/Darwin. 3TO HU 4TO MHOe KakK nopT aapa Darwin, Ha KOTopoM ocHoBaHa MacOS X, Ha
Mukposagpo L4. Darbat neiTaeTcs ynyywmnTs NPpoM3BOANTENLHOCTL Darwin 3a c4eT UCNoJib30BaHMA
IPC L4, koTopoe HaMmHoro 6onee npon3soguTensHoe, 4em IPC Mukposigpa Mach, Ha KOTOPOM OCHOBaH
Darwin. Takxxe Darbat cogepxut nopT IOKit Ha L4, KOTOpbIN CTPEMUTCA MONYYUTb BbIrO4Y OT
ncnosb3oBaHma user-level gpansepos (B Darwin MHOrne gpansepa paboTaloT B pexume sapa, a B
Darbat oHu BblHOCATCS B userlevel). OgHoM 13 Lenen aBRSeTCA NOALEpPXKa HEMOAUDULMPOBAHHbIX
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Lpansepos Darwin B userspace. Darbat He cTpeMnTCS NONHOCTLIO yaanuTb Mach n3 Darwin, a
B3aMeH 3TOro noay4ntb Bepcuio MacOS X, noytn 6e3 nsmeHeHni pabotatoLLyto nog L4, n
NCNOMb3YIOLLYI0 BbIFOAbl, KOTOpble AaeT L4 no cpaBHeHMo ¢ Mach. MpoBoaATcsa sKkCNepuMeHTbI Mo
napannensHoMy 3anycky Darbat 1 Wombat, a Takxxe nx B3anmMogencrsuio.

Darbat - B nepByto o4epeab, Hagexaa 4159 MaKUHTOLWHMKOB. HO 1 ans Hac 66110 66l 4OCTaTOYHO
3aMaH4YMBbIM UCMNONHATL NpPUIoXKeHns MacOS X Ha oAHOM geckTone ¢ Hawen OS. 3To ewe oAnH
napannensHbin API, BoobaBok B Linux 1 (Bo3moxHo B 6yayuiem) ReactOS.

Pa3paboTkun NICTA Ha ocHoBe Pistachio BbinyckatoTCA Ha 0CHoBe BSD-nnLEH3UN, TaK XKe KakK 1 camo
agpo Pistachio.

3) PaspaboTku TU Dresden

TU Dresden Ha ocHoBe cBoero Mukposgpa Fiasco paspabaTteiBaeT OC DROPS noa GNU-nuueH3men.
DROPS conepxut 6onbLion Habop bubnmoTek n userlevel cepsncos nog Ha3saHmem LAEnv (L4
Environment). L4Env Takxe cogepXxuT cpencTtsa pa3paboTku, Hanpumep, IDL-komnunaTop DICE.

LAEnv copepXunT cnepytolime CepBuchl: 1) KOHCONb, NOAAEPXKKA BUPTYasibHbIX KOHCONEN 2) cepBep
noros. No3sonseT cobmpaTb B 04HOM MecCTe 0TJIafl04Hble COOBLEHNS OT pa3/inyHbIX CepBMCOB. B
coyeTaHun c libc n cnyxbon umer l4vfs peanusyet nogaepxky stderr/stdout ons HEMHTEPAKTUBHbBIX
cepsuncos. 3) l4vfs - nepapxuyecknin Name server, KOTOPbIN UHTErpmMpyeT B OAHO AEPEBO CNYXObl,
(hannbl, TepMUHaNLI 1 NO3BONAET peann3oBaTh B libc pannosble pyHKuMK Tvna open(), read(), write()
yepes cneuymnansHble 63keHabl. MoaaepxneaoTca gee peannsaunm libc - noptel dietLibc n uCLibc. 4)
nogaepXka npoctenwen paboTtsl ¢ hannamm 6e3 ncnonb3oBaHUs GannoBon CUCTEMBI, HANpUMep,
nonyyeHue ansos c tftp-cepsepa nam ¢ annoson cuctemsl L4Linux. 5) Mopaep>xka 3anycka
ncrnonHsembix hannos popmata ELF. 6) YnpaBneHue namaTbio. PeannsyoTcsa cBOM NPUMUTMBLI
paboThbl C NaMATbIO NOBEPX NPUMUTUBOB MUKposapa: KoHuenuna Dataspaces n dataspace managers.
7) nogaepxkKa NpUMNTUBOB CMHXPOHU3aLMK, paboTa ¢ Tanmepamun, cemacgopamu. 8) MeHepxep
3aga4 9) pgoctyn K obopynosaHuio 10) NMoacnctema gpansepos DDE (Device Driver Environment)

DDE BknitovaeT B cebs nogaepxky apaneepos Linux (DDE/Linux) n FreeBSD (DDE/FreeBSD). 3Ta
noaAepXka peannsyeT Noaxon, aNbTepHaTMBHbIN noaxoay B L4Ka Drivers. [ipaBepa norpy»xatTcs
B CNewuunasibHbIN CI0W, SMYJIMPYIOLLNIA OKpYXeHue aapa Linux (a He 3anyckaeT peanbHoe aapo Linux).

Bce 310 MoXeT bbITb N0NIE3HO 418 peanm3alumm cBoux userlevel cepsmcos (npexnae Bcero
Personality-neutral cepsuchl, He 3aBA3aHHble HU Ha Kakyto OC), a Takxxe nogaep>xku obopynosaHums.

Takxe, nges peanusauunm Heckosbkmux GUI Ha ofHOM feckTore cogepXxutcs B npoekTe Nitpicker B
pamkax pa3paboTku DROPS. Nitpicker - 370 ngea GUl MUHUMaIbHON CNOXHOCTU, peannsyoLero
MWHWMabHble NPUMUTUBLI A5 pucoBaHKa OKOH. Nitpicker coenaH Tak, 4TO pas/iniHble OKOHHbIE
CUCTEMbI (Hanpumep, poaHON OKOHHbIN MeHed)Xep DoPE cuctemol DROPS, a Takxe X Window 13
L4Linux) moryT siBnaTbcs knneHTamm Nitpicker. Nitpicker paboTaeT Ha 6onee HM3KOM ypoBHE, HYeM
GUI, pucytowme okHa. NMpumntusamun ansa pucosanHus asnsaTca buffers n views. Buffer - 31o obnacte
LLapeHHOM NaMATK, cofepikallas 2-MepHble rpaduyeckne fgaHHble. 061acTb NaMATH BblAAeTCS
Nitpicker'y knueHTOM Yepes pa3aensemyto namaTb. BMecTo noHATUs okHa Nitpicker conepxut 6onee
NPOCTOe NOHATWE, KOTOPOe Ha3blBaeTcs view. View-3To NpsaMoyrosibHas obnacTb Ha 3KpaHe,
cogepxalancs BHyTpu bydepa. Kaxxablin view umeeT onpefeneHHbI pa3mep 1 NoaoXKeHue Ha
3KpaHe, onpegensemMoe KAMeHToM. Views MOryT nepekpbiBaTb Apyrue view B ToM xe bydepe. To
eCTb, Views BHyTpu Bydepa, NpeloCTaBAAEMOro KaXablM KIIMEHTOM, MOryT UMeTb OnpefeneHHbIn Z-
order (T.e., KTO Hag KeM Haxo4uUTCA - PacrnosioXeHue no 3-er 0Cu KoopAnHaT). To eCTb, KaXkabln
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KJIMEHT nitpicker pucyeT BHyTpu cBoero bydgepa, a He HernocpeACTBEHHO Ha 3KpaHe. Nitpicker
cobupaeT BoeaunHo Bce bydepbl 1 pUCyeT BCE Views, B HUX COAEPXKaLLMecs, Ha 3KkpaHe, cobupas Bce
B OOHY KapTuHKY. KpoMme Toro, Nitpicker nblTaeTcs n30ampoBaTb KAMEHTbI APYr OT Apyra, cnead 3a
6e30nacHOCTbI0 PaboThl, 4TO NO3BONIAET 3aTPYAHUTL PaboTy pa3nunyHbix key loggers n npounx
TPOSIHOB, 3aMUCHIBAIOLLIMX HAXXATWNA KIaBUaTYypbl 1 OeNalolwmx CHUMKKN 3KpaHa. NMoapobHee npo 3710
CM. Ha cante DROPS demo CD TUD:OS Demo CD. 3aecb A1 HacC LLeHHOW ABNSeTCs cama naes
COYETaHUS Pa3/INYHbIX OKOHHbIX CUCTEM B OAHOM feckTone. PeanbHo nonpoboBaTb 370 B paboTe u
nourpaTtbca ¢ DOPE n XWindow Ha ogHOM geckTorne Mox)kHo, 3arpy3ns DROPS Demo CD TUD:0S
Demo CD.

4) NMpoune paspaboTkm
a) SawMill Linux

PaspaboTuumku: IBM Watson research center, ocHoBaH Ha L4/x86 (aka Lime Pip). MNpoekT 6onbLue He
pa3BMBaETCA, pa3BuTMe 3akoHYeHo B 2001 roay. MpoekT HanpaBaeH Ha pa3paboTKy Linux
personality, NOCTPOEHHOW Ha MYybTUCEPBEPHON OCHOBE. TO €CTb, Lenb - C034aTb MOAYJIbHbIN,
MYJIbTUCEPBEPHbINA, @ HE MOHOJIMTHBIN Linux, NCNOMb30BaB NpenMyLlecTBa MUKposapa. YTo aToT
NPoeKT JaeT: ny4ywas Linux personality, 4em L4Linux. MMHyCbl: NpOeKT He pa3BuBaeTcs. Sawmill
Linux

6) L4Minix

MopT Minix Ha L4Ka::Hazelnut. Pa3paboTymk: National Institute of Informatics (AnoHus). Pa3BnBaeTcs
€ 2001 roga, nocnenHee obHoBneHne 6110 B 2002 roay. MpoekT noxoxe, 6onbLue He pa3BMBaeTCS.
Y10 npoekT paeT: ewe ofHa OS Personality.

4. Upeun Ha Oypyuwiee

e Co3paTb peanmsauunio OS/2 APl BMecTe € BO3MOXHOCTbIO paboTbl napannenbHbix APl Apyrux
onepaumoHHbIX CUCTEM, npexae Bcero - Linux n Windows (Ha ocHoBe ReactOS u L4Linux). Kak
0S/2 API, Tak n APl gpyrux OC peanu3yloTca Kak napaJsnesbHble personalities.

e PasrpaHumyeHue pa3nu4yHblx personalities n pa3gada M pecypcoB KOMMbOTEpPa peannsyeTcs Ha
OCHOBe marzipan resource monitor. Ha ocHoBe Marzipan peann3yeTcs MeHeg)Xep annapaTHbIX
pecypcos (HRM) n root server, 3anyckatowwun personality neutral (PN) cepsucel. B PN cepBuchl
BXOOAT HE3aBUCMMbIe OT KOHKpeTHon OC cnyxbbl: 1) console server - opanBep KOHCON,
He3aBucumbii oT OC 2) cepsep noros - cbop 0Tnago4vHbIX CO0BLLEHNI OT BCEX CEPBEPOB
pa3finyHbIx personalities. 3) Nepapxuyeckunin cepsep nMeH. 4) nogaepxka yCTpoucTs npwu
NOMOLLX NOACUCTEM ApanBepoB. 5) lNoaaep)xka apansepos annosbix cuctem (IFS) 6)
Mopaepxka gpansepoB ncnonHsemsix opmaTos IIF (Installable Image format), Hanogobwue IFS

e Moacuctemsl apanBepos BXxoaAaT B PN cepsuchl. Obwun meHegxep nogaepxku obopynosaHums,
B KOTOPLIN NOAKOYAOTCA NOACUCTEMBI ApaniBepoB. “PoaHaa” noacucteMa 4panBepos,
Bxoaswas B PN cepsucel. K “pogHoin” nogcucteme gobasnsatotca driver frameworks,
peanun3oBaHHble BHYTpu OS Personalities, npexxae Bcero L4Linux n ReactOS. Obwas cxema
npuMepHo TakoBa: KoHkpeTHasa OS personality anbo peannsyeT noacuctemy apansepos
BHYTpu cebs, kak L4Linux, nubo (410 Bonee xenatenbHo) obpallaeTcs ¢ 3anpocamm K
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MeHea)Kepy noanepxku obopynosanHuns. MeHenxep obopyioBaHMA NepeHanpasnseT 3anpoc
nnMbo HaTUBHOMY ApanBepy KOHKPETHOr0 YCTPONCTBA (B “poAHon” noaaepxke obopynoBaHus),
nnbo mannepy BHyTpu Driver OS (ucnonb3yetcsa naea us npoekta Drivers L4Ka). Taknum
obpa3om, ecTb Kak native drivers, KOTopble NpPeanoYTUTENLHO NCMONb30BaTh, b0, Ana
NoACTPaxoBKW Ha CJly4yan OTCYTCTBUSA native ApaniBepoB - BO3MOXXHOCTb 1CMOJIb30BaHMUA
Lpansepos BHyTpu OS personalities, npexxae Bcero, L4linux.

e 0S/2 Personality peanunsyeTtcs Ha 6a3e NpMMUTKBOB, peann3oBaHHbIX B PN services. To ecCTb,
APl OS/2 - 6onee BblicOKOYpoBHeBbIN. OS/2 API server peannsyeT CEMaHTUKY (halnioBon
cuctembl 0S/2 (bykBbl AMCKOB, AOCTYN K ApaniBepaM YCTPOMCTB Yepe3 paisioByto CUCTEMY -
“(pannbl” B kKaTanore \DEV\, nannel \PIPE\, n Npo4.) Ha 0CHOBE MeHexepa (pansioBbIX CUCTEM,
conepxauwerocs B PN cepsucax. Takxe, peannsyetcsa VIO/KBD/MOU Ha ocHOBe NPUMUTUBOB,
npefoctasnsemMblx PN cepsucamu (Hanpumep, peannsaumsa VIO noBepx KOHCOM,
npenocTasssemMon console server.)

oes nocTpoeHns cucTeMbl, OCHOBaHHOM Ha PN-cepBucax, 3aumcteoBaHa 13 0S/2 PowerPC. (Cm.
0S/2 PPC, first look)

YHuBepcasbHbIn 3MynaTop x86, Haba3e KOTOporo cTpoATcs 1) ncnonHeHne 16-6MT MHCTPYKLMIA B LX-
thannax 2) peannsyetcs amynaumsa DOS, Bo3MoxHO, Ha 6a3e FreeDOS. (MpoTtoTun: MVM Personality
n3 0S/2 PPC)

EonHbin peckton ana scex personalities. Mpennaraerca ncnosb3osaTtb uaeto 3 Nitpicker ona
MHTErpaumnmn pasHbiX OKOHHbIX CUCTEM B OAUH AeckTon. To ecTb, PM n XWindow paboTatoT 4yepe3
NpPUMUTKBLI, NpefocTaBnsemMble aHanorom Nitpicker.

5. MexaHuu3msbl u API LA4.

30ecCb A 04eHb KPaTKO (MOAPOBHO He MONYYNTCS - 3TO BbIXOAUT 3@ PaMKK CTaTbU) pacckaxy ob
naesx, Ha 0CHOBE KOTOPbIX peann3osaHo L4. NMogpobHee cMm. B L2, v. X.2, L4 user manual (MIPS case),
L4 user manual (v. X.2), TU Dresden, changbl nekumnin, UNSW, cnangbl nekuumi. Mpowy npoweHns 3a
HETOYHOCTW, eCIN Takne BCTpeTATCA. (“9 He BONLWEDHUK, 5 eLle TONbKO y4ych” © ;)).

1) OCHOBHbIe NOHATUA U abcTpakLum

Mukposagpo peannsyeT Bcero Tpu abcTpakuum (octanbHoe peannsyetcs B userlevel Ha ux 6a3e):

1. Tpepn - ncnonHseMas n gucnetTyepmsyemas eanHuLa. iIMeet CBOM KOHTEKCT - COCTOSAHUE
pPerncTpoB npoeccopa.

2. AnpecHoe npocTpaHCcTBO - O61acTb BUPTYasbHON NaMSATU, B KOTOPOW UCMONHAETCS HECKOJIbKO
Tpepnos

3. IPC (InterProcess Communication) - cpeacTBO B3aUMOAENCTBMA MEXAY TPeaaMMu.

Mon 3apaden (task) noHMMaeTca agpecHoe NPOCTPaAHCTBO C UCMONHAEMbIMU B HEM TpeaaMu.

Takxe, K 0HUM 13 OCHOBHbIX MEXAHN3MOB MUKPOSAPa OTHOCUTCS NaHMPOBaHME NPOLLECCOB
(scheduling). Mukposiapo conepxut 6a3y ans peannsaunnm scheduling.
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2) Tpenbl

Tpenbl MAeHTUGUUMPYOTCS Yucnamm - Thread Id; nabbl He NIOAUTL CYLLHOCTEN, afpecHoe
MPOCTPAHCTBO UAEHTUDMLMUPYETCS NO HOMepPY NtobOro NpuHaanexallero emy Tpeaa.

Thread ID'bl MOTYT nAaeHTUGOULMPOBaTL 0BbIYHbIE TPedbl, BUPTYanbHble Interrupt Tpenwbl, a Takxe
eCcTb crneumanbHble KoHCTaHTbl Tuna NilThread (ngeHTUdUUMpyeT “Hukakon” Tpen), AnyThread
(noeHTuuumnpyeT nobon Tpeq), oHW cyXKaT ond 3afaHuns 3HaveHnn Threadld B API-chyHKUMSAX,
HanpuMmep, B onepaumax IPC. BupTyanbHble Interrupt Tpegbl NPUMEHAIOTCA 419 BUPTYyannsaumm
06paboTKun npepbiBaHW (CM. HUXE).

Tpen Ha3biBaeTCA JIOKAJbHbIM, €C/IN OH MPUHALNEXUT 3TOMY XKe afpecHOMY NPOCTPaHCTBY.
JloKanbHble Tpeabl agpecyTcs cneymnanbHbIMU 3HaYeHnammn ThreadlD - 3HaveHune ThreadID nmeet
ocobyto macky 6uTos.

Tpeabl MOryT B3anmoaencTeoBaTb Yepe3 IPC. Onepaumns IPC nepenaet coobuieHne oT Tpeaa K
Tpedy. Mpy 3TOM NOCLINAKLLNA 1 NONYyHaLWNA coobLueHne Tpeabl B 3TON onepaunn
naoeHTudunumnpyroTca no Thread ID'am.

Tpen onepupyeT NamaTbio U perncTpamu. NMamMaTb MOXeT OblTb PU3NYECKON U BUPTYaJSIbHON.
BupTyanbHas namsATb nogefieHa Ha He3aBUCUMble afpecHble NPOCTPaHCTBa. ([po KOHCTPYyMpoBaHMe
afpecHbIX NPOCTPAHCTB CM. HXe B pa3fene “yrnpasJfieHne namsaToio”).

Kaxablh Tpen nMeeT CBON KOHTEKCT - peructpsl IP, SP, FLAGS, TCRs (Thread Control Registers, cm.
HUXe). TakxKe, KaXXAbl Tpe MMeeT acCoLMMpPOoBaHHbIe C HUM Nenpaxxep, Wwenynep, a Takxe
exception handler. KoHTeKCT Tpena coxpaHsieTcs B sape B obnactu, HasbiBaemon TCB (Thread
Control Block), npuyem yacTtb TCB coxpaHsaeTcs B cneunanbHon obnactn UTCB (User mode TCB),
cojepxxallenca B adpecHoM npocTpaHcTee camMorO Tpeda - oHa OTKpbITa A4 AoCTyna 13 usermode.

3) YnpasneHue namatbio (flexpages, agpecHblie NPOCTPAHCTBA U UX PEKYPCUBHOE
KOHCTpyupoBaHue)

ApnpecHoe NPOCTPaAHCTBO COCTOUT U3 CTPaHWL, namaTu. HTepecHo, 4To L4 onepupyeT
BUPTYaNbHbIMW CTPAHMLLAMUN, HE3aBUCMMbIMU OT apXUTEKTYpbl - OHM Ha3biBatoTCA flexpages.
Flexpages umetoT pa3mep, 601bWNA UK paBHbIA annapaTHOW CTPaHWLbI NaMATW NpoLeccopa, 1
KpaTHbIA CTeneHn ABoNKK. CaMa CTpaHuUa Takxe f0/KHa BbiTb BbIDOBHEHA MO CBOEMY pa3Mepy U
cam pa3mep fo/KeH BbiTb He MeHbLe 1 K. Flexpages paccMaTpuBaloTCa Kak HeflennMble 00beKThl.

ba3oBoe “nnockoe” agpecHoe NPOCTPaHCTBO, 0TOOPa)KeHHOE NAEMMNOTEHTHO (TO eCTb, OAWNH B OAWH)
Ha (h3nYecKyto NamsATb, Ha3biBaeTcsa sigmal, Kak 1 OAHOUMEHHLIN cepBep.

CtpaHuubl namaTu (flexpages) moryT oTobpakaTbCs U3 0QHOIMO aApeCHOro NPOCTPaHCTBa B APYroe.
Mocne Takow onepauuu, Ha3biBaeMon mapping, CTpaHuLa NaMaTK CTaHOBUTCA AOCTYNHON B 0benx
afpecHbIX NPOCTpaHCTBax. Tak peannsyeTcs pasgenseMas namate. Kpome onepaumm mapping ecTb
elle onepauus nepefayv cTpaHuubl NnamaTu (granting). OHa oT/iMYaeTCa OT NpeablayLlen TeM, 4YTo
afipecHoe NpoCTPaHCTBO A, NpefoCTaBAsolWee CTPaHNULY NaMATH afpeCcHOMY NPOCTPaHCTBY B,
TepseT AOCTYN K 3TOW CTpaHuue. To eCTb, CTPaHULa nepeaeTcs HacoBCeM. JTa onepauus, B
OT/IYMe OT NpeablayLien, HeobpaTuma.

OTobpaxkeHne (mapping) nnn nepenada (granting) cTpaHWLbl NaMATK OCYLLECTBAAETCA NyTEM
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nocbIIKKN cneunansHoro IPC-coobLieHns, B KOTOPOM 3akoauposaH Habop flexpages (Mapltems u
Grantltems). iopo nepexBaTbiBaeT NOCLIJIKY TAaKOr0 COOOLLEHMSA 1 MPK 3TOM peanusyeT onepauunio
map/grant. To ecTb, onepauua map/grant ocyLecTBASETCS Kak Nob0oYHbIN 3DEKT nepesayn
cneumanbHoro coobueHuns, a He npu nomolun API-doyHKumK. HanpoTus, ans obpaTHOM onepaunn
unmap npefHa3sHa4vyeH cneumasbHbil cMCTeMHbIN Bbi3oB Unmap(). Onepauma Map (kak n Grant)
peann3oBaHa Takum 06pa3oMm, 4TO NpoLecc-nonyyaTesib UMeeT BO3MOXXHOCTb YKa3aTb OKHO,
orpaHuymBatoee obnacTb, B KOTopyto Heobxoaumo otobpasuTs flexpages.

Onepaumun mapping, granting 1 unmapping peanun3sylTcs AUHAMUYECKM, TO eCTb, BO BPEMS
BbINOSHEHNS. OHU OCHOBAHbI Ha onepaunax ¢ Tabamuammu CTpaHuL, NpoLeccopa, KoTopble
OCYLLEeCTBAATCA AMHAMUYECKM MO 3anpocy Nporpamm.

AppecHble NPoCTPaHCTBa KOHCTPYMPYIOTCA PEKYPCUBHO. MHa4ve roBops, eCTb MCXOAHOE afpecHoe
npocTpaHcTBO sigmal. 3agada sigmal oTnaeT obnacTn namaTy cepeepam A n B nyTem onepaumm
granting. A nepepaeT (4epe3 map uau grant) 4YacTu noayyYeHHON namaTn cepsepam Al n A2, B -
nepenaet Bl n B2. Te - nepefatoT fgasblle rno uernoyke. MosyyaeTca nepapxmyeckas cuctema
MeHeOXepoB NamsATu. B pesynbTaTe agpecHble NPOCTPaHCTBA MOTYT KOHCTPYMPOBATLCA
NpPOn3BOJIbHbIM 06pPa30M M3 NCXOAHOIO MJIOCKOro aApecHOro NPoCcTpaHcTBa (sigmal), n Ha 3ToM
OCHOBAHO yrpaB/ieHMe NamaTbo. Bce 3Tn onepaunmn foCTyrnHbl 00bIYHLIM HEMPUBUAEMMPOBAHHbLIM
userlevel nporpammam. To ecTb, yrpaBaeHne NamMaTu peannsyeTtcs B userlevel.

BupTyanbHaa namMaTh, NogKayvka ¢ gucka n obpaboTtka page faults (CTpaHMYHbIX OTKa30B)
Npon3BOAMTCS Mpu nomMoLLn userlevel cepepoBs, Ha3biBaeMblX Nengxepamu (pagers). Kaxxabli Tpeq
MMeeT acCoLMMPOBAHHbLIN C HUM Nengxep. Korga Tpes obpallaeTcs K CTpaHuLe namMsaTu, KoTopas
elLe He oTobparkeHa B ero agpecHoe NpoCcTpPaHCTBO, BO3HMKaeT page fault (nHave rosops,
nckntoyeHne npoueccopa TRAP 000e). ObpaboTymk page fault'a B aape nepexsaTbiBaET ynpaBieHue
1 NpKY 3TOM NocblNaeT cneunanbHoe IPC-cooblieHne nenaxepy Tpema. 3To coobuieHmne
OTMPaBNSAETCA A4POM OT UMeHU cOboHyBLIEro Tpeda (3To Ha3biBaeTca “obMaHbiBatowee IPC” -
“deceiving IPC” a cam Tpen Ha3biBaeTcs virtual sender). Mengxxep peannsyeT KaKylo-TO JIOrMKY
o0bpaboTku page fault'oB n moxxeT pewmnTb 0TOb6pa3nTh flexpages B afpecHoe NpocTPaHCTBO
cbonHyBLIEro Tpeaa. 370, KakK Mbl Y)Ke FOBOpUAN, TakxXe peannsyetcs Yepes IPC. - Mengxep npocTo
oTBeYaeT Ha coobueHune o page fault'e coobeHnem c oTobpaxxaembiMu flexpages.

Meno>xepbl MOryT obpallaTbCs K MEHEO)KEPAM MaMATU, a TakXKe 4acTo 6biBaeT, 4To obe ponn
COBMeLLEHbI B OJIHOW NporpaMme.

4) IPC u a3bIK IDL (ucnonb3oBaHMe MeTOA OB pacnpenesieHHbIX CUCTEM)

ba30BbIM METOAOM MEXMNPOLLECCHOr0 B3aMOAENCTBUS ABSETCA MEXaHU3M nepenaym coobuieHnn,
peann3oBaHHbIN B agpe. Takxe BaXKHbIM MexaHM3MoM IPC aBnsdeTcs pasgensemMas namsatb. Ho
cobcTBeHHO abbpesunaTypa IPC 06bI4HO NOAPa3yMeBaeT UMEHHO Nepeaady coobLieHn.

Mepenaya coobeHnin SBNSETCA CMHXPOHHOW 1 He Bydepm3soBaHHoM (synchronous and unbuffered).
T.e., nocblnaowmn Tpen 610KMpyeTCs, MOKa NoAyYaloLnin He BOMAET B ha3y receive N He NOAYYMT
coobuieHmne. - CuctemHsin Bbi3oB IPC() 0bbeanHseT ase dasbl - send 1 receive. 0be N3 KOTOPbIX
onuunoHanbHbl (onpepenseTcs napameTpamu Boizosa IPC()). OanH 13 Tpeaos AOJ/KEH HAXOAUTLCA B
(hase send, gpyron B hase receive. Monyvaowmi Tpes LOJHKEH NpefocTaBnTb bydeps! ans
coobuieHuns; B agpe coobueHune He bydhepunsyeTcs.

CWHXPOHHOCTb U He BydepnsoBaHHOCTb IPC 9BNSETCS OAHON M3 NPUYNH BbICOKOWN
npounssoamTensHocTy IPC B L4. HanpoTus, B Mukposape Mach IPC 6b110 aCUHXPOHHbBIM ©
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6ydepn3oBaHHbIM (IBM-0BCKOE MMKPOAAPO, OCHOBaHHOE Ha Mach, Ha 6a3e koToporo bbina
noctpoeHa 0S/2 PPC, conepxano yny4yweHus. IPC B HeM Bbl10 N3MEHEHO Ha CUHXPOHHOE, 4TO Aasio
noBsbllWeHNe nponssoauTensHocTn 0S/2 PPC, first look).

Takxxe cnegyeT OTMETUTb, YTO CcoobLeHNs B L4 He NPOBEPSIOTCS Ha NPaBWUJIbHOCTb, B OT/IMYNE OT
Mach.

TakXe, KaK Mbl y)Ke yrnoMuHanu, B L4 oTCyTCTBYeT NOHATUE NopTa, Kak B Mach, 4To ynpowaeT IPC n
[aeT NpupocCT NPOU3BOANTESIbHOCTMW.

Onepaunm IPC MOryT oCywWeCcTBAATLCSA BPYYHYIO, HO 34eCb 4J15 NPOrpaMMmncTa 04eHb MHOIo
PYTUHHOW paboTel. M03TOMY An5 aBTOMaTU3aLMM 3TUX ONepaLnin CyXaT reHepaTopbl UHTEPdEncos.
leHepaToOpbl UHTEP(ENCOB UCNONBL3YIOT METOAbl pacnpeaeneHHbIX cuctem - a3blk IDL (Interface
Definition Language). icnonb3osaHue IDL MoxHO BCTpeTuTb B 0S/2 Warp Toolkit, ecnu Bbl
nporpammupyete SOM-npunoxxenus. icnons3osaHue a3bika IDL HecnyyYanHo. Kak v B
pacnpefeneHHbix cuctemax (Corba/DSOM, COM, DCE), mukposgepHas cuctema CoCTOUT 13
MHOXXeCTBa 06BbEKTOB (CEpPBEPOB), B3aMMOAENCTBYOLWNX MeXay cobon Npyn NOMOLLM NPOTOKOJIOB,
nepegawLmx coobLleHns Yepes )KeCTKOo 3afaHHble HTepdencol. M Bo BCeX 3TUX Cy4vasax ecTb: 1)
®a3a cbopkun coobLieHNs 1 ero NOCbIIKU Ha CTOPOHE KJMEHTa, a Takxe noJiydyeHune n pasbopka
O0TBETOB cepBepa N nx obpaboTka. 2) Ha CTOpoHe cepBepa eCTb LMK 0XXnaaHus, pa3bopku un
06paboTKM CoObLLEHNI OT KNEHTOB.

O6e 3Tn ha3bl aBToMaTmM3MpytoTcs IDL-komnunnsTopom (IDL Compiler, Interface Generator). ns 3Toro
BHELLHME NHTepdencel cepeepa KOAMPYOTCS Ha sa3bike IDL. IDL-komnunaTop obpabaTbiBaeT
NCXogHWK Ha a3bike IDL 1 no Hemy cTpouT 1) client-side stub 2) server loop. Bce 310 genaetcs
aBTOMaTMYeCcKn 1 Ha Bbixode komnuaaTopa IDL nonyyatotcs dannsl Ha a3bikax C, C++, Ada 1 npou.

Ons cnyyas s3bika C Ha Bbixoge IDL-komnunaaTopa nony4vaetca 3 hanna. 1) client-side stub 2) server
loop 3) xenep, BKJKOYaEMbIV B Bally nporpammy.

Ons mukposaapa L4 cywecTByeT HECKONbKO pa3HbiX IDL-KOMNMASTOPOB, Ha AaHHbIA MOMEHT
N3BECTHbI Takne KomnunaTopsl Kak, IDL4, DICE, Magpie a Takxe Flick. OHu reHepupytoT
BbICOKOMPOWN3BOAMNTESNIbHBIE N ONTUMU3NPOBaAHHLIE Stub-bl, NPON3BOANTENBHOCTbL KOTOPbLIX CPAaBHUMA
C MPOU3BOANTENBHOCTLIO NPU PyYHON onTuMM3aumun. Stub code becoming important

5) BupTtyanbHbie perucTpsbl

KpoMe namsaTu, Tpelbl UMEKT [eN0 TakXe C pernctpamu. L4 peannsyeT BMpTyasibHble PEFUCTPSI,
He3aBUCKMble OT apXUTEKTYpPbl. B 3aBUCMMOCTI OT KOHKPETHOr0 TWMNa NpoLLeccopa, BUPTyaJsibHble
PerncTpbl MOryT 0Tobpa)kaTbCs Kak Ha peasibHble PerncTpbl MpoLeccopa, Tak U Ha obnacTu namsaTu.
nn e 4acTb 13 HUX oToBparkaeTcs Ha NaMATb, @ YaCTb - Ha PErMcTpPbI NpoLeccopa.

CyuwecTtByeT 3 KJlacCa BUPTYyasibHbIX PErncTpoB:

TCRs (Thread Control Registers)|- cny>aT ons XxpaHeHUst KOHTEKCTa Tpela

- CNyXaT And xpaHeHus IPC-coobweHnin B onepaumm

MRs (Message Registers) nepeaayn/npuema

BRs (Buffer Registers) - CnyXXaT 4na XxpaHeHus bydepos npu nepenaye CTPok
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6) API

APl L4 copepXnT 04eHb HeboNbLIOE KONNYECTBO DYHKLUMIA. B opnrnHanbHom Bepcum sapa nx 6uis1o
Bcero 7. [Ansa APl Bepcun X.2 (L4Ka::Pistachio) nmeeTtcsa 11 cuMcTeMHbIX Bbi30BOB. CUCTEMHbIE BbI30BbI
AenaTcs Ha 0bblYHble N NPUBUNErNPOBaHHbIE. MNPUBMNErMPOBaHHbLIE MOTYT BbI3bIBAaTbCA TONLKO
NPUBWIErMPOBAHHBLIMK Tpeaamu (T.e., Tpe4aMmn, UCMONHALWMMUCS B aAPeCHOM NPOCTPaHCTBE
roottask)

BoT 4T0 OHM cobon npeacTaBnsaoT:

1. |Kernelinterface() no3BonseT nony4nTb agpec Tabnuubl KIP
2. |ExchangeRegisters()(3ameHseT nan Bo3BpaLlaeT COCTOSAHNE PErncTpoB Tpeada

CNYXWUT ans gobasneHna nnn yaaneHusa Tpenos B agpecHoe NpoCTPaHCTBO
(NpuBMNernpoBaHHbLIA CUCTEMHbIV BbI30B)

nony4aeTt cucteMHoe Bpems. O6bI4HO He TpebyeT nepexona B kernel mode
(3TO yAMBMTENBHO, HO TaK HanNMcaHo B AOKyMeHTauuu!).

NCNonb3yeTcs Weaynepamn Ana 3aaHns 3HAa4YEeHNS KBAaHTa BPEMEHM,
NpuopuTeTa 1 APYrMX NapameTpos

BbI3bIBAlOLLNIA Tpen 0cBobOXAaeT NPOLLECCOP U AAaeT BO3MOXHOCTb
nepenayun ynpasaeHus opyromy Tpeny

BbINOMHAET onepaunto unmap Ans ykasaHHblx flexpages (BUpTyanbHbIX
CTPaHUL NamMsATK)

ynpaBnseT agpecHbIMU MPOCTPaHCTBaMM (NPUBUIErMPOBAHHbIA CUCTEMHbI
BbI30B)

BbIMONHAET onepaumio npuema/nepenaymn coobuieHmns. CywecTsyeT B ABYX
Bepcusax npocto IPC n LIPC - Lightweight IPC - cneynanbHas Bepcus 3Toro
9. [IPC() CUCTEMHOr0 BbI30Ba, ONTUMU3MPOBAHHAA ANS Nepefayn Mexay Tpesamu,
NCNOJIHALWMUMUCS B OLHOM U TOM XXe afpeCcHOM MpocTpaHcTee. B
ocTasibHOM 06e Bepcun naeHTUYHbI.

ynpaBnseT napamMeTpamu npoueccopa(-oB). MOXXET MEHATb BHELLHIOW U
10.|ProcessorControl() |BHYTpPEHHIOK YacTOTYy NpoLEeccopa U ero BoJibTax (MPMBMIErMPOBaHHbIN
CMCTEMHBIN BbI30B)

ynpaBnseT aTpubyTamMu CTpaHUL, NamMsaTy (NPUBMAErMPOBAHHLIN CUCTEMHBIN
BbI30B).

3. |ThreadControl()

4. |SystemClock()

5. |Schedule()

6. |ThreadSwitch()

7. |Unmap()

8. |SpaceControl()

11.|MemoryControl()

Kaxpas u3 aTux CIJyHKLI,VII7I obbeanHaeT MHOXECTBO BapnaHTOB X NCMOJIb30BaHNA.

7) MexaHu3Mbl bezonacHOCTH

OnHVMM 13 MeTo40B pa3rpaHnyeHns pasnuyHbix nogcuctem n OS Personalities sBnseTcs MexaHU3M
KnaHos u LWedgos (Clans and Chiefs). Ecnu 3agada A co3gana 3agaym B, Cn D, To cama 3agada A
CTaHOBMUTCA UX Wedom, a camu 3aga4m B, C n D obpa3yloT knaH. Kaxxaasa 3afilaya MoXXeT co34aThb
CBOW KNaH, AN19 KOTOPOro oHa byneT ABnaTbCs wedoM. Ha knaHax v wedax 0CHOBbIBAeTCA
pa3rpaHmyeHne NoacucTeM - 3agada B MoxeT cnaTb coobLieHns TONbKO YieHaM CBoero KnaHa, nmbo
csoemy wedy. Ecnm B nonbiTaeTcs nocnate coobuieHne 3aade, He BXOAALLEN B €€ KJiaH, TO OHO
(coobLieHne) NpuHYAUTENbHO HanpasaseTca wedy. Led MoxeT Kak “AponHyTh” cooblieHne, Tak n
nepeHanpaBuTb ero wedy APYroro KaaHa (a OH yxe - Y1eHaM CBoero KnaHa). KnaHbl MOryT 6biTb
BJIOXKEHHbIMWU. ITOT MEXAHU3M pa3rpaHnymnBaeT pasHble nogcmucTemsl 1 OC-bl nyTeM
nepeHanpasneHns NnoToka coobwerHni IPC.
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Takxe, BTOpbIM MexaHn3MoM obecneyeHns 6e30nacHOCTM ABAAETCS NPUHLUMN: CepBepbl (Hanpumep,
roottask n sigma0) NnpefoCTaBASAT pecypcbl MEPBOMY 3anpoCuBLLIEMY KANMEHTY (Hanpumep, sigmal
OTAaeT NaMATb MePBOMY 3amnpoCMBLUEMY CEPBEPY-MEHELKEePY NaMATH), 0CTaslb- HbIM OHU
O0TKa3bIBalOT B AOCTYyne. Tak Kak NepBbIM PeCypcChbl 3anpallnBaloT HavabHble CEPBEpPbI, CMUCOK
KOTOPbIX ONpenensieT CUCTEMHbIN aAMUHUCTPATOP uan pa3spaboTyuk guctpmnbyTtmea OC, To KTO
YrO4HO He MOXKET 3anpoCuTb pecypc v 3aBnafeTb UM.

Takxe, pa3fiMyHble CTpaTeruy AocTyna K 060pyA0BaHMIO, MOPTAM U NaMATU MOTYT BbiThb
peann30BaHbl Yepes user-space nengXepbl ¥ MEHedXXepbl NaMAaTH.

8) PaboTa c obopynoBaHuem u apanBepsbl B userlevel

Ina cnyyvas Mukposigpa apaneep - 370 0bbl4HasA userlevel nporpaMmMa, CNONHAKLWAACS B ring3.
EcTecTBeHHO, ApanBep AO/KEH MONYYnTb pecypchl - IRQ, Ha KOTOPbIE OH BELIAETCS Kak 06paboTynk
npepbiBaHNA 1 NOPTbl MO0 NamMsATb, 0TOOpPaXKeHHyY Ha YCTPOMCTBO. [osy4YaeT OH 3TU pecypchl OT
creunanbHOro cepBepa-MeHe)xepa pecypcos. (A caMm 3TOT MeHe[)Kep PecypcoB NnojyyaeT uxy
MUKposapa 1 sigmal Ha NpaBax NepBoro 3anpallnBaloLLero cepsepa). Yxe peasiv3oBaHsbl
crneunasnbHble MeHeO)Kepbl annapaTHbIX PECYPCOB, U cywecTByeT bonee-meHee 0bLLENPUHATLIN
NHTepdenc K Taknm MeHegxxepaM. Hanpumep, B l4env posib TaKOro MeHe)Xxepa pecypcos
BbINOJIHAET cepBep 14i0; cam obwenpuHATLIN NHTepdenc Ha3biBaeTcs omegal. Omegal Takxe
peannsyeT NHTepgeNC K KOHTPOANEpPY NpepbiBaHMI (Hanpumep, noceinka curHana EOI) n paboTy ¢
PCI configuration space n T. .

a) obpaboTka npepbiBaHUM

Ecnv npuxopaT npepbiBaHWs 0T YCTPOMCTBA, A4P0 NepexsaTbiBaeT MX, U Npu 3TOM HanpasaseT IPC-
cooblueHmne Tpeny-06paboTymky npepbiBaHns. MNpunyem, 3To cooblieHre NPUXoANT OT UMEHN
HecyLlecTBylowero (BUpTyanbHoro) Tpeaa ¢ ocobbiM 3HaveHnem Thread ID - Interrupt Thread. Takum
obpa3om peanusoBaHa 0bpaboTka NpepbiBaHUA B user mode - CMrHabl NpepbiBaHMS
BMPTYaM3yOTCA Yepe3 nocbinky coobueHun IPC, npuxoaawmx oT BUpTyanbHbIX TPEA0B.

6) paboTta c noptamu u memory-mapped i/o.

Ha 60/1bLUIMHCTBE apXMTEKTYP PErncTpbl YCTPONCTB 0TOOpakatoTCs B 06bIYHYIO (hM3MYECKYI0 NaMATb.
MosTOMYy CepBep MOXKET 3anpoCuTh TaKylo NamsATb B BUAe 0bbiyHbIX flexpages y meHexepa namaTu,
Hanpumep, sigma0. Ha nnaTtdopme PC cyliecTByeT oTAeNbHOE afgpecHoe NpOoCTPaHCTBO NOPTOB
BBOJA-BbIBOAA. B 3TOM Cnyyae ons 3T0ro afpecHoro NpoCTpaHCTBa Tak)Xe MOXKHO BbIMONAHATb
onepauun map/grant n unmap. 1na 3Toro cnyxat crneumanbHble i/o flexpages. To ecTb, cepBepsl
(OparBepsbl) MOryT 3anpallmMBaTh CTaHAAPTHLIM 06pPa30M AOCTYN K MOPTaM y MeHedXepa naMaTu,
ynpasAsowero noptamu, 4epes onepaunm map/grant. 'paHynapHocTb i/o flexpages coctasnseT 1
6anT.

Ins cnyyas focTyna K i/o mopTaM Tak)Xe BO3MOXHO BO3HMKHOBeHMe page fault'os npu mocTyne K
HeoTobpa)keHHoW 061aCTN aapecHoOro NpocTpaHcTBa NnopToB. ObpabaThiBaeT Takme page fault'bl
TakXXe nenkep, aCCoLMMPOBAHHLIN C TPEAOM ApaiBepa YCTPONUCTBA. ITOT Nenaxep A0JKEH
cnenoBaTh CNeLnaibHOMY NPOTOKOJY.
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6. OOwan CTPyKTYypa, U3 4ero COCTOMT MUHUManbHasa L4 cuctema.

MuHMManbHas cMCTeMa CoCToMT U3 COBCTBEHHO MUKpOAApa, 3arpy3ymka kickstart, kopHesoro
MeHea)kepa namaTn sigmal 1 KopHeBOro cepeepa (rootserver). ToJIbKO MUKPOSIAPO UCMOJIHAETCH Ha
BbICLUEM YpOBHe npuBunerui. roottask n sigma0 ncnonHsioTca B userlevel. Roottask - 6a308Bblii
cepBep, 0TBEYAOLWNIA 32 UHULMAAN3ALMI0 CUCTEMBI, @ TaKXXe 3a BbIMOJHEHWE NPUBMIEMMPOBAHHbIX
onepauunin. Sigma0 - HaYaNbHbIA MEeHeO)Xep NamMATH, KOTOPLIN BRageeT BCern (U3N4eckon NaMmsaTbio
cucTeMmsbl. Sigma0 MoXXeT oTAaBaTb CTPaHMLUbI PU3NYECKON NaMSATU APYrM CepBepaM, peannsysa ans
3TOro CBOW NMPOCTENLLNA NPOTOKOS B3aUMOLENCTBUS.

7. UHuumManu3auuma cucTeMmbl

N9 3arpy3Kn CUCTEMbI, OCHOBaHHOM Ha L4, TpaAnUMOHHO ncnosb3yeTcs 3arpy34mk GRUB n
cTaHgapT Multiboot. Mpu 3Tom GRUB 3arpyxaeTt nporpammy kickstart - cneu. 4ONOAHUTENbHbIN
3arpysyuk, BbicTynawowmm B ponn multiboot-aapa, n Habop [ONONHUTENBHbLIX MOy el. [epBbiM
MoZyneM Lo/KHO BbiTh aapo L4, BTopbIM - sigma0, TpeTbuMm - roottask, n nanee cnepyot
nobasoyHble mopynu. Kickstart rpysuT L4, sigma0 u rootserver n3 ux obpa3os B NamMaTK, NOJYyYEHHbIX
oT GRUB'a, nenaer fixups, 3anonHsaeT nonsa B obnactu nol HassaHmeMm Kernel Interface Page (KIP).
KIP HaxoaunTca BHyTpu obpasa Mukposapa L4 B namsaTu. OHa 0Y4eHb BaXKHa AJ11 CUCTEMbI U COOEPXKUT
afpeca HayYallbHbIX CEPBEPOB, afpeca TOYeK BXO4a CUCTEMHbIX BbI30BOB MUKpOsAApa, Tabanubl
feckpuntopos obnacTen NaMaT U JOMNOJHUTENbHBLIX MOAyNew, 3arpyxeHHblx GRUB'oM, a Takxe
npoyyto nHgopMaumio (Bce 3T nonga 3anonHseT kickstart n nepenaet aapy). 3atem kickstart
3anyCckaeT MUKpoaapo. MuUKposaapo cTapTyeT HavaslbHble cepepbl - sigma0 u roottask. Roottask
nocsie 3Toro UHNLMann3mpyeT Bce userlevel cepBuchbl CUCTEMbI, B TOM YUCSIE, pa3nyHble
personalities. [lononHUTENbHbIE MOAYNN, 3arpy>XeHHble GRUB'OM, ToXKe MOryT CTapToBaTbhbCH
roottask'om, npnyem ccbisika Ha Tabanuy ¢ agpecamu aTux mogynen Haxoantcs B KIP, oTkyaa
Roottask n nonyyvaeTt nHpopMaLmMio 0 X MECTOHAX0XAeHUW. MeHeXepbl MaMATH Npu
MHULMANM3aLUM CUCTEMbI NOJTYHatoT BCIO NaMaTb OT sigmadl.

Ina co3paHuna 6onee nogxoaswero, 4em GRUB, 3arpy3yunka, NCNOSIb3YIOLWEr0 XapaKTepHbIe ANS
0S/2 mexaHu3Mbl 3arpy3Ku, HanpuMep, ncnosb3oBaHne microfsd, npoekTom osFree pewweHo 66110
COBMECTUTb MexaHu3Mbl microfsd ¢ nornkon 3arpysku, ncnonb3ytowen ctaHgaptT multiboot. Haw
3arpy34mk Ha3blBaeTcs FreelLdr, oH HaxoAMTCA B npouecce pa3paboTku. 3arpyska L4 yxxe noyutun
peann3oBaHa.
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