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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 370 noTomy, 4TO

1. s4po o4eHb HosblUOe, B HEM Be/IMKa BEPOATHOCTb OWNBOK

2. KOMMOHEHTbI iApa UCMONHATCS B OLHOM aApPeCHOM NPOCTPaHCTBE U UMEKT JOCTYnN K
CTPYKTYypaM Apyr apyra.

3. OHU NCMOJHAKOTCSA Ha BbICLLEM YPOBHE MPUBWIErWIA, MO3TOMY MOTYT CAeNaTb YTO Yro4HO, B TOM
yucne, NCNopTUTL CUCTEMY

4. B3aVMOOTHOLLEHNS Mexy KoMnoHeHTaMn OC He orpaHunyeHbl; KaXkblii KOMMOHEHT MOXXET
MEHSTb CTPYKTYPbl A@HHbIX APYTrX KOMMOHEHTOB.

Bce 3Tn npobnemsl peLiaembl, ecam

BbIHECTW BCE HEHYXHOE U3 A4pPa

pa3HeCT BCE KOMMOHEHTLI MO Pa3HbIM aApeCHbIM NMPOCTPaHCTBaM

BbIHECTW UX Ha NONb30BATEIbCKUN YPOBEHb I'Ipl/lBI/IJ'IGFI/II7I.

pa3pgenntb CMCTeMy Ha MHOXXeCTBO KOMMOHEHTOB CO CTPOIro 3adaHHbIMU MHTepcpeMcaMM.

Ll

Knio4oMm K 3TOMy ABASETCA KOHLeNnumsa MuKpoaapa. MUKposaepHbIn NOAX04 CYLLeCTBYeT yxe AoJroe
BpeMs, Ha4dnHasa ¢ 80-x rr. 20-ro ctonetns. O4HMM 13 NepBbiX MUKposaep Obbino Mukpoaapo Mach
(Carnegie-Mellon University). 9T nccnegoBatenbCckme NpoekThl Oban HanpaeaeHbl Ha co3aaHne
HaOeXHOWN, NPon3BOANTENLHON, Be30nacHoOn, pacluMpaeMon 1 MOAYAbHON ONEePaLMOHHON CUCTEMBI.
Jlonroe BpemMs ygaBanoCb AOCTUYb MOYTU BCEX ITUX Lenei, 3a UCKIYEHNEM MPOoU3BOANTENbHOCTH,
KOTopas nepeyepkumBana ocTanbHble NpenMyLLecTBa. MNepsble MUKposiapa bbin 04eHb MefJIeHHbIMU,
M Ha TorgaluHeMm xesese Obl1M HEMOBOPOTINBLIMMU.

To eCTb, Ha MUKPOAAEPHble CUCTEMbI BO3JlarasnoCh 0O4€Hb MHOMO Hadexa 1 A0 Noc/efHero BpemMeHu
OHW He onpaBAblBannCb. CaMbiM NONYNAPHLIM MUKPOAAPOM Oblo MUKposaapo Mach, paspaboTaHHoe
B yHuBepcmTeTe KapHern-MennoHa. Ha ero ocHose 6b110 peann30BaHO HECKOJIbKO HOHUKC-MOA06HbIX
cucTeMm. B ToM yncne, bonblume Hagexabl Ha 3TO MUKPOAAPO Bo3naran npoekT GNU, KoTopblii
ncnosb3oBan ero ans paspabotkum ceoen cuctemol HURD. Takxe M3BECTHbIMK MPUMEpPaMU
ncnosb3oBaHma Mach bbiim Mac OS X (ucnonb3yet mogmduumnpoBaHHoe MMKposapo Mach ¢
06Bsi3Kon 13 BSD-cepBnCOB 1 paiiBepoB - Ha3biBaeTcs 3To aapo Darwin); IBM Workplace OS -
MN3HaYabHbIA FPaHANO3HLIN NaaH 0bbeanHNTL Ha ogHOM deckTtone 0S/2, AlX, Windows, DOS, AS/400
M NpoYmne cucTeMbl. ITOT NnaH Hbla1 YaCTUYHO peann3oBaH, XOTSA U B 06OLLEM 3aKOHYMACSH Heyaayen.
3 Bcero aToro Habopa OS Personalities 6binn peannsoBaHbl ToNbko OS/2 Personality n DOS/MVM
Personality. Mony4melumincs npoaykT Ha3biBanca 0S/2 Warp Connect (PowerPC Edition). OH 6bin B
KOHLLE KOHL,OB MPeasioXKeH Y3KOMY KPYry KANeHToB IBM 1 LUMPOKO HE peKIaMMpPOoBanCcs 1 He
npofasancs. 3Ta pa3paboTka OCHOBbIBasaCb TakXe Ha MOAMMULMPOBaHHOM MUkposiape Mach ¢
obssa3kou Personality-Neutral (He 3aBucumMbIx oT Personality) cepBucamu. Ha ocHOBe 3TVX CEpPBUCOB
Obl/1IM MOCTPOEHbI KOHKPETHbIE personalities.

Tak)Xe U3BeCTHO, 4TO 1 Y KoMnaHum Microsoft bbiia nonbiTka MCNob30BaTh MUKposApo Mach B
Windows NT 3.1.

Bce 371 NonbITKM B LIESIOM 3aKOHYUIUCh Heyaayen (3a ncknoveHnem MacOS X). naBHas 13 3Tux
HeyZay - 04eHb HMU3Kas NPOU3BOANTENIbHOCTb CUCTEMbl. HECKONBbKO UccnenoBaTebCKUX rpynn
CTano n3yy4aTb MNPUYUHBLI HU3KOrO BbICTpOAENCTBMA MUKPOAAEP. bbinn pazpaboTaHbl KOMNPOMUCCHbIE
noaxonbl. Hanpumep, B Mac OS X n Windows NT gparieepbl 6bi/11 BHOBb BKJIKO4YEHbI BHYTPb Si4pa, 4TO
No3BONSANIO AOCTUYb BOonee BbICOKOW MPOU3BOAUTENBHOCTU. M3BeCTHa Takxe rpynna n3 MIT (CLLA),
pa3paboTaBlian B UTOre sTux nccnenoBaHnm 3ksoaapo (Exokernel) n rpynna n3 nHctutyta GMD
(TepMaHus) Nog pyKoBoACTBOM npodeccopa MoxeHa JinaTke (Jochen Liedtke), paspaboTasluero B
NUTOre CBOUX NCCNefoBaHUN MUKPOAAPO L4. N3BeCTHO TakxXe, 4TO JInATKe No3)Ke COTpyAHUYan 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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Y10 KacaeTcs MUHUMaNbHOCTW. Ecnu cpaBHMBaTh Mach n L4, To Mmukposapo Mach 66110 o4eHb
FPOMO3JKUM, Y Hero 66110 60Jblle COTHU CUCTEMHBIX BbI30BOB, OHO cofiepxkano B cebe nopsaka
100000 cTpok Koga, 3aHUMaso okono 500 KbanT Ha gucke (no kpamHen mepe, Bepcma ns 0S/2 PPC,
KoTopas 6bina B hopmaTe ELF n gna RISC-npouecopa). L4 xe Ha 1-2 nopsiika KOMMNaKTHee.
OpuruHanbHasa peanun3sauma L4 cogepxana Bcero 7 CUCTEMHbIX BbI30BOB, C/IOXXHOCTb €ro bbina
nopsaka 10000 cTpok Kofa, Ha AUCKe OHO 3aHuMaeT npumepHo 100 K (popmaT ELF, nnatgopma
Intel; naHHble gnsa L4Ka::Pistachio), a BOT B maMaTK OHO 3aHMMaeT Bcero 12 Kbant! (Mo gpyrum
AaHHbIM - 32 KbanT, 3TO 3aBUCUT OT BEPCUM S4pa; HEACHO, O KaKOoW BepCun Benacb peyb). [Mo3Tomy
L4 Tak)e 4acCTo Ha3blBalOT HAaHOAAPOM (nanokernel), NOCKOMLKY ero pa3Mep Ha 1-2 nopsgka MeHblue
KNlaccuyeckoro Mukposapa. Kpome toro, pasmep ncxoaHukos L4Ka::Pistachio nogo Bce nnatgopmsl
BMecCTe - 0K0J10 8 M6. MOHATHO, 4YTO TONbKO HebosbLLAs YacTb 3TOr0 cobrpaeTcs Nog KOHKPETHYIO
nnaTgopmy.

Takxxe, opurmHanbHoe Mukposapo L4/x86, HanncaHoe Liedtke, 66110 onTuMU3nposaHo nof 486
npoueccop n 6110 HanmcaHo Ha acceMbnepe. CoBpemeHHoe MUKposapo L4Ka::Pistachio yxe
HanmncaHo Ha C++ Co BCTaBKaMu Ha acceMbnepe, 1 COOEPXUT generic 4acTb (He3aBUCUMYIO OT
APXUTEKTYPbI), YaCTK, cneunduyHble 15 KaXKL0N apXUTEKTYpbl, 4acTu, cneunduyHbie ons
OTAeNIbHbIX NAAT(OPM, 1 CKNiemBatowero koga. To eCcTb, NPUCYTCTBYET ONTUMU3ALNSA NOL KaXKAYI0
nnaTopMy N apXUTEKTYPY.

MexaHun3M nepefaym coobuieHnin Takxe 6bl1 ONTUMU3NPOBAH. bbln NCMONb30BaHbl 0CObLIE
YXULLPEHUS TMNa nepefayv ManeHbKUX COObLLEeHN B perncTpax npoueccopa, nepegaymn CTpok He
KOMMPOBAHMEM, a MO CCbINIKe N YCTAaHOBKM BpeMeHHON 061acTn pasgenseMon namaTn gasa ciayyas
nepefayn 6onbwnx 06beMOB faHHbIX. [Tpon3BoanTeNbHOCTL onepaunn IPC bblna ooCTUrHyTa
HaCTOJIbKO BbICOKOW, YTO BPEMS BbINOJIHEHUS 3TOW onepauum CPaBHUMO C BPpEMEHEM BbIMOHEHUS
CUCTEMHbIX BbI30BOB B Linux. Takxe, B L4 0TCyTCTBYeT NOHATWE NopTa (KaHana onsa nepegayn
coobuieHmnn, kak B Mach). OHO 0Ka3an0oCh IMLWIHEN CYLWHOCTbIO, Ppeann3aums KOTOPON NoHWXana
NPON3BOAMNTENbHOCTb.

Hy n MexaHn3M nepektoyeHnss KOHTEKCTA TOXe 6bin onTUMN3nNpoBaH (I'IOJJ,pOﬁHOCTeVI, K

COXXaJIeHWIo, He 3Halo ;)).

2. Peanusauuu L4 n ux asonoums.

(9TOT pa3pen ABnseTCa nepeckasoM ctaTbu B aHrannckon Wikipedia npo L4: L4-wikipedia)

L4 - 3T0 He NpOCTO Ha3BaHWe MUKPOSAPA, a Ha3BaHMe APl n cemenCcTBa MUKPOsSiAep, OCHOBAHHbIX Ha
3TOoM API. APl L4 nMeeT HeCKOJIbKO pa3fiyHbIX peanusaunii u Bepcmin. OCHOBHbIMU ABNSAIOTCA Ha
AaHHbIN MOMeHT L4/Fiasco, HanncaHHoe B [ipe3aeHckoM TexHunyeckoMm YHusepcuTteTe (TUD,
lepmaHus, L4/Fiasco) n L4Ka:Pistachio, HanncaHHoe System Architecture Group yHuBepcuTeTa
Kapscpya - Karlsruhe University (Ka). L4Ka (Toxe NepmaHus).

NcTopma HavynHaeTcsa ¢ Hadvana 1990-x rr.

a)L3

OpwvrMHanbHoe MUKPOSAPO, NpealecTseHHNK L4, PaspaboTaHo MoxeHom JlnaTke. lokasano
NPaBUNbHOCTb NAOEWN, 3aK/OYAIOLLIENCS B TOM, YTO XOpOLO NpopaboTaHHbLIN NerKOBECHbIN MEXAHU3M
IPC B coveTaHMu C onTUMMU3aumnen sapa ons KOHKPETHOM NaaThopMbl aeT BbICOKUA 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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NnepeHOCNMOCTbIO.

e) HoBble Bepcum Fiasco

Takxe, 3a 3T rofbl 60/blUME U3MeHeHUs npeTepneno aapo Fiasco. OHO Tenepb NogaepXxmnsaeT
BonbLwoe yncno nnatgopm, sriodas I1A32, IA64, Heckonbko ARM-nnaTdopmM. UHTepecHo, 4To Bblna
pa3paboTaHa Bepcus Fiasco-UX, koTopas 3anyckaeTcs Kak user-level npunoxxerue Linux. Fiasco
peanusyeT psa pacwmpenun L4 V.2 APl (cm. Huxe). CoobuweHus IPC o nponcxoaswmx
NCKNYUTENBbHBLIX cnuTyaunsax (Exception IPC) no3sondaoT sapy coobuiaTs user-level nporpammam 06
NCKNIOYMTENbHBIX CUTYaumax npoueccopa. Takxe, 6o gobasneHsl UTCB, kak B APl X.2. Kpome
3TOro, Fiasco cogepXuT psf MeXaHU3MOB A5 YNpaBieHNs KOMMYHUKaLMOHHBIMI NpaBaMu, a Takxe
notpebneHmem pecypcoB aapoM. Ha ocHoBe Fiasco pa3paboTaHa cuctema user-level cepsncos nog
Ha3BaHMeM L4AEnv, KoTopas cpeaun npoyero COAEPXUT NapaBMpTyan30BaHHY Bepcuio Linux
(Bepcum 2.6.x), HasbiBaemyto L4Linux.

X) pa3paboTku YHuBepcuteta HoBoro KO>xHoro Yanbca (UNSW) u NICTA

Takxxe pa3paboTka wna B YHuBepcuteTe Hosoro KOxHoro Yanbsca, (UNSW, AscTtpanus), rae 6oiam
peann3oBaHbl Bepcun L4 ansg HeCKONbKuX 64-6UTHbIX apxUTekTyp. Tak boiam paspaboTaHsbl L4/MIPS n
L4/Alpha, nocne Yero opuruHanbHas paboTa JinaTke boina Ha3BaHa L4/x86. Kak 1 opuruHaibHas
paboTa Jlngtke, agpa UNSW 6binmn paspaboTaHsl Ha cmecn C n accembnepa, bbian HanncaHbl C HY NS
1 6bnn HenepeHocuMbiMn, C penn3om L4Ka::Pistachio UNSW cBepHyn cBou pa3paboTkm L4 n BMecTo
3TOro cTan pa3pabaTbiBaTb 04€Hb OTNa)KeHHble NopThl L4Ka::Pistachio, Bkio4as camyto 6bICTpyto 13
BCEX MMetoWwmxcs, pa3paboTky gnd ltanium (36 umknos npoueccopa 3a onepauunto IPC). 3Ta rpynna
Takxe NPoLEMOHCTPMUPOBANa, YTo ApanBepbl B user-level MOryT gaBaTb TaKylo xe
NPOU3BOAMTENBHOCTb, Kak Apansepsl B aape, 1 paspabotana Wombat - BbICOKOMOOUNBHYO BEPCUIO
Linux gns L4, paboTatowyto Ha apxuTtekTypax x86, ARM n MIPS. Ha npoueccopax XScale Wombat
NPOAEMOHCTPUPOBAN NPOM3BOANTENIbHOCTL NEPEKYEHMA KOHTEKCTa, B 30 pa3 6osee BbICOKY!IO,
yeMm B “poaHoM” Linux. 14hq. F'pynna ERTOS opranm3saunn NICTA, kyaa nepeba3mpoBanuncs
pa3paboTymkn UNSW, npogonxaeT pa3BmBaTb CBO Bepcuto Pistachio (NICTA::Pistachio-embedded),
HanpaB/ieHHY0 Npexe Bcero Ha embedded u real-time npuMeHeHus.

3) pa3paboTku Open Kernel Labs

NICTA co3pana KoMMepyecKyto KoMmnaHuto nod HaseaHuem Open Kernel Labs (OK Labs), ons
NPOABMXEHNS Ha PbIHKE peLleHnin (B OCHOBHOM, BCTpauBaeMbix) Ha ba3se L4. OK Labs
pa3pabaTbiBaeT cobCTBEHHYIO KOMMepYecKyto peanu3aumnto NICTA::Pistachio-embedded, BmecTe ¢
Wombat n Iguana. 3Ta cobcTBeHHasn Bepcusa L4, Wombat n Iguana HocuT Ha3BaHune OKL4.
“KommepyeckocTb” OKL4 He oTMeHsieT ceoboaHocTn ee nnueH3nn. OKL4 nuueHsnpyeTca nog BSD
NNLLEH3NEN N €€ UCXOAHUKN OTKPbITHI.

3. 0630p npoekTOB Ha Oa3e Mukposaapa L4.

L4 nocTpoeHo TakmnM 06pa3oM, 4To Ha ero 6aze MOXKHO NOCTPOMTb NpakTuyeckn nbdon API. OHo
abcTparnpyeTcs OT KOHKPETHbLIX arOPUTMOB YNPaBIEHNS NAaMSATU U MPOYMX CTPaTEerun, Ho
npeLoCTaBNgeT MexaHU3Mbl 4N18 peannsaumm nx (CTpaTernin) B Npon3sosibHOM Buae. Tak)ke OHO
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noaaepXmnBaeT MHOMO annapaTHbIX NAAaTGOPM, UMeeT NOALEPKKY MHOronpoLeccopHocTy (SMP) B
aape. NMoaaepxnBatoTca ApanBepbl B User space 1 3anyck 04HOBpPeMEHHO HecKoibknx OC Ha ogHOM
Mukposape. Kpome Toro, nogaepxmBaeTcs codgaHue kak OC peasbHOro BpeMeHu, Tak 1 06bI4HbIX
OC c pasgeneHmem spemeHu; kak OC ans embedded npumeHeHun, Tak n desktop OS; MOXHO
peann3oBaTb pas/inyHble CTpaTernn NiaHNPOBLLMKA NPOLEeCccoB (U ynpaBieHns NamaTbio).
MooaepXnBatTCa Takmne BO3IMOXXHOCTK Kak orthogonal persistence (noka 3To elle HUrae He
peann3oBaHo, Ho 6a3oBble MexaHn3Mbl UMetoTcsa L4-checkpointing), BO3MOXXHOCTb (hOpManbHOro
[l0Ka3aTeNbCTBa NPaBUAbLHOCTU afrOpMTMOB MUKPOSAPa (MOKa He peann3oBaHo, HO paboTsl
BenyTcs; OK Labs obellaeT B TeyeHme banmxanwmnx 2-yx neT BbiNyCTUTb NePBOE MUKPOSAPO C
MaTeMaTU4YeCKN A0Ka3aHHbIM OTCYTCTBMEM owmnbok (formally-proven bug-free microkernel) OK Labs).
Bce 3T BO3MOXXHOCTM Npeaonpeananam nosaBAeHNe MHOXKECTBA NPOEKTOB OMePaLMOHHbIX CUCTEM,
OCHOBAHHbIX Ha L4. 3aecb Mbl NONbITAEMCA KPaTKO ONUCaTb CyLLECTBYIOLWME NPOEKTbI, YEM OHM
MOryT ObITb HaM MonesHsbl. MNpexae BCcero, Ha MOW B3raaf, 04eHb BaXKHO, YTO BCE 3TU NPOEKTbI
nmetoT 0bwyto 6a3y 1 BO3MOXKEH X 3aMyCK 0AHOBPEMEHHO (3anycTuTb L4Linux n WinCE Ha ogHOM
necktone ¢ 0S/2 - it's cool!). XoTs cenyac 1 CyLecTBYIOT pacxoxaeHus B APl pa3Hbix peanunsaummn
MUKPOSALPA, HO CYLLEeCTBYIOT CTaHA4APThl - OHW MPUHUMAIOTCA U pa3Hble peasn3aunm paHo unm
No34HO AO/KHbI COrflacoBaTh CBoW APl co cTaHOApTOM.

Tenepb, COBCTBEHHO, 0 MPOEKTAX U UX NOJIb3e AN NPoeKTa No pa3paboTke sapa onepauoHHON
cuctembl 0S/2.

Ha faHHbI MOMEHT CyLLEeCTBYIOT TPW KPYMHENWNX LeHTpa, pa3pabaTbiBatowmx MUKposaapo L4 n
MPOEKThbl Ha €ro OCHOBE, UX Mbl YK€ yroMuHaaun. 31o YHusepcuteT Kapacpya, TexHnyeckun
YHusepcuteT Jpe3neHa u aBcTpanunckas opraHusauma NICTA (B ABCTpasMNCKMIA LLEHTP No
pa3paboTke L4 BxoosaT YHuBepcuteT Hosoro KOxHoro Yanbca (UNSW) n goyepHas gpupma NICTA
Open Kernel Labs). Kaxablin U3 3TUX LEHTPOB NapasanenbHo BeayT pa3paboTkmn CBOUX BepCUi
MUKPOSiApa, OCHOBAHHbIX Ha HUX userlevel cny>6, onpeaunoHHbIX CUCTEM, a TakXe CpeacTB
pa3paboTku.

1) PaspaboTku YHuBepcuteta Kapncpys

pynna un3 YHneepcuteTta Kapncpya (“rpynna Ka”) BegeT pa3paboTku Ha OCHOBE CBOEr0 MMKPOSApa
L4Ka::Pistachio.

a) uccnepoBaHua B obnactu persistence

Persistence nepeBoANTCS Kak “NocTosHCTBO”. (K CoXXaneHnto, He 3Hat PYCCKOro aHasora 3Toro
TepMuHa). MPUMEHUTENBHO K KOMMbIOTEPHBIM CUCTEMAM 3TO 03HA4YaeT CBOMCTBO CMCTEMbI COXPAHATh
CBOE COCTOSIHME MOC/Ie Nepe3arpy30K 1 KpaxoB. ITO CBOMNCTBO OKA3bIBAETCSH OY4EHb BAXKHbIM,
HanpuMep, B C/ly4ae 04YeHb ANNTENbHbIX HEMPEPbIBHbIX BblYUCAEHWNA; OBbIYHO B 3TOM C/lyyae npu
nepepbiBe B BbIYNCIEHUAX NPOrpaMMa caMa siBHbIM 06pa3oM COXPaHSET Ha AWNCK BCe
NMPOMEXYTOYHbIE Pe3yJibTaThkl, YTOObI MOTOM UX MOXXHO ObINIO MPOAOC/IXKUTL C TOTO XXe MecTa.
MoNHOCTbIO OPTOrOHabHAs persistent cuctema B uaease No3BonseT NPorpaMMam He 3ab0TUThLCA 0
COXPaHEHNM NPOMEXYTOYHbIX PE3Y/IbTAaTOB Ha [NCKE, @ TaKXKe M03BOJISET N0Jb30BATENO He

605 TbCs MOTEPU OAHHbLIX MPU CYYaHOM NaZleHn CUCTEMbI. B3aMeH 3Toro, Takas cuctema bepet
3ab0Ty 06 3TOM Ha cebs, COXpaHss NPOMEXYTOYHbIE COCTOSIHWS BCEX NMPOrpaMM MoJsib30BaTeNs U
BCEX YacTelN CUCTeMbl HE3aBUCKMMO ApYr OT ApYyra, MPUYEM 3TO CBONCTBO peann3yeTcs npo3payHbiM
obpa3om AN1g Nporpamm, no3eossisa UM He 3ab0TUTLCS O COXPAHEHWN pe3y/ibTaToB CBOei PpaboThl.
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MpuMeHNTENBHO K MUKpOAApY L4 oKka3biBaeTCs, 4To AN peanm3aumm orthogonal persistence
npakTnyeckn He Tpebyetca moaundukaumm 6a3oBbix MeEXaHU3MOB MUKPOALPA, N xXe TpebytoTcs
TOJIbKO MUHMMaJbHbIe ux Mmogndukaumm. B pabote L4 checkpointing 06cy>xaatoTcs BONpochl
persistence n MexaHu3Mbl 4S9 ee peannsaumm 4na mnukposgpa L4. 3Tn MexaHn3Mbl OCHOBbIBAKOTCS
Ha cucTeme userlevel nenaxepos (Npo nenaxepbl CM. pa3aen 06 ynpaBaeHMm namaTbio).

Tak>Xxe, MOXXHO MPUBECTU CCbiNKY Mo Teme: MpoekT Unununium (BOT Takoe XUTPOE Ha3BaHUe)
Unununium, 1 XOTS NPOEKT 3TOT HE MMeeT OTHOLWEHNS K L4, HO OH UMeeT OTHOLLIEHME K NOoMbITKaM
peanunsaumm persistence.

MpuMeHeHne naen persistence K 06bI4HbIM ONEPaLMOHHBIM CUCTEMaM, TakuM Kak OS/2 - MHTepecCHbIN
BOMPOC; NOKa HEN3BECTHO, MOXKHO NN 3TY NAEK UHTErpupoBaTb B CUCTEMY, COXPaHMB Kak bblio
NpeXXHUn 0banK onepauMoHHON CUCTEMBI.

6) TexHONIOrMKM BUPTYanM3auum

Takxe, 6onbLlion NpoekT rpynnbl L4Ka 3aHMMaeTca nccnefoBaHmamm B 061acTv npuMeHenuns L4 B
KayecTBe OCHOBbI /19 CUCTEMbI BUPTYasbHbIX MaLlUUH. MoL0OHO NpuMeHeHMIo rnnepsm3opa Xen
Virtualization, L4 TakXXe MOXET CyXXWUTb rMNepBn30opoM, 3anyCckas HECKOJIbKO FOCTEBbIX
onepaLMoHHbIX CUCTEM B BUPTYasibHbIX MallMHaX. 3TV BUPTYasibHble MaLlUUHbI HE 3aHUMAlOTCSH
IMynsaUMen Ha yPOBHE UHCTPYKLIMIA NpoLeccopa, kak BUpTyanbHble MawwunHbl Tuna VirtualPC, a
TOJIbKO OrpaHmymBaoT Habop pecypcos, AOCTYMHbIX FOCTEBOW ONepaLMoOHHON cuctemMe (0bbem
namaTun, Habop JAOCTYNHbIX YCTPOUCTB U T. M.), @ TaKXe NUCMONb3YT TEXHOJI0M N0
napasupTyanu3aunu. MapasupTyannsaumsa - 370 MogUMUKaLNA FOCTEBON OMepaLoOHHON CUCTEMbI
TakmMm obpa3om, 4yTobbl oHa paboTana He C peanbHbIM 060pyAOBaHNEM, @ C abcTpakuuamu,
npenocTaB/iseMbiMU FMNEPBU30POM. B KayecTBe npuMepa MOXXHO NMPUBECTU NapaBnpTyasiM30BaHbIN
Linux - L4Linux. L4Linux npeactasnseT cobon obbl4HOE A4p0 JIMHYKCA, MOANPULMPOBAHHOE TaKUM
obpasom, 410 oHO paboTaeT c obopynoBaHneM Yepe3 abcTpakuum L4. U3MeHeHUs 3aTparmeatoT
NnWb HebosbLLYIO YacTb fAapa. Hanpumep, ApanBepsbl Linux He 3aBUCAT OT apXUTEKTypbI. L4
npeacTasnseT cobon NPOCTO eLle OAHY apXUTEKTYpY, Ha KOTOPYIO NOPTMPOBaH Linux - B ero aepese
NCXOLHNKOB NosABAseTCa nogkaTanor 14 B katanore arch.

To ecTb napaBupTyanmsoBaHHaa OC - 310 He OC, 3anyuweHHas B npobupke, kak Windows,
3anyuweHHas nog Virtual PC. 3T1o BnosiHe camocToaTenbHaa OC, HO AN BO3MOXKHOCTY 3anycka
Heckonbknx OC 0LHOBpeMeHHO OHa 3anyCKaeTCs B 04€Hb “TOHKOW” BUPTYanbHOW MalUNHe, KOTopas
1) abcTparunpyet obopyaosaHme ot OC (nogobHo Tomy, kak HAL B Windows NT abcTparupyet
xeneso ot aapa Windows - 3T0 ToXXe pa3HOBMAHOCTb BMPTyanan3auumn) 2) oTaaeT 4acTb

obopynosaHus ogHom OC, 1 4acTb - APYroW.
CTpaHuua npoekTa nccnenosaHum smpTtyanumsaunm L4Ka: Virtualization

Ana nccnepnosaHum BupTyanm3sauum npoekT Virtualization L4Ka ncnonb3yet mukposagpo Pistachio B
KoMbMHaUMM ¢ MeHe)XepoM pecypcoB marzipan. Marzipan 3anyckaeTcs Kak root cepsep u
No3BONSET CO34aBaTb CUCTEMbI B3aMOLENCTBYIOLLMX BUPTYasibHbIX MALLWH, pa3fensiowmnx Mexay
cobon pecypcbl KoMnbloTepa. Marzipan BegaeT pa3geneHnem pecypcos (NamsaTb, YCTPONCTBA) Mexay
BUPTYasibHbIMW MallMHaMW, a TaKxXe npefocTaBnseT CpefcTBa AN1A X B3aMMOLENCTBUA. Takxe
marzipan no3BonseT O4HUM BUPTYasibHbIM MalnHaM “nybankoBaTbh” CepBUCHI, @ APYrUM - HAXOAUTb
3TV CEepBUCHI Yepe3 NocpeaCcTBO marzipan.

Marzipan aBnseTcs ocHoBon Ana npoekTos Drivers n 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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BTOpyto VM, TO ecTb Apansepa 1) n30amMpoBaHbl ApYr OT Apyra 2) NX MOXHO pecTapToBaThb.
JpavBepa 3anyckarlTca B CBOEM HEM3MEHHOM Bue. Kpome TOro, OHU 3anyckatTcs B user level, Tak
4YTO NafeHuns AparBepoB He 3aTparmBatT APYrnX onepaumnmoHHbIX CUCTEM. DTOT NOAX0A NO3BONAET
MCMNosb30BaTb HEMOAMMDULMPOBaHHbIE ApalBepa legacy-onepaunoHHbIX cucTem. Moka
napaBMpTyasnM30BaHHbIE BEPCUM, AN Clydas WMpokomcnob3dyemblix OC, UMeeT nnLb ANHYKC. To
€CTb, 3TOT NPOEKT AAaET BO3MOXXHOCTb 1CMNOJIb30BaTb Npexe Bcero, Apaneepa Linux. Bo3Mo)XHO
co3faHune napasupTyanunsnposaHHom ReactOS, n Toraa MoXxHo 6b110 6bl NCNOJSIb30BaTb
HemoanpuumposaHHble apaneepa Windows. (TakXxe BO3MOXHO, 4T0 1 Microsoft noBepHeTCsa K HaM
NMLOM 1 cHM3omaeT go obpaboTkm Windows npu nomowmn Afterburner - Bce BO3MOXKHO, OTKPbISI XXe
OHM, Hanpumep, ncxogHukn WindowsCE...). Ecamn ygactca Afterburner npumennTb K 0S/2, TO
BO3MOXXHO TaKXXe UCNO0JIb30BaHMNE HEU3MEHHbIX ApansepoB OS/2 nyTeM 3anycka B BUPTyasibHON
MallnHe coBpeMeHHoro sapa 0S/2 04HOBPEMEHHO C HOBbIM, OCHOBAHHbLIM Ha MUKPOAApPE (XOTS, He
ABNAETCA NN TYT NPENATCTBUEM UX 16-BUTHOCTL?...).

2) Pa3paboTtku NICTA

a) Kenge/lguana/Wombat

Kenge - 310 Habop 6BubAMOTEK N MHCTPYMEHTOB ANS pa3paboTku. B ToM yucne, ana paspaboTku
ApariBepos, paboTbl C KOM-MOPTOM, KOHCOJIbIO U T. M. Peann3aunsa o4yepenen, cemadopos, paboTa C
TanMepoM, hopMaTaMu UCMONHAEMbIX (hannoB 1 npoyee. IHCTpyMeHTbl BKAOYatoT cBow IDL-
komnunaTop Magpie, a Takxe build environment, 0CHOBaHHbIN Ha Scons. Scons - 3TO 04eHb yaobHas
W OpUruHanbHas yTuamTa asToMaTusauum cbopkn, nogobHas make, KOTopas 3aBUCUMOCTU MeXAY
NCXOAHMKaMU CTPOUT Ha cnewunanbHOM 06 bEKTHO-OPUEHTUPOBAHHOM fi3blKe. (“06BEeKTHO-
OpueHTUpoBaHHbIe MerKdanabl”). HanncaHa scons Ha a3blke python.

Kenge copepunT y>xe rotoBbln Habop userlevel cepBncos, COCTaBAAOWNX MUHUMaNbHYO OS
Personality, HeobxoanmMyto ons peannsauny MUHUMaNLHOW MHGPACTPYKTYpbl: Name server, root
server, cepeep, peanusylowmnin NoLAepXKKY nocaefoBaTesIbHOro nopTa. 3Ta MUHUManbHasa OS
Personality HaueneHa npexxae BCero Ha BCTpavBaeMble NPUMEHEHUS, COAEPXUT MUHUMASIbHYIO
NHMPaCTPYKTYPY 415 ynNpaBieHnsa NaMaTbio U 3awunTbl. IMeeT Manylo Harpysky Ha kew (small cache
footprint). Takxe, no3sonsdeT paboTaTb Ha cncTeMax 6e3 NoAAEPXKN BUPTYanbHON NaMATK, 4TO
4acTo TpebyeTcs BO BCTPanBaeMbiX MPUIOXKEHNAX. TakXXe MMeeTCa CBOS NOACMCTEMA ApaliBEPOB.
370T Habop userlevel cepBncos Ha3biBaeTca Iguana Embedded OS Personality.

Ha ocHoBe cepBMCOB Iguana peann3oBaH TakXXe BbICOKOMOBUALHLIN Linux server nof Ha3BaHUEM
Wombat.

6) L4/Darwin aka Darbat

Mo aHanornn ¢ Wombat (napaBupTyasnn3oBaHHbIN Linux) CywecTByeT NPOeKT Nnoj Ha3BaHWeM
Darbat, unn L4/Darwin. 3TO HX 4TO MHOe KaK nopT aapa Darwin, Ha KOTOpoM ocHoBaHa MacOS X, Ha
Mukposaapo L4. Darbat neiTaeTcs yny4ywnTb Npon3BoauTeNbHOCTb Darwin 3a c4eT UCMob30BaHNS
IPC L4, koTopoe HaMmHoro 6onee nponssoguTesnbHoe, 4em IPC Mukposigpa Mach, Ha KOTOPOM OCHOBaH
Darwin. Takxe Darbat cogepxut nopt IOKit Ha L4, KOTOpbIA CTPEMUTCA MONAYYUTb BbIroAy OT
ncnosb3oBaHma user-level gpansepos (B Darwin MHOrne gpansepa paboTaloT B pexume s4pa, a B
Darbat oHn BbiHOCATCS B userlevel). OgHoM U3 Luenen ABNSETCA Nogaep)XKa HeMOANDULNPOBAHHbIX
Apaneepos Darwin B userspace. Darbat He cTpeMuTCs NOAHOCTbLIO yAanuTe Mach u3 Darwin, a
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B3aMeH 3TOro nosy4ynTb Bepcuto MacOS X, noytu 6e3 nsmeHeHmn paboTtatowyto noa L4, n
MCNOJb3YIOLLYI0 BbIFOAbl, KOTOpble AaeT L4 no cpaBHeHMo ¢ Mach. MpoBoaATca 3KCNepuMeHTbI Mo
napannensHoMy 3anycky Darbat 1 Wombat, a Takxxe nx B3anmogencrauio.

Darbat - B nepByto o4epelb, Hagexnaa ond MakKUHTOWHNKOB. Ho 1 ans Hac 6b110 Obl LOCTAaTOYHO
3aMaH4YMBbIM UCMNONHATL NPUAoXKeHns MacOS X Ha oAHOM ageckTone ¢ Hawen OS. 3To ewe oAnH
napannensHbin API, BoobaBok B Linux 1 (Bo3moxHo B 6yayuiem) ReactOS.

Pa3paboTkm NICTA Ha ocHoBe Pistachio BbinyckatoTCs Ha 0CHoBe BSD-nnLEeH3UN, Tak Xe Kak 1 camo
aapo Pistachio.

3) Paspabotku TU Dresden

TU Dresden Ha ocHoBe cBoero Mukposgpa Fiasco paspabateiBaeT OC DROPS noa GNU-nuueH3men.
DROPS conepxut 6onbLion Habop bubnmoTek n userlevel cepsncos nog Ha3saHuem L4Env (L4
Environment). L4Env Takxe cogepXxuT cpefcTtsa paspaboTku, Hanpumep, IDL-komnunaTop DICE.

L4Env coLepXxuT crnepytoLme cepBuchl: 1) KOHCOb, NOAAEPXKKA BUPTYasibHbIX KOHCONEN 2) cepBep
noros. MNo3sonseT cobupaTb B 0LHOM MeCTe 0T/Iaf04Hble CO0OLLEHNSA OT pa3/InyHbIX CEPBMUCOB. B
coyveTaHuu c libc n cnyxbon umen l4vfs peanusyet nogaepxky stderr/stdout ons HeMHTEPaKTUBHbIX
cepsuncos. 3) l4vfs - nepapxuyecknin Name server, KOTOPbIN UHTErprMpyeT B OAHO AEPEBO CNYXObl,
(hannbl, TEpMUHaNLI 1 NO3BONSAET peann3oBaThb B libc hannosblie pyHKkumMK Tvna open(), read(), write()
yepes cneuymnansHble 63keHabl. MoaaepxnBaoTca ase peannsauun libc - noptel dietLibc n uCLibc. 4)
nogaep)xka npoctenwen paboTsl ¢ hannamm 6e3 ncnonb3oBaHUs GannoBon CUCTEMBI, HaNpUMep,
nonyyeHue annos c tftp-cepsepa naum ¢ pannoson cuctemsl L4Linux. 5) Mopaep>xka 3anycka
ncnonHaemblx gannos opmaTta ELF. 6) YnpasneHune namsTbio. Peann3yoTcs CcBOU NPUMUTUBDI
paboThbl C NaMATbLIO NOBEPX NPUMNTUBOB MUKposAapa: KoHuenuna Dataspaces n dataspace managers.
7) nogaepxka NpUMNTUBOB CMHXPOHMU3aLMK, paboTa ¢ Tanmepamun, cemadopamu. 8) MeHepxep
3aga4 9) goctyn kK obopynosaHuio 10) NMoacnctema apansepos DDE (Device Driver Environment)

DDE Bknto4vaeT B cebs nogaep>xky apansepos Linux (DDE/Linux) n FreeBSD (DDE/FreeBSD). 3Ta
noAgep)XKa peanunsyeT Noaxon, afibTepHaTuBHbIN noaxoay B L4Ka Drivers. [ipanBepa NorpyxatTcs
B CNewuunasbHbIN CI0W, IMYSIMPYIOLLNIA OKpYXXeHne aapa Linux (a He 3anyckaeT peanbHoe aapo Linux).

Bce 3T0 MoXeT bbiTb NONIE3HO A8 peanm3almm cBoux userlevel cepsmcos (npexnae Bcero
Personality-neutral cepBucehl, He 3aBA3aHHble HU Ha Kakyto OC), a Takxe nogaep>xku obopyanosaHums.

Takxe, nges peanmsauunm Heckonbkmx GUI Ha ogHOM geckTone cogepXxutcs B npoekTe Nitpicker B
pamkax pa3paboTku DROPS. Nitpicker - 370 ngea GUl MUHUMaIbHON COXHOCTU, peannsyoLero
MWHWMabHble NPUMUTUBLI N5 pucoBaHKsa oKoH. Nitpicker coenaH Tak, 4TO pas/inyHble OKOHHbIe
CUCTEMbI (Hanpumep, poaHON OKOHHbIN MeHed)ep DoPE cuctembl DROPS, a Takxe X Window 13
L4Linux) moryT aBnatbcs knmeHTamm Nitpicker. Nitpicker paboTaeT Ha 6onee HU3KOM YPOBHE, YEM
GUI, pucytowme okHa. NMpumntusammn gnsa pucoanHuns asnsaTca buffers u views. Buffer - 310 obnacte
LLApEeHHOM NaMATK, cofepiKallasn 2-MepHble rpaduyeckne fgaHHble. 06n1acTb NaMATH BblAAeTCS
Nitpicker'y knueHTOM Yepes pa3fensemylo namMaTb. BMecTo noHATUs okHa Nitpicker conepxut 6onee
NPOCTOe MOHATWNE, KOTOPOEe Ha3biBaeTCs view. View-3To NnpsaMoyrosibHas 0b6nacTb Ha 3KpaHe,
coaepxalasncs BHyTpu bydepa. Kaxxablin view nMeeT onpeaeneHHbln pa3mep 1 NoJIOXKEHME Ha
3KpaHe, onpegensemoe KAMeHToM. Views MOryT nepekpbiBaTb Apyrue view B ToM xe bydepe. To
eCTb, Views BHyTpu Bydepa, NpeLoCTaBASeMOro KaXabiM KIMEHTOM, MOrYyT UMeTb onpefeneHHbIn Z-
order (T.e., KTO Hag KeM HaxXoAUTCA - PAcroJioXeHue Nno 3-er 0CU KOOpAMHAT). TO eCTb, KaXkabln
KJIMEHT nitpicker pucyeT BHyTpu cBoero bydgepa, a He HernocpeACTBEHHO Ha 3KpaHe. Nitpicker
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cobupaeT BoeaunHo BCe bydepbl 1 pUCYeT BCe Views, B HAX COAEPXKaLLMecs, Ha aKpaHe, cobupas Bce
B 04HY KapTuHKY. Kpome Toro, Nitpicker nblITaeTcs M30AMPOBaTb KJIMEHTHLI APYr OT Apyra, cfeas 3a
6e30MacHOCTbIO paboThl, 4TO MO3BONSET 3aTPYAHUTL PaboTy pa3nuyHbix key loggers n npoymx
TPOSIHOB, 3aMNMCbIBAIOLLNX HAXKaTWA KNaBuaTypbl U AenaloWwmx CHAMKKN 3KpaHa. NMoapobHee npo 3To
CM. Ha cante DROPS demo CD TUD:0OS Demo CD. 3aech AN5 Hac LIeHHOW ABASIETCA CaMa naes
CoYeTaHNS Pa3INYHbIX OKOHHbLIX CUCTEM B OAHOM AeckTone. PeanbHO nonpoboBaTb 3TO B paboTe u
nourpatbca ¢ DOPE n XWindow Ha ofHOM feckTorne MoxHo, 3arpy3ns DROPS Demo CD TUD:OS
Demo CD.

4) NMpouue paspaboTku

a) SawMill Linux

Pa3zpaboTymku: IBM Watson research center, ocHoBaH Ha L4/x86 (aka Lime Pip). NMpoekT 6onblue He
pa3BMBaETCA, pa3BuTme 3akoH4YeHo B 2001 roay. MpoekT HanpaBfieH Ha pa3paboTKy Linux
personality, NOCTpOeHHOM Ha My/IbTUCEPBEPHOW OCHOBE. TO eCTb, Lieflb - CO34aTb MOAYJIbHbIN,
MYJIbTUCEPBEPHbIA, @ HE MOHOJIMTHbIN Linux, NCNOMb30BaB NpenMyLlecTBa MUKposapa. YTo aToT
NpoeKkT faeT: 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 obHoBneHue 6bino B 2002 roay. MpoekT noxoxe, 6onbLUe He pa3BUBaETCS.
Y10 NpoekT gaeT: ewe ofgHa OS Personality.

4. Upeun Ha Oypyuwiee

e Co3paTtb peanusauuio OS/2 APl BMeCTe C BO3MOXHOCTbIO paboTbl NapannensHbix APl apyrux
onepaunoHHbIX CUCTeM, npexae Bcero - Linux n Windows (Ha ocHose ReactOS n L4Linux). Kak
0S/2 API, Tak n APl gpyrux OC peanu3yloTca Kak napannenbHble personalities.

e PasrpaHmyeHne pa3nunyHelx personalities n pa3gada MM pecypcoB KOMMbOTEPa peannsyeTcs Ha
OCHOBE marzipan resource monitor. Ha ocHoBe Marzipan peann3yeTcsa MeHeg)Xep annapaTHbIX
pecypcos (HRM) u root server, 3anyckatowun personality neutral (PN) cepsucel. B PN cepBuchl
BXOOSAT HE3aBUCMMbIe OT KOHKpeTHon OC cnyxbbl: 1) console server - apanBep KOHCONN,
He3aBucumbli oT OC 2) cepBep noros - cbop oTnago4vHbIX CO0BLLEHNI OT BCEX CEPBEPOB
pa3nunyHbIx personalities. 3) Miepapxunyeckuin cepsep MMeH. 4) nogaepxka yCTponcTs npu
noMoLn NoAcUCTeM apansepos. 5) MNogaep)xka gpansepos gannosbix cuctem (IFS) 6)
MopoepXxka apareepos ucnosHsemblx popmaTos IIF (Installable Image format), Hanonobue IFS

e NMoacncTtemsbl apaneepos BxoaaT B PN cepsuchl. O6Wunn meHegyxep noanep»xku obopynoaHums,
B KOTOPbIN NOAKJIOHAOTCA NOACUCTEMBI ApaniBepoB. “PoaHas” noacucremMa ApanBepos,
Bxoaswas B PN cepsucel. K “pogHon” noacucteme pobasnsioTca driver frameworks,
peanun3oBaHHble BHYTpu OS Personalities, npexxge Bcero L4Linux n ReactOS. O6was cxema
npuMepHo TakoBa: KoHkpeTHasa OS personality nmbo peanunsyet noacucrtemy apansepos
BHYTpu cebs, Kak L4Linux, nnbo (4To 6onee xenatenbHo) obpallaeTcs C 3anpocamm K
MeHea)Xepy noaaepXxkn obopyaosaHuns. MeHenxep obopyLoBaHMA nepeHanpaBnseT 3anpoc
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nnMbo HaTUBHOMY ApanBepy KOHKPETHOr0 YCTPONCTBA (B “poAHon” noaaepxke obopynoBaHus),
nnbo mannepy BHyTpu Driver OS (ucnonb3yeTtcs npea us npoekta Drivers L4Ka). Takum
obpa3om, ecTb Kak native drivers, KOTopble NPeanoYTUTENBHO UCMOb30BaTh, 6O, ANA
NoACTPaX0OBKW Ha C/ly4an OTCYTCTBUA native opanBepoB - BO3MOXXHOCTb MCMNOJIb30BaHUSA
Apansepos BHyTpu OS personalities, npexae scero, L4linux.

e 0S/2 Personality peannsyeTtcs Ha 6a3e NpMMUTMBOB, peann3oBaHHbIX B PN services. To eCTb,
APl OS/2 - 6onee BbicOKOYpoBHeBbIN. OS/2 API server peannsyeT CEMaHTUKY (halnioBon
cuctembl 0S/2 (bykBbl AMCKOB, AOCTYMN K ApaniBepaM yCTPONCTB Yepe3 halnoByo CUCTEMY -
“(pannbl” B KaTanore \DEV\, nannbl \PIPE\, n Npo4.) Ha 0OCHOBE MeHexepa PansioBbIX CUCTEM,
copepxawerocs B PN cepsucax. Takxe, peanusyetca VIO/KBD/MOU Ha ocHOBe NPpUMUTUBOB,
npefoctasnsemblx PN cepsucamu (Hanpumep, peannsaumsa VIO noBepx KOHCON,
npenocTaBnsemMon console server.)

Npea nocTpoeHns cuctemsl, o0CHoBaHHOM Ha PN-cepsucax, 3amMmcTBoBaHa 13 0S/2 PowerPC. (Cwm.
0S/2 PPC, first look)

YHMBepCasbHbIN 3MyNaTop X86, Haba3ze KOTOPOro CTPOATCA 1) ucnonHeHue 16-6uT MHCTPyKUMi B LX-
thannax 2) peanusyetcs amynauma DOS, Bo3MoXHO, Ha 6a3e FreeDOS. (MpoToTumn: MVM Personality
n3 0S/2 PPC)

EonHbin geckTon gnsa Bcex personalities. Mpegnaraetca ncnons3oaTtb naeto u3 Nitpicker gna
MHTEerpaumnmn pasHblX OKOHHbIX CUCTEM B OAUH AeckTor. To ecTb, PM n XWindow paboTatoT yepes
NPUMUTUBLI, NpefocTaBnsemole aHanorom Nitpicker.

5. MexaHu3msbl u API LA4.

30eCb 9 04eHb KpaTKo (MOAPOOHO He MoJTyYUTCS - 3TO BIXOAUT 3@ PaMKK CTaTbM) pacckaxy ob
naesx, Ha 0CHOBE KOTOpPbIX peann3osaHo L4. NMogpobHee cMm. B L2, v. X.2, L4 user manual (MIPS case),
L4 user manual (v. X.2), TU Dresden, cnangbl nekumnin, UNSW, cnangbl nekumia. Mpowy npoweHns 3a
HETOYHOCTW, eC/In Takme BCTpeTaTCA. (“A He BonwebHNK, 5 eLe ToNbKOo y4ych” © ;)).

1) OCHOBHble NOHATUA U abCcTpakuum

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

1. Tpen - ncnonHgaemas u gucnetyepusyeMasn eauHmLa. IMeeT CBOM KOHTEKCT - COCTOSAHME
perncTpos npoteccopa.

2. AnpecHoe npocTpaHcTBO - O61acTb BUPTYabHON NaMSATU, B KOTOPOW UCMONHAETCS HECKOJIbKO
Tpenos

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

Mop 3anaven (task) noHMMaeTcs aljpecHoe NpPpoCTpPaHCTBO C NCMNOJIHAEMbIMK B HEM TpedaMW.
TakXe, K 0OHWM U3 OCHOBHbIX MEXaHNU3MOB MUKPOSAAPA OTHOCUTCA NMJIaHMPOBAHKE NPOLLeCCoB

(scheduling). Mukposiopo conepxut 6a3y ans peannsaunm scheduling.

2) Tpenbl
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Tpenbl naeHTUPUUMpPYOTCA Yucnamm - Thread Id; gabel He NNOANTL CYLLHOCTEN, agpecHoe
NPOCTPaAHCTBO MAEHTUPULMPYETCA NO HOMepY N0b0ro NpuHaanexallero emy Tpeaa.

Thread ID'bl MOFYT MAEHTUULMPOBaATL 0ObIYHbIE TPEAbl, BUPTYasbHble Interrupt Tpeabl, a Takxe
eCTb creumanbHble KoHCTaHTbl Tuna NilThread (npeHTUdUUMpyeT “Hukakon” Tpen), AnyThread
(noeHTuduunpyeT nobon Tpen), oHW cnyXKaT ond 3afaHus 3HaveHun Threadld B API-chyHKUMSAX,
Hanpumep, B onepaumnsax IPC. BupTyanbHble Interrupt Tpelbl NPUMEHSATCA A1 BUPTyanmsaumm
06paboTKun npepbiBaHW (CM. HUXE).

Tpen Ha3biBaeTCA JIOKAJbHbIM, €C/IN OH MPUHALNEXUT 3TOMY XKe afpeCcHOMY NPOCTPaHCTBY.
JloKanbHble Tpeabl agpecyTcs cneynanbHbIMU 3HaYeHnamMmn ThreadlD - 3HaveHue ThreadID nmeet
ocobyto Macky 6uToB.

Tpeabl MOryT B3anMoaencTesoBaTb Yepes IPC. Onepaumns IPC nepenaet coobuieHne oT Tpeaa K
Tpely. Mpy 3TOM NoCbINAKLLNA 1 NONYyYaLWNiA coobLueHne Tpeabl B 3TON onepauun
noeHTuhuumnpyroTca no Thread ID'am.

Tpen onepupyeT NaMAaTbio U perncTpamn. MamMaTb MOXET ObITb PU3NYECKON U BUPTYaSIbHOWN.
BupTyanbHaa NnamMaTb NOAENEHa Ha He3aBUCUMbIe afpeCHble NPOCTpPaHCTBa. ([Tpo KOHCTpynpoBaHme
afpecHbIX NPOCTPAHCTB CM. HMUXKe B pa3fesnie “ynpaBieHne naMaTbio”).

Kaxablh Tpes nMeeT CBON KOHTEKCT - peructpsl IP, SP, FLAGS, TCRs (Thread Control Registers, cm.
Huxe). Takxe, KaXabl Tped uMeeT acCoLMMPOBaHHbIe C HAM NerngxXxep, Wweaynep, a Takxe
exception handler. KoHTeKCT Tpeda coxpaHseTcs B sape B obnactu, HasbiBaemon TCB (Thread
Control Block), npuyem yacTtb TCB coxpaHsaeTca B cneunanbHon obnactn UTCB (User mode TCB),
copepxxallencs B afpecHoM npocTpaHcTee camorO Tpeda - OHa OTKpbITa 415 LOCTyna U3 usermode.

3) YnpasneHue namatbio (flexpages, agpecHblie NPOCTPAHCTBA U UX PEKYpPCUBHOE
KOHCTpYyMpoOBaHue)

ALpecHoe NPOCTPaHCTBO COCTOUT U3 CTpaHuL namaTu. IHTepecHo, 4To L4 onepupyeTt
BUPTYaNbHbIMW CTPAHMLLAMUN, HE3aBUCMMbIMU OT apXUTEKTYpbl - OHM Ha3biBatoTCA flexpages.
Flexpages umetoT pa3mep, 60NbLWINIA UK paBHbIA annapaTHOM CTPaHWLbI MaMATK npoueccopa, u
KpaTHbIN cTeneHn ABonkn. CaMa cTpaHuLa TakxXe A0/HKHa BbiTb BbIpOBHEHA MO CBOEMY pa3Mepy U
cam pa3mep fomxeH bbiTb He MeHbLue 1 K. Flexpages paccMaTprBalOTCs Kak HeflenmMble 00BbeKTbl.

Ba3oBoe “niockoe” agpecHoe NPoCTPaHCTBO, 0TOBpaXXeHHOE NAEMNOTEHTHO (TO eCTb, OAUH B OAMUH)
Ha PU3MYECKYI0 NaMsATb, Ha3blBaeTCs sigma0l, Kak 1 OJHOVMEHHbIN cepBep.

CtpaHuubl namsaTu (flexpages) MoryT oTobpaxkaTbCa 13 OAHOr0 aApecHoro NpocTpaHCTBa B Apyroe.
Mocne Takow onepawuun, Ha3blBaEMON Mapping, CTpaHULUAa NaMATU CTAHOBUTCS AOCTYMNHOWN B 06enx
afpecHbIX NPOCTpaHCTBax. Tak peanusyeTcs pasfensemas namaTe. Kpome onepaumm mapping ecTb
elle ornepauus nepefayv cTpaHuubl NnamaTu (granting). OHa oT/iM4aeTCsa OT NpeablayLen TeM, 4YTo
aflpecHoe NpoCTPaHCTBO A, MpeAoCcTaBsAoLLLee CTPaHULY NaMATN aApeCHOMY NPOCTPaHCTBY B,
TepseT AOCTYN K 3TOW cTpaHuue. To eCTb, CTpaHULa nepefaeTcs HacoBceM. JTa onepauus, B
oT/n4mMe oT Npeabiaylein, HeobpaTuma.

OTobpaxeHune (mapping) nan nepepada (granting) cTpaHuLbl NaMATK OCYLLECTBASETCA NyTEM
NocCbIIKKN cneunanbHoro IPC-coobuieHns, B KOTOPOM 3akoanposaH Habop flexpages (Mapltems u
Grantltems). iopo nepexBaTbiBaeT NOCHIIKY TAaKOr0 COOOLLEHMSA 1 MpY 3TOM peanusyeT onepauunio
map/grant. To ecTb, onepaunst map/grant oCyLLeCTBAAETCS Kak NOO0YHbIN IDHEKT nepenayn
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cneumanbHoro coobueHuns, a He npu nomolum API-oyHKLMK. HanpoTus, ana obpaTHOM onepauunn
unmap npefHa3HayeH crneumanbHbin cMcTeMHbIN Bbi3oB Unmap(). Onepauus Map (kak n Grant)
peasin3oBaHa TakuM o6pa3oM, 4TO NpoLEecc-nosy4aTeslb UMeeT BO3MOXHOCTb YKa3aTb OKHO,
orpaHunymBatoLee o6nacTb, B KOTopyto Heobxoaumo oTobpa3uTs flexpages.

Onepaumnn mapping, granting n unmapping peanansyTcsa ANHAMMUYECKN, TO eCTb, BO BPEMS
BbINOJIHEHMSA. OHM OCHOBaHbI Ha onepaumnax ¢ Tabavuamm CTpaHUL, NpoLeccopa, KOTopble
OCYLLECTBAATCA AMHAMMNYECKM MO 3anpocy Nporpamm.

ALpecHble NPoCTPaHCTBa KOHCTPYMPYIOTCA PeKYPCUBHO. IHa4ve roBops, eCcTb UCXOAHOE afpecHoe
npocTpaHcTBO sigmal. 3agada sigma0 oTaaeT obnactv namMaTn cepsepam A 1 B nyTem onepaumm
granting. A nepepfaet (4epe3 map uam grant) 4acTu nNosly4eHHon namsaTu cepsepam Al n A2, B -
nepegaet B1 n B2. Te - nepepatoT fanblue no uenoyke. MNonyyvyaeTcs nepapxmyeckas cuctema
MeHe[)XepoB NamATu. B pe3ysibTaTe afpecHble NPOCTPaHCTBa MOTYT KOHCTPYMPOBaTLCA
MPOM3BONbHbLIM 06Pa30M U3 NCXOLHOMO MJIOCKOr0 afApecHOro NpocTpaHcTea (sigmal), n Ha 3ToM
OCHOBAHO yrpasJ/ieHne NaMaTblo. Bce 3TK onepaummn AoCTYMNHbI 006bIYHBIM HENPUBUAETMPOBAHHBIM
userlevel nporpammam. To ecTb, ynpasjieHne NaMaTu peanusyeTcs B userlevel.

BupTyanbHas namsaTh, NogkKayvka ¢ Ancka n obpaboTka page faults (CTpaHWYHbIX 0TKA30B)
Npon3BOAMTCS NPy NoMoLLn userlevel cepepoB, Ha3biBaeMbIX Nengxepamu (pagers). Kaxxabii Tpeq
MMeeT aCCoLMMPOBAHHLIN C HUM Nengxxep. Koraa Tpen obpallaeTcs K CTpaHuLe NaMaTh, KoTopas
elle He oTobpa)keHa B ero agpecHoe NpPoCTPaHCTBO, BO3HUKaET page fault (nHave rosops,
ncknoyeHne npoueccopa TRAP 000e). ObpaboTumk page fault'a B aape nepexBaTbiBaET ynpaBieHne
M NpW 3TOM nocklnaeT cneymnansHoe IPC-coobuieHme nengxepy Tpeaa. 310 coobieHne
OTNpPaBASETCA A4POM OT UMeHN cboHyBLLEro Tpeda (3To Ha3biBaeTca “obMaHbiBatowee IPC” -
“deceiving IPC” a cam Tpepg Ha3biBaeTca virtual sender). Neng)xep peannsyeT KakKyt-TO JIOTUKY
obpaboTkn page fault'oB n MoxeT pewnTb 0TObpa3nTL flexpages B afApecHoe NPoCTPaHCTBO
cbonHyBLLEro Tpeaa. IT0, KakK Mbl Y>Ke FOBOPWUAIN, Takxe peannsyetcs Yyepes IPC. - Menpgxep npocTo
OoTBeYaeT Ha coobuieHne o page fault'e coobuweHnem c otobpaxkaembiMu flexpages.

Menpxxepbl MOryT 0bpalllaTbCs K MEHEeA)KEPaAM NaMsATH, a TakXKe YacTo bbiBaeT, 4To 0be ponu
COBMeLLEHbI B OJIHOW NporpaMme.

4) IPC m a3bIK IDL (ucnonb3oBaHue MeTOA0B pacnpenesieHHbIX CUCTEM)

Ba30BbIM METOAOM MEXMPOLLEECCHOMO B3aMMOAENCTBUA SBNIAETCA MEXAHN3M nepefadn CoOobLLeHNI,
peasin30BaHH:bIN B iape. Takxe BaXKHbIM MexaHu3MoM IPC sBnseTca pasgensemas namsaTb. Ho
cobcTBeHHO abbpeBunaTypa IPC 06bI4HO NOAPa3yMeBaET UMEHHO Nepefady coobuieHunn.

Mepenaya coobLieHN SBNSETCSH CUHXPOHHOM 1 He BydepunsoBaHHoM (synchronous and unbuffered).
T.e., nocblnaowmn Tpeq 61oknpyeTcs, Noka NosyyvaoLwmnn He BONAET B (ha3y receive U He NOAy4YnT
coobueHme. - CnctemHbin Bbi3oB IPC() 0bbennHaeT ase asbl - send u receive. 0be 13 KOTOPbIX
onuuoHanbHbl (onpepenseTcs napameTpamm Bbizosa IPC()). OANH 13 TpeLoB OOJKEH HAaXOAUTLCS B
thase send, gpyron B thase receive. Monyvatowmi Tpes AOJHKEH NpefocTaBnTb bydepsl ans
coobuieHuns; B agpe coobueHune He bydhepnsyeTcs.

CUHXPOHHOCTb U He BydepnsoBaHHOCTL IPC aBNSETCSA 0AHON M3 NPUYNH BbICOKOWN
nponssogutensHocTu IPC B L4. HanpoTtue, B Mukposagpe Mach IPC 66110 aCUHXPOHHbLIM U
bydepunzoBaHHbIM (IBM-0BCKOE MMKPOSIAPO, OCHOBaHHOe Ha Mach, Ha 6a3e KoToporo bbina
noctpoeHa 0S/2 PPC, copep»xasno yny4yweHus. IPC B HeM Bbls10 N3MEHEHO Ha CUHXPOHHOE, 4YTO Aasio
nosblleHne nponssogutensHocTn 0S/2 PPC, first look).
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Takxe cnegyeT OTMETUTb, YTO coobLleHns B L4 He NpoBepPSIOTCS Ha NPaBWUJIbHOCTb, B OT/IMYMNE OT
Mach.

Takxxe, KaK Mbl y>Xe yrnioMuHanu, B L4 oTCyTCTBYET NOHATME NopTa, Kak B Mach, 4To ynpowaeT IPC n
LaeT NpPMPOCT NPOM3BOAUTENLHOCTHN.

Onepaummn IPC MOryT OCyLLECTBAATLCS BPYYHYIO, HO 34€Cb A4 NPOrpaMMUCcTa 04eHb MHOMO
PYTUHHOW paboTbl. [M03TOMY A5 aBTOMaTMU3aLMM 3TUX ONepaLni Cy)KaT reHepaTopbl MHTepPthencos.
eHepaTopbl MHTEPdENCOB NCNOJIb3YIOT METOAbI pacrnpefeneHHbIX cuctem - a3blk IDL (Interface
Definition Language). icnonb3oBaHme IDL MoXXHO BCTpeTuTb B OS/2 Warp Toolkit, ecnu Bbl
nporpammupyete SOM-npunoxeHus. icnonb3osaHue A3blka IDL HecnyYanHo. Kak 1 B
pacnpeneneHHbix cuctemax (Corba/DSOM, COM, DCE), mukposagepHas cucTemMa CoOCTOUT 13
MHOXXeCTBa 00BbEKTOB (CepBEPOB), B3aMMOAENCTBYOLWNX MeX Ay cobon npu NOMOLLM NPOTOKOJIOB,
nepenatooLwmx coobLieHna Yepes )KeCcTKo 3alaHHble nHTepdencsl. W Bo BCex 3Tux cay4vasax ecTb: 1)
®a3a cbopky coobLLEeHNS N ero NOCbIIKM Ha CTOPOHE KIMEHTA, @ TakXXe NnoayyeHune n pasbopka
OTBETOB CcepBepa 1 nx obpaboTka. 2) Ha CTOpoHe cepepa eCTb LUK 0XXUAaHUS, pa3bopku un
06paboTKn coObLLEHNI OT KNEHTOB.

O6e 3Tn ha3bl aBToMaTM3MpytoTca IDL-komnnnsTopom (IDL Compiler, Interface Generator). 1ns sToro
BHELLHMe NHTepdencel cepeepa KOAMPYOTCS Ha sa3blke IDL. IDL-komnunaTop obpabaTbiBaeT
MCXOOHUK Ha fA3blke IDL 1 no Hemy cTpounT 1) client-side stub 2) server loop. Bce 310 pnenaetcs
aBTOMaTUYeCKM 1 Ha Bbixofe komnunaTopa IDL nonyvatoTca gannbl Ha a3blkax C, C++, Ada 1 npou.

Ana cnydas a3eika C Ha Bbixoge IDL-komnunaTopa noay4vaetcs 3 danna. 1) client-side stub 2) server
loop 3) xenep, BKAOYaEMbIV B Bally MporpamMmmy.

Ana Mmukpoaapa L4 cywecTByeT HeCKONbKO pa3HbiX IDL-KOMNMAATOPOB, Ha AAaHHbLIN MOMEHT
N3BECTHbl Takne KoMnunaTopsl Kak, IDL4, DICE, Magpie a Takxe Flick. OHu reHepupytoT
BbICOKOMNPOW3BOAUTESIbHbIE Y ONTUMU3NPOBaAHHbIE Stub-bl, MPON3BOANTENLHOCTL KOTOPbIX CPAaBHUMA
C NPOM3BOANTENIBHOCTLIO MNPU Py4HOM onTuMM3aumumn. Stub code becoming important

5) BuptyanbHble perucTpbl

Kpome namsTu, Tpeabl UMEIOT [eN0 TaKXe C peructpamu. L4 peannsyeT BUPTYyasbHbIE PErUCTPbI,
HE3aBUCUMbIE OT aPXUTEKTYPbI. B 3aBUCUMOCTM OT KOHKPETHOrO T1Ma NpoLIeccopa, BUPTYyasibHble
PErucTpbl MOryT 0TobpaXkaTbCs KaK Ha peasibHble PerncTpbl MPoLEeccopa, Tak U Ha 061acTy NamMaTy.
nu e 4acTb 13 HUX 0ToBparkaeTcs Ha NaMAThb, @ YaCTb - Ha PErMCTPbI NpoLeccopa.

CywecTsyeT 3 Knacca BUPTYyaJbHbIX PErncTpoB:

TCRs (Thread Control Registers)|- cnyxaT ons XxpaHeHUs KOHTEKCTa Tpeaa

- cnyxxaTt ana xpaHeHus IPC-coobueHunn B onepauyum
nepefayn/npnema

BRs (Buffer Registers) - cny>xaT Ana xpaHeHusa bydepos npu nepenaye CTPoK

MRs (Message Registers)

6) API

APl L4 cofepXuT o4eHb HebosbLLOe KONNMYEeCTBO PYHKLMIA. B opurnHansHom sepcun aapa nx beiio
Bcero 7. ns APl Bepcun X.2 (L4Ka::Pistachio) umeeTca 11 cucTteMHbIX Bbi30BOB. CUCTEMHbIE BbI30BbI
LensaTca Ha 0bblYHbIE Y NPpUBUIErnpoBaHHbIe. MprBMAErMpOBaHHbIE MOMYT BbI3bIBaTbCA TOJIbKO
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NPUBWUIErMPOBAHHBLIMK Tpedamu (T.e., TpegamMmn, UCMONHALWMMUCS B aApPeCHOM NPOCTPaHCTBe
roottask)

BoT 4T0 OHW cobon npeacTaBnaoT:

1. |Kernelinterface() no3BonseT nony4nTb agpec Tabnuubl KIP
2. |ExchangeRegisters()(3ameHseT nnan Bo3BpallaeT COCTOSAHNE PErncTpoB Tpeda

CNYXWUT ansa nobasneHna nnn yaaneHus Tpenos B agpecHoe NpoCTPaHCTBO
(NpuBMNErnpoBaHHbLIA CUCTEMHbIV BbI30B)

nosiyqaet cuctemHoe spems. ObblvHO He TpebyeT nepexopna B kernel mode
(3TO yAMBMTENBHO, HO TaK HanNMCcaHo B AOKyMeHTauuu!).

NCnoNib3yeTCs Wenynepamu ans 3ajaHns 3Ha4YeHNs KBaHTa BPEMEHN,
npuopuTeTa 1 Apyrux napamMmeTpoB

BbI3bIBAOLLNIA Tpen 0CBOOOXAaeT NPOLLECCOp U AaeT BO3MOXHOCTb
nepegayn ynpasaeHus gpyromy Tpegy

BbINOJIHAET onepauunio unmap Aas ykasaHHbIx flexpages (BUpTyanbHbIX
CTpaHuL NaMaTwn)

ynpaBnseT agpecHbIMU MPOCTPaHCTBAMM (NPUBUIErMPOBAHHbIA CUCTEMHbIN
BbI30B)

BbIMOMHAET onepaumio npuema/nepenaymn coobuieHmns. CywecTsyeT B ABYX
Bepcusax npocto IPC u LIPC - Lightweight IPC - cneunanbHas Bepcus 3Toro
9. [IPC() CUCTEMHOr0 BbI30Ba, ONTUMWU3MPOBAHHAA ANS Nepefayn Mexay Tpesamu,
NCNOJIHALWMUMANCS B OLHOM U TOM XXe afpeCcHOM MpocTpaHcTee. B
ocTasibHOM 06e BepcUn NAeHTUYHbI.

ynpaBnseT napamMeTpamu npoueccopa(-oB). MOXXET MEHSATb BHELLHIOW U
10.|ProcessorControl() |BHYTpPEHHIOK YacTOTY NPOLECCcopa 1 ero BoJibTax (MPMUBMUIErMPOBaHHbIN
CMCTEMHbIN BbI30B)

ynpasnseT atpubytamu CTpaHuy namaT (MPUBMIErMPOBaHHbIA CUCTEMHbI
BbI30B).

3. |ThreadControl()

4. |SystemClock()

5. |Schedule()

6. |ThreadSwitch()

7. |Unmap()

8. |SpaceControl()

11.|MemoryControl()

Kaxpas u3 aTux q)yHKLI,VII7I obbeanHAEeT MHOXECTBO BapnaHTOB X NUCMOJZIb30BaHNA.

7) MexaHu3Mbl be3onacHOCTH

OnHVMM 13 MeTo40B pa3rpaHnyeHns pasnuyHbix nogcuctem n OS Personalities senseTcs MexaHU3M
KnaHos u LWedos (Clans and Chiefs). Ecnn 3agava A co3gana 3agayun B, Cn D, To cama 3agava A
CTaHOBUTCA ux Wwedom, a camm 3agaum B, C n D obpa3ytoT knaH. Ka)xgas 3aadya MOXXeT co3aaTb
CBOW KNaH, Ans KOToporo oHa byaet aBnATbCA WwedoM. Ha knaHax 1 wedax 0CHOBbIBAETCS
pa3rpaHnyeHme NoacucTem - 3agada B MoxeT cnaTb coobLLeHNs TONbKO YieHaM CBOero KnaHa, nnbo
csoeMmy LWedy. Ecnm B nonbiTaeTcs nocnaTh cooblieHne 3aadve, He BXOAALLEN B ee KaH, TO OHO
(coobLieHne) npuHyanMTenbHO HanpasaseTcs wedy. LWed MoxeT Kak “AponHyTb” cooblieHmne, Tak 1
nepeHanpaBuTb ero wedy APYroro KfaHa (a oH yXXe - YieHaM cBoero kaaHa). KnaHbl MoryT 6biTb
BNIOXKEHHBLIMW. 9TOT MEXaHW3M pa3rpaHnynBaeT pasHble nogcuctemsl n OC-bl nyTem
nepeHanpasneHns noToka coobweHni IPC.

Tak)xe, BTOpPbIM MexaHU3MoM obecneyeHns 6€30MacHOCTU ABASETCS NPUHLIMN: CepBepPbI (Hanpumep,
roottask 1 sigma0) NpeaoCcTaBNAOT PeCcypChbl MEPBOMY 3aNPOCUBLUEMY KANEHTY (Hanpumep, sigmal
OTAAET NaMaTb NEPBOMY 3aMpOCKBLUEMY CEPBEPY-MEHEIXKEPY NAaMATUN), OCTallb- HbIM OHU
0TKa3bIBalOT B foCTyne. Tak Kak NepBbIMK PECYPCbl 3aNpallnBatoT HavasibHble CEPBEPSI, CMUCOK
KOTOpPbIX ONpeaensieT CUCTEMHBbIA aAMUHUCTPATOP WK paspaboTymk anctpmbytmea OC, TO KTO
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YrofHO HE MOXXET 3aMnpoCuTb PECYPC U 3aBNALETb UM.

Takxe, pa3fiMyHble CTpaTernn AocTyna kK 06opyn0BaHNIO, MOPTaM MU NaMATU MOryT ObiTh
peasin30BaHbl Yepe3 user-space nenaKepbl 1 MeEHeAKepPbl MaMSTH.

8) PaboTta c obopynoBaHuem u pgpamnBepsl B userlevel

Ina cnyyvas Mukposigpa apaneep - 370 0bbl4HasA userlevel nporpaMmMa, CNoNHALLWAACS B ring3.
EcTecTBeHHO, ApanBep A0/KEH MONY4UTb pecypchl - IRQ, Ha KOTOpbIe OH BelaeTCcsa Kak 0bpaboTynk
npepbiBaHWA 1 NOPTbI IMBO NaMATb, 0TOBpaKeHHY Ha YCTPONCTBO. Mosly4aeT OH 3T pecypchl OT
creunanbHOro cepeepa-mMeHe)xepa pecypcos. (A caMm 3TOT MeHe[ )Kep PecypcoB NnojyyaeT nxy
Mukposagpa 1 sigmal Ha npaBax NepBOro 3anpallnBaloLLero cepsepa). Yxe peasn3oBaHsbl
cneumnanbHble MeHe)Kepbl annapaTHbIX Pecypcos, U cylecTeyeT bonee-MmeHee 06LLENPUHATBIN
NHTepdenc K Taknum MeHegxxepaM. Hanpumep, B l4env posib TaKOro MeHe)Xepa pecypcos
BbINOJIHAET cepBep |4i0; cam obLenpunHATLIN HTepdenc HasbiBaeTcs omegal. Omegal Takxe
peannlyeT UHTepdENC K KOHTPONNEPY NpepbIBaHNA (HanpuMep, nocblnka curHana EOI) n paboTty ¢
PCI configuration space u T. n.

a) obpaboTka npepbiBaHU#

Ecnn npuxoasT npepbiBaHMS OT YCTPONCTBA, AAPO NepexBaTbiBaeT UX, U Npu 3TOM HanpasnseT IPC-
coobuieHmne Tpeny-o0bpaboTumKy npepbiBaHus. MNpuyem, 3To coobLieHne NPUXOAUT OT UMEHN
HecyLlecTBylowero (BUpTyanbHoro) Tpeaa ¢ ocobbiM 3HaveHnem Thread ID - Interrupt Thread. Takum
obpa3zom peanmsoBaHa 0bpaboTka npepbiBaHUA B user mode - CUrHaabl NpepbiBaHMA
BMPTYaIM3YOTCA Yepe3 NnocbinkKy coobueHun IPC, npuxoaawmx oT BUPTYaabHbIX TPEA0B.

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

Ha 60NbLUMHCTBE apXUTEKTYP PErnCTpbl YCTPONCTB 0TOBparkatoTCcs B 0ObI4HYI0 (DU3NYECKYIO MaMATb.
Mo3TOMYy CepBep MOXKET 3amnpoCuTb TaKytlo NaMsATb B BUAe 06biyHbIX flexpages y meHegxepa namaTu,
Hanpumep, sigma0. Ha nnatdopme PC cywiecTByeT 0TAE/IbHOE agpecHoe NPpoCTPaHCTBO NOPTOB
BBOJa-BblIBOAA. B 3TOM cnyyae Ans 3T0ro afpecHoro npoCTpaHCTBa Tak)Xe MOXKHO BbIMONHATb
onepauun map/grant n unmap. 1ng aToro cnyxat crneumanbHble i/o flexpages. To ecTb, cepBepsl
(OparBepsbl) MOryT 3anpallmBaTh CTaHAAPTHLIM 06pa30oM AOCTYN K NOPTaM y MeHeaXepa naMaTu,
ynpasasoLwero noptaMmu, Yepes onepauun map/grant. N'paHynsapHocTb i/o flexpages coctasnseT 1
6anT.

Ins cnyyas gocTyna K i/o nopTaM Takxe BO3MOXHO BO3HMKHOBeHMe page fault'oB npn goctyne K
HeoTobpaxeHHoN 061acTn aapecHOro NpocTpaHcTBa nopToB. ObpabaTbiBaeT Takme page fault'sl
TakXe nenmaxxep, aCCoLUMPOBaHHbLIA C TPeOoM ApanBepa YCTPOMNCTBA. ITOT Neng)Xep AOSHKEH
cnepoBaTh CneunanbHOMY MPOTOKOY.

6. O6LanA CTPYKTYpa, U3 4ero COCTOMT MMHMManbHasa L4 cuctema.

MWHUManbHasa CUCTEMa COCTOUT U3 COBCTBEHHO MUKpPOAAPaA, 3arpy34mka kickstart, kopHesoro
MeHexepa namaTy sigmal 1 KopHeBoro cepeepa (rootserver). ToOJIbKO MUKPOALPO UCMONHAETCSA Ha
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BbICLLEM YpOBHe npusunerun. roottask n sigma0 ncnonHswoTca B userlevel. Roottask - 6a308bIi
cepBep, 0TBEYaLWMA 32 UHULMANN3ALMNI0 CUCTEMDI, @ TaKXXe 3a BbIMOJIHEHWE NPUBUIErMPOBaHHbIX
onepaunin. Sigma0 - HaYaNbHbI MeHeLXep NaMATH, KOTOPbIA BnageeT BCern GU3NYeCKOn NaMaTbio
cmcteMbl. Sigma0 MoXXeT 0TAaBaTb CTPaHMLbl PU3NYECKON NaMATK ApYrMM cepBepaMm, peannsys ans
3TOro CBOM NPOCTENLINIA NPOTOKO B3aUMOAENCTBMS.

7. AHmumanu3auma CUCTeMbl

[nda 3arpy3ky CUCTEMbI, OCHOBAHHOMW Ha L4, TpaAnLUMOHHO ncnonb3yeTcs 3arpy3vmk GRUB u
cTaHzapT Multiboot. Mpu 3ToM GRUB 3arpyxaeT nporpammy kickstart - cnew. LoNoAHUTENbHbLIN
3arpysyuk, BbiCTynaowmm B poan multiboot-aapa, n Habop AONOAHUTENBHBLIX MOy eN. [epBbiM
MoAyNieM A0JKHO 6bITb 54p0 L4, BTOpbIM - sigmal, TpeTbuM - roottask, n nanee cnegytot
nobaBoyHble mopynu. Kickstart rpysuT L4, sigma0 u rootserver n3 ux obpa3os B NamMaTh, NOJYYEHHbIX
oT GRUB'a, nenaer fixups, 3anonHaeT nons B obnactn noa HaseaHuem Kernel Interface Page (KIP).
KIP HaxoauTcsa BHyTpu obpa3a Mukposagpa L4 B namaTu. OHa 04eHb Ba)KHa A1 CUCTEMbI 1 COLEepPXUT
aflpeca Ha4asJibHbIX CEPBEPOB, aipeca TOYeK BXO[a CUCTEMHbIX BbI30BOB MUKposApa, Tabnauubl
[eCKpunTopoB obnacTen NamsaTn U AONOAHUTENbHbIX MOAYNen, 3arpy>xeHHbix GRUB'oM, a Takxe
npoYyto MHGopMauuio (Bce 3Ty nons 3anonHseT kickstart n nepenaet agpy). 3atem kickstart
3anyckaeT MUKPOsSAPO. MUKPOSApPO CTapTyeT HavasbHble cepBepbl - sigmal u roottask. Roottask
nocse 3Toro UHULUManu3mpyeT Bce userlevel cepBuchbl CMCTEMbI, B TOM YUCIE, pa3inyHble
personalities. JononHUTeNbHbIE MOAY W, 3arpyxeHHble GRUB'oM, ToXXe MOryT CTapToBaTbCA
roottask'om, npuyem ccoisika Ha Tabanuy ¢ agpecamu 3Tux moaysen Haxoantcs B KIP, oTkyaa
Roottask n nony4aeT nHhopmaLnio 0 X MECTOHAXOXAEHUN. MeHeaxepbl NamMAaTn Npu
NHULMaNM3aumm CMCTeMbl NOyYatoT BCKO NaMaTb 0T sigmal.

Inqa co3paHus 6onee noaxoaswero, 4em GRUB, 3arpy3ymnka, MCNOJSIb3YIOLWLEro XapakTepHble Ans
0S/2 mexaHu3Mbl 3arpy3Ku, HanpuMmep, ncnonb3oBaHne microfsd, NnpoekTom osFree peleHo Hbin0
COBMECTUTb MexaHu3Mbl microfsd ¢ normkon 3arpysku, ncnonb3yowen ctaHgapT multiboot. Haw
3arpy34umk Ha3blBaeTcs Freeldr, oH HaxoAMTCA B npouecce pa3paboTku. 3arpyska L4 yxe noyTtu
peann3oBaHa.
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