degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: CprKTypa " aJITOPUTMEI sd/ipa OHepaHHOHHOﬁ CHCTCMbI
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: Pa):[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadenpa nHPOPMATHKH 1 BEIYUCITUTEIIEHON TEXHUKA

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOM arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocrasuin: A.B. ®énopos, accucTeHT

[Iporpamma obcyxneHa Ha 3aceqannu Kadenpsl THPOPMATHKH U BEIYUCIUTeNbpHON TexHUKH 30.08.2023



AHHOTANMA

Kypc "Crpykrypa W anropuTmbl spa OINEpPalMOHHOM CHUCTEMBI" MpegHa3HadeH AJisl W3YyYEHUS] OCHOBHBIX
CTPYKTYp W @JITOPUTMOB siipa COBPEMEHHOM OIEpallMOHHbIN CUCTEMBbI. M3ydyeHue npoucxoaur Ha mpumepe
sapa OC Linux. CTygeHTHl HM3ydalOT Takde MEXaHH3MBbI sipa KakK YIpPaBJICHHE OINEPaTUBHOM MaMSThIO,
MHOT'03a/Ia4Hblii peKUM palboThl, AJITOPUTMBI IIIAHUPOBAHUS IIPOIECCOB, OOBEKTHO-OPHEHTHPOBAHHYIO
MOJIEJIb YCTPOWCTB W JApailBepoB, MOJACHUCTEMY BBOAa-BbiBoAa. Kypc mpoxoaut B (opmare ceMUHApCKUX
3aHATHH. [[ng ycremHoro mpoxoXKIeHHs AAHHOTO Kypca HEoOXOAMMO IOCELIEHHE M KOHCIEKTHPOBAHUE
CEMHHApPOB M CBOCBPEMEHHOE BBINIOJIHEHUE MPAKTUYECKUX PadoT, a TakKe CaMOCTOATEeNbHas paboTa ¢
JOTIOJIHUTEILHOM JINTEPATYPOH.

1. lean u 3apa4n

Henp AucoMnInHBI
- O3HAKOMHUTH CIyHIaTelled CO CTPYKTypOH M allfOpUTMaMH siipa COBPEMEHHOM OIepalnOHHOM
cucteMbl (OC), n3ydeHue NporCcXoIUT Ha puMepe peanu3anuu siapa Linux. PaccmarpuBatotcst Takue
0a30Bble MEXaHU3MBI SJIpa KaK YIPaBICHHUS ONEPATHMBHON MaMATHIO, OPraHU3alus MHOI03aJaqHOro
pe’knuMa paboThl, aNrOPUTMBI IJIAHUPOBAHUS IIPOIIECCOB, MOJICHCTEMa BBOJAA-BBIBOAA, OpraHU3ALMA
IUTAHUPOBAHMs B TOACUCTEME OJIOYHBIX YCTPOHCTB, OOBEKTHO-OPHEHTUPOBAHHAS MOAEIb YCTPOUCTB U
JpaiiBEpOB.

3agaun AU COMIIHHBI
- (hOpMHUPOBAHNE CHCTEMHOTO BOCIPHUSTHS YCTPONCTBA SiApa COBPEMEHHON ONEPAllMOHHON CUCTEMBI U
MIOHUMAaHUsI OCHOBHBIX HOZICUCTEM Si/ipa, UX 0a30BBIX CTPYKTYp, HHTEP(HEHCOB U alNrOpuTMOB, a TAKKe
0COOEHHOCTEH IPOrpaMMHOM peann3alum;

- OCBOCHHUC CTYACHTAMU 0a30BBIX IIPUHIIUIIOB OpPraHU3aIluu B3aHMO,I[CI>iCTBPIH OHCpaHHOHHOﬁ CHCTCMbI
C IIOJIB30BAaTCJIEM U allllapaTHbIM o0ecrieueHrEM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3TaIlbl €€ PelIeHus,
NeMCTBUS 1O PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHI0, HEOOXOMUMYIO JJIsl PEIICHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSITh CUCTEMHBIN MOAXO ISl peLIeHUs
OCTaBJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT coOCTBEHHBIE CYKJICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIBTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH JIJIsl PEIICHUS
(byHIaMEHTAIBHBIX M TIPUKJIAJHbIX 33/1a4

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu




ll})l/llVlCl'll/llVlUULD YlUllUJlbj_yClVlblA MCI1IUANK N
METO/IOB

[MK-4.3 CnocobeH o0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
- CocraB W HazHaueHHe OCHOBHBIX moxacuctem siapa OC Linux: momcucreMa BBOJAa BBIBOAA,
BUPTYyaJIbHAasl IAMSITh, IPOLECCHI U MJIAHUPOBIIHK.
- OCHOBHBIE NIPUHIIMITBI OPTaHM3AIINH MPOIIECCOB U TTOTOKOB B spe OC Linux.
- llpuanumer opraruzanmuu DDM (device-driver model) momenw sinpa, ycrporictBo untepderica sysfs u
nonsrtue kobject.
- OCHOBHBIE AJTOPUTMBI TUIAHUPOBAHMSI MPOLECCOB M HUX XaPaKTEPUCTHKH, OCHOBHBIE 0COOEHHOCTH
pabotel OC B pexxuMe peaibHOTO BPEMEHH.
- VYcrpoiictBo wuHTepdeiica CHCTEMHBIX BBI30OBOB, IIOHMMAaTh OPraHU3aLUI0 B3aMMOJCHCTBUA
MoJIb30BaTeNbCKUX mporpamm ¢ saapom OC yepe3 ABIL.
- YerpoiicTBo BupTyansHOU (aitnoBoit cucremsl VES u daiinoBoro unrepdeiica Unix.
- OCHOBHBIC aNTOPUTMBI IUIAHUPOBAHMS TUCKOBBIX OINEpanuii OJOYHONW MOACUCTEMBI, HX
XapaKTEePUCTUKH, 0COOCHHOCTH U 00JacTh IPUMEHEHHS.
- [IpuHnmne! opranu3anuu (HailioBbIX CUCTEM, OCHOBHBIC BU/IbI COBPEMEHHBIX (DalJIOBBIX CHCTEM.
- OCHOBBI BHYTPEHHETO YCTPOMCTBA COBPEMEHHBIX (hailyioBbIX cucTeM ext3, extd, btrfs
- IlpuHuunel opraHu3aluy BUPTYyaJIbHOW NaMSTH, CTpaHW4YHas Moaenb. llomnepkka BUPTyaIbHOU
naMsTu co ctoponsl LITY.
- Oco0eHHOCTH WHUIMANU3aMK 00opynoBaHus MarepuHckod Tmarkl w3 siapa OC Linux s
BCTPAaNBAEMBIX CHCTEM.
- OcHOBHBIE BU/Ibl BUPTYaJIU3alMM: TUIIEPBU30PHI 1-T0 U 2-r0 TUIIOB, BUPTyalu3alys Ha ypOBHE sapa
OC.
- [lonumars ocHoBHbIe KoHIenMH nocTpoeHnss UNUX-1og00HBIX ONepalnoHHBIX CHCTEM.

YMETh!
- IIporpaMmupoBarhk NpOCTEHIIMN MOIYJb SApa, OPraHU3YIOLIUN B3aUMOJEHCTBUE C IOJIB30BATEIEM
yepes (aiuioBbIii HHTEpEIC.
- IIporpaMMupoBaTh 10JIb30BaTEIbCKOE IPUIOKEHNE B3aUMOACHCTBYIOILIHE C SIIPOM YEpPE3 CUCTEMHBIE
BBI3OBHI open, read, write, ioctl.
- [IpousBonuTh KOHGUTyprpoBaHHA sAaApa Linux 1 ero KOMNWIALUIO 110/ 3aJaHHbIE TPEOOBAHUSL.
- [IporpamMmmupoBaTe TECTOBBIEC HATPY3KU Ha Pa3IUYHbBIC MTOICUCTEMBI Ipa.
- Ilpou3BomuTh TECTUPOBAHUS pPA3IMYHBIX MOACUTEM sjpa (BUpTyaJbHas MaMsTh, IMOJICHCTEMA
OJIOYHOTO BBOJA-BBIBOJAA, CETEBOM CTEK) KaK € MOMOIIBIO IITAaTHBIX cpenctB OC, Tak U ¢ MOMOIIBIO
CaMOCTOSTEJIBHO pa3pabOTaHHBIX TECTOB.
- Mcnonb3oBarh cpeacTsa pa3paboTku (vim, ctags, cscope, git, IDE) mia caMocTosTeNnsHOrO H3y4eHus
koza sapa OC Linux.

BJIaJIETh:

Texnonoruelt pazpaborku siapa moayneit sapa OC Linux.

Texnonorueit kpocc-xkommusiiuu sipa OC Linux mox pa3nuyHble anmaparHble miaT(GopMbl.
CraHIapTHBIMU CPEICTBAMHU TECTHPOBAHMS M aHaiIM3a mpousBoauTenbHOCTH sapa OC: unixbench,
LTP, fio, pktgen, iperf, top, iotop, vmstats.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora




MHOronoToYHbIN u ACUHXPOHHBIN
1 pexum paborel  supa OC. Ilponeccst, 6 )
[IOTOKH, IIPEPBIBaHUS U UCKIIIOUUTEIIbHBIE
cutryauuu . CHHXpOHM3aUUs
®daiinoBbic CHCTEMBI, Onounas
2 nojcucremMa BBOAa-BbiBoja . CHCTEMBI 8 4
XpaHEHHS JaHHbBIX
3 Bupryansnas namsaTh 6 3
4 [Moncucrema napaiieepoB u device driver 3 4
model
5 Buptyanuzanus u o0nauHble TEXHOIOTHH 2 2
Hroro yacos 30 15
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 45 ygac., 1 3au.ex.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemectp: 7 (Ocennuii)

1. MHOTONOTOYHBIA M aCUHXPOHHBIN pexkuM padotsl sapa OC. Ilponeccel, MOTOKH, TPEepbIBAaHUS U
UCKJIFOUUTENbHbIE cuTyaluuy . CHHXpOHU3aLus

1. Bsenmenue. Uctopus pazsutus OC. Paznuunbie Buabl OC, WX OCOOCHHOCTH 3aBHCAIINE OT
00JIaCTH IPUMEHEHHUS.

2. Ilpomecchl, HECKpUIITOp Mpolecca - CTpyKTypa task struct, cocrosHust mpouecca M €ro
*u3HeHHbIH 1uki. Cucremuble BbI30oBBI fork u exec, mepeBo mpouecco. Ilpomeccsl u moTokw,
CHCTEMHBIN BBI30B clone, copy-on-write.

3. MmHoronorounass oOpaborka B sape Linux, mnpoOnema cuHxpoHH3auud. [IpUMUTHBBI
CHUHXpOHHU3AallUM, M WX amnmaparHas mnomjepxkka (cmpxchg). B3anMoOnakupoBKHM M TYHMHKOBBIE
CUTYyalllt, COCTOSTHUE TOHKHU.

4. MHoro3afauHblii peXUM pabOThl W pa3jielieHHe BPEMEHH, IpoOIeMbl MHOT03aa4HOCTH.
Anroputmbel tanupoBanust O(1), CFS, BF-scheduler, npobnema OamnaHCHpOBKH HarpysKu.
[InanupoBanue B pexxume peansHoro Bpemenu: FIFO u RR.

5. TlpepbiBaHuWsi W HWCKIIOYUTENbHBIE cHTyaiuu. OO0paboTka mpepbiBaHus B sape Linux,
B3aUMOJICHCTBUE C KOHTPOJUIEpAMH TIPEPhIBAHHIA.

2. daiinoBbie CHCTCMBI, OnouHast nmoacucreMa BBOAAa-BbIBOAA . Cucremsl XPaHCHUA JAHHBIX

1. Bupryanbnas daiinosas cucrema - VES, daiinossiii naTepdeiic u unix-way. OCHOBBIE CTPYKTYPBI
VES, nonstue daiina, qupexropun. CChUIKHA B BUIBI CCHUIOK. ATPUOYTHI M TUCKPEIHOHHAS MOJEIh
JOCTyTIA.

2. bnounas cucrema BBoma BeiBoga. CtpykTypsl buffer-head u bio, Oydepusaius BBo/a-BbIBOA U
IMCKOBBIA ko1l [lmaHmpoBaHWsS BBOIA-BBIBOAA, OYEPEIb 3allPOCOB OCHOBHBIC —aJTOPUTMBI
ianupoBanus:  Linux  Elevator, Deadline, Noop, CFQ, AS (anticipation heuristics).
AnpTepHaTHBHAs peanm3anus 0j104HOW moacucteMbl — blk-mq. [Ipou3BOAMTENBFHOCTh JMCKOBOM
HOJICHCTEMBI.

3. daiinoBkie cUCTEMBI: proc, sys, debugfs, ext3/ext4, btrfs

4. CospemenHbie cucteMbl xpaneHus: JanHbix (CX/I), software-defined CX/I. /IuckoBel MaccuBHhl,
texHoioruu RAID u Fiber Channel (FC). ZFS, Ceph

3. BupryansHas namsaTh

1. BupryanpHas nmamsTh, cTpaHU4Hasi Monenb. Duznyeckue W BUPTyalbHbIE ajpeca, TPaHCIALUs
aJ[pecoB U anmaparHasi MoJIepxkKa. AJUIOKaTOpbI MamMsTH B aape Linux.




2. Hurepdeiic cucremubix BbI30BOB. ABI, dopmar ELF, paznmensembie Oubnuoreku u
JTMHAMHYECKHIA 3aTrPy34uK.

4. Iloncucrema apaiisepos u device driver model

Device-Driver Model (DDM) — 00bEKTHO-OpUEHTHPOBAHHAS MOJIE]bh OPraHHW3alUU TOJACUCTEMbI
YCTPOMCTB M IpaiiBepoB sipa linux. brouHble 1 cMMBONIBHBIE yCTpoOiicTBa. 3arpy:kaeMble MOIYIIH.

Hurepdetic sysfs u kobject.
5. Bupryanuzanus u o0auHbIe TEXHOJIOTUH

Texuonorus BupTyanuzanuu. [ unepsuzops! 1-ro u 2-ro THIOB, BUpTyanu3aius Ha ypoBHe aapa OC.
Cgroups, namespaces, konteiiHepsl LXC. O6naunbie TexHonoruu Ha npumepe OpenStack.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTepaTypa
1. CoBpemeHHBIE oniepaninoHHbIe cUcTeMbl [Tekct] : [ydel. mocobue st By30B] / O. Tanenbaywm ; [mep.
c aar1. H. Bunpunackwid, A. Jlamkesud| .— 3-e u3n. — CII0. : [Tutep, 2015 — 1120 ¢
2. Apxutektypa komnbiorepa [Tekct] : [y4ue0. mocobue mist By3oB] / 3. TanenOaym, T. OctuH ; [miep. ¢
aun. E. MarseeB] .— 6-¢ u3n. — CIIO. : [Turep, 2014 .— 816 ¢

JlononHuTeNbHAS TUTEPATypa
1. S3b1k iporpammupoBanus C [Teker] : [yue6. mocobue mist By3oB] / b. Kepauran, JI. Putun ; mep. ¢
anm. u pen. B. JI. bpogoBoro .— 2-e u3n., mepepad. u non. — M. : Bunssamc, 2006,2007, 2009, 2010,

2012,2013,2015 .— 304 c.
2. CoBpeMeHHbIE ollepannoHHble cucTeMsl [ Teket], [y4ue6. mocobue st By3oB] /3. Tanenbaym, X. boc
; [mep. ¢ anrn.]. -CII6., [Tutep, 2017

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. Linux Device Drivers 3rd edition, Jonathan Corbet, Alessandro Rubini, and Greg Kroah-Hartman,
https://lwn.net/Kernel/LDD3/

2. Understanding The Linux Virtual Memory Manager, Mel Gorman, 2007
https://www.kernel.org/doc/gorman/pdf/understand.pdf

3. Linux Kernel on-line documentation https://www.kernel.org/doc/html/latest/index.html

4. http://kernel.org

5. http://lwn.net

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansaTHsSX MCONb3yIOTCA MYJIBTUMEIUAHBIE TEXHOJIOTUH, BKIIOUAS IEMOHCTPALIMIO TPE3CHTAUH.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.



B Ppe3YyNbTaTC U3YUCHUA JUCHUIIJIMHBI CTYACHT AOJDKCH 3HATh OCHOBHBIC OIIPEACIICHU A, IIOHATUSA.

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOEe BpeMs s pabOThl CTyJAeHTa Haja TEMOHU.
CamocrosTenbHast paboTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHJOBAaHHOW JIUTEPATYPhI;

— npopaboTKy yueOHOro Marepuaia (10 KOHCIEKTaM, yueOHOM U HayYHOU JIUTEpaType);

— MOATOTOBKY K TU(PEpEHINPOBAHHOMY 3a4ETYy.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylaeHTa ocyuecTBisercs B Qopme
WHIMBUIyaJIbHBIX KOHCYJIBTALIUH.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTesto.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadenpa nHPOPMATHKH U BEIYUCITUTEIIEHON TEXHUKA

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

PaszpatGoTunk: A.B. ®énopos, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KpI/ITI/I‘IeCKI/Iﬁ aHaJIn3 U CUHTEC3 I/IH(I)OpMaLII/II/I,

N VYK-1.3 PaccmarpuBaeT pa3iuuyHble BapUaHThl PELLCHUS
MPUMEHSATh CUCTEMHBIH MOXOJ TS PELICHUS

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

[TOCTABJICHHBIX 3a/1a4
YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(bYHZ[aMeHTaJ'ILHLIG 3HaHUWA, [TOJTYYCHHBIC B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTLI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIb30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3a/1a4 MPoQeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMCHUMOCTDB UCITIOJIB3YCMBIX MCTOJAUK U

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
METO/IOB

OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrate wusydeHus aucuuiuiiHbl «CTPYKTypa M airOpUTMbl spa OINEPAIMOHHON CHCTEMBbI»
00yJarouics JTOIDKEH:

3HAThb:




- CocraB u Ha3HaueHHe OCHOBHBIX mozacucreM siapa OC Linux: moacucremMa BBOJA BBIBOJA,
BUPTyaJIbHasl MAMATh, IPOLECCHI U IUTAHUPOBIIHK.

- OCHOBHBIE TPUHIIMITBI OPTaHU3ALUH MTPOIIECCOB U MOTOKOB B siipe OC Linux.

- [Tpunnumner opranmzanuu DDM (device-driver model) mozenu siapa, ycrpoiictBo untepdeiica sysfs u
nonsTue kobject.

- OCHOBHbIE QJITOPUTMBI IVITAHUPOBAHUS INPOIECCOB U MX XapaKTEPUCTHUKU, OCHOBHBIE OCOOCHHOCTH
pabotsr OC B pexxrMe peaibHOrO BpEMEHH.

- VYerpoiictBo uHTepdeiica CHCTEMHBIX BBI30BOB, IOHHUMATh OPTraHU3aIlUI0  B3aMMOJICHCTBHS
MOJI30BATENILCKUX nporpamm ¢ ssapom OC yepes ABIL

- YerpoiictBo BupTyanbHOU (aitnoBoii cucrembl VES u daiinosoro unrepdeiica Unix.

- OCHOBHBIC aITOPUTMBI IUTAHUPOBAHMS JUCKOBBIX OINEpalid  OJNOYHOW MOACHUCTEMBI, HX
XapaKTepUCTHKH, 0COOCHHOCTH U 00JacTh IPUMEHEHHS.

- [IpuHIMIEL Opranu3anun (HailyIoBbIX CUCTEM, OCHOBHBIE BH/Ibl COBPEMEHHBIX (DaHJIOBBIX CHCTEM.

- OCHOBBI BHYTPEHHETO YCTPOMCTBA COBPEMEHHBIX (haillIoBbIX cUcTeM ext3, ext4, btrfs

- IlpuHIMIBl OpraHW3alMy BHPTYaJIbHOW MaMSTH, CTpaHW4HAas Monenb. [lomiepikka BHPTyaIbHOU
naMmsTi co croponsl L{ITY.

- OcoOeHHOCTH WHULIMANU3aUuK 00opynoBaHMA MarepuHckod marel u3 sapa OC Linux s
BCTPaNBAEMBIX CHCTEM.

- OCHOBHBIC BH/IbI BUPTYaIM3allH: TUTICPBU30PHI 1-T0 ¥ 2-TO THUIIOB, BUPTyaIU3als Ha YPOBHE sIpa
OC.

- [lonumarp ocHoBHBIe KoHIEenMH ocTpoeHnss UNUX-1og00HBIX ONepaluoOHHBIX CHCTEM.

YMeETh:
- IIporpamMmupoBaTh MPOCTEHINNN MOIY/Ib AApa, OPraHU3YIOIINN B3aUMOACHCTBUE C MOJIb30BaTEICM
yepes (aiiioBbIii HHTEpEIiC.
- [IporpaMMHpOBaTh MOJIE30BATEIBCKOE MPUIIOKEHHE B3aUMOICHCTBYIONIHE C SIIPOM Yepe3 CUCTEMHBIC
BBI30BHI Open, read, write, ioctl.
- [Ipon3BoauTL KOHPUTYpUPOBaHHS A/pa Linux v ero KOMIUJISIIHIO MO 3a/IaHHBIC TPSOOBAHHUSL.
- [IporpamMmmMupoBaThs TECTOBbIC HATPY3KU Ha Pa3IMYHbBIE TOJICUCTEMBI S/Ipa.
- Ilpou3BomuTh TECTUPOBAHMS pPA3NUYHBIX MOJACUTEM sapa (BUPTyalibHAs MMaMATh, MOJCHCTEMA
OJIOYHOTO BBOJIA-BBIBOJIA, CETEBOM CTEK) KaK C MOMOIIBIO0 ITaTHBIX cpencTB OC, Tak U ¢ MOMOIIBIO
CaMOCTOSTEIILHO Pa3pabOTaHHBIX TECTOB.
- Mcnonb3oBarh cpescTBa pa3paboTku (vim, ctags, cscope, git, IDE) uisa caMocTosITensHOTO H3ydeHUs
kona sapa OC Linux.

BJIAJETh:
- Texnonoruei pazpadorku siapa moayiaeit sapa OC Linux.
- Texnonoruei kpocc-kommursnuu syipa OC Linux mof pa3nudHbIe anmaparHbie TaTQOpMEI.
- CrangapTHBIMH CpEICTBAMH TECTUPOBAHHS M aHANM3a mpom3BoauTenbHOCTH siapa OC: unixbench,
LTP, fio, pktgen, iperf, top, iotop, vmstats.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

[Monstue nmpoueccoB u motokoB B Linux. CtpykTypa task struct, »KH3HEHHBIH UK Mpoliecca.
Cucremusble BbI30BHI fork, exec, clone. [Ipunnnmn copy-on-write.

[TpuMuTHBEI cHHXpOHU3aIMH: spinlok, mutex.

cmpxchg - anmaparHas noxaep)Kka IPUMUTHBOB CHHXPOHHU3ALIUH.

[Mnaamposmmku spa linux - O(1), CFS, FIFO, RR

[IpepwiBanus B sape linux

Bupryansnas daiinosas cucrema VFS, nonsitue daiina u gupexropun
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Ccpuikn. ATprOyThI U TUCKPEIIMOHHAS MOJIEITb JIOCTYIIA.
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briouHas cucrema BBOJIa BbIBO/IA, AJITOPUTMBbI TUIAHMPOBAHHS OJIOUHBIX OTICPAIIHIA.
. QaiinoBbIe CUCTEMBI proc, sys, ext4, btrfs
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. BuptyanpHas naMsiTh, cTpaHUYHAsE MOJEIIb.
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. Anokaropsl namsTu B sape Linux.
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. MaTepdeiic cucTeMHBIX BBI30BOB.
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. [logcucrema npaiisepoB u device driver model
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. Bupryanmuzanus. [logcucrema npaiisepos u device driver model



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Tlomsatue mpouecca, Aeckpuntop mnpouecca. JKU3HEHHBIM LHKI IpoLecca, JEPEBO MPOLECCOB,
cucTeMHbIe BbI30BHI fork n exec.

2. Toroku: pthread u kthread, cucremusIii BbI30B clone, copy-on-write.

3. TlpuMHUTHBBI CHHXPOHM3AIMM, W WX ammnaparHas momiepxka (cmpxchg). B3anmoOrnokupoBku u
TYITUKOBBIE CUTYallUH, COCTOSHHE TOHKH.

4. MHoro3amayHelii pexuM pabOTHl W pa3lelieHHe BpPEMEHH, IPOOIeMbl MHOT03aIa4HOCTH.
Anroputmel miaauposanus O(1), CFS, BF-scheduler, nmpo6nema 6anancupoBKH HArpy3KH.

5. IlnanupoBanue B pexxume peaiabHoro Bpemenu: FIFO u RR.

6. [IpepriBanusi W UCKIIOUUTENbHBIE cuTyauuu. OOpaboTka mpepeiBaHus B siape Linux,
B3aUMOJICHICTBHE C KOHTPOJUIEPAaMH HpepblBaHUM. BepXHAs M HIKHAS NOJOBHHBI 00paboTyHKa
MIpEPHIBAaHUM.

7. Bupryanbnas (aiinosas cuctema. OcHOBHI cTpykTypbl VES, nonsarue gaiina, mupexkropun. Ccbuiku
Y BUJBI CCBUIOK. ATpUOYTHI I JUCKPEIIMOHHASI MOJIEIb JOCTYIIA.

8. bmounast cucrema BBOma BhIBoza. Ctpykryphl buffer-head u bio, Oydepuzanms BBona-BpIBO/IA U
JIMCKOBBIH KOIII.

9. IlnanumpoBaHUS BBOAA-BBIBOAA, OYEPEIb 3allPOCOB OCHOBHBIC AJITOPUTMBI ILIAHUPOBaHUS: Linux
Elevator, Deadline, Noop, CFQ, AS (anticipation heuristics).

10. AnbrepHatuBHas peanu3arus OnouHoi mojacucteMbl — blk-mq. [Tpou3BoguTensHOCTH JUCKOBON
MOJICUCTEMBI.

11. ®aiinoBeie cuCTeMBI: proc, sys, debugfs, ext3/ext4, btrfs.

12. CoBpemennsie cuctembl xpanenus gaHHbX (CX]I), software-defined CXJI. /luckoBble mMaccuBHI,
texnonorun RAID u Fiber Channel (FC). ZFS, Ceph.

13. BuptyanpHas namsrh, cTpaHuuyHas Mozeib. PuU3HUecKUe U BUPTyalbHbIE ajpeca, TPaHCIALUS
aJpecoB U amnnapaTHas MOAJEpKKa.

14. Annokaropsl namsTa B siape Linux — SLUB u Buddy.
15. UnTepdetic cucremusix Bo30BoB. ABI, mporpammHoe coramenue.

16. @®opmar ELF, pasgensemble OuOnuorekn © AWHAMUYECKHMN 3arpy3uuk. Crarndeckas u
JUHAMUYecKasl IMHKOBKA.

17. Device-Driver Model (DDM) — 00beKTHO-OpMEHTHPOBAaHHAST MOJENIb OpPraHU3allMHU HOACUCTEMBI
YCTpOWCTB U JpaiiBepoB sifpa Linux. biodHble W CHMBONBHBIE YCTPOWCTBA, IIMHBI, aJlalTephl,
KOHEYHBIE yCTPOUCTBA.

18. 3arpyxaembie Mmonynu. MuTepdetic sysfs u kobject. BzaumozeiictBue uepes Qaiinosslii uuTepdeEiic,
CHCTEMHBIN BBI30B ioctl.

19. Texnomorusa BupTyanuzauuu. [ umepBu3opsl 1-ro U 2-ro TUNOB, BUPTyalIn3alys Ha YPOBHE sjapa

OC.
20. Cgroups, namespaces, koHteiaepsr LXC.
21. OGnaunsie TexHONOrHK Ha mpumepe OpenStack.

burer 1.

1. Tlomsatue mpouecca, Aeckpuntop mnpouecca. JKU3HEHHBIM LHKI IpoLecca, JEPEBO MPOLECCOB,
cucTeMHbIe BbI30BHI fork n exec.

2. O6naunblie TexHonoruu Ha mpumepe OpenStack.

buner 2.
1. Tlortoku: pthread u kthread, cuctemHslit BEI30B clone, copy-on-write.
2. Cgroups, namespaces, koHTeitHepsl LXC.

Kpurepun onennBanus
Onenka otnuano (10) BeICTaBIsIeTCS CTY/ACHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CHCTEMAaTU3HPOBaHHbIE,
IyOOKHe 3HaHUs Y4eOHOU MPOrpamMMbl AUCHUILINHBL, TPOSBISIONIEMY HHTEPEC K JaHHOU MPEIMETHOM
o0nacTu, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKHM IMPUMEHATh UX Ha MPAKTHKE MPH
peIlIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NPAaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.



Onenka omM4HO (9) BBICTABISETCS CTYIACHTY, MOKa3aBLIEMy BCECTOPOHHHUE, CUCTEMAaTH3HPOBAaHHbBIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPpaBUIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.

Ouenka OTIIMYHO (8) BBICTABISAETCS CTYACHTY, [IOKa3aBUIEMY CHCTEMAaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOH MpOrpaMMbl AMCLUUILUIMHBI M YMEHUE YBEPEHHO HNPUMEHSTh MX HA MPAKTHUKE NMPHU PEIICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUH, C HEKOTOPBIMU HEZ0UeTaMu.

OHGHKa XOopo1Io (7) BBICTABJIACTCA CTYACHTY, €CJIIM OH TBEPAO 3HACT MATCpHajl, r'paMOTHO U IIO
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Onenka xopomio (6) BBICTABISETCS CTYACHTY, €CIM OH TBEPIO 3HACT Marepuall, TPaMOTHO H TIO0
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

OHGHKa XOpouro (5) BBICTABJIACTCA CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO U II0
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO AOITYCKACcT B OTBETC
HJIN B PCIICHHHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEM.

OneHka yIOBIETBOPUTEIbHO (4) BBICTABISICTCS CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO Marepuaia, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW NMpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3Iy B CTAHJAPTHON CUTYyallnH.

OmeHka yIOBIETBOPHUTENBbHO (3) BBICTABISICTCS — CTYACHTY, NOKa3zaBIIieMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/ieiaMH y4eOHO! IpOorpaMMbl, HEOOXOIMMBIMH JUIsl AaIbHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJaKe B CTAHAAPTHOW CHTYAIIHH.

OreHKka HEYJOBJICTBOPHUTEIHLHO (2) BBICTABISCTCS CTYICHTY, KOTOPBIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COZEp)KaHUsl Y4YeOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeyJIOBIETBOPUTENbHO (1) BBICTABISICTCS CTYACHTY, KOTOPBIi HE 3HAET OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITUpOBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MMECT HABBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH QopMme.

[lpu mpoBemenun 3adera oOydaromemycs npenocraBisercs 20 MHHYT Ha MOArOTOBKY. Ompoc
o0ydJaromerocst mpoBoauTcs B TedeHne 40 MUHYT.

Bo Bpems mnpoBenenus anddepeHUIHpOBaHHOTO 3adeTra OOydalolIMecss MOrYT IIOJb30BaThCS
[IPOrpaMMOM IUCLUILIUHBI.



