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AHHOTANMA

B Kkypce wu3ydaloTcsi OCHOBBI MHOTOIIOTOYHOTO TNPOTPAMMHUPOBAHHS M 3a/aud, CBS3aHHbIE C HUM.
PaccmarpuBaroTcs KiaccU4ecKHe CLEHApUM M MEXaHU3Mbl CUHXPOHU3aLMUM B MHOIOIOTOYHBIX CUCTEMAX,
Takhe Kak, HalmpuMep, MBIOTEKC, YCJIOBHas mepeMeHHass u Oapbep. OOCyxOaroTcs 3ajadd U MEXaHU3MBI
pa3HBIX YpPOBHEH, KOTOpbIE BO3HMKAIOT B SI3bIKaxX IIPOIPaMMMPOBAHUS, IOAJEPKUBAIOIIUX BO3MOMKHOCTH
ACHHXPOHHOT'O MPOTPaMMHUPOBAHMS, HA IpUMeEpeE S3bIKOB Mporpammuposanusi C++ u Golang. HemanoBaxxnoe
3Ha4€HUE B Kypce NMpUIAETCsl MOAEISAM MaMATU B Pa3iMuHBIX SI3bIKaX IIPOIPaMMMPOBAHUSA U apXUTEKTypax
npoueccopoB. Kpome atoro, uccieayrorcs MexaHU3MBbl U cTpareruu garbage collection B pa3inyHbIX SI3bIKax
POrPaMMHPOBAHMS U IPOOIEMBI, CBA3aHHBIC ¢ MHOTOIIOTOYHOCTBIO.

1. lean u 3apa4n

Henp AucoMnInHBI
* cdopMUpOBaTh y CTYIACHTa NOHUMAHUE OCHOBHBIX CLIEHAPHEB M MHCTPYMEHTOB MHOTOIIOTOYHOI
CUHXPOHM3ALH;
* JaTh TEOPETHUYECKUE U NMPAKTHUUECKHUE 3HAHMUS O MEXaHW3MaX aCHHXPOHHOTO MPOrpaMMHpOBAaHUS U
ACUHXPOHHOI'0 UCIIOJIHEHHUS B Pa3JIMUHBIX SI3bIKAX IPOrPaMMUPOBaHMUS;

*  JlaTh CTYACHTaM IIOJHYIO KapTUHY HCIOJHEHHS MHOIOIOTOUHBIX CHUCTEM: OT MOAENeH namsTu
Iporeccopa 0 yCTPOHCTBa BEICOKOYPOBHEBBIX IPUMUTHBOB Kak, Harpumep, futures.

3agaum AUCUMIIUHBI
. Hay4uTh (OPMYIUpPOBATh 3aJadd B TEPMUHAX H3YyUYEHHBIX TEOPHH, BHIOWPATh MOAXOMSLIHIA
QJITOPUTM JJIs IOCTaBJIIEHHON 3aja4u;

* Hay4YWTh pa3pabaTbIBaTh KOMOWHALIMU aJITOPUTMOB Ul PEIIEHHs MOCTAaBICHHBIX 3a7a4, OLICHUBATh
CIIO)KHOCTU aJITOPUTMOB, MX MOAM(UKAIMA M KOMOWHAIMH, BBHIOMpATh MOAXOISIINE CTPYKTYPbI
JAHHBIX JUIS TIOCTAaBJICHHBIX 3aJad, Peaju30BbIBAaTh AJTOPUTMBI B 00OOIIECHHOW (hopMme Ha S3bIKe
nporpammuposanust C++

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon n HanMeHOBaHNE KOMIIETEHIIUT MHaukaTopsl JOCTHKEHUS KOMITETEHIIUN
YK-2 Cnocoben onpenensite Kpyr 3a1a4d B VYK-2.1 @®opmynupyeT COBOKYNHOCTb B3aMMOCBSI3aHHBIX
paMKax MOCTaBJICHHOM LIeJIN U BBIOMpaTh 3aJa4 B paMKax  IIOCTaBIEHHOH 1meiau  paboThl,
ONITUMAJIbHBIE CLIOCOOBI UX PEIICHUs], UCXOAS U3 |00eCIeYMBAIOIINX ee JOCTHKCHUE. Omnpenenser

NENCTBYIOIIMX MPABOBBIX HOPM, UMEIOIIHUXCS  |0KHUAaeMble pe3ylbTaThl PeIeHUs TOCTABIEHHBIX 3aa4
PECYPCOB U OTpaHUYCHUHI

OIIK-2 CriocoOeH TOHUMATh TPUHITUTIBL OIIK-2.1 CmocobeH wucmonbp30BaTh MHGOPMAITUOHHEIE
paboThl COBpEeMEHHBIX HH()OPMAIIMOHHBIX TEXHOJIOTUM W TPOTPAaMMHBIE CPEJACTBA, B TOM 4YHCIE
TEXHOJIOTHI U MMPOTPAMMHBIX CPEJICTB, B TOM OTEYECTBEHHOTO MPOW3BOJACTBA, TIPH pPEUHICHUH 3a7ad
YKCcIie OTEYECTBEHHOTO IPOU3BOJICTBA, U npodeCCUOHATBHOM JIeTENLHOCTH

WCITIOJIB30BaTh X MIPH PELICHUH 3a1a4
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-4.1 3naer oOCHOBHBIE IpaBwia O(OpMICHUS
TEXHUYECKOM JOKyMEHTALlMM Ha pa3lIM4HBIX CTaAusAX
XKHU3HEHHOTO LIMKJIa HH()OPMAIIMOHHON CHCTEMBI

OIIK-4 CriocoOeH yuacTBOBAaTh B pa3padoTKe
CTaHJIAPTOB, HOPM W TIPABUIL, @ TAKKE

TEXHUYECKON JOKYMEHTAIUU, CBA3AHHOM C

N OIIK-4.2 Bnageet Ha mpaKkTHKe METOIOJIOTUEN COCTABICHUS
npodeccuoHaIbHON 1S TETbHOCTHIO

HAYYHO-TCXHUYCCKUX OTYCTOB (HpOGKTOB)

OIIK-8 CriocobeH ocyIiecTBIATh [TOKCK, OIIK-8.3  VYmeer onTUMHU3HPOBaTH M NPOBOIUTH
XpaHeHue, 00pabOTKy W aHau3 HHPOpMAIUK  |pedakTOPUHT  CYNIECTBYIONIETO KoJa sl YAyYIIeHUs
U3 Pa3IMYHBIX HCTOYHUKOB U 0a3 JaHHBIX, MPOU3BOIUTEIBHOCTH M MOAICPIKKH

MPEJCTaBISThH ee B TpeOyeMoM (opmare ¢
UCIIONIb30BaHNEM HH()OPMAIIMOHHBIX,
KOMITBIOTEPHBIX M CETEBBIX TEXHOJIOTHI

[IK-5.1 VYMeer omnmchIBaTb apXUTEKTYpy, YCTPOWCTBO U
(YHKIIMOHUPOBaHUE HHDOPMAITMOHHBIX CHCTEM




[IK-5.2 VYmeer ompenensTe ONTUMAIbHBIE METOIbI U
WHCTPYMEHTBHl Pa3pabOTKH, BHEAPEHUs M aJalTaluu

TIPUKJIATHOTO MIPOrPaMMHOTO obecrnieueHusI
I1K-5 CrniocoGeH npoeKTUpoBaTh, UH()OPMALIMOHHBIX CUCTEM
paspabarbiBaTh, BHEAPATh, CONPOBOKIATH U I[IK-5.4 HWmeer mnpakTHueckwii oOmbeIT  pa3paboTKw,
CHHMMATh C OKCILTyaTalui HHPOPMALIHOHHBIE BHEIPEHUS W aJalTallid MPUKIATHOTO MPOrPaMMHOIO
CHUCTCMBI oOecrieyeHHsT HMH(MOPMAIMOHHBIX CHCTEM B Pa3JIMYHBIX

IIPOrpaMMHBIX Cpefax

[TK-5.3 Ymeer pa3pabarsiBaTh IPOTOTUTT HHPOPMAITMOHHBIX
CHCTEM B COOTBETCTBHHU C TPEOOBAaHUSIMU U TPOBOJHTH €TO
TECTUPOBAHHUE IS IPOBEPKU KOPPEKTHOCTH
APXUTEKTYPHBIX PELICHUIH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
* 3HaThb OCHOBHBIC MOJENIM MAaMSTH, MCIIOJb3yeMbIC B SI3bIKAX MPOrPAMMHPOBAHUS U Pa3IAYHBIX
apXUTEKTypax MPOILIECCOPOB, YMETh OMUCKHIBATH PA3IMUMS ITUX MOJIEIEH MaMATH.

YMETh:
. YMETh OIUCAaTh OCHOBHBIE CLIEHAPUM MHOTONOTOYHOH CHHXPOHM3ALMU € HPUMHUTHBBI
CUHXPOHH3AIUH, TIO3BOJISIOIINE 3TH CIIEHAPHUH BOCIIPOU3BECTH;
* yYMETb ONHCHIBATh U PEaJM30BBIBATH TaKWE 0OBEKTHI ACHHXPOHHOTO MPOrpaMMHUpOBaHus, Kak fibers,
stackless coroutines, futures u promises.

BJIAJIETh:

*  o0namare HaBBIKAMM pa3pabOTKM M OTIAJKH MHOTOIOTOYHBIX TNPHIOKEHHH, B TOM 4HCIE C
HCIOJIb30BaHUEM TAKHUX CPEICTB OTIaaAKH, kKak AddressSanitizert u ThreadSanitizer.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAM Y4E€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 [Ipobnembl CHHXpOHHU3ALUN 10 10 12
2 Mogeinp naMsaTH, K311 6 6 12
3 Lock-free cTpykrypbt 8 8 12
4 CoObITHs, 3377a4H, ITYJT TTIOTOKOB 6 6 12
Uroro yacos 30 30 48
[MoaroroBka k sK3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 108 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 4 (Becennuit)

1. IIpobneMbl CHHXPOHU3ALUT




brokupyromas cHHXpOHU3AITHS.
B3anmnoe uckiroueHue

- MotuBanus: mpuMepbl TOHOK, KPUTHYESCKHE CEKIIMU Ul TPYIIUPOBKU OIEpanuii B aToMapHbIe
0ok

- I[TocTranoBka 3aa4u B3aMMHOT'O UCKITFOYCHU A

- IapanTiu xoHcucteHTHOCTH (safety: mutual exclusion) u rapantun nporpecca (liveness: deadlock
freedom, starvation freedom)

- ATOMapHOCTb U aTOMapHas mamsTh
- Monens yepenoBaHus 17151 KOHKYPEHTHBIX UCIIOTHEHUHN

- I[IpoToKosBI HAa YTEHUAX/3AMUCAX:

- Merotekc IleTepcona y1st ABYX IOTOKOB

- O6o01IeHre Ha N TOTOKOB € TIOMOIIBIO tournament tree

- CeoiicTBo yectHOCTH (fairness), doorway u wait-ceKIuu

- Mebrotekc Jlamnopra Ha BpEMEHHBIX METKAX, JIOTUYECKHUE YaChl
- Cpasnenue anroputmoB [lerepcona u Jlammopra

- RMW-omneparuu: test-and-set, fetch-and-add,
- IIporoxonsl Ha RMW-onepanusx:

- TAS cniuunok

- Ticket crinuIOK

- CpaBHEeHHE NMPOTOKOIOB Ha aroMapHbIXx RW-peructpax u RMW-perucrpax

- HwxHss rpaHuIa Ha 9UCIIO sTYEEK MaMSTH JUIs B3aUMHOTO MCKITIOUCHUS
- Coumutrep u fast path qis mprotekca Jlammopra

- JIONOJHUTEIBHO:
- 3ayaua renaming
- Konctpykuus 11 orpaHM4eHHBIX BPEMEHHBIX METOK B anroput™me Jlammopra

CHHXpOHM3AIHs: YCIIOBHBIE IEpEMEHHBIE U ceMadopbl
- [Tarrepn koMmyHmKanuu producer/consumer
- briokupyromias ouepens, HHTEpdEic, MPUMEHEHHE VIS MMyJIa TIOTOKOB

YCnOBHBIE IEPEMEHHBIE:

- Yc0BHBIE TEPEMEHHBIE KaK MEXaHU3M OKHUIAHUS U CUTHAJM3UPOBAHUS

- Tounas cemanTHKa onepanuil

- Metadopa ¢ koMHaTaMK

- [Ipenukar kak GyHKIHS OT COCTOSIHUS, CBSI3b YCIIOBHOW MIEPEMEHHOM 1 TIpenKaTa
- [Touemy HyXHO OyANTH B IIUKJIE:

- Spurious wakeup

- Intercepted wakeup

- Loose predicate (Ha mpumepe 06001meHHOT0 cemadopa)

- BapuanTsl curnanu3upoBaHus
- MuBapuanT u hopmanbHOE JJOK-BO
- CueHapuu ¢ onmOKamu



Cemadopsr:

- Cemadop kak OIOKHPYIOIIUI CIETUNK

- UuTepdetic cemadopa, mmena onepanuii (P/V, acquire/release, wait/signal)
- Cemadop He IpOIyCKaeT CUTHAJbI, CYUTACT UX

- Cam cueT4HK HelOCTYIIEH B nHTep(detice cemadopa

- Cemadop KaKk aBTOMAr ¢ )KETOHAMH

- Peanuzanus Onokupyromieit ouepean Ha cemadopax, HUPKYISLUS KETOHOB
- Peanuzanus cemadopa Ha yCIIOBHBIX IEPEMEHHBIX

MenkorpanynspHble OJTOKUPOBKH

- 3amaua obenaromux GunocodoB U B3aUMHBIC OJIOKUPOBKH

- Wait-for rpad mis oOHapy>KeHHs B3aMMHBIX OJIOKHPOBOK, yciioBus Kopdmana
- Pemenue ¢ momorpto cemaopoB

- Pemienne ¢ momMonipio HapyIeHus: CHMMETPUN

- O6u1as uzes: ynops0o4nBaHue JIOKOB, 1I0K-BO KOPPEKTHOCTH

- I'maBHbIA ipuMep - lock striping Jutst XOMIMPOBAaHUS TIETTIOYKAMHU

- OUKCUPOBAHHBIN MACCUB MBIOTEKCOB, CTPAMIIbI

- Kak nenatp pacmmpenue TaOnuIpl: OTIyCTUTD JIOK CTpaiiia U 3aXBaTUTh BCE JIOKH
- JIoku 3axBaThIBaE€M CIIpaBa HaJEeBO, YTOOBI HE BOSHUKIIO B3aUMHON OJIOKMPOBKH
- ['oHKM IIpU pacIIMpeHnn U Kak ux u3berarb

- HyHo 11 3aXBaTbIBaTh BCE JIOKH, YTOOBI TOHATH, YTO HAC ONEPEANIN?

- [Ipobnema: Kak y3Hats HOMep cTpaiinia, He 3Hasi KOp3uHbI? Kak BBIYHCIHTH KOP3HWHY, HE 3aXBaTHB
OJIOKMPOBKH cTpaiina?

- [maBHBII WHBapUAHT: KaXKABII SJIEMEHT HE JOJDKCH MEHSTh CBOM CTpaiIl MpHU MepexemnpoBaHIH
- Kak moOutbcs 6osbiiero napauienu3ma B xami-rabnuue: Reader/Writer 6:110kupoBku

- Peanusanums ¢ ronoganuem nucaresnei

- Peanuszanus ¢ ronoganuem unTarenen

- YectHas peanuzauus

- pyroii moaxon K NOCTPOEHUIO CIIOBAPEH: CKHUIT-THCTHI

2. Mopgenb naMsTH, K3II
Kaxk ycTpoena namsiTh: KOTEpEHTHOCTb KAIIEH U MOJEIb KOHCUCTEHTHOCTH aMATH

KOFGpeHTHOCTL KAIICH M CIIMHIIOKU
- Kak pa60TaeT C TOYKH 3pCHHUA CUHXPOHU3AIUU KaXKAasd OTACIIbHAA sTYeHKa IMaMsITH

- Ko n nepapxust mamsiti
- [Ipobnema KOrepeHTHOCTH (CHHXPOHU3AUH) KIIIEH

- BuyTpenHss peanmuzanus TPOTOKOJIIOB KOTEPEHTHOCTH: message passing Ha IIMHE IaMATH,
CBOICTBA HMIUHBI

- [Ipotokon MSI nst cunxponuzanuu, rpad nepexoaoB
- Ananorus ¢ R/W 61okupoBkamu

- Oorumusanug MSI -> MESI

- lonomuautensuo: MOESI, MESIF

- KorepentHocTs ¥ mopsfok Moan(UKanuii: MPOTOKOJI KOTEPEHTHOCTH YIHOPSAIOYMBAET 3alMCU B
OJIHY STYEHKY MaMsTH

- [Ipo6iemMbl TPOU3BOAUTEILHOCTH, CBSI3aHHBIC C TIPOTOKOJIOM KOTEPEHTHOCTH:
- cache ping-pong mipu 3axBare cniuHioka, TATAS-criHIOK

- thundering herd npu ormyckanum cnuHnoka: couaiaok AnzaepcoHa, CLH, MCS wu nppyrue
peanu3anuu

- false sharing Ha mpuMepe pacrpe/ieIeHHOTO CUETIHKA



Monens mamMaTu

- I maBHBIE BOIIPOCHI:

- Kak ynopsiiounBaroTcst 4TeHUS U 3aICH B pa3HbIE sTYEUKH?
- UTo MOXET BEpHYTh KOHKPETHOE UTE€HUE?

- [TocnenoBarenbHas cormacoBaHHOCTh Jlamnopra

- PeanibHOCTB:
- [Ipumeps! peopAepuHIoB Ul Pa3HbIX aPXUTEKTYP IPOLIECCOPOB
- Peopnepunru KOMIUIsSTOpOB

- Kak rapantupoBaTb WIIIO3UIO II0CJIENOBATEIIBHOW COIVIACOBAHHOCTH, M IIPU 3TOM HUMETH
PEOPIAEPUHTH TP UCTIOTHEHUH?

[TocnemoBarenyHast COTIACOBAHHOCTD IS MIPOTPaMM, CBOOOAHBIX OT roHOK (SC-DRF):

- 'apanTupoBaTh MOCIEAOBATEIBHYIO COTIIACOBAHHOCTH JIs JIF0O0O0H MporpaMMBbl  OPOTO
- [Iporieccopy HYKHO JienaTh PEOPACPUHTH

- [IporpammucTy Hy>KHa TIPOCTast MOJIETh UCIIOTHCHUS

- Pemenne: obecrneunM BHIMMOCTH TOCIEIOBATEIBLHON COIIACOBAHHOCTH TOJBKO AJISi KOPPEKTHO
CUHXPOHHU3UPOBAHHBIX IIPOrpaMM

- Mozgens naMATH - KOHTPAakKT MEXAy pa3paboT4MKaMH MporpaMM U pa3paboTUMKaMu
KOMITHJISITOPOB/MH)KEHEPaMU TPOLIECCOPOB

I'maBusie nuaen mopenu SC-DRF:
- Paznenum sueiiku mamsT (1 omepanuy HaJi HUIMHU) Ha JIBa KJiacca:

- ATOMUKH - SYCWKH, KOTOpPBIC MCIIOIB3YIOTCS Ul CHHXPOHU3AIMH, TIOPSIOK OOpalieHusl K HUM U
oIpeAessieT CHHXpOoHU3anuio (cM. mporoxon [lerepcona)

- HeatomapHhsie stueiiku

- ImoGanbHbIN mopsok it aToMuKOB (synchronization order, SO)

- OrHomenwue synchronizes-with (uepes SO)

- OrHomenwne happens-before B Mojienu oTnpaBku coOOIICHHM

- Happens-Before kak Tpan3utuBHOE 3aMbikaHue synchronization order u program order
- Bumumocts 3anmceii yepes happens-before jiist HearoMapHBIX orepanuit

- I'maBuas Teopema: SO st aTOMUKOB + BUAMMOCTH 3amuced yepe3 HB nmns ocranmpHBIX sueek +
DRF => nocnemoBarensrHas cCONIAaCOBAHHOCTh

3ayeM TaKHe CIIOKHOCTH:

- MEI ocnabunu Tpe6OBaHI/I$I K YIOpsAJOUYMBAHHUIO: MOCICAOBATCIIbHAA COINIACOBAHHOCTL TOJIBKO IJIA
DRF

- B3ameHn koMnuisITOp mosy4yaeT BO3MOKHOCTB JIeJIaTh OOJIbIIE PEOPASPHUHIOB

Kiaccer peopaepunros, kotopsie qomyckaer SC-DRF:

- Peopmepunrn Mexay TOYKaMH CHHXPOHH3AIlMM HAa aTOMHUKax - IMOPAIOK HE MOTYT HaOnonaTh
IpyTHe MOTOKH

- Roach Motel
- Peanmzanust Moienu maMsTH B SI3bIKE IPOTPAMMHUPOBAHUS: Oapbephl MaMsATH (memory barriers)

- bonee cnabwie Mmonenu ynopsimounBans: acquire/release, relaxed



- Acquire/Release-cemanTuka:
- l'apantupyem ToibpKo BUANMOCTD Yepe3 HB, rmobanbpHOTO Mopsiika Ha aTOMUKaX MPH STOM HET
- [Ipumep: Independent Reads of Independent Writes (IRIW)

- Relaxed-cemanTtuka
- Hononuurensno: OoTA (out of thin air)
3. Lock-free cTpykryphr

Hebnokupytomas cuaxponunsanusi, lock-free koHTelHEpHI, yIpaBlIeHNE TAMSITHIO

- [IpoGnemMbl CHHXpOHM3AINH: ACUIOKH, TABIOKH

- I[Iporpecc B ciydae nay3bl HOTOKA, 3aXBaTUBLIETO OJIOKMPOBKY

- Unes HeOnokupyromeil CMHHXpOHN3aluu

- Crporue onpenenenus rapantuii nporpecca: lock-freedom, wait-freedom, obstruction freedom

- He ncnone3yem B3auMHOE HCKITIOUCHHE
- CAS - mBeiinapckuit Hox B mupe RMW-oneparuit
- [Ipumep: xak peannzoBats FAA ¢ momomisio CAS

- O6muit Mmexanu3M noctpoenus lock-free CTpyKTyp JaHHBIX: CCBUIOYHBIE CTPYKTYphI U CAS-1yTibt

- Konreitnepsr:
- Crek Tpaiibepa
- [IpoGnemsbr: ABA, ocBOOOXK/IeHHE TTAMSITH

- Ouepenp Maiikna-Ckorta
- Criucok Xappuca, IpUMEHEHHE JUTSL XIII-TaOIUIbl U CKHUII-JINCTA

- [IpoGnembl ¢ MaMsThIO:
- OcBobOokIEHNE TAMATH
- ABA npu ucnosbp30BaHUH ITyJIOB

- [Tonxonsr:

- Quiescent-based memory reclamation (QBMR)
- Hazard pointers

- Node recycling + tagged pointers

JOTIOJIHUTENIBHO:
- l'apantus obstruction-freedom M CHUMKH HECKOJIBKHX sIYEEK TAMSITH

4. CoObITHS, 33712491, TTYJI TTOTOKOB

JInHeapusyemocTb
- Motuanus: Uro Takoe muoronotouynast FIFO-ouepens?

- Bonee oOmme BOMpOCH: Kak MPOMOJEIUPOBATh KOHKYPEHTHBIE HCIOMHEHUS MJIi CTPYKTYPHI
JaHHBIX?

- [Topsanok:
- YIOPSAOYMBAHHUE OIEpalMi yepe3 KPUTHUECKHE CEKIIUU

- Ha YpPOBHE SYEEK IMaMSTH - MOCJIEAOBAaTENIbHAS COMIACOBAaHHOCTH JJIsI CBOOOMHBIX OT TOHOK
porpaMm

- llenb: momy4YnTh MOJIEIb YEPEAOBAHUS [T BBICOKOYPOBHEBBIX OOBEKTOB



- dopmainbHas MOIENb: KOHKYPCHTHAas M MOCJEIOBaTelbHAs MCTOPHsS, MPOCKIMWH Ha MOTOKH H
0OBEKTBI

- HOCHGHOB&TCJ’IBHaﬂ COITIaCOBAHHOCTD AJI1 BBICOKOYPOBHCBBIX 00BEKTOB

- [Ipumep ¢ pemIMIMPOBAHHBIM PETUCTPOM - IOCIEIOBATEIbHAS COIIACOBAHHOCTH HE IO3BOJISET
KOMOMHHUPOBATh HECKOJIHKO OOBEKTOB

- JluneapuzyemMocThb (aTOMapHOCTb)
- JIOK-BO KOMIIO3UPYEMOCTH ISl IHHEAPH3YyEMOCTH

- Touku nuHeapu3zanuu
- [Ipumep ¢ ouepenpto Herlihy/Wing

- Jluneapuzanust Uil yCKOPEHUS CTPYKTYp aHHBIX: basket queue, elimination backoft stack

JOTIOJIHUTENIBHO:
- Quiescent consistency u uyno-ctek [llaBura ¢ mpuzmamu

- B cnyuae omepammii HaJ HECKOJIBKUMH OOBEKTaMH (TpaH3aKIMM) HYXXHa HOBas MOJENb
KOHCUCTEHTHOCTH - CEPUATIU3YEMOCTh

- .HI/IHGapI/I?:yeMOCTB " paClpCaACIICHHBIC CUCTCMbI

- Local Linearizability?

Koncencyc, wait-free uepapxus

- MoruBauus: [louemy HaOop MHCTpPYKUMHE mpoueccopa uMeHHO Takoh? Kakue omepanum mydiie
[IOMOTAIOT CHHXPOHHU3UPOBATh IIOTOKH, a KAKUE - XyKe?

- HaBonum uHTYHLIHIO
- [locranoBka 3aaun wait-free KOHCEHCYCa, YUCIIO KOHCEHCYca ISl Ollepannn/o0beKTa

Kaxk onmcars 11000# MPOTOKOJI KOHCEHCYCa!

-  Kondurypamus, mnpoTokon Kak CIOycKk 1O JepeBy KoHdurypamuii (BCIOMHHTH TIPO
JIMHEapu3yeMOCTb),

- OMBQJICHTHBIC U YHUBAJICHTHBIC KOH(UTYPALMHU, KpUTHUECKAsE KOHUTYpaLus

- YHHUBepcalbHbIE CBOWCTBa JIOOOTO MPOTOKOJIA: KOPEHb - OMBAJICHTHBIH, JIOOOM MPOTOKON NpHU
CITyCKE IIPOXOMT Yepe3 KPUTUUECKYI0 KOH(PUTYpaLnio

- Teopema: koHCEeHCYC Ha aToMapHbIX R/W perucrpax HeBO3MOXKEH JIaxke IS JIByX TIOTOKOB

- IIpumep ¢ ouepenpio (0e3 JOK-Ba): YMCIO KOHCEHCyca s wait-free ouepeneii paBHO 2, a 3HAUUT
wait-free ouepeap Hellb3sl peain30BaTh TOIBKO JIMIIb HA aTOMapHBIX YTECHHSX/3MUCSX

- Knacc RMW-onepauunit Common2: uaeMIOTEeHTHbIE U KOMMYTHPYIOIIUE OlepaLiiu
- Teopema: KoHCEeHCYC ¢ TOMOIIBIO onepaunii 3 Common2 HEBO3MOXKEH AJIS yKe IJIsl TPEX MOTOKOB

- JlononHUTENBHO:
- PobactHocTh Wait-free nepapxuu

- PapnomMmzanus

- YHI/IBepcaHBHOCTL KOHCCHCYCa




VYHUBepcanbHas KOHCTPYKIUS
- YHHMBepCaIbHOCTh KOHCEHCYCa

- PabotaeM co cTpyKTypoli JaHHBIX KaK C YEPHBIM SIIIUKOM, UCIIOJIb3YEeM TOJIBKO MOCIIEI0BATEIbHYIO
crerupuKaIuio

Lock-free koHCcTpyKITHS:

- OcHOBHas ujes:

- [ToToku pa3ienstoT He COCTOSIHUE CTPYKTYPBI JaHHBIX, @ UCTOPHIO €€ M3MEHEHHUH (JIOT KOMaH[)

- Kaxxnmast omepanusi COCTOMT U3 JBYX IIaroB: 1) BCTaBKa 3J€MEHTa B JIOT KOMaH, 2) PUMEHEHUE
KOMaHJ1 U3 Jiora

MOJ/ICP’)KUBAEM OOIIUI JIOT KOMaH/I (MCTOPHIO U3MEHEHHN )

- Peanmzanmst:

- XpaHUM I'0JIOBY CIIUCKA B BHJIE MacCUBa

- Hcnonp3yeM KOHCEHCYC Ul BCTaBKU OYEPEIHOTO Yy3J1a B CIIUCOK
- CBoOO/a OT BGIOKUPOBOK

- JInneapusauys BCTaBKU

Wait-free KOHCTPYKITHSI:

- B uem npoGnema lock-free KOHCTPYKIIMK: TIOTOK MOXET MIPOUTPHIBATH BCTABKU CKOJIb YTOIHO JIOJTO
- Mnesi: MOTOKM JOJKHBI CHHXPOHHO ITOMOTaTh IPyTUM ITOTOKAM BCTAaBIISATH y3JIbl B JIOT KOMaH]

- Otnaue ot ouepenu Maiikina-Ckorra

- Peanuzanms: aHoHCHI BcTaBOK, round-robin 1o mocieaoBaTeaIsHbIM HOMEpPaM Y3JI0B B UCTOPHUU

- JIuneapu3zanus: TOUKa JMHEAPU3AIMU ONIEPALIMN MOXKET HAXOIUTHCS B IPYTOM MOTOKe!

- 3amevanus 1o 3GPEKTUBHON peanu3anun
- YrpasieHue namMsaTbio

- [Mapanenu ¢ pacnpe/eieHHBIMU CUCTEMaMHU - state machine replication

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEJILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

YueOHast aymuTOpus, OCHAIICHHAS! KOMIIBIOTEPaMH AJIsl KAXK0TO CTYICHTA.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. 19 cMepTHBIX TPEXOB, YIPOKAIOIIUX 0€30MacHOCTH porpamMmM. Kak He IOMyCTHTh THITYHBIX
omnOoK [DNeKTPOoHHBIN pecypc], DnekTpoH. Bepcust ned. myonukauuu / M. Xosapa, /1. JleOnank, /1.
Buera ; npeqmcn. Amura Mopana. — M., JIMK Ilpecc, 2009
2. 3amuimeHHbId kon aist Windows Vista, DnekTpoH. Bepcus nied. myonukanuu / M. Xosapg, .
Jlebnank. — Mocksa, Pycckas penakmms, 2008
Jlureparypa, peKOMEHJOBaHHAS ISl CAMOCTOSTEIBHOTO U3yUeHHS:
1. Maurice Herlihy, Nir Shavit «The Art of Multiprocessor Programming»
2. Anthony Williams «C++ Concurrency in Actiony

JomnonHurensHas aureparypa

1. CoBpeMeHHBIE OlIEpallMOHHBIE CUCTEMBI, [y4eO. mocobue st By3oB] / 3. Tanenbaym, X. boc . —
Canxkr-IlerepOypr, [Tutep, 2019.— URL: https://ibooks.ru/bookshelf/364626/reading (nara
oopamenuns: 24.11.2020). - [Tonusiii Texet (Pesxum nocryna : u3 cetu MOTU / Ynanenusiit goctym)



2. IlapaienbHoe NporpaMMUpPOBaHME MHOIOIIOTOYHBIX CUCTEM C pa3leisieMOil IaMsAThIO,
OnexrponHas Bepcus neuarHon myonukauuu / A. I. TopmacoB. — Mocksa, ®usmarkuura, 2014
Jluteparypa, pekoMEeHJ0BaHHasl JUIsl CAMOCTOSITEIIbHOIO U3y4YEHU:

1. Nir Shavit «Data structures in the multicore age»

2. Hans-J. Boehm, Sarita V. Adve «Foundations of the C++ Concurrency Memory Model»

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTEepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

L.http://neerc.ifmo.ru/wiki/index.php?title=/luckpeTHasl_MareMaTnka, anTOPUTMBI H_CTPYKTYpHI JaH
HBIX — «BUKHKOHCTIEKTBI», caiiT CaHkT-IleTepOyprckoro MHCTHTYTa TEOPETUYECKON MEXaHUKH U
ONTHKH.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

» JlokymeHTauus k 6ubnnoreke Asio si3pika mporpammupoBanusi C++
https://think-async.com/Asio/Documentation.html

* bnornoct o Futures u Promises: http://dist-prog-book.com/chapter/2/futures.html

» Kotlin Coroutines Proposal: https://github.com/Kotlin/KEEP/blob/master/proposals/coroutines.md
* C++ Coroutines: Understanding operator co_await
https://lewissbaker.github.io/2017/11/17/understanding-operator-co-await

» Zero-cost futures in Rust: http://aturon.github.io/blog/2016/08/11/futures/

* 3aMeTKu 0 MOJeIN namsTH siapa Linux:
https://github.com/torvalds/linux/tree/master/tools/memory-model/Documentation

» CLion: cpena pa3paboTKu ¥ OTIIAAKH IPOrpaMM Ha si3bike C++

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

PaGora Ha ceMuHapax ¥ BBHIIIOJIHEHHE JOMAIIHETO 3aJaHHUsl SBISICTCS OIHON 00IIei paboTol CTyIeHTa.
Ha 3ansitusx ocoboe BHUMaHME oOpalaeTcsl Ha COBPEMEHHBIE CIIOCOOBI pa3paboTKH MPOTPaMMHBIX
npoaykroB. HeoOxoaumo TpeGoBaTh OT CTYACHTOB Kaue€CTBEHHOTO M IOHATHOTO IMPOrPaMMHOTO Koza
Ha psAAYy W B PaBHOHM CTENEHU C MPaBWIBHOW pa0OTON mporpaMMmbl. Ha 3aHSATHSIX CTOMT MOCTOSIHHO
pa3duparh OMIMOKH, KOTOPBIE JOIyCKAaJH CTYIECHTHI B CBOMX IIpOrpamMMax, a TakKXkKe JIOTHYECKHe
OLIMOKHU.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJICHUIO: IIporpammuas nHXEHEpHs

npopuJib NOArOTOBKHU: Pa3zpabotka nmporpaMmMHO-HH()OPMAIIMOHHBIX CHCTEM
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.B. Co3bIkuH, KaHJI. TEXH. HayK, TOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax OCTaBJICHHOM LENH U BBIOMPATh

ONTHUMAJIbHBIE CIIOCOOBI UX peueHusA, nCXoas u3

JNEHCTBYIOLIMX NTPABOBBIX HOPM, HMEIOIINXCS
PECYPCOB ¥ OTpaHUYEHUI

YK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBI3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHIKEHUE. Omnpenensier
OXHJIa€MbI€ Pe3yJIbTaThl PELICHUS IOCTABICHHBIX 3a]a4y

OIIK-2 CriocobeH moHUMAaTh MPUHITUITBL OIIK-2.1 CnocobeH wWCHoONIBL30BaTh WHPOPMALMOHHEIC

paboTBI COBPEMEHHBIX HH(POPMAIIMOHHBIX TEXHOJIOTUM W TPOrpaMMHBIC CPEICTBAa, B TOM YHUCIIE

TEXHOJIOTH U IPOrPaMMHBIX CPEACTB, B TOM OTEYECTBEHHOTO TIPOM3BOJCTBA, NPU pPELICHUH 3ajad

YHCIIe OTEYECTBEHHOTO IIPOU3BOJICTBA, U npodecCHOHAIBHON IS TeTbHOCTH

UCTIONIB30BaTh X MPH PELICHNH 3a1a4

npodecCHOHAIBHON IS TeTbHOCTH

OITK-4 CriocoGen yHacTsoBath B paspaGoTke OIIK-4.1 V3HaeT OCHOBHBIE  MpaBwia  odopMieHHUs
TEXHHUYECKOM JOKyMEHTAllMM Ha pa3IMYHBIX CTaAUsAX

CTaHAAPTOB, HOPM U MPABUJI, & TAKKE
TEXHUYECKON JOKYMEHTALUHU, CBA3aHHOM C
po¢eCCUOHANTBHON e TENbHOCTHIO

KU3HEHHOTO [UKJIa HH()OPMAIIMOHHON CHCTEMBI

OIIK-4.2 Brnazeet Ha MPaKTHKE METOIOJIOTUEH COCTABICHUS
HAYYHO-TEXHUYECKHX OTYETOB (IIPOCKTORB)

OIIK-8 CriocoOeH oCcylIecTBISTh MTOKCK,
XpaHeHue, 00paboOTKy M aHaUu3 UHPOPMaLIUU
U3 Pa3IMYHbIX HCTOYHUKOB U 0a3 JaHHBIX,
MPEICTaBIATH €e B TpedyeMoM (opmare ¢
UCTIONIb30BaHNEM MH()OPMAILIMOHHBIX,
KOMITBIOTEPHBIX U CETEBBIX TEXHOJIOTHIH

OIIK-8.3 VYmeer ONTUMHU3HPOBATH W  TPOBOIUTH
pehakTOpUHr  CYLIECTBYIOIIETO KoJa MAJsl  YAyYIIEHUs
MPOU3BOAUTEIBHOCTH M MOAJCPKKH

[IK-5 CnocoGeH mpoeKTUpOBarh,
pa3pabarbIBaTh, BHEAPSTH, COIPOBOXIATH U
CHHMMATh C JKCIUTyaTallui HH)OPMAIIMOHHEIE
CHCTEMBI

[IK-5.1 Ymeer ommchBaTh apXUTEKTYpy, YCTPOWCTBO U
($YHKUIMOHMPOBaHUE HH()OPMAITHOHHBIX CUCTEM

I[IK-5.2 VYmeer omnpeaensTs ONTUMAIbBHBIE METOAbl U

MHCTPYMEHTBI  pa3paboTKM, BHEAPEHUS U  aJanTaiuu
MPUKIIAIHOTO MPOrPaMMHOTO obecrieueHus
MH()OPMALMOHHBIX CUCTEM

[IK-5.4 HWmeer mnpaxktuyeckuii omeIT  pa3paboTKw,

BHEAPEHUs] W aJanTalud M[PUKIAZHOTO HPOTPaMMHOTO
obecrieueHUss HH(POPMAIMOHHBIX CHCTEM B Pa3IWYHBIX
MPOrpaMMHBIX Cpeaax

[IK-5.3 Ymeer pa3pabarsiBaTh OIPOTOTUI HHPOPMALMOHHBIX
CHCTEM B COOTBETCTBHMHU C TPeOOBAHUSIMU U MPOBOJUTH €TI0
TECTUPOBAHUE ISt MIPOBEPKHU KOPPEKTHOCTHU
APXUTEKTYPHBIX PELICHUI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydeHus AUCIUTUIMHBL « MHOTOMOTOYHAS CHHXPOHU3AIHUS 00YYarOIIUICS TOTKEH:

3HATb:

® 3HaTb OCHOBHBIC MOJCIIN IIaMATH, UCIIOJB3YEMbBIC B A3bIKAX IPOTPaMMUPOBAHUA U Pa3JIMYHBIX
APXUTCKTYpax MmpouccCopoB, yMCTb OIMHMCHIBATH PA3JIMIUA ITUX MOI[GHCﬁ IHaMsATH.

yMeTh:

. yMETb OIIMCaTh OCHOBHBIE CLIEHAPUU MHOIOIIOTOYHONM CHHXPOHM3ALMU M IPUMUTHBBI
CUHXPOHM3ALUH, I03BOJISIIOIINE 3TH CLIEHAPUN BOCIIPOU3BECTH;
* yMeTh OMMCHIBATh U PEATN30BBIBATH TAKHE OOBEKTH ACHHXPOHHOTO MIPOrpaMMHpOBaHus, Kak fibers,

stackless coroutines, futures u promises.

BJIad€Th:

*  o0namarh HaBBIKAMH pa3pa0dOTKH M OTIAJKH MHOTOIOTOYHBIX TPHIOKEHHH, B TOM YHCIE C
WCIIOJB30BaHUEM TAKUX CPENICTB OTNaaKy, kak AddressSanitizert u ThreadSanitizer.




3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
[IprMephl IpaKTUYECKUX 3aJaHUI B TEUEHHUE CEMECTPA:

Haiinute B JaHHOM KOJie aCHHXPOHHOTO KJIMEHT-CEPBEPHOTO MPHIIOKEHHS OIINOKY, 00bSCHUTE €€ CYyTh
U UCIIPABBTE.

Peanuzyiite KJI1acc stackless coroutine. [HogpoOnee:
https://gitlab.com/Lipovsky/tpcc-course-2020/-/tree/master/tasks/3-tinyfiber/coroutine

Peanu3oBars MBIOTEKC

PeannzoBaTh CHHXpOHHBIE COKETHI /Ui (aiidepoB Hall (GpeMBOPKOM asio, ¢ WX MOMOIIBIO HAMKCATh
3X0-CepBep

PeanusoBats peiiMBopk executors + futures/promises

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JISI IPOBEAEHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. Hamummure Ha TICEBIOKOJE NPUMHUTUB CHHXpoHHM3amuu read/write-lock ¢ mpuopureTrom uist
qyuTaTenei/nucarenen.

2. MbroTeKC Ha3bIBaeTCsl PEKYpCHBHBIM (reentrant, recursive), €Ciy MOTOK, BIAACIONIMNA MBIOTEKCOM,
MOKET 3aXBaTHTh ero (BbI3BaTh MeTox lock), moBropHo. J{i1st 0CBOOOXKIICHHST PEKYPCUBHOTO MBIOTEKCA
MOTOK JIOJKEH BbI3BaTh unlock cronbko pas, ckonbko ObuT BbI3Ban lock. Hampumep, TAS cnvniok He
SIBJSIETCSl PEKYpPCHBHBIM: IIOTBITKA IMOBTOPHOTO 3axBaTa CIIMHJIOKA TEM )K€ IOTOKOM IpHUBEIET K
BeyHOMy muKiy c exchange BHyTpu. CraHmapTHBII CHCTEMHBIH MBIOTEKC TaKKe HE SBISETCA
peKypcuBHBIM. Peanu3yiiTe pekypCHBHBIH MBIOTEKC C TOMOIIBIO OOBIYHOTO HEPEKYPCUBHOTO MBIOTEKCA
1 yCIIOBHOM IEPEMEHHOM.

3. Hammmmre xnacc CountDownlatch, KkoTOpeId WHUIMATU3UPYETCs 3HAUYCHHEM count H
nojyiepkuBaeT aBe onepanuu: 1) Down() - yMEHBIINTL 3HAYCHHUE CUETYMKA Ha eAuHUIYy 2) Await() -
NOXKIAThCs ¢ OIOKMPOBKOW MOTOKA NIOKA 3HAUYEHUE CUETYMKA HE OMYCTUTCS 0 HYIS

4. Hanimmre ReadWriteLock ¢ nmpuoputeroM asist untaresnei

5. Harmmmte ximace TicketMutex, KOTOpBIii BBITAET MOTOKaM OJOKUPOBKY B TIOPSIKE BHI30BOB METOIA
Lock. Oxwuanie Ha MbIOTEKCE JIOJKHO OBITh OJIOKHPYFOIIIUM.

6. DJranbl pa3pabOTKM MapajuleNbHBIX aJrOPUTMOB: MacmTabupoBaHHe HaOopa Tmoj3ajady u
pacrpeieneHue moa3anad Mexy IpoLueccopamMu.

7. OLIeHKa MaKCUMAJIbHO JOCTHUXXKHUMOTO IIapauIC/In3Ma. 3aKkoH AMI[aJ'IfI.

8. Kparkuit 0030p BO3MOXKHOCTEeH OuOmuorekn Qt [UIsi OpraHu3alud MHOTOINIOTOYHOCTA B
HPUIOKEHUAX. | paHuIlbI

npumeHnMocT Qt 1t 3 PEeKTUBHON peanu3anny napauiebHbIX BEIYUCICHUH

9. Pexxumbl mepefaun JaHHBIX B Omepaunusx mapHoro ooMeHa. bydepnsoBaHHBIN pexxum mepenaqyn
JAHHBIX, PEXKUM

nepeaaqu 1no rorToBHOCTHU.
10. MOILGJ'II/IpOBaHI/Ie napajiuICJIbHBIX ITPOrpaMM. OCHOBHBIE BUbI U 0COOCHHOCTHU Moneneﬁ.

Kputepun onennBanus
OTJIIMYHO

10 IMonHOCTHIO ¥ BOBpEMSI pellieHbI Bee 3aaaun 6e3 omubok. [IpogeMoHCTpupoBaH rpaMOTHBIN TTOAXO/
K PELICHUIO 3ajia4, pealn30BaHbl ONTUMAIIbHBIEC AJITOPUTMBI, KOJ OQ)OPMIIEH B €AMHOM YAO00YHTaEMOM
CTHJIE

9 TlonHOCTHIO M BOBpEMsI pEIIEHBI Bee 3aa4un 0e3 omnbok. [IpogeMoHCTpUpoOBaH rpaMOTHBIN TOAXO/
K pELICHHIO 33a4, pEaln30BaHbl ONITUMAJIbHBIE AJITOPUTMBI

8 IlomHOCTBIO M BOBpPCMs PCIICHBI BCC 3a1a41 0¢e3 omMOOoK. HpOILeMOHCTpI/IpOBaH FpaMOTHBIfI 18(0)19.(0)I
K pCHICHUIO 3aaa4

XOpOLIO

7 TlonHOCTBIO pelIeHbI Bee 3a1a4u. J{omyieHbl HeCyeCTBCHHbIE OITMOKH.



6 IlomHOCTBIO penieHO OONBIIMHCTBO 33had. B HEKOTOpBIX 3a1ayax JOMYyLIEHBI U HE HCHPAaBICHBI
OUIMOKY, JTNOO HEKOTOPBIE 331a41 PEeIICHbI YaCTUIHO.
5  TlomHOCTBIO pelIeHO IBE TPETH 3aja4y. B HEKOTOpPBIX 3ajadyax IOMYIICHbl W HE HCIPABIICHBI
OIMOKH, JTUOO HEKOTOPBIE 32/1a4W PElICHbI YACTUIHO.

YIOBJIETBOPUTEIILHO

4 TlomHOCTBIO penieHo Ooliee MONIOBUHBI 33J1ad. B ocTanbHBIX 3a7a4ax JOMYyIIEHbl ¥ HE UCTIPABIICHBI
OIMOKY, JTNOO HEKOTOPHIE 33]]a4 PelIeHbI YACTHYHO.

3 TlomHOCTBIO pemieHo OoJiee TTOIOBHUHEI 3aad.
HEY/IOBJICTBOPUTEIIEHO

2 PemnieHo MeHee NOIOBHUHBI 3a1a4.
1 He pemeHo HU OJHOM 3a7a4u.

5. MeTonuueckne MaTepuaIbl, ONpeesONINe MPoueIypPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

JuddepeHmpoBaHHBIA 3a4€T MPOBOAUTCS MO UTOraM TEKYIIeW yCIIeBaeéMOCTH W CHIAuu 3aJaHdud U
IPYTHX BUAOB PabOT, MPEIyCMOTPEHHBIX NMPOrpaMMON IUCHUIUIMHBI U (WJIM) IyT€M OpraHU3aluu
CHeUHaIbHOTO ONpoca, IPOBOAUMOrO B YCTHOH U (M) MUCBMEHHOH (hopme.

OOyuaromuiicst pemaer 3aJa4yd, MOATBEPKIACT KOPPEKTHOCTh PEIICHUS C IIOMOLIBIO CHCTEMbI
AaBTOMAaTUYECKOTO TECTUPOBAHUS M BIOCIEACTBUH 3alIMIIACT WX y ceMHHapucTta. [Iporecc 3amuThl
3aKJII0YACTCSl B AEMOHCTPAIMU KOJa PEIICHHUS 33/1a4d M oObscHeHHs ero pabotsl. [1o Xomy 3amuThl
CEMUHAPUCT MOXKET 3a/1aBaTh JOTOJHHUTEIILHBIE BOIPOCHI 110 CMEKHBIM TeMaM. B cirydae eciu cTyneHT
HE MOXXET OOBSICHHTh PabOTy NPOrpaMMbl WJIM OTBETUTh Ha BOIPOCHI, CTYACHT OTIIPABISETCS Ha
I0pabOTKy ¢ BO3MOXXHOCTBIO TIOBTOPHOH 3amUThl. KOMTMYECTBO MOBTOPHBIX 3aIIUT PErIIaAMEHTUPYETCS
nperno/aBareineM (CEeMUHAPHUCTOM).

321H_II/ITa MOKET BBINOJHATHCA YAAaJICHHO C MCIIOJIb30BAHUEM BHeKTPOHHOﬁ IIO4YTHBI, CUCTEM BUJCOCBA3H,
BHCIIHUM PCHIO3UTOPUCM CUCTCMBbI KOHTPOJIA BCpCI/Iﬁ " ap.



