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OunnoMHbie paboThbl

TeMbl / HanpaBsieHUA

MepuuuHa: puarHoctuka JIOP-3abonesauuu (3D Slicer)

TexHonormn: Python / OpenCV / Qt / OpenFOAM / CMake / C++ ...
MpurogHocTb: bakanasp / MarucTp

Bo B3auMogencTemm ¢ KnHM4yeckon bonbHULen PAH cnnaHmpoBaH pag 3aga4y B npoekTe “Cuctema
NnoAOep>XKN COCTaBAEHMSA NiaHa onepaunn n gnarHoctukn JIOP-3abonesaHnin”. Habop 3agay
notpebyeT [OCTAaTOYHO pPa3HOMIAHOBLIE 3HAHMA - OT pa3paboTKy NAArMHOB N aHaM3a n3obparkeHnn
(KaK MeTofaMm BblHMCAUTENbHON reomMeTpum, Tak 1 ML) go obecneyeHns HeobxoaMMOro ypoBHs
NPOV3BOAMNTENIbHOCTM

1. Nownck u BblgeneHune:
o MloucK u BblgeneHne HOCOBOW NEPErOpoaKM
o [lonunnos, ageHoONa0B U T.M.
o PelwéTyaTblx apTepuit
2. Onpepenexue:
o IcKpmBSIEHNS HOCOBOW MeperopoaKkm
o Y3KOro MecTa 1 pacyéT nnowanun/obbéma gbixaTenbHbIX Na3yx
o YTONLWeHNa cnn3nctom 060n04Kkm
3. XBaTaeT M OblXaHWUA Ha OCHOBE OTHOLUEHUSA NHAEKCA MacCbl TeNa U Naowaan AbixaTeabHoro
npocseTa? (MOKa3aHOo /i XMPYpPruyekoe nevyeHune xpana)
4. PacyéT MaplupyTa NnpoBeaeHns UHPpYHAMBYnoToMnm
5. Y4éT rasogmnHamMmnyecknx ahekToB 1 MogenmpoBaHne abixaTebHOro rnpowecca

Ha TeKyLWuin MOMEHT B paMKax 2 AMMIOMHbIX paboT anpobupoBaHbl HEKOTOPLIE METOAbI BbIAENEHMS
aHOMaNunin 1 MoaenmpoBaHnsa AblxaHus. TpebyeTcs:

1. pjouccnenoBaHue C 10BeAEHNEM [0 NPAaKTUYECKOro NPUMEHEHNS

2. pelleHne oCTasIbHbIX UCCNea0BaTEeNbCKO-MPAKTUYECKMX 3a4ay

3. NPUMEHEHNE CUCTEMbI MAaTEMATNYECKOr0 MOENNPOBAHNSA (MMetoLLasica nuueH3ns JIOFOC) npw
MOAENMPOBAHNMN AblXaHUS

NapannenbHoe nporpammuposaHue / High performance computing

Contention-aware synchronization objects

TexHonormn: C++ [ C/ Linux / eBPF / ...
MpurogHocTb: bakanasp / MarucTp

NccnepnoBaHus n nopaboTka npuMUTMBOB CMHXPOHM3auum glibc/sapa OC ons nepekntyeHns
cTpaTern CUHXPOHM3aLMM UCXO4A N3 aHaIM3a TeKyLwero npoduna NCNOJHEHNUS MPUSIOXKEHNA 1
3arpy»eHHocTn OC (contention level). KoHeyHas uenb - PR ¢ aganTnBHon peann3aumnen 6a3oBbix
NPUMUTMBOB B TECHOM B3aUMOAENCTBUM C NaaHMpoBLmkoMm OC
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e OnucaHue npobnemsl Ha Npumepe Postgres
e ba3oBasa nges onpeneneHuns contention level

Ha Tekywwnin MOMEHT B paMKax 2 AUMNJIOMHbIX paboT BbIOpaHbl MEXaHU3Mbl NOTYYEHUS METPUK MpK
paboTe NpuMUTMBOB 1 HekoTopble bubanoTekn/CYB ana TecTupoBaHusa peweHuin. TpebyeTcs:

1. pa3paboTka popmysbl onpeneneHmsa contention Ha 0OCHOBe 3afl@aHHbIX METPUK

2. BHegpeHue aganTusHoro NUI-perynartopa B airopuTM NepeksloyeHmnsa ctpatermm paboTol
NPUMUTUBOB CUHXPOHMU3aL MK

3. TeCTUpoBaHME Ha pa3NnYHbIX NoPuaax Harpyskmn 3 BeibpaHHbix CYB[ ¢ nopaboTkamu
afanTVBHbLIMY NPUMUTMBAMU

Mcuxonorus: case analysis

TexHonorumn: Web / Machine learning / ...
[MpurogHocTs: Bakanasp / MarucTp

Bo B3aMMoaencTBIM CO CNEeLUanncTomM NpeaMeTHoN 061acT NCMXON0rnn pelleHmnst KOHPANKTHbIX
CUTyaumin/nnaepcTsa u T.n. TpebyeTcs pa3paboTaTb NPOTOTUMN CUCTEMbI MOAAEPXKKM OLLEHKUN paboThbl
obyyatoLmxcsa B rpynnax. CUCTEMa COAEPXKUT KaK UHPPACTPYKTYPHYHO YacTb C
nopTasoM/MaTepuanaMn/aBTopr3aLmen..., Tak U UHTENIEKTYabHYIO YacTb:

Le/leHne no rosocam
aHanu3 noeeneHns

cKopee Bcero, 1oobyyeHne MeLLNXCS Moaenen

Co3[laHNe pekoMeHZaumn n noabop NoaXoAsLLEero CTUAa NOBEAEHUS A1 KOHKPETHOMO
obyyatowerocs

Ll N =

Ha ypoBHe npeun (KoHdepeHuuu...)

1. OnTummnsaums BbigeneHns namMatv B jemalloc n 0CBOBOXXAEHUS NPU AeNaHnmM CEero U3 pasHbix
notokos (C/C++)
2. MNpogomxeHune npoekTa Thread Sanitizer (npumeHeHmne Google TSAN yepes LLVM) ans
Open)DK:
o N3yyeHune npobnem npmnoctaHoBkmM paboT B 2020 roay
o JloBeaeHmne 40 rOTOBHOCTU K CIMSHUIO B OCHOBHYIO BETKY
3. JopaboTka Google Thread Sanitizer, B 4acTu:
o YMmeHblleHne Yucna false/positive npu noncke data/race
o NMopnepxkKa ABHbIX bapbepoB NamMATH
o [lobaBneHune fuzzing NOTOKOB (Cenyac eCTb TObKO Ha AaHHbIX)
4. Fuzzing:
o YyacTue B pa3paboTke centipede B 4acTu pacnpefenéHHOCTY U MPUBHECEHNS YYéTa
MHOIOMOTOYHOCTKN B @aHaNU3 Tpacc

Tekyuwiue TeMbl
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1. WnwkuH A., “Pa3paboTka anroputma afanTUBHOIMO YrpaBieHUs CTpaTerusaMmm CUHXPOHU3aLmm
B 3@aBUCUMOCTH OT YPOBHS KOHKYpeHUun 3a pecypcbl”, JIITN 2026
Bbakanaspbl

3allULLEHHbIE TeMbl
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KawwH ., “PaspaboTka asroputMma afanTuBHOMO yrpaBaeHns CTPaTErMaMm CUHXPOHU3aUnmn B
38BUCUMOCTU OT YPOBHA KOHKYpeHUumn 3a pecypcbl”, UTMO 2025

. TanaweHko M. “PazpaboTka NoSQL-agantepa k CYb/J ydb Ha ocHoBe npoTokosa etcd”, NITU

2024
CamcoHoB 1. “Cuctema nogaep>xKu coctabsieHUs rnyiaHa onepaunmn n gnarHocTnku J10P-
3abonesaHuin”, NTMO 2024

. Eropbiyes A. “Cuctema roagaep»xku coCTaB/ieHUS N1aHa onepaunn n anarHoctuku JIOP-

3abosneBaHuii”, NTMO 2024

. WaxoB A. “PazpaboTka cTpaTeruu rniaHupoBaHWs BblYNCANTEIbHbIX MOTOKOB C LI€/IbI0

npoBepkun anHeapusyemocTtun lock-free anropntmos”, JIITU 2021

HapexuH H. “Pa3paboTka Komnaekca CKOPOCTHON BUAEOCLEMKMN C BO3MOXKHOCTbIO
aBTOCOMNPOBOXAEHNA neTAalmx obbekToB”, 2020

Epos C. “flopaboTka anroputmos Google Thread Sanitizer”, AY 2018

. DopoHuH O. "ABTOMaTnyeckoe fuzzy-niaHnpoBaHue rnoToKoB C MOMOLLbIO relacy ans

o0bHapyxeHuns owmbok B MHOrornoTo4yHoMm koge", AY 2018

KapynuH H. “UccneposaHne n paspabotka MeTOA0B obecrnevyeHns 3agaHHON
Mpon3BoOANTE/IbHOCTU CUCTEMbI aHasin3a nocaegoBatesibHocTen reHoma”, IITU 2017

Aublk A. “Pa3paboTka npoToKos1a popMUpoBaHus n nepegaqn Bektopa coctosiHma O3C TUK-
M.”, N"TMO 2017

FanumynnunH M. “PaspaboTka afanTuBHOW CTpaTernm CUHXPOHN3aLmMmM NOTOKOB B
KOHKYPEHTHbIX CTPYKTYpPax AaHHbIX, OCHOBaHHbIX Ha flat-combining”, NTITN 2016

PanoTkuH H. “Pa3zpaboTka cTpaTterui flat-combining 47151 KOHKYPEHTHbIX CTPYKTYP AaHHbIX Ha
npumepe bubanoteku libcds»”, NITN 2015 (+ banTpawesny)

JNecHoBa O. “Pa3paboTka MeTon0B basiaHCUPOBKU Harpy3Kku A1 na1aTt@opMbl MOLENPOBAHNSA
ceteu NS-3”, 19TU 2013 (+ banTpalwesuy)

AnekceeBa A. “Pa3paboTka anroputMa MapLupyTmn3aumm becrnpoBogHbix Mesh-ceTeli B
YCJI0BUSIX OrpaHn4YeHnsi Ha sHepronoTpebaeHne y3nos”, NITW 2013 (+ banTpawesny)
AnekcaHgpoBa C. “Pa3paboTka cpeacTBa MOAENPOBAHNS MPOCTPAHCTBEHHOW CTPYKTYPbI
benkoBbix mosiekyn”, AY 2010
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1.

2.

MaHueBa T., “Pa3paboTka asroputMa afanTvBHOIO yrpaBaeHNs CTPaTErNAMU CUHXPOHMU3aLNUN
B 3aBUCUMMOCTM OT YPOBHSA KOHKYpeHUun 3a pecypcbl”, 1IITN 2025

MocuH K., “Pa3paboTka rnpuaoxxeHus MHHOPMaLMOHHOIr0 B3auMoLeNCTBUSA C
paanotexHn4yeckumm komnnekcammu”, JIaTN 2025
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3.

4.

HukutuH [. “PaspaboTka cMCTeMbl pa3BEPTLIBAHUS MPOrPaMMHbIX MPOAYKTOB B pamMKax
KOHBeviepa CUCTeMbl HernpepbiBHov nHTerpauun”, N3TN 2024

Lsew A. “Pa3paboTka CUCTEMbI yripaBAEHNS Ha3EMHbIMU N3MEPUTETbHLIMU CPEACTBaMMN”,
NI3TN 2021

. Unkantok A. “Pa3paboTka MHGPaCTPYKTypbl Ppa3BEPTbIBAHWUS MPOrPaMMHbIX apTe(haKkToB B

cucTeme HernpepbiBHOW nHTerpaummn”, CI6rmny 2021
LWoxwuH E. “MiHTepakTuBHas KapTa yHuBepcuTeTa ¢ otobpaxeHuneM pacrnvcaHnsa”, N1ITN 2016

. Koponés 0. “Pa3paboTka noacuctemsl BU3yaamn3aumm Co3BE34NA HaBUraLMOHHbIX

KocMudeckux annapatos”, IITU 2009 (+ KadTacbes)

Cneuuvanucrbl

. JlarytyeB H. “Pa3paboTka CMCTEMbI HEMPEPLIBHOW MHTErPaLMM 415 LeeBbiX NaaThopm

3awnéHHbix OC”, PTTMY 2021

. WMbIruH E. “Pa3paboTka KOHBENEPHOW CUCTEMbI MOAAEPKKN MU3HEHHOIO LUnKIa COOpKmn

nporpaMmmMmHbIx npoayktos”, PITMY 2021

3. KysHewuoB H. “lIpoekTupoBaHne 6€30rnacHOCTU ONTUKO-3/IEKTPOHHOW cTaHumn”, PTTMY 2020
ApxuB
1. NopaboTka anroputmoB feTtekuun Data race B valgrind helgrind n drd no cywecTsyrowmm

10.

owmnbkam / 3anpocam

. AnropuTmebl, Tpebytowme peannsaunmm n gopabotku B libcds, 06bI4HO €CTb YTO YAYYLWNTb 1

YCKOPWUTb NO CPaBHEHUIO C peanv3aunen n3 ctaten

. OcHoBaHHOe Ha aHanu3e Koga fuzzy-nnaHmMpoBaHMe NOTOKOB C NpuMeHeHneM lincheck gns

obHapyXeHuns owmnbok B MHOFrONOTOYHOM KoAe
MepecMoTp TekyLwmx YncTbix lock-free anropmtmoB B CTopoHy Hardware Transactional Memory

. NTepaTopsl B lock-free koHTenHepax (Multi Array): B cTpykType faHHbIX “Feldman's Multi

Array” B libcds 0o6aB1UTb BO3MOXHOCTb paboThl C KJl04YaMMU NepeMeHHON AINHbI Yepes CrMCoK
Konnmsunm B y3nax. Tun lock-free cnucka noskeH 3agaBaTbcs n3BHe (B Traits) - cenvac ecTb
Tpu peanusaunn - Michaellist, LazyList, IterableList

HopaboTkum hpx

. CpaBHUTENbHbIN aHaNN3:

o MpoussoantensHocTe STM ana Java / Haskell / Closure
o [MponssoantesibHocTe HTM B Open)DK

o Mpoun3BoanTenbHOCTb HTM

o [MponssoanTenbHOCTL scalable annokaTtopos (C++)

. [B npopaboTtke] fopaboTka npumeHeHus HTM B Open)DK (BBOLHas CTaTbs U OT TOro Xe

aBTOpa, HebonbLlON BBOAHLIN fokaaano TM B npuHumne). Cama peanunsauns bbina coenaHa B
1.8 no 3Ton 3apmaye

. PeleHmne 3a1a4 no paclunmpeHmnto PyHKLMOHANLHOCTI MOAEVPOBAHNS CETEBLIX MPOTOKOJIOB B

cnmynatope NS-3 (C++)
CpaBHUTENbHbLIA aHaNN3:
o RCU npuMMUTKBLI N0 OTHOLIEHUI0 K RWLock Ans pasnuyHbIX CTPYKTYP OaHHbIX (TYT
NPUAETCSA HEMHOIO Napy CTPYKTYP MOXKET Ha rcu NepeBecTu, HO 3TO He CJI0OXHO) (C++)
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Cetn

NetAnim

TexHonormn: Qt / C++ / CMake
MpurogHocTs: bakanasp

HopaboTka BM3yannsaTtopa ceTeson cumynaumm NetAnim:

e OTobpa)keHne 3arpy>XeHHOCTU ceTeBbIX o4yepeaen, bydepos u T.0.

e OTObOparkeHe y3/10B Ha KapTe Npu N3BECTHOM reorpad4eCcKoM NoJIOXKEHUN

e AHMMauus o6bEMa nepeiaBaeMbliX AaHHbIX

e BO3MOXXHOCTb aHMMaLUMKN B peasibHOM BpeMeHU C ynpaBJieHneM yepe3 python-KoHcob
e OTobpa)keHme HanpaBAeHHOCTN aHTEHH

CpepncTBo pa3smBaeTca Mano ¢ 2017 rofa, Ho npuMeHseTcs B cBA3ke ¢ NS-3. Xopoluasa npakTuka

PaboTbl CO CTEKOM TEXHOJIOTWIA CO CPEAHMM MOPOrOM BXOXAEHMS

YDB

Habop no TemMe BpeMeHHO NPUOCTAHOBJ/IEH B CBSA3U C HaMoJIHEHMEM Habopa CTyAeHTOB
Y KYPVPYIOLLEro COTPYAHMKA CO CTOPOHBI Yandex

TexHosnormn: C++ / YDB / etcd / CMake / ...
MpurogHocTb: 6bakanasp / maructp / HAP

Yandex B Ka4yecTBe AWMNAOMHbIX U MPaKTUYeCcKnx paboT nocTtaBnseT psad 3adad no YDB. KomaHaa
Onera JopoHuWHa (BeyLWni MPaKTKK Mo || nporpamMmmmpoBaHuio) U3 Yandex nogaepxusaeT paboTy
AVMJIOMHUKOM 1 06ecrneynBaeT 3KCNepTn3y B yKazaHHOW 0bnactu

Pa3paboTka HOBON (DYHKLIMOHANLHOCTUN U yNny4yweHnn B SDK Ha a3bikax: Go Java Python C++
Pa3paboTka NoSQL-apanTepa k CYB[ ydb Ha ocHoBe npoTokona etcd: Heobxoanmo
peannsoBaTb NPoTokos etcd Ha ocHoBe YDB (akTmBHO ncnonb3yetcs GRPC), coxpaHus
NPOV3BOAMNTESIbHOCTb N UHbIE 3aJaHHbIE NapaMeTpbl CUCTEMbI

WHTerpauns R7 office n YDB

Mopnep>xka HOBbIX (hefepaTMBHbLIX MCTOYHMKOB Ha Go (kak PostgreSQL, MySQL, MS n 1.4.)
KewupoBaHue npounTaHHbIX AaHHbIX U3 S3. B YDB (hefepaTuBHbIX 3anpocax
noaAepXNBaeTCA YTEeHNE U3 BHELLHEro NCTOYHMKA S3. YTeHne AaHHbIX U3 TaKoro NCTOYHMKA
MOXKET ObITb MeASIEHHbIM, @ TaK)Xe AaHHbIE B HEM MOTYT XPaHUTbLCA B HECTPYKTYPMUPOBAHHOM
BMe json,csv,xml,raw n faxxe B OKaToM npencrtasneHnn. Mpennaraetca B kavyectse HUP
pa3paboTaTb KeWwmnpoBaHNE Ha ANCKE NPOYUTAHHbLIX JAHHbIX B YK€ NOArOTOBMIEHHOM U
pa3)aToM BMAe A1 YCOPEHNS U MUHMMU3ALUN HAaKNagHbIX PAacX040B NPWY NOBTOPHOM YTEHUN
TaKMUX OAHHbIX.

e ABTOCKEWJIMHI NOTOKOBbIX 3anpocoB. BHyTpu cepsuca Yandex Query nogaepxvmBatoTcs
MOTOKOBbIE 3anpockl, 06paboTKa B KOTOPbLIX ABNAETCH HeCKOHeYHON. MICTOYHMKaMM B TaKux
3anpocax fBnsaTCA beckoHeYHble ovepeamn coobuweHnin. Ans obecnevyeHus
0TKa30yCTONYUBOCTU U FapaHTU OOCTABKN AaHHbIX MCMNOJIb3YIOTCS Tak Ha3blBaeMble
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4eKnouHTbI. Ho npu 3ToM B npouecce paboThbl TaKMX 3aNPOCOB MOXET YBEANYNTLCH 00bEM
NOCTYNAeMbIX flaHHbIX U B 3TOM CJly4ae HY)KHO MMEeTb MeXaHW3Mbl /19 OLLEHKMN U
MacwTabmpoBaHNs 3aMpPoCoB (B TOM YMC/Ie N COCTOSHUI KOTOPbIE COXPaHATCS Npu
NPOXOXAEHNN YEKMOHNTOB)

e MnaHupoBLUUK ANA 3anycka 3anpocoB B YQ. HekoTopble cMCTeMbl NOALEPKUBAOTCA
3anycCK 3anpocoB no pacnucnucaHus (ans cron). MpuMepom Takom CUCTEMbI ABNSETCA
snowflake. B paboTe npennaraeTcs NpoBeCT NCCnefoBaHme CyLLECTBYOWNX CUCTEM KOTOpPbIE
npegnaratloT NOX0XKue pelleHne. Ha 0CHOBE 3TOro aHaan3a NpeaioXnTb BapuaHTbl peLleHns
Ana Yandex Query n pa3paboTaTb NpoTOTMN 415 NPEASI0KEHHOIO peLleHus.

e MMPpOABUHYTHIA NJIAHUPOBLLUK KOTOPbIA YYUTbIBAET JIOKAJIbHbIA NJIEUCUHT C Y4ETOM
BOCTYNHbIX PeCypCcoB AJIS NOTOKOBLIX 3aNpPoCoOB. Tekyllas peannsauns aaroputma
naaHNpoBaHNs b0 yMeeT ABHO 3aCeNsiThb 3anpoC Ha OAMH XOCT UM Xe 3aCeNifaTb C Y4EeTOM
AOCTYNHOW NaMaTu. Takme cTpaTernn He Bcerga 3PMeKTUBHbI C TOYKUN 3PEHUSA NCMOJSIb30BaHUSA
pecypcoB. [Mpeanaraetcs y4uTbiBaTb CTPYTKTYPY rpadhoB 4T0Obl MUHUMK3MPOBATL YNCII0
NepecchINOK 1 y4nTbiBaTh Apyrue notpebnsemoie pecypcbl npu nnaHnposaHumn CPU/Mem/Net
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https://nightlies.apache.org/flink/flink-docs-master/docs/dev/datastream/fault-tolerance/checkpointing/
https://en.wikipedia.org/wiki/Cron
https://docs.snowflake.com/en/user-guide/tasks-intro
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