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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamMma JUCHUIUIUHBI (MOAYNS)) «APXMTEKTypa BUPTYaJIbHBIX MAIIUH»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMIIbIOTEPHbIE HAyKH, Npopuiab MaTemaTuka M KOMIIBIOTEpHbIE HAayKH, YTBEP)KICHHBIN
nprka3oM MHHHCTEpCTBA HayKH M BbIciIero oOpasoBanusi Poccuiickoii @enepanuu Ne 807 ot
23.08.2017 rona.

N3yyenune aucuumiauHbl (MOAYJsi) «ApPXUTEKTypa BUPTYAJIbHBIX MAIIUH» TO3BOJISIET
HOHATh MPUHLMIIEI CO3AaHUS U (DYHKIIMOHUPOBAHUS BUPTYAIU3UPOBAHHBIX CPEl, UTO SIBJISAETCS
OCHOBOH il A(PEKTHUBHOTO HCIIOJIL30BAHUS COBPEMEHHBIX BBIYMCIUTEIBHBIX PECYpCOB U
00JIaYHBIX TEXHOJOIMHA. DTO 3HAHHE CIIOCOOCTBYET Pa3BUTHIO HABBIKOB ONTUMH3ALMU PabOTHI
CHCTEM U TIOBBIIICHHIO OE30MaCHOCTH TPHU Pa3BEPTHIBAHUU IMPOrPAMMHOTO OOecreyeHHus B
U30JIMPOBaHHBIX CPEax.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosias nucuumnianHa (Moayiib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe MOArOTOBKU
OakanmaBpuata no HampasieHuto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
Martemartrka 1 KOMIOBIOTEPHBIE HAYKH U BXOJUT B BapuaTUBHYIO 4YacTh biioka 1, dopmupyemyro
Y4aCTHUKAMHU 00pa30BaTEIbHBIX OTHOIICHHH.

Jucnunnuza (MOyib) sIBIsIETCS BBIOOPHOM U JOCTYIHA JIsl M3yueHus Ha 3 uiu 4 Kypce B
5, 6 unm 7cemecTpax Ha BEIOOD.

Henp wu3yyeHuss JMCHUILIMHBI (MOAYJis1): (OPMUPOBAHHWE 3HAHUM M HAaBBIKOB
OPOEKTUPOBAHUA, peanu3auud U SPPEKTUBHOTO HCIOJIB30BAaHUS BUPTYaTM3UPOBAHHBIX
BBIUMCIIUTENBHBIX CPEJ JJS ONTUMHU3ALMK PAOOThl M YIPABIEHUS PECYpCaMU COBPEMEHHBIX
UH(POPMALIMOHHBIX CUCTEM.

3agauu u3y4eHust AMCHUIIMHBI (MOAYJIA):

— U3y4uTh QYHJAMEHTAJIbHbIE KOHIEIIINH apXUTEKTYPhl BUPTYAIbHBIX MAIINH, BKIIOYas
MO/IENI UCTIOJHEHUs 0aiT-K0/1a, MEXaHU3Mbl HHTEpIPETAIMY U KOMITWIIALIMY, a TAK)KE PUHLIUIIBI
BUPTYyaJIN3alMH aIllIapaTHBIX PECYPCOB,;

— OCBOMTb METO/Ibl AHAJIN3A U ONITUMHU3ALUH TPOU3BOAUTEIIBHOCTA BUPTYaIbHbIX MAIIIVH,
TaKue Kak just-in-time KOMIMWISIUS, yIPaBICHUE TAMSATBIO U CTPATETUH KAIIUPOBAHUS, C YUECTOM
TpeboBaHui K 0e30macHOCTH U 3P (HEKTUBHOCTH;

— IPUMEHUTH TEOPETUUECKHUE 3HAHUS HA NIPAKTUKE IIyTEM IPOECKTUPOBAHUS, peaIU3alluu
Y TECTUPOBAHUS MPOCTHIX BUPTYAJIbHBIX MAIIIMH, 4 TAK)KE AHAJIN3A CYILIECTBYIOIIUX CUCTEM, TAKMX
kak JVM unu CLR, ans pernenuns 3aga4y B 06JaCTH IPOrpaMMHOM HH)KEHEPHUU.

B pe3ysabrate ocBOeHHSsI AMCHUILINHBI (MOYJIs1) 00YUYAIOIIMIICA J0JIZKEH::

3Hamy:

— TPHUHLUIBI HOCTPOCHUS apXUTEKTYphl KoMaH T (ISA) BUPTyaJIbHBIX MalINH;

— YCTPOMCTBA BBINIOJIHEHUS KOJa HA BUPTYaJIbHOM MallIvHe Java,

— QIrOpUTMBI aBTOMATHYECKOI'O yIpaBlIeHUs AuHamuueckoi mnamsaThio (Garbage
Collection);

— npuniunsl JIT-kommusuy,

ymemo:

— peaJn30BaTh BBINOJIHEHHE IPOCTOTO Habopa KoMaH 1 6alTKoa,

— peanu30BaTh aNrOpUTM YOOPKHU Mycopa,

— peaJn30BaTh F'€HEPALMIO MAIIMHHOTO KOJa,;

enaoems:

— HaBBIKOM pEaJIM3allly CPEebl BBIITOJIHEHUS JJI IPOCTOrO A3bIKA IIPOrpaMMUPOBAHUSL.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON pabOThl 00YYarOLINXCS € IeJarorndyecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xaHue KOMIeTeHITHH Nuauxkarop IlepeyeHb MJIAHUPYEMBIX
KOMIIETeHIN U pe3yJbTaTOB 00y4YeHHs 10
AUCHMIJIMHE (MOTYJIIO)
VK-1. Crioco0eH OCyIIECTBIISATh TIOUCK, VK-1.1. 3HaeT MeTOAbLI IOKUCKA U aHaAJIN3a
KPUTHYECKAN aHAIN3 U CHHTE3 nH(pOopMaIuu B 001aCTH
nH()OpMAaITIH, IPUMEHSTh pa3pabOTKH, OCHOBHEIC
CUCTEMHBIH MOAXO/ IS PEIICHUS MIPUHIIUTIBI KPUTHYECKOH OIICHKH
MOCTaBJICHHBIX 33729 HMCTOYHUKOB HH()OPMAITUU U UX
pEJIeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WMCTOYHUKYU MH(POPMALIUU U
CHHTE3UPOBATh JIAHHBIC U3
Pa3IMYHBIX ICTOYHUKOB JIJIS
pelIeHus 3a7a4, IPUMEHSTh
CHUCTEMHBIH MOAX0/T K aHATN3Y U
PEIICHUI0 KOMIUIEKCHBIX IPpobeM
YK-1.3. NmeeT npakTU4eCKUN OTIBIT
paboThI C COBPEeMEHHBIMU
WHCTPYMEHTAaMU W TEXHOJIOTUSIMU
IUtst 00paboTKK MHPOpMAIINH,
(dbopMynupoBaHHUHU
CTPYKTypUPOBAaHHUHM 3a/1a4 Ha
OCHOBE NOJTYYeHHOH nH(popMaInu
OIIK-1. Crioco0eH KOHCYJIbTUPOBATh U OIlK-1.1. 3HAeT OCHOBHBIC KOHIICTIIINH U
UCIIOJIb30BaTh TEOpHH B 00JIACTH
¢dbyHIaMEeHTaTbHBIC 3HAHUS B MaTeMaTHYECKOTO aHAIN3a U
o0nacTu MaTeMaTH4eCKOro CMEXXHBIX JUCIHIUINH, METOJBI U
aHam3a, KOMILIEKCHOTO U MOJIXO/IbI, UCIIOJIb3YEMbIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATUTHIECKOH MaTeMaTHKH
reoMeTpud, TudHepeHInaTbHON OIIK-1.2. YMeer npuMeHsITh
TE€OMETPUHU U TOTIOJIOTHH, MaTEeMaTHYECKUE METOJIbI JIs
¢ dhepeHInaNbHBIX yPaBHEHHIA, pelIeHus NpoQecCHOHATEHBIX
JIUCKPETHOM MaTeMaTHKH U 3aa4
MaTeMaTUYECKOU JIOTUKH, TEOPUHN OIIK-1.3. HmeeT npakTUYECKUN OTIBIT
BEPOSITHOCTEN, MATEMaTUUECKOM pa3paboTKHU U peanu3aius
CTATUCTUKM M CIyYalHBIX MaTEeMaTHYECKUX MOJIEIIeH B
MPOIIECCOB, YUCIICHHBIX METOIOB, poheCcCHOHATBHOMN
TEOPETUUECKON MEXaHHUKH B JIEATSIIbHOCTH
npohecCHOHANBHON
JICATSIIbHOCTH
OIIK-4. Crioco0eH HaxXOauTh, OIIK-4.1. 3HaeTr 0a30BbIE OCHOBBI

AHAJIN3UPOBATDH, PCAJIM30BbIBATH
IIPpOrpaMMHO U HMCIIOJIB30BATh Ha
IMPAKTUKE MaTEMATUYCCKUEC
AJITOPUTMBI, B TOM YHUCJIE C
MPUMCHCHUCM COBPEMCHHBIX
BBIYHCIUTCIIBHBIX CHCTEM

COBPEMEHHOI'0 MaTeMaTu4ecKoro
anmapara, CBI3aHHOTO C
MPOEKTHPOBAHUEM, Pa3pabOTKOM,
peanu3anmeii 1 OlleHKOW KadyecTBa
MPOTPaMMHBIX MTPOAYKTOB
IIpOrpaMMHBIX KOMITJIEKCOB B
Pa3IMYHBIX 00JIACTSIX
YeJI0BEYECKOU e TeIbHOCTH
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OIIK-4.2.

YMeeT ucnosb30BaTh 3TOT
MaTeMaTUYeCKUH ammapar B
poheCcCUOHATBHOMN
JISSATEIILHOCTH

OIIK-4.3.

NmeeT mpakTHUEeCKUNA OMBIT
MIPUMEHEHUS] COBPEMEHHOTO
MaTeMaTUYeCKOro anmnapara,
CBSI3aHHOTO C MPOEKTUPOBAHUEM,
pa3paboTKOM, pearn3amueii u
OIIEHKOW Ka4ecTBa MPOTPaMMHBIX
MPOJIYKTOB U MPOTPAMMHBIX
KOMIUIEKCOB B PA3JINIHBIX
00macTsx 4enoBedecKon
JIEATETLHOCTH

OIIK-6.

CrnocoOeH pa3pabaThiBaTh
QJITOPUTMBI i KOMITBIOTEPHBIC
[POrPaMMbI, IIPUTOIHBIC IS
IMMPAKTHYCCKOT0 IPUMCHCHHNA

OIIK-6.1.

3HaeT aJropuTMBI pa3paboTKHy,
KOMITBIOTEPHBIE ITPOTPAMMBI, a
TaKOKe aJrOPUTMBI
BBIYUCITUTEIBHON MaTEeMaTHKH B
obnactu mpodeccuoHATBHOMN
JIeSITeIILHOCTH

OIIK-6.2.

YmMeeT pa3pabaThiBaTh
MAaTeMaTU4YCCKHUEC NPOrpaMMHBIC
HPOIYKTHI H KOMIUIEKCHI C
UCIIOJIb30BAaHUEM COBPEMEHHBIX
TEXHOJIOTH IIPOrpaMMHUPOBAHHUS
B 001acTy IpodheCCHOHATBHOM
JIeSITeIILHOCTH

OIIK-6.3.

NMeer mpakTUYECKUN ONBIT
pa3pabOTKH MHTEIUICKTYaIbHBIX
WH(POPMAITUOHHBIX CHCTEM JUIS
BU3yaJM3alliy Pe3yIbTaTOB
UCCIIeIOBaHUH B 001aCTH
npodecCHOHANTBEHON
JISSITeTIbHOCTH

IK-3.

CriocobeH MpUMEHSITh METO/IbI
MaTeMaTHYECKOTO 1
AIITOPUTMUYECKOTO
MOJICITUPOBAHHUS JUIsl PELICHUS
KaK TEOPETUYECKUX, TaK
HPAKTHYECKUX 33/1a4 B PaMKax
poecCHOHATBHON
JIeSITeIbHOCTH

IK-3.1.

3HaeT OCHOBHBIE METOBI
MaTEMaTHYECKOI0 U
NTOPUTMUYECKOTO
MOJICITUPOBAHUS, & TAKIKE HX
HpI/IMeHeHI/Ie JJIA peIHeHI/ISI
TEOPETUYCCKUX U MPUKIIATHBIX
3amau

[K-3.2.

YmMmeer MMPUMCHATH METOAbI
MaAaTEMAaTHYCCKOT'O U
AJITOPUTMHUYICCKOTO
MOACIIUPOBAHUS AJId aHAJIU3a U
peUICHUA pa3/IMYHbIX 3a1a4 B
00J1aCTH MAaTEMATHKH U
KOMIIbIOTCPHBIX HAYK

IK-3.3.

HMMeeT onbIT UCITOIB30BaHMS
METOA0B MAaTEMATHYCCKOI'O U
AJITOPUTMHUYICCKOTO
MOACIIUPOBAHUS IPHU PCIICHUN
TEOPECTUUYCCKUX U IMMPUKITATHBIX
3aJa4 B HpO(bCCCHOHaHBHOﬁ
JCATCIIBHOCTHU
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma TKY
pa3aena THCHUILINHBI KonTakTHas padora (Texymui
(MoayJin) Jlexkiun CeMuHapsbl Koutpo | CamocTosiTeab KOHTPOJIbL
(npakTHYecKue Jb Hasi paboTa yCIeBaeMoCTH)
3aHATHS)
1 ApxuTtekTypa Habopa 6 6 32 Keiic
KOMaH1 0aliTKoa 1 ero
BBITIOJTHCHHE
2 ABTOMAaTHYECKOE 6 6 32 Keiic
yIpaBJIcHHE NaMSThIO
3 JIT-koMomIsIIAs 6 6 32 Keiic
4 WnTerpanus noacuctemMm 6 6 34 Konnoxsuym
Y IPOU3BOIUTEIHHOCTh
BUPTYaJTbHBIX MAITUH
3auem c oueHKoll 12 [IpoekT
Hmoczo: 24 24 12 130
O6vem oucyuniunsvt (Mooys) 190
(6 ax. u.)
O6vem Oucyuniunvt (MoOyas) 5
(6 3au. eo.)
4. CopepxaHue TMCUUILTHHBI (MO1YJIs)
Nenr/m HaumenoBanue pazjeJia Coaep:xanue TUCHUILIMHBI (MOAYJIS) IO TeMaM
AUCHUNJIMHBI (MOYJIs1)
1 ApxutekTypa Habopa KOMaH/ ApxurekTtypa 0anTkoma. 3arpy3Ka U Bepru(prKanus KIaccoB.

6aﬁTKOﬂa " €TI0 BBIIIOJIHCHUEC

I/IHTepHpeTaHI/ISI KOMaHI. YHpaBHCHI/Ie IIOTOKOM HCITOJTHCHUS.

OntuMu3aIys HHTepIpeTaTopa

2 ABTOMAaTHYECKOE yIIpaBIcHUE OcHOBBI yIpaBiieHUs TaMaTh0. [TokoneHueckas cOopka Mycopa.
aMATBIO IIponBunyThie anroputMbl GC. MOHUTOPHHT U IPOQHUIMPOBKA
aMsITH
3 JIT-xoMmmIAust OcHogbl JIT-kommumsiuu. Apxurekrypa JIT u ontumusanus Koja.
Ananrtuseie ctpareruu JIT u neontummsaus
4 WHTerpauus noacucTem u WNHuTerpauus moacucTeM BUPTyaIbHON MalIuHbL. [IpoU3BOIUTEIBHOCTD

MMPpOU3BOJUTCIIBHOCTD
BUPTYAJIbHBIX MalllMH

1 MacmtabupoBaHue. BupryanabHble MalIMHBI APYTUX S3BIKOB!
CpaBHUTEJbHBIN aHaAJIU3
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Kmunron, JI. JIx. Co3naii cBoii COOCTBEHHBIN SI3BIK MPOrpaMMHPOBaHUs. PykoBoaCTBO
[IPOrpaMMUCTa MO pa3paboOTKe KOMIMIATOPOB, HHTEPIIPETATOPOB U JOMEHHO-OPUEHTUPOBAHHBIX
S3BIKOB JJISl PEHICHHs] COBPEMEHHBIX BBIYMCIUTENBHBIX 33]a4 : MPAKTUYECKOe pyKOBOCTBO / JI.
JIx. Kimuarown ; miep. ¢ aara. C. B. Munna. - Mocksa : JIMK Tlpecc, 2023. - 408 c. - ISBN 978-5-
93700-140-5. - Tekcr : anexktponnsiit. - URL: https://znanium.com/catalog/product/2109499.

2. Jloeek, XK. Benenue B TEOpHIO S3BIKOB MPOTpaMMUPOBaHMS : HayuyHoe u3ganue / XK.
JHosek, XK.-XK. JleBu ; nep. ¢ anri. B. H. bparunesckoro, A. M. Ilenenunsina. - 2-¢ u3n. - Mocksa
: JIMK TIIpecc, 2023. - 135 c¢. - ISBN 978-5-89818-582-4. - Tekcr : anmekrponHbii. - URL:
https://znanium.com/catalog/product/2107945.

3. Opnos, C. A. Teopus 1 MpaKTHKA SA36IKOB MPOTPAMMHUPOBAHHUS : YIEOHHK 111t BY30B / C.
A. Opmnos. - Cankt-IletepOypr : [Tutep, 2021. - 688 c. - (Ctangapt 3-ro nokosenus). - ISBN 978-
5-4461-9740-8. - Tekcr : anextponHsiit. - URL: https://znanium.com/catalog/product/1857045.

4. Kynpsisuesa, 1. A. [IporpammupoBanue: KOMOMHATOPHAS JIOTHKA : YIEOHHK ISl BY30B /
U. A. Kynpssuesa, M. B. [lIBenkuii. — 2-e u3na., nepepad. u gon. — Mocksa : M3naTenscTBo
FOpaiit, 2025. — 524 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-10620-6. — Texcr :
NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/565666.

5. oy, O. Buyrpu CPYTHON: ruag no wuntepmperaropy Python : mnpaktuueckoe
pykoBoactBo / D. Illoy. - Cankr-IlerepOypr : Ilurtep, 2023. - 352 c. - (bubGnmnorexa
nporpammucta). - ISBN  978-5-4461-1925-7. - Tekcer : onekrponHeid. - URL:
https://znanium.com/catalog/product/2123388.

6. MansBko A. A. ®opmanbHBIE S3BIKM MU KOMIWJISITOPHI : Y9eOHHK it By30B / A. A.
Manssko. — Mocksa : U3natensctBo FOpaiit, 2025. — 429 c. — (Bricmee obpa3zoBanue). —
ISBN 978-5-534-04288-7. — Texkcr : snextpoHHbI // OOpa3oBarenbHas muaTdopma HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/562822.

Jononnumenvnan r1umepamypa:

7. HoBoxwuinos O. I1. Apxurextypa 9BM 1 BBIYUCIUTEIBHBIX CUCTEM : YIEOHUK I BY30B
/ O. I1. HoBoxwunoB. — 2-e u3f., ucnp. u non. — Mocksa : UznatensctBo FOpaiit, 2025. — 505
c. — (Bsicmiee obOpasosanme). — ISBN 978-5-534-20365-3. — TekcT : 3JIeKTPOHHBIN //
OopazoBarenpHas miargopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/568920.

8. ToncrobpoB A. I1. Apxurektypa DBM : yuebnuk st By30B / A. I1. Toncrobpos. — 3-
e usl., nepepad. u gom. — Mocksa : MznatensctBo HOpaiit, 2025. — 162 ¢. — (Bricmiee
obpazoBanmue). — ISBN 978-5-534-16839-6. — Tekct : amekTpoHHBIN // OOpa3zoBareibHAs
miatdopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/566711.
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6. MarepuajbHO-TEXHHYECKOeE o0ecreueHne

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTHBOIIOKAPHBIM IPAaBUJIaM U HOPMaM U 00eclieunBaroIeii IpoBeieHUE BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTHUYECKOW M HAy4YHO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuXxcs, NPeAyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEMMHApCKOro (IPakTUYEeCKOro) THIIA, TIPYNIOBBIX U
WH/IMBUYAJIbHBIX KOHCYJIbTAIUH, TEKYIIEr0 KOHTPOJIS U MPOMEXYTOYHON aTTECTALlUH, a TaKXKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060opynoBanus. IlomemeHns: yKOMIUIEKTOBAaHbI CIICIUATIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CpEICTBAMH OOydYeHHs, CIy>KalllUMH JUls MpeACTaBIeHUs yd4eOHOU
uHpopManuu O0JIBIION ayTUTOPHH.

N3yueHue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKHMHU KaIbKYISITOPaMHU;

— CIEUMAIU3UPOBAHHBIM 000PYJ0BaHUEM, BKIIIOUasl JEMOHCTPALMOHHOE 000pYy10BaHHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUI WCTOJB30BAHUSI MHBAJIMAAMHU M JUIAMUA C OTPAaHUYEHHBIMH BO3MOXKHOCTSMHU 3710POBBS,
OCHAIIIEHbl KOMIIbIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
obecrieueHUeM  JOCTylma B  JJCKTPOHHYIO  HH(GOPMAIIMOHHO-00pa30BaTEIbHYI0  Cpedy
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHclie 3JCKTPOHHBIM OHOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPO(eCCHOHAIBHBIM 0Oa3am
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaunmeHoBaHue mopTajia Ccbuika
(u31aHus, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
Ooubnmoreka
2. | ba3za mannbix ms I T-crieruanvcros https://habr.com
3. | ba3a nannsix ScienceDirect https://www.sciencedirect.com
4. | OdurnmaneHeIi calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/
BEICIIIETO 0Opa3oBanus Poccuiickoit deneparuun
5. | ®enepanbhsiii moprai «Poccuiickoe oopasosanue" | https://www.edu.ru/
6. | Mudopmanmonnas cucrema "Exannoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. Enunast komekius 1udpoBeix 00pa3oBaTebHbIX http://school-collection.edu.ru/
pecypcoB
8. | denepanpHbIi HeHTP HHPOPMALIMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB
[lepeuerr HMHPOPMANMOHHBIX TEXHOJOTHHA, WCIHOJB3YEeMBIX TPU OCYIIECTBICHUU
00pa30BaTeNbpHOTO MpoIiecca Mo JUCITUILIMHE (MOYIIIO), B TOM YHCIe KOMIUIEKT JTUIIEH3MOHHOTO
MpOrpaMMHOTO  OO€CTieueHus, COBpPEMEHHble mpodeccuoHaIbHble 0a3bl  JAaHHBIX W
WH(OPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI:
HaunmenoBanue 110 IIpou3BoacTBO JluneH3nonHoe / cBOOOIHO
pacmpocTpaHsieMoe
OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) [ sapy6exuoe | muuensuonHoe
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BpaysepsI:

Sunekc.bpaysep OTEYECTBEHHOE CBOOOTHO
pacrpocTpaHsieMoe

Google Chrome 3apyOexHOoe CBOOOTHO
pacnpocTpaHseMoe

OducHble NPUITOKEHUSA:

Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE

TeXstudio 3apyOexHOe CBOOOJTHO
pacnpocTpaHseMoe

Adobe Acrobat Reader 3apy0exHOe cBOOOTHO
pacrpocTpaHsieMoe

IIporpamMmmHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M Y4eTa BpeMEHM:

Toggle app 3apyOexHoe CBOOOJHO
pacmpocTpaHsieMoe

CucTeMBbl YHpaB/ieHHsI NPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxnoe | muuensHonHOE

Cucrembl ynpaJjeHusi 6a3aMu TaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nmuuensnonHoe

Cucrembl pe3epBHOro konuposanusi (backup):

Acronis Backup Advanced for HyperV | sapyGeskHoe | nuuensnonHOE

CnpaBoYHO-IIPABOBBIE CHCTEMBI:

Koncynperantlnroc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE JIMICH3UOHHOE

cucTeMa

CpencrBa aHTUBUPYCHOM 321U THI:

Kaspersky Endpoint Security amst 6usneca OTEUECTBEHHOE JIMICH3UOHHOE

Cranpmaprasii Russian Edition

Cpeabl pa3padoTkm:

Visual Studio Code 3apy0esxHOe CBOOOTHO
pacmpocTpaHseMoe

Bash (Unix shell) 3apyOexHoe CBOOOJTHO
pacIpocTpaHseMoe

Anaconda 3apyOexxHOe CcBOOOHO
pacnpocTpaHseMoe

Robotic Operating System 3apyOexHoe CBOOOIHO
pacpocTpaHseMoe

CopelliaSim 3apybexHOe cBOOOTHO
pacnpocTpaHseMoe

Google Colaboratory 3apyOexHoe CBOOOIHO
pacIpocTpaHseMoe

IlakeTbl IPOrPaMMHBIX CPEACTB M OMOJIHOTEK:

AutoPsy 3apyOeKHOE CBOOOIHO
pacipocTpaHseMoe

Interactive Disassembler (IDA) 3apy0exHOe cBOOOTHO
pacnpocTpaHseMoe

Cucrtembl ynpajeHusi ouéanorpaguyeckoii HHGopmanueii:

Zotero 3apyOekHOe CBOOOTHO
pacupocTpaHseMoe

CepBHCHI B CITYKOBI:

Bind 3apyOexxHOe CBOOOHO
pacmpocTpaHseMoe

Docker 3apy0exHOoe CcBOOOIHO
pacupocTpaHseMoe

7. MeToanuyeckue v OlleHOYHbIE MATEPHAJIBI

MeToanyeckue yKasaHHus I 00y4alOUUXCS 110 OCBOCHUIO TUCHHMILIMHBI (MOLYJIs1)
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B mpouecce u3ydyeHus IUCHUIUIMHBI (MOIYJsl) «APXUTEKTypa BUPTYaJbHBIX MAIIUH» B
paMKax TEKYIIEro KOHTPOJS YCIEBAEMOCTH MCIIONIb3YIOTCS TaKWe BHIBI yU4eOHOU paboThI, Kak
JIEKIIMH, CEMUHAPBI, KEHUChI, KOJUIOKBUYM, IMPOEKT, a TAKXKE Pa3IUYHbIC BUAbI CAMOCTOATEIbLHOU
paboThl O0yYaromMXcsi 10 3aJaHUIO IIPENOoJIAaBaTellsl, HAlpaBICHHbIE HA Pa3BUTUE HABBIKOB
npoecCHOHANBHOM JIEKCUKH, 3aKpEIUIeHue MPaKTUYeCKUuX Mpo(ecCHOHATbHBIX KOMIIETECHIIUH,
MOOUIPEHNE UHULIUATHB.

Jlekyusi — cHCTeMaTH4YEeCKOe, TMOCIEeJ0BaTeIbHOE, MOHOJOIMYECKOE  H3JI0KEHUE
npernoiaBaTeseM yueOHOro MaTepuana, Kak paBuiio, TEOPETUYECKOTO XapaKTepa.

B mpouecce nekiuil peKOMEHIyeTcsi BECTM KOHCIHEKT JIEKIUH: KpaTKO M CXEMaTH4HO
(UKCUpOBaTh OCHOBHBIC WIEH, BHIBOJBI M OOOOIICHHUS JIEKIMHU; BBIIENATH BAaXKHBIC MBICIH,
KIIFOYEBBIE CJIOBAa M TepMHUHBI. HeoOXOAMMO OTMETHTHh BOMPOCHI WM MaTepHallbl, KOTOPbIE
BBI3bIBAIOT 3aTPYAHEHHUS, U TONBITAThCS. HAllTU OTBETHl B PEKOMEHI0BAaHHON nuTeparype. Eciau
pa3zoOpaThCcsi B MaTepuaine He yAaercs, cieayeT chopMmyiaupoBaTh BOINPOC M 3a4aTh €ro
IIPENoAaBaTesl0 Ha KOHCYJIbTALlUK UM BO BPEMSI CEMUHAPCKOT0 (IIPAaKTUYECKOI0) 3aHATH.

Cemunap — 310 Qopma yueOHOIl eATeTbHOCTH, IPOBOUMAs B Y4eOHOM 3aBEACHHUH I10]1
PYKOBOJICTBOM TIpEMOJABaTeNs, TI¢ CTYACHTBI aKTUBHO YYacCTBYIOT B OOCYXKICHUSX,
MPAKTUYECKUX 3aJaHMsIX U APYruX (opMax B3aMMOACHCTBHUS.

Jnst ycrenrHo# moAroToBKM K CEMUHAPY PEKOMEHYETCS 3apaHee 03HAKOMHUTBLCS C TEMOM
3aHATUS U OCHOBHBIMH MaTepualaMu, YTOObl MMETh BO3MOXHOCTh AKTHBHO y4acCTBOBAaTh B
ob0cyxaeHnu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI M UJEU NJisi OOCYXKIIEHUSI, YTO TTOMOXKET
r1y0ke MOHATH MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Keiic — npaktuueckas paboTa CTYIEHTOB HaJ PEAJbHBIMM WM CMOJEIMPOBAHHBIMU
3a/layaMu, 4TO MO3BOJISIET CTYIEHTY IPUMEHSITh TEOPETUYECKHUE 3HAHUS HA ITPAKTHUKE.

CTyneHT caMOCTOSITENIbHO pa3padbaTbIBaeT CTPATETHIO PEILICHUS IOCTABICHHON 3aJaul, YTO
CIOCOOCTBYET Pa3BUTHIO HABBIKOB KPUTHUYECKOTO MBINUICHHUS U CAMOCTOATEIHLHOTO MPUHSATHS
pemenuid. Takoif MoAX0X MOMOraeT NOArOTOBUTh OyIYIIUX CHELMATUCTOB K peaJIbHBIM BbI30BAM
B UX NPOQeCcCUOHATBHOMN NeSTETbHOCTH.

KOJZJIOK@M)/’M — YCTHBIC OTBCTHI Ha BOIIPOCHI, CIMCOK KOTOPBIX U3BECTCH CTYJICHTY 3apaHcCc.

B nmponecce MOoATOTOBKU K KOJUIOKBUYMY HCO6XOJII/IMO MMpOaHaJIN3UPOBATH y‘lC6HBIC
MaTcpHralibl, O3HAKOMUBIINCH C JICKIUAMU, y‘IC6HI/IKaMI/I U JONOJHUTCIBHBIMHU HMCTOYHHMKaMMH,
AKIICHTHUPYSA BHUMAHUC HaA KIIHOYCBBIX TEMax. PeKOMeHI[yeTCH CO34aThb CTPYKTYPUPOBAHHLIC
KOHCIICKTBI, BBIACIAA OCHOBHBIC HJIC€HU, TCPMUHEBI 1 q)OpMYJ'H)I.

IIpoexm — uccnenoBaTenbcKas padboTa Mo Kypcy U Ipe3eHTalMs pe3yIbTaToB.

Jlnsg ycnemHol NOArOTOBKM K MPOEKTY: YETKO ONpPENeNIUTE LEAH M 33Jayd MpOeKTa,
pacripesieluTe posid U OOSA3aHHOCTH MEXIY YYaCTHHKaMM, a TakXKe YCTaHOBHTE CPOKHU
BBITNIOJTHEHUSI KayKJ0M 4acTH paboThl. PerynspHo npoBoanuTe BCTpeuH AJis OOCY X AEHUS Tporpecca
Y PELIEHNS BO3HUKAIOLINX BOIIPOCOB.

Camocmosmenvrnas paboma — paboTa CTYJEHTOB, HANpaBlieHHass Ha YINIyOJIEHHOE
W3YYEHHUE OT/IETbHBIX TEM U BOMPOCOB yUEOHON AUCIMILTUHBI (MOTYIs).

B nporiecce camocToaTenbHON pabOThI CTYJAECHTHI B3aUMOICUCTBYIOT C PEKOMEH/I0BAHHBIMU
MaTepuaiaMH MPU MUHUMAIILHOM yYacTHH MpEnoiaBaTes. 3a1auu CTyJeHTa BKIIOYAI0T padoTy
C KOHCTIEKTaMH JIEKIIUi (00paboTka TeKCTa), TOBTOPHOE U3yUEeHUE yUeOHBIX MAaTEPHAIIOB, TUTAHOB
U TE3UCOB OTBETOB, U3yUEHHE JOMOTHUTEIBHBIX TEM, BHIMIOTHEHHE y4eOHO-UCCIIEeI0BATENbCKIX
3aJIaHUM U JIPYyTOE.
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CucreMa OlleHMBAHUA Pe3yJIbTATOB 00y4YeHHs M0 JUCHUILINHE (MOYJII0)

Kpurepun nosryyeHusi ypoBHS M OLlEHHBAHUS C()OPMUPOBAHHOCTH KOMIETEHIHI M0
AUCUUIIMHE (MOAYJI0) KAPXUTEKTYPA BUPTYAJbHBIX MAILIMH»

OrneHuBanue YpOBHS Y4E€OHBIX JOCTHDKCHUU, OOYYarOMIMXCs MO TUCHUIUIMHE (MOIYIIIO),
OCYIIIECTBIISICTCS B BUE TEKYIIET0 KOHTPOJISl YCIIEBAEMOCTH U IMTPOMEXYTOUYHOM aTTeCTaIiH.

I[IpomexyTouHasi aTTecTamusi 1O JUCHUIUIMHE (MOIYJIO) OCyIIecTBiIseTcs B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJIUTCS OICHKA KOMIETEHIMH, CHOPMHUPOBAHHBIX IIO
JTUCITUTLIAHE.

JInsi OLIEHMBAHUS TEKYIIEro KOHTPOJIS YCIIEBAEMOCTH M TMPOMEKYTOYHOM aTTecTaIiu
UCTIONIB3YETCS JeCATHOA/UIbHAS IlIKajia OIICHUBAHUS, KOTOpask COOTHOCUTCS C TPaJUIIMOHHOU
MATUOAIITPHON MIKAIOHN CIEAYIONUM 00pa3oM:

Hecsirubannbuas IarudasnbhHas Oo0masi xapakTepucTuKa pe3yJibTaTa
Onenka 3a 3a4er
OLIEHKA OLIEHKA 00yuyeHus 10 JUCHHUILINHE (MOLYJII0)
10 OTin4yHO 3auTeHo CTyIEeHT TMOJIHOCTBIO BJAJICET 3HAHUSMH,
9 OTIUYHO 3ayTeHo HU3JI0KCHHBIMHU B pa60qel‘/'1 mnmporpamMme, "
8 OTaMYHO 3auTeHo rny0oko ocmeicisier  gucuuiuiuHy. OH

CaMOCTOSITETILHO u JIOTHYECKH
MOCJIE0BAaTENIFHO OTBEYAET Ha BCE BOIIPOCHI,
aKLUEHTHpYsl BHMMaHMe Ha  Hauboiee
BAYKHOM. YmMmeer aHAJIU3UPOBATh,
CpaBHHBATH, KIacCU(UITUPOBATH, 00001I1aTh,
KOHKPETHU3UPOBATh W CHUCTEMaTH3HPOBAThH
W3y4YCHHBIH MaTepHuas, BBLACISS KIIIOUYEBbIE
MOMEHTBl W yCTaHaBIUBas NPUYUHHO-
ClleZICTBEHHBIE CBs3H. UeTko (opmynupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3ynbTaThl aHaITN30B u JpyTHX
WCCIIEIOBAHNN, a TaKXE pEIIaeT CIOXKHBIE
3agauyd. CTyOeHT XOpOLIO 3HAaKOM C
METOJaMH HCCIIEOBaHMs, HEOOXOTUMBIMH
JUI TPAKTUYECKOW JEATEBHOCTH, U yMEEeT
CBSI3BIBATH TEOpEeTUIECKUe ACTIeKTHI
JMACUUIUINHBL (MOJYJsI) € MPAKTHYCCKUMH

3aJjauaMyL.
7 Xoporio 3auTeHo CryneHt oOnagaeT 3HAHUSIMHU MpeaMeTa
6 Xopomo 3a4TeHo MOYTH B TIOJHOM oObeMe paboueit

MPOTrPaMMBbl U CAaMOCTOSITEIBHO, JIOTHYECKH
MIOCJIC/I0BATETIbHO U BCECTOPOHHE OTBEYAET
Ha BCE BOMPOCHI, aKIICHTUPYSI BHUMaHUE Ha
HaunOoJee 3HaUMMBIX MOMeHTax. OH ymeeT
aHAIM3UPOBATH, CPaBHUBATH,
KJ1acCu(UIMPOBATH, 0000m1aTh,
KOHKPETH3UPOBATh W CUCTEMATH3HPOBAThH
W3yYeHHBIH  MaTepHhal, BBIIENSAS  €ro
KIIIOYEBbIE ACHEKTbl M yCTaHABIHUBAs
MPUYHHHO-CIIE/ICTBEHHBIC CBSI3H.
®DopMyIUpyeT CBOM OTBETHl, YBEPEHHO
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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJIIO0)

MHTEPHPETUPYET pe3yibTaThl aHAIU30B U
JIIPYTHX WCCIEIOBaHUM, a TaKKe pemaeT
CJIOKHBIE CUTYyallMOHHBIC 3a1auu. CTyneHT
XOpOIIIO 3HAKOM c METOJIaMH
HCCIIeIOBaHMS, HEOOXOIMMBIMHU TS
MPAKTUYCCKON JEeATEIBHOCTH, U YyMEET
CBSI3BIBATh TEOPETHUCCKHE ACITEKThI
MpeaAMETa ¢ MPAKTUYECKUMU 3a/1a4aMHu.

5 Y 10BIETBOPUTENBHO 3auTeHo Crynent obnamaer 0a30BBIMH 3HAHHSIMHU
4 YV 10BIE€TBOPHTENHHO 3a4TeHO 0 TUCIUILTHHE (MOJYITIO), HO HCIIBITHIBAET
TPYAHOCTH IIPU CAMOCTOATENIBHBIX OTBETAX
1 MCTIOJIb3yeT HeTOYHbIE (hOpMYIUpoBKU. B

XO0Jle OTBETOB OH [IONYCKaeT OIIHNOKH,
Kacaromuecst cyTd BompocoB. CTyaeHT
CIIOCOOCH pelIaTh TOJILKO CaMbIe MPOCTHIC
3a7a4d W BiaAeeT JIUIIb MHUHUMAIbLHBIM
Ha0OPOM METOIOB UCCIICAOBAHUS.

3 He cnan He 3aureno CrymeHT He OBIael 00sS3aTeIbHBIM

He cnan He 3auTteno MHUHUMYMOM 3HAaHUH 110 npeaMeTy U HE

1 He claH He 3auTeno MOXXET OTBCTHUTH Ha BOIPOCHI, NAXKE €CJIN

npenogaBaTeiib 3a4a€T AJONOJHHUTCIIbHBIC

HABOJSAIINE BOMIPOCHL.

JuctumimHa (Moayiab) «ApXUTEKTypa BUPTYaIbHBIX MAIIMH» OLIEHUBAETCS CIEAYIOLIUM
obpa3zom:

AKTHBHOCTH Bec |KoaunuyectBo Onucanune
Ketic 40% 3 [IpakTrueckas paboTa CTYJAEHTOB HaJl peaTbHBIMU U
CMOJICTUPOBAHHBIMU 3aJla4aMy
ITpoekt 40% 1 3ammTa UTOroOBOro MPOEKTa
KomnokBuym 20% 1 Y CcTHBIE OTBETHI HA BOIIPOCHI, CITUCOK KOTOPBIX U3BECTEH

CTYIICHTY 3apaHee

®opmyJia pacyéra HMTOrOBOil OLEHKH MO AUCHUILIMHE (MOAYJII0) «APXHTEKTypa
BUPTYaJbHBIX MammmH»: «0,4 x cpennee 3a keicol + 0,4 x3a npoekt + 0,2 X 3a KOJUIOKBUYM.

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4alOIIUXCS M0 JUCHUILIHHE (MOAYJII0)
IIpuMepHbIe 3agaHus VIS KEHCOB

ApxurtekTypa Ha00opa KOMaH/] 0aliTKOAA U ero BbINOJHEHHE

Keiic 1: Anaan3 apxurekTypbl 6aiiTkona B JVM

B xommanum paspabareiBaeTcsi HOBOE MPUIIOKEHHE Ha Java, M1 KOMaHJa CTAJKUBACTCA C
npo0sieMoil HU3KOW MPOU3BOAUTENBLHOCTH H3-3a Hed(dexTuBHOro Oaiitkona. Paspaborumku
AQHATM3UPYIOT CKOMITMJIMPOBAHHBIA Kilacc-(paiia ¢ MOMOIIBI0 MHCTPYMEHTOB BpOJE javap u
00HapyXHUBaIOT, YTO HEKOTOpble MHCTPYKIUHU (Hampumep, aload u invokevirtual) renepupytor
auiHue onepanui. Heo0xoaumo noHATh, Kak cTpyKTypa 6aitkona JVM (cTekoBas apXUTEKTypa,
TUNBI ~ MHCTPYKUMM)  BIAMSET  HA  WCIOJHEHWE U NPEUIOKHUTh  YIYYIIEHUS.
Bonpocsr:
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— Kak crexoBas Mmoxenb Oaiitkoga JVM oTinyaeTcss OT PETHCTPOBOM apXUTEKTYPHI
MPO1IECCOPOB?
— Kakue tumel wHCTpykumii Oaiitkoma (load/store, arithmetic, control flow) namboiee
pacnpocTpaHeHbl U Iouemy?
3agaun:
1. Pazbepure 6aifTkoa MpocTOro MeTo 1a (HarpuMep, BHIYUCICHUS (pakTopraa) 1 ONUIINTE
MOCIIEA0BATEIbHOCTh HHCTPYKIUH.
2. [lpennoxuTte onTuMU3alMio OalTKoma, Hampumep, 3aMeHy Ha Oosee 3(pQeKTUBHBIC
WHCTPYKIUHU WINA UCIOJIb30BaHUE KOHCTAHT.
3. Ornenure BIUSHUE U3MEHEHH Ha pa3mep ¢aiiia 1 BpeMst HCIIOTHEHUSI.
Keiic 2: 3arpy3ka u Bepudurkanus kiaccos B JVM
B npouecce pa3BepThiBaHHs BeO-PUIIOKEHUSI HAa cepBepe Tomcat MPOMCXOAUT OIMIMOKA
ClassNotFoundException. AHayiM3 OKa3bIBaeT, YTO 3arpy34yuk kiaccoB (class loader) ne moxer
HaliTh 3aBucuMBbIi Kitacc u3 JAR-¢aiina. Komanna nmpoBoauT BepupUKanio KIACCOB C MTOMOIIBIO
javac u bytecode verifier, oOHapy>KrBasi HECOOTBETCTBHS B CUTHaATypax MeTos10B. Heobxoammo
UCCIIEIOBAaTh MEXAHM3M 3arpy3KH KIJIACCOB M BEpH(HKAIMU I MPEJOTBPALICHHUS IMOJT0OHBIX
OIINOOK.
Bomnpocsr:
— Kak paboraet nepapxus 3arpy3uukoB kiaccoB (bootstrap, extension, system/application)
B JVM?
— Kaxkue stansl Bepuduxanum 6aiitkona (structural, data flow, bytecode) BrimonustoTcs u
3aueM?
3amaun:
1. MopenupyiiTe 3arpy3Ky KIJIaccoB JUIsI HPOCTOTO MPHIIOKEHHS C 3aBUCUMOCTSAMH M
OTHILIUTE MOPSIIO0K 3arPy3KH.
2. BemonauTe Bepudukanmio O0alTKoga C MOMOIIBID MHCTPYMEHTOB (HAampuMmep, java -
verify) U ucCnpaBbTE HAlJICHHBIE OIIHOKH.
3. [pennoxute crpaTernto it 0€30MaCHON 3arpy3KH KJIACCOB B MHOTOITIOTOYHOMU Cpe/Ie.
Keiic 3: UnTepnperanusi kKomaHjg 0auTKkoaa
Pa3zpabotunku ontumusupyrot uHTeprperarop JVM nias MOOMIBHOTO NMPHIOKEHUS, TIe
Oarapest OBICTPO pa3pspKaeTcs M3-3a 4acTOro JEKOIUPOBaHMS MHCTPYKUMHA. OHM MCHONB3YIOT
npoctoi  uHTEeprperatop (switch-based), koTopeiii MemneHHO 00palaThIBAET  IIHKJIBI.
Heo6xonnMo M3ydnTh, KaK MHTEPHIPETATOpP ACKOAUPYET M MCIONHAET OalTKOI, U MPEIOKUTh
YIy4IICHUSI.
Bomnpocsr:
— B ueM pasHuna Mexay uHTeprpeTanuen u komnwisinuen 6airkona 8 JVM?
— Kak uHTepnperarop ynpapiseT CTEKOM ONEpaHJIOB M JIOKAIbHBIMU MEPEMEHHBIMH BO
BpEMsI UCTIOIHEHUA?
3amaun:
1. PeanusyiiTe npocTol UHTEpIpeTaTop uid IOAMHOXEcCTBa OaifTkona (Hampumep,
arithmetic operations) u npoTecTupyiTe Ha mpUMepe.
2. M3mepbTe MPOM3BOAMTENBHOCTh HHTeprperaropa (Bpems Ha 1000 wHCTpyKIuil) u
CpaBHUTE C HATUBHBIM HCIIOJIHEHUEM.
3. IlpemmoxxuTe ONTHMH3ANNIO, TAKYIO KaK KAIIMPOBAHHUE JIEKOMUPOBAHHBIX WHCTPYKIHNA
i nepexon Ha threaded code.
Keiic 4: YnpasieHne NoTOKOM MCIIOJHEHHS B 0aliTKoAe
B npunoxxenun ans 00pabOTKH TaHHBIX MPOUCXOAUT OECKOHEUHBIHM IIMKII U3-3a OLIUOKH B
ycioBHBIX nepexoax (if icmpne). Ananu3 6aifTKo/1a TOKa3bIBaCT HEMPABUILHOE UCIIOIH30BAHNE
UHCTPYKLIUH goto U jsr anst obpaborku uckitoueHuid. Komanna usyuaer, kak JVM ynpasisier
notokoM (control flow) uepes cTek U METKH.
Bonpocer:
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— Kak uactpykuuu control flow (if, goto, tableswitch) uzmensiror cuerunk nporpamm (PC) B
JVM?
— B uem ponb uckirouenuii (try-catch) B ynpaBieHUM MOTOKOM U MX CBSI3b ¢ OalTKOAOM?
3amaun:
1. Pa3zGepure OaliTkoA MeTOJa C HUKJIAMHU M YCIOBHBIMU OIEPaTOPAMH, BBIIEIUB TOUKU
BETBJICHUSI.
2. MonenupyiiTe HCIIOJIHEHHWE IOTOKAa JUIsl CIEHAapusi C HCKIIOYEHHEM U OIUIIUTE
U3MEHEHHS B CTEKE.
3. OnTuMU3HpylTe KOJ, 3aMeHUB Hed(PEeKTHBHBIE TNepexoabl Ha 0Oojee MPOCThIe
UHCTPYKLUH.
Keiic 5: Ontumun3zauus uarepnperaropa JVM
B BwicokonarpyxenHoMm cepBepe JVM wuntepnperatop Tparur 30% BpeMeHH Ha
JNEKOJAMPOBaHNE MHCTPYKIUH, YTO MPUBOJAUT K 3ajepkkaMm. KomaHnna BHeIpsieT ONTUMU3AIINH,
takue Kak inline caching ans BbI30BOB MeTo/0B. HeoOxoammo mpoaHaTu3upoBaTh TEKYIIH
UHTEPIIPETATOP U NPEJIOKHUTH YIYUIIECHUS AJIs HOBBIIICHUS IPOU3BOIUTEIHHOCTH.
Bonpocsr:
— Kaxkue ctparernu onTHMM3alMM HMHTEpHpeTaTopa (Hampumep, superinstructions, fast
paths) ucrosib3yroTes B COBpeMeHHbIX JVM?
— Kaxk usmepsats 3ppexTuBHOCT, MHTEpIpeTaTopa (depe3 mpodUInpoBaHUE C MOMOIIBIO
JMH)?
3amaun:
1. IIpodunupyiiTe MpoCTOil MHTEPIPETATOP HA TECTOBOM OalTKONE M MACHTU(DUIPYNHTE
y3KHE MECTa.
2. Peanm3yiite onTHMH3aNMiO, HanpuMmep, OOBEAMHEHHWE WHCTPYKIIMHA B  CyIep-
UHCTPYKLHUU.
3. CpaBHHTE TIPOU3BOJUTEIHLHOCTD IO U IMOCIE ONTUMHU3ANMKA Ha MeTpukax (Bpems, CPU
usage).
ABTOMAaTHYeCKOe YIIpaBjieHle NaMATHIO

Keiic 1: OcHoBBI ynpapiaenus namaTeio B JVM
B npunoxenun Ha Java IpoUCXOaUT yTeuKa MaMsTH U3-3a HEOCBOOOKIEHHBIX 00BEKTOB.
Komanna ananusupyet heap ¢ momoIpto jmap ¥ BUIUT, YTO OOBEKTHI String HaKaruIMBarOTCA.
Heo06x0mmuMo MOHSATH OCHOBEI AJUIOKAIIMU U OCBOOOXKIeHN naMsIT B JVM.
Bomnpocsr:

« Kax JVM ymnpasisier heap (young/old generation) u stack?

o B uem paszuuna mexy strong, soft, weak u phantom references?
3agauu:

1. Co3znaiiTe mpocToe NpUIIoKEHHE ¢ aJuloKalel 00beKTOB U MpoaHanu3upyiite heap ¢
nomouibto VisualVM.

2. MopenupyiTe yTeuky naMsati 1 onuunre, kak GC ee oOHapyKUBaerT.

3. IIpemmoxxuTe ncnpaBiIeHns, TaKKe KaK NCIOIb30BaHNe weak references.

Keiic 2: ITokonen4eckas cO0pKka mycopa
CepBepHoe npuioxxeHue ucnbIThiBaeT nay3sl GC 10 5 cekyH n3-3a 4acToil cOOpKH B young
generation. AHaJIN3 ¢ IOMOIIBIO jstat TOKa3bIBaeT HecOAIAHCUPOBAHHBIE Pa3Mephl OKOJIECHUH.
Komanna nzyuaet nokonenueckyto mojaens (Eden, Survivor, Old).
Bonpocsr:

 Kak padoraer minor GC B young generation u major GC B old generation?

o [Touemy nokoneHueckas coopka 3ppekTuBHEe NOTHON cOOpPKU?
3apaum:

1. Hactpoiire JVM napametpsl (-Xms, -Xmx, -XX:NewRatio) u nporectupyiite Ha
MPUIIOKEHUU.

2. N3smepsbte Bpems nay3 GC u cpaBHUTE ¢ Pa3HBIMH pa3MepaMH MOKOJICHUH.
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3. OnTuMU3HpyiTe KOH(QUTYPAITUIO IJIs1 CHUKEHUS MMay3.

Keiic 3: IIpoasunyTtbie anroputmsl GC
B BbICOKOIIPON3BOAUTENBHOM NpUiokeHUH ucnonbizyercss G1 GC, HO BO3HUKAIOT
dparmenTammu. Komanaa paccmarpusaet nepexos Ha ZGC wnm Shenandoah mist HU3KUX mays.
Heo6xoaumo cpaBHUTH anroputMel (mark-sweep, copying, concurrent).
Bonpocsr:

e Kakx G1 GC nenut heap Ha peruoHbI U yIpaBiIseT May3aMu?

B yem npeumymectsa concurrent GC (ZGC) nan stop-the-world?
3agaun:

1. Peanusyiite cumysiuio npocroro GC-anropurMma (Hanpumep, mark-and-sweep) Ha
TECTOBBIX JIAHHBIX.

2. Cpasuurte npousoaurenbHocTh Gl u Parallel GC Ha 6enumapke.

3. [pennoxute Bp1OOop GC /14 cueHapus ¢ HU3KUMH 1ay3aMHu.

Keiic 4: MoHMTOPHHT U NPOPHIMPOBKA aMATH
[Tpunoxxenue Ha cepBepe uMeeT Beicokoe notpedienue namsatu (RAM usage 80%). Komanga
ucnonbs3yeT JMX u jeonsole aiist moruropuara heap u threads. Heo0XoumMo BEISIBUTE IPUYUHBI
U ONITUMU3UPOBATb.
Bomnpocsr:

 Kakue metpuku (heap size, GC count, memory leaks) Ba>kHBI J17151 MOHUTOpUHTA?

 Kak uncrpyments! Bpojie MAT nomoratot B npopuinrpoBke?
3agaun:

1. Hacrpoiitre Morutopuar JVM c momomsto JFR u npoananusupyiite namm heap.

2. Unentuduuupyiite yreuky ¢ nomousio MAT u npennokuTe ucrpaBieHHUsL.

3. Co3paiiTe OTYET C PEKOMEHAALUSMH 110 ONTHUMHU3AIIUH TTaMSITH.

Keiic 5: Uaterpanusa GC ¢ npuioxennem
B mukpocepsucax Ha Spring Boot GC BbI3bIBaeT 3a1ep>KKu U3-3a 60nbmmx 00bekToB. Komanma
uHTerpupyet npodunuposuuk (Async Profiler) s ananuza. Heo6xoaumo onTuMU3HpoOBaTh
yIpaBieHUE MaMSThIO.
Bomnpocsr:

e Kak GC B3aumonetrictByet ¢ JIT-KoMIUIATOPOM JIJIs1 ONITUMHU3ALUHN AJIJIOKAIUi?

» B yem ponb escape analysis B yripaBieHUH aMsATHIO?
3agauu:

1. TIpodunupyiite npunoxxenue ¢ Async Profiler u HaiinuTe ropsure TOUKH asIOKaUi.

2. BHenpuTte onTHMH3AINIO, TAKYIO Kak object pooling /yist 00JIBITNX 00BEKTOB.

3. M3MmepbTe ynydieHus B IPOU3BOIUTENLHOCTH [1OCIIE U3MEHEHHH.

le/lMeprIe 3alaHUA 1JIA KOJJOKBUYMA

1. OOwsacHUTE, KaK MHTETPUPYIOTCS MoJcUcTeMbl JVM, Takue Kak 3arpy3udK KJaccos,
uHrepnperarop u JIT-komnunsarop. [IpuBenure npuMep B3auMOAECUCTBUS HA dTAIle BHIITOJTHEHUS
METOJa.

2. Kak garbage collector (GC) B3aumozeiictByer ¢ JIT-kommuisitopom B JVM? OnumuTe,
KaK 3TO BJIMAET HAa ONTUMH3ALUIO KOJA.

3. Omummmre ponb Oaifitkoma B mHTerpammu nojcucteM JVM. Kak oH obecneumBaer
COBMECTUMOCTb MEXIy HHTepnperatopoM u JIT?

4. Kak noacucrema ynpasieHus namsateio (heap u stack) unterpupyercs ¢ noacucreMoit
BhINoyIHeHUs Oaiitkona? [TpuBenure npumep ¢ ayutokaruei 00beKTOB.

5. OObBsicHUTE WHTErPAIMIO MOJCUCTEM B MHOTONMOTOUHOU cpene JVM: kak pabotaror
MOHMTOPHI ¥ cuHxpoHu3zanusa ¢ GC u JIT.

6. Kak 3arpy3dmk Ki1accoB B3auMojJelcTBYyeT ¢ Bepudukatopom Oaiitkoma u JIT-
komnuisiTopoM? [louemy 310 BaskHO 1 6€3011acHOCTH?

7. Onumute, xak JVM wuHTerpupyer HatuBHble BbI30Bbl (JNI) ¢ BHyTpeHHMMU
nojacucremamu, TakuMu kak GC. IIpuBenure npumep.
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8. Kakue xiro4yeBble METPHKH HCIIOIB3YIOTCS I OLIGHKH MpOM3BOAUTENbHOCTH JVM
(manpumep, throughput, latency, memory usage)? IlpuBenure npuMepbl HHCTPYMEHTOB JUIS UX
U3MEpEeHHUSI.

9. OObsacuute, Kak Macmrtadbupyercs JVM B MHOromporeccopHsix cucremax. Kakwue
OTpaHHYEHUSI BO3HUKAIOT MIPH YBEIMUEHUU Yucia sjuep?

10. Kak onTuMu3upoBaTh NPOU3BOIUTEIHHOCT JVM B KOHTEHHEPH3OBAHHBIX Cpeaax
(manpumep, Docker)? Onumurte Bausiaue Ha GC u JIT.

11. Onumure crpaterun  MacimtabupoBanuss JVM  ans  BBICOKOHArpy»KeHHBIX
MPUIOKEHUN: TOPU3OHTAIBHOE VS BEPTUKAIbHOE MAacIITA0MPOBAHUE.

12. Kak npodunupoBanue (Hanpumep, ¢ nomomsio JFR umu Async Profiler) momoraer
YIYUYIIUTh TPOU3BOAUTENbHOCTE JVM? TlpuBenute npumMep aHaausa y3Koro Mecra.

13. OOwsacuuTe BiIMsHUE pa3Mepa heap Ha MPOM3BOAMUTENBHOCTh M MAaCIITAOMPOBAHUE
JVM. Kak BbIOpaTh onTuMaibHbie TapameTpsl (-Xmx, -Xms)?

14. Kak JVM obecrnieunBaeT MaciTabupoBaHue B pacpeelIeHHbIX CUCTEMaX (Hampumep,
C HCIOJIb30BaHMEM MHKpocepBHcoB)? OmnummTe poidb B CEpUAIM3AIMH U  CETEBBIX
B3aUMO/JICUCTBUAX.

15. CpaBuute JVM c BuptyanbHoit Mammnoi JavaScript (V8). B yem npeumyiiectBa u
Henoctatku V8 no cpaBuenuto ¢ JIT-kommusmueit B JVM?

16. Omumute paznmuuus mexay JVM u .NET CLR (Common Language Runtime). Kak
CLR ynpasnser namsatsio 1o cpaHenuto ¢ GC B JVM?

17. CpaBuure mpousBogutensHoctb JVM u CPython (Bupryanenas mammna Python).
[Touemy CPython memieHHee B YHCICHHBIX BEIYUCICHUSX ?

18. Kak Lua VM otnuyaercs ot JVM mno apxurektype? IlpuBenute mnpumepsl
UCTIOJIB30BaHUS I CPABHUTE MACIITAOUPYEMOCTb.

19. IIpoBenute cpaBHuUTENbHBIN aHanu3 JVM u BuptyansHoM Mamuubl Ruby (YARV). B
4yeM cuiibHble cTOpoHbl Y ARV B nquHamuueckoit tunuzauun?

20. OOwsacuute, nouemy JVM yacto cuntaercsa Oosiee mpoOM3BOAUTEILHON IS enterprise-
NPWIOKEHUH Mo cpaBHeHMIO ¢ VM wuHTepnperupyembix s3blkoB (Hampumep, CPython).
[TonnepkuTe apryMeHThI IPUMEPAMHU.

IIpumepHoe onrcaHue U KPUTEPHUH OLIECHMBAHUS K HUTOTOBOMY IIPOEKTY

Onucanue npoexra:

B pamkax UTOroBOro mpoekrta CTYIAEHTHl JOJKHBI pa3padoTaTh MPOTOTUI BUPTYaJIbHOMN
MmamuHbl (BM), crmocoOHO# BBIMONIHATE IUIaTHOPMOHE3aBUCHMBIN OaWTKO/ ¢ MCIOJIB30BaHUEM
ONTUMMU3UPOBAHHOTO HA0Opa KOMaH, pealn30BaTh aBTOMAaTHYECKOE YIPAaBIEHUE MaMSIThIO U
BHE/IPUTH 0a30BYI0 JIT-KOMIUIAIMIO IS HOBBIIEHUS TPOU3BOAUTEIBHOCTH.

OcHoBHbBIE 32/1a4H NIPOEKTA:

1. ApxurtekTypa 6aliTKo/a U ero BbINOJHEHHE
— CHopoekTupoBaTh KOMIIAKTHBIA U ONTUMHM3UPOBAaHHBIM HaOOp KoMaH[ OalTKoAA,
BKJTIIOYAOLIUI oniepaiii paboThl € MaMATBIO, CTEKOM U BbI30BAMHU.
— O06ecneunth  MIATGOPMOHE3ABUCUMOCTh  OaliTKOAa W MEPEHOCUMOCTh
MIPUJIOKEHUN.
— PeanuzoBare UHTEPIIPETATOP, BHIMOIHIIONIINNA OaNTKOI.
2. ABTOMaTHYecKoe ynpaBJjieHHe NaMAThI0
— PeanuzoBaTh MeXaHNW3M aBTOMATHUECKOTO BBIJIETICHUS M OCBOOOMK/ICHUS MTaMSITH.
— BHeapuTh 0IMH U3 OCHOBHBIX AITOPUTMOB COOPKH Mycopa (MOACYET CCHUIOK,
MapKUpPOBKa UM KOMMHPOBAHUE).
— TIponeMoHCTpUPOBATH BIMSHKE BHIOPAHHOTO aJIFOPUTMa Ha MPOU3BOJAUTEIBHOCTh
U yCTOMUMBOCTH paboTel BM.
3. JIT-komMnuasuus
— PeanuzoBare npocrtoit JIT-komnuisitop, npeodpasyromuii 6aiTKo B MaIlIMHHBIN
KOJI.
— OnTuMH3NpOBaTh TOPAYNE YUACTKH KOJA JIJISl TOBBIIIEHUS CKOPOCTH UCIIOJTHEHUSI.
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— OO0ecneunTh COUYETAaHWE TMEPEHOCUMOCTH (uepe3 OalTkom) ¥ 3h(HEKTUBHOCTH

(uepes JIT).
— TloaroToButh aHaNMM3  AJANTHBHBIX
MMPONU3BOAUTCIILHOCTD.

4. IokyMeHTalusl U IeMOHCTPaus

— IloAroTOBUTH TEXHUYECKOE OINMCAHUE aAPXUTEKTYPBI

AJITOPUTMOB U PEIICHUN.
— IIpoBectn  TectupoBaHue U

ONTHMHU3ALMA M HX BIUAHUA Ha
BM, wucnomab3yeMsIx
IIPEAOCTaBUTh  CPABHUTEIBHBIM  aHAIN3

IMPONU3BOAUTCIIBHOCTU C U 0e3 JIT, a TaKXKX€ C pa3HBIMU MCTOAaMHU YIIPABJICHUA

HaMATBIO.

— IIpenctaBuTh IPOEKT B BUJE MPE3EHTAIIMU C IEMOHCTpaIeld padoThI.

Kpurepun oneHuBaHus:

e Apxurekrypa OaiiTkona
Peanuzanus uHTEpHpeTaTopa
ABTOMAaTHYECKOE YIPABJICHUE MTAMSITHIO
JIT-xoMounsanms
JIoKyMeHTaIus U IPE3CHTAIHS
TectupoBaHue U aHAIHU3 PE3yIbTATOB

3apanus AJ1s1 MPOMEKYTOYHOM ATTEeCTAIMM MO AMCUMILINHE (MOLYJIIO0)

Ne n/m 3aganue OtBer Kommnerenuus
1 VYkaxnuTte OCHOBHOH (popMaTt Kojia B apXUTEKType OarTKO YK-1

Oaitkona JVM.

2 HazoBuTe mporiecc mpoBepku KI1accoB Ha BepUpUKAIUSL YK-1
cooTBeTcTBHE crierudukaimsam JVM nepes
3arpy3Komu.

3 VkaxxnuTe METOI BBITIOJIHEHUS OaliTKo1a 0e3 HWHTEPIpPETALNS VK-1
KOMITWJISAIIAY B MAITUHHBIA KOJI.

4 Hazosure Mmexanusm JVM anst 06pabOTKH YCIOBHBIX | YIpaBlIeHHE TOTOKOM YK-1
MIEPEX0JIOB B MOTOKE MCIOJIHEHHUS.

5 VYKaxuTe MoAX0J K YCKOPEHUIO HHTEpPIIpETaTOpa ONTUMU3ALUSA OIIK-1
0aifTKofa Yepe3 KIIIMPOBaHHE. WHTEpIIpeTaTopa

6 HazoBuTe 0a30BBIN MPUHLINT BBIJCIEHUS TAMSTH B ky4a (heap) OIIK-1
JVM 11t 00BEKTOB.

7 YKaxXuTe KOJIUYECTBO MTOKOJICHUN B CTAaHIAPTHOMN tpu (young, old, OIIK-1
MOKOJICHYECKO cOopke Mmycopa JVM. permanent/metaspace)

8 HazoBute anroputm GC, HCIIONB3YIOMIHIA KOIIMP YOI OIIK-1
KOIIMPOBaHUeE JIsl young generation. KOJUIEKTOP

9 YKaXuTe METPUKY AJIs1 OLIEHKU yTe4YeK MaMsTH B popUINpPOBKa OIIK-4
JVM. namsITH

10 HazoBute maremarnueckuii METO OLIEHKH BPEMEHU aHaJIU3 OCTaHOBOK OIIK-4
may3 GC B JVM. (stop-the-world)

11 VYkaknuTe THI KOMIHIISITOPA, Tpeodpa3yroniero JIT-xommunsiTOp OIIK-4
0alTKOJ B MAIIMHHBIN KO BO BPEMs BBIIIOJTHEHUSI.

12 Hazosute npouecc yaanenus ontumuzauuit JIT npu JCONITUMMU3ALIUA OIIK-4

W3MEHEHUH TOBEIEHUS KOa.
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13 VYkaxwure crpareruto JIT 1y KOMOWIALAA YacTO ropsiaas Touka (hot OIIK-6
BBIMOJIHSIEMBIX METOJIOB. spot)

14 Hasosure anroputm ornrruMuzaiiu koaa B JIT s dead code elimination OIIK-6
yCcTpaHeHHs MEPTBOIO KOJa.

15 VYkaxkure NOAXOA K UHTErpanuu nojcucrem JVM MHOT'OIIOTOYHOCTD OIIK-6
JUIsl TAPAJUICTIHHOTO BBIMOIHECHUSI.

16 HazoBute 6azoByro ctpykrypy JVM uia xpaHeHus KJIacCOBas Hepapxus OIIK-6
KJIACCOB M METOJIOB.

17 YKaxxute MaTeMaTUYeCKyI0 MOJIEIb AJIs OIICHKU mark-sweep-compact TIK-3
MPOU3BOIUTEIHHOCTH COOPKH MYyCOpa.

18 HazoBuTte npouecc Bepudukanun 0aiTKoaa KaKk JOCTHXKHUMOCTh IK-3
3aJady B TEOpUH rpadoB. COCTOSIHUH

19 VYkaxurte MeTpuKy Macimraduposanusi JVM B MapajuIeIu3M IOTOKOB [K-3
MHOTOIIPOIIECCOPHBIX CHCTEMAX.

20 HazoBute cpaBHUTEIbHBIN aciekT V8 (s JIT-KOMIHIAIHS IK-3

JavaScript) mo otHomeHu©0 K JVM,
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