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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: CI/IMYJ’IFH_H/IH KOMIIBFIOTCPHBIX apXUTCKTYP
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(IJIb MnoATrOTOBKMU: PaZ[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYIBHBIX CHCTEMAX

yTpaBiIeHUS
Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBbI IPOMEKYTOUHOH arTecTauuu: 7 (oceHHuil) - JuddepennupoBannslii 3a4et

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy cocrtaBui: N.B. IleTymkoB, aCCHCTEHT

[Tporpamma oGcy>xaeHa Ha 3aceJaHnH Kadeapbl MUKPOIPOLIECCOPHBIX TEXHOIOTUI B HHTEIUIEKTYaJIbHBIX CHCTEMaX
ynpasnenus 30.03.2023



AHHOTANMA

OCHOBHOM LIeJIBIO Kypca SBIISIETCS. 03HAKOMIIEHUE CTYEHTOB C COBPEMEHHBIMH I1OIX0JaMU IIPOEKTUPOBAHUS U
pa3palboTKK MPOrpaMMHBIX MOJIeNIel apXUTEKTYPbl KOMIIBIOTEPOB (CUMYIISTOPOB). MoJieNi UCTIONB3YIOTCS IS
IPOEKTUPOBAHUS, ONTHMHU3AIMM, TECTUPOBAHUS U BepUHUKALUU pPa3padaThIBACMbIX BBIYHUCIUTEIbHBIX
CHUCTEM OT CTaJWM PAHHET0 NPOCKTHUPOBAHMS [O TECTUPOBAHMSA ONBITHBIX OO0pa3LoB, a Takke s
obecrieueHuss 0OpaTHOM COBMECTUMOCTH C YCTApeBUIMMU UM BBIXOSIIMMU W3  HCIOJIB30BAHUS
BBIYHCIIUTENBHBIX CHCTEM.

B kypce paccmarpuBaroTCs OCHOBHBIE MOAXOABI K pa3paboTke (QyHKIUOHANBHBIX, MOTAKTOBBIX,
aHAJMTUYECKUX MOJENeil apXuTeKTypsl komnbiorepa (OBM) u ocoboe BHUMaHUE ynenseTcsl ONTHMU3AUN
MPOU3BOIUTENFHOCTH MoJiesiell. B Havyane Kypca u3y4yaroTcsi IpOCThle HHTEPIPETUPYIOLINE (QyHKIMOHAIbHbIE
MOJEJIN APXUTEKTYpPBbl, 3aT€M PacCMaTPUBAIOTCSI OCHOBHBIE IOJAXOAbI K IPOEKTUPOBAHUIO CUMYISITOPOB C
OMHApHOH TpaHCISLHUCH.

OTnenbHbIE JIEKIMU TOCBSIIEHBI paccMOTpeHHo cymiecTByomux moneneid (QEMU, BOCHS), a Takxke
MOJEIIMPOBAaHUIO APXUTEKTYpbl Ha ypOBHE mojib3oBaTenbckux nporpamm (Valgrind, DynamoRIO).
[IpakTuueckue 3aa4u BEIMOIHIIOTCS Ha mpuMepe apxutektypsl RISC-V.

JlJisl yCHenmHoro OCBOCHHUSI Kypca CIyIareilro HeoOXOAUMO BIAJIETh s3bIkoM acceMOiniepa u SAABY Cu/Cu++,
YMETh IPUMEHSTH OCHOBHBIC aJITOPHUTMBI, 3HATh OCHOBBI apXUTEKTYPBl I MUKPOAPXUTEKTYpbl DBM.

1. leau u 3apauu

eap AUCUMNIMHBI
- TIPEACTaBJICHUE TEOPETUYECKUX MPUHIMIIOB U MPAKTUYECKUX MOAXOJ0B pa3pabOTKH MPOTrpPaMMHBIX
Mozeseit mozenelt apxuTekTypsl OBM, a Takke mpakTH4ecKOro MPUMEHEHHS TaHHBIX MOJIEEH.

3agaun AUCHMIIHHBI
3agayaMu AMCLUILIIMHEL SBIsieTcss (JOPMHUPOBAHME 3HAHMM M NMPOEKTHBIX HABBIKOB B MOJEINPOBAHUS
APXUTEKTYPBl U MUKPOApXHUTEKTYpsl DBM.

3HaHuA MOJIy4aCMbIC CIIYIIAaTCIIsIMU Kypca:

- IIpobiaemMbl MPOEKTUPOBAHHMS HOBBIX APXUTEKTYP W MHKPOAPXUTEKTYp, pEIIaeMble C MOMOILBIO
MOZEIMPOBAHNS Ha YPOBHE apXUTEKTYPbI/MUKPOAPXUTEKTYPBI

- Cyl1ecTByOILIME IPOrpaMMHbIE MOAEIH U UX Pa3Iuius B CKOPOCTH U TOUHOCTH MOJEIINPOBAHMUSL.

- OCHOBHBIE aJITOPUTMBI U [IOJXOABI UCIIOJIb3yEMbIE B COBPEMEHHBIX CUMYJIATOPAX apXUTEKTypsl DBM
[IpoexTHbIe HaBBIKK NIOTyYaeMble CIIyLIATENIMU Kypca:

- [IporpammHoIif peanuzanuu Mozaenei apxuTekTypsl 9BM

- [IporpammHOIf peanu3aui CUCTEM KOCUMYJISINH apXUTeKTypsl OBM

- OnTuMH3aIy MPOrpaMMHBIX MOZeNel apXuTekTypsl DBM

- [IpuMenenust mporpaMMHBIX MOJIEEH TSl MOAETUPOBAaHUS apXUTeKTypbl DBM

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHUS KOMIIETEHIINH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3TaIlbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYET U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan

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

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

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSL BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491




OIIK-1 Criocoben npuMeHSITh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOuUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLCHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJUJIKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMaun

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTh UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIIICHHS UCTIONB3YEMbIX TIOHITUH U MOJesIei

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaTh:

- pa3paboTKH, TECTUPOBAHUS, BepUPHUKaLNY anmaparHoro odecnedernns IBM u uccnenoBanus paboThl

OBM;

- OCHOBHBIC ITOHATHUSA U KﬂaCCI/I(bI/IKaI_II/IOHHBIG MMPpU3HAKH, UCIIOJIB3YCMBIC B Hay‘-IHOfI n HpOMBILHHeHHOﬁ
cpeac A ONHMCaHuA MPOUECCOB CUMYISINU, SMYIIALIUH, MOACIUPOBAHHSA, NMOHHMMATb CXOACTBA U

pasiiniusa MCXK1y HUMHU,

- oOIIMiA IIMKJI CO3/]aHHs HOBOM amlmapaTHOW CHCTEMBI M BOBJICYEHHOCTh CHMYJISIIIMHA HAa BCEX CTAJIUAX

OTOTIO IIponecca,

- pa3nmuuusi B TOAXOAax CO3/JaHUS MOJEICH TPOIECCOpPOB | MepU(EpHHBIX YCTPOMCTB,
(YHKIMOHATBHBIX U TIOTAKTOBBIX MOZAETICH;
- 3a7a4d 00ecHedeHus BBICOKOW IPOM3BOAMTEIBHOCTH W KOPPEKTHOCTH pEaTM3alUM MOJeNei

YCTPOMCTB.

YMETb:

- IIOJIb30BATbCA CBOHMMHU

SHAHUSAMU Jid PCHICHUA  HNPHUKIIAJHBIX,

TCXHOJOTHMYCCKUX 3aJa4

[IPOEKTUPOBAHMS U pealu3aliy IporpaMMHBIX MOZETIeH;

- I[pUHUMAThL TMPAaBUIBHBIC PCHICHUA O CTPYKTYypC

peaHa3Ha4YCHUs,

co3JaBacMOM MOJCIH, HCXoasd u3 e€

- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHIM B M3y4aeMbIX MpoOIeMax;

- paborarh C JOKyMEHTAllMed K amnmapaTHbIM CpEICTBaM, YMEThb H3BICKaTh W3 He€ MHGPOpMAIMIO,
peJieBaHTHYIO Tpo0ieMaM MOJIEIMPOBaHUS;

- OCBaMBaTh HOBBIC NIPEMETHBIC 00IACTH, TEOPETUUECKUE MTOIXO/BI U SKCIIEPUMEHTAIbHbIE METOUKH;
- paboTaTh Ha COBPEMEHHOM OOOPYIOBaHWH C HCIOJIB30BAHHEM COBPEMEHHBIX HHCTPYMEHTOB W

TEXHOJIOTUI IPOrpaMMHUPOBAHHUS.

BJIAJIETh:

- HaBbIKAMH OCBOEHUS 00pII0OT0 00BbeMa HHPOPMALINY;

- HaBBIKAMM CaMOCTOSITEIbHON paboThl M MCHOIb30BaHUs HH(popMary u3 6a3 3HaHuil B VIHTEpHET;
- KYJBTYpO# MOCTAHOBKHU M MIPOEKTUPOBAHMS 33]1a4 110 pa3paboTKe NpOrpaMMHOTO 00ecIeueHHUs;

- HaBbIKAMH UCIIOJIb30BAHUE COBPEMEHHBIX HHCTPYMEHTOB IIPOIpaMMHUPOBaHUSI.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJCHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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




TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

MonenupoBanre Kak 007acTh 3HAHUM.
1 Hasnauenmue u BO3MOKHOCTH 1 1 1
MIPOTPAMMHBIX MOJIEIIEH

2 WuTepnperupyroime Moaenu 2 2 2

3 Onrtumuzanus UHTEPIPETUPYIOILUX 3 3 3
Mozenen

4 MopenupoBaHue IOJHOW CHUCTEMBI U 1 1 1
10JIb30BATEJILCKOTO YPOBHS

5 Kocumymsimus mogeneit 1 1 1

6 Mogenn ¢ JUHaAMHYECKOH OWHapHOU 1 1 1
TpaHCISIIUeEN

7 Bepudukauus nporpaMMHBIX Mozeneit 1 1 1

WHAMHYEeCKast BOMYHAs

] il A o) 2 2
HUHCTPYMEHTALUs

9 NsyueHue CYILIECTBYIOLIUX ) ’ )
MPOrpaMMHBIX Mozeneit

10 Monenu npou3BOAUTEIBHOCTH 1 1 1

Hroro yacos 15 15 15

Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 45 vac., 1 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)
1. MonenupoBanue Kak obiactb 3HaHUH. Ha3zHadeHne 1 BOZMOXXHOCTH NPOTPAMMHBIX MOJEIEH

[lonsarus monenu u MoaenupoBanus. Haznauenue u poib MOIenupoBaHusl B Ipoliecce pa3paboTKu U
BBIITyCKa NPOrpaMMHO-aNMapaTHeIX mwiar¢opM. Bupryanuszanus, cuMymmsmus, SMymsaLus: CXOACTBA U
pasimuuusi. O630p MOAXOIOB K MOIEIMPOBAaHUIO M Kiaccudukauus mozeneil. [Ipobnema ckopoctu
MOJEJINPOBAHMUS.

2. NHTepnperupytolye Moaenu

DyeMeHThl COCTOSIHUS Bbraucautens. Pusndeckas namsate. OCHOBHOM LUK paboThI mporueccopa ¢
noodyepeansiM ucnonHeHneM HHCTpykuui: IF-DE-EX-ME-WB. ba3oBslii npuHIUI MOCTPOEHHA
Mozenu mnpoueccopa. KoaupoBanue u JexoaupoBaHue HHCTpYKUMH. CTpyKTypa IpencTaBiICHUS
JNEKOAVPOBAHHOW MHCTPYKIIMH U €€ ONTUMHU3ALIAS.

3. OnTuMu3anusi KHTEPIPETUPYIOLINX MOAETICH

KsmmpoBanue pe3yabTaToB AEKOAMPOBAHUS, MOCTPOEHHE JIMHEHHBIX YyYacTKOB, IIUTHIM KOA M €ro
peanusauuss Ha Cu/Cut+. CpsasbiBaHMe JIMHEHHBIX YydacTkoB, I[Iporpammuoe TLB. IIpobiema
caMOMOAN(HUIIMPYIOMIETOCs KOo/Ia

4. MopenupoBaHue MOJIHOM CUCTEMBI U II0JIb30BATENILCKOIO YPOBHS



[MnanumpoBumk cobbituii. @®opmar ELF. Mogens mnaMard MONB30BATENbCKOW POTPAMMEL.
MopaenupoBanue pabOTbl CHCTEMHBIX BBI30BOB. J{nHaAMHUYECKasi IMHKOBKA MPUIOKEHUH.

MopaenupoBanue paboTsl nepupepuitHBIX yCTPOUCTB. Peanu3amust KapTel maMsaTu

5. Kocumynsimus Mmonenei

I'mOpunHas Kocumynsnus Mojeliei pa3HbIX ypoBHeW abctpakmuu. TpaccupoBka ucnoiHenus [10.
CpaBHHTENbHAS KOCHUMYJSLIMS HECKOJNBKUX MOZENECH pPa3IMYHbIX M OAMHAKOBBIX YPOBHEH
abcTpakiuH.

6. Monenu ¢ TuHAMHYECKOW OMHAPHOM TpaHCIsIen

[lepexoMnunsanus IporpaMMbl U3 MAIIMHHOIO SI3bIKa FOCTEBOM apXUTEKTypbl B MALUUHHBIN S3BIK
XO34MCKON apXUTEeKTypsl. lIpenMyiiecTBa U HEAOCTATKH JBOMYHOM TPAHCISIIMM B CPaBHEHUU C
uHTEpIperaropoM. TpaHcIsuus Tpacc M TpaHCHAus 0a3oBbIX O0koB. IllaGmonHas TpaHCIALMSL.
I'enepauns u npumMeHeHue madbIOHOB. YPOBHH ONTUMHU3ALMH (TIEpEaadn).

7. Bepudukanus nporpaMMHBIX MOAETIEH

OcCHOBHBIE TIOAXO/IbI TECTUPOBAHUS W BepH(PHUKAIINU MPOrpaMMHBIX Mojesel. CpaBHEHHE TIOAX0/I0B
BepU(UKAUA C CAMOIMPOBEPSIONIMMHA TECTAMH W TECTaMU JJII CPAaBHUTEIBHON KOCHMYIISIIUU.
Pydnas pa3paboTka TECTOB U reHepaTophbl TECTOB.

8. luHamMmuueckast TBOMYHAS HHCTPYMEHTAIUS

Oo6mme npuniunbel noctpoeHus cpeacts DBI/DBA na npumepe Valgrind, DynamoRIO. Ioaxons! ¢
MHCTPYMEHTALMEH MCXOAHOTO OWHApHOTO KOJa M IPOMEXKYTOYHOrO IpeicTaBieHues. M3ydenue
MPUMEPOB TUTATMHOB K JAHHBIM cucTeMaM. Pa3paborka tuiarmHa ais Valgrind g moncuéra
JMHAMHYECKHUX XapaKTePUCTHK UCTIOIHEHHS TIPOTPAMMBI.

9. N3ydeHune CylmecTByONIMX TPOrpaMMHBIX MOZIETEH

O030p CyIIECTBYIONIMX CHUMYIATOPOB W BuprtyanbHbiXx MammH: QEMU, BOCHS, VirtualPC.
CxozcTBa U pa3nuyusl.

10. Monenu npou3BOAUTEIHLHOCTH

[MorakroBbie Mozenu npolieccopa u IBM. Pazpaborka moneneii Ha SIBY. Ananutrueckue Moaenu
MIPOU3BOJUTEIIBHOCTH MPOLECCOPOB C MOCIEN0BATENBHBIM U BHEOUEPEAHBIM UCTIOJTHEHHEM KOMAH/I.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKIIFOYAsk IEMOHCTPAIIHIO
npesenrauuii. TpeOyercs yueOHast ayTuTOpHsi, OCHAILICHHAS MYJIBTHMEIUIHBIM 000pyI0BaHUEM
(mpoexTopoM) 1 y4eOHOH TOCKOH.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. JIoBug Xoppuc, Capa Xoppuc. [{udposas cxemorexHruka u apxutektypa kommsiotepa. JIMK Tlpecc.
ISBN 978-5-97060-450-2

2. Duapro TanenOayMm. Apxurektypa koMIbtotepa. // 5-e uza. CII6.: «ITutepy», 2006.

3. James E. Smith, Ravi Nair. Virtual Machines — Versatile Platforms for Systems and Processes.
Elseveir 2005. ISBN 978-1-55860-910-5.

JomnonHurensHas aureparypa

1. Binary translation / Richard L. Sites, Anton Chernoff, Matthew B. Kirk et al. / Communications of
the ACM Vol. 36, Ne 2. Pp. 69-81. 1993.

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

1. Bellard, Fabrice. QEMU, a fast and portable dynamic translator // FREENIX Track: 2005 USENIX
Annual Technical Conference. 2005. 2.
http://www.usenix.org/publications/library/proceedings/usenix05/tech/freenix/full_papers/bellard/bella
rd.pdf

3. Shwartsman S., Mihoka D. How Bochs Works Under the Hood. 2nd edition // Tex. ot4. 22 ctp.
2012.

4.
http://bochs.sourceforge.net/How%20the%20Bochs%20works%?20under?%20the%20hood%202nd%20
edition.pdf

5. The Sniper Multi-Core Simulator, https://snipersim.org//w/The_Sniper Multi-Core_Simulator

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

[Tocemnienue JIeKIMA U caMOCTOsTEbHAs padora ¢ aureparypoid. CaMocTosTenbHas paboTa BKIIOYACT
B ce0si: UTeHHe U KOHCIICKTHPOBAaHHE PEKOMEHOBAHHOW JIMTEPATyphl, IPOCMOTP HHTEPHET-PECYPCOB
M0 TeMaTuKe Kypca, MOAroTOBKY K auddepeHnnpoBaHHOMY 3a4eTy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYJIBHBIX CHCTEMAX

yTpaBiIeHUs
Kypc: 4
KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTaunu: 7 (oceHHuil) - JuddepenuupoBannslii 3a4et

Pa3zpatGoTunk: N.B. IleTymkoB, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

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
3a1auu

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

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 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

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

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-4 CriocoOeH oCymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

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

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/I0B

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3yueHus AUCHMIUIAHBI « CHMYISAIHS KOMIIBIOTEPHBIX apXUTEKTYP» 00YyHaIOIIMIACS OIKEH:

3HATb:

- pa3paboTKH, TECTUPOBAHUS, BEpUPHUKAIMY anaparHoro odecniedernns DBM u uccnenoBanus paboThl
OBM,;

- OCHOBHBIE MOHATHA U KJIacCU(HUKALMOHHBIC PU3HAKH, UCIIOJIb3yeMble B HAyYHON M MPOMBIIIICHHON
cpene A ONMUCAHUS TPOLECCOB CUMYJISIUHU, SMYISIUH, MOACIHPOBAHMS, MOHHMATh CXOACTBA H
pas3nuyuus MeXy HUMU;

- OO IMKJT CO3/IaHMsI HOBOM amlllapaTHOM CHCTEMBI U BOBICUEHHOCTh CUMYIISIIMH Ha BCEX CTaIHIX
3TOTO MPOLECcCa;

- paznmuMs B TOAXONAX CO3/aHUsl MOJENEH MpoIeccopoB M NEepU(EpPHUHBIX  YCTPOWCTB,
(YHKIIMOHATIBHBIX M OTAKTOBBIX MOJIENIEH;

- 3ama4n 00ECHEeYCHUS BBICOKOW MPOHM3BOAUTEIBHOCTH W KOPPEKTHOCTH pEaTH3alUul MOJIEIeH
YCTPOMCTB.

yMeTh:



- TOJNb30BaTbCsl CBOMMH 3HAaHUSMH ISl PEIICHHs HPUKIAAHBIX, TEXHOJIOIMYECKUX 3aaad
[IPOEKTUPOBAHMS U pealu3aliy IporpaMMHBIX MOAEIeH;

- T[pPUHUMATh TPABHUJIBHBIE PEIIEHHS O CTPYKType CO3[1aBa€MOM MOJENH, HUCXOoAd U3 eé
[IpeJHa3HAYCHUS;

- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHSIM B U3y4aeMbIX MpodIeMax;

- paborarh C JOKyMEHTAllMed K amnmapaTHbIM CpEICTBaM, YMEThb H3BICKaTh W3 He€ MHGPOpMAIMIO,
peJieBaHTHYIO Tpo0ieMaM MOJIEIHPOBaHUS;

- OCBanBaTh HOBBIC NIPEMETHBIC 00IACTH, TEOPETUUECKUE TTOIXO/BI U SKCIIEPUMEHTAIbHbIE METOUKH;
- paboTaTh Ha COBPEMEHHOM OOOPYIOBaHMH C HCIIOJIb30BAHHEM COBPEMEHHBIX HHCTPYMEHTOB W
TEXHOJIOTUI IPOrpaMMHUPOBAHHUS.

BJIaJeTh:
- HaBbIKAMH OCBOEHUS 00JpIIOT0 00BbeMa HHPOPMALINY;
- HaBBIKAMM CaMOCTOSITEIbHON paboThl M MCHOIb30BaHUs HH(popMaly u3 6a3 3HaHui B VIHTEpHET;
- KYJABTYpO# MOCTAHOBKHU M MIPOEKTUPOBAHMS 3a]1a4 110 pa3paboTKe NporpaMMHOTO 00ecreueHus;
- HaBbIKAMH UCIIOJIb30BAHUE COBPEMEHHBIX HHCTPYMEHTOB IIPOIpaMMHUPOBaHUSI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

[lepeuens 3amanuii 1715 CaMOCTOSTEIILHON paOOTHI:

1. @®yHKuMOHaNbHAs MOHENb KoMIbloTepa ¢ apxurekrypoir RISC-V ¢ nHabopom TecToB Ha
COOTBETCTBUE APXUTEKTYPHOH TOKYMEHTALIUY.

2. OyHKIMOHANIbHAS MOAENbh Kommbiorepa ¢ apxuTekTypoil RISC-V ¢ OunapHON TpaHcmsauued u
Ha0OpOM TECTOB HAa COOTBETCTBHE APXUTEKTYPHOM NOKyMEHTALMH YpPOBHS IOJIB30BaTelNs (KypcoBas
paboTa MOBBIIIEHHOW CIOKHOCTH).

3. Ilpocreiimas morakroBas Mozens koHBeiiepa RISC-V na SABY ¢ HaGopoMm TecTOB Ha COOTBETCTBHE
ApXUTEKTYpHOU JOKYMEHTAIUH.

4. T'eneparop RISC-momoOHOM cucTeMBl KOMaHJ] (PMKCHPOBAaHHOW JJTMHBI C HaOOpOM TpeOOBaHM B
MAaIIMHHO-YUTAaeMOM (hopmaTe.

5. I'enepatop tectoB misa apxurektypbl RISC-V ¢ ucnonp3oBannem

3a KaXa0¢€ 3aIJaHUC CTYACHT MOJIYy4acT OLCHKY B COOTBCTCTBHUU C Ta6J'IPII.ICI>i KpUTCpUA OLICHHUBAHUS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITepeueHb KOHTPOIBHBIX BOMPOCOB IS cliauk AU depeHIMpOBaHHOTO 3a4eTa:

1. ®yHKIMOHANBHBIE MOJENU: Ha3HaYeHHe, oOIIMe CBOWCTBA, CKOPOCTh pabOThl, OrpaHUYCHHS B
TOYHOCTH.

2. IlorakToBble MOZIENH: HA3HAYCHHE, OOIIKE CBOMCTBA, CKOPOCTh pabOTHI, OTPAaHUYEHHS B TOYHOCTH.

3. IlpuunHbl co3gaHMA TUOPUAHBIX CHCTEM KOCHUMYJSLHMHA. BO3MOXXHOCTH MHTErpanyy MOTaKTOBOU
MOZEIH B (PyHKIIMOHAIBHYIO.

4. CumynsaTopbl ypoBHS NpwiokeHHs. OTIWUMsS OT MONMHOIUIATQOPMEHHBIX MoOIeleld. YpPOBEHb
MOJEJIMPOBaHUsI CUCTEMHBIX BBI30BOB ONEPALMOHHON cucTeMbl. CXOACTBA U pa3iMyus ¢ CUCTEMaMU
TUHAMUAYECKON OMHApHOW MHCTPYMEHTALINH.

5. CpaBHeHue Mojeneil, OCHOBaHHBIX Ha WHTEPIPETALMH M HA JBOMYHOM TPAHCISILHUU: CIOKHOCTD
peanu3annu, CKOpoCTb paboThl, CLIEHAPUH, IPU KOTOPBIX HHTEPIIPETALHS BHITOJHEE TPAHCIISLIUY.

6. I1laGnonHast TpaHCIALMS KOAA KaK Pa3HOBUIHOCTh OMHAPHOW TPAHCIAILMU. YCIOBHS HNPUMEHEHHS.
CpaBHEHHE C ONTUMU3HPYIOLICH OMHAPHON TPAaHCISLUEH U MHTEPIPETaTOpaMH.

7. COOTHOLICHHUSI CKOPOCTEH pabOThl pealIbHBIX U BUPTYaJIbHBIX CUCTEM.

8. KBoTa ncnosHeHus B MHOTOITPOIIECCOPHBIX MOAEAX. ONacHOCTH MPH U3JIHIIHE OOJIBIIOM 3HAYCHUU
KBOTBHI. JleTepMEHHpPOBaHHOE  MOJEIUPOBAHUE MHOTONPOLECCOPHBIX  CcUCTEM. MCTOUHMKH
HeJleTepMUHHU3MA NIPH paboTe NapauIeIbHBIX CUMYISTOPOB.



9. CpenctBa TUHAMUYECKOW JBOMYHOM HHCTpyMEHTauuu mporpaMm. Ilomxomel ¢ mHCTpyMeHTanuein
OMHApHOTO KOJa U MPOMEKYTOYHOTO MPEICTABICHUS U UX CPaBHEHUE.

10. OnTuMu3anyss MOJIETMPOBAHUS UCIIOMHEHUS KOJla B MHTeprpeTaTopax. KemmupoBanue pe3yasratoB
JIEKOIMPOBAHMsI, UCIIOJTHEHUE JTMHEWHBIX yYACTKOB, CBSI3bIBAHME JTMHEHHBIX ydyacTkoB. LIIUTHIA Kox u
0COOCHHOCTH €T0 peayn3aiuy Ha sizbike Cut++.

11. Tpancnsauus BUPTyaldbHBIX aapecoB B (u3mdeckne ONTHUMU3AIMA MOAEIMPOBAHUS IOICHCTEMbI
namsatu. Kemmposanue B TLB.

12. Ananutudeckue MOACIIN MPOU3BOAUTCIBHOCTU IIpoHeccopa € BHCOYCPCAHBIM HCIIOJIHCHUCM
KOMaH/.

[Tpumepsl 6useToB K MU GEpPeHITUPOBAHHOMY 3aUeTy:
buner Nel

1. ®yHKIMOHANBHBIE MOJENU: Ha3Ha4YeHHe, oOIIMe CBOWCTBA, CKOPOCTh pabOThl, OrpaHUYEHHS B
TOYHOCTH.

2. AHaIuTUYECKUC MOACIN MPOU3BOAUTCIBHOCTU IIpoHeccopa € BHCOYCPCAHBIM HCIIOJIHCHUCM
KOMaH/.

Buer Ne 2
1. [ToTakToBBIE MOJIENIN: HA3HAYCHHE, OOIIINE CBOHCTBA, CKOPOCTh pabOTHI, OTPAHUYCHHS B TOYHOCTH

2. TpaHcnsiuusi BUPTYalbHBIX aApecoB B (u3ndeckre ONTHMHU3AIMS MOJIEIHUPOBAHUS IMOACHUCTEMBI
namsatu. Kemmposanue B TLB.

Kputepun onennBanus

Onenka otmnano (10) BbICTaBIsieTCsS CTYACHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3UPOBaHHbIC,
nryOokue 3HaHMS y4eOHOM MporpaMMbl JUCHUIUTUHBI, MPOSIBISIONIEMY HHTEpEC K IaHHOM NMpeaMeTHOH
00JIaCTH, IPOJIEMOHCTPHUPOBABLIEMY YMEHHE YBEPEHHO M TBOPUYECKU NPUMEHSITHh WX HA MPAKTHKE MPH
pelLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBIIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.

Onenka omM4HO (9) BBICTABISETCS CTYIACHTY, MMOKa3aBLIEMy BCECTOPOHHHUE, CUCTEMAaTH3HPOBAaHHbIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U NMPaBUIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.

Ouenka OTIIMYHO (8) BBICTABISAETCS CTYACHTY, [IOKa3aBIIEMy CHCTEMAaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOH MpOorpaMMbl AMCHUUIUIMHBI M YMEHUE YBEPEHHO NPUMEHSTh MX Ha MPAKTUKE NPHU PEIICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHNUH, C HEKOTOPBIMU HEJ0UeTaMu.

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

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

OHGHKa XOpouIo (5) BBICTABJIACTCA CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO U II0
CyHIE€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA MMPAKTHUKE, HO OJOITYCKACcT B OTBETEC
HJIN B PCIICHHHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEM.

OneHka yIOBIETBOPUTEIbHO (4) BBICTABISICTCS  CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKON MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

OmueHka yIOBIETBOPHUTENbHO (3) BBICTABISICTCS  CTYACHTY, IOKaszaBIIieMy (parMeHTapHbIi,
pPa3po3HEHHBIH XapakTep 3HAHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JiejaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OreHka HEYJOBJICTBOPHUTENIHLHO (2) BBICTABISCTCS CTYICHTY, KOTOPBIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COZEp)KaHUsl Y4YeOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THIIOBBIX 33]1a4.



OueHka HeyaOBIeTBOPUTENLHO (1) BBICTaBIsSETCA CTYAEHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

ITpu npoBexenun muddepeHInpoBaHHOrO 3aueTa oOydvaromemycs npenocrapisercs 20 MUHYT Ha
noAroToBKy. Onpoc o0yvarouierocst MpoBOAUTCS B TedeHrne 30 MUHYT.

Bo Bpemss mpoBenenus audQepeHIpOBaHHOTO 3adera OOydaloumMecs MOTYT —IOJIb30BaThCs
HPOrpaMMO¥ TUCIMIUINHEL



