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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: OCHOBEI MHUKPOAPXUTCKTYPbI KOMIIBFOTCPOB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb 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, (hopMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

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

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: N.B. IleTymkoB, acCCUCTEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl MUKPOIPOLIECCOPHBIX TEXHOIOTUN B HHTEJUIEKTYaIbHBIX CHCTEMaxX
ympasnenus 30.03.2023



AHHOTANMA

B kypce paccmarpuBalOTCs OCHOBHBIE COBPEMEHHBIE MOAXOABI K TPOEKTUPOBAHHIO LU(POBBIX
MOCJIEIOBAaTEIbHOCTHBIX MHUKPOCXeM M pa3pabOTKM pPa3IUYHBIX MPOCTBHIX THUIOBBIX MUKPOAPXHUTEKTYP
npoueccopoB Ha npumepe apxutekrypbl RISC-V. Kypc BepTHKaIbHO WHTETpHpPOBaH M BKIIOYAET TEMBI OT
pa3paboTKM MPOCTHIX JIOTHYECKHUX IEMEHTOB JI0 CI0KHO(YHKIMOHANBHBIX OJI0KOB. JIornyecku Kypc cCOCTOUT
U3 JIBYX 4acTel, mepBasi paccKa3blBaeT Mpo OOIIME MPUHLMIBI IPOESKTUPOBAHUS MHUKpocxeM. BTopas uacts
(dokycupyercsi Ha YaCTHOM ClIydae MUKPOCXEM — IPOLECccCopax M MOACUCTEMBI MaMsITH koMnbioTepa. Ocoboe
BHUMAaHHE YIENACTCS IMOMYyYEHHIO MPAKTUYECKUX HABBIKOB pa3pabOTKH, ONTHMHU3ALUHU, MOACITUPOBAHUSA H
BepU(HUKaLNH TPOCTHIX MUKPOIIPOIIECCOPOB.

OtnenbHbIC JEKIMU HOCBAIIEHBI M3Y4YEeHHUIO OyneBoi aireOpsl, si3plka Bepuiior, crnokXHO(YHKINOHAIBHBIX
6nokoB. [IpakTnyeckue 3a1auu BHIOIHIIOTCS HA MpuMepe apxutekTypsl RISC-V.

Jjis yCHemHoro OCBOGHUSI Kypca CIyIIareao HeoOXOAUMO BIAJeTh si3bIkoM acceMOnepa u SABY Cu/Cu++,
YMETb IPUMEHSTh OCHOBHBIE aJITOPUTMBI, 3HaTh OCHOBBI apXUTEKTYPbl U MUKPOAPXUTEKTYpbl DBM.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

- TPEICTaBICHHUE TEOPETHYECKMX INPHHIMIIOB M  INPAKTHYECKUX  IIOAXOIOB  pa3pabOTKH
MUKpoIponeccopos O9BM.

3agaum AUCUMIIUHBI
- 3HaHME apXUTEKTYPBl U MUKPOAPXUTEKTYPBI IIPOLIeCCOpa M UX B3aUMOCBS3H
- YMeHHE MPOEKTHPOBATh TUIIOBBIE MOJIENEN MTPOLIECCOPOB Ha sA3bIke Bepuiior

- bazoBble mnpuHIMIBI ONTUMM3ALKS MHUKpOcxeM (IUIOWaAb, CTOMMOCTh, 3HEPromnorpedieHue,
MIPOU3BOJUTENHHOCTH)

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

VYK-1.1 AnanusupyeT 3aaady, BRI 3Tallbl €€ PelIeHus,
JeMCTBUS 10 PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nHpOpMaIIHI0, HEOOXOMUMYIO JJIsl PEICHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSITh CUCTEMHBIN TOAXO ISl peLIeHUs
IOCTaBJIICHHBIX 3a7a4

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

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKICHHS U OLIEHKH

VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CnocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

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

npodeCcCHOHAIBHOMN I TeIBbHOCTH

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

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3aj1a4 MpodeCcCHOHANBHOM e TeIbHOCTH

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

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




[IK-4.1 3naer ynciieHHbIe MOPSIIKN BEITUYHH, XapaKTEPHBIX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh o o
JUI COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

NPUMCHUMOCTDB UCITIOJIB3YCMbBIX MCTOJAUK U

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

OTHOILLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

3. [lepevyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUINHE (MOYJII0)
B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINeCst JOJDKHBI
3HATh:
- OCHOBHBIE METO/IbI IIPOCKTUPOBAHHUS, IPUMEHSIEMBIE TIPH Pa3paboTKe CIOKHBIX MUKPOIIPOLIECCOPOB;
- OCHOBHBIC CJIIOKHO(DYHKHOHAIBHBIE OJIOKM IPUMEHSIEMbIE TIPU pa3padoTKe MHKPOCXEM.
YMETb:
- MozenupoBaTh paboTy MHUKpPOCXEM OINMCAHHBIX Ha sI3bIKe BepHior ¢ moMompio MporpamMMHBIX
CPEICTB MOJICTTMPOBAHHS;
- paborarh ¢ IOKyMECHTAIUEeH apXUTEKTypbl CUCTEMbl KOMaHJl, YMETh U3BJIEKaTh U3 He€ MHDOPMAIIUIO
HEOOXOAMMYIO ISl peasTu3allii MUKPOAPXHUTEKTYPhI POLIECCOPa;
- paspabarbiBaTh JW3aiiH ¥ pEaNM3alHI0 IPOCTHIX BHIOB MHKPOAPXUTEKTYp (OIHOTAKTHEIE,
MHOTOTaKTHbIE, KOHBEHEPHBIE C OCIIE0BATEIbHBIM HCIIOTHEHHEM) [UIS 3aIaHHOM apXUTEKTYPHI.
BIIAJICTh!
- IOHUMAaHUEM OCHOBHBIX IPHHIUIIOB (PyHKIIMOHUPOBAHUSI MUKPOCXEM U ITPOIIECCOPOB;
- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAIINY;
- HaBBIKAMH CaMOCTOSITEIbHOW pabOThl M HCIIOJIB30BaHUs HH(popMalu u3 0a3 3HaHui B VIHTEpHET;
- KYJIBTYPOi IOCTAaHOBKH U MIPOSKTUPOBAHMS 3a/]1a4 IPH Pa3padOTKE MUKPOCXEM.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
[Tpunnune! IIPOEKTUPOBAHUS
1 MUKPODJIEKTPOHUKH, JIOTHUYECKUE 2 2
3NIEMEHTBI, YHEPronoTpediIeHue
2 KomOuHamonHas j1oruka 1 1 2
3 CUHXpOHHBIE  MOCIIEAOBATEILHOCTHBIE ) 5 4
CXEMBbI
4 SA3bIk onricanus anmnaparypsl Bepusor 2 4 6
5 Hudpossie hyHKIMOHATLHBIE OJI0KH 2 2
6 Cucrema xomanz RISC-V 2 2
7 OnHoTtakTHas, MHOTOTaKTHast u 4 4 ]
KOHBelepHas MUKpoapxuTekTypsl LII1
8 IToncucreMa maMaTH 1 1 2
MukpoapxuTeKkTypa I c
9 BHEOUEPEIHBIM WCTIOTHEHUEM 1 1 2
WHCTPYKIMN
Nroro gacos 15 15 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)




Cemecrtp: 8 (Becennuit)
1. TIpyHIIUTIBI TPOSKTUPOBAHUS MUKPOICKTPOHUKH, IOTHYSCKHE 3JIEMEHTBI, SHEPronoTpeOieHue

OCHOBHBIE MPUHIMIIEI TPOSKTUPOBAHUS MHUKPOAJIEKTPOHUKH, IU(poBasi aOCTpakIys, JOrHYecKue
ypoBHH, Joruyeckue 31emenTsl Ha KMOII tpansucropax, snepronorpetienue KMOII-mukpocxem.

2. KomOuHannonnas JIoruka

ByneBbl BBIpaKCHUsI M UX ONTUMH3alMs, OyneBa aireOpa, MHOIOypOBHEBAs KOMOWHAI[MOHHAs
JIOTHKa, He3HAYallHe COCTOSIHUS M COCTOSIHUSI C BBICOKMM HMMIIEJAaHCOM, KapThl KapHO, OCHOBHBIC
KOMOHMHAIIMOHHBIE OJIOKH, BPEMEHHBIC XapaKTePUCTUKA KOMOMHAITMOHHBIX MHKPOCXEM.

3. CHHXpOHHBIE MOCIIEeN0BATEIbHOCTHBIE CXEMBI

321H.I€J'IKI/I U TPUITEPbI, MPOCKTUPOBAHHUEC CHUHXPOHHBIX JIOTUYCCKUX CXEM, KOHCUHBLIC aBTOMAThI,
CUHXPOHMU3aUA IMOCJICA0BATCIIbBHOCTHBIX CXCM, IMapalJICJIn3M

4. SI3pIk onMcaHMs anmaparypsl Beputor

Omnucanne KOMOMHAIIMOHHOW W IIOCIIEOBATEIBHOCTHOM, CTPYKTYpHOE MOJEIUPOBAHHE, ONUCAHUEC
KOHEYHBIX aBTOMAaTOB, MapaMETPH30BAHHBIC MOMYIH, BEpUPHKAIUSI MHUKPOCXEM H Ccpeaa
TECTUPOBAHHUS

5. lludpossie pyHKIIMOHATBHBIE OIIOKU

ApudmeTndeckue cxembl, JOIOTHUTEIBHBIN KOJI, II0CIEe0BATeIbHOCTHBIC (DYyHKI[MOHAIbHBIE OJIOKH,
MaTpHIBI TAMSATH U JIOTHYECKUX 3JIEMEHTOB

6. Cucrema xomang RISC-V

Beenenne B apxurektypy RISC-V u 6a3oByto cucremy komann RV32I. SI3eik accembiepa u
MammHHBIN 136K, CTpykTypa ELF-(daiina.

7. OgHOTaKTHas, MHOTOTAKTHAasA U KOHBelepHas MUKpoapxuTekTypsl LII1

AHanu3  mpou3BogUTENbHOCTH, OAHOTAaKTHBIA — mpoueccop, MHOTOTaKTHBIM — IpoILEeccop,
KOHBEHEpHBI IPOLECCOp C IOCIIENI0BATEIbHBIM HCIIOJIHEHHEM WHCTPYKLUH, 100aBIeHHE HOBBIX
CTaaui B KOHBEHEPHYIO MUKPOAPXUTEKTYPY, YIIyUlIEHHE MUKPOAPXUTEKTYPhI

8. IlogcucreMa namMsaTu

AHanmm3 TpoNu3BOAUTEIBFHOCTH CUCTEM MAaMATH, K3II-NIAMATh, BUPTyajabHas MaMATh U €€ pealn3anns
B RISC-V, orobpaxkenne paboThI C yCTpOCTBaAMU BBOAA-BBIBO/IA B TIAMSITb.

9. Muxkpoapxurexrypa LIII ¢ BHeouepe1HbIM HUCTIOTHEHHEM WHCTPYKIUN

Muxkpoapxutektypa LIl ¢ BHeoduepeaHBIM HCIOIHEHHEM HHCTPYKLUHH M OCHOBHBIE NPHYUHBI €€
nossiaeHus. [IpeumyiiecTBa U HEJOCTAaTKU. AHaJUTHUYECKas MOJENb IIPOU3BOAUTEIBHOCTH TaKOH
MHUKPOAPXUTEKTYpbl. ONTHMHU3ALIS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



Jlnst ipoBenieHus 3aHATHI TpeOyeTcs: yueOHas ayTuTOpusi, OCHAIIICHHAST MYJIbTUMEIMHHBIM
o0opynoBaareM (IIPOSKTOPOM).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. JIoBug Xoppuc, Capa Xoppuc. [ludposas cxemorexHruka u apxutektypa kommsiotepa. JIMK Tlpecc.
ISBN 978-5-97060-450-2
2. Duapro TanenO6ayMm. Apxurektypa komIbtotepa. // 5-e uza. CII6.: «ITutepy», 2006.

JomnonHurensHas aureparypa

1. xon JI. Xenneccu, [IpBun A. Ilarrepcon. KomnberotepHas apxutektypa. KonnuecTBeHHBIN MOAXOA.
M: Texnocdepa. ISBN: 978-5-94836-413-1

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

1. The Sniper Multi-Core Simulator, https://snipersim.org//w/The Sniper Multi-Core Simulator

2. The RISC-V Instruction Set Manual, Volume I: Unprivileged ISA.
https://riscv.org/technical/specifications/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

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

VYenemHoe ocBoeHHe Kypca TpeOyeT MmocenieHne JeKIUi 1 caMoCTosATeIbHas paboTa ¢ JIMTeparypoil.
CamocrosiTenpHas paboTa BKIIOYAeT B ce0s: YTEHHE M KOHCHEKTHPOBAHUE pPEKOMEHIOBAaHHOW
JUTEPATypBl, IPOCMOTP UHTEPHET-PECYPCOB 110 TEMATHKE Kypca, TIOATOTOBKY K 9K3aMEHY.



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, (hOpMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: N.B. IleTymkoB, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

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

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

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

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

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

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

(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

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

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

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

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

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTLI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIb30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

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

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

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

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

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

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

NPUMCHUMOCTDB UCITIOJIB3YCMBIX MCTOJAUK U

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

OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3zare/iM OLCHMBAHMS KOMIICTCHIMIA
B pesynbrare nzyueHus AUCHMIUIMHBI « OCHOBBI MUKPOAPXHUTEKTYPhl KOMITBIOTEPOBY» 00YUAIOLIHIACS TOTKEH:

3HATH:
- OCHOBHBIE METO/IbI IIPOCKTUPOBAHHS, IPUMEHSIEMBIE TIPH Pa3paboTKe CIIOKHBIX MUKPOIIPOLIECCOPOB;
- OCHOBHBIC CJIIOKHO(YHKHOHAIBHBIE OJIOKM IPUMEHSIEMbIEC TIPU pa3padoTKe MHKPOCXEM.
yMeThb:
- MoAeNMpoBaTh paboTy MHUKpPOCXEM OINMCAHHBIX Ha sI3bIKe BepHior ¢ moMompio MporpamMMHBIX
CPEICTB MOJICTTMPOBAHHS;
- paborarh ¢ TOKyMECHTAIUEeH apXUTEKTypbl CUCTEMbl KOMaHJl, YMETh U3BJIEKaTh U3 He€ MHDOPMAIIUIO
HEOOXOAMMYIO ISl peasTu3allii MUKPOAPXHUTEKTYPhI POLIECCOPa;
- paspabarbiBaTh JW3aiiH WM pEaM3alHI0 IPOCTHIX BHIOB MHKPOAPXUTEKTYp (OIHOTAKTHEIE,
MHOTOTaKTHbIE, KOHBEHEPHBIE C OCIIE0BATEIbHBIM HCIIOTHEHHEM) [UIS 3aIaHHOM apXUTEKTYPHI.
BJIA/IETh:
- NOHUMAaHUEM OCHOBHBIX IPHHIUIIOB (PyHKIIMOHUPOBAHMSI MUKPOCXEM U ITPOIIECCOPOB;
- HaBbIKAMH OCBOEHUS 00JBIIOT0 00beMa HHPOPMAITNY;
- HaBBIKAMH CaMOCTOSITEIbHOW pabOThl M HCIIOJIb30BaHUs HH(popMalu u3 0a3 3HaHui B VIHTEpHET;
- KYJIBTYPOi IOCTAaHOBKH U MIPOSKTUPOBAHMS 3a/]1a4 IPH Pa3padOTKE MUKPOCXEM.

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

C 1menplo KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.




4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. Ilpunoun  paboTel W BpEeMEHHBIE  XapakTepucTuku  D-tpurrepa.  CHHXpOHM3aUUA
[IOCJIEI0BATEIbHOCTHBIX CXEM.

2. OCHOBHBIE OAXOIbI ONTUMHU3ALMN KOMOMHAIMOHHOM JIOTUKH.

3. ludposas abcTpakums, JTOTU4ecKre ypoBHH, Jormueckue 31emeHTsl Ha KMOII Tpan3ucropax,
suepronorpedieane KMOII-mMukpocxem.

4. CpaBHEHHE OCHOBHBIX XapaKTEPUCTHK OJHOTAKTHOIO, MHOTOTAaKTHOTO M KOHBEHEpHOIro
IIPOLIECCOPOB.

5. MHororakTHeli npoueccop. IlocTpoenre onTUMaIBHOTO KOHEYHOTO aBTOMAaTa YIIPaBJICHHUS.

6. Kouseiiepusiii mponeccop. CXoAcTBa M pa3lIUyUs C OJHOTAKTHBIM IpolieccopoM. Monaenu
paspeleHns KOHQUIKTOB.

7. Muxkporponeccop ¢ BHEOYEPEAHBIM HCIOTHCHHEM KOMaHJ W €ro aHAJIUTHYECKas MOJIENb.
OnTuMu3anus.

8. AHa/n3 MPON3BOJUTEIBHOCTH CUCTEM MaMSATH, K3II-aMSTh.

9. Bupryansnas namsats B RISC-V.

10. udposbie QyHKIMOHAIBEHBIE OJOKH U MX OCHOBHBIC XapaKTEPUCTUKU
11. S3b1k accemOnepa n mamuHHBIH 361K RISC-V. Ctpykrypa ELF-daiina.

[TpumMeps! OMIETOB K SK3aMeHy
buner Nel

1. IlpuHimunm  pabGoTbl W BpPEMEHHBIE  XapakTepucTHku  D-tpurrepa.  CHHXpOHM3AIM
[TOCJIEI0BATEIbHOCTHBIX CXEM.

2. lludpossie PpyHKIIMOHAITBHBIE OJOKH U WX OCHOBHBIE XapaKTEPUCTUKU

Buiter Ne 2
1. OcHOBHBIEC TOAXOABI ONTHMHU3ALUN KOMOWHAIIMOHHOH JIOTHKH.
2. S3bik accemOnepa u MamuHHbIHA 361K RISC-V. Ctpykrypa ELF-daiina.

Kputepun onennBanus
Onenka otmuuno (10) BbICTaBIsieTCsS CTYACHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIC,
nryOokue 3HaHMs y4eOHOH MporpaMMbl JUCHUIUTUHBI, MPOSIBIISIONIEMY HHTEpEC K IaHHOM NMpeaMeTHOH
00JIaCTH, IPOJIEMOHCTPHUPOBABLIEMY YMEHHE YBEPEHHO M TBOPUECKHU NPUMEHSTHh WX Ha MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aja4, 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 MPAKTUKE
MIPH PELICHUH KOHKPETHBIX 3ajiad, CBOOOJHOE U NMPaBUIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.
OueHka OTIIMYHO (8) BBICTABISAETCS CTYACHTY, [IOKa3aBIIEMy CHCTEMaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOH MpOorpaMMbl AMCHUUIUIMHBI M YMEHUE YBEPEHHO NPUMEHSTh MX Ha MPAKTUKE NPHU PEIICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUH, C HEKOTOPBIMU HEZ0UeTaMu.
Onenka xopomo (7) BBICTaBISETCS CTYACHTY, €CIM OH TBEPIO 3HACT Marepual, T'PaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIJIBTATHI.
Omnenka xopomio (6) BBICTABISETCS CTYACHTY, €CIM OH TBEPIO 3HACT Marepual, TPaMOTHO W TIO0
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomo (5) BBICTABISAETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT MarepHuall, [paMOTHO U HO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NONTyUeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMyCKAaeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTATOYHO OOJIbIIOE KOJMUYECTBO HETOUHOCTEH.



OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemy omHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3lielaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEyJOBJIETBOPUTENILHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OojblIeld 4YacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka HeynoBIeTBOPUTEIbHO (1) BBICTABISETCS CTYHOCHTY, KOTOPBIH HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH IPOBOAMUTCS B YCTHOU (opMme.
[Ipu mpoBeaeHnN yCTHOTO 3K3aMeHa oOyuarouieMmycsi npeaocTasisiercsi 1 yac Ha moaroroky. Omnpoc
oOyuarorerocs o OnieTy Ha yCTHOM 9K3aMEHe He JI0JDKEH MPEBBIIIATh IBYX aCTPOHOMHUYECKUX YacoB.

Bo Bpems npoBeaeHuUs SK3aMeH 00y4daloIINecs: MOTYT IOJIb30BAaThCs MPOTPAaMMOi JUCIIUTIIHHEL.



