o AMCHUIIJIMHE:
0 HANIPaBJICHUIO:

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)
[IpoektupoBanne CBUC
Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

IIpO(l)I(IJIb MnoATrOTOBKMU: KOMHBIOTepHBIG TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA

KYpC:
KBaJIupuKAIMSL:

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MepcrneKTUBHBIX BEIYUCIUTEIBHBIX TEXHOIOTHIA
4

OaxanaBp

Cemectpbl, (hopMBI TPOMEKYTOUHON aTTECTALMH:

7 (oceHHui) - 3a4eT
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AHHOTANMA

Kypc nampaeneH Ha oOy4eHuE CTYIEHTOB OCHOBaM IPOEKTUPOBAHHS CBEPXOONBIINX HHTETPAIBHBIX CXEM
(CBUC). Kypc paznenen Ha aBe yacTu. B mepBoit wacTu Kypca CTYA€HTHI OCBAaMBAIOT MPHUHIIMITBI OTHCAHU
TUMOBBIX KOMOWHAIIMOHHBIX M IOCIEIOBATEIBHBIX LU(QPOBBIX YCTPOWCTB C IMOMOIIBIO SI3bIKA OMHCAHUS
anmaparypsl Verilog. Btopas yacTe Kypca 3HaKOMUT CTYACHTOB ¢ HauOojee MOMyJSPHBIMH NpPHEMaMH H
APXUTEKTYPHBIMU PELICHUSAMH, UCTIONb3yeMbIMH TIpu npoekTrupoBannn CBUC. PaccMmarpuBatoTcs pa3nudHbie
HAKpUCTAJUIbHBIE M Iepudepuiinpile uHTEepdeiicsl. M3yudaroTcs pacmMpeHHbIE BO3MOXKHOCTH — SI3bIKA
SystemVerilog. [lyns ycnemHoro OKOHYaHHMSA Kypca HEOOXOAWMO PELIMTH Pl MPAaKTHYECKUX 3a7ad H
peanu30BaTh 2 MPOBEPOYHBIX POEKTA.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

[To3HakOMHUTH CTYAEHTOB C OCHOBHBIMH NpuHIMNamu npoektupoBanus CBUC u moaroroButh ux K
MPaKTUIECKON AESITENTLHOCTH B NODKHOCTH RTL-paspaborunka.

3agauu AUCUMIIHHBI
- CdopmupoBaTh 3HaHUS O IPABUILHOM NMPUMEHEHUH s13bIK0B Verilog u SystemVerilog;
- chopmupoBarh 3HaHUS 0 npuHIMIAX npoektupoBanus CBUC.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK, VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HHpopManuy, |MHGOpMANNIO, HEOOXOAUMYIO ISl PELIeHUs MOCTAaBICHHON
MIPUMEHATh CHCTEMHBIHN MOAXOA [UISl pELIEHHsT  |3aadu

[IOCTABJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OITK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H BBIYHMCIIMTEIEHYI0O TEXHHKY M CEpBUCHI ceTH MHTepHET B
MPOrpaMMHBIE CPEJICTBA MPY PellicHUH 33ja4  |o0iactu (cdepe) npodeccHoHaNBHON NesITeThHOCTH

npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHu HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpauuecKoro
Hay4HbIC U (WJIN) TEXHUYECKUE Tpe/ICTaBICHHUS pe3yabTaToB Hay4YHOM
(TexHonornvyeckre, THHOBALIMOHHBIE) OTYETHl  |(HAYYHO-TEXHUYECKOW, WHHOBAIIMOHHON TEXHOJIOTUYECKOM)
(ryOrTIKanuy, TPOEKTHI) JEATSIILHOCTH B BUJIC OTYETOB, HAyYHBIX ITyOIMKAIHIA

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
uHpOpMaNNIo 00 aKTyalbHBIX Pe3yibTaTaX MCCIIEIOBAHUHN B
paMKax TemaTHdeckoi o0macTu cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOy4YaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW PadOTHI,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaINH

[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.2 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCIICZIOBAHMsI CaMOCTOSATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!

- OCHOBHBIE 3Tansl poekTupoBanus CbUC;
- cuHTaKcHC s3BIKOB Verilog u System Verilog:
- IOPSIZIOK MCTIOJTHEHUs BhIpaskeHHH 1 010k0B B Verilog/System Verilog;
- IPUHIIMITBI ONTUCAHUS KOMOMHAIIMOHHBIX U TIOCIIEI0BATEBHBIX YCTPOWUCTB!
- coco0BI peann3ay KOHEYHbIX aBTOMATOB;
- HanOoJ1ee TMOMyJsIpHbIE HAKPUCTAIUTBHBIC U TIepU(epHitHbIe HHTEP(EICHI;
- IpaBWJIa TIEPECEUEHNs TAKTOBBIX IOMEHOB;
- 0COOCHHOCTH MPOECKTUPOBAHMSI CUCTEM Ha KpHUCTaIE.
YMETh:
- peasinzoBbIBaTh Ha Verilog otnenbubie RTL-momyny;
- IPUMEHSATH HepapXxuueckuil moaxon K paspadborke RTL-moxynei;
- ucnoJb3oBath System Verilog mist mpoBepku RTL-monyreit.
BIIAJICTh!

- “HCTpyMeHTamu pa3padorunka CBUC.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Bgenenue B mpoextupoBanne CbUC 2 7
2 OcHoBHBIE KOHCTPYKIHH Verilog 2 2 8
3 Uepapxudeckuii moaxos K pazpadoTke 2 2 8
4 KoMOuHaImoHHbIe ycTpOHCTBA 2 2 8
5 [TocnenoBarensHbIE yCTPOICTBA 2 2 8
6 Koneunsle aBTOMATHI 2 2 8
7 YeTpoiicTBa XpaHeHHS TaHHBIX 2 2 8
3 [IpoBepounast pabora Nel. Pazpaborka 1 3 5
MHOTOKOMIIOHEHTHOT'O MOJTYJISI
9 BBenenne B npoekTHpOBaHUE CHCTEM Ha ) 7
KpHCTae
10 |HakpucramnbHble naTEphEnCH 2 2 8
11 [Mepudepuiinbie naTEphEhch 2 2 8
12 |Anroputw™m pabotsl u peanuszaius FIFO 2 2 8
13 |[lepeceuenune TaKTOBBIX IOMEHOB 2 2 8
14 |SystemVerilog Assertions 2 2 8
15 [IpoBepounast pabora No2. Pazpaborka 3 5 13
CHCTEMBI Ha KpUCTAJIIIE
Hroro yacos 30 30 120
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

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




Cemectp: 7 (OceHHwmii)
1. Beenenue B mpoektupoBanne CbUC

0630p mapupyta npoektupoBanusi CBUC. IloctanoBka 3amaun. PaspaboTrka apxutektypsl. S3bIku
ornucanus  anmaparypbl. CHHTE3 W Tomosiorusi. Bepudukanuss ©  IPOTOTUITUPOBAHHE.
[Iporpammupyemsle JIOTHUYECKUE HHTETPATIBHBIE CXEMBI.

2. OcHOBHBIE KOHCTpYKUUH Verilog

Cuntakcuc Verilog. Monymu u moptel. Tumbl ganHbiX. [loOuToBBIE Omeparopbl. HempepwiBHOE
npucBauBanue. brnoku initial u always. IlapannensHoe BoeinonHeHue 610koB. [IpoBepka mMomyneil ¢
nomoibio testbench.

3. Uepapxudeckuii MoAX0A K pa3paboTke
Uepapxudeckuii moaxos k pazpadorke. MHTerpanus moayneid. CriocoObl MOIKITIOUEHSI TOPTOB.
4. KoMOMHAIIMOHHBIE yCTPOUCTBA

Onucanne KOMOWHAIIMOHHBIX ycTpoWcTB Ha Verilog. MynbTHIIEKCOPHI. JleMyIBTUTUIIEKCOPHI.
Mudparopst. Jemmdparoper. CeMucerMeHTHBIN HHAUKATOP.

5. IlocnenoBarenpHbIe yCTPOHCTBA

Onucanue mocienoBaTelbHBIX YCTpoiicTB Ha Verilog. Tpurrepsl. TakToBblii curHail. AKTHBHBIH
ypoBeHb cOpoca. CABHTOBbIE perucTphbl. CYETUNKY.

6. Koneunrle aBTOMAaThI

[TpyuHIMIIBI TOCTPOEHHS KOHEUHBIX aBTOMaroB. ABTOMaTrhl Muimu u Mypa. CriocoObl KOTUpOBaHHS
coctosgHui. OnucaHue KOHEYHBIX aBTOMATOB Ha Verilog.

7. YcTpoiicTBa XpaHEHHsI JaHHBIX
Peructps! 1 namsats. Peructpossiii daiin. Maccussl B Verilog.
8. IIpoBepounas pabora Nel. Pa3zpaGoTka MHOTOKOMIIOHEHTHOTO MOJYJIS
Peanuzanus n TecTupoBaHNE MHOTOKOMIIOHEHTHOTO MOJTYJIS.
Cemectp: 8 (Becennuii)
9. BBeneHne B IPOEKTHPOBAHKUE CUCTEM Ha KPHUCTAJLIE

Hentpansubiii npoueccop. Ilepudepuiinbie yctpoiicta. Interconnect. AnpecHoe HpOCTPaHCTBO.
Cnoxno-pyHKIIMOHANBHEIE ONoku. MHppacTpyKkTypa pa3zpadoTku. Crictema KOHTPOJIS BEPCHIA.

10. HakpucramibHble nHTephench

Unrepdeticer cemerictBa AMBA. AXI. AXI-Lite. AXI-Stream. AHB. APB. Wurepdeticer B
SystemVerilog.

11. Ilepudepuiinsie uHTEPGEICH



Bricokockopoctabie  uHTepdeiickl. PCle. JESD204. Ethernet. IIpompuerapHble TPOTOKOIBL.
Huskockopoctasie npotokonsl. UART. SPI. TIC.

12. Anroputwm padotsl u peanuzanus FIFO

[punuun padotst FIFO. Cunxponnoe u acunxponnoe FIFO. Ocobennoctu peanuzanuu. Ouepean u
JTMHAMAYECKUE MacCUBBI B System Verilog.

13. IlepeceueHue TaKTOBBIX TOMEHOB

Bpemss ycraHoBkM u ynepkaHus. TakToBble JOMEHbl. ACHHXPOHHBIE TAaKTOBBIE CHUTHAJIBI.
MertactabunbHOCTh. CHHXPOHU3ATOPHL.

14. SystemVerilog Assertions

[Ipennaznayenue u crocoObl MpuMeHeHus assertions. Sequence. Property. Omneparops! B assertions.
Cover. Assume.

15. TIpoBepounast pabota Ne2. PazpaboTka cuCTeMbI Ha KpUCTaILIE
Pa3paboTka 1 TeCTUPOBAaHHE CUCTEMBI Ha KpUCTAJLIE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

Heo0xonnmoe 0b6opynoBaHue 1Jis IEKIUN: KOMIBIOTEP U MYJIBTUMEIUIHOE 000pyI0BaHuE (IIPOEKTOP).
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. [ludposas cxeMoTeXxHUKa U apxXuUTeKTypa kommbiotepa / [I. M. Xappuc, C. JI. Xappuc. — Mockga,
JMK IlIpecc, 2017.— URL.: https://e.lanbook.com/book/97336 (mara obpamenus: 30.12.2020). -
[Momusrit Texer (Pexum noctyna : u3 cetu MOTU / Ynanenusiit 1ocTym)
2. S3bik Verilog B npoekTupoBanuu BcrpanBaeMbix cucteM Ha FPGA / B. B. ConoBbseB. — M.: ['opsiuas
ymHus - Tenekom, 2023. — 440 c.: wi.
3. Verilog by example. A concise introduction for FPGA design / Blaine C. Redler

JomnonHutensHas auTeparypa

1. Digital Fundamentals / Thomas L. Floyd

2. SystemVerilog for design. A Guide to using SystemVerilog for hardware design and modeling / S.
Sutherland, S. Davidmann, P. Flake.

3. Jloruveckoe mpoekTupoBaHue U Bepudukams cuctem Ha System Verilog / JI. Tomac. — M.: JIMK
IIpecc, 2019. — 384 c.: uin.

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

https://nandland.com/

https://www.chipverify.com/

https://chipdev.io/

https://edaplayground.com/

http://lib.mipt.ru/ — anekrponHas 6nbmmorexa dusrexa

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



Vivado IDE, Microsoft Powerpoint
9. MeTonnueckue yKa3anus /s 00y4al0IUXCs 10 0CBOSHHIO TUCHMILTHHBI (MOYJIsT)

B Xome IEKIMOHHBIX 3aHATHH CTYICHTY PEKOMEHAYETCS BECTH KOHCIEKTUPOBAHHE Yy4eOHOro
Marepualia, 3a/aBaTh MPENOAaBaTENI0 YTOUHSIONIME BOIPOCH C IIETbI0 YSCHEHHSI TEOPETUYCCKHX
MIOJIOKEHNH, pa3pelleHnsl CHOPHBIX cuTyauuii. Pexomenmyercst oOpaiiaTh BHUMaHHE Ha NPUYHHBL,
NpUBEIINE K N300PETCHUIO PACCMaTPUBAEMBIX METOJIOB M MOAXOJIOB, UX CHIIBHBIE M CI1a0ble CTOPOHHI,
T'PaHHUIIBI UX 001aCTH IPUMEHEHHS.
CBOeBpeMEHHOE M KaueCTBEHHOE BBINOJHEHUE CAMOCTOATENILHON PabOThl CIOCOOCTBYET yCHEIIHOMY
OCBOCHUIO CONIEPKAHUS TUCLIUILTIHBI, KOTOpasi BKJIIOYAET B ceOsl:
npopaboOTKy JIEKIUH C HMCIOJIb30BAaHHEM KOHCIEKTa W JIMTEPaTypold, PEKOMEHIYyEeMBIX TaHHOU

[IPOTrPaMMON;

pelIeHue 3a4a4 Ha IPAKTUYECKOe IPUMEHEHNE TEOPETUUECKOT0 MaTepuaa;

MOAITOTOBKY K 3a4€Ty ¥ qU(PEpEeHIIIPOBAHHOMY 3a4ETYy.
Takke CTYIEHT MOXET JONOJHHUTh CIIMCOK JIUTEPAaTypbl COBPEMEHHBIMH HMCTOYHHKAMHU, HE
MPE/ICTaBICHHBIMU B CIICKE PEKOMEHI0BAHHOMU JINTEPATYPHI.
PyKOBOJICTBO M KOHTPOJIb 32 YPOBHEM INPOPAOOTKH CTYAEHTOM HPOCIYLIAHHBIX JIEKLIUH MPOBOAUTCS
NpernojiaBaTelieM Ha JIGKIUOHHBIX 3aHATHUSAX W MHIMBHIYAJIBHBIX KOHCYJIBTAIMSX, B TOM YHCIE MPU
aHaJM3€ PeLIeHus 3a1a4 U1 CaMOCTOATEIbHOM MOJrOTOBKH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa mepcrneKTUBHBIX BEIYUCIUTEIBHBIX TEXHOIOTHIA

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
7 (oceHHui) - 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

Pa3paborunk: IL.1. KprokoB, npenogaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

VYK-1.2 HaxomuT, KpUTHUYECKH aHAIM3HPYET U BbIOMUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHONW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINi

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAENM Ul OIHUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAUECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3nHaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare n3ydenus auciuiuinabl «IIpoekrupoBanre CBUCy oOyvaromuiics: TomKeH:

3HATb:

- OCHOBHBIE 3Tansbl poekTupoBanus CbUC;

- cuHTaKcHC s3BIKOB Verilog u System Verilog:

- IOPSIZIOK MCTIIOJTHEHUs BBIpaskeHH 1 0110k0B B Verilog/System Verilog;

- IPUHIIMITBI ONTUCAHUS] KOMOMHAIIMOHHBIX U TIOCIIE0BATEBHBIX YCTPOWUCTB!
- coco0BI peann3ayi KOHEYHbIX aBTOMATOB;

- HanOoJ1ee MOMyJsIpHbIE HAKPUCTAIUTBHBIC U TIepU(epHitHbIe HHTEP(EICHI;
- IpaBWJIa TIEPECEUEHNs TAKTOBBIX IOMEHOB;

- 0COOCHHOCTH POCKTUPOBAHUS CUCTEM Ha KPUCTAJLIE.

yMeTh:

- peasinzoBbIBaTh Ha Verilog otnenbubie RTL-momyny;
- IPUMEHSATH HepapXxuueckuil moaxoxn K paspadborke RTL-moxynei;
- ucnoJb3oBath System Verilog mist mpoBepku RTL-monyrei.

BJIaJIeTh:
- “HCTpyMeHTamu pa3padorunka CBUC.




3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

C menbl0 KOHTPOJIS OCBOGHHS OOy4aroUIMMHUCS y4eOHOro Marepuana IPOBOASTCS NHChbMEHHBIE
JIOMalIHUE 3aJaHMsI 110 KaXIOMY U3 pa3esioB Kypca.

HpI/IMepHBIe TCMbI TPOBCPOYHBIX IMTPOCKTOB!

1. Hamucare pexypcuBnyto ¢ynkumuio Ha RISC-V accembnepe, xoropas, Hampumep, BBIYUCISET
BBIpa)XKEHHUE, 3aMMCaHHOE B 00OPaTHOH MOJIbCKOW 3aITiCh.

2. CpaBHUTb MOJENM TIPEACKa3aTeNsl MEepexXOl0B B CHUMYIATOpPE Ha pas3HbIX acceMONepHBIX
mporpammax.

3. HccnenoBarh CBOMCTBA K3IIEH HA CBOEM KOMITBIOTEPE C MOMOIIbIO C++ IporpaMmel.

4. CpaBHHTH TPOU3BOIUTEIHHOCTh PA3HBIX CIIOCOOOB BHEOYEPETHOTO HCIONHEHUS KOMaHI C
MOMOIILI0 MEXaHUCTUYECKON MOIEITH

3a Kax10€e 3a/1aHue CTY/ICHT MOJTy4aeT OI[CHKY B COOTBETCTBHH C TaONHUIIEH KpUTEPHUS OLICHUBAHHUS.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB IAJId CAa4YX 3a4€Ta B OCCHHCM CCMCCTPEC:

. O630p mapupyta npoexktupoBanust CBUC. [ToctanoBka 3aga4m.

. Cunrakcuc Verilog. Monynu u noptsl. Tunsl gannsix. [IoOUTOBBIE ONIEpaTOpHI.

. OcHoBHbIe kKoHCTpYKIUH Verilog. bioku initial u always. [lapannensHoe BbIoHEHHE OIOKOB.

. Uepapxuueckuii noaxox K paszpadorke. Unterpauns mogyneit. CriocoObl MOAKIIOYEHHS TOPTOB.
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5. Onucanue nocienoBaTeNbHbIX yeTpoicTB Ha Verilog. Tpurrepsr.

6. TakToBbI curHan. AKTUBHBIN ypoBeHb cOpoca. CBUTOBBIE perucTphl. CUETUHKH.
7. IlpyHIUIBI TOCTPOEHUS KOHEYHBIX aBTOMaTOB. ABTOMaTel Munu n Mypa.

8

. Koneunbie aBromarbl. CriocoObl KOOupOBaHMSA cOCTOSHMNA. OmnucaHre KOHEYHBIX aBTOMAaTOB Ha
Verilog.
9. YcrpoiicTBa XpaHeHHsI JaHHBIX. PerucTpsl U mamsTh.
10. PeructpoBsriii datin. Maccussl B Verilog.

[TepeueHb KOHTPOIBHBIX BOMPOCOB IS cllauk AuddepeHIMpoBaHHOTO 3a4eTa B BECEHHEM CEeMeCTpe:

. Henrpanbhsiii mponeccop. [epudepuiinbie ycrporictsa. Interconnect.

. AnpecHoe nipocTpaHcTBO. CII0XKHO-(DYHKIIHOHAILHBIE OJIOKH.

. Madpactpykrypa paspadborku. CricteMa KOHTPOJIS BEPCHIA.

. Matepoeiicel cemerictBa AMBA. AXI. AXI-Lite. AXI-Stream. AHB. APB.

. Matepoeiicel B System Verilog.

. Beicokockopoctabie natepdeticsl. PCle. JESD204.

. Ethernet. [Tponpuerapnsie npotokonsl. Huzkockopocthbie potokonbl. UART. SPI. IIC.

. [MIpuntun padoter FIFO. Cunxponnoe u acunxponnoe FIFO. Ocobennoctu peanmzanuu. Ouepeau u
JMHAMHUYECKHEe MacCUBHI B System Verilog.
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9. Bpems ycTaHoBKM W yaepkaHUs. TakTOBble JOMEHBI. ACHHXPOHHBIE TAKTOBBIE CHUTHAJIBI.
MeracTabuinbHOCTh. CHHXPOHU3ATOPBHI.

10. TIpennazHaueHue u crocoObl MpUMeEHeHus assertions. Sequence. Property. OnepaTtopsl B assertions.
Cover. Assume.

Kputepun onennBanus

"3a4uTeHo" - BBICTABISICTCSA CTYICHTY, IIOKa3aBIIEMYy BJaJICHUE OCHOBHBIMHM MOJOXEHHUSMH Kypca,
yYMEeT UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHHUS PU PEIICHUN TUIOBBIX MPAKTUYECKUX 3a71a4.

"He 3auTeHo" - BBICTaBISIETCSA CTYJACHTY, KOTOPBIA HE 3HAET OOJbIIEH YaCTH OCHOBHOTO COJIEPIKaHUS
y4eOHOH NpOorpaMMbl JUCHMIUIMHBI, JOIyCKaeT TpyOble OmMOKH B (OPMYIUPOBKAX OCHOBHBIX
MOHATHH IUCHUIUIMHBI M HE yMEeT MCIOJIb30BaTh IOIYYEHHBIC 3HAHMSA IPH PEIIEHHHM TUIIOBBIX
MPAaKTUYECKUX 3ajad.



Onenka otnmuano (10) BeICTaBIsIeTCS CTY/ICHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIE,
DIyOOKHe 3HAaHUs Y4eOHOU MPOrpamMMbl AUCHUIUIMHBL, TPOSIBISIONIEMY HHTEPEC K JaHHOU MPEIMETHOM
obnacTu, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKHM NPUMEHATh UX Ha MPAKTHKE MPH
pEIlIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.

Onenka oTinyHO (9) BBICTaBISIETCS CTYAEHTY, MOKa3aBIIeMy BCECTOPOHHHE, CUCTEeMAaTU3UPOBAHHBIE,
IyOOKHe 3HaHUSl yueOHOM mporpaMMbl AUCHUIUIMHBI U YMEHHE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU peIIeHUH KOHKPETHBIX 3a/1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBaHHbIE, [ITyOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHUMEHSATh MX HA MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 33124, IPaBHJIbHOE 000CHOBAaHHUE MPUHSATHIX PEIICHUH, C HEKOTOPBIMH HEIOYETaMH.
Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYLIECTBY H3JIaraeT €ro, yMmMeeT NPUMEHSTh IOJlyuYeHHbIE 3HAHHUS Ha MPAKTUKE, HO HEIOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomo (6) BBICTaBISETCS CTYACHTY, €CIM OH TBEPIO 3HAET Marepual, T'PaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOIyUYeHHbIE 3HAHUS Ha MPAKTHKE, HO JIOMyCKAaeT B OTBETE
WIH B PEUICHUH 337a4 HEKOTOPbIE HETOYHOCTH.

Ouenka xopomuio (5) BBICTAaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAaeT MarepHual, 'paMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTEIbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM I10CIEeOBAaTENbHOCTH B H3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYallHH.

OueHka HEyJOBJIETBOPUTENIFHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OoJblIel 4YacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJMyYCHHBIE 3HAHHS NP PEIICHUN
TUTOBBIX 3a]a4.

Onenka HeynoBIeTBOPUTEIbHO (1) BBICTABIsETCS CTYHOCHTY, KOTOpPBIH HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BbIX TOHSATHH AUCLHMIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THUIIOBBIX IMPAKTHYECKUX
3ajad.

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

3a4eT MOXET MPOBOAUTHCA MO UTOraM TEKYyILEH YCIEBAaGMOCTH M ITyTEM OpPraHW3aluH CIIEHUAIBHOTO
orpoca, MPOBOJAUMOTO B YCTHOW U (MJIH) TMCBMEHHOU (hopMe.

[lpu mpoBeaeHnn 3adera oOydaromiemycsi TpepocTamisercs 20 MHHYT Ha MOArotoBky. Ompoc
o0ydJaromerocst mpoBoauTCs B TedeHne 30 MUHYT.

Bo Bpems npoBeneHus 3auera 00ydarolrecs: MOTYT IOJIb30BaThCs IPOTPAMMOM JUCIUILIMHEI.
HuddepeHIMpOBaHHBIA 3a4eT MOXKET MPOBOAMTHCSA IO WTOraM TEKyIIEH YCIIEBaEMOCTH M IIyTeM
OpraHM3alUH CIEIHAIBFHOTO ONPOca, TPOBOAUMOrO B YCTHOM M (MJIM) MUCHMEHHOH (opme.

ITpu nposenennn nuddepenHpoBaHHOro 3auera olydaromiemycs npenocrasisercss 20 MHUHYT Ha
noarorosky. Onpoc o0ydaromerocsi npoBoauTcs B TeueHue 30 MUHYT.

Bo Bpems mnpoBenenus anddepeHUIHpPOBaHHOTO 3adeTra OOydalolIecss MOrYT IOJIb30BaThCS
[IPOrpaMMOM TUCLUILIUHBIL.



