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PL - Programmable Logic (ITporpammupyemast toruxa)

1. AHHOTALIUS

1.1. luciunmna «[IpoekTrpoBaHue anmapaTHbIX CUCTEMY MPETHA3HAYCHA JIs YTITyOlIeHUs
3HaHUH MarucTpoB B 00JIaCTH MpodeccuoHaNbHOU AesaTeIbHOCTH. OCHOBHOE BHUMAaHHE MPH
MIPOXOXKICHUH TUCIUTUIMHBI YISISIETCS METOIaM aHalln3a M CHHTE3a ITU(POBBIX CUCTEM, a
Takxke (POPMUPOBAHHIO Y CTYIEHTOB KOMIIETEHIMN JJIsl H3yUCHUS MOCTIE Y IOIIUX
PaTMOTEXHUYECKUX TUCIUIIINH U IPAKTUIECKON pabOThl HHXKEHEpa, U (OPMUPOBAHUE
6a30130r0 KOMIIJICKCa 3HaHI/II>'I, HGOGXOI[I/IMOI‘O AJI1 IOHUMaHu NPUHIOUIIOB
(GYHKIIMOHUPOBAHUS CJIOKHBIX IIU(PPOBBIX CUCTEM.

A60OpeBHuaTypsl

AXI - Advanced eXtensible Interface (ITepemosoii pacmmupsemsiii HHTEpQEIC)

HDL - Hardware description language (SI3bik omvcaHus anmaparypsi)

HLS - High-level synthesis (CunTte3 BhICOKOTO YPOBHSI)

IDE - Integrated development environment (iaterpupoBanHas cpea pa3padboTKH)

IP - Intellectual property (Murtemiekryaibtas coocteeHHOCTh VIC)

PS - Processing System (Cuctema 00paboTkH)
SDK - software development kit (kOMIUIEKT It pa3pabOTKH MTPOrPaMMHOTO 00eCIICUEHs)
SoC - System on a chip (Cucrema Ha KpucTasuie)

Kon
HHIHKATOPA
Kon JOCTHIKEHHS
. | HaumMeHOBaHMe HHAMKATOPA
KOMIETEeHIHH (8 HaumeHoBaHue KOMIIETEHIINH (8 KOMIeTeH Ui . o
AOCTHKEHU KOMIIeTeHIHii (8
coomeemcmaeuu coomeemcmauu pabouum ¢ y4eOHbim (6
coomeemcmauu pabouum ¢
pabouum ¢ NJIaHOM) coomeemcmeuu
VUeOHbIM NIAHOM)
V4eOHbIM NAAHOM) paboyum ¢
VUEOHbIM
NAAHOM)
YK-6 Haumenosanue ynugepcanvHoli YK-6.1 3Haem METOIUKHN CAMOOIICHKH,
Komnemenuyuu (6 coomeemcmeuu ¢ CaMOKOHTPOJIS U
aroc) CaMOpa3BUTHS C
Cnocooen onpedenamo u UCII0JIb30BAHUEM TOX0/I0B
peanu306vléams RPUOPUNIEN b 3JI0POBbECOCPEIKECHHUSL.
co6cmeeHHoll OeamenbHoCmu U Ymeem pewats 3anaun
CHOCOObL ee co6epUIeHCMBO6AHUA HA COOCTBEHHOTO JTMYHOCTHOTO U
0CHOBE CAMOOUEHKU npoeCCUOHATLHOTO Pa3BUTHS,
OTIPENIeNATh U Pealn30BbIBAThH
PUOPUTETHI
COBEPILICHCTBOBAHUS
VK-6.2 P

COOCTBEHHOM JESATEILHOCTH,
MIPUMEHSATHh METOUKH
CaMOOIIEHKU U CAMOKOHTPOJIS,
MPUMEHSATH METONKH,
MO3BOJISIONINE YIYUIIUTh U
COXPaHUTH 3/I0POBHE B
MpoILIeCcCEe KU3HEACITEIHHOCTH.
Bnaoeem TtexHONOTHUIMH U




YK-6.3

HaBbIKaMU YIIPaBJICHUsI CBOEH
MO3HABATEIILHON
JESITEIbHOCTBIO U €€
COBEPILIEHCTBOBaHUS Ha
OCHOBE CaMOOIEHKH,
CaMOKOHTPOJISL U IPUHIIUIIOB
caMo00pa30BaHMs B TCUCHUE
BCEH )KU3HMU.

OIIK-2

Cnocoden  peanuzoevieams Hogble
HPUHUURBL U MEmOObl UCC1e006AHUSA
COBPEMEHHDBIX

UHPOKOMMYHUKAYUOHHBIX CUCEM U
cemeil paziuvHBIX MUNOE nepeoayu,
pacnpeoenenus, 00padomKu u XpaHeHus
uHpopmayuu

OIIK-2.1

OIIK-2.2

OIIK-2.3

3HaeT NPHUHIIUIIBI K METOIbI
HCCJIEIOBAaHMSI COBPEMEHHBIX
WH(OKOMMYHUKAIIMOHHBIX
CUCTEM U yMEEeT OIICHUBAaTh UX
JIOCTOMHCTBA U HEJOCTATKH

YMmeeT npoBOIUTH
IKCIIEPUMEHTAIbHBIC
MCCJIEIOBAHUSI CUCTEM
nepeavn, pacripeaeneHus,
00pabOTKH M XpaHEHUS
uHpopManun

Bianeer HaBbIKaMU

pean3an HOBBIX
MPUHIIUIIOB U METOJIOB
00paboTKHU U Mepenadn
nH(pOpMaIlUU B COBPEMEHHBIX
WH(OKOMMYHUKAIIMOHHBIX
CUCTEMaX M CETSX.

OIIK-3

Cnocoben npuoopemampe,
oOpabambviéams u UCNOIb306AMb HOBYIO
unghopmayuio 6 ceoeii npeomMemuoul
odnacmu, npednazamsp HoGble udeu U
n00X00bl K peuieHuIo 3a0ay ceoeil
npogheccuonanvholl desasmenvbHOCMU

OIIK-3.1

OIIK-3.

3HaeT NPUHLIUIIBI TOCTPOCHUS
JIOKAJIbHBIX U TTI00ATBHBIX
KOMIIBIOTEPHBIX CETEM,
TUTIOBBIC TIPOIEAYPHI
MIPUMEHEHUS MPOOIEMHO-
OpPUEHTUPOBAHHBIX
MPUKIIATHBIX TPOTPaMMHBIX
CPEICTB B IUCHHUTLITNHAX
poeCCHOHAIBHOTO IUKJIA U
npodeccuoHaIbHOM chepe
NEeSITEIIbBHOCTH

YMeer Ucnosib30BaTh
COBpPEMEHHbIE
UH(POPMALIMOHHbIE U
KOMIIBIOTEPHBIE TEXHOJIOTHUH,
CpEACTBA KOMMYHHKALIHM,




OIIK-3.32

CIOCOOCTBYIOIIIHE
HOBBIIIEHUIO 3(PPEKTUBHOCTH
Hay4YHOU U 00pa3oBaTeIbHON
cdep nesTeINbHOCTH

Baaneer nepenoBsiM
OTEUYECTBEHHBIM U
3apyOeKHBIM OIBITOM MPH
MIPOBEJICHUH UCCIIEN0BAHMUI,
npoexktupoBanuu, [1I'Y
TEXHOJIOTMYECKUX MPOIECCOB U
JKCILTyaTaluu
MH(OKOMMYHUKAIIMOHHBIX
CHCTEM, CETEH U YCTPOMCTB.

2. YYEBHAS ITPOI'PAMMA

2.1. llenn w 3amauu JTUCHUIUIMHBI. H3YYUTh TAKTUKO-TEXHHMYECKHE ITapaMETPhl, IMPHUHIIHII
IOCTPOCHHUS M CTPYKTYpy ULHU(POBBIX CHCTEM; yMeTh (POpMyIupoBaTh TpeOOBaHUS K
yCTpO#cTBaM, BXOMAIINM B CHUCTEMY; IMPOHM3BOAMTH OLEHKY 3()()EKTHBHOCTH BBHIOPAHHBIX

TEXHUYECKUX PELICHUM.

2.2. TpyloO€MKOCTh JTUCIMUIUIMHBI M BUIbI y4eOHOW paboThl (B aKaJeMHUUYECKHX dYacax |
3a4ETHBIX €AUHULAX) (Yoanums CmMpPOKU, KOMOpble He Oy0ym NPUMEHEHbl 8 PAMKAX

OUCUUNIUHDBL)

Bcero, B PacnpeaeJieHue nmo cemecrpam
Buabl yueOHoii paboThI akaj. S T R N N 1 N I AV
yacax cemM ceM ceM | ceM. | ceM | ceM.
1 2 3 4 5 6 7 8
1.006mas Tpya0eMKOCTb U3y4YeHUsI 216 108 108
JAUCIUILIHHBI N0 CEMECTPaM, B T. 4.:
1.1. AyautopHbI€ 3aHATHS, B T. 4.: 96 48 48
1.1.1.Jlexkunu 32 16 16
1.1.2.IlpakTrueckue 3aHATHSI, B T. 4. 64 32 32
1.1.2.1. O6cyxnaenue
MPHUKJIAIHBIX TPOEKTOB
1.1.2.2. Keiicol
1.1.2.3. JlenoBble UrpHl,
TPEHUHTHU
1.1.2.4. KoHTponbHBIE
paboThHI
1.1.2.5. [Ipyroe (yka3aTh)
1.1.3.CemuHapsl
1.1.4.JTabopaTopHbie pabOTHI 64 32 32
1.1.5. Ipyrue Busl (YKa3arh)
1.2. CamocrosiTenpHas paboTa, B T. U.: 75 60 15
1.2.1. TloaroroBka K SK3aMeHAM
1.2.2. Jlpyrue BumbI




CaMOCTOSTEIIbHON paboThI, B
T.4. (YKa3aTh)

1.2.2.1.ITuceMeHHbBIE JOMAIITHNUE
3adaHUus

1.2.2.2.KypcoBbie pabOThI

1.2.2.3.9cce u pedeparsl

1.2.2.4. [lpyroe (yka3atp)

1.3. Koncynprammm

1.4. Ipyrue MeTobl M POPMBI 3aHATUI

HroroBsiii KOHTpOJIb (DK3aMeH, 3a4eT, 3auver 3aver | 45
. 3a4eT - yKazarh) JK3aMeH IK3a
MeH
45

2.3. Coneprxanue QUCHUNITIHHbBI

2.3.1. TemaTuyeckuii NJIaH U TPYA0EMKOCTb ayTUTOPHBIX 3aHATHH (MOLYJIH, pa3aeabl

AUCHUIINHBI M BUJBI 3aHATHI) 110 padodyemMy yueOHOMY IJIAHY

Jlexuuu Tpaxr. Jlado
Pa3nesnl 1 TeMBI JUCIHUILINHDI Bcero (ai 3auaTus CeMuHapbI (aKp '
(ak. yacoB) ’ (ak. (ak. yacoB) ’
YacoB) 4acoB)
4acoB)
1 2=3+4+5+6
+7 3 4 5 6
Pa3nen 1 [MepBbie pa3padoTku Ha 8 16
Zynq 22
Temal. Co3ganue epBOro MpoeKTa 2 4
[P (MC)-unrerparopa 6
Tema2. Co3znanue cucremsl Zynq B 3 6
Vivado 8
Tema3. Co3ganne IporpaMMHOTO 3 6
npuiioxxenus B SDK 8
Pa3nen 2 Cnenywiinue mard B 8 16
paspadorke Zynq SoC 26
Temal Pacuupenune 6a30Boit 2 4
KOHCTpyKuuu [P-unTerparopa 6




Tema2 Co3zmanue cucteMbl Zyng ¢ 2 4
npepbiBaHusIMU B Vivado 6

Tema3Co3nanue nporpaMMHOTO 2 4
npuioxenus B SDK 6

Tema4 JTo6aBneHue 2 4
JOOMOJHUTEIHEHOI'O 8

HCTOYHHMKA MIPEPbIBAHUS

NUTOI'O 48 16 32
Pa3nen 3 IlpoekTHpoBaHue ¢ 6 14
Vivado HLS 20

Temal Co3manue nmpoektoB B Vivado 2 4
HLS 6

Tema2 OnTumuzanus qu3aiiHa B 2 4
Vivado HLS 6

Tema3 Cunre3 unrepdeiica o 2 6
Paznen 4 Cozpanne IP (UC) 28 10 18
Tema 1 Coznanue IP B HDL 10 2 8
Tema 2 Coznanue IP B Vivado HLS 5 2 4
Tema3 Ummnopr IP B karanor IP 4 2 2
Temad4 Aynuo B Vivado IP 2 2
Integrator 4

Tema5 Coznanue 2 2
ayuonpuioxenus B SDK 4

HUTOTO 48 16 32
HUTOI'O 3a Bech Kypc 96 32 64

2.3.2. Kpatkoe coaep:xkaHue pa3aejioB TUCIHUNIUHBI B BUJe TEMATHYECKOT0 MJIaHA

JlucuumninHa COCTOUT U3 YETHIPEX pa3/iesioB:
Pasnen 1
¢ [lepBrie pa3paboTKu Ha Zynq

0 Coznmanne nepBoro npoekra [P (MC)-unTerparopa
0 Coznanue cucremsl Zynq B Vivado
0 Co3pganue nporpaMMHOro npuinoxenus: B SDK

OTOT pa3zen u3ydaeT MpoIEecc CO3/IaHus MPOeKTa Zyn( ¢ UCTIOIb30BAHUEM

WHTETrpUPOBaHHOM cpenbl pazpadotku Vivado™ (IDE) u mo3nakomur co cpemoit [P




Integrator nys reHepanyu NPoCTOro MpoeKTa npoieccopa Zyng, KOTOpslit Oyer
peanu3oBaH Ha IiaTe pa3paboTku Zyng. 3aTeM KOMIUIEKT pa3padOTKU IpOrpaMMHOTO
obecnieuenus (SDK) OyaeT ucnonb30BaH Ajisi CO37aHUs TPOCTOTO MTPOTPAMMHOTO
pUIIOKEHHUs1, KOTopoe OyaeT paboraTh Ha cucteme 00opadbotku ARM (PS) Zynq nns
yIpaBieHus: 000pyI0BaHUEM, PeaIM30BaHHBIM B TIporpaMmupyemoit joruke (PL).
Pazgen 2
e Crenyromue maru B pazpadorke Zynq SoC
O Pacmmpenue 6a30Boii koHCTpyKIMH [P-uHTErpaTopa
0 Cosznanue cucteMsl Zynq ¢ npepsiBanusiMu B Vivado
0 Co3pganue nporpaMMHOro npuioxenus B SDK
O JloGaBneHue NOMOTHUTEILHOTO UCTOYHHUKA TPEPHIBAHUS
OTOT paszaen u3ydyaeT MpoIece CO3IaHms MpoeKTa Zynq ¢ UCMOIb30BaHUEM MPEPHIBAHUM.
Ucnonb3ys uaTerpupoBannyio cpeny pazpadborku Vivado™ (IDE) u cpeny IP Integrator,
OyzleT CreHepupoOBaH MPOCTOM MPOEKT MIporieccopa Zynq™, KOTopslid OyIeT peasn30BaH Ha
iate pa3paboTku Zynq. 3aTeM KOMIUIEKT pa3paboTku mporpamMmmuoro ooecnedenus (SDK)
OyJeT UCTIONB30BaH ISl CO3JaHMs MPOCTOr0 IPOrPaMMHOTO MPUIIOKEHHSI, KOTOpoe OyieT
pabotars Ha cucreme 00padbotku ARM (PS) Zynq 1uia ynpasieHust 060py10BaHHEM,
peaTn30BaHHBIM B Nporpammupyemoit joruke (PL). DToT pa3aen sBisieTcss mpoaoDKeHueM
MPEBIIYIIEro, PACIINPSSI HABBIKH, TIOTyUYCHHBIC B HEM.
Pasnen 3
e [Ipoextuposanue ¢ Vivado HLS
0 Co3pnanme mpoektoB B Vivado HLS
0 Onrumumsarmsa ausaiina B Vivado HLS
0 Cunre3 unrepdeiica
B sToMm pa3zzerne npeacTaBieHo BBEACHHE B CHHTE3 BHICOKOTO YPOBHS C UCIOIb30BaHUEM
cpeast Vivado HLS. Paccmotpeno coznanue npoekToB Bpyunyto uepe3 GUI u
ABTOMAaTUYECKU Yepe3 CKPUMTHL. 3aTeM PAaCCMOTPEH MPOLECC MOEINPOBAHUS, CHHTE3a U
ananmza npoekta Vivado HLS ¢ onTumu3arueit mpoekTa u cpaBHEHHEM PEIICHUI IO X0y
nena
Pasnen 4
e Cozpnanue [P (MC)
0 Cospnanue IP B HDL
0 Coznanwue IP B Vivado HLS
0 Wmmopr IP B katanor IP Vivado
0 Aynuo B Vivado IP Integrator
0 Cospanue aynuonpuioxenus B SDK
YnpaxkHeHUs B 3TOM pa3aese IpoBEAYT Yepe3 MPOLECC CO3IaHUS MTOIb30BaTENBCKUX [P-
Moaysel, coBmecTuMbix ¢ Vivado IP Integrator, n3 pa3nuaHbIX HCTOYHUKOB. Bee
coznanubie [P 6yayT coBMecTuMsl ¢ noanepxkuBaeMbiM Xilinx unrepdeiicom AXI-Lite u
OyIyT TOJIKJIFOYECHBI KaK TOTYMHEHHBIE YCTPOMCTBA NpH peanu3anuu B Vivado IP
Integrator.

3. MopayJ/ibHasi CTPYKTYpPa AUCHMILIMHBI € pacnpeiejieHMeM BecoB 10 (popMaM KOHTpoOJIeil

Beca ¢popm Beca ¢popm Beca onenok Beca Beca
o TEK HX NMPOMEXKYTOYHBI MMPOMEXKYTOYHBIX HUTOTOBBIX e3YJIbTHPYIOIEH
®DopMbI KOHTPOJIei YImx P yrom P yrot pesy pyrom
KOHTPOJICH B X KOHTPOJIEH B KOHTPOJICH U OLICHOK OLCHKH
Pe3yJabLTHPYIOL OLIEHKAaX pe3yIbTHPYIOIIHX NMPOMEXKYTOY | NMPOMEKYTOUYHBIX




HX OLleHKaX
TeKyIIHX
KOHTpO.J1ei

TMPOMeKYTOUHBI
X KOHTpOJIeit

OIICHOK TeKyIINX
KOHTpOJIel B
HUTOTOBBIX OLICHKAX
NMPOMEKYTOUYHBIX
KOHTpoJIeil

HBIX
KOHTpOJeil B
pe3yJIbTHPYIO
1eil OLleHKe
NMPOMEKYTOY
HBIX
KOHTpoJIel

KOHTPOJIel U
OLleHKH
HUTOr0BOI0
KOHTpOJIS B
pe3yJbTUpYlomei
OlLleHKe HTOr0BOI'0
KOHTPOJIst

Buj yueoHoii paGoThI/KOHTPOJIA

M1l | M2 | M3

M1 | M2 | M3

M1 | M2 M3

KonrposbHas pabora

Tect

Kypcoas pabora

JlabopaTopHsle paboThI

05] 05

IIuceMeHHEIC JOMAIIHUEC 3aJaHUA

Pegepar

Occe

HpaKTqucxne 3aHATHA

05105

Jpyeue ¢hopmot (Vrazamo)

Beca pe3ynbTupyomux oueHoK
TEKYIIUX KOHTPOJIEH B UTOTOBBIX
OIICHKaX MPOMEXKYTOUHBIX
KOHTpOJICH

0.4 0,4

Beca oeHOK MPOMEKYTOUHBIX
KOHTPOJIEH B UTOTOBBIX OLIEHKAX
MPOMEKyTOYHBIX KOHTPOJIEH

0.6 0,6

Bec utorosoit onienku 1-ro
MIPOMEKYTOYHOTO KOHTPOJIS B
Pe3yJIbTUPYIONIEH OLIEHKE
POMEKYTOUHBIX KOHTPOJICH

Bec urororoii oneHku 2-ro
MIPOMEKYTOYHOTO KOHTPOJIS B
pPe3yJIbTUPYIONIEH OLICHKE
MPOMEKYTOYHBIX KOHTPOJICH

0,5

Bec urorosoii onienku 3-ro
MIPOMEXYTOUYHOTO KOHTPOJISI B
Pe3yIAbTUPYIONIEH OIIEHKE
MPOMEKYTOUHBIX KOHTPOJICH

0,5

Bec pesynbrupyromei oleHKl
MPOMEKYTOUHBIX KOHTPOJICH B
Pe3yJIbTUPYIONIEH OLIEHKE
HUTOTOBOTO KOHTPOJIS

0.4

JK3amMeH/3a4eT (OeHKA
HUTOT0BOTO KOHTPOJIsI)

(Ox3amen)
0.6

Y=1

3.1.1. MartepuajabHO-TeXHUYECKO€e o0ecnedeHue JUCHUTLTNHBI

(Kpatko mpencraBuTh IEpeYeHb MAaTEPUATBHO-TEXHUYECKOTO OCHAIIEHHsS, WH()OPMAIIMOHHO-
TEXHUYECKHUX CPEJICTB).

e  VYyeOHBIE METOAUUECKHUE ITOCOOHUS

e BrruncnurenbHas TEXHUKA

! VueGunbiii Moayns




e IIpoekTop

e (Cralifockon

4. ®oHABI OUEHOYHBIX CPEACTB (YKA3blAIOMCA MAMEPUAnbl, Heo0Xo0umbvle 011 NPOBEPKU

YPOBHA 3HAHUIL 8 COOMBEMCMEUN C COOEPHCAHUEM YUEOHOU RPOZPAMMbBL OUCHUNIUHDL).

Hepeqenb IK3AaMCHAIITMOHHBIX BOIIPOCOB

©CoNO~wWNE

Kak co3pgaércsa nporpammubie npuiioxkenust B SDK

Kak peanuzoBars ontumusanuio au3aitna B Vivado HLS
Kax co3maércga IP B Vivado HLS

Kak coznaércs cucrema Zynq B Vivado

Kak pacmmpsirorcst 6a3oBbie KOHCTpYKIHU [P-uHTErpaTopa
Kaxk coznaércst mpoekt B Vivado HLS

Kak co3gaércsa nporpammuoe npuiioxenus B SDK

Kaxk co3maérca IP 8 HDL

Kax coznaércst mpoext B IP(MIC) unrterparope

10. Kak moGaBmnsieTcsi TOMOTHUTEbHBIN HCTOYHUKA MTPEPHIBAHUS
11. Kak peanu3oBath uHTEe3 HHTEpdetica

12. Kak co3gaércs npoekT B IP(MC) unTerparope

13. Kak co3naéres npoekt B IP(MC) unTerparope

14. Kak co3ngaércst cucteMbl Zynq ¢ ipepbiBanusiMu B Vivado
15. Kak peanu3oBats ontumu3anuio au3aitna B Vivado HLS

16. Kak co3ngaércs npoekT B IP(MC) unTerparope

17. Kak coznaércs mpoekt B Vivado HLS

18. Kak cozmaércs IP B Vivado HLS

19. Kak noGaBmnsieTcsi TOMOTHUTENbHBIN HCTOYHUKA MTPEPHIBAHUS
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6. IIpakTuyeckuii 6,10k
6.1. JTabopaTopHbie pabOThI IPOBOATCS:
v’ Ha y4eOHBIX 1TabOpaTOPHBIX CTCH/IAX,

7. MeTtoanueckuii 0J10K
7.1.1. Meroauka npenogaBaHus

Bo Bpemsi kax0ro 3aHATHS IPEnoaBaTeb NpeICTaBIsIeT MaTepHall IO TeME JHS U BOBJIEKAET
rpynny B o0cyxxaenue. [IpakTuunblif XapakTep Kypca mpernoyiaraeT akTHBHOE BMEIIATEIbCTBO
KQXKIOr0 CTyJCHTa B MPOILIECCHI MPEACTABICHUS W OOCYXIEHHUS TEMBL. 3a TpernojaaBaTeieM
3aKpEIUIeHa OTBETCTBEHHOCTh MPHUACPKUBATHCS TEMATHKU JAHHOTO 3aHATUSA W MPEIOCTaBIATH
HeoOXouMbIe (DyHIaMEHTATbHBIC 3HAHUHN ¥ KOHIICTIIUH.

[Tocne 3aBepiieHHst U3yueHUS KaXKAOW U3 MporpaMm OyIeT MpoBeJeHa KOHTPoJIbHAs padoTa /s
3aKperyIeHUsl HaBBIKOB.
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