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1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[enstMu M3ydeHus: TUCHUIUIMHBI SBISIOTCS (POPMHUPOBAHUE U 3aKpEIUICHUE
CHU-CTEMHOTO MOAX0J1a K U3YUYEHUIO U TPOCKTUPOBAHUIO CIIOKHBIX CUCTEM, CUCTE-
MaTH3alys 3HAHUM U YMEHUU 0 BBIYUCIUTENBHON TEXHUKE U CETSAM YEPE3 U3Y-
YEHUE PAa3JIMYHbIX apXUTEKTYp MNapaJUIEIbHBIX BBIYMCIUTEIBHBIX CHCTEM H
KOMIIBIOTEPHBIX CETEH.

3ajavyaMy U3y4eHUS JUCUUILIIUHBI SIBJIIFOTCSI OCBOEHUE OCHOBHBIX TOHATHH U
BUJIOB APXUTEKTYP BBIYUCIUTEIBHBIX CUCTEM M KOMITBIOTEPHBIX ceTel; 00yue-Hue
pazOupaThCs B PA3IUUMIX MEXAY COBPEMEHHBIMH APXUTEKTYypaMmH, MOAOU-paTh
ONTUMAJIbHYIO apPXUTEKTYPY O]l KOHKPETHYIO 3a/1auy U TPEOOBaHUS 3a-Ka3uuKa.

OCHOBHBIMHM 337ja4aMU IACLHHAIUINHBI SIBIISIOTCSA:

- M3yueHne npuHIMIOB opraHu3anu 9BM U BBIYMCIUTENIBHBIX CUCTEM —
OCBOCHME (POHHEMMAHOBCKOM M rapBapACKON apXUTEKTYyp, NPUHIUIA OTKPHI-TOM
aApXUTEKTYPBI U IPOTPaMMHO-YIIPABJISIEMOT0 anmnapara.

- AHanu3 kinaccu(UKaui BBIYUCIUTENBHBIX CUCTEM — PACCMOTPEHHE apXHU-
TekTyp 1o ®nunny (SISD, SIMD, MISD, MIMD), a Takxke MHOTOMAaIlIUH-HBIX U
MHOTOIIPOLIECCOPHBIX CUCTEM, KiacTepoB 1 GRID-cucrem.

- OcBoeHue crnoco0OB TMOBBIIIEHUS TPOU3BOAUTEIBHOCTU— H3yUYEHUE
KOHBEW-epU3alnu, cynepckaimsipHoctd,  VLIW-apxurektyp, BEKTOPHBIX
BBIYMCIICHUH, MHOTOSIIEPHOCTH U K3II-NIAMSATU Pa3IN4HbIX YPOBHEM.

- 3yyenue opranuzanuy naMsaTd U BBOAA-BbIBOIa— MOHUMAHUE UEpapXuu
3alOMHMHAIOIINX YCTPOMCTB (peructpsl, k3, O3Y, BHEUIHSAS NaMATh), PEXU-MOB
J0CTYyIa, KaHaJIOB U KOHTPOJUIEPOB BBOAA-BBIBOJIA.

- Ouenka 3¢ (eKTUBHOCTH U HAZEKHOCTH BBIYMCIUTENIBHBIX KOMIUIEKCOB—
ocBoeHHe MeTpuK mnpousBoauTenbHOocTH (MIPS, FLOPS, TaktoBas wacroTta),
kod(pdunmenTa yckopeHnus, 3akoHoB Amana u I'ycradgcoHna, a Takke METO-I0B
o0ecrnevyeHns 0TKa30yCTONYNBOCTH.

- ®opMHUpPOBAHNE HABBIKOB IMPOEKTUPOBAHUS U BBIOOpA apXUTEKTYpPbl— yMe-
HUue oOocHOBaHHO BbIOMpaTh TUN apxuTekTypbl (RISC/CISC, SMP/NUMA,
kinacrep, GPU-cucteMbl) nnsi pemieHus: KOHKPETHBIX HAYyYHO-TEXHUYECKUX U
MIPUKJIAIHBIX 3a]a4.

2. Ilnanupyemsble pe3ynbTaThl 00y4eHHs 110 IUCUUIUTMHE (MOJIYJIIO).

[lepeyenr GopMHUpyeMBIX pe3yJbTaTOB OCBOCHHSI 00Opa3oBaTEIbHOU
porpamMmsbl (KOMIIETEHIIUI) B pe3ysbTaTe 00yUYeHuUs M0 AUCUMIUTUHE (MOIYIIO):

OIIK-6 - CmocobeH NpUMEHSTh METOJbl HAYYHBIX HCCICIOBAHUN MPHU
MPOBECHNUU Pa3pabOTOK B 00JIacTH oOecreueHusl 0€30MaCHOCTH KOMITbIOTEPHBIX
CHCTEM U CETEM;



IIK-6 - CnocoOHOCTh aHAIM3UPOBATH APXUTEKTYPY, KOMIIOHEHTHI U
XapaKTePUCTUKN TEJIEKOMMYHUKAIMOHHBIX M aBTOMAaTHU3WPOBAHHBIX CHUCTEM,
BBISIBIIATH MMOTEHITUAIBHBIC YSI3BUMOCTH M OIEHUBATh HH(POPMAITMOHHBIC PUCKH.

OOyueHue 1Mo JUCIUILTHHE (MOTYIIIO ) TIPEJIIToIaraeT, 4YTo 1o ero pe3yJbTaTaM
oOyuJarormumiicst Oyier:

3HaTh:

- OCHOBHBIE apXHTEKTYPhl apaUICTbHBIX BBIYUCIUTEIHHBIX CUCTEM, MCHH-
¢dpeitmoB, GRID- u Cloud-cucrewm;

- AQPXUTEKTYPBI BEIYUCITATEIBHBIX CETCH M 0OIIHE IPUHIIUIIBI UX TIOCTPOCHUS;

- IPUHIIMITBI CTAHIAPTH3AIMH BEIYHCIUTEIBHBIX CETCH;

- TEXHOJIOTUH (PU3NIECKOTO YPOBHS;

- TEXHOJIOTHH ITOCTPOCHHUS JIOKATHHBIX BBIYHCIUTEIBHBIX CETEH;

- MPOOJIEMBI CETeBOI OE30MMaCHOCTH.

Ymersb:

- BBIOMpaTh cTpyKTypy BC 1 pesxum ee QyHKITMOHUPOBAHNS;

- pa3pabaThiBaTh CTPYKTYpHbIE ¥ (YHKIMOHAIBHBIC CXEMBI BCEX €€
COCTABJISIFONITHNX;

- TPUMEHSATH METOJIbI TOBBIIICHUS TMPOU3BOJUTEIHLHOCTH CHUCTEM H
YBEJIMYCHUSI €€ HaJIEKHOCTH, YCTPAHEHHSI MPOOJIEeM CETeBOM OE30MaCHOCTH;

- BbIOMpaTh HEOOXONMMBIA HAOOP W  CTPYKTYpPY KOMIIOHEHTOB
MaTEMaTUYECKOT0 00eCTICUeHMUS.

Baaners:

- HaBBIKAMHU MCMOJIb30BaHUS OOIIECTIPUHSITBIX CPEJICTB AMYJIUPOBAHUS WU
CHUMYJIMPOBAHUSI KOMIIBIOTEPHBIX CETEH;

- HaBbIKAMH WCMOJIb30BaHUSI CTAaHAAPTHBIX MPOTPAMMHBIX  CPEIICTB
UCCJIeIOBaHUS KOMIIBIOTEPHBIX ceTelt Ha 6a3e mpoTokoiioB cemerictBa TCP/IP;

- HaBBIKAMHU HCIIOJIH30BaHUS OOIICHPUHSITHIX CPEICTB dMYJIUPOBAHUS WM
CHUMYJIMPOBAHUSI KOMIIBIOTEPHBIX CETEM.

3. O0beM TUCHUTUTUHBI (MOJTYJIS).
3.1. Obmas Tpy10eMKOCTh JUCITUTUTHHBI (MOJTYIIS).

OO0mast TpyJIOEeMKOCTh AUCHUIUIMHBI (MOIyJis) coctaBisieT 4 3.e. (144
aKaJeMUYeCKUX yaca(oB).

3.2. O06bem pgucruIUIMHBL (MOAyJsi) B (opMe KOHTAKTHOM pabOThI
oOydJarommxcss ¢ MEJarorTMYeCKUMH  padOTHUKaAaMU W (WIKM)  JIHUIAMH,



IPUBJIEKAEMBIMH K pean3alnun 00pa3oBaTeIbHON MporpaMmbl Ha UHBIX YCIOBHSX,
U MIPOBEICHUH YUEOHBIX 3aHATUH:

KomnuectBo yacos

Tum yaeOHBIX 3aHATHI
Bcero | Cemectp Ne6

KonrtaktHas paboTa mpu npoBeieHIH yUeOHBIX 3aHATHH (BCETO): 64 64
B ToMm uncne:

3aHATHSA JIEKIIHOHHOTO THIIA 32 32
3aHATUS CEMUHAPCKOTO THIA 32 32

3.3. O6beM auCHUIUIMHBL (MOIyYJiA) B (OpMEe CaMOCTOSITENIbHOM padOThI
oOydJarormuxcsi, a Takke B (opmMe KOHTAKTHOW pabOThl OOyYaroIMXCS C
neAarornyecKuMu pabOTHUKAMU U (WJIH) JIMIIAMU, IPUBIIEKAEMbBIMH K peaTn3aiiu
o0pa3oBaTeNbHOM MpOTrpaMMbl HAa HWHBIX yCIOBUSIX, TMPU NPOBEIACHUU
MIPOMEKYTOYHOM aTTecTalu coctapiisieT 80 akaieMHUUecKUX yaca (OB).

3.4. ITpu oOy4eHnu o UHAUBUAYATLHOMY Y4eOHOMY ILJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM 00Yy4YeHUHU, 00BEM JUCITUIUIMHBI (MOIYJIsI) MOXKET ObITh peasii30BaH
MOJIHOCTBIO B (POPME CaMOCTOSITENBHON padOThl 00yUaroOIuUXCs, a TAKKe B (hopme
KOHTAKTHOM pabOThl 00YUYaIOIIUXCSl C MEJAarornyeCKuMU pabOTHUKaMU U (UJIH)
JUIAMH, TIPUBIIEKaEMbIMH K peau3allii 00pa30BaTeIbHON MPOrpaMMbl HAa MUHBIX
YCIIOBUSIX, TP MPOBEICHUU TPOMEXKYTOUHOM aTTECTAIIHH.

4. ConeprxkaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3a”HATHA TEKIIMOHHOTO THUIIA.

/ Temaruka JIEKIIUOHHBIX 3aHATHH / KpaTKO€ COACPIKAHUC
/11

1 |BBenenue B apXUTEKTYpy BBIUMCIUTENbHBIX cucTeM. Kiaccuduxkanus

ConepxkaHue y4eOHOro MaTepuaa:

— Ompenenenne apxXUTEKTypbl BRIYACIUTENbHON cucteMsl (BC), oTiandne oT opraHuzaniy 1 peann3aun
— Knaccudukarmus mo @nuany (SISD, SIMD, MISD, MIMD): npuHIHITEL ¥ IPAMEPHI

— Kiaccnguxanus no HasHadeHuro (YHUBEpCAIbHBIE, CIICIHAIN3UPOBAHHbIE, CYIIEPKOMITBIOTEPHI,
BCTPOCHHBIE CHICTEMBI)

— VpOBHH Npe/ICTaBICHUS apXUTEKTYpPhI (YPOBEHb KOMaH/I, MUKPOAPXUTEKTYpa, CUCTEeMHAsl apXUTEKTypa)
— OCHOBHbBIE TEH/ICHIIUH PA3BUTHS BBIYHCIUTEIBHBIX CUCTEM

2 |Apxurektypa ¢on HeiimaHa u rapBapjckast apXuTeKTypa

ConeprxaHue yueOHOTO MaTepuaa;

— Ilpunnunsl ¢pon Hefimana (XpanumMas mporpamma, IociieI0BaTeIbHOE UCIIOJTHEHNE, THHEHHOe
a/IpecHOe ITPOCTPAHCTBO)

— Crpykrypa (oH-HeliMaHOBCKOH MammHbL: AJIY, ycTpoHCTBO ypaBieHus, IaMsTh, yCTPOWCTBA BBOJA-

BBIBOJIA




Temaruka NTEKIIMOHHBIX 3aHATHH / KpaTKOE COJEpIKaHUE

n/m
— TapBap/ickas apXUTeKTypa: pa3/esbHbIe IHHBI KOMaH][ M JaHHBIX, IPEUMYIIECTBA U HEIOCTATKH
— MoauduiupoBatnHas rapBap/cKas apxuTeKTypa (K31I-NaMsATh HHCTPYKIUHA 1 JaHHBIX)
— CpaBHeHI/Ie O6HaCTeﬁ NPUMCHCHUA: MUKPOKOHTPOJUJIEPHI VS. YHUBCPCAJIBbHBIC TPOLECCOPLI
3 |leHTpasbHBIH MPOLIECCOP: MUKPOAPXUTEKTYPA U KOHBEHEpH3aIHs

Copneprxanne yaeOHOTO MaTepHaa:

— CrpyKTypa mporieccopa: perucTpoBsiit paitn, AJIY, 610k yrnpasineHus, 670K BEIOOPKH U Iemmdpanun
KOMaH[{

— Ilonstue mammuHoro nukia (fetch-decode-execute-writeback)

— Konseitepras o6padoTka komana: cranuu kouseitepa (IF, ID, EX, MEM, WB)

— KondnukTe! B KoHBelepe: CTpyKTypHBIe, 1o 1aHHbIM (RAW,WAR,WAW), no ynpasieHuto

— Meroapb! pazpenieHust KOHGIUKTOB ((POPBAPIMHT, CIIEKYISITUBHOE BHIOJHEHHE, OTMEHA KOMaH/)

4 |Cynepckansipabie u VLIW-apxuTekTypsl
ConepxkaHue y4eOHOTo MaTepuana:
— CynepckansipHbIil poneccop: MHOKECTBEHHBIC NCTIOJIHUTENBHBIE OJIOKH, TMHAMHIECKOE
IUTAaHWPOBaHNE
— IlocneoBaTeIbHOCTH: BEIOOPKA HECKOJIBKIX KOMaH/ 3a TaKT, allllapaTHOE pa3pelieHne 3aBUCHMOCTEN
— Apxurektypa VLIW (Very Long Instruction Word): ctatndeckoe mIaHHpOBaHIE KOMITHISATOPOM
— CpaBHeHue cynepcKanapHbix 1 VLIW-nporieccopoB (CI0XKHOCTD almaparypsl vs. CI0KHOCThb
KOMITUJIATOPA)
— TIpumepsr: Intel Core (cynepckamnspusiit), TI TMS320 (VLIW), IA-64/Itanium

5 |Apxurekrypa SIMD: BekTOpHBIE IPOIIECCOPHI U TpaPUUEeCcKHe YCKOPUTEIH
Conepxkanue y4eOHOro MaTepuana:
— IIpunnunst SIMD: ogHa KOMaHJa — MHOXECTBO JaHHBIX
— BekTopHBI€ ITponeccophl: BEKTOPHBIE PETHCTPHI, KOHBEeHepHas 00paboTka BEKTOPOB
— Hab6opsr nactpykuuit SIMD: MMX, SSE, AVX (Intel/AMD), NEON (ARM)
— Apxutektypa GPU: mHoxectBo sinep SIMD (warp/wavefront), uepapxust namsaru (shared memory,
PETUCTpHI)
— Cpasaenue CPU u GPU nanst pa3nuuHbIX Ki1accoB 3a1ad (rpaduka, ManHHOe 00y4YeHue, HaydHble
pacueTsl)

6 |MIMD-apxuTeKkTypbl: MHOTONPOLIECCOPHBIE U MHOTOSIZIEPHBIE CUCTEMBI
ConepxkaHue y4eOHOro MaTepuaa:
— Knaccudpukamus MIMD-cucrem: SMP (cummeTpudnas MHOTOporieccopras), NUMA
(HepaBHOMEpHBI HOCTYT K amsaT), MPP (MaccuBHO-TIapaiebpHbIC)
— ApPXUTEKTypa MHOTOSIEPHOTO Ipolieccopa: o0muii kamr L3, KorepeHTHOCTh KaIIen
— IIpoTokounsr korepentHocTH Kater (MESI, MOESI, MESIF)
— Cpasrenne SMP u NUMA (MacmtabupyeMocTh, CTOMMOCTD JJOCTYIIA K ITaMSITH)
— Ipumepsr: Intel Xeon (SMP, NUMA B MHOTOTIpOneccopHbIx KoHpurypanusax), AMD EPYC

7 |Mepapxus namMsTH U OpraHU3aIMs KIUI-aMSITH

ConeprxaHue yueOHOTO MaTepHuaa;

— IlpuHIun JToKambHOCTH (BpEMEHHAs ¥ TPOCTPAHCTBEHHAs )

— Hepapxust namsaru: peructpsl > L1/L2/L3 xam > oneparuBHast namsath > SSD > HDD > neHtsr
— Opranuzanus K31Ia: OpsMoid, aCCOLMATHBHbIH, MOJHOCTBIO aCCOLIMATHUBHBI, set-associative
— Anropurmsl BeitecHenus (LRU, FIFO, Random, LFU)

— 3amuck B KAIIT: CKBO3HAs 3amich (write-through) u o6patras 3ammce (write-back)

— TonuTrku BBIIENTEHHS MecTa ipu npomaxe (read-allocate, write-allocate)




/o

TemaTyka JTEKIMOHHBIX 3aHATUHN / KPAaTKOE COJIEpKAHNE

BI/IpTyaJIBHaH naMATh U MCXaHHU3MbI 3allIUThI

ConepxkaHue y4eOHOro Marepuaa:

— IlpuHIMIIBI BUPTYAJIBHOM aMATH: CTpaHuUIbl, oToOpakenue agpecos, TLB (Translation Lookaside
Buffer)

— MHoroypoBHeBbIe TaOJIUIBI cTpaHHULL (x86-64: 4 ypoBHS)

— MexaHI3MBI 3aIIUTH TAMSATH: KOJbla 3amuTH (ring 0-3 B x86), cerMeHTanus (ycrapeBimas) vs.
CTpaHHYHas OPraHU3aLHs

— NX-6ut (Never eXecute) 3ampeT HCIIOTHEHMS KOJIa U3 CTPAHUI] JTaHHBIX

— M3onsmus anpecHbIX MPOCTPAHCTB IMPOLECCOB (TTaMATh SAPa VS. IOJIb30BATENs)

CucreMbl pephIBAHUN U UCKITFOYEHUN

CozepxaHue yueOHOro MaTepuaa:

— OmpezienieHne npephIBaHKs, arnapaTHoe Vs. MPOrpaMMHOE (MCKITIOYEHUsL, JIOBYIIIKH )

— Kunaccuguxauus npepbIBaHuil: MacKupyeMble, HEMACKUPyeMbIe, BEKTOPHBIE, HEBEKTOPHBIC

— MexaHn3MBI 00pabOTKU MPEPHIBAHUI: COXpAaHEHHE KOHTEKCTa, Ta0JIIa BEKTOPOB NPEPHIBAHMUI
(IDTHVT)

— IlpuopuTeTsl IpepHIBAHUN U BIIOKEHHOCTD

— Tpumepsr: koutposutep npepsiBanuii 8259A (PIC), APIC (x86), NVIC (ARM Cortex-M)

10

ApXI/ITeKTypa CHUCTEM BBOJa-BbIBOJA4 M INIMNHBI JAHHBIX

ConepxaHue yueOHOro Marepuana:

— Kunaccugukauuns mun: cucremuas (FSB, QPIL, Infinity Fabric), nepudepuiinsie (PCle, USB, SATA)
— ApxutekTtypa npsmoro aoctyna k namsata (DMA): konTtposutep DMA, pexumMsl paOoThl

— MexaHu3M HpepbIBaHKi TS OMOBEIIEHHS O 3aBepiieHnd BBoaa-BbiBoaa (IRQ, MSI/MSI-X)

— Kondurypammonnoe mpoctpanctso PCI/PCle: BAR, ynpaienne nutanueM

— CpaBHEeHHUE TOMOJNOTHH MIMH: 00IIas I1HA, 3Be3/1a, KOJIbII0, TOUYKA-TOUKa

11

Bricokonpon3BoAUTEIbHBIE BEIYUCIUTEIbHBIE CUCTEMBI (CYNEPKOMITBIOTEPHI)

ConepxaHue yueOHOTO MaTepHraa;

— Omnpezenenue cynepKkoMIbioTepa, mokazarenu npoussoautensHoctu (FLOPS, LINPACK)
— Kunaccuguxauus no tononoruu coepunenuii (3D Torus, Fat Tree, Dragonfly, runepky0)
— Macrabupyembie apxuTekTypbl: kiactepsl (Beowulf) u MPP

— Yckopurenu B cynepkommnbioTepax: GPU (CUDA/HIP), FPGA, Heliponiponieccopsl

— Hpumepsr: Top500, Fugaku, Summit, Tianhe, «JlomoHOCOBY»

12

I'ereporennsie Beruncnurensublie cuctemsl (CPU + GPU + FPGA + Al-yckoputenn)

ConepxaHue yueOHOTO MaTepHraa;

— IIpob6nemMbl rOMOTEHHBIX CHCTEM (IIPOU3BOIUTEILHOCTD HA BATT JAJIS NMapajuIeIbHbIX 3a7a4)

— Wnterpamus CPU u GPU: o6vennnennas namats (Unified Memory), muaa PCle, uynmeTst

— Apxurekrypa FPGA-yckopureneii: mporpamMmmupyemas JIOTHKa, OajlaHC THOKOCTB/TTPOU3BOIUTEIFHOCTD
— CrermmanusupoBannbie Al-yckopurenn (NPU, TPU, nelipomophHBIE cCHCTEMBI)

— Mogenu nporpammupoBanusi: CUDA, OpenCL, SYCL, OneAPI

13

ApPXUTEKTYpBI C 0011IeH U pacIpeIeIeHHON MaMsIThiO

ConeprxaHue yueOHOTO MaTepuana;

— Cucremsl ¢ o0meit mamsateio (UMA, NUMA, COMA): anmapartHas MoAaepKKa, CHHXPOHU3AIIHS
(MbrOTEKCHI, cemMadopbl, Gapsephl)

— CucreMmsl ¢ pactpenenennoii mamsateio (MPP, kmacrepsr): mexxcoenunenus (Ethernet, InfiniBand,
Omni-Path)

— Mogens nporpammupoBanns MPI (mepenada cooOrmeHuil) 1 €€ COOTBETCTBHE apXUTEKTYPe




TemaTyka JTEKIMOHHBIX 3aHATUHN / KPAaTKOE COJIEpKAHNE

n/m
— I'uOpuaHbIe CUCTEMBI: pacIipeeNieHHas IaMsITh + pasaenseMas mamsaTe BHyTpH y3na (MPI+OpenMP)
— JlocTOMHCTBA U HEAOCTATKH, MACIITaOHMPYEMOCTb, CII0KHOCTD TIPOrPaMMHUPOBAHHS

14 |DueprosddekTrBHBIE apXUTEKTYPhI U BCTpoeHHbIe cucTteMbl (RISC-V, ARM)
ConepxaHue yueOHOro MaTepuaa;
— Ioxazarenn sueproaddexrusroctu (FLOPS/BatT, MIPS/BaTT)
— Apxurekrypa ARM: RISC-sapo, pexumsl (Thumb), big. LITTLE / DynamlQ, ynpasnenue nutanuem
(P-state, C-state)
— Apxurekrypa RISC-V: monynsras cucrema (pacumpenns [, M, A, F, D, C, V), OTKpBITOCTB, pEKUMBI
npusmwiernit (M, S, U)
— Cuctema Ha kpuctaiuie (SoC): unrerpauus CPU, GPU, DSP, xonTposnepoB BBoAa-BeiBoga, SRAM
— Ilpumepsl s3HEprodPPeKTHBHBIX 1aThopM: MoOMIBHEIE ycTpoiicTBa (Qualcomm Snapdragon, Apple
Silicon), 10T (ARM Cortex-M, ESP32, RISC-V MCU)

15 |CpaBHutenbHbli aHanu3 apxutekryp x86, ARM, RISC-V
Conepxkanue y4eOHOro MaTepuana:
— Apxurekrypa x86 (CISC): nepeMeHHas [UTHHA KOMaH/, CIIOKHAs IEKOTUPOBKA, MUKPOKOJIOBOE
UCIIOJIHEHHE, 00paTHas COBMECTHMOCTh
— Apxurekrypa ARM (RISC): pukcupoBaHHas quHa KOMaHI, 0OJBIIOE KOJIUIECTBO PETUCTPOB,
YCJIOBHOE UCIIOJIHCHUE
— Apxutektypa RISC-V: oTkpbiTast crienudukaiys, MUHIManbHoe 6a30B0€ SIp0, PaCIIUpPsEMOCTb,
OTCYTCTBHE JIMIEH3UOHHBIX OTUYHCIICHUIN
— CpaBHEHHE POU3BOIUTEIBHOCTH, SHEPTONOTPEOIICHNS, CTOMMOCTH, IKOCHCTEMBI U 00J1aCTH
MPUMEHEHHUS
— IlepcnextuBb: RISC-V B cepBepax U cynepkoMItbioTepax, Bb3oBbI Intel/AMD

16 |Bymymme apXuTEKTypbl BEIUMCIUTEILHBIX CUCTEM (KBaHTOBEIE, HelipoMopdHEIe,
ONITHYECKHUE)
ConepxaHue yueOHOTO MaTepHraa;
— KBaHTOBbIE BBIYHCIICHHSI: KYOHUTBI, CYNIEpHO3NIHs, 3ayTaHHOCTh, BeHTmu (Hadamard, CNOT,
Toffoli), nekorepeHnitus
— KBaHTOBBIE apXUTEKTYphI: cBepxnpoBosne Kyoutsl (Google, IBM), nonnsie nosyiku (IonQ),
tonosioruueckue (Microsoft)
— HeiipomopdHbIe apxuTeKTYypHI: craiikoBbie HelipoHHBIE ceTH (SNN), Mmempuctopsrl, unms! Loihi (Intel) u
TrueNorth (IBM)
— Onrnyeckne BEIYUCICHUS: (POTOHHBIE TPOIECCOPHI, ONTHYECKas! aMATh, IPEUMYIIECTBA CKOPOCTH H
9HEPronoTpedIeHns
— CpaBHEHHE KIACCHYECKHUX M HOBBIX apXUTEKTYpP: IPUMEHHUMOCTH (KpUNTOrpadusi, ONTHMHU3ALNS,
HEHpOoceTH) U TOPU3OHTHI 3PETIOCTH
4.2. 3aHATHSI CEMUHAPCKOTO THUTIA.
JlaGopatopHbie paOOThI

Ne

i HaumeHnoBanue 1abopaTopHbIX paboT / KpaTKOe CoJiepKaHne

1 I/ICCJ'ICI[OBaHI/IC (I)OH-HCI\/'IMaHOBCKOI\/II n FapBapI[CKOﬁ APXUTCKTYP Ha OMYJIATOpAX

B pesyinbrate BhINOIHEHUS 1TA0OPATOPHOH pabOTHI CTYJICHT MOJYYNT HaBBIKK CpaBHEHUS (QoH-
HEeMaHOBCKOI 1 rapBapACKO# apXUTEKTyp € HCIOIb30BaHueM dMyJsiTopoB (Hanpumep, MARIE Simulator
n AVR Simulator), aHanuza pazjeneHus IIMH KOMaHA 1 JaHHBIX, OLEHKH BJIUSHUS KOH(IUKTA JOCTYyTIa K
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MaMATH Ha MIPOU3BOIUTENBEHOCTD B ()OH-HEHIMaHOBCKON apXUTEKTYpe IIPH OJHOBPEMEHHOM BEIOOPKE
KOMaH/[Ibl ¥ JaHHBIX, a TAK)KE€ COCTABJICHHsI OTUETA C BBIBOJJAMH O IPUMEHUMOCTH KaX 10 apXUTEKTypHI
JUIA Pa3IMYHBIX KJIACCOB 3ajau.

[IporpammupoBaHue Ha s3bIKE accemOiiepa i apXUTeKTypbl X86-64 (6a30BbIC
KOMaH/Ibl)

B pesynbTaTe BBIIOIHEHHS 1a00PAaTOPHON pabOTHI CTYJCHT MOJIYYHUT HABBIKH HAIMCAHUS IIPOCTEHIINX
nporpamMm Ha accembiepe NASM s apxurektyps! x86-64 (komarnst MOV, ADD, SUB, MUL, DIV,
CMP, JMP), pabortsi ¢ peructpamu obmiero Hasaauenns (RAX, RBX, RCX, RDX, RSI, RDI, R8-R15),
OpraHU3alMH YCIOBHBIX IEPEXO0OB M LIUKIIOB, OTJIAKU IIPOrpaMM ¢ ucroib3oBanrneM GDB (mpocmotp
PETHCTPOB, TMOIIAroBOE BHINOJIHEHHE, TOYKH OCTAHOBA), & TAKXKE pacueTa KOJIMYeCTBa TAKTOB IIPU
Pas3IMYHBIX crioco0ax aJpecaryH.

N3yuenne kouseiiepa komana Ha cumyistope (MIPS uu RISC-V)

B pesynbrate BBITOTHEHHS Ta00PATOPHOH pabOTHI CTYJEHT MOIYYHUT HAaBBIKK PabOTHI C CHMYJISITOPOM
KOHBeliepHOTO mpoteccopa (Hampumep, MIPS Pipeline Simulator wmi Ripes gt RISC-V), ananmza
MIPOXOKICHUS KoMaH] uepes cTaanu koHBeiepa (IF, ID, EX, MEM, WB), BrIsiBIcHNS KOH(DINKTOB IO
nmaabEM (RAW, WAR, WAW) u ynpaBistromux KOHQIUKTOB (TIPH YCIIOBHBIX IIEpEX0/1aX ), IPAMEHEHHS
METOJI0B paspenreHns KOHGIMKTOB (popBapanHr, BctaBka NOP-oneparmii, CeKyIITHBHOE BBITIOIHCHHUE),
a TaKke U3MEPEHHs BIUSHHUS 33/IePXKeK Ha OOIIYI0 TIPOU3BOIUTEILHOCTb.

Uccnenosanne SIMD-unctpyxkuuit (AVX/SSE) na npumepe 06paboTK1 MacCUBOB

B pesynbraTe BhINONHEHHS J1AOOpATOPHOIT pabOTHI CTYACHT MOJIYYUT HABBIKM HAIIMCAHUS IIPOTPAMM Ha
C/C++ ¢ uctionb3oBanueM BCTpoeHHBIX SIMD-uncTpykmit (intrinsics amst SSE/AVX) st onepanuit Hax
BEKTOpaMH (CIIOKEHNE, yMHOKSHUE, CKAIIPHOE IPOU3BEICHHE), CPABHEHHS POM3BOIUTEIIBHOCTH
CKaIPHOH (IT03JIEMEHTHOI) M BEKTOPHOH 00pa0OTKH MacCHBOB Pa3nu4HO mHE (0T 64 10 10?
JJIEMEHTOB), U3MepeHus yckopeHus (speedup) u 3¢ dexTuBHOCTH Hconb3oBaHus SIMD, a Takke aHanm3a
BIIMSIHUSL BBIDABHUBAHUS JAaHHBIX (alignment) Ha CKOPOCTB BBIMOJHEHUSL.

[TporpammupoBanune Ha CUDA s apxurekrypsl GPU (MaTpuyHOe yMHOXEHHE)

B pesynbrare BRINOTHEHHUS 1aOOPaTOPHOI paboTHI CTYIEHT MOMYYHUT HaBBbIKK Hanucauud sapa CUDA s
YMHOKEHHUSI MATPHII, OPTaHU3aIKHU CeTKU 0J0KOB 1 moTOKOB (grid u block), ucmonp30Banus pasaenseMon
namsta (shared memory) Ut yMeHbIIEHHS TIO0ATBEHBIX OOpaIleHHH K TaMATH, H3MEPEHUS BpEMECHU
BoinoaHenust Ha CPU u GPU nnist matpun pazmepom ot 1287128 no 2048?2048, ananusa yckopeHus
(speedup) 1 y3kux MecT (OrpaHHIEHUS 110 TPOITYCKHOM CIIOCOOHOCTH MaMATH, 3arpy3Ka BHIYUCIUTEIBHBIX
6110k0B), a Takxke npoduimpoBanust koja ¢ ucnoip3oBanuem NVIDIA Nsight Systems.

HccnenoBanue korepeHTHOCTH Ka1eil (mporokon MESI) B MHoronpoieccopHoit
cucremMe

B pesymnprare BRIIOTHEHHUS 1TaOOPAaTOPHOI pabOTHI CTYIEHT MOMYYHT HABBIKK IMYIISILIUN PabOThHI
MHOTOIIPOIIECCOPHON CUCTEMBI C KOTEPEHTHBIMH K31IaMu (Harpumep, B cumyJisitope GemS mim nmpocTom
Y4e0HOM CUMYIISTOpE KOTEPEHTHOCTH), aHan3a cocTosHuin kanr-miuauid (Modified, Exclusive, Shared,
Invalid) npu uTeHMH 1 3anucK U3 pa3HBIX 1ep, HAOIIOAEHNS 3a CIIy»KeOHBIM TpaduKoM (MHBaMIALNH,
OOHOBIICHHST) MEXTy K3IIaMHU, OOBSICHCHHS SBJICHUS «JIOXKHOTO pasnencHus (false sharing) na
MPaKTHYECKOM IpUMepe (JBa sapa MUIIYT B Pa3Hble IEpEMEHHbIE 0JTHOM KIII-JIMHHIH), a TAKXKE
(hopMyIMpOBaHUS PEKOMEHIAINH 110 ONTHMHU3AINHU CTPYKTYP JAHHBIX IS MHOTOTIOTOYHBIX TPHIIOKEHHH.

I/ISYI-ICHI/IC HUCpapXUU MMaMATHU U BIIMAHUA KoIIa HA ITPOU3BOJUTCIIBHOCTD

B pesymnbrarte BRINOIHEHUS T1a60paTOPHOI pabOThHI CTYASHT MOTYYHUT HABBIKM HAITMCAHNS TECTOBOM
nporpamMmMsl Ha C/C++ i1 m3MepeHus BpeMEHH JIOCTYTa K TaMATH C Pa3JInIHBIMHA IAa0JI0OHaMH JIOCTYTIa
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(mocemoBaTeNBHEIH, ¢ marom 2/4/8/16/32/64/128/256 >nemMeHTOB, CITy4aitHBIN TOCTYII), TOCTPOSHHS
rpaduka 3aBHCUMOCTH BPEMEHH J0CTyIa OT pa3Mepa paboyero Hadbopa nanusix (o1 1 Kb no 64 Mb),
uneHTnuKanuy pazmepos ke L1, L2, L3 no xapakTepHbIM cTyNeHYaTHIM Ieperndam, aHajansa
BJIMSTHUSI BBIPABHUBAHUS Ha UCIIOJIb30BaHME CTPOKH Ka1ma (cache line), a Takxe o0bsicHeHs 2 dexToB
BPEMEHHOH 1 IIPOCTPAHCTBEHHOM JIOKAJIBHOCTH.

Uccnenoanue TLB u paboTel BUPTYyaIbHOW MaMATH

B pesynbrate BeIOTHEHHS 1a00paTOPHOI pabOTHI CTYJEHT MOIYYHUT HAaBBIKM HAIIMCAHMS IIPOTPAMMBI,
BBITIOJTHSIOMIEH TOCTYT K OOJBIIOMY MAaCCHUBY MAMSTH (COTHH MeTabalT) ¢ pa3iIMyHON CTEIICHBIO
JIOKJILHOCTH (IIOCIIEA0BATENBHBIA JOCTYII — BBICOKAS JIOKAJIbHOCTD, CITyJalHBIN JOCTYI — HH3Kas
JIOKJILHOCTB), U3MepeHusl KosmuecTBa npomaxoB TLB uepes cucremusie yrunutsl (perf stat Ha Linux),
aHaJIM3a pocTa BPEMEHH JIOCTYIA MPHU CIy4aiiHOM 00X0/1e CTPaHUI] [0 CPABHEHHIO C IOCIIE0BATEIbHBIM,
n3MeHeHus pazmepa crpanulisl (4 Kb, 2 Mb, 1 I'B) uepes xyxe-crpanutipl (hugepages) u oneHKH
yMeHbIlIeHus KonndecTBa npomaxoB TLB, a Takxke sMysiunu paboThl MHOTOYPOBHEBBIX TaOJIHI] CTPAHHIL
(x86-64: 4 ypoBHSI) Ha YIPOLIEHHBIX agpecax.

HccnenoBanue cucteM npepbiBaHi HA pUMepe MUKpOKoHTpoiriepa (Arduino /
STM32)

B pesynbraTe BBIIOTHEHHA TAOOPATOPHOH padOTHI CTYJECHT MOIYYNT HAaBBIKK HACTPOMKH amapaTHBIX
IpepbIBaHUN (HaIlpuMep, TI0 U3MEHEHHUIO YPOBHS Ha IIMHE, 110 Taitmepy, 1o 3asepiueHuo ALIIT) Ha
mukpokonTpoiuiepe AVR (Arduino Uno) mim ARM Cortex-M (STM32), Hanucanust GyHKIHIHA-
obpabotunkoB npepbiBanuii (ISR) n npaBui ux MuHEManu3ma (ObICTPBIN BXO/BBIXO], U30EraHue
JUIMTENIBHBIX OTepaluii), aHaJu3a IPHOPUTETOB IPEPhIBAHUN U BIIOKEHHOCTH, OLIEHKH 3a/1eP’KKU OT
BO3HHUKHOBEHHMSI COOBITHS JI0 BX0Ja B 00pabOTYHK (JJaTEHTHOCTB), @ TAKXKE CO3/1aHHsI IPOIPaMMBI C
(hOHOBBIM IIMKJIOM U NPEPHIBAHUEM AJISI N3MEPEHNUS Pa3HUIBI B PEAKIIH CHCTEMBI.

10

Uccnenoanue npsimoro pocryna k namaru (DMA) Ha nmpumepe MUKPOKOHTpOJLIEpa

B pesynbrate BINOIHEHHS TA0OPATOPHOH pabOTHI CTYJEHT MOJIYYNT HAaBBIKM HACTPOMKH KOHTpOJUIEpa
DMA na mukpokonTposuiepe (Hanpumep, STM32 wim ESP32) nns nepenaun nanueix 13 AL B Oydep B
03V 6e3 ydacTus npoiieccopa, CpaBHEHHsI IPOU3BOIUTENIBHOCTH U SHEPTOMOTPEOICHUS IPU Tiepeiayue
65oxa manHbEIX yepe3 DMA 1 uepe3 nporpaMMHBIHN ITUKIT KOIMPOBAHUS, U3MEPEHUS MaKCUMaIbHOI
9acTOTHI AUCKpeTH3anuu (sample rate) npu ncnons3oBannu DMA, aHanmm3a 0cBOOOXI€HHS ITpolieccopa
JUTA BBITTOJTHEHHA APYTHX 3a7a4 BO BpeMs DMA -niepenadn, a Takke HACTPOWKH MPEPBIBAHHS 10
3aBepieHn DMA -61moka.

11

UccnenoBanue apxurektypsl NUMA: 3a7epKu AOCTYTA K JJOKAJIBHON U yAaJ€HHON
aMATH

B pesynbrare BRINOTHEHHUS 1a60PaTOPHOI pabOThI CTYICHT MOJYYHT HABBIKM BBIITOJTHEHUS Ha
mHoromnpoiieccopuoM NUMA -cepBepe (Hanpumep, ¢ ABymst npoueccopamu Intel Xeon wimun AMD EPYC)
MIPOTPaMMBI, KOTOPask IPUBSA3BIBAET IIOTOKK K Pa3HBIM siapam (taskset / numactl Ha Linux) u usmepser
3aJIepKKy JOCTyIa K MaMsATH, BBIJICIIEHHOH Ha JJOKabHOM mporieccope (local memory) u Ha yaneHHOM
(remote memory), CpaBHEHHS JTaTEHTHOCTH (00BIYHO ynaneHHas B 1.5-3 pa3a me[ieHHee), aHamn3a
YXyIIIEHUS TPOU3BOAUTEIBHOCTH IIPU HEONITUMAILHOM paclpe/IeIeHUH TaMsTH (UCTIOJIb30BaHKE
numastat, npodunuposurka), a Takxke HanucaHus kojga ¢ NUMA -0cBeIOMIIEHHBIM BBIJIEJICHUEM TTaMSITH
(libnuma, mbind, set_mempolicy).

12

MPI-nnporpammupoBaHue AJisi CUCTEM C paclpeieIeHHON MaMsAThIo (KIacTep)

B pesynbrare BRINOIHEHHUS 1a00paTOPHOI pabOTHI CTYICHT MOJIYYHUT HABBIKM HAITMCAHMS MapajieTsHON
nporpammsl Ha si3bike C/C++/Fortran ¢ ucrnions3oBanuem 6ubaroreku MPI (Message Passing Interface)
JUTS BBIYUCIIEHUS ancia ? MeToioM MoHTe-Kapiio uiiu 9ucieHHOTO MHTETPUPOBaHUS (METO
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MPSAMOYTOJIEHUKOB), OpTaHM3aIuy oOMeHa coobmmenusmMu Mexay nporeccamu (MPI_Send / MPI_Recv u
koutekTuBHBIE oniepauun MPI Reduce, MPI Bcast), 3amycka rmporpaMmbl Ha HECKOJIBKUX y3J1aX KiacTepa
(BuptyanbpHOro — Ha oxHoM [IK uepe3 mpirun ¢ HECKOIBKUMH POLIECCaMH, JINOO Ha pealbHOM
yIQJICHHOM KJIacTepe), U3MEPEHUS BpEMEHH BBITIOIIHEHHMS! TIPH Pa3HOM KoJudecTse npoueccos (1, 2, 4, 8,
16) u pacuera yckopenus (speedup) u 3¢ peKTUBHOCTH, a TaKXKe aHAIN3a BIMSHUS HAKJIaTHBIX PAaCX0J0B
Ha nepejaydy JaHHBIX.

13

OpenMP-niporpammupoBaHue sl CHCTEM ¢ 001Iei namsaTeio (MHOTOsiiepHBIH CPU)

B pesynbTaTe BBIIOTHEHHS 1a00paTOPHON pabOTHI CTYSHT MOIYYHT HABBIKH paclapauIenBaHus [IUKIA
(for pragma) Ha s3p1Ke C/C++/Fortran ¢ ucrons3oBaaneM nupektuB OpenMP, npuMeHeHus pa3InIHbIX
PEeXKHMMOB pacrpesenieHns urepanui (static, dynamic, guided) 1 ux BnusiHUS Ha GaNaHCUPOBKY HAarpy3KH,
OpraHM3aly KpUTHYECKUX cekuuii (critical) n aroMapHbIX ornepanuuii (atomic) At n30ex)aHusl FTOHOK
JnaHHBIX (data race), MCIOJIB30BaHUsI IEPEMEHHBIX C TIPUBATHOM Komueil (private, firstprivate, lastprivate),
M3MEPEHUs yCKOPEHHs Ha 33/1a4ax ¢ pa3Hoil BEIYMCIUTENIBHOM INIOTHOCTHIO (00paboTKa H300pakeHNH,
YMHO)KEHUE MATpHLl, COPTHPOBKA MACCHBA), a TAKOKE aHanu3a 3¢ deKTa ncesao-pacnapaieIuBaHus
(overhead mpu Marom 00BeMe BEIYUCIICHUN Ha UTEPAIIHIO).

14

CpaBHUTEJIBHBIN aHAIN3 TIPOU3BOIUTEIBHOCTH apxXUTEKTYp (x86 vs. ARM vs. RISC-V)

B pe3ynbrarte BRIOTHEHHUS Ta00OpaTOPHOI pabOTHI CTYICHT MOIYYHT HABBIKA 3aITyCKa OJJMHAKOBOTO
HaOopa TecToB (Hampumep, oerumapku CoreMark, Dhrystone, LINPACK, STREAM) Ha BUPTyalIbHBIX
WM QU3NYECKUX MalllMHaxX ¢ pa3HBIMU apXUTeKTypamu (x86-64, ARM64 (nanpumep, Raspberry Pi wnu
AWS Graviton), RISC-V (8 amymsarope QEMU unu Ha mwiate SiFive)), cOopa nokasareneit
MPOU3BOIUTEIBHOCTH (Omepaltuii B cekyHay, FLOPS, npomyckHo# criocOOHOCTH MaMsATH), BEIYUCICHUS
OTHOIIICHHS] IPOU3BOUTEIILHOCTD Ha BATT (NPY HAIMYUU JaHHBIX O MOTPEOJICHUH), TOCTPOCHHS
CPaBHHTENBHBIX TAOJMII M TUCTOTPAMM, a TaKke (GOpMyIMPOBaHUS BEIBOJIOB O MPUMEHUMOCTH KaXK 10U
ApPXUTEKTYPHI IJIs1 BeO-CEpBEPOB, HAYYHBIX PACUETOB, BCTPAUBACMBIX CHCTEM.

15

[Ipoextuposanue npocroro RISC-V nponeccopa nHa s3sike Verilog/VHDL (B
CUMYJISITOpE)

B pesynbrarte BRIIOIHEHUS 1a60paTOPHOIT pabOThI CTYCHT MOIYYIHUT HaBBIKK onucaHus 6azosoro RISC-V
nporneccopa (moamuoxectBo komaua RV321: ADD, SUB, LW, SW, BEQ, JAL) Ha s3bI1ke onUCcaHus
anmapatypsl (Verilog umu VHDL) ¢ ucnonb3oBanuem cumyssitopa (Hanpumep, Icarus Verilog uim
ModelSim), HanucaHust TeCTOBOro OKpykeHus (testbench) asst HpOBEpKH BBITIOJIHEHHS IIPOTPAMMBI M3
HECKOJIbKUX MHCTPYKIUH (HanpuMep, BBIYUCIeHNEe CyMMBI uucen oT 1 1o N), MoziesmpoBaHust paboThl
npoueccopa (IIPOCMOTP CHTHAJIOB, COCTOSIHUM PErNCTPOB, MAMSTH), aHAIN3a paboThl KOHBEHepa (eciu
peann3oBaH), a TaKke cpaBHEHHMs nosydeHHoro RISC-V sapa ¢ sTaoHHBIMHU peanu3anysiMu (Harpumep,
PicoRV32).

16

AHanIu3 apXUTEKTYPhl BHIYUCIUTENIBHON CUCTEMBI ¢ TOMOIIbIO TipoduinrpoBanus (perf,
VTune)

B pesynprare BRIIOTHEHUS 1aO0OPAaTOPHON pabOTHI CTYIEHT MOMYYUT HABBIKHA NPOQIITUPOBAHUS PEATEHOTO
MPWIOKEHUS (HampuMep, YMHOKECHHE MAaTpPHII, CKaTHe TaHHBIX, KOMITWIIANNS KOJIa) Ha apXUTEKType X86-
64 c ucnonp3oBanneM UHCTpyMeHToB Linux perf (perf stat, perf record, perf report) w/mnm Intel VTune
Profiler (moctynna GecriraTHast BepcHst 111 HEKOMMEPUYECKOTO UCIIONb30BaHHMs ), COOpa CUETUYMKOB
npousBoauTeNnbHOCTH (Tpomaxu kama L1/L2/L.3, npomaxu TLB, Konn4ecTBO B3STHIX/HE B3SATHIX YCIOBHBIX
Mepex0/I0B, KOJIMUECTBO TAKTOB, MHCTPYKIMii 3a TakT — IPC), naentudukanmm y3kux mect (bottlenecks) B
KoJie (JacTble MpoMaxH Ka1ua, Hed(deKTHBHas paboTa KOHBeiepa, CIMIIKOM MHOTO BETBIICHHN),
(hopMyIMpOBaHUS NPEIUIOKEHHH 110 ONTHMHU3AIMK UCXOHOTO Ko/i1a (M3MEHEHHE CTPYKTYPhI JaHHBIX,
MepecTaHOBKa IUKJIOB, pa3BepTKa HuKiIoB (loop unrolling)), a Takke oopmireHus oTUETa O
IpoGUINPOBAHNH C TpadUKaMHU U PEKOMEHIAINAMHU.




4.3. CamocTosiTennpHas padoTa 00yJarommxcsl.

:/-QH Bun camocrosiTensHO#M paboThI
1 |Pabota c IeKITMOHHBIM MaTEepPUATIOM

2 |[logroroBka Kk 1abopaToOpHBIM paboTam

3 |BbimonHeHue KypcoBOil pabOTHI.

4 | IloarotoBka K NpOMEKYTOYHOW aTTECTALIUU.

5 | [loaroroBka K TeKyuiemMy KOHTPOJIIO.

5. IlepeueHp wu3MaHMM, KOTOpPBIE PEKOMEHAYETCS MCIOJIb30BATh IIPH
OCBOCHUU JUCHUUIUIUHBI (MOAYJIA).

rJ[\/ri Bubnuorpaduueckoe onucaHue Mecto mocryna

1 | [IlporpaMMHpOBaHHE MUKPOKOHTPOILIEPOB URL:
cemeiictea CORTEX-M: Yue6GHoe mocobue as https://e.lanbook.com/book/175969(
CTyAeHTOB Hanpasienuil «HpopmaTuka u OneKTpOHHO-OHOMOTe HAst
BBIYMCIMTENbHAS TeXHUKa» U «AH(popMannonnas cucrema Jlans)(nata obpamerus
6e3omacuocThy / [llampos M. 1., 2020. - 88 c. 03.03.2026)

2 | ApXUTEKTypa U CTPyKTYpHAs OpPraHu3aLus URL:
MUKpoKoHTpoiepos cemeiictBa CORTEX-M: https://e.lanbook.com/book/175725(
YyeOHoe nmocobue Asisi CTYICHTOB HaIlpaBJICHUN DreKTpOHHO-OubIHOTe Hast
«MHpOpMaTHKa M BHIYMCIIUTEIBHAS TEXHUKA» cuctema Jlanb)(nara obpauenus
«udopmanmonnas 6e3omacHoctsy / [llampos M. 03.03.2026)
H.,; 2019. - 62 c.

3 [IpumeHeHne KOMMYTAaTOPOB B cOBpeMeHHBIX ceTsax | URL:
nepenau HHGopMaIuu: YueOHO-METOIUYECKOE https://e.lanbook.com/book/269750

nocoGue utst Hanpaienus 27.03.04 «Yrpapienue B | OVIeKTPOHHO-OnbmHoTeHas
cuctema Jlanp)(nara obOparieHus

TEXHUYECKUX CUCTeMax» Npouis « YIpaBieHus 1
03.03.2026)

UHPOpPMATHKA B TEXHUUECKUX CUCTEMaX»
(OakanaBpbl) OYHAsI U OUHO-3a04HAas (BEeUEpHsIs)
dbopmbl 00yuenusi/ AutonoB . A., Epmakosa A. E.,
Nxonnnkos C. E.. PYT(MUUT), 2021. - 94 c.

6. IlepeueHb COBpEMEHHBIX MPOQPECCHOHANBHBIX 0a3 JaHHBIX U
WH()OPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIOJB30BAThCS TPHU
OCBOEHUU JUCHUUIUIAHBI (MOAYJIA).

dopym CIICIUAJIMICTOB o nH(OPMAITMOHHBIM TEXHOJIOTHUSIM
http://citforum.ru/
HNHTepHET-yHUBEPCUTET MH(}OPMAITMOHHBIX TEXHOJIOTUH

http://www.intuit.ru/



Tematnyeckuii bopym 110 UH()OPMAIIMIOHHBIM TEXHOJIOTHUSIM
http://habrahabr.ru/

7. llepedyeHb  JNHIEH3UOHHOTO W  CBOOOJHO  PacIpOCTPaHSIEMOIO
IPOrpaMMHOr0 00€CIeYeHUsl, B TOM YHCIE OTEYECTBEHHOIO IPOU3BOJICTBA,
HEOO0XOUMOTrO ISl OCBOCHUS JUCIIUILIMHBI (MOJTYJISA).

Microsoft Windows
Microsoft Office

8. Omnucanue MaTepuasIbHO-TEXHUYECKOW 0a3bl, HEOOXOAMMOW st
OCYIIECTBJICHUSI 00pa30BaTEIHLHOTO Mpolecca MO AUCHUILTHHE (MOIYIIIO).

Jns mpoBeneHHs ayIUTOPHBIX 3aHATHUM W CaMOCTOSITENIBHOW padOThI
TpeOyroTCs:

- PabGouee MecTto mnpenopaBaTensi € NEPCOHAIBHBIM KOMIIBIOTEPOM,
noakrou€HHbIM K ceTsM INTERNET.

- CrneuHaJM3upoBaHHAs JIEKUMOHHAs ayJuToOpHsi C  MYJbTUMEOAua
aIrapaTypou U UHTEPAKTUBHOU TOCKOM.

-KoMmbroTepHbIil Kjacc ¢ KoHAUIMOHEpoM. Paboune mecta CTyAEHTOB B
KOMITBIOTEPHOM KJ1acce, moAakitouéHHbIe K ceTsiM INTERNET

J{ns mpoBeneHns NPaKTUYECKUX 3aHATHIA:

-KOMITBIOTEPHBIN KJIACC; KOHAULIMOHEDP; KOMIIbIOTEPHI.

-B ciiyuae npoBenieHuu 3aHATUN C IPUMEHEHUEM AJIEKTPOHHOTO 00yUEHUs U
JOUCTAHLMOHHBIX  OOpa30BaTENbHBIX  TEXHOJOTMH  HEOOXOAMMO  HAJIU4ue
KOMITBIOTEPHOW TEXHUKH, JJISI OPTaHU3alUK KOJUIEKTUBHBIX U MHAWBUYaJIbHbIX
dbopm 0OIICHUST TeAarorudecknux pabOTHUKOB CO CTYJIEHTaMH, IMOCPEIACTBOM
HCIIOJIb3YEMBIX CPEACTB KOMMYHUKAIUH.

JomyckaeTcst 3aMeHa 000pyI0BaHUSI €r0 BUPTYaIbHBIMH AHAJIOTAMH.

9. ®opma MPOMEKYTOUHOM aTTECTALINU:

3auer B 6 cemecTpe.

10. OueHouHble MaTEpHUAIBI.

OueHo4YHbIE MaTepUaIbl, IPUMEHSAEMBIE TPU NPOBEIECHUN MPOMEKYTOUHON
aTTecTaluyu, pa3pabaThIBalOTCS B COOTBETCTBUU C JIOKAJIbHBIM HOPMAaTHUBHBIM
aktoM PYT (MUUT).
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