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: HpOFpaMMHOG MOACIINPOBAHUC BBIYUCIIUTCIIBHBIX CUCTCM
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
HpO(l)I(lJIb MnoATrOTOBKMU: KOMHBIOTepHBIe TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MepcrneKTUBHBIX BEIYUCIUTEIBHBIX TEXHOIOTHIA

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

[ToaroroBka x sk3ameny: 30 yac.

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

[Iporpammy cocraBui: IL.1. KprokoB, npenogaBaTeib

[Iporpamma obcyxieHa Ha 3acefjanny Kadenpa MepcreKTUBHBIX BBIYUCIUTENBHBIX TexHOomorui 16.05.2023



AHHOTANMA

Henpro Kypca SBISETCS O3HAKOMJIEHHE CIIYIIATENEH C COBPEMEHHBIMH TEXHOJOTHSIMH  CO3AAHHS
MPOrPaMMHBIX MOJIeTIeH BBIYMCIUTEIBHBIX CUCTEM PA3IMYHOMN AeTaln3anuy U o00iacTei MpUMEHEeHUs, TaKuX
KakK: pa3paboTKH IPOTPaMMHOTO O00eCredeHus1, pa3padoTKa annapaTHON apXUTEKTYpbl I MUKPOApXUTEKTYPHI,
UCCIICZIOBAHMsI IIPOU3BOAUTEIILHOCTY M CBOMCTB  BBIYHMCIMTENbHBIX CHUCTEM HA CTaJusiX paHHEro
MPOEKTUPOBAHMS BBIUMCIUTEIBHBIX CHCTEM, MTOJ/IEPKKA KPOCC-TUIAaT(POPMEHHBIX CUCTEM.

1. leau u 3apauu

Meap AUCUMNIMHBI

O3HaKOMJICHUE CTYACHTOB C COBPCMCHHBIMH TCXHOJIOIUAMU CO3OaHUA HPOTrPpaAMMHBIX Mo;[enei/i
BBIYUCIIUTCIIBHBIX CUCTEM pa:manoﬁ JcTajin3alu 1 obOnacreit IIPUMCHCHMUA.

3agauu AU CHUILIHHBI

- Ilonydyenue npencraBiieHUs O 3ajadax, pelIaeMbIX IOCPEICTBOM IIPOIPaMMHOIO MOJEIUPOBAHMS
BBIUMCIIUTENBHBIX TEXHOIOTUN

- IlpnoOperenne 3HaHWMH O CYLIECTBYIOIIEM CIEKTpE TEXHOJIOTMH MOJCTUPOBaHHSA, MX 001acTu
IIPUMEHUMOCTH Ha Pa3HbIX 3Talax MaplIpyTa IPOEKTUPOBAHUsI BBIYUCIUTEIBHBIX CUCTEM.

- 3HaKOMCTBO C OCHOBHBIMU PELIEHUSIMU C OTKPBITBIM [IPOIPaMMHBIM KOJIOM.
2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOUpaeT
KPUTHUYECKUHN aHaJN3 U CUHTe3 HHpopManuy, |uHPOpMALNIO, HEOOXOOUMYIO AJISl PELICHHUs! MOCTaBICHHON
MPUMEHATh CUCTEMHBIH MMOAXOJ U PELIeHUsT  |3a7a4n

MOCTAaBJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh copemennsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TTaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH OIIK-3.3 Bnaneer MeTogaMu BU3YalbHOTO U IpauuecKoro
Hay4HbIC U (WIN) TEXHUYECKUE IpeACTaBICHUS pe3yabTaToB Hay4YHOM
(TexHOIIOTNYECKNE, UHHOBAIL[IOHHBIE) OTYETHl  |(HAYYHO-TEXHHUYECKOW, MHHOBALIMOHHON TEXHOJIOTHYECKOH)
(myOnmuKanuy, NpOEKTH) JEATEIIbHOCTH B BUJIE OTUETOB, HAyYHBIX ITyOIMKAIMHA

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH craBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie papadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAEIM JJIS ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIE MPOOIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIH)
OKCIIEPUMEHTAIbHBIE METObI MCCICIOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

[IK-2.1 3HaeT OpUHLUIBI MOCTPOEHHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHoco0bl apryMeHTallH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAyYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx




3. [lepevyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUIHHE (MOIYJII0)
B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecs JOJKHBI
3HATh:
- KJIIOYEBBIC TEXHOJIOTMU MPOIPAMMHOTO MOJEIHMPOBAHMS, UX KOJIWYECTBEHHBIC XapPaKTCPHCTHKHU, MX
o0nacTk MPUMEHEHHUS Ha Pa3HBIX ATallaX MapuIpyTa MPOCKTHPOBAHHS BEIYMCIUTEILHBIX CHCTEM.
YMETh:
- oTpeneNnsaTh HanboIee MPUMEHUMBIE TEXHOIOTHUH TPOTPAMMHOTO MOACTHPOBAHHUS IS TIOCTABICHHBIX
3a/1a4, UCXOMS U3 TEOPETUYECKUX, IPAKTUICCKUX, U SKOHOMUYECKUX TPEOOBAHUIA;
- MOHUMATh MECTO KaKIOH TEXHOJOTMU B MapUIpyTe MPOSKTHPOBAHHS M CIIOCOOBI WX WHTErpaIHd
MeXIy coOOii.
BJIQJICT!
- HaBBIKAMH CO3/IaHMSI IIPOCTHIX MOJICJICH BBIYHUCIUTEIIBHBIX CUCTEM,
- MPOTPaMMHBIMH CPEIAaMH JUIS CBS3bIBAaHHMSI WX B MOJETH IOJHBIX CHCTEM, HCIIOJB3YS pa3IndHbIC
TEXHOJIOTUH MOJICIIUPOBAHHSI.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 [IporpammHoe  MOAENMpOBaHHE  Kak ) )
HpEeAMET UCCIIeIOBAHUS
) @OyHKIMOHATIBHOE MOJZIETIMPOBaHNE ) ’ 4
APXUTEKTYPBI CHCTEMbI KOMaH/T
3 Cumynsaropsl miathopm 3 3 6
4 CoOBITUIHBIN TTOJTXO.T K 3 3 6
MOZEIMPOBAHUIO MUKPOAPXUTEKTYPbI
5 [TorakToBBIlI MOAXOX K MOACIHPOBAHUIO 3 3 6
MHUKPOAPXUTEKTYPbI
6 I'ubpupnas cumynsust 2 4 6
Hroro yacos 15 15 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemectp: 7 (Ocennuii)
1. IlporpaMMHOE MOZIETUPOBAHUE KAK MPEIMET UCCIEIOBAHUS

Haznauenue u pons MomeIMpoBaHus B mpouecce pa3paboTKH U BBIITyCKa MPOrpaMMHO-AINapaTHBIX
cucreM. OCHOBHBIE IIapaMeTpbl MOJEJEH: CKOPOCTb CHUMYJSALIMH, BEPHOCTb, TPYHAOEMKOCTD,
CIIOKHOCTh, MaciuTadbupyemocts. Kinaccudukanusi CymiecTBYIOIIMX MOAEEH, NPHOpeTU3alus
mapamMeTpoB sl Kaxaoro kmacca. OOmacTb NMPUMEHMMOCTH KaKAOM MOJENM Ha MapuipyTe
MPOEKTUPOBAHUSI.



2. OYHKIMOHAIBHOE MOAEIUPOBAHUE APXUTEKTYPhl CUCTEMbI KOMAaH/

Wutepriperarop Kak MpOCTEWINas MOJEIb MHKpOIpolieccopa. ba3oBbI MPHHIMIT TTOCTPOCHHUS
uHTeprperaropoB. ONTHMHU3ALUK WHTEPIPETUPYIOIIMX MOJENEH: CIEIUICHHAas HWHTEpIpeTanus,
KOIIUPOBAHUE PE3YNBTATOB NeKOAHMPOBaHHA. OCHOBBI TBOWYHOW TPAHCIALUH, TPAHCILUS Tpacc H
TpaHcIsIus 0a30BbIX OJIOKOB, MpobiemMa caMoMonubuIUpyroIerocss koga. IIpsmoe ucromHeHHE.
Bupryanuzanus kak pa3HOBHAHOCTh (PYHKIIMOHAJIBHOTO MoOJenupoBaHus. [IpakTudeckas padora c
CHUMYJIISITOPOM C OTKPBITBIM UCXOAHBIM KofioM Spike (RISC-V ISA).

3. Cumynaropsl wiaThopm

MoenrpoBaHre MOTHBIX CHCTEM W OTIENbHBIX NpuioxeHnid. Touku coxpanenus (checkpointing).
HcnonHeHne B 0OpaTHOM HarpaBieHUH (reverse execution). MomenupoBaHHe €IMHOTO BPEMEHHU B
CHCTEME CO MHOTMMH YCTPOWCTBaMHU. MonenupoBaHue MHOTOIPOLIECCOPHBIX — CHCTEM.
[Ipaktuyeckas pabora c QEMU.

4. CoObITHIHBIN MOAXOA K MOACITUPOBAHUIO MUKPOAPXUTEKTYPHI

HuckperHble coObiTus. McmonHsionye ¥ HEUCHONHAIIMUE BUAbl Mozaeneil. Ouepean cOOBITHIA.
OOGecnieueHne MOIYIBHOCTH COOBITHHHBIX MUKPOAPXUTEKTYPHBIX Mozenell. OrpaHnueHHs TOYHOCTH
mozeinei. [lapannensHeie Momenu, OapbepHas CHHXpoHH3alMs. CXeMbl C TOYKaMHU COXpPAHEHHS.
Mertononorust poBeneHust uccienoBanuid. [lonsitus GeHumapok, mpumepsl: SPEC17, Dhrystone,
Whetstone u gpyrue. CymecTByromue peanuzanun. [Ipakrnueckas padbora ¢ GemS.

5. IloTakTOBBIN NOAXOM K MOJEINPOBAHUIO MUKPOAPXUTEKTYPbI

Mopnens noptoB. Monens notokoB. ComnpsbkeHue (QyHKIMOHAIBHOM M MOTAaKTOBOM Moxenu. Tpacchr
UCTIOJTHEHUS M UX MCIOJIb30BAHUE JUI TOTAKTOBOM CUMYIALUK. KOHIENIHs MOPTOB KaKk abCTpaKIuu
JUI TIOCTPOEHUS TOTAKTOBOIO CHMYJISITOpa C Beaylled (yHKIMOHAIbHOM yacTbio. ObecrieueHue
MOJYJIbHOCTH IIOTAaKTOBBIX MUKPOAPXUTEKTYPHBIX Mojenel. S3biku onucanus mozaenei. CranaapTsl
SystemC u TLM. DML kak npumep crniennanu3upoBaHHOro sizbika. [Ipakrudeckas pabora ¢ ASIM.

6. ['ubpumHas cumymnsIus

3anauu, pemaemble THOpUAHON cumymsanueit. O030p cymecTBytomux TexHonorui: FireSim, Chisel,
Verilator. OrpanndeHusi THOPUIHOW CUMYIISAIINH, 001aCTh TPUMEHEHUSI.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

— VYueOHast aymuTOpysi, OCHAIIEHHAS MYJbTUMEAUATPOEKTOPOM U IKPAHOM.
— Ilepconanbnasg 9BM s BHIMOIHEHUS JOMAITHUX 3aIaHUN

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. OcHoBHI TporpammHoro MoeupoBanus IBM [Teker] : yue6. mocobue mus By3oB / I. C. Peancror
[u 1p.] ; M-Bo obpa3oBanus u Hayku PD, Mock. ¢pu3.-rexH. uH-T (TOC. YH-T) .— 2-¢ H3]l., iepepad. u
qorn. — M. : MOTH, 2013 .— 222 c.
2. Bellard, Fabrice.QEMU, a fast and portable dynamic translator / FREENIX Track: 2005 USENIX
Annual Technical Conference. 2005.
3. Emer, Joel, et al. Asim: A performance model framework. // Computer 35.2 (2002): 68-76.

JlononHuTeNbHAS TUTEpATypa
1. KoMouisaTopsl: IpUHIUIBL, TEXHOJIOTHH U HHCTpyMeHTapuil [ Tekct] : [y4e0. mocoOue st By30B] /
Axo, A. B. [u gp.] ; [mep. c aarn. u pea. U. B. Kpacukosa] .— 2-e u3a. — M. : Bunbsimc, 2011 .— 1184
C.



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

3. Anexun B.A. SystemC. MonenupoBanue 31eKTpOHHBIX cucteM. — M.: Topsiuast munus - Tenekom,
2018. — 320 c.

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

RISC-V Spike: https://github.com/riscv-software-src/riscv-isa-sim
QEMU: https://www.qemu.org/

GemS5: https://www.gem5.org/

SystemC: https://accellera.org/community/systemc

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX IPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

B mpornecce camocTosTensHON paboThl 00yJarouxcs npenoiaraetcs ucnoib3oanue OC Linux u
MPOrpaMMHBIX CpeAcTB padoThl ¢ cumyasitopamu Spike, QEMU, GemS, okpysxenuem ASIM u
SystemC, a Tak ke sfi3pIkaMu BbICOKOTO ypoBHSA C 1 C++.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

VYceneniHoe ocBoeHME Kypca TpeOyeT HanpspKEHHOW caMOCTOATENBHOM paboThl cTyneHTa. B mporpamme

Kypca MpUBEICHO MHHHMAJIbHO HEOOXOAMMOE BpeMsi [uii paboThl CTYIACHTa HaJ TEMOWM.
CamocrosTenpHas

pabora BkIto4aeT B ceOst:

— TMpopabOTKy y4eOHOTro Marepuaia 1o KOHCIIEKTaM JICKIHA, Y9eOHOW U HaydHOU JIUTepaType

— YTCHHE JIOTIOJHUTEIIFHBIX UICTOYHUKOB 3HAHUH, B TOM YHCJIC HA MHOCTPAHHOM SI3bIKE

— TOIrOTOBKY BOIIPOCOB MPETIOAABATENSIM M aCCHCTEHTaM

— CBOCBPEMEHHOE M CaMOCTOSTEIBHOE BBIIOJIHEHHE JOMAIIHUX TEOPETUYECKHX U TNPAKTUYECKUX
3alaHui

Pexomenayercss oOpamare BHUMaHHE Ha NPHYUHBI, MPUBEAIINE K HM300PETEHUIO pacCMaTpPHBAEMBIX
METOJIOB ¥ MTOAXOJIOB, MX CHJIbHBIC U CIIA0bIe CTOPOHBI,

CBOeBpeMEHHOE M KaueCTBEHHOE BBHIIOJHEHUE CAMOCTOATEILHONH PabOThl COCOOCTBYET YCIEITHOMY
YCBOCHHIO MaTepHasia U BBICOKUM pe3ysibTaTaM Ha IPOMEKYTOUYHON U UTOTOBOW aTTeCTaIHsIX.



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

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

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 pesyabrare u3ydeHUS IUCHUTUIMHBI
00yJarouics JTOIDKEH:

3HAThb:

«HporpaMMHoe MOACIIUMPOBAHNUEC BBIYUCIUTECIILHBIX CHUCTCM»

- KJIFOYEBBIE TEXHOJIOTMH IPOrPaMMHOIO MOJEIHPOBAHUS, UX KOJIMYECTBEHHBIE XAPAKTEPUCTHKH, UX
o0nacTh MPUMEHEHNUS Ha Pa3HBIX ITallaX MapuIpyTa MPOEKTHPOBAHHS BEIYHCIUTEIBHBIX CHCTEM.

yMeThb:

- ompenensaTh Hanbosee MPUMEHNMbIE TEXHOJIOTHH ITPOrPAMMHOTO MOAETMPOBAHUS AJIs TIOCTABIEHHBIX
3a1a4, UCXOMs U3 TEOPETHUECKUX, IPAKTUIECKIX, 1 SKOHOMUYECKHX TPeOOBaHUIA;
- MOHUMAaTh MECTO KaKIOH TEXHOJOTMH B MapUIpyTe NMPOEKTHPOBAHMS M CIIOCOOBI WX HHTErpalnuu

MEeXIy co0oii.
BJIAJIETh:

- HaBbIKaMHU CO34aHUs IMPOCTHIX MOI[GJ'IGﬁ BBIYHCIIUTCIIBHBIX CUCTEM,
- INpOTrpaMMHBIMU CpCAaMu IJid CBA3bBIBAHHA WX B MOJACIIU IIOJIHBIX CHUCTEM, MCIIOJIb3Yyd Pa3JIMYHBIC

TCXHOJIOTMHU MOJACIUPOBAHUA.




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

C menbr0 KOHTPOISE OCBOEHHUSI OOydaroImuMucs ydeOHOro marepuana npoBoautcs koporkuid (10-15
MHUHYT) OIPOC [0 MaTepuaty MPOIIeIIINX 3aHsITUH B YCTHON MJIM MUCbMEHHOH (opme.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBeAEeHHUA NIPOMEKYTOYHOM aTTecTalluu
o0y4yarommxcst

1. OcHoBHblEe mapameTpbl MOAEJIEH: CKOPOCTh CHUMYISLMH, BEPHOCTb, TPYAOEMKOCTb, CIOKHOCTH,
MacIITabupyeMOCTb.

2. Cucrema KiacCU(pHKALUS CYIIECTBYIOUIMX MOJEINCH, MPUOPHUTH3AIMS apaMeTPOB JUI KaKIOTO
kiacca. O61acTh MPUMEHUMOCTH KaXK10H MOZIEN HAa MapIIpyTe IPOESKTUPOBAHHUSL.

. ba3oBbIil IPUHIUI IOCTPOECHUS UHTEPIIPETATOPOB.
. OCHOBHBI METO/Ibl OITUMU3ALUN UHTEPIIPETUPYIOIINX MOJEIEH.
. IIpuHOHINIBI ABOMYHON TPAHCISLIUY, ONTUMUA3ALUN HA €€ OCHOBE.
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6. OrpaHu4eHHs TBOMYHOMN TPAHCISAIUH.

7. Bupryanuzamus Kak pa3HOBHIHOCTbH (DYHKIIMOHAJILHOTO MOZIEIMPOBAHHS.

8. Touku coxpanenus (checkpointing), Ha3Ha4eHHE ¥ METOIBI UMILIEMEHTAIHH.
9

HcnonHenne B OOpaTHOM HampaBJIeHUHM (reverse execution), Ha3HaYeHWE M METOMBI
UMILIEMEHTALIN Y.

10. MogenupoBaHue eIMHOTO BPEMEHH B CUCTEME CO MHOTUMH yCTPOWCTBAMH.
11. MogenupoBaHHe MHOTOTIPOLECCOPHBIX CUCTEM.

12. Otnyr4ust KCHOJHSIOIINX U HEMCIIONHSIOMINX BHIOB MOJIEIIEH.

13. Ouepenp cOOBITUH, IPUHLINI TOCTPOSHUS CUMYJISITOPA C €€ UCTIOIb30BaHUEM.
14. OGecnieyeHre MOAYIbHOCTH MUKPOAPXUTEKTYPHBIX MOJEIICH.

15. TlapannensHble MOAEIH, OapbepHasi CHHXPOHHU3ALIS.

16. Merononorus npoBeaeHus: ucciepoBanuii. [lonsarus 6enumapok, npumepsl: SPEC17, Dhrystone,
Whetstone u qpyrue.

17. Monenu nopToB ¥ MOTOKOB KaK MOAXO/AbI K CO3/IaHUIO MTOTAKTOBBIX MOJIETEH.
18. ComnpspkeHre (GyHKIIMOHAIBLHOW U MIOTAKTOBOW MOJIEIIH.
19. Tpacchl UCIIOJIHEHUS U UX UCIIOIB30BAHUE Ul IOTAKTOBON CUMYJISLIMH.

20. S3piku  ommcanus Mmogmeneit. Crammaptel  SystemC u  TLM. DML kak npumep
CHEUHATU3UPOBAHHOTO SI3bIKA.

21. 3agauu, perraeMble THOPUIHON CUMYJISILICH.
22. Orpann4eHus: THOPUIHON CUMYJISILIMK, O0JIACTh TPUMEHEHHS.

HpI/IMepBI OuIeToB JJI TIPOBCACHHUA SK3aMCHaA:

burer 1.

1. OcHOBHBIE TapaMeTpPbl MOJIENICH: CKOPOCTh CUMYJISIHH, BEPHOCTb, TPYAOEMKOCTH, CIOKHOCTH,
MacIITabuPyeMOCTb.

2. OrpannueHus THOPUIHON CUMYIISAIIMH, 001aCTh IPUMEHEHHUS.

buner 2.

1. Cuctema kiaccupUKalms CYHIECTBYIOIIUX MOENEH, MPUOPUTH3AIMS TapaMeTpoB I KaKJOro
kiacca. O61acTh MPUMEHUMOCTH KaXKIOW MOJISTT Ha MapIIPyTe MPOCKTHPOBAHMUS.

2. 3ajmauu, pemaemMble TMOPUAHON CUMYIALIECH.

Kputepun onennBanus

Onenka otmnuno (10) BbICTaBIsieTCsS CTYACHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3UPOBaHHbIC,
nryOoKue 3HaHMS y4eOHOH MporpaMMbl JUCHUIUTHHBI, MPOSBISIONIEMY HHTEpEC K IaHHOM NMpeaMeTHOH
00JIaCTH, IPOJIEMOHCTPHUPOBABLIEMY YMEHHE YBEPEHHO M TBOPUECKHU NPUMEHSTHh WX HA MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aja4, CBOOOHOE U IPaBMIbHOE 0O0CHOBAHNE MIPUHATHIX PEIICHHH.



Onenka omM4HO (9) BBICTABISETCS CTYIACHTY, MOKa3aBLIEMy BCECTOPOHHHUE, CUCTEMAaTH3HPOBAaHHbBIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPpaBUIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.

Ouenka OTIIMYHO (8) BBICTABISAETCS CTYACHTY, [IOKa3aBUIEMY CHCTEMAaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOH MpOrpaMMbl AMCLUUILUIMHBI M YMEHUE YBEPEHHO HNPUMEHSTh MX HA MPAKTHUKE NMPHU PEIICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUH, C HEKOTOPBIMU HEZ0UeTaMu.

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

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

OHGHKa XOpouro (5) BBICTABJIACTCA CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO U II0
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO AOITYCKACcT B OTBETC
HJIN B PCIICHHHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEM.

OmueHka yIOBIETBOPHUTENbHO (4) BBICTABISICTCS  CTYACHTY, NOKa3zaBIieMy (parMeHTapHbIi,
Pa3pO3HEHHBIH XapaKTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSTHH,
HapYUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE JUIs NallbHEHIIero o0y4eHus, u
MOKET MPUMEHSTH TIOJTy4YeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOM CHTYaIlHH.

OmeHka yIOBIETBOPHUTENBbHO (3) BBICTABISICTCS — CTYACHTY, NOKa3zaBIIieMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/ieiaMH y4eOHO! IpOorpaMMbl, HEOOXOIMMBIMH JUIsl AaIbHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJaKe B CTAHAAPTHOW CHTYAIIHH.

OreHKka HEYJOBJICTBOPHUTEIHLHO (2) BBICTABISCTCS CTYICHTY, KOTOPBIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COZEp)KaHUsl Y4YeOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeyJIOBIETBOPUTENbHO (1) BBICTABISICTCS CTYACHTY, KOTOPBIi HE 3HAET OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITUpOBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MMECT HABBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH NPOBOIUTCS B YCTHOM (hopme.

[Tpu mpoBexeHNH yCTHOTO 3K3aMeHa oOydarolieMycs mpeaocTasisiercss 1 yac Ha moarotoBky. Ompoc
oOyyaromierocs o OuieTy Ha YCTHOM dK3aMeHE He JJOJDKEH MPEBBIIIATh IByX aCTPOHOMUYECKUX YaCOB.
Bo Bpemsi mpoBeneHHMs 5K3aMEH OOYyYaroOIIHMEecsi MOTYT TIOJIb30BaThCs HPOTrpaMMOM TUCIMILIMHEI,
MarepualaMi KOHCIIEKTOB, MOHOTPa(UsSMH, HAYYHBIM CTAThSIMU.



