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1. Henu u 3apaun

eab AMCHUIIUHBI

OCBOCHHC CTYyACHTaAMU 3HaHUH B 00JIaCTH MNPUMCHCHUA COBPCMCHHBIX BBICOKOIIPOU3BOJUTCIIBHBIX
KOMIIJICKCOB pa3JII/I‘IHOI>'I APXUTCKTYPbl B HAYYHBIX MCCICIOBAHUAX U TIPUKIAIHBIX O6HaCTSIX, B
YaCTHOCTHU — B MAaTCMAaTUYCCKOM MOJICIUPOBAHHUU U 06pa60TKe OOJIBIIINX MAaCCHBOB JaHHBbIX.

3agauy AMCHMILIHHBI

. dbopMupOBaHHE OCHOBHBIX 3HaHMM B 00JaCTM NPUMEHEHHS BBICOKOIPOU3BOIUTEIbHBIX
BBIUHUCIUTENBHBIX KOMIUIEKCOB pPa3MYHOM apXWUTEKTypbl HAa OCHOBE KypcoB HH(MOPMATUKH,
OTIEPAIIMOHHBIX CHCTEM, SI3bIKOB IPOrpPaMMHUPOBAaHUS U KypCOB BBIYUCIUTEIBHOW MaTeMaTUKH [T
o0ecrieyeHrss TEXHOJOTMYECKMX OCHOB MaTeMaTHMYeCKOTO MOJEIUPOBAHUS B  COBPEMEHHBIX
MHHOBAIIMOHHBIX cepax IesTeTbHOCTH;

* 00yd4eHHE CTYJIEHTOB MPUHIUIAM cO3aHus YPPEKTUBHBIX apauIeIbHbIX AITOPUTMOB U IIPOrpamMm,
aHaJlM3a CYUIECTBYIOLIUX MPOTpaMM U aJIrOPUTMOB Ha MapajuIeIbHOCTH; 3HAKOMCTBO C OCHOBHBIMHU
METOJlaMd M TPUHLUIIAMHU [apaJJIeIbHOTO MPOTrPAMMHPOBAHMS, OCHOBHBIMH TEXHOJIOTUSIMHU
MapajuIeIbHOTO MPOTrPaMMHUPOBAHMUS;

* (opMupoBaHHE TMOAXOIOB K BBHIIOJHCHUIO MCCICIOBAHUN CTYJICHTaMHU B OOJIACTH TapayljIelbHBIX
BBIYUCIICHU M MaTEeMaTHYEeCKOTO MOJCIHPOBAHUS C HCIIOJIb30BAHHEM COBPEMEHHBIX TEXHOJOTHH W
MPOTPAMMHBIX CPEACTB MapajuIeIbHOTO MPOrPAMMHPOBAHUS B PAMKaxX BBITYCKHBIX PaOOT Ha CTENCHb
OakasaBpa.

2. MecTo qucuunJInHbI (MOAYJsl) B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpaMMbl

Huctunnuna «lIpakTukyMm Mo mnapajjielbHOMY NPOTpaMMHpPOBAHUIO» BKIIOYaeT B ce0s pas3zensbl,
KOTOpBIE MOTYT OBITh OTHECEHBI K BapraTHBHOM yacTu nukia b.3 koma YI[ OOII.

Jucrummza «[IpakTHKyM 1o mapajuieTbHOMY IPOTrpaMMHPOBAHHIO» Oa3upyeTcs Ha JUCIHUIIHHAX:
JuddepenunanbHble ypaBHEHUS;
MaremMaTHYeCKHI aHAIIN3;
Hndopmaruka.

Jucuunnuna «IIpakTukym no napamieabHOMY IPOrPpaMMHUPOBAHUIO» MPEAIIECTBYET U3YUEHHUIO IUCHUIUINH:
[IpoexkTrpoBaHNE NHTEPAKTUBHBIX CUCTEM;
VYnpasieHue npoekTaMu pa3paboTKH MPOrpamm;
MeTtoapl aHanu3a TaHHBIX U paclIO3HABaHUS.

3. llepeyeHb IUIAHUPYEMBIX Pe3YJIbTATOB 00y4eHH S MO AUCHUILIHHE (MOAYJII0), COOTHECEHHBIX €
IUVIAHUPYEMbIMU pe3yJIbTATAMH 0CBOEHHs 00pa30BaTeIbHOM MPOrpaMMBbl

OcBoeHMe TUCIUTUTMHBI HATIPABJICHO Ha (POPMHUPOBAHUE CIEAYIOMINUX OOMICKYIbTYPHBIX,
oOmenpodecCHOHATBHBIX B MPOGECCHOHATBHBIX KOMITETCHITUN:

CIIOCOOHOCTh TPUMEHSTh TEOPHI0 W METOJbl MAaTEeMAaTHKU JUIS TIOCTPOSHUS KAueCTBEHHBIX U
KOJIMYECTBEHHBIX MOJENie OOBEKTOB W MPOIECCOB B €CTECTBEHHOHAYYHOU cdepe nesTenbHOCTH
(OIIK-2);

CIOCOOHOCTh TTOHMMATh KJTIOUEBBIE aCIIEKTHI M KOHIIENIMY B obsactu ux cneruanm3anuu (OI1K-3);
CIIOCOOHOCTH MPUMEHSThH TOMyYeHHBIC 3HAHUS JJI aHAIHM3a CUCTEM, porieccoB U MeTooB (OI1K-4);

CIIOCOOHOCTh BBIOMpPAaTh W MPUMEHATH MOAXOASIIEEe O0OpYyIOBaHUE, WHCTPYMEHTBI M METOJbI
WCCJICIOBAHMM JUTSI PEIIeHHUs 3aa4 B n30panHoi npeaqmeTHoi obnactu (I1K-3);

CIIOCOOHOCTh KPUTUYECKU OLIEHUBATH MPUMEHUMOCTh IPUMEHSIEMBIX MeTOIUK U MeToAoB (I1K-4).



B pe3ysibTaTe ocBOeHUsI AUCUMILIMHBI 00y4alolIHecsi 10/LKHbI

3HATb:

- HCTOPHIO IBOJIIOLUU BBIYMCIUTENBHBIX CUCTEM U MCTOPUYECKYI0 HEOOXOIUMOCTH HCIOIb30BaHUS
MapajuIebHBIX BRIYUCIICHUN;

- OCHOBBI aPXUTEKTYPHI NMapaIeIbHBIX BEIUUCIUTEIbHBIX KOMILIEKCOB;

- OCHOBHBIE TEXHOJIOTUYECKHUE ATaIlbl pa3pabOoTKU NapauIeIbHBIX IPOTpamMm;

- TPUHIUIBI ACUMITOTHYECKOTO aHAIN3a aJITOPUTMOB;

- METO/bI IEKOMITO3UIIUH MOCJIEI0BATENIbHBIX aITOPUTMOB;

- crmocoObl 3KBUBAJICHTHBIX U HEIKBHBAJIECHTHBIX MPEOOpa3OBaHUi MOCIEAOBATEIBHBIX MPOTrpamM,
MO3BOJIAIOIIMX MCTIONB30BAaTh UX HA MapalIeIbHbIX BEIUMCIUTEIbHBIX KOMIUIEKCAX;

- CHOCcOObl OpraHu3aluy paboThl MOJIb30BATENCi Ha COBPEMEHHBIX MHOTOMPOLECCOPHBIX
BBIYHUCIIUTENbHBIX CUCTEMAaX U SI3bIKH YIPABICHUS 3aJaHUSIMH JIJIs] HUX.

yMeThb:

- OLIEHUBATh ACUMNTOTHYECKYIO CIOXKHOCTb MCIOJb3yEMbIX AJITOPUTMOB M BHIOMPATh ONTHUMANIbHBIC
AJITOPUTMBI JJIs1 COBPEMEHHBIX ITPOrpamm;

- aHAJTM3UpPOBaTh  IOCIEAOBATEIbHBIE TPOTPAMMBI  JUI  BBISIBICHUS BO3MOXKHOCTH — HUX
pacrnapasuieIMBaHus;

- oueHuBaTh 3 (HEeKTUBHOCTH pabOTHI pacnapaieeHHbIX TPOTPaMM;

- CaMOCTOSATEJIbHO pa3pabaThiBaTh M 3aMyCKaTh MapauleibHbIE MPUIOKEHUS HAa COBPEMEHHBIX
BBIUUCIIUTENILHBIX KOMIUIEKCAX.

BJAaA€CTh:

- TMpueMaMH pacnapajuleTUBaHUs AITOPUTMOB U MIPOTPaMM;

- CpPEeICTBAMU U TEXHOJOTHSIMH pa3pabOTKU TPUIOKEHHH, 00ecrednBaIoONINX IPOBEIECHUE
MapajuIeIbHOTO BBIYUCIUTEIBHOTO AKCIIEPUMEHTA;

- HaBbIKAMU OTJIAJKH U 3allyCKa MapauleJIbHBIX MPUIOKEHHUH ISl MPOBEACHUS BBIYUCIUTEIHLHOTO
SKCIIEPUMEHTA.

4. CopeprxkaHue TMCOUILIMHBI (MOAYJIsA), CTPYKTYPHPOBaHHOE 110 TeMaM (pa3jiesaM) ¢ yKa3aHueM
OTBE/ICHHOT0 HA HUX KOJIMYeCTBA AKA/IeMHYeCKHUX YACOB ¥ BUAOB YUeOHBIX 3aHATHH

4.1. Pa3aensl AUCIUIUTUHBI (MO/YJIS1) M TPYAOEMKOCTH 10 BUJAM Y4E€OHBIX 3aHATHIA

Bupl yueOHBIX 3aHATHI, BKIIOYAs CAMOCTOSTEIbHYIO

paboty
Ne Tema (pa3zaesn) TUCIUTUTHHBI [paxruyec- Baganus,
KHE JlaGopar. Cawmocr.
Jlekuun KypCOBBIE
CEMHUHAPCKHE | PabOTHI 6 pabora
3aHATUA paboThI
[TpoGieMbl 3BOJIIOIMH BBIYUCIUTEIBHBIX
1 cucreMm. [TapagurMsl mociien0BaTEIHLHOTO 4 1
U MapajuieIbHOr0 MPOrpaMMUPOBAHHUSL.
) DJIEMEHThl ACUMIOTOTHYECKOTO aHaln3a ) 1
aJITOPUTMOB.
Apxurekrypa COBPEMEHHBIX
3 napajuIeIbHbIX KJIaCTEPOB. S13bIK 2
ynpasieHus 3aganusimu PBS.
Cpena mporpammupoBanusi MPI. OO0mrug
4 MPUHLIMIIBI MOCTPOEHUSI. [TonsTue 2

COOOIIIECTB UCIIOJIHUTEIIEH.




[Ipocreiimmue MPI nmporpammel. 3amycy
5 OOHOM W TOW K€ MpPOrpaMMbl Ha )
HECKOJIbKMX ucnonHuTensx. Ilepenaua
uH(}OpMAITUHU TIO KPYTY.
6 SpycHo-napannensHbie GOpMBI. 2
Peanuzamust  mocnegoBaTeNbHBIX U
7 napajyieJIbHBIX  [pOrpaMM  pacydera 4
3HAYeHUH SJIEMEHTaPHBIX (QYHKLUH.
3 VYkpynHenue spycoB. llapamienbHoCcTh 6
IIUKJIOB.
9 Ananus u pacnapaieauBaHue 4
pOrpaMM, COAEPKAIINUX ITUKIIbI.
Cratuueckoe u TMHAMHYECKOE
10 [|pacmpenenenne pabor MEXITY ) 4
UCIIONHUTENAMU. Pemienne olHOMepHOTO
YpaBHEHHUS TEIUIONPOBOJIHOCTH.
Wroro yacos 30 6
[ToaroTroBka Kk sK3aMeHy 0 ygac.
O6mas Tpya0EMKOCTh 36 yac., 1 3au.en.

4.2.

Coneprkanue TUCIUILTAHBI (MOTYJIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zeiam)

Cemectp: 8 (Becennuii)

1. HpOGHGMBI SBOJIIOIIMK  BBIYHUCIIMTCIBHBIX CHUCTCM. HapaIII/IFMBI oocCIICA0BATCIBbHOIO U

NapaJuIeIbHOrO IIPOrPaAMMHUPOBAHMSL.

Tpu kpuszuca B pa3BUTHM MAaTEMAaTHUYECKOTO OOeCTeUeHMs. APXHTEKTYpPHBIH WM TPOTrPaMMHBIN
napasuienusM. [IpoGneMbl ncnonb30BaHus MapajjieNbHbIX cucTeM. [lapanurma mociaenoBaTeIbHOTO
IpOrpaMMUpPOBaHusA. Mojenu MocieaoBaTebHOro mporpaMMupoBanus. [lapagurmMa napamienbHOro
IPOrpaMMUPOBAHUA. DTaMbl JEKOMIIO3HUIINH, HAa3HAYCHHSI, OPKECTPUPOBAHHUS, OTOOpakeHUs. 3a1ayH,
perraeMble Ha KaXKJ0M dTare. Moieiy napaiiesbHOro IporpaMMUpPOBaHusI.

2. DJIEeMEHThI aCUMIITOTHYECKOTO aHAJIN3a aJITOPUTMOB.

OcHOBHBIE TIpeAnookeHus. BreramcnurensHas monenb RAM. TepmuHonoruss u 0003HAYCHUS
AcuMNToTHdeckue OTHOMEHUs. ONTUMaNbHBIA 1O TOBEICHUIO MOCIEIOBATEIbHBIN aJITOPUTM.
[Ipumep acHMOTOTUYECKOTO aHaJIN3a CIOKHOCTH MOCIEA0BATEILHOTO arOpUTMa BBIOOpA AJIeMEHTa
U3 MHOXecCTBa. PekyppeHTHbIe cooTHomeHus. OCHOBHAas TeopeMa aCHMIITOTHYECKOTO aHaIM3a.
Pacmmpennas kBanmudukanus @Pnuana. [Ipumepsr  SISD, SIMD, MISD, MIMD wmamm
Beruucnurensusie  moaenn  PRAM.  VYckopenune npu  pacnapavienuBaHud.  CTOUMOCTE
napajuieIpHoro anropurMa. ONTUMaIbHOCTh AITOPUTMA TI0 CTOUMOCTH. [IprMep acHMITOTUYECKOTO
aHaJM3a CJIOXHOCTH MapajuIeIbHOTO aJlTOPUTMa BhIOOpA AeMeHTa U3 MHOXecTBa. OTpaHUYEHHOCTh
ACUMIITOTHYECKOI'0 aHaJIN3a.

3. ApXUTEKTypa COBPEMEHHBIX MapaJIeIbHbIX KJIACTepOB. A3bIK ynpasieHus 3aganusimu -~ PBS.

4. Cpena mnporpammupoBanuss MPI. OOmme npuHunel moctpoeHus. lloHATHE COOOIIECTE
VCIIOJTHUTEIICH.



5. IIpocreitmmme MPI nporpammbl. 3amyck OJHOW M TOW K€ MPOrpaMMbl Ha HECKOJIBKHX
ucnonuutensx. [lepenaua unopmanuu mno Kpyry.

6. SlpycHo-napaiienbHbie POpMBI.

JlekoMmo3unus ajJropuTMoB Ha ypoBHe omnepauuid. [lonstue o rtpade anropurma. Crporo
napaensHsle  ¢opmbl Tpada, KaHOHWYECKas mapamienbHas ¢opma. CooTHeceHHEe CTpOro
napajyieNbHBIX ()OpPM C BBIIOJHEHHEM aJrOpuTMa Ha KOHKPETHBIX ApXUTEKTYPHBIX PELICHHSX.
Spycel napaienbHol (JOpMBI, UX MIMPUHA U BbIcOTa. KOHIIENIMS HEOTPaHWYEHHOTO MapauieIn3Ma.
OnpeneneHre MaKCUMaJIbHO BO3MOKHOTO YCKOPEHHS IO SIPYCHO-NIapallieIbHON (popMe alnropuTma.

7. Peanm3anms TMOCIENOBATEIFHBIX W MapaUICIbHBIX MPOTPaMM pacueTa 3HAYCHUH AJIeMEHTApHBIX
GyHKIHA.

I'pynmoseie  onmepanuu B MPI.  IllupoxosemarenbHass paccbulka W peaykuus. bapbepHas
CUHXPOHHU3AIU.

8. Ykpynuenue spyco. [TapamienbHOCTh HUKIIOB.

VYKpyIlHEeHHE NapaUIeNIbHBIX ApYCOB. JICKOMIIO3ULIHAS aITOPUTMOB U IIPOIPaMM Ha YPOBHE JEHCTBUU
U omeparopoB. YcioBus bepHcraliHa M ux HapyuieHue. VICTMHHAs WM MOTOKOBAasl 3aBHCUMOCTb,
AQHTU3aBHCUMOCTh, 3aBHCHMOCTh 110 BBIXOJAHBIM JaHHBIM. [padbel 3aBucumocteil. CBA3b
3aBUCUMOCTEH OIEpaTOPOB C BO3MOKHOCTBIO OJHOBPEMEHHOI'O BBINOJIHEHMs. IlapamiensHOCTH
IUKIIOB. IIpocThle LUKIIBI: PACCTOSAHME 3aBUCHUMOCTH; 3aBUCHMOCTH, CBS3aHHBIC M HECBS3aHHBIC C
LIUKIOM. BiokeHHble LHMKIBL. Bekropa 3aBUCMMOCTM M HampasieHud. X ucnosb3oBaHue s
OTIpeNieNIeHUs] BO3MOYKHOCTH pacnapajyienuBaHus HUKIOB. CrocoObl yCTpaHEHHs 3aBHCHMOCTEH:
loop distribution, code replication, loop alignment, npuBaTH3aIMA NEPEMEHHBIX, WHIYKIUS |
penyKuus.

9. Ananu3 u pacnapajuieIMBaHue IPOrpaMM, COAECPKAIINUX [IUKIIBL.

10. Cratudeckoe W IMHAMHYECKOE pacIpeiesieHne padoT MEXIy HCHOJHUTEIsIMU. Pemienue
OJIHOMEPHOTO YpaBHEHHS TETJIONPOBOHOCTH.

5. Onucanne MaTepruaIbHO-TeXHN4YECKOH 0a3bl, HEOOX0AMMOM ISl OCYILIeCTBJICHUsI 00PAa30BaTEIbLHOIO
npouecca no JMCUMILVInHe (MOIYJII0)

VYueOHast ay TUTOpHs, OCHAIIEHHAS] MyJIbTUMEIUAIPOCKTOPOM U SKPAHOM ISl UTCHHS JICKIIHHA.
Y4eOHbI KOMITBIOTEPHBIN KIIacC ¢ BBIXoA0oM Ha DBM (kiactep) ¢ yCTaHOBICHHOH cpefon
nporpammupoBanuss MPI u komnunstopoM, nogaepxusatoum - OpenMP.

6. IlepeyeHb OCHOBHOM M IONOJTHUTEJIbHOM JIUTEPATYPbI, HEOOXOAMMOI /1J151 OCBOCHUS U CIUTIIUHbI
(MomyJist)

OcHOBHas nuTeparypa



1. Kapnos B. E., Jlo6anoB A.W. UncneHHble METOIbI, aJITOPUTMBI M ITpOrpamMMbl. BBeneHue B
pacnapasuienuBanue. — M., ®uzmarknura, 2014. — 192 c.

2. AnronoB A.C. TexHosnoruu napajuieasHoro nporpammuposanuss  MPI u OpenMP. — M.,
MzparensctBo MockoBckoro ynuepcurera, 2012. — 344c.

JlononHuTenpHas IMuTeparypa
1. Boesoaun B.B., BoeBogun Bn.B. [Tapannensubie Beruncnenus. — CI16.: BXB-ITerepOypr, 2002.
— 608 c.
2. TI'eprens B I1. BoicOKOPOU3BOIUTEIbHBIE BEIYUCICHUS IS MHOTOMPOLIECCOPHBIX MHOTOSIAEPHBIX
cucrteM. — M., U3n-so MI'Y, 2010. — 544 c.
3. H. Jordan, G. Alaghband. Fundamentals of Parallel Processing. — Pearson Education, Inc., 2003. —
536 p.
4. Selim G. Aki. The Design and Analysis of Parallel Algorithms. — Prentice-Hall, Inc., 1989. — 401
p.
5. Claudia Leopold. Parallel and Distributed Computing. — John Wiley & Sons, Inc., 2001. — 260 p.
6. Munnep P., bokcep JI. [locnenoBarenbubie U MapajieabHbIEe aaropuTMbl. — M.: bruHOM.
JlaGopaTtopus 3Hanui, 2006. — c. 406.

7. llepeyeHb pecypcoB HH(OPMALMOHHO-TEJIeKOMMYHUKANIMOHHOI ceTH ""UHTepHeT", HE00X0AMMBIX
JJIS1 OCBOCHM S TUCHUNIMHBI (MOIYJISA)

http://www.intuit.ru, http://www.parallels.ru, http://www.hpc-education.ru
8. MeToanueckue yKkazaHus JJisl 00y4AHOIIMXCS M0 OCBOCHUIO U CHUNIMHBI

Crynenr, uzyvatomuii Kypc «lIpakTukyMm 1o napamiesbHOMYy TPOrpaMMHUPOBAHUIO» JOJIKEH, C OJHOM
CTOPOHBI, OBJAJETh OOIIMM TMOHATUHHBIM amnmapaToM, a C JAPYroil CTOPOHBI, TOJKEH HAyYHUTHCS
MIPUMEHATh TEOPETUUECKUE 3HAHUS HA MTPAKTHKE.

B pesynbrare u3ydeHus IUCUUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENCICHUS, MOHATHSA,
METOJBI JT0KA3aTEIbCTB, METOAbl MCCIIEIOBAHNUS ACUMIITOTHYECKOTO MOBEJIECHUS AJITOPUTMOB, METOJIbI
aHaJlM3a MporpaMM M ajirOpuTMOB Ha MapalieIbHOCTh, YMETh BBIOMpATh NMPABUIbHBIA UYMCICHHBIN
METOJ JUIsl NMApaJUIEIbHOIO PELICHUs 3a/ad MaTEMaTUYECKOrO MOJEIUPOBAHUS, YMETh HCIIOJIb30BaTh
cpensl nporpammupoBanusi MPI u OpenMP.

YcnenrHoe ocBoeHHE Kypca TpeOyeT Hanpspk€HHOU paboThl cTyZeHTa. B nmporpamme Kypca mpuBeaeHO
MUHHMAaJIbHO HEOOXOoquMoe BpeMms Uil paboThl cTylaeHTa Hajx Temoil. CamocrositenbHas pabora
BKJTIIOYAET B ceOsl:

- YTEHHE U KOHCIIEKTUPOBAHUE PEKOMEHIOBAHHON JTUTEPATYPHI;

- mpopaboTKy yueOHOro marepuana (1o y4eOHOW W HAyYHOH JMTEpaType), MOATOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAYEHHBIX JJII CaMOCTOSTEIBHOIO H3Y4YEHMs], JI0KA3aTEIbCTBO OTAEIBHBIX
YTBEPXKICHUM, CBOUCTB;

- pelIeHue 3aJa4, IpeiaraéMpIX CTyJeHTaM Ha JIabopaTOpHBIX paboTax;

- MOJTrOTOBKY K JIJAOOPAaTOPHBIM paboTaM U 3a4eTy.

PykoBOICTBO W KOHTPOJbh 3a CAMOCTOSITETBHOW paboTOil CTyJIeHTa OCYIIECTBISiETCS B (Qopme
MHAVBUAYAIbHBIX KOHCYJIbTALIUH.

[Toka3zarenem BiaJeHUS MaTE€pHaJOM CIYyKUT YMEHHE pemaTh 3anaud. Jns GopMHpoBaHUS yMEHUS
NPUMEHATh TEOPETHUECKUE 3HAHMS Ha MPAKTHKE CTYAEHTY HEOOXOAMMO pellaTh Kak MOXKHO OoJiblie
3anau. [Ipu pemeHun 3a1a4 Kaxa0€ 1eHCTBHE HEOOX0AMMO apryMEHTHPOBATh, CChUIAsICh HA N3BECTHBIE
TEOPETUYECKUE CBEICHUSI.

Baxxno noOuThCs MOHUMAaHMS HM3y4aeMoOro mMaTepuana, a He MEXaHH4eCKoro ero 3anoMuHanus. [Ipu
3aTpyJHEHUN H3Y4YEHHUsS] OTAENBHBIX TEM, BOIPOCOB, CieIyeT oOpamiarbcs 3a KOHCYJIbTAMSIMH K
MIPETNO0IaBaTelI0, MPOBOISIIEMY JabopaTOpHbIE pabOTHI.

9. ®oH/ OLIEHOYHBIX CPEJACTB JJISl IPOBeIeHUs MPOMEKYTOYHOM aTTeCTALMHU 10 UTOraM 00yYeHust



[Tpunoxenue



IMPUJIO)KEHUE

POHJ OHEHOYHBIX CPEJICTB
JIJISI MPOBEIEHUS ITIPOMEXYTOYHOM ATTECTAIIUA OBYUYAIOIINXCA

MO JUCHMUIIINHE

Mo HANMpaBJICHUIO:

NnpopuIb NOATOTOBKH:

kadeapa nHGOPMATHKU U BEIYUCIUTEILHON MaTeMaTHK

Kypc: 4

KBaJM(puUKanms:
Cemectp, hopmbl TpoMexxyTouHor atTectanuu: 8(Becennnii) - JluddepeHmpoBanHblii 3a4eT

Pa3pabdorunku:

B.E. Kaprmios, kann. ¢u3.-mMart. HayK, JOICHT, JOIICHT
A.N. JlobanoB, n-p ¢puz.-Mat. HayK, mpodeccop, TOICHT



1. Komnerenuun, (popmupyembie B pouecce U3y4eHus AUCHUTNITHHBI

OcBoeHHE JUCIUILTUHBI HAIPABICHO Ha (OPMHPOBAHHE y OOYYAIOIIETOCS CICAYIONIMX OOIICKYIbTYPHBIX
(OK), obmemnpodeccuonansubix (OIIK) u mpodeccnonansubix (I1K) kommereHuii:

CIIOCOOHOCTh TPUMEHSTh TEOPHI0 W METOAbl MATEMAaTHKU JUIS TIOCTPOSHUS KAueCTBEHHBIX U
KOJIMYECTBEHHBIX MOJENIe OOBEKTOB W MPOIECCOB B €CTECTBEHHOHAY4YHOU cdepe NesTenbHOCTH
(OIIK-2);

CIOCOOHOCTh TTOHUMAaTh KJTIOUEBBIE aCTIEKTHI M KOHIENIMY B obsactu ux cneruanm3anuu (OI1K-3);
CIIOCOOHOCTH MPUMEHSThH OMyUeHHBIC 3HAHUS JJIs aHAIHM3a CUCTEM, porieccoB U MeTooB (OI1K-4);

CIIOCOOHOCTh BBIOMpPATh W MPUMEHATH TMOAXOASIIEEe O0OpYyIOBaHUE, WHCTPYMEHTHI M METOJbI
WCCJICIOBAHM JUTSI PEIIeHUs 3aa4 B n30panHoi npeaqmeTHoi obnactu (I1K-3);

CIOCOOHOCTh KPUTHYECKU OIICHUBATH MPUMEHUMOCTh TPUMEHSAEMBIX MeTOIUK 1 MeTo 0B (ITK-4).
2. [loxka3zaTen oLleHNBAHUS KOMIIETEHIIMIA

B pesynbrare uzyuenus qucuuiuiniel «[IpakTukym mo napamieabHOMY MPOrpaMMHUPOBAHUIO» 00yYarOIIUNHCs
JOJIKEH:

3HAThb:

- HCTOPHIO BOJIOIMU BBIYUCIUTENBHBIX CUCTEM U UCTOPUYECKYIO HEOOXOIMMOCTH HMCIIOIb30BaHMS
NapaJuleIbHbIX BHIYUCIICHU;
- OCHOBBI aPXUTEKTYPBI I1APAJUICIIBHBIX BIYUCIUTEIBHBIX KOMIIJIEKCOB;
- OCHOBHBIE TEXHOJIOTMYECKHE ATAIbI pa3padOTKU MapajljIeNbHBIX IPOrpamm;
- TPUHLMUIIBI ACUMIITOTUYECKOTO aHAJIN3a aJITOPUTMOB;
- METOJbI IEKOMIIO3UIIUU IIOCIIEI0BATEIbHBIX aJITOPUTMOB;
- cHocoObl SKBUBAJCHTHBIX M HEIKBHUBAJCHTHBIX NMPEOOpPa3OBaHM IMOCIEIOBATEIbHBIX MPOrpamMM,
MTO3BOJIAIOIIMX UCIIOJIB30BATh UX HA MApaJUICIbHBIX BBIYUCIUTEIIBHBIX KOMIUIEKCAX;
- CIOCOOBl  OpraHu3aluu paboThl IMOJIB30BATENe Ha COBPEMEHHBIX MHOTOINPOLECCOPHBIX
BBIYMCIIMUTEIIBHBIX CUCTEMAX U S3BIKU YIIPABIICHUS 3aJaHUSIMU U1 HUX.
yMeTh:

- OILICHUBATh ACUMITOTHUYECKYIO CIOXKHOCTh HCIOJIB3yEMbIX aJITOPHTMOB M BHIOMPATH ONTHMAIIbHBIC
AJITOPUTMBI JJ1s1 COBPEMEHHBIX ITPOTpamMM;
- aHAJTM3UPOBATh  IOCIEAOBATEIbHBIE TPOTPaMMBI U BBISIBICHHS BO3MOXKHOCTH — HX
pacrapasuieTMBaHus;
- omeHuBaTh 3P(HEKTUBHOCTH PabOTHI pacnapaieICHHBIX TPOTPaMM;
- CaMOCTOSTENIFHO pa3padaThiBaTh M 3aIllyCKaTh IapajuleibHBIC MPUIOKCHUS HAa COBPEMEHHBIX
BBIYUCIIUTEIILHBIX KOMIUIEKCAX.

BJIA/1€Th:
- IpUEeMaMU paclapauleIMBaHUs aJITOPUTMOB U IPOrpaMM;
- CPEICTBAaMHU M TEXHOJIOTUSAMHU pa3pabOTKH TPHIOKEHHH, OOECIeYHBAIOIIUX IPOBEACHUE
napajjieJIbHOT'O BBIYUCIIUTCIIBHOTO SKCIICPUMCHTA,
- HaBbIKaMW OTJIAAKW W 3allyCKa HapaJlJICIbHBIX HpI/IJIO)KeHI/Iﬁ IJi1 TPOBCACHUA BBIYUCIUTCIIBHOT'O
OKCIIEPUMEHTA.



3. llepeyeHb THUMOBBIX KOHTPOJBHBIX 3aaHUIl, MCHOJb3YeMbIX /IJsl OLEHKH 3HAHMIi,
YMeHUil, HABbIKOB

[TIpomexyTounas arrecranus o JUCHUILINHE «IIpakTukym o MapajuIeIbHOMY
MPOrpaMMHPOBAHHUIO»  ocymiecTBisiercss B GopMe  auddepeHIMpoBaHHOIO — 3a4era. 3auer
MPOBOAMTCS B MUCEMEHHOM popme.

IlepeyeHb KOHTPOJIBHBIX BOIIPOCOB:
1. MakcumanbHas TMKOBas IIPOM3BOUTEIBHOCTh HaN0OJIEe MOIIHBIX COBPEMEHHBIX MapalIeIbHBIX

BBIYHCIIUTEIBHBIX cUCTeM m3Mepsiercs: B enuauniax EFLOPS, B necarkax PFLOPS, B eaunuiax
PFLOPs, B corasx TFLOPs?

2. Ilpou3BOAMTENBEHOCTh KOMITBIOTEPA, JOCTUTHYTAs MPU BBHIMOJHEHHA HEKOTOPOH MPOTPaMMBL,
Boipaxkena B TFLOPS. Dro 3HadyeHHe TOBOPUT O: CpPEIAHEM KOJIMYECTBE OINepaluii Han
BEIICCTBEHHBIMH JAaHHBIMH, TPEJCTaBIEHHHIMH B (opMe ¢ (PUKCHPOBAHHON 3arsTOH,
BBITIOJTHEHHBIX 32 CEKyHJy B Ipolecce oOpabOTKU AaHHON MporpamMMbl; OOILeM YHcie KOMaH/,
BBITIOJTHEHHBIX 3a BpeMs pPal0OThl MPOTpaMMBbl; CpeIHEH CKOPOCTH BBHIMOIHEHUS aHHBIM
KOMITBIOTEPOM apr(PMETHUECKIX ONEpaliii HaJ BEUICCTBEHHBIMU YHCIaMU, TIPEICTaBICHHBIMU B
dbopMe C TUIaBArOIIEH 3amATOW;, CpeAHEeH CKOPOCTH BBIMOJHEHUS ITaHHBIM KOMIBIOTEPOM
apuMeTHyecKuX Orepannii HaJ BEUIECTBEHHBIMH YHCIAMH, IMPEACTABICHHBIMH B Qopme C
IJIaBAOIIEH 3alsTOW, JOCTUTHYTOM IPU BBIIOJHEHUU JAHHOW IPOrpaMMBbl; BBICOKOM peasbHOU
MIPOM3BOAUTEIHLHOCTH JAHHOTO KOMIIBIOTEpA.

3. YMHOXeHHE OBYX KBaJIPaTHBIX IUIOTHBIX BEIIECTBEHHBIX MAaTPHUI] KOMIBIOTEDP BBIMOIHWI 33 5 CEK
¢ npousBoauTebHOCTBIO 50 GFLOPS. Kakoro pazMepa ObLIM MaTpPHUIIBL: 500*500,
1000*1000, 2000*2000, 5000*5000, 7000*7000, BepHOTO OTBETA HET?

4. Ckonbko KpusucoB SOftware HacuuThIBaeTCs 3a BCIO HCTOPUIO Pa3BUTHS DICKTPOHHBIX
BBIUMCIIMTENIBHBIX cucTeM: 4, 3, 2, 1, H1 omHOT0?

5. B kakoM kommbioTepe (GYHKIHOHAIBHBIE YCTPOWCTBA COYETATH OJHOBPEMEHHO NPHHIIUIIBI
KOHBeHepHO# 1 nmapauienbHoit oopadotku: IBM 704, IBM STRETCH, CDC 6600, CDC 7600,
ILLIAC IV, ATLAS, BepHOro oTBETa HET?

6. OTmeTpTe TIpaBWIBHBIC YTBEPXKACHUS Ha TEMy MAIIUHHOTO TIPEACTAaBICHHUS YHUCET B
coBpeMeHHbIX OBM: Bce cymecTBoBaBIIME 10 cux nop DBM ucnone3yoT B KauecTBe 0a30BOi
JBOMYHYIO CHUCTEMY CUMWCIICHHUS; MAIIMHHOE OJIICUJIOH B OCHOBHOM OIIpENeNseTcs AITUHOU
MaHTHCCHl B TIPEJICTaBICHWH BEIIECTBEHHBIX YHCET; MaHTHCCAa 4YHCIa B JIBOUYHOM
MPENICTAaBICHNH - Ta XK€, YTO W MaHTHCCA ero JECATUYHOro Jorapu(pmMa; MallMHHbIE HOIb U
STMCHJIOH HE MOTYT OBITh MOJYYEHBI C MOMOIIBI0 (OPTPAH-MPOrPaMMBI, UX CIEAyeT HaWTH B
JOKYMEHTAIlMH K KOMITBIOTEPY; MAIIMHHOE CIIOKEHHE KOMMYTATHBHO; MAIIMHHOE CIIOKCHHE
ACCOIMATUBHO; MAIIMHHOE YMHOKEHNE KOMMYTAaTHBHO; MAIIMHHOE YMHOKEHHE aCCOIIMATUBHO?

7. KT0 W3 mepeuuclieHHbIX HWXKE JIIoJeH BHEC HaMOOJBIIMN BKJIAJ B pPa3BUTHE NapajlieiIbHON
BbruncauTenbHOM TexHukH: Jlxon I'peit; Ceiimyp Kpoit; CtuBen Kpeitn; Kpucrnan Poii;
O®pencuc [peiik?

8. lelicTBuTENbHBIE YKCIa B MAIIMHHOM ITPEJICTABICHUH: BCET]a XPAHITCS TOYHO; BCETAa XPAHATCS
C HEHYJIEBOW OIIMOKOW OKPYTJICHWS; XPAaHWINCh Ha BCEX CYIIECTBOBABIIMX BBIYMCIHTEIBHBIX
cucTeMax B JIBOMYHOM TIPENCTABICHUN; UMEIOT OTHOCHTEIBHYIO OIIMOKY OKpYTIJIeHHs He Oolee
MAIIWHHOTO HYJIS; UMEIOT aOCOMIOTHYIO OMIMOKY OKpYIJIeHHs He OoJjiee MAIIMHHOTO SICHIIOH;
WHOTJa XPaHATCS TOYHO?

9. Kousetieproe @Y peneHust COCTOUT U3 IATH CTYIECHEH, cpabaTbiBaromumx 3a 2, 5, 3, 1 u 1 takt
COOTBETCTBEHHO. UeMy paBHO HaMMeEHbILIEe YHCIIO TaKTOB, 3a KOTOpOoe MOXHO oOpaborarh 40
map apryMeHTOB Ha JaHHOM ycTpoiictse: 1, 5, 12, 40, 207, 212, 480, BepHOTO OTBETa HET?

10. B xoHBeiiepHOM ycTpoOicTBE ecTb 7 CTyNeHeH, cpadaThIBalOIIMX 3a OJHY €AMHUIYy BpPEMEHH
Kaknas. 3a CKOJIBKO SIUHUI] BpEMEHHU dTO YCTPOMCTBO 00pabdoTaeT 7 map aprymenTos: 1, 3, 7, 8,
13, 14, BepHOTO OTBETA HET?
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Ects nBa xonBeitepabix OY: cioxenue (4 cTyneHd) U yMHOXKeHHUE (6 CTyleHel), BCe CTYICHH
CpabaThIBalOT 32 OJMH TaKT. 3a CKOJBKO TaKTOB OYJET BBINOJHEHA BEKTOPHAs OIeparus
Ai=Bi+Ci*s, i=1,2,...,60, ¢ ucroib30BaHUEM JaHHBIX YCTPOHCTB B PEKUME C 3aleruicHueM OV
60, 69, 70, 128, 130, 240, 600?

Ectp nBa xonBeiiepHbix @Y: cioxkenue (4 cTyneHn) U yMHOKeHHe (6 cTymeHeil), Bce CTyNeHU
cpabaTeIBalOT 32 OAMH TAaKT. 3a CKOJBKO TAaKTOB OyAeT BBIMOJHEHA BEKTOpHAs OIeparus
Ai=Bi+Ci*s, i=1,2,...,60, ¢ ncronp30BaHNEM JTaHHBIX YCTPOHCTB Oe3 3aremienus OY: 60, 69, 70,
128, 130, 240, 600?

ApxuTeKTypa KOMIbIOTepoB. OTMETbTE TpaBHUIIbHBIE YTBEpXKIAeHHUSI: B SMP-koMIpioTepax Bce
npoueccopsl paBHONpaBHbL; apXUTeKTypsl NUMA u ccNUMA mno3BOJSIOT COXpPaHUTH €IHMHOE
aJpecHOe MPOCTPAHCTBO Ul MapajyIelbHOM MpOrpaMMBbl; K3II-NAMsSTh SBHUJAch MPUYUHON
BO3HUKHOBEHUsl apxuTekTypbl NUMA; noHCK KOMaHA, KOTOpPbIE MOXHO BBIIOJHSATh
napajieqbHo, B CYNMEPCKaISIPHBIX MPOIECCOpax MPOHCXOAUT BO BpeMs PabOTHl MPOrpamMMEI,
napaienusm B kiaccuueckux VLIW-koMIbroTepax BhIACISIETCS KOMITHIISITOPOM.

OTMmeTbTe MpaBWIIbHBIE YTBEPXKACHUS MPO KOMITBIOTEPHI: Kiaccuukanus OiuHHa COOEpX UT 3
THTIAa KOMITBIOTEPOB; Kiaccudukanus DIMHHA COACPKUT 4 THUIAa KOMITBIOTEPOB; KIacCUPHUKALINS
OnuHHA cOAEpXKUT 6 TUIOB KOMIBIOTEPOB; OAHUM H3 MPU3HAKOB BEKTOPHO-KOHBEUEPHOTO
KOMITBIOTEPA SABJISETCS MHOTOIPOIIECCOPHOCTH; OJAHUM U3 MPHU3HAKOB BEKTOPHO-KOHBEHEPHOIO
KOMITBIOTEPA SBISIETCS HaJIM4YWe XOTs Obl OJTHOTO KOHBEWepa; OJHUM W3 MPHU3HAKOB BEKTOPHO-
KOHBEHEpPHOr0  KOMIIBIOTEpa  SIBICTCA  HAJU4ME€ BEKTOPHBIX  PErHCTPOB;  KOHUEHUUS
HEOTPaHUYEHHOT'0 Mapajulesiu3Ma IpH Pa3BUTHUM KOMIIBIOTEPHOM TEXHUKH B OTJAJIEHHOM
OyIyIIeM MOXKET CTaTh PEaTbHOCTHIO.

Kakme #3 TEXHOMOTMYECKHX J3TallOB TNPUCYIIM TOJBKO TMapajurmMe MapajuiebHOro
MPOrpaMMUPOBAHUS: TOCTPOCHHE MaTeMaTHYeCKOM MOJENIH, NEKOMIIO3ULUS, apaHKHUPOBKa,
HaIlMCaHue MporpaMmbl?

UeM neKOMIO3ULIMS IO JAHHBIM OTJINYAETCS OT AEKOMIIO3UIIMU MO BHIYHCICHUAM?

B dem 3akmrodaroTcs JTOCTOMHCTBA M HEAOCTATKH CTaTHYECKOTO M JHMHAMHUYECKOTO CIIOCOOOB
Ha3HAa4YeHM 33]1a4 BUPTYaIbHBIM UCIIOTHUTENAM?

KakoBbl OCHOBHBIE Il 3Tara Ha3HAYEHHUSA: COKpAILIeHHE 3arpy3KH HCIIOJHUTENeH,
OalaHCHpPOBKA  3arpy3KH  HCIIONHUTENEH, COKpalleHne OOMEHOB  JaHHBIMH  MEXIy
WCTIOTHUTENSAIMH, PAaBHOMEPHBIH OOMEH JaHHBIMH MEXAYy HCIIONHUTENSIMH, COKpalleHHe
HaKJIaJHbIX PACXO/J0B Ha HA3HaueHue?

Bepno 1mm cnexmytomiee yTBepXKIEHHWE: MOJENb Iepeiadydl COOOMIEHHH B IMapalieIbHOM
MPOTPaMMHUPOBAHNH MTPUMEHUMA TOJBKO HA CUCTEMax C pacrnpejelieHHoH naMsaTeio? O0ocHyiTe
CBOH OTBET.

IIpuBenuTe npuMep MPOrpaMMHOrO KOJa ¢ BHYTPEHHHMM I1apajulesIn3MOM, KOTOphIM, ¢ Bareit
TOYKH 3pEHUS], HEIb3s PacapauIeINTh aBTOMATUIECKH (€CIIA TaKUE CYIIECTBYIOT).

B yem 3aki04aroTCsl JOCTOMHCTBA U HEIOCTATKU PA3IMYHBIX MOAMOJENEH NpOrpaMMHUPOBaHUS B
MoJIeTH 001elt maMaTu?

Ha xakom 3rame B mapajienbHON mporpaMMe 3ajadd Ha3HAYaloTCsS PeabHBIM (U3NIECKHM
WCTIONTHUTENSAM: Ha J3Tare JeKOMIIO3WIMM, Ha dTale Ha3HaueHHs, Ha 3Talle apaHKUPOBKH, Ha
JTare OToOpakeHus ?

CoBpeMeHHas NapajJurmMa MapajielIbHOro NporpaMMHpOBaHMA BKIOYaeT: 5, 6, 7, 8, 9, 10
JTAaroB.

[lepeuncnure TpyU OCHOBHBIX MPUHLUIIA ACUMIITOTUYECKOTO aHAJIN3a AJITOPUTMOB.

Iycteb T1(n) u To(n) — BpeMeHa pabOTHI MOCIEAOBATENBHBIX AITOPUTMOB | ¥ 2 COOTBETCTBEHHO.
Eciu Ti(n) = O(Ty(n)), To anroputm 1: nydmie anroputmal, He XykKe alropurMma 2, Xyxe
aNropuTMa2, He XyXe alropuTMa 2, HI4ero Henlb3s CKa3aTh.

ChopmynupyiiTe TOHATHE ONTHMAIBHOCTH MOCIIEIOBATENILHOTO allTOPUTMA.
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Kaxue n3 HmkenepeuucieHHbIX GOPMYITHUPOBOK OTHOCATCS K MOZENH BBIUYMUCIUTENBHON CUCTEMBI
RAM: Bpemss nmoctyma K TMaMsaTH OIWHAKOBO JUISI BCEX s[UEEK, HE3aBUCUMO OT TOTO
paccMaTpUBaETCs ONEpalysl YTCHUS WK OTepallvs 3alKiCH; BPEeMsI BBIIIOJHEHHS BCEX ONeparuii
Ha TIPOIECCOpPE CUYHUTAETCS OJMHAKOBBIM; BpeMs BBHITIOJHEHHS OCHOBHBIX OIEpamuid Ha
mporieccope ectb O(1)?
[TycTps nBa MocnenoBaTENBHBIX AITOPUTMA PEIICHUS OJHOM 3a/1a4H SIBIISIOTCS ONITUMAIBLHBIMU T10
MOBeIeHN 0. UTO MOXXHO CKa3aTh O peajbHBIX BPEMEHAX PEIICHHs MpU 33aJaHHOM TapamMmeTpe
MacmTaba N: BpeMeHa OyAyT OTMHAKOBBIMU, HUYETO CKa3aTh HEJb3s?
[Iycth mMeeTcs ABa MOCIENOBATENBHBIX aTOPUTMA PEIICHUS OJHOW M TOH ke 3amaun — 1 u 2.
Anroput™m 1 SBISETCS ONTUMANBHBIM IO MOBEJCHUIO, aJITOPUTM 2 HE SIBISETCS ONTUMAIIBHBIM.
UTo MOXHO CKazaThb O pealibHbIX BPEMEHAaxX pEIIeHUs MpU 3aJaHHOM Hapamerpe macmrtaba N:
Bpemsi paboTel anropuTMa | Bcerma OyIeT MeHbIIe BpeMEHH paOoThl alropuTMa 2, BpeMeHa
OyIyT OJJMHAKOBBIMHU, HUYETO CKa3aTh HENb35?
Hcrnone3ysi OCHOBHYIO TeOpeMy acCHMITOTHYECKOTO aHalli3a, OIICHHTE aCHMITOTHYECKOe
MTOBE/ICHNE aJITOPUTMA COPTHPOBKH CIUSHUEM. SIBIISIETCS JIN 3TOT ajITOPUTM ONTHMAIEHBIM?
Kakune cxemsl pazpemnieHns: KOHQIIMKTa PH pa3pelIeHHON 0JHOBPEMEHHOH 3aliCH pa3InIHbIMH
WCTIOTHUTEISIMU B OJHY SYEHKY TaMSTH B MOJIENIA BEIYUCIHATENbHON cucteMbl PRAM BBl 3HaeTe?
[Ipy BBIUKMCICHUM TEOPETHUECKOTO 3HAYCHHS YCKOPEHHS I TapajUIeIbHBIX alTOPUTMOB
pelIeHrsT HEKOTOPO 3aa4yr Ha 4-X UCTIOJTHHUTENSIX OBLUTH IMONyYeHBI CIEAYIONINe 3HAYCHUs: 2,
3.9, 5. Kakue u3 3HaueHUH ABISAI0OTCA KOppeKTHhIMU? [Touemy?
[Ipu BBIYMCIIEHUN pealbHOTO 3HAYEHMS YCKOPEHHUS AJI MapajuleTbHBIX aJTOPUTMOB pEIIEHUS
HEKOTOPOW 3amayi Ha 4-X WCHOTHHUTENSX OBUTM IONydYeHBI ClieAyromue 3HadeHus: 2, 3.9, 5.
Kaxue u3 3Hauenuit apnstorcs koppekTHeIMU? [louemy?
Urto 03HauYaeT BRICKA3hIBAaHHE, «HEKOTOPBIN MapaJlIeIbHBIN alTOPUTM SBISIETCS ONITUMAIBHBIM 110
CTOMUMOCTU»?
[epeuncnure OCHOBHBIE CBOMCTBA rpada aaropuT™Ma, peaan30BaHHOTO MPOrPaMMON.
CKOJBKO CTPOTHX TMapaieNbHBIX (OpM MOXET CyIecTBOBaTh y Tpada amroputma: |1,
OTPaHUYCHHOE KOJUYECTBO, HO 0oJbIle 1; 0ECKOHEYHO MHOTO?
JloKaKnTE €IMHCTBEHHOCTh KAHOHUYECKOHM CTPOrol mapauiesibHoi Gopmel rpada aaropurma.
Jusa rpada anroputma, comepkamiero 500 BepIivH, BBICOTa HEKOTOPOW CTPOTOH MapaiebHOM
¢dopmbl paBHa 25. UTo MOXKHO CKazaTh O MaKCHUMAaJIbHOM YCKOPEHHH, KOTOPOE MOXKET OBITh
MOJTyYeHO TIPY pealln3allii arOpuTMa Ha TapajuielbHON BBIYMCIHUTENBHON CUCTEME B MOJIENH
PRAM — ono OyneT Bcerna menbiie 20, crporo paBao 20, MoxeT ObITh 00sibie 207
[t nporpaMMHOTO TEKCTa, peann3oBaHHoro Ha doprpane 77

b(1)=a(1) *2

doi=2,5

b(i) = b(i-1) + a(i) * 2

enddo
nocrpoiire Tpad amroputMa, KaHOHHUYECKYIO CTpPOTYIO TapajUleJbHYyI0 (QOpMy W OIEHHTE
MaKCHMaJIbHO BO3MOXXHOE  YCKOPEHHE TMpH peau3alliil ajiroputMa Ha MapajuieTbHOU
BBIYUCIIUTEIBHOU CUCTEME.
OoOmwsacuute moHsATHs interleaving, HeaeTepMUHMPOBAHHBI W JCTEPMUHHUPOBAHHBIN HAOOP
AKTUBHOCTEH.
[IpuBenute mpuMep HaOOpa aKTHMBHOCTEH, JUIsl KOTOPOI'O HapyIICHBI BCe yClIOBUS bepHcraiiHa,
HO KOTOPBIH, TEM HE MEHEE, SIBISIETCS I€TEPMUHUPOBAHHBIM.
Ecom B mporpamMme BCTpedaroTCs JBa OIMEpaTopa, MPUBEACHHBIX B IUHAMHUYECKOM IOPSIIKE

CJI€IOBAHUS,
a = b+c;
d = e+f;

TO MOYHO JI UX UCTIOJHATH napauieabHo? OO0CHYHTE CBOE YTBEPKICHHE.



43. TlepeurcauTe BHIbI 3aBUCUMOCTEH MEXay oreparopaMu (OJ0KaMH OIEpaTopoB), KOTOpbie Bam
W3BECTHBI.

44. Kakue U3 BUJOB 3aBUCUMOCTEH 110 JAHHBIM MOTYT SIBJISITHCS TPUHITUITHATBHBIM MPETSATCTBUIM K
pacnapajyieIiBaHuIO: HWCTUHHAS 3aBUCHUMOCTb, 3aBUCHMOCTh TI0 BBIXOJHBIM JIaHHBIM,
AHTU3aBUCUMOCTH?

45. TloctpoliTe rpad 3aBUCHMOCTEH IO JaHHBIM MEXIY OIeparopaMu s (parMeHTa TEKCTa
MPOTPAMMBI, PACTIOJIOKEHHOTO B JMHAMHYECKOM TTOPSIKE CIICIOBAHMSL:

Sl: x=e+2z
S2: y=2f+x
S3:z=z+y
S4: y=z+xX

46. Ioctpoiite Tpad 3aBHCUMOCTEH TO JaHHBIM MEXKAY oOIeparopaMu Juiss (parMeHTa TEKCTa
MPOrPaMMBbI, PACIOJIOKEHHOTO B IMHAMUYECKOM TIOPSIIKE CIICTOBAHMS:

S1: x=x+2y
S2: y=2f+x
S3:z=z+z
S4:y=z+x

47. Jns npkia
doi=1,u
Sy a(i) = d(i)+5*i
Sy c(i) = a(i-1)*2
enddo
OTpENIETUTE PACCTOSIHIE 3aBUCUMOCTH, TUII 3aBUCUMOCTH U BO3MOXKHOCTH pacrapaijieIuBaHusl.
48. s npkia
doi=1,u
S a(i) = d(i)+5*i
Sy c(i) = a(i+1)*2
enddo
OTpEeNIeTUTE PACCTOSIHIE 3aBUCUMOCTH, TUII 3aBUCUMOCTH U BO3MOXKHOCTH paciapajicIuBaHusl.
49. Jlng umkia
doi=1,u
S a(i) = d(i)+5*i
Sy: c(i) =a(i)*2
enddo
OTIpeIeNTUTE PACCTOSHIE 3aBUCUMOCTH, THIT 3aBHCHUMOCTH U BO3MOXXHOCTh paciapauieTMBaHNUs.
50. C dyem cBsI3aHBI OCHOBHBIE TPOOJIEMBI OIpEICIICHHS BEKTOpPA PACCTOSHUI TpH aHaU3e
BJIOYKEHHBIX IIUKJIOB HA 3aBUCUMOCTH TI0 JJAHHBIM?
51. Jns uukna
do jl1 =1ul
do j2 = 1,u2
Siooa(, j) =b(, j) * 2
Soc(i, j) = ai, j-1) +1
enddo
enddo
ONpEeNIETUTE BEKTOP PACCTOSHUN, BEKTOP HAMPABICHUN U TUI 3aBUCUMOCTH.
52. Jlnst umkia

do jl1 = 1ul
do j2 = 1,u2
Si:oa, j) = b, j) * 2

Sxoci,j) =a@l, j+2) +1



enddo
enddo
OTIPEICITUTE BEKTOP PACCTOSIHHIA, BEKTOP HAMPABJICHUN U TUI 3aBUCUMOCTH.
53. Jlins nukia
do jl1 =1ul
do j2 = 1,u2
Sioa(, j) =b(@, j) * 2
Syoc(i, j) =a(i-1,j+2) +1
enddo
enddo
OTIPEICITUTE BEKTOP PACCTOSIHHI, BEKTOP HAMPABICHUN U TUI 3aBUCUMOCTH.
54. ns nukna
do jl1 =1ul
do j2 = 1,u2
Sioad, j) = b(, j) * 2
Syoc(i, j)=a(i+l1, j+3) +1
enddo
enddo
OTIPEJICIIUTE BEKTOP PACCTOSIHU, BEKTOP HATPABJICHUI U TUTI 3aBUCHMOCTH.
55. Jns nukna
do jl = 1ul
do j2 = 1,u2
Siooa(, j) =b(, j) * 2
Syoc(i,j) =a@l, j+2) +1
enddo
enddo
OTIPEJICIIUTE BEKTOP PACCTOSHU, BEKTOP HATPABJICHUI U THTT 3aBUCUMOCTH.
56. lng uukia
do jl = 1ul
do j2 = 1,u2
Sioa(, j) =b(, j) * 2
Spioc(i, j) =afi, j) +1
enddo
enddo
OTPEJICIIUTE BEKTOP PACCTOSHUM, BEKTOP HANPABJICHUI U TUTT 3aBUCUMOCTH.
57. Jlna nukiia
do jl1 = 1ul
do j2 = 1,u2
Sioa(, j) =b(, j) * 2
S c(i, j) =ai+2,j-3) +1
enddo
enddo
OTIpeIeTUTE BEKTOP PACCTOSIHHIA, BEKTOP HAMPABICHUN U THI 3aBUCUMOCTH.

58. Ilycth BekTOp HampaBieHUH [UIsi ABYMEPHOIrO LMKiIa uMeeT BHI («=»,«=»). Kakue wu3
CIEYIOIINX YTBEPKIACHHUN SIBISIOTCS BEPHBIMH: IIMKJI MOXET OBITh pachapajuiejieH I10
BHEIIHEMY HWHIEKCY 0€30 BCAKHX OrpaHWYeHHH, [0 BHEUIHEMY WHIEKCY TIpPH YCIOBHHU
IyOnMupoBaHWA BXOJHBIX JAaHHBIX, IO BHYTPEHHEMY MWHIEKCY IPH YCIOBHHA OapbepHON
CHHXPOHHU3AIMU MEX]Ty UTEpPAIlMIMH BHEUTHETO IIMKJIA, IO IBYM HHJIEKCaM 0e3 OrpaHWYCHHN, HE
MOXET OBITh pacrapasieiieH?
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[IycTe BekTOp HaAmNpaBICHWHA IS IBYMEPHOTO IMKIA HWMeeT BHI («<»,«=»). Kakme wus
CIEYIOINX YTBEP)KICHUN SBISIOTCS BEPHBIMH: IIMKJI MOXXET OBITh pachmapajuielieH 110
BHEIIHEMY HWHAEKCY 0€30 BCAKHX OrpPaHWYCHHUH, MO BHEIIHEMY HWHAEKCY MpU YCIOBHH
MyOnMMpoBaHHWA BXOJHBIX JAaHHBIX, IO BHYTPEHHEMY WHIEKCY IIPHU YCJIOBHHA OapbepHON
CHHXPOHM3ALUN MEXIy UTepallsIMU BHEITHETO LMK, IO ABYM MHIEKCaM 0e3 OrpaHHYCHUH, HE
MOJKET OBITh pacnapauiescH?

[lyctp BekTOp HampaBIIEeHW# Ui IBYMEPHOTO IMKIa uMeeT BUA («<»,«<»). Kakme wu3
CIEAYIOMINX YTBEPXKACHUI SABISIOTCS BEPHBIMU: IIMKJI MOXET OBITh pacmapajulelieH Mo
BHEIIHEMY HWHJIEKCY 0€30 BCAKHX OrpaHWYeHWH, [0 BHENIHEMY WHIEKCY IIpPH YCIIOBUH
OyOnmupoBaHMsT BXOAHBIX JaHHBIX, 10 BHYTPEHHEMY HWHAEKCY TMpH YCIOBHU OapbepHOI
CHHXPOHM3ALUN MEXy HTepallsIMU BHEITHETO LIMKIIA, IO ABYM HHIEKCaM 0e3 OrpaHHYCHUH, He
MOXET OBITh pacrapaieiieH?

[lycte BekTOp HampaBieHMH Uil JBYMEPHOTO LHKIAa HMeeT BUA («=»,«<»). Kakume wus
CIEyIOIINX YTBEP)KICHUW SBISIOTCS BEPHBIMH: IIMKJI MOXXET OBITh pachapauielieH 110
BHEIIHEMY HWHIEKCY 0€30 BCAKHX OTrpaHWYCHWH, 10 BHENIHEMY WHIEKCY MpPH YCIOBHUH
OyONmMpoBaHMsT BXOAHBIX JaHHBIX, 10 BHYTPEHHEMY MWHAEKCY IIpH YCIOBHU OapbepHOMN
CHHXPOHHM3AINY MEX]Ty UTepPAlMIMH BHEUTHETO IMKJIA, TI0 IBYM HHJEKCaM 0e3 OrpaHuYeHHH, HEe
MOJKET OBITh pacmapaieiicH?

[lycte BekTOp HampaBIIEHWH Ui JBYMEPHOTO IMKIa uMeeT BUA («>»,«=»). Kakme wu3
CIEMYIOINX YTBEPXKICHUN SIBISIOTCS BEPHBIMHU: IIMKJI MOXET OBITh pachapajuielieH 110
BHEIIHEMY HWHJAEKCY 0€30 BCSKHX OrpPaHWYCHHUH, IO BHEIIHEMY HWHAEKCY MpU YCIOBHH
MyOnMMpoBaHHWA BXOMHBIX JaHHBIX, IO BHYTPEHHEMY WHIEKCY IPH YCIOBHHA OapbepHO
CUHXPOHHM3alIU MCKAY UTECpalluiAMHM BHCIIHETO IMKIIA, IO IBYM MHIACKCAM 663 OFpaHI/I‘IeHI/II\/'I, HEC
MOJKET OBITh pacrapaieicH?

[lycte BekTOp HampaBIIEHWH Ui JBYMEPHOTO IMKIa HUMeeT BUA («=»,«>»). Kakme wu3
CICIYIOIIUX YTBEPXKIACHHUN SBISIOTCS BEPHBIMH: IIMKJI MOXXET OBITh pachapauiejieH [0
BHEIITHEMY WHJIEKCY 0€30 BCAKHX OrpaHWYEeHHH, 110 BHENIHEMY WHIEKCY IIPH YCIIOBUHU
OyOMMpoBaHMs BXOAHBIX JaHHBIX, 10 BHYTPEHHEMY WHJAEKCY TMpH YCIOBHM OapbepHOii
CUHXPOHHM3alIU MCKAY UTECpalluidAMHM BHCIIHETO IHUKIIA, IO IBYM MHIACKCAM 663 OFpaHI/I‘ICHI/II\/'I, HE
MOJKET OBITh pacrapaieneH?

[lyctp BekTOp HampaBiIeHH#l Ui JBYMEPHOTO IMKIa HuMeeT BuA («>»,«>»). Kakue wus
CIEYIOIINX YTBEPXKICHUN SIBISIOTCS BEPHBIMH: IIMKJI MOXXET OBITh pachapajuiejieH 110
BHEIIHEMY HWHJEKCY 0€30 BCSKHX OTrpaHWYEeHWH, 10 BHENIHEMY WHJEKCY MpH YCIOBHH
IyOnupoBaHMA BXOJHBIX JaHHBIX, IO BHYTPEHHEMY WHIEKCY IIpU YCIOBHHM OapbepHOU
CHHXPOHHU3AINY MEX]ly UTEpAIMsIMHA BHEITHETO IMKJIA, TI0 IBYM HHJIEKCaM 0e3 OrpaHWYeHHI, He
MOKET OBITh pacrapasiiesieH?

[lycte BekTOp HampaBIIEHWH Ui JIBYMEPHOTO IMKIa uMeeT BUA («<»,«>»). Kakue wu3
CIIEIyIOIINX YTBEPXKICHHUN SIBISIOTCS BEPHBIMH: IIMKJI MOXXET OBITh pachapajuielieH 110
BHEIIHEMY MWHJIEKCY 0€30 BCAKHX OrpaHWYEeHUH, [0 BHEUIHEMY HHJIEKCY IIpH YCIOBUHU
IyONMMpoBaHHUA BXOJHBIX JaHHBIX, 10 BHYTPEHHEMY HWHIEKCY TIPH YCJIOBHHA OapbepHO
CUHXPOHHM3aIU MCXKAY UTECpalluiAMN BHCIIHETO IHUKIIA, IO JIBYM MHIACKCaAM Oe3 OFpaHI/I‘IeHI/II\/'I, HE
MOKET OBITh pacrapasiesieH?

[lycte BekTOp HampaBlIEHWH Ui JBYMEPHOTO IMKIa uMeeT BUA («>»,«<»). Kakne wu3
CJICOYIOUINX yTBep)K,ZIeHI/Iﬁ SABJIAIOTCA BCPHBIMH: UK MOXKCT 6I)ITI) pacmnapauiejIi€H I10
BHEIIHEMY HWHJAEKCY 0€30 BCAKHMX OrpPaHMYCHHUH, IO BHEIIHEMY MWHAEKCY NpU YCIOBHH
IyOnMpoBaHMWA BXOJHBIX JAaHHBIX, IO BHYTPEHHEMY MWHIEKCY TIPH YCIOBHHM OapbepHOU
CUHXPOHHM3aIU MEXAY UTEpaluiAMH BHCIIHETO IHUKIIA, IO IBYM MHIACKCAM oe3 OFpaHI/I‘IeHI/II‘/'I, HE
MOJeT OBITh pacnapaieneH?

HYCTB JJIsL HEKOTOPOTO MHOT'OMEPHOTI'O UKJIa BEKTOD HaHpaBJ’IeHI/Iﬁ nMeeT BHU/
(«=»,¢»,...,«>»). UTO MOXKHO CcKazaThb PO THUI 3aBUCUMOCTH, OOHAPYKMBAaeMOH MEXIy
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oleparopamMM IOCI€ PACKPBITHS LUKJIA: 3TO — HCTHHHAs 3aBUCUMOCTb, J3TO0 —
AHTHU3aBUCUMOCTb, HUYETO CKa3aTh HEJb3s?

[lyctp 111  HEKOTOPOTO MHOTOMEPHOTO IIMKJIAa BEKTOp HANpaBIeHUH HMeEeT BUJ
(«€>»,«»,...,«>»). UTO MOXKHO CKazaThb PO THUI 3aBUCUMOCTH, OOHAPYKHMBAaeMOH MEXIy
orepaTopamMHM TOCJIE€ pPAacKpbITHs [MKJIA: 3TO — HCTUHHAas 3aBUCUMOCTh, 3TO0 —
AHTU3aBUCHUMOCTh, HUYETO CKa3aTh HENb35?

IIycts 111  HEKOTOPOr0O MHOTOMEPHOIO IMKJIA BEKTOp HANpaBJIEHMH HMEET BHI
(«<»,@=»,...,«>»). UTO MOXKHO CcKazaThb PO THUN 3aBUCUMOCTH, OOHApYKMBaeMOH MEXKIy
omeparopamMM IOCIE PACKPBITHS LHUKIA: 3TO — HCTHHHAs 3aBHCUMOCTb, J3T0 —
AHTU3aBUCHUMOCTh, HUYETO CKa3aTh HENb35?

OKBHUBaJICHTHOE MPeoOpa3zoBaHUe MPOrpaMMbl — 3TO: peoOpa3oBaHUe AMHAMHUYECKOTO OPSIIKa
CIIEZIOBAaHMSI OIEPAaTOpOB, COXPAHSIOIIEE pEe3yabTaT IMpU JIHOOBIX BXOJHBIX JAHHBIX;
npeoOpa3oBaHue, cOXpaHsioniee rpad anropurMa; npeodpazoBaHue, COXPAHSIONIEE 3aBUCUMOCTH
[0 JaHHBIM MEXIy OI€paTopaMy, HUYEro U3 BBIICIEPEUNCICHHOTO.

[louemy 3HaHHE O BO3MOMKHOCTH SKBHMBAJIECHTHOTO H3MEHEHHS IIOPAOKA BIIOKEHHOCTH BO
BJIOKCHHBIX IUKJIAX IJIA pacnapaiiCJIMBaHu IPOrpaMM ABJISACTCA Ba)KHBIM?

[lepeuncnure NOMOTHUTENBHBIE YCJIOBHS B TEOPEME O JAOCTATOYHOCTH NPUEMOB pa3leliCHHs
LUKJIa, BBIPABHMBAHUS IUKJIAa M JOMYCTHMOI INEpEecTaHOBKU OINEpaTopoB B Teje LUKIA It
YCTpaHEHHsI 3aBUCUMOCTEH, CBA3aHHBIX C [IUKJIOM.

Uto 03HauaeT BEIPaKCHHE: B LIUKJIE HET PEKYPCUBHBIX 3aBUCHMOCTEH 110 JaHHBIM ?

CripaBennuBO JIM YTBEp)KICHHE, €CITH MEXKIy oIllepaTopaMH IMKJIa CYIIECTBYeT HWCTHHHAs
3aBHUCHMOCTH — IIUKJI 110 UTEPAIHAAM paclapauIeTuTh HeBO3MOKHO? OOOCHYHTE OTBET.
CripaBeiIMBO JIM YTBEP)KJEHHUE, €CIIM MEXAY ONEepaTopaMH HEBJIOXEHHOTO IMKJIA CYIIECTBYET
HNCTHHHAasA 3aBHCUMOCTL C PACCTOAHHUEM 3aBUCHMOCTH pPaBHBIM 1 — UK TI0 UTCpalUuAM
pacmapaiienuTh TPUHINIHAATHFHO HeBO3MOXKHO? OOOCHYITE OTBET.

Kaxkue IMpUEMbI pacrapaiyiCJIMBaHud UKIJIOB IMPU HAJIWYUH 3aBUCUMOCTH OIICPATOPOB LHUKIIA I10
CKaISAPHBIM  IEPEMEHHBIM  SIBJISIOTCS.  OKBHUBAJICHTHBIM  NPEOOpa3OBaHMEM  MPOrpamMM:
ImpuBaTHU3alysd, «JIMKBUAAIWA» UHAYKIUOHHBIX IICPEMCHHBIX, pe):[yKum[?

CrpaBeaniuBo 1M CleAyIOllee YTBEp)KICHHE: pachapajuleMBaHHE C TIOMOIIBI0 TpueMa
PelyKIIMU BCera SBISETCS HEOKBUBAJICHTHBIM IIpeoOpazoBanreM nporpammbl? O0ocHyHTe cBOI
OTBET.

CropaBensiuBo JiM  cJelylollee YTBEpKIEHHE: paclapajUleIMBaHHE C IIOMOIIBIO IpHEeMa
«JIMKBUJALMHM»  WHIYKOMOHHBIX  TNEPEMEHHBIX  BCErAa  SIBISETCS  HEIKBUBAJICHTHBIM
npeoOpazoBanueM rporpammbr? OOOCHYHTE CBOW OTBET.

MOoOHO 51 yCTpaHWTh B MOCJIEIOBATENBLHON MPOrpaMMe MCTUHHBIE 3aBUCUMOCTU 10 JIaHHBIM
JUTSI TIOJTyYEHUS] KOPPEKTHOM MapaisienbHoi Bepcun?

Kakne cxempl pacrnpenenenus paOoT Ha 9JTane Ha3HAYCHUS MEXIY BUPTYalbHBIMU
UCIIONHUTENSIMU Bam u3BecTHBI?

IIpuMepsl KOHTPOJIBHBIX 3aJaHUN:

KontponbHoe 3amanme coctouT u3 10 cierka HW3MEHEHHBIX KOHTPOJIBHBIX BOIIPOCOB,
OXBAaTBIBAIOLINX BCE Pa3/1€ibl JUCIUILINHEL.

4. Kputepuu oueHUBaHUs

3a KaxAbli KOHTPOJBHBIM BONPOC M3 KOHTPOJBHOIO 3aJaHUs CTyIEHT nomydaer oT 0 mo 4
0ayIoB B 3aBUCMMOCTH OT TMOJHOTHI TpeACTaBlIeHHOro otBera (pewmenus). KonnuecTBo
HaOpaHHBIX 0aJIOB ONpEAETAeT OLICHKY 3a 3a4eT:



OneHKa

HaGpannsie 6amib

otiinyHo (10)

0oxee 36

oTIIN4YHO (9)

oT 32 10 36 BKJIIOYUTEILHO

oTinyHO (8)

oT 28 10 32 BKJIIOYUTEIHLHO

xoporio (7) oT 24 110 28 BKJIFOUUTEIILHO
xopomuio (6) o1 20 110 24 BKJIIOUUTEIILHO
xopouo (5) oT 16 10 20 BKIIIOUUTENIBHO

YAOBJIETBOPUTENHHO (4)

oT 12 1o 16 BKIIOYUTEILHO

YJIOBJIETBOPUTEINBLHO (3)

oT 8 10 12 BKIIOYUTEIHLHO

HEYIOBJICTBOPUTEIIBHO (2)

OT 4 110 8 BKIIIOYHUTEIHHO

HEYJI0BJIETBOPUTEIBLHO (1)

He Ooee 4

5. MeToauyeckne MaTepuaJibl, onpeaessiioye Npoueaypbl OlleHMBAHUSA 3HAHUH, YMEHHUIA,
HABBIKOB M (UJIM) ONbITA JeATEJIbHOCTH

BpeMSI IMPOBCACHUA TIMCBbMCHHOI'O 3a4€Ta COCTAaBJIACT 2 aKaI€EMHUYCCKUX Yaca.

Bo BpCMs IIPOBCACHUA 3a4€CTa o6y11a10111neca MOTYT ITOJIb30BATHCA nporpaMMoﬁ AUCHUITIIMHBI.



