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1. HACHOPT ®OHIA OHEHOYHbIX CPEACTB

o aucuuiuiuae «Teopus anropuTMoB»

OneHoYHBIE CpEACTBA COCTABJSIIOTCS B COOTBETCTBHMM C pabouell MporpaMMoit
JUCHUTUTMHBL U TIPEACTABISIOT cO00 COBOKYMHOCTh KOHTPOJBHO-M3MEPUTEIHHBIX MaTepHAIOB
(TunoBble 3amaud (3a7aHUsI), KOHTPOJbHBIE PAOOTHI, TECTHl M Jp.), MpeIHA3HAYCHHBIX IS
U3MEPEHUs YPOBHS TOCTHKEHUS 00yJarOIIMMUCS YCTaHOBIICHHBIX PE3yIbTaTOB 00ydeHUsI.

OneHouyHBIE CpElICTBA HUCIOJB3YIOTCS TMpPH MPOBEACHUM TEKYIIEr0 KOHTPOJIS
yCIIEBAEMOCTH M IPOMEKYTOYHON aTTECTALIUU.

Tabmuma 1 - Ilepeuenp KommeTeHUUH, (OPMHPYEMBIX B MPOLECCE OCBOCHUS
JUCLUIINHEI
Kox
HaumeHoBaHue pe3yjibTaTa 00yUeHUus
KOMIIETCHIIUH
ITK-7 CnocobeH Kk pa3paboTKe U NPUMEHEHUIO AITOPUTMUYECKUX M IPOTPaMMHBIX

pemieHU B 00JIACTM  CHCTEMHOTO M TIPHUKJIAJAHOTO  MPOTPAMMHOIO
obecnieueHus

[IK-7.1. 3Haer TeopeTHYECKHE OCHOBBI pa3pabOTKU MPOTPAMMHBIX H
QITOPUTMUYECKUX pEHIeHU B 00JIaCTU CUCTEMHOTO M MPHUKIATHOTO
MIPOrPaMMHOTO OOECIeUeHus; MaTeMaTUYecKUe METOJbl pelIeHHs 3ajad,
MPOLEAYPHBIA U OOBEKTHO-OPUEHTHUPOBAHHBIM TMOAXOABI K pa3padoTKe
MH)OPMALIMOHHBIX ~ CHCTEM;  aKTyallbHble  mpoOjaemMbl B 00JacTH
MPOrpaMMHUPOBAHUS; METOAbl W TEXHOJOTHM MPOTPAMMHUPOBAHUS; S3BIKU
MIPOrpPaMMHUPOBAHUSI, OCHOBBI TEXHOJOTUU MOJAYJIBHOTO MPOTrPaMMHPOBAHUS
Ha s13bIKaX BBICOKOT'O YPOBHSI.

[IK-7.2. YMmeeT nmpuMEHUTh MaTEeMaTHUYECKU METOJ IJs PElIeHUs 3aJ/lauH;
noAaoOpaTh palMOHATBHYIO TEXHOJIOTHIO MPOrPAMMHPOBAHMS VISl PEIICHUS
npodeccnoHanbHOM  3alayM; co3[aBaTh MpPOTpaMMHBIE TPOAYKTHI U
QITOPUTMUYECKUE PEIICHUsT B O0JaCTH CHUCTEMHOTO U MPHUKIATHOTO
MIPOrPaMMHOTO OOECTICUeHHSI.

[IK-7.3. Bnaneer HaBbIKAMHM TNPUMEHEHHMS MAaTEeMaTHYECKUX METOJO0B s

peuieHus 3aga4 M IPUMEHEHUs CTAaHAAPTHBIX QJITOPUTMOB; HABBIKAMHU
pa3paboOTKW M CO3/1aHUsl AITOPUTMUYECKMX U TPOrPaMMHBIX pELIEHUN B
o0JIaCTH  CHCTEMHOTO M IPUKIAJHOIO MPOrPpaMMHOrO  0OecHedeHus;
HaBbIKAMU pa3pabOTKH MPOTPAMMHBIX MPHJIOKEHUNH C HCIOIb30BaHUEM

COBPCMCHHBIX A3BIKOB MMPOIrpaMMUPOBAHUA.

KoHeuHbIMu pe3ynbTaTaMH OCBOECHHS JUCHMILIMHBI SBJISIIOTCA  COPMHPOBAHHBIE
KOTHUTUBHBIEC JECKPUITOPBI <«3HAaTh», «YMETb», «BJIAACThb», PACIHUCAHHBIE [0 OTAEIbHBIM
KOMIIeTeHIIMAM. POpMHUpPOBAaHUE IECKPUITOPOB IIPOUCXOAUT B TEUEHUE BCETO CeMecTpa II0
JTalmaM B paMKaX KOHTaKTHOM paboThl, BKIIOYAIOIIEH pa3iiMYHble BHIbl 3aHATUH U
CaMOCTOATENILHON pabOThl, C MPUMEHEHUEM pa3IWYHbIX (opM U MeTol0B 00ydeHus (Tadi.2).




Tabnuia 2 - opMupoBaHre KOMIETEHIIMI B TPOLECCE U3YyYEHUS IUCIUTUIHHBL

Kon YpoBeHb WNHuKaTOphl 1OCTUKEHUSA KOMIIETEHIIUN Bun yueOGHBIX 3aHSATHIA, KonTponupyemsie paszaensl u | OnieHOYHbIE
KOMIIETE | OCBOCHHMS paboThl, GOPMBI U METOABI | TEMBI JUCIUILINHBI CpencTBa,
130005031 KOMITETCHIIU I o0y4eHus, UCIIOJIB3YEMBIE IS
CHOCOOCTBYIOIIHE OLICHKH YPOBHS
(bopMHpPOBaHHUIO u c(OpPMHPOBAHHOCTH
Pa3BUTHIO KOMIICTCHIIHIT KOMIIETCHIIUH
TIK-7 3naem
Henocratounsiii | [IK-7. CrymenT He 3HaeT Teoperuuyeckue | JICKIIMOHHBIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb OCHOBBI ~ pa3pabdOTKM  MPOTPAMMHBIX  H | IPAKTHYECKUE  3aHATHUS, | B BBIYACICHUSAX. — YCTHBIM ormpoc,
AITOPUTMUYECKUX  pelleHud B o0jacTu | caMocTosTenbHas pabora | Pasmen 2. OCHOBBI | KOHTPOJIbHAA
CUCTEMHOIO M MPHUKJIAJHOTO IPOTrpaMMHOIO | 00ydaroImuxcs, pazpaboTku ¥ aHanu3a | padoTa.
obecrnieueHus; MaTeMaTUYECKHE METOJBI | MOJArOTOBKA M CJayda | alfOPUTMOB.
pelieHus 3aiad, MPOICIYPHBIM M OOBEKTHO- | IPOMEKYTOUHOM Paznen 3. Poct QpyHKIUi.
OPUEHTHUPOBAHHBIA TMOAXOABI K pa3pabOTKe | aTTECTAIHH. Pazgen 4. Paszpensaii wu

WHPOPMALIMOHHBIX  CHUCTEM; aKTyaJIbHbIE
po6JIeMbl B 006J1aCTH IPOTrPaMMHUPOBAHMSL.

CTy,lIeHT HC 3HACT OCHOBHBIC TIPWHIMIIBI
MOCTPOCHUA TIOHMCKOBLIX, COPTHUPYOIIUX U
BBIYHMCIINTCIBHBIX AJITOPUTMOB, OCHOBBI

CTpaTeruu pa3paboTKH alrOPUTMOB.

CTyaeHT He yMeeT ONpeAeNATh Hauxyjaiiee u
cpenHee Bpems paboThl alTOPUTMOB; BBIOUPATh
U TPUMEHATh  pPAa3UYHbIE  METOAbl  JJIS
pa3paboTku aJITOPUTMOB; MIPOBOJUTH
cpaBHUTENbHBIM. He Biageer TEXHOJOTUSIMHU

BJIACTBY.

Pasgen 5. BeposATHOCTHBIN
aHaIu3 u
PaHIOMU3UPOBAHHBIC
QITOPUTMBI.
Pasmen 6.
COPTHPOBKH.

AnropuT™mBl

! JleKuMOHHbIE 3aHATHS, PAKTHIECKHUE 3aHATHS, TA00PATOPHBIE 3aHATHSA, CAMOCTOATEILHAS PAbOTa. ..
% HeoGXO0/IMMO yKa3aTh aKTHBHBIC ¥ MHTEPAKTUBHEIC METOIbI 0OyUeHHs (HAPHMEp, HHTEPAKTHBHAS JIEKIHs, paboTa B MaJIbIX TPYIIIAX, METOIbl MO3TOBOTO IITYpMa H T.11.),
CIOCOOCTBYIOIIHE PA3BUTHIO Yy 00YUAIOIINXCS HABBIKOB KOMAaHIHOM PabOTHI, MEKIMIHOCTHON KOMMYHUKAINH, IPUHATHS PEIIeHUH, TUASPCKIX KadeCTB.
® HaumenoBauue TeMbl (pasjena) Gepercs u3 paboueii mporpaMMbl TUCIHIITHHEL

4
OI1eHOYHOE CPECTBO JTOJDKHO BEIOMPATHCS C YUETOM 3aIUIaHUPOBAHHBIX PE3yIbTaTOB OCBOCHHS AMCIUIUINHBI, HATPUMED:

«3HaTh» — cobeceloBaHNE, KOJUIOKBHYM, TECT. ..
«YMeTb», «Bnanets» — MHIUBHUTya bHBIA WK TPYIIIIOBOM MMPOEKT, Kelc-3a1a4a, AesoBas (poseBast)

urpa, noptdoimo. ..




OIICHKH s dexTuBHOCTH AITOPUTMOB;
HaBBIKAMHU  JIOKA3aTelbCTBA  KOPPEKTHOCTH
AJITOPUTMOB; HaBBIKAMHU MIPOU3BOIUTH

AITOPUTMHU3ALMIO M aHAIN3 BPEMEHU pPabOTHI
aJIrOPUTMOB.

bazoBrIit [1IK-7.1. CryneHt nMeeT | JIekiinoHHEbIE u | Pazgen 1. Ponp anroputmoB | Tekymuii KOHTpPOJIb
YpOBEHb HECUCTEMATU3UPOBAaHHBIE 3HAHUS | IPAKTUYECKUE  3aHSTHUS, | B BBIYMCICHUSAX. — YCTHBI ormpoc,
TEOPETUYECKUX OCHOB pa3paboTku | camocTosiTenbHass pabota | Paznen 2. OCHOBBI | KOHTPOJIbHAS
MIPOrPaMMHBIX M aJITOPUTMUYECKUX PELIEHUH B | 00yJaronmxcs, pazpaboTku ¥ aHanu3a | paboTa.
o0JlacTM ~ CHUCTEMHOr0 M NPUKIAJHOrO | MOArOTOBKA M cJaya | alrOpPUTMOB.
IIPOrpaMMHOTO OOECIeUeHus; MaTEMATUYECKUX | IPOMEKYTOUHON Pa3nen 3. Poct ¢pynxuuii.
METOJIOB pEIICHHs 3aJ]ad, IPOLEAYPHOIO MU | aTTeCTaluu. Pasnen 4. Paspensait n
00BEKTHO-OPUEHTHPOBAHHOTO  TOAXO0Ja K BIIACTBYH.
pas3paboTke UH(POPMALIMOHHBIX CHUCTEM; Pasnen 5. BepostHOCTHBIN
aKTyaJbHBIX npobiieM B obnactu aHaIu3 u
IIPOrpaMMHUPOBAHHUS paHIOMU3HPOBAHHbIE
CTyneHT UMeeT  HEeCHUCTeMaTU3UPOBaHHBIE AJITOPUTMBI.
3HAHWE OCHOBHBIX IPUHIMIIOB ITOCTPOCHHUS Pazmen 6.  Anropurmsl
MTOMCKOBBIX, COPTUPYIOILINX u COpPTUPOBKH.
BBIYHCIIUTEIBHBIX aJITOPUTMOB, OCHOBBI
CTpaTeruu pazpaboTKU aJITOPUTMOB.
Cpennnii IIK-7.1. CtyneHt 3HaeT OCHOBHOE cojepkaHue | JIeKimoHHbIe u | Pasznen 1. Ponp anroputmoB | Tekymuii KOHTPOJb
YpOBEHb Matepuaia JUCIUIIINHBL. CTyneHT | MpakTUYEeCKHe  3aHATHUS, | B BBIUUCICHUSIX. — YCTHBII ormpoc,
CaMOCTOSITEIILHO BBIJIETISIET riIaBHbIE | paboTa B Majblx rpymmnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MOJIOKEHUS B U3YYEHHOM MaTepHaile. WHTEpaKTHBHas  JIeKUus, | pa3paboTkM U aHanwmza | paborta.
3HaeT TEOpPETHYECKHE OCHOBBI pa3pabOTKH | TUCKyCCHS, aJITOPUTMOB.
MIPOrpaMMHBIX M aJrOPUTMUYECKUX PELIeHUH B | camocToATenbHass padorta | Paznmen 3. Poct GpyHKImii.
o0JlacTH ~ CHUCTEMHOI0 M NPUKJIAJHOTO | 0Oyyarommxcs, Paznen 4. Pazpensait n
MIPOrpaMMHOTO OOECreueHus; MaTeMaTHuecKue | MOAroTOBKa M cJjaya | BIACTBYH.
METOZABl peUICHUs 3a4ad, IPOLECAYPHBIA H | IPOMEKYTOYHOMN Pasgen 5. BeposTHOCTHBIN
O0OBEKTHO-OPUEHTUPOBAHHBIM  MOAXOIABl K | aTTECTallUH. aHayn3 u

pa3pa60TI<e I/IH(i)OpMaI_II/IOHHLIX CHUCTEM,;

pPaHAOMU3NPOBAHHBIC




aKTyaJbHBIC POOIEMBI B obnactu
MPOrPaMMHUPOBAHHSL.

CtyneHT  3HaeT  OCHOBHBIC
MMOCTPOCHHSI  TIOUCKOBBIX,
BBIYUCIIUTEIbHBIX AJITOPUTMOB, OCHOBBI
CTpaTernu  pa3padOTKH  aJTOPUTMOB,  HO

J0IYCKACT HE3HAYUTCIIbHBIC OIINOKHU

IIPUHLIMIIBI
COPTUPYIOLIUX U

AJITOPUTMBI.
Pasnen 6.
COpPTHUPOBKH.

ANropuTMBI

Bricokuii [IK-7.1. CrymeHT camMoCTOATENbHO BbIACHSET | JICKIIMOHHBIC u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTPOJIb
YPOBEHb [JIABHBIE MOJIOKEHUS B U3yYEHHOM MaTepuaie. | IPaKTUYECKUE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
3HaeT TEOpETHYECKHE OCHOBBI pa3paboTku | paboTa B ManbIX Trpynnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MIPOrPaMMHBIX M aJTOPUTMUYECKUX PELICHUN B | MHTEpaKTUBHAs  JIeKIHUd, | pa3paboTku ¥ aHanu3a | paboTa.
o0JlacTH ~ CHUCTEMHOTO0 M HIPUKIAJHOTO | JUCKYCCHS, aJITCOPUTMOB.
MIPOrpaMMHOTO OOECIeueHus; MaTeMaTHUecKue | caMmocTosATelnbHas pabora | Pazmen 3. Poct dyHKIwmii.
METOABl pelIeHusl 3aJad, MPOUEeAYPHBIM | | oOydarouuxcs, Pazgen 4. Paspensaii u
O0BEKTHO-OPUEHTUPOBAHHBIM  MOAXOIbI K | MOATOTOBKAa W cJaya | BIACTBYH.
pa3paboTke UH(HOPMAITMOHHBIX CHCTEM; | MPOMEKYTOUHOMN Paznen 5. BeposiTHOCTHBIN
aKTyaJlbHBbIE poOIIeMbI B o0jacTu | aTTeCTallH. aHaIu3 u
MIPOrpaMMHUPOBAHHUS. paHI0MU3UPOBAHHbIE
CryneHT 3HaeT NPUHLUIBI  OCTPOEHUS ITOPUTMBI.
MMOUCKOBBIX, COPTUPYIOLIUX u Paznen 6. ANTOPUTMBI
BBIYMCIIUTENIbHBIX aJIrOPUTMOB; OCHOBBI COPTUPOBKH.
CTpaTeruu pazpaboTKH aJITOPUTMOB.
Ymeem
ba3zoBbrit [IK-7.2. CryneHT WCOBITBIBaET 3aTpyaHeHHs | JIeKIMOHHBIE u | Paznen 1. Posnp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHB pu BbIOOpE CTpaTeruu pa3paboTKHu | MPaKTUYECKHE  3aHSATHS, | B BBIYUCICHUSX. — YCTHBIM ompoc,
aJITOPUTMOB. paboTta B ManbIXx rpynnax, | Pasmen 2. OCHOBBI | KOHTPOJIBHAS
CryneHT ymeeT Ha 6a30BOM YpOBHE MPUMEHUTH | HHTEPAKTUBHAS  JIEKIMs, | pa3pabOTKu W aHanm3a | paborta.
MaTe€MaTHYECKUI METOJ Ul PElIeHUs 3a7add; | JUCKYCCHS, QITOPUTMOB.
no100path paLOHAaIbHYIO TEXHOJIOTHIO | camocTosiTenbHass pabota | Pasnen 3. Poct dyHkumid.
MPOrpPaMMHUPOBAHUS TSt perieHus | 00yJaroImxcs, Paznen 4. Paznmensii wu
npogeccuoHaTbHON 3a/1a4y; CO37aBaTh | HOATOTOBKA M cJadya | BIACTBYH.
MPOrPAMMHBIE TPOAYKTHI W AJITOPUTMHUYECKHE | POMEKYTOUHOMN Paznen 5. BeposTHOCTHBIN
pemieHHst B 00JacTW  CHUCTEMHOTO U | aTTeCTalluH. aHaJIN3 u




MPUKJIAHOTO MPOTPaAaMMHOI0 00eCIIeYeHHUS. PaHIOMU3UPOBAHHBIE
CTyneHT HWCHBITBIBAET 3aTPyJHEHUS IIpU QJITOPUTMBI.
ONpENEICHUN  HAUXYALIEr0 W CPEJHEro Pazpgen 6. ANTrOpUTMBI
BpeMeHU paboThl aJIrOpPUTMOB; BBIOOpE U COpPTUPOBKH.
MPUMEHEHUH  Pa3JIMYHbIX  METOJIOB  JUIS
pa3paboTku AJIITOPUTMOB; MIPOBEJICHUU
CPaBHHUTEJIBHOTO aHajdu3a BPEMEHH pabOThI
AITOPUTMOB.
Cpennuit [1K-7.2 Crynent yMeeT MPUMEHUTH | JIeKIMOHHBIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb MaTeMaTHYeCKUM METOJ Ul pEUICHUs 3aJaud; | IPAKTUYECKUE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
nonoopath palMOHAIbHYIO TEXHOJOTHIO | paboTa B MalbIX rpymmax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MIPOrPAMMHUPOBAHUS JUIS pelleHUs | UHTEpaKTUBHAs  JIeKUHMsd, | pa3paboTku ¥ aHanu3a | paldoTa.
npodeccnoHanbHOM 3a/1a4u; CO3/1aBaTh | IUCKYCCHS, QJITOPUTMOB.
[IPpOrpaMMHBbIE IPOAYKTHl U AJIFOPUTMHUECKHE | camocTosATelNbHast padora | Paznen 3. Poct QpyHKImil.
pemieHns B o0JacTM  CHUCTEMHOTO M | oOydaromuxcs, Pazgen 4. Paszpensii wu
MIPUKJIAHOTO POrPaMMHOI0 00€CIIEUEHHUS. IIOATOTOBKA M CJaya | BJIACTBYH.
CryaeHT yMmeeT OmnpenensaTh Hauxyallee U | MPOMEXYTOYHOU Paznen 5. BeposTHOCTHBIN
cpenHee Bpemsi pabOThl aTOPUTMOB; BBIOUPATh | aTTECTALUH. aHaJIu3 u
U T[PUMEHATh  pa3dU4Hble METOAbl A PaHIOMU3UPOBAHHbBIE
pa3palboTKu AJITOPUTMOB; IIPOBOJIUTH AITOPUTMBI.
CpPaBHHUTEIbHBIM aHAaTU3 BpPEMEHU pPabOTHI Pazgen 6. ANTOpPUTMBI
QITOPUTMOB, HO JOIIYCKAae€T HE3HAYUTEIIbHBIC COPTHPOBKH.
OITMOKHU.
Beicoknii IIK-7.2. CrymeHT yMmeeT aHanMM3WpoBath | JICKIMOHHBIE u | Paznen 1. Posnp anropurmoB | Texkymuii KOHTpOJIb
YPOBEHb MPUKJIAAHYIO 33/1a4y, HAaXOJUTh ONTUMAJbHbIC | IPAKTUYECKUE  3aHSTHUS, | B BBIYMCICHUAX. — YCTHBIM ompoc,
METO/IbI €€ PEIICHUS. paborta B ManbIXx rpynnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
CryneHT  cBOOOJHO  yMeeT  NPUMEHUTH | MHTEpaKTHBHAs  JIEKIHs, | pa3pabOTKu M aHanu3a | pabora.
MaTe€MaTHYECKUI METOJ JUIS PEIICHMs 3aa4M; | TUCKYCCHs, QITOPUTMOB.
nofo0paTe  palMOHANBHYIO  TEXHOJIOTHIO | caMocTosiTenbHas pabota | Pasnen 3. Poct QpyHkiuii.
MPOrPaMMHUPOBAHUS it perieHus | 00yJaromuxcs, Paznen 4. Paznmensii wu
npogeccuoHaTbHON 3a/1a4u; co3JaBaTh | MOATOTOBKA M CJaya | BIAacTBYH.
MPOrPAMMHBIE MPOAYKTHI U AITOPUTMUYECKHUE | TPOMEKYTOUHON Paznen 5. BeposTHOCTHBIN
pemieHHst B 00JAaCTM  CHUCTEMHOTO W | aTTECTAllMH. aHaJu3 u




IPUKIIQJHOTO IPOrPaMMHOI0 0OecIIeYeHusl. paHIOMU3HPOBAHHBIE
CTyneHT yMeeT OIpeAensaTh Hauxyjaulee Hu QJITOPUTMBI.
cpeaHee BpeMs paboThl aJIrOpUTMOB; BEIOUPATh Pasmen 6.  Anropurmsl
U IPUMEHATH  pa3jIMyHble  METOABl  JUIA COPTUPOBKH.
pa3paboTku aJITOPUTMOB; IIPOBOJMTH
CpPAaBHUTEIbHBI aHAIU3 BPEMEHU pabOThHI
JITOPUTMOB.
Braoeem
bazoBrrit [IK-7.3. Crynent Ha 06a30BOM ypoBHE BiajeeT | JIekunoHHbIe u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb HaBbIKAMM  IPUMEHEHUS  MAaTEMAaTHYECKUX | IPAKTUYECKHE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
METOZOB JJIsl pelIeHus 3a7ady M NpUMEHeHHs | paboTa B ManbIX rpynnax, | Pazgen 2. OCHOBBI | KOHTPOJIbHAS
CTaHJApTHBIX aITOPUTMOB; HaBbIKAMU | MHTEpAaKTUBHAsl  JIEKLMs, | pa3paboTku W aHaiuu3a | pabora.
pa3pabOTKU U CO3AAHUS AITOPUTMUYECKUX U | AUCKYCCHUS, aJITOPUTMOB.
IIPOrpPaMMHBIX pelieHui B oOrnactu | camocrosiTesnibHasg pabota | Pasgen 3. Poct pyHKuumi.
CHUCTEMHOI'0 M NPUKIAJHOTO MPOrPaMMHOrO | 0Oydaromuxcs, Pasnen 4. Paspensait n
obecrieyeHus, TEXHOJIOTUSIMU OLICHKM | IOArOTOBKA M CJada | BIACTBYM.
3G(GEKTUBHOCTH  aJrOPUTMOB;  HABBIKAMH | IPOMEXYTOYHOMH Pasgen 5. BeposATHOCTHBIN
JIOKa3aTelIbcTBa KOPPEKTHOCTH QJTOPUTMOB; | aTTECTALUU. aHaIu3 u
HaBBIKAMH IIPOU3BOJUTH AJITOPUTMU3ALMIO. PaHIOMU3UPOBAHHBIC
QITOPUTMBI.
Pazmen 6.  Anropurmsl
COPTUPOBKH.
Cpennnii IIK-7.3. CryneHT Biazeer 3HaHUSAMH Bcero | JIekiuoHHbIE u | Pasznen 1. Ponp anropurmoB | Tekymuii KOHTPOJb
YPOBEHb M3y4YEHHOTO MaTepHuaa. MIPAaKTUYECKUE  3aHATUSA, | B BBIYUCICHUAX. — YCTHBIM ompoc,
Bnageer HaBbIKaMU npuMeHeHus | paboTa B Malblx rpymmnax, | Pasnmen 2. OCHOBBI | KOHTPOJIbHAS
MaTeMaTHYeCKUX METOJIOB JJISl PELIEHHUs 3aj]ad | MHTepakTUBHAs  JIeKlusd, | pa3paboTku ¥ aHaiu3a | padoTa.
U IIPUMEHEHHsS CTaHAAPTHBIX QJITOPUTMOB; | JUCKYCCHS, QJITOPUTMOB.
HaBBIKaMH pa3paboTku u co3maHus | camocrositenbHass paborta | Pasnen 3. PocT GpyHKIUi.
ATOPUTMUYECKUX U MPOrPAaMMHBIX pEIIeHUH B | 0Oydarommxcs, Paznen 4. Pazpensait n
o0jacTh  CHUCTEMHOIO W NPUKIATHOIO | MOATOTOBKA W cjaya | BIACTBYH.
IPOrPaMMHOT0 0OecreueHHs.. IIPOMEKYTOUHOU Pasgen 5. BeposTHOCTHBIN
CryneHT BiajeeT TEXHOJOTHSIMH  OLEHKU | aTTeCTallUH. aHaIN3 u
5((GEKTUBHOCTH  aJTOPUTMOB;  HAaBBIKAMH PaHIOMU3UPOBAHHBIE




A0Ka3aTejIbCTBa KOPPEKTHOCTH AJITOPHUTMOB;
HaBbBIKaMU IPOU3BOJUTH aJITOPUTMU3AIHNIO, HO
A0IIYCKA€T HE3HAYUTCIIbHBIC OIIIMOKH.

AJITOPUTMBI.
Pasnen 6.
COpPTHUPOBKH.

ANropuTMBI

Bricokuii IIK-7.3. CryneHT BiajeeT KOHIENTYaIbHO- | JIEKIIMOHHBIC u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTPOJIb
YPOBEHb MOHATUMHBIM annaparoM, HAyYHBIM SI3bIKOM U | IPAKTUYECKUE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
TEPMUHOJIOTHEN. paborta B MaibIX rpynnax, | Pasmen 2. OCHOBBI | KOHTPOJIbHAS
CBoOOIHO BiIameeT HaBbIKAMU MPUMEHEHUS | UHTEpaKTHUBHAS  JIEKUUs, | pa3pabOoTKM U aHanmsa | paborta.
MaTeMaTHYeCKUX METOJOB JJISl PELIeHHUs 3ajad | IUCKYCCHS, aJITCOPUTMOB.
U TpPUMEHEHHUs CTaHJapTHBIX alTOPUTMOB; | caMocTosATelNbHas paborta | Pazmen 3. Poct dyHKIwmii.
HaBBIKAMH pa3paboTku u co3JaHusl | 00yYarOIIUXCs, Pazgen 4. Pazpensaii wu
QITOPUTMUYECKUX M NTPOIPaMMHBIX PELICHUH B | MOATOTOBKA W cZada | BIACTBYH.
o0jacTh  CUCTEMHOIO M TNPUKIAIHOIO | MIPOMEXKYTOUHOMN Paszgen 5. BeposTHOCTHBIN
IIPOrPaMMHOT0 0OecreueHHs.. aTTeCTallUN. aHaIu3 u
CryneHT BHajeeT TEXHOJOTHSIMU  OLIEHKH paH/I0MU3UPOBAHHbIE
3G(PEKTUBHOCTH  aJrOPUTMOB;  HAaBBIKAMH QITOPUTMBI.
JIOKA3aTeNbCTBA KOPPEKTHOCTH AJITOPUTMOB; Paznen 6. ANTOPUTMBI
HAaBBIKaMU IIPOU3BOJNTH aJITOPUTMHU3ALMIO. COPTUPOBKH.




2. IEPEYEHb OLIEHOYHbIX CPE/JCTRB’

Tabauma 3
Ne | HaumeHoBanue | XapaKTepUCTHKA OLICHOYHOT'O CPEICTBA [IpencraBnenue onieHoyHoro cpeactsa B POC
OLIEHOYHOT' O
cpencTBa
1. VYeTHBIi onpoc CpencTtBo KOHTPOJS YCBOGHHsI Y4eOHOTO Marepwana TeMbl, paszena | Bompocskl mo Temam/pasaenam IUCITUTLINHBL
WIN Pa3/eioB JUCIUILUINHBI, OPIraHU30BaHHOE KaK y4eOHOe 3aHSTHE B
BHJIE cOOECEIOBAHUS MIPETIOIaBaTeNsI C 00yJAIOIITIMHUCH.
2. KonTponbHas CpencTBo NpoBEpKH YMEHHMH NPUMEHATh NOJy4YeHHbIE 3HAaHUA 17 | KOMIUIEKT KOHTPOJIBHBIX 3a/1aHUi 110 BapHaHTaM
pabora pelIeHus 3a1a4 ONPEEIIEHHOrO TUIIA [10 TEME WM pa3ieily

° VKa3pIBaloOTCS OLICHOYHBIC CPEACTBA, IPUMCHACMBIC B XO1€ pC€aiu3allun pa60qeﬁ nporpaMmbl HaHHOﬁ JAUCHUIIIINHEIL.




3. OIMUCAHUE MOKA3ATEJIEI U KPUTEPUEB OLIEHUBAHUA KOMIIETEHIIUI

OueHuBaHue pe3ynbTaToB 00yUeHUs MO0 JUCHUILTHHE «MaTeMaTHKa» OCYIIECTBISIETCA B COOTBETCTBUU ¢ [lo0XKeHneM 0 TeKyIeM KOHTpOJIe
YCIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallU O0y4YarOLIUXCSL.

[IpeaycMOTpeHsbl caeAyoIKe BUABI KOHTPOJIS: TEKYIIUH KOHTPOJIb (OCYIIECTBICHUE KOHTPOJISI BCEX BUIOB ayIMTOPHON U BHEAYTUTOPHON
NeSITeIbHOCTH 00Y4ar0IIerocs ¢ 1eJb0 MOTYYeHUs IEPBUYHON MHPOPMAIMH O XOJ€ YCBOCHHUS OT/IEIbHBIX 3JIEMEHTOB COJICPKaHUs JUCIUILTUHBI) U
MIPOMEXKYTOUHAsSI aTTeCTALM (OLIEHUBACTCS] YPOBEHBb M KaUY€CTBO MOJATOTOBKH IO JUCIMUIUIMHE B LIEJIOM).

[Tokazarenu ¥ KpUTEPUU OLICHUBAHUS KOMIETEHIINH, (DOPMHUPYEMBIX B IPOLIECCE OCBOSHUS JAHHOM JUCUUIUIMHBI, OMUCAaHbI B Ta0. 4.

Tab6nuia 4.



Kon YpoBeHb ocBoeHus | HMuaukatopel Kpurepuu orieHuBaHus pe3yabTaTOB O0yUICHHS
KOMITETEHIIMH | KOMIIETEHIIUU JOCTUKECHUS
KOMITIETEHIINH
1IK-7 3Haer
Henocrarounstit yposens | [7K-7.1. He 3naem snauumenvHou uacmu mamepuana Kypca, He CnOCOOeH CAMOCMOSAMENbHO
O1eHKa «HE3aUTEHO, 8b10€151Mb 21ABHbIE NONONHCEHUS 8 U3YUEHHOM Mamepuane OUCYUNTIUHDL.
«HEYIOBJICTBOPUTEIILHO.
ba30BbIi1 ypoBeHb 1IK-7.1. 3naem mne menee 50 % ocHosHO20 Mamepuana Kypca, OOHAKO UCHbIMblEAem
Onenka «3a4TEHOY, 3ampyOHeHUs. 8 €20 NPUMEHEHUU.
«YIOBIETBOPUTEIILHO.
Cpennuii ypoBeHb TIK-7.1. 3Haem ocHOBHYIO uacmb Mmamepuania Kypca, CHOCOOeH NPUMEHUMb U3VYEeHHbIU
Omnenka «3aYTEHOY, mamepuan Ha Npakmuke, UCNbIMbIEAEN He3HAYUMeNIbHble 3ampyOHeHUs 6 peuleHuu
«XOPOMIO. npogheccuoHaIbHbIX 3a0a.
Bricokwuii ypoBeHb 1IK-7.1. Ilokazvieaem 2nyboxkoe 3HaHUe U NOHUMAHUE MAmMepuand, ChocobeH NpUMeHUms
Onenka «3a4TEHOY, U3YYEHHbIU Mamepuan Ha NPaKmuke.
COTJIMYHOY.
YmMmeer
bazoBerii ypoBeHb IIK-7.2. Ymeem e6ocnpouzeecmu ne memee 50 % ocHosnozo mamepuana Kypcd, OOHAKO
ucnwvimuleaem 3ampyOHeHUsi NPU peueHul NPaKmuyecKux 3a0ay.
Cpennuii ypoBeHb IIK-7.2. Ymeem pewamv cmandapmuvie npogheccuonanvhvie 3a0auu ¢ npuUMeHeHuem
NOJIYYeHHbIX 3HAHULL, UCNbIMbl8Aem He3HAYUMelbHble 3aMPYOHEHUs 8 peuleHuU 3a0at.
Beicokuii ypoBeHb IIK-7.2. Ymeem pewamv cmandapmuvie npogheccuonanvhvie 3a0auu ¢ NpuUMeHeHuem
NOJYYeHHbIX 3HAHULL, NoKa3bleaem 21y00Koe 3HaHUe U NOHUMAHUe Mamepuand, Cnocooen
peuwums 3a0a4y npu usMeHeHuu GopmyaIuposKu.
Bnaneer
bazoBelii ypoBeHb ITK-17.3. Cmydenm enadeem OCHOBHbIMU HABLIKAMU NPUMEHEHU MAMEeMAmuieckux Memooos

0N pewienus 3a0a4y U HNPUMEHEeHUs CMAHOAPMHBIX — ANOPUMMO8;
Paspabomku u CO30QHUSL ANICOPUMMUYECKUX U NPOSPAMMHBIX peuleHull 6 00aacmu
CUCMEMHO20 U NPUKIAOHO20 NPOZPAMMHO20 OOecnedenus; HABbIKAMU paspadbomxu

HaevlKamu

npocpammHblx COBPEMEHRHDbLX
npocpammuposanusl, mexHojaocuimMu OyeHKu 3qb(ﬁekmu6Hocmu anizopummos, HaeblKkamu

npuﬂoofceuuﬁ C UCnojlb306aHuem A3bIKO6




ookazamenbcmea KOPPEKMHOCmU aneopummos; HAa8bIKaAMU npou3800UMb
aneopummuzayuio. HMmeem Hecucmemamusupo8aHHbvle 3HAHUL OCHOBHBIX PA30EN08
OUCYUNTUHDL.

Cpennuii ypoBeHb

IIK-1.3.

Cmyoeum 6nadeem 3HAHUAMU B6Ce20 U3YYEHHO20 Mamepuand, enadeem  HAGbIKAMU
NpUMEHeHUs. MaAmemMamuyeckux Memooo8 OJisi peuleHus 3a0ay U NpUMeHeHus.
CMAHOAPMHBIX ANCOPUMMOS, HABLIKAMU PA3PAOOMKU U CO30AHUS AICOPUMMUYECKUX U
NPOCPAMMHBIX peuleHuli 6 00aacmu CUCMeMHO20 U NPUKIAOHO20 NPOCPAMMHO20
obecneyeHuss;, HABLIKAMU PA3PAOOMKU NPOSPAMMHBIX NPUTLOHCEHUL C UCNONb308AHUEM
COBDEMEHHBIX A3bIKOS NPOCPAMMUPOBAHUS, MEXHONOUAMU OYeHKU dhgexmusnocmu
aneopummos; HAbIKAMU OO0KA3AMENbCMEA KOPPEKMHOCMU aN20PUMMOS, HABLIKAMU
npou3eoo0ums  aneopummuszayuro. Mcnvimvleaem He3Hauumenvhvie 3amMpYOHEHUs 6
peuleHuy NPaKkmu4eckux 3a0au.

Bricokuii ypoBeHb

IIK-1.3.

C60000HO 81a0CEM HABLIKAMU NPUMEHEHUS. MAMEeMAMU4ecKux memooos 0isi peuleHus.
3a0ay U NPUMEHEHUsT CMAHOAPMHBIX AN2OPUMMO8, HABLIKAMU PA3PAOOMKU U CO30AHUS
AN2OPUMMUHECKUX U NPOSPAMMHBIX PeuleHutl 8 001ACmu CUCMEMHO20 U NPUKTIAOHO20
NPOSPAMMHO20 0DecneyeHusl;, HABbIKAMU Pa3pabdOmKu NPOSPAMMHBIX APUTLONCEHUN C
UCNONIL30BAHUEM COBPEMEHHBIX S3bIKOG NPOSPAMMUPOBAHUS, MEXHOIOUAMU OYEHKU
appexmuenocmu  aneopummos;  HABbLIKAMU  OOKA3AMENbCMBA — KOPPEeKMHOCU
AneOpUMMO8, HABLIKAMU NPOUZEOOUMb ANCOPUMMUIAYUIO.

Cmyoenm 6nadeem KOHYeNMyaibHO-NOHAMULHbIM ANNAPATNOM, HAVYHbIM S3bIKOM U
mepMuHoio2uell nPoPecCUOHaIbHOU OesimeTbHOCMIU.




4. MeTtoau4yeckue MaTepUaJibl, ONpeAesaonue Npoueaypbl

OLICHMBAHUS Pe3yJbTATOB 00y4eHUs

3aganus B ¢popme yCTHOrO onpoca:

YCTHBIH OMPOC UCTIONB3YETCS M TEKYLIET0 KOHTPOJIS yCIEBAEMOCTH O0YJaIOIIIXCS 10
JTUCIUIUIMHE B KadyecTBE IPOBEPKH pE3yJbTaTOB OCBOEHHUs Marepuana. Kaxaomy cTyaeHTy
BBIJIa€TCSl CBOM COOCTBEHHBIH, Y3KO C(OPMYIUPOBAHHBII Borpoc. OTBET JOJIKEH ObITh YETKUM
U KpaTKUM, COJEp>KalllMM BCE OCHOBHBIE XapaKTEPUCTHUKU OMHMCHIBAEMOro moHsATus. B cBoem
OTBETE CTYACHT JIOJDKEH IMOKa3aTh YMEHHS MPOCIEKUBATH NMPUYMHHO-CIIECICTBEHHBIC CBSI3U U
HABBIKU PAaCCYKJICHHI U JOKa3aTeNIbCTBA.

KonTtpouabnas padora
CpencTtBo NIpOBEpPKM YMEHUM NPUMEHATh IOJYYEHHbIE 3HAHUS JJI1 pPELICHUs 3ajad
OIIPEJEIICHHOT 0 TUIIA 10 TEME UJIU PA3IEILY

5. MaTepnaﬂm AJIA TIPOBEACHHUS TEKYIICI0 KOHTPOJISA U HpOMe)KyTOqHOﬁ
arTrecranmmmu

3ananus B (popMe YCTHOIO ONpPoOca
Cemectp 4

Yro TaKoe aJIrOpUTMBI.

1) [TpuBenure peasbHblE NMPUMEPHI 33/1a4, B KOTOPBIX BO3HHMKAET MOTPEOHOCTH B
COPTUPOBKE WJIM BBIYMCIICHUH BBITYKJIOH 000I0YKH.

2) Kakumu enié mapamerpamu, KpoMe CKOPOCTH, MOYKHO XapaKT€PU30BaTh aJTOPUTM
Ha [TPAKTUKE?

3) BriGepute onHy M3 BCTpEYaBIIMXCS BaM paHee CTPYKTYp JAAHHBIX M OIUIIUTE €&
MIPENMYIIECTBA U OTPaHUYEHHUS.

4) Uto obmero Mexmay 3amadeil 00 OmpeneineHud KpaTdaiiero MmyTd M 3agaded o
KOoMMHUBOsDKepe? UeM oHM pa3nnvaroTcs?

5) Chopmynupyiite 3amady, B KOTOPOW HEOOXOAUMO TOJBKO HAWIIydIllee pEIICHUE.
Chopmynupyiite Takxke 3agady, B KOTOPOH MOXKET OBITh MPUEMIIEMBIM pPEIICHHE, TOCTaTOYHO
OJIM3KO0E K HaWJTydIIeMYy.

AJITOPUTMBI KAK TEXHOJIOTHS.

1) [TpuBenure mpumep NPUIOKEHUS, Ul KOTOPOIO HEOOXOAMMO alrOpUTMHUYECKOE
HaroJIHEHHE Ha YPOBHE MPUIIOKEHHUH, 1 00CyuTe PYHKIUHU STHX aJTOPUTMOB.

2) [Ipeanonoxum, Ha OJTHOM M TOM K€ MAIIMHE IPOBOJUTCS CPABHUTEIBHBIN aHAIN3
peaiM3alMii  ByX aJFOPUTMOB COPTUPOBKH, pabOTAOIUX BCTaBKOW W ciusgHueM. Jlus
COPTUPOBKH N 3JIEMEHTOB BCTABKOH Heo6X0oauMo 8n? miaros, a Ui COPTMPOBKU CIMSHMEM —
64n lgn maros. Ilpm kakoM 3HauY€HUM N BpeMsl COPTHPOBKH BCTaBKOM MPEBBICUT BpeMs
COPTUPOBKH CIUSHUEM?

3) [lpy xKakOoM MUHMMaJIbHOM 3HAYEHMHM N AJITOPUTM, BpeMsi paboThl KOTOPOro
onpenensercs popmynoit 100n?, paboraer GbICTpee, YeM aIrOPUTM, BpeMs pabOThl KOTOPOTO
BBIpaXkaeTcs Kak 2", eclii 06a aropuT™Ma BBINOIHSIOTCS Ha OJHOMN U TOH ke MaIuuHe?



CopTupoBKa BCTABKOI.
1) Ucnonb3ys puc.2.2 B kadecTBe 00pasia, MPOUILTIOCTPUPYITE padOTy MPOLETyphI

Insertion-Sort o copruposke maccuBa A = <31,41,59,26,41,58>.
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Puc. 2.2. Onepawsst npoueayps! INSERTION-SORT naa maccusom A = (5, 2, 4, 6, 1, 3). nementnl
MaccHsa OBOIHENCHB! KBAAPATHKAMM, HAJ KOTOPHIMM HAXOAXTCR HHACKCK], @ BHYTPH — JHEYCHUA COOTBCT-
CTBYIOWMX WieMeHTOB. YacTi (a)-(2) HTOr0 pHCYHKa COOTBETCTBYIOT HTepaLmaM umkia for » crpokax 1-8
ncenaokosa. B xaxaoil MTCpaUMK HCpHBI KBAAPATHK COACPAMHT IHauenne xnuosa w3 Al)), xotopoe cpas-
HHBCTCA CO IHAYCHMAMM CCPBIX KBAJPATHKOS, PACHIOICKCHHLIX C/ICBA OT Hero (CTpPOKa nceaaokoaa S).
CepoiMH CTPC/IKAMM YKAIAHB TC JHENCHMA MACCHBA, KOTOPBIC CABMIZIOTCH HA OAHY NOIMUMK) BIPABO
(cTpoka 6), a yepHo#l cTpenxoit — nepemewenwe knova (ctpoka 8). B wactu (€) nokasano KOHCYHOC
COCTORHME OTCOPTHPOBAHHOID MACCHBA.

2) [Mepenummre npoueaypy Insertion-Sort anst copTupoBKM B HEBO3pacTaroleM

MOpsAAKEC BMCCTO H€Y6I>IB aromero.

3)

4)

1)

2)

Paccmorpum 3amauy noucka.

Bxon. [TocnenoBarenbHoCTh U3 Nuucen A = < aq, ay, ..., A, > U 3HaYCHUE V.

Beixoa. Munekc i, Takoit, uro v = A[i], uiu crienpanbHoe 3HaueHue NIL, eciu v B A
OTCYTCTBYET.

CocTaBbTe M1CEBIOKO/1 TMHEHHOIO IIOUCKA, IPU pabOTE KOTOPOI'O BHINOIHIETCS
CKaHHMPOBAHME MOCIEA0BATENBHOCTH B IIOUCKAX 3HA4YEHHU V. JlOKaKUTE KOPPEKTHOCTh
ITOPUTMA C ITOMOIIBIO HHBAPUAHTHOCTH LIUKIA. Y OAUTECH, YTO BHIOPAHHBIN
MHBapUaHT LIUKJIA yJIOBJIETBOPSET TPEM HEOOXOIUMBIM YCIOBUSIM.

PaccmoTpuM 3a1auy clloskeHUs IByX N-OUTOBBIX JBOMYHBIX LEJIBIX YUCEI, XPAHSAIIUXCS B
N-aneMeHTHBIX MaccuBax A u B. Cymmy 3THX ABYX uncen HEOOXOAMMO 3aHECTH B
nBoudHoOU popme B (N+1)-anementrsbiii Maccus C. [IpuBenute cTporyto GopMyIupoBKy
3a/1a4¥l U COCTAaBbTE MCEBIOKO/I JJIsl CIIOKEHUS 3TUX JIBYX YHCEI.

AHAJIN3 AJITOPUTMOB.

Bripaszute QpyHkiuio n3/ 1000 ~ 100n? — 1007 + 3 @-0003HaYEHHSX.

PaccmoTpuM copTUpPOBKY 2iIeMEHTOB MaccuBa A, KOTOpast BHITIOTHIETCS CIIETYIONITUM
obpazom. CHayasa OnpeaessieTCs HAMMEHBIINHI 2JIEMEHT MaccuBa A, KOTOPBIi
CTaHOBUTCS Ha MecTo syeMenTa A[1]. 3ateM npou3BOANUTCS TOUCK BTOPOTO
HAMMEHBIIIETO 3JIEMEHTa MacCHBa A, KOTOPBIN CTAHOBUTCS Ha MecTo diemenTa A[2].
DTOT MpoIiecc MPOAOIIKAETCS IS MEPBBIX N-1 3J1eMeHTOB MaccuBa A. 3amuiimre
TIICEBJIOKO/T 3TOTO aJrOPUTMa, M3BECTHOTO KaKk COPTUPOBKA BhIOOpoM (Selection sort).
Kakoiif HHBapHaHT IIUKJIa COXPaHSAETCs I 3TOro anropurMa? IlouemMy ero 10cTarouHo
BBITIOJTHATH JIJIs1 IEPBBIX N-1 n1eMeHTOB, a He U1 BceX N anemMeHToB? Onpenenure Bpems



pa6OTBI AJITOpUTMA B HAWJTYUIICM U HAUXYAIICM CJIYUasax U 3allUIINATC €TI0 B -

0003HaAYCHHUSIX.

3) BHOBB 00paTUMCSI K aITOPUTMY JIMHEHHOTO MOKMCKa (CM. COPTUPOBKA BCTAaBKOM 3).
JInst CKOJIBKHMX 3JICMEHTOB BXOJHOW MOCJIEAOBATEIBHOCTH B CPEIHEM HYKHO MPOHU3BECTH
HPOBEPKY, €CIH MPEIIOIaraeTcs, YTO BCE IEMEHThl MAaCCHBa C PABHOW BEPOSTHOCTHIO MOTYT
UMeTh UCKoMoe 3HaueHue? YTo mpoucXoauT B HauxyiieM ciydae? YUemy paBHO BpeMst paOOThI
QITOPUTMA JIMHEWHOTO IMOKMCKa B CPEAHEM M B HAUXY/IUIEM Ciiydasx B 0-0003HaYeHUSX?
OO6ocHyiiTe CBOI OTBET.

4) Kakum 00pa3oM MOYKHO MOJU(PHUIIMPOBATE MOYTH KX bl aITOPHUTM, YTOOBI TOJYIUThH
ONTHUMAJIbHOE BpeMsi pabOThl B HAWITYUIIIEM Citydae?

Pa3paborka ajnropurmos.
1) Hcnosbp3ys B kadecTBe 00pasia puc 2.4, NpOWLTIOCTPUPYITE paboTy anropurMa
COPTUPOBKHM CIMSIHHEM Jij1sl MaccuBa A = <3,41,52,26,38,57,9,49>.

OrcoprHpOoBalHas NOCNCAOBATENLHOCTL
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Hexoamas nocneiosarensHocTs

Puc. 2.4. [llpouccc copruposksu camsumenm maccuma A = (5,2 4,7, 1,3, 2, 6). JUnow nomnexatmx
CAMAHHIO OTCOPTHPOBANHLIX NOCACAOBATCILHOCTEN BOIPACTAXOT B X0¢ paboTh ATrOpHTMA.

2) Ilepenumute mnpouenypy Merge Tak, 4ToObl B Hell HE HCHOJB30BAIUCH CUTHAIBHBIC
3HayeHus. CUTHAJIOM K OCTaHOBKE JOJDKEH CIYXHTh TOT (DaKT, UTO BCE DJIEMEHTHI MaccuBa L
WK MaccuBa R ckonmupoBaHbl 00paTHO B MacCuB A, MOCJIE YET0O B 3TOT MacCUB KOMUPYIOTCS
3JIEMEHTBI, OCTABLIMECS B HEITYCTOM MacCHBE.

3) Bocmonb3yiiTech METOJIOM MaTeMaTHYSCKON MHAYKIMHU JIJIsl IOKa3aTeIbCTBA TOTO, YTO,
Korza N sBJISETCS TOYHOU CTEMEeHbIO 2, PeICHHEM PEKYPPEHTHOT'O COOTHOLIECHUS

2, ecqu n = 2
T(m) = ZT(n/z) +n, ecun = 2%, k>1
seistercst T(n) = nlgn.

4) CopTHPOBKY BCTaBKOH MOKHO TIPE/ICTABUTH B BUJIE PEKYPCHBHOMW MOCIIEIOBATEILHOCTH.
YroOsl oTcopTHpoBaTh MaccuB A[1..n], cHadana Hy)KHO PEeKYpPCHBHO OTCOPTHUPOBATH
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maccuB A[1..n — 1], mocine 4ero B 3TOT OTCOPTHUPOBAHHBIA MAacCUB IOMEIIIAETCS SJIEMEHT
A[n]. 3anumuTe peKyppeHTHOE YpaBHEHHE Ui BpEMEHHU pabOThI 3TOH PEKYPCUBHOM BEpCHU
COPTUPOBKH BCTABKOM.

Bo3sBpamiasce k 3a1aue noucka (CM. COpTUPOBKA BCTABKOH 3), HETPYJHO 3aMETUTh, YTO €CIIU
MI0CJIEI0BATENBHOCT A OTCOPTHPOBAHA, TO MOKHO CPABHUTH 3HAUCHHE CPETHETO HIIEMEHTA
ATOH MOCIIEAOBATEIFHOCTH C UCKOMBIM 3HAaYSHHUEM V U Cpa3y UCKIIOYUTH TOJIOBUHY
M0CJICI0BATEIbHOCTH U3 ajbHelIIero paccMotpenus. bunapusiit mouck (binary search) —
3TO aJIrOPUTM, B KOTOPOM Takas poLeaypa MOBTOPAETCS HEOJHOKPATHO, YTO BCAKHIL pa3
MPUBOJUT K YMEHBIICHHUIO OCTaBIICHCA YaCTH MOCIIEIOBATEILHOCTH B JiBa pasa. 3alulInuTe
TICEBJIOKO]] AJITOPUTMA OMHAPHOTO MOUCKA (JINOO UTEPATUBHBIN, TMOO0 PEKYPCHUBHBIN).
Jlokaxxute, 9TO BpeMsi pabOThI 3TOr0 AITOPUTMA B HAUXy/IIeM cirydae cocrasisier O(lgn)
3amerum, uro B 1ukiie While B crpokax 5-7 npouenypst Insertion-Sort B pazaene 2.1 s
CKaHUPOBaHUs (B 0OpATHOM IOPSIIKE) OTCOPTUPOBAHHOTO moaMaccuBa A[1..j — 1]
UCIONIB3YETCS TMHEHHBINA TOUCK. MOXKHO JIM MCIONB30BaTh OMHAPHBINA MOKCK (CM. YIIp.

2.3.5) BMECTO JIMHEWHOT0, YTOOBI BpeMsi pabOThI 3TOr0 AJIrOPUTMA B HAUXY/IIIIEM CIIy4yae
YAYYIIHIOCH U CTao paBHbM O(n lgn).

Paspaboraiite anroputM co BpeMeHeM pabotel O(nlgn), KOTOpBIM IS 3agaHHOTO
MHOXeCTBa S M3 N IENBbIX YHCEeN M JPYroro IEJIOT0 YMCiIa X OMpeAesseT, UMEIOTCS JIU BO
MHOXECTBE S JIBa JIEMEHTa, CyMMa KOTOPBIX PaBHA X.

AcHMMITOTHYECKHE 0003HAYCHUS.
[Tycte f(n) u g(n) — acCUMOTOTHYECKH HEOTpULIATEIbHBIC (YHKIUH. JJOKaXKHUTE C TOMOIIBIO
0a3oBoro onpexeneHus ©-o0o3navenuii, uro max (f(n), g(n)) = 0(f(n) + g(n)).
[TokaxxuTe, 4TO st JTHOOBIX JEHCTBUTENBHBIX KOHCTaHT & U b, rae b > 0, BbIIONHSETCS
coornomenue (n + a)? = 0(n?).
[MosicHuTe, TOYEMy YTBEpXKACHHE «BpEeMsi paldOThI alropuTMa A paBHO KaKk MHHUMYM
0 (n?)» nuimeHo cMbIcia.
Cnpasemusbl i cootHomenus 2" = 0(2™) u 22" = 0(2™)?
Jokaxkute, 9To JyIst JIFOOBIX ABYX Qykuuit f(n) u g(n) mer umeem f(n) = 0(g(n)) torna
¥ ToJIbKO Torna, korma f(n) = 0(g(n)) u f(n) = Q(g(n)).
Jlokaxxute, 4TO BpeMsi paboThl aaroputMa paBHo @(g(n)) Torma u TOIBKO TOrIa, KOTaa ero
BpeMst paboThl B Hauxy/uieM ciydae paBao O(g(n)), a B Hauwtyumem - Q(g(n)).
Joxkaxmwure, uto MHOXeCTBO 0(g(n)) N w(g(n)) sBusercs mycThIM.

CrangapTHble 0003HAYEHHS M YaCTO BCTpevyaomuecsi PyHKUNH.

1) Tloxaxwute, uto ecnu GpyHkmu f(n) u g(n) MOHOTOHHO HEyOBIBAIOIINE, TO TAKOBBIMU

xe sistores U pyakouu f(n) + g(n) u f(g(n)), a ecom BroGasok f(n) u g(n)

HEOTPHUIATENILHBI, TO MOHOTOHHO HeyObIBatomiei sBisieTcs u pyukuus f(n) - g(n).

logp ¢ logp a

2) Jlokaxxute ypaBHEHHE A =c
3) Hoxaxute ypaBHenue lg(n!) = O@(nlgn). Jlokaxure taxxke, uro n! = w(2™) u n! =
o(n™)

4) Jloxaxwute, uto u3 k In k = ©(n) BeiTekaetr k = e(n/ln n)/
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Cemectp 5

3amaya MoMcKa MaKCHMAaJIbLHOI'0 MOMACCHBA.
Uro Bos3Bpamaer mnpoueaypa Find-Maximum-Subarray, korma Bce diieMeHTHI A
OTPULIATENBHBI?
Hanummre nceBmokon uid pelIEHUs 3aladd IIOMCKAa MAaKCUMAJIBHOIO I0AMacCHBa
METOJI0M Ipy00ii chitbl. Bamia nporetypa 10/kHa BBITOIHATECS 3a Bpems O(n?).
Peanu3yiite nu MeTon rpy0oil CHIIbl, U PEKYPCUBHBIN aJIFOPUTM Ha CBOEM KOMIIBIOTEPE.
Kakum okasbiBaeTcsi pa3Mep 3aayd TOUKH IEPECEUEHUsi My, B KOTOPOM pPEKYypCHUBHBIN
QITOPUTM TPEBOCXOJTUT AITOPUTM TpyOoi cuibl? Jlamee m3aMeHUTE 0a30BbIM CiTydait
PEKYPPEHTHOTO aIrOPUTMA, IPUMEHSS aJITOPUTM TpyOO0il CHIIBI IPU pazMepe 3aaadu, He
MPEBOCXOAIEH Ng. MEHSIET JI 3TO TOUKY NIepeceUeHUs?
[IpenmonokuM, 4YTO MBI MEHSEM ONPEICIICHHE 3aladyd IIOMCKa MaKCHMaJbHOIO
[OIMAcCUBa, MO3BOJISISI KOHEUHOMY PE3YJbTaTy ObITh IYCTHIM MacCHBOM U IOJIaras, 4yTo
CyMMa 3Ha4y€HUIl IMyCTOro MaccuBa paBHa Hyio. Kak Obl Bbl M3MEHWIU JtOOOM
QITOPUTM, HE JOMYCKAIONIUI PEIICHHs B BUJE ITyCTOTO MacCUBA, YTOOBI TAKOH pe3ysbTar
B BU/JIE ITYCTOTO [10IMACCHUBA CTaJl BOZMOXHBIM?
Bocnonp3yiiTech NMpUBEICHHBIME Jajiee HIACSIMH Ui Pa3pabOTKH HE PEKYpCHBHOTO
aJIropuTMa IOMCKa MaKCHUMaJIbHOTO II0JMacCcHBa 3a JIMHelHoe BpeMsa. Haunute ¢ neBoro
KOHIIa MaccuBa W [JBUTAlTE BIPABO, OTCIEKHUBAs HANUICHHBIA K JAHHOMY MOMEHTY
MaKCHUMaJbHBI IMOJAMAccHB. 3HAs MaKCUMaJIbHBIA moamaccuB MaccuBa A[l..J],
pacnpoCcTpaHUTE OTBET HAa IOUCK MAaKCHUMAaJIbHOTO IOJMAacCHBa, 3aKaHYMBAIOLIETOCS
UHIEKCOM | + 1, BOCHOJB30BABIIMCH CICAYIONIMM HAOJIOICHUEM: MaKCUMallbHbIH
noamaccuB  MaccuBa A[l..j + 1] mnpeacraBnser coOol 1mOO MaKCHMAaJbHBIH
nogmaccuB MaccuBa A[l..j], nmubo mogmaccuB Buma Ali..j + 1] ans Hexoroporo
1<i<j+1 . Onpemenmure MakcUMaibHBIi mToOAMaccuB Buma Afi..j + 1] 3a
KOHCTAHTHOE BpPEMs, 3Hasi MAKCHUMAJIbHBIN NTOJIMACCHUB, 3aKAHYUBAKOLIUICSI HHIECKCOM j.

Aaropurm LTpaccena njis1i yMHOKeHUS MATPHLL.
BOCHOHBSyﬁTeCB AJITOpUTMOM H_[TpacceHa IJIs1 BBIYUCJIICHUA IPOU3BCACHUS MATpPHULL

1 3\(6 8

G DG )
IToxaxkure, KaKk BbI OTO J€IIAETE.
3anuuTe rnceprokon aaropurMa llrpaccena.
Kak momudunuposars anroput™ lllTpacceHa uis mepeMHOXKEHUsS MaTpHIl pa3MepoM
nXn , rae N He SBISETCS TOYHOH crereHbro 2?7 [lokaxkuTe, YTO IMONYyJaArOIIUNCA B
pe3ynbTaTe AITOPUTM BBIITOJIHIETCS 32 BpEMs G)(nlg 7).
Yemy paBHO HauboJbiee K, Takoe, 4TO €ClIM BBl MOXKETE MEPEMHOKUTH 3 X 3 —MaTpPHUIIbI
¢ momoIipo K yMHOXKEHHWI (He mpeanosaras KOMMYTAaTHBHOCTH YMHOXXEHHS), TO BbI
MOXETE MEPEMHOKUTh MATpHUIIBI pa3MEPOM N X M 3a BpeMs o(n1g7).? Kaknm nomxHO
OBITH BpeMsi pabOThI TAKOTO ajaroputma’?
B. Ilan (V. Pan) oTkppl1 cmoco0 NepeMHOKEHUs MaTpull pa3smepoM 68 X 68 ¢
UCIIONIb30BaHWEM ToJibko 132 464 yMHOXXEHHUMH, CIOCOO0 NEPEeMHOKEHHUS MaTpuI]
pazmepoM 70 X 70 c ucrnonb3oBanueM 143 640 yMHOXXEHUN M CIIOCOO MEPEMHOMKEHUS
MaTpul pazmepoMm 72 X 72 ¢ ucnonb3oBaHueM 155 424 ymuoxennii. Kakoit u3 meTonoB
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JlaeT HaM JIydllee AaCHUMOTOTHYECKOE BpeMsl pPabdOThl MPH €ro MCIOJb30BaHUM B
ITOPUTME «pa3leNsiii U BIacTBYH» A nepeMHoxeHus MmaTpun? [IpoBennure cpaBHEHME
¢ anroputmoM IllTpaccena.

Hackonbpko OBICTPO BBI CymMeeTe MaTpHily pa3MepoM kn X m Ha Marpully pa3MepoM
[ X kn , npumensist anroput™ Ltpaccena B kauectBe noanporpammel? OTBEThTE HA TOT
K€ BOIIPOC VISl CUTYallUH, KOTZla Mbl MEHSIEM BXOJHBIE MATPULIBI MECTAMMU.

[Tokaxkute, KaK MEPEMHOKUTh KOMIUIEKCHBIE uKcaa a + bi u ¢ + di Ucroyb3ys TOIBKO
TPU YMHOXEHHSI JCHCTBUTENBHBIX YHCEN. AJITOPUTM JIOJDKEH Noiydats a, b, ¢ u d B

Ka4yecTBE BXOJHBIX JTaHHBIX M BO3BpallaTh JAEHCTBHUTENbHYIO (ac - bd) u MHHMYIO
(ad + bc) wactu pousBeIeHUs IO OT/ICTHHOCTH.

MeToa MOACTAHOBKHU PelIeHUS PEKYPPEHTHBIX COOTHOLICHUM.
[okaxure, uro pemenuem T (n) = T(n — 1) + n asnserca 0(n?).

[Mokaxwure, uro pemenuem T (n) = T([n/zl) + 1 aBnstercs O (Ign).

Mb1 Buzenu, uto penrenueM T (n) = ZT(ln/ ZD + n asnsercs O(nlgn). Ilokaxure, 4ro
pElIeHHEe ATOr0 PEKYPPEHTHOTO COOTHOIICHHS TakKe MpencTaBiser coboit Q(nlgn) .
CrhenaiiTe BBIBOJ, YTO pPEIICHHEM pPAacCMATPHUBAEMOTO PEKYPPEHTHOTO COOTHOIICHHS
apnsercs O(nlgn).

T(n) =2T(|n/2])+n, (4.19)

[Tokaxkute, 4TO NPEO10JIETh TPYJHOCTh, CBSI3aHHYIO C TpaHUYHBIM ycioBueM T(1) =1 B
pPEKyppeHTHOM cooTHomeHHH (4.19) MoXHO myTeM BbIOOpa APYroro MpearnojoKeHUs
UHYKIMH, HE MEHSS MPU 3TOM I'PaHUYHBIX YCIOBHH.

~ e(1), ecnun =1,
T(n) = { T([n/2]) + T(In/2]) + ©(n) , ecmun>1.

[TokaxxuTte, uro O(n lgn) sBHseTCs pelIeHneM «TOYHOT0» PEKYPPEHTHOTO COOTHOIICHUS
(4.3) 1 COPTUPOBKH CIUSTHUEM.

[Tokakute, 4TO pelieHueM pekyppeHtHoctd T(n) = ZT([n/ZJ + 17) +n saBasercs
O(nlgn).

Ucnonp3yss ocHOBHOW MeTon pazgena 4.5, MOXHO IIOKa3aTh, YTO PEHICHUEM
pexyppentHoro  cootnomenus  T(n) = 4T("/3) +n  semsercs T(n) = O(n'o8: %),

HOKa)KI/ITe, 4TO HE MOJYy4YacTCA BBIIIOJIHUTH JOKA3aTCJIBCTBO MCTOAOM IMOACTAHOBOK C

logs4  3areMm mokaxkuTe, Kak BHIYMTAHWE UICHA

runote3on uHAyKnmuu T(n) < cn
MEHBIIIETO MOPS/IKA JIETAeT TI0KA3aTeILCTBO BO3MOKHBIM.

Ucnonp3ys ocHOBHOW MeTon pazgena 4.5, MOXHO II0OKa3aTb, YTO PEIICHUEM
peKyppeHTHOr0  cooTHomieHus T(n) = 4T(n/2) +n  sBagerca  T(n) = O(n?).

IToxaxkure, 4TO HE IOJYYaeTCs BBIIOJIHUTH JOKA3aTEIbCTBO METOJAOM ITOACTAHOBOK C
runoresoif nuaykuuu T(n) < cn? . 3aTeM MOKakuUTe, KAK BHIYUTAHUE YIE€HA MEHBIIETO
MOPSIIKA JEJIAeT T0Ka3aTeIbCTBO BO3MOKHBIM.



9)

1)

2)

3)

4)

5)

6)

7)

8)

9)

1)

2)

Pemmre pekyppentHoe coortHomernue T(n) = 3T(vn)+logn myrem 3ameHsi
HepeMEHHBIX. Balle pereHue T0KHO OBITh aCMMIITOTHYECKH TOYHBIM. [Ipu pemenun
He 6ECIIOKOMTECH O TOM, YTOOBI BCE 3HAYEHHUS SBIISUIUCH LIEIBIMU YHCIIAMH.

MeTtoa nepeBbeB PeKYpCHH.
Bocnonb3yiiTech 1€pEeBOM PEKYpCHHM ISl ONPENEICHHS TOYHOW aCUMIITOTHYECKOMN
BEPXHEH TPaHUIIBI PEKypPEHTHOrO cooTHotieHus T'(n) = 3T( ln/ZJ) + n. [{ns npoBepku
CBOET0 OTBETA UCIIOIb3YyHTE METO]T IOJICTAHOBOK.
Bocnonb3yiiTech I€peBOM PEKYpCHHM Uil OINPEIEICHUS TOYHOM aCUMIITOTHYECKOU
BEPXHEH I'PaHUIBI PEKYPPEHTHOrO cooTHomeHus T(n) = T(n/z) + n2. Jlns mpoBepku
CBOET0 OTBETA UCIOIb3YyHTE METO]T OJICTAHOBOK.
Bocnonb3yiitech aepeBOM pPEKYypCHH Jisi ONpPEICNICHUS TOYHOHW aCHMITOTUYECKOM
BEpXHEH TpaHUIBI PEKYppPeHTHOro cooTHomenus T(n) = 4T(n/2 + 2) +n. s
MIPOBEPKHU CBOETO OTBETA HCIOJIB3YHTE METO]I IOJICTAHOBOK.
Bocnons3yiitech aepeBOM pPEKYypCHH MJis ONPEICICHUS TOYHOW aCHMITOTUYECKOM
BEpXHEH TpaHuIlbl peKyppeHTHoro cootHomenuss T(n) = 2T (n — 1) + 1. [l npoBepku
CBOET0 OTBETA UCIIOJIb3YyHTE METO]T IOJICTAHOBOK.
Bocnonb3yiiTech €peBOM PEKYpCHHM Il ONPEAEJICHUS TOYHOW aACUMITOTHYECKOM
BEpXHEH TpaHuIlbl peKyppeHTHOoro cootHornenus T(n) =T(n—1) + T(n/z) +n. [ns
MIPOBEPKHU CBOETO OTBETA UCMOIB3YHTE METO]I OJICTAHOBOK.
OOpaTUBIIMCh K COOTBETCTBYIOIIEMY JIEPEBY PEKYpCHUU, TOKAKUTE, YTO pEIICHUEM
pekyppeHTHoro cootHomenus T(n) = T("/g) + T(zn/g) + cn, toe C mpencraBiseT
co0oii KoHCTaHTY, siBisieTcs Q(nlgn).
[TocTpoii 1epeBo peKypcHu Uil peKyppeHTHOro cooTHomenus T'(n) = 4T([n/2J) + cn,
rie C — KOHCTaHTa, M HalJAWTEe TOYHYIO ACHMIITOTUYECKYIO TPAHUIly €ro pelieHus,
MIPOBEPHTE €€ C MOMOILBIO METO/1a MTOACTAHOBOK.
Haiinure ¢ momomipio AepeBa peKypCHU TOYHYIO aCUMITOTHUYECKYIO OILIEHKY peIieHUs
pekyppentHoro cootHomenuss T(n) =T(n—a)+T(a)+cn, tne a=1 u ¢ >0
SBIISIIOTCS KOHCTAaHTAMH.
Hailinute ¢ moMomipio JepeBa peKypcHH TOYHYIO aCHMITOTHYECKYHO OLIEHKY pPEelICHHS
pexyppentHoro cootaomenust T(n) = T(an) + T((1 — a)n) + cn, rae a - KOHCTaHTA
n3 quamnaszona 0 < a < 1; xoHncraHnToi gBisgercs u ¢ > 0.

OCHOBHOM METO/I.
C IIOMOIIBHO OCHOBHOI71 TCOpCMBI HaﬁHHTe TOYHBIC AaCUMIITOTHYCCKUC I‘paHI/ILH:I
CIEAYIOIUX PEKYPPEHTHBIX COOTHOIICHUH.

a.T(n) =2T("/,) +1

6.T(n) = 2T("/,) +Vn

B.T(n) = ZT(n/4) +n

r.T(n) = 2T(""/,) + n?

[Ipodeccop xoder pa3zpaboTaTh AITOPUTM MATPUYHOTO YMHOKECHHSI, aCUMIITOTHYECKU
6onee ObicTphIil, yem anroput™m lllTpaccena. Ero anroputm OyneT MCHOiIb30BaTh METON



«pasfensil U BIACTBYil», pa30MBas KaXIyi0 MATPHIly HA YaCTH pasMepom '/ 4 % ny 4
npUyeM [ard  pasfeleHus U KOMOMHHPOBAHHS — BBIOJNHSIOTCS 32  BpeMs
0(n?).IIpodeccopy TpebyeTcs ONpeNeNuTh, CKOIbKO MOA3aAad I0JKEH CO3/aBaTh €ro
aIropuT™, 4toObl ompenenuts anroputMm lrtpaccena. Ecnm anroput™m mpodeccopa
co3maeT a TMoja3ajzad, TO PEKYPPEHTHOE COOTHOLICHWE Ui BpeMeHu padotel T(n)
npuauMaer Bug T(n) = aT(n/ 4) + @(n?). KakoBo Haubombllee IETOYNCICHHOE
3HaYeHHE &, M KOTOPOTO alNropuTM mpodeccopa OKas3bIBaeTCs aCHMITOTUYECKH
osicTpee anroputMma lITpaccena?

3) Ilokaxure ¢ MOMOIIBI OCHOBHOro Mmeroaa, uto I'(n) = O(lgn) sBusercs perieHHeM
peKyppeHTHOro cootHomieHus T(n) = ZT(n/Z) + 0(1) , BO3HMKAWIIEIO B XOJE
aHalM3a aNropuT™Ma OMHAPHOTO MOMCKA. (AJNTOPUTM OMHAPHOTO TOMCKA OMHUCAH B YIIP.
2.3.5)

4) MOXHO IM TIPUMCHHUTh OCHOBHOM METOI K PEKyppeHTHOMY coorHomenuio T(n) =
4T(n/2) + n?lgn? O6ocHyiiTe cBoii oTBeT. HaiijiTe aCHMITOTHYECKYIO BEPXHIOI
TPaHHUILy PEIICHHSI TOTO PEKYPPEHTHOTO COOTHOILICHUSI.

5) PaccMoTpuM yCJIOBHE pEryasipHOCTH af (n/ p) S cf(n) mms HEKOTOpOil KOHCTAHTEI
¢ <1, sBisAomeecs YacThiO CiIydas 3 OCHOBHOHM TeopeMsbl. l[lpuBenuTte mpuMepbl
KOHCTaHT a = 1 u b > 1 u ¢yHkuuu f(n), KOTOpbIE yIOBIETBOPSIOT BCEM YCIOBHSIM
city4dast 3 OCHOBHOM T€OPEMBI, KPOME YCIOBUS PETYIISIPHOCTH.

Jloka3aTeIbCTBO OCHOBHOM TeopeMbl.
1)
n eciiH j =0
{7 i=o. a2
(nj_1/b] , ecnmj >0.

[IpuBeuTE MPOCTOE M TOYHOE BBIPAKEHHUE IS 11 B ypaBHeHHUH (4.27) 171 clydas, Korjia
b — monoXKUTENBEHOE 1IEJI0e YHUCIIO (a He MPOU3BOJIBHOE JICHCTBUTEIILHOE).

2) TlokaxxuTe, 4TO €CIH BHITIONHSETCS cooTHomenue f(n) = 0(n'°8 ¢ 1gkn), rne k > 0, To
OCHOBHOE PEKYpPPEHTHOE cooTHomeHne umeer pemenne T(n) = O(n'°8 ¢ 1gh+1 n). Tna
MIPOCTOTHI PACCMOTPHUTE TOJILKO CITy4daid TOUYHBIX CTeTeHe b.

3) Ilokaxwure, yTO B ciay4yae 3 OCHOBHOW TEOPEMBI OJHO M3 YCIIOBHU H3JIMIIHEE B TOM
CMBICIIE, YTO M3 YCIIOBHSI PETYISPHOCTH af (n/ p) < ¢f (n) s HEKOTOPOIi KOHCTAHTBHI

¢ < 1 cnemyer, 4To CyIIECTBYeT KOHCTaHTa € > 0, Takas, uto f(n) = Q(n!08» 4+€),

Kontponupyemsbie komnerennuu: [TK-7
Oyenka KomMnemeHYyull 0Cyuecmeisiemcs 8 CoOomeemcmaeuu ¢ maoauyet 4.

KonTpoabnas padora
Cemectp 4

3amaua 1



Hwxe npuBeneHa Tabnmia, CTpOKA KOTOPOH COOTBETCTBYIOT PA3IMYHBIM (DYHKITHSIM
f(n), a cronOup! — 3HaYeHUSAM BpeMeHH t. 3amoHuTe Ta0IHIly MAaKCUMAIBHBIMU 3HAYCHHUSIMH N,
JUI KOTOPBIX 3aj[ada MOXKET OBITh pelleHa 3a BpeMs t, eciu mpeanosaraeTcs, 4To Bpems padoThl
ITOPUTMA, HEOOXOMMOE IS PELICHUS 33auH, paBHO f (1) MUKPOCEKYH]I.

Cexynga | Munyra Yac HeHp Mecsn T'on Bek

logn

Vn

n

nlogn

n2

Tl3

277.

n!

3agaua 2

PaccmotpuTe copTUpOBKY N 371€eMEHTOB MaccuBa A, KOTOpasi BBITIOIHAETCS CIEAYIOIINM
oOpa3om. CHauana onpeenseTcs HauMEHbIINA AIeMEeHT MaccuBa A, KOTOPBI CTaBUTCS Ha
Mecto s5eMenTta Al 1]. 3aTeM mpou3BOAUTCS MOUCK BTOPOT'O HAUMEHBIIIETO 3JIEMEHTA MAaCCHUBa
A, KOTODBIii CTaBUTCS Ha MecTO 3eMeHTa A[2]. DTOT mporecc Mpoa0HKUTCS IS MEPBhIX N-1
AJIEMEHTOB MaccuBa A. 3aMMIINUTE MCEBJAOKO]] ITOTO aJITOPUTMA, U3BECTHOTO KaK COPMUPOBKA
svioopom (Selection sort). Kakoii HHBapuaHT IMKJIA COXpaHSIETCs i 3Toro anroputma? [louemy
€ro JJOCTaTOYHO BBINMOJIHUTH JJI MEPBHIX N-1 37IEMEHTOB, a HE JJIs1 BCEX N 3JIEMEHTOB?
Omnpenenure BpeMs padOThI AITOPUTMA B HAWTYYIIIEM U B HAUXY/LIEM CIydasx U 3alHILUTE ero
B ® 0003HAYCHMSIX.

3amava 3

PaccMoTpuTe COPTHPOBKY N 2JIEMEHTOB MacCHUBa A, KOTOPasi HA3bIBACTCS COPMUPOBKA 6CMABKOLL
(insertion sort). Ona HaMOMHKHAET CIOCOO K KOTOPOMY MPUOErat0T UTPOKH IS COPTHPOBKH
uMerouxcs Ha pykax kapT. CHayasna B JIEBOM pyKe HET HM OJHOM KapThl U BCE OHM JIeKAT Ha
cTone pyOarkoii BBepx. Jlanee co crona Gepercs o OJHOM KapTe, Kaxaas U3 KOTOPhIX
MOMEIIACTCS B HY)KHOE MECTO CPEII KapT, KOTOPhIC HAXOIATCS B JIEBOH pyke. UTOOBI
OTIPEeNUTh, Ky/la TOMECTUTh OYEPETHYIO KapTy, €€ MacTh U JOCTOMHCTBO CPAaBHUBAIOTCS C
MacCThIO ¥ JIOCTOMHCTBOM KapT B pyke. [locie kaxk1oro mara KapThl B JICBOW pyKe OyayT
oTcopTupoBanbl. [IycTh cpaBHEHHE IPOBOAUTCS B HAIIPABICHUH CJIEBA HATIPABO. 3aMUIINTE
IICEBOAOKOI aJIFOpI/ITMa COpTI/IpOBKI/I BCTaBKOi/JI. Ka1<0171 I/IHBapI/IaHT IIUKJIa COXpaHSIGTCH JIA OTOTO
anroputMma? Onpenenure BpeMs paboThl AITOPUTMA B HAMITYUIIIEM U B HAUXY/IIIIEM CIyJasX U
3aMUIIUTE €r0 B ® 0003HaAUCHHUAX.

3agaua 4
CopTupoBKa BCTaBKON MaJIBIX MACCUBOB B ITPOLIECCE COPTUPOBKHU CIUSHUEM

HecMoTpst Ha TO, 4TO C yBEIMYEHHEM KOJIMYECTBA COPTUPYEMBIX DJIIEMEHTOB BPEMSI COPTUPOBKH
METOIOM CITHSIHUI B HAUXY/IIIEM citydae pacter kak @(nlgn) , a Bpemst COpPTHPOBKH BCTaBKOM —
kak O(n?), Gnaroaaps MOCTOSHHBIM MHOKHTEISM Ha IPAKTHKE [T MallbIX Pa3MEPOB 3a/a4 Ha
OOJIBIIMHCTBE MAIIMH COPTUPOBKA BCTABKOM BhINIONHAETCS ObicTpee. Takum 00pa3om, ecTh
CMBICJI HCIIOJIb30BATh COPTUPOBKY BCTABOK B ITPOLIECCE COPTUPOBKE METOJIOM CIUSHUMN, KO
M0/13a/1a4K CTAaHOBSITCS IOCTATOYHO MaJIeHbKUMHU. PaccMoTpuTe MOAMUKALINIO alropuT™Ma



COPTUPOBKH CIIUSHHEM, B KOTOpOM 1 /k MOIMAcCHBOB JJIHHOM K COPTUPYIOTCS BCTABKOM, MOCIE
Y4ero OHU OOBECTUHSIOTCS C TIOMOIIBIO OOBIYHOTO MeXaHU3Ma clusHus. Bennunna K momkHa
OBITH HailZieHa B POIECCE PEILICHUS 3aJauH.

a. Ilokaxure, 4TO COPTUPOBKA BCTABKOM MTO3BOJIIET OTCOPTUPOBATH N/ Kk
HOAIOCeI0BaTeNbHOCTEN uinHOM K Kaknas 3a Bpems ©(nk) B Xyuauiem ciaydae.
b. TlokaxxuTe, KaKk BBITOJIHUTH CIUSHUE dTHX MOJNOCICIOBATECIBHOCTEH 3a BpeMs

O(n lg(n / k)) B HaUXY/IIIEM CIydYae.

c. Ecim Takoii MOaudHUIIMPOBaHHBIN aJITOPUTM BBITIOJHsIETCS 3a Bpems O(nk +n lg(n/ k))

B HaUXY/IIIEM ciydae, TO YeMy paBHO HanOoubliee 3HadeHue K kak GpyHKuuu oT N, st
KOTOPOT0 MOAM(DULIMPOBAHHEII aIrOpUTM B ©-0003HAUCHHUSIX HMEET TO K€ BpeMs
paboThl, UTO U CTaHAAPTHAS COPTUPOBKA CIUSIHUEM?

d. Kaxk cnenyer BeiOupath K Ha npakTuke?

3anaua 5
KoppeKTHOCTb Iy3bIPbKOBOI COPTUPOBKH

[Ty3pIppKOBasi COPTUPOBKA MPEACTABISAET COOOM MOMYNIAPHBIA, HO He 3P HEKTUBHBII
QITOPUTM COPTHPOBKU. B €ro 0CHOBE JIEKUT MHOTOKpATHAs IIePEeCTaHOBKA COCETHUX
3JIEMEHTOB, HApYLIAIOIIUX NOPSAI0K COPTUPOBKHU.

Bubblesort(A)

1 fori=1toA.length-1

2 for j = A.length downto i + 1

3 If A[j] < A[j - 1]

4 IMomensiem A[j] u A[j - 1] mectamu

a. ITyctb A 0Go3HauaeT BbIX0x mporeayps! Bubblesort(A). [ls nokasarenscrsa
KOPPEKTHOCTH Tiporieypsl Bubblesort Heo6xomumo 1oka3arh, 4TO OHA 3aBEPIIIACTCs M YTO

A[1] < A[2] € - < A[n]

rien = A.length. Uto emé He0oOX0AUMO T0KA3aTh I TOTO, YTOOBI TOKA3aTh, UTO
nporeaypa Bubblesort neicTBuTENbHO BBIMTOIHIET COPTHPOBKY?

B crnenyronux IByX 4acTsax JI0Ka3bIBAlOTCS HepaBeHCTBA (2.3).

b. Touno chopmynupyiite nHBapuanT ukiaa for B ctpokax 2-4 u TOKaKUTe, YTO OH
BBITIOJIHAETCS. Jl0Ka3aTENbCTBO JOJKHO UMETH TY K€ CTPYKTYPY A0KA3aTEIbCTBA
MHBapHUaHTA [IMKJIA, KOTOpasi paHee UCIOJb30BaIaCh B aHAJOTMYHBIX JJOKA3aTEIbCTBaX B
JAHHOH TJaBe.

C. C moMOIIIBIO YCIIOBHS 3aBEPILICHHS MHBApHaHTa [IUKJIA, J0Ka3aHHOTo B yacTH (D),
chopmynupyiTe MHBapHaHT 1ukia for B ctpokax 1-4, KOTOpBIi MO3BOJIWII OBI IOKA3aTh
HepaBeHcTBa (2.3). Jloka3aTenbCTBO JOHKHO UMETh TY K€ CTPYKTYPY J10Ka3aTeIbCTBA
MHBApHUaHTA LIMKJIA, KOTOpas UCIIOJIb30BaJacCh PAHEE B aHAJIOTUYHBIX JOKA3aTEIbCTBAX B
JTAHHOM TJIaBe.

d. Onpenenute Bpemst My3bIPbKOBON COPTUPOBKU B HAMXYJIIIEM CIIydae U CPABHUTE €ro CO
BPEMEHEM COPTUPOBKHU BCTABKOM.



3agauya 6
KoppekrHocTs npasuita ['opHepa

Crnenyroumii pparMeHT KoJia peanu3yeT npaBuiio ['opHepa 11t BBIYUCICHUS TOJTMHOMA

n

P(x) = Z a;xt = ag+x(a; + x(ay + -+ x(an,_1 + xay) ...))
i=0

JUTSI 32/TaHHBIX KOA(PDUITUEHTOB Ay, A, Ay, -.., A, U 3HAYCHHUS X.
1 y=0

2 for I =ndownto 0

3 y=ai+tx*y

a. YUemy paBHO Bpemst pabOThI 3TOr0 parmenTa koja npasuia ['opuepa B \theta-
0003HaYeHUSIX ?

b. Hanummre nceBaoko1, peain3yonuii airOpuT™M 0OOBIYHOTO BBIYHUCIICHHSI TOJTMHOMA,
KOIJa KaKJ0€ claraeMoe MOJIMHOMA BBIUUCIIAETCs OTAeNbHO. Onpenenure
ACUMITOTUYECKOE BpEMS pabOThI 3TOTO AJIFOPUTMA U CPABHUTE €r0 CO BPEMEHEM pabOThI
aJIrOpuTMa, OCHOBAHHOI'O Ha npasuie ['opHepa.

C. PaccMoTpuM ciieyroniuii ”HBapUaHT LUKJIA.

B nauane kaxmoit ureparuu nukia for 8 crpokax 2 u 3

n—(i+1)

_ k
Yy = z Ap+i+1X

k=0

PaccMmoTpum cymmy 6€3 wieHOB Kak paBHYIO HY/I0. Clieyro CTpyKType J10Ka3aTelbCTBa
WHBapHaHTa LUKJIA, KOTOpasl UCII0JIb30BaJaCh PAHEE B IAHHOM IJ1aBe, BOCIIOIb3YHTECH
YKa3aHHbIM MHBapUaHTOM LIMKJIA, YTOOBI MOKa3aTh, YTO IO 3aBEPLIEHUH pabOThI

Y = Xk=o0 akxk-

d. Caenaiite 3aki0o4eHne, 4TO B MPUBEACHHOM (parMeHTe KO/ia MPABHIILHO BBHIUUCIIACTCS
3HAYCHHE MOJUHOMA, KOTOPHBIN 3a7aeTcs Kodhpuimentamu ay, a, ay, ..., Ay.

3anaua 7
WNuBepcun

[Tycts A[1 ..n] npencrasisier coOoi MaccuB U3 N pa3nuyHbIX yncen. Ecmmi < ju A[i] >
A[j], o mapa (i, j) Ha3eiBaeTcst mHBepcuen A.

a. [lepeuncnure nsate nHBEpCcui MaccuBa < 2,3,8,6,1 >.

b. Kakoit MaccuB 3 21eMeHTOB MHOXKeCTBa {1,2, ..., n} COAEPKUT MAaKCUMaIbHOE
KOJIMYeCTBO UHBepcHii? CKOJIBKO HHBEPCHUM B 3TOM MaccuBe?



c. Kakas cymecTByeT B3aMOCBSI3b MEXK/Ty BpEMEHEM COPTHUPOBKU METOJIOM BCTABOK U
KOJIMYECTBOM MHBEPCHI BO BXOJHOM MaccuBe? OOOCHYHTE CBOW OTBET.

d. Pa3zpaboraiiTe anropuT™m, ONpeaeistoNIfi KOJTMYSCTBO MHBEPCUI, COICPIKAIIIMXCS B
MIPOM3BOJIHLHON MIEPECTAHOBKE N AJICMEHTOB, BPeMsi pabOThI KOTOPOTO B HAMXYIIIEM CITy4dac
paBHo O(nlgn). (Ykazanue: MOTu(UIMPYHTE AITOPUTM COPTUPOBKHU CIIHSHHEM. )

3agauya 8
ACHMIITOTHYECKOE [TOBEAECHUE [TIOJTMHOMOB
_vd i
[ycts p(n) = Yi—, a;n',

rae ag > 0, npeacraBiseT co00i moauHoM cteneHu d ot N, u mycTh K sBisiercst
KOHCTaHTOH. Vcronb3ys onpeeneHrs aCuMITOTUYECKUX 0003HaYeHHH, TOKaKUTe
CJIEAYIOLIME CBOMCTBA.

a.Ecim k > d, To p(n) = 0(n*).
6. Ecrm k < d, 10 p(n) = Q(n").
B. Ecm k = d, To p(n) = 0(n*).
r. Ecmu k > d, To p(n) = o(n*).

1. Ecma k < d, to p(n) = w(n®).

3agaya 9
OTHOCUTEIBHBIN ACUMITOTUYECKHI poCT

Jlns kax0i mapbl IPUBEIEHHBIX B TaOIHIlE BbIpaskeHUH (4, B) yKaxuTe, KaKUM
oTtHomIeHHeM A cBsizano ¢ B: 0,1, 0, w wim 0. [Ipennonaraercs, utok > 1, e > 0uc > 1
— KOHCTaHThI. Baill 0TBET JOKEH BbIpaXKaThCs TAOIHUIIEH, B KaKION sUeiike KOTOpoi
yKazaHo 3HaueHue «/la» nmm «Her».

A B 0 0 Q w ©)
(Ign)” ne
nk Cn
\/ﬁ nsinn
n 2n/2
nlgc Clgn
lg(n!) lg(n™)
3agaua 10

YnopsmoquHe IO CKOPOCTHU ACUMIITOTUYUCCKOTO POCTA

a. Pacmonoxwure npuBeeHHbIC HUXKE QYHKIHH IO CKOPOCTH HX aCHMIITOTHYECKOTO POCTA,
T.€. IOCTPOMTE TaKyko MOCIENOBATEIBHOCTh GYHKINH g1, g3, -., J30 9TO g1 = (g2),
g2 = Q(g3),---» 920 = Q(g30)- Pa3beiiTe cBOI CIMCOK Ha KIaCChl SKBUBAIEHTHOCTH TaK,




10061 pyHkiuy f(n) u g(n) HAXOAMWIUCH B OJHOM M TOM K€ KJIaCCe TOT/Ia M TOJIBKO TOT/Ia,
xorza f(n) = 6(g(n)).

1g(lg* n) 2lg'n (\/E)lg” n? n! (Ign)!
6l n® g’n | () 2 i/
2
Inlnn lg*n n2" niglgn Inn 1
2187 (Ign)'em e 4lgn (n+1)! [lgn
lg*(lg n) 2y2lgn n n nlgn 22n+1

0. [IpuBeaute mpuMep HeoTpHUIAaTeIbHON QyHKIMH f(n), TaKkoM, 4TO T BCeX GyHKIMI
gi(n) uz gacru (a) f(n) ve npunamiexut v MaOKecTBY O (g;(n)), HU MHOXKECTBY

Q(g:(m).

Cemectp 4

3amaua 1
CBONCTBA aCUMIITOTUYECKUX 0003HAYECHUIT

[Tycte f(n) u g(n) — aCUMITOTHYECKH MOJIOKUTEIbHBIC QYHKIUH. JJOKaKUTE HITH
OTIPOBEPTHUTE CIPABEIIIMBOCTD KaXKIOTO U3 MIPUBEIACHHBIX HIDKE YTBEPKICHUI.

a. U3 f(n) = 0(g(n)) serrekaer g(n) = 0(f(n)).
6. () + g(n) = ©(min(f (n), g(m))).

B. U3 f(n) = 0(g(n)) Beitekaer Ig f(n) = 0(1gg(n)), rnelgg(n) = 1 u f(n) = 1 mist Becex
JIOCTAaTOYHO OOJBIIHX N.

r. U3 f(n) = 0(g(n)) serrexaer 2/ ™ = 0(29™),

1 f(m) = 0((f(m)").

e. U3 f(n) = 0(g(n)) seirekaer g(n) = Q(f (n)).
x. f(n) = 0(f(2).

3. f() +o(f(W) = 0(f ().

3agaua 2
Bapuauun onpenenennii O u ().

HexoTtopeie aBTOpHI onpenensoT () HECKOJIbKO HHAYEe, UM 3TO JICJIAeM MBI, TaBaTe JJIs TAKOTO
AIBTEPHATUBHOTO ONPE/IeNICHNs] OyIeM UCIIONIb30BaTh CUMBOJ () (YMTAETCS KaK «oMera
OeckoHeuHOCTHY). Bynem ropoputs, uto f(n) = (O (g(n)) , eciau cymecTByeT MOI0KUTETbHASI
KOHCTaHTa C, Takas, 4to f(n) = cg(n) = 0 mis 6ECKOHEYHOTO KOJINIECTBA IETBIX YUCe N.



a. [Tokakute 4T0 JTst TFOOBIX IBYX aCHMITOTHYECKH HEOTpUIaTeabHbIX QyHKmit f(n) u g(n)
BBITIOJIHAETCSI OZIHO M3 cooTHoIeHui f(n) = 0(g(n)) u f(n) = Q. (g(n)) (wam onu oba), B TO
BpeMs KaK IIPYU UCIOJIb30BaHUU {) BMECTO () 3TO YTBEPHKACHUE JIOKHO.

6. OnuiuTe NOTEHIMAIbHbIC IPEUMYILECTBA U HEIOCTATKU NpUMeHeHus () BmecTo () 1uis
XapaKTEPUCTHKH BPEMEHU PA0OTHI IPOTPAMM.

HekoTopsie aBTOPBI ONPEICISIOT HECKOIBKO HHa4e U O U1 TAKOTO albTePHATHBHOTO
ompeenienns Oyaem ucmonab3oBars cumosiO’. Byaem rosoputs, uto f(n) = 0'(g(n)) Toraa u
TOJIBKO TOTa, Koraa |f(n)| = 0(g(n)) .

B. Uto nmpousoiizner B Teopeme 3.1 ¢ KakIbIM U3 HalPaBIEHUN «TOT/Ia U TOJIBKO TOTJa, KOTIay,
eciu 3aMeHuTh O Ha 0, HO ocTaBUTH Oe3 u3meHenui (?

HexoTopsie aBTops! onpenensitoT O (YuTaercs Kak «o ¢ TUIbA0N») Anis o0o3Havyenus O, B
KOTOPOM UTHOPUPYIOTCS JOrapuhMUIECKHE MHOKUTEIH:

f(n): cylecTBYIOT MOJIOKUTETbHbIE KOHCTAHTHI C, k 1 no,}

0(g(m) = |

takue,4to 0 < f(n) < cg(n)lghn ans Bcexn > n,

3agaua 3
HtepupoBaHHbIe HYHKIHH

Omneparop utepanuu *, UCoyib3yeMbiid B pyHkuu 1g*, MOXHO IPUMEHUTD K JTF000H MOHOTOHHO
Bo3pacraroieit pynkuuu f(n), onpeneneHHON Ha MHOXECTBE ACHCTBUTENbHBIN urcer. J{is
3aJJaHHOM KOHCTaHTHI ¢ € R urepupoBaHHas QyHKIMS OMPEIENeTCs CISAYIOIUM 00pazoM:

fim) =min{i 20: fOm) < c}

OnHa MOXkeT He OBITh BIIOJIHE ONpEeAEIEHHOM BO BceX ciaydasx. J[pyrumu ciioBamu, BeIMYMHA
f¢' (n) mpexacrasisieT o060 KOTMYECTBO HTEPUPOBAHHBIX MPUMEHEHUH QyHKIMH f
TpeOyrorieecs Uil TOT0, YTOObl YMEHBIIUTD €€ apryMEHT /10 3HaU€HHUsI, HE MPEBbIIIAOIETO C.

JI7ist KK 0¥ U3 MpUBEICHHBIX Janee GyHKImi f(n) U KOHCTAHT C aiiTe MAaKCUMAIbHO TOUHYIO
oreHky ¢yHkimu f.'(n).

f fe(m)

(n—-1)

lgn

"/

/2
Vn

Vn

nl/3

NN RN N R[R|O]|a

n/lgn

3anauya 4

[TprMepsl peKyppEHTHBIX COOTHOIIEHU



Onpenenute BEPXHYIO U HIDKHIOK aCHMIITOTHYECKUE TpaHuIlbl GyHKImU T (1) I KaXI0To
U3 NIPECTABICHHBIX HUXKE PEKYPPEHTHBIX cooTHOIEeHUH. Cunrtaem, uto T'(n) npu n > 2
SIBIIsieTCSE KOHCTaHTOM. [lombITaiiTech cienaTh 3Ty OIIEHKY KaK MOKHO 0oJiee TOUHOU 1
000CHYITE CBOI1 OTBET.

a.T(n) = 2T("/,) + n*
6.T(m) =T("/1y) + 1
B.T(n) = 16T("/,) + n?
r.T(n) = 7T("/3) +n®
1.T(n) = 7T("/5) +n?
e.T(n) = 2T("/,) +Vn

x.T(n) =T —2) +n?

3amaua 5
CTOoMMOCTH TIepe/Iauu mapamMeTpoB

[Ipenmonaraercs, 4To nepeaada napaMeTpoB MPH BHI30BE MPOLEAYPHI 3aHUMAET (GUKCUPOBAHHOE
BpeMmsi, faxe eciu nepeaaercs N-aneMeHTolil maccuB. [l OOJIBIIMHCTBA BHIYUCIUTENbHBIX
CUCTEM 3TO MPEANOIOKEHHE CIIPaBEATUBO, IOCKOJIbKY TIEPEaeTCsl HE CaM MacCHB, a yKa3aTelb
Ha Hero. B nanHo# 3a/1a4e ncciaenyroTesl TpU CTpaTeruy rnepeiadu napamMeTpoB.

1. MaccuB nepenaeTcs mocpencTBoM ykaszarems. Bpemst = 0(1).
2. MaccuB nepeniaetcs nocpecTBoM Konuposanusi. Bpems = O(N), rne N — pazmep mMaccuBa.

3. MaccuB nepenaercs myTeM KOIMPOBaHUsS TOJBKO HEKOTOPOIrO MOAAUANa30Ha, K KOTOPOMY
oOpartaercs BeI3bIBaeMas mpouenypa. Bpems = 0(q — p + 1) npu nepeaaye noaMaccuba

Alp..q].

a. PaccMoTpuTe peKypCUBHBIHM adropuT™M OMHAPHOTO MOUCKA, MPeAHA3HAYCHHBIH [T
HAXO0XJICHUS YKCIia B OTCOPTUPOBAHHOM MaccuBa (cM. ymp. 2.3.5). [IpuBeaute pekyppeHTHbIE
COOTHOIIIEHUS, OMTUCHIBAIOIINE BpeMsl OMHAPHOTO MOKMCKA B HAUXY/IIIEM CIy4ae, eClIH MacCHBbI
MEePEIAlOTCs C TTOMOIIBIO KaXKI0TO M3 ONMKMCAHHBIX BBIIIE METOAOB, U IaliTe TOYHbIC BEPXHUE
TPaHUIIbI PEIICHUN ITHX PEKYPPEHTHBIX cOOTHOIIeHHH. [TycTh pa3mep ncxoaHoM 3a1aun paBeH
N, a pa3mep moazanaqyu — N.

0. BemmonuuTe 3aganue (a) aia anroputma Merge-Sort u3 pa3nena 2.3.1.

3agaua 6
Jlpyrue npuMepbl peKYPPEHTHBIX COOTHOIICHUN

JlaiiTe BEpXHIOIO U HIDKHIOIO aCUMIITOTHYECKHE OlleHKU GyHKIUU T (n) B KaXJIOM U3
NPUBEICHHBIX HIKE PEKYpPPEHTHBIX cooTHoIIenuil. [Ipeanonaraercs, uto T(n) mis JOCTaTOUHO



MaJIbIX 3HAYCHUM N SBIISETCS MOCTOSTHHOM BennmunHOM. [TocTapaiitech, 4TOOBI OIICHKH OBLTH KaK
MO>XHO 00JIee TOYHBIMU U 0OOCHYHTE OTBETHI.

a.T(n) = 4T("/3) + nign

6.T(n) = 3T(""/3) + "hign

B.T(n) = 4T("/5) + n*Vn

r.T(n) =3T("/3 = 2) + ™/,

1T =2T("/2) +™)ign

e.T() =T("/3) +T("/4) +T("/g) +n
k. T(n) =T(n—1) + 1/,

3.T(n) =T(n—1) +lgn

u.T(n) =T —2)+ 1/lgn

k. T(n) =VnT(Vn) +n

3amaua 7

Yucna GuboHayyu

Fp=0
F,=1 (3.22)
Fi=Fi_1+4+Fi2 s i > 2

B aroii 3aaue packpeiBaroTcs cBoicTBa yncen @uboHayun, ONpeIeICHHBIX ¢ TOMOIIBIO
pexyppeHTHOro cooTHoueHus (3.22). Bocnonb3yeMcs Aiis peleHus: peKyppeHTHOTO
cooTHoueHuss ®udoHau4YHM, METOIOM MPOU3BOASAIINX PyHKINNA. OnpeaenM npon3BoASILY 0
¢yuxuuo (v popmMasibHbIil cTenenHoi psa) F kak

F(2) = Z F;z!
i=0

=0+2z+2z%+22%+32* +52° +82° + 1327 + 2128 + -,
rae F; mpencrasisier coboit -e uncno Gubonauym.
a. [lokaxure, uto F(2) = z + zF (2) + z*F (2).

0. [ToxaxkuTe, 4TO

F =
(2) 1—z—2z2



VA
T (- ¢2(1- ¢2)
1 1 1
T Vs\l-¢z 1-¢z
18

=1,61803.. u ¢ = — = —0,61803 ...

1+/5
2

rae ¢ =
B. [lokaxute, uto F(z) = X2, % (¢! — ¢?)z!

r. Bocions3yiitecs 1. (B) JUIsl J0Ka3aTeIbCTBa TOro0, uto F; = ¢! /+/5 (oxpyriennoe 10
ommkaiimero 1enoro) as Beex i > 0. (Vkazanue: oOpaTure BHUMaHUE, YTO |¢>| <1)

3angaua 8
TecTupoBaHue MUKPOCXEM

B pacnopsukernn npodeccopa ecTh 1 MPeanoIoKUTEIFHO HICHTHYHBIX MUKPOCXEM («UHUTIOBY),
KOTOpBIE B IIPUHIIMIIE CIOCOOHBI TECTUPOBATh APYT Apyra. B Tectupytomiee npucrnocodaeHue 3a
OJIMH Pa3 MOXHO MOMECTUTH ABE MUKpocxemy. [Ipu 3ToM Kaxaas MUKpocxeMa TeCTUPYET
COCEIHIOIO U BBIIAET OTYET O pe3yibTaTe TECTHPOBaHUs. McrpaBHas MUKpocXemMa Beeraa
BbI/Ia€T MPAaBUIIBHBIE PE3YIbTAaThl TECTUPOBAHUS IPYTO MUKPOCXEMBI, a pe3yIbTaTaM
HEUCIPAaBHON MUKPOCXEMBI JI0BEPTh HENb3sl. TakuM 00pa3oM, BO3MOXKHBI YEThIpE BapHaHTa
PE3YJIbTATOB TECTUPOBAHUA, IIPUBCACHHBLIC B Ta6JII/III€ HUXKCE.

Otuer A Otuer B 3aKIr04YeHne

B ucnpasna A ucrnipaBHa JIu60o 06e ucnpaBHbI,
1100 00€ HEeUCIPABHBI

B ucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

B HeucnpaBna A ucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXEMa

B HeucnpaBna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

a. [Tokaxxute, 9T0, €CIIM KaK MUHUMYM 1/2 MUKPOCXEM HEHCIIPABHEI, TPOPECCOp HE CMOKET
TOYHO OIPENICTUTh UCIIPAaBHBIE MUKPOCXEMBI, KaKOW OBl CTpaTeruel MomapHbIX UCTIHITAHUN OH
He nosab3oBaicd. (IIpeanonaraercs, 4To HeUCIIpaBHBIE MUKPOCXEMBI HE JJOTOBAPUBAIOTCS MEXTY
co0oi, 9To0BI 0OMaHyTh Mpodeccopa.)

6. PaccMoTpuM 3a7auy 0 morcke OHON UCIIPABHON MUKPOCXEMBI CpeN N MUKPOCXEM, €CITU
IpeJnoiaraeTcs, 4YTo UCIpaBHO OoJiee OJOBUHBI BceX MUKpocxeM. [lokaxkure, 4To ln/ZJ

MOTAPHBIX TECTUPOBAHUN JOCTATOUYHO JUIsl CBEJIEHUS ATOM 3a7auu K [0/13a1a4e, pa3Mep KOTOPOil
NpUOJIU3UTENBHO B JIBa pa3a MEHbIIIE.

B. [TokaxknTe, 9TO MOXXHO HAWTH BCE UCIPABHBIE MUKPOCXEMBI C IIOMOMIBI0 O (1) momapHbIX
TECTUPOBAHUH B MPENOI0KEHUH, YTO UCIIPABHBI O0JI€€ MOJIOBUHBI MUKPOCXEM.
Cdopmynupyiite U permuTe peKyppeHTHOE COOTHOIIIEHUE, OIUCHIBAIOIIEE KOJINYECTBO
TECTUPOBAHUU.



3amauya 9
Maccussl Monxa

Maccus A pazmepoM m X n, COCTOSIIIMMN U3 ACHCTBUTEIBHBIX YUCE, SBIISIETCSI MACCHBOM
Momnzxka (Monge array), eciu uist Beex I, j, k u l, takux,uro 1 <i<k<mul <j<l<n,
MBI UMEEM

Ali,j1 + Alk, 1] < Ali, 1] + Alk, j]

Jpyrumu cinoBamu, pu 1r000M BbIOOpE IBYX CTPOK M JBYX CTOJIOLIOB U3 MaccuBa MoHxka (Iipu
9TOM 3JIEMEHThl MAaCCHBA Ha M€PECEUECHNUHN BBIOPAHHBIX CTPOK M CTOJIOLIOB 00pa3yoT
IPSAMOYTOJIBHUK) CyMMa 3JI€MEHTOB B JIEBOM BEPXHEM M IIPABOM HMKHEM YIJIaX IOJIy4YE€HHOIO
IPSIMOYTOJIBHUKA HE ITPEBBIIAECT CYMMY JIEMEHTOB B JIEBOM HM)KHEM U IIPABOM BEPXHEM €T0
yraax. [IpuBenem npumep MaccuBa MoHnxa.

10 17 13 28 23
17 22 16 29 23
24 28 22 34 24
1 13 6 17 7

45 44 32 37 23
36 33 19 21 6

75 66 51 53 34

a. Jlokaxurte, 4TO MaCCHB SBJISICTCS MacCUBOM MoOH>Ka TOTJia ¥ TOJIBKO TOT/Ia, KOT/Ia JIJIsT BCEX
i=12,..,m—1uj=1,2,..,n— 1 BbNOJHIETCS YCIOBUE

Al jl1+A[i+1,j+ 1] < A[i,j + 1] + Ali + 1,/]

(Vkazanue: nns mpsMoOro 10Ka3aresibCTBA BOCIOAB3YHTECh METOIOM MaTeMaTHUECKOM
WHAYKIUU OTEIBHO JJI CTPOK U JAJIsl CTOJIOIIOB.)

0. [IpuBeeHHBII HI)KE MacCHUB HE sIBIIsieTCS MaccuBoM Momka. MI3MeHuTe B HEM OJIMH AJIEMEHT
TakuM 00pa3oM, YTOOBI OH CTal MaccuBOM Mowxka. (Vxazanue.: BOCTIONB3YHTECH II. (Q).)

37 23 22 32
21 6 7 10
53 34 30 31
32 13 9 6
43 21 15 8

B. [lycts f (i) mpeacraBnsieT coboii MHAEKC CTONOIA, COAepKAIIETo KpalHUH clieBa
MHUHUMAJTBHBIH 3JIeMeHT B cTpoke i. Jlokaxkwure, uto f (1) < f(2) < -+ < f(m) mns moboro
MaccuBa MoHXa pasMepoM m X n.

r. [laee npuBeIeHO ONMCAHUE aITOPUTMA «Pa3JeNsii U BIACTBYN», IPEIHAZHAYEHHOTO [
BBIYMCIICHUS] KPAWHETO CJIEBA MUHUMAJIBHOTO 3JIEMEHTA B KAXKIOW CTPOKE, BXOSIIEH B COCTaB
MaccuBa MoHxka A pazmMepom m X n.

[Moctpoiite moamarpuity A" MaTpuiibl A, COCTOSIIYIO U3 YETHBIX CTPOK MaTpHIbl A. C MOMOIIBIO
PEKYPCUBHO# MPOIIeyphl HAWINTE B KAXIOM CTPOKE MaTpHIlsl A" KpaiiHuii cieBa



MHUHUMAJIbHBINA 3JIEMEHT. 3aT€M HaluUTE KpailHUN CJieBa MUHUMAJIbHBIN 3JIEMEHT CPEU
HEYETHBIX CTPOK MaTpHLbI 4.

OO0BsicHUTE, KaK HANTH KpailHUH ClieBa MUHUMAJIbHBIN 3JIEMEHT CPE HEYETHBIX CTPOK
MaTpulibl A (TIpenrnoaraercs, YTo KpaHuii cjeBa MUHUMAJIbHBINA SJIEMEHT CPE YeTHBIX
CTOJIOIIOB 3TOM MaTpHIlBI H3BecTeH) 3a Bpems O (m + n).

1. 3aUIINTe PEKYPPEHTHOE COOTHOIIIEHUE, OMMCHIBAIOIIEe BpeMs padOThl alropuTMa us Ii. (T).
[Tokaskute, 9TO €ro pemenne umeet Bux [1(m + nlgm).

Kontponupyemsbie komnerennuu: [1K-7
Oyenka KomMnemeHYyull OCyuecmeisiemcst 8 COomeemcmaeuu ¢ maoauyet 4.

Bonpocsl k 3x3amMeny (5 cemecTp)

Uto Takoe anropuTMbI?

AJNTrOpUTMBI KaK TEXHOJIOTHS.

ANTOpUTM COPTUPOBKH BCTABKOM.

AHaJu3 anropuT™Ma COPTUPOBKH BCTAaBKOM.

3amaua COpTUPOBKH BHIOOPOM.

AHaJu3 anropuT™Ma COpTUPOBKU BEIOOPOM.

Pa3pabotka anropurmMa COpTUPOBKH CIUSTHUEM.

AHaJn3 anropuT™Ma COpTUPOBKU CIIUSHUEM.

Acumnroruyeckre 0003HaYECHHUS.

0. CpaBHenue GyHKIHL.

11. 3apaya noucka MakCHMajabHOTO [10IMACCUBA.

12. MeTton NoACTaHOBKY PEIIEHUS PEKYPPEHTHBIX COOTHOIICHUH.

13. Ananu3 anropuTMa Morucka MakCUMaJIbHOTO TTOIMAcCHBA.

14. Anroputm HlTpaccena ans yMHOXEHUS MaTpULI.

15. MeTo1 NO/ICTAaHOBKY PEUIEHMS] pEKYPPEHTHBIX COOTHOIIEHUH.

16. Kak yranath pemieHue v nu30exaTb OIINOOK.

17. 3amena nepeMeHHBIX.

18. Meton aepeBbEB PEKYypPCHH.

19. OcHoBHO# MeTOI.

20. OcHOBHas TeopeMa 0 PeKyppPEHTHBIX COOTHOLICHHUSX.

21. Ucnonp30BaHye OCHOBHOTO METO/IA.

22. 3amada o HaliMe.

23. AHanmm3 HauXy/IIero cirydas B 3a/1a4e o0 Haiime.

24. BeposATHOCTHBIN aHANN3.

25. PanioMu3upoBaHHbIE aJTOPUTMBI.

26. InpukaropHas ciayvaiiHas BeTMUMHA.

27. JleMMa 0 MaTeMaTHYECKOM OKUIAHUU HHIUKATOPHOU CITy4ailHOW BEITMYMHEI.

28. JleMMa 0 MaTeMaTHYECKOM OKUIAHUU KOJTMYECTBA HAalMOB.

29. AHanu3 33729 0 HaliMe C MTOMOIIBI0 WHANKATOPHBIX CITYYaifHBIX BEJTMYHH.

30. 3amauu o rapaepoOIIMKe U HHBEPCHHM MacCHBA.

31. 3aMeHeHus1, KOTOpBIe TPeOYeTCs BHECTH B aJITOPUTM HaiiMa Jijis paHaomm3anuu. Ko
CIIy4allHOM IIEPECTAHOBKHU.

32. JleMMa 0 MaTeMaTHYeCKOM OXKUJAHWHM CTOMMOCTH HaiMa ¢ KOJOM CITy9aiHOMN
NIEPECTAHOBKHU.

33. MaccuBEHI IOCIE CTydaifHOM MepecTaHOBKH. JIeMMa 0 paBHOMEPHOM pacIpe/IeIICHUH.

34. [lapagokc qHEH pOXKICHHS.

BOoo~NoOR~WNE



35. AHanu3 ¢ NPUMEHEHNEM UHIUKATOPHOM CITydaifHOW BEJIMYHHBI.
36. Cry4aifHOE HaIOJTHEHUE KOP3UH TPOHYMEPOBAHHBIMH IIaPaMHU.
37. IlocnenoBaTeIbHOCTH BBITIAICHUS OPIIOB.

38. 3agaua o HaiiMe B ONIEpaTUBHOM PEXUME.

39. BeposTHOCTHBIH MOACYET.

40. Ilouck B HEOTCOPTUPOBAHHOM MAaCCHBE.

Kontponupyemsie komnerenmuu: [1K-7
Oyenka KomMnemeHYyull 0Cyuecmeisiemcst 8 COomeemcmaeuu ¢ maoauyet 4.
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