degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPUKJIATHONH MATEMATHKH H
HH(}OpPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: AJTOPUTMBI U CTPYKTYPBI JaHHBIX
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: HckyccTBeHHBIN MHTEIUIEKT U OOJIbIINE TaHHBIE

CereBoe o0yueHue
Kadeapa aIropuTMOB U TEXHOJIOTHUH MPOrPaMMHUPOBAHUS

Kypc: 1
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GOpMBI IPOMEKYTOUHOU arTecTanuu: 2 (BeceHHni) - AuddepenmpoBannslii 3auer

AynutopHbIx yacoB: 90 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHbie 3aHsaTus: 60 yac.

CamocrostensHas pabota: 126 gac.
[MoxroroBka k sk3ameny: 0 ac.

Bcero gacos: 216, Bcero 3au4. en.: 6

[Iporpammy cocraBui: M. . CremanoB, acCCUCTEHT

[Iporpamma obcyxieHa Ha 3aceflaHni KadeIpbl aTOPUTMOB U TEXHOJIOTHH TiporpamMMupoBanus 17.06.2021



AHHOTANMA

B Hawane BBomsATCS oOuIMe MareMaTHYecKre O00O3HAueHHs, IMO3BOJIIONINE PadOTaTh C aCUMITOTHKAMHU H
OLICHUBAThH CIIO)KHOCTH Pa0OTHI aNropuT™MOB. CeMecTp MOCBSMIEH H3YUCHUIO CTPYKTYP AaHHBIX, HEOOXOIMMBIX
U Pa3HOOOpa3HBIX Ooyiee CIIOKHBIX AITOPUTMOB. [IpocTeiime CTPYKTYypbl CTEK, Odepelnb, BEKTOp
aHANIM3UPYIOTCS Ha npenMmerT A()(GEKTUBHOCTH M BPEMEHU BBINOMHEHHA. BBomsaTcs Ky (IBOWYHAsd,
OvHOMMaNbHAs U (PUOOHAYUMEBA), ONHMCHIBAIOTCS TPAHHUIBI X MPUMEHUMOCTH. M3ydarorcs JepeBbs MOMCKa
(splay, AVL, nekaproBo, B-mepeBo) BMecTe ¢ MOIPOOHBIMH JIOKAa3aTelIbCTBAMU KOPPEKTHOCTH U
ACHUMITOTUKHM, a TAaKXKE C ONHCAHHEM MPUKJIATHBIX MPEUMYIIECTB KaXIOH CTPYKTYphl. PaccmarpuBarorcs
HauOollee yHHBEpCAIbHbIC TEXHUKH OOpaOOTKH 3alpocoB: XJII-TAONWIBI, JIEPEBbsl OTPE3KOB, JEPEBBS
@enBuka (B TOM 4YHCIE MHOTOMEpHBIC), pPa3peKCHHbIE TaOMUIBl. B paMkax paccMaTpuBacMbIX TeM
OTTAUMBAIOTCSl PA3JIMYHbIC TEXHUKU OLICHKM BPEMEHHOW CIIOKHOCTH aJTOPUTMOB: METOJ IOTCHIMAIOB H
Mmero Oyxranrepckoro yué€ra. Kypc B menoMm paccunTaH Ha W3ydeHHE O0a30BBIX CTPYKTYp, peasu3aius
KOTOPBIX TPeOyeTCsi BO MHOXKECTBE 00J1ee MPOBHHYTHIX aJrOPUTMOB.

Cuyniateny 3HaKOMATCS C MOHSATUSIMH allTOPUTMOB, aCUMIITOTHK, Ipad)oB, a TaK)KE pacCUMTHIBAsi HA yMEHHE
CTyICGHTOB  CaMOCTOSITEIbHO  pEal30BbIBaTh  NPOTPaMMHBIA Ko,  obOecneywBaromuii  pabory
cOopMyIHPOBAHHOTO aNrOPUTMA, KypC pAacKpbIBaeT acHeKkThl Teopud rpadoB B 00JacTH TMOHCKA
MaKCHMAJILHOTO ITOTOKA B TPAHCIIOPTHBIX CETSAX (B TOM YKMCIIC MUHHUMAIBHOW CTOMMOCTH), 3aTeM MEPEXOAUT K
M3Y4EHHIO 0A30BBIX M MPOABUHYTHIX AJITOPUTMOB Ha CTPOKAX (BKYIE C ONTHMAIBHBIMU CIIOCOOAMU XPaHEHUSI
CTPOK M CTPYKTYp HajJ HUMH B NAMSTH KOMITBIOTEPA), U, HAKOHEI, 3aBepIIaeTCsi OJIOKOM O BBIYUCIUTEIBHOM
reoMeTpUH (OCBEIIAIOTCS TEXHUYECKHE JETall BO3MOXKHOTO TIPE/ICTABICHUS TEOMETPHYECKUX IPUMHUTHBOB B
muGpOBOM BHUJE, a TaKkKe OOCYKTAIOTCS MHOTHE KJIACCHUECKUE aITOPUTMBI, aKTYaJbHOCTh KOTOPBIX
00yCIIOBJICHA B TIEPBYIO OYEpe/b MPAKTHYECKUMHU PHIIOKCHUSIMU).

JlucuumniarHa BKIIOYAET MOAPOOHOE OCBEICHUE TEOPETHYECKON CTOPOHBI AJITOPUTMOB, pa3dop ¥ TPEHUPOBKA
pELICHNH MPaKTUYEeCKUX 3aj]ad, a TaKKe MPEIIoyiaraeT caMOCTOsATEIbHOE H3yUeHHEe CTyACHTaMH Marepuala
npenMera 4Yepe3 pelleHHe JOMAaIlHMX TEOPETHYECKMX M IpakTHYecKuxX 3anad. Jlius ocBoeHMs Kypca
HEOOXOAMMBI 0a30BbIE IMOHMMAHUS O IOHATHM QITOpUTMa M PabOTe KOMIBIOTEpa; TakkKe TpedyeTcs
JOCTaTOYHAs MOJAKOBAaHHOCTH B IPOCTEHILINX ONPEACICHHUAX U TEPMUHAX JUCKPETHOW MaTeMaTHKU.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

HenssMyu AUCHUIUIMHBL «AJITOPUTMBI U CTPYKTYPBl JAHHBIX» SBISIIOTCS PAaCUIMPEHHOE O3HAKOMIIEHUE
CTYJCHTOB C OCHOBHBIMHU NMPHUHLMIIAMH MIPOCSKTUPOBAHMS W aHAJIHM3a aJrTOPUTMOB U CTPYKTYpP AAHHBIX,
3aKpeIjIeHue HaBBIKOB OOOCHOBaHMSA KOPPEKTHOCTH aJrOPUTMOB, MX IPAKTHYECKON peanus3anuy,
TEOPETHUYECKON M SKCIIEPUMEHTAILHON OLIEHKH UX BPEMEHHON CIOKHOCTH.

3agauu AUCUMIIHHBI
° Hay4uTh (QOPMYIHpPOBATH 3aJa4ud B TEPMUHAX H3YUYCHHBIX TEOPHUH, BBIOMpATh MOAXOASALINMA
QJITOPUTM JJIs [IOCTaBJIEHHON 3aa4y;

® HayuyuTh pa3padarsiBaTh KOMOMHAIIMKM QJITOPUTMOB JJISl PEILICHHs IOCTABICHHBIX 3a]1a4d, OLICHUBATh
CIIO)KHOCTH aJITOPUTMOB, BBIOMpATh TMOJXOAAIINE CTPYKTYphl JAaHHBIX MAJsI IOCTABIEHHBIX 3ajad,
pear30BbIBaTh AITOPUTMBI Ha SI3bIKE porpamMmmMupoBanus C++.

2. Ilepeyens opMupPyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-2.1. TlpumeHseT 3HaHUS OCHOBHBIX IIOJIOKEHUH H
KOHIIENIIMIA B 00JacTH MPOrpaMMUPOBAHHS, APXHUTEKTYPY
SI3BIKOB MIPOTPaMMHPOBAHUSI, OCHOBHYIO TEPMUHOJIOTHIO U
0a30BbIC aJTOPUTMBI, OCHOBHBIC TPeOOBaHUS

OIIK-2 CriocobeH pa3pabarbsiBaTh aJrOPUTMBI U
KOMITbIOTEPHBIE IPOTPAMMBI, IIPUTOIHBIE JIS
MPAKTUYECKOTO IPUMEHEHUS

OIIK-2.2. AHanuzupyer TUTIOBBIE SI3BIKU
MPOrpaMMHPOBAHUS, COCTABIIAET POTPAMMBI

OIIK-2.3 IIpuMeHseT Ha NPaKTUKE OIBIT PEeIIeHHs 3aAad C
UCTIONIb30BaHMEM 0a30BBIX aJTOPUTMOB, aHAJIN3a THIIOB
KOMMYHHMKAaMd W WHTETPALUMU  PA3JIMYHBIX  THUIIOB
MPOrpPaMMHOTO 00ecTIedeHUs




3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUIHHE (MOYJII0)
B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI
3HATh:
® OIIpe/eICHUS ACUMIITOTHK B O-HOTAINH;
®  ompezeieHHs MPOCTEHIIMX JIMHEHHBIX CTPYKTYp JAHHBIX (CTEK, O4epe/b, BEKTOP) U BpeMeHa
00paboTKH 3aIIPOCOB B HUX;
® anropuT™ OBICTPON COPTUPOBKHU;
® OIIpe/IeIICHUE U MPAKTUIECKYI0 HEOOXOIMMOCTb JIePEBbEB TIOMCKA;
®  ompeselicHUsS MOTOKOB B CETH, 0a30BbIX (DYHKIMU HaJ CTPOKaMH, 0a30BBIX T€OMETPUYECKUX
O0OBEKTOB;
® aNrOPUTMBI IS HAXOXKICHUSI MAKCUMAJIBHOTO TIOTOKA B CETH (B T.4. MUHUMAJILHOW CTOUMOCTN);
® QITOPUTMEI MTOWCKA 1a0JIOHA B TEKCTE;
® CrocoObl MPEACTABICHHS TEOMETPUUECKIX OOBEKTOB B MTaMSITH KOMITBIOTEPA.
YMETb:
® OILICHHUBAThH CIIOKHOCTH AITOPUTMOB;
® CTpPOrO JIOKA3bIBaTh YTBEPHKICHUS O KOPPEKTHOCTH JITOPHUTMOB;
® TIPUMECHATH HEOOXOIUMYFO TEXHHKY JUIS PEHICHHS aITOPUTMHICCKHX 3a/1a4.
BIIAJICTh!
® pa3HOOOPa3HBIMHM METO/IAMHU IIEPECEUCHUs 0a30BBIX TEOMETPHYECKUX IIPHMHUTHBOB;
® METOJaMH JI0Ka3aTeIbCTBA KOPPEKTHOCTH YTBEPKICHUI 00 alropuTMax;
e npuéMamu CBEICHHs OOLIMX 331a4u K 00Jiee KOHKPETHBIM U IIPOCTHIM.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENBHYIO PaboTy, Yac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 ACHMMIITOTHKH, MaCTEP-TEOPEMA 2 4 10
2 JIuHeWHbIE CTPYKTYPHI JAHHBIX 2 4 10
3 CopTUpOBKH U MOPSAKOBbIE CTATUCTUKU 2 4 8
4 Kyun 3 5 10
5 JlepeBbs TIOUCKa 2 4 10
6 JlepeBo oTpe3KoB, nepeBo DeHBuKa 2 4 10
7 Xom-Tabmunsl, GuisTpsl Bryma 3 6 10
8 MaxkcuMasbHbIE IOTOKU B CETAX 2 6 8
9 I[IpocTeiinne CTPOKOBBIE AITOPUTMBI 2 4 10
10  |Ctpokosbie Cy(pHUKCHBIE CTPYKTYPbI 3 5 10
11 [eoMeTpUYECKIE NPUMHUTHBEI 3 5 10
12 |Bemykias 060m04Ka 2 4 10
|3 |PaHIOMM3MDOBAHHBIC — aNrOpHTMBI K ) 5 10
KOMOWMHATOPHBIE MTPBI
Hroro yacos 30 60 126
[ToAroTOBKa K 9K3aMEHY 0 gac.
Oobmas TpynoEMKOCTb 216 yac., 6 3ad.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)



Cemecrtp: 2 (Becennuit)
1. ACUMIITOTHKH, MacTep-TeopemMa

O6o3HaueHuss B O-moramuu: o-mamoe u  O-Oompmoe, omera-mMajoe u  Owmera-0olbiioe,
Tera-6onbimoe. HeszaBucumocts ompenenenus O-6onbimoro n Omera-00iporo OT HavyaJibHOTO
casura. Macrep-teopema, npuMep npuMeHeHust 11 pekyppeHTsl T(n) = 2T(n / 2) + O(n).

2. JIuneitHbIe CTPYKTYphI JaHHBIX

CTpyKTypBl JaHHBIX CTEK, odepens, BekTop, Aek. [lonck Ommxaiimmero Oomnbmero crnpasa 3a O(n) B
MmaccuBe. [louck MUHEMYyMa B CTeKe M odepeu. MeTon OyXraaTepcKoro y4éra Juis JT0Ka3aTelbCTBa
ACHMIITOTUKH BPEMEHU 00pabOTKH 3apOCOB B BEKTOPE.

3. CopTUpOBKY U MOPSAKOBBIE CTATUCTUKU

3amaua coprupoBku. Omnpenenenue cTabWIbHON cOpTUPOBKU. COpPTHpPOBKA CIUSHHEM, MOACYET
Yyciia HHBEPCHi B repectaHoBke. CTabMiIbHAsI COPTUPOBKA MoACYETOM, TG poBas coptupoBka LSD.
BeicTpast copTupoBka co ciydaiiHbIM BBIOOPOM MHBOTA, TOWCKA k- TMOPSAKOBOW CTATUCTHKH.
HepanpomMuszanus: 1€TEPMUHUPOBAHHBIA aIrOPUTM OBICTPOH COPTHPOBKH C BBIOOPOM B KauecTBE
[IMBOTA MeJIMaHbl MACCHUBA MEJUAH IATEPOK.

4. Kyuun

Omnpenenenne Kyuu U 3alpOChl, HEOOXOMMBIE s 00padoTku. J[BomuHas ky4a: onepanuu siftUp u
siftDown. BplpakeHHe OCTalBHBIX OINEpalMii Yepe3 NaHHbIe. ACHMIITOTHKAa BPEMEHH paOOTHI.
buHoMuanbHbIe JepeBbsi 1 OMHOMUANIBHAS Ky4a: CKOPOCTh PaOOThI U MPEUMYIIECTBA 110 CPABHEHUIO
¢ IBOMYHOMU Ky4el. DuOoHau4neBa Kyda: aCHMIITOTHKA C IIOMOIIBIO METO/Ia OyXIrajaTepCcKoro y4éra.

5. HepeBbs noucka

Ompenenenue nepeBa Mmoucka, oOpadaThiBaeMble 3ampochl. TeopeTndeckas peaau3anus U aHaju3
BpeMeHH paloThl JaepeBbeB: splay-nepeBa, AVL-nmepeBa, nexaproBoro nepesa, B-nmepeBa kak
gacTHOTO ciydast (a, b)-mepeBa. IlpakTmyeckune NPUMEHEHUS W TNPEHMYLIECTBA KaXIOTO THIA
JIePEBHEB.

6. JlepeBo oTpe3koB, nepeBo DeHBuka

OOpabarsiBaeMble 3aMpoChl B AepeBe OTpe3koB. OTIOKEHHBIE onepannu. J[epeBo OTpe3KOB CHU3Y.
JIByMepHOE JIepeBO OTPe3KoB. [IMHaMHYECKOe U IEPCUCTEHTHOE AepeBO O0Tpe3koB. JlepeBo dDeHBHKa:
OyseBbl omepanuu HaJ OuTamMu. MHOrOMEpHOE JEpeBO OTPE3KOB, 3alpochl K IOAOTPE3KaM U
MOATIPSIMOYTOTEHUKAM.

7. Xom-tabnunsl, GuiasTpsl biayma

3agava xommpoBaHusa. OnpeneneHns COBEPLUICHHOTO M YHHUBEPCAIBHOTO ceMeicTBa X31I-(QyHKIHI.
BepositHOCTD KOmmu3uu. Xa1m-TaOnuibl ¢ OTKPBITON ajIpecannei, X3m-Tadaubl METO0M IIeTIOUeK.
[BoliHoe x3mupoBanue. @uibTpbl biayma: NpUMEHEHUS U peaanu3anusl.

8. MakcumasbHBIC IIOTOKU B CETIX

Omnpenenenrie TPaHCIOPTHOM ceTH, MOTOKa, pa3pe3a. Teopema dopna-dankepcoHa. AITOpUTM
®dopna-Dankepcona, InmonAca-Kapra. brokupytomnuii moTok, ciiouctas cetb. Anroputm JuHuma.
B3Bemennas 3amaua, MOTOK MUHHUMAJIbHON CTOMMOCTH. AJTOPUTM MOMCKAa MaKCHMAaJbHOTO TMOTOKA
MUHUMAJbHOW CTOMMOCTH (C HCHOJb30BaHMEeM anroputMoB @Dopna-bemnmana u JleWkcTper ¢
MMOTEHITHATIAMH).

9. Ilpocreiiiue CTPOKOBBIE ANTOPUTMBI



3er- u npeukc-QyHKUUA CTPOKH. AJTOPUTMBI UX HAXOXKICHHSA 3a JIMHEHHOE BpeMs. AJTOpUTM
Manakepa. Ctpykrypa nanubix 6op. AnroputMm Axo-Kopacuk. [lonck BxoxieHus 1mabiioHa B CTPOKY
1 1aba0HOB B TeKCT. [loncuéT yncia BXoxACHUI.

10. CrpoxoBbie cypPUKCHBIE CTPYKTYPBI
Cyddukcuoe nepero u cyhdurcHbIil aBromMar. HaxoxkaeHue yncia Bcex MOACTPOK CTPOKH.
11. TeoMeTpuyeckue NPUMHATHUBEI

Touka, npsimasi, OKPYXHOCTb, OTPE30K, Ny4. lIpeacrasienre B maMsatu kommnbioTepa. CkaispHOe H
BEKTOPHOE IpOM3BeeHNE, J1Be (OpMBI BhIpakeHHs. [louck mepecedeHust ABYX MpPsIMBIX, IPSMON U
OKpPYKHOCTH, JABYX OKpY)XHOCTeW. HaxoxneHue 3ameuarelbHBIX TOYEK TPEYTOJbHUKA: TOYKH
nepeceyeHns: OMCCEKTPUC, MEANaH, BBICOT.

12. Brimykinas 000s104Ka

Omnpenenenne BBIMYKIION o0ojouku. Anroputmbl [[xapsuca, [paxema, DHapro. Anroputm Yena.
[ouck obwvemmtomiei GUrypbl MUHUMAJIBHOTO IEPUMETPA WIIN TUTOLIA/IH.

13. PannoMu3npoBaHHbIE aTOPUTMBI 1 KOMOMHATOPHBIE UTPBI

MuHuMmanbsHasi  MOKPBIBAKOIIAS — OKPYXKHOCTh. Hemycrora nepecedeHMss  NOJYIUIOCKOCTEM.
Omnpenenenne Urpsl HAM, SKBUBaJEHTHOCTH urp. Teopus Ulnpara-Ipanan o0 SKBUBaJE€HTHOCTH
TM000H cripaBeIMBON allMKIMYECKOW UTPBI UTpe HUM. PeTpoananus.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

YueOHast aymuTopus, C JOCKOM.
6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. AnroputMmer: moctpoenue u aHanu3 [Texct] : [yueOnuk ans By3os] / T. Kopmen [u np.] ; [mep. ¢
anr. U. B. Kpacukosa u ap.] .— 3-e uzn. — M. : Bunbsamc, 2014 .— 1328 c.

2. [IporpammupoBanue: TeopeMsl U 3aiauu [Tekcr], [yae6. nocobue] /A. llens. -M., MITHMO, 2017

JomnonHurensHas aureparypa
HE MPeyCMOTPEHO

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

L.http://neerc.ifmo.ru/wiki/index.php?title=/luckpeTHas_MaremaTnka, aqrOpuTMbl U _CTPYKTYpHI JAaH
HBIX. « BuknkoHcnekTh», caiiT Cankr-IlerepOyprckoro Yausepcurera UMTO.

2. http://e-maxx.ru/. Maximal algo: nuunbIii caiit Makcuma MiBaHOBa, TOCBSIIEHHBIN aTOPUTMAM U
CTPYKTYpaM JIaHHBIX.

3. https://codeforces.com/. MexynapoaHas iaTgopMa OHIAHH-KOHTECTOB T10 CIIOPTUBHOMY
nporpammupoanuio Ha 6aze CI'Y u UMTO.

Jluteparypa 17151 caMOCTOSTEIbHOIO U3YUEHUS

BBenenue B TeOpHIO aJrOPUTMOB U CTPYKTYP JaHHBIX [Tekcr] : [yae0. mocodue aiist By3oB] / M. A.
bat6enko, M. B. Jlesua .— M. : MITHMO ; ®MOII, 2012 .— 144 c.



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

JU1s yCHemHoro 0CBOEHNS JUCIUILINHEL, CTYAEHT UCIOJIB3YET CIAEAYIONINE MPOrpaMMHBIE CPEJICTBA!
® KOMIWIATOP si3bika C++.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

B mpenonaBaHMM AMCLUMIUIMHBI COYETAIOTCS IPAKTUUYECKHE 3aHATHS B KOMIIBIOTEPHOM Kjacce U
JOMallHUE 3aJaHusi, COCTOSIIME W3 TEOPETHYECKMX 3ajad M 3aJad Ha MpOrpaMMHpPOBAaHUE C
ABTOMATUYECKOU ITPOBEPKON KOPPEKTHOCTH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCIHATIIMHE (MOIY.TIO)

10 HAMPABJIEHUIO: [MpuknanHas MmaremMaTHKa ¥ HHPOpPMATHKA
npo¢uIb NOArOTOBKH: HckyccTBeHHBI HHTEIUIEKT U OOJIbIINE JaHHBIE
CereBoe o0yueHue
Kadeapa aIropuTMOB U TEXHOJIOTHUH MPOrpPaMMHUPOBAHUS
Kypc: 1
kBagudukanus: 6akanasp

CemecTp, popMbl MpoMexyTouHOU aTTecTanuu: 2 (BeceHnui) - JnddepeHnnpoBanHblii 3a4eT

Pa3paborunk: N.J1. CremaHoB, aCCHCTCHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1. TlpumeHsieT 3HaHUS OCHOBHBIX IIOJIOKEHUH H
KOHLIENIIMA B 00JacTH MPOrpaMMHUPOBAHHSA, APXUTEKTYPY
S3BIKOB ITPOTPAMMHUPOBAHMSI, OCHOBHYIO TEPMUHOJIOTHIO U
0a30BbIC aJITOPUTMBI, OCHOBHBIE TPEOOBaHUS

OIIK-2 CriocobeH pa3pabaTbiBaTh ajrOPUTMBI H

OIIK-2.2. AHanmuzupyer THUIIOBbBIE SI3BIKH
KOMITBIOTEPHBIE TPOTPAMMBI, IPUTOAHBIE IS

[IPOrpaMMUPOBAHUS, COCTABIIAET IPOTrPAMMBI

MPAaKTHYECKOTO IPUMEHEHHS
OIIK-2.3 [IpumeHsieT Ha MPaKTHUKE OMBIT PEIICHUs 33134 C

HCIOJIE30BAHUEM 0a30BEIX AJITOPUTMOB, aHAJIM3a THIIOB
KOMMYHI/IKaLII/Iﬁ n HUHTETpalun Ppas3IMIHbIX THIIOB
nporpaMmMHOIO obecreueHus

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydeHus JUCIUILTUHBI « AJITOPUTMBI U CTPYKTYPBI JAHHBIX)» 00YYarOIIUNCS JOIKEH:

3HATh:
® ornpe/eeHUs acCUMITOTHK B O-HOTaluy;
®  OmpeAeiCHUS NMPOCTEHINNX JMHEHHBIX CTPYKTYp JaHHBIX (CTEK, O4epeib, BEKTOP) M BpEMEHa
00paboTKH 3aIIPOCOB B HUX;
® JITOPUTM OBICTPOIT COPTUPOBKH;
® OIpe/eCHUE U PAKTUYECKYI0 HEOOX0AUMOCTD JIEPEBhEB TIOKMCKA,;
®  Ompe/eCHUs MOTOKOB B CETH, 0a30BBIX (YHKIHMH HaJ CTPOKaMH, 0a30BBIX T€OMETPUYECCKHX
00BEKTOB;
® QITOPUTMBI ISl HAXOXKICHHSI MAKCUMAJILHOTO TIOTOKA B CETH (B T.4. MUHIMAJIBHOW CTOMMOCTH);
® aNropUTMBI TIOMCKA NIA0JI0HA B TEKCTE;
® CrocoO0BI MPECTABICHUS TEOMETPUIECKUX 0OBEKTOB B MMAMSITH KOMITBIOTEpA.
yMeThb:
® OIICHUBATh CIOKHOCTb aJITOPUTMOB;
® CTpOTO JIOKa3bIBaTh YTBEPKACHUS O KOPPEKTHOCTH aJITOPUTMOB;
® [PHUMEHATH HEOOXOJUMYIO TEXHHKY JUISl PELICHHS aJITOPUTMUYECKHUX 3a/a4.
BJIaJIeTh:
® pPa3HOOOpa3HBIMU METOAAMHU IEpeCceueHHs 0a30BbIX TEOMETPUIECKUX TPUMHTHUBOB;
® METOJaMH JJ0Ka3aTelIbCTBA KOPPEKTHOCTH YTBEPKICHUI 00 aNropurmax;
® npuéMamu CBeleHHs O0IIMX 33134 K 00Jiee KOHKPETHBIM U TIPOCTHIM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKH K TeKylIeMy KOHTPOJII0

s 2 cemecTtpa

1. Ilycts ¢ > 0 -- koHcTaHTa. Jlokaxure, uro pemenue pekyppeHtsl T(n) = T(n/3) + T(2n/3) + cn
BeAET cebst kak Omega(n log n).

2. Pazpaboraiite cTek, KOTOPBIA yMeeT NPUOABIATh KO BCEM XPAHSIIUMCS 3HAUEHUSIM POU3BOJIBHYIO
nomnpaBky x 3a O(1). MHbIMH ci0BaMH, HYKHO peajM30BaTh ONEPAIMIO YBEIMYEHUS BCEX YHCET B
CTEKE Ha X.

3. B 2n - 1 smukax jexar sOJOKM W aneidbCHHBI. TpeOyeTcs BHIOpaTh N SIIMKOB TaK, YTO B HUX
OKa)KETCsI HE MEHee MOJIOBUHBI BCEX S0JIOK M HE MEHEE NOJIOBUHBI BCEX ANENIbCUHOB. JlOKaXXuTe, 4yTo
TaKol BBIOOp BCEra CyIIECTBYET.

4. JlBomuHast Kyya ¢ MUHUMYMOM B KOpHE Ha N 3JIEMEHTaX paclojiokeHa B MaMATH B BHJE MacCHBA.
[To uncny k naiimute muauManbHble k amemenToB B kyde 3a O(k log k).

1. Iyctb G -- anMKINYecKii OpUEHTHUPOBaHHBIN rpad. [IpemiokuTe anropuT™ noucka HaMMEHBIIETO
KOJIMYECTBA BEPIIMHHO HENEPECeKAIOUINXCsl IyTeld, KOTOpble TIOKPHIBAIOT Bce BepmuHbl G.
Acumnroruka: O(nm), re n -- unucio BepirH B G, a m -- uucio ero péoep.




2. Momudunmpyiite anroputm KyHa Tak, 4toObl ero Bpemsi paboTel coctaBisio O(am), e a --
pa3Mep MaKCHMAJIbHOTO MTAapOCOYETaHus, a m -- yhcio pédep rpada.

3. JHokaxurte TeopeMy O ACKOMIIO3WLMH MOTOKA: ecir B ceTu G Tey€T HeKuil moTok f, To ero MOXHO
pa30uTh Ha HECKOJIBKO ITyTeH U3 S B t, @ TaK)KEe HAa HECKOJIBKO (3aMKHYTHIX) IIUKJIOB.

4. Kaxk peanuzoBarb anroputM Axo--Kopacuk Ha JMHaAMHYECKH PACIIUPSIONIEMCS] MHOXKECTBE CTPOK?
Hcrionp3yiTe NaeIo pa3ioKeHus N 110 CTEIICHSIM JBOHKH.

5. TlpeanoxuTe anropuT™M HAXOKACHUS MEPECEYCHUS JBYX BBIMYKIBIX MHOTOYTOJBHUKOB 3a O(nm),
€CJIU N -- 3TO KOJIMYECTBO CTOPOH B IIEPBOM U3 HHUX, @ M -- BO BTOPOM.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaroumuxcst

s 2 cemecTtpa

1. Ilo maHHOMY YHCITy N HAIUTE BCE Maphl LEJbIX TOJIOKHUTEIBHBIX YKcen (a, b), Takue uto a <=b <=
n, ¥ a | b. OneHnTe aCUMITOTUYECKOE ITOBEICHUE YHCIa TAKKX T1ap.

2. UYwucno 0 3ammcaHo B n-paspsiiHoi JBowuHOW cucteme. K Hemy 27{n} - 1 pa3 mpuOasnsieTcs
enuHMIA. bynem cumrarh, 4TO Bpems, HeoOXomMMOe Ha MpHOABICHHE SIUHUIBI, PABHO KOJIHYECTBY
eIMHHUI] B IBOMYHOM 3aIIMCH YHCIIA, KOTOPBIE CTAHOBATCS HYIAMHU. OLEHUTE CPEAHIOI0 CIOKHOCTH BCEX
Takux ornepanuii. Kakue onepanuu sBISIOTCS CaMbIMHU JICHIEBBIMU, @ KAKHE -- CAMBIMHU JIOPOTHMU?

3. IpeanoxkuTe METOA XpaHEHUS MUHUMAIILHOTO 3HAYCHUS B OYEPEH C IIOMOIIBIO CTPYKTYpHI deque.
Ecnu k ouepeay MOCTYIIHIIO N 3aIIPOCOB, BpeMs pabOThI TPOTPaMMBbI IOJDKHO cOCTaBiATh O(n).

4. HamomuumM, yto mpomenypa Partition(A, X) mepeynopsiouuBaeT 3JEMEHThl MacchBa A Tak, 4TO
CHayayia uIyT BCE JIIEMEHTHI, HE MPEBOCXOMIAIINE X, B HEKOTOPOM TIOPSIIKE, a 3aTE€M -- BCE AIIEMEHTHI,
oompmue X. [lokaxwure, Kak peanusoBarh Partition(A, x) ¢ mpueneueHunem O(1) AOMOIHHUTENBHOM
MaMsTH.

[IpumMepsl 3K3aMEHHALIMOHHOTO OHJieTa
a) HuwkHss olleHKa Ha YUCIIO CPaBHEHUH B COPTUPOBKE, OCHOBAHHOW HAa CPaBHECHHUSX.
0) Jlemma o xoppekTHocTH siftDown u siftUp.

a) Ynanenue B Kyde (110 yKa3aTesto U 10 3HAYCHHIO).
0) JIBymepHOE 1epeBO OTPE3KOB CHU3Y: NPUOABICHUE B TOUYKE U CyMMa B IPSIMYTOJIbHUKE.

a) ®ubonauuumena Kyua: onepaunii decreaseKey. ACHMITOTHKA U KOPPEKTHOCTb.
0) @unbTpsl biiyma: acuMNTOTHKA U KOPPEKTHOCTD.

1. Csemure 3amady IOHWCKAa MaKCHMAaJBHOTO IIapOCOYETAHHS B JABYIOIBHOM Tpade K TOHUCKY
MaKCHMAaJIHOTO MTOTOKA B HEKOTOpoii ceTn. CpaBHUTE BpeMs paboTs! anroputmoB Dopaa--Dankepcona
n Onmonzaca--Kaprna. MokHO 71 mponenarh TO K€ B MPOHM3BOJILHOM (HEOO0S3aTEeIbHO JIBYIOIBHOM)
rpage?

2. Ha ¢abpuky noctynuiao n 3aka3oB, peaju3alus i-ro U3 KOTOPHIX NpUHECET eil mpuobuib B a_{i}
pyoneit. Kaxuplii 3aka3 Juis Mpou3BOJICTBA TpeOyeT HEKOTOPOro Habopa MHCTPYMEHTOB. [lycTh Bcero
3aBHCUMOCTEH ‘‘3aKa3--HHCTPYMEHT pOBHO K. MHCTpyMEHTHI MOXXHO IE€pPEHCIIONb30BaTh, TO €CTh
3aJIeliCTBOBaTh B HECKOJNIBKHX 3aka3zaX. OmHako B JaHHBIA MOMEHT Ha Qabpuke B0OOIIEe HET
WHCTPYMEHTOB, TaK YTO MOKyIKa j-ro U3 HUX oboinércs B b_{j} pyOneil. Koneuno, or mpuéma
KaKUX-TO 3aKa30B WM MOKYIKH KaKMX-TO MHCTPYMEHTOB (abpuka MoXkeT oTka3arbcs. Kakue 3axasbl
CIIeTyeT peasnu30Barh ISl MAKCUMU3AIMY PUOBLTH (C y4ETOM 3aTpar Ha HHCTPYMEHTHI)?

3. 3ajaH NMOJHBINA B3BEUICHHBIN JBYIOJBHBIN rpad, B 00eUX JOISIX KOTOPOTO HAXOAUTCS MO N BEPIIUH.
[TpeanoxxuTe anropuT™ MOUCKA CaMOTro JEMIEBOTO COBEPLIEHHOTO MapOCOUETAHUSI.

4. C nomompio cyh(HUKCHOro aBTOMaTa HAWAWTE KOJIMYECTBO PA3JIMUHBIX IOJICTPOK CTPOKH S 3a
BpeMsi, IMHEHHOE OT €€ JTUHBI.

5. Ilyctes u3 n OOBEKTOB TONBKO OJMH 00OIagaeT XOpoliuM CBOHCTBOM. CMopenupyeM BBHIOOp C
BO3BpaIllcHUEM: Ha Ka)X/IOM HIare BhIOMpaeTcsi CIy4YailHbI PaBHOBEPOSTHBIM 00bekT. Eciu oH He
o0nalaeT XOpOIIMM CBOMCTBOM, MpEAMET KIAAETCS oOpaTHO B Kydy. B mpoTuBHOM ciydae wrpa
ocraHasiuBaeTcs. Onpenenure MaTeMaTn4eckoe OKHUAaHUe YHCIIA IAroB 0 KOHLA UIPHL.



[Mpumeps! OuneTOB:
1. a) [Torck MHHHMMAJIBHOTO BEPIIMHHOTO TIOKPBITHS C 0Ka3aTeIbCTBOM KOPPEKTHOCTH.

0) Teopemsbl Kap3anosa. JlemMbl Jutst iepBoii Teopembl (0/71), BBIBOJI U3 HUX caMmoil TeopeMbl. Bropas
Teopema -- 6/1. Equandnbie cetu n anroputM Xomnkpogra-Kaprma.

2. a) ITouck OKpPY’KHOCTU MUHUMAJIBHOI'O pajnyca, HOKpBIBaIOH.IefI JaHHOC MHOXXCCTBO TOYCK.

0) 3er-hyHKIUS: ONpeneicHNe, JIMHCHHBIN alTOPUTM TOCTPOSHUS W J0Ka3aTeIhCTBO KOPPEKTHOCTH.
ITouck Bcex BXOXKIEHUHN IIa0JIOHA S B TEKCT t.

3. a) AnroputMm Axo--Kopacuk: mouck Bcex BXOXIeHHI 11abiiona s (B KOTOpOM JoMycKaeTcst He Oonee
k BompocoB) B TekcT t.

06) Ilorox MmwuHUManbHOW cToMMOCTH. KOppekTHOCTh ajropurma, acuMmnToTuka. [IpuMeHeHue
anroputMoB Popna-bennmmana u JleWKCTphI (¢ MOTEHIIMATAMH).

Kpurepun onennBanus
OTJINYHO

10 TlomHOCTBIO M BOBpEMs pellicHBbI Bce 3a7auu 0e3 omuOoK. [IpoaeMOHCTpUPOBaH TPaMOTHBIMA
MOAXO[ K PEIICHHIO 3aja4, Peajn30BaHbl ONTUMAJIbHBIC AITOPUTMBI, KOA O(QOPMIIEH B €IMHOM
y1o00unTaeMOM CTUIIE

9 TIlomHOCTBIO K BOBpPCMS PCIUICHBI BCC 3aaa49U 0¢e3 oImMOOK. HpOI[eMOHCTpI/IpOBaH FpaMOTHLIfI IoaAxXoq
K pCHICHUIO 3aJiad, p€aJIn30BaHbl OIITUMAJIbHBIC aJITOPUTMbI

8 TlomHOCTHIO M BOBpEMSI PEIICHKI Bce 3a/1aun 0e3 ommoOok. [IpojgeMoHCTprUpoBaH rpaMOTHBIN MOJXO0/
K pELICHHIO 3a/1ad

XOPOILO
7 TloaHOCTBIO perIeHsl Bce 3a1a4u. JJonmyieHsl HeCyeCTBeHHbIE OINOKY.

6 TlomHOCTBIO penIeHO OONBIIMHCTBO 331a4. B HEKOTOPBIX 3a1adax JOIMYLICHBI M HE WCIPABIICHBI
OIHUOKH, JTUOO HEKOTOPBIE 32/1a4l PElICHbI YACTUYIHO.

5  IlonHOCTBIO pelIEHO ABE TPETH 3alady. B HEKOTOpBIX 3a1adax JONYIICHBI U HE HCIPAaBIEHBI
OMOKH, TUOO HEKOTOPHIE 3a/1a4M PELICHbl YACTUYHO.

YAOBJIICTBOPUTCIIEHO

4 TlomHOCTBIO perieHo OoJiee MONIOBHHBI 3a/1a4. B ocTalbHBIX 3a/1a4aX JIOMYIICHBl M HE UCTIPABIICHBI
OIMOKH, JTUOO HEKOTOPHIE 32/1a4W PElICHbI YACTUIHO.

3 TlonHOCTBIO perieHo Goee MOJTOBUHBI 3a/a4.

HEYIOBJICTBOPUTEIHHO
2 PermieHo MeHee MOJIOBUHBI 3a/1a4.
1 He pemieHo HU OHOM 3a1a4H.

5. MeTonu4eckne MaTepuabl, onpeneasione Npoueaypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OOyuatommiicss pemiaeT 3aJaydl W 3alldilaeT uX y ceMuHapucta. [Ipomecc 3amuThl 3aKiodaeTcsl B
JEMOHCTPAIMH KOJIa PEIICHNS 33/1a4d U OOBSICHEHUS €ro paboThlI.

HenpaBuibHOo pemieHHas 3ajada WM 3ajada, WMEIOIIas OIIMOKH, OTHpaBIAETCS Ha J0pabOTKy c
BO3MOXXHOCTbIO  IOBTOpPHOM  3amurbl. KonMuecTBO MOBTOPHBIX — 3aIlUT  pPENIaMEHTHPYETCs
npernojaBareneM (CEeMUHAPHUCTOM).

3amuTa MOXKET BBIIONHATHCS YOAJIEHHO C HCHOJIb30BAHUEM OBICKTPOHHOM MOYTHI, BHEIIHUM
PEIO3UTOPUEM CUCTEMBI KOHTPOJISI BEPCUI U Ap.





