o JUCHMUIIJIMHE:
0 HANIPpaBJI€HHUIO:

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

YTBEPKAEHO

JupexTop BhICIIEH HIKOJIBI
NPOrpaMMHOI HHKCHePHHU
A.B. Manees

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
AJNTOpUTMBI U CTPYKTYPbI JaHHBIX
[IporpaMmHast HHXEHEPUS

npo¢uib NOArOTOBKHU: Pa3paboTka nporpaMMHO-UH(POPMAMOHHBIX CUCTEM

Kypc:
KBaJIU(PUKALMSA:

BbICIIIAs! LLIKOJIA IPOTPaMMHOM HHXEHEpUU
BbICIIIAs! LIIKOJIA IPOTPaMMHOM HHXEHEpUU
1

Oakanasp

CemecTpbl, POPMBI TPOMEKYTOUHOM aTTECTAIUH:

2 (BeceHHUil) - DK3aMeH

3 (ocenHui) - Jxk3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:
nexun: 60 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 36 yac.

[TonroroBka k 3x3ameny: 60 yac.

Bcero gacos: 216, Bcero 3au. ex.: 6

KonuecTBo KOHTPOIBHBIX pa0oT, 3a1aHuil: 6

[Iporpammy cocraBui: A.E. Kynanun, npenoaaBareib

[Iporpamma obcyxieHa Ha 3ace/JaHUM BBICIICH MIKOJIBI TporpaMMHoi urxenepun 19.03.2025



AHHOTANMA
B nawane BBomsTCS 00IIME MareMarudeckue 0OO03HAYEHUs, MO3BOJSIOMME padoTaTh C aCUMIITOTHKAMHU H
OLICHUBATh CIIOKHOCTH PadOTHI alrOpUTMOB. CeMecTp MOCBSIMIEH N3YUSHUIO CTPYKTYP JaHHBIX, HEOOXOANMBIX
U Pa3HOOOpa3HBIX Ooyiee CIOKHBIX aIrOpUTMOB. [IpocTeiime CTPYKTYphl CTEK, O4epelb, BEKTOP
aHAJIM3UPYIOTCd Ha mnpenMmeT 3(GQEKTUBHOCTH M BpPEMEHH BBINOJHEHMsA. BBomarcs Kyuw (ABOMYHAsd,
OvHOMMaNbHAs U (PUOOHAYUMEBA), ONHMCHIBAIOTCS TPAHHUIBI X MPUMEHUMOCTH. M3ydarorcs IepeBbs MOHCKA
(splay, AVL, nekaproBo, B-mepeBo) BMecTe ¢ TOAPOOHBIMH JIOKA3aTEILCTBAMU KOPPEKTHOCTH U
ACHUMITOTUKHU, @ TAaKXKE C ONMHMCAHHEM NPUKIAJHBIX MPEUMYIIECTB KaKIOH CTPYKTypbl. PaccmarpuBarorcs
HauOollee yHHMBEpPCAIbHBIE TEXHUKH OOpabOTKH 3allpOCOB: XJII-TAONUIIbI, JIEPEBbS OTPE3KOB, JIEPEBbS
denBuka (B TOM 4YHCIIE MHOTOMEPHBIE), pa3pekeHHbIe TaOnmuIbpl. B paMkax paccMarpuBaeMbIX TeM
OTTA4YMBAIOTCS PA3IUYHbIE TEXHUKU OLIEHKM BPEMEHHOI CIIOKHOCTH aJrOpHUTMOB: METOJ HOTECHIHAJIOB U
Meroy Oyxranrepckoro yuéra. Kypc B memoM paccuutaH Ha HM3ydeHHE O0a30BBIX CTPYKTYp, pean3aius
KOTOPBIX TpeOyeTcsi BO MHOXKECTBE 00JIee MPOABUHYTHIX aITOPUTMOB.
Ciymareny 3HaKOMSTCS C TIOHATUSIMU aJlTOPUTMOB, aCUMITOTHK, I'padoB, a TAKKE PACCUUTHIBAas HA yMEHHE
CTyJICHTOB  CaMOCTOSITENIbHO  pEalu30BbIBaTh  NPOTPaMMHBIA  Koja,  obOecneywBarommid  padoty
c(OpPMYIUPOBAHHOTO aNrOPUTMa, KypC pAacKphIBaeT AacleKTsl Teopud rpadoB B 00NACTH TOHUCKA
MaKCHMAaJILHOTO ITOTOKA B TPAHCIIOPTHBIX CETSAX (B TOM YHCIIE MUHUMAIBHONH CTOMMOCTH), 3aTE€M TEPEXOHT K
M3y4eHUI0 0a30BBIX U MPOABUHYTHIX aJITOPUTMOB Ha CTPOKax (BKyIeE ¢ ONTUMAJIbHBIMU CIIOCOOaMU XpaHEHUS
CTPOK W CTPYKTYp HajJ HUMH B NAMSITH KOMITBIOTEPA), U, HAKOHEI, 3aBepIIacTcsi OJIOKOM O BBIYUCIUTEIBHOM
reoOMeTpUH (OCBELIAIOTCS TEXHUYECKHE JIeTall BO3MOXKHOTO IIPE/ICTABICHUS T€OMETPUUECKUX TPUMUTHBOB B
muGpOBOM BHUJE, a TakkKe OOCYXITAIOTCS MHOTHE KJIACCHUECKUE AITOPUTMBI, aKTyallbHOCTh KOTOPBIX
00yCIIOBJIEHa B IEPBYIO OYEPeab NPAKTHYECKUMHU MPHIOKEHUSIMN).
JlucrurivHa BKIIOYaeT NOAPOOHOE OCBEIIEHHE TEOPETUUECKON CTOPOHBI allfTOPUTMOB, pa3dop U TPEHUPOBKA
pELICHNH MPAaKTUYECKUX 3a]a4, a TAKKe MPEAIoiaracT CaMOCTOSTEIbHOE U3YyYCHUE CTYICHTaMi MaTrepuaia
IpeaMeTa uYepe3 pelleHHe IOMAIIHUX TEOPeTHYECKHX W MpaKkTHYecKuX 3amad. Jlns ocBoeHus Kypca
HEOOXOAMMBI 0a30BbIC IMOHUMAHUS O TIOHATHM AITOPUTMa M pPadOTe KOMIBIOTEpA; TakkKe TpeOyeTcs
J0CTATOYHAs! TOJJKOBAHHOCTH B IIPOCTEUIINX ONPECICHUAX U TEPMUHAX IUCKPETHONH MaTeMaTHKH.

1. lean u 3apa4n

Henp AucoMnInHbI
® paCIIMPEHHOE O3HAKOMJIEHUE CTYIEHTOB C OCHOBHBIMM IPUHIMIIAMU IPOEKTHPOBAaHUS U aHAJIN3a
ITOPUTMOB U CTPYKTYP AAHHBIX;

® 3aKpeIUIeHHuEe HAaBBIKOB OOOCHOBAaHHUS KOPPEKTHOCTH ajrOPUTMOB, MX MPAKTHYECKOH peajn3alyi,
TEOPETUYECKON U SKCIIEPUMEHTAIBHON OLIEHKU UX BPEMEHHOU CIIOKHOCTH.

3agaum AU COMIIHHBI
° Hay4uTh (POPMYIMpPOBATH 3a7ayd B TEPMHMHAX H3YyUEHHBIX TEOPHH, BHIOMpATh MOIXOMSIIHNA
QITOPUTM JJIS IOCTABICHHON 3a/1a4H;

® HayuduTh pa3pabaTbiBaTh KOMOMHALIMK aJTOPUTMOB JUIS PEIICHUS TOCTABIEHHbIX 3a71a4, OLIEHUBATh
CIIO)KHOCTH QJITOPUTMOB, BBIOMpPATh MOIXOMSIIME CTPYKTYpHl IaHHBIX MAJIsl TOCTaBJICHHBIX 3ajad,
pean30BbIBaTh AITOPUTMBI Ha s3bIKE NIporpammupoBanus C++.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-6 Criocoben pa3padarsiBath anroputMbl v |{OI1K-6.1 3HaeT ajropuTMbl pelieHUs TUIOBBIX 3ajad,
MPOrpaMMBbl, MPUTOAHBIE JUISI TPAKTUYECKOTO 00JIaCTH U CIOCOOBI UX IPUMEHEHUS
UCTIONIb30BaHMs, IPUMEHSATh OCHOBBI

UH(POPMATUKH ¥ IPOTPAMMHUPOBAHMS K OIIK-6.2 YMeeT NpUMEHATH S3bIKM IPOTPaMMHUPOBAHUS JIJIs
[IPOEKTUPOBAHUIO, KOHCTPYUPOBAHUIO U peIICHNUS PUKIIAJHBIX 33124
TECTHPOBAHMIO POTPAMMHBIX TPOAYKTOB

[MK-2.1 Cnocoben ¢opmann3oBaTh W aITOPUTMU3HPOBATH
IMK-2 Cnocoben popmanuzoBars u MOCTABJICHHYIO 33734y

aJTOPUTMU3UPOBATH IIOCTABICHHYIO 3a1a4y [IK-2.2 Bnaneer merogamu u npuemMamu (popmanuzauuu u
ITOpUTMU3ALUH 3a/1a4




3. [lepevyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCIHILUINHE (MOTYJIIO)
B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI
3HATh:
® OIpeeICHUS ACUMIITOTHK B O-HOTaINH;
®  Ompe/eNiCHUs] NPOCTSUIINX JIMHEHHBIX CTPYKTYp AAHHBIX (CTEK, O4epe/b, BEKTOp) M BpEeMEHa
00paboTKH 3aIIPOCOB B HUX;
® anropuT™ OBICTPON COPTUPOBKHY;
® OIIpe/eICHUE U MPAKTUIECKYI0 HEOOXOIMMOCTb JIEPEBbEB TIOUCKA;
®  ompenelieHUs TIOTOKOB B CETH, 0a30BbIX (YHKIWN HaJ CTPOKaMH, 0a30BBIX I'€OMETPHUYECKHX
O0OBEKTOB;
® aNrOPUTMBI IS HAXOXKICHUSI MAKCUMAJIBHOTO TIOTOKA B CETH (B T.4. MUHUMAJILHOW CTOUMOCTN);
® QITOPUTMBI MTOUCKA Ia0JIOHA B TEKCTE;
® CrocoObl MPEACTABICHHS TEOMETPUUECKIX OOBEKTOB B MaMSITH KOMITBIOTEPA.
YMETb:
® OILICHHUBAThH CIIOKHOCTH AITOPUTMOB;
® CTpPOroO JI0Ka3bIBaTh YTBEPHKICHUS O KOPPEKTHOCTH JITOPHUTMOB;
® TIPUMECHATH HEOOXOIUMYFO TEXHHUKY JUIS PEHICHHS aITOPUTMHICCKHX 3a/1a4.
BIIAJICTh!
® Ppa3HOOOPa3HBIMH METO/IAMH IIEPECEUCHUs 0a30BBIX TEOMETPHYECCKUX TIPHMHUTHBOB;
® METOJaMH JI0Ka3aTeIbCTBA KOPPEKTHOCTH YTBEPKICHHUI 00 alropuTMax;
e npuéMamu CBEJCHHs OOLIMX 33/1a4 K 00Jiee KOHKPETHBIM U ITPOCTHIM.

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

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

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 ACHUMITOTHKH, MacTep-TeOpeMa 4 4 2
2 JIuneltHbIe CTPYKTYPBI TaHHBIX 4 4 2
3 CopTUpOBKH U MOPSAKOBbIE CTATUCTUKU 4 4 2
4 Kyun 4 4 3
5 JepeBbs moucka 4 4 3
6 HepeBo oTpeskoB, aepeBo denBrka 4 4 3
7 Xomi-Tabnuiiel, GuibTpsl byma 6 6 3
8 [Tapocoueranus, anroputm Kyna 4 4 2
9 MaxkcuMasbHbIE IOTOKU B CETAX 6 6 2
10 |[Ipocreiinue CTPOKOBBIE AITOPUTMBI 4 4 2
11 CrpokoBble cyh(HUKCHBIE CTPYKTYPHI 4 4 3
12 I'eomeTpuueckue MPUMUTHUBEI 4 4 3
13 |Beimykias o0os04ka 4 4 3
PaHIOMU3UpPOBAaHHBIE  AITOPUTMBI U
14 KOMOHHATOPHBIE UTPHI 4 4 3
Hroro yacos 60 60 36
[TonroToBka K 3K3aMeHy 60 gac.
Oobmas TpynoEMKOCTb 216 yac., 6 3ad.en.

4.2. Cogpep:xaHue 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. HeszaBucumocth omnpeneneHust O-0onbimoro u Omera-00ibII0r0 OT Ha4aIbHOTO
casura. Macrep-teopema, npuMep npuMeHeHust 11 pekyppeHTsl T(n) = 2T(n / 2) + O(n).

2. JIuneitHbIe CTPYKTYpBI JaHHBIX

CTpyKTypBl JaHHBIX CTEK, Odepenb, BeKTop, Aek. Ilonck Gmmxaiimero Oomnpmero crmpasa 3a O(n) B
MmaccuBe. [louck MUHEMYyMa B CTeKe M odepeau. MeTon OyXraaTepcKoro y4éra Juisi JT0Ka3aTelbCTBa
ACHMIITOTUKH BPEMEHU 00pabOTKH 3aIpOCOB B BEKTOPE.

3. CopTUpOBKY U MOPSAAKOBBIE CTATUCTUKU

3amaua coprupoBku. OmpenencHue cTaOWIBHON cOpTUPOBKUA. COPTHPOBKA CIMSIHUEM, IOJACYET
Yrciia MHBEPCHid B niepectaHoBke. CTaOuibHasi COPTUPOBKA noacu€ToM, udposas copruposka LSD.
BreicTpasi copTupoBka cO cIy4ailHBIM BBIOOpDOM MHUBOTA, IMMOWCKA K- MOPSIKOBOM CTaTUCTHKH.
HepangomMuszanus: NE€TEPMHUHUPOBAHHBIA AJITOPUTM OBICTPOH COPTUPOBKH C BBIOOPOM B KauecTBE
[IMBOTA MeJIMaHbl MACCUBA MEJUAH MATEPOK.

4. Kyuun

Onpenenenne Kyud U 3ampochl, HeoOXoauMbIe it 00paboTku. JIBondnas Kyda: onepanuu siftUp u
siftDown. BplpaskeHHe OCTaNbHBIX OlEpalMid 4Yepe3 JaHHble. ACHMITOTHKA BPEMEHH pPaOOTBHI.
buHoMuanbHbIE JepeBbsi 1 OMHOMHUAIbHAS Ky4a: CKOPOCTh PA0OTHl M IPEHMYIIIECTBA MO CPABHEHHIO
¢ IBOMYHOU Ky4el. DuOoHau4neBa Kyda: aCHMIITOTHKA C IIOMOIIBIO METO/Ia OyXTraaTepCcKoro y4éra.

5. HepeBbs noucka

Omnpenenenne aepeBa Moucka, oOpabareiBacMble 3ampocChl. TeopeTudeckas peanu3anus U aHaln3
BpeMeHH paboThl JiepeBbeB: splay-nmepeBa, AVL-mepeBa, nekapToBoro jepeBa, B-mepeBa kak
yacTHOTO ciy4as (a, b)-mepema. IlpakThyeckne TpPUMEHEHHS W MPEHMYIIECTBA KaXKIOTO THIIA
JICPEBLEB.

6. JlepeBo oTpe3koB, nepeBo DeHBuKa

OOpabarbiBaeMble 3arpochl B AepeBe 0Tpe3KoB. OTIOKeHHbIE onepauuu. [lepeBo OTpe3KoB CHU3Y.
JIByMepHOE JIepeBO OTpe3KoB. JIMHaMHYeCcKOe U TIEPCUCTEHTHOE IepeBO OTpe3koB. JlepeBo DenBuKa:
OyseBbl omepanuu Hajg OuTamMu. MHOTrOMEpHOE JAEpeBO OTPE3KOB, 3alpPOCHl K IMOJOTPE3KaM H
MOATIPSIMOYTOTEHUKAM.

7. Xom-tabnunsl, GuiasTpsl biayma

3agaga xsmmpoBaHus. OnpeneneHnss COBEPUIEHHOTO M YHHBEPCAIBHOTO CEMENCTBA XAUI-(DYHKIHH.
BeposiTHOCTD KOMM3uM. X3MI-TaONuIBl ¢ OTKPBITON agpecanuei, Xam-Tabauubl METOAOM LIETOYeK.
[BoliHoe x3mupoBanue. @uibTpbl biayma: NpUMEHEHUS U peaanu3anusl.

Cemecrtp: 3 (Ocennwii)

8. [lapocoueranus, anroputm Kyna



Omnpenenenue mapocoyeTanus, ABY10IbHOTO rpada. MakcuManbHOe U HanOoJblIee MapocovYeTaHue.
Teopema beprka, yBenumumBaromue W depeayrommecs nenu. AnroputMm KyHa, KOppeKTHOCTH W
acumnroruka. Peanuzanus. Teopema [JunBopra u Mupckoro. ITokpeiTHE YaCTUYHO YIIOPSAOYEHHOTO
MHOXXECTBa IyTAMH. MUHHUMalIbHOE BEPUIMHHOE TOKPBITHE M MAaKCUMalbHOE HE3aBUCHMOE
MHOXECTBO

9. MakcuMallbHbIE TIOTOKH B CETAX

Omnpenenenrie TPaHCIOPTHOM ceTH, MOTOKa, pa3pe3a. Teopema dDopna-dankepcoHa. AITOpPUTM
®dopna-dPankepcona, Inmonaca-Kapna. bnokupyrommii motok, cioucras cetb. Anroput™m JuHuua.
B3BemenHas 3aga4a, OTOK MUHUMAaJIbHONM CTOMMOCTU. AJITOPUTM MOMCKAa MaKCUMAaJIbHOTO IIOTOKa
MUHUMaJBHOW CTOMMOCTH (C HcCmoyib30BaHHeM ainroputMoB Dopna-bemnmana u JledkcTpel ¢
MTOTEHITHATIAMH).

10. Ilpocreiinre CTPOKOBBIE aTOPUTMBI

3er- u npeukc-QyHKUMS CTPOKH. AJTOPUTMBI MX HAaXOXKACHHUS 3a JIMHEHHOE Bpems. ANTOpUTM
Manakepa. Ctpykrypa nanasix 6op. AnroputMm Axo-Kopacuk. [Touck BxoxaeHus mabioHa B CTPOKY
u 1aba0HOB B TeKCT. [loacuéT uyncia BXoxaeHUI.

11. CrpokoBble cyh(hUKCHBIE CTPYKTYPHI
CyddukcHoe nepeBo u cygdurcublii aBromar. HaxoxaeHue yrcia Bcex MOACTPOK CTPOKH.
12. Teomerpuyeckre NPUMHUTHBBI

Touka, npsimasi, OKPYKHOCTb, OTPE30K, Jy4. lIpeacraBnenue B namsTi Kommbiorepa. CransapHoe U
BEKTOPHOE IIPOM3BECHUE, 1Be (OpMBI BhIpakeHus. [lonck mepecedeHus AByX HMPSMBIX, MPIMON U
OKpPY>KHOCTH, JABYX OKpykHOcTel. HaxokIeHue 3amedaresIbHbIX TOYEK TPEYroJbHUKA: TOUYKU
nepeceyeHns: OMCCEKTPUC, MEINaH, BBICOT.

13. Brimykias 000s104Ka

Onpenenenne BBIMYKIION o0oiouku. Anroputmbl [IkapBuca, ['paxema, DHapro. Anroputm Yena.
[Touck obwvemmtomniei GUrypbl MUHUIMAJIBHOTO IEPUMETPA MIIN TTOLIA/IH.

14. PannoMu3npoBaHHbBIE aJITOPUTMBI 1 KOMOMHATOPHBIE UTPHI

MuHuMmanbsHasi  MOKPBIBAKOIIAS — OKPYXKHOCTh. Hemycrora nepecedeHMss  IOJYIUIOCKOCTEM.
Omnpenenenue Urpsl HAM, SKBUBaJeHTHOCTH Urp. Teopus Illmpara-I'pannm o6 SKBHBaJeHTHOCTH
TM000H cripaBeIMBON allMKIIMYECKOW UTPBI UTpe HUM. PeTpoananus.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOPHS C TOCKOH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. BBejicHHE B TEOPHUIO AITOPUTMOB M CTPYKTYP JAHHBIX, DJIEKTPOHHAS BEPCHS MIEUATHOM MyONIUKaIuu
/ M. A. babenxko, M. B. Jleun. — Mocksa, MIITHMO, 2016

2. ANTOpUTMEI U CTPYKTYpHI JaHHBIX. HoBast Bepcust st O0epona, DeKTpoHHas BEpCHS IeYaTHON
nyonukanun / H. Bupt. — Mocksa, JIMK Ilpecc, 2010

JomnonHutensHas auTeparypa



1. CoopHUK 1abopaTopHbIX padoT 1o Kypcy "Anropurmusanus U si3eik Cu" / WM. H. TuBapu. — Mockga:
M®THU, 2022. — DneKTpoHHAas! KONHS JOCTYIHA OHJIAWH

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

L.http://neerc.ifmo.ru/wiki/index.php?title=/luckpeTHasl_MareMaTHka, anTOPUTMBI H_CTPYKTYpHI JaH
HBIX. «BuknkoHcnekTs», caiit Cankr-IlerepOyprekoro Yausepcurera UMTO.

2. http://e-maxx.ru/. Maximal algo: nuunblii caiit Makcuma MBaHOBa, MOCBSILEHHBIN aJrOpUTMaM U
CTPYKTYpaM JIaHHBIX.

3. https://codeforces.com/. MexyHapoaHas TuiaT)opMa OHJIAHWH-KOHTECTOB 110 CIIOPTUBHOMY
nporpammupoanuio Ha 6aze CI'Y u UMTO.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPpOrpaMMHOIo odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

JUis yCIIeIHOro OCBOEHUS AUCLUIUIMHBL, CTYAEHT UCIIOJb3YyEeT CIEAYIOLIME IPOrpaMMHbIE CPECTBA:

® KOMIOWIATOD sA3bIKa C++.
9. MeTonuueckue yKa3aHus 151 00y4aroImMXcsi 10 OCBOCHHMIO TUCHUILIMHBI (MOLYJIs)

[Iporpamma Kypca B pasienie «caMmocCTOsiTenbHas paboTa» 00O03HauyaeT MHHUMAIbHO HEO0OXOIMMOe
BpeMs JIIst paboOThI CTyeHTa HaJ TeMoi. CaMocTosiTeNbHAsE paboTa BKIFOYAET B ceOs:

*  mpopaboTKy y4yeOHOro marepuasia (IO KOHCIIEKTaM JICKIMi, y4eOHOW W Hay4HOU JMTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEJHA3HAUYCHHBIX IS CAMOCTOATEIBFHOTO — M3Y4CHHS,
JI0Ka3aTeJIbCTBO OTIEJIbHBIX YTBEPKIECHUM, CBOMCTB;

* BBIIOJIHCHNE JIOMAIIHUX 3aJaHUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJICHUIO: IIporpammuas nHXEHEpHs

npopuJib NOArOTOBKHU: Pa3zpabotka nmporpaMmMHO-HH()OPMAIIMOHHBIX CHCTEM
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU
BbICIIIas HIKOJIa HpOFpaMMHOfI HWHXXCHCPUU

Kypc: 1

kBaTuuKkanus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
2 (BeceHHMI) - DK3aMeH

3 (oceHHuit) - DKk3aMeH

PaszpatGoTunk: A.E. Kynanus, npenogasareib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-6 Criocoben pa3pabarsiBath anroputMbl v |{OITK-6.1 3HaeT ajropuTMbl pelieHUs TUIOBBIX 3ajad,
MPOrpaMMBbl, MPUTOAHBIE JUISI IPAKTUYECKOTO 00JIaCTH U CIOCOOBI UX IPUMEHEHUS
UCTIONIb30BaHMs, IPUMEHSATh OCHOBBI

UH(POPMATUKH ¥ IPOTPAMMHUPOBAHMS K OIIK-6.2 YMeeT NpUMEHATH S3bIKM IPOTPaMMHUPOBAHUS JIJIs
[IPOEKTUPOBAHUIO, KOHCTPYUPOBAHUIO U peIICHNUS PUKIIAJHBIX 33124
TECTHPOBAHMIO POTPAMMHBIX TPOAYKTOB

[MK-2.1 CnocobeHn ¢opmann3oBaTh W aITOPUTMU3HPOBATH
IMK-2 Cnocoben popmanuzoBars u MOCTABJICHHYIO 33734y

aJTOPUTMU3UPOBATH IIOCTABICHHYIO 3a1a4y [IK-2.2 Bnaneer merogamu u npuemMamu (popmanuzauuu u
ITOpUTMU3ALUY 3a/1a4

2. Iloka3zare/iM OCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHHs AUCHMIUIAHBI « AJITOPUTMBI U CTPYKTYPBI JAHHBIX» 00YYaIOLIUNACS TOJKEH:

3HATH:
® OIpe/eICHUS ACUMIITOTHK B O-HOTAINH;
®  Ompe/eNICHUs] NPOCTSUIINX JIMHEHHBIX CTPYKTYp AAHHBIX (CTEK, O4epe/b, BEKTOp) M BpeMEHa
00paboTKH 3aIIPOCOB B HUX;
® anropuT™ OBICTPON COPTUPOBKHY;
® OIIpe/IeICHNE U MPAKTUIECKYI0 HEOOXOIMMOCTb JIEPEBbEB TIOMCKA;
®  ompenelieHUs TIOTOKOB B CETH, 0a30BbIX (YHKIWN HaJ CTPOKaMH, 0a30BBIX I'€OMETPHUYECKHX
0OBEKTOB;
® aNrOPUTMBI IS HAXOXKICHUSI MAKCUMAJIBHOTO TIOTOKA B CETH (B T.4. MUHUMAJILHOW CTOUMOCTH);
® QITOPUTMEI MTOWCKA 1a0JIOHA B TEKCTE;
® CrocoObl MPEACTAaBICHHS TEOMETPUUECKIX OOBEKTOB B MaMSITH KOMITBIOTEPA.
yMeThb:
® OILICHHUBAThH CIIOKHOCTH AITOPUTMOB;
® CTpPOroO JI0Ka3bIBaTh YTBEPIKICHUS O KOPPEKTHOCTH ITOPUTMOB;
® TPUMECHATH HEOOXOIUMYFO TEXHHUKY JUIS PEHICHHS aITOPUTMHICCKHX 3a/1a4.
BJIA/IETh:
® pa3HOOOPa3HBIMHM METO/IAMH TIEPECEUCHUs 0a30BBIX TEOMETPHYECKUX IIPHMHUTHBOB;
® METOJaMH JI0Ka3aTeIbCTBA KOPPEKTHOCTH YTBEPKICHUI 00 alropuTMax;
e npuéMamu CBEJCHHs OOLIMX 33/1a4 K 00Jiee KOHKPETHBIM U ITPOCTHIM.

3. IlepeyeHb THNOBBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

Jns 2 cemecTtpa

1. Tlyctb ¢ > 0 -- xoHcTanTa. Jlokaxwure, 4to pemenue pekyppentsl T(n) = T(n/3) + T(2n/3) + cn
BeneT cebs kak Omega(n log n).

2. PaspaboraiiTe cTeK, KOTOPBIH yMeeT MpHOaBIATh KO BCEM XPAaHAIIMMCS 3HAYSHUSM IPOU3BOJILHYIO
nonpaBky X 3a O(1). MHpIMH clOBaMH, HY)KHO pEaln30BaTh ONEPALMIO YBEIMUYCHHSI BCEX YHCEN B
CTEKE Ha X.

3. B 2n - | smukax nexar siOJIOKM M amneinbCHHBL. TpeOyercss BHIOpaTh N SIIMKOB TaK, YTO B HHUX
OKa)KeTCsl He MEHee IOJIOBHHBI BCeX SI0MOK M He MEHee IOJIOBHHBI BCEX allesIbCMHOB. JloKakuTe, 4To
TakKoi BbIOOp BCETia CYIIECTBYET.

4. JlBonyHast Ky4a ¢ MUHUMYMOM B KOpHE Ha N 3JEMEHTaX PaclojioKeHa B MaMSITH B BUJE MacCHBa.
[o uncny k Haiiaure MmuanManbHbIe k amemenToB B Kyue 3a O(k log k).

Jns 3 cemecTtpa

1. Iycte G -- anuKIMYeCcKUil OpUEHTUPOBAaHHBIN Tpad. [IpeniokuTe alropuTM NOMCKa HAMMEHBIIETO
KOJIMYECTBA BEPUIMHHO HENEPeCeKaroIuXcsl MyTeH, KOTOphle IOKpPHIBAlOT Bce BepmuHbl G.
Acumnroruka: O(nm), rae n -- ynciao BepurH B G, a m -- 4yicio ero péoep.




2. Momudumupyiite anroputM KyHa Tak, uToObl ero BpeMs pabotsl cocraBimsuio O(am), e a --
pa3Mep MaKCHMAaJIbHOTO MTapOCOYETaHus, a m -- yhcio pédep rpada.

3. JlokaxxuTe TeopeMy O JEKOMIIO3HMINHU MOTOKa: eci B ceTd G TeyéT HeKuil moTok f, TO ero MoXxHO
pa30uTh Ha HECKOJIBKO ITyTeH U3 S B t, @ TaK)KEe HAa HECKOJIBKO (3aMKHYTHIX) IIUKJIOB.

4. Kak peanmnzoBarb anroputm Axo--Kopacuk Ha TUHAMUYECKH PACHIUPAIOMIEMCS MHOXECTBE CTPOK?
Hcrionp3yiTe UaCIo pa3ioKeHUs N 110 CTEIICHSIM JBOHKH.

5. TlpeanoxuTe aaropuT™M HAXOXKACHHS IEPECEUYEHHs JBYX BBITYKJIBIX MHOTOYTOJILHHKOB 3a O(nm),
€CJIU N -- 3TO KOJIMYECTBO CTOPOH B IIEPBOM U3 HHUX, @ M -- BO BTOPOM.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

1. ITo maHHOMY YHCITy N HalUTE BCE Maphl LEIBIX MOJIOKUTEIBHBIX YuCen (a, b), Takue uto a <=b <=
n, ¥ a | b. OueHnTe aCUMITOTUYECKOE ITOBEICHUE YKCIa TAKKX Tap.

2. Yucnmo 0 3ammcaHo B n-pa3psgHod jaBouvHoM cucteme. K Hemy 27{n} - 1 pa3 npubaBnsercs
enuHMIA. bynem cumTarh, 4TO BpeMs, HEOOXOOMMOE Ha NMPHOABICHUE CAMHUIIBI, PABHO KOJUYECTBY
eIMHHUI] B IBOUYHOM 3aIIMCH YHCIIA, KOTOPBIE CTAHOBSTCA HyIsAMH. OLIEHUTE CPEIHIOI0 CI0KHOCTD BCEX
Takux omnepanuii. Kakue onepamuu sBISIOTCS CaMbIMHU JICHIEBBIMU, @ KAKHE -- CAMBIMHU JIOPOTHMU?

3. Ilpennoxure MeTOA XpaHEHUS] MUHUMAaJILHOTO 3HAUYCHHs B OYEPEAH C MIOMOLIBIO CTPYKTYphI deque.
Ecnu k ogepeay MoCTYIHIIO N 3aIIPOCOB, BpeMs pabOThI TPOTPaMMBbI IOJDKHO cOcTaBiATh O(n).

4. Hamomuum, yto mpoueaypa Partition(A, X) mepeynopsaourBaeT IEMEHThl MaccuBa A Tak, 4TO
cHavajla UOYT BCE BIIEMEHTHI, HE MPEBOCXOSIINE X, B HEKOTOPOM MOPSAKE, a 3aTeM -- BCE DIEMEHTHI,
oonpmue X. [lokaxwure, kak peamu3oBath Partition(A, x) ¢ mpusnedenuem O(1) JOMOTHUTETHHOMN
MaMsITH.

5. Csemure 3agady NMOUCKAa MAaKCUMAaJbHOTO IapOCOYETaHMS B JBYIOJIBHOM rpade K IOHCKY
MaKCHMAaJIbHOTO MTOTOKA B HEKOTOpoi cetu. CpaBHUTE BpeMs paboThl anroputmMoB Dopra--DankepcoHa
n Onmonaca--Kaprna. MoxHO 1M Tpojenars TO K€ B IMPOU3BOJIBHOM (HEOOS3aTeNIbHO JIBYIOIHHOM)
rpage?

6. Ha ¢abpuky mocTynmwio n 3aka3oB, peaqu3anus i-ro U3 KOTOPHIX NpUHECET el mpuObuih B a_{i}
pyoneit. Kaxuplii 3aka3 Ui MpoM3BOJICTBA TpeOyeT HEKOTOPOro Habopa MHCTPYMEHTOB. [lycTh Bcero
3aBHCUMOCTEH ‘‘3aKa3--MHCTPYMEHT” poBHO K. MHCTPYMEHTBI MOXXHO II€PEHCIIONB30BaTh, TO €CTh
3aJicliCTBOBaTh B HECKONbKHX 3akazax. OJHako B JaHHBIH MOMEHT Ha (aOpuke BOOOINE HET
WHCTPYMEHTOB, TaK YTO MOKyIKa j-ro M3 HUX obouaérca B b_{j} pyOneir. Koneuno, or mpuéma
KaKUX-TO 3aKa30B WM MOKYIKH KaKMX-TO MHCTPYMEHTOB (adpuka MoXkeT oTka3arbcs. Kakne 3axasbl
CIIeTyeT peasnu30Barh sl MAKCUMU3AIMY PUOBLTH (C y4ETOM 3aTpar Ha HHCTPYMEHTHI)?

7. 3anaH NOJNHBINA B3BEUICHHBIN JBYIOJIBHBIN Ipad, B 00eUX J0JISIX KOTOPOrO HAXOAMTCS TI0 N BEPIIHH.
[TpeanoxxuTe anropuT™ MOUCKA CaMOro JEIEBOTO COBEPLIEHHOTO MapOCOYETAHUSI.

8. C nomomusio Cyp@pUKCHOrO aBroMara HaWauTe KOJIMYECTBO PA3IMYHBIX MOACTPOK CTPOKH S 3a
BpeMsi, TMHEHHOE OT €€ JTUHBI.

9. Ilyctsh M3 n OOBEKTOB TOJBKO OAMH OOJIAZA€T XOPOIIMM CBOiicTBOM. CMonenupyem BBIOOP ¢
BO3BpaIllcHHUEM: Ha KaXJIOM Ilare BBIOMpAaETCs CIy4allHBI paBHOBEPOSTHBIH 0OBeKT. Eciu oH He
o0nazaeT XOpOIIMM CBOWMCTBOM, HpeAMET Kianércs oOparHO B Kydy. B mpoTuBHOM cirydae wurpa
ocraHasiuBaeTcsa. Onpenenure MaTeMaTn4eckoe OKHUAaHUe YHCIIA IAroB 0 KOHLA UIPHI.

10. Tlorox MHUHUMaNbHONH CTOMMOCTH. KOppexkTHOCTh anropuTma, acuMmnrTotuka. llpumenenue
anroputmoB Popaa-bennmana u J{edKkcTpsl (C TOTEHIMATAMH).

HpI/IMepBI OK3aMCHHAIIlMOHHBIX OUJIETOB:
1. a) ITonck MUHHMAIIBHOTO BCPHIIMHHOTI'O IMMOKPBITUA C JOKA3ATCIbLCTBOM KOPPCKTHOCTH.

0) Teopemsl Kap3anosa. JlemMsl i iepBoii Teopemsl (6/1), BBIBOJ U3 HUX caMoil TeopeMbl. Bropas
Teopema -- 0/1. Enuaudnbie cetn u anroputM Xonkpodra-Kapma.

2. a) Ilouck oKpy>XHOCTH MUHMMAJILHOI'O paJilyca, HOKpPhIBAIOILEH JaHHOE MHOXKECTBO TOYEK.

0) 3er-QyHKUMA: ompeneNeHne, IMHEHHBIH aJrOpuT™M HOCTPOCHUS U OKA3aTeIbCTBO KOPPEKTHOCTH.
[Touck Bcex BXOXKIEHHI MIa0I0HA S B TEKCT t.

3. a) Anroput™m Axo--Kopacuk: mouck Bcex BXOXkIEeHUH mabioHa s (B KOTOPOM J0ITycKaeTcst He Oosee
k BOnpocoB) B TEKcT t.

0) IloTok MHMHUMaIBHOW CTOMMOCTH. KOppEeKTHOCTh anropuTma, acuMNToTHKa. [IprMeHeHue
anroputmoB Popaa-bennmana u J{edKkcTpsl (C TOTEeHIMATAMH).



4. a) HuxHsist o1lleHKa Ha YUCIIO CPaBHEHHI B COPTUPOBKE, OCHOBAHHOW HA CPAaBHEHHSIX.
0) Jlemma o xoppekTHOcTH siftDown u siftUp.

5. a) Ynanenue B Kyue (TI0 YKa3aTelto U 110 3HAYCHHIO).

0) /IBymepHOe 1epeBO OTPE3KOB CHHU3Y: IPUOABICHUE B TOUKE U CyMMa B NIPSIMYTOJIbHUKE.
6. a) dubonauunena kyua: ornepanuii decreaseKey. ACHMITOTHKA U KOPPEKTHOCTb.

0) @unbTpe! biiyma: acHMITOTHKA U KOPPEKTHOCTb.

Kpurepun onennBanus
OTIINYHO

10 TlonHOCTRIO M BOBpEMs pEHICHBI Bce 3amauu Oe3 omuOoK. [IpoaeMOHCTpUPOBAaH TPaMOTHBIMA
MOAXO[ K PEIICHHIO 3aja4, Peaju30BaHbl ONTUMAJIbHBIC AITOPUTMBI, KOA O(QOPMIIEH B €IMHOM
y1000unTaeMOM CTUIIE

9 IlomHOCTBIO M BOBpPCMs PCIICHBI BCC 3a1a41 0¢e3 oImMOOoK. HpO,Z[eMOHCTpI/IpOBaH FpaMOTHBIfI 18(0)19.(0)I
K pCHICHUIO 3aJiad, p€aJIM30BaHbl OIITUMAJIbHBIC aJITOPUTMbI

8 TlomHOCTBIO ¥ BOBpEMS pellieHbl Bce 3aaa4n 0e3 ommbok. [IpogeMoHCcTpupoBaH rpaMOTHBIN TOAXO/
K pELICHHIO 3a/1ad

XOPOILO
7 TloaHOCTBIO pelIeHsl Bce 3a1a4u. JJonmyieHsl HeCymeCcTBeHHbIE OMNOKY.

6 IlomHOCTBIO perieHO OOJBIIMHCTBO 3a/1ad. B HEKOTOpHIX 3ajavax JOMYIIEHBI U HE HCIPaBICHBI
OIMOKH, JTUOO HEKOTOPHIE 32/1a4W PElICHbI YACTUYIHO.

5  IlonHOCTRIO pelIEHO ABE TPETH 3a1ady. B HEKOTOphIX 3amadax JONIYILICHBI M HE HCIPaBIEHBI
OIMOKH, TUOO HEKOTOPHIE 3a/1a41 PELICHbl YACTUYHO.

YAOBJIICTBOPUTCIIEHO

4 TlomHOCTBIO pemieHo Oosiee MOJOBUHBI 33Ja4. B ocTanbHBIX 3amadax JOMYIIEHBI U HE UCTIPABIICHEI
OIUOKH, JTUOO HEKOTOPHIE 32/1a4W PElICHbI YACTUIHO.

3 TlonHOCTBIO perieHo Gonee MOJTOBUHBI 3a/1a4.

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

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHN, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HroroBriii KOHTPOJIb TPOBOJAUTCA B (bopMaTe YCTHOI'O U TMCbMCHHOT'O 5K3aMCHOB.

OOyuatommiicsi pemaer 3afjadd U 3allUIaeT WX y ceMuHapucra. llpouecc 3amiuThl 3aKirodyaeTcs B
JEMOHCTPAIMH KOJIa PEILICHNS 33/1a4d U OOBSICHEHUS €ro padoThl.

HenpaBuibHO pemieHHas 3afada WM 3a/ada, MMEOIIas OMIMOKM, OTHpAaBisieTcs Ha J0pabdoTKy ¢
BO3MOXHOCTbIO  IOBTOpPHOM  3amurbl. KonM4yecTBO MOBTOPHBIX — 3alUUT  peNIAMEHTHPYETCs
npernojaBareneM (CEeMUHAPHUCTOM).

3amuTa MOXKET BBIIOJHATHCS YAAJICHHO C HCIHOJb30BAHUEM JJIEKTPOHHOH IOYTHI, BHEIIHUM
PEIO3UTOPUEM CUCTEMBI KOHTPOJISI BEPCUI U Ap.



