





INOACHUTEJIBHASA 3AIIMCKA

esn 1 3212491 y4eOHOM TMCHUNIMHBI

Heap yueOHON IUCHMILIMHBI «AJITOPUTMBI WU CTPYKTYPHl JIQHHBIX» —
(opMHUpOBaHKE HABBIKOB I IOCTPOEHUS M aHAJIM3a METOJIOB U alIrOPUTMOB IIPH
pEIIEHUH MOJENIbHBIX 3a/Jad JUCKPETHOM ONTHMH3ALMM M WX NPUMEHEHHE Ha
npaktuke. [lpy u3noxkeHun martepuana y4eOHOW AHMCUMIUIMHBI LIEIeco00pa3Ho
BBIJICJIUTH 3TAI IOCTPOEHUSI MATEMATHYECKON MOJIEH, CYIIECTBEHHO BIHSIONIEH Ha
ee aJeKBAaTHOCTh pealbHOM TMpolieMe, a TakkKe TIOoKa3aTh BO3MOXXHOCTh
MCITOJIb30BAHUS allapaTa TEOPUH aIrOPUTMOB JJI aHAJIW3a U 00OCHOBAHMSI BEIOOpA
HanOoJsee 3PHEKTUBHBIX METOJIOB U aJITOPUTMOB JIJISl pELIECHUS IPUKIIAIHBIX 3aa4.

3amaun yueOHO JUCHMILIHHBI

1. CdopmupoBaTh Takue (pyHIaMEHTAIbHbIE OHIATHS, KaK Pa3MEpPHOCTh
3aJ1a4d ¥ TPYAOEMKOCTD aJIrOPUTMA.

2. N3yunTe nDOAXOABI IJIs ONPENEICHUS TPYAOEMKOCTH alrOpuTMa
IIOCPEJICTBOM COCTABJICHMS M PELIEHUSI PEKYPPEHTHBIX YPABHEHUIA.

3. N3yunTh COBpEMEHHBIE CTPYKTYPhl NaHHBIX, YMETb OOOCHOBBIBATh
BbIOOP COOTBETCTBYIOIIEH CTPYKTypbl B 3aBUCUMOCTH OT Habopa 0a30BbIX
oIepanuii, UCIOJIb3yEMbIX B aITOPUTME.

4, YMeTb cTpouTh rpadoBbIE MOAEIH U IPUMEHSTH aJITOPUTMBI Ha rpadax
JUTSL peLIeHUs] TPUKIIAAHBIX 3a7a4

MecTo yueOHOM THCHMIIIMHBI

B cucreMe nmoAroToBKH crenuainucTa ¢ OOMIMM BBICHIMM 00pa30BaHUEM IS
cnenuanbHocT  6-05-0533-12  «KubepOe3onacHOCTh» y4eOHass IUCUMILIMHA
OTHOCHUTCS K MOAYJI «J[MCKpeTHass mMaTeMaTUKa W aJrOpUTMbD» KOMIIOHEHTa
yapexaeHus: 00pa30BaHMUs.

VYyeOHast mporpaMma COCTaBJICHA C YYETOM MEXKIIPEAMETHBIX CBsi3eill U
IPOrpamMMm MO JUCUHUILIMHAM:

OcHOBOM i1 M3y4yeHUs Y4YEOHOM NMCUUIUIMHBI SIBISETCS JTUCIUIUIMHA
rOCyAapCTBEHHOTO KOMIOHEHTa «OCHOBBI U METOAOJOTMU MPOTrPaMMHUPOBAHUS»
Moaynsi  «lIporpammupoBaHue», AUCHMUIUIMHA  KOMIIOHEHTA  YUYPEKICHUS
oOpa3zoBanus «JlUCKpeTHass MareMaThka W MaTeMaTH4ecKas JIOTMKa» MOJIYJs
«/IuckpeTHass MareMaThKa M aIrOPUTMbD». 3HAHUA, MOJYyYECHHbIE B Yy4YEOHOMU
JUCUUIUIMHE, MCHOJB3YIOTCS MPU  W3YYEHUU  JAUCHUIUIMHBL ~ KOMIIOHEHTA
yupexieHus oopazoBanus «MccienoBanue oneparuinny Mmoayis «MareMaTuaecKkue
METO/Ibl IPUHATUS PEUICHUI», TUCIIMIUIUHBI IO BEIOOPY KOMIIOHEHTA YUPEXKICHHUS
oOpazoBaHus «AHaJIU3 U 00pabOTKa OOIBIITUX JTAHHBIXY.

TpeGoBanus K KOMIIETEHIIUAM

OcBoeHne y4eOHOM NUCHUIUIMHBI «AJTOPUTMBI U CTPYKTYpPbl JTaHHBIX»
JOJDKHO o0ecrneunTh (OpMUPOBAHUE CIEAYIOUIEH 0a3060il npogeccuonanvhoil
KOMITETEHIIUH Y

BIIK-5. IloHmmarb mnpeamMeTr M OOBEKTHl JUCKPETHOM MAaTEMaTUKH MU
MaTEMaTUYECKON JIOTMKH, MCIOJb30BaTh OCHOBHBIE IPUEMBI pa3pabOTKu



3¢ (EKTUBHBIX AITOPUTMOB W 3HAHHUS 00 OCHOBHBIX CTPYKTYypax JaHHBIX IS
peleHns NPUKIaaHbIX 3a4a4.

B PE3YIbTAaTC OCBOCHUA y‘I66HOﬁ AUCHUININHBI CTYJACHT JOJIKCH:
3HATh.

— TOHATHE PA3MEPHOCTH 3a7a9H U TPYJTOEMKOCTH aTOPUTMA,

— OCHOBHBIE CIIOCOOBI PEIICHUS PEKYPPEHTHBIX YPaBHEHUH,

— OCHOBHBIE TIOJIXOIBI PU pa3paboTKe 3PPEKTUBHBIX ANTOPUTMOB,

— CMOCOOBI OpraHU3alUU CTPYKTYP aHHBIX U TEXHOJOTHIO WX MCIIOJIh30BaAHMUSI,
— BHJIbI IOUCKOBBIX JICPEBHEB,

— ©0a30BbIC ATOPUTMBI Ha Tpadax.

yMeTh:

— CBOJUTH PEIICHUE UCXOJHOW 3aJaud K PEIICHHUIO MOoA3aJay U ONpeaeisTh
TPYIOEMKOCTb aJTOPUTMOB Ha OCHOBE PEKYPPEHTHBIX COOTHOILICHHI,

— BBIOMpaTh MOAXOSIINE CTPYKTYPHI JaHHBIX TIPU pa3padoTke 3PPeKTUBHOTO
aJrOpuUTMa pelIeHus 3aa4H,

— PpeaJM30BbIBATH IOUCKOBHIE JEPEBbSI,

— CTpoUTh rpadoBbIC MOJIECIU U MPUMEHATH 0a30BbIe 0A30BbIC AITOPUTMBI HA
rpadax.
BJIA/IeTh:

— OCHOBHBIMU MOAXOJaMHU 1Jis pa3paboTku 3(hPEKTUBHBIX AJITOPUTMOB: METO/T
«pazaensai u BIACTBYW» U JUHAMHYECKOE TPOrpaMMHUPOBAHUE;
— HaBbIKAMU PEan3alii U UCIIOIb30BAHUSI COBPEMEHHBIX CTPYKTYP JIaHHBIX.

CtpykTypa yueOHOH AU CIUTIIUHBI

JlucuuminHaa u3ydaercs B 3-M ceMmecTpe. Bcero Ha usydeHue ydeOHOM
JTUCHUIUIMHBI « AJITOPUTMBI U CTPYKTYPBI IAHHBIX» OTBEACHO:

— B 04HO# (hopme rmomydeHus Beiciiero oopa3zoBanus: 108 yacos, B ToM unciie
68 aynuTOpHBIX 4acoB, M3 HUX: JieKiMHu — 34 daca, naboparopueie 3aHsaTus — 30
4acoB, yrpapisieMasi CaMOCTOsITeIbHAs paboTa — 4 Jaca.

TpynoeMKoCTh yueOHON JUCHUIUIMHBI COCTABIIACT 3 3aUETHBIC CAMHUIIBI.

dopMa MPOMEKYTOUHOU aTTECTALMU — 3a4ET.



COJAEPKAHUE YYEBHOI'O MATEPHAJIA
Paspnen 1. Anaau3 aJiropurMoB

Tema 1.1 Beenenne. OCHOBHbBIE NIOHATHSI U ONpe/eIeHNsI

[Ipenmet Teopuu anroputMoB. cTopudeckoe pa3BUTHE TEOPUH AJITOPUTMOB
U €€ MECTO CPEJIM JPYTUX MaTeMaTUUeCKUX HayK U B ecTecTBO3HaHUHU. DopMmarbHOe
onucanue 3amaun. PazmepHocts 3agaun. Acumntotuku O, Q, O. TpyaoE€MKOCTb
anroput™a. IloaMHOMHUATBHBIE M SKCIIOHCHIMAIbHBIE alropuTMbl. [IpuMepbl
aJTOPUTMOB PEIICHUS 33]1a4 U OLICHKA UX TPYI0EMKOCTH.

Tema 1.2. PekyppeHTHbIe yPABHEHUSI H OCHOBHbIE METO/bI HX PeLIeHUsI

[TonaTtne pexyppeHTHOro ypaBHEHHUs. [lojlHOE€ peKyppeHTHOE ypaBHEHHE.
OCHOBHBIE METO/IbI PEIICHUSI PEKYPPEHTHBIX YPAaBHEHHUIA.

OneHka TpyJTOEeMKOCTH 0a30BBIX AJTOPUTMOB BHYTPEHHEW COPTUPOBKU U
MOMCKA, UCHOJb3yd pEKyppeHTHble YypaBHeHHS. (OCOOEHHOCTH peaan3aluu
aITOPUTMOB ~ BHYTPEHHEW  COPTUPOBKM B  BBICOKOYPOBHEBBIX  SI3bIKAX
IpOrpaMMUPOBAHMUS.

Pasnen 2. Pazpadorka 3¢ppekTUBHBIX AJITOPUTMOB

Tema 2.1. MeToa «pa3aesisiid M BJaCTBYID)

OcHOBHBIE MOAXOAbl K pa3paboTke 3P EKTUBHBIX aITOPUTMOB: METO]
«paszgensy u BnacTByi». OCHOBHBIE 3Tanbl MeToAa. [IpuMeps! pemenus 3amay.

Tema 2.2. luHaMu4ecKkoe NpOorpaMMHUPOBaHHE

OcHOBHBIE TOJIXOIBI K pa3paboTke 3P HEeKTUBHBIX aTOPUTMOB: TUHAMUYECKOE
nporpammupoBanre. OcHOBHbIe »dTambl Meroda. [logxomsl K  peanu3anuu
JTUHAMUYECKOTO TMpOorpaMMUpOBaHus. JleMoHCTpamusi MeTola Ha MpUMepax
pEIIeHUs PUKIIAIHBIX 3a/a4.

Paznen 3. CTpyKTYpbI JAHHBIX M A0CTPAKTHbIE THIILI JAHHBIX

Tema 3.1. IIpocTeiilue CTPYKTYPbI JaHHBIX U A0CTPAKTHBIE THIIbI
JTAHHBIX

[Tonstne aOCTPaKTHOTO THIA JAHHBIX W CTPYKTYPbl JaHHBIX W HX
KOHIIETITyaJIbHOE OTINYHE. CrocoObl  OpraHu3alii  MPOCTEUIINX CTPYKTYP
JaHHBIX: MacCuB (aHIJ array), quHamuueckumii maccwB (anria. dynamic array),
ces3ublid criucok (anra. linked list). CrocoObl opraHu3anuyu JTUHAMHYECKOTO
MaccuBa Ha 0a3e craTUueckoro, peautokaiuu (anri. reallocation). Peamuzarus
0a30BBIX oOmepanuii W HX TPyAoeMKocTh. CpaBHEHHE CBSA3HBIX CIHUCKOB U
JUHAMUYECKMX MacCUBOB. [IprMeHeHMEe Ha MPaKTHKE.

OcobeHHocTH peanuzanuu uHTepdeica MpoCTEHIUX a0CTPaKTHBIX THUIIOB
JaHHBIX. CIOUCOK (aHri. array), crek (amri. stack), ouepenp (aHri queue),
JIBYXCTOPOHHSISI ouepenb (anri. deque), MHOXecTBO (aHri. Set), accolnuaTHBHBIN
MaccuB (aHr1. associative array) B BBICOKOYPOBHEBBIX SI3bIKAX MPOrPaMMUPOBAHHUS.



Tema 3.2. CnennanbHas IPeBOBUAHASA CTPYKTYPA JaHHBIX Kyua

AOCTpaKkTHBI THIT JaHHBIX NPHUOPUTETHAs odepens (aHri. priority queue).
[Mogxoapl k peanuzanuu HHTEpdEHca TpUOPUTETHON ouepean. Peammzanus
uHTep(delica  TPUOPUTETHOM  odyepend B BBICOKOYPOBHEBBIX  S3BIKax
IPOrpaMMHUPOBAHMUS.

Crneuuanu3upoBaHHasi JAPEBOBUIHAS CTPYKTypa IaHHBIX Kyua (aHri. heap).
CriocoObl peanu3anuu CTPYKTYpbl JAHHBIX Ky4a C TOMOIIBIO KOPHEBBIX JI€PEBLEB:
OuHapHas Ky4a, OMHOMUasbHas Kyda, kyda @udonauun. [IpeacraBnenue CTpyKTypbl
JAHHBIX Kyua B MaMATH, peanu3aius 6a30Boro U pacuIMpeHHOro Habopa oneparuii
U UX TPYJOEMKOCTb. AMOpPTU3MpOBaHHAs (yCpeOHEHHAs) OLEHKA TPYAOEMKOCTH
onepanuu. Mcnonp3oBaHuEe CTPYKTYphl Kyua g pa3pabOTKu 3PQPEKTUBHBIX
AITOPUTMOB PEIICHMSI MPUKIIAHBIX 33]1a4 HA IPUMEPE peaTn3aluy METO1a CKaTHU
uHpopmanuu XadPmaHa U alropuT™Ma NUPaMUIATBHOW COPTHPOBKH 3JIEMEHTOB
MaccCHBa.

Tema 3.3. CienuajbHasi CTPYKTYPA JaHHBIX cucmema
Henepecekaruuxcsa MHONCeCme

Cuctema Hernepecekaronuxcs MHoxecTB — CHM (anrn. disjoint set union).
Crniocobbl peanmzauuu uHTepdeiica CHM: Ha MaccuBe, Ha CBSI3HOM CIIHMCKE C
yKas3aTelleM Ha IPEICTaBUTEINs, C TIOMOLIbI0O KOPHEBBIX JE€PEBBEB C IBPUCTUKAMU
Oo0OBEIMHEHUS 0 pa3Mepy M cxkaTus MmyTu. Peanusanust 6a30BbIX Onepanuii U Ux
TpyaoeMkocTb. Mcnonb3oBanue crpykrypbl gaHHbix CHM nns pa3paboTku
3¢ ()EKTUBHBIX aNTOPUTMOB PEILICHUS MPUKIIATHBIX 3a/1a4.

Tema 3.4. CTPpyKTYpBbI JAHHBIX IS PelICHUS 32124 HA HHTEPBaJIax

JluHaMuveckas U ctatndeckas Bepeus 3aaad. Ounaitd (anr. online) u oduaitn
(auri. offline) Bepcus. [TocTaHoBka 3a1aun 0 cymme Ha uHTEepBasie — RSQ (aHrm.
range sum query) u 3ajia4u NOMCKa MUHUMAJIbHOTO 3Ha4YeHUs Ha nHTepBajie — RMQ
(aHru. range minimum query).

CrnennanbHble CTPYKTYPBHl NAaHHBIX JJIS PEUIEHUs 3aja4 Ha WHTEpBaiax:
noJaCYEéT MPEePUKCHBIX CYMM, KOpHEBas JBpUCTHKA (SQrt-IeKoMIO3uIIHS).
Peanuzanus 0a30BbIX onepanuil U uX TpyJI0EMKOCTb.

Hcnonb3oBaHue CTPYKTYp AAHHBIX JJIS PELICHUs 3aJlad Ha MHTEpBaiax AJis
pa3paboTku 3(HEKTUBHBIX aJITOPUTMOB PEIICHUS IPUKIIATHBIX 3a1a4.

Tema 3.5. CTpyKTYpbI JAHHBIX JISI OPTAHU3AIMHU MONCKA 3JIeMEHTa

Metonsl XpaHeHus1 AEPEBbEB B MAMATH KOMIIbIOTEpa bHHApHBIE NTOMCKOBBIE
nepeBbs. Peanuzanms 60a30BBIX onepaluii ¥ uX TPyI10EMKOCTb.

COanancupoBaHHble TMOUCKOBBIE JepeBbsi: ABJI-nmepeBnsi, 2—3-mepeBbs.
[Tognepxka MHBapUAHTOB COATAaHCUPOBAHHOCTU. Peanm3ainusi 6a30BbIX onepanuii
U UX TPYAOEMKOCT.

[Ipsimas anpecanusi. Xem-tabauubsl 1 xem-GyHkuuu. Kommuszun. Metozsl
paspelieHns KOJUIM3UM: METOJ LIENOYEK, OTKPBITas ajapecanus. YHUBEPCAIbHOE
cemeicTBO Xxem-pyHKiuii. CoBEpIIEHHOE XelUupoBaHUE. XelI-TaOlHIbl Ha
IIPaKTHUKE.



Pa3znen 4. Anroputmbl Ha rpadax

Tema 4.1. Cnoco0sb1 00x012a BepmiuH rpaga

['pacdoBbie Momenu. MeToabl XxpaHeHUs TpadoB B MaMITH KOMITBIOTEPA.

Anroputmsl niorcka B mmpuHy (BFS) u B riryouny (DFS) 1 ux tpynoémkocTs.
ANTOPUTMBI ONPENIETICHUSI CBA3HOCTU U JIBYJOJbHOCTHU rpada, BbIICICHUS CUIHHO
CBSI3HBIX KOMITIOHEHT OPUEHTUPOBAHHOIO rpada uX TPyA0EMKOCTb.

AJTOPUTMBI TOMOJIOTUYECKON COPTUPOBKHU BEPIIMH OPUEHTHPOBAHHOTO Tpada
U UX TPYAOEMKOCTD.

ANTOPUTMBI IOCTPOCHHMS diJIepoBa MUKJIA rpada U X TPyA0EMKOCTD.

Tema 4.2. KpaTuaidiumii MapmpyT

[TocTaHOBKa 3a/1a4d MOCTPOCHUSA KpPATYAMIIETO MapuIpyTa U MOAXOAbl K €€
pemennto. [IpousBosbHbIe Beca: anroputmbl Doppa-bemmana, drokmga U ux
Tpyno€MKOCTh. [lonck koHTypa oTpunaresbHOro Beca. HeorpumarensHbie Beca:
anroput™ JIeMKCTphI, MOAXOMbl K IMPOrPaMMHOM peaavu3aluu ajJropuTMa U €ro
TpyaoEMKOCTb. CBee€HHE K HEOTPHUIATEIbHBIM BeCaM — METOJ MOTEHIMAIOB
(mpeoOpaszoBanre [>KOHCOHA). AJITOPUTMBI IIOCTPOCHHUS KpaTUalIIuX MapIIpyTOB
TSl CTICIMANIBHBIX KJIACCOB TpadoB.

Tema 4.3. MuHuMajbHOe 0CTOBHOE /IePEeBO

MuHrManbpHOE OcTOBHOE jepeBo rpadga — MST (amri. minimum spanning
tree). Anroputmsl [Ipuma u Kpyckana nmocrpoenust MST u ux Tpy10EMKOCTb.

Tema 4.4. MakcMMaJIbHBIN IOTOK B CETH M €r0 NMPUJI0KECHUS

[locTaHOBKA KJIACCHYECKOM 3aa4M HAXOXKJICHHMS MAKCHUMAJIBHOTO IOTOKA B
JBYXIIOJIFOCHOM CETH C OrpaHUYEHUAMH. MaKCUMaabHbBIM ITOTOK 1 MUHUMAJIbHBIN
paspes cetu. Meron @opaa-dDankepcona. Anroputm Damonaca—Kapna.

AJ'IFOpI/ITMBI IMOCTPOCHUA MAKCUMAJIBbHOTO ITOTOKA MHUHUMAaJILHOM CTOMMOCTH U
HX TPYAOCMKOCTb: MCTOA  YCTPAHCHHUA  OTPHULATCIIBHBIX HOHUKIOB, MCTOA
MHWHHUMAJIBHBIX HYTCfI.



YUYEBHO-METOJUYECKAS KAPTA YUYEBHOM JUCHUIJIAHBI

Ounas dhopmMa MoTydEHUs BBICIIETO 00pa30BaHUs C MPUMEHEHUEM TUCTAHITMOHHBIX oOpa3zoBarenbHbIX TexHomorui (JIOT)

KomngectBo AYJAUTOPHBIX 4aCOB
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1.1 | Beneune. OCHOBHBIE TIOHATHS U 2 2 CobecenoBaHue.
ONpCACICHUA ONEeKTPOHHBIN TECT:
acumnrotuku (IRunner)
1.2 | PekyppeHTHbIE ypaBHEHUS 1 OCHOBHbBIE 2 2 DIEeKTPOHHBIN TECT:
MCTO/IbI MX PCILICHUA peueHue peKyppeHTHBIX
ypaBHenwuit (IRunner)
2 Pa3pat6orka 3¢ pexTUBHBIX 6 4
aJITOPUTMOB
2.1 | Meron «paznensiii u BIacTBYW» 2 2 OTYETHI 110 TOMAITHIM
YIPaXHEHUSIM C UX YCTHOM
3aIUTON
2.2 | luamamuveckoe mporpaMMHUPOBAaHUE 4 2 KonTtponpHas padora Nel.
OT4eTHI IO IOMAITHAM
YIPaXXHEHUSIM C UX YCTHOM
3alIUTON
3 CTpYKTYpbI JaHHBIX U A0CTPAKTHbIE 12 10
THUIBI JaHHBIX




3.1 | [Ipocreiimme CTpYKTYphl TaHHBIX U 2 2 OTYeTHI 110 JTOMAIITHUM

a0CTPaKTHBIE TUIIBI J1aHHBIX YIPaXHEHHUAM C UX YCTHOU
3aIUTON.
DJIEKTPOHHBIN TECT:
MAacCUB, CBSI3HBIN CIIMCOK
(iRunner)

3.2 | CrenuanpHast JPEBOBUIHAS CTPYKTYpa 2 2 KonTposabHnas padora Ne2.
JAHHBIX Kyud OJNEeKTPOHHBIN TECT: Kyuu

(iRunner)

3.3 | CneuuanbHas CTpyKTypa JaHHBIX 2 2 OTYeTHI 10 TOMAITHUM
cucmema HenepeceKkaruuxcs YIPaKHEHUSIM C UX YCTHOU
MHOJCECME 3aIUTON. DIEKTPOHHBIN

tect: DSU (iRunner)

3.4 | CTpyKTypHl JaHHBIX JUTSI PEIICHHS 2 2 CobeceoBanue.
3aJa4 Ha HHTepBaax

3.5 | CTpyKTypHl JaHHBIX JUIsl OPraHU3aALUU 4 2 Huckyccus.

MIOMCKa 3JIEMEHTa OTueTsl MO TOMALTHUM
YNpaKHEHUSIM C UX YCTHON
3aIUTOMN.

KonTtponbHast pabora Ne3.
DIIEKTPOHHBIN TECT:
IIOVCKOBBIE JI€PEBbS
(iRunner)
4 AJropuTMbl Ha rpagax 12 12
4.1 Cnoco0n1 00x01a BECPIIWH rpa(ba 4 4 OT4YeTsl 1O JOMAIITHUM

YIPaXHEHUSIM C UX YCTHOM
3aIIUTON. DIEKTPOHHBIN
tect: rpadsl (IRunner)




4.2

Kparuaiimmii mapuipyt

OTueTsl IO JOMAIITHUM
YOPaXXHEHHSAM C UX YCTHOM
3aIUTON.

4.3 | MUHUMAJIBHOE OCTOBHOE JIEPEBO OTuersl 110 JOMAIIHUM
YIIPAXHEHUSIM C UX YCTHOM
3aIUTOM.

KonTponbnas padota Ne4.

4.4 | MakcuMaiabHbBIHI IIOTOK B CETH U €T0 DIIEKTPOHHBINA HTOTOBBII

IMPUIIOKCHU A

TECT: 10 pazaenam 1-4
(iRunner).
Huckyccus.
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NHOOPMAIIMOHHO-METOANYECKAS YACTD

IlepeyeHb OCHOBHOM JIUTEPATYPbI

. AJTOPUTMBI U CTPYKTYpPBI JIaHHBIX [DJIEKTPOHHBIN pecypc] : ANEeKTPOHHBIN
y4eOHO-METOIMYECKUN KOMILIEKC nisi crnenuaigbHocTed: 6-05-0533-09
«[Ipuknannas matematukay, 6-05-0533-10 «1udopmatukay, 6-05-0533-11
«[Ipuknannas uapopmarukay, 1-31 03 04 «MudopmaTukay, HarpaBIeHUN
cnetmansHocTer 1-31 03 03-01 «IIpuknaagnas martemaTtnka (Hay4dHO-
MPOU3BOJACTBEHHAsT JesaTenbHOCTR)», 1-31 03 07-01 «llpuknagHas
uHpopMaTuka (mporpaMmMHoe oOecriedeHre KOMIBIOTEPHBIX CUCTEM)» : B 3
y. / E. II. CobGonesckast [u ap.] ; BI'Y, ®ak. npukiagHoil MaTreMaTHUKd U
undopmatuku, Kad. nuckpeTHol MareMaTWKd ¥ aJIrOPUTMUKHU. - MUHCK:
BI'y, 2023 — 4. 1. - 1 osmekrpon. ont. guck (CD-ROM) - URL:
https://elib.bsu.by/handle/123456789/309510

. KoroB, B. M. Teopus anropurmoB. Opranuzanus nepebopa u
NpUOJIMKCHHBIC ~ AITOPUTMBL: yueb.  -meTon.  mocodue / B. M. Koros,
E. Il. Cobonesckas, I'. I1. BomukoBa. — Munck: BI'Y, 2022. — 151 c.

. Koros, B. M. COopHuK 3amad 1o TeopuH anropuTMoB. OpraHuzanus
nepebopa W NPUOIMDKEHHBIE alTOPUTMBI  [DJIEKTPOHHBIA  pecypc]:
AJIEKTPOHHBIN y4eOHO-METOMMUECKHN KOMITIEKC I crienuaabHoCcTH: 1-31
03 04 «udopmaruxay / B. M. Kotos, E. I1. Cobonesckas, I'. I1. Borukosa;
Mumnck: BI'Y, 2021. — URL.: https://elib.bsu.by/handle/123456789/272717

. COopHUK 3a/1a4 10 TEOpUU aNTOPUTMOB. CTPYKTYphI JaHHBIX: y4e0. -METO/.
nocobue / C. A.Cob6onp [map.] — Mwuuck: BI'Y, 2020. — 159c. —
URL.: https://elib.bsu.by/handle/123456789/255033.

IlepedyeHb 1OMOJIHUTEIBLHOM JIUTEPATYPHI

. Anroputmbl: noctpoenue u ananus/ T. Kopmen [u np.] — M.: Bunbsimc, 2005.
— 1296 c.

. KoroB, B. M. Anroputmbel M CTPYKTYpbl AaHHBIX: y4eO. mnocooue /
B. M. Kotog, E. Il. Co6oneckas, A. A. TonctukoB. — Munck: bI'Y, 2011. —
267 c. (Knaccuueckoe YHUBEPCUTETCKOE
U3JaHNuEe) — URL https://elib.bsu.by/handle/123456789/8522.

. OnpIT ucnonb3oBaHus oOpaszoBarenbHOM MaTdopmbl Insight Runner na
dakyapTeTe NPUKIATHON MaTeMaTHKd W HHPOpMaTUKu beropycckoro
roCyapCTBEHHOTO YHHUBEpcUTeTa. POib yHUBEPCUTETCKOTO 00pa3oBaHUs U
HAyKd B COBPEMEHHOM OOIIECTBE: MaTepHabl MEXKIyHap. Hay4d. KOHQ.,
Munck, 2627 dep. 2019 . / peaxon.: A. JI. Kopons (mpen.) [u ap.]. —
MuHCK: BI'Y, 2019. - URL: C. 263 - 267.
https://elib.bsu.by/handle/123456789/231914.

. Namagumutpuy, X. KomOunaropHas onTtumuzanus. AJITOPUTMBI U
cnoxknocthb / X. [lanagumutpuy, K. Craiirnun — M.: Mup, 1985. — 512 c.
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5. Peiintronsa, 3. KomOunaropueie anroputMel. Teopuss u mpakTuka /
3. Peitntronea., FO. Huseprenst, H. Jleo — M.: Mup, 1980. — 466 c.

6. COoopHUK 3amady 1O TEOpPUM AITOPUTMOB : y4eb.-MeToj. Tmocobue /
B.M.KoroB [map.] — Mwumuck : BbI'Y, 2017. - 183c. -
URL : https://elib.bsu.by/handle/123456789/181529.

7. Coboinb, C. A. MeToiMKa rpenoiaBaHus IUCUUILIMH 10 TEOPUHU AITOPUTMOB
C ucrnosib3oBaHMEeM  oOpazoBatenbHO  miargopmel  iIRUNNER  /
C. A. Co6onb, B. M. Kotos, E.II. CoboneBckas // DAEKTpOHHBIA HayY.-
metonuy. KypHan «llegaroruka wuHpopmaTuku». — 2020 — Ne2.
http://pcs.bsu.by/2020 2/6ru.pdf

8. Teopwus anmroput™oB: yueb. mocodue / I1. A. UpxaBckuit [u ap.] — MuHCK:
BI'Y, 2013. - 159 c. — URL.: https://elib.bsu.by/handle/123456789/91612.

JIEKTPOHHBbIE pecypchbl

1. O6pazoBatenbHbiii mopTast BI'Y [DnexTponHsbIi pecypc]. — Pexum gocryna:
https://edufpmi.bsu.by/course/view.php?id=118. —  Jlatra  jgoctyma:
02.09.2023.

2. OoOpazoBarenbHas 1atdopma Insight Runner [DmekTponHslii pecypc]. —
Pexxum moctyna: https://acm.bsu.by. — laTa mocrymna: 02.09.2023.

IlepeyeHb peKOMEHAYEMBIX CPEJICTB AMATHOCTUKHA U METOAUKA
¢GopmupoBaHusi HMTOrOBOM OTMETKH

OOBEKTOM JIMarHOCTUKM KOMIETEHIMI CTYACHTOB SIBJIAIOTCS 3HAHUA,
YMEHUS, MOJYYEHHbIE UMHU B PE3YJbTaT€ HM3YYECHHS Y4E€OHOH JUCUUIIIMHBI.
BolsiBieHHEe y4e€OHBIX JOCTHMKEHUH CTYJIEHTOB OCYIIECTBISIETCS C IMOMOIIbIO
MEPONPUATHANA TEKYIIETO KOHTPOJIS U TPOMEKYTOUYHOM aTTECTALINH.

JIns  AMarHOCTUKM KOMIETEHIMH B paMKax Y4YeOHOW JIUCUUILTUHBI
PEKOMEHIYETCSI HCIIOJIB30BATh CIIEAYIOIINE (POPMBI:

1. YcrHas dopma: codbeceqoBaHue, JUCKYCCHS.
2. Ilucemennast popMa: KOHTPOJIbHBIE PAOOTHI.

3. YcrHO-tMChbMeHHast (opMa: OTYETHl MO JOMALIHUM YIPAXKHEHUSIM C HUX
YCTHOM 3aIlIUTOM.

4. Texuuyeckas (popma: 2JIEKTPOHHBIE TECTHI.

B kadecTBe pEKOMEHIYEMBIX TEXHUYECKMX CPEACTB  JHUATHOCTHUKHU
ucnois3yercss OopasoBarenpHas miatdopma Insight Runner (www.acm.bsu.by), a
Takke 00ydeHue, oprannzoBanHoe Ha miardopme Moodle (https://edufpmi.bsu.by).

®opMON TPOMEKYTOUHOM AaTTECTALMU MO JUCHUIIMHE «AJTOPUTMBI H
CTPYKTYpPhI YU€OHBIM-TIJIAHOM MIPETyCMOTPEH 3a4eT.

[Tpu popmupoBaHUU UTOTOBOM OTMETKH MCIOJIB3yeTCS pEHTHHIOBasl CUCTEMA
OLICHKM 3HAHUM CTYAEHTa, Jarouas BO3MOXHOCTb IIPOCIEAUTH W OLICHUTH
JUHAMUKY ITpoliecca JOCTHKEHHUS LeJIed 00yYeHUsI.
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PeiltTunroBass cucremMa MpeayCMaTpUBAET  HCHOJb30BAHHE  BECOBBIX
KO3 (PUIIMEHTOB B XOJE€ MPOBEACHUS KOHTPOJIbHBIX MEPONPUATUM TEKYyIIeH
aTTeCTallUH.

[IpumepHbie BecoBble KOIPGUIMEHTHI, ONPENESIONUe BKIAJ TEKYIIeH
aTTeCTallMi B OTMETKY MPHU MPOXO0KICHUU TPOMEKYTOUHOHN aTTeCTaINH:

dopMUpoBaHUE OTMETKH 32 TEKYIIYIO aTTeCTAIHIO:

—  OTYeT MO JAOMAITHUM YIPAXHEHUSIM C UX YCTHOM 3amuToii — 60 %;
— BpIinoJiHeHue tecrta — 20%;
— KoHTpoJibHBIE paboThl — 20 %.

HToroBasi oTMeTKa MO IUCIHUIUIMHE PACCUMTHIBACTCS HA OCHOBE OTMETKHU
TEKYIIeH aTTecTaluy (PEHTHHIOBOM CUCTEMBI OIICHKH 3HaHui ) — 60% 1 0TMETKHU Ha
3auere — 40%.

IIpuMepHbIH nepeYeHb 3aaHU AJ151 YIPABJIAEMOM CAMOCTOATEIbHOM
pPadoTHI CTYICHTOB

Tema Ne 2.2. /lunamMmuveckoe nporpammupoBanue — (2 4.)

3amaya npeoOpa3oBaHUsl CTPOK (MUHUMAJIbHOE B3BELIEHHOE PACCTOSHUE
OJM30CTH JIBYX CTpPOK — paccrosinue JleBeHmreiina). Ilporpammuas peanuzanus
anroput™a B OOpa3zoBarenbHO# iatdopme iRunner.

dopmMa KOHTPOJII — OTYETHl MO JOMAIIHUM YIPAKHEHHSIM C UX YCTHOM
3aIUTOM.

Tema Ne 3.5. CTpyKTYpbI JaHHBIX JIJI51 OPraHU3AIUM MOUCKA JIeMEeHTa —
(24)

Opranuzanusi MOUCKAa: OWHApHBIE TIOMCKOBBIE JAepeBbsi. [Iporpammuas
peanu3aius 0a30BbIX (QYHKIUMWA JUisi OWHAPHBIX TIOMCKOBBIX JIEPEBHEB B
O0pasoBarenbHO# atdopme IRUNNEr (GyHKIMK TOKCKa, TOOABICHUS U YAAICHHS
JIeMEeHTa 10 Kiovy). Pemienwe mnpakTUYecKux 3agad ¢ HMCHOJb30BaHUEM
CTPYKTYPBI JAaHHBIX OMHAPHBIC TOMCKOBBIC JIEPEBbSL.

dopMa KOHTPOJISI — OTYETHI 10 JIOMAlTHUM YIPAKHEHHUSIM C WX YCTHOU
3aIUTOMN.

IIpumepHas TemaTHKa J1a0OPATOPHBIX 3aHATHI

3angatue 1. Anamu3 anroputMoB. Pa3MepHOCTh 3a1aud, aCMMNOTOTHUKH,
MOJIMHOMHAJILHBIC M OKCIIOHEHIIMAIbHBIC aJITOPUTMBI (BBIMOJIHEHUE TECTA B CHCTEME
iIRunner).

3aHsaTHe 2. PekyppeHTHBIC ypaBHEHUSI U OCHOBHBIC METOJbl WX PCIICHHS
(BeIONTHEHME TecTa B cucteMe IRunner).

3ansatue 3. Meroa pazzensii M BiacTBY (MOMCK MAaKCUMAJbHOTO U
MUHUMAJIBHOTO 3JIEMEHTOB MAacCCHBa, QJITrOPUTMbl BHYTPEHHEW COPTHUPOBKHU
CpPaBHEHUSIMU: COpPTUPOBKA ciausiHueM, copTupoBka Y. Xoapa), mnpuHIuUN

13



OanaHcupoBkU. OCOOCHHOCTH pealn3alyy aJrOPUTMOB TMOWCKAa M BHYTPEHHEH
COPTUPOBKH B BEICOKOYPOBHEBBIX SI3bIKaX MPOTPAMMHUPOBAHMUSL.
3ansatus 4. JluHammdeckoe nporpammupoBanue (n!, ymciaa dubonayuw,

XaHolickue OamHu, urpa bamre; pemeHre oOmMX M MHAMBUAYaTbHBIX 3a7ad B
cucreme iRunner).

3anarusa 5. [Ipocreifliine aOCTpakTHBIE TUIBI JAHHBIX M CTPYKTYPbI JaHHBIX
(MaccuB, CBSI3HBIN CHHCOK, CIIOCOOBI pean3aluy JHHAMAYEeCKOr0 MaccuBa Ha 0ase
CTaTHYECKOTO, OIICHKU TPYAOEMKOCTH, BBIITOJIHEHUE TeCTa B cucteme IRuUNNer).

3ansatue 6. CrneuuanbHas CTPYKTypa [JaHHBIX «Kyda» (CHelUaibHBINA
QITOPUTM TIOCTPOCHUSI OWMHAPHOW KydM 3a JIMHEWHOE BpeMs, HCIOJIb30BaHUE
OMHapHOW Ky4M IPHU pEUICHUH 3a/1a4, pellleHrne OOUINX 3a]a4, BHIIIOJHEHUE TECTA B
cucteme 1Runner).
3ansatue /. CrnenmanpHasi CTPYKTypa JAHHBIX CHCTEMa HEMEPECEKAIOIIUXCS
MHOeCTB (ucnonbp3oBanue DSU npu pemrennn 3amad, pemieHrne oOnmx 3aaad v B
BBIITOJTHEHUE TecTa B cucteme iRunner).

3ansaTtue 8. CrenuanbHas CTPYKTypa JaHHBIX CHCTEMa HEMepeCeKaroIIuXcs
MHOXECTB (cmocoOnl peanuzanuu DSU B maMsTH KOMIIbIOTE€pPA, OCOOCHHOCTU
peanu3aliu Ha CEMEUCTBE KOPHEBBIX JIEPEBHEB C ABPUCTHUKAMHU OOBEAMHEHUS TIO
pa3sMepy W cxkaTtus IyTH, ucnonb3oBaHne DSU mnpu pemeHun 3amad, penicHue
oOIIIMX 3a/1a4 U B BBIMOJIHEHHE TeCTa B cucteme iRunner).

Zaastue 9. CTpyKTYphl JaHHBIX ISl OpraHU3allMd TIOWCKAa JJIEMEHTa
(cOanmaHcUpoBaHHBIEC IOMCKOBBIC JIEPEBBS, XCII-TAOJMIIBI, PEIICHUE OOIINX 33124 110
OMHApHBIM TMOMCKOBBIM JIEPEBBSIM, 3a7adya MPOBEPKH OWHAPHOTO JepeBa Ha
MIOMCKOBOCTD, BBITIOJIHEHHE TeCcTa B cucTeMe IRunner).

3anstue 10-11. CriocoObl 06xonma BepmuH rpada (pemenue o0mmx 3a1a4 u B
BBIITOJTHEHUE TecTa B cucteme iRunner).

3anstue 12. AAropuTMBI TTOCTPOEHUS KpaTUaWIIMX MapHIpyTOB (peuicHUe
001X 3aga4 B cucreme IRunner).

3ansarue 13. AJNTOPUTMBI TOCTPOCHHS MHUHHUMAJIBHOIO OCTOBHOTO JIepeBa
(pelreHre MHIMBUIYATBHBIX 3a/1a4 B cucteme IRunner).

3anstus 14 — 15. MakcuMallbHBINA MIOTOK B CETU U €T0 NPHIIOKEHUS (pellieHre
001uX 3a1a4 B cucreMe iRunner).

IIpuMepHas TeMaTHKa KOHTPOJILHBIX padoT

1) Kontponbhas padora Ne 1 «/[uHamMudeckoe mporpaMMUPOBAHUEY.
2) KonTtpomnrnas padota Ne 2 «CnernuanbHasi CTpyKTypa JaHHBIX KYUay.
3) Kontponbhas padota Ne 3 «CTpyKTypbl JaHHBIX JJIsi OpraHU3alUuu

IIOHUCKA JJICMCHTAa».

4) Kontponbnas padota Ne4 « MuHUManbHOE OCTOBHOE JAEPEBOY.
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Onucanne HHHOBAIIMOHHBIX MOX0/I0B M METOJA0B K MPENoJIaBAHUI0
YueOHO# JUCHMILTHHBI

[Tpu oprarm3aruu 00pa30BaTEIBHOTO MPOIIECCa HCIIONB3YIOTCS CICAYIOIIHE
METO/TBI:

- Memoo yuedOHOou OucKyccuu, KOTOPBIU MPEANoIaracT yqyacTie CTYJICHTOB B
IICJICHAIIPABIICHHOM OOMEHE MHEHUSIMH, HICSIMU [UIsl TPEIAbSBICHUS W/ WU
COTJIACOBAHUSl  CYIICCTBYIOIIUX TMO3UIMIA TIO0  OINpPENEICHHOW mpodieme.
Hcnonp3oBanne Merona 00ECreunBaeT IMOSBICHUE HOBOTO YPOBHS TTOHUMAHUS
U3y4aeMoOil TEeMbl, NPUMEHEHHE 3HAHWN (TEOpUH, KOHLENUWWA) MpU pEUIeHUH
npo0JIeM, OTpeieJICHue CIIOCO00B UX PEIICHHS.

- Memoo 2pynnogo2o o00y4eHus, KOTOPHIA MpeACTaBisieT coboil (opmy
OpraHU3aIH y4eOHO-TI03HABATEIEHOM JeSITETLHOCTH 00yYaromuxcs,
IIPEIOJIararoIIyio (pyHKIIMOHUPOBAHUE PA3HBIX TUIIOB MAJIBIX TPYIII, PaOOTAIOIINX
KaK HaJl OOIIMMH, TaK ¥ CieU(PpHISCKUMU yIeOHBIMU 33 JaHUSMHU.

B kauecTBe TEXHHWYECKHX CpEACTB Uil OpPraHM3aluu paboOThl B paMKax
yuyeOHON  JOUCHUIUIMHBI ~ PEKOMEHAYeTCs  HUCmoib3oBaTh  OOpa3oBaTENbHYIO
wiatgopmy Insight Runner (www.acm.bsu.by), O6pa3zoBatensubiii moptan bI'Y
(https://edufpmi.bsu.by) — wuHCTpyMeHT ¢ 3(h(deKTHBHON (YHKINOHATBHOCTHIO
KOHTPOJIS,, TPDEHWHTa U CAMOCTOSITENIbHON PaOOTHI.

JIiss  KOHTPOJII CaMOCTOSITETILHOCTH BBINIOJNHEHHUST Pa0OT PEKOMEHIYeTCs
UCTIOJIb30BaTh aBTOMATUYECKHE CHUCTEMBI OINPEICICHUS HECAaHKIMOHUPOBAHHBIX
MaTepuaiioB, GyHKIHOHUpYomue B Insight Runner.

Metoanyeckue peKOMEHIALNH 10 OPraHNu3aluH
CaMOCTOSAITEILHOM PadoThI 00y4aI0IIUXCH

JUis  opraHM3alMi  CaMOCTOSITENIbHOM paboOThl CTYIEHTOB IO Y4eOHOIl
JTUCHMIUIMHE CJIEeNyeT HCIOJIb30BaTh COBPEMEHHbIE MH(GOPMALMOHHBIE PECYPCHI:
pa3MecTuTh Ha o00pa3oBaTEIbHOM TOpTaJie  KOMIUIEKC Y4YeOHbIX M Y4eOHO-
METOJAMYECKUX MaTepruasoB (yueOHO-IpOrpaMMHBIE MaTepHUabl, yueOHOE U3JIaHnE
JUISL TEOPETHYECKOTO0 H3Yy4Y€HHUs JUCHUIUIMHBI, METOJIMYECKHE YyKa3aHus K
7a00paTOPHBIM 3aHITHUSIM, MaTEpHaNIbl TEKYIIEro KOHTPOJS U MPOMEXYTOUHOU
aTTeCTallMM, IO3BOJISIONINE OMNPENIETUTh COOTBETCTBHE YYEOHOH MESITeIbHOCTH
oOyyarommxcsi TpeOOBaHUSIM 00pa30BATEIBHOTO CTaHJapTa OOIIEro BBICHIETO
oOpa3oBaHUsl U YYEOHO-IPOrPaMMHOM JOKYMEHTallMM, B T.4. BOMIPOCHI IS
MOATOTOBKM K 3a4eTy, 3aJaHus, TECThbl, BONPOCHI JJII CAMOKOHTPOJIA, TEMAaTHKa
pedepatoB U Jp., CHUCOK PEKOMEHIYyEeMOW JUTepaTypbl, HHPOPMAIIMOHHBIX
pPECYpPCOB U JIp.).

[Ipu cocraBiaeHun OOMMX W WHAUBUAYAIbHBIX 3aJaHUl 1O Yy4eOHOIl
JUCHUIUIMHE HEOOXOAMMO NPEIyCMOTPETh BO3pACTaHHE WX CIIOKHOCTH: OT
3aJaHuil, (QOPMHUPYIOMIMX JOCTATOYHBIE 3HAHMUS 1O HU3YYEHHOMY YydeOHOMY
MaTepuanty Ha YpOBHE y3HaBaHUs, K 3aaHUsAM, (OPMUPYIOUIUM KOMIIETEHIIMH Ha
YpOBHE BOCHPOU3BEACHHUS, U Jajiee K 3aJaHUsIM, (POPMUPYIOLIUM KOMIETEHIIMN Ha
YpOBHE NMPUMEHEHHUS MMOTYYEHHBIX 3HAHUM.
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Taxum 06pa3oM, 3a1aHus IO Y4eOHOMN TUCITUIIIMHE PEKOMEHAYETCS IENUTh Ha
TPU MOZIYJIA:
— 3ajaHus, GOPMUPYIOIIKME JOCTATOYHbIE 3HAHUSA MO0 U3YYECHHOMY Y4eOHOMY

MaTepuasy Ha ypOBHE y3HABaHUS;
— 3amanHwusi, POPMUPYIONIHE KOMIICTCHIINN Ha YPOBHE BOCTIPOU3BEICHHUS,
— 3a7aHus, GOpPMHUPYIOIINE KOMIIETEHIIMA Ha YPOBHE MPUMEHEHHUS MOJTyICHHBIX
3HaHUM.

IIpumepnvlii nepeuenv 3a0anuil

3anaHus HA yPOBHE Y3HABAHUS

3aganue 1. IlepeunciauTe W3BECTHBICE BaM QJITOPUTMbl BHYTpPECHHEH
COPTUPOBKM CpaBHEHHMsMHU. Kakue U3 3TUX aJIropuTMOB peaJM30BaHbl B
CTaHIAPTHBIX OMOIMOTEKaX BRICOKOYPOBHEBBIX SI3BIKOB MporpammupoBanus (C++,
Java, Python) u kaKoBBI 0COOCHHOCTH MX peaTu3aIuu?

3ananue 2. [IpuBeneHa HEKOTOpask APEBOBUIHAS CTPYKTypa, B BEPLIMHAX
KOTOPOM CTOSIT HEKOTOpBIE LeNble 4uciaa. MOXeT JM JaHHas JIpeBOBUIHAS
CTpYKTypa OBbITh 3a/laHueM: OMHAapHOIrO JepeBa, OMHAPHOIO IMOKWCKOBOIO JIepeBa,
ABJI-nepeBa, cbanaHCUpOBaHHOTO JIepeBa, UJ1€albHO-COATAHCUPOBAHHOTO JIEpPEBa,
OuHapHOM Ky4H, OMHOMUATBHOU Ky4uun?

3ananue 3. 3amana 6ubnmMoTeKa 6a30BbIX ANropuTMOB Ha rpadax. Kakue u3
QITOPUTMOB MOKHO TPUMEHUTH, €CIM B rpade HY)KHO HaWTH 000N MapiipyT
MEXKy 3alaHHON napoil BepumH? Kakue u3 anropuTMOB MOKHO PUMEHUTH, €CIIN
B Trpade HYXKHO HAUTHM HAMMEHBIIUNA MO KOJUYECTBY peldep MapHIpyT MEXKIY
3aIaHHOM MapOW BEPIINH?

3ajaHus HA YPOBHE BOCIIPOM3BeIeHUS

3aganue 1. [locmpoums depeso
Orpanuyenue 1o BpeMenu: 1 ¢
Orpannuenue no namsitu: 256 Mb

[To Habopy kIrOUEH MoCTpolTe OMHAPHOE MOMCKOBOE JIEPEBO U BHITIOJTHUTE
€ro MpsSIMOM JIEBBI 00XO/I.

Dopmam 6x00HbIX OAHHBIX
BxoaHol ¢aiin coaepKuT Mocie0BaTeIbHOCTh YUCe — KIIFOUHM BEPIIHH B
nopsizike no6aBaeHus B AepeBo. Kimoun 3amaroTcst B hopmarte 1mo 0THOMY B CTPOKE.

Dopmam 6bIXOOHBIX OAHHBIX

BrixomHo# daiin moymKeH coaepkaTh MOCIe0BaTEIbHOCTD KITFOUeH BEPIIIHH,
MOJIYYCHHYIO MPSIMBIM JIEBBIM 00X0JI0OM JIepeBa.
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input.txt output.txt

~Noo R, BN O
~NOo B, DN O

3apanue 2. Yoanums us oepesa
OrpaHnyeHue o BpeMeHu: 1 ¢
Orpanunyenue o namaru: 256 Mb
[To Habopy KIirOYEH TOCTPOiTE OMHAPHOE MOMCKOBOE JIEPEBO. Y TalIHUTE U3
HEero Kiou (IpaBbIM yJaJdeHUEM), €ClId OH €CTh B JiepeBe. BoimonHuTe MpsiMoit
JIEBBII 00XO0/1 TOJYyYEHHOTO JIepeBa.
Dopmam 6x00HbIX OAHHBIX
B niepBoii cTpoke 3amucaHo 11eJ10€ YUCI0 — K04, KOTOPBIN HY>KHO YJAIUTh
u3 gepeBa. Bropas crtpoka nycrad. llocnexyromme CTpOKH — COAEpKAT
MOCJIEIOBATEIBHOCTh YHCENl — KIIFOYM BEPIIMH B MOPSAKE T00ABIECHUS B JAEPEBO.
Kitoun 3amarorcst B popmMate o ogHOMY B CTpoke. [lepeBo coepKUT XOTs Obl 1BE
BepiMHbl. HamoMHUM, 4TO B MOMCKOBOM JIEPEBE BCE KIIIOUM MO OMPEACIICHUIO
YHUKAJIbHBI, TIOATOMY TIPH TMOMBITKE J00AaBUTh B JIEPEBO KIIFOY, KOTOPHIA TaM YyXkKe
€CTh, OH UTHOPUPYETCHI.
Dopmam 6bIXOOHBIX OAHHBIX
BriBenute mociaenoBaTenbHOCTh KIFOUEH BEPINUH, MOJYYEHHYIO MPSMbIM
JIEBBIM 00XOJIOM JIepeBa.
input.txt output.txt

2

Ol Wwhs

O wrkrkrND>

3amanue 3. Maxkcumanvhblii NOMOK
Orpanuyenue 1o BpeMeHu: 1 ¢
Orpannuenue no namsitu: 256 Mb
3aman opueHTHpoBaHHbIM Tpad G, conepxkamiuii N BepImMH U M Iyr, B
KOTOpOM Kaxxaoi ayre (U, V) mpumucaHa MPOMyCKHAas CIocoOHOCTh C(U, V).
TpeOyeTcss HaliTH B ATOM CETH MOTOK MAaKCUMAaJbHOW BETMYMHBI M3 HWCTOYHHKA
(BeprmHbl 1) B CTOK (BepIuHYy N).
Dopmam 6x00HbIX OAHHBIX
[lepBast cTpoka COAEPKUT J1Ba YKCla N U M — YUCIIO BEPIIUH U OyT B Tpade
COOTBETCTBEHHO. lapantupyercs, uro1<n,m<200. Kaxgas  wu3
CJIEIYIOUMX M CTPOK COAEPKUT TpU uHcia Ui, Vi, Wi — JBE BEpIIMHBI, KOTOpbIE
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COEMHEHBl AYrod M TMPOMYCKHAsl CIIOCOOHOCTh 3TOW Ayru. [ apantupyercs,
g1o Ui# Vi, 1 < Ui, Vi <n, 1 <w;<1 000 000 mst kaxxaoit gyru.

Dopmam 6bIXOOHBIX OAHHbBLX

BriBeuTe OJTHO YHUCIO — MaKCHUMaJIbHO BO3MOXHYIO BEJIIMYMHY IOTOKa B
3aTaHHOM Tpade.

input.txt output.txt

46

121
131
141
231
241
341

3ajaHus HA yPOBHe NPUMeEHEHUS MOJTyYeHHbIX 3HAHU M

3ananue 1. [lymo nazywxu.
Orpanuyenue 1o BpeMeHu: 1 ¢
Orpannuenue no namsatu: 256 Mb
B oaHOM 0YeHb NIMHHOM U Y3KOM IIPYAY MO KYBIIMHKAM MPbITaeT JISATYILIKA.
KyBUIMHKH B IIpyAy pacroioKeHbl B OIUH psA. JIarymika HauyMHAeT mpeirarte ¢
IIEpBOM KYBIIWHKH PsAJIa U XOUET 3aKOHYUTH HA nociienner. Ho B cuity BpeaHoctu
XapakTepa JIAryIIKa COIVIacHa MPbIraTh TOJBKO BIEPEN YEPE3 OJHY WIM Yepes3 JBe
KyBIIMHKK. Hampumep, ¢ KyBHIMHKH HOMEpP 1 OHa MOXKET MPBITHYTh JUIIL Ha
KyBIIMHKN HOMep 3 U HoMep 4. Ha HEeKOTOphIX KYBIIMHKAX CHUIAT KOMapuKH. A
VUMEHHO, Ha - KyBIIMHKE CUJAAT &; KomapoB. Korma nsrymika npu3emysieTcss Ha

KYBIIIMHKY, OHA CheIaeT BCEX KOMApUKOB, CUSIINX HA HEW. XOUYeT CIUIAaHHUPOBATh
CBOM MapuIpyT Tak, 4TOObI ChECTh KaK MOKHO Oouibllie KomapoB. [lomorure eii:
CKa)KUTE, KAKNE KYBIIMHKH OHA JIOJDKHA MIOCETHTh HA CBOEM ITyTH.

Dopmam 6x00HbIX OAHHBIX

[TepBas cTpoka BxogHOTO (haiiina COAEPKUT YHUCIO N — YUCIIO KYBIIUHOK B
npyay (13 n<100 OOO). BTopast cTpoKa COIEepKUT N YHCell, KOTOPhIE pa3ieiieHbI
npoOenaMu: i1-0e YHCI0 COOOMIAeT, CKOJIBbKO KOMAapoB CHJIUT HA I-OM KYBIIIMHKE
(1S i< n) . Bce uncna uensle, Heorpuuarenbusie u He npesocxoast 1000 .

Dopmam 6bIXOOHBIX OAHHBIX

B nepBoii cTpoke BBIBEAUTE OAHO YUCIO — MAaKCHUMAaJbHOE YHUCIIO KOMAapOB,
KOTOPBIE ~ MOXET CBheCThb JIATYIIKAa. BO  BTOpPOH  CTPOKE  BBIBEIUTE
MOCJICIOBATEIBHOCTh YMCEI — HOMEpa TeX KYBIIMHOK, Ha KOTOPBIX JIOJDKHA
NOOBIBATH JIATYIIKA, B BO3PACTAIOIIEM MOPSI/IKE.

Ecnu pemieHuil HECKOJIBKO, BbIBeAUTE J00oe. Ecnm mnsrymka He MOXET
no0paThcs 0 MOCIEeIHEN KYBIIMHKY, TO BBIBEUTE OJTHO YHUCIO —1.
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6X00HOU aiin 8bIX0OHOU haiin
6 5
110034 10000 146
2 -1
89

3amanwne 2. Eounuysl (wacmo 1).
OrpaHnyeHue 1o BpeMeHu: 1 ¢
Orpanuyenue o namaru: 256 Mb
Hano uncino N. Heobxoaumo omnpenenuTb, CKOJIbKO €CTh OMHAPHBIX CTPOK
uHBL N, B KOTOpBIX poBHO K enuHuII.
Dopmam 6x00HbIX OAHHBIX
B ctpoxke BxomHorO (haitna 3amucanbl JBa 1EIbIX HEOTPUIIATEIbHBIX yrciia N

n K (0<K<N<1000).

Dopmam 6bIXOOHBIX OAHHBIX
BriBeute 01HO YKCIIO — OTBET HAa 3ajady.
Tak kak OTBET MOXXET OBITh OYEHBb OOJIBIIUM, HEOOXOAUMO €r0 BHIBECTH IO

MOTYJIO 10° + 7.

6X00HOU (aiin 8bIXOOHOU ¢hatin
32
40
54 5
64 15
72 21
80 1

3ananue 3. Eounuywbl (wacmo 2).
OrpanuyeHnue 1o BpeMeHu: 1 ¢
Orpanuyenue o namaru: 256 Mb
Jano uuncino N.
Heobxoaumo ompenennTsb, CKOIBKO €CTh OWMHApHBIX CTPOK JUIHMHBI N, B
KOTOPBIX poBHO K enuHHUII.

Dopmam 6x00HbIX OAHHBIX
B ctpoxke BxomHoTrO (haiina 3amvcaHbl JBa MEIbIX HEOTPUIIATEIBHBIX yrciia N

nK(0<K<N<10°).
Dopmam 8bIXOOHbIX OAHHBLX

BBIBeI[I/ITe OIHO YMCJIO — OTBCT HA 3a/1a4y.
Tak kKak OTBET MOKET OBITH OYCHb 6OJII>IHI/IM, H€O6XOI[I/IMO €ro BBIBECTH IIO0

MOTYJTIO 10° + 7.
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6X00HOU aiin 8bIXOOHOU ¢hati
32
40 1
54 5
64 15
72 21
80 1

3ananue 4. [lopsaook nepemuodrceHus mampuy.
Orpanuuenue 1o BpemMeHu: 1 ¢
Orpanunyenue o namaru: 256 Mb
Jlana mocnexoBatensHOCTE ©3 S wmarpun A, Ay, ..., A;. TpebOyetcs

OIPEJICIUTH, B KAKOM ITOPSIIKE UX CJICTYET IEPEMHOKATh, YTOOBI YUCIIO AaTOMAPHBIX
olepanuii yMHOXXEHHUS OBUIO MHHHMAIBHBIM. MaTpUIBl MPEANoIaraloTcs
COBMECTHMBIMH 10 OTHOIIIEHHUIO K MATPUIHOMY YMHOKEHHIO (T. €. YHCIIO CTOJIOIOB
MaTpuilbl A _; COBIAJaeT C YUCIOM CTpOK MmaTpuisl A ). bymem cuwrarts, 4ro

IPOM3BEICHUE MATPHUIL] — Ollepanus, KOTOpass MPUHUMAET HA BXOJ JIBE MaTPHUILIbI
pasmepa KxM u MXN u Bo3BpalaeT MaTpHIly pa3Mepa K x N, 3aTpaTuB Ha 3TO
K-m-n aromapHbIX omepaiuii yMHOXKEHHs. Ba3oBBI THI MO3BOJIAET XPAHUThH
10001 2JIEMEHT WMTOTOBOW M JII0OOW BO3MOXXHOW MPOMEXKYTOYHOW MATPHIIHI,
MO3TOMY YMHOKEHHE JIBYX AJIEMEHTOB TpeOyeT OJHOI aToMapHOi omepanuu. Tak
KaK MEPEMHOKEHUE MaTPHULl aCCOLMAaTHUBHO, WTOrOBAasl MAaTpulla HE 3aBUCUT OT
MOPSJIKA BBITIOJTHEHUS ONEpAIlMd YMHOXKEHUS. J[pyruMu clioBaMu, HET pa3HUIIbI, B
KaKOM TIOPSIIKE PACCTaBIISIOTCS CKOOKM MEXAY MHOXHUTEISIMU, PE3yibTaT OyaeT
OJIH U TOT XKe€.
Dopmam 6x00HbIX OAHHBIX

B mepBoif cTpoKe BXOJHOTO 3aJaHO YHCIIO MATPHUI[ S (2 <s SlOO). B
HOCIIEAYIOIINX S CTPOKaX 3a1aHbl pasmepbl Matpuil: (1+1) comepkut uepes npoden
quciio N; CTPOK W 4Yucio M; cTojiOmoB Marpuibl A (1S n, m SlOO).
FapaHTI/IpyeTcsl, 4yTo M; coBmagaeTt ¢ N, I BCEX MHACKCOB OT 1 no s—1.

Dopmam 6bIXOOHBIX OAHHBIX
BriBenmuTe MUHUMAIbHOE YHCIO AaTOMApPHBIX ONEPAlMi  YMHOXKCHHS,
HE0OXO0MMOe TSI IIEPEMHOKCHUS S MaTPHII.

6X00HOUL (haiin 8bIXOOHOU ¢hatin
3 130

23

35

510
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3ameuanue.
B mepBoM mpumepe MOKHO YMHOXaTh JABYMsI CIIOCOOaMHU:

('ASL(A2 : Ag)) : Tpebyetces onepanuii 3x5x10+2x3x10=150+60=210;

((Al Ay Ag) : Tpebyercs onepanmii 2x3x5+2x5x10=30+100=130.
BTtopoii crioco6 a3¢gdexTrBHEE.
3aganue 5. Haubonvwas obwas noonociedo8amenbHocme.
OrpaHnyeHue o BpeMeHHu: 2 ¢
Orpanuuenue 1o namsatu: 64 Mb

Jlanbl nBe mocnenoBarenbHocT A U B, kaxpas umeer qiuuHy N. Haiitu
HanOosbIiee K, IUIsi KOTOPOTO CYMIECTBYIOT JIBE IMOCIEIOBATEILHOCTH HHICKCOB
0<i<l,<...<l <N u O< jh<Jp<...<J<n TaKHe, 4TO
Al = le, A‘z = sz,...,Ak = BJk .

Taxoke Hy>KHO HAaWTH ¥ caMH MOCIE0BATEIIbBHOCTH UHIIEKCOB.

Dopmam 6x00HbIX OAHHBIX

B nmepoii crpoke 3ammcaHo umcio N (1<n<1000), mimHA
nocienoBaTenbHocTel A u B.

Bo BTOpOW CTpOKE COACPXKHUTICA N ILEIbIX 4YHCENl & (1£ 1< 1000) -
AJIEMEHTHI MTOCIIEIOBATETLHOCTH A,

B TpeTbeil cTpoke conepuTCA N UENBIX wmcen D (1<j<1000) -
AJIEMEHTHI MTOCIeI0BaTeIbHOCTH B.

Dopmam 6bIXOOHBIX OAHHBIX

B niepBoii crpoke BeiBeauTe yrcio K. Bo BTopoit cTpoke BBIBEIUTE UHICKCHI
i, 15, ...,1 . B TpeTbeii CTpOKe BBIBEUTE UHAEKCHI i, o, .., Ji - ECIH mOaXOAsIIHTi
NOCJIEI0BATEIBHOCTEN UHIEKCOB HECKOJIBKO, BBIBEIUTE JIFOObIE U3 HUX.

6X00HOU (aiin 8bIXOOHOU ¢hatin
5 3
12345 013
13244 024

3ananue 6. [larunopom.
Orpanuyenue 1o BpeMeHu: 1 ¢
OrpaHuueHue 1o namsiTH: HET

BBomutcs Hemyctas ctpoka S, kotopas umeeT nnuHy He Oosee 7 000
CHUMBOJIOB M COCTOMT TOJIBKO M3 CTPOYHBIX JJATHHCKUX OykB. HeoOxomumo ymamuTh
U3 CTPOKM MHHHMAJIBHOE YHCJIO CHMBOJIOB TaK, YTOOBI TMOJYYHJICS TATHHIPOM
(cTpoKa CUMBOJIOB, KOTOpAsi YUTACTCS CJIEBa HAMPABO U CIIpaBa HAJIEBO OJJMHAKOBO).

Dopmam 6x00HbIX OAHHBIX

B miepBoii cTpoke BXOHOTO (haiisia 3amicaHa UCXOIHAs CTPOKa S.

Dopmam 6bIXOOHBIX OAHHBLX
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BriBeguTe B MepBOil CTPOKE MJIMHY MOJYYMBIIErOoCs MNAJIMHAPOMA, a BO
BTOPOM CTpOKE caM MNaJUMHAPOM (€ClM MaJIMHIPOMOB HECKOJBKO, TO BBIBEJIUTE
TOJBKO OJWH U3 HUX).

6X00HOU haiin | 8bIXOOHOU hatin

asddfsa 6
asddsa

3ananue /. Cmpoeo eo3pacmaioujas 6€3 paspvleos nocie008ameabHOCb.
OrpannueHue 1o BpeMeHu: ot 1 ¢ 10 5 ¢
OrpanuveHue 1o namsTi: HeT

Heo6xoanmo 13 3a1aHHOM YHUCIIOBOM IOCICIOBATEILHOCTH A, COCTOSIICH U3
N 3JEMEHTOB, BBIYCPKHYTh MHHHMAJIBHOE YHCIO 3JCMCHTOB TaK, YTOOBI
OCTaBIIHECS DJIEMEHTBI oOpa3zoBaiiu CTPOTO BO3PACTAIOIIYIO
IOJIITOCIICI0BATEILHOCTD JIEMEHTOB.

[TocTpoEHHBIN AITOPUTM JOIAKEH UMETh TPYIOEMKOCTh O(n -log n) .

Dopmam 6x00HbIX OAHHBIX

[TepBas cTpoka BXxomHOTO (hailia COACPKUT HYUCIO N (1S n<700 000).
Crnenyromiasi CTpoKa COAEPKHUT N AJIEMEHTOB IMOCJIEI0BATeILHOCTH A, KOTOpBIC
pasneneHbl mpoOenaMu  (JIEMEHTHI TIOCIIEIOBATEIIBHOCTH — IIeNIbIe YHciia, He
npeBocxoamire mo moayaro 1000000 000).

Dopmam 6bIXOOHBIX OAHHBIX

BriBenure OIHO YHUCJIO — JUIMHY CTpPOro BO3pacTaroLIen
MOIOCIIEIOBATEILHOCTH 3JIEMEHTOB.

6X00HOU (haiin | 8bIXOOHOU Paiin

6 5
123476

3ananue 8. Ilpeobpaszosanue cmpox.
Orpanuyenue 1o BpeMenu: 1 ¢
OrpanuueHue 1o mamsTH: HET

Ha Bxox mopmaroTcst 1Be CHMBOJIBHBIC TOciefoBaTeNbHOCTH A 1 B, kaxmast
MOCJICTIOBATEILHOCTh HEITYCTasi, COCTOUT M3 MaJCHbKHUX JIATHHCKUX OYKB U UMEET
nuHy He 6osee 1000 cuMBOJIOB.

Heob6xoammo npeoOpa3oBaTh MoCie10BaTeIbHOCT A B MOCIEI0BATEILHOCTh
B ¢ MUHUManbHBEIM CyMMapHBIM MITpadoM, KOTOPBIA OMPEACNIACTCS CIIEAYIONUM
obpazom:

— yJaJeHue CUMBOJIA U3 CTPOKU A paBHO X 0aJliOB;

— BCTaBKa CMMBOJa B CTPOKY A paBHa Y 0ajlioB;

— 3aMEHa CHUMBOJa B CTpoke AHa 000 Jpyrod  CHMBOII
paBHa Z 0aJlIoB.

Dopmam 6x00HbIX OAHHBIX
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B mepBeIx Tpex cTpokax BxomHOTO aima HaxomsATcs uyucia X, Y, Z
COOTBETCTBEHHO.

Bce uncna nensie nosoxkutenbHbie U He ipeBocxoaat 1 000 000.

B crnenyromux AByX CTpOKax HaXOJSATCS CUMBOJIBHBIE MMOCIEA0BATEIbHOCTH
A u B (THm 37€MEHTOB IOCIIEI0BATEIBHOCTH String).

Dopmam 6bIXOOHBIX OAHHBIX

BriBeguTe MUHMMAaIBHBIN CyMMapHBIi ITpad.

8X00HOU (haiin 8bIXOOHOU hatin

abcd
bce

IIpuMepHBIH IepeYeHb BOMPOCOB K 3a4eTy

1. PasmepHocts 3amaur. Bpemsa pabOoTsl anroputMa. ACHMIOTOTHUKH.
TpynoemkocTs anroputmoB. [lonMHOMHAIBHBIE U SKCITOHEHITUAIBHBIE aJITOPUTMBI.
[Tpumepsl.

2. PexyppeHTHBIE ypaBHEHUS Ui 0a30BbIX aJTOPUTMOB IOHUCKA 3JIEMEHTA B
MaccuBe (MocieAoBaTeNbHbIA IMOUCK, AuxoToMmus). OlieHKa BpeMeHH pPadoThI
AJITOPUTMOB.

3. IIpocTeiimume anropuTMbl BHYTPEHHEW COPTUPOBKU: BKIIOYEHHE, BHIOOP,
ny3bIppKoBasi, IelikepHas. (OcobeHHocTH — peanuszanuu. Vcnonb3oBaHue
PEKYPPEHTHBIX COOTHOLIEHUM ISl OUEHKH TPYJOEMKOCTH aJITOPUTMOB BHYTPEHHEU
COPTHPOBKH.

4. CoprupoBka Y.Xoapa. I[lpaBuia BbiOOpa cemaparopa. Jloka3aTenbCcTBO
TPYAOEMKOCTH aJITOPUTMA.

5. CoptupoBka causiHuEM. Jl0Ka3aTeNnbCTBO TPYAOEMKOCTH aJITOPUTMA.
Hcnonb30BaHue JONOJHUTEIBHOW MaMATH IIPU [POrpaMMHON  peaau3aluu
aNropuT™Ma.

6. Peanuzanusi anropuTMOB COPTUPOBKM B  BBICOKOYPOBHEBBIX SI3bIKaX
MpOTrpaMMHUPOBAHUSL.

7. TexHomoruu pazpadoTku 3PHEKTUBHBIX aITOPUTMOB: IPUHIIUI «pa3Iesit
1 BiacTByiw». OCHOBHBIE 3Tanbl MeToAa. JleMOHCTpalys TEXHUKNA Ha KOHKPETHBIX
npUMepax U A0Ka3aTesIbCTBO BPEMEHU padOThl aJIrOpUTMA.

8. TexHomorun pa3pabOTKu 3PGHEKTHUBHBIX AITOPUTMOB: «IUHAMUYECKOE
nporpammupoBanue». OCHOBHbIE 3Tanbl MeToAa. JleMOoHcTpanusi TEXHUKH Ha
KOHKPETHBIX IMpUMEpax W JA0Ka3aTeIbCTBO BPEMEHM paloThl anroputma. Bumabl
nuHamudeckoro nporpammupoBanus (JI1): JAIT snepen, AI1 nazan, «sieauBoe» JI1.

9. AGcTpakTHble TUTIBI JaHHBIX (abstract data type) B BBICOKOYPOBHEBBIX
A3bIKax IporpaMmupoBaHus. CTpyKTypbl AaHHbIX. KoHIenTtyanbHOE OTIMYKE
aOCTpaKTHBIX TUIOB JIAHHBIX U CTPYKTYpP AaHHBIX.
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10. CrpykTypa naHHBIX MaccuB (array), AuHamuueckuii mMaccuB (dynamic
array).

11. PaznuyHble MOAXOABl K OpPraHU3allMU JUHAMUYECKOTO MaccuBa Ha 0ase
cratudeckoro. Peaisokanuu. YcpeaHeHHblE OleHKHU. Peanuzanus MaccHBOB B
BBICOKOYPOBHEBBIX SI3bIKAaX MPOrPaMMHUPOBAHUS.

12. Crpykrypa nannbix cBs3ubid criucok (linked list). ba3zoBeie oneparuu u
X TPYAOEMKOCTh. Peanusaius CBA3HBIX CIHCKOB B BBICOKOYPOBHEBBIX SI3bIKAX
IPOTrpaMMHUPOBAHMUS.

13. CpaBHeHUE CBA3HBIX CIIUCKOB W JUHAMHUYECKHUX MAacCHBOB. [IpuMeHeHwme
Ha TIPAKTUKE.

14. AOGctpakTHbIe TUTIBI TaHHBIX cHCOK (list), cTek (stack), ouepens (queue),
IBYyXCTOpoHHsIsT ouepenb (deque). bazoBble omepanum U UX TPYAOEMKOCTH
(mokazaTenbCcTBO). Peanm3arust aOCTPaKTHBIX THUIIOB B BHICOKOYPOBHEBBIX SI3BIKAX
nporpammupoBanus. [Ipumepsl UCHONB30BaHUS CTPYKTYP JAHHBIX MPHU PEHICHUU
MPaKTUYECKUX 3a]1a4.

15. AOGcTpakTHBIM THUN JaHHBIX TMPUOPUTETHAs ouepedb (priority queue).
Peanuzanusi B BBICOKOYPOBHEBBIX SI3bIKaX MporpaMMmupoBaHus. [Ipumepbl
UCITOJIb30BaHUAI.

16. CnenuanpHasi CTPYKTypa JaHHBIX OMHAapHas Kyda. ba3oBbie omepaiuu u
X TPYAOEMKOCThH (JlI0Ka3aTesbcTBO). Oneparust Moaudukanuu kitoda. [Ipumepst
UCTIOJTb30BaHUSI.

17. CneuumanbpHasi CTpYKTypa JaHHbIX OMHOMUaNbHAs Kyya. Kyya @ubonayum.
ba3oBble omnepanuu U UX TPYAOEMKOCTh (JI0KA3aTEIbCTBO). YCpeAHEHHAs OLICHKA
TPYAOEMKOCTH.

18. CTpyKTyphl JaHHBIX ISl HHTEPBAJIBHBIX 3alPOCOB (HAUBHBIN MOIXO[ -
noACUéT TPEPUKCHBIX CyMM, Sqrt-AeKOMIO3UIMs. ba3oBble omepanmuu W WX
TPYAOEMKOCTb.

19. CnenumanpHasi CTPYKTypa JIaHHBIX CHCTEMa  HEMEepPEeCeKaroIIuXcs
MHOkecTB (DSU). CriocoOs1 3a1aHus B mamMsiTH KOMIIbIOTEpa. ba3oBbie onepanuu u
UX TPYAOEMKOCTh (JI0Ka3aTeabCTBA). DBPUCTUKA «OOBEIUHEHUE TO pazMepy» U
«cxkartus myTuy. [IpuMepsl UCTIoIb30BaHUS.

20. IepeBbs. KopHeBble AepeBbs. buHapHBIC TTOMCKOBBIC JepeBhbs. ba3oBbie
omepanuy IS OWHApPHBIX TIOMCKOBBIX JIEPEBHEB U  JIOKA3aTEIbCTBO HX
Tpyao&MKocTH. [IpuMepbl HMCMOIB30BaHMUSI CTPYKTYpPHl JAaHHBIX [UJIS PEIICHUS
MPaKTUYCCKUX 3a]1a4.

21. CoanancupoBaHHbIe epeBbs. K-cOamancupoBaHHoe KOpHEBOE 1epeBo. K-
ujeanbHO cOamaHCHpOBAaHHOE KOpHEBOe AepeBo. COanmaHCHpPOBaHHBIE TTOMCKOBBIE
nepeBbsi: ABJI-nepeBo. Ilognepkka nHBapuaHnTa cOajaHCHUpPOBAaHHOCTHU. bazoBhwie
oTiepaIuu U UX TPyA0EMKOCTh (JI0Ka3aTeIbCTBO).

22. COanaHCUpOBAaHHBIC TIOWCKOBBIC JIepeBbs: 2—3-7epeBbsi. ba3zoBbie
OTepalyy U uX TPYJOEMKOCTD (I0Ka3aTeIbCTRO).

23. I'padppr. Kmaccet rtpadoB. Metonasl xpanenus rpadoB B HaMITH
koMmmibroTepa. [IpenmymectBa m HemoctaTku. [IpuMepsl 3aBUCHMOCTH BpEMEHU
paboThl 0a30BBIX ANTOPUTMOB Ha rpadax OT crmocoba mpeacTaBieHus rpada B
MaMsATH KOMIThIOTEPA.
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24. Tlouck B mmpuHy B rpade u ero npuioxkeHus. Jloka3aTenbCTBO OLEHKU
BpEeMEHH pabOThI aropuTMa.

25. Ilouck B riryOuHy B rpade u ero npuiaoxeHus. Jloka3aTeabCTBO OICHKH
BpEeMEHH pabOThI aropuTMa.

26. Tomomoruveckass  COpPTHpPOBKAa  BepmMH  oprpada.  AJTOPUTMBI
TOTIOJIOTHYECKONH COPTHPOBKM W JOKa3aTenbcTBO (anroputMm Kana, anroputm
Tapbsina). OLEHKH BpeMeHM paboThl anropuT™MoB. JleMoHcTpaiusi paOoThI
aJITOpUTMa Ha KOHKPETHOM MIpUMeEpeE.

27. AnNropuTMBI OIIpeIeleHHs ABY10JIbHOCTH rpada. Jloka3zaTenbCcTBO OIICHOK
BpPEMEHH pabOThI aATOPUTMOB. JleMoHCcTpalus paboThl alropuT™Ma Ha KOHKPETHOM
npumMepe.

28. ANTOpPUTM HAXOXKICHHS CHIIFHO CBSI3HBIX KOMIIOHEHT OPUEHTHPOBAHHOTO
rpada (anroputm Kacapaitto—llapupa). OneHka BpeMeHU palOThl aITrOPUTMA.
JlemoHcTpanus paboTsl aNropuTMa Ha KOHKPETHOM MTPUMEpE.

29. 3agaua nmoucka kparyaiimero Mapuipyra. [1ogxoasl K peleHuio 3a1aqu.
Kparuaitmmii mapuipyTt B rpade ¢ HEOTpUIaTEIbHBIMU BeCaMu pedep. AJITOPUTM
Heiikctpbl.  Mcnonp3oBaHue 0a30BBIX CTPYKTYp JaHHBIX [pU pealln3aluu
anroputMa JlefKcTpbl U 10Ka3aTeIbCTBO OLICHKU BPEMEHU PadOThI alIropuTMa.

30. Diinepos mukia B rpade. Kputepuii cyiiectBoBanus B rpade sitiepona
LUKJIa. AJITOPUTM ITOCTPOEHHUS S1JIEpOBa LIUKJIA U I0Ka3aTEeIbCTBO OLIEHKH BPEMEHU
paboThI AJITOPUTMA.

31. 3amaua MOCTPOEHUS MHUHHMAJIBHOTO OCTOBHOTO JEpeBa CBSA3HOTO rpada.
Anroputm Kpackana. Jloka3aTenbCTBO OIEHKM BPEMEHHU pabOThl ajaropuTMa.
JlemoHcTpanus paboTsl aNropuT™Ma Ha KOHKPETHOM MTpUMeEpe.

32. MakcumainbHblii TOTOK B cetu. Meroa ®opaa-dankepcona. Anroputm
OnmoHca-Kapma.

33. MakcuMaJIbHBIM MOTOK B CETH U €0 MPUIIOKCHUS.
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MMPOTOKO.JI COIJIACOBAHMSI YYEBHOM ITPOT'PAMMBI YBO

Ha3zBanue yueOHOI Ha3Banue [Ipennoxenus Pemenne, npunsatoe
JTHUCIUTUIMHEI, Kadeapsl 00 U3MEHEHUIX B Kadeapoi,
C KOTOpOH COZIepKaHUU paspaboTaBiueit
TpeOyeTcs CoryiacoBaHUE yaeOHOM y4eOHYI0 IporpaMmmy (¢
porpamMmaI YKa3aHuEM JaThbl U
YUPEKTCHUS HOMEpA MPOTOKOJIA)
BBICHICTO
o0Opa3oBaHus 110
yaeOHOM
JOUCLMIIIINHE
1. UccnenoBanue NudopmanmoHHbIX HET N3menennit He
onepauun CUCTEM TpedyeTcs
yIpaBJIeHUs (mpotokoa Ne 15 ot
06.05.2024 r.)
2. AHanm3 u BrruncnurensHon HET N3menenuit He
0o0paboTka OOJBIIUX | MATEMATUKH Tpebyercs
JTAaHHBIX (mpotokona Ne 15 ot
06.05.2024 r.)
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JOINIOJTHEHUSI U I/IBMEUHEHI/IH K Y‘IEBHOPI IMPOI'PAMME I10
N3YYAEMOU YYEBHOU JTUCHUIIJIMHE
Ha / y4eOHBIN roj

No JIonoJIHEHUS U U3MEHEHHMS OcHoBaHueE
n/n

VYueOHas nporpamma nepecMoTpeHa u 0J00peHa Ha 3aceaHuu Kadeapsl
(npoTtoxoi Ne oT 202 _r.)

3aBenyromuii kadeapoi

YTBEPXIAIO
Jlexan ¢akynbrera
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