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BCTYII

Mertoro nabopaTopHuUX poOIT € BHUBYCHHS TeEOpii aaropuUTMIB Ta
NPaKTUYHOTO 3aCBOEHHS BMIHHS BHUKOPUCTOBYBAaTH [aHi ajJrOpUTMH B
npolrieci po3B’si3aHHs MPAaKTHYHUX 3aBAaHb HUISIXOM PO3pPOOJICHHS IPOrpaM
3 BUKOPUCTAHHSAM MOBH IIporpamyBanHs C++.

KoxHOMYy CTyAeHTy mpu MiArOTOBII /10 BUKOHAHHSA JaOOpaTOpHOI
poboTH TOTPIOHO O3HAWOMHUTHUCH 3 METOJUYHMMHU BKa3iBKaMU Ta
KOHCIIEKTOM JISKIIH M0 JaHoMy po3airy. BuxonanHs mabGopatopHOl
pobotu po30mBaeThCs Ha 1Ba erand. Ha mepmomy erami HeoOXimHO
03HaOMUTHCH 3 KOHCIEKTOM JIeKliii. Ha apyromy erami BHKOHYETbCS
IHAMBiMyanbHEe 3aBAaHHS 10 JabopaTopHOi poboTu. HampukiHIi 3aHATTS
pe3ynpTaTi poOOTH TOMAIOTHCS BUKJIAAady Uil TepeBipku. 3BIT 3
nabopaTtopHoi poOOTH O(POPMITIOETHCS HA CTAHAAPTHUX apKYIIaxX Marepy
dopmary A4 (297x210Mm).

JlaboparopHa poOoTa 0OOB’S3KOBO 3aXHIIAETHCS HAa HACTYITHOMY
TICJIsI BUKOHAHHS pOOOTH HAaBYAILHOMY 3aHATTI. 32 HECBOEYACHUH 3aXUCT
POOOTH OIIHKA 3HMKYETHCS. 3aXUCT 1a00OPATOPHUX POOIT MPOBOIUTHCS TijT
yac HaBY&JIBHUX 3aHATb. CTYZEHT HE JOIYCKAETbCA [0 BUKOHAHHS
HACTYITHOI pOOOTH, SIKIIO Ma€ JBi HE3aXHUIIeHI POOOTH.



JJABOPATOPHA POBOTA Nel
AJITOPUTMHU NOMIYKY TA COPTYBAHHA

1.1 Meta podoTu

Buuntu anroputmMu 6iHapHOTO MOLIYKY Ta COPTYBaHHL.

1.2 Teopernuni BizomocTi

AaroputvMu mnomyky. OmHa 3 TuX [, sKi HaiOLIBII YacTo
3yCcTpivaloThcs B IMPOrpaMyBaHHI — MOMIYK. ICHye OeKinbka OCHOBHHUX
BapiaHTIB MONIYKY, i JAJI1 HUX CTBOPEHO 0araTto pisHOMaHITHHX aJlTOPUTMIB.

3agaya MOWIYKYy — BIALIYKAaTH €JIEMEHT, KIIOY SKOro PpiBHHUM
3aJJaHOMYy apryMeHTy molnykKy. OTpuMaHMi B pe3yJbTaTi HbOTO iHAEKC
3a0e3reuye TOCTYI JI0 YCiX MOJIiB BUABJICHOTO CIEMEHTA.

HocainoBuuii (minifinmil) momyk. HalmpocTimum MeTomoM
MOIIYKY €JIEMEHTA, KU 3HAXOJUTHCS B HEB1JICOPTOBAHOMY HA0Opi JaHMUX,
3a 3HAYCHHSAM HOTO KII0Ya € TIOCHIJOBHUM Meperisi KOXHOTO eIeMEeHTa
HaOOPYy, SIKUH MPOJOBKYETHCS JTOTH, TIOKH He Oyne 3HaliieHni moTpiOHUi
eJIeMeHT. SIKIo meperasHyTo Bech Halip, 1 eleMeHT He 3HalAeHuH — Toml
UIyKaHWW KIFOY BiJACYTHii B Habopi. Lleit MeTox mie Ha3WBaIOTh METOJIOM
MIOBHOTO TIepedopy.

JJ1st TOCITiTOBHOTO TOMITYKY B CEPEAHBOMY MOTPiOHO N/2 TIOpiBHSHB,
ne N — KUIbKICTh efieMeHTIB y Habopi gaHux. TakuM YHMHOM, TMOPSIOK
anroputmy — miniitanit — O(N). SIkmio eneMeHT 3HaiaeHO, TO HOTO iHAEKC
MiHIMaTBHAN 3 MOXIJIMBHX, TOOTO II€ MEPIINN 3 TAKUX eNeMeHTIB. PiBHICTh
i=N 3acBimuye, 1110 €JIEeMEHT BiJICYTHIM.

SIkio HeMae JO0JJaTKOBUX BKa3iBOK PO PO3TAIyBaHHS HEOOXI1IHOTO
€JIeMEHTa, TO MPUPOAHUM € TIOCHIJOBHUI Teperyisg MacuBy i3
301IbIIEHHAM Ti€i HOro 4acTHHH, A€ Oa)XaHOro ejJeMEHTa He 3HalijeHO.
Takuii MeTO1 Ha3UBAETHCS JIIHIHHUM TOIIYKOM.

binapHuii nomyk ejjeMeHTa B MACHUBI.

SIK110 € MacuB, 110 MICTUTH BIIOPSAKOBAaHY MOCHTIIOBHICTh TaHHUX, TO
nyxke e(QEeKTHBHUM € OIiHapHHH MOmyK, a00 MeToJ]| JiJICHHS HaBIIiJ.
BiamoBigHo 10 Ha3BH, HOro i€ MOJIAra€ y IMOCIIIOBHOMY IOIIICHHI
MacHMBY HAaBIUI 1 BU3HAYECHHI, B AKIH i3 MOJOBUH 3HAXOAUTHCS HIYKAHUN
eneMeHT. Jlns 1poro, 3aBASKM BiICOPTOBAaHOCTI JaHUX Yy MAacHBi,
JIOCTATHBIO TIOPIBHATH NIYKAHUHA EJIEMEHT 13 IICHTPaIbHUM.



3miaai L i R wmicTarp BiAmOBigHO HTiBY 1 TpaBy MeXi Bimpizka
MacuBy, 1€ MICTHTbCA TOTpiOHMHA enemeHT. [loumHaemo 3aBxan 3
JOCHIDKEHHSI CEpeAHbOro elleMeHTy Biapizka. [lozHauumo M — cepenHii
eneMeHT, skuil nopiBHioe (L+ R) /2. fkmo mykaHne 3HaueHHS MEHIIE Bix
CEepeIHBOr0 eNEeMEeHTa, MU IEePEeXOIUMO /O TOMIYKYy y JiBii IMOJOBHHI
BiZIpi3Ka, JI¢ BCi €JIEMEHTH MEHIII BiJl TUIBKH IO IMepeBipeHOoro. IHmmMm
cnoBamH, 3HaueHHIM R ctae (m—1), i Ha HACTymHIil iTepalii MpaIroemMo 3
MOJIOBHHOIO MacWBy. B mpoTmiexHOMy BHIAOKy eJIEMEHT IOTpiOHO
IIyKaTd B TpaBiii TOJOBHHI Bipi3Ka, TOMY 3CYBa€EMO JIiBy TPaHHMIIIO
nouryky B cepeauny: L crae m+1. OTxke, B pe3yiabTaTi KOKHOI TepeBipKU
MU BIBIUI 3BYKYEMO 0ONacTh NOIyKy. [lopsaok anroputMmy OiHapHOTO
norryky — O(log N).

Marepianu 3 1iei Temu nogani B [1, 2].

Homyk meTtonom ®idonauui. Bin npairoe mBuamie, Hixk OiHApHAN
MOITYK, OCKIIBKH 3aMICTh OIepalliii JiNeHHs, M0 3aCTOCOBYIOTHCS ¥
MOTIEPEIHOMY METO/Ii, BUKOPHCTOBYE OMepallii 10/IaBaHHs Ta BiJHIMaHHS.
CyTp MeTOQy THONATaE Yy BU3HAYCHHI HACTYIIHOTO EJIEMEHTa JUIS
MopiBHAHHSA 3 yuciamMu DiboHaudi. 3MEHIIEHHS iHAEKCA O3HAYa€ Mepexina
MO TOMNEPEIHHOr0 YHUCIIA, 30UTBIICHHS - MepeXil N0 HacTymHoro. Yucia
®diboHauui HOPMYIOTHCS Ha OCHOBI JIOJIAaBaHHS JBOX IOIMEPEIHIX YUCEII, ¢
nepmie i Japyre 4mcio JopiBHIOIOTE 1. ToOTO, MOKHA CKJIAacTu TaKy
nocaigoBHicTh uncerr: 1,1,2, 3, 5, 8,13,21,34...

1.3 [lopsinok BUKOHAHHS JIAG0PATOPHOI POGOTH

1. 3acrocyBaBmIM KOHCHEKT JIEKLill Ta JOAATKOBY JITEpaTypy,
BUBYUTH aJITOPUTMHU OiHAPHOTO MOIIYKY Ta COPTYBaHHSI.

2. BukoHaT iHIUBiAyanbHE 3aBJIaHHS 3TiITHO 3 BapiaHTOM (TaO.
1.1). Hanmcatu nporpamy, 1o peatizye ajaroputM OiHapHOTO TOIIYKY, Ta
nporpaMy 3 ~ BUKOPUCTAaHHSIM  airoOpuTMy  OIHapHOTO  TOLIYKY
binary search() 0i0miorekn STL. IlopiBHSTH pe3y/ibTaTd MPOTPaM.
OuiHuTH 00YHUCITIOBAJIbHY CKJIAIHICTh T4 YaC BUKOHAHHS aJrOPUTMIB.

3. PeanmizyBatu  anroputM COpTyBaHHs 3TiIHO 3  BapiaHTOM
(tabn. 1.2). Hanucatu nporpamy, 1o peaizye alrOpuT™M COPTYBaHHS, Ta
porpaMy 3 BUKOPUCTAHHIM alropuT™My copryBanHs sort() 6i6morekn STL
3 BUKOpUCTaHHSIM (yHKUIH KommnapaTopiB. llopiBHATH pe3yibTaTtu



nporpaM. OIHUTH OOYHCIIOBATBHY CKJIQJHICTh Ta 4Yac BHUKOHAHHSI
aJTOPUTMIB.

4. OpopmutH 3BIT. 3BIT 3 1a00PaTOPHOI POOOTH MMOBHHEH MICTHUTH:
MeTy poOOTH; 3aBIJaHHS Ha BHKOHAHHS POOOTH; OJOK-CXeMH MpOTpam;
TEKCTH MPOrpaM; pe3ylbTaTH poOOTH; BUCHOBKH.

5. BignoBicTy Ha KOHTPOJIBHI 3alTUTAHHS.

1.4 InquBinyanbHi 3aB1aHHA

Tabmurs 1.1 — 3aBxanHs Ha TeMy «biHapHUN TOITYK»

=

YMoBa 3aadi (pecype Ajisi MepeBipKU MPOXOIKEHHS TECTIB)

https://www.e-olymp.com/uk/problems/7329

https://www.e-olymp.com/uk/problems/3968

https://www.e-olymp.com/uk/problems/3966

https://www.e-olymp.com/uk/problems/3967

https://www.e-olymp.com/uk/problems/3969

https://www.e-olymp.com/uk/problems/3970

https://www.e-olymp.com/uk/problems/6356

https://www.e-olymp.com/uk/problems/4035

https://www.e-olymp.com/uk/problems/5149

PO OINOOBRWN|EF

0 | https://www.e-olymp.com/uk/problems/6008

Tabmus 1.2 — 3aBganHs Ha TEMY «AJITOPUTMU COPTYBaHHS

o AJTOPUTMHU COPTYBAHHS

METOJ COPTYBaHHS HiAPaxXyHKOM

METOJ COPTYBaHHs OYJILOANIKOIO

MCTOJ] COPTYBaHHS BCTaBKaMM1

MCTOJ COPTYBAHHS 3JIUTTAM

MCTOJ COPTYBAHHA BI/I60pOM

o|lu|s|w|N|k|z

MCTOJ MIBUAKOI'O COPTYBAHHS
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1.5 KoHTpoJbHi 3anuTanHs

VY gomy nossrae iges ninidHOTO MOIyKy? CdhopMymonTe yMOBY

MPUNUHEHHS NIEPETTIAAY €JICMEHTIB.

2.

VY sSKOMy BUMagKy MOXE BUKOPHUCTOBYBATHCS OiHApHUH MOLTYK?

Y yomy #oro ocHOBHa ixest?

© oo NGk~ wW

Cdopmymroiite anroput™ GiHAPHOTO MONIYKY.

B 4yomy nonsrae MmetTon copTyBaHHS MigpaxyHKOM?
B 4yomy nonsrae meton coptyBaHHs Oyab0aIiKow?
B "omy nonsirae MeTox COpTyBaHHS BCTABKAMU?

B 4yomy nonsArae MeTox cCOpTyBaHHS 3IUTTAM?

B 4yomy nonsrae meton copryBaHHs BHOOPOM?

B "omMy nosmsrae MeTo 1 IBUIKOTO COPTYBAHHS?



JIJABOPATOPHA POBOTA Ne2
AJITOPUTMHU POBOTH 31 CTPYKTYPAMU JAHHUX

2.1 Meta po6oTu

BuBunTH anropuTMH CTBOPEHHS Ta KEPyBaHHS CTPYKTypaMH JaHUX
OJTHO3B’SI3HUH Ta JBO3B’SIHUMA CITUCOK, CTEKU Ta YEPTH, MHOKUHA, PS/IOK.

2.2 TeoperuuHi BizoMocTi

JuHamiuHi CTPYKTypd JAaHUX B TMpoOIeci iCHyBaHHA B MaM'sITi
MOXXYTh 3MIHIOBATH HE TIJIbKA YHCIIO CKJIQJOBUX IX E€JEeMEHTiB, a W
XapakTep 3BSI3KIB MDK eleMeHTamH. JluHamiuHa CTpPYKTypa JaHHUX
XapaKTEepPU3YEThCSI TUM, 1110 BOHA HE MAa€ 1IMEHI, il BUIIISIETLCSA NaM'ITh B
npolieci BUKOHAHHSI POTPaMH, KiJbKICTh €JIeMEHTIB CTPYKTYPH MOXKE He
¢ikcyBaTHCS, PO3MIPHICTH CTPYKTYPH MOXe 3MIHIOBATHUCS B TIpoIleci
BUKOHAHHS TMpOrpamMH, B TMpOIeci BUKOHAHHS MpOTpaMHU  MOXKeE
3MIHIOBAaTHCS XapaKTep B3a€MO3B'I3KY MK €lleMeHTaMH CTpyKTypu. s
BCTAHOBJICHHS 3BI3Ky MDK €JIE€MEHTaMHM JUHAMI4HOi CTPYKTYypH
BUKOPHUCTOBYIOTBCS MIOKKUYUKH, Yepe3 SIKi BCTAHOBNIOIOTHCS SIBHI 3B'SI3KU
MK elleMeHTaMH. Take TMpeNCTaBlICHHsS JaHUX B NaM'sTi Ha3UBAETHCS
nos's3aHuM. llopsgok poOOTHM 3 AMHAMIYHUMH CTPYKTypamMH JaHUX
HacTynmHH: 1) cTBopuTH (BigBeCTH Miclle B JAWHAMIYHIA mam'saTi); 2)
MPALIOBATH 3a JOIOMOI0O MOKAKYUKA; 3) BUAAIUTH (3BUIBHUTH 3alHATE
CTPYKTYPOIO MicCIIe).

Jo nuaaMivHUX iHGOPMAIITHUX CTPYKTYP BiTHOCSTD:

— OJTHO3B'SI3HI CIIMCKU;

— JIBO3B’SI3HI CITHCKH;

— CTEK;

— qepry;

— MHOXHHY.

EnemeHT nuHaMi4HOI CTPYKTYpH CKJIQJA€ThCS 3 JBOX TIOJNIB:
iH(opMariiiHOrO ToJIs (TIOJIA JaHUX), B IKOMY MICTATHCS JIaHi; aJpecHOTO
noJist (TI0JIS 3B'30K), B SIKOMY MICTSIThCS OIMH a00 KiJIbKa MMOKa)K4MKiB, 110
3B'SI3y€ JIAaHU €JIEMEHT 3 IHIIIMMH eJIeMEHTaMU CTPYKTYPH.

CriucKoM Ha3MBa€ThCS BIOPSIKOBAHA MHOXKHHA, 110 CKJIAJAETHCS 3i
3MIHHOTO YHCJIa €JIEMEHTIiB, A0 SKHUX 3aCTOCOBaHi omepauii BKIOYEHHS,
BUKJTFOUEHHS. JIOBXXKHHA CIIUCKY JIOPIBHIOE YHCITY €IIEMEHTIB, 1[0 MICTIThCS
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y CIIUCKY, CIHMCOK HYJIbOBOI JOBXXMHU HAa3MBAETHCA MOPOXKHIM CIHCKOM.
s 3B'SI3yBaHHS €JIEMEHTIB Yy CIUCKY BHKOPHCTOBYIOTb CHCTEMY
MOKAXYUKIB. Y MiHIMaIbHOMY BUNAAKy OyIb-SIKHH €JIeMEHT JiHIHHOTO
CIHCKY Ma€ OJHMH TMOKKYMK, SIKUM BKa3ye Ha HACTYMHUH €JIEMEHT Yy
CITUCKY a00 € TOPOXKHIM IMOK)XYHUKOM, IO IHTEPIPETYEThCS SK KiHeIb
cinucky. CTpyKTypa, €JeMEeHTaMH SIKOi CIy’XKaTh 3allUCH 3 OJHUM 1 THM
caMuM (OpMaTOM, MOB'AI3aHi OAMH 3 OJHUM 32 JIOTIOMOTOI0 MOKa)KYHKIB,
10 30epiraroTbCsi y CaMHUX €JIEMEHTaX, Ha3HBAIOTh IOB'SI3aHUM CIIMCKOM.
Koxen crimcok Mae 0cOOMMBHI eJIeMEeHT, Ha3UBaHHUH MOKAKYUKOM ITOYATKY
CIUCKY (TOJIOBOIO CIIMCKY), SIKMEM 3a3BHYail 3a 3MICTOM BIIMIHHHIA Bij
IHIIMX €JIEMEHTIB. B Moy MokakuMka OCTaHHBOTO €JIEMEHTa CIIUCKY
3HaXOMUThCH cremianbHa mo3Hauka NULL, ska CBiTYuTH PO KiHEIh
CIIHCKY.

3 yCchOro pI3HOMAHITTS IIOB'SI3aHUX CIHHCKIB MOYKHAa BHIIJIMTH
ONHO3B'A3aHI CHHCKHM Ta JBO3B’S3aHI CIOUCKA. B OCHOBHOMY BOHH
BiJIPI3HSIOTHCS BHUJOM B32€EMO3B'SI3KY €JIEMEHTIB 1 / a0o JOMyCTHUMUMH
orepariisiMu.

Haii0inem mpocTor0 MUHAMIYHOIO CTPYKTYPOIO € OIHO3B'SI3HHIMA
CIHMCOK, €JIEMEHTAMH SIKOTO CIyXaTb O0'€KTH CTPYKTYpHOTO THILY.
OnHO3B'SI3HUI CITUCOK — II€ MOCJIIJJOBHICTh €JICMEHTIB, B KOXKHOMY 3 SIKUX
30epiraeTbcs 3HAUCHHS 1 MOKKYMK HA HACTYIHUH eleMeHT CrHcKy. B
OCTAaHHbOMY €JIEMEHTI IMOKQKYMK Ha HACTYIIHHUH eJNeMEeHT JOPIBHIOE
NULL. Onuc HalnpoCTIilIoro eneMeHTa TaKOTO CITUCKY € HACTYITHUM:

struct iM’s_tuny {iHdopmariliHe Tmoye; aapecHe IoJe; }; Je
iHdopMariiiiHe mose — 1e moJsie Oyab-SKOTO, paHillleé OroJjomeHoro abdo
CTaHJAPTHOTO THUITY; aApECHE MoJie — 11 MOKaXXYUK Ha 00'€KT TOrO X THILY,
1I0 1 BU3HAYAETHCSI CTPYKTYpa, B HHOTO 3alUCYETHCS ajpeca HAaCTYITHOTO
€JIEMEHTA CITUCKY.

JIBO3B’s13aH1 CHMCKM — II€ CTPYKTypa JIaHHX, IO CKJIAQJAETHCA 3
TIOCITIIOBHOCTI €JIEMEHTIB, KOKEH 3 SIKUX MICTHTh iHQOpMAaIliiiHy YacTHHY i
JIBa TIOKQ)KYUKa Ha CycijHi eneMeHTH. [Ipu boMy JiBa CYCiJIHI €JIeMEHTH
NOBHHHI MICTHUTH B3a€MHI TOCWJIaHHS OAMH Ha ogHoro. Ommc
HaUMPOCTILIOrO eIEMEHTa TAKOTO CIIUCKY € HACTYITHHUM:

struct iM’si_tuny { iHdopmarliiiine mosie; agpecHe noje 1; aapecHe
noje 2; }; nme iHdopmauiiiHe mosie — ne moje OyIb-sKOro, paHilie
OTOJIOIIEHOTO 200 CTaHAAPTHOIO, THITY; aApecHe noje 1 — e MoKaK4YHK Ha
00'eKT TOT'O CaMOT0 THITY, IO 1 BU3HAYCHA CTPYKTYPa, B HHOTO 3aMUCYETHCS
ajipeca HACTYITHOTO eJIEMEHTa CIHCKY; aJpecHe moje 2 - [e MOKKYUK Ha
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00'€KT TOTO CaMOTro THITY, IO i BU3HAYEHA CTPYKTYPa, B HHOTO 3aITHUCYETHCS
aZpeca TIOMEPENHBOTO eneMeHTa cnuckKy. OCHOBHI ormepamii, 1m0
BUKOHYIOTbCS HaJ [JIBO3B’SI3HMM CIOHCKOM, Ti cami, mo # s
OJIHO3B’SI3HOTO CIUCKY. TOMY 110 TBO3B’SI3HH CITUCOK OUTBIN THYYKHIA, HiXK
ONHO3B’SI3HWH, TO TIpH BKIIOYCHHI EJIEMEHTa y CIHUCOK, NOTpiOHO
BUKOPUCTOBYBAaTH MOK&XYMK SK Ha €JIEMEHT, 3a SKUM BinOyBaeTbcs
BKIIIOUYCHHS, TaK 1 MOK&WKYMK HAa €JIEMEHT, MepeA SKUM BigOyBaeTbcs
BKitoueHHs. [lpm  BUKITIOWEHHS eneMeHTa 31 CHOHCKYy TOTpPiOHO
BUKOPUCTOBYBAaTH SIK IIOK&KYMK Ha CaM BHKJIIOYAETHCS E€JIEMEHT, TaK 1
MOKAXYMKW Ha ToNepenHiii abo HACTYMHHUH 3a BUKIIOYAETHCS €JIEMEHTH.
AJe TOMY 1[0 €JEeMEHT JBOIB’SI3HOTO CITUCKY Ma€ JIBa MOKAKYHKA, TO MPH
BUKOHAHHI oOmepamniidi BKIIOYEHHS / BHKIIOYEHHS eJeMeHTa Tpeda
3MIHIOBaTH 15 O1IbIIE 3B'SI3KIB, HIXK B OJHO3B’SI3HOMY CITUCKY.

VY chomckax IIOCTYN /A0 €JEMEHTIB BiOyBa€ThCs 3a JOMOMOTOIO
ajpecariii, Ipy bOMY JOCTYTI 10 OKPEMHUX €IIEMEHTIB He 0OMexXeHHN. AJle
ICHYIOTh TaKOX 1 TaKi CIHCKOBI CTPYKTYPH HaHHX, B SIKHX € OOMEXKEHHS
poctyny g0 eneMeHTiB. OJHUM 3 TPEJICTaBHHUKIB TaKMX CIHUCKOBHX
CTPYKTYp € CTeKoBHi cmmcok abo mpocto crek. Crek (amrm Stack —
CTONIKA) — II€ CTPYKTypa JAaHUX, B SKill HOBHH €JEMEHT 3aBXIU
3aMUCYEThCS B 11 MOYATOK (BEpIIMHY) 1 YEproBUH EIIEMEHT YHUTAETHCS
TaKOXX 3aBXKAM BUOMpAETbCA 3 il MOYaTKy. Y CTE€KaxX BHKOPHUCTOBYETHCS
merox poctymy no enementiB LIFO (Last Input — First Output, "octanHiM
npuiimoB — nepmwmM BuimoB"). Haituactime npuHmmn poboTh creka
MOPIBHIOKOTH 31 CTOINKOI TapijOK: II00 B3SATH IPYTy 3BEpPXY, MOTPiOHO
CHOYATKy B3STH BepxHIO. CTEK — 1€ CIHCOK, y SIKOTO JOCTYIHUH OIWMH
eneMeHT (oxHa mo3uis). Lleidl eneMeHT Ha3MBAa€TbCS BEPIIMHOIO CTEKA.
B3siTn eneMeHT MOXKHA TiJIBKH 3 BEPIIMHU CTEKa, TOJATH €IEMEHT MOXKHA
TIBKH y BEPIINHY CTEKa.

Onuc cTeka € HaCTymHUM: struct iM’a_tuny { iHdQopMmaliiiHe Hoie;
ajZipecHe mosie; }; ne iHdopmaiiiiHe moie — e Hoje Oyb-IKOro paHilie
OTOJIONIEHOTO 200 CTaHAAPTHOTO THUITY; aJpECHE MOJe — IIe MOKAKYMUK Ha
00'€eKT TOro 3 THUNY, L0 1 CTPYKTypa, B HBOTO 3alUCYEThCS ajapeca
HACTYIHOTO €JIEMEHTA CTEKa.

Crek sk AMHAMIYHY CTPYKTYpPY J@HHX JIETKO CTBOPUTH Ha OCHOBI
niHiiHOro crnmcky. OCKilbKM po0OTa 3aBXKIW HAE 3 3arojlOBKOM CTeKa,
TOOTO He TOTPIOHO 3MIMCHIOBATH TEPETJIsA] CJIIEMEHTIB, BHUJAICHHS 1
BCTaBKy €JIEMEHTIB y CcepeJuHy a0o KiHelb CIIMCKY, TO JIOCHTh
BUKOPUCTOBYBAaTH €KOHOMIYHUM 10 Tmam'aTi JHIHHWHA OJHO3BSI3HHUN
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CIHCOK. J[Isl TAaKOTO CIUCKY JIOCUTh 30epiraTé MOKaKYWK BEPIINHH CTEKa,
SAKUH BKa3ye Ha TMEpIIKA eIeMEeHT CIHCKY. SIKIIO CTeK MOPOXKHii, TO
CIHCKY He iCHYE, 1 moKaxunk HaOyBae 3HaueHHss NULL.

Yepra — 1e CTpyKTypa JaHuX, SIKa € MOCHTiJOBHICTIO €JIEeMEHTIB, 110
CTBOpPEHA B TIOPSOKY 1iX HagxojkeHHs. KoXeH HOBHH eleMEeHT
pPO3MINIYEThCA B KiHINI YeprH; €JIeMeHT, IO CTOiTh Ha IOYaTKy YeprH,
BUOMpAEThCS 3 HEl mepimuM. Y dep3i BAKOPUCTOBYETHCS IPUHIUI AOCTYITY
nmo emementiB FIFO (First Input — First Output, "mepmmii mpuiAmoB —
nepmuM BUAMIOB"). Y dYep3i JOCTYNHI JBa eleMeHTH (ABi Mmo3uilii):
MOYATOK 4Yepru i KiHerp 4depru. [IoMicTUTH elleMEHT MOXHa TUIBKH B
KIHEIlb YeprH, a B3STU €JIEMCHT TUIbKM 3 11 movartky. [Ipukiamom moxe
OyTH 3BH4YaiiHa yepra B MarasuHi. Uepry sk JUHAMiuHY CTPYKTYPY JaHUX
JISTKO CTBOPUTH Ha OCHOBI JIHIHHOrO croucky. Ockiabku pobora
BiOyBa€eThCsl 3 000Ma KIiHISMH YEprd, TO MEPEBAXXHO BHUKOPHCTOBYBATU
TMHIAHUA ABOCIPSIMOBAaHUI CIUCOK. Xo4a JUIsi POOOTH 3 TaKUM CIIHICKOM
JOCUTh MATH OJMH TIOKQXKYUK Ha OyJb-SKHH €JEMEHT CIHCKY, TYT
JIOLITLHO 30epiraTtu JiBa MOKaXYHWKY — OJIMH Ha MOYATOK CIHUCKY (3BIIAKU
BAJIYYa€MO €JIEMEHTH) 1 OJWH Ha KiHelb CHOUCKY (KyIOu JOAaEMO
eleMeHTH). SIKIo dYepra MOPOXHS, TO CHHCKY HE ICHYE, 1 TMOKaXYHKH
HaOyBaroTh 3HaueHHst NULL.

MHOXHWHa - BiJICOPTOBaHUN HaOIp OJHOTUITHUX €JIEMEHTIB, SKi HE
MOBTOPIOIOThCS. PeanizyBaTh Taky CTPYKTYpPY IaHHX MOXHA PI3HUMU
croco0aMu: 3a JIOTIOMOTOI0 TUHAMIYHOTO MackBa abo JTiHIHHOTO CIHCKY.

2.3 Ilopsinox BUKOHAHHS J1a00pPaTOPHOL podoTH

1. 3acrocyBaBmIM KOHCHEKT JIEKIii Ta JOAAaTKOBY JIiTEpaTypy,
BUBUUTU CTPYKTYpU NAHUX OJIHO3B A3HUI Ta ABO3B’SHUM CHHCOK, €K,
CTEK, 4epra, MHOKHHA, PSJIOK.

2. BukoHaTH iHIUBIAyabHE 3aBJaHHsI 3T1THO 3 BapiaHTOM.

3. OdopmutH 3BiT. 3BIT 3 1a0OPaTOPHOI POOOTH MOBUHEH MiCTHUTH:
METy poOOTH; 3aBAaHHSI Ha BHKOHAaHHA pOOOTH; TEKCT IPOrPaMu;
pe3ynbTaTe poOOTH; BUCHOBKH.

4. BiamoBicT Ha KOHTPOJIBbHI 3aITUTaHHS.

2.4 TumuBinyaabHi 3aBIaHHA

1. Po3poOutu mporpamy, IO peajli3ye CTPYKTYpy JaHHX CTeK.
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IlopiBHATH 3 peanizamiero KOHTeWHepa OiOmioTekn stack, po3poOHBIIH
BimnmoBimHYy mporpamy. OIIHUTH OOYHCIIOBANBHY CKIQJHICTh Ta dac
BUKOHAHHS aJITOPUTMIB.

2. Pozpobutn mporpamy, M0 peanizye CTPYKTYpy [HdaHHX JeK.
IopiBusaTH 3 peaimizalliclo KoHTelHepa OibmioTekn deque, po3poOHBIIH
BimnmoBimHYy mporpamy. OIIHUTH OOYHCIIOBANBHY CKIQJHICTh Ta dac
BUKOHAHHS aJITOPUTMIB.

3. Po3pobutu mporpamy, 10 peaiizye CTPYKTypy JaHUX depra.
IlopiBHATH 3 peamizallielo KOHTeitHepa Oi0IiOTeKH queue, Po3pPOOUBIITH
BiAMoBiAHYy mnporpamy. OIIHUTH OOYMCIIOBANbHY CKIQAHICTH Ta dac
BUKOHAHHS aJITOPUTMIB.

4. Po3zpobutu mporpamy, IO pealizye CTPYKTYPY OIHO3B’ SI3HHMA
cnucok. [lopiBHATH 3 peani3amiero KoHTeiHepa OiOmioreku  list,
PO3pOOUBIIY BiAMOBIAHY mporpamy. OIIHATH OOYKCITIOBAJIbHY CKJIAJHICTh
Ta 4aC BUKOHAHHS aJlTOPHTMIB.

5. Pozpobutu mporpamy, mo peani3ye CTPYKTYpy [HBO3B’S3HHU
cnucok. [lopiBHATH 3 peani3amiero KoHTeliHepa OiOmiorexu  list,
PO3poOUBIIH BiAMOBiAHY Mporpamy. OIMIHATH 0OYHCITIOBAIBHY CKIIAJTHICTh
Ta 4aC BUKOHAHHS aJlTOPUTMIB.

6. Po3pobutu mporpaMy, 1o peainizye CTpYKTYpy AaHUX MHOKHHA.
OWiHUTH OOYMCIIIOBANIBHY CKJIQJHICTh Ta YaC BUKOHAHHS aJTOPUTMIB.
IlopiBHATH 3 peamizamielo KoHTeWHepa O0i0mioTekn set, po3poOWBIIU
BiJIMIOBIHY MTPOTpPaMy.

7. Po3pobutn mporpaMmy, MmO peajizye CTPYKTYpy MAaHUX PSAOK
CHMBOJIB, BHKOPHCTOBYIOUHM OJHO3B’SI3HHH CIHCOK (€IEMEHT CITHUCKY
MICTUTH JaHi: OJHMH CHMBOJI, Ta IOKXYMK HAa HACTYIHUH €JIIEMEHT
coucky). IlopiBHATH 3 peamisamiero KoHTeWHepa OibmioTeku String,
PO3pOOUBIIY BiAMOBIAHY mporpamy. OMIHATH OOYKCITIOBAJIbHY CKJIAJHICTh
Ta YaC BUKOHAHHS aJlTOPHTMIB.

8. Po3pobutu mporpamy, 10 pealizye CTPYKTYpPY HaHHX PSIOK
CHUMBOJIIB, BUKOPUCTOBYIOUH JMHAMIYHWI MacuB cuMBOJiB. [lopiBHSTH 3
pearizaiieto KoHTeliHepa O0i0iioTeku string, pO3pOOHMBILM BiANOBIAHY
nporpamy. OLIHUTH OOYHMCIIOBAJIBHY CKJIAQIHICTh Ta 4Yac BHKOHAHHS
AITOPHUTMIB.
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2.5 KonTpoasHi 3anuTanus

1. SIx 3giificHIOETBCS JOOCTYH 10 MJWHAMIYHUX CTPYKTYp 3
MIPOrpaMHOro Koxy?

2. Sk 3B'I3yIOTBCS MiXkK COOOIO €JIEMEHTH TUHAMIYHOI CTPYKTYpH?

3. Sxoro Ty Moxxe OyTH IOJie TJAaHUX B JMHAMIYHIN CTPYKTYpi?

4. 3a paxyHOK 4oro po0oTa 3 JUHAMIYHUMH JaHHMH YIOBLIBHIOE
BUKOHAHHS ITporpamu?

5. YV domy BiIMIHHICTP TEpHIOTO e€JEeMEHTa OJHO3B’SI3HOTO
(mBO3B’A3HOTO) CIIHCKY BiJ IHITNX €IEMEHTIB IHOTO K CITUCKY?

6. Y dYoMy BIIMIHHICTH OCTaHHBOTO €JIEMECHTA OJHO3B’SI3HOIO
(mBO3B’A3HOTO) CIIUCKY BiJ IHITNX €IEMEHTIB IHOTO K CITUCKY?

7. Uomy mpu poOOTI 3 IBO3B’S3HMM CIIMCKOM HE OOOB'SI3KOBE
MO3HIIIOHYBAHHS HA TIEPIINH €JIEMEHT CITUCKY?

8. Y 4oMy mpHHIMIOBI BIJIMIHHOCTI BHKOHAHHS OCHOBHUX
omepariii B OTHOCTIPSIMOBAHUX 1 IBOCIIPSIMOBAHUX CIHCKaxX?

9. Sxe mpu3HAYCHHS €KY, CTEKY, YEpPTH, CITUCKY?

10. Sk cTBOpUTH JCK, CTEK, YePTy, CITUCOK?

11. Ha3BiTh 0a30Bi omeparii Hax JeKOM, CTEKOM, YePTOI0 1 CIIUCKOM.

12.3 sxor0 MeTOI0 B IporpaMax BUKOHYETHCSI II€peBipKa Ha
TIOPOKHUHU CTeKa 1 4epru?

13. 3 sxor0 MeTor B Hporpamax BUKOHYETHCS BHJIAJIEHHS CTEKa i
YeprH Iicis 3aKiHYeHHS POOOTH 3 HUMH?
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JJABOPATOPHA POBOTA Ne3
AJITOPUTMMH TEOPII YA CEJ

3.1 Mera podoTtu

BuBunTH anroputMu Teopii dncen.

3.2 Teoperuuni BimomocTi

Teopist uncen po3risimae BIACTHBOCTI IUIMX YHCEN, TOOTO YHCEN
knacy Z=0, £1, £2.... Cyma Ta 100yTOK LIJIMX YHCEI € IITUMH YUCIaAMH,
ajie Mpo Pe3yNbTaT JAUICHHS JBOX IIIMX YHCEN TAaKOTO CTBEPIXKYBAaTH BXKE
HE MOJKHA.

JI1s JOBUTBHMX ITITMX YHCET a i b BU3HAYaeThes, MO b miauTh a (a
JIMTBCS Ha b), SKIIO iICHYE TaKe I[iJie YUCIIO ( , JJI SKOI'O0 BUKOHYETHCS
piBHicTh: a=-b*q. TIlo3nauaerbcs neit ¢akr tak: b | a . IIpu mpomy b
HA3MBAETHCS JIIJIBHUKOM a , YHCJIO a 32 TAKUX YMOB Ha3WBAETHCS KPATHUM
b.

Bynp-ske mine d , sske oAHOYACHO AINTUTH YHCHA a, b,...., 1, Mae Ha3By
CHIJIBHOTO JUIbHUKA IUX 4uced. HaiOinbinuii i3 BCiX AUIBHUKIB Ma€ Ha3BY
Haii0ipmoro cniibHoro giibanka (HCJI) i no3navaerses d= (a, b,...., I).
Skmo (a, b,...., 1)=1, To uucna a, b,...., | B3aemuo npocti. Skimo koxHe
YUCIIO 13 HABEACHOTO HAOOPY € B3aEMHO TMPOCTUM i3 KOXXHHM I1HIIAM
YHUCJIOM IIOr0 HA0Opy, TO Ii 4uciIa momapHo mpocti. [lomapHo mpocTi
YKCIIa € OJJHOYACHO 1 B3aEMHO MPOCTHMHU, ajic HE HABIAKH.

Jnst yucen a 1 b mporec MOCHIIOBHOTO JiNEHHS 3 ocTayero (a
JUINTBCS Ha b, moTiM b Ha r1, MOTIM MepIia ocTadyy Ha JIpPyry i T. i.)
HA3MBaETHCS aaropuTMom EBKkirina:

a=bg,+r,  (0<r<b),
b=rg,+r, (O<r,<r),
n=rg,+r, (0<n<r),
it 2= rn—lqn—l + I’.n (0<rn<rn—1)’
Irn—l = rnqn (O<rn <rn)

+1

Hajiménme cmiabae kparwe (HCK) gaBox mimmx uymcenm —
HaMeHIIle HATypalbHE YHCIIO, IKE € KPATHUM 000X IMX YHCEI.


https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D1%83%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
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Bractuocti HCK:

HCK(a, b) = HCK(b, a) (mepecraHoBKa apryMeHTIB HE 3MIiHIOE
HCK);

HCK(a, b, ¢, d) = HCK(HCK(a, b), HCK(c, d));

HCK(a, b) = [abl/HC/I(a, b), ne HCJI(a, b) — Haii0inpmmii crinpHmit
IIJIBHUK yucen a, b.

Pemeré Eparocdéna — mpoctuii cTapomaBHId  aNrOpUTM
3HAXOMKEHHS BCIX MIPOCTHUX YMCET MEHIINX JESIKOTo IJIOro Yucia, mo OyB
CTBOPEHUI JaBHBOTPELILKUM MaTeMaTHKoM Epatocdenom.

SAxuro noTpiOHO 3HAHTH BCi MPOCTI YKCIIa MEHIII 3a TIeBHE Yrcio N,
BUITUCYIOTHCA Bei ymena Bix 1 mo N.

[lepme mpocte gucno - 2. BukpecmiotoThesl BCi yucia Oibii 2, sKi
ninsatees Ha 2 (4, 6, 8 ...).

Hacrymae umcno, ske 3anummiiocs He3akpeciaeHuM (3), € POCTUM.
Buxkpecnrorotscs Bci uncna 6inmbimi 3 Ta kpatHi 3 (6, 9 ...).

Hactymue He3akpeciene uuciio (5) € npoctuM. BukpeciroroThes Bei
yucna Oinbii 5 ta kpatHi 5 (10, 15, 20, 25 ...).

IToBTOpIrOETHCA OTIEpaIlisl OKK He Oy/ie TOCATHYTO Yncio N:

KoxHe HacTymHe He3akpeciieHe YHCIIO € MpocTuM. BukpecmioThes
BCI 4yKciia OljIbIi HhOTO Ta KpaTHi HoMy.

Yucna, sKi 3IMIIAINACSA HE3aKpECIEHUMHU Micisl Li€l mpoueaypu -
MPOCTi.

BinapHe nmiqiHeceHHs 10 cTyneHs

Hexait n = (mkfmk_l. ..mlmu)z — JIBIMKOBE TIPE/ICTABICHHS
creneHs N, To0To,

n:mk-2k+mk71-2k71+---—|—m1-2—0—m0,

ne m =1,m; €{0,1}.
Tomi
:Bﬂ, — I(( . ((mk2+mk_1)2+mk_2)2+ }2+m1)2+mu —

((o (=™ )2- M1 )2 .. .)2- ™ )2- ™.

TakuM YMHOM, aJITOPUTM MOBTOPIOBAHOIO IMiHECEHHS 10 KBajpaTa
3BOJUTHCS 10 MYJIbTUILTIKATUBHOTO aHAJIOTy cXeMu [ opHepa:


https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B9%D0%B1%D1%96%D0%BB%D1%8C%D1%88%D0%B8%D0%B9_%D1%81%D0%BF%D1%96%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B4%D1%96%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B9%D0%B1%D1%96%D0%BB%D1%8C%D1%88%D0%B8%D0%B9_%D1%81%D0%BF%D1%96%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B4%D1%96%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%95%D1%80%D0%B0%D1%82%D0%BE%D1%81%D1%84%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D1%96%D0%B9%D0%BA%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
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8 =
8iy1 = 8] - Tk

i=12,...,k

3.3 ITopsinox BUKOHAHHS J1a00paTOPHOI podoTH

1. 3acrocyBaBmIM KOHCHEKT JIEKII Ta JOAATKOBY JIiTEpaTypy,
BUBYHATH aJTOPUTMH Teopii dYHCeN: HAHOUTBIMUN CHIIPHUN MUTBHHK,
HallMeHIIe CIiIbHE KpaTHe, pemero Eparocdena, OiHapHe IMiIHECEHHS 10
CTYIICHS.

2. BukoHaTH iHOWBiAyanbHE 3aBIaHHS 3TiMHO BapiaHTy (Tadm. 3.1-
3.3).

3. OpopmutH 3BIT. 3BIT 3 1a0OPaTOPHOI POOOTH MOBUHEH MiCTUTH:
METy po0OTH; 3aBAaHHS Ha BHKOHAHHA pOOOTH; TEKCT MPOTPaMH;
pe3ynbTaTH poOOTH; BUCHOBKH.

4. BiamoBicTy Ha KOHTPOJIBbHI 3aITUTAHHS.

3.4 InquBinyaabHi 3aB1aHHA

Tabmurs 3.1 — 3aBnanns Ha TeMy «HalOinpmuil criipbHUNA AITBHUK
Ta HallMEHIIe CMiIbHEe KpaTHe, anroput™ EBkitinay

z

YMoBa 3as1a4i (pecypce AJisi IepeBipKU MPOXOKEHHS TECTIB)

https://www.e-olymp.com/uk/problems/1148

https://www.e-olymp.com/uk/problems/1151

https://www.e-olymp.com/uk/problems/1690

https://www.e-olymp.com/uk/problems/571

https://www.e-olymp.com/uk/problems/135

https://www.e-olymp.com/uk/problems/1154

https://www.e-olymp.com/uk/problems/1243

https://www.e-olymp.com/uk/problems/1181

https://www.e-olymp.com/uk/problems/1183

PO OINOOBAWIN|EF

0 | https://www.e-olymp.com/uk/problems/1155
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Tabmums 3.2 — 3aBmamasa Ha Temy «llpocti umcna, pemrero
Epatochena»

z

YMoBa 3amadi (pecype Al IepeBipKH MPOXOIKEHHS TECTIB)

https://www.e-olymp.com/uk/problems/33

https://www.e-olymp.com/uk/problems/4742

https://www.e-olymp.com/uk/problems/1302

https://www.e-olymp.com/uk/problems/1782

https://www.e-olymp.com/uk/problems/4076

https://www.e-olymp.com/uk/problems/2245

https://www.e-olymp.com/uk/problems/2612

https://www.e-olymp.com/uk/problems/3843

https://www.e-olymp.com/uk/problems/1904

PO OINOOBAWIN|EF

0 | https://www.e-olymp.com/uk/problems/22

Tabmuns 3.3 — 3aBmanHs Ha Temy «MoaynsapHa apudMeTHKa,
OiHapHe MmiTHECEHHSI IO CTYIICHS

o YmMoBa 3amadi (pecypc A HepeBipKy MPOXOKEHHSI TECTIB)

https://www.e-olymp.com/uk/problems/2814

https://www.e-olymp.com/uk/problems/480

https://www.e-olymp.com/uk/problems/273

https://www.e-olymp.com/uk/problems/965

SIENTAITIE P

https://www.e-olymp.com/uk/problems/5897

3.5 KonTpoabHi 3anutanus

JlaliTe BU3HAUYEHHST HAWOLIBIIOrO CIIBHOTO JTBHUKA.
Jla¥iTe BU3HaYEHHS HAWMEHIIIOTO CITIIBHOTO KPaTHOTO.
HaseniTh anropurm EBkiiza.

Hasenits Bnactusocti HCK.

Sk npamroe anroputum "pemeto Eparocdena’?
Hagenits anroput™ OiHApHOTO MiTHECEHHS JIO CTYIICHSI.

DU WN P
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JIJABOPATOPHA POBOTA Ne4
JANUHAMIYHE NPOI'PAMYBAHHA

4.1 Meta podoTu

BuBYMTH OCHOBHI IPUHIAIIN JUHAMIYHOTO TPOTPaMyBaHHSI.

4.2 TeopernuHi BitomocTi

Y OGaraTeox ONIMIIIaHHUX 3aJadax 3 MPOTpaMyBaHHS PO3B’S30K 3a
JOTIOMOTOI0 peKypcii abo MOBHOTO mepeOopy BUMAara€ BHKOHAHHS IyXKe
BelqMKoOi KimbkocTi omeparid. Cnpoba BUPIIWUTH Taki 3aBIaHHS,
HaNpHUKIad, HOBHUM IepeOOpoM, NPHU3BOAMTH [0 IIEPEBUILICHHS Yacy
BUKOHAHHS.

Opnak cepen nepeOOpHUX 1 ACSIKUX IHIIUX 3aBJlaHb MOXHA BHIIITUTH
KJIaC 3aj1a4, 10 BOJIOMIOTH OJHIEI0 BIACTHBICTIO: MAIOYH PIlICHHS JESIKUX
mig3anad (Hampukian, Uil MEHIIOrO 4Yucia N), MOKHA MPakTHYHO 0e3
nepe0opy 3HAWTH PIlICHHS BUX1IHOT 3a/1a4i.

Taxki 3aBmaHHsl BUPINIYIOTh METOJIOM JTWHAMIYHOTO TPOTPaMyBaHHS,
a mJx caMrM JAWHAMIYHHM TPOTpaMyBaHHSM pPO3YMIIOTh 3BEJICHHS 3a/adi
JI0 Tii3aay.

o6 kpamie 3po3yMiTH CyYTh JAWHAMIYHOTO HPOrpaMyBaHHS,
CIIOYaTKy Ciij 01k popManbHO BUSHAYUTH MOHATTS 3a7adi Ta ITi[3a/adqi.

Hexail BuxigHa 3amada moisAra€e B 3HAXOMDKEHHI JIEAKOro 4yucia |
npu BuxigHux aaHux nl, n2, ..., nk. To, K0 MOXXHAa TOBOPUTH IPO
¢yskii T (nl, n2, ..., nk), 3HaueHHs sfKO1 1 € HeoOXigHa BiAmoOBiAs. Tomi
noJi3ajjauaMu BBaXkaroThes 3aBaanns T (il, 12, ..., ik) mpu il <nl, i2 <n2,
..., ik <nk.

Jaui 6ynemMo ToBOpUTH PO OJHOBUMIPHE Ta IBOBUMIpHE JHHAMIYHE
nporpamyBanHs ripu k = 1, k = 2 BignosigHO.

Knacuunum 3aBJaHHIM JIBOBUMIPHOTO IMHAMIYHOIO
NporpaMyBaHHsl € 3ajia4a NpO MapuipyTd Ha TNPSAMOKYTHOMY moii. Y
pi3HUX (HOPMYITIOBaHHSIX HEOOXiHO MOPaxyBaTH KUIBKICTh MapIIpyTiB abo
3HAUTH MapLIPyT, IKHUH € KpalluM.
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4.3 Tlops10Kk BUKOHAHHS J1a60paTopHOi podoTH

1. 3acTocyBaBImM KOHCIEKT JEKIiii Ta MJOAATKOBY IIiTEparypy,
BUBUYUTH OCHOBHI IIPHHIAITY JHHAMIYHOTO IIPOTpaMyBaHHS.

2. BukoHaTy iHOUBiAyanbHE 3aBIaHHS 3TiIHO BapiaHTy (Tadm. 4.1-
4.2).

3. OuiHNTH 00YHCITIOBATILHY CKIIAHICTD AITOPHTMY.

4. OcdhopmMuTH 3BIT 3 pOOOTH.

5. BiamoBicTy Ha KOHTPOJIBHI 3aITUTAHHS.

4.4 TnpuBinyanbHi 3aB1aHHS

Tabmuns 4.1 — 3aBganas Ha Temy «OTHOBHMIipHE JHHAMIYHE
MPOrpaMyBaHHsD»

=

YnMoBa 3amadi (pecypc A nepeBipKy MPOXOIKEHHSI TECTIB)

https://www.e-olymp.com/ru/problems/115

https://www.e-olymp.com/ru/problems/263

https://www.e-olymp.com/ru/problems/399

https://www.e-olymp.com/ru/problems/588

https://www.e-olymp.com/ru/problems/1281

https://www.e-olymp.com/ru/problems/5848

https://www.e-olymp.com/ru/problems/5849

https://www.e-olymp.com/ru/problems/4051

https://www.e-olymp.com/ru/problems/5846

POIOINO OB WIN|EF

0 | https://www.e-olymp.com/ru/problems/2422

Tabmuiss 4.2 — 3aBgaHHd Ha TeMmy «JlBOBUMIipHE JIMHAMIYHE
MPOrpaMyBaHHsD»

Ne YMoBa 3aadi (pecype Al IepeBipKH MPOXOKEHHS TECTIB)

https://www.e-olymp.com/ru/problems/15

https://www.e-olymp.com/ru/problems/5854

https://www.e-olymp.com/ru/problems/1704

https://www.e-olymp.com/ru/problems/4018

QB |WIN|F

https://www.e-olymp.com/ru/problems/4019
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4.5 KoHTpoabHi 3anuTaHHs

1. V yomMy monfrae [uHaMidHE IPOTpaMyBaHHS?

2. lna  po3B’s3aHHA SKHX 3a7ad MOJXKHAa BHKOPHCTOBYBAaTH
JUHAMiYHE TIPOrpaMyBaHHS?

3.3 sSKuX eTamiB CKIAJAEThCS TMPOLEC PO3POOJICHHS aJrOPUTMIB
JTUHAMIYHOTO MIPOTpaMyBaHHA?

4. ki icHYIOTb BUAM JUHAMIYHOTO TPOTPaMyBaHHS 1 UMM BOHH
BiZPI3HAIOTHCS?

5. ¥ gomy nonsirae mepexkputts miazagad? Hasenite mpukiaam.

6. SlkuM YMHOM MO>XKHA pealli3yBaTH 3alaMm’ SATOBYBaHHS B IPOIECi
JUHAMIYHOTO MPOTpaMyBaHHS?

7. SlkuM 9UHOM MO>KHA TIOJIIIIIATH Yac poOoTu po3podaeHoro Bamu
JUTST  PO3B’sI3aHHS ~ OJHIET 13  3a7ad  aJrOpuUTMy  JTUHAMIYHOTO
nporpaMyBaHHA?
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JJABOPATOPHA POBOTA Ne5
AJITOPUTMHU OBXOAY I'PADY

5.1 Mera po6oTu

BuBunté anroputmu o6xomy rpadiB Ha OCHOBI MOIIYKY B IIHPUHY
Ta Ha OCHOBI MOITYKY B TTTHOWHY.

5.2 Teoperuuni BizomocTi

Icnye Oararo anroputmiB Ha rpadax, SKi IPYHTYIOTBCS Ha
CHUCTEeMAaTUIHOMY TiepeOopi iX BepmrH abo 00X0Ai BEPIIUH, i 9ac SIKOTO
KOXXKHa BEpIIMHA OTPUMYE YHIKaIbHUHA MOPSIKOBUI HOMep. Buminserncs
JIBa OCHOBHHUX QJIFOPUTMH 00XO0JiB TpadiB abo momyky y rpadax — e
MOUIYK B TIHOMHY Ta MOIIYK B IIUPUHY.

Momyk B rim6uny (Depth-first search, DFS) .

Hexait G=(V, E)- mnpocrtuii 3B’s3HWII rpad, yci BEpIIMHH SKOTO
MO3HAYEHO IMOMAPHO Pi3HUMH CUMBOJIAMHU. Y TIPOIECi MOIIYKY B TIHOWHY
BepinHaMm rpada G namarote HoMepu (DFS-HOMepH) Ta MEBHUM YHHOM
Mo3Ha4aloTh pedpa. Y Xomi poOOTH aNropuTMy BUKOPHUCTOBYIOTH CTEK.
DFS-nomep Bepiuau X no3nadaroTs DFS(X).

1. Tlowatm 3 pgoBimbHOI BepimHH VS. Bukonatu DFS(vs)=1.
BrutounTy 110 BEPIIMHY B CTEK.

2. Po3risiHyTH BepIIMHY Bropi CTEKy: Hexal Iie BepinHa X. SIKIo
BCi pebpa, IHIMISHTHI BEpIIMHI X, MO3HAYCHO, TO MEpPEHTH 10 KpPOKY 4,
1HaKIIe — 10 KPOKy 3.

3. Hexa#éi {x,y} - HemosznaueHe peOpo. Sxkmo DFS(y) yxe
BU3Ha4YeHO, T0 BuzHaunTu DFS(Y) sik ueprosuii DFS-HOMep, BKIIIOYHTH 1110
BEPINMHY B CTEK 1 MepeTH 10 KPOKYy 2.

4. BUKIIOYATH BEpIIMHY X 31 CTeKy. SIKIIO CTeK MOpOXKHIH, TO
3YMUHUTHCH, IHAKIIE — NIEPEHTH 10 KPOKY 2.

1106 BHOIp HOMEPIB OYB OJHO3HAYHUM, JOIIBHO JTOMOBUTHCH, IO
BEPLINHHU, CYMKHI, 3 Ti€l0, ska Bxe orpuMana DFS-Homep, aHami3yoTs 3a
3pOCTaHHSM X TIOPSIKOBUX HOMEPIB (200 B ayihaBiTHOMY MOPSIKY).

Momryk Bump (Breadth first search).

VY mpomeci NoUIyKy B IIMPUHY BEpPIIMHU Tpada MporjsiialoTh B
IHIIM TOCTIZ0OBHOCTI, HDK Y METOAI MOMmYyKy B riuOuny. BFS-HOMep
BEPLIMHU X IMO3Ha4yaroTh BianmosigHo BFS(x). Ilig yac momyky croyaTky
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MPOTIIAJAIOTHCS YC1 CYCiTHI BEPIIWHH, MICISI IBOTO — CYCiAM CYCiJliB 1 TaKk
Jani.

VY xopi peanizauii anrOpuTMYy BHKOPUCTOBYIOTH CTPYKTYPY AaHHX
yepry. Lo panime BiJBinyeTbCcsl BepIIMHA (BKIIOYAETHCS B 4epry), TO
paHile BoHa BUKOPUCTOBYETHCS (1 BUKITIOYAETHCS 3 Uepru). Bukopucranus
BEPIIMHY TOJISITAE B TIEPETIISIII 0/Ipa3y BCiX Ie He BiABIJaHUX i1 CyCimiB.

ANTOPUTM TOLIYKY B IIUPUHY Y IPOCTOMY 3B’s13aHOMY rpadi

1. Tlowarm 3 [oBimBHOI BepmuHM VS. Buxomarm BFS(v)=1.
Bxirounty BepmmHy V y gepry.

2. PosrasiHyTH BepuIMHY, sika mepeOyBae Ha MOYATKy 4Yepru; Hexan
ne Oyne BepimiuHa X. SKIIO AT BCiX BEPIIWH, CYMDKHUX 13 BEPIIUMHOIO X,
BXKe BH3HaueHO BFS-HOMepwH, TO mepeiitu 10 Kpoky 4, iHaKIe — 0 KPOKy
3.

3. Hexait {X,y}— pebpo, y sxomy Homep BFS(Y) He BM3HaueHO. -
Busnauntu BFS(y) sik weprosuit BFS-HOMep, BKIIOYHTH 10 BEPIIHHY Y
yepry ¥ neperTu 10 Kpoky 2.

4. BUKIIOUMTH BEPIIMHY X i3 4epru. SKimo uepra MOpPOXKHS, TO
3YMUHUTHCH, 1HAKIIIE — IEPEUTH A0 KPOKY 2.

[Ilo6 pe3ynbTarT BHKOHAHHA AaJIrOPUTMY OyB OJHO3HAYHHM,
BEpPIINHMU, SIKi CYMDKHI 3 BEpUIMHOIO X, aHAI3yIOTh 3a 3pPOCTaHHSAM iX
MOPSIKOBUX HOMePiB (200 B andaBiTHOMY HOPSIIIKY).

5.3 Ilopsinox BUKOHAHHS J1a00PaTOPHOL podoTH

1. 3acrocyBaBmIM KOHCHEKT JIEKIii Ta JOAAaTKOBY JIiTEpaTypy,
BUBYHTH QJITOPUTMH 00X0y rpadiB Ha OCHOBI NOUIYKY B IIMPHHY Ta Ha
OCHOBI TIOIITYKY B TTTUOWHY.

2. BukoHaTy iHOUBiAyanbpHE 3aBaHH 3TiHO BapiaHTy (Tabm. 5.1).

3. O1iHUTH 00YUCITIOBANIbHY CKJIA/IHICTh AJITOPUTMY.

4. OpopmuTH 3BIT 3 poOOTH.

5. BinmoBicTu Ha KOHTPOJIBHI 3aIIUTAHHS.



24

5.4 TnmuBinyaabHi 3aB1aHHA

Tabmurs 5.1 — 3aBmanHs Ha TeMy «AJTOpUTMH 00x0xy TpadiB Ha

OCHOBI MIOIITYKY B IIMPHHY Ta HA OCHOBI IOIIYKY B TINOMHY

Ne

YMoBa 3aadi (pecypc Al IepeBipKH MPOXOIKEHHS TECTIB)

https://www.e-olymp.com/uk/problems/4001

https://www.e-olymp.com/uk/problems/1061

https://www.e-olymp.com/uk/problems/122

https://www.e-olymp.com/uk/problems/1063

https://www.e-olymp.com/uk/problems/978

https://www.e-olymp.com/uk/problems/2401

https://www.e-olymp.com/uk/problems/982

https://www.e-olymp.com/uk/problems/993

https://www.e-olymp.com/uk/problems/3682

PO OINOOOAWN|EF

https://www.e-olymp.com/uk/problems/4050

5.5 KonTpoabHhi 3anutanns

1. Anroputm 00x01y Tpada Ha OCHOBI MONITYKY B IIAPHHY.
2. Anroputm 06x01y Tpada Ha OCHOBI MOITYKY B TTTHOWHY.
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JIABOPATOPHA POBOTA Ne6
AJITOPUTMH MOMIYKY HAUKOPOTIIHNX
JIAXIB Y TPA®AX

6.1 Meta po6oTu

BuBYMTH OCHOBHI QJTOPUTMH MOLIYKY HAHKOPOTIIOTO UUISXY B
rpagax: anroputmu eiikctpu, @noiina-Bopmienna ta bennmana-®opna

6.2 Teoperuuni BimomocTi

B teopii rpadis, 3a7ada  Tpo  HAWKOPOTINHMHA MUISAX MMOJATAE B
3HAXO/KEHHI TAKOT0 IUIAXY MK ABOMa BeplunHaMmu (abo By3namu) rpady,
0 cyMa Bar pebep 3 SKUX BiH CKJIaJa€eThcs, MiHiManbHa. [Ipukiamom
MOKe OyTH 3HaXOPKEHHS HAMKOPOTILIOTO LUIAXY MDK ABOMAa IyHKTaMy Ha
JIOPOKHIN Malli; B I[bOMY BUIJIKy, BEPIIMHAMH € ITyHKTH, a pedpaMu —
BIITHHKY JIOPOTH i3 BaramMu, PiBHUMH 4acy, HCOOXITHOMY JIs TOJOJIaHHS
IBOTO BiNPi3KY.

HaiiBaxxmBimni anropuT™u sl pO3B'sI3aHHA i€l 3a1a4i:

Anroputm JIeWKCTpH po3B'si3ye 3amadi 3 OJHIE MapOl0, OIHUM
BXOZIOM 1 OTHUM BHUXOJ/IOM.

Anropurm ®noiina-Bopienna po3s's3ye 3anady ais BCiX map.

Anroputm bennmana-®opaa po3s'sizye 3amadi 3 OJHUM BXOJOM,
SKIIO Baru pedep MoyTh OyTH BiJl'€MHI.

Aaroputm [eikerpu.

DopmyItoBaHHs 337124 PO 3HAXOJKEHHS BiJICTaHEH Take:

1. Ins1 3amaHoi moYaTKOBOI BEpIIMHY & 3HAHUTH HAHKOPOTIL LUISXU
BiJl @ JTO0 BCIX iHIIUX BEPIIVH.

2. 3HaiiTH HAHKOPOTII NIISIXU MiXK yCiMa TapamMH BEpIIHH.

BusiBniseTbcst, 110 Maibke BCI METOJIU PO3B’SI3aHHS 3aj1adi Ipo
HaKOpOTIIMI WUISIX BiJ 3aJaHol IOYaTKOBOi BEpPIIMHU [0 3aJaHOi
KIiHIIEBOI BEPIINHU, TAKOXK JIAIOTh 3MOTY 3HAWTH ¥ HAWMKOPOTIII LUISXU BiJT
BEPIIMHY a JI0 BCiX 1HIIMX BepiuH rpada. OTxke, 3a iX JIOMTOMOTOK MOXKHA
po3B’s3aTH 3a7ady | i3 HEBENMKUMH JOJATKOBUMH OOYMCIIOBAJIEHHUMU
BUTpaTaMu. 3 iHIMIOrO OOKy, 3ajady 2 MO)XHa po3B’si3aTH abo N pasiB
3aCTOCYBaBIIM aJNTOPUTM 3ajiadi | i3 pI3HUMH MMOYATKOBUMH BEPIIMHAMH,
a00 O/IMH pa3 3aCTOCYBABIIH CIIEIIATEHHN aJITOPUTM.

Anroputm JlefikcTpu — Hailie()eKTHUBHIIIMM anroputM Ha rpadax.


https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B3%D1%80%D0%B0%D1%84%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%A8%D0%BB%D1%8F%D1%85_(%D1%82%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B3%D1%80%D0%B0%D1%84%D1%96%D0%B2)
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Le#t anroputM 3HAXOAWTH HAWKOPOTINY BIJCTaHb Bif ONHIE] BEPIINHU
rpady 1o BCix pemTH. ANTOpUTM Tpallioe Juiie ajs rpadiB y Skux pedpa
HE MaroTh BiJI’€EMHOI Bary.

Aaroputm ®opaa-beabManHa

Tak camo sk i amroput™m /[leiikctpu, anroputm Popma-bemmana
00paxoBye y 3BakeHOMY rpadi HAMKOPOTIII IUISXH Bijl OAHI€T BEPILIUHH 10
BCiX iHmMX. BiH migxomwth mus pobotu 3 rpadamm, B SKHX € pebpa
BiJl’eMHOT Baru. AJle CIIEKTp BUKOPUCTAHHS aJTOPUTMY 3adilae He BCi Taki
rpa¢u. Lle moscHIOETECS TUM, 0 KOKHUIM HACTYNMHUN MPOXiJA MO LUIAXY,
CKJIaJIeHOMY 3 pedep, cyMa Bar SIKMX € BiJ €MHa, JIMIIE MOKpaIlye 3ajaHe
3HaueHHS. be3KiHedHe YHCII0 TOKpalleHb pPOOWTh HEMOXXIUBUM
BU3HAYCHHS OJHOT'O KOHKPETHOI'O 3HA4YCHHAI, SAKE ABJISIIIOCA 6
ONTUMaNbHUM. Y 3B’s3Kky 3 1uMm anroputm @Doppa-bemnvana He
BUKOPHUCTOBYETHCS 3 TpadaMu, y SKUX € B €MHI IIUKIH, ajie BiH JO3BOJISE
BU3HAYUTH HASBHICTh TaKUX.

Aaroputm  @uoiiga-Bopmessia —  anroput™M  TUHAMIYHOTO
MpOrpaMyBaHHS JUIA 3HAXO/DKCHHS HAWKOPOTIIUX BiJCTaHEW MIX ycima
BEpLIMHAMHU 3BaKEHOTO OpieHTOBaHOro rpada. [ns 3HaXOMKeHHs
HAMKOPOTIIMX HUISAXiB MK BCiMa BepIIMHAMH Ipada BAKOPUCTOBYETHCS HE
nepebip BCIX MOXKIMBOCTEH, 10 MPUBE/E 10 BUKOPUCTAHHS Yacy Ta 3aTpaT
0ibIIOr0 00’ €My Mam’sTi, a AMHAMIYHE TporpaMyBaHHs, TOOTO mij3aaadi,
aKki OyayTh TOTPIOHI JUIsi BUPIIIEHHS TOJIOBHOI 3ajiadi, MPOPaxoBYIOTHCS
3aBYaCHO 1 OTIM BUKOPUCTOBYIOTBCSL.

6.3 ITopsinox BUKOHAHHS J1a00PaTOPHOL podOTH

1. 3acrocyBaBIIM KOHCHEKT JIEKIii Ta JOAAaTKOBY JIiTEpaTypy,
BUBYMUTH OCHOBHI JITOPUTMH TMOLIYKY HAHKOPOTILOro HUIAXY B rpadax:
anroputmiu [leitkctpu, ®noiiga-Bopmenna ta bemmana-®Popaa.

2. BukoHaTH iHIUBIAyalbHE 3aBIaHHs 3TiHO BapiaHTy (Tadi. 6.1).

3. O1iHUTH 00YUCITIOBANIbHY CKJIAIHICTh AJITOPUTMY.

4. OpopmuTH 3BIT 3 poOOTH.

5. BiamoBicT Ha KOHTPOJIBHI 3aITUTAHHS.
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6.4 InmuBinyaabHi 3aB1aHHA

Tabmumss 6.1 — 3aBmanHS Ha TeMy «AJTOPUTMH TIOUIYKY
HaWKOPOTIIOTO NUISXY B rpadax»
Ne YMoBa 3aadi (pecypc Al IepeBipKH MPOXOIKEHHS TECTIB)

https://www.e-olymp.com/uk/problems/1453

https://www.e-olymp.com/uk/problems/974

https://www.e-olymp.com/uk/problems/975

https://www.e-olymp.com/uk/problems/1365

G IWIN| -

https://www.e-olymp.com/uk/problems/1388

6.5 KonTpoabhi 3anutanns

1. lna poGoTu 3 sKMMH BuAaMu rpadiB NpHU3HAYEHI aIrOPUTMHU
MOITYKY HANKOPOTIINX MUISXiB?

2. 3a SIKUX YMOB MOXE BUKOPUCTOBYBATHCS anroputm Jeiikerpu?

3. Y yomy noxsirae anroputm [eiikctpu?

4.Ha oOCHOBI SKHUX CTPYKTYp MaHAX TOOYIOBaHWHA alTOPUTM
Hetikctpu?

5. Inst po3B’si3aHHS AKHX 3a]a4 Npu3HaueHuid anroputm eiikerpu?

6. lns skoro Bumy TpadiB MOXE 3aCTOCOBYBATHCS alTOPHUTM
®noiipa-Bopmenna?

7. Y yomy nossirae anroputm dnoiina-Bopmenna?

8.V skux BUMajKax MOXXKHA 3aCTOCOBYBATH ajroputMm bemnmana-
®oppa?

9. Y domy nonsirae anroputMm bemimana-®opaa?



https://www.e-olymp.com/ru/problems/1453
https://www.e-olymp.com/ru/problems/974
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